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MODERN PROBLEMS OF MELT CRYSTALLIZATION IN SOLID
SOLUTION

Barkov A.V., Veretelnik S.P., Boyko V.N.
lag.arkane66@gmail.com

Abstract. Melt crystallization is a highly efficient separation and purification process
used in the chemical industry. From the point of view of the ecological culture of
production, melt crystallization does not require any additional substances, therefore it
does not require wastewater disposal. If in the process of melt crystallization, the
separated mixture belongs to the group of substances that form a solid solution
(partially or in the entire range of composition); the separation should be carried out in
stages. The number of stages is determined by the phase diagram and the required
purity of the product.
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Melt crystallization is an important method of separation, purification and concentration
used in the chemical, pharmaceutical and food industries. Melt crystallization is a highly
efficient separation process for purifying organic compounds to a very high purity of
99.99%.

Two expressions are often used in crystallization processes: crystallization from solution
and crystallization from melt. To distinguish between these two expressions of the
expression "melt" and "solution", Ulrich, Ozoguz, and Stepanski in 1988 introduced the
rule:

1. If the effects of mass transfer dominate, then it is called solution crystallization.

2. If heat transfer dominates, then it is called melt crystallization [1].

The nature of the nuclei and the place where they are formed inside the crystallizer
influence the subsequent growth process. The nucleation process therefore should be
controlled to ensure reproducibility. The nucleation details depend strongly on the
process and the equipment. Consequently, the growth of crystals from the melt is
affected by at least four stages.

Assuming a melt having an initial composition X, is cooled down to a temperature T, it
splits along the tie line into a solid phase of composition Ximp,s1 and a liquid phase of
composition Ximp,11. This liquid phase is enriched with the impurity, while in the solid

phase (consisting of mixed crystals of composition Ximp,s1) the impurity is depleted, that
Is, a first partial purification has been achieved. A melt of this solid cooled down to a
temperature T4, in equilibrium again splits into a new liquid phase and a solid, that has a

higher purity compared to the first step (Ximp,s2 < Ximp,s1). In equilibrium between melt
and mixed crystals, the melt is always enriched with the component having the lower
melting temperature, while the mixed crystals are enriched with the component having
the higher melting temperature (Konovalow’ rule). Each further purification step
increases the purity of the target compound, as seen in Figure 1.
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Figure 1 — Phase diagram of a target compound (P) and an impurity (Imp), a system
characterized by full miscibility in the solid state.

Thus, P and Imp form a so-called continuous series of mixed crystals covering the entire
concentration range in the phase diagram. The segments of the tie line left and right to
the appropriate start composition determine the amount of liquid and solid phases
provided as a result of the purification step performed [2].

Define two thresholds: low and high (use the high threshold to start edge curves and the
low threshold to continue them).

Table 1 shows the advantages and disadvantages of each considered algorithm.

Table 1 — Comparative characteristics of edge detectors

Detector Advantages Disadvantages
Moravec anisotropy property sensitive to noise, no invariance
to rotation transformation
Harris | invariant to a rotation transformation | sensitive to scale changes and
noise
FAST speed of operation repeatability of key points
SIFT | invariance to rotations, displacement low speed of operation
and partial invariance to changes in
zoom and camera position
SURF speed of operation poor performance for objects
without a pronounced texture
Canny precise detection sensitive to noise
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COBPEMEHHBIE ITPOBJIEMbBI KPUCTAJIVIN3ALIUU PACIIJIABA B
TBEPJAOM PACTBOPE

Annomauyun. Kpucmaniusayus pacniaéa — 3mo, 6blCOKOID@eKmueuvili npoyecc
pasoeiieHus U OYUCMKU, UCHONb3YeMblil 8 Xumudeckou npomviuiieHHocmu. C mouku
3penUss IKON0SUHECKOU KYIbMmypbl HNPOU3BOOCMEd, KPUCMALIU3AYUSL PACNIA8d He
mpebyem Kakux-1ubo 0ONOIHUMENbHbIX 8eujecns, NOIMOMY He mpedyem U OmeeodeHUs.
cmounvix 600. Ecnu 6 npoyeccax kpucmannuzayuu pacniasa omoensemasi CMechb
OMHOCUMCSL K 2pynne eeujecms, o0pazyioumux meepovlilt pacmeop (4acmuyHo uiu 80
6ceM Ouanazome cocmaea), mo pazoeieHue ciredyem NposoOUmMb  NOIMANHO.
Konuuecmeo cmaouti onpedensemcs ¢hazosoti ouazpammou u mpedyemot Yucmomoti
npooykma.

Kniueevle cnosa: kpucmannuzayusi — pacniaeqa, — KpUCMAaiiu3ayus — pacmeopd,
aghpexmusnvill.  KOdPuyuenm pacnpeoenenus, P@ekm NoBMOPHO2O 3aAPOAHCOCHUS,
MaccoobmeH, menionepeoasd, 0eHOpunovl, MeepooCloliHble NPOYECCHL.
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