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The behavior of the crystal/alumina melt boundary has been studied at the start and
final stages of sapphire growing by horizontal directional crystallization. At a constant
pulling speed of the crystal into the cold zone, the time dependence of the melt crystal-
lization rate may behave nonmonotonically. The crystallization front oscillations in the
initial transient process that was predicted by numerical simulation has been confirmed

experimentally.

HNsyueno moBemeHMe I'PaHUILI KPUCTAJJI-PACILIAB OKCHUAA AJIOMHHUSA B Hayajie U KOHIE
BBIPAIIUBAHUSA camdupa METOAOM TIOPH30HTAJIbHO-HAIIPABJIEHHON Kpucrasjausanuu. Iloxkasa-
HO, UTO IPHU IIOCTOSTHHONM CKOPOCTH BBITATMBAHUA KPUCTAJJIA B XOJOJHYIO 30HY 3aBUCUMOCTH
CKOPOCTH KPUCTAJJIMBAIMU PACILJIABA OT BPeMEHH MOKeT BecTu cebsi HeMOHOTOHHO. Ilomyue-
HO OKCIePUMEHTaJbHOE IIOATBEDPIKIeHUE SABJEHUS KojJebaHuil (PPOHTA KPUCTAIIU3ALUUA B
HaYaJbHOM IIE€PEXOJHOM IIPOIlecce, paHee IIPEJCKA3AHHOTO YMCJIEHHBIM MOIEJIUPOBAHUEM.

Sapphire occupies a leading position
among modern functional materials due to
its unique properties [1]. The development
of mnovel sapphire growing technologies
ryquires novel approaches to the problem of
the alumina melt crystallization. This work
is aimed at one such approach, namely, the
monitoring of the solid/liquid alumina in-
terface in the transient mode when the sap-
phire is grown by horizontal directional
crystallization. The facts mentioned bylow
illustrate the actuality of such studies.

It is well known that strips being the
accumulations of small bubbles may arise in
the sapphire during its growing. The bub-
bles are nucleated in the hollows of cells
arising on the phase interface at the concen-
tration overcooling (COC) of the alumina
melt [2]. The transition from the smooth
phase interface to the cellular one occurs in
stepwise manner and is accompanied by a
sharp increases of the crystallization rate
[3].- When a crystal is pulled out of a binary
melt being in the COC state, the crystal-
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lization rate behaves nonmonotonously, in
particular, it may exhibit damping wvari-
ations [4]. Such variations are due to con-
siderable concentration overcoolings [4] that
must cause instability of the smooth phase
interface. However, up to now, there are
only scant data on the melt COC values as
well as on the residence duration of the
crystal-melt system with a smooth crystal-
lization front under the COC conditions.

In this work, the sapphire crystal of
100x40x15 mm?3 size was grown [5] in about
0.1 Torr vacuum from pre-melted alumina
of G-00 grade. Judging from the pink sap-
phire color, the initial blend contained
about 1073 % of titanium.

To monitor the erystallization front (CF),
a Sensicam ge CCD camera was used. The
shot spacing was 0.5 s, the exposure 6 ms.
The data coming from the CCD camera were
processed using a special software providing
the CF position coordinate x. counted from
the heat screen edge overhanging the melt.
The CCD matrix pixel corresponded to the
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Fig. 1. Time dependencei of the crystal-
lization front coordinate x, after the crystal
pulling device switching on (a) and switching
off (b) at the pulling speed of 8 mm/h (1, 3)
and 43 mm/h (2, 4).

0.25 mm area on the sample surface. The
CF position was determined to within
0.1 mm. The CF behavior was studied in
two transient processes, at the crystal pull-
ing at the rate W = const and after the
pulling device was switched out (W = 0).
The supply power of the furnace heater was
constant.

Fig. 1la presents the time dependences of
the x; coordinate for the initial transient
mode at two typical crystal pulling speeds,
W =8 mm/h and W =43 mm/h. The sap-
phire was free of the bubble strips in the
first case and contained those in the second
one. The nonmonotonic character of both
curves in Fig. la is to be noted. Since the
xAt) dependence becomes monotonic after
the pulling is over (Fig. 1b), the CF speed
coordinate variations observed in the initial
transient regime are not connected with the
possible variations of the power being sup-
plied to the growth furnace. It was found in
special experiments that the crucible placed
on the pulling device sweep is displaced
within the furnace without any appreciable
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Fig. 2. Porosity in sapphire formed at the
crystal pulling speed 43 mm/h. The 1.4 mm
thick plate is cut out along the crystal
growth axis and perpendicular to its near-
bottom surface.

vibrations. Thus, the CF behavior features
presented in Fig. 1a are due to redistribu-
tion of the impurities in the alumina melt.

According to calculations [4], the non-
monotonic trend of the x¢) dependence ob-
served in the case W =8 mm/h (curve 1 in
Fig. 1la) is due to the melt concentration
overcooling. As the above-mentioned strips
were not observed when the crystal was
pulled at that speed, the phase interface can
be assumed to remain smooth [2]. Thus,
under the conditions being under considera-
tion, the value W =8 mm/h is most likely
within the pulling speed range where the melt
is concentration-overcooled and crystallizes at
the same time with a smooth front.

The CF behavior at the sapphire pulling
speed of 43 mm/h is found to be unusual
(curve 2, Fig. la). About 500 s after the
pulling device start, the CF began vary vi-
brationally along the growth axis. A those
moments, the crystallization rate was esti-
mated to exceed 100 mm/h. As is seen in
Fig. 1la, curve 2, the variations are clearly
periodic (at a period of about 230 s) and
show an asymmetric trend, the gradual de-
celeration of the CF speed (the left peak
edge) is alternated with its sharp increase
(the right peak edge). The observed behav-
ior of the phase interface can be explained
by a relatively slow impurity accumulation
in front of the CF followed by its fast cap-
turing by the solid phase. As a result, the
melt becomes depleted of the impurity in
front of the CF, and the cycle is repeated
when it is accumulated again. The vari-
ations in the crystal-melt system show all
the features of so-called temporal dissipa-
tive structure [6].

An important feature of that phenome-
non consists in that the variations are "syn-
chronized” with the formation of the above-
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mentioned strips in the sapphire (Fig. 2)
that are manifested still at the sapphire
growth stage as the characteristis knees in

the

1.

2.

500

time dependence of the CF coordinate.
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Oco6auBoOCTI MEPEXiTHOTO PEKUMY
IpH BUPOIIYBaHHI cangipy MeTomom
TOPM30HTAJBHOI HANIPABJEHOI KpHCTadi3amil

C.B.Bapannuk, B.H.Kaniwes,
C.B.Hixcanrxoscvrkuii, O.M.Cmenanenkxo

BuBueHo moBegiHKY Me:Ki KpHCTAJ-POSIIAB OKCHAY AJIOMIHiI0O Ha IIO4YaTKy Ta B KiHIi
BUPOIIYBaHHA can(ipy MeTogoM ropusoHTaJIbHOI HampasieHol kpucrasisarii. Ilokasauo, 1o
Py MOCTiMHIN IMIBMAKOCTI BUTATryBaHHS KPHUCTAJA Yy XOJOAHY 30HY B3aJI€KHICTh MIBUIKOCTL
Kpucraiaisamnii posmiaaBy Big uacy moixe OyTu HeMOHOTOHHOMIO. OLep:KaHO eKCIIePMMEHTAJIbHE
HigATBEepI KeHHs SBUINA KOJUBAHL (PPOHTY KpHcTaaidarmii y mouyaTKOBOMY II€pexXiJHOMY IIPO-
meci, paxime mepeg0auyeHOro YMCEJIbLHUM MO/IEJIOBAHHSIM.
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