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Abstract: In order to process highly tritiated water, a two-stage palladium membrane reactor
with hydrogen-water isotope exchange series with water gas shift has been built, which can
realize the cascade treatment process. In this paper, hydrogen removal experiments were car-
ried out with natural water instead of tritiated water as the source and D, instead of H,. The
maximum decontamination factor(DF) of 207. 4 is obtained, which verifies the feasibility of
using two-stage palladium membrane reactor to treat tritiated water. In general, the DF of
water gas shift reaction is greater than that of hydrogen-water isotope exchange reaction.
The higher the ratio of D, /H, O in the hydrogen-water isotope exchange, the greater the DF.
The higher the feed side pressure, the greater the DF. With the increase of feed water flow,
the DF values of both reactions will decrease. Because hydrogen-water isotope exchange can
reduce the concentration of tritiated water by more than one order of magnitude, the contact

between CO and high concentration of tritium in the second membrane reactor can be avoided
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as far as possible, and the generation of tritium-containing organics can be inhibited. Thus it

can be seen that the two-stage palladium membrane reactor is expected to be a highly efficient

device for processing of tritiated water.

Key words: tritiated water; hydrogen-water isotope exchange; water gas shift; palladium

membrane reactor; decontamination factor
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Fig. 2 Configuration of Pd membrane reactor
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Processing flow diagram of two-stage membrane reactor
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Table 1 Experimental conditions of hydrogen removal performance test
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Fig. 3 IR spectrum of natural water and heavy water
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Fig. 4 IR spectrum of standard heavy water sample with different concentrations
12r 2.4r
(a) (b)
11 S§=21.86x—10.24 2.2r S=7.49x-1.36
7'=0.998 °=0.998
10F 2.0¢
“» 9 “l.8F
8t 1.6+
7+ 1.4+
6 1 1 1 1 1 J 12 1 1 1 1 1 1 1 J
0.75 0.80 0.85 0.90 0.95 1.00 0.34 0.36 0.38 0.40 0.42 0.44 0.46 0.48 0.50
X X
7K BE SR 43 B s () ——0. 75~1. 00, (b)———0. 36~0. 49
&5 AN [m] ¥ B2 B KA it — ODIR e s T R 4 A o il 2
Fig. 5 Standard curves of peak area of —OD in heavy water with different concentrations
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Table 2 Test results of hydrogen removal performance
No. mi/g my/g — QDU i f1 x5 (H,O) DF, DF, DF ol
1 19. 28 1. 28 1. 45 0.625 1.6 15.1 24.2
2 19. 24 1. 31 4.79 0.312 3.2 14. 8 47. 4
3 19. 20 1. 31 9.72 0. 087 11. 5 14.7 165. 6
4 19. 24 1. 33 10. 09 0.070 14. 3 14. 5 207. 4
5 38. 45 3.08 9. 50 0.097 10. 3 12.5 128.7
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