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Table 1 Chemical composition of TC4 and TC11 alloys (/%)

Alloy Al \ Mo Zr C O N H Ti
TC4 5.65 4.02 - 0.062 0.15 0.015 0.012 Bal.
TC11 5.48 - 3.54 1.57 0.32 0.024 0.02 0.012 0.010 Bal.

F2 HRAEHE

Table 2  Heat treatment process
No. Heat treatment process
1# 550 'C/1 h, AC
24 550 'C/2 h, AC
3# 750 ‘C/1 h, AC
4# 900 ‘C/1 h, AC
S# 930 ‘C/1 h, AC
6# 930 C/1 h, AC+550 C/4 h, AC
T# 950 ‘C/1 h, AC
8# 950 C/1 h, AC+550 C/4 h, AC
o# 970 ‘C/1 h, AC
10# 970 ‘C/1 h, AC+550 C/4 h, AC
11# 1020 C/1 h, AC

R 3 R ARAIEEIE

Table 3 Heat treatment processes for tensile samples

Forming technique and

No. Heat treatment parameters
status
0¥ Laser deposi.tion AC
manufacturing
2#  Stress relief annealing 550 C/2 h, AC

10# Solution-aging treatment 970 ‘C/1 h, AC+550 ‘C/4 h, AC

KEAKE o FZ5DRE pARGE R, PN LI
BUALAEAS, TR 5 7 A o DR GURE il 5 58 B HL i 5
JA A K& o Jr )20 5 A A BRER AR (B 2¢. 2d).

Deposition path

‘ Deposition direction

Transition region

TC4 forged piece

B fr A RO

Fig.1  Schematic diagram of tensile sample sampling



6 1 PR HAEFDEHEOGIT TC4/TC11 4LZURIE: RE 50 © 1931 +

K2 WOGTTRSNE DTS B 4
Fig.2 OM images of LDMed TC4/TC11 alloy: (a) macrostructure, (b) microstructure, (c) grain boundary a phase on the TC4 side,

and (d) grain boundary « phase on the TC11 side
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Bl 3 ANRAAR BB T TC4/TCIL K& & S AHALZH
Fig.3 OM images of LDMed TC4/TC11 alloy under different heat treatments: (a) 1#, (b) 2#, (c) 3#, (d) 4#, (e) 5#, (f) 6#,
(g) 7#, (h) 8%, (i) 9%, (j) 10#, and (k) 11#

Bl 4 ARFEFHAEFLHIE N TCA/TCIL R4 41 i FAR L 21 21
Fig.4 OM images of grain boundary change of LDM TC4/TCI11 alloy under different heat treatment: (a) 1#, (b) 4#, (c) 5#, and (d) 7#
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Table 4 Room temperature tensile properties of TC4/TC11
alloys by LDM

Status of materials o/MPa oy/MPa 5% %
1012.5 978.8 10.8 16.2
Stress relief annealing 1023.9 969.5 122 214

Solution-aging treatment 987.4 957.7 26.9 448

As-deposited

by e PR R A AR, TN ER, o AH
(AR T A 7 [ fals 1 g 7 ), G e B 30 A i
RIMMGE L . W LT, o FE42805 K6 1
IR P9 B . AR &, Wi o )2
H ERE L E AL B WK G T 51, o F)JRBZ
DI TEA AW, BRI o v J2 A/ 58 B DR B AR A 3 O
RABCAARTE = A5 . SRR KA, [
WA BE G o B4R B8 RERE R, K/FE bR/, P S
R, BRI W R T O 2RI, TR
OB KRR BT o AHA AR TR RN, T I 2
JEARFEWT I o AHARTE SR o I BB I 5 35 5 [ R ) 234
A TRE KRR D4 2R A A & o

WU S, B PR FRRAS T TC1
(1) o KR 4K/ 55 LEAFGE TC4 98 AT Jk /N, {HIE TC11 [ o
S AN, o Fr 280 2, A3 R BH ) RS
FEDURRSFILR K A&F, TCI (A A HIX TC4 A HTiY
%, f&m TAEIEsE ), FTl TC4/TC KA il kf
BIWr e TC4 — Mo YIRS IRFE IR o A4 AN [R5
RN, BRI AR KR o B, SATHEMT,
FEP ) SR AN, BRI R, AfeRAE  , H
IS AELLZE IS /) ARSI, AR A

ZNIIR KRG o BRI, o HIEZ, WE4IZU
S, KRR S RELE M LR R, AR B 1
I, TR IR AR, o SEACHE N B ORISR0 R B
77, Aph R .

B IR AL BEZH0 FAb P i FHAT) e
&, BART WD), o BEASTE B 3504k, AR

I T TR ZY, AR RS EE B OR,  dEImAE AR
SRFEREAG, YA, Wik 4 vTLLEH, EEN U
IR E B R G, AR B S, B R
ZiE 1 vERE .
2.4 EBhMEEOSH

B 6 JEAN Rl b BRI BN S iR AR W LS. o
Kl 6a,~6¢, K hr BT I 1) W IESH,  6a,~6¢, (K14 T
FURIBEOMTES o T WS RT,  W7 1359 3L p 41 4 ORI BY
VIS 2%, W7 1Ak 52 0 BH S8 3 B AR es, vl ix
AR WAL A B E B 3, W 1 6a,~6¢, HTLAG H, VT
FARS AN 22 73R KA B0 s /NI 3, T 1 BN 2805
W R K BRI SR, KPS N i & A%
ANIVES, XA ULEE T PR RO . R IR KA AN
WA IS (B RAEBZHD Rk T e, it s )
PR REMNA 45 84— 2L
2.5 RHEE

Pl 7 2 AN [ A A TR S PRt g i e s 2
IR, PORAZRSIRRE ) i B fAIS, 3 FpiR ok
PO BARERE LA, SUCRESAH LG, N AT 1R
T o AL [ A Ak 3R 1] 5 Fof 258 A Ak B A 1 S Al
FERIAF R W AT LD DR B A A Ak 3 1 T v
AT A FAKE I, B AH A G e R AR B bE 2 T,
KEMW o HFE TR SR g EEET, (RHEREN a
AR BAHEEAR, TR o AHIF AT 585 R B AR &
I REA,  H LT KEMDNIRAE o 41, {E13
TRFE AN S 7 AR AR ZERR, A A ZE R S Al R (1 YR 1
ICRESIALSG, 3 B[ I 8 A 3 5 R 1 Yl Al
B BT AT N I SGAAE BN, IR o AHTFUR 2
filt, [FIINEALE) B AHSS AL RN atp Mo o AN ZEHE
NG, B ARG 85K, DG B AR S e
BT et B o ARG R E, SRS, B LLE
IR 28 A 3 R ) Yl il R I [ v A Ak 2
Ja BARFE . 5 AN A AR B FE TC4 M, 3ok i S i,
TC11 M3 BAAERE . nT LA H, M TC4 i F] it

Bl 5 ARFAKFS BT TCH/TCL AT 114141
Fig.5 Microstructures of tensile fracture sections of TC4/TC11 under different heat treatments : (a) 0#, (b) 2#, and (c) 10#
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Bl 6 AN]R8 il b A i T3
Fig.6  Tensile fracture morphologies of TC4/TC11 under different heat treatments : (a) 0#, (b) 2#, and (c) 10#
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Fig.7 Average micro-hardness of TC4, TC11, TC4/TC11 under

different heat treatment systems
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Table S Average micro-hardness of samples under different
heat treatments (x10 MPa)

No. TC4 TC4/TC11 TCI1
0# 469.5 501.3 534.5
1# 489.4 515.7 544.5
2# 491.6 520.4 547.7
3# 495 522.9 551.8
4# 526.3 547.7 569.7
S# 540 559.4 580.4
6# 529.6 549.6 569
T# 540.8 561.2 581.5
8# 529.9 548.8 568.2
o# 547.8 563.2 579.3
10# 537.6 552.1 565.7
11# 469.2 496.2 524.1
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Effect of Heat Treatment on Microstructure and Properties
of Laser Deposition TC4/TC11

He Bo', Xing Meng', Sun Changging?, Yang Guang®
(1. Shenyang Aerospace University, Shenyang 110136, China)
(2. Shenyang Institute of Engineering, Shenyang 110136, China)

(3. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process, Shenyang 110136, China)

Abstract: By comparing the microstructure, static mechanical properties, tensile fracture and microhardness of laser deposited TC4/TCI11
titanium alloy direct transitional parts in the as-deposited and heat-treated states, the approaches to perfect the microstructure of laser deposition
TC4/TCI11 alloy so as to improve its integrated mechanical properties were explored. Results show that after the as-deposited sample undergoes
970 °C heat treatment, its length-width ratio of a laths is less than that of as-deposited and annealed samples. The microstructure on the two
sides is featured by basket-weave structure and more even. In addition, the grain boundary a disappears entirely. There is almost no existence of
transitive interface, which optimizes the textural parameters of TC4/TC11 titanium alloy. For all the as-deposited, relieved-stress annealed and
solution aged samples (optimal heat treatment parameters), their tensile fractures are tough fracture and their fracture sections are all on the side
of TC4 titanium alloys. Among them, the strength of solution aged sample is not reduced greatly. Moreover, its plasticity is remarkably enhanced.
So it has excellent integrated mechanical properties. When the temperature of the heat treatment rises to 970 °C (optimal heat treatment
parameters) microhardness of TC4/TC11 titanium alloys is uniform along the whole transitive interface with minimum differences. At the same
time, microhardness changes most slightly on the matrix and transitive interface.

Key words: laser deposition manufacturing; titanium alloy; heat treatment; microstructure; property

Corresponding author: Yang Guang, Ph. D., Professor, Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital

Manufacturing Process, Shenyang Aerospace University, Shenyang 110136, P. R. China, Tel: 0086-24-89723852, E-mail: yangguang@sau.edu.cn



