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It is shown that the interaction of Nal(Tl) crystal surface consists of three processes:hy-
dration, quasi-equilibrium state and dehydration. Dehydrated surface is a textured poly -
crystal layer contented crystals of the main Nal phase, formation of the second TIl phase
and some amount of NaOH impurity. The heat treating in CO, atmosphere allows to decrease
the NaOH content in the surface layer and use it as an effective diffusion light layer.

IloxasaHo, uTo B3auMojelicTBue moBepxHocTu KpucrasinoB Nal(Tl) ¢ Biraroit mosxkHO omu-
caTh TpeMsdA IPOIlecCaMU: MAPATAINM, KBa3MPABHOBECHOTO COCTOSAHUA U gerupaparamuu. lle-
TUPATUPOBAHHAS IIOBEPXHOCTH IIPEACTABISAET COO0M TEKCTYPUPOBAHHBIN MOJUKPUCTAINYIEC-
KUl cJyoii, coZepskamuil Kpucraiasl ocHoBHON ¢dassl Nal, o6pasoBanus Bropoit dassr TIl u
HesHauuTenbHOe KonmuectBo mpumecu NaOH. B pesynbrate mporpesa B aTmocdepe CO,
MOKHO TOHM3UTH cozep:kanre NaOH B IpUNOBEpXHOCTHOM CJI0€ M WCIOJb30BATH €ro B
KauyecTBe d3()peKTUBHOTO AUP(HY3HOTO CBETOOTPAKATEId.

Scintillators based on alkali iodides,
Csl(Na) and in particular Nal(Tl), are hygro-
scopic. The crystal surface interaction with
moisture results in deterioration of their
characteristics and even in failure of scin-
tillators [1]. As far as is known to us, only
one cause of the light yield deterioration
was considered in literature for Nal(Tl) and
Csl(Na) crystals, namely, the formation of
so-called "dead layer” near the surface
being in contact with atmospheric moisture
[2—4]. The detector production process in-
cludes always a surface contact with water
or with humid air, thus, the formation of a
deteriorated near-surface layer is inevita-
ble. Methods allowing to avoid that layer
formation and even to recover it are known
[1, 5], but the formation mechanisms con-
sidered before are contradictory [2, 6, 7].
Other possible processes resulting in dete-
rioration of scintillation characteristics
were not studied.
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The purpose of this work is to study the
hydration and dehydration processes of
Nal(Tl) crystal surface aiming at develop-
ment of an initial model of their run and
elucidation of attendant effects.

It is reasonable to subdivide the interac-
tion process of the hygroscopic crystal sur-
face with moisture into three stages: hydra-
tion, i.e., formation and time-depended devel -
opment of a crystal surface layer dissolved by
water; quasi-equilibrium state, when the
water adsorption and evaporation are bal-
anced; and dehydration, when the water
evaporation results in precipitation of the sol -
ute or its crystallohydrate from the solution.

Crystals containing different thallium
concentrations, C (0.05 and 0.1 mass.%) as
well as undoped Nal crystals were used in
experiments. The hydration process was
studied under atmospheric pressure at 15 °C
and 80 % of relative humidity, fresh-made
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Fig. 1. Film growth kinetics on the Nal(Tl)
crystal surface during its hydration

cleavages were used. The water film thick -
ness, d, was monitored by X-ray analysis
method using a DRON type two-crystal dif -
fractometer in Cu Kz and Mo K, emissions.
The dehydration process was observed in a
"dry room” using a MIM-7 optical micro-
scope, the duration of preceding hydration
did not exceed a half hour. The composition
of phases formed was examined by X-ray
phase analysis (XPA) and scanning electron
microscopy combined with X-ray microana -
lysis using a JSM-820 electron microscope
provided with a Link AN 101853 energy
dispersion microanalysis system. The sur-
face phase composition was studied addi-
tionally by thermogravimetry using a MOM
derivatograph.

The quasi-equilibrium state of the "Nal(Tl)
+ Hy,O" system was modelled using standard
(030x40 mm and [030x5 mm Nal(Tl) detectors
in containers with drilled 1 mm diameter
hole which was closed by scotch after 1 h of
exposure. The light yield , L, and energy
resolution, R, of detectors were measured
using 137Cs (662 keV) radionuclide source.
The radioluminescence (RL) of [130x5 mm de-
tectors was measured using a MDR-23 mono -
chromator and PMT-100 under excitation by
gamma radiation from a 24'Am source
(60 keV, 1.8 curie). The spectra were cor-
rected under account for the PMT spectral
sensitivity and the monochromator dispersion.

Hydration process. Water adsorbed on
the Nal(Tl) crystal surface dissolves the lat-
ter resulting in formation of a film with
thickness increasing in time. The kinetics of
the film thickness time-depended variation
is presented in Fig. 1. The hydration proc-
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Fig. 2. NaI(T1) crystal surface in the course
of its dehydration at the second phase forma-
tion stage (x390).

ess is seen to consist of two stages: a fast
one having a duration of about 15 min and
a slower one lasting from several hours to
several days, depending on the hydration
time. The drop of the film growth rate can
be due to that at the second stage it is
controlled likely by the diffusion of the
main substance in the solution from the
crystal surface to the solution-air interface
and thus is not defined by the crystal hy-
groscopicity but by properties of the solu-
tion formed on its surface.

It is obvious that the film growth will
stop in a closed volume after a certain time.
In quasi-equilibrium conditions when the
water adsorption and evaporation are bal-
anced, the main substance content in the
film becomes equalized through its thick-
ness and a saturated aqueous Nal solution is
formed (1787 g/1 [8]). The concentration of
TIl dissolved together with the main sub-
stance is easy to calculate. So, for the crys-
tal containing C = 0.1 % TI| by mass, the
thallium iodide concentration in the solu-
tion is 2.89 g/l, thus exceeding consider-
ably its solubility limit in water (0.06 g/l
[9]) but being lower that the Tll solubility in
the saturated Nal solution which can be es-
timated from data given in [10]. Therefore,
a Tll phase formation in the solution is hardly
possible (the second phase precipitation occurs
at the dehydration stage when the solution
becomes supersaturated, see below). A pro-
longed (several hours or days) storage of crys-
tals in quasi-equilibrium conditions results in
a degradation of their spectrometric charac-
teristics. This is believed to be due to TIl phase
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Fig. 3. Dehydrated surface image obtained
using scanning electron microscopy in the re-
flected electron mode.

formation in the solution [1]. It has been in
[7] that L and R values for detectors with
hydrated surface were not degraded at once
but after a certain time interval. As the spec-
trometric characteristics become worsened, the
RL spectrum is changed considerably. Against
the background of continuously dropping emis -
sion intensity in the 415 nm band (lumines-
cence of TI* centers), the 460 nm one appears
and increases in its intensity; this band is due
to luminescence of complex (TI), centers [7].
For the formation of complex activator cen-
ters, the appearance of areas with enriched
activator content on the crystal surface is nec-
essary. Such areas must belong just to the
crystal surface, since there is no activator lu-

minescence in the liquid phase. The TI* ions
aggregation on the crystal-solution interface
can be due to fluctuations of the “crystal-
lization front”. In the quasi-equilibrium condi -
tions, the dissolution and crystallization proc -
esses do not stop. Those are reversible with
respect to the main substance while for the
activator, the distribution coefficient is much
less than 1, so after some time, a "concentra -
tion shock wave"” is formed before the front.
As a result, areas enriched in the activator can
arise at the surface. The alternation of areas
enriched in and depleted of thallium is like to
be a cellular structure that is often observed
when a crystal is grown in non-equilibrium
conditions [11].

Dehydration process. The water evapora-
tion results in the solution supersaturation
and the crystallization of solutes. It is
known [3] that at room temperature
Nal2H,O crystallohydrate precipitates from
Nal aqueous solution. In our case, where
the crystallization on the single-crystal Nal
substrate is possible, it is reasonable to ex -
pect the growth of Nal crystals on the inter-
face. The growth conditions are non-uniform
over the surface and are hindered at intercel -
lular boundaries (areas enriched in TI*) due
to the mechanism referred to as “step
growth poisoning”. The process of Nal is-
lands generation and growth was observed
in the dry room using optical microscope.
The activator is not included essentially into
growing crystals and is displaced off to the
cell boundaries due to crystallization concen -
trating process [12]. As the critical super-
saturation becomes attained, the second phase
is observed to precipitate. The picture of the
crystal surface taken at the stage of the sec-

Fig. 4. Dehydrated surface images obtained using scanning electron microscopy in the X-ray mode
for main substance grain (a) and impurity inclusion (b).
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Fig. 5. Spectra of characteristic X-rays obtained using scanning electron microscopy for main

substance grain (a) and impurity inclusion (b).

ond phase formation (Fig. 2) shows clearly
chains of released particles of about 1 pm
size in gaps between the growing islands at-
taining the size of 3 to 7 um. The particle
colour (yellow) corresponds to that of TII.

At the end of the dehydration process, a
loose semi-transparent white crust is
formed at the crystal surface. Figs. 3 and 4
present photos of the dehydrated surface
taken using scanning electron microscopy in
the reflected electron mode (Fig. 3) and X-
ray one (Fig. 4). A fine-crystalline structure
of the surface is seen as well as bright
white grains of about 1 pm in size having a
higher atomic number than the matrix. Fig.
5 shows the spectra of characteristic X-rays
of those inclusions (a) and of larger grains
(b). The comparison of the spectra (Fig. 5a,
b) with photos of Fig. 4 (a, b) allows to
ascribe unambiguously the inclusions to TII
phase and the matrix, to Nal.

The loose crust formed at the dehydrated
surface has a density of about 1.8 g/cm3
being about a half of that of Nal crystal.
The dehydrated surface structure and phase
composition were studied using XPA. The
crust has been found to be a textured poly -
crystalline layer of Nal containing a small
amount of Nal2H,O crystallohydrate (less
than 1 % by mass). The XPA data have
been confirmed by the crust heating up to
300 °C followed by the exposure for 2 h
under thermogravimetric method. The ob-
served mass loss is 1 to 2 %, thus evidenc-
ing that the crystallohydrate is absent prac -
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tically (otherwise, the mass loss would be of
20 %). Besides, NaOH and NalOj impurities
have been detected in the crust in trace
amounts.

According to [13], the semi-transparent
polycrystalline layer bound firmly to the
Nal(Tl) crystal surface can be used as an effi-
cient reflector. A substantial advantage of
such a reflector consists in that its thickness
depends on the surface hydration extent; in
our experiments, it was from 3 to 15 pm.
Note that, unlike crystals with hydrated sur -
face, scintillators provided by such reflector
do not contain complex activator centers. A
conclusion of importance can be drawn there -
from, namely, that it is complex activator
centers and not the TIl phase that are respon-
sible for L and R degradation. For a crystal
subjected preliminarily to a short-time hydra -
tion, the disappearance of (TI*), centers fol-
lowing the second phase formation results in
L and R recovery.

Data presented in Fig. 6, curve 1, show
that the reflector produced in this manner
exhibits a drawback consisting in a low
light yield in UV region. This can be caused
by OH~™ ions with their broad absorption
band having a maximum in 250 nm region
[14] that overlaps in part the Nal(Tl) emis-
sion spectrum. The crystal heat treatment
in CO, atmosphere allows easily to convert
the hydroxide to carbonate, thus recovering
completely the crystal RL spectrum (Fig. 6,
curve 2) and improving the detector light
yield [15]. Data on the light yield and en-

ergy resolution for [30x5 mm detectors
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Fig. 6. Radioluminescence spectra for detec-
tors produced using the usual technology (1)
and in CO, atmosphere (2).

produced according to [13] and [15] are pre-
sented in the Table below.

Crystals with so dehydrated surface ex-
hibit the scintillation characteristics compa -
rable to those of standard detectors while
crystals treated in CO,, the improved ones.
This allows to use the surface layer as a light
reflecting one in detectors for soft radiation.
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IIpomecu rigparamii Ta gerigparamil moBepxHi
kpucraais Nal(Tl)

|O.C.Fepw,yu

, B.JO.I'pecw, C.I.Baceyvruii, O.M.Kydin,

II. B.Mameiiuvenko, B.d.Tkavwenko

Iloxasano, mo B3aemoxia moBepxHi kpuctaxiB Nal(Tl) 3 Bosororo mosxke OyTu ommcaHa
TphOMa mpolecamMu: rigparamil, kBasipiBHoBaskHOTO cTamy Ta gerigpartamil. IderigpaToBaHa
TMOBEPXHA € TeKCTYPOBAHUU MOJiKpUCTANIUHUY I1ap, AKUH BMiIlye KpucTajau ocHOBHOI dasu
Nal, cxkymuenma apyrol dasm TIl Ta HeBeaumry KinpkicTs momimxum NaOH. ¥V pesyabrarti
nporpiBy y armoctepi CO, moxma saumsutu Bmict NaOH y npumosepxmeBomy mrapi Ta
BUKOPUCTATH HOT0 AK e(eKTUBHUN nudysHuil cBiT/I0BizOuBay.
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