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1. Introduction 
 

Before decommissioning of the nuclear power 
plant, the chemical decontamination process to the 
reactor coolant system (RCS) is required for reducing 
the worker exposure. An oxidation and a reductive 
step are carried out alternately in the chemical 
decontamination process. Reductive decontamination 
agent is used for removing oxide layer including Fe 
by reducing the Fe3+ ions to the Fe2+. The HyBRID 
(Hydrazine Based Reductive metal Ion 
Decontamination) agent developed by KAERI can be 
applied in a reductive dissolution step. It is composed 
of N2H4-Cu(I)-H2SO4, and hydrazine (N2H4) is used 
as a reductant. However, the hydrazine in HyBRID 
agent can be decomposed during the decontamination 
due to an irradiation released from the radionuclide 
such as Co-60 in the RCS. In this regard, the 
objective of this study is to investigate the effects of 
-ray irradiation on the radiolytic decomposition of 

hydrazine. In addition, we compared the results of 
hydrazine decomposition by varying the solution pH. 
 

2.  Methods and Results 
 
2.1 Sample Preparation and -irradiation 

 
HyBRID-simulated decontamination solution was 

composed of 0.05 M N2H4, 5×10-4 M CuSO4. 
Solution pH was adjusted by adding H2SO4 gradually. 
Tests were carried out at pH 3, 4 and 5. All samples 
were -ray and the absorbed doses 
were 0, 10, 20, and 40 kGy by using a high-dose -
ray irradiator at Jeongeup facility. 
 
2.2 Effect of the Copper Ion 

 
A separate test was carried out for investigating 

the effect of the copper ion on the radiolysis of N2H4. 
Copper ion increased the decomposed portion of 
N2H4 at same absorbed dose. 
 
2.3 Decomposition of N2H4 

 
[N2H4] was analyzed by UV spectrometer (DR 

5000, Hach Co.). A p-dimethylaminobezaldehyde 
method was used.  Fig. 1 shows the change of 
[N2H4] against the absorbed dose. The concentration 
of hydrazine decreased with increasing absorbed 
dose regardless of pH. Even at 40 kGy, however, 
N2H4 remained up to 85% in all pH conditions. 
 

 
Fig. 1. Change of [N2H4]. 

 
2.4 Generation of NH4

+ ion, N2 and NH3 

 
NH4

+ ion, N2 and NH3 were produced by radiolytic 
decomposition of N2H4 [1-2]. The concentration of 
ammonium ions was analyzed by using an ion 
chromatograph (881 Compact IC pro, Metrohm, 
Chungnam national university center for research 
facility). In addition, the produced portion of N2 and 
NH3 was calculated from [N2H4] and [NH4

+]. As 
shown in Fig. 2, the ammonium ion was produced 

-ray irradiation in all samples. The 
amount of NH4

+, N2 and NH3 produced from N2H4 
decreased with increasing pH. 
 

 
Fig. 2. Concentration of N2H4 and products after 40 kGy of 

-ray irradiation. 
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2.5 Decomposition Mechanism 
 

The chemical yield of water radiolysis is 0.27eaq
-, 

0.06H , 0.26OH , 0.045 H2, 0.08 H2O2, and 0.27H3O+. 
In addition, the eaq

- reacts with H+ and produces H  

following as Eq. (1).   
 

e-
aq + H+         (1) 

 
N2H4 exists as a N2H5

+ in an acidic condition due 
to the hydrolysis reaction as shown in Fig. 3. N2H5

+ 

ion is a dominant species. 
 

 
Fig. 3. Hydrolysis of N2H4 at different pH condition. 

 
N2H5

+ ion reacts with radiolysis products of water 
and produces N2H4, N2H4 , NH2 and NH4

+
 ions as 

shown in Eq. (2-4). The unit of rate constants is 
represented with k/dm3 mol-1. 
 

N2H5
+ + e-

aq  + N2H4    (k=1.6×108)  (2) 
N2H5

+ + OH  N2H4 + H2O (k=8.2×107)  (3) 
N2H5

+ + H  NH2
 + NH4

+    (k=1.3×105)   (4) 
 

N2H4, produced by reaction Eq. (2), hydrolyzed to 
the N2H5

+ ion rapidly and it reacts repeatly as Eq. (2-
4). Otherwise, it can reacts with NH2, H , and OH  
following as Eq. (5-7). 
 

N2H4 + NH2
 N2H3 + NH3  (k=1.0×107)  (5) 

N2H4 + OH 2 + N2H3    (k=1.3×105)  (6) 
N2H4 + H N2H3 + H2O   (k=1.3×105)  (7) 

 
Furthermore, N2H3 reacts with the other N2H3 or 

N2H5
+

 ion following as Eq. (8) and (9). 
 

N2H3 + N2H3 2H2 + N2H4 (k=6.0×108)  (8) 
N2H3 + N2H5

+ 4H6 2 + 2NH3) 
            (k=4.0×108)  (9) 

 
N2H4  ion decomposes into H+ and N2H3 or reacts 

with N2H4 as shown in Eq. (10). 

N2H4  + N2H4  4H8
2+ 2 + NH3) 

       (k=1.0×108)  (10) 
 

As a result, hydrazine is decomposed into NH4
+, 

N2 and NH3. 
 
2.6 Discussions 
 

As the increase of the absorbed dose, the above 
reactions proceed to further due to the radiolysis 
products of the water. In this regard, [N2H4] 
decreased according to increasing absorbed dose as 
shown in Fig. 1. 

As shown in Fig. 2, [N2H4] at 40 kGy was lower as 
pH was lower. Low pH means higher concentration 
of H+ ions. Therefore, more occurrence of reaction in 
Eq. (1) could cause more decomposition of hydrazine. 
This is also the reason that [NH4

+] increased with 
decreasing pH.  
 

3. Conclusion 
 

Hydrazine in a reductive decontamination solution 
can be decomposed due to the -ray irradiation. The 
reason of decomposition was explained by reaction 
the radiolysis product of hydrazine with the 
radiolysis product of water. This reaction was 
confirmed by analyzing of ammonium ion. However, 
it was investigated that decomposed portion of 
hydrazine was increased when copper ion is 
contained in a solution. Therefore, it is necessary to 
study about the effects of copper ions on the 
radiolytic decomposition of hydrazine. In addition, it 
needs to analyze N2 and NH3 generated during the 
irradiation. 
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