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Abstract: NaP1 zeolite were synthesized by calcination-hydrothermal method using rice husk as the silicon source.

The effects of different silicon-to-aluminum molar ratio (ng, /n, o ), water-to-sodium molar ratio (ny, o/ny, o), crystalli-

zation temperature and crystallization time on the crystallinity of zeolite were investigated. The alkane isomerization
catalyst of x%Ni/NaP1 (x% was the mass ratio of Ni to NaP1) was prepared with the NaP1 zeolite as the support. X-
ray powder diffraction, infrared spectroscopy, scanning electron microscope, transmission electron microscope - X -
ray energy spectrum, N, adsorption-desorption, X-ray photoelectron energy spectrum, NH, temperature programmed
desorption and differential thermal analysis characterization methods were used to analyze the crystal structure, mi-
croscopic morphology and metal dispersion of the synthesized materials, and the effect of nickel loading on the acidi-
ty and thermal stability of NaP1 were studied. The results showed that the optimal synthesis conditions for NaP1 zeo-

lite prepared from rice husk as silicon source were as follows: ny o/ny, =35, ngo /n,0 =10, crystallization tempera-

ture was 95 °C, and the crystallization time was 12 h. Under these synthesizing conditions, the crystallinity of NaP1
crystal was 99.38%. In the experiment of n-heptane isomerization as a probe, 4%Ni/NaP1 had the best catalytic per-

formance at a reduction temperature of 400 °C, reduction time of 4 h, weight hourly space velocity of 3.52 h™', and re-

Wik H 4 :2021-03-17,, Y& ECRS H 1 :2021-06-17,
ARACAIM R 2 B 5 4 15 B 545 (No.2017PY YL-03) %t B
TSR N, F-mail :33367123@qq.com



1614 Jc ML 4k

¥

$374%

action temperature of 320 °C, and the maximum yield was 46.41%, with the conversion of n-heptane and selectivity

of iso-heptane of 65.49% and 70.86%, respectively.

Keywords: rice husk; zeolites; hydrothermal synthesis; isomerization; porous materials
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Table 1 Crystal parameters of samples under different preparation conditions
Cell parameter / nm Crystal
Preparation condition Investigation factor Crystallinity / %

a b ¢ size / nm

Crystallization temperature Crystallization time 6 h 31.25 0.972 0.972 1.414 87.8

95 C. nos Ine =35 Crystallization time 8 h 40.95 0.970 0.970 1.348 98.2

> Py, 0/ Na, 07995
Crystallization time 10 h 65.24 1.090 1.090 0.927 24.4
nsm,/nr\lzoflo .

) Crystallization time 12 h 99.38 1.001 1.001 1.001 21.5
Crystallization time 12 h Crystallization temperature 65 C 20.15 0.893 0.893 1.319 65.2
e e =35 Crystallization temperature 75 °C 60.90 0.991 0.991 1.029 49.9

1,0/ 'Na,0 =2

, 10 Crystallization temperature 85 °C 72.05 1.022 1.022 0.964 39.5

n:i 2 n’ 5 z:
e Crystallization temperature 95 C 99.38 1.001 1.001 1.001 215
ol 0=15 67.02 1.026 1.026 0.960 50.7
Crystallization time 12 h, _
g o/M, 0720 81.55 1.028 1.028 0.975 23.0
Crystallization temperature i
95 °C, ny ny, o =10 11,0/M0,0=30 99.29 1.001 1.001 1.001 215
gy o/, 0735 99.38 1.004 1.004 0.996 234
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Table 2 Effect of metallic nickel doping on the crystal structure of NaP1

Cell parameter / nm

Sample Crystallinity / % - ; -
NaP1 99.38 1.001 1.001 1.001
29%Ni/NaP1 89.23 0.994 0.994 1.016
4%Ni/NaP1 73.85 1.006 1.006 1.007
6%Ni/NaP1 27.13 0.921 0.921 1.011
NaP1 after catalysis 34.94 1.008 1.008 1.019
4%Ni/NaP1 after catalysis 16.08 1.027 1.027 0.960
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FE AT 78 AT AL 5 A RRAE I R R 22 | AT B
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(a) NaP1; (b) 2%Ni/NaP1; (c) 4%Ni/NaP1; (d) 6%Ni/NaP1; (e) 4%Ni/NaP1 after catalysis
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Fig.5 SEM images of NaP1 and x%Ni/NaP1 catalysts
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Fig.7 N, adsorption-desorption isotherms and corresponding pore distribution curves (Inset) of NaP1 and x%Ni/NaP1
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Table 3 Nitrogen adsorption-desorption analysis data of NaP1 and x%Ni/NaP1*

Sper/ Siera ! Vit ! Viiero ! Average pore
Sample !
(m?-g™") (m?-g™h) (em?-g™) (em3-g™) width / nm
NaP1 32 28 0.290 0.120 24.70
2%Ni/NaP1 27 23 0.241 0.081 20.59
49%Ni/NaP1 23 20 0.207 0.067 17.65
6%Ni/NaP1 20 17 0.181 0.049 15.44
*Sppr: Brunauer-Emmett-Teller surface area; S : micropore surface area; V, ,: total pore volume; V, . . : micropore pore volume.
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