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Experimental Comparison of Hydrogen Isotope Separation by
1, 2, 3, 4-column System with Pd Particle Bed

Hiroshi FUJIWARA, Satoshi FUKADA, SAMSUN Baharin Bin Mohamad and
Masabumi NISHIKAWA

Pd has a large isotope effect in the amount or rate of hydrogen absorption.
tion is carried out using a bed packed with palladium particles.

Hydrogen isotope separa-
In the present study, systems composed of

one, two, three or four columns are investigated in order to attain high separation performance.
Especially, deuterium of low concentration is efficiently separated by the 4-column simulated moving-bed
system. When the gas mixtures are passed through sixteen columns, the maximum deuterium atomic molar
fraction is 0.728 for the Hs (0.990) -D, (0.00996) mixture feed. Therefore it was found that the industrial
separation of deuterium from natural hydrogen is possible by the present system.
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Table 1 Characteristics of hydrogen isotope separation system using metal particle bed ?
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(DH,-D, gas mixture cylinder
(@H, gas cylinder
: (®mass-flow controller
@©Pd column
®microheater
®C-A thermocouple
(Dtemperature controller
®strain pressure gauge
@thermal conductivity detector (TCD)

Fig. 1 A schematic diagram of the experimental apparatus

for single Pd column chromatography.
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(b) Hydrogen-displacement chromatography

Fig. 2  Separation of hydrogen-deuterium gas mixtures

using a single Pd column.
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Table 2  Variation of (xpout) max> (XD,out) max’/Xp,n 01 and RD of various chromatographic methods.
(ml (NTP) /min) xp,n (=) (xp,0ut) max (=) | (xp,000) /xp,in (—) Rp(—)
57.8 0.00996 0.0716 7.19 0.314
o u< 757 4 — 57.8 0.050 0.683 13.66 0.417
57.8 0.549 0.992 1.81 0.772
28.7 0.00996 0.134 13.05 0.825
KEBI U< T T T4 — 28.7 0.050 0.652 13.04 0.837
28.7 0.549 1.0 1.82 =1.0
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(DH,-D, gas mixture cylinder
(@pressure regulator

(@mass-flow controller

@Pd column

®microheater

®C-A thermocouple

(Dtemperature controller

(®strain pressure gauge

(@thermal conductivity detector (TCD)
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Fig. 3 A schematic diagram of the experimental apparatus
for self-displacement chromatography using twin

Pd columns 12).
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Fig. 4  Self-displacement chromatography of hydrogen-
deuterium gas mixtures using twin Pd columns. n
= number of heating/cooling cycles.

HL7.

4.2 £ B F )&

1. 7194 (C1,C2) W&, KAETAL7K 12 THA
L7 &Hm0 /v 7 % Ho# Liio Tl <.

2. Cl FTwmONVTHBEY, vA7u—ar b
U—F—ZIDiREr —FI2HE L BT 2K

720mlE BERE Y A, HERRR, Cl TWMONVTEZMD 5.

3. BE=%—I2XoTCl #493K IZHAET 5. Cl
DEWDINNTE C2OFTH|AVTEET, ClH5
BB LB TR ENRERL AT -3 b
O—5—THIEL 225 C2~NB%ETS. Cl7b C2
ANDFNDUEF o 721%, Cl, C2 FNFNDNSNVT %
%, Cl DiRE% 303K F CHEIT 5.

4. C2UBBEINLBEBRFTALEBOBRIEICL -
TC2 75 CLAB%TS.

C OB/ EEY A4 2 VA2 X DAERER Y TERESH
ELR BB A% 2 BB TIRIBS L2 LN TE S,
COHA 7 N ELERBEEL, BB APDOEKE

DRMEEBI ). IBREBIERTHE, H74LLEON
VTEBGATARIREBL, BT AROEKRREE
R BREERERICL DHET 5.

43 R & & =

Fig. 4 [ZMEB/GEY A 7 VR TROBREAAPD
EAFBEMELRT. BH#LO 0, HBTRAD
KGR TH L. n=6 T TORKEKEFEER
A7 VBoEnERITEML TS, LrL, n=
12 DBEMMBIEL n=6 L—FHLTWwE. ZOIZLp
5 n>6 KBWTRAKEKZRED 5 WVILBEHREE,
WHEMED A VIZHNERE L L B2 LGl Th
X, HEETZAORBICLZF/FGEL /T VT LI0X
LIBMENRSNG VA L0 TH B, n=6 DI,
RARENRFIRE, BWEE, BIEEZZLZEN, 0.431,
8.62, 0.737Tho7:. BHATARE L EIETE
BBV THEKZORENBI b TBY, HKig
B L TOANE VAT LTHLEE RS,

ZOVAT L, PMUYLTE B2, FP)FTLE
BROPIAADPLE V) F oL 08T AEEELT
IBHRTAZ e EZLNS.

5. 4BKXBUUBHEIC & 2 KERAMEDEH
EER

TEHOEE* S HLIIED, HHRAEPOEKZENT
ERiEmETBERL, 48PSR BUBEEY AT A
PBET L. SOVATFAR, ERBI bR TE
EEBRKILABEEICE LT, BWiIBHEREERL
39250 THE NUVTEEESELILTCE
H SN R AR ERAMARRE AR LAEE S
CIERBEITA 7O ATHY, RUBEE XD
VAT AERoTWE, BRHEENIZBWT, FIZER
BCREE D S MEIREN DB LITRZ 5 Z LDV A
FADTOLA LD TH S,

5.1 ® B & &

Fig. 5 (ERBREELRT. BUBEBEB A7 414,
EHNNNVT, ARONT L, ESHRELE, A 70—
ayhu—95—, e—¥—, BEFAER, C-AHE
f, ENEN, BREEERBBRIOERINA TS, £
BATLE, su~br5 74 —FEBREFAKRTH L.
BB AT A 124 H2(0.990) -D,(0.00996) & D,(0.00015)
TEOMBOKESAEFR L.

5.2 £ B F |8

1. #9594 (C1,C2,C3,C4) 13, BELLER
WONN T2 HDE UADTEL.

2. Cl THO/)NVT, C2OWEEDN/SLVT, C3 D
THWONNVTEEF, A 70—a>y bho—F—|2k
DIRE LT —EIHIE L2288 2 % C1-C2—C3 D
NEIZBE4G T 5.



Fikl24F CAUMKRERERERS

%
i
H
4%
#
i

— 293 —

TCD
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(temperature controller

@column packed with Pd
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@®strain pressure gauge

TC : C-A thermocouple
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Fig. 5 A schematic diagram of the experimental apparatus
for 4-column simulated moving-bed system
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Fig. 6  Variations of elution curves with number of passed

columns for deuterium-hydrogen gas mixture ¥
n = number of passed columns.
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A schematic diagram of the experimental apparatus
for 3-column PTSA.
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Table 3  Step chart of 3-column PTSA system.
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Fig. 8 Elution curve of Hz (0.950) -D,(0.050) gas

mixture using 3-columns PTSA
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