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Growth of Quartz Crystals by Hydrothermal Temperature
Difference Method

Moon-Young Kim*, Young-Nam Jang*, Hong-Ja Shin* and In-Kuk Bae*

ABSTRACT: High quality quartz crystals are grown in 0.5N NaOH + LiOH solution on the seed crystal at
370-395°C and 1200-1300 kg/cm? condition. Growth rates are determined by the crystal thickness grown on

the seed crystals with Z(0001) and X (1120) direction.

Relatively high growth rate of Z(0001) direction

gradually changes as the temperaure difference (A Ti) between growth and dissolution zones from 25 to 10
C. The X axis direction is affeced by ATIi, and +X(1120) direction shows a high growth rate than -X(1 120)
direction. According to the variation with kinds of solutions used, the crystal growth that in NaOH solution
is found to be slower than that in Na2CO3 solution. However, for the case in the NaOH solution mixed with
LiOH, it shows a favorable growth rate in terms of grown crystal quality.
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Fig. 1. Arrangement of an autoclave specially

designed to determine the temperature and pressure of

growth solution.
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Fig. 2. Crystallographic orientation of synthetic
quartz crystals.

crystal?} ifiizte] 94 € Yehi® Fig. 29 24,

BBh%

A el HAE k#sEE 350ml 2 500ml
autoclave 2% 3 7 IEAERE o] RolA U, o] #
& fpklEls Fig, 33 zon Fig 4= 1 B ER
A8 BB 9] EiE o),

Hlol 4ed FHS HREE Ko we HEa
T S TROY BfEEEEE REelden AunE
= IRTREGTE B e 5 ok

B strain gaugeold #iiistel T2 FHavet
- EFMHE S8 digital panel meterol| A ¥R 3
T en, fiEs A58,

KEFRAT BEIRE BN R W - #r
Hel 24 JE2 7194 e berg Tz e ZE
BHRE E—‘."a}?i?r (Fig.1). Autoclave 7o} Fpte
Co-Ni-Mofiio.2 600C7H4] #iEE/e] T glo
WERRE IS 13} SR o] B Kymry/r) e 2,
2601}, #pIA AL Bridgeman seal AoE2 Hife
2] el AF @S WREs] e Pt-goju1 2
RESFAT,

ke BE RS AH439on MrERS Yobar
crystal(Fig. 2)& fmeldch migzs 22 05N
NaOH+LIOH #ig fEasta.em B4 1200-1300



Kk R 98 kS B 221

STOP ON/QFF
VALVE VALVE

WATER
TANK

g CHECK
VALV

HEISE GAUGE

(2500Ke0rem2)
FILTE

(2000)(%:»\2)

HIGH PRESSURE
TRANSMITTER

ouT

TOP PURNACE .
CONTROLLER
UNDER FERNACE
CONTROLLER

Fig. 3, Diagrammatic representation of the apparatus for hydrothermal temperature difference system.

Fig. 4, Photograph of the hydrothermal apparatus
used in this study.
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Fig. 5. Pressure-temperature curve. The dotted line
shows the boundary between the three-phase region of
solid, liquid and gas, and the two-phases region of
solid and liquid. Temperature difference between
dissolution and growth zones is very apparent beyond
this boundary.
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Fig. 6. Temperature distribution in the vessel
obtained using internal thermometers.
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Fig. 7. Photograph of quartz crystal grown in
NaOH+LiOH solution.
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Fig, 8. Growth rate of the Z-axis direction vs. ATdi.
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Fig. 9. Growth rate of the X-axis direction vs. ATdi.
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Fig. 10, Relationship between growth rate and the
concentration of solutions. NaOH and Na2C0;3
solution was made based on the data given in
Kunitomi(1976).

Fig. 11, Scanning electron micrograph of nutrient
crystals after hydrothermal growth(390%C,
1300Kg/cm*14d).

Rt BREE vlXE 98 Kafldd, o &
AE Kunitomi(1976) o] 98 sfdprsl Erote) By
e B3l Fig, 109 Jepict,

NaOH + LiOH¢| 7$- g7} 0.2 mole )4 = 0,
3mm/day, 0.5 moledjx= 0, "mm/day, 1,0-2,0
moled| A& 0.8 mm/daye] mEEES Jeuo,
NaOH$} Na,CO, i) %3¢ Na2C03 7} NaOH=.t}
BEREZE AW, 2RO WL skl whet &,
ES@EE Aty THH #EoN 32 Na,CO, mine
AHESRE Ae REEES 27) QRO B %]



224 A

o

Fkle SEMd| o3 g JEET fersldlen] gt
o] E (albite) & sl @&teh(Fig. 11).

B %] FERE #E7E 1.0 mole % Likel 74
© autoclave Pyito] @adalr #AstE HEol B
ot old AL BEIE 0 FA EAo) WEL B2
HifHel wEE o] heavy cake® w51, o] heavy
cake? HiAHS B - BET  Na20-H20-SiO2%0
AolA de)iadel SiOezt #ifig kg7 A o)A
o] Tkel kRSl ik BEAS BRI Aol

e o

B # BR

Kigel HRE 0% YT B 2 B 2 pe
MEEA e SmE AR g8 mEfdol gon
(Asahara et al,, 1982; Nagai, 1986; Taki and
Hosaka, 1986), gkdEe @me gt 7 o
& A= Wrsh €oh Fig 12 Z # Hme &
EFd Q @ HRRE Jehd Aotk (Asahara et
al., 1982). Q #& ERN WEF HES JepE A
o 2A Q gtol Em (1.8 X106 o), frbaEmEsl 2o
o, Thel Sl Kiakol 718 ol 4AQ B kel
o. Fig. 1244% gifdgst 0.8mm/day LIT7F Q
ol =tk K g gl B AT 284
= BT Aol JEE AT = 10 - 20C9)

r
>
i

Q-value (million)

oA AEA R

A Hr ol 7 AR g e ¢ 5 9ok
Kb 59 FH#(OH, Al, Na, Fe 5) SBE #
RIETE MY &S JehlE strain £ (A
d/d)zte] #Ax Bolg 3w glvh(Asahara and Taki,
1972; Brice and Cole, 1978), E3| k% as
OH Aot SiZ Efg Al Tyt 123 34
7b A7) w2l FpMREd o8 B 4 9k
Fig, 138 R 2 ATAES FVPEEL ) 2
& FRIMRIK AHMEDE BIES Aolth o] FRiMElkA
HAEYE 4] Q) R} Ed) 1 9w
o] 2HER L KHKRT Ao1E vehith £, ATk
H A OHe ERshs Tl HEr 3400cm* o)A
broad & peaks} Yeh}e whdd] KkkRlHE 2-3
Mol gk peak® HelHlo] Sich ma ATARS i
B 3585 emle) Mcs RekadIA okt s o)
A Hlofuh 3595em ol #ES MRl Bk, Nagai

100
90
80

100
90
80

70

60

Transmission { %)

50

40

1

0.5

0.6

0.7

0.8

4000

3600

1
3200

Growth rate alor;g 2-axis (mm/day)

Fig. 12, Some distribution of Q-values correspon-
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solution.
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Fig. 14, Solubility of quartz in NaOH and Na2CO3
solutions.
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