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Studies on isotopic enrichment/separation by pulse-transient diffusion process
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A steady Knudsen diffusion has been utilized as one of the promising isotopic separation
techniques. This makes use of the fact that the Knudsen diffusion coefficient is inversely propor-
tional to the square root of the molecular weight of the diffusing species. In case of a uranium
enrichment, the difference in molecular weight between 238-UF, and 235-UF, is 0.86% so that
0.429% is the highest enrichment attainable for 235-UFe when diffusing through a porous mem-
brane under steady-state condition. However, a considerable increase in the enrichment, say
1285 enrichment, is predicted from theory when the gas is imposed as a pulse on one surface of
the porous membrane and a gas diffused out from the other surface of the membrane at short time
is collected. When to upgrade the 235-UF; concentration from 0.7% (concentration in nature) to
1% (as a light water nuclear reactor fuel) 200-300 diffusion stages are required under a pulse diffu-
sion condition, while 731 stages are needed in steady diffusion. Also, an amount of the 3%-con-
centration product obtained from the final stage is 3~4 times that of steady process. Running-belt
and rotary-disk concentrators are then proposed for the enrichment of light species based on the
pulse diffusion process.

The pulse diffusion may also be applied to enrich/separate heavier species. Examples are
given of enrichment of HD slightly contained in hydrogen gas and the recovery of HT in a gas
mixture with hydrogen. A laboratory scale apparatus for enriching heavier species was built with
a porous Vycor glass plate as a separating membrane. Measurements made with various binary
gas systems showed that the measured data were in good agreement with those predicted from the
theory.
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Membranes: a=0.3; Dy=0.0002 cm?sec; L=0.01 cm.

Comparison with steady

Product Concentrator diffusion process
Stage operatn Product Volume Membrane
Case Fy Fu Foed number Py Ir fo h time T. T, ratio ratioc  area ratio
mot . M mol  sec sec cm  min PP ViV AufAs
Pulse diffusion process
1 0.505508 0.5 100 197  0.689 0.1047 0.015 3 11.0 0.698 0.1 3.7 2.4 88
5 18.3
2 0.50417% 0.5 100 260 0,523 0.157 0.0225 3 4,43 1.05 0.15 2.8 31 36
5 7.39
y
3 0.503490°0.5 100 311 0.437 0.157 0.03 3 2.82 1.05 0.2 2.3 2.8 17
5 4.70
Steady diffusion process
Ne= Py=
4  0.501484 0.5 100 731 0.186
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# 2. Ho+HD #ambo HD ot

Feed:
 MIJMI: 1.22443,

100-mole ordinary hydrogen (0.03% HD (species 1) & 99.97% light hydrogen (species I)).

Membrane: a==0.3, D,'=2.5x10""m? 5!, L=4x 10 m.
Revolution: #,=0.153s (T711=20.65), 1,=0.0165s (To1=0.07).

Ft Fu M Product plfolgug} gggl?:ﬁi?’ h Running time
N N Total [mol] [2] for HD {%] [m] [tnin]
0.7 0.3384586 10 5 15 0.0490 51.6 941
11 4 15 0.0360 75.5 90.5
12 3 15 0.0292 87.3 84.8 0.03 9.59
13 2 15 0.0242 93.7 5.6 0.05 16.0
14 1 15 0.0189 97.0 61.0 0.07 22.4
0.6 0. 308894 20 5 25 0. 0572 52.0 99.2
21 4 25 0. 0469 62.9 98.2
22 3 25 0. 0395 72.9 96.0 0.03 7.30
23 2 25 0.0336 81.3 91.1 0.05 12.2
24 1 25 0.0273 87.9 80.0 0.07 17.0
£ 3. HA4HT apbo HT O
Feed: 100-mole mixture of 6 X107%% HT (species IT) & the rest light hydrogen (species 1).
VMM 141291
Membrane: a=0.3, D1=2.5x10""m®* s}, L=4x10"*m.
Revolution: ¢,=0.176 s (T,17=0.65), 1.=0.0190s {Tv=0.07).
£ Fu Stage number Product ;}j(}-dll.l[(l:t Egii?::g;{ h Running time
N N? Total fmot} 23] for MIT [%] [m] [min]
0.7 0.241140 11 2 13 0. 00826 0.0703 96.8
12 1 13 0.00314 0.172 89.9 0.03 6.29
11 3 14 0. 00866 0. 0686 99.0 0.03 10.5
12 2 14 0.00354 0.164 96.8 0.07 14.7
0.6 0.189483 22 2 24 0. 00941 0.0629 98.7
23 1 24 0. 00496 0.114 94.5 0.03 4.79
23 2 25 0.00628 0.0944 98.7 0.05 7.98
24 1 25 0.00331 0.172 94.5 0.07 11.2
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Separating membrane: porous Vycor glass
void fraction, a=0.28
mean pore diameter=4nm

area, A.=56.8 cm?

thickness, L=1.62 mm
effective diffusivities, De=0.00192 cm?®-s~! for hydrogen
De=0.000448 cmz+s~ for argon
Gas: 20% (volume) argon—80% hydrogen

Space for gas to occupy in the concentrator, v=1028 cm?®

Pressure of gas imposed:

Pressure of gas diffused-out chamber: 50Fa

100 kPa

Pressure while the porous Vycor glass plate being cleaned: 50Pa

Pulse period: 2s, 45

Time for cleaning the porous Vyror glass plate: 3§
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