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Abstract: Facing the development of modern society and its economy, demands on metallic materials’propertis are ever
increasing, including high strength and toughness, high wear resistance, high corrosion resistance, and high fatigue
performance, et al. Gradient materials are a kind of materials that change gradually with a gradient from one constituent to
another, including composition gradient, phase gradient, and grain size gradient or combination of the above. The gradient
structures not only could effectively avoid the sudden change in properties caused by interface, but also coordinate the
deformation of various feature sizes, and achieve the improvement of strength and ductility at the same time. In this paper,
the concept and classification of the gradient materials are introduced, and the possible ways to produce gradient materials
and the mechanism to improve multiple material properties are discussed. As one of the promising areas, gradient
materials are expected to achieve the major advances in improving materials’ properties and multifunctionality, and widely
to be used in the application in near future.
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Fig. 1  Fracture toughness and strength-to-weight ratio for

metals, polymers, ceramics and carbon fibers
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BREERPRHAOPERE , SCEUPERE o T 1] O BE AL 45

(7) BB &5 5 Ja A1 BHI AT R 5t AT FE 4 e
NG DURAL FERA L L T4 i Bl AR 5 B0 T B 1 o s — 20
P SR 5 A0 4 J BB R T AT 5, 2 UG MRS
B MZ—

SEHE  References

[1] Hertzberg R W. Deformation and Fracture Mechanics of Engineering
Materials [M]. New York: John Wiley & Sons, ed. 4, 1996.
[2] Courtney T H. Mechanical Behavior of Materials [ M]. Boston:
McGraw-Hill, ed. 2, 1999.
[3] Embury D, Bouaziz O. Annual Review of Materials Research []J],
2010, 40(40) : 213 -241.
[4] Koch C C, Morris D G, Lu K, et al. MRS Bulletin [J], 1999, 24
(2):54-58.
[5] LuK. Science [J], 2010, 328(5976) : 319 —320.
[6] LuKe (f5 #H). Acta Metallurgica Sinca (&J@%4)[J],
2015, 51(1): 1 -10.
] Lu K. Science [J], 2014, 345(6203) ; 1455 - 1456.
1 Lu K. Nature Reviews Materials [ J], 2016, 1(16019) ; 1 -13.
] Suresh S. Science [J], 2001, 292(5526) ; 2447 —2451.
0] Meyers M A, Chen P Y, Lin A Y M, et al. Progress in Materials
Science [J], 2008, 53(1); 201 —206.

[11]

[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Espinosa H D, Rim J E, Barthelat F. Progress in Materials Science
[J], 2009, 54(8): 1059 —1100.

Amada S. MRS Bulletin [J], 1995, 20(1) : 35 - 36.

Ghavami K, Rodrigues C S, Paciornik S. Asian Journal of Civil
Engineering [J], 2003, 4(1) . 1 -10.

Miyamoto Y, Kaysser W A, RabinB H, et al. Functionally Graded
Materials Design, Processing And Applications [ M ].
er, 1999.

Mahamood R M, Akinlabi E T, Shukla M, et al. Proceedings of
the World Congress on Engineering [J], 2012, 3 1593 - 1597.
Sasaki M, Wang Y, Ohkubo A, et al. Journal of the Japan Society
of Powder and Powder Metallurgy [J], 1990, 37(2) : 271 -274.
Ge C C, Zhou Z J, Ling Y H, et al. Materials Science Forum
[J], 2003, 123 -425. 11 -16.

Han Jiecai ($7874), Xu Li (% #H), Wang Baolin ( Ef#
M), et al. Journal of Solid Rocket Technology ( [EA ki A )
[J], 2004, 27(3);: 207 -215.

Fang T H, Li W L, Tao N R, et al. Science [J], 2011, 331
(6024) ; 1587 —1590.

Wu XiaoLei, Jiang Ping, Chen Liu, et al. Proceedings of the Na-
tional Academy of Sciences [J], 2014, 111(20) ; 7197 -7201.
Lu K, Lu J. Journal of Materials Science and Technology [J],
1999, 15(3): 193 - 197.

Wei Yujie, Li Yonggiang, Zhu Lianchun, et al. Nature Communi-
cations [ J], 2014, 5. 3580.

Li Y, et al. Unpublished Results.

Lefevre-Schlick F, Bouaziz B, Brechet Y, et al. Materials Science
and Engineering: A [J], 2008, 491(1 -2); 80 -87.
Lefevre-Schlick F. Thesis for Doctorate (1H—+183C)[D].
da; McMaster University, 2006.

Li Y, Guo Q, Kalb J A, et al. Science [J], 2008, 322(5909) .
1816 —1819.

Li Shujun, Zhao Shuo, Hou Wentao, et al. Advanced Engineer-
ing Materials [ J], 2016, 18(1) ; 34 —38.

US: Spring-

Cana-

Yang H, Lavernia Enrique J, Schoenung Julie M. Philosophical
Magazine Letters [ J], 2015, 95(3) ; 177 - 186.

Lu K, Lu J. Materials Science and Engineering: A [J], 2004,
375(SI) : 38 —45.

Tao N R, Wang Z B, Tong W P, et al. Acta Materialia [J],
2002, 50(18) : 4603 -4616.

Chan H L, Ruan H H, Chen A Y, et al. Acta Materialia [J],
2010, 58(15) : 5086 —5096.

Chen A Y, Ruan H H, Wang J, et al. Acta Materialia []J],
2011, 59(9) : 3697 —3709.

Wu X L, Jiang P, Chen L, et al. Materials Research Letters [ J],
2014, 2(4) . 185 - 191.

Lv Jinlong, Luo Hongyun, Surface and Coatings Technology [J],
2013, 235. 513 -520.

Wang T S, Yu J K, Dong B F, Surface and Coatings Technology
[J], 2006, 200(16 —14) . 4777 —4781.

Jin Lei, Cui Wenfang, Song Xiu, et al. Transactions of Nonferrous



%59 1] s

RB: MRS GIm AT ST

665

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Metals Society of China [J], 2014, 24(8) 2529 —2539.

Huang H W (#ifgl) , Wang Z B (T4, Liu L (X #1) ,
et al. Acta Metallurgica Sinca ( 4z &) [J], 2015, 51(5):
513 -518.

Guo Rui (22 %), Liu Lin (M) #K). Rare Metal Materials
and Engineering [ J], 2008, 37(1) : 130 — 134.

Wang Q, Yang Y, Jiang H, et al. Scientific Reports [J], 2014,
4. 4757.

Roland T, Retraint D, Lu K, et al. Scripta Materialia [J],
2006 —54(11) 1949 - 1954.

Villegas J C, Shaw L L, Dai K, et al. Philosophical Magazine
Letters [J], 2005, 85(8) . 427 —-437.

Dai K, Shaw L. International Journal of Fatigue [J], 2008, 30
(8): 1398 - 1408.

Yang L, Tao N R, Lu K, et al. Scripta Materialia [J], 2013, 68
(10) : 801 —804.

Ma Zhiwei, Liu Jiabin, Wang Gang, et al. Scientific Reports [ J],
2016, 6 22156.

Zheng Qinglin(¥SAKPE) . Principles of Tribology ( B {42 2% i Bl )
[M].
Wang Z B, Lu J, Lu K. Surface and Coatings Technology [ ],
2006, 201(6) : 2796 —2801.

Beijing: Higher Education Press, 1994.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Shi Y N, Han Z. Key Engineering Materials [ J], 2008, 384 .
321 -334.

LvXR, Wang S G, LiuY, et al. Wear [J], 2008, 264(7 -8) :
535 -541.

Hanlon T, Chokshi A, Manoharan M, et al. International Journal
of Fatigue [J], 2005, 27(10 -12) ; 1159 - 1163.

Zhang Y S, Han Z, Wang K, et al. Wear []J], 2006, 260
(9-10) ; 942 —948.

Wang Zhenbo ( E £ ), Yong Xingping ( % 2% F ), Tao
Naorong (P& J9%5) , et al. Acta Metallurgica Sinca ( 4 J@&=#H)
[J], 2001, 37(12): 1251 - 1255.
Zhou L, Liu G, Han Z, et al. Scripta Materialia [J], 2008, 58
(6): 445 -448.

Li Jianjun, Soh A K. International Journal of Plasticity [J],
2012, 39. 88 —102.

Li Jianjun, Chen Shaohua, Wu Xiaolei, et al. Materials Science
and Engineering: A [J], 2015, 620, 16 —21.

Li Wenbin, Yuan Fuping, Wu Xiaolei. AIP Advances [J], 2015,
5(8): 087120.

Zeng Z, Li X Y, Xu D S, et al. Extreme Mechanics Letters [ J],
In Press.

(i Z207%)



