FEIEMIamEEK
CaCl, MR T R 8

FHHR=
S B8 72 ) = R g 75 5P

mhlaie@tsmc.com

TR

ll-UJI



Agenda

— EX(LBRE

A 2=
Bin 5

B

=
=

B W
+ +
;K
] U X1 4
5| LR X1 (Y
L

=. 1

mil
L]
4

1R

i

3/
iy

{Ity

N

‘18
=




—. BEXRM{CERIE 1)

mA™+nC™ « A.C,
ARBEEF) (CI2BEF)  (EEHT)

Ksp(BEEERTEB)=[AM]™ x [C™]" - (KBARPZREFERMERM S FIT L Z2181R)

FHLange's Handbook of Chemistry (rable 1.71)EX#SCaF, * CaSO, - Ca,(PO,),~Z
Ksp(25°C):

m & n=Numbers (EX- Na" +Cl < NaCl(RE))

TABLE 1.71  Solubility Product Constants

The data refer to various temperatures between 18 and 25°C. and were complied from values cited by Bjerrum,
Schwarzenbach, and Sillen, Srabiliy Constants of Meral Complexes, Pant 11, Chemical Society, London, 1958,
and values taken from publications of the IUPAC Sclubility Data Project: Selubility Data Series, international
Union of Pure and Applied Chemistry, Pergamon Press, Oxford, 1979<1992; H. L. Clever, and F. 1. Johnston,
J. Plys Chem. Ref. Dara, 9:751 (1980); Y. Marcus, fhid. 9:1307 (1980); H. L. Clever, 5. A_ Johnson, and M. E.
Derrick, Ibid. 14:631 (1985), and 21:941 (1992).

In the table, “L" is the abbreviation of the organic ligand.

Cal: s K — [Ca2+] X [ F'] 2 o 5 3 X 10'9 TABLE 1.71  Solubility Product Constants { Continued)
e S : .
Compound | Formula PRy K
hydroxide CA(OH), fresh 14.14 7.2 % 10-*
iodate Cd(10,), 7.60 2.5 % 104
CaSO,: K = [Ca?*] x [SO,2] =4.93x 105 | e
4 . SP 4 . phosphate Cdy(POLY, 32.60 2.53 % 10-»
quinaldate CdL, 12.30 5.0 % 10-1%
sulfide CdS 26.10 8.0 % 1077
ngsiate CAWO, 57 2 x 10
. — 2+13 312 = -29| “em ;
Cay(PO,),: Kep =[Ca2*]3x [PO = 2.07 X 10°29| “Shsem | o
B 4)2- SP 4 . arsenate Cay(AsO,), 18.17 6.8 % 101
benzoate 3-water Cal.,-3H,0 24 4 % 10
carbonate CaCO, 854 28 % 107
carbonaie (calcie) CaCiy 8.47 3.36 X 10°*
. - 2+ 2_ s _7 carbonate (aragonite) CaCO, 8.22 6.0 x 10°*
CaH PO K — [Ca ] X [ H PO ] p— 1 O X 10 carbonatomagnesium Ca[Mg(CO,);] dolomite 11 1% 10-"
4' SP 4 " Cat0o il3 L1 10
fuoride CaF, 8.28 5.3 % 107
[T K1 o A
hydrogen phosphate CaHPO, 7.0 1.0 » 10-7
- - 2+ _ 2 i _3 hydroxide CalOH), S.26 3.5 % 10°%
Ca(H PO ) K = [Ca ] X [H PO ] = 1 O X 10 iodate 6-water Ca(I0,),+6H,0 6.15 7.10 % 107
2 4 2 " SP 2 4 " molybdate CaMoO, 7.84 1.46 % 10-*
niobate Ca(NbOy )y 17.06 8.7 x 101
oxalate hydrate CaC0, HO 863 2.32 X 10*
| phosphate Cay (PO, ) 28.68 2.07 % 10°8
-quinclinolal t.ﬂ? TLED (R U BE
sclenate CaSel), W 8.1 X 10+
selenite CaSe(y 5.53 8.0 x 10%
sili CasSio, 2.60 2.5 % 10-*
| sulfate CaS0, 4.31 4.93 x 10-*
sulfate dihydrate &'?O.-IH;O 4.50 .04 X 107F
sulfite CaS0, 717 6.8 > 10-*
sulfite 0.5-water CaS0,-0.5H,0 6.51 31 x 107
tartrate dikydrate Cal.-2H,0 6.11 7.7 =107
tungstate CaWo, 5.06 3.7 = 10°*




Ka
HA(BE) «<—> H* + A (B4R & F)

—. BRCERHE

E (2/4)

Ka(F4 2 Bt

kS

BE)=

[H] x [A]

[HA]

[ ]:FzTmoliRE

Kay
(A). HF«—3 H* + F-, Ka = 6.46 x 10 = [H*] X [F]/ [HF] ; Crpe= [F] + [HF]
HFf#SE SV E RE (M%) vs. pH
100.00%% i o i i e —
90.00% 4\( ﬁ \
' [FUCre = { UA+[H"1/6.46 x 104)}
80.00% \ /
70.00% \ /
. 60.00%
S
= 50.00% V
E

40.00%

30.00%

20.00% / \

. / 1% [HEJ/C.r .- = { 1/(6.46 x 104/[H"]+1)}

oo | 74 4\5@!1#%-% TR T TR T
= [F-] |0.64% [6.07% |[30.25%(846.60%08.48% QQ.Ej“fﬂQQ.QEVMIﬂﬂ.GG 100.00(100.00 110000 (100.00 (1000010000
== HF] 20 36%23.93%60.75%413.40% 1.52‘3’514}.15%”4}.1}2% 0.00%) 0.00%% | 0.00%% | 0.00% [0.00%% |0.00%% | 0.00%

7~ ™~

pH=6 ###£99.85%

pH=8.2 #Z&£100%



—. ERCERIE 34

Kal,i;soq Kaz2 15504
(B). H,SO, «—> H* + HSO,” «—> H* + SO,*

Kalpsos= 2.4 X 10° = [H*] X [HSO,]/[HySO,] ; Crpasos= [SO4#] + [HSO,] +
Ka2 ,50.= 1.0 x 102 = [H*] x [SO,?]/ [HSO,] [H,SO,]

H,S0, fERE S VIR EE (M%) vs. pH

1000, 00% dey—— —
90.00% —& - \ — .

20,005 \ [SO7)/Crmsos= { V(A+[H]/1 X 107);]

T0.00% \

60.00% \
V

/\| THSO, TCrs0: = { V(LHET2.4x 109 x { 1/(1 x 107/[H+1)}
40.00% - \ /

30.00% \

20.00% - . py—

1000% —f :

000% 4 4'—?—55—-&—++—x T ——

1 2 3 a 5 5 7 8 a 10 | 11 | 12 | 13 | 14
—4=H2504 | 0.00% | 0.00% | 0.00% | 0.00% |0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
—#=H504- |90.91%|50.00%| 9.09% | 0.99% |0.10% |0.01% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%
—de=5042- | 9.09% |50.00%|20.91%gag p1% o o0s oo 9o 1@1&3&3 100.00| 100.00| 100.00| 100.00| 100.00| 100.00

7 T~

pH=4 #£E£99% pH=6.4 ##EE100%

50.008%

mole/{%)
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Kal,H3P04 KaZ,H3p04 Ka3,H3PO4
(B). H,PO, «<—> H* + H,PO,” «—> H* + HPO,2<—> H* + PO,*

Kal jzpos = 7.5 x 1072 = [H*] x [H,PO,]/ [H3PO,]; Cqzpos= [PO,] + [HPO,Z] +
Ka2 3p04 = 6.2 x 108 = [H*] x [HPO,?] / [H,PO,] [H,PO,] + [H;PO,]
Ka3 ;3p04 = 2.0 x 1013 = [H*] x [PO,*]/ [HPO,?]

H;PO, #ERE S VIR R (M%) vs. pH

120.00%
[H:PO,)/Crapos= { 1/(7.5 x 10-%[HT+1)}  [PO4 )/ Crazpos={ VAHHT]2 x 10-1%)]

80.00% \ /
= -- \ \
= " [HPO )/Craapos= \
< P00oE CT(IHE]6.2 x 1091 %\
E £ 1/(2 x 103/ [HT+1)}

40.00%

I IVA /
AN

1 2 3 4 5 f 7 B 9 10 11 12 1.3 14

=—4=—[H3P04] B3.02%E7.14%(11.76%|1.32% |0.13% | 0.01% | 0.00% |0.00% | 0.00% | 0.00% | 0.00% | 0.00% |0.00% | 0.00%
== [HZPO4-] | 5.98% (42 B6%|E8.23% 08.623400 153404 15% |61 73% 13 89%| 1.50% | 0.16% | 0.02% | 0.00% |0.00% | 0.00%
=e=[HPO42-] |0.00% |0.00% | 0.01% |0.06% [0.62% | 5.84% |38.27%86.11% 98.39%¢J90 642408.02%|83.33%|33.33%| 4.76%
=i [PO43-] | 0.00% |0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% |0.00% | 0.02% | 0.20% | 1.96% |16.67% 66.67%p5.24%
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HE—
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<AZHMBREFTEZTA>
=KSP(AEER)D M EEIEE
FERIAN N i ab ==
[Ca2*] =44(mg/l); [F] = 41.7(mg/))

<SR RE T TEZ1TH>

EEKBARPFEZCa2tiRE D]
FAFRE (on-line) & KSP carp) K

A=
1~

CaztEEEE®% - AR
KSP caxpoay) XK FPO,> cay

KSP caso4) K %5042'(5 at)

FIEI2RI&EFRE/PH/EIMERIPO,>&SO, R EERFSE - BIOkBCaClLAFERHE
SR P2 E - UBRPO,&S0O,2EHE F#CaCL, 2 EATIE -
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1. PIDIZKBLE(Cqpe:500mg/l) x 500ml+10g NaClgesxsaws s > 3000psicm) -
PEZERERMI7% CaCl, 0.2 ml/R - $EPIHACH F & pHETETERE (keep pH=7)

HF & 32 juv % ] (32 35S B BL) -C.\ 500mg/l x 500ml
600
500
g 400
E
ﬁ 300
e
2 200
L
100
0 e e e —————————————————
0.00 2.00 4.00 5.00 8.00 10. 00 12.00 14,00 16,00
37% CacCl,/m % %(qg) ——2 85 CaCl24 % F(g)
= ¢ B2 CaCl2a0 8 ¥ (g)(+10g NaCl)




MUES

—=. MR 2 EREREE 26

2. PADIZKECE (Crye:500mg/l + Crpyps04:400mg/l) x 500mi+10g NaCliemskiame®s > 3000ps/cm) *

IR E AR II37% CaCl, 0.2 ml/=R

- $8PIHACH F- & pHETZETERER (keep pH=7)

HF £ 22 o 3 Bl (323 VS. B 8)-(Cr e 500ma/l + Cr yy504 400mg/l )x 500ml

500
500
400
300
200
100
0 — — . - —— | | | |
0.00 2.00 4.00 6.00 8.00 10.00 12,00 14.00 16. 00
37% CaCl, /w2 F(g) ——2 5CaCl2h % ¥(g)

—— 5% R CaCl24v % ¥ (g)(+10g NaCl)
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3. LIDIZKELE (Crpe:500mg/l + Crpizposi150mg/l) x 500mli+10g NaClegskiameas > 3000usicm) °
M ERERIN37% CaCl, 0.2 ml/=R -+ 3ELIHACH F- & pHETETERRER (keep pH=7)

HF&EJ&“% E(E%\fs.ﬁ%)'(c‘:n“p 500mgﬂ + CT,H?:F'CM 150"19” )x 500ml
500
500
g 400
E
4
ﬁ' 300
NI"
# 200
LL
100
0 et = ——— | |
0.00 2. 00 10. 00 15. 00 20. 00 22. 00
37% CaCl,im % #(q) —o—22 5 CaCl2 4o % ¥ (g)
——% mCaCl2 % ¥ (g)(+10g NaCl)




—=. MNEE T 2 EFREREE we)

4., ENBFREEK (Crpei1250mg/l + Crinsoa:17M/l + Criigpoa:52.6mg/l) x 500ml
PIE=ZERERNNM37% CaCl, 0.2 mli/IR - #EPHACH F & pHETETERER (keep pH=6)

HF 2 22 u 3 H1 (32 3 VS. K BE)-Cr yr 1250mg/l + Cry3p04 52.6mgll + C1pizs04 17mgll )x500 ml
(pH=6)
1.400
1.200
= 1.000
[=))
= 800
i
g
N 600
&
L 400
200
0 ———
0.00 5.00 10. 00 15. 00 20. 00 25, 00
37% CaCl,mZE £(qg) 2 35CaCl2 40 % F(g)
i - FECaCl240 % F0)
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5. ENEBRREEK (Crpei1250mg/l + Crppgoa:17M/l + Criigpoai52.6mg/l) x 500ml
PIE=ZEWRERNNM37% CaCl, 0.2 ml/IR - #EPHACH F & pHETETERE (keep pH=7)

HF 2 22 u 3 H1 (32 3VS. K BE)-Cr o 1250mg/l + Cru3p04 52.6mgll + C1pizs04 17mgll )x500 m
(PH=7)
1,400
1,200
= 1.000
[=}
E 0
i
3
N 600
i
L 400
200
0 \%‘1&&!&#‘—@1—%—%—&—&
0.00 5.00 10.00 15. 00 20. 00 25. 00
37% CaCl,m 2 #(g) —— = 5 CaCl2 i % F(g)
— R CaCl2 - 8 £(g)
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6. ENEFREEIK (Crpyei1250mg/l + Crpngoa:17M/l + Criygpoai52.6mg/l) x 500ml

PIE=ZERERNNM37% CaCl, 0.2 mli/IR - #EPHACH F & pHETETERER (keep pH=8)
HFEEM%E[E%\!Eflﬁ]-CTIHF‘EEEUmg."I + CT.H3P04 EEEmg."I + CT,HEEN ‘E?mgﬂ ]IEUU mi
(pH=8)
1.400
1,200
— 1.000
g
E 800
i
bJr. 600
o4
b 400
200
0 el
0.00 2.00 10. 00 15. 00 20,00 22.00
37% CaCl,mZ £(g) —— 25 CaCl2 & ¥ (g)
= FECaCl240 % F0)




NN, =R E=AERw)

HFEEK vs. CaCl, = EEl(Fi=E400mg/l x 500 CMD & pH=7)
450
400 M—-1111-11-v—
350 F + Cate— CaFZ
Q 300 i
L \ [F] = ¥2[Ca*'] %
{on REMNEERE
fE 200 \lq?&m]’ & v
% - : Ksp=[F]° x [Ca*']
LL s F'(l0.51§)<:>CaC|2( T4‘1§)
41.7 mg/l <5°» . B
(Ca/F=100%) o - N —* ‘
0 1,000 1580 2000 3,000 4,000 5,00
37% CacCl, &%= (kg/D)
100/ BffCaClLE=E oy
ratio = T vy = —s
(%) FREEEERE 7CaC,RE °

FREEEME ZCaCl #&E:
= 400(mg/l) x 500(CMD) / 19(My, ) x 1/2(molekk) x 111(My, caci2) / 37(%w) / 1000(g/kg)= 1580(kg/D)



e _‘ E = = N =1
IY. 22 E =8 XER e
HF&JE % 3o F B 2 PH=8.27 ki3 2 ¥ F& Ca¥" g+ 2 Tk R
CaF2 KSP:5.31 x 10-° (LANGE’S HANDBOOK OF CHEMISTRY)

Ca/F ratio(%) vs. treated F-(mg/l) for HF WWT

400.0
350.0 /.
300.0
/
— 350.0
o)
..E. 200.0
aud 150.0
ey
]
LL //
50.0
CalF ratio (%) R5% RG% Q% 91% 93% I 100% I 104% | 108% | 135% | 127% | 151%
e Rk FSEE (me/l) | 1000 | 900 80.0 70.0 60.0 soo | 417 B5.0 30.0 259 | 200 15.0
= Mk N Ca2+ B (me/l) | 77 94 120 156 213 306 I 340 I 625 85.0 1725 § 1913 I 3401

iz #%LANGE’S HANDBOOK OF CHEMISTRY3% # 2. KSPR|Ca/F ratio 100%(Ca/F=0.5% 2 i*)
ART 5 okY A F2 FER R R41.7mg/l; Caztik B & £44.0mg/l
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1(3/7)

HFER £ MC, iR E& F j, VS. CalF ratio(BAXXA B X ELER)

Ca/F ratio{%)

3

@

i 08§

100%

0%

HF & 3 % &8/ 1 AF-3E = vs. CalF ratio(%) at pH=8.2
(4 3 A F-=12.8mgll)

EAXX 2 Bl 3 i

B3 185

Z BIREH a3 4R

PEEREFEE

315%

EBNAEES)

244% e
208%
186% 172% 1520

FRUAREIRZEE)

T54%

148%

143%

ik IF 2 8 2 R 5 6]

200 300 400 500 600 700 800

900

1000

100 =1 . = jﬁ =
& AF - &(mg/l ZE*E Tf._f'
ERKFEERS -
B K S 3 I ERR AR TS I R %&‘Mﬂ%tbﬁlﬂ:#ﬁ
¥RYE - FrllcacCl,
4 dosing ratio R {E
5
3 N
““‘h“1lqz‘;ihh-
2 "*‘“hﬂ._i_é;_-__-_-—-q.kl_
: =2 —n—jt =105
O 200 300 500 B0 B0 1000
[F/KEEE ppm
B 8 J&KHKEE vs o A4S B




HF S8 %4t R EEPH=7 T K

. ®&RIRER

AREHF
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=fE vs. CaCl, 21

@5 AR

HF EZ3E 224t CaCl, M 2215 5} Bl

: ‘ 6,000 =~
RiBAF- % 12 %%F-| CaCI2fF ratio ; o
Hi& aClLEE(Ke
mah [P mah | ) | cap- Bt ) 2
200 | 68| 417 100% | F-(mg/ly& S CaCLEEEKZD) 1 ooy o
400 6~8 | 417 100% w ’ i
600 6~8 | 417 100% asn = £
200 | 6~8] 20 181% | CaCl 1% 5 = HEN AR L e
400 6~8 20 140% CaCly(kg/D)=F-(mg/l) x 3.947 ’ %
600 6~8 20 127% ‘ Yol g )
2 N N . | - - N _,L;.:_:'..'?:t-,,w«;’f;“:x?_._ . _45 -3-668 3,007 —,
al ’ A639 |
BN [ T P77 200 aes9
________________ \| A ‘::; ___§_::::€::::;::;; 1,428
. B . L i /i1 1000 D639
————————————— ‘ / 4 M;);‘:::%:,-' memescsessesensneeees]
__________ | ‘,,ar"-"f‘:_—‘—g '
______________ ‘ // V
M = X : — __'_20_ 0
600 500 400 300 200 100 41.7 0
F%%;ﬁ&(mg”) Ca/F ratio=100%

(RBRAF-72E 600mg/l)

——(RBRAF-EE 400mg/)

e (RFAF-RE 200mgl)

Ca/F ratio
=127%

i Ca/F ratio
i =140%

i Ca/F ratio
L =181%




i e NE =] e L S
BT RERYCER
FERIE 24 C RIFIRE/Cp- i i=Bvs. CalF ratioaiBA(pH=6/7/8)

5 g q HF 8 32 % g #ACry B & vs. CalF ratio(%) at pH=6
HF 32 3 3uig /3 -k Cr ik B vs. CalF ratio(%) at pH=6 e
900.0%
RIPIEd ‘ F-=10mg/l
F-ik & (mol)| F=40mgl | F=35mg/l | F'=30mg/l | F=25mg/l | F'=20mg/l | F=15mg/ | F'=10mg/l 800.0% (ERA)
gk (2135 K) a5 k) . (8135 K) = (k) | (i)
F-=15mg/l
Crreik 2 (Mgl 700.0% -+ (;t;,.—-,:;;gu T H F
100 1053%| 124.2%| 150.6%| 191.2%| 2616%| 408.0%| B816.9%| | _ oo I h.E '
200 102.6%| 112.0%| 125.2%| 1455%| 180.7%| 253.9%| 458.4%| | T (A A
300 101.7%| 108.0%| 116.8%| 130.3%| 153.8%| 202.6%| 338.9%| | & o i ﬁi A
0, 0, 0, 0, 0, 0, 0, S (& Fx)
400 101.2%| 105.9%| 112.5%| 122.7%| 140.3%| 176.9%| 279.1% 400.05% 7T |_‘|
500 100.9%| 104.7%| 110.0%| 118.1%| 1322%| 1615%| =2433%| [ | N T~ oo
300.0% > —=30mg/l
600 100.8%| 103.9%| 108.3%| 115.1%| 126.8%| 151.2%| 219.4% (k) EIJ
700 100.6%| 103.3%| 107.1%| 112.9%| 123.0%| 143.9%| 202.3% 2000% —F35mgn ©
800 1005%| 102.9%| 106.2%| 111.3%| 120.1%| 138.4%| 189.5% —— — ERA
900 100.4%| 102.6%| 1055%| 110.0%| 117.8%| 134.1%| 179.5% 300 400 500 60D 700 800 90D 1000 ¢ _somg Ca/ F
- (& ALK}
1000 100.4%| 102.3%| 104.9%| 109.0%| 116.0%| 130.7%| 171.6% 3 AF-# R(mg/l) "
- (K%
_ . - o =6~
HE&LI® 3 3238/ -k Cresk B Vs. CalF ratio(%) at pH=7 HF & 32 4 gk ik A Crpe iR L vS. CalF ratio(%) at pH=6-8 20 12
a1k ]\ 900.0%
R F-=10mg/l
-:&}i(mgll) F'=40mg/l | F=35mg/l | F=30mg/l F'=20mg/l | F=15mg/l | F=10mg/l so0.0 (En
(13 k) (aok) | (k) (imok) | (mek) | (Bsek)
Craeit & (mal) 7000 gt
100 105.4%| 124.3%| 150.8%| 191.3%| 261.7%| 408.1%| 817.0%
—= 600.0% —
200 102.7%| 112.2%| 125.4%| 1456%| 180.9%| 254.1%| 4585%| | £
300 101.8%| 108.1%| 116.9%| 130.4%| 153.9%| 202.7%| 339.0%| | Eso0.cx Bh
= ——F-=25mg/| LN -+
400 101.3%| 106.1%| 112.7%| 122.8%| 140.4%| 177.0%| 279.2%| | & o0 (£ md Ih_—T_‘ sz
500 101.1%)| 104.9%| 110.1%| 118.3%| 132.3%| 161.6%| 243.4%
A, i
600 100.9%| 104.0%| 108.4%| 1152%| 126.9%| 151.3%| 219.5% Bl =
700 100.8%| 103.5%| 107.2%| 113.0%| 123.1%| 144.0%| 202.4% o 3]
800 100.7%| 103.0%| 106.3%| 111.4%| 1202%| 1385%| 189.6%
900 100.6%| 102.7%| 105.6%| 110.1%| 118.0%| 134.2%| 179.7% 100 200 300 400 500 600 70O BOD 900 1000 ___¢ somgn E\IJ
-3 [EF 3
1000 100.5%| 102.4%| 105.1%| 109.1%| 116.2%| 130.8%| 171.7% 3 AF-# R(mg/l) *
K Crueik & vs. CalF ratio(9%) at pH=8 HF & 33, # #1238 A CruriB /£ vs. CalF ratio(%) at pH=8 Ca/ F
-~ 900%
8 F—=10mgn i,
F-;‘X;)i(mg/l) F=40mg/l |F=35mg/l | F=30mg/l | F'=25mg/l | F=20mg/l | F=15mg/l | F=10mg/l 800% | (&7 ,EJ.I 1&
ek k) aueR) | (k) | (k) | R | k) | (k) = =
Crurik & (Mg/l) 700% N " Eam
100 105% 124% 151% 191% 262% 408% 817% oo |
200 103% 112% 125% 146% 181% 254% aso%| | T e
300 102% 108% 117% 130% 154% 203% 339% = S0
400 101% 106% 113% 123% 140% 177% 279%| | 8 o
500 101% 105% 110% 118% 132% 162% 243%
600 101% 104% 108% 115% 127% 151% 220% 300 1
700 101% 103% 107% 113% 123% 144% 202% 200% - .
800 101% 103% 106% 111% 120% 139% 190% 1000 ; ﬁ . = - (Em)
900 101% 103% 106% 110% 118% 134% 180% 100 200 300 a0 soo  soo 700 500 900
1000 101% 102% 105% 109% 116% 131% 172% A KF-R &(mg/l)
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G H3PO4:FT&,%TE/CF_ i EVS. Extra Ca/F ratio&®BB(pH=6/7/8 ; C;,,=500mg/l)

HF AR & $b3& 5k -k Crposik B (Mg/l) vs. Extra Ca/F ratio(%) for it -k Cr ek & 500mg/l & pH=6 HF & 22 4 % #5% & Crysp0s 8 £ vs. Extra CalF ratio(%)
drosok fori K Cr et E6500ma/l & pH=6 Fet0mgl
F-ik & (mg/l)| F=40mg/l | F'=35mg/l | F=30mg/l | F=25mg/l | F=20mg/l | F'=15mg/l | F'=10mg/I 20.0% (e k)
Emk (drim-k) | (drimek) SReR) | (aRek) | (AriReR) | (RaRek) | (Brieek) 18.0% r;tﬁ;g_fl
Cr. y3pos s & (mg/1) §16.0% k)
14.0% —F
20 0.0% 0.0% 0.0% 0.7% 1.5% 2.0% 23%| | %10 o
40 0.0% 0.0% 1.8% 3.1% 3.9% 4.4% a7%| | %100% —F25mgl
L B.0% (& FLk)
60 0.0% 2.4% 4.2% 5.5% 6.3% 6.8% 7.1% £ oom '
£ 6 e =30 mig /|
80 2.4% 4.8% 6.6% 7.9% 8.7% 9.2% 950 | W 0% — (& 74)
o
100 4.8% 7.2% 9.0% 10.3% 11.1% 11.6% 11.9% o0% —F
120 7.2% 9.6% 11.4% 12.7% 135% 14.0% 14.3% -
# 3 APOSB & (mg/l —F=dimg
150 10.8% 13.2% 15.0% 16.3% 17.1% 17.6% 17.9% <R E(mal) (k)
HF 22 & 3438 5 -k Crigeosik & (M/l) vs. Extra Ca/F ratio(%) for i& -k Cr ek & 500mg/l & pH=7 HF & 72 % %38 5% K Cypsp0si8 £ vs. Extra CalF ratio(%)
ik foriE K Cryr i 2500mgll & pH=7 F=10mgh
F-ik & (mgll)| F=40mg/l | F=35mg/l | F=30mg/l | F'=25mg/l | F’=20mg/l | F=15mg/l | F'=10mg/l (A4
ECE] (dim-k) | (damek) k) k) dgnok) | (AaRek) | (AriRek) -=---(F§1_slgr|
0 LK)
Crhspoaik & (Mg/l) i
20 1.7% 1.9% 2.1% 2.2% 2.3% 2.4% 2.4% L
40 4.1% 4.3% 45% 46% 47% 4.8% 4.8% —F=25mgl
(& mk)
60 6.5% 6.7% 6.9% 7.0% 71% 7.2% 7.2% .
s = 30maf 1
80 8.9% 9.1% 9.3% 9.4% 9.5% 9.6% 9.6% (2 Ak
100 11.3% 11.5% 11.7% 11.8% 11.9% 12.0% 12.0% —r s
120 13.7% 13.9% 14.1% 14.2% 14.3% 14.4% 14.4% 20 10 &0 30 100 120 150 -
® 8 APO n ——F=tim,
150 173%|  175%| 17.7%| 17.8%| 17.9%| 18.0%|  18.0% APOSRE(mall (& 24)
HFALIE % $higim ok Cr, arosik & (Mg/l) vs. Extra Ca/F ratio(%) fori& -k Cr ik A& 500mg/| & pH=8 HF & 32 % % #:3% K C 1300438 £ vS. Extra CalF ratio(%)
Bk fori & Cryri€ Z£500mg/l & pH=8 F=10mgh
F-2& & (mg/l)[ F'=40mg/l | F'=35mg/l | F=30mg/l | F=25mg/l | F=20mg/l | F'=15mg/l | F=10mg/I 20.0% (&)
EEIEIN (himok) dinek) | (2inek) dUek) | (Bmek) | (BReR) | (awek) 18.0% - —F-=15mgl
Cr H3P045%F£(mg/1) gls.a% / (& Aak)
14 0% . =
20 2.3% 2.4% 2.4% 2.4% 2.4% 2.4% 24%| | £ 12.0% o e
T 12, —— ]
40 47% 48% 48% 48% 48% 48% 48%| | % 100% _ —F25mgl
O zo0% (& A A)
60 7.1% 7.2% 7.2% 7.2% 7.2% 7.2% 7.2% = " '
z 6.0% / s F=30mg/|
80 9.5% 9.6% 9.6% 9.6% 9.6% 9.6% 9.6%[ | W 0% = (%)
2.0%
100 11.9% 12.0% 12.0% 12.0% 12.0% 12.0% 12.0% oo | Tt
L
120 14.3% 14.4% 14.4% 14.4% 14.4% 14.4% 14.4% 20 40 50 80 100 120 150 i
& #14POS % B (mg/l) T
150 17.9% 18.0% 18.0% 18.0% 18.0% 18.0% 18.0% A
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Criosoa TBIRE/C, jinaiRBVs. Extra Ca/F ratioaiBA(pH=6/7/8 ; C;,z=500mg/l)

250.0%

200.0%

150.0%

100.02%

Extra Ca/F Ratio(%)

50.0%

0.0%

HF & % % %38 3% K Crpzs0438 & vs. Extra CalF ratio(%)
fori# A& CTye ik Z500mg/l & pH=6

20

40 60 80 100
A SO2 ] & (m)

120 150

F-=10mg/l
(& k)

= F-=15magfl

(& FLadk)
e F-= 20|
(& Aak)
= 25mg/
(s Hk)
e F=30mgf1
(& Aak)

s =35 g1
(k)

e =40 mg/1
(s k)

250.0%

200.0%

150.0%

100.0%

Extra CafF ratio{%)

50.0%

0.0%

HF & 3% % & 38 5 K Crpzs0438 & vs. Extra CalF ratio(%)
fori K Crye i E500ma/l & pH=7

20

40 60 80 100
A SO2 ] & (m)

120 150

F-=10mg/1
(& k)

e F-=15mg/]
(& k)
e F-= 201
(& Aak)

e =25 mg/]
(& k)

s =301
(& k)
e F-=35migyf1
(& Aak)

s =40 mg/
(& k)

HF&LIZ % 8038 % 7K Crypsosik B vs. Extra CalF ratio(%) forig -k Cr ik & 500mg/l & pH=6
dimk
F-% & (mgl)| F=40mg/l | F=35mg/l | F=30mg/l | F=25mg/l | F=20mg/l | F'=15mg/l | F’=10mg/I
(i) | (amek) | (Fvaek) | (k) | (k) [ (k) | (k)
Crrpsoaik & (Mg/l)
500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 20.0%
600 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% 27.9%
800 0.0% 0.0% 0.0% 0.0% 0.0% 19.3% 43.7%
1000 0.0% 0.0% 0.0% 0.0% 0.8% 35.1% 59.6%
1500 0.0% 0.0% 0.0% 0.0% 40.4% 74.7% 99.2%
2000 0.0% 0.0% 0.0% 35.9% 80.0% 114.3% 138.7%
3000 0.0% 0.0% 61.2% 115.1% 159.1% 193.4% 217.9%
HF AL & 3538 i -k Cripsosik B VS. Extra Ca/F ratio(%) for i -k Cr ek & 500mg/l & pH=7
diin-k
F-% & (mgl)| F=40mg/l | F=35mg/l | F=30mg/l | F=25mg/l | F=20mg/l | F'=15mg/l | F’=10mg/l
&Rk (o) | (amek) | (k) | (k) | (k) [ (k) | (Rek)
Crrpsoaik & (Mg/l)
500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 20.0%
600 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% 27.9%
800 0.0% 0.0% 0.0% 0.0% 0.0% 19.3% 43.7%
1000 0.0% 0.0% 0.0% 0.0% 0.8% 35.1% 59.6%
1500 0.0% 0.0% 0.0% 0.0% 40.4% 74.7% 99.2%
2000 0.0% 0.0% 0.0% 35.9% 80.0% 114.3% 138.7%
3000 0.0% 0.0% 61.3% 115.1% 159.2% 193.4% 217.9%
HF&LIZ 4 3238 5t 7K Crpsosik B vs. Extra Ca/F ratio(%) forig -k Cr ik & 500mg/l & pH=8
P
F-& & (mg/l)| F=40mg/l | F'=35mg/l | F=30mg/l | F=25mg/l | F'=20mg/l | F=15mg/l | F=10mg/l
ek asek) | (k) | (k) | k) | seek) | (k) | (k)
| Crrosoaik & (Mg/)
500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 20.0%
600 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% 27.9%
800 0.0% 0.0% 0.0% 0.0% 0.0% 19.3% 43.8%
1000 0.0% 0.0% 0.0% 0.0% 0.8% 35.1% 59.6%
1500 0.0% 0.0% 0.0% 0.0% 40.4% 74.7% 99.2%
2000 0.0% 0.0% 0.0% 35.9% 80.0% 114.3% 138.8%
3000 0.0% 0.0% 61.3% 115.1% 159.2% 193.4% 217.9%

250.0%

200.0%

150.0%

100.0%

Extra Ca/F Ratio(%)

50.0%
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HF & 32 % #8254k Cryz50438 & vs. Extra CalF ratio(%)
foriE K Crye i 2500mg/l & pH=8

20

40 60 80 100
#5502 8 & (mgll)

120 150

e F-=20migyf1
(& L)

e F =2 5migf
(& mak)
s =30 Mg/
(& AA)
e F-=35migf1
(& mak)

e =40 mg/]
(& mak)
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HF &3 % 3tig/

L4

41 -k Cr ek B Vs. Caff ratio(%) at pH=7
J\

e
)

(R E (13

e B HFAJ® % 3vor 2 Ca /F ratio

a3k
F-ik & (mg/l) ( F=40mg/l | F=35mg/l | F=30mg/l | F=25mg/l | F=20mg/l | F=15mg/l | F’=10mg/|
Zmok (drim-k) (k) | (Aek) | (Rek) | (RaReR) [ (k) | (AiRek)
Crpeik A& (mgll)
100 ™ 1054%| 1243%| 150.8%| 191.3%| 261.7%| 408.1%| 817.0%
200 102.7%| 112.2%| 1254%| 145.6%| 180.9%| 254.1%| 4585%
300 101.8%| 108.1%| 116.9%| 130.4%| 153.9%| 202.7%| 339.0%
400 101.3%| 106.1%| 112.7%| 122.8%| 140.4%| 177.0%| 279.2%
500 (AQ) 101.1%| 104.9%| 110.1%| 118.3%| 132.3%| 161.6%| 243.4%
600 © 100.9%| 104.0%| 1084%| 1152%| 126.9%| 151.3%| 2195%
700 100.8%| 1035%| 107.2%| 113.0%| 123.1%| 144.0%| 202.4%
800 100.7%| 103.0%| 106.3%| 111.4%| 120.2%| 1385%| 189.6%
900 100.6%| 102.7%| 105.6%| 110.1%| 118.0%| 134.2%| 179.7%
1000 . 1005%| 102.4%| 105.1%| 109.1%| 116.2%| 130.8%| 171.7%
HF &2 % 3638 3% -k Crigpoaik & (Mg/l) vs. Extra CalF ratio(%) for it -k Cr ik & 500mg/l & pH=7
Aok
F-ik & (mg/l) | F=40mg/l | F=35mg/l | F'=30mg/l | F'=25mg/l | F=20mg/l | F'=15mg/l | F'=10mg/l
ok (Bamek) | (k) [ (ek) | (k) | (Bek) | (k) | (k)
| Cr pzsnai & (Mg/l)
20 1.7% 1.9% 2.1% 2.2% 2.3% 2.4% 2.4%
40 4.1% 4.3% 45% 4.6% 4.7% 4.8% 4.8%
60 6.5% 6.7% 6.9% 7.0%) 7.1% 7.2% 7.2%
= so (Bj)Jy 8% 9.1% 9.3% 9.4% 9.5% 9.6% 9.6%
100 11.3% 11.5% 11.7% 11.8% 11.9% 12.0% 12.0%
120 13.7% 13.9% 14.1% 14.2% 14.3% 14.4% 14.4%
L 150 | 17.3% 17.5% 17.7% 17.8% 17.9% 18.0% 18.0%
HF A2 % 3638 i -k Crypsosik B VS, Extra Ca/F ratio(%) for i -k Cr ek & 500mg/l & pH=7
Aok
F-i% & (mgll)| F'=40mg/l | F'=35mg/l | F'=30mg/l | F'=25mg/l | F'=20mg/l | F=15mg/l | F'=10mg/I
itk (k) | (Fmek) | (mek) | (Rmk) | (k) | (o) | (k)
| Criososik & (Mg/l)
500 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%|  20.0%
600 0.0% 0.0% 0.0% 0.0% 0.0% 34%|  27.9%
800 0.0% 0.0% 0.0% 0.0% 0.0% 19.3%|  43.7%
= 1000 (DKJy  o.0% 0.0% 0.0% 0.0% 08%| 351%| 59.6%
1500 0.0% 0.0% 0.0% 0.0%|  40.4% 747%|  99.2%
2000 0.0% 0.0% 0.0%|  35.9%| 80.0%| 114.3%| 138.7%
3000 L 0.0% 0.0%| 61.3%| 115.1%| 159.2%| 1934%| 217.9%

Bk HF AR % Sl (T iE 2 4o
1. &RHFA-kCr ik & =700mg/l
2. BINHFR K Crsposik & =60mg/l
3. iIHF&KCiososik B =600mgl/l
4. HFEJE % 3uF RpH=7
5. HF&JR 1 Fizdlk 2 =20mg/l
Ca/F ratio fz & = 3%:
=(Ai) + (Bj)x500/(Ci) + (Dk)x500/(Ci)

Ex. CaCl, dosing ratio fz & 3P 4o :
> Crye(700mg/l)#+ 3 CalF ratio=123.1%

> Crhspos(60mg/l)#+F CalF ratio:
7.1% x 500mg/I / 700mg/l = 5.1%

> Cqos504(600mg/l)#+ F Ca/F ratio:
0% x 500mg/l / 700mg/l = 0%

Total Ca/F Ratio:
=123.1%+5.1%+0%= 128.2%
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® Methodology ---E&7K-CaCl, il E- HFEEKEIE &R E(E

I

R=E12%

HF & vs. CaCl, R & | KiR— : BE0 CaCl, (FEEZRBERER)
5 | F1400 mgll (pH=6~8) HFEEK CaCl, ZE |
2 N £ KSP-1
:f 0 +po4 : 200 mg/l{(pH=8) | 2F + Ca** «-> CaF,]
g8 = [Ca?x[F]2= KSP-1(AMEIRE &) SFIEL/2; CalBafs
200 pH RiE— : BURASEEEFRERECaCLAE
150 /
RAg— “‘ﬁ‘;ﬂ;;ﬂ‘%‘u“‘f' Kk _ : =0 CaCl, (PO, ... TEBFIEE)
30mgh «—F——— TR ] Ka (B ARRE B %)
15 mgll & I—'rt—1 2,000 '3 000 4,000 w600 H3PO4 & 3H*|| + PO43-ﬂ
1580 kg 1730 kg 2;95 kg
A JJIIIL caCl ka/D o : Eu = 2 ; B E. a
BFHEKENS kD) [ == mroHETFENF S ABTRECLC,
- (=N = o EERE | #EkPO,T | Eks0,S |HFRE | diEkr | CaCl/F
X RAEHEER B =)=l A Iﬁgcmg;n EEmof) | BEmg/) | PHE EE(mgfIJI dosing Ratio
yedl| 2. 4% ¥2015]500~250 | <100 | <2000 | 5~8 | =30 | <120%

KSP (ARETE

)
Ka (B& A2 5= 2)

HF

JlZZModel

ENK’EI%F/)

)

t5iECaCl,#%&
(BxfEICR%E
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— o - As was . As is
ﬁfl;;lﬁﬁAW?@*EPF RE 6,765kg/D [ 4,255kg/D
HFD & AWD E§7J<FEEE:%..51)|L$£.
NaOH CaCl; As was: F g, 7B 14 (mg/l)> Ca/F= 171%
Popl’ﬁr(rier
HF | HF Asis :F. ZFE: 32 (mg/l)® Ca/F= 108%
HFDT) ]gﬁiﬂ%,@ﬁ T) (JURESt) final” ( g ) 0

Cr.:500(mg/l) pH:7 \

AS was:

As is
NaOH

b= 13 ilE Bt
- N A ]
EIE R ZHNEE

T~

Fi=lE: 8 (mg/l) 1,000CMD
ATBFIKE FIIREE
FiRE: 2 (mg/l) F-(mg/l) < 9.5 (ooc) |

AWD___,

— \ 4,000CMD /
A4
e N >O00CMD I mx ¥, #x=E

EE R4 g T west EEEERE
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