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Study on Microstructure and Properties of AlMgScZr Alloy
Fabricated by Selective Laser Melting

YIN Jing WANG Chunyan ZHAO Guihong
(Henan Vocational University of Science and Technology , Zhoukou 466000)

Abstract This article uses selective laser melting (SLM) to print and form AIMgScZr alloy, and analyzes the
influence of different laser powers on the density, surface morphology, microstructure, and mechanical properties of
printed samples. In the range of laser power from 80W to 240W, the packed density of AlMgScZr alloy first increases
and then decreases, reaching its maximum value at a laser power of 200W, with a maximum packed density of
99. 6%. The tensile strength and packed density of AIMgScZr alloy are closely related. In a nearly fully compact state,
the mechanical properties of the alloy reach their optimal level, with tensile strength and elongation of 492 MPa and
18. 4%, respectively. Due to the addition of Sc and Zr elements, a Al, (Sc, Zr) phase is formed inside the alloy
coherent with the matrix. Al,(Sc,Zr) phase can serve as an effective nucleation particle to promote grain refinement ,
and its strengthening mechanism mainly includes fine grain strengthening and precipitation strengthening.
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Fig. 4 Porosity defects of AIMgScZr alloy

2.3 WMAELR
2.3.1 MR

5 AR EOE I R R AIMgScZr & 4 oM 41 21
TS, 7T LA HY AIMgScZr 4 4 ) T 25 23y i 4 i £
W 20 8 51, 5 SCHk [20] H AISiTOMg & 4 AH L,
AlMgScZr 5 4 AN FREE T A2 2% , SR 20
an SCEE AR . TR IR T, & Dot itk
BRATH A i SRk B A i A IR A W i N TR
5(a) (b) frzR . MBOGIIER L 160 W, #4107
A i 25l 19 9 BE AR i/ 0N iR N B H 2 R 8

| (d) 200

51, IES5(e) Bis o ANFEREOEYIR T AlMgScZr & 4
(L0 2L A8 b 5 0 Tt 45 d AT R 5 WA 56 3R Y
O ZH 4L B A i AR S S R A . st
kR AN, Pl 1 A P, T 1) T A 2
T A5 3P0 DX IR 2 v 0 b 320 A, O 11 O Al A
e, 12 XS A ) R SORL AR L 2L B SO T
SRR WTHE I, A5 Tt 55 A7 A R A S s b TR
YRR ZESARN B A NP AR AL SV BN &) 0
31 B 2 A A R AR AR AN R, ARl 5(d) (e)
FiR

() 160W

(; 240 W

5 AlMgScZr &4t
Fig. 5 Microstructure of AlMgScZr alloy

FHIMEIT.Z  hitp://www.yhelgy.com 20244 5534



2.3.2 XRD#1#f

AlMgScZr &5 4 M AR S AT ENAAE XRD 20 Hr &l 6
JI7R AT UL oo— AL AT S R 20 /N ) 220, H o- ALY
SRPUG ) B BE SR R T SLMATERAS 194 4. FTENZS
(1) AlMgScZr £ A iR 7R AN [ D 28 A AT S e P15 25
AAHE] B T a-ALT S0 2 A i A7 A AR FE 58 4
L% KR AL (Se, Zo) MRTHIE . fERE L HIH
FErp 0142 AL (Se, Zr) FHE £ 78 AlMgScZr #3 1R HE
Ao TR ARAE SLM AT ER s R v, 52 &5 B SO AR R
M2 R G A - BEE SRR . 43 AL (Sc, Zr)
FHE BRI i, Se Zr TR 5 AL R AR & R, B
PR AE I AL (Se, Zo) A0 B AR T A B #I A= Al
(Sc, Zr) #HAN SLM 4T ER ixf 72 v I B AR AL (Se,
Zv) M ¥ RE AR A AL 5 R A% T AR A kL
itk

[ =
ac o a-Al
.§ _ & Al(Sc, Zr)
A o —
I =~ —
o =9 S
. bl ¥
= A - —
g e S S
2 L. )
< A o)
=] 2/
i t /L“ @
)
0/
L A»—L (6\
1 1 1 2 1 1 1 2 1 O/
20 40 60 30 100
20/ )

K6 AlMgScZr ¥yR FFTEIA A 4 1 XRD i
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Fig. 8 Tensile fracture morphologies of SLM—printed AIMgScZr alloys

2.3.4 EHBESH

FT ks, XF 200 W/500 mm/s T2 S 50F
152 1) AlMgScZr & 4 47T TEM 2381, Qi & 9 Fr s .
B9 (a) W AT LA 21 fi br PN 3B 78 K A e ZE A
TR PR 9 G K AR T A3 3k B85 s A BIL R 3G 47
FERS BIMERE (8 & 4 NP R 55 % BE S . [RI A, ]
9(b)H AT LA AE FI IS , B T SLM 4T ER s 2 rh 0O
RS By, T BRI AR R RV B PR Tth
[ B 4 R 23 T8 IO AOKR 2001 1R AR i A 4 =2

grain boundary

x

(1) Wiksia

L €T

(-:op)<>.(n 1)

a-Al fec[110]

(¢) YIH%E

S MR AU, B A NS 0 A0 ZE FRA AR
HALHEMIZHER . X AIMgScZr & 4 N R AT HY A #EAT 12
X HLFATES, XA P BE s A TR T LA o 1B 9
()R a—ALHH, BI9(d) H ol AL(Se, Zr) M A 5 o
—AVRFEE 2R C R . BT AlMgScZr & 4 1Y b br
ROTHREST Al-Si R E S 40/, [FEFAL(Se, Zr)
AR ELA A AT s AL RCR . Rk, SLM AT ER Y
AlMgScZr & 4 B A B R 10 1 2= v fg , Lo Ak AL =
BUA AN SR A AT R A

a-Al fee[001]

Q-22 " "Aly(Sc, Zr)
"), “ .

(d) WtHs%E

B9 AlMgScZr & 4xif i ML Bi 43 47
Fig. 9 TEM analysis of AIMgScZr alloy phase identification

FHIMEIT.Z  hitp://www.yhelgy.com 20244 5534



K TEM & /1 3R E 2 385 28X AlMgSeZr & 4
R IC R o3 A SEAT LI, 4 P& 10 B s o 3 % AL
Mg .Sc.Zr4 FhoG R SHAT EAH, 7T LUK B, ALC R 7R
B WA AR 5T, A 10 (a) BT, Mg TR Y
Iy AT R BRIE , 25 100 nm, 40 10(h) fi7s . i Sc.
7o TC 2 DU /N RSE 7 H AR O 2 A7 42 L 29 20 .
Sc .\ Zr TCHRAEA 4 MR 43 A1 o B A — 3, B iz 4k
H AL (Se, Ze) A, W& 10 () (d) fiF 5%, B AL (Se, Zr)

A

Al;(Se, Zr)

eSS P& EIEAR, R mikE. mT
RO KR W JSCST B3R T 3 A AN B 5] e e 1Y
et JEE i e, 120 % ) R R AR, EL N AR A A 5 26 U 2
G b I B 5 L 5 TR B o A AL Tt i %
Ak 1) <2 Ji U 2l 58 A A1, 52 A Tt TR S AN B A7

AIZEE TN , AL(Sc, Ze) R B2 ) T it i 5 X
TEAE SR (A5 AlMegScZr & 4T BURLE (41 A SE 45
A LUEH

K10 AlMgScZr &4 NI
Fig. 10 Element distribution of AlMgScZr alloy

3 it

AR SCXEAR A SLM T 20 AlMgScZr 7 4 1) 350%
B CRILELRE O S Ty e SR LB AT
IIHT, FASEEL R

(1) SLM 4TENZ B0 AlMeScZr &4 H B0 A7
FEME R, BEE BOGYRIE N, & 4 r 0% Bt
ThiJa T B FEBOET R A 200 WA, B0 B 3k 31 e
K,499.6 %,

(2) SLM J§iJE J5 AlMgScZr & 4x N £ 5 h a—-Al
FAL(Se, Zr) A, Hod AL(Se, Ze) MEAT KLY kL
ANARBECR o A PR O 200 T RIOREL it 58 3 43 A ) i R
YL, Js b 70 U B AT R 1 R A T 1) TR
RGN Fb 2 5 it Hp s DX e I R R T I T R
[T AR S e, 0 1 R 2 21

(3) SLM il % (& 4 hifi Jy ¢ PE e 5 L BUH
WUIAAC, BIFT B G 4 0 350%% B sy, A vk g
U FEFOETIR A 200 W, FE 47558 5 1 LE {1 R 243k
F A, 5350 492 MPa F118. 4 %,

FHIME T2 hip://www.yhclgy.com  20244F 4531

&% 0k

(L) ER, ski, T, 5. sk shifl S 3 b il s i
Bt tselr]. MLk S, 2022, 10: 157-160.

WANG F, ZHANG B, WANG C, et al. Optimization
design of aero engine support based on additive manufacturing
(1. Machinery Design & Manufacture, 2022, 10: 157-160.

(2] il S Rs AW A IRMT i X O AR TE
PR LA ) A L ]. 1RO, 2022,42(10) : 53-60.

HUANG H, YI'J L, LIM L, et al. Brief analysis of the key
factors affecting the application of selective laser melting
technology in the field of civil aircraft[J]. Applied Laser, 2022,
42(10) : 53-60.

[3] 20, LA, &R, 4. EXEOUR LSRRG
4x TiB,/AISi10Mg W 0240 8L Ny =tk gt o [0 ). I oG,
2020, 40(06): 1017-1022.

RONG T, RENZ N, ZENG Z Q, et al. Microstructure and
mechanical properties of selective laser melting high—strength
TiB,/AlSi10Mg parts J]. Applied Laser,2020,40(06):1017-1022.

(4] AR, Filn, B0, 2% Q5 T 2Bk X0t
FEAH LUK IR & 2B BCE R L] RO,



2021, 41(06) : 1229-1236.

REN Z N, XU D, HUANG ], et al. Effect of key process
parameters on the relative density of rare earth elements doped
aluminum alloy using selective laser melting[J]. Applied Laser,
2021, 41(06): 1229-1236.

(5] 20, 20K, PR, &5 . XKoL LS &
CuSn10 7 HE {0 3 THHFLRS JE2 0 5 [0 ). 2 FHBOE , 2022, 42
(07): 52-58.

LIZ H, LI H D, PENG Z Z, et al. Study on side surface
roughness of CuSnl0 Thin—walled parts prepared by selective
laser melting[]]. Applied Laser, 2022, 42(07): 52-58.

(6] ZEfhom, = e, AR, . %X EOBE L
AISi10Mg 37 73 3 B A AU 52 L ). 1 #0 , 2019, 39
(02): 211-216.

LI B Q, LI X H, BAI P K, et al. Numerical simulation of
stress field for AlSi10Mg fabricated by selective laser melting
[J]. Applied Laser, 2019, 39(02): 211-216.

(7] =, FEBR, AL, 4. AISi1OMg 8R4 4k X0k
T ROE SR B P A i s e Ak [0, ROAOE, 2023, 43
(03): 19-25.

SHI Y, WANG L F, DU Y, et al. Defect control and
surface quality optimization of AlSi10Mg aluminum alloy
manufactured by selective laser melting [J]. Applied Laser,
2023, 43(03): 19-25.

[8] LIR D, WANG M B, LI Z M, et al. Developing a
high—strength Al-Mg-Si=Sc—Zr alloy for selective laser melting:
Crack—inhibiting and multiple strengthening mechanisms [J].
Acta Materialia, 2020, 193. 83-93.

[9] BI' J, LEI Z L., CHEN Y B, et al. Microstructure,
tensile properties and thermal stability of AlMgSiScZr alloy
printed by laser powder bed fusion [J]. Journal of Materials
Science & Technology, 2021, 69: 200-211.

[10] BI J, LEI Z L, CHEN Y B, et al. An additively
manufactured Al-14. 1Mg-0. 47Si-0. 31Sc—0. 17Zr alloy with
high specific strength, good thermal stability and excellent
corrosion resistance [J]. Journal of Materials Science &
Technology, 2021, 67: 23-35.

[11]1BIJ, LEI Z L, CHEN Y B, et al. Effect of AL, (Sc,
Zr) and Mg,Si precipitates on microstructure and tensile
properties of selective laser melted Al-14. 1Mg—0. 47Si-0. 31Sc—
0. 17Zr alloy[J]. Intermetallics, 2020, 123: 106822.

[12] JTA Q B, ROMETSCH P, KURNSTEINER P, et al.
Selective laser melting of a high strength Al-Mn-Sc alloy: Alloy
design and strengthening mechanisms [J]. Acta Materialia,
2019, 171: 108-118.

[13] JIA Q B, ZHANG F, ROMETSCH P, et al
Precipitation kinetics, microstructure evolution and mechanical
behavior of a developed Al-Mn—-Sc alloy fabricated by selective
laser melting [J]. Acta Materialia, 2020, 193: 239-251.

[14] JEYAPROKASH N, YANG C H, KUMAR M S.
Influence of coherent intermetallic nano-precipitates on the

nano—level mechanical and tribological properties of the Laser—

Powder bed fused Scalmalloy (1]
2022, 193: 112269.
[15] LI X, LIU Y Z, TAN C L, et al. Porosity formation

mechanisms,

Materials Characterization,

microstructure  evolution and  mechanical
performance of AlMgScZr alloy fabricated by laser powder bed
fusion: Effect of hatch distance [J]. Journal of Manufacturing
Processes, 2023, 94: 107-119.

(16 ] XBEIPH, #—WL, 4T sh, 25 . J& T w57 i L 1 vk
WO XAk AMgScZe BFFE[T ). MRHFSE SR, 2021, 15
(03): 210-219.

DENG CY, GUO Y F, CHU Q K, et al. Study on selective
laser melting process of AlMgScZr based on response surface
optimization methodology [J].  Materials Research and
Application, 2021, 15(03): 210-219.

[17] AR AR, R0, PRECE . HOLE XIE 1L AIMgScZr
B MORA LS HL AL 2 P REDF SR [T ). TP EEOE, 2023,
50(04): 91-100.

ZOU T C, MEI S Y, CHEN M Y. Microstructure and
of AlMgScZr alloys
fabricated using selective laser melting [J]. Chinese Journal of
Lasers, 2023, 50(04): 91-100.

L8] MRWF, WIZR, #Rat®, 45 . X WO S B
B A0S B A A R K e RE (D], &R AR, 2022, 58
(11): 1509-1518.

LIN Y, SI C, XU J Y, et al. Heterogeneous structure and

electrochemical  corrosion properties

mechanical properties of strong and tough Al alloys prepared by
selective laser melting [J]. Acta Metallurgica Sinica, 2022, 58
(11): 1509-1518.

[19] TANG X, ZHANG S, ZHANG C H, et al
Optimization of laser energy density and scanning strategy on the
forming quality of 24CrNiMo low alloy steel manufactured by SLM
[J]. Materials Characterization, 2020, 170: 110718.

[20] B3, VERIEL, BN, 5. BOLIRXTE X E0E
JEA AISi1OMg 22 K Jy 2 e Ry 2 [ ). 0L 5l 12
HEEE, 2021, 58(13): 347-355.

CHEN K'Y, XU L M, GAN J, et al. Effect of laser power
on microstructure and mechanical properties of selective laser
melted AlSilOMg[J]. Laser & Optoelectronics Progress, 2021,
58(13): 347-355.

[21] B2 8, 258, B, 5. Al-6Mg-0. 52Mn—0.
15Sc=0. 1Zr F & 95 5 1934 2 AR k e QU A2 ()], e &
ITH A, 2021, 49(10) : 13-19.

CENG J J, JIANG F, LU L Y, et al. Property and
microstructure evolution of Al-6Mg—0. 52Mn-0. 15S¢-0. 1Zr
aluminum alloy ingot during homogenization treatment[J]. Light
Alloy Fabrication Technology, 2021, 49(10): 13-19.

[22] #3C, #LR, ERERE, 25 . 595 # d X Al-Mg-Sc-
Zr B e WA K ERe R ()] Fefhi5is e 5 4,
2014, 34(01): 1-6.

YANG W,DU G, YAN D S, et al. Effect of squeeze casting
on microstructure and mechanical properties of Al-Mg-Sc—Zr

alloy[ﬂ. Special Casting & Nonferrous Alloys,201 4,34(01): 1-6.

FHIMEIT.Z  hitp://www.yhelgy.com 20244 5534



