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Fig.1 Bronze machetes (IM50:6-1, IM50:6-1) (a); Bronze buckle (IM98:1-1) and arroy (IM98:1-2) (b)
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Fig.2 The metallographic structures of the bronzes from Dadianshan Cemetery, Changning
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£1 ETXALENPIBEBERERRMERE

Table1 The alloy compositions of the bronzes from Dadianshan Cemetery, Changning

wYa BERS %
LREHRS SHAR
B Cu | Sn (. Pb| O | As

ey .
BS65021 BN o BB ERAKREMEMEAL, HPPHHKE ord 3t s [ 160 20 [ 09 | —

M1 : 2 bk, SEATARMAR; SBRRRRSHERRL (EH2 (a)

e N _
bseeoyy | FH, (URAOR, Ko B EREAGS, wosvias | |1 | ]

IM118 : 4 USRI T TR ES (B2 (b))

R
noesoys | N o EUBMBBBAR, HARMATHAR e sthHE w| | 1| ]

M — s ESETL (B2 ()

M98 : 6
B;ffi RS O e e e Ly R S B A B
et |, xmammRe (82 (1) 7|48 0107 1.

BREES, 3HEFFRBNESEYEL 14%, HEEEE, fFAhTHEMREL
RE, BEEREUD, BIEF 4% K, ERXVRRKNSSER, BA5REE
BEHAJHETRET 2%, HEeRILAHERELK, MRASKE SR IHEE
W ELZHE, XILGERSFEFESRBARAMININR, 488U EHEL
ZHEHIERRER BE T M L B BT A SR E A B —, BRIEE o 70
B T ARE LB MR E RS LZRERMVRILE, A REIImK R
A A SRERR B RET REA R —RIE

WET] (M1:2) BUEETIE, HEASHALRE, EEGESEERHEK, o
MR, HEETSMSNES, RTRLd TR ALHE, BREEXPHERE
otd Wik, AGMNUE, WABEREMPGBKLEWBRES, K oM
EaeEm, HFREA L ars K
(20 3 Fikab ). AL YIEFERT]
HMEABGFHEEMEN, HE e
DARFHF B E, BRHEMSERT
M, BARBARTDIBGEREM, BEHATX
a8 B A AsE e, EHMRaEM

O SR N %S#’j 2 . i R E il
TM3030_7980 2017/01/11 HC D7.1 200 soopm 2,2

3 B (M1:2) WAL TR B < o) Ly 28 )+ B SRS R

Fig.3 The backscattered electron image of the
bronze machete (M1 : 2) % 2,
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Table 2 The corrosion products of the bronzes from Dadianshan Cemetery, Changning

TRERS Bt5 HYER FERM=Y WEB™Y
BS65001 M99 : 1 HET] Sn0, Cu;(OH),(CO;),. PbCO,
BS65002 IM118 : 2 HET] Sn0, Cu,(OH),(COs),
BS65003 IM118 : 4 WA PbCO;. SnO, Cu,0. Cuy(OH),(CO;),
BS65004 IM179: 6 g $n0,

BS65005 xzz i; S / SR Sno, Cuy(OH),(CO,),
BS65006 M98 : 7 HHH% PbCO,. SnO, Cu,(OH),CO,
BS65007 M98 : 6 Fl SnO, Cuy(OH),(COy),
BS65008 IM95 : 1 el Sno, Cu,(OH),(CO;),
BS65009 x:g 2:; HET] Sno, Cu;(OH),(CO,),
BS65010 Ml:2 T SnQ, Cu;(OH),(CO;),. CuCl
BS65011 M99 : 5 wr Sn0, Cu,(OH),(CO3),
BS65012 M177: 1 R Sno, Cu,(OH),(CO,),
BS65013 MI0: 6 wE SnO, Cu,(OH),CO,
BS65014 Ml:9 e SnO, Cu,(OH),CO;. Cuy(OH),(CO,),
BS65015 Mi:6 §F Sn0, Cu,(OH),CO,
BS65016 M3:3 HFE SnO, Cu,(OH),CO,
Cu,0. Cuy(OH),CO;.
BS65017 % :47 % ZCug(OI-;;(C())zg)z ’
BS65018 M57 : 7 i Cu,(OH),CO,
BS65019 M2:9 ok Sn0, Cu,(OH),CO,

BT RS LMELEFRSFOER=YEIESHG (Cassiterite, Sn0, ), fL#&
£ [ Malachite, Cu,(OH),CO; ], ¥58#" [ Azurite, Cu,(OH),(COs), . ZR4d#" ( Cuprite,
Cu,0). B (Cerussite, PbCO; ). WS, H—HRMBHR=YHEESEALE
W, IR REAAES. RIS 5HREN, KeFW=WHLSaRE,

DISHZET] (IM99 : 1) Rfl, HuH7ERS Tl REENSEm™Y, W E
HErBRRYE., 46 EDS WAER, =Y+ o5 Sn B HH 30.0%
554.8%, ALFATEM 85%, RiK Sn0,, X5 XRD & REWE, X
HEFSFYHEETE (B4),

T (IM99 : 1) MEBHBERAT, TUEIMAERNER™ Y, X
B 1 BN TR, X, 2 MR AR B, B
WEEEH EFE—ENER, HHEDS MERERSE, MEHFEEHBHXF,
BIRGAENERNER™Y), WMETRER TRENBMARERESRNER (B 5.

£3)
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B4 HET] (M99 : 1) Fr=~WEHARA
Fig.4 The metallographic structures of the corrosion products of the bronze machete (IM99 : 1)

200 ptm

2017/03/24 HL D89 x500

TM3030 8835

Bs #WZT7] (IM99: 1) Shlir-¥iesa T4

Fig.5 The backscattered electron image of the corrosion products of the bronze machete (IM99 : 1)

#®3 LT M99 : 1) FHAPUERI R (B wi%)

Table 3 The compositions of corrosion products of the bronze machete (IM99 : 1)

X4 0 Cu Sn Pb Al Si P Cl
1 29.7 33 54.7 5.3 4.0 2.2 0.6 0.2
2 304 28 54.8 5.0 3.7 23 0.9 0.1

WoFRSNEMERS (NRAFRERM) TALRHBRE T AR MER L
ot MRS, ERINIERNLSWAGEM> Y, I o HELHHEM, CHERK o
HERFHITEEIRMERAES. ATLETRELETHIERRU o AL
AR IRAERE (B 6),

23 TESHER
HET] (IM99 : 1) HIERENLE L, Z20FEH pH K 547, BFSENOTE
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A Dot A 7
TM3030_8904 2017/03/28 D7.6 %500 200 nm TM3030_9101 2017/04/06 HL D95 =300 300 um
(a) (b)
e HFHE (M3:3)(a) FEHEEL (M1 :9)(b) H=HHRIEMN o+s LbTE
Fig.6 The a+3 eutectoids remained on the bronze bracelet (M3 : 3) (a); Bronze axe (M1 : 9) (b)
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FLBRER, HASAERBONEN, A TR MERRE . £ ETEEH
Bt A TS NE (B 7), RIELEPFE—EENIE, XUFEEL
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At FEHES (M2:9) WSS, WEHRPERE—ERBNALE0 588,
BRAEKRNISA, THEe (M2:9) ZRERBHERTYT, SLEETENSGM

#4 WET) M99 - 1) IMERABEEETIER (B060: mgke)

Table4 The compositions of soluble ions in the soil sample of the bronze machete (IM99 : 1)

BT ar SO NO; HCO, Na' NH" K Mg Ca™*

SR 24.99 40.46 30.27 192.97 13.77 44.97 15.54 432 17.11

:l:M3030_9062 2017/04/05 HL D7.1 =40 2mm
(a)>40 (b)x100

¥M3030v9067 2017/04/05 HL D7.2 %100 Imm

7 RETI (M99 : 1) FE L EEBEHR TR

Fig.7 The backscattered electron image of the soil sample of the bronze machete (IM99 : 1)
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Fig.8 The X-ray diffusion spectrogram of the soil sample and corrosion product of the bronze sword (M2 : 9)
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WikE R R, FEEENTEREME, FEUGRE Y. MESRERNTHNE
B4l (IM98 : 6), NIRTEER THBMELER T —2 SnO, B &L HER, ek
BARRBELRE,

HHEENEMBS=ERRNEW, EASAEFTFRFPURRENFE, 468
BRENTHS, Bl EEN BEE, BESEEM,

32 BHMETIBNE

ATHRETRALUETHEFRSTETHIBAE, EEEARTRNSE LR
AR S55MUSG AT T] (M1 : 2) BE&ESH (B 9),

B X A R A R Sk X 1T EDS T INE R KN, NEBEEIIBINES
th, FXRNERANEL, STRTEANIE, WHTREELAEETK 5.1
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—'I:M3030_4413 2018/05/07 HL D98 ><180 500mm

B9 #HE71 (Ml:2) £BEKRGHESHMSIER
Fig.9 The analysis areas of the alloy and corrosion products of the bronze machete (M1 : 2)

#5 HE7) M1:2) BEFERAEFMEE/MRSE (BB7: wi%)
Table5 The compositions of different areas of alloy and corrosion products of the bronze machete (M1 : 2)

g Cu Sn Pb o)

81.1 16.0 2.0 0.9

27.2 475 1.3 24.0

17.5 54.9 2.6 25.0

14.9 56.0 3.0 26.1

[V T - R VU B

103 60.7 3.6 254

LR L BB AL EN, fINEERES THMEA, FEaMBRAMETHRS
B AL LB, TSRS ERREEBMYEE, AERATENETSE
FHAENEFIEBRIFHEARE D, TERFEETHERMBATELETH. 5.
HNBAREBRSEREE, HREOAESS TR ELSEREEBMEIIT S >85>
B0 xRS ISR E R, MRS ET S s
BERETHAITELI, EEM™YP, B, SFRE AR K, KEHKN Cu X T Sn.
Pb iRt %

BB LR EHE RIS TSR FEERY . fNEM~2ESRRUE AR,
&AM R SR KR/ NERCR . RGN (BIEREE) WEMNESOE (Hif
®5) Z2E, BHRSHENEEPE H, X—HEMXRBN—E&KFTRBT
HREBRE IR, BRANUEBREFSREE, FEEFMAFramgat (B 10),

3.3 EA&THEHAE
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Fig.10 The backscattered electron image of the

simulated sample after high ion concentrations JLEESR, H HWHEFRFAEERE T KE
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Fig.11 The pourbaix diagrams of Cu-Sn-CI -H,O system (pCI=3.0)
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B 2 Hb IR A R

MRS FEHE, YRGEREKRZEBMRNZE, RBAFNERBAL, 4
SEE A Sn (I), TiSn () KIBR—ANBEEN, S PR Sn (V)
25°CE} SnOH, B9 Ksp K 1 x 107, R+ 38/ pH=6 (#:iL B 7 K f 1L LFr £ 3 pH )
mt, Sn* MR 10 mol/L, H Ik Sn(lV) EBEE R, £ LU SnO, K RZEFEIUL
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4 25
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The Research on the Manufacturing Technology and
Corrosion Causes of the Bronzes Excavated from
Dadianshan Cemetery, Changning

Hu Yijie', Wang Lirui’, Yang Fan’, Shi Xiaoxue’, Chen Jianli', Hu Dongbo’
(1. School of Archaeology and Museology, Peking University, Beijing 100871; 2. Baoshan
Museum, Baoshan 678000; 3. Yunnan Institute of Cultural Relics and Archaeology,
Kunming 650118 )

Abstract: Dadianshan Cemetery, Changning, Baoshan, Yunnan Province is a site of Ailao
Culture from the Warring-States Period to the Western Han Dynasty, which is meaningful
to do the research of the Ailao Culture. Some of the bronzes excavated from Dadianshan
Cemetery have the phenomenon of general corrosion and mineralization, which is different
from Northern China. 21 bronzes are analyzed to research the manufacturing technology and
corrosion causes by using multiple methods. The results show that the bronzes have different
alloys component and the major corrosion products of the bronzes are cassiterite, with a small
number of malachite, azurite, and cerussite, while the chlorine corrosion are rare. The selective
corrosion is the major mechanism of these bronzes. The red soil of the Dadianshan Cemetery
belongs to the acidic category. In acidic burial environment, the corrosion rate of bronze will
be accelerated. Copper can exist in the form of ions, which can migrate from the alloy, while
tin in this environment generates cassiterite that deposit in situ. Compared with the northern
China, the high temperature and precipitation in the southern region are conducive to the loss
of copper and lead ions, making the corrosion products mainly become cassiterite.

Keywords: Changning Dadianshan cemetery; Bronze; Cassiterite; Selective corrosion



