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Development of Lithium Isotope Separation Process

Using Crown Compounds
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and Koreyuki SHIBA

Department of Fuels and Materials Research
Tokal Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 9, 1989)

A new process of liquid chromatography is develcoped for lithium
isotope separation using a crown compound. Crown compeounds such as
cryptand 221 and Benzo-15-Crown-5 have relatively high separation factors of
1.02 41.05 for lithium isotopes ®Li/’Li. Main subject of the present report
is a search for an optimum chemical condition of multiplicating (cascading)
the unit isotope separation effect. Displacement chromatography is success-—
fully applied for the purpose. An automatically operable chromatography
system was assembled and effective lithium isotope enrichment was performed
using Cryptand 2p21. The performance shows the feasibility of the new
process for lithium isotope enrichment of engineering scale.

A new solvent extraction process is also preposed and preliminarily

studied for lithjum isctcpe separation.

Keywords: Crown Compound, Lithium, Lsotope Separation, Chromatography,

Separation Factor, Process, Displacement, Enrichment
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JT £ 5 B OB O 2 HE EA = & &
%Na #Na | Aminex AT #ifl§ HCLERHNO;—7 59 v 2 —F4—80% | Delphin &
AF T —
(RHAsI " Na A8 )
1.0014 vuga~ti 18-C—-6, 10C
“Na/# Na |7 a0 73, K Knochel &
(z7oo7xvaflic ®*NaEHET ABE8MHE20)
1.066 21—C—7
1.031 18—C—8
1. 007 dicyclohexano 18— C — 6
1.005 dicyclohexano 24— C — 8
0.976 15~ C~— 5
1.052 2.2.1
1.030 2.2.28
1.03 2.2.1
1.0025 2.2p23
0.989 2.2.21p
0.946 2.2.2
YK BK | B4 RBERERKE Ay —vek(4 1) =050 va—Fu
1.0118 vvsu~ton 18—C—6 (—10C) | Schmidhalter 5
1.0084 "o ( 0T)
1.0074 " ( 10C)
®Ca*Ca K
1.008 IS 18—C—6 Jepson 5
ZNFHE 2820 A5 ——FoaRiaA—K {7030 Heumamn ©
VOL,/VOL+ 1.656 VOL%K)
“Ca *Ca 1.0026 2Ty VK 2822 (—=21T)
1.0042 # { 0C)
1. 0057 " {(+20C )
¥Ca™Ca 1.0045 " {(—=21C)
1.0077 " ¢ 0C)
1.0104 " (+20C)
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Lil
1.045,1.041,1.036 | 0T , 20C , 40C
7 3 v AL&IC Benzo — 15— Crown — 5 W 5,
1.002 LiCe 25T
1.014 LiBr 25T
1.026 Lil 25C
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Table 3.2.1 Y F % ARMESEHRE (407C)

# [ D F YL AMRY
a 2B.2.1 CH,C00Li 21,023
1)

7 28.2.1 LiOH 1.026
a
o 28.2.1 {i8r 1.030
l\'
B 2B.2.1 Lil 1.032
gt

?28.2.2 LiOH 1.013
«
F
iy B B CH,COO0LI 1.002%6
'3
A _
# FEE:E N CH,COOLi 1.0028
B

Temperature

Lil

pera LiCl LiBr
0 1.047 +0.003 1.045+0.003 1.045+0.002
Crg(ﬁ;a,;‘gr(zﬂ' 2,1 20 1.0390.002 1.041=0.002 1.041+0.002
40 1. 034 +0.002 1.0360,003 1.036+0.002
1 _ — 1.042+0.002
Benzo-15-crown-5' 25 1.002+0. 002 1.0142-0.002 1.026 +0.002
40 — —_ 1.012+0.003
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Equation {1} is simply replaced to *Li*47Li*L
4 =SLi*L +7Li*, where L=macrocyclic ligands:
o 4 | , | | {a) eryptand (2,2, 1)-Li* complex, (b) benzo-
0.75 1 00 125 150 "1_75 I5-crown-5-Li* complex.
f |
L' Na’ K Rb’ Cs'

m

Fig. 3.2.2 Plots of log K yersus Fig. 3.2.3 Van't Hoff plots of chemical
cation radius(A)for exchange equilibria
reaction of monovalent
cations with cryptands in
95% methanol at 25°C.
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AFNTIT LB LD 6.3ml ( CD18mIHEEERIE 7.16 g lcHK T 5, ) % FiC
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(1) #H 7 AEEEER
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#7 A D - BRIEEEEICE » TRIE Lo Fig.3.3.4 ~Fig. 3. 3. 7T i EEE/LD
AR AT T, EHRASHTOMICIE 5% TIRISFEDE/LARE D TL ORM 5 IEER LT
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BAEOTIEATT . 3.3. 1 0@ LODMiIt~FED L F T vz —k@ig L, €Ol
B L AR ORNL TRRAERARE Lz, Fig. 3.3.81%, BELALIF LT LI - VOREHE
ficy )7y v FRAISIEE L LiBA M L THBERARE LA D TH S, LIL>LI
BroLiCIOEICIEPICEET 2 BREVLDD, VFROBE&ECEVTHLIRERICL-T
%%éﬂ%C&ﬁ%WLtoC®%ﬁﬁ,m@%%%ﬁégﬁmiiﬁﬁAW%E%%%%é
HBMBEBHBERI 07 T 5 7 4 LRI ESLT, REUTEEEETH 2, 5%, Y
F o ATEOEHE, BB, BFA A VRBEORBTELEBETHEEAERT L LICL - TLIR
EEDTRIEIC & - THEBS N 5 EITEH O LENS 5,

Table 3.3.1 %= BB £ #

# 7 LEE (cm) 200

7 MNEE (mm) 8
VAV I ¥ | 2521
W& = (cm) 192.7 ~ 199. 7
FE B (T) 40
B OB W AFNT IV —
i " & fik (EE#2 0.1 mol /1)
AVFava=sd AFNT NI —I
% 5 I LiOH | CsAc | LiBr | Lil
#® B (mol /1) 0.11 0.12 0.10 | 0.09
fﬁfﬁﬂﬁvSéiéiigﬁi 1.16 | 1.01 | 1.06 | 1.18
i I AFATT -

Table 3.3.2 # & # B

® & A LiOH CsAc LiBr Lil
AEE RO AR —1.639 — 1.786 — 1.120 — 0.7231
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3.4 WAERICEDUFVLRMKIEE

3,41 @FUHI

fbrsmET k 3 T RN 79 ARMESH T o2 & LT, REREREKRT v v T ALY
g LKA A EHERESE S 3 Ly VAT R 2 AERH B, TOHER, KED KA D
5k B, FEEBHTKET v VA AL ) F o L BRSET ABITKEERETLHLVIHR
HAETLTV S, EH01E, CHCROBEKELAEDTOTEN) F v LRMKSHEEL LT,
DE ey ARESAES—EOT I EEEBH SN IERI 0 VI 7 A BEVRRVARTSED L
7 BARHEATE - T B8, B 4 v RBIEEFAT 68K/ o+ 737 4TE, 9
BEHDSNEDEVIREERRF TV B, 7 )7y v FHIEOFEICE, 14 Vs &
LTHEEESARE Y, B/ /77 4 2R SENE, AL 70X LTG5,
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LiRESEROBMEEELGERI/I O M5 74 73 v ADRTFHEAERIC L - THET S
CEAHELT 5,

3.4.2 EHLK2 ) 7y v RS

Fig.3.2.1 ¥, EBiER L2 ) 75 v FilEOBHE%ET Ui, BB, AvrdE0s )
FH U E 2, 2258 Y T-THY, RFUvy- IRy EYHERERETREFET LY
FH v RE )T - EIFNCEESERLDT, EREASUMBROVANTSREL L TS0 7
LHYEEBAF VICEOEREE TS, YT v LAt vid, BRT ABERTOMIETHICL
S TEIAE LTV ABNIKCFig. 3.4 1 DL 3T E H A THEEAENT 5, #BKT 5HER
FHEOBENCLY, 221., 222,LFATVDS,

3.4.3 ERKH

EEOEEAFg. 3.4. 21077, BEAKE, H 7 LANESmd, HIEFESRS 2 mD/ i v
w2 AN S AEDEREANTED, BiRE, 73 P e RYTIEDH T LWITEDAS,
BHEET7 I Ve va Ly s —T--EBFOEML 7. BHEO -, SotaEi L 5Ll
BEEREC Y, o3z ) F o ARMEERRTEICHC . 754V o PERICEKERR L
TAC—TEICR » 2,

3.4.4  FEEHE

Fig. 3. 4. 3R T XA EHETERET~7, £F, 7070 ¥ FREBORV -7 7 LI,
Wrilsd 2 D IEKAFRE L THEEETOH OO LHRE SN TO A AMAEEOR T, RITA F T
W — e T, EERITH B, KEEVHL, MEBERES B, o00T, BEI14 YT
BAFE LYY LDAFITAI - MERERTCEICE T, VF LAt vOREREER
T2, KIC, BEDY ¥ LEEH UEEERET ), S0IA72NKE-T0) F v LoiREE,
F U O LESHLOE, vEVY AETHLHT,

) F o AT EERIRE X ORI OBEEE A S ( FAFNERANT, BiESHTETs) 752
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X - TR GREAE RO, EBEMHIZE~<TTable 3.4. 1 It DT LT

3.4.5 HERER
(1) 221 gl &k B53BESERR

Fig.3.4.413, A4 &L T, BB v oo a@HL, BBV F 7402 FT7 00 —
WERRARL THERS L E&OAmAT &, U Foadd vk, Fifr )7 LDrF0T
WA= WEBRTH LB L Ea0REINERERICT LD TH S, THIEZ, T0LxOB
wEAR, BRI Y F o A REFNOESEFRESHET T, FMERBESHROVWTRS &,
2mEVHEHOA FLDERELTE, BOAELLTED, Y+ 7 LF6EEE 0.06 ~0.12
FCEILL TV D, —F, WEMERIEEMT T F o 2 BENEF LTS, T, Bifk
F R LB THEEAFLTNA WL TN F I 644 DB LESINIIED
EEbLNE, THEEXDERSEM T, Table 3.4. 1 @Run-12F ( Bl ) H L U Run-12R
( U ) IR LT H B, .

Fig.3.4.5 (Run-8) £ Fig. 3. 4.6 (Run-14) (3 KL+ + U o A& FH LA X OEBRERT
BB WAAMBERERE Y 5 v 4 DES SRR, RIEAIIKBOTY 79 2 REFRECE TR
Aoz, TOETR, BERY 77 L40BE8XL0 &0 Edbh s, TR, W) 7
7Lk OKELY F o LaDEE2 )Ty Y PRI BWEREEN DO THL LR b S,
—77, VF v LREHNTORGMABESIL 0.06 ~0.12 £ TELL T 5,

Fig.3.4.7 (Run-11)i3, BLUF 9.4 AL AIBEGOBETH S, BILU F 7LD
REUDEMG SN, FRBBICOVTRS L, )V F o 2RBEOE TR, H5b00KEL
F 7, FFER) F U A WEROBESICHE L TEOETHEDENT Edbr b, L, &
WA F LT —- il LTRE) F o A08RELICL L, WEABEVLEEZR LTS,

Fig.3.4.8 (Run-9)i3, RE4 4 & LT, Wilgt 74 2@ALT, BIY 77 L ERO
AFLTAD—ERLT, WESELIBEEORRATHE TS 2, WRMRILDVTHE L,
LiA 4 v WFAIEZDSBECHEELTETED, BHIEED 150 mb 537 5 8 I @ESBEL
LTWd, T2 78 v FRIIEERETLBICA Frra - vaER Lcooic, Th
LORIONBERBTEALF P v aAd s )Ty v FBETE-TED, BA A
DAL T, TIHFERY 7 7 L DET) F9 644 VHEHL, RICBILY F 9 AHEH
LTEHEDEBLND, - THEAA VY THE VI a1t ryblEashdic, Mlgos
BEHACE - TR EDOAMBBER LT b0 EEbNE, BHEO pHIE, LiDalELiE
¥ CTR-FDEUL-TOBCERP S EI - T D,

BHEELTzFr7a - VAR LAEESO/EAEFE. 349 (Run-15)IKmd, BiE, U
FoLEE LTRIL) FU LD F AT —VERERL THE S Egimatrd, 0
Z, R F P Y DL 0T FAT 2 - ERTEE L cREST TH B, iR
WTAHALE, BIBmMIEBOTHEN Y- 7HBREERL T A0, BIFIKBOT, £V
FULREGEEES ) T ARESOROS L EHENA ORI, ChE, BETHLTFI
TT -k TR F o ARERSRI NS THLEEbN G, £, UF T LR
EWORSEEESHIZ, Fig.3 410175 £ 512 0.06 ~0.11 £ TEILL T %,
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—F, WL LT, AFATI—NEGRLAFE 3.4 T0BRTE, 5 )Y ARER
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Fig. 3. 412(Run-16)ic 3 w{t) 7 v s 2 FA L L BEOEBRER LT, V F oo & L
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TADBELLSLICHVAESTHELNEbD LIS, Fig 34131, D&
20 FILRESOTMBEBENINTS %, Fig JA120MARHMBIC>VWTAB L, &
BB NT, 3 () F Y aBERR, BFRTHLAFAT NI - AFLHRSODHLLELC,
Wi, BIRMTOMRLID Y F o LEESESD, BMANGIVEREL -, T0E, B
k) Foakhbavib) 5o L0APCRERPKEVLDTHS EBbh b, RAFRREE
SR, ) F 7 AREER T 0.06 ~ 010 F TEEL TV 5,

(2) 202, X BBEESR
© KFEE
WIS 2 ) 79 v F 221 I, RF Ly« Yoy LESERERKLET D

SNTE SRS T—FRA )T 4 F LD AT HEE S E DO THERARE

L4 AIWNBROAENIESEEALTEY, TAHNAF YEBA 4+ VITBROERELT T,

WALERRIE, 20 79 v K 222,80 = —0Ba, 14ATHe, 2 )7y v F221eH ) <

—13ADBELD L LAELNE ST B,

@ FiRIES T IEER

HET, Fig. 3. 414CFTHET, Fig. 3. 4150FETI T »7co MR 8md, G2 md

SNA VL D RBIA S AR TS PRI 222 . R ) = —EFKEL, THERDKS LV ITEEER

THELEBAFATAI-NTI VT 0 V2=V 75TV, LIBKAR L Chllmatr %, £

LTRICLi% BRE THEES 3 TRIRSIT AT - /2,

Fig. 3. 4.161%, RE4ACT, 0.11 mol/IDKEALY F 7 LD AFNT V2 — VIEHAEE

JEE 1.6 2m/hrd R E— F TH L BE OREAMRKLE Y 7 7 LIREENORARESH T

£5, BoA ) F U ARGEKEE S LD Spedding S 257R L TV % 57 BERHHER S

S V.Ci{(R,— Ry
¢ =X QR,

o =¢+1

B A THEGEMaARHTADLE 103 Eskd SR, L2, Vill777 Va2 Y&
Cold ) F oL, QHEITEBOATHRERTH B, K ohfpiRiizs V75 v F
921 s DN EREEL 1.034 £ DD LRSS WVETH o7, 7 )75 v FRIED 4 £ v IRERIER
Bif 4 D44 %5207 Y FRIEORABRCS -t bR ILDEFICH(BTE SN
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LDT, 221 LU TRILERSAKEV 222403, ) F o &GRS RSN X IIEIR
WotebOEHEINS,

Fig.3. 4174, U F v alEE LTRALD F 9 £ 46 H L 2GA 000 E &, 215 55|
BEBgL © U LR THIH U BB OBHBETH 2, 2mOBE TR, BV F ook
HEAFEHBEBOTIERS T LT UEN Y » — 73R mET LI, L L, EBFITHS
BB oY L& ) F O aRERLOBIKHENAIREPRON 222,08 EHR o< b
757 4 =R LIS T UV F 7 LREEADORAMBREORERIE, 221, TR/ F
ARG S BEE B U TNSEAETH > CTHEDBREOEZLLEDDEEZLS
N5,

Fig.3. 4181, av{b) F o L AFH L TIT- L BAEDRIBmIITERETH 5, 2 vk
F o AWERE, BMIKROTDOLY -F 4 v 7 5EL TV S, Thid, EHAITH 5EER
iV AOBESRFRICE > TiTof T, KEAAVEIZ )72 v FEHIESLT,
BIEWICRELTHD, COKEA4 VHERTZDLSSBHLTL BpBESNS,
FIR BRI OEE L, EPrdXHIT 221 s DBEGL 0 /NS s,

346 % & »

VI EDFERHER S £ LD TTable 3.4. 21059, FrfR) F v 4, Kigir) 7o 4, B{L)F9
LEFEEF ST, 21, THHLLEEOFE#FEHREE, 1014~ 108 EREWHEEZTFLTED, Li-
Ac<LIOH<LIBr@IET KE L - T3, 222:1CD0WTRBE, 1013 &/hSMEAF LT
B, CAUT, 221t L THRERBEKEVEHEBEbN S, SHBEFEE S LiAc<LIOH<Li-
BrOlfic K& {1 > TH Y, DEHFHEGROEREZRL T0d, IHid, LiBrBiD@ES
TEHEEAEWL TV A, —F, BEmBl&BEMNTE, SEEREE, BREOABRELL-T
WA, Zid, BEFOBHETHIAFATLVI - WCE-THRELTVWE ) FIolt D
AR AN, KUBMABELTHAELDEDEADANE bt b5, Table 3. 4.
3, A4 v BEEEL 2 ) 7y v PRIEES B L b0 TH S, DEHEHUL, 14 VS
Bk LT, 20 79 v FREOAPAKEY, HETPR 2V 7y Y FHlgR K&, 414~
RHIR NSO, ffé#ﬁ@%&i, A4 RERHIS T, 27U 7y v FEIEEICHE L T20~60f8 K %
CEEHEHEEEEAMA 4+ v 0ElEE 7 ) 7y v P, UL, EEITHAS
HENMAREI, 14 vEBEEIE TR RECENSD, 2 ) 77 Y FRIBETIR/ DIV, i, 78k
DEEHL, A2 Y RERIETREELTBDESRI 0% 75 7« —IC L S EESFEE b ATHE
Thss, 7079 v FEIETE, BANCREHFEPECTLSLDALETHOEMI o~ b7
77 4~ HEETE, 5, SOCERAR, MEOEESORIATOAMEREDCESELT
STV HENH B,
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Table 3.4.1 £ B % #
Run—8; Run—8, Run-9
i # (me/hr) 60.6 60.6 60.6
® B @ K (m/hr) 1.21 1.21 1.21
WO A IE (mot/€) -~ 0.049 ~ NaOH+ ClI; OH -
B B (mof/E) 0.104 ~ LiOH+ CH,OH 0.104 — LiOH+ CH, OH 0.994 - LiBr
FHETBE (mot/t) 0.116 — CsAc+ CH, OH - 0.145 — CsAc+ CH,OH
] HE (cy 40 40 40
W R {(m/hr) - - -
AL AR n i (me ) - — -
I e {cm) - - -
HEO WK {em) - - -
G+ v 7 e (mf /&) 2,02 2,02 2,02
T W g {em) 204.5 204.5 204.5
[fun—=11« Run—11x Run—12¢
i W (me&/hr) 61.2 61.0 58,7
= OB OE B {m/hr) 1.22 1.21 1.17
AR E (mot/ L) - D19 Natlh L0 -
WA EE (mat/2) 0.094 ~ LiBr+ CH;OH 0.094 — LiBr+ CH,OH 0.0471 — LiAc+ CH,OH
BHEHBRE (mol/t) 0.100 I E?E%E{COOO - 0.0472 — CsAc+ CH,OH
i % {C) 40 40.0 40 °C
55 F ek e (m/hr} 0.76 0.70 0,67
The 35 7l 775 B hit {mg } - - -
PG R & {cm) - - -
FEEOR G {cm) - - -
# v 7 o {mb /&) 2,04 2,032 1.958
B AR L& {(ecm) 203.7 203.7 199.0
Run—12s Run—13 Run-—14;
i # {(me/hr) 59.0 58.9 60.0
® OB OE E {m/ hr} 1.18 117 1.19
oAl T (mot/) 0.041 — NaAc+ CH,OH - -
WE W EE (mof/t) 0.047 — LiAc+ CH:OH 0.097 — LiOH+ CH, CH 0.1t — LIOH+ CH. OH
RS MM (mof/E) - - 0.1 —CsAc+ CH;OH
i A ¢y 40.0 40 40.0
B 1% ¥ Thak i {m/ hr) 0.45 - 0.87
e 35 F1 & At (me) - - -
I £ (em) - - -
pa ol B {em) - - -
¥ v 7 o (mI/#&) 1.958 1.964 2.0
BII5 A BT 4 & {cm) 199.0 193.1 200.4
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Table 3.4.1  (#EX)

Run—14g Run—15¢ Run—15¢
i # {(me/hr) 58.14 58.56 80
W W M K (m/hr) 1.16 117 1.19 .
WM ORI (mol/2) 0.088 — RbAc+ CH,0H - 0.085 — NaAc+ C:Hs OH
WA A M E (mol/E) 0.11 - LiOH+ CH,OH .1 < LiBr+ C;H; OH 0.10 — LiBr+ C,H; OH
BRI (mot/E) - - - ' '
i g (T 40.0 40 40
W5 RS B U (m/hr) 0.74 0.70 58.3
0% T AT ik (me} - - -
VRIS R X (cm} - - -
MO (cm) - - -
A (me /&) 1.938 1.952 2
His k&S {(em) 204.0 199.7 196.7

Run-16¢ Run-16¢
it i (me/hr) 59.3 58,7
2 % ik IE (m/ hr) 1.18 1.18
ORI (mok/E) - 0.097 — RbAc+ CH,OH
Mo 4 B (mog/e) 0,093 — Lil+ CH; OH 0,093 — Lil+ CH:OH
fofEar e (mof/ L) - -
fk i3 (CH 40 40
Yot FE BN A {m/ hr) 0.68 0.76
W 4 A Ak (m¢g ) - -
PIMEHIEES {em) - -
HFRDMLT fem} - -
L (mi/A) 1.978 1.9586
B IR BT e = {em) 194.7 194.7
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Table 3.4.2

£ B & R

LITHIUM SALT RESIN | EXCHANGE CAPACITY | ELUENT RETAINING SEPARATION
REAGENT FACTOR
{mol/1) (meg/ml-resin bed) (mol/1) (mol/1)
LiAc 0.094 221, 0.050 - CoA,  0.047 1.014
NaAc 0.041 - 1.033
L{OH 0.110 221, 0.056 - CeAg  0-100 1.054
RbAc 0.098 - 1.032
LB, 0.094 221, 0.087 - CoA,  0-100 1.051
NjA, 0.098 - 1.098
L;OH 0.100 ZZZB 0.165 - - 1.013
Table 3.4.3 4 A vaofEfiEEL 2 1) 75 v FEIIEED
~ ADSORBENT ION-EXCHANGE RESIN OF HIGH CROSSLINKAGE CRYPTAND RESIN
GEL-TYPE RESIN | MACRORETICULAR RESIN
SEPARATION FACTOR 1.003 1.003 1.04
HETP SMALL-MEDIUM SMALL LARGE
EXCHANGE CAPACITY LARGE MEDIUM SMALL
SREED OF MOVING MED [UM~FAST FAST FAST
INTERSTAGE
FLOW RATE LARGE LARGE SMALL
REAGENT INEXPENSIVE INEXPENSIVE EXPENSIVE
STABILITY OF
PERATION STABLE STABLE UNSTABLE
AS DISPLACEMENT (COMPLETED) (COMPLETER) (PROGRESSING)
CHROMATOGRAPHY)
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DATA NO, RUNSF (@ilg)
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Table 3.5.1 WEHNHEXBR—ER

! i 7 EEiv
I8FR Lil 42 0.721 O 1.82 |BELUKFOE
19 »~ 1+ LiBr 42 0.672 O 148 | \HEITEE -
20 LiOH | 40.5 | 0.715 O 2.13 |t~
21 LiBr 20. 6 0.659 O L29 | RE ~
22 LiBr 10. 0. 685 O 2.24 | iBE
23 LiCt 40 0.714 W WK -
24w Lil 40.5 | 1.60 O 217 | UgZE{L ~
26 # Lil 41.0 | 3.15 O 2.13 | Upg &l ~
26 LiBr 40.0 | 2.96 O 1.80 | Ug %t ~
27 # Lil 40.0 0. 96 Ko (4.7T%)ENL ~
28 # Lil 40.0 0.816 O 2.17 | K4y (5% ) &AL~
20~ Lil 40,0 3.00 Ug BlLi X B EE TR ~
30 Li Br 40.0 | 1.88 Up &1~
31 Li Br 40.0 | 0.732 Us ik~
32 Li Br 40.0 | 2.97 Ug Z{t  ~
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Table 3.5.2 £ B % #

(RUNISFR) (RUNI9FR) (RUN20FR)
Ligti BE (mot/2) Lil (k) 0.105 LiBr 0.105 LiCH:H: 0 0.096
i ARE (mol/t) CH,COCRb 0118 CH,COORb  0.10 Cis COORb- 0.092
A3 oL { mm ) 406.7 408.7 402.7
i it {me /min} 0.990 0.977 1.008
% K & {m/hr) 1.181 1.166 1.203
W35 45 ¥ Bl R {m/hr) 0.721 0.672 0.715
i 1 () 42.0 42.0 40.5
14w O] (min) 2 4 2

(RUN2IFR) {RUN22KFR) (RUN23FRC)
Li # # 8 ¥ (mot/t) LiBr o.11 LiBr 0.105 LiCl ( #E7k ) 0.1
A HYE (mot/2) CH,COORb 0.096 CH,;COCRb 0.095 CH. COORb -
# oL i & ( mm ) 401.7 407.9 406.9
i it {me/min). 0.992 0.970 1.003
A (m/hr) 1.184 1,158 1.197
W iGN RSl {m/ hr) 0.659 0.685 0.714
i 1 (°C) 20.5 10.0 40.0
1 4% v FAOIEEEHY (min ) 2 2 2

(RUN24FR) (RUN25FR) (RUN26FR)
Li 5 i 8 E (mot/2) Lil 0.098 Lil 0.098 LiBr 0.093
A aMmE (mok/L) CH; COORb 0.102 CH;COORb 0.094 CH,COORb  0.092
hF e RE ( mm ) 408.0 406.0 403.4
i Wb {m2 /min) 2.275 4.104 3.998
E O K I {(m/hr} 2.716 4.899° 4.772
A T ke (m/ hr) 1.600 3.15 2.959
A ) (¢ 40.5 41.0 40.0
14 7LD (min) 1 0.5 0.5
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Table 3.5.2 (§:x)

(RUN27FR) (RUN28IR) (RUN29FR)
Li 7 ¥ i ¥ (mok/¢) Lal (k) 0.106 Lil (4 0.105 Lil € 7K ) 0.1t
AL (mot/e) CH,COORb 0.102 CH,COORb 0.116 CH, COORb 0.104
A7 a R { mm ) 409.4 409.4 401.7
i it (me /min ) i.254 1.068 4,108
% B o B (m/hr) 1.487 1.275 4,80
W AT R R {(m/hr) 0.959 0,816 3.00
i i3 (cy 40.0 40.0 40.0
L4 AR (min ) 2 2 0.5

(RUN3OFIR) (RUN3IFR) (RUN32FR)
Li % # &4 )2 (mot/8) LiBr 0.089 LiBr 0.080 LiBr 0.0855
IR A T (mok/E) CH; COORb 0.109 CH; COORb 0.092 CH; COORb 0.088
R AR (mm) 405.0 404.5 409.0
i W (mE/min } 2.588° 1,012 4.138
Mo M I (m/br) 3.089 1.208 4.939
WS R (m/hr) 1.882 0.732 2.969
& i3 (cy 40.0 40.0 40.0
14 7O (min ) 1.0 2 0.5
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Table 3.5.3 LiEEBIVEBFEREOEEL BRESS I DHE
{HZLFXAM, 2 )Y v F 221, INE B EEEES )

20FR

RUN Mo 18 FR 19 FR °21FR | 22FR | 23FRC
>y oF v oL B E Lil LiBr LiOH LiBr LiBr LiCl
®OfF B B 40 40 40 20 10 40

Li .
a. y F U 4 B
. 0.0B2 | 0.0704 | 0.0655 | 0,0657 | 0.0763 | 0.0879
O (mole) 7 .
B | b, "

. . 103.5 | 115.08 | 1211 118.3 | 10535 | 102 32

wm o # B (mé)

# ¢ ” 200.7 | 80117 | 281.7 | 2987 | 202.8 | 29

_ o . . . . . 6.92

wmHEmAEE (mé)

w | F ’ 342.5 | 35871 | 3423 | 357.85 | 345.5 | 348 1
i PR oEHIERE (me) ' ' ' ' ’ '
U RO I
) O I 0.105 0.105 0.096 0.11 0.105 0.1
(mol,7¢) ‘
PIV > B N .~ A RbAc Rb Ac Rb Ac RbAc RbAc Rb Ac
Rb
g 4o ETTLREF 0.0958 | 0.103 0.102 0.101 0.108
E OB E (molE) ' ' ’ ) ' :
=1
B | LB D A B O]
" BEROKBRE 0,116 0.10 0.092 0. 096 0.095 —
(mol, ¢}
V) F Y ARESES I
7.07 6.368 5939 5. 445 7.17 7.80

(meq/m] /ml

-3
meq.” ml > x 10
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Table 3.5.4 WEEMER (FEEHE) OHETP (on) BIAER
(q0.1:0.1 meq /ml, gex. DATA ; #Eiftimeq/mlD G )

H B RUN |18FR |19FR |20FR |21 FR [22FR |24FR [25FR |26FR [ 28FR
15 ¥ | Lil |LiBr LiOH|LiBr {LiBr | Lil | Lil | LiBr | Lil
- 309 | 218 | g0z ! 320 | 308 | 310 | 306 | 309 | 293
s 83 269 | 287 | 272 | 293 | 283 | 275 | 254 | 277 | 284
i & 4v 40 31 30 27 25 35 52 32 29
i % 403 | 422 | 409 | 422 | 412 | 416 | 383 | 394 | 379
= B 383 | 398 | 386 | 398 | 382 | 389 | 349 | 363 | 352
(me) | o 4v 20 24 23 24 30 27 34 31 27
EoH OE 4y 30 275 | 265 | 265 | 275 | 31.0 | 430 | 315 | 280
# B (mlnin) | 0.99 | 0.977 | 1.008 | 0.992 | 0.97 | 2.275 | 4.104 | 3.998 | 1.068
Ug (cm/min) | 1.20 | 1.12 | 1.192 | 1.098 | 1.142 | 2.667 | 5.25 | 4.932 | 1.36
g | W W #4848 | 3554 | 35.48 ) 20.88 20.43 | 41.03 | 66.52 | 39.48 | 36.93
E X % ® & |2424 | 275 {272 | 2656 | 35.32 | 31.65 | 43.49 | 38.24 | 3438
Cem) |y 4y | 36.36 | 315 | 31.34 | 28.22 | 324 | 36.34 | 5501 | 38.86 | 3566
Ro (—) |0.080 |0.078 |0.074 |0.075 |0.075 | 0.080 |0.084 |0.077 | 0.075
ViCi (meg) |8.998 |8.047 |7.978 |7.818 |7.958 | 7.970 |7.493 |7.629  8.146
? ViCi(Ri—Rp)(meq) | 0.1396 | 0.1013| 0.0853 | 0.0966 | 0.1051 | 0.0987 | 0.0784 | 0.0775 | 0.0939
L . R, | 008 |0.078 |0.074 |0.075 |0.075 |0. 080|0.084 |0.077 |0.075
% " R, |0.028 10035 |0.037 |C.0395|0.043 |0.0495 | 0.042 | 0.038 | 0.047
% in Ri/R, | 1.0498| 08014 | 0.693 |0.6412| 0.5563 | 0.4801{ 0.693 | 0.7062| 0.467
) g Ry | 0.178 | 0.184 |0.145 [0.220 | 0.144 | 0.150 | 0.154 |0.142 | 0.140
R, |0.08 |0.078 |0.074 |0.075 |0.076 |0.080 |0.084 |0.077 | 0.075
n Ry R. | 0.7997|0.8582| 0.6727 | 1.076 | 0.6523 | 0.6286 | 0.6061;0.612 | 0.6242
STYME ¢n Ry Ry | 0.9247 | 0.8208 | 0.6828 | 0.8586 | 0.6043] 0.5544 | 0.6496 | 0.6591| 0.5456
e () (q:0.1meq/ml) | 0.0427|0.0318| 0.0285 | 0.0319 | 0.0342| 0.0302| 0.0229 | 0.0248 | 0.0304
¢ =) (q: ex. DATA) | 0.0474 | 0.0397| 0.0475 | 0.0599 | 0.0427 | 0.0336 | 0.0254 | 0 0310 0.0338
o3 57 M % | 251 | 256 | 24.86 , 2042 | 16.54 | 16.14 | 30.61 | 28.83 | 15.59
(%L;O#f % # % | 1913 | 27.41 | 23.94 | 34.26 | 19.39 | 21.13 | 26,77 | 24.98 | 20.84
meg/ml) | St @ | 2211 | 265 | 243 | 27.34 ¢ 17.97 | 18.64 | 28.6% | 26.91 | 1822
B GRS 2267 | 20,58 | 14.63 | 16.39 | 13.30 | 1453 | 27.63 | 23.13 | 14.05
ff; ff % w0 & | 17.27 | 22.04 | 14.50 | 27.50 | 15.60 | 18.02 | 24.16 | 20.05 | 18.78
DATA) | sty {4 | 19.97 | 21.31 | 14.71 | 21.94 | 14.45 | 16.77 | 2589 | 21.59 | 16.41
HETP Bome o | 193 | 139 | 144 | 146 | 1.78 | 254 | 217 | 137 | 2.37
(;Cfg')l % . | 127 | 100 | 114 | 0775 ] 1.82 | 1.498 | 2.485 | 1.531 | 1.65
meg/ml)| E 5 & | 1645 | 119 | 1.2¢ | 1.03 | 180 | 1.85 | 1.82 ) 1.44 | 1.96
HETP B o & | 214 | 173 | 238 | 182 | 221 | 282 {241 | 171 | 283
(;C;“;)i % & # | 1404|125 | 188 |097 | 226 | 166 | 180 | 191 | 183
DATA) | £ ¥ & | 1.821 | 1.48 | 213 | 1.29 | 2.24 | 217 | 213 | 180 | 2.17
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Table 3.5.5 &EEO)F v aEMEIEEREEHETP (40°C)

ISOTOPE SEPARATION

CAPACITY | FACTOR (—) HETP
SALT
COLUNN LENGTH
(meq/m#) (—)
2 m 4 m
Lt Ac 0.05 1.043 —
1.014 —
Li OH 0.06 1. 050 —
1. 037 —
1. 025 2.13
LiBr 0.08 1.035 —
©1.033 —
1.040 1. 48
Lil 0.09 _1.032 —
1.024 -
1. 047 1. 82
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RUN 18 FR

T T B T T

SPEED OF MOVING BAND 0.72 m.hr

< p.169 b SUPERFICIAL VELOCITY 118 m/hr
3 TEMPERATURE 42°C
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9
=
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=
=
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@)
&
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x
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RUN 19 FR
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E0i28 r
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=
o)
]
o 8.832 L
'
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RUN 20 FR
T T T T T
SPEED OF MOVING BAND 072 m hr
" SUPERFICIAL VELOCITY 1.20 m/ hr
TEMPERATURE 46°C
BAND LENGTH 145 cm
CH,COORb
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Fig. 3.5.6 7 # @1 % (LIOHZEA LSS )
RUN 21 FR
T ¥ t T T
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Fig. 3.5.7 # # b B (LiBrTRE£20CT MFIBE)



*Rbh CONCENTRATION (moé/ &)

Li

Li-Rb CONCENTRATION (mo¢.7£)

JAERI- M B9—-176

RUN22 FR

SPEED OF MOVING BAND 069 m-hr
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0.996 G
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RUN 24 FR

T T T
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RUN 25 FR
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RUN 26 FR
T T T 1 1
SPEED OF MOVING BAND 296 m. hr
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L
250 200 350 400 450 500
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RUN 27 FR
T L] T T I
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L
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RUN 28 FR

1 i | T

SPEED OF MOVING BAND 082 mhr
- SUPERFICIAL VELOCITY 128 m.hr
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RUN 29 FR

500

T T T 1
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TEMPERATURE 40 °C
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g

250 300

358 408 458
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RUN 30 FR

“ . — I . T

SPEED OF MOVING BAND 188 m/hr

0.160 SUPERFICIAL VELOCITY 3.09 m.“hr
TEMPERATURE 40 °C
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RUN 31 FR
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RUN 32 FR
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0.15 |- RUNIBFR (Lil)
0.14 ~ W & 099 m#é . min
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RUNZ20FR (LiOH)
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FRoT, BUENEBLELL, -7, REFHRTIEKITHEFTH L E LI, &
fo, FIEBMRIIERIY, THEE 2R TH 200 me TH S0, WIEED 3B EFHETETLIOT &
HEH S A E 7L -7z
@ KOEE

LOKRBTH, BREAICKPREALCES, VF v aRETKEDLHIBFEERLRETTH
DWW TR L, Fig. 3. 6. Q (IEMANCHEB L €0y AR EFERL, ThICTBDKE
mA, 3oy F 9 A0REREAELELUACBEOBRBRMFEEME, V7 v o BEwHDMR
MEBESN %2, KOBRZANTT LIcbOTH S, Mo, Flig v vy o Ofika,
Bz, VFua, ve Uy LB ) F o smEMEE, KOERNEETRS, VF Y LA
OB 4004 e iR H DI, ) F T LAREBEHEATERTSREEMESBSITON
TWAEY, ) F o rREFIWEHIIRICE Y TEEIRT » Tih, ERBEEICENA
BLENTERVHODEEZ GND, -T, 274 Ve =V FECEBREASDKDR
ARTELREFLBLLLEABPBOEEDR S,
@ Aoy

BAEM» O v F s s =2vd, HbEKPLAF AT WTENAT EHLETATIE
WRE L, ZOXHEEL, V) F 7 Lo EFSBRE LTS, I TOREHOIDED
BREL, NEFOLDOICLHEILIOTINABIAMEND S, MOFEERKE LT
X, AAERIOKED Y T4 v s =IO AF T T - VTR RE N R EESE YO
T, A5 6 WP SEEAMRBLTH I L THLOREHET 2L CEEGESNEEEIT, K
Mo AFNT = VEENT BEET, EHREPENL T 7 tARDIPRICE T S
1DEEAAONNTFEHLE26DEEL NS,

ADFEESRE CICRBBH TR 20T, ZFREE - ECROBESH LT L
hipot, BEME LT, 547 408 —FEBELLNAE,

3.6.2 w—+o MEIRICLE ) F U LAEMKSEER
1) FHEER
once-through DEBER L & iz, ) F UL REREBEIE 5 LHRC, RETHEHIR
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DRE, BEBROI Y F 4 Va2 YT % — % FlEnaiT o7, Fig.3.6.10iT, D&
- EZOIEHME, Table 3.6. 5 ICEBEAETR LK,

COERTE, Ews LTRAY FY s, BEAE LT v Yy 2@l YT
Y ARE SRS, BHFICE A LH L, EAEICIROAE A BREEEI DAL
fr& T A, FAEE 107.6nTH » 720 THNIRTEFHEEREE 55.2 cn/ hr & BRI RO @13
BEff 1.95 hr D THRSD /o, HEEAICHAENLL) F9 40428 E, B/L) 77 4B KOmE &
BEEE 0.09 meg/mlip 6

(.09 x 80 = 7.2 meq

THb, > TREFCEMPOREERE/DD Y F 9 45~V N7y Vg meq/ml—bed 3,
q=12/% (Qgi) 107.6 = 7.2/54.1 = 0.133 meq/ml — bed

THDH, BEFIOLIMEEREL VY AOFEAEER, EERETIIn/irTHLY, TLE
207 57 0~ TR OEHEDY F U LBEIL0.08MTH » 1o, WERBERERD
55.2 cm/hr& - T AL Eh oMENE L D BEFEHATOBNBEREH DD Y F 9 4k
— WV F 7Ty 7qmeq/ml—bed 23k 5 &

2 2
T (0'28) X 90 X 0.084 == (%) x 552 xq’

q’= 0.138 meq/ml—bed

ED, WIOMaED IBHIRERELMNL TS, Thid, a2k AK, HMERKRESD
2RETREL, 20hgi N TV AHELTORMOMLEATLELHTHS EEDONS,
LR AL, EREBHE ELREEOMEARE L ELA, A7 6 1 BEETTImTH-7, L
L, #5LE3206mhosbE4%iIchizl, BERENRKEEST LT Edbhab,
BAR, KES57m/hr T2 BRKT, NIZERMERD

0.8
2

EG%§¥XEWX2mﬁ9XE( sz%xZ:Sl
FBUEICHEM T HL L ERY, BRAUAESITONTHE25DEEALLNS,

AVFa Ve =Y, AFATAD - VEREBEBEON B, ENT itk -T, BE
FloK AV FEE, BEEIOMRBEEIR, #7469+ 0 NRUBRBEIEE S 4 vicHD 17
SN BASEIICERAKERT T LI E - T CEL L. BREE, EROMBI—ET
" HWEHEFFERIZ 075 mE / min, BEAIEEIEL 476 me /_min, JUF 4 Vg =y SRRR
513 ml /minTH 5, BARED F 4 L R4 P 2 — A3, BEHERES 180 min, FEAIRED 120
min, A YF 4 ¥ a2V IBEF1T0mInTH b, UV F 7 1WEFE, ROEGERFTH LB
B E DY LA ETEBHLAVS—HE IR DAL —EDY M LRT Y a— VIR,
B, avF ava= IR @gYRLEND, BEFEERES2m/ hrDA - FTH T
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LREBEYT S, HIEEESE, ERMEICREE 1R 206 TH 545, BEROKIC
L ABIEDIHRE Ktk - TE L L, Table 3.6. 4 i & H IKEEKR THHTIZ 1971 enE T
L -TWWA, 754 FBOEEIEHIEZITIMTH 1, COLHITEBOITIE, VF UL
WEEPBET 2B TORBADPRE L, NHEREOETIRSUH LD TR/
XL BEALBEDE S,

Fig.3.6.11i3, WHETHEHE4 1938 cn/ hr &#{ LAIBEOBHBRTH 5, BETY
BEEAE LTOEER I /7 74 - BHROoNEIEMbhofc, COLEEDERSE
% Table 3.6.6iC, WEREAD Y F 7 ARMFERBESAAEFig. 36,1217,

(2) [N A EREL 5310 O B

Fig.3.6.13i3, +—+ v +BETE LN ENARE S & once — through DAEER THE
BN T ARRBRESHERB LA bOTH 5, BHEFSE, RETBEETEUE 2
AN, REEL2nOBE CRIZFEFRECLEVER LDORESHME SN, KPR,
&S B EE D548en / hrD & X DEESH TH 20 WERFEEE S 714 en / hrE#{E 5
CHEERNELHE, y—F o FEROEBTIE, RWEFBERES 52/ hrTdh s, ©
D& X DR FERE S Zonce-through#d 71.4 cm / hrD & & OO KBE R & ITERC
HE%A2¥-> T b, once-through®FEER TR, ~u7A@sFIKF 79 vV F o — 7 TEEL
THEBELTOED, y—F MBEOL XiTiE, ) F v L2 RESSBEEHTLBICEHOUE
NSUTROBIELHEEOE ( 6 AFT) £BA 0T, IR SHEREOEENHEbNID
DEEZOND, (E-T, BREBONSL I 79 v FS TRERADEELZIOT
FAABESRIC NS SHEEZRIZTTHOEBDLNE, 7)) 7% ¥ FRlEDHE, REERD
LERSREXHETP 22~ 3end Kb bz, THid, 14 v BEEDIBEDI0BEEA S
WETH L, 7078 v FEREOBEICE, REBEEED 0.09 meq/mid A A4 v BEdlED 2.66
meq/mUT B L Th& <, MREOEEEZH R D IMBEINL,

3) £ &

7N 7e v FRIEARERE LABRs o bS5 7 0 —ROVTERNIRST L TEd
RDT Db i,

Oy )Ty v FEIERFRT A2 —F o Mk ARNADEPFELE SN EIE-T, &
704 2 OEILITED » TR E  AE L1,

@277y v FIEDBGOEGREE SR, 2~bwmkf 4y ZREIEDOES XD 105
BEREWCE, #E-T, chd/NEL T80T I BIERG LORSBLETHA T
&

@7 N7y v FRUBOREFERB A4 YDA LFBA L YOV THEET LLEND
50, '

@S5I TOEROTEH TR, BBARBKEBAIEC YT LPRLBL T EME » ELMITER
BAMEZ LSRRI PBETHHT 50D - T,

SBEICHERELE LS 57000, BIERFEORBIEIC O RE ZIT-> T ¢
HERH B,
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3.6.3 20Ty FEEIcLE ) F o ABEMESBERE BERE

730 MEMOC—EBTHL )T FRIIE( 221 BR Y 2 — ) 2 FH L BBz o< b7
774 LBV FULELMENES D v ADDEEEEEAM LSS EE i, ThETIRES
NEERAEBICLAABEE Y v P OBREBEZIT - L HERAHET 2,

(1) 207 v FflE& 4 F v R EE R OO L

EFEoE, BRI/ 374 —REBVFULRMEBSE 0L 2 DBAEFELTT-T
&7:, Table 3.6. TR LD iTA # v REMIEAGH Yo wx b, 71075 v FRIEERD
TOLARODVWTENEFNRTT L, 2 ) 7% v FEIEOHAIE, TR 221 B J <= — 350
amDHDEEHL TS, Thid, B4 vaREBEEDES® 100 pmE DIEC, o708
BRI 0Imeq/mLENE{BoTVE, TOEE | BOEHICHELELRIEES & HETP
i, A4 A REED L FDHmItH LT beand K& 15570, '

M#E T, 14 vOR-ERESENRD, 2079V FTR, BAA vOREERIcEE12
MEETHD, 14 Y ZHEEIETH, flehoBHBSHRED S 4 v ARKIETH B, COM
EERMUTCEBEAF VT va - bk, $EERIRKEHEEEE VS &S ICbSrick S
CRUE-TOREER - TV S, REREL S H40CTEHER L.

(2) EFREE

DT el bR EEERIE, §TICRLAFig.3.6.1 OFEf I o= NI T 4 -4 — %
v PZE - TiT»7c, COEFEER, AZ8md, SX2md/ 54 Lo 7 R8H 54 THEL
DEERENTED, VFOLBERTYF I L2REEEERL 2K, BHEIHOAAKE-T)F
U LIREREBHIICER S 5, BRAL HIEORALFPHLENL EDBERRFNFNOE
By 7ick > TRAIBIBS NG, |

FEMICE, RAE L TIRIM, EF2HL L QUECEBVEAEEB L Tsh, BFH
TEEP DI A LA Va2 — VI - TERBIR & - THEB QU Z 21T OISO S
o, WERBHROBE, HBEROT VT4 Vs = v VEOBEET Y, +—F 5 FVAH T 4
ZRDBELERLTY F o o B&FOREMBEIAAGRIC L TH B, £/, ZTHREERH I 4
Yoy PEICERAKERTC LIRL - TH ~A0CORPMT—CRECHBTX L5010 -T
W3,

(3 WS

Fig. 3. 6.14IcERRICER L2 ) 79 Y FRIE221 BRY = —DRBENIFHAETT, A FL7
N2 =R EIKRPTE S DRERBEL 50, DEBOZETHAAFT VT IV I —ViIEDT &
X OEHRRE, 350um Thote, 7V T Y Y F 21 BE/ v —ik, BWIEO~ ) o2 2ich i
el A  YRBEROCHBED L S ICHEASNTRHVBETE L IhATEII ) F 7 4
14 BEDAENE,

) FEEBEER

BB 9T NS5 7 - —F oy FEE (Fig.3.6.1 ) #FA Lo EER LS
L1 ORIEEHEMRIT LT,

20Ty FBIEDA A Y IRERFEDEE TH D, ERIETRSANETE 225, T
NE THITHRNICHE 2 DLERTHHMERTROE L TE, €035, b EHEHELR
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Bk A L MR, BALY F o ARERAFRLE YT ADA FT I - VIBETER
FBEDTH 1o L LBISH~OBIMENSA S 2 o (k%) & REERPRE(TED
EFEE NI DIEFig. 3. 6. FF LIy Fy alRERELTa V(L) F UL, BRFAL
LTawfbd b YUY A TERBEIT > Thiz, &ECABIDERTREBIFEABEITONGED >
) F o ARESREBEBCEOTERFITHS3 by M) D LADENENR S HERPR ONE
Waraw b 737 4 —BHOL LI ot, CORRBR, VFoL4dvEF ) voaaYT
RSB AZEEEE A 1000 (5800 7 AROBEREO EPKRETEF LD LEbOL L, 7,
) F o LBEEEEIC BT, KEHY —F 0 v IARLTO S, COBRERELTHE, 21
WELTVEF Yo LEFETSOICERSBRETS 20, FERTHLET D SRIEAKEEA
A Er YTy R, BECROESLTLE > TEBORTIRD LT 2RBLTERLYD
LELNL, UL, TOKEAAYESNOIRBREL, £, FPYTLA4 VLD &L
BEEEHENE O VY A4 A4 VEBEEICH - TERLTAE &, Fig.3 616177 &
i, ) F Y ABE0.2mol/ b &S E TOEE 0.1 mol/ L OEOEHTERFISHEPEON
Foo LnL, U F v LOBERESHORER, 2F TORMLY FUAck 3BGLERLTK
X RRBINEL T, EFREREEY, V7Y ABEL2ELTERL TEohRLIE
BEEATL D 0cnE XS ONWEARE L TH AL, Fig.3. 41T L HICL 5, HEE
) F o LR, MR, 10em47c b ONEERUHETP T, VF I LRESRECLLLE,
SEEER, NELTE-TWB, 7 )78 v FRISD Y F v aGAAS RS, U F U LDk
BT KA KGRSO END-TVEOT, ZARMEBS L2V, HRE LD
e ICBEREE S S - D EEL SN S,

R ISE 1L AL DN TR 72 5K, HENBELESZATL ML LNV,
CCTHEREOEEEAL LT, HETPHEAAERF - IKE&I X HICEIEL TS,
Fig.3.6.18(3, HETP ##&ith OEEEE SHlsh0BEE, $HabbRMRER T 5
e LT7 oy F LEbDTH b, HETP L, RAILEIOTE L BIRILA O - SR G DIHIC
BEOHEREMASOTHY, T THBHEED 1.35 m/hr 065 m/hr DB FIKHNT,
FHRERTE8 100 pm, 200 pm, 300 amIOWLTRLTH S, 2V 75 v FEIEDIEE 350 #m
G OE TR SRS h O A 05 ~ 2.0 SENS 0 LT ATEREIT- T LM
£ & v RBEIE DS AT, BHSHE 100 ¢ THRRTOBEEEE SMIETOREHI019TH
D, HETP R D/NES LT h, 7074 v Fidls0ia SEIEREE 350 #2205 100
PSS L, £, ABREAB G AKE LTBRPOREERE SMEPOBELE NS T
BTk ~T, NEHERESER T A b0 LMFE NS, Fig.3.6.191%, EHKOIREREE
BENEEAEZ 88000 T, BIEREE 100 #m, 350 #miz 2V TRY,

I TR &Rl DA RE A5 A — 5 —E LT 025 ~20 T TEMLIFTY 2. Al

 PEMIEAS 350 amd & &, HETPBWEEBEWEL & IEhBh KE - T 525, HiE

% 100 amic @i AL, A5 VIR TR EBTIEICH L THETPIEAS CELLT
W EAbi A, Table 3.6.8 &Table 3.6.9 ic 2 HE TDonce-through & 4 — F » » i
TIT - HEREH LD T DRERATT,

(5 HEHARE
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PEDESTBBREEFHLEZOE BN LTSN ANEELRBELT, VF YA
GRS EE 7 S~ b DREFRAE AT - /0, NDHER E L T, Table 361017 L 5T,
TEIFT LT LICH LA ELHEE (LiBr—RbAch ) 258 L, "LisIEEE 999 %
SIS MEBESOB ORI, KLY F YL 42FEE1 t OB TEETAEEA2ME L, O
EE, VEVT L, VFTLCHTEARERRESR Y ) 7y v VRIBOHBREZRARAATOL
eq/ £ 5 0deq/ L X TEILS B, HEEEEE, 1.05, EREEsiE, 3aé& i, $72,
COLEEORFEEHENERIE 2 m/hrd Ui, —F, BIIEOEEE, KT TITHERLE LT,
AFNTND—VEERTECEELL, TD7 7 T, Fig. 3620007 d £9iT, K&
P H0%E T LIZERT 20IAER) F 7 o BREFOSAEE SR, 3InBETHS, Fig 3.
6.21(3, XBHIESESAH I A VTRIFTHEL T LALDTHE, DB X 1 id, EHHE
(EERE ) LEERDP O TV EY, ZOETHBEONOCEEEONRELAICT Ui, 2o
HES0leq/ 85 04eq/ LICAEICHRT B E, BEM VY Uy LIBINREA 415, R
BE1/4RTELED, AFAT L2 —LDHEIDIL IS LRI, KIBHISENEL <
BT Ao ERBEIRE(CEHD, EHEF 01eq/ LD EEZDITHBETEHL LTS, T,
HISHEEOR/DIEVCEREMS/NNTE 5720, EEBRL/NS DA R M & LT 0.1eq/
LDEEDUNBETRHOLTVE, ChHEE, MBEOKRNE2 LD IR I Y L4 KD
ZfE 2 A YT ANEAL S EICED, HEI R PRESIETLT, 5% TbLM
K7oREELNTOET 2N LEEEAFEDAHI R MICELEVHIHBRREEL,
DEIT, KBWBEEPRKEL, HETPAZ /P T5LH0WHEOHRELTTHI LIt -T, T
DHHET T X OREEERESEDEZILBTEEZ Livbh T,
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Table 3.6.1

-y bER FORTIRE

D E B F # Na, Rb, K. %
@ B/ &£ % # [
@ T sva=rIOEH A F TN T —
@ @ o % & B v F s va=s v FORICELE
& 44 LR5Y - W 25 5 M Bl o3 BE 1T 0 G
Table 3.6.2 2 B £ {4 (circuit—3)
i #  (mf. hr) 44. 2
E45 #® 1 B  (m,hr) 0. 88
B B A # E (mol/ €) 0.104— KI - CH;0H
K & w B B (mol/g) 0,085 ~LiBr + CH;:CH
= F & B % (mol/ ¥f) —
i g (C) 40.0
k& E 2 BHE£E (m hr) 48. 0
R & A & m &2 (mé) 80
o mE Y E X (cm)
EEBEOREHFE (cm) 147. 2
+ b 7 s (mé) 2. 95 mf /A
# f x® E E X (cm) 1230.0
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Table 3.6.3 2 B £ # (circuit—1)
i #H (mé/ hr) 52. 8
7 b7 & B (m,/hr) 1.05
& # A B E (mol f) 0.087 —RbAc + CH,OH
& # W # B (mol/8) 0.085 —LiBr + CH,OH
B OF B B E (mol 4
Pl B (CT) 40. 0
k& & BB EE (m hr) 74,4
w & H & m B (mf) 80
1K EFEESX (cm)
EEBEOoKEEE (cm) 167. 4
+ v va o (mf) 2. 64mf. R
W g £ 2 E & (cm) 1224, 2
Table 3.6.4 & 5 B & =
¥E B S BlERBS S o
71 7 &H No : o
[ (% B i) (8T KD o &
1 205 cm 194. 3 cm 10. 7 ¢m
2 205 1950 10.
3 205 199, 2 5.
4 205 200. 9 4.
5 205 197. 0 8.
6 205 196. 1 8.
& 2 1230 cm 1182. 5 ¢cm 47, cm
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Table 3.6.5 #—&. hEBEH

JN T T 4w F R 22IB HF 1) v —
618 (mé) (63

0.09 (meq./mf)

55.62 (meq)

112 (cem)
57. 4 {cm,/ hr)

FEEE v E D L e A F AT NI —VEER
0.1 {mol,/ §)

45.0 (mé/hr)

6. 90 (m,/hr)

3.0 (hr)

K

287 {(mfg/ hr)
570 (m./hr)
2.0 (hr)

AF 7 L — i

308 (mf/hrj
6.13 {m,/hr)

2.83 (hr)

40.5 (T

Max 1.0 (kg/cm’G)

250 ~b00#m
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Table 3.6.6 3 & & M (r—*, FEBR)
+—F v b EE (circuit ~5)

OB & &
o7 Ty v FHIE
% ¥ YT T 4w R22IBAEN) 7~ 250 ~ 500 #m
£ B Ik & 1230 cm % 3. 14 x (0.4)° = 8§18 m¢
2EEBRS 1230 cm
Z A E 0. 09 meq./m¢
LR BER 0.00 x 618 = 55. 6 meq
o ) F 7 LAEER
& & p=< 280 m¢
= i 0.090 mol/¢ (LiBr)
PAREEES L=QC/ xR* (q+ec)
=80 x 009,314 % (0.4 x (0.09+0.58x009)
=100. 8 cm
EEOFEFES 3. 23 cm,/min X 48 min = 155, 04
B H P EER Up= 193 8cm/hr = 323 cmmin
o B OB &
p7:3 # 4 BB
E: # FEBE L 0 4« A F T LT — WK
=] i:4 0.1 mol ¢
b P 2.47 mé min ( 148.2 m£ hr)
T B H E 2.95 m,hr
R R M T, =60
FrRENOBHE 2.47 %X 60 =1482m ¢
o £ B fF
oS 5 2ERYE
# # #7k
i 3 14.3 mé/min (858 0 m#¢  hr)
e % E E 17.1 cm./hr
(DI S i Ts == 50 min
wmom R R 14.3mé min x 50 = T16Emé

(B0 T.146)
oo VF 4 a = TR

® # 1BavFeva=vy
b # AFNT DT —
b i 15.0 mé /min (900mé& hr)
RS -3 17.9m/hr
o' &R T4 = b5 min
wmol o’ B 15 X 55 = 825 m¢é
i -4 40.5C
e H P
[ i3 0.2 kg/cenf G
B #% 12 kg e G
avFs V=YY 9 kg ot G
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Table 3.6.7 7 U 7% ¥ Filg& 1 4 il 05
] -] JUTE s FHE 4« # ¥ ¥ Bh W B

- | g (221BRU=-) (DIAITON SK-T1T16)
APEGE 1. 034 1. 003
HERE (um) 350 100
gl (meg./ml) 0. 1 2. 66
HETP {cm) 5. 0 ~0. 5
1A Ba #reR 1XTER
A w AFNLPHLO- x
BeA * oM
qS® (T 40 40
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Table 3.6.8 #—4 . FEREEE

it — U%ﬁéﬁlﬂ@ﬂ'_ﬁ | ERBE ) REE | REW | MiEFEE
Fw b ' | BEEE £3 B ¥ X
No (mol/1) | {mol/1}} (ml/hr) | (w/hr) | {w/hr} {cm) (ty | (em
LiBr RbAc ' ) : o
1 . 0.086 | 0.0865 52.8 1.05 0.71 178.4 40.0 | 1224.2
9 - _ — - — _ - _
LiBr ki
3 0.086° | ~0.104 44.2 0.88 0.48 146.7 40.0 1230.0
LiBr | . BbAc- ,
4 0,100 0.080 | 161.4 3.21 2.11° 161.5 40.0 1225.0
LiBr fibAc
5 0.092 0.100 45.0 0.90 0.58 138.2 40.5 1230.0
LiBr RbAc
6 0.090 0.100 148.2 2.95 1.99 158.5 40.0 1207.6
LiBr RbAc
1-1 0.093 $.105 67.8 1.35 0.73 112.1 40.0 203.0
LiBr RbAc
7-2 0.092 0.102 68.4 1.36 0.87 121.8 40.0 406.9
LiBr RbAc
7-3 0.090 | 0.098 | 67.8 1.5 0.90 144.0 | 40.0 609.0
LiBr RbAc
-4 0.092 0.103 68.4 1.36 0.92 153.0 40.0 810.0
LiBr RbAc
-6 0.094 0.117 70.2 1.40 0.95 177.0 40.0 1212.0
Libr RbAc
8 0.095 0.100 70.8 1.41 0.98 203.4 40.0 2858.6
LiBr RbAc
9 0.056 0.056 67.8 1.35 0.61 14.5 40.0 1230.0
LiBr bl
10 1. 105 0.095 69.0 1.37 0.78 102.6 40.0 1230.9
Lil Rbl
11 $.200 0.205 32.4 0.64 0.54 155.2 40.9 1230.0
i2
13
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Table 3.6.10 43877 ~

b ODZEM

LiBr-RbAc

2R
75V EH 1000kg "Lisyr
KTl "LimA  99.9%
‘Li®& 90.0%
EEREe LiOH. H: O
HETRTA 0.1~0.4 easl (Li, Rb)
20 B 1. 05
BRARS 3 ¢cm
CEETTFT 2 m/hr
HERE 200 um
BN H. O
T CH. OH
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HOLD BACK 10N:CH3CH CISPLASEMENT 1ON:LiBr,Rb RISIN:7U7* +9¢93 2218
DIAMETER COL.(MM):8.0 FLOW RATE(ML/MIN}:0.88 LV.(M/HR}Y:1.75
@.(MEQ): TEMPERATURE (*C):40.0 RUN.NO.:CIRCOL

RISIN.L(MM) 12242
UB. (M/HR)

RUN. CIRCO1 1984.8.22 CH3OH LiBr. 0. 986moi /1

T T T = T T

9.160 | 1

e.128 + §

RbAc

0.096 | Ligr

8. 064 |

B (moé/f)

.032 |

0. 00 ; . e

750 800 850 900 950 1008
AR (m )

Fig. 3.6.3 1 F v o BEH#12mBE L2 BA0E B (LiBr—Rb% )

B # PH-)
RbAc 5.5
RUN. CIRC~01 84. 8.22exp. LiBr 5.9
- | L mEE | romE®
100 B |
T s8of : 0o
= o
ol _
00 0 o0
6.0
oo
4.0}
I 1 1
700 - 800 900 1000

ot B (m)
Fig. 3.6.4 PHiHCLAMEME
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HOLD BACK ION:CH3OH D1SPLASEMENT ION:LiBr,RbBr  RISIN:7y7°+7¢03 2718
DLAMETER CCL.(MM):8.0 FLOW RATE{(ML/MIN):2.69 LU, (M/HRY 5557 2]

Q. (MEQ): TEMPERATURE(®C}:40.0 RUN.NO. : CIRCO4
RISIN.L{MM):12250 '

UB. {M/HR)

B (moié. &)

RUN. CIRCO4 1984.9.12 CH30H LiBr.9.10 mol/!
0.160 [ 1
8.128 r N
0.996 | LiBr RoBr -
0. 064 | !
0.032 | ]
0. 500 . . N .

850 990 950 1600 1950 1108
BHHE (o
Fig. 3.6.6 1 F 7 4 RESE12mBE S /5SSO EHIE
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O KI (H;0)
® KI (Ac)
® RbAc (H;0)
A RbAc (Ac)

a 200 400 600 800
EFFLUENT VOLUME (m])

Fig. 3.6.8 F4Kickd 5E5dhE

=
. SUPERFICIAL VELOCITY:1.25m/hr . CH;COORD 4~ r“:
ool SOLVENT  :CH;OH72H,0 Lil i o™ 7012 =
. . o L LR , — ,——J
oos TEPERATURE 60 °C vy 1y oo
0064 ‘A“A adh A4 aa :/‘“A ?I‘* 4, 44, aa dg ‘?—J ‘0.089
A o —
Q.04 “; _J‘,. > “OO g_:c
s H {1 = 4005
002- | /! A 2 E 2
O“Ll[llllf.‘lllll:"ql1111 03_ =
100 260 300 400 500 »
EFFLUENT  VOLUME (ml 1}
Fig. 3.6.9 EMENCKNESE LIBEEOEE
% 012- SPEED OF MOVING BAND:57.4cm/hr
EV SOLVENT :CHOH CH3CO0Rb
£ 010  TEMPERATURE =
< 008+
e
= 0.06~
i
< 004
S
T ol 1 O30 Oy b A Sa
- 380 900 92 . 940 960 980 1000 020 1040

EFFLUENT VOLUME ( ml)
Fig. 3.6.10 +—+ v SERIC & 2 EEHAAR



UF o ARERHAR (PLi)L/ 7LD

JAERI— M 89—-176

RUN. CIRCES 1984.11. 27  CH30H LiBr. 0. 099 mol/|
0.208 ]
S 0.160 | 1
o
S st Ro - 4
il
ey
0.080 L ]
0.040 | ]
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360 850 - 00 950 1960 1050
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Fig. 3.6.11 WEHHBENEE L L GE oy
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[ RESIN :CRYPTAND 24,2, 1 A
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_ CHZ_(;Q 350 um

- o

mean diameter

NIS3Y

N O N

1 1 | 1

200 240 280 320 360 400 440 480

DIAMETER ( um )

Fig. 3.6.14 27 )74 v FiHlsORBES%E

007
0.06
005~
0.04—
003
002
001

Resin ' :Kryptofix 221

Specific velocity 1,37 m/hr
Displacement reagent : 0.6 mol/L

Temperature

1200 1300 1400 1500
EFFUENT VOLUME (mU)

Fig. 3.6.15 Lil~ Nal O# i iths
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Bbl 024 =
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Displasement reagent : 0.2 mol/L - OOB %

Speed of moving band : 53.4 cm/hr ' )

. Temperature 1 40°C —0.04 é

1 ] ] | 1 1 L AS ) 0 j
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640 660 680 700 720 740 760
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4. HREmEwCaliEic s 5w LStk 3
N F o L FAERSE S o e 2 GRIE )

4.1 RAEIBFRERUAFT IR
B Ic X A2 0 F o aENES# 7o R OERETE L
Y- 2 I
SLit+ TLi'LXT L CLiITLX 4+ TLit
THRbOENDL, T JEBELARDLL, OROVAHRKETS S, DEHEREad

_ L) / ULy

=TT 7 UL

TEF XN 5, Mound Lab. @ Jepson 54, LilEDOKEK ELi—2 U 74 » F (221 ) &
7uo 7y va (CHCL) ik s OETORMAESHGEHASHEOELHOTHEL, LiBr T
1.026, LITFA( ) Fo A b 7407 eF— k) T, 1.035, LITFA+HTFAT 1.041 % %
NENBTH S, "Lit( 221 ) RIEEBEMTH 2720, 7007 p WAICEREYT 5, F/00KiC
LERT Y, A4 v E L TIRERBHOR T 4 v 2:E~T, COBRRIEEASERBICS
UTEELRK- - AR2HERCRALEBME LTS, UL, LiTE#EEE-Ffcy ) 77 v F
EARBEESE LABERHA R TS EME SN TV, 72, 7007 0402210
BREF015mol/ L TEEBLTWAN, U F v 4A4yO0REHSIERITNEOIDICERR
h)Foast BERINALDHEYED, ERSE, benzo—15—crown—5%{-Cs7 oo
7 VA —IKEROEREEIC KLY Fy L OREERE (AL ) LEGESBRESAELTY S
(Table 4.1.1 ) 45, SEREIIAXZ{ THELISCND 1/ 185 F154 % 0.0054 FEETH D, LIl T
0.00168 ( 1/633 } ,LiBr©©5.10 x 107° (1/19,600 ) TH 3, Z 5 O{E I benzo — 15— crown
— 5 DEBES 0186 mol/ &, EEBCTAE SN, 7 77 VLEHMOBEL LT 5 EFig. 4. 1.
LT d Ko ichtifiii bge a5, 2 5oy baraEs e Ttdn, 0.2mol/ LiEE
THLPRVERETHL DA I TR T 2 L HEMIE AT ELE L THHBRESRECL S,
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Table 4.1.1 Distribution coefficents of lithrum
salts and separation factors with
henzo-15-crown-5'* at 25°C

Distribution Separation
Chemical coefficient factor
species D at®

LiCl 1.62x 108 1.00220.002
LiBr 5.10x10"% 1.014+0.002
Lil 1.58x 10" 1.026+0.002
LiSCN 5.40% 10? 1.032+0.002
LiTFA 1.36x10°3 1.035%0.002
LiDFA 1.01x 10"t 1.023+0.001

" LiCH, {00 <3.0 x10-*

Initial concentration of benzo-15-crown-§
=0.186 mol/!

D= [Li](org)/[Li](ﬂl)
a=(T"L3i])/["LiDcorg)/([*L11/["LiT}(aq)

(a)

(b)
(e)

io°
;
o
107" |-
I
-]
o f
®
g 10-7 | O/
T
e
s d
o
/
e 10-—! - //
1 1
i0°? 10-* 10°

Concentration of benzo-15-crown-5(mols )

Initial concentration of Lil in the aqueous phase
is 2.0mol/l. Distribution coefficient 1D of the
extraction is represented as; In D=nlin L.+ C,
where L, is the concentration of benzo-15.crown-5
in CHCI;, C constant and » means the number
of ligands forming a complex ion. = is 0,97 be-
Jow 0.1 mol/! that means Li*{crown] complex is
formed and n is 1.97 above 0.1 mol/! that means
Lit[crown]: complex is formed.

Fig. 4.1.1 I'nD vs.Inls
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4.2 TREIAOHE

75 ALEMAEMSBEMG ) F U AEMESE S0 e A EEE L TER LRy o - &
— P EFig. 4.2, 11T g, 7 00 7 300 A OB &R A B FIC & ¢ B RIRAS R &8
ERAESRNTL S LR THORBKE» S5, )V F 7 L00REHEREL, T/, HiE
BIFAIRRELL T HDEAFATUI—BENLTH 3, RAESEHEE 1B LHLDHEH
TELIZEMUI ) F U LKERL, SERTHENHELFe -y —~BX, K- AF LT
DA ERJE LT MREREN YA 7038 ) F o L ERERRT 5, L5
—EIRN B, DR F Y LKERE, THEERBLID VA I0ENI) T ILAEES
B2 7o/ bGY - 7007 3 VA EEMLTY F oL 759 ALaYisELIERT 5, B
U TFLAKEBERS, VT LARATLAEEES & SICRMARSEESE 1 B LR~NFEASR S,
BN ) F v LK RERERTEAE U A4 7o d A, AEHEIRRM A BE L EHT LTk
EORIOMALAEREE EEZEET 5, @Y, RARMBHEKES L 0L ANFESBIEA XA S,
CLiZERE LT, BRSBTS T TRLDFEE T 2881 79 a3 s 0T, B
BRELD DA 0SNENFOLEEGEHROK A F AT 03 - WIEREEMT L Lick
T, VF L 8% KMEANEHT A, Bohi ) F o akiBiliie — 5 —~NEOTEER®L
iR, —EECLIBEAE L THREMLT, V91 70703 — L TTD — VBRS04,
AR A DB A~ER I 5,

D70 2 TRMESBELITOE 2/bicit, £ ORFPESS L, BL{KSEHE Tl
EEREERSE 20, THTAERETO Y FoogE LF3 2800 ) 7o L 805%
LARBNEE LR, ET568, ) F 9 LO0MEREN 100501 TH S0, KEHEREE
B EOE 100 570 1 it U GEE LB g hEE 50, 2R, @EOHILA 5 4 OBIEEE
PoRECBITNAZHTHY, FHHPRKEZ TLENCEODEEESEETELD, 0
maid, MlA 7 L TIRET, KENEERSXCEERD I F v+ 7 OFBEECERET
XELTHAHHIY, EDRHBELZBL-OIHEVEHROBRSMLE L DEBENICSERCH
b Ff, T ovAdDFRE, FRERKICHL e -9 DEBEDTIREIN S, B
TRICHEE R BT T & OHINN, BREMARZ A N —F 3RS AELI 5,
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4.3 SEEHFOREBSHE

) F—AFF7y7

MR L ) F o ABMESEEL Y 5o ALEMICET ARENB N F U L6 L) F
YA TORT, HIhREPEF LI LN h-T0E0T, COREAFIFLT, FHKEY
F oL DORAESE - BHATEIETELOTH S, BIAEGKEPICHERLALY FIT44 2
YEGBBIE» LI 5y LR, BE, HLH0E, KEICEESEES, Choii
DELITHT LRI > TERTE L, SHEIT, | BABRLTHESEESAREZT -7 =7
GRIEEIETTL D, 37, KBABTESLD, FEE Y 7IC LD % DIAZKREE ) Bk
L, LTE#EFEEE, T30 KBORREEZE L LT EIRE T, 444D
WIRERE TEANTREL LS, TREEHEHEPOKBEE -V FT o 7TEEBETCEICK
S TCGERES NS, WL, ETHRODERY, #REFAE(SETE- VT v 78 EOH
B, AR E L TiKMicAR AR LESBIC 7 nos v 2 ORER VL il
feisehid, FRETBE2 59 ALEWIIKICRET? oo i v L CF T 2 b DAEINT 5T
EEEBBICANT, 259 MLBYOHERETELNR TV BEA LD TH 5, HHHET
D7y EEHPIC) FY AL YARESEATEPS LD, INRAFLTLI—NE

HELTAFOTID - VAR LICBEORBFEER ST -/ EREEL L TR, Fig.

4.3.1 RUTable. 4. 3. 1 iIWind £ D WKL EEROFEE L DEELICELHDFE /7,
B, PIEFRSEAEEL, FAARMEAERTES SEEAKLLDITEROE Y TELEE L
tro A FNTNA—NOEMEER, KA FrTra—-vEMALEDRXLTZ ookl
LHEDFEFELE 1M1 OBGESRT, 2 F T3 —vOkioHd 55HLE 0%, 40%,
0% EEZ T, h—nF7 5 7ABE LSV XS ICEBEOHSG LARMEHEESEZ 1,700 ml~ 2,000
mlDFFHEE Lz, = F7 o 7RBONEHERHEMOARECTD, BEREROTTTE
%, ENEHOEBEGREGER, - F7 o TESERIE s LRCOKB S aEBORED LR
SEDENEBP SUREATEL TRDEDOTH S, BEHBEMO K-V FT v TEPRS
TELDHICHBETERCIFREORAEEITSHNTH 7 20— ZRE 3mAi#) 500 mé % &
WL 7o ETHROEERE— & LERBEO DI THE— 5 BlE=EERER R b o R THR
ELTEW (Fig. 4.3.2 %88 ),

Fig. 4. 3. 3 I HEIER AT LD TR Lice &AF AT v 2 — WOHRMBITHE L TKRER -
K7y 7BEKEREEORMBE ETEROBEKE/ Y7 A -5 LTR LI, oo
G, AFNUTI—AERNLEVIB&ICOVWTRRg. 4.3.412, X F 0703 —w5240%0
MU E&AFig. 4.3.540, A F 7 a—wET0%ENMLICEE%Fig. 4.3. 6 WL TH
Tl EOERBERAT L EE, JoodvapitKESBAIKSWIGE, A FLT
W= ERNTEIERED EFERES BT EKOF - F7 oy TRERBIZEETE,
AFNTa - ETOBEMLIZEOKER -V FT » 7EIZNHICE LRET AT &80
oo EA, EFEEREEEOBEMGE L TR - N T o TREEENIK ER LTS &5
ot, Figod 371, #—AVF7 o 7FE7va—wBEOEGRETR LI, 73— VEES
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FREGNET VT o TRAELE LY, MAORSRERT LY o VRIS, B
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4.4 SHEOBHEIMES

MBERFEICE S ) F 0 ARV ESE Y O & X TREMERPERERE TN A DT R
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toARA RSN, MEEES D s 2 A 3 ASBREISATVE, KHED) F9 ARG
ST 0 e ZDEEIE, ABHEKHEO ) F o LS8R ( SRRERE) A0 I ERIT
&L, 2Ok, PREMAROMEE THET 21540, BERESZERNICEIEVS
BERED BTV, oK, KERBRBBOMREN TE TV, &, BELT)FILD
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Table 4.3.1 # i ¥ o £ #

2521 50¢mn

ERMYE 1000 oo

BRBEL 300 nao

EWHEE 300 mnm

E 50¢ man RE 7¢—23~ B 334 MFE25nz
-2 T00" Ao aET—R— Max. 1500r .7 .nm
F¥r—w 5: 1

Abho—2% ( EEK 0~3008,, , ®HREH=

Zro—oE 0~50om azE
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