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TECHNOLOGY FOR THE NONDESTRUCTIVE
REPROCESSING OF SODIUM IODIDE TECHNOGENIC
SOLUTIONS INTO A CHARGE FOR SINGLE

CRYSTAL GROWTH

Introduction. The production of Nal-based single crystals results in accumulation of great amount of liquid
waste. 1o bring valuable constituents of this waste back, the Nal technogenic solutions are treated to precipitate
iodine that is further used in the synthesis of high-pure Nal. However, the least contaminated part of the waste
may be brought back into the main technological process without the intermediary stage of iodine destruction,
which allows a considerable cost saving.

Problem Statement. There have been no data on the effective purification coefficients for Nal solutions
subsequently treated with barium hydroxide, sodium carbonate, and by mass crystallization. Requirements to
impurity content, which Nal solutions have to comply with in order to be used in the nondestructive treatment have
mot been not formulated.

Purpose. The purpose of this research is to develop a technology for reprocessing Nal technogenic solutions
into sodium iodide of high purity without Nal destruction at the intermediate stage.

Material and Methods. The materials that have been used for this research are as follows: aqueous solutions of
Nal-based crystal production waste, active coal, barium hydroxide, sodium carbonate. The methods that have been
employed are the treatment of Nal solutions with barium hydroxide, sodium carbonate, and by mass crystallization.

Citation: Grinyov, B. V., Cherginets, V. L., Rebrova, T. P,, Ponomarenko, T. V., Varich, A .G., Taranyuk, V. 1,
Rebrova, N. V,, Grippa, O. Yu., and Rebroyv, O. L. (2023). Technology for the Nondestructive Reprocessing of
Sodium Iodide Technogenic Solutions into a Charge for Single Crystal Growth. Sci. innow., 19(1), 63—70.
https://doi.org/10.15407 /scine19.01.063

ISSN 2409-9066. Sci. innov. 2023. 19 (1) 63



Grinyov, B. V., Cherginets, V. L., Rebrova, T. P, Ponomarenko, T. V., Varich, A. G., Taranyuk, V. I. et al.

Results. The technology of Nal solution purification by treatment with barium hydroxide and sodium carbonate with further
mass crystallization of the purified salt has been developed. This technology is more environment friendly and cheaper than the
conventional one that includes obtaining pure iodine. A series of Nal technogenic solutions has been treated in laboratory condi-
tions and on industrial equipment, and the efficiency of their purification by the chemical treatment and mass crystallization has
been estimated. The impurity content in the obtained salt and the scintillation parameters of grown Nal : Tl crystals meet the re-
quirements for these products.

Conclusions. The technology has been implemented in the manufacturing process at the pilot plant of the Institute for Scintil-
lation Materials of the NAS of Ukraine. It may be used at other enterprises that deal with alkali metal iodide waste treatment.

Keywords: sodium iodide, technogenic solutions, nondestructive treatment, and mass crystallization.

Single crystals based on alkali metal iodides is an
important constituent of devices for detection of
ionizing radiation of various origins, which have
a wide range of applications: from science, such as
astrophysics or physics of elementary particles, to
such vital spheres as safety of nuclear power plants
and monitoring of potentially dangerous substances
migration. The worldwide demand for such crys-
tals makes up several dozens of tons per a year.

The single crystals growth and the subsequent
manufacture of optical elements from the grown
crystals are inevitably accompanied with the ac-
cumulation of different waste: solidified melt from
growth crucibles, wastewaters from washing the
equipment etc. Up to half of the initial charge for
the crystal growth is wasted.

This waste cannot be used again in the crystal
production without additional purification, its long-
time storage is dangerous for the environment. The-
refore, the single crystal manufacturers are inte-
rested in the waste reprocessing back into a high-
quality charge for looping the production cycle.

The present-day technology for sodium iodide
waste reprocessing consists of the dissolution of
the waste in water and the subsequent treatment
of the obtained solutions with an oxidant in aci-
dic medium. The action of hydrogen peroxide on
the waste solution in the presence of sulfuric acid
results in iodine precipitation [1]:

2Nal + H,SO, + H,0, > L, 4 +
+Na,SO, + 2H,0. (1)

The obtained iodine is purified by sublimation
and used for the further synthesis of high-purity
sodium iodide, by the so-called the hydropero-
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xide method, through adding the iodine and H, O,
with 20 per cent excess to NaOH solution:

2NaOH + I, { + H,0, — 2Nal +
+2H,0 +O,T. (2)

This way of the reprocessing is very lavish from
the viewpoint of the required purity chemical re-
agents which amount is comparable to that of the
waste to be reprocessed. The presence of free io-
dine in the process scheme requires the use of ex-
pensive equipment for its capture. Ditto, the io-
dine precipitation leads to the formation of liquid
waste: the contaminated solution of sodium sul-
fate that needs to be treated at additional costs.

There exists another, nondestructive technique
for sodium iodide waste reprocessing, which is
similar to the reprocessing of CsI waste. It con-
sists of the sequential treatment of the waste by
barium hydroxide, Ba(OH),, for the removal of
sulfates and heavy metals:

Ba> + SO — BaSO 4, (3)
Me™ +nOH™ — Me(OH) {,
Me"" = Mg?', Fe?*, AI*'..., (4)

and by sodium carbonate, Na,CO,, for the remo-
val of alkali earth metal impurities:

COZ + Me** > MeCOBl«,
Me = Ba, Sr, Ca. (5)

The consumption of reagents for the said tech-
nique is comparable to impurity concentrations,
i.e., is relatively small. The further treatment of
the purified sodium iodide solution is similar to
that used for sodium iodide solutions obtained by
the direct synthesis and consists of the purifica-
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tion by crystallization. Therefore, in the case of
the hydroperoxide scheme the industrial applica-
tion of the developed technology provides for ei-
ther replacing the equipment for salt synthesis
with the module for the chemical treatment of
waste solution or using both them simultaneous-
ly, which reduces the application costs.

However, not all the Nal technogenic solutions
can be reprocessed because of the difficulties as-
sociated with the solution purification from well-
soluble substances [2]. In addition, there have
been no available data on the purification effi-
ciency of reactions (3—5) or mass crystallization
of Nal solutions.

The purpose of this research is to develop a te-
chnology for Nal technogenic solutions reproces-
sing into sodium iodide of high purity, without
their destruction at the intermediate stages, which
is based on the experimental data on the efficien-
cy of Nal solution purification from impurities.

The Nal technogenic solution (Nal concentration
is 28.7 % wt., pH ~ 10, density is 1.285 g - cm™®) is
taken from the pilot plant of the Institute for
Scintillation Materials of National Academy of
Sciences of Ukraine (ISMA) for the laboratory
experiments. The impurity content in dry Nal is
as follows (% wt.): K—6.7- 102 Rb — 7.6 - 1073,
Cs—325-10°% Mg —2.55-10% Ca—1.36-107?,
Fe —5.18 - 104 Ni — 216 - 103, Cu — 7.4 - 10,
Zn—1.0-10% Cr—9.2-1075, Tl — 1.23 - 1073,
SO, —5.26 - 10"". Before the experiments the so-
lution is filtered through the active coal. After this
procedure the impurity concentrations do not chan-
ge, except for Tl one that decreases 50 times.

Ba(OH),-8H,0 and Na,CO, (both chemically
pure) are used for the solution treatment. The so-
lutions of these substances are prepared with the
use of distillated water.

In the laboratory conditions, the chemically
treated solutions are crystallized in glass-carbon
vessels. The Nal concentration is estimated on
the basis of the mass of evaporated water. The
samples to be analyzed are solutions whose con-
centrations are determined by density measure-
ments [3].
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The conditions of the crystallization processes
are chosen given Nal — water phase diagram [4]:
anhydrous Nal is formed from the solutions at a
temperature above 70 °C, whereas at a lower tem-
perature Nal - 2H,O crystallizes.

The first and the second crystallizations are
performed by cooling the Nal solutions with the
salt concentration of 73 mas. % wt. from 80—100 °C
to room temperature (7t), which results in the de-
position of Nal - 2H, O crystals. These conditions
provide the most effective purification from the
isomorphic impurities since KI, RbI, and CsI do
not form hydrates and remain into liquid phase.

In the third crystallization, the solution is eva-
porated up to the pulp formation and cooled to a
temperature of, at least, 70 °C. Then wet anhyd-
rous Nal is separated from the solution. At this
stage, there is no essential purification from K,
Rb, and Cs, but the formation of Nal with mini-
mal amount of water is necessary for the follow-
ing sublimation vacuum drying of the salt.

The nondestructive purification technology
has been tested with the use of the equipment
made of BT-01 titanium. The detailed description
of the crystallization purification can be found in
[5, 6]. The samples of single crystals are grown in
the pilot plant of ISMA.

The elementary separation of impurities from
the main substance with the use of the separation
element (SE) has been described in [2]. In the
initial solution that enters the SE (stage 7") the
concentration of impurities is x, . Two fractions
are formed at the output of SE: the product of pu-
rification with an impurity concentration of x,
and the mother solution.

The efficiency of SE is characterized by the ef-
fective purification coefficients. In this research
we have used efficient purification coefficient
that is the concentration of impurity in the pro-
duct of purification divided by the concentra-
tion of impurity in the initial solution. It shows
an increase in the impurity concentration after
the i-th stage:

B=x/x_ (6)
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If impurity concentration decreases as a result
of the purification, then B < 1. If B > 1, then the
product of purification becomes even more con-
taminated with the corresponding impurity.

The total efficiency of several (n) stages is cha-
racterized by B, coefficient:

B,=x, /% @

1. Estimate of purification efficiency of Nal
technogenic solutions under laboratory conditions

Two schemes of the chemical treatment under the
laboratory conditions have been studied.
According to scheme 1, the solution is filtered
after each chemical treatment stage and then is
purified by the mass crystallization. The scheme

can be described by the sequence (the concentra-
tions and purification coefficients are designated
in the brackets): “filtering through active coal”
(c,.,B,) — “treatment with Ba(OH),” (c,,, B,,) —
— “filtering” — “treatment with Na,CO,” (c,
Beo) — “filtering (Bgaico)” — “mass crystalliza-
tion.”So, there are the three mass crystallizations
with the cooling of solution to7¢ (¢, + B, ;¢ +
+ B € T B ) and the “hot” erystallization of
anhydrous Nal (c, , + B, )

In the contrast to the previous one, scheme 2
includes a stage where the chemical treatment
operations are combined, which allows skipping
out the intermediate filtering of Ba(OH),-trea-
ted solution. The corresponding sequence is: “fil-
tering through active coal” — “treatment with

Table 1. The Effective Coefficients of Nal Technogenic Solution Purification from Impurities
at Separate Stages of the Nondestructive Reprocessing and Their Average Values

Para- Impurity, concentration, mas. %, f8

meter K Rb Cs Mg Ca Zn Cu TI SO.2
C, 6.7-10% | 76-10° | 33-10° | 25-10°% | 14-102 | 1.0-10* | 7.4-10% | 1.2-10° | 53-10!
C,. 73-10% | 83-10° | 3.5-10° | 27-10° | 14-102 | 1.0-10* | 62-10% | 1.2-10° | 53 10!
B,. 1.09 1.09 1.09 1.05 1.05 1.02 0.84 1.00
Cpa 78-10% | 7.4-10° | 40-10° | 85-10° | 1.0-10% | 1.9-10° | 53-10"* | 1.3-107°
By, 1.07 0.90 1.13 0.03 0.72 0.18 0.85
Ceo 76-10% | 7.5-10° | 39-10° | 20-10° | 9.5-103 | 2.0-10° | 53-10" | 1.2-10° | 6.4-107?
BC(: 0.98 1.01 0.97 0.23 0.92 1.07 1.01 0.94
CM3 48-102 | 35-10° | 3.1-10° | 1.4-10° | 57-10° | 1.8-10° | 3.2-10" 8.0-107°
B 0.63 0.47 0.81 0.70 0.60 0.88 0.61
Cont 32-102 | 21-10° | 22-10° | 1.8-10° | 44-103 | 1.1-10° | 2.1-10"
B 0.67 0.60 0.72 1.25 0.77 0.60 0.65
oo 1.4-102 13-105 | 1.3-10° | 1.6-10° | 23-103 | 7.0-10°¢ | 88-107
B 0.44 0.64 0.59 0.90 0.53 0.67 0.42
Chot 12-102 | 96-10° | 86-10* | 1.6-10° | 28-10° | 53-10% | 7.0-10°
Byt 0.82 0.71 0.64 1.00 1.19 0.75 0.80
B, 0.18 0.13 0.26 0.01 0.20 0.05 0.10 0.01 0.02
1/B., 5.67 7.88 3.79 161.65 4.96 19.09 10.52 98.41 >66
1/B., 6.91 5.88 3.55 166.90 5.48 712 19.62 114.57 >12
TBH 6 7 3.7 164 5 13 15 >100 >39
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Ba(OH), and Na,CO, in the same reactor” —
— “filtering” — “mass crystallization” (the two
stages with the cooling of solution to 7¢ and the
“hot” crystallization). This scheme is attractive
in terms of manufacturability because the filter-
ing is made only once, which makes additional
vessels and reactors for solution storage unneces-
sary. The solution to be filtered is alkaline, pH =
= 11—12, therefore, it destructs the filter material.
Using a single filtering stage one can avoid addi-
tional contamination of the solution with impuri-
ties originating from the filter. The use of this
technique allows saving time, materials, and la-
bor inputs. This procedure should be suitable in
terms of manufacturability, but needs to be substan-
tiated from the viewpoint of physical chemistry.
The addition of Na,CO, to Ba(OH),-treated so-
lution does not change the pH values (the initial
pH of Na,CO, solutions ranges within 11—12) and
thus does not affect the precipitation of heavy
metal hydroxides. Since the solubility of MgCO,
(730mg-dm>=8,7-10mol - dm* [3]) and CaCO,
(14mg-dm3=14-10"mol - dm[7]) in water
exceeds that of BaCO, (24 mg-dm=*=12-10"
mol - dm~ [8]), the Ca*", and Mg?*" impurities do
not precipitate; so, the addition of Na,CO, provides
just the removal of Ba?* excess from the solution.
The results that shows the efficiency of Nal
technogenic solution purification at different
stages of scheme 1 are presented in Table 1. Table
1 also contains the total purification parameters
of schemes 1 and 2 (1/8 , and 1/B,, coefficients
show purification multiplicity for the whole puri-
fication cycles). Their analysis has demonstrated
that the above physicochemical predictions are
quite true and the proposed purification proce-
dure is effective for removal of Mg?" impurity (it
precipitates at the stage of treatment with barium
hydroxide). The Tl impurity is easily removed by
filtering through active coal. As for the Fe, Ni,
and Cr impurities, their concentration in the salt
is reduced practically down to the requirements
of specifications [9] (% wt.: from 5.18 - 10~ to
4.46 - 10~ for Fe, from 2.16 - 103 to 1.84 - 10~ for
Ni, and from 9 - 107 to 4 - 107° for Cr) due to the
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Fig. 1. The flowchart of the module for the purification of Nal
technogenic solutions: C1 — transport capacity; C2 — collect-
ing capacity; R1 — reactor; P1 — water-cycle vacuum pump;
P2 — circulation pump; F1, F2 — polypropylene cartridge filter

fact that the pH value of initial solution (10) pro-
vides the complete precipitation of their hydro-
xides and one cannot expect any considerable de-
crease in the concentration of these elements at
the chemical treatment stages.

The Nal crystallization processes have shown
a low purifying efficiency for removal of Ca, Mg,
and alkali metals, 1/B, ~ 5. Since these impuri-
ties originate from tap water, the solutions pre-
pared with its use are not suitable for obtaining
high-pure Nal for the nondestructive purifica-
tion technology.

The purification of sodium iodide from cesium
impurities is rather hard, while the removal of po-
tassium and rubidium is somewhat easier.

The low efficiency of aqueous Nal solution pu-
rification from impurities is explained by a very
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high solubility of sodium iodide in water (~60%
wt., at room temperature). The final “hot” crys-
tallization stage is the least efficient among the
crystallization stages since the formed anhydrous
Nal is isomorphic to the corresponding compo-
unds of K, Rb, and Cs.

Given the values of purification coefficients,
we may formulate the following requirements for
the maximum excess of impurity content in Nal
technogenic solutions over the requirements [9]
for the reprocessing of these solutions by the non-
destructive method: 20—30 times (Cu and Pb),
10—20 times (Mn, Co, Ni), 2—3 times (Fe, Cr, and
Al), 5 times (Ca, K), 150 times for Mg, 30 times
for sulfates, and 100 times for TIL.

2. The process flowchart and the obtained
results of the purification

For practical application of the developed tech-
nology the module for the deep purification of
Nal technogenic solution has been assembled and
tested in the line of charge production for the
growth of sodium and cesium iodide single crys-
tals (its flowchart is presented in Fig. 1).

The process is realized according to regulations
No 04:2021 for the deep purification of sodium
iodide solutions (developed at ISMA) and in-
cludes the following stages: the download of ini-
tial Nal solution into reactor, its sequential treat-
ment with barium hydroxide and sodium carbo-
nate and filtering of the treated solution.

Table 2. The Hydroperoxide (production-run No. 8) and Nondestructively Obtained Nal (No. 9—11)
Impurity Content and the Requirements for High-Pure Sodium Iodide [9]

c- 105 % wt.

Cu Pb Fe Al Cr Mn Ni Ti K Mg Ca SOz
¢, 30 20 60 50 <30 <10 50 40 100 200 70 5000
est** 75 7% 60 50* 25 20* 80 — 130 8214 55 20000
+ + + + + + + + ? + + - +
No. 8 5 <5 50 <50 <30 <10 <30 <30 22 <10 40 <500
No. 9 6 5 20 <50 <30 <10 <30 <30 12 <10 20 500
No. 10 5 <5 40 <50 <30 <10 <30 <30 12 70 15 <500
No. 11 6 5 20 50 <30 <10 <30 <20 22 10 30 <500
[9] 5 5 40 20 10 2 8 70 20 30 10 500

Note. “+” — compliance with the purity requirements: “+” — ‘meets’;

oy

— ‘does not meet’; “?” — ‘unknown’; * — estimated

based on the similarity of properties in sequences: Cul-PbL,, Cr** —AI**, Ni* —Mn?*" est; ** — the ceiling impurity concentra-
tion allowed for the nondestructive reprocessing has been estimated.

Table 3. The Operating Parameters of Nal : Tl Single Crystals Grown from the Charge Obtained
by the Hydroperoxide Technology (No. 8) and by the Proposed Nondestructive Technology (No. 11)

Production- The sample position Activator concentration, -
run Detector No. in the crystal boule (height) mass per cent L* R

No. 8 391-P3-C Medium 0.077 4.2 6.0

No. 8 391-P3-H Bottom 0.093 4.3 6.1

No. 11 394-P3-B Top 0.084 4.3 6.1

No. 11 394-P3-C Medium 0.077 4.3 6.2

Note. * — the light yield, arbitrary units; ** — energy resolution, %.
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The treated solution is purified by crystalliza-
tion: at the first and the second crystallizations
the solution is evaporated up to Nal content of
73—75% wt. in vacuum evaporation apparatus, at
a temperature of 60—80 °C. Then the solution is
immersed into the crystallization vessel by gra-
vity flow and cooled down to 20—25 °C. The crys-
tals are separated from the liquid in Nutsche filter
and are fed to the next crystallization stage.

To perform the third crystallization, Nal - 2H,0
crystals are dissolved in deionized water and the
solution is evaporated at 80—90 °C to the pulp
formation (mass fraction of Nal is ca. 0.9). Wet
Nal crystals are separated from the solution in
the Nutsche filter heated to ca. 75 °C. The result-
ing salt is dried under vacuum with a tempera-
ture increase to 180—200 °C, for 6—7 h.

On the basis of these experiments, only the Nal
technogenic solutions obtained with the use of
pure (purified by electroosmosis) water are cho-
sen for the nondestructive purification. The solu-
tions made with tap water are not used for the
technology.

The Nal solutions undergo chemical treatment
and are purified by the mass crystallization. The
results of the impurity analysis of the obtained
Nal are presented in Table 2.

The presented data have shown that the qual-
ity of Nal salt obtained from the technogenic so-
lutions with the use of the nondestructive tech-
nology is quite good and the contents of common
impurities meet the present-day requirements.
Nevertheless, the problem of calcium removal has
not been completely solved yet.

To check the suitability of the obtained salt
(No. 11) for single crystal growth, it has been used
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TEXHOJIOTTI HEPYUHIBHOI TIEPEPOBKY TEXHOTEHHUX PO3YNHIB MOAUTY
HATPIIO ¥ CUPOBIHY AJII BUPOILIIYBAHHA MOHOKPUCTAJIIB

Beryn. BupoGHUIITBO MOHOKPUCTAJIIB Ha OCHOBI HOAM/LY HATPIIO CYIPOBOAKYEThCS HAKOIMYEHHSIM 3HAUYHOT KIJIBKOCTI iji-
KUX 3aJTUIIKIB-Bix0/1iB. [I71sT TOBEPHEHHS TIHHUX CKJIAM0OBUX 3 HUX Y BUPOOHIUHIT TIportec TexHorerni posunin Nal oknc-
JTIOTOTH JIJIST OCQ/KEHHST HOMY, SIKUI CIIPSIMOBYIOTh Ha CHHTE3 HOUAY HATPifo BUCOKOI unctotn. OHAK, YACTUHY 3aJINIIKIB,
HailMeHII 3a0py/IHeHY JOMIlIKaMH, MOKe OYTH TOBEPHYTO B OCHOBHHIA TEXHOJOTIYHUIT IIMKJ Ge3 MTPOMIKHOTO BUIITEHHS
oLy, 1110 3HAYHO 3MEHIIUTH BAPTICTh IIPOLIECY IEPEePOOKH.

IIpo6aematuka. /lotenep ne BusHaueno edexTuBHi Koedinientn ounmenns pozynnis Nal Bix gomimok npu 06po0ii
rizpokcuzom 6apito, KapbOHATOM HATPIIO Ta B IIPoIleci MacoBoi KpucTasizailii. Hemae gaHuX 1100 TpaHUYHOTO BMICTY /10~
MIIIIOK y 3aJIMIITKAX, SIKi MOKYTh OYTH BUKOPUCTAHI Y TEXHOJIOTTYHOMY MPOIteci HepyHHIBHOI epepoOKH.

Mera. Po3po6ka TexHOJIOTIT epepoOKK PO3UMHIB HOAMILY HATPIIO Y BUCOKOUYKCTY Ciliib 0€3 BU/IJIEHHS 0/1y Ha TPOMIzK-
HUX CTaisX.

Marepiamu it MeToau. Marepiaiu: BOJAHI pO3YMHY 3aJIUIIKIB KpUCTaliB Ha ocHOBI Nal, aktusHe ByTiLIsL, rigpokcu 6a-
pito, KapboHAT HATPit0; MeToM: 0OPOOKA PO3UMHIB IiAPOKCHIOM Gapito i KapGOHATOM HATPIIO 3 HACTYITHOK MACOBOIO KPUCTA-
Ji3arfieo oAy HaTPiio.

Pesyabratu. Po3po6ieHo TeXHOIIOr 0 ounienHs po3untis Nal rizpokcugom 6apito i kapOOHATOM HATPIIO 3 HACTYITHOMO
MAaCcOBOIO KPUCTAMI3aI[€Io CO, gKa € OLIbII eKOJIOTIYHO GE3MEeYHOI0 1 MEHIN BUTPATHOIO, TIOPIBHAHO 3 Tpaauiiiinoo. I1po-
1IeCH OUMIIIEHHSI TEXHOTeHHUX PO3YMHIB H0/1/1y HATPiio BiApaliboBaHi B 1ab0paTOPHUX YMOBAX i Ha IIPOMUCJIOBOMY 00J1aj1-
HanHi. O1ineno edekTuBHI KoedIllieHTH OUMIIEHHST IIPK XiMiuHiiT 06po01i i MacoBiil kpucTaizailii Hoauay Harpito. Bmict
nmomimok y cormi Nal i cimaTrstiiini mapameTpu oTpuManux 3 Hei MoHOKprcTamiB Nal : T1 3a/10BOTBHSIOTH 3aTa/IbHI BUMOTH
10 TINX TTPO/IYKTIB.

BucnoBku. TexHOJIOTI0 BIPOBAIZKEHO Ha AOCTIAHOMY BUPOOHUITBI [HCTUTYTY crimbTusniiinux Matepianis HAH Ykpainu.
1i Mosxe 6yTi 3acTocoBaHO Ha iHITIX BUPOOHHUIITBAX, AKi MePePOOIAIOTh 3aMNTITKH HOAM/IB TyKHIX METaTiB.

Kmouosi cnosa: itoau HaTPito, TEXHOTEHHI PO3UMHU, HEPYITHIBHA mepepoOKa, MacoBa KpUCTaIi3alis.
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