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£ 1 Ti-6Al-4V SEMAMBM S
Table 1 Chemical composition of Ti-6Al-4V alloy
powders (@/%)
Al \Y Fe C (0} N H Ti
596 3.83 0.16 0.01 0.1058 0.0094 0.0016 Bal.

#1753 15~53 pm. 0~53 pm AN R AR 34 9 2 Floky A
Hrhgi s UM 26 pm) 2514 10%F1 36%, il
HAE 15~53 pm By R0 0~25 pm MK, Sk E=E
BRESVR A, TERCANRY B9l 2 23% 158 3 kR, ki
ST 3 i AN [ 40K 2 2 FRDRR ARORH T B L 20 it i i
52 . ] Mastersizer 2000 SOG4 & AR 5
3AT, H O ISM-6510 4 L+ W iU M8 KB .
BB R InFAEN 180 °C FI A G 808 1k [l s, 7ERDAR 14T B
WG, B R AR T 5% AR AL R EE IR AR
¥4 8 GB 1482-84 11 GB/T 1479.1-2011 HE4T ¥y K Wi sh v
IR 2 %5 S AR

R R BRI DO 4 A0 B S 56 75 EOS M280 30
Hke s & | BBl AT, BB R SE o 250
mmx250 mmx325 mm, AL 400 W OGLHHOGR . 121
DI EE R B S5, WOLDI% 280 W, HHIH %
1.2 m/s, JOBEE 42 100 pm, FAHGEFE 140 pm. 7E4
A R RS 10 mmx10 mmx10 mm  [F)3RFE
o, oy omEAT B0 R . RS A A R K
THERKE N A B E, H RA-200 R B2 A%
THUREDRE S5 o KA S DD T, fEH Axio Observer Alm
6 BB R ENR, T AEENALB % . B AL
RN WU F AT JG A BES, HFRHRAEEE TE
o O 20 £ 35 A8 1 S o RAE R SIZ UG AE T o o
17, Wi 2245 °C, AR i B A0 A0 D035 rh LS B4
PAEFRIR JE A 400, 600, 800, 850, 900 C, Iy
4h, MijEEAEER.

W R D aRHT B, W o, A HF:HNO;:
H,0=1:2:7 WISl EAT g ke, RO 2% AU WL 42 T
FRAFPALBE S RO 2R . 1 F smartLabTM 3KW
X ST A BT TR ZS B A ) A Ak B 5 A A 43 A2
1, WS AR A il i A8k 8 . R JEM-2100 3% 4
HL B L AN ] A BERZS AR S IO TS, B it 1) 4%
TR HEDIRIPLAFE EUTEC 0.5 mm JE 3,
BB A 30~50 pm, AR PP ECE AR 3 mm 13 A, H
Gatan XU ARG 2 0E SO A AL, g L 35
kV, ##fE-30 C.

2 FR5i1E

2.1 FEREMRYIBEE
Bt /NT 26 um R AR FR A ARy, K 3 Floky A 4% 1R

RN I EL BN B HES y 1#~34. 3R 2 I ARFRIfR
MR PTLUEH, MoRES S, 400 &
S E . B AR ELpIsE N, P AL Dso ANKT
N, 28Ky R 3K ELAR AN B AR 2 13%, (HIERIER
AR, X Dso MR e B 12k 3 Fiok K 1
KL oA B o TR A 3#K 1R K R R 12 4 52 1E 28 &
Ay IHRSRLAR AN A SE AR T, 24 IR A R A2 5L IE
A

M 2 ATCUFE H, BEA I BN, R AR iR
)P B WA 2 o IX 2 TR Ok 4R 5 N S A AR
PR BT o AR A 3 T W B K 43 1 AR R K 4 B 4
BTN, K SRR (8] (¥ B AR R 2 2 R A
i, AR sl N W, £ 2 BdE R,
K A (IR 2 2 T R WA B A AR 5 2% B 1) 44 vy 1T AN BB
Pem, MR BT R A AR BN 10%48
1 23%IF, B SE Ry AR 42 43 A R DAL B 40 R A I
FOAE R KM A JBUREL () ZE B, M iRy R AR B 2%
AR AR B T B 36% 0, S A FA S 5 15
B, AEZRAN T 1R, IX 2 R T B 08 = 1,
MARRRET A Wish, N Joik 78 40 T 78 KRR A 1)
21 o W A BTy M AR 2R 5 SR S5 i e S A A R
&l 2a~2c & 3 PO RO LS. ATULE . 3 FhR
R AR 1A 2540 TiGAL4V Ky R IEA G ERIENY, MHERE
ANZ, KRR ARA & BB, 408 LT WA
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T 58 /I ST A S BR AT [7) 2 0, ] K 3L
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5 THR R sh, R s R R

AT HE D WSk R I ROW B, o I T kAT
SAH BT . B3 Ti6AL4V K5 R R e EE it 3F )8
TS R . BB 3a nTLUE B, MR IR A 80,
RRERTE, WAFAE WA SALEA I 08, E 3b

R2 FREREMARAYESE
Table 2 Physical properties of powders with different
particle sizes

Powder Farticle Finepow- oyl Apparent
number snze: distri- der Vf)lume um s-SOg'l denSIt}}//
bution/um  fraction/% g-cm
1# 15~53 10 40 33.7 2.19%0.01
2# Mix 23 34 32.7 2.37+0.01
3# 0~53 36 32 No 2.21£0.01
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Fig.1 Particle size distribution of different powders
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Fig.2 SEM images of different powders’ morphologies: (a) 1#, (b) 2#, and (c) 3#
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Fig.3 OM images of powders section: (a) 500X and (b) 1000X
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b, A4 HEOECR, POBOCE R, r L HAE,
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FUUE S, STENRRFE T, AR, T2Z5H4
BOEAEL, SRS A, A S R ECE . (1
AR ANLIRAFAE, I3 ATREHLC A . AL 32 22
AWM, R AR IR AR T B AL, 55
SRR AR GRTE R B B AL - I S FTEUE
3 FlOREAR (A AT B2 A A BRI 2> A A3 5/ (13 15

FUBR o [T AL (¥ B ok 2w o oK ) B DL B 2% o0
A DG 1# 24 3#E FT EDAE T I FLBR R 23 51 0.5%,
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Bl 5 R FEPRAR K AR 8B AR OM TSR
Fig.5 OM images of parts from powders with different particle sizes: (a) 1#, (b) 2#, and (c) 3#
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Fig.6 OM images of the cross section of parts from powders with different particle sizes: (a) 1#, horizontal section; (b) 2#, horizontal

section; (c) 3#, horizontal section; (d) 1#, vertical section
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A U AR B, BT O D1 o ) G A
2.4 ARETRSEEHTRALETHIMN

Bl 8 AN IR K B a A2, K 8a, 8b
L1 6a H AL U8 X s K 8c, 8d HHIE K IELE T F 600
‘T, TC4 HLVBUAKR, LKA o' BsARHIL; Kl 8e~8h
HR KELE T 800 C 2 JE T IRk il 5%, 43 f# K atps

TN, Rz o JEREH 0.6~2.0 pm. R IR Kk
[EWTE R, 2 o AR 850 CIB KGN o JE
JECAEKE] 0.7~2.8 pm. HIAF G DI 238 ) 2k
B 3t =y T B4 T R SR AR AR S R E T 402K B ok Y
HA /NI G IRARZH 2R o R K5 WA AR ol 53 R TR 1
J2 otB, o FECEME PR Rk, N HEE
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BG4 bERE . SLM B TC4 1) g AHAZ 72 980 C,
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Fig.7 XRD patterns of parts from powders with different particle

sizes
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Fig.8 OM microstructures of the parts treated at different annealing temperatures: (a, b) 400 C, (c, d) 600 C, (e, f) 800 °C, and (g, h) 850 C
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Fig.9 XRD patterns of SLM-processed parts annealed at

different temperatures
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Fig.10 TEM microstructures of SLM-processed part and 800 ‘C annealed part
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Effect of Powder Properties and Heat Treatment on Microstructure
Evolution of Selective Laser Melted Titanium Alloy

Zhang Shaochi, Sun Zhonggang, Liang Zulei, Zhang Wenshu, Chen Xiaolong, Chang Hui
(Nanjing Technology University, Nanjing 210009, China)

Abstract: Titanium alloy powder with different particle size distribution was obtained by powder screening and mixing. The effects of
physical properties of powders on the quality and deposited- and heat-treated-microstructure of selective laser melted (SLM) titanium alloy
component were studied. The results show that with the increase in the proportion of fine powder, powder median size decreases, fluidity
decreases while the bulk density does not change significantly; the relative density of parts from the powder with three kinds of particle
sizes is more than 99%; the surface roughness decreases with the increase of fine powder content; when the quantity of fine powder is 23%,
the minimum porosity forms after deposition; the as-deposited microstructure of the cross section is primary f grain, the internal is acicular
martensite, and the longitudinal section is the visible columnar crystal; heat treatment results show that martensite decomposes to a+f layer
at 600~800 °C, and the a+f layer becomes thicker at 800 °C. The annealing temperature and time during the heat treatment process should
be strictly controlled to avoid layer coarsening.

Key words: powders properties ; selective laser melting; microstructure; heat treatment
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