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Abstract: Flexible sensors can convert external mechanical behaviors into electrical signals output to record relevant data
changes during deformation and movement. Comparing with the traditional metal and semiconductor sensors, flexible sensors
have excellent performances such as high stretchability, ability of multi-scale deformation, high recoverability, and so on,
which can be applied to human body movement detection, steam detection, and robot operation control, etc. , becoming the
hot spot of the study of smart wearables. Flexible sensors are generally prepared by blending polymers and conductive fillers
or surface finishing to make them flexible, stretchable, recoverable and conductive, so as to respond to external stimuli.
This article gives a brief introduction to the polymer matrix and conductive fillers studied in recent years, a detailed overview
of the preparation methods and performance of poly ( styrene-butadiene-styrene) ( SBS) based flexible sensors, and finally
the problems on SBS flexible sensor development are discussed briefly.
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Fig. 1  Deformation illustration and application of flexible sensors
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Table 1 Mechanical properties of different polymers
Polymers Shape Mechanical performance (UTS/MPa, EL/%)
— Oriented fib b Under 4500 revolution /min, along the fiber, UTS is 14.6 and EL is 192;
remied iber membrane along the direction perpendicular to the fiber, UTS is 1. 80 and EL is 940

Natural rubber! ' Ribbon The UTS is about 20 and the EL is 800
Silicone rubber! >’ Membrane The UTS is 1.27 and the EL is 1073

ppms! Composite material
SBs'" Fiber
sps' 1! Fiber

Ecoflex' ') Porous membrane

The UTS of the solid structure is about 0.5 and EL is 48;

the UTS of the porous structure is about 0. 12 and the EL is 150

The UTS is about 33 and the EL is about 1300
The maximum UTS is 36. 35, and the EL is 1890. 38

The EL is 900
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Table 2 Electrical performance of different conductive fillers

Conductive fillers

Existing form

Electrical performance (Conductivity/ (S« m™)

Resistivity/(Q + em™))

Graphene: 1

Graphene fiber ( GF)/3D porous
network graphene (3D-G) (301

Silver nanoparticles ( Ag NPs)/

Silver nanowires ( Ag NWs) (22)
Ag NP

Ag NWs!3!

Mix with the matrix

Core-shell structure ; inner layer is GF,

outer layer is 3D-G

Ag NWs are mixed with the substrate,
then deposit Ag NPs on the surface

Deposited on the surface of the substrate

Coated on the surface of the substrate

The conductivity is 0. 1

The conductivity is 1000 ~2000

The conductivity is 245 000

The resistivity is 0. 1431

The resistivity is 0. 8

Poly(3,4-ethylenedioxythiophene ) -poly
('styrene sulfonic acid) (PEDOT : PSS) (32]

PEDOT : PSPSS'*!

Carbon nanotube ( CNT) 3]

Carbon nanofiber ( CNF) (13]

Coated on the surface of the substrate

Coated on the surface of the substrate

Coated on the surface of the substrate

Mix with the matrix

The conductivity is 2500

The resistivity is 50 ~ 60

Along the fiber, conductivity is 14. 6;

along the vertical direction, conductivity is 7. 8

The CNF concentration increases from 0. 1wt% to 2. 8wt% ,

and conductivity increases from 0. 01 to 4.2

SBS PAZE M (styrene, S) . T % (butadiene, B) N
BpAR e ELCRE B AR AH R AE BE B SRk, LA
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K2 FROIE-T - R OBt R Y (SBS) 73X
Fig. 2 SBS molecular formula

Polystyrene
Phase

B3 SBS ML Mt
Fig. 3 Phase structure model of SBS
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(1) WG 25 SBS etk T i A A i

VAW D8 5 10 IR 2 P 345 > 3 R 2R B i ik )i
H5RHRERYANRG, @B, B TIRERS FEK
TH(ERPHATER, TR TRKES T8, 5
WIARAFIL A MR Tk o Ay s/ 2 THT 5K 7 4007 7 A= 1 P4
JIM- B AR TN SE M 254k, I 5 BTE & A ¥ 0 28 1R
WA Th S S T, T s TR R 25
AR WO R R, AR RRE, wHE
HIPERE AT 45, (H D) 32 BT IV R A RN 2 | 4 2 3 B2 B 148
TRBESE AR O X SBS, 98 A B £ 30k FH b A5
BARRYNER A5, W2 AR RHIR A WAE R,
CNTE BT PO K, U P2

VSR DS T T T 4 10 SBS IR S P A% AR AE e T D it
FR AR T RIS, Mk SBS T2 BEfR 4N
k% ( multiwalled carbon nanotubes, MWCNTs) ¥ 5] 1R &
JFETHRE, WAL 11 IREER R, ZET
REIRE A FHRBR, WA, ZFHRE AR/
MR (0~5 N) N, RIS 8 1ES 24k,
Radhakrishnan 55" f SBS ¥ fif T 50, 43 5 Wi 2%
HCI B9 AR (polyaniline, PANI) 45 2%+ — o 5L A hitk 2
(dodecyl benzene sulfonic acid, DBSA) %) PANI #i#l:15%],
B TGRS I FP PANI-SBS SHL & A5, BF98 R BE,
LT XA o 4t o R R i 2 R R P T PR
HUE SN, JLP ARG & HCl $82% PANL
R LA B4 1O R R P . Wang 257914 MWCNTSs 1 SBS
T INEFT R 2R AR GV, 50 CAEREHRMFHRES
i, WFSE A B, ZIRAE R SR (0. 04~0. 1 MPa) L
FHAS AL, 7R NI E L (>0. 1 MPa) W22, Ji
&l Fi-F1 B2 )4 ( graphene ) Fl SBS Y AR & T —H K,
T4 J5 3K 45 graphene/SBS-Ecoflex W A5 1% & 4% ( GSES)
D B2 A e T LA W Ay S R N A ok 4 88k 0 R 2 fh
BEW/ N N 2B 15 5. Zhuang %66 MWCNTs #8 7
IPEIESR (3,4-20 e} ) - OK LM R R (PEDOT :
PSS)JKIEW T, 55 SBS IAMTE IR G, 78K k1
P FHEGHE, WA, R IL S| 209% i 45 % 2
HE S ) P BEL RV

(2) Mk gi 227k £ SBS etk S = A 4F 4k

TR Y5 22 7V S W B G WV Ak T R0 v 0B 24 AR
RS E) —EHIN, —EMENY LI, J5&Y
B TP ——IR A W IR AU SE, PRI 25 22 I T
ANYj e it R L, —E T BF ik ABERTIA RS 9 223k 20
fhrb ) IR m NG 22 Sk AL R A 22 o A
F T S HIGH A BE T, BRI VA 1 50 1] N 9 HIGEE A2 4

LG R LR AE ) %05 1% T 4 il TR e 1) 72 SR 0 9
Ao, ABRAG Y R #RIm AT 4E, il T REE S
XHEF L ORGP ) S 305 2 R BRI

T SBS FePEAL R (il £ 55 0 b, O i
(EF4E Z2 F T 1% 28 15 IR 98, Yu 51 BE5E T R A
SBS, MWCNT 5702 85/ (few-layer graphene, FLG) i
905 22 95 (1) W A8 A5 Sl . SR JH SBS HI MWCNT i 45 1
sy, & 19%MWCNT (JFi i 40 %0) 58 & 4 4k nl 78
267% (1 7 W AR T PR HUBEL A 1, SR AR R B ik 2889,
FERIEIR IR L BEAE 5 R B S R e M
PERE; R SBS. MWCNT F1 FLG I & (1288, &4
1.0% MWCNT #12.0% FLG Bt & 4520}, 4G BA &
P BEL i) 7 35 B ( 6009% ) 1 3% i FEF 25 %K (5467 ) , Wang
L0 DL YA Y 22 ik 4 SBS RME S HLE A A 4k,
SBS/FLG &1 4k (1% 1 AR A% 25 i B 7 Y BRI vl 56 110% , R
WU REAT A 2346, HAEPEAR ML, v RFR R E
IHLBEAS S5t X T SBS/MWCNT 274, & ¥ H ]
TFARVUERSR, & 1% MWCNT (428 AL A 7= 0%
FE 10% 75 T A1 R O e 28 S0 v, f BEL AR 46 5% 55 51 oy
19%F1 256% , Wi RCHER (<40 s), BRILAS, HBE®E
R RSP RE 2% A WL E
4.1.2 ki

SRR R A WA S EURHEE, MR EREY
18 B B AR A D o AR AR R, R A
FBYUIVER i i BRI 5] 0 BE R G A i, B
Je i A LB 1 ) A R A S5 K 0 i, e O v
TwE R, ZanEE, A — TR R A5 g [H]
WA P AR R R, BAERAIL, I TR, BTk
PR A A =0T % i AR R AR A SO AN
WA 5 T

AR T, A UK B2 5 ol 5 fR EDRE A3 B IR
SHREAMEEE R KD . Duan % 50 51 2R H
SRR A R e 5 W Fh 7 20 % SBS/MWCNTs 3L 52
AR, XFLLRIL, SRR A IS % BIER 0. 98% (it
IYE) , TR DRSS AR 0.39% . BRIbAh, MaiRa
IEIEL A B 14 o7 A% 50T R B ) L - 7 A% ) 7 I R
VoS TR DE 5 MELAE AR R A 1] &2 03 (/s o T AR A ML E —
b | AR PR A

(1) BRl 7 E 45 SBS etk oL 5 A

S Tl RS VR v T S R S R A IR Y
EALIEET R E AL, DU S ML S 15 A5 K o IR
AR, BEIE R SRR AR ok et
TN TR ARG, T, 5Pl ik
Azt
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HIBAEIE . Teixeira 257" ¥ PANI-DBSA #1 SBS 7E 150 C
IRRSTRAS, TERUENL P ERIR , #IFFRE S
FE, SZMEAE PR A A 2 [ S5 (0. 1~ 3 mm) HE WIHA AOAS
SR, Souza ZE1H4 PANI-DBSA F1 SBS 7E 100 °C 44 R,
JEFERCREEHL PR A EL S R, TR R, IR AR
P R Y 7 OB BE AR TR 45 (] A2 1 75 e % o
H &I PANI Bt 53 50 45% 1) 5 o & A I 3 H 1 &
U BRI

(2) MERSAT I7 ) 45 SBS 2tk B A 44

FERRET ik 5 UL, 2K B A P R R
IR AR A ARIR A, R RGN BY D) ) 4
P SRR 8 2), fn i B AL B IR R
T2 o 0 5 % 22 Sk B R AN VA R AT G T ek
TR LT e B, AR A AR i A = R

I5 Bl B2 7 0 T 6 B 48 A IR A% B RS 22 T L A AR
& 4T N BF 5%, Ramalingame'™' | Bautista-Quijano'*’ FI
Torres"*) f) A BAKS 75 Bk (149 P S0 1V 208 il oL A A G
(C-TPU) 1 SBS iR I @l H il 22, Ramalingame He 4]
4 C-TPU 1 SBS 7£ 250 C 41k FiR G Mmh ., Bz,
I 22 BB RHE AR 1 ZE80 HE A i 747>, B e B
BERIAE (0 2 11 mm) I, M 290. 4 34 JF] 435.3 kQ,
Torres %5 7F 126 °C £ F MRl A SBS A1 C-TPU Fik},
JEEF R SRR A K, BRI AEL, SR R K
ASMRIE A 2. 5%, Bautista-Quijano L9714 250 CHE T
REEM, BB 7:3 i SBS Al C-TPU Kkl 25 i 5
MEAKZ, HREMR, %FHE A KL NN
RT3k 50% , AT X 22 R AG 7 i i
4.1.3 #HUGLF ERNEFRT YR

FHLYT 22 IR IR YT 4 R Y 22, R &
FE L 7 (A5 SR R v SEDRE TR A VS TR TR B o
L= AR TR AR W 22 Sk oK v I B Ak 2 1 A TR VT
2 L T P Anr e R Ao LR K Sy e e A
TR (B T (CRIRR S ), SRR A He 7 e R e £
BEIR T 22 B VR V4 SR T AR AE S5 MO H b T 40 >k 2T 4
FRES R FH I ¥ T AR B AR SR AT G, 4T 4 P 2 T
WMAR G SR, WS LA . B B AR AT R
(HREF L R 5 Z BN AN SR e i, (51 L sl 5
HARE A=A =,

HAiGxE SBS 15 i 20RHE & i i 97 22 (1 1F 5% )
/. Ribeiro %5 ®1R 4 SBS #l CNT J5 5% F 1 25 22 )7
PN E A S AL YRR, S5 R, X
SRBHE CNT &5 40 500 g i g m, B EREAN T
0.2%~0.3%Z 4],

IO FH L 205 22 1) 45 SBS TR AL TR 1) 3k ik 2
Jeil it e g 22 5 SBS FR e g 4 K, — ST Ak
PR AR T M, Fanfbag i 4
4.2 jG4IEEFIE SBS BEESHA
4.2.1 FRAREH 4 SBS F 8 L5 MH

PR TTR I 2RI FH Ak 2 3 D I V5 v 1) 4 )
FRIFFVIBRBEL AR, Bl — 280504 REZEr
Tk, NERAAEEE, PR &R UIRRE A A ML
YER, WTRLESEUIR, Bl —aRE M EEER, ik
Py B W & B R B, A= iR, Hil& i R E A M
BHEBR /N, R 4R Y2 RO . i, LB
K, HREENERS, 525 RHAIERTmRIYE, HAE
JEIE G R P AR RN R A, AN Sl

i FH L& 10 L A MR R AR R, S
REMES, FLELBHAERLh S R h R B MR E . Park %51
H SBS HUKEF A IIZ A =3 SRR (AgCF,CO0, a4y
BoR15% ) B LB T, 5 KA R A AR AS A
AR YN K UKL (Ag NPs) I P HLEF 4R, ST R B, 1%
JEAE 100% R A8 T ) LS 38 5 35 2200 S - em™' . Zhao
AL 7 R 4 g BT N I MR T B S5 A S & SBS AT
A B4R (fragmentized graphene sponges, FGS) Z &,
Ja RERA AgCF,CO0 W LFEHIR, SR 55 3D S
W45 45K 1) FGS/SBS/Ag H A ML, H G HF &k 1521
Seem™, FIFE 2000 AP L R I AR RS E I HL(E S
o
4.2.2 JRASR A E W& SBS 8 A A4t

SN RGN AEAL T HOR G HR, 2 9Kk T
PRS0, e —E AT R AR A RV T
P, HRHURKG AR S 4 R B 1 W TR A 4L SR K44
SIREFERGY S, e, RGBT
SRR, B R AR BT DL ik
il 5 B SBS/PANI S A A6 i 4% 2B 8 HA R S5 i Mg
Wang %57 SRR L 25 2205 W4 T SBS £-4k )5, DAJRAE
b2 B G T Ae iR AR K PANT, 53800 S 2,
FHICAS I 20O R &, AR SRV 25 ppm B R
O RECH 5.8, ARV 100 ppm B RARE R BN
16. 4, [FIAFATRGIN K 2 0. 1 ppm BYSIRHRE R 1L, KR
WAL, L AEN e R (<13 5), HEAMRRR
FaEPER T A,

4.2.3 FHawrikik b4 SBS § o A

RIS VAR ) FH o T F P K TR U 7 T Bk iR
TR i, D LR X WA it fin £ 85 R F (A SR AR
TR [B]E B e R L Y, WA R v 1Y FL AR AR Bl g, HL
B T S B W R Wi == W o T R o | =S o



854 Hh A ki

541 %

FEAE R HRIAREET , WF S H R AR S TR R
RO AT, R E R OB T A SR
LR EREOE TEAS T by 2T, SZ R AR R AR,
St R B R RS, R
RIS, WhEiG e, HAEP RS, WSS A
oAz, I & A s R IR 25, &
HLPEREIE S

Song %0 AgCF,COO 3 iof #f HL B Tk J7 UMt & SBS
R, 3 ) AR AT R B AR OB B
FOR AR 42(1 ), 22(2K), 6 Q-em '(51K),
FIE T 00 F R PERE . HLIZ AL RS AR RN 28 X B BA
RN AR T ELREXT A 50% 14 RS0 17 A5 fif 4 i 1o,
7 FH AL B2 AT R I AR K, A, lan 4R 5
P B BN B A
4.2.4 "R EBEPR)EH & SBS 8 Ao

W B B — R e Ee fk . TR T JCED R BRI D7
3, AT 3 g koK ful N ) SR TR I SR T EN B I AR 1
FLF SR SR AT DA — 5 TR ) DA W g 1 B, BRI AR B
il Sk T FEA e E R A A R A R AR R, SRR B R
BRI ANTE R 5 97 P 1 S i A i 2 P A LR PR3 1Y
YERR BAm A, B OM A, BB 5K b S8 ieEn
Wil 5 N 70 HL A S N R AR DR, AT DO R Ok
AT DI RE PR VR 2 0 2 K ED R 55, IR )Z SRR AT
Z A BRI T ORI, IR g o

Tetsu 252" 7¢ SBS 5 A |- 38 1t m¢ 58 B[ il - BOK: PE-
DOT : PSS 23T I 2 Abmilk, BJa 452 SBS 9k i
JICEAF e b 2R BN AR AR A . AR R AT R R
WA R, D AR R R RN TR (49 2%)
4.3 RBRFRREEHE SBS BHESHA

RHIRBEE LR B T E T2 . L 4R &
T ATIREME TR )2 00 T2, 43 BALTHT IR 5t R o6 4218 3ot I
Wik SBS JRVE IR E)Z, BLA SRR Z &
FeME I AR B AR IR

Lee %" YRS A 4T 4 0 TR 7 SBS J 15 A 43 B
H 15%19 AgCF,CO0 M LBV, iR J A3 3] Ag NPs %
TER R, e JE R W SRR RS (PDMS) A A
HZS B S B2 A4, Hl & G R, LBk
B, ZFHAEMEEER 0.15 Q em™, FEMES
X3k E A 0.21 kPa™ By 2GR, 03 1 S 1] 5 3k
3.9 MPa, WAV Jy 10 ms, 7E 10 000 RAGFFHH HA
Hh (R TR Y

Chhetry 2& 2 2218 T8 SBS 7 T 954 27 4 i,
JE IR BRI AgCF,CO0 (15%) i 2 BRI PR A IR, e
U7 PDMS 1535 & 27 4 K L R, R L BLiZ T i

YR B/ NBHEER 0. 1431 Q em™ , /N T 2 kPa 1Y
JIit RALE N 0.278 kPa™", HE RN 1] Z W AT, %L
SRS 1 7 FEL T 3K 50 kPa, WA B[R] A 340 ms, fE
g7 T 10 000 YR A AE FR L P A 1R R i

Song LB B A MR (PU) P4 2 kIR 5 Ag NWs, J&
2k SBS RS R E ALY, RJEMAHRE T HY
HANEH S E L 7x10° S -m™, JE AL Rt & 3 L)
NEFEEHCEE, A 13 ms, BEETHT A 53 ms, AISEAL
T 6000 AGTEIAI, R tEmfE, IbEEs A R
T ARSI AR B0 1 BE

Cochrane ZE!* 1921 SBS 1% M ( carbon black, CB)
TRATRERIE G, S5R kAR 170 d B,
1R IR AN Z AL RIRLE AR A (B2 i (e IE# (), (3
SRR, RIS R B, AR 22 UG S IR P R 6 G i
HOASIN 2] 49% P IMPH R, BRILAE, KR e 0 H T
SRR RA TR P T R R A AR HL R AT
4.4 ZMAEAEHE SBS BHESHE

LR Ik B 45 A T AR T IR S v e
Lee 2512004 SBS 54R 40 K 2k (Ag NWs) IR EFIEH: 954,
JEiR A AgCF,COO W S BEHS W, R4S 3 Pk T oy
SR ZENE A 47 dk, % LF i v] A L AR A5 RS, 7
Ag NWs B350 0. 56% K1 Ag NPs 4350k 75%H
1535 220% HmA R R, HLCSRE TR 2450 S cem T B UL
AL AR B BB T LT s I T8 2 50,

Zhao %514 SBS 7E H,0, *H AL H 1k K SBS—OH,
JEiRA CNT RIS I kil & SR E G, RJFR
PALAATTR Ag NPs TR, 1258 A IEA L5 1 RE,
HA 1228 S cem™ WIS FHR | 540% 11 = Wi 244 3200
26 500 PR RECREL, MBS AN CR, ZMEH
ERIUHRREE, YT TR LA IR,

5 % i&

PTEEAE AR R 2E R A 2 B E R T R,
FMEAL R A R 32 2 ) Iz F T g R
RONH-T 2R W BEAL B W) (poly (styrene-butadi-
ene-styrene) , SBS) & & AL 5 14 Z2 37 1 A0 e [ sk 7 52
PEAR I Bl s RN A A BT ), TR MEAL A
RIER A [FRS, —2ea) B fF g e, film. O Frkfs
SRR TR TE 1 e R R 5 e SR R X LA A 1 1) R
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