W55k A mEERMRNEIRE Vol.55, No.4
2026 4F 4 H RARE METAL MATERIALS AND ENGINEERING Apr. 2026

https://doi.org/10.12442/j.issn.1002-185X.20240804

TC18 K& & RIET 124 fa = TRPE RV 2 A AL )

jd@}zua x %23, /ffﬂf%fi2’3, 'fi-

lﬁzal*

7H:/} 4,5 , ﬁi % 4,5 , _£ ‘é’ﬂﬁf{ 2,3

(1. P g mut ek, B P4 710016)
(2. FEAER A G R 5 B AR B S B TS =, Bt i%e 710018)
(3. VUt SRR A R AR, Bl 7542 710018)
(4. FEAL bR 2 B RAH s, R 401135)
(5. VLA TZFE 7095 %M 213001

i FE: EPX TCI8 £k & SR AN =7 BRI, SR OM. SEM I EBSD %5 £ Fl R AE /2%t H = WOW A SIS0 . 1oy A

WAL EREAT T R GE00 0T, I 4 Gleeble # AR TE 1 4H

A BRI T AL . BT TSR] TCI8 Bk & &l LBl 5=

i R RE AT R R R 299E 100 mm (9 58S B2 T dfok s 8Os IR 1 T AR TR HR - SO O TN L AR L . AT A
FIEREZESR, BERALR IR EZR R KSEBALTT fohiE T W E RS 7 ) ) R4 T, 58U O i<100>
ZUANWTRAL, I HUR RI<100> @kl & JF T B s Gl IR SO SRR ARG, BINTTSE L2, AT U RO /A EE G 21

TR .

KEIA: TCISERG s AMansuiis BRIG: AOLJ7dkis T
MEHS: 1002-185X(2026)04-0950-09

REESHES: TG146.23 XHERFRIRES: A

1 351 5

TC18 k& 4, % Xk 4 N Ti-5A1-5Mo-5V-1Cr-1Fe,
e Pl AT B KA A, FUA e LGSR AL S P
PUIRE 57 MR RE , DA R AT (@ MR, TR 2 S R
I REEN AR . HAET, TCI8 8k &4 T Tl %K
T 74 SR AHLAAR 1) G B 7R J R4, DUELAR 300M 25 5
SFRFEE Y, T R AR AR T A SR 1 [ I ) 5 1 ek R
RORE,

TCI8 25T KA 47 I T A2 rh, 5 B3 Rl 4
A B TSI B R ) S AR TR TR R ST R
HEPERRESR . SR, bR fE BT KRG R
() FE R AR TR 3 A A3 50 5 LA I 2 R OB I R AR AL B
AR, HORL Y SRR S H B S A RN B 4R A5 ek
B B AR, IR ERIE E R AR A S 1 A
PR 24 F R S ok e e [RIUL, A 00 A0 LAY
LA R A T T A LB AT IR AN T . /DB S N
TC4-DT K& & 8 R 30 7 5 (AR A 52 DA 21, %) i%
SR B R AL ZURFAE RN ) 2 1 RE AT 17 SRAE , AR Ak
AELESRIAME ) R RSE Bdiobs, FEER T T T 208 7 %
Xu 2 N FE T TC32 KA 4 HBeER v (1) 40 ot 5 s 5 s
B 50 I 1% 4 B %o 2 R SF 3 21 100 mm [ B 5277 R

Iis HEA: 2025-04-15

(<100> 77 [ ~PAT T8 77 1)) » 5 5 e 1) T8 A )
IRl 37 7 SR S K K. B A 5 N TiSS531 &
& F BB B e R IEHET T R AL, S fa R I 4R
E )RR AN ) S BE HEAT T 3RAE, WA 1 4 & 5 iy SR B
X B 4 FE R B B RN T IR R, X A R
HIRREAT 1 4T, CAI<100> B[] ) KR ST B &k 2 il
Sk AR B I ) R R A I S R R B A s K
QiR EAT S CEIITR Sy NS

2 L ATR  ER A S B 1 AR R P AR B A A R B
S IR e AP AE BRI, (E, H AT oS T 2215 B b
W TR, FEIE AL AN B o AT e I e s i
T ZAE TC18 £k & & MR b 5] NI & 25 5B, R 22 Fh
I3 BT 70 I TR O H ST S 1oy RVE ) R AE S5 AT
RRFTAL, 455 Gleeble #4 T 4 1F 7T 41 & 52 717 SRR A2
BLER , HARZ D RO B o e R P P i 7 X
2 I

I8 AT R AR R 3 S AR R A R A =) A
1 TC18 K A 4 250 mm ¥ A4 , 4 AL W AS A0 AR 5K
865~870 C . fE 815 CIELEIK 15 Kk, KR AH
200 mm>200 mmx*360 mm [ /7 28 LR ) , fife 51 & ILER
B O AEE G i B . ARG BURHEE 815 "CIESEE

E&WmE . EpiA LR ZMECED H (JPPT-135-HX-010-1) ; E 5K H AAREIE 4 (51905233 ) 5 #8151 H (€Q20210088)
EETEN XU, Y, 1967 A8 1T, SR = R TR, ik (4 JE A5 Be, BEPT 4% 710016, E-mail: xhliu@c-wst.com



4 1]

i 358 - TC18 B < Bt 3ok o 4 o 1y oA P T BT L ) $ 951 -

G 5 53 AIAE 900 CHEIK 2 K IRFN 10 K IR, 3R 45 2#F0 3#
IR,

K 25 Y645 (OM) F1 Sigma500 %4 3% & 5 $71 4
55 (SEM) RAE TCI8 (K & & M R AL, H 45 &
HL 1 B 07 5 CEBSD) 52 A 43 B AR 28 5 A 8 44 B
245 2 . A 2UR AR R BT B I K Kroll 571
J&§ it 3~5 s, EBSD BFE A8 A — A4 ik B v O, ik
5 8] 29 40 min .

K H Gleeble # 4 1R 56 I 45 & WA ZH 2R AE , B 5T
TCI18 £k & 4 HITE AR SURIHEAE , DL S 20 S 55 15 BB 75 R [A]
InE s 2R BTG R o 7F 248 ER 41 5 R AT X 35 43 31
VIR ) R85 1) AT T4 7 D AR} 45007 [ HURE , F:
AR A % S DX I ) R 4 AR R AT B A3 T
Gleeble #4545 15 4 900 °C , 50% 28 &, N 48 18 3R 4y
AN0.1410.01s ",

3 HBRED

3.1 ERBALARSR

TCI8 kA &M Ja M ZE M AL WK 1 s, Hr,
Bl 1a 7y 1#~3#B IR TR RS PR 7 s B AR 250
200 mmx200 mmx360 mm [ 77 # , 7 1/2 J& & (TD) &b
W (HD) - K £ (LD) P T 3 S £ 15 mm AR R,
FEXF HD-LD #1325 47 5 B8 6 A fgg ik . P& 1b~1d 43 J31)
R V3 S 8 T R o T 2 A AR, L 1
WRAE 1/2 LD Ab#% Wy , 2480 393 A se Bk . M a]
CLFE 3], T#~3#45 PR 11 00 358 0 10 5 DX 35 A7 75 W S8 1) 4 21
ZE gt o 2 I 3R R U L 2 . 3R IL G B
TR, % X 3 n] DAL %2 21K & B4 il it Rz, 17 A
O DX I 52 R K 8, TE PR HR AT L B 4 &R o s X3

o 48 1
soMi) 234667809 Wit 23466780M 1234667809 [

(10 5 W 2 3 52 300 . R (10 A o 5 A R P RE IR, s X 3
ST 100 mm, B SEBRIEMT . HeAh , R X 45k
(30 34 v AW SR 21 B AR TR 26, 2k A 6, I
1b P A R R FR i

X TC18 Bh A 4 BB 25 A6l it R R o 4 sl DX Ak
BT R SEM AT, F A AN 2 firas . B 2a X0 BL 1#5IA
NG, EILIA S L, p A A ] DA 82 31 K
YN IR oA RIS S 3 A G — 5 B o Sl kL. 1A
2b g TR HR 0 S SR A 1) S A 2EL 41, 2 Y g D 40
ZURFAIE , /N o 1 Z R 5D 3 ATAE A X I, HRAA —E
PIEEIELA] . [ 2 1 2d 53 )R 2B RN 25 e ot ST ik
K, LB R A R S 2L SRR AT , 4 FLE 7 DXk (0 19X 5 41 4340
/NSRS a AT BAR I BAFAE B S R ), T2 25 X 3
AT DASRSR S BAH DT, i S A AR K 1 o AE R ) i P9 AR
Ko 2, 2R RASUHE, BAh, 2B AH X
B R 45 R B, 1 G A5 A O S BR B VR
RIS 2250, INFE 1 TR o

THABEER FOABE IR B S 815 °C, Skt g R A X 48 , B8
R Bl 2 3 N RAF RS A ZY . SR, W 2 iR 1#
A TS 20 5 2 X 3R 24 T D 400 S 100 25 X S5 2 )
WEHR, RERAE SN BRI AH GBI H L, X —
SEIRR W TEBOE R R HERE RO X ST RE A B &
I T BAHAR IR AAAE B3 AT TR
3.2 mIRBENEI4FIE

SR FH EBSD S 1B I 2535 Sl s M4 it 57 717 X 338 1)
e R B A RRAE HEAT 73R4, e R 3 fios . IPF (%
2 D 2 P o AS T] B 56 IR AS [] P it AR B 1), 6 9296 R
W 3¢ o, J5 22 IPF 2= B0 Jo ke ik i B, 251°R B o0k

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

B 1 TCI8 L& MBI N S B HURE 7R 755 B DAL 14 240 3#ABER 1) 7 ML 4H 21

Fig.1 Schematic diagrams of the shape, size, and sampling location of forged TC18 alloys (a); macro-structures of 1# (b), 2# (c) and 3# (d)

forging stocks
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Fig.2 Microstructures of edge area (a, ¢) and bright band (b, d) of forged TC18 alloys: (a—b) 1# and (c—d) 2#
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Fig.3 Crystal orientations of forged TC18 alloys (1# forging stock)
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Fig.4 IPFs (a, c) and corresponding PFs (b, d) of the central bright bands of 2# (a—b) and 3# (c—d) forging stocks
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Fig.6 Macrograph (a) and secondary electron images in different
regions (b—c) of 2# forging stock quenched at 900 °C holding

for 2 min
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Formation Mechanism of Bright-Band Defect of TC18 Alloy During Forging

Liu Xianghong'?, Wang Tao™, Ren Xiaolong™’, Fu Jie*’, Zhu Bin*®, Cheng Liang"’, Wang Kaixuan™
(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. National & Local Joint Engineering Laboratory for Special Titanium Alloy Processing Technology, Xi’an 710018, China)
(3. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(4. Innovation Center NPU Chongqing, Chongqing 401135, China)
(5. Jiangsu University of Technology, Changzhou 213001, China)

Abstract: A systematical analysis of the macrostructure, microstructure, composition, and crystal orientation of the bright-band defect was
conducted by OM, SEM, and EBSD methods, as well as Gleeble tests, and the formation mechanism of bright-band defect of forged TC18 alloy
was studied. The results show that the bright-band defects in the center of TC18 alloy forging stocks correspond to f cube-grains with the size of
around 100 mm. During the forging process, an inhomogeneous distribution of temperature and equivalent strain in the forging stocks is caused by
adiabatic heating, which is an important reason for the microstructural heterogeneity. The large f cube-grains are formed due to the repeated
compression along the orthogonal direction, which results in continuous strengthening of the <100> texture in the center of the forging stocks, and
the merging of <100> grains with similar orientations. Through annealing treatment and compression along diagonal direction, it is possible to
effectively reduce and avoid bright-band defects in TC18 alloy.

Key words: TC18 alloy; bright-band; defect; S cube-grain; sub-boundary
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