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1. Introduction 

 

The safe and responsible disposal of radioactive 

waste resulting from the nuclear fuel cycle has been a 

significant concern for the nuclear industry for many 

years. [1]. To ensure the safety of the environment and 

prevent potential health risks, it is essential to remove 

radioactive iodine, particularly 129I, from off-gas 

streams in reprocessing facilities before releasing them. 

This is because radioactive iodine is highly volatile and 

has a long half-life of 1.57 x 107 years, which means it 

can persist in the environment for an extended period 

[2,3].  

Cement and glasses have been investigated as options 

for immobilizing I-129, but their long-term storage 

effectiveness is limited by several factors, including low 

iodine waste loading capacities, extended processing 

times, high energy consumption, and elevated 

processing temperatures [4–6]. In contrast, there have 

been limited studies on low-temperature sintering of 

ceramic-based iodine waste forms (<300 ℃) [7,8]. This 

sintering process is an emerging approach avoiding the 

use of high temperatures, which can cause the release of 

radioactive species into the environment as in 

conventional sintering methods. 

In this study, we synthesized a new sorbent, Bi0–rGO, 

and investigated its ability to absorb iodine gas. We also 

employed low temperature sintering to immobilize 

iodine waste, and evaluated the performance of the 

sintered pellets using characterization methods 

including PXRD and SEM. To determine the 

effectiveness of the pellets, we will carry out short-term 

leaching experiments using PCT protocols [9]. 

 

2. Methods and Results 

 

2.1 Iodine capture experiment 

Iodine capture experiments were studied under static 

air conditions at 200 ℃ for several times, and the iodine 

capture capacity was calculated by weighing the sample 

before and after exposure to iodine gas at various time 

intervals using Eq. (1).  

                                                                                      (1) 

   where Δm (g) and ms (g) are the mass gain and the 

initial mass of sorbent, respectively, and qe (mg/g) 

represents the iodine capture capacity of sorbent.                       

A blank control was also performed to confirm that 

the mass increase was due to iodine capture and not 

oxidation through air reaction.  

 

2.2 Sintering conditions for I–Bi0–rGO  

 Two samples were prepared: (1) additive-free I–Bi0–

rGO (CS BiI3) and (2) I–Bi0–rGO mixed with Bi2O3 

powder and distilled water (CS BiOI) for thermal 

annealing at 300℃ for 12 h. Both samples were pressed 

with a uniaxial pressure of 500 MPa in an 8 mm 

cylindrical steel mold and sintered at 300 ℃ for 20 min. 

The sintered samples were removed from the mold for 

characterization. 

 

3. Result and Discussion 

 

Due to high-pressure sintering, the CS BiI3 sample 

(Fig. 1) exhibited a reduction in crystallite size as 

evidenced by peak broadening in the PXRD pattern, 

although there were no notable shifts in XRD peak 

positions. The BiI3 phase in the CS BiOI sample shifted 

to BiOI through a chemical reaction between Bi2O3 and 

BiI3.  

 
Fig. 1. PXRD patterns of I–Bi0–rGO, CS BiI3, and CS BiOI. 
 

The formation of distinct platelet-shaped crystals due 

to the combination of additives and thermal annealing 

procedures can be observed in the fracture surface 

micrographs of CS BiOI [10], as depicted in Fig. 2 . 
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Fig. 2. SEM image of fractured surfaces of CS BiOI at 300 ℃. 
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4. Conclusions 

 

In this study, we proposed a low-temperature 

sintering method for the stable and long-term disposal 

of 129I waste by synthesizing Bi0–rGO composite 

materials using a solvothermal route. To immobilize the 

iodine waste form, BiI3 was converted into a more 

chemically durable BiOI through a simple thermal 

annealing process. However, further research is 

necessary to comprehensively evaluate the long-term 

iodine behavior of Bi0–rGO under various leaching 

conditions in a deep groundwater environment. 
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