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Preparation and electrothermal performance of TPU nanocomposite materials

reinforced by carbon fiber scraps
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Abstract: With the increase in the demand for carbon fiber (CF), CF scraps have increased dramatically, resulting
in a great waste of resources. To solve this problem, CNT,-SCF/TPU electrothermal nanocomposite materials were
prepared by using short carbon fiber (SCF) felt fabricated by CF scraps through filtration method, with carbon
nanotubes (CNT) as secondary filler and thermoplastic polyurethane (TPU) as the matrix, via vacuum hot pressing
process. The composite materials were tested and analyzed using SEM, TGA, DSC, etc., and the optimal concentra-
tion of CNT was investigated. The mechanical and electrothermal properties of CNT,-SCF/TPU composite materi-
als were studied. The results show that CNT, ,-SCF/TPU composite material exhibits highest electrical conductivity
of 417.84 S/m using 60 g/m* SCF felt and a CNT concentration of 1.0 g/mL, representing a 34.78% improvement
compared to the SCF/TPU without CNT. CNT, ,-SCF/TPU composite exhibit significantly improved electrothermal
performance at a low voltage of 3.5V, reaching a temperature of approximately 165°C in 240 s. It also represents

advantages such as precise and stable electrothermal temperature control.
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ZER % B N 60 g/m? I (20~80 g/m?), H: 1%
PERE R AL IR BE B o PR, AR SO g 34 HOoR
I % N 60g/m® ) SCEHi , &5& AR & EK
CNT, (x fXL %% CNT L FE4r B W 0. 0.6,
0.8. 1.0 fl 1.2 mg/mL, ZLFREEME, H “CNT
JO 4 B =M VR CNT 1 J5 (1) JC 25 A0 it i 25 /i 4 b
b e R TR, XN Y ONT & & 0L 3k 1)
il # CNT,-SCF/TPU & &5 #4 £} .

# 1 CNT, - EYIRLT4 (SCF)/#B MR AR (TPU) E&H R

hiRMKE (CNT) 22

Table1 Carbon nanotubes (CNT) contents of CNT,-short
carbon fiber (SCF)/thermoplastic polyurethane (TPU)

composites
Sample Mass fraction of CNT/wt%
SCF/TPU 0.00
CNT, ¢-SCF/TPU 0.46
CNT,5-SCF/TPU 0.61
CNT, ,-SCF/TPU 0.76
CNT, ,-SCF/TPU 0.91

1.4 ik 5 R1E
141 JESS S5 RAE

i 3 i L BB JSM-7001F,  H A HL 1)
L% TN b BTG J5 SCF 1 3R 11 B 55 ) Wi Uk CNT i
J5 NW R IES . MELHTZE 6 mA HL I R Xf Hmg
4:90s, FEMMEEAIS, M S AR S R
RE, A AT UEEHE S FH
1.4.2 2 I RERAE

(1) 3 5 A2k E 43 AR (TG209, 78 [ i 5 23
A1) X AN [5] CNT 1 2% #= ) CNT,-SCF/TPU & &
MEHATRE PERE . ERRSURY T, LL10°C/min
() FH i 3 R M 30°C THIE E 800°C, i H & AL 58 4
JoT ) I 3 AT

(2) 38 3o 22 75 49 4 = A AL (Q800, 3 [ TA
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T 3 % M -60°C Tt = #) 220°C, R 5 min 7 B
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5 DA 10°C /min i 7 3 T 5 2] 220°C

(3) 38 3 = K R T BE P {58 AL (AG-XPLUS,
H 7 15 He8 /) 38 CNT,-SCF/TPU & & 41Kt it
it o R0 24 B F M R S IR ASTM
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1.43 HAPERERIE
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2 #RE5TR
2.1 AEMAERIECFRELHURE AT CNTRIE
NW F 5%

WENOT, CRI iR S5 E 5 —
2 B3R, HAE CF i i it 2 43 U 0.3wit%~
L2wt%. MR B F N ARMAM S &, H2EX
CF AT ITERE . IO RL Yl 2 S S G b R 1 fiE
ABAE AR K 5w 2290 3 0k SEM LR T A i Ab
HiJG CF R IE S . AR LN B AL P Y CF 1 L
BOEW, XEH T7E CERMmA FRAER T H
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e, TPU i ih A&7 4 £ Lt O JF 1 F
TR SEEHEAT S RIREIR 1 = 4R AR 5 4 AT A
4 CNT £ it B 45 iy 1 #3055 . &1 1(c) AT 1(c1)
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PIFE TPU L i LT 4E )2 N . J2 AR i L35
oA 124 CNT ¥k B3 K3 1.2 mg/mL B, &
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Y SEM E%; BHAMWE 1.0 mg/mL (c) Al 1.2 mg/mL (c1) A CNT J&
TPU J&&ifify SEM {4

Fig.1 ((a), (al)) SEM images of SCF before and after acetone treatment;

((b), (b1)) SEM images of TPU non-woven fabric before spraying CNT;
SEM images of TPU non-woven fabric after spraying CNT concentration

of 1.0 mg/mL (c) and 1.2 mg/mL (c1)

BEER MPH, JF FLAT LA L 5 BH 1k B
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i AT LA Y, SCE/TPU & & bR A% 4 fil 1 i
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FA R RE S 2s IR AR AR 3 . BEE CNT & & 1Y
aohn, AR R Z BT, O CNT /R R4
KRG 5 AT R Y LR E AR, B CNT & &1
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Fig.2 TGA curves of CNT,-SCF/TPU composites
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Fig.3 DSC curves of CNT,-SCF/TPU composites
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[ 4(a) 4 CNT,-SCE/TPU & & B4 1 J7 - i
Ak, nTLIAE N, BEE CNT W EZAIIEHI, CNT,-
SCF/TPU & 45 A Rk ) a7 fift 5 52 11 by 24 e < 2R 12
L S K5 sl #a #e, o CNT, -SCF/TPU
B LA 5 B2 R R R R R, 432 41.63 MPa,
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Fig.4 Stress-strain curves (a), tensile strength and elongation
at break (b) of CNT,-SCF/TPU composites

TPU SR 5 CNT Z BIAF7EAH BARE M, CNT AJ LIk
SZHRAYRE ST, PN A CNT X {55 B A W 5 A
RSB RR . HBEAZHE 1 TPU 2174k 5 CNT n] B ] 2L
LR AR 59 ®, fif CNT,-SCF/TPU & 4 ¥ kLY
T e R A i o (EE Y CNT YR B 3 K,
SRR A, RN S, FE
Lol 5 T A B T R R
2.3 CNT,-SCF/TPU £ &# #lHy B # M RE

A R HL S 6Ok RAE K 7] W BE CNT Xt
CNT,-SCF/TPU & & M B PERERY 2 MR . T3k 2 iy
N, BE#E CNT WM N, CNT,-SCF/TPU & &
PR SR N R B R B R, BEEH S A CNT
X} CNT,-SCF/TPU & & #1 B} i T 3 (1) 12 55 A B
MIFEH] . CONT ¥k B2 s i, M1 SR AE R 5 2 CNT
1E CNT,-SCF/TPU & & A KL th Jp HUAR ¥ 5], X H

SRR AE N . SRRYL, XEH TEIA
Yok G R F CNT E A SCE Z [A] () S H “H#fF 27,
H4m'Y SCF Z ] By 3 HLIE 5, DT e v, 09 24 1
e, fE# T HIR 7R, CNT,-SCF/TPU
LR 4

% 2 CNT,-SCF/TPU E 4 #HESENIXLER

Table 2 Conductivity test results of CNT,-SCF/TPU

composites
o/(Sm™)
Relatively

Before After . .
Sample ) . increasing

spraying spraying value/%

CNT CNT
CNT,¢-SCF/TPU 282.66 300.32 6.25
CNTy-SCE/TPU  276.84 315.83 14.08
CNT, ,-SCF/TPU  310.01 417.84 34.78
CNT, ,-SCF/TPU 297.67 352.21 18.32

Note: c—Conductivity of CNT,-SCF/TPU composites.

Kl 5% 4V AMimE N, CNT,-SCF/TPU & &
ARG 2 T IR B AR AR . AE 4V AN R R
240 s 1 TAERF I Y, 526 b0 2 1H A& Gl B
H CNT e B2 (038 i 22 0 S 318 K5 s s/ 1)
P, Feum & AR 530 159.30. 160.06. 162.30.
195.83 1 163.47°C, M. 7% fk#a ¥ 5 CNT,-SCF/TPU
BHEMEB SR MEREM S, CNT E R SCF Z [ i) &
B “HF”, fff CNT,-SCF/TPU & & ¥ Bl 4 &5 1
L E Sy A BTN A S) . B CNT ¥R B2 (9 42 5
S MR MWL, UL SCF 2 [H) 5 3 s 1 X
I, R TER P, CNT,-SCF/TPU
B R

L A3t F2 R, CNT,-SCF/TPU & & #1 81
HLgi - (V) Z R BY ¢ R 6 fir s o BOAR
CNT ¥k A, (H7E 1-4V MM E R, Bk
HH RS R R ICR, X U0 B
AE MK 1 72 Hh CNT,-SCF/TPU & & 1 FL 4 3B (1) HL
TALHAT A BRI A . I ELIE 2 S el i (1) 3 37
WK, WS W R Z AT A G WA e, X i —
# Ui B CNT,-SCF/TPU & & #4 B P 3 e BH I A
BifL 1 o e P 386 R T & A B B 0 AR R, R R
b iy R BH AR E
2.4 CNT,-SCF/TPU E & # BB #IEE M

A} 2% THT & IR 1 R A o R A IR
A BHEREE S B — B H B AR, B 7
AL A 1V B WG B 3.5V (4 V B & R
Bl m, SRAEFS MR, BE SRR
OV}, CNT,,-SCE/TPU & & # Bl Y 52 i 2 1 i
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Fig.5 Temperature-rise curves of CNT,-SCF/TPU composites
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