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        Introduction 
 A long term solution for the immobilisation and storage of 129-iodine and 99-technetium      
 produced as a by-product of nuclear fission is urgently required.  Containment of both species is 
 difficult due to their anionic nature, mobility in the environment and considerable half lives.  At 

present, the common route for disposal of long lived volatile anionic species is via discharge into the ocean, 
however this is no longer deemed acceptable.  Layered hydroxy salts (LHSs) such as copper hydroxynitrate 
(found in the mineral gerhartite)1 are similar in structure to the more well known layered double hydroxides 
(LDHs)2.  LHSs comprise of a cationic metal (Cu, Zn, Mg, Mn, Co, La and Ni) hydroxide layer with an anion such as 
nitrate or acetate located within the layers3.  These materials have been shown to undergo anion exchange with 
a variety of anions with varying size and shape4.. These materials may provide a cheap, stable and long term 
solution to the immobilisation of radioactive anions.   

Synthesis 
 There are five main synthetic approaches reported; 

   

         Exchanges with target anions 

   

Decreasing 
Purity and 
crystallinity 

220ºC Teflon-lined 
autoclave, 2 days 

Digestion of MO 
@ r.t. >10 days 

Titration Cu:OH = 1 
@ r.t.dropwise 

Reflux in toluene 
then water, 1 day 

Heat in oven, 2 days 
10%< decomp temp 
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i - Using the synthesis of copper 
hydroxynitrate as an example, a 
favourable synthetic procedure has 
been determined (method 1) 
ii – Using SEM , a more regular crystal 
size and shape can be seen using 
synthetic method 1 
iii - A variety of layered materials are 
shown using synthetic method 1 

Factors 
affecting a 
sustainable 

anion 
exchange 

Factor Observation 
1 -Temperature Increased rate @ 50ºC 

Decomposition >80ºC 
2 - Exchangeable 
anion 

OAc- exchanges more 
favourably than NO3 

2 - Exposure time Full exchange with milling 
>2 days 

2 - Metal centre Cu, Zn and La reliably 
exchange, others 
inconsistent 

3 - Target anion Smaller anions such as I- 
preferably exchange  

4 - Atmospheric 
CO2  interference 

Dissolved carbonate can 
occupy the interlayer 
spacing 

5 - Anion 
concentration 

Stable up to anion:LHS 
concentration = 2:1 

Conclusion 
Various LHSs have been synthesised and their anion exchange capabilities explored.  The 
factors affecting the rate at which an exchange takes place have also been investigated in 
relation to anions likely to be encounted in long lived fission waste.  Further studies are under 
way to discover the optimum conditions need for a fast and sustainable exchange. 
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LHS % C % H % N 
CuHN 0.05 1.11 5.11 
+NaI 0.72 1.00 0.53 
CuHA 8.35 3.10 0.00 
+NaI 1.23 1.12 0.00 
ZnHN 0.03 1.83 3.80 
+NaI 1.20 1.75 0.85 

 Exposure to several target anions 
similar to those likely to be found in 
long lived fission waste 
 Preliminary experiments show 
copper/zinc/lanthanum hydroxynitrate 
and copper hydroxyacetate are able to 
interact with such anions 
 More LHSs will be investigated and 
potassium perrhenate will be used to 
model the behaviour of the 
pertechnetate anion 

LHS % C % H % N LHS % C % H % N 

CuHN 0.05 1.11 5.11 CuHA 8.35 3.10 0.00 

+NaI 0.72 1.00 0.53 +NaI 1.23 1.12 0.00 

+NaIO3 0.25 1.12 3.25 +NaIO3 5.33 2.52 0.00 

+NaIO4 0.12 1.02 0.23 +NaIO4 0.23 1.12 0.00 

+Na2CO3 0.02 0.03 0.26 +Na2CO3 0.05 0.12 0.25 

The layers of LHSs scan be seen in 
(a) copper hydroxynitrate and (b) 
zinc hydroxynitrate with an 
exchangeable nitrate  anion occupying 
the interlayer spacing 
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