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BASIC STUDIES OF THE
IRRADIATION EFFECTS ON
SOLIDS BREEDING MATERIALS

Juris Tiliks
University of Latvia, Riga

Outline:

1. The aims and methods of investigation.

2. The physico-chemical approach to the study of solids
radiolysis.

3. The radiolysis of inorganic oxygen-containing salts
and ceramics.

4. The investigation of tritium release process.

5. The influence of magnetic field on the processes in
breeding materials.

6. Conclusion.



1. The aims and methods of investigation

The Radiation Chemistry Laboratory of Solids at the University of
Latvia was founded in 1972. There are conducted research in the field of

radiolysis of inorganic and organic materials.

e The fields of investigation:

1. The mechanism of production of radiation defects and products;
their properties and influence on lattice parameters

2. The application of radiolysis effects

3. The determination of radiation resistance of materials in the range
of high irradiation dose

4. The fabrication of new materials with predicted radiation stability

e The objects of investigation

1. Binary salts (alkaline halides) - fundamental research, dosimetry,
laser technology

2. Solid oxidizers (nitrate, chlorate, perchlorate, peroxide)
3. Metal oxides (TiOz, ZrO,, Al;O3, etc) - heterogeneous catalysis

4. Solids organics (sugar, glucose, lactose) - sterilization of medicines

5. Inorganic oxygen-containing salts (sulfate, phosphate, silicate,
perchlorate) - fundamental research

6. Lithium containing ceramics (LiAlO,, LiNbOj, LiyZrOy4, LiySiOy,
Li,SiO3, Li,O, etc ) - blanket materials of fusion reactor



The aims and methods of investigation (2)

e The irradiation source

1. Nuclear reactor IRT-5000, (bmqez = 10* n-cm=2.s71)
2. Linear electron accelerator, (E = 5 MeV, P = 0.5 MGy/h)

3. ®Co source, (P = 12 kGy/h)

4. Fast neutron accelerator, (E = 14 MeV, ¢poz = 108 n-cm™2.571)

e The methods of investigation

1. Classic physical methods (ESR, TSL, optical absorption and re-
flection spectroscopy, DTA, etc)

2. Special chemical methods of the determination of radiation defects
and products: method of chemical scavengers and lyolumi-

nescence.

e The aims of the research on blanket materials

1. To determine an origin and production mechanism of irradiation

defects and products in various blanket materials

2. To analyze a degree of lattice degradation in blanket materials
introduced at high irradiation dose (up to 100 MGy)

3. To investigate an influence of irradiation defects and products on

tritium release

4. To evaluate an influence of magnetic field on radiolysis and tritium

release processes



2. The physico-chemical approach to the study of
the radiolysis of solids

1. It is difficult to apply classic physical methods to the investigation of

material exposed to a high radiation dose

2. It was developed a new approach, which is based on the difference
of chemical properties (redox-potential) of various radiation defects
(RD) and radiation products (RP);
the electron type RD and RP (reducers) are in stoichiometric pro-

portion to the hole type RD and RP (oxidizers)

3. The information about localized RD and RP can be obtained by their

de-localization using controlled chemical reactions

4. During the dissolution of irradiated material in active lyosystem, the
RD and RP go to the solution as a chemically active particles. The
controlled reaction of this particles with selected scavenger leads to

the formation of easily determined product.

. The method of chemical scavengers allows to conduct qualitative and

ot

quantitative analysis of various RD and RP with a minimum concen-

tration of 10'®defect/g

6. The method of lyoluminescence allows to determined the RD worth
of 10*defect/g. This method also is convenient for the obtaining of
RD profile in bulk of the sample (disk, pebble)
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The application of scavengers systems for investigations of solids

System Composition of Amount of H, Notes
system molec./g
Acid-spirit (AS) 0.1 M H,SO, and N2 =1/2njoc + DF + Contentration of acid
1 M C2HsOH ng can be changed for
) different samples
Monochloracetic acid | 0.1 M CH,CICOOH + | nu2=1/2n¢0 + nr Monocholacetate can
+ spirit( MAS) 0.5M C.H;OH be used, but pH
pH=3.0 must be 3.0
Acid- nitrate (AN) 0.1 M H;SO, N2 =120 Contentration of acid
1 M NaNO; can be changed for
different samples
Alkali-rhodanide- 0.1 M NaNO; Njz=12n.e + Can be usable for
nitrate (ARN) 0.1 M NaOH 1/2 netoc samples with
1 M KSCN elementary silicon
T=330 K
AS MRS
NnF=Nuz -Nuz { centers/g)
MAS AN
Ng=nNuz -Nuz ( centers/g)
AN
Ne = 2N ( centers /g)

ARN AN
Ne= 12(nyg2 - nuz ) ( centers/g)

Hole radiation defects and products

Composition Amount of Oy,
System
of system molec./g
Ethyleneglycol 1M Ethyleneglycol ng, = nSf"
(EG)* + nonirradiated salt
Acid — Fe(CN)g* 0.4M H,S0,4 no, = np% + ngds
(AF) + 0.2M K [Fe(CN)g)
Acid — Cut? 0.4M H,SO, no, = N + ngi + ny-
(AC) + 0.53M CuSO,
Acid - dichromate 0.4M H,S0O, ng, = na‘;d' + nﬁf" + no; + o 02
(AD) + 0.5M K,Cr,O4
Acid — permanganate 0.4M H,S0, ng, = n{,‘;d' -+ ngf" + no;
(AP) + 0.1M KMnOyq +np - + no-

* - It is used for powders

ad. ... AF ECG
ng,™ = 03" - ng,

no- = nf? - ng?
—_ pndl AC
no’og- —_— nO, - nO:

= ndC AF
no; - no2 - noz
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3. The radiolysis of lithium containing salts and

ceramics

It was investigated radiolysis of various breeding materials: LiAlOg,
LiNbO3, LiyZrOy4, LiySiOy, LisSiOs, LiyTiO3, as well as lithium en-
riched materials - LigSiOs, LigSiOg, LigZrOs

. The nature of RD and RP is independent of fabrication type of ma-

terials (powder, pellet, etc). However, the concentration of them is

changed in dependence of material design

. The efficiency of radiolysis decreases with increasing of irradiation

temperature (for example, it is 10 times smaller at 800 K than at

room temperature)

. The irradiation type (y-rays, electron, reactor irradiation) does not

influences on the nature of RD and RP, but only changes their quan-

titative composition

. The radiolysis degree of Li;SiO4 was obtained as follows:

a(%) =5 -10"2 D% (T,.q = 300 - 400 K)

a(%) =5-1073 D% (T,.q. = 700 - 800 K)

. The degree of radiolysis for all investigated materials was not greater

than 1% for the irradiation dose of 100 - 200 MGy



3. THE RADIOLYSIS OF ALKALI SILICATES

RD and RP in lithium orthosilicate ceramics

Structure | Symbel | Chemical RedOx Transformation Detection
equivalent equivalent products methods

Electron type radiation defects

=Si E, - Trivalent +1 H ESR,TSL,CSM,
center silicon optical spectros.
Lig* - Molecularion | +1 o i CSM

Hole type radiation defects

=5i-0° | HC, Ton-radical | -1 On° CSM, ESR
=Si-0..0 | HC; Ion-radical -1 OH° CSM, ESR
O Interstit | Oxygen atom | -2 H;0. CSM

ial atom
=S13-0-0° Peroxyradical | -3 O, CSM, ESR

Electron type products of radiolysis

Li. Colloid- | Metalic (+1)a H; CSM
al lithium
lithium

Sia Colloid- | Elementary (+4)a H, CSM
al S¢ | silicon

Hole type products of radiolysis

0O, Molecular -4 0, Gas
oxygen Chromatography
=Si-0-0-i3 Peroxy- | Peroxy- 2 (0g)* CSM
bridge | anion
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70 30 120 ) 700 720
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Kinetics of radiation defects and radiolysis products accumulation during the irradiation of Li SiQ, ceramics in a nuclear
reactor (T= 7713 K. @, , =1x10%em™3 5!, P =1 MGy h~').

Initial vields and saturation dosages of radiation defects and

al e
9rLi.Si0; 20 radiolysis products accumulation in Li,SiQ, irradiated with
electrons at 333 K
Type of RD and RP Yield Saturation
defect dosage
(100 eV} (MGy)
Of* (in gascous phase) 4x10°° none
O (in solid matrix) 4x%10"? none
L:, (colloidal Li) - 2x10°3 none
0% =Si-0-0-Si= 3x10°* 15
Si, (colloidat Si) 4x10~* 40
(=Si-0%) 26x10°° none
> . L . 2 : ! [ 4x107? 20
0 20 <0 60 80 100 fovalieed
D. MGy

Radiolysis products accumulation during the electron
irradiation of Li,S5i0; and Li SiO; ceramics (T =350 K, P =
10 MGy h=' (1) Li,: (2) Siy (3) O3 (4) OF™ (0) for

Li,Si0,: (@) for Li.SiO.).
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Table 3.

Influence of irradiation temperature to the L145i04 radiolysis
degree.

Irradiation Radiolysis degree Oxygen in gas phase,’
temperature, oL , %
K

300 - 350 0.5 10

570 0.1 25

670 0.02 30

870 0.01 30

Absorbed dose - 100 MGY, irradiation with accelerated electrons.



Li, Si0, ceramic

Concentration of electronic RD, arb. unit

0 05 ) 5 30 25
Mass °/s Fe;03 PBO;

-

0 0025 3.05 0,075 01
Mass °/s Cr*3

Influence of impurities appearing in Li,SiO, ceramics

to the accumulation of electron radiation defects and products

of radiolysis during electron irradiation (absorbed dose 20

MGy).
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4. The investigation of tritium release process in

ceramics

1. The study was mainly focused on a role of RD and RP in tritium

release. The in-pile and out-of-pile experiments were conducted.

2. The RD and RP change the tritium release rate: decrease at the
beginning of irradiation, and accelerate at high irradiation dose (50 -

100 MGy). The ratio of HT/HTO increases at high irradiation dose.

3. The impurity and structure of ceramics influence on tritium release:
in LiySiO4 (fine-grained structure) produced by high temperature

plasma method the hindering effect was just about 1% at 800 K
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70 40 50
Absorbed dose, MGy

Influence of absorbed dose on
tritium release parameters. Irradia-
tion with accelerated electrons at
333 K. T=640 K, purge gas He.
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5. The influence of magnetic field on processes in

breeding materials

1. Magnetic field (MF) influences to the processes in blanket zone:

1) radiolysis of breeding materials;
2) kinetic of tritium release;
3) and causes electro-degradation of materials

2. The degree of radiolysis is dependent on primary spin state of excited
material (exciton of triplet or singlet state). MF (2 T1) decreases the
degree of radiolysis of LiySiO4 ceramic for 25 - 30 %

3. MF retards tritium release, but does not change total released
amount. The influence efficiency of MF is proportional to the square

of its intensity

4. The influence of MF on the processes in blanket decreases with in-

creasing of temperature
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6. Conclusions

1. It is worked out chemical methods for the investigation of radioly-
sis, which allow to determined various RD and RP in wide range of
irradiation dose: 10~* — 10° MGy. The specific method gives
a possibility to examine distribution of RD and tritium in ceramic

pebbles

2. The radiolysis of lithium-containing ceramic materials causes degra-
dation of matrix, but the degree of degradation is no more than it is
no more than it occurs due to burn up of lithium during the operation

of fusion reactor

3. Tritium can bound up with RD and RP, forming stable and meta-
stable links. The thermal stability of bounds are determined the
kinetic of tritium release, and redox-potential - chemical form of

tritium

4. Magnetic field changes the radiolysis kinetic of breeding material and
hinders tritium release. The variation of MF value can cause the

electro-degradation of blanket material
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