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Abstract

AlSi10Mg samples were fabricated by SLM technology under the process parameters where laser
power, scanning speed, scanning interval and layer thickness were 450 W, 3800 mm/s, 60 um and
30 pum, respectively. Phase composition and microstructure were analyzed by XRD, OM and SEM,
and meanwhile the hardness and tensile mechanical properties at ambient temperature were stu-
died. The results show that the microstructure mainly consists of Al matrix, Si phase and a little
Mg.Si phase. Microstructure of cross section mainly consists of uniform “band” strips. The stripe
can be divided into inner fine crystal zone, heat affected zone and boundary coarse grain zone.
Microstructure of longitudinal section mainly consists of uniform “U-shaped” stripes. The bounda-
ries between the stripes are clear; meanwhile the stripes are divided into inner equiaxed crystal
zone and boundary columnar crystal zone. The sample obtained under this parameter exhibits
excellent comprehensive mechanical properties, where the tensile strength, yield strength and
elongation reach 470 MPa, 327 MPa and 8.0%, respectively.
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EBIETHER450 W, F3F#EE 3800 mm/s. FHAEE60 pm. EE30 um#&4F, SLMAFE T AlSi10Mg
RFE, FIXRD. OMAISEMZ#T T HARH R EHMALR, HMR T SEEENHH HF . SREH,
REEHATEHAZE/E. SR> ERMgSIHAR. BEEEEHR KNS “HR” K8k, %480+
A=A NEAREX. REWEX., S HEX; ABEHKDAGE “UE” ZEHR, %4
FABREE, ZLPSARNMXIE: AFSEHEX. BREREX. ZSBTHAN RS /1R
MR, PLPEE. JEREREAN KRS HIER|470 MPa. 327 MPafi18.0%.
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1. 5]

FHEAGESEAMEE. SmE. RISk, ENSiR. RESIEEE
ZWINA, WRAME S FREE . 5. WES. mRETIT, BEREESENNEMETE
A EMIFEISEIE T, FURER, WORHEAEE (1] [2] [3]. 2RI, fRS9E. HBoE ik o rfil g,
PR, BB AR HE, MR A% [4] [5].

X B IE A H R (Selective laser melting, SLM)& — F i BU FIIE A Hl G FEAR, FEAJHEE RARIE =48
PERIME R RS, D) D) i B Bos i, B EHERR BIHILE6] [7] [8]. SLM R HLJE HiBU% &
AT 100% 814, 5 T I E I REIE, BARIER R S . MORR 2 @ Al 75 SLM HAR K
NERER A SRR T Z[9] [10].

W, EWANEEXT SLM B AlSil0Mg & &AL ST THFT. A PE K%M1) Luca %
NKRHL, SLM I AlSi10Mg HilfF = R Prhrsm g . i AR om A K 2R 737k 5] 452 MPa. 264 MPa Fll
8.6%, 1.3 T H i G AISi10Mg fiF[11]. {8 K1) Noriko 5 N R I, BEE fe &% FE M3,
SLM ) ALSi10Mg #ill - E0% B 5 EFHG R R, 78 60 J/mm’ BHA B8 H1(99.2%) [12]. 1 RE BB )
FANFEENKIL, MR BRE SRR BRI, K27, SLM BRI AlSi10Mg il S0 B bk = Ch
98%) [13] ALK 24 AR5 BESE N R B, 4038 (AL (723 K, 1 hy ] {f SLM KA H AISi10Mg il {42027
B BB IE], $EELR A I R 14]. SR, B FIRFSTH, SR a4 4 34 38 ¥ 7E 2000 mm/s LA [ 11]
[15][16], MIEREA G, WAL E . ik, ASCHEN & 1473 (3800 mm/s) T SLM il %
T AISi1OMg iRFE, VEAFE S T HAMA L 5 SR, AR5 SLM SIEE G 4 0N SR At H AR S %

ik
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2. SEGE
SEHG SR 22 AMA A7) P10 AISiTIOMg &4k K, H4 U525 T % 1 . %E 4 Mo

IR, IREGULRIR, HEAEREREM R, M RRSIEREL, &4 SLM B, ZaE8m KR
AKUAEERTE , ~FRIRAEN 42 pm, 90% I AR KA EE FAE 20~77 pm Z (8], RIERSAMLE 1), B Ak

oA, AT H I BUERE

Table 1. Nominal and measured compositions of AlSi10Mg alloy powder (weight percent, wt%)

% 1. AISi1OMg B EMARIIB XIS (REB S, wt%)
Si Mg Fe Zn Ti Ni Al

Nominal value 9.0~11.0 0.2~0.45 <0.55 <0.10 <0.15 <0.05 Bal.

Measured value 9.72 0.36 0.10 0.016 0.006 0.004 Bal.
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Figure 1. Micro-morphology (a) and particle size distribution (b) of AlSil0Mg alloy powder
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Figure 2. Schematic diagram of SLM equipment
& 2. SLM g &K RIEREE
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B, WOGHARME SRR, e 85 BB T B — A2 R B, BORRE §— B E R
i, RAMERS R G AR ERCR, R0 PSR . . BIREME, JERAN Ar
ISR

ASCRH M SLM T ZEZECN: BOE T 450 W, H#53#E 3800 mm/s, 2 & 30 pm, F14i[A]FE 60 um,
LEREREE 65.8 Jmm’. B THIRGEAE R, FIUCRHEBREEOLIIR, Rk m®E, bR
EINEARIEUA A AL, JBmEEE . A SIM B T @10 mm K EATREEA AL 3).

Figure 3. Metallographic and tensile AlSil0Mg sample fabricated by SLM
3. SLM RF AlSiloMg & #EFH i 4%

AT S . )5 AR T keller %77(95 mL-H,O + 2.5 mL-HNO; + 1.5 mL-HCl + 1 mL-HF)#& il
JEM 15 s 5, 7E Leica DMI 3000M %4 <3 4H 458 (OM) il JEOL JXA-8100 AL HL 7 2 B (SEM) FAL%E
WAL, 7£ SmartLab B X S ATH(XRD) EREATYIAR 34T, KA CuK, 4. 7£ MH-5L 24 & ffehf 52 )
PRTE RS, kA 9.8 N, %K 15 s 7E DNS200 % J5 g A RHR IO A L F 47 S L, BLHEE RN 3 mm/s,
F SEM WLEEIT TS0 .

3. BR5118
3.1. WMELR S

P 4 4 SLM R KT AlSi10Mg il LTI ) OM B8 A o 2200, #E4R AR 77 1) 1 FAT I 2 SOV R
JOFHHZEAKR, %849 100 pm, K2)300 pm, KSR B3, AU R IT R XFERKREUSHOGHES
K A S5 PRI BEE T B, 2807 M AIBO TR 77 1 — 2, WOGHER T 1m0, WSSO B .

K5 2y SLM il R IR Y SEM B Fr o WL, FEAR ST ZESHT SLM RJE IR T B Sl 7 VR i 2
SUEBKG, WUZLZESHE N, BAFSUPE S T REM/NM &R, 7L =Xk
T4 X (Inside Fine Grain Zone, FGZ). #5201 [X (Heat Affected Zone, HAZ). 11 7 #H i X (Boundary Coarse
Grain Zone, CGZ). 7k SUAFAH i X Sa ki K /N 55], ikl BAREE TP AE 300~500 nm, JGJ7 e, 5555
8O T PG X AR B AKOR, SRR E RIS KT 500 nm, TEERA, 4 4~5 MRS, BT A,
S NS X SR S X A —BOd R X, SRR, KA 2~3 pm, &RRITE
FEE WY, ArFaN AR ES, SHRE. BT SLM d BB NEOR, AR, Ak
WA RIS AR BB, - BORAR R RSN T 5 G X S RE 52 B AH 20 2% SUB LIS 1) #h
Wa, 45 B RENK T AR, SRR ORERE S, P DASS PR KT S, SR e K KB E I
Iri) L ] 11 46 i DX B R L ) B ORI ER, IR R FE R, BT LAAR R ) N AR K I 3

DOI: 10.12677/ms.2019.96072 567 FHELRLE


https://doi.org/10.12677/ms.2019.96072

Figure 4. OM graphs of cross section of AlSi10Mg sample fabricated by SLM
4. SLM BiF¥ AlSiloMg il HH#EBmEAY OM B A
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Figure 5. SEM graphs of cross section of AlSi10Mg sample fabricated by SLM: (a) Overall morphology; (b) Magnification
of A region; (c) Magnification of B region

[& 5. SLM Bk f2 AlSi10OMg it FE &I AT SEM BB (a) B (b) A XBK; (c) B XX

6 9 SLM il fF I 1) OM HF . mIOL, St “U B kst KA, 2 “migh” iR
MG, FEAEROCIERT MR RG R 5 Pudve &1, ISR “U IR 20N U B LR SH0O6Em, A
O BARBEZ, BB TR LD, BEMAR, BREED. “U B R EM T
B, B BRI, WUEROCHRME RS, CRBE NS SO EIEMIS, BB T BT
HELEE
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Figure 6. OM graphs of longitudinal section of AlISi10Mg sample fabricated by SLM
6. SLM Ffiz AlSiloMg ik 4\ Em e OM BB H

7 24 SLM i ERIN Y SEM #8 . H BRSBTS,  “U” AL 2 T H g/ i
PIZH g, AR AW X8 N ER4E 44 X (Internal Equiaxed Crystal Zone, ECZ). 85K & X
(Boundary Columnar Crystal Zone, CCZ). 540N &4l X dihi R N8 5], @k AR BLARES KT 500 nm,
SRR S S XA Y, B R IT R, RAERN RSUA R BRI, 5B L SR AU E A kL
WETE, KEES AL, FEEPLE 3~4 pm, DHEER] 10 pm P L, WEEAE, 2910 MRk, A
BT e, AR SV ok T B FE AR T S0, SLM B il Rk JE Dol v 41, 3
WRARRLRST AR, 2R 8UA T 2 BIR B SFBUBA I REMA B A, ¥4 ANINE R PR 10T [ 46 &, TR ROREIR

JEOL SET  2P.BkV 5,000 h,ln'mﬂllmm JEOL SEI  2P.PkV x1P,P0Q 1pm WD11mm
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Figure 7. SEM graphs of longitudinal section of AlSi10Mg sample fabricated by SLM: (a) Overall morphology; (b) Magni-
fication of A region; (c) Magnification of B region

[& 7. SLM R HZ AlSiloMg IXAFINEE /I SEM BB (a) EBHEER; (b) A XMK; (o) BRXEX
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3.2. ¥R H

Kl 8 4 SLM HiJE AlSi1OMg AEH) XRD . W WAikFE E 2l Al BARA Si AR, &S5
1) Mg,Si AH o 145t AL AT S I ARG T~ 26 AL AR 2E 1 14 W Ae , 6 {8 IW K. FHATRIA 72 : 2sinfd)y
=0 WG, d RESTEITAIEE, 2 RAK), ARSLEREEM (CuKy #E) AR, WA AR, 4 0 K, dy i
AN, SR BORN, R AL FERR A T AR IAS . AISIIOMg A e EEES T RA Si BT EANT Al
JET, Sididl T Al EATE T AR TR E, SECALFERD) A& E SN, TERCT 7 B k.
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Figure 8. XRD spectrum of AlSi10Mg sample fabricated by SLM
& 8. SLM R AlSi10Mg if#EH) XRD &

3.3. IFMEEST

SLM J&JE AlSil0Mg &M i Bl FEJC B 22 R, 205108 133 HV A 134 HY, @& T4
Bt AISi10Mg & 4:(86 HV).

9 2 SLM JJE AlSi10Mg i % il TAER Sy AR dh 45, Hph 7 2evepefd s 4 2 d. oL, 1E
KR LZZHEEAT T SLM Hil#5 1) AlSi10Mg A LI LR G 2 thfe, Hhihnd . e RoREE
FHHK 253 7115 21 470 MPa.327 MPa 1 8%, 1t = T-#51& AlSi10Mg & 4:(1SO R2147 #4FritE T AlSi10Mg
&Gt JERBR P . PURLIRE . K504 317 MPa. 170 MPa Al 3.5%). [R]85 4 SCHR[12] [15]
[16]42 &1 SLM BB AlSilOMg A& 4iA i J12EERe g R, WA SCRAM LZSH0E &, 1hsh,
SLM #5185 A B AT, I AR .

Table 2. Comparison on tensile mechanical properties at ambient temperature of AISil0Mg samples fabricated by SLM
%2 2. SLM Rif2 AlSi10Mg it M= IR R RERTEE

Laser power P (W) Scanr(ligﬁ;s)eed 4 Ter;ni}czl\s;;e;gth Y}?:jz S(lt\j[e;ag)th El({)‘ln%;:)ion Reference
450 3800 470 327 8.0 This article
370 1300 452 264 8.6 [11]
340~370 1100~1400 289~314 186~201 11.5~15.5 [15]
200 500 382 - 3.7 [16]
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Figure 9. Engineering stress-strain curve at ambient temperature of AlSi10Mg sample fabricated by SLM
[ 9. SLM Bif AlSilOMg iR =R T2 N S R %k

ZRE 15 PERE M PR T 3 ZORIE T iR AP A B 58 4 . SLM BB I AISi10Mg i FF kR4, HLA4H
HFCEH ORI, K WRLEARAE 500 nm A VAR, JZ/NFHASFRGERIES] 100 pm PLE), KEFHF
BEAS T ALHE RIS B, DAt T RS SE s 800 o BRI SoRL R Z2 AN K, P DA ARt B2 T W Y 7%
Ao Si i CLE SR BEE R AR T AL SRR, P2 A 1 AR IR A SN 1 AL AR RS (B g, AT
SRR SR L o

K10 29 SLM JB I AISi10Mg i FERL AT LTS, S i i ELAE T 77 [ 3EAT o BT L
ABALE, 2EEER, BARKEWEEN, NWIERR . sUeECE R, skl , TR EAZIAL.
WERGEE G, REGEDA TR

JEOL SEI 2@.akY <208 10@pm W01 3mm JEOL SEI 2@.8kY =608 113_urm[\ 13mm

Figure 10. Tensile fracture morphology of AlISi10Mg sample fabricated by SLM
B 10. SLM RRFEHY AISi10Mg IR AERLHER O 255
4. TEHFIP

1) fEHOEIhZR 450 W, 3 3800 mm/s, FHEAIEE 60 um, Z/E 30 um Z&AF T~ SLM il %1
AlISi10Mg R UL EEA 21| B 2 AL IR A HAth sk [
2) AISi10Mg BUAERAEL T 5 2L b /N &) “HiPIR ” SR SUR i, ABRIH B RN I “U T8 7 2 BURI L
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SR BRI o BRI 2 SCHR FH KA/ AR R, BRARIET <Atk SR R =AM X IR
YA, g X, SR A X AT “U T R80h 9 RRAS XK SRR X AR X .
TN EANFE W, BRI R S0L T R B K T 280N, HETH AR B B R KT R

3) SLM K] AlSilOMg A BA RUF LA HiAH 35t Re, PrhrsmfE . o IRom A 2 7 ik
F] 470 MPa. 327 MPa Al 8.0%, %# HEGiEM) AlSi1IOMg &40 HIHEE T 92%. 48%F1 129%, 44 115
PERE IHE T RIE T 20 o s AL A [ A

E&WE

I HRARER R L% 4T H (2019GDASYL-0203002); |7 %444 & KRHE 15 (2014B010131005 Al
2016B090914001); 2K RHL I H (2018K006).
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