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Effects of Porosity on Mechanical Properties of Laser Metal Deposited AISi10Mg Alloy

LI Liqun, WANG Xian, QU Jinyu, TAO Wang
(State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A series of Al1Si10Mg alloy walls were additive manufactured by laser metal deposition (LMD) process. The density
was above 99%, the tensile strength was more than 350 MPa and the elongation was about 8%. OM and SEM were utilized to
observe and analyze the microstructure of as-deposited walls. Results show that even if both of water and oxygen
concentration is controlled under 1x107%, there are some pores in the microstructure, which means the pores in LMD process
are nearly impossible to eliminated. The pores are hydrogen micro pores, with diameter less than 100 um. Further experiments
show that the porosity is closely related to the oxygen concentration. Keeping the temperature and humidity constant, when the
oxygen concentration rises from 1x107° to 1x107%, the porosity quadruples from 0.45% to 2.71%. Meanwhile the tensile
strength decreases more than 100 MPa, falling over 30%, and the elongation reducing by over 20%. Finally, the mechanism of
porosity formation was discussed. Methods to fabricate A1Si10Mg alloy with steady mechanical property by LMD process
were given.

Keywords: AlSi10Mg; laser metal deposition (LMD); additive manufacturing; porosity; mechanical property

0 2 = . Hilf, MOCRIEETEA S, BReS

‘ - o . SR RAIBTTE C WS TR R, (HRERR
WO DU B A E WO 4 8 H 14 i i FoAR n b B A A FAT SR R HOL

i, ATLURIRZZAS, WATRURIERA . L g e sty Ao, 22105 UL
PR A s MR, AR Y e SRR A A O L TR T 2 6 0 B
A1, PEREIUSR AL R, e R . A, BIRRREEECR, BIOE TS S0t Lt
S5, AWDAEME TS B BRI S AR G B, B BT

WHSEHER: 2018-11-06; fEEIEHR: 2019-05-11

BIEEE: FHRE 19700, Z @), BUR, WL HARAE: BoUEHHE SH0ENT; E-mail: lliqun@hit.edu.cn

IR 2HTE, £ 58, thhT, 2. BOCHAILTTR AlSiloMg RS ALt S 24P RERI S 1], HhE 2 TAE, 2019, 32(3): 109-114.
LIL Q, WANG X, QU J Y, et al. Effects of porosity on mechanical properties of laser metal deposited AISil0Mg alloy[J]. China Surface
Engineering, 2019, 32(3): 109-114.


http://dx.doi.org/10.11933/j.issn.1007-9289.20181106002
http://dx.doi.org/10.11933/j.issn.1007-9289.20181106002

110 b B xR T LT IR

2019 4F

FEAEPAEX TR A S HOW A ZURRE S A%
GyBYSIEIIETE B, HORE LTRSS & St
REVEAG AR Z TAEARETE AL

G SO RIS T 1, AlSi1OMg & 4:
TSRS 2, Z R AR E X O L (SLM)
BR, 27 M40 AlSi10Mg &4 AT hr i
PEREM I ZE 300 MPa DL BB )G ih A fy5R AT
ik 518 MPal, ZHAb B S A58K ik 406 MPa. 4
FIEAVTRE AR h P H R L, SRREt
MELAE ], BESEAR R, W T HUURES &4
“EVERE B AT R A o WA JREE Tolk K241 Chen
A0 2235 DSCEF BRSO I IR, SR AROLE
ARTTRT B £ TR AlSi10Mg & 4 sm i
XA 125~162 MPa, il T-#75 AlSi10Mg HY5R
PERE, KA T RN T2 225 35 H COn
WOGARFI YAG BOGER K% T TS AlSi10Mg,
BOGTEXT RS BHERE RS AR, CO2 O
A M UTRS A £PUPLE B 7E 208~210 MPa,
M YAG #Otas il 55 1 2 F 340~356 MPa, 5
AlSiloMg ML) AL-Si RE4, EEFEIMK
241 Amrinder Singh!® 2522 E 6] &1 Al-11.2Si &
ST A SPUPREAE 225 MPa 247, WL
AN 27 2 38 5 ORI AL TR A il 25 i RS 4
BamrEREE R EE R, SEOXF 2R K B AT
WA IEE RGNS

SCH LR O £ O AR TR R A
AlSilOMg &4, MUURRERG &0 1 EReterk
PEATRESE, AT UL AS TN S ALRHUURAS P g
RN, BRERFITUIRS AlSilOMg &4 THRER
BRI, MR R 1) = i BE DTS AlSiloMg
B AR MR IER S PSR S
1 REF5E

BOCHALTTRIRE AR AISiTOMg 555 48
K, BRI 1R, WA PR EEAE 45~
105 pm. JESANE 1 Fis . R 70 oK 2 1
B oy, IR ETEE B R B A 60 C ML
M 2 ho FEARKRIE T 150 mmx100 mmx15 mm
) SA06 55 4 Ak, AT 2 BRELHR T 5
AALRRE, BB AR HLTE 60 C 41 8%
NaOH W 5 min, HUHJE R Kopse g,
TE 30%HNO; ¥l i e, B2 3SR 1 2K
REFELE, e, HEKpeTE, HN

=1 AISIIMg BEAEUFERS

Table 1 Composition of AlSi10Mg alloy (Wi%)
Element Si Mg Cu Zn Mn
Content  9.0-11.0 025045 <01 <03 0.2-05
Element Sn Pb Fe Al
Content <0.01 <0.05 <1.00 Bal

&1 AlSiloMg By A BIIES
Fig.1 SEM image of AlSil0Mg powder

gk, JFAE 180 °C MIMETHr i idh.,

RS R OIS LT R G AHE 1PG 6
FHOERE (YLS-4000), GTV Mo, =i [R5l
RIS, WA S Bl 4 BE S EE PR M) FE R .
Fo A T A A P A K R AR B BT
1x107° Ao WOt iBUS R, WOLHRCRA
IEEAE Smm 70, BPRESCEEAEMBE N7 S mm
Ib, BEEEEDEEEEAALZ R 0.7 mm. KOG
D1k 910 W, FH7 a5, 4943 1 m/min,
KR EE 3.5 g/min, REZMVIURE RN 0.4 mm,
TR R 2 mm Y ARSARREE, ETRILE. h
SEVERERI T, N T AT ALY S EE, {4 Matlab
B X 2 AR T (B R0 T 4 A R R 1A T
FARER, TR R R e BRI, (IR,
PR B (AR B AL, AR ZURI <AL Ay
SRR R, 26 AT US55 i ) <AL
R BAPAREUREC 3 NEIE, AR ALK
BOPME, #er2erEreillny, P RHnE 2
FiR, R BRE PRV 2R BT DU a1 B 3 AShi
o PUARAR e, Prfiesd i < sl Je 2k
R, BB e



%3

ARBE, A BOBRILUTR ALSiloMg K SFL 12tk A5 i 111

40
20

y
. >4
Nel
4’?& &+ .
R3

(Unit: mm)

K2 RififkE R
Fig.2 Tensile test specimen dimensions of AISi10Mg alloy

2 H#R5iTR

2.1 AFRSHELRSIF MR

WOGIE A TURR R £ 1) R BRI A an 151 3
s, RoFR 70~90 mmx55 mmx2 mm. i FH B
FEORFEHE AR R AR 1 2 Bl 2.66 g/em®, T
P52 AISi10Mg & &% Y Ry 2.68 g/em®, X {AH
XTI RECR BN 99.3%

Kl 4 R T E0EETTRUA M XOZ Mo
HA R, HE 4(a) PRTLVEH, TIBESHA L
JEARL), AR —E W . Btk

100: im

I 3 BOGIEA TR 4 (R RESS (4
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(b) Porosity extracted by Matlab
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