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The Effects of Iron and Silicon Addition on the Microstructures and

Mechanical Properties of Aluminium Bronze

Jee Hwan Kim

Department of Advanced Material Engineering, The Graduate School,

Pukyong National University

Abstract

The effects of iron and silicon additions on the microstructures and
mechanical properties of aluminium bronze were investigated in this study.
When 0.2wt.% Fe was added to the Cu-7.85wt.26Al mold cast round-bar
specimens, its a phase had coarse dendrite structures and when 2.99wt.%
Si1 was added to the Cu-7.85wt.2%6Al round-bar specimens as mold casting,
its a phase had non-uniformly distributed needle structures. However, a
phase had uniformly distributed needle structures n the
Cu-6.93%Al1-0.117%Fe-2.3%Si(wt.%) alloy. SEM-EDS point analysis
distinguished Cu, Al, Fe and Si for the Cu-7%Al-0.8%Fe-2.5%Si(wt.%)
centrifuged specimens, FeSI hard patticles wre distributed uniformly in the
alloy’s matrix which had Al and Si as solid solution. The Vikers hardness
of mold cast round-bar specimens was that : Cu-7.85%Al(wt.%) alloy was
Hv 1354 Cu-7.41%Al1-0.2%Fe(wt.%) alloy Hv 103.2, Cu-7.78%Al1-2.99%Si
(wt.26) alloy Hv 345.0 and Cu-6.93%A1-0.117%Fe-2.3%Si(wt.%) alloy Hv
268.1. the Vickers hardness of centrifuged cylinder-shape specimens
(Cu-7%A1-0.8%Fe-2.5%Si(wt.%) alloy) was Hv 236.5, tensile strength 727.3
N/mr, yield strength 593.9 N/mrf, and elongation 8.6%. From the comparison

of tensile strength of normalizing heat treated cylinder-shape specimens in



the centrifugal cast Cu-7%Al-0.8%Fe-2.5%Si(wt.2%), when the Al content
was as high as 7.82wt.%, tensile strength was 781 N/mf and when the Al
content was as low as 7.31wt.%, tensile strength was 681.5 N/mr. A few
Al content difference was verified to have huge impact on the tensile

strength of aluminium bronze.
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Fig. 2. Schematic diagram of alloy design of aluminium bronze.



Table 1. Chemical compositions of as—cast round-bar type specimens.

(Wt.%)
Alloy Cu Al Fe Si
A Bal. 7.85 0.017 0.05
AF Bal. 7.41 0.206 0.05
AS Bal. 7.78 0.007 2.99
AFS Bal. 6.93 0.117 2.30




Cylindrical
Mild steel

Fig. 3. (a) High frequency induction melting, (b) pouring of round-bar type
specimens, (c) as—cast round-bar specimens, (d) shape and dimensions of

steel mold.
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Water cooling Air cooling

Fig. 4. (a) Heat treatment furnace and (b) condition of

heat treatment cycle.
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Fig. 6. Centrifugal casting process of specimens.
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Table 2. Chemical compositions of centrifuged specimens. (wt.25)

Alloy Cu Al Fe Si
a Bal. 7.31 0.74 2.66
b Bal. 7.23 0.56 2.52
c Bal. 7.82 0.72 2.83
d Bal. 7.5 0.82 2.58
e Bal. 7.23 0.83 2.99
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Oil cooling Air cooling

Fig. 7. (a) Condition of heat treatment cycle and (b) heat treated

specimens.
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Fig. 9. As—cast microstructures of alloys. (A, AF, AS and AFS)
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Fig. 10. Microstructures of Cu-7.85%Al alloy (a) as—cast,

(b) normalizing and (c) tempering.
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Table 3. Vickers hardness of round-bar specimens.

Specimen groups 1 2 3 4 5 Mean
As—cast 1108 | 1105 | 109.2 | 109.8 | 1104 | 110.1

A | Normalizing(850 °C) | 137.0 | 1354 | 1379 | 133.7 | 1316 | 1351
Tempering(500 °C) | 1334 | 1358 | 1375 | 1385 | 1319 | 1354
As—cast 2458 | 2482 | 255.0 | 2315 | 2294 | 242.0

AS | Normalizing(850 °C) | 3319 | 330.0 | 3273 | 3295 | 3261 | 329.0
Tempering(500 °C) | 3427 | 3459 | 350.1 | 343.8 | 3426 | 3450
As—cast 1219 | 1201 | 1204 | 1215 | 1228 | 121.3

AF | Normalizing(850 °C) | 1054 | 109.7 | 111.3 | 1051 | 103.3 | 107.0
Tempering(500 °C) | 1052 | 1043 | 101.2 | 103.7 | 1015 | 103.2
As—cast 2197 | 2053 | 2026 | 198.7 | 1950 | 204.3

AFS | Normalizing(850 °C) | 263.0 | 269.8 | 2724 | 2715 | 2706 | 269.5
Tempering(500 °C) | 2733 | 2722 | 2614 | 2657 | 2681 | 268.1
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Fig. 11. Effect of alloying elements and heat treatment on the Vickers

hardness of round-bar specimens. (A, AF, AS and AFS alloy)
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Table 4. Vickers hardness of heat-treated specimens.

1 2 3 4 5 Mean

214.2 2585 210.6 Al § 2215 219.82

254.2 299.4 256.2 252.2 238.5 252.1

255.8 202.7 2454 244.7 2478 249.28

2329 236.4 248 237.6 235.7 238.72

216.3 2239 228.2 2182 226.4 222.6
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Table 5. Tensile strength

and Vickers hardness of specimens

Tensile Yield El . Vickers
Alloy strength strength Or(lg‘%/% 100 ardness
(N/mnf) (N/mi) . (Hv)
a 681.5 577 10 219.8
b 712 607.7 6.6 252.1
C 781 690.2 6.6 249.2
d 759 5754 8.3 238.7
e 703 519 11.7 222.6
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Fig. 13. Elongation and Vickers hardness of centrifuged specimens
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Table 6. Chemical compositions and tensile strength of centrifuged

specimens
Tensil
Alloy Cu Al Fe Si strength
(N/mm)
a Bal. 31 0.74 2.66 681.5
b Ba, I 28 0.56 2% 712
C 10 7.82 0.72 2.83 781
d Bal. ™8 0.82 2.08 759
e Bal. -~y 0.83 2.09 703

_31_




800

780 u

TEO | [ |

740 |

UTS (N/mm2)

720 |

00

G0 L 1 L 1
7.0 7.2 7.4 1.6 7.8 8.0

Aluminum additions (Wt %)

Fig. 14. The effect of aluminium content on the tensile strength of

centrifuged specimens
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Fig. 15. Tensile fracture surface and optical microstructures of centrifuged

specimens
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Fig. 15. Tensile fracture surface and optical microstructures of centrifuged

specimens
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Fig. 16. Scanning electron micrographs of centrifuged specimens
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Fig. 17. SEM-EDS point analysis on the elements of Cu, Al, Fe and Si for

the centrifuged specimens
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