
Leaching and chemical alteration

of 238Pu-doped borosilicate glass

Bella Zubekhina

Boris Burakov, DSc
V.G. Khlopin

Radium Institute

ICTP, Trieste, Italy                     6-11 November, 2017



Background

• Chemical durability and radiation effects in waste forms

• How to study radiation effects?

• Accelerated radiation damages (by 238Pu or 244Cm): 

challenges at every step!



Samples



Synthesis of Pu-doped B-Si-glass     9/06/2016

• B-Si-glass SON68 (France)

 Well known material for HLW immobilization. 

 Commercial technology based on SON68 glass composition.

• Sintering in air, 1400°С, 1 hour
at high temperature furnace developed at KRI (Patent №14714, 

Vol. №29, 20.10.2014)

• 0,45 wt.% 238Pu for acceleration of radiation damages
and nonradioactive (referent) sample with almost the same composition

• 3 wt.% Eu for trivalent lantanides simulation



Sample of  SON-68 glass  doped with 0,4 масс.% 238Pu right after synthesis

Self glowing in darkness



Leach tests in static conditions



Leaching of plutonium

(unsaturated conditions)

Days 7 14 28 56 108

Leach rate, g/(m2 day) 0.08 0.04 0.34 0.58 0.13

Static leach test, 90°С 

SA : V  = 1 cm2 : 80 cm3

Accumulated dose (on 11.11.2017) 

2,5·1023 α-decays/m3 or      1,7·1016 α-decays/sample



238Pu normalized mass loss (90C, static, distilled water)
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Corrosion of glass matrix (for non-radioactive sample)

Static leach test at 90°С, distilled water
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Effect of temperature on boron leaching

0,001

0,010

0,100

0 10 20 30 40 50 60

L
e
a
c
h

 r
a
te

В
, 

g
m

-2
 d

a
y

-1

Days

25С

90С

Static leaching at 25 and 90°С



Alteration



Alteration at saturated conditions

Sample doped with 0,4 wt. % 238Pu (left) and non-radioactive sample with the 

same composition (right) after contact with water at saturated conditions

static conditions, 4 month, 90°С, SA : V= 1 cm2 : 4 cm3

Self-destroying of the gel was observed 

in a week after gel formation!



Optical microscopy of «gel» fragment

(scale in microns)



Summary

• After about 4 month Pu leach rate decrease and gel formation was

observed at the same time. Glass sample remains monolith, visually

homogeneous, no cracks were observed.

• Different behavior of 238Pu-doped glass at different ratio SA : V

Strong fixation of the gel in unsaturated conditions and self

destroying of the gel at less amount of water. What about VHT?

• Different alteration behavior of non-radioactive and 238Pu-doped

glass. What is the key factor affecting this process – radiolysis,

radiation damage…?

• Further research in needed to study secondary phases and altered

glass surface



Other research activities

• Study of Na-Al-P glass 

doped with 238Pu

• Study of artificial glass-like 

material – Chernobyl “lava”

0.45 wt.% 238Pu

0.15 wt.% 238Pu



Acknowledgements

Sylvain Peuget
(СEA Marcoule, France)

Аndrey Shiryaev
(Institute of Physical Chemistry and Electrochemistry, Moscow)

Irina Vlasova and colleagues
(Мoscow State University)

IAEA and ICTP



St-Petersburg 2017 – a year of anniversaries



St-Petersburg 2017 – a year of anniversaries

100 years 

of October Revolution



St-Petersburg 2017 – a year of anniversaries

100 years 

of October Revolution
Khlopin Radium Institute



St-Petersburg 2017 – a year of anniversaries

100 years 

of October Revolution
Khlopin Radium Institute

80 years of first cyclotron in Europe



Khlopin Radium Institute 
from geochemistry to radiochemistry



The only hot cell facility…



The only hot cell facility…

… located in 3 km distance from Emperor Palace



Practical workshops at KRI and abroad

UK South Africa

China St-Petersburg



Thank you for your 

attention!



Glass composition

элемент / оксид

масс.%

Стекло с 238Pu
Нерадиоактивное 

стекло

SiO2 47.84-47.87 47.71

Na2O 14.59-14.60 14.52

B2O3 21.19-21.21 21.13

Al2O3 6.84-6.85 6.96

Eu2O3 3.02 3.84

CaO 5.87 5.84

PuO2 

(81.3 wt. % 238Pu)
0.65-0.58 -

238PuO2 0.53-0.47 -
238Pu 0.45-0.42 -



Спектры фотолюминесценции исходных образцов стекла SON68 

и новообразованной фазы («Truha»)



Synthesis of Pu-doped Na-Al-P glass                   

• Na-Al-P glass (Russia)

 Uses for vitrification of HLW only in Russia

 Vitrified legacy waste for disposing in deep geological disposal

• Sintering in air, 1200°С, 2 hours
at high temperature furnace developed at KRI (Patent №14714, 

Vol. №29, 20.10.2014)

• 0,43 wt.% 238Pu for acceleration of radiation damages
and nonradioactive (referent) sample with almost the same composition

• HLW simulation for both samples, including 2,5 wt.% of 

lantanides (La, Nd) and fission products (Ba, Cs, Sr, Mo)



Leaching
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NL – normalized mass loss, g/m2

a – activity of isotope in leachate, 

Bq

a0 – initial activity of isotope in 

the sample, Bq 

W0 – initial weight of the sample, 

g

SA - surface area, m2

SAf

m


 =NL

m – weight of element in 

leachate, g

f – mass fraction of element in 

the sample before leaching

SA - surface area, m2

for radioactive samples for non-radioactive samples


