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Abstract

Microstructure and heat treatment characteristics of

Al-Si-Cu alloy acoording to the addition of Zirconium

Seung-Gwan Lee
Advisor: Prof. Chung-Seok Kim Ph. D.
Dept. of Advanced Material Engineering,

Graduate School of Chosun University

In this study, the effect of adding zirconium to commercial Al-Si—-Cu alloys
on the changes in microstructure and mechanical properties of the alloy was
investigated. Test specimens with 0.2, 04, 0.8 and 1.0 wt% zirconium were
prepared by gravity casting of the commercialized Al-12Si-2Cu, Al-65Si-2Cu,
and Al-10Zr master alloys. The gravity casting alloy was subjected to solution
treatment at 495C for 4 hours and then aged at 190C for Shours. In order to
observe the change in hardness of the alloy through long-term aging treatment,
The aging treatment was performed for 2, 5 8, 16, 24, and 48 hours after
solution treatment. The secondary dendrite arm spacing (SDAS) of the alloy
increased as the amount of Zr addition increased, and the primary (Al Si)s;(Zr,T1)
phase was observed by FE-SEM EDX. As for the mechanical properties of the
alloy, The hardness and strength decreased with increase in SDAS. Precipitation
of the Zr-rich phase on the Al matrix after T6 heat treatment was observed by
EPMA, FE-SEM EDX, and XRD bulk-extraction. In addition, it was found to
be (ALSi);Zr phase, which Al atoms ard partially replaced by Si atoms. The
(Al,Si)3Zr phase existed in two forms, spherical and plate-like shape. As a
result of FFT pattern analysis for their crystallographic structure analysis, the
sperical Zr-rich phase was a cubic structure, and the plate-like Zr-rich phase
was a tetragonal structure. Precipitation of the Zr-rich phase increased the

hardness and strength of the alloy. Consequently, The generation of Zr-rich

_ix_
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phase with the addition of Zr in Al-Si-Cu alloy would be a successful

resistance to the overaging phenomenon in Al alloy.
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Fig. 2. 3. Al-Cu phase diagram[33].
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Fig. 2. 4. Al-Zr phase diagram[38].
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Fig. 2. 5. EDX analysis on primary AlsZr[36]
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Fig. 2.8. Schematic diagram of grain refinement.
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Fig. 2. 10. Variation of yield stress with aging time
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Fig. 2. 11. Schematic diagram of effective precipitation hardening conditions
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Stirrer roter.

Fig. 3. 1. Schematic diagram of the casting process.

Table 3. 1. Chemical composition of Al-Si—Cu-Zr alloy used in this study

WL.>0).
(wt.%)
Alloy Si Cu Zr Al
Al-Si-Cu 5.49 2.09 - bal.
Al-Si-Cu-0.2Zr 5.38 1.98 0.20 bal.
Al-Si-Cu-0.4Zr 5.40 1.83 0.38 bal.
Al-Si-Cu-0.8Zr 5.45 1.83 0.85 bal.
Al-Si-Cu-1.0Zr 5.37 1.76 1.09 bal.
- 23 -
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Fig. 3. 2. Schematic diagram of electrochemical dissolution
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Fig. 3. 3. Reduced specimen for the tensile specimen geometry and shape.
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(a)

Point 2

4 Point1 4 Point3

=%~ point 4
AMRL I AISZ000C .SEI WD =83 150kV X 1.0k 50pm | , o
Point Si Cu Fe Mn Mg Al Phase
1 10.7 22.0 8.6 56.6 a-Alys(Fe,Mn);Si,
2 17.5 23.1 2.6 56.6 B-AlsFeSi
3 93.6 6.3 Eutectic Si
4 51.3 48.6 8-Al,Cu

Fig. 4. 1. Microstructural observation of Al-Si-Cu alloy;(a) SEM micrograph (b)
BSE micrograph.
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Fig. 4. 2. Optical micrographs of Al-Si-Cu-Zr alloy.

Table 4.1 SDAS in Al-Si-Cu-Zr alloy measurement according to Zr content.

Alloy 0 Zr 0.2 Zr 0.4 Zr 0.8 Zr 1.0 Zr
o (pm) 32.46 48.68 47.61 52.78 54.86
HA} 1.22 1.33 1.56 0.91 1.41
- 31 -
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Fig. 4. 3. SEM micrograph of the eutectic Si phase : (a;—e;) x3000

magnification, and (a;-e2): x5000 magnification.
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AIS2000C SEI WD =38, 5.0F i . AIS2000C SEI WD=9.1 150KV X80k _10pm

AIS2000C SEI WD =9,

(a) 0.2 Zr Element | Weight% Element | Weight%
N (ALSi), (25 Ti) Al 7031 Al 66.79
‘ Si 7.07 Si 4.78
zr 20.37 zr 26.05
Ti 2.25 Ti 2.38

Element Weight% Element Weight%
Al 61.97 Al 55.19
Si 6.11 Si 8.27
r 29.40 Zr 33.98
Ti 2:52 Ti 2.56
— tmm ol

Fig. 4. 5. EDX analysis of primary (AlSi);(Zr,T1)
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Fig. 4. 6. Micro Vickers hardness of Al-6Si-2Cu-Zr
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Fig. 4. 7. Tensile flow curve of the Al-Si-Cu—Zr.

Table 4. 2. Mechanical properties of Al-6Si-2Cu-Zr alloy.

Alloy UTS(MPa) YS(MPa) Elongation(%) Hardness(HV)
0 Zr 217 160 1.95 89
0.2 Zr 206 150 2.19 76
0.4 Zr 168 138 1.4 75
0.8 Zr 163 128 1.6 70
1.0 Zr 128 110 1.2 68
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Fig. 4. 8. Optical Microscope of the Eutectic Si phase : (a;—e;) as-cast alloy
and (az—e2) T6 heat treatment alloy.
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Fig. 4. 9. SEM micrographs of the eutectic Si phase : (a;—e;) as—cast alloy

(az-ez)and T6 heat treatment alloy.
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Fig. 4.10. Eutectic Si particle size of the Al-6Si-2Cu—Zr alloy.
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Fig. 4.11. EPMA observation of as-cast Al-6Si-2Cu-1.0Zr alloy.

(ALSi),(2r, Ti

Fig. 4.12. EPMA observation of T6 heat-treated Al-6Si-2Cu-1.0Zr alloy.
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Fig. 4.13. FE-SEM EDX analysis of T6 heat-treated Al-6Si-2Cu-1.0Zr alloy.

Fig. 4.14. Schematic diagram of the AlsZr precipitation behavior[29].
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Fig. 4.15. X-ray diffraction patterns of extracted residues in Al-6Si-2Cu-1.0Zr.
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(a)1.0Zr As-cast

(c)1.0Zr T6

Fig. 4.16. TEM observation of Al-6Si-2Cu-1Zr : (a) Dark field of as-cast, (b)
Bright field of as—cast, (c) Dark field of T6 treatment, (d) Bright field of T6

treatment.
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Fig. 4.17. EDS analysis of spherical-like precipitate.

Al K series Si K series
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Fig. 4.18. EDS analysis of plate-like precipitate.
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Point 1

Pqint 2

Point 1 Point 2
Element | Weight% | Weight %
Al 67.25 78.70
Si 6.79 3.41
Ti 0.00 0.17
Zr 2595 17.72

Fig. 4.19. EDX analysis of spherical and plate-like precipitates.
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Fig. 4.20. TEM observation of Al-6Si-2Cu-1Zr : (a) HRTEM image of

spherical-like precipitate, (b) FFT pattern of spherical-like precipitate , (c) HRTEM

image of plate-like precipitate, (d) FFT pattern of plate-like precipitate.
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Fig. 4.21. The variation of micro Vickers hardness in as-cast and T6 heat-treated

Al-6S1-2Cu-Zr alloys.
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Fig. 4.22. The variation of micro Vickers hardness in; Al-6Si-2Cu-Zr alloys aging

time.
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Fig. 4.23. Tensile flow curve of T6 heat-treated Al-Si-Cu-Zr.
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Fig. 4.24. SEM micrographs of fracture surfaces; (aj—e;) as—cast and (b,-es) T6

heat treatment.
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Table 4.3. Mechanical Properties of as—cast and T6 heat-treated Al-6S1-2Cu-Zr

alloy; as-cast and T6 heat treatment.

Alloy Hardness(HV) YS(MPa) Elongation(%) UTS(MPa)
0 Zr 89 160 1.95 217
0.2 Zr 76 150 2.19 206
0.4 Zr 75 138 1.4 168
0.8 Zr 70 128 1.6 163
1.0 Zr 68 110 1.2 128
0 Zr T6 113 212 1.6 248
0.2 Zr T6 113 259 2 280
0.4 Zr T6 115 - 1.7 300
0.8 Zr T6 115 - 1.5 263
1.0 Zr T6 119 - 1.4 265
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