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Elements(wt%) Cu Sn Pb In Fe Ni Sb

Bronze for arts and crafts|82.97]| 2.38| 4.61| 9.73| 0.19} 0.06( 0.06

Bronze, JIS-1-BCl, 1C 82 3 5 10 - — -

Bronze, JIS-1-BCS, 6C 85 5 5 5 — — —

Table 1 Chemical compositions of bronze ingot
for arts and crafts, and some bronzes
after JIS. '
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Fig. 1 Scheme of sand mould used for this
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experiment.
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Fig. 2 Relation between temperature and time at
the top and bottom parts of casted bronze

for arts and crafts.
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Fig. 3 Optical microstructures of casted bronze
for arts and crafts, obtained at the cooling
rates of 120°C“min ((2) and (¢)) and of 106
°C,/min {(b) and (d)).
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Fig. 4 Composition images ((2) and (¢)), PbK « images ((b) and (f)), SnL a

images ((c) and (€)) and ZnK « images ((d) and (h)) for casted bronze
at the cooling rates of 120°C_/min ((a)~(d)) and 106°C_“min ((e)~(h)).
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Fig. 5 DTA and TG curves of raw bronze ingot
for arst and crafts at the heating and cool-
ing rates of 10°C_min.
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Fig. 6 DSC and DDSC curves of raw bronze
ingot for arts and crafts at the heating
and cooling rates of 10°C_/min.
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Element A B C D
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Table 2 Numerical values for calculation of vapor
pressure of Cu, Zn and Pb (melting point

to boiling point).
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The Influence of Cooling Rates on Microstructures
in Casting Tin Bronze for Arts and Crafts
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ABSTRACT

Lead is generally added to tin bronz to improve both flowability of the molten metals and
machinability of the solid state alloys. Remarkable degrees of lead segregation may arise
depending on variation of cooling rates in the processes of casting and succeding heat treatments
for surface adornment. Lead segregation produces a variety of delicate color tones on the alloy
surface, thus contributing artistic effects to bronze crafts surface color processing.

As yet there has been no systematic research reported on the relation between cooling rates and
lead segregation in tin bronze. The present experiment investigated the influence of cooling
rates variation upon tin bronze microstructures containing 4.6 mass % lead. The following results
were obtained:

(1) Zinc and tin are distributed uniformly in the cast alloy independent of cooling rates.

(2) At higher cooling rates, crystal grain growth was depressed, where fine and acute angled lead
precipitates occurred along grain boundaries. Conversely, at slower cooling rates, crystal grain
gowth was prompted according to the equilibrium phase diagram, where coarse and roundish
lead precipitates occrred at crystal triangular points.

{3) Dissipation of vaporized zinc and lead from the alloy to the atmosphere was remarkable, espe-

cially when the alloy was in a molten state.

KEY WORDS

Tin bronze for arts and crafts, Casting, Cooling rates, Microstructures, Surface adornment



