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Table 1 Chemical composition of experimental alloys (w/%)

Alloy Mg Si Mn Ti Cr Zn Fe Zr Al
6061 0.901 0.737  0.010 0.240 0.014 0.128  0.008 0.192 - Bal.
6061-0.15Mn-0.05Zr 0.750 0.615  0.147 0.170 0.013 0.110  0.009 0.320  0.043 Bal.
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Fig.1 Metallographic microstructures of as-cast 6061 alloys (a, b) and 6061-0.15Mn-0.05Zr alloys (¢, d): (a, ¢) cast by iron mold and

(b, d) copper mold
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Fig.2 SEM images of as-cast 6061 alloys (a, b) and 6061-0.15Mn-0.05Zr alloys (c, d): (a, c) cast by iron mold and (b, d) copper mold

Table 2 EDS analysis results of compositions of as-cast alloy in Fig.2 (at%)

*2 AEHTHRIENSH EDS HTER

Point Al Si Fe Mn Cr Mg Zr Phase

1 in Fig.2a 89.19 4.44 2.16 3.66 0.16 0.39 - Als(MnFe)Si

2 in Fig.2a 85.47 5.94 7.63 0.19 0.47 0.30 - a-Alg(MnFe),Si
2 in Fig.2b 85.27 5.52 2.79 5.44 0.47 0.51 - a-Alg(MnFe),Si
3 in Fig.2b 88.44 3.73 6.73 0.26 0.35 0.49 - a-Aly(MnFe);Si
1 in Fig.2¢c 86.72 5.74 4.15 2.65 0.30 0.41 0.03 Als(MnFe)Si

2 in Fig.2¢ 73.19 10.28 5.94 9.12 0.75 0.69 0.03 a-Alg(MnFe),Si
3 in Fig.2¢c 86.18 4.57 5.08 3.32 0.30 0.48 0.07 a-Aly(MnFe);Si
2 in Fig.2d 77.78 8.48 6.17 7.05 0.39 0.05 0.08 a-Alg(MnFe),Si
3 in Fig.2d 85.22 5.28 5.65 3.18 0.22 0.39 0.06 a-Alo(MnFe);Si
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Fig.3 XRD patterns of as-cast 6061 alloys (a, b) and
6061-0.15Mn-0.05Zr alloys (c, d): (a, c) cast by iron
mold and (b, d) copper mold
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Fig.5 Solid solubility of Mg, Si and Mn in as-cast 6061 alloys (a, b)
and 6061-0.15Mn-0.05Zr alloys (c, d): (a, c) cast by iron
mold and (b, d) copper mold
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Fig.6 Metallographic microstructures of homogenization-treated 6061 alloys (a, b) and 6061-0.15Mn-0.05Zr alloys (c, d): (a, c) cast by

iron mold and (b, d) copper mold
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Fig.7 SEM images of homogenization-treated 6061 alloys (a, b) and 6061-0.15Mn-0.05Zr alloys (c, d): (a, ¢) cast by iron mold and (b, d)

copper mold



%1 i

AR5 KA N Mn F Zr ¥ 6061 456 S ROR AL ZUK J) F PERE I 52

* 305~

%3 THRHEUAERESERIEMSH EDS SHER
Table 3 EDS analysis results of homogenized alloys in Fig.7a~7d

Point Al Si Fe Mn Cr Mg Zr Possible phase
1 in Fig.7a 95.64 1.57 1.56 0.13 0.22 0.88 - B-AlgFe,Sis
2 in Fig.7a 85.06 5.01 8.69 0.35 0.22 0.67 - a-Alg(FeMnCr),Si
1 in Fig.7b 92.15 3.29 3.67 0.21 0.16 0.52 - p-AloFe;Si,
2 in Fig.7b 83.65 5.32 9.62 0.38 0.66 0.37 - a-Alg(FeMnCr),Si
2 in Fig.7¢c 86.96 4.44 3.17 5.07 0.26 0.05 0.05 a-Alg(FeMnCr),Si
3 in Fig.7¢c 83.63 6.13 5.78 3.86 0.03 0.54 0.03 a-Alg(FeMnCr),Si
2 in Fig.7d 87.34 3.96 3.10 4.30 0.68 0.57 0.05 a-Alg(FeMnCr),Si
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Fig.8 XRD patterns of homogenization-treated 6061 alloys (a, b)
and 6061-0.15Mn-0.05Zr alloys (c, d): (a, c) cast by iron

mold and (b, d) copper mold

Wid XRD BERIL, HA a-Al T, &AK
BN ILABAR AT . th TG &P PR D,
XRD 45 5K G6 A7 RO 58 —AH

9 &M 6061 HiH &Ml 6061-0.15Mn-0.05Zr
B 4 RS W 3 R 7K V4 ) RS 5 3 240 3o 1) S A AL 3L IS 1)
XRD 45 51115 B 4 PGt & 4 ALY Ak o 2.

LR B A FL S, 4 Bl 6061 454 4 AL I S #E
WS EIK . K2R AEYSA G, Mg,
Siv Mn JCHEAEA ST EETE MY, W T db N
T Mn. Zr N, WMERACT AL 8K 4. Mn
JCE MR T4, Frbl Mo I, S50 Al &k
RS

10 ZMR#E Vegard A THH 6061 5 &
6061-0.15Mn-0.05Zr 4545 4 BRASEHS 1t R /K VA 4 B 4% it
By AL B S Mgy Si Al Min JC 2 (1 [ % .

)AL ALFR )G, 4 Fh 6061 554 4 Mg o6 & 1 [
WA 0.67%, 0.71%, 0.61%, 0.75%, SH&
B & A LG [ FEHE = 30% A5 A0 . [N, Si Jo 2 1 [ %
BB 50%. T 6061-0.15Mn-0.05Zr 51 &4, %
AJAC AL PR S Mn G 3 10 [ B4R v B i 50% . PR,
4 PGS A S AHIE N 560 C, 3 h, Wik F|HAL

0.4044
V] 1ron mold

g RN\ Copper mold
04040

o

8

£

§0.4036

s

a

8

504032}

6061 Aluminum  6061-0.15Mn-0.05Zr
Alloys

9 6061 #1341 6061-0.15Mn-0.05Zr 45 ¥R B 451 Al K
VAR 1 ) ST A AL BRS AL TR s i 2K
Fig.9 Lattice parameter of Al in homogenization-treated 6061

alloys and 6061-0.15Mn-0.05Zr alloys



* 306 - WA GRS TR

—_
(=]

A Mg
X Si
r EEMn

s o o
EN (=)} oo
:

Solid Solubility, /%

e
[S]
T

0.0

10 6061 #1454 H1 6061-0.15Mn-0.05Zr 4514 4k BE 44 3 Al
IRV R 3 ) S A Ab B S Mg Si AT Min [#] ¥ J5
Fig.10  Solid  solubility of Mg, Si and Mn in
homogenization-treated 6061 alloys (a, b) and
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Fig.11  Tensile properties of as-cast 6061 alloys (a, b) and
6061-0.15Mn-0.05Zr alloys (c, d): (a, ¢) cast by iron

mold and (b, d) copper mold
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Fig.12 Fracture morphologies of as-cast 6061 alloys (a, b) and 6061-0.15Mn-0.05Zr alloys (c, d): (a, c¢) cast by iron mold and (b, d)

copper mold
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Fig.14 Fracture morphologies of homogenization-treated 6061 alloys (a, b) and 6061-0.15Mn-0.05Zr alloys (c, d): (a, c) cast by iron

mold and (b, d) copper mold
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Effects of Water-Cooling Cu Mould on Microstructure and Mechanical Properties of
6061 Aluminum Alloys with Mn and Zr Addition

Shen Hua'?, Shi Jianchao', Mu Yongliang', Luo Hongjie', Yao Guangchun'
(1. Northeastern University, Shenyang 110819, China)
(2. Shenyang University of Chemical Technology, Shenyang 100142, China)

Abstract: Effects of sub-rapid solidification by water-cooling Cu mold on microstructure and mechanical properties of 6061 aluminum
alloy with Mn and Zr addition were investigated. Microstructure of the alloys was analyzed by optical microscopy, scanning electron
microscopy and EDS energy spectrum. Solubilities of Mg, Si and Mn elements in as-cast and homogenized Al alloys were estimated by
X-ray diffraction and Vegard’s Law. Tensile tests were conducted to investigate the mechanical properties of 6061 aluminum alloy. Results
show that both the segregation of Mg, Si and Mn elements and homogenization time are decreased by sub-rapid solidification. The grain
sizes are refined significantly by adding Mn and Zr elements. As-cast precipitated phase is transformed into a-Fe phase of granulate from
p-Fe of bone and strip by water-cooling Cu mold, and they are mainly granular a-Alg(MnFe), Si and a-Alg(MnFeCr),Si after
homogenization treatment. Tensile properties of Al alloy with Mn and Zr addition cast by water-cooling Cu mold are improved. The UTS,
YS and elongation of the homogenized alloy reach to 286 MPa, 27 MPa and 17.84%, respectively.

Key words: 6061 aluminum alloy; water-cooling Cu mold; sub-rapid solidification; microstructure; mechanical property
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