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Recent progress on poly(3, 4-ethyl-enedioxythiophene): polystyrenesulfonate-based
flexible composite thermoelectric materials

LIUYi, ZHANG Li’

(School of Materials Science and Engineering, Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: Thermoelectric materials can realize direct conversion between heat energy and electric energy, which
are safe and environmentally friendly energy materials. With the development of wearable electronic devices, flex-
ible thermoelectric materials attract great interests in recent years. Although conventional inorganic thermoelec-
tric materials have excellent thermoelectric properties, their developments as flexible materials are limited because
of their poor brittleness. Poly(3, 4-ethyl-enedioxythiophene): polystyrenesulfonate (PEDOT: PSS) has great poten-
tial in the field of flexible thermoelectrics due to its high electrical conductivity, low thermal conductivity and good
flexibility. Excellent thermoelectric and mechanical properties can be obtained when choosing appropriate in-or-
ganic fillers to mix with PEDOT: PSS. This review focuses on the recent progress of PEDOT: PSS-based flexible ther-
moelectric materials. We also summarize the effective approaches for improving the thermoelectric performance of
PEDOT: PSS-based flexible thermoelectric materials. Finally, we highlight the approaches and challenges for
achieving high-performance PEDOT: PSS-based flexible thermoelectric materials.

Keywords: PEDOT: PSS-based composites; flexible thermoelectric materials; inorganic nano-filler; organic-in-

organic interface; energy material
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Fig. 1 Poly(3, 4-ethyl-enedioxythiophene): polystyrenesulfonate
(PEDOT: PSS)-based flexible thermoelectric material composited

with different types of inorganic materials
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Fig.2 Insulator-pipe line TE device (a), proton irradiation Bi,Te; (b), regulation of barrier energy by polar solvent vapor annealing (PSVA) (c
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R A A5 R ) T 25 4 i RN A T Re g —
# # # PEDOT:PSS £ & & M kLY Pro Y.Qiu %)
il % T CNT@PEDOT 44k & & # il . PEDOT #4%]
WAL AE CNT R, B -52450 . BA 90K
EAEHR R IE B = A 4%, 2R A A% i
7, M CONT &N 6wt i, BEABAESERT
W) Pp R 157 pW-m K, FIH & A Bl 4 T B 100
XF p-n 85 JAL R T G U i B g A, BT AE
AR % L o 1.5~2 mV, 80 YR 25 il ) i i
MRS AL AT 20 ATt , R T AR SR R A1 ER
EVERZZRIME . K 4(c) Jy 2R R Y 7 24 1 g
R B E .

HIHF SWCNT, ZBERRYN K (MWCNTS) fY
MBI 5> . X Li %5 #F MWCNTSs 3% [ #5545
] Jii 0 2R & PEDOT:PSS, A Z#4 % T PEDOT:PSS
£, £ MWCNTs %5 ¥4 . 4 PSS:EDOT iy Jit &= Lt hy
0.3:1, H MWCNTs:EDOT i & S~ 70wt% i} ,
B A MRAEZE IR Pp Al ik 0.229 yW-m™ K2, Jy 4l
PEDOT:PSS ) 8.2 1% . H T~ MWCNTs 5 PEDOT:
PSS AR M A AH EAEH , S8 E NS
H A 22 18] R B Gl T4 /5 T S. T.Kang
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21990 3 3 7 A T2 N MWCNTSs (4l B |- 7 fift 1
CNT F, 4% T PEDOT:PSS/CNT 44 K & 4 Wi [l
M CNT &0 0.11wt% i, B & IEfEEE T
Pp 7] ik 30.54 pW-m™-K?, A H i 4l PEDOT:PSS
(3.53nW-m™K?) &7+ T 4 MR

F B 40 K DR T o, BRI IR B A A
¥, P AR ) 9 08U A B G 0 — B R 4 A 2
B, WEELE T PEDOT:PSS 44 K & 4 18 %) #4
PR, P, 8RB OK IR, IR A
JE IR AT V5 U Ab B 2 2 =5 PEDOT:PSS 3 #v el M it
1A 0T
1.4 PEDOT:PSS/ELXME &l

CazCo,0q ¥y K NE N —Fp 4 JE Ak, T H
HARK S, TEHRBEGIRAEHEE KA S . CLiu
4170 5 Ty 4 B, T PEDOT:PSS/CasCo,0, & 4 M5t |
F R ) CagCo,0q 1T LA BE 41 i I PEDOT:PSS & 4,
MR = AR S, TEEE T, 24 PEDOT:PSS
5§ CagCo,0, MHIFLLHBIE AHT, HAMN S A 18.1pV-
K'o MFEABENS, SHREIEFTAR, R
o B E G CagCo,0g 7t (13 i I 3 B,
S Py WERRL

ZnO J& — M EZEN - SEME, BAREN
S FNRF %€ B9 S HLRRE , 78 PEDOT:PSS 39 5 rbojin A
Zn0 41K kL ¥ 23k 2 PEDOT:PSS 1 i 14 Fl By, 1%
F . N.Toshima 4§ ™ il # T~ ZnO/PEDOT:PSS 44 k
B MM S A 1% Ga i) Ga-ZnO/PEDOT:PSS 44
KEAHEE ., 2 50m A& &R 0.1wt% 1Y ZnO Fl
Ga-ZnO YKk ¥, MEAEEREE SR o, &
XS, Ga-ZnO/PEDOT:PSS & 4 JIE i #4 HL 7 fig
WAL S, BT Zn fE Ga AL B AL T
AR AT 2 KBRS W2 AR s i A%, 38
T #8M T, 7F 362K T Ga-ZnO/PEDOT:PSS
BAMER S K195 uwV-K', o4& % 1015S-cm™,
Ppik%| T 38.4 yW-m™ K2,

HARE ALY B A To R AR 34, HJE
T PEDOT:PSS/E MY & A M i aor i 2, R
il 7 AR IR S RN, Mtk PEDOT:PSS/
ALY YK B A R ELA8 5 O B 9 i o
1.5 PEDOT:PSS/& T Xl E&#

HEREY R IMAZF AR, iTRIE R £
TLEAME, MHXTF o EEME, ZuEEH
BLEETE L2 A~ A, S B TR T 200 RE & ik
N, BKHE T AR I P RE

Cu,Se. Ag,Se SFTCHLM BHEIR JLAEAE I T E

KERAEAR, Y FE RGP P InA Cu,Se Fil
Ag,Se i, BEIE 2 A AL/ ICHLA T, T2 &
ML P RE . 7. He 457 il % T PEDOT/Ag,Se/
CuAgSe =T CE AL, Hh Cu: Ag: Se IYE R
A1 :4:3, HFEAEIAT PEDOT, 7 PEDOT,
Ag,Se Fll CuAgSe — > HHH/E HI 9 5 1 kb 7 7 fiE &=
AEUEALN, WK EEE T E AR MR . A
300 K i}, PEDOT/Ag,Se/CuAgSe — Tt & & 1Y o
P27 3 1080 S-cm™, S F] 120 pv-K', AT
3 =R Py 1603 pW-m K2, H T PEDOT 74
B IR « A A 0 Ay IR AL UG, B AR «
B KT 0.8 Wm™ K™, [H I 7E 300 K I Zp 85 K
F 0.6, Hi7E 0.6~1.05 Z[A], H 11 40 B4 A% 1
WA IR EE 36 KMk 22 T, nJ LA™k 45.8 mV 1)
i 0 R 3.2 pW RS H S DR, S IS8 4 mm
HARRY R I 1000 G, Pp A HIRTAY 92%, #
BT 5 A IR R R B

F i 48 oK A4 LRI B W 1 ) 2= PERE RN o #1F
LS, MK R S ZMBEWHTEE
i, RETE R S A SRR o, TR R B A R A AR
ARG, G.Sun %57 4 T PPy/PEDOT:PSS/SWCNT
=K AW, Hh SWCNT 5 PPy/PEDOT:PSS
B 4:5, 7E 300K, BAMEMK o5
#] 907 S-em™, SHEE K FE AR R 223 pVK!, P h
453 pW-m K2, #j°}y PPy/PEDOT:PSS — L& 4 1
BEfY 14.4 £ o T.He 55 ™ il & T Bk 6L B 40 K & (C-
CNT)/PEDOT:PSS & & i . HEXFE G B, 5]
N\ BRI RE A5 T LR S BIL/ T AL AT S S
5, I HAE A G R v e B Y N S IR S5 4
FEAS T CNT M HLBH, fR¥F T CNT [ A /& 5
ko 7E 300K I AR B fd: Pp 24 504.8 pyW-m™-K %,
C.He %™ #] 4 T SWCNT. PEDOT:PSS il PEDOT
NWs i85 1 =0 G54 K, 7E SWCNT/PEDOT:PSS
It E AR, X4 SWCNT & i 60wt% ], Py
KRBT 264 pW-m K25 B oo E A BT INA S
4 0.5wt% 4 PEDOT NWs I}, =08 & K%
T oc#® 3 2570 Sem™, S E F| 37 uV.K?,
Ppik 3| T 352 yW-m™ K2, H F PEDOT NW 5
PEDOT:PSS (1) 5 Il /7 7F B fit 1 JE 00, i I A /Y
SWCNT W42 & TR G K oo HARE A RRK &4
AR PR 5 1 R AR IR 2200 40 K I, e R HE Th
iKF|T 414nW, L.Chen 45 il T SWCNT/PEDOT:
PSS It JZ= Te 44K % (PC-Te) K G, I XS



$294 -

EEMRER

W HEAT T HoSO, Zb B . 7E A SWCNT J5 & &
PR o W, Bl T SHIRRAT, PplbRIMA
SWCNT iy PEDOT:PSS fit . £t i H,SO, 4k # f5 ,
HTFEAGBMN ot — L85, X SWCNT & i h
70wt% BF, 7 300 KT Ppis®| T 104 pW-m™ K2,
XTI o FS 43 )k 332 S-em™ il 56 uV-K' . AN
SREAG AR R AR, TR 22 44 K B i
HLE S 5.6 mV, fe Kk ih D% 53.6 nW,

Z LR GM B THEE Z AL/ TP,
I B LS R E MBS, i S, &
o K k #HES G, R — PR & E G RN
PEfE. % 1 N A[EKFR PEDOT:PSS %: 42 & #1 KL 1K)
P MR

2 #ZRERE

ARCLER T B 3,4- M L BE WY R OK I ik
Fi £k (PEDOT:PSS)/ TG AL A1 K &2 45 T W 76 2 P
AP 0 B BT R R, B A T I JC LR Ok 4]
{5 PEDOT:PSS 3£ & A W I A3 2 ik, 2R
LV ILAS I T o

(1) ¥£ PEDOT:PSS & M LHLIE R G, FXTE
B BTV W A B B T2, DA 4 e LA
HLPERE . TRV AL R rh, SRR R, &
Bk 22 4k 0 TCHLYA K ki 5 PSS, I8 PEDOT 4%
P EFHES , ORI I A T oy BRI R
PRV W AT JE A B, BEAIORE i AL R B, FEAM

YRRy o TG B0 T 2 5 W Y Seebeck R4 S

(2) 7 PEDOT:PSS/TCHLE & # BL il &, &
PLAL BN BiyTes, SnSe % R i dE# & 5 Ak,
KM W A A MR AT A L . MRS AR
T AT A R AR R T2, A Ak 1k TG HL
OB R AL, T BRIE A HL/JC KL T AL Y S
L P AN A7 520

(3) My AR 2 A 454, v LIRS 2 A Y
PR PERE . WMEE SEEE M, R A YR G HLIH
RSB, YRR A AT AH TR A R
A2 ZHERLE A, R H YL/ TP,
T A7 7E B 22 1) R 2o I8 500 o

(4) 2o 8 &L, FIRAS R IS HLIEDRTY
s, TR EZAEHL/ IR, (5 w7 7E
2 1) RE f 2k DB AL SR LR BB 4R 7, SRR S
FHI A S BN T B2 5 52 G B A R P

FIH R m e ik, I 2B
SR ST 20 kB, RN RAEAE — e )
FER W vk, 530 PEDOT:PSS H: 42 45 1 I il P ey,
PERE AN REIE — 242 &, X PEDOT:PSS K >k &
AT, (RILAELL R LA

(1) BHL/ AL A BB T R0 2,
AL R P A, ARAS . ORI A R
TORHEM A, I JLAESR, B 3D ATED 5 B+
REJPE K S, 24546 B4 AR fff PEDOT:PSS & &

s AR

*1 AEMKZE PEDOT:PSS £ 5 AHHIHy B AL
Table1 Thermoelectric properties of PEDOT:PSS based composites in different systems

Material T/K S/(uVKY)  o/(S-em™)  Py/(pW-cm™K?) Zr Ref.

Biy sSb, -Tes/PEDOT:PSS 300 49 1285 308 0.048 [46]

, Bi,Te,/PEDOT:PSS 300 49 1350 323 0.484 [49]
Bi-Te Alloy .

Bi,Te;NWs/PEDOT:PSS 300 47 1026 226 0.32 [50]

Cu-Biy 5Sb, sTe;/PEDOT:PSS 300 37.1 2270 312 [52]

SnSeg ;Te o3/ PEDOT:PSS 300 60 360 130.3 ; [57]

2D Layer PEDOT:PSS/Cu,Se 300 50.8 1047.1 270.3 0.3 58]

PEDOT:PSS/MXene 300 48.6 656 155 ; [59]

SWCNT/PEDOT:PSS 340 38 745.4 108.7 - [64]

Carb GR/PEDOT:PSS 380 17.3 976.4 29.3 0.12 [65]

arbon SWNT-PEDOT:PSS-D 300 55.6 1701 526 0.39 [66]

CNT-PEDOT 300 48 679 157 - [67]

Oxide PEDOT:PSS/Ca;Co,0, 300 18.1 73 2.4 [70]

Ga-ZnO(GZ0)/PEDOT:PSS 362 19.5 1015 38.4 [71]

PEDOT/Ag,Se/CuAgS 300 120 1080 1603 0.6-1.05  [72]

Ternary (C-CNT)/PEDOT:PSS 300 82.9 730 504.8 - [74]

SWNT/PEDOT:PSS/PEDOTNW 300 37 2570 352 [75]

Notes: T—Temperature; S—Seebeck effect; oc—Electrical conductivity; Pr—Power factor; Z—Figure of merit; C-CNT—Carbon coated

nanotubes; SWCNT—Single-walled nanotubes; NWs—Nanowires.
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PR FMRAS L kR L R il 4

(2) 38 5 X TCHL R A7 2R i Ao P s | BRI
KARACAT AL/ LT T, ] Ryl 5t i Ak ) 207
HY, T2 i o R BE A HL/JC AL 5 1R A B4
HLPERE o

(3) 1l # A WL/ ML 5 W R b, W
TAHLBURICIE B 2] 73 B A B b, XA
BL/IEHLI T A B R, IS BEA R TERE L%
Ko . R, JFAM T &Ik, ®
ETCHLBURE 21 e A L, 2w A Pl
P A I P BB 1 A 207 3K

(4) X T 2R B LT R F- 100 PN Y I, H AT
Ay — AR o o T A R A A A 1) S, T
ol 2 B R iR 22, B Zp GIRMERG I
N AN 4 2 R R T A WS OF S TE 5 N
N,
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