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Abstract: Ice-templating method, also known as directional freezing or freeze-casting method, has been
widely used in the preparation of directionally controlled ceramics, polymers, metals, and carbon materials
because of its advantages of strong controllability of microstructure, wide range of raw materials, and the
ability for large-scale material production. Therefore, it is of great significance to explore the impact
mechanisms of ice-templating method on controlling functional nanomaterials for composite material
assembly, and the interaction relationship of ice-templating method with other materials’ processing
methodologies for material properties improvement and new material development. Herein, the fundamental
principles, synthesis strategies and pore regulation of multi-scale complex bionic structural materials
prepared by ice-templating method were described. The measures for pore structure control of ice-
templating method, especially the nucleation and growth of ice crystals, were also summarized, followed by
discussions on the assisted pore geometry (0D, 1D, 2D, and 3D macrostructures), as well as, larger bulk
objects (microspheres, fibers, films, and monoliths) construction by ice-templating method. Finally, the
correlation between the microstructure and macro-morphology of the composites was analyzed, the
influence mechanism of different freezing processes on the pore structure was highlighted, and the future
development directions in this field was prospected.
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Fig. 2 Schematic diagram of ice-templating: Preparation of frozen suspension (a), ice solidification (b), sublimation (c) and

post-treatment (d)[5,12,16.17]

1.2 KEEKAYEVE

I FH DR A 7 1 T RE 40 K A4 B = A 2 ) Z2 L4
FaRE, e [ i v A0 HE S L ARORL . R KA A
KA S R IR R 2Z A EAE R, ABT
PAPRE SR A SO 45 48 P e (L AE LB R FFLBRE 2,
mzk . R RmAE ), HIBEfERG SR,
FEATAR] 55, % A 0 B iR B ) D A o 2 R Yl 3
BURHER (v ) U1 RV ZFLHES A 454 728 (L BGR T
FERVRES AT B AR K R .l X vk AR K 5807
WORL 7 2Z [R5 | 3 FHER 109 (51 1% T4k
JF 1) KK ver, KT (1) Pios,

b =520 0 (1)

3pr \ d
A v HIGFARHER, mm/s; n H BRI SN
BEE, Pass; r HEREAS, mm; Agy N EHIfE,

N/mm; ao AEAHF 0 FHEE, mm; d AP0k
SEEFE AT Z B R E IR, mm; o MR B
IE/%%&[I%O

WEORYE, MBHBE R FLBUR | PR |
U RS R RN AL 4 P e g PO AR A TR R R

(v) AEFACHT (v, ), VKA DSEIPR AT,
= (X = @

0. 00°® (Y L
> "‘. ® '52:

V<<V V<V

® |‘I oI l
V=2V,

TR B B A BE P AT B — Dl o 4 veve I, DK ZE
KR BURHE R, IFAE SR NIE BUZAREE . 2 v=v,
i, R BURLIE U2 AREE , — 5 He Bl AT 2
BRI , IR R RBEZ RIE RN 28, 7 A i N
AFLBR . IR VRE AR (v v, ) I, ORLICIE A
BRI 0 0T TURLRE 4 A o€ 2 L T 3a ),

wegh, 1) alEn, B s ORI (R
AR ) FRES 260 QIREE L BB | J7 i) b1 ),
AT RIS ORL A B AR BEAT W0 A A, AT AR Bk
LEAHFAIE o 25 B EORL ] B9 A AR, SR IO B
KL M Ji& ) 22 50K 0 BT AR It , - B A Ak DR DAL =
FVEEEER R, NI, 7ERRSRAET, Mg AW
RS Bl , S0 HE BR R R HE AT LUK 2118 -6 2 Ok

FHT T DKt JBUAZ R A A2 X L oK T4 R A Y
AL TE G, TR AN [ P e e (1
3b~c) ANGHAE M LB A, DL CREH . R,
UNITESE L SRR D WNE Y R Rl TR s = o
S P B [ L PR T [ R SR T v B R
SrEORIR R AR, DL, ok R AR
XoF i A A P IOULAS R R S 1R BE 4 2 4 22 AL A RE 2=
KEH,

“bﬂffO

i

V>V,




55 3 Wi X W, AF LT KRR I R SR L S5 R 1 SR S AT 9 543«
b ) c
/
Polymer tube " Heat flux
: Low-temperature
Suspension / ; I/Wann N, flow thermostat bath
| Ceramic wall ]
L — 1 PP tube
Ice lamella— 1+~ Cooled plate
Thermocouple | —Freezing direction| — Reaction mixture
l— Copper sheet

Cold N,
flow
Heating

elements

Cu cold finger

Cylindrical copper
Cooling agent

Pl 3 AN]SR AV I AR KR TR (a) B UKBEAR I BRSSO [ e 8 /KT ] (b)) B4

RAKCF ] (c) 122

Fig. 3 Growth diagram of solidification front at different interface velocities (a)**); Different setups utilized to the technical
schematic of ice-templating: High-level of control (b)**!, low-level of control (c)?*!
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Fig. 5 SEM images of longitudinal cross-sections at the
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different morphologies of porous rGO structures
fabricated by ice-templated self-assembly of rGO
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structure of a biomimetic porous fiber (b); X ray computed microtomography images showing the aligned lamellar
pores within the biomimetic fiber along its axial direction (c~d)l"!
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