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Solute filtration pore size

atomic/lonic low molecular high molecular micro particle macra particle
range range range range range
Pore Size 1A 1nm 10 nm 100 nm 1um 10 pm
|_ | I | i |||||_|I I [ M T W | [ I A | { | ||:|||! L
MWCO (D) 100 5,000 500,000
salts proteins bacteria
Removed hormones macramolecules yeasts
solutes, : }
particles humic acid viruses
clay particles
reverse R
. Membrane distillation
0SMOosis
Membrane nanofiltration MBR
Processes
electrodialysis ultrafiltration
forward osmasis microfiltration

Warsinger, D. M. et al.,(2018). A review of polymeric membranes and processes for potable water reuse.
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Desalination & approved a1 a natonal
progect by JFE | 1961)

15t (1960-1970) 2nd (1970-2000) 3rd (2000-)
Generation ik Opening of Reduction of Energy, o
Market Channel Environmental load, Cost ® MED
* RO (Crosslinked | ®Pursuit of Existing " RO
* RO (CTA, Linear PA) PA) Ultimate Technology
* UF | MF * UF/MF ®Pursuit of Future
- : ::F e : :2: | MED E.Fs:’uiﬁllmethgy
&Technology | , . ,citorbased . ED “PRO Process [
Water Treatment * FO Concept *CNT Membrane
* Piezodialysis * PRO Concept *Bio-mimetic Membrane
« RED Concept *Graphene Membrane
Participant 8§
Nations | -Ush €0 (Garmary) | VS EU 0 |USA U apn
(Leading & *China, Korea *Singapore, KSA JENRERER
Newcomer)
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> 18t generation membranes (1960°s — 19707s)

1. General Atomic Co. — 5512 i Efa g 48 #E (Cellulose Actate, CA) ¥ 1E

asymmetric .
cellulose acetate , Spiral-wounded . water
membranes elements purification
UCLA Us., JP. 1960 ~ 1980’s

2. DuPont — 5132 S FB& %2 (Polyamide, PA) T ZE 45 # 5

polyamides with

i hollow fiber )
pendant sulfonic > > withdrew
. modules
acid groups )
DuPont DuPont: B-9, B-10 2001
. . TEBHRER
Source: Kurihara and Sasaki, 2017 A8 st Technology
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% 2nd generation COMPOSITE membranes (1970’s — 2000°s)

__—»Cellulose Acetate, CA

~ ™ itrocellulose or PET

Separating layer

Cross-linked aromatic

/' polyamide, 0.2um

~~ Support layer

Poly sulfone,
60um

Non-woven fabric,
150um

— — — — —_— —_— —_—— _— —_— _— _\
5 S e
¥ 1 mT
4 et

Source: Kurihara and Sasaki, 2017

Interfacial polycondensation!
|

Organic Phase
CoCl cocl

I
: l
Polyamide Acid ¢~ 7 :
Thin layer halide 7 clog” > CE}CII

el cocl G
'rﬁﬂf?iuzf‘o“" NH NH,
e - 2
AminE HHZ_ HEN/@NHE

Acgueous Phase
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%214 generation COMPOSITE membranes

Changing of Control of Interfacial Polycondensation Reaction
99.8L =
Material and/or
B Morphology of
E? 99.5 _ Membrane
S 990f EA . (1987)  (1988) (1996) (1999) (2009)
E Msyrn:l S Crosslinked Aromatic PA Composite Membrane
o gg ol Membrane
= | (19 Crosslinked PA
Composite
95.0} Membrane (1980's)
gu‘u : ] ] [ ] ] ] [ | [ | 1 ] [
0 0.2 0.4 06 08 1.0 1.2 14 16 18 20 22 24
Flux (m®*m?d MPa)
50 3.0 20 15 1.0 0.8 0.7 0.5
Medium Low Pressure Ultra Low Super Ultra Low
Operating Pressure (MPa/(m*m?d ))
_ _ TSI
Source: Kurihara and Sasaki, 2017 [ e
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% 2nd generation COMPOSITE membranes

Surface Cross section
(SEM) (SEM)
o
6 Protuberance Structure
E L |
T o
w
7 5
E
o S 8 93 ™
Low Pressure RO Low Pressure RO Ultra
UTC-70 UTC-70L LowPressureRO Low Pressure RO
| Il uTC-70U UTC-70UL
i v )
. . . T &Rz
Source: Kurihara and Tomioka, 2010; Kurihara et al., 2015
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> 31 Future essential technologies (2000’s —)

Three tEChI'IOlogieS promise to reduce the energy requirements

of desalination by up to 30 percent. The race is on to see which will take the lead.
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Membrane

Carbon
o) nanolube  Protein - “
solution @ P o -ro k. : Ahiseeld :f ol 2 "
@ 9 @ @  FRESH WATER of @ o o, B . o %t
o729 9 W, v M L P,
@ - - < - & a9 d %
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FORWARD OSMOSIS + CARBON NANOTUBES : BIOMIMETICS
: . e 35 305 A
Source: National Geographic, 2010. I il eitined
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Osmosis Osmotic pressure Reverse osmosis

Semipermeable

membrane

_ TS TRTZERE
Source: Toray Industries, Inc., 2012 researcn mathue ™
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Pori-;ow model Solution Diffusion model
oW .
ol R

7))

\\\}P{\\\
L L Lol L L L

Microporous membranes Dense solution-diffusion
separate by molecular membranes separate because
filtration of differences in the solubility

and mobility of permeants
in the membrane material

T EBMRTERR
Source: Baker, 2004 A8 st Technology
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X R Bl IR SR AR T

™ Ny
Microfiltration
1000 Microporous
Knudsen
< _ L flow
pu membranes
)
'E':_ p—
£
b
k=]
g2 100 Ultrafiltration
Q.
§ Pore-flow
IS microporous
2 membranes
o .. . 1| Finely microporous Intermediate pore-flow
10— rati .
Normally 5 - 10 A Nanofiltration ceramic/carbon solution-diffusion
R I e .} | membranes membranes
o Homogeneous
Normally <5 A Reverse _ Gas separation dense membranes
OSMOSIS Pervaporation with polymer films solution-diffusion
1
Liquid p;rrmeation Gas permeatic:-n
TR FIRR
Source: Baker, 2004
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> Solution Diffusion model

When thermal motion occurring
in a polymeric matrix.

’ Carbon dioxide - )
) Jump length A i
25
. From Smit et al. (1992
By repeating these om Smieta (1992 Jump
. A

calculations  many 20 |

times and averaging Movement in cavity
. <15 M tin cavi

the distance moved ovementin carty

by the gas molecule, 2 i |

. . . J | h

its diffusion v ump fend!
. c Cavity size

coefficient can be '

calculated. . L

0 20 40 60 80 100 120 140 160 180 200
Simulation time (picoseconds)

. T RIHER

Source: Smit et al., 1992 vt echotos
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X JEMBUE - SREE S, Interfacial Polymerization

1960 O UCLA, Prof. Samuel Yuster, Dr. Sidney Loeb and Dr. Srinivasa Sourirajan — 55 15&3F
SR A ER P2 EE

Organic Phase Inventor :
cocl coc! John E. Cadotte when at FilmTec (—Dow—DowDuPont)
' ' Hexane-acid
o y —0 . chioride
hal ide cioc” > coa : 77/ solution

coc _D

NH;
Amine @
HH

’1:} Aqueous

MNH o
::) aming —» 7
| e\ solution L

pis

Aqueous Phase j
Surface of polysulfone
support film Anine
cuating
a5 3000 A
Source: Kurihara and Sasaki, 2017; Rozelle et al., 1977 i et
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% W& SL1E — Interfacial Polymerization : R2R

Cven |

Owven

Take-up
— } rofll

Protective
coating solution

Source: Baker, 2004
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v Composite support
. membirane feed roll

Organic acid
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« BB 1 (electrodialysis, ED)
—HAERINHEMNERE - FKER
PR EREENEREE - Wi
- RIRE RS T ANER

o BT E FE AT (electrodialysis reversal,

EDR)
EOSHRMEBEBRNENN  (FRLERE
15 SR R

4
&
€
catlon exchange membrane anion exchange membrane
Figure 1-1 Selective permeabilty of CEM Figura 1-2 Selective parmeability of AEM

T ¥R
Source: Strathmann, H., 2010 MY e Technlogy
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(a)

@ counter ion © fixed ion
O water molecule

interstitial phase Bk 1 JE i Ak (diffusion) -
\/ &5 /&% (electromigration)

S puaee - #1357 (convection) 1 }E
#&(hopping) - TEEEFAIf
EAZE

lon channel (free volume)
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X 198018 vs ZHIE

yskicfL ] FZHAE
fLIR = /\ +*
BE (um) 100-200 200~400
fEE &R (Q.cm?) <5 >10
B IRE (%) <5 <10
i B st (pH) 0-14 2-12
BIFRA ERSER - Rt~ = ®lEER - BERE

AN (75/m?) >2,000 <1,200

I%B&ﬂ?ﬁﬁnlﬁ'—.
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B3 IRHE (IEM)
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f Hydrophobic phase
lon channel
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2 o we s

" e w Electrostatic repulsion
- v o

. et
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L] e
X .
\ PAES-im-Xc AIEM

e

The possible mechanisms of perm-
selectivity, including pore-size sieving
effect, electrostatic repulsion and
hydration energy difference etc.

_—

d)

, surface
__— modifications ~_
of IEMs

highly cross-linked / \ dense and neutral

layer layer
(b)

I TITITTISITIITITIS
ALTTLTTLLLRRR R R R R R LR RS

o222z

4

oppositely charged Layer-by-Layer
layer (LbL) film

Fig. 12. Illustration of the surface modification types of ionic exchange mem-
branes (IEMs). (a) Highly cross-linked surface layer with the same ion exchange
groups as the membrane bulk, (b) surface layer with fixed ion exchange groups
with charges opposite to those of the membrane bulk, (¢) LbL film, and (d)
surface layer formed from dense and (mostly) neutral polymers. Dimensions are
not to scale.

Journal of Membrane Science 555 (2018) 429-454
Journal of Membrane Science 577 (2019) 153-164
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CEM AEM

Thickness: 200-250 uym

H,0 H,0 Burst strength: 20.25 MPa
« Water splitting voltage®: 0.8-1.2 V
i 1+ Water splitting efficiency™: 98%
) e+ OH- + *Test condition: 1 N HCI, 1N NaOH, 100 mA/cm2, 30 °C

Fumasep FBM

current voltage plol lumasep FEM

Yy
L LAt S 0w wen EeL]

;nur-ﬂl damaity Tmlnm'll

{E1EE
(Cr3*, Fe?*, ZrO,, Al,0,.Si0,)
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(a) Tortuous path spacers (b) Sheet flow spacers
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{ — = s =R inlet — Irntumtrial Techaalogy
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Feed solution
flow path\/ r’_ e
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Baker R W (2004) Membrane Technology and Applications, 2nd ed., John Wiley & Sons, ISBN 0-470-85445-6
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Strathmann, H. (2010). lon-exchange membrane processes in water treatment. Sustainability Science and Engineering, 2, 141-199.
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KIMAE Z2

/ Salt and Water \ / Salt and Water \
Water Water Anions Cations
AP l AP
K Salt / Water
Reverse Osmosis Electrodialysis
(FE ) (BE 32 H2BR)
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SKERE

aﬂi

X 3

S

Typical Feed TDS 500 to 10,000 mg/I <50000mg/L

Silica in Concentrate unlimited undersaturated

pH 2 to 10 3to 10

<DI <10(5 m!n. test) for c.c:ntinulous < 4(15 n.1in. test)
<15(5 min. test) for intermittent | for continuous

Free Chlorine g;nr:;//l_l fi;jrrif"u?::ri:ii;t?:i <0.1 mg/L

TOC < 15 mg/l <3 mg/L

COD < 50 mg/l as O, < 10 mg/L

Iron < 0.3 mg/l < 0.05 mg/L

Manganese, Aluminum | < 0.1 mg/I < 0.05 mg/L

H,S < 0.1 mg/I <10 mg/L

B U= 60% or above 40~60%

I#ﬂiﬂ?ﬁﬁn[ﬁ'—.
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