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Nuclear-physical methods have been used for determination of diffusion coefficient of Cs, Na, Sr and Ga in samples
on the basis of Ceramicrete which contained simulators of a liquid radioactive waste of ”Hanford-1”, KW and KE
Basin sludge, 10% wollastonite and 0.3% of boric acid. After an irradiation of investigated samples by electrons
and brake radiation to a dose 100 and 1 MGy, accordingly, leaching was conducted at temperature 37°C. Values of
diffusion coefficient of Cs, Sr, Na changed in process of leaching from units of 107% cm? /s till 1071 ... 10~ cm? /s,
for Ga - from units of 107'* ¢cm?/s to 107'¢ ecm?/s. Decreasing of weight of ceramics in process of leaching during
858 hours irradiated by electrons to a dose 100 MGy, on 14.6 and 18.5% with simulators KE and KW is revealed,
accordingly. Decreasing of weight of ceramics in process of leaching during 858 hours, irradiated brake radiation to
a dose 1 MGy, on 19.9 and 21.6% with simulators KW and KE, accordingly is revealed. The sums of relations of
diffusion coefficient of Na concerning Cs and Sr are in antagonistic dependence on the Cs and Sr content in a matrix

on the basis of Ceramicrete.

PACS: 66.30.-h; 81.05.Rm

1. INTRODUCTION

The storage of the spent fuel assumes use of multi-
barrier protection that would allow to reliably isolate
of radioactive waste in long-term storehouses. One
of parts of this protection is materials which allow
to prevent migration of radioactive isotopes into bio-
sphere on the basis of phosphatic systems (KMgPOy)
[1-3]. Phosphates are extremely insoluble in ground-
water and this would ensure their good isolating prop-
erties. The compound is formed under ambient con-
ditions (room temperature) as a result of exothermic
acid-base reaction between MgO and KHsPOy:

MgO + KH2P04 + 5H20 — MgKPO46H20

Possibility of sorption of a radioactive waste and,
especially 7Cs and ?°Sr, are intensively investi-
gated. Application of Ceramicrete is more economic
in comparison with other matrices for storage of a
radioactive waste. The important characteristic of
Ceramicrete materials for storage of a radioactive
waste is level of leaching by underground waters. It
is known that Ceramicrete has low enough values of
leaching speed at room temperature in neutral or al-

One of methods which allows to check reliability
of the radioactive sample and estimate storage con-
ditions of radionuclide’s is method of leaching. The
liquid phase of leaching (filtrate) contains that part
of the initial or radioactive sample which is liberated
into a solution. Constant heating of sample in flask
is realized. Speed leaching counted taking into ac-
count of a geometrical surface of the sample. This
properties characterises directly matrix material, i.e.
durability of deduction of leaching components, and
also serves for an estimation of long-term stability of
a matrix material and a way of reception of an end-
product.

Physical and chemical parametres of reagents also
can be changed easily. Usually processing of target
was realised in the distilled water, i.e. in the neutral
environment

In the paper the leaching of sodium, strontium,
caesium and gallium from matrices on the basis of
Ceramicrete which were irradiated by electrons and
the brake radiation to a dose 100 MGy and 1 MGy,
accordingly, was studied.

2. MATERIALS AND METHODS

kaline conditions. Use of accelerator base techniques Samples on the basis of Ceramicrete in

allows to study extremely low values of leaching in aluminium  containers with  weight 10.32 g

conditions which are realized during long-term stor- (with imitator ”Hanford-1” KE basin sludge

age of the spent fuel. and 10%CaSiO340,3%H3B03), 12.588 ¢ (with
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imitator "Hanford-1”7 KW basin sludge and
10%CaSi03+0,3%H3BO3), 16.67 g (with imitator
”Hanford-17 KW basin sludge and 10%CaSiO3),
6.273 g (with imitator ”Hanford-1” KE basin sludge
and 10%CaSiO3+ 0,3%H3B03) were irradiated by
electrons and brake radiation to dose 100 MGy
and 1MGy, accordingly. Parametres of irra-
diation on the linear electron accelerator were:
Eiaz=23MeV, [=700 uA. After activation of sam-
ples and standards measurement of activity of the
radioisotopes obtained in reactions 23Na(v,n)*?Na,
133Cs(y,n)132Cs,  99Sr(y,m)%Sr,  %8Ga(y,n)%"Ga,
48Ca(y,n)*"Ca, *Ca(y,p)**K, 2*Na(n,y)**Na car-
ried out by Ge(Li)-detector with volume 50 cm?® and
the energy resolution 3.2keV in the area of 1332keV
(Figs.1,2) [4-10].

In a spectrum of gamma radiation of the irradi-
ated samples of ceramics before leaching lines of iso-
topes with a half-life period of some days are regis-
tered. The exception represents isotope of sodium-22
with a half-life period 2.6 years.
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Fig.1. Energy spectrum of the sample of ceramics
after an irradiation on the electronic accelerator
before leaching
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Fig.2. Energy spectrum of the sample of ceramics
after an irradiation on the electronic accelerator
after leaching

Gamma lines of isotopes with a half-life pe-
riod more than 10 days are registered in a spec-
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trum of radiation of the irradiated samples of ce-
ramics after leaching. The isotope of sodium-22
with a half-life period of 2.6 years is most strongly
shown. After the process termination of leaching
in samples of ceramics the gamma lines from iso-
topes neodymium “¥Nd(y,n)!*"Nd, 91 keV), cobalt
(58Ni(v,p)3"Co, 122 keV), chrome (°?Cr(y,n)*'Cr,
320 keV), manganese (°°Mn(vy,n)°*Mn, 835 keV),
cerium  (*%Ce(y,n)13%Ce, 165.8 keV), rubidium
(3°Rb(v,n)%Rb, 881.5 keV), zinc (*Zn(y,n)%Zn,
1115 keV) etc. are detected.

After an irradiation the leaching of samples were
realised in the distilled water (volume of 100 ml) at
temperature 37°C in the thermostat. The leaching
was realised in 8 cycles during 3, 16, 29, 67, 76.33,
116, 195 and 335.66 hours. After certain time of
leaching the solution was decanted. The solution was
filtered for an exception of small fragments of Cerami-
crete before measurement of radioactive waste in it.
Fig.3 shows samples of Ceramicrete.

Fig.3. The samples on basis Ceramicrete for
conditioning of radioactive waste

The pH determination of infiltrated waters is nec-
essary regularly. This indicator, as a rule, remained
invariable. Infiltrated waters with which the mobile
phase of leaching was taken out, remained transpar-
ent throughout all experiment.

Table 1. The content of elements in samples

KW- KW- KE- KE-
Elements | basin basin basin basin
at. % wt.% at.% wt. %
Na 12.06 12.64 11.7 12.09
Mg 12.06 13.36 10.31 11.27
P 12.06 17.03 9.62 13.4
K 4.7 8.37 3.85 6.77
Cl 2.68 4.33 3.85 6.13
S 1.34 1.96 3.64 5.25
(0] 52.76 38.45 52.94 38.07
Si 0.54 0.69 0.41 0.52
Al 1.23 1.51 2.4 2.91
Ca 0.054 0.099 0.096 0.17
Cr 0.0027 | 0.0064 | 0.0055 | 0.013
Mn 0.0013 | 0.0033 | 0.0055 | 0.014
Fe 0.4 1.018 0.99 2.48
Ga 0.06 0.19 0.082 0.26
Cs 0.0056 | 0.034 0.026 0.16
Nd 0.047 0.31 0.076 0.49




In the course of carrying out leaching the pH of
solution of leaching on pH-meter-340 has been exe-
cuted. pH of solution of leaching was 9.5.

The chemical compound of studied samples of ma-
trixes for storage of radioactive waste is resulted in
Table 1.

3. RESULTS AND DISCUSSION

The diffusion coefficients Na, Cs, Sr and Ga in
samples of matrix for storage radioactive waste on
basis of Ceramicrete were calculated from expression:

where D - diffusion coefficient, c, - concentration of
a studied element in substance (Figs. 4-10).
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Fig.4. Diffusion coefficients of Cs, Na and Sr

in samples on basis of Ceramicrete with imitator
Hanford-1 KE basin sludge, 10% of wollastotine
and 0.5% of boric acid irradiated by electrons, dose
100 MGy

Reactions in which firm substances and pure wa-
ter take part only, can be considered as reaction be-
tween firm substance because activity of water is con-
stant. To obtain the data about speed of carrying
out of soluble ions from the radioactive sample, it
was necessary to make weighing of the sample. The
weight of samples of ceramics before and after leach-
ing is resulted in Table 2. It is possible to see that
substance ablation at leaching is more for the sam-
ples, irradiated by gamma radiation. Stronger ra-
diating influence on irradiated samples by electrons
leads to structural transformations to a matrix on the
basis of Ceramicrete and, accordingly, to decrease of
values leaching and can be a possible explanation of
such behavior of degree leaching.

The matrices on basis of Ceramicrete loses to
20...25% of the weight when the temperature rises
above 70°C, which is caused by loss of crystal water
from the sample and the change in the initial struc-
ture of the material. In leaching process may also oc-
cur degradation of the original crystalline structure
and consequent formation of magnesium oxide, and
the remaining components arrive in solution leaching.
It is known that sodium and nitrates arrive in a so-
lution appreciably at temperature of leaching 20°C:
sodium up to 40%, sulphates up to 15%, nitrates com-
pletely — 100%. Also phosphates considerably leave
matrixes on basis of Ceramicrete: about 9% [3].
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Fig.5. Diffusion coefficients of Cs, Na, Sr and Ga
in samples on basis of Ceramicrete with imitator
Hanford-1 KW basin sludge, 10% of wollastotine
and 0.3% of boric acid irradiated by electrons, dose
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Fig.6. Diffusion coefficients of Cs, Na and Sr in
samples on basis of Ceramicrete with imitator
Hanford-1 KW basin sludge and 10% of wollastotine
irradiated by bremsstrahlung, dose 1 MGy
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Table 2. The weight of ceramics samples before and after leaching

Leaching Weight before Weight after Ablation Irradiation
samples leaching, g leaching, g

KE+10%CaSiO3+0.3%H3BO3 10.32 8.815 14.6% e~ 100 MGy
KW+10%CaSiO3+0.3%H3BO3 12.59 10.26 18.5% e~ 100 MGy
KW+10%CaSiO3 16.67 13.35 19.9% v 1 MGy
KE+10%CaSiO35+0.3%H3BO3 6.273 4.915 21.6% v 1 MGy
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The diffusion coefficients of sodium in ceramics
for all samples regardless of the conditions of expo-
sure and leaching show high similarity. Therefore,
given the sum of values of relations sodium diffusion
regarding cesium and strontium largely characterize
the behavior of the latter. It can be seen that the
strontium content is more than the higher diffusion
coefficient in the matrix of the cesium in samples

on the basis of Ceramicrete (Tab.3). On the other
hand, the greater the amount of cesium, the greater
diffusion coefficient of strontium in ceramics on the
basis of Ceramicrete. Note that a strong mutual op-
posite effect occurs for strontium. In other words,
strontium is less isomorphic admixture in matrix on
the basis of Ceramicrete.

Table 3. The sum of ratios of the diffusion coefficients of sodium relative to cesium and strontium and
content of cesium and strontium in the ceramic samples

KE+10%CaSiO3 KW+10%CaSiOs KW+10%CaSiOs KE+10%CaSiO3
+0.3%H3BO3 +0.3%H3BO3 +0.3%H3BO3
electrons, 100 MGy | electrons, 100 MGy | v-radiation, 1 MGy | y-radiation, 1 MGy
> Dna/Dcs 15.87 28.3 34.6 14.7
>.Dna/Dsr 15.76 5.98 2.56 32.7
content Cs, g/g | 1.6-10~% 5.25-10~% 5.15-10~% 1.7.107%
content Sr, g/g | 9.97-1073 4.63-1073 4.37-1073 1.09-1072
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Fig.7. Diffusion coefficients of Cs, Na and Sr in
samples on basis of Ceramicrete with imitator
Hanford-1 KE basin sludge, 10% of wollastotine and
0.5% of boric acid irradiated by bremsstrahlung,

dose 1 MGy
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Fig.8. Diffusion coefficients of Cs in samples on
basis of Ceramicrete with imitator Hanford-1 KE
and KW basins sludge
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Fig.9. Diffusion coefficients of Sr in samples on

basis of Ceramicrete with imitator Hanford-1 KE

and KW basins sludge
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The diffusion coefficients of gallium in the ir-
radiated electrons to a dose of 100 MGy of sam-
ple KW +10%CaSiO3+0.3%H3BO3 has significantly
lower values compared with cesium, strontium and
sodium, which can be explained by the different va-
lence concerning twice charged atoms of strontium
and magnesium. The data on the diffusion of gallium
can be use for some assumptions about the diffusion
of aluminum, which is similar to gallium by means of
close ionic radius.

4. CONCLUSIONS

1. Diffusion coefficients of cesium, strontium,
sodium and gallium are measured during the leach-
ing in distilled water at 37°C from matrices on ba-
sis of Ceramicrete in 8 cycles during 3, 16, 29, 67,
76.33, 116, 195 and 335.66 hours for the samples ir-
radiated by electrons and gamma rays to a dose of
100 and 1 MGy, respectively. Diffusion coefficients
of cesium, strontium and sodium changes from units
10719 cm? /s to 10716 ... 10717 cm? /s in the process of
leaching. Gallium diffusion coefficients changes from
units 1071 ecm? /s to 10716 ¢cm? /s during leaching.

2. Decreasing of weight of ceramics irradiated
by electrons to dose 100 MGy in process of leaching
within 858 hours on 14.6 and 18.5% for samples with
imitator Hanford-1 KE and KW basins sludge with
10%CaSi03+0,3%H3BO3, accordingly, is discovered.
Decreasing of weight of ceramics in process of leach-
ing within 858 hours, irradiated by bremsstrahlung to
dose 1 MGy, on 19.9 and 21.6% for KW and KE sam-
ples with 0%CaSiO3 and 10%CaSiO3+0,3%H3BOs3,
accordingly, is discovered.

3. It is discovered that the sums of ratio of dif-
fusion coefficients of sodium concerning caesium and
strontium are in antagonistic dependence on the cae-
sium and strontium content in a matrices on the basis
of Ceramicrete. The more of the content of strontium
correspond to the more of diffusion coefficient of cae-
sium in a matrix on the basis of Ceramicrete. The
more of the caesium content correspond to the more
diffusion coefficient of strontium in ceramics.
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JIN®DPY3US IIE3USI, CTPOHIINS 1 HATPUSI B MATHUI KAJIUN ®OCPATHOM
CUCTEME

H.II. Tuxud, A.H. oebnsa, I0.B. Jlawxo, E.II. Medeedesa, /I.B. Medsedes, O.A. Penuxos,
C.K0. Caenxo, B.A. IIIxyponamenxo, P.B. Tapacos, U./]. @edopey, H.II. Xaanosa

S nepro-dusnueckre MeTOIbl OBUTH UCIOIB30BAHBI JJis onpeenennd kodhdunmento nuddysun Cs, Na,
Sr u Ga B obpastax Ha ocHoBe Kepamuku Ceramicrete, KOTOpble COEPKATH UMUTATOPHI KUIKUX PATHOAK-
tuBHBLIX 0TX0m0B ~ Xendopa-17, KW u KE Basin sludge, 10% sonnacronnra n 0.3% 6opnoit kucaorer. [ocne
0bJTy YeHM ST UCCTETyEMBIX 00PA3II0OB JEKTPOHAMHU U TOPMO3HbIM u3jydennemM 10 10361 100 u 1 MI'p, coorBet-
CTBEHHO, OBLIO MPOBEIEHO BhIlenadnsanue npu remmueparype 37°C. 3uadenus koaddunuentor nuddy3un
1e3us, CTPOHIUSA, HATPUS WU3MEHAINCh B IMPOTeCCe BBIMEIATUBAHNSA OT €IIMHUIL 107190 cm? /c o 10716 .
10717 em? /e, st rammmsa — or equaun 10712 em? /e 1o 10716 em? /c. Obnapyzkeno ymeHblienue seca Kepamu-
KU B MPOIIECCE BBIMIEIAYNBAHNS B TedeHne 858 4acon, 00Ty YeHHBIX 31eKTpoHaMu 10 103kl 100 MI'p, #a 14,6
n 18,5% ¢ mmuraropamu KE 1 KW, coorsercrrenno. O6HAPYKEHO yMEHBLIICHUE BECa, KEPAMUKHA B ITPOIECCe
BLIE/IAYABAHAA B TedeHHme 858 daca, oOIydeHHOH ramMa-KpaHTamu g0 mo3bl 1 MI'p, ma 19,9 u 21,6% c
umuraropavmu KW u KE, coorBercrBenno. OGHApYKEHO, YTO CyMMBbI oTHOIEHUH Koaddurumenra auddy-
3UM HATPHUS OTHOCUTEJbHO NE3USA U CTPOHINS HAXOAATCS B AHTAIOHUCTUIECKON 3aBUCUMOCTH OT COJIEPIKAHUST
1Ie3usl U CTPOHIMS B MaTpuile Ha ocHoBe Ceramicrete.

JAU®Y3IS IE3II0, CTPOHIIIIO I HATPIIO B MATHIN KAJIIN ®OCOATHIN
CUCTEMI

M.II. /Tuxut, A.M. Jloebna, 10.B. JIawxo, O.II. Medsedesa, /I.B. Medsedes, 0.0. Penixos,
C.IO. Caenxo, B.A. Illxyponamenxo, P.B. Tapacos, I./]. ®edopeusv, H.II. Xaanosa

Anepuo-dizwani MeTonu OyM BUKOPUCTAHI [jst Bu3HaveHHs koedimientis qudy3sil Cs, Na, Sr i Ga B 3paskax
Ha ocHOBI kepamiku Ceramicrete, sxi micTusu imitaTopu pinkux pamioakTusHux Binxoais ” Xeudopa-17, KW
i KE Basin sludge, 10 % somnacroniry i 0.3% Gopnoi kucaoru. Ilicasa onpoMiHeHHA JOCHIIZKYBAHUX 3Pa3KiB
eJleKTpOHaMu 1 rajpMiBHAM BHNpoMiHooBaHHAM 10 m03u 100 i 1 MI'p, Biamosigxo, 6yi10 mpoBeseHo BUIyTO-
ByBaHHa mpu Temreparypi 37°C. 3navenns xoedimientin nndyaii 1me3io, CTPOHI0, HATPIIO 3MiIHIOBATINCS
B TIPOTECi BUIYTOBYBAaHHS BiJl OTUHUIIHL 10710 CM2/C mo 10716 10717 CMQ/C, JJIsT TaJito — BiJ OJUHUIH
10713 cm? /¢ o 10716 cm? /c. BusIBJIeHO 3MeHIIIeHHST Bard KepaMiKd B TPOINeci BIIIyTOBYBAaHHS HPOTSTOM
858 roauH, ONpPOMiHEHUX eneKTpoHaMu 10 fo3u 100 MI'p, ma 14,6 i 18,5% 3 imiraropamu KE i KW, Bigno-
BigHO. BusiBjieHO 3MeHIIeHHS Barn KepaMiky B IPOIEC] BUIYTOBYBAHHS MPOTATOM 858 rOMMHN, OIPOMIHEHOT
rama-KBaaTamu 10 1034 1 MCp, na 19,9 1 21,6% 3 imitaropamu KW i KE, Bignosinso. Bugsneno, mo cymu
BigHOCHH KoedimienTa Audy3il HATPI 10 ME3iI0 Ta CTPOHIN 3HAXOASITHCS B AHTATOHICTUYHOT 3aJI€3KHOCTI
Bif BMiCTy 1e3it0 Ta CTpOHI0 B Marpuii HA OcHOBI Ceramicrete .
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