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Abstract

The permeation behavior of organic matter through a compacted bentonite was evaluated
in low and high ionic strength condition (deionized distilled water (W) and artificial ocean
water(SW) ). For simulating humic substances which exist in geological environment,
poly(acrylic acid) (average molecular weight, MWave : 450,000) and poly(acrylic acid, sodium
salt) (MWave: 15,000) were used. In this experiment, the organic matters which elute from
bentonite were also investigated.

Polyacrylic acid solutions in W or SW system permeated the compacted bentonite( Kunigel
V1®, 100%) at dry density 1.2 Mg m-=3. The permeation has been continued during maximum
140 days. The concentration of polyacrylic acid and the eluted organic matters from
bentonite in the permeated solution were analyzed.

In the experiment of W system, poly(acrylic acid, sodium salt)(MWae : 15,000) was
detected in the permeated solution after 70days. In that of SW system, it was detected after
52 days. Poly(acrylic acid)(MWave : 450,000) didn't permeate in the both of system. It
indicates that organic matters less than MW:450,000 aren't filtrated by bentonite. It is
supposed that the organic compound which can change its conformation (molecular
structure) to a chain-like structure, are not likely to be filtrated, even if its molecular weight
is more than 15,000.

The concentration of total organic carbon which elutes from bentonite decreased against
experimental time. In low ionic strength condition (W system), the concentration of eluting
organic carbon from bentonite was 7.4 12.5mg I'1. In high ionic strength condition (SW
system) itwas 4.2 6.5 mg I In the both of systems, almost same kinds of organic matters
were eluted from bentonite to the permeate solution. Comparing with the molecular weight
distribution of humic substances, the molecular weights of organic matters from bentonite is
quite small.

Radiochemistry Group, Waste Isolation Research Division, Waste Management and Fuel
Cycle Research Center, Tokai Works
Inspection and Development Company
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2
21
INIS 1993 NUCLEN
1995
INIS
NUCLEN
INIS [bentonite and organic]
1 NUCLEN [ and ]
2
3 2 Boom Clay
10), 11) 1 MX-80 12)

2.1.1 Putetal.l®

Boom Clay
C-14 MWCO 1,000
MWCO 10 3 Boom Clay
2 C-14
3E 11 m? sect?
10 C-14 1.6%
Boom Clay
Dierckx et al.1D C-14

2.1.2 Wold and Eriksen??
MX-80 The American Colloid Co type
Na 1.8 Mg m3 (HA)
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LS
2 NaClO4 0.01 0.1 pH7 9
169 HA
01g I 0.1mol I*NaOH LS Lignotech Sweden
Wanin SL LS pH
HA
LS
HA LS a
MX-80
HA LS pH
HA
2.1.3 Putetal.[2] ¥
2.1.1
PNC CEC MIRAGE 1986
6
Boom Clay Boom Clay

BE 7cm? sect

2.2

10

5)

7 10
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in situ

5)

3.1

PTFE

2),3),4)

Wold and Eriksen
12) C-14

Table 2.1-1

5) Fig.3.1-1

5)

NAS64
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PTFE ®

3.2
3.2.1

5pum
“ WHITE ABRAX(WA) ”
a - a -Al203
3um 0.18 mm
pH SRHP

ASTM D 1141-98

0.7
Table 3.2-1
3.2.2
30 wt%
1.2Mg m=3
16)
fm 'pd
Pdm =
‘ {(1_ fm) Pd }
1-J=  m) Fd
pim

V1

pH

() V1

14)

50mmx

()
50 Wt%

pdm

pH 8.2 0.1 N NaOH

8.1
Na
1.6 Mg
10% V1
5mm
15)
V1 Na
V1
(Mg m?)
V1 50 wt
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V1 fm 0.5
pa 1.2Mg m3
V1 pim 27Mg m3
1.2Mg m3
0.771 Mg m=
1.6 Mg m3 30 wt% 0911 Mg m3
5)
3.2.3
10 Aldrich
450,000 Aldrich 35 wt%
15,000
Na Na Na*
pH [ COO ]
V1 Na
3 5)
059 I pH4.5

0.01 mol It NaOH

5)
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[ 450,000]
1g It
0.01 mol It NaOH 1 1.002 g
1 pH10 0.1 mol I NaOH
(50ml) 1.001 ¢ SRHP
0.1 mol I* NaOH (65 ml) pH8
0.45p m
[ 15,000]
05¢g I7
1 1.217 mi(
0.5¢ )
1 1.217 ml(
05¢ )
3.3
Table 3.3-1 Table 3.3-2
3.4
2 14)
PTFE
14)
0.087MPa 0.08MPa
0.8kg cm=? 0.31MPa

0.3MPa 3.2kg cm?

140
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52 10
7 10 14 21
1 15) 14)
10
11 5)
10
10
[W-B SW-B]
NaOH
[W-15B
W-45B SWwW-15B B ]
34
() DS-130L
SEM X
X PV-9100 PHILIPS EDS
Table 3.3-1
( : SEC )
Table 3.4-1
[W-B SW-B]

TOC TOC
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JIS K0551-4.3 TOC
NPOC 9, 17)
8) 9
JIS K0551-4.3 TOC
18)
Gestel Agilent Technologies GC MS
Desorption —Gas Chromatography / Mass Spectrometry TDGC-MS
TDGC-MS Table 3.4-2
SEC
3.4-3
4
4.1
PTFE
PAA PAA
PAA
Fig. 3.1-1
Fig.4.1-1

Thermal

Table
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Fig.4.1-1
W-15 Fig.4.1-2
W-45 Fig.4.1-3
SW-15 Fig.4.1-4
SW-45 Fig.4.1-5
PAA W-45
Fig.4.1-6 PAA
SW-15
Fig.4.1-7
NAS64
4.2
PAA
SEM EDS
PAA PAA
W-B SW-B PAA
SEM EDS PAA
SEM EDS
SEM EDS
PAA ) Fig.4.2-1
W-B Fig.4.2-2(1), 4.2-2(2) 4.2-2(3)
W-15 Fig.4.2-3(1), 4.2-3(2) 4.2-3(3)
W-45 Fig.4.2-4(1), 4.2-4(2) 4.2-4(3)
SW-B Fig.4.2-5
SW-15 Fig.4.2-6(1), 4.2-6(2) 4.2-6(3)
SW-45 Fig.4.2-7(1), 4.2-7(2) 4.2-7(3)
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W-45 4.1
PAA Fig.4.1-6 W-B
Fig.4.2-2(1) (3) EDS
PAA Fig.4.2-4(1) (3)
W-45 PAA PAA
450,000
PAA EDS
15,000 PAA W-15 SW-15
Fig.4.2-3(1) (3),4.2-6(1) (3)
PAA
SW-45 PAA 450,000
SEM Fig.4.2-7(2)
EDS
Fig.4.2-7(3) (b)
EDS
Fig.4.2-7(3) (a) (c)
SW-B EDS Fig.4.2-5
PAA EDS Fig.4.2-1 1182
SW-45 EDS Fig.4.2-7(3)
(b) 670
PAA
PAA
SW-45 PAA

PAA

Fig.4.2-7(2) (3)
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4.3
PAA 126 w 136 139 SwW
Fig.4.3-1 1 p 1 day?
Fig.4.3-2 SW-15, 45
W-15, 45
14) 15)
5) 1.6 Mg m3 30 wt% V1
PAA 2,100 15,000 450,000
1 ml day?
W-15, 45 3.2.2
0.911 Mg m?3
0.771 Mg m=3
4.4
[W-B
SW-B]
PAA
PAA
TOC Table 4.4-1 PAA 5
125~12.4mg I? 6.46 ~ 6.55
mg |1 2
PAA 52 7.44 ~ 7.35 mg
I 419~428mg I?
40%
TDGC-MS
5 Table 4.4-2
2-tert- -4- ( 164)
( 266)
SEC
Fig.4.4-1

SEC

12
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4.5
SEC PAA
W-15 70 PAA
SW-15 52 PAA
Fig.4.5-1 W-15 SW-15
PAA W-15 PAA
SW-15
Fig.4.5-1
(b)SW-15
SEC
PAA
PAA
[W-15B SWw-15B B ] SEC
Table 3.3-2
W-15 140 0.46
PAA
PAA PAA
Fig.4.5-1
SW-15 139 0.067
PAA
W-15
SEC W-15 SW-15
Fig.4.5-2 W SW
PAA W-15 SW-15
138 140
PAA 53
PAA
PAA 450,000 W-45  SW-45 PAA
PAA

13
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4.4 TOC
PAA 05¢g I PAA
PAA PAA
5
5.1
1 15)
PAA
Fig.4.5-1 3 PAA
PAA W-15
SW-15
PAA
19)
0.911 Mg m= 0.771
Mg m-=
20)
1.6 Mg m?3 30wtk 3 5 1.1
V1 3.5 wt% NacCl
0.8MPa
1600 0.1MPa
PAA

14
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5) PAA
15,000
4.4 4.5 PAA Fig.4.4-1 45-1 45-2
SW-15 PAA
SEM PAA
Fig.4.2-6(1) (2) EDS Fig.4.2-6(3)
PAA
W-45 Fig.4.1-6 4.2 PAA
PAA 450,000
PAA 4.5
SEC 450,000 PAA
SW-45 PAA PAA
PAA
SW-15
1
2 Fig.4.3-2 PAA W-15 SW-15
PAA
138
140 PAA
53
15,000
PAA 450,000 PAA
15,000 PAA
450,000
5.2
5 52
125mg 11 74mg I1 6.5mg It 4.2
mg It Table 4.4-1

15



JNC TN8400 2005-019

5 52 40%
V1 100%
210 10 mg I? 8)
10ml g1 8)
3 4mg I? 9) 8)
18)
10,000 20%
0.8y m 8) 10,000
1.5nm 9)
10,000
9)
74 125mg I1 42 65mg It
TDGC-MS
Table 4.4-2
2) 3) 4)

16
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( 1.2 Mg m?3 V1 100%)
450,000
15,000
PAA
PAA
138
140 PAA
53
7.4 125
mg It 42 65mg I1
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Table 2.1-1

Molecular structure and molecular weight of Polyacrylic acids

Average
Sample name Molecular structure molecular | condition
weight
CH2CH CO2H n
. A
—71— CH: CH
Poly(acrylic acid) | 450,000 powder
C=0
OH n
\ J
CH2CH CO:2Na n
. A
I— S _ 35wt
Poly(acrylic acid, CH; CH
di It | 15,000 aqueous
sodium sa —_
(|: =0 solution
ONa
\ Jn

“n ” denotes the number of molecules.

20
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Table 3.2-1
Chemical composition of substitute ocean water based on ASTM D 1141-98.
The pH is 8.2 (after adjustment with 0.1 N NaOH solution).

Compound Concentration [g I1]
NaCl 24.53
MgCl: 5.20
NazS04 4.09
CaCl: 1.16
KCI 0.695
NaHCOs3 0.201
KBr 0.101
HsBOs 0.027
SrCl2 0.025
NaF 0.003
Ba(NOs)2 0.0000994
Mn(NOa)2 0.0000340
Cu(NOs)2 0.0000308
Zn(NO3)2 0.0000096
Pb(NO3)2 0.0000066
AgNO:s 0.00000049

21
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Table 3.3-1 Experimental matrix

Concentration of Analyses
Sample L
Sample System N Polyacrylic acids TDGC-
name . SEC | TOC
(media) MS
05¢g I?
W-15 o
(H20)
H20 1g It
W-45 o
base (0.01 mol L*NaOH)
W-B
(H20) °
(Blank)
. 059 It
Permeating SW-15 ©
. (SwW)
solution
1g It
(SW controlled pH
SW SW-45 with 0.1 mol I o
NaOH and filtrated
in 0.45 pm)
SW-B
(SwW) °
(Blank
05¢g I?
W-15B o
H20 (H20)
base lg It
W-45B o
(0.01 mol I*NaOH)
. 059 It
Without SW-15B o
: (SwW)
permeation
1g It
SW ( SW controlled pH
SW-45B with 0.1 mol I o
NaOH and filtrated
in 0.45 pm)

o Sampling at 7 ~ 10 days each during the permeation experiment
Sampling before and after the permeation of polyacrylic compounds
e Sampling before the permeation of polyacrylic compounds
*The numbers mean the average molecular weights of Poly(acrylic acid) or Poly(acrylic
acid, sodium salt) ; 15 : 15,000, 45 : 450,000.

22
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Table 3.3-2 Experimental conditions

Bentonite Kunigel V1® Na-smectite
Dry density 1.2 Mg m 3
Water content of the bentonite approx. 10

Size of compacted bentonite disk

¢® 50mmx H 5mm

Organic matter and
the molecular weights

Poly(acrylic acid, sodium salt) : average 15,000
Poly(acrylic acid) : average 450,000

Media

H20 or 0.01 mol I'* NaOH ag. (W)
Artificial ocean water made by ASTM method (SW)

pH of solution

8 9
The pH of SW-45 was controlled with 0.1mol |1 NaOH

Saturated porewater

H20 base : distilled water
SW : artificial ocean water

Compressor pressure

H20 base : 0.3 MPa

SW: 0.08 MPa

W-15:140d SW-15:139d
Experimental Period W-45:140d SW-45:138d

W-B(Blank) : 133 d SW-B(Blank) : 136 d

H20 base : approx. 10days each

Sampling SW : approx. 7days each
Atmosphere In air

Temperature Room temperature approx. 20
Column Stainless steel, NAS 64

Filter Porous stone and PTFE filter

23
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Table 3.4-1

Measurement conditions of Size Exclusion Chromatography

(Gel Permeation Chromatography)

Permeation samples

Permeation samples

of 0 52d,
of 53 140d
W-B, SW-B
) Tosoh
Unit ]
Gel Permeation Chromatograph System GPC 8020
Tosoh differential refractive index detector, RI1-8020
Detector
Sensitivity : 32 time Sensitivity : 128 times
Instrument
Tosoh
Tosoh
Column TSK gel GMPWxL x 2
TSK gel GMPWxL x 1
G2500 PWxL x 1
Column
40 degrees
Temperature
0.42 mol 11 NacCl
0.01 mol I
0.055 mol | -1 MgCl2
) Na:HPOs 2H20
Media 0.03 mol |1 Na2SOa4
0.2 mol |-1NaCl
o 0.011 mol | 1 CaCl2
Acetonitrile 5v v%1
0.001 mol | -1 NaHPO4
Flow rate 1.0 ml min.”t (constant flow)
Measuring Injection
condition volume 200 u I 100 1 !
Standard for | Tosoh
Molecular Poly(ethylene oxide) PEO | None
Weight Poly(ethylene glycol) (PEG
Pretreatment
before None (No filtration)
measuring

24
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Table 3.4-2 Measurement conditions of
Thermal Desorption — Gas Chromatography / Mass Spectrometry

Thermal . . o
. Desorption unit + Cryo-Forcus Injection
desorption ]
. + Column Forcus Unit (Gestel)
Unit
GC 6890 Plus (Agilent Technologies)
Instrument MS 5973 N (Agilent Technologies)
DB-5 (J&W)
Length: 30m
Column Inner diameter : 0.25 mm
Film thickness : 0.25 pm
Phase : 5% Phenyl-95% methylsiloxane
Desorption temperature :
20 degrees (hold 2 min.) - 60 degrees min.1
Thermal ]
) — 200 degrees (hold 5 min.)
desorption

Flow : 50 ml min.?
Mode : Splitness

Temperature :

-150 degrees (hold 2 min.) - 12 degrees sec.
— 300 degrees (hold 5 min.)

Flow rate : 1.0 ml min-!

Mode : Splitness (hold 7.0 min.) - Split 1/20

Cryo-Forcus

Injection

Cooling temperature :
Measuring 40 degrees (hold 0 min.) - -25 degrees sec. !
Column — -30 degrees (hold 6.5 min.)

condition Forcus Unit i ,
Desorption temperature :

- 0.3 degrees sec.? — 300 degrees (hold 18min.)

Flow rate : 1.0 ml min."! (constant flow)
Oven temperature :
[ Initial ] 40 degrees (hold 12.0min.)

Column
[ Final ] 300 degrees (hold 15.0min.)
Heating rate : 15 degrees min.1, linear gradient
GC run time : 61.0 min.
lonization / Polarity : EI+
MS lonization voltage : 70eV

Scanning range of m/z : 29 - 500
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Table 4.4-1 Comparison of total organic concentration in the permeating sample

5d 52d
Sample TOC TOC
concentration CV (%)* concentration CV (%)*
[mg I7] [mg 7]
12.50 7.44
W-B 0.6 0.9
(n=2) 12.40 7.35
6.46 4.19
SW-B 1.0 15
(n=2) 6.55 4.28

*Coefficient of variation
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Table 4.4-2 Molecular formula and molecular weight of organic matters

eluted from Na-type bentonite
(a) W-B : deionized distilled water

. Molecul
Organic matter Molecular formula © e_cu ar
weight
2-tert-Butyl-4-methylphenol C11H160 164
(2-tert- -4- )
2,6-Di-tert-butyl-4 hydroxy-4 methyl
-2,5-cyclohexadiene-1-one
236
(2,6- tert- -4 -4 -2,5- C1sH2:0-
- )
N-Butylbenzenesulfonamide C1oH1sNO:S 213
(N- )
a -Cadinol
CisH260 222
(o - )
N-Ethylaniline CoHuO 121
N-
(b) SW-B : artificial ocean water
) Molecular
Organic matter Molecular formula .
weight
Tributylphosphate C1oH2704P 266
( )
N-Butylbenzenesulfonamide
C10H1sNO2S 213
(N- )
2,6-Di-tert-butyl-4 hydroxy-4 methyl
-2,5-cyclohexadiene-1-one Ci15H205
(2,6- tert- -4 -4 -2,5- 236
- )
2-tert-Butyl-4-methylphenol
y yiP CuHi160
(2-tert- -4- ) 164
N-Ethylaniline
N- CsHuO 121
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Compresser Pressure

0.3 MPa for H20 system,
0.08 MPa for artificial ocean water system

|

Solution tank
: Acrylic resin

_ Polyacrylic acid
Joint solution
<+— Teflon tube

Bolt

Porous filter

Stainless steel column
made with NAS 64

PTFE filter

Stainless steel holder o
Compacted bentonite disk

f 50 mm x H5 mm
Dry density : 1.2 Mg m-=3
Kunigel V1

Effluent solution

Fig.3.1-1 Apparatus of the experiment of polyacrylic acid
through a compacted bentonite

28



JNC TN8400 2005-019

Fig. 4.1-1 Overview of the experimental column and bentonite disk
distilled water, without PAA (W-B)
upper part : inlet side (contacted PTFE filter)
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(@) PTFE
(@) Inlet side (contacted PTFE filter)

(b) PTFE
(b) Outlet side (contacted PTFE filter)

Fig. 4.1-2 Inlet and outlet side of the bentonite disk (W-15)
distilled water, PAA : MW 15,000
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(@) PTFE
(@) Inlet side (contacted PTFE filter)

(b) PTFE
(b) Outlet side (contacted PTFE filter)

Fig. 4.1-3 Inlet and outlet side of the bentonite disk (W-45)
distilled water, PAA : MW 450,000
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(@) PTFE
(@) Inlet side (contacted PTFE filter)

(b) PTFE
(b) Outlet side (contacted PTFE filter)

Fig. 4.1-4 Inlet and outlet side of the bentonite disk (SW-15)
artificial ocean water, PAA : MW 15,000
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(@) PTFE
(@) Inlet side (contacted PTFE filter)

(b) PTFE
(b) Outlet side (contacted PTFE filter)

Fig. 4.1-5 Inlet and outlet side of the bentonite disk (SW-45)
artificial ocean water, PAA : MW 450,000
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(@) Stainless steel column, inlet part (contacted porous filter)

(b) (a)

(b) Porous filter, inlet side (contacted surface with the side of photo (a) )

Fig. 4.1-6 Inlet side of stainless steel column and porous filter (W-45)
distilled water, PAA : MW 450,000
We observed colorless gel on the stainless column and the porous filter.
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()

(a) Stainless column, inlet side (contacted porous filter)
Orange thing is powder of porous filter

(b)

(b) Stainless column, outlet side (contacted porous filter)
The column surface colour changed partly

Fig. 4.1-7 Inlet and outlet side of the stainless steel column (SW-15)
artificial ocean water, PAA : MW 15,000
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FILM-1

151
EDS
Ne
EDS-1(AREA)
EDS
C,0Al

EDS-1(AREA)

|18

—-—

e e e e

W%’J 0

S |
! WV“ e PR i < i Aty et
cno A A

L U
CURSOR <KEV>=05.000 EDAX

EDS—1 <AREA>

(b) EDS chart (Full Scale : 1182 counts)

Fig. 4.2-1 The SEM photo and the qualitative analysis of PAA by EDS
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FILM-1

168
EDS
Ne
WB EDS-1(AREA)
EDS
O,Na,Mg,AlSi

ey

18 }:Z',I L

FILM-2
FILM-1
1680

Fig. 4.2-2(1) The SEM photo of W-B bentonite disk
bentonite disk surface, inlet side
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inlet

FILM-1

: : surface
577 | RS S S S s e e S=Eoee

EDS

No outlet

WB DANMEN UE
EDS-1(AREA)

EDS | e e S S I g S e o
O,Na,Mg,AlSi

16KV

FILM-2
FILM-1
175

FILM-3
FILM-2
1170

MO e

o,

18KY

Fig. 4.2-2(2) The SEM photo of W-B bentonite disk
cross-sectional surface, inlet side
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(b) Cross-sectional surface, inlet side
WB DANMEN:UE EDS-1 (AREA)
(Full Scale : 4295 counts)

Fig. 4.2-2(3) EDS charts of W-B bentonite disk

(a) surface, inlet side, (b) cross-sectional surface, inlet side
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inlet
FILM-1
surface
58.8
EDS outlet
Ne

W15 DANMEN UE
EDS-1(AREA)

EDS
0,Na,Mg,Al Si

FILM-2
FILM-1
178

FILM-3
FILM-2
1190

Fig. 4.2-3(1) The SEM photo of W-15 bentonite disk
cross-sectional surface, inlet side
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EDS

Ne
W15 DANMEN SITA
EDS-2(AREA)

EDS
O,Na,Mg,AlSi

FILM-5
FILM-4
176

FILM-6
FILM-5
1760

Fig. 4.2-3(2) The SEM photo of W-15 bentonite disk
cross-sectional surface, outlet side
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Fig. 4.2-3(3) EDS charts of W-15 bentonite disk

(a) cross-sectional surface, inlet side
(b) cross-sectional surface, outlet side
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FILM-1

166
EDS
No
W45 EDS-1(AREA)
EDS
O,Na,Mg,AlSi

FILM-2
FILM-1
1660

Fig. 4.2-4(1) The SEM photo of W-45 bentonite disk
bentonite disk surface, inlet side
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surface
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EDS outlet
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W45 DANMEN UE
EDS-1(AREA)

EDS
O,Na,Mg,AlSi

1akKU

FILM-2
FILM-1
172

FILM-3
FILM-2
1150

Fig. 4.2-4(2)  The SEM photo of W-45 bentonite disk
cross-sectional surface, inlet side
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(b) Cross-sectional surface, inlet side
W45(DANMEN:UE) EDS-1 (AREA)
(Full Scale : 4824 counts)

Fig. 4.2-4(3) EDS charts of W-45 bentonite disk
(a)surface, inlet side, (b)cross-sectional surface, inlet side
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EDS
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FILM-2
FILM-1
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Fig. 4.2-5(1) The SEM photo of SW-B bentonite disk
bentonite disk surface, inlet side
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EDS-1(AREA)

EDS
O,Na,Mg,AlSi

1akKuy

FILM-2
FILM-1
180

FILM-3
FILM-2
1200

Fig. 4.2-5(2) The SEM photo of SW-B bentonite disk
cross-sectional surface, inlet side
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(b) Cross-sectional surface, inlet side
SWB DANMEN:UE EDS-1 (AREA)
(Full Scale : 4697 counts)

Fig. 4.2-5(3) EDS charts of SW-B bentonite disk
(a) surface, inlet side, (b) cross-sectional surface, inlet side
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Fig. 4.2-6(1) The SEM photo of SW-15 bentonite disk
cross-sectional surface, inlet side
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FILM-6
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Fig. 4.2-6(2) The SEM photo of SW-15 bentonite disk
cross-sectional surface, outlet side
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(@) Cross-sectional surface, inlet side
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(b) Cross-sectional surface, outlet side
SW15(DANMEN SITA) EDS-2(AREA)
(Full Scale : 4191counts)

Fig. 4.2-6(3) EDS charts of SW-15 bentonite disk
(a) cross-sectional surface, inlet side
(b) cross-sectional surface, outlet side
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Fig. 4.2-7(1) The SEM photo of SW-45 bentonite disk
bentonite disk surface, inlet side
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Fig. 4.2-7(2) The SEM photo of SW-45 bentonite disk
cross-sectional surface, inlet side
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Fig. 4.2-7(3) EDS charts of SW-45 bentonite disk
(a) surface, inlet side, (b) string-like material, inlet side
(c) cross-sectional surface, inlet side
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Fig.4.3-1 The cumulative effluent volume of polyacrylic acids solution

with relation of time dependence

o W-15
N 1 W-45 ]
O  SW-15
i v SW-45 - i
[ % v .
O 8 X o q
Vs < O ]
N i
& o %% '
- < o . < &
0 20 40 60 80 100 120 140
Time/d

Fig.4.3-2 Comparison of permeability with relation of time dependence
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Fig.4.4-1 The chromatograms of W-B and SW-B with relation of time dependence
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Fig.4.5-1 The chromatograms of W-15 and SW-15 with relation of time dependence
PAA : MW 15,000
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Fig.4.5-2 The breakthrough curve of PAA solution with relation of time dependence
PAA : MW 15,000

Co: the initial concentration of PAA,
C : the concentration of PAA in the sample at sampling day.
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