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Zeolite Synthesized with Oil Shale Ash and Optimized by Response Surface Method

LIU Baoman, CHU Mo, BAI Shuxia, YANG Yanbo, JIA Chenxin, LYU Feiyong
(College of Chemical & Environmental Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China)

Abstract: A zeolite molecular sieve was synthesized with oil shale ash from Yaojie, China. The effects of liquid-solid ratio (4),
crystallization time (B) and crystallization temperature (C) on the cation exchange capacity (Y') of synthesized zeolite were
investigated based on the Box-Behnken Design (BBD) of a response surface method. The results show that the model established
by the response surface method has a good predictability for the Y value of zeolite, and the Y value of zeolite is improved after
optimization. Each factor and their interaction have effects on the Y value of synthesized zeolite, and the order of the factor
effect is 4, C, and B and the order of interaction effect is AC, BC, and AB. The Na-X zeolite can be synthesized under optimum
conditions (i.e., alkali melting temperature of 650 °C, ash-alkali ratio of 1:1.7 g/g, liquid-solid ratio of 4.5:1 mL/g, crystallization
time of 25.2 h, and crystallization temperature of 83 “C). The Y value of zeolite synthesized under optimum conditions is
52.44 mg/g.
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Table 1 Chemical composition of oil shale ash  w/%
Si0, AlLO; Fe,03 CaO SO;3 MgO TiO,
56.41 22.60 11.14 1.93 2.64 1.64 1.17

w is mass fraction.
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Fig. 1 XRD pattern of oil shale ash
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Table 2 Range of CEC (AY) of synthetic zeolite under each

factor AY/(mgg™")
Ash-alkali Liquid-solid Crystallization Crystallization
ratio ratio time temperature
7.81 16.32 9.07 13.99

Y is cation exchange capacity (CEC) of zeolite.
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Table 3 Factor code and level of Box-Behnken Design

(BBD)
Level Liquid-solid Crystallization Crystallization
eve
ratio(4)/(mL-g ") time(B)/h temperature(C)/'C
-1 3 18 70
0 4 24 80
1 5 30 90
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Table 4 Test design and results

Test No. Al(mL-g™") B/h crc Y/(mg-g™")
1 3 30 80 39.02
2 4 30 90 43.12
3 3 24 90 35.69
4 4 24 80 50.30
5 4 30 70 37.99
6 5 18 80 42.10
7 5 24 90 48.76
8 3 24 70 41.07
9 5 24 70 35.94
10 5 30 80 46.97
11 3 18 80 40.05
12 4 24 80 51.58
13 4 18 70 40.56
14 4 24 80 51.33
15 4 24 80 50.82
16 4 24 80 51.07
17 4 18 90 39.28

A is liquid-solid ratio, B is crystallization time, C is crystallization
temperature. Alkali melting temperature is 650 C, ash-alkali ratio is
1:1.7 g/g.
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Fig. 2 XRD patterns of oil shale ash after fusion with NaOH
at different temperatures
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Table 5 Crystallinity and lattice parameters of synthetic

zeolite
Lattice parameter Lattice
Crystallinity/% | 3
amm  bmm  c¢om  BI°) volume/nm
81.37 2496 2496 2496  89.988 15.550
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Fig. 7 XRD pattern of synthetic zeolite
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Fig. 8 SEM image of synthetic zeolite
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Table 6 Analysis of Variance of Regression Equation

Source Ss Dr Ms F P>F Note
Model 532.28 9 59.14 10530  <0.000  **
A 40.27 1 40.27 71.70  <0.000  **
B 3.29 1 3.29 5.85  0.0461 *
C 1591 1 1591 2833 0.001 1 *
AB 8.69 1 8.69 1548 0.0056  **
AC 82.86 1 82.86 147.52  <0.000  **
BC 10.27 1 10.27 1829  0.0037  **
A 82.61 1 8261 147.09  <0.000  **
B 87.46 1 87.46 155.72  <0.000  *x*
lon 163.13 1 163.13 290.44  <0.000  **
Residual 3.93 7 0.56

Lack of fit 2.96 3 0.99 4.05  0.1049

Pure error 0.97 4 0.24

Total 536.21 16

Ss is sum of squares, Dr is degrees of freedom, Ms is mean square, P,>F is
Probability without significant, P,>F<0.01 is extremely significant(**),
P>F < 0.05 is significant(*).
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Fig. 10 Interaction among various factors affecting cation exchange capacity of synthetic zeolite
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