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Fig. 1. Schematic illustrations of energy storage mechanisms of (a) electric double-layer capacitor, (b) pseudocapacitor, (c¢) hybrid

capacitor. (d) Structure diagram of supercapacitor.
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Fig. 2. Design ideas of stretchable supercapacitor: Elastic

polymer, stretchable structure, and elastic polymer +
stretchable structure.
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Table 1.  Summary of recent studies on stretchable supercapacitor based on elastic polymer.
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Table 2.  Summary of recent studies on stretchable supercapacitors based on stretchable structure.
SHAb TR R FIRAYIRTS AR WL /% LA R SCibk
EHELERATRE T T P AR G L 2
277.8 F/g@1 A/s, s
N BRAKAS /RN S 402.8 mF /em 100 FEI00%2E PR ),
@1 mA jem H 8 AT
BROIKE L L RN /BRARAE CERIIA 63.6 F/s@l A/g 150 — [42]
N - - X . 400% ) ) EZ8
REML  MnOy/BRIEAIARE  WmIiH 2.86 mWh/cm? 400 30005j %Ejéﬁzgﬁ [64]
1 g1k St K5 s 60.43 mF/cm?,
RAKE L AR éu/fulZMnOQ/ * HL TR 7.72 F/g, 9.46 F /cm?, 20 2070 7': ﬁi;}égiﬁimooa 65]
9.86 mF /cm@10 mV /s S
0.51 mF/cm, Ny ) "
RO LTS TR KA Yyt 27.07 mF /cm? 300 HRESTS00UIRHFE o0
@150 mA /cm? 9ATILA
PR G AT hE AL L 2 8%
s TRIAE @MnO, /BRAK e 2.2 F/cm? PFIEER5000 5 1
AR ﬁ@a‘éuttﬂzﬁ LR @2 mA /cm? 100 96% 75 167]
e - 30%0 A8 R HrfFAGFR 100
HLIRER RN | 1 2205 HRE 261 F/g 30 B BFE059% 2 [68]
SUYIEERTBE T AT BB G L 2 2
o “ 0.0337 mWh/cm?, 40%REAE R IR
HRIRE EME% @MnO, ZRENR] o Jem’@5 mV /s 40 86,2917 [69]
e 20% 75 T L ARIGER
NG Eligs RV i 170 F/g@0.5 A/g 20 L0000KK 5 B8 7% b 2 [46]
YK 219 RIL%@MnO, R 461 F/g@0.2 A/g 21 219 AE T RIS 5% A [70]
) ) N 100% 1 A8 i i
BT Y PEDOT:PSS/fit RBTRE — 100 000U I B 700k 25 [71]
LT IR R FRMEIE @MnO, HLIIER — 20 — 29]
- MnO—RGIKAE 17.5 mWh/cm? 20% 0 A8 R HEFAGFR 1001
REZ /PEQDOT:PSS ZRER @0.4 mW /cm? 20 JEUHF95.26 % HL 2 [47]
EEERAVKE  RERRADRAT BE o 52/(%&4/8%2 120 IR AL AT [72)
48.3 F/g@0.14 A/g, AR AN 10%38 N5 50%,
ZRERARAE  ZRERIIKE /MoOy, 7S 33.8 mF/cm? 50 FRFEFR 500005 [73]
@0.1 mA/cm PEHE80% FL 75
iZotopt aa Rt EA U G ERAS
5.17 mF /cm? 30% ML SR FAEER
/40 TN - 2 BERS KA W éloo A fen? 30 100005 FERHAT N A K [74]
A/ PR AR
ot e o s s 30% 0 7% "10
BRERRYKAT PARERR KA TR 100 uF@0.5 V/s 30 Egﬁj;%gﬁﬂl 1&0\}4 [75]
PR GERABE T4 T AR S L 2
RRRAKERE SRR g DT/ SEITI s s AR R (b
. L s v 7.35 F/cm? 2000%)3 28 T RLAHIEIR
TRADKRAEE RIS / B /g oK LR @78 mA Jem? 2000 100007 5 Bb505% .2 [76]
69 F/g, 3.5 mF /cm,
WACKE  WRADKTE R TR 74.1 mF Jent?, o AN MRS
9.9 F/cm® @2 mV/s JRH 1017
it et 62X 61.4 mF/cm?, 35.7 F/g 16% M A8 N RLHIEER30000K
AR AR AHYLAR 16.0 F/cm*@1 mA /cm? 16 JETRRR93. 3% L2 [43]
N - . 400% 028 N Hi g
AT MuOL/BAVKE KA 2272 mE/om? 500 oA TR 1y

B TR OI(1%] 4(e)) FIBTARZEAR G 1781 45 A Y
FHRLRASBERCHLAR Y, 8 i BT AR, 35 s Rk
ﬁ%*ﬁi@ﬂ@%%%%x AT LARL A (151 4(F) F0
P 4(g))lom. I A7 88 3D FLIFZ5 A RIRTRL, L ANt

45, IR AR, RN ERT, FLIRW 11
J5 AR 180, A 2 vn] LU H a3 ol I ER 45 4 FrY
HLI / as PR BR Fr A e 22 AR K, #E 10%—2000%
NG, 10% S50 TR 254, 2000% J&48 55402

178801-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 17 (2020) 178801

(a)

B0 0. @ DL RIS

X\

Oy

Flat Ni foam

Cu wire — l

Wavy shaped graphene foam PANI deposition

H3;PO4-PVA electrolyte sealing

—_
(O}

N
@& =

Supercapacitors

L b U b

(b)
(e)
Honeycomb lantern

Wavy shaped Ni foam

Ecoflex encapsulating

e IR SSSSCS |
Cutting \\m Stretching

Editable shapes and structures Customizable stretchability

LIC D ¢ )¢ J
ATXT AT XY X
UL R T L
100 pm SO0 Q0900 0T
SO0 0N OO OO
AT XYY K
ATLY AT LT L
ATET AT LYK
AYZYLYRY L

40 pm

Rl
é Stretching 2

40 pm

40 pm

de®

Ty

Supercapacitor units

3D expandable
honeycomb structure

Unlimited device
thickness

+—>

16D

B4 ARSI BT RAS A R R () TBRAESE K 9 (b) WIREEH Y, (c) ZVEEH T (d) IETEZ5H 1) (e)— (g) MIARES

g 145.76.78)

Fig. 4. Stretchable supercapacitors based on stretchable structure: (a) Helical structurel®; (b) wave structurel®; (c) fabric

structurel; (d) serpentine structurel™); (e)—(g) net structurel*>76.7,
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Fig. 5. Schematic illustrations of stretchable supercapacitors: (a) Fabric structure stretchable supercapacitors; (b) stretchable fabric

structure; (c) non-stretchable fabric structure; (d) image of stretchable fabric structure; (e) capacity retention after different num-

bers of stretch/release cycles under different strains (10%, 20%, and 30%) at a current density of 8 A/g (the inset presents the im-

ages of the hybrid supercapacitor device during stretching cycles); (f) schematic of elbow-fitted supercapacitor; images of two super-

capacitors connected in series for the illumination of an elbow-fitted LED for (g) stretching and (h) bending. (i) Two devices con-

nected in series for the illumination of a set of 40 LEDs with a parallel "DHU" pattern/s!l.
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Fig. 6. Comparison of the stretchable supercapacitor with
reported supercapacitors with respect to the tensile recov-
ery, stretching cyclic stability, and electrochemical proper-
ties, where CO and C correspond to the specific capacities

before and after stretching cycles, respectively.
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Table 3. Summary of recent studies on stretchable supercapacitors based on elastic polymer + stretchable structure.
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SPECIAL TOPIC—Flexible electronics
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Abstract

Stretchable supercapacitors have received more and more attention due to their potential applications in
wearable electronics and health monitoring. The stretchable supercapacitors have not only the advantages of
high power density, long cycle life, safety and low cost of ordinary supercapacitor, but also good flexibility and
stretchability to integrate well with wearable system. In this review, according to the structures of
supercapacitors, the methods of preparing stretchable electrodes/devices reported in the literature are
categorized and analyzed. We particularly highlight the key findings of creating stretchable electrodes/devices,
which include elastic polymer substrates, tensile structure design and elastic polymer + tensile structure. In
addition, the research progress of multi-functional stretchable supercapacitors and high elastic gel electrolytes
are discussed. Finally, the challenges to the future development of the stretchable supercapacitors are analyzed
and summarized. We expect to stimulate more research in creating stretchable supercapacitors for wide

practical applications.
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