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Structure and properties evolution of Cu-2.5Fe-0.03P alloy under
different treatment conditions

DAI Jiao-yan, YIN Zhi-min, SONG Lian-peng, YUAN Yuan

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The mechanical and electrical properties of Cu-2.5Fe-0.03P alloys with high-strength and high- conductivity at
different treatment conditions were measured. The microstructures and properties evolution were investigated by OM and
TEM. Based on the above mentioned experiment, the existing form and action mechanism of trace Fe and P in the alloy
were also studied. The results show that, after hot rolling, on-line solution alloy is mainly a single-phase solid solution.
However, there still is a small amount of dissolved Fe phase in the on-line solution alloy. After further rolling and aging,
the mechanical properties and electrical conductivity of the alloy are improved further. The micro-hardness, tensile
strength, yield strength, elongation and electrical conductivity of the Cu-2.5Fe-0.03P final product are HV 147, 456 MPa,
271 MPa, 10.7% and 29.9 S/m, respectively. Fe and P in Cu-2.5Fe-0.03P alloy at hot rolling—on-line solution—cold
rolling — aging condition exist in the form of Fe and FesP. Sub-structure strengthening coming from the
thermo-mechanical treatment and precipitation strengthening of Fe and Fe;P particles is responsible for high strength of
the alloy.
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Table 1 Treatment condition and dimension of alloy sample

Number Condition Thick/mm

1 Hot rolling+on-line solution 13

2 First cold rolling of 88% 1.5

3 First cold rolling+annealing 1.5

4 Second cold rolling+annealing 0.83

5 Third cold rolling as semi-hard 0.4

6 Forth cold rolling as product 0.254
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Table 2 Mechanical properties of Cu-2.5Fe-0.03P alloy under typical treatment condition
Number Condition Thickness/mm  o,/MPa 002/MPa Al% HV o/(Sm™)
1 Hot rolling+on-line solution 13 292 165 28.6 90 21.1
2 First cold rolling of 88% 1.5 469 464 5.8 141 17.6
3 First cold rolling+annealing 1.5 329 171 30.0 94 349
4 Second cold rolling+annealing 0.83 422 319 20.5 138 314
5 Third cold rolling as semi-hard 0.4 501 426 12.4 146 31.6
6 Forth cold rolling as product 0.254 456 271 10.7 147 29.9
1

Fig.1 OM structures of alloy under typical treatment condition: (a) On-line solution; (b) 88% cold rolling-primary aging; (c)
Primary aging-soften annealing; (d) Secondary cold rolling-annealing; (¢) Third cold rolling (semi-hard); (f) Forth cold rolling-aging
(end product)
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Fig.2 TEM image(a) and energy spectrum of point 1(b) for alloy by hot rolling and on-line solution

3 TEM

Fig.3 TEM images of alloy under different processing and treatment conditions after on-line solution: (a) Primary cold rolling; (b)

Primary cold rolling-soften annealing; (c¢) Third cold rolling (semi-hard product)
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ElkeV
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Element w/% x/% 4 (0.254 mm) TEM
Cu 68.3 628 EDS
Cu P49 92 _
Fe 26.8 28.0 Fig.4 TEM images of strip product (0.254
Fe Total 100.0 100.0 mm): (a), (b) TEM images of precipitation

particle; (c) EDS pattern of particle 1 in
Fig.4(b); (d) TEM image of precipitation
particle at high magnification; (e) EDS pattern

of particle 1 in Fig.4(d)
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Fig.5 Change of electrical resistivity of alloy during aging
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