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Fig. 4. Microstructure of sample 2, SAE660 bronze, pouring at 

950 oC and cooling the mold with water 
 

 
Fig. 5. Microstructure of sample 3, SAE660 bronze, pouring at 

1200 oC and cooling the mold by air 

 
Fig. 6. Microstructure of sample 4, SAE660 bronze, pouring at 

950 oC and cooling the mold by air 
 
According to quantitative and qualitative results of the energy 
dispersive spectroscopy (EDS), in Figures 7 to 11, in all four 
production conditions, according to Fig. 5, the gray phase, the 
solid solution of 84 to 92 At% is copper and the rest (i.e. 8 to 16 
At%) are tin and zinc. The amount of tin is more than zinc. 
According to Fig. 8, the black phase, which is located next to the 
gray phase (solid solution of copper and tin), is an intermetallic 
compound of copper and phosphorus. 
In addition, the black phases, which are usually single or near the 
lead, have sharp corners, and according to Fig. 9 and Fig. 10, are 
impurities such as the intermetallic compound of iron-nickel-
phosphorus and zinc sulfide, respectively. 
Also, according to Fig. 11, the white phase is pure lead. 
According to Fig. 12, in some lead particles (the white phase), 
impurities (black phase) are observed because the lead is the last 
phase that is solidified and therefore the impurities are immersed 
in it and eventually placed in the grain boundaries. 
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Fig. 7. EDS of the solid solution of copper-tin (particle B) 

 

 

 
Fig. 8. EDS of the intermetallic compound of phosphorus and 

copper (particle E) 

 
Fig. 9. EDS of the intermetallic compound of iron-nickel-

phosphorus (particle D) 

 
Fig. 10. EDS of zinc sulfide (particle C) 








