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Abstract

Zeolite, crystalline microporous alminosilicates, is an attractive material owing to its sorption capacity,
molecular sieve or ion exchange properties. Thus, there are many publications of zeolite applying to an
hydrogen isotope separation. In this review, in the initial part, structural properties and some example of
applications of zeolite have briefly described. Then, recent publications of hydrogen isotope separation,

including a gas phase and a liquid phase of tritium, by zeolite have been reviewed.
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TRTIENHERSN TV, 2, #l2 i3 iE=—R MFI(Mobil Five) #ff>E—t /L3RR LT
ZSM-5 1%, Mobil &2 55 ik TS MFL ELTC, TSZ(RY—), AZ-1 (BALER), TZ-01 (L),
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Fig. 1. Structure model of zeolite, (a) X/Y-type, (b) A-type and (c) mordenite[15]. Reproduced by
permission from Prof. Baerlocher, IZA Structure Comission, ETH Ziirich.
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BREATANTHD, XEATFT AN ZE LS, — I ENa, AL, Si199.00380- xH,0 TR ENA (Fig .
1(a)) . FAUIZnDf#E, 372 b A TAMERE T DSi0,/A1,0: 12X, YR (n = 48~76, Si0,/AL,0;}t
M3 LLE), X (n=77~96, Si0y/Al,03kt73 2~3) L4 #7335 (Table 1),

ABIE AT AN (LTA) 13EE# 8 BERMIFLA =R THICHE A LTt 152 F50 (Fig. 1(b)) . HEEF DT L3
=Y ARENRLEVEATARD—DTHY, Na-AM O BN AL (Na [Al12Si1,045]-27H,0} &7
b AR B A FAMITFSDVMERZTRL, A4 2RUEDO G- R 7 ot b T 5, dthF 2
VNINa Z W TZARI A FAROMALEIT 041 nm (ELFaF7——7 4A) THHDOIZXL, Na' D
40 %Ll LEKNIIRBTHE, MARITH 03 nmiZBPT5(ELFaTF——7 3A), —F, Na' D
65 %Ll b&Ca™ I T ALMALEITA 0.5 nmlZ B LT 5 (FLFaF——T7 5A), 2P, ELFaTF
— =7 (315D LT B TANDBEED — D> THHN, —MRIITEATA N AR O MmA EL
TEbLND,

E/VTFAM(MOR) (3EEF# 12 B ER (0.65X0.70 nm) Hn—IRTHIFLAS, BEHE 8 BER (0.26X0.57
nm) OFFLIZ L > THEREL - MFLEEZEE> (Fig. 1(c). 72721, 8 BRIINZRVEATEY, WEBH)

Table 1 Structure code and structural properties of some zeolite

Framework Pore structure Si0,/Al,0,
type code Number of member Diameter (nm) Channel ratio
FAU X-type 12 0.74 x 0.74 3D 2~3
Y-type 3~w
LTA A-type 12 0.71 x 0.71 1D 6
MOR Mordenite 12 0.65 x 0.7 1D 10 ~ 200
8 0.34 x 048 1D

8 0.26 x 0.57 1D
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W, BATA NI RS, BYELIRRE O T MR — AR ZE K S THLITZK
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BATA RGN E ORI FEEHE BT 5181,
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TRIN, AFMERHERAEE, LMD RE A2 RBAT 260 THH(17,23],
Nishikawa (3, WA E IR LA 2SEERT, IS U 72 ISR ZR A YA b~ AR R AL S AT
FTHEMREL, RAUZRT Langmuir XA MNF L2 TSL €7 VAR,
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carbon [ 22 ] ® Langmuir i£ D fth, MS-5A, /L
77 AFMOR), Na-YRUZOWT, BAEYAM I,
2 ~OWAERFEICE X OE IR E RS L
HERIL, L RR IR 2 N2 7= TSLET L
Langmuir /& $t% 5 H L T\ % [24,25], MOR,
Na-Y, Ca-AMITiE 77~195 KIZEWT, FRiZ
{0 B T K B RIEAR DU 35 5 BN K& <AL
THIEEWE LT, Fig. 4 ([ZCa-ARLZx 32
MOR, Na-YRIOH, W 45 4 8D HiZ 2T, H,
JENDWRAFMEZ R LT, T (BXZ 10° Pabl )
(23317 DH, W A5 #:IIMOR, Ca-A%, Na-YRIDJIH
THY, EDAETIREIMENIE KENWZED A
Do

Fig. 5 [ZIZMOR, Ca-A%!, Na-Y K OV bk L
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Adsorption capacity, Q [mol-H,(D,)/g-MS5A]
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Partial pressure of hydrogen isotopes, P (Pa]
Fig. 2. H, and D, adsorption capacity of MS5A
[19]. Reproduced by permission of the American
Nuclear Society, La Grange Park, Illinois.

ol i
a& oo % *

//

w/

107 e ;tﬂa‘vwo % ;“ﬁno‘
2X Reduced molecular weight, 24 [g/atom-mol]

Fig. 3. Langmuir constants and reduced molecular

weight at cryosorption on MS5A [ 20 | .

Reproduced by permission of the American
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Fig. 4. A comparison with the H, adsorption
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Reproduced by permission of Elsevier,
Amsterdam.
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%257,

—J7, Munakata® (3 Vacncy solution model% /]
Y, MS-5AIZLDH,-Do iR G A ADD, Sy B D3
2l —araE#E L TV (Fig. 6)[26], 2D
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0.1, 1, 10, 100 PalZ33iF 5D, W4 &I HW\T,
H, %3 WAL I RLTWD, e elck
T DDA B (Z 3 F FUIER) (2L, Ha D43

BELRDIZHONTD A BB KEIK FT5HZ
WD, ETAT, 770y he AL —TFH A
FAERNF T LD 100 5 EOH, 2 AN D LR
REINTND, ZOMBIIZH IR T 5, Bz
H, (100 Pa), D, (1 Pa) T, Fig. 6 JVWD, W35 &
[IHMDL XL, BEE 114 TR FF5ZE03550>
%[26],

Kotoh ¥ |3 E A 1AM A I E R E IZ BT H~ =)
—/L(289.2 K) LA IR (77.4 K) DR A)fd
DK F LRGBS 52 DB ERTLT=[27],
ZO#ESR, D2/Hy, HD/H,, Do/HD DR JE AT
LD RNIR S BER BT ZE L E L 1.207, 1.127,
1.070 L AL BN, Fo, ZOREEEB L L
T, MS-5A XL > h®Dy-H, ik 70 & K& Y
D,-HD-H; = %% % (H (30) /D (70) ) (2334 ) 54y e
(R A5 AR D1deal adsorbed solution (IAS)
ETANOREI LTz, IASTET VLT AE 5y 1-H
Z BRI IR LARE LT A B S3<ET LV Th

5[23], IASTIZ WA BN DRV EX (BLZE 107
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Fig. 5. A comparison of the isotope effect of
adsorption capacity among MOR, NaY and CaA
[25]. Reproduced by permission of Elsevier,
Amsterdam.
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Fig. 6. Effect of partial pressure of H, on
adsorption amount of D, [26]. Reproduced by
permission of Elsevier, Amsterdam.

mol-kg™ A T ICIXERE A FFBLCE A, A#

RN &Y 0.01~1 molkg', F72H 5K 1~1000 PaTILillE il % < FFBLLD./H, O %) BEA% %
(SFD’)/H’?) i 3 l«J\L'C&)’Dt(Table 2) ifu, IAS:ET/I/7C!i Dz/Hz(]) }%E{’f“;kﬂ‘ Dz/HD&UHD/HZ

Do BRI OREE XL — 925 (Table 2) [27],
(PSA)

W75 K O A 7 0 2% Z [ L T-PSAIZ LA K RIS AR S BEAS R ETS LTV VD, KotohZE:
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Table 2 Verification of consistency among experimental values of separation factors
SFpam2. SFpamp and SFypa [27]. Reproduced by permission of the Atomic Energy
Society of Japan.

4

Amo&?;ﬁi:;rbed SFpomn SFpamp SFupmz SFpomp SFupma Egz;“
4.54 x 10 3.170 1.943 1.623 3.154 -0.49
4.85 x 10 3.260 1.812 1.792 3.248 -0.38
2.00 x 10! 3.216 1.924 1.632 3.141 -2.3
2.06 x 10! 3.240 2.046 1.588 3.249 0.27
1.30 2.980 1.934 1.526 2.951 -0.99
1.75 3.030 1.859 1.615 3.001 -0.94
2.87 2.520 1.868 1.340 2.503 -0.69

¥ On the basis of SFpy,1»

Table 3 Enrichment factors and mass balances in adsorption and desorption process
[28]. Reproduced by permission of the American Nuclear Society, La Grange Park,

[llinois.
Evacuated Residual
Adsorbed
Recovered Recovered
Adsorbent Enrich. factor Enrich. factor (%) Enrich. factor (%)
SZ-5A 1.80 1.20 89.1 6.68 10.9
SZ-13X 1.90 1.32 92.6 9.21 7.3

FIZI1THMS-5A (168 g) KT 13XE—X (162 g) DD, (1 %) /Ha A 7T A K DA RO fR AT 75 5
16, WAFIBFRIZ 1T DD, D5 BEFREL ((D2/Hy) ags/ (D2/Hy) gos) ZENEFL 1.8, 1.9 LEIHL TV
(28,291, EHIZ, fAfIKAEH, 77.4 KIZFUWT 0.6 m’-min” OHEREE T 20 43O E 2R E1THL,
FLFaT7—r—7 BHEEXZEIFETHIIH 00O T, BIEEZEEIIMS-5A, 13XEREH 93,
55 PalZEN bz, ZOLE, WELTOKERNMKIIHLENEI 89.1 KT 92.6 %h i L TV,
D, D BRI ZNE1.20, 1.32 L BEEL DTV D, MS-5A, 13XIZLDAE DT~ 7o LSS
ST LHEESEOBEOCEDLDEL TS,

&5 IZKotoh % 1T B2 PE % DWW AT Ho /Do O [RINT 3t bz I E L 72 [28,29], 293 KTHEZEPERZTT 72
LA, MS-5A, 13XIZHOWT, WA KB RINAKICKLEILER 109, 7.3 % BiA&L, BiaEHTAZLDS)
BRI ENE I 6.68, 9.21 ERFEL LI, ZNHWMIAE T 2 RIZE 1T 2 IEMO RN A5 BEAR R0 T
MS-5A, 13XZENZH3.71, 4.85 L RLAEL DAL, [ESIAAL 7 e ONRIEAA 7 DHFNCEY, vk ]
ARG B 0 AN ATRE T D Z A& /RL T % (Table 3) [28], — 77T, Kotoh™ (X /KK AN KD 55 Bt
FREUIH ADTEHIAKAFL, BRI X EES DT L2 ML TD[30], ZORSRITFIIE DO/ So¥
YRR DB CTHDHIEHRMEL TWD,

RAY « F3— VA —~FifF 58 % — (FZK) DBeloglazovi& (% 20 kgOMS-5A% H\ 7=HCPB (Helium
Cooled Pebble Bed) (2% AR AR AN AR DOY A e 2L T o [31,32], ZAUIITER-HCPBOD
1/6 DA — )UK § %, Hy4yIE 120 Pa, He STV A, AR 2 Nm*h!, iR ~YY AR CTHHN
TR Hh AR CIE 9.0 mollZAH Y T DH, DWW A MIffERE S AT, IEBURPTIZ I > T IZH - CERVEL

11
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FaT7—U =TT 12,5 %LAELTWS[31], 7z, Vacancy solution modeliZ k0 170 kg?>MS-5AM
AIEDKRFFN AW AL > Il —val Lize 25, HAME 12 Nm>h 2 HBU\ T L2 8000 4y 00
RS TREE RAEL DTV B [26],

4. M) F ) LKD B
(W8 — [ e OV — [ WK 4%

Ono&Nakazawal 3 ifi JltMS-5A 22T, 370~3.7x10° Bg:mL 'O R F 7 LKL 5iE (HTO) — [ (£
ATAN) WA W E BT T B ([33], IR TEZ LI BRI (K) 12 278~318 KO T 1.1-1.4
ERBOLON, REME Dl ERTHLMEL,

_|Hro/H,0),
ZIT, T MS TELFaT7—v—TH, wil/AHZEL, K IZ## 0 HTO A ICELlEn D,

Tanaka¥ (3 25 °C, # /55J-65~+20 °COHTO/N, /7 2% IV, IiHIEIC LD FRMS-4A & U'MS-5A 0D
filate AR ARG L, [RINZAR Y BECR Bk SR 6O 7=, Z D5 R, MS-SA CILEE AUR I I BMR 22 < 4 B B0
#1.09 TIHE—E THo7o, ZHUTHL, Ms-4Aﬂi§,ﬁ-4o~+zo °CTIX 1.12 £0.03 TIEE—E, -40
CCLAT TIIAMIC EFRL, #8A3-57 °CTIX 124 FTER A4 RHILIZ[34]), BEHEIIEEL-
Langmuir @25 22 R L, MS-4AD RN IRy BitR Sk RAEL 7= 225, #14-60 °CLL F Tl 1.24,
-60 CLLETIX 112 &, FRAE R A LSHHR TELILEZMEL TS,

Iwai S XY K XU B AT A b %t 5 F AL Fi K TUSi0,/AL 05 2 XA K (HTO) — [ (B AT A1) %
DIFNLAR T BRI DUV TRGETL TV (Table 4) [35,36], Si04/A1,055E7% 5.0 OK-Y, Na-Y, Ca-Y7%!
(ZDNWT, FHETE TR RN BERE (o) 1IZZNE R 1.10, 1.19, 1.14 THY, $HFA AKX
SEBZESZ T DL mUTZ[35], ZHDHDRNLARZN FITSI02/AL O3 LD BB -CIE /e, MFLE S A ik

Table 4 Structural parameter and HTO/H,O separation factor of several zeolite
[35,36]. Reproduced by permission of the American Nuclear Society, La Grange
Park, Illinois and the Atomic Energy Society of Japan.

Dp Vp

Separation factor

Sample  SiO,/Al,O, (NLDFT) (NLDFT) S'Z//X' Ref.
(nm) (cm3/g) (m g) a Bl Bz

KY 5.0 1.10 1.10  1.07 35
NaY 5.0 L19  1.11  1.05 35
CaY 5.0 1.14  1.07 1.02 35
NaA 2.0 1.43 36
NaX 2.0 1.22 1.07 36
25 118 1.12  1.06 36

NaY 5.0 L19 111  1.05 36
7.0 0.72 0.241 532 1.22 36

10.0 0.83 0.236 518 1:25 1.35 36

a: solid-gas static method, f,: breakthrough method (pretreated at 573 K for 24 h in
vacuum), B: breakthrough method (pretreated at 333 K, partially hydrated).
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NCEBLOLIERLTOB[36], Tbb, Ml repr—— T SR,
D /INEVNa-AM (Si0,/AL 05 kL 2.0) TIEASY §:a 532
F— AT T ab IR EER 2B, ;-% 04 Sl g e g
H,O K% HTOD W A5 12 K EIRE WA HNH L% %jjj 1 = §§§

LTS, LLesh, NafEDEA I o7 1

}\‘/ E (H ) j:Na :Efﬁéﬂ’(h‘é:&f)‘%, t ;;:o_s- (c) NaY5.0 E go.a-: (d)NaYlln.O
ATA T b DRERRAZ K Sy M EAER 5 b4 € o6 Ll
€ 04 > ©
LiFEZ I, g & T
5o ol
(/)T\.‘IEJ”R%) 8 0.0 l g 0.0 }

Iwai%s %, K-Y, Na-Y, Ca-Y%! &% O:Na-X A4
FTAMIDUWTH,0-HTO% W =ik 12 L B A
PR BEAR 52 (B) 2 5 L CTu % (Table 4)

0 100 200 300 400 500
Purge Gas Accumulation [N£] Purge Gas Accumulation [N£]

o
o

=
(=]

PR R L LR

0 100 200 300 400 500 0 20 40 60 80 100
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