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Separation of Hydrogen Isotopes/Helium Using Gas Chromatography
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Abstract

In the hydrogen isotope facility and the fuel cycle of the fusion reactor, an effective means for
analyzing hydrogen isotopes and decay product(helium) of tritium is very important from the
viewpoint of system operation and control. Chromatographic separation of the hydrogen
isotopes’helium mixture was carried out by gas chromatograph at - 196°C for quantitative analytica
purpose. Neon and partialy deactivated alumina were employed as the carrier gas and the fixed
column, respectively. The chromatogram with complete separation was observed in order of He, H,
and D, by the thermal conductivity detector. In addition, fairly good separation conditions were
obtained in a shorter retention time without any appearance of nuclear spin isomers for the practical
applications of the hydrogen isotope separation and analysis.
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Chemical purity 99.998 %
Gas chromatographic analysis Ar/O, < 3ppm
N, < 3ppm
(6{0) < 3 ppm
CoO, < 2ppm
THC < 2ppm
Water content < 1ppm
Isotopic enrichment
Mass spectroscopic analysis H 0.1 atom %
D 99.9 atom %
4.
-196°C
hydrogen (H,)  deuterium (D,)
-196°C hydrogen deuterium
ortho- hydrogen (o-H,)  hydrogen deuteride (HD)
1
Hydrogen hydrogen deuteride (HD)  deuterium (D,)
ortho- hydrogen (o-H,)  hydrogen deuteride (HD)
ortho- para

ortho- hydrogen hydrogen deuteride (HD)

hydrogen deuteride (HD) deuterium (D,)
Ferric oxide
(p-H, « oH)y)
ortho- para- hydrogen

hydrogen- deuterium

hydrogen (H,)

[2,4]

para- ortho- hydrogen

(interconversion : p-H, « 0-H,)



ortho- hydrogen

hydrogen ortho- para- hydrogen
3
MnCl,
| | ¥ T I

wHy oM (+HD) oD

II T | (B

' I .
! f\ £
-: [} fi f_
f\ i
I
& 4 A
8 — == T
. H HI» i}

o 2 4 _l--_.'d m_ 14 _*
Beetenauon time {mem)
3.
(He), (Ho) (Do)
100°C
230°C . 4 1-100 /min
30- 60torr. He- H,- D,
He
5
10 /min

para- hydrogen

3.2
- 196

H2, D2



6 €) 1- 100 /min
D
HETP 7
HETP
2. He‘Hz'Dz
Carrier Sample He H, D,
gas flow mixture
No. rate pressure Retention Peak Retention Peak Retention Peak
( /min) (torr) time area time area time area
(%) (%0) (%)
1 5 34.25 8.2 324 22.7 31.8 29.7 35.8
2 10 43.88 4.6 38.1 125 30.2 16.6 30.2
3 30 61.82 1.9 26.4 5.2 27.4 6.6 46.2
4 50 51.35 1.4 13.2 4.2 14.5 5.3 72.2
5 80 41.36 11 131 3.1 14.5 4.0 72.3
T T T 120 T T T T
arrier gas flow rate: Packed column : AL,O/MnCl, Packed column : Al,O /MnCl,
:] Coumn emp- 71K _o0f Cotumn size: smut 7mmio. |- 4
80mL/min = 4‘ —=— He
- £ 80h —e—H, o
S 0 | - . °
g - k 50mL/min ] g 60 _L‘ i
£ s
2 omLfmin 1 g 40 ;L\ 1
omL/mi % 3 ¥
— mL/min | e 20 H \o ]
ke L g - -
! ! ! 0 r— E———— i § & ¥
0 10 20 30 40 0 20 40 60 80 100
Time (minutes) Carrier gas flow rate (mL/min)
4. He‘Hz'Dz 5. He‘Hz'DZ




T 0.20 T T

T [ T T T
PR / et e—— H Packed column : AL,O /MnCl,
cd \o 1 € Column size: 3mx1.7mmID
i —e—H K
—~ w D Column temp.: 77K
\‘E 3 - -— ™ - — 0.15 ? 2 T
§ r o ./ Packed column : AIQOB/MnCI2 1 —_
% Column size: 3mx1.7mmID g
- 2 Column temp.: 77K B — 0.10 b
c o
2 =
[E s
§ ir —n— a(H,He) | T 005FTN, e e e e
n —o— a(D,/He) | | \
a(D,/H)) \l‘l‘.ll“.’llil\.
0 " 1 " 1 N 1 N 1 N 0.00 1 L 1 1 \
0 20 40 60 80 100 0 20 40 60 80 100
Carrier gas flow rate (mL/min) Carrier gas flow rate (mL/min)
6. HeH,D, 7. HeH,D, HETP
/
ortho- para- hydrogen
hydrogen  deuterium ,
hydrogen-deuterium
hydrogen  deuterium
ortho- para- hydrogen
D, HD
HD . He, H,
D,
He, H, D,
3 32 D,
80 /min
8
D,
D,



TCD (MV-min)
D, ()
3.
Carrier gas Sample Sample volume Peak I
Sa'n'o'ple flow rate pressure at STP retention time (V- r?;?;
' ( /min) (torr) () (min) H
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