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Influence of some polyatomic gases (H,0, CO,, C,H;OH) having high heat conductivity
and heat capacity as well as some inert gases (He, Ar) being used traditionally in crystal
growing on the heat transfer has been studied. It was shown that the gaseous atmosphere
composition in the furnace and the state of growing crystal surface are the key factors in
the heat transfer and growth process stability. Water and ethanol vapors introduced
intentionally into the furnace atmosphere in small amounts do not deteriorate crystal
properties while influencing heavily the heat transfer. Introduction of helium into the
growing furnace atmosphere makes the largest impact on convective heat transfer during
the crystal growing process forcing the control system to raise intensively the of control-
ling heater temperature in order to keep back the increasing mass growth rate (or
diameter) of the crystal. Helium introduction into the furnace atmosphere seems to be an
effective way to improve the heat stability of the growing process.

Usyuyeno BiufHMe Ha TEILIOIEPEHOC HEKOTOPHIX moxmaroMHbIX rasos (H,O, CO,,
C,H5OH), obragaromux BEICOKOH TEILIOIPOBOJHOCTHIO M TEILIOEMKOCTBIO, 8 TAKIKe HMHEPTHBIX
razos (He, Ar), TpagiIMOHHO HCIOJL3yeMBLIX NPU BLIPAIUBAHUYU KpPHUCTAJIOB. Ilokasano,
4uTO OlpefeNslee BIUAHNE HA TEIIONEPEeHoC U Ha YCTORUYMBOCTL IIPOIECCa POCTa OKAa3bhiBa-
eT COCTAB Tras3oBoil aTMocephl B Meyd U COCTOAHUE IIOBEPXHOCTH PAacTYINero KpUCTajaa.
Ilapsl BOALI, 9TaHoJa, IPeIHAMEPEeHHO BBeJeHHbIe B aTMoc(epy Iedyu B HeGOJLIINX KOoJIude-
CTBAX, He YXYAIIAIOT XAPaKTEePUCTUK KPUCTAJLIA M OKA3LIBAIOT CUJbHOE BJIUAHHKE Ha Teljo-
nepenoc. Beegenue reaus B aTMoc(epy POCTOBOM KaMephl OKasbiBaeT HauboJblllee BAUSHUE
Ha KOHBEKTUBHEIM TeILIoIepeHoc B IIpoIlecce pocTa KPUCTAJLIa, BLIHYMKIAA CHUCTEMY YIIPAB-
JIeHIs UHTEHCUBHO IOBBLIIIATL TEMIIEPATYPY YIPABJIAIOIIEr0 HATPEBATENA IAA CAEePKUBAHUI
YBeJUUYNBAIOIIEica MACCOBOM CKOpPOCTH pocTa (MIM JUAMETpa) KpucTajia. BBegeHue reius
B aTMoc(epy Iedyu OpeAcTaBisercsa 3(M(eKTUBHLIM NPHUEMOM /JIA IIOBLINIEHHUSA TeIJI0BOIl
YCTOMYMBOCTU IIPOIIECCa PocTa.
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At automated pulling of large-sized scin-
tillation single crystals Csl(Tl) and Nal(Tl),
the radiative heat removal from the grow-
ing crystal is often impeded. The cause lies
in the fact that a sublimate layer is formed
on the surface of the ecrystal upper part
(Fig. 1,b). Being an effective reflector, this
layer returns radiation from the crucible
through the transparent crystal back to the
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crucible. The crystal pulling speed in this
case is 1.5 to 2 mm/h and it is impossible
to increase it. Besides, the solidifying inter-
face acquires a complex shape due to local
superheated areas of the crucible and may
contain twists, thus resulting in origination
of gas-filled cavities. The sublimate layer
often is so thick that heat transfer becomes
deteriorated sharply already on the radial
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Fig. 1. Examples of surface state at radial
growth of Csl(Tl) crystals: without sublimate
(a); thick layer of sublimate on the surface
(b). 1, crucible; 2, melt; 3, crystal; 4, crystal
holder.

growth stage and it is impossible to con-
tinue the growth in height. In this situ-
ation, an augmentation of convective com-
ponent of heat transfer from the crystal is
the only way to provide the preset growth
rate and to increase the growing furnace
productivity. The intensity of convective
heat transfer from the crystal should de-
pend on the atmosphere composition and es-
pecially on partial pressure of components
having high heat transmission and heat ca-
pacity. To date, the influence of wvarious
gases on the heat transmission at erystal
growing remains almost unstudied. In the
experiments on influence of gases on crystal
growth thermal regimes, we used an auto-
mated unitg for crystal pulling from the
melt in the variable cross-section crucible
with replenishment by melted raw material [1].
In this method, a system using the melt flow
sensor with electric contact probe (Fig. 2) con-
trols the crystal diameter. The probe 1 con-
trols continuously the melt consumption for
crystallization at a dosed discrete replenish-
ment and provides the feedback with base
heater 2 temperature. The corrective ac-
tions of the control system (blocks 8 and 4)
on the heater temperature occur after each
replenishment and these actions are di-
rected to provide the time-constant melt
consumption. The crystal diameter or mass
growth rate at such mode of control is kept
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Fig. 2. Scheme of unit for crystal growing [1]
and investigation of gaseous atmosphere in-
fluence on heat transfer: 1, crucible; 2,
feeder; 3, furnace body; 4, crystal; 5, probe;
6, base heater; 7, side heater; 8, transporta-
tion tube; 9, feeder control block; 10, tem-
perature correction block; 11, gas vessel; 12,
valve; 18, evacuation line; 14, pressure/vac-
uum gauge; 15, syringe for liquid introduction;
16, gas introduction line to the feeder; 17, gas
charging valve; 18, rubber membrane.

with high accuracy up to 0.5 % at crystal
diameters of 200 to 400 mm. Total value of
control heater temperature change A¢ and
its behavior in time T or depending on the
growing crystal length may provide a very
accurate and unequivocal information con-
cerning alterations of the process thermal
stability of heat transfer conditions.

It has been shown before [2] that the
presence of oxygen-containing admixtures (OA)
absorbing in IR-area, such as CO32‘, SO42‘,
OH-, in amounts of 1-.1074 to 3-107% mass %,
does not deteriorate the crystal scintillation
characteristics while improving consider-
ably the pulling process heat resistance. In
contrast, the presence of sublimate causes
reflection of thermal radiation from the
sublimate and its return through the trans-
parent phase boundary to the crucible base,
so that the effect of heat transfer augmen-
tation due to OA in crystal is totally or
partially compensated. How can we augment
the heat removal from the growing crystal?
The first way is to prevent the sublimate
formation on crystal surface or to reduce it
considerably by blasting the crystal top
with a gentle stream of inert gas, as it is
recommended in [3]. The second way is to
increase the inert gas pressure in the fur-

Functional materials, 12, 1, 2005



News of Technology

t,°C
710F
700
Introduction of HoO
680 1 1 1 1 1
20 40 60 80 100 T,h
0 80 160 240 320 h,mm

Fig. 3. Water vapor influence on the base
heater temperature. Arrow shows the moment
of water introduction.

nace; however, there is a danger of bubbles
formation in crystal. Finally, there is the
third way, that seems to be very effective,
it consists in the introduction of a gas with
high heat conductivity and heat capacity
into the furnace. From this standpoint, it is
of interest to investigate the influence of
some polyatomic gases on heat transfer. In
particular, it is interesting to study the
water vapor influence, heat capacity of
these vapors is two times as high as that of
inert gases. Taking into consideration the
fact that water and carbon dioxide are the
most common admixtures, it is of interest
to evaluate their influence not only on the
growth thermal regimes but also on scintil-
lation characteristics of crystals.

The experiments consisted essentially in
what follows. During the pulling process of a
260 mm diameter Csl(Tl) crystal at Ar work-
ing pressure in the furnace 30-40 Torr,
when crystal height reached approximately
300 mm, a preset volume of the gas under
study was introduced into the furnace in
small portions. The gas (H,O, C,HsOH, He,
H,, CO,) was introduced directly from the
gas vessel 11 (Fig. 2) or from other inter-
mediate tank, which had been preliminary
evacuated and purged with the gas under
study. The amount of introduced gas was
monitored additionally using a mano-
vacuummeter 7 indicating the pressure in-
crease. The gas introduction rate was con-
trolled so that the diameter controlling sys-
tem had the time to respond to thermal
disturbances by the base heater temperature
auto correction in order to keep crystal di-
ameter within the set limits.

Distilled water and ethanol were intro-
duced as liquids in small portions of 0.2 to
0.5 ¢cm3 using a medical syringe 15 through
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Fig. 4. Ethanol vapor influence on the base
heater temperature. Arrow shows the moment
of ethanol introduction.

a rubber membrane 16. The total volume of
water introduced during 30 min was 2 ml
and ethanol, 5 ml. Getting into the furnace,
the liquid evaporated quickly and wvapors
mixed with the furnace atmosphere (argon).
The total gas pressure increased only insig-
nificantly due to liquid injection, however,
we restored it to the initial value by means
of pumping out, thus, isobaric conditions
were kept in all the experiments. Taking
into consideration the fact that the free vol-
ume of the growing vessel was approxi-
mately 0.6 m®, water vapors partial pres-
sure was about 8 Torr. (or about 10 %). In
the experiment with ethanol, its partial
pressure was 2.5 Torr (or about 7 %). The
results of the experiments are given in Figures
3 through 6.

Water introduction. While introducing
each portion of water, we noticed a very
familiar effect that occurs when water
drops get on an incandescent surface. Small
water drops moved randomly on the melt
surface and evaporated. We did not observe
any signs of stray melt crystallization in
the drop evaporation spot. There was no
color alteration of gas atmosphere and melt,
and this indicates the absence of melt hy-
drolysis reaction with iodine evolving. The
pressure increase in the furnace at intro-
duction of each water portion was insignifi-
cant and did not exceed 1 Torr. Almost im-
mediately after injection, the diameter con-
trolling system raised temperature of the
control heater. Fig. 3 shows the time de-
pendence of the base heater temperature,
t(t). The arrow indicates the beginning of
water introduction. The total temperature
increase was 5 to 6°C, then, after injection
termination, the control system restored in-
itial temperature within 1.5 to 2 h. We did
not observe any significant diameter change
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Fig. 5. Carbon dioxide influence on the base
heater temperature. Arrow shows the moment
of carbonic acid introduction.

at water introduction. The subsequent opti-
cal investigation showed that the OA con-
tent in the crystal was < 2:107% mass %.
The specimens cut from different parts of
ingot possessed high spectrometric charac-
teristics. The energy resolution Rggy meas-
ured using the y-line of 3’Cs (E = 662 keV)
was within limits of 6.2 to 6.5 %.

Ethanol introduction. We supposed that
ethanol will influence the growth thermal
regime stronger as compared to water, be-
cause, in accordance with the gas kinetic
theory, ethanol should have a higher heat
conductivity due to more complex molecular
structure and a greater number of degrees
of freedom. At ethanol introduction (total
amount 5 ml), there was no effect of drops
moving on the surface. Drops of more easily
boiling liquid were evaporated before reach-
ing the melt surface. As well as in the pre-
vious case, we did not observe any signs of
the melt hydrolysis. The control system cor-
rective action on the temperature of base
heater in order to keep the diameter within
the set limits amounted +35°C (Fig. 4). Un-
like the experiment with water, the heater
temperature increase remained till the end
of the growing process (during 20 h after
the injection). CO32‘ content in the crystal
was < 2:107% mass % . The ethanol presence
(or its decomposition products) in the at-
mosphere made no impact on the crystal
quality. Rgge of samples was also within
limits of 6.2 to 6.5 %.

CO, introduction. The gas was intro-
duced in small portions of 0.5 1 and that
resulted in pressure increment by no more than
1 Torr. After the exposure during 1-2 min,
the pressure restored by pumping. The total
introduced amount of CO, was 3 1 (at ¢ =
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20°C, P = 760 Torr) and that corresponded
with the partial pressure in furnace about
4 Torr (10 % of the total pressure). The #(1)
dependence is shown in Fig. 5. At the out-
lined trend to the base heater temperature
decrease, CO, introduction forced the con-
trol system increase sharply the tempera-
ture (by 7-10°C) and after stabilization dur-
ing 5 to 7 h, the temperature began to de-
crease. 20 hours after the beginning of CO,
introduction, the temperature was 2-3°C
lower than prior to gas introduction. At
carbon dioxide introduction, we also did not
observe any external signs of reaction with
iodine evolving. Subsequent IR absorption
measurements on the crystal samples cut
from different parts of ingot showed in-
crease of CO32‘ content in the end part of
ingot from 21074 to 51074 mass % and
that might indicate carbon dioxide absorp-
tion by the melt resulting in formation of
carbonate ions. Mass spectrometric meas-
urements also verify the decrease of CO,
concentration in the furnace atmosphere.
During the last 20 h of growth, the CO,
content decreased from 2.82 vol %. to
2.66 vol % . As to CO, influence on spectro-
metric properties of crystal, those are prac-
tically similar to those of crystals grown in
pure inert gas atmosphere.

He introduction. The #(t) dependence for
this case is presented in Fig. 6. Helium in-
fluence on the heat transfer is so strong
that even if the gas was introduced in small
portions (0.2 1 during 15 min), the control
system did not have time to affect in full
measure the base heater temperature in
order to keep the preset growth mass rate
(or crystal diameter). The introduced 3 1 of
helium (step 1) resulted in sharp tempera-
ture increase of base heater by 35°C. After
the crystal diameter was restored, the tem-
perature stabilized and we observed no
trend to its decrease. After the additional
introduction of 2 1 of He (step 2), the tem-
perature increased jump-like again by 20°C
and this increase trend remained till the
end of growing process. In the picture pre-
sented near the plot, the crystal diameter
enlargements after He introduction are
seen, however the crystal diameter is re-
stored within some time.

H, introduction. According to reference
data, H, possesses the highest thermal ca-
pacity (almost by one decimal order higher
than water, carbon dioxide, and all inert
gases) and high heat conductivity [4]. Due
to this reason, we expected that H, influ-
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Fig. 6. Helium influence on the base heater temperature. Arrows show the moments of helium

introduction.

ence on heat transfer would be the strong-
est and that is why we introduced gas very
carefully, in small portions 0.1 to 0.2 1 every
15 min. However, it turned out that H, introduc-
tion in the amount of 101 (at P = 760 Torr) into
the furnace atmosphere had practically no
influence on the ordinary t(t) relationship.
The main reason therefor is apparently the
fact that hydrogen possessing high solubil-
ity is quickly absorbed by melt, the furnace
construction materials and especially by plati-
num crucible, causing no pressure increase of
the furnace atmosphere.

We should mention that when the atmos-
phere composition in the furnace was
changed, thermal disturbances arising in
the crystal-melt system in all the experi-
ments were timely compensated by automat-
ic control system and did not cause forma-
tion of any visible macro defects in the
form of captures and gas bubbles.

In conclusion, water vapors and carbon
dioxide introduced intentionally into the
furnace atmosphere in small amounts influ-
ence considerably the heat transfer and in-
crease the stability of CsI(Tl) scintillation
crystal growing process, however, this in-
fluence is of a short-term character. The
control heater temperature return to the in-
itial wvalues is apparently connected with
dissolution of carbon dioxide and water va-
pors in cesium iodide melt. The absence of
oxygen in the furnace atmosphere is a very
important condition that provides high scin-
tillation quality of crystals, since otherwise,
hydrolysis reactions will run with forma-
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tion of hydroxides and carbonates. Hydro-
gen has to make a similar influence on heat
transmission, however, due to its high solu-
bility in melt and in platinum, it is impos-
sible to provide the necessary partial pres-
sure in the furnace atmosphere. Ethanol va-
pors exert even stronger influence on heat
transfer, moreover, this influence remains
till the end of growing and does not become
weaker in time. Apparently, ethanol itself
and its decomposition products (ethylene),
in case such thing occurs, are not absorbed
by melt and its partial pressure in the at-
mosphere of furnace remains essentially un-
changed.

Helium exerts the strongest influence on
convective heat transfer. Its introduction in
small portions into furnace (5 to 10 % of
the total pressure 30 to 40 Torr) increases
significantly thermal stability of growing
process. This technique works effectively at
large Csl(Tl) and Nal(Tl) erystal growing,
when the crystal upper part is coated with
sublimate layer and radiation heat transfer
becomes hindered. The presence of helium
increases the intensity of convective heat
transfer and thus allows to keep the preset
pulling mass rate and even to increase it.
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Bnaue ckaaay razoBoi armocdepu
Ha TeIJIoONlepeHEeCeHHS NMPHU BUTATYBAaHHI KPHMCTAJdiB
Ha ocHoBi Csl

B.I''3acnaécvxuil, C.I.Baceywvruii, A.B.Konecrnuxkos,
B.B.'punvoé, A.I.Mimiukin, K.A.Kyodin, A.JO.Boaenko

BusueHo BILIMB Ha TeIJIOIIEpPeHEeCeHHA AeAKux moxiaromuux rasis (H,O, CO,, C,H;OH)
110 MAIOTh BUCOKY TEIJIOMPOBiAHICTE Ta TemaoeMHicTh, a Takoxk imepTHux rasis (He, Ar), mo
TPaIUIiiHO BUKOPUCTOBYIOThCA IIPH BUpPOLIyBauHi KpucraaiB. I[loxasano, mo BusHAYAJIBHUN
BILIMB Ha TeILIOIEepPeHEeCeHHs i Ha CTIKicTh mpollecy pocTy UMHHUTH CKJAJ rasoBoi armocde-
pu B meui i craH moBepxHi Kpucrasa mio pocre. Ilapu Bomgu i eraHosy, AK HaBMHCHO OyJo
BBelleHO B arMoc(epy Ieui B HEBEJMKUX KiJbKOCTAX, He IIOTiPIIVIOTHL XapPaKTePUCTUK KPIC-
Tasa i B sHauHill Mipl BIMBaoOTh HA TeILIOIllepeHeceHHSA. BBemeHHsa reiiro B armocdepy
pocToBOi KamMepu IIPUBOAUTH A0 HaWOIJBIIOro BIJIMBY HA KOHBEKTHBHHE TEILIOIEPEHECEHHS
y mporeci pocTy KpuCTajia, 3MYIIVIOUM CUCTEMY VIPABJIiHHSA IHTEHCHUBHO IIiABUIIYBATU TEM-
meparypy Kepyouoro Harpisaua [Ijs CTPUMYBAaHHS MAacoBol IIBUIKOCTi (abo miamerpa Kpuc-
Tana), o s30iapiryeTscsa. BeemeHHs reaino B aTmocdepy Iedi mpeacTaBiaaeTbcAd e(EeKTUBHUM
OpUAOMOM JJIs IIiIBUIIEHHS TEIJIOBOI CTIMIKOCTI mporecy pocry.
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