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Fig. 1 Anisotropic structures in animal muscles and natural wood
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Table 1 Parameters of the finite element model
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Fig. 2 The bidirectional freezing devices
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Table 2 Apparent density and porosity of

biomimetic and disordered samples
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Fig. 3 (a) Unidirectional and (b) bidirectional freeze casting process diagrams
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Fig. 4 (a) Schematic diagram of bidirectional freezing of bidirectional microstructure; (b) Transverse microstructure of

biomimetic microstructured samples; (c¢) Biomimetic microstructure longitudinal microstructure; (d) Microstruc-

ture of disordered structure

3.3 EBmAFMERESN

P4 5 TR 45 # CPCs Yl IR R B 35 Y 45 14
225 X PP AE A 22 5 0 5 3 PR RE Y A R X
LR AN AR A AR AT R 1) 4 g 2 PR RE L
UG LRSS R 1) T 2 PR RE T DG W AR T Ak 3 Py
718t M) P EG A ) T 44 ) 2 4 RE SR BB A% A B
A TS TR T BRSO LU O R A A AR e
45 1 2# VERE L JC e 4544 A BRI T LU T
P IR LA, B LA 8 0Bt X A2 1) J 4 ) 2 P RE.

®3 HEMETFERREMRELEES N EMERE
Table 3 Mechanical properties of biomimetic and disordered

structure samples under uniaxial monotonic com-

pression
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Fig. 5 Monotonic compressive stress-strain curve of the specimen of (a) biomimetic structure and (b) disordered structure
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Table 4 Compressive mechanical properties of biomimetic

and disordered structure specimens
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Fig. 6 Compression-stress-strain curve of a specimen of (a) biomimetic structure and (b) disordered structure at 50%

strain; Compressive strength and stress loss rate of (¢) biomimetic structure and (d) disordered structure samples

vary with the number of cycles; (e) Energy loss coefficient
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Fig.7 Change of peak stress and strain recovery rate of

bionic structure specimen with number of cycles

(a) TFF&iH

(a) Disordered structure

225 FREAE 3550 43 40 R N g o A A5 R B8 7E R A2
BR B HPERES K A2 TE I N BB M A 25 77 A ek R
. R BRI ) Z )5 15 A A5 A A b ) L BE
JUT ] DA S 30 D 0y 1) 45 40, 3% B R G 1)
TEfE.

H ORI 2T 7 SRR P 4 S AR v BRI 5 R DR
FOE 40 1 F R L AN AR, ZER IR IR 46 o # o s
Horp B R R 48 S AN B/ i SR AR TR L Y AR TR R
118 3 U6l ARG o ARG A Y LI R A L FLBE R
HE B T S G R S b R AR R A SRR A L R
) HG R 45 ) 2 M g
3.4 BRTEUFIGEYH D

FFA B0 7 350 LT 4 A R0 T I 45 A
HE S TR AR A8 B 2o B, % B B R 46 R3S 1 A8 B
LA RN I3 3 AT I B0 F 45 G il i 45 2R 48 s 47 2R Tl e
FBETE X CPCs YK g 27 14 RE 1Y 15 S ML

FIA SEM H 45 xR 30 3 1 CPCs £ A i 7K
BARIEAT 4548 0 2o A A 0 AL BE 5 LR AT
[) bE B R 05 R B i, AR 1. 4 35 %5 T CPCs LK
BT FTHEHE I 2 8, 37 R CPCs i IR AU L I X)
HHEAT RIAR R 43 A& 8 Fr .

(b) PiA451

(b) Biomimetic structure

Bl 8 b Ky AT BT A R (]

Fig. 8 The finite element model diagram of microstructure configuration

XTS5 R I 9 TR L 7E R RS B 300
(1 07 28 1o e e A 28T 114 58 0 1o ) 3 3 X S ) L
BE G AL 18 R 17 2OV Y 0 A AR B — LT L
G T R g DI 7 A AR I G — . X Pl A AT )
A% 3 T 1% T LA IS 3 A SN 5] o3 A AE 45 B

JCFLIE b T TF CPCs #REY J1 24 PR BE L 38 3 41
O 2 B ol LA v ) s A M A

P10 H I 7 A o A R 46 A 40 0o A R AR e
=30 V0 By A 25 44 R IC Y 465 K 1) 17 A% F0NE ) 2 T
TETCFF 450 b (8 10Ce)  (d)) » 3R AT AR R A% 338 . S 3%



5 £ FHiE,

CPCs I IR 45 1 017 4 4 50 S LT 46 g 7 P RE AT 52

+ 673 -

X

NRRMANY

\ NN

. R

AR e

RS N
D

(b)

DARETEE BRI
AR
R TR
AR

SRR N

B9 (a) TLFP &SRR oAz s (b) Ay A2 454 TR 4 B 40 A = [

Fig. 9 (a) Contour of compressive stress distribution of disordered structure; (b) Contour of compressive stress distribu-

tion of biomimetic structures
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Fig. 10 Quasi-static compression finite element simulation of bionic structure (a) stress (¢=30%) and (b) strain

cloud diagram (e=30%); Quasi-static compression finite element simulation of disordered structure (c)

stress (e=30%) and (d) strain cloud diagram (¢=30%)
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Biomimetic Construction of CPC Foam Microstructure

and Its Compressive Mechanical Properties

Jun Hua Lei Huang Yadong Yang Xiaoru Xing Zhenghong Zhu

(School o f Science, Xi’an University of Architecture and Technology, Xi’an, 710055)

Abstract Conductive polymer composite (CPC) foam exhibits excellent characteristics such as high
plasticity, energy absorption, as well as thermal and acoustic insulation, and holds enormous potential for
applications in various fields including construction, transportation, electronics, etc. However, the porous
structure of CPC foam is usually simple and random, which limits its further application. The complexity
of CPC processing makes it challenging to achieve a controlled design of micro-porous structures. Inspired
by the idea that biomaterials can enhance their mechanical properties by virtue of their well-aligned aniso-
tropic microstructures, highly aligned anisotropic porous biomimetic microstructures are constructed by a
bidirectional freeze-casting process to enhance the compressive mechanical properties of CPC foam. Com-
pared to traditional unidirectional freezing, the compressive elastic modulus and peak stress of aligned ani-
sotropic porous microstructured CPC foam increase by 18. 7% and 25. 4%, respectively. Buckling and col-
lapsing risks during cyclic compression are significantly reduced, and a peak stress of 91. 1% and a strain
recovery of 89. 6% are still maintained after 2,000 cycles at 50% strain. A finite element model of the por-
ous structure in CPC foam is built with parameters including elastic modulus, hole wall thickness, and
Poisson’s ratio, obtained from measured data or literature. The quasi-static compressive behaviors of bio-
mimetic and disordered structures are investigated using the finite element method, and the deformation
and stress distribution are compared with the corresponding experimental results. Through finite element
simulations and experimental tests, it is found that the main mechanisms enhancing the compressive me-
chanical properties of the materials are as follows: stress distribution optimization effectively prevents plas-
tic deformation caused by local stress concentration; the highly elastic behavior of micrometer pore wall
and its 3D structure enhance the bionic structure’s resilience; and the highly aligned anisotropic channels
provide ample deformation space, improve deformation coordination, and enhance the structure’s reversi-
bility during loading and unloading.

Key words CPC material, bionic, microstructure, compressive mechanical property, enhancement mecha-

nism





