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Effect of Mg Content and Cooling Rate After Solidification on the Mechanical
Properties of T5-treated Al-Si-Mg Alloy

Hyeon-Woo Son, Tae-Min Koo, Young-Hee Cho, and Jung-Moo Lee*
Metallic Materials Division, Korea Institute of Materials Science, Changwon 51508, Republic of Korea.

Abstract: The effects of Mg content and cooling rate on the T5 treatment of Al-Si-Mg alloys have been
investigated using Avrami kinetics and transmission electron microscopy. The alloys were super-heated at
800 °C for 1 hr followed by degassing treatment at 720 °C for 15 min, and poured into a metallic mold pre-
heated to 250 °C. The as-cast alloys were then T5-treated at a temperature of 190 °C. As the Mg content and/
or cooling rate increased, the strength of the T5-treated alloys increased while the elongation decreased over
the entire aging time. However, some T5 treatment conditions were effective to at enhancinge elongation as
well as strength. The alloy with low Mg content showed excellent elongation in the early stage of aging. B,
but as the aging time increased, h. However, the elongation decreased rapidly so that there was showed no
significant difference from with the alloy with high Mg content in the over-aging stage. This was due to a
coarse and agglomerated precipitate structure, which were likely to be formed by the rapid precipitation and
agglomeration of the B’ phase. The alloy with a high cooling rate exhibited superior strength with similar
elongation over the entire aging time compared to the slowly cooled alloy. The reason for the decrease in
strength for in the slowly cooled alloy was attributed to the coarsening of precipitates and suppression of the

formation of fine precipitates during cooling.
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Table 1. Chemical compositions measured by inductively coupled
plasma optical emission spectroscopy (ICP-OES) and cooling
condition of the Al-Si-Mg alloys used in this study.

Chemical composition (wt%)
Al Si Mg Fe Sr
Al Bal. 6.82 046 02 0.02 Aircooling at 350 °C
A2 Bal. 6.72 0.66 0.12 0.02  Air cooling at 350 °C
A3 Bal. 6.72 0.66 0.12 0.02 Water quenching at 350 °C
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Fig. 1. (a) Yield strength and (b) elongation changes during T5 treatment of A1, A2 and A3 alloys.
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Fig. 2. Optical micrographs of A1, A2, A3 alloys
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Fig. 3. (a) Electrical conductivity and (b) Avrami plots for transformed precipitate fractions of A1, A2 and A3 alloys
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Fig. 5. BF and HRTEM images of (a,b) A2 and (c,d) A3 alloys
aged at 190 °C during 2 h. Red arrows in the BF images indicate
fine clusters and precipitates.

BF olHA&= F a9l nMzE] 2% Yzige] J4€
10 nm W9le] Hlwa gt HEEE ATAE 5
€ 2~3 nm FEC] 22 FE2E He= pr E pre] A
FEEZ YY) IS veRdh olF 10nm ul9]9]
A7 zZhe AEEES FUE §E<l A3 3= °
u)Met A4S YeR oA

ol Wl WG Wkl ¥AgEE HEEe] 4%

< a840= YA & olmgtci b 1y 5b
o} 5dollA ERIE & S%el %Eﬁéﬁi TEe B e 2
719] 7% F Fgol  ApolE HolA et o= <l
3l TEM 47237} QlgA g 2217kl A3 2] A&
Ego] tha WSS B9l Avrami plote] Aol UAFHS
RIS &, A2 F=9] A =9 JEE= Qs 4
7t % *%%4 Zrfsirt H“MO% 44%5'—% 7N &
SAlIA A3 s tiH] lak%] Ko
oIS MFHES &+ Utk Zkgol|
65!**% NEE] A7}t H]W* # AAZ
9)\_ _9_@_,] Oko] A2 T
A2 = O] =3 01011 44"\] A &
A7V} BlwA gdstal A %%%% 7H
Ao R FETh, mepa Alg Al
A&} Al AXES FAS # AR A

kOI

o 11 ::1‘

ﬁﬁ flo o rlo
%%@@“
b

b
do i lo

HI
b T
&‘El
Lz

_L4
& 1

N
-

S
;C_)‘

1
i

=o
T
o

i
i
k5

5.4 B

800~820 °Cell] 2] Al-Si-Mg =M Mg
gk T2 olF WAEEE gste] AlHE AL, TS
A& A wet Z1A1A 54 2 uAaxAE 5498
BAE o e A8 ATk

1. 800~820°CollA &8z E AlSiMg TFS Mg
ol Skl WAEEsE BS W 190 °Ce] oA
T5 NEZE AEA 7 ZAIQle] 34 AErt 2718kl
2. Mg &) 22 A2 Aaxrlde 7 il



£85 - e
&S BRI A&7t A& wet ddge] F43] 7
adlo] A E BN E Mg FEo] B& g 2 &
o] Holx] Uit} W MgdtEo] E& A2FE T
ANEz7] FH2E DA AEE I 2 AF &
AZ wWEA A3 hal A g27] HEEE0] W o
T NEEE7E o9 gtk v vlwd oS g
ZE 7THA ol Axlgo] F43] A3e Aoz B
Ak B e SR Mol 2e u F2E A
2 738l MEfo g o] e AAE7] WiEe R 4
Hch
3. Y& mE AT WSt =3 g o)
H) A &7|17H U] =2 AEE §X5) SAld $58 A
NS wol FAALHE T5 T 7AHEHNS 2874
o2 =Y & e Ao AL WEEr =9
o BgshE e dalge Yrihs dAEE HEEE]
5 J skl Alad

E AFE ARSI 271 EAA] (@FAHE
20012145 2 FAMF 20016403)8] A Qo2 FHPEJL
], o]of] ZAI=Hu T}

REFERENCES

1. B. R. Jin and C. Y. Jeong, Korean J. Met. Mater. 54, 626
(2016).

2. L. Zhu and M. Guo, J. Zhang, Mater. Sci. Eng. A 841,
143016 (2022).

3. V. Fallah, A. Korinek, N. Ofori-Opoku, and B. Raeisinia,
Acta Mater. 82,457 (2015).

4. V. Fallah, B. Langelier, N. Ofori-Opoku, B. Raeisinia, N.
Provatas, and S. Esmaeili, Acta Mater. 103, 290 (2016).

5. M. J. Kim, K. Y. Kim, K. Euh, Y. M. Rhym, and K. A. Lee,
Korean J. Met. Mater. 53, 169 (2015).

6. E, Sjolander and S. Seifeddine, J. Mater. Process. Tech.
1249, 210 (2010).

7. A. M. A. Mohamed, F. H. Samuel, A. M. Samuel, H. W.
Doty, and S. Valtierra, Metall. Mater. Trans. A 39, 490

=93 - o1 g ¥ 478
(2008).
8. K. Yamamoto, M. Takahashi, Y. Kamikubo, Y. Sugiura, S.

11.

12.

13.

15.

16.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28

Iwasawa, T. Nakata, and S. Kamado, Mater. Sci. Eng. A
798, 140089 (2020).

. K. Yamamoto, M. Takahashi, Y. Kamikubo, Y. Sugiura, S.

Iwasawa, T. Nakata, and S. Kamado, J. Alloy. Compd. 834,
155133 (2020).

. S.B.Kim, J. M. Lee, T. M. Koo, S. U. Lee, J. Y. Lee, K. S.

Son, and Y. H. Cho, J. Alloy. Compd. 906, 164339 (2022).
S. B. Kim, J. G. Jung, Y. H. Cho, S. H. Kim, K. Euh, and J.
M. Lee, Met. Mater. Int. 28, 1549 (2022).

S. B. Kim, D. H. Kim, J. W. Kang, T. M. Koo, Y. S. Lee, J.
Y. Lee, Y. H. Cho, and J. M. Lee, Met. Mater. Int. 29, 705
(2022).

A. K. Prasad Rao, K. Das, B. S. Murty, and M. Chakraborty,
J. Alloy. Compd. 480, L49 (2009).

. J. Xu, R. Li, and Q. Li, Met. Mater. Trans. A 52, 1077
(2021).
Y. Wang, H. Liao, Y. Wu, and J. Yang, Mater. Design. 53,
634 (2014).

N. A. Nordin, T. Abubakar, E. Hamzah, S. Farahany, and A.
Ourdjini, Procedia Engineer. 184, 595 (2017).

. Q. D. Qin, Y. G. Zhao, Y. H. Liang, and W. Zhou, J. Alloy.

Compd. 399, 106 (2005).

C. L. Xu and Q. C. Jiang, Mater. Sci. Eng. A 437, 451
(2006).

P. Li, V. I. Nikitin, E. G. Kandalova, and K. V. Nikitin,
Mater. Sci. Eng. A 332,371 (2002).

R. Venkataramani, R. Simpson, and C. Ravindran, Mater.
Charact. 35, 81 (1995).

X. Bian and W. Wang, Mater. Lett. 44, 54 (2000).

H. W. Son, J. Y. Lee, Y. H. Cho, and J. M. Lee,
Homogeneous precipitation and enhanced mechanical
properties in T5-treated Al-Si-Cu-Mg alloy with high
melting temperature, J. Alloy. Compd. (Submitted)

C. H. Caceres, C. J. Davidson, J. R. Griffiths, and Q. G.
Wang, Met. Mater. Trans. A 30,2611 (1999).

P. A. Rometscht and G. B. Schaffer, Int. J. Cast Met. Res.
12, 431 (2000).

Murat Tiryakioglu and Ralph T. Shuey, Met. Mat. Trans
38B, 575 (2007).

G. Asghar, L. Peng, P. Fu, L. Yuan, and Y. Liu, Mater.
Design 186, 108280 (2020).

J. Royset and N. Ryum, Mater. Sci. Eng. A 396, 2191
(2005).
.D. B. Hani, R. A. Athamneh, Z. Albatainech, M.



479 i gtF4 - A 538 A] A61d A7E (20239 7€)
Rawashdeh, and 1. Makableh, Crystals 12, 457 (2022). and S. P. Ringer, Acta Mater. 60, 692 (2012).
29. D. Yoshikawa, L. G. D Carvalho, R. Lesley, and A. F.  34. H. Chen, J. Lu, Y. Kong, K. Li, T. Yang, A. Meingast, M.
Padilha, REM — Int. Eng. J. 70, 471 (2017). Yang, Q. Lu, and Y. Du, Acta Mater. 185, 193 (2020).
30. S.J. Andersen, C. D. Marioara, R. Vissers, A. Froseth, and ~ 35. J. Peng, S. Bahl, A. Shyam, J. A. Haynes, and D. Shin, Acta
H. W. Zandbergen, Mater. Sci. Eng. A 444, 157 (2007). Mater. 196, 747 (2020).
31. Y. Birol, Int. J. Mater. Res. 101, 590 (2010). 36. S. K. Chaudhury and D. Apelian, Int. J. Metalcast. 10, 138
32. B. Rinderer, Malcolm J. Couper, X. Y. Xiong, and S. Gao, (2016).
Mater. Sci. Eng. 654-656, 590 (2010). 37. Q. G. Wang, C. J. Davidson J. Mater. Sci. 36, 739 (2001).

33. G. Sha, H. Maller, W. E. Stumpf, J. H. Xia, G. Govender,



