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1, Tntrowdnie t1on

Recent. discovery of HTS led among others teo o
enornous  anount  of research work on powvder singoered
polyverystalline samples. Low density as well as the weok
iink between grains urged developing other methods o Lhe
preparation of ceranic superconductors.  One of the
important ways appeared to be preparation of ~ingle oryvsd
The study ot physical phenomena on single crysfals 13
vary impertant to achieve a theoretical wvrnederstanding oo
high tenperalure superconductivity, to  optisixe  radtee o
properties for wvarious applications and hopettl to o
higher values of the superconducting transition Capperatorees
than the current maximwa being about 1200 K0 Sueenstiold
materiasl processing, however, Presupposes il s a PLENTRES
knowledge ot phase eqitilibria in a given <sviten The airm o0
this review iz 1o give survew about the detornination of
phase relationships within f. hes Y--Ba-Cu -0 syvster ard
techrd quess for crvstal growth oy f he Y BCO SOl
condnctors, Since mpany varioans methods af YRCO <dngle opvte
growth wers approved only two wavs have been fourwl o
achieve orvstals of a sufticient quality. Theve 1w ~oipd
atate reaction leading to the achievemsnt of snall crv-ta!

lites and crvstal growth trom high teaperatuare solotoone,
Using nopstoichiioneticic nelts . The Tatier one o e et Ty
the most propising way how oo obtain the gl qualin.o Do
VBCO  orystals andsor other related  phases Yally ameden
=Landing ot reystal growth Procaessing LI frce e v

NECaeSSAary .

2. Fundamental Principles

‘ vt ot b mrowth e b
FOVipe I 7 e SO fiiT b carn e sempno1rn Fig o b, whers oA ool
entact: . phase diagram 1s gilvein. Liguidus curve  Cdrav b
full lines in Fig. 1 } represents thermodyvnanic beoraiaes

between <olvent and solvent 4 soiute regicns The repiiogs ool
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Picpaudne one and Lhat oo Jdrgen byodlagbed i bt ot
thii< etastabie vegiorn, called alao Ostwald Miar s cooion
K crnseniene s oFf fhe I ATEEEE RS St S SPATEE WS o 6 BNNNSE SRS 1 3 PR IS S DS S TR
craitical sime betore theee precipitatioan of

A Tl Thie
Heoad of netatable ropion 1osoring arowth ot farpe orvstals

depends above 2L o The peopert e 0 Ul i et e
cxperinental  arrangeanent There  exixst Lhroo tundanental

arowing modes . corecesponding Lo varioos tedbeaiogaes proadaning

—

HperEatirat Lon:

11 Salvent evaporation at o constant temp=ratuare duoaring the
growth, [t resuglbs an honogeaeous onneentration ol dopant..,
or dnpurities, honcgensous censity of equilibrioa el tect -
no variation of  the copposittion in the came of  <olil
<olutions and possibility to grow materials with o spect fied
valence state., Evaporation cate can he controlied by the
Lenperatinre,  gas  Slow renoving  Lhe wolvent wvapors, LTS
wirtace area of the melt, et-. The main disadvantage orise.
Yron the solvent vapors beling very corrosive and attacking
the insulation ceramic materials as wi=1} as heat inyg
= L epert s

(i)Y Slow vouling with spontaneous ancontrolled nucleasion
reguicing a small vertical t=aperature gradient keeping the
hatton of the crucihle at lover tempacaturs then apper part.
A continuous changing of the remperature during the growth
can lead due to the difter=2noe in the sonlubibity of the
tivlividual comnponents Lo inhomogensities and concentration
aradients in the prown cryvstais, The dimensicns ot  the
crvstals  can be enlarged by limiting  the number  of
spontapeausly nucl=aiced orvstals,  asing oL@, tenperature
axcilliations during the decreasing  tenperatiurs, Another
merthod prestricting the nounber of nucleation centers is to
sport coel the crucible bottowm by an air jot or nopre sinply
Irw A ceramic or platinim rod. Neverthelaess, due to the
temperature gradient, where the top of the melt (s hotter
than the bottom, the natural convection is mininized and the:
tendency to a layvering ol the solution appear<. In this caso>
a stirring toechnique, e g, Accelerated Rotation Crucible
Technigue (ACRT) should be applied.

t1i Y Transport  technigues like transport in a temnperatinso
gradieni. with an advantage of isothermal growth In a s=siuch
case a natriant s heldd a- higher tenperatinne near the
botton of the crucible and the seed helow the liguid leve!
at the lower temperature. Mass transport trom the dissolved
nutrient to the seed is assured either by the natural
convection and diffusion through the boundary layer or by
stirring. ‘

e
Lt}

D Experimental Arrangenent

An important problem in the growth of YBCO crystals is
the choice of suitable mnaterials. Platinum crucibl=x,
usually used for the growth of oxide materials, are heavilwv
attacked by BaO-Cu® based mnelts., This corro=ion r‘arl( l’w
decreased using e.g. Au cruc-bles as reported by Kaiser .
Several other orucible material< have ever been suggested
arrl approved like MgO, Zro? Sor Thﬂ?‘ The nost widelvy uaed
crucible material Is alumind as high puritv and densiiy as
possible in order to avoid Al contanination ot the crystalws.
Al enters the  YRCO  structure particularly at higher
tenperatire anrd “lower: cooting rate. Al inns bva e
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Consmistee of pixing starting mataprials, coppacting Lhen into
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LT R B ETCOC S BT tobie pate fo oo Loeppep At
te chniappes whicoh heove the adyvantag of separation of oroun
crvetales rron the melt bave been sacoesastuabiy tesred e
Pord Lo

i} . . . L .
iy Cavity methowt’ based on oa tormation obf casibies i the

it most prebably due te the oxygen evolirtion at highes

. L .
Lo ratare han 10000 Tho orystials geown 1n the el are
TR R T |[; !l;'.!‘t oy [ NS YRS BT N i vy R T

sl ity ation and ecocling to roon Lempearaburi:. They apreed e
rocnversad mechaniceally by hreaking all the nass together

with the cruacibls. Therefore 11 1= ahvantageous o use
reranic crmreibles ke atl Y4 tor thin nethod,
SELIMe L transport aetheod” vtilizing wetiing and cresping

af the tigquid =<colutions on netals tike gold and platimm s
that qua«i free crvstals can be obtained Moreaover the [ower
honopenizatian fenperature in conparisen to that used at fle
cane of previous method of ahoot 10000 i mufticient. The
meele s spontaneonsiy transported over the crucible walls:,
theretore annther external srucible must be used, Single
cryvstals are particularly growvn on outer surface of  the
internal crucible or in external orucible perpendicolariy to
its hotton and can be easily taken out (=1

(it Crvstal growth from homogenecous nelt " represent:s
probably the best wav for the growth ot large corystals and
their separation at the sane tine. Tt consists of arhieving
the proper  concentration and femperature conditions ror
copplets  disso]lution of  solid  phases, crystal  growth
procedure amd renoving the nmelt tron the orvstals by
decanting  or pouring  the 1 opiaid throupgh a  sieve or by
cilting the crucible. Achieving such conditions, howeaver,
raedquires A svstenatic <study of phase relationships in the
svstenm and optimization of growth sonditions,

4, Solvent s

The chaice of a suitable wolvent teor the arystal growth
fronm high-tenperature scolutions i< a  complex  problem

involving both the physical and the chemical proper-ties/(H the malé

Freny phy<ical properties the most important is the mnelting
Penperatar- . tfe viscosity, density and yoltatility, From the
g St ps e st e ety of uased
uxides atfecting the soluiility of i crsallizing phaze
in the given nelt Many varions sobvents fhale Bao 1) werps
tried for crystal growth of YBCO crystals. However, such
factors as limited dissolution, formation of more stable
phases with Y- or Ba- ions, the oxidation state ot Cul® etc,
excluaded their dse and ~o the most suaitable solvent seens to
e BaOo-Cul) based melrt,

0 !

P
L ) i

. Crowth conditions

Temperatitre range for crystal growth is linited by the
fenperature 0f peritectic mnelting ot YRCO being abornt 1000
O oand 1 h-? temporature of eutectic nelting of the nelt at
abouat LD O, Heppoe 18 1w very inportant  fo find i

copposition of the melt with the liguidas tenperatuare just

.—-3_—-—



telow the tenperatures of peritectis meliing of YECO, 1., o
Hiane the tenperatitya range as Jarge a< possible. The data on
solid-Tigquad phase  equilibria are collected it phase
fiagrans., For crvstal growth the nost inportant diagrans are
thaose incliding primary orystallization ield of YRCO phase
aw the ‘x’_BaCnﬂH—-Bag(:url(i)a pseudo binary phase diagran alreads

&
-7 . .
reported by several authmrs( ). The, st reliable resuit:

on this systen ara given by Oka et al which detail {ocusod
the measurenent upon the area surronnded by Cud--BaCuG - VECO

triangle suggested to he favorable for growing the YBCO
rrvaetals in many reports. Their mneasuren=snts were carriod
out along four radial directions starting from YBCO as the

common end  member, towards Cutd, Ba Cua O | Ra Cua O a1l
= e 1. 9 ¥

B Cu O, respectively, as the opposite-end nembers. Phase

relationships in the CuO-BaCu0 ~YRCO systen at 9650 C  in air

and Al 97E ¢ in  oxygen were deternined by Nevriva
=t ai 7 asing the procedure based on the separation of the
peal 0 Crom an aquilibriun sanpie and the consedquent analysis
Y ite zalid residae The optinun conpositions For crystal
srowih following trom our syvstemnatic  study ot phase
it libria in this system arve j(bf&c_;d*)eenr}nt with the results
ot orvstal  growth experimnents . The region of nelt
corpositions giving the best results is shown in Fig. 2 (see
t e e Ly indicated by dashed line with points
corresponding to the meltt composition amder-studied) . Our
ra<inlts exhibit a shift of the optimum melt composition to
the higher content  pt Cu® comparing the data reviewed by
enia iy . °
Scheell amd Licci . 1t i= probably dusr to composition
changes as consequence ot the toellowing chemical reactions:
(i)The reactions  between  the  orucible  and the melt,

(ii)The reactions of BaQ® component with Cnr)2 always present

in air.
(ii12The equilibriun interaction between the melt and oxyvgen
in air,

The above discussed facts explain either the natoaal
inconsistency of reported results or tLthe necessity Lo
aptinize crystal growth conditicns in the f[ramework ot the
ambient atmnsphere, crucible material, temperature regime
and melt conposition,
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Fig. 1. Hypothetic pseudobinary phase diagram of solvent-solute system.
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Fig. 2 . Graphically represented composition of melts that us

tematic study [g~ 10).
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