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Table 2 Impact toughness of different titanium alloys at different

temperatures
) Impact toughness o
Tialloy Temperature/°C > Standard deviation
/J-cm
20 32.0 1
0 28.8 1
—40 27.0 0.4
TC4™ -80 26.0 0.5
-120 24.8 0.5
-160 22.5 0.1
-196 19.1 0.3
25 533 -
TC4™! =50 45.7 -
—196 20.5 -
20 63.8 -
0 62.5 -
o -20 60.0 -
Ti6321%4 40 575 )
—60 53.8 -
-196 22.5 -
20 90.0 5.5
0 79.0 4.5
CT201! -50 80.0 4.5
-100 61.0 35
-196 29.0 4.5
20 66.8 1.2
TC4- -20 66.8 1.6
0.55Fe =70 46.8 1.2
(This work) -120 40.0 1.7
-196 25.1 1.1

PERA A7, WRICE 2 Re . —20 °C (B 4e) B, e X i # o
E 380 5 [ 25 R S AR 2 -70 “C (B4 A1-120 C (E 4e),

Sheadlipirceiont
E'ﬁbé?

Shearlip region;

Fiber region

Sheary . S iy iogien

Radiation region

TSR DX P THT AR S 35 186 K, & 4 DX TR R B SR 0/ o % LI
PR IX — 224k S B A S PRI 0 T B, Jfa 1 R AR I
W T, Y R IR . MIREE PRI E-
196 “C (I 40 B, R X THIARIA B8R K, o T B 2 3,
B3R 5 56 R i, £F 4 X 5 89 U) 8 IX i AR i — 2D 4
N BEIS U X 55 £ 4 XN BY V1 X1 L1 20K 82%
T/NTF 1, T BRI IS , AW A 22 H-196 C, K H
IR 56 4 e P M 2, R b 00 0 e B A U X AU T -
196 ‘C. Y Zhao 5™ BT 4l 3E (1) 4% 4t TC4 & & A L (
4g) , TC4-0.55Fe £ < TEMRAR IR T~ 22 I H B e 1 i 2 D 23
Ee A, R B LR B A AR e PRI TR 2R P AN 1
AR S, 20 ‘CEI-196 CBE IR BRI, 474X T
FWeds, U X R EY R, SVE X AN D o X —
W7 U SURRAE (R A B A & VR T 1 B8 138D 5
55, L8 R T TR 1 R B R S PRAIG, LU 5 RoE Y R
NI 5 B0 0 1 38 T B o 5 IR R W7 1 BTk L)
ZE MUREAE 5 b s ) S 0 4 SR v X 7, I S T B R
BEAR , TC4-0.55Fe & 4 3R It 1) 14 P 0K 5 o ik 344 5 1)
F, Hpr e S HEvE iR X 5 T B B U DCOC R
527K T TC4-0.55Fe A 4= %l B T IO T F1 7%
o 1520 C (& Sa)BF, Wr AR R K 1 5, 44t
W I 2 AL R XA R R L R TR R
PERERE, 0 N A s e B0 . 7E-20 C (B SHOMEE R,
WE 35 20 C AL, (HBS Bk AL, R BIERE A T
B o ARG A LA B v, BT JE T AL )
PEBIRL . —70 °C (B SO, BRI 41, a3 n] Wb & g 2
GBS TIRELL, XL IR U AR i X B R R ) AR

Radiation|
region]

—=—TC4-0.55Fe g (\IIE 70

80+ —e—TC4! 3]
=60

xX L 7]
B - é’ 50
§ 40 240
207 < 30
Q £20

50 0 -50-100-150-200 £ “10 20 30 40 50 60 70 80 90

Temperature/°C Area Fraction of Ductile

Fracture

P4 TC4-0.55Fe & <ix ) 2 LI 171 71350 DX 55 Ve R AN TR RURE I 1Y B U35 e P X T AR S5 I IO R, b 0k 5 Sk X TR 96 A
Fig.4 Macroscopic fracture morphologies of the TC4-0.55Fe alloy after impact testing at different temperatures: (a) schematic illustration of the
fracture regions; (b) 20 °C, (¢) =20 °C, (d) =70 °C, (e) =120 °C, (f) —=196 °C; (g) relationship between brittle-fracture area fraction and

temperature; (h) relationship between impact toughness and ductile-fracture area fraction



° 2612

W] B RS TR

555 %

Hp A A T, PR X N IR B OO MR IE BN
1E-120 C (B SDOIEE T, 9158 it — A8, LR Al —
IRELEUHCE RN, B0 55 W RE R RS , a1
FEZS R IA 2 AN G AL PRS2 IR -& W RRHE W 2. IR
FEREAR 2196 “C (B Se) I, Wy 11 52 30 DLA 5 10 o 11
&, W53 %5 B ORI A, IF I SE 2 IR, 7
FCJR K B, TV T SRR AT A BT 43 A R AL
5/ BRI AR, R P 5 S R PR S
WrEdpEzC. A 20 CH|-196 C {48 ] WL , B 45 15 5 %
I, ROy e B 1B 35 DN , B PR RF AR AN BB 184 58, I 7E 1)
IR s IR G R 3 2 5 R U A (1 S B e
Wy,

DR 7 T 1t 4 s TS T BT AL ) R S e o
151 T 4 4 AN B 23 it e i Bl 6 firas . 7E20 °C (B 62)

IRES T, 2440 W T 2 0 2 R YRR AR AR, R B R a0
VEAE 2 SRS W T R AR T R S AR B RS L 5 3 43 X A7
TEME R KA o FR foRL (P 6a, 5 E0 K 2R HED AR FE 1) o A
(Bl 6a,) , fbRLHE 52 7177 ) B K S 3B A8 T 1Y) L R ARRAIE
Ut B TC4-0.55Fe £ 4 78 i o B T 3 B 0d i B2 1 i 3
T AR A P T R IS R o I —HREAAE T . T S5 K I 4 AR
TR B e b o W11 (=66.75 J/em?) o ££-20 °C (& 6b)
I, 2R A0 2 W FEE e A WSS, AELAT DR 58 v P ot 47 2, )
0 AR L AT T U 452 21 (P 6b, 15 €5 i R AED 5 75 UK
(P 6b,) H AT AR 5 BIALIA A7, SR T A S P s A
IS A AIME £ T R E-120 °C (B 60,
FREOET TIP3, e ERD s SO E Aok K
VRS 7 R R B R (B 6c) WL B 2 Ik
gr, n] LR PE X e 4 W . ERMRIR-196 C (B 6d) T,

K5 TC4-0.55Fe & < IOUL ki i FUB 3
Fig.5 Microscopic fracture morphologies of the TC4-0.55Fe alloy after impact testing at different temperatures: (a,—a,) 20 °C; (b,~b,) =20 °C;
(c,—,) =70 °C; (d,-d,) =120 °C; (e —¢,) =196 °C
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Low-Temperature Impact Toughness and Fracture Mechanisms of A High-Strength and
High-Toughness TC4-0.55Fe Titanium Alloy

Wang Delong', He Miaoxia', Gao Wenshuo', Guo Yumeng', Dong Yuecheng', Alexandrov Igor V.
(1. College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816, China)
(2. Department of Materials Science and Physics of Metals, Ufa University of Science and Technology, Ufa 450008, Russia)

Abstract: To further enhance low-temperature toughness and clarify the low-temperature fracture failure mechanisms of titanium alloys, a TC4-
0.55Fe alloy was prepared by micro-alloying with Fe, and its impact performance and fracture behavior were systematically investigated over the
temperature range 20 °C to —196 °C. The alloy exhibits a Charpy impact toughness of 66.8 J-cm® at 20 °C, which remains unchanged as the
temperature drops to —20 °C. When the temperature drops to —70 °C, the low-temperature toughness decreases to 46.8 J-cm>. When the temperature
drops to —196 °C, the toughness still retains 25.1 J-cm, which is 23.8% higher than that of TC4 alloy. SEM image of fracture confirms that —196 °C
is still above ductile-brittle transition temperature. of the alloy EBSD characterization reveals abundant deformation twinning in the vicinity of the
crack at all test temperatures, with twin density increasing markedly as temperature decreases. The outstanding impact toughness of the TC4-0.55Fe
alloy is attributed to the synergistic effects of fine-grain strengthening, the dispersion of fine acicular a, precipitates within the £ matrix, and a
significant increase in twin density at low temperature, which jointly promote crack-path deflection and significantly enhance resistance to fracture.

Key words: TC4-0.55F¢ titanium alloy; impact toughness; fracture morphology; low-temperature properties
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