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Nuclear reactions '#*Cs(y,n)"**Cs, '’I(y,n)"*’I were utilized for research of Cs and I diffusion in glassceramic ma-
trices. The glassceramic matrix was manufactured with the help of hot isostatic pressing at 910°C and pressure
100 MPa. Diffusivities of cesium and iodine in a grain and through interphase boundary at 600°C were equal 10"
and 7.900~ sm?/s, accordingly. The decrease of iodine diffusivity in a grain was observed at 750°C. A method of
manufacture of glassceramic matrix for long-lived storage and nuclear-waste disposal '*I is proposed.

PACS: 29.17.+w, 28.41Kw

INTRODUCTION

The multibarrier protection of the biosphere against
radionuclides [1] for nuclear-waste disposal and long-
term storage of high-level waste (HLW) is carried out
by means of: 1) a stable matrix, retaining radionuclides;
2) a multilayer engineering barrier; 3) a geologic medi-
um of nuclear-waste disposal.

The geologic medium is a basic barrier for radionu-
clide diffusion at the time of the nuclear-waste disposal
or long-term storage of high-level waste. The synthetic
engineering barriers execute protective functions mainly
during the period before the final conservation of a
storehouse and during the initial period of a geologic
storage. In the case of a temporal surface or near-surface
storage of HLW, the basic load on isolation of the ra-
dioactive waste is realized by means of the engineer
barrier.

The borosilicate glass has been considered as a ref-
erence industrial matrix for conditioning solutions of
fission products (comprising more than thirty chemical
elements) resulting from spent-fuel reprocessing opera-
tions.

Swelling clays can be used in the engineered barrier
system of geologic repositories. Swelling clays placed
between the excavated rock and the waste containers in
a repository can mechanically fill the open volume,
buffer the chemistry around container, and retard ra-
dionuclides migration.

The engineering barrier can be improved by means
of a spent fuel immobilization. One of perspective
methods of the HLW immobilization is to build the bar-
riers made of glassceramic matrix. For prediction mass
transfer in the HLW immobilisation during the nuclear-
waste disposal, it is necessary to define their diffusive
constants. Studies into a joint diffusion of elements with
sharply distinguished properties (for example, alkaline
and halogens elements) are in particular interest.

EXPERIMENTAL SET-UP AND METHODS

In the present article the diffusion of Cs and I in the
glassceramic matrix (70% of granite +30% of kaolin),
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manufactured by means of hot isostatic pressing (HIP)
was investigated. The HIP-handling was carried out at
920°C and 100 MPa during 5 hours.

The glassceramic material is characterized by high
density (relative density more than 0.99). It has satisfac-
tory mechanical fastness, high corrosion stability, and
radiation stability and can be applied as a material of the
barrier layer for capsulation of the radioactive waste and
HLW.

On a polished surface of the glassceramic sample the
Csl tracer stratum was coated. The tracer exposed to a
short-term heating within 10...15 minutes in gasostat
for embodying contact with the sample. The diffusion
was carried out in air during 300 hours at T=600°C and
750°C [2]. The samples were irradiated by
bremsstrahlung radiation of an electron accelerator with
energy 23 MeV during 3 days after removal of Csl
tracer. The penetration profiles of Cs and I were meas-
ured by the method of removal layers. The activity of
the stratums removed was measured with a Ge(Li)-de-
tector by registering the isotope radiation with energy
668 keV and 388 keV from the reactions '**Cs(y,n)"**Cs,
127I(y,n)]261.

RESULTS AND DISCUSSION

The obtained profiles of Cs and I are shown in
Fig.1, 2. The full curves are obtained (for Cs and I at
T =600°C, for Cs at T = 750°C) using the least-squares
procedure for the diffusion expression [3, 4]. The char-
acteristic dependence of Cs and I isotopes’ densities
versus the sample depth is observed. The Cs diffusion
realize in a grain (0...120 pm for T=600°C, 0...250 pm
for T=750°C) and in crystal boundaries (more 250 pm).

Calculation of diffusion element in the matrix is car-
ried out by the expression [4]:
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where a is a half-width of a fissure, b — a half-interval,
C,— initial tracer concentration of solution, Dy — fissure
diffusion coefficient, Dy, — fissure apparent diffusion co-
efficient, D,, — apparent diffusion coefficient in pore
water of matrix, K, — adsorption coefficient, &, — the
matrix porosity, O, — the matrix density, y - distance
from the specimen surface in the direction of depth.

The first term on the right-hand side of the eq.(1)
represents the direct diffusion into grains and is a func-
tion of y only. The second term represents the contribu-
tion of the diffusion through the fissure.

Diffusion coefficient is determined by means of
minimization function [5]:

F=(Z(yin-Yexp)/(k-5), (%)

where yu, ye,, — theoretical and experimental values the
reaction yield, accordingly, k£ — the measurements’ num-
ber, s — the number of connections (number of degrees
of distribution). The minimal function values were real-
ized at b=50 pm (radius of the grain).

The Cs and I diffusivities in the grains and through
grain borders are equal to 107" and 7.900” sm%s at
T=600°C, accordingly. An essential difference in the io-
dine profiles is visible at T=600°C and 750°C. At
T=750°C the maximal iodine density value is observed
at 200 um. For Cs at the same temperature the smooth
lowering of the density is observed.

It is known that due to the Coulomb attraction a
polyvalent cation together with cationic vacancy forms
a complex cluster «admixture—cationic vacancy». At
presence of such complexes the diffusivities of the
cations D, and anions D are equal [6]:

D. = 4EE,Bxp((Sw:)/K)Exp((Hu KT,  (6)

D. = (4@ 0N, 7t)8xp((Su-)/k) Bxp((—~Hau-)/KT), (7)

where V, is the effective vibration frequency of an ion
being near the equilibrium position (is supposed identi-
cal to the anionic and cationic vacancies), f - the corre-
lation factor, and a - distance between the anion and
cation, ¢ - isovalent atom density, Su+, Hm+ - entropy and
enthalpy of migration of the cations, S.-, Hn- - entropy
and enthalpy of migration of the anions, k - the Boltz-
mann constant, T - temperature. It is apparent that the
anion diffusivity is inversely proportional to the isova-
lent atom density.
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Generally, the glassceramics obtained consists of
feldspar (Na,O[ALO;[6S10,), mullite (2Si0,3AL03),
glass, and other minerals and is characterized by the
presence of the cations of different valence. The expres-
sions 6, 7 adjusted describe the cation self-diffusion in a
lattice such as NaCl at presence of isovalent admixtures.
Therefore, in our case, these expressions can serve as
estimation.

Note, the cations ¢” and ¢~ density agreed with Lida-
jrd [6] is:

¢'[d" = exp(—GJ/kIT), ®)

where G, is Gibbs free energy of the Schottky couple
formation. Therefore, the cesium diffusion increases and
iodine diffusion decreases over a period of time.

This fact exhibits the different character of these ele-
ments concentration dependence (Fig.1,2). The cation
diffusion increases, whereas anion diffusion decreases
for the cation density less than 10°% (see, [3]).
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Fig.1. Penetration profiles of I and Cs in a glassceram-
ic after diffusion during 300 hours at 600°C
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Fig.2. Penetration profiles of I and Cs in a glassceram-
ic after diffusion during 300 hours at 750°C



It should be noted that the frequency factor change
for Cs" (atomic radius 1.69 A) in comparison with other
alkaline ions is more significant, than for I" (atomic ra-
dius 2.16 A) in comparison with other halogens.

The absence of inconvertible natural minerals con-
taining I at an age of about 10® years causes the problem
of matrix synthesis the nuclear-waste disposal of '*1.
Apparently, our results obtained and presented here can
be used in manufacturing of a prime glassceramic ma-
trix with considerable density of '*I (0.3% mass.). Sta-
bilization of '*’I is realized by the alkaline elements.

The work is supported by the project X866 of the
program NMRT2010.
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IMPUMEHEHUE 'AMMA-AKTUBAIIMOHHOI'O AHAJIN3A JJIA UCCJIEJOBAHUA
JA®D®Y3UHU Cs U 1 B CTEKJIOKEPAMUYECKOM MATPUIIE

H.IL /Tukuii, C.B. I'abenxos, A.H. /loeons, I0.B. JIawrxo, E.Il. Meoseoesa, C.IO. Caenko, A.E. Cypkos,
B.B. Tapacos, B.JI. Yeapos, U./]. @edopeu, I A. Xonomees, B.U. bopoenes, B./l. 3a6onomnutii, /1. B. Meoseoes

Snepubie peaxiu PCs(y,n)*’Cs, '*"I(y,n)"*’I ucnons3osanucs mis uccnenosanus nud@ysun Cs u [ B cTekioke-
pamuueckoi Matpuie. CTeKkiokepaMuiecKkasi MaTpHIa U3TOTOBJIEHA NP ITOMOIIH T'a30CTaTHYECKOr0 IPECCOBAHMS
npu 910°C u nasnenun 100 MITa. Koapduunentsr nuddysun nesus u iioga B 3epHE U 10 rpaHHULAM 3€pPEH NPU
600°C cocrapumu 107" 17,9007 cm*/c, cootBeTcTBeHHO. OGHAPYXKEHO yMEHbIIeHHE Kodpduuuenta muddysun

fioma B 3epHe mpu 750°C. [IpemiokeH crnocod co3aaHusi MATPHUIIBI IJIS 3aXOPOHECHUS

129I

3ACTOCYBAHHS T'AMMA-AKTUBAIIIMHOT O AHAJIBY ISI NOCIKEHHST JTA®Y3I Cs TA T
B CKJIOKEPAMIYHIN MATPHUIIL

ML.IT. Tukuu, C.B. I'abenxos, A.M. /loeons, I0.B. /lawko, E.II. Meoseoesa, C.JO. Caenxo, A.E. Cypkoas,
B.B. Tapacos, B.JI. Yeapos, 1./]]. @edopeyw, I.A. Xonomees, B.1. bopoenvos, B./]. 3a6oromnuit, /. B. Medseoecs

Snepni  peakuii 'P*Cs(y,n)"**Cs, '7I(y,n)'*1 BukopucToBYBamucs s jgociijpkends audysii Cs 1a Iy
cKioKepaMivyHiidi Matpuii. CKIIoKepaMiyHa MaTpPHIsl BUTOTOBJICHA 33 JIOIIOMOTOI0 I'a30CTaTHYHOTO TPECYBaHHS IPH
910°C i Tucky 100 MITa. Koedimientn mudysii mesio i fiomy B 3epHi i mo rpanmusx sepen npu 600°C cxmamu 107"
ta 7,9007 cM*c, BimmoBimHo. BusiBieHo 3meHmenHs koedimienta audysii #omy B 3epui mpum  750°C.

3anponoHOBAaHO CIIOCi0 CTBOPEHHS MATPHUII IS TOXOBAHHS
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