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R4 RFRBOSEHEK (Wt%)
Na. Sn Pb Fe Al Zn As Si Ag
1 8.64 | 17.5 | 0.10 | <0.01| 0.01 | 0.28 | <0.05| 0.09
2 12.9 | 16.4 | 0.01 | <0.01|<0.01| 0.52 | <0.05| 0.16
3 9.03 | 11.4 | 0.10 | <0.01 | <0.01| 0.31 | <0.05} 0.09

0.29 0.04
~3.50 | ~0.26

4 7.36 11.6 | 0.12 | <0.01 <0.05| 0.05
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R  HEXBATOKEE (Wwt%)
R ® B ¥ Fr
LR | 1 2 3 4 5 6 7 8 9 10 11 13 14
Al 0.3 0.2 1.0 0.7 0.3] 0.3 0.6 0.6 0.7 4.1
P 1.4 0.9 3.3 0.6 1.5) 1.1 0.9 0.7 06| 0.8] 1.3] 2.5
S 0.2y 0.7y 1.3 0.6 2.9| 1.3 2.2| 2.9| 5.8| 6.7| 2.8| 0.6
Cl 1.8 5.1 6.2 10.6 3.1 9.9( 2.0 6.3 4.0 2.0
K 1.9
Ca 0.2 1.6 1.6| 05(10.9| 1.7 0.9} 1.4} 2.5} 0.6| 3.3|12.0
Mn 0.5
Fe 2.9, 08| 3.0 2.4 1.9 3.9 1.1| 0.6 1.3| 1.6| 1.7| 6.5]17.5
Ni 3.3
Cu |18.6(76.8|42.7|18.3159.9(21.941.6{51.4169.3|65.6[60.6|23.4| 7.3
Zn 0.1 8.8 0.2
As 1.1
Sn 24.9 | 0.5 1.116.3(10.3| 1.8 1.7 12.0| 3.4
Au 7.8
Ag 1.0
Ph |48.7| 2.7129.8166.5|22.0(44.1{38.8(23.5117.6]23.0|25.6|48.2|48.5
K W B B
gH#E | 15 16 17 18 19 20 22 23 24 25 26 27 28
Al 0.3 0.3 0.4 1.5 1.1 1.7| 0.8 1.0 0 1.2
P 0.2 0.5] 0.2 2.1 2.0 2.2y 0.4} 0.7 0.1
S 1.6 1.6 0.3] 1.0 1.4 1.0 1.9 2.6| 1.3 1.2| 0.4] 0.5
Cl 12.1112.1/16.3|26.6 12.9| 6.2 7.5| 6.9 1.5
K 0.5
Ca 0.4/ 05| 1.1 3.7| 3.4| 1.0 1.1| 1.4| 2.9 2.1{10.0( 1.9
Mn
Fe 0.7 1.3| 1.0} 2.1| 1.8 2.2{ 2.5| 0.6]| 1.5 3.5 0.7
Ni
Cu |61.4|51.2|77.4(57.7|54.0]55.7{27.4/83.1|63.4 1.4|64.3|12.6
Zn
As
Sn 1.91 3.1 3.9 1.0 0.9
Au
Ag
Pb 14.5 | 29.5 9.9137.31205|58.0| 5.5[22.5|95.8|95.2|17.584.3
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TF | 29 30 31 32 33 34 35 36 37 38 39 40 41
Al 1.1] 1.1 0.5 0.5] 0.3 0.2| 5.8/ 2.2 0.1} 2.6 1.0 4.6
P 0.2 25| 49| 2.2 15| 1.0 0.7 0.5] 2.1 0.2} 1.7} 0.7, 0.5
S 2.5 0.7 0.4 0.2 0.2 3.1 0.7] 0.2 2.6 0.7 2.5] 0.7
Cl 4.3 2.4 1.4 4.0| 0.9 0.9 3.2 3.0 2.6| 0.7
K 0.2 3.2 1.4 0.6 2.3
Ca 6.1 4.5 5.7 0.8] 3.3 3.8 6.1 3.1| 1.3} 6.1
Mn 0.4 0.3
Fe 2.6 4.8 1.9 2.2 1.1| 0.7,20.7| 9.9] 0.6| 89| 5.2|17.8
Ni
Cu |72.9/13.5|30.9(10.2| 8.3118.9|50.0|32.2123.143.3[26.0|56.1]40.1
Zn 0.2 0.2
As 1.6 1.1 1.9
Sn 0.5 18.3 | 34.7 11.6 | 3.9¢ 1.7(22.5] 2.9 1.9 5.5
Au
Ag 0.4
Pb 13.8|68.6|64.2(58.5|49.6(73.8(28.4{31.5|52.4|22.1;51.1|28.1]|21.4
RERE 7 S G I
LF | 42 43 44 45 46 50 51 52 b3 54 56 58 59
Al 2.0 1.1 4.3 0.9 3.0 0.5} 3.2 0.5 2.4} 0.2 0.4] 0.1
P 0.2 0.4 0.3 0.6 1.3| 0.4| 0.4 0.7 0.27 0.1] 0.2
S 1.4 1.1} 3.8 0.4 7.61 14| 26| 1.3| 3.6 1.5 0.6 1.8| 0.6
Cl 0.6 1.51 3.2 1.0 2.8 3.3| 25| 2.0 3.1|11.5]15.9| 2.1
K 0.5 8 1.8 1.9 1.3
Ca 3.8 2.8 3.9 3.8 4.6 4.4 0.8 5.5
Mn 3.8
Fe 3.7 7.5 0.6} 7.2 5.9 1.6|10.6| 1.6 8.1| 0.3| 0.7] 1.0
Ni 31.6
Cu |50.6/52.3(32.6|33.5/10.0(15.2|60.2|45.1|55.8|46.5|61.5|59.0]31.5
Zn 0.5 0.5 0.2
As 0.8 1.8 0.7
Sn |20.6{10.4]13.3| 9.1 88| 2.8 7.8} 5.6|14.5| 1.6|17.2
Au
Ag .5
Pb 15.6|22.846.3|12.4|77.1|15.2(22.5|27.8|22.026.4|11.2|19.8 | 40.7
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71 XBEIFOHEE
PREGH R &) I EL NS ELEEE fEREME
1 Pale Green Cu,O CaCQ;, Sn0, CuBr, AIPO,, SnO
PbO.,, PbAs,0;
ALSiSiO;
2 Dark Brown Cu,0 Cu,CL,(0OH) 1,°H,0 Zn,Sn0,, CussSn
(Atacamiite) CuZn, Cu,ZnSiS,
| CuO CuCl;+3Cu(OH),
3 Pale Green Cu,0, Cu, (OH) SO, Phbs (PO,):Cl, SnO, PbSQO,, SnO, CuCl
CU4SO4 (OH) 6 CllCOa
4 B].ack. Pbs (PO4) 3C1 CU2SO4 Cuzo, CU4.SO4 (OH) 8
(BrochAntite)
Cuclz * 3Cu (OH) 2
Cu, (OH),Cl
“(Paratacamite)
ALSISIO;
5 Dark Green Cu.0, Cu, (OH),Cl CuCO;-CU(OH), CuS0,-H,0
Cu, (OH) SO, (Malachite) FeCO,
{Brochantite) Pb;(PO,};0H SnCl,, Cuy.g6S, Cuz2S,
Ph, (PO,);Cl
6 Pale Green Pb; (PO,) sC1 Cu, SO, (OH), Cuw.0, Fe,0s, Sn, SnO
{Brochantite) Sn.0y4
PbhSO,, CaSO,
7 Pa].e Gl’een Cﬂ4SO4 (OH) 6 Pb5 (PO4) 3C] CUCI, PbFezo4
CU.4 (OH) 6504 CUZC]. (OH} 2 CaCOs
(Brochantite)
8 Yellow Cu, SO, (OH) Cu,O CuCl, PbFe,0,
(Surface) Cu, (OH) (S0, CuCO;-Cu(OH), CaCQO,
Blue Cu,Cl, (OH) ,-H,0 (Malachite)
(Inside) Ph (PO,);Cl, Au
9 Pale Green Cu, SO, (OH) Cu.Cl Cu,0, Fe,0,, Fe,0,
CU4 (OH) ﬁSOq_ FeSO., Pb3CuClz
(Brochantite)}
Ph, (PO,)4Cl
10 White Cu,0, Cu, SO, (OH) 4 PbSO, CaS0;, FeSiO;,
Cu;, (OH) 6804 Cl:l?CE., (()H) 10" HzO CaSIOs
{Brochantite) (Atacamite)
11 Dark Green Cu, SO, (OH), Cu,0 Cu,Cl, (OH)  H,O
12 Cu, (OH) S0, (Atacamite)
{Brochantite) Cu,CO;-Cu{OH}),
Ph, (PO,);Cl (Malachite)
Pb (PO:;) z* H20| C3C03
13 Yellowish Green | Su,S0,(OH), Cu,0 Cu,CO;+Cu(OH),
Cu, (OH) SO; Cu,Cl, {OH) o H,0 {Malachite)
{Brochantite) (Atacamite) Cu,Cl, FeS0,, CaCO,
Ph, (PO,).Cl SnO
14 W].’lite Pbs (POd.) 3OH, SiOz, A]POm Cuzo
Fe(OH),, CaAl, O, FeQOH, CuCl,, Fe;Si0,

Cuszs (SO4) 3003 (OH) B
AlLSiO




12

H - HR

R (hid, za1)

RIFHE No.35

FRHUE Fr &, fEREMER EE Y & RE 1)
15 Green Cu,C1(OH), CuPb, (PO,) (SO,) (OH) | Pb,(PO,),, Fe,0,
{Atacamite) Cu,ClL; (OH) ,,-H,0 Cu,SO, (OH) ;- H,O
Cu,0, PbSO, (Atacamite) (Posnjakite)
Cu,S0,(0H),
(Brochantite}
16 Pale Green Cu, 0, PbSO, Cu,C1(OH), CuCl, Cu,S, FeOOH
(Atacamite) Sn,0,, Si0O,
Cu,C1,{OH),,-H.,0O 2PbCO,-Pb{OH},-H.O
{Atacamite)
17 Dark Green Cu,0 CuSO, (OH), CuCl,, CaCO,-H,O
Cu,Cl, (OH) ,,*H,O (Brochantite) Sn; 04
(Atacamite) CuCO;+-Cu(OH),
(Malachite)
(CuZn), (CO,) (OH),
18 Yellowish Green | Cu,Cl,{OH),,*H,0 Cu,0, PhCO, CuS0,-H,0O
(Atacamite) FeSO,-5H,0, Al,Q,
CuZCI (OH) 2 Ca8103
{Paratecamite)
19 Pale Green Cu,0 CuSO, (OH), Phs (PO,) ;,0H, CaCO,
Cu, (OH) ¢SO, AlSiO;
(Brochantite)
Pbs (PO,) 5Cl1
PbFe,0,
20 Yellowish Green | Cu,0, Pbs (PQ,),Cl Pb;{PO,) ;OH PhSO,, Ph, CaCO,
CU2C1 (OH) 3 Pb (FECUAI) 3 (504) 2 CLI?CL; (OH) 10" H20
(Atacamite) {OH), (Atacamite)
Cu,Phs (50,):C0O, (CH) ¢
21 Dark Brown Cu,0O Cu, (OH),Cl PbFe,0,, CaSi0,, Sn
Pb, (PO,},Cl (Paratacamite)
Cu,Cl,(OH},-H,0
{Atacamite)
Cu,S0O,(0OH);
Cu, (OH) S0,
(Brochantite)
22 Dark Brown Pbs (PO,);Cl Cu,0O, Ph;0,CO; PbO,, FeO, SnO
Cu, SO, (OH), Cu,CI(OH),
(Brochantite)
Pb: (PO,),0H
23 Green Cu,O PbhSO, FeS, FeOOH, CaS0,
(Surface) Cu, S0, (OH), Cu,CI,{OH) ;- H,0 PO, Pb, (PO,);Cl
Redish Brown (Brochantite)
{Inside)
24 Black Cu,O Ph; (PO,)Cl Cu0O, CuCl, PhO
Cu, (OH) (S0, Cu,CI(OH), FeQOH, SnCl,, CaCO,
(Brochantite) FeS0O,
25 White Pb,, Ph,(CO3) . (OH), | PbSO, Pb . {(CO,) s (OH) O
Pb, (SO,) CaCO,
(COs):(OH),
26 | White Pb, PbCO, PbSO, PbO, PbCICH, CaCO,

Pbe(COs)» (OH),

CuO
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27 White CHZCO3 (OH) 2 FESO4 . I'I 20, FeS CUQO, Pb3 {CO:;) 2 (OH] 2
(Malachite) SnCu (P0,),-3H,0 CazAl, (OH) ,,, SIiO,
CaCO, Cu, (OH) ¢SO,
(Brochantite)

28 White Pb, Pb3 (COg) 2 (OH) 2 PbO, Pb02 CUzO, CU403, CUBSE
FeOOH
2PbCO;-Pb(OH),

29 White Cu,S0,(OH) Cu, (50,) (OH), Si0,, CaS0,

Cu, (OH) (S0, (Antlerite) Cu, Al(SO,)CI{OH) ,,
{Brochantite) Cu,0, ALSIO; *3H,0
30 Red Black Pbs (PO, :C} PbSO, FeOOH, Cu,0, PbCO,
Pbs (PO,) ;OH Cu, (OH) ;SO,
{Brochantite)
CaCOa, Pb304, PbOg
CuCl,-2H,0
31 Red Black Cu0Q, Cu,0 Pbs (PO,) 5Cl, CuPO; Pb0O,, Si0,, CuCl
Cu (Poa) 2

32 Yellowish Green | Pbs{PO,);Cl SnQ, CuQ Cu,Cl, (OH) ,-H,0
{Atacamite)

CHCOS, A125i05

33 Green Pb. (PO, ,Cl Cu0, CuCQ,, Fe,CO,
PbSO,

34 Red Black PbO, Pb; (PO,)Cl1 Pb; (CO,); (OH) » Cu, {OH),Cl

PbCO,, Si0, (Atacamite)
Cu(l, Pb, PbO,
35 Pale Green CuQ, Ph: (PO,),Cl SnQO Cu.Cl, CaCQy, CuCl
Cu,S0,(OH),
Cu, (OH) SO,
(Brochantite)
36 Red White PbSO, AlLSiO;, PO Cu,CI1(OH) 5
Cu, (OH) S0, Sio,
(Brochantite) PbS0,, SnyOs, FeAlLO,
Ph,Cu{CO;) (SO,)
37 BI‘OWI} A]gSIOE PbSO4, CU3SO4 (OH)4 CU.'_J,CO;; (OH) 2
(POTOUS) CU4 (OH) 5504 Cu7C]4 (OH) 10° Hzo
SiOZ, CllPO3 KFe (804) 29 CaC03
38 Pa].e Green Cﬂ.;SO.; (OH) 6 Cugo, Pbs {PO4) 3C1 Cuo, PbSO4
Cu, (OH) S0, Sn. 0, Cu.C1(OH),, SnO
(Brochamtite) Ca,Pb,{OH), Sn0,
(SO,) 251014 {Amorphous?)
39 Brown Ph, (PO,);Cl Pb; (PO,),OH CuCQ,, GaFe,0,
{Porous) Sn0, 5i0,, Al,SiO; CaAlSi, 04
3CUO'SO4’2H20 CazA128i3Ow (OH) 2
{Antlerite)

40 Dark Green Pbs (PQ,)5Cl Cu,C1{OH);, Cu,0 PbALSIO,

CU4.SO4 (OH) & CuSO4 . Hgo Snucilﬁ (OH) ]405
Cu, (OH) (50,

{Brochntite)
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41 Brown CuCQ;+Cu(OH), K;ALO,(CO,) 5+ K,CuCl,, Cu, (PO,),
(Malachite} 24H,0 Ca;Si,0,
AlSiO;,, Si0, FeSi0O,
42 Green Cu,0 Si0,, Cu,y (PO,), CuCly*3[Cu(OH),]
Cu7C14 (OH) 1u’H20 CuZCO,g {OH}Z
(Atacamite) (Malachite)
Cu, SO, (OH), Cus6Sn
CLL; (OH) BSO.; KzCUCLj * 21‘120
(Brochantite)
42 Green Cu,0 CuCly+3[Cu{OH),] SnO, Cus¢Sn
Cu, (OH) (S0, Si0,
FBQO:;' 12H20
KzCuCL; '2H20
43 Gray Cu,S0, (OH), Cu,CO,(0OH), Cu,0, PbSO,
Cu, (OH) SO, {(Malachite) Cu,CI{OH),
(Brochantite) Pb; (PO,),C1 AlSiO;
44 White Cu,0, PbSO, Cu,CI{OH), Si0,, SnO, CuCl, Fe,0,
Pb,0; Cu, (OH) (SO,
45 Red Si0,, PbSO,, Cu,0 ALSIO, Cu,S,,C
Cu, (OH) 650, (CuZn),(S0,),(0OH),,
- 3H20
46 White PbS0O, Pb0O,, Cu,0, AI{OH), | Pb(OH),
Pb; (CO,) . (OH),
Ca,Culs, Pb;CO;
47 Green PbhSO, Cu;0, Cu,C1(OH), PbCI(OH}, Sn0, Sn0,
Cu,S0O,(OH); Cu, (OH),Cl CaSiQ,
Cu, (OH) S0, (Paratacamite)}
{Brochantite) Cu,;Cl, {OH) ,,-H,O
(Atacamite)
Fe(Cl,-2H,0
48 Yellow Cu,0, PbSO, Cu,CO, (OH), FeS, Cu,(OH),Cl
CU';CL; (OH) 10" HZO (Ma]achitE} Pb40 (POd) 2
{Atacamite) Phs (PO,) ,0H, Pb
49 Green oral - Cu,0, PbSO, Cu,Cl1,{OH) 1, H,O Si0,, AI(OH) 4, CaS0,
Brown (Atacamite)
(layer) Cu,CI(OH},4
(Atacamite)
Ph,Si0O;
50 Red Pb, Cu,0, PSSO, ALO,, C Fe,0,, Fe,O,
Cu;gCOg (OH)g Fecig'Hzo
(Malachite} Cu,Cl, (OH) .- H,0O
{Atacamite)
Cu, (OH) SO,
(Brochantite)
51 Black PbSO,, Cu,O Cu,CI(OH), SnCly, Sn,S,, C
Cu, (OH) (SO, (Atacamite) Cu,Cl, (OH) 1,
{Brochantite)
52 Black SiOz CU.QO-, FeSiO?,, CaA.leq
Cu, (OH) S0, CaAl,;Si,04
{(Brochantite) Pb, (PO,) ,OH
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53 Pale Green Cu,0, Cu, SO, (OH) FeS, FeCl,-H,0 Cu,Ct, (OH) .+ H,O
Cu, (OH) S0, C,PbS {Atacamite)
(Brochantite) SnZnAs, Pb
54 Black CUzO SnOZ, Si02 CUC]z, Si, caAlgSizOs
{Snrface) Cu,CI(OH}, K.,Sn0O,
Pale Green {Atacamite)
(Inside) Pb; (PO,) ,OH
56 Green Cu,Cl,(OH),,»H,0 CuCl, PbSO,, SnO Cu(QH)Cl, Pb,CO,
(Atacamite) Sn;0,, CaCuO,
CuCl,+ [Cu(OH),] Ca,Si0H,0
58 Green PbSOq CUzO, Fea (POq,} 2 CaSiO;;, Fezo;;, A].;_»O
Cu-,—CL, {OH) 10°* HZO AEzSiOs
(Atacamite)
59 Green PbSO, Cu,0, Pb, (CO;},(OH}, Cu,CO,(OH),
(Malachite)
Cu, (OH) SO,
(Brochantite)

CaCQ,, FeCO,
Fe (POe,) .*H,O
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Analysis of Corrosion Products Formed on the Great Buddha Image
of Kotokuin Temple in Kamakura

Shiro MATSUDA* and Shigeo AOKI

In natural atmosphere, copper and copper alloy have been used to make buddha
statues and ornaments of historic buildings since the above mentioned metals have cor-
rosion resistance in some extent, and the patina formed on the surface of the metals
has provided the people aesthetic satisfaction with its beauty.

But in atmosphere polluted by SO, and NO,, the patina layer does not work as
a protective film, and it allows damages of the metal.

Since 1992, Tokyo National Research Institute of Cultural Properties (TNRICP)
has conducted studies on the influence of atmospheric pollution on metal cultural prop-
erty held under open air. The Great Buddha Image which is located in Kamakura
about 50km west from Tokyo, has been selected as one of the objects to study
because it is made by copper alloy and it has stood exposed in the air for about a
few hundreds years. Furthermore it is also the reason to study on it that there are
many cultural properties in the surroundings of it.

We have analysed the components and the structure of the corrosion products
formed on the surface of the Buddha, have carried out exposure tests using the alloy
samples which have simulated the components of the Great Image, and have observed
climate and polluted air in order to discuss the relation between corrosion of metals in
open air and conditions of the atmosphere.

In this paper, the authors have described the components and the structure of
the corrosion products formed on the surface of the Great Image by means of X-ray
fluorescence spectroscopy and X-ray diffraction.

The conclusions are as follows. (1) Sulfate patina composed mainly with bro-
chantite were detected on the all sides of the Image and the amount of the patina is
found more on the back of the Image facing to north. (2) Antlerite were detected on
the back and a part of the left side facing to west, and formation of it was considered
to have close relation with malignant atmosphere. (3} A big amount of chloride
patina which mainly composed of atacamite were observed on the front facing to
south. (4) Carbonate patina mainly composed of malachite were detected on the area
where brochantite was often detected as well. It suggested that malachite had been
transformed into brochantite by deteriorated atmosphere. (5) On the all sides of the
Image, patina were observed together with copper oxides mainly composed of cuprous
oxide. Tt showed that the surface layer of the Image consists of two layers : inner
layer of oxide and outer layer of patina. (6) Corrosion products of lead which was a
component of copper alloy were detected on the all sides ; the main lead product
found on the front was chlorophosphate whereas the one on the back was sulfate.

% Visiting Researcher, Planning & Administration Div., Technology Dep., Sumitomo Metal Mining
Co., L.T.D.



