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Yutaka Kanai and Yoshiko Tachibana (2008) Adsorption properties of microfiltration and ultrafiltration
membrane filters. -Study on elucidation and characterization of colloid (part 1). Bull. Geol. Surv. Japan,
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Abstract: The adsorption properties of microfiltration and ultrafiltration membrane filters (cellulose
mixed ester and polysulphone), were studied for uranium and rare earth elements (REE). These elements
in a neutral solution showed a considerable amount of adsorption losses on the filters whereas those in
a pH3 solution did little. Apparent adsorption coefficient (K) of polysulphone filter is three times larger
than that of cellulose filter. Heavy REE shows larger K than light REE. Much attention should be paid
to the sampling treatment of environmental water such as washing and preconditioning of filter before
sampling. A method for precise determination of K is also presented.

Keywords: adsorption, filter, distribution coefficient, filtration, colloid
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=AM - RAAAE T L2 — 1281 2 E R 440
BT 2720, truo—2REGEZZATFLED Ay TS5V
TANE —BIERVS LT VEOIIL LT T 4L
A—ZFHWT, vI v  HIFALRELZHELEOTLH
IZBE9 ISR A RET L 72, ZOER, hHEWs
M T, 2L DILETT 4L Z —~DOWE MBI &
N, BEXZpHIFEETIE 7 4 L& =12 X 55 IZIF
EALHNLE R EGTZENTE R B Ol R
Bolbid s e, RAAZEICHERINER) LT 5 v
TANA=ZENT =T 4 LA =P 3HEDOKZ
EThot. HmTFTEMTIE, BR TR eHE
Fi THEITRO T BB B RIE DK EWMERAD b - 7.
B A O TR AR 2 BRI 2350, e - a2 v T
Va DV EOFEABETH B, BITHEE OO
BRI RS 2 FBRD 23 DFRET &R L 72,

1. 13U ®IC

BRESAKHIZ ISR & & & IZIEIE B AAEL T
5. KERECED S DI EICA &V RBEGFBRED &
S BIBHERS T 55, T OREY S WERE o
HERALZOHRICEbLIWEE L CHEHETH D, Bl
TEXB3{0TIEEW. ZD7-8, WRENEHREGSR
EERLTC, AT, o BB L EDNEE#1T 5
RALBIZ MAH & 8 5 T b, — T, BEME VWS> TE

Mea kK& COWENTELTED, BEALNE XTI
lum DH 7 AT + L & —TAML THEEER L 7=
D, 1-02um DT 4 L& —TAML THEEIE - IA17HE
XD LT E. 2O XS ICEBITIIAKISIET T
WAEWRIFOKRE IFRHIANS, WOOXHIZHE T
51-02um &0 & RELRTFVEEDE NS DISHL,
1-02pum KD /NS kiFidauf FEnwbhTns,
WAETIE T a4 FRER T AWEBATERICE A 5 5280
ZhETEION TP EIZRZEWEE L Sh, BiR
HRICED B0 18 - BYPBR TR EEHR S TY
% (McCarthy and Zachara, 1989 ; Miller et al., 2000 ;
Ryan and Elimelech, 1996 ; &V - &, 2003 7 &).
FHO—N (&IF) 3@V AV EFE G O s fE AL
BDFHOTITAL SWEOMZEICEb - T X 72 hght
SRR OMBALIIZ Wi, ALY 76 L -
AR T ARIZ P TRAT T 2 2 WS H Rk S F
VA PREFHED 72 DITHRFF Eh T, 2Oy F YA
T auA NYEORESREHREE E5>T0nD (Bilz
i, Miller e al., 2000). v A F2EHRFELT & (it 4
2070, TOHEIEOMRE LD, FIIOWT LR
BERZM IR TEST, BLOBEVWIHETHS. D7
W, FHEOCIIEBEAFIIB Y 2304 FIfERICETSL
Va—%fTw, aa4 FERGTT25 2 EOHEENEIE
ATER (& - #K, 2007 5 &H:1FH, 2007). F7=,
WL — T TIIEBEOHIM BTS20 4 FOFEE
fiv, ZOWREIZOWTHRET# L& (LM, 2006 ;
S, 2007 5 &5F - B, 2007 5 RE1LE A, 2008).

b P TR R BT 2 R P (AIST, Geological, Survey of Japan, Institute for Geo-Resources and Environment, GSJ)
2B S HRIFZEE0PY  (AIST, Geological, Survey of Japan, Institute of Geology and Geoinformation, GSJ)
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auq FEGTAEOTRE LT, Iuf FOoY
P& FIH U TR TR & M BRI 5 % Tk b
WAL CRMEZ BRI 2 Fihe 2 d 2 (G814
EHIEA (2007) & IIC—FeRE) . KEEBIZHHET 2 F
BOHT, 74 04— AL, BT BREDO 2%
MR 0EES 2 Pkl LT, WHERELMIHEh T3
T4 A =0 TEMRA BREHD 7 4 L & — 23f %8 &
NTHO, HE - HWIZID U TGERE A TS5, Bt
B W TR PIBREHIZ 045 um DA YT 57 4 )L
A—WMEHXNE ZERNEN. T, HICKEO/NX &
aaA PR 0HT 572002, RAA8E (UF K
PHHEINSZE2dH 5.

ZOEI BABWIIBNT, OB HZELL T
LE->Tid, A2 BRI AL H->TLES. Z
OB THZETNZHEERR, BREEETH B, HRE
N B AR % GO K> TRV A 57
ML 208, R TICHERBIC K3 WEIZ L -
THPT2EDTHS. ZohT, BRI HRET
NXESIET 5 L E 2 650, WHFIZDONTIEH E
DIHSMZINTE LT, 7404 —OEGETTICHVS
b TEdE D EERNAEINB R TGN,

L2 AT, WEIPKMHE 23O E 7 DO &
Pfls 2 EMAHREICRFET 2 L &, i (& &5
b, [ ] OS5 5 ERKE I EEECEWE1ES
BRREMES & BRI TIEE] v, 72, HF 5
BCid, EHEERmICREET 2504 (], EHON
WIZEFTRATZHAE [IN] & TiEL, 20
MHEEFEDT [INFE] EIRZEEH5 (HAFETH
2 2006). AR TR T AL F —KHAEEL T
3728, §RC (RG] ERETB2ZLI255. ZOK
HERIE, LRI o0 TR PR 4 i L
THL - 30 s 2 /MR Tk L v S FIH O, pESE
FRHERAC 5 T & B IR - TGS O H i Rk
PRI ENTORBRTH 5. £z, [T HIBETIE,
TSR O MR 12 35 W THRFRD AT IZ B % 3
MR AEE7-5FT8DE LTHLAEL, oA - 1iEs
¥ B hk A MO S ERBUC BT 2 a7 — 4
N— 2 A b T3 (OECD, 20055 HAJH 7 H%¥EE
2006). WFBISIE, 2 IS BT A REHETH 5720,
BeAGRNTICHBEINL Z RN TS, Hla2%T
2L, 2MOPEDEN, 2HMNFRLCTH > THRER
W pH, EAF v B EIZX->TEENTS. 20X
) EWAEBIR % & 72 5 TR A I = X L OFEHIZ A
BEZ0H, A+ U RIBRILR RS ARA KIS %5 £
2SS ETF ML IR TWS, LiErLARS, Al
XD 7 4 L& =12 DWW TR BRI itk &
NV,

FHE O, RGHEREREY O UG L4 A TR KR
2B B34 FPEOEFEENCRLE R - TR 2t D

THD, 204 FEMEICRO 7291203 % DO HikoE T
DEHEZEZ D, AREDO -HIEZORELT —~
O—EFEMEL T\ 5. RBETIE, AEIEEICHY
37 4B =28 AWEORE (& - LM, 2007)
R 2 IR O A A AN A MG L 2SR o8
FIZOVWTHET 3.

2. % B&

WMHEMH N EMEENEZ AV TIT VT 4 LHE —
(% A i Microfiltration Menbrane : MF JIE) 1213,
LAY 1.0, 0.8, 0.65, 0.45, 0.3, 0.22, 0.1 zm, 50, 25nm &
BB, BAFEMNZZ045mDEDONLHIN 5.
— 77, BRA A3 (Ultrafiltration Menbrane : UF Ji%)
TREVINVBDE) BEERMP AR TH DI 0%
<, Abmmisg~+i207, 57, 275, 17 Dalton ®
K TEROY A XTHES T ENT0DE. A =TI —
ICE->TRIRT BRI ERLE LI THHM, Bbk%
0.1, 0.05,m, 10, 6.3nm IZZNFhfBL T3 (7 F
NV Ty TME) . LD BN & B4 okt - B
RUEMEDMAGDETT 42— LRERITAAEL
TWBH, KFFICEWTHET L7727 4 L4 =1k, MF
BTl rag— Z2RAETZTFL (FEEELa— Z - i
ftrua—2) 8o 045um X VT 5 T 4 a2 — (4
F47mm : HAI VKT () 8), F72, RAFA8ET
ARV YT + v ([-CHy=S0,-CeHy~0-CH,~C(CHy)p~
CH,=0-1n) #DOIIL b T T 4L a— (AFAHED T =
1 J7 Dalton, #ME62mm: 7 KXV T v o) THbH. T
8 )= LTREI N T 4 L& —13, KWFRTIEAVEE
4 E LD 7280 1 %IRRT IRIEL T, R
ICkLSARBE L DI, Kb Tcidzhzhteiro—
AT A4NE—, BUVHLT VT 4R — LIS 5T
ElZT 5.

LU ST RN G S h AR S B,
ORI B CIWE L TLE S 720, BT
BLTELAREZR TR TR, HENESFGOM
FETd 2 (BEIRBH 4 2 L PR, 1999). Zhoo
1T La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, T,
Yb, Lu, U, Th, Zr, Co, Pb IZV#H U TEBREZ1T> 7.
TR D 1000ppm FEHEIE TR (HAT{LEE (BR) B, KE
SPEX #L#!) 705 % 1ml #7HL TAbE, HEED
RIAETHZ LB EMA CHET S Z L2 DEL
THRMRICZ A, WMBICIR A U CIRA%M9IZ & 0K 10ppm
& 75 B EEUMEIR A VAR (0. 1IN fiFflk) 2 3% L 7=, 24 0.1M
WIERE S D) T AETRTA 4 g, Kk b)Y
LESWETC pH % 3-7 OFPHIZHHE L, #MiAKTHEL T
#9 100ppb DFRBRVAWE & Z N E M FABLL /2.

FRERIA TR T pH BHIEIC K D VR R O I REME S B B 72
¥, HHFNZ 25nm DX ¥ T 5V T 4 L& —CTHAE| A5
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Comparison of various analytical techniques used for colloidal materials (modified after Kanai et al., 2007)
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L7, ZO50ml & H#J A —H—32DICHD, 121F
ZTOEE (F7v0), 12KV T+ vl |
T 4NE—1/4 5y b (MK 15.1em?), 1213+
A —ZRETATIILELT 1)L & — 28 (Lii i
69.4cm?) H# AN, TTIUYIA—F 4 VT IR AL —
7 — TCTHEL 52 6 —E R IV 1m] 2 BRELL 72,
FRECU 72 W03 0.1N AR VAW € 15ml I AR L, ICP-
MS (BEW[7F VY F 4 ALY 25 & X HP-4500) TIC
R AT - 72, WE TIEEAEHEGOR JB-1a 2 IZHE
ATHIEL, fiE L CREARN L 2. FHIGEOHNE
FEIEE IS EHESORE oD 5 [l 0 R UGS Tl k042 2% FEE
(1.4-4.4%) L RFE® 6Nz,

3. MREBE

3.1. FERBRICBTIRBER

3.1. 1 hEfHE (pH6.4) ICH T 2WBEEE
PEHER B VAT & K TR L TH 5 PRIz ¥y pH6.40
IR U 723 BRA I DO RE R A28 1 XU, 2 OWED
VIR 2R A ER LT 72912 100ppb 12d b
BTV, 44 v (1LS) 722727 1.5=1.05
X107 L Rf® 6h, +omilasMBIERT TS 5.
Zr, ThiZDOWTIHIE E A EIRGER T E U TTUIFEL &
. Co® La, Ce TIXT T v o OFIMIERE 3 E XN b
100 ppb {23V AS, Z DAt 75 L3I0 % T 90-80ppb
WKL, UTiE45pph FiEE 5> TV 5. HiE
FHED pHIZHWT, $ppb L FTdH - 72 Zr, Th ]
BIREAST 2B S NI TR TR N BRI MK
LTW5 EHfiE & h 5. SIEO KRB O SRR (L
AR, S 40, 1993) 2 HRIMR X B pHT TOURRE I,
Co(OH); < U(OH), < Ce(OH), < Pb(OH), < Zr(OH), <
Th(OH), (0.85ppb) < Er(OH); (138pph) < Lu(OH), <
Eu(OH); < Pb(OH), < UO,(OH), < Yb(OH); < Ho(OH),
< Dy(OH); < Tb(OH); < Gd(OH); < Sm(OH); <
Tm(OH); < Nd(OH); < Ce(OH); < Co(OH), < La(OH),
T EE & L TiE—3 L T 5. Er(OH); ¥ UO,(OH), i3,
pH7 T3 % 1489 140ppb, 360ppb DIAMHE %#H L T
WA A, FEERTIZHY 84ppb, 45ppb B IZIE T L T/,
Zhug, AURHATEO B SN s T a4 FRROWE S
TEC255mm DAY T TV T 4R —TA#L 7Bk
=g O, BEFTHEILZEDLARHTH 57,
FEERFARAHNICBRIC Z DPRIEIC R > T\ Z &Il 5.

1 KO EEAERE S &, Co TIHIREMFIT
—ELTW5., R)VYLITFx VT4 NE— - kla—2
T 4N —ER LB il HE e e 77 v 2 kD
BIETLTWBZE, BLT1IO®%2SBIE LT
52k, k& UTHME & SICRECT LT < fEHi
NHHIZL, ENZOR»PEHARNDE. 75V 2T
B & & B ICRER T 2RO TNE I EnE, B —

N —RERZ & — T —HFNDREPIHEZ > T % afREMEAD
figehs, 72, KIRETHD Zr, Th, BELTWES
DEDKEN 57 PhIzONTIE, SHNTEGHRON L »
5h49

WSO/ 2 — v % X OREIEIZT 572012, TV
OBREEDEETANE—DFEEL, 7408 —-1K
WD TEELELT, 77y 2Iicidds4bLL T2
OZEALEFE2XNIR L 72, FHHEBENMLRENTT —
APEEDNTNEY, 1 5%25 374 3HhETCwih
LEFLTBZEDEREND. RV LT+ VT4
LA —DZDOEOT%ERS L, Co 2 —iIRE HE <
9% THV, ZDMIF76-48% DHEPHTH >7=. —7,
Y —27 4 )& =T, [LL Con—HBIRKEMNE
< 99% THV, ZOfIF 90-95%DHEIHTH 7. 74
LB —DH A XHE5 D 720 Bl )i IE T v,
HEDBHREON S EEORENRI > Tnd 5L,
R TIEAY L7 f5OMRBER S 5 Z L b, WAL
YD) DWERIIERVF LT+ v T 4 L Z—DJHIEE
3GEFERZVWEHEE X NS,

ZZT, TANA—FHOWAEDIRE % & D ERI 2D
FEHNCICIR 4 2 220102, BT OWE SR K & L
TOREIZ L5 TR, K OBEMZLE RS LE. &b
—ME DS BRI Kd IEEMHOERRE BilAiE, ¢/
OWHEE (AT g/m) 1T 3 TcRENE A (W
ZE, HARF %2, 2006), 2 Z Tl EAH 3 iR i
g AR, g/em®) & L7

K= (7 4 v & — LOWREE) / (EHRE) - K 1)

= (X/S)/C ...... it (2)
ZZT, X374 g —1CFE LR E, SiF74 00
s —fif, CIIERIREAZ/RNT. & B5HERn TO Xn i3,
IRHEIRE Cn L WIIARIRIE L DZ2EL LTRSS
HIKNIAR L& 24 v 7Y v kbR 0%t
(F11 50ml, FERWA 1ml) EILHEDBRE, KL TICT
7 v (BIIEE CBn) TOWD%#FE LT, »5HE
TO Xn %&

Xm%CBmCMX(&%n+1H%¥CBkG) ------ X (3)
CERPE LT, R(Q2) 2 6 BREM & Roh i O 53 Btk
BKn 28 L7z 75V TOREEIZHRETOR
BHHEEERL, W ABRE Kd % 5FH 4 2 03
TEHZVWEWVWIRTL & 55 (HAK 1%, 2006),
SMOTAIEH T ARENDE BN DR N2, $EET
DWELS L ER L T2T7 T ¥ 7 TOUEE % 7 DY &
L 7.

BEREM 72 Kn OZAL A9 4 KIS L 72, HALIZR (1)
26, (g/em®) / (g/ml) = (em) TH3. #HOBELH Y
TN VI K BBEORRISERT 27 -2 DIE56D &
NEDR LN, WEDD N ColdfFITIFEDENKE

— 476 —



K& A - RO A 7 1 L 4 — OWERHE (B - S7AE)

H = 6.40 - -
= Q
- . Q
P B formteages || 1
(1821 .05x10 ) S S 100 -
5 80 - S 80
3 =
S 60 | 3 60
Y a
—e&—Blank : 40 s 40
S 20 - g 20
—-©-- Polysulphone (1/4 sheet) ° 0 ' ' § oe—Ei-a—a— &
1 10 100 1000 1 10 100 1000
---A---mixed cellulose ester (2 sheets) elapsed time / min elapsed time / min
La Ce Pr
a a a
2 o a 120
a 2 N ‘
; : :
5 = £
=2 = =
) S 2
S S <]
g o ‘ : g §
o
1 10 100 1000 1 10 100 1000 1 10 100 1000
elapsed time / min elapsed time / min elapsed time / min
Nd Sm Eu
g g 120 4 120
< S 100 = 100 t
.2 S ]
S g8 S 80
5 E= = = 9 —
3 2 60 s 60 BR R~
% « 40 o 40
g s 20 ¢ 20
; g o g o —
1 10 100 1000 1 10 100 1000 1 10 100 1000
elapsed time / min elapsed time / min elapsed time / min
Gd Tb Dy
8 120 8 120 8 120
T 100 < 100 < 100
g 8 g 80 S 80
S 60 5 60 5 60
s 40 w5 40 w40
g 20 ¢ 20 ¢ 20 -
S 0 § 0 I I s 0 I .
1 10 100 1000 1 10 100 1000 1 10 100 1000
elapsed time / min elapsed time / min elapsed time / min
Ho Er Tm
g 120 E.wzo g 120 ‘
= 100 S 100 <
S g0 2 80 2
g 60 2 60 3
3 @ 3
w40 % 40 p
¢ 20 ¢ 20 5
§ o ‘ ‘ § o s ‘ %
1 10 100 1000 1 10 100 1000 1 10 100 1000
elapsed time / min elapsed time / min elapsed time / min
Yb Lu
2 120 g 120
T 100 . }
% 80 S &
s 60 S
5 40 - %
g 20 5]
1 10 100 1000 1 10 100 1000
elapsed time / min elapsed time / min
Pb Th u
Q
&m0 3 2 120 g 120
c 100 p > 100 200 |
S D \ S c
g & £ 80 f 8
5 00 NoBa-al Ny 2 e0f El
4 40 u\o,.u\ % 40 %
g 2 © ¢ 20 | °
g 0 : : S e—ane oo —oe 5
© o
1 10 100 1000 1 10 100 1000

elapsed time / min

11X pH6.40 DAk
Fig.1

elapsed time / min

10 100
elapsed time / min

1000

— 477 —

1285 BIEFLRIRE OFRZAL

Variation of dissolved elemental concentration in solution (pH 6.40) with time.




Fig.2 Variation of relative dissolved elemental concentration in solution (pH 6.40) with time.
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C

H CoV=X,+C,V (V=50ml)

=X,+C,(V-1)+C,
=X;+C,4(V-2)+C,+C,

=Xn+C (V-n+1)+C, +C, + - +C,
n-1

=Xn+C_(V-n+1)+ 2 Ci

i=1

n-1

C,V=CB,(V-n+1)+2 CBi

CB,
CB n-1
V [ml] n Xn=(CB,-C)x(50-n+1)+ iZ1(CB| — Ci)
%3 X (3) OB & i B A3t
Fig.3 Outline and simplified explanation of the equation (3).
B2 pH6.40 12551 B WA 1 O 3Btk % (K)
Table I  Apparent adsorption distribution coefficient (K) for pH 6.40.
apparent adsorption distribution coefficient (K / cm)
element polysulfone filter mixed cellulose ester filter
Co 0.08 = 0.06 0.02 =+ 0.02
Zr nd nd
La 0.22 =+ 0.05 0.08 =+ 0.02
Ce 0.28 =+ 0.08 0.12 £ 0.02
Pr 0.32 £+ 0.07 0.14 =+ 0.03
Nd 0.32 +=0.09 0.15 £ 0.03
Sm 0.46 =+ 0.10 0.18 =+ 0.03
Eu 0.42 £ 0.07 0.17 £ 0.03
Gd 0.40 £ 0.08 0.14 =+ 0.02
Tb 0.43 £ 0.09 0.13 =+ 0.02
Dy 0.43 £ 0.07 0.12 £ 0.03
Ho 0.35 +=0.08 0.11 =+ 0.02
Er 0.41 £ 0.05 0.13 £ 0.02
Tm 0.45 £ 0.08 0.13 =+ 0.02
Yb 0.48 *=0.12 0.13 £ 0.03
Lu 0.50 *=0.10 0.14 =+ 0.02
Pb nd nd
Th nd nd
U 0.32 +0.08 0.12 £ 0.03
nd : not determined
WA, ZThEBRL EIFIFEOMERL TS, X(2) JLER Y 7 VIS LTSN LS ICR Y LT %
EXB) »EHFELADHE -2 DERE, Thi VI4LE—FRLu—X T 4 LA —IlREB &7
AL U 72 W i WS S Be R E TURBIZE 2 RITR 22~37fEDOKZE XORMFTONE HEHGEKEAL T
L7z, ZO#RE, pH6.40 W) I WL, &t WAEZENHE L 572,
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Fig.4 Apparent adsorption distribution coefficient (K) of element in solution (pH 6.40).
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Fig.5 Apparent adsorption distribution coefficient (K) of element in solution (pH 5.02).
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Fig.6 Variation of relative dissolved elemental concentration in solution (pH 5.02) with time.
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Fig.7 Variation of relative dissolved elemental concentration in solution (pH 3.00) with time.
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Fig.8 Average of apparent adsorption distribution coefficient (K) of element.
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Fig.9 Variation of dissolved elemental concentration in solution (pH 7.07; 1mM NaClO,) with time.
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Fig.10 Apparent adsorption distribution coefficient (K) of element in solution (pH 7.07; ImM NaClO,).
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3K pH7.07 123543 % FA 1 DU /3 BLAREL (K)
(ImM NaClO, &I 31 % 6 %A1 5D T — 2 DVH)
Table 3 Apparent adsorption distribution coefficient (K) for pH 7.07.
(ImM NaClO,: average of data after 6 minites)

apparent adsorption distribution coefficient (K / cm )

element polysulfone filter mixed cellulose ester filter

Co 0.05 *=0.08 0.01 *=0.02
Zr nd nd

La 0.52 *=0.30 0.20 = 0.05
Ce 0.72 =0.12 0.28 =+ 0.06
Pr 0.82 *=0.19 0.33 £ 0.07
Nd 0.86 *=0.18 0.36 =+ 0.08
Sm 1.04 =024 0.40 *=0.10
Eu 1.05 =*= 0.21 0.40 £ 0.07
Gd 0.98 *=0.27 0.33 *=0.06
Tb 1.12 =0.30 0.30 =*= 0.06
Dy 1.14 = 0.33 0.29 *=0.05
Ho 1.07 *=0.32 0.25 *=0.04
Er 1.04 *=0.32 0.26 == 0.06
Tm 1.15 = 0.36 0.26 =+ 0.05
Yb 1.31 = 0.50 0.30 £ 0.07
Lu 1.18 =043 0.25 = 0.06
Pb nd nd

Th nd nd

U 0.33 *=0.11 0.15 = 0.02

nd : not determined
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Fig.11

Average of apparent adsorption distribution coefficient of element (ImM NaClO,).
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5mM pH 6.76 (mixed cellulose ester)
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Fig.12 Average of apparent adsorption distribution coefficient of elements for mixed cellulose ester membrane
filter (5, 10, 20mM NaClO, media).
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Fig.13 Variation of apparent adsorption distribution coefficient (K) with pH.
Larger symbols indicate the results of ImM NaClO, media.
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Fig.14 Relative error of adsorption distribution coefficient (K’) by amount of adsorption.
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Fig.15 Relative error of adsorption distribution coefficient (K”) by neglect of blank adsorption.
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Fig.16 Model of filtration with adsorption loss.
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