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K EOS-M290 1% [X 4 4 15 4% il 4% 25
Al-Cu-Mg &4, TEN SN BOGTIR 150~250 W,
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Fig. 1 Micro-morphologies of raw powders and ZrH,/Al-Cu-Mg composite powders: (a) Al-Cu-Mg; (b) ZrH,; (c), (d) ZrHy/

Al-Cu-Mg
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EQ/mm®) R AE AR R R
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(B4 1 h; KH DF-101S 8 S St 47 i R 4,
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bl
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% FH Archimedes HEZKE & 8055 7 ; K H Leica
DM 15000M 2% 5 AU 85 (OM) U 42 4R 3 THI BB

#z 1 Al-Cu-Mg &E& M AR E 5
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YIAR; K 5 80 BUR AT 9 4R Sk (EBSD) 11
Nova Nano SEM 430 37 & 5 434 B+ 2. 8% (SEM)
SRR WA 21 ok R A R B ) SR
JEM—2100F 37 & 3§37 55 FL - SR AU 53 (TEM) WL 52 kA
FIYIAE LA KA UTMS105 ¥ 3 REsEial
AR ) = iR PP ERE, INEGE 24 1 mm/min.

2 HER5THE

2.1 HEESAEIRHRE
BOLRERHE ST S Al-Cu-Mg &4
EERRARWE 2R, HE 20 1L, R
o B bl A RE R B I N 2L B E N RE
Fa3h, {E 370 Jmm’ B, N 97.2%. BOtRER
ASREF, AR PR TR T2 LRER T FLE R

Table 1 Chemical composition of Al-Cu-Mg alloy powders (mass fraction, %)

Cu Mg Mn Si Fe Zn Cr Ti Al
4.28 1.72 0.60 <<0.10 <<0.10 <<0.10 <<0.05 <<0.05 Bal.
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Fig. 2 Relationship between laser energy density and relative density of as-deposited Zr-modified Al-Cu-Mg alloy(a), and
OM images of cross section of representative samples((b)—(d)): (b) 74 J/mm’; (¢) 370 J/mm’; (d) 417 J/mm’
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Fig. 3 Microstructures of vertical section of as-deposited samples: (a), (b) As-deposited Al-Cu-Mg; (c), (d) As-deposited

Zr/Al-Cu-Mg
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Fig. 4 IPF maps((a), (d), (g)), grain size distributions((b), (e), (h)) and pole figures((c), (f), (i)) of vertical section of as-built
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Fig. 6 TEM images of as-deposited Zr-modified Al-Cu-Mg alloy: (a) Bright field image; (b) EDS maps; (c), (d) SAED

patterns of L1,-Al;Zr and a(Al)
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Fig. 7 TEM images of heat-treated Zr-modified Al-Cu-Mg alloy: (a) Bright field image; (b) SAED pattern, ALCuMg;
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Table 2 Tensile properties of Zr/Al-Cu-Mg alloy samples

Sample Ultimate Yield Elongation/
P strength/MPa  strength/MPa %
As-deposited 36949 32043 12.4+0.6
Heat-treated 485+10 41449 11.2+0.5
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Fig. 9 Fracture morphologies of Zr/Al-Cu-Mg alloy samples: (a), (b) As-deposited Zr/Al-Cu-Mg; (c), (d) Heat-treated

Zr/Al-Cu-Mg
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Microstructures and mechanical properties of
Zr modified Al-Cu-Mg alloy processed by selective laser melting

WANG Kai-dong, LIU Yun-zhong, CHENG Wen, LIU Xiao-hui, ZHOU Zhi-guang

(National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: Zr-modified Al-Cu-Mg alloy was processed by selective laser melting (SLM) technique. The
microstructures and mechanical properties of as-deposited and heat-treated(T6) samples were systematically
analyzed. The results show that samples with the highest density can be achieved when the energy density is 370
J/mm’. The in-situ formed ALZr refines the grain size to 1.28 um and therefore eliminates the common hot tearing
in SLMed Al-Cu-Mg alloys. The metastable phase of Al;Zr (L1,-Al;Zr) with a size range of from 50 nm to 300 nm
is observed, which is responsible for the grain refinement. L1,-Al;Zr particles act as the nucleus of heterogenous
nucleation of a(Al) due to their minimal mismatch. Besides, the L1,-Al;Zr particles can further refine the grains by
hindering the migration of grain boundaries. The ultimate strength of (369+9) MPa and the elongation of
(12.4+0.6)% are achieved for the as-deposited samples after process parameter optimization. After T6 heat
treatment, the ultimate strength greatly increases to (485.2+10) MPa with a slight decrease in plasticity (elongation
of (11.24+0.5)%). The strength enhancements of the as-deposited and heat-treated samples can be mainly attributed
to the Hall-Petch strengthening and the Orowan strengthening mechanisms, respectively.

Key words: selective laser melting; Al-Cu-Mg alloy; Al;Zr; microstructure; mechanical properties
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