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The decomposition process of organic impurities present in the initial sodium iodide
raw material has been studied using mass spectrometry. The decomposition has been found
to result in formation of CO, CO,, and various hydrocarbons. The decomposition of
organic impurities is accompanied also by release of water that may be due both to direct
decomposition of organic compounds and to oxidation thereof with oxygen present in the
gas medium. Realization of the organic impurity oxidation at 400 to 450°C provides the
complete removal thereof from sodium iodide.

Mace-cleK TPpOMEeTPUYECKUM MEeTO0M M3YUYeH IIPOIeCC PA3JIOKEHUI OPraHUYECKUX IPHUMe-
ceil, IPUCYTCTBYIOIIUX B MCXOJHOM ChIpbe HOAMIa HATPUA. YCTAHOBJIEHO, YTO B PE3YJIbTATE
uxX TepMmyeckoro pasaoxenus obpasyerca CO, CO,, yrmepos u yrieBogopoJsl PA3JIHUHOIO
cocrasa C,H,,. IIpomecc pasmoMeHUsa OPraHUYECKUX NPUMeceil COMPOBOMTAETCA TAKMKe BBI-
JeJeHreM MOJIEKYJI BOALI, 00pasoBaHle KOTOPBLIX MOKET OLITh CBA3AHO KAK HEIOCPEeLCTBEHHO
¢ UX pasjoKeHWeM, TaK U MUX OKHUCJeHMeM B Ias3oBoH cpefe KucjopozoMm. IIpoBegenue
OKMCJEHUA OPraHMYecKMxX mnpumeceil B aumanasone remieparyp 400-450°C mossoaser I1moJ-
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HOCTBIO VIAJUTh UX K3 HOAUIa HATPUM.

Activated alkali halide Nal(Tl), CsI(TI),
Csl(Na) scintillators and non-activated Csl
crystals are used most widely to detect ion-
izing radiation. These crystals are grown by
Kyropoulos and Stockbarger-Bridgeman
methods [1]. At present, the large high-
quality crystals (up to 500 kg mass) are ob-
tainable with reproducible scintillation and
optical parameters. The scintillation pa-
rameters of these crystals depend to a con-
siderable extent on the impurity level (in
particular, on that of oxygen-containing
ones, such as carbonates, oxides, hydrox-
ides, sulphates, silicates, phosphates, and
iodates). The presence of oxygen-containing
impurities in sodium and cesium iodide
crystals among causes of the crystal trans-
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parency deterioration, due both to the in-
creased light absorption and scattering on
impurity inclusions [2]. In the first case,
the deterioration of the scintillation pa-
rameters is caused by reduced efficiency of
energy transfer from the lattice to active
luminescence centers and thus by reduced
luminescence yield while in the second case,
by light losses in the scintillator itself in
the course of light transfer to photoreceiver
[3—6]. The reduction of the hydroxides, ox-
ides, iodates, and carbonates concentration
in Nal(Tl) erystals provides the scintillation
output enhanced by two and more times and
resolution improved by 5-6 % [2, 3].

The impurity level in the crystals is de-
fined by two factors, namely, by the raw
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material quality and physicochemical condi-
tions of crystal growth. The main fraction
of impurities is present initially in the feed-
stock. Their content is regulated by stand-
ards and is defined by characteristics of
the initial salt synthesis and purification
processes. The reduction of the of oxygen-
containing impurity content in the alkali
halide feedstock is an actual problem that is
most critical in the production of initial
sodium iodide salt. Due to specificity of in-
dustrial synthesis of sodium iodide, up to
51078 mass % of organic impurities (in
terms of carbon) and up to 1 mass. % of
water as Nal-2H,O crystallohydrate are pre-
sent in the salt (according to analysis re-
sults). To provide the good crystals, it is
necessary to purify the salt from organic
compounds and water. Now, the salt is de-
watered by heating in vacuum under con-
tinuous pumping-off, while the organic
compounds are pyrolyzed at 530-560°C with
formation of carbon followed by burning-
out of the latter at the same temperatures
using oxygen as dried air.

Another source of sodium iodide pollu-
tion with oxygen-containing impurities is
air. In contact with air in usual climatic
conditions, sodium iodide easily adsorbs
water forming Nal-2H,O crystallohydrate.
Its dehydration at elevated temperatures is
accompanied by hydrolysis of sodium iodide
resulting in formation of oxygen-containing
impurities. Besides, sodium iodide can in-
teract at high temperatures with oxygen-
containing components of air (oxygen and
carbon dioxide), which also is accompanied
by formation of oxygen-containing impuri-
ties [1]. The behavior of sodium iodide with
respect to oxygen-containing components of
air follows the one-component stability
principle. That is, sodium iodide is active
only with respect to pairs of impurities, and
on the contrary, it is chemically stable
against single components of air [7, 8].
However, it is very difficult to provide the
required conditions of one-component sys-
tem in the mass production. On the one
hand, the salt contains water as crystal-
lohydrate, so its heating is accompanied
with the salt hydrolysis. Besides, the feed-
stock includes a phase containing hydroxyl
groups, its decomposition under heating re-
sults in water release within two temperature
ranges (180-280 and 280-400°C) [9, 10].

On the other hand, the raw salt always
contains organic impurities. Their decompo-
sition results in formation of carbon. The
organic impurities are considered as hydro-
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carbons of various compositions. The carbon
obtained due to decomposition of organic
compounds is burned out by oxygen of dry
air at 530-560°C with CO, formation.
Thus, the system with oxygen-containing
components is multi-component as a rule.
The contact of sodium iodide with dry air at
530-560°C will be accompanied by the salt
hydrolysis and accumulation of oxygen-con-
taining impurities. As the decomposition of
organic compounds proceeds at high tem-
peratures, at which sodium iodide is hydro-
lyzed easily, and the composition of organic
impurities may vary qualitatively and quan-
titatively, it is expedient to optimize the
decomposition process of organic compounds
and oxidation of carbon in sodium iodide.
However, there are no literature data on
decomposition process of organic impurities
present in sodium iodide or other metal hal-
ides. The purpose of this work is to study
the decomposition in vacuum of organic im-
purities in sodium iodide.

As the initial material, special purity so-
dium iodide produced by JE "Technoiod”,
Saki (Ukraine). The initial samples of 100
to 150 g mass were poured into quartz am-
poules, which were placed in a furnace with
Nichrome heater. The ampoule with the
sample was pumped out to the utmost pres-
sure (3-5)-1072 Torr by a roughing-down
pump and then heated to 600°C a a rate of
50 to 100°C/h. Using a valve in the vacuum
system, gas from vacuum system was sam-
pled in the chamber of a mass spectrometer.
During the sodium iodide heating, the gas
atmosphere composition was recorded using
an IPDO-2 partial pressure indicator of
Omegatron type.

The gas medium being pumped out of so-
dium iodide samples consists of the following
components: CO,, CO, H,O, Hy, Ny, O,. At
heating, release of hydrocarbons (CHy,
C,Hg, C3Hg, C3Hg) as well as compounds of
organic nature with molecular mass 60, 76,
80, 98 (referred to below as high-molecular
organic gases) and unidentified composition.
The initial nitrogen content in gas mixture in
all measurements makes 30 to 35 mass. %.
During the pumping-out, N, content de-
creases gradually. From dynamics of nitrogen
partial pressure change during heating of
Nal, it can be concluded that nitrogen does
not interact with solid sodium iodide and is
the residue of the air atmosphere which the
ampoule was initially filled with.

The variation of partial pressures of the
gas atmosphere components at sodium io-
dide heating is shown in Figs. 1 and 2. It
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Fig. 1. Variations of the total (1) and partial
pressure of water (2) and nitrogen (3) at
heating of sodium iodide in vacuum.

follows from the data obtained that in the
70-130, 180-280, and 280-400°C ranges,
water is released; in the 300-600°C range
CO, and CO release is observed; in the 400—
600°C range, hydrogen is released; in the
300-400°C range, the oxygen content is re-
duced; at heating above 200°C, the release
of gaseous organic compounds is observed
that becomes intensified considerably at
heating above 300°C.

The release of water from the initial salt
at heating in vacuum is related to presence
of a phase containing hydroxyl groups in
the initial samples [9]. The total pressure
variation in the system practically is de-
fined essentially entirely by water partial
pressure (attaining 90-95 %), which con-
centration in the system prevails over other
components. The release of gaseous organic
compounds has a complex character. Fig. 3
illustrates the release process of organic
compounds at heating of sodium iodide. It
follows from these data that the heating of
samples with organic impurities above
200°C in vacuum causes decomposition of
organic impurities that is responsible for
appearance of high-molecular gases in the
gas phase. The content thereof increases
continuously as the temperature is elevated
and reaches a maximum at 500-600°C.
Above 250°C, propane (CzHg) is revealed in
the vacuum system are fixed. Above 350°C,
the decomposition of organic impurities is
accompanied by formation of methane (CH,)
and ethane (C2H6)‘ At 500_60000, C2H2 is
formed. The content of light hydrocarbons
increases at the temperature elevation.

It is possible to note, that CO and CO,
are released in the same ranges as the gase-
ous organic compounds. Besides, the higher
is the concentration of organic impurities in
initial samples the larger CO, and CO
amounts are. Basing on the above results,
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Fig. 2. Partial pressure variations of CO, (1),
CO (2), O, (3), Hy, (4) and gaseous organic
compounds (5) at thermal heating of sodium
iodide in vacuum.
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Fig. 3. Partial pressure variations of gaseous
organic compounds being released at heating
of sodium iodide in vacuum: total organic
gases (I1); high-molecular organic compounds
(2); C3H8 (3); C3H6 (4); C2H6 (%); C2H2 (6);
CH, (7).

the decomposition of organic impurities at
heating in vacuum can be presented as fol-
lows:

organic compounds —

+iC(s) + fCHyg)), + 8C5Hg(g) + AC3Hgg) +
+ jC3Hg(g) + ECrHm,

where a, b, ¢, d, i, [, g, h, j, k are stoichio-
metric coefficients.

Since oxygen (5—6 mass %) is present in
the system and its concentration decreases
at heating of the salt, the release of carbon
monoxide and dioxide may result from oxi-
dation of organic impurities with oxygen.
Knowing the composition of gas mixture, it
is possible to calculate the mass of gas
being pumped out per unit time:
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P, = 1.383P,,,V/RT,

where P, is the total pressure in the sys-

tem (Torr); »;, the gas content in the mix-
ture (per cent); V, the vacuum system vol-
ume (m3); T; temperature (K); R, the
Boltzmann constant. The calculated con-
tents of 02, COZ’ CO, Hzo, H2 in the
pumped stream are given in the Table. From
the masses of pumped gases in the stream,
it is possible to calculate amount of oxygen
required to form CO, and CO and to oxidize
hydrogen, and to compare it to the observed
variation of oxygen amount in the mixture.
As the temperature varies within the 300—
400°C range, the averaged changes of the
CO,, CO, H, content in the stream (as de-
termined by mass spectrometry) amount
3106, 31076, and 31077 g, respectively. Thus,
about 5.8:1076 g of oxygen is required for
formation of CO,, CO and oxidation of hy-
drogen. The real change of the oxygen con-
tent in the stream makes about 21076 g,
thus, almost 3 times less than the required
one. Besides, it is necessary to take into ac-
count that the carbon monoxide and dioxide are
released also at 400—600°C, when no change of
the oxygen content in the system is observed.
On the other hand, the oxygen may be
supplied by sodium iodate present in the
initial salt (up to 1073 mass % as deter-
mined by quantitative analysis), which is
decomposed under heating with oxygen re-
lease into gas phase. The latter reacts with
organic impurities forming carbon oxides
and water. However, the decomposition of
iodate can proceed at temperatures exceed-
ing 450°C, while the CO, and CO release is
observed at lower temperatures. Thus, the
CO, and CO release is not related to the

oxidation of organic compounds with air
oxygen (at least, if this process takes place,
its part in formation of those components in
the 200-400°C temperature range does not
exceed 30 % and at higher temperatures it
can be neglected at all). The formation of
CO, and CO is associated with decomposi-
tion of organic impurities. This statement
is evidenced by the fact that decreasing of
partial pressure of oxygen in the system
occurs as a rule when the hydrogen release
starts. At decomposition of organic com-
pounds above 400°C without pumping-out,
no oxygen was revealed in the gas medium
and an intense hydrogen release started. It
is possible that all oxygen is spent to oxi-
dize hydrogen, and the excess hydrogen is
recorded by the mass spectrometer. The
change of water content in the pumped-out
gas stream due to water formed by hydro-
gen oxidation with oxygen is less than 0,1
mass % of the total water amount in the
gas mixture. As the decomposition of or-
ganic impurities is accompanied by CO, and
CO release, those must contain oxygen
along with carbon and hydrogen, and the
decomposition reaction must run like the
equation

+ de(g) + iC(S) + fCH4(g) + gC2H6(g) +

It is possible that the organic compounds
have more complex composition and contain
other elements such as nitrogen, phospho-
rus, sulfur, etc. These elements could be
revealed in the released high-molecular
gases (with molecular masses exceeding 60).
However, their part will be several times
lower as compared to the released oxygen-
containing compounds, and thus, the influ-
ence of oxygen-containing gases CO,, CO

Table. Calculated amounts (g) of O,, CO,, CO, H,0, H, in the gas stream pumped-out at heating

of sodium iodide

T, °C Mass of pumped gas in the stream, g
CO, co 0, H,O H,

20 (2-4)-1076 (2-8)-1076 (1-1.2)-1075 (2-4)-107° (2-4)-1077
200 (2-8)-1076 (1-8)-1076 (5-6)-1076 (38-4)-107° (6-8)-1078
300 (3-6)-1076 (3-6)-1076 (2-4)-1076 (1-8)-107% (4-5)-1078
400 (6-8)-1076 (7-10)-1076 (1-3)-1076 (1-20-107% (3-5)1077
500 (6-8)-1076 (8-10)-1076 (1-2)-1076 (5-7)-107° (2-4)-1077
600 (5-8)-1076 (5-7)-1076 (1-2)-1076 (5-7)-107° (2-4)-1077
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and H,O will prevail. As the temperature
elevates, the decomposition of organic com-
pounds proceeds with formation of lighter
gases. The calculation of amounts of re-
leased organic gases has allowed us (without
taking into account the carbon forming in
the solid phase and possible formation of
water at decomposition of organic impuri-
ties) to estimate the molar content of com-
ponents in the mixture formed due to de-
composition of organic compounds as a
function of temperature:
200°C

C,H,Oy) 5 (0.01-0.05)CHpng) +
+(0.5-0.6)COyg) + (0.1-0.4)COg, + cHyOg),

CeH,Oz) = (0.01-0.1)C Hpq) +
+(0.2-0.6)COyg + (0.3-0.6)COg) + cHZO(g) +
+(0.001-0.01)CHyg) + (0.001-0.01)C3Hg g),
400°C
CxHyOys) —> (0.22-0.3)C Hy ) +
+(0.11-0.6)CO, 4, + (0.2-0.7)CO g, +
+ cHZO(g) + (0.01—0.05)H2(g) + iC(S) +
+(0.022-0.08)CHyg) + (0.01-0.05)C3Hg g, +
+(0.1-0.2)C3Hg(g) + (0.01-0.03)CoHg q),
500°C
CeH,Oz) = (0.01-0.05)C,Hpyg) +
+(0.2-0.5)COyg + (0.3-0.6)COg) +
+ cHZO(g) + (0.1—0.2)H2(g) + iC(S) +
+(0.01-0.05)CHy g + 0.01C5Hg(q) +
+(0.01-0.05)C3Hg(g),
600°C
CyHyOys) —> (0.01-0.03)C;Hp ) +
+(0.1-0.2)COyg + (0.3-0.5)COg) +
+ ¢HyOg) + (0.1-0.3)Hyg) + iCg) +
+(0.1-0.2)CHy g, + 0.04C,Hgq).

It is to note that the composition of the
pumped-out gas depends not only on the
content of organic impurities in the raw
salt but also on the vacuum at which the
decomposition is realized. As the pressure
in the vacuum system increases, the concen-
trations of high-molecular organic com-
pounds are increased at temperatures up to
400-500°C, while at higher temperatures,
the part of pyrolysis with carbon formation
rises. At 200, 250, 300, 350, 400, 450, 500,
550°C, experiments have been done on the
burning-out of organic impurities with dry
air oxygen. After holding at one of the
specified temperatures in dry atmosphere
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for 15—20 min, the salt in the ampoule was
pumped up to the utmost vacuum, the gas
stream composition was recorded, and then
the temperature was raised up to 550-570°C
under checking the pumped gas by mass
spectrometer. As follows from the results
obtained, the oxidation of organic impuri-
ties in the 200—350°C range is low-efficient.
After oxidizing at 350-400°C, a small
amount of organic gases (less than 0.05 %)
is observed in the gas mixture. The oxida-
tion in the 400-450°C temperature range
provides a complete removal of organic com-
ponents from the initial salt. The concentra-
tion of organic impurities in sodium iodide
after oxidation makes less than 1073 mass %
(as carbon), thus providing the crystals
without carbon inclusions.

Basing on the experimental results, the
following conclusions can be drawn. The or-
ganic impurities in the initial sodium iodide
contain oxygen besides of carbon and hydro-
gen, the composition thereof can be ex-
pressed by a conditional formula CxHyoz-
The decomposition of organic compounds
proceeds according to a complex reaction
scheme that depends on composition of or-
ganic compounds and the decomposition
conditions. As a result of the decomposi-
tion, formed are carbon, hydrocarbons of
various compositions C,H,, CO and CO,.
The decomposition of organic impurities is
accompanied by water release. It may be
formed directly due to decomposition of or-
ganic compounds as well as due to the oxi-
dation thereof with oxygen present in sys-
tem. The organic impurities can be com-
pletely removed from sodium iodide
intended for single crystal growing by oxi-
dizing those at 400-500°C. When treating
the initial sodium iodide, it is necessary to
take into account the salt interaction with
oxygen-containing impurities, since it is im-
possible to realize an one-component sys-
tem. The gas atmosphere contains residual
amounts of carbon dioxide, oxygen and
water. The water and carbon dioxide may
stimulate the sodium iodide decomposition.
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Po3kman opraHiuHHX NpHUMeceH,
M0 MIiCTATHCA Yy MOAUAL HATPiIO

A.C.Coppponoe, E.M.Kicinv, K.A.Ryodin,
A.JO.Boarowro, O.B.Illuwkin

Merogom Mac-crueKTpoMerpil HpPOBEeIeHO MOCHIIMKEHHS IIPOIecy PO3KJIALy OpPraHiuHux
npuMeceii, Mo MicTaTbCA y HMoxuai Harpiro. BeranosieHo, 1110 B pes3yJabTaTi iIXHBOrO TepMiu-
HOro poskaany (opmyoTteca CO, CO,, Byriaens Ta ByrieBogHeBl pedoBMHU PizHOrO CKJIamy
C,H,,- Ilpomec posknany OpraHiYHMX IpHUMecell CYIPOBOMKYETHCA TAKOXK BUALIEHHAM MOJIe-
KYJ BOAM, YTBOPEHHS SAKMX MOKe OYyTH IOB’A3aHO AK 3 iX GesmocepeIHIM pPO3KJIATOM, TaK i
3 OKMCIIOBAHHAM IPUCYTHIM y Ta30BOMY CepefoBUINI KucHeM. IIpOBeAeHHA OKMCJEHHS
opra"iuyHux croJgyk y TemmneparypuHomy pgiamasoni 400—450°C n03BoJisg€ HOBHICTIO BUIYYNUTU

ix 3 foguay HATPiro.
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