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Effect of Alloying Element Addition on the Microstructure,
Tensile and Impact Toughness of the Modified Al-6.5Si Alloy
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Abstract

Low-cost alloying elements were added to a modified Al-6.5Si alloy and its microstructure, tensile and impact toughness
properties were investigated. The alloying elements added were Mg, Zn, and Cu, and two kinds of alloy A (Mg:0.5, Zn:1,
Cu:l.5 wt.%) and alloy B (Mg:2, Zn:1.5, Cu:2 wt.%) were prepared. In the as-cast Al-6.5Si alloys, Si phases were
distributed at the dendrite interfaces, and Al.Cu, Mg-Si, Als (Fe,Mn) and Als (Fe,Mn)Si precipitates were also observed. The
size and fraction of casting defects were measured to be higher for alloy A than for alloy B. The secondary dendrite arm
spacing of alloy B was finer than that of alloy A. It was confirmed by the JMatPro S/W that the cooling rate of alloy B could
be more rapid than alloy A. The alloy B had higher hardness and strength compared to the values of alloy A. However, the
alloy A showed better impact toughness than alloy B. Based on the above results, the deformation mechanism of Al-6.5Si
alloy and the improving method for mechanical properties were also discussed.
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alloy B used in this study (wt.%o)
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Fig. 1 OM images showing the microstructures;
(a, c) alloy Aand (b, d) alloy B
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Fig. 2 XRD analysis results of alloy A and alloy B
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3.2 J& Al-65Si &2

=
e AE U T 54

[ ] o
T e AL Ax ¥ aF EAS Fig. 59
EAEATT. HAS Aol HS- TEF AE 9288
) oy

wo = oladld 4 St} ol¢t A FIHHSE Zn
A7t oJs Al 71X 18 #3 gL AE I
Ao 43Fe M Aow WAtk A o Axt
(Fig. 5b), + =59 a5 As5S 242 154.6947.3

1 T4 e Al de 94 Hbe 9% 159

£ 747} 236.26£16.55 MPa (§H3 A), 277.52+20.1
MPa (3= B), Ela dA&e ¥E AV
1.87+0.28 %, 35 B7} 1.18+0.21 %= 2}1%]

Aa H7] F& 5 BolA BEEF
2 AE)e Eopxlu AXNE
o

P& gk o714 ¥ gEEe] e
A

O
e J 32

Y
1o 0 mo i LN

S
o1
@
i)
al

Fig. 691 + w59 A vdd A2 dds
ERl g TN F e EF X AT
(71%, red dotted line)E©°] #&AH Yo 1 A7)+
= A7} & BHY ¢ & Aoz yErth i ou
&9 % wdwd #AF AN, F FeEs BE "9

(dimple) ulF-of A=/ (Als(Fe,Mn)Si, yellow dashed
line)Eol =Astn o] 5ol Fspde] ATE k=
As & A HE Tl EAss AEdE
o A3t A7) 27 2911 pm (B A), 18.61 pm (&
 B)® A ¥ B7/F F= A MR ¢ v
AR o2 YERY § 9 Be A2 7 W
AR AE dsbdadl od du ARG U e
FEE VM= Aew dd

Fig. 6 SEM observation results of the tensile fracture
specimens; (a,c) alloy A and (b,d) alloy B

3.3 7HE Al-65Si &
me 54 oy
Fig. 7ol F =59 &4 olyA & (impact

= O

energy absorbance [Jem?]) #(F4 AAES =AISH

=222 #4& I
E
-

=
=
=



140 ShElE - A

Ak FE A9l T4 olyA e 39.96+0.8
Jem?ollow S B 17.98+1.99 Jem2ow® =4
Qoh;]_ z 5L:. A«] _6_7:] o]Ho] -6L:!_ Boﬂ H]“S‘}Oq
ol A A=A F5 A9 T4 oyA
o] -5L:. BEE} %Z‘% 7)4\1_ o]z]— 3’—/301] IJ-E}
153 Aol qlon [32], HUiAe= A4l
= AZF = Bell HlE A ¢ Em2
EAS UEYE Ao olalE 4 Utk

5
=h

O

o)
=
=
K3

N S T oo -m
o e g :ﬂé
ox rlo §i

— 40+ 1
g
2
ck
bt
g 304
=
15
5
w
=
<
» 20+
&0
1™
@
=
=
Rl
2
g 104
E
o
0
A B

Fig. 7 Impact energy absorbance results of alloy A and
alloy B

7 A% 95 B9 57 <
]—‘* 7-].1} U= o]—Oﬂ

dgjon, O Ays Flg 8ol #AAlstItt. 3= Al
A 4 GYollA dEo] #FEHoH, I %
HollA 2 A% #ZHIAY F5 Ad #EE
A T2 2 VFELS AE At IS
XA RE FA Q14 Aol 1 o] AA F&
Ao g Algdt) ol9k= W2 g B oA o
ol A F<crack)E  F A (brittle)2]  whekH o]
o, Fa AS Fdd] e 5SS Bk &
o BolA #EE wA 4EES FE AE: S
5 FHA Yerwt & FHAdol ek AEAdE
ol wE wAlo] AxE o HFEHI Hgh
w Bo Zstd V1A AL 3y 4 54
AstAl 7= AIE oF7]ehe Ao®E fFFH AT

Fig. 8 SEM observation results of impact toughness
fractured specimens; (a) alloy A and (b) alloy B

4. 4

Ao = Mg, Znd Cu &+

ste 7|%E Al-6.5Si-Mg-Zn-Cu FHES AFs
e da FF Aot mAlzZ, A H T4
4 5Ae mA= &l el 2Abskslon v
I 2 AES 22 7 U

(1) =71 Az #2 A Mg, Zn, Cu ¥4E0]

ol ol A7te ¥+ BAAE e ARG Fx A
gl 71Fe] A7 9 8ol Ak

w3k 6‘]-:— Boﬂ}ﬂ ‘%]-% A_E_q ASS”]' }ﬁl% 701'5"
BEC A717F 9 wAgE glskalh

(2) IMatPro Z 21318 ALE-3te] A7) F FaEe
W7t &5 simulation AAFeFSITh o-d) eutectic
el AR = AtelA, 5 B7F B ARG A

fHoR o Ge HA 52 A= Ao R ey
=3

T3 S A W7 SR 113 °0sola, T
Bo] W7z} &5 148 °ClsE ¥olA], &+ Bo W7

o e s s

3lo) 3k
e =2

40
%o
22
)



MEE AI-6.5Si &5 mAZxZ, 9l

O
-

30
Ml

>

= Mg, Zn, Cu 94 H7peFo] Fx
[e]

W7t &b wars A

T

A e

1o 3o

o

2k
B) B2 9% ZH¥Y, F= =

154.69+7.3 MPa, 1% 7%=+ 236.26+16.55 MPa L

I AAIES 1874028 %E =AH L)

b Sk BO] . 73w 217.73+4.01 MPa, $17%

ZFEE277.52420.1MPast 1] 1 A A && 1 18+0.21 %

7}

< 5

te

oo

[-40
o
1)
Y uv)
=)
o
e
ﬁ
_L
=2
>,
C 4
o
UU

52
EiR=l] %é‘ﬂ‘ﬁﬁuﬂ, O A7 = #F
A7} & BET AA YERTH
Z(dimple) ol AEFE0]
o] Zk o] 7IlsteE A
o EAst= HEA4E]

m (35 A), 18.61 um (T

X

'55:

(@) 3 F4 A4 A%, FF AY F7 UA

E4 S 39.96+£0.8 JemiZ T 17.98+1.99
Jem?=2 SAHATH Fa A FZF FddddAE
927 € UFo A& #FHJeH, Fx
Adsl 45 AFEAG

Wb e B olAE u@e] A #4EES HA
zrol stgnio] ¥AH AT Fu Bl #EH 7|
Al FEES A F2oA AP AT

Mg, Zn, Cu ¥4 F7tFo] wobxl & BellA %
Lo 7ldete ME Asda Astd 1A 24
L3y T4 545 AstA7l= 8qlow 285kl

B ATE HYFAAAY, FANA G A9
om ug WSIds 300 /1% AL A A
9 1= 3

A=
REFERENCES

[1] O. Engler, C. Schafer, O. R. Myhr, 2015, Effect of
natural ageing and pre-straining on strength and
anisotropy in aluminium alloy AA 6016, Mater. Sci.
Eng. A, Vol. 639, pp. 65~74.

[2] J. Hirsch, T. Al-Samman, 2013, Superior light metals

ofye

)
FO
oXx
=2
=)
rlr
E?_‘l‘
il
rio,
[
a0
N
)
o,
o

3 141

by texture engineering: Optimized aluminum and
magnesium alloys for automotive applications, Acta
Mater., Vol. 61, No. 3, pp. 818~843.

[3] P. Jimbert, I. Eguia, I. Perez, M. A. Gutierrez, 2011,
Analysis and comparative study of factors affecting
quality in the hemming of 6016T4AA performed by
means of electromagnetic forming and process
characterization, J. Mater. Process. Technol., Vol. 211,
No. 5, pp. 916~924.

[4] Y. K. Kim, M. J. Kim, Shae K. Kim, Y. O. Yoon, K. A.
Lee, 2017, Microstructure, Tensile Strength, and High
Cycle Fatigue Properties of Mg+Al,Ca added ADC12
(Al-Si-Cu) Alloy, Trans. Mater. Process., Vol. 26, No. 5,
pp. 306~313.

[5] Y.J. Li, S. Brusethaug, A. Olsen, 2006, Influence of Cu
on the mechanical properties and precipitation behavior
AIlSi7Mg0.5 alloy during aging treatment, Scr. Mater.,
\ol. 54, No. 1, pp. 99~103.

[6] J. Z. Yi, Y. X. Gao, P. D. Lee, T. C. Lindley, 2004,
Effect of Fe-content of fatigue crack initiation and
propagation in a cast aluminum-silicon alloy (A356-
T6), Mater. Sci. Eng. A, Vol. 386, No. 1~2, pp.
396~407.

[7] E. Ogris, A. Wahlen, H. Luchinger, P. J. Uggowitzer,
2002, On the silicon spheroidization in Al-Si alloys, J.
Light Met., Vol. 2, No. 4, pp. 263~269.

[8] A. Tajiri, T. Nozaki, Y. Uematsu, T. Kakiuchi, M
Nakajima, Y. Nakamura, H. Tanaka, 2014, Fatigue
limit prediction of large scale cast aluminum alloy
A356, Procedia Mater. Sci., Vol. 3, pp. 924~929.

[9] G.-S Ham, M.-S Baek, J.-H. Kim, S.-W. Lee, K.-A.
Lee, 2017, Effect of heat treatment on tensile and
fatigue deformation behavior of extruded Al-12 wt% Si
alloy, Met. Mater. Int., Vol. 23, No. 1, pp. 35~42.

[10] Z. Li, A. M. Samuel, F. H. Samuel, C. Ravindran, S.
Valtierra, H. W. Doty, 2004, Parameters controlling the
performance of AA319-type alloys: Part I. Tensile
properties, Mater. Sci. Eng. A, Vol. 367, pp. 96~110.

[11] J. Pavlovic-Krstic, R. Bahr, G. Krstic, S. Putic, 2009,
The effect of mould temperature and cooling
conditions on the size of secondary dendrite arm



142 HrElE - ey

spacing in Al-7Si-3Cu alloy, Metal. J. Metall., Vol. 15,
No. 2, pp. 105~113.

[12]K.-S. Park, H.-S. Kim, 2017, Change of Secondary
Dendrite Arm Spacing of Hypoeutectic Al-Si Alloys
according to Si Content and Cooling Rate, J. Kor. Fou.
Soc., Vol. 37, No. 4, pp. 108~114.

[13] F. Grosselle, G. Timelli, F. Bonollo, A. Tiziani, E. D.
Corte, 2009, Correlation between microstructure and
mechanical properties of Al-Si cast alloys, Metall. Ital.,
Vol. 101, No. 6, pp. 25~32.

[14] M. B. Djurdjevi¢, M. A. Grzin¢i¢, 2012, The effect of
major alloying elements on the size of the secondary
dendrite arm spacing in the as-cast Al-Si-Cu alloys,
Arch. Fou. Eng., Vol. 12, No. 1, pp. 19~24.

[15] Q.-Z. Dong, Y.-S. Choi, J.-H. Hong, H.-Y. Hwang,
2012, Prediction of mechanical properties of Al alloys
with change of cooling rate, China Fou., Vol. 9, No. 4,
pp. 381~386.

[16] H. Beumler, A. Hammerstad, B. Wieting, R.
DasGupta, 1988, Analysis of modified 319 aluminum
alloy, AFS Trans., Vol. 96, pp. 1~12.

[17] Z. Li, A.M. Samuel, F.H. Samuel, C. Ravindran, S.
Valtierra, 2003, Effect of alloying elements on the
segregation and dissolution of CuAl, phase in Al-Si-
Cu 319 alloys, J. Mater. Sci., Vol. 38, pp. 1203~1218.

[18] S. G. Shabestari, F. Shahri, 2004, Influence of
modification, solidification conditions and heat
treatment on the microstructure and mechanical
properties of A356 aluminum alloy, J. Mater. Sci., Vol.
39, pp. 2023~2032.

[19] A. K. Dahle, K. Nogita, S. D. McDonald, C. Dinnis, L.

Lu, 2005, Eutectic modification and microstructure
development in Al-Si alloys. Mater. Sci. Eng. A, Vol.
413~414, pp. 243~248.

[20] L. Lu, K. Nogita, A. K. Dahle, 2005, Combining Sr
and Na addition in hypoeutectic Al-Si foundry alloys,
Mater. Sci. Eng. A, Vol. 399, No. 1~2, pp. 244~253.

[21] M. F. Ibrahim, E. Samuel, A. M. Samuel, A. M. A. Al-
Ahmari, F. H. Samuel, 2011, Metallurgical parameters
controlling the microstructure and hardness of Al-Si-
Cu—Mg base alloys, Mater. Des., Vol. 32, No. 4, pp.

2130~2142.

[22] H. R. Lashgari, M. Emamy, A. Razaghian, A. A.
Najimi, 2009, The effect of strontium on the
microstructure, porosity and tensile properties of A356-
10%B4C cast composite, Mater. Sci. Eng. A, Vol. 517,
pp. 170~179.

[23] S. Derin, Y. Birol, U. Aybar¢, 2016, Effect of
Strontium Addition on Microstructure and Mechanical
Properties of AlSi7Mg0.3 Alloy, Int. J. Metalcast., Vol.
11, No. 4, pp. 688~695.

[24] J. R. Davis, 2001, Alloying: Understanding the Basics,
ASM International, Ohio, pp. 351~416.

[25] M. Dehnavi, F. Kuhestani, M. Sabzevar-Haddad,
2015, Cooling Curve Analysis in Binary Al-Cu Alloys:
Part I-Effect of Cooling Rate and Copper Content on
the Eutectic Formation, Assoc. Metall. Eng. Serbia, Vol.
21, No. 3, pp. 195~205.

[26] 1. Aguilera-Luna, M. J. Castro-Roman, J. C.
Escobedo-Bocardo, F. A. Garcia-Pastor, M. Herrera-
Trejo, 2014, Effect of cooling rate and Mg content on
the AI-Si eutectic for Al-Si-Cu-Mg alloys, Mater.
Charact., Vol. 95, pp. 211~218.

[27] J.-S. Cho, J.-H. Kim, W.-J. Sim, H.-J. Im, 2012, The
Influence of Alloying Elements on the Fluidity of Al-
Zn-Mg Alloys, J. Kor. Fou. Soc., Vol. 32, No. 3, pp.
127~132.

[28] S. W. Choi, H. S. Cho, C. S. Kang, S. Kumai,
2015, Precipitation dependence of thermal properties
for AI-Si-Mg-Cu—(Ti) alloy with various heat
treatment, J. Alloys Compd., Vol. 647, pp. 1091~1097.

[29] O. Lashkari, L. Yao, S. Cockcroft, D. Maijer, 2009,
X-ray microtomographic characterization of porosity in
aluminum alloy A356, Metall. Mater. Trans. A, Vol. 40,
pp. 991~999.

[30] T. Wang, D. An, Q. Zhang, T. Dai, M. Zhu, 2015,
Modeling of  microporosity  formation  during
solidification of aluminum alloys, 10P Conf. Ser.:
Mater. Sci. Eng., Vol. 84, 012046.

[31] V. C. Srivastava, R. K. Mandal, S. N. Ojha, K.
Venkateswarlu, 2007, Microstructural modifications
induced during spray deposition of Al-Si—Fe alloys



M A-6.5SI Fao] mAxA, 9% ¥

and their mechanical properties, Mater. Sci. Eng. A,
Vol. 471, No. 1~2, pp. 38~49.

[32] H. K. Sung, S.Y. Shin, B. C Hwang, C. G. Lee, N. J.
Kim, S. H. Lee, 2010, Effects of Alloying Elements

ofye

dol MAl= w94 Hbe 9% 143

and the Cooling Condition on the Microstructure,
Tensile Properties, and Charpy Impact Properties of
High-Strength Bainitic Steels, J. Kor. Inst. Met. Mater.,
Vol. 48, No. 9, pp. 798~806.



