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Quantification and solutions for membrane damage due to
free chlorine in seawater reverse osmosis (SWRO) process

Minseok Kim

Department of Civil Engineering, Grduate School
Pukyong National University

Abstract

In seawater reverse osmosis (SWRQO) process, free chlorine is used
in a pretreatment process to inhibit biofouling on reverse osmosis (RO)
membrane.| The residual chlorine in feed water should be eliminated by
using sodium bisulfite (SBS) before flowing into RO membrane becaus
e polyamide ‘RO membrane is damaged by free chlorine contact. In a fi
eld application, ‘there' always exists a risk that . .SBS injection pump is
out of order so that*polyamide RO membrane may be damaged by the
residual chlorine. Chlorine disinfection can be replaced by ultraviolet (U
V) disinfection.

The objective of this work is to quantitatively investigate the effect
of residual chlorine attack on polyamide RO membrane and assessment
of UV disinfection as an alternative of chlorine disinfection.

Lab-scale RO tests were performed to see changes in permeate flux
and salt rejection by adding sodium hypochlorite and SBS. In addition

the effect of UV disinfection on bio—fouling was investigated.

- vii -



As a result, the permeability of RO membrane decreased after resid
ual chlorine contact, which does not mean damage of membrane, but
means the change in the membrane characteristics. And UV disinfectio

n was found to be used for the bio—fouling control.

Keywords: free chlorine, polyamide, seawater reverse 0SmosiS process,

ultraviolet, bio—fouling
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I A9 (reverse 0osmosis)

A7) =2 W (electro dialysis)
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08; Hassan et al., 1998).
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2AE AFAe 3o (Glater et al., 1994).

"U
>

)

1o

-

BN

)

ot

g =

] | AL

. wd Y = 503 =Y
a8 2.6 Polyamide 2f T =(Glater et al., 1994)

2.2.2 Polyamide (PA) 9 HaaA R &4

o
s
=
[t
ih)
s
=
X
i
B>
[
N
N
u
=
T
N
Lo
®,
o)
=
S
=)
z
=3
o
5
S
z
=)
Ue!
o
o)
o]
ot
192}
e

Z A Hk-g-3}o] N-chloro F%=A7F A ¥ W= 112 (aromatic ring)

rlr
jults
B
2
o
o,
2
2L
2
oL

=] 3k(electrophilic substitution)©] Yot} 11

2] 9 43kring chlorination) RF-&2.2 QI3] dojd 4 Q&= WHgo] F 7}

- 14 -



0
"
C—N
I
H
Step 1 0
Cl 1
— ¢TN
|
Cl
0
Step 2 n
— el 0 Cl
I
H
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H-2(Glater et al., 1994)

AR = AH AdxA WEES X Sh(direct electrophilic aromatic substi
tution)o]th. oln|= ZA3to| Ao N-HZ ZAE HeEH vde= 94 4
of oJajA XHAAE WFSH X Fro] & dojdrh(1d 2.7 Step 1 Fal).
EA= obv= Ajtel dE A A 943t vkg(chlorination)S &
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(1) A4 7] B (natural organic matter, NOM)

NOM 045 um Rt} 2H& 8FF7]eka(dissolved organic carbon)
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=

7FZA e (Thurman et al.,
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2.3.2 7] 92 ¥ (inorganic fouling, Scaling)
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1982; MacCarthy and Suffet et al.,, 1989).
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$olt 2A7k gtk 28 0, ClL5el Aahald o8] Fetm 4ba)
5@ Fe(OH), FAEol ¥45o] Hode Fudth o #9509
322 B pHol me 27 #99eh © F CaCo,, S0,E A3
o2 AA7 F5sAT CaSO,, BaSO,, SrS0, 5& AHo= A} of
Peum AAYE Fohel §U BASL WY AAs FHAAE, 20

10).

(2) &g =Ad

Gakd 2Add = CaSO, (calcium sulfate), BaSO, (barium sulfate)

EE SrSO, (strontium sulfate)7b Atk b A~AdL 34 f3Foly
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(4) 4327} (sillica)

A= YA A2l FHcerystal silica, Si0,), FZol= 22 7H(H] S
T vA2A Ay =5 834 A JHmolybdate-reactive A2 7H=E
Az Aevts 5ol HoldAY EReolE dEA EAEY] W
of FHgeh dgolA AfAHor AAG= A FFAAE AN
Atz F2 EAstY, FRo= At Aol HlaE 108 o] 9]
Gl =E 7H B3 FRol= AYvte A4 ARy pHY o=

gol Mgsth 94y deThe % KEAA B4 BEoE 488

pHE 9 8alméh Aas)m, rie ole2ipHA 2e5% &3
%7b wobdivh wabdel ol gske AU AT, pHrt e AS
o= Bl CO,7b 714 WE[E =ASL pHb Holds% HCO, T

CO,"eN= EAsA ¥t HCO, =E=CO,FE2 EAsA Hw Fol

_L

o8t 2Ade] g4 4 5 3

(2) 7 = (hardness)

A Wi Cat', Mg /b FAReR Axeta vk Ak Awe
PH %2 5ol 27A9e 2AN2 $7 vk 4% 48 =& %
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= HCO,; CO, SO, F, S0, 59 ol So] S A% A7
ot

(3) SDI (silt density index)
SDI= &g % (membrane)dl] e o] Aol < 7S U= H

T2 AeHHY, #F Alg W2 ASTM(american society for testing

and materials, 7= A 5 A] & ¥ 3]) D4189-820]t}. v HA} L= FE o] =9

Sto). 47 mm A7 ZHel| ¢ 2 bard ¥E S

oAl 500 mle] =o] 2% H e ARKT)S 4% F 4 229

Ho® SDI #t& ARt

1= (Ty/T))
SDI:100><+ (2 22)
ANty o2 SDU 3olskelw e AskA gov), 5oldel W A%
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NTU(nephelometric turbidity unit)=

wel e

87

o

.........

Permeate
28 s 22 A S92 T4 3H(Redkar et al., 1996)

---------

.........

o] E# Y (Membrane)S =3}

(concentration polarization)

...........

...........

--------

=
=

a

=
Membrane

)

a9 283 o]

(Crossflow)

=

h =)

[€)

el =27), A
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)

SHAl Ert o]
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<

o=

ko

- 22 -



(2 2.2)

2 thH(Redkar et al.,

2.2%}

1996).

el

(2 2.3)

o]
}

A 233 7o) ela

»A
o

oAl "3, 1999).

=]l. O
By

)
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234 %@ Ao ¥

(1) 2ALY YA Al(scale inhibitor)

CaCO,, 7% #3}2(CaS0,, BaSO,, SrS0,), CaF, 59 ~AdL

A7) gste] 2AY AAAG AGHT 2AY A b gol A

43k dE 2FES SHMP(sodium hexametaphosphate)©] T}, o] 9]¢ 1t

Mozt Fol& WHFAE o g3t 2AUAS FHL FT A7lE o] &
(C* B)5e Na'Z A@ste] 292 oJalshe Pl Ak 274
P4 NF, RO FAol 2 9§ vjAm, A4 292 9% 78 A%

(2) FE5AAZE Ao

Fe?tol olaf @As ~AMle 2Bkl S A $ole BeE 4 AAE
A7} b, A Aeda 2 a9 99 Felte o 7
HAAE ] 2ALS SIS A5 AAs] dET. ol FAfole= S
BS (sodium bisulfite) 5 o83l ZHE& ferric “JHlol Al ferrous “JH
2 XA MAS DA Aot AE, 2010).

(3) &itzs =AY A

CaCO; A9 vre pHolA 47 &aldnh 4 st 4L FaA
CaCO,E 47 AAT 4 Ark. 72ey CaCO,7b CaSO,o] dE A4

- 24 -



oNr e Ee Ca*' F

MIEER

)

)

—
fite)

=
N
o

A A

=
=

I

Z

o &2 et

CaCO,4{s} +Na"+H" +S0,>” < Ca’" +HCO® +Na"+S0,*"

(2 2.4)

. 2010).

el
R

ST A1

(4) A7} 2A YL Al

EREE P

=
3

g =9

[e))
=

2l 7} &7

A

Ammonium bifluoride & H-&

il

AL
;00

)

A2 7= pHZF'8 ol Y u, f2H(sili

=
L

&

cic acid)ol A TFAF (silicate) .2 #alE &, B8 A 774 (insoluble silic

bl goleowm 74 ol

%)
=,

A~
H,

Ztg, vl

S
T

ate)

o

o] F}Aoln}

]

K

= AlAs=
AL A%

TR

<

:ﬁl_

o i A=
(A

. 2010).

e
R
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(5) FAE =AL A

ol
ol

o2 EDTA &

Atk HHE

o~
T

sk
=

o7 AA

Ferate g o)

)
o
=

st

=
[€)

2ALE AA Tt

(2 2.5)

CaSO,{s} +Na" +HCO,” < CaCO,+ Na*+ SO,*~

3} 7]

= AA

o]
=

77k 9t} BaS0, 27

= 2o

a7 keSS0, 27

R

7 B2 AR

2010).

2.4 | AE 2 e ¥F(bio fouling)

8417]

A

(o)

=
[€)

o] A4

= 2427, RO FA4elA

p=2
o

]_

N

Njo
o}
T

o

o]
e

Az e ool & Aol

tH(Vrouwenvelder et al., 1998; Al-Ahmad et al., 2000).

el
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241 9 A

%o

AAZE H A

] Ay & o]

&7

g4

(extracellular polymeric substances; EPS)S

ol
21,

sl 42

= H]

KeX
=

.F_H

S EE R ST

of wep theu,

e

1

=

A g, WA = el

A, o9

el

B

.F_H

o

o]

s st

A 2~
Ele

NS

g

[e]
= &

T

A e ]

d

=)

7F AGA HE e

g

Al ¥ th(Al-Ahmad et al.,

EPSE & m=Z T4 A 848

2000; Al-Amoudi et al.; 2007).

o)

242 MABE 29 FAA

<

Ag A

# o AAE,

to] spiral-wound

o3

LHo=Z

~

il
|
38
ol

7| M Al 7] Ak, hollow—fiber & 471}

0ol f2E

=
T

<A

[ez]
S

)

—
fite)

eyl

A v

)

3

£

N
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el

A
il

Je) 2 )

N

<]

o

_

<]

AN
4

o

o
ﬁo

el
B
—_
fite)

ol

wK

4 A H(Mohamad et al., 1992; Al-Amoudi et al., 2007).

243 MAE Ho g AA

e

wK

-
1

A A ol

ol
21,

A Aol 2] 3 A

P
2LE

15, & 2fe] UV,

<)

dell webs 257 = 2k e (Moham

ad et al., 1992):

(1) 92 (Chlorine) &%

g ALgstol

o =

oJ
=

{2 daA

=3
"o

o

el

I3 RO &4 dAgeld A4 =7F 05 ~ 1.0 mg

9]

N

o Ak
T A

o &= F=Z PA A4

TR
wE

X

—_
fite)

il
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Qat Z1A, Al ez EAstel Ago] Folsta, THE 2FHA
W) 7bAel AWk m, AFYol Qovl QlAe] Fastm il
Airve 7,16

HNAES AAT F Aot S 7FA 2 o 714 dEH Y
0 mg/L A% €31(20C, 1 atm)¥ ™, &% F

3} Aol ko] 2(0CI)E A oh(2A] 26 a1,
Cl, +H,0 «> HOCI+H"+CI~ (2] 2.6)
Aot 2t e Ca(OCly), NaOCle) FElZ o] ALEHH Eo o
W oolestslo] pHel| WA Aolgaat Eiu Ropgistol el Fee

SABHA AoH(A 27, A, 2.9):

Ca(OCl), «> 2HOCl+Ca*" +20H ~ (2 2.7

NaOCl +H,0 <> HOCl + Na®" + OH ~ (2 2.8)
pH7} pKameh ur & A efo = Aok dakel fH7F pKanth =& 3

Bl A Aold it of 20E EABEL Afobd it G Lo

pKazl oF 7.601tH25C 71% K, =25x10"%). 2% g nA= 3
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(2) A9 A (UltraViolet; UV) &%

Ae] 42 100~400 nm Akele] IS ZhA AL lew, 7hAEAA 3 X-
A Abo] Hlojvh(y 2.8 Fan). #pejid o] wie] weks UVA, UVB, UV
C, Vaccum UVZ WFojZth A% go 2 Alg3ls 2 UVC oW, UV
A¢t UVB:= DNAZF F<abA] obx] Xat7] wjiol] 42582

rir
>
>
fo
o

= 91tk Vaccum UVl ZA§- wp3o] #a F3palo]l vry] wio] 44
of mj-g- oy E&S # FHSHA Kopr] wEol] AEEoR= AL

[e3]
S

100 nm 400 nm
Gamma, (| . uv Visible | Infrared
Rays
254 nm
|
Vacuum UV uv-C uv-B UV-A

280 nm |[315nm
100 nm 200 nm 300 nm 400 nm

a7 29 MXZ] AHEZHOAM UVH 1 X(U. S. EPA, 2006)

UVA®] sl 315~400 nmolth. UVAE 9]%2 Wz us =
bzt w3 W] Aol gate] v wmao] e P AR =4S
Jo7 4 Utk UVA *% Al7te] 952 192 Au= ZojAw 7%

oF Aol 9j¥o] UVBS Zth= A7 A7t Hus7|= a3t o] §
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Al F2 292 @ 9 AgHY TO, S 3
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fite)

el
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kel deoltt. UVBY o
UVB
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=

1

j
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il

o] 280~315 nmol

Z1A gl Abg-5 AL gt

el

il
=y
)
of-
ﬁo
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3l 200280 nme] I}
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-

B

=
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T
Ak
=
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1

t}. = UVB
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.
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17 =
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=
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o] 7w
#7182 2(TOC)

(U. S. EPA, 2006; =312 -5, 2010).
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(3) &<(0Ozone)

Q.FL 1785 V. Marumell ¢JsfA =4

i
32
v
o
rlo
=
o)
rlr
o
1=
o
N

Aolw F7] Fo %t 30 % ool Zuk 9 FHo| glom u7]E<]
QEgHEFe] 025 ppm oldeld AA] otdgFE m AT 2FL 20 T
oA 20 ~ 30ie] wIE 7HAM &8s 570

m;
mAgEe] AEdE FEA7IAY st AAsE s HAA Ao

ri
o
o,
o
o
o,
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ol
)
i
P
i
dpx
=2
2
J
]
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31 43 A=

(1) 434 9=

=
=

FgE 0.1 MQ)

<

(A

JJo

0
ar

<H
ar

%

9

I

A P Bl

bol AR 8

G

Az

NaCl 35,000 ppm<

F3 o NaCl 35000 ppm<

g3

il

o

bl 4¢

oA\ -5

=
3

o A

)

NaCl 35,000 ppm= A=

A A3k

(2) Lab scale RO %=

of AH&

249

S
T

AL-S-SHS0N  §35°3.1

| &

A

Lab scale RO %

%

ol
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27TE RO FAAE doda, 22244, 9582 RO Cell, A&
Tow FAH vk dg WA &2 100 Lo, fg | W
UV ZA (&% 31 #a)E AAse] vAdE T A 49
o},
F 3.1 Ultraviolet (UV) AteF
Characteristic Value
Cap/base 4-pin single-ended
Tube diameter (mm) 19
Lamp voltage (V) 82
Lamp current.(A) 0.35
Lamp Wattage (W) 23
UV-V 100 (W) 3
Maintenance 9000 h (%) 80
Useful lifetime (hr) 9,000
=4 http://www.philips—korea.com
LEZHIR= 10 ~ 30C (205 ~ 1O)E d59 258 24T F
Ko, AAoM e 225 FAANT= HAH o2 AMEEAT RO Cell&
AA RN QD57 2= 2 WA 66 cm?, 7FE 11 cmx AlE 6 cm)S 1A
AA FE S e A s Aoy
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32 48 &4 ¥4

1) 4 AAL

ro
o,

Aol ARS T Adx E4& NaCl o]9d+= EAsHA 7] o

ol HEX(Conductivity)E& AF&3ste] 4 AAES AT 31, F

al).
R (%)= 1 5 100 2
R g AAE (%)
Cp : A5 A =E(mS/cm)
Cy A+ A E=E(mS/cm)
Ce ==+ AEE (mS/cm)
A4 Ax®& YSI 63 (8 32-3a)S Algstel Ao, YSI

639 Al E 329 #Zrt

E 3.2 YSI 63 H A (&X: www.ysi.com)
=4 g =4 W9 A= A4
0 ~ 4999 us/cm 0.1 ps/cm
0 ~ 4,999 us/cm 1.0 ps/cm
AEE + 05 %
0 ~ 4999 ms/cm | 0.01 ms/cm
0 ~ 200.0 ms/cm 0.1 ms/cm
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a8 3.2 YSI 63(&x: www.ysi.com)

FAEAE BBF A DR 390002 245

[e] =

33 Z).-di o] SEMEE S DPDEIIEOE =7 S BhsleH, 54 |
0

a2 3.3 DR 3900(& X : www.hach.com)
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A s3lo] I & AxE Fostdt A
&S 50, 30, 10, 40, 20 bar o2 13] AAsta, o=z 13 A st
7y dHA A FRHES 23] FAHSAHE 42 A1)
T 42 94X E(18]) £ SBS ¢ Zi(FEFE AEH)
SBS 4 A SBS 4 ¥
Ge(bar) | g T4 g R F4g
(m/day) (m/s pa) (m/day) (m/spa)
10 0.306 35T 0.222 259 x 10"
20 0595 IAID" 0.445 259 x 10712
30 0.878 339 x 1071 0.661 255 x 10712
40 1:143 Ty 0.894 258 x 1071
50 1.402 325 x 10°% 1.118 257 x 10"
6E-12
oA~ ¢ &
AL 0| T
& 4E-12
— A A A A A
of 2e-12
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0 10 20 30 40 50 60
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