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(1) xTPA,0—0.05Na,0—SiO,—300H,0 (x=0.012~0.1)
(2) 0.05TPA,0—yNa;0—Si0,—300H,0 (y=0.025~0.2)
(3) 0.05TPA,0—0.05Na;0—2Si0;—300H,0 (2=0.5~2)
(4) 0.05TPA,0—0.05Na,0—Si0,—wH,0 (w=100~1000)
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RIOC (TPA+ ) 0.389 (OH— ) 0.518 (SIOZ) —0.196 (HZO) —0.745
Rw oc (TPA+ ) 0.675 (OH—) 1.05 (SIOZ) —0.226 (HzO) -1.12
RI/Rw oc (TPA+) —0.286 (OH—) —0.528 (SlOz) 0.0296 (HzO) 0.369
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Fig. 1 Experimental apparatus for in-situ observation of
crystal growth of zeolites from clear solutions
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Fig. 2 Optical microscope images of growing silicalite crystals from a solution with a composition of 0.05TPA,0—0.05Na;0 —SiO,

—300H,0 at 165 °C
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Fig. 3 Idealized silicalite crystal
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Fig. 4 Time dependence of length (O) and width (@) of
specified silicalite crystals from a solution with a com-
position of 0.05TPA,0—0.05Na,0—SiO,—300H,0

Table 1 Silicalite crystal length growth rate (R;) and width
growth rate (R,) as a function of crystallization tem-

perature
Composition of ~ Temperature R R, R
synthesis mixture ?’C (um/h)  (um/h) R/R,
(@) 135 0120 0044  2.73
0081 PAL0- 150 0231 0068  3.38
$i0,-300H,0 165 0409  0.090 452
180 0538  0.098 547
(b) 150 0197 0071 277
O T rA0- 165 0500  0.130  3.86
Si0,-300H,0 - 180 0585  0.090 650
(c) 150 0.152 0.036 4.25
000 TFA Q- 165 0244  0.039  6.28
Si0,~300H,0 180 0.294  0.033 . 8.87

FRHICEDZLIZBLALNTWS. ERLBESILENSE
TORsE % £ LR (G5 MM (induction period)) &\, %<
DRREBPCOFLRRBOSE CREREEEELZEEL T
LZRW. ILhsl, FERTRR4DISCHELEEIZIIF LAY
BEINT, HROBRLIELL B> TW5. XEEFE
KEIDNEESNSLDORIRARFOEE S/ MEROHER I G5
((-3ER) Th5. FEBRTHEMEEEICST A& 1E
DER VIR, RERUVBHFADEREEEL—F T, ZOHR
FEAGLRET NS, V=8R 'R, R-# tixh. /=72L, R
BAERR TN TR WHAESHFE(OL0)EHA) OREEE &
T5. BREABCOBROBEETCIAREREDETAER
FThT, COREIVEREBROERREISFTRICASL I LR
FHEIND. 20D, FBHEREEIELRBFOEF S/ Mg
OEGHE L /NS ORI SLEEICIT BB L LERIA
FETHEDICRZAH, COMMERTOLDIIRE XL
TYWBETTHS. LrLahd, AERTEOh/EMERIC
YU AF74 MERUNDEEVHESBEI N TE O, X
DEFFA T EROBE L RE B - D/FLRM A EBEET 2 =
tidcainwkRBbhs.

AR REEOREKFMIC D\ T, Feokistova 53 2
Cundy 59{3 Arrhenius I -> TEE LT\ 5. Y354 v &
ML, A4 FYUNOBM, A BOESE (BEEEOHR)
CES, RERERE TORBEMOR Y A4k FFEICSE L OBR
TRETERTSS, BRLREY L2 L BREEES SR A
THILDD, ZOBBTIERIGHAZLFE LTS = L
##TE 5. Arrhenius RiC & Y B L S BRED BT ORE
BAEZXVF—2R2 IR Y. HRREIC I Tkt s SR
2R TR RENS DIEHALT XV F —138 16 kI /mol TH 3 & 1

Table 2 Apparent activation energies for silicalite crystal
length and width growth(E)) and (E,)

Composition of synthesis mixture (kar;x ol) (Uﬁ;&oﬂ

(@) 0.05TPA,0-0.05Na,0-Si0,-300H,0 52.4 28.0
(b) 0.1TPA,0-0.05Na,0-Si0,-300H,0 58.2 129
(c) 0.05TPA,0-0.025Na;0-Si0,-300H,0 35.3 —-3.8
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Table 3 Correlation equations between crystallization tem-
perature (T") and silicalite crystal growth rates (R,
R,) for various synthesis mixtures.

Composition of

Equation
synthesis mixture R((um/h), R,(um/h), R/R,

Ri=8.92x 10-% T14s

(a)
0.05TPA,0-0.05Na,0-
Si0,-300H,0

(b)
0.1TPA;0-0.05Na,0-
Si0,-300H,0

(c)
0.05TPA,0-0.025Na,0-
Si0,-300H,0

R,=2.19x10-22 T7™
R/R,=4.08x 10718 T68
R,=3.39x 10~ T159
R,=6.12x 10711 T34
R/R,=5.55x1073 T124
R,=6.38 x 10727 T9¢7
R,=2.23x10T"*%
R/R,=2.86x107% T107
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24h
06 I 96h

120h

04
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0 1
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Fig. 5 Time dependence of silicalite crystal length distribu-
tion
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Fig. 6 Time dependence of length (O) and width (@) of
specified silicalite crystals from a solution with a com-
position of xTPA,0—0.05Na,0—Si0,—300H,0
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Fig. 7 Crystal length growth rate (O), width growth rate (@) and Ry/R, ratio () for silicalite from synthesis mixtures with com-
positions of (a) xTPA,0—0.05Na;0—SiO,—300H,0, (B) 0.05TPA;0—yNa,0—Si0,—300H,0, (¢) 0.05TPA;0 —0.05Na,0 —

2Si0,—300H,0 and (D) 0.05TPA,0—0.05Na;0 —Si0, —wH,0
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Effects of Composition of Synthesis Mixture on Silicalite Crystal Growth
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To clarify the crystal growth process of zeolite under hydrothermal synthesis condition, a new type ap-
paratus for the in-situ observation was developed. In the present work, the growth behavior of silicalite
crystals from clear aqueous solutions was studied using the apparatus. Effects of the crystallization tem-
perature and the composition of synthesis mixture on the growth rate and the morphology of specified
crystal were investigated systematically. The crystal length growth rate (R;) and width growth rate
(R,) increased significantly with an increase in the temperature. The morphology was also affected by
the temperature.

Next, effects of the composition of synthesis mixture on the crystal growth rate and the morphology
was investigated using the following synthesis mixtures.

(1) xTPA,0—0.05Na,0—SiO,—300H,0(x=0.012—0.1)

(2) 0.05TPA,0—yNa,0—SiO,—300H,0(y=0.025—0.2)

(3) 0.05TPA,0—0.05Na,0—2Si0,—300H,0(z2=0.5—2)

(4) 0.05TPA;0—0.05Na,0—SiO, —wH,0 (w=100—1000)
The growth rate and the crystal morphology were affected markedly by changing the composition of syn-
thesis mixture. The following relationships were obtained;

Ryoc (TPA+)038 (QH -)0518(Sj0,) —0-19 (H,0) —0-745

R, oc (TPA+)0675(QH-)195(Si0,) ~0226 (H,0) ~112

R/R, < (TPA+)-028(QH ) ~0528(Sj0,) 0029 (H,0)0-369






