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B AT dAE 34 §lol AZRF @A)l tiste] 7kH4] PVDF Eﬂ“‘[(r)ﬂl:@ glez %Xd%}&l e AESY
om 7 Az 19 F¢ 332 AA glo] dF flux7t 1~2.4 m/d (at 25°C)E SAHUT, FALFY B9 AAglo]
2 HgFe §EE 0.05 NTU o3t2 SHAHA FAHAT £, 358 A1E H*}oq 1 NE Fe 7t wEs

(AAF + 5)E A4 PE RRF)NZUH|CE AAGe 28 dolst 29 & A% HA B4 55 &L 99.5%7)
A 2 & Y.

Abstract: Membrane filtration processes are increasingly popular for drinking water treatment that requires high quality
of water. But pre-treatment system (Coagulation/Flocculation/Sedimentation) requires increased footprint and installation cost.
In addition, 5~10% of the concentrate are formed. In this study, the pressurized PVDF membrane (ECONITY Co., Ltd.)
system was tested with surface water (Han River, South Korea) without pre-treatment. As a result, permeate flux was oper-
ated between 1 m/d and 2.4 m/d (at 25°C) without chemical cleaning for one year and membrane permeate turbidity was
maintained stably under 0.05 NTU regardless of raw water turbidity. And we studied application of concetrate treatment of
pressurized PVDF membrane by submerged PE membrane (ECONITY Co., Ltd.). As a result, we increased recovery of total
treatment process to 99.5%.

Keywords: PVDF pressurized membrane, PE submerged membrane, two stage hybrid system, recovery ratio

.M 2 TAZE dFEI Qo olgd A AAE Y8 1=

A 71e2A AAHL de o IEHFAHE A

4 oguet /& A5y T gRRe 2. Ae 71EY 1EAMYEZAHE DY 45y sdds

AA-RHATF-HrrE08 T 9o oslEE A= ERAOZ & F YA, 28FAHAo] Ao

AR Qe A AxFYF 27 EAZ A4 H 712l AAE AR AYsH e sl AHg &

Fo EAske 2 ¢FvEH A5FE] FUkee T e st AR} Sl AHegFgA ol &
T SATH1]

T340 7 2} (e-mail: stevenk@econity.com) AL T H1 =358 Bo HSFAHE sEF

45



46 MES PR
Table 1. Membrane Specificatons
Model (membrane) ECO PF 100

Model (module)

(ECONITY PF-90M)

KMS PE 400
(ECONITY CF)

Module type Pressurized Type Submerged Type
Manufacturing method L-L TIPS + Stretching[6,7,8,9] Stretching[9]
Material PVDF (polyvinylidene flouride) hollow fiber HDPE (Hydrophilized, high density polyethylene) hollow fiber
M Pore shape Silt pore Silt pore
e ;
rtr)1 Nominal pore size (um) 0.1 e, 0.4 p— N
. < I 1.
r Inner/outer diameter 07/ 12 041 / 065 = il
a (mm) E N | |
n
e Membrane azrea/module 90 16.9 i o
(m) 4 : AP .
Mechanical strength 2
(adfil) 1,300 1,500
At BeT glom, B £4 FEEY 8T
BE JEAH TEse] B BLYOE cste] Ty

oA Btednt FA9 =9l sh&skE deln.
olgfgt Eelutg ol & AFAYITHL By &
ol whe} wlg- ohekstAl FAEI gloH, Ynkdo s
YT e@ddE HAagslr] s AAYE A&
g s FHNAA)-TEUT AF(FAY) ] EAR
o] FoZITh2]. AT A AAMEO] FHEFE F4
WA, XA, FFH kel digt BA7F A
o, BEue &1 EF BASHE 9AS 9 alg
ofste] wWlESFE ZHA HH o] F& HAA FYdTY
5~10%°]t}. ©] Hj&ES —E & BYdd ZFIA
Hlgte] Be ¢folm HZ WFT FE7IE] A5t
FEPE} HE5E st iiléh Hgo] Fog FE
2 AHHI e FAIHBE4]. A, FHellA Tt
°=M W&F Ade 7129 F94 A%, &3 -Filter,
PCF (pore control fiber) filter =& 7|E} HlE&5 A
e B wE5AE ¥ HRde 3R ALHY
ATH5]. skHARE, 71E **HIEP— A FE HAA, A
AR AR Qs 3¢& Anrt PFEAZI
JHEE B AFAe dAE 34 glo] A%
of thste] 7k4 PVDF 2oz st b
A ZHA(flux) 2 HeFdo] fA 7R E HES)
Hqow, AA FA 35& ALE fste] Eefut
977 @2 AAA PE REYTOR 7MY wiE4(Y
FHlE AA s 27 w7 FH Y H87tE
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Augel, A 23 @ A 13, 2013
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Fig. 1. Inner surface images of PVDF & HDPE membranes
applied for the test.
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Pressurized MF
(ECONITY PF- SOM) _____

. L6

Fig. 2. Process flow schematic diagram MF system.

Table 2. Analytical Methods and Instruments

1
1
] i ! Finished Water
- Surface Wate I
e eRar Fine Screen (1mm) Pump i

(Han river)

Submerged MF
(ECONITY CF) °

Items Units Analytical methods and instruments
Turbidity NTU HACH, ULTRATURB basic sc-Low Range
Particle counts counts/mL PAMAS SBSS
SS mg/L Standard Method
TOC, DOC mg/L Shimadzu, TOC-L
UVass em’” Shimadzu, Uvmini-1240
Mn, Fe, Ca, Mg, Al mg/L Perkinelmer, ICP-MS Nexion 300X
Residual Chlorine mg/L HACH, CL-587
THMs mg/L Varian, GC CP-3800
HAAs mg/L Varian, GC/MS 1200L
SUVA L mmg DV (em™!) = 2D X e ol ) o

%

[Filtration volume - Reverse Filtration volume] / [Filtration volume

Recovery rate + tank (or module) drain volume] x 100 )
2.2, Ay 2.3. AgEY
Zolst 34 A APstaA £43 AL Table 2

20113 8YHE 2012'd 7Y7IA] AHA] BH A=A o
ZH A

34

Aol Y 2(flux)E

Z7HN A7 90~135 m’/day

o HegFe M AF Jw‘-ﬂ #UES eqad

A WA, 19 Zrodn Ag
mm)-7}°m PVDF %]
o}ua 22l
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(TMP, trans-membrane pres-

AL oz BAsAT

o} o™ Turbidity, Particle counts, SS (suspended
solids), TOC (total organic carbon), DOC (dissolved or-
ganic carbon), UVasy, T7]= &4 52 T4, 27
A, w3 Wi, AAGZE FolA Sampling &
N2E =43 Hth =3 THMs (trihalomethanes), HAAs
(haloacetic acids) 5] & 42 Hod3l 34 F YA
A, NaOCI®] H7H2~3 mgL)d] W AFdA 2D 4AF
FAHES WS Felsty] 98 AAskH.

7ttAl PVDF 2222 o|gst 1t 2tojnt 38
AZHIHE FAUVFE 5o, & 1249 52 3
&2 AA ool 4449 flux (1~2.4 m/d, at 25°C)E
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Table 3. Method of Operation (Pressurized MF)

o
ofof
N,

Method

Dead-end filtration

Refill Filtration

1 min 27 min

1 min 1 min

Reverse Filtration
[Air scrubbing + Finished water (NaOCl 2~3 mg/L, Aug. 2011 ~Feb. 2012)]

Drain  Recovery rate

91~93.2%
(Average 92.1%)

Table 4. Standard Operating Conditions (Pressurized MF)

1* conditions

d I d -
" conditions 3™ conditions

th o
4" conditions

Aug. 2011~Dec. 2011,

Dec. 2011 ~Feb. 2012,

Parameter Feb. 2012~Mar. 2012,  Mar. 2012~Jul. 2012,
Summer, Autumn Winter Winter Spring, Summer
(5 months) (2 months) (1 months) (4 months)
Type Surface water (Han River, South Korea)
3:; Turbidity (NTU) 3~100 2~4 2~4 3~330
TOC (mg/L) 1.84~34 1.54~2.69 1.71~2.26 1.75~3.01
Flux (at 25°C) (m/d) 1 1.5 2.2 24
TMP (at 25°C) (bar) 0.25~0.29 0.30~0.32 0.38~0.42 0.43~0.90
Permeability (at 25°C, 1 bar) (LMH/bar) 180~80 162~99 132~112 103~71
Recovery (%) 91.0 922 93.0 93.2
o Turbidity (NTU) 0.015~0.045 0.01~0.03 0.01~0.03 0.015~0.035
Fl\z::;:d Particle counts (count/mL) 3~20 um, 0 3~20 pym, 0 3~20 um, 0 3~20 pum, 0
HPC (CFU/ml) 0 0 0 0

AA3te], Table 33 7o) o] I (Dead-end filtration)

FA0g 1B F4, 278 o3, 13 9, 13 wjgahe
Wi oz SASIAT gk 20119 8EHE 20123 2¢
A E A9 NaOCl 52 2~3 mg/L FAAACH,
2012 395 201249 7€7HA= A4 NaOCl&

A st

T3 GAME fluxE JAHCE FTHZ A A
#E Table 4914 FelstdoH, 1" GA(AE & 7HE,
flux 1 m/d at 25°C) 979 5+ 3.3~100 NTU (H+F
9.32 NTU), TOCE 1.84~3.41 mg/L (HT 2.52 mg/L),
F2L 43~242°C (B 17.5°C)0loH, ojujo] A
2l4 T3 (permeability)2 180~80 LMH/bar (3T
129 LMH/bar, at 25°C, 1 bar), BE= 0.015~0.045
NTU (3 0.023 NTU) °]1t}.

2 GA(AEL, flux 1.5 m/d at 25°C) 959 Bx=
2.17~3.9 NTU (B 2.75 NTU) TOCE 1.54~2.69
mg/L (B¢ 1.88 mg/L), T2 1.7~3.8°C (1 2.5°C)
ojglon, ojmjo] M4 FFHE&L 162~99 LMH/bar
(3¢ 115 LMH/bar, at 25°C, 1 bar), BE=& 0.01~
0.03 NTU (3 0.019 NTU) o]3it}.

AEgel, A 23 A A 1%, 2013

39 GA(AL, flux 2.2 m/d at 25°C) 959 gEE
2.68~4.1 NTU (37 3.27 NTU), TOCE 1.71~2.26
mg/L (BT 2.1 mg/l), FL&& 3.5~5°C (BT 4.6°C)
o]9lom, ojuf o A4 EHEL 132~112 LMH/bar
(B¢ 118 LMH/bar, at 25°C, 1 bar), BF=+ 0.01~
0.03 NTU (3 0.029 NTU)°| T}

4" GA(E & 9E, flux 2.4 m/d at 25°C) 959 &
EE 2.9~330 NTU (Jg# 17.61 NTU), TOCE 1.75~
3.01 mg/L (BT 237 mg/L), #—8—8 73~24.5°C (B
17.8°C)eIl oM, o]} A2l F3&2 103~71 LMH/bar
(B¢ 87 LMH/bar, at 25°C, 1 bar), BF=E 0.015~
0.035 NTU (3¢ 0.029 NTU)°| 1t}

AEH o7 AZto] g wel ¥ TMP7F F7b
ste AFes HYd, SHVE A4E TMP S7HE0]
welg o, Egu E34&L 71 LMH/bar (at 25°C,
1 bar)7bA] ZAHSAT stARE Ae e £ ATt
Aot T FA FHGlel, AYge g=rt
0.05 NTU o]sl, Y43 B FES Giardia$t Cryptos-
poridium 27131 3~20 pm YA= 0 count/mL, ¥HHA|
T<(HPC, heterotrophic plate count)= 0 CFU/mLE



PVDF 7}b45h PE 3404 $e92 2% 26 ol 349 45HE ¥ 858 30 92 97 49
1000.00 enoo°o-—ro---»op»>p>»— .~ 1,00000
Mo+ 10000
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Turbidity 3
(NTU) ]
1.00
0.10
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o 2 < %
e “»;0 %, %Q %, ‘oq» s o n m N, %
R % "\-’ {-‘ % % k@ ol
time (day)
# finished water-Turbidity(NTU) + Raw Water-Turbidity(NTU) A Raw Water-TOC{mg/L)
Fig. 3. Turbidity (Finished water, Raw water), TOC (Raw water) during operation period (Aug. 2011~Jul. 2012).
® P — 5
: : Experl!'nent [ Expell[nent
sa0. L. N !&\Aéi'r%eah +{Win e'?l"’ 4 51
|1.5m/d a 112.2m,
e ﬂ Ibar, 25°C) T1bar, 25 C) - e
I A l L
Permeability 180 i ‘ ’E + ) 12 Temperature
(LMH/bar} 140 4 I ! / _‘ 14 ()
at 1bar, 25 120 : | . 12
100 1+ ; : 10
80 p— ‘ - : L8
60 i Experiment conditions i — 6
20 1 (Summer, Autumn A |# | Experiment conditions a
:lm/da_tlbar,ZS C) 1(Spring, Summer
Zg : . : 1ZAm/d at 1bar, 25°C) (2)
Yy N R o, R, R, e, D, o, D D e g
Yo, T % % T, % . % B b B b %
Yo% % e R % e e e TR Ry, e R
time (day)
‘ -@ Permeability(LMH/bar) -A Temperature(C) ‘
Fig. 4. Permeability (at 1 bar, 25°C) during operation period (Aug. 2011~Jul. 2012).
AAsHA A=A, E #EEY.

Fig. 39 959 859 TOC 5% 2 AHeF 855 1830 Figs. 33} 4014 o 54 AT 2o 93 1
UeEhSler, 12719 ¢ 49 g5 2.17~330 BT AZ|Jul. 2012)9] 29 ¢ 94 BTl 314
NTU (33 10 NTU ©]3}), TOCE 1.5~3.4 mg/L (3¢ NTU A 330 NTUZ ®H3le 5 A FHEo] 12
24 mg/L)elgith 1270€3ke] &4 7| F Ags & LMH/bar (at 25°C, 1 bar) ZaHJAT, 29 ¢
STE 0.011~0.039 NTU (B 0.024 NTU)E YER S EFT7} 330 NTUCIA 45 NTU ©|3t2 7+4ghH) w}

on, 959 %7} 300 NTU ©]4¢ 185 A7|d %
0.05 NTU oJs}9] <HHd ArdE fAsA

Fig. 4 sl8hd A4 §lo] 12712 &< #2q A
g5 FHgd F29 HIE Y QY e
1.7~25°C (B¢ 14.6°Cy7HA] 539 o, Ef&d
180~71 LMH/bar (3¢ 116 LMH/bar, at 25°C, 1 bar)

F/Vﬂ oA AH2l4 F3&o] 12 LMH/bar (at 25°C

bar) Z7HSHRA HF £9 Ao Fihem 94 %w
otk 2, 8709 1% 592 U5 GE7b A=
Edge 859 5 gom gael ol At
£ AL 39T % AT
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Table 5. Method of Operation (Submerged MF)

ofof

o
N
e
Hn
=
&
o

Parameter Value

Parameter Value

Term 30 days (Jan. 2012~Feb. 2012)

0.85 m/d at 25°C,

Reverse filtration (Flux, Time)

1.28 m/d at 25°C,
0.5 min (with aeration)

Filtration (Flux, Time . . : Drain 1 time / 30 days
( ? ) 16 min (with aeration) Y
Filtration (TMP) 0.18~0.21 bar at 25°C Recovery 95%
0.30 0.15 0.15
0.25
0.10 = 0.10
0.20 -W._—'.‘_—_.:‘—.# i
Turbidity ‘R\ e o —o % ss
™p 0.15 (NTU) ‘-\ —e— \\\ {mg/L)
(bar) 0,05 & >—8 0.05
0.10 II
|
!
9.05 0.00 Ak Atk Ak 0.0
0.00 i i i i 7-Jan-12  14-Jan-12 21-Jan-12 28-Jan-12 4-Feb-12 11-Feb-12
7-lan-12  14-Jan-12 21-Jan-12 28-Jan-12 4-Feb-12 11-Feb-12 Time (day)

Time (day)

Fig. 5. TMP (at 25°C) during operation period (Jan. 2012
~Feb. 2012).

j efinished water(Turbidity) &finished water(55) ]

Fig. 6. Turbidity & SS (Finished water) during operation
period (Jan. 2012~Feb. 2012).

Table 6. Water Quality of Submerged Membrane System (Average Value for 30 Days)

Turbi-dity ~ SS SS/

TOC DOC UV SUVA

Fe Mn Ca Mg Al

Parameter (NTU) (mg/L) Turbi-dity (mg/L) (mg/L) (cm™) (I - m'/mg) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Fesd f{ﬁf!sﬁﬁiid Mpy 242 22 092 1om 0.035 2076 0017 0.014 24529 4.480 0.010
(Sumefgegd Mp) 274 2878 127 3690 3338 0049 1466 0075 0.103 25273 4067 0115
(Subnfe‘;z‘e’znﬁem g 229 306 1371 1471511904 0154 1424 0214 0922 30020 6.136 0324
Filtered 0.089  0.01 - 2018 0.034 1913  ND 0006 24.845 4.633 0.001

(Submerged MF)

3.2. XA PE Z2|%2 ol8% 2t Hou(siE=

2
of 7} WiETE FULTE S, Table 59 22
2102 oF 1/]€Y B AATZY 4 (drain)$io] 165
I Z 7)), 0.5% AA(E7)she PHoE AT
Figs. 5, 62 A2 g9 A 2"l L47|7Hs<t
TMPS| W3} 2 A4 85, SSE YeRd 182t}
1HE SoF AAH=2Y drain o] 0.85 m/dY o
Fluxel A1 TMPS] ®st= A9 glglen &4 x7]9
0.02 bar®] m|ekst HFTH SR ATt =3 ojwfo] A
A2 et A A" 35 95%C| 2R 7t &

magoel, A 23 @ A 1 %, 2013

Zut A 28] 3|4=80] 91% oA HAAE &A

st AA 34E 99.5% o} BAol Thsdtt. oI

o] §ZE 0.05~0.10 NTU (3¢ 0.09 NTU), SSt

0.00~0.09 mg/L [HT 0.0l mglL; &4 %712¥)Z

AoshE AL 02 0.00 mgL FAH; 27] vl A
A

729 202 ARTICE WA £4E eyt

HA4 Belg Axdel 2 FEW $4E Table 6°)
deht Qlom, 5% E40 me P44 Beg A
R CIZE:

A (EsF 5)7F 71 o
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Table 7. Measurement of Free Residual Chlorine, THMs and HAAs

Division Raw water Drinking water regulations Concentrate(backwash + drain)
Parameter date value (mg/L) Criterion value (mg/L) value (mg/L)

Free residual 2012/01/20 0.03 > 01~< 4 0.13
chlorine 2012/02/06 0.04 > 01~< 4 0.17
THMs 0.012 > 0.1 0.012
YCHCI; 0.010 > 0.08 0.010
(2)(1)/1226 YCHBrCl, 0.002 > 0.03 0.002

CHBr,Cl, N. D. (Not Detected) > 0.1 N. D. (Not Detected)

THMs “CHBr;  N. D. (Not Detected) > 0.03 N. D. (Not Detected)
(trihalomethanes) THMs 0.013 > 0.1 0.014
CHCl; 0.011 > 0.08 0.011
2012/ CHBrCl, 0.002 > 0.03 0.003

02/06

CHBrCl, N. D. (Not Detected) > 0.1 N. D. (Not Detected)

CHBr3 N. D. (Not Detected) > 0.03 N. D. (Not Detected)
HAAs 0.0067 > 0.1 0.0069
2012/  'DCAA 0.0036 > 0.09 0.0040
0120 “TCAA 0.0031 > 0.004 0.0029

HAAs "DBAA N. D. (Not Detected) > 0.1 N. D. (Not Detected)
(haloacetic acids) HAAs 0.0060 > 0.1 0.0061
2012/ DCAA 0.0041 > 0.09 0.0043
02/06  TCAA 0.0029 > 0.004 0.0028

DBAA N. D. (Not Detected) > 0.1 N. D. (Not Detected)

1) Chloroform, 2) Bromodichloromethane, 3) Dibromochloromethane, 4) Tribromomethane, 5) Dichloroacetic acid, 6) Trichlo-
roacetic acid, 7) Dibromoacetic acid

A8 Yol YAt 9
AgHoz 35e AN
o #4

2
i gag
9

29 A%L

= 27)(0.4 pm)E Q3te] AR
otz QoA FHEHT, &E4

3 AX
=z

o 9 3 e $ wAGE

A3} w7t o
oA FFHTH10].
g st vA 23dE& A

|

=

>

aL
o

2> Z714 93|

g9 SSo A
o] thg fouling
F5o & F
B7HA A nl st
Uetd Aol

FTROHAARAAA A2Ehe F5ESs
FUAZI7] A AAA E Y 4FE AHEEHe

A W EF(GA S + drain)e 7G4 28 191
2 WA E 98l 9A Al NaOCl (2~3 mg/L)E
A7r o B R ofo tigh A4 Zee A2 +H A
A R3] A £5F4HEQ THMs (trihalomethanes)
2 HAAs (haloacetic acids) & Z338t% 1, 23 g2
Table 73} 2t} YubA o2 A4 A NaOCle] H7}e
1~5 mg/Lol™, 9A¢ =d<(drain)e] FEAFEL
7F F 0.1~1 mg/L7} A EH ook AZFAE tfs}
of ¢kdstty BHud HE Ioh11].

% 23] 249 o FERREAE H 0.15 me/L,
THMsE 3 0.013 mg/L, HAAsE 0.0065 mg/LE =
BAHEAG. He & 74 712 Husi s A 7IEA
w7, o] Y3 AHE mFo

3
E B A" A 9A2 Al NaOCl<

2 ), 7hg
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2~3 mg/lLe H7lete 188

FE A AATY AYs FAdE 93
Xl & 20 AsHG. oo Mg} &0
ol B 24 T 9A Al NaOCl 2~
12 Beu mHel nAE
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ol 12714 F¢ B HCE FIEHUT ETF
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B A2"S o] 83 1147 HEE

FYPHJoH T g HAE T AN

1) 7F44 PVDF &89 Al 518H4 A1A °*°1
121 L@AA) 5 97 flux7t 1~2.4 m/d (at 25°C)
o8 YL FI-E(permeability)> 180~71 LMH/bar
(B 116 LMH/bar; at 25°C, 1 bar)Z #Z Ut}

2) 7]_?;)\] PVDF Tﬂul— }\]/\Eﬂ o o:]Ez4 ;(16‘ i‘l‘oﬂ
o3 wEE AZ|(Jul. 2012)0] 2¥ Bk 95
3.14 NTU® 4] 330 NTUZ ®¥sh= 59 Ags T80
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HAAt &, std7]e] JF S92 45 §E7F HokA
e 35  lon AL Ho] 7bsst
0;% T AT
VDF &89 Al &4 7|7 F, A g
+ g E5F 0.05 NTU o|3tE Uetdlon, 53
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= eI =3, 7hka] E2le A2Rle] fd s
o &2 =4 #4 SAHLS vssAY AAY #
gut Aelee] s57F © WAl SHHA, wAl 23
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