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Fig.1 Microstructures of porous copper prepared by intermetallic phase dealloying: (a) the uniform porous structure obtained from the CuAl, phase™*;
(b) the surface porous layer obtained from the Cu,Mg phase®™; (c—c,) the hierarchical structure obtained from the a-Al(Cu)/CuAl, phases™”
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Table 1 Different precursor systems for the preparation of dealloyed porous copper
L Dealloying Temperature/ Porous Porosity/ Structural
Precursor Phase constitution ; Ref.
solution °C structure % feature
Hierarchical Ligament width: 204 nm
Cu, Al CuAl,+a-Al(Cu)/CuAl, 1 mol/L NaCl RT - . [13]
’ structure Pore size: 5 pm
Hierarchical
Cu, Al, a-Al(Cu)+CuAl, 20wt% NaOH 65 73.9 - [14]
structure
Nanoporous . )
CuyAlg, CuAl, 20wt% NaOH 65 72.6 Ligament width: 160 nm -
structure
Nanoporous . .
Cu,Alg, CuAl+-CuAl, 20wt% NaOH 65 65.3 Ligament width: 170 nm -
structure
Nanoporous Ligament width: 55 nm
Cu, Al CuAl,+a-Al(Cu) 20wt% NaOH RT 68.8 . [16]
’ structure Pore size: 44 nm
Nanoporous Ligament width: 78 nm
Cu, Al CuAl,+a-Al(Cu) 20wt% NaOH 40 - . -
structure Pore size: 69 nm
Nanoporous Ligament width: 99 nm
Cu, Al CuAL+a-Al(Cu) 20wt% NaOH 60 - . -
’ structure Pore size: 83 nm
20wt% NaOH+ Nanoporous Ligament width: 82 nm
CugAl,, CuAl,+a-Al(Cu) RT 61.2 ) -
Swt% HCI structure Pore size: 52 nm
1 mol/L Nanoporous Ligament width: 70-100 nm
Cu,Zn,, Cu,Zn,+CuZn, 70 - . [26]
(NH,CI + HCI) structure Pore size: 200-300 nm
Nanoporous ) )
Cu, Mg, CuMg, Swt% HCI 90 - Ligament width: 178 nm  [32]
structure
Nanoporous . .
Cu, Mg, CuMg,+Cu,Mg Swt% HCI 90 - Ligament width: 211 nm -
structure
Nanoporous ) .
Cu, Mg, CuMg, 1.5wt% HCI 0 73 Ligament width: 36 nm [33]
i structure
Ligament width (I):
Duplex porous 34 nm
Cu, Mg,  CuMg, (I)+Cu,Mg (II) 1.5wt% HCl 0 - . i
- structure (I, IT) Ligament width (1I):
21.4nm )
20vol% Nanoporous Ligament width:
Cu, Mn,, (Cu, yMn) RT - [37]
CH,COOH structure 10-15 nm
Hierarchical
CuMn (Cu, yMn)+Mn,0, 0.025 mol/L HCl RT - - [42]
structure
Hierarchical . .
Cuy Mng, (Cu, yMn)+MnO 10wt% H,SO, RT 63 Ligament width: 80 nm  [43]
structure
Nanoporous Ligament width: 25-30 nm
Cu,(MngyFe,),, £-Mn 1vol% HCl RT - . [54]
structure Pore size: 15-20 nm
Cu matrix+Fe Hierarchical Ligament width: 4 nm
Cug,Fe,, . 1 mol/L H,SO, RT - . [56]
nanoparticles structure Pore size: 848 nm, 2—5 nm
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Fig.2 Hierarchical structures of porous copper prepared by solid solution phase dealloying: (a) Mn segregation at grain boundaries™” and

[51]

(b-b,) dual-phase solid solution
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Fig.3 Micron-scale porous structure (a)”” and nanoporous structures obtained through Fe phase refinement by high-pressure torsion (b)"* and

laser cladding (c)™
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Fig.4 Mechanical response of porous copper: (a) typical stress-strain curves''; (b) strain and stress vs. porosity!"; (c) compression stress vs.
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Table 2 Mechanical properties of porous copper with different pore structures

Precursor Porous structure Porosity/% Structural feature Compressive  Nanoindentation - Elastic modulus/ Ref.
strength/MPa  hardness/MPa GPa
Cu,,Al,  Nanoporous structure 80 Ligament width: 27 nm 5.8 - - [12]
Cu,,Al,, Hierarchical structure 73.9 2.8 - - [14]
Cu,,Al,  Nanoporous structure 72.6 Ligament width: 160 nm 42 - - [14]
Cu,Alg, - 65.3 Ligament width: 170 nm 9.5 - - [14]
) . Ligament width: 200 nm—1.5 um;
Cu,,Aly,, Hierarchical structure 90.8 . 0.15 - - [18]
Pore size: 3-5 pm
Cu,,Al,;  Nanoporous structure - Ligament width: 80 nm 0.9 - - [20]
Cu,Al,;  Nanoporous structure - Ligament width: 90 nm 1.5 - - [20]
Cu,Al;  Nanoporous structure - Ligament width: 100 nm 32 - - [20]
Cuy,Al,, Nanoporous structure - Ligament width: 40 nm 5.5 - - [20]
Cu,,Aly, Nanoporous structure - Ligament width: 70 nm 7.2 - - [20]
Cu,;Mg,, Nanoporous structure 73 Ligament width: 36 nm 1.3 - - [33]
Cu, Mn,, Hierarchical structure 65 Ligament width: 80 nm 160 - - [43]
CuyFe,;  Micropore structure 74.91 Pore size: 14 pm 50 - - [52]
Cu,Fe,,  Micropore structure 79 Pore size: 4.02 um 15 - - [53]
CuyFe,,  Micropore structure 39 Pore size: 1.50 um 130 - - [53]
Cu,,Al,,  Nanoporous structure 76.43 Pore size: 43 nm - 385 2.1 [16]
Cu,,Al,,  Nanoporous structure  68.81 Pore size: 44 nm - 452 4.9 [16]
Cu,,Al,,  Nanoporous structure  68.81 Pore size: 69 nm - 255 2 [16]
Cu,,Al,,  Nanoporous structure 68.81 Pore size: 83 nm - 227 1.2 [16]
Cu,,Al,,  Nanoporous structure - Pore size: 54 nm - 333 4.4 [16]
CuyAl,, Nanoporous structure  61.21 Pore size: 52 nm - 244 3.6 [16]




511 4] Mr 3255 WA a2 LIRS AT i Fuik g * 2933 -

gk
. Compressive  Nanoindentation Elastic modulus/
Precursor Porous structure Porosity/% Structural feature Ref.
strength/MPa  hardness/MPa GPa
Ligament width: 150 nm;
Cu,Zn,, Nanoporous structure - . - 90 - [27]
Pore size: 210 nm

Cu,Zn,  Nanoporous structure - Ligament width: 100-220 nm - 30.7 - [28]
Cu,Zn,, Nanoporous structure - Ligament width: 125 nm - 19.7 - [28]
Cu,Zng, Nanoporous structure - - 496.5 11.7 [31]
Cu,,, Mg, Duplex nanoporous - Ligament width (I): 34 nm 15.4 1:25.4 1: 0.21 [33]
structure (I and II) - Ligament width (II): 21.4 nm - 1I: 70.4 11: 2.86 [33]

Cu, Mn,, Nanoporous structure - Ligament width: 125 nm - 128 - [45]
Cug,Zn,, Hierarchical structure - Pore size: 7.7 um, 0.7 pm - 280 27 [51]
CuyFe,, Nanoporous structure 53 Ligament width: 200 nm - 220 17 [55]
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Fig.5 Mechanical property strengthening of porous copper: (a) stress transmission in hierarchical structures™"*’; (b-b,) sintering of porous copper
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powder™; (c) hierarchical structures for enhanced tensile strength™”; (d) thermal oxidation of ligament surfaces?®*”; (e) electroless copper plating

on ligament surfaces””; (f-f,) epoxy resin infiltration for reinforcement™"*”
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Research Progress on Structural Regulation and Mechanical Behavior
of Dealloyed Porous Copper

Chen Xin, Yang Qing, Li Zhaokun, Liu Rong, Geng Yingxin
(Shaanxi Province Key Laboratory for Electrical Materials and Infiltration Technology, School of Materials Science and Engineering,
Xi’an University of Technology, Xi’an 710048, China)

Abstract: Dealloyed porous copper exhibits exceptional and adaptable functional properties, offering broad application potential in thermal
management, catalytic sensing, and shock absorption. Structural regulation represents a key approach for enhancing its functional properties,
whereas mechanical behavior is essential to ensure structural integrity and reliability under service conditions. Based on recent advances in
structural regulation and mechanical properties of dealloyed porous copper, this review summarized the dealloying mechanisms and structural
features of diverse precursor systems, including intermetallic compounds, solid solutions, and immiscible alloys, and also outlined the
corresponding strategies for pore structural regulation. Moreover, it reviewed the current research progress on mechanical behavior of porous
copper, and highlighted its major strengthening approaches and predictive models. Finally, this review outlined the key research directions of
structural design and mechanical properties for the future.
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