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The Outline of the Processes for Lithium Isotope Separation

by lon Exchange Method

Sachio FUJINE, Keiichiro SAITO, Yuji NARUSET Koreyukil SHIBA

* * ®
Masao KOSUGE, Toshiaki ITOI and Tomochiko KITSUKAWA
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A plant of lithium isotope separation by displacement
chromatography is preliminary designed. The construction
expenses of a 100 kg 7Li/year plant and the unit cost of
separation are estimated on the basis of the data taken
from the literature, and the feasibility is studied.

Experimental equipment of continuous displacement
chromatography is set up and is tested with the stable
automatic operation.

These results indicate that the ion exchange method is

promising for industrial 1lithium isotope separaticn.
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Chromatography, Ion Exchange, Cost Estimatiom,

Plant Design, Feasibility Study
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Wt T, REASSBEFROBERRE, Table 22 L1

Tabl 2 Isotope separation factors for ion

exchange reactions of Li

Ton exchange Separation
Author
resin used factor
Taylor & Decarso 1.022
Urey (41
Glueckauf %2’ Zeo Karb >1
Gross & Dowex 50 (X10) 10065
Jurry t®)
Session Decarso 10058
Studier{45} Dowex 50 10025
Blanco Dowex 50 W 1.0015~1.005
Davies Zeo Karb 225 >1
Perret Dowex 50 (X12) , 1.001~1002
Ambherlite IRC—50
Rozand Dowex 50, Zeolite 1.002~1.004
Lee %2’ Dowex 50, X2—24 1.0003~1.0047
LinderCBT) ITonac C—100 1.0049
Kakihana >8’ Diaion SK, Dowex L000~1006
Powell 5’ Dowex 50 W (X24) L0026+00003
Nikolaev KU—2 type resin 1.0010~1.0055
Knyazew KU—-2 type resin 1.0013~1.0039
Ciric Amberlite TR—-120 0.998~1.019
Hagiwara' o2’ Dowex 50 W 1.0018~10076
Diaion PK240

)5y ARG ESBOTRIZL 5 0ERNS 6 OERIEATTERLEIHENEN, Y
oA 4 v BREIEHERENC AT OBV EF VR, T, SNER, RBESES, BTE
ECIDELEEROT -RANLAMITEI SO, SRFOSTREE~ARITEEIODT
XL OFELHDBERDLIICNE S,
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Table 3k d Lee OEBMNHLIET THIERBLSHL, BT Y RBESFNL
MEAT LTINS, LERNEEE, BEESFZET L, R vBRERBUBS 7 v 2
BEBEOFNTEACHBELTNEEELLN S,

(Fn, £~52, ~nA£—FR)

@

Table 3 Summary of Separation of Lithium Isotopes on lon
Exchange Resins Having Different Functional Groups(SZ)
Mesh Column Flow rate No« of
Exchanger dimensgicens, Eluent a
size I.DoxLength, (mm) (cn/sec] Plates
IRC-50 -3
(Amberlite) 100 15 x 630 4.9x%x10 0.1NNH, C1 80 1.0020
C8-100 -3
‘Duolite) 270 19 %1190 25x10 0.1NNH,C1 100 1.0026
pH 82
Zeo Karb 80 -~ —3
(Permutit) 270 15 x 570 1.1x10 0ANNH,C1 70 1.0023
Decalso 200~ _3
(Pormutit) 270 125x1125 88x10 0.25NNH, C 1 80 10047
Zirconium —3 .
phosphate 30 24 x1150 44x10 0.25NHC1 55 1.0016
Bio-Rex 62 200~ —3
(Duolite C~62 AG) 400 215%x1260 28x10 0.25NNH,C1 480 10005
Bio-Rex 200- -3
(DuoliteC‘ﬁE’:AG) 400 215%x1210 1.4%10 0.25NNH, C1 1000 10003
50— -
Dowex 50-16x P05 26 x1485 11x10~% 025NNH,C1 818 10023
@ ®lEOEEE
: (53)

. (58
Table 41074 Lee  OFEER Ofteic, Hagiwaral Kakihana OEEMHE DL, ANFV

Table4 Summary of Dowex 50 Experiments to Determine the
Effect of Crosslinking on @'

Column Flow Lithium (Li® /Li7 dres.

Cross— Mesh dimensiens Eluent rate. loading, Plates (LiE/Li7 Yag.
linking size (mp %mm ) {em/sec) (mg) N/ (a)
4x 200-400 15x% 650 01INHCL 23x107¢ 16 1000 1.0010
8x 50-100 34x 542 03NHC1 94x107*% 58 730 1.0016
12x  200-400 19x110¢ O03NHCI 2.0x1073 176 500 1.0027
16x 50-100 34x 507 03NHCI 57x107* 115 460 1.0037
24% 100-200 15x1650 03NHCI 34x1073 87 138 10038
2x 50-100 34% 492 025NNH,Cl 79x107* 95 533 1.0006
4x 50-100 26x1498 025NNH,Ci 10x107° 368 538 1.0010
8x 50-100 34x 494 0.25NNH,Cl1 80x107° 59 637 1.0018
16x 50—100 26x1485 O025NNHCl 1lx107? 360 816 1.0023
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EEIEEE R A 4 FHRHIE I EEEMBE( L ANHOERYEOE N R (LS EgS LS
ps, UF oy ARMAOTEERDS, BEEENEL LSRN AELTE,
@ K
Ihpwamm%imﬁﬁﬁﬂZ?Dmmx 50x12M20~50, 50~100, 230~400
mesh 2O THHEHSAEL, MNIBRTHMBRAETREAY, H2HETP &/
XL HBIEARELTVWE, LML, MaBEZERTLL, FRABE2HCERT S (Fig,
1) OTREENELL NS, ffoT, ARITHEIOES O TRHONLEINETH A,
2 BmHEFORH
O EH&A R
Lea BB H OB E >N TEA 4 Y B A4 Y IEoNTER L, B A4 v ER L
PEAHIEL, DHEHSAKELEEN, BA4 Y OEBRIILALBOEEE (Tables,
Table6) LTW A, —%, Hagiwara J2BF#4 ¥ (Nat, Cath Bat) mroida
#v (OH , Gl 7, 80,27, CH,CO00 ) - THEOBRTAT, BA4A v OEEIL
el D LARAF Y TEFOEENALN, BB LD BB RABAA 3T Chnaifk
AL Z A LEME LTINS,

Table 5 Summary of Experiments to Determine the Effect of the

Nature of the Eluting Cation on a’fSM
Resin Co lumn

Eluting mesh dimensions, Flow rate,

cation size ( mm>mm? (cn"sec) Plates &
NIz, T 50—100 26 x1485 11x10°3 800 10023
K+ 200~400 19 x1085 16x10~% 500 10029
NH,OHT  50-100 17 x 519 36x10"3 200 10033
pt 50—100 34 x 507 57%1073 500 10037
ca?t  200-400 125%1210 68x10°° 80 10037
cu?t  200-400 125%1175 24%10™3 100 10045
Wit 200400 125%1175 39%10°3 100 1005
AT 200-400 125% 973 85x107° 100 1.005

Table 6 Summary of Experiments to Determine the Effect of the

. (54}
Nature of the Anion on & 5

Samp |l e
break-
through Flow rate,
Anion number (ecm/sec ?} Plates o
Potassium salts
0H~ 141 1.5%x 1072 350 1.0037
C1- 144 16x106" 3 500 10029
P 199 e
HCCO™ 220 15x10°° 600 1.0028
SOE 7 223 12x10°°¢ 700 10027
Fe (CN)4* 7 257 14x107 8 1100 1.0027
Ammonium salts
Citrate 59x10°° 80 1.0029
ol 1.1x10°°? 800 1.0023

_5_
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0.5M - CH,COOH
767.9 1/hr (61.43 m3/Kg-Li)

\( Li 99. g.lo)
0.5M - CH,COO Li
35714 {7hr( 285 7 UKg-"Li)

number of plates
919

(Upper sectiocn)

lon-exchange resin .
(NLi ) 153.6 |-Resin/hr
' ) 12.29 m*-Resin/Kg-’Li
0.5M-CHsCOOLi (12.29 m’-Resin/Kg-'Li)
39916 (/hr
(3113 1/Kg-7Li)

number of plates
985

{Lower section)

> (U 90.0%)
0.5M- CH,COQ Li
0.3202 I/~ ( 25.6 1/Kg-'Li)

0.5M-CH; COONa
767.9 llhr( 61.43 md/Kg-'Li)

( Displacemert agent)

Fig.®6 Material balance of lithium 1sotope separation pocess
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Table 7 Design of lon Exchange Columns
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4 W T | '_ 1 #
A7 AR A A v AR WIEEE A A R | REEEEA L AR
oot e 43 m®— Resin ig ]
o o O PR o TLI R L&A | o SLIKE LBAEE 1
EEE 58 SUTMET LD HTURT b
Lime&E 3 LTsE L7,
W HATR KR
Has 1 H o 44 AR OEREARET I 0 LT 5,
B LR
o KRB B i e
B g B D S L2 R
AEA 1AW 2 VT I FFTS &0 TLi S Li
ad B, | i A R e
TLi il 1200 £/714 & | 128hr| 5mAshr| 130 hr | 5m/hr
ISR ILES 13075 £/l B | 2.28 10 2.32 10
SLi B 107.6 £/ | 0.25 10 0.25 1€
o A4 # A HEE ORI AEE 10 WLEL | 4.0 0.5 4.00 05
HBET L Bd 229 0.5 2.32 0.5
o Bk H R A AFRIT 2m '
o Pk g ESITERAET A, L2 LARIEE 4R L, 1 RIOER L&
DELEHK B,
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and tools

& B t Tk bl
1lc- 101 | martksrmemasmE | 625mmé x 2400mmH , & £ ¥4 WES5 kg/om® 7
o | c= 102 | TLi WSEHRRRE A& v 500mme X 2,500 mmH  #E W, BF2 ke/om® 1
30 C— 103 | ®Li BEm AEA 48 300mme % 2,500mmH , #Ege® | #E2 kgsom® 1
41 p— 101 | BERAIMH L YT 1w hr x40 mH,0 , SUS3i6, 156 kW , #Hx»7| 2
5| P— 102 | BEAEH S ¥ 9t /hr x30 mf,O , F4F4 , 15 kW, o 2
6P — 201 | it kE#HL 7 4 m*/hr X30 mH,0 , SUS 304, 1.5 kW, ” 2
7TIP—-202 | HEfH R ¥ 7 1 m’/hr x40 mH,Q , SUS 316, 1.5 kW, ” 2
8 P—103 | BEEMABRER 5 mi/hr X20 mH,O , SUS 3i6, 1.5 kW, ” 1
9| P—104 | BEFHBEL 7 5m hr *20mH,0 , Z434 ,15 kW, ” 1
1W0Wip—105| m@Bx £~/ | 0.2m’/hr X20 miO0 , SUS316, 0.2 kW, ” 1
11| P~ 106 | 45% Na OH B4 1w’ hr ¥30mH,0 , SUS304, L5 kW, ” 1
12| P—107 | 35% ®WEERYT 2m/hr X200 mH,0 , F4&34 , 0.75kW, ” 1
13| P—108 BB xHf 7 10 hr x20mH,0 , FC , L5 kW, ” 1
14 A= 101 | #a#s (MER) A=1n' ,HERX, SUS 316 1
15| H— 102 | Bz (HHM) | A=6m’, FHNL, SUS 316 1
16, T— 101 | B¢ ® = A f# | 0p=336hr Im?, #E74 =7 1
17| T— 102 | 4% NaOH ZAM | f#p=168hr, 10m®, SUS304 1
18| T- 103 | 35% 4 B =AM | 6= 168hr, 15m®, TAIA =YY 1
16 T— 104 | 12 B # 29 % # | 07— 6hr, 5m°, WHE (075kWIf, #E74=>7 | |1
20| T— 105 F /L ¥ B| B & | fp— 12br, Sm®, SEH 075 kWO, FTaZA=VT ]
ol | T— 202 | B KB 3 W & | 6p-=336hr, L5m®, MM (0.2 kKW EiEI=Y7 | 1
92 | T—201 | # & & & | fp= ihr, 4m?, TeIA =7 1
93| T—106 | B B ¥ ¥ M | fp= 6hr, 5Sm’, BEFA =7 1
o4 | T— 107 | B A4 M & # | 6= 12hr, 5m’, TLAFA =V 1
051 T— 203 | m i B @ M | fp= 8hr, 6m’, KiETA =7 1
96| T—204 | B W B M | Op= dhr, 4m?, BEIA =7 1
27| T— 208 | ® # | 6p=2338hr, 6m°, WHHE (0.75kWHft, SUS304 1
% T — 207 | B Sa s R HUKEHE 3mé, FAFA =V 1
29| T—205| SLi #&® K & | fp-336hr, 02m®, BE7 A =7 1
301 T— 206 | TLi Er@ ¥ # | fp=2336hr, 15m?, BE71=27 1
31 T— 108 | & Li xee{imsemE | Op— 70 Day. lm®, SUS304 1
320 T— 109 | T Li AEftAElatdE | 0= 3360, 3m?, SUS$304 1
Bl T—210| v A EEEH | 05m® ., Tas =y 1
34| T—200 | ¥E NaOH H8HE | Or= 4hr, 6m?®, HHEH (0T5kWH, JTasl=v7 1
3| T—110] B %  f @ | fr= 4hr, 5m’, BB (075kW 1

pHavra—34, BiE74 =7

—-21—
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Pig. 18 Colunns and Coutrol System for Chromatography

Fig, 19 Pumps and Valves for Chromatography
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