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Abstract Mercurous Bromide (Hg2Br2) crystals hold promise for many acousto-optic and opto-electronic applications. 
material is prepared in closed ampoules by the physical vapor transport (PVT) growth method. We investigate the e
solutal convection on the crystal growth rate in a horizontal configuration for diffusive-convection conditions and 
diffusion conditions achievable in a low gravity environment. Our results show that the growth rate is decreased by 
of one-fourth with a ten reduction of gravitational acceleration near y = 2.0 cm. For 0.1 g0, the growth rate pattern exhibits
relatively flat which is intimately related to diffusion-dominated processes. The growth rate nonuniformity is regardl
aspect ratio across the interfacial positions from 0 to 1.5. Also, the effect of a factor of the ten reduction 
gravitational acceleration is same to both Ar = 5 and 2. The enlargement in the molecular weight of B from 50 to 
a factor 4 causes a decrease in the maximum growth rate by the same factor, indicative of the effect of solutal gra

Key words lead bromide, mercurous bromide

1. Introduction

Interest in growing Hg2Br2 single crystal stems from
their exceptional optical properties and very broad trans-
mission range from 0.30 to 30µm for applications in
acousto-optic and opto-electronic devices such as Bragg
cells, X-ray detectors operating at ambient temperature
[1]. The solid-liquid equilibrium data on the mercuric
bromide (HgBr2) and mercury (Hg) system has not been
studied extensively. The available phase diagram [2]
suggests that equimolar compound Hg2Br2 decomposes
to two liquids at a temperature near 450oC where the
vapor pressure is well above 20 atm. Because of this
decomposition and high vapor pressure, mercurous bro-
mide cannot be solidified as a single crystal directly
from the stoichiometric melt. However, very similar to
the mercurous chloride, mercurous bromide exhibits suf-
ficiently high vapor pressure at low temperatures so that
these crystals are usually grown by the physical vapor
transport (PVT) in closed silica glass ampoules. The
PVT processing has many advantages over melt-growth
methods since it can be conducted at low temperatures:
(1) vapor-solid interfaces possess relatively high interfa-
cial morphological stability against non-uniformities in heat
and mass transfer; (2) high purity crystals are achieved;

(3) materials decomposed before melting, such as Hg2Br2

can be grown; (4) lower point defect and dislocatio
densities are achieved [3]. The mechanism of the P
process is simple: sublimation-condensation in clos
silica glass ampoules in temperature gradient impos
between the source material and the growing crystal.
the PVT system of Hg2Br2, the molecular species Hg2Br2

sublimes as the vapor phase from the crystalline sou
material (Hg2Br2), and is subsequently transported an
re-incorporated into the single crystalline phase (Hg2Br2)
[4]. Recently PVT has become an important crys
growth process for a variety of acousto-optic materia
However, the industrial applications of the PVT proce
remain limited. An important main reason is that tran
port phenomena occurring in the vapor are complex a
coupled so that it is difficult to design or control th
process accurately. Such complexity and coupling 
associated with the inevitable occurrence of therm
convection generated by the interaction of gravity wi
density gradients arising from temperature gradien
Thermal convection has been regarded as detrime
and, thus, to be avoided or minimized in PVT grow
system. These thermal convection-induced complicatio
result in problems ranging from crystal inhomogenei
to structural imperfection. Therefore, in order to an
lyze and control the PVT process accurately, and a
make significant improvements in the process, it 
essential to investigate the roles of thermal convection
the PVT process.
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The literature on pure thermal convection without
crystal growth in enclosures, is much more extensive
than that of thermal convection associated with vapor-
crystal growth in enclosures, i.e., with mass fluxes
across and at the solid-fluid interfaces (called interfacial
fluxes). Recently some models have been presented to
describe the flow patterns and to study the effects of
thermal convection in enclosures for vapor-crystal growth.
The first treatment of an analytical solution of the two-
dimensional chemical vapor transport was published by
Klosse and Ullersma (KU) [5], and extended by Jhaveri
and Rosenberger [6] who compared with KU’s model
and revealed that up to moderately large Grashof num-
bers, KU’s model gives a reasonably good estimate of
the convective transport system in two dimensions. They
also showed that convection causes a strong nonunifor-
mity in the interfacial growth flux. Thermosolutal con-
vection in PVT process with conduction at crystal and
source regions inside a horizontal rectangular enclosure
has been modeled [7]. Weaver and Viskanta [8] pub-
lished calculations on thermosolutal convection with vari-
able properties in binary gases for rectangular enclosures
similar to vapor-crystal system, i.e., with sublimation-
condensation boundary conditions. Extrémet et al. [9]
examined thermal and/or solutal convection for a two-
dimensional horizontal rectangular system with aspect
ratios (height-to-transport length) ranging between 0.1 and
0.5 in a three zone furnace. These studies, in the main,
were confined to the case when the horizontal tempera-
ture gradients were prescribed in a horizontal cylinder or
rectangular geometry with differentially heated end walls.
With regard to vertical enclosures, there are few studies
on thermal convection either with vapor crystal growth
or without. Pure thermal convection in vertical enclo-
sure systems is similar to the classical Rayleigh-Bénard
(RB) problem, in the sense that there is an adverse verti-
cal temperature gradient, however, it differs from the
classical RB flow in that there are side walls present.
Olson and Rosenberger [10, 11] studied experimentally
the RB flow for a monocomponent and two-component
fluid without interfacial fluxes in vertical cylindrical
enclosures differentially heated from below. The results
showed that the convective motion in the cylinder with
impermeable boundaries was entirely different from that
in the RB flow. The critical Rayleigh number for onset
of a single convection cell was 220 (based on R4/L in
the critical Rayleigh number instead of L3 in which R
and L are the radius and height of the cylinder respec-
tively), being about 5% lower than theory. Asymmetric
flow patterns were observed to occur at high Rayleigh

numbers.
Markham, Greenwell and Rosenberger [12] examin

the effects of thermal and thermosolutal convectio
during the PVT process inside vertical cylindrical encl
sures for a time-independent system, and showed 
even in the absence of gravity, convection can be pres
causing nonuniform concentration gradients. They e
phasized the role of geometry in the analysis of t
effects of convection. As such these fundamentally co
stitute steady state two-dimensional models. The ste
state models are limited to low Rayleigh number app
cations, because as the Rayleigh number increases o
lation of the flow field occurs. To address the issue 
unsteady flows in PVT, Duval [13] performed a numer
cal study on transient thermal convection in the PV
processing of Hg2Cl2 very similar to the mercurous bro-
mide for a vertical rectangular enclosure with insulat
temperature boundary conditions for Rayleigh numbe
up to 106. Duval [14] has also shown the bifurcatio
sequences which lead to chaotic flow in PVT proces
ing. Nadarajah et al. [15] addressed the effects of soluta
convection for any significant disparity in the molecula
weights of the crystal components and the inert g
Zhou et al. [16] reported that the traditional approach o
calculating the mass flux assuming one-dimension
flow for low vapor pressure systems is indeed corre
Rosenberger et al. [17] studied three-dimensional nu
merical modeling of the PVT yielded quantitative agre
ment with measured transport rates of iodine throu
octofluorocyclobutane (C4F8) as inert background gas in
horizontal cylindrical ampoules.

In this numerical study, a two-dimensional model 
used for the analysis of the PVT processes dur
vapor-growth of mercurous bromide crystals (Hg2Br2) in
vertically oriented, cylindrical, closed ampoules in a tw
zone furnace system. Mass transfer-limited processes
considered in this paper, although the recent paper
Singh, Mazelsky and Glicksman [18] demonstrated th
the interface kinetics plays an important role in the PV
system of Hg2Cl2 very similar to the mercurous bro
mide. Only thermal convection will be considered at th
point, primarily because the Hg2Br2 source materials are
highly purified in the actual crystal growth process, an
consequently solutally-induced convection can be igno
in comparison to thermal convection. All results pr
sented in this paper are for a mixture of Hg2Br2 vapor
containing some impurity such as carbon monoxide.

It is the purpose of this paper (1) to discuss the dev
opment of a mathematical model for single crystals ins
a PVT reactor, incorporating the mass transfer-limit
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model with idealized boundary conditions, (2) to relate
the applied convective process parameters to crystal
growth rate and its interfacial distributions, (3) to exam-
ine the effects of solutal convection with a linear tem-
perature profile in order to gain insights into the
underlying physicochemical processes.

2. The Model

Consider a rectangular enclosure of height H and
transport length L, shown in Fig. 1. The source is main-
tained at a temperature Ts, while the growing crystal is
at a temperature Tc, with Ts > Tc. PVT of the trans-
ported component A occurs inevitably, due to presence
of impurities, with the presence of an inert component B
(CO). The interfaces are assumed to be flat for simplic-
ity. The finite normal velocities at the interfaces can be
expressed by Stefan flow deduced from the one-dimen-
sional diffusion-limited model [19], which provide the
coupling between the fluid dynamics and species calcu-
lations. On the other hand, the tangential component of
the mass average velocity of the vapor at the interfaces
vanishes. Thermodynamic equilibria are assumed at the
interfaces so that the mass fractions at the interfaces are
kept constant at ωA,s and ωA,c. On the vertical non-react-
ing walls an appropriate velocity boundary condition is
no-slip, the normal concentration gradient is zero, and
temperature is imposed as a linear temperature gradient
and an asymmetric horizontal temperature gradient. The
asymmetry is attributable to temperature differences
between two opposite walls.

Thermophysical properties of the fluid are assumed to
be constant, except for the density. When the Bouss-
inesq approximation is invoked, density is assumed con-
stant except the buoyancy body force term. The density
is assumed to be a function of temperature and not of

concentration. The ideal gas law and Dalton’s law 
partial pressures are used. Viscous energy dissipa
and the Soret-Dufour (thermo-diffusion) effects can 
neglected, as their contributions remain relatively ins
nificant for the conditions encountered in our PVT cry
tal growth processes. Radiative heat transfer can 
neglected under our conditions, based on Kassemi 
Duval [20].

The transport of fluid within a rectangular PVT crys
tal growth reactor is governed by a system of ellipt
coupled conservation equations for mass (continuit
momentum, energy and species (diffusion) with the
appropriate boundary conditions. Let vx, vy denote the
velocity components along the x- and y-coordinates 
the x, y rectangular coordinate, and let T, ωA, p denote
the temperature, mass fraction of species A (Hg2Br2)
and pressure, respectively.

The dimensionless variables are scaled as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The dimensionless governing equations are given by:
These nonlinear, coupled sets of equations are num

cally integrated with the following boundary conditions

On the walls (0 < x* < L/H, y* = 0 and 1):

(8)

On the source (x* = 0, 0 < y* < 1):

(9)

x* = 
x
H
----, y*  = 

y
H
----,

u = 
ux

Uc

------, v = 
vy

Uc

------, p = 
p

ρcUc
2

-----------,

T* = 
T Tc–
Ts Tc–
--------------, ωA

*  = 
ωA ωA c,–
ωA s, ωA c,–
-----------------------.

∇* ∇*  = 0,•
V

*
∇*V

*
 = ∇*– p*  + Pr∇*2V

*
Ra Pr T* eg,⋅ ⋅ ⋅–•

V
*

∇*T* = ∇*2T*•

V
*

∇*ωA
*  = 

1
Le
------∇*2ωA

*•

u x* 0,( ) = u x* 1,( ) = v x* 0,( ) = v x* 1,( ) = 0

∂ωA
* x* 0,( )

∂y*
------------------------ = 

∂ωA
* x* 1,( )

∂y*
------------------------ = 0,

T* x* 0,( ) = T* x* 1,( ) = 
1
Ar–

--------- x*⋅  + 1

u 0 y*,( ) = 
1

Le
------–

∆ω
1 ωA s,–( )

---------------------
∂ωA

* 0 y*,( )

∂x*
------------------------,

v 0 y*,( ) = 0,

T* 0 y*,( ) = 1,

ωA
* 0 y*,( ) = 1.

Fig. 1. Schematic of PVT growth reactor in a two-dimensional
rectangular system.
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On the crystal (x* = L/H, 0 < y* < 1):

(10)

Interfacial velocities (sublimation and condensation ve-
locities) in equations (9) and (10)

(11)

(12)

can also be expressed in terms of a dimensionless Peclet
number and a concentration parameter as follows:

(13)

The Peclet number can be also estimated by thermo-
dynamic variables:

(14)

Uadv is a characteristic velocity which depends on the
thermodynamics of PVT processes, i.e., the vapor pres-
sure of Hg2Br2 as a function of temperature. The mass
fraction at the solid-vapor interfaces is fixed at the cor-
responding temperature. Thus for a given set of condi-
tions, the mass fraction can not be varied independently.

Since the total vapor pressure can be taken to be con-
stant during the physical vapor transport, the mass frac-
tion of species A is defined as

where ρ = ρA + ρB. From the ideal gas law, the density
of species A(B) is related to the partial pressure as

(15)

Thus,
which can be rearranged to give

(16)

The vapor pressure [21] pA of Hg2Br2 (in the unit of

Pascal) can be evaluated from the following formula 
a function of temperature:

(17)

in which a = 29.75, b = 11767.1. PT denotes the total
pressure, and the partial pressures for A(B) are deno
by pA(pB).

The crystal growth rate vc is calculated from a mass
balance at the crystal vapor interface, assuming f
kinetics, i.e. all the vapor is incorporated into the cry
tal, which is given by (subscripts c, v refer to cryst
and vapor respectively)

(18)

(19)

3. Results and Discussion

The parametric study is useful for showing trends a
generalizing the problem, but many parameters are 
volved in the problem under consideration, which re
ders it difficult for a general analysis. One of the pu
poses for this study is to correlate the growth rate a
the interfacial distributions to process parameters fo
particular material (Hg2Br2). Thus, it is desirable to ex-
press some results in terms of dimensional growth ra
however they are also applicable to parameter ran
over which the process varies in the manner given. T
six dimensionless parameters, namely Gr, Ar, Pr, Le, v

and Pe, are independent and arise naturally from 
dimensionless governing equations and boundary con
tions. The physical properties and operating conditio
used in this study are listed in Table 1.

In this study, the effects of the solutal convection a
gravitational acceleration perturbations on the crys
growth and its distributions across an interface. Wh
solutal convection dominates, the imposed temperat
profile has little effect on the growth rate [15].

Conductive wall boundary conditions with a linea
temperature profile are considered, while the insula
walls are not considered because it is difficult to obta
in practice and most of vapor growth experiments a
performed under the imposed temperature profiles 
avoid nucleation at the ampoule walls.

Figure 2 shows the effects of gravitational acceler
tions on the crystal growth rate for the interfacial dist
butions in a horizontal system of aspect ratio 5 (L = 

u L H⁄ y*,( ) = 
1

Le
------–

∆ω
1 ωA s,–( )

---------------------
∂ωA

* L H⁄ y*,( )

∂x*
-------------------------------,

v L H⁄ y*,( ) = 0,

T* L H⁄ y*,( ) = 0,

ωA
* L H⁄ y*,( ) = 0.

u 0 y*,( ) = 
Ar
Pe
------–

1
Cv 1–( )

-----------------
∂ωA

* 0 y*,( )

∂x*
------------------------

u L H⁄ y*,( ) = 
Ar
Pe
------–

∆ω
Cv

-------
∂ωA

* L H⁄ y*,( )

∂x*
-------------------------------

Pe = 
UadvL
DAB

--------------, Cv = 
1 ωA c,–

∆ω
----------------.

Pe = ln
pB L( )
pB 0( )
------------- 

 .

ωA = 
ρA

ρ
------,

ρ = 
pAMA

RgT
--------------; ρB = 

pBMB

RgT
-------------.

ωA = 
pAMA

pAMA + PT pA–( )MB

------------------------------------------------,

ωA = 
1

1 + PT pA 1–⁄( )MB MA⁄
----------------------------------------------------.

pA = ea b– T⁄( ),

ρvυv ndA = ⋅ ρcυc ndA,⋅∫∫

υc = 
ρv υv ndA⋅∫

ρc dA∫
--------------------------.
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cm, H = 2 cm), with a source temperature Ts = 320oC, a
crystal temperature Tc = 300oC, an impurity (CO) pres-
sure of 10 Torr and an acceleration of 1g0 in the posi-
tive y-direction, where g0 denotes the standard gravita-
tional acceleration constant, 980.665 cm/s2. For gy = 1g0,
the corresponding dimensionless parameters are thermal
Grashof number Grt = 1.34 × 104, solutal Grashof num-
ber Grs = 1.34 × 104, Ar = 5, Pr = 0.74, Le = 0.28 , Cv =
1.06 and Pe = 2.82 with the total pressure of 193 Torr.
The convection causes significant nonuniformities in the
growth rate across the interface in the crystal region,
which is consistent with the results of Markham et al.

[12]. As not shown here, the parabolic patterns 
growth rate distributions indicate one single convecti
roll occurs toward the growing interface. The grow
rate is decreased by a factor of one-fourth with a t
reduction of gravitational acceleration near y = 2.0 c
For 0.1 g0, the growth rate pattern exhibits relatively fla
which is intimately related to diffusion-dominated pro
cesses. In other words, diffusive transport domina
convective flows under the microgravity environment
Also, the growth rate is more sensitive to the perturb
tion of gravitational acceleration for the regions from 
through 1.0 than those from 1.0 through 2.0 cm. This
due to the occurrence of convective roll, which pr
vides vapor supersaturated in component A in front 
the growing crystal regions. When thermal convection
dominated an oppositely rotating roll would appe
because of thermally buoyancy-driven effects, i.e., chi
ney effects and, thus, in enhanced growth in the up
half of the growing crystal interface. Figure 3 shows t
results for a system with same parameters as in Fig
for an aspect ratio of 2 (L = 4 cm). For a 1 g0 level, the
maximum growth rate is larger than for aspect ratio o
by a factor of 1.7. For regions from 0 to 1.5, the grow
nonuniformities due to convection are increased by
factor of 4 in both Ar = 5 and 2. The growth rate no
uniformity is regardless of aspect ratio across the int
facial positions from 0 to 1.5. Also, the effect of a fact
of the ten reduction in the gravitational acceleration 

Fig. 2. Interfacial distribution of crystal growth rate of Hg2Br2

for a horizontal ampoule of aspect ratio of 5, with a linear tem-
perature profile between Ts = 320 and Tc = 300oC, and gy =

1g0, and 0.1g0.

Fig. 3. Interfacial distribution of crystal growth rate of Hg2Br2

for an ampoule of aspect ratio of 2, with a linear temperatu
profiles between Ts = 320oC and Tc = 300oC, and gy = 1g0,

0.1g0, and gx = 1g0, 0.1g0.

Table 1
Typical thermo-physical properties used in simulations (MA =
560.988, MB = 28)

Transport length, L 10 cm
Height, H 2 cm
Source temperature, Ts 320oC
Crystal temperature, Tc 300oC
Density, ρ 0.00204 g/cm3

Dynamic viscosity, µ 0.14 g/cm·sec
Diffusivity, DAB 0.87 cm2/s
Thermal expansion coefficient, β 0.0017 K−1

Prandtl number, Pr 0.74
Lewis number, Le 0.28
Peclet, , Pe 2.82
Concentration number, Cv 1.06
Total system pressure, PT 193 Torr
Thermal Grashof number, Grt 1.34×104

Solutal Grashof number,Grs 2.18×105



Growth and characterization of lead bromide: application to mercurous bromide 55

that
hr.
ned
l-

lf
the
a

e
ce

i-
e

2
ch
 the
hen
00,
er
e
y
er
s

-
n-
k-

re
same to both Ar = 5 and 2, indicating that variations in
aspect ratio have an influence on increasing the convec-
tive intensity, but on not changing the essence of con-
vection such as flow structures under considerations.
The ten reduction in the gravitational level is enough to
suppress convective effects on the growth rate for Ar =
5 (Fig. 2) and 2 (Fig. 3). In the vertical position convec-
tion with a bottom-source, the variations in the gravita-
tional levels were found to be insignificant for the growth
nonuniformities. This is likely to be due to “bottom-
heavy” density stratification [15], which means the
growth ampoule is positioned in the convectively stabi-
lizing orientation. Note that in the horizontal orientation
to the gravity direction, density gradients always give
rise to convection. As shown in Fig. 3, the variations of
nonuniformities due to convection are likely to be more
significant in the horizontal orientation of the ampoule
than in the vertical position.

Figure 4. shows the results of the effects of the posi-
tion of the ampoule on the growth rate. For Ar = 2, the
growth rates for the top-source are much larger than the
bottom-source. A factor of ten reduction in the gravita-
tion is more significant in the horizontal orientation than
in the top-source: for the maximum growth rate, a fac-
tor of 2.5 is for the horizontal, on the other hand, a fac-
tor of 1.5 is for the top-source. Figure 5 shows that
increasing the temperature difference between source
and crystal for Ar = 5, from 20 K to 30 K, under other-
wise unchanged conditions, gave similar results to Fig.

2. For the horizontal orientation with 1 g0, as the tem-
perature difference increases by 10 K, it can be seen 
the maximum growth rate is increased by 1.0 cm/
One sees that when the same system was positio
vertically with source up (top-source), for an axial acce
eration of 1 g0, a reduction in growth rate to one ha
and the maximum growth rate are obtained near 
center of the interfacial positions, y = 1 cm. From 
viewpoint of the maximum growth rate, there is littl
significant difference between the systems with a spa
environment of 0.1 g0 and with top-source positioned
orientation.

Figure 6 shows the effects of molecular weight MB on
interfacial distribution of crystal growth rates for a hor
zontal ampoule of Ar = 5, with linear wall temperatur
profiles between Ts = 320oC and Tc = 300oC, and gy =
1g0. As the molecular weight of B is increased from 
to 28, the effect of solutal convection increases, whi
reflects an increase in the growth rate, and then, as
weight decreases to 50, it decreases slowly, and t
decreases rapidly with increasing the weight up to 2
and eventually the convection mode is switched ov
diffusion-dominant mode. It is known that when th
molecular weights of A are closer to that of impurit
material, B, thermal convection would be dominant ov
solutal convection [15]. Therefore, the nonuniformitie
of growth rate for MB = 500 and 560.988 (CO) sug
gests the oppositely rotating roll (clockwise) to the co
vective roll based on solutal convection (counter-cloc

Fig. 4. Interfacial distribution of crystal growth rate of Hg2Br2

for the same system as in Fig. 3, with gy (top-source) = 1g0,
0.1g0, and gx (bottom-source) = 1g0, 0.1g0.

Fig. 5. Interfacial distribution of crystal growth rate of Hg2Br2

for an ampoule of aspect ratio of 2, with a linear temperatu
profile between Ts = 330oC and Tc = 300oC, and gy = 1g0,

0.1g0, and gx (top-source) = 1g0.
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wise). The enlargement in the molecular weight of B
from 50 to 500 by a factor 4 causes a decrease in the
maximum growth rate by the same factor, indicative of
the effect of solutal gradients.

Figure 7 shows the axial distribution of partial pres-
sure of component A at the walls resulting from purely
diffusive transport for a system with Ar = 5, Ts = 320oC
and Tc = 300oC, and gy = 1g0, and MB = 28. The equi-

librium vapor pressure of component A is calculate
from Eq. (17), while the partial pressure of A at th
walls of the ampoule is computed based on purely dif
sive transport. It should be noted that it is observed
purely diffusive solution only 10−4 g0 [22]. Figure 8
shows axial distribution of partial pressures of comp
nent A at the top and bottom walls due to diffusive-co
vective transport in the same system as in Fig. 7. T
supersaturation of vapor A along the top walls is he
which might yield undesirable nucleations at the to
walls., i.e., parasitic nucleation at the walls. The part
pressure at the top wall is larger than the bottom wall
that the solutal convective flow structure is likely to b
counter-clockwise.

4. Conclusions

In the past years considerable progress has b
achieved in modeling PVT processes. Our study cov
the effects of solutal convection on the growth rate 
Hg2Br2 crystals and interfacial distributions in a recta
gular ampoule under terrestrial and micro-gravitation
conditions for various operating parameters. Taking in
account the real thermodynamical dependency of 
mass fraction as a function of temperature reduces c
siderably the control we have on the process. T
growth rate and convective magnitude of PVT we
studied by isolating the trends of solutal convectio
form the combination of thermosolutal convection. W

Fig. 6. The effects of molecular weight MB on interfacial distri-
bution of crystal growth rates for a horizontal ampoule of Ar =
5, with a linear wall temperature profile between Ts = 320oC

and Tc = 300oC, and gy = 1g0.

Fig. 7. The axial distribution of partial pressure of component
A at the walls resulting from purely diffusive transport for a
system with Ar = 5, Ts = 320oC and Tc = 300oC, and gy = 1g0,

and MB = 28.

Fig. 8. The axial distribution of partial pressures of compone
A at the top and bottom walls due to diffusive-convective tran

port in the system same as in Fig. 7.
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studied solutal convection at low thermally driven den-
sity gradients. Our results show the growth rate nonuni-
formity is regardless of aspect ratio across the interfacial
positions from 0 to 1.5. Also, the effect of a factor of
the ten reduction in the gravitational acceleration is
same to both Ar = 5 and 2. In the vertical position con-
vection with a bottom-source, the variations in the gravi-
tational levels were found to be insignificant for the
growth nonuniformities. This is likely to be due to “bot-
tom-heavy” density stratification, which means the growth
ampoule is positioned in the convectively stabilizing ori-
entation. The enlargement in the molecular weight of B
from 50 to 500 by a factor 4 causes a decrease in the
maximum growth rate by the same factor, indicative of
the effect of solutal gradients.
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