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Possible fouling mechanisms Possible fouling mechanisms
[
Feed X Membrane X Operation
structure(pore size,
Organic substances/ surface roughness) Dead-end or Crossflow
Colloids, Concs. X x
x Material Module geometry v
pH, temp x =
L . p—
Pressure, Flowrate )
etc.
*No two feeds are *Impossible to change *No unified standard
exactly alike. only one parameter
Time
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If “adsorption” is the dominant factor to decrease flux

I
(1) Closed-loop cross-flow filtration tests
Untreated Feed
membrane
+ — | Filtration test

Resistance overall

(2) Pure water flux tests with membranes that are immersed in solutions of
the same fouling substances

+ — | Permeation test

Treated

membrane Resistance by adsorption

Pure water

The concentrations of the fouling substances and the pressure being

% KOGAKUIN UNIVERSITY

% KOGAKUIN UNIVERSITY equal, the fluxes in both tests should be comparable to each other.
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Comparison (BSA 500ppm)
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Time [ min |

' KOGAKUIN UNIVERSITY
é K. Akamatsu et al., J. Membr. Sci., 594 (2020) 117469

THIRKE

Experimental: filtration tests & pure water flux tests

Flow (1) Closed-loop cross-flow filtration tests

meter —| Filtration conditions l—
Needle Valve @Pressure sauge

Solute : BSA, Sodium alginate (SA)
ﬁ Conc. : 10 ~ 5000, 50~1000 [ppm]
Membrane Flow rate : 2 [L min‘]

Cell {

i (2) Pure water flux tests after immersion

Permeate —| Immersion Conditions l—
Pump
| Q

Temp. : 25+0.5 [°C]
Solute : BSA, Sodium alginate (SA)
Wh

Conc. : 10 ~ 5000, 50~ 1000 [ppm]
Feed tank Thermostat

Time : 5, 20 [h]

—| Pure water test conditions I—

Flow rate : 2 [L min']
Temp. : 25+0.5 [°C] 10

Material: Polyethylene (PE)

Ave. pore size:0.06 [um]

Porosity: 41 [%]
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Comparison (SA 500ppm)
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: 10 Open : Immersion Pure water
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N
'c 6 Pure water
—
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5
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0
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Comparison (BSA)

I
12

Closed : Filtration
Open :Immersion
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Relationship between adsorbed amount and flux

Flux
)

=

Const. Const.

Adsorbed amount

Conc. Conc.

Adsorption is the dominant factor to decrease filtrate flux, which
indicates us to develop membranes with adsorption-free surface.
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Comparison (SA)
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Experimental: Production of an advanced oxidation water
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Advanced oxidation water

H,0, —» HO, +H*

: . “I HO, +0; — +OH+0, +0,
@ 0

@) gl o

@ q |k Gas-liquid | Water flow rate 1

= g | mixer [L /mm]

o) o

— 1 r ! Voltage [V] 100
/ \ Electrolysis

j‘(/ cell Current [A] 2

| Ozone [ppm] 2

0.3

H,0, [ppm]

Tap water



Experimental: Surface modification via the novel method

[Surface modification]

Relationships between AGET-ATRP time and grafting amount

(D-OH generation (@Bromination (BAGET-ATRP
Immersion in AOW [h] ‘ 0.5 Super-dehydrated 40 MEA [mol L] 1.0
dichloromethane [mL]
(D-OH generation via Fenton! - - Pure water [mL] 20
Triethylamine [mL] 3.5 Ascorbic acid [mol L'}] | 0.20
Pure water [mL] 20 BIBB [mL] 33
Ethanol [mL] 20 X X S : PMDETA [ut] 140
Reaction time at 0°C [h] 1 CuBr, [g] 0.020
N, bubbling [min] n Reaction time at RT [h] 24 : :
Fecl, [g] 0.04 Reaction time [h] 1~48
H,0, [ml] 2.2
Reaction at 50°C [h] 1

[ Characterization]
FT-IR, FE-SEM, mechanical strength

' KOGAKUIN UNIVERSITY
é TIFRAE

Surface uniformity analyzed with FT-IR mapping (400 um X 400 pum)

11735 /11472 | (a) 0.086 mg em™

mirs

(b) 0.12 mg cm?

(¢) 0.20 mg cm™
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[1] K. Akamatsu et al, Ind. Eng. Chem. Res. 60 (2021) 15248.

™ K. AKamatsu et al, Ind. Eng. Chem. Res. 62 (2023) 10611.
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Wavenumber [cm1]

K. Akamatsu et al, Ind. Eng. Chem. Res. 62 (2023) 10611.

Uniformity in thickness direction (grafting amount: 0.10 mg cm™)
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FE-SEM (magnification X 10,000) BSA filtration tests (grafting amount 0.12 mg cm?)
I I B

AP AP X 1.5 AP X 25

(a) unmodified (b) Fenton (.10 mg em? (c) Advanced oxidation

water (0.094 mg em?) Fenton
Advanced oxidation

water

unmodified
0 1 1 1 1
0 60 120 180 240 300
KOGAKUIN UNIVERSITY P KOGAKUIN UNIVERSITY Time [min]
& THImAS K. Akamatsu et al, Ind. Eng. Chem. Res. 62 (2023) 10611. 7' & Tamxs K. Akamatsu et al, Ind. Eng. Chem. Res. 62 (2023) 10611. 2?
Effect of the grafting amount on the low-fouling properties Relationship between grafting amount and L
I [
10 400 Closed: Before BSA
AP AP X 1.5 AP X 2.5 ¢ o Closed: Before BSA test
e - 350 Open: Af;"BSl’:AteSt Small  Graftingamount large
DR L 0.20mg cm2 P 300 - ue: Fenton w w w w
°-'E 0.12 mg cm A . Red: AOR % Z % % % % %
- L [ ] ] 7

'K *+4 0086 mgcm? R 20 e s 1L L
N E 200 00 80 poor  Fouling suppression good
g ) mE 150 L oO ; ) high Permeability low
E unmodified i 100 © e

=, = st

=
N 0 1 1 1 1 1
0 005 0.1 015 02 025 03

0 60 120 180 240 300 Grafting amount [mg cm-Z]

Time [min]
KOGAKUIN UNIVERSITY ' KOGAKUIN UNIVERSITY
THmmAs K. Akamatsu et al, Ind. Eng. Chem. Res. 62 (2023) 10611. ** é THIRAS K. Akamatsu et al, Ind. Eng. Chem. Res. 62 (2023) 10611. **



Low-fouling polymers: betaine polymers

Betaine polymers (soluble in water)

0 N

1 8

Poly(2-(methacryloyloxy)ethyl
_~ phosphorylcholine) : MPC
5}

O\
o/\o/\/ P ~ \
o
/1’1 | Poly(2-(methacryloyloxy)ethyl
@ Joi dimethyl-(3-sulfopropyl)
oo N g ammonium hydrixide)
(@] o ‘ //S\O
[S]

‘ &l

0]
@

/ o/\/N\/Qo
0 \

Poly(1-Carboxy-N, N-dimethyl-N-
(2’-methacryloyloxyethyl)
methanaminium inner salt)) :CMB

-> Blending with PVDF is difficult.

PMEA (insoluble in water) ‘

Poly(2-methoxyethyl acrylate)

r:3/\/0\

R = —er

- Blending with PVDF is easy.
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FT-IR and XPS
PMEA
PV¢DF
0.5 y i _PVDF
PMEA7 JVA\b —Theoritical ratio
04 F @ Experimental ratio F/n
PMEAS J H
—_— —03
S L PMEA
2 |PMEA3 JUA\}KJ =
< 02 +
PMEAL1 y ol NP
PMEAQ _ A\ . . o
3500 2500 1500 500 0 0.1 03 0.4 0.5
PMEA/PVDF [-]

Wavenumber [cm™!]

PMEA composition at the membrane surface can be tuned by the composition of the

KOGAKUIN UNIVERSITY
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dope solution.
S. Ohno et al, Sep. Purif. Technol., 276 (2021) 119331 2/ é

Experimental: Preparation of PVDF/PMEA blend membranes via NIPS

Membrane PVDF [wt%] PMEA [wt%] NMP [wt%]
PMEAO 15 0 85
PMEA1 15 1 84
PMEA3 15 3 82
PMEAS 15 5 80
PMEA7 15 7 78
|$ |$ NMP  Water <Characterization>
@ *Viscosity (dope sol.)
\ “FT-IR
Casting Evaporation (30s) Phase Separation *FE-SEM
' KOGAKUIN UNIVERSITY
€ TrmAs 2
FT-SEM observation
I
PMEAO PMEA1 PMEA3 PMEAS5

PMEA7

Surface

Higher
magnification ;‘
of the cross-
section

0pm |

97+1 [pm] 136+4 [pm] 13845 [pm] 15545 [um] 144+5 [pm]

Macrovoids of the blend membranes were larger than that of PDVF membrane.
' KOGAKUIN UNIVERSITY

Thickness

THIRAS S. Ohno et al, Sep. Purif. Technol., 276 (2021) 119331 ¢
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Pure water permeability L
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1400

1200 +

1000

800 | +

L, (102 m* m? s Pal]

0 i I_ij

PMEAO PMEA1 PMEA3 PMEAS PMEA7

L_becomes around 10 times larger in the blend membranes.

P
S. Ohno et al, Sep. Purif. Technol., 276 (2021) 119331

Stability in water

[ S—
1
09
0.8
X
_ W y X :PMEA7
= 06y x M :PMEAS5
= 057 . u A :PMEA3
2 [ ]
g 04 " @ PMEAI
0.3 A A A +  O:PMEA0
0.2
0.1 ‘ . ¢ 1
0 O
0 1 2 3 4
Time [week]
PMEA leaching from the membrane did not occur in water.
KOGAKUIN UNIVERSITY )
THRAS S. Ohno et al, Sep. Purif. Technol., 276 (2021) 119331

!

% KOGAKUIN UNIVERSITY
T

Flux [10°m? m? 5]
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Low-fouling property

| —
10 1 Y
9 | PW BSA PW 09 | R 2 °) i
A
_ 8 08 | r .
2ot 07 |
5 6f - 06 |
& .
T 5| S5
= 4 04 |
E i
= 3t 03 |
2 | 02 |
1r 01 |
0 1 1 1 1 1 1 |> 0 1 1 1 1 1 1
0 30 60 90 120 150 180 210 0 30 60 9 120 150 180 210
Time [min] Time [min]

X:PMEA7 l:PMEA5 A:PMEA3 €:PMEA1 O:PMEAO
The blend membranes exhibited low-fouling properties against BSA .

sk S. Ohno et al, Sep. Purif. Technol., 276 (2021) 119331

Effect of BSA adsorption (without pH control)

[
Pure water flux after the contact on feed side Comparison of L, in filtration and contact tests
10 100
9 | 90 | Open; Filtration
g | 80 k Close; Contact
7t 70
6 I X 60 t
5t £ 50
£
4 PMEA7~}Q 40
3 E - - oy PMEAS5 30 |
—~PMEA3
2 20 |
18— ¢ ¢ ¢ ¢ N - PMEA1 19 H
PMEAO
0 1 1 1 1 1 1 0

0 30 60 9 120 150 180 210
Time [min]

PMEAO PMEA1 PMEA3 PMEAS PMEA7

sk S. Ohno et al, Ind. Eng. Chem. Res., 61 (2022) 15326



Effect of pHon L, Effect of pH on low-fouling property

[ [
10000 PMEAO PMEA7
— i 10 10
7 [ 9 | BS BSA BS 9 |BS BSA BS
= 1000 ¢ s | 8t
N'E :m 7t :m 7t
- - E6 | g6 |
,:E 100 ¢ EPMEA0 Es| Es |
S ; EPMEA7 2 4 toen =4
= > ‘ | 7
- L = 3+ \ peood = 3 ¢
~ 10 s = ) | el = Sl
; 1} 1}
o I pesposgosgooges o |, o, . o
1 0 30 60 90 120 150 180 210 240 270 300 330 0 30 60 90 120 150 180 210 240 270 300 330
3 4 5 6 9 10 Time [min] Time [min]
P KOGAKUIN UNIVERSITY pH ) KOGAKUNUNIVERSTY (APH 3, OpH 4, TIpH S, 3 pH 6, +pH 9, @pH 10) |
é THRAS S. Ohno et al, Ind. Eng. Chem. Res., 61 (2022) 15326 33 é THIRAS S. Ohno et al, Ind. Eng. Chem. Res., 61 (2022) 15326 3
Stability of the membranes Summary
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1
09 | vV BREEERYMORENEERBROERRNTHINRBHOFIELLT,
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” 8 ?  PMEA7
oc o o ApH 3, LIpH S, OpH 10 sz i DIRFE ZHIHI T BE 5 F D 1 DTHS poly(2-methoxyethyl
= 0'5 acrylate) ZIREH S UHMFLRENZT STF 51=8%, {RERLEKLIER(Z
L s AGET-ATRP Z1T3FHEA BN TH S
=03} v’ Poly(2-methoxyethyl acrylate) & PVDF DFFMED S SE=FALTIL U REE
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01 f PMEA 0 A
o ¥ o n o ®  ApH3, MpH 5, @pH 10
0 1 2 3 4
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