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Flexible capacitive pressure sensor based on carbon black-barium titanate/polyurethane

CHEN Xufeng , ZHANG Yu', QIN Yafei, WANG Mengyan , SUI Zhiyuan
(Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology,
Kunming 650500, China)

Abstract: With the rapid development and application of smart wearable flexible electronic technology in biomedi-
cine, electronic skin, human-computer interaction and other fields, the research demand of flexible pressure
sensors with high sensitivity and wide detection range has been put on the agenda. In this paper, a carbon black-
barium titanate (CB-BTO)/PU flexible capacitive pressure sensor was prepared by using the polyurethane sponge
(PU) as the base and combining CB-BTO/BTO composite material on the polyurethane sponge by ultrasonic
dipping coating. After testing, the sensor combines high sensitivity (~0.7911 kPa™') and wide detection range
(0-300 kPa). At the same time, the response time, the minimum detection limit and the stability of the sensor are
studied. In addition, the sensor has been tested in four different pressure ranges, which verifies the potential of the
sensor in high sensitivity and wide detection range, and provides a new possibility for low-cost and large-scale
fabrication of high-performance flexible sensors.

Keywords: flexibility; capacitive pressure sensor; template assembly method; high sensitivity; wide detection
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Fig.1 Preparation flow chart of carbon black (CB)-barium titanate (BTO)/polyurethane (PU) sponge capacitive pressure sensor
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Fig.2 Morphology and structure characterization of CB-BTO/PU sponge: (a) Physical diagram of PU sponge before and after impregnation;

((b), (c)) Initial compression state and compression state diagrams of PU sponge respectively; ((d)-(f)) SEM images of PU sponge sections;

((g)-(1)) EDS distribution diagrams of Ba element, Ti element and C element respectively
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sponge pressure sensor with different mass ratio of carbon black to

barium titanate (mgg:mgro)

ARG, TR ORS8N B 7R PU iR 4R 1
IECRLE#Z S, BT 8 bR T
WAt A s IR CB & S AN, &R A R
BECRE 2 Se s na /N T — B 2

FAPE TRV R ) AL AR TR ) 7 A g
FER T ZAERE AR bR, A U ) A8 A 1 R B

N

_(C-Cy)/Cy AC/Cy
5= AP AP )
Hrp: ACEMME N FEHHBELSILE; Coh

it I T B R i AR AP R ) AR AR
AC/Coh AR 5 WA X AR AL &5 C 2 K 45 o 2
AL AR I SE B FL A

AT b IR AN R BC L A A R 2 4 A TR 1Y
JE Sy -m g R ph 2k, nTLLE i, CB 5 BTO i &
b 5 1 100 (7645 A L2 1A% A 2 B0 J2 e o
ME 4w LIFE i, CB-BTO/PU 45 JE )14 & 48 18
BN S 135 B Y (0~10 kPa) 1 53 B SE 1
0.6311kPa™", T Fii & & J1 09 A Wr 3% hn, 7 10~
140 kPa i [l N A% 2% 45 1 °F- 34 RO A s, 3k
F T 07911 kPa™, £ 3K WA~ e 7 3 B 9 R 0 Bk
BN R R R, EOR R R Ty, A R
VTP 45, TP b A A 194 A X B R T A N T 4
I E i B HE L, T f B XA
P RO R AR R, X T A e R H 2 Y AR £k
i, PR R AE X A e g L P R

0 50 100 150 200 250 300
Pressure/kPa

Sc1» Scar Scz—Sensitivity in different pressure ranges

K4 5B SERRBUTRIL R 5 ¢ 100 F Y CB-BTO/PU 340 1 15 /8gs
B R A 2k

Fig. 4 Sensitivity curves of CB-BTO/PU sponge pressure sensor at

5 : 100 mass ratio of carbon black to barium titanate

TE 45 1 e 7 36 L N (140~300 kPa) 14 - 14 5 4 i
9 0.1395 kPa™, A TR WS 7 9 Fl Y R B8R
BRI TR 195 BN (140~300 kPa) 19 5 45 5 A5 T [
i, Edik® T 0.1395kPa™, XM THiEE T
MR, MAH)ZMAR L TR, REERHZ
TR

MR RN, REAPLA 0 i £ 5 5200 i il
2 2 B Y e 25 BN Rl 4 TR, xR AR IR
TR AT TR M, 45 EW, £ 0-10kPa,
10~140 kPa, 140~300 kPa iX 3 > /& 71 1 [l P 1) £k
P70 h 5.3%. 1.4%. 0.8%. %459t M ik
UE B T A% B8 AE 3 A 1 738 [l % 22 SR 4065 5 o
CERHRTE

gi brik, MRBUESLMET A, CB-
BTO/PU 1§ 4 J& 1 1% 1845 7€ 58 1) i 1 36 16 N g
e 0y R, B RIOFAIE R

PEAb 53 AT f AH 56 4 sk Sk o i Y 3% 1k
H 28 3R 7 AL AR PR BE FL B 3 1 R 62830

X TAG AR PERR N 5, A% B4 04 M 17 B 1] /9
STIFIA] . S5/ R TR AR PR L RO M R A A
PEREHE br R A AL IR R W HZ S5, & 5(a)
JE7R 38 5 A A% B 0 /) 28 100 g fik A ) A% R
i (A R R AT ] S5 SR, ma N R 4k
SN E] 43 9K 03758, 0.125's, Wi I ] g K 2
T PU I 45 9 DLkl 46 T2 A8 J5 78 8 15 [R] P 475 4%
SRS A A RE BRI AR IRAS, T 2



6060 EaMB=ER

%1 CB-BTO/PU &Bis8 5 X aiiREMRELL SR

Table1 Performance comparison between CB-BTO/PU sensor and literature report

Materials Sensitivity Detection range/kPa Ref.
0.93 kPa™' (0-0.37 kPa)
TiO,@PU 0.079 kPa™" (0.37-2.83 kPa) 0-10 [26]

0.02 kPa™ (2.83-10 kPa)

0.73 kPa™' (0-1.6 kPa)

CCTO@PU 0.135kPa™ (1.6-22.8 kPa) 0-100 [28]
0.026 kPa™ (22.8-100 kPa)

0.05777 kPa™ (0-5 kPa)

GO/CNTs@TPU 0.33213 kPa™' (5-60 kPa) 0-60 [29]
0.062 kPa™ (0-0.3 kPa)

GNPs/MWCNTs/SR/PS 0.033 kPa™ (0.3-4.5 kPa) 0-4.5 [30]
0.6311 kPa™ (0-10 kPa)

CB-BTO/PU 0.7911 kPa™ (10-140 kPa) 0-300 This work

0.1395 kPa™' (140-300 kPa)

Notes: CCTO—Calcium copper titanate; GO—Graphene oxide; CNTs—Carbon nanotube; TPU—Thermoplastic polyurethane;
GNPs—Graphene nanosheets; MWCNTs—Carboxyl-functionalized multiwalled carbon nanotubes; SR—Silicone rubber;
PS—Commercial polyurethane sponge.
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Fig.5 Performance parameters of CB-BTO/PU sponge pressure sensor: (a) Response time/recovery time; (b) Minimum detection limit;

(c) Response under different pressures; (d) Cyclic stability
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