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Research Progress on Bioprocessing-Inspired Fabrication Technology of Materials

WANG Rongjie'?, XIE Jingjing"?, PING Hang'?, ZOU Zhaoyong', WANG Kun'?, LEI Liwen'? FU Zhengyi'?
(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University of Technology,
Wuhan 430070, China; 2. Hubei Longzhong Laboratory, Xiangyang 441000, Hubei, China)

Abstract: Bioprocessing-inspired fabrication technology of materials is inspired by a subtle structure formation process of natural
materials, which is a developing technology for materials synthesis and preparation. This review introduced recent development on
the bioprocessing-inspired fabrication technology of materials around the bio-processing and the relationship between bio-processing
and bio-structure. The existing related research work was represented from the aspects of bio mineralization-inspired synthesis and
preparation, photosynthesis-inspired synthesis, and synthesis and preparation of a combination of photosynthesis and bio
mineralization. In addition, the research objectives of bioprocessing-inspired fabrication technology of materials were also
summarized, and the development trend was prospected as well.
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Fig. 1 Layered structure of the nacreous layer of imitation shell and the composite structure of nanorod array/stack of imitation

enamel?™!
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Fig. 2 Bioprocessing—inspired fabrication technology of materials learns bio-processing, or relationship between bio-processing and

bio-structure
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(a) Optical microscope pictures of tendons at

different mineralization times
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(b) Compression stress curves of tendons immersed in different

solutions illustrated by scanning pictures of mineralized tendons
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Fig.3 Tendon mineralization force
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(a) AFM morphology of single mineralized collagen fiber

(d) Piezoelectric microscope

test diagram

(b) Amplitude

(e) Amplitude piezoelectric butterfly curve
(bottom) and phase hysteresis loop (top)

(c) Phase images of a single mineralized collagen fiber

(f) Amplitude voltage curves of mineralized
collagen fibers, primitive collagen fibers and

pure strontium carbonate crystals

(g) Scanning electron microscope image of flexible bending of single mineralized collagen fiber (scale bar, 10 um)
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Fig. 4 Piezoelectric response and flexibility of strontium carbonate mineralized collagen fibers

1.2  ETXAEYT MR ERSIZRNIEHAR

H AR T AR D — A AN AT MRS R

] CATE D PR A K ANE BRR B, FAE
%ﬂm BTE R Z A E L #S T IE M BN B AN R
. SRR BR. ZRABERIE T
TS % Xie SN 5 P 35 2R I IE AR A N AR
W&, ST AR ERILE WM ES R Tio, Yl
WA IR G . T HE—B R T AEMiERE &
FITEHLAT R RS N — I TENLAR [ 2 S AR T,
Chi 25U VR 35 ARk 5 05 T A R T AR 8 50 2345 (1
9K SnOyEMATEBIGE SR, LW EA =
WEM BN, WK S . A, Ff§ SnOy/
A S50 S A M EHME AR B T FLIB IR SR A

[16]

JEBL AR S AR I AR (0.1 A/g FLIRZE FE R AER 200
IFM%%%E%l%MMh@ ZITEIESE T 1)

e A AR IR G B aT AT YA N ANE, A RT
%mﬁﬂAﬁﬁ%%%@
13 HKEF. £PRENS FERAREFNT L
pUE = 0p A

1.3.1 WL TR AT e R KR LR BT 7T .
AR AR ER BT 0 T G 2 DL RE TR R EYS
HT AR IALTE R, BB T B 5 BRIRAR
BT AR AR R IRIR S S Sl R
(RTEEF  Zou ZEPORFIT T B MR AR BS % I i
BRIR S 45 W IR RPN o R DRI IR 25 1 RE T &
T R L2 1410 52 T B BR 15 T AR ) 8 5 R IR AR 5



5551 G5 2 W) ERA S MR R B & BRI Tt - 307 -

ITCE TEAH, HBRRAR S 7 REMMBIER B A VR ARATT KRR AP AR S 45 R LEE A 7 SO A A OB R 5
AT AR AR, IR KT TERRIRES (R AL Bt BRI PR A R I v L B R 8 R 40 K e 2
HRE. HeAh, BHRIRE TRbfedt e R E M M, MAEES A KEIARILE, Wil 6 fis.

(a) Schematic diagram of formation process of tin oxide/graphene oxide complex in vivo

(b) High resolution transmission electron microscope (c) Cyclic performance characterization of lithium battery
images of composite structures
Bl ok s S0 RS A BRI A AR s R A )

Fig. 5 Room temperature synthesis of tin oxide/graphene composite guided by living clam!'”!

Scanning electron microscopy of (a) ACC and (b-c) Calcite; (d-f) TEM image and (g) electron diffraction image of calcite ultrathin section.

Bl 6 T FEBRIR S (ACC) YN K ATURLLE AR B9 71 F T d i S0 2R A 11 7 2 A B e o 2O
Fig. 6 Amorphous calcium carbonate (ACC) nanoparticles are transformed into single crystals of calcite by particle aggregation
under the action of phosphate ions??”
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Fig. 7 Schematic diagram of orderly structure formation induced by mechanical force
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(a) SEM and (b) TEM images of calcite obtained under the condition of low interfacial water. (c) scanning electron microscopy and (d) transmission electron
microscopy of vaterite obtained under the condition of high interfacial water. (¢) Section topography of vaterite and (f) changes of bending strength and relative

density with pressure under different pressures.
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Fig. 8 Crystallization of amorphous calcium carbonate under the condition of different contents of interfacial water during heating

and densification under pressure!*!
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Fig. 9 Morphology of calcium phosphate crystal with multistage structure induced by silk fibroin membrane
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Section transmission diagram of bacteria silicification at 37 ‘C for different times (a) 0 h, (b) 16 h, (c) 32 h, (d) 48 h (the illustration corresponds to the

cross-section of silicified bacteria), (e) Schematic diagram of biological silicification process of genetically modified bacteria.
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Fig. 10 Formation process of rod-shaped silica induced by genetically modified bacteria
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(a) Formation process
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(b) Mechanical properties
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Fig. 11 Bacteriophage/silica composite film
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Fig. 12 Schematic diagram of synthesizing enamel inspired multilayer organic inorganic columnar films by depositing polymer

matrix layer by layer on TiO, nanorod array®"!
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(a) Cross section scanning diagram of 1-3 layers of nano array composites(b) Comparison of the mechanical properties of the synthesized synthesized under the

control of Mg*"nanocomposites with other excellent bionic materials, natural enamel and other minerals
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Fig. 13 Mineralized synthesis and performance characterization of fluorapatite nanorod arrays
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(a) Cross section scanning of 1-3 layers (CS/CaCO3), nanocomposites

(b) Optical photos of samples in

air (above) and underwater (below)

(c) Viscoelastic properties of (CS/CaCOs);

nanocomposites: loss modulus frequency scatter plot
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Fig. 14 Synthesis and performance characterization of multilayer CaCO;/chitosan nanocomposites
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(a) Detection of human motion, (b) preparation description of 3D printed bionic Ca PAA-SA CNTs hydrogel and bionic skin strain sensor, (c) schematic diagram
of Ca PAA-SA CNTs hydrogel, (d) 3D printing of Ca PAA-SA CNT hydrogel into several patterns: WUT, grid, honeycomb and ripple, (e) stretching of Ca
PAA-SA CNTs hydrogel into strips.

115 Ca-PAA-SA-CNTs 7KHBEE A2 1 25 1 ] 46 7 P

Fig. 15 Schematic diagram of preparation of Ca PAA SA CNTs hydrogel strain sensor™>"

(a)Synthesis diagram; (b) Ca PAA-ACP mineral hydrogels are made into various 2D and 3D shapes and printed into WUT and grid patterns.
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Fig. 16 Synthesis diagram and 3D printed sample of Ca-PAA-ACP mineral hydrogel inspired by oyster®®”!
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(a) Schematic of the role of CO;”ions as hole vehicles to enhance the

photocatalytic hydrogen evolution of K4NbO;7nanosheets

(b) Nanosheet morphology of K4NbeO,7 after cyclic hydrogen production
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Fig. 17 CO,” ions enhance the photocatalytic hydrogen
evolution of K,NbgO;,*%
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Fig. 18 Ternary 18 Facet SrTiOs/Au@CdS establishment of artificial photosynthetic system and photocatalytic hydrogen production
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Fig. 19 Methanol content is 8 %(volume fraction), microscopic morphology of CaCOj; obtained by light mineralization for 6 h under

different dye concentrations?*”!
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