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Dehydration of alkali metal iodides in vacuum

D.S.Sofronov, B.V.Grinyov, A.Yu.Voloshko, V.G.Gerasimov*,
E.M.Kisil, N.N.Smirnov, O.V.Shishkin

Institute for Scintillation Materials, STC "Institute for Single Crystals”,
National Academy of Sciences of Ukraine, 60 Lenin Ave., 61001 Kharkiv, Ukraine
"V.Karazin Kharkiv National University, 4 Svobody Sq.,

61077 Kharkiv, Ukraine

Received December 7, 2004

The behavior of lithium, sodium, and cesium iodides under heating in vacuum has been
studied using baric method and spectrometry. Water release into the gas phase has been
found to occur from the materials within various temperature ranges. The water release at
the alkali metal iodides seems to be connected with decomposition of the impurity phase
containing hydroxyl groups.

HccunenoBano moBeneHue HOAWAOB JUTHA, HATPUA U 1e8Ud IIPU HarpeBaHUU B BaKyyMe
MeTomaMu 0apUyYecKoro M CIieKTpoMerpudecKoro anaausa. [lokasano, 4To AJsA paccMaTprBa-
eMbIX COeIMHEHUI BBIAEJIEHWEe BOJAbLI B rasoByio (asy HaOJIOJaeTCsd B PasBJINUYHBIX TeMIIepa-
TYPHBIX HMHTepBaJiax. BbljesieHre BOALI IIPU HATPEBAHUM HMOAUAOB IE€JOYHBIX METAJLJIOB, IIO-BU-
INMOMY, CBASAHO ¢ PAsJIOKEHUeM HPUMeCHOI (pasbl, cogep:Kaleil ruAPOKCUIbHbIE T'PYIIIbI.

The functional materials on the basis of
the alkali metal iodides are applied widely
in the science and technique [1, 2]. The
main problem at manufacturing of these
materials is the formation of impurities
during raw material preparation connecting
with the salt hydrolysis process under heat-
ing and formation of oxygen-containing im-
purities [3]. The problem to be when devel-
oping the drying technology for such mate-
rials, it is necessary not only to provide
high rates of dehydration reaction, but also
to prevent hydrolysis. Vacuum dehydration
is among the ways to solving this problem.

Lithium iodide is known to form several
crystallohydrates: Lil-H,O, Lil-2H,O, and
Lil-3H,O [4]. The decomposition of Lil-2H,O
and Lil-3H,O to monohydrate proceeds with-
out hydrolysis. The attempts to break off
the last water molecule from crystal-
lohydrate without hydrolysis have appeared
unsuccessfull. The dehydration of lithium
iodide crystallohydrate in vacuum gives a
product with the LiIOH content 0.025 to
0.08 % [5]. Melting with excess iodine does
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not prevent the hydrolysis. Sublimation of
the salt in vacuum (0.01 Torr) at 800-
850°C results in the produect with the water
content of 0.01 to 0.02 % [6].

In the system Nal-H,O, several crystal-
lohydrates have been found: Nal-5H,0 (ex-
isting at temperatures lower than —-31.5°C),
dihydrate Nal-2H,O (from -13.5 to 68°C)
showing an invariant transition point to Nal
at 68°C and 74.8 % Nal [7] or 68.2°C and
Poo=6.32 xPa [8], and metastable
Nal-xH,O showing an invariant transition at
60°C and 74.5 % Nal. According to [9], the
metastable form exists within 30-40°C
range at supposed x = 0.5.

Cesium iodide is known to not form crys-
tallohydrates, and there are no literature
data on the removal of residual water there-
from.

The first publication considering specific
features of vacuum dehydration sodium io-
dide crystals was appeared only in 1991
[11]. The heat treatment of sodium iodide
crystals has shown that water molecules
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Fig. 1. Variation of pressure in vacuum sys-
tem during pumping-out at ambient tempera-
ture for alkali metal iodides: Lil (1), Nal (2 ),
Nal-2H,0 (3) and Csl (4).

leave the surface of single crystals at 150
and 300-850°C [11], as has been confirmed
by mass-spectrometry. These were in con-
tradiction with the literature ones. Dehy-
dration of sodium iodide containing a small
amount of water (0.2 %) as an impurity in
the crystallohydrate carried out in vacuum
has shown a peak at 127-347°C with a
maximum at 240°C in the pressure-tempera-
ture dependence [3]. This was interpreted as
decomposition of high-temperature binding
of sodium iodide with water. However, no
data were submitted to identification of the
relevant compounds.

The purpose of this work was to study
the behavior of lithium, sodium, and cesium
iodides at heating in vacuum and identifica-
tion of the baric analysis responses. The
study was out using a method based on re-
cording of pressure in the system under
continuous pumping-out of the decomposi-
tion volatile products [3, 12] and spectrome-
try [18]. The sample mass was varied from
30 to 100 g. The philosophy of measure-
ment is described in [14]. The salt samples
were charged into quartz ampoules which
were connected to the vacuum system. The
heating was carried out in a small-sized fur-
nace at temperature steps of 6—8°C with
holding at least 3 min at each step. The
pressure variations in vacuum system were
fixed by a manometric valve according to
the vacuum gauge indications. The water
removal was monitored using a spectrome-
ter connected to the vacuum system and
tuned to characteristic frequency of water
molecules (325152.82 MHz [15]).

560

I, r.u

800

400

0

0 100 200 t, min

Fig. 2. Intensity of the molecular water spec-
tral absorption line during the heat treatment
of: Lil (1), Nal (2 ), Nal-2H,0 (3) and Csl (4).

It follows from the data obtained that
the dehydration of the metal alkali iodides
in vacuum at ambient temperature proceeds
practically at the same manner (Fig. 1):
after pumping-out of atmospheric air, a cer-
tain arises pressure in the system due to
water transition to the gas phase. The fact
that the system pressure is associated di-
rectly with the release of water molecules
from the salts into the gas phase is confirmed
by spectrometric measurements (Fig. 2), from
which it follows that the intensity change
of the molecular water absorption and the
pressure changes in the system are similar
in character. In accordance with reduction
of water content, the vacuum in the system
raises up to a limiting value. The attain-
ment of the ultimate vacuum characterizes
the discontinuance of water release from
the salts under the experiment conditions.
At the subsequent heating of salts, the gas
release from the salts is observed in various
temperature ranges.

So for the lithium iodide sample dehydra-
tion at the temperature of 25°C (Fig. 3), the
baric response is observed at heat treatment
in two temperature ranges: 30-95°C with a
maximum at 65°C and 100-160°C with a
maximum at 140°C. Both those signals of
spectrometer correspond to water release.
The signal at temperature exceeding 280°C
is not associated with water release into the
gas phase, since no changes on the molecu-
lar water absorption wavelength are re-
corded. This peak seems to be associated
with the release of elementary iodine (l,)
that is observed visually as an intense col-
oration of the ampoule walls that is charac-
teristic for iodine.
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Fig. 3. Variation of pressure in vacuum sys-
tem (1) and intensity of the molecular water
spectral absorption line (2) during the heat
treatment of lithium iodide.

Heating of sodium iodide (Fig. 4, curve 1)
results in gas release from the salt in tem-
perature ranges 180-280°C (maximum at
230°C) and 280-450°C (maximum at 350°C).
According to spectrometric data, these
peaks are associated with the molecular
water release (Fig. 4, curve 2). In case of
heat treatment of a sample obtained after
dehydration of sodium iodide crystal-
lohydrate at ambient temperature (Fig. 4,
curve 3,4), no gas release is observed.

As to cesium iodide, the following peaks
are observed at heat treatment in the pres-
sure-temperature dependence (Fig. 5): at
120-160°C (a maximum at 150°C), 160-
240°C, and 240-290°C (a maximum at
275°C). According to spectrometric data, the
pressure changes as well as and in case of
lithium and sodium iodides, are caused by
molecular water release into the gas phase.

It follows from the data obtained that
the observed release of water at high-tem-
perature heat treatment is peculiar to all
alkali metal iodides. Moreover, the gas re-
lease is observed both from substances
forming (lithium and sodium iodides) and
not forming crystallohydrates (iodide of ce-
sium). The following regularity is traced: in
a series Lil > Nal > Csl, the water amount
being released at heating decreases the
water amount being released at heating de-
crease. Which determinedby weight method.
Content of high-temperature water in the
Lil, Nal and Csl samples has made about
0.1%, 0.03-0.05% and less 0.01% accordingly.
The same sequence is found as to ability of
the substances to crystallohydrate forma-
tion and the tendency to hydrolysis [13]. In
the case of lithium iodide (that is strongly
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Fig. 4. Variation of pressure in vacuum sys-
tem and intensity of the molecular water
spectral absorption line during the treatment
of sodium iodide samples (I, 2) and of so-
dium iodide crystallohydrate at ambient tem-
perature (3, 4) .
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Fig. 5. Change of pressure in empty space —
system (I) and absorption line molecule of
water (2) during heat treatment is model of
cesium iodide.

hygroscopic), the water release into gas
phase occurs already at a weak heating
while for cesium iodide (not hygroscopic
and forming no crystallohydrates), the
water release is observed only under consid-
erable heating and in narrow temperature
ranges. Thus, it is possible to suppose that
the reason of occurrence of high-tempera-
ture water is similar for all alkali iodides.

On the other hand, for all compounds
under consideration, the water release is ob-
served within a rather wide temperature
range (for Lil, 25-160°C; Nal, 180-450°C;
Csl, 120-290°C). Several peaks are seen,
thus evidencing that the water release proc-
ess parameters vary as the temperature in-
creases. It is well known that OH™-groups
present in the initial compounds may be a
water source. So, the purified lithium io-
dide contains about (3 to 8)-1072 % of al-
kali [5], the sodium iodide, about 1073 % .
The hydroxides, in turn, form crystal-
lohydrates of the following compositions:
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LiOH-2H,0, NaOH-H,O, CsOH-H,O [16].
Under heat treatment thereof, the following
regularity is observed [17]: in a sequence
from lithium to cesium, ability to retain
crystallohydrate water increases and the
stability of the hydroxide itself is reduced.
LiOH-2H,O can be completely dehydrated by
heating up to 200°C with formation of an-
hydrous hydroxide stable up to its melting
point. The crystallohydrate of cesium hy-
droxide of is dehydrated at higher tempera-
tures up to the melting point, and the last
portions of water are very difficult to re-
move.

In our case, the water release tempera-
ture ranges (180-280°C for sodium iodide
and 120-240°C for cesium iodide) are likely
connected with decomposition of hydroxide
crystallohydrate according to reaction:

MeOH - nH,O — MeOH + nH,O.

Water release from sodium and cesium
iodides at 280-450°C and 240-290°C, re-
spectively, may be related to decomposition
of OH™-groups:

2MeOH — Me,O + H,0.

This hypothesis is testified by [15].

Thus, the observed water release at heat-
ing of lithium, sodium, and cesium iodides
seems to be a consequence of decomposition
of the relevant hydroxides initially present
in the raw salts.

The results obtained can form a basis for
the further studies in thermochemistry of
crystallohydrates and for synthesis of high-
purity anhydrous compounds, and also can be
used in development of technological proc-
esses for dehydration of alkali metal halides.
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S3HEBOJIHIOBAHHS WOMUAIB JIy;KHUX METAJIB y BaKyyMmi

A.C.Coppponoe, B.B.I'punvos, A.IO.Bonowkxo, B.I''Tepacumos,
O.M.Rucine, M.M.Cmipnoé, O.B.Illuwkin

Hocaip:xkeHo mnoBexinky loxupaiB Jirtio, HaTpilo Ta 1esilo npu HarpiBadnHi y Barkyymi
MeToZaMu OapMUYHOIO Ta CIeKTpomMerpuuHoro amanisy. Ilokasamo, 110 Oad IIUX CIOJIYK
crocTepiraeTbCcAd BUBIJIbHEHHSA BOAH y rasoBy (asy y pPisHMX TeMIepaTypHUX iHTepBaaax.
BuBinpHeHHA BOAM Ipu HarpiBauHi HOAWUAIB JYXHUX METAJIB, MOXMKJMBO, IIOB’SI3aHO 3 PO3-
KJaJ0M IOMimIkoBoi (pasy, AKa MICTHUTH TiAPOKCUIHI rpynu.
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