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Introduce 

Tritium decontamination from tritium waste is important for the management of tritium waste. 

Tritium removal from waste tritium oxide can not only get tritium,but also reduce the amount of 

waste tritium. At the meantime,by cleaning the tritium pollution gas can also reduce the tritium 

exhausting from tritium facility. At present, the process of hydrogen isotopic exchange in tritium 

removal from waste tritium oxide and coordination oxidization-adsorption in tritium cleaning 

from waste trtitium gas are the mainly methods. In these methods, hydrophobic catalysts which 

can be used in these process are the key technology.There are many references about their 

preparing[1-5] and applying[6-9], but few on the estimation about their performance changing during 

their applying[10]. However, their performance stability on isotopic catalytic exchange and 

catalytic oxidization will affect their using in reaction. 

    Hydrophobic catalyst Pt-SDB which can be used in tritium isotopic exchange between tritium 

oxide and hydrogen and the cleaning of tritium pollution gas have been prepared in our laboratory 

in early days. In order to estimating their performance stability during their using, this work will 

investigate their stability on their catalytic activity and their radiation-resistance tritium. 

1 The property parameters of Pt-SDB 

The parameters of Pt-SDB are listed in table 1.The distribution of Pt is shown in Fig.1. 

              Table1  The property parameters of Pt-SDB 

Property parameter 

Pt(wt.)，％ ＞1.60 

S.A./m2/mg ＞500 

accumulation density/g/ml 0.265 

ressistance to compression/N 4.20 

diamerter/mm 0.8~1.0 

ressistance to temperature/℃ 160 

Appearance gray 

 

 

 

 

 

 



 

 

 

 

 

 

 

             exterior(×7000)           section(×14000) 

                     Fig.1  Pt distribution in SDB 

2 The investigation of catalytic activity and their stability 

2.1  Pt-SDB catalytic activity in treating tritium pollution gas 

The diagram of the devil for measuring catalytic activity in coordinaration catalyzation and 

adsorption between tritium gas and oxygen is given in Fig.3. 
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Fig.2  Schematic diagram of the isotopic exchange between tritium gas and oxygen 

    In the investgation of Pt-SDB treating waste tritium gas,the catalst’s activity can be indicate 

with the convert efficiency f,which is expressed in equation(1): 
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f is tritium convert efficiency,％, c0 is tritium content in raw water, Bq/L, Ct is tritium content 

in receiver at reaction t, Bq/L. 

In the experiment, the tritium content from tritium pollution gas is measured by a tritium 

minitor, f can be calculated by formula (1). Pt-SDB catalytic activity is measured in the activity 

devil at room temperature. The results list in table 2. 

       Table2   Results of catalytic oxidization on Pt-SDB 

ν(H2)/m/s f/％ 

0.16       95.3 

0.26       92.8 

0.52       90.3 

     Table 2 show f is more than 90% in treating tritium pollution gas when ν(H2) is in 

(0~0.67)m/s. 

2.2  Pt-SDB catalytic activity in treating tritium oxide 

The diagram of the devil for measuring catalytic activity in the tritium isotopic exchange 

 



between tritium oxide and hydrogen is given in Fig.3. 
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Fig.3  Schematic diagram of the isotopic exchange betweem water and hydrogen 

    In parallel-flow catalytic reactor, the catalytic activity kya can be expressed in equation (2). 
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kya is catalytic activity,s-1, Q is the flow of hydrogen, L/min, V is the volume of catalyst, L。 

In the experiment, the tritium content from raw water and receiver is measured by a liquid 

scintillation. f and Kya can be calculated by formula (1) and (2).Pt-SDB catalytic activity is 

measured in the activity devil at room temperature. Results list in table 3. 

   Table3   Results of isotopic exchange on Pt-SDB 

ν(H2)/m/s f/％ kya/ s
-1 

0.067 83.6 0.90 

0.20 83.2 4.43 

0.33 84.3 4.63 

0.67 83.8 9.10 

Table 3 show f is more than 83% in treating tritium oxide when ν(H2) is in (0~0.67)m/s. 

2.3  The stability of Pt in Pt-SDB 

     The diagram of the devil which is used to measure the stability of the activity component is 

show in Fig.4. Pt-SDB is put in a 10cm high glass column which diameter is 22mm, then it was 

washed by distilled water at 1.0L/min and blown by compression air at 1.3m/s.During the washing 

and blowing, Pt losing(Pt∆ ) can be calculated according to equation (3). 
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In equation (3), Pt∆ is the losing of Pt during washing or blowing,%, LPt(wt.) is the losing 

content of Pt during washing or blowing, g, CPt(wt.) is the initial content of Pt before washing or 

blowing, g. 
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Fig.4  The diagram of the stability measureing for the activity component  

    The losing of Pt weight was measured and results are given in table 4 and table 5. 

        Table4  The losing of Pt during washing by water 

Washing time/h 0 800 1200 1600 2000 

Pt (wt.)/% 1.76 － 1.65 1.64 1.60 

Pt∆ /％ 0 － 6.25 6.82 9.09 

Ptcontent in washing water/mg/L ≤0.01 0. 027 0.01 0.01 0.01 

Pt initial content in the washing water≤0.01mg/L 

          Table5  The losing of Pt during blowing by air 

Blowing time/h 0 110 440 

Pt(wt.)/％ 1.61 1.60 1.55 

Pt∆ /％ 0 0.62 3.73 

Table 4 and Table 5 show that after washed 2000h by water and blown 440h by compression 

air, the losing of Pt in Pt-SDB is 9.09% and 3.73%. Pt content in Pt-SDB is still more than 1.5% , 

enough for the isotopic catalyst exchange. 

2.4  The stability investigation of Pt-SDB on catalytic activity 

In the activity devil, f is measured when Pt-SDB was respectly used discontinuously in 

treating of tritium pollution gas and tritium oxide, the result is drawn in Fig. 5 and Fig.6.  

    Fig.5 shows that f declined 3.3% after Pt-SDB was used 1250 days discontinuously, and the 

value of f is still more than 85%,but the f of hydropholic catalyst-Pt-Al2O3 declined more than 

95% when it was used 10 days at the same conditions. From this, we can expect that the life of 

Pt-SDB used in treating tritium pollution gas is very long time decept it is destroyed. 
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Fig.5  The relation of f and use time of Pt-SDB 
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                         Fig. 6  The relation of f and use time of Pt-SDB 

Fig.6 shows that f declined 11.5% after Pt-SDB was used 880 days discontinuously, and the 

value of f is still more than 72%. From this, we can expect that the life of Pt-SDB used in the 

isotopic exchange between water and hydrogen is more than 4 years. 

2.5  The investigation of the catalysts on radiation-resistance tritium 

    The catalyst is in the water condition containing tritium when it was used in isotopic 

exchange between water and hydrogen. So HTO(T2O) could get into the structure of the catalysts 

when the catalysts lay into tritium oxide. Some may be exist in catalyst in form of free HTO, some 

may replace the hydrogen atoms which exist in the supporter structure and form a new radiation 

tritium source. Meanwhile, the tritium radiation might cause the catalysts supporter degradation 

and decline the catalytic activity. 



2.5.1 The qualitative analysis on the catalysts enduring the radiation of tritium 

Supporters of Pt-SDB are polymer. When they are put in the tritium radiation field, 

decomposition maybe take place in the supporters. In the reaction, Pt-SDB maybe resolve H2, 

C2H2, CH4 etc.. So the qualitative analysis can be finished by sampling the mixture gas above the 

catalysts in the airtight container and detecting the mixture gas. Detecting results of samples are 

given in Table 6. 

Table 6  Results of three hydrophobic catalysts detected by GC-MS 

 background Pt-SDB(1) Pt-SDB(2) 
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    Table 6 shows that there is no new product detected by GC-MS. So, we can regard that the 

catalysts haven’t taken place radiation degradation. 

2.5.2  The change of the catalytic activity after radiation by tritium  

In order to compare the changes of f after catalysts immersing in tritium oxide, f’ which 

appears in equation (4) is defined as the conversion efficiency at every gram Pt. And then f∆ (the 

changes of f) could be calculated according to equation (5). 
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In the experiment, Pt-SDB which has different surface was filtrated from 1.26×1012Bq/L 

tritium oxide after immersing them into there for 210 days, washed completely, then put into the 

activity devil and the changes of f can be measured. Results list in Table 7. 

Table 7  The changes of f after immersing in tritiate water 

parameter condition Pt-SDB(1) Pt-SDB(2) 

fbefore
′/% befor immersing 873 824 

fafter
′/% after immersing 775 685 

∆f/％ 11.2 17.1 

f％: the measurement uncertainty is 2％. 



Table 7 show that after immersing Pt-SDB into 1.26×1012Bq/L tritium oxide and radiation 

them by tritium for 210 days, their f of Pt-SDB declined for their small diameter and their 

fragility. 

2.5.3  Analysis tritium retention in catalysts 

After immersing the catalysts into 1.26×1012Bq/L tritium oxide and radiation them by tritium 

for 210 days, they were filtrated from tritium oxide and washed with de-ionization water 

completely. Then put them into a quartz system which could convert all kinds of tritium into 

tritium oxide at the high temperature. Condensing the tritium oxide and received them, then the 

consistence of the tritium oxide can be measured by a liquid scintillate. Results list in table 8. 

     Table 8  Table 8  Table 8  Table 8  Tritium retention in catalysts after washing by de-ionization water 

Catalyst Pt-SDB(1) Pt-SDB(2) 

tritium retention/Bq/g 6977.5 7525.4 

Table 8 shows that tritium retention in the catalysts is Pt-SDB(2)>Pt-SDB(1)，the range as 

their SA.. The reason is that in Pt-SDB, there are so many mini-hole and the range of the hole’s 

size is wide, by general water washing, the tritium oxide existing in some mini-hole could’t be 

completely removed. So, the catalysts were be further cleaned by an ultrasonic wave cleaning and 

then be convert into tritium oxide. The tritium consistence measured by the liquid scintillate list in 

Table 9. 

            Table 9     Tritium retention in catalysts after washing by ultrasonic cleaning 

catalyst Pt-SDB(1) Pt-SDB(2) 

tritium retention/Bq/g 3425.0 3828.5 

Table 9 show that the tritium retention containing in Pt-SDB(2), Pt-SDB(1), declined 

separately 50.9%, 49.1% after cleaning by ultrasonic. From this, we can see the tritium retention 

in catalyst is free tritium, because the tritium can be remove only using a physical cleaning. 

If the tritium existing in catalyst replaces the hydrogen atoms from supporters structure, it 

only happen in Pt-SDB for there exists hydrogen atoms. In this work, the probability of the 

replacement can be calculated from equation (6). 
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in (6), Q is the probability of the replacement, aT,aSDB presents the content of replace tritium and 

the content of the catalysts, mol. For example, if the tritium retaining in Pt-SDB(2) all replace 

hydrogen atoms, then the replace probability is 6.9×10-9 according to equation (6). It’s very small.  

3 Conclusion 

3.1 The losing of Pt on Pt-SDB is separately 9.09% and 3.73% after washed 2000 hours by water 

and blown 440 hours by compressing air.The value of f declined 11.5% after Pt-SDB interruptedly 

used 880 days. 

3.2 The catalytic activity of Pt-SDB has only declined 3.3% ,but the f of hydropholic 

catalyst-Pt-Al2O3 declined more than 95% when it was used 10 days at the same conditions. 

3.3  When Pt-SDB was immersed in tritium oxide and the radiation dose is 2.1×104Gy, the 

degradation of the catalyst hasn’t taken place. Tritium retaining in the catalysts is creasing as their 

SA. creasing. The probability of tritium replace hydrogen atom in structure is very small. but the f 

of Pt-SDB decline for their small diameter and their fragility. 
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