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Effect of Silica and Iron on the Fouling Tendency of Reverse
Osmosis Membrane for Treating Wastewater from an Integrated
Iron and Steel Mill

ABSTRACT

An integrated iron and steel mill uses a large amount of water and produces wastewater which contains various contaminants such as
iron, manganese, etc. Especially, in some regions of Southeast Asia, the concentration of silica in iron and steel mill wastewater is
higher than in other countries. Silica is known to be one of the main causes for fouling in the membrane processes for water reuse. In
cases of high concentrations of silica in iron and steel mill wastewater, the ferrous silicate tends to be formed. This could lead to higher
fouling tendency depositing on the membrane surface. Therefore we conducted a pilot test to investigate the effect of silica and iron on
the fouling tendency of reverse osmosis (RO) membrane for treating two types of wastewater from an integrated iron and steel mill. In
this case of treated wastewater from iron and steel mill, RO pilot plant was operated with the fluxes 15.9LMH and 18.8LMH for 112
days to investigate the fouling characteristics. The results found that the fluctuation of flux was much wider than the average flux and
the minimum permeability was low at 78%. In the case of treated runoff from an integrated iron and steel mill, the average concentration
of iron was lower than in wastewater. RO pilot test was conducted with the flux 18.8LMH for 46 days. The results found that runoff
had a lower fouling tendency and pre-treatment using microfiltration (MF) could minimize the fouling problem of RO.
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PN 9 T3 55 YEE FE Wbl AT A
Q] AL AV 2 FREROR T 5 Slek AHER
A 7 3 aee 4] 47 idsle e B9 29
9] FE7} ug- Aolslc) Wong et al.(2014)2 A&l 5 Ao)g
7Fsgt HFE AAstaat 2 7o WA SRl e
Wsd A )Y 7EE53S ZARIITE g A oA
FUE B3 e Ak Al AR A Wted w785
WHollA] frefeht Aol 8-rwe] 2] ek 10%2 Rttt Choi
et al.(2014)2 A4 ATl LA He] s Zdat
g 5 2 FEEEe] ILEER EABl] o)e] Aot Eas)
that ARBIIEE Choi(2013)= AEulE Aolgsb ] Slelirhe 24
ks o83 flE Xt dasithr AXBIIT:

FHoProF A AHAe] 739 It 27 ALkERS 3009 =olH
AY G AR 353m’ o2 27 AF I S AL
42m/E0 2 UEIT) 84 ALgEo] B Al HA)e] AE- o)
s B3 ARYE SV Al vies Arks B8 A
Ale] ¥ste] 7o) B Arwe] AT S HHOE A
Aekgol| st HF EiehAl WeEar Qlrk & ee] A4S
I g Bxo 7 ek microfiltration (MF), reverse osmosis
(RO) &= o83 H+ A&go] digh e A7} Y=L
SJtl(Sahachaiyunta et al., 2002; Kimura et al., 2016; Safarik
and Phopps, 2017).

Ale[g4dH] 2ge]] 2le] 71 & BARdE de] Hjdo|n], ROAMH]
o}&3k HE Aol8sh= 739 | HXell oJ3) RO S22 4
} Zrgo] TEETi(Koo et al., 2001). £3) Ag)7ke] %7}t

H AegE Aol§ 8] AR o8sh= A 83l
Hel7e] A o5t v FAlo] wAE = 9lom, 1o
H AU AH] oJa) A7) ofedd] vk Aok k=
So] EA-o] gk Sheikholeslami et al., 2001). 2 7-
H)oje] 9 e} St 3 AN Aee) B§ Bk W
b Sk e shel3l BAES B8 o] B3] RO T
w3l ol 7} Hash Arole) Roque(1996y Tkt
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(a) Inside Pictures of Pilot Plant (Left-MF, Right-RO)
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silicate ] FEZ ZAISICE: Pham et al(2012) UFalE
of oJ3)) Akshe A Aelrle] Seleis tE g el
3o vjal] vton] g3|ARES: 3~208) =g|cial B stk
Chan et al.(1995) 2 Weres et al.(1981)2 H]3& Ag|7h= e
= 9k3d whZe]) 8] A AR wishAl Avial AR
o} uh AEAfe] 2o ofspd Yool ot deprle] Rk =)
AFP] Seirde E, dFrlEe] F55 0.05me/ ofslE AR
AP} =2 vEolok FDOW Chemical Co.). - Gl
AP} gl e ikt B wt w2 g ARl ek st
2 A W 285 AulgE Ao 8AdH] A4R ARS8k AT
Z2(flux), X}9)(trans membrane pressure, TMP) 2 =} #})
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(b) Schematic Diagram of Pilot Plant

Fig. 1. Photos and Schematic Diagram of Pilot Plant
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gjJal AulE dAz] 412391 multi media filter (MME, 6m/hr),
micro filter (ME, 6m*hr), brackish water reverse osmosis
(BWRO, 4m’/hr), SFE8= 9 HIZ = FA4=]o] 9low] vjle]

AR B gE] BAEL= Fig 13 2tk

g glxEo| ARg-E MFS] AJ4-& PVDF (polyvinylidene
fluoride), 3= =71 0.1 pm, Helale 300kPac|th RO 2+
E}f}2 PA-TFC (polyamide thin-film composite)©]™ element
U 272 din, Hd) F9H-E 3.6m*/hro]w ARATE Ak
Table 13} 2t}

Table 1. Specification of MF and RO

(a) Specification of MF Membrane Module

Item Unit Specification
UNA-620A
Model type (Microza™)
Material type PVDF
Membrane area m’ 50
Nominal pore size pm 0.1
Module dimension mm 2,388 x ¢165

(b) Specification of RO Membrane Module

Item Unit Specification
BW30-4040
Model type (DOW Filmtec™)
Membrane type PA-TFC
Salt rejection % 99.5
Inside diameter in 4

2.2.2 MEmE XM2E EeE 03 &Y

A Aelrg Aewe] Aol S E83h7] flEl RO
ARE ol8dhs At Hg Al ARshs 8l =
ofaf] 2t HHjo] 7o) AU = Sk o HKe) 7P & A0S
RO 2ol @739 718 2A1delH o]z Qlel] 2 aAl | .
webs ezl d 9 @R 5o F7F B2 A9 tid RO
ol mX= Gl el AES Fesde] o] TS HAES
aysteit

A Ae)E o143 RO 98] HlEE 1129 59
Isigom, o] 7Rk Fo ROS| FAE A AES 4
ST HIAE 27]e] ROS) 3= 1SILMHE 914%F w-xdst
gomn o]F RO ZE= 188LMHE 7147 219 23819
o Eeas Sl S A A 7R Ses A
Stef sshsic AN ROS| Sheuish, 7 % Helee]
TDS (total dissolved solids), &2~ CIP (clean-in-place) 5]

=5 245}e] RO9] TMP ¥ Ek&(permeability) 5-& FAEsIICE

223 QE XEKHE HAE 0I5 U

g% Aele] A% 2719 RO e AR 5 g 9

AHE<71 RO 3JE-80] 2% 11 53k 2A1Y oA
&o] strjal Harssiet. weh £ A7 AL 9 el
HER= 08 AlEfaE RO 972 AR 7% ot i ds
A 2] g g ARt S0 #2) & Ao dds]
o] oe] thgh FAZ HIREES YISk

SEF AEfeE o837 RO A3 469 Fet Fys3lom,
RO9| &2 188LMHO 2 271319tk Aol RO ¢
wish f 9 AEle] TDS, 82, CIP F7] 55 S43t
RO®| TMP ¥ F3+& 55 HESINTE CIP= v T
10% 782, A2ls 4 Fohe 5~10% 37} 25 o TMP 10~15%

b 2 F VR = ok MR A% S8k

3.2l uE

3.1 MEm XM2leE ErE 013 A
311 Re4E E4 2N

H= Aefre] H pHe 6.901 i 22 311°CEA] o]&
Q) Ae)7t S8)== 140mg/lo]th TDSE 734.8-2,151.0mg/l=
JeRdth A7)1-dEEE 2,0724S/cm .2 Wong et al.(2014)0]
ZAVEF 7H2,368~7,390 1 S/cm) BT} igko vy W)= 94mg/]
o2 vl iR FERIAHCO;) FHR EA8h= Ao
ke

Fig. 2& 4 & I B2 F vlg, 2EE2F, F ol
FTEE S5 Adolrk FAg Al vhr v 200 =L
HFo] AEtlon] $ukilel] 2ERRT o] JElEt] oe
7% AFEF FYdl W 3o 2 Ay v, ~AEERS
it wheste] o sipkEs F/deh F49E o sigkEe] &5
5 S RO wol| 2AIMS AP vzl ZAelt dashck
2 HHE(BaS0,)<] ¢35} (ion product)L 10.05x10°, S3)=
(K, 25°C)2 0.45x107 0.2 o] 23}2o] gaf=2] B} =7
w7 AL FA 7FsA AtHDOW Chemical Co.). ¥HH
ZEZFL o]esiHo] 2o} 2 AU A 7FsAdo] Wkt i
07 FEI} e F ole] AY- 83w ofsle] Aept Fde
A 2ALE A = glom g Axe)r) dasith H o)
Wit T 0.9mg/lo 2 Z7ol= Auide R A Yepskon)
o]F 0.1mg/Ie] 2 P 7k YRt & o]o] 22 7S
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Fig. 2. Barium, Strontium and Iron Concentrations of Treated Wastewater

gjdE] Au)rt |t ol ofsf) wid 4 ARFSSE AIES Barslod
Tl(Julia et al., 2016).

AEl7he 2AYe] FAEH wilg- QHE o] o] AA
g AHe] o]F7] WFe] RO =hs nlAEfol stk wkx RO
uks A8k A AePl s AES F83 ARl 83i=
ol EA) Al 2AGS FATE =g g, d E G
T w590 Ak A At sEES e Y
Q9] 3ll=e W] whizel] ool tigk HEZ} Basirk 9 AlzA}
259 ofahd Agl7le] st 28 AS &, ¢FlEe] $=5
0.05mg/l °)&}2 Hadkal QJt(DOW Chemical Co.).

ATV G A sl E s450) et s=r) 2y
gof] Hl3) F2v ol EFAR] JFo = ek Fig 32
Frdere] et s=Hske Ve Sk Aeirle] Bt ws
20.5mg/io] | 423mg/I7A) A<3180L} o) 20~30mg/l
HAE FAsATE Aelztel ofg @ s Ak Sl
Sahachaiyunta et al.(2002)2 22)7} F% 120mg/l& A&
HIAEE 3l¢iet] 2849 Agjrke 2 T4 A&80 2 54
= FY2E= ASAREL 315E 710l uet REral sigivk

Silica(ma/r)

Average : 20.5ma/i

A

Operation Period(days)

Fig. 3. Silica Concentration of Treated Wastewater
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3.1.2 RO Il AMH| 2%izin}

ARG HlE 952 RO 38! HAE 2} 5]
TDS %% 24.4mg/l= JeERJTh Z212 159LMH 3 A
7 TMPE 1.32bar, Ht] TMPE 1.78bar= 3+ TMPHL}
135% =7 Jehdth #Ax 282 1252LMHE HF S8~
oH] 78.8%F ywlo} FYxo] wFo] AW, i FH&E
2.38LMH/bar, H2 TF3&2 1.87LMH/bar0 & HF Fih&
o] 78.5%= Yoyt oje} e A eyl ¢ A o]
FEt ot o HXE o) oJg TMP Bl Z&]xo] mEo] &
Zlo = k) o] A o] St 1.3mg/lo 2 wig- =
Yehd 232(1. 29~2. 21)%8<¢HRO I S E 93 715S 44
T o)F Y] E ol FEE 0.12mylo = B
FAIEoH, olule] M7} Hit FE 20.7mg/lo] At} Table
2 9 Fig. 4= Z82- 159LMH9} 18.8LMHC 2 £33+ Aot
Zg 188LMH 74 A] RO H TMPE 2.02bar, #Htj TMPE=
2.16bar= T TMPHT} o7l =gkow] F 4 Z3l~= 16.54LMH
2 39 82 tH] 87.8%= ol EE2o] WFo] Z2 A
o &= Atk HF FHEL 2.67LMH/baro]i Hi EE-e
2.18LMH/bar2 H7 T80 81.6%2 =7 e} F38-2]
HFo] 4] Yot o)9} 2o A= H o)d] Tl v

wigo] Hlof RO F~B QHZOR §AT 5 9] vzl

#% F7H AT GUL AESP] 9P TP 3 FheS
} A TMP+= 1.32bar, 3 37} o=

2.67LMH/bar2 2 0.29LMH/bar Z7}5F5th o]} Zo] Sak=
7} 2790 oJ8] TMPZ7H&-& 53% (0.7bar)2] ¥h Faks Z7}s-
2 12% (0.29LMH/bar) 2 iz o2 SHA| veRt our]e] 58
2 g tha v EEAS & 5 ATk
Sahachaiyunta et al.(2002)2 A2]7} 5% 120mg/l, d 5%
Img/l ¥ 3mg//e] A&FYAg A B TRl tetst Zlo]9
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o] get 5o PO FAgH = dd o] A
3 Barslch 58t Julia et al(2016)2 Ewe] 2y WiAElE
ek A5 welat I8 "2EdqA Hat Hejgt AEES Y
FHA BEaiglon, 9] d o] F%7} 2.6myle] i

—

Table 2. TMP, Flux and Permeability of RO
(a) Flux 15.9LMH of RO

ftem TMP Flux Permeability
(bar) (LMH) (LMH/bar)
Average 1.32 15.88 2.38
Max 1.78 19.35 2.92
Min 1.00 12.52 1.87

(b) Flux 18.8LMH of RO

It TMP Flux Permeability
cm
(bar) (LMH) (LMH/bar)
Average 2.02 18.82 2.67
Max 2.16 19.73 3.04
Min 1.61 16.54 2.18
25
& RO Flux{LMH)
+ RO TMP{(Bar) Waste water(Flux : 15.9LMH)  Increasing Flux‘ 3
20 b (Flux : 18.7LMH
#‘ Avarage : 18.8LMH]
h » Average : 15.9LMH
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= . pverage: 2 0Bgr E
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+ [Peottsdapans® 14
L P RDCIP
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Fig. 4. TMP Change of RO to Maintain Steady Flux
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3.2 QEI X2IeE FHrE 018 Al
321 ReULE EY EM

QER: AEl5re] i pHE 6.6, Fi 5722 334°Co|n 7]
AEEE 1,393uS/em, TDS FEE 520.8-922.5mg/l= H|5 28]
SR viglon] Az 48my/iR Wolth

Fig. 5& 4 3¥E I B2 F ulg, 2EE2F E ol
FEE 3748 Adolt) vhge] et s 0.058mg//o} Hul
Fe 0.084mg/l2 WslEo] FA] Ueldth vlEY 2ESFS
i 53 kgsle] 9 sikes AAPIET L 9 AES
A3} AHFFBaS0,)2] 83 =3 (K, 25°C)2 0.28x1070.2
AEE Banbge] o]l (on product)o] 7.859x107°0.
SR =7] whize] 2AY B 7Fsd JaL Wi 2EE
F o]si¥o] gal=AHT} o} 2AY FA 7lerde] Hkoh
(DOW Chemical Co.). & o]& T F%7} 0.6mg/[0 & H
EREO U &7 A e AISE 8%, 4.83mg/)E Alefahd
et 0.11mg/10 2 e} v A|lZAbe] Aargh Hop o 2
o= vERdTE A olo] A vERd AR I (blast furnace)
ARAGelA v EEE QERR] ATk f9del ofdk JRke =
ket

Fig. 62 §522] Agl7} s= Hals AAlska k. 2zt
B 57} 30.5mg/l0 2 H4 Aelde] Hi F5(20.5me/) =
o} oF 10mg// =11 E o] T o A} AagkRy) sk
Sheikholeslami et al.(2001)= pH5.5~9.59|4 Ag]7}e] 3=
E 120~140mg/lo. 2 AX8FATE Koo et al.(2001) 27}

Average : 0.377mg/i 45
008 /\ L e 2 40
—~ . < 35
Ev - 4 Average : 0.058mg/! /' E s \/ v —
. v 5
E 004 E 02f E %
2 15
0.02 ke
" 18 Average : 0.6mg/t
- ./"—l L\/.\
B O s 4 s 6 1 & s w0 O s s & 7 & & w
Operation Period(days) Operation Period(days) Operation Period(days)
(a) Barium Concentration (b) Strontium Concentration (c) Iron Concentration

Fig. 5. Barium, Strontium and Iron Concentrations of Treated Runoff
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Silica(mg/I)

Average : 30.5mg/! o

Operation Period(days)

Fig. 6. Silica Concentration of Treated Runoff

&%= S0mg/lo] L8} AFeli= oR AR | 3] s FElE
FEE MRl Aow Hasigity =5k, 91l G5 S0l
AR 735 Helt sites /s e Edo] | w)H]
DAEAR 2gap] wiel Helrke] w28 WA FAXHok
& ool Atk

3.2.2 RO IRl MH| 2%izin}

QERF Al IR o83k 9jEl HiEE Z22 188LMH
o= Aslglon] AU3dvh= Table 3 9 Fig 73 2t} f=2
Bt TDS s 23.9mg/IZ AEAGE o83 Aot Al
viepsttr 38l SES] Ht TMP= 1.97bar, v TMP=
2.74barZ FF Agls BI2E o] F TMPE Siekoit Huj
TMPE 0.58bar =71 LeRith

Table 3. TMP, Flux and Permeability of RO

It TMP Flux Permeability
em
(bar) (LMH) (LMH/bar)

Average 1.97 18.84 3.05

Max 2.74 20.82 3.72

Min 1.18 16.67 1.98

25
® RO Flux(LMH)
Rain water(Flux : 18.7LMH) + RO TMP(Bar)
20 i Average Flux 1E‘3LM-H‘

g (] PEEELERALY H EE —— - Average TMP : 1.97Bar g

= C il EFTT DY TP L 1, g

= LR YT PP T P

3 e e e

I =

Q 10 clp qiP o)

= (NaOH, Ofalfc Acid)  (NaOH{Biomate L5

Citrid Acid) ;
1P clp
5 ik Acid) (NaOH, Ofalic Acid)
0 0

0 5 10 15 20 25 30 35 40 45
Operation Period(days)

Fig. 7. TMP Change of RO to Maintain Steady Flux
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el TUEL] HAik ZTYAE 1667LMHE - S8~ v
88%0 & A Rt S99 Biso] 2k s & 5 AN
RO¢| Tt E48-2 3.05SLMHbar 2 Fl4= 224 i) 0.38LMH/bar
A veptor} Ha k8-S 1.98LMH/bar 2 i Fks- tiH)
64.9%Z= Hl5= X2l5 81.6%H} ST JERTE ole} e A=
z7e Hlg AHelgE o83t HI2AE 53] wE o = I
" ROS| YA E2l= fAP} ofede] 2eteks: 59 59 wAlslgle
W = 24 & TMPO] 1.9bar ]2 PYEA AAIEIITE Q85
HElrE o183 Aol TMP:= Yh B S3-80] 37| Vet
Z12 RO B Mg do] #l AHejag o8¢k AR A7
o8} Jako 2 FekErk Koo et al(2001) Ag)7} S= 50mg/l,
Z< 100mg/l 2 mE1dlg 100mg/ 22719 RO |t ARdellA] 2004
7 Ylel] E=i2 717 30% 8% WS Easltk: 2 Azl
Zlgol ¢J3PH SDI (silt density index)7} 501311 7H-$-o= RO
S5 H ¥=2 0.1mg/l o3t AAEFITHDOW Chemical
Co.).

G

4. 2E

1) AASS AHeas 952 o)8s A3

AFH G Aelre] A vhge] st Eof Skl AU
B 7FsAdol 9o, H ole] it F5r} 0.9mg//= A e
2 37 ek 53k Aejrke] =k 20.5me/lo g 3=
otz EAsh} A v} ¥7] el AL AR FAdel
w2 v HA gQlo e 2R3 ypaAe] =k

B AFrs A Al w5 22 945 o83 RO
golal H2AES Zex 159LMH 2 18.8LMHE 1129 FoF
7} A o]ee] Fiv} ARlo R =S %] v Hlo
o3t o T HAh FYAE Hat T2 T88%E Ligkon,
Ho EAEL Bt Fhgo] 785%=2 W AvE Agrk T}
A o]29] =71 0.12mg/l2 Sl 0% HA Eulies e
Z829] 87.8%= Folpom, HAh FHEE 2% =7 Vel
t} s PF TMPH o] TMPY xjo]& 0.14bar2 o 1t
HAaE o] 27|Ht dsbEs & 5 STk

1
&
i
%)

2) SEFF AHETE AR o] 83 HY

QER Aele] - ukgel| o3k Shhkg 2Ad 34 s
] glom, A o]2¢] Fet F%= 0.11mg/ (4.83my/lA9]) o =
FAlzARe] Han ghE oK0.01mg/l) Sk e Azl
=7} 30.5mg/le 2 o} AL ET A 7sAde] Utk
2] 15-E o] &3k RO ¥}U8 HAES Z&x [8.8LMHE
A ek A Ay} A4 B i 280 88%E o)
Zgro] WEo] Zgton, Wi TMPE 1.97bars Ll B

oh" H o

A



T3 #4xgl4Rr} 0.38LMH/bar &7 vFER} S8 9
TMP¢] ®5o] 2HaL Fhgo] o} RO 1 HXgde] Fl Aels
B} AzbEs o itk
A7EH RO 2 FYe] & o] $%= 0.1mg/!l oJst=
si5eojof A o] o3t v A ES ARAIE F Sks "
whekelth :Lﬂﬂ Ael7le] =7 83 oslol = FER
ZAlsR= A H, 7 B8 0.05mg/l o132 FRA| Aok Bt
HAEFs ?%Rl 4 5 9l Zlo 8 ek BS99
Z7lo] Aej7l A 2 o] Tt 22 A9 MFARES o] 83t
AHeE 3 RO 2 A @3S AL 5 ek

w
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