We2d 6 mESERMRSEIRE \Vol.52,  No.6
2023 4 6 /1 RARE METAL MATERIALS AND ENGINEERING June 2023
Y= il RN X AN = =4 W\ &b
EX SIS TCA EE€mRIFHER

BIRIT AR

EHF, BESL, FhEwm, ARk, B OHL, BAH, £ 0§
(IR AE E N 55 R, i 201600)

8 E: RHEXBOBEBHE AR (selective laser melting, SLMD il 7 TC4 &4, FIH ¥ EHEE. ARBETEM
Bio X STERATIHAC. T3 ReARHA IR ML LA R AL 2 WA S H R AT AR R AL iR s e SR AT e, IR
i TCA il Y xTt. 45REW], SLM 55i& TCA & WMA MM F, SLM TC4 5 RETNR IR Catpd #,
P EALEI LI 2 pm?, 551G TCA A 4RI A 30 KA, T @R E L 276 pm?. M TH1E TC4 &4,

SLM TC4 &&= K& miR et =, BRI B Bl Ak AR 7 1% R 58 4,
JE AT R
YEHS: 1002-185X(2023)06-2126-08

PRI XK EOLIEIL: TCA &4 . JiEtkes;
hEES LS. TG146.23 THEAFRIRTE: A

Ji% o 3 < B AT

TC4 A& BA LR IS v f A Y3 2 1k
SERE A, EMUENUR At T AP BT SR s 2
Tz AM, TCA AetEgimin 107 % ik it stk
i, IR R EE M A G AR R AR B T %%
F &5, BEE BT R TV ARGE & e, i) 4
RSk WATAE S TR RIS K T S5 SR X i 5
PIELR A VERE R IR G & FF RO, K eG4
Wk ROPRE % MEREILERTY TCA AR AR EFMK
DA S T

X WO BOR (selective laser melting, SLM) /&
VAR RS ) — e s H AR, HIE T R4
MU B BT Y 76 ) BB SO AR IR i R B P Al 7 2R AR
& @A R PR IS, HEm SIS BUE . AR
4 AL USRI Z AR 410, SLMY Rl R it A v
e PR R B A N B IR P o P 2 3 BRI 0 7 AR TR AR N
TR MW EE, BEmmAt R A, W, &8
AL TR T 2% SLM &K TCA &4 iJa 4N £ K E
w31 py S FE 2 24N SLM TR TCA &4
(AL T2 -4 21- 2V e = J7 TH 9% R AT KM
Fo GRKM, TE a+p WAHXIEEGIERS, & 4Re3k
B RIFHIZEA SR REm 2, SR, Xt SLM K TC4
A [ VA A S i R AR R, R
FLAE i T B IRBERUE, XT3 — 2P HES) SLM U TC4
HERIR A ERE L.

It BEA: 2022-06-26

WAL, R RE VAl A2 R A BE T B S R — AN
BB, SATERXT SLM BB TC4 & 475 & CIE R 1)
JE AT AR T £ S A AE K L JE BB g P, — g
FRM, HTEHRE RIE o WAFELE, 23 SLM BJE TC4
AR AR W % G i TCa A4,
SR, AL E KL, SLM RUJE TC4 & 4 Hfi ik
PEREAE TR F8E (B i TCA &4, X 5R1E TR &
BB/, SIS e P25, TE H, SLM K
¥ TC4 A&AET CIEMHP B mEmREEREZ, HEIE
FAMLEI A5 2, Rk, B — B EE SLM %
& TC4 A &AES CIE I (R kL o

AR XRD SEM. J5 e RHRIEALLL K i1k
MR EE TR R G T T BbE S ) SLM R JE TC4
BEMMAL. miR 1R KR AT N, I 5T %
i TC4 A 4&AE T XL, A SLM JE TC4 A& iit—5
J% F $R it S AR S 3 H R TR T

1 £ I

RIS EL AR 150 mm><150 mm>20 mm [#)4%iE
TC4 &&MRM, MHRCRA 6008 LR 4CHT S, BES
K FEE VT . SLM BIERTH TC4 A &M A NS
FAH ARG SRR, MAKAL<50 pm, FER 5>
WM JRESE, %) : 6.16 Al, 415V, 0.04 Fe, 0.12 O,
0.008 N, 0.005 H FIA & Ti.

BEEWmB: ExaRFE#ESE (51701116); LT HEERHE PR (19QB1402000)
1EZ®N: S, 55, 1995 44, ML, RSB ENMBIFT, il 201600, E-mail: niejingjing0606@163.com



%56 3

SRS . I WOGIEIE TCA & il 7 2V e B AT T 7t

= 2127 -

IRIGVEEL NRD-SLM-300A 380 1k [X 44 4k 5 I 15
P AR 500 W A0 EER . HEE RS0 K
T K KRG L e R R R i 2 2
L2285 7% 1. FR, 7B R R ETTRR S R
KRR, VR RRERERH Ar SR Gt
17 RIHESHMEIY X SLM I TCA & 4 itt4T [
WAL, [EACTREEE N 800 °C, R E N 4 h, BEAS
REEZRGIHFH . R %G TC4 &8 Xt
FEAPRE, AR FL RN (L) AIRA A, £
i TCA GaMEZEMS (RESE, %) N: 6.29 Al,
417V, 0.13Fe, 0.16 O, 0.01 N, 0.001 H FI& & Ti.

HEWERT A SLM 585iE Y TC4 & &R

(FEETATEIH D - f#H Kroll i%71] (V(HF):V(HNO,):
V(H,0)=1:3:10) Xl 5 B ERG &7 R ok, I F 48
Zeiss-Axio Imager M2m B2 BB AT S A 4 21
MEL, KB A RE RS FEI QUANTA 450 F#H
B (SEM) Xt 2 MAFEPIRASER G S i I A 2 S5 hr
T I HEAT 204 o R FHEC 4% Cu $Ef¢ D8 Advance %4 X &
LATHAC (XRD) XF 2 FAFRRA AL S AT PR 5
Mr, FHEVEE 20290 HE 30 kV, HLI 30 mA,
K 49min.

NTHE—BERA SLM 58 IE TC4 & & AHRY)
FH RRRLHCR] A7 EEE BE A A A R 22 5, R
HLBE 4 Nordlys Max2 #0284 5 2 34T HL 7 15 1R
ST (EBSD) WA, #EE N 20k, TARIEEA
15 mm, A %R A HKL Channel 5 3 AE 474047
EBSD WU 5 75 58 U FUHT B 5, B S 04T Fe IO,
o A% PR R L 60:30:10 Y FFEE . IE T BE
5 &R IR AW, mAIMsmIER 30 V, E
—20~-30 'C, #SLRFHIZ)2 100 s,

K H ™ DDL-100 Hi-f /5 e ilga bl x SLM 581t
BRJE TC4 & & T =i 5 mnR R, Hodh s
MR E A 400, 600 C, HifdFE 5 il 4 2% [E s GBIT
228.1-2010 i, FEE ST N M8 mmx@5 mm, Hififiif
R 2 mmimin, RN 6 AFATRE IO .

HAL 5 3 ol v BB K TR fr 22 IVIUM A R
Vertex.C.EIS AL TAEN Fib4T, SRAIME G = Akl
IR R, TAEHEMN SLM 58%IEIE TC4 &4, M

#&1 SLMTC4 &E&RESH
Table 1 Forming parameters of SLM TC4 alloy
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A4 10 mm><10 mm, Z: L ER AT H oK LR (SCED,
X AR A, TRIA TN 3.5%NaCl (lRESHD . 78
AT AR Z 1T, o AR F A K BE R 4R 4T B
£ 3000#, JFAKUCKH 28T /KM QlEERE, AT
R o Fe A HUBIR N IA R 1% 5 s T i s COCPD
2 h B4k, PRIEMNA R A20E o Bl B AL AR AL il 24 4
WA 1 mVis, HRFHEALIX[E]N-0.4~8 V (vs.SCE) ,
U H I B I 100 pA/em? IR IR . H Ak 22 BE i
Mt (EI1S) HIMHZ A 10°~0.01 Hz, i HEERS)
I 45 mV, EIS MKE KA ZSimp Win # AT
AT

2 FR51TE

2.1 RASH

19 SLM TC4 545t TCA &4 X SR AT 5 .
i XRD Eit:#% ], SLM TC4 5% TC4 &4 MM
HIF, 8 ada'tl. BT o M ot EA R EHES
JreRy Chep) FUAHLR dats 240, IUILIRAEAE XRD 1%
B PAIX 73 o XRD AT U A A g HIAFAE, IX
FERMT TCA &4 pAHE EILT XRD MR TR .
tEAk, SLM TC4 H¥%5iE TC4 A& AT S 3%A RN
H B R B BN AL

K2 4 SLM TC4 ¥ TC4 A& EMAL. N
Kl 2a. 2c TLAEH, SLMTCA &4 EEH A IR (a+p)
FHA AL, VIR HL R /NIR oD IRARTE il KR
ONfR, BTSN R Catp) H. B3k TCA &4 (K
2b. 2d) HAMAERAL, EHLK B SR 4 A
EHEMELPATIR R o M, KZ 40~80 um, HFAHE
20 a fH. 454 XRD 5 SEM Z5 -l H1, SLM TC4 &
S BMAL 58%iE TCA 4L, 3BH o MR g A
o AT TH5iE TCA 54, SLM TC4 &4 a K2R
ML/, AR S E H AR R, XFER
T AR T4 3 B I 4 JE B, SLM e i 2

—SLM TC4 ® ala’
As-cast TC4

(101
«102)

Intensity/a.u.
.21003
002
o
(110)
4(103)
(112 «201)

20 30 40 50 60 70 80 90

201(9

K1 SLMTC4 5%i& TC4 44 XRD K%
Fig.1 XRD patterns of SLM TC4 and as-cast TC4 alloy
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Fig.2 Microstructures of SLM (a, ¢) and as-cast (b, d) TC4 alloys
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Fig.3 EBSD analysis results of SLM (a-c) and as-cast (d-f) TC4 alloys: (a, d) microstructure; (b, €) inverse polar maps; (c, f) phase distribution

(yellow dotted line represents EBSD test area)
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Fig.4 Engineering stress-strain curves (a, ¢) and mechanical properties (b, d) of SLM (a, b) and as-cast (c, d) TC4 alloys at different temperatures
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Fig.5 SEM fracture morphologies of SLM (a-c) and as-cast (d-f) TC4 alloy at different temperatures: (a, d) 25 °C, (b, €) 400 C, and (c, f) 600 'C
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Fig.7 Potentiodynamic polarization curves of SLM TC4 and as-cast

TC4 alloy in 3.5%NacCl solution
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Table 2 Fitting parameters from potentiodynamic polarization curves of SLM and as-cast TC4 alloy samples
Sample lor/ LA €M Ecor/Vsce fJ/mV dect PolmV dect
SLM 0.023 -0.41 249 218
As-cast 0.056 -0.51 182 187

Note: lcor-corrosion current density; Ecor-corrosion potential; S.-cathodic Tafel slopes; B.-anodic Tafel slopes
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EIS results of SLM and as-cast TC4 alloys in 3.5%NaCl solution: (a) Nyquist plots and (b) Bode plots
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Table 3 EIS fitting parameters of SLM and as-cast TC4 alloy samples
Qf Qct
Sample Ry/Q-cm? Ri/><10° Q-cm® Ra/>10° Q-cm?
Yo/><10° F em™ n Yo/<10 Fem?  n
SLM TC4 8.07 291 0.92 6.04 2.01 0.94 7.01
As-cast TC4 8.52 3.29 0.90 2.56 2.17 0.93 5.18
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High Temperature Mechanical Properties and Corrosion Behavior of Selective
Laser Melted TC4 Alloy

Nie Jingjing, Ma Pingyi, Sun Jingli, Ke Linda, Kang Liang, Xia Xianchao, Yuan Yong
(Shanghai Spaceflight Precision Machinery Institute, Shanghai 201600, China)

Abstract: TC4 alloy was fabricated by selective laser melting (SLM). The microstructure, high-temperature mechanical properties and corrosion
behavior of TC4 alloy after heat treatment were studied by OM, SEM XRD, universal tensile testing machine and electrochemical testing, and
compared with those of as-cast TC4 alloy. The results show that the phase composition of SLM is the same as that of cast TC4 alloy. The
microstructure of SLM TC4 alloy is mainly lamellar (a+8) phase, with an average grain area of about 2 um?, while the as-cast TC4 alloy shows a
typical Widmanstatten structure, and the average grain area is about 276 pm? Compared with as-cast TC4 alloy, SLM TC4 alloy possesses
excellent mechanical properties at both room temperature and high temperature, and the passivation film formed on its surface has better protection
performance, resulting in a lower corrosion rate.
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