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Microstructure and properties of lead-free P-Ca brasses
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Abstract: The ingots of P-Ca brass were prepared in a medium frequency induction furnace through scientific casting
process. The microstructure and mechanical, cutting and dezincification corrosion-resistance properties of P-Ca brass
were studied by scanning electron microscopy (SEM), energy dispersive spectrometer(EDS), electron universal test
machine and lathe, the effect of the intermetallics on the cutting performance was also studied through the observation of
chips. The results show that, P and Ca change the microstructure and properties of brass alloys significantly, making the
microstructure of P-Ca brass composed of a, f and intermetallic compounds dispersed on grain boundaries and in
grains. The reasonable contents (mass fraction) of main elements are 57%—60% Cu, 40% Zn, 0.7% P and 0.5% Ca. The
brass alloy containing this component has good performances as follows: tensile-strength of 362.7 MPa, elongation of
15.0%, Brinell hardness of 105.0HB, dezincification depth of 321.9 pm, and the cutting property is as well as that of
HPb59-1.
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Table 1 Contents of P and Ca of samples

Sample No. w(Ca)/% w(P)/%
1 0.25 0.30
2 0.25 0.60
3 0.25 0.90
4 0.50 0.35
5 0.50 0.70
6 0.50 1.00
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Table 2 Mechanical properties of samples

Sample Hardness, Tensile Elongation/
No. HB strength/MPa %
1 90.6 362.8 26.3
2 107.3 432.2 25.4
3 101.0 3777 17.1
4 95.0 357.2 223
5 105.0 362.7 15.0
6 111.0 3353 5.8
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Fig. 1 SEM images of as cast P-Ca brass samples and positions of EDS: (a) Sample 1; (b) Sample 2; (¢) Sample 3; (d) Sample 4;

(e) Sample 5; (f) Sample 6
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Table 3 EDS results of second phases marked in Fig. 1 o— Cupg1Zng 39
Position x(Cu)% x(Zn)% x(P)% x(Ca)/% x(Sn)% i ng;

1 5027 4349 550 0 0.74

2 64.03  35.19 0 0.78 0 ., .

3 61.04  36.66  2.30 0 0 .

4 6474 2715 81l 0 0 Sample6 o %2 o 2

5 30.83  39.33 2625 3.59 0 Sample 5

6 1036 53.06  36.58 0 0 Sample 4 .

7 4515 4454 938 0 0.93 10 20 30 40 50 60 70 8 90

20/(°)
8 10.50  48.05  37.90  3.55 0 B2 WHE 4-6 [ XRD i
9 68.88  7.70  23.42 0 0
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Fig. 2 XRD patterns of samples 4~6
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Fig. 3 Chips of samples: (a) Sample 5; (b) HPb59—1



F22 %S KR, 55

TCR IS S A S TR RE 1425

Bl 4 @5 DIE ) SEM %

Fig. 4 SEM images of chips of P-Ca brass: (a) Macroscopic full-view of chip; (b) Tool-contact surface of chip marked by “4” in (a);

(c) Free surface of chip marked by “B” in (a); (d) Fracture of chip marked by “C” in (a)
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Fig. 5 Positions of second phase on fracture of chip measured by EDS: (a) Spectrum 1; (b) Spectrum 2
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Fig. 6 EDS spectra of second phases marked in Fig. 5: (a) Spectrum 1; (b) Spectrum 2
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Table 4 EDS results of second phases marked in Fig. 5

Spectrum x(Cuw)/% xX(Zn)/% x(P)/%
1 50.60 43.65 5.75
2 17.89 54.23 27.79
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Fig. 7 Sketch maps of intermetallics attached to crystals®®
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Fig. 8 Model of chips forming process'
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Fig. 10 SEM image and line scan analysis of dezincification

layer of sample 5
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