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Evaluation of drain water segregation system for etching tools and treatment
performance for fluoride containing wastewater in semiconductor fabrication

Student : Tingwen Chung Advisor : Dr. Chihpin Huang

College of Engineering > National Chiao Tung University

Abstract

This study goal is appraised the semiconductor fabrication the fluoride containing
wastewater to process the facility and potency of the etching tools draining water
divergence, and designated the science park some semiconductor fabrication carries
on the appraisal, carries on the improvement suggestion according to the appraisal
content. This study Effluents from production lines representing semiconductor
manufacture, and investigates causes for effluent-fluoride concentration differences
between values detected by fluoride electrode and values monitored by Science
Industrial Park Administration (SIPA). as-well as effluents from intermediate units,
were analyzed on-site by instrumental methods.

The impact of sulfate concentration needs to be taken into consideration, with
less impact of phosphates. Based on water quality monitoring, effluents could be
diverted to acid-alkaline wastewater treatment trains, to fluidized bed or to remain
being directed into fluorine intermediate units.

Alkaline treatments lead to better removal based on experiments. Increasing pH
from the first unit can maintain system pH as alkaline. Hence, sole pH adjustment is
recommended for first fluorine unit, without calcium fluoride addition. Insignificant
removals by adding calcium fluoride occurred with low influent pH, while pH
adjustments couldn’t complete in the first unit. Calcium fluoride addition is
recommended starting at the second unit.

Effluent fluoride concentration differences between values detected by online
fluoride electrode and values monitored by Science Industrial Park Administration
(SIPA) were investigated. Calibration is required. In addition to calibration, hydroxyl



(OH) ions in effluents were found to gradually consume LaF; in online fluoride

electrodes and to damage efficiency and service life of electrodes. Values monitored
by electrodes needed to be checked regularly, and fluoride electrodes needed to be
routinely replaced.

Keywords : fluoride-containing wastewater ~phosphates-~sulfate~ fluoride electrode
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7. B kRBRF :B-k®c (AWH : Acid Waster Water High )
8. MERZ & paA-kwiz (FWL : Hydrofluoric Acid Low )
9. BER & & pA-kw iz (FWH : Hydrofluoric Acid High)
10. MR 7 # (IPA) A-kw 1z (IPAL : IPALow)

M. 3 ERF ¥ (IPA) B-kw iz (IPAL : IPA High)

12. 3 B R 3 $3H SO R o & i 5v (HS04-R)

B3 R T A IRD A R e el HURSE S ik S
B W W kSR R SRR THB R A w Ok % R
W] E B ok e R E N p fei ok R R TR A
Yook o AT R - 18 5B TR I ] A7 At 2k ’Fﬁmiﬂ , X ﬂ#’“ﬁ? -

Rt fngdwic fBmz s WHE 7R w ek g & W

,,,f{7}\,_§; (e > 2003)
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AR EFER RPN R LRI AR ARITR E A 2 R Y]
PECR AR B RER P F T EROP F () B

WA LRk E LY BT A17(2) 7 & Bk adZR % ok
PR R TTR BB A RR WRIELE R FIHE  F
PH A EF Fds o 27 %L FHRe® 31975 g R * 27
BettAt o RE B F TS .

=
(4

LEMAR A R RIEN AR

RE AT P l
. pH

;iﬁ\‘& 4 ........... /Elg%éqﬁ&iﬁkd\”k?ﬁﬁéﬂ ﬁ?’}g’k%ﬁ—g’}%gl

- E}Afﬁ’ﬁi’fﬂ l
FAER

= W 2 . L X2 3 N ¥ T T T T /"\%q—fé— E]
AERWRIELE RTE [ o
2. % 33+
V TPk (Toni R B [T P 3 e i
4. RET 2R
Bl P 3 R (b i 2 B !
| +,
1. R*& 5 THEER (20 oL 7S R PO :

2. %% FHmE RS & AR

B v

3.1&% IC &ip o
1. pH

Fe ek 2. &

3. 4T a3
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31 3 % E m

(1) # 1~ 4557

B-FRE R G ATR Aok AP 35 %ER R &Y 1 35%
AL & TUATR R G B EA 4+ 2 KR 0 Panreac o
(2) & 3~ %

i B ER 100 mg/l - * e 4 7 4& 0 Merck > 99% o
(3) #+ % & # & ¥ % (Total ion strength adjustmen buffer >
TISAB )

P %) 500ml ez d Ak e » ST ml chikprps ~ 589 & 41 2 4g
11,2-% & % = e fif f (1,2-Cyclohexyl enediaminetetracetic acid
f§ fi- CDTA) » i3 a4t M 4r 2 BN thi 5 it 4 > 5 pH &3
3.5~5.5> B isig » 1L £igh = @@L e
(4) pH 2 Fin %

F%EAz" * 0.1 Nfe8 NeaHCI-2 0.1 Nf=3 N NaOH 3 7% &
AEF Bt REIGpHEL TR L HFEFIN o
(5) 40—~ 1%

4T 57 %1000 mg/L - #4T Ttk B A2 * > Merck © 99% -

(6) 4F 7 1= BriR
ISAB » 1% 5 34 B4 a4+ 2 % o
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3.2 FHRKH
(1) & &3

@ * HACH 2] 3. RATIO/XR = § = i channel ¥ i * *% 0.2
NTU~2000 NTU :§ & # B «0E ] -

(2) ¥ % A& 3+ (conductivity meter)

g WTW = 2 @i 4150 2 Multi Level 12 R B > ¥ [ PFRIE R
& 2B pH -

(3) #xiF % 1 (Jar tester)

i * Phipps & Bird A]5.PB-7002. ¥315 :#5% 1% » B % chgig 3
300 rpm > -] ik 520 rpm “Ffziﬁu =276 cmE1.7cm 2 H ¥ &
DAL E P T e PR TSI B R SRR AL AT o

(4) & 52 KRS ETEE A FEER R

% % BMalvern = 7@l:& ~AFTE Zetasizer nano ZS  e3f kb
R EREE L FEER GBI KRB E R PROR IR
AR w0 P RERRE Y YRR R R M R T R e
P F 506 nm~6 pm > @ F & F mora A T ek S R 5 3
nm~10 ym -
(5) 4 k& &3+ (UV-VIS spectrophotometer)

iz * HITACHI = @ 2 & ~ 3]5.U-30100UV-VIS & 3k 3k & 3+ > #-
£ 3K 2420 nm > ¥ %Pl . SO0,7 ik B -
(6) & A& 3+ T Amp 23t

= HACH/U.S A= & 24 & ~ A1 5.SENSION 4% % » 7 45 4 3+
T H#&(model 51928) > ¥ *t L 5 ZRIpHEF iy c FHRFH* 2 4 3

+ T s 4 & T &> A55¢ 5 crystal membrane 0 & B kR ¥ 1R
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19900 mg/L » & k& 7 B 3]0.02 mg/L > -k i)
A KRR pHE D B A5~0F FlE 7 2 R4 Brx -
(7) 3ERFIZA 47 R

Mastersizer 2000 = Malvern= # 2 & » # RIZ 5 4% 3 % =k
B T T - ek B ER FEERSET 0 SE
PERWPIEZ RN TR H Ao S
Ble Tat® 20.02um > &8 ¥ :£2000 um °
(8) IC (DIO NEX-DX-120)

B kA2 gt B LA s AR S A G s
ESERN - I~ S AR L O S

ST
iu
P
e
4
(\s
T_\

(9) pH meter

% * HACH/U.S. A= & @i# » 4]%251935-882 pHz3* -
(10) 40d4z~+ %42

SENTEK/England =% & 2 4% 7 & ¢

(11) 24 PFid F 34k %
ICW 67123 f #o45 F » 7 K TR PR S B i gy -

(12) ¢ & 4+ A~ 45 &
L2 P E-CHEM-9310 - F » i * & 43 £ £ 4738 KpH
255% 4o r 5 3R HE BRR 0 BRI F 5 0.02mg/L-1000mglL -

(13) &1 4raps A 45 &k

72 fE-CHEM -9110-Ca: & * 4 £ F T R I > it £ F % 40
B+ T4 0 2RI F 5 0.2-40,000mg/l -
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3.3 A5k
A HE R AR EED ¢ S pH AT S HE R A
AT AR E o H A T
(1) pHA 45+ 2 48 (NIEA W424.50A)
fr P TAEE £Y T RIRKHEY T g

g
+
(‘ﬂ}
by
=

FEM e A E S kRdpEk (pH) A2 (3Y 26 o piE
TG M A 10 B T - B pH i g i
59.16 mV) e
(2) &3 L3720 0 £ ERET R (NIEAWA13.52A)

kR e r F G R EHE IR VR B L (4o

S E RS DE N ARSI L S RS
Flr L ERBTEE SR AR AT 25 T b
T BpF 2 F AR

(3) & 3F A7 1 g% B2 (NIEA W415.52B)

L R 2 v A4 oNBBE 2 - a4 ¢ 45 F ~Br ~Cl »
PO,° ~SO4 *NOy ~NO; » ik E 1 ~F %% thiplhi 3+ > &
EAROR R Y 2 FRIEH G o AR IS - KA BT e
P T TRk IS AT LA 2 e A e A g A AT
B E-B7EHHT AP L AR LFET AR
250 > BE AR RPN D R R SRS 2 FRIIEAE
FEERERBRE TV REFTIRER I A S e F - F AR R

BRA UTPE TR o

S

N

(4) ERTERA¥32 D ER ARTE(NIEAW203.51B)
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47 & (Conductivity) 5 #3508 1cm? # ¢ # & 1cm 2
PR e (Resistance) 2 5|#& > H =3 mho/cm > ¥ 3 A& #)
Errd 10° & 10° 4% > e immho/cm & umho/cm - $7%
BZPITFRPFEETRBRLAREIET R LRI T2
(5) mpefIA 472 1§ R E(NIEAWA430.51C)

SRR KRN b r E BRI R F N R A XD

3 2 RIF AR TR 0 0 e kR R 2R 420 nm Rl H Bk B T d

|k

o

wERT

I

7
~

(6) AEFIRA S 2 1 A ERIEELE A 3 52 (NIEAWA427.52B)

KRR A BT R E Y 2 A L T AR T 2
5500 wid o LA M ApRdE RPN R BB T B BRI 4
- ¢ % pi — mi4ppi(phosphomolybdic acid) > a4 27/ &R 5

¥
¢ 4f & 4 4p F(molybdenum blue) » 12 4 sk sk g 234 £ 880 nm e

BIHS R TR 2 o RiR4o A G 1V g2 7R W5 D RRpR T 2 3

Ik
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(1) BB LR RRFTE LY B LTA 7356

ARRE 24 ] R R E 17 VR W AR L 2 Pk T
EEORE AN T R B R AR S
FABckZpHS $T & - & 43 kR 12 SOS POSEIEHT - 8
r’%“*iﬁ}g? VIR RAREAR  GFE G B RA 7 4 BK(FWH)Z %

CEA SIS T 0w b ko A FWHE BRI F 1 g
@%ﬁﬁﬁ’#%*é@ﬁﬁﬁéﬁﬁﬁﬂ4+%ﬁﬁaﬂwéﬁw
PEPefR - = ol R PR B TRk g o AL
o BSR4 ) ERFEOINEB T LRSI AT R K
BomBEAsE @y mEEREL R P REFRARE kL
e oo P B EORE RN FWEH R R T LR 0 ERE
oo R SR AL LR 3-2:

EE AL Bk

;3\;2%*7‘ g [r———— = ;;ﬁ{jg»F, ,},ﬂ:ﬁg E
B85 5

G TR 2 o 2 FF T T wE
B R iTHE kO B T PR

' Py
Mokt iE TP 1. pH
i,gﬁ.}\?ﬁ‘&\*ﬁ. ......................................... > 2{3@:;

3. HTR
4. Bt
5. Bk e

F3.2 By SlATgs 4 3Kk AR A 475 2
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(2) THFHE (Trei kR BTG
e BH 2 g BRI E gl 2 AR f mf;fﬁ 5%
RECEFFRTK A P2ZkpH EREEF R B

—\
e

B AT RE AT AT R ATEARARL > SRR > T
BlBCE (T 5 7005 & F B adsta 2 S B IR 2 iRy o I3k (3%
ﬁ%ﬁg%39Wﬁ%§i%$§ﬁ£i$ﬁ’?ﬁ¥—ﬁﬁﬁ’$
SR Mt o PR R R ROk 0 R T B E KR 4 B[R
LHEA2zZ pHE &£ F kR RET 22 LHEAZLELGE - H 3R

= £ & w2 CalF=1 2 CalF=2 £ip|7 I pH i - e g » 7
AL B 3-3 o

¥t 7 A BRI A B T

) PHEFH #1234 5567382 F.4v » 47

) e EATE A H 5065451552
(3) {7204 4R & 3845 w4 60 rpm

) 204 4B 1SR TR E R RNE T TR AR T

) K10~ BB ER AT ASL B ER - & VIR

s B HPHE N 2 RARREATER
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RS B

R i

SEIEDS -3

o > DN E

- F Bt
¥ K B
P
1897 4,
v:;:;‘ﬁ,};ﬂjl

1. #-ka e pll &
pH:3~4-56+7~8

2. HoRARF AR AT A VA G

Ca/F+0.5~1~

L8~ %

KA TR P

=]
-

¥

b

1.

2. &4
3. defs A i
4, RET =

B13.3 Ik (Trai R BiTm
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(3) & k& plEL R R FHFEH

B RN s & TR e 8 end kR ot d B Rl &
ERAZBEGC RS TRERALLR DRI FHRET X K
Ko e A B RE > Bk RFA T FRTE 0 A NIRRT
a2 Toke 4 Bigp =2 (4 EHMETH2) NIEAW413.52A 2
BRELEFIERZ B E4AT pH &2 5.5 L @ % & 7% 7
LA ER V- R AT ETEERTRIEIEFIER T %
T ARZERL B 3-4 o

.......................... | esrmars i g

+ Tz BRE

e EibER oL R A THRE P
i%ﬁ; ,(igﬁlﬁ?+ﬁjé> ----------------------------- g

v

He AL e iy 1 7
Pt

B IRRS K AT R E g

% peakB A D 3 5.5
L& TIREPIEGET e >

B 3.4 4 7B PILEVRT %
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(4) F Fdfe Thsf i it

ER A EEHEPH B F el R A AR 4
B ok AT E AL 0 SRR FRIAELRE 35

Pl —
PR Rk AL E A
B pH B2 R

I i

RIFE = ~

AT R E AEIPE A e | i

BEL Ly - F R R 51
pH 5 2 R RN

l KA AT B

RIFE =
AR Rk kSR R
REL Ly - F R

pH 6 2 -k &
RIFFE

A AR R kI H 5
E‘%%’Ii/jgaz F@% lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll -
pH 7 2 -k F

3.5 * BRI pH? B P R %
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4.1 /,aéi?('Jﬁg%_#'E’}{’}( ?’1;55' %, ¢ EF’}'E’}C ?ﬁ’,gv\*frgj_f,é

I RE E B OK 2 A R OR T AT IoR & KT A 15 (2
AA)VF BT & AR E RS o B RR S 2 Aok A B A
d W d Ak ELY B ol s F i Bk 4rlocal
scrubberitjigsE -k ~ £ 2 Bk - BRI RARE P O FHeii 2
FY WA FI Y B S ERES EAS R > 5
S AR TRk - AR SRR 0 et AR T R R 1

FE o

2427 hid HEHES aAE IR L Exis T3
BB E A REKE B (LORA2)T BBtk R Bk 24 0] PR R (40
Bl4.3) Fip s [ FBR- 0o A POL 735 > FlptfoReh
Rfh € foin g = B SHR4 | PFERAR ORIV (TR AT
AP E R 2R BB ARBRAER 2 REAIT L LG R AP
WEE kAt kg r i pieing F 4B KERRLE
<R BT EFEE mg/lo kR MBI G L mg/lo B F - -
S B A kA B ERmp o BERE- F mg/llit o T AR
R S S A TR L P i SR

AR RRORT A7 2 F Sk licdp? Bt ok 4 313 kR
BeofERT A ET RS PHES o d LRI T RABREERT
FAFH ART UL ENETARAE TR L AL BT ERR - B
Rt RN ERL T RRR O - HUETRITR
WELERAZIRE
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B pEE PR ARRH - 2Bk R2=% > BARE D G 4T
Bhpr o RAHFEHEETR RN RRREER I R
- S e e AR K A RCK KR TSR SRl 4
7 & BoRER A750 mg/lc Frpcik R 9475 mgll o BREERE R
93 mg/ll Flt b aJR 7 & BCORPEL 4 RIS R B
RO ER A AR ] o B R R AR R R oI G B4R i 0 e E
Rt R AR o SR ORORBACK R o FIEF LR S 4T A
Fooh EEF B R MR TR T R Y Y T
A2 S BT R R B T R
Ty R MpHEH (7R SR R hA
.

57
]

PE AT 2 o
5

ﬁ%
N
s

%Sbﬁ%@’ﬁ&?%%&%%ﬁ o B kR PA bk B R
(AWH) 2 7 i& vt % Soz2 Mk B fhdk e it (AWL) 3 & B k304 Y
FHEMBER LA (FWH) 2 v e s iz MOER 7 & Bk
(FWL) > Flpt & 43 kR 7 & Bk (FWH) £ 740> 7 LiE(73
W FUBZ R K Rk ¥ ¢ R RRSEE R R R Hi2 3 BR%

ERAJL E A AET B A AR A R R R B
B R ERTAREr Sihs § R AT SR R R i L%
FrRpARengt » > FREATR 2 B £ SRR B R 2 Tk B BT
BrREEE mgllo ¥ Ak 2 AR RREF R
2 RS § R A Agﬂ%$ﬁﬁﬂ€”m‘m”’@ﬂ

f A

PERLARE  BEDF LW TN T F

i
& iﬂr
e g
|3\
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1. BRI R B 2 48 0 0 R W IR G E F L WFTST
WHZ51 ~ WID51 ~ WRM51 ~ WDS51 ~ WRO51 ~ WRPS1 -

2. BEFEATE R M2 B 5 R N TR R R A
WBT52+WED52~WKZ51+WKZ71~WMS71-WMT54 - WDO51 -
WOT51 ~ WWT54 -

3. WP ALY A BRI E R~ R K KT WVZST -

B g 4430

Fw E_I':J“
il L
L/S }?EME':: > L
&4
l'
il 2 i
INER %x \ )
i#14.1
®l4.2



% 4.1

ANV ST MR

F conductivity PO SO, *
(mg/L) (us/cm) (mg/L) (mg/L)
FW plIREfE-1 1.9 6,454 7,940 20.3 335
FW flIRE46-2 1.8 3,429 7,790 18.5 575
L/S#eff-1 31 123 198 2.7 0
L/S#eff-2 3.1 374 333 0.3 7
NEX & 11.8 71 4,560 2.7 13
FW RLfE-1 9.7 334 4,780 24.4 835
FW RLff-2 2.8 750 4,010 2.93 475
%\’ 42 %}3 ‘_:,#E 7}{ 7}{ ’?ﬁ’/,v\ %’?(giﬂ’z?%oﬁ)
wo 7 F conductivity PO SO, *
Pt PR i) (uslem) (mg/L)  (mglL)

WBT52 3.5 30 41 0.9 0
WDS51 1.8 10,322 10,890 1.8 21
WED52 2.6 833 872 1.1 1
WFT51 5.3 27,260 37,800 9.9 49
WHZ51 1.5 292 1,518 33.2 1,550
WID51 3.3 684 1,306 3.9 173
WKZ51 2.1 459 277 0.4 14
WKZ71 1.9 275 330 0.2 57
WMS71 3.0 322 644 1.3 40
WMT54 2.7 179 1,756 0.8 18
WOD51 8.7 27 17 0.3 0
WOT51 3.1 486 745 1.8 55
WRM51 2.9 158,026 111,900 25 10
WRO51 2.8 74 371 4.7 3
WRP51 2.6 23,921 10,990 2.6 19
WVZ51 0.9 1 51,200 412 78,200
WWT54 2.6 388 410 0.3 11
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243 P iR R A

Je LR DR

WFT51 ~ WHZ51 ~ WID51 ~ WRM51 ~ WDS51 -

WRO51 - WRP51

WBT52 - WEDS2 ~ WKZ51 - WKZ71 ~ WMS71 ~
IR i B
WMT54 - WDO51 ~ WOTS51 ~ WWT54

Lk Aok WVZ51
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7w BRI E T iR

VARE A BRI E P w R AR LR 4.4 R - B
#* ENaOH - HCl ~ CaClyz 4 # g2 e S pHE BRI R & 5 % = & B H
fel &% - F i 4p > % 3 NaOH -~ HCI~ CaCly2- 4r £ 812 fe § pH
WRTHR %= F Bt 5 EiRH 0 % ENaOH ~ HCI ~ PACIz 4c &2t
2R BpHERITIRE £ 485 T4 $ o F B ZREW - Fhd A
+ % &+ (Polymer) -

pH, F-
pH pH
HCl HC HCl Polymer
NaGnh
NaOH  CaCl, caCl, 4. NaOH PACI
RN
= \ ]

Tal3a

- F R - F Rt iR R

Bl 4.4 4T B 4c B EUT 5 AT
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421 § & Rk ASZE Aok A

iiﬁ?l%%\ El mﬁ\ ;I"p px})ig 3‘7}%} }\@,J ‘fv‘uézqﬁ
o FHIE P S HEpH A S C RETEE D 0 FRAEFERE

5
BH AR T @k b BASE ARSI ER TS 10

-

mg/L = + » pHE %

F_&
»

l
\l
{m
=3
>
(p4
=H
i
|k
i”é‘ﬁ
>y
ol
N
F_&
=
=X
=
pac

AR P TR R G AT LA D R0 0 R kY R
TR E Db T AR AR ¢ § & 4Te a R ) ¢ 4 PACH
@rmﬁﬁﬁ’ﬂﬁ@ﬁWNﬁ%@?iﬁg“*ﬁﬁ@F@ﬁ$°

o3 - BREpHT A FI REFHPHE RGBTk o 2 96 £ 1
TR B BE ARBRLE KA 45 TRk LBl E
AL ER R - F R8O ML ¥ F B E s RE T
6mg/ll=+ > B R BRBIAAL 9 15mg/l s £ T IR E T 2 4R

¥R ok iR KR £ ik é AT
#om L HApHESE 4 6~7 2 FF » 27 = (Zeta Potential) £
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244 ZamRkEEARTAEIT

95 & 11 k| i {7 #5347

PR MR 2 Rt ekl Lt

[F](mg/L) 91 8.9 9.0 9.1 10.0
pH 7.3 7.2 7.2 7.0 6.7
ZP (mv) 6.9 7.8 10.3 6.2 2.7

96 & 1 E| i {7 ARSI 47

MERL PER 2 IR e i
[F](mg/L) 84.9 6.0 5.4 5.6 14.8
pH 6.4 6.1 6.7 6.7 6.7
ZP (mv) 0.4 1.0 12.4 12.7 0.8
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£

>

4.2.2 7 & Bk pis s

SRR S G A MR T BARIZE 2 IRk @ g
FORet ~ %2 F Bl o~ BRA BB - Ak E S KE 457 F
BT BRIRE AR AT ART AL 2 BEYE - ABKY B

|

h

L
| AR T B S A 1~100 pmes JE At 3R Rl o 2 A

IRRBIF AR S AR RO GRS R L 5
1000 pm > ~ S de B2 < F oo 2t g B R g 0 RF B K
FI R R T R TR > LB F RAA IS 2 BRA

r;f‘);t‘*‘ji/,v\ #* 'Fg‘z]j o

)I"Jls'5lﬁﬁmﬁ j\ ai—'fréi:ﬁl%fg‘lg”ﬁé_ikﬁﬁj‘fiﬁ?
'%ﬁ’ﬂﬁﬂWW?W&%$ﬁ4c%iﬂﬁkﬁéﬁﬁfﬁﬂﬁﬁﬁé%&E
fodr 75 8 o B F PR AR SRR RE 1T ARG A 0 AR

AT Y g PRk s T A RS R I e {e polymer 1% cha £ iz I
PRURREA B S SRR

=

’kﬁ%%‘%ﬁi}i %o
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raw water analysis

25
—_—.—

20 | SRRERTERY _ETRINE N7t r\
— — g — QR \

15 A _— e — Y7 MR +*
— I — 5T e .\

volume (%)

0.01 0.1 1 10 100 1000 10000
pt size(1 0° m)
B 45 % & BkEsRE i imn

B 0O B IERMORORSE A REDITIR R S B A dg 1 R pHIE
4F & B B b3 gFE IR RS i e B F % CalF=1 > CalF=2 p= 7
P pH2 3k i cnsg it o R 4.6 ¢ J1CalF=1pF » sg FpHiE:c % >
Sk ki tpH3-~5~6-10 7;&73 g IR, e R A 4 et
b % 5 o CalF=1 p¥ak 1* &pH7~8 & 4 = 38 S 4 - 4 pHik K pF
R EGR R T FIMAER S R LS5 - o B 4.7 RIE
CalF=2 5% FpHz $p kit ¥ g R AapH 479 113
Bk > CalF#e® 2 2 /% » " MO 3pR 20 2 5 > B4k B €
F] 4L 4T T e 4 B TRRen R K o B R A A AR R ]
BB BN AP AR e r F MR E RAL A VAL R
LR T e R L AR B S 95 A 0.1~1 um "

51:2003) | ﬂﬁ“i&z?'}ﬁb%@ijgﬁﬁlﬁf@é EN ;L@; °
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volume (%)

volume %

30

25 A

20 A

15 -

10 A

—e—— pH10.0 | Ca/F=1
........ @ pH908 . s = .
e —— pH79s | MiXINg 20 min ?x
—-—g-—-- pH6.82 | [F1.=712 ppm ol
— = —  pH5.83 Fl, PP a
— —B—— pH45 O
——0—— pH30 1|
11
A
3/
bl
5 % .']
Y
0 & il

0.01 0.1 1 10 100 1000

pt size (10'6 m)
Bl 4.6 7k pHET & (L& 3p sk~ # (CalF=1)

10000

30
—e— pH10 CalF=2

o5 Il @ - pH9.15 | mixing 20 min
~——9-—— pH738 1.=
— —v—-- pH6.83 [F1,=712 ppm

0.001 0.01 0.1 1 10 100 1000
pt size (10° m)
B 4.7 7k pH T & it 3o A % (CalF=2)
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FHw - A ERL F s R RN e R s F
o JER 4.8 7 DV G TR PR F G ] BERLRBTE Y AER
a0 23T KRIP BRID - < AR ] SRR o &7 AR g
R RV A OK R TR |$r2 BBy R =g E
B3R 2§ V4 BEE o & RS S & 0.1~1 pm > §
4.8 2 Mok - R E o AT AL R SRk TER 47
CalF=2 p= > pH 5 6.8 pFf =% E4pvr= & o

12
raw water analysis(1/26) °
0
10 1| —@— 'me o
@ kR O
8 -
Qo
© 0
S a
(]
£
3
S 44
2 -
O -
T T T T T T
0.001 0.01 0.1 1 10 100 1000 10000

pt size (10° m)

Bl 4.8 %= =EHEEZEBRKILE AR SAT

39



423 5 & BokAR B ET 2 £ R

ia‘”ﬁﬁﬂiﬁ”v%f'“ﬁ‘“%\}dég” A4 AP hipd i it
o @ %3 375 i Lﬂ{,}éhn; ,F?_ %Lif?'?fi“ R OB I AR
%ﬁ@ﬁni%%ﬁﬁ%ﬁﬁbé@m%iﬁﬁiiﬁﬁﬁﬁpii
he =

i (5 AT e Fpt oo ;\“Fa{ K i/p z}—\a’ 'L#‘}Efﬁiﬁh’}(a 11}

T T RO 2

-~\

W49 52k pHETA 4 kP 27 £
P R R XA pH B e TR ) 0 2t AT
foo A PR R LR e AREAR A 2K AR R D
2o FHREY 2R ET R AT B 43 3nm~10
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