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Effect of the furnace atmosphere composition on the heat and mass transfer has been
studied when growing Csl(Na) crystals of 300 mm dia. under control of the crystal-melt
interface (CMI) and the crystal immersion depth into the melt at the fixed cylindrical part
height (60 mm). The most intense heat transfer from the crystal has been found in argon
atmosphere, when the deposit amount on the upper crystal butt is the smallest that is of
critical importance for the increased CMI immersion depth as compared to other atmos-
pheres. An opposite result has been obtained in helium atmosphere both in the heat
transfer from the crystal to the furnace walls and in the CMI immersion depth. In the
mixed gas atmosphere, the result was found to be, as expected, intermediate between two
preceding cases in all the parameters measured.

PaccMoTrpeHo BIUAHVWE Pa3jJMYHOrO COCTABa arMoc(ephbl B MEeYM Ha TeIlJO-MAacCOlIepeHoC
npu BeIpamuBanuu MoHoKpucrtaaiaoB Csl(Na) guamerpom 300 MM mpu KoHTpose (OPMEI
dpoura kpucramausanuu (PK) u usmepenuum ero riayOMHBI NOTPY;KEHUS B PACIJIAB Ha
(puKCcUpPOBaHHO! BBICOTE IMUJIUHAPUUECKON yacTu Kpucrajaa — 60 MM. YcTaHOBJIEHO, UTO B
armoc(epe ¢ aproHom HabJIOJaeTcs HAUOOJBIIUI TEIJONepPeHOC OT BHIPAI[NBAEMOrO KpUC-
Tajla TPY HAWMEHbIIeM KOJHUYEeCTBE OCEBIIEero Ha BePXHEM TOPIe KPUCTAJLIA KOHAEeHCATa
paciuiaBa, 4UTO SBJIAETCS ONPENeNAIONIUM B yBelwdeHUu rayouusl norpy:kenus @K B pac-
IJIaB B CPABHEHUM C APYyruMu BapuaHTamMu atmochep. IIpu BeIpamiuBaHUN KPUCTAJIJIOB B
armoc(epe ¢ reareM pesyJbTAT OKAal3aJICid IPOTUBOIMOJIOMKHBIM KAK [0 TEIJIOOTHAaue OT KpUC-
Tajla K CTeHKaM [e4yu, Tak u o rrybune norpys:kenus @K. Pesynsrar B armochepe us
cMecu JBYX rasoB, KaK U CJIEJOBAJIO OKUJAThb, OKA3aJCA YCPeIHEHHBIM I10 ABYM IMIPEeIbLITY-
VM BApUAHTAM II0 BCEM H3MePSIeMBIM [1apaMeTpaM.
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The gas medium composition is an impor-
tant factor in heat transfer process at con-
tinuous growth of large alkali halide crys-
tals [1-8]. Alkali halide crystals are used in
scintillation (Csl, CslI(Na), CsI(Tl) and
Nal(Tl)) and optical devices (KCIl). Nowadays,
scintillation elements for high energy phys-
ics have dimensions up to 300 mm, IR-opti-
cal windows attain the diameter 500 mm
and more [1-3]. This requires growth of
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large crystals. The process of growth takes
several days. The growth from melt is ac-
companied by intense evaporation of melt
components and deposition thereof on the
crystal and inner parts of growth furnace.
The evaporation intensity depends on the
growth atmosphere composition. The de-
posit layer thickness during the growth can
reach several millimetres. The melt evapo-
ration impedes visual control of the crystal-
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lization; moreover, the deposit affects
strongly the heat transfer conditions.

The melt evaporation can be suppressed
using an excess pressure. Such conditions
provide a decreased melt evaporation and
prevent atmosphere air inflow. However, al-
kali halide crystals can be grown only in
inert gas atmosphere (Ar, He, N) in a fore-
vacuum. Increase of gas pressure above
35 Torr results in a more intense evapora-
tion (Nal(Tl)), or in strong convection flows
in the melt (Csl) making stable growth im-
possible. Thus, growth at excess pressure is
impossible for alkali halides, versus many
other types of crystals.

At present, Csl(Na) crystals are grown in
ROST type units in atmospheres of pure Ar
or He at 30 Torr pressure. The aim of this
work is to study the growth atmosphere in-
fluence on deposit formation, heat and mass
transfer conditions in the furnace, as well
as equilibrium ecrystal-melt interface (CMI)
shapes at growth in different atmospheres:
conventionally used of argon/helium mix at
a ratio of 1:2.5 (argon partial pressure
(PPp)~10 Torr, PP ~20 Torr); argon (PPy, =
30 Torr); helium (PPp, = 30 Torr). Nitrogen
influence was not studied in this work due
to the gas insufficient purity and its spe-
cific interaction with the melt.

Two series of crystals of 300 mm dia.
and 60 mm length were grown in the above-
mentioned atmospheres at growth speeds of
2 and 4 mm/h. The grown ingots were torn
off from the melt to save the current equi-
librium shapes of crystal-melt interface.
The plates of 10 mm thickness were cut
from the crystals to evaluate the CMI shape
and the undermelt crystal volume. The de-
posited condensate layer was harvested
separately from crystal and different parts
of furnace inner surface, and weighted. The
crystal surface temperature was measured
using a thermocouple and a pyrometer [4].
Temperatures of bottom (¢;,;) and side (¢g;,,)
heaters were registered simultaneously. The
ty,; Parameter is varied by control system to
maintain the constant crystal diameter. It
decreases by 50—-70°C at the start of crystal
growth, and then increases by about the
same value during the growth till 500 mm
crystal length. The crystals were torn off
from the melt at H,,; = 60 mm, i.e., just
after {,,, minimum [5]y The equilibrium CMI
shapes were registered. The constant pres-
sure in the furnace was controlled by vac-
uum gauge.

The t,,; dynamics in time (1) reflects the
heat transfer intensity between the growing
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Fig. 1. Temperature vs. growth time and

crystal size (upper scale) at Csl(Na) growth of
300 mm dia. at various atmosphere composi-
tions. Pulling rate 2 mm/h.

crystal and furnace walls. The #,,,(t) de-
pendences for crystals grown in different
gaseous atmosphere compositions are pre-
sented in Fig. 1. The t,, values and their
dynamics were found to be substantially dif-
ferent. These differences were attributed
before to the deposit amount on the erystal
upper butt [5, 6]: the more the condensate
amount, the more intense is the heat trans-
fer, and the more heat should be supplied to
provide stability of the CMI.

It is seen that #,, at the growth comple-
tion in Ar atmosphere exceeds by ~20°C that
in He atmosphere. Correspondingly, the
smallest deposit amount is observed in Ar
(see Fig. 1). The results obtained for mixed
atmosphere were found to be intermediate
as compared to the pure gases. The observed
trend of the curves is an experimental evi-
dence of the deposit influence on heat trans-
fer in the furnace at radial growth. Herein,
the t,,,(t) trend becomes identical at cylin-
der growth, because the deposit amount on
side surface is the same in all the atmos-
pheres, and heat transfer therethrough in-
creases identically. Thus, the atmosphere
composition influences the heat transfer
from the crystal, and #;,(1) curve trend.
The condensate amount on different sur-
faces under different atmospheres can be
evaluated by the collected deposit mass per
unit area (Table 1).

The largest unit area mass of the deposit
is observed in He on the "hot" surfaces
(crystal upper butt and crystal holder), in
contrast to the "cold” furnace walls. The
limited area of the crystal side surface
made it impossible to observe a strict de-
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Table 1. Deposit mass distribution in the furnace at Csl(Na) growth in various atmospheres

Atmosphere | Unit area weight of | Unit area weight of | Unit area weight of | Averige unit area
deposit on the deposit on the deposit on the weight of the
crystal upper butt, |furnace walls, g/cm? [crystal holder, g/cm?| condensate, g/cm?
g/cm?
Ar 0.081 0.017 0.029 0.018
Ar + He 0.137 0.016 0.054 0.019
He 0.364 0.0119 0.238 0.024
1501
Table 2. Deposit weight fractions on vari- | . A
ous surfaces at Csl(Na) growth in various 10k T T
atmospheres o S
Atmosphere| Crystal Crystal Furnace g 0 Ar+He
upper butt | holder (%) | walls (%) g
(%) 260
Ar 9.1 3.1 87.8 5
Ar + He 14.6 5.8 79.6 30
He 31.53 20.27 48.2 .
0 1 I 1 I 1 I TR
0 100 200 300 400 500 600 700

pendence of the deposit amount on the
growth rate. The deposit amount can be
supposed to decrease as the growth rate in-
creases. This is confirmed indirectly by the
observed fact of the total deposit weight
decrease by 5 % . The deposit mass distribu-
tion inside the furnace is shown in Table 2.
The fraction of deposit on the "hot” crystal
surface and crystal holder substantially in-
creases when passing from Ar to He (from
12 to 52 %), and proportionally decreases
on "cold” furnace walls (from 88 to 48 %).

Thus, the heat transfer in the furnace is
more intense in Ar atmosphere at lesser de-
posit density on the crystal surface. This

82 mm

Ar+He

Height of the upper case wall, mm
Fig. 2. Relative temperatures of the furnace
wall at Hcyl =50 mm at Csl(Na) growth in
various atmospheres, growth rate — 2 mm/h.

result also testifies that the deposit density
on the furnace walls is too small to influ-
ence heat transfer thereto. Moreover, we
can conclude that the heat conductivity of
the gases is not of a great importance here
(heat conductivity of He is 9 times higher
than in Ar Ay, = 0.152 W/(m-K),
0.0177 W/(m'K)). Temperature measure-
ments of furnace inner walls confirm this
conclusion. The experiment was carried out

Aar =

48 mm
75 mm

Fig. 3. Photos of the crystal upper butt and CMI equilibrium shapes in different atmospheres. The
corresponding values of the deposit unit area weight and CMI depths are also presented.

440

Functional materials, 15, 3, 2008



M.M.Tymoshenko et al. /| Effect of growth atmosphere ...

at H,,; = 50 mm, the zero point corresponds
to the height 60 mm above the melt sur-
face. It is seen that the highest tempera-
tures are observed in Ar, while the lowest,
in He. The difference reaches 50-100 de-
grees. So, the heat flux from the melt to
crystal is the largest in Ar, in contrast to
He. The trend of the temperature vs. height
curves is similar in all the atmospheres —
the lower part of the furnace wall is colder,
because it is not irradiated directly by hot
melt and crystal upper surface.

It is clearly seen that the CMI convexity
is inversely proportional to the deposit
amount on the crystal (photos in Fig. 3).
The atmosphere composition influences sub-
stantially the deposit thickness on the crys-
tal upper butt and heat transfer intensity
from the crystal and to the crystal (see the
ty0(t) parameter trend in Fig. 1). Conse-
quently, the crystallization isotherm shape
can be controlled by the growth atmosphere
composition.

Thus, the heat transfer intensity from
the CMI depends mainly on the deposit
thickness on the crystal surface, and does
not depend substantially on that at the fur-
nace walls. The reciprocal dependence of
CMI depth vs. deposit amount on the crystal

surface has been shown experimentally. The
deposit redistribution in the furnace in dif-
ferent growth atmospheres is probably con-
nected with variations in convection flux
pattern in these atmospheres.

The main conclusion here is that the
crystallization isotherm shape can be con-
trolled by the growth atmosphere composi-
tion, and formation of macrodefects in crys-
tals can be prevented using this factor.
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Bnaus ckxaxy raszoBoi atrmocdepu y pocTOBiM meui
Ha TeIlJIO-MacoIllepeHic IIpU BMPOIIYBaHHI
CHMHTUJIANINHNX KPHUCTAJXIB i3 po3IaBy

0e3nmepepBHUM METOIOM

M.M.Tumowenxo, B.I.I'opineywvxuii, B.B.Bacunves,
B.I1.Cymin, O.I].Cioneyvruii, T.O.Invauenxo

PosrisayTo BoauB pisdHOro ckJamy armoc()epu y IIedi Ha TeI0-MacOolepPeHEeCeHHS IIPU
pupomyBanui mouokpucranis Csl(Na) giamerpom 300 MM mpu KoHTpoai dopmu GpoOHTY
BUCOTI nmuiiHgpuuHoi yactuHu Kpucrana (60 mm). BeraHoBieHo, 1o B aTMocdepi 38 aproHom
cnocTepiraerbcAd HaiibibIlle TelJionepeHeCeHHS Bif KpHcTandy, IO BUPOIIYIOTh, IPU Haii-
MeHNIiN KiJbKOCTi KOHAEeHCATy pPO3ILIaBy, IO OCiB Ha BEPXHLOMY TOPIi Kpucraja, i 1e €
BUBHAYAJBbHUM [AJIa 30inbmieHHa riubuHm 3anypeHHdA @K y posnnaB mopiBHAHO 3 iHmuMmMu
BapianTamu atmocgep. Ilpu BupolnyBaHHI KpuctaniB B aTMmocdepi 3 rejiem pesyabTaTr BUA-
BUBCS MIPOTHUJIEKHUM, AK 3a TEIJIOBIAZAauol0 BijJ KpHcTaja OO0 CTiHOK meui, Tak i 3a raubu-
Hoio 3aHypeHHA DPK. Pesyuabrar B atmocdepi is cymimi gBox ragsis, Ak i caig Oysmo ouikysa-
TH, BUABUBCA NIPOMIKHUM MisK o0oMa IomnepefHiMM BapiaHTaMu 3a BciMa BUMipAHUMU
nmapamMeTpamMu.
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