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Scaling of Silicate on the UF Membrane in CMP Wastewater
Treatment

Student : Shinju Shen Advist : Chipin Huang

Abstract

As the domestic semiconductor industry is gradually progressing to nano-scale,
chemical mechanical polishing, CMP, process plays a key role in the industry. The
CMP process consumes plenty of ultrapure water and produces a lot of wastewater
which is difficult to treat. Therefore, the wastewater reuse rate can be greatly
increased and reduce the consumption of water, if CMP wastewater can be reused.
Wastewater reuse is very important due to the limited water resources in Taiwan,
especially the semiconductor industry contributes a major part of economy for the

country.

The membrane filtration process is-an, effect way to recycle CMP wastewater.
However, only a few semiconductor manufactories try to apply such a process
because of the membrane scaling problem. The study is try to solve the problem and

increase the wastewater recycle rate for CMP process.

According to extensive references review, it was found that membrane fouling
mainly results from the dissolved silica in CMP wastewater. However, most of the
studies focused on the fouling behavior of solid silica, few studies looked into the
membrane fouling which is due to dissolved silica. This study attempts to
investigate the fouling mechanism of dissolved silica by use of ultra filtration (UF)
membranes. According to the concentration of dissolved silica in CMP wastewater,
several filtration tests have been performed and high concentration of synthesized

dissolved silica wastewater was also investigated in this study.

It was found that as filtration time and concentration of dissolved silica increased
they both have a distinct effect on membrane fouling. Membrane fouling which was
caused by dissolved silica is because of the growth of particle size and scaling.
Dissolved silica not only results in membrane scaling but also penetrates into
membrane pores and therefore, causes scaling in the support layer. The analysis
showed that scaling which was caused by dissolved silica is mainly composed of Si,
S1,0, Si0 and SiO,. During the UF filtration of dissolved silica pH decreased with
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the elapsed filtration time which also increased membrane fouling. Besides,
developing membrane cleaning technology is very important for reusing CMP
wastewater. The development of removing dissolved silica, conductivity and
organic matters simultaneously is essential for setting up the sustainability of the

whole semiconductor industry.

Keywords: CMP, wastewater reuse, dissolved silica, ultrafiltration
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DIMER
CYCLC
pH<7 PARTICLE
or
pH 7-10 WITH pH 7-10 WITH
SALT PRESENT / Inm SALT ABSENT
/ ‘ ;} Snm \
AT & C B
30nm

100nm

TEREE-DIMENSIONAL

GEL NETWORKS SOLS

Bl 25 A it § v p2 B g7y (lenl9)
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2-3-3 B REA B EE L IS4

225 CP HMpHEE ™ » BB ER Y 120mg/L =+
CHFER ~pH B~ FRER ~F RETERIIAR 2 3 RERES

CE RSN S

S
Wi
<l
]
e
4
S
(w
35
&
S
aia
fus
P
!
=
>h
=

1
ﬂ

2O LB TR B E AR B R 2 AT w T CMP R S R

Z_ R4t o

KR8 B L ATiE A 2 ff’gﬁfﬁf’é v 3 & Rt H A8 Colloidal3g %
fE i@ phz 1% o F4EColloidal Flic s iv* @ R EMF T E L w >

A5 = A A ik A 35 (A % Particulate fouling) 5 ™ 73 f2# Bk F]w ' 1F

L

oo B G i S BRaA M e s 0 AN TIVIF P B TRk

\

FEF et sk Ebpeda(Sealing) IR oo A G UK

~ VT . Sahachaiyunta et'al., 2002
# ¥ (Precipitation fouling ) “>*chabune '

¥ i&¥x Bourgeous et al. (2001 ) % de Barros etal. (2003) 2 %73 >

EAR IS AL R FIAeT (4ol 2-6 77 ) ¢
® i om A= /R4 (gel/cake formation ) @ F)k B & 1t AT o

Spare g et S 2 A g B

S

34

® 'k re%k (poreplugging ) @ $EFFE F 30 BT JF N o

® it 5| (pore narrowing ) : $FA S 3T IL N K A om0 RV E

i b ] o
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(a) EB/RENTYLG 4 2 (b ) 3% ik ARITAp b 2 A T

[
= 00
O (75

. ‘ ) — KA 2
Thin membrane skin Thin membrane skin
)i ]

Backwash water

Backwash water

(c)avwrt

o)

ISV
o

{ -
Thin membrane skin
)i

Backwash water

Bl 2-6 35 s 1841

2-3-4 -k ¥ AR g2 4 G HR
T A4 =t (Adsorption )

.

3 ‘oK AR R B
#t# (Deposition) % ik (Precipitation) o § -K#Ik B etdk 125 >
@ﬂp&?%ggggiﬂ%%@awai%’%%ﬁﬁéﬁﬁﬁ’
I HPRSG T EE R A PRI LR

ke BAED S e 5 E MR

1. % % #c i* j# (Lime Softening)
it #2 & ( Lompect

~ N Fe L
AU )

IRRIELRT IS ' Ty
ﬁi‘:‘; Roﬁ/i@/@’-ﬁg%p

Masarwa et al. (1997) 4] *

accelarated precipitation softening )

sV N

SER AT, R 2 R A, ik TR Y A kR R FIL4RT

ﬁ\‘/?]?
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B FRAREELEEEE T ERI LGS L HERLPF
Ho) o

2 M (2005) 1% 5 fadci 2 (NaOH ~ 7 % ~ gagm %) % #
GOk R R R MR pHE A 10125 0 25 5 80 %t -
Hpap s 2 f 45 & F 182 SRR B AR BTk Y S
Fivpoemidg 2 g Foptel ’%ﬁ— o X+ g8t 4 37 1R ( X -ray powder
diffractometer » XRD ) % i & & 474 3¥# % (Electron spectroscopy for
chemical analysis system > ESCA) ~{7wfF& %o #F R > H e 5
CaCO; ~ Mg (OH) ; ~ Mg,SiO % 384 & 48 » { /&= § 1 F% 2 I
ARG 2§ I E gk

2. ¥ 5% fe fa(Silica gel seeding)

Sugita et al. (1998a,b) WM PLEEMHaFE » £ ¥ SRk ¥ L2 5
ZFICPEFET RS EAPHREYERZ FRE LY Pﬁ—’é‘ti—i%
T | ;;F»étiggg_; n A& P pHE <3t 8 J ™ » P e f T
F{EEFor ABpHERBEFZERER A - F VP EF B

IE S8 E0F e

Ueda ctal. (2003) 4 %% 3 # Rk 3 jep pa g @ 45> @ % §
4T (Ca0) 2 B+ B 5 REH 0 7 317 450 Bk
HE 53 T FAL LR o HIGR TR kTR F VAT

FR L4 EE 2w L 500mg/L 2 80 mg/L -
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Sheikholeslami et al. (2002) f1* & ¥ *4 ~ F % % ghi= A & i&

T dL s o £ E AR R JE 0 1T M RO R B2 o

St
nul

EEBAFEAEY £ F ChRok? BRI BE SRR
$%l¥,L;}-ﬂ,b"3£;ﬁ/xﬁ4%T&m_i$ A N B L g V!
Y Ml ‘\‘-i f -{1‘?’1 =~ F f&'i}- (Mg28104) F ﬁ&!ﬂg (C&zSIO4)

ST AT o

4. 3 2 M

B 2@ G F T RALREREEF S EF I HE R
AR RY EAPNT TS iﬁﬁ@ﬁﬁﬁ’#i%¢@£ﬂi%?
BRI RG RS M BT E § S 2 B 2
OB R A i EE BT 2 ke g kY s
FOU P RBE G e T SR G A e 0k £ R B
2 2V ARPE 0 RIF I R A g 2 ()

21



2-4 E AR
2-4-1 &Y A2

W EJLY & LAY - A E S F (Immobilized Material )

-

s

3

wie

kP oA RS A D - Apiie ¥ - AP BRR i A dak 2
BB AR o LA MR > B EE G B RAERME FEME N E
AP E A B TR R E ¥ L AT AR A

A » 2003
%\’ 2_2 SR (1 ) o

11\1,

# 22 EWRJEAERZ HFE

2 5 L b 4
% WIR SR A R FR BT Rk R R
A )
SR SIS RN e & B A
TER O HREI 2L ERALE FER TEE
%47 $5 T @R L E R kR R
RRRY  EFRASFRTOT S kBB
THEAY  ARBETS T R T EH
BT B HHTRS LERE ER (EE) PR
AR A SR HITAR O B A BRI 0 B G O&F R~ B ok
FoEFR)FCFRAL AL FAFA G {2 ETHERE
BLo pown e BGLEF AT g%~awﬁk WEE S AEY o F
PACKESE S @ oo B ARG T KO O/ TR B R IECE )

LEE

1’-‘15'-

k o
¥ kP AE2 Wy ke ¥ AFRKTRLBES

22



2wl o FR S RS R B E AR YA RGN (Ao Ak
B) 2R3+ AFLT ERRP TR -

242 EHCIBAES B

AR/ TR Y 28 A ET A GG MR A A o
FWEZ WITRMEL AT WHM - AT E G A ER
Mo F st § Lo i (CA) B (PS)~ 4 £ % (TFC) ~
Faovemy (PA)~ 2 b ¢ = J:T%Awnvr (PVDF) » CA %% 2 1
Tl Faz M ¥ ALER*FHE > Akt pH # Fl# % 5 PS %5
B SHT Y TR IRBRGPAERR CFECR 0 LR FL
f2 5 TFC Wi d 5 & A £ 45 a0 1L ﬁrmﬁ—ﬁ?mgm 3
B Bk 2Tk 5B PYDF W E Gtk + - RWEHT s 25D
ERF P EPUES RRARE RRAMRRET ) R
o wFHUE A R L PR B TR R e

R = MR AR T R A EEEE Aw
Bl R AN Ao R R AHF RS L S BT AR S
R E R R 4R A G $H AL (Symmetric ) E O E R
(Asymmetric) &%~ 324p B S BAR R (Ao f s a &

B ) :3& (% >2006)-

A
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2-4-3 FER2 B iR i

EAZ_ e & A 5 RS (Solution and diffusion )
2 & e tcst (Sieving) & f8 o 3 fEIFATHCFS B SE R 0 KRB R Y

LBFEAT R R LA fER R RECER A G A - kR
Boea ETIAAER T BRI RS FUR Y ABE 4 Spie o

7
~

PCE A FHE A AN ETF A SRR T A o R
ESAR B @ % 0 AciBip (Microfiltration » MF ) 22 UF3t &k~ ® B %

-

A

A R BRI 5 A 5 A NFEROF 4 6 5% 890
Lic g o SEUREIR L F 5 RN 2  (#602005)
A ’ U Y &5 ¢ 7 e ptis L X T

Ay

Tk EAGE R PATE LA 3 R o A R T

(electrostaticrepulsion ) %4 7k 422 3 (¥ #* (hydrophobic interactions )

A5 & - N - N = + ;2‘_, -
o FAETSRNFE FTRLG T AE > FIRRPHER Fa

Yo A G AT BE T ;ﬁ,ﬁi?’k;‘%i&i”?ﬁ%ﬁ%%’ FlR A
MR A EFELME e A AT ERET AR R TR fr

AR A PSR R AT 20k L s

S R PR Rl A B TS R A P 2 A g g o O

T E R TR iRt Y 2 - N
?ﬁ&%%ﬂk%%io—&aé’%@4i$é%%¢;ﬁ&:+
AR R LR AR
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abues adoosoloiw eodg———————»

abues W3s

| sasuejsgns ajaied auiy >< s22UeSgNS |BPIO]|0) >Q

seJuelsqns
yBiam Jenasjow Mo| pue suoj

®H:0
@cI
@H'Na* ® OH-
: g::r @ Glutamic acid
Sucrose

@ Cytochrome C
@ Egg albumin
@ Humic acids

@ Hemoglobin

@ v-globulin

@ Polio virus

@ Tobacco mosaic virus

@ Japanese encephalitis virus

@ Colloidal silica
Colloidal Alumina

@ Oil emulsion
@ Latex emulsion

@ Cholera bacillus
Clays

@® Escherichia coil
@ Staphylococcus

@ Marine chlorella
@ Cryptosporidium
® Algae
@ Giardia

Silts

10
20
50

100
200

500

1um

10

{oy)sisowso asuana}

{dN)uopenyouey

ENRVETTERT

(d)seyolony

ésamd uonesyy |auo!;uanuo:>

W 2-7-k? “T g L& LS R g T FRO
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2-4-4 A&k

Wi RS LR 0 R LY 1~100 nmiE e g 1F
* (Sieve Action)» #-* » 33 FrEGm EF | A+ 3 T B2~

A2 o TV AR BImALS F 1 FFor (Cross flow) iBim ™ V&7 (4o

Bl 2-8) 3 (/R 4 %t 50~700 Kpaz B (720050, 4 mon o 1 (705
ﬁﬁﬁﬁ’éf6¢éﬁ+*£%m@ﬁéﬁﬁﬁ?@%%ﬁﬁié

£

1% i#8,% (Permeate ) ; ™ A e iﬂ”

N

PIAER R v in % o 2 5 kSRR
(Concentrate ) o F|p* > MARFERA/F T EH LB FB R EITA
BB F B R RRIE DR < S RITH Y 0 KRR
R iz R JRARR H o

- BUFE WAL A 3 R =i Bdupends e 5+ & 3 5 53
wEE ERF PR CRIMF RE B I H 2 PR S
AR AR TR A R IR R e UFAR A 240 R AT G 2 4
#4 kR g N A kAR s d X H A sk
TAE G FiFLIR %Lwhéfkﬂ&aﬁ4# & HoR 2 AR 2

— > ¥ bR R AN AR BCR w T AR & sz v (# - 2003)

Raw Water sz O - Retentate
(Feed Water) (Concentrate)
) Permselective
Membrane

Permeate (Filtrate)

B 2-8 Hini\ABRAS T &
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42 Al B KOG ff R Kﬁ;mf@?x‘lﬁ; N ERIR o

)r\-

PEE AR R 2 S A FERT F IR
B A EY G R e R LR R iRk
R RBRe B FAFE A o Ak s Mgk
R~ pHE ~ B AR 2 4+ 58 R Fugud oh o 17 5 g Fonna
BWe/RA4 o (L
T P iE F] S Regp 3 R A R Ag R 2 B 0 T AR
B SRk RoRORE IR 2 B KORF R RS 3FR A S

Vs g EE e 55 7 }%@Ia'p_\/ w(ﬁ 2005) "

BB AR T B ) AF Bk ITAES

%
‘J-'lﬂ

i 7 g (e

d BN AR AIEAR A GIRP 0 L kA 2 R AR R Y T

(w

F1 o 2UTE L G AR S BRI AP R B R IR B Arid S 2
MIer W E T2 2T A kR iE S 2 PR RN R R

it 7 LA B GRS 2 R Fl— o TR A s L B O E R
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2-5 @ R AL w fr CMP Aok 2. Biv

)ﬁﬁ‘rﬂﬁiﬁﬁlﬁz TN LERAEA S 0 F B CMP Bk v T a2 R

PRGN 2 Il wez Bk (Aol Azphdg Aok ~ LSR 2 ROR %)

e A wfcts o L AR R T RE S &R IR E K E TR
1€ %7 % @2 CMP Bk » vy £ o

& CMP B KW T @ per > P oav & 300 B 5 0 18 SL el BT K
SESL > E R BT B R LR v D R FT R
TRE R F 20t RELR* (hodiEY R~ Plerd b kE);
AL TG CHRFRE B BIL S UL CMP Aok o T E
Ter g R iR R > BBl kSR EF TR - T R
£ 4] CMP Bk AJZ w otk grr B dag s -k sudi B kR R 2
B B RIEAR R P AT

(1) R+ AST 4+ AN 3 5 Ea® (4cF 2-9)

ETIRS

F kB AR CMP 2 & Ak » MR EAIE 2w
R EERE s B T 232 RO B
}i

‘“\

\\3
E

e
TE_7‘|9 5\?"»]{"/‘ /‘,€P7J\f)€'£ ﬂ;& & J\ jbﬁ-ﬁ)té k’k%ﬁ

o

Eﬁbs%

(2) #»wH ~+ 3 %ed2 (40F 2-10)

bt CMP R & ok » 3 80 0 2 4 % AuL > Lo
EHA BT Y452 RO B A B ASEE AAJE (S w e
ARWk BT D ROKRER o
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e
CMP g4

+ 58
CMP A

8

I NaOH

L kK F A
] ; ~ HaHS03 ey
R > o
| ‘ : £ A
[ ]
: "'\. [ ]
= = =iic P ]
[ ]
o O "L
o e | o B BT kR Es
B
R |

ﬁ] 2'9 1,1; ﬂ]CMP%’}(@\}" ,l’z_ﬁ_‘ igl (> 2004)
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5k
CMPR: K

I
CMP: K

| >=

7/ S\

Rk et

e

:

MF/UF

/e

PreFilter kAT A MF/UF AC

AT Kt i RIE ot i
[ wr >

Bl 2-10 & 4| CMP A kg2 w iz & 11
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§ b T A AR E F B > Cu-CMP Aokok B 7S 5 H K
Ed A A? o Hw g Agminfed sl it bk % (1) 9 0 e d

RGEHATL GO E SR GRS S AR P L e R s AILE

AR v e AT CMP AR T B R AR R 2 g
Ao RILLRSHTE FIRRTAILE & o B g YT 3

(w

_nm
P
3

ToNBEIBR P LA AR RRE AG IS (1) 3

\\3

mﬁﬁ&yEaﬁéy*y&ﬁ%%mﬂw&wwﬁﬁ%mg,@
frig A Aok BTRLLG PR F A0 TR FIRED LT
Hlo R 2 dpth s £ 20 5020038 7 F 7RG AJLE T ok
PETRES T BAYRAno ERRUELABIRAETYAL R

PR %E o

Yoo AT RFEAYGREE O 29 Ry Juig2 CMP
BoKBERE 0 B 5 i el B B R W Rk S I ARfE e
WHHEA R FIF R T UL CMP AR 2 B 34T

(1) EWfpretd € FEgr B8

(2) k7 PR G EET R BT BRCR TR
(3) FWEF kb Bk TS

(4) Ewp-@7 3 2 G5t

FRA S OTE 2 F RURIL Y o CMP ook 2 IR i 40 deie il 4t
N- BRESGAPREE S FTRE LT PR AR $G B
*pTE S CMP Bk adZw e & o S AR R E LY T R
oA WAARAEY KFL 2T H -
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(Y ~

FESRERWEZE KRG

3
i
el
At
o+

ARG I 2 Ty 3k 0 % UF H A~ 4547 bk B 203 130
Bd B g M RERARCZ pHER 2%
%o M ENRIE SRR TR EA M AT RE T RSB EP BT

FEERIEL G BRALAT - BFE P BORTR

EC A W
ik
(SEM)

{

Mapping Mapping

f

X kg3
A
- (ESCA)

B 3-1AT% = i imde




32 REHFEHE 2
321 FHEH

AP G 2R % kY BfEp 3 UF BfeiE 5 2 ffis A i
=

B B AR AR AR 4o B 32 40T o

=

J d

[ % fEp pat UF Bk o 2 s 7.5

W 32 % %% W
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3-2-2 % iE

BAZFL P22 HRERTE AP LI REBERT & 54
1 Rokpe®l UF B £ 9% TR MFFABMBEF LG 2 R

& (Membrane supporting layer)® 2_ % f 3 o

Bk B kR 80 me/l UF @A iEiA 5 | FF 36 - B
272 EE 3R RERFTH UF Bipird+ 2 3258 ¥
7 ke fop Bk R 120 mg/l > g 36 ] PF 0 &2 80 mg/l 2. g% (7
W R R RE R S UF Bt S 2 B e kB
Lerrm 9 pEG EIRER > PR E2 RN - ERRE AL ROk A
FrHR LR pH B2 Pl kB E S G ? > ok pe@l ~ UF Ea

% %

B R R T

1. Rok-kFpd

v B dh (NaySiOz « OH,0) 4v » %ok ¢ > A e KRR F Rk R
Aw) % 80 2 120mg/L2 @ f8 4 1 fok o & B w3 EpHE 3 9~10

- A
v

o

2. UF j#&mag

\“‘b

T &

S

muprsek (ki ) 2 FEA B R ERERZ L1 ROk
Pz 1.0bar 22 A ek (TR 4 ; B 425 UF B W8 o $Bipiz %
/&ﬂp/li’é’w e B iEpir 2 ERICE ’;ﬁd 3 % T R-H

L@‘?" PLC % ';ﬂ&_,p< ‘?,Eg] °

3. AR Rz TR
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BT PR R R RIS IR 2 22 k]
SR L T IRE By T L N R SUE R D

oS

7 Sl(OH)4 + 12 H6MO7024 4 Hzo — 7 HgSi(MOQO7) « 28 HzO

FpHERIT 12 P dpede g 8-k 7 o ~ B F om & LF
3’Fﬂﬁﬁiﬁéﬁ%&éTi%&@ﬁﬁﬁﬁ’ﬁ%%$@
Fse @ fa2 Wenk oo ¥ € LI4R4eA 2 F W R 3 H A
¢ (monosilicic acid » Si(OH), ) » #7275 & %7 48 & (silicomolybdic
acid) ¢ ¢ -

335 $17 % MHACHA® Wit - 31 5DR/A000 2 A % %

B3t poiZ 2 Program 3350 0 P4 &5 452 nmik (7 A4 47 0 R

PRk R B X 4872 5 100 me-SiOy/L.»
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3-3 = HH
1. » pad
O ARBE NP4 F 2 B Fe4(NaySiOs « OH,0) » »+F 5% @ fie
AR RRRG R F R 1 UHRCMP R K3 27 Bk &

t‘l—i-'ﬂ’ o

2. APRARE ¢
40 s 4% ((NH,)MoO,4 « 4H,0 ) ~ s 1238 %] 2 18 $ 4 @ * HACH
o R E( e 24296-00 )2 & FA £ Pl % ¢ > -k ¥ dmmonosilicic acid
PR ARF R t5 14 A sk k B2 (HACH DR/4000) B %_» pb &

PN G APRRAE - PRI A RIERE = MR -

3. Bp
L AKELSPYPE AR (HCl) # kR I 3N 2

O.1N > * 2 S id Frife (P ik m % o

4. & 3 it4p
# % Panreac = @ ®i$2 4 § 4 (NaOH)» #- kR p® 1 3

N % 01N * 37 5 Bk (Tldg 7% o

5. PVDF &%
GE Osmonics > Sepa CF PVDF UF JW Membrane ( Part

Number : 1155579 ) » 30 kDa » USA -
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3-4 9 B CMP B K2 4 1 R-k2 v i

AELRRL AL RKCRT RETEERITOPEREFP R
LE R CMP Bok-kk o B RIRILT S RN F R AT B AR
&R F B Rk 2 Reclaim Bg-R 2008 & Brig o T B R ET RO

4o 3-1 9757 o

ATy BB YR AR e rtid & 2. UF S s A &

\\\?{.r

Y HpH B2 PRk - Bl MEFEFHRY 2 AL ok -
HvY > BB CMP B-kzo pH E A T79~9 2. F > ke -Kiak m
ALRKFIR*PPBAQARFERAFPBRERF KBAREAAKAR
% pHE L4k > ¥ pH B9 106 =% » Fpt#73 b itk R 2 4
1 Kok pH @3 5 10~10 2 @ < 5 oo BB RS 5 0 F RURK
ER L 4095 mg/L2 B A RokplEt RERRT ER %L
b s #-H R fRR e 14 05 40~120/mg/L 3 12 40~80 2 120 mg/L
SRR 2 KRR AR %

% 3-1CMP B&-R&E X 1 Rkt i

kBT IE P CMP %k A1 Rk
pH & 8.38~9.30 10.45
¥ T A (uS/cm) 95.0 ~ 152.5
% B (NTU) 193.4 ~342.4
3 e (mg/L) 36.8 ~53.6
B kB (mg/L as Si0,) 489.0 ~ 934.2 ---
7 21 & B (mg/L as SiOy) 43.7 ~90.2 80/120
A E T = (mV) -53.4~-58.4
$E kS (nm) 76 ~ 245
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3-5 RHKAZ AHTRE
3-5-1 RE&* A

ARG LR P I ROKREN RN R - TR
BNRF AT VAR 4B (Program Logic Controller » PLC) %

PC & (4r®@ 3-3)-

i N} i > PLC

gL -

PC

’ ] i*ﬁ-ﬁ’_“m
! ! Permeate
\

____________

Raw Water: /)
TR ] Reject f——
pHIT \AJ Load cell
pH/ Mass balance Test ‘

Bl 3-3F%KAT LW

1. 638 & F
MasterFlex » 2|5 5 7518-10

2. T2 (Cross-flow ;¥ UF % » 4@ 3-4)
GE Osmonics SEPA CFI[ > Maximum Pressure 69 bar > USA
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B 3-4 Fwh e
3. 83 axx
S B L 7518-00 0 AF sk HERIAELKE -

4. ¥R E
B % Allen-Bradley » %55 5 MicroLogix-1100 » i & # #* (%
it pHMeter &2 3 F % T @ w2 gt g » 7 K-H 5@ T Bl4-
2502 PC - 3 BT 6 i ~ 2 B [0 Sl 416 5 Rf AL @B
# 0% o i
5. Bl4pAzs:t 2 PC
B4z 4 % B feMdntouch » 5= 5 V7.0 A &3
= I IF%J’E’ PLC /&3 /i wm ZiF#e & » 47 & 3L (SCADA ) 4 -
BMABReRApE RER T ¥ 5 kEBc A9 %Y 183
FHIRGFEREFRT 2 R4 b2 g B (B 3-5)-
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FIT-In PIT-In FIT-Out PIT-Out

[ I ] [oJfr ]

2RI

EREREIEE

540 Min

PR
CMP WW Tank

Reject Permeate

0.00

Report Setting

# 35 Bl ko
352 & 4 h B e

1. & k& g+ (Spectrophotometer )
5 2 WHACH= & %% ~ A]5.DR/M4000 2_ & k& g3t pos&
2_Program 3350 ¥ £ip|H @ ELE R 0 WPl E 5 452 nm ~ 1P
PRk AR B4 25 100 me-SiO/L -

2. pH B3+
5 SCHOTT = # i ~ 3355 CG840 2. ek BB BB » ¥
BIE BB D R pHRRERRE S 7 #

* o
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3. /4 K1&3%(Cold Cathode) 7 + # 33 4 3\ T F M AcH
2 P A& JEOL = & % ~ A5 % JSM-6700F & * 4cif 7R
55KV 2%+ &% 5 100k -

4. X ki &40 ] (X-ray Energy Dispersive Spectrometer » EDS )
OXFORD INCA ENERGY 350 ; UK » * r 445 %+ 2§

/f%C?v ;’-“% °

5. i 8 447 i ¥ ik
( Electron spectroscopy for chemical analysis system > ESCA )

LR RRX XET IR RAFHE A LA
it Bl 0 Oz XK kR R 3R (Xeray
photoelectron spectrometer » H 3= AR s XPS) » #* 14 A F7 4t
2 %5 R B s 2k A% B (etching) 7 4R

%r% (depth profile) 2z $fijldddd e
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S
=
el
L
N
\\vd\‘_
-l
&\
-%;\?

4-1 ZRpEBRHEERZRAEEZEL

Al 80 mg/L 2 i3 f3# B A 1 Rk B3 F B CMP Aok 2
% fa# pi¥t PVDF EWfhsere iz 2 B 84F 4 471 ¥ €17 PVDF i i
ok g (J/Jo) Bls# 5 F&dpdle» ¥ - 2 2 PVDF & W5 %l
AR R d R EP R pH EHFEF R 9~ 10 Hrr kR ke 42
4 pH B3k 5 10 TR R M ASLRIT 0 B R AR e
Bl 4-1 i@ pFF 48 120 » 482 p PVDF 0 @ ks 297
@1m@ﬁ@ﬁ@épﬁiﬁmwm,%gﬁﬁﬁ@ﬁﬂ’g@ﬁ%
i 7 120 &~ 4818 > B i jfa it il B8 el 8 49 T R 20% (40
CIRIE J“”Fﬁ%ﬁﬁvf‘*&%)wnéﬁﬁvm- wEF A
300 A 4apF > B J/ Jo B ®HE 45% oA L] % PVDF i %ik b5 &

<

BRERERAESUE R L0 RELE RS LR
Arig A o 3 42 F EBIE R OKEEIRRE /}a‘fﬁ/?ea B2 T Hrh

(mass blance) » Bk FE A IS % 504 [P faiTig = o
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I

1.0

03 PR

0.9 :
0.8 :
o7
0.6 :
0.5 :

0.4

® PVDF Membrane

@® PSF Membrane
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FRER > A ERAIREFEERSD 120 mg/L ¥ 5 R
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AHE I kA (41)

d 4 41 2 Bl 42 Bu i A e Bk R 5 120 mg/l 0 § %
MBI PR T 72 L P iU R A LR B BE G A2 A AR T
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ELH NP REFT I8 P28 HALRFF N5 o0
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d 4-1 § R B P IR TR T % R
tEELEASS 1 TR L SR EY g o ST A
EBAIT r‘f’%_f T RAERE T AT R 43§ —
AR AR RELESA SRS ITE RE S £ W R R
iﬁﬁbﬁﬂiﬂ&gzﬁﬁ AR LR AR U e B 2 )

g

44



%41 BpPFRaEprBRERZMG

Time (Hr) Conc. (mg/L)
0 114.15
9 104.9
18 100.6
27 105.8
36 100.5
45 108.6
54 94.1
63 99.2
72 96.5
ol 4
ol 4

Concentration (mg/L)

100

60\\\\\\\\\

20

30 40 50 60 70

Time (min)

W 423 3fp kR BT

(38 41 Rok -~ lipik 2 RAgR2LRER)
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ARFHHIFFED P R P REREERPET > ENGY A EP R
Wipts BN RHCEEFRBEFHE NI RBREPRERZ B
A wieiT » Fohen £t 4 whw i kR LRGS0 mg/L)iE
TRPER S 553672 e R 4l 3ok R(120mg/L) Wik 36
JPEIS 2 ENS R A B R R A > A BRI L G B OE R
o 3 > SEM (A KBRS FRESFHFL ST T ERE
(JEOLJSM-6700F; p # )i * 4rig 7 & % 15kVo3c+ & % % 10000

) 2 EDS & 47 > P i 2 e st % o

Gd SEM A 4% 8904 sl 8% 4] 4-3a~ Bl 4-3¢ 77 0 o
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TR

AR P Bl 4-3a 56 PUDE W2 26 44> 26
W20 R § 1Bk 80 mg/LIZ A FES (| B 182 = 4o i R S A 254
Bl 4-3b)° % SBRE FFR 36 PRl A G FIL P (A
Bl 4-3c)> ¥ RIw LA T g B RE L T2 [ PE{S 36 ] PR R
B Afp ¥ SHE R TR{I AR E 5T 2k (4r
Bl 4-3d) o F il E v EF 505 B FiBiR (S foluing { 4e ke 0 F
R 5 2 a5 d EDS THER S S F A VO 5iE
B RLER 120mg/L iR 36 ] PR FILE 4 5 IR R
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NTHU SEI 15.0kV  X10,000 Tum WD 15.2mm

M 4-3b &4 & SEM 447 1
(7 gtk R 80mg/L ~ 1&g 5 /| F¥)
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NTHU SEI 1pm WD 15.2mm

W 4-3c E9%4 & SEM A 45 2
(% Feik B 80 mg/L ~ ik 36 | F¥)

B 4-3e F%4 5 SEM £ 47 4
(7 e ik A& 120 mg/L ~ i 36 |- p¥)
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NTHU S 150k X200 100pm WD 15.6mm
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B 4-4b &% d SEM & 35 2
(® ik B 80 mg/L ~ &k 36 /| F¥)

50



5 el

NTHU SEI 15.0kV

NTHU SEI 15.0kV

X300 10pm WD 15.5mm
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Wk A LB LR R S 80 mg/L KSiE 24 f PR A FREEL

B EF A F e A AR L EH AF TS (A0 R 45977 )

Full zcale = 152 counts Cursor: 6.4475 keY

W 4-5 Eucd e EDS £ 47

431}’& BBBL‘}'-—/{J_

BREPERR 80 mg/L 2 A1 Rk hig 5l PEE > REWA G
SEM %~ 47 B 7 Bt (4r@l 4-6a 77 ) » H & o 2 3R ii g i
100~200 nm % & 5 i 36 | P2 SEM B & (4o 4-6 b #5757 ) K7
BL2o e & difpie b S A4 0 A ilig 72 R
SEM & & (4c@l 4-6¢ “f77 ) RIBT « £ 4 6 fip2 Wik i &

SEBELF T > d SEM A7 % duih 0 AfER Y RR A

~
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W 4-6a&%4 & SEM A4 5
(7 gk & 80 mg/L ~ & ik 36 -] F¥)

# gwé)i 80 mg/L - @g 36 /] B¥)

W 4-6cEw4 & SEM A 457
(7 peik B 80 mg/L ~ iEik 36 /| F¥)
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4-3-2F BL i B A T
SRR AR T UF W 2 800 i 07 0 0T 4R R Lk

F
B 120 mg/L > i g 36 -] PF2_ & %4k & » 12 {7 & % SEM-Mapping 4 #7

mapping > 3 & G fI* 2R ARG 2 sl TRIE DT R
~F A 5d mapping ¥ BRI E R B LFECE 0 Bl 4-7a

SRR A G Sd mapping $FFIRF A FEFEREH A T ACE
4-7b RBIDL FHFF o LT RV 2 BIRFRY GPRE

B
pp °

W 4-7a &% 4 & SEM 4 47 8
(® ek B 120 mg/L ~ &% 36 -] F¥)
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dOTRP R S R v gk d o MY E g (Membrane
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B 4-8 a & 5¥5d. SEM 4 4% 5

(% ik B 120 mg/L Bk 36 /) p¥)
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4-3-3F Fa i f 2 A AT

AAFE WML G225 R G AR K A UF Ehdr
R FEBERZRE A ELSBHEA S s TR BT ORA SR
-l - F o475k (ESCA)» ;ﬁd Pl X Skk R S Rk
AP REREZR A F A ERES I H LT BB

(etching) BLZF fL 4% &H %7 %% (depth profile) z_ 4L # 4+ -

BA G A#EINPREAITES R RSk AP RIER
120 mg/L » i ij 36 /| FF2_ & %4 & $k & ) i2{7 ESCA > k##HF 4 4
F7 0 50 AR E e (B 49 F%4 6 ESCA > £##HH ) B~
WwEH L 155eV 2 120eV a3 A g s o @ %4 5303
eV 3 ~8df 72 Ols R Him R 3. Nals~Fls 2 Cls &~ % o

dRER O ER LA R AR T RN r R TRy EFCE I
q.

Fobo SR kTS E A G F Y &P F ESCA A T (F
Fek B 120 mg/L > iR 36/ PP F A m A% 20 FH)2 8%
YRl 4-10 #7n o d BY FEET FREEFEL e EALZH S
Po WA RN L 1026V i %A 5 3100cps ~ @ F &

S R WL B od pLV AT EALA M
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m e sc A ¥ aE I EEFYEL e R Az a7zt 9 LA
T 247 ILE Ketching# A H 4 T2 XA XT3 R REFTA

RGBS HBRFEINE O FBRE LA S FEF LR 2 58]
(99.6eV) ~Si,0 (100.6eV) ~SiO (101.6eV) % SiO, (103.6 V)
e (A 42) FENM P RERGAMEFELE L A ESIH
oA R I FERPFFR A WA B SIS AA A R
fo I T % 4oSIOR SiO, F Mg & B4 o FIEM h 2272 > 5d A&
HICF R At fF 357 2 Sid A ¢ BTt & SI0 2 FFIEM %
%%Eiﬁ%%o

% ESCA A~ 47 &P Ffdise & 28— H B3 L/
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R SEREY DEVES 5 & S EN DR A Sy
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1. % 1 & etching g% depth profile » 17 % % (34- R 4-11 ):
R PESE e 2 % e R 5 12060 cps 0 A 4E B % Siz

& & 2850 cps vt b K ik 24 95 Si,02 % & & 3010

cps | ik 25 95 Si0Z2 5% & & 3500 cps o VBt
K1k 29 95 Si0,2_ 5% B 5 2700 cps v vt b b X ik 22 96 o

2. % 2~3 % etching % depth profile 4 #7./¢ % :
LR R AR

3. % 4k etching BL% depth profile ~ 47 5% % (34- B 4-12):
i%?&%&i%%ﬁ&%lﬁ%cm’&%%%$i

5 B 5 5000 cps v vtk ik 38 95 SOz E R O
cps 5 SiOZ_ % B 5 4100 cps » - b+ & ik 32 9 5 SiO,2
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i & % 4000 cps > ) F K0k 31 9 o

4. % 5~8 K etching L% depth profile 4~ 47 5% % :
AREY AR R

5. % 9 k& etching L% depth profile » 47 % % (34 @] 4-13)

MR RRS f 2 A e R 5 22100 cps v A E % Siz
5 & » 6000 cps > v G| F 50k 27 9 Si,02 % B & 3800
cps | HiE 17 9% 5 SiOZ 5% & 5 5300 cps o VBt
ik 24 9% ;5 S10,2_ 5% B % 7000 cps v b F K0k 32 9 o

FEIHRE > B 4-14 Eiak 2 R P RS R A 1T R E ) N EL
TR N AR FERETSTE RN A (LR )
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gt 2 4Eig o T FIIRBE ER A 4 SRR BEF R
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Intensity
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4-4 FAE IR HE AR PH B2 B

ARPRGY B E R SpHEZ B P8 BRA A EF R
g2 Bk pHiEA & %404 43 957 » R &% -k #pH
TORAEPFR R A d " MIR G (FER 4-15) ¥ b FIREF B
PTG A > pHEE R4 T2 %10 (FEH 4-16) S H kY
d B BEEEE s d AT Y U NaSIOsfe &
1Rk Sig*‘s?,j‘s P HOROH L 2@ H v & £ 2pHE ™ % 2
BBl ot - MG GRFER 2 freerilde s d P REFERFLE ]
Ao mpHET R RFF a5 54 7 CONE » 9 TA 2 Z BREEHTIR 5 ¥
thod AR 42 E P RBPERERT A AGpHET M g i

SiO, F R 2525 = Kk o

# 4-3 FRPFFE pH E2Z B %

Time(Hr) pH ApH
0 10.57 0.00
9 10.45 0.12
18 10.53 0.04
27 10.19 0.38
36 10.16 0.41
45 10.01 0.56
54 9.77 0.80
63 9.73 0.84
72 9.47 1.10
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