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Preparation and properties of polypyrrole/carbon fiber paper electrothermal composites
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Abstract: Polypyrrole/carbon fiber (PPY/CF) paper electrothermal composites were prepared by polymerizing
pyrrole monomers on carbon paper (CPP) by gas phase polymerization. The PPY/CF paper composites were tested
by FTIR, SEM and XRD, the optimum mass fraction of CF in CPP and the optimal solubility of FeCl; were investig-
ated. The mechanical properties and electrothermal properties of PPY/CF paper composites were studied. The res-
ults show that PPY/CF paper composites are successfully prepared, and PPY is mainly attached to aramid pulp; The
PPY/CF paper composite prepared with CPP precursor with 10 wt% CF mass fraction and FeCl; with concentration
of 1.2 mol/L has the lowest resistivity, which is 0.139 Q-cm. The PPY/CF paper composite has a significant increase
in mechanical properties compared with CPP. And under the low voltage, the PPY/CF paper composite has the ad-
vantages of stable electrical conductivity, remarkable heat generation effect and good thermal stability.

Keywords: carbon fiber; polypyrrole; composites; resistivity; mechanical properties; electrothermal properties

BRZT4E (CF) BRECA st M, il £ 11— I RE AR, SR CF Hh C—C # LLAE )
Eﬁﬁﬁ?ﬂ‘]?y% SAPERE, H CF R AR PEIL S AH % e, BB CFRETE AR D, R
— PP LLAMNE S T, HORLAMEKAE8 ~15pm BHUKIEG, 7TEK TS EE, /\ﬁﬁlﬁﬁaiﬁ%, il
Zl‘Eﬂ, JE 5 N R VCRE L0 AR B, LI CF A ROZRSKR A B 227, DRI I SR Y 3t 4R 125 i 4 13
TR T M A . CF 5 i R PR 5l i ) 5] 14 Bk 21 4k 48 (CPP) 22 Jim A 43 50 =3 vl
J CF s i ] CF 5 HAWLF 4o J5UkE, st 48k 2 CF7E CPP &

YR BH: 2019-07-02; R BHA: 2019-09-20 ; M B & BHiE: 2019-10-21 11:37:08
4B & itk . https://doi.org/10.13801/j.cnki.fhclxb.20191021.002
BIEMEE: ek, W, BER, WA S0, TR0 10 m P RE LT AR ACEA R, FRFh AR S DA, LWL fb = AR E-mail: longzhu@jiangnan.edu.cn

SRR FileH, AR, £k, 55 R /AR AEAR RIS S AR # B PERE 1], A RHE#R, 2020, 37(6): 1426-1433.
TANG Longqi, LING Xuxia, WANG Shihua, et al. Preparation and properties of polypyrrole/carbon fiber paper electrothermal composites[J].
Acta Materiae Compositae Sinica, 2020, 37(6): 1426-1433(in Chinese).



https://doi.org/10.13801/j.cnki.fhclxb.20191021.002
https://doi.org/10.13801/j.cnki.fhclxb.20191021.002
mailto:longzhu@jiangnan.edu.cn

VLA BRI /m 4T A 4R 3R 5 B R B o 5 e 1

- 1427 -

Rukng (PPY) B A RA4F Sk, (HPPY 5
HA S RAEWEAL, MEHETHL M T Hit,
AR AR (UK B ) BRSO B PPY i &
[ 52 4 WA RL AT [R] B HL a8 SE R 1) 1 P RE RN R S )
1SR MRS, SRt IR TR AW AL TR
., PPY 5 CPP il & mUE G MR, AU T %
FOBRE TR As S A T DA i 45 ) PPY A9 AR
ORI AT A5 BE R PR AN A MR, Lee
S SR T e Ak 2 O v A RS, it I L R
St RE 1 Y T1 R 3] 55°C ;5 Shang 251" 5% F AR B
By Bl S H PPY K, JRAFS THAE
G MR R R TS 75 SO AR R A A
RALH T B KA B 9 K 5T K i R /PPY %
HLAG; TR RD 75 43K £ 2 B v i A &R vl o i
MRAER ST PPY (L3 B S o 40 B PRAED
FIF A A B A B 4 PPY S48, 45 FFrik, H
IR 22 B00F 5% 4B & PPY 5547 49 £F 4k il 5+ H 4R %
J& PPY /E 4L T i R M RE AT 9, SR 6 T
PPY 5 CPP %5 & il 2 4VE & M BT WF o8 H v &
R T 1) SCHR B AT A T HiRGE

AR S 4 5) B BB CPP, SR A B A
1E CPP -l % Y PPY/CF 44X S M KL, FHFIHRT
CPP "' CF Jii & 43 %% fil FeCl, ¥ & X} i% PPY/CF 4%
EAMEIEE N, K FTIR, SEM., XRD % yE17
FAE, PEAT T PPY/CF 4L & M B S K #41k
RERAIFT . ELXF He A S50 Tl 40 K A5 45 3 H & 34
MORE, A7 b AR, AL T vk Re 4y, (H
HLEMWEE %,

1 MR IE
1.1 FE#e

CF(5 mm), W4 [ 7135 5 408 A kLA FRA F 5
W3R 27 4 Ry B ORI AR R R A, &
TP AR, AT N 35°, VHi KA/, %
25 1414 3K K1 (AP), W ARINTH L B ABRA W, 47T
K 19°, KEH0.3~0.6mm, ML (PY). FeCls.
WP ILLT 4 Z 41 (CMC) . oK O/, ¥k abrad,
W 6] 24 4 P A 2 R0 A BR 2 ) o
1.2 PPY/CF R E & & #HH &

i L AR e 21 40 5t % {X (FTIR), Nicolet iS10
R, REFER CHRB (P ED) ARAE;
B, 7 @8R (SEM), SU1510 A, H A H A7 frat4
s X R A Y (XRD), 18001526 &1, 1 [ #i
70 AXS HBR AT ZQS2 BIFTH AL . Z2QSa Bl £

4E i B %% . ZQJ1-B-1I @200 mm & 4% 5K #5 Bt 2% |
B vy B RSP 5 875 D UEAY . KH-
400KDE #! | B I ARAIE SR AR A A A%
B £ 3, FLUCK8846A !, VI.75 4 il4E 251t
AN AR A BR A E] M B R LA R,
InfReC R500 %), H A NEC H IR A Al ; Bt E
HLR, HY3005B B, fEH{UERARAA .

et 5 mm CF % 1 ¥ 17 WAL #, 7F 400°C
Y 5 3 4 2 %56 30 min, R S5 7E 10% 1) NaOH %5
IR 1 h, SRR TR LS 3 8 4P S 1 CF;
RE PR S 1) CF A 5T & 53 %0 10 wit% 1 CMC ¥ i
o 4 B 30 min; AP 7E B 4% 5 f# 5 min;
U i G ) AP RN AL BRGT Y CF 2 B AS ) Eb 491 78 4%
TUYb i g P b Y 5 B A A R 4R 0T 48
¥ (0.4 MPa). T4 (105°C) 15 2| & ) CPP, E&
4 100 g/m?,

FH e 5% 75 K AR TR Y HIG A il (GRLEE 85°C,
B 53 [ 90 kPa) Xf PY ZE M4 4l . Bc il — & W JE 1Y
FeCly JF W (W FI MK © L BE=4 1), ¥l 5 & 19
CPP 2 {5t 1 FeCly i W W A A1, W & 7 ol
hE A B TR, RIS TR B Tk
W, TR A PY ik, fE—EHE R
SR PY 2%, 7R it FeCly %W 1Y CPP |-
RAESMEBA, RN 3hFEH, FHZEKIER
KR EAR . CBEFERT, RIGEKRITN
0.4 MPa [y JE HL F JE ¥ 3 min, Fifi J5 7F 105°C 119
T b A, 245 3] PPY/CF 40K S MK
1.3 EEPEENIK

) A A R AR L it i 20 NORL B R DA
N kR BEL, B R N A ME AR, MARRRR BH R G
FAKM R

hd

p=R— (1)

K p AR ERFEBH S (Q-cm); RMHES
FL L A 000 (Q)5 SR T AR T 9E 2 (cm) s
d 3 EE B R FE (cm); Lo 900 & H b 22 1)
F I (cm).
1.4 E#EEE K

& CPP =k PPY/CF 4k & & # K #& M 13 cmx
13 cm (KN, P o W b S AR S, 0 i) 1 R
L 10V E R IE, MR EE h 28.1°C Al 50%
IR
1.5 PPY/CFRE &M SBRE MR

i BRI . 41 PPY/CF 4% 52 & b Rh i & 7E A



- 1428 -

EaMB=ER

[ pHEMAEE T 12h J5, Il fH ARk

{8 UOBO 2t . 48 PPY/CF 4% 52 4 1 R
13 cmx13 cm B9 R/, 76 P v b i@ s, %
IOV E M, Wi 3hjm, WITHEIE 1h, &K
JE R 3h, EAE LA, WAH R
R

M EEIA . T PPY/CF 4R E & 1 kil & e A [
RERE T 12h J5, W B R AR,

2 ZBER5WR

2.1 CPP 5 PPY/CF RE &+ #5757 F1 4048 40 Y,
¥l 1 & PPY/CF 4% & & #4 %} Fl CPP /Y FTIR &l

%, E 1(a) 1530 cm™ Al 1122 cm™ 4b H BLIR 3

(a)

Intensity

1513
1 1 1 1 1 1
3500 3000 2500 2000 1500 1000 500

Wavenumber/cm'™!

B 1 R /iR 4E (PPY/CF) 4XE A4 KL (a) FIBREF4E4E (CPP)(b) HY
FTIR [#i%

Fig.1 FTIR spectra of polypyrrole carbon fiber(PPY/CF) paper
composites (a) and carbon fiber paper (CPP) (b)
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Fig.2 SEM images of CPP((a),(d)) and PPY/CF paper composites((b),(c),(e))
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Fig.3 XRD patterns of CPP and PPY/CF paper composites
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Fig. 4 Effect of CF mass fraction on resistivity and tensile index of CPP
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Fig.5 Effect of FeCl; concentration on electrical resistivity

of PPY/CF paper composites
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Table1 Mechanical properties of CPP and PPY/CF paper
composites

PPY/CF paper

CPP :
composite

Tensile index/(N-m-g™") 10.891+0.122 21.110+0.150
Burst resistance
index/(kPa-m*>g™)

Tear index/(mN-m*g™)

2.123+0.113 4.569+0.185

3.502+0.150 6.563+0.115
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45 NN 46.91%, T CPP (45 BN 23.29%, 1M
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Fig.6 Thermal imaging(a) and picture(b) of PPY/CF paper composites and thermal imaging(c) and picture(d) of CPP
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Fig.7 Small bulb experiment of PPY/CF paper
composite ((a), (b)) and CPP ((c), (d))
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Fig. 8 Resistivity of PPY/CF paper composites at different pH values
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Fig.9 Resistivity of PPY/CF paper composites
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Fig. 11 TG curves of PPY/CF paper composite
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