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ABSTRACT. Design of modular, simple to build and handle aoler (“crystallization
support tube”) installed in a laboratory tube fumas presented. The setup allows easy
regulation and simultaneous crystallization testsdifferent temperature gradients,
shapes of crystallization fronts and rate intervalsrucibles and Tamman test tubes,
enabling fast studies of obtaining crystals. Thati@enship between the crystallization
parameters has been derived and numerically arthlyiiés method can also be applied
in crucible or tube furnaces.
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INTRODUCTION

In principle, monocrystals can be obtained by afjigation from solid, liquid or gas
phases. Within these possibilities a number of pathhave been developedaRlAN and
MATRAI, 1972; WILKE and BoHM, 1988). Selection of the proper method for growing
monocrystals of a given substance depends upon faators, primarily on the nature of the
substance and its physicochemical properties, tgudésired and intended application of
crystals as well as on available laboratory poksés.

In many cases, monocrystals are obtained by grovinoig the melt, which is in
essence a controlled cooling growth; in comparigeth other methods for monocrystal
preparation this method is simpler and easiliezawtrol. When crystals are growing from the
melt a higher crystallization rate than by otheithnds can be achieved. With the exception
of crystal growth from water solutions, this prazdsgs been most thoroughly investigated
from the technical standpoint. Crystal growth frtme melt is widely applicable€@BRrI¢ and
JANICIJEVIC, 2012).

The preparation of crystals of good quality (comtag a small concentration of
impurities and defects) requires crystallizing sabses of a high purity, vacuum or an inert
atmosphere (vacuum is not suitable if the substhasea high vapour pressure at the melting



20

temperature), crucibles made of materials whicmatoreact chemically with the melt, a high
temperature stabilization in the furnace and theeabe of mechanical shocksaRiAN and
MATRAI, 1972).

APPARATUS

In the previous papers ABRIC et al, 2011; @BRIC et al, 2013), models of air
coolers in a laboratory tube furnace, for regutptihe crystallization fronts and rates in a
several crucibles and Tamman test tubes are shHowhis paper, we show the development
and improvement of the interior and exterior of toelers, with movable cold plugs and cold
thresholds (Fig. 1). The improved coolers are semplbuild and handle. The coolers allows
easy regulation of simultaneous crystallizatiortstesf different number of crystallization
parameters, with the purpose of obtaining singjestafs from a family of newly synthesized
compounds with a layered crystal structureiLl® and BoHm, 1988) in a laboratory tube
furnace.

@ 2 ® @ O G HONNOG
O O O O p O O O 0 o (o] 0O O OoO|O O O O o p O O o]l O
el Jtam 0
T el B
] JeoYe—6TF p- < _JE0—F——F— 0~
= Ude=RC
O O O O O O O O 0O o o o O O 0O 0O 0O O O O O O O o o o

Figure 1. Air cooled tube in tube furna¢t) laboratory tube furnace, (2) crystallizatiopart tube,
(3) movable cold thresholds, (4) Tamman test t(beslide bar, (6) movable cold plug, (7) crucible.

BASIC EQUATIONS FOR COMPUTATIONS

The rate of melt solidification depends upon extracthe latent heat of solidification.
For a time interval t, a crystal layer of thicknesds formed (Fig. 1). During the formation of
an elementary crystal layer of thicknessp@r unit area, the amount of heat releaseg i<k
(L denotes the latent heat of solidification amdhe crystal density); the latter is being
extracted through the cooler for a time interval@ this basis the following equation may
be written CABRIC et al, 1990):

_ AT gt
1/a+blk, +o/k

Lodo (1)
where AT denotes the difference between the temperaturtheofimelt and that of the air
streamg is the coefficient of heat transfer from the coolall to the air streanp denotes the
plug heightk, designates the heat conductivity of the plug &nds the heat conductivity of
the crystal. Introducing the parametee 1/ + b/ k, and transforming equation (1) we obtain

do AT
=29 2)
dt aLp(d/ak+1)
The quotientds/dt denotes the rate of crystal layer growth which sually

represented by the symbol R; it is greatest atbdginning (s = 0) and decreases with
increasing thickness of the solidified layer.
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Integration of equation (2) within the limits frothto 8 and from 0 to t, and solving
from 6 gives the relation

1/2
o=ak||1+ ?AT t| - (3)
a‘Lok
by means of which one can calculate also the tieegled for the solidification front to reach
the surface of bottom of the melt.

RESULTS AND DISCUSSION

In accordance with equation (2), we obtained nucaérialues of crystallization rai
in function of the difference between the temperatf the melt and that of the airstredm
in the case of tin (Sn) (Fig. 2). Also, in accordanvith equation (3), we obtained numerical
values of thickness of crystal lay&as a function of the height of the plogin the case of tin
(Sn) (Fig. 3).
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Figure 2. Crystallization rate as a function of the difference between the teatpee of the melt and
that of the airstreamiT in the case of tin (Snl: = 58200 J/kgp = 7300 kg/m, k= 0.756 W/mK,
k=59.8 W/mK,6=2cm b=1cm 44— =20 W/nK —a—a =50 W/ntK —A —o = 80 W/niK.
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Figure 3. Thickness of crystal layer as a functibthe height of the plul, in the case of tin (Sn):
L = 58200 J/kg,p = 7300 kg/m, o =50 W/ntK, k, = 0.756 W/mK,k =59.8 W/mK,t=1.5h,
—4—AT=10K, m—AT=15K, -A—4T =20 K.
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The crystallization rate interval each crucible and Tamman test tube is regulayed
the cross section of the airfloauFig. 1) and by the difference between the tentpeseaof the
melt and that of the airstrearfT (Fig. 2). The crystallization rate interval in cioles can
also be regulatedy the plug heighb (Fig. 1 and Fig. 3) and the distance of the plagcd
from the surface of the mett(in the crucibles below the cooler) (Fig. 1). Tleenperature
gradient is regulated by the distarc@=ig. 1). Plugs of various shapes and dimensiansbhe
mounted on the air-cooled tube and thus simultasigdested. By varying the internal and
external shapes and dimensions of the cooler, af ®eystallization tubes can be modeled for
tests in a wider range of crystallization paransded substances. The shapes and dimensions
of crystallization front in crucibles can be redgathby the plug fronts, i.e. pldgeads (Fig. 1).

CONCLUSIONS

The improved cooler (“crystallization support tups’simple to build and handle, and
enable mounting different number of crucibles aranman test tubes. This enables easy
regulation and simultaneous crystallization testsddferent number of crystallization
parameterswith the purpose of obtaining single crystals frarfamily of newly synthesized
compounds with &yered crystal structure in a laboratory tube &g

The cooler can be modifieahd installed into a crucible furnace. Also, theleo can
beapplied in a chamber furnace.
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