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To determine trace quantities of platinum (i.e. containing material) in lithium tetrabo -
rate Li,B,O single crystals, the photo-nuclear analysis method has been used by means of
an M-30 electron accelerator. No platinum was found in the upper part of single crystals.
i.e. its content is below the method sensitivity threshold (10 % mass. %), whereas in the
defect parts, it is (1.86—8.20)107% mass. %. At low platinum levels in the melt, as well as
low growth rates, almost no platinum was found in the upper crystals parts, while it is
concentrated mainly in the bottom parts that contains gas and solid phase inclusions and
blocks, i.e. during growth an effective Pt concentrating occurs.

Ilsisi ompenesieHUsT CIEAOBBIX KOJMWUYECTB ILJIATHHBI (MaTepuaja KOHTeWHepa) B MOHOKDHC-
raxnax rerpabopara mutua Li;B,O, mcnonssoBar meron (poToAmepHOro aHANN3a C IPUMEHe-
HUEeM 3JIeKTPOHHOTO ycKopuTead MuUKporpoHa M-30. B BepxHell 4acTM MOHOKPHUCTAJLIOB ILIATH-
Ha He OOHADPYXKEHA, T.e. ee COJEeP)KaHVe HAXOIUTCA HUKe Ipejesia UyBCTBUTEJBHOCTH METOZa
(1074 macc %), a B HmxHeH gedexTHOH wactu oHO cocrasiser (1.86—8.20)107¢ macc.%. Ilpu
HU3KOM COJeD)KAaHWHU IJIATUHLI B PACILIaBe, & TaKyKe MaJIbIX CKOPOCTSX POCTA OHA IPAKTHU-
YECKU OTCYTCTBYET B BEPXHHUX YACTAX KPUCTAJIOB M COCPEJOTOUMBAETCS IIPEHUMYIIECTBEHHO
B MX HWJKHMX YacTAX, KOTOPbHIE COAEPIKAT Ira3oBble W TBePAO(MA3HBIE BKJIUYEHWUS U OJIOKH,
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T.e. B IIPOIlecCe POCTa INPOUCXOAUT ee 3(Pp(PeKTUBHOE KOHIEHTPUPOBAHUE.

Lithium tetraborate Li,B,O; (LTB) single
crystals are the promising material for dif -
ferent opto- and acousto-electronics applica -
tions. This is due to such LTB properties as
high transparency in visible and UV spec-
tral regions [1], generation possibility of
fourth and fifth harmonics [2, 3], high me-
chanical and radiation stability [4—-6], low
propagation rate of surface acoustic wave
[7, 8], large electromechanical coupling
ratio and presence of a direction with zero
temperature expansion coefficient [9]. LTB
doped with different impurities (in particu-
lar, copper or manganese) is also used in
thermoluminescent dosimetry of X-ray, V-,
neutron (n), and mixed y-n radiation [10].
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Doping makes it possible to enlarge the
material application range, while the pres-
ence of excess number of uncontrolled im -
purities could substantially worsen its op-
eration characteristics, first of all, in fields
related to the use of luminescent properties,
in particular, in dosimetry. Since for LTB
synthesis and single crystal growth plati-
num crucibles are usually used, the partial
corrosion products of container material
could be one of the possible sources of the
above impurities. According to [11] where
the single crystals were produced by Czo-
chralski technique, at pulling rates above
1 mm/h the cellular growth was noticed re-
sulting from impurity accumulation at the
crystal-melt interface. In addition, platinum
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dendrites oriented along the pulling direc-
tion were formed at some cell boundaries.

Such metallic platinum inclusions of
0.2 um or smaller size were also observed in
the defect parts of single crystals of lithium
triborate LiB3Og (LBO) [12], which is formed,
like LTB, at the quasi-binary Li,O-B,03 sec-
tion. The authors believe that the source of
platinum is partial corrosion of the crucible
due to the interaction of lithium carbonate
Li,CO3 and lithium oxide Li,O formed dur-
ing LBO synthesis (at Li,CO3; thermal de-
composition) with crucible walls. It should
be noted that in both cases, platinum in the
borate single crystals was formed a second
phase (metal) and could be detected by optical
methods. In this connection, the development
of high-sensitivity methods for platinum im -
purity determination at different stages of
LTB single crystal production, including the
crystal parts which do not contain solid-phase
inclusions, remains still an actual problem.

LTB was synthesized from the high-pu-
rity (12-3 grade) boron oxide B,O3 and
high-purity (20-2 grade) lithium carbonate
Li,COg in platinum crucibles (60 mm diame-
ter and 50 mm high) in air according to the
procedure described in [13]. The synthesis
product was used as the initial raw material
to grow single crystals without the crucible
refilling. To compensate boron oxide losses
due to incongruent LTB evaporation [14, 15]
the oxide excess (up to 0.5 mol.%) was
added to the initial mixture. LTB single
crystals were grown by Czochralski method
at the HX-620 apparatus along the [100]
and [001] directions. The pulling rate was 3
to 6 mm/day and rotation speed, 4 to
10 rpm. During growth process, (melt con-
tact with crucible lasted for about
150 hours) the melt temperature was 915 to
850°C, and the melt/crucible wall contact
area was varied from 100 to 75 cm2. The
diameter 35 mm crystals produced had the
fully transparent upper part with no second
phase inclusions; no cellular growth areas
with metal platinum inclusions at the den-
drite boundary (similar to those in [11])
were noticed. Platinum content was deter-
mined separately in the upper transparent
part, bottom defect part and also in the resid -
ual unused raw material in the crucible.

To determine the trace platinum amounts
in LTB, the radioactivation analysis method
was used. One of its principal advantages is
the possibility to use the samples of rela-
tively large (dozens of grams) mass, that
allows the impurity determination threshold
to be lowered considerably. The analysis
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Fig. 1. Typical y-spectrum of irradiated LTB sam-
ples and Pt-monitor, 1 — Pt-monitor, 2 — LTB.

was performed by a relative method, i.e. a
reference sample was irradiated together
with that under study. Both references and
analyzed samples were activated and the in-
duced activity was measured in the same
geometric conditions and time intervals.

The activated samples were analyzed tak -
ing into account the nuclear physical prop -
erties of the LTB matrix elements (Li, B, O).
As to the matrix elements, no y-emission
was found at the onset of measurements
[16—18]. The reference samples were pro-
duced so as to minimize the systematic
error due to their distinctions from the
samples under study. The activation condi -
tions excluded the error resulting from the
influence of side nuclear reactions of the
isotope under identification. Container ma -
terial for both samples and references did
not affect the determination error, while
the relative error due to the thermal neu-
tron flow density caused by distortions in-
troduced by the samples under study, decel -
eration and construction materials as well
as by their self-screening in the samples did
not exceed 5 % . Irradiation was carried out
using the electron accelerator at the Insti-
tute of Electron Physics, National Academy
of Sciences of Ukraine (an M-30 microtron)
in the standard geometric conditions at av-
erage current of about 5 to 10 pA and
maximum electron energy of 12 MeV. Dur-
ing activation, the samples were placed in
the irradiation unit that contained a 4 mm
thick bremsstrahlung target mounted on the
accelerated electron beam axis inside the PE
moderator of 41-configuration.

The measurements were carried out
using the SBS-40 gamma-spectrometric
complex comprising a semiconductor Ge(Li)
detector of 100 cm3 effective volume. The
spectrometer resolution was about 3 keV
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Fig. 2. Dependence of emission intensity for
different mass Pt-containing monitors as a
function of cooling time. Pt-etalons: experi-
ment: 1 — M=0.0065 g, 2 — M=0.0091 g, 3 —
M=0.0220 g, 4 — M=0.0376 g. Theory: lines.

for the 1333 keV Co-60 line, parameter
drift of main characteristics (efficiency,
peak-to-compton ratio, and resolution) did
not exceed 1 % . The nuclear physical char -
acteristics of the reactions of Pt—197 forma-
tion are presented in Table 1, while the
principal experimental results, in Table 2.
Fig. 1 shows typical gamma-spectra of irra-
diated LTB samples and Pt reference, the
Pt-monitor sample activity as the function
of cooling time is illustrated in Fig. 2.

The total statistical error of measure-
ments was not higher than 10 %. A valid
determination limit of Pt impurity in the
above conditions was (4-10)007° g [19].

Table 1. Characteristics of Pt in nuclear reactions

This limit can be reduced by several times
by increasing the sample mass. However, an
excessive increase of mass is not expedient
due to the increase of errors resulting from
the flow density inhomogeneity of thermal
neutrons, their self-screening in the sam-
ples under activation and y-quanta self-ab-
sorption in analytical lines.

No platinum was detected in the upper
high-quality part of LTB single crystals, be-
cause its content is below the sensitivity
threshold of the method (104 mass. %).
Platinum content in the bottom crystal part
is (1.86—8.20)[10~% mass. % and that in the
residual raw material after growth process
termination is (5.38-35.40)10% mass. %.
The interval of the limiting Pt content values for
the bottom part of single crystal and raw mate -
rial residuals is presented in Table 2. It charac-
terizes the scatter of average content wvalues
obtained in a series of measurements carried
out for five growth runs. As follows from the
experimental data, the effective Pt distribution
ratio is substantially less than unit (~0.1).

According to [20], the LTB crystal struc-
ture is based on the anion sublattice pro-
duced by 3D grid of boron-oxygen triangles
and tetrahedrons. The grid includes chan-
nels oriented along the [001] crystal-
lographic direction and containing tetrahe-
drally coordinated lithium ions. Electron
density peaks in the B-O and Li-O bonds
are shifted towards oxygen, i.e. the chemi-
cal bonding is of ion-covalent type. The im -
purities substituting lithium ions as well as

Isotope IAbundance, mass % Nuclear reaction Cross section, B Half-life, h
Pt-198 7.90 Pt—198(y,n)Pt—197 5.040107! 18.0
Pt-198 7.90 Pt—198(n,2n)Pt-197 2.3108 18.0
Pt-196 25.30 Pt-196(n,,,y)Pt-197 8.70102 18.0

Table 2. Characteristics of measurement series

Sample Residuals in a crucible after single Lower part of single crystal
crystal growth run

Weight, g 4.4065 6.5773
Beam parameters E =12 MeV i = 5-10 pA E =12 MeV i= 5-10 pA
Activation time, h 3.0 3.0

Cooling time, h 2.43-23.00 0.40-23.75
Measuring time, h 1-3 1-2
Number of measuring 2 2
series, h
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those located in the interstitials can be as-
sumed to enter the LTB crystal structure
most easily. Therefore, the main role in this
case is played by the substituting ion di-
mensional factor and charge. According to
the crystal-chemical ion radii table [21],
constructed with under taking into account
electron density of chemical bonding in the
compounds with ion-covalent bond, this fac-
tor f9r tetrahedrally coordinated Li* is
0.73 A. It should be noted that the substi-
tution solid solution formation is the more
probable, the closer are the dimensions of
the ion under substitution and of the impu-
rity ion [21]. Another essential factor af-
fecting the impurity introduction is the
charge of substituting ion and that of sub-
stituted one. Although the Pot ion radius is,
according to [21], 0.74 A and differs
slightly from Li one, the Pt ion is mul-
ticharged. This circumstance hampers its
introduction to the LTB crystalline lattice
and results in a considerable Pt segregation
during the growth process. At low platinum
content in the melt, as well as at low
growth rates, almost no platinum is found
in the upper crystal part while it is concen -
trated mainly in the bottom part of the
crystal that contains gas and solid inclu-
sions and blocks, i.e. effective Pt concen-
trating occurs during growth. In the high-
quality part containing no second phase in-
clusions, platinum content is at the level
not exceeding the method sensitivity
threshold. According to the results ob-
tained, when studying thermostimulated lu-
minescence in the high-quality part of un-
doped LTB single crystal, its intensity ex-
ceeds only slightly the background values
[22] that also could testify a very low con-
tent of uncontrolled impurities.

Since chemical destruction of the cruci-
ble could occur due to the interaction of the
lithium carbonate and oxide (resulting from
the carbonate thermal decomposition) with
the crucible walls during LTB synthesis, we
have suggested, in order to reduce corro-
sion, the inner wall protection method based
on formation of a coating from the presyn-
thesized LTB [23]. At the repeated use of
platinum crucibles, their partial mechanical
destruction takes place accompanied by for -
mation of a layer of fine-dispersed metallic
platinum particles on the inner surface.
These particles are aggregated mainly in
the raw material residuals, since their
transfer to the crystal-melt interface is hin -
dered due to the high melt viscosity [24].
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IIpo Bxom:keHHA nmiaaTuHu (MaTepiajy KOHTeiiHepa)
Y MOHOKPHCTAJHN TeTpadopary JiTiro

B.M.I'onogei, O.0.Ilapnaz, B.T.Macawkx, Il.11.ITyza,
M.M.Bupos, [].0.Canmonuii

Jna BU3HAUEHHA CJAiLOBUX KiJIbKOCTell IIaTUHU (MarTepiasy KOHTeliHepa) Y MOHOKpUCTA-
anax rerpabopary miriro Li,B,O,; BurkopucTano meros (oToANEpHOTO aHANIZA 3 3aCTOCYBAHHAM
eJIeKTPOHHOTO MIpHCcKOopioBaua MikpoTpoHa M-30. ¥V BepxHili yacTMHI MOHOKPMCTAJIB IJIaTH-
HY He BHABJIEHO, TOOTO il BMICT 8HAXOAUTHCA HIDKYe MeXi uyrimeocti metoma (1074 mac %),
a y HIDKHIE gedexTHIiH vacTuwi Bim ckiaagae (1.86—8.20)107% Bar % . IIpu HussKOMY BMicTi
IJaTUHU Yy POBILIABi, a TaKOMK MaJauxX INMIBUIKOCTSIX DPOCTY BOHA MPAKTHYHO BiJICYTHA ¥
BEPXHIX YacTUHAX KPUCTANIB i KOHIEHTPYEThCA MEPEeBAKHO B IXHiX HMIKHIX YacTMHAX, IO
MicTATh rasoBi i TBepmodasHi BKIIOUEHHS Ta 0JOKH, TOOTO B IIpolieci pocTy BimOyBaeTbes Ii
edbeKTUBHEe KOHIIEHTPYBaHHS.
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