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Abstract: In order to complete the tritium production of irradiated tritium breeder in the
solid tritium breeder reactor of fusion reactor, in addition to the conventional ionization
chamber, a high-precision gas chromatography on-line detection and analysis method of neon
carrier gas was established in this work. The tritium production in the system was verified
by measuring the helium production in the tritium production circuit. Thus, a new tritium
production rate measurement and verification method was provided for the irradiation tritium
production performance of tritium producing cladding solid breeder materials in fusion reac-
tor. It’s necessary to establish the method of analyzing trace *He, H, and impurity compo-
nents in Ne, in order to complete the test of real-time online detection of the system, develo-
ping three detectors and five chromatographic columns. The results show that the developed
chromatographic analysis system can realize the detection and analysis of ' He, H, and impu-

rity components in high-purity Ne, the detection limits of H, and *He can reach 1. 0 X 10 °
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and 5. 9 X 107 ° respectively, the relative standard deviation(s,) of each component content

and peak area are less than 5. 0% (n=6), and the linear correlation coefficient »* is greater

than 0. 99, indicating that the detection method has good repeatability. According to the on-

line test of multicomponent gas in Ne, the measurement repeatability in single period and

multi period is good, which can provide an analytical means for the verification of tritium

production rate in the irradiation tritium production assessment system, and then provide

technical support for the formal entry into the reactor to obtain irradiation data and tritium

balance.
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Fig. 1 Schematic diagram

of gas chromatography analysis system
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Table 1 Volume fraction of standard gas components in Ne carrier gas
BE b 2 "He H. O N, CH, CcO
1# 0.01% 0.01% 0.005% 0.005% 0.005% 0.005%
24 0.05% 0.05% 0.008% 0.008% 0.008% 0.008%
3# 0.1% 0.1% 0.01% 0.01% 0.01% 0.01%
44 0.3% 0.3% 0.03% 0.03% 0.03% 0.03%
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Fig. 2 Typical chromatogram of * He, H, and O,, N,, CH,, CO in Ne with different concentrations
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Table 2 Repetition experiment of various concentrations in Ne
1251k 285 [ 3E R M 15
5y BB U T R B B U 1T R B B U T R B B U T AR
50/ % 50/ % 50/ % 50/ % 50/ % 50/ % 50/ % se/ %
(02} 0. 24 0.16 0. 64 0. 49 0.92 0. 45 0. 04 0.03
N, 0. 34 0.31 3.48 3.19 2. 14 1.49 0.33 0. 29
CH, 0.33 0.16 0.21 0. 15 0. 36 0.23 0.33 0. 27
CcO 0. 69 0. 54 0.07 0.08 0. 37 0. 35 0.33 0.33
'He 4.56 5.03 0.18 0.18 0.41 0. 45 0.01 0.01
H; 0. 45 0.41 0.19 0. 20 0.15 0.16 0.17 0.18
H:in=6
K5 NedURRALH I KM V0 SR A 5 U B 26 P 3 A O

Table 3 Detection limit of various components in Ne
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Fig. 3 Relationship of volume fraction of different components and response values in Ne carrier gas
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Table 4 Concentrations of various components in integrated test of single time

10"/ %
HURERV €
0. N, CH, H, CcO 'He

1 105. 56 150. 52 131. 26 1 334.52 122. 82 1198.77
2 104. 33 144.51 130. 67 1332.15 122. 39 1197.14
3 104. 53 147. 49 129. 93 1 347.15 121. 98 1196.93
4 104. 90 147.16 129. 04 1 324.17 121. 64 1193.61
5 105. 28 146. 78 132. 66 1325.12 121. 27 1192.68
6 105. 57 147. 93 127. 36 1 343.09 120. 91 1188.53

(0. 48%) (1.20%) (1.29%) 0. 62%) (0.53%) 0.29%)

A5 B s
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Fig. 5 Chromatogram of integrated test in single time
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Table 5 Data of ' He in integrated test of multi period
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Fig. 7 Chromatogram of gas concentration

after removing impurity and absorbing hydrogen
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Table 7 Concentration of original gas and gas

after removing impurity and absorbing hydrogen

B e 10/ % WA/ (mV - ) W /mV

I B

g CPHME s /% CPME s/ FHME s /%
1 1202 0. 14 1600 1.16 15 946 0. 14

2 1195 0.29 1540 0.77 15 849 0. 29
3 1132 2.56 1452 0. 69 15 013 2.56
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Table 6 Data of H, in integrated test of multi period

R 10t/ % WEB/(mV s W /mV
i Bt
g CFHM /% FE¥ME s/ EHME s /%
1 853 108 1671 1.0l 18968 1.08
2 831  0.45 1605 0.8 18476  0.45
3 810  1.11 1507  0.97 18010 1.11
F:n=18
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Fig. 6 Chromatogram of original gas concentration
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