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Table 1 Ratios of conversion of D, into HD

Gas volume in a mixture

Ratio of conversion
{(1/2)HD1/D;}

Before reaction After reaction

D2 (%) HD (%) D, (%)
5 9.7 0.15 0.97
1 1.98 0.01 0.9
0.1 0.1998 0.0001 0.999 -

t Hz;+D; —2HD
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Fig. 1 Gas chromatogram of HD in low con-

centration by a molecular sieve 13X
column at 38°C

Sample : 1 ml of H, containing 4.7% HD; 1: HD;

2:0Ogy; 3:Njy; Carrier gas: Hy; Flow rate : 60 ml/

min; Detector : TCD; Cell current : 210 mA; Range :
. 32mV
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Table 2 Effect of activation temperature of alumina
column on the retention volume of D,

Activatio temp. Retention volume of Dz (ml)

for 3h (°C) He carrier H; carrier
110 975 194
150 2240 201
200 2520 208
250 3500 208
Column temp. : —195°C; Sample volume of Dz : 0.100 ml; Flow

rate of carrier gas: 176.5 ml/min
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Fig. 2 Effect of injection volume of sample gas
on retention volume of D, or HD

Column : Alumina activated at 250°C for 3h (4 mm¢
X 1m); Column temp.: —195°C; Carrier gas: (a)
He, (b) Hz; Flow rate: 70.3 ml/min; Detector :
TCD; Sample volume——(a) : D; (1:0.347ml, 2:
0.189m], 3:0.086ml, #:HD as impurity), (b):
D2~-HD mixture (1:0.92) (4:0.096ml, 5: 0.040ml,
6:0.017 ml)
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Fig. 3 Calibration curve for D, content

Detector : TCD; Cell current : 100 mA; Range : 2mV;
The other conditions were the same as in Fig. 2(b).

Table 3 Ratio of peak height of HD to that of
D, at various flow rates of H; carrier

gas

Flow rate Ratio of peak height
(ml/min) (HD/D3)

70.3 1.09

105.2 1.12

143.5 1.15

200.0 1.15

253.2 1.14

312.5 1.15

Conditions were the same as shown in Fig. 2(b)
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Fig. 4 Gas chromatogram of a mixture of HD
and D, by an activated alumina column
at —195°C

Sample: 0.111ml of D;-HD mixture (1:0.92);
Carrier gas : Hy;  Flow rate : 312.5ml/min; The
other conditions were the same as shown in Fig. 2(b).
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Rapid and sensitive determination of deuterium
concentration by gas chromatography. Tomiki
TakaHAsHI, Sumio Onoxosui, Nariko SHINRIKI, and
Toshio Sato (Government Industrial Development
Laboratory, Hokkaido, 2-17, Tsukisamu-Higashi,
Toyohira-ku, Sapporo-shi, Hokkaido, 061-01)

Gas chromatographic determination of hydrogen
isotopes D, and HD has hitherto been carried out with
a molecular sieve column kept at —195 °C under the H,
carrier gas. However, the amount of D; in hydrogen
gas containing low HD concentration of less than
59 can be practically neglected judging from the
equilibrium constant of H,-D, exchange reaction.
Therefore, there is no need to separate HD from D,.
As an improvement, in this paper, the gas chroma-
tographic determination of HD in low concentration
(<5%) was carried out by maintaining the temperature
of the molecular sieve 13X column at room temperature.
Since HD passed freely through the column under this
condition, rapid analysis became possible. Moreover,
the use of ultra pure H, as a carrier gas enabled us to
enhance the cell current of TCD drastically, hence
gave rise to high sensitivity of HD detection. The
limit of determination of the concentration of HD was
0.012%. In the case of the higher concentration (>5%)
of HD in hydrogen gas, D, and HD have been separated
and determined by the method described above, but
this method takes more than ten minutes. Therefore,
we designed a new gas chromatographic analysis of the
HD-D; mixture with an activated alumina column at
—195°C under the H, carrier gas (330 ml/min).
The advantages of this method are in (1) rapid analysis
(in 1 min), (2) no need of the rigid activation tem-
perature {(110~250)°C}, (3) no change of the relative
molar sensitivity of HD to D, at the various flow rates
of H, carrier gas {(100~300) ml/min}.
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