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Measurement of Liquid Mixing Characteristics in large-sized
Ion Exchange Column for Isotope Separation by Stepwise

Response Method

Sachio FUJINE, Keiichiro SAITO, Kazumi IWAMOTdfand Toshiaki ITOI*

Division of Nuclear Fuel Research,
Tokai Research Establishment, JAERI

(Received June 23, 1981)

Liquid mixing in a large-sized ion exchange column for
isotope separation was measured by the step-wise response
method, using NaCl solution as tracer. A 50 cm¢ column
was packed with an ion exchange resin of 200 pm 1in mean
diameter. Experiments were carried out for several types
of distributor and collector, which were attached to each
end of the column. The smallest mixing was observed for
the perforated plate type of the collector, coupled with a
minimun stagnant volume above the ion exchange resin bed.

The 50 cmqb column exhibited the better characteristics of
liquid mixing than the 2 cm¢ column for which the gooed
performance of lithium isotope separation had already been
confirmed. These results indicate that a large increment
of throughput is attainable by the scale-up of column
diameter with the same performance of isotope separation

¢

as for the 2 cm® column.

Keywords; lon Exchange, Mixing, Packed Tower, Isotope Separation,
Ion Exchange Resin, Displacement Chromatography, Lithium
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Table 1 Experimental conditions
o v e W OoE v EERRE | HERLIHEBEISES
Run o ®EE (1 /min) ! (m hr) ( em)
8 PD—HEB8 | PC—HS88 3.3 1 9,4
9 PD—-HS8 PC—HE8S8 3.3 1 9. 4
10-—1 PD—HS FC—P6 3.3 1 5 4
10—2 PD—HS FC—Ps 100 3 5 4
10—3 PD—-HEB FC—P6 160 4.8 5 4
11 PD—HS FC—P6 3.3 1 3.4
1 2 PD—HES FC—P6 3.3 1 3.2
Table 2 Volumes in Column
Bal, (YARkEREEDLT,
PC—H88®#HA ( Run8.9) FC—P6(Run11,12)—_]
WELIEZT %4 cem WHELIEZ 32 ¢m
1 4 » A R EEE R
.3 # b £ 18450 20) 6.28(0.07)
FEHBER( e =035 ) 68 62 {(074) 72.881(40.83)
% 3 L 0. 0 (0 )] 2.94 (003}
i = = i
WS T ~F 7 a AT 4.33(0.05) 5.71(0.06)
A7 a0~ B 2 .06 (0.01) .85 (0.01)
& 2t 9246 (1.00) 8866 (100 )

—_17—-
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{Run-9}

Dimensionless time {vB/V)

Fig.12.2 F-diagram
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(Run-10-1})

Superficial valocity : 1.0 m/hr

H k 1 1 1

0.8 1.0 1.2 1.4

Dimensionless time (vB/V)

Fig.12.3 F-diagram

{Run-10-2}

Superficial velocity: 3.0 m/hr

1 1 1 A i

L 2

0.8 1.0 1.2 1.4

Dimensionless time (vE/V)

Fig.12.4 F-diagram
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(Run-190-3}

Superficial velocity: 4.8 m/hr

Dimensicnless time (v3/V)

Fig.l2.5 F-diagram

{Run-11)

Dimensionless time (vB/V}

Fig.12.6 + F-diagram
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(Run-12)

L 3

NDimensionless time (vB/V})

Fig.12.7 F-diagram




JAERI-M 9573

(e-umd) onTeA-d JO ST1FoAd TETPRY 7°¢T'F14 : (g-uny) enreA-j JO °TTJoid TeTped T'CT'3H

(w3) worztsed rerpey (us) wotatsed yerpey
sz ST g 0 §- ST~ T
i 3t 5z ST s 0 s- sT-  -§2-
T T T T Y T Y T T T
T 13
4
4 8°0
4 870
- 0'1
- 0T
g g
= 5
9 o
@ p =
=] w
wn g
—d - o
5 3
=] L
[ 1]
o 4zt &
wn
471 -+ e
i =
3 it-]
1]
- <
< <
] @
s :
n <
— AR
kAR
-4 91
1 91
. 1
qju pr1 ¢ A1TD00TBA [BIATFIadng
antEA-4:  l1918WEBiERd 181
81 anieAa-4: EEST:111:34:-F ]
L

—292—



JAERI-M 9573

(z-0T-umy) @nyea-f Jo 2TEJoxd TeTpey ¥ '€T'3T4 (T-0T~umy) anyes-i Jo 2[TJoxl TeTped € €1 874

(-) A/ga

(uo) worztsod (elpeEy {ud) uotitsod TEIPEY
ST 5T 5 0 S- ST- ST- L¥4 5T g 4] 5- g1i- SZ-
T ¥ T ¥ T T 1 T 1 T L ™ . T T T T T T T T T T
< 80 -
1 - 80
=]
o=
4o0°t 3 -
=
L
=
=)
=
=
- b -4 0°1
17
Lad
o
=
@®
421 -
-
@
S
-
4 <& A
- I -
~ 4 v1
14/m 0*¢ :43T00[2A TRIDTIiadng 60
SNTRA-4: I8l3Weled
ot iyju 0¥ 431307sA [ETI1FIadng
INTEA-4: 1319EELRY
9T

BUT] SSITUCTSUIWE(



JAERT-M 9573

(TT-umy) sonrea~g JO STTJOXd TeIPRY 9-¢71'914 (g-pT-umy) onyea-d JO STTJoid Terped € €T7'814

(w2} uotitsod TeIpEY {un) ueritsod TEIpEY
Ex4 ST 5 0 S- 51- sz- T4 sT . § 8 5~ §1- SZ-
T T T T T T T T T T T T T T T T T T T T T T

180 <1 8°0
4 S - -
= =
G 3
o a
4 0°'T o 101 5
2 =
o t
w w
b I
4 o 4 o
a -
< -
. 2 4, 2
1¢1 2 A G
"’a ~~
et -

A .
R AR AR
ig/m T ! £3100T®A [eTnIjiadng ~ I/ 37y 1A3TSOLOA [RYSTIIadag ~
antea-4: Islauwese
4 ¢ 670 snTeA-4:  4sjaumeleg
91 9'T



JAERTI-M 9573

ayjw g7 ¢ A3TooTeA [BTOTIILdng
ONTEA-4 ! JI9I2WRIE]
(zT-umy) onyeA~g IO STTFoxd TeIpPERY [ €T'9Td

(wn) uotitsod Terpey

o

a o o= el

81

auyl sSAfUOTSUBWT(

(-) Algr



JAERI-M 9573

6.1 EEFREK

Fig. 14, THENBESREEULBHERTCBONLHEROLEBL AZIOTH S,
HELARBRELZ -RCEMNEIBEBRTERAINAEZE 2cmP O 70 L-TRBADD
Thbh, RREMFL, ME 0948 ¢ hr (BEEE 3m hr), THRHKELE 2.8 m 2FEH
hE3200mf THD, SHERSRLE, BALHEE De £ 0.001 5 0.05em’ sec
¥ THEILIGABEOFENTHE, £BERL, 2BFHEE TR, TEEAEL —EOHBED
HERBEL HLAV, v0/ V=10 (F=005) U CEEEEH De=000 5em/ sec
OHEE —HL, 25 ZIEESBOE LD EEH VOL 25T De=0.02cm/sec Off
MICHE DT b, L, RO THBRBL—ELZRALBAV. LALAD L, 142X
W ERREOHRN ERET H~KAMEL LTHE, Fig. 108 FMESHEERBEFTIT
BHERDLEHBTE D, |

Fig. 121 ~7 TRLAFBEIrCRESEBHRFFETET L L Table 3 OLOWTHRL,
Run 8 2% Runl 2~ L BIIERE LHMEB L BEI A NI ALK O THEREEL 3<%
YHBESHNIL AL ELbP L, Fig. 15, COKTFERLASOTS H, 8- %
WAEEICL >~ TELOEE D B0, HEEHE, WIHE LEEED B30 - TREINS
HEmbsd 5.

Run 1 0 THBEBMET LI L AEE, FERN (Fig. 1 23~5 )T, K& ZZELAR
Db, FRECHET S &34 L BABOEHERNK

L
De = uz
4rms

TEhINAE, D3, HERRIRREECHKFT L, T, Fig. 1 6T LoCA
%o

MERAL L7 ) 7 /2 L - THERLABOFHEKE (Fig. 131 ~7 ) OF
HEL, B ST HEAE RTOTHL, BHOTHELAFRE L O F HEOE
i, BETHCT 2 HESERT, v 7 ) vy /s Zai@, Fig, 10 0RTLIOCEES N
Twnbarh, TNLHAEBEIN T WLELOHEOEEE EAC LTEFELAFRE, £EOTH
FLAFEHEL L FFOECHFIE, Fig. 17.1~3 KRL%, ThTLhE, BEAOK
WA RE LM THEL T BTHBORESE, EFFEC 3w, LHL, 2nid, Na B
NEHC L AEEREFE - TEA, #BSEERETLLLEL L AR THAL,

EREESA NaBOBStHEOBRE TR, 27 » 7ILELERTHIEIN 5 Na™ 41 £ 0
BEELEARL, Thbb, ¥ 7L > THKINE Na’ 4+ v JEE. AHE, HESE L
HWEAEELVETRES I, ERETERICASL., BB Na BIOEASCHE, Th 6 EHiC
PNIRTARBEOEBE O I CLTHIERERANERTT 4, —F, WERHSHAE O



JAERI-M 9573

Ba i, MEBMTHABEBRICA - B8R L, Self-sharpening BRIC Y - THEARICAE
b, BEFO H 14 v 5 BROCER L 200 —FEOREEHBL > OB BN ERES A
OEBFSITREHT L, bbb, HEEXTHELCLTA 7y VIRERRETT » B 8T,
EIHOBRBRSCOESIBAHOTHEEIN AV, 2, BEBCENT, HEFRAOEHKS
(PC-HS8 S8 )ABMERNCEIMITILATVAELEDLITT » VY — 3% 534 ,Na
MR TEEERE OES T To 2, —F,. HEMEOBAEKE, Fo V- HO1 4+ ¥
THBIEL, Na' A4 OKEAWBEE LD, BEBENLI U TREEACET 2 HE
BECONTE, MESISLABREING, MEOL ST, fEE Na B LALED AT 5
FIGEMHDL, B EELHREY) BOoRESyHEFIN, MErHECLL L2 E, BFEEA
Fo Fy— v ERRNOREDI AV EEINLCEC AL, BRI/ v < 77 7 4T HEMGHE
DT, COMENFERMEITEEL 8- (BT RT T,

FRETRT Ty FREMRTH, FER LMEAR Y BOREVEBEI LT L2, Fig.
I3 INEBEBHRCERIN TWAHEEFRLMAKRE 2, T, SIREOEAE
FC-Pe6xBAITIEEERAT» VY — @B\ TAZ2I0EFELLDNLETHMLLER
suw 277 4 L ABRKIBEECRIETHRESOMRTRD THERKEL L TERT

ELLOEEEINA,
6.2 NBIA A IRE S DR

Fig. 1 8. 50cm¢d A4 %BEBECLLAF» Z7IREMHEE2empO 70 <47 2T
Bonsx27y YIEHBER RNE L TABLAS DTS 5, 50emd HOHEL LTIl
Run 8 OREHFROSEHE (PD-HE 8 )L URKOBOHEHESZ (PC-HB88 ) TH
AL, M LEREIEIL 9%4cm OFESE, Run 1 208ARBORHESE (FC—P 6)
EAAL, SEBLTHEIBEIN 32cm 0BT R LA, WEE, 1mSirTd s, —F,
2em P HBOBELC o2WTH, FEAEI 1 mEEWH»ES 05cm , 30cm , 50cm OFH
ST onTRLE, £Z L, MER 3m/ hr Td 4, MBEOFHEE~OEBIT NI N & B
LN Tnh, Run8OFEEIE, 272 MBESHRKENLLEZRLTWASY Runl 2 i, 2
emdEOWHE Y EIHBITEL L 3emOBELEBIF—RLTWAZEDbhrb, 2eme & TH
BB LEHEEm Y B 6ecmBECHEATIBR 7 nv b 77 4C LA )V F v affihd 45 AR
bR b RBERIFTHON, TARABREEFBEEINTWATLLLL, ZOBRAFA AN
BEH ML 23 3T (50,2) P =625 EONB RO ERFFIRETHHL LErTdDOTE L,

6.3 mEEASET I

BREDARENBEEGLOWTHE, HEERVTIEEABTE b Ll AR B~/ L, A
A TBECHEEBEAL, ERBER-LEBEELIHNEBIB TORESFLENTS L L LHFHL
EFH o, MBIV TORSHELELL. PD-HSBAOSESEEL, 870 0bH%E
HLEBEASIGAZEC L - TEEAAC —RCIRTEERQCIOTH b ZEBBICHL N, PD-

— 27
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H8 8HMITHEWTS, BHMEFATER 3N, LBEB, 2 TA TES b A HIL K
E NaClBEHBORLERZTL - TREVBEL - TWnb, 22T, BHEBLEAB VB O 2 %e
BECL->-TRBHEI - TVnAEERET AL, X7 7REHW - 2B WE, WIBVETT
ALEOSBEERT H, TOBE, H BB I VLB EBRERFTORMNENOLES 5,

F80) =1—exp (-—X{;)

COEFALLAEEHERFE % Run 1 1. 12 OEBEREINETLLEFig. 1 90 L9 CRER
—HRERLLELTEL, T, PMEUEA A THBETYAVLG 70 = F HOA4 4 v F#aE
OHEE, TERE=ET 3T A, BHAALNEFLTHLT LMD 5,
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Retative congentration (F=C/(

JAERI-M 9573

.0
| Experimental data
. 0.8}  Flow rate 0.95 L/hr
9 Void volume 320. mi
0.6k Total length 284 cm
Void fraction of bed : 0.35
3 Superficial velocity : 3.0 m/hr
0.4
- Calculated  (lines}
0.2 F Effective diffusion coefficient {cmz/secj
B (0.001,0.005,0.01,0.02,0.03,0.04,0,05)
g.0 noeo:nnoﬂ‘o 1
0.9 1.0 1.1
Dimensionless time v8/V (-)
Fig.l4 Comparison of F-diagram between Experimental Data and
Calculated Results by Diffusion Model
Table 3 Effective diffusion coefficient
R un %éﬁk@z@%ﬁﬁ%{%ﬁ R RERE EH W D BEAEE
(em““sec) {(em) (m~ hr)
8 D.414 9.4 1. 0
9 0.611 9.4 1. G
10—-1 0.094 5 4 LG
1¢—2 0.278 54 3.0
10—3 0.482 5.4 4 8
11 0.o21 3.4 1.0
12 0.007 3.2 1.0

—20—

H2E L=109c¢m
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1.9

0.8 |

1.0
=
v 0.8
T
(8]
it
o
[
5 0.6
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o
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5
=
it
¥4
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[
=
ol
2 0.2
-
]
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0.0

-0.

(Run-8)

Total mixing of column

’ 4 Mixing at collector

A @ Mixing at stagnant space and resin bed

Dimensionless time v0/V (-}

Fig.17.1 Comparison of F-diagrams

{(Run-10-1}

@ Total mixing of column

0O Mixing at stagnant space

A
!
,‘ and resin bed

A Mixing at collector

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Dimensionless time {vB/V)

Fig.17.2 Comparison of F-diagrams

0.




Relative concentration (F=C/CU)

0.6

0.4

0.2

0.0

JAERI-M 8573

(Run-12)

® Total mixing of column
O Mixing at stagnant space and resin bed

A Mixing at collector

Dimensionless time (vB/V)

Fig.17.3 Comparison

of F-diagrams
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Relative concentration (F

C/CO)

Relative concentration (F
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ZCM¢ Column
Height of stagnant space (cm) 05
3.0
Superficial velocity 3 m/hr 0
1.0
08}
06 50 cn® Column
plots Collector type
Q41 {Run-12)] & perforated plate *+ cone
. {Run-8) L header lateral
L
0.2f b Distributor type: header lateral
’ [
Py Superficial velocity 1m/hr
L
O ] 1 1 1 1
0.8 1.0 12 14 16 1.8
Dimensionless time vE&/V (-)
Fig.18 Comparison of F-diagrams
0 F
A
0.8 |
.6 I

Run-11
Run-12
V. :Volume in pipe at entrance side of column

Volume of stagnant space above resin bed

Bt 1.2 1.4 1.6 1.8 2.0

Dimensionless time (vE8/V)

Fig.19 Comparison of F-diagram between Experimental Data and

Calculated Results by Complete Mixing Model
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(A S

BB a<t 75 7t L HENMNEIBMEBN LT LA 4 TMBEE Ry -1 Ty 7T 5E
CHEE ZLBORES, PEEEST, B 200um DA 4 A BBIEEHTR/LL 50cm ¢
DA+ ZREL, BEREOSE. ERBTHOMT T, 2570 7 EEBECL b #lle L.

%@%%-ﬁ%%i%m@b%ﬁ¢é<.§Hﬁﬂ®%ﬁﬁ%ﬁﬁbt%ﬁﬁﬁﬁﬁﬁé®
PENT EDRELPE Lo feo ABBOBEOERAXREIN IO THERENTEHNHRAL £,

1A LB RORE - REDL5WEBRICL AHEREOER  BLTEOCHRIT L VHERE
 LEMEEOBERL T CLEATETS 5, RRERESTTLOCCOBAE NI TD
it A A Y SRRSO MMM LI LT LoD LEHDL, ARECEAT S BT
WHEO LT, ABRBEERLCANWIOEFBT LS, 24, BBREROLZWE RE R T
HLEE» TEBNCHBERE DI BEOLEBRTRTIELE VL B,

AFEDVRL ABS - AREFROREFETE . B HE LHEH BOHRELEFE s, M
BERARAOREF AL LT 2 F V- KON TBPOFMEL ThbénoBEALD B,
T8/ VF v AEMEIEREIEEINTVSL 2emg D7 o=+ h 72108 REARS
DEMBEERT AT FIRERBL 50cemgd BTHOLR AT &L, 2em¢ OHBEEEER Z1L
IFLLERL 62 BOMBEOCEBRETELCTLA Sy~ T v 7HUETEL ZEFRT
bOT&ED,

T, A4y XMBEORSHBRERAL, BT 2+ LU0RL2EEG=T AL - TAMTE
Hrk HEEL &,

®
AREEEWT LD - T, FHM—BETEEE, KEE ) 5o 2R HHRS B
TSN REEHFEA (SN TE )OMEBEY i nfe, 7. KBEBIERICSH o

T, Flis—BE TEEE S ERTFRMEISEHRERECEHFL Tnirlnk, 22, Bn
HETEL T T,

P X
1) FESIBRTFREBRERE F15 AMER (B228) (1981)

2) ZETw s LEZHBE(17T) 108%F (1978)
3) P.V.Dankwerts : Chem. Eng. Science 2. No 1.(1) 1953
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7 Z t »

BRIZa< 79 7 4L L LHEEEABMEBN LT 44 R@EEL 2y —n T 7 T5E
CREE AL BOREG. DPEEEET, $H 200am OA 4+ TRBIETHEB/LUZ 50cm ¢
DA+ ZREL, BREOSH. EREEBTEOMTIT, 270 7 REREIC L b HlE L,

FORER, BB LEEE B, ZHEEOCEBRETFER LBl i ERED

CRNENWTERBE O LRk, ARBOBEORERIREVWIOTHAWTEAHBL £,

44 LREIROBHE - WD L WHBRIC L 2 RBOEMR - BLFORRIC LV HIERE

 EEEBIBEELTLLLEATETS A, EREENTTLOICCOBAENILTH

LEBAAF T REOFBEBEFTE LIB LT LT OAEDEL ZEHL, ARBCENT S SR
WRO LT, ABBELXRLANSOERBT LY, 2/, BREMKODI ZWE g €8T
HLETL - TERNCHEBRE LI EPLELARTRTEDLENE B,

AHEVRL ABES - 4RBEOREFE TR, MR LBEN ) BOBELEA I N,
BERARAORES ML LVF 2 F V- KOnTRBPOFMEL ThbénoMEALD B,
T4 % VF v AEMEIEEEIEEINTVS 2emg ODz7 o=+ h 7203 REARS
DEEERT ATy FICEHED 50em@ HTELNAZ LT, 2em¢ CHBEESERE EL
XRLTERCE62HBONBEOHEREARBLCTLR y—1 Ty FHAETHL ZEFRT
LOTHDL,

B, A4 > XPEOCRSSBEEL, BT v LUREREG=F 0L - THEPTE
LT & DHE L &,

W&
ABMEEEWT LIS - T, FHM—BBIEEE, REE ) 7o 2 HHREE £
LU AEEAEMEA (SEAFTE )OBEIE L WAL Wi, &7, AESBIERICS 7 -

T, Fli—BE TEBE S ERTRMEISETRERCEAFL CThirtnk, 22, Bn
HETELIT,

& BB
1) AuEIBETREHFRERE 15 ABEH (H2o0f) (1981)

2) =T\ s LEFZBE(17) 10AF (1978)
3) P.V.Dankwerts 3 Chem. Eng. Science 2. No 1.(1) 1953
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B#RIZu<} 757 fCLHEMBAMEBN LT D A4 »XBEBE s —2 7y 7T HE
CREEZLBROBRES., AHEESY, $H 200 um Q44X EBETHRBRLA 50cm ¢
DA ZREL, PREOSH. EREREBTWOMT T, 270 7 [REREC L b #lE L,

FORR, BMERLEERE BN, BAREOEUSEEEAL ABECHRIHREESO
CANBNTEBHEL DL sk, ABBOBEOEB IR IV IO THE AN EAHBL .
A4 TBRBREOEERE - R#ESLWEARARCL ARBEBEOESE - BLEORZC L Y BIEERE
 LMEBYIBEEL T LA RTETS A4, ERERLTTLICCOBAENS L TD
CEBAA KB ODBEBREETH L3 T DL LCOANDL LEHL, AREBCENT S 2T
WEO IO, ABBEERFANIOEFBT LY, t 4, BRECOD AN BT HHAT
HLEC L - TEHOCHEBELEE NI BOLLERTRTHELENL S,

AFEDVRL BE ARFEHROREHFETE . B HE EHEM L BOHRLMFAE s, M
BRAOKEAI ML LT » PV - CONTRBIOFMEEL ThbEnsBEALS 55,
TaAVF v AEMEIRKEEIEEINT NS 2em¢d O o< b 3208 REARS
DEUEETRT ATy FIREHRBY 50em¢d BTHOLNATZ L3, 2em¢ OHREEEER ZL
XFHTERLCE625BONBEOHARETELCTLIRA r—2 Ty 7HWEETHLZETTT
bOTH5L,

T, 14> XMEORSHBREREAL, BB T 2+ LU0REREGeT~CL - TAMTE
BTk piEE Lz,

W=
AREEEHTLCH-T, FHM—BHILEE, REE ) 79 2B TS Ee
FTUENEBIAPEA (ZSEAETE OBRBEE WA X nr, 47, AEEEERICS 7 -

T, FTlHM—BE TEEE S ERTRMEKIEHREECAFL Thirlnk, T2, Bn
#HETELIT,

2 K
1) FEuEIBTREHRERE F15 ABEH (H2a0#8) (1981)

2) =T s LEZE(17T) 108%F (1978)
3) P.V.Dankwerts 3 Chem. Eng. Science 2., Nol (1) 1953



