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Tailoring the microstructure and mechanical properties of wire arc
additive manufactured Ti-6Al-4V alloy by trace TiC powder addition
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Abstract: In-situ alloying has been demonstrated to be an effective method for modifying the microstructure of additively
manufactured titanium alloys. In this paper, the influence of trace TiC powder addition on the microstructure and mechanical
properties of wire arc additive manufactured Ti-6Al-4V alloy was investigated. The result showed that the trace TiC powder
addition reduced the size of columnar B grains and refined the a-Ti phase in the Ti-6Al-4V alloy, and the microstructure was the fine
basketweave structure, and the ultimate tensile strength and elongation reached 1029 MPa and 14. 8%, which increased by 12.8%
and 26. 5%, respectively, synergistically improving the strength and ductility of wire arc additive manufactured Ti-6Al-4V alloy.
Meanwhile, the microhardness of the deposited alloy was increased to 362. 9HV, which was an increase of 11.4%. As analyzed by
EBSD, the addition of TiC powder decreased the texture intensity and increased the orientation of the a-Ti phase. The improvement
in mechanical properties of the Ti-6Al-4V alloy after adding trace TiC powder was mainly attributed to fine-grain strengthening and
solid solution strengthening, where fine-grain strengthening was the main strengthening mechanism. Comparative analysis of the

fracture of the tensile specimens of the two deposited alloys showed that the fracture morphology of Ti-6Al-4V alloy exhibited the
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mixed plastic-brittle fracture, while the fracture morphology exhibited a typical plastic fracture with a mass fraction of 0.5% TiC

powder. The potential of TiC powder as a grain refiner for the wire arc additive manufactured Ti-6Al-4V alloys was demonstrated.

Highlights: (1) TiC powder additive significantly refined the grain size of additive manufactured Ti-6Al-4V alloy.

(2) Balanced strength and elongation of additive manufactured Ti-6Al-4V alloy were achieved by the mass fraction of

0. 5% TiC powder addition.

(3) TiC powder was identified as grain refiner for additively manufactured Ti-6Al-4V alloys.
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Fig. 1 Schematic diagram of in-situ alloying process
and sampling location. (a) deposition process
with TiC addition; (b) location of test samples
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Fig. 2 Macrostructure of the two alloys. (a) in
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Fig. 3 XRD pattern of the two alloys
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Fig. 4 Microstructure of a-Ti in two alloys. (a) Ti-6Al-4V;
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Fig. 5 The size distribution of a-Ti in two alloys. (a) Ti-
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<0001>77 [A]. 1 Ti-6Al-4V-0.5TiC & 4= * iY 00
HAUEM AL, HEERIE N, 300 o-Ti Y
B 8 m, 5 XRD 45 A — . B 7(d) Fn A
7(e) 752 Ti-6A1-4V £ 4 fil Ti-6A1-4V-0. 5TiC &
4B (pole figure, PF). 7E Ti-6A1-4V &4, a-
Ti AHAETES W1 0 A SURR I, e KU 3 B TR -3k
BT 64. 14, MIHSINBT 7340 0.5% TiC My AR5, i
RGN T R R 22.42. S50 1 F R
M T TiC iRIMEINGE, &4 B Mk o-
Ti M4 T B, 25 LR, @ XA iR & 4
i) EBSD X L Ar#r, UESE T s TiC ¥ R i Esina
BIFRERE 4D o-Ti FHAYSUA R B, o-Ti AHAYHR M)
Ham.

PR G 4 F12APERE A 8 TR, [ 8(a) J2TH
& 4 1Y S 0ORE B (. Ti-6Al1-4V & 4> I B 1)
SE-HIE N 325.9 HV, T Ti-6A1-4V-0.5TiC & 4 &
TR B A S 2 42 55 & 362.9 HV. #f L Ti-6Al-
4V &4, Ti-6A1-4V-0. STiC &4 B4 B 1~ F-2(E
FEE T 11.4%. & 8(b) BMF S P EREM ST
5. Ti-6A1-4V S & MHTHIBRE A 912 MPa, W5
RN 11.7%. 1 Ti-6A1-4V-0. 5TiC &4 FHiHL

B-Ti[111]%
(c) p-Ti A% SAED &%

6 Ti-6Al-4V-0.5TiC A& 1 TEM BRi7f&Fn SAED EIR
Fig. 6 TEM bright field image and SAED patterns of the
Ti-6Al-4V-0.5TiC alloy. (a) TEM bright field
image; (b) SAED pattern of the a-Ti phase; (c)
SAED pattern of the B-Ti phase
S AT S AR R 2 Bl ik B T 1029 MPa Al
14. 8%, HREEFIIBIEL I B k3. ML Ti-6A1-4V &
4, Ti-6A1-4V-0.5TiC & 4 B Pt 7 95 B 32 w5 1
12. 8%, W5 A48 5 1 26. 5%, 528 HLIRHE AF
il 1 Ti-6A1-4V £ 4 5tk I 1A 1) B [ 4 1
I, it TiC My AN 25 2h s 1 F IS 6 o s
Ti-6A1-4V 54 W 12 PERE, IR A s Bk &
B ZURN Jy 2ERe sl T — R i ts, BA
TTE R i
25 EJRAR, Ti-6A1-4V-0. 5TIiC A4 124 PERERY



% 6 #

B, & B TIC B R &4 LB E b I A 4] 1 Ti-6A1-4V 4 4 th 40 2 Fn 17

(b) Ti-6A1-4V-0.5TiC 42

1010

0001 2110
() IPF HA i e ) 17 1) ity AR B ]

1120

R 64.14

W d

fiz/IMH: 0.50
(d) Ti-6Al-4V &4 PF

0001 1 120 fRIH: 22.42

/IMA: 0.60

(e) Ti-6Al-4V-0.5TiC 44 PF

7 WMIMEEN EBSD &R
Fig. 7 EBSD results of two deposited alloys. (a) IPF and
1Q plots of Ti-6Al-4V alloy; (b) IPF and 1Q plots of
Ti-6Al-4V-0.5TiC alloy; (c) crystal orientation
triangle; (d) PF of Ti-6Al-4V alloy; (e) PF of Ti-
6Al-4V-0.5TiC alloy
PE s FEIA T4 R AL A E R AL 2R SRR
2, & 4 FIE 5 EAUESE T TiC B3R BB I i 2
Ak A 4 AR BRI o-Ti AH B AR RST, T
HZ o-Ti HAIL TR BE . Ti-6A1-4V 5 472 o +
BRIEKG 4, S EVEREAR KRR B T o-Ti AH.
Hall-Petch AR UL EAL o-Ti AHA0AL T & 458 LY
TiEk"Y. Hall-Petch 235K

on-p = Knp (dz_l/z—dl_l/z) 2

A Kyp MEKS 410 Hall-Petch R %4; d, J Ti-

400
390 |
380 |

> 370

jan)

= 360

= 350

=

=340 3259

330
320
310
300

8
o

HH

Ti-6Al-4V  Ti-6Al-4V-0.5TiC
(a) WAL

1200 ~ 20
O i 10290 1is

O Wi & =

1000 912.0 148 416

== I =

800 - 1.7 114

T 11
L

600 b

[ S

SREE R, /MPa
WG (R 4

& 400 |

£

200

1
S N AN 0 =

Ti-6A1-4V-0.5TiC
(b) Ffii g

Ti-6Al-4V

B8 mWMMAENAFHEE
Fig. 8 Mechanical properties of the two alloys. (a)
hardness; (b) tensile properties
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