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TECHNOLOGY FOR DEEP PURIFICATION
OF CESIUM IODIDE SINGLE CRYSTAL
PRODUCTION WASTES FROM HEAVY METALS

Introduction. The production of CsI-based scintillation crystals results in accumulation of wastes formed du-
ring the crystal growth and as a result of the mechanical treatment. Therefore, thorough purification from
heavy metals is the main condition of Csl recycling for the further application in obtaining the different activa-
ted single crystals.

Problem Statement. Thallium is one of the main admixtures in the wastes of Csl-based crystal production
because it is used as an activating admixture for the of CsI:Tl crystals. Since Tl is referred to heavy metals which
are hardly removable from the wastes of Csl crystal production the development of the purification technology of
technogenic Csl solution from admixtures of heavy metals is necessary.

Purpose. The development of technology providing purification of the wastes of Csl-based crystal production
to the level required by national normative documentation for extra pure Csl.

Materials and Methods. Materials: the liquid wastes of Csl-based crystal production (the Csl solution),
activated carbon, metallic magnesium, barium hydroxide, cesium carbonate. Methods: the treatment of mixture of
the heated Csl solution with the purifier by stirring, the multiple filtering of the heated Csl through the cartridge
filters filled with purifying reagents.

Results. The method for treatment of technogenic Csl solution with magnesium at heating and stirring proved
to be successful under laboratory conditions, however, attempts to level it up for the industrial scale failed.
Multiple filtering of the heated reagent mixture through the cartridge filters filled with purifying reagents proved
to be better and led to successful industrial examinations. It gives the possibility to obtain the extra pure product,
Csl, meeting requirements of TU U 24.13.31331736-002-2004 for cesium iodide.

Conclusions. A new technology for deep purifying the wastes of Csl-based crystal production from heavy
metals including thallium has been developed.

Keywords: cesium iodide, technogenic solution, purification, heavy metals, and magnesium.

The manufacture (growth and further mechanical processing) of optical halide single
crystals based on water-soluble salts of alkali metals is inevitably accompanied with the
accumulation of considerable wastes in different forms: fusion cakes from the growth cru-
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cibles, the cuttings of the single crystals, solu-
tions formed during the washing of growth equip-
ment etc. The fraction of such wastes can exceed
a half of the mass of the grown single crystals.
Therefore, the manufacturers of these crystals are
extremely interested in the reprocessing of the
said wastes into charge of high chemical purity
for closing the production cycle and, hence, for
the increase of the production efficiency.

All the above-said concerns the manufacturing
of Csl-based single crystals, which are widely
used in optics as windows for IR radiation (un-
doped cesium iodide) and in the scintillation
techniques as detectors of ionizing irradiation
(CsI, CsI:Na and CsI:TI single crystals).

Practically, all the wastes are not kept sepa-
rately and they are contaminated by Na, T (acti-
vating dopants) and heavy metals from construc-
tional materials used for the growth and techno-
logical water. Therefore, it is necessary to develop
a technology providing deep purification of Csl
wastes from activating dopants and heavy metal
admixtures to meet the extra pure chemical grade
required for the further growth of Cs-based single
crystals.

The present-day technology of CsI-based sing-
le crystal waste reprocessing provides the 3-fold
mass crystallization which is performed after the
solution filtration through the activated carbon
and the chemical purification of filtered solution
from sulfates and heavy and alkaline earth metal
impurities by the sequential treatment of the
technogenic solutions with barium hydroxide
and cesium carbonate.

However, the chemical treatment does not pro-
vide the removal of thallium compounds which
somewhat resemble the similar salts of alkali me-
tals (e.g., hydroxide and carbonate of thallium
are highly soluble in water [1]) and the solution
directed to the mass crystallization contains TI*
and Na* ions simultaneously. The behavior of the-
se admixtures during the crystallization is quite
different: the sodium admixture is removed from
the product in the mother water, whereas thalli-
um is collected in the solid cesium iodide [2]. So,
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the CsI salt obtained by such a manner can be
used only for the growth of CsI: Tl single crystals
where sodium admixture is not harmful. On the
contrary, the addition of mere amounts of Nal
(ca. 1 mas. %) facilitates growth of large-sized
CsI:TI single crystals. The said charge is not ap-
propriate for the growth of CsI:Na crystals. To
extend the use of Csl obtained from the wastes it
is necessary to provide more thorough purifica-
tion of the salt from heavy metal admixtures in-
cluding TL

The purpose of this research is to develop tech-
nological principles of purification of cesium io-
dide technogenic solutions from admixtures of
heavy metals including thallium.

The radical solution of the problem of cesium
iodide salt purification from traces of heavy me-
tals consists in the treatment of the technogenic
solution with magnesium as one of the most ac-
tive metals which, nevertheless, practically does
not react with water at room temperature and,
therefore, it can be used for the treatment of aque-
ous solutions. From the viewpoint of electro-
chemistry magnesium is placed far to the left in
the electrochemical voltage series of metals com-
paring with heavy metals: the difference exceeds
1 V for all the heavy metals and it is ca. 2 V for
thallium [1]. It means that all the heavy metals
existing in the aqueous solution in ionic form
should be quantitatively displaced (precipitated)
by metallic magnesium.

The preliminary experiments were performed
under laboratory conditions. Methods which ha-
ve given the positive results were checked at the
industrial level. The solution of cesium iodide
obtained after the separation from TII precipita-
te and the filtration through activated carbon
was used for the experiments (the initial CsI so-
lution).

There were two kinds of laboratory experi-
ments.

The first one (routine L1) consisted in the hea-
ting of 500 ml of the initial CsI solution with the
suspended magnesium powder (0.5 g) in a labora-
tory glass with the volume of 1000 ml to 70—80 °C

49



Grinyov, B.V., Cherginets, V.L., Rebrova, T.P., Ponomarenko, T.V., Varich, A.G., and Rebrov, A.L.

Fig. 1. The cross-sectional view of the heat-exchange (crys-
tallization) apparatus exploited in pilot production of ISMA
(titanium): 7 — heat-exchanging jacket; 2 — working volu-
me; 3 — flange with connection (bleeding to suction filter);
4 — top; 5 — hatch for entering solid reagents; 6 — air inlet;
7 — vacuum outlet; 8 — air dispenser

at the stirring (120 rpm) during 4 hours. Then
the solution was cooled to room temperature and
kept for 20—24 hours.

The second way (routine L2) consisted in the
passing of 1000 ml of the initial CslI solution
heated to 60 °C through the sorption column fil-
led with magnesium with the rate of 100 ml per
hour, the height of Mg layer was ca. 25 cm. The
passing through Mg was performed several times
up to achieving necessary degree of the Csl solu-
tion purification from TI.

The efficiency of the routines was checked by
determination of magnesium content and thal-
lium after the finishing of the treatment.

Experiments at the industrial scale were per-
formed in standard titanium heat-exchange ap-
paratus of volume of 250 1 exploited in pilot pro-
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duction of Institute for Scintillation Materials of
National Academy of Sciences of Ukraine (ISMA)
(Fig.1). There were performed two kinds of ex-
periments which were principally corresponding
to the laboratory ones.

The first kind of the technological experiments
(routine T1) consisted in the heating of 100 1 of
the initial CsI solution with the suspended mag-
nesium powder (50 g) to 70—80 °C with the stir-
ring by air supplied from the bottom of the reac-
tor during 4 hours. Then the solution was cooled
to room temperature and kept for 20—24 hours.
The treated solution was filtered through the
suction filter and then was passed to chemical
treatment and the following 3-fold mass crystal-
lization.

The chemical treatment consisted in the addi-
tion of barium hydroxide to the solution heated
to 60 °C. This led to the removal of admixtures of
sulfates, heavy metals and magnesium according
to the following reactions:

Ba(OH), + Cs,SO, — BaSO, | + 2CsOH, (1)
MI +nCsOH — M(OH), | +nCsl,  (2)

where M was Fe?', Fe?', Ni>", Mn?", Mg?* etc. The
slightly soluble hydroxides were adsorbed by de-
veloped surface of BaSO, precipitate.

Then the admixtures of the dissolved barium
and alkaline earth metal compounds were re-
moved by the addition of cesium carbonate to the
solution of CsI heated to 60 °C:

MI, + Cs,CO, — MCO, | + 2Csl,

where M=Ba, Sr, Ca. (3)

The filtered solution had been evaporated at
85—90 °C under lowered pressure (—0.9 atm) un-
til the crystals (crystalline film) appeared at the
surface solution. The having been evaporated so-
lution was cooled to room temperature, filtered
through suction filter. The separated crystals
were subjected to the crystallization from the
saturated solution two times again.

The second kind of the experiments (routine
T2) was fulfilled by such a manner. The initial
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CsI solution (185 1) was heated in the apparatus
to 60—70 °C and pumped through two cartrid-
ge filters one of which was filled with magne-
sium and another was filled with activated car-
bon using a metering pump with the rate of 7—8 1
per an hour. The common view of such a node of
CslI purification is presented in Fig. 2.

After 5-fold repeating of this routine the solu-
tion was passed to the chemical treatment and
the following 3-fold mass crystallization.

The samples of CsI salts obtained after the ex-
periments were analyzed to determine the con-
tent of admixtures of magnesium and the heavy
metals.

The initial CsI solutions possessing pH within
10.2—10.6 was used for the experiments. This can
be explained by the fact that there are no hard
regulations that control the period of CsI wastes
(solution or solid salt) storage and it can vary
from several months to year or even more. Natu-
rally, the wastes are subjected to the action of the
air. The main process taking place under these
conditions is the oxidation of CsI by atmospheric
oxygen:

2Csl + %OZT +H,0 — 2CsOH + 1, (1). (4)

Iodine is evaporated from the solution which
becomes more alkaline. This solution can further
interact both with iodine:

3L, + 6CsOH — 5CsI + CsIO, + 3H,0 ()
and with atmospheric carbon dioxide
CO, +2CsOH — Cs,CO, + H,0. (6)

The latter reaction is predominant since the
running of reaction (5) results in the consider-
able decrease of the solution alkalinity whereas
the occurring of reaction (6) leads to slight alka-
linity decrease and pH value within 10—11 is ty-
pical for solutions of alkali metal carbonates of
different concentrations. At these pH values, the
majority of heavy metals precipitates in the form
of hydroxides, e.g. pH values of complete precipi-
tation (the residual concentration of metal is less
than 105 mol - I"') are 9.7 for Fe(OH),, 9.5 for
Ni(OH),, 6.8 for Cr(OH), [3]. As for magnesium
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Fig. 2. The view of the experimental-industrial node of CsI
purification by filtration through cartridge filters filled with
magnesium and carbon: 7 — heat-exchange apparatus (ti-
tanium); 2 — metering pump; 3 — Mg-filled cartridge filter;
4 — activated carbon-filled cartridge filter; 5 — capacity for
the filtered solution

admixture, the beginning of Mg(OH), precipita-
tion from solutions of 10~2 mol - 1! concentration
is started at pH = 10.4, i.e., its content in the ini-
tial CsI solution is considerably higher.

Such admixtures as Cu and TI form iodide
complexes and due to this reason their precipi-
tation under such pH values is incomplete. Ditto,
thallium hydroxide and carbonate are good so-
luble in water. It is necessary to estimate the ther-
modynamic parameters of interactions between
these heavy metal admixtures and metallic mag-
nesium in iodide solutions. For this purpose, we
performed the estimations based on the standard
electrochemical potentials and stability constants
of iodide complexes of copper and thallium. Na-
mely, the standard electrochemical potentials,
Pyere pes (V) for the common reaction

Me"" + ne < Me’, (Me = Mg, Cu, Tl), (7)
are as follows: —2.27 for Mg?*/Mg, +0.531 for
Cu*/Cu, and —0.357 for T1* /T1 red-ox pairs.
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The calculations were made according to well-
known relations from physical chemistry.
The equilibrium constants for reactions of such

a kind
2Mel "+ Mg° <> 2Me” + Mg?* + 2nl -, logK_ ompl(8)

for Me = Tl (n = 4) and Me = Cu (n = 2) were esti-
mated since high concentration of iodide ion in the
Csl initial solution favors the formation of comp-
lexes with maximal content of iodide ion (TII}
and Cul,, respectively).

Reaction (8) presents itself a linear combina-
tion of reactions:

2Me" + Mg’ <> 2Me’ + Mg*, logK =

_2F
~“93RT ((pMevMen (PIOVIeZ*/Me") )

(where F the Faraday’s number 96485 C - mol ™!,
R the universal gas constant 8.314 J - mol . K1, T
the temperature, K) and

Mel, " <> Me* + nl-, —log B, (10)

where B is the stability constant of TII} and Cul,
complexes, —log B values are equal to 1.6 and
8.85, respectively. So, the final equation for equi-
librium constants of (8) can be written as fol-
lows:

logK,,,,, = logK —2log B =

2F
2 3RT ((PMe*/MeO (PR/Ie2‘/Me°)_ 2 log B (11)

From this equation log K values can be es-
timated as 64.96 (Me = TI) and 80.54 (Me = Cu)
at 298 K. Such high values of log K, mean that
the process of reduction of TI* and Cu* by the ac-
tion of magnesium in iodide solutions is practi-
cally irreversible and should result in complete
removal of the said heavy metal admixtures.

However, the beside of the thermodynamic
predictions there exist kinetic limitations of the
heterogeneous reaction (8) connected with the
following schematic equation:

w=k-S (12)

where w is the rate of the heterogeneous reaction,

k the rate constant, SMg is the surface area of mag-
52
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nesium powder, c,, . the concentration of rea-
gent in the solution and n the kinetic order of
the reaction. This relation means that the rate of
the purification process is dependent, at first, on
the surface of magnesium powder. Further, it is
dependent on Me* concentration: the decrease
of c,.. due to the running of reaction (9) or for-
mation of the complexes according to the reac-
tion reverse to (10) should decrease the rate of
the purification.

Therefore, a question arises: which conditions
are necessary to provide quantitative removal of
copper or thallium from the CsI initial solution?
To answer this question we have performed the
laboratory experiments which essence is de-
scribed above and their results are presented in
Table 1.

From Table 1 it can be seen that the use of
both L1 and L2 routines gives the possibility to
decrease the copper and thallium concentrations
to values lower than the requirements of the tech-
nical conditions. As for the concentrations of
other heavy metals even in the initial CsI solu-
tion it should be noted that there is no problem of
special purification of CsI initial solution from
such admixtures as Fe, Co, Ni and Cr since pH
value of the technogenic solutions exceeds cor-
responding pH values of complete precipitation
of the corresponding hydroxides. However, Cu
and TI remain in the solution at concentrations
hindering the use of CsI obtained immediately
from the technogenic solutions for the crystal
growth of all the range of CsI-based scintillators.
This takes place due to the formation of the
strong above-considered iodide complexes in CsI
solutions.

During the purification from the heavy metals
the solution becomes more contaminated with
respect to magnesium admixture, however, the
degree of the contamination is not so high com-
paring with the initial CsI solution (by a factor of
1.5) and there is no trend of increasing degree of
such contamination with the increase of a num-
ber of passing solution through the magnesium
column (routine L2). This is caused by the fact
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that Mg(OH), precipitates in alkaline medium as
a result of total process:

2Cs,  Mel + Mg? +
+ 2CsOH (alkaline medium!) <

o 2Me" + Mg(OH), | +2nCsl,  (13)

is slightly soluble in water [5] and this solubility
restricts the contamination of the product (CsI)
with magnesium.

Now let us consider the results of application
of the developed laboratory routines.

It can be seen from Table 2 that the techno-
logical routine T1 became unsuccessful although
the corresponding laboratory methods gave pos-
sibility to remove thallium down to concentra-
tion lower than the value required by the techni-
cal conditions [4]. The reason consists in the con-
struction of the heat-exchange apparatus. As is

seen from Fig. 1, the tube providing supply of air
into the apparatus is placed over its bottom and
metallic magnesium is collected just there and
the stirring in this case is not so effective due to
several reasons. The first of them consists in the
reduction of the reaction surface since the parti-
cles of magnesium are collected together at the
bottom. The second reason is connected with the
passivation of magnesium due to the formation of
Mg(OH), at its surface according to Eq. (13).
Since magnesium is situated in zone of heat-ex-
change apparatus where the stirring of the solu-
tion is not so intensive this complicates the re-
moval of magnesium hydroxide from the surface
of the metal. On the contrary, the routine T2 in-
cluding the filtering of the solution heated to
60—70 °C permits to decrease thallium concen-
tration to the level less than 5 - 107 mas. % that

Table 1. The Results of Analysis of CsI Obtained from Solutions after Treatment

by Metallic Magnesium under the Laboratory Conditions

Sample, mothod of treatment pH of the? initial Content of element in dry CsI salt, mas.%
solution Mg Cu Fe Tl

The initial CsI solution 10.2—10.6 1.5-107 2-101 <3-10° 4.2-10°3
L1 10.2 23107 <5-10° <3-10°3 <1-10°3
L2, 15t passing 10.3 21107 <5-10°° <3-107 4.5-104
L2, 2" passing 10.1 231072 <5-10° <3-107 8.0-10°
L2, 3" passing 10.3 2.4-102 <5-10° <3-10°3 6.0-10°
L2, 4™ passing 10.2 2.0-10 <5-10° <3-107 35-107°
Technical conditions (TU U

24.13.31331736-002-2004) [4] 5-10°3 5-10°¢ 3-10°3 5.0-10°

Table 2. The Results of Analysis of CsI Obtained from Solutions after Treatment
by Metallic Magnesium According to Technological Routines T1 and T2

Sample, mothod of treatment pH of thf? initial Content of element in dry CsI salt, mas.%
solution Mg Cu Fe Tl

The initial CsI solution 10.2—10.6 1.5-107 2-10+ <3-10° 4.2-10°3
T1, 1*t sample, dry salt 6.1 3-10°5 <5-10°% <3-10°3 26-10°
T1, 2" sample, dry salt 6.3 6-10- <5-10°°¢ <3-10~° 29-1073
T2, 1*t sample, dry salt 6.2 5-10° <5-10°¢ <3-10° 5-10°
T2, 2" sample, dry salt 6.3 6-10° <5106 <3-10° 4-10°
Technical conditions (TU U

24.13.31331736-002-2004) [4] <6.5 5-10° 5-10°6 3-10° 50-107
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Fig. 3. The technological scheme of experimental-industrial
area of purification of the Csl technogenic solution from
heavy metal admixtures: C1 — transport capacity; C2 —
measure capacity; C3 — collecting capacity; P1 — water-
cycle vacuum pump; P2 — circulation pump; P3 — measuring
pump; H1 — heat exchange apparatus; F1 — activated
carbon-filled cartridge filter; AC — activated carbon; F2 —
Mg-filled cartridge filter

makes the product (cesium iodide) available for
the growth of activated crystals on the basis of Csl.

The technological scheme of experimental-in-
dustrial node of purification of the CsI techno-
genic solution from heavy metal admixtures is
presented in Fig. 3.

According to the developed technology the
technogenic solution of CsI single crystals wastes
is supplied in transport capacities (C1) with a
volume of 1000 1 each.

Before starting the purification process, it is
necessary to check the readiness of the facility of
CslI solutions purification from heavy-metals ad-
mixtures:
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¢ to check the impermeability of apparatus,
filters, fittings etc.;

¢ to estimate the performance of electrical
equipment: pumps and other devices;

¢ to turn off all the taps on vacuum and trans-
port mains.

The purification of CsI solution from the
heavy-metals admixtures is provided by the treat-
ment with an active metal — magnesium. Heavy
metal cations are reduced during the passing of
CsI solution through the layer of magnesium ac-
cording to Eq. (8) and magnesium cation is bon-
ded into insoluble hydroxide in the alkaline en-
vironment:

Mg + 20H — Mg(OH), | . (14)

To provide this interaction, the cartridge filter
F1 is filled with 4 kg of magnesium preliminary
purified from the metal dust.

An activated carbon is used to provide the pu-
rification of Csl wastes’ solution from the sus-
pended particles and precipitates formed during
its heating, non-dissociated substances and from
organic admixtures as well. To provide such a
treatment the cartridge filter F2 is filled with 4
kg of activated carbon previously washed by wa-
ter to separate the coal dust.

The frequency of cartridge replacement for
both filters is 1 time per 4 operations.

The measure capacity C2 is used to provide the
necessary volume of CsI solution for the techno-
logical process. The routine of CsI solution trans-
port from C1 to C2 is following.

The suction hose from C2 is placed into C1.
Then the tap on the suction hose is turned off and
the vacuum pump P1 and the tap on vacuum main
between P1 and C2 are turned on. When the neces-
sary level of the pressure is acquired the tap on suc-
tion hose is turned on and the solution is trans-
ported to the C2. The volume of solution is cont-
rolled by the measuring line on the apparatus wall.

When 1861 of the solution are transported into
capacity C2 the taps on suction hose and vacuum
main are turned off and the apparatus is re-pres-
sured with an atmospheric air.
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After that the tap at the bottom of C2 is turned
on and all the solution is transported into the
heat exchange apparatus H1 by the transport main.

The heating of the solution in apparatus H1 is
provided by heating and recycling of water in the
apparatus shirt. The heating process goes auto-
matically after inserting the necessary value of
the temperature on the control panel. The Csl so-
lution is maintained in H1 under the temperature
of 60 °C for 1 h.

Then the tap at the bottom of H1 is turned on
and solution is transported by a measuring pump
P3 to the filter F1 with a rate of 7—8 liters per
hour. After that solution drifts to the filter F2
and into the collecting capacity C3.

To provide the necessary level of purification
the CslI solution needs to be passed through the
cartridge filters 5 times. For this purpose, the suc-
tion hose from H1 is placed into C3. Then the tap
on the suction hose is turned off and the vacuum
pump P1 and the tap on vacuum main between
P1 and H1 are turned on. When the necessary
level of the pressure is acquired the tap on suc-
tion hose is turned on and the solution is trans-
ported to the H1. After that the technological
process goes as it was described above.

It should be noted that the similar approach
can be applied for the removal of other heavy
metals from waste solutions, which cannot be re-
moved by other methods. Such a treatment leads
to substitution of toxic heavy metal ions with
Mg?* which maximum allowable concentration
in, e.g., domestic water is ca. 80 mg per liter.

The main result of this research is the deve-
lopment of technology of purification of cesium
iodide technogenic solutions from admixtures
of heavy metals including thallium. To provide
the purification we proposed the treatment of
wastes of Cs-based crystal by the metallic mag-
nesium.

Two possible ways of the solution have been
studied under laboratory conditions and led to
good results. An attempts to level these routines
to existing experimental equipment working in
ISMA showed that only one of them met the con-
structional features of the equipment. The tech-
nology based on this method was implemented in
the acting manufacturing.
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of Sciences of Ukraine (direction No 411 from
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TEXHOJIOTTA ITVIMBOKOT'O OUMNIINEHHA SAJIUIITKIB BUPOBHUIITBA
MOHOKPUCTAJIIB IOANJTIY LIE31IO BIJ] BAJKKIIX METAJIIB

Beryn. BupoGHUITBO akTUBOBAHNUX CHMHTHIALIAHIX MOHOKPHCTAIIB HAa OCHOBI HOAMIY 1€3110 CYIPOBOMKYETHCS HAKO-
IIMYEHHSM 3a/IMIIKIB BUPOILYBaHHs i 06pOOKHI KPUCTaliB. X peTesbie ounIeH s Bijl ZOMIlIOK BaKKMX MeTaJiB € TOJI0B-
HOIO YMOBOIO TTO/IAJTBIIIOTO BUKOPUCTAHHS HOMY 11€3110 TIPH O/Iep>KaHHi PI3HUX THUITIB MOHOKPHCTaJiB akTuBoBanoro Csl.

IIpoGaemaTuka. OCHOBHOIO JIOMIIIKOIO Y 3a/KIIKaX BUPOOHUIITBA MOHOKPUCTAJIIB Ha OCHOBI MOAMAY 1e3il0 € TaJiii,
ockimbku T BUKOPHCTOBYETHCS SIK aKTUBATOP MpH BUpotyBarHi Monokpuctanis CsLT1. Tamiit — BaykKuit MeTast, TOMINIKY
SIKOTO HaiiOLIBbLI CKJIQHO BUAAINTH i3 3a3HAYEHUX 3A/IUIIKIB, TOMY pO3p0o0Ka e(DEeKTHBHOI TEXHOJIOTIT OUMIIEHHS] TEXHOIE€H-
Hux po3unHiB Csl Biff ZOMIIIOK BaXKKITX METATIB € aKTyaTbHOIO.

Merta. Po3po6ka TeXHOIOTIT OYHIIEHHsT 3aIUIIKIB BUPOOHUI[TBA MOHOKPHUCTAIiB Ha ocHOBiI CsI Bil TOMINIIOK BasKKUX
METaJIiB JI0 PIBHS YHCTOTH, 3a3HAUYEHOT Y BUMOTaX HAI[IOHAJbHUX HOPMATHBHUX JOKYMEHTIB LIS HOAUY 11e3i10 0cobiu-
BOI YMCTOTH.

Marepiam it meroau. STk Marepiaj 6y/10 BAKOPUCTAHO PO3YMHHE 3aJIMIIKIB BUPOOHKUIITBA MOHOKpUCTaIiB Ha ocHoBi CsI,
aKTHBHE BYTL/LI, MarHiii, rizpokcua 6apiio, kapOoHar 1esiro. Metoau: 06pobKa cyMillli HarpiTOro po3unHy 3aluIIKiB i 0un-
TyBava Mpu epeMilnyBanHi; 6aratopasose (hibTpyBaHHsI HArPITOTO PO3UNHY 3aUINKIB Yepe3 TaTpoHHi (iJBTPH, 3amoBHe-
Hi OUHIIyBaYaMU.

Pesyasrat. MeTom 06p0OKH TEXHOTEHHOTO PO3YIHY HOAMY 113110 MarHieM Mpu HATpiBaHHi Ta mepeMirnyBaHHi € edek-
THBHUM B JIAG0PATOPHUX BUIIPOOYBAHHSIX, ajle HOr0 3aCTOCYBAHHsI Y BUPOOHIYUX YMOBAX He JIaJI0 MO3UTHBHOTO PE3YJIbTaTY.
VY npoMucIoBHX yMOBaX eeKTHBHUM BHUSIBUBCSI METOJI OaraTopasoBOro MpoIycKanHsi Harpitoro posunny Csl yepes mar-
poHHi (hinETpH, 3aMOBHEHI OYUIIyBaYaMU. BUKOPUCTAHHS 3a3HAYEHOTO METO/LY I03BOJIMIIO OJIEPIKATH OCOOJMBO YHUCTHUI
npoaykT — Csl, skuii 3a sikicTio Bignosinae Bumoram TY VY 24.13.31331736-002-2004.

BucnoBku. Po3po06/ieHo HOBY TEXHOJIOTII0 OUMIIEHHS 3a/lIUIIKIB BUPOOHUIITBA MOHOKPUCTAJIB Ha OCHOBI Hoauay 1esio
Bi/T TOMITIIOK BasKKUX METAJIiB, 30KpeMa i Tasiio.

Knwuosi crosa: itognn 1e3iio, TeXHOTEHHUI PO3UNH, OUUTIEHHS, BaXKKi METAJIN, MaTrHil.
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