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Research on Microstructure and Mechanical Properties of In-situ

TiB Reinforced Ti-55531 Alloy Composites
Zhou Lin, Liu Yunxi, Fu Mingjie
(AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: The in-situ TiB/Ti-55531 were prepared by vacuum consumable arc melting technology and near-isothermal
forging method. The effect of reinforced phase content on microstructure and mechanical properties of composites was
researched by X-ray diffraction (XRD) , scanning electron microscope (SEM) and universal material testing machine ,
etc. And its failure mechanism was also analyzed. The results show that the microstructure characteristics of as-heat
treated TiB/Ti-55531 composites are a phase, TiB reinforcing phase dispersing in 8 matrix. With the introduction and
increase of TiB reinforcement, the matrix grains are refined obviously, and the thick lamellar o phase located in grain
boundary are spheroidized gradually. The tensile strength, yield strength and Yang’s modulus of composites are
increased obviously, while fracture elongation is decreased in different degree. 2vol% TiB/Ti-55531 is the composite
with a good matching of strength and plastic, whose tensile strength is 1444.2 MPa, yield strength is 1421.4 MPa,
Yang’s modulus is 115. 5 GPa, and fracture elongation is 9. 2 % . Besides, the number of dimples in fracture of tensile
specimen is decreased, and its depth is shallower with the increase of TiB reinforcement, while its fracture mechanism
gradually changes from ductile mode to mixed mode.
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Table 1 ~Raw material ratio of Ti-55531 alloy and its composites material

Titanium sponge  Aluminum shot ~ Al-60Mo  AI-85V  Pure chromium  Zirconium sponge  TiB, powder
TMC1 80. 18 0.77 8.16 5.76 2.94 0.98 1.21
TMC2 78.95 0.74 7.91 5.58 2.85 0.95 3.02
T™MC3 77.72 0.72 7.65 5.40 2.75 0.92 4.84
Ti-55531 81.00 0.78 8.33 5.88 3.00 1.00 —
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Fig. 1 Schemetic dimension diagram of tensile specimen

at room temperature
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Fig. 2 XRD patterns of Ti-55531 alloy and its composites
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Fig. 3 Microstructures of as cast Ti-55531 alloy and its
composites: (a) Ti-55531 alloy; (b) TMCI;
(c¢) TMC2; (d) TMC3
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Fig. 4  Microstructures of as-heat treated Ti-55531 alloy and
its composites: (a) Ti-55531 alloy; (b) TMCI;
(¢) TMC2; (d) TMC3
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Table 2 Room temperature tensile properties of as-heat treated

Ti-55531 alloy and its composites

R,/MPa  R,,/MPa  A/%  E/GPa
Ti-55531 1285.5 1276.3 10.6 103.5
TMCI 1444. 2 1421. 4 9.2 115.5
TMC2 1535.8 1502. 3 4.0 130. 4
TMC3 1714.1 — — 142.8
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Fig. 5 Engineering stress-strain curves of as-heat treated

Ti-55531 alloy and its composites
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Fig. 6 Tensile fracture morphologies of as-heat treated Ti-55531
alloy and its composites: (a) Ti-55531 alloy; (b) TMCI;
(¢) TMC2; (d) TMC3
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Fig. 7 FESEM photograph of longitudinal section near tensile

fracture of as-heat treated TMCI specimen

HIESEARWT R IE T = S AR RE B A 5 PR,
TR IR 7 H AN R

3 &

(1) TiB/Ti-55531 Z A M EHHLBUREN o #H .
TiB ¥ESRAHVRH MG T B HEAK, B TiB AR5
ARSI, ZAMER SR B anfh,
G3 A BHLERIR o AHIZHTERE o

(2) Bl TiB MR AH 5] A K & w3, TiB/
Ti-55531 GAMEWOBTRIREEE | IR . 4 A
B IEIN, ZEMRERAG, 2% TiB/Ti-55531 2 A4 kHY
SRIE - SVEVCRCECF, Hbrhisk Ry 1444.2 MPa, JH
RBRIE R 1421. 4 MPa, A% [CA8 4K 115.5 GPa, 3t
%4 9.2%

(3) B TiB B 5w AHM 51 A K & w3, fifi
TREDT 1 B B i, IR, WAL
)¢ BT 2 ) VR A W L E A, TiB XS SR AH & TiB/Ti-
55531 A MORHY R B R A . AL, Pt R
Bt AF BT 2 2 AR AR AR T2

SEZ 3Lk References
(1] #a, KRmMFKE, Taga. L= ka eS8 H
[M]. dbat. EBF Tk RS, 2012: 116 - 119.

(2] fihHests, RAW, SABE, 55 UG &mMbRS
MR, WA4)E, 2006, 30(6): 850 —856.

(3] Wfit. shaare WL ERRTI]. A hlEsoAR, 2006,
(11): 40 -43.

[4] LiY, Wei Q, Ma C L, et al. Phase transformation in a 8-Ti
alloy with good balance between high strength and high
fracture toughness [ J]. Chinese Journal of Aeronautics,

2009, 22(5): 535 -539.

[5] Boyer R R, Briggs R D. The use of 8 titanium alloys in the
aerospace industry [ J]. Journal of Materials Engineering &
Performance, 2005, 14(6) . 681 —685.

(6] R, EHg, mER, % HiSrEaesa s
SRHALT]. fizstielsdk, 2016, 36(3): 7-12.

(7] &ME, By, 2E, % s RS St g
[J]. mEAELEIEFM, 2015, 25(2) . 280 -292.

(8] wasC, BKIR, FAkfl, &5 wmumEaka afn T
R SR [T ] BTk BERE, 2016, 33(1): 8
- 14.

(9] B4eit, SAHE, E i, 55 J5AL [ AR ELL IRk
S BMRROBE S BERE [T ], AL2s Rk A4, 2014, 34
(4): 139 - 146.

[10] MHAHS, 23edly, SRR, 45, WORHT R G R IR 54
BHEg s AL HL B OF S BEAR [T ], AR TR, 2018, 46
(12). 28 -37.

[11] PhBETE. PAAL PR LR S5 I 4 of FE v TCI8 BREL S 544
BHAZWERERTSE[ D], bifg. RSl Ry, 2013.
[12] EhfEMy, iRidis. R o 4 8 552 4 A RHI B Bk

(1], #Eis& T4, 2019(2): 50 -54.

[13] B4eid. R A AR BREE R S MR R SRk [T ] 4
B, 2010, 29(4) . 41 -48.

(14] w3k, EMdl, 0%, 5. A4 (TiB + La,0,)/
TCA SRS MR A ZVR 2 RE [T ], LB T
FEREF, 2015, 39(2): 67 -72.

CIS] X05), B4edl, ARk, 45 RS (TB + TiC) /Ti-
8AL-1Mo-1V 5 AR R SR Sy 2 EREL T ] HLIR
TAEAFEE, 2009, 33(5): 1-4.

[16] FE%E, whi%, MIEAR, 5. HEURRE B TiBw/Ti &2
BMRHBS T e m [ ] B R
2013, 30. 91 -95.



