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Abstract

Membrane processes have been widely applied. in water treatment. However,
membrane fouling is the main issue in practical application. Likewise, the rate of
filtration will also be affected by the membrane characteristics, pore distribution,
operational condition, as well as the water properties. This study is aimed in

investigating those parameters effect on membrane microfiltration efficiency.

In this study, the HPO PTFE and HPI PTFE membrane with different pore size
were applied in cross-flow filtration module to treat four kinds of water from different
sources, i.e.; from Baoshan reservoir surface water and Baoshan water treatment plant
(WTP) taken at different sampling point, namely raw water, sediment tank effluent,
and filtration tank effluent. Other than examining the effect of membrane fouling on
treated water qualities; the flux decline, the composition of foulants and membrane
fouling cause were also investigated. UV spectrometer at 254 nm absorbance was
applied to determine the NOM concentration. TOC analyzer and ICP-MS were utilized
for organic and inorganic content analysis respectively. Membrane surface
composition was observed by using FTIR whilst the influent or permeate solution

composition was determined by EEM.



Comparing both kinds of membrane performance, the results indicate that the
HPI membrane had higher recovery after back flush, however HPO membrane have
advantage in improved NOM removal. In term of water characteristic effect; treated
water from Baoshan reservoir surface water and sediment tank effluent showed higher
DOC content. The reservoir surface water originally has larger amount of algae than
other water while effluent of sediment tank have loose structure particle content.
Hence, when these water underwent cross-flow filtration, the shear forces would
induce the cell breakage and particle rupture that cause organic matter release and
eventually further increase the DOC concentration in water. Overall, the raw water of
Baoshan WTP can achieve higher flux recovery and enhanced water quality than
others. After cross-flow filtration operation, chemical cleaning by NaOH and HCI was
applied to each membrane. It was found out that HCI can only desorbed limited
amount of organic but effectively removed iron ion off the membrane surface.
Contrary, NaOH can successfully wash off either inorganic ions or organic matters
including humic acid, fulvic acid, protein-like compound and soluble by product like
compound. From FTIR analysis result, it was definite that the foulants are mainly
composed of some hydrophilic' compounds, such as polysacharine and protein like

materials.

It is conclusive that in membrane treatment; membrane fouling, effluent quality
and flux recovery will be affected by the properties of water being treated. The study
shows that overall, using 0.1 um HPI PTFE give better water quality and flux recovery.
Moreover, proper pretreatment process can be applied to improve the operational

performance.

Key words: membrane, pore size, hydrophilicity, fouling, pretreatment
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AOMFBE#FQ—»F‘] H %:FT%\J%/7 &N HTIR o

% 2-1 S NOM 2 AOM 2 fi¥ad 2 727 = 2

TR S = s *E @ e
MF PR R 2R FTIR (Gray, 2007)
M R g XAD, UV (Fan, 2001)
UF Mok M (FpERR) EEM (Kimura, 2004)
NOM
5 pELR HPLC-SEC (Kennedy, 2005)
MF, UF 5 ERE HPLC-SEC, FTIR (Lee, 2004)
e L XAD (Kimura, 2007)
MF - (Spinette, 2008)
FTIR (Hung, 2006)
AOM F
MF, UF HPLC-SEC (Lee, 2006)
NF FTIR (Her, 2004)

SORENT VP FEEEN S AR RS RS AT AR e
FBBR AR R TR Mg S E 2 A T el ¥ A T RS AURER T

%E,'_/}(lk}_;}';' ﬁFﬁ‘xg '#' /\4 ’l,ﬁg:g:\;‘ > ” Eﬁ}iﬂ §\FJ ?frzk‘.gl s m ;;ﬁ}?zg.;l j\,},g‘lxﬁ' '#'K,{y 4 ;}7',‘_,,

B0 A 2 2 P (AR R GRS - R i BAEAIE R g O 5 & x
4% UF O e K 0 B TR R N TR SR W R fos s AR B A2

G I S AL T SRR F g e e B AR IR R

bt

A (TR 2 WA T AR Y S ERTE 30 P Rdo% NOM Lig 4
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=

WOE AR ¥R IJ,,J Se R A b H A EACPE 4 R Aok BT rg (Amy, 2008) 4
H@ g AR T et Alum SRR AT 0 F LRSI R R F 0 AR
Kk
M R A dodk BN IR AR AR 0 AR RSB R T R

?J:«
Jus}
“

s
N <
/ '9

R S B AR T P AL O ey

P =S xm}\}'};}m’;ﬁ’ 473 % i é.;,;;%%i(/ﬂaﬁfpiigét B ETE
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= . . 2 _\
24 & 5¥7‘%‘7’%1 7

T BRI 6 BERAER REEE TR SRS P AER
Hoed Z-ETFF e FRKZEFTORRELLEASA® ~F B2 ABFTZE
RN )R EAFEVE S D S REREE MR R) B 7 R P ER
AR IS FIE AR R F - o AT R G o R 0 5 - S PR o

FEREEF AR Y ] BB AL e RILAY AR
B ER YRR T g PR R SHR RS F EWE ) g A
e A ETA S BB o A2 A hF R T R BRI B A EfREY
TR gl (1)OH 4% A5 5 QR jER & QA Twh kg itk
RS fRenit B e e el 190 Gag o R A L R R > 6
feit S &R > b Bk i@ 0 2224 5% % (CEEHENT LT

P e 0 w2 EH o

e ‘L T # » 2004; Brant, 2010
3020 A E R )

g B E B
(1) % ;% (NaOH)
(2) § ™~ #A|(CL, & Hy0,)

4 4 (3) A & E |

(4) £ & A
(5) pF %
(1) 4 7% (NaOH)

44 A (2) § 1 &|(Cl, & H,O,)
(3) A & & |

ERF 4 (1) izt (HCI)
(1) 4 7% (NaOH)
(2) & & A&l
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B g F£ 2 2§ % NaOH ~ HCI 2 NaClO % i 8 ##|45peie * > i
A G e g ivR % of B 577 {1 HCL 2 NaOH j3 )5 i i efg s6 4 1
HCL # 2 &% s o2 & e e #30a 3 5™ ko nn £ h

FAene 5 Feor m itz g 8 5 ORI & 588 > J8RI7 i Fe fra-k it & 3
P EP G A2 IR T S 0 NaOH 3 %t v 8 ifg 35 0 sk oh=
BRI T BAR I R R ROKN S P A AP A VAT B
FAE 7 BAp4ic > € £ w4 5+ 2 NaOH i g HCL 5 g (omamure 2000 0 g gt
fa %‘3—"’;‘{4‘:5‘ Ey %%'Ei NaOH ~ HCI # NaClO % it #/% % UF &% e % 4 & > NaOH #

W< £ 32 Al Vv 28 kAR Al 22 NaOH )= 4 % 1945 & & 4v
AIOH)"' » & Hwtrpd 84 5 4 Foo FHfopt-k it 5447 5 4 NaClO » + 5t <
B3 48457 HCLip e i 908 > 00 BURRIA Jod Jl > 2 & fpie im0

)

RET B AFEENT 0 TR AFEEHFIEA GG A0 2 A PG

NS

ER N R R R CE L= BUEF i
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¥R P EERERE

e

3.1 A EHEE

L FEHACR 3-1 977 0 P eha R F LB RRRCK ke DOk s g
PR B - R R R(BA R 0 MF R R AR R 3 i e
Wi R e D TRl B iy o F TR R BiRik o
A 4572 % A ~DOC ~ UV,sy ~ EEM 2 HPLC-SEC 45 34 & 50 16 2. ik &
B3R LR R R I kR R ERBRARS
%o 12 ATR-FTIR 4 47 & %4 & § 4252 " TOC - EEM % ICP-MS 4 17 i 3%
kG 2 B LR TR kA O RS IR T i

& o gz 2 MF e R AR B adB ok B R 2 Bk (T RO o
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L 2ok
(FREERR A~ F LSRR AR R
7R~ s K BOHGIE i R R

R DOC !
'UVs EEM |
HPLC-SEC ]
|
romm-m-oooe- : FARTRGRB
L BFRE (2" HPI PTFE ~ 3" HPI PTFE -
P » | 2""HPO PTFEA& 3™ HPO PTFE)
|
8 R E A ARG A A
|
B DOC ' IFTIR TOC |
'UVass  EEM ! 'EEM  ICP-MS |
'HPLC-SEC ! |FESEM-EDS |
1

st 3 MF 38 B 6 .59 /K A2 A A T K IR K 2 3 B A X,

W31 #5 %4

3.2 FHMF

3
N

3.2.1 Eu 2 ERHCE

% 4 GE Osmonics SEPA CFII (USA)#74 #& » 2 fFini T il » JF0e
HAdld ¢ R < Y i 7 e T 355 T 4 ] 2 gRok % PTFE 03 H e
fé M-ktz2. PTFE &% d % 3-1 #f51 - HPO PTFE-1 ~ HPI PTFE-1 ~ HPO PTFE-2
% HPI PTFE-2 4 %] % % 0.1 um & -k} (hydrophobic, HPO) polytetrafluoroethylene
(PTFE)& %% H :c i #5 0.1 um .-k 2 (hydrophilic, HPI) PTFE /& %~ 0.75 pm #t -k
#2 PTFE & %2 H 22 515 0.91 pm #-k42 PTFE & % o gi k2 PTFE &% 4 i ig
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PR g LT fRiRie I "T« F A ITEARY AR TARTZLERT  BF I
P oRFREE T LA AT Lo - FHREFUF NS TFEH e L LXE 0 &
ok R dRE IR S K E W RS T A 2 % gk (permeate) 2k M7k
(concentrate) 4 BT o K-k B aF A5 24508 22 > FH R4 H 2 0.5 bar >
Wi T F AT WEE R EE iy 48 T el REEP-F R ikcdy o Bl 3-2
ARG T R ERREE AT LSRR 2R R B33 5 AT RE e

TR Bl 3-4 5 F Ff S 7+ B s (scanning electron microscope, SEM)EL% 7

voENA R o
% 31 REEEARAILF
pore diameter effective area
class membrane ,
(1m) (cm”)
HPO PTFE-1 0.10
HPI PTFE-1 0.10
MEF 140
HPO PTFE-2 0.75
HPI PTFE-2 091
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B 3-2 4 im 3 T plRA R B LR R 2R

T RN W 'Y —

B 3-3 #FFinsV TR e
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SEI 15.0kv  X6,000 150kY  X6000 1um  WD155mm

” ﬁﬂ: e d

SI%I 15.0kV  X6,000 1¢4m WD17.4mm SEI 15.0kV  X6,000 14m  WD19.6mm

[ |'I

t— - . o o -?.-'--
Bl 3-4 1 SEM—-A AR Bf.%am_l.fa) HPi‘i’TFE 1 ll(ba HPI PTFE-2 -
- '|
-E'e) HP@ "IFE {'j(d) HPO PTFE-2,
II'-- --—-I IJI
"."..lll._ I'l ._l--a_l-.-_l.- . _'_'..'

3.3 wmmﬁh,ﬂ .

—

"TITI:
330 FRA
AE B E TR RS WIW 2 2904 > 4150 5 Turb 555 k46 5% %
Foipr A g RS 0.02-1750 NTU- &g BRI A5 LB = L A
FERR R RRAETS > LI AR REFRI STT A4S

3.3.2 BT WAL 54 ¥

%7 ##¢(total organic carbon, TOC) ¥ AL * Xt i 7 W4Tk iptk F1H S5

EPEE s P i NOMGER B K% @ o A=t F %+ * SIEVERS TOC M800 i%

17



Bt RBAERILIAI* & CH 2 RAMG BFF 22 F LR By
W x o ALl BT IERT BT 0 0 R A COpo @ 4 FREn
TOC & - % ¢ * &K B4~ 47 < TOC (<50 ppb) &i¢ * w3 dai;@ﬁﬁﬁf%’ & i (TC zero
offset) » @ f— K IFRT R FEFT TC KL > % 0212 g #-REFF - P fad 4
(anhydrous potassium hydrogen phthalate, KHP):% ** 100 ml 2 &+ -k #? 11 fe ¥ =
1000 mg/L 2= TOC %% > £ =LA77 2 kAR 2T TC e 2 ie il

Na,CO; %% & i+ IC ¥ #c -

333UV, = & B

kP 2R BFE ST A%RERE AR FEELEE 254 nm SRR T G
e h o AR EPEREFT ARG EE AT LT E NGBk R
B ok A E Y o RIEF B E o R B F] €254 nm R EEFER BRI
FaEEE AL T (S e ki @7 RE G g 2 K,f%.-i:ﬁf s H £+ DOC %
SUVA & (specific ultraviolet absorption) » & * K ip|3 47 > 4 %z £ > *
FEEHFY L~ kR A UV/Vis Spectrophotometer, Metertech SP-8001 >

Frz g ki leme

334 B RPEFTR—AF AP E R TE

F1* B »xac ik 4p & 17 R (HPLC, Waters Alliance 2695) % i\ A 45 g 11(TSKgel
G3000SWxq, Tosoh, Japan) ¥ fiz & & 7 = & 48 'L 71| id Jp| % (photodiode array detector,
PDA )i& 7 2 £ A 47  #74] %« %2 52 Waters *74 & Empower 2 2 4 & $ic# o
HPLC-SEC #; # 48 (mobile phase) = 0.0024 M Na,HPO, 2 0.0016 M NaH,PO, & &
=~ pH 6.8 £ ’f]‘ ‘v Na,SO,4 I 3+ 52 & 0.1M 2 gipa s 7% > Jni# X 2.0.8 ml/min -
A 35 8 4% TSKgel G3000SWy 2o b fE~& B ~T 32 fT 2 34 iF < /) A W % 7.8 mm -

30cm~5pm 22 250 A > H O PRI LB Aok £ oG 2 & 9B(Silica gel) 0 B T A
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2GR E R E G MBS R dU I B RRE A S S0l o REHRER AN
# pH 3] 6.8 £ 3F 0.2 um 2. - fig fix & & %5 (cellulose acetate, Millipore){s » 5§ I + 4% o
AIERRATAY L ARG -G fT A R A RELF A
FREPITLHEERS > Z 2R EM o ~F KR e - fi(polyethylene glycol, PEG,
Fluka) % 5 $&28 5. » 4 3 £ 4 5E * 20000 ~ 8000 ~ 4000 ~ 2000 2 400 Da » #-4&
® =22 DI Mﬁ%\ lwt% ki3 iRisHE - X8 * > d &4E% 2 HPLC-SEC B

WY EHERYERE LI 2 M %5 o 1945 HPLC-SEC 2. B IZ » 3040 F 219l ax

WEREELI (E% 2 H/TH XA TR P AT 2 B RFRWIFY > b

EEOREE P AT RIF] > Flpt AR &Y 20000 Da fdmeopE B AL 0 R 5
(% 8.987 mins) > @ & + & B/ 2. 400 Da > P|421F 15.517 mins 4 A& 1 jp] 5] -

335 82 F /R 2T 2 2 F E R AR

% ® B Malvern 2 @ %:$ » A5 5 Zetasizer Nano-ZS » if & & P ik M)k B 37

v G = B Av\*’?—\#._/f;_%lﬁﬁ- 3nm-10 ume & & w3 73 33 -k i RBE Y =

T,

5% ik

TRCE IR 1S 0 B MO IR T BB NE 23 10 ml 0 90%2 FEIA A Y 0 FHRIE A 60

T4 2. NIEA E508.00B 2.2 ;2 » # X Hz - A kS a

CZ LA Esld Fhkar R4 E g s 14000 g s LT A4
BEFL UL LRI AR EREFREAMB I D23 EE > AiEE M kE

o

FARPE kB E8Eal g

N
JFlo
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3.4 EWE R ML A0k

3401 B> EF i MRS

AL F AR P G FTIR i %2 A5 % 40 £+~ Bomem > DAS3 ; # ~ K&
B 10-15000 cm™ 2 s jr % 3 > — 4 IR A 500-4000 cm™ 2. & - iz * FTIR A 45
)G R B AR R e T o BRI AP AR R T
AL R A w2 kB 0 F ¢+ H Zh;Y ATR (attenuated total reflectance) » 14
ZnSe T2 720 FF oW - 2 F SR D F B 2 H H EHF T

BRI SRR e S o gl

342 HENFHINT F HEKELS T

AF ot * SEM 5 B A& JEOL,JSM-6330F ¢ o »- & 37 & H 3 14> 2 pit
7 SEM ~ {550 Z 4L 90 #)cndi & s R A > BT FR T S RS S TR

RUE A o ORI 0 M0 R G b 2 Al o

343 BRASETRTHK

AF &Y E T jfi T ¥ & (inductively coupled plasma-mass
spectrometer, ICP-MS)* 11 & % & & "Wilgig i (6 2 K FT 2 G322 14§ 5 i
Bk 2 @85 & 4 447 0 Hgom 2 41505 £ | Perkin Elmer » SCIEX ELAN
5000 -

3.4.4 = Y KR -A0sk

1% VARIAN 2 ? #74 & ch Cary Eclipse ¥ £ & > B E-K¥Y 3387 85D
7

$ R U R A R A ey L W A TR T R R T
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X o RERFEHRSECFRE e GBI REE LS Y > FHRVIPRY L pRIA
FRBRFNR I RGO RRE L E R S kGRS
il,{-i%’g_:j—ﬂ(féiéfir%félﬁl ﬁ],{ LLLJ*EJE/;[@—’ B f ?5@0

F B M ATH R ERON e 7 EEM #rdw o Bod ATk £ X 25 200-400 nm
/250-550 nm > e L £ 0 E 10 nm B R3] 4o o s R EATE R REK 5 Snmo>
kT B A F(PMT) Rl 7 B L 800 R#F - kiFjpdtp BAF LT F oo
Rayleigh 2 Raman $74t$tH & § k352 F 4 » #cdp 2 3D-ASCII #5455 » £

1 Perl ¢ £ Fp 14 45 “f d 7% A P73 = ¢ Rayleigh 48 o

EEM # # g 42 T E &l

Eﬂ

ER iR B S T 2 B R R
ZF WP LA AT R Bp il P ¥ R R BT G 2 AA#H D S
4o e 2000 ek R A LT A

R RE - RAY R AR B BB TE 0 fiz T k5 R (average
fluorescence intensity, AFI) » 1 & 45 R 107% f# 25 45 2 BRIF s A7 £ > gt ohor

LR

GRIERTRTINE NS 5 - TP R A FUE - S

N

?(Chen 2003; - 2009) _
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e E BREitH
4.1 s imekok I E R 2 B

411 EinokoR FHE G R £

FEREFFITAF - KRR LR FLBRR AR S TRE DR R R
KB FEIRPIE  FLB KRB RKBp F- kR E Fo KR € FIERED
REFRREFAR D AR ERPAERF- - PRI EFRZ AR FALR
,J( o

2041 ZF - KR ZARBAK ST LERRRK sl Dk R g ok

KFAALT > BT @R E PR % AT o Tk Y A - DOC 2
UVyss "% o Bfiidp B 2 8GRt Rk R ¢ F % 7

tﬁw
o

(\x‘
™y
|l

B - faeip kR M SOREAE §OBA LR SR LSRR
PR FLKEAR KFREDTESE 2 £ 8291599 g/l » H #icid 4o
Carlson ¥ - $-@icip % P RE P LEZF N BB BRI FFEE R EL L
Ay n (B 4-1) 0@ F ol B RBRK S Tl Hok B B ok R KRR
E%%alkh o
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24 Baeikz kR

R DOC UVass SUVA ST
(NTU) (mg/L) (cm™) (L/mg-m) (nm)
%‘\J—l ’]\E.
2044027 1.13 £ 0.11  0.035 + 0.004 3.10 1584.26 + 413.28
2 Kk
F oL KR
o 1.01£0.50 144 £ 033  0.019 £ 0.001 1.32 1340.87 + 413.28
Ey\ 7
F oL KR
0.99£0.05 095+ 0.10 0.020 + 0.002 2.11 2332.00 + 473.99
SRS R
ol 5K
s 006002 086 & 36 0011 £0002 128 117372 + 379.40

Bl 4-1 k2K B Hk 2 BEFE ()RR IR~ Q1R F - O+
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N

Foem L SR - KR W LSRR K R i

Y

k=
}b‘

#oR e B ERE ﬁﬁ/ﬁpi‘%wg f—r,F/m"f'J'}*-i&ﬁ;:*’ %0
KA AR b LRI T2 ] BB R B LR
o ¥ A {SEHRT ik ~ 178 & >~ DOC ~ EEM ~ HPLC-SEC 1/ 7 f& & % J2

ﬂv

Eh-
Eﬂ

Ltk @R F o W42 1 45 5 EERE AT [Pl AR R R

(w

TR ed LERFT LN TR PR AR IS AR L o Rk
£

100
[} HPI PTFE-1
(e} HPI PTFE-2
v HPO PTFE-1
A  HPO PTFE-2
B A
< ©
B @ a
£ 0]y
a 7 [ J A
E !
H voee o a
= cpx ee 20 ©
e Y ovmmee oo o
CAGBZ0RONIETORE: TBT 68 CBED O OVDA v 808 SO R O B &Y O 68
AL oM MMINTTRT O OO  VOACH EORSCICHSIOCTRAIG:
1 T T T |m |An T T T OI—C)MI“M_

0 20 40 60 80 100 120 140 160 180 200 220 240

Operation Time( minutes)

W42 Fdpy - K4 kA kg B
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100
A
A ® HPIPTFE-1
A © HPIPTFE-2
a v  HPO PTFE-1
© A HPO PTFE-2
3 2 e
;8 oo%'o:m
o
g . o%v PN . 'S
o
k) D Palieaa v
v vea @& A e A ®e
K O ©V Wee s ® A wme e e® °® e
| D TR A A M TRV 06 TYeoeee © o o
QO GO0 W WO ik O 08 v &y O & OB Qause
e O O OO GO QO QAO  ADMK AASCHAAMMA A BIHEK HBO
e} 00 © Gy Comy
1 T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240
Operation Time (minutes)
e T = = 3 k. o
B 4-3 EUER T LSRR AR A KB %
100
A
A ® HPIPTFE-1
A © HPIPTFE-2
AA v  HPO PTFE-1
o A HPO PTFE-2
~ oW
g Oovh A
N*E o' % M8 e
o 10 o v a
mg % Pelifaan % e
O TWWO @ @ 49 A [ X J
B © © WUSA MO M @A o ee e ®
E © O YW W W MMMy 7 VO G880 @0 &7 © @@
O CCT O VO W WU KRRO Ok ik Ay AN 6487 SRR
v OO COO® O 20 AMMOINIMDIA A COFXEX O
e o 00 000 ¢ A QACIAKOC
1 T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240

B 4-4 E B T LS KBTS ook Aok

Operation Time (minutes)

Ik

25



100
% A
A A x
A
VZZ %‘%gw“ — AM "
© ey o W s
= k’ Qbood) vvvvwvvvvm 4 T A‘“‘A‘A
8 "o. o OQDOdD “nay
+*
N\E | . . [ ) «l@& % e o
g 1P %Whg%%¥
H
)
® HPIPTFE-1
© HPIPTFE-2
v  HPO PTFE-1
A  HPO PTFE-2

1 T T T T T T T T T T T

0 20 40 60 80 100 120 140 160 180 200 220 240

Operation Time( minutes)
Bl 4-5 HHEERT LG KRR Ak A ki B 1

B 4-2 % HPI PTFE-1 ~ HPI PTFE-2 ~ HPO PTFE-1 2 HPO PTFE-2 j# %$t §
— kR AR K BB i R 0 B A dai £ A B 5 30.86~27.77 2 49.37 2 70.97 m*/m’
day » HPO PTFE & %2 4~ 4~ B4 4p %+ HPI PTFE & » w 46 3 %5 il 4 38 1% =
Lot AR R RIBEARLAE 22 ) HiERBRKR G DI kRS
gRF S A AR TS 23 B 14 F 2t 4 4-2 #7F » HPI PTFE-1~HPI PTFE-2~HPO
PTFE-1 2 HPO PTFE-2 % 39.99 ~22.22~12.50 %2 17.39% > # ¢ » HPI PTFE & %
2 i 2 xfp ¥ % # HPO PTFE & -

B 4-3 % B 4-4 % HPI PTFE-1 ~ HPI PTFE-2 - HPO PTFE-1 2 HPO PTFE-2
2T LSRR RK S ks MK BB R R A ded 4 B 5 525
37.0~55.5 2 117.3 m’/m* day » %+ % % %77 > HPO PTFE & %4~ 45 £ ‘% 4p % HPI
PTFE % » v AR5 b ffFir- L raii 2@ R d Rd g -

(0] BB RIS S 1 M KBRS R R A AR 2 B R S0 4
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4-2 #7150 > LXK R k2 HPI PTFE-1 ~ HPI PTFE-2 ~ HPO PTFE-1 2 HPO
PTFE-2 5 23.52~16.66~16.67 2 7.50%> ¥ L1 % K joiwsk» 31 on-k 2 HPI PTFE-1 ~
HPI PTFE-2 ~ HPO PTFE-1 2 HPO PTFE-2 % 23.52 ~16.66 ~ 16.67 2 11.25% > H
%% & or > HPIPTFE /%2 i € $k42 5 % & HPOPTFE B » F #] 3L j2 &5

HABWRFS LRATEZEFYNS > Al E v RT - LREEAERF <

&
¥

B J\‘f vk L——j/ff&pé‘%%é #7438 ‘E}B B ’l‘i C VR R BALRITARSE P
2

EEI R PN g Jhd AR W R ST P ae RO RITE

B 4-5 % HPI PTFE-1 -~ HPI PTFE-2 « HPO PTFE-1 2 HPO PTFE-2 & " /k
Tl SRR ik 2 A4 B A WA 27.8477.1+82.3 2 823 mY/m’
day » HPO PTFE /& %2 4 4530 € % 4p ¥ HPIPTFE % > w 48 & %35 b s F 4k 7=
S AR R AR RPN RELTARER o B 2 ] FiEpEk Y Milli-Q 423
aRE L asF e o 50d AR 53 442 #65% > HPI PTFE-1 ~ HPI PTFE-2 »

HPO PTFE-1 2 HPO PTFE-2 4 %] & 55.56 ~20.00 ~ 22.49 2 86.23% > ‘¥ & & "if

Folidp kgl ik E S a B F LR R R
Hiw Z fB&5RF 0 d 7 v BORSERTE Pgem AL 0w BE T T i

ez & FE 0 o

PR AR BREE NGRS AR I RER S F R BRI A
- BT ke g > BT L o B ;ﬁfg} F ok ok B v 4

g ko s (O 20080 o e g e R S R R R B R
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AR EF T OV g AP PR RT - KB LKk ROk E T

3
Bs AR BRI EE e g fid ¥ ER R R A e il £ R R G B

~

Lo d H B AT AT R IR HiEg 2 A il BB A ) 3

Adpil £ 0 BRIV 2 ENH 2V IR RE 0 om ) IS R RS 2

W R ‘?"ffg 31; i..&rs (Lee, 2008; Schéfer, 2000; Yuan, 2000) | 0 j\:ﬁ 56? v ,% 3&;&* ;;L/{ ‘Fl g 2w
BEFRM S PR ARAIEZEET RS G FIL R g2 T

% 4-2 ‘;ﬂ’gwr Rk is 2z MRAR F

TR F (%)

ek HPI PTFE-1 HPIPTFE-2 HPO PTFE-1 HPO PTFE-2
KR 2R K 39.99 DD 12.50 17.39
JoK 2352 16.66 16.67 7.50
DS’ S 23.52 16.66 16.67 11.25
Bt d R 55.56 20.00 22.49 86.23

4.12 § R4 %

d Bl 4-6 F- k& K-KE A PR A 175234 NTU » &% HPI PTFE-1
HPI PTFE-2 » HPO PTFE-1 2 HPO PTFE-2 ' it %17 ki§ B "% <3 0.12-0.13
NTU - & Bl 4-7 7 50 F Lk R-KE G ARFEG S 0.69-1.59 NTU » g8 5if
IR S 0 T DK RS M 0.12-0.15NTU » d F 4-8 @40 F i
KRR ok B R R A 0.92-1.10 NTU> ™ & e 16 7 -0y ik g &
11 0.13-0.16 NTU - o B 4-9 ¥ v > F L KRR D kil B R 4
0.04-0.08 NTU » 12 & W J2 v i&— # #-§ B £ "8 3 0.01-0.04 NTU - F]* > # MF
EK@E&E@“*E*&m’?ﬁ%%&ﬁ@%*%i%ﬁvﬂﬁ%%ﬂ%*
O T B AR A Rk BRI 2 P TR
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3.0 100
o Y ® o

25 4 I [nfluent 80
[ Permeate

@ Rejection

2.0

60
1.5

40
1.0

20
0.5
0-0 T ,_l T ,_l T ,_l ,_l 0

HPI PTFE-1  HPIPTFE-2 HPO PTFE-1 HPO PTFE-2

Turbidity (NTU)
Rejection (%)

B 4-6 K2 k23 B AR - R R 2 B RS S

3.0 100
) (]
2.5 4
) Ld 80
I Influent
[ Permeate
2.0 4 @ Rejection
60

1.5

Rejection (%)

40

- H i

i i 20
05
O'O I,_l I|_| I,_l I|_| 0

HPIPTFE-1  HPIPTFE-2 HPOPTFE-1 HPO PTFE-2

Turbidity (NTU)

B 4-7 R-k2 3 e @R kg R 2 A RS R S
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HPI PTFE-2

HPO PTFE-1

HPO PTFE-2

F 44 REZR-R2 7 e BHE T Bk -8 IR F k2 AFT 823 i)

Membrane Gailit)

Protein 1 Protein II FA-like S-like HA-like
HPI PTFE-1 26.2/28.8 27.4/30.1 18.5/20.3 10.9/12.0 8.1/8.9
HPI PTFE-1 (T) 28.4/31.4 26.0/28.7 18.1/20.0 10.5/11.6 7.5/8.3
HPI PTFE-2 31.2/35.4 21.0/23.8 17.6/20.0 10.7/12.1 7.7/8.7
HPI PTFE-2 (T) 28.9/36.0 23.2/28.9 11.0/13.7 12.5/15.6 4.6/5.7
HPO PTFE-1 20.7/26.1 23.2/29.3 18.2/23.0 9.4/11.9 7.8/9.8
HPO PTFE-1 (T) 57.7/42.2 38.4/28.1 18.4/13.5 15.1/11.0 7.1/5.2
HPO PTFE-2 34.4/35.7 23.9/24.8 18.6/19.3 11.5/11.9 7.9/8.2
HPO PTFE-2 (T) 51.3/42.4 31.4/25.9 16.6/13.7 14.7/12.1 7.0/5.8
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Membrane D)

Protein I  Protein II FA-like S-like HA-like
HPI PTFE-1 25.3/32.1 21.7/27.6 15.9/20.2 9.6/12.2 6.2/7.9
HPI PTFE-1 (T) 61.2/31.9  56.0/29.2  333/174  26.1/13.6 15.0/7.8
HPI PTFE-2 27.1/30.7 18.7/21.2 18.6/21.0 15.1/17.1 8.9/10.1
HPI PTFE-2 (T) 27.6/32.3 15.0/17.5 18.7/21.9 15.1/17.7 9.1/10.7
HPO PTFE-1 37.9/29.4  30.7/23.8  26.2/20.3 19.1/14.8 15.2/11.8
HPO PTFE-1 (T) 40.9/31.0  31.0/23.5  25.5/19.3 19.3/14.6 15.3/11.6
HPO PTFE-2 33.5/28.7  27.3/23.4  24.9/21.3 16.5/14.1 14.7/12.6
HPO PTFE-2 (T) 38.6/27.8  33.7/24.3  28.9/20.8  20.5/14.8 17.0/12.3
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HPI PTFE-1
HPI PTFE-2
HPO PTFE-1
HPO PTFE-2

Fe 4-8 SRS D noK 20 R R i s R RE - 3E R R F k20 AFT &b B

Membrane AFL)

ProteinI  Protein II FA-like S-like HA-like
HPI PTFE-1 85.8/50.3  38.0/22.3 16.2/9.5 22.0/12.9 8.7/5.1
HPI PTFE-1 (T) 62.4/44.9  32.5/23.4  16.1/11.6  19.1/13.8 8.8/6.3
HPI PTFE-2 70.1/46.5  34.8/23.1 17.7/11.7 18.1/12.0 10.0/6.6
HPI PTFE-2 (T) 61.3/42.6  32.0/22.3  20.4/142  18.6/12.9 11.5/7.9
HPO PTFE-1 61.8/38.2  33.6/20.8  28.7/17.7  21.6/13.3 16.2/10.0
HPO PTFE-1 (T) 69.8/41.0  40.1/23.6  24.2/142  22.3/13.1 13.7/8.0
HPO PTFE-2 73.0/44.6  37.0/22.6  21.3/13.0  20.1/12.3 12.2/7.5

HPO PTFE-2 (T) 76.6/27.8  51.4/243  29.4/20.8  28.3/14.8  16.2/12.3
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Membrane D)

Protein I  Protein II FA-like S-like HA-like
HPI PTFE-1 53.2/444  28.6/23.9 13.5/11.3 17.2/14.4 7.2/6.0
HPI PTFE-1 (T) 50.9/39.8  30.1/23.5 18.0/14.1 19.2/15 9.8/7.7
HPI PTFE-2 65.5/45.0  34.6/23.7 16.3/11.2  20.5/14.1 8.9/6.1
HPI PTFE-2 (T) 47.5/34.7  34.9/25.5 15.7/11.5  28.6/20.9 10.3/7.5
HPO PTFE-1 63.4/43.2  35.4/24.1 18/12.3 20.2/13.8 9.8/6.7
HPO PTFE-1 (T) 57.1/40.9  33.1/23.7 19.8/14.2 18.8/13.5 10.9/7.8
HPO PTFE-2 47.8/39.1 25.6/21.0 16.5/13.5  22.3/18.3 9.9/8.1
HPO PTFE-2 (T) 99.6/49.2  39.4/19.4  20.6/10.2  31.6/15.6 11.4/5.6
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& 4.1.3)5 3+ & @]9 * HPLC-SEC A 54 3 £ 4 ** 400-20,000 Da £ UV,s4 3 fc B
2. NOM - # * HPI PTFE-1 ~ HPI PTFE-2 ~ HPO PTFE-1 2 HPO PTFE-2 4 %%}
FoloREZ KK FLERR R S LS RSk Dk 2 LSRR R
B AR RUB R R 0 M- Bk 2 B 3R 12 HPLC-SEC 4 47 2 $f UV,54 2 4
FEATF AE4-19 ¢ BEor higw fEeik e 0 HAS R AF ¥ A3 1000-2000
H A i% V’L 3 W L f&z i iﬁ(Zularisam, 2000) .
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43.1 B4 6 7 BRI LA

r2 HPI PTFE-1 » HPI PTFE-2 ~ HPO PTFE-1 2 HPO PTEE-2 ¥+ % - ‘K & % &
Koy FLE KRR RS oL SRR AR 2 F L SR B P TR A R
o o] PF iR g RSk (6 > 02 DI -K ~ 0.1 M NaOH % 0.1 M HCI Fg £ 1275 T E R K
RAE s BiR R RR ISR AR R e R AF R (s 2 N A

ATR-FTIR BLEH B4 6 2 475 342 B84 [T A0 %4 o s -

b §piE A G 27 ATR-FTIR A 45 % ® > & PTFE ® 4 12137 2 1153

38 PTFE F #7454 ¢ C-F 45 fig o

d Bl 4-20 #77% » EE Rk B A & k(s 0 fdie] 34422 HPIPTFE-1 2 HPO
PTFE-1 2. %% & 1030 cm™ § $ % 2 #rpcd » pt s C-O “TA 4 2 P » 7
i 5 PR #E(1260-1000 cm ) & % #EEE(1170-950 e ) & -OH #7 & 4 2. 3 picd
TR G PR A SE(830-1110 cm™ v 3200-3700 ¢yt (Lee 2004 Zularisam, 2006) 5 o 154
em’ gt LI T2 B AE 0 A F RIE R ENCL 5 2 FE S AOM 2 HFcE > %
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F'r Amide T % 3% gr;v-(zularlsam 2006; stork 2008) 4 1650 Cm—l,}; 32 Bk > %
C=0 % Amide I ¥ ii % /B 5 AOM>2930 cm™ % & #F & AOM # 1L 2 4% pyog (Her 200%
stork. 2008) 5 gt 2 4 3300 cm™ A N-H % AOM # L 2 ##cd & 5 -OH #2443
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4 Wi g b 5 2 4 5 4 j (Her, 2004; Lee, 2006;

Spinette, 2008; Hung, 2006)
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5 C-O “r a4 2 P » ¥ i 5 pRaF - 28 (1260-1000 cm™) 2 % pE(1170-950
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(Lee, 2004; Zularisam, 2006) -z 3300 oY % LOH “f A& 4 2. 33 pok vd v %,»r# 9, 2 4 ok
(Her 2004 Zularisam. 20000 & HPIPTFE=2%% 7 # & 1030cm” % 33007 § 4<% » & 1090
em’ 5 HHE 1090 em™ 5 C-O T A & 2 B A T i 5 R 5 47(1260-1000

em™) ~ 5 4E#(1170-950 cm™) & -OH #7 & # 2 ¥ > ¥ iy 5 # f% A %7 (830-1110
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Original membrane

Before cleaning

Milli-Q water ( sonication 1 hr )
—— 0.1 N NaOH ( sonication I hr)
4 —— 0.1 N HCI ( sonication 1 hr)

Original membrane b
Before cleaning ( )
Milli-Q water ( sonication 1 hr)

—— 0.1 N NaOH ( sonication 1 hr)
B —— 0.1 N HCI ( sonication 1 hr)

i —  — —— T
Original membrane ( C)
Before cleaning
Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication 1 hr)
B —— 0.1 N HCI ( sonication 1 hr)
=
e
Original membrane
Before cleaning (d)

Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication I hr)

4 —— 0.1 N HCI ( sonication 1 hr) /\M
W

4000 3000 2000 1000

Wave number (cm’l)

B14-20 2% ki3 AF kw2 w4 & ATR-FTIR B13%(a) HPI PTFE-1 ~ (b) HPI
PTFE-2 ~ (c) HPO PTFE-1 ~ (d) HPO PTFE-2--k & % & -k
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—— Original membrane

——— Before cleaning (a)
Milli-Q water ( sonication 1 hr)

—— 0.1 N NaOH ( sonication 1 hr)

- ——— 0.1 N HCI ( sonication 1 hr)

—— Original membrane

——— Before cleaning (b)
Milli-Q water ( sonication 1 hr)

—— 0.1 N NaOH ( sonication 1 hr)

1 —— 0.1 N HCI ( sonication 1 hr)

—— Original membrane

——— Before cleaning (C)
Milli-Q water ( sonication 1 hr)

—— 0.1 N NaOH ( sonication 1 hr)

B —— 0.1 N HCI ( sonication 1 hr)

—— Original membrane (d)
Before cleaning

Milli-Q water ( sonication 1 hr)
0.1 N NaOH ( sonication 1 hr)
0.1 N HCI ( sonication 1 hr)

4000 3000 2000 1000

Wave number (cm'])

Bl 4-21 v % ki3 Ak w2 %4 & ATR-FTIR B13#(a) HPI PTFE-1 ~ (b) HPI
PTFE-2 ~ (c) HPO PTFE-1 ~ (d) HPO PTFE-2- } -k
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—— Original membrane

— Before cleaning (a)
Milli-Q water ( sonication 1 hr)

—— 0.1 N NaOH ( sonication 1 hr)

—— 0.1 N HCI ( sonication 1 hr)

—— Original membrane

—— Before cleaning (b)
Milli-Q water ( sonication 1 hr)

—— 0.1 N NaOH ( sonication 1 hr)

1 —— 0.1 N HCI ( sonication 1 hr)

—— Original membrane

——— Before cleaning (C)
Milli-Q water ( sonication 1 hr )

—— 0.1 N NaOH ( sonication 1 hr)

B —— 0.1 N HCI ( sonication 1 hr)

=

—— Original membrane (d)

——— Before cleaning

Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication 1 hr)
—— 0.1 N HCI ( sonication 1 hr)

)

4000 3000 2000 1000

Wave number (cm’l)

Bl 4-22 ©2 % ke ij AlF kw2 w4 & ATR-FTIR 3% (a) HPI PTFE-1 ~ (b) HPI
PTFE-2 ~ (¢) HPO PTFE-1 » (d) HPO PTFE-2—iik 4 ! i -k
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— Original membrane
——— Before cleaning

Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication 1 hr)
B —— 0.1 N HCI ( sonication 1 hr)

e ——

—— Original membrane
~——— Before cleaning (b)

Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication 1 hr)
1 —— 0.1 N HCI ( sonication 1 hr)

—— Original membrane
~——— Before cleaning (C)

Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication 1 hr)
1 —— 0.1 N HCI ( sonication 1 hr)

—— Original membrane (d)

— Before cleaning

Milli-Q water ( sonication 1 hr)
—— 0.1 N NaOH ( sonication 1 hr )
1 —— 0.1 N HCI ( sonication 1 hr)

e — — =7

4000 3000 2000 1000

Wave number (cm’l)
B 4-23 123 I 73 #0204 5 ATR-FTIR 3% (a) HPI PTFE-1 ~ (b) HPI

PTFE-2 ~ (c) HPO PTFE-1 ~ (d) HPO PTFE-2- -7 ik
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% 4-12 72 ATR-FTIR ~ 47 &% 4 % 5 et 2 &

¥

1030
(5 pEA)
1090
(5 )
1415
1540
(35 7 47)
1650
(35 4)
2930

(FHT)

3300
(3 JT4F)

HPI-1%, HPO-1° HPI-1, HPO-1 HPI-1, HPO-1
HPI-2°, HPO-2¢ HPI-2, HPO-2 HPI-2, HPO-2
HPI-2, HPO-2 HPI-2 ;
- - HPI-1, HPO-1
__.-"_ . _'L‘:_..-{
HPI-1, HPO-1 ..}:’3'{ d &
A= [Els Qf‘« "
I :I . ol L e
HPI-1, HPO-1 - HPI-1, HPO-1
HPI-2, HPO-2
-y
? '*":‘-"1
HPI-1, HPO—%\T}&.%&JHP PO-1
.'I
“1-,____.__ HPI-2, HPO-2
HPI-1, HPO-1 HPI-1, HPO-1 HPI-1, HPO-1
HPI-2, HPO-2 HPI-2, HPO-2

HPI-1, HPO-1

HPI-2

HPI-1, HPO-1

HPI-2, HPO-2

a: HPI-1 % 5+ HPI PTFE-1
b: HPO-1 # 7+ HPO PTFE-1
c: HPI-2 % 5+ HPI PTFE-2
d: HPO-2 # 5+ HPO PTFE-2
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d B 4-24 1 427> 7 Bavd LA RERT - KELE K FLS KRR
oS LSRR S R R LR R R Ak o FEd A A e B

iz TOCRR » Higk 7o 01N & 5 467 S o i 5 o

x,% RN Y R I EEM 4 47 % & i 2 e A = 4 o o % 4-13

3 4-16% B 4-28 7 Far v DIRiFie @ Bmsind § F4 %30 g1 ¥

AR I R BFERIF IR TRE eSS4 o
™ 0.IN 3 3 'Lﬁ?‘/p PRI

() ¥4 % 4-13 2 ] 428 7 v > @Eriejni-k i W- K& % K-k » HPI PTFE-1
2 9 ri it 3t Ex/Em = 270/280 ~ 280/346-358 % 240/350-358 + P7 &f 4 fici
B AEACA PR A S OB IRA Bw TR A P T2 SRR R T
$ 2 4 84§ % > @ HPIPTFE-2 - HPO PTFE-1 2 HPO PTFE-2 **
Ex/Em = 230/346-352 ~ 290/350-360 % 300-310/396-414 [ & £ fcié > 5
Fh R P I s 7 MRl e WA s A B

(2) T 4 4-14 % [ 428 @ s SRR 3 0% K FUR ok » HPL PTFE-1
2 %547+ Ex/Em = 230/340-348 2 270/336-340 § P BF 2 s o ST
FELE A ERs WA ¢ et by TAE2 § 834 & £ 3% - HPI PTFE-2
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(3) W % 4-15 2 B 428 ¥ Avo EWEILK H F LSRRk Jin-k > HPI
PTFE-1 2_ %%} » ** Ex/Em = 230/342-352 ~ 240/386-413 % 280/342-360
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F 4-13 1R Ie Ak E R sk 2o F 6 EEM BlRE K R & K oK

¥k 2K K

P
7

DI water 1hr (sonication) NaOH 1hr (sonication) HCI 1hr (sonication)
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DI water 1hr (sonication)

NaOH 1hr (sonication)

HCI 1hr (sonication)

HPI PTFE-1

HPI PTFE-2

HPO PTFE-1

HPO PTFE-2
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100 -~ 100 -
(a)
80 - 80 -
60 - 60 -
g
40 -+ 40 H
20 - 20 -
o - o -
o 10 11 12 13 o 1 2 3 4 5 6 7 8 9 10 11 12 13
100 100
80 80 4
60 - 60 -
g
40 - 40 -
20 20 4
o - o
o 10 11 12 13 o 1 2 3 4 5 6 7 8 o 10 11 12 13
B Aromatic Protein I
EE Aromatic Protein 11
=3 Fulvic acid-like
EE Soluble microbial by-product-like
EE Humic acid-like

B 4-28 117 e ip AE ik
AAEH A XA 2t

1. HPI PTFE-1(DI water) ~ 2. HPI PTFE-2(DI water) ~ 3. HPO PTFE-1(DI water) ~ 4. HPO PTFE-2(DI water) ~ 5. HPI
PTFE-1(NaOH)~ 6. HPI PTFE-2(NaOH) ~ 7. HPO PTFE-1(NaOH) ~ 8. HPO PTFE-2(NaOH) + 9. HPI PTFE-1(HCI) ~ 10. HPI
PTFE-2(HCI) ~ 11. HPO PTFE-1(HCl) ~ 12. HPO PTFE-2(HCI)

S (@)K B4Rk~ (D) RK S (O)mER ik ~ (d)Rihis Bk 15 2 % ik 5 8k EEM
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F4-17 U7 P BB E R SRy A2 RRRKEE KK

Concentration (ppm)

Membrane Cleaning
Ca Si K Fe Al
DI water” 0320 0.870 0.070  0.007  0.050
HPIPTFE-1  NaOH® 0.480 75.00 4.200  0.290  8.100
HCI* 0.170  0.420 0.180  0.200  1.700
DI water” 0.770  1.300 0.086  0.019  0.026
HPI PTFE-2  NaOH® 0.650. 44.00 2.700  0.240  4.800
HCI* 0.1400.720 . 0.110  0.240  0.160
DI water 0.400 0.120  0.088  0.012  2.500
HPO PTFE-1  NaOH® 0.620 88.000 4.900 0.210  9.300
HCI® 0.094 - 0280  0.072 0.200 0.110
DI water" 0.330 0.092 0.076  0.007  0.041
HPO PTFE-2  NaOH® 0.460 89.00 « 5900  0.240  9.500
HCI* 0.180 0.170 " 0.065 0.140  0.079

a: sonication for 1 hr
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% 4-18 " F e A AR E R E BT A A 2 R -R K

Concentration (ppm)

Membrane Cleaning

Ca Si K Fe Al
DI water” 0.063 0.080 0.037  0.004 0.007
HPIPTFE-1  NaOH* 0.460 99.00 6.700  0.300 10.00
HCI* 0.170  0.250 0.110  0.610 0.260
DI water” 0.350° .0.200 0.080  0.011 0.420
HPIPTFE-2  NaOH® 0.270 85.00 . 4.600  0.370 9.100
HCI® 0.094 0.250  0.054 0.260 0.170
DI water” 0.091  0.160 0.059 0.010 0.013
HPO PTFE-1 NaOH® 0.210 86.00 4.600 0.280 9.400
HCI® 0.077 0370 10.110  0.610 0.660
DI water® 1.000 0.180 0.130  0.024 0.031
HPO PTFE-2 NaOH* 0.790 ~ 95.00° 5.900  0.300 10.00
HCI* 0210~ 0.280 0.073  1.400 0.390

a: sonication for 1 hr
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# 4-19 1R e ARG RE R SR T g A A 2 R R TR R Ik

Concentration (ppm)

Membrane Cleaning

Ca Si K Fe Al
DI water” 0.370 0.200 0.044  0.004 0.019
HPIPTFE-1 NaOH® 0.640 67.00 3.500 0.290 16.00
HCI* 1.200 0340 0.120  2.000 0.730
DI water” 0.340 0920 0.054 0.004 0.073
HPIPTFE-2 NaOH*® 0.700 . 69.00 3.500 0.370 24.00
HCI* 0.230 0.380. 0.076  1.900 0.940
DI water® 0.510 0.340 0.078  0.007 0.530
HPO PTFE-1 NaOH® 0.620  69.00 = 3.500  0.460 31.00
HCI* 1.100 0.440 0.073  2.500 1.200
DI water* 0.470  0.270 = 0.028  0.004 0.012
HPO PTFE-2 NaOH* 0.480  69.00 3.500 0.330 23.00
HCI* 0.810+ 0300 0.061 1.100 0.710

a: sonication for 1 hr
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# 4-20 1A e BB RE R SR T g A 2 R R PR ik

Concentration (ppm)

Membrane  Cleaning

Ca Si K Fe Al
DI water” 0.210 0.130 0.068  0.009 0.047
HPIPTFE-1 NaOH* 0.920 84.00 4.400 0.300 10.00
HCI* 0.100 0.250 0.055 0.390 0.390
DI water” 0.590 .0.400 0.120 0.013 0.019
HPIPTFE-2 NaOH® 0.530 82.00 . 4.400 0.340 11.00
HCI 0.200 0.330° 0.076  0.630 0.640
DI water” 0.300 0420 0.110 0.012 0.028
HPO PTFE-1 NaOH® 0.550 80.00 4.300 0.300 11.00
HCI® 0.530  0.480 0.180  0.570 2.400
DI water® 0.110 0.340  0.055  0.005 0.017
HPO PTFE-2 NaOH* 0.430 ~ 90.00  4.800 0.370 10.00
HCI* 0.120 ~ 0.028 0.071  0.140 0.380

a: sonication for 1 hr
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