32858 12
Volume 32 Number 12

TEAEERFR

The Chinese Journal of Nonferrous Metals

2022 4 12 7
December 2022

DOLI: 10.11817/j.ysxb.1004.0609.2021-42497

Er it a8 SR X FDCR LRz

RN=F

Mt gE

KRB, BKEF, SR, FRLE, B, AR

(TR RY: MRR:S TR R, BT 212003)

O W EXEOSASLM)E ARG & T Al-Mg-Mn-Er-Zr {854

» RGI T AR L 2S804 &0

BRI CA K B S A BT DUAR S R i 1 2 MR RE I RE i . S5 SRR B RE R T R RS AL AR LR S
24, FERMMALREEM, RIKLAN0.4%. FEUARRE VT, Etih R afa D Sm i, P8R
FEZR 5 pme B A 1 EAE a(Al) ALMn FILI2 B RA . 75350 TR, FF S R0 5 R 2 i AR 58 5 i
IS 20 T (R SE K S G N 5 B AR, e KB 23 1 (17 1+1) HV F(555+12) MPa.

XA EXBOCIEI; Al-Mg-Mn-Er-Zr & 45 BP0, BRGHS; et

NERS: 1004-0609(2022)-12-3578-11

SI3cAgI: BRI, HKEAE, B, & . Brdidk

hESEE: TG146.2

A < L IO IS OB S 2 R RE ). Th A

2R, 2022, 32(12): 3578-3588. DOL: 10.11817/j.ysxb.1004.0609.2021-42497

JIA Chao-gang, GENG Yao-xiang, LU Hong-wei, et al. Processability and mechanical properties of Er-modified
aluminum alloy fabricated by selective laser melting[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(12):
3578-3588. DOI: 10.11817/j.ysxb.1004.0609.2021-42497

W 5 AL 2 AR S A 4 B A PR RE SR (1)
AT, SREWANREN . BRIME D)
e — IR OO AR K e, Mitkgia 8 Tt
(IR 7 VA ME L SR B AR 2% <6 A 1) PR AT Rk
W, fE— e BRI T Je it dilE ki kR
e DXBOGIE(SLM)FEA K H 1w D) 2 5% FEBOE N 4
B AR AT RS AL, IR R B T A
SR& BB, A SRR A
JE T AMER AR SN i

BESRA LM S. AEIK R, itk
PEPEREAR 5 S5 AE AT, T2 R S R AL
I K A e . H TR L S ) SLM R 4R
A4 ¥ 3l AL-Si. Al-Si-Mg F1 Al-Mg-Sc-Zr!'*7,
Al-Si-Mg & 4 B A L7 1 SLM R 4 TR 5 1)

EEWE: EXREHMRBHIESEITH (51801079, 52001140)
Wi EER: 2021-10-04; f&ITHER: 2021-11-22

L EEH, {Hi%E SLM IR A 450 5K,
A FaE MR ZE, T $E R SLM ERJE AL-Si-
Mg & & 1I5EE, GENGE'"MRFAMA T mMg &
i SLM £ ] Al-Si-Mg & 4 AU 124k e . 45
RRWY, ALSi-Mg &4 Mg & & 13 et 7
Mg-Si H17E B Mg, Si HHIFTE R, A 83Tt 17 &
SR E; UEEF Mg & &N 1.4%(0 & 7 5,
NEDEF,  BUEASFE S R 50 B (UTS) A o 2
(YS)F] 43 5l 3 (518+6) MPa Fl1(3414+4) MPa, fii:
EN(T1:0.4%, LT A SLM B JE AlSil0Mg
M AISITMg & &Y 2 Mg & &N % 3.0% i,
R A5 RE 5 1R 8 K Vickers Bl BF 42201 200 HV, 5 4
Ji AR5 P R T 500 MPa; 28150 CHE AN EL S, X
BERE TR R AR — P RS . AR, ARG

WBEEE: BOERE, BI¥EZ, WL, Bi%: 13952871355; E-mail: yaoxianggeng@163.com



H32EE 12 PUME, 55 Er SRR A SR RO BUB I S ) e 3579

E#EIE 200 ‘Cla, HTMERE SIHA/H, 5
FIURE it 1) 5 R R PRI

Scalmalloy®(Al-4.6Mg-0.49Mn-0.66Sc-0.42Zr)
& &N BRI R I SLM % H sk da & &0,
% SLM U & &4 BN ZUEHE I UTS MTYS
435128 530 MPa £1520 MPa, iK% 0y 14%, J1%
PERER 7 . SPIERINGS 2523 fff 5 45 I K 1,
SLM & JE Al-Mg-Sc-Zr £ 4 IO 4 25 Hh 41 /)N S5 il
A A R AR SR 2, A 4 [ Hh — VAT H 1
AL(Sc,Zn)Ri T4 a(ADFR AL T BENLEAZ A1, T4
T EE MR RN, 1/ T &40 SLM BUE 1
My 5ERe: S EERN SO G, HT oADK
o ALSc AT IIHT G & S IR — DR Tt .
JIA 2P 2 1% 7 SLM % Al-4.52Mn-1.32Mg-
0.79S¢-0.74Zr & 4 I ZIR T 24k g, 2B Min 36
7B R Mg J5 S TEA & 1 TR HT H AL Mn 90K
FiL, IR ELGK SR AT RIS S B B A A
RIEEMAS Faet; 4300 CHER B S
A4 YS AIL 560 MPa, B & & T Scalmalloy® &
4. LIEPIWEIL T Sign &= A% SLM B¥ Al-
Mg-Sc-Zr & e HEVFPERE I REm; S5 KB, Sist
F NN AT 3@ i B2 A AL a ALY SRR, AT
il & 4 SLM BB B rh eR a7 A, ikt &
& 2 AU B S ) B K UTS 7] JA 550 MPa. B ilt
TANG 5Pyt — 03 = & S 1R g, Wit JFhl &
T & (Mg+Mn) fl (Sc+Zr) ¥ & ) SLM % ] Al-Mn-
Mg-Sc-Zrfat 4, KING & B A B §) SLM B¥
P, HBARFLEE N 0.23%: & 44300 C B
R S, B K YS FIUTS 7] 29 5l ik 2 (621+41)
MPa #1(712+28) MPa, A H Hifik i 58 5 i = 1 SLM
BOCER G 4. BIRSLM Y Sc. Zr it Al-Mg/Al-
Mn-Mg & &85 Tt R, Hizka& e+
Sc TCE IR A B E1(0.5%~1.1%),  JEURHAS i &) o
FBEAR AL A, TANG 25PHI CROTEAU 528143
FIHFF T Mg & & (~14%)A1-Mg-Sc-Zr 45 & 4 Al
Al-Mg-Zr 526 4 1) SLM BB A 22 R RE s 45 31
KW, XA SRR 1 SLM S, H
FLom I AT = Sc & & 1 SLM BUJE Al-Mg-Sc-Zr
54

AL G EE &4, Er M Sc AR IS0, ]
SRR L12 B PTiE sl , Mifide @G 47

R, HE IO Se Ltz —, IR
BERCACEE. BTk, A 7@ Er &K Se, &
GilE 7t T Al-Mg-Mn-Er-Zr & 4 ) SLM B MR
#1ERE

1 SLIg

Ik B AN, 5 0] % Al-Mg-Mn-Er-Zr 884
SRR H Iep2060t 45 B TR 4G IS (ICP) A
W ABE S B AL 2 1% 43 N A1-2.74Mg-6.01Mn-0.86Er-
0.527r. fii B E 42 15~53 um [X [0 () & &8 R dk4T
SLM VLA SES:, By R (-7 B KL A% (Ds) 29 4 35.61
um. LLEPM250 & SLM 5 4% il £ FF i, FF i BT
MILZZHW T BOtThE 9250 WHIZ50 W,
JeAAFHEHE A 800~1200 mm/s, JYEBEELAE A 75 um,
AR FE 9 100 pm,  HA JE BN 30 pm, ARG A
67°, FEBINAGRE N 100 Co PURRFE Ko< 88 x5
55 mmx15 mmx16 mm. i Ff] Axioskop2-MAT ¥t
4 B85 (OM)F TSM—6480 414 FL T 145 (SEM))
LGSR AR AN SLM PTARFE il (1) 2 T T Z AN O 4 24
N - ES AT 5 (EBSD,  Oxford Nordlys
Max2) 43 BT FE i 1 B 1) 56 2 Ao RO<F o A8
HXS-1000TAC i J& I & A3 I 5 4 5 1Y) Viekers £
[, BTN 500 g, PR BCES AN 10 s. fE A
CMT5205 /3 e IR 56 AL R i R R 4 1 e, 9 o
KN 6 mm. HAZE3 mm [, E4EHEENO0.5
mm/min. Ff i A B 2544 350 C R I R Ab B
1~12 ho A 5 FLBR 2 1 7 52 B Image-Pro Plus #X
PEIE TS 23 HHRAE (<50)OM IR Fr 3RS, S HRE N
TEATA XL S 5 OM BF,  40Hral P 41E .
EBSD 2 1ik AN 25 4 7 257366 OO D %6 9 350 W
BOETHEE R N 800 mmy/s FRTTRRE o

2 SRS

2.1 MERMEFRBRIE

B 1 BT D6 K R B b 119 3 T 30 2% ) T
SEMA{%. ME 1R, ¥y ARV RLF, #aekiE
MARMEEHLEAMNNERR AR, BREIE
AT, “FIIRAR(Ds) 2189 35.61 pum, 90% AR
U (Dyo) B R FE S I E A2 /N T 56.82 um( L & 1(a))-



3580

T A e E SR

2022 £ 12 H

Y ARFE S N IRECE, AR SLIAESREE (L 1(b)).

2.2 HMAYSLM sz R B RLA LR

Bl 2 1 3 BT o 23 9 R BOE T3 2 250 W ART350
W, AN FEROGIHE L T 3R SLM U Al-
Mg-Mn-Er-Zr ¥ it 76 4T T U0 7 1) E [ OM

D,,=21.18 pm ]
Dg,=35.61 pm
D,;=56.82 pm]

(=] x®©
Cummulative percen

S

20 40 60 80

Particle size/um

Fo MEI2FI3 A 40, SLMUTERASFE S 2 B i 78 )
RRIA IO, RO Th #2250 W, PR
FE S AR B B SR FLIR 5 i, I H g
FLIRL PR 5 B 6 2 IO 43 4 2 1 14 i 1 22 (O 1
2)o MPOEIHE N 350 W, £E 800 mm/s A1 900
mm/s OB F T TR PTRRE S 0T P R AR

El1  Al-Mg-Mn-Er-Zr ¥y KA i 1) 2 1 A5 T SEM &

Fig.1 SEM images of surface(a) and section(b) of Al-Mg-Mn-Er-Zr powders
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Fig. 2 OM images of SLM-fabricated samples under a laser power of 250 W with scanning speeds of 800 mm/s(a),

900 mm/s(b), 1000 mm/s(c), 1100 mm/s(d) and 1200 mm/s(e)
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Fig. 3 OM images of SLM-fabricated samples under laser power of 350 W with scanning speeds of 800 mm/s(a),

900 mm/s(b), 1000 mm/s(c), 1100 mm/s(d) and 1200 mm/s(e)
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Fig. 5 EBSD orientation map(a) and grain size
distribution(b) of SLM-fabricated Al-Mg-Mn-Er-Zr sample
(Inset in Fig. 5(a) shows the pole figures)
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Fig. 6 XRD patterns of SLM-fabricated AlI-Mg-Mn-Er-Zr
samples and those samples aged at 350 ‘C for different time
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Fig. 7 SEM images of SLM-fabricated samples(a) and those samples aged at 350 ‘C for 2 h(b), 6 h(c) and 12 h(d),

respectively
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Processability and mechanical properties of

Er-modified aluminum alloy fabricated by selective laser melting

JIA Chao-gang, GENG Yao-xiang, LU Hong-wei, XU Jun-hua, JU Hong-bo, YU Li-hua

(School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003)

Abstract: The effects of process parameters on processability and the effects of aging treatment on mechanical

properties of selective laser melting (SLM) fabricated Al-Mg-Mn-Er-Zr aluminum alloy were systematically

studied. The results show that crack-free samples are obtained at the high laser energy density. The minimum

porosity of the sample is about 0.4%. The sample mainly includes columnar crystal with small amount of equiaxed

crystal distributed at the boundary of molten pool, the average grain size is about 5 um. The a(Al), Al;Mn and L12

crystal phases are identified in the SLM-fabricated sample. At 350 C, the Vickers hardness and compression yield

strength of the samples first increase and then decrease with the increase of aging time, and the maximum values

are (170.6x1) HV and (463+3) MPa, respectively.

Key words: selective laser melting; Al-Mg-Mn-Er-Zr alloy; aging treatment; microstructure; mechanical property
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