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Abstract

Effects of Ti addition and homogenizing heat treatment on the mechanical properties in Cu-Zn-Al alloy (high strength
yellow brass) were investigated. Grain refinement was successfully achieved by Ti addition. The microstructure, which
was composed of island or fine feather-like branched Ti compounds was changed to feather-like eutectic microstructure as
the content of Ti increased. The highest hardness value was obtained for 0.5 wt.% Ti specimen and the second was Ti
non-added specimen in as-cast condition. The highest tensile strength was obtained for 0.5 wt.% Ti specimen. Beacuse of
the presence of cast defects and worse castability, tensile strength decreased as the content of Ti increased.Elongation
increased with increasing homogenizing time and temperature; remarkable increase was obtained for 400°C homogenizing
temperature in the 0.5 wt.% Ti specimen. For 500°C and 600°C homhgenizing, temperature, high elongation was obtained

in 2 and 4 wt.% Ti specimen.
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Fig. 1. Schematic diagram of a common design for a
horizontal centrifugal casting machine.
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Table 1. chemical composition of specimen (wt. %)
Ti Zn Al Ni Ti Pb Cu
0 323 466 218 0.0 0.05 bal.
0.5 319 457 236 056 004 bal.
2 321 484 001 195 0024  bal
4 32.0 4.90 0.01 392 0024  bal
6 343 438 001 570 0023  bal
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Photo 1. Optical micrograph changes of the centrifugal
casting specimens with the amount of Titanium
addition.
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Fig. 2. Vanation of hrdness with the amount of Ti addition
and homogenizing time at 400°C (wt.%).
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Fig. 3. Variation of hardness with the amount of Ti
addition and homogenizing time at 500°C (wt.%).

50| Frlale] FHAre] & RIEES 7R §A
3-&70 2 ddxEch

3.2 7|1AId &4 gis}

3.2.1 2 5Hs}

Fig. 2~4 dA3} 2] =} A7kl W& 74 =3t
o] W35 yepdnt.
Zatzzle] Axzre HRB 95~998 Jelw, 05
wt.% TiZ 271 &3] 7 & 3 veiid 2
2, 4% 6wt% Tig 27 718 &3] Tig 3l
2] o3& v} Fxr) A velget ol Tid
A7tz AAEE BRI Alolol 34 Tistgt&Ee] A

| O free Ti
105 x 0.5%Ti
| 0 2%Ti
o~ ' & 4%Ti
g ! m 6%Ti
7 [
72, .
-5
=
E 95|
900 5 10 15

Time(hr)

Fig. 4. Variation of hardness with the amount of Ti
addition and homogenizing time at 600°C (wt.%).
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Photo 2. SEM micrographs of as cast specimens.
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Fig. 5. Variation of tensile strength with the amount of Ti
addition and homogenizing time at 400°C (wt.%).
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Fig. 6. Varation of tensile strength with the amount of Ti
addition and homogenizing time at 500°C (wt.%).
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Fig. 7. Variation of tensile strength with the amount of Ti
addition and homogenizing time at 600°C (wt.%).
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Photo 3 SEM fractographs of the centrifugal casting specimen with different Ti addition and homogenizing treatment.
(a) 0 Ti, as cast (b) 0.5 wt.%Ti, as cast (c) 2 wt.%Ti, as cast (d) O Ti, 400°C, 15 hrs (e) 0.5 wt%Ti, 400°C, 15 hrs ® 2

wt.%Ti, 600°C, 15 hrs
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Fig. 8. Variation of elongation with the amount of Ti
addition and homogenizing time at 400°C (wt.%).
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Fig. 9. Variation of elongation with the amount of Ti
addition and homogenizing time at 500°C (wt.%).
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Fig. 10. Variation of elongation with the amount of Ti
addition and homogenizing time at 600°C (wt.%).
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Fig. 11. X-ray diffraction profiles of Ti in the various Ti
contents.
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Table 2. EPMA point analysis on the 2 wt.%Ti added
specimen homogenized at 800°C for 24 hours

(at.%)
Composition Cu Zn Al Ti Fe

matrix (B*) 60.03 29.71 9.72 0.54 0
2nd Phase (C*) 60.74 694 2653 3.18 2.61

*

: refer to photo 4.
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