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Abstract Selective laser melting(SLM) technology is adopted to form AlSil0Mg alloy and the microstructure and
tensile property at room temperature are studied. The results show that SLM formed AlSil0Mg alloy has fine
microstructure and high room temperature tensile properties, and the microstructure and strength show obvious
anisotropy. The high cooling rate in SLM process refine the previous a-Al dendrites significantly, and the different
solidification conditions in the core and boundary of melt pool can not only lead to different scales of a-Al dendrites,
but determine the growth morphology of a-Al dendrites, which follows the law of epitaxial growth. Combination of
the morphology and evolution of Al-Si eutectic structure of sample in different orientations, the anisotropy of
microstructure is investigated. Furthermore, the strength of tensile samples along deposition (L) and scanning (T)
directions is almost the same, while the elongation shows double relationship, so the different mechanical properties
are due to its anisotropy of ductility. The SEM morphology of tensile fracture presents the crack mechanism, the
size of the dimple, morphology of Al-Si eutectic structure and formation of micro cracks prove that the crack mode
is intergranular fracture. The experimental results show that the microstructure and properties of SLM formed
AiSil0Mg are higher than those of conventional cast components, which make SLM technology realizable in
engineering application of typical components manufacturing in the field of aero engine control system.

Key words materials; selective laser melting; AlSil0Mg; anisotropy; microstructure; tensile property

OCIS codes 140.3390; 140.3510

KRR BEH: 2017-11-08; WRMEB R A H . 2018-01-10

E&TH: HEHEMHAIT(2016YFB1100603)

EE B Y. B (1992—) B Wi+, Bh 3R T REIIR . 3 22 AR Sotn T 358 KOBOG 15 10 BUE 0% 57 7R BOE $R 5 5 T8 1 iF
%% . E-mail: hf614_3d@163.com

0702003-1



ok

1 51 7

HbE i CAND F AR PR 8 2 7 PR O |
AN ZZ TR TR AL Z% A B 1) 24 o S5 0 34T IR 32 e 25 i
KA FEN BT bR . 3G i 3 R 1 HE AR i 2
o E TR AL A BUE R = 4 CAD #EAL, I
SHEVI R KRR =R RAE B — R
T AR AT B AR N U R AR R R DL
TR L L fr T8 B A 1 = 4 v 92 AR FE ik
DX OEHE A (SLVD $ AR 30O R 4 45 7 B 42 08 )2
YRR A AR R I 2 X 4 B R R L S 08 iR
TEAREZ i = e Z 7 A RUR R, Ok
5 4 @ M AR A ELAE TR 1 e R W S 45 1, BB
e PR A GE R R 1 m/s) 46 b 5 1%
e BEE o R o B R R IR R R (4
10° °C /m) FIEE [ 3R (£ 10°~10° m/s) ., 1% EE [#
Ja 3 PR R R DL R R P R A 2L TR K AR
RS F R A

AlSi10Mg & 4 & T Al-Si-Mg % Ay L %1y 4t
A s BA R AL A Ik R R AR R
2P BE IR AR 45 R 5, TE T 25 A K IR 4 A e
WA T Y %A & B A /N X R,
A AR TR B 28 B BT SR IR R S RS X
HaERa REEm Y . 5% AR, SLM
B 128 2 v Js sl PR AR v ) % 00 SRR AN S At s A
PR/ R BN A0 5 R A AR T B4 St B S
TA/NGREC AR R = T A A sm

PORL I 2 U A8 Y g T OH B &0yl
fELS e SLM WE AL-SI R A4t A
b5 S 1) [ RN B A% Ak B OR B A 4 Y ) SE 1
e b T AR A A b BT R Y ST B T Bk
IR K. SUBES &M, b 385 1Y 5 4 0
FERRAG BAPE IS K, X ALSE R A 4 1% 55 5 i
ML E AT 0 58 5 mT s A 4 4 OK TR 3R AL B Y

WSFTERE S P 2 6E 1 R R. SLM BUE ) AL-Si
RO ML AFA Y02 ) 50, B O P R SR
AEAEAS 1) S M AN 18] 7 1) b B Y 22 S 6 22 1 1)
HAAEEE X,

A SLM B IE AlSi10Mg izt #E Us T 2L 07 1h]
AR B FUURT 10 19 8 A SR AT T A b, BT
5% AlSi10Mg & 4 AP ZUFE X P A J7 1) b /9 45 1)
S I A IR BRI AT 1) R ) 2R g
W 1RSI 5 5, 30— B0 e T A 4 1 2# R 45 1)
5L SLM e AlSi10Mg EFTER S & sh B2
R G TR 2%,

2 STk

2.1 AISil0Mg # R #1 %}

JIr e R Ry AISi10Mg BRI B3 K L B3 R LA
MR 0~50 pm. A 42— /N EE R X H B
MR 3L 85 3 R A 4, 7E SLM it 72 ORI
AR DB ERGFHFWLGE SR, B 1R
SLM W% 52 5 H /Y 38 i R % 1k i 6l &
AlSi10Mg B3 A 19 9 4 F 7 5 U BE (SEMD JE 5L, %
K R B ERE B A, BB AR AR 25 S K RABURL Ky
AR R B RS /NEUR AR T T AL G A
K. 1 A i i RO G AR B A R OGS
W75 ALSiT0Mg 3 K (42 B4y .

oo ® *ad

Bl 1 AlSiloMg ¥ K # kL SEM JE $i
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Table 1 Chemical composition of AlSil0Mg powder %
Al Si Cu Zn Mn Mg Fe Ti Ni Sn
Balance 10.72 0.0068 0.0037 0.015 0.3 0.17 0.0083 0.003 0.00013
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Table 2 Processing parameters used in SLM

Laser power /W  Spot diameter /mm Layer thickness /pm Scanning speed /(mmes ') Hatching space /mm
370 0.1 30 1000 0.19
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Fig. 3 (a) AlISi10Mg cubic sample formed by SLLM; (b) size of tensile sample;
(¢) AlSil0Mg tensile samples formed by SLM
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Fig. 4 (a) Three-dimensional microstructure image of AlSil0Mg cubical sample formed by SLM,

the red dashed lines show the scanning strategy; (b)-(c) enlarged morphology of A, B, C surfaces,

the red dashed lines show the boundary of melt pool
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Fig. 9 SEM morphology of C plane of cubical AlSi10Mg sample formed by SLM
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Fig. 10 Schematic of morphological evolution of Al-Si eutectic structure in different zones of melt pool

in SLM formed AlISil0Mg
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Fig. 11 Room temperature tensile properties of SLM formed AlSi10Mg alloy in transverse and longitudinal directions.

(a) Strength; (b) elongation
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Table 3 Tensile results of SLM formed AlSi10Mg alloy sample in longitudinal and transverse

directions and die-casting alloy sample

Item Yield strength /MPa Tensile strength /MPa Elongation /%
Longitudinal 1 289.55+£4.2 322.30£5.5 8.33£0.52
Longitudinal 2 285.02+£3.5 327.53+£2.6 5.40+0.46
Longitudinal 3 295.82+t4.5 333.80+£3.7 7.49+0.24

Average 290.13+4.1 327.88+3.9 7.07£0.41
Transverse 1 274.99+£5.7 322.69+£3.6 13.00£0.13
Transverse 2 276.94+5.8 318.80+£6.6 14.03+£0.25
Transverse 3 268.61+5.3 324.44+4.2 13.53+0.35

Average 273.51£5.6 321.98+£4.8 13.52£0.24
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Fig. 12 SEM tensile fractures of SLM formed AlSil0Mg alloy at room temperature.

(a)-(c) Longitudinal sample; (d)-(f) transverse sample
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Fig. 13 Crack formation of SLM formed AlSi10Mg alloy

in tensile process at room temperature

4 5 it

KH SLM $ AR BWIE T AlSiloMg & 4 Hfk ik
BRI AL RE, B 5E T AISIIOMg S & 414l
PEREAY 45 1) Sk A 8 T AN 458 .

1) SLM #iJE AlSil0Mg & 4 H 2152 45 51k
P PN B ZH 2 /N AL-ST 3 A LU BRI AR
T S LAY (g S SiE 2 A KT S O AR AR A K T )
T U i % 1 R 5 AL-Si b B 2H SU R O 1)
SO IR 25 - AL A B A TR H: TP, R il A

R R AL-ST 3 20 U T N AR Y AL-ST
LAV E R AL-ST S i 21 207 % i X & R
53 il

2) SLM i AlSiloMg 4 4 1k RE 1Y 4 1] 5 1%
FERIAEAE M b B O\ ) AR 1 5 A
M HAE A A 2500 — % . AR O E B e
NG A N o A T R = ST/ U 8 S0 = € G
JE AL A v, a- AL AR Si AH A9 5 2 AS UG e, £ 75 284 ¢
TEW A PR B A I T B0 R W Y L iUk
W T 2 Y o D 2 Y R

3) SLM 1B AlSil10Mg & 4 (9 4 2180 % H e
) RS L 4 Ak B B A S R B AL-ST I AF TE
FRE T AEMNEGS 1 ERE. SLM HOAR MM By
PR K 4 ) s 455 5K, ol 45 LA i 28 K Bl ML 4 1l
R G R 5 e AR I B 1 b B TR Y TR
b 57 FH A 5%

2 % x M

[1] Huang W D, Lin X, Chen J, et al. Laser solid
forming technology [ M]. Xi' an: Northwestern
Polytechnical University Press, 2007: 1-20.

WUR, W, B, . BOLIRBUE M] . 1%
PHAL Tk K2 ikt , 2007 1-20.

[2] Baufeld B, van der Biest O, Gault R. Additive
manufacturing of Ti-6Al-4V components by shaped
metal deposition: microstructure and mechanical
properties[ J|. Materials and Design, 2010, 31(1):
S106-S111.

[3] Tan H, Zhang F Y, Wen R J, et al. Numerical

0702003-9



th i

#

G

(4]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

simulation of powder feed of laser solid forming[J].
Chinese Journal of Lasers, 2011, 38(10): 1003003.
WA, R R, AN, &L O R BOR R R A
HRBE BT (D] P E#OE, 2011, 38(10):
1003003.

Louvis E, Fox P, Sutcliffe C. Selective laser melting
of aluminum components [J]. Journal of Materials
Processing Technology, 2011, 211(2): 275-284.
Wong M, Tsopanos S, Sutcliffe C, et al. Selective

laser melting of heat transfer devices [J]. Rapid
Prototyping Journal, 2007, 13(5): 291-297.
Kruth J P, Froyen L, Vaerenbergh J V, er al.

Selective laser melting of iron-based powder [J].
Journal of Materials Processing Technology, 2004,
149(1): 616-622.

Yang X W, Yang Y Q,

dimensional accuracy of typical geometric features

Liu Y, et al. Study on
manufactured by selective laser melting[J]. Chinese
Journal of Lasers, 2015, 42(3): 0303004.

WHESC, #okem, XIPE, 5. 28 X EOL R AL BUE Ji 2
JURTHRE A ROF RS BE k5 (0. B0, 2015, 42
(3): 0303004.

Li' Y L, Gu D D. Parametric analysis of thermal
behavior selective laser additive

during melting

manufacturing of aluminum alloy powder [ J].
Materials and Design, 2014, 63(2): 856-867.

Read N, Wang W, Essa K, et al. Selective laser
melting of AlSi10Mg alloy: process optimization and
mechanical properties development[]J]. Materials and
Design, 2015, 65: 417-424.

Li B, Wang H W, Jie ] C, et al. Effects of yttrium
and heat treatment on the microstructure and tensile
properties of Al-7.5Si-0.5Mg alloy[J]. Materials and
Design, 2011, 32(3): 1617-1622.

Tsai Y C, ChouC Y, Lee S L, et al. Effect of trace
La addition on the microstructure and mechanical
properties of A356 (Al-7Si-0.35Mg) aluminum alloys
[J]. Journal of Alloys and Compounds, 2009, 487
(1/2): 157-162.

Aboulkhair N T, Maskery I, Tuck C, et al. The
microstructure and  mechanical  properties  of
selectively laser melted AlISilOMg: the effect of a
conventional T6-like heat treatment [J]. Materials
Science &. Engineering A, 2016, 667: 139-146.
Thijs L, Kempen K, Kruth ] P,

structured with

et al. Fine-

aluminum products controllable
texture by selective laser melting of pre-alloyed
AlSi10Mg powder [J]. Acta Materialia, 2013, 61
(5): 1809-1819.

Qian D Y, Chen C J, Zhang M, et al. Study on

microstructure and micro-mechanical properties of

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

0702003-10

porous aluminum alloy fabricated by selective laser
melting[J]. Chinese Journal of Lasers, 2016, 43(4):
0403002.

BT, RKE, sk, 5. X0 IOE £ 4L
LR R DA T & AU X SRS e 4 I T I L RN ES B
Y, 2016, 43(4): 0403002.

Zhang B, Cao Y, Wang L, et al. Anisotropy of
body-centered-cubic structures by selective laser
melting[J]. Chinese Journal of Lasers, 2017, 44(8):
0802005.

TP, ER, B, . mREOUE .S 2L
SERRY A A LT RO, 2017, 44 (8):
0802005.

Hou H P, Liang Y C, He Y L, e al.
Microstructure evolution and tensile property of
Hastelloy-X alloys produced by selective laser melting
[J]. Chinese Journal of Lasers, 2017, 44 (2):
0202007.

BEEEMS, HoK W, {7 o, 4. % X EOLK L
Hastelloy-X &4 4 213 748 L hi b dEae (1], = #
G, 2017, 44(2): 0202007.

Xiao Z N, Liu T T, Liao W H, et al. Microstructure
and mechanical properties of TC4 titanium alloy

formed by selective laser melting after heat treatment

[J]. Chinese Journal of Lasers, 2017, 44 (9):
0902001.

M PRAR, N, B SO, AR B X ORI 6B
TCA Bk A 4 AL B 5 IO A U/ 2 vk se (1] P E

o, 2017, 44(9): 0902001.
Prashanth K G, Scudino S, Klauss H ],

Microstructure and mechanical properties of Al-12Si

et al.

produced by selective laser melting: effect of heat
treatment[]]. Materials Science &. Engineering A,
2014, 590(2): 153-160.

LiW, LiS, LiuJ, et al. Effect of heat treatment on
AlSi10Mg alloy fabricated by selective laser melting:
microstructure evolution, mechanical properties and
mechanism [ J]. Materials Science &
Engineering A, 2016, 663: 116-125.

Brandl E, Heckenberger U, Holzinger V, et al.
Additive manufactured AlISi10Mg

selective laser melting (SLM): microstructure, high

fracture

samples using
cycle fatigue, and fracture behavior[J]. Materials and
Design, 2012, 34: 159-169.

Suryawanshi J, Prashanth K G, Scudino S, et al.
strength  and

Simultaneous  enhancements  of

toughness in an Al-12Si alloy synthesized using
selective laser melting [J]. Acta Materialia, 2016,
115: 285-294.

Gdanmann M, Bezencon C, Canalis P, et al. Single-

crystal laser deposition of superalloys: processing-



h 5| 74 ot

microstructure maps [J]. Acta Materialia, 2001, 49 [25] Nogita K, Dahle A K. Eutectic solidification in

(6): 1051-1062. hypoeutectic ~Al-Si alloys: electron backscatter
[23] Kurz W, Fisher D J. Fundamentals of solidification diffraction analysis [ J]. Materials Characterization,

[M]. Beijing: Higher Education Press, 2010: 64-74. 2001, 46(4): 305-310.

Kurz W, Fisher DJ. BEFEJFHE[M]. dbol: BE%H T [26] Hosch T, England L, Napolitano R. Analysis of the

AL, 2010: 64-74. high growth-rate transition in Al-Si eutectic
[24] Nogita K, Dahle A K. Effects of boron on eutectic solidification[J]. Journal of Materials Science, 2009,

modification of hypoeutectic Al-Si alloys[]]. Scripta
Materialia, 2003, 48(3): 307-313.

0702003-11

44(18): 4892-4899.



