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Preparation and properties of reduced graphene oxide/polyurethane flexible composites
HUA Lei'?
(1. Jiaxing Key Laboratory of High-Performance and Functional Materials in Civil and Environmental Engineering, Tongji Zhejiang College, Jiaxing
314051,China; 2. Department of Civil Engineering, Tongji Zhejiang College,Jiaxing 314051, China)

Abstract : In order to construct thermoplastic polyurethane (TPU) based flexible circuits using fused deposition modeling
(FDM) 3D printing technology. TPU as flexible matrix and industrial grade graphene oxide (GO) as conductive filler were applied to
prepare flexible conductive filament used for FDM 3D printing. In order to improve the conductivity of GO, reduced graphene oxide
(RGO) was prepared by thermal reduction of GO at high temperature. The RGO/TPU flexible conductive composites were prepared
by solvent blending method. The influences of RGO content on the conductivity, mechanical properties, force sensitivity perfor-
mance, and thermal properties of the RGO/TPU flexible composites were explored. The research results indicate that when the
content of RGO is about 12 wt% , the electrical performance of the composite is significantly improved, which is approaching the
resistance range of semiconductor materials. RGO can significantly increase the tensile modulus of TPU flexible composite. When
the content of RGO reaches 12 wt%, the tensile modulus is about 56.36 MPa, which is nearly 16 times that of pure TPU. But with
the increase of RGO content, the elongation at break and breaking strength of the flexible composite decrease significantly. When
the strain is 130%, the resistance change rates of filaments with 10 wt% and 12 wt% RGO are only 53.5% and 48.4%, respectively,
and the sensitivity coefficients are only 0.41 and 0.38. The addition of RGO can increase the crystallization temperature of the RGO/
TPU flexible composite significantly. However, the RGO with excessive content (=8 wt%) can lead to a decrease in crystallization
temperature.

Keywords : reduced graphene oxide ; polyurethane ; conductive property ; mechanical property ; force sensitivity perfor-

mance ; thermal property
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Tab.1 Sample code names of RGO/TPU flexible composites and

mass fraction of RGO

Samples Mass fraction of RGO/%
TPU 0
RGO/TPU-1 6
RGO/TPU-2 8
RGO/TPU-3 10
RGO/TPU-4 12

1.3.3 RGO/TPU Z 4 % #t & il &

W38 1 TR ) £ 19 RGO/TPU M2 & 41
BHEE /N B AL Ry % B BUREAR 18 P08 5 8 Well-
zoom £t H LA 7= 4 Hh AR BT ML MR AL 1
41220 °C. FRIBAFIRE LS VA7 IR AT G 3 A 15
t/min; B RGO/TPU Hi 404t i A 855 i HLAY E k)
T R IR IR B W 22(EAR 290 1.75 mm)
BF, L TR I 1 I DAY 5 1) i B i SR A E 4k
F Lo R R R AT 4 1 T FDM 3D ATEH
) RGO/TPU 1L b1 .

1.4 miX5 kAE

SEM 4347 - fiff F 3 L RS K5 IF BB 47 1) RGO 3 K
TR [ A2, W% 4 Ab P S B W04, S50 Jn 3 /e 20
kV, B R

FTIR M3 < ¥ — 22 5 19 GO, RGO il KBr £ iy
BT HHESHAN I ZE 2 wm BL RS, BRI

TEM 2381 K RGO K S I A L BEH , Bt il — &2
W AR 3 B0, S 5 min, T RAR N E L SRR TCTAT
THEE R R RS, EALINE

T~ X B AT ST (WAXD) I - X 8 28 58 51 R
4 CuKa, A =0.154 056 nm, 45 J& 4 40 kV, B i N
30mA, TEATT ST 1 5°~50038 il N X RE i 3 T 4 4,
FE R A 1°/min, 2E2E A R 0.03°, SRAEERTAI A 2 5.

DSC i3 : B2 5 ~ 10 mg B9 FEHCE T 5 3
H, L 10 °C/min Y35, 76 NS0 KR N TR
THR 2 230 °C, 15 3 min Ji7 , FFLA 10 °C/min il 385
R 2 2, e DSC £k .

TG W« A i o i Y LK 6.5 ~ 11.0 mg, 7E N,
SRR R RE N E R TR 2 600 °C, THE R K
10 °C/min, it 5% TG Hh4k

A PEREIR, : A4 GB/T 1040.2-2006 #E1THI
A B I, $7 A 2 BE SRy 50 mm/min, X AH ] 451
T R DB 6 ARSI I, SR A R H:
FI{H.

FEL 2 PR RN 3L« SR DR A R BELASL , 6 Jn e 22 20

MPa 24 F X} GO Fl RGO 3 A A7 F BELIN L 5 R
R DU H BH SR Y, AR 4 GB/T 15521995
LK ASTM F374—84 J7 kB i (4 A BHLR 5 )
A FRY/ZR T PR L0 3 A0 B0 v 4 2% r BHL B 1 (JIG
690—2003) X A4 k9 L 2 P BEHEA T I, 03X i
S 10°~10"7 Q, P8 FL R e s A 11000 V3 2 H Y 6
=8 107 mA, U AR M 49.96 mm, {747 HL A (A
HLAR)NAE A 53.63 mm. BT T REI LS 6410
B B 5EJT FHRARGE & MAAE S iy 2 e
PEREM AR TR
2 #RE5ITR
2.1 RGO#HEIE

RGO it SEM & H- 4 /& 1a #1[& 1b fif 7R , RGO 2
PRIREE Y, F A 8 4%, A Dok T, H R
A . X I IR TR RGO B Ak
RS I, B R #IT , RGO ik 3 B AR B (3 55
RGO K K= B REHIER , A 52 )5 A I fughth i 3
IR, FRTH 7 A A BRI | J2 057 BHAN 9IS, F )2
FET A RE B INTRT, TEM B8 Fr 58 75 25 L 1 7R RGO
FA B W0 RE 254, L Rk, aniEl 1e ATl 1d
Fims o

)E (500 nm) (d) TEM (100 nm )
1 RGO MY SEM HITEM g H
Fig. 1 SEM A TEM photos of RGO

2.2 GO#=RGO # WAXD 4-#7

A S R AE GO Y FEA L, o L R o 44
Z i, 1 GO B AU BE AT i il CO, Rk, S i
A P AR BRI 2 B R TR R 2 e AE e T, A
M i 73 GO 1% ik % 2 75 #] RGO™., &l 2 i GO
RGO 11 WAXD 3% &, Bl 1 GO 7E 26 24 20~26° X [i]
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Fig. 2 WAXD spectra of GO and RGO

2.3 GO#2RGO # TG 5 #7
GO FIRGO ¥ TG 4 & 3 i /s . GO 7E 40~
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Fig. 3 TG curves of GO and RGO
2.4 GO#2RGO # FTIR % #7
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3336 cm ' AhH — A~ LB 5 1Y —OH i 45 B B i
1727 cm™ Ab AR AL IS Ry 2 5 | 1 C=0 i 4 i 2l
Wl , 1617 em "4k P GO ‘B 42 C=C 145 4% 5h

Wb, 1217 em ™ 2RI IS I R C—OH {45 4ik 1
I, 1 048 cm ™' Ab H BUER SE 5 C—O—C 1Y P 45 Bk
FWIIE . 5 GO [ FTIR 3% K41 1L, RGO i FTIR
Tk Pl T AU AT A R M U O A D O 55, A
o RGO 7E 3 325 em ' AbAH — A~ HL #5655 19 —OH fif
FifRshg . 1210 em ™ Zb A IR S C—OH {47 I
BRI , 5 GO 7 AL A RRAE M4 AR Lb 38 B I A )k
5. GOTE 1048 cm™ &b H B A C—O—C [
AP S , 7E RGO H A1 A H B, PR il A
WrRGO 2k £ T K i i & 8 B A
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4 GOMIRGO K FTIR % &
Fig. 4 FTIR spectra of GO and RGO
2.5 GO#A=RGO &9 K o FL o H
FI M R H BELAY T GO LA & RGO 83 K H B
AT, 25 R 2R 2. T AR B Gad iR A B 5
min 7 , RGO [P HL FH 3 T 4 5 207.45 kQ »mm, HL
“EPEREI AL T GO (FFH# 4 6 838.02 kQ*mm).

&2 GOFRGO IR FEPE 5 B PR
Tab.2 Powder resistance and resistivity of GO and RGO

Resistance o
Samples Q) Resistivity/(k{)*mm)
GO 100.78 6 838.02
RGO 64.35 5207.45

2.6 RGO/TPU Z 1t 5 &4 6G b 4k 547
2.6.1 wEFHEE

RGO/TPU Z:M: 5 & ML 22 M e i W36 3.
AR/ 1T EE LI 3 A 225 SR T DL R L B
RGO B A GG I, 45 &b e B3 H S B 1) R Rt
o, M RGO FERIIECN 6% i, etk & A4k pH
B, LR 1w A BH R AR L B 284303 Sk 2.90%10°
MQ F1 1.28x10° MQ -mm, 4 RGO Jifi f /3 $ ik 3
8% Ji7 , ML FEL B A AR B f L iE AT DU FRLBH
MR ARG, RGO/TPU-2 (1) PUFR T Ha BH %
92221 kQ smm. 4 RGO Jf & 43 50 M 12% i,
RGO/TPU-4 1 & T HA, B 28 A B A BH R B I
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Tab.3 Electrical properties of RGO/TPU flexible composites

Samples Surface resistivity/MQ) Volume resistivity"/(M{) - mm) Resistance”/k) Resistivity”/(k{)*mm)
TPU 1.85%10" 2.56x10" - -
RGO/TPU-1 2.90x10° 1.28x10° - -
RGO/TPU-2 8.22x10* 6.38x10" 99.81 22.21
RGO/TPU-3 3.65%10" 7.43x10" 21.29 4.82
RGO/TPU-4 1.89x107" 3.55%x107" 7.08 1.87

Notes: 1) is measured by volume/surface resistance meter; 2) is measured by four-probe resistivity meter.

1.89x107" MQ F13.55x10™" MQ -mm, H: DU 4EF H BH
RFME R 1.87 kQ -mm, £ T 2 SRR HBH
FIEFE(107°~10° Q+-m), RGO/TPU Z1EE &4k
2EPERERHE R AT T RGO K4y H 24 PERE, LA
K ILAE TPU SR AP ALY R L R 4517
262 H¥MHHE

RGO/TPU Z:E B &Mk 1 2 Reds W3k 4.
MR 4F 1, TPU MHr PR 14 3.56 MPa, i fi
Vgﬁf%‘&f‘ﬁ 13.37 MPa, W& 468 764%., A

088 6% 1 RGO Ji , TPU Ay i gt A5 5189
ﬂg 19.81 MPa, 54f TPU fH EL 3G /il T 456.46% , 4k &%
HINRGO B A&, MM R 4R 2248 K, RGO
1) J3T 2 53 8GR 21 12% B, A REA A PR AR o 3k )
56.36 MPa, j& 4l TPU B & 1T 16 1% . H 2R %A
RGO B AN, ZEEA R W 24 e 5 i
Wr 58 B T P B, 24 RGO T 70 50N 6% i, 4
iR SRR B Ry 473% , iz A BT 24 58 B R [l 11.66
MPa. HSITRGO W 5 it 43 B0 n#) 12% i}, TPU
FEENES A AR W R R S R W iR R
W 5535, N 142% F117.28 MPa., 4 RGO 4 5 £ 43 %1
AT 12% 0, 22 G A BHG R A s A B
RGO (Y45 A i3 0 S L M3 a3, T iy 244
AV E R =SS c o N U kO o S
i R 7 - A il 25 L Anfel 5 fif /R . TPU 40
B A K R B 1 2 4] (C=0 il N—H), A It
TPU 4 F45 5 5 RGO F M7= SR EH , 50 Al
TN A AR A AT, R T
$2£ 75 RGO 5 TPU 2 [h] (1) it 11 AH 75 4 1 ] SDBS >k
$215 RGO 7E TPU H 43 B AR (/& H T SDBS 7£
TPU H {436, 530 T RGO 5 TPU F i 4h
AR AR, NI 24 7E TPU HP 4B A — & &2 RGO I,
bR TRV A MBS B Ah , W SR R i fif
Wiy 4 58 B 47 11 BT R AIR ) G 34, 136 RGO A7
TPU H H BE T AR B G ME LA 803 5], TPU 7E 3%
Sl A S AT B AR Y TR S Rmi iR TR A

PRI IR R, (5437 7 2R 2 L R W 2R I
EATH B,
R4 RGOTPURME GH K N1 EEE
Tab.4 Mechanical properties of RGO/TPU flexible composites

Samples Tensile modulus/  Elongation at Breaking
P MPa break/% strength/MPa
TPU 3.56 764 13.37
RGO/TPU-1 19.81 473 11.66
RGO/TPU-2 34.45 355 7.28
RGO/TPU-3 42.85 196 3.57
RGO/TPU-4 56.36 142 3.22
45r
40 —RGO/TPU-1
—— RGO/TPU-2
35 ——RGO/TPU-3
Z. — RGO/TPU-4
3 30r —TPU
825}
220}
S15)
10
5
0 260 460 660 860

Deformation/mm
515 RGO/TPU Z2M:E AR -0 B 1
Fig. 5 Tensile force-deformation curves of RGO/TPU flexible composites
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A3 AN 53.5% Fil 48.4% , RABUE 2505 5K 0.41
1038, 45, TPU Bk s A RGO IAF]—
GG, R A R T R R R T
SRR E BH VI R (R A R bR 2 A B i
B SIhLE BR AR N HR R 325 RGO
B IR B —E E LU, A TPU R 2 2B K
A d I N I IS N ¥ B E DA LiBU N L S & )
R T REI A
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(a) RGO/TPU-3 filament
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(b) Force sensitive resistance performance of RGO/TPU-
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(c) Force sensitive resistance performance of RGO/TPU-4
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Fig. 6 RGO/TPU-3 filament, force sensitive resistance performances of

RGO/TPU-3 and RGO/TPU-4
264 HeEFMEEE
TPU 5 RGO/TPU &R A 4 kHY DSC [ i
e 7 it . M7 AT LLE H 7E TPU ZER
A RGO, "] LUf# TPU A 45 Sl KR LT, 54k

91.39
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Fig. 7 DSC cooling curves of RGO/TPU flexible composites
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