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Study on Migration of Actinide Colloids through Minute Paths”

Atsuyuki Suzuki and Shinya Nagasaki

ABSTRACT

For the safety assessment of high level waste disposal system, it is important to understand the
migration behaviors of actinides in the near- or far-field.

Although the importance of migration of actinides which form the colloids has been pointed out
recently, the migration behaviors of colloids are not fully understood.

In this study, the migration behaviors of colloids were investigated experimentally by column
method. In the experiments, quartz powder was used as the solid. Ferric hydrous oxide colloids
were prepared as the real colloids and neptunium(V) formed Np(V)-Fe(Ill) pseudocolioids by
sorption, Some fractions of the colloids eluted with the eluting solution. Also observed were
strongly retarded fractions. Non-negligible fractions were found to migrate faster than the eluting

solution. These migration characteristics were qualitatively understood in this work.

*Work performed by the Faculty of Engineering, the University of Tokyo under contract with

Power Reactor and Nuclear Fuel Development Corporation.
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NpEMla O 4 FEWRDO pH, A1+ VERELFALEHORBRTCTEHICLL, # 7
LAADFEHIER SN/, I0A4 FER 100um 247 A AOREAL., B
BMERY T TREALCHEHMBRLEE L2, 28, AEBTE, 204 FERD
BADERICERZ 08 um D74V 7 —CHEBL., FOEEZHBELTHY
2o SR, 2UL FHEORMBON S ARBAEHF DI KTH A X1.0
UMD T ANE =% AT AADOICEY LD TH5,

R LLCBEREOPH, 1A VRER., ERAROIO A FEERD pH, 14~
BEOEELALLOL Lz, BHEOEEE. 79 AKT 1.5 cm/h 5 i
7.5cmfh & L7z, AT LAADEFNLERELRET L7220, HTO Bt B
WIREBERO ALY TERLL, FOREELNZZRERIZ, 0.38 Th 72,

AR T, FeEM O A F, NpA4 4 >Y (304 FiEEFHRWHR, pH=6.0T
NpO,’. pH=9.5T!INp0O,CO,) . NpEMHl oo 4 FOBREEREM % pH=6.0, 9.5
THELL, T/, a0 FOBITELRIEZTENORHELHER T L7200, 7
AROBITHEME LML TH., BCICTRIO Liks LR TR o772, &
BT, EmMNIICT7I2vavalb sy TH NS, BEERTIZETIND

15



Fe i Np iREZHIE Lz, BHEEFIKEINLI 20 FORESTMIZDO W
THRERBELCIVPE L, CSTHEALALETANSY —DORTHA X E LR L2
bDELEFHETH o7z,

A7 LABATRO IO, FREOEFEER ZRFT T 572010, KMESM Y
WELZ NpHBEU 2O F2 0.8 umD 74NV Y —CTHERBL, FOFEHIT A F
NESAORHELEMEL Zo

3.1.3 2Ny FEE

Np#Efhao o4 FOWBEICHET S5y FEERE, pH=6.0 TITX o /2, FEFE30
um OREMKO DL —EES, R 7OV VYHFH/AAR, TNANpEU IO
A FBBEEPRMLE. BRI THICY—NVER, ZERPICHB SN, H5EM
EOE, pH 2llE L LEAREOWM L TRBCHT 2304 FRERFNE
M Lize FRALAZ7 4V —DRTH A XE, 1.0 pm, 0.8 um, 0.45 pm,
0.1 pm, 2 omTH o, Ny FEERTIE, 204 FERBBLREBEKRHE L
Ol (V/m) i, 1.0, 2.0, 5.0(ml/g)& L7re REERSEHETIE, XY Fo ¥

VY RRDOBENOWMERZ IS 2 CERL 2,

3.2 MRLER

3.2.1 ouAf FRESH
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ARWFFETIER L2 FeE a0 f FOMFERIZ, FEOOH THH EEX b, X
MAEEHTERLAUZ IO FD poz.c. 1 374THBLHESNRTWS, fE-
T, pH<7.4 TidFe&EMau M FIEWXHEL, pH>7.4 TREAIXHFEL T
BEEZOLND, FeEMaO A FORBESTHOMESERZE2 (a) IR T, pH
=6.0 TiX, FeEM 294 FiZ0.8 pmll LORELZEORS P ZBENTHAL T &
Whhol, —F., pH=9.5 Ti, 0.1~0.45 yumD LSV IXEMTH D, pH=
6.0 LIBL TN LFTERINLTWSZ b, o/, pHIC K 2HWESD
HFOBCHPELHPBHICEAL TR, BEOLIAHLPCETE TV, Li
L. Matijevic © [32] &, AMADHE L RREFETERLLZFea O 4 FiZ
2WT, 1~2umDa30A FOFAEZHLPICTHLLEDIT, TORIRIEDN
PHHFRELL 2B TEL, FVRAWICZsEmEZRLLZEBMELTBD .,
KFHRTCOFERE, EBRELTEFELTVw RV DLEDNS,

NpBU oo A4 FOREZEFHOPERZRLE2 (b) IWRT. KAEBRSEMHTH,
pH=6.0, 9.5 &3 120.8 umllEDOH T L2 nm LTORS VP XENTH S Z L
Whholz, - T, NplEla A4 FORESH LFeEM IO A FOREDH
LRFELSAEERLTV AV EFbd o, pH=6.0 Tid, BH& L THET
% #530% DNpIZBI L Tid, NpO," DAKBRIHEANDRFAREDVFIILHEITbD L
EZHZETHBEINS, BOKFICHL TR, FeEEaDO A/ FOFAE LR
HESAICELDHEBTRETHA ) —FH. pH=9.5 2V TIL, NpO,CO, A°[H
MEBHEERLEWED [34] 28%FEE L LTHEELTYWS, L2L,
FeEM a0 Af FOEE%LAFEEL TWR V0.8 umEl ED G H50%FHEL T
Vb, AEFONPO,CO, NPHBTERMN S, NpO,CO, FREIT A F& KivFH

Paood 4 FERBETAIEFBHEIEINRTED, NpO,CO, i EM A F&
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BUITA FIAELR T WITEER DS L &, NpBll oo 4 FRERIC
NpO,CO, 2 B L EMAB ML FeEM I A FNBEMLTBY, A TV BEDH
MmZoTang FRENKNEMN~Y 7 MNLIZEEZLRSL, LDL, B2
HAFBRCBLTEELZTTICRBERINTEL T, oo FERO A X
SALARREEMRCHT AMEOLBEUEISEHE IS,

3.2.2 FeEM IO FEBITEE

pH=6.0, 9.5 BT HFeEM a0 FORMEHBEL2, ZhFE22. H
2 3R T . BHWFO IO, FORFESFICOVTH, FHORIEHEIRT
Wb, CNHDEDFDStep number 1 i, FARBFORNESAEZRL TV 5,
Z L T, Step number 2~5%, BEHEMHAO TH IR SIS ITHYET 2,

FeEEIT O A4 FOBFHERBREOY -/ O EIX, HTOO Y ~ 7 (LB L 1212 —
LTWd, COZLII, FeEM2O A FORETHH T ANEFHTOL L B2
TTAILERLTVS,

BERTE. pH=6.0, 9.5 & b ICEE &M/, pH=6.0 T, 0.45umbl k
DS 2 nm~0.45 yumD KT, TP BEEARTFCOBERR*» B L TV
T EeWbrol, 2 2 Dstep number 4 25, 80% DFed 2 nm~0.45 um® 2
UA FRASTHEI ENDLNPAD, step number 5 Tld, BEETOELELEIF &
HMOFEARBFOEHELIVEBINL TV, SO EHE, FeDBIEIXUTO 3
DDAHZA A (1) FelBEOWA. (2) MuEouf FEREL DR
F. (3) 74 vbLb—varyitdiadbnbErbhis

RICFeBEAFECTHFEL TS 2 b6Id, BUFETAIREICY — 0 VHEME

18



RIZEDREFTHIELPFTEL, ILRTHFEL TR WwLRLIE, 77 Y FNT
—WVAHEEBIC I > THRETHIEHFTE S,

whoof FOFHE, ZEL TV AEEORELVEBARL 22EaT 4
FORFMHIZBREKFET S, £LTER, 204 FPRNER IO A FORM 2 HEfA
FAEELREATFD1DTH b, FeEE IO A FENpBU IO A FARHELRE
ZEeRTERET 220, NpOBREEROERPSL (M2 9%H8) |, oo
A FOMBEFENEWEFEIOAL FERRLEOMEAEARIVESEET L LER
bbb, CHZEFEZ, 204 FOREFPIWVWIIEREFTFREVWI L 2ER
LTwd, LAL, KEEDa2D A F (0.45 um<) HKECEBET B HT T
SLHEELTOVE, oT, SORTIRBLTRE, 74V b—Yaricsksl
bOTHDLEZOLNL, DLEDERE,P L, K2 2 HDstep number 4 (F/NELEE
a0 FEEAREDOMEEBIZLY, step number 5 EWFE L 74 VL - g
VIREDBELTWREEZ LR,

pH=9.5 TlI, FeBEFBEHTRIIRB ENL Dol TOEMRE LT,
BILHBE L FeBRESGRALCBICHFRELLARIC — 0 YAEERANICL 7 7
VFEND = VAMEERABIIOREIDIZAWIENEZLNLE, TOpHTH /N
WEIOA FERELOBMIRVHEEERAMERT 5 LEETHIE, BERSH
MHEIOA FCEXESALBHARVHEBPEINS, TLBERTOBHEFICE
hpranoAd FORZEZ, P 7 2ATOGRERBOEME EHITKE L2 2 EMmAT
RENTz, fEo T, TOpHTE, BEOA I ZZXALLTIE, 74V L -
avi/ARFEaOSf FEAXBOBEEEREPEITONS, CHODEENL, K
2 3 H®step number 4 I I/MEFEIDT A FEHELOMEEHICL D, F7zstep
nmmms@:@ﬁﬁﬁma74wbv—vévmiDEELTwét%i%ﬂ
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2o

—F, ThLEDOEREREDLS, pH=6.0, 9.5 £ BICHTOL H b FEL A F A D
HEMET AFeMTOHFENERENTZ, pH=6.0 TId, 0.45 pml LW EL A
5304 FOFEHEFEARXBFTOHAS LIV ETHEHNML WA Z ESFbh o
720 pH=9.5 TR EZDEIEHFKRIBIZEIML Twi, pHEHIZEKEFEL TV 255,
AHEDITAF (0.45 pm<) PHEVWBITHEZIREL WL EE 2 LN,
pH=9.5 Tid, 0.45 pmP LD I 0 A FOIIP 2 mm~0.1 um®P 204 Fb 5
CHEFE U720 ZALIS. ARAET O 4 FISER S REMR LS AT 2 —
AT, 7-0VAHRINVAEEBPOHERSNIBEMIAL T2 ELEZ
bbb, BCBTTAIRTOEEFEAERLWT 2861, pH=9.5 D F» pH=
6.0 LD K&, COEHD 1 2L LTk, pH=9.5 TIXFeEM:z2 T4 F, Feld
HLIRHBEIWIHEEREN, AERBLEMLIC( > TV H I L%
Fohbd, coc kb, 2304 FORWBITHRE, KEEDI04 FELpH
Fff, 2T VO FEREBKROEXEEHFOMRIZEELRITLILIbR 5,

3.2.3 Np#Eflaovog FEITEH

pH=6.0 IZB} 5HTO, NpO,". Np#flou {4 FOEMHERLZR 2 4 ZxRT,
Np#Eflouf FOBMEFTICFEETSA20L FORESTHE, M2 5I2F0E
BERHAR & & D ITR T, NplE 2O A/ FOBFHY — 7 ZHTON Y — 7 ENpO," D
-2 bOBICNE L, COE—NBOEVWIIMTOERICL S, NpO,' 1&
AFYRRBEIIGICE D BET 5, o T, EAREFITE TN BNPO, VST D X
HEAL Lo TBETLZZLIE, Bloof FOERTHROALE -V NET
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NpBEBIIBHLLEV, LPL, EBICIZ40%BDONpAI I TERE L TERLT
Wb, fo T, NpBifloof FOBEY - 7B ICHFLET ANpBEHIE, BITH
WFeEHIOA FEDFHELTERL, TOBRAEICHAE LBBEL 7-27-DHTO
IDEENRT, LPALNPO, LD EESBITLALIDTHLEER NI, Th
WWIAT, MIEIIAF 20m~0.1 pm) DFELIBFETH D, MEI O
A FIIHEEA2EZ LT W, E-JHNBETHHUI N /MRET T L NI,
AECHEEL TN AEPOLRAL, P 7 5AZBTL T ZaOA FA
BELTBELL-bIDZEEZ LR,

B2 4RT L), NpO, DERTIITAV VY 7HRFIEFLALBE S LE
ol BhooAf FOERTEREZLZEEFRONIZ, 2L T, W aaA
FOERBRTOEBERSFIZIE., NpFEAPFET LI L bholz, 14 OM
2y MBS FEREARBTIFELE oo RNEI DA FOFEL T,
ZOZEF, BEDANZZXLELTRDIODAHZALDOWEEEZRL TW
5o 2F 0, (1) #Pa2IA FEBITHICTIANI -2 a yRBEFICLY b
TG TENT, Py 7ENTVWABIINDBHEN IO, FhLEE, TNO%ENp
BEFAAECESELCEETZ A =LA, (2) HENISWEE2O/ FE
AEEMEERZREILLTVADIC, MUFEI0 S FFABET S EVI X H =
Ahe (3) Bfywizaof FRHEZINKEL, 740 -2 a vk WV BEET
BAIZXLTH D,

WEISUmDOFEBREZEALAZLEOFEREELHL 21ERT, BERITHFK
RICHEMLTWAE T EWbhol, BEEEFTOITL FORBESMP L, step
number 5 (CBIFBBEA D XLE 74NV L—YarThibeELILRL,

step number 6 TiI, 0.1~0.45umD 20 A FAXERKN TH-o 7. TDOBHRIL,
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FRNEVFELSEELTWBEST (step number 4) 125 & TN 52 am~0.45
pmO 3T A FLIE LGS, AREOHEFRANGBVADEELIZ{ WEWV
VERETFET S, H8£- T, step number 6 DEBELEIEA H = XA 51k, /ME
DA FERELEOMEERATE LR, GLA7A VPV —Ya YTy 7S
NTWEKELZITAL FRLNNEITL FEFELALDIOTHELEELLRS,

25 1 200, 30 umAELS umA XK T HpH=6.0 TOSEL
(Kd) 28FfEL A& 2 A, 0.018 ml/g. 0.082 ml/g EENEFNB/, AENE
DWW ELIYVEEEL LD TANDI -3 a b BNLAIEIZLE2KdDHE
mcThHareE2ObND, 2O LT, BRLREERPOTR 74 VIV -3
VHRPFMTEL VLD, BNERLYBELCIOS FOREFL T4 N PL -V
3 VOESEFMTALENDDLILERLTV S,

M2 6IKRT&IIIC, pH=9.5TDNpO,CO, NDHEMMMIZIE, 2200 -7
BHEbNI, 1OV -7 FHTOLALKBIR SN, b5 —FOV— 7138
HELAGBICE SN2, £1Y—2 T, 80%ULONpFEHE LTHEELT
Wh, o T, F1E~-713, NpBEVPAELAKRICEIWELTVELDIC
HMEEREPREILIZAWVWIEERLTWS, THE2E -7 T, 60%DNp#H®
204 FELCHELTWS, 0T, H2Y¥— 2%, NpEEH I0 4 FEE
DY HERBELTCa0, FILTAZEICIVBELAZELEERLTWEEER
bNbo

—F. NpEflouo 4 FOERER»L, Y- Z73HTOLFALNMNEBEICR SN A
HNpO,CO, CRONAE 2V - SR LNLhol, 740 Y FIZELT
HERTHo7, M2 712, BREMRE & DICEHRFTO 2 [ FREDSA Z R
To COMBESAPS, DTPCBELTCWEIRSFCEREBEHAKELIOLF
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BEXEHTHY), SHLICEEL TWAESF T, 0.8 umPl Lo 20 4 FA%H
TOBTFETHIEFbholk, ThoDZ bhb, BEEHEI T4 VL -
3 VIZEDCEEZONZ, —F, DXL KELRITA FOMICNpE A
FEEWCEBELLESHICHA SN, BERNLZERP S, NpBEASGEANR
HELIZEEZBZIC W, o T, T TONpBEHE 74NV L —Ya vy TLhT
vy ENTE, NpBrflo o 4 FOONpBERRELIRERTHLLEZ NS,
NpBEHOHEEINpERM 204 FORREERE2ERT S, 2FhHh., 74NV
—Yaviidlood FOREUFEERZIERELREERLLTVEIL
Bodhb, O L, Npifhao A4 FOBBMBREFeEM IO A4 F OB
MOFBIRPBRELAEPDDOIRENS, NpEEL 2O 4 FTIE, FeRfkan 4 F
TRONDZFBLRBERS VRO VEV, 2F ), ILDHFeEMH IO A FIC
WAL TWANpBHEPRE LI LE2ERLTWVWS, 362, BITFIIBIT A
a0 FORERPAERFLOESFLIUA FORBITLERLPERZRIZLTY
%,
M24EM26ICRELI1C, pH=6.0, 9.5 DWITNDOFHAE SHTON AT
BEY bECEEET ANENT U4 FORANEET B ShbOFSHTIE,
REGWBELATH IO, FHFEXMBTH o7z, 72, FEAEDREI/NEL
o, BLBBETAIRSODEMLTVEI L bholz, 2F 0, ARFE2D
AFR—FHIZ, 74V -2 aVyTRETIZEEZONDN, Z20)H0H
AREFELBITLTNEIL IR A, ThiE, FHRBENERLT A LIZLY,
KRFEIUT A P T 2ESHERENBLT LD TR BFTHINE
2 bN5b, Giddings 5 [35] X, gel chromatography (2 & % %7 1E 5l -8 % &k
ELTWwE, Chicthif, FTHEORKZLZOFHLLBHLIILD, REICH
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BEONSGHFFREESNTETV D, o T, 204 FO—EHFHTOL h &
CHEBTA2EEELTRE, X0k )2 eFErbNnb, 250, (1) KEE
DadAf FE, 74V b= arvaNBLI)LRBIEONS 2EBED LIIHER
SN, HTOL D BEVWEETRE 2Bz RIRWICKEL LI L5 TE L, (2)
RKEaaA FICxd 5EFHEERIT, A L2DOITHITHAIV, 5T,
AHMEOID A FOREBEIERICHEMLES, (3) 2BOI/T ST TH
HBILESCEWIBDOTH 5,

BOBTICN T 2MECOLELAN . ZOFR, REOHEME & H1T&ES
BT ARSOEAIIEINT A EFRENTe 1.5 cm/h 5 7.5 cm/h ~HHE
TEBMSELHER, EABITII2HRTOEFEAERIIT T HE AT, 3FIC L2272,
CORBOEEIL, LTORRIEZEINSE, 2Fh, (1) HEROEMIZED
RVWEFEOGESEML A L, (2) REBRLMETIE, ReIB/AE W0,
WMEOHEMICE b hvaa A FIZFEH T % radial lift force 2S¥IL, 204 F
DFHFERASEIML 22 & [36] o (3) MEDWMIZE D Lwv, EBREH T A
NOENBEFEML, thETESIHEERASL 74V -2 a 82 LT
WIRD /NS R FTHEY, FORBEHLZY, HIVRESHEREL B S,
FOFER, 204 FOPBOKE2HEBLHENSWaEEsEMLA-Z & [37] T
H5b,

T4 FOBITIET2ENONRD T ERBROICERZ L, TORHE, &
EBREATIE, BEHOBBUIERTERLELLNL,

AFAECHB SN, 20 FO—MPBRIBITL, FLEADPHEOKE
2204 FIZE)HEINTWEEWIHRIET, MOWRITENTEHEINT
Wb,
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Small [30] i3, EEHKI00F VY FA I —ADPLE~Y A 204 -5 DRFD
MESBEICETI L, 1% hydrodynamic chromatography & &f¢ir 72, 1H L,
COBFHrAMAOL ) LFEI T LHNOBTEHCEAT 2546, TEM~D
WEPH 7 LHADRBOMEFSORPFERIN VI LEFATTTH D,
Silebi & [31] BF, ¥ 73 70X -5 ORFOTHIIEALTHRELTVE, 2O
THEA DXL, BHEORDBITESAICED DO T, capillary
hydrodynamic fractionation & &y b7z, pH=6.0 DFERIIIOMWME % B
Ay2s, BEERORBRLAENEDZBIZIOVWTEEN2HHAEZE X 5 &
T&E5, pH=9.5 DHERICD OB 2 HHAT A LIETMETHL, LIL, 7
VAVEBERPTE, YV I0BERLa0A FOFEE, BESVFEHRICEETS
72D, BEZHBTAIERESH TEARV, TIVHVBEBRPTO I A FEH,
REM., BE, BTEHESBRILIMRELELTA2HHTHDH ., AFRETH
pPH=9.5 KL TRy FEBRLTELCOHRFZ T hbhd o7,

VI IDOBERFEETEApH =6.0 TiE, NpiEloa /4 FOEE L /Ny FE
BRICEoTHODRETHLE LD, WL EDERLORREITR 520 ZDOFT,
pPH=6.0 TONpfEUz oA FOBFEREOERZ, B2 8ITRT, COET
. 0.8 umL LD SR EB L. TORONESADKEMELEZTL TS,
Bl % B L C4RMBICITITIZEHRBICEL T A D, AR THVET
ZRTIOA FFEHETLIOULEZRARE TR, BEHEIFETEI 2w L
BhhPorze o T, BEIELTEIRESOBIEHERAROREBIRZIVWEEZ
Lbizds, MOWEBTHRBCEL TR, ZAFEARBHRCROPOEE LT
A FEEsTXREN, BEFOEBII /I IWEEZ LN,
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3.2.4 Ny FEERILILITEL

Bl2 9142, pH=6.0 T30 umAXEIZH§ HNpo A ONpHefl 7 7 4 PR
FHEEZRT (Vm=5.0 ml/g) - HEDOHEME &L DICREFRI T HI &hbD
Sfe TOTER, RELIANF —MEBATHBESI NI EELOND, 2%,
WMFORMEVPREITLHICON, TORMIANVF - IEMT L2720, LFLAR
EDMEERIZEMT 2 LELLNE, METHE, EEHZANF —DFI,
NEFPBLTHRITEEFNENMTAIEEZRL TS, 2OL) LHSIZET A8
Zal LTI, Brenner & [38] I X 2EHHALIFFE R Harvey b [3] 12X 5%
BHITEE DL, CNOLOELL, 204 FOKXE, 2F D EHIANVF
—~20 4 FOBITHEMEICEELZRIZL TR LELLRI, $72, M2 905,
0.45 umPl LD a0 FOREEFNERBE L &L DICHML, I0HRICITDEREE
FOKREL B -2TWBR I LD bR ol TORRBICHET 5 HRELEHT T IZHE
HATERINTwRWYE, 1 20HBELTIE, Ny FERTOERE ) ITHEVA
EHEDILS0.45 umPh L OR FAABEPICHL I, TNENpPFRELZZEER
BHBIEMNTEL, COZEWEFE, MBERLHFENFICHEE LNplE, EH
DAEENZIWELZVWITEESRLTEY., REEDa0A( FORENDHFS I
INEVEERBI LN TEDL, T/, TRODERERIE, KRNEaD A FE
WEBITRBE IR T AL EDS T 5,

M2 50@EMEFOITA, FRHESAER 2 9 OREFDOMERFLED G,
0.45 uml LD 20 4 FOREANOBEDOFSGIFINSVEEZER LN, £IT,
R OFE]R s (ml/g) %

Rs= (AEAEELH~Np—0.45 umBlt o304 FEfE&LEND) / (A
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EAFEHEL TWRWNp+0.45 uml b a4 FE g4 L 72Np)

EEELL, CORPTOSREEIZ0.45umD 7 4 V7 — 12X BEBICE YK
W7z, W3 01C, RsbVim L DBHEEZRT, RsDEIR., Vim BSHEMT 5 &
BLT B bdol, INE, BREMERED 2 o[ KR EHH
Vim BFEMT o0 EBITE220, AEANA TV RPUCL WV IRET ANpEH
DREBVFBALTH &, ETIT, Vim DEME EBICHEBRI LB S
BANKEOA M T (<0.45 um) DEFER, CTHICHEETANpOEIFHEML .
AXEBDRANEET AN AT A LITETCEZFZONSE, I3 0IZRERN
HEMBEBRA, Vm=1.0lTFTIXBWTIRITAELRETNE, 7 L4ERT
DEMEV/M=0.23 TiZ, BPTODFELIEZH 0.5 ml/g EFFlicN s, — K. &
BEEA D S5l L - DB BB L2 & 912, 0.018 mlfg THhoTeo 7T L
CEYROLFGRLENy FERINVFMLALRPTOFRE &1, EMIZITE
EBbOTHY . EEMCHBETAILEELV, LEL, 74V L—Say
DI REEZIHE, W 2EPORO LSRNy FEISFMLSEL
L KE hBEEZONE, E2AD, ERFEREICOLETHo -, ZOBEMH
D1I2ELT, Ny FETIE, 304 FO T 77 VEHHH radial lift force & D
KEL, ARIZEELRT WD THEIENTELLND [36] o L&
PH Ny FEICIYFMINLT-FZTT20A4 FOBERRAZ > T T 55
. BEYBRFMTL2THEENFDY., £/, 74N v—-Ya v EOBTHD
B RENEBEN VI LB TFRENL, fEo T, HBRILEHBTES © F/k
BT AR, Ny TESFOBNERLENERL OB ICHAALEDE DL
ERHDLIEBDLPS,
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3.4.5 2uAFREBTIETLIEGHEZE

FeEME20A F, NpEl 204 FOBTEHOB T AU L0 EBWK
ML, BMICEFOZEEESHICEAL TR, BE, REKFOHEER., 74
Wb —ray, BEBIFBRBEIZEBLRIEIT I Kb o7, fto T,
INLBIOBEATHRNOICHRIFEI CLIELV,

—%h, IO FORBITEZHDOHF T, bulk waterk D B BT T 2 HR WK
L TRYITRAERLEL ) CHEFHICHBESINL WM SH 5, Small
[30] (2 & BlatexfF Dlatex L FREAN T LAADERBITIIHT 2 ERY
MEDHR, COBRTOV OPOBBHEEFRAAL N [39—42],

AFRTH, 204 FOBFTETFNVEEETDBILHNVEFDNDELAT v
TELT, BERERE 20 FEFPTFRERF BT ILIEEE2HERL
LTHBRHZREA LT 2o,

AFEDOFERLY, 2UA FOBTNDENOZEIEATE LI LD
bhipolz, $7, MEOEBRIREVWFTIITHEHEOL-OHREOT R
ZRLEeDolz, TDOHER, BT T 2304 FTHERATAIET V¥ v Vi,
BR2ERDPLORTF VI XNET TV TFNVT —NVAZEBRTF Y ¥
IZ7% %,

HKEFHREOBR2ERILORT V¥ ¥V [43] i,

Wy, = 16ga(kT/e)’tanh(ed,/4kT)tanh(e®,/4kT)e *"

TEIN, 77 VFNVIT—NVADLLDOEFT VI ¥V [44] .

Wypw = -A/12(1/x + 1/(x+1) + 2In(x/(x+1)))

TH 5,
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Wi(h) = Wy +Wypy

LT

(ty-1)/ty = a{R+F1-e'W‘“’“"“)dh}

PHEFESI NS, o

Z 2T, A:HamakerE#, e:ERFE. B Lo FEOERE. k: K
VI YEH. ReaO 4 FREE, T ERE. x:h/2R, othydraulic ¥ £,
e ERBUAOCEFEHR., ;. TNAFEOHEH, 01, 02: 20 FLEOXRER
fif, ty. t:bulk waterk 204 FOF T LAFEBETH 5,

3112, HamakerEH L REEM L /N7 X =% L L TSmallDEERKE
RETA VT A VISR LERZRY BAF VYHEETO —FUPEB D
+ABHRTETCWERLEEZLONDL, Thbb, HRELDIBMTRKESRTH
auAf FOXRBEMELEEADPERBENMN. K FHamaker® U ATFEM S L L id,
BT THIOL FOFE (bulk waterlZA T 2 EH) PFE s b

Zkizh b,
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frk4.ir_:
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it
il
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CJ Ultrafiltration Trapped Fraction
(Pore Size ~ 2nm )

3 Centrifugation Praciptated Fraction
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Ultrafiltration Trapped Fraction ( Pore Size ~ 2nm )
Centrifugation Precipitated Fraction
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