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Cross-sectional sample 
from tiger from Xingan, 
Dayangzhou, in bright 
and dark field, showing 
typical delta-removal 
corrosion along with 
cuprite and redeposited 
copper.
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Figure 4 color



Fig 4 with labels



Pourbaix Diagrams
• Also called Potential-pH, Eh-pH, or EpH 

Diagrams
• x = pH (acidity-alkalinity)
• y = Eh (oxidation potential)

MUST BE CALCULATED FOR:
• Specific compounds
• Specified temperature
• Specified concentration of reactants

• Modern computer methods help with the solution 
of many simultaneous equations; skill and 
judgement are also necessary.



Pourbaix Stability
of Water

Region of thermodynamic stability of water under a pressure of 1 atmosphere at 25° C.



Pourbaix oxidizing and pH

Acid, alkaline, oxidizing, and reducing areas on the Pourbaix diagram.



Pourbaix Diagrams – Environments
From Garrells and Christ – Mineral Equilibria at 

Low Temperature and Pressure



Combined 11.1 and 11,2



Pourbaix – Cu-Water 
(Redrawn)



Pourbaix copper

Theoretical conditions of corrosion, immunity, and passivation of copper at 25° C.



Pourbaix Diagram-Sn



Tin - Immunity



Wang Dongning



Pourbaix 
diagram for the 
Cu-Cl-H2 O 
ternary system 
at 25°C;
Cl- = 355 ppm.



Pourbaix vs
Pelton



Pelton Figure 4



Pelton Figure 4c



Pelton - Figure 4d



Comparison 
Diagrams 4



Pelton Diagrams 1,4,7,10



Pelton Figures 7,8,9



Pelton – Figure 22



Pelton – Figures 13, 16, 19, 22



Pelton – Figures 19, 20, 21



Pelton – Figure 22



Figure 22 + Environments



Fig 18



A reproduction of the American Liberty Bell (made in 1976) outside Union 
Station, Washington, D.C., showing outdoor corrosion of bell metal.



Fig 22 & 4



Fig 4 & 22 with red 
environment



Wang Quanyu Pix

Figure 6.20 from Wang Quanyu, …Deterioration of Jin Bronzes…, showing corrosion and 
different types of secondary metallic copper; W denotes width of the image.



20% tin 
Bronze-
Xingan 
Ding

X1000
in SEM



Xingan fang-ding 
– alpha and delta corrosion –

bright field



Xingan fang-ding 
– alpha and delta corrosion 

– dark field



Fig 4 & 22 with red 
environment



Conclusions - I
• Using Cu and Sn together to calculate the 

Pourbaix diagrams gives a better picture.
• Intermetallics improve the picture.
• Stability of SnO2 throughout the diagrams 

explains some of the corrosion we see.



Conclusions - II

• Stability of Cu with SnO2 in reducing 
environments explains preferential corrosion of 
the delta phase.  Delta will corrode (and copper 
redeposit) in reducing conditions.  Alpha will 
corrode in oxidizing conditions.

• Computer calculation of Pourbaix diagrams for 
specialized multicomponent systems is a 
powerful tool to promote understanding of 
corrosion behavior and to aid in conservation.



http://www.lehigh.edu/~inarcmet

EhPh diagrams will be here



Pourbaix diagram
for lead



Lead on fig 17 & 
22


