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Progress and prospect of flexible electrochromic devices based on cellulose
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Abstract: Electrochromic technology is a potential applied science, which is gradually attracting the deep attention of aca-
demia and industry. In this paper, the working principle, device structure and material application of electrochromic
devices (Electrochromic Devices,ECD) are introduced and summarized. The emerging flexible ECD has the advantages of
light weight, flexibility and portability, which is more widely used in smart wear and flexible electronic products.
However, there are still some defects to be solved in the production and application of flexible ECD: (D The rigid electro-

chromic devices which prepared on conventional glass substrates are not flexible enough, the raw materials are scarce and
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non-renewable; 2 The traditional liquid electrolytes are easy to leak, corrode and evaporate, which seriously affect the
safety and service life of the devices; (3 The electrochemical stability of the electrochromic layer is poor, affecting the ser-
vice life of the devices.The applications and advantages of cellulose as flexible substrate, electrolyte and electrochromic
layer of ECD are discussed in terms of structure and properties. Cellulose material has excellent optical and mechanical
properties, which can avoid the defects such as the insufficient flexibility of conventional glass substrate and the scarcity
of raw materials when cellulose is used as the substrate of ECD devices, and the three-dimensional network structure and
functional groups on the backbone of cellulose can improve the mechanical properties and electrical conductivity of elec-
trolytes by forming ion bonds and hydrogen bonds. With the reasonable introduction of cellulose into the electrochromic
layer, the three-dimensional reticular structure of cellulose can provide a larger specific surface area for redox reaction and
alleviate the volume expansion caused by electron/ion intercalation and exfoliation process. It is helpful to improve the
electrochemical stability of electrochromic materials and prolong the service life of the devices. Cellulose-based flexible
ECD have a broad application prospect in the fields of energy-saving buildings, display equipment and energy storage
devices. The introduction of cellulose into flexible electronic devices is of great significance to expand its scope of applic-

ation and enhance its utilization value, and at the same time promote the development of green and environment-friendly

intelligent flexible electronic devices.
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Fig.1 Hierarchical structure of cellulose and schematic illustration of crystalline and amorphous regions in cellulose fiber™!

12 FHERFEFEBRFRETNER

EF 4 bR R R RN AR A T A
T FRRAFCY, G 1 R G LT 2 R A SR HEA T
et P/ A A R AL, E SR A AR
DIRetE A e RAPR, e F I S b RbE F A
OYZFLBREE Y (R T HL A A7 SRS 3l) . ROk SR A
BFFBE T (5 R T F S I W S R ) AR 4
BB YA L, R 22 SRR m] T oL A o )
TR E AP AL FRCR, S A RS T R AL
5%, PR TR IR R E . CHENG %527 F ]
R BT 2 R A 25 T K BRI T2 4 A T S 22
P L AR, 28 1 000 IRFTHCAL 3R A, S FiY H
AR BRI IR TH Y 82%, H R AT MG F e M
KR T B A R P, KB A dE R S bRy
FoE i Gl . EL B2 R 4 R SBERAE b
5%, ¥ 3 5 ) O A O P A B B AN S TS, T
BRI T e R o 7 v ) FL AR TSR TR SR, o T 43R 3R

T = 035 P RE A AT VR R4 Y 40, G
PR RE 7 F A R T A A B B AR . TR
PR LT 4E 2 BNE Ry 3 BIGR AN RE 4550 1 &5 S A A
S50 Mo B, ICUIERR RSk 345) AR SIS
BRAE R A HOAAh, 8 R TH SE H L 2R 4 = v E A
SRS SR Z MM EELE R . LT %P B AR k2
) 4% i A 175 B SR TR Bk T R 4R 2 Z B rp (18] 2(a)), AR R
2 F R PR AR G oK 2 5 72 9 HE AR 4 R
ZAEFERT IVE R 1 (] 2(b). (¢)), $E1m TR 48K 28
SR Z A B BERE . A4 R AR B A B, S0
PAFHIFAE ECD I RAFMEAFR e M (B 2(d)).
BERE OISR (E 2(e). TEA4ERTF/E
BRRER, 24k R R G TR BE A X T Y R T o
BB [RIERE, 28 25 R DA S 45 mT SR it R 4 1 2Pk S5 L
PRaETE . SONG 250 NC ¥R P 2k F S 47 4 K
(Hydroxypropyl Methylcellulose, HPMC) 225k, 5 4R 44
KLk (BRANKL) 2H 2 A Hh EAA A i 1 2 B P AL



2252 #H % F ® 2023 4E45 48
: KLk =
» i KL A HPMC
DRk WEHPMC Bk B FHEENGam
: - HL U (B
YKL R ANHPMC

y N 80 -
FRYIK L — 0 bending cycle oy HV-5= HV*
,\ —— 25 bending cycles £
. —— 50 bending cycles .
- S 60 < ol
E £
: £ z
OH = ‘7
o oM OJQ é S -1}
o, g 40 ° o -
OY,\Q;O ¥ = § :
OH 5 2 :
3 & red "l
20 1 1 1 1 L
0 200 400 600 800 06 03 0 06 06
HPMC Time/s Potential/V

(c) ARYIKL SHPMCH HAEH /R~ &

(d) 760 25RISONE RS, WATEE G-
BAME P E %

(e) HRMBFMCY, BWALEILEA
EAIRAS R IR ey

B2 —FhLAAHEZ ORI AFNE ECD il srad i . PhERE ST 4R A AR A1 2

Fig.2 Preparation process and properties of a flexible ECD based on cellulose and the principle diagram of the action of cellulose in it
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Fig.4 Schematic diagram, preparation process and properties of ECD in electrochromic windows.
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