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Abstract: The results of the effect of the growth history on Potassium Dihydrogen
Phosphate (KDP) crystals growth mechanism are presented in the paper. Crystals were
grown in temperature range of 24-28°C from aqueous solutions, saturated at
T, =(31.0+0.1)°C. Two types of the experiments were performed. In both types, after the

nucleation at 7, =(26.0+£0.1)°C crystals were grown at the same temperature for about 1.5
hour and then dissolved at temperature 7, =(34.0+£0.1)°C for about 15 min. After reface-

ting, in the first type, the crystal growth started at 24°C, followed by the temperature
increasing in steps of AT =1°C to 28°C. In the second type, after refaceting the crystal
growth started at 28°C, followed by the temperature decreasing in steps of AT =1°C to
24°C. Obtained results indicate that KDP crystals growth mechanisms do not depend on

growth history. They are discussed in accordance with the current theories.
Keywords: Potassium Dihydrogen Phosphate, growth from solution, growth mec-

hanisms.

1. INTRODUCTION

An analysis of crystal growth rate versus solu-
tion supersaturation dependence (R,c) is widely used
to determine mechanisms of crystal growth. A signi-
ficant number of researchers have studied the crystal
growth process from solutions for different substan-
ces and several crystal growth mechanisms have
been proposed in the literature [1-9]. Growth rate
mechanism determination on base (R,o) dependence
is more difficult because of growth rate dispersion
(GRD). GRD describes the phenomenon in which
crystals of the same material under the same solution
conditions grow at different rates. This dispersion
might be caused by different configuration of dislo-
cation groups and lattice strain [10—12]. Partial dis-
solution and refaceting creates new defects in the
structure of crystals which probably changes number
of dislocations and adds additional strain Ilattice.
Narrowing of GRD after partial dissolution and refa-
ceting is experimentally confirmed [13]. Investiga-
tion results for KDP crystals [13, 14] show that the
growth history affects growth rates. Pantaraks and
Flood [15] have showed that the growth and solution
history have influence on roughness of crystal surfa-
ce and current crystal growth.

Difficulties in determining the crystal growth
mechanism from growth rate versus solution supersa-
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turation dependence are discussed in [16]. It is shown
that growth mechanism of sodium chlorate from
aqueous solutions depend on growth history - diffe-
rent growth mechanism operates if growth temperatu-
re is set up by rising or by lowering temperature.

In this paper, results of investigation of the
effect of cooling of aqueous solution from 28°C to
24°C and heating solution from 24°C to 28°C after
partial dissolution for KDP are presented. Growth
mechanism was analyzed by equations which are
proposed by theory. Results indicate that crystals
growth at constant supersaturation do not depend on
growth history.

2. THEORY

Table 1. Equations used to describe different growth
models

Equation
_ 12 2
R=ko (D) Rzkso-— )
O-C
R=k,c"° ) | R=ko" (6)
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R=k, O-—tanh( e j (3) | g=htho )
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R=k,o 4 | R=ky+k,o (8)
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In order to establish the mechanism responsible
for the growth of KDP in {100} direction under inve-
stigated conditions, growth rate versus solution super-
saturation dependence (R,0) were analyzed. Equations
(1-7) which correspond to different crystal growth
models are listed in Table 1. Only equation (8) is
empirical, o, is critical value of solution supersatura-

tion and k; - kyo are constants [16].

3. EXPERIMENTAL PROCEDURE

The purpose of all experiments was to inve-
stigate how supersaturation changes influence the
growth mechanism of KDP crystals. Analar grade of
this system (99% purity) was used. Crystals grew
from aqueous solutions which were prepared by
equilibrating an excess of crystals with distilled
water for three days at saturation temperature.
Crystals were nucleated in the cell spontaneously.
Observed crystals’ dimensions were measured by
digital optical microscope (Nikon SMZ800) supplied
with camera (Luminera, Infinity 1) using transmitted
light. The complete experimental setup which was
used has been described in detail in [17]. Crystals
which were sufficiently distant from neighbour
crystals in order to avoid intergrowth during the
growth, were preselected for growth rate measure-
ments during each growth run.

In order to investigate the growth mechanism
of KDP crystals, two types of experiments were per-
formed. The first type of experiments was with
supersaturation decrease and the second type of
experiments was with supersaturation increase. In all
experiments, the solution was saturated at tempera-
ture 7, =(31.0£0.1)°C. The procedure in the first

part and the second part of all experiments was the
same for both type of experiments, i.e. crystals grew
at temperature 7, =(26.0£0.1)°C about 1.5 hours

and after that, in the second part of experiments,
crystals were dissolved about 10 min and refaceting.
The third part of experiments was different and
lasted about 7 hours. In the first type of experiments
after refaceting, crystal growth was performed at
temperature 24°C followed by temperature increase
in steps AT =1°C to 28°C . In the second type of
experiments after refaceting, crystal growth was
firstly performed at temperature 28°C followed by
temperature decrease in steps AT =1°C to 24°C .
Crystals’ sizes were measured in different intervals

which depended on how fast crystal grew on selec-
ted temperature.

The concentrations of solution were calculated
on the basis of  empirical formula
C =0.17554+0.00102¢ +0.0000743 ¢* and the rela-
tive supersaturation is defined as o=C-C,/C, ,
where C and C, are the actual and saturated solution

concentrations, respectively. All experimental data
were fitted by equations (1—8) as in [16].

4. EXPERIMENTAL RESULTS AND
DISCUSSION

Growth rate dispersions occurred and histo-
grams which represent these dispersions are presen-
ted on Figure 1 and Figure 2. These dispersions are
described by a simple normal distribution. High
growth rates at the end of dispersions are excluded
from the fitting procedure, they probably pertain to
dominant dislocation group of higher activity [13].
As it can be seen from Figure 1 and Figure 2, growth
rates of KDP crystals in {100} direction after disso-
lution and refaceting pertain to one maximum.
Growth and saturation temperatures 7" and 7, rela-

tive supersaturation o, the most probable growth
rate for experiments with supersaturation decreases
R and increases R and number of measured

max 'max] 2

growth rates in these experiments N, and N, is

presented in Table 2. Figures 3 and 4 depict the most
probable growth rate at constant supersaturation ver-
sus supersaturation dependence for type I and type 11
experiments, respectively.

In order to determine the most suitable corre-
lation between the KDP crystal growth rate in {100}
direction and supersaturation and to determine
crystal growth mechanism in the supersaturation
range 6.18 - 14.72%, experimental data were fitted
with equation (1-8). Goodness of the fit is tested
with Chi-square test. Smaller values of z?, for the
same data set, correspond to equations which better
describe (R,0) dependence. Values of ;*> for
equations (1—8) are presented in Table 3 and diffe-
rent line style belong to different equation. Also, for
equation (6) the value of parameter n is given in
parentheses in Table 3. From Figures 1, 2 and Table
2, it can be seen that positions of the distribution
maxima slightly differs for experiments in which the
solution supersaturation decreases and those in
which the solution supersaturation increases.
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Figure 1. Histograms representing {100} face growth rate dispersion for type 1
experiments with supersaturation decreases

Higher y* values obtained for equations 1

and 2 indicate that two-dimensional crystal growth
does not exist in those experiments. Lower values of

¢’ obtained for equations (3) and (5), which corre-

spond to BCF model, and (7) which correspond to
Chernov’s model, show that in supersaturation range
6.18-14.72%, spiral growth operate. Also relatively

low value of y* for equation (5) show that mentio-
ned o supersaturation range is quite below the criti-
cal supersaturation i.e. o<<o,. In both types of
experiments, it can be noticed that the smallest valu-
es of y* is obtained for linear equation with inter-

cept. This equation is empirical and none of the the-
ories for spiral growth mechanism predict this kind
of (R,0) dependence. Power obtained by fitting the
data with equation (6) in experiments with supersa-
turation decreases (#=1.81) and in experiments with
supersaturation increases (n=1.86), suggest that high
interaction between diffusion fields of growth units
between the steps do not exist i.e. diffusion fields do
not overlap.

These results show that growth mechanism of
KDP crystals in {100} direction is the same if the
growth temperature is achieved by rising or by
lowering solution temperature, which is in contrast
to sodium chlorate growth in {100} direction [16].
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Figure 2. Histograms representing {100} face growth rate dispersion for type 2
experiments with supersaturation increases
Table 2. Experimental conditions and Results
T,[°C] T[°C] o[%] N, R,pp[nm/s] N, R, [nm/s]
31.0 24.0 14.72 84 37.540.3 75 34.6+0.3
31.0 25.0 12.56 81 31.540.5 77 28.3+0.7
31.0 26.0 10.42 69 22.7+0.3 81 20.7+0.3
31.0 27.0 8.29 59 13.9+0.1 89 11.9+0.3
31.0 28.0 6.18 53 5.1+0.2 93 4.9+0.2
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Figure 3. {100} face growth rate vs supersaturation dependence when supersaturation
decreases for the most probable growth rate.
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Figure 4. {100} face growth rate vs supersaturation dependence when supersaturation
increases for the most probable growth rate.

Table 3. Values of y* for Rmax versus o Dependence for Type 1 and Type 2 Experiments

2i(Eq. | xi(Eq | xi(Eq | xi(Eq | x:(Eq Ze(Bq.6) | x7(Bq. | x5 (Eq.
1) 2) 3) 4) 5) 7) 8)
Figure 3 | 85.83 46.83 465 32.54 6.04 | 651 (~=181) | 585 117
Figure 4 | 73.31 4037 3.06 28.17 372 | 424 (n=186) | 3.85 0.58

5. CONCLUSION

In this paper, the results of growth mechanism
investigations of KDP crystals in {100} direction from
aqueous solution in supersaturation range 6.18 —
14.72%, show that crystals grow according to BCF
theory. Mentioned supersaturation range in performed
experiments is below the critical i.e. o << o, and dif-

fusion fields do not overlap (surface diffusion path is
much smaller than terrace width). It is shown that
growth history of KDP crystals has no influence on

mechanism of KDP crystals growth in {100} direction
and that the best value of y* is obtained for linear

equation with intercept, which is not predicted by cur-
rent crystal growth theories.
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TR

MEXAHUN3AM PACTA KIIT KPUCTAJIA U3 BOJAEHUX PACTBOPA

Caxkerak: Y 0BOM pajy Cy MPeACTaBIECHH PE3YITAaTH UCTPAKUBAKA YTUIja HCTOPHjE
pacTa Ha MeXaHHM3aM pacTa Kpucraina Kammjym auxuaporeH ¢ocdara (KAIT). Kpucrama cy
pacnu y orcery Temreparypa 24—28°C U3 BOJICHHX pacTBopa 3acHheHHX Ha T,=(31.0%0.1°C.-

Peanmu3oBana cy 1Ba THIa eKcliepuMeHaTa. Y o0a THIa, HAKOH HYKJIEalWje Ha TeMIIepaTypu
T, =(26.0£0.1)°C KpucTamu Cy paciu oko 1.5 car Ha TemmepaTrypu HyKII€alHJE, a 3aTUM Cy

pacTBapaHi Ha Temueparypu T, = (34.0+0.1)°C oko 15 mus. HakoH pedanerupama KpucTaiu

Cy y IPBOM THUITy €KCIIEpHMEHATa paciy MpBo Ha Temreparypu 24°C , HaKOH 4era je Temiepa-
Typa pacta nosehaBaHa y xopauuma ox AT =1°C mo 28°C. VY mpyromM THIy eKcrepuMeHaTa
KpUCTaJIM Cy HaKkoH pedalieTnpama paciii pBo Ha Temreparypu 28°C, a IoToM je Temmepa-
Typa pacrta CHIKaBaHa y kopanuma o AT =1°C mo 24°C. Pesynraru ykasyjy a MEXaHHU3aM
pacta KJII xpucrana He 3aBUCH O]l HICTOPHj€ pacTa U AUCKYTOBAHU Cy Y CKJIa[y Ca aKTyeITHUM

TeopHjama.

KibyuHe pujeun: kamjym auxunpore ¢ocgar, pact U3 pacTBopa, MEXaHU3MH pacTa.
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