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Microstructure and Mechanical Properties of Titanium Wires Fabricated by
Thermomechanical Consolidation and Processing of Titanium Sponge Particles
Liu Yongxu, Lai Hongchen, Wang Cong, Zhao Meiying, Zhang Deliang
(School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Using titanium sponge particles as the raw material, the pure titanium rods with diameters of 38 mm and

24 mm were fabricated by hot extrusion of particle compacts. After multiple rounds of cold drawing and inter-drawing

annealing at 400 °C, wires of ¢4 mm and ¢ 1 mm were obtained. The microstructures and mechanical properties of

the pure titanium rods and wires were investigated. The results indicate that as the deformation amount increases, the

degree of recrystallization in the titanium wires rises, and the microstructure gradually transforms from lamellar to

equiaxed. Notably, pores with diameter of 5-25 um appear in the center of ¢ 1 mm wire, suggesting that weak bonding

areas between titanium sponge particles evolved into concentrated pores during the drawing process. The yield strengths
of ¢4 mm and ¢1 mm wires are 355 MPa and 230 MPa, with ultimate tensile strengths of 467 MPa and 337 MPa, and

elongations of 23.2% and 17.2%, respectively. The mode of tensile fracture of the wires is ductile fracture.

Keywords: titanium sponge; thermomechanical consolidation of particles; cold drawing; mechanical properties

7N NE A DS e A i N V2 O T S N
T A A SR TR, BN R . (T, 1
FELRR . AB 7 S AU i B Ak A SR,
BRIV REUR, JEREEZ SRR E S, A
BIERE S22, K HITIEIN TROGE N N e, XA
BRI ) 4 AR B R, B 2B T2 B
FEEREAOT F bk, BB A A — B A R
NYNZESER:F Y

HAT, $55E16 &5 RiG &2 &5 k& &6

IiEHEA: 2026-03-30
BIEEE: KMERA1964—), B, #HiZ.

BHO PR /R T &k 200, B KA 4k B T i lgw
FAR, MR RN, A 2o otk e &
] B LA R AT ). Sun S8 AUONE R KA
S iEH S R TR 973.6 MPa. W5 K E 26%H)
ke, TR T SRR . dRLGE AL T Sl R 22 6 7
SVERERIRCI . Zhang S5 NUTOR A BEHLMCER S TiH,
4107 NP e DO N = W B SR < 5 A 1 w2
B oo K 55 4 AE 2EL R OURES G5 R A R A RE, e
HREEN 932 MPa, WiE i Z Ak 26.2%. Liang %%
N U5 3 A o 4 3 AN R B TR T2 43 S 4% e AR R
JE 708 MPa. PLHL5RIE 824 MPa. Wr)5 K = 21%0H)



553 10

KBS AR PR P 45 5 n L & Bk a2 i) 2H 2 S5 e 19

B3 Bk A A0 e IR 5 625 MPa. i 5RE 809 MPa.
Wi 5 AR 2 25% B Bk FR . A T 7 F2 98 BRM 1 1
Re® 71, MR & T 2@ itk b 4% 0 5 b 45
MRS ETF B, BESCEH SR, w43k
RERE TR S BT .

HHT, ¥R E0EH &R LG & m 5k E 2R
S S (HDH) B VAR « R JL RRAS B 25K
T 25 B8 Jie i B (PREP) B S 4K 5 K (GA) 2% T 2 4
H MR, BT TR, A RE B
DL 43 RRORL 9 JEORE, AT R IR 4 5 T2 BE
RJEM R R A, AR TS R T 47~ E
4 5 N0 I 40 A S PR SRR B B B, B S
£ 900 °C F#EAT 2 KRN I kL, il 45 HEE 4 mm
FIELIR . 1ZELIRZ 590 °C/30 min/AC BKALFE )5, JH
5y 258 MPa, $HLhi5@E 309 MPa, Wi 5K
FikF 30%, HIFFE GB/T 3621—2022 frdEZEER, N
U 2 BK LR AL RS T BB AR YR . FE AR St
ATRORE T AR, 2 iR 2 NUTLLI 4R Bk R R 5k,
FH RN IE 25 T 2000 % 7 sk it . ik, BT FRFE
K FH IR 25 T2 ) 2 ik M b, W REM AT 238 IR
FERPOE R ENR K, #0364 mm Ml ¢1 mm
(A ER 22 F o W A AN 22 34 10 AT AL 23 0 AT F0 ) 2%
PEREDAR, IR FCAR Y B % 4l Bk 22 b4 2 S 20 4URN ) 4 1
Rerfsem, LU ) i 4 B URL B B2 IO Bk 22 1 m
TILZRMEERSE,

2

1 £ I

S SRR N HE 4R ERIORE, SR SR IR IR B IR T
Sl A ek, BRI ZIEIRA R, H %Al gk
Zetf. BT 2. © Kigamein 8 N\ 5T
FAHET s @ BT S5 I 40 R ORI i) BT 45 4K &
W, B 5 78 AR B AR 0 R PR Bk AT R i A 4
BB E N 1100 °C, {RIEA ] 5 min, 73 35 )
SIfRe s R, @ KRG ETHIEHEES, EEAR
BBl CR 4P T R A7 A P B35 A AT B e, 1)
JEEEIE A BN 38 mm Al 24 mm [(aiEkEERT, 2>
% 4 4 Rod-1 fl Rod-2; @ Rod-1 il Rod-2 #AH14
it 22 18 YRR LB VK (R] 400 °CIB K, 43 51 3R18 ¢4 mm
Al @1 mm )22 pt, Kb RRIERETE &I N 10%: @ W
Fiee pr 283 700 *CH AR K 6 hJG, Zrildr s W-1
A W-2 et . FAAHEREACNE 1A R R R 22464 1
H. O. N&&, ZRWE 1R,

K LT 5 BRI B HL(Shimadzu AG-Xplus100kN)
BEATRLARRLE, NARRN 5.0x10% s I EF R
B R J7 ) YV BUE 2 IR B AR, S KCh 52 mm, AREE

1 TE#SZMH. O. NTERREW%)
Table I Content of H. O and N elements of different specimens

Specimen H (¢} N
Rod-1 0.006 0.10 0.012
Rod-2 0.005 0.10 0.005

W-1 0.005 0.14 0.005
W-2 0.006 0.13 0.010

BRSFON 10 mmx3 mm=2 mme F09R 2284 1 S Al B
TamL, RAFEERK 150 mm, WEK 50 mm.
RGN SRR . ARSI 3 SCPAT IR, HL
SEYE AR il & 4

K6 B8 (OM, Zeiss Axio Lab.A1)A13% & 5
I T BB (FESEM, Zeiss Sigma 300) W 84 i ik
WAL, WSV 7 18 8RR J7 1)« SR A 401MVD
T o R i 0 B 1) S R 1, T 500 g, R
JEBF N 10 so BEASFESIE 10 SRR E, BCFY
HHE B AR v 22 . SRS T 2 7 B
(SEM, JEOL JSM-6510A)M & {3 B s W O T 53
or BT AR AE I B LA . SR I % T T O T
(EBSD) #& I #% 141 3 & 4 XK 43 4 1 % (FIB-SEM,
Zeiss Crossbeam 550)%f #4 &1 i 41 23 . P45 & 70 2
L 2 FE RO AR 3 A AT RS RAL . EBSD I FE
5 R ARHT B A Kroll A& 1k, BEJSTE-15°CF,
fEHE &R+ IET B+ FERABRAAEBRLIL N 6 !
34 1 60)HLARIIE 90~120 s, FEARHLE 25 V, HHIL 0.7 A
2 #BR5i1T8
2.1 XRD

K1 AARFFER I XRD K. WK1 A LLE H,
AR EAR AE AR A AR RIR K 5 2K 22 44 1) XRD i ]
E¥REIRT o-Ti MATHIE . X EE Rod-1 Al Rod-2 #
M9 XRD A7 5506 R I, Rod-2 Fe b1 {1120} 57 5 16 5

ec-Ti

(1011}

L {1010}
L—E {0002}
Luﬂz}
Lmzn]
Le(1013}
J1121)
2021}
I

Intensity/a.u.
+
. :
.
o

=

“ Rod-2

) ) ) ) | Rod-1
30 40 50 60 70 80 90
201%)

B 1 AFEEEME XRD A
Fig.1 XRD patterns of different specimens
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Fig.2 Microstructures of different rods in transverse sections (a, ¢) and longitudinal sections (b, d): (a, b) Rod-1; (c, d) Rod-2
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Fig.3 EBSD analysis results of Rod-1 (a—c) and Rod-2 (d—f) in longitudinal sections: (a, d) IPF maps; (b, €) GOS maps; (c, f) KAM maps
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Fig.4 Grain size distribution diagrams of different rods:

(a) Rod-1; (b) Rod-2
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Fig.5 Macrophotographs of different wires in transverse sections

(a, ¢) and longitudinal sections (b, d): (a, b) W-1; (c, d) W-2
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Fig.6 EBSD analysis results of W-1 (a—c) and W-2 (d—f) in longitudinal sections: (a, d) IPF maps; (b, ¢) GOS maps; (c, f) KAM maps
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Fig.7 Grain size distribution diagrams of different wires: (a) W-1; (b) W-2
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Fig.8 Vickers micro-hardness of different specimens
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of different specimens
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Table 2 Room temperature tensile properties of different

specimens
Specimen Rpo.2/MPa Rw/MPa Al%
Rod-1 195+6 289+8 39.1+3.2
Rod-2 223+4 32145 46.1£2.4
W-1 35543 467+3 23.242.2
W-2 230+4 33742 17.2+1.4
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Fig.10 Tensile fracture morphologies of different specimens:

(a) Rod-1; (b) Rod-2; (c) W-1; (d) W-2
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