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ABSTRACT Body-centered-cubic (bcc)-structured metals have excellent physical properties, such as
high melting points, high strength and excellent creep resistance, radiation tolerance, and good compati-
bility with liquid metals, which are widely used in high-tech fields, such as nuclear reactors, satellites, air-
craft, rockets, and engines. However, their low-temperature brittleness and ductile-to-brittle transition
characteristics limit their applications. Therefore, a deep understanding of the ductile-to-brittle transition
mechanism is of great significance for regulating the ductile-to-brittle transition behavior of bce-structured
metals. In this review, taking bcc-structured metals as an example, the history of the ductile-to-brittle tran-
sition investigations in bcc metals was retrospected, the main research progress on this topic was intro-
duced, the newly developed methods to tune the ductile-to-brittle transition temperature of metals was
discussed, and the key points to be focused on in the future was listed.
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Fig.1 Different methods for measuring the ductile-to-brittle transition temperature (DBTT)
(a) DBTT measured by Charpy test™ (L is longitudinal, T is long transverse, and S is short transverse. The first letter (L

or T) designates the direction normal to the crack plane, and the second letter (S) the expected direction of crack

propagation)

(b) DBTT measured by bending test”™ (Filled symbols represent fracture toughnesses (left axis-K), and open symbols

represent stresses at failure, which are normalized by crack length (a) for compatibility with the fracture toughness

scale (right axis-af(a))

(c) DBTT measured by small-punch (SP) test (7,)"™*!

(d) DBTT measured by nanoindentation
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Fig.2 The atomic core structures of the a’/ 2[111] screw dislocation in body-centered cubic metals®'’ (a—lattice constant)
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Fig.3 Double-kink assisted migration of screw disloca-
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Fig.5 Dislocation structures in rolled tungsten at different testing temperatures®™ (b—Burgers vecter)

(a) pre-existing dislocations before testing

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

(b) below DBTT

(c)at DBTT (d) above DBTT

http://www.cnki.net



342 & B

¥k

59 &

WA e, SE a3 . RIS, B R i)t —
This B2 WIS RS AT 2 N EE R GHR
SO KRR R MR T R k.
4.4 SZ/TIISEIERT B B FATFIF AL T
Ve A AL L RiE £12s £ 5, MK
Fax PR R 1 4 10, Lu A R 0 T A% AL
Bz 2 A HAR RN, HEA T IS SE 4l UG R
— G M AT R PIE R AL, TR R T
W/ TS AR N 32 2 T R 4% o) 90 R P A ) AR
AL R AR e TR S8, 00 R AR s AR R S B R
FERIARAL IR , T E T <2 )8 CrAE 4K IR IR T 1
W e AU FEAE 70°C AL . SEEG T <8 J& Cr 7E PG
A FE R i B IS IRTE SO B 5 R EAT T VR
AiE » K BLUR/ T) AL B AR X 32 Bl 38 A4 B il B2 T+ v T 02
B G N, 20/ T)RLAEAR XS B AR AR TA £ 0.7 I 42
J& Cr R AN A . EPINEHATIREZ LT, TR
R 5 TR RS Sl AR ZE UK AL AN RER AUt B

W , 5 8RR AL B D S 48 Cr RIUNGE
Ve CEINEHEARIR T 2 b WB AT A 5 TR A A 2,
PR 2R AT LAk R v BT A R YRR AN BB = A K
BT R AT, 4 )8 Cr I MERFIE . AR
0T VAR N A L P 6T R

HF FEU R Y, T DL A7 4 5 H S0 ok 3 W gy
TIRLEE B R T8 Bl T3, 3300 MK 81 4 3 3 SR Ao 45
SEIG I/ T A AT I SR P R e, Y
USR5 RN ) A7 Al Tl R A S B, JD AL A 1) AT 5 TR K
A2 R 2, — BB B XA G SR, R A7
Bk (T AR KT I A I B TR, B 5 A
75 N 15 U Frank-Read #8595, Wi B 6¢"Fr~ . 2R,
H T bee 4B B PR IR AL AL = 4ER 0 450, B (1B
ot — NI AR B E R AR E N T
Pl . BB BRI 4E 1220 % R, I A R
UF (el B X A5 1 5 RS A ] 6dM BT, 24
TIBLEE 5 B BB, SRR T B U 5, 75 4% 22 1)

Color online

6 U5/ LB A28 20 e 2 42 1) ) G A A ) M BT L )

Fig.6 Mechanism of the relative mobility of the screw versus edge dislocations controls the DBT in metals"®

(a) dislocation relative mobility determines the efficiency of dislocation source (7.—critical temperature, v,—edge
dislocation velocity, a,,,—the a value at DBTT, a—velocity ratio of screw dislocation and edge dislocation, z,—time
before dislocation bow out, #,—time after dislocation bow out)

(b) relative mobility of screw versus edge dislocations with temperature for Cr, Al, W, and Fe
(c) bowing out an edge dislocation to form a half loop (¥—dislocation source radius)
(d) bowing out the half loop if v, = 0 (x—distance moved by edge dislocation)
(e) bowing out the half loop with side glide (v, > 0) (y—distance moved by screw dislocation, 4_,,,—region swept by the

edge dislocation, 4, —region swept by the screw dislocation)
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