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Table 1 The physical of Cu and Ta at room temperature!'>'¥
Property Cu Ta
Atomic number 29 73
Atomic volume (A®) 11.81 18.01
Atomic radius (A) 1.413 1.626
Crystal structure FCC BCC
Lattice parameter (A) 3.615 3.303
Elastic modulus (GPa) 129.0 185.1
Shear modulus (GPa) 48.0 69.2
Poisson's ratio 0.344 0.337
Coeff. of thermal expansion (10°K™) 16.5 6.3
Thermal conductivity (Wm™ K™) 398 54.4
Melting temperature (K) 1356 3290
Boiling point (K) 2833 5731
Density (g/cm®) 8.96 16.654
Yield strength (MPa) 69-310 165-330
Tensile strength (MPa) 220-345 205-410
Elongation (%) 12-45 40
Diffusivity in Cu at 973K (10™*m%s) N/A 69.6
Diffusion distance over 600s (pm) N/A 20.4
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Fig. 1 Comparison of the performance for Cu-Ta alloys with representative structural materials.t
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Fig. 3 Schematic of powder fabrication and solid-phase sintering process in powder metallurgy. (a) ball milling, (b) cold pressing sintering, (c) hot

pressing sintering, (d) spark plasma sintering, (¢) hot isostatic pressing™
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Fig. 4 A core-shell structure particle in the Cu-Ta alloy.’” (a) annealed at 400 °C for 1 h; (b) HAADF micrograph; intensity maps of (¢) Ta Ma,
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Table 2 The advantages and disadvantages of common fabrication processes for Cu-Ta composite

Technique Advantage Disadvantage Ref.
HEBM Fac1l?tate structural nanocrystallization and Irregula.r partlcle shape, low [4,7]
alloying productivity
. . Tends to introduce impurities and
PBM Simple equipment set-up cold welding of metal powders [33,40]
CPS Low energy consumption, simple process Small size [4,29]
PM HPS IsotQgjewigliucts, high efficiency and High cost, low productivity [34,47,48]
densification
SPS Short sintering time, superior properties of Small size, certain theories are in [33,40,49,50]
products some dispute
High efficiency and densification, Expensive, long exposure to
HIP . [32,51]
outstanding performance elevated temperatures
ECAE Ultrafine-grained structure with isotropy Complex process control [3,31,54]
HPT Extremely high shear strain Small size, t_eI_lds to iiggetiuce [55,56]
oxide impurities
i ADB High aspect ratio nanofilament structure Process.cgmplexny, o7 [24,57]
productivity
ARB PO R O B e UL YR Process complexity, high costs [23,46,70]
structures
Maenetron Complex equipment, highly
gnet Uniform and controllable film thickness thermodynamically metastable [60,71-73]
sputtering
states
. Lo . Environmental hazards
High-strength dissimilar metals metallurgical oy >
Others EW bonding, industrial scalability e e L5480
structures
Vacuum diffusion  High quality interfacial bonding and joint Long exposure to elevated [74]
bonding strength temperatures
LMD Selective extraction and nanoporous structure Dimiediioy s emiarplicability [65]
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Table 3 Mechanical properties of Cu-Ta composites with different processes and Ta contents.

. . Hardness o9 ours Fracture
Material Processing methods . Ref.
(GPa) (MPa) (MPa) strain(%)
Cu-5wt%Ta Ball milling and sintering 1.40 - 586 - [29]
Cu-20wt%Ta 2.26 - 870 -
Cu-30wt%Ta 2.38 - 930 -
Cu-1wt%Ta Ball milling and HPS 0.504 193.69 287.35 44.4 [34]
Cu-3wt%Ta 0.536 32.68 297.11 38.6
Cu-5wt%Ta 0.584 24.76 302.35 30.6
Cu-1wi%Ta Molecular level mixing (with 072 106 361 ) 48]
¢ mechanical stirring) and HPS ’
Cu-1wt%Ta-0.1vol%rGO 0.95 200 375 50
Molecular level mixing (with
-1wt%Ta-
Cu-1wt%Ta-0.5GF e et 1) 0.83 148 276 23 [47]
Cu-0.5at%Ta Ball milling, SPS, hot rolling 1.85 463 549 15 [33]
Cu-0.6at%Ta Ball milling, SPS, hot rolling 1.84 312 413 11.7 [40]
Cu-0.6at%Ta-0.6at%Cr 2.23 481 491 13.5
Cu-1.4wt%Ta Ball milling, SPS, hot rolling 1.76 382 560 9.3 [49]
Cu-1.4wt%Ta-0.1wt%Zr 1.70 399 572 6.5
Cu-1.4wt%Ta-0.2wt%Zr 1.92 499 600 3.8
Cu-1.4wt%Ta-0.5wt%Zr 1.74 427 569 4.2
Cu-10wt%Ta Mixed and HIP - 257.1 320 24.5 [51]
Cu-3at%Ta Cryomilling at 235 K and HIP - 753 859 20 [32]
Cu-3wit%Ta f(l)llglgilrll;nergy milling, extrusion, cold 5952 678.9 701 [7]
Cu-5wt%Ta - 759.8 865.8 5.56
Cu-50wt%Ta Liquid-phase sintering - - 543.75 - [79]
Molecular dynamics simulations
B 0 - -
GGty (uniform distribution of Ta) — ALY [76]
Molecular dynamics simulations
B 0 - 3
SUNGtAL (segregation distribution of Ta) — 2R
Cu-0.5 at%Ta Cryomilling at 77 K and ECAE _ 425 ) y [80]
(route 4B.)
Cu-1 at%Ta - 650 - -
Cu-3 at%Ta - 960 - -
Cu-10at%Ta Cryomilling and ECAE (route 4B.) - 1000 1200 20 [3]
Cu-(3~10)at%Ta Cryomilling and ECAE (route 4B.)  1.8-5.0 600-1100  600-1300 10-25 [32]
Cu-50vol%Ta ECAE (route 4E) 1.88 427 595 11 [54]
Cu-25vol%Ta-1.5wt%Ti ECAE (route A) - 170 240 7.2 [81]
Cu-33vol%Ta HPT 343 - 1300 40 [56]
Cu-13vol%Ta (#=20.8) ADB 4.55 - 634 - [57]
Cu-13vol%Ta (n=21.3) 4.66 - 711 -
Cu-25vol%TaW Two step restack and drawing 4 645 665 0.8 [59]
Cu-33vol%Ta CARB 3.49 - 950 6 [46]
Cu-50at%Ta Magnetron sputter 10.2 - 1251 1.3 [82]
Cu-75at%Ta Magnetron sputter 17.2 - 1483 1.5
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Table 4 Conductivity properties of the Cu-Ta composites with different processes

Material Processing methods

Electrical conductivity (% IACS)

Cu-5 wt%Ta

Cu-10 wt%Ta
Cu-15 wt%Ta
Cu-20 wt%Ta
Cu-25 wt%Ta
Cu-30 wt%Ta

Ball milling and sintering

Cu-1 wt%Ta Ball milling and HPS
Cu-3 wt%Ta
Cu-6 wt%Ta
Cu-5 wt%Ta Ball milling and HPS
Cu-5 wt%Ta Ball milling and SPS

Cu-1 wt%Ta-(0~0.5)
vol%rGO

Cu-5 wt%Ta

Cu-10 at%Ta

Cu-13 vol%Ta (#=20.8)
Cu-13 vol%Ta (5=21.3) ADB
Cu-13 vol%Ta (4=22.9)
Cu-25 vol%TaW
Cu-(34.8~84.8) at%Ta
Cu-2.3 at%Ta

Molecular level mixing and HPS

HEBM, extrusion and cold rolling
Cryomilling and ECAE

Two step restack and drawing
Magnetron sputter
Magnetron sputter

Thermal conductivity (W/m'K)  Ref.

383 [29]
36.6
34 -
29.7 \
28.8 )
282 -
87.3 - [34]
82.4 -
81.6 -
15 - [50]
37 -
140-360 (48]
62.1 - 7]
71 270 [3]
460 at 77 K - [57]
451at 77K -
430at 77K
79.5 - [59]
0.009-0.016 60-200 [98]
5.5 - [106]
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Progress and Prospects of High-Performance Cu-Ta Composites

Bo Xing'?, Ziyan Hao’, Pengfei Wang?, Shengnan Zhang?, Ming Liang', Chengshan Li'?, Jianfeng Li’, Pingxiang Zhang®
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
Abstract: Cu-Ta composite with high strength, high electrical and thermal conductivity along with excellent thermal stability, is a promising
candidate for applications in many fields, such as electrical devices, defense, rail transport, ultra-high field pulsed magnets, and biomedical
engineering. Extensive studies have been carried out to meet the application requirements, and significant results were achieved. This work
provides a comprehensive review of recent developments in the fabrication methods, performance, and applications of Cu-Ta composites. Besides,
the problems of present researches have been pointed out and development trends in future are prospected.
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