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B 2-1 fEREAT T BT L EOEE T o — ORI 1]

ZIZT, TLVE—EblvOT IO VENT AEEY 16kg, FEV A 7 /EOS & THAEGM

fbv—hDOEE 40%, 50%. 60%. 70%. 100% X ETHE, B THREND T

OHEHEIZFE 2-1 1R T L 91 5,

TOVETT A

#2-1 Hpd bV — MO LERERT 7 v 8T 20HE (7 ~) [1]
[ 40% | BN 50% | [ 60% | (B 70% | [EER 100%

2007 4 5.2 6.5 7.8 9.0 12.9
2008 4 6.2 7.7 9.2 10.9 15.4
2009 4 6.6 8.2 9.9 11.8 16.5
2010 4 7.6 9.6 115 13.4 19.1
2011 4¢ 11.9 14.9 17.9 20.9 29.9
2012 4 9.8 123 14.7 17.2 245
2013 4F 4.7 5.8 7.0 8.2 11.6
2014 4~ 2.9 3.7 4.4 5.1 7.3

& 54.9 68.6 82.4 96.1 1373
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3. $a T ADT v BREERTR b ONT $REIER
3-1 FEBGiE
3-1-1  SEERECE)

70 (CRT) 7 AJ1 Ly Mgy o 7'V % BRI T, BLEES3ARIE, D1p=29.8um,
Ds=136.3um, Dg=257.2um CTH 5, £ 1 IZEBRIZH W TRB Ok A2 R~ T, o, =v 7
7 VY —=FERNAKH L, LLTFOTETIT R o7, ALFEOIITEILTO®Y Th o,

Si DEESHT : Ni /LY RITY > 7L 0.2g AL NayO3 TT IV U % LT, ik % HNO; TH
B S, HCIO, THMALE L, FE HNO; THEH S ¥/, A1l o A% 250ml (2R L ICP

ST AL 950°C TIKAL E87-%% ., EEVET SiO, 55T L=,

Si IS DIEFE DO EESHT « Pt ILIZH 7L 0.2g AdL, HNO;+HF OIRA WK T fiRt% HCIO, TH

JEALER U7z, TAWRIE HNO; THIEH S W 721%. IR L ICP o4& L7z,

#3-1 CRT HT7 A0 L v kO (mass%)

SlOz PbO SrO BaO A1203 CaO ZI'OQ NaZO K20

58.5 8.45 4.45 5.69 2.44 1.37 1.05 6.98 7.48

3-1-2 fRFEERITIE

7T ARHK 0.5~10g % 200ml 7 7 7 > B — A —IZ AdL, $R 4 12 HF ¥E(46~48mass%)100ml % Il
2t T7a BRI CE ST, ~ 7 %y hhy hAX—F—T30CE721% 60°CIZERFF L 72
235, 500rpm TR L7z, Dk, 10 5375 20 FERIEREE L7=, @& T 20ml £720% 10ml D A
U= 7 nzm iU, RFiRH OB A T, SIS TIE, Imol/l X TF Smol/l @ H,SO,4
Wi 2 10vol%l 272 % K OISR LTz, & 1K EBROFZBRE T2~ L T\ 5D,
BHRTEBRLZA TV —=F U TARERCEREDAT V=2 AT T T 4 VF—
(ADVANTEC PTFE HO10A047A) TAiu L, A% ICP 734 (Pb, St, Ba, Al Ca, Zr, Na, K, Si) (T
b U7e, BoFITx L CEMRA28H Lz, AlEEIL, ZRKTY 2LV 7 iz Icii s

TEUL L., XRD Sk DX WDX I X A LB EESTEIT o7,

10



%32 CRTHT AW Ly NERFEBRSE

Glass HF HF
Temp. Time H,S0O, Slurry samp.
No. cullet solution content
°C ml ml
g ml mass%o
090728 0.5 100 47 30 1,3,5h - 20
090803 0.5 100 47 30 20 h - -
090819 0.5 100 47 60 1,3,5h - 20
090821 2.0 100 47 30 1,3,5h - 20
10
090826 0.5 90 47 30 1,3,5h 20
(1 mol/l)
090901 5 100 47 30 1,3,5h - 20
090903 10 100 47 30 1,3,5h - 20
10
090910 0.5 90 47 30 1,3,5h 20
(5 mol/l)
090916 10 100 47 30 20 h - -
090930 0.5 100 47 30 10, 30, 60 min - 20
091002 5 100 47 30 10, 30, 60 min - 20
10
091013 5 90 47 30 1,3,5h 20
(5 mol/l)
10, 30, 60 min
091022 5 100 47 30 - 10
3,5h
10, 30, 60 min
091109 0.5 100 47 30 - 10
3,5,24h
10, 30, 60 min
091112 5 100 47 30 - 10
3,5,24h
10
091201 5 90 47 30 5h -
(5 mol/l)
10, 30, 60 min
091210 5 100 10 30 - 10
3,5,24h
10, 30, 60 min
091214 5 100 5 30 - 10
3,5,24h
10, 30, 60 min
100114 10 100 5 30 - 10
3,5,24h
100118 5 100 5 30 24h *k -

k. 7 o BRYAE— A — Ak (81.3ml) 12 5mol/l H,SO, (8.13ml) RII— Aif— A% (50ml) 12 5mol/l

NaOH (5ml) @®In— A1

11



32 FEERFERB L OB
3-2-1 VSRR O 578

Appendix (ZFEF72 45 EBR TOOMFERZ R LTV D, IWIRFEE ORI 25 72012
10min 7> & 24h O T D RO 2 /38T LT, X 3-1 & 1K 3-2 |2 47mass%HF IFiRIC L 2 5 7
ZH Ly b 0.5g DEEFFER (No.091109) DESHE Aoy DI EEZEAL & T ~ D fif=, [X3-3
EX 34 ZH T AT Ly b Sg OEBRFER (No.091112) DIEIE 4 RLSy DIRFEEAL & TR ~D
iRz RT, KLY Pb ORI, RO 10min fHITE—27 2R L, £ O®%RIAERT D Pb
RETETEMICH D Z LR DND, £, BT ~OREIERIT 100%% FEl- THB Y | Wik
X5 LOARE L TWVe W Z ERbnd, LovL, Si OEETOENEE F % & 10min TJC
\ZIZF 2 EN HF WIRIZIEIR L T D Z Ebnd, @% ., 77 A Si0, D HF KEHRIZ L 51
RIILL T ORIG CEITT D B 26N b, 7t ualrA4 7 vt (HySiFs) ZEARK L7270 SRS

LRISHEEEZBND,

SIOZ + 6HF = HleFﬁ + 2H20 (3-1)

FERFERLO ., T2y NIRRT 528, PbIXHF ERUGL, 7 LD
EETHIH LT D 2 L 3 PARE LT, VR O Pb DJLEE MRIER & & b ICIAMEIICH D = &
5 Pb O 7 AL O HEORITRREER 2 IZHEIT L T A Z N PR SND, £/, Nat KOT
VIV O IFRNEEICIEfRE L TV D 2 ERKE W bnd, [X3-4 D 5gFEBRE RS L. Si, Na, KX
R DNEIZ 100% THEE L TV D Z &35, 0.5g DA (K 32) I EN LIS X
TH 5B DODRBKICHEIR Lo TV D, ORIE, EREFRITIL TR LT, —#IZRE P
HER LT\ D Z E¥bind, FRIC Ba XK OREE 23 BRI LU T © HF IRIRIC X 2 IR &%
WAL, ZOIF LA EDRETITHHEE L TWD 2 LBbn 5D,

7 A7 L b 0.5g DFEBRTIX,Pb D HF IRIE~DIRFEERITHI 30% T, 24h TOHREE L 100ppm
Thb, —HT, BZ7AH L b 10g DEBRTIL, Pb O HF B ~DEMHEITH 10% T, 24h T
DYLFEITK 140ppm TH D, Ly R0 FIZH 20D L THERHORETHEVEDLL RN

EMBFRIERIIHTH LTV 5 Pb O 7 AL DIERIEITIKITF L TWD D EE 2 b D,

12
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WIZH T AH Ly MR E HF KB (4Tmass%) CIRMiE S W76 ORIEMFEE D XRD 7347
R A 3-5 177, K3-510I1FREFELTHT AT L v b 5g DER (No. 091022) TIAfRRR
Sh OFERZIRT, BRI, BT ATV bW 0.5g DA FIIISHRIC I 28— 77y
ANVOEIFIZFE A ER LN, KD, HFERTIEIH 7 A Ly RO BaldlZ & A CIER
L7222 &E0n, Ba k&0 E— 27 BR.6N D, FRIEHIC BaSiFs DA ER S 415 03,
Si DY BRI TIEBa L L7 VAR A BRIEAER L TWD 2 ERNbD, -, HF K
SOERRDMEN Sr 72 HONT Zr BFEFITH LTIV | StF, 72 5 NT S1Zr0s MR S 415,
F o, FRIETIIHTH LTV 5 Pb DLZEZREIX Pb,yF,0 72 5 TNZ BaPbOs & 5 2 B 41, HF I O
Pb N T A0 L |k 5g T 140ppm, 0.5g Tl 100ppm & HFE Y EZNR TN -T-D1F, =
S O LG DOEIREIRFE L TVWD 2 ENEZBND,

I, REEFRFRIE DAL PR A WDS Tt L7, % 3-3 12, 47mass%HF ik & H W2 7 A
AL B 0.5g DEFREERD 1, 3, Sh OREMRIEDOIRGY) (No.090728) 72 & TNZ 20h DAIARI%
# (No.090803) . 5g MFEER (No. 091022) ¢ 10min, 30min, 60min, 3h, 5h ORI DAL 2EHLAL
T, AT ATy MO Si0, 133 3-1 1T X 912 58.5mass% Th D23, %K 3-3 D SifRE%
R, HTAI Vb 0.5g ODFEBROEETITN 1.5mass%, 5g TITH 4mass% & H 7 AH O Si0,
DIFEAEN HF WRFPIZEEL TWD 2 ENbhb, £z, PbIREAX LD & WRFRK 20h T
134 40mass% TH Y . HT AT Ly MIHAS FLL ERETICRE S TWD 2 ERbnd, £
o ALEIDIZE A ER T AL TH D Z LD 7 v ROPRFEIT 30mass%)> & 40mass% & 72> T
W5, O T, HE IR~ DOEfRR MR Ba ORRENRBERIZITE N2 E08bnd, LrL,
Ba I, Pb 25 H L CND 7 7RIV HTATIEMRL, NEATTANLORANEEZ B,
CRT fRARFFIC®ERZ TEITAT R 21X, BAITHTONAHDOLEEZI LI, ZO%HE Pb ILEHIC
s sd &I ns,

UbEDXHc, HTAD L hOKREIL 4Tmass% D iR E HE IRIRICE S IR L, Si0, 1%
90%LL b HF il fiE 9%, —J7 T Pb OIfE=RITR < | RIS ic 7 v eomie 7 1k
YOI TN 5, RIBMRIREIZ T vbNEE A EH DM, $ATRILIF OJFELE L CHtA
FAREE B2 O, T AT Ly FEEEG LZEAIC DR TRIBICA T 7 0% R & i

TEHETRIhD,
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Intensity (cps)
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32 3-3  47mass%HF A2 L 5 BRI T 2 RIEMFRIE D WDS (2 L DAL A AT S 3 (mass%)

Glass
No. cullet Time o Si F Ca Ba Zr Pb Sr Na Al K Mg
g
090728 1,3,5h | 0.16 | 1.51 | 44.67 | 2.03 | 24.72 | 2.88 | 20.51 | 4.52 - - - -
090803 02 20h 0.26 | 1.30 | 34.04 | 3.96 | 1324 | 3.55 | 38.89 | 4.75 - - - -
10min | 1.24 | 4.53 | 34.73 | 2.84 | 18.63 | 2.48 | 2092 | 10.61 | 0.44 | 237 | 0.36 | 0.84
30min | 1.35 | 432 | 3443 | 323 | 18.01 | 2.49 | 21.03 | 1041 | 0.54 | 2.75 | 0.30 | 1.14
091022 5 1h 1.32 | 4.00 | 3374 | 3.34 | 17.72 | 296 | 22.15 | 1020 | 0.49 | 2.63 | 0.24 | 1.20
3h 1.31 | 3.72 | 3333 | 3.31 | 1843 | 2.71 | 21.72 | 1042 | 0.57 | 2.79 | 0.23 | 1.45
Sh 1.28 | 4.24 | 33.44 | 3.27 | 17.90 2.64 | 21.94 | 1059 | 0.57 | 2.57 | 0.21 1.36
1h 2.08 | 1.45 | 3923 | 2.69 | 15.39 2.12 | 18.69 | 10.76 | 3.03 | 3.54 | 0.92 -
090903 3h 1.51 | 1.28 | 39.16 | 3.00 | 15.58 2.04 | 18.81 9.90 2.09 | 3.51 | 2.98 -
1 Sh 1.41 | 1.19 | 3749 | 2.75 | 16.35 2.59 |20.08 | 11.07 | 2.25 | 3.59 | 1.08 -
090916 20h 243 |1 649 | 3565 | 2.47 | 13.09 1.51 | 16.22 9.13 4.80 | 2.84 | 4.21 1.15
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3-2-2  [Ek DR

3-1~3-4 |2, 47mass%HF IRHRIZ L H AT A1 Ly K 0.5g 72 5 ONT Sg OIRIE &S DR
ZAb L VR ~DVERFEZ R LT D, 5g DFETH, Th LN TH 7 ADFEMRIIHE T LT D L
RoNDZEnb, SOICHEKEEZIE L TERZIT> 7, K 3-6 b WNCK 3-7ITH T AT Ly b
10g DEF (No.090903, N0.090916) DESFRIRFHIIZ K~ 2 TR 1A 5oy DIRBEZAL & B~ D
iR % R LT D,

BEb, H#7AH Ly b 10g TiX SiO I TEEEMH LW Z L3 bnd, Si OWEIRFITK 75% T
oD, HTZAHB Ly MK LY, KEIRLE TOREMER T SIF OET/NLIERD D & FHiR
0.5g/100ml Ti% 0.0017, 5g/100ml TiX 0.017, 10g/100ml Ti 0.034 £ 72%, FILR()TH T AH
O Si0, 28 HE IR & W IEfR+ 25 L& 2 X, SUF OF VLT 0.17 LU ThiFiE e siRig L
W2 L ERD, EFDMDET T A7 vt U TS 2720 F ZHET 5, REBRERNG
ARFEBRIZHW T CRT A7 A% SE RIS 5 72D ER LT 5g/100ml LR TH D Z &3
2%, 10g O FEERCTHEHRH O P I 20h TK 200ppm ThH V| 5g DFEBRE 1T &L A LT,
NI VR O Pb JREIIFRIEFITHTH L TV D PhyF,0 72 5 TN BaPbOs DVAMFEEIC I 0 #iikH
DIRENRES>TNDZ EBNbMND, LIz ->T, Pb 2¥AR L 7= HF K 2 BRI OJFE & 3
%6, PO IRENEIELEZ DDA, BMICERLAHE KIS TP IREAHNIEL Z &%
LN ERDND, RIZK3-6 DA T AH L b 10g TO HF IR P ~D R ERSEZ B2 & |
Pb (X 20h THKI 2% Tod D IEF IR Z L2325, 0.5g TIFHK 25%., S5g THI 3% &, Bk ELDH

RITHE Po DIRfF=ITIET L, RISAFFRIET ~ORFRB T Z L3015,
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3-812.10g H T A M L v MK %E 4Tmass%HF /KIEHE CIAMR S B2 858 O RIEfETE O XRD
IINTHRE R AR, 3-8 ITITRFEL LTH T A B Ly b 10g DEB (No.090903) TR 5h
DFEREZRT, KLY S5g DAL E—7 707 7 A VTIZERKRTH DL Z Enbnbd, 127210,
FRRTNC R R O Na JRFEDSE 2 T D Z &5 NaSiFs DB — 7 biEd &b, 72, PbIZBIL
TEHTAD Ly bENEZ D & RIBMRFREF O PoIEEIXK T35 Z &£ 25 PbF,0 & BaPbO;
DE—=ZIIAPRIC R > TV D,

# 33 2L, 7 A Ly b 10g DFEBR (No.090903, No.090916) @ 10min, 30min, 60min, 3h, 5h,
20h DORIEMEFRIE OLFHRLALD WDS TR A2 R LT\ D, BERLTOND X912, BT ARy
ToH 2 Si,Na, KIIH Ly bESHT LETOREITHEML T\ D, — 4T, PhIREIII L Y k
BT LTI A H D, 2D X DI, 4Tmass%HF AWK DO ARIAfER % Pb JFEHE LT
2 D86 W O Pb IR IIHT I O EFIARE TIZFR E > T D &EZX6NDD, — i CTH

kD a s b —/WIFRET O Po IREOHIEICEE TH 5 Z L 13D,

2000

N0.090903(5h)
1800
1600 0 OSiF, o
2 1400 M BaSiF, [
\o; 1200 OSrZr0; ||
£ o0 ONa,SiF, | |
5 A ® Pb,F,0
E 800 l—. . ')
600 E o o ABaPbO,
400 4o < A
| Oy € g Em I g
200 J
‘ W
0 T T T T T

200" 1

3-8  47mass%HF ¥HRIT K D IER% O REEMRIEHEE D XRD otrs s (T7 A0 v b 10g)
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RARRE OB A AT 5729012, 47mass%HF WK Z FHWTH 7 A1 Ly b 0.5g T 60COH%
fiF2Ex (No. 090819) #1T-o7z, X 3-9 22 LI 3-1012H T A by b 0.5 THMHREE 60°CD
FBRIZ T D MR NS k3 D VIR R A oy DIREE AL L IR ~ DR R LTV D,
3-10 @ Si, Na, K @ HF iR~ OWfE#HR%Z 7.5 & 1h TIEIE 100% & 72> T\ b, Pb @ HF IR
DIEFEZ LD L 60°CTiE Sh THI 100ppm & 72> TE Y, X 3-112x L7 30°C (5h) DA L ik
LTI, Zahud, —HEEE L7 Pb 23 PbyF,0 X° BaPbOs & L CHIHILE 3 2 38 < 72> T
WHZENEBEZLND, XY, 60CETHRMBLELNEST D Z LICKVETH T AWM
5N Pb DILEEA~OHTHMEE SN D Z ERbh b,

60°C DIEMEEER DO RYSFRIRE (Sh) @ XRD Ot biT7e>7e, =277 m 77 AL LT

30COFERLITEANEED Y MBI oT,
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Element contents in solution, ppm

Element contents in solution, ppm

Dissolution rate in solution, %

Dissolution rate in solution, %
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3-2-4  FREEVRINOD 522

&

47mass%HF VIR DO EARFER TIL—EBO Pb [TAREMFRH FITHTH L C, BRI & Bl 4yl
SNDZ LR bhoTo, BRI Pb 2 BT D56 BIRIE 72 135EN &5 &R 5 2%
LR 20, RIS CEXMBE LT ORI L T5 2 LAk d, 22T, ML
47mass%HF RIS L, Pb Z Wil & U CORBIRIRIE T ~RME T 2 2 L 2ilhlc, WT ATV
v bk 0.5g DIFEERTIE Imol/l (No. 090826) 335 TX Smol/l (No. 090910) @ H,SO4 % 10vol%IZ7¢ %
LTI L TEBRAZAT > 72, £NZEID HySO4 IR IT 0.1mol/l 38 LTV 0.5mol/l & 725, & HIZ,
HFAH Ly b 5g DEFA D 5mol/l (No.091013) D HySO,4 % 10vol%IZ72 5 X 9 I2Hshl L TEBR %
1ToTe. ZNENOWKFIRE ORI & NCEfEROZLZ K 3-11 251X 3-16 127 T, &
7oy B 3-17 \ZHSHH DA HoSO4 IR EE TR L TEHE T O Pb iR 72 5 TNT Pb DR Z 7w > L
TW5, BRRIE Sh TH D, X 3-17 L0 02D L H12, HSO R & & H IR T O Pb R
MMETFL TS ZERNbnd, HT7AH Ly b 0.5g DFEERTIE, H,SO, ¥IN7: LTk 120ppm T
& 205, 0.1mol/l T 2ppm. 0.5mol/l TITMHRALL T F TR T LRI R EDAREARIRE P IR
ML TWDZ ENbNnd, £, HT7AB L v b 5g DFEERTH 0.5mol/l H,SO, Tl Pb I ALIIHR
HBRSLL T & TIR T L AR KRB MR IR L TV 2D, IR O Pb ORI & LT O I

UTORISICED EEZBND,

Pb* + S0 =PbSO, |  (3-2)

T AT b 0.5g DA AP E1T 1.9X 10 mol TH 5 D T, H,SO,4 % 0.1mol/l (& 100ml)
DOERBRTHHBE L LTI o s B bnen, EBRITR T O P TR LI-EEThH o
7. 0.5mol/l TIEREMHHH LTS Z &LV, Pb ZAilEAME & L CaRENTHT 21213+ 72 ik
BERINT 5 Z ENMERZ ERDND, K 3-181CHT AH Ly b 5g TD HySO4#EE 0.5mol/l F
B (No.091013) DAREEMRIRAE D XRD ATk RZ =T, WKL Sh THD, HF7AT Ly b
0.5g DIFEHLE—r7 77 7 A VFIZEFERTH D, KLV HEES (PbSO,) DR S i,

H T ANBEEME L2 Pb 73 PbSO4 & L TRIEMREF I L TWD Z ERnbind,
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Intensity (cps)

3-17  BRAY DIAHE T P JEEE 72 & ONTIRFR R~ D IR FE 0 B2
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34 \THRBE 2 TN L 724 B C ORI O WDS I L D iR RE R~y H T AD L
> b 0.5g TIX Pb #1340 30mass%, 5g TIEAI 20mass% & 72> T\ 5, FiBRE A AR L T 572
DEEENL < POIRE L U TIEE 3R LM Z BN L TRWERR LDV 720703, Pb Il
EREARBMEE I LTV, SilEZENZEI, £ mass% & IRIRE TH Y . HF WikHI25y
HECE TV D ZE&NbNnD, 7 yRENENLN, 10~30mass% s A SNV TWDN, BECT v #Fae s

A LT D EMRe 2 AL L CO D8l O e LTI RAFTEE B X b D,

3% 3-4  4Tmass%HF /A2 L 5 EEBRIC BT 2 RIEMRFRIE D WDS (2 K DAL A TS B (mass%)

SN SAIIES 8
Glass
H,SO,
No. cullet Time (0] S Si F Ca Ba Zr Pb Sr Na Al K Mg
mol/l
g
1h 1477 | 7.44 | 097 | 1232 | 0.55 | 19.42 241 | 37.56 | 3.97 - 0.58 - -
090826 0.5 0.1 3h 10.71 | 5.53 | 2.29 | 2041 | 0.65 | 23.98 | 2.89 | 28.05 | 4.89 - 0.60 - -
Sh 11.15 | 6.39 | 1.94 | 17.60 | 0.65 | 22.46 | 2.51 | 3248 | 4.30 - 0.51 - -
1h 1441 | 9.61 | 0.28 | 9.54 | 0.43 | 21.67 1.27 | 37.61 | 4.51 0.08 | 0.37 | 0.11 -
090910 0.5 0.5 3h 14.87 | 9751 0.29 | 8.87 | 0.41 | 21.85 1.17 | 37.62 | 458 | 0.09 | 0.34 | 0.16 -
5h 12.50 | 891 | 0.45 | 1291 | 0.45 | 24.61 1.29 | 33.63 | 476 | 0.06 | 0.30 | 0.11 -
1h 736 | 323 | 411 | 2842 | 2.08 | 1792 | 1.94 | 1892 | 10.80 | 0.97 | 2.63 | 0.52 | 1.11
091013 5 0.5 3h 6.82 | 339|394 | 2839 | 236 | 1599 2.09 | 2131 | 996 | 0.82 | 3.08 | 0.58 | 1.28
Sh 7.88 | 3.58 | 3.84 | 2932 | 2.03 | 15.52 1.92 | 20.71 | 9.51 0.72 | 3.04 | 047 | 147

3-2-5 HF IR DR

EFO X D ICEIRE HF IR (47mass%) TIXA 7 A Ly RO Pb O—F3HTHH L CRIAEF
PR~ S D, WR%IC HF WIRZ MBI O L L CRRIICRHAT 2546, &
WO P BENEWVITNEE L, WEE TOERO L S ITERE HF I3 Tl Pb O—#51Z~7
Ak & LT3 %5 2 &6, HF WIRIRE 2R T S8 CEMERZITV., Pb 2 2RI
WS % Z & il iz, EBRIT, T AH Ly b 5g T 10mass%HF &% (No.091210) . Smass%HF
Bk (No.091214) TREERZITo72, K 3-19 225 322 ([ZZALENOVEIR TR E ORFFEZ L7 H Y
R OB A T, MaE R Thnod & 5 ICEIRE HF IR (47mass%) 12< B TEMRBHET

T DI 5 Z 3D, [X3-19 & 3-20 1277 L7- 10mass%HF TiE 6h LI L A
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CIEZALIT R S0, X 321 & 3-22 O Smass%HF TiE, 6h LA LIAfE L->-31) 240 £T
VEFRIREE 72 D ONTIRIRR N L T %, Pb DIRERZ 25 L | 10mass%HF D358 13 24h T 69%
(FAHR PR L 2750ppm) 72 DIZ % L, Smass%HF Tl & ENAEM L T\ 5, F7-Z DT 4500ppm
T %, Smass%HF DFEIIPb N7 vk & LTI I LIt &2 bnd, —FHT
Ba |3 Smass%HF D%56 & iR MRE TIORIE IR I L. Pb L 0BES TV Z &3
binsd, ZHE v, [KHEE HF % (Smass%) THTAB Ly bEEMRTHZ Lk Pb 2%
BT CE D Z LD, T ORI % Sh B0 SR FEMRE RS ARt 5- 7 U X R /Y
2 Pb DEINATIRAD EBEADND, o, —H#ITZ OB ZFE L L TEMRIUT XY Pb 4
J&Z BN T & B ATREME S & D

[ 3-23 & [¥] 3-24 |Z 10mass%HF &#K (No.091210) 72 & TNZ Smass%HF %X (No.091214) %1
ENDOREEIRIRIE D XRD STt R 27~ WHEREEIE 24h TH D, WH & bIZ T A 1 7 A A
UL (BaSiFs) & 7nAulr A ) vh (KSiFs) OE—27 BiER SIS, 10mass%HF Tl
KySiFs D B — 27 3R TH Y . — 5T Smass%HF Tl BaSiFs D &— 27 O B3 TH %, Ba 134K

HF B CHLEEEIC 7NV r A BIELE LTI 5 Z L35,
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Intensity (cps)
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3-2-6  HF ¥R ORIz

FRLOEBIER O X9 \ZEIRE HF K (46~48mass%) DOVEfETIL, Pb 237 v b ¢ —ERHT
MU, EEZEERTICERIEDL ZLNTERY, 20D, FrEEORBEZRNT 2 Z LITX
D Pb A& & RIEARFRE M ~THET 2 Z LT TH D, £DHE . Si DIE & A EBERTIC
BIEL T D, U A (SI0y) TP cor Z vy 7 2L LTl ENS Z &5 b HF
WIRHPNOHMARE LTHTHENTENTANTH D, 22 TETIX. T A% O HF WK%
100°CLL N CIRIRFZIEE ST, ZOBROHTHIFRIED RN ATV, I < HiZRETO T U B4 D
(BN D AT RetE 2 f st L 7=,

SEBR N0.091022 D 5h DS 2 WeIEIZ AV o, FERSEBRITERHE 25ml (29.12¢) &7 7w
— A —IZ AR Y 7 L— F T 100CIZHME L7223 5 6h fRFF L7z, #EH O Si. Na, K OIREIX
ZHEIL, 11700ppm, 2295ppm, 2796ppm Th 5, RIZENEIN, SiO,. Na0O, K,0 & L THr
H32 &9 0UE, K 25ml Tk, T2, 625.7mg, 77.3mg, 84.2mg LEtHE IS, Lo
T, IO DR OFEFEPE b & LTI 2 & 3T B oA dt (1483mg) LA EOHT
MELRDITTTHD, Ll WiREICEIN S AT R O &1E 480mg TH Y | HYITD 7
W2 ERDDD, WIRE HF K CThD Z ENORESD 7 vk UTHIT £ 72133 L Tn
HHDLEZBND, X 3-25 (THEE O HHIFRIED XRD 24T#E R4 7~"9, XRD KV T7AH Y7

A 7 ¥ (KNa(SiFg) 23Tt LTWAD Z ERbnd, UTFTORIG T LZEE 2 b5,

K"+ Na'" + H,SiFs = KNa(SiFs) | +2H"  (3-3)

W O Si DS KNa(SiFe) & U THTHIT 2 & 374U, 25ml 3K TlEZ Ot &1 2126mg &

2%, LML, EEOFTHIREORIL 480mg TH Y | KPD Si BLLTF O T SiF, & L THi%

LTWbEFREND,

HZSiFﬁ = SIF4 T + 2HF (3'4)

T ZTCIRICHT R D Ie8 ot 22 WDS Z W THT e o 7o, RER &3 3-5 129, KIE, mass% &
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EHIZ mol% bR LTW5, KNa(SiFe) DA, E/HIE KiNa:Si:F=1:1:1:6 L7253, it %
AL KNaSiiF=1.4:1.5:1:5 72 5T 5, K72 HONE Na DEISNKE L. ZhHO—EEA H
WD 7 I v i A Wi P 7 AR OTERE THTHI L T\ A b E &2 bivd, HritisE
EDOREIL 480mg THHDT, £ 3-5OFERI VP L7z Si &L 54.6mg &7 d, WRFICER
L CU 7z Si A3 625.7mg 72D T, 57Img (X SiF, & L THERELZEEXxOND, —FH T, NaZ2b W\
\Z K OFFHIFRE T O &1 67.7mg, 105.8mg & 72> TV | fR72EILH 5 BIIIZER T O3 H
LTWbabDEEZ b5, PLED X 5 ICHMZR 28 CIRA R O HF D & 1X KNa(SiFe) 23 E]
INEND, £72. K¥O Si A SiF, & LTHEET 2, 2B CE Uiy TEREE LTH

HCHFIRT 2 bBx b5,
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8000

@)
7000 O KNa(SiFy)
6000 -
2.
L5000
Z
Z 4000
2 oo o
S o1
2000
© o o©
1000 o ol l 0o O C?OoOm E}O % % © O o)
P — N / ‘OA M ‘O M‘A I, J‘u“ |
10 20 30 40 50 60 70 80
20[°]
3-25 IRFEFBIEI (No.091022, Sh) FLIEM% OHT R D XRD /3G H
#3-5 BRI (No.091022, 5h) oMt oA H7%IE D WDS (& X 2 b F R o #r s 2R
(_E mass%, T mol%)
Glass
No. cullet Time (0] Si F Ca Ba Zr Pb Sr Na Al K Mg
g
5.65 | 11.38 | 40.50 - - - - 090 | 1524 | 0.90 | 23.85 -
091022 5 5h
831 | 10.32 | 50.12 - - - - 024 | 1559 | 0.78 | 14.35 -
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3-2-7 TAHVFIMZE BTV U A 7 oAbEi O Rt

FREERER TR LI L 21T, AFEBRIZHWIZ CRT #7 A L b (5g) 1 Pb I% Smass%HF
B 100ml & W56, 7 oAb CHHHTLEAE TICIRIZ R BRI PRI 5 2 & D3RR
iz, £, HF WKRFICERMR L7= Pb 13 HoSOL IR DURINCRIER B < Biligdh & L CHTHIpk
HZEHLFERICEL VRSN, £ 2T, CRT ¥ 7 AT O EHilEsh & LT 5 —#ED 7 a—
(B9 558 (No.100118) #4177, Hilgén & L CEILTE UL, B Ny 7 U —DREHZ D
R C b 2 B LER-OREEREN 2 B & L TV D EMREIF O JRELE L TR AR TV ESB X6
b, F£7c, HF BRI Lz Si OEIBUZEE L TiE, A CIHRIRFZRIZ K 01T o723, &
DGR FEE LTEITADIEINCE O T AT ) A 7 oAb afritiibE S5 2 EnE 26
D ZEMNG, AENIHEEEA R OVEKIZ NaOH IEROWINT 5 Z L2 XY HE RN 5 DT
NAN TNFa s A BEoOBIEIT 7,

FEIT, FT CRT 7 A B L v b S5g % Smass%HF AR CEME L, £ D AT 5mol/IH,S0, %
WL CTHRIBER DN 21T > 7o, BitlRsh A B L 72 AHRIZ Smol/INaOH ¥R A #IM L CTT7 /v Y

InFarAgEBl Lz, sElRERSEAR 3-6 IR LTS,

36 Po R bNCT VT U A 7 Ak 7 o — D EER AL

Dissolution condition
CRT glass cullet: 5g, 5mass%HF solution: 100ml, Temp: 30°C, Dissolution time: 24h
After filtration

Filtrate (A): 91.2ml, Residue(A): 2.47g

PbSO, recover condition
Filtrate (A): 81.3ml, 5mol/IH,SOy, solution: 81.3ml, Temp:30°C, Reaction time: 1h
After filtration

Filtrate (B): 86.9ml, Residue(B): 0.42g

KNa(SiFg) recover condition
Filtrate (B): 50ml, 5mol/INaOHsolution: 10ml, Temp:30°C, Reaction time: 30min
After filtration

Filtrate (C): 55.2ml, Residue(C): 2.46g
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ZE L WO S 1T Appendix D EBRFER (N0.100118) (2R L TUWN 528, Pb DOEMER & ONTHTH
ZE AR5 & 1L U DD Smass%HF BIKIZ K 5 %R T O Pb OWFZRITH 76.8% CTd - 7, [AIERD
WRIRSAED No.0911214 TIE P IZEERIRH LTV Z &6, CRT H T A DIEMREEN 1T
RIEPEREBEOZLTIELDENAE LD EBZ BILD, DK, AU~D HyS0, I KV Hifg
T L7 D ARz 09 % & Pob DIREEITT FERIELL T Tdh - 72, HF %O AR o
Pb Bm iR & U CHTHIILE L T\ 5 2 & 3o D, Wilikdn 2 B L7272 D AP HRIZIE Si D3
i L CH Y | SiEEEIT 8267ppm. AT AHD Si lZkf L TEDEMRIL 52.5% Tdh 5, Akl NaOH
B E RIS 5 T A7 oAbt U, Si IR 95ppm £ TIRTF L TR Y | fifgén%
[EU L7z AHEH 5 0 Si O HEIERIX 99.3% T 5,

3-26, 3-27. 3-28 T No.100118 {Z451F % HF ¥ikIZ L DERE DFRHE. £ D AHHRIZ HoSO4 i
WRIZZ I LT & R L7k, # O AIRIC NaOH iR A2 WL C Si Z [ L7k D XRD
MR R AT, X 3-26 O Smass%HF iR X D% 05D XRD ki Rz o & EIZ
K,SiFs & BaSiFg D B — 7 MR8 S 45, RIZ, X 3-27 D HySOL VIR I & % Pb [EIILEEE: D XRD
SIHTRE R A R D & PbSO, DR B/ — 7 3 HERR S 4L, Pb 2MTEEMI STV D Z & bnd,
3-28  NaOH IR X % Si DRIUILE A . % & (Na,SiFes OBIfER ' — 7 R ST D |
WL NaOH &7 A 7 BB RIET DI LWL 0T AT Y A 7 oAb HEIR ST 5
ZEROND,

WIZ, ENENOENFERE O E WDS 12X 0 o8 L, iR % # 3-7 1289, WDS
SIFTRER 2 5 & | Smass%HF #IRIC & 2 WfiRi% OFRIEIL. XRD kiR 6 © 07075 K 912 Ba
RO K DT A 7 oAb T D 03 RIEMED Pb 23K Smass%. Si 235K 4mass% & A STV 5,
H, SO HHRIRNINZ X % Pb [BUILE DAL A 7D & Pb OE A &ITHK S0mass% TH Y . CRT H 7
271 by DM BRI 6 £5 Pb 23R SN TRB L Ze o T D, AL LTI, Ba e b TNT
St NEINEHVK bmass% i A STV D, EILH DL FERE b iR & #EE J 5, NaOH ISR %
WL C Si & B U723 RE DR A L 2% & \XRD 2347 Tl NagSiFs O B — 27 OB DR S T3,
WDS (2 K Db A D & O 235K 4.5mass% A 4L TH Y . Na DEIG A NaySiFs Db i

R E D 2N DD D, —HBIE Na O T vt DOFZRE THIHIILE L T\ 2 "l RetED & 5
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Intensity (cps)
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7000 8]
No.100118 (after NaOH solution)
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O Na,SiF;
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3-28  NaOH RGN X BT vk U7 A 7 ok (No.100118) @ XRD 43 #riid 5

#3-7 5% (No.100118) @ WDS (2 X 2 LA o #ris 5 (1 mass%, T mol%)

No. Residue (6] Si F Ca Ba Zr Pb Sr Na Al K
HF 2.62 3.87 38.31 | 2.13 | 1433 - 496 | 12.54 1.07 | 5.75 14.44
solution 5.03 4.18 61.68 | 1.65 3.24 - 0.75 4.42 1.40 | 6.59 11.08
H,SO,4 23.65 0.03 0.55 | 0.14 6.11 - 51.14 | 5.68 0.10 | 0.04 0.48
10011% addition 65.26 0.04 1.28 | 0.15 1.98 - 1092 | 2.87 0.19 | 0.06 0.54
NaOH 4.46 9.31 48.15 - - - - - 38.09 - -
addition 5.80 6.90 | 52.78 - - - - - 34.51 - -
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LA EDOFERNG | HF B IZHME L7z Po I36RERER (PbSO,) & LT, 774 7 v (HySiFg) 1%
TNHY 7A e A (NaSiFs) & U CHREREIC& 5 A[EEMEDN /RSN D T, CRT 7 AD
HF R X DA S| WREREh & 7 ) 7 v a r A FROTRER I 2 . AIBALERIZ X EkE )
AT o7,

FEBRCTIXET, CRT H 7 AfEK 05g % 200ml 77 v > B —h—|Z A, R4 IZ HF &K
(5mass%)100ml Z Nz /2%, 77 a RS CE -7, v~ 7 3y Ay hAX—F—T 30CIZ
EE L2285, 500rpm THEHE L7-, T O, 30~42 BEREF L, CRT T A& LI=7r A 7
o BRI AR U T, RREBTSING X D BREREN & AKERILT N U U ZIRINC X BT v U 7 vt a s
A BEOWIEE TIX, EFLO T T ARG Z At L, £ D AHRIZ Smol/l D HaSO4 IR % 10vol%
(2722 X DICHIN LT 1 W5 30°C CTHREMERE Lo, S DICZ DRI E Al L CHEERE 2 [BI L,
AHHEIZ 5mol/l ? NaOH ¥ % 10vol%IZ72 2 K 9 IZHIN L T 30 77[#] 30°C THi#RREF L. 74 U
7 V7 v BER e YRR RN U T,

FeWN T, A ETO CRT U7 ZADERFEFRTIE, BOND7 A 7 vEEEIKT O Pb REITE < T
% 4500ppm T o7z, ZHUE, SiO, (ZxF L TRl 722 HF 235 25813 —HD Pb 73 7 vk & LT
WS 2 7= OVEfET 5 Pb &IX CRT 77 AD PbO & SiOy DLETRESTLEI D THD, £
T T, AT BAER U 72 CRT 77 ARRD 7 A 7 BRI & 785818 L C Pb IR OB K&
AT, N T ARSI ORI ESR TIX. EFLD CRT H T A ZRIR LT A 7 v BRI & 5
WL, ZDOAM Soml % 80°C T ERMIRRFT 5 Z LI K WIRRORME 1T o 7o, IRME% OIRIR
DI AL, AP OS5 Z21T o7,

[X] 3-29 |ZALFR 7 v — DFEM & 2K 3-8 I Z TN DOIERIRIRD ICP I X 2 W2 R LT\ 5,
NaOH NItk D AIRITDED T2 ICP THREZGHTZ1T I Z LN TERMoTEN, BT 58912
TNHY TN ar A ofrHEND Si OLBRAZ RS 5 2 &3 TE 72, Smass%HF ¥R
(100ml) (ZH T R 5g ZIEfiE (24h) L7 D AHRIZ, Smol/LH,SO4 % 10vol%IRINT 5 Z &2 &
D Pb RN IEES & U CHT LR U, BitBegh 2 BN L 7= 0 AHRIZIL Si AR L TR0, A
W12 5mol/LNaOH 155 % 10vol%isid 2 & T v h U ir A 7 )vFar L BEHHTH L7z, Si D AR
5 OFTHEIERIE 99.3% Td > 72, F 3 124 AIEEIEIZ BT 2 A5 D WDS o4 R 278 LT

5o Fio, X 3-304 121F HoSOL RIS INZ X % Pob [N PEE: D XRD o4 S. X 3-31 121X NaOH
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RIS X 5 Si BIULTEE D XRD oHif Rz s LTV D03, ZILE 4L, PbSO4 72 © TNT Na,SiFs
DOAMRE— 7 PHERSNTEY , ENENOHTHEHET LI Z L35, ks, Eito
Smass%HF ¥&i (100ml) (24 7 A 5g Z¥afR (24h) L7354 O Pb IRfR=RIL 76.8% & = EIRfET
X727 o 7228, [REROD ST 30h ¥ L7356 1 P IEMREEAY 100% & 72 0 Pb IX &R LT,
Z DEFRIEZ A L7z, HpSO4 1T & 2 PbSO, DILIEIENN . NaOH 2 K % Na,SiFe D UL RN D Fe
IFRICThH -T2,

[EU S 7z PbSO4IZBE LTl $AVESLIFOJFEEE LT P BUICRIAT 2 Z L3 T& 5, iz,
TN TNFr A (NapSiFs) (IEFEEE LT, s FEAIL AN 7 2A0ES, 7
bF b U LDER, Ry r B FLEGAH, BIEAL B BERISICHNWD ZENTE

Do

Sample Volume, ml  Weight, g Condition: 5.0mass%Slurry solution
CRT glass 2 5 30°C, 500rpm
Smass%HF 100 105.45 Time, 24h
Slurry 102 110.45
Time Volume, ml__ Weight, g Filteration  Filterate, ml g Residue, g
24h 98.0 107.03 - 91.2 97.58 247
1Cp
1 d 10ml sampling
H,S0, addition
Volume, ml  Weight, g Condition: 5mol/IH2SO4 (10vol% addition)
Filtrate 81.3 - 30°C, 500rpm
Smol/IH2SO4 8.1 - Time, 1h
Total 89.43 95.88
Time Volume, ml  Weight, g Filteration _Filterate, ml g Residue, g
1h | 89.0 95.62 - 86.9 92.70 0.42
ICP XRD, EDX
|
NaOH addition
Volume, ml  Weight, g Condition: 5mol/INaOH (10vol% addition)
Filtrate 50.0 53.54 30°C, 500rpm
5mol/INaOH 10.0 - Time, 30min
Total 65.60
Time Volume, ml  Weight,g  Filteration _Filterate, ml g Residue, g
30min | 61.0 65.36 - 55.2 58.04 246

[X| 3-29  CRT &7 A® HF &R 6 OffiilEsh & 7 A ) 7 )vAd v r A BROIRERII 7 v —
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# 3-8 HF IRIKIZ X % CRT H 7 AR 72 5 ONT HoSO4 HRINT: D Ak D ICP 43 4T 5

Glass cullet:5.0g,

Contents in filtrate

Smass%HF:100ml,

Temp.:30°C, Time: 24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 3011 525 364 54 243 131 1309 371 9270
Dissolution rate, % 76.8 27.9 143 8.4 49.7 33.6 50.6 11.9 67.8
Filtrate solution:81.3ml, 5mol/LH,SO4:8.1ml Temp.:30°C, Time: 1h
Contents in filtrate
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 151 ND 45 199 104 1231 308 8267
Dissolution rate, % - 7.0 - 6.0 353 233 413 8.6 52.5
Filtrate solution:50.0ml, 5mol/LNaOH:10.0ml Temp.:30°C, Time: 30min
Contents in filtrate
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 101 ND ND 135 58 10149 372 95
Dissolution rate, % - 423 - - 432 35.6 - 76.8 0.7
#3-9 KAELTREEED WDS AT S: (mass%)
after dissolution of CRT glass PbSO, precipitation Na,SiF¢ precipitation
(0] 2913 (6] 21.044 (6] 4.093
Si 3.050 Si 0.021 F 44473
F 23.096 F 0.490 Si 8.582
12.099 K 0.427 Na 35.305
Ba 14.029 Ba 5.473 Total 92.453
Na 0.857 Na 0.086
Sr 12.023 Sr 5.073
Pb 4.670 Pb 45.609
Al 5.436 Al 0.034
Ca 2.003 Ca 0.121
Total 80.175 S 10.800
Total 89.180
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o
5mol/1H,S0, addition, 10vol%
Smass%HF, 100ml (24h)
. Glass cullet, 5g
L 30°C
=
5 7
= o
=
o ¢ o ﬁ
Lot ] ] | -
WU T iR o Lol oo fe
JLAUL le' ww’lvlu(l?__i-_:?r%“g vh'- qk) Jhuv L—QJ%‘)Q ‘AW'WQ\JQ\JQ\JQJ% Pl
10 20 30 40 50 60 70 80
26[° ]
330 HoSO4 A HRINANC K 2 it iegn T > XRD Z3 47 it 4
@)
Smol/l NaOH addition, 10vol%
(after H,SO, addition)
o 30°C R
z o " o
é I}
c i o
o o % o
I e Jegoot Jo Bho st @ o oo
IL.__.JI . J - \ N\ ,,._,J‘LNL_AI\_IL.J\.J\-.._:J \.-JVLr:V\__J‘V\__.,N ; A |
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200 |
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R U7z X9 ICHTHEEST - 72 HE ¥&E~D CRT H 7 A DEMRER TIE, Si0, EiZxt L Tl 72
HF DFET 25615 Po 37 v ke LTl L7z, 24 LY HF & SiO, DR TH LN LE
W E B, 7o DR S TS CRT A7 ABNRED Z L aR Lz, )SKG-DIZrRT X oI
SO IZ 7 v A Al (HoSiFs) & LTS 2720, 2372 HF & & L CIEE/V T HF/SIO, =6
L%, AbFERmE DG . HF 3K (Smass%) TE#&E=0.05g/ml D54 Tld, K+ O HF & SiOo,
DFNVEHIE, HF/SI0=5.4 TH Y | ¥ O HF 1ZIZIE SiO, VRIS 4L, Smass%HF FiK Tl
W72 HF 235 Pb O 7 AL I S 40912 Pb OIRIE BN T CIAMT 5 2 L 27 LT,
ZOFMTIX, WK O Pb FEEEITK 4500ppm ThH D | BITRT L DI Z O D DEREIR
DEMERBUTATEETIZH 503, Pb 3 EIRE O 5 NEMIKE DK LSCBEMRBNRETAY v RN T
HEND, 723, Pb D7 vLHTHHICAE ) S0 5% 72 HE A2 8T 2 729012, SR D 47Tmass%HF
WREHERH LTI ABEELT I ELEZEIONN, ATV —RENRES 25 L2 —
PR O R RECVA R FE DO LMK 70 EERIRBAEDR R & 7e o 72,

Z 2T, AEEIT, ®IRE Pb O A 7 BRI A5 720, HF iR (Smass%) THEWKEL
=0.05g/ml D Zff TR LI BSIR DT IME 237, Pb ORIFIARIRIE 204 L, F7o. 1B
DEEOILEHT D HT L. ZRFEIEMEC X D Po BAFEREUH BARIL O ATHEME 2 JR A L7,

7 3-1 O CRT # 7 A 5g % Smass%HF A% 100ml (ZiAfi# (30°C, 42h) SH7-%ICABL T, 7&K
FE WA FH OVEIR A AERE Uz, ZTEIRME IS W T2 VIR A & 3-10 IR LT\ 5, IRk A L B &
HIZFASGMCER L TV D - OIEIER TSR TH D 2 E3bn b, £ 3-11 SRS &R
LTWE0, TNLTHOWIR (A, B) 13BRMEIBICHWTE Y | IR A 13 No.1, 4, 6, 7 DRiEE
BRIZ. ¥R B 1X No.2, 3, 5 DRFMEEBRICHN TV D, BMEEECIX, BRI 50ml % 60°CIl2T—
TERFEIRAPIREE L CIRME A 1T o 7223, AT A1tk OVEIRATEE CORMEHEIT 2.7~50 (5 Th
Do 5 ITITKIMEIK (No.1~7) FOFRMAIIEZ R LTS, FREIEL No.l & No.5 DA A
7 a~ hHHEDHR LTV 223, Si JREE & ORFE BBV T F/Si=5~6 &£ 72> TH Y | 1FIF SiFs
DFENHITGEVMEE 72> TWD Z &b D,

3-32~40 (ZIFIRMEISIE T O A5y DA BHAE ORI T 2 DIREZEIL L E L TV D,
R OPhERD &, EMEEE & HICHEIRKPIRE TN L TH Y Nod OIRMEE 40 f52L LTl

IZEAFVRFREEIZEE L C D E B X D, T ORI 65000ppm (2L TW5, X140 D Sih Pb &

43



[FRRIC IR & & IR TN L T | 2 ORIFIEMEEITA) 140000ppm T 5, £ DO R
fid R ORI Z 75 & St & BalXEAVEAL JEMEHE 11.4 15, 5.6 5 TR RIRE (Sr=16708ppm,
Ba=801ppm) %/~ L7, LA NICKG 2~ 38T PRI K0 BRI DAV TIREE A LT b,
Si R & OXINAE LD & IR O Si JREEHY 100000ppm A B8R Z 7o A1 & B AT HIPLR 2
EAITLTWD EBERBND, RMAMIT Sr & Ba IREITIRMEIC L Y 1ppm LT O HERALL T2
STHEY, EHFEAET St & Ba lZILERETEX 52 L3 b 5,

RAEICHED Al IREOZEEICE L TiE, RiMER 15 S ETRESERL, £OREIX
7000ppm (ZFEE L TV DM, & DIZIEMEICHED, Tha 12 L CIRMEER 50 f% TiX 5000~6000ppm &
72 o Tz,

Ca & Zr ®ZEHET, Sr & BalZITIRY | JRMETR 10 FEHT £ TREIIM L., 572 2306 THr
R J 0 R LT\ D, LarL, Sr = Ba 13 EITIHRE IR T &I B mic
OYFREE & LT Ca 2% 1200ppm FREE, Zr 7% 600ppm F2E & 72 > T 5,

B L CIRRMRIC £ 0 . BEECHT L ST T L, JEAESR 15 (5 AT CIE 2 O I3 IR
RUTEZoTWD, RUTAH YRGS TH KITRA D282 TH0 ., Bife & bICREIX
HIIL T3 Y 1500ppm 38 CEFPREIZE L TWD Z ERDD, 2D K5I Sr, Ba, NalZB L
TIX Pb ORMEERIE TR E SN D Z &N D, ZDOHD Pb BT 0t A~OFEITMN R, 2
DAL DOASIIZE L TE, Ca & ZolFREIFMET T2 50D, K & AVFRMEREIC L 0 & TIRER
BRTL2OTHERTLILERD D,

3-41~46 (ZIE, ZRFEISHMELIREL IZ[EIN S 407z AiFRIE D XRD s R am L T4, No.l
G 28 O ABBIEIL T DRI 57D T, No2~T DA BFIEDO SR TH D, Fielbrh
I NagSiFs T b | Z DOffi, XRD Tl BaSiFs & KySiFs bR S TWD Z Endbnnd, &
3-12 [T IR HR O A1 FRHE D EDX S ATkE A~ LT D, IRME R MRV B ClItr i 013 & A
EM, NapSiFs TH Y . DT 0T KoSiFs BHTH LTV DA, 23, MR 12241 T, Zr, Ca, Ba,
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# 3-10

Glass cullet:5.0g, Smass%HF:100ml,

Contents in filtrate A

Gt

RIS IRAA R

Temp.:30°C, Time: 42h

BRI = CRT 77 APRFRGRIE D ICP 43 AT e

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 3861 2146 313 554 545 200 1330 340 12826
Dissolution rate, % 98.4 114.0 12.3 85.8 1113 | 514 514 109 93.8
Contents in filtrate B
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 3862 2280 248 557 549 275 1429 356 11928
Dissolution rate, % 98.4 121.2 9.7 86.3 112.0 | 70.6 55.2 11.5 87.2
K 3-11 CRT H T AEMHAETR (50ml) DFRFERHEARAIT
Solution after concentration | Filtrate after concentration Residue Concentration rate,
Volume, ml Weight, g Volume, ml ~ Weight, g Weight, mg Vol./Vol. (-)
No.l 19.9 223 18.0 20.7 2.7 2.8
No.2 10.7 12.5 8.9 10.45 79.9 5.6
No.3 6.2 8.8 4.4 6.2 81.8 114
No.4 5.2 7.5 3.0 3.6 80.9 16.7
No.5 32 4.7 1.2 1.6 160.6 41.7
No.6 29 4.4 1.0 1.7 271.1 50.0
No.7 25 42 1.0 1.8 141.9 50.0
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#*3-12 iR (A PO (ppm)

Pb Sr Ba Al Ca Zr Na K Si F*
No.1 10916 5827 521 1483 1398 510 1119 464 29483 114112
No.2 22278 12181 801 2980 2938 1499 875 884 58032 NA
No.3 43538 16708 118 5801 5270 2786 63 1436 108650 NA
No.4 56322 475 ND 6998 1297 1557 8 1306 132468 NA
No.5 63984 181 ND 5538 1588 1643 ND 1627 140932 471500
No.6 66436 ND ND 4585 1258 653 38 1387 139338 NA
No.7 65162 245 ND 5681 1669 551 160 1195 135750 NA

ND: not detected; NA: not analyzed; *: analyzed by IC(ion chromatograph)
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# 3-13  BAEEIE D D O HILE) O EDX 53 ks 5

Element Residue composition, mass%

No.1 No.2 No.3 No.4 No.5 No.6 No.7

o - - - - 4.89 4.46 5.95
F 53.70 55.87 56.71 45.80 48.94 45.30 48.11
Na 23.07 20.25 21.18 20.92 9.21 5.41 4.44
Mg - - - - 2.25 - 2.53
Al - - - - 11.24 8.03 13.43
Si 18.30 19.71 19.75 16.13 10.13 10.98 7.58
Zr - - - - 2.06 3.26 3.30
Pb - - - - 2.41 4.61 5.33
K 4.93 4.17 2.36 0.69 1.40 5.10 2.41
Ca - - - - 2.39 2.97 3.08
Ba - - - 2.97 5.10 9.86 3.85
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Appendix
No0.090728
Glass cullet:0.5g, 47mass%HF:100ml, Temp.:30°C, Time:1, 3, 5h

Contents in solution (ICP): 1h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 138.8 166.5 294 61.6 25.0 9.4 257.8 308.7 1584.6
Dissolution rate, % 354 88.5 11.5 95.4 51.0 242 99.6 99.4 115.9

Contents in solution (ICP): 3h

Pb Sr Ba Al Ca Zr Na K Si

Contents in solution, ppm 144.7 156.0 46.4 57.7 22.6 10.7 262.0 311.0 1566.3

Dissolution rate, % 36.9 82.9 18.2 89.3 46.1 27.5 101.2 100.2 114.6

Contents in solution (ICP): 5h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 119.6 178.9 11.1 66.0 27.7 7.0 278.3 328.9 1487.6
Dissolution rate, % 30.5 95.1 4.4 102.2 56.6 18.0 107.5 105.9 108.8
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No0.90803

Glass cullet:0.5g, 47mass%HF:100ml,

Contents in solution (ICP): 20h

Temp.:30°C, Time:20h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 98.0 169.5 9.1 583 21.0 4.6 226.0 269.2 1765.9
Dissolution rate, % 25.0 90.1 3.6 90.3 42.8 12.0 873 86.7 129.1
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No0.090819

Glass cullet:0.5g, 47mass%HF:100ml,

Contents in solution (ICP): 1h

Temp.:60°C, Time:1,3,5h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 130.3 174.7 10.7 62.4 28.7 8.7 253.1 305.4 1333.3
Dissolution rate, % 33.2 92.8 42 96.7 58.6 223 97.7 98.4 97.5
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 147.5 184.4 8.9 65.2 31.5 11.2 259.1 316.9 1321.9
Dissolution rate, % 37.6 98.0 3.5 101.0 64.4 28.8 100.1 102.0 96.7
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 107.6 170.8 6.1 61.8 23.6 6.0 253.7 307.2 1276.5
Dissolution rate, % 274 90.8 24 95.8 48.3 15.5 98.0 98.9 934
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No.090821

Glass cullet:2.0g, 47mass%HF:100ml,

Contents in solution (ICP): 1h

Temp.:30°C, Time:1,3,5h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 150.8 269.1 5.5 184.7 38.1 6.2 1045.3 1247.3 5504.0
Dissolution rate, % 9.6 35.8 0.5 71.5 19.5 4.0 100.9 100.4 100.6
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 140.8 249.8 4.7 187.7 21.5 6.1 1127.9 1346.1 5583.6
Dissolution rate, % 9.0 33.2 0.5 72.7 11.0 3.9 108.9 108.4 102.1
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 136.1 323.6 5.4 193.7 21.9 5.5 1101.0 13239 | 5438.6
Dissolution rate, % 8.7 43.0 0.5 75.0 11.2 3.5 106.3 106.6 99.4
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No0.090826

Glass cullet:0.5g, 47mass%HF:90ml, 1mol/LH,SO4:10ml, Temp.:30°C, Time:1,3,5h
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 9.2 165.9 353 62.8 41.2 9.2 252.6 303.8 1693.7
Dissolution rate, % 23 88.2 13.9 97.3 84.2 23.6 97.6 97.8 123.9
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 8.3 165.1 20.8 63.9 29.2 12.4 252.0 309.2 1418.9
Dissolution rate, % 2.1 87.7 8.2 98.9 59.7 32.0 97.3 99.6 103.8
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 7.4 168.1 15.6 62.6 41.6 12.0 245.1 303.1 1409.3
Dissolution rate, % 1.9 89.3 6.1 97.0 85.0 30.9 94.7 97.6 103.1
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No0.090901

Glass cullet:5.0g, 47mass%HF:100ml,

Contents in solution (ICP): 1h

Temp.:30°C, Time:1,3,5h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 167.6 564.1 ND 320.0 46.9 11.3 2278.4 2778.1 | 12182.0
Dissolution rate, % 4.3 30.0 ND 49.5 9.6 2.9 88.0 89.5 89.1
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 161.2 566.9 ND 316.5 36.0 9.2 2325.0 | 28425 | 12660.5
Dissolution rate, % 4.1 30.1 ND 49.0 7.3 24 89.8 91.6 92.6
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 159.6 586.7 ND 3123 293 8.3 22643 | 29643 | 12793.0
Dissolution rate, % 4.1 31.2 ND 48.4 6.0 2.1 87.5 95.5 93.6
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No0.090903

Glass cullet:10.0g, 47mass%HF:100ml,

Contents in solution (ICP): 1h

Temp.:30°C, Time:1,3,5h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 264.7 556.3 ND 230.6 ND ND 1303.0 3562.8 | 20547.0
Dissolution rate, % 3.4 14.8 ND 17.9 ND ND 25.2 574 75.1
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 276.5 568.7 ND 248.4 ND ND 1245.6 | 34713 | 20721.5
Dissolution rate, % 3.5 15.1 ND 19.2 ND ND 24.1 55.9 75.8
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 253.2 567.9 ND 243.9 ND ND 1180.8 | 3202.6 | 20644.0
Dissolution rate, % 3.2 15.1 ND 18.9 ND ND 22.8 51.6 75.5
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No0.090910
Glass cullet:0.5g, 47mass%HF:90ml, 5mol/LH,SO4:10ml, Temp.:30°C, Time:1,3,5h

Contents in solution (ICP): 1h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 146.5 153 61.8 38.6 22.0 229.9 289.5 1173.5
Dissolution rate, % ND 77.8 6.0 95.6 78.8 56.6 88.8 93.2 85.8
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 128.3 9.6 49.8 36.0 17.8 181.7 228.5 1314.0
Dissolution rate, % ND 68.2 3.8 77.1 73.4 459 70.2 73.6 96.1
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 130.2 8.4 53.1 32.0 14.8 196.0 231.1 1395.5
Dissolution rate, % ND 69.2 3.3 82.2 65.3 38.0 75.7 74.4 102.1
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No0.090916

Glass cullet:10.0g, 47mass%HF:100ml,

Contents in solution (ICP): 20h

Temp.:30°C, Time:20h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 176.0 660.1 ND 299.5 ND ND 1342.9 35423 | 20848.0
Dissolution rate, % 2.2 17.5 ND 23.2 ND ND 259 57.0 76.2
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No0.090930

Glass cullet:0.5g, 47mass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10,30,60min

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 145.6 183.2 14.1 66.2 34.6 10.6 246.0 303.7 1590.9
Dissolution rate, % 37.1 97.4 5.5 102.6 70.8 273 95.0 97.8 116.3
Contents in solution (ICP): 30min
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 164.4 191.6 19.2 69.0 37.0 12.7 259.7 321.5 1427.5
Dissolution rate, % 41.9 101.8 7.5 106.9 75.6 32.6 100.3 103.6 104.4
Contents in solution (ICP): 60min
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 164.5 176.2 26.0 63.3 35.7 13.5 248.0 307.4 1383.3
Dissolution rate, % 41.9 93.6 10.2 98.1 72.8 34.7 95.8 99.0 101.2
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No0.091002
Glass cullet:5.0g, 47mass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10,30,60min

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 287.1 536.9 ND 332.8 89.3 ND 22923 2781.2 | 12102.0
Dissolution rate, % 7.3 28.5 ND 51.5 18.2 ND 88.5 89.6 88.5
Contents in solution (ICP): 30min
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 191.2 531.5 ND 324.5 68.8 ND 2333.1 2818.0 | 13100.6
Dissolution rate, % 4.9 28.2 ND 50.3 14.1 ND 90.1 90.8 95.8
Contents in solution (ICP): 60min
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 109.1 516.5 ND 294.5 39.6 ND 2285.6 | 28232 | 12925.6
Dissolution rate, % 2.8 27.5 ND 45.6 8.1 ND 88.3 90.9 94.5
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No.091013

Glass cullet:5.0g, 47mass%HF:90ml, 5mol/LH,SO4:10ml, Temp.:30°C, Time:1,3,5h
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 3.0 476.9 12.5 330.2 199.6 12.8 23753 2755.0 | 12340.6
Dissolution rate, % 0.1 253 0.5 51.1 40.8 3.3 91.7 88.7 90.3
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 403.1 5.7 275.5 145.9 11.8 2076.9 | 2743.0 | 12590.0
Dissolution rate, % ND 214 0.2 42.7 29.8 3.0 80.2 88.3 92.1
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 365.1 3.8 242.6 93.8 9.5 1944.0 | 2722.6 | 12720.2
Dissolution rate, % ND 194 0.1 37.6 19.2 2.5 75.1 87.7 93.0
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No.091022

Glass cullet:5.0g, 47mass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10min,30min,1h,3h,5h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 91.0 502.5 ND 291.0 41.8 ND 2351.6 | 2722.8 | 11874.2
Dissolution rate, % 2.3 26.7 ND 45.1 8.5 ND 90.8 87.7 86.8
Contents in solution (ICP): 30min
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 80.7 512.7 ND 299.9 354 ND 2306.3 | 2732.6 | 11884.4
Dissolution rate, % 2.1 27.2 ND 46.4 7.2 ND 89.1 88.0 86.9
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 103.8 533.1 ND 302.6 36.2 ND 2326.8 | 2741.1 | 11625.2
Dissolution rate, % 2.6 28.3 ND 46.9 7.4 ND 89.9 88.3 85.0
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 152.9 579.6 ND 306.4 40.0 ND 2345.1 2845.1 | 11896.0
Dissolution rate, % 3.9 30.8 ND 47.5 8.2 ND 90.6 91.6 87.0
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 119.4 563.7 ND 295.9 279 ND 22954 2796.0 | 11700.2
Dissolution rate, % 3.0 30.0 ND 45.8 5.7 ND 88.7 90.1 85.6
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No.091109

Glass cullet:0.5¢,

Contents in solution (ICP): 10min

47mass%HF:100ml,

Temp.:30°C, Time:10min,30min,1h,3h,5h,24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 142.8 119.1 ND 48.6 15.7 8.8 254.3 305.9 1563.4
Dissolution rate, % 36.4 63.3 ND 75.3 32.0 22.7 98.2 98.5 114.3
Contents in solution (ICP): 30mi
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 100.9 127.2 ND 53.1 22.6 53 263.9 322.7 14504
Dissolution rate, % 25.7 67.6 ND 82.2 46.2 13.7 101.9 103.9 106.1
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 142.5 134.9 ND 534 18.7 10.3 248.5 302.4 1404.6
Dissolution rate, % 36.3 71.7 ND 82.6 38.2 26.4 96.0 97.4 102.7
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 126.8 124.7 ND 49.9 21.6 8.5 2379 287.5 1428.2
Dissolution rate, % 323 66.3 ND 77.3 44.1 21.8 91.9 92.6 104.4
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 126.3 153.6 ND 56.1 28.3 8.0 246.4 290.7 1380.3
Dissolution rate, % 322 81.6 ND 86.9 57.8 20.6 95.1 93.6 100.9
Contents in solution (ICP): 24h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 98.6 116.8 ND 51.1 16.0 5.4 250.1 291.9 1420.9
Dissolution rate, % 25.1 62.0 ND 79.1 32.7 13.9 96.6 94.0 103.9
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No.091112

Glass cullet:5.0g, 47mass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10min,30min,1h,3h,5h,24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 2154 568.2 ND 328.2 89.4 ND 2329.5 2800.5 | 12817.0
Dissolution rate, % 5.5 30.2 ND 50.8 18.3 ND 90.0 90.2 93.7
Contents in solution (ICP): 30mi
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 213.5 545.1 ND 294.5 78.3 ND 2271.0 | 2708.5 | 12680.5
Dissolution rate, % 5.4 29.0 ND 45.6 16.0 ND 87.7 87.2 92.7
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 195.3 463.2 ND 284.2 72.0 ND 22933 | 2829.4 | 12850.5
Dissolution rate, % 5.0 24.6 ND 44.0 14.7 ND 88.6 91.1 94.0
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 168.2 511.1 ND 278.0 56.5 ND 2415.0 2883.4 | 12707.0
Dissolution rate, % 43 27.2 ND 43.1 11.5 ND 93.3 92.9 92.9
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 169.4 489.0 ND 274.0 49.7 ND 24223 2883.4 | 12809.5
Dissolution rate, % 43 26.0 ND 42.4 10.1 ND 93.6 92.9 93.7
Contents in solution (ICP): 24h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm 137.8 457.2 ND 247.0 24.9 ND 25493 3097.5 | 12770.5
Dissolution rate, % 3.5 243 ND 38.3 5.1 ND 98.5 99.8 93.4
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No.091201

Glass cullet:5.0g, 47mass%HF:90ml,

5mol/LH,SO4:10ml, Temp.:30°C, Time: 5h
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 390.2 ND 261.9 494 ND 2039.5 3099.0 | 12316.0
Dissolution rate, % ND 20.7 ND 40.6 10.1 ND 78.8 99.8 90.1
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No.091210

Glass cullet:5.0g, 10mass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10min,30min,1h,3h,5h,24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 617.3 135.8 49.0 ND ND ND 500.4 409.8 5143.6
Dissolution rate, % 15.7 7.2 1.9 ND ND ND 19.3 13.2 37.6
Contents in solution (ICP): 30mi
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 1064.5 282.7 63.3 ND ND ND 482.6 407.0 7537.6
Dissolution rate, % 27.1 15.0 2.5 ND ND ND 18.6 13.1 55.1
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 1083.8 306.2 63.9 ND ND ND 447.5 398.7 7854.2
Dissolution rate, % 27.6 16.3 2.5 ND ND ND 17.3 12.8 574
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 1876.2 524.4 196.0 ND 922 ND 366.2 415.6 9557.8
Dissolution rate, % 47.8 279 7.7 ND 18.8 ND 14.1 13.4 69.9
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 2363.9 595.7 256.0 ND 152.4 ND 251.2 414.5 10955.4
Dissolution rate, % 60.3 31.7 10.0 ND 31.1 ND 9.7 13.3 80.1
Contents in solution (ICP): 24h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 2705.6 343.2 92.9 ND 144.9 ND 177.1 423.8 11437.4
Dissolution rate, % 69.0 18.2 3.6 ND 29.6 ND 6.8 13.6 83.7
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No.091214

Glass cullet:5.0g, S5mass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10min,30min,1h,3h,5h,24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 694.7 102.1 43.9 ND ND ND 281.0 304.6 2766.8
Dissolution rate, % 17.7 5.4 1.7 ND ND ND 10.9 9.8 20.2
Contents in solution (ICP): 30mi
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 1064.5 158.6 62.4 ND 36.0 ND 401.2 303.4 3969.2
Dissolution rate, % 27.1 8.4 2.4 ND 7.4 ND 15.5 9.8 29.0
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 1668.4 273.7 93.9 ND 83.6 ND 592.4 326.5 5485.2
Dissolution rate, % 42.5 14.5 3.7 ND 17.1 ND 22.9 10.5 40.1
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 2193.4 424.5 185.1 ND 145.2 97.7 712.1 349.3 7258.4
Dissolution rate, % 55.9 22.6 7.3 ND 29.7 25.1 27.5 11.2 53.1
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 2892.9 703.1 417.5 88.8 244.2 178.4 792.6 358.7 9490.8
Dissolution rate, % 73.8 37.4 16.4 13.8 49.9 459 30.6 11.6 69.4
Contents in solution (ICP): 24h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 4523.4 | 2202.7 133.1 735.8 616.0 415.7 1017.9 390.0 12491.2
Dissolution rate, % 1153 117.1 52 114.0 125.8 107.0 393 12.6 91.4
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No.100114

Glass cullet:10.0g, Smass%HF:100ml,

Contents in solution (ICP): 10min

Temp.:30°C, Time:10min,30min,1h,3h,5h,24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 3007.9 536.4 261.9 21.2 184.9 101.2 977.8 318.2 9091.2
Dissolution rate, % 38.3 14.3 5.1 1.6 18.9 13.0 18.9 5.1 332
Contents in solution (ICP): 30mi
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 4126.0 1149.4 1033.5 271.4 357.2 212.0 1442.1 405.4 11425.2
Dissolution rate, % 52.6 30.5 20.3 21.0 36.5 27.3 27.8 6.5 41.8
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 4994.3 1719.2 1190.3 572.0 569.4 301.2 1040.4 365.8 11522.0
Dissolution rate, % 63.7 45.7 23.4 443 58.2 38.7 20.1 5.9 42.1
Contents in solution (ICP): 3h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 5529.4 2102.8 617.5 701.1 669.9 394.0 991.4 358.1 11543.4
Dissolution rate, % 70.5 55.9 12.1 543 68.4 50.7 19.1 5.8 422
Contents in solution (ICP): 5h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 5648.6 2186.4 309.3 729.5 695.3 409.0 1098.0 366.8 12498.0
Dissolution rate, % 72.0 58.1 6.1 56.5 71.0 52.6 21.2 5.9 45.7
Contents in solution (ICP): 24h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 5944.4 2236.3 78.2 771.0 732.1 422.4 1286.3 478.4 12171.8
Dissolution rate, % 75.8 59.4 1.5 59.7 74.8 54.3 24.8 7.7 445
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No.100118

Glass cullet:5.0g, S5mass%HF:100ml,

Contents in solution (ICP): 24h

Temp.:30°C, Time: 24h

Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm | 3011.0 524.5 363.7 53.9 2434 130.6 1309.3 370.7 9270.0
Dissolution rate, % 76.8 27.9 14.3 8.4 49.7 33.6 50.6 11.9 67.8
Filtrate solution:81.3ml, 5mol/LH,SO,4:8.13ml  Temp.:30°C, Time: 1h
Contents in solution (ICP): 1h
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 151.2 ND 44.9 199.1 104.1 1230.9 308.5 8266.8
Dissolution rate, % ND 7.0 ND 6.0 353 233 413 8.6 52.5
Filtrate solution:50ml, 5mol/LNaOH:10ml Temp.:30°C, Time: 30min
Contents in solution (ICP): 30min
Pb Sr Ba Al Ca Zr Na K Si
Contents in solution, ppm ND 100.8 ND ND 1353 58.3 10149.0 | 3729 953
Dissolution rate, % ND 423 ND ND 43.2 35.6 523.8 76.8 0.7
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4. BREEEUZ X 83D [EIN

PRERMRER I FEBRIC B L ik, AL — IR O Rk, 72 H NS E BT EMIC & 55 O E R
EERAEAT o7z, WERMEAER 4-1 (TR T, BRI 7 ZAD 7 v BBEFIRING | $hOUs
FRZEDNEIE 100% DM (Smass%HF ¥A97:100ml, CRT #' 7 A:5g, [Ei&LE:0.05g/ml) T HILHIE
1AL % POSiFs & H,SiFg k37> 5 FH%E L7z, Pb 21T 4.0g/L (4000ppm) & LT\ 5, HIE TIE,
Ag/AgCl Z B A V., ERMR & 3, PtAk (99.98%). Pb AR (99.99%) . &K (99.8%)
R, B — B EBROER T, ERM L RO A A o81E Pt-Pt 72 5 ONZ Pb-Graphite
L LTz, 2otk REOBMEE AT, EBIEM (-163mA; 18.4mA/em’) Z4T\ . Biftgh®
DEH 7 5 OWF L S 472 Pb 42J8 O SEM-EDX (2 X BB RERIES L kT 24T~ 7=, 7/ — K

LT ) — ROMAEDEIL, Pt-Pt £ 7213 Pb-Graphite & L7-, EEIMBMAROREREIL 1,3, 6 FEi L L

776

Electrolyte Solution

PbSiF : 6.74 g/L (Pb : 4.0 g/L)
pH : 1.32
Volume : 250 ml

Cyclic voltammetry
Electric potential:
Temperature:

Distance between electrodes:

Working electrode (WE):
Counter electrode (CE):
Scanning speed:

-1~ 1.8V (vs Ag/AgCl)
25°C

11.6 cm

Pt plate (0.882 cm’)

Pt plate (0.882 cm®)

0.1 V/sec

Electrodeposition
Current (current density): -16.3mA (18.4mA/cm?)
Temperature: 25°C
Distance between electrodes: 11.6 cm

Cathode-Anode:

Electrolysis time:

Pt -Pt (0.882 cm’)
Pb -Graphite (0.882 cm®)
1,3,6h
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42 EEHERB L OB

ARIERTH T A Pb OREIEREN FIRE72SMF (Smass%HF, [#i#=0.05g/ml) THEOLILDHE
WAL E . £ 4-1 1R T X 9 ITFREK, PbSiF«(6.74g/L), H,SiF¢(70.0g/L)% AW Ciis& L=, 55
NI BMRR Z VT, X 4113 & 9 IR — EE R 2 Rk L7z, X 4-1 ORIE SRR
E RN Pt, EAEE X 0.1Visec TH D, MHPDORNVEET T LERD E D)-(IV)DBEMEEH

MR END, 2D OBBINILLTOMEY TH Y| -0.5V LUFOAV)DIEFRET Pb A& DT H A

EITT 52 EBbh 5,
(I) Pb — Pb* +2¢” 4-1)
(I1) 2H,0 — O, + 4H" + 4¢’ (4-2)
(II1) O, + 4H" + 4e” — 2H,0 4-3)
(IV) Pb*" +2¢" — Pb (4-4)

F 77 X 42 120, (R S SEARIC Pt &2 WA O BN — BRI RS LT BRI 0.05,
0.1,0.2V/sec & 2L SHT-HEDORTERE T2 R L TS, EEHEE DBV ST BN EME I

5

DB ERY N RKELATHTWD Z ENDONDE M, BUNIEET 2 ARER 78T R 5720,

0.02

® ()
0.01

0 IR 7

-0.02

Currentdensity (A/cm?)

-0.03

-0.04

-1 -0.5 0 0.5 1 1.5 2
Electrode potential (V vs Ag/AgCl)

4-1 Pb &H H,SiFs IR OEN —EITER GEAHE 0.1V/sec, PtWE)-Pt(CE))
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0.1

0.08

o
o
X

S 2
o o
SRS

Red line: 0.05 V/sec
Green line: 0.10 V/sec
-0.08 Blue line: 0.20 V/sec

Current density(A/cm?)
S

-1 -0.5 0 0.5 1 1.5 2

Electrode potential (V vs Ag/AgCl)

4-2  Pb & H,SiFs BEARIK DOEN — Bt GERIEE 0.05, 0.10, 0.20V/sec, P(WE)-Pt(CE))

DBNT, X 4-3 [ZEMHT O Pb % 0.55g/L(PbSiHg: 0.93 g/L), 1.10g/L(PbSiHs: 1.86 g/L),
3.3g/L(PbSiHg: 5.58 g/L), 5.5g/L(PbSiHg: 9.3 g/L) & ZEfb S ¥ 755 ORERER AR L T\ 5H, EAH
FEMBN TN BB L D BN ER Y BRESHTWDZ ERb2DH, KISIZET %

RERENTR S 720,

o
%)

<
to

S
L

<
)

Current density (A/cm?)
2 o -
|

Red line: Pb=0.55g/L
Blueline: Pb=1.1g/L

03 Green line: Pb=3.3 g/L
Yellow line: Pb=5.5 g/L
0.4 *
1 -0.5 0 0.5 1 1.5 2

Electrode potential (V vs Ag/AgCl)

4-3  Pb & H,SiFs EfRIK DEN. — Bt (Pb=0.55, 1.1, 3.3, 5.5 g/L, Pt(WE)-Pt(CE))
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D3UNTC, CRT # 7 A% HF IR CHSR LT-B D E72 Rl Td 5 Na OB LT, NaF &
BRI U C B — B R 2 I U 7o, X 4-4 (B 0O Na i £ % 0, 250, 500, 1000mg/L,
EEL SV HADORERREL TR LTS, Pb OFEMIISIILED LRV, HEMEE RS &
Na IRENEVIE D DEIREENRKE S RoTRY . ZHUTEMKTO Na A A DRBLEEZD
No, ZHNEVERA A T D Na BEMRTIZIEA L THHEARIZ Pb OEMAT H S O

CIHED RN e DD,

0.08

0.06
0.04

0.02

E

<

< 0

£ .002

2

S -0.04

g

g-o,os i

© .0.08 Red line: Na=0 mg/L
o1 I Blue line: Na=250 mg/L

o Green line: Na=500 mg/L
012 ¢ Yellow line:Na=1000 mg/L
-0.14 L . . .
-1 -0.5 0 0.5 1 1.5 2

Electrode potential (V vs AgAgCl)

4-4  Pb & H,SiFs AR DOEN — Bt (Na=0, 250, 500, 1000 mg/L, Pt(WE)-Pt(CE))

FEOEMRRI T 1 A2 BE LS, 7Y — REMIXPb R, 7/ — NEBIIESR (/77
7A ) WEBZXOBND, T T, K45 ITEMMIZ Po M (WliBOARPY . X 4-6 (Z/F MBI Een
B CRHBOAR:PY) 2 Vs — iR 2~ 3, M 4-5 2725 & PolRAHWTH-03V AR THE
FREOSAVYD P ATH ISR HET LT D Z b d, £, ZNLL OB TlE—HMIcE
FREL (1) O FEAGR > & O Po VEfRIIG D HEIT L TS Z L ¥bnnd, 72, X 4-6 ORI AE FV 72

HIERERE RS & Pt A AW FIEFEEEOEMS G E R L TR Y 7/ — REISADDOEEFR
HAFEITE L TH, 2 TR X 2 BMOEFELH 5 b D DFARIC Pb BAFEREUIE L T
NN &R0 D,
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1.4
12

08 |
06 |
04 F
02 |

Current density (A/cm?)

02 r
-0.4

Pb(WE)-Pt(CE)

-1 -0.5 0 0.5 1 1.5 2

Electrode potential (V vs Ag/AgCl)

4-5  Pb &H H,SiFs EMHE OB — B (Pb(WE)-PY(CE))

0.1
0.08 |
0.06

0.04 |
0.02 |

-0.02
-0.04
-0.06
0.08 | C(WE)-Pt(CE)
o1 —_—

1 0.5 0 0.5 1 15 2

Current density (A/cm?)
(=)

Electrode potential (V vs Ag/AgCl)

X 4-6  Pb &4 H,SiF, EfHIK DOEN —EiEHHR (C(WE)-P(CE))
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BN —BI RO L v W UEMEE  (PbSiFe(6.74g/L). H,SiF4(70.0g/L)) %MW C, EEIRE
fi# (-16.3mA; 18.4mA/ecm’) %Z4T-7-, ¥4-7121,3,6h %D H Y — R EOBHHWDFEIE D SEM 5
H#amd, Y —RFe7 /) — ROMAGEDEZ, PPt e 5N Pb-C THH, SEM EEH LV i
T, TV RIA MR DRI ~ORER R 5D, £, ICPIZ X BN H D Pb 4347
BROERICAF s NZXL2E BT O F 5725, Pb #ll X 99mass% P I

(F=0.02~0.23mass%) T o7, £7=, 42120V — K LD Pb &EIHTHHOEMN=RE R L TN
%, &0 6h % TIX, Pt-Pt T 74%, Pb-C T90% Ch o7, PbtiaH YV — NEME LTHEHAT S
ZEIZE D 90%LL EDOEFRENE T Po EMERINAS vIREZ: 2 L R ST, BIAIERORE kIR
UTO@EY THY, oo —EDRMOMIC, B THEMLEZ2EREELZ QAxh)E L, ZORIZE
AT LTS B D&% Wke) & 35 & kg DEBBEZAFET HICET HEXE ¢(Axhke)lE Q/W T
IREND, ZOEBOEMIEB T HHEGRERELY qoAxh/kg) & T 25 L EFNE e lTRD L 9
25265

er=qo/q=Wqo/Q (4-8)
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= jwr‘}m W0 a.ur;m' "1)/2‘0 78,
Cathode(Pb)-Anode(Graphite)
1h 9N N

£
3,000x 3.33 sy WO 8.Gmm 6kVAZG1G74),/19 13:43¢55 S8

4.7 PbEMNWFEm (Y —F) © SEM5E

#£ 42 PbEENTHOBERDE (%)

1h 3h Sh

Pt(cat.)-Pt(anod.) | 23.68 | 65.99 | 73.94

Pb(cat.)-C(anod.) | 62.76 | 84.85 | 89.99
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DBNNT, F 41 OIEARFMETOBEMIKIIK LT, PbIREZ 20g/L & 40g/L & L= BRI E
MW TRERIZERZAT o 72, £ 43 ICEBRITHWTZBMHKOMA A | K 4-4 [ZEBMEOEN D&
LR % | 4-5 [IZHEHTENO EDX IZ X DRI OfER 278 LT %, =13 6h T 98%
PETHY, POIKEE (4g/L) ([ZHATHEALTEY, B0 S BT 90%2 B 2 TV
%, X 4-8, 4-9 |ZFEHTERD SEM FE AR LTV 5H03, BAFEH O P B E VLS T, KR
ETOT > R ARERON &2 0 $100pm OBLIRTH Y . £ DOFKEIEL SEM FEIZ/RT

WP T D VR REIFRE L 72> TV D ER DN S,

7% 4-3  Pb R MR O AL

Pb Si

Pb, Si concentration, mg/L (Pb=20g/L) 19243 49640

Pb, Si concentration, mg/L (Pb=40g/L) 38621 93480
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44 Po BRI E TR 51T 5 WATH B L

Pb=20g/L 1h 3h 6h
Electrode Cathode, mg 51.3 185.9 372.7
Current efficiency (Cathode), % 81.6 98.5 98.7

Pb=40g/L 1h 3h 6h
Electrode Cathode, mg 60.6 185.2 371.6
Current efficiency (Cathode), % 96.3 98.1 98.4

# 4-5 Pb miREEMIKO EEIEMICI T 2 EH O EERIITHEFR (EDX)

Cathode (Pb=20 g/L) 1h 3h 6h
O 2.97 5.01 4.35
F 1.88 2.02 1.98
mass% Al 0.79 0.65 0.40
Sr 0.77 1.25 0.91
Pb 93.58 91.07 92.36
Cathode (Pb=40 g/L) 1h 3h 6h
O 4.69 4.10 3.36
F 1.46 1.24 5.09
mass% Al 0.62 0.27 0.32
Sr 0.80 1.01 1.66
Pb 92.43 93.38 89.57
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[X] 4-8 Pb =R EEMIKR (Pb=20g/L) DOEBMEMIZEIT S Po ENHER (Y —FK) ® SEM

T

X 4-9 Pb EIREBMRIE (Pb=40g/L) OEBIRBMIZEBIT D P EVER (7Y —F) © SEM

T

DX, RA-VIRTEARZM TOEBRREM T, 7 F 2% 10 ppm BRI Z TEBREZIT
ol BRI, 1,3,6h & L, TOEMBEOBEMIKOMKEF 4-6 12, BNTEHO & & BINE
ZF 4712, EHEND EDX IC XD HERM R ER 4-8 1 TRT, XL VERLDRICEALTIE, 6 h
T 88%E AR LIZE T F U WML R WEEARS M L LN TERITR bR, £z, X 4-10
(ZEHTER D SEM FE, KX 4-11 IZZNE DM THEEZ R L TWDLR, B F 2 MRz D M,
HEF, BRTHV TV T4 MEELMMAWZ Enbholz, AERLY, K7 ekvRIZBITS
ENOBMEBUCER L T, B F U ININTEM R OBRRALICE L TIIRB RN Lo T,
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#4-6 €T F > 10ppm FIMNOEBIREMICIIT D BRI

1h 3h 6h
Pb in solution, ppm 4004 3954 2809
£ 47 BT F 2 10ppm INNOEBREMIZ I 5 ENTE & & BiRLh=
1h 3h 6h
Cathode, mg 42.6 160.2 3334
Electrode
Anode, mg 6.1 20.9 18.2
Current efficiency (Cathode), % 67.7 84.9 88.3
# 4-8 BT F 2 10ppm HIN O E BT B L ENTEON-EREONTHER (EDX)
Cathode 1h 3h 6h
o 10.53 0.32 0.36
mass%
Pb 89.47 99.68 99.64

X 4-10 ¥ ZF > 10ppm IO EERBEMICI T 5 Po EfrEm (WY —K) O SEM GE
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4 4-11 €7 F > 10ppm IRINOEEIEMIZIIT 2 Po EfRE (I Y —F) OHNEBIETE

TIVETIE. RIEP DGR LI EMRIK A WV TEREIT > TV, D30T, & 3-1 IS
ZRTEEAD CRT W7 A& UL FORMETT v RICHEM L., TR AEMIKE LTRA1ITRTSR
ECEBIREMEZITV., BITSRA BN L7z, 150N BIROMEK & KRy DR Z £ 4-9 1 TR
T, EPIEL. COBMRBEHNTH A2 U v IV RAVEZE ST LOREEIT- 12, ZDFERZX 4-12
IRL TS, A7 )y IRV ES T L (BB % R5 L, ATEEICR LR
POAER LT EMIR OB L IZIEFEETHY . TN ENL T OEMKCHHERIND, ZRHD

BRSSEA-IVYDOIBE Y TH Y | -0.5V LLFOIV)DiEFE T Pb & O HH 23T T %,

# 49 EBIREERZHE CRT H T AD 7 BEEAFRIE DAL & % 71538 O VAR

Solution Pb Sr Ba Al Ca Zr Na K Si

Contents in solution, ppm 4182 2179 383.9 531.2 539.3 147.7 1404.5 287.1 10452

Dissolution rate, % 100 110 15.1 82.3 100 38.0 54.2 9.2 76.4
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Voltage, V

B4 4-12 CRT # 7 AD 7 v WK O EN — Bkt (EAEE 0.1V/sec, PYWE)-PY(CE))

BEVNC. 2D CRT # 7 AVERIR A W CEBIREMEREZIT o7z, BRERFFEIZ6h & L1z, £
4-10 I[ZEBITEh DB L B AR A F 4-11 IZEBNEND EDX IC L D ERERA R L TW5, B
ShEEE RS & B 6h T 84% & | A4 FE TR LTI b O/ IREMIIL & TR OB T
&Y I CRT T AD T BT b § & R EMARINT E 5 Z & NbnoTo, 1272,
# 4-11 OBNTERON-TEEGWHRERE KD L Pb IRED 95mass% T V. 2O, ke 7 v F#
DIRAB RS L, RIS OBMUN AR THERE TE L /R L o7, K 4-13121%, BT
$hD SEM G HZR L TWAH D, BT ORI EEZ 5 & WE L TOREEDN D DFERR & RO

FURTA MRT DT,
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#F 4-10 CRT H 7 AD 7 v WSRO EBITEMIZI T 5 EITIhE & EiiahE

6h
Cathode, mg 3159
Electrode
Anode, mg 13.7
Current efficiency (Cathode), % 83.7
K411 CRT H T ADT v BREAFED E BB I L B O EBIHTHIER (EDX)
Element mass%
o 228
F 1.19
Si 0.50
Pb 94.43

W00 10.0eem WD: BB

X 4-13 CRT H 7 AD 7 v BEIRIRIK O EEMEMITIIT 5 P EENFEE (I Y —FK) O SEM

T

~
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FAVR LA ETORARMEOERTIL, EMEHLA 0.882 cm” E/hEpo/zZ Lhb, D
SN, BWERZ 4 em™ IS KE < LIS 2 /ERL L CEBREIT o7, £ 4-12 ([CEMBEER O
B2 Ve EROEAFM 2R T, COFRMFETOIA 2 Y v 7 RVEET T 5 Gyl
K414 1R LTV, ZERD &, EMERN (0.882cm’) OXELIFFFEETHY . Zh
TNDOBBMSISA-IV) MRS A, BRI, BMmEAE L K& < LTHEROEMEISIZ AL 72

W LR ST,

# 4-12  EARERE K O BRI T O REARSA:

Electrolyte Solution
PbSiF :
HZSiFé .
pH:
Volume :

6.74 g/L (Pb: 4.0 g/L)
70.0 g/L

1.32

150 ml

Cyclic voltammetry
Electric potential:
Temperature:

Distance between electrodes:

Working electrode (WE):
Counter electrode (CE):
Scanning speed:

-1 ~1.8V (vs Ag/AgCl)
25°C

4.0 cm

Pt plate (4.0 cm?)

Pt plate (4.0 cm?)

0.1 V/sec

Electrodeposition
Current (current density):
Temperature:

Distance between electrodes:

Cathode-Anode:
Electrolysis time:

-73.6 mA (18.4mA/cm’)
25°C

4.0 cm

Pb -Graphite (4.0 cm?)
5,10, 15, 30 min
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Current density, A/cm2

-05 1 1 1 1 1

-1 -0.5 0 0.5 1 1.5 2
Voltage, V

X 4-14 FEMREAEA (4.0cm’) TOEN — BT GEEHE 0.1V/sec, P(WE)-Pt(CE))

FWNT, ZOEMEERKORMEZ HWCEBMEMEREZIT o T-, BAREE DR KITEO B
BN L 22 5 DT, BRFERENT 5,10, 15,30 min & L7, % 4-13 ICEMHOE L BRNERL, £
4-14 |\ ZEBHEND EDX IC LAY EEFELZRLTWES, BIOE L ERDRRSL & B

30 min TEMENO RN 79 mg &, BMEE /DS (0.882 cm®) (ZHEANTEITAEN Z & 23R

SIVIZH, BIAIRIL 56% & BBEMEPRE SR ICKVEBELLMATHL Z L3bind, &
MARE 0D LIZLYD, OB N NAE TRV DRPELIZEZELOND, ZOMEEIE

DEMHTH 7 B AZBNTHRORERIZE Y, S ry hOEEBEBET 2B, 20
L, BRI RT Z ENBEL D, RIT, K 4-14 OENEOFEESIRERE KD L Pb
TRFEIY 88~94mass% T D . T b, BRI/ OGS & AR TRIMPDBRKE { leo TS, BAT
TERE DAL — (SR IZ K IR OB 7 oAb DR DB Z AR T o722 L RK
LLTERLND, M 4-15 [ZENERO SEM FEHA, X 4-16 ICENEHOIMATER L TV D03,
BN ORI EE 2D & BMER/ MDA & AT, FRBTIET Y R74 MRTITES
LV eE EIRRETH D Z 30D, ZOMIRIBREAERFHICEZ T2 LIk

P DEZIABD L Il Z M SN D,
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# 4-13 BEMREREA (4.0cm>) TOEEREMICIBIT HENNE L ERE

Smin 10min 15min 30min
Cathode, mg 7.5 18.4 29.9 79.3
Electrode
Anode, mg 0.0 0.0 2.1 10.3
Current efficiency (Cathode), % 31.7 38.8 42.1 55.8
F4-14 EBWREEK (4.0cm’) TOEEHEMIC BTN O HE BRI (EDX)
Cathode Smin 10min 15min 30min
0) 4.06 3.96 3.66 3.02
F 1.15 0.95 5.92 1.73
mass% Al 0.24 0.47 0.36 0.3
Si 0.27 0.27 1.73 0.36
Pb 94.28 94.34 88.33 94.58
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X 4-15 FEMBREAEA (4.0cm’) TOEBIEMICHIT D Po EFWEE (7Y —F) O SEM GH

[ 4-16 FEMEER (4.0cm?) TOFEBIREMICIIT D P EHFHRE (Y —F) ONEBIEE
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«

FEVN T, B AR O B 2 AV T, AR T D Pb IREEDNEEASAMED 10 5T 5 40g/L,
Si WD FEARSMD T 15D 95g/L OB A FEE Uiz, T OMAEIT. AI4EE D CRT H 7 AVEMEK
DYEAEFER T DA 2 L T D, £703. 2D Pb @IRE OB REMIK Z HWTY A 7
Vo P RNVEET T LOMEEIT>To, ZTOMREK 4-1TITRLTWD, B A7 U v IRV EE
75 N (BAL— BRI % R & BMAGCE LT, BAEMIKR D% L ZIEFEETH D2,

BHEDDERE TH 512 OB EMEISTEL DERBEEIIRE S RoT D,

[\© I UL I AN

[E—

Current density, A/cm2
e

4 - - - - -

-1 -0.5 0 0.5 1 1.5 2
Voltage, V

4 4-17 Pb iR EMR COEN —EFithiR GEAHE 0.1V/sec, P(WE)-Pt(CE))
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feu T Z D Pb ik B EARNL 2 W CE BRI R 21T - 7o, BRI O BRIV BRI
JRANH L T2 B DT, FEMRRERIL S, 10, 15,30 min & L TW5, K 4-15 [ZEHEh O & L BINFEL
# 4-16 [IZFEHNTERD EDX IZ XD EEEMERE TR L T D, EighHERS L. 30 min T66%E ., £
4-13 1277 L7z Pb JREEAS 1/10 DA L i L CTHERZRITI{ R L T D, Z oML, @ OE
fERUG THIROFERTH Y | T D Po iEEOHRIZ L 5 SO DIEtEICER LT b, RIZ, #
4-16 DEHTENOFEROHTRERZ LD & Pb JREEIT 92~96mass% TH V. Zith, # 4-14 |[TR-T
Pb JREE 1/10 O%H & H UGBS T L T\ D, EIRIESH RS 5 2 LIT XKD Po ET#&A

. FERHENSE ZIAENTZAMBD OFIENRT Lcleb B bid, XM 4-18 IZENTERD SEM
BB, X 4-19 [ZENEROIMAEER LT DM, BITHORERIEEEL 25 & PoIRENREWY;
AlX. BITOT » FTA MERNADDRRENZFL L, RO EME THREL TS Z ERb
D, TR BERAEMITE & KV B A R OB A5 D 72D ITIE P IREE DS E

EIRR 2 MWD BN D Z LR bhoTz,

7 4-15 Pb BIREEME COEEMREMIZIIT D ENTEhE L BIRDFE

Smin 10min 15min 30min
Cathode, mg 34 26.7 49.9 93.8
Electrode
Anode, mg 0.0 0.0 0.0 0.0
Current efficiency (Cathode), % 14.4 56.4 70.2 66.0

#4-16 Pb BIEEEMIKE COTEEMEMIBIT HENEOF-TEESITER (EDX)

Cathode Smin 10min 15min 30min
0] 3.02 1.20 1.50 222
F 293 1.59 1.20 1.57
mass% Al 1.22 0.64 0.55 0.74
Si 0.95 0.36 0.48 0.28
Pb 91.88 96.21 96.27 95.19
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4-19 Pb SiREEMK COEENEMICIT T 2 P ENYERE (WY —F) DHIBITEE
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2. BRI R OB A T, BT O Na DA FHA LU7-, CRT ' F 2|23 Na 2%
BHEINTNWDHI END, CRT T AD 7 v EBEEFRRIZIZFEIZ Na BIBALTWD, T TiZ, Na
PR % 250, 500, 1000 mg/L & Bfb S EMEEZHANTHA 7 Vv VARV EZET T LERJE LT

D, FOFER. Pb OEMLSIZED SRV N, HIEHERE 5 L Na BENEWIT Y NERE

e

MREL o> THEY, THITEMEHO Na A F L DEHLEZ ONDTZ, TNEVERAF T
& B Na DSEMEEHIZIRA LT HEEARMIC Pb OEMAT H L OMENZ X eI, A
T, Na BHOEMHREZHNT, EERICEBREMZITV. Pb OB &7 o7, EBTEM
TIXET . K 412 ORGSR LI BMIRIZ NaF 23N L CEBRZ1T > 72, BMET O Na 2
FE L HL K 250, 500, 1000 mg/L & U FREE U 7= EBARK DR Z £ 4-17 128 T, 2 4-18 121,
BATER O B & BIEhE A, £ 4-19 [ZENERO EDX IZ XD FERBRE R LTS, BRSNEE
R% &, P IEEED dg/L O Z OBMIKTIX, Na JBEESHINT 2200 CTHT. BRI L
TW5, K419 OENINOFEESIHERZ A5 L Na DIREAITRSATIZ, Na 2L TR
BIRROSEG L1 LA EEITA LR, X 4-20~22 |24 Na R IE OEMIR CTOENEH D SEM 5
H A, [¥4-23~25 24 Na iR EOEMK COBEMEOMITIOR LTV, BEFYIOREIVIEL 7>
% &L NaRENSHEIT 2120 TREBIZREDS M 7o o T Z & 3bnd, 2 kY| ERIK
H1 0> Na (ZFEFENRCEHEA O AL B RICIZZAUE E B LW W L7zgh o B RE 2 M)
T 22 LRSI,

# 4-17 Na WINEME O (Pb=4 g/L)

Pb, Na, Si Pb Na Si Pb Na Si Pb Na Si

concentration in

solution, mg/L 4235 155.71 12600.40 | 41924 349.63 12136.80 | 4259  890.31 12416.80
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7% 4-18  Na ININEMK COEBMEMICI T 2B E & EM2IE (Pb=4 g/L)
Cathode Smin 10min 15min 30min
Na250 7.5 18.8 354 91.9
Na500 mg 8.9 20.4 34.3 91.5
Nal000 9.3 24.5 40.1 100.7
Current efficiency
Na250 31.7 39.7 49.8 64.7
Na500 % 37.6 43.1 48.1 64.5
Nal000 39.3 51.8 56.5 70.9
< 4-19  Na iNINEMRK T O E BT EMIC L ENEDOFERESITRE R (Pb=4 g/L)
Cathode Smin 10min 15min 30min
O 2.70 1.66 2.14 5.45
Na250 F 1.38 1.18 1.08 5.55
a Al 1.44 0.3 0.6 0.22
mass% .
Si 0.41 0.44 0.48 2.03
Pb 95.07 96.42 95.69 86.48
O 1.50 1.97 1.61 2.56
Na500 F 1.23 1.27 1.46 1.80
a Al 0.26 0.35 0.32 0.32
mass%
Si 0.33 0.25 0.42 0.82
Pb 93.69 96.16 96.19 94.5
O 1.53 1.79 1.26 2.15
F 1.17 1.05 1.01 1.22
Nal000
Al 0.21 0.4 0.38 0.33
mass% .
Si 0.25 0.37 0.44 0.39
Pb 98.84 96.39 96.91 95.91

98




4-21 Na=500mg/L Efifik (Pb=4 g/lL) TOEBIEMIZIIT S Pb EMpFRE (Y —FR) O

SEM 5.H



[X] 4-22 Na=1000mg/L #Ef#iZ (Pb=4 g/L) TOEEIEMIZISIT H Pb ENMERR (1Y —R) @

SEM H5.E

B 4-23 Na=250mg/L EfifiK (Pb=4 g/L) TOEEIREMIZIIT D PoENER (Y —F) O

NBIGTH
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[¥] 4-24 Na=500mg/L FEfifik (Pb=4 g/L) TOEENMEMICIIT D Pb ENWEE (Y —K) O

[X] 4-25 Na=100mg/L FEfifix (Pb=4 g/L) TOEENEMICIIT D Pb ENWEE (Y —K) O

DDNT, EHRIZIC NaF Z I L 7= 8% . Pb JEFED 40 g/L O EHEE Pb o CiTo 72, &
TP O Na JEEEIZZ ., #9250, 500, 1000 mg/L & L., FR%E U 7= EAEK O E 3 4-20 127 L
TWb, £421121%, BITEHOR L BINFEL, K 422 [ZENEO EDX 12 X 5 PEEMERZ R
LCW5, BN S & Pb IRED 40g/L O Z OFEMWE TIX, Pb miRE O 7= DEWAHHEIX 30min
TENHRI 93%LL & ENA Na fREEAHINT DI 2N CTHETERDENRT T D/-R L o7z,
# 421 OBHERO Y EBDHHFERZ LD & Na ORAT R LTI, Na 230 L CTRWEMHRD

FEALEETR LN, X 4-26~28 1245 Na B O BRI COENEO SEM 5E %A, X

\
SO

4-29~31 1245 Na JRE OB TOBITSRONBIEE R L TWD, ENTORESIEREE &5 L | Pb
TREEN 40g/L & @B TlE, Na BRI X 280 bIZ Ao T, FroEE2 KT S 720

ZERDND,
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# 4-20 Na ININEMIK O (Pb=40 g/L)

Pb,Na and Si Pb Na Si Pb Na Si Pb Na Si
concentration in
. 41977.0 162.3 107142.0 | 41558.0 309.7 103770.0 | 42443.0 287.9 107952.0
solution, ppm
# 421 Na iRNEMRE COEBIREMICIIT HEMENE L Bimzh=E (Pb=40 g/L)
Cathode Smin 10min 15min 30min
Na250 19.9 433 70.2 136.5
Na500 mg 17.7 38.7 67.1 133.2
Nal000 19.5 27.8 53.1 131.8
Current efficiency
Na250 84.0 91.4 98.8 96.1
Na500 % 74.7 81.7 94.4 93.7
Nal000 82.4 58.7 74.7 92.8
< 4-22  Na NINEMRK T O E BT EMIC L EHTE DO EREIHRER (Pb=40 g/L)
Cathode Smin 10min 15min 30min
O 6.75 1.64 2.32 2.55
Na250 F 1.80 1.71 2.00 1.55
a Al 1.28 0.79 0.71 2.06
mass% .
Si 0.23 0.42 0.33 0.42
Pb 89.94 95.44 96.64 93.42
O 2.81 3.26 1.03 2.97
Na500 F 1.78 2.55 1.37 2.23
a Al 0.58 0.43 0.65 0.73
mass%
Si 0.53 0.7 0.42 0.88
Pb 94.3 93.07 96.53 93.2
O 2.21 2.23 3.01 2.05
F 1.40 2.01 2.29 1.82
Nal000
Al 0.61 0.65 0.5 0.41
mass% .
Si 0.27 0.48 0.35 0.43
Pb 95.5 94.63 93.86 95.29
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4-26 Na=250mg/L EfRE (Pb=40 g/L) TOEEBEIEMIZISIT S Pb ENFRE (1Y —R) ©

SEM 5.H

[X] 4-27 Na=500mg/L Ef#K (Pb=40 g/L) CTOEEIEMIZIIT D Pb BATHHRE (1Y —F) ©

-H’H

SEM 5.H
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X 4-28 Na=1000mg/L EfRIR (Pb=40 g/L) TOEEREMICIIT S Po EHEE (I — 1K)

® SEM G.E

[X] 4-29 Na=250mg/L Ef#ik (Pb=40 g/L) TOEEIEMIZIIT D Pb EFEE (1Y —F) ©

X 4-30 Na=500mg/L FEfi#iz (Pb=40 g/L) TOEBFEMIZEIT D Po EHHEE (Y —F) O
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[¥] 4-31 Na=1000mg/L Ef#K (Pb=40 g/L) TOEBIEMIZIIT 5 Pb EHERE (Y —R)

DIVBIEE

5. B uk 2o —0RE

SEFETOERMERAEEE 2. CRT H' 7 A DOFHRBHEER 2 FIH L7207 1t 27 0 —0fE
179, M5-11cx07utAr7o—KaRrLTW5h, 7a—02kks LTI, $&4A D CRT 4
TADT  BRUEFRALERC X 5 SREIRIE IR & U CORERSH OILIRIENN, T REfRT A 7
BRI 7> © O EMHRIUC K 2 EXE OB, b NCr A 7 vliET b U 7 AOUREIENLCRER S
N5, CRT HZAHDL Y A (Si0,) &7 A7 vk (HoSiFs) Z /BT 2 72 O mimiiiZ
Y727 vl (HF) ZRIGSEHZ LR, W7 APOmE 2R, 71 7 v BERHIERT 2
ZENTED, TOHAIE. BREESEL 250, EIRE HF WiE CHRRT 5 & EAREE T
ORI HE &3 SUG L C—HD8nn 7 vk & LU CikB %, #8722 HF K Ciafig L <
TR LT A 7 BRVSIR I FEARIR & L CRMERIC K EESBE ORI RIRETH D, £72,
DO BARFER 21T - T B Mgk T, BALK A OBMEIIER U B Z EAT 5 Z & b AlfE
Thod, £l EFRREZITORNEEIE, MFR LT A 7 v BREIRICHIR 2 IR 2 Z 1T &
Déna Ak, BiEEER L L CIEINT 5 2 LN TE S, B LIRS, BRUFCEELF 72 & Dh
BPFICFEEE LTRAT D ZENFARETH D, halll L TR T2 A 7 v BREHIE, T 0
V22 iz vfbliinE LT Aa A FY 7 (NaSiFs) DOEUNAFRRETH 5,
ZoESTreRTa—E, BEAKTOT vREEREA A MPORISHEOME2—T 4 7 Da X |
ORIBENE DD, BUEPS TIIEINAICER TR b D& LTIRETE L7kt R EE R
bivd, BUE, BUXE M7z CRT #7 AL, BEFEELH THOEML & Clrd Hit, £ 0—Hn,
Pl D7 T v 7 AL LTSN TV ORI TH D, ZOHIETH, 77 V8 TV OFEE

DR BN ENTS ETEBVHITIE, WIS CRT 7 AT T+ 5, L
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L. RBIED & 912, A7 a e LT, MOBERRLE T 0¥ X 245E% - L L TR<

Z i, ERNOREEWLELY 2T L BIREER 2 L2 OAMNIER L TS BT, FERFICER

I EThs,
CRT glass
Crushing
HEF solution (balance to Si)
(Low dissolution speed)
Residue HF solution
(BaSiFq (Pb, Si, Na,
K,SiFy) K, Sr)
Hexafluorosilicate
. . H,S0,
(BaSiFs, K,SiF) addition
recovery |
v '
Residue HF solution
Concentration (PbSOy) (Si, Na,
(HF solution) K, Al Sr, SOy)
Alkali neutralization
Electrolytic refinin Electrodeposition Hexafluorosilicate
(Dilution) (Electrolyte) [ on 1 blast furna (NaSiFg)

l | recovery
| Pb recovery | | Pb recovery |

5-1  gnBUBsiERR 2RI L7- HE iR X 5 CRT 7 A5 0 Pb [AIL 7 1 —
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6. £&¥

CRT 7 AJ Ly F® HF WRIZ L DEMRER LY CRT A7 AHDT U H (Si0) &7 A7
8 (HoSiFs) ZAMKT 272 O EmiICE#b) 2 7 vk (HF) ZREESE2 282k, &
FRR LIRS, BT AR O E 2R, 74 7 vBRKRPICERT 2 2 ENTE L2 ERHL
Llpole, =T, FNEY b EIRE HF Wik CHERT 5 & MR EITE AR 5378 HF & #hs
RS LN~ oAb LCikEd 5,

BB A T BRI D A SRR AR A AT IR T 2 50k B AR L7z, Smass%HF VAR

(100ml) \ZH 7 A 5g ZVEfiE (24h) L7t D AHRIZ, Smol/LH,SO4 % 10vol%IsINg 5 Z &2 &
V. Pb REMNFIEESNE L CHHHILE LT, E72, 74 7 vBERT O Y A OREIFEE LT,
Z O % R L 72 AHEIZ Smol/LNaOH ¥k % 10vol%UsiN32 & 7B U ir A 7 V7 v ir A DT
HIEIY S 72, Si D A B O HIEIIERIY 99.3% Th - 72,

KREBRTH T AHD Pb ORREEIRNFTREZR S (Smass%HF, [E#K E=0.05g/ml) TH 641 5%
WL % . ZRBE 7K. PbSiF4(6.74g/L). H,SiF(70.0g/L) % AV CIlEE L=, 5N 7- B2 VT,
Bt —EEMBRZER L, -0.5V LU T OMRFE T Pb @O AEITT 5 Z LGRS T, &5
(o, BB RO B A2 IO EBREM (-16.3mA; 18.4mA/em®) Z{T-7-, TOREE, TR
TA MR SR ~OREN A i, 72, Pb M 9mass%lL | (F=0.02~0.23mass%)
Thoiz,

CRT 57 AD 7 FRVEIRIR & 487 U T- B Z T, BZF 8 (10 ppm) DR O
AT 72h3 . Po BT OETNRICHBEITES | BN Pb OBRDNE T F BRI LY. KD
BTV RTA MRIZRD EZ e o, —F T, CRT H T AD T v FRUSIRIR % [EAE LB 2
L EMEL T, P mIREDEMREZER L TEREIT 20, Z0O5HE. PhIREOHEMIZ SN
THEMN LIS OTBRABRIRIZZ2 0 | REZE VB THELNIRDLZ B>, £/, CRT 7
FAH VY NOT  RREMRR A B, Pb BHTOERICH WA, ZOREER. GREMIK L IZIZER
BROFERDF DI, 6 h OFEMTIX, BIHIFILL % Th o7z, BT L7Z Pb OMIEIL 94 mass%
ThHY., ET. BRBIREOEA L0 RN E -1,

PLEDOHIFEHIRIN TR DAL 7o BB R 2 Gt L TR B 7 v —DRRR 21T o 12,
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