Journal of the Korean Ceramic Society
Vol.22, No.5, 1985
Printed in Republic of Korea

Growth of ZrQ, Single Crystal Using Flux Method

H.H Lee, X. K. Orr, C. K ILee and X.C. Shin®
Dept. of Inorganic Materials Eng. Han Yang Univ.
*Dept. of Materials Eng. Kang Won Univ.

{Received & April, 1985)

ABSTRACT
Zx0; single crystals were grown by slow cooling flux methad using Borax (NogBsO7), and KT as flux agents.
The morphology of grown crystals was observed under a patrographic microscope. And the results oblained
from grow crystals were as [ollows;
1. ZrOyp crysials grown in the present work are morphalogically divided into two shapes; tabular and den-
dritic crystals.

2. The maximum sizc of the erystals grown reaches to 4% 15%%mm on edge Into length at ZrQs 15mole
Borax 50mole% and KT 35mole®

,1{) 3

3. ZrOy single cryslals grown by fux method have monaclinic structures.
4. The conient of KF as flux agents was hmited by 60mole% KF.

Since alumina crucible was heavily damaged by mcreasing KF content.

=

1. A

i

ZE v e Zr0pd) fA AL G147 = v
Eof] o]

=
© R ARAR el dtiset 2 e

1892yl Brazil of A7 Hussak >} Baddeleyite (Zrig) 2 AzzAe 428 A=) gl gke 90,
a7 5 o] g 1929+ = Rull &8} Ebert® 7] X—ay 3% 2% Fujiki, Suzuki, Onot 9= 2884 fluxs A
Fa %l &3le] slow cooling method, vaporization method,

2der Il o 1000°C 703 1= ﬁ}%]—ﬁ AL
o L:_o} Aol AAdaz Adoldle AL He localized cooling methed S-2] of ] l8) o 2 ZrO,}a

Agen o gelw A% 4 7% ANURE  AVFE A=Yed 6] St ZR 29 o)

AT AR AAFHH Z A Y Fag st vl AR ) gl
Z2Eabe] o] 93t AAYEE oA @ g A7l A FHaE eoFgtil WAL Adde] 9§
A Zzvtel & ROV RO b8 413 RS &k 2 Af o Zi0s 7~10Mol% ~}g&3las PbFe
shetel mgEel AL FedAm A4 5 gl e 90~08Mol % & Argatel PhF; flux & Fikds
5 whe] F9lE A2e] el ALl o ¢ A5 29 prismatic g rl 55l ol
g Smith ¢ Clain®2- ¢F 2300°C o] el T} WEew A AAHL tabular form 2z 530w
Aol ele] fluonte type d qrASE QPARAFEE  LEFS ZTEYA Y 80wt ZrOp A= T
= AL dh ) 5 2] vaporization W ] A= ) wk£ 900~ 1030

—~
Lo
—r



°co frgglolA PaA= AAEEE crucible o]
apening rate off o 35 o}A]  erucible £]
Aglal] flux melt 8] Zelrztole]d Fxle] el

zxdEgoesd L 43 ez AR
AE o = Aty ERAE 0m6u°C7dJ:—__r.z Bhod

we A5

AR,

1010 % 2 mml] et A7 A9 F ok void
2 238 Aol gtz iagh v sieh
2o pefale o8 fux

Hoer ZIOg H2A2 3y A7

Z o,

Floe 24 5795 A€ 446 A8 235580
glo] =2 solubility & 71A o}8be] crucible & <&t
e A4 ok @i,

2 o Fof Al = solubility &) volalility 3 7-el® Z3l
1 flux & A5t or Figo1sh el

=
&7 A Ahem A SREL A SHINYO pure chemical

solubility &

A-ol.0)

2.2 Slow Coaling System Al =

slow cooling € AJ7]% = 2 Fig. 23 o] F2+H
DC-molor (3rpm~ §rpm)s] 1008 1
gear box 5 JAste FEAF] m vl worm gear set
of 97 shaflo] A% AR=E FYh. shati st
ALoz FAEHA =9 controller box o B8 o]
9l 9T setting #A 2] seiting -£2-F 4l3lEA St

2,

el Asd

=24 cooling rate &
2.2 547 54
2H23 & £4477] #3e] Fig. 34 ¥

9 wAskE 29 42 A A5

=

flux 2] evep
aration & 7
¢} chamotte E7}] 6] alumina powder &

¢ A 22 9& alumina crucible & 3 57 & 93

=

285 A2 SiC-resistance A7 Rela] £AHEE
A Ftdstm 2 4 A, 12478 §A Ak ol
470 97 Sa3 S 0.1°C/min 2] SE % cooling

-z s
ole] gt w o= 850°C, 800°C o &b
A WAL F BANE Al 20% FARLEgL

=
$H gt ol 244 A

z flux g &

als,

4

FZ-AAE
10 .
: P L o
/-3 K '.,-+‘\ ,5\ P ] /,-‘\ S
Sordx Erm-,B,d:HJ KF

TFig.1. Barch compositions

PIC

auto Temp.

contraller
o U
o warm  gear
sel
Q 8]
OC mofor
furnace
Tig. 2. Temperature contrel circuit.
o =& ld
v F‘ T
1
\ .,—T\;__—___,__fh,-—ﬁ—_l ! alum na
Ve crucible
! e -
=/ S
Voo . /r’ \_powoer
i h —.  thamotre
N_cruble
N samgle

Tig. 3. Physical arrangement of the crucible helding
starting malerials in the {urnace.

Galma A Aol
2}z EDS (Energy-Dispersive X-ray Spectrometer)
A2 48500 4405 AAEY morphelogy
dsed AP A ez 329 G995 DA

2.1 7la
flux method 2] g8]= Fig. 4ol A vrepd 2128 A

) 25l A



Gl S8 Zx0s FEH A7

Liqurd
{Unsaturated seluhon’ Liquidus
Meraztome
umt

——

Temperature

Solthien + crystailized

\//[f salute

5010

Solufe roncenfration —=
Fig.4. Means of achieving crystallization from fuxed
melts ABC slow cooling; AD evaporalion: EFF
temperature gradient transport,

7R 2 BREm dad wE B3 3495 Hen
Einz

Ayls] W& ABCY A =% AFx slow cooling
W e flux & volalility glo]l AAH crucible o] A
EE de T AR 2450 gk §90¢ IAA4A B
Aol ate] o EdA BF AF A& 3 ok }4
A8 WAAA = g4 R E BCE wiek Cdf 3
ZopA Ha o A Rdske] bl gake] 24 A J
A "t

FalA 8] ulnl L evoporation o] HE ez am

=
ol 2

o ol 55T

L)

Hr

o 2
=)
0
o
'

ol
4]
-
il
=]

L

D"’

ion &2 FlET aB
ualion &3], = ET &2
;

& sgs,

FAatel 3

ol 281 WE o = evaporation

Wal= gl &4

(=]
AAA 2AA L A%

TR flux oz A7 E FA=

BEG 2R T fuct-

il

S| i R Ave =

G fucs] 222 woAA
Mx& 492 Aege -

T 2o A 2= 9 g

195 9% 23S Fig 59 el
A714 P29 Aol 20 % VAT F 3 5:12
o laks] HEEE Cash Sn olfo] HRFEUT ] R

Table 1. Batches with Different Grown Gonditions

Sample Starting Composilion (mole %) Thermal Condition
Duration
Zr0y Crystal (mm)
No. ZrQy Borax KF |111gléot(c:1):1p : lomEoge)mp (hr)
15 &5 1, 000 850 25 2x%(.1x0.2 dendritic form
2 10 a ” ” ” crucible .2
3 10 80 10 1 ” 7 1 X% % 0.1 tabular, dendrite
1
4 10 G0 30 " » " 1
2y
5 10 50 40 ” # ” b
G 15 50 a5 " " ” 4x1.5x0. 2 tabular
7 20 50 30 " o 7" =] 25
8 15 40 A5 # ’ ” 1.5y
9 18 30 G0 ” ff I erucible 2.3
10 14 25 60 " 7" ’” "
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Fig. % Dendritic form of sample No. 17 Fig. 11, a) Morpology of flat face.
b} Morpology of stenped face.

Fig.10. Growth feature fram the dendrite.
Fig.12. Dendritic growth in super cooling condition.
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