] The Advances in the Study of Tin-rich Patina on the Surface of
‘ Ancient Bronzes
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Abstract: This paper gives an overview of the study of tin-rich patina on the surface of the ancient
bronzes. It has been summarized from the aspects of surface morphology, material characteristics,
chemical composition, corrosion resistance, formation mechanism as well as chromogenic mechanism.
According the previous study, the patina mainly contains Sn, a few of Cu and minor amount of Pb, Fe, Si
and Al The primary phase of the patina is nano-sized tin oxide (SnO,), with possibly atomic doping. This
patina is more likely to be a natural product rather than man-made corrosion, which can be explained by
selective dissolution mechanism. The limitation of the previous research has been pointed out and the
problems need to be further explored have been underlined.
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Fig. 2 Corrosion structure of bronze artifacts with four groups of structural deviations

5-300um), fEH “BE” HBmERESA=E, BHXE, BHENEREME, EAEREHR
RIS RIEE TRAR,

M FRRRE S 5RO E IR R AR

Filas KN =B E R PERE, BAEIFFIFOMBME, SeREEREAERITIER,
—EE O H B T AR 8 T

1. R R o g

W. T. Chase f1U. M. Franklin 2 xrhE4a8RE R H 4RI (VHN) A
BRI, KU FREEEE (EHREEE 373), BERY (353), &4RK (34, 54
Sn25% KIS SHEVIE) « BEEE AR R, MBS EENEELIRE 25% 55
FEELE (8.92 kg/m?®) FHIK—LE,

2. it ki

R. J. Gettens B %7 RN -REHER (& Sn &4 25% Ze45) BEAT 176 1o
MR, fEMRF BT EERSRESL S, RINEE RN, W ERT, BT TABENE
EFRE IR E ISR, RS RE VG B I N 7K 5y, Bt B AEE,

W. T. Chase f1U. M. Franklin " FHid S (b8, =R B TS
Villela’” s etch (SmIHCl+1g ¥ BkER /100ml CEF) SRR SR, LBArE
BRI B AN B R B S G, XIS & &E—E M, EFFE A

A — BB R & 2 AR BRI TR SnO, R, M EmHE kR, 1A SnoO, #
T ELA R e AT G e B

— AN HX S SnO, BERICHE FREMTHARA, EREREBEH WL, R T
Gettens P ghiRHIE— e m B H fdr b, KT IXEEUILHE SnO, # bk 4% IR 85 T AL,
REFMEN SEFR. Z—MELE, tERERESTGESE, K, BRI,

SFEES

& 061 Hk

EHERS | Ol |




SFEES

LR SENEEF

RN, RotimRmIng, ERUEi, TetE, BHMFRREE SnO,, FEAE ) difkh
RIS HERR NN LB MERK, REWER, HHE, BT,

3.t g LB
ST SHHEENTRIIE, SHEFNGRBEANFHRT S0, #ifliE, ik
AR SEPELBR T 485 3 S5 M RIR SRR RO R RS b= O B 2, R T AL 2 Ry
R, R A AR IS,
DR R i T4 g ST 7 H o 40 4 TS e BB 7 TR, SRHbi 2
th, ® FISIA e Sn, Cu O, AR LA EA R B M, R K TR E
HUETHORER, (XIS © MRt R, TS N R B TS A 9,

T FREHRESHEENERFGZRIUE KT

135

EIN S0 A KT HBGE, “THr7 HKsRieauik, rEde S ey
MBHAR A BAR, BERERESANERRK, EERER AR SEREK RS T
b, SRR KRBT, ALITRERA CTE. MBS P s, B LB BRRRE L T
TREWAL, #F, 228 I, [LA%m A #X, XEXEREN, HEZERE, +
gk sy, AN HIEREA ST AR, TIEREER S B, KSR
T ER S5 RIRTERTREE T2, JEEUE © FERR, R, R AL SEHb 25 2R IE
LT H TSRS E R, B R AR R, AR E s, @i
AL R F R 2. (FEINAR GRS SEER, DRSS LM TR
AN, AMRFEERAAE R R M TR BN, Koy RS SIIE R TR
FIER, BRTHEFHREAINER, (RS TR SR ZIHIX 0, #dt, H
FE ARG (pH.7.6) AT (pH:6.3), FRHI pH A, EEMTEE TR REN
ST E A B EEAER, L. Robbiola 1 W5 T HEE I — 48 S gt ik Fort—
Harrouard, Eure—et—Loir tH+H0&E ey, TIEEREE pH 24 6.5-8.5, Hizstlm 118 0iE
BRI T, IRE AN MABiRR,. Ak, &k M @85S, i
AR, ISR ONT Ippm), HFHAR (520kQ), EERABMHHEES
JEEThEREE, MbiEHH 3% pH (4 4.5-9, S BJRHEAr Eh 2% —0.3-0.5V fUIREE T QR E &
EFIRIERT), BAEREBRERSEM™Y), EEEATHE, FNSEAEEIEL
WERIPECEY), XMEA SHEENE e (BB IR IR TR, h SRR+
HIAEE, EERKRSELN, M. Modlinger 55 © feHHaniR - rh g A K & BRAIRHIE,
BINENYE B SIER., MR ERESEEERY, BiERaIFEHE, O. Oudbashi © Ay
BRI PEER ks st ik Sangtarashan i+ FUE S22l TR T IER O ZZARI AR .

2. 585
INH=. JAEE Y FINA S HEARIRAE ey RE LA SnO, #iftifr =, FE
I T, ERHX R 81 MURAU R LUBHISRT A, 90% DL AAEB i,

S8IPNIS UOIBAISSUOD) D1IIUBIOS



VNIHO

40 WNISNW TYNOILYN

40 TvNHNOr

XERTRERUE, #HEA6SPHEEEERINT. L. Robbiola ®AAE—ERIIN
b, FHRPERRE RS (a=1-f_ ) %4 0.06 (£0.04), EAR—PEH, MS5HEGEE
HIE S 8%, 0. Oudbashi CHIRFFREEIR S5 L. RobbiolaJ8{Ll, feHHRAVAMET (1.,)
MEePlESERE (X, ) ZREEHTEHXR,

B ERAARRS SR E RS LR TEHPE. Taube % ©7 R0 75 LR
SE FHAR AL FE PR A S & B SE AR SRR TE, 43512 10wt%Sn AYBRARRE LT 25wt%Sn fY
PR, EBIEHLAE B T4 & 2 SnO, &, 1. Constantinides © FEL/L 1) 5 AR
&8 Twt% ) Cu—Sn—Pb =J0& &FES: FARIA BT T BN 1T BRI AR I, S5H+ 59
EBERA R AR,

3. BEHOLR s g

FREBAE LI BRI TR S S S ENTE R A R RE, L5 FI R R
R B S S BRI, SRR AL,

MRERS O fEE BRI RS RSRTEE TR, BTSSR
FILFE, BHASRAERTURERUTRR T HERENSGR. NS U R R
VR IR SR IR AR BE A HIB I a2, $R A iR IR E R IR R RSy (CuT0wt%,
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S8IPNIS UOIBAISSUOD) D1IIUBIOS



VNIHO

40 WNISNW TYNOILYN

40 TvNHNOr

BEENIL EOWTTHRT S5 SBENERISHE, L. Robbiola . P. Piccard ¥\
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