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Analysis of two bronze mirrors with tin-rich surface 

Zhihui Yao1  Jiatian Zhao1*  Xinguang Wang2
 

 

Abstract 

"black lacquer " and “silver lacquer”are very special categories of ancient chinese bronze mirrors, 
and the cause of the formation of lacquer surface has attracted much attention. 

In this paper, metallographic microscope, scanning electron microscope are used to analyze one 
"black lacquer " and one “silver lacquer”bronze mirror. The matrix of the two mirrors is 
copper-tin alloy with lead and the metallographic structure is as cast. The tin-rich layer with 
uneven thickness exists on the surface of the 2 mirrors. Based on the analysis of tin-rich layer, it is 
concluded that the“silver lacquer” is intentionally artificial, and its surface is treated with lead-tin 
amalgam, which is composed of mechanical combination and micro-metallurgy. The "black paint" 
was formed by natural corrosion in the underground environment. 
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Introduction 

Among the bronze mirrors in ancient China, some were widely concerned because of 

their unique surface morphology, such as the "silver lacquer" mirror (Fig. 1) and 

the "black lacquer" mirror (Fig. 2). The former describes a phenomenon in which the 

surface of a bronze mirror is silvery and shiny. The latter has a shiny black surface 

and a smooth, glittering sense of jade. 

"lacquer" this name has appeared in the Song Dynasty [1]. There are a variety of 

different terms about the " lacquer ", such as "Black lacquer", "Water Patina", 

"Noble Patina", "Tin-rich layer" and so on[2-5]。  
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Fig.1 “silver lacquer”mirror                       Fig.2 “Black lacquer” mirror        

These kinds of bronze mirrors have good corrosion resistance, and tin-rich layer 

exists on the surface. There are different views on the formation mechanism of tin 

rich layers. 

About the formation of "silver lacquer", the views can be divided into two kinds: 

One is that it was artificially treated; the other is artificial treatment + natural 

corrosion. There are many views on manual treatment, including the theory of tin 

amalgam process [6] similar to gold gilding;using mirror grinding medicine [7-9];and 

mixing tin-rich copper powder with mercury, then by coating and hot plating to form 

the tin-rich surface of mirror [10,11]. The latter is mainly affected by natural 

corrosion[12]. 

At present, there are mainly three opinions on the formation of "black lacquer ". 

First, the  artificial treatment [13-15]; The second is natural corrosion theory 

[16-23]; and the third is artificial treatment + natural corrosion [24,25]. 

The two bronze mirrors analyzed in the article, one was unearthed from a Han tomb 

in Wangchenzhai Village, Henan Province, and the other was unearthed from a site 

in Xianghe Township, Henan Province.Two pieces of bronze mirror with "lacquer " 

(Fig.3 and Fig. 4) provide first-hand information for studying the tin rich layer 

in the mirror. It is helpful for us to better understand the formation mechanism 

of " lacquer" on the surface from the analysis of structure, shape, composition and 

so on. 

   



Fig.3“silver lacquer”mirror                       Fig.4“Black lacquer” mirror  

 

Materials and methods 

 

Sample 

 

2 cross section samples were studied in this paper,which were taken from the debris 

(Fig.3 and Fig.4) which excavated from the Han Dynasty Ruins, and then processed 

by inlay, grinding, polishing, erosion, etc.  

 

Microscopic analysis 

 

Organizational observed under LEICA DM6000M metallographic microscope.  

More detailed morphological observation was obtained by secondary electron imaging 

and backscattered electron imaging under SEM with a FEI QUANTA－650 equipment.  

 

SEM–EDS analysis 

Component analysis of different parts was carried out by using SEM-EDS, above FEI 

QUANTA－650, with APOLLO－X energy spectrometer at 25kV, 100μA, 10mm working 

distance for 50 seconds acquisition. 

 

Results and discussions 

Morphology analysis  

1.the sample with silver lacquer 

The matrix consists of α + （α＋δ） eutectoid（Fig.5 left and Fig. 6 left），

The α phase is irregularly distributed on the eutectoid in needle bar or island 

shape. Lead particles were dispersed. The porosity of the casting, free copper and 
a small amount of sulfide can be observed occasionally. The matrix was in the as-cast 
state and showed no trace of heat homogenization. There are two layers outside the 

matrix. The outermost layer, which is very thin and the transition layer between 

the matrix and the outermost layer, which is thicker. Their metallographic 

structures are difficult to observe under a metallographic microscope (Fig.5 right). 

At a larger multiple under SEM, It was observed that there was no trace of heat 

homogenization and the lead particles were mostly deposited in the loose position 



(Fig. 6 left).There is no obvious interface between the transition layer and the 

matrix, and each layer has fusion diffusion. The thickness of the outermost layer 

was less than 10μm and the thickness of the transition layer ranged from 20～

50μm(Fig.6 right).     

     

Fig.5 metallograph  (left: matrix; right: matrix and the surface layers) 

     

Fig.6 backscattered electron imaging(left: matrix; right: matrix and surface layers) 

 

2.the sample with black lacquer 

The matrix consists of α+(α＋δ）eutectoid and the matrix is as-cast without any 

trace of heat homogenization(Fig.7 left). The backscattered electron imaging is 

consistent with the metallographic results. Lead particles are uniformly dispersed 

in the matrix(Fig.7 right). There are two layers outside the matrix. The outermost 

layer is the most corrosive.The transition layer between the matrix and the outermost 

layer, in which α phase was corrode d first(Fig.8 left) .The thickness of the 

outermost layer was 5～10μm and the transition layer ranged from50～100μm. Under 

the backscattered electron images, the number of lead from the matrix to the 

outermost layer was observed to decrease gradually(Fig.8 right). 



         

Fig.7 the matrix (left:metallographic; right:backscattered electron imaging ) 

         

Fig.8 the matrix and surface layers (left:metallographic ; right: backscattered electron 

imaging )  

 

Component analysis  

Above 2 samples were analyzed by SEM-EDS. EDS results of different positions shown 

in Table 1 and Table 2, Three random areas were selected for analysis. The scans 

were taken three times and the mean values were obtained. 

 

Table 1  EDS results for the sample with silver lacquer 

  Cu Sn Pb O others 

Backscattered electron 

images 

indicate the scanning 

points 

Surface Area1 70.5 25.5 4.0   



 

Table 2  EDS results for the sample with black lacquer 

scanning  Area2 61.8 30.3 2.4 3.8 Si0.5 Ca1.2 

Area3 43.7 34.6 7.0 9.8 

Mg0.7 Si1.1 

Cl0.9 

Ca1.2 Fe1.0 

Point 

analysis 

of matrix 

Point 1 72.1 27.9    

 

Point 2 71.5 28.5    

Point 3 31.6 11.2 49.1 3.7 Cl2.5 Fe1.9 

Point 4 66.9 30.0 3.1   

Point 5 72.1 24.1 3.8   

Point 6 71.7 28.3    

Point 

analysis 

of  the 

transitio

n layer 

Point 1 66.1 32.3  1.6  

 

Point 2 66.8 32.4  0.8  

Point 3 66.8 30.9  2.3  

Point 4 67.7 25.8 3.2 1.9 Ca1.4 

Point 5 20.3 28.4 24.9 14.7 

Si5.9 P2.1 Cl1.3 

Ca1.6 Fe0.8 

Point 6 16.6 7.3 73.1  Fe3.0 

        

Point 

analysis 

of  the 

outermost 

Point 1 17.1 50.7 13.3 13.6 
Si2.2 Cl0.7 

Ca1.7 Fe0.7 

 

Point 2 35.1 31.9 12.5 14.0 
Si2.0 P0.9 Cl1.1 

Ca1.0 Fe1.5 

Point 3 29.1 22.5 30.9 12.4 Si2.3 P1.3 Cl1.5 

Point 4 30.1 37.7 7.6 12.7 

Mg1.1 Si2.9 

Cl2.3 

Ca2.1 Fe3.5 



  Cu Sn Pb O others 

Backscattered electron 

images indicate the 

scanning points 

matrix  73.5 20.3 6.2   

 

Point 

analysi

s 

Point 1 67.9 30.2 1.2  Ca0.7 

 

Point 2 81.7 16.3 2.0   

Point 3 78.5 20.0 1.5   

Point 4 7.3  83.8 8.9  

Point 5 73.8 24.2 1.4  Ca0.6 

Surface 

scannin

g from 

the 

base to 

the 

surface 

Area3 72.4 20.2 7.4   

 

Area2 52.0 33.3 7.5 5.9 P1.3 

Area1 7.5 63.2 5.0 17.4 
Si1.2 P1.0 Cl0.3 

Ca2.0 Fe2.4 

Point 

analysi

s 

of  the 

transit

ion 

layer 

Point 1 68.4 31.6    

 

Point 2 68.6 31.4    

Point 3 61.4 33.5 3.2  P0.5 Ca1.1 Fe0.3 

Point 4 46.1 38.4 4.7 7.7 Si0.7 P1.2 Ca1.2 

Point 5 44.1 36.9 4.5 11.2 Si0.7 P1.3 Ca 1.3 

Point 6 56.1 32.3 0.6 8.9 Si0.2 P0.5 Ca1.4 

Point 7 13.3 23.2 39.3 15.8 Si0.6 P6.3 Ca1.5 

Point 8 11.8 8.3 56.1 14.5 P8.5 Ca0.8 

        

Point Point 1 7.2 65.3 4.2 19.9 N0.8 Si0.8 Ca1.8 



 

These two bronze mirrors are copper-tin alloy with lead. The tin content in the 

substrate of both mirrors all reach more than 20%, which makes the copper mirror 

have higher hardness and brittleness [26] and be fit to be photographed. The presence 

of a small amount of lead improves the filling capacity of the bronze mirror and 

makes the decoration on the back of the mirror clear. 

Tin-rich layer exists outside the two samples, and stratification can be seen. In 

the sample with silver lacquer,from inside to outside,the copper content decreased 

by 12% and 29% respectively, and the tin increased by 18% and 14% respectively. The 

amount of lead in the outermost layer is slightly higher. There are many impurity 

elements in the tin-rich layer which are not found in the matrix.  

In the sample with black lacquer,from inside to outside, the copper content decreased 

by 28% and 85% respectively, and the tin increased by 64% and 89% respectively. The 

change range is obviously larger than the former. A small amount of nitrogen was 

detected at many points in the outermost layer. It was speculated that the structure 

of the outermost layer was loose and there were many cracks, which cause nitrogen 

fertilizer in the soil to seep into the surface. 

According to the results of composition analysis, we named the two layers outside 

the matrix as nonmetal layer and transition layer respectively. The nonmetallic 

analysi

s 

of  the 

outermo

st 

layer 

Point 2 7.4 68.6 4.9 15.9 N0.6 Si0.5 Ca2.1 

Point3 6.2 63.6 4.9 17.2 
Si1.2 P1.8 Ca1.8 

Fe3.3 

Point 4 6.1 58.4 5.7 18.2 
Si1.6 P2.3 Ca2.1 

Fe5.6 

Point 5 6.5 60.6 5.8 15.7 
Si1.3 P2.2 Cl0.4 

Ca2.4 Fe5.1 

Point 6 2.6 22.9 2.8 8.7 
C60.9 Si0.3 Ca0.9 

Fe0.9 

Point 7 7.4 66.5 4.7 16.2 Si1.2 Ca2.3 Fe1.7 

Point 8 7.9 65.1 5.1 16.7 
N0.7 Si0.8 P0.8 

Ca1.9 Fe1.0 

Point 9 6.0 63.0 5.1 18.9 
Si1.3 P1.2 Ca2.2 

Fe2.3 

Point 10 8.1 66.5 5.0 16.2 
N1.2 Si0.5 Ca1.8 

Fe0.7 



layer is composed of single Sn1-xCuxO2 [27], and the transition layer is mainly 

composed of Sn1-xCuxO2 and δ phase (Cu31Sn8,32.6%Sn). Various impurity elements, such 

as silicon, aluminum, iron, etc, which are not found in the matrix alloy, are found 

in the ancient lacquer layer. 

 

1. Formation mechanism of tin-rich layer for the mirror with” black lacquer” 

Some scholars analyzed the sample of a mirror with black lacquer in Han Dynasty by 

means of metallographic microscope and scanning electron microscope, and confirmed 

that there is a "trace image" of the original metal structure on the outermost layer, 

which indicates that the tin-rich layer on the surface of the "black lacquer" bronze 

mirror is not an external additional deposition layer[19]. Simulation experiment 

using humic acid solution to soak bronze mirror to simulate the corrosion process 

of mirror in soil proved that the humic acid treatment of mirror could produce tin 

oxide on its surface[18]. 

According to the electrochemical principle, the δ phase in bronze alloy is most 

easily corroded [28-30], but in this analysis of the black lacquer, the α phase 

is corroded first. The reason has been revealed: in the transition layer of black 

lacquer, there is a kind of overlapping position lattice structure between δ phase 

and SnO2. This structure greatly reduces the energy of copper atoms at the interface 

and effectively protects the δ phase from corrosion [19]. 

Combine with previous research, the black lacquer surface should have been formed 

by natural corrosion. 

From inside to outside, the copper content decreases and the tin content increases 

greatly. 

The high tin content in the substrate and the action of humic acid in the soil 

environment are the factors that lead to the formation of black lacquer on the surface 

of mirror. The presence of more impurity elements in the surface layer was also the 
result of soil action. 

 

2.Formation mechanism of tin-rich layer for the mirror with” silver lacquer” 

In the natural corrosion of the black lacquer, from inside to outside,the copper 

decrease the and tin content increase greatly. However, the content of tin in the 

transition layer and the outermost layer of the silver lacquer is close and the loss 

of copper is not very large. The silver lacquer surface is relatively dense and 

corrosion degree is far less than black lacquer mirror. 

The interconnections and cracks between the transition layer and the matrix were 



observed in the black lacquer ,which does not exist in the silver lacquer. Therefore, 

silver lacquer was not formed by natural corrosion but human treatment. 

Tangkun He et al. [7,31,32] believed that the surface of bronze mirror was treated 

with tin amalgam in ancient China. Qinglin Ma et al. [33] conducted a simulation 

experiment, showing the structure of tin-rich layer obtained by amalgam and hot 

tinning is similar. 

Compared with gold mercury compounds, tin mercury compounds have lower decomposition 

temperature, and exist in the form of Sn7-9Hg. After a long time, mercury will 

decompose and release completely, so it is highly unlikely that mercury will be 

detected[34]. Therefore, the existence of tin amalgam method cannot be judged by 

the presence or absence of mercury. 

Scholars in Shanghai Museum [35] have done a lot of work and believe that the "silver 

lacquer" of bronze mirror is obtained by rubbing grinding powder repeatedly on the 

mirror surface. Grinding powder is made by mixing tin, mercury, calcium, potassium, 

sulfur, aluminum and other auxiliary materials. Potassium and aluminum were not 

detected in the analysis of this paper. 

A new explanation has been proposed for the tin-rich surface mirror [11,12].The 

tin-rich copper-mixed amalgam is deposited on the surface of the electroplated 

object by hot plating, resulting in metallurgical chemical reaction rather than 

mechanical adhesion. Any method using amalgam requires a process of heating to remove 

mercury. Finally, the surface layer including η,ε,δ is obtained, and each phase 

is arranged hierarchically. Because the process is too complex and the control of 

experimental conditions is relatively difficult, it is less possible to treat the 

surface of copper mirror with this method. 

In the above study, the phenomenon of lead enrichment is found at the junction between 

the surface layer and the substrate of mirror with silver lacquer(Fig.9). The lead 

content in the matrix is only about 4%, which is not high. The metallographic 

structure of the matrix also reflects the uniform distribution of lead particles. 

The size of the mirror itself is small, and the bronze alloy solidified quickly during 

casting, which is not enough to cause lead segregation and subsidence. It is clear 

that the lead at the interface is clearly external. Therefore, we hypothesized that 

lead-tin amalgam was used instead of tin amalgam. 



 

Fig.9 Lead enrichment between substrate and surface layer 

 

Fig.10 the arrangement of shrinkage cavities along the interface 

Elemental tin was originally smelted from oxidized ore, but it was smelted from 

sulfide ore in the Han Dynasty. The tin obtained was not pure and generally contained 

a small amount of lead. 

The diffusion coefficients of lead and tin in mercury are similar [36]. Coating with 

lead-tin amalgam on the surface of the mirror. The mercury in the amalgam, as a 

temporary adhesive, making the amalgam and the matrix adhered, which is mechanically 

engaged with the matrix.  

Heating to drive mercury is a process of mutual diffusion and fusion between copper 

in the matrix and tin in the coating in which lead does not participate. The lead 

in the coating is gradually deposited between the substrate and the surface layer. 

At the same time, the arrangement and aggregation of shrinkage cavities along the 

interface trend are observed (Fig. 10), and it is speculated that the defects should 

be caused by mercury evaporation and escape [37]. It maybe these defects that cause 

the coating to be not closely combined with the substrate, and then some copper rust 

appeared on the surface with silver lacquer. 



 

Conclusions 

Two mirrors are copper-tin alloy with lead, and the matrix structure is in as-cast 

state without any trace of heating homogenization. It has the same composition and 

organization as the typical bronze mirror of Han Dynasty in ancient China.  

 

There are transition layer and non-metallic layer outside the substrate of two copper 

mirrors. From the inside to the outside, the copper content decreased gradually, 

and the tin content increased gradually, but the change range is obviously different, 

among which the change range of the black lacquer is much more obvious. Some impurity 

elements which are not found in the matrix appear in the tin rich layer. 

 

The surface layer of both mirrors is rich in tin, but the formation mechanism is 

different. 

It is speculated that the surface of "black lacquer" mirror was natural corrosion, 

which is produced together by the high tin content of the matrix and environmental 

humic acid.  

The surface of "silver lacquer" was treated with lead-tin amalgam. which include 

two processes: mechanical bonding and micrometallurgy. Lead reduces the reaction 

temperature, expands the melting point range, and promotes the metallurgical 

combination.  

Mercury is first used as a medium to bond the amalgam coating to the substrate. The 

mercury is then heated to escape, but the temperature is not so high that there is 

no evidence of heating homogenization in the matrix.  

The mercury escapes too completely to be detected by being heated and buried for 

years.  

Abbreviation 

SEM–EDS: scanning electron microscope energy–dispersive spectrometry. 
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Figures

Figure 1

silver lacquer”mirror
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silver lacquer”mirror



Figure 2

Black lacquer” mirror
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Black lacquer” mirror



Figure 3

silver lacquer”mirror

Figure 3



silver lacquer”mirror

Figure 4

Black lacquer” mirror



Figure 4

Black lacquer” mirror

Figure 5

metallograph (left: matrix; right: matrix and the surface layers)
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metallograph (left: matrix; right: matrix and the surface layers)



Figure 6

backscattered electron imaging(left: matrix; right: matrix and surface layers)
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backscattered electron imaging(left: matrix; right: matrix and surface layers)



Figure 7

the matrix (left:metallographic; right:backscattered electron imaging )
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the matrix (left:metallographic; right:backscattered electron imaging )



Figure 8

the matrix and surface layers (left:metallographic ; right: backscattered electron imaging )

Figure 8

the matrix and surface layers (left:metallographic ; right: backscattered electron imaging )



Figure 9

Lead enrichment between substrate and surface layer
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Lead enrichment between substrate and surface layer



Figure 10

the arrangement of shrinkage cavities along the interface



Figure 10

the arrangement of shrinkage cavities along the interface


