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0.19Zr-0.08Fe-0.04Si. HIBLT-S310% % £ @ TR F
ARG M R AT SLMAUE . OB IR A& 5 < 100
ng/g. FESISLMEUE LS WOt 50k
2001370 W, WOLHHIEE A 500~1300 mm/s C[A]
100 mm/s), JEBEEAZR K100 um, EOGFIHEEE 4100
um, FRYEE N30 wm, AL A R67°, HOBFE G RS
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FAAR Ao W . il e G, A LABOLT % 4370
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X (D F, DABEERHEE, Al%. Mg%-. Sc%- Zr%-
Fe%M1Si%7%) 7 AL, Mg. Sc. Zr. Fef1SisG 2 K] i &
2%, Daiv Dygs Dses Dzin DpcH1Dsi7 55 AL Mg,
Scv Zry FefISULTMHE . KA (1) THERA
ARFFTAL-Mg-Sc-Zr & & LR % . 2.51 g/lem’s

KM Axio vert Alm Z 4 B (OM) Hl
SM-6480 B 494t 1 Wi BE (SEM, 200 kV) W5k
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HOR AT 5 CEBSD) 23 A7 4 it 1D it b R /N AT [k G R
M A Bruker D8 Focus X S fi7 471X (XRD, Cu Ka, 4
=0.15 406 nm, FHEEZN 4°/min) % E SLM B
FESROIAH . N HRS-150 79 5 SR 82 430 I A
H Vickers il &, #4074 300 g, fRIERIEIH 15 s. K
H CMT5205 BB 4% i) i 1~ 7 e 56 HL I KA i 1)
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Fig.1 Photograph (a) and scanning strategy (b) of SLM-formed
Al-Mg-Sc-Zr samples
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Tt v A 5 0 % 4% 1) LE AR o 8 DU SR AR 1)
A RO w A, A AR B K RORLAE A AR AL
T CE2b), Ak R D RIS SR,
RKEAR P ATRFAEAELD 0~ Dso M Dog 73 73 7.1 15.74127.9
um, KRR A E2~46 pmZ [8] CE3), 1MiH
FH SLM % JE #5545 4 B AR A2 53 A7 5 AiE AL D so 1 Do 43 31
21429156 um P8, R HIAHTF 5T Al-Mg-Sc-Zrky K /s
FLAA R I LE IR 22, T 208 T R IR R FH %
22 MR

B4R 5530 45 T 306 D) 2% 52001370 W, A
) OEHH E TN SLMERTE AR B (XOYTHD 11 4 AH
Joe ANHRIEL MBEOG T E 200 W, HHH <900
mm/siF, SLMJJEFE b P 35 A7 75 K AN B0« e 11>
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Fig.2 SEM morphology (a) and cross section optical micrograph (b)
of Al-Mg-Sc-Zr powders
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Fig.3 Particle size distribution of AlI-Mg-Sc-Zr powders
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BT PO T S KO, A it LR ) M 3
ke BEAN, d T AR Pl % Al-Mg-Sc-Zr & &35 11
KZHMgILER, NEALZSH Mgt & K LA

PREJEE (R AN [ 2 X SLMUSEIE K i AL 187 2647 i 3
Wigs [, AFETESECN B0 SRk AR AR R
ANTA], W2 SR R A AAT D, RS ) S A

FLI R A . d TAESLMAJE R, AN [ X 3%
FEdh 2 KR R AN, DI, AEASHT 5 AR A
ERVANPE S (eSE ERIE(RIV &S € S PN O E S eE (B
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Fig.4 OM images of SLM-formed samples under laser power of 200 W with different scanning speeds: (a) 500 mm/s, (b) 900 mm/s,

(c) 1100 mm/s, and (d) 1300 mm/s
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Fig.5 OM images of SLM-formed samples under laser power of 370 W with different scanning speeds: (a) 500 mm/s, (b) 600 mm/s,
(c) 1100 mm/s, and (d) 1300 mm/s
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AR B 2 B BAT B KAE, 730 497.0%H198.6%, X
— & I E RN AL A A AR — B WOk RE R
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RIS RR B L I IR By 7 22 AT by Rt ] R A0 B B i
BT TE L o E0 5 A AR 9 NS RO G e
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=t (2)
vht

A, PRBOCIIR, v oREOCHERTEE, AR H
HEEE, Ok . WA () TR
Dy# A 200 F1370 W, HHIH LA 1300 mm/s B HOE
ff) E AE4> %k 51.3 F1 94.9 J/mm®. Shi 2 A5
Al-Mg-Sc-Zr & 48y A 58 4 16 A0 10 B /) Be & ih oA
60~70 J/mm’, 3B i W %2 el 4d w41, OB K 200 W,
FIFEEE O 1300 mm/s 1, SLM JEAE M 80a, A7
e & BB AL, Rk ARG e 4, HEosn E
fH4 51.3 Jmm®, /T Shi %5 ARIRIESE R, X+
BT AW Al-Mg-Sc-Zr &R K Mg 5 &
Bom, ASBART SRS AL JEE N TR R E0s
WSCR, NI B AR Tk A 4K 1) i £ 2 IR AT
2.3 SLM Bifst¥ mey BELR
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J7 R EBSD Mg gt AR Rl g, A A R vk
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Fig.6 Relative density of SLM-formed samples regarding laser

power and scanning speed
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PIEARZ Ly, PR sR ZU SR R, 4l BE AL )
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I SLM BB P AN 77 2% 4% 1) S vk 1) 6 2 20 Bt
HEW AT, IS JV RS R, TR N Zos Rk
FEBRAR R ALZeRLFHT 3l J) 2252 B, S0 s N 045 4 o
AHAHALZK TN H, EEATEEANEL N, JAih
PN RIS R S V4 E0 7 1) JE BBR LA M) (<100>) TR K AT
AR AR o T E AT 10 B Mg 7 R Al-Mg-Sc-Zrii & 4
R A R S <100> [ 2T ALY (E7d),  H.
R & B>, RUIMg & & 114 0 I 530 HISLM
J I Al-Mg-Sc-Zrii & 4 TR U AR IR S 0 7= A4, AT
E— 30 B AR & a1 1) e Pk
2.4 AEBHAIEEZ MG SLM REHEREHRTDE
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X T Ak 48 4% i Al-Mg-Sc-ZrdR & 4, w7 B 0E o [
W VKOG W I R A B s s 2L 2 AR T
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JEAI-Mg-Sc-Zrii & 42, Wi b FEEAT B 24 A BE B AT 24
S 2R M AER,
241 RF) A AL 2R AT SLMOAR T A g il AR 25 A 49
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B8 A HE T A [i) e 2% b B 4% 11 SLMUSJE B 1 1
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g Ha-AlMAT IS B S, Kk, FEd Pl e
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i o- AL AT S 1) w3 0 BE R 300 I P I A S BE RS 3
FEAGIRLIN 5 A BT R v, 5t P S 1 95 - AL AR 1)
ScHIZryG % 2 5 5 AUGHE I AL(Se, Zoki 7P, T
ScHIZI 1A 0K, HoAT th 23 B a- AL i A& 5 4L,
WIS AS - AL AR AT SR 06 ) oy A7 RS B0 T L i i T 2850
AR ERIN, A A T 3R AE AL A4 v 1 T R 48
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Fig.7 OM image (a), EBSD microstructure (b), grain size distribution (c) and pole figures (d) of SLM-formed samples
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Fig.8 XRD patterns of SLM-formed samples after different

aging treatments
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0~12 hJ5 1 Vickersti 5 Fifi I 25038 B RN IS 2500 7] (1) 2%
ok Fm M. MO mr &, A I Ab 3R
Vickersfifi [ 4 (1400+30) MPa, 4 SLMEYJE K 5 1
RO BE B I 150 C g, FE IR B T 4G R Gk BT
2N 0 B 350 CCINE, A AR A R Ak 3 R K (E
(1670+30) MPa, AH Lt T~ AR W 250 kb BEFE S 32 F T ~19%

(92a). SLME B AL 5 £E350 °C T I 24 b B[] B )
o, ARSI R R BRAK, 25 X & /g BTt
AR BERE R, RIS ) 2 1 sy, BF S AR B
KAH, R TR kS hg, A Sl 0 i {3 A 4
FFfE~1570 MPa. AHBFFUIEMFFISLMEE miMe & &
Al-Mg-Sc-Zr 55 & 42 1 Vickers fili JiF 1€ 755 T~ A1 [7] Sc Al
Zr 5 & [ SLM K JE & Fl AL 48 45 25 8 T8 25 Al-Mg-
Sc-Zrifi & 4 (F2 T+ ~50%) 221,

P’ 10a k) SLM % JE Al-Mg-Sc-Zrff i #£350 °C R I
BRAE AN [ I 1) S5 PR s 44 Y g - AR i e . AR5 1 10a
AT IRAGRE b 11 s 445 i I it P56 R0 ZE %, &5 20 LT 10D
M L0 m] %1, Bl IF 25T (] (R34 n s FF b 45 e IR
i & IR AR A e 5 R T Vickers il 5 11 AR 4k a3 — 2,
FF it s 408 S A 26 1) AR AN 34 55 He 4 it Il i 1) A A
PAA I o A I 2504k BRRE 5t 1) s 447 Je IR 2 82 60 S A 24 53
5K (377£5) MPafl(31£2)%. FE 4350 CI2cib ¥ 1
h 5 H A e KR40 i IR (457+10) MPa, L 2B Y
(27£3)%. XF L% s 45 50, A5k SLM
% B Al-Mg-Sc-Zr FF i B Hs 4 J I o B 4+ T ~150
MPa, ZEff3 52 A2, X 0] fE 3 22 K Y MgJi 1 (1)
JRF RSP RBY YR B 5 A R ZER, ME 4T Mg
JCEMINIGE, KE MMt R B T a-AEA 5 257 4
RN AR gy, AT B A A E RS, 3w AR
IR 3 AN AR A i PR
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R S T ol HEARE 9 358 LA (Sc, ZoyZik @ik, ok P i
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2 1ssof }/ ! R T T 1 9 2 K A 5 ALy (S, Zr)
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1300L R

01 234567 8910111213
Time/h
Kl 9 SLMERJE R A i I 258 i 52 R I [) 70 28 4l 1t 2
Fig.9 Evolution of the Vickers hardness of the SLM-formed
samples annealed at different temperatures for 1 h (a) and

at 350 C for different time (b)
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Fig.10 Compressive behaviour of SLM-formed sample after heat SEM M H
treatment at 350 °C for different time (a); curves of yield Fig.11 SEM images of SLM-formed sample (a) and the samples

strength and elongation vs time (b) aged at 350 'C for 1 h (b), 6 h (c) and 12 h (d)
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Processability and Mechanical Properties of High Mg-content Al-Mg-Sc-Zr Alloy
Produced by Selective Laser Melting

Geng Yaoxiang, Tang Hao, Luo Jinjie, Xu Junhua, Li Jie, Ju Hongbo, Yu Lihua, Zhang Zhijie
(School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: Al-14.4Mg-0.33Sc-0.19Zr aluminium alloy with wide particle size distribution powders (2~46 pum) and high Mg-content was
prepared by selective laser melting (SLM). The effects of different process parameters and aging treatment on the processability, microstructure
and mechanical properties of SLM-formed Al-Mg-Sc-Zr alloy were studied. Results show that the high laser power can effectively reduce the
influence of fine powder splash on the processability of the samples. The maximum relative density of the sample reaches 98.6%. The
microstructures of the samples are composed of fine equiaxed grains and coarse grains. The increase of Mg content in Al-Mg-Sc-Zr alloy
reduces the texture and the content of columnar grains. The micro-hardness first increases and then decreases with the increases of aging
temperatures. Both micro-hardness and compression yield strength show that dual-peak phenomenon appears with the increase of aging time at
350 ‘C. The maximum micro-hardness (HV) of (1670+30) MPa and compressive yield strength of (457+10) MPa appear for the sample aged at
350 °C for 1 h, with an elongation of (27+3)%. After aging treatment at 350 C for a long time, the micro-hardness and compressive yield
strength of the sample decrease due to coarsening of the precipitated particles. The utilization ratio of the powders is effectively improved by
the increase of the particle size distribution of alloy powders, and SLM-formed high Mg-content Al-Mg-Sc-Zr alloy exhibits good
processability and mechanical properties.
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