A X ACTA METALLURGICA SINICA

MR EREVREIFL
BAL B

(R TORY: MPORRLE A2 b GUKRFAAEbL Bat 210094)
B RSMEREMEHERE (Rl W e iR /AT BUR. AUife. 0. B AT BB S
WRATHZ TN, 5 G R A AR 25 R i RG] o 45 R A AT I T W e A0 34 A AS
Ao KRR SRR R R R i PR T AT 3 RE Dk B SR PR s (23 3 ) E—ﬁiikﬁ_\iﬁﬁﬁﬁ% AL LA P BT 2R S et
FRPRA T AL o K <R AR PR L Ao 2 P8 ey AR £ AR A 3 B UG ) SEASREA 3 35— 25 1 K it/
Ry R RS M AR LB L 2230 20 ZAERIHTAL, DK 4 IR AT AT (3 P SRIT QOKAT H . 25 @5, R
RiorAi 2R AR PRI éﬂﬂ?l%%ﬁ!**’] FAEH SR NG, RPN Bt T KR AL
LR A D FIRASTEALA, FERAHEE T UM, ALK SR AR B AL IR T S5 RN S B AR, iR 5%
AR F_\?Eﬁi DAL STV BN IS ANA RN [ PSS
REIE GOREmAIRL, R, WIRIEMER, NASELL, WL
FESES TGL13, TGl4 XEHS  0412-1961(202X) X =X X=X

Toughening of Nanostructured Metals
ZHAO Yonghao, MAO-Qingzhong

Nano and Heterogeneous Materials Center, School of MaterialS.Science and Engineering, Nanjing University
of Science and Technology, Nanjing 210094, China

Correspondent: ZHAO Yonghao;.professor, Tel: (025)84315304, E-mail: yhzhao@njust.edu.cn
Supported by National Key Research and Development Program of China (No.2021YFA1200203),
National Natural Science Foundation of China (No. 51971112) and Fundamental Research Funds for the
Central Universities (N0.30919011405) >
Manuscript received 2022-04-24, in revised form 2022-07- 28
ABSTRACT Metallic structural materlals have a wide range of industrial applications (including in the
aviation, aerospace, navigation, military mdustry, nuclear power, chemical industry, construction, and
bridge-building fields) due to their unique properties (such as heat resistance and high strength and
toughness). At present, there are development opportunities for metallic structural materials, but these
materials are also facing challenges due to the gradual substitution of carbon fiber composites and the
increasing shortage of metal mineral resources. China’s metallic structural material industry is facing
development roadblocks and opportunities. Nanostructured metals and{alloys have a wide range of
potential industrial applications in the field of aviation,-@érospace, navigation, military industry with
requirements for energy conservation and weight reduction due to their high strength, but their low fracture
elongation is a major limitation. The low ductility of nanostructured metals is caused by their low strain
hardening rate; the strain hardening rate is caused by the difficulty of dislocation accumulation. This is
because the small grain size limits dislocation propagation and reaction. After more than 20 years of
research, the low ductility of nanostructured metals has been imprQVéd by tailoring the metal
microstructures, such as by introducing nano-precipitation, twin boundaries, multi-scale grain distribution,
twinning, or phase transformation, nano-gradient structure,,;énd heterogeneous structure, or by lowering
dislocation density, etc. These toughening"sghemes improve the dislocation accumulation capacity and
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strain hardening rate of nanostructured metals, and ultimately improve their toughness. The tensile
properties of nanostructured metals are closely related to their miCrostructures and deformation
temperature, strain rate, tensile sample size, and loading state:

KEY WORDS nanostructured metal, strength; ductility, strain hardening, toughening
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Fig.1 Comparison of fracture toughness-strength of metallic, ceramic and organic polymer materials™
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Fig.5 Tensile curves of coarse-grained copper (CG Cu) and annealed nano/ultrafine-grained copper (Insets are the
corresponding dislocation accumulation)[48]
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Fig.9 Microstructures and tensile curves of high-purity and dense bi/multi-medal nickel and review of yield
strength-tensile ductility of nickel® (ED—electro-deposition, HPT—nhigh pressure torsion)
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