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Abstract

Effects of Casting Process and Solid Solution Treatment

on Microstructure and Mechanical Properties of
Al-6Si-2Cu Alloy

Seung Pyo HONG
Advisor: Prof. Chung Seok KIM Ph. D.
Dept. of Energy Convergence

Graduate School of Chosun University

Effects of casting process and solid silution treatment on microstructure and
mechanical properties of Al-6Si-2Cu alloy were investigated. The test
specimens were prepared by gravity casting and die-casting process. Solution
heat treatments and shot peening were applied to as-cast and die-cast alloy to
improve mechanical properties. The microstructure of as-cast and die—cast
specimens presents a typical dendrite structure, having a secondary dendrite
arm spacing (SDAS) of 37 um and 18 um, respectively. In addition to the Al
matrix, a large amount of coarse eutectic Si, AlCu intermetallic phase and
Fe-rich phases were identified. After solution heat treatment, single-step
solution heat treatments considerably improved the spheroidization of the
eutectic Si phase. Two-step solution treatments enhanced more spheroidization.
The mechanical properties of the two-step solution heat treated alloy showed
improved mechanical properties. In case of shot peening, surface grains and
eutectic Si particles are refiend by plastic deformation and the surface hardness
of shot peening alloy shows Thigher value than unpeened alloy.
Consequentially, the microstructural and mechanical characteristics of the Al
alloy have been successfully characterized and are available for use with the

basic data for the development of lightweight automotive parts.
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Table 2. 1. Chemical compositions and types of commercial aluminum alloy for

die casting (JIS H 5302: 2006).

Chemical compositions (Wt%)

Cu Si Mg Zn Fe Mn Ni Sn Pb Ti Al
11.0~ 0.6~
ADC1 | <1.0 <0.3 | 0.5 <0.3 | 0.5 | 0.1 | 0.2 | <0.3 | Bal.
13.0 1.0
9.0~ | 0.4~ 0.6~
ADC3 | <0.6 <0.5 <0.3 | 0.5 | 0.1 | 0.1 | 0.3 | Bal
11.0 | 0.6 1.0
4.1~
ADC5 [ <0.2 | <0.3 8.5 <0.1 | <1.1 | 0.3 | 0.1 | 0.1 | 0.1 | 0.2 | Bal.
2.6~ 0.4~
ADC6 | <0.1 | <1.0 40 <0.4 | 0.6 0.6 <0.1 | 0.1 | 0.1 | 0.2 | Bal.
2.0~ | 7.5~ 0.6~
ADC10 <0.3 | 1.0 <0.5 | 0.5 | 0.2 | 0.2 | 0.3 | Bal
4.0 9.5 1.0
2.0~ | 7.5~ 0.6~
ADC10Z <0.3 | 3.0 <0.5 | 0.5 | 0.2 | 0.2 | 0.3 | Bal
4.0 9.5 1.0
1.5~ ] 9.6~ 0.6~
ADC12 <0.3 | 1.0 <0.5 | 0.5 | 0.2 | 0.2 | 0.3 | Bal
3.5 12.0 1.0
1.5~ | 9.6~ 0.6~
ADC127Z <0.3 | 3.0 <0.5 | 0.5 | 0.2 | 0.2 | 0.3 | Bal
3.5 12.0 1.0
4.0~ 1 16.0~ | 0.5~ 0.6~
ADC14 <1.5 <0.5 | 0.3 | 0.3 | 0.2 | 0.3 | Bal
5.0 18.0 | 0.6 1.0

_10_
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Fig. 2. 5. Hot chamber die casting machine.
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Fig. 2. 6. Cold chamber die casting machine.
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Residual
Compressive layer N /

Fig. 2. 7. Schematic of shot peening process.
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Fig. 2. 8. Distribution of compressive residual stress near the surface layer.
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Fig. 2. 9. Elastic-plastic boundary below contact zone.

01 01

I :
——» o2 F /— Hi

gz / Hy

(a) Elastic before plastic flow (B) After plastic flow

Hz

,«/_Hl # o

Hi Hi

(c) On removal of o1 {d) Secondary plastic flow

Fig. 2. 10. Sequence of stress acting in an element within a plastic zone.
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Fig. 2. 12. Substitutional solute atom cut into edge dislocation™.

(oF

Fig. 2. 13. Electric dipole generated to edge dislocation™.
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A 3R A

Al1Ad Fas £

2 AFdA Al a2 €A Ay nAzAT 7AH A4S HIkshr] 9
3ted o3 (670 mm x 100 mm x 40 mm)e. 2 FHFZ I on TFFo AL

o el
Agt Zgp=nt A% A7) (inductively coupled plasma mass spectrometry,
A3 A¥}= Table

Ho
t

ICP-MS; Perkin Elmer, OPTIMA 4300 DV)Z& A}-&3}o] 243}
3. 1o YeEtAT. Fig. 3. 12 238 3o 488 A4S HojFEh

Table 3. 1. Chemical composition of Al-Si-Cu alloy used in this study (wt.%).

Si Cu Fe Mn Al
601 | 209 | 1.03 | 0.19 | Bal

Al-65i-2Cu

Gravity cast Die cast
Sﬁ!g:;?;:niat Shot peening
As-cast (s)tr:a (:3- 1;:;:; Ai;iite_ peened

Fig. 3. 1. The experimental alloy process in this study.
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A 2d A

Fxd Al 7o He" 123 2 23 &A43A 8= Table 3. 29+ Fig. 3. 201 4
AE et B dATelAe g43 £xEE ALCude %7 &8Ye I8
sl Fo A ARt 13 &As 2kE ACude &§2% o|akl 485+
1T 4951 CE dAsta 22 8413 255 ALCude €8§2% o442 515¢1T
o} 525+1C=2 A E T3t

Table 3. 2. Schedule of solution heat treatment.

Solution
Specimen - Stage 1 - - Stage2 - Quenching
As-cast - - - - -
1 485 2 - - Water
2 485 2 515 4 Water
3 485 2 525 4 Water
4 495 2 - - Water
5 495 2 515 4 Water
6 495 2 525 4 Water
4h

—~ 525

é" 515 /

~ §10-|- - T -

2 105 1 Tm of the

% 485 / ] ALCu phases

S

8_ |

o

|_ A =

=1l

0 ' 200 ' 400
Time (min)

Fig. 3. 2. The solution heat treatment process in this study.
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2,
w
Y

SENY AHl= dFy FAPEA REAY # Al (multi table type ptm-400)
A& T Table 3. 39 £ETY 7tEx1S UehYLh AHEH AEES 7
s dA4F a7lz 2o e A stolo] 7 REES ARSI AEE
A72 08 mmeolal FE+= ¢F 670 Hvel™ &34 A& Table 3. 49 2t}

Table 3. 3. Shot peening conditions.

Content Condition
Shot ball dia. 0.8 mm
Shot velocity 20 m/s ~ 60 m/s

Time 5 min

Coverage 200%

Table 3. 4. Chemical composition of cut wire shot ball (wt.%).

C Si

Composition

Mn P S

SWRH 72A | 0.69~0.76

0.15~0.35

0.30~0.60 | Max. 0.03 | Max. 0.03

_26_

tlo

o~

o



Az BAS e AlHS Y3telA 7IAIEE (10 mm x 8 mm x 5mm) S}
Fqom AHASE Z= uvg® 3 T Keller's &9 (Nitric acid 125 ml +

75 ml + Hydrofluoric acid 0.5 ml + Dist. water 475 ml)&

=

Hydrochloric acid
Abg3te] oA 3 338&n 7 (Otical Microscope, OM; Zeiss, AXIO) o & 23}
gom AEAS FALAAE N (Scanning Electron Microscope, SEM; Hitachi,
S-4800), ol #] E4F 23 (Energy Dispersive Spectroscopy, EDS; E-MAX,
ISIS310) 28] AAEAn| 24 (Electron Probe Microanalysis, EPMA;
Shimadzu, EPMA-1600)& AF&3to] A 2 A FAs9T. 2T 4
Y& X-A FgAEA (X-Ray Diffraction, XRD; Rigaku, X'pert PRO MPD)<
y3FA k. CuKeE o] &3ko] 20°¢1 4 90°7bA] 20%-4& &9l ow ~ElAlo]= (001°,

27 2 AZE 1 sE S

R

e
=
2~
&

A5 A JNAH 54 B

7NAA A Hrte 9% A= A9 WA FEAE7] (Shimadzu, HMV-2T)
& AMgstlom 1 kgl o R AN 5 s 7 Al & 203 AT <l
A AHE AHE KSAATFZ 4BEE 7122 39 PR A7 33 mmel I e

2 AFRstg o, ¢1&AA&E7] (MTS, Landmark Servohydraulic Test System)<

o] &3le] Ao 1 mm/min® WHEE ZAdA S

24

A i I

Fig. 3. 3. The dimension of tensile specimen.
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A4 Ed3% 2 nF
AlA FTHFZ2FFH €A

R L

Fig. 4. 1& FZ(As-—cast)A A Fednd 281 FALAA dn)d ARRE o
BRIt Fig. 4. l(@)dlA] mAlz=de d382 Fx240 72744 (Dendrite) &3]

S Hygow olnx A7 (IMT, i-Solution)®Z =43k o] x}4=%] 47+ (Secondary
dendrite arm spacing, SDAS)S 37 umE HE It T3 A|Ho| = oty & efs)
How FE A3 oy A Aol Al 7|A A BEEHAJG o AEo A
4 A4S flel SEM-EDS #4& skt Fig. 4. 1(b)ol Ao o] Bkt o

& Hol2 #mAE (Fig. 4 109 1-4) 47HA9 FE==2 & 7Fsdoh. 2h2be
FE9 EDS w45 T35t 1 A3 Table 4. 10 YRS

EDSE4 A3} a-Al 71A ¢} chinese scriptd 2] a-Alis(FeMn)sSizd} 3442 B
~AlsFeSi®] Fe-rich 7, #4d29 6-ALCu 18a ¥4 Sio] & HAd o=
Ceschini °] Al-10Si-2Cu &= <dA7eA HEigk a-Als(FeMn)sSi@ B
~ALFeSio] Ao} A g
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(b)

Fig. 4. 1. OM and SEM micrographs of as—cast Al-6Si-2Cu alloy; (a) OM and

(b) SEM.

Table 4. 1. Compositions of the phase 1, 2, 3 and 4 in Fig. 4. 1 analyzed using

EDS (wt.%).

(Wt%6)
Point Si Cu Fe Mn Al Phase
1 10.7 - 22.0 8.6 56.6 a
2 175 - 231 2.6 56.6 B
3 93.6 - - - 6.3 Si
4 - 51.3 - - 48.6 O
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Fig. 4. 2= Al-6Si-2Cu &F°l thdl Thermo-Calc® A A S T3] 4
BEGE UdetdAT. d98t At Aapet o] 2 AFtolA g &A1 A7
T3kl A Fe-richd a-Alis(FeMn)sSia9F B-AlsFeSi%to]l &4 stk =3, 2
AT 12 &A3e 23 &A3 2% 7]Fo] d ALCud &=

CT= ALtE o]l 2 AgelA dAg &A1 =27t 8Edds BoFrh

o o
)

O

O

10
Al Liquid
8-
5
s 6
o .
E Si
—
3 p-AlFeSi
® —%ACu |
= 2.
1 Al.CuMgSi, a-Al(Fe,Mn)_Si,
0 : I . '
450 500 550 600 650

Temperature (°C)

Fig. 4. 2. Fractions of equilibrium phases diagram of Al-6Si-2Cu alloy

calculated using Thermo-calc.
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7t AEe AA Fx BAS 8 X-A 34 A1E
3ol YEr AT XRD w4 A¥ Fig. 4. 3(a)el 34
o] 3F4d yojavte] uYEhyth ol Fig. 4. 1ol #ZE #H AHH «
-Ali5(Fe,Mn)sSip;9F B-AlsFeSid 59 Al&dE59 FaE&&o] ol X-4 3
ofaf YEtbA @7] witolv. &A3 dA el wE Fee WEE aFstua &
Az dAE dAlel wE X-d 34 EAS o] Fig. 4. 3(b)ell xR0 AH}E
UER At Ao A g 206° F-e] ALCu(110) 3]de] 485C 2h 14 &
2 495C 2h ¢} 525C 4h 23k &A13} A= A YA Fes & F A
uebA A Az 98] AbCu &E°l diE 7[AWE Qquisdd Aow At
2A=3

Fig. 4. 4= as—cast$t 1x}of 2218 2z} &A|st Ao w& wA x2 ¢ Wsls
HeEtW AT 4 Si fAES] Ay Jn] (b5/45)E S48kl Table 4.
200 AeElskad

SA3 Ag Fo Si ALY Ht WHLE FASA grEAe I
7heFAth. ol Al-6Si-2Cu &=l A8 Fo 7AW &4 Si A
st Ao wepa Al ZIAWE ALGHEA 2 A7) 7 AEA L 34 Si Y
o AaEAl 5o EAe FEe Aago] 7hEstE o] st oIt =

= YEhATh =3 A2 2= Alfto] VS E Si gAbEe] dS v AlE A
T3 H AT

=
=° &

Qia

o

R >\1

Table 4. 2. Mean area and aspect ratio of silicon particles after solution heat

treatment.
Measurement || As—cast 1 2 3 4 5 6
Mean
7 47.1 314 29.6 26.1 31.7 25.8 20.6
area(um®)
Aspect
. 0.16 0.27 0.39 0.40 0.32 0.37 0.44
Ratio

*Where a value of 1 is a round particle
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Fig. 4. 3. XRD patterns of (a) dominant phases in as—cast sample and (b)
diffraction peak (110) of Al:Cu at each heat treatment.
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*ﬁ% ZMUiSiul

CHOSUN UNIVERSITY

(a) (b)

(o) (d)

(e) ()

(g)
Fig. 4. 4. Microstructure of AI-6Si-2Cu alloys after different solution heat
treatment; (a) as—cast, (b) 485C/2h, (c) 485C/2h 515/4h, (d) 485C/2h 525C/4h,
(e) 495C/2h, (f) 495C/2h 515C/4h and (g)495/2h 525C/4h.
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2. 1A% &4

Fig. 4. 5= 4489 Al-65i-2Cu €59 #lo]l=Z =z H]lo]# ~(Micro Vickers) 7
=AY A3dE YHedAo A48 Fo] @due A= as-castet Blul & oo
107HvO Al oF 26% ~28%7F S 7Felth. o= 3t uld Al&" xuist 6-AlCu
AbEo] A& Aste] 7]ostA Kstar &AS A Fo] Cu dAEo] 7AWl
S wet a8 A3t mae] 7lofdte] B o] TUtE o w dddnh
Fig. 4. 6& 9 g¥ Al-6Si-2Cu w9 9% 58S BTk 9448 %9 &
w2 as—cast9} Ml w HUIAGFFE7F 185 MPacllAl Hdl 249 MPa(485C/2h
525C/4h) o2 FE7FE+= 152 MPaolA FHdl 198 MPa(495T/2h 515C/4h) = A4l

2 1.36%1A ZHdl 1.93%(495C/2h 525C/4h)= S7FstA T ol HAE=EA A

o o] Cu dxt=c] &Ast WA webs 7AWE QJugHme 18743t 7]

ofst= Aol A& FFS 7] A SiY Aol wE \ARAE I A
&

z=7
stz Qe yEhd Aew Addn. 53], FEAEs 45TAA 2h &<t 13+
b2

Rkl o
nﬂ min

3} shal 515TC¢F 525T oA 4h &<t 2% A8} & 49 as—cast div] ¢F 30% o]
4 ggRa QUL 525CAA 23 §AS T A oF 40% o F7hsen.
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Fig. 4. 5. Micro Vickers hardness of the alloys after various schedule of

solution heat treatment.
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Fig. 4. 6. Tensile properties of the alloys after various solution heat treatment.
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Fig. 4. 7. Microstructure of the die-cast alloy.
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Fig. 4. 8. Images of the phases present in the die-cast alloy; (a) SEM and (b)
EPMA.
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Table 4. 3. EDS analysis of the die-cast alloy (wt.2).

Point Si Cu Fe Mn Al Phase
1 9.9 - 19.8 6.3 59.1 a
2 18.9 - 22.9 2.3 55.8 [§]
3 90.8 - - - 9.1 Si
4 - 47.1 - - 51.9 S)
SEM/EDS #24 A3 g-Al 714, 342 a-Alis(FeMn)sSiod, 37329 B-AlsFeSi
4, 0-ALCWY T1E3 B Si ol BAFUL ot FHFzG $AT FES
e L Th A9 a-Alis(FeMn)sSipd2 T8 7% o 24 to] 7 2" o A=
O~

Z3 Ao 2 velsttl. ol Fabrizi 7F AlSi9Cu3(Fe) thol/l~d d32 vlA
T2 5A4olA Sr, Mg 18]al Cu H7Fe] g&el] et Aol madk A
=

7t g A4 fx A4S 98 XRDE 338t 1 Z3E Fig. 4. 991 e
Uit XRD ¥jo]= A
Zof FA Aol EAGA L v F EA G

A gkl

. =] =

I, Si, ALCu Slo]=wte] AEHUL) ol FeF
Fe-rich’d& 84 w027} e}

24 23
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Fig. 4. 9. XRD patterns of die-cast sample.
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Fig. 4. 10. SEM images of the die-cast alloy; (a) unpeened and (b) shot peened.
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Table 4. 5. Silicon particle characteristics of the alloy.

Area(um®) Mean radius
Alloy 3
Min. Max. Mean. (um)
Unpeening 0.041 6.349 0.874 0.521
Peening 0.036 3.059 0.383 0.349
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Fig. 4. 11. Micro Vickers hardness profile with distance from the surface.
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Fig. 4. 12. XRD patterns of the alloys.
Table 4. 6. Measurement of full width at the half maximum.

Pos. [2th] FWHM Rate of
0S. Unpeened Peened increase(%)
38.44 0.100 0.216 116
44.69 0.100 0.177 77
65.11 0.083 0.314 278
78.22 0.100 0.275 175
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