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Fig. 2 Schematic diagram of the mechanism of the interaction between tannic acid hydrogels and blood cells
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Fig. 3 Schematic diagram of the action of tannic acid composite hydrogels in the process of wound healing
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Fig. 4 Schematic diagram of the role of tannic acid-DNA hydrogels in the wound healing process
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Fig. 5 Design of a bionic tannin acid-based hydrogel sealant(a)Schematic diagram of mussel foot protein with an

attached mussel adhering to the rock surface; (b)tannic acid-based sealant used as an artificial suture to connect

the surface of two mussels; (¢) AFM image of the typical nanofiber structure of the sealant,scale bar:200nm
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Fig. 6 Pore structure and pressing cycle diagram of tannic acid sponge

(a)SEM spectra of Quaternized chitosan sponge(QCS) ; (b) SEM spectra of Quaternized chitosan(QCS)and Carboxylated cellulose

nanofibers(CCNF) sponge CQTCO; (c)-(f) SEM spectra of CQTC hemostatic sponges with different contents of tannic acid

and copper ion:CQTCI1.5,CQTC3,CQTC5;CQTC10;(g)compression cycle diagram of tannic acid sponge CQTC in compression[eoj
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Fig. 8 Schematic diagram of the formation of tannic acid hemostatic coating and

illustration of the hemostatic needle in vitro evaluation
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Fig. 9 Diagram of mechanism of action of polysaccharide hemostatic particles at damaged tissues. (a) Application of

the particles on the wound surface; (b)Secondary cross-linking between particles and tissue; (¢)Particles absorb

water and expand to release TA; (d)formation of a hydrogel on the wound surface; (e) Hydrogel provides a

3D network structure for the proliferation and migration of different cells

[24]



By A BT R AL A BRI S E R

13

3 RERRE

BT RRAT Sy — i B A A R B R R A A

Yy PERE R A 22 B, AT LAAR T A4 B A 1k I | 30 B
R SEPERE R — R T A R AR PR . H

R 1 HBBFREIEMAH

BT E 228 42 T8 A S 80 3 R Lk AR SR 1 R .

Table 1 Typical hemostatic materials based on tannic acid
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Research Progress of Hemostatic
Materials based on Tannic Acid
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Abstract: Tannic acid is a class of plant polyphenols, which widely exists in natural herbs such as Chinese
gallnut and tea. It has the functions of hemostasis, anti-inflammatory, antibacterial, and antioxidant. Its
structure is rich in catechol groups and exhibits extremely high reactivity, which can not only interact with
blood cells and plasma proteins to promote vasoconstriction and blood coagulation, but also combine with
biological macromolecules, metal ions and synthetic polymers to prepare hydrogels, sponges, coatings, par-
ticles,or other forms;it can also solve many problems related to bleeding,infection, and oxidation during
wound healing,and has the potential to prepare high-performance hemostatic materials. Recently, research-
ers have reported various tannic acid hemostatic materials that are simple to prepare and have excellent
properties,attracting widespread attention from scholars at home and abroad. Therefore, this paper focuses
on the hemostatic properties of tannic acid,and summarizes the hemostatic mechanism of tannic acid and
the design ideas of related hemostatic materials;summarizes the common tannin hemostatic materials were
summarized based on material types and product characteristics; finally, discusses the possible limitations
and future development directions,to provide a reliable basis for in-depth research on tannic acid hemostat-
ic materials.
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Fig. 6 Adhesion strength-displacement curve of hydrogel
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Preparation and Properties of Polydopamine Coated Modified
Calcium Alginate/Polyacrylamide Anti-adhesive Hydrogel

XUE Beibei' , WANG Zhaoyuan® s DONG Xufeng'”

(1. School of Materials Science and Engineering,Dalian University of Technology,Dalian 116024 ,China;
2. Beijing Friendship Hospital,Capital Medical University, Beijing 100050, China)

Abstract; Film and hydrogel materials are mainly used as anti-adhesion barriers to prevent intrauterine ad-
hesions (IUA) after surgery,but the efficacy of materials currently used in clinical practice is still not sat-
isfactory due to insufficient adhesion and rapid degradation. Calcium alginate/polyacrylamide (CA/PAM)
double-network hydrogel has excellent mechanical properties and biocompatibility, which is suitable for an-
ti-adhesion materials,but the adhesion is insufficient and easy to shift. In this paper.polydopamine (PDA)
coating was used to modify the CA/PAM hydrogel,and PDA@ CA/PAM hydrogel was prepared to im-
prove its adhesion properties. The SEM images show that the PDA coating is successfully applied,and that
the hydrogel has a good three-dimensional porous network structure. The mechanical property test showed
that the hydrogel had excellent tensile and compressibility, which allowed it to enter the target location
smoothly and withstand certain pressure. The lap-shear test demonstrated that the modification of PDA
coating significantly improved the tissue adhesion properties of CA/PAM hydrogels. The swelling and deg-
radation properties indicated that the hydrogel could absorb the wound exudate and keep it on the wound
for a certain period of time. The introduction of PDA coating also improved the hydrophilicity of the hydro-
gel. Cytotoxicity tests and hemolysis experiments showed that the cell activity of hydrogel was above 80% .
and the hemolysis rate was below 5%. Moreover, PDA@CA/PAM hydrogel showed higher cell compatibil-
ity and blood compatibility than that of CA/PAM.

Keywords: Anti-adhesion; hydrogel ; polydopamine; sodium alginate; polyacrylamide
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ORI G XN A A 2 AR SRR 9 o Tis
a-Mg U} Mg, Al, WIRAAHZSH . WG fcR H
1) 150 BE AR IR 2 — R BRSO IR B i R e R
7, Meco %" K LA R MO RE R VB L 1E
JR 4 D 4 JE B 45 5 5 BT T L B A3 A RN A
JEAREIE), Gipperich 251 SIE B ik wh o o] DL &
XU 4 Ja U0 R 2ok B v % S A IR e, DR, BF
FEEHR AL O IR B T X528 Ti / Mg 2 [8] () i
HHAEER L,

AR SCHR Y — Tl Y [ il i 8 Ik op SRR O K
$: (CPLW) J7 i, WF 98 WEA43 864 48 NiTi 49y I
A a4 30 WAL U T 24 P RE  H o i
BACTRUORT U SO M 4 R AR 4 S L B B SR Sy 2
PERERYAS fk . 3 T, 38 o R AR BE R L F Y
WO A BE % (kb B D M sg . B . B Sk
B4 Tt el PR AT 4 T

2 KB

2.1 MRRIEES &

A SZES B WE43 858 4 M NiTi & 4 4
JB22, HAEHN 0.5 mm, HALER A WER 1 iR,
Hanks' ¥ ¥ (1% £k 2 W 2 40 F . 0. 185g/L CaCl, -

2H,0,0.09767g/L. MgSO,,0.4g/L. KCI,0.06g/L
KH, PO, ,0. 35g/L. NaHCO, ,8g/L NaCl,0. 04788g/L
Na, HPO, ,1g/L D-Glucose,

SR B Y ] il 34 2 bk e XU 8O 15 & A Dk 4
VR K YAG 306 28 R i 222 S R 306
TRl R, R H 4l BE 99. 99 % (SR s, T
15L/min, (MRS L BRMT 184 NiTi &4
22 Ve W (CHOS 2y HE + HNO, @ H,O=1 : 4
2 5)VEVEZ 20, F LAYE B b4 kL2 1H 04 S AR R, AR I
OB TR 5 min LA 25 B A4 ) 26 i i » Je
JERZE RS IRE SRR T TR, A 44T
& WEA43 864 4 2 10, FH i v, 40 1 & Bk &
{14 48 Ak BES I IR T L AR S T ORG T Uk L 40 1 25 Bk A1
BRI 5 L ORI YRR NITi &L MBS & %
BT 1) R iR e B pe B e 1 4k
PO K b 3 [ B AR 2 T, H ik b o B2l
He. BT ZRERME 1(b) i, B, XUR
WOLXTHfE WE43 —fill, A 9255 5k Fl CPLW k42 5
TREERE R W WEA43 864 &5 NiTi BE#f (197
MR ST BEA A S EA L Bk ok
(-0 Rk 32 WL L2 OB TR 40 W, ik vh 58
JER 0.5 mm, Bkl ok 30 Hz, [l CPLW 142
BT AW 2 fin,

K1 EEHNERKS (wt. %)
Table 1 Composition of alloy(wt. %)
ok NI TI MG Y ZR NB FE GB
NITI 56. 30 43.70
WE43 0.001 Bal. 4. 05 0.52 2. 47 0.001 1. 17
(a) Incident Laser Beam (b)
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Fig. 1

Pulsed laser

Contious laser
Diode Contious
Laser 980mm

Nd: YAG Pulsed
Laser 1064mm

icding gas

F

(a) AR ENEANSEKEETEE; (b)CPLW BETIZREHE

(a)Schematic diagram of fixture wiring configuration during laser welding; (b)Schematic diagram of CPLW welding process
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®2 WEH SNTiA&HRESH
Table 2 Welding parameters for WE43 and NiTi alloy

Pulse Pulse frequency Pulse width Defocus amount Welding speed
Sample Pc(W) Pp(W)
current(A) (Hz) (ms) (mm) (mm/s)
1 100 — 145 280
2 120 —
3 140 —
4 56
5 — 64
6 — 72
7 40 65 30 0.5
8 70
9 75
10 80
11 85
2.2 FAEF# b P L B, AR, 5 50H WL
2.303 « lecorr « (B, + B

T L 4 A Tk A R AS R RE L . R D A
LA (OM, EPSONPerfectV39) Wi 5% 43 3k (19 26 1
FVEIETE S0, PR AN R T 28X R 88T S ny 2 e,
A A BE R L X LI (EDS) 1Y 3 4 1 1
e (TEM, JEM-F200) k4> BT 453k 0 R, %
FH LT3R 4 i 23 Fr AL (EPMA L, JXA8530FPLUS)
XF 422 S WG A~ ST B R AR AT W 5 R
G3HT

i P 7 3 56 WL (DNS300) ZE 28 3 T A 1mm/
min (93 B PEAL 2 Sk PR B . FTA AR 4l 3
YR, LUBR AR T M e i PR M . B F R T
145 M EDS(SEM-EDS, ZEISSSUPARRS55) Wi £%
P AR W AL

I R Ak AR 3 2F A7 F Ak 2 B B0 1% (ETS) il
SE A AL (PDP) 3%, XF WE43 84 4  NiTi &
4 WE43 - NiTi £ 424 3k (T i Ve AT VR4 . R
FHARUE RS = H AR R G, B 5 o TAE AR (WED | 1
HIR B MW (SCE) S 2 b i, 0 1 o B Bl L 4
(CE) . 7D 2Z Hr Ky 1R 5825 o 20 400 B i LA 22
% — B R AL K R A Hanks 3P 30
A3 ARG 2 TP BR HL 7 COCP) , i 1] Tafel 42245
B R 1, . WAL R, R i, v]
i3 7 AL i Stern-Geary™ AKX PEfFHE: R, =

A .

3 HREW®R

3.1 REER

WL LU 3% S OGR4 CBE X D L B ik v B0t
KR (B 2) 1 CPLW Be 8 ok o e gt (B2 =X 3) 3104
1) WE43/NiTi #4242 3k 3 i A 1w 2 5 19 1450/
TSRS H, &l 3 AT LUF i, B R T8 R 3% 2 O G KR
B AR B WG T R0, IR e AR AR5,
B 1 2Ca)) M 2 (& 2(b)) o & BERE A4 7™ E
PeAE  ZE R PR K, S EURSEINUIA B .

W 3 LA H LR CPLW [0 8% 40 X 5
S MU AR AR X B A, RS SR AR
SR A e NiTi & 4 %, NiTi
GEERELIBRTILEARAEBHEZIE., Y
ML T5A IR SETE B B bf, OF HAR DA S AL AL
SUAFERWBREG . HEWIE BT LUE 2 48 2 L I
S 65A B M LS ELARE B R

A& 4Ca)— (D AT LR 2 R 2 i B /B
S T VR A0 TR AR5 R A T A A T 2 AR A O g —
A B T P A B BT A BE S 4 BT R
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(a) (b)

Sample P Owlears(e)rf/ii/ngle Appearance of weld Sample P OWl‘ngrf/zingle Appearance of weld
2 120 m 5 64

B2 MR THEERT: (a)EEHE; (b) B

Fig. 2 Weld morphologies under two distinct modes: (a) continue laser; (b) pulse laser

cross-section

Pulse
Sample | current Appearance of weld

/A
7 65
8 70
9 75
10 80
11 85

3 PR Bk RR AR T AN A E S 5R

Fig. 3 Surface and cross-sectional morphologies of welds under varying pulse currents

T HE— 0 5T A5 4 B X NiTi/WE43 51 ik 17
TEM-EDS 132 , LLR 51 f800 25 #9149 A8 25 B, 2 1#]
5(a)— (iR, & Mt R & &1 TEM—EDS i
iR 3 . AT LU 7R KR R S W B A A
Mg . Ti F1 Ni, 3 H i g4 3L WM iy A28 Ti JLR &
B R A M 8 (1660.0°C)H H T A4
B 5 (1107°C) L JR 4R Ti & Ak, I BB e
BRI /N T 2at. Y05 10K 7E BE HR B0 T i B /N
F 0. lat. Yo, BMEFE R A T EMTWARMRSA .

6 Ca) Hh FL 1 P 5T 2 43 A ELIE B A7 7E Mg
AT WA BB B, OF BAE NiTi & & — i 3
T Gd. Y. Zr TR E . A AL & s B ith £ n )& 6
(bh)—C(e) iR, HE 7 A IE P 82 B b
& koo A Y 3 OK L A5 A R R KRG W/, JF
& 6(b)H A-F iy TEM-EDS 45 55915 25 i Z 0], A
JR 4% B 55 T AT AY NiTi BEAF . Mg 0 8 5 5 3% 37 Ik
A, Ti F Ni TG & & B, (E5F E e, &
IHE R NiTi o Gd.Y Al Zr JTE W & & 2R 1

T I b 4 e A R R A BT RO & S
M. B Ze 1 Ti 2RI RITER,, B EFERER
BT (Zr.2.16 A R Ti.2.00 A), 7F &5 05 4 8
TLURFESMEY 8, S HEEE R AR Ti S
WA, 3k AR R Gd A Y §7 B E] NiTi i
HETHLE . AT BT R A SR A S
W AR Y/ T Mg Rl T 2Z (8] 1 5 4 2 18 2 FE DA T B2
ATWMEE.

S T BFFE K i R X CPLW 42 3k 18 i 20 20110
S, FH EPMA 43 5006 42 3k B0 647 7 58 42 i 1)
JCE 43 A RV BE 43 B 25 R ] 6 B

Pl 6 Ca) 541 9 0 5T 2 43 A BOIE W] A7 7E Mg
ATi WA B WX 8, JF BLAE NiTi & 4 — ki 3
T Gd. Y. Zr TR EE, AL o Z &l 6
(b-(e) i, HE 7] LAF P 152 R R %
ik o B I B 4G K 25 S R RS R R W JF HE
6(b) A-F Al TEM-EDS 45 5% 48 M 32 0], IS
A B 583 B M NITi B A, Mg o0 2 % 2 3% 7
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A TR Ni ST & REB WG (G5 E N2, 5
WA NiTi tf Gd.Y Fl Zr JGCE W & 5 200 1
o HEDN P R 4 TR O A R T R B R 4 A
W, B2 Ze B0 Ti 2R RICE . ENTWEFRRME
P (Zr:2.16 A A1 Ti:2.00 A, 7F 5 A5 45 6

T ET RS MEY B S BEEE A E AR TSRS
W AR K AR IE R JT R Gd MY §7ELE] NiTi rp i
(IS P TR O R R B Y U
Wi 22 8 /0 1 Mg Al T 2 [ B b PR 3 T 2K T » BT 42
AT RS

B4 AREBHBERTEEBEAOAMAEREE:(a)70A;(b)75A;(c)80A;(d)85A
Fig. 4 Scanning electron microscopy(SEM )images of weld cross-sections

at different pulse currents: (a)70A;(b)75A;(c)80A;(d)85A

50nm

WEA43

50nm

B 5 NiTi/WE43 REK TEM B &
Fig. 5 Transmission electron microscopy( TEM)images of the NiTi/WE43 interface

®3 BERMEERHS (at. %)

Table 3 Chemical composition of points(at. %)

Point Ni Ti Mg Y Zr Gd
A 58. 58 39. 58 0. 86 0.57 0. 68 —
B 51. 59 47.02 1.24 0.15 — —
C 37. 54 47. 29 14. 72 0.41 0.03 —
D 5. 52 3. 14 89.02 1.76 0.19 0.37
E 2.00 0.33 95. 26 1.79 0. 25 0. 37
F 0. 32 0.23 97. 58 1.47 0.12 0.27
3.2 72 B I B FRE, SR, 4G ko ok R T RE S S BB S

XoF AN [R) FRL T 14 B i 0 A7 A S 56 F 5% R R
WOERS T RN 12 3k 1 2 BB A 5 i L T 5 L L5 T
AR 7(b) fix. 7 CPLW o, Bifi 35 ik o
FEL A 1 RN 42 Sk 9 T R S B S e b . AR i
B NS T T LA T B e e R e

S 0 09 A2 o T T A 55 4 2 I

7R BN B AR E L 1A PR R

ML 8 Ca) HA] LU Hi o NiTi REM 19 W7 2408 X
T AL SR AR B BT 28 7 W D b A7 TR R DS L B
B I S BRI R B B A B B )
RS 7R 32 BRI BB AR T |, e A 10y S L 8 11 ) 11
ZAET L OF B LS 3 B 5 A ORE B S
R NITI SRR T35 ks e AR P R AR . 7R
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Fig. 6 (a)Elemental distribution map at the welded interface; (b-e) Line-scan profiles across the
interface under different pulse currents: (b)70A;(c)75A(d)80A; (e)85A
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Fig. 7 (a)Diffusion layer thickness under different current; (b)Tensile strength curves under different current
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Fig. 8 Tensile fracture morphologies of NiTi alloy base metals and laser welded joints:

(a)NiTi base metal; (b) WE43 base metal; (c¢)NiTi welded joint; (d) WE43
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Fig. 9 NiTi, WE43,and welded specimens in Hank’s solution: (a—c) Nyquist plots;
(d—f) Impedance modulus and phase angle plots; (g) polarization curves; (h—j)Equivalent circuit models
x4 PDPSH
Table 4 PDP parameters
Sample E (V) B, (mV « dec™ V) B. (mV + dec D) Ion(Aecm ®) R,(Q+em®
NiTi —0. 38086 0. 16906 0.19747 4. 089E-9 9. 672E6
WE43 —1.488 0. 050367 0.043343 1. 269E-5 797.12
Welding joint —1.417 0.071855 0.059608 3.5017E-4 40. 4
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Table 5 EIC fitting parameters

CPE, CPE,
R, Q' R, @' R, R L
Sample n, ny Chi-squared
(Q+cm®) cm ¢ (Q+ cm®) cm ? (Q+em?) (Q+em?) (Heem®
Sip) Sip)
NiTi 74. 68 — — — 2. 208E-6 0.8 8. 696 E6 — — —

WE43 51. 88 1. 863E-6 0.6704 313.1 2.671E-6 0. 8244 5521 900 1. 069E-5 4.602E-4

Welding joint 105. 6 1E-5 0.8 9.192 4. 106E-3 0.8 170 21.72 612.5 4.25E-4
. cations and their biocompatibility [ J]. Mater Today:

4 g Proceedings 2020 :5548-5551.
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Microstructure and Properties of Dual-beam Laser Welded
Joints of Medical NiTi Alloy and WE43 Magnesium Alloy

ZHANG Chunxu', XU Chang”, WANG Hongyang',
QI Min',ZHUANG Xijing”,DONG Xufeng'*"

(1. School of Materials Science and Engineering,Dalian University of Technology,Dalian 116024 ,China;
2. Central Hospital of Dalian University of Technology(Dalian Central Hospital) , Dalian 116033, China)

Abstract: Current mose interventional stents are made of the same metal material, which makes it difficult
to achieve controllable degradation in local areas. Their non degradable anchoring end can easily lead to vas-
cular intimal damage and long-term complications such as distal rupture(dSINE). This study implemented
coaxial dual-beam pulsed laser welding to join medical-grade NiTi alloy with WE43 magnesium alloy. A
comparative analysis was conducted on weld morphology.microstructure, tensile strength,and fracture sur-
faces between single-beam and dual-beam laser-welded joints, with additional investigation into the effects
of pulsed current parameters on interfacial characteristics. The corrosion resistance of welded joints was
subsequently evaluated. Results demonstrated that dual-beam laser welding produced joints with superior
surface integrity and mechanical performance compared to single-beam processing. The maximum tensile
strength of dual-beam welded NiTi/WE43 lap joints reached 141. 6 MPa. The bonding mechanism between
NiTi and WE43 was primarily governed by elemental interdiffusion influenced by pulsed current parame-
ters, with diffusion layer thickness initially increasing and subsequently decreasing with elevated laser pow-
er. Corrosion resistance at the joint interface was reduced relative to base materials due to interfacial defects
and preferential Mg dissolution. Fractographic analysis revealed preserved ductile fracture characteristics in
NiTi, whereas WE43 exhibited a brittle-ductile mixed fracture mode attributed to thermally induced grain
coarsening in the heat-affected zone.

Keywords: Magnesium Alloy; Titanium Alloy;laser welding;interfacial reaction;corrosion resistance
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Fig. 1 3D Printing process of intervertebral fusion devices
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Fig. 2 3D printed cross-sectional SEM images of (a) PVDF,

(b)PVDF/BTO, (¢)PVDF/PLA and(d)PVDF/PLA/BTO
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Fig. 3 Meltflow index of each component
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Fig. 4 SEM images of the surface of (a) PVDF, (b)PVDF/BTO,
(¢)PVDF/PLA and(d) PVDF/PLA/BTO
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3D Printing and Performance Characterization of
PVDF/PLA/BTO Piezoelectric Intervertebral Fusion Cages
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(1. School of Materials Science and Engineering,Dalian University of Technology,Dalian 116024 ,China;
2. Department of Orthopedics,Dalian University of Technology Affiliated Central Hospital
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Abstract ; This study aims to investigate the promotive effect of bone healing through electrical stimulation
and proposes a novel method of applying the piezoelectric polymer polyvinylidene fluoride(PVDF)in inter-
vertebral fusion devices. Utilizing 3D printing technology, personalized designs are achieved based on pa-
tient CT images. To enhance the piezoelectric properties of PVDF, barium titanate (BTO) powder at 3%
mass fraction is incorporated,along with 15% polylactic acid(PLA)to improve the thermal expansion per-
formance and flowability. The study found that as the filling rate increased from 40% to 70% ,the piezoe-
lectric signal strength decreased,but the compressive strength improved. At a 60% filling rate, the device
produced a 397 mV piezoelectric signal under a 100N load and exhibited a compressive strength of 34.55
MPa. The results indicate that a 60 % filling rate is the optimal choice,demonstrating that the optimized in-
tervertebral fusion device possesses excellent piezoelectric and mechanical properties, which provides a new
approach for personalized medicine.

Keywords: 3D printing; piezoelectric polymer; intervertebral fusion cage; polyvinylidene {luoride;
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of synthesis methods of magnetic nanoparticles
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K2 TRAMENKEFHEFAEERGEY
Table 2 Toxicity in the essential physiological system

for different types of nanoparticles
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Abstract: Magnetic nanoparticles are a new type of functional material that develops rapidly and has high
application value. Because of their high specific surface area,strong magnetic responsiveness,excellent bio-
compatibility and typical superparamagnetism,they have been widely used in the field of biomedical appli-
cations including magnetic separation, magnetic transfection, magnetic hyperthermia, magnetic targeting
drug carrier and purification. In this paper,the preparative methods and surface modification techniques of
magnetic nanoparticles were summarized,and the application and development of magnetic nanoparticles in
the field of biomedicine were discussed.
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FE ) R 2 50 B G oI AR Ak B R RORE B HE T Y Y 5 AR SC3E ) 7 R R L AR R TR I NaF Xf
Z&, OIS A v A AR AT R 45 L B 5T TS [ R AR AR &R

Bt X RO A B9 w5 BE AR TR AL, BF 2 & 1T 2 AR
[F) ffy B R IF T W5, B n . B AT A B R Ak L A
BARZA T WA R R 52 6w & G ot A7 b 2R
SIEURY 2 {1 S e R T R NN A U R VAN
REFE L ML FL A VR I AR B IR ZY 50. 3496, X1 45 3
UK/ N e R U A o A NS o
A AL B REFE AT R AR T L LS M
Xof A R T FRBR 4 I R AL BERE (9 52 T, kB R i
VRO E PO I B A SR I TR AR B A O ALk 1Y
REFESA B . A o X RO R AL 1 e 2 8
HEFTORSE S B G b 52 W e R B PR AR O o s b
VSLTE S AR AN RN S S S DO N T €
SACREFEREMRAI O 9E A — 5 19 % B H LATE A iF
SRR T REFE Y B 2000 1 X BT o A 00 0 R 1Y
FoAbEREAY 2 . BT LA X IR BE FE BT A AL TR )2 19
PERE 1 R FENERT 5 A B

T AL AL U JZ B BEFE LA S PR BE L O IR BEAE
Hes B f RO AL T 23R a2 %,

2 ZERFE

2.1 MAO BREH#H &

PR 6061 8844 (10mm X 10mm X 5mm)E N
SEH 3 AL R BE MR R ] # 400, # 800, # 1000, #
2000 AYRDARHT I , 4T B 4 0 U A B T J0 K S B
YR 10min, it J5 2% WK T4 M. MAO it
i R FE R RO B N 3 25°C 5 RN SR FH XL Ta] A
XPFRTE AR S, FHAR B U 25 B 0. 1A/ dm® , B AR HEL 3
WE 0. 14A/dm®, 45l F 4 500Hz, 1E i 5 25 ol
209 FREERT IR A 15008, 3 1 81 T AR SL 5 R H
(1) EEL fiff YR A 3R 2 B Bk I R Y A 44

R1 FREERMBRMERRE S

Table 1 Names of different samples and their electrolyte compositions

RN CER A
MF0 10g/L Na, SiO, * 9H, 0+ 2g/L NaOH
MF5 10g/L Na,SiO, + 9H,0+2¢/L NaOH+5g/L NaF
MF10 10g/L Na,SiO, + 9H,0+2g/L NaOH+10g/L NaF
MF15 10g/L Na,SiO, + 9H,0+42g/L NaOH+15g/L NaF
MF20 10g/L Na,SiO, * 9H,0+2¢/L NaOH+20g/L NaF

2.2 REBRENE

K FH I W =AY (BCT-150B, BOTAI, China)
2 I A B2 1 JEE B Ry % B 25 2R 1Y
B DI 2 3 R e B AL 3 10 AN AN [R] 14 43
it B T 8 d R AE S SR/ o R R RN O 1
T, e A5 00 7 AR R iz o 4 Ak 2 00 2 R (A

2.3 BEERSUMHE

TR E a4 A F S FHBC 4% BB % I (EDS) 1
A B R g & B A R T B B (SEM, JSM-
1T800,Japan) KRBl MAO 4 JZ i T 45 A4 % AT
FEE AR EEN R Y, #0m e 5 koo R4
I, PR R S 5 A R S AE . R OB R B

8% (OLS4000, Olympus,Japan) M2 4 )2 RS B,
i ] X B AT 5L (XRD, Bruker D8 ADVANCE,
Germany) % & MAO RJZ P HH. K Cu Kal §f
25 (X = 1.54056A), i ¥ i JE K 40kV, K K
0.02°, $13 4°/min, W 50 [l 2 10°~80°, 45 Rk H
Jade FAFHEAT 20 H .
2.4 EREMeENRK

g b P B 5t o FH £k 2 T 3 (Multi Auto-
lab/ M204 ,Metrohm, Switzerland) & 5 2Z Bt &1 =
HUM T AR & . Horb, SR FH R M 3R Y 6 R A
(CE),Z [b HL i) (SCE) Sy 18 A1 H 5K H B T4 HL i)

(WE)H 1 em® WIEERES ., 76 3.5 wt % Ay NaCl
WP AT AR A I AR 2 BE BT (ETS) B
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RILE M 10° Hz 8 102 Hz IR I8 K 10mV. FFik
BUHy EIS #0438 i3 ZSimpWin B4 58 il & . 3h
HL ALK Ak (PDP) il 2k 76 A7 X 7 38 4% JF B% i o7 —
0.5V 2 0.5V M F NI, IR 1mV /s,

% P R B 3 (HVS-1000A , HUAYIN, Chi-
na) X FE A B B HE A7 009, 2 S 0. 98N, £ 5 2k
if B TR) S 15, X T4 — ANl ke, $ Bk ik 5 AT
P4 A R A7 00 i 26 SR S A 1 OF 3
. F A 8 i EE 2 B 3 9k 56 Al (Bruker CETR
UMT-2,Germany) ll i 9K AL IR 2 A Z IR T 1)
i B P . EERR I R Siy N, R KBk (A2 5mm) , 2L
far R 10N, 45 % Ry 5Hz, B B K A 6mm, B [6] Ky
15min, X595 5 A FH OG5 48 W 1 BE I s B
ity g8

3 HREoMH

3.1 B - [R] i L B 4%
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Fe I 1 AR AN B o 1 S BH AR R s T R 3
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f) NaF ¥R IE A G DAFE B9 BIF 5% 26 I AL 3R 1
Sy S8R R A B L 1T LA B T R A R LS RS N B
A5 3 JRE 1 RS2 3 AT i 2 L BT L i RO AR RS
AT R RS MAO J] 1K A6 e 728 30 8 R A R IR )2
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Fig. 1

The voltage-time response curves during MAO in electrolytes with different NaF concentration
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NaF (Al 753 5 A A 1R 22 7 8 D MAO
Ao R PR LR T B X R R A A OIS A e T AR
THARRE R PR m I NaF 3502 35
JREJ2 BURE R B . 0 TR O 20/ L HY HL AR AR
Z5 o AR PE A F S R L Y 8 A 5 G Al e A ORI R

FH AR SR & T IR 0 B AR (H A B ) 5 09 FF i 3R 1H
JE i R 2 TR . R A AR AT AL, R AR S
TR T R I S B E s, BT
MF20 il 32 18 T 5t 55 25, T DAAS SO F 5 Lk 47
IEE 20 E

0.25cm

2 EREAARERE NaF BB % & & & KR E RN
(a) MFO; (b) MF5; (¢)MF10; (d) MF15; () MF20

Fig. 2 Appearance of coatings prepared in electrolytes with different NaF concentrations

(a)MFO0; (b) MF5; (¢) MF10; (d) MF15; () MF20

3.2 REWREHH

[l 3 IA[E NaF s T MAO RHES .
MFO A i 2 T Fh 795 Ffr 280 %) T2 55480 o, 40 i) A T4 F
ARG CPEL 21 4 85 Sk o s 6 B FTAR 25 1 IR 25 44
MW A RER KA INFE T AERKMRIZN
FRAE T 78 5 5 1 F OICB0R A5 1 R 72 4 1Y MAO IR
2 LS B YRR IE A . MFS il MF10 K 5 %
[ A R /R AR G T R A AR
FOREE A A B TR N NaF J5 0 FE & 5 R
B AR KAEAIRZS o 22 IR 3K AE R L 238 T 3R )2

BTN SR S P A U Sl VBN 1 B (B (N |
R EE NaF J5 . MF15 £ 5 3R 30 78 2 1 K AL
B, 51540 MAO i 82 = A 1 kol DB S, [E
T REMF A, JURR )20 R IE $H 5,
REME B .36 M A NaF B2 MAO i Ak 1
JBCHR A L VR 2 2 T A L BR R BR AR, T B AL AR AR,
FLBR ARG FEAR T RE S T VRN NaF J5 A9 FE 5 72 44>
MAO 3 2 H A 25 504K A4 R P, BT 3 S80F 3L ) o
SEJCHRL L T AR R A il PR 3 TE RN, R B R I NaF
AT LA b o R R A B O AR S, — S SR AL 7R
KA R P AL T A b TS T R AR FLBR

3 WMAREKE NaF HRENRERR
() ()MF0; (b) (DMF5; (¢) () MF10; (d) (h) MF15

Fig. 3 Surface morphologies of coatings prepared with different NaF addition

(a) (e) MFO; (b) (DMF5; (¢) () MF10; (d) (h) MF15
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Fig. 4 Cross-section morphology and elemental composition of the coatings prepared with different NaF addition

(a) MFO0; (b) ME5; (¢) MF10; (d) MF15
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B HR T A RO (A L AR S T I AR R O
5ha RS MR (em®) 5d N )Z
JEEE Cpm) 5o BN R (KW« h/ (m? ENO
FEP LR Z W REFES] T £ 2. WERP AT LA 1,
Bl NaF 2 & (03800, 1 2 09 5007 BEFE B AKX, o
MF10 #¢ 5 B9 fEFE 58 MFO FE 5L IR MR T 240 52. 2%,
IR RIAREAE T My R — 5 1 2 i F NaF iR
S o TR AR B R A K s 55— 7 T NaF B9
TNFEAR T FE S AR I R (/&1 1 B /R) L B % NaF &
SR BE L RE ORI G R S R L
AN A AL o B2 1Y REAE AR, (75 SR L BERE M T %
%2 EHAAERERE NaF WBEREH S
REMEES B
Table 2 Thickness and energy consumption per unit area of

MAO coatings with different NaF addition

s pm)),

Fewb A FE RIBEHE (pm) AR HERE (KW » h/(m® « pm))
MFo0 25 1.57
MF5 34 1. 01
MF10 37 0.75
MF15 42 0.52
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Fig. 5 Phase composition of coatings with different concentrations of NaF addition
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Fig. 6 Polarization curves of different coatings

&3 TERE NaF RIT MAO R EH B H LS SH
Table 3 Fitting parameters of polarization curves for MAO coatings with different NaF contents
Samples E .. (V/SCE) i e (A/cm®) B, (mV « dec™ ) B, (mV + dec™ ) R, Q- em?®)
MFo0 —0.559 8.55x10 ° 133. 37 478. 27 6.28X10°
MF5 —0.580 4.68%10" " 98. 47 317. 86 1.31X10°
MF10 —0.568 2.50x10 8 122. 42 373.15 4. 68%10°
MF15 —0.571 6.81x10 " 106. 74 387.61 7.77X10°

HE—E ) EIS MR 25 UL R 7, Hh &4t
BB 25 3R (7 Cadd 8 % 1 8 b i 2 o 9 2 B 9
¥k, 5 MFO BE S AR G, In A NaF J& i3 2 1 FH.

PUIR ELAR I, 32 WIUR 2 (Y i o AR 1 L g s
R MEF10 89 BT I fe K, A28 B 4 19 T (ol 1
RE. P 7 (b B3t 3 B A AT vh 0 i 43T BHL B0 B 4 (] Z
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Fig. 7  EIS results of different coatings

(a) Nyquist plot; (b) (¢c)Bode plots; (d) Equivalent fitting circuit
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Table 4 Fitting parameters of EIS for different MAO samples
CPE, CPE,
Samples R, (Q+ cm®) R, (Q+ cm®) R,(Q+cm®) R, (Q+cm®
Q, n Q, n
MF0 84.2 3.34x10 ' 0.768 2.69X10" 8.16x10 ' 0.812 1. 65%10° 1. 68X10°
MF5 83. 1 2.51x10° " 0.715 4. 25X 10" 6.46x10 7 0. 842 2.74%10° 2.78X%10°
MF10 87.9 1.91x10 ’ 0. 845 5.11x10" 4.22x10° " 0. 799 3.08x10° 3.13X%10°
MF15 81.6 3.11x10° 7 0. 875 3.13x10" 7.73X10°7 0. 833 2.31x10° 2.34X10°
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Fig. 8 Friction test results of different micro-arc oxidation coatings

(a)Friction coefficient curves; (b) Hardness,average friction coefficient,and roughness statistics
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Effect of NaF Additive on Energy Consumption and Coating
Properties in Micro-arc Oxidation of Aluminum Alloy

WANG Xinyang, LU Shibin, WANG Weiqiang "

(School of Materials Science and Engineering, Dalian University of Technology,Dalian 116024 ,China)

Abstract;In the process of achieving the goal of automotive lightweighting,aluminum alloy has become an
indispensable key material with its excellent characteristics, but their insufficient surface properties often
require enhancement through technology modification. Micro-arc oxidation(MAQO) ,as an effective surface
treatment technique, can in situ grow high-performance ceramic coatings on aluminum alloy
surfaces. However,the high energy consumption limits its industrial application. In this paper, by regula-
ting the NaF concentration in the electrolyte, the effects on the MAQO discharge characteristics, coating
structure and performance, and MAQO energy consumption were systematically investigated. The results
showed that the addition of NaF significantly reduced the breakdown voltage,and the unit energy consump-
tion decreased with the increase of NaF concentration,in which the unit energy consumption of the 10g/L
NaF system(MF10)was reduced by about 52. 2% compared with that of the unadded system (MF0). The
coating morphology showed that the moderate amount of NaF could reduce the coating pores and enhance
the densification, while the excessive amount of NaF led to large pores and surface ablation. XRD analysis
showed that NaF promoted the generation of a-Al, O, ,mullite,and AlF; phases. Coating performance tests
showed that the corrosion current density of the MF10 samples was as low as 2. 50X10 * A « em ™ ” and the
minimum abrasion depth was obtained in friction tests. This study provides a theoretical basis and technical
reference for the development of a low-energy and high-performance MAQO process for aluminum alloys.
Keywords: Micro-arc oxidation; Aluminum alloy;energy consumption;corrosion resistance; wear resistance
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Fig. 3 Variation of axial storage modulus,loss modulus and loss factor of MRE

with strain amplitude under different magnetic field strength
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Comparative Study on Axial Magnetorheological Effect
and Shear Magnetorheological Effect of
Magnetorheological Elastomer
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Abstract: The magnetorheological effect of magnetorheological elastomer (MRE) suggests that the vis-
coelasticity of MRE can be reversibly regulated by magnetic fields in real time. Presently, MRE intelligent
variable stiffness isolation device mainly employs the magnetorheological effect of materials in the shear di-
rection,in which case the research on MRE magnetorheological effect is largely focused on the shear direc-
tion. However,in the vertical isolation,such study mainly deals with the axial magnetorheological effect of
MRE. Our paper, which studies the magnetorheological effect of MRE under axial load through experi-
ments,tries to draw a comparative analysis between the magnetorheological effect with that under shear
load. Based on the electronic universal testing machine and excitation device, the axial magnetorheological
effect test system was designed,and the shear magnetorheological effect was studied by rotating rheome-
ter. Under the two operating modes, the magnetic field intensity was adjusted between 0~ 184kA/m,
whereas the strain amplitude range varied from 5% to 15%. The tension-compressive hysteretic curves
and shear hysteretic curves of MRE under different magnetic fields were obtained,and the viscoelastic me-
chanical parameters under different working conditions were calculated. The test results show that MRE
has good characteristics of magnetostrictive variable modulus and variable damping under axial load. Com-
pared with shear mode, the storage modulus and loss modulus under tension-compressive mode are im-
proved, while the damping loss factor is relatively smaller.

Keywords: Magnetorheological elastomer;axial magnetorheological effect;shear magnetorheological effect
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Abstract : Magnetorheological fluid (MRF) is a rapidly developing emerging intelligent material with excel-
lent properties,featuring fast response time,reversible rheological properties,controllable mechanical prop-
erties and a wide range of operating temperature. It is widely used in engineering fields such as shock ab-
sorbers,clutches,sensors and dampers. In this paper,hollow structured Fe,; O, magnetic nanospheres were
synthesized by using a facile one-step hydrothermal method,and then their comprehensive properties such
as morphology,structure and magnetic properties were thoroughly characterized by using analytical tech-
niques such as scanning electron microscope,transmission electron microscope, X-ray diffraction and super-
conducting quantum magnetic interferometry,and then,a homogeneous magnetorheological fluid was pre-
pared by using the prepared hollow Fe, O, magnetic nanospheres as the dispersed phase, and finally the
rheological properties and sedimentary stability of magnetorheological fluid were tested by rotational rhe-
ometer and direct observation method respectively.
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Fig. 1 A two-dimensional geometric model for MRF flow simulation in MRF dampers
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Fig. 2 Finite element mesh division of simulation area
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Fig. 3 Magnetic flux density and magnetic induction line distribution in MRF dampers
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Multi-Physical Field Simulation of Magnetorheological
Fluid Flow State in Valve Magnetorheological Damper
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2. Naval Submarine Academy,Qingdao 266199, China;3. School of Civil Engineering, Dalian University of
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Abstract : Magnetorheological fluid(MRF)is a kind of magnetic field responsive intelligent fluid, which is
widely concerned in the field of damping and vibration reduction. The flow state of MRF plays a key role in
vibration control in dampers. In this work,the flow behavior of magnetorheological fluid(MRF)in a valve
damper is studied through multi-physical field simulations. The objective is to comprehensively compre-
hend the influence of the magnetic field on the velocity distribution and pressure drop of the MRF within
the damper channel. The magnetic field is generated by creating an electrified coil, and the magnetic flux
density is subsequently changed by adjusting the current. The magnetic field calculation shows that the
magnetic field is almost perpendicular to the MRF flow direction at the narrowest part of the damper chan-
nel. Next,based on the coupling calculation of multiple physical fields between fluid flow,electric field,and
magnetic field,the flow velocity and pressure characteristics of MRF in the flow channel were calculated
and analyzed. The results indicate that at the slit where the MRF flow direction is perpendicular to the
magnetic field direction,the volume force acting on the MRF reduces its flow velocity,resulting in a signifi-
cant pressure difference between the left and right sides of the flow channel. Additionally,the flow rate of
MREF exhibits a decrease as the magnetic field strength increases. When the magnetic field strength increa-
ses from 0. 5T to 1. 5T, the flow rate of MRF fluid at the narrowest part of the flow channel decreases by
about 0. 18m/s.
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Fig. 1 Schematic diagram of CNT fiber sample in the electromechanical response test(a)and the

load jump under the square-wave power input in the load-time curve(b)
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Fig. 2 Scanning electron microscope images of pristine carbon nanotube(CNT)fiber(a) ,hydrogen peroxide oxidated

CNT fiber(b)and iodine decorated CNT fiber(c). Energy-dispersive spectroscopy mapping

images of carbon elements(d)and iodine elements(e)for iodine decorated CNT fiber
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Influence of the Chemical Modification of Carbon Nanotube
Fibers on Electrical properties and Electromechanical Response

ZHU Sufeng,ZHAO Zenghui, YUE Yinping, DONG Xufeng  ,QI Min

(School of Materials Science and Engineering,Dalian University of Technology,Dalian 116024 ,China)

Abstract: The electromechanical response(EMR) of carbon nanotube(CNT) fibers is related to the densifica-
tion process of the CNT network driven by electromagnetic force. The study of the interaction between the
electrical properties and the electromechanical response of carbon nanotubes is of great theoretical signifi-
cance for exploring the microstructure of carbon nanotube fibers and developing the related flexible elec-
tronic devices. This study investigated the relationship between the conductive pathway network and EMR,
by analyzing the internal structural characteristics of the CNT fibers after undergoing hydrogen peroxide
oxidation and iodine modification. The results show that impurities such as amorphous carbon impeded e-
lectron transport and deformation of CNT networks. After hydrogen peroxide oxidation treatment,he car-
bon nanotube surface impurities inside the fibres were reduced, the van der Waals forces between carbon
nanotubes were increased,the deformation of the carbon nanotube network was enhanced,and the negative
effect of the decrease in the elastic modulus of the fibres caused by the increase in temperature was weak-
ened. In the case of iodine-decorated CNT fibers, carbon-iodine bonds effectively strengthened the interac-
tion between CNTs,but hinders the contraction of the carbon nanotube network,resulting in a weaker elec-
tromechanical response. Hydrogen peroxide oxidation treatment is more beneficial than iodine modification
to improve the shrinkage and deformation ability of carbon nanotube fibres in the electromechanical re-
sponse.

Keywords: Carbon nanotube fiber;electromechanical response; conductive pathways; microstructure evolu-
tion;chemical modification
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Fig. 1 (a)Optical microscope image of fabric pH sensor and its related functional materials; (b)Scanning electron

microscope image of gold substrate and its magnification(e) ; (¢)Scanning electron microscope image of silver/

silver chloride and its magnification(f) ; (d)Scanning electron microscope image of polyaniline and its magnification(g)
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Fig. 2 Scanning electron micrographs of polyaniline deposited for different times

(a)7min; (b)9min; (¢) 11min; (d) 13min; (e) 15min;and(f) 17min
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Controllable Preparation of Fabric-Based Polyaniline and
Its Application in pH Sensors
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Abstract: Wearable electrochemical sensors enable non-invasive and continuous physiological monitoring for
daily health management and early diagnosis of chronic diseases. Fabric-based wearable sensors have attrac-
ted great interest due to their excellent flexibility,breathability,and seamless fit to the skin. However,con-
trollable preparation of sensing active materials on fibers on fabrics is challenging. In this study, polyaniline
sensing materials were prepared controllably on the surface of fabric fibers by combining in-fabric photoli-
thography and controlled electrodeposition techniques. This method was able to ensure the high-perform-
ance pH sensing of polyaniline while maintaining the pore structure of the fabric. The experimental results
show that the sensitivity of the polyaniline pH sensor deposited for 15min is 57. 87mV/pH ., which is closest
to the theoretical limit of sensitivity. In addition,the prepared pH sensors exhibited excellent stability,in-
cluding reproducibility,anti-interference and long-time stability. The method provides a new perspective for
the preparation of high-performance fabric-based wearable sensors,and the prepared polyaniline pH sensors
have important application prospects in skin health monitoring and wearable biomedical applications.
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NH, #Ab3E Z1F-8 & 000 i i S8 R AL H B R
PR, U, N, FORS

CRIEBET RS MORIRL 25 TR 2B . KiE 116024)

T8 ZE OO v A AR AR TR R T R A RS R T 20O A A DR R T B TR H Tt Y R R AR SCR
I NH, $ b2 ZIF-8 il % 1T —Fh 0 2 fL 1 N B 22 b4k, JF X HAOW 45 48 K WAk 47 o it A
FAEHT . AR LI AEZ o T2 0] LLEE ZIF-8 H 5] AHFL (2~ 50nm) 8 KL (>50nm) , JE 1§,
I3 9% 22 LA T 4 2 B A pH AT LA R0 T ZIF-8 BYfLAR . T NH, #A4b 2R DUA R0
T b Rk v £ LT S5 48 3G R R A AL (<< 2nm) 5 e LA Bl S KRR L R AR . JF H NH,
A LAE S NOJRAER BB A — 8 RO i N [R] I AT U 5 5 A4 g e e NS kg N ) 5 AR E
A7 58 N B ALl #E ] NH, #Roab A IR 5 7T LU B bR FL B 45 4 B2 N 48 A& & i 17 & B4R
il . A SCHI A N-C@2. 5pH-1000 HLAEALPERE DL 53 BA RS H P/ C AL AR I 19 40 Ak 38 5t
I (oxygen reduction reaction, ORR) i 4 F1EE MNAE B B9 0E A e PR . A SCHE 0% & 0 o oy ol 2%

1 2880 T 1 A P e e A R AL T A R e

S G 0 N 5 ZIF -85 NL 5 5y LA + N 12 A ib B
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S AN AU 0 BB 0, A . NH, ik B ZIE-8 i 45 A0k F i S0 T A AL R R IS L .

b AR R E R, 2023,2(2) 1 24-34.

0 5

B & B AR B 2D R F S A R — Tl T R R R
SR &, 28 TR Z A eE, Hil.
Pt/C AL T 48 5k i Ml Rk A Tt i £k 1 3 5 5 T 40
FA R BN A — R B AR A9 ORR L fEfL 5] . (H
T I | 2 7 AR DA AN R R M il
e RN Lz 8 7T — e R E MR . T
AR, R TR e X S Bk L BIF 5T AT AE 7E %
A B — B 437 1 2 L r i Ak, DB R 1
Pt/C fEfL 7

IAEK, 4 B A Pl A 22 (metal-organic frame-
work s MOF) /v L Bt 3% fi K& v A 450 1% 8 24 i
WIAE L5l T AN MR KKE, ZIF-8 J§ T

if]]3

MOF Hi) — A~ F 2, B & — Bl il 2-FF 2k ko m (2-
methylimidazole, 2-MIM) I Zn"" B {57 s £ 4 1M1 i
RO R AW s am i . ik
A7 A PR LA B v 1 L 2 T R RN AR A 1Y) 4 R T
347 N FH T R AR S, SR T ZTF-8 11 AT AR e A R
R AE ORR 38 30 H 5K 09 1k 7% M 3 2 Ry
X SRR A RE A AE R G B Y FLAE 45 H N ORR 4%
BRI B 3% PEEY . BFgE R WL ZIE-8 14 AT A B bR
B A R I ARAL 3 L AN ) T IV B i
Hh SR I A T RN R R T DL R 4 58 ORR |
PEALPERE AR FRAR S . O T i e axX — ) L B 5 AT
BT AR 5% T, W98 & BT o0 ) 1 L 3E 45 R K K
AR R A RE X A T 3% BE T, £ iF L ORR i
A3 M G R 7 AR v B R A ST K 4 A I A e
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OORHE R ORR M AL 205, i b AL AR LA B+
KT F 0 £ 56 (8 52 7 4 mT LA 3] 38 48 A i 10 2 19 1
P ST LA 22 B BR TR RR A ORE A FL
SERA AR BT R TP R AT 2% B 1 45 4 A0 AR I
P78 B TE fb 2 42 55 ORR 6 M0 A 2 F B,
FEAR 22 2% IR T 15 24 I 9 v 76 B 6 5 b 14T N T
RMB RPN ERARN NEFHSIALTEC
JE - 1 JE 15 | 7 i g 5 S5 07 5 AT A8 5 B0 58 Mk 45
4 5 41 Sk 4 —F 22 1) 6 AR 5L 7 P 0 T 344 S e A Rk o)
ORR FY B B 3% PSS ol Zheng 2657 B 5%
T N.S.P =Rl A [F] HE 4 J& 15 24 6 i 4 750 b kL fE
B2, &5 3 & B N JRF (70pm) A1 C JiLF (77pm)
A JE T2 AR O BT L BT L N 7l AR 28 5 4B
A E B 46 p, B R E 1 N-C R, i PR T
(110pm) WA #F HRMIEFLE. S PB AR C
ST A5 Bk 25 48 5 B L ih S SO ORE Y B e T 22 4R ()
B, 534 NG 0D H R T C(2.55), % N #
BB AL o sk B AR R B A S IR C
f R rpobE L B R A R T RS SR ORR TG P (9 45 H o
D (CT), T S(2.58) 5 C(2.55) Ay HL fa P4 hy 4%
LS B ARNRE R BN C e, Hik S B4
VAl A4 ek 5 2% B HE AU 01 i A 0

T ZE B b ORE H E 1T 53 G AL 0 Tl 25 A R B s
il Ao R B H A S AR Y A RN AR 1Y S Ak B A
TR G A ARV, HE A P — T A
HF X AR 5554 % B DL 248 3] — Fp oy (8
FETC TS Y 1 43 AL ) 2% 5 1k ok T AL AT 1l 45 T
2B AR R B kR A H A, 1N B9 3B
e PR A8 IR R — T RS N A8 A& L
T AvE B4 ) J il A R R RIS S Po/C
R T 22 B 45 KL r AL Al 7 B — o 7 P 5 80 B
TR il A th— P B R TE MR N BB 2B AR

BEXT LA 1), A SCHE T — FieRE Ak 2 20 il ik
5 NH, G AL BEAE S5 5 0 7 L il as th T —Fh4s
e F N A EA &SR % 2 L ORR HE1L5 .
TAE T AL AT SR 254, IR BF 98 T oA fb kA

1 SEBEE

L1 RH 5

ZMR%BE(C,H,0,Zn » 2H,0,98%), g T I ifF

e MR AL B H A B2 A 2- 1 SRRk (C HG N,
98%0) W T LBl Hr T A AL BB A B H s
PP ANER (Cyy Hos N, Na, O, S, 43 Fral) g F 1 4
SEMRA AR A B2 w5 BB (CH, OHL, 43 8 21
W RKRETE FRHAL TAHRNA; &
(CH,CH, OH, 73t &) , 14 T K He i B 2% MKk 27 1
AT B2 A s #h W CHCL, 43 87 46D W F K Jt i B 3%
KAk 2 3R A R B SRR (NaOH.L 43 B 4D
W F R HE T AR XK KA 2R R T AR R
(KOH, 4 bl , 1 1 [ 25 42 A b 24 38500 47 BR A &
Nafion(5 %) , g F £ 2A 7] s Pt/C(40% PO, I F
Johnson Matthey 24 ] .,

K H A F JEOL 2 ml#f3 & e 7 8
5 (JSM-7610FPlus, T4 HL R A 5kV) W08 I 4 &b
FETHIE SRR 5 R HIAT 22 A 98 B2 w) X5 ZeAis SR
(Empyrean 85 ,Cu K, #2078, 40kV,40mA) FE
B ARG SR 22 E R KA R X 4ot i
fiEi% (Thermo Scientific K-Alpha) 43 ¥ ¥f i 3¢ 1 1k
220 A5 R 56 1 R B AN 2% A W) 4 A 2l L 3R i AR
FLEE A A f (Quantachrome Autosorb 1Q) 23 kL i
(0 b 3R T AR S LA 0 A1 s R HAS Horiba 23 ) &5 53
L& 6 3% (LabRAM HR Evolution) 43 #7 ¥ /i
A SRR R R A i SR A I 0 A BR A B AL Ak 2
ST A CCHT 76 0E) M R4 il ) H Ak 27 1k g 5 SR T 56
[l Pine 7\ R e % 20 & i b ke B R G0 6T FE 09 P fig
PEAT VR .

1.2 PR &

ZIF-8 AR HE Civan Avei™ 48 H 4 v 73 78 K
G R . BE R RS DY 4l £R (xylenol or-
ange, XO) 1 B ¥ W& AF S 20 1l v Ak # Z1F-8, i 1M
HCI 3 1M NaOH #7721 s 2 pH=2. 5 JH & #E
9 pH TR E pHD K H P B R 1 2 Tl AR R
ZZ MR EI A B ZIF-8 Bl i Je 15 3 ZIF-8@
2.5pH, LB R Bk Ik b B3RS T N-C@ 2. 5pH-
1000, H AR 3 24 — @ B 1Y ZIF-8 @ 2. 5pH 7
Ar H LL 5°C/min B FHE R MM E 500°C, iR
2 h,#8E . VL 2°C/min 09 IR 3R NHF] 950°C , )
2 h, MG ARRHEE RS N-C@2. 5pH., &
E¥ ERHI % N-C@2.5pH LA 2°C/min (4 THE
HORAE NH, i 758 A 3, 76 48 T O



WAL A% NH, A B ZIF-8 il £ 0k b 48 S AR 1k 751 /9 1 55 119
W1 h, m&RE S F Lk (N-C@2. 5pH-X,X= BEGOH TR AR,
800,900,1000) , HO. (%)= 200I,/N (5)
o PR N L,
1.3 EAZEMHR A1,
n:m (6)

H A B 2R A R AL ) o Smg B R A i ik
BORHE 1mL %% (f 45 960pl. ZEEF 40pL 5wt%
Nafion) H1 #8743 HL 0. 5h, SR 56 5L 58 K 3 78 K
NI (9 B AR R Amm B9 B B B A% b, BE S A 2R
T

HL A B 2% Pt/C fiE AL 5mg 40% Pt/C 4
FEFIFE 1mL %W (AL 960pL LM 40pL 5wt %
Nafion) H1 #8743 # 0. 5h, SR J5 #F 5L 88 K 3 78 NI
NI (4 B A2 R Amm B B B 0 B B, BB S A 2R
T

K ML Ge i — Wil I &, 4 AT 4 il Hg/ HgO
(IM KOHD 43 BIAE A XF o b F1 2 b i, £8P
itk 22 5256 (linear-sweep voltammetry, LSV) 43 5
12 N, M ATFD O, 100 A W b AT 451 48 H A
0. 1M KOH, H#§ # B Ry 10mV/s, TE oK 5%
B E O 400~2500rpm.,

T A D i 1) H R GRS T Heg/HgO 2 B D
HRAR 5 BB R Jr e A B RT3 A AR L R (RHED

Erie = Erngigor 0. 0984-0. 059pH (D)

AR 5t B I B A S I R S BOIR

## Koutechy-Levich(K-L) 77 #2112

1 1 1 1 1
==t 2
N R Bu” Jx 2

w
B=0.62nFC,(D,)* v * (3)
Jx =nFkC, 4)

Ao, J g2 M 0 U B o O B ONE B R
(rad/s), B J&F H K-L B ih &R R 602 0, T,
T 3 0 2 T BN Bl g o BR ] H i R R
ML 720 F A7 5 B0 (F = 96485C/moD) . C,
SRV AW E (C,=1.26 X 10 ‘mol/em’) ,
D, ERSS TP HCR(D,=1.93X10 *cm®/s),
v SRR Bh J1 B (v =0.01lcm”/s) » 24 HL 1 g
e PE LN rad/s FoR iy, R FHH %L 0. 62, JEdE A
L H% (rotating-ring disk electrode, RRDE) iR J& 7F
0. 1M KOH Hi fif W rh 47 1Y, ¥ & 49 4 3 2
10mV/s, 8 A RIHO0, (Vo) ] FIH 7 #

K. I, ML, 3 s BB IR AR, N £oR Pt
PR HL B R (0. 37)

2 FREW®R

2.1 MHEBBHRSEH ST

P Ta SRl 20 R EE A 2- R R mk oy JEORE i 45
1) ZIF-8, B R 1~2pm, A WAIZEE + =
HARTE S0 AR AE . 29 L & 4 1 XO ZI il i Ak B
ZIF-8, Z o v (9 R 1R 25 ot fb 2- PP kw42 3k
TR Zn-2-MIM ##, Fifi J5 2000 i) XO 5 B
ORI Zn® R AEBCALE L B OE Zn® 5 2-MIM
FOR . T LLREBIEMZNEAE TS ZIF-8 iy 3k
= TAR Z A fL A R FL S5 (& 1h) o Hod ik Z1
19 pH (HTE 2-F BEpkm Fe AR ot e AR i 5 2
YRR AE TR VR I 45 11 T o 2- HY 56 ok i i 44 52 1k
RAGARIE P B G R0 i P s . R
PERE GG IS5 T 5 2- HY S o mae e {4 R BB 58 42 Il T 1k
B AiE 4 2] ol ) 10T AR R A B g R HEZR 254, 2
J5 .76 Ar GUE iRk fk ZIF-8@2. 5pH 18 %] N-C@
2.5pH(E 1¢) ,N-C@2. 5pH B 4f Hbo {5 45 7wk fb 1
BB S, X A5 5 T 53 Be 0 ik Ak 2o R A 48 1 T
AR TS N AU 0o fEE . &5
N-C@2. 5pH 7 NH, T #4758 ik ik 31, LA 5
Hor iy FLIE S5 48 SO AR IR A AR TG P NI N
H5Cmagah., AT 3 FONFEMR NH, i
AT B2 DLARAS M BE e B 19 0 e 2 £l N 5 2 ik M 4k
F(Fm K N-C@2. 5pH-X,X=800,900,1000°C),
HrA ,N-C@2. 5pH-800(F 1d) 5 N-C@2. 5pH (&
Lo) BT S 25 L, AT LA B g UL 2% 31 i b1 R} 36 1 B A
100nm A KFL, M N-C@2. 5pH-900 (& 1e) Fl
N-C@ 2. 5pH-1000 (& 1) v ) WL 2 21 5 £ A H Al
ROTFLAFTE  UEWT NH, #ab 3R] DU 2500 45 464 BHK
g54 . I LRl A e Ak TR B 00 B2 s e A4 RE b By 23 G AL
Bt r i £ .
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500pm

500pm

500pm

B 1 JL## S SEM B F
(a)ZIF-8, (b) ZIF-8@2. 5pH, (¢)N-C@2. 5pH, (d) N-C@2. 5pH-800, () N-C@2. 5pH-900, () N-C@2. 5pH-1000

Fig. 1

SEM images of several samples

(a)ZIF-8,(b) ZIF-8@2. 5pH, (0)N-C@2. 5pH, (d))N-C@2. 5pH-800, () N-C@2. 5pH-900, (D N-C@2. 5pH-1000

fii ] XRD #7595 1 ZIF-8 B AL F (0 A 46 4
WL BB AL AT Z1IF-8 5 ZIF-8@2. 5pH ) XRD
T CIEL 2a) v H B 17 AR ) 04 437 S5 6, 36 6 437 S 0 K K
A XFF ZIF-8 5 (011),(002),(112),(022),(013)
M(222) fh1E , SEAY ZIF-8 fik gt — 2, ik
Ja B XRD E3& (& 2b) R, 78 2540, Fr A 8k
BB T — NI W 0L % g R T (002) I A
B, X — R A BmIE R T EERY

BET 3 25 5 3% WY, 60 W B/ B it £ (&

20) 1, JUAIRE il 347 3% B R RL A9 R AE , {H R 28 NH,
TR A AL RS R A A W B R ) AR
1M LR — B AR I B2 0 T, L RE e
Fryag . B 2d Hoxk T LR RE S LR TR Bl
NH, 1%L EE 48 0, BET He 2% 1 A2 3 14 m , =
i ON-C @ 2.5pH-1000 Ay Ho 3 1 A2 0l LA 35 %)
1562m’° /g, XAl ABZH T2 MRS A & iR T &

AT LAUR R AR MR A2 T T 2 LB,
C+NH,—>HCN+H, (7
C+2H,—~CH, €))



TR 45 NH, $uib B ZTF-8 il 2 KRR e 1t 480 IR A 77 ) F 52
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2NH,—N, +3H, €))
FEFLAR S A (L 2e) 1 3t v JL b B 30 47 78
KEHERE N 0.55nm F 1. 45nm 1) FL, = Lo ik L
J& ZIF-8 A AR Rk A 5 AL &5 4 3% 2 Oy ZTF-8
TERRAL 1 A op oA B Zn® T 2 Bl A R B DA 38 DR
R4z I8 BB Zn, B AR BE T Zn B9 A (907°C)
B, Zn 2 A0Z8 &R H R B R & X — i B, Zn
AR Ay s L7900 e 5 G L O 7 A K g oK AL
BB K B B fL . T R R N B T 4. 2nm Y AP
FL X e LR AR A 20 g ] A . 7E 2 ik R v R
B XO ¥ AT ] B 78 224 il Z0 500 LB 5 9L XO %
WK T T 1 2-MIM BL i, 538 Zn (1D-2-MIM
T o7 B Bl B B BT SR 1Y Zn® T L I UK IR PE Zn-XO
AW XA AR Zn JR N ZIF-8 Fh iR oz i
Pl 3F Ho o e fe 2™ 7746 MO A BT Bh L FF B
1 J&] L 1, 95 S5 A Rt b i Z2 AL 25 48 (&L 1h)
B JUFNRE &L 0 25 M ) i LA 2 A L 0 25 NH,
A B A RE S A G A TR AL i AL AE SRS
TR 1) T i 28 T R v K 2R L Y B R T 2
Bk — 45 R BB T AE NH, HEFT R Ak Ak 2
2 b 3 BFL RN L A% B i Lk vT LA
AR B R AT R
TR 2 ek (K 20) % 1338em ' Al 1586cm
BiE I R 30 WA SE 0 L 43 i JE T 2 Lk Y RRAE D I
MG g, D UM T G ARk S5 4 L 1T G e U sz i
TR AL sp® BRI TR PR 80 2
AR ES ., WE A LLE B, N-C@2. 5pH 1)
I, /1o (K28 NH, 15 fh Ak B A BE 5 0 A 45241
1 1o /1o A I H Rl 25 o Ak 5 B 16 T 8 12 {8 3% 8 0k
ZIN 33 3 B — VR Ak 75 21 11 Bk 20 20 H A SR AL R A
I Tk e Ak U0 R DL v R T A B R X
A T4 AR B S E L DT A B T 4 b
FI ) FEL AR 1 BB
e XPS Fi% (F 2g) H W22 2] T A b RHER 7R
H4 AN, 43 %R Cls.N1s.Ols. Zn2p H T #1
L IX 4 Bh R A NH, I AR B35
MiA B AR 10, B NH, 36 TR EE B, Zn %
B D>, O W) R & R F D, X T R R
NH, {23 T Zn BYi% 1, IF 76 &R 5 6 2% 1m0y &
HREH RN AR, [ EENE, /£ NH, &k
Ja > N B i A B 2 T A TR R A 3 0 2 T R A X AT

A Rk NH, 7 $2 I 008 A ) s A S — Fif 5 ol
PEARAE R o TR T P 2 N B 3 T (A X
7). XF KSR S Y N TR HEAT A 1 LG A B (R
2h) Z B, 1E 398. 440. 2eV,400. 4 £ 0. 2eV,401. 3 &
0.2eV Fl 403. 4 40. 2eV H I 4 AN, 43 51 %F Ji
mEuE Nk N A N R4 L N, 4 NH, 4b#
Je BT IEARIRE B TR N R R AR i
N AL N & A prg b minkng N flA &8 N
SN TR In, H, FE R N 2R AR 4, 1T LA
KPONH, 8 Js 5t nE N JE A RR N A B AR R
B8 BRI TR P A £ 8 NOJR (] 20, PSR,
ORR % M IE A AR T A N A &, i 2 8 2 K
TR PR 28 N AR & 2 — kA
L BRAEAL N AN, BT HoAl N R BE 4R = H A AR
PERE . JLrpubnE R N A A A ORI L BE A5 4 5
F2 52 BT 1Y Be 7. AR HE AR R O,
OOH™ .O" JOH" ) Ay W& Fff, i nk i 789 N 0] ] DA
fIX O, WY . 22, DT 38 23 34 i o 7 5% 88 o 42 iF
ORR T — N FH BT R, A5k N TLHE
HEEE 2 0 f L ok 48 5 T F L TR Bl 15 3 AN Y
AT, T3 A AU Y C-N OB E O, 1 02 B A
J& O=0 Sy i 85 /5546 - DT A e 35 T+ PR g
SRR, NH, 396 165 W AT AR K b 4 B 4 L 36
T T RE L AR R N 28, 3 AT gE X ORR 4
[ AEPN-A TR

2.2 POREBYEE R R AL 1 B

JEHE B 3% B A% (rotating disk electrode, RDE)
M5 R LM 4 O, AR 0. 1M KOH & .
2 NH, iE 1 ab 3 A7 4B A B EOL R 1 ORR
HLPERE . &l 3a S JLAI i LRI B 6L LSV 4k, A
Enl DU Bl 28 NH, 36 162 i 4 10 50 44 6 22 31
SO 5 0 H A I L RERE NH, IS AR BE Y 42
A TE P 2 B B D S (A 3a.
3b) . Hih N-C@2. 5pH-1000 i I HL {37 4 0. 98V,
P ELAT K 0. 79V, 5 40% Pt/C IR 25 5 43 )
M2 50mV M 40mV, N-C@ 2. 5pH-1000 [q] if H
AR 0 A PR B ORE A BR H R Ok )
6. 1mA/cm® , #f Jr il 2% 0 FL A AL T b RS 4024
Pt/C AL

&l 3c J& Tafel RHEX LK, Hfh N-C@2. 5pH-
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(2) = o (b) g % © —= N-C@2.5pH-1000
(=] —~ ~ (=] ~ 9
S S~ S e >~ 300t 5pH-900
— § SAN 2§ _ N-C@2.5pH-1000 g —— N-C@2.5pH-800
5?; = | S22+ ZIF-8@2.5pH g S 600 N-C@25pH
> > N-C@2.5pH-900 2
7 ‘7 o L
5 A i \ ZIF-8 £ 7 g 400
E E N-C@2.5pH-800 S 200l
( . £
| k | Simulated ZIF-8 3
| oh e O bk e N-C@2.5pH S o
5 10 15 20 25 30 10 20 30 40 50 60 70 80 90 00 02 04 06 08 10
2 Thceta (degree) 2 Thceta (degree) Relative Pressure (P/Py)
,(S) 1800 1562 © 1.0 — N-C@2.5pH-1000 ®
%0 1600 | 2 —— N-C@2.5pH-900
2 1400 | ~ 0.8 —— N-C@2.5pH-800 Ip/16=1.02 N-C@2.5pH-1000
= 1200} oo I —— N-C@2.5pH =
g i = 0.6 S 1p/16=1.03 N-C@2.5pH-900
Z 1000 g >
g 800} g 04 2
s N 8 |Ib/I=1.05 N-C@2.5pH-800
5 600} S ool 2 |
wn . —_
2 400f =
B 200} 0.0t In/16=1.06 N-C@2.5pH
0 N-C@2.5pH N-C@2.5pH N-C@2.5pH N-C@2.5pH 0.55 1.452.644.2 35 500 1000 1500 2000 2500
- 0 e Pore Width (mm) Raman shift (cm™)
Pyridinic-N Graphitic-N
(2) Cls Nls Ols  Zn2p (h) Pyrrolic-N Ox?dized-N (i) 6 Bl Oxidizcd-N
93.41 Nls NI | § [ I Graphitic-N
N-C@2.5pH 11 : AT:-?E_E_NC@Z'SPH-]OOO 510 -I’) n‘ol%cfl\'
e 91.44 A = Mol | N-C@2.5pH-900 .:\‘; . B P eolic-N
N»C(ZEZ.S[!H-‘)OO‘ 3.84 4.34 Oﬁ ) N_L ;f’ I
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Study on the Preparation of Oxygen Reduction
Catalyst for Fuel Cell by NH; Heat Treatment ZIF-8

LIANG Chengming,RAN Shuai, DONG Xufeng™ ,QI Min"

(School of Materials Science and Engineering,Dalian University of Technology,Dalian,China,116024)

Abstract: The development of catalyst in fuel cell is seriously hampered due to high preparation costs and
complex processes. In this paper,a graded porous N-doped carbon material was prepared using NH, heat
treatment ZIF-8,and its microstructure and electrochemical behavior were characterized and analyzed. It is
found that the chemical etching process can introduce mesoporous(2-50nm) or macropores (=>50nm) into
ZIF-8 to form a graded porous structure,and the pore size of ZIF-8 can be effectively adjusted by control-
ling the pH of the etching solution. The NH; heat treatment can effectively adjust the pore structure in car-
bon materials,increase the number of micropores(<.2nm)and mesopores in the materials,and increase the
specific surface area of the materials. NH; can be used as an N source to dope the material with a certain a-
mount of N. It can also regulate the conversion of pyridine N and pyrrole N in the carbon material to the
more stable graphite N,and the pore structure and N doping content of the carbon material can be reasona-
bly controlled by controlling the temperature of NH; heat treatment. The N-C@ 2. 5pH-1000 prepared in
this paper has excellent electrocatalytic performance, similar oxygen reduction reaction( ORR) activity and
better cycling stability than commercial Pt/C catalysts. The synthetic strategy proposed in this paper pro-
vides a new idea for the preparation of efficient and inexpensive fuel cell catalysts.
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400nm

B 2 ZIF-8(a)#0 NCyy (b) B SEM B ;NCy s (¢) , Pt NPs(d) ,10% Pt/NC,y5 (e,f) B TEM E

Fig. 2 SEM images of ZIF-8(a)and NC,;.s (b) ; TEM images of NC,.4 (¢) ,Pt NPs(d) ,10% Pt/NC,4 (e and f)
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3D Nitrogen-Doped Porous Carbon Supported Pt Catalyst
for Electrocatalytic Oxidation of Glucose

XU Xin,DONG Xufeng® , HUANG Hao,QI Min

(School of Materials Science and Engineering, Dalian University of Technology,Dalian 116024 ,China)

Abstract ; Glucose fuel cells have attracted widespread attention in the biomedical field due to their ability to
generate electrical energy continuously. The development of this technology has great potential in the ap-
plication of powering implantable medical devices. However, the efficiency of the glucose oxidation reaction
at the anode of the fuel cell is low, and a catalyst needs to be added to improve the reaction efficien-
cy. Platinum(Pt) catalysts are prone to agglomerate during use, which limits the improvement of their
properties such as catalytic activity and stability. To address this problem,in this paper.a three-dimension-
al(3D)N-doped porous carbon(NC,s) material with a large specific surface area was prepared as a catalyst
carrier using ZIF-8 as a precursor. Low loading rate of platinum(10 wt. %) was prepared(10% Pt/NCypg)
and used as catalysts for glucose oxidation reaction. The materials were structurally characterized by XRD,
SEM,TEM,Raman and FT-IR, etc. The electrocatalytic properties of the materials were characterized u-
sing an electrochemical workstation. It was shown that the incorporation of NCyps carrier promotes the
dispersion of Pt nanoparticles(NPs)and the utilization of the catalyst, which enhances the catalytic activity
and stability of catalysts during electrocatalytic glucose oxidation. After 300 times cyclic voltammetry(CV)
tests,the peak current density of 10% Pt/NC g only decreased by 21.12% and 8. 59% in the double-layer
region and oxygen region,respectively,indicating the excellent stability of the catalyst. This kind of cata-
lyst with low loading rate of precious metal has great potential for its practical application by improving
catalyst utilization, which not only improves the catalytic efficiency but also reduces the material cost.
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Table 1 Performance differences between representative natural and synthetic hydrogel materials
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Fig. 2 Research on Hydrogels as Electrode Materials for Ion batteries

(a)Study on three-dimensional (3D) cyanogen inorganic gels bridging Sn(IV)-Fe(II) and chitosan-glutaraldehyde organic polymer electrolyte:”: ;

(b)Schematic diagram of preparation and structure of LTO/RGO hydrogel network electrode™'® ; (¢) Schematic diagram of

preparation of high-performance independent three-dimensional(3D)monolithic electrode with conductive polymer hydrogel integration®
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Fig. 3 Research on Hydrogels as Electrolyte Materials for Ion battery

(a)Preparation mechanism diagram of antifreeze hydrogelmo] ; (b)Schematic illustration of the preparation process and material

structure of chemically synthesized Zn-MnQO, and cross-linked polyacrylamide hydrogel composite electrolyte

(21,

(¢)Schematic diagram of preparation method of sodium polyacrylate(PANa)and cellulose double network hydrogel electrode!t?*
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Fig. 4 Research on hydrogels as electrode materials for supercapacitors

(a) The preparation process and structure of graphene oxide composite polymer electrolytes

(b)Schematic diagram of functional graphene hydrogel supercapacitors

4.2 JREERRAE A LR BT AR TE 2R HLA A5
B 5

G A AR A O — B HL o D) R L KPR

[23];

[24]

i P FE o BB etk i RE AR 1R E
B BT AR R A5 A SR S A R
A A R A BT ] TR B B SR T U R A BiE
R RITTAR F o 24 LA S R AR R S e R TR



EIENE G AR BER AR T R Al 2 RE U 1 1) F 5 0

145

B3 F 1A R T 0 AR A S A B
A7 HH BRRUE RN 5 A B2 19 L2 H fr , R JHG A S 1T AL
2 ARG G 2 e AT AR R R RS LA o {HLAE
SEBRAE A AR L A AR — B2 B E RS IR,
WA HL A TR 25 o i e i R R e B e R AR R A
TRV [ 2 F At B T R A e W Ay [ S L
a0 S, B K BE M R B A T =4k
W 26 IR S5 4 J T 3R A W) 28 H A B LN A K
T AE I AR T TR N A B A R R 4 A L K
e A5 R A A S T AR P A A A LR T
AR A A ERIAE LS., A — LR
T K B A R TR 9 H 2 e R A BT AL ORE Y
il £

T I 5 NP K S AR 4 5 K B AR D
it Jo FH T 4 ] 25 P 2 A EL AR R T T Y
22 BRI B = 2 R K B B 45 4, IR IRFE TR B R
F AN KR 55 5 Y M I e 22 ] 9 # F 5] R R
455 T 3R 9 M T i 22 X669 5% v, B S 00 ol
R 1B —FOKBER BT, T REHEA
YKL 5 N M Tk e 4y B 22 R) A A B D (R AR
FH 7K B L A ST A B AT 100 IR B PR R 46 )5 » %
L 80 %6 Y L AR AR T, M ORE R K A 45 # W 2 5
I 5 B i 20 2 BORT R 45 1 1Y) 4 [ 25 90 F 5 A S DA
TRBE JE Ay TS F, i S5 o H AR A BE R FH SR ML g 522 5 ik
gkE, RSB Y R A SRR
PERE, R KAER T N 6. 2Wh/ke, it KIIREE N
398. 4W /kg. #RIFIEARLEIRZ 80 Y0 I 46 I A% )5 1%
AP RS IR RIS R AR E S,

178 = N R VAR TR A I = W Y = 5
(S10,) % 5 2,0 B W R 7 (PV APB) 7K %E B HL fiff T
(HPE) #4748 4 O il 28 T 52 G 7K 8 I Fi fif i
g5 R BRI A 5 R L A RS E Mk S A5 L S1O,
BN A =3 HPE () 38 & & , 42 3 21 £k 09 figt 25 0
iE5, P S M PVAPB-HPE B 7 S % )
1.59mS/cm., H SiO, gt PVAPB-HPE 40 % (1) i
WA ATE 1. OA/g M LN BHAT 75.6F /g 1Y
P 7S . AH BE T A 2ok H A B 20 4 1 R L A g
MG R A S A ER S T 13.5% ., A A
Si0, B4tk HPE g m A m R TR
M SRR BEST

Guo Q. L. % A LL PVA,CH,COONa F1H i

SR, SRR AE L TC 8 T2 7R = IR R T A
T T B 43 K BE R LR BT (GPE-3) , il #% ik
AN 5Ca) Frs U AT 81, 27mS/em Y 1) B
FHL TR R B BE L B I K A e
JH GPE3 M i, H 45 2V By Fa € L1k . 24. OF /g 1
o5 b 28 12, 6Wh/kg R HEfE L B KB 06 2R
F g PE . 5000 WG 0 J5 415 3R 30 1 S5 0 W Ak 2 Pk
fE. & K, [Fe(CN), JAE A Ak 4 B 7R 550 A %)
GPE-3 Hv , filke 35 18 2% Hf 25 25 11 BL fp 258 0 5 L BE 43 1)
LR F) 32, 7F /g M1 18. 2Wh/kg, GPE-3d Hifi# i 7
EERE R M AR KRB T ARG RN W . B
NI R B R K BRI R A ) T
A BT T R LR 0 LA M g
A I 2 A P MOk 2 BB N B T X T
VE MR ZR ELA 15 H R 1 119 7K 8 I 3R B ) o i I AE 32
P4 BE A8 2F o B9 R SRS T — AN AT AT s

H % 6 /K B T P e IO 1 P R 4 3 2% R
FELZS A 0 R S B . K B I R A T TP OR R K A
JE DL AN AT ShE A Bl 2 oK, 2 i BR R TS A Bk
HEWERGETRIAATRE ., Chao Lu il Xi Chen
3B T — BB T B R R B S A/ R O
(MMT/PV A) 7K 5 s v fige J5T 14 4= 52 VR i 5 4
SEMINE 5(h) FFs . MMT A4 BB 88 T 7K 58E 5 11
PAE e, L 2RSS M8 e 10 5 AR AR T
[ A SO 1 I/ NS LI 2 7 e/ Y 5 1 O i
50°C ., ZHLRFAE 50°C 1 90°C TR B T H S &5
HA0.17 0. 76mS/em., %M K L A5 T AE 50
2 90°C A T Tk B2 ¥ [P 48 1 g 2 4, JFAE 10000 R
PEIRJE A5 AT s £ 0 SR A e k. R T K BE I
P it O DA B 1 T 2 M R 208 R H 2 R A Dl Y 2%
TR EA R AR R A

5 BEERE

fift e 1 (19 K e AE 4 A 4t & B T 1 1y & e
Hh ol B G L R R T R T R g A AR A
R R T AR 2 R R B AL S B4 i e
aefFZ B T O TN BT G A R
A S T FL b MR L A R RO R L DR E
T RE AR 1 Y H Al S 1 B AR B B RE AR 1R 0 T2
AR AR o i A R Al A R RE AL S HOPLAROVE B R

S



146

s E AR R

Progress in Chinese Materials Sciences

2\

@ﬂﬁhﬁww

A et A Yttt PVA
= Hydrogen boad

Glyceral _I"’ == & © =]
= GPE precurser ,&‘? »..é. o q;": A Glycerol
- & T4k A o CHCOONa
_ _ 95C,12h . -
\ —
\ \
="

Glass mold

(b)

&

-

§?ﬁ

5 KERMBEABBRVBNEAELABERSHAR
(a) il PVA/CH3COONa/ H il il % GPEs 7% 15 [ ™5 5 (b) H0 v 38 5 7K B8 I Hl A 5 £ 225 g Pl 29

Fig. 5 Research on hydrogels as electrolyte materials for supercapacitors

(a)Schematic diagram of preparing GPEs using PVA/CH,COONa/glycerol 5,

(b) The structure of anti-freezing and thermally stable hydrogel electrolyte
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Recent Advances in Hydrogel Materials for
Electrochemical Energy Storage
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(School of Materials Science and Engineering,Dalian University of Technology,Dalian 116024 ,China)

Abstract: Energy storage and conversion are vital to societal development and scientific and technological
advancements. Electrode and electrolyte, as the core components of energy storage devices, directly influ-

ence their key performance metrics. Hydrogel materials exhibit outstanding properties and tunability,and

can be prepared through efficient, versatile,and straightforward methods. Their intrinsic characteristic
including ionic and electronic conductivity., mechanical strength, responsiveness, and swelling behavior,
make them ideal candidates for electrodes or electrolytes with tailored functionalities. Moreover, the unique
cross-linking and three-dimensional network structure of hydrogels significantly enhances their mechanical
robustness and electrochemical performance. This review first introduces the basic characteristics, classifi-
cation,adjustable properties,and preparation methods of hydrogel materials. It then discusses their applica-
tion in energy storage devices,including lithium-ion batteries and supercapacitors, highlighting their unique
physicochemical properties and structural advantages. Finally. current challenges in hydrogel materials to
sustainable energy storage are summarized,and future development prospects are outlined.
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SRIB LA BEIK, HAF R PERe i 22 2T MH H
BT 1 SR R R RS R 1) 45 R — TR 4N B T R PH B A
RS L H UL A A R AR 3 A B 44 K
B (CNTs) M1 B R AW, 765 2500 B T if
BERR P B A S i bEBE . Yan %5 it & T
POk A & T B =Rk 0 2R 2 Lk /A B
565 B 0 BB BB 7B 50mA /g LT B R AL 7 i
i 400mAh/g. 3 B A B 5 096 3 2 € . Liu
LA PR AR o 4 T Bk B B BR 40K 4F (CNT)
A FLAE e A4 L 38 Ak il VA 2 R T L 3 T R, R B
B A AL A FLAR BRI FL AR 2 A . fl T R 2 R
B 499 2K A8 B I [0 4 D L 3% B 2% b4 RHEE 0. 1 C Bf A i
HL 25 i 1l 38 203mAh/g, &4 100 RAE 3 78 AR 5
KRR N 97% ., Shao &1 N 4r T4t A 1 1
KRB TREERTHA N.SBENTHEZIL
fie BEAR A L FLAE 1A/ g LT BE R - &84 100 IR FR
Fehi LA FE 25 B 134mAh/ g, Bl #E 10A/ g HL I %
JER L, H 233 2000 YR A 2R T HL S L 2 A Tk
74mAh/g. SR, iR bR ¢ T2 82 2% HOBAR
o P 3 D) B SR IR R W A AR Mg
M BB T RESEMRHE S 40 25 7 ri Tt BE AR B )

A ) 5 T B R M Bk I B IR O T B 4R (AR R
Z U RGE L At R LU o R Y
AERT IR 4. 510" B Lok Ty b R VR R B, Tk
REAEY)IF K A W (E 0 3. BLA ) E 2
Yoy oK Ak A M R A R AW, %
VR B AR B FLEL A R 1 [ A FLaE 454
WA A W T3 M R 4 T 2% aok R — e VB Kk Ak A
WAL IR, T A R Gy 8 E. Bk, B
B AR DR 5 ) b 2% T AR L A v A LB R R
N RT3 AP VA= ik =R Al N =N
BT fn, Hua U DL AR By RS SR 5E N AT BK

38 1k KOH 346 946 300,600 F1 800°C A [l i
TRRALASE] T 840K ROR S5 HY (PSCS) L 1 1 2 H
K, PSCS-600 AR 7E 0. TA/g WY HL I 25 B2 K AJ
ALY 25 ol 198, 6mAh/g. £ 5 100 K IE ¥ 7
B R IR L AR N 95 %, Sun Z5Y LM
B R B A AR L 78 R 28 1k 1 Ak RIAT AT 2F — 25 Ak B 2%
PTGl — 25 A A T AR W AT A e MR
FEP L I b, DU A BHE S BA AR 7E 30mA /g H
W R 45 & m 35 430. 5mAh/g, Zhong %50
SR FHAE AR 55 Jhy e iy R A4 L 1 & T 8 R [ ik b 3R B
R A ST AT A 5 R B AR BB, FE 50mA /g HL I
BT 20t 100 AR P 70 ik Lt R S R LE AR
M 244mAh/g.

P 3y SR — AR K AE TR B SR L X &% £ A
Y, T 50T 0 IR0 A5 A R A AR T BT
FLIBEZ5 9 L 3 —IhRE 19 25 40 e a5R) 8 7 2 5 1) 1R
HAGH . A SCLAR SR 008 353 Sk B i R A4, 58 43 )
FHILAR Y A 0 L T8 45 48 OF- 78 0 FEfily b 3547 T e
AN AL B3 5 T A W A A 2 L ik (BDPC)
WARE IEER AR 5 T 16 0 TR B X b R RO 25 4 L 2%
Ji L SR TR AL 45 48 R R Ak 2 R BE Y ST

1 SEIRE 4y

1.1 SERZHE5ER

ST AR RO B Y 35 B2 b R R RS R
#1Pimw.,

1.2 EBUBRS5EE

S R W MR B AR B A S Bk 2
JR .

F1 IRBPFRAARMERREARK

Table 1 Specifications of raw materials used in the experiment

EgiN UGS /4y F R TR 4l /%
as e KOH R R KA —
Tk 2 C,H;0 PPN A ST 99.9
il L PVDF oy 7} ¥4 99

IN- FT 2 i gt o T NMP DRI TR A R B AT IR F 99

LR Na i v R AR B A PR A 98
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gLk
Es e /5y F EEy s i 4/ Y%
B 17 TR 1M NaClO, (EC : DEC=1: 1) TN L A0 RHB AT BR 2 A 99
e R HCl PPN AR
we R Super P BT B T 32 550 A7 PR A W CIRIE
FETFK H,0 1 Milli-Q il 7k ML 464k 1 45 —
(EE2 — P .
2 EHUF[ARAR
Table 2 List of instruments used in experiment
WS R DF-101S TLSLTT T AR AL AT BR ST AR A 7
HF KT AL204 M -FC R 2 h E A R
TEM UNlab #&E MBraun 2 7]
Hs TR DZF-6020 g —fE R 2 AR A PR
SRS B A AutoSorb iQ2 2% Quantachrome Instruments 2\ &
L b2 TAE S Bio-Logic [ H B 7R Bio-Logic 23 #
W e 3 R CT2001A BRI W AL T R R
s U MXG1200-60S BT kA BR 2
Rk LA R TAT S Hitachi SU8220 H AR 2k H 7 3 BOR TR 37 ki
e X R ATHHY SmartLab H A 22 20 W]
Hi A FiL BEL 2 A ST2742B IR RS H A PR
X B4t 7 RETEAX ESCALAB250Xi0303055 FEE CH R AR
L3 B 5 E4E I W P, H e 00 4 AR 4 X A Rk 1 496 BE TS TR A

S b A A A L BB (SEMD XT R
OB B A7 R AL, 0 R & 0. 1kV ~
30k V., FIH X GHEAT 4 (XRD) 4301 4 B 1 25 1) ¢
P LL Cu-Ka W A5 55 SR, TAE H A HL 3 43 9 ok
40kV . 40mA, Lk 10(°) /min 943 il 5 B 78 5°~80°
B AT S5 A1 90 L PN RE A o R AT BR . B T 2 (Ra-
man) G 73 A BB W AR S R N AS . AT X
S T RIS (XPS) XA E A7 M, FR T
JCER MR IR A 0 D . 8 U /I B ) 3K
T AR LU 2 TR L 45 48 R L 23 A S5 TOUR 45 48 1
o B PO ERE 0 bR B S R AT T

i Ak 2 4R uh 6 B ORE E AT 6 BR AR &
(Cyclic Voltammetry, CV) Ik, B 5 M i X [6] Ky
0.01V~3V, Hff #HF K 0.1,0.3,0.5,0.7,0.9,
1.0omV/s, R H 16 3 7 i # % (galvanostatic
charge/discharge.GCD) 43 T 4 FH ) 78 5 FL P4 BE

FRPERE AT I, DL S e e A B4 R 0% 5 ] 75 A B
R RCR R B 8 A S5 ] A5 s BR
— RE UG W06 B0 P Fr 28, F) W AL 2 BE BT 3% 151
(Electrochemical Impedance Spectroscopy, EIS) 43

B4k B9 P BEL AR
1.4 AWEATE % 7L & (BDPC) MR B #l &

VB B 1 A Bt 2 B K R & Rk DR
F2 I U8 5 2R T, AR5 R X B O U B A
BT 80°C HIMLAE P T 12h, LIRS I S
ATOR A SR AL AR (KOHD O 3% Ak 5] L 3 o 7908 1k A
b2 5 A & 2R W A AR 2 4Lk #oBHBDPC) . B
P, 5N TG A E T, R
AU R Rk AL 2h, Hedr B AL IR A 300°C , THE
HFN 5°C /min, BfiJ5 B 1g B AL JE BT 45 1O FE &
1 2g KOH FEBFER i 78 50 0 18 LA R & 3950 F
ZIRG W T S W AE 60°C FHEHE 2h )5 .
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FHE T 100°CHAR T2 12h, 5 H & T8
N3 BIZE 600,700,800 F1 900°C T A 4k 31 1% 1k » 14
T E 3 2h, A8 S AR B DA S AR THIR
AN 5°C/min, RIBERG . FFHANEZER, R
FH B2 5 B Al 98 1k S 5 T 1M 3h R RN 228 Tk I 2

Drying

Grinding

300C
) -
Pre—carbonization i

VRV AR FES, , BRI MIE W pHE R 7. &
J5 S ¥ BT AR AE 100°C HEAR T4 8h~12h, I i
#7 BDPC-a , Hor & AR AR AL IR JE (2 =600,700,
800, 900) , it/ BDPC-600, BDPC-700, BDPC-800
BDPC-900, £t fEanid 1 fros.

KOH ;
) |

Activation

1 BDPC-x #Hl&RREE
Fig. 1 Schematic illustration of BDPC-x preparation

1.5 HRKH &SRR HE

S b, 23 B FR L 40mg 1 PEW) BT (BDPC-2)
Smg B4R CRAR 9 £ 4% . PVDF) 1 5mg 5 #L7|
(super P) 4% 8 8 = 1+ 1 Jii & kb 76 ¥ ¥4 0T 8k h 1B
A A AGE 7 N SE-2- M g g i (NMP) L 7843
¥ I J 5 21 25050 FL 26 B8 1) el AR kL, SR A f v
FEH G . R A 80°C L as ML A N T AR
12h, FETHTE 4G, 8 A 155 ER U A KR
HE R B AR A 1 lmm (15 R BP A 41 3% A sl st BT
FH B s B 3P B R 1.0~ 1. 2mg/em’
A S35 o8 2 H I X BDPC-a B A4 R % B 1
g, AR BREARRTFETHA N TFES
hkfT, Hosp O, i H,O S8 FH A F1E 0. 1ppm
AR . R R il & 0 s bl R oy AR s AR, DUSA
2 L R AR RO R . TR BT R B B AR 1M
NaClO, # fi% 75 i IR £ ¥ s (EC) ik B2 — £ T
(DEOMIRABEW RN 1 DLIFBRMT 2
vol Yo B2 98 £ I BR VS I ¥ . BRSEoh GF/D 74 3% 5
ZF 2 TR B IS T 5 45 O 50p L MR . R
ol = ) i R N G 2 B = N |
CR2032 A& 12 d il

2 RS

2.1 EWEATAE % LR (BDPC) #1K B 25 )
RAE

2 Ca J LA A 3 5 6 o B P CSEMD

P AT 60 L EL A SR8 IR A L 25 0 L X0 IR Ry i 2k
FH AR AT 50 W X R T B AR OR
P b A 558 i SRR 4 BRL UGG 2o 3 SR 3 Y AR
FRAE AR Pk 4 K 2 0 £F 4 IR g5 0. B 2(b)
A I 24 300°C kAL S 1) SEM KL 1] LLE H 485
el BE R AL S LA Y LI S50 W K .
SEM W% KOH {16 )5 1 BDPC-2 B8, IFF5 T
T AR IR B R R S, W 2 (e~ @) fiF
o FHEIRT RN A AN R0 A6 B T % b kL 36 T 8
HHEEENFBELSEE, EEAEHBILE N K EIL
K B R L 3 26 LA BB JF T B T — A M 4%
S5 3R] T A A At PR A BB 1 R g
Mt ., M KOH Eik s fLIR B EZEE FLUT
R

6KOH+2C—~>2K+3H, +2K,CO, (D

K,CO;+2C—2K+3CO (2)
C+K,0—=2K+CO 3
2KOH—~K,O+H,0 €Y)
C+H,0—H,+CO €))

CO,+C—>2CO (6)

Horp a1 ~ (3) E B AR N G AL A 2% 28 &
B W 5 B = 18] B4 4R A 3 TR N 3 e 22 o e
PP IR 22 AL 45 25 44 5 1t 30 (4) ~ (6) U E 22 C
8 A BN AR S R SO B AR AR R AR T AL
B — AL B A T A AR R A Y
Ja K AT R A A A P DT 751 St A% 2 K A X
PRI REATIE VeI L X SR A R RS R A KA A 5
e W w2 B L 0 I JIK S 9 & A A0 T i R A2, TR Ut
PN E0 C NG HE NN S S R T
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HLL K 600°C ~900°C , Fifi 25 T B AN W T w3 » L 1% 25
B £, HALAR % 0 K, Hoh YR E S 600°C
1N R - VA =TI { I -0 AN 1 2 A
AR TR KOH 2 b A 3 5, SR AS W7 3% 3 5
TR AP R S5 A B AL RS KOH M K, 0 B 5 T8
7 3 TR P W Ak RN A R TR % B
AH I B IR 250 . A 700°C B, FLAR AR KL O 1)
A RE P B HE A, T KOH {5 Ak 32 4 K 316 P 07 45

2R E T & 800°C LA L 3% Ak S Ry B in e B4 L £L
R 326 T 7 TR o P E IR 3 1 IR 5 A B 6 O O 4
PHE R R s RIE L. 7E 900°C B L BE
BT KA AL A L 25 R L 3 ks i — 2P 3
B R TR FLBR R . b A i ) B A
(HR-TEM) (& 2h.21) "] A1, b4k 2 80 i 7Y ) Jg 72
A7 KARTCT AL, S T AL IR 2 900°C B, 4 R}
A1 s AR BEBG 0 G T R S o

B2 (a)ABHEHRMMAEIE; (b-g) BDPC-x BB IEE : (b) BDPC-300, (¢) BDPC-600,
(d)BDPC-700, (¢) BDPC-800, (f) BDPC-900, (g) BDPC-900; (h,i) & R 5 ZE 5 E : (h) BDPC-600, (i) BDPC-900
Fig. 2 (a)The original microscopic morphology of Qamgur; (b-g)SEM of BDPC-x : (b) BDPC-300, (¢) BDPC-600,
(d)BDPC-700, (¢) BDPC-800, (f) BDPC-900, (g) BDPC-900, (h,i) The HR-TEM images of samples: (h) BDPC-600, (i) BDPC-900

&l 3(a) i BDPC-2 Ay X SR fir 5 &1 (XRD)
FH TR, S [R] 30 f B2 T I B o 35 O R 28 0l i
&, IETE 20 b 23°F1 42°Bf 3 H B0 WG 4 48 5 1) A7 S
W, 4 S 1 22 FLAR B F A 85 4K 19 (002) 1 (100) f
T 2 R %R R G E R SRR AR M T
BDPC-600 1 BDPC-700, i 4k & B 5 & % BDPC-
800 1 BDPC-900 [ (002) 7 5 W 1o B 1) 2 & 4= T
N RS L U L2 R A PR BT A
FH A $7 4% Oy B 3F 5 4% H . BDPC-600, BDPC-700,
BDPC-800 F1 BDPC-900 f d o, B £ 58 )2 [i] #5 43 1
1 0.407.,0.421.,0. 423 F1 0. 435 nm, ¥ K TR fEA
B 0.335 nm B do, 2 MEEDOS AR Sk 4R
OO MR g b R B Z 18] BE AR T 0. 37nm ~
0. 40nm i Fl NI, B0 R F Na ™ #8 A 5k HE R, A
T ELAT 308 1 A £ 6
2d sinfd = nA 7

Kl 3(b) A BDPC-zx #: &4 A9 Raman K, A
AL AE 1345/ cm F 1589/ cm Ab HY 3R A~ B & 1) AT
S, 43 AR R TC P Bk (D 45D AN S8 Bk (G Al ), Hod
Dy B JE i T IO T 45 R B B A 1 sp®-C A 4 Ik
B FEC GO R BTN sp”-C hr iR 2 &
O, H H Raman S P DGR G g 4 B4 1
FUECAE 10/ iAo 0 47 58 Ak 0 e s A2 i
BDPC-600, BDPC-700, BDPC-800 Fl BDPC-900 #f
SnEY To/ I {4539~ 3.86.3.16.3.05 Hl 1. 37, ¥
WIZ M OBHETE ALt B v = A2 T KRBk, I Ah, Bl
HIEACTRE T & T/ 1o (HB AR R 7Y/ A1
AU BE B D B R . T B R R O U B IG5 4k
FERE 55 RRE A T2 L A O L A B A B g ) e
AR A DU ERAT R DR TR S SR 4
RN 3 FroR , RVFA & 15 10 B T . BDPC-x A48}
() HL SRR S
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(a) (b)
—BDPC-700 —BDPC-700
——BDPC-800 DG ——BDPC-800

_ —BDPC-900 | | AN\ T BDPCH00

5 (100) 5 L

& ; < )

z z )

Q Q h I

E E __/VL

10 20 30 40 50 60 70 80 500 1000 1500 2000 2500 3000 3500
20(°) Raman Shift (cm™)
B 3 (a)BDPC-x K XRD EiZ; (b)BDPC-x # Raman B if
Fig. 3 (a)XRD patterns of BDPC-x ; (b) Raman spectra of BDPC-x
®3 BDPCx BEmALLEM BSXENTEEERER
Table 3 The table of pore structure, conductivity and elemental composition of BDPC-x samples
. L SR/ R mAR/ L&/ LR G & /athh
[2]8] ,
(S/cm) (m®/) (em®/g) C N (0]

BDPC-600 0. 16 1118. 09 0. 46 89.03 3. 36 7.61
BDPC-700 0.28 1719. 27 .72 90. 89 2.18 6.93
BDPC-800 1. 61 2221.55 .04 92. 36 1.63 6.01
BDPC-900 5. 81 2396. 60 .70 94. 43 1.01 4.56

IEAh R X 5260 fL - BB % (XPS) X BDPC-x
FE Y0 R AE RS HEAT RAE . WK 4 ()
BN BT A RE G TE 284,399, 7 FT 531. 8eV Ab g Hi B
W 5B R0, 3 SRR Cls N1s Fl Ols W50 8] 4
(b~d) 4518 Cls N1s Fil Ols 14 J5 1Y & 2 P i
B, Cls 0] B 20 2 3 A & B R AE W, 43 51 4
284. 7eV 4 By A7 Bk (sp”-C) , 286. 0eV Ab ) C—N
Ml C—O B RR, LA 289. 2eV Al C —O h
AR Ns WAl AT o = Ak 57 A9 45 F i L 43 531
h 397, 5eV &b 1y i iE & (N-6) 4 399. 5V Ab Ay itk 1%
A (N-5) 1 401. 3eV 4k 1y A7 25 16 & (N-Q) , H: it
WE R R I g UL A O S 00 H - 5 AR L BT AR
HL T2 B I 42 v F AN R T T S DT A R 5 S P
RV oy B i U A SR O T P A — R
Ji T BRI 2 RR U A AU i T RS IR
BFR R SRR L A, Ols Wt a] i — 43U A
3 B RRAE I, 43 B R 530. 2eV 2L C=0,
531. 8eV AbiYy C—O Fi1 535. 3¢V ALY O—C —0, X
o5 S0 BB A T DA ARG R e A Rk 2 T VE R A L $2

AR HE 2R T AR AR, AT 2 R Ak e
AEVH ., 3 HIH T BDPC-x BES R & &,
P AT Bl R T R, NOF O B a3 0 i A
X T AE TR AL R b B AR T Y 2% 3 O
HAEF kK.

R T #E—2 5 M BDPC-x B i 18 FL 45 ¥ RR1E
3BT AEAS [6] 3 Ak I B Ak 385 FE i e 3 T AR AL 45
a7 A R o 800SR4 T 20 I BRI 4, [
5(a) iz, BDPC-600 ,BDPC-700 #1 BDPC-800 % #{
th T AU A5 IR 2R AE 3R W RS ORL b A AR R AL
BDPC-900 £ B i} IV B 4538 L AR 4E , OF HLAE P/P, >
0. 4 Y iy F 70 RPN S B0 T ) I S A, N, I B
FREe i, UL IR SR A7 A2 K AL R A AL . 55
b o 38 1% B A AT LA E PR i 43 B R i b 3R T FR AR 4R
R BV BE A R T AR i F 2 T BRSO, X
5HH Brunauer-Emmett-Telle (BET) # #1 I 15 %
PR MR R — (3R 3), XZEFH KOH IF bk
JH R BE T v 2 A RO BN sE 4. R,
A% Bz pR BLE (DET) B8 43 A 17 4 b 1 fL 42
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(a) (b)
1
qs 284.7¢V Cls
Cc-C
Nis Ol's Bppc_900

3 i i 3
< 1 : s
s ‘ | BDPC-800 z
g 3 i g 286.0eV
2 l | i _BDPC-700 | E CN/C-0 58950y

A i \

1 1 1 1 1 1 1 L L L

200 300 400 500 600 700 282 284 286 288 290 292 294 296
Binding energy/‘C Binding energy/eV

(c) (d)

399.5eV
N-5

531.8eV Ols
C-0

N s

530.2eV

C=0
535.3eV
O0-C=0

Intensity (a.u.)
Intensity (a.u.)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Binding energy/eV Binding energy/eV

4 (a)BDPC-x B XPS B & ; (b-d)BDPC-x B 5> ¥ XPS EiL : (b)Cls; (¢)N1s; (d)Ols
Fig. 4 (a)XPS survey spectrum of BDPC-x ; (b-d) High-resolution XPS spectra of BDPC-x : (b)Cls;(¢)Nls;(d)Ols

(a) (b)
1400 2.5

—a— BDPC-600 —a— BDPC-600
E 1200 L —* BDPC-700 ; . +— BDPC-700
n —a— BDPC-800 20 —a— BDPC-800
iﬁ 1000 | —*— BDPC-900 g —— BDPC-900
éa’, 800 20
3 sl E
2 600 - =
= ~
2 ol 2
< 400 | o

™~

g = 5
E 200 +
s il

0.0 0.2 0.4 0.6 0.8 1.0 0 2 4 6 8 10 12 14 16

Relative pressure (P/Py) Pore width/nm

B 5 (a)BDPC-x HIE SR/ B i 2% ; (b) BDPC-x HOFL1R 53 45 B £%
Fig. 5 (a)Nitrogen adsorption/desorption curves of BDPC-x ; (b)Pore size distribution curves of BDPC-x

SRR W 5 by B, 7T B LM T SUBFAT B TR o 0 BT OB I I K A 7L
S ETEAE BCTL » IR FE T 2 800°C I BE o 1 B

2.2 AYEFE S IR (BDPC) K 2,
7L HL BDPC-900 ¢ f 4 7L SR AR 1] 8 ﬁbiim % 7.5 (BDPC) iy L ft. 2 1
S5 | SCAMBT AR S — . IEAh BDPCx B g %1
L5 UL BRI T 8 7 75 7 0 (3% 3) 10 R J2 S B2 3T R R O AR T
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# 1) BDPC K i ELA A ] 09 GO0 T8 550 L 2% 5t 20 B
DL RALBR A5 3 2 B 2% AR 23 % 6l A A R 09 L Ak
SPERE S AR R, BT L, SR FHAE SR & (Cvo il
K L AR 0 R (GC/D) R B 78 ik v F A %
PEREM K L K v AR 22 BEAT (EIS) Ml %) BDPC-x #4
BHIEAT AL A PR RE R AE . B FE B TCRE i 1) 45 K4 R AIE
HHMRZMANERR, HTEUINZ. TAH
27 P BE D 3 12 3 3 > F it I A R AT

LA BDPC-a i P M4 BL il £ TAE M, LA Na
AN, SR 1M 9 NaClO, (EC @ DEC =1 : 1
Vol%,2.0 Vol % FEC) N f# . Kl 6 4 BDPC-x
HLAR TE 49 4 3 R R 1mV /s B B 08 B AR 22 (CV) it
L. SHEMTEE KRR SBED,HTE 0.5V~2.5V

Current/ (A/ g)
&
S

BDPC-600
1.0mV/S
_08 L
_10 1 1 1 1 1 1 1
00 05 10 15 20 25 3.0
Potential (V vs.Na/Na*)
(c)
0.2+
0.0
a _02 -
2
S 04t
=
5 06f
=}
© 08t BDPC-800
1.0mV/S
-1.0 [
-12 r
00 05 10 15 20 25 3.0
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Preparation of Porous Biomass-Derived Carbon
Material and Its Sodium Storage Capacity

HAN Jiashuai, LIU Dongming, YANG Enen,
LLIU Siyang,JIN Xin, HU Fangyuan”

(School of Materials Science and Engineering,Dalian University of Technology,Dalian 116024 ,China)

Abstract: Biomass-derived porous carbon(BDPC) was designed and prepared from Qamgur,a biomass from
Xinjiang,China,as the carbon precursor, by pre-carbonization and activation,while retaining Qamgur’s in-
herent pore structure. The microstructure,phase composition and pore structure of the material were ana-
lyzed by scanning electron microscope(SEM) , X-ray diffraction(XRD),Raman spectroscopy,X-ray photoe-
lectron spectroscopy(XPS) and nitrogen adsorption desorption test; The electrochemical properties of the
material as a sodium storage anode were characterized by cyclic voltammetry, constant current charge-dis-
charge,cycling, magnification and electrochemical impedance measurements. The results show that BDPC-
600 has good sodium storage performance because it contains nitrogen and oxygen heteroatoms(the con-
tents are 3. 36 at. %5 and 7. 61 at. % ,respectively). At 0. 1A/g current density,after 100 cycles of charge
and discharge,the reversible capacity is 187. 7mAh/g,and the capacity retention rate is 88. 7%. In addition,
BDPC-900 has excellent magnification performance due to its large specific surface area(2396. 60 m”*/g)and
pore volume(1. 70cm’/g).
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