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Сажетак: Дисперзије брзина раста кристала као и утицај спољашњих параметара на њих предстваљају увек актуелни предмет истраживања. У овом раду биће представљени резултати истраживања утицаја хлађења водених раствора од 35.0 и 50.0°C до температуре раста кристала 30.0°C на расподеле брзина малих кристала Рошелске соли. Резултати показују да опсег могућих брзина раста зависи од претходног третирања раствора. Излагање раствора високим температурама од 50.0°C и лаганим снижавањем до температуре раста смањује вероватноћу нуклеације и раста кристала који расту брзинама већим од 60 nm/s, док третирање раствора од 35.0°C смањује вероватноћу нуклеације и раста кристала који расту брзинама мањим од 10 nm/s. Дисперзије брзина раста проучаваних кристала описане су нормалном расподелом, а положај максимума расподеле померен је ка мањим брзинама при хлађењу раствора од 35.0°C. Добијени резултати биће дискутовани у складу са постојећим теоријама раста кристала.

Abstract: Crystal growth rate dispersion and the effect of external parameters on them still represent a subject of current researches. Results of investigation of the effect of cooling of aqueous solutions from 35.0 and 50.0°C to crystal growth temperature of 30.0°C on growth rate distribution of small Rochelle salt crystals are presented in this paper. Obtained results indicate that the range of possible growth rates depends on the pre-treatment of the solution. Exposing the solution to high temperatures of 50.0°C and slowly temperature decreasing reduces the probability of nucleation and growth of crystals which grew at rates higher than 60 nm/s, whereas the treatment of a solution from 35.0°C reduces the probability of nucleation and growth of crystals which grew at rates smaller than 10 nm/s. Growth rate dispersions are described by normal distribution, and position of distribution maximum is shifted toward lower rates for cooling a solution from 35.0°C. Results will be discussed in accordance with existing theories of crystal growth.   

Кључне ријечи: Рошелска со, дисперзије брзина раста кристала, предисторија раствора 
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1. INTRODUCTION 

Under the same external conditions of supersaturation, temperature and hydrodynamics of solution, different crystals of the same material grow at different rates. This phenomenon, termed as growth rate dispersion (GRD) still attracts the attention of the authors. The effect of various external parameters on GRD has been studied in order to determine the role of the growth history. Many of them are related to the treatment of growing crystals. The rate of crystal growth of sucrose, Al(SO4)2 · 12H2O, KH2PO4, and K2SO4 appears to be determined by the relative supersaturation of the solution crystals are grown from and the growth rate history of the crystal [1,2]. Crystals of sucrose with a history of rapid growth are believed to have higher roughness factors, which is in accordance with the spiral nucleation mechanism, increases the energetic barrier for growth and decreases the crystal growth rate [3]. The results of Tanneberger et al. showed [4] that the growth rate of potassium alum decreases with decreasing supersaturation and increases with increasing supersaturation, but it does not return to the previous value after the second supersaturation change in a short time period. It was shown that growth rates of Rochelle salt crystals in the [001] direction before and after only a small partial dissolution do not differ significantly [5], while significant dissolution (more than 20%) of KH2PO4 and Rochelle salt crystals in [001] direction essentially changed their growth rates [6]. The effect of solution pre-treatment on crystal nucleation and growth also have been studied. The application of a magnetic field of 10 T for a long time might influence the structure of an aqueous solution of protein, and affect the improvement of crystal quality and the decrease of crystal growth rate [7]. The effect of solution overheating on the KCl crystal growth was also examined. It was found that overheating treatment was very effective in growing large crystals since the generation of parasite crystals was dramatically reduced [8].

In this paper the results of investigation of the effect of cooling of aqueous solutions from 35.0 and 50.0°C to crystal growth temperature of 30.0°C on growth rate distribution of small Rochelle salt crystals will be presented. 
2. EXPERIMENTAL PROCEDURE

The object of all experiments was to investigate the effect of solution history on growth rate dispersion of small Rochelle salt crystals. Analar grade of this system (99% purity) was used. Crystals grew from aqueous solutions, prepared by equilibrating an excess of crystals with distilled water for three days at saturation temperature.

Crystals were nucleated in the cell by introducing air bubbles through a needle into the cell. Crystals were observed by digital optical microscope Nikon SMZ800 supplied by camera Luminera, Infinity 1, using a transmitted light. The complete experimental setup which was used has been described in detail in Ref. [9].
Between 15 and 33 crystal nuclei, sufficiently distant to avoid intergrowth during the growth, were preselected for growth rate measurements during each growth run.

In order to investigate the influence of solution history on Rochelle salt crystals rate three types of experiments were performed. In all experiments the solution was saturated at temperature 
[image: image37.emf], while the crystal growth was performed at 
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The first type of experiments represents the reference one. The nucleation and growth of crystals were performed at 
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, and it lasted for about four hours.
The second type of experiments had two parts. In the first part solution temperature was increased to 50°C followed by slowly decreasing in steps of 
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every five minutes to the growth temperature of 
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. The temperature decreasing lasted about 2-2.5 h. The second part represents the crystal growth last for about four hours at 
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, and crystal sizes were measured in intervals of about 40 minutes.

The third type of experiments also consisted of two parts. During the first 2-2.5 h of experiments the solution temperature decreased from 35°C to 
[image: image7.wmf]C

)

.

.

(

r

°

±

=

1

0

0

30

T

 following the procedure:   
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 the solution was left to be cooled by itself.
When the temperature of growth was reached, crystals were nucleated by introducing air bubbles through a needle into the cell and crystal growth lasted about four hours.  In all experiments crystals sizes were measured in intervals of 40 minutes.
3. RESULTS AND DISCUSSION
Significant growth rate dispersion was occurred, even all observed crystal grew under the same external macroscopic conditions. Figure 1a-c shows histograms that represent (a) the dispersion of growth rates of crystals nucleated and grown at 30.0°C, (b) the dispersion of growth rates of crystals grown from solution cooled from 35°C, and (c) the dispersion of growth rates of crystals grown from solution cooled from 50°C.
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Figure 1.  Histograms representing the crystal growth dispersion of crystalsnucleated and  grown from (a) non-cooled solution, (b) solution cooled from 35°C, (c) solution cooled from 50°C.

The growth rate distributions were described by normal distribution of growth rates. The distributions obtained are also included in Figure.
The number of observed crystals, N, the growth rate corresponding to peak position, R0, the standard deviation, s, the aritmetic mean of growth rates, 
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, are listed in Table 1. Beside mentioned parameters following values are given: 
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 - the percents of total number of crystals N, that have zero growth rate, growth rates in range of (0-10) nm/s, (0-20) nm/s, higher than 50 nm/s, and 60 nm/s , respectively.
Table 1. Parameters describing growth rate distributions.
	Type of exp.
	N
	R0
[nm/s]
	s

[nm/s]
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 [nm/s]
	N0 nm/s
[%]
	N(0-10) nm/s

[%]
	N(0-20) nm/s

[%]
	N>50 nm/s

[%]
	N>60 nm/s

[%]

	I
	214
	32.3
	9.5
	33.0
	0.5
	1
	9.3
	6.5
	0.5

	II
	147
	32.8
	8.4
	33.8
	0.7
	2
	4.8
	4
	-

	III
	138
	29.8
	7.2
	32.0
	-
	-
	11
	7.2
	0.7


 In experiments in which the solution cooling was performed from 50°C to growth temperature (II type), the range of crystal growth rates was (0.9-57.7) nm/s, similarly to reference experiments (I type) with the range of crystal growth rates of (1.1-69.9) nm/s.  A small differences in the maxima positions was occurred, 32.8 and 32.3 nm/s, respectively, as well as in the average values of growth rates, 33.8 and 33.0 nm/s, respectively.
The percentage of non-growing crystals in [001] direction is also similar and equal to 0.7 for II type and 0.5% for I type of experiments. In both types of experiments a small number of slow-growing crystals (growth rates up to 10 nm/s) was occurred; three in the first, and four in the second type.

In experiments in which the solution cooling was performed from 35°C, the range of growth rates was (13.0-69.2) nm/s. The maximum position and the value of average growth rate are 29.8 and 32.0 nm/s, respectively. Slow-growing and crystals which did not grow in [001] direction were not occurred.

From Figure 1 it can be seen that the growth rate distribution for III type of experiments significantly differ in comparison with reference (I type), and II type. In other words, if the history of the solution has an influence on crystal growth rates, the temperature changes near to saturation temperature of the solution have significance, which is expected.

Also, when the solution cooled slowly near the saturation temperature, no nucleation of non-growing and slow-growing crystals occurred. This is not in accordance with BCF [10] theory of crystal growth, but it is in accordance with lattice strain theory [11].
Namely, slow cooling of the solution allows more regular packing of growth units in clusters. This decrease the probability of appearance of dislocations and the other structural defects in the crystal seed and in the crystal grown from it. This means that appearance of dislocation free crystal faces as well as the faces with dislocations of opposite sign that canceled one another is more probable in these type, than in I and II types of performed experiments.

On the other hand, the lack of non-growing faces is in accordance with lattice strain theory of crystal growth. The small amount of defects in all types in clusters, in III type of experiments, should be the cause of nucleation of a crystal seed of a small defectiveness, i.e. a small value of chemical potential comparing to the other experiments. Crystals grown from these seeds should grow at higher rates because the driving force for the growth is high. This decreases the probability of appearance of non-growing faces.

Less defectiveness in the III type of experiments, to lattice strain theory, should results in higher value of average growth rates. However, it takes the lowest value for these experiments.

      Obtained results confirm the necessity of further developing of current crystal growth theories, since they cannot explain them.

The significance of presented results might be in mass crystallization processes, since the growth rate dispersion causes crystal size distribution.
4. CONCLUSION

The results of investigations of solution pre-history on crystal growth rates of small Rochelle salt crystals in [001] direction are presented in the paper. It is shown that dispersion might change by slowly solution temperature decreasing from 35°C to temperature slightly below the saturation temperature. This procedure reduce the probability of non-growing faces appearance, and reduce the average crystal growth rates. The obtained results are discussed in accordance with the current crystal growth theories.
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