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HE: BUEREEEEIIAI-4.5Mn-1.5Mg-0.6Sc-0.2Zr (wt.% ) 52 HEENFME, K
HRETZ, Hd—SothzasfdEPaNASHRERRSSBNF M. ERE
BE: MEREZEEK, SSBEELAEERN. HEEZTENTT.6 Imm T, ELEINER
275 W. $355iE=985 mm/s. FAHEIE0.12 mm. FEE0.03 mm, BI3XEHEN. HREONE
EME, MRESEEEMALRASHRMNTREERN, BESHEM/NEMnE; 300 C/5h
A/, BAITHRESKAL (Sc, Zr) H. BiY, IMEEERRNENENERSSE
F4gE, HERERZE . MiBaEMHRKES 52500 MPa, 536 MPafl12.3%, &ia
(250 C) EBIRRE. THEREFEESE9224 MPa. 299 MPafl111.5%.

EEEE: EEKHAN; Al-Mn-Sc; BiR MRS

SREEMHIER A (Additive Manufacturing, AM ) 2ET IR & EICEHY
SEHBISIA, AFETESIBgEErRAOMAEIERE, #®ZNBEThAnE. &
FEWE . BRiEREMENISARE MG EMF . EXECEN ( Selective Laser
Melting, SLM ) FIEBFERIAREY ., SLMEARZETHRKFEHHEI GG H)iER
R, JLUWEZFRIBRESERMIE AR LN E I EEBEREHIE, BS
RICEES. FEREFSHEMEMRESMNS". @i, REaSEEKSR
EAMEEREE, BREEH. MR E Bl —fEREME, SLMIEAR
LIS RS SHHNBHEERRE, A4S MEaSWHIEMFIETEE
ERN A=

5%K&6%. #HheE. BASHASENERL, SLMAEARESARRTREX
b, FERRMBEEM ARG ERS, HEBRSESHRTRNEERASD
ZRESN, SBSLMEFEGESFEE R . BaISLMAEEE = EELIAL-SI
ZEEHE, WAISIIOMg. Al-12Si, FERAI-SIRAZINEFHLR MO EERNAS TR
BRIFHREM, AEMERNE, AMAI-SIREEWHFMRERE, EBREER
F350 MPa, fHKZEET6%, BERIBREHSEOSED. ERamiaas (25,
R ) EMEWENBRZrE, EEEXERE, ARMOR™E, TEMBT
ARzl RiE A RAISDITENI AR . B3SRBS, IRaSHBANMENB TN (Sc)
LR EERN, IReESHRFMEMMAIE . Bk, LScEEHAEM, &
XM SIB L AI-MNn-ScFIAI-Mg-SCRE W FF A HK, BAILASCHIZrAEZERINTT
=, JERREEAL (Sc, Zr) AN EMAERBRIMUENE, BT HMRKE
Al, (Sc, Zr) BEERERNWIN, FEEEERIFMENTSIN= NS,
A, —EEHEEARSHERE MRE, WiEaENEEMENRETESE
Ko TMEAI-Mn-ScEENHMMAR BT SEIHHIERREZ, MEESRILEEE
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(Wwt.% ) 6%, RREETENZETHEENS
M, HRELE, KEMERBIONEGESMR, H
RIZESENPENEMALRNEEE . 250 CHigH
e, DITEKRSX . BIU ERRE AR
XA3DiTEEREa NN BRRHEEFS%E .,
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AR . Mg, Al-20Mn. Al-2ScFAI-10Zr

(a) 1A
E1 Al-4.5Mn-1.5Mg-0.65¢-0.2Zr& £ 5
Fig. 1 Morphology of the Al-4.5Mn-1.5Mg-0.6Sc-0.2Zr alloy powders

xRl EEMARUERS

Table 1 Chemical composition of the powders wg/%

Al Mn Mg Sc Zr Fe Si
S 4.48 1.39 0.61 0.17 0.12 0.04

fith, EERLMEKIEFTSH, SFEBNNE(P) .
PEEE (o) F13\mEE (1) , BE (1) 8
0.03 mm, EfGEENL00 €., SHEON: 5D
R250~350 W, FFIEEE27~1 273 mm/s, 1HEE)E
0.08~0.13 ym, TZ&#HNFE2, FItE T HIEEER
E(E), Eitgastanst (1) ™.
E=Pl (Hvt) (1)
KAFR2FNIZSHITOMAHRRE, ERI A
10 mm x 10 mm x 10 mm, S5 HISEREmHITEN,
KAHEKEXN B HILFRN I RE EHiTNid, 518
WCEEMREL, NMREFRIIEFENREE, HEPAI-
4.5Mn-1.5Mg-0.6Sc-0.2Zr& £ AR Z E 92.80 glem’,
BELLREEBEESHCEERENXREREAR
HIEWE, BEEERENTZSH, BIEEINX
275 W. F#iE=R985 mm/s. HiHEEE0.12 mm. EE
0.03 mm, AIERFFVEENL00 C., AARZERH
NEHFEe, FESEAESHHER. TR
iE, REEINER EITER. SEAESELE
FERETITENNYS, AEBERKellendFI T4 R
HITEM, /EIRATEN5~10 s, [EihfERRRIERE

BE48% rounory

FEEE, RE\EZITES M2 AI-4.5Mn-1.5Mg-0.6Sc-
0.2Zr (wt.% ) HITECH 5BE, TETAEHWREL
EHIR, WESHMEREFTREDR, REEXH
FIA A BRRIRROM R, BIRIER D fHTEL0~63 pmZ
&), tEMAID10. D50F1D904 BI29.1 um, 29.7 um#]
58.6 ym, E1E2EEMARIOFR, NEFTLESL, ¥
REREERS, NELEPEN. #—SNETERE
MR, ERIEL,

fEEOS M290FTEDH EHITHREEN T Z2SH

(b) w5t

R2 ERHEBULTZSHET
Table 2 Designing process parameters for selective laser

melting

. Hot i AR JRE - Res R

R IW  (mm-s?)  FE/mm mm  (J-mm®)
1 275 1100 0.10 0.03 83.3
2 350 1100 0.10 0.03 106.1
3 313 1273 0.10 0.03 81.8
4 313 1158 0.12 0.03 77.4
5 200 1100 0.10 0.03 60.6
6 238 927 0.10 0.03 85.4
7 238 1042 0.08 0.03 90.8
8 313 927 0.10 0.03 112.4
9 313 1042 0.08 0.03 119.4
10 238 1273 0.10 0.03 62.2
11 275 1215 0.08 0.03 90.1
12 238 1158 0.12 0.03 58.8
13 275 985 0.12 0.03 77.6
14 238 1042 0.12 0.03 63.4
15 275 1273 0.10 0.03 72.0
16 313 1273 0.12 0.03 68.3
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S5 (OM, Olympus AX8971) . B F RS
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Titan Themis 200 ) H{TRMBLLR T . TEMERGIE
WREIME[7]. BEFENR, AXTEEETMA
R ESHFRIRANIRSHER, STt
PA SRS R MIRSHRE300 CHRIA
5 hiVBEZNGIEfS, RIBERGB/T 228.1HI% =R
FrfeitiE, FESBERMEYL_ELAL mm/minAYf IR
HIT=ERAOZUENN, SAFRIKEE=IR, W
FHEEMNELER . SRR EFSEMmHIN TR
&, EEffRRdEY, WEFREE 10 C/min,
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995 ymm®, I TEE, SEIDMEE, SEHR
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EEVHBI YO REE R ER AR, REEREN
58.8. 77.6. 90.8F0119.4 J/mm*/>BURIR711. 13. 6F0
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Fig. 2 Relationship between relative density and energy density of as-
deposited alloy
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Fig. 3 Defect distribution of as-deposited alloy under different energy density
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&, RATEMEIEESSHEARHITNER, SRNE
5T~ NESarJLIEY, &M ERELRAMEHMR
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REEE_IH, WNESLbAIR. AREREKRE: XLE
“HEBEEMEY . ATERESEEREF, BT
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Fig. 4 The microstructure of the as-deposited alloy
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(c) APTHiAe

(d) Pt

Es AIMESEEHNEMAR
Fig. 5 The microstructure of the aged alloys
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o -AISRIFEZEEXR, MnTEZNELE, FHREE
RFRGTZREMME,, H—EH, FIRERNAVHE
MFITHRTEMWE, WE5c-dfix, 7EREARREIN
KERIPKTHE, EXMAITEEHERFREEN]
BAl (Sc, zr) 18, SEIRE—Y, XL A
RGBS IR, AKIESEEH
5B,

2.3 ERSEERNFMEE

WA IASAEEHER (25 € ) 558 (250 C)
NEMRHTIIN, KEZEENEESSERERE
FE. hfdsaErrR s, MitERIE6 <. &
RER: =BT, WSS SIRILREIXE536.3 MPa,
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Fig. 6 The tensile properties of the alloy aged at room temperature and
250 C
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22250 CHY, &AM RMKART 7T RE/KF,
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2235 MPafl11.5% ., AItER, HESEEMIEENR
SN=ENZFMEE, MEEBRIFNSIEIEMERE.

H—EHRBSEMUNT =R 55 R HilEN
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RO L ERIR SRS, ARXOHEER
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XTSI AR, KPS SRR, HEE
MRF . 62 BE5ERAMMOFERAENRRA,
HRESTRBETEENBUNIZTHEX. £F
BEMT, BERPERSENMAKITEE, FEEE
IR, BT ERK, BHYMS, RRERES(U
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AKHIZS, BFEFHUEMMEESMHRE, FERFRL
BEREa, hRSREMNcTERERTEMATDE, Hi
REWZ . Bt LERMORSELE8REERN
MAER (El7c-d) , XLEERAIEFESS [
YR, SEWEHRRIRY, BERESEM.

3 g
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N
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E7 TEERETNSSHHEHORR
Fig. 7 Tensile fracture morphology of the alloy at various temperatures



F4H-
20245 $580/573% ﬁ @é@ FOUNDRY

HIRHL . BE, BERFFERSPRITEHBAL (Sc, zr) .
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Optimization of Selective Laser Melting Process for Al-Mn-Sc Alloy and
Its Mechanical Properties at Room and High Temperature

XIONG Xiao-jing", WU Xiao-peng"? ZHANG Wei’, TANG Hua-ping"
(1. Jihua Laboratory, Foshan 528000, Guangdong, China; 2. School of Materials Science and Engineering, Northeastern University,
Shenyang 110819, Liaoning, China; 3. Guangdong Fenghua Zhuoli Co., Ltd., Foshan 528000, Guangdong, China)

Abstract:

This article examines the influence of energy density on the density of the Al-4.5Mn-1.5Mg-0.6Sc -0.2Zr
alloy, introduces an improved forming methodology, and examines microstructural evolution and mechanical
properties at room and high temperature. The results show that as energy density rises, the alloy density
initially escalates before subsiding. When the energy density reached 77.6 J/mm®(laser power 275 W, scanning
speed 985 mm/s, scanning pitch 0.12 mm, and layer thickness 0.03 mm), defect-free dense alloys were
realized. The as-deposited microstructure consists of equiaxed grains and columnar grains, encircled by Mn-
rich phases. After aging treated at 300 °C for 5 h, a large quantity of nano-sized Aly(Sc, Zr) phase precipitates.
Simultaneously, the aged alloy demonstrates outstanding mechanical properties, exhibiting room temperature
yield strength, tensile strength, and elongation of 502.3 MPa, 536.3 MPa, and 12.3%, respectively. At elevated
temperatures(250 °C ), these remain at 223.5 MPa, 299.1 MPa, and 11.5%, respectively.

Key words:
selective laser melting; Al-Mn-Sc; high temperature mechanical properties
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