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It is shown that the low-temperature directional crystallization of the water-salt eutec-
tics of cesium iodide used as the raw material for single crystals provides its purification
(by about 2 orders) from all impurities including the homological ones. In the mentioned
crystallization version, the redistribution of impurities is independent of their nature but
is defined only by the process realization conditions and depends on the salt concentration
and its crystallite size. The low-temperature directional crystallization of Csl solution can
be used simultaneously to purify the salt and to concentrate the impurities for analytical
purposes in the control of the raw material quality and wastewaters from the single crystal
production.

HORaBaHO, 4UTO HU3KOTeMIlepaTypHasa HallpaBJIeHHasd KPHUCTaJJINn3allusd BOHHO-COJIEBOfI 9B-
TEKTUKHW Ha OCHOBE Hmoauga 1me3mnsd, NCIIOJb3yeMOI'0 B KadeCTBe ChbIPDbdA OJA MOHOKPHUCTAJJIOB,
II0O3BOJISAET IMIPOU3BOJUTH €0 OUUCTKY (Ha ~2 HOpﬂﬂKa) OT BCeX HpI/IMecefl, BKJIIOYasd I'OMOJIO-
ruuecKue. B YKa3daHHOM BapHaHTe KPHUCTaJIJIN3alluU IiepepaclrnpejaejieHue HpI/IMeceﬁ He 3aBU-
CUT OT UX IIPUPOABI, OHO OIIpeneJideTCd JINIIb YyCJOBUAMM IIPOBEAEHHUS IIpollecca U 3aBUCHUT
OT KOHIIEHTPAaIlu COJIN-OCHOBBI 1 padMepOB KPUCTAJIJINTOB 9TOM COJIU. HHSHOTBMHepaTypHaS{
HallpaBJIeHHasdA KpPHUCTaJIJIu3allud pacTBOpa Csl moxer OBITH OOJHOBPEMEHHO HCIIOJIb30BaHa
AJISI OUMCTKHU W aHaAJUTUYECKOI'0 KOHIIEHTPHUPOBAHUSA HpI/IMeCEﬁ IIp1 KOHTpPOJIEe KadeCcTBa
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CBIPbSI W CTOYUHBIX BO/J IIPOM3BOJACTBA MOHOKPUHCTAJJIOB.

1. Introduction

The microimpurities which are to be con-
trolled in Csl raw material and single crys-
tals include oxygen containing ions (8042‘,
CrO47), elementary and organic carbon, iso-
morphic impurities CI=, Li (I), Rb (I), het-
erovalent cations Cu (I, II), Fe (III), U (VI),
Th (IV) [1, 2]. The low-temperature direc-
tional crystallization (LTDC) is among the
techniques suitable to purify the inorganic
salts [3]. In the crystallization of water-sol-
uble salts, the LTDC is best applicable to
solutions with concentrations corresponding
to the water-salt eutectics (WSE). Such sys-
tems are solidified integrally, the mother
liquor acting as the melt.
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We have found before some specific fea-
tures of the WSE LTDC[4, 5]. The equilib-
rium coefficients for all the impurities (in-
dependent of the nature thereof) have been
found to tend to zero, the characteristic co-
efficients [6] for different impurities in the
same matrix k;< 1 and have similar values
that are defined by the WSE crystallization
conditions and the nature of the main com-
ponent salt. As the crystallization speed re-
duces, the eutectics structure becomes more
ordered and the k; values decrease. Basing
on the studies of more than 30 salts, the
characteristic coefficients of impurity dis-
tribution have been found to increase regu-
larly when passing from the eutectics based
on fine-crystalline salts to coarse-crystalline
ones [1, 3, 4]. At a moderate LTDC speed
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Fig 1. The photograph of containers with
crystallized Csl beads eutectic (a) and water with

small amounts of a salt and a dye (b).

(f*10 mm/h), the Csl based eutectics (fine-
crystalline structure) shows rather small £,
values (Table 1) even. Such a unique feature
provides the effective displacement of the
impurity group in the eutectic solution
mentioned to the ingot tail.

It is known that for a deep purification
of Csl (if the k; is assumed to be 0.05 and
the crystallization front to be concave) the
WSE crstallization should be stopped as the
crystallized ingot part g = 0.5 [7]. This
makes it possible to provide the special purity
grade Csl (Csl 17-2) to be purified from its
homologue Rb(I) (that is very difficult to re-
move using other methods) by a factor of 250
(the Rb concentration being reduced from
5x1073 to 2x107°® wt. %). This conclusion is
confirmed by our observations on the LTDC
of aqueous Csl solutions at different concen-

trations. Fig. la shows the photo of the
crystallized Csl beads eutectics and Fig. 1b,
the appearance of an ice ingot obtained from
pure water with Csl addition in a concentra-
tion much lower than C,; and containing a
model microimpurity convenient to be ob-
served visually (Arsenazo I dye) having k; =
0.05. It is seen in Fig. 1b that the crystal-
lization front is concave. It is seen also that
no dendrites are formed at g that confirms
the above restriction (g = 0.5) necessary for
deep Csl purification. At less stringent re-
quirements to the rubidium content (the puri-
fication by a factor of 100), the WSE crystal-
lization can be stopped at g = 0.8.

The LTDC for analytical tasks is carried
out in the same manner. After the process
is over (the solution to be analyzed is solidi-
fied completely), the impurity concentrate
is separated by pouring a measured amount
of hot water onto the upper ingot part, the
so formed solution (melt) is weighed and then
analyzed. The analysis result, taking into ac-
count the concentration, is calculated using
the modified Gulliver-Pfann equation [1]

C. = Cy(l — @1

where g = 1 — m/G is the ingot crystallized
part; m, the concentrate mass; G, the weight
of the salt to be analyzed; C, and C,, the
impurity concentration in the concentrate and
in the initial salt, respectively; &;, the pre-es-
timated characteristic distribution coefficient.
heterogeneous impurities) and similarity of
characteristic distribution.

In Table 2, summarized are the charac-
teristics of determination procedures for
some impurities after the pre-concentration

Table 1. Characteristic distribution coefficients” of different impurities in Csl based eutectics.

Crystallization speed f = 7 mm/h

Impurity k; (g = 0.95) Impurity k. (g = 0.95)
(2:1074-1.1073 wt.%) (2:1074-1.1073 wt.%)
Li (T) 0.04+0.01 Total heavy metals 0.04+0.02
Na (I) 0.10+0.03 F- 0.07+0.01
K (@) 0.10£0.01 Cl- 0.06+0.02
Rb (I) 0.03+0.02 S0,% 0.10+0.03
Cu (LII) 0.09+0.02 Cro,~ 0.0740.01
Fe (III) 0.06+0.01 COz%~ 0.07+0.02
U (VD) 0.1040.01 Arsenazo I 0.0610.01
Th (IV) 0.08%0.03 C, C (organic) 0.04+0.02

* The k; values and confidence intervals thereof have been estimated for the number of experiments
3 or 6 at the confidence probability 0.8; g is the crystallized ingot fraction.
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Table 2. Parameters of Csl analysis procedures after the crystallization concentration of microim-
purities (g = 0.98)

Impurity Speed, kr Concentrate Sensitivity increase Determination

mm/h analysis method?) | of the direct method threshold2) for

(factor) procedure with

concentration, wt. %

Li (1) 8 0.08 FP 100 3.10°6
Rb (I) 8 0.06 FP 100 3.10°6
ClI- 7 0.06 PT 100 2.10°6
Cu (LII) 7 0.09 SP 60 2.10-6
Fe (III) 7 0.08 SP 90 1-1076
U (VD) 12 0.10 SP 120 5-10~7
Th (IV) 12 0.08 SP 120 5.1077
C (org.) 12 0.04 P 100 2.1075
S0,%- 8 0.10 PT 100 5.10°6
CrO,~ 12 0.07 SP 100 2.10-6

D FP, flame photometry; PT, phototurbidimetry; SP, spectrophotometry; P, potentiometry
2) The determination threshold is defined as the impurity concentration determined at the trlative
error s, = 0.3.
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OunieHHA CMPOBMHHU JJIsI MOHOKPHCTAJIB HOMiAy 1e3iro
i KOHIIEHTPYBAHHSA JAOMIIIIOK 3a TOIIOMOTOIO0
HHU3bKOTEMIIEPATYPHOI HAIIPABJIEHOI KPHCTAJJi3amil

JI.I1 .€xcnepiandoéa

IToxkasano, 0 HM3BKOTEMIIEPATYPHA HAIIPaBJIeHA KPHCTAJIi3allis BOLHOI-COIBOBOI €BTEK-
TUKM HA OCHOBi Homimy 11e3if0, 1[0 BHUKOPHCTOBYETBHCS SK CHPOBHUHA [IJ5S MOHOKPMCTAJIIB,
IO3BOJIE€ IIPOBOAUTU HOro ouminmeHHs (Ha ~2 mOpAAKU) Bixm Beix goMmimiox, BKJOYAOUU
romoJsoriuni. ¥ BKasaHomy BapiaHTi Kpucrasisaifii mepeposmnomis JOMIIIOK He 3aJeKUTh Bif
iX mpupoau, BiH BM3HAUAETHCA JIMIIE YMOBAMHU IIPOBEIEHHS IIPOIECY i 3aJeXUTh BiJ KOH-
meHnTpallii coJri-ocHoBH 1 posmipiB KpucraisiTiB miei cosi. HusskoremueparypHa HampaBJieHa
Kpucrargisania posunny Csl mosxe 6yTn 0JHOYACHO BUKOPHCTAHA AJS OUYMINEHHA 1 aHAIiTHU-
HOIO KOHIIEHTPYBAHHSA JOMIIIOK IIPX KOHTPOJII SIKOCTI CHPOBMHHM 1 CTOUHMX BOJ BUPOOHHUI[TBA
MOHOKPHCTAJiB.
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