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The Effects of Various Alkali Cations on the Crystallization of ZSM-5 at
Atmospheric Pressure and Low Temperature
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Abstract : It was realized that the nucleation rate in the synthesis of M-ZSM-5 using various alkali cations such as Li", Na", K and Cs’
at low temperature and atmospheric pressure was decreased in the order of Na' >K >Li >Cs". Unlike conventional synthesis method at
high temperature and pressure, the results showed that at low temperature and atmospheric pressure, the higher the nucleation rate is, the
larger the crystal size of M-ZSM-5 obtained ; that is, the crystal size in the order of K >Na >Cs >Li. In addition, it also suggests that
regardless of alkali cations to be used, the current synthesis method can produce M-ZSM-5 with BET surface area greater than 300 mz/g
within 52 hrs. of reaction time, in particular greater than 400 m’/g within 32 hrs. for Na' cation.
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Fig. 1. % Crystallization of M-ZSM-5 obtained from various
alkali systems at low temperature and atmospheric
pressure,
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Table 1. Nucleation Rate of M-ZSM-5 Obtained by Using Table 2. % Yield of M-ZSM-5 Obtained by Using Various

Various Alkali Cations with their Hydrated Radius Alkali Cations with Reaction Time
Alkali cations Crystallization Alkali cations

L' N K G time (hr) U Na' K cs

Hydrated cation radius(A) 2.0 2.28 217 207 21 - 69 - -

Nucleation rate (hr'x100) 3125 7142 6666 2631 B ) 10 65 )

32 - 11 143 -

38 - A1 207 -

45 - 42 342 -

52 20 65 59 12
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Table 3. Linear Crystal Growth Rate Constants and Aspect Na
Ratios of M-ZSM-5 with Various Alkali Cations

Alkali cation  Linear growth rate constant  Aspect ratio”

(um. hr')
Na' 0.0602 1.03
K 0.0874 1.06
Li' 00164 1.08
Cs 0.0166 112

" : Based on 52 hrs of reaction time
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Fig. 6. ®Si-NMR spectra of M-ZSM-5 obtained from various
alkali cations at low temperature and atmospheric

pressure.
[13-18]. ¥9)2¢ HE K-ZSM-59 2% -102ppm =9
slo|la A7|7F Li-ZSM-55T 2 AL & & gl &, AA9
A% defect site7t © Bol EAFTE RE -4016114
K-ZSM-59 724, Fig. 1o 2951 a}: B}Q} o] 52X7H”
o wsE 7524;}57} Li-ZSM-55t o 10% AE E5%

B2sln o Be defect site7t EA 0}7] “Hr"ﬂ 2 BET
EdyE #e &4 o2 ARgh

8 TAl-nmr. 2MEHS A3l Fig. 7] eI
agdA HojFm Qe wpel o ta] ool 29 %9}

(s

aAgle] < 50ppm el Al L}E}Urv“: Hlﬂx-i 7 gola
dFo)Ee] AHAEA Wy T au defect°ﬂ
HFats ZHA w99 ‘40133 —‘?—‘—?0!1 EAeA &
AL 2 F U Solgud @8 Cs' 2 K9 3, g2
7%l gy Fojae A7 &L half-
linewidth’t A Uz e A& & 5 ot oHe &
2o oju] gl AFFTHE K 9 Cs 2 structure breaking

FFHE e go]2ol7] w&o Naoly Lkt ¢Fux 4
gAolE SoleETe] 4% ahgo] o] AI-TPA'-Si o]
oAz AAHD Hdo] da¥Ae FEE zHSHY
half-linewidth7} Hold ZA22 Atsdcth

FHsE, A9 B A1 3, 198

Na

Fig. 7. “Al-NMR spectra of M-ZSM-5 obtained from various
alkali cations at low temperature and atmospheric
pressure.
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