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Abstract— Powders of crystalline «-SiO,(ci-quartz), having the mean particle size of 1-10um with shapes of rhom-
bohedron, were prepared by hydrothermal synthesis in the temperature range of 250-450 °C for a 3 h reaction. The reaction
temperature could be reduced as the concentration 6f a mineralizer increased. Experimental results showed that the particle
size became smaller with its narrow distribution as the concentration of a mineralizer increased. However, the particle size
became larger with its wide distribution as the concentration of nutrients and the reaction temperature increased. Both of
the nucleation and the crystal growth rate also became faster and the particle size became larger as the reaction temperature
increased. The above results were expressed as a characteristic equation for the weight mean particle diameter(S) of syn-

thetic powders, such as S=1.57 exp(—~ E/RT) - "' - C;,*. C3?>- C{*® with the activation energy, E,, was 8.15 kJ/gmolK.
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Table 1. Summary of experimental results at different hydrother-
mal conditions(reaction temperature : <400 °C, reaction time :

12.5-15wt%
<3h)
Seeds(0t-SiO,) Mineralizer Type of  Concentration of Hydrothemal Mean particle
10.05-3 wt% :0.01-5 wt% mineralizer  mineralizer(wt%)  synthesis(O, X)  diameter(jm)
KOH =0.075 o . 1.5-5
L Mixing in Water Solution 1 NaOH >0.1 le) 2-10
t Na,CO, >0.1 o 2-10
Hydrothermal Reaction KF >0.1 o) 2-5
Autoclave 1,000 ml/hastelloy NaF >0.6 o) 2-10
Rxn Temperature : 200-450 °C NaCl >0.65 o) 29
Rxn Pressure 1<300 atm KBr >3.0 o] -35
Rxn Time :1-10h KCl >3.0 o -3.5
LiOH <3.0 X -
Cooling (at 25°C) LiF <3.0 X
LiCl <3.0 X

Synthetic Product
Filtration/Washing/Drying
t
Characterization
XRD/SEM/PSA/FT-IR/Raman spectrometer

Fig. 1. Schematic diagram of experimental procedures.

AY $UE SARLEE ol tel Azsln, AU B4 9
& VA AR S 2UTe R PHERY U9 9
FE Ao shedl 2 344 S ek

2. fEYY % ZR

2-1. 0-Si0, EHHHE 2alo| asy

£ Ao sd g g o143l a-Sio, HAH 2te Az
dtdesd o Az L Fig 1o Bt} 53 Aokg 743 Al
7Hamorphous silica, Sigmaijit)Z 4172714 <) oo}l (nutrient) 2. AHE-
oo, J=LFE W7} 0.1-30pme] 2, HFI70] 1.7umel T
Al Hele] IE2(99.9 %) 0-Si0, FAA BAg HAw Al ExpA
Z(seed crystal) @ 2 ARE-Fc). 3l o0 LaeS Z7}4)7)
7] $13}ed KOH, NaOH, Na,CO,, LiOH, KF, NaF, LiF, KCl, NaCl,
LiCl % KBr 53} & oge] 4418125 odate] €24 sigtee
51A| (mineralizer) 2 A7}sle] 1 Axbe} A g Fake FAF T}
SQukg-g 91sto] 2] 1.000mlelz, FAlel 2 AW 4 Qe
hastelloy #1219} 79M9k-2-7] (autoclave)S A}&-3)c}.

a-Si0, DAA U AM2A) vhg-ex vhSAI7}, B3A) Fr Y 2
AAA 2] Ariege] AA 3 ukgF) FARL Qalmr] B gl
Eoll ¥ G A7) Y8 mohike e A Agl7Hs-
30g)2t FA274(0.1-6 egy 0.01-0.62) v]&(FA}/d kAT =915}
3L, 100-300 ml®} $7-5 S1bg71el $214170 ohe- 0.01-5 wi%
o] FSAIE H7IRE F 200450 °C2) L5 9ol 0-24X|7F EQF 4
R R L 2

FAFAE ELL 280 AHY|E o] 83le] 23] ukx 4
& oh5 o Fh(filtration)s} i e}, oI 7hgl A RS A2 A] Bute]
A WR)s) 98 FRAZIN)E ol4ste] b3 A=Az
¥, XRD, SEM ¥ PSA(Particle Size Analyzer)E o]-£3)e] ZAEA]
< ZAFs%Th

olo

—

2-2. HIE 20| BEMEA
2-2-1. XAl 324
TETAEE 29 AP S AR s) 91819 X-Ray Diffracto-

BI2ES M35 MsE 19974 108

meter(XRD, Mac Science Co., MXP3)E o] 43}51 o0, $-4z70]
CuK, radiation, 40kV, 20 mA, scanning speed : 10 deg/min, XA1 3]d
7k w3} 20:0-80°2] ANl AT AAHAS Halstelch

222 FAAAER A B2

42 2R, Jdx 9 EFA)E SEM(Leica, Stereoscan 440)
< ol8-3to] 7K gke] 10-20kval AbefollA] 5,000-10,0000H2) wl
£2 A3

2-2-3. 3184

TAI L] l=dx e} T FFYAL 2ALs) 98l do)A
o] Pt 2] 5 0143 Particle Size Analyzer(PSA, Malvern, Mas-
ter Sizer)s AM-319] 25, AW 2 & 0.05-550 um ).

.40 ¥ g

3-1. BN ZZZXA}

3-1-1. ¥R82 %, uhS-AIZE ) 33kA) 52

Swi%e] FAY Adelvtel]l 0.5wt%e] TAAAL AR’ F B3}
A A7l N2 oA § AP o vE 9L weES XRDE
EA% A3} Table 16 A A% u}e} o] o-Si0, HAA Hte] 4
Aol 7Fedt w2 AE Fohd 4 Qlch w3k PSAE o] 83t
A T AA 22 QlRlas) s whez A6 wha) Aol
UKA " FFU73 9] Z7)7} 1-10pmz ZAFc}

Table 12| F3}4] 5= ol ¥ 4= g150) KOH, Na,CO,, NaOH,
KF9| A7lefe] w3k (0.1 wi%e] el & B7-8k3 a-Si0, A2t
ol I = AR Mol o) Eo] 35 F3AYL & 4= gich. o]=
Az AR B3lAlEo] 2T GEFAY o] ARE
KOH(NaOH, Na,CO,)>KF(NaF>NaCl)>KBr>KCl5} 20| AFE (acidity)
7+ 191 7hekde) SRME(KOH %= NaOH)USZ 0] 23} (degree
of ionization)’} $7}31A| =31, wlgke] Hrlo = Si0,9] we]7ze
3t 9l Aot 7hAkAa(-0- P} $o]&(0H Et F )l <
# S83] dejgoA 44 223 AEIEE IS 4 91y
o Folc}.

3-1-2. Wb 0} F3A)9] A

29} B3] ol A A YHZAL 2 )
5wt%] GgAol FARAA EAA FA=0.1)e Hrletm B5A) &
b 3 Ao Y KOHY] Hrlake s 7|4 347
et o7 W Tl S AFAAIZ) A Fig. 20) B3] ule} o)
TR 79 e 2& 4 UL Fig. 2004 Ao 2 a9zl
A ARG Gel Adshs A2 ANE B 0-Si0, A



o-Si0, #¢e| 4 Z2As 54 635

06 Y . T T
§0.54|A.000000 ™ -
Py
® 044 A mixed phase b
% @ stable crystal phase
2
S 0.34
k-] A e e o o
c
£ 021 1
£
3
S o014 o o
3 4

A

0.0 Y —— r
200 250 300 350 400 450

Reaction Temperature (°C)

Fig. 2. Relation of reaction temperature vs. concentration of a miner-
alizer(using 0.25 wt% KOH with 5 wt% nutrients and seed/nu-
trient ratio=0.1 for a 3 h reaction).
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Fig. 3. SEM micrographs of synthetic powders formed by the hydro-
thermal reaction using 0.5wt% NaCl with 5wt% nutrients
and seed/nutrient ratio=0.1 for a 3 h reaction.
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Fig. 4. SEM micrograph of synthetic powders formed by the hydro-
thermal reaction using 0.65wt% NaCl with 5wt% nutrients
and seed/nutrient ratio=0.1 for a 3 h reaction at 400 °C.
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Fig. 5. Relative intensity changes of the major crystal planes at vari-
ous reaction temperatures using 0.1 wt% KOH with 5wt%
nutrients and seed/nutrient ratio=0.1 for a 3 h reaction.
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Fig. 6. Particle size distributions of 0-SiO, powders formed at various reaction temperatures using 0.25wt% KOH with 5wt% nutrients and

seed/nutrient ratio=0.1 for a 3 h reaction.
(A:at 300 °C, B:at 350 °C, C:at 400 C)
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(A :with 0.1 wt% KOH, B : with 0.25 wt% KOH, C:with 0.8 wt% KOH)
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Fig. 10. Particle size distributions of «-Si0, powders formed with
different amounts of seed crystals using 025wt% KOH
and 5 wt% nutrient for 3 h reaction 350 °C.

(A with seed/nutrient ratio=0.1, B : with seed/nutrient ratio=0.6)
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Fig. 11. Relationship between concentration of a mineralizer and

particle size using KOH with 5wt% nutrients and seed/nu-
trient ratio=0.1 for a 3 h reaction at 350 °C.
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for a 3 h reaction at 350 °C.
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Fig. 13. Relationship between reaction time and particle size using 0.25
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at 350 °C.
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Table 2. Values of parameters in Eq. (1)

Reaction Time Ky, m a b c
Case I:t>0 0.82 0.07 -0.33 0.22 0.08
Case I1:t<3 0.80 0.11 -0.33 0.22 0.08
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Fig. 15. Relationship between reaction temperature and particle size
using 0.25wt% KOH with 5wt% nutrients and seed/nu-
trient ratio=0.1 for a 3 h reaction.
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Table 3. Summary of k(T) values with reaction temperature

Reaction temperature (°C) k(T) value
300 °C 0.78
325°C ' 0.81
350°C 0.85
375°C 1.09
400 °C 1.42
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Fig. 16. Arrhenius plot showing temperature dependency of reac-
tion constant k(T) using 0.25wt% KOH with 5wt% nutri-
ents and seed/nutrient ratio=0.1 for a 3 h reaction.
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Table 4. Summary of effect of characteristic factors on crystalliza-
tion of -Si0,(] :Increase, | :Decrease, N: Narrow, W:
Wide)

Effective parameter Nucleation Crystal Particle size Mean particle

growth  distribution diameter
Rxn temperature | i 1 - 1
Rxn time* 1 - i w 1
Mineralizer conc. | 1 - N !
Nutrient conc. 7 - 1 w 1
Amount of seeds | - 1 N 1

*For limiting applications, case of the nutrients exist in Hydrothermal
solution for crystallization.
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