Material Sciences #1EFRI2Z, 2023, 13(10), 919-930 Hans iXJ
Published Online October 2023 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.1310101

ETZRREANEMSHEEENSIER
MRS

SMRHE, FHAREY, & NS AETY, BT, B O

USRS, W BT ERE, WL 5%
PR, MBS, WL %

ks H . 20234F9 4 12H; FHAHEM: 20234F10814H; KA H: 20234109 25H

H E

HAET&E. KK RO ARRBRHIEE, UERLHBRB KT RROLKREA AR, FIIARE
B, KA ERR LIRSS, WAGURBR 2 BORHIR T EF — & AR S R, R
RERYE, BUMTLREASRERNREEWL. PRBRNRE> $. BHTRERUN T HERK
BRE. Sk, HEEERIEN, SEARRENHIETE, FRENE T2 TS aBRERRRE.

REBHL UK R T RAE T . SRR : RETZ T FRBENTISNIE/DN, Tk,

BINGORERR 5 K22 R 1 /FERBE R e R R I, R0 3950 FERL A R R DL K& 2 RS ¥ e
FHBEREEA R, Bk ERUAHE, HARESHERE RS RELE, AR
PR RTE SR AR AR A B ) 7 BT MR R4 T — e O & .

XA

“REH, FHEE, REthee, etk

Preparation and Electrical Properties of
Flexible Conductive Films Based on
Sericin Protein

Junhao Zoul, Qiulan Luo?*, Chuan Panz, Yunfei Zhan?, Zihan Chen?, Hui Ma2

'College of Fashion & Design, Jiaxing Nanhu University, Jiaxing Zhejiang
2College of Materials and Textiles, Jiaxing University, Jiaxing Zhejiang

Received: Sep. 12", 2023; accepted: Oct. 14", 2023; published: Oct. 25", 2023

TEIER .

EB|H: 4bRus, B, W), B K, BT, DR TR E A R 5 e I ) A5 K s BERIF AT,
PR, 2023, 13(10): 919-930. DOI: 10.12677/ms.2023.1310101


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2023.1310101
https://doi.org/10.12677/ms.2023.1310101
https://www.hanspub.org/

Abstract

At present, green, low-carbon, and environmental protection have become the theme of the de-
velopment of the times. Sericin protein extracted from silk degumming wastewater was used as
raw material, which were mixed with chitosan in a certain proportion. After adding nano carbon
powder dispersion, a conductive film with certain mechanical properties was made. By using the
control variable method, the optimal preparation process was obtained by analyzing the mass ra-
tio of sericin protein to chitosan, the mass fraction of nano carbon powder, and the influence of
drying temperature changes on the thickness, conductivity, and mechanical properties of the con-
ductive film. The softness, surface morphology, structure, and electrical stability of the conductive
film under the optimal preparation process were also characterized and analyzed. The results
show that under the optimal process, the conductive film has low bending stiffness and good flex-
ibility. The composite film with the addition of nano carbon powder has good formation and uni-
form internal distribution; after stretching for different times and multiple bends, the resistance
of the conductive film varies to some extent, but the overall change is not significant, indicating
that the flexible conductive film has a certain degree of electrical stability. This provides a certain
reference for the application of conductive film in the fields of flexible sensors and intelligent wea-
rables.
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Figure 1. Schematic diagram of conductivity test
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3.1.

Table 1. The thickness of conductive films with different blending ratios
=1 FRLELEHNSHIREE

ZIREA SRR = J JE B Imm FHE
100:0 BB — 0.28 0.27 0.27 0.29 0.31 0.284
75:25 FRIEE R 4T 0.29 0.30 0.28 0.29 0.31 0.294
60:40 B REAR S 0.31 0.3 0.27 0.28 0.29 0.29
50:50 JREE RE AR S 0.32 0.29 0.31 0.31 0.29 0.304
40:60 FREE RS R AT 0.31 0.30 0.31 0.32 0.32 0.312
25:75 B R 7 eI T R S35 — I
0:100 JRE 22 JUFTE i e

fEfil 5 26 T RBERERE D, RIBEE L RE AR, FoRBEFRENIEN, ERR IR
WK, SPEUREIRAMERE, Fik, 7 MARIRIGREL, R 5 MILRH NRE IR N B — RS
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Figure 2. Conductivity of conductive films with different blending ratios
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JE BN A, SRR R — A R IR BT LR . IXTTRER N L FLRA RIFH
JRBRVE SR, ERENEAE BRI R 5] SR, A THm i bkRe. thoh, L&A
A BT e T R P KB 1) 0 BRI A A, A PO 8 2 TR SR TR J 50 50 S IR P T A% Sk 2%
A (0 P BRI TR o BRI, A 22 IR S B RS, AR R rh e IR S AR ITEn,  UEE RE AN
PFZH T REEZE . STRMERSIN BRI Sk, ETTRm T U R BRAD 1) 7 B, (A
FEAT REFHELENE . RRREGGER, WHER FECT APEREN TR PRSI, 3 o P dR i 1
PR BN 117 Q, i/ T 10°Q, BT S RMMER, MR E S R R R R
50:50,

XA F R ER G T T RS Ak R, 45 R % 2 Frm.

Table 2. Tensile mechanical properties of conductive films with different blending ratios
2. NEHRESBRMRR N FERE

2 R S TR IR W% ik /J/ICN IR /% LIRS
100:0 299.6 2.97 1.4
75:25 391.8 3.68 12
60:40 606.8 3.96 16
50:50 546.1 4.12 15
40:60 203 5.52 1.0
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M2 ATRR, il T FBAE AR (R AR KN, MR ZEREOR, SRR LI A7 BRI
Ry 60:40, HUGE 50:50, fHZIX 2 FoREA TBN S8R ) Z 7 AR IR . 5 I8 2] T - TR b,
Pl AR5 EEHI &, PIRRORHK BRI Ly 50:50.

3.2. YRS EXN SR LENRI
REF AR AR, SR &, Hla KR TR, HERNE 3 frr.

Table 3. The thickness of conductive films with different carbon power content
# 3. TEBEHMESETSHRIRNERE

B i e o A JZJE /mm FHME
1% 0.27 0.26 0.25 0.27 0.25 0.260
2% 0.27 0.25 0.26 0.27 0.28 0.266
3% 0.26 0.26 0.27 0.27 0.26 0.264
4% 0.25 0.27 0.27 0.28 0.27 0.268
5% 0.28 0.27 0.28 0.27 0.28 0.276
6% 0.28 0.28 0.27 0.28 0.29 0.280
8% 0.28 0.29 0.27 0.28 0.29 0.282
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Figure 3. Conductivity of conductive films with different carbon powder content
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2T HLBRAD S EIA R 4%, TR A BB AR, JRIRIFAE 100 Q A IXULMIERR S RN
4%~8% [Py, FHUBK T PR REIAE] T — MR E RPIRES, WA 3.
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Table 4. Tensile mechanical properties of different conductive films

4. TRISHERMRRNF MR

Bk J 5 7 4 %458 /1/CN T /% LIESILIS
1% 655.7 17 16
2% 695.7 17 15
4% 745.6 16 15
5% 785.7 16 15
6% 779.7 15 15
8% 7308 14 15

M 4 EERATCVE Y, BB S R I0EIN, 25 (10 3 F A0 T 25 ) AN R 3 2 ILSE R
JE BRI, WIRIN AR . ik & &0y 5%, TR MR JJ iR, A 785.7 cN. &5i&
R PR, PRI S s B FEmsoR 5 0N 5%.
3.3. TR xS R R AR

FERE R R R, HAR SRR, ISR L h, SO AR AR, XS 2R ANF] T
JEEBEAT I E 73 M, LAE RT3 5 P

Table 5. The thickness of conductive films with different conductive power content

#5 TEISEHEMESETSRENER

HEFIREEIC JE S /mm MY
20 0.25 0.25 0.26 0.25 0.25 0.252
40 0.26 0.26 0.26 0.27 0.25 0.26
60 0.26 0.26 0.26 0.27 0.26 0.262
80 0.26 0.26 0.27 0.27 0.25 0.262
100 0.26 0.27 0.27 0.26 0.27 0.266

M5 TR PR U TC ] B, JEEIAE 0.25~0.26 mm Aigy, (ESRMETHE DM
R LS oA BT K

AFEBAFREZ T, SRS RN 2R &l 4 A5 6 P

M 4 Tr5R, BEEMETHREZ AR, S BB W R, TRy 80°CHY, il 25 Y
SHBHEEERDN, 791404 Q, HFRVERERIF. WK 6 A, BEEMTREERIIER, T RUB W
SR WPRAC SR LSt G D a3 . X AT RER RO BE TR BERAR, 5 FRUE v A R R
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Figure 4. Conductivity of conductive films with different conductive toner content
4. FEISHBEMEET SHBERNSBIEEE

Table 6. Tensile mechanical properties of different conductive films

3 6. TEIFEIRMHHIF TR

TR EEIC Wir%d5iE /1/CN Wi {5 /% LIRS
20 619.4 11 12
40 645.3 15 14
60 901.4 2.1 22
80 765.7 16 15
100 2114 0.7 08

i b, SHBRER S TE4M0 N 2BREASFTREMIE 50:50, WM& 8N 5%, HTiRE
80°C.
34 RETZTEHEERENEHSHEE
34.1. RETIETSHEMFRMENE

N T IE T AR SRENE, K T2 &G AR, RGNS A B AT 2 U E
FRCFIIME, SRR T Fos.
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Table 7. The softness of conductive films under optimal process
F7. REIZTHSHEBRERMEMNAER

FE i i H K BE fmm Z K A /mm PRI /mg-cm
FEh 1 24.6 12.3 489.4

R 2 25.1 125 513.6

Pl 3 26.6 13.3 618.7

P 4 24.8 12.4 501.44
FEfh 5 25.4 12.7 538.7
SEIME 25.3 12.64 532.368

MRATLVEH, BETZ TSR, USRI EEEN, RV SRR ERITERS, RS
KT MARTY . HAFEIMEY 532 mg-om, 53 ILIORRZAIHT S NI B BEONIEE[17], Uil Bl 46 (10 3 F e R
AN, ATRHT S .

34.2. RETIZTRHEENERER

Wl T2 Il & S, RABPR ST 2SR AN AT 00, HERIE 5 Fin. WA
AT DAE Y, BT A R A AT LU PR, RIEUNI — RIS, UL KB 75 72 RAE 5 22 1%
RIS O EECII ST, SRTIEA A XIS B T 9K Bk IR SR AE LG, (H AN RE e 5 IS 1 5
Jii

OptiPlan | 2.00 kv 30000x T1 50pA 74 mm ov

Figure 5. SEM picture of conductive film
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Figure 6. Infrared spectrum of conductive film
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Figure 7. Resistance change curve of conductive film at different stretching times
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Figure 8. Resistance change curve of conductive film at different bending times
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