—t

R S48 2021,39(22)

www.kjdb.org 57

BB 2R A IR S W0t B FL R R

W 55 it B

g T A

L PRI TR SRR 5 T REEBE W R 150001
2. BRI TR SRR SR F 72 BT, W3 R 150001

WE AT R B SR F R B A, A R N SR T T AN T, FLRRE

LR WA A F O W L5 R G2 3o L JBE RS 7 4

KRGV BEIR B 5 oy I T 225 H LA

B TR N g T REVE A Zhid T REBUE @S IR S WEER
FEL PR o ) AT S R R, 36 E A 40 T O 2R S G S A SR R R AR T P O R P A

P AR IR K e i

R B BN AR B TR SR TR AR

HL B g (ECD, B 1 ()" (B 1(b)™) RS
FEEAR A AN Y SBT3 A B (e AR Ak, R e
BREE Ry R X H R B DL R R AR
Al P R g b BT TR A R A TR, #E ECD
SRIN=ER 5 TR e R G =y | R a2 i) =l B NS
1Ce)™) 1 by B 1% 38 3 hy F S50C28 €0 60 R 4R
IR I IO 1 (4 T 0 7 R A M 8, et R B
i) ECD (14 1 J07 38 %6l 2% XiF Fb B il 75
YEM ECD I B T15 5 2 , fff o 22 AT 38 i 19
B FORADGIE R RAF 0 B PR B
BT, UL R I 3 b2 R fb 2= g e

U 1) HEL R AR R T A AN ) ] 3 Ay [ 2 VRS e
WA LT . A R TR IR RN ( <
107 S/em) , BRI T HAE ECD H Ay 7 ™ 5 A% H, i
Fr AR A E B A (107~107" S/em) | HERS
Sk ECD $ AP 1) 25 e 17, {F PR H e 5% 5 it
2 Ak 2E e e P22, ok 1L BCD 1Y 5L BRI 7
SR RGBT A A T A AR T 5 T
o 5 YR S F AR T o S R SR IR B AR R
PR RN S AP SRR A, i ECD [l
Z1) T SRR R T AR R R AR AL T A DR, AR
Sk — 2 fe LW RV 0 E A S RO 2RI

Yk H 11:2020-07-09; & 71 H #:2020-11-19

HeWH  FHEER TR E ;5 E SRR A H (2018M641824)

VEB T 2= 1 WF5E 5 1) R A W R R, HL T (546 « lixiaobai2008@hit.edu.cn; 22 £ GEAGAEE ) , 28U, WF 55 7 0] A S HE 2 G4

B, 54 < liyao@hit.edu.cn

SUAAS R 2, TR, 258 . i BOR @t 1 F A W B i v i S F o8 3E R 1)), BHEE S, 2021, 39(22): 57-64; doi: 10.3981/1.issn.1000—

7857.2021.22.007



—t

58 www .kjdb.org

RS S8 2021,39(22)

B AR IR W R P Ak R P T 2 A
RUAAAE R IRIEE, O35 T4 2007 B B8 B e R 2R B 1

B I B fi JUAE ECD FRR N

K1 ECDRIZEEM T (a) . (b) K HL LR (c)

1 AHFERMERE R i iR R T 5T it

FEECD H, FL A AR S AS AT ik 9 85 1% &
AT, 5 F B A R AR R R — 2 A8 i ECD
e B AR A o A TS O S S B
FELA BT AE R , SR B W LR T R L I T R 2R
1.5 T2 S BUR R TR FRAE 7= SRR S8 81 )2 6
o BB B AR BT RS Y A S i 3h 4
B, B LS R G YA A R B Bz 3 )
FAOG , H AR o 0E AR AR (10°~107 S/em) | HE
DA 2 25 A S B 0 FH bRl A 8 e iz 79 5 oK o
1975 4%, Feuillade 55" Wt i 7H M T (PC) R R £
5 R (EC) S5 34 98500 5| AR & W [ 44 v i o 1R 3R
o E IR T R A BRI, AR T TR
BRI E SR, 40 Z2F0M kR, BE
WG I F ik o 2 8 W Il — 2R i B R RV T
RO R, TEBERS T, RA Y HEAR BB 28 S
YER, BT EZMR A R A LM (PEO) VRN
s liE (PAN) | 5 WY 66 DN R P i (PMIMLA) 28 i 96C
A (PVDF) M HAGAEY) . Lt A B 71 ok %
1 AN G EACRNCALRON G A R R, 22 R
R AE R ECD & B L o 1 B 4K . W Liclo, .
LiBF, LiPF, . LiCF,SO, . LiN(SO,CF,),( LiTFSI) &, &
JH A 38 5050 — M A A LA 2 T 2 A PR s 0], A 4
PC . EC. 5% — W& (DMC) Bk — Z & (DEC)

R HH 1R (EMC) %5

AN T B 3R A W S A R R 2 S 00 S L A IR
TEREZE 5o PEO SRS RGP 3R, Hod
feffase vk m, 58 R R AR &
TE 4 3 EAK S PEO JCETE X 4y F 8k Beiz sh 5 i
() 5L B T I AR AT o SR, T PEO [ 45
=T VA ER DT RS R i R B B S Y
ATT LI PEO 25 19 T 8 DA 1T R W 32 42 7 e i
JE Y HL SR E T PEO B SR (65 C), BRI T
HL A BT RN R T AR IR EE S . AL T PEO, B2 T
JCAE T PMMA 119 H fige i ELAT B = 1 FEL A%, H PML-
MA 5 ¥ 1 H fige S5 LA AR B 1) AH 28 B s 390 A 88
P, e AL B &3S F T i A A ECD Y, PAN
) BB 0 S - S MR G (H S AL L R A 2
P2 RS R, Bk Akt S B 7
e (1 H & A [ % . PVDF HLARCME RE 4, A Fin o 4R
o R A RR e e (R T A S R 1 r A
JoT HL S A, IR R R i R S - N BN M
(PVDF-HFP) BER% T % PVDF Y 45 F AL A& 1, P ARG
g R T4 T A T T X R LiC-
10, A LiBF 20 FH )12 9 ER 3 , M As IR , He b Li-
ClO, 119 5 PR R L Al 2 PR A, (E G S e
e R A7 AE 2 42 ()8 ; LiBF, AR TR PR RE
B2 X A HIK A R 52 5 LiPF, LA 55 10 i, 5 5 A
FLAb2A g 1 (H R MR AR X B 5 e E M 22 L



—t

RN S38 2021,39(22)

www .kjdb.org 59

Xif 7K -2 LiCF,SO0, B A i T A AL P g
SEE , (H S H S LiTFST )l SR i G e P
U (H SR AR B SR IR A, R I R VA R R A
PET& AT DA i F A T ) R 5 ([T 2 S
JiE ML AR 5 B2 T B, DT ECD [ T3 7 42 4%
R, R, A AL YE R AEAE B ¥ % 1 ) R 3 Al
ECD &2 2P RN A i xfE LAAS B R

— BB SR R CK R A W R A LR B A
PR MBI L i O T ECD P FERR TSR
- (H) S T H B, 3 3 A /0 /K DU 2
{18 it 5 AT S 3 R 1) P S0, RO IRIE(PVA) 5
RV EL A AP A 250, LU PE BE R4, I 4%
R BE , ¥ H,PO, . H,S0, . HCI0, %545 42 3| PVA i a] LA
A5 3 T 1 R i P S T HOAH LG F Lit LA
T TG R DR AH EE LB M, TR O G 3
RIS B TSR, SR TR R
A R JE i, S ECECD M4l A A, O B
FL B 25 o A ) S B L R 0,5 & L EIOAR (6
JE IR T5 | DT 5 35085 14 P BB 25 44 R R

2 MBBEFMREFRIRBME

Bt 55 it f

BV (TL) 38 4 Fh B B8 FIBH B8 4R
15 ISE 100 CRAN L&, AR IL 1 B PH =+
FP2EFor 5, B UL P ES 1A DRIk 28 itk i 2 AN
Tl 2 B 145 5 W DLW B B 7 6046 BF, L PF, N
(CF,S0,), f1 CF,SO; %™t F IL W B PH & 7 2F 4%
B, EATZ B BEAEH I8N, IR 2 1L 1
L BT EE, ILNEHTUSRAY

B LR S EAE R RS R — R RAE
FH 7o R ok |, [RlE 5 2R & 4 (PMMA , PVDF
) Z M EAT RAFAA M (R G 2 ik
PR3 FHERE BN, 77 A RAF R BAASCRE A,
ILToH  HA AR ZE SR e A7 L R AP
PRNb 2 F R PP, Xl S A PERE A IL A 2
PAZGE (A DURR P3G S50, ST g 5, 42 4>
IEIAVERT o AR, ARG AR TLAE Ay 1
55 19 T R B R M PR SR S IZ S N T
ECD "1, 2 1™51) T — 208 FH 21U 1) 4 R
i REILAGHARIFMEFESE HET
B RS ROR 2350 oA ARG D 2 0 B2
B R R PR I R AR B e AN RS
PRER SR T L BRI ECD A PERER Y,

Delville 25 L PMMA J 3 & ¥ 3 {& |, [Bu-
Melm]'[N(CF,SO,),] FIHE £ LiTFST by 34 98 57 F1 25
FRW ST B TR AR ET
PEDOT FI- & 1 5 A2 (A1 B ECD. 28 F 2 A0
SRS E M S 44 B R WO B AR L R AN
#| 1%, Moon S5 " SKE A2 (44 KL DHV (PF6), 5{
MHV (PF,) LA J BH A% #4 % dmFe # A B PVDF-HFP
FI[EtMeIm] [N(CF,SO,),] 2 5 19 28 15 e b, T2 i
FL i SR L AR (R — ARk 1Y) 1A S B
JE . T IZBE AR ECD B & O K 87.5
em?/C(EELT )M 91.3 em™C (), I HA4ERR 5 (4
AT 248 wW/em? (LT 5) F1 72 wW/em® (i (4,)
IRARINFE . LAk, %5 DHV(PF,), fl MHV(PF,)ik
G AR AR B BERCAEAS R L R T BRI 2
Fhigi AR L A& 27878 . 2 )5 Moon S5 LiTFSI
fnA#] 1iR PVDF-HFP FI[EtMelm] [N(CF,SO,),] 1

R BT ERYERT 075 B I B SRR A

BTk O/ (gemol™) HERA/C B/ (g-em™) ZHEE/(0.1 Pa-s) HFE/(107 S-em™)  HLAL2EE 1/V
[EtMelm][N(CF,S0,),] 391.0 -15 1.52 34 8.8 45
[BuMelm]'[N(CF,S0,),] 419.0 -4 1.43 52 3.9 46

[EtMelm][BF,| 197.8 15 1.28 37 14 2.6
[BuMeIm][BF,| 225.8 — 1.17 233 1.73 42
[EtMelm[[CF,SO,] 260.0 -9 1.39 45 8.6 4.1
[BuMelm][CF,SO,] 288.0 16 1.29 90 3.7 —
[EtMeIm][N(CN),] 175.0 -21 1.06 21 — 3.0




—t

60 www .kjdb.org

RS S8 2021,39(22)

-13V

ov P h -0.8V
gher Applied Voltage

T DHV(PF,), Fl MHV (PF iR Rk s -5
ECD 7EA [] Wi I 1 Bt A

e, LhEERAE A BHAR AL ] 2 1 B eI L
i, A BT WO, 1 ECD o, #4F R B &5
TN R (91%) i 5 BA0E (61.9 em’/C) (K
F8) T AH L 2 (13.6 mF/em?) DL S RIS i s 8
P, J 3R 7 2 P B0 €0 RN i i 4 v A I
Hs

Leong ZESU SE T —Fh LT PVDF-HFP 5 PD-

& 2

Bleached state

(a)

Bleached Coloration 200 cycles

400 cycles

600 cycles
(d)

800 cycles

Wi\
jriing

Colored state

MAA (% (N, N-ZH LI mERG ) ) IR A R A W5
K [EtMeIm]'[N(CF,S0,),] . 23 2005 F1 — % ki 2
A HBEEDRER R EUE B FRER . 3L TIZEER
(1) ECD TER IR E 5 5 AT RE PR 24 80 % 114325 55 5%t
LU BE R 74.84 em’/C 19 55 4 (A30% . Myoung 353
1 75O [ Ak 2 B i 1A & (PEGDA \HOMPP . [Et-
Melm|'[N(CF,S0,),]") H I AN [ () 50K 28 748 (kA )
MHV (PF,). DHV(PF,), 2, DPV(PF,), LA K BH #% #1 %}
dmFe K18 T 2 OB . T 208 TERH & T
AR ZAHIZANE ECD A  EA P 5 e it 2 iy 1
e, A B T30k A TR R 2%, sh A5 il
AT 7 ECD (19 B 7 A MR 22 (CV) i & an &
3R

\

Bended state
(b) (c)

05

g

«

£ 0

| %0
E10 — 400
<15} —600
< —800
£-2.0 ——1000
5 4 3 2 1 0 1

Potential/V

1000 cycles

(e)

K3 et ECD 25 T A4 (2 (a) FIAE (25 B (b), 25 EA2 2 10 mm I 95 CURZS R T (¢)
IR S54RI EUS ECD B9 R (D) FnCV ik (e)

5 TG G L T D R B TR (PIL) A B
BYIEART) — KB R, fEARILESR
PATCHL B T A3 A ORE, PILNGGR L TL 1)
S m iR e Y R E PE AN &
PEEFOL AL IR R B AT 5 53 AL I TR a4
FTT B R R o B2 F PIL A9 I BH 5 1Ak
TREVER L, FEEFHSRER, HIRTE
WALTF 10° S/em™, —MEASBERF PIL ELHEAE A i figt

B, Mk S L & RS2 A8 R TR
L R AT . AH BT LR A W B, PIL 5 1L
AR AR 2 PE T4, R AT =2 ) EL AT 50 ) 5 - [ A
HAEH, BEAE AT R AN i AH 43 25 A 1L ABE G iR
L SR B S R e . AR PILA B A
AR L A B TR TR A A T
SR PG, AR O 3R B T F R AR 2 2 F
IR T H A2 ES A, o ECD.



—t

R S82021,39(22)

www.kjdb.org 61

Marcilla ZE5 G B T 3 FhAS [5] 19 38 B8 04 -
poly[ViEtIm] [T,N]. poly[ViEtIm] [BF,]. poly[ViEtIm]
[Brlo B &A1 35 40 R A TL A4 LIS 6] B 3] TR
G TR B B LA T, L SR B R R IL
TR o A LT AL S8 PEO 1 H i T
B, T 2028 B B - B Jid H i 5T Y ECD R 3 i
PTG R A4, HIK 700009k . Du S50 2R
B AR PMVIm-TFSI 5] A P(MMA-Vac)/LiTFSI %)
B R, & B PMVIm-TFSI (5] AT LL$2 T,
fiff O Y RS E MR B SR TR
ECD JHL L 5 i L B A M . Lu SFP 0 SC K
I ETPTA , 1-H 5 -3 Js BE ks b B {4, — ek
PR IR B IS, 15 AR AR /T2 i B ECD , Bl

(a) 36°C, 0 VTP
(NIPAM, -BVIm,,-DAV)
EEHY TED

(b) 36°C,2.0 VB (¢) 20°CF 5:F P(NIPAM-
DAV)-([OMIm],,/[H,0],5)
EEIRE 1 TED

Ja  AERIME T SRR A A BT R B TR
HLA T ECD. 5 F HA TR G R e 1, &
10000 ¥ A B 5 45 G T8 5 90 46 Ot 3% 1 R A2 iy
97.5%. Chen 5™l 25 1 FH N- 5 P9 5 79 I Ik i
(NIPAM) Fil Z N 5605 (DAV ) M5 1 5 i - ¢
JB&, FIIFH NIPAM B RBHEFI DAV 9 L B08E R
FRAT T AT LA TR B X6 38 R R R 5 7 A i B A TED
(PRS- SR R84 ) , RIZE A [R] 3 E FH
AR R GE RN R] R N TR
St FEAE A R IR 45 R AL B (BVIm A1 OMIm) 41 53 19 51
AT D0 B G ) R AR I, ] 4P R . R
A AR e T R B A R P ) N Y g

T e

(d) #f53 A F-4 45
(33~35°C)

(e) #4r FF-45 fib 5 7]
Wi N 2.0 VR

K4 BLTABER R TED 7EAS Wil 2 AR TR IR

3 HFHEMRBERAZREIR

SR T TR T BB R S v e 1A LRI
FEL iR SO 1) oy 4 A PR M L e I 56 B el P 1
)RS, AEHCATS SR A7 A S5 M L P o J v i ) P 5 5
ATUR P FE A L 71 249 14 36 3l P [T 2R 5 0 L i
F IR R) B 5 AT LA SR AR R 5 B A A0 45
JEE DA TIT A I J3E 418 T -5 M v e o 1) 5 v SR, (LT
I S 70 1) 5 | AL 2 fo P S0 R O BB 38 7 5 T
Rt o BRI 22 AL BE LA B e 66 12 45 ECD By
A AN ] A AT AR AP el BE S ECECD
PR RS RELS , DAC T AT T A7 i 5 A7 A 2 A P TR
PRkl o A Ak 5 2, R 2R SR AR 25 05 5K
Xt B MG FEL A A 3 A ot A R S AR LA 3 3
ZIAVEE ST R P, DT AREA T 255 PR RE DI S A H
fige RS PR A B THESh ECD B L AL AT o

Seo JEHH i JC AL AL IR £ T IR B A PS-
r—VBMI][PF,], Fl & FIA R A 5 3845 T et 2 A
B AU R JE (SRR ~0.105 MPa) 17 25 F 12
FH(1.15%107 Slem) BYEERCHLME BT . 4 H 5 L5
A dmFe B A 5 42 B ECD , a1 B A B AR EK
SR (<L V), B R4 HE (90% ) LA K BT
St A ARE TR T4 0 BRI K
FEAEAS IR LR T A AR A R 7 B SMIPR

2003 4, Gong S5 Y 4 HH UL 28 7K 38 K 1
S, BES P 2 A R Y 4 2 0] A7 7P B4R 45
FEZ BN A AR B, 2 B 48 40 B G , WO #E
BCAN AL 7, DT 32 158 o B8 i g 5 B 1Y) HL Y
Ding S5l £ T —Fh 3T PAMPS/PAMPS f4 X% 4%
BT RECE AR, SR N B TR SRS
(17~24)x107 Slem, H 5 51 W 25858 15 78 H )5 1R
R KA WA L 2B E A R I, AT L



—t

62 www.kjdb.org

RS S8 2021,39(22)

PFS'/ _Pg- ’un 58
N age )
. & ) ).
EV(PFq), + [\J 2
\ )
\ N
NN
. (CFsSOPN® .
\ =\ /=s-CHs --VBMI[PF ~
NEMITEST S
N dmFc .~

YRV

KI5 AR B T BER T T 4078 B () R R TEA [ L
B AR A (b)

ARZ AR P A SERIZUE R 7o B AT L,
LR 27 AR 72 A R G L e O 1 iR A R AR T —
FPUISEAIAT I M o LA, 38 T L3 2o 70 B i S A4
G| AFLES A, st A7 B LR T (il 47 L ALO, .
Si0, M Ti0, 55 ) #5844 , 4RA5 155 T HL 1 R o LA ot B
(148 M P fie SR e

4 Z5i

HL IO €0 i 1 S B R ol A L AN B 2 i
REAY FL UL PRI R AR, [l 75 28 1 S e
P v 1A R AR VR ) N T R AR T
A YYBEI R B T A T I S AR S N T
B WA LR O B T R A I AR R AR
Bz R, FHT, EEMS A YLEER (R EE
JBE BRI R R S B L . A LB A
AL S50 04 T 45 5 P ) LA i A1 ) 22 A PR ]
74 il X LA 2 DRt e TR 5 R 2 AR BT B R L
&AL ph T PRI R4 550 A Pl R F) P PR 4 A
75 oy T B W IR DN T 52 W 25 1 40 602 T 54 i 5 78 2 8
T/ B TR LA e T R e O BRI AL AR
TETE, A 2k GIMR AN R SR G AR G g o T
A LEE I FIRR BEE I s ) () L, (ELIRII , 5 B Ay
R FL e A T I A P 5 ) S P RE A L
LR I, R OR BT B TR B T BRI A TR AT

FC, AR R Sk IR AL UM 2 TEHLE T
BARAE KA B BLEE S PR RO 7 ) LA SO AR
N BSOS G B AR K AR AT T R RL S
g8

2 % 3Lk (References)

[1] Hernandez T S, Barile C J, Strand M T, et al. Bistable
black electrochromic windows based on the reversible
metal electrodeposition of Bi and Cu[J]. ACS Energy Let-
ters, 2018, 3(1): 104-111.

[2] Wang Y, Meng Z, Chen H, et al. Pulsed electrochemical
deposition of porous WO, on silver networks for highly
flexible electrochromic devices[J]. Journal of Materials
Chemistry C, 2019, 7(7): 1966-1973.

[3] Granqvist C G. Out of a niche[J]. Nature Materials, 2006,
5: 89-90.

[4] Alesanco Y, Vifuales A, Rodriguez J, et al. All-in—one
gel-based electrochromic devices: Strengths and recent
developments|J]. Materials, 2018, 11(3): 414-440.

[5] Michaelis A, Berneth H, Haarer D, et al. Electro chromic
dyesystem for smart window applications|J]. Advanced
Materials, 2001, 13(23): 1825-1827.

[6] Li X, Zhang L, Wang B, et al. Highly—conductive porous
poly (ether ether ketone) electrolyte membranes for flexi-
ble electrochromic devices with variable infrared emit-
tance[J]. Electrochimica Acta, 2020, 332: 135357-
135363.

[7] Thakur V K, Ding G, Ma J, et al. Hybrid materials and
polymer electrolytes for electrochromic device applications
[J]. Advanced Materials, 2012, 24(30): 4071-4096.

[8] Christie A M, Lilley S J, Staunton E, et al. Increasing the
conductivity of crystalline polymer electrolytes|J]. Nature,
2005, 433(7021): 50-53.

[9] Huang B, Zhang Y, Que M, et al. A facile in situ ap-
proach to ion gel based polymer electrolytes for flexible
lithium batteries[J]. RSC Advances, 2017, 7(86): 54391-
54398.

[10] Zhou J, Wang J, Li H, et al. A novel imide—based hy-
brid gel polymer electrolyte: Synthesis and its applica-
tion in electrochromic device[]J]. Organic Electronics,
2018, 62: 516-523.

[11] Danine A, Manceriu L, Fargues A, et al. Eco—friendly re-

dox mediator gelatin—electrolyte for simplified TiO,-vi-



—t

RN S38 2021,39(22)

www .kjdb.org 63

ologen based electrochromic devices[J]. Electrochimica
Acta, 2017, 258: 200-207.

[12] Feuillade G, Perche P. lon—conductive macromolecular
gels and membranes for solid lithium cells[J]. Journal of
Applied Electrochemistry, 1975, 5: 63-69.

[13] Panero S, Scrosati B, Baret M, et al. Electrochromic win-
dows based on polyaniline, tungsten oxide and gel elec-
trolytes[J]. Solar Energy Materials and Solar Cells,
1995, 39: 239-246.

[14] Agnihotry S A, Ahmad S, Gupta D, et al. Composite gel
electrolytes based on poly(methylmethacrylate) and hy-
drophilic fumed silicalJ]. Electrochimica Acta, 2004, 49
(14): 2343-2349.

[15] XUHH, A&k . PR 1 it it i S BE ER A AT 58 ke ().
HLIEH AR, 2016, 40(1): 218-220.

[16] Kim Y M, Seo D G, Oh H, et al. A facile random copoly-
mer strategy to achieve highly conductive polymer gel
electrolytes for electrochemical applications|J]. Journal
of Materials Chemistry C, 2019, 7(1): 161-169.

[17] Jordao N, Cruz H, Pina F, et al. Studies of bipyridinium
ionic liquids and deep eutectic solvents as electrolytes
for electrochromic devices|J]. Electrochimica Acta,
2018, 283: 718-726.

[18] Zhang L, Wang B, Li X, et al. Further understanding
the mechanism of the electrochromic devices with vari-
able infrared emissivity based on polyaniline conducting
polymer[J]. Journal of Materials Chemistry C, 2019, 7
(32):9878-9891.

[19] Li H, Xie K, Pan Yi, et al. Study of the mechanism of
the variable emissivity infrared electrochromic device
based on polyaniline conducting polymer[J]. Synthetic
Metals, 2012, 162(1-2): 22-25.

[20] Ye Y-S, Rick J, Hwang B-J. lonic liquid polymer elec-
trolytes[J]. Journal of Materials Chemistry A, 2013, 1(8):
2719-2743.

[21] B TT, 280 R RWI, 45 B T R4 W B AR
JHEOIE5E (], 46 T3k, 2001, 30(S1): 207-211.

[22] Galinski M, Lewandowski A, Stepniak I, et al. lonic liq-
uids as electrolytes|[J]. Electrochimica Acta, 2006. 51
(26): 5567-5580.

[23] Yun T Y, Li X, Bae J, et al. Non—volatile, Li-doped ion
gel electrolytes for flexible WO,-based electrochromic
devices|J]. Materials & Design, 2019, 162: 45-51.

[24] Chandrasekhar P, Brian J Z, Lawrence D, et al. Vari-
able—emittance infrared electrochromic skins combining

unique conducting polymers, ionic liquid electrolytes,

microporous polymer membranes, and semiconductor/
polymer coatings, for spacecraft thermal control[]]. Jour-
nal of Applied Polymer Science, 2014: 40850-40864.

[25] Duluard S, Celik—=Cochet A, Saadeddin I, et al. Electro-
chromic devices based on in situ polymerised EDOT
and Prussian Blue: influence of transparent conducting
oxide and electrolyte composition—towards up-scaling
[J]. New Journal of Chemistry, 2011, 35: 2314-2321.

[26] Oh H, Seo D G, Yun T Y, et al. Voltage-tunable multi-
color, sub—1.5 V, flexible electrochromic devices based
on ion Gels[J]. ACS Applied Materials & Interfaces,
2017, 9: 7658-7665.

[27] Yun T Y, Li X, Kim S H, et al. Dual-function electro-
chromic supercapacitors displaying real-time capacity
in color[J]. ACS Applied Materials & Interfaces, 2018,
10: 43993-43999.

[28] Ko J, Surendrana A, Febriansyah B, et al. Self-healable
electrochromic ion gels for low power and robust dis-
plays[J]. Organic Electronics, 2019, 71: 199-205.

[29] Kim J W, Myoung J M. Flexible and transparent electro-
chromic displays with simultaneously implementable
subpixelated ion gel-based viologens by multiple pat-
terning[J]. Advanced Functional Materials, 2019, 29
(13): 1808911-1808919.

[30] Diaz M, Ortiz A, Ortiz I. Progress in the use of ionic lig-
uids as electrolyte membranes in fuel cells[J]. Journal of
Membrane Science, 2014, 469: 379-396.

[31] Marcilla R, Alcaide F, Sardon H, et al. Tailor-made
polymer electrolytes based upon ionic liquids and their
application in all-plastic electrochromic devices[]].
Electrochemistry Communications, 2006, 8(3): 482-488.

[32] Du Q, Fu X, Liu S, et al. Polymer electrolytes based on
polymeric ionic liquid poly(methyl 2-(3-vinylimidazoli-
din—1-yl)acetate bis(trifluoromethane sulfonyl)imide) [J].
Journal of Inorganic and Organometallic Polymers and
Materials, 2011, 22(2): 316-323.

[33] Lu, H C, Kao S'Y, Yu H F, et al. Achieving low—energy
driven viologens—based electrochromic devices utilizing
polymeric ionic liquids[J]. ACS Applied Materials & In-
terfaces, 2016, 8(44): 30351-30361.

[34] Chen F, Ren Y, Guo J, et al. Thermo— and electro—dual
responsive poly (ionic liquid) electrolyte based smart
windows[J]. Chemical Communications, 2017, 53(10):
1595-1598.

[35] Seo, D G, Moon H C, Mechanically robust, highly ionic

conductive gels based on random copolymers for bend-



—t

64 www.kjdb.org NS 2021,39(22)
ing durable electrochemical devices|J]. Advanced Func- [37] Ding Y, Zhang J, Chang L, et al. Preparation of high—
tional Materials, 2018, 28(14): 1706948-1706957. performance ionogels with excellent transparency, good

[36] Gong J P, Katsuyama Y, Kurokawa T, et al. Double-net- mechanical strength, and high conductivity[J]. Advanced
work hydrogels with extremely high mechanical strength Materials, 2017, 29: 1704253-1704260.

[J]. Advanced Materials, 2003, 15: 1155-1158.

Research progress of polymer gel electrolytes in electrochromic
devices

LI Xiaobai'?, YU Shuang’, LI Yao™
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Abstract  The electrolyte is an important component in the electrochromic devices (ECD), to provide the necessary
compensation ions for the electrochromic reactions, and its performance directly affects the response speed, the optical contrast,
and the cycle life of the ECD. The polymer gel electrolytes are widely used in the ECD because of the ease of processing and
packing, as well as the good ionic conductivity. This paper reviews the research progress of polymer gel electrolytes for the ECD,
especially, the applications, the problems and the development proposals of the novel ionic gel and polyionic gel electrolytes in

the ECD.

Keywords electrochromism; gel electrolyte; ionic liquid; polyionic liquid
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