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Fig.2 Schematic diagram of microstructure of bone units in bone tissue
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Fig. 4 Laminated pure copper/bronze metal-metal composites with different thickness fabricated by accumulative roll bonding
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lamellar-structured composite(b) and OM image of cross-

section of Ti-Ta metal-metal composite(c)*"?
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Fig. 7 True stress—strain and strain hardening rate curves of
compositionally gradient Ti-Ta metal-metal composite after hot

swaging and annealing!*"!
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8 Ti-Ta &JE—&BE &MEE Ti X1 TEM 514
Fig. 8 TEM images of Ti-enriched zone of Ti-Ta metal-metal composite!!: (a) Precipitated a phase inside § matrix after hot

swaging and annealing; (b), (c) IFFT images of precipitated o phase and £ matrix in b and c; (d) Interface of o phase and £ matrix
after tensile deformation with three FFT images inset showing a phase, f matrix and interface respectively; (e), (f) IFFT images of

HRTEM in (d) of matrix and o phase beside interface with marked dislocations

— "'av,
> (1();1)(1T('1)'pg’ q

(000)"
" "%

9 Ti-Ta &JE-&BE AR E Ta X1 TEM 514
Fig. 9 TEM images of Ta-enriched zone of Ti-Ta metal-metal compositel*'): (a) Bright field image after hot swaging and annealing

with corresponding selected area electron diffraction (SAED) patterns of martensitic twins and BCC matrix through [111];

(b) HRTEM image of lath martensitic twins; (c) Bright field image after further tensile deformation
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Fig. 10 TEM images of diffusional zone of Ti-Ta metal-metal composite*'): (a) Bright field image of o and o” martensitic phases

inside matrix after hot swaging and annealing with inset image of corresponding selected area electron diffraction (SAED) patterns of

lath martensitic phase (a') in matrix; (b) Bright field image of diffusional zone after tensile deformation consists of martensitic phase

with dislocations and twins; (¢) XRD patterns of samples before and after tensile deformation
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Fig. 11 Schematic diagram of Ti/TiAl/ (SiC¢/Al;Ti) laminated composites prepared by hot pressing and reactive annealing
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Table 1 Characteristic of metal-metal composites prepared by different methods
Method Requirement Material Microstructure Property Application
. . Elongated along
Plast Sheet metal or foil . s .
s lc. e(? fetat or ot Al, Ti, Mg, plastic direction; High strength and Structural, bullet
deformation with excellent - . .
. Cu, Ag, Fe Shear band and low ductility resistant material
method deformability ]
segregation
Powd Well bined of
ow er. Metal powders or Ti, Al, Mo, Nb, Distinct diffusion or et combmned.o Structural, wear
metallurgic . strength and . .
alloyed powders Ta reaction layer o resistant material
method ductility
Metal di .
. . et powder, High strength .
Freezing casting sheet of metal or . Layer structure or Wear resistant,
O Al, Mg, Ti phase and good .
method foil with high porous structure . . porous materials
e plastic matrix
ductility
. . Sheet metal or foil . Sandwish struct
Explosive welding e§ metat orfor Al, Ti, Mg, Cu, an Wls, structure or Related on layer .
with excellent mutli-layered . Structural material
method . Ag, Fe thickness
ductility structure
.. Fine scale, surface Functional, film
Vapor deposition . . Nano-scaled layers, . .
Sheet metal or foil Al, Cu, Mg, Ti N . . coating or and coating
process limited diffusion .
nanostructure material
L d metal/ High strength
Metal powders or aye.re n}e 2 '8 . s re.ng .
S . . metallic oxide (or metallic oxide (or Wear resistant,
Reaction sintering foils, combined . . . . .
. . Ti, Al boride, master alloy)  boride) with good bullet resistant
method with boride or . . o .
. with obviously ductility metal material
oxide . .
reacted interface matrix
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&4,
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Cu/ KBRS A rRae k. ik, NOH 2 T
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Research progress in metal-metal laminated structural composites

XU Sheng-hang, ZHOU Cheng-shang, LIU Yong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The laminated metal-metal composites have attracted more attentions to material researchers. This kind of
composite utilizes inherit characterists of the component materials, and its mechanical properties also depend on
properties of the metal-metal interface, as well as the coordinated deformation effect among adjacent layers. Owing to the
high strength, high hardness, high temperature oxidation resistance and excellent ductility, the laminated metal-metal
composites were wildly utilized in the fields of impact resistance, wear resistance, aerospace, machine, and so on.
Focusing on the structure of the laminated metal-metal composites, the relationships between mechanical properties with
component layers, thickness of layers, strain rate during deformation, the state of applied stress, which could be useful for
optimizing the microstructure of the composites, were discussed. Besides, the various processes of the metal-metal
composites and their potential applications were summarized. Moreover, we provide a novel powder metallurgic method
for fabricating a new Ti-based metal-metal composite with controllable interface, which is expected to be widely used,
was provided.
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