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Abstract: Micro-arc oxidation process was applied to 3D printed parts (material: EOS AlSi10Mg) after selective laser melting
(SLM) to improve its wear resistance and corrosion resistance. The residual stress, microstructure, frictional wear performance
and corrosion properties were characterized by X-ray diffraction stress analyzer, SEM, high temperature friction and wear
tester, and neutral salt spray tester, respectively. Results show that for the as-built 3D printed specimens, large tensile residual
stress (about 200 MPa) is measured on the surface. Meanwhile, the subsequent micro-arc oxidation process promotes the stress
release, and thus, numerous micro cracks are observed in the micro arc oxidation layer of the as-built specimens. The surface
cracking in the micro-arc oxidation layer is found to be decreased when the as-built specimens are annealed before micro arc
oxidation process. Additionally, for the annealed 3D printed specimens after micro arc oxidation treatment, the average
frictional coefficient decreased from 0.545 to 0.441 and the anti-corrosion rating increased from 9 to 10. Clearly, the thermal
stress in SLM 3D printing process significantly influences the effectiveness of the micro-arc oxidation process.

Keywords: selective laser melting (SLM); A1Si10Mg; micro-arc oxidation; wear resistance; corrosion resistance

W HEA: 2017-08-14; fEEIBHA: 2017-12-30

MI4E AR HEA: 2018-01-05 14:49; FRLEHARMbUE: http://kns.cnkinet/kems/detail/11.3905.TG.20180105.1448.034.html

BIREE: BRIRZR (1970—), B B0, #dZ, Wd; HRAE: SilfliEHA; E-mail: shao xiao dong@163.com

HEWH: WA 2016CXWL28); B R4 2R (2016KTCQO1-80)

Fund: Supported by Science and Technology Project of Xi’an (2016CXWL28) and Key Science and Technology Program of Shaanxi Province

(2016KTCQO01-80)

SISCH&: G, BRHEAR, FRAR. oG X ks ML A1Si10Mg R HITNE b S LT BE ik (0], b =36 T2, 2018, 31(1): 88-95.
BIAN P Y, SHAO X D, DU J L. Wear and corrosion resistance of AISil0Mg by selective laser melting and micro-arc oxidation[J]. China
Surface Engineering, 2018, 31(1): 88-95.


http://dx.doi.org/10.11933/j.issn.1007-9289.20170814001
http://dx.doi.org/10.11933/j.issn.1007-9289.20170814001

%1 A, % BOGHEIXKEL AISi10Mg 5 i AR A B HLT i ol i 89

)
o
il

3D FTERH A (FE#1 0, AM) H 25, ©
SCPLH ST R AR SO, U
BOIPGEAT R, B T, Ok
I AR R e R, R LA, &
JEMEL 3D FTENELARTE AN R Ay il 3 Ml & )
SRR, TCIe e E R R4 R, R
FR) A 2 o ol A R, DA B R RE AR L
FRIEITRI, X I AR TG E 4 B R 0 2 B 1 K
MU, 48 3D ATETEAREMEE 1. =il a 4t
BRI KA SR N E Y U E iR
JRIFIIH, FEFARAASE S 3161, Sia
4 IN 718, IN 625, TC4 (k& 4%, ILENH
LR e R SFPRUEIT T 2058, 2013 44
PGS T RUERIIIGE T % X0t L W-Cu 5
SRR MBS R, 2014 4 X 014 %t
Ti2AINb J: 5 & WHOCITEN T2 Shi kR i1 7
THIZE, 2016 4F Lu Y JWWFSE 1 i BE O 1L
HEHEAY CoCrW & 41 WML, F12EREf
JEREEAT R, A . XA A MOLORSE R %
JEU REDHLRE D, 0 R HR N g
SR U S M RE DA R R B R
RO ST R B S S 1 ) S I, 8 ol At
A AR AN . ORI S5 7= A I BRI, TR R
BERINNL 1 (— e, #RN T n] AR A g ) 3%
fiEy, HEAREN TR, KB, AR, 280
H 2K . Ratnadeep Paul ZE" XA IE 1T T
FEA 13 FROTAFEIERA, I T 8 WAk F i
SR FZ I . M. Shiomi ZE0HsHe T R 4H
SRR B B R VR L) SLM A 4 R A
7 AN i, A5 B AE R TR] A Ak P
)R RBRI I EeE . BT, R IER  vE
R 77 A R RS MBS R A B, (R AR AR
I 7 RE DG R BIIE A il T2 BOE TR
B

BEGamaeslalEik, WisEmms
PPELFSFRREDN Y, R 2 A RIS B4R AR
Bl XTE A S5 F R
WA, AFERAE T 2RETHERER
SE LLBE 50 55 1 B B o I LA/INIE R A T A e
PP T 2Tk 3D $TEIR KR4 A, B
RI5 Y, WA, M &S MIAEL T 242

—FhE B S R R I kU, TR IR AR
[ 6 O = S RTE ) o AN /Y I A R
73, i, A T ARSI R m B b SCERLL7]R
3D FTEN4R & 4 AISi10Mg 4T T RO 21 5 3 A
FI2EVEREIEAT THFSY, (H2X T 3D FTER & &
IR, JUHORM B R Witk i PEAs, 4
RISCHRIA A A HGE o SCE 2% 3D 4TENR A 4
PORHPTR B Wi PERe oK, JF T AlSiloMg ot
T DI AR BUR 5 TR A2 il 28 KOoRE 56 1 B AS:
W, WEFE T H i ER A N 7% o A A T2 5
Wi, XFEGAHT T 3D TENEE G A AL PR 5 AR
AALZRITEREZE o

1 REHRESHE

4@ 3D FTERR HFEE EOS M290 R sl B
W&, A SRR = gl R KA B EOS
AlSi10Mg(FifE2y 250 H, 58 um), HEOGHEX KA
B4 (SLM 1.2, ®IR&I P4t . FE T LS
B BOLBRZE AR 200 W, BHAZ RN 0.06 mm,
WOCHIGEE AN 0.5 m/s, B EAZ 0.1 mm,
WRYEFTENBUY J5 & & 2647 2 1Ak 38, 3144y
KWL, AN AR R 5 A TR
AR, 55 A OB IS S A BIAR )
oM E A e, PR B A @30 mmx
10 mm AYIE R, P ALRRE 1) 30 ST A4 O 5 o
AL AR R — e 4% ] — BRI EA T

1.1 RElEAIRE

K JTH MAO-200H fil A AR ER AL, XUAH
U 300 kKVA kb I, RSBl W
500V, HiGE 2.5 A, FACREEEE (20£1) °C, &Y
AFME] 120 min, ORI FL AR DA RERR SRR 2R
¥, MM 10 g/L NaxSiOs+1.5 g/L KOH+1.6 g/L
Na>B407+0.5 g/L NaF {#7K

1.2 BiirEIRIE

BRI o m IR B, 55 3 MR
REAR . \RESIUER, BHRIREA SU1200C,
24h, —45 CiKiR, 24 h+70 C FIRAF. JETEH
T 95%RH BB #GREE4T 10 d /2. A Tm
WAk CASS it 5 fE ACS
DCTC1200P #5404 #E1T, X4emtE 16 h, #
FUCEE pHIE : 3.1~3.3,



90 b B xR T LT IR

2018 4

1.3 AASMHEENIR

XFPRATRAEEAT DA R AR 1R X-
350A RYXEFF R N 70 AL 5 FOUE 4 2 5%
HIROX KH-1300 ¢t 4% 5 JEOL JSM-
6390A F9H#iH4%; JED 2200 AEI%{#E4T EDS M4
A3 FEEEE BRI FH HT-1000 2 75 EE 18 55 513k
B LA HEAT B R T EE AR AR, ) R
40 min, ¥E[AZM 1000 g, F%# 560 r/min, GCrls
WERVEXTESRR (@ 6 mm, HRC>62), PEHF42
R % 3 mm,

2 MRAERE S

2.1 BEREA

XF[El—Z 80T 3D FTESE &4 12 Dl
LUIE T MFHAR EICT, PR AR 45 HL 2k
YIE| T2 el in T, P2 A= B R S B (RS0
FEMR) BN, ELICHERE A s S mT 22 s H
O JIRERLARE o X F X R B T 24N X
BOLER H R AR & 2 T M AR I L, ik
FE R IE B A b o LB 40 T 0t R Ak B
Bi—REMZ K B 276 a3
BEEE>95%,

FEL5E 120 h(5E 5 R) #EAT 1 XSz 340
SEFRAR N 1, WRE R T R R
1 mm, XFHA 4 A0SR YIS, wiE
bR R s B b 1 SRR 1
NI R e = 1) A 2 o SN L 3 N VAV IR
4 177.6 MPa, L2 4 AN 5 4% #8 0.1 mm
JE R AR OGR ES 3 )2, AR B {EARAE 150~

400
350 +
300 +
< 250 -
a
= 200 -
£ 150 ¢
2 100 |
50 - —=— Layer 1
0 —e— Layer 2
B —a— Layer 3
750 1 1 1
1 2 3 4
Test point

(a) Before heat treatment

Stress / MPa

10
11

$30

(Unit: mm)

B 1 3D FTENFRG iR Iy I 0
Fig.1 Test points distribution of 3D printing aluminum alloy in
stress test
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Table 1

printing aluminum alloy

Results of residual stress in five days after forming 3D

14 0° 45° Remark
26p/(°) 156.549  156.827
Counts to peak 114 151
Width of half peak/(°) 2.05 2.24
Ao+10%
Integral intensity 509.2 777.8
Integral breadth/(°) 2.23 2.58
Stress value/MPa 177.6
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Fig.2 Residual stress of 3D printed aluminum alloy on the surface of three layers
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Fig.3 Surface microstructure of 3D printed aluminum alloy
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Fig.4 Cross-sectional morphologies of micro-arc oxidized layers on 3D printed aluminum alloy

25 wm

(a) Direct micro-arc oxidation

25 um

(b) Micro-arc oxidation after heat treatment

5 3D FIENERG S RURA M 2R ITES

Fig.5 Surface topographies of micro-arc oxidized layers on 3D printed aluminum alloy
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(b) Micro-arc oxidation after heat treatment

7 PR I PRI A 1 R TR A

Fig.7 Surface morphologies of two group samples after corrosive environment test
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Table 2 EDS element analysis of the samples at various process (al%)
No. Al Si Fe Zr C (6] Na Cl Cu Total
1 89.87 9.8 0.27 0.06 100
2 26.05 2.19 19.99 50.63 1.15 100
3 43.36 6.57 22.16 2791 100
4 19.98 0.62 22.39 55.35 1.39 0.28 100
5 32.26 6.75 0.79 23.19 34.72 1.06 1.23 100

1—Initial printed of AlSil0Mg sample; 2—Direct micro-arc oxidation sample; 3—Heat treatment and microarc oxidation sample; 4—Corrosion
of microarc oxidation sample; 5S—Corrosion of heat treatment and microarc oxidation sample
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