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TALAMISTEE L7212, 77 Y2 W TYBIICERE L, Rk S 7z, &8t
Fro—#B1E, RMOVMAIEDE 2 5 T THHE L7218, BB btkEKRE T v EZT
DOREGW Ty F 7L, % (L) e (55100 ) 12X o TaM (&
BRI BlSE1To T d,

ZOMFEY O, YD 5 VIR L, Fuaotaird GEIZAH) (2
IV ERILEDEWEGHL, GENTVELEOHERZDORNEMHR L, 556
WEMEGHT TR S N7 SR ITTHEICOWT, B 7 VA Vs cwds Lz eE R
BE RO EEER PR—Iur 571 BRALFENE), KEMEMR
B (BHEOBMAICEWE) 2EEHVTEENLERTHEOTRNE (ERS
W) ZfToTWVh, DX % [WhbWBRAGH] OFEILRE» LD 5 s
(destructive) 3HTTdH 5,

AW TSR AR oW, ChEeRLRY, REEUY ML, THEEXITS
SOD, WML 7250 EHI TR b A 2 Lk IERE (non-destructive)
GHCTH B, SNERL Y GHOFHRTERYPEE T2 2 LD wilidkidesdk
3% (non-invasive) 7#T & FR3 %
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R b DD 5 —T5, Dm0 —ITHINEL <4540 L, #BPRHLIERAH
WIZAOND 0N H 5 (HEEF 1932)

(3) TOBBERIEH S, Wit (B IXREACHREAE) I ZRIEER L
AR, % (B ZERCENE) REAERIH LwboThY, Lido
£ 9 o ROGEARGOZERIE, RO X 2R OEE KL Tw
% (¥ 1932),

(4) BEGORER KR LICR SN 41280 %, FEAORES I
W) - MR Z 12 S DT E D, TRICHEDE, BREKRAOKE - FETOR
WeHhEHal GroofwE, SEMAMROMENE) 2158, HEBERTLTLLHE
—DOFM LNV ERE R LV 2O L IZHENIBT B EFERIRIOEN %
KL TWBDTIE VD, L L, wWiFhizek, Fiokd 2RIk 2
RROKN, LVEFETHD Ok 1934).

(5) WO L IEBI - SIRMER (T b b L) &It
Wb L, MERTRIZEA S (IR IIEATIR 2R §) — i~
PRAE, JISRCIEE )R E T~ WT) -7 )] O BYEERIED B AN % o P8k
RPN D D, AP - SRR E b ITWMOTRIFTH L (BT
1967) o

(6) F:F—oizdbo, ReZBEOEHKIE, H—0& (=#il) T&
RBEEHICES Nl L £ 2, HA—osrbo, BibBREOEKELO
SRS - SEARE (T hRDbBEHEREMLNV) 2L TH, BB X2 i
DE)BEBERTLLZI LD TES ([H] Sk - THFH] $68% - THEA] 8k
O 3HTHALL TW3) (GEE 1967)

CDIE, BRI ICIE, ik - B & 2 T35 & OWijEl
HEEA SRS o R L AmEse]  (RJ7 b Be SOt 7E T 5 1048
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FERE, 1934454 A 30 H) 298 TWA38, 72, KW ORANEH A
—FLBENTVE, BR 1AL —FIREERLTBEY, £BEAEKE
BROEREREAN L2 0T, 2203 ZH020wbodbd b, b, Lkl
7ZINEE - GBI X B AR - FEEO S B, EEF 1967 TiX, ThH oo
LG0T 7 — & B b IS AR SN TV DS, FHE R - A Ey —
FeOBMEIZERICIEDTohE v, 2LT, TALHE - BHICL 2 THEE
MEHFEO—HE, FREOMENEMS — P2 OBALI9IMEGHEL LTH
WAL 0L LT, EETPRER - AR LY [T ULk
REAEZERT) D] ASHAT ST 534,

B, LREOIIA 2011 T, BWHIERO—BRE LT, ARETEIL 2N
JE - B X B ORI T 2% 2 ) LIFTwaB, FIKE, 4
KD EHEZEIC BT, LB G O LR DT THREE DL 5H £ T17 o C
WHZERFMILTIEVED, BEO—MfEE LTZOHERIEMT I L
Tz, T BMARNL, 1120 OIC] THlRZXH 12, BHBICRHSh
72T OB D B0 KEITOXMIIIE - BEHIMF LT T 2IH04
MRZift o T 575, MEoXME, BEORMAR, 251213, 4 onts
DH B PN, HE4 I L THENEL 20T, EESNWS,

Rild, SNOOBATREEBEE 2 2035, W - B 52502 Tl 728

33 InmEEE - PR [SCIR R ALHS o LS OIEgE] SO S B RIS 4
FARFERME, 1934454 30 H (T EMEH, WRORENESLIFSEI) o
34 TEAFEER - BOACRHER [R50 b BB ORBUITZERT) o iG] GRS eI
Yy =T 26), BRI SULITZERT bR MO AT ge it ~ & —, 2018 4F

35 TIANIAE [HRREIRCH B oL &R (RliEkbe, 2011 47)

36 HIIBVERRIE AR - WREAE [hEIERLEHEGR] (ki AR < 1 > i
S, WG, 1988 41) - LLATIGME [ B EIRCH ST W o A & B BA) (Rt
TBE, 2011 4F) 7% &2 B
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FeAbE s R migedr) IHEEIE W 132 M2 w2k L LT, S ki
ITEMIC L > THRFH LD DOTH S,

4 @ [HERHR E B O SAHA R PGS DWW T (BUK) ¥

TR L D ERICOWTIE, 2B ($HE) LIRSV TER %DM TH
N, ZORIRLEAD? S, BEEARLBEHAGETE 2 D% v, T
WO, TOHGEOLFEMEEMB T LE, d < IZEE (1933) R
(1934) AL TV 7o &) IR sk (B58%) Buire ZoEdkzma -
TREFEETH D, LIMLEDDL, LFHG ORI RIHRD720, & 5FHE
FLESBOEENLEE SND 2 L REMP LML LEE T 5 0NEE
PELRITNIE ROV &R EVRE BRE L o TULFI 5 HTICO W T
DEEBNIZ W EIZE R TV,

FEEALFE DS 72 5 SIS BEOHEBM 2 ML TR DI E 51300
Th L, BENLFITCHORFED 8RO B ERA 0 48 BLH0E R Mk 72
BWEEMD T30 &L LTRERETH b, HEEAIITDON TV S EY DAL
R AAIEIENIE T 2 W5 2 e 3% v, L L— I &E I
KHMOBALDHEA TS 720, LA E EMEICHTHRS 720121F, 2OoNE%
NS B NED D Do AN EBEMMM LI 2 EH5E S TV 23GE
[T OATIE, REOMLOAROERSZEE RO, (BI%K - WH
2014) o F72WNESHOFEM 2 BIZHE, Frlsiifi 2 a3 5 L CIERICEET
H%o

il RO KPR SALII T O 4 T 5, HHR Lk CREI%E
) WU 132 BOBRIEHEIZOWT, Filigkh S8 ) REOIML A2 ) 1

37 LT, BUASCHKICOWT, M hikz 5T <. WRIR EZ0Iwe
Wr L7z
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L, ZOWIHEIZOWCE M Z 72 SHBIEE L L2 2 1T 5 720 ARH
VIBETIE RO SHRBIGE LALF0MHER D, S, HEID% & b aigk e Hgk
D2 bB I L, kY, HENLEEICKOLFMET ATE (50, 5
§h, SMERELE, SMERELE T v FE V) I, FBRICHMERIL 4 M (SR, At
FENEW, BLREEW, T U FE UHEHTM) AEHTOND LR
ERE

5: M ER EMTE (UK - 1)

(1) hrxtg

TR E Latigko—2 &£ 138 TR, MAF 5 3IUEE S L ETH
bo RTFHAFRZMUS, BC, B, $305F, oM, oWz
Ext L7z AR 2 &, WIS HFEKER (48R, MERAA (%
B, ® GERZVLIZI0EHR), WiE @ER), HiF QEH), ) bEkE
REACIE, i, =8 O, B ®), #, B & BOBRHIH - K
EZVERHE, RE =ZH086EHRTH L. B 12F8H, £ IHIZKRES
(B4R, s CaER), W Q3EHR), ZEAMA Q4EF), MEM
(12%#), B (13%F), ek CHE), WA CEH), Al 0%
), B R, ZEA - KRE QER), it A& Thol.

(2) Zbr R & 1 BRI BISE

TSRO WS B X OO SBAHOBIEE L ALEGH D720, FRURF R
SALBEZERTICC, ZNZENOHEL LI lmm, RS 1~2cm BEOGER
%, WXy 4 7EY F7L—F (F04mm) 25 LEBENY Fh

38 LIF, F - ML, AHRICEEDTRT,
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v 7 VT Y L. SR OREL, WEEHOETIZOWTTi-
eI TR L, R L7z &9 IBATIIEIC & o THRIE MUK 25380 &
N2 bDEEY, ZTNITH ) B TORME FELT Lz, BIELHK #3-10-9) 12
DWTRERY T 2 >RINL 720

132 B S OEEAE, Gt P RBFFEBE BRI SE T o BT B
FEBREIZT, Fhehzhil, SHEAHO R F JBRcamL, SO
P TNERNT =L Lz 208K, UIWEZ ) 3 > —34 F I THLF
JE DWW, TV FBRE, ¥4 TEY NY A TS E T L 7,
IR 3K CREE kit BRI OMRAL % B < H I THZEHIZ T
%, #30nm ORFAZHE I—7T 1 7L, BlIgEAkEE L7z,

MBI 3B AR E - HMSE (SEM : JEOL JSM-6330LV), fHlfEigs &
SEHULFHHNNE 7 4 =V F T3 v ¥ 3 VERRE T HMSE (FESEM JEOL
JSM-7100F) %72 SEM IZ¥ 73 270 V¥ 4 X - 2B E— 4 TR
BRI ZEE (AFy ) L, BUNEED SR S W7z KGHE 72 X x M
352 EI2LoT, BUMIBRBISE AL M HT 217 ) HiETH Do oM
WMEEAY 100 R DR R TBIRT 50123 L, SEM Tid 100 £54* 5 10,000 £
BEORKETOBIELIT) o FlFHE T FHIE LMD W T RGHEFHIRR
(Back-scattered electron compositional image) (2 X % &% % 175 720 AT
BIHBGEOT Y b7 2 FORRISFHEFEZ L Tw 700, HEE)
DAEMMIRE BB T 5 KD, £/, SRMHORMEIREDH G,
TabbEEMEAREOESBHOHR LT %,

(3) EHDILE5H

B L 72 B EHITO VT, SEM IHEIR S L7 oA b 3 — 53l X ot de
(EDS : Oxford Instruments INCA-350) % H\v»C EALFHMB T 24T 0 720 €
NENBUNEIE (Tum DUT) O RUGH 21T, SMICE TN D ITEOENED
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Wi %47 > 720 EDS IZBRRFIC XHRANRY PV EIETE 2508 T, TR
DOEMEZFERT 2 M TIEFITHEN TV D, TN X > TEMOILFHE R
THROFM, KAWL SHPINAEAET Z50H% (R M) DIEAEDOF I % R
L7:. EDSHEHIEO®E Y — 1%, MAEE 15k, B 120pA & L, 1E
BEiEE 10 mm T30 A5 60D XA PVOMEEIT> 720 TDFKME
TOGHRFIEBE L 25100 ppm TH 24, £ 2 KR OFTEOF MR 4
JEA ORI NI s

FEERICHE OGN, B—F 7V ESE XM (pXRF : Oxford
Instruments X-Met7500) % M\ TAT o 720 BILE G 2 &L G EGMH T
A —% (alloy LEFP) ZffiH L, BICHEOHT 2 MEEIE 13KV T4 M, #HT
FON 2 NEEILE 40V TLHME L2194 2 v % 1280 REL, & 60#
BOIZANF—FHXMARZ PVOWEERITo 720 BHIEEEILHEOER
% & L7zo SEM-EDS TO#%, 5#ricsko %, 4l (Cuw), $ (Pb), # (Sn),
W (As), 7> FE¥ (Sb) ®5ILFETI00% MEZITV, ThEThOEH
RKE L7z,

6 : Wi O SHULEHK (BU%)

SEM-EDS (2 & % ill5€ T EAREE 1380 (Cu, 7 %H 75 Z=29) T, ZZIZH
WILH L LT (Sn,Z=50), $t (Pb,Z=82) 2%, MEEBILHELLTT v F
& ¥ (Sb,Z=51), # (Ag,Z=47), Wt (As,Z=33), # (Fe,Z=26) D1
EHRDSNTz, BICEBICHRUINIr 4% (Si,Z=14), 7TVI=7 A (Al
713), Wi (S,Z=16) RW#E (0,2=8) »#HDOLNe TRHDOTLED )
L, R EE L, GEEEVHELEILRIE, #T TebbLEMEGET
Hoo WHFK TrFEYO2ILEFAKICEE LTEBEMIZEENS, i3,
SEADPELT 2B S h, €BMSTIEEENEVITHTH L. D
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FMML, RRCHEET 5. MEFHEMTHEERILTBLT, & Ho0IE
L BITHEERL TWbe THBILHEERIE (FeS,), HESEE (Cu,S), &5\
(X H S (CuFeS,) T EZEZ bbb, FAFRETNVI=ZT AL, SHPRT
% ERMT AHMICEENDL FEILRKTHOMELIED o Bl ITWRIZE
A (Si0,) X7 4 KOMIWTH S, ZhoidBBLREREICNET LT
BERSND 720, SEFFICID AT N, 5 WIESHR O AE X v T
STV bDEZEZDLIENTEDL, T72, BHRIIVIFTTHLL, BLsh
7R, BRALSH, WRALSR, MRALEE, AL L LTHAET 5o

INLEBTZ, WEEHBNTAEREMSICOVWTELLE, TTIIMEH
D2HIrE T, (7B EEH (1258 M) L ICXG T 5 LT
X5 (M) SHICHME TVFEVO2RELHOFLEIL T, 8]
I3RS HURD, mEFsns R, MET v FE UHE 1D
DIMBICXGTE D, —F, [H# G-HE8) ] b, BEH (26 58D,
MEHESEM OLHE), 7y FEV/HEH CHERD, MET VFE VRGN
(63K D ARMBICXFTE %, S (26 30 (3, HICHEIICEIRE
(Pb<3wt.%) OFM (5 &2hbst 21K KKSTE %,

—Ji, TRNTOREDSHSE (Zn, Z=30) OHFAEIIRDL I ENTET,
Al AR E LR oI g B-Ha4) BEELTwiRnIE
ZRLLTH<,

BB Lo TR L7, SRWAREL L4 132 88 (I3
YR OWHERE DD %) Wi o XgHE 1% (back-scattered electron image) %
Appendix-1 (WrIHi4>f&1%) & Appendix-2 (Brifi#iKk{%) 12777, Appendix i,
WA BNIR L7ze K2HHEK5 OLMITR LTS 1E, Appendix H O 7E 15
WEUROFRIAZ IR L T oo RETEFHBUEDO T Y M T A b (BEE) DMy
ZFEFREORNZ KL TWD, T4b5, HEITHEROHTH - L HHN
8 (Z=82) 1k, IV IR Lo L b, W ETEWLL (L),
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—77, BERHE R EOLEWZa Y b T X M AEEL, Hifg TR ER SR
b0 @RUIAINITARF DRE OKF-RE-BRFEOEDT) THY, av b7
A MBS L TR I W 2Ol ETIERCRR 5,

figkH (Appendix-2 : 1~3) IZ[TIRD R RKE WA ATH .2, T 613 ERML
ThHbH, M, ZLOBHTRONS, VTV T A NTHBOFAIX
#t, HDVIERILETD %o FHISRBLFICFRZ W LIABATZ IS LT
Wb, WO LT GEMOERE) 2, AVI Y T A FOMCERILER O kE 3
Zonbb0bdH% (Appendix-1: 41 % &),

(1) zEKRETLHD 7R (K2)

(TS (3 BURD

WY, EEE () (#3-8-2,#3-8-4), &, EEE CIW) (#3-9-20)
INGIEMEIEEAEEET, MROBILIHIBIESND, —HTHMBE L
TH-HEEE, M-S-ME LG OMLPBIE NG, T O TIAOMM (5
) LidRL s,

mLFenem (3 #ED

BB ZEoREA #2-3-7), BB =F oA #2-9-3), BB #e?
HLIIE,? EHEE #3-8-10) 03 AKTH 72, MEOGTHEKIZ, 1.7~
37wt.%, SR 19wt.% A5 37T wt.% DMEFFENRH Y, o, Thooiril
AFEH N H D,

WHET ~FE V5 QAR>S 289H)

R, Fifk (#3-10-9) TOAMRTE 72, MEOEHFIZ 1S5 & 2.7wt.%,
TYFEVOEHERITE2wWt%, MEFRIH20wt% THolze ML, W
PE, HBR (#3-10-1, #3-10-2, #3-10-5) @ 3#UkHE, SAELEEM, SHEWTH
%o
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(2) #H8 G-884) 2EHRET 250 125K
WHET ~FE Ve (6 5k (K3 LK)
MHEE T v FEDEET Z0EMIE, WEEOBAE ol #1-2-
17), BE=F0%EA #1-5-3), F U =F0RENM (#2-4-15, #2-5-1),
JikAi (#2-8-2), Z L CHIFEOATE (#3-10-13) @ 6 RBCHER L 720 5
DATEIZOWTIE, BALAPNIE TEITLTB Y, IEOFAEOF WZTITIE
HL, 27— 3B%MHET 5, COFBZBEL, HBERI1325H
30wt.% & iV # (Sn) M (100 Sn/[Cu+Snl) &, 5.6% 7 & 14% o i P
Thbo
Ty FE T (2K (F3HE)
TYFEVEENIE, BEEFoOMER (#2-10-9) &, B ? AR OF
8 (#3-8-11) D 2RABOATHRTEZ, BIHIE SHETARIN4wt% D
L, WHZSHEREL TS, —7), BEIHEHERIN135wt.% & I
mEVe SllE, EREN3% & 9% TH b,
SRTFSN : KSR (SR 3wt.% LLF) (53R (33 TE)
FHRoMmEs (I TIER W  #1-3-6, #1-3-7) O 23K, LEBO=F (H2
fii © #2-9-15, #2-10-3, #2-10-4) ® 3RBHIOWVTIZ, FRIEE OV &
BT, ST 2~10% 2R,
SRS : mshE M (21 3K (£4)
FE Ak (125 5B O 2 BI55I2H 72 B 21 iRKHAT 8.8~24.8 wt.% D $h
DEHFEEZRTHEMTH . $HIIE, B/ 3.6% 25K 19.1% OHFTDH
%,
SR (91 50K @ (3%5)
HIEGEROK THN D722 91 MBS EREWICH %, HOEHEIE
9.2~44.7wt.%, MEDOETHFIZ09~49wt.% THh b, i, RN 3.7% 5
5K 20.0% OFPAT, LRoOmEsiEH & IZIZR L TH 5,
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(3) SDAEICDOWVT

4l pXRE ECTHM 24T o 7242 134 B0 95 & THr 2 Ml L 72 508H 132
HETH o720 ThbBIEEAEETORMPICHOFENAD NI, Th
LARBOSOEHEED 4wt.% Z & OFEGAi %X 2a 1277 F . SRBIO 2
AR (P TIRIKETRLTWS) & 3wt.% LU OKHRIE SR 5 k% K
L, L ORBOMEAFIL 10wt % UL ET, 16~24 wt.% FIEICHIE D
LB B REIREOHME (F3) OEHIIEIRME (dendrite texture) ¥
et x, AHAZRSONME D v, B2 1 Appendix-1: 18,19 7 &1 LAY
BEITH Do MMEMICIAYE LD S EHBEENLZION03H 5
(Appendix-1: 38) o AFIYIZ H #7225 D S & A H % 58T L 720F 92613 £ <
VDS, Bl (BIEW) oFMBRRHE0MOTHRIBEL A 2wt
% LT (BREK - PIHT 2013, %1320 2017) TH o720 SO L SEHHED
BT (K 22) 25, 3wt% ATZE [LEWHE] & LTIRZDLIEHNTE
%o

g (RURIELER) 328°C) XS HMICERZIMMNT 5 2 LT, sk pERiR
BE, WhbWwd B OREAME T 5 & & ITHIEEDERT S22 &3 <A
BNTW5, Sl L8, T8 e HFHIXHAICB O TERML T 225 R
BOTIEEEL & \vo SE-SOY4, FEAKIRE (V)& Z) 13995C T, i
M6 FAUTICHKRT 5 &, FMEILL, SoEEM ORI
DM T %0 BALL 7-G41380 & SiAvordE L7z 3k Al s 9 %0 W&
BRI, CuSn D6 (T %) AL, FMAHRAELT 2 B8RS
HEhs,

BB L7 X 9128 %2 ANG &, (8] ORMEIT & RO TR HiAo
%o ¥ (1933) RhEE (1934) &, SROEGTHEROKRNE, FEHak oML
BELTWREEZ, GHERMEVDDIFE, BSELL2bDTHS )
LA L7 ZOmBIEBBLAELWRL ANV, BRIEOFZANTDH
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B LI, HoRmEE, RLTRRYI 2L TE5 Y, RANEELZR
AMBIREEE T L VI, $5ET 280, H2VIEEhlREMEORN % EX
LT L7 B ET 50Tl Bbis,

ZTHESE O 3 FORE, Wk E B, EEE (#3-8-2, #3-8-4), RO EEE (#3-9-20)
(Appendix-2 : 1~3) &, $iOMNMHBIBETE T, $id A d pXRFER
SEM-EDS DA R (0.1wt.% LAF) 2 T 5, SKIEA (2017) DFEER
WMEBNZH B LI, BIZITMEEOHEICB T, RMS 728 ELoER
TEMP O L, KEB5H2 [0 GFEoBc [H] 2ilite 25) ]
2> TBBIL, Bty b, Ld> TRIMLZZ$O GRS, B
FTLOBELLRMENT WS DIFTIEZ% L, RICEMTOSFOEH &% IEHIC
GMTE&72E LT, 2525 0MoRNEz iftd 5 2 L idMOTHLWE
Wz b, 72, —HT, 3FOMERICIEE L OB EE SN TS, L
Mo T, INHIIMETHIMFEIZENTWFHlE W) X DXL, &L
2, EihFAMII B SEHANIC L o THIEL 223 O TIRBVWAE B EZ S
N5,

F7o—7C, BBIREOWREE #1-2-15) REWE=FoHEMA #2-7-15) O
Fi (Wi o EF) 1085 S Nz E S48 100 pm 22 S 5% K 300 pm (3 & 0§
(BB VIS OREIE, ICKEOLAGHZ T 2T &, AL [
g% L RARBWHREMEDSH B h D AN Ve L LTI ZGHT T b D & A )8
20wt.% ZHR 5 &9 BIEIRIEFFICES L VWR Do

WAL TY, D L IHKSh Mg, Hidas, mfoFHiaTiEE
OHEDEMR B EE, L THENOBRICKELZEVIEH LD DEEZZL LN
%o

(4) MFL T VFEVOFEITDNT
PXRE HETOM &7 o724 134 KD ) b T HEE I L2 REHI 4k D 8
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HEL DB 12 R TH o720 TOEHERIZ 09w % 5 49wt.% Dl
BT, HIEMiZATOBEBER2~3wt.% OGHEETH S (X 2b),
TYFEY SO EECHEIIABEO LI #3-10-9) D 2YH (1 8et.%)
DHETH B, 727 VT EVZECHMS AT T, ZOEHRIT 1.0~
53Wt%) Holze HMMTOT Y FEVEARIBBOA2~4wt.% FRET
H5H (K2)
MEMRPWMETHIL, bW LILTREFINLEEGLREOITLLEED
NTwb, B4 (Hue you-Kang) 1&, T TIXHEENRTWAEHRT V7 H
SHE T T O &R O 1900 & OALFEoIEE £ £, LR EIFE
MBS, FMmIZIZ, MEET7 v FEVPBHEWICEIhEZE, $220
5 OILHEIFFHE OB TEMWIZHEM S NzbiF Tld %<, HwbhTwizgs
AARRICHEL TV BIRSTH S Z L 2B LTWD (Hueetal, 2016),

(5) HHDOHIIZOWT

pXRFIETHN 1T - 722 133 A0 9 & THM AT &R 9 EiE o
125 B TH o 720 EFHMBOHIL (100 Sn/[Cu+Sn]) 122 T 2d 12 HE
DAY . SILOMPHIL, &N 3.6% D HIA20% THo7zo F£& LT 8~
12% OHPAIZHIEAET T 5 X5 TH Do BRIEFMIEOHOMBHPAIL, 5
H10%~22% O ZRL, POl HROBENDP L WZEIN TS ()
5 - NH 2014)

#lizzof E, FWoMn, Wik, RHEREOEVE T 5, $4bb,
SR ORI ) 138, IR, WHEmIcEES 1<, /il
RRIE LR B be SZRINT 52 & T, ARREAZIKT SE 50 % %2 ik
DTHNE, KFHODDOEFILHOELZER LTVt nw)ZEdvbEZLNS
BRI LIS, B BoSEZEOMBIZRZT S v, HD W
X, SRERINT 5L T, BEKOESEZHTW2OTHAI 2 ?  Hl,
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BBV EFHOLERIIOVTIE, [EFNF] ORE & Ik~ ik
MPITONTWEAH, SGHO—EOEZ RHMRY Tid, BXL PRI EZ L
TWab EHITERZTFbNR N,

Budd 124> (1996) &, [#57E 2 2 MK, HEICEIZIR & N7 80 & IR
Tholelzd, EROTAMIHEBEIATHONTEY, TOXH) I DK
LiTh iU, &RMEORA T 2 WK O 25> T 2 5, H
FALM 2 I SHERICII2EWSATLES] LIy fEHELTw5, b
L, @BROFAHMIbIL L LzoTHIUE, ix KEIRn L TR i
L, ZOfH, PEMEGHILOBMANESNE L ko728 RS 1T
Thbo KREHEFMOMEARE, BIEFMHOZNLELOLZVLDOTH
D, WELENZIOLEZ LI ENTELLMNE VY, i, wind
SOV TIE, ZDO L) %) B o BB X B8 OMGEE D B,

(6) WEALAEWIZIOWT

% L Ofgk, HHERNEITIE, R, BT pm KD Fe-S % Cu-SFe L&
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F2 ARG DAL

# Cu Pb As Sh
Copper (N=3) (wt.%, corrected)
1 #3-8-2 100 (with Cu-oxide)
2 #3-8+4 100 (with Cu-oxide)
3 #3-9-20 100 (with Cu-oxide)
Copper with Pb+As (N=3)
4 #2-3-7 58.85 37.43 3.72
5  #2-9-3 78.85 19.43 1.72
6  #3-8-10 76.23 21.88 1.89
Copper with Pb+Sb+As (N=1)
#3-10-9 (1) 66.13 22.94 2.65 8.28
7 #3-10-9 (2) 71.06 19.21 1.51 8.22
#3 HFMESOMFHE (1)
# Cu Pb Sn As Sh Sn/(Cu+Sn), %
Bronze with Pb+As+Sb (N=6) (wt. %, corrected)
8  #1-2-17 76.31 12.72 8.86 1.02 1.08 104
9  #1-5-3 66.21 17.42 10.65 1.81 3.91 13.9
0 #2415 5063 2009 478 263  3.86 74
11 #2-5-1 60.23 28.27 5.76 2.37 3.37 8.7
2 #2-82 6296 2741 375 270 318 5.6
132 #3-10-13" 82.03 4.17 12.07 0.66 1.07 12.8
THHE LB SN D
Bronze with Pb+Sb (N=2)
13 #2-10-9 92.12 3.86 3.06 0.97 3.2
14 #3-8-11 73.95 13.51 7.20 5.34 8.9

— 142 —(227)



WAL ZE TR sE 55 177 )
#3 FHEEGObFEALE (2)
# Cu Pb Sn As Sh Sn/(Cu+Sn), %

Bronze with low (<3 wt%) Pb (N=5)
15 #1-3-6 95.62 0.17 4.22 4.2
16 #1-3-7 97.53 0.23 2.24 2.2
17 #2-9-15 93.00 1.46 5.53 5.6
18 #2-10-3 92.15 0.37 7.48 7.5
19  #2-10-4 88.15 2.32 9.52 9.8

F 4 SREMEG ORI
# Cu Pb Sn Sn/ (Cu+Sn), %

Bronze with Pb (N=21) (wt.%, corrected)
21 #1-4-2 75.59 18.07 6.34 7.7
22 #1-5-4 65.64 24.80 9.56 12.7
23 #2-5-14 75.67 16.65 7.68 9.2
24 #2-5-17 77.41 16.11 6.48 7.7
25 #2-5-19 78.08 16.49 5.43 6.5
26 #2-6-3 77.33 18.52 4.15 5.1
27 #2-6-4 74.61 13.68 11.71 13.6
28  #2-6-5 77.78 16.08 6.14 7.3
29 #2-6-10 79.03 15.21 5.76 6.8
30  #2-6-19 76.63 13.82 9.55 11.1
31 #2-6-20 76.13 16.00 7.87 9.4
32 #2-7-5 80.46 13.41 6.13 7.1
33 #2-7-10 79.04 14.33 6.63 7.7
34 #2-7-12 79.49 11.87 8.64 9.8
35 #2-9-11 69.59 15.21 15.20 17.9
36  #3-1-5 77.57 11.52 10.91 12.3
37 #3-7-9 61.89 23.52 14.59 19.1
38 #3-8-7 74.54 13.11 12.34 14.2
39 #3-9-2 80.38 13.48 6.13 7.1
40  #3-10-2 82.10 9.19 8.71 9.6
41 #3-10-5 87.86 8.82 3.32 3.6
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#5 MHRMFMR (LMK (1)

Cu

Pb

Sn

As

Sn/(Cu+Sn), %

Bronze with Pb+As (N=91)

(wt.%, corrected)

42 #1-2-15 71.25 15.75 10.63 2.37 13.0
43 #1-4-4 65.21 18.08 14.30 241 18.0
4 #1-4-7 69.95 22.12 6.06 1.87 8.0
45 #1-5-1 66.59 21.60 9.58 2.22 12.6
46 #1-5-5 67.62 21.28 8.75 2.35 11.5
47 #1-5-6 68.48 17.77 11.47 2.28 14.3
48 #1-5-7 72.97 17.23 8.15 1.65 10.0
149  #1-6-2 66.20 19.38 12.60 1.83 16.0
50  #1-6-3 61.02 21.45 15.30 2.24 20.0
51 #1-6-8 71.47 14.56 12.68 1.30 15.1
52 #2-1-2 66.41 19.17 12.41 2.01 15.7
53 #2-1-3 67.02 18.31 12.67 2.00 15.9
131 #2-1-6" 66.93 19.46 10.84 2.77 13.9
54 #2-1-7 69.82 20.61 7.85 1.73 10.1
132 #2-1-8" 65.71 22.92 8.76 2.61 11.8
55  #2-3-1 56.61 27.88 12.53 2.98 18.1
56 #2-3-4 68.81 21.93 7.31 1.96 9.6
57 #2-3-5 60.58 31.12 5.15 3.15 7.8
58  #2-3-8 61.50 31.98 3.50 3.01 5.4
59  #2-3-9 55.23 36.12 5.06 3.59 84
60 #2-3-11 61.84 3141 3.61 3.15 5.5
61 #2-3-13 60.19 34.76 2.28 2.77 3.7
62 #2-3-14 59.89 31.53 5.52 3.06 84
63  #2-3-16 61.51 32.30 3.21 2.98 5.0
64  #2-3-17 55.34 36.70 4.18 3.78 7.0
65 #2-3-18 49.06 41.74 4.60 4.60 8.6
66 #2-3-19 64.45 27.46 5.07 3.02 7.3
67 #2-4-1 68.22 23.11 6.60 2.07 8.8
68 #2-4-3 64.81 27.15 5.75 2.29 8.2
69  #2-4-5 64.01 29.24 3.73 3.02 5.5
70  #2-4-6 62.73 28.54 6.72 2.02 9.7
71 #2-4-7 63.98 24.86 8.52 2.65 11.7
HEE R SR D (continure)
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#5 WMEMFTMEGOILFHL (2)

# Cu Pb Sn As Sn/(Cu+Sn), %
Bronze with Pb+As (N=91) (wt.%, corrected)
72 #2-4-9 65.38 26.11 6.56 1.95 9.1
73 #2-4-10 50.13 41.37 4.32 4.18 7.9
74 #2-4-11 65.65 23.55 8.92 1.89 12.0
75 #2-4-12 49.29 44.66 4.26 1.79 8.0
76 #2-4-13 55.30 34.61 6.40 3.69 10.4
77 #2-4-14 58.31 34.98 3.04 3.66 5.0
78 #2-4-16 60.68 30.21 6.87 2.24 10.2
79 #2-5-7 53.41 38.16 5.54 2.89 94
80  #2-5-9 63.38 27.07 7.33 2.22 10.4
81  #2-5-13 65.91 22.31 9.88 1.90 13.0
82  #2-5-15 68.05 22.23 7.71 2.00 10.2
83  #2-6-9 49.72 41.25 5.64 3.39 10.2
84 #2-6-16 71.79 17.57 9.07 1.57 11.2
85  #2-6-17 76.13 14.34 8.03 1.49 9.5
86  #2-6-18 75.26 18.45 5.08 1.21 6.3
87  #2-7-1 74.61 17.44 6.50 1.45 8.0
88  #2-7-4 73.23 20.88 4.73 1.16 6.1
89  #2-7-8 77.82 13.63 7.06 1.49 8.3
90  #2-7-15 59.40 31.91 5.09 3.60 7.9
91 #2-7-18 61.92 26.53 9.04 2.51 12.7
92 #2-8-1 50.36 34.41 12.29 2.94 19.6
93 #2-8-5 75.82 18.11 4.81 1.26 6.0
94 #2-8-6 72.30 18.45 7.60 1.65 9.5
95  #2-8-9 72.06 22.52 3.40 2.02 4.5
9% #2-8-13 68.84 20.94 8.05 2.17 10.5
97 #2-9-1 71.53 22.50 3.93 2.04 52
98  #2-9-5 80.46 15.10 3.34 1.11 4.0
99 #2-9-8 72.44 22.10 3.58 1.88 4.7
100 #2-9-12 69.96 17.00 11.54 1.50 14.2
101 #2-9-13 69.80 18.26 10.57 1.37 13.2
102 #2-10-6 69.88 24.29 3.47 2.36 4.7
103 #3-1-1 67.35 24.62 5.53 2.50 7.6
104 #3-1-2 77.34 16.09 5.11 1.46 6.2
(continure)
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#£5 MHRMFMRG DMK (3)

Cu

Pb

Sn

As

Sn/(Cu+Sn), %

Bronze with Pb+As (N=91)

(wt.%, corrected)

105 #3-1-6 75.41 13.96 9.24 1.39 10.9
106 #3-1-7 75.94 13.79 9.17 1.10 10.8
107 #3-2-2 82.23 9.22 7.61 0.94 8.5
108 #3-2-5 79.80 9.16 10.15 0.89 11.3
109 #3-3-3 58.72 34.30 3.40 3.58 5.5
110 #3-3-7 60.80 32.42 3.43 3.35 5.3
111 #3-3-9 56.12 36.59 3.31 3.97 5.6
112 #3-4-8 48.11 42.10 4.88 4.92 9.2
113 #3-5-1 62.20 30.79 3.74 3.27 5.7
114 #3-6-1 59.44 32.65 4.36 3.55 6.8
115 #3-6-3 59.83 30.23 7.28 2.67 10.8
116 #3-6-4 68.41 23.12 6.26 2.20 84
117 #3-6-6 56.34 33.76 5.86 4.05 94
118 #3-7-1 66.36 24.87 6.22 2.55 8.6
119 #3-7-2 54.14 36.68 4.83 4.35 8.2
120 #3-7-3 53.87 37.68 4.00 445 6.9
121 #3-7-6 66.14 19.96 11.94 1.96 15.3
122 #3-7-7 65.94 26.67 4.48 291 6.4
123 #3-7-8 65.94 24.26 7.45 2.35 10.2
124 #3-8-12 73.93 21.32 3.15 1.60 4.1
125 #3-8-13 66.21 26.33 541 2.05 7.6
126 #3-8-14 65.75 26.82 5.04 2.39 7.1
127 #3-9-6 82.76 9.60 6.70 0.94 7.5
128 #3-9-17 68.39 25.29 3.57 2.74 5.0
129 #3-9-18 78.09 13.11 7.39 1.41 8.6
130 #3-10-1 74.34 17.34 6.88 1.43 8.5
Bronze with Pb+As (N=91)
K fE 82.76 44.66 15.30 4.92 20.0
/Ml 48.11 9.16 2.28 0.89 3.7
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TOTAL (N=132)

'/

Bronze (N=125)

Pb+As+Sb, 6, pb+Sb, 2, 1% _
Y Copper (N=7)
5% low (< 3wt.%)
Pb, 5, 4% Pb+Sb+A
OCopper s, 1

O Bronze

Pb (>3wt%),

PoAS, 91, 21, 17% PhrAs. 3
(]
HPb+As+Sb EPb+Sb
Olow (< 3wt.%) Pb BPb (>3wt%) OCu ®mPb+As MPb+Sb+As
OPb+As

1 AbEHE R OdE A
$i#% - Copper, H#i#s : Bronze
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Nos of sample

o < [oe] N © o < o) (9] © o < o]
— — N N N [32] (32) < < <
Pb, wt.% (by p-XRF)
(c)
é 5
3 §4 N=10
a g3
2 5 2
8
=1
0
o ~ N ™ < (9] o N < © o) o
As, wt.% (by p-XRF) Sb, wt.% (by p-XRF) ©

(d)

Nos of sample

o N < © [ee] o N < © [ee] [=] N
~ N N

—

Sn/(Cu+Sn), % (by p-XRF)

X2 LSRR o B EE 55

a) # (Pb) &A%, b) #tFE (As) &A%, o TvFEY (Sh) &F
K, od) HP ot

N E ATk e % £5.
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e e N=125
oHeo®e® .. ...~ T
0 5 10 15 20 25
100Sn/(Cu+Sn)

3 HMrh oI L SE A RO
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Appendix-1 : %JE J7 W i > BOSH A 1%
FERIALFRR R, 32 2~4 12HET 2, WHET DA —WE$T<T 1mm Th b,

(1) #3-8-2 Copper

(2) #3-8-4 Copper

(3) #3-8-20 Copper

(4) #2-3-7 Copper with Pb +As
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(5) #2-9-3 Copper with Pb+As

(7-a) #3-10-9-1 Copper with Pb+Sb+As

(7-b) #3-10-9-2 Copper with Pb+Sb+As
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(8) #1-2-17 Bronze with Pb+As+Sb

(9) #1-5-3 Bronze with Pb+As+Sb

(10) #2-4-15 Bronze with Pb+As+Sb

(11) #2-5-1 Bronze with Pb+As+Sb

1mm
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(13) #2-10-9 Bronze with Pb+Sb

(14) #3-8-11 Bronze with Pb+Sb

1mm

(15) #1-3-6 Bronze with low Pb

(16) #1-3-7 Bronze with low Pb

(17) #2-9-15 Bronze with low Pb

(18) #2-10-3 Bronze with low Pb
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(19) #2-10-4 Bronze with low Pb

(20) #1-4-2 Bronze with Pb

(21) #1-5-4 Bronze with Pb

(23) #2-5-17 Bronze with Pb

(24) #2-5-19 Bronze with Pb
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(25) #2-6-3 Bronze with Pb

(26) #2-6-4 Bronze with Pb

(27) #2-6-5 Bronze with Pb

(28) #2-6-10 Bronze with Pb

(29) #2-6-19 Bronze with Pb

(30) #2-6-20 Bronze with Pb
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(31) #2-7-5 Bronze with Pb

(32) #2-7-10 Bronze with Pb

(33) #2-7-12 Bronze with Pb

(34-a) #2-9-11A Bronze with Pb
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(35) #3-1-5 Bronze with Pb

(37) #3-8-7 Bronze with Pb

1 mm

(38) 3-9-2 Bronze with Pb

1mm
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(39) #3-10-2 Bronze with Pb

(40) #3-10-5 Bronze with Pb

(41) #1-2-15 Bronze with Pb+As
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(43) #1-4-7 Bronze with Pb+As

(44) #1-5-1 Bronze with Pb+As

(49) #1-6-3 Bronze with Pb+As
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(50) #1-6-8 Bronze with Pb+As

=

(51) #2-1-2 Bronze with Pb+As

(52) #2-1-3 Bronze with Pb+As

(53) #2-1-7 Bronze with Pb+As

(54) #2-3-1 Bronze with Pb+As

(55) #2-3-4 Bronze with Pb+As

(56) #2-3-5 Bronze with Pb+As
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(57) #2-3-8 Bronze with Pb+As

Tmm

(63) #2-3-17 Bronze with Pb+As
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(64) #2-3-18 Bronze with Pb+As

B O SRR P
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(70) #2-4-7 Bronze with Pb+As

(71) #2-4-9 Bronze with Pb+As

(72) #2-4-10 Bronze with Pb+As

1 mm

(73) #2-4-11 Bronze with Pb+As
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(76) #2-4-14 Bronze with Pb+As

S O AR 10 TS

(79) #2-5-9 Bronze with Pb+As

1mm

(80) #2-5-13 Bronze with Pb+As

(81) #2-5-15 Bronze with Pb+As

(82) #2-6-9 Bronze with Pb+As
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(83) #2-6-16 Bronze with Pb+As

(85) #2-6-18 Bronze with Pb+As

(86) #2-7-1 Bronze with Pb+As

1 mm
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(89) #2-7-15 Bronze with Pb+As

B O SRR P

(90) #2-7-18 Bronze with Pb+As

(92) #2-8-5 Bronze with Pb+As

(93) #2-8-6 Bronze with Pb+As
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(94) #2-8-9 Bronze with Pb+As

(96) #2-9-1 Bronze with Pb+As
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(99) #2-9-12 Bronze with Pb+As

(100) #2-9-13 Bronze with Pb+As

(101) #2-10-6 Bronze with Pb+As

(102) #3-1-1 Bronze with Pb+As (103) #3-1-2 Bronze with Pb+As
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(104) #3-1-6 Bronze with Pb+As (106) #3-2-2 Bronze with Pb+As

Tmm

(105) #3-1-7 Bronze with Pb+As

——
1mm

(107) #3-2-5 Bronze with Pb+As

(108-a) #3-3-3a Bronze with Pb+As
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(108-b) #3-3-3b Bronze with Pb+As

(109) #3-3-7 Bronze with Pb+As

(110) #3-3-9 Bronze with Pb+As

(111) #3-4-8 Bronze with Pb+As
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(112) #3-5-1 Bronze with Pb+As

(113) #3-6-1 Bronze with Pb+As

(114) #3-6-3 Bronze with Pb+As

(115) #3-6-4 Bronze with Pb+As
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(116) #3-6-6 Bronze with Pb+As

(117) #3-7-1 Bronze with Pb+As

(118) #3-7-2 Bronze with Pb+As

(119) #3-7-3 Bronze with Pb+As
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(121) #3-7-7 Bronze with Pb+As

(122) #3-7-8 Bronze with Pb+As

(124) #3-8-13 Bronze with Pb+As
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(125) #3-8-14 Bronze with Pb+As

(126) #3-9-6 Bronze with Pb+As

(127) #3-9-17 Bronze with Pb+As

(129) #3-10-1 Bronze with Pb+As
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*Oxidation seriously:

(130) #2-1-6 Bronze with Pb+As (oxidized)

(132-a) #3-10-13A Bronze with Pb+As+Sb (oxidized) (132-b) #3-10-13B Bronze with Pb+As+Sb (oxidized)

1mm
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Appendix-2 : A& Fr Wi 35K 4 15
%i‘liﬂﬁ??‘fiﬁﬁiﬂ”, 43;: 2~4 a:i%fz)o @{%LP@Z b_—)l/lij_"\"’c 10 um "6%60

(1) #3-8-2 Copper

(2) #3-8-4 Copper

(3) #3-9-20 Copper (6) #3-8-10 Copper with Pb+As
@ 1y

Round shaped (slightly dark) Copper-oxides are Lead (Pb), bright parts, are observed
distributed as patches in the matrix Cu-metal. interstitially among metallic grain boundaries.
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(7-a) #3-10-9-1 Copper with Pb+Sb+As (10) #2-4-15 Bronze W|th Pb+As+Sb
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(14) #3-8-11 Bronze with Pb+Sh (18) #2-10-3 Bronze with low Pb (dendrites)

(15) #1-3-6 Bronze with low Pb (dendrites) (19) #2-10-4 Bronze with low Pb (dendrites)

(16) #1-3-7 Bronze with low Pb (dendrites)

¢
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(26) #2-6-4 Bronze with Pb (dendrites)

1 e
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(30) #2-6-20 Bronze with Pb

(34) #2-9-11 Bronze with Pb
@ O 0 B

(31) #2-7-5 Bronze with Pb (dendrites)
: — %
. ol N

(36) #3-7-9 Bronze with Pb

doE ¥ 4
| ~ 3 v
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(42) #1-4-4 Bron

Wi o

ze with Pb+As

(41) #1-2-15 Bronze with Pb+As

IS

¢ o ™3
3 Rty
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(46) #1-5-6 Bronze with Pb+As (50) #1-6-8 Bronze with Pb+As

N, S eRd 4
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(58) #2-3-9 Bronze with Pb+As

T v

(59) #2-3-11 Bronze with Pb+As

ey
P

(61) #2-3-14 Bronze with Pb+As
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(62) #2-3-16 Bronze with Pb+As (66) #2-4-1 Bronze with Pb+As

HE : 5 . e 7&" L7

(67) #2-4-3 Bronze with Pb+As

LA

(64) #2-3-18 Bronze with Pb+As

¢ v 7 .- SdP W
‘:"\- "0"‘.
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(70) #2-4-7 Bronze with Pb+As

el
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(78) #2-5-7 Bronze with Pb+As (82) #2-6-9 Bronze with Pb+As




HHESCALHEFERTACRE 28 177 Wi

(86) #2-7-1 Bronze with Pb+As (90) #2-7-18 Bronze with Pb+As
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(98) #2-9-8 Bronze with Pb+As

]
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(102) #3-1-1 Bronze with Pb+As (106) #3-2-2 Bronze with Pb+As

&
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(110) #3-3-9 Bronze with Pb+As (114) #3-6-3 Bronze with Pb+As
T S e K —
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(118) #3-7-2 Bronze with Pb+As (122) #3-7-8 Bronze with Pb+As

(121) #3-7-7 Bronze with Pb+As

.%j
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(126) #3-9-6 Bronze with Pb+As

< - E] 2 B 3 . . N
- A§'~: e Oxidation seriously:

(130) #2-1-6 Bronze with Pb+As (oxidized)

(129) #3-10-1 Bronze with Pb+As

»
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