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Abstract : In fields of operating or handling a hydrogen isotope facility, and of the technology for nuclear fusion source management, gas
chromatography has been used as one of the practical techniques for separation and enrichment of hydrogen isotopic gases including tritium.
Chromatographic separation experiments of the hydrogen isotope mixture (hydrogen, deuterium and tritium) were carried out by use of a
commercially available gas chromatograph. An aliquot of gas sample was injected by a specially designed vacuum sampler into the stream
of inert carrier gas which went through the separation column under liquid nitrogen temperature. The complete separation of hydrogen
isotopic molecules was observed with an alumina adsorbent partially deactivated by coating with 10% manganese chloride. In addition, fairly
good separation conditions were obtained without any appearance of nuclear spin isomers with shorter retention time, which would be
available for the practical applications of the hydrogen isotope separation and enrichment.
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Fig. 1. Schematic diagram of hydrogen isotopes analysis.
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Table 1. Analysis of Deuterium Gas

Chemical purity 9.998 %
Gas Ar/O» < 3 ppm
chromatographic No < 3 ppm
analysis Co < 3 ppm

CO < 2 ppm

THC < 2 ppm
Water content <1 ppm
Isotopic enrichment
Mass H 0.1 atom %
Spectroscopic D 9.9 atom %
analysis

lonization vacuum gauge
Convectron pressure (10* Torr)
gauge (102 - 10° Torr)
, 0
) 2)) ‘ED Y‘D Turbo molecular pump
£
2 2 2 2
%D %—D %D%D % o hood
5
Auto sampler 3

Rotary oil vacuum

(sample loop : 2.5 ml)
pump

Gas chromatographic
system

a : Bellows valve

Fig. 2. Schematic diagram of sampling systems for hydro-

gen isotopes analysis.
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Fig. 3. Gas chromatograms of Hy/D, mixed gas obserbed with
activated alumina adsorbent (the upper part) and
with partially deactivated alumina adsorbent coated
by MnCly (the lower part).
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Fig. 4. Gas chromatogram of D, gas (H/H+D=0.1%) observed
with MnCl, coated alumina adsorbent (Column tem-
perature : -196°C, TCD current:150mA, TCD tem-

perature : 100°C, Carrier gas flow rate : 50 ml/min).
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Fig. 5. Gas chromatogram of HyD; mixed gas injected
under the H»/D» partial pressure (Torr.) ratio of 50:
500 observed with MnCls coated alumina adsorbent

(TCD conditions are the same as Fig. 4).
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na adsorbent(TCD conditions are the same as Fig. 4).

Fig. 6. Gas chromatogram of Hy/D» mixed gas injected under
the Ho/D» partial pressure (Torr.) ratio of 5 : 500
observed with MnCl: coated alumina adsorbent(TCD
conditions are the same as Fig. 4).
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Fig. 9. Gas chromatogram of Hy/D. mixed gas injected under

Fig. 7. Gas chromatogram of Hy/D; mixed gas injected under the Hy/D» partial pressure (Torr.) ratio of 100 : 400

the Hy/D» partial pressure (Torr.) ratio of 115 : 645
observed with MnCly coated alumina adsorbent(TCD
conditions are the same as Fig. 4).

observed with MnCly coated alumina adsorbent (Column
temperature : ~196°C, TCD current : 150 mA, TCD tem-
perature : 100C, Carrier gas flow rate : 100 ml/min).
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Fig. 10. Gas chromatogram of HyD» mixed gas injected
under the Hy/D; partial pressure (Torr.) ratio of
100 : 400 (higher pressures) observed with MnCl,
coated alumina adsorbent (TCD conditions are the
same as Fig. 9).
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Fig. 11. Gas chromatogram of HyD: mixed gas injected
under the HyD» partial pressure (Torr.) ratio of
100 : 400 observed with MnCly coated alumina
adsorbent(TCD conditions are the same as Fig. 9).
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Fig. 12. Gas chromatogram of HyD. mixed gas injected
under the Hy/D, partial pressure (Torr.) ratio of
100 @ 400 observed with MnCly coated alumina
adsorbent (Column temperature -196C, TCD
current : 130 mA, TCD temperature @ 1007C,
Carrier gas flow rate : 100 ml/min).
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Table 2. Calculation of Volume Fraction and Volume from
Partial Pressure in the Sample Loop

Hydrogen Partial Peak Volume Volume
isotopic pressure area fraction (ml)
gas (Torr) @V -min) byeq (1) byeqg (2
Hy 100 9774 0.120546 0.421911
D2 400 38940 0.482148 1.687644
Ha 80 3663 0.096437 0.337529
D2 320 14476 0.385747 1.350115
H, 60 2044 0.072328 0.253147
Dy 240 8130 0.289310 1.012586
H: 40 1031 0.048218 0.168764
Do 160 4438 0.192874 0675058
R 8.0 V 0.0 g
E HT 7, E
% 4.0 wr 0.5 '::
: : He Hy T2 :-';
] 0— — 1.0 g

13

Retention time (min.)

Fig. 13. Radio gas chromatogram of trititum gas and decay
product observed with MnCl> coated alumina
adsorbent (Column temperature -196C, TCD
current : 80 mA, TCD temperature : 100C, Carrier
gas flow rate : 50 ml/min).
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