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Radioactive iodine isotope
which poses a significant threat due to its long half-life and organotropism, is immobilized
into radioactive waste (RW) matrices in potentially mobile anionic I- and IO3- forms. Engineering safety barriers (EBS) that
prevent migration of radionuclides from RW repositories are supposed to be constructed from compacted bentonite
clays, that have high water-proof and cation exchange properties, but do not uptake anions.
Silver-containing sorbents are highly effective for uptake of anionic iodine
species due to formation of insoluble in water compounds AgI
(Ks = 8,52·10-17) and AgIO3 (Ks = 3,17·10-8). Addition of such sorbent to the
ESB will protect the environment from radioactive iodine and retain
performance characteristics of bentonites. The first step in obtaining of
silver-containing sorbent is deposition of metallic silver onto the surface of
a material. Then silver can transferred to desired chemical form.
The aim of this work is to compare behavior of reaction of silver application
and its durability on bentonite and silica aerogel in order to choose the
framework material for silver-containing sorbent.
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Electron microscopy and X-ray mapping, performed via TESCAN VEGA 3
scanning electron microscope, showed even Ag distribution on both materials

For deposition of silver stock solution containing [Ag(NH3)2]OH and
hexamethylenetetramine (HMTA, C6H12N4) was prepared.
Preparation and dissolution of
AgNO3 amount, that corresponds
to desired silver content on
material
Addition of 2-times excess of KOH

The volume of prepared solution
was equal to water-holding
capacity of the material with
some excess.
Silver (I) oxide precipitates:

SEM-image of silica aerogel with silver

Silver distribution on silica aerogel

The formation of silver ammonia
complex occurs:
𝐴𝑔2 𝑂 + 4𝑁𝐻3 + 𝐻2 𝑂 → 2 𝐴𝑔 𝑁𝐻3

Addition of 5-times excess of
HMTA

HMTA does not react with silver complex
at room temperature, which allows the
solution to hydrate the whole surface of
material
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The solution was introduced into a weighing bottle with a weighed amount
of material and left for 25 hours (for bentonite) or for 2 hours (for silica
aerogel) for the complete hydration. Then the open weighing bottle was
kept in an oven at 90°C, where HMTA thermal hydrolysis with subsequent
silver reduction occurred

2

Silver distribution on bentonite

2𝐴𝑔+ + 2𝑂𝐻 − → 𝐴𝑔2 𝑂 ↓ +𝐻2 𝑂

Dissolution of Ag2O by adding
concentrated NH3 till stable
ammonia odor

2 𝐴𝑔 𝑁𝐻3

SEM-image of bentonite with silver

𝐶6 𝐻12 𝑁4 + 6𝐻2 𝑂 → 6𝐶𝐻2 𝑂 + 4𝑁𝐻3
𝑂𝐻 + 2𝐶𝐻2 𝑂 → 2𝐴𝑔 + 2𝐻𝐶𝑂𝑂𝐻 + 4𝑁𝐻3 + 𝐻2 𝑂

Water was added if necessary to prevent drying of the system. The end of the process
was detected by adding a drop of hydrochloric acid HCl to withdrawn sample of liquid
phase: the thick white AgCl precipitates in presence of Ag+ ions.

In order to evaluate the efficacy of silver deposition the amount of silver
precipitated on walls of the weighing bottle was determined: it was dissolved
in small amount of dilute nitric acid and the resulting solution was titrated
with a standardized solution of ammonium thiocyanate NH4SCN in the
presence of Fe3+ ions as indicator. The calculated efficacy of silver deposition
was more than 99% of initial amount of silver.

For determination of durability of silver 0.5 g of the silver-containing material was
treated with distilled water in various conditions and with nitric acid of various
concentrations. The amount of dissolved silver was determined via titration as
described earlier.

50 ml H2O, without mixing, 1 month
5 ml H2O, with mixing, 24 hours
5 ml 1M HNO3, 1 hour
5 ml 1M HNO3, 72 hours
5 ml 6M HNO3, 1 hour
5 ml 6M HNO3, 72 hours

W(Ag dissolved), %
Bentonite
Silica aerogel
0
0
1.29
1.45
7.1
13.7
29.4
80.5
85.4
50.7
99.9
85.3

Water did not dissolve applied silver on both materials, but nitric acid solutions, which were
used to simulate the most severe usage environment and are not expected in RW
repositories, caused Ag dissolution. The amount and rate of silver dissolution from bentonite
rose with increase of acid concentration due to disruption of bentonite structure. Only 6M
acid could remove almost 100% of silver in 72 hours. Silver dissolution from silica aerogel
depended on acid concentration less and its maximum was 80 – 85%.

Thus, the developed technique allows to apply silver on both bentonite and silica aerogel effectively and ensures high
durability of silver. That allows to transfer applied silver in form of oxide and to obtain sorbents for localization of iodinecontaining anionic RW in nuclear waste repositories.

