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K — ZSM — 5 Zeolite Production Using Rice Husk Ash from Biomass Gasfiers

Lang Lin  Wang Fengchan Zhang Chao Yin Xiuli Wu Chuangzhi
( Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract: The rice husk ash ( RHA) from biomass gasifiers was hydrothermally reacted with KOH
solution to obtain the RHA ludox, which was used to synthesize K — ZSM — 5 zeolite by hydrothermal
crystallization. The effect of hydrothermal reaction time on the Si dissolving rate was investigated, and the
complex composition of the RHA ludox was analyzed as well. The effects of template types, Si/Al molar
ratio, crystallization temperature and time on the nucleation and growth of K —ZSM — 5 zeolite in the
complex RHA synthesis system were studied. The as-synthesized samples were characterized by XRD,
SEM, ICP, TG, N, adsorption-desorption and other means. The results showed that the structural
directing agents with strong template effect were necessary to synthesize K —ZSM —5 zeolite directly using
the RHA ludox. The zeolite crystals could not be prepared by the weak organic template as ethanol,
however, using little TPABr strong template, the K —ZSM —5 zeolite crystals could be synthesized with a
certain range of the Si/Al molar ratio. But there were some disadvantages such as the narrow adjustable
range of synthesis solution, irregular crystal shape, large grain size, high synthesis temperature, long
reaction time, and so on. It was also found that the calcination methods had great influence on the pore
structure of large K —ZSM —5 products. It was easy to form deposited carbon over the zeolite crystals that
were directly calcined at 550°C. To obtain pure K —ZSM —5 products, it must be calcined at 350°C for
3 h before high-temperature calcination at 550°C.
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Fig.1 Changes in Si leaching rate at 150°C and KOH
solution of 1 mol/L
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Tab.1 Elemental composition of RHA ludox by ICP-OES

TLR A JCEWSE /mol - 17!
Cu 4.564 x10 %
Ca 1.189 x10 3
Zn 9.139 x10 73
Mn 1.807 x10 73
Fe 1.025 x10 ~*
Al 1.102 x10 3
Na 9.743 x10 3
p 3.422 %1073
K 0.9323
Si 1.379
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Tab.2 Hydrothermal synthesize ZSM —5 zeolite with ethanol

B B BLRC He B AT 45 eV
a 1Si0,: (1/88) Al,05:0. 170H ~ : 0. 4EtOH: 39H, 0 180%C ,48 h 0 SCHk[16]
b 18i0,: (1/90) Al,04:0. 100H ~ : 1. 5EtOH: 40H, 0 180C ,48 h 0 Sk 17]
¢ 18i0,: (1/60) Al,0,:0. 150H " : 1. 5EtOH: 40H, O 180C ,48 h 0 k[ 18]
d 18i0,: (1/60) Al,0,:0. 150H " : 1. 5EtOH: 40H, O 180°C ,96 h 0 AL
e 18i0,: (1/60) Al,04:0. 150H ~ : 1. 5EtOH: 40H, 0 180°C ,6 d 0 AL

L SCHR AR B8R A NaOH, A SC R B > KOH ; 32 EtOH S To/K 4B
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Fig.2 XRD patterns of as-synthesized samples
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Tab.3 Influence of gel Si/Al molar ratios on crystallization of K — ZSM -5 zeolite
oy FERREIR L 7 R

" Uk} 7= 8 7t Y BRERGE/m x pm x wm AT R /% W%/ %
A 15 13 TE +ZSM -5 16.4 x12.9 x13.7 54
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C 45 43 ZSM -5 21.5x14.5x14.5 100 86. 1
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E 200 151 ZSM -5 21.3x20.0x14.0 97 80.5
F 1251 1134 ZSM -5 27.3 x24.6 x13.7 79 74.2

SRS T ORI R R — S
) Bl C 454, TEA %5 T Al B Xt K~ ZSM - 5
Ga w1 = R e p A S/ O (S I N o o
W, AL ELAT I o 0 A% 9 VE 8B Ak A
B AE K R AL B A g 1) b A = P 45 O R TG
REAR. PRI, 5 s B v B 8 45 1 K — ZSM - 5
Gy AR R RE R R R LY R N AT RE R R
IR L A AR RE G S A 19 ZSM - 5 43T
an . AT RHA BRI G A R FERERRIEE IR LUK
30 ~200 FIYEE Y, B & B K — ZSM — 5 431 iy
TR RIE S5 45, X PSR R T RHA fiE
VI LR R ) T 2 B N B2 4%, # TPABr & i

BRI IZAT USR] ) 254 5 1) 4 O 553, AT 5
A AR Z TR A

100 .
// -— =

. 80f T
=< Py
EE:( 60F { /
i | & - REAARE/KLE0
= o0k / —&— R KIS
m i
b= ’/ ‘

20F -"//

( ] 1 1 1 )
0 10 20 30 40 50
1R /h

K3 ARERERERILT K - ZSM - 5 43k sh Jr2#ihek
Fig.3  Crystallization kinetics curves of K —ZSM -5

zeolite samples with different Si/Al molar ratios
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Tab.4 Pore structure of K —ZSM —5 zeolite calcined by different programs
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1 Ma Longlong, Wu Chuangzhi. Biomass gasification technology and its application[ M].
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Beijing: Chemical Industry Press, 2003.
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