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1. Introduction 

 
In fusion reactor, breeding of Tritium is necessary in 

order to maintain the fusion reaction. The heat 

generated in this process is continuously extracted by 

the helium cooling system (HCS). Helium, which has a 

higher conduction value compared to other gases, 

removes heat by circulating the breeding zone. Since the 

breeding zone is the environment of high temperature 

and high pressure, and has thin steal wall for effective 

heat transfer, small tritium continuously permeates to 

helium. If tritium reaches high concentration, it can be 

exposed to external environment through the secondary 

cooling system which extracts heat from HCS to 

external heat sink. Therefore, it should be removed in 

the HCS through Coolant purification system (CPS). 1% 

of helium flow rate bypasses CPS and is purified 

through several steps. In order to derive the design of 

the CPS, experimental devices are being manufactured 

and performed in many countries. KAERI and NFRI 

also compare and analyze several designs to be able to 

produce CPS, and the test facility is under construction 

now. In this paper, the design of test facility for 

adsorption bed is introduced. 

 

2. Methods and Results 

 

2.1. Coolant purification system 

 

CPS consists of oxide bed [1,2], adsorption bed[3], 

impurity bed[4] and so on as shown in Fig 1. In this 

study, molecular sieves are utilized to physically capture 

tritium. Zeolite molecular sieves are crystalline with 

plentiful pores of precisely defined diameter. [5] 

However the tritium is too small to be captured by 

molecular sieves, it will pass through adsorption bed 

and the system cannot function adequately. Therefore, it 

is oxidized to Q2O before the adsorption bed and then a 

molecular sieve bed (MSB) captures. Since the diameter 

of helium and H2O are 2 Å  and 2.6 Å , respectively. H2O 

with large size and polarity is adsorbed while on the 

other helium passes through the sieve. MSB has a high 

adsorption efficiency of 99% or more and is high 

efficiency at room temperature. In the impurity bed, 

only a few other impurities are filtered out using cold 

traps, and only pure helium is returned to HCS. 

 

 2.2 time to saturation of molecular sieve bed 

 

The adsorption capacity varies depending on the 

adsorbent type, temperature, pressure and partial 

pressure of steam [6], and the saturation characteristic 

changes as well [7]. The concentration of Q2 in CPS is 

estimated as 0.3 Pa, which is very low compared to the 

Helium pressure of 8 MPa. Helium mass flow rate is 

0.0114 kg/s which is 1% bypass flow from HCS. To 

design the size of MSB, the correlation of Nakashima 

[8] is used. MSB with the diameter of 0.1 m and the 

length of 1 m is calculated to be suitable size with about 

265 days.[9] The equation for time to saturation is as 

follows, 

 

Fig 1 Schematic diagram of CPS (CO: copper oxide bed, MSB: molecular sieve bed, IB: impurities bed) 
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                        (1) 
Where, 

A: Amounts of HTO adsorbed (mmol/ml) 

Am: Maximum adsorption capacity (mmol/ml) 

C: Concentration of HTO in the feed gas (mmol/ml) 

K: Adsorption rate constant (ml/mmol/min) 

v: Linear velocity of the feed gas (cm/min) 

C0: The initial concentration of HTO in the feed gas (mmol/ml). 

 

2.3 scale down condition for adsorption test 

 

Verification experiments should be performed to 

confirm the calculation results and adsorption rate of the 

MSB. However, as the concentration of Q2 is too low, 

the MSB of the same size takes long time, and the 

helium pressure is too high, making it difficult to build 

an experimental device. The low pressure experiment is 

planned through scaling.  

Among the parameters in the above equation, the 

concentration of HTO and the linear velocity of the feed 

gas are influenced by fluid. In the experimental 

conditions, the pressure is lowered to 0.2 MPa, but the 

partial pressure of hydrogen is maintained at 0.4 Pa. In 

addition, the size of the MSB was reduced in order to 

keep the experiment run time within a few days. The 

minimum MSB diameter and height to minimize the 

effect of voids between the molecular sieve and the wall 

is 16 mm, which is 10 times the sieve, and 24 mm, 

which is 15 times the sieve, respectively. The linear 

velocity is adjusted by reducing the flow rate as the 

cross section decreased.  

In addition, different diameters and heights will be 

used to determine the effect of design and concentration 

on the adsorption behavior of MSBs. Generally, the 

adsorption rate tends to decrease as the adsorption 

progresses. If the definition of general saturation is that 

MSB adsorbs all the absorbable water, in this study, the 

saturation time is defined as the time that can maintain 

99% adsorption rate. The adsorption test conditions of 

this study were evaluated using Nakashima's equation. 

Figure 2 shows the ratio of water molecules that could 

not be captured by the MSB and passed as time goes by. 

It takes 147 hours for 0.4 Pa, 29 hours for 10 Pa, and 15 

hours for 20 Pa. 

 

 

Fig 2 Percentage of water molecules not captured by 

the MSB and passed through 

3. Conclusion and further works 

 

 

The major components of CPS are oxide bed, 

adsorption bed and impurity bed. Tritium in helium is 

oxidized to water and captured be MSB. In order to 

design the MSB, literature review on the adsorbent 

characteristics and design study was carried out. In case 

of the actual MSB, it is designed to be used for several 

months. Due to the difficulty of long-term experiments, 

the size of the MSB was reduced to 16mm of diameter 

and 24mm of length, and the experimental pressure was 

reduced to 0.2 MPa. In this study, the saturation time is 

defined as the time to maintain 99% absorption rate. 

Using the Nakashima equation for the absorption 

experiment’s condition, the time until saturation is 147 

hours for 0.4Pa, 29 hours for 10Pa, and 15 hours for 

20Pa. Verification experiment will be performed in the 

near future. The effect of geometry and concentration 

on saturation characteristics will be experimentally 

determined to improve the correlation and a more 

reliable MSB design will be derived. 
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