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Abstract: Aircraft anti-icing/deicing system is an important device to improve aircraft safety performance and reduce flight
accidents caused by icing. Electrothermal anti-icing/deicing protection system has the advantages of high efficiency, uniform
heating, flexible and convenient deicing mode, and is one of the important anti-icing / deicing methods at present. However,
traditional electrothermal materials generally have the problem of high energy consumption, so the search for effective and ener-
gy-saving electrothermal materials has become the focus of current research. Graphene has a very broad application prospect in
the field of electrothermal anti-icing/deicing because of its low resistivity and high thermal conductivity. In this paper, the air-
craft electrothermal anti-icing/deicing device, its working principle and the research progress of electrothermal materials are in-
troduced. Afterwards, the advantages and preparation methods of graphene electrothermal materials are briefly described, with
emphasis on the influence factors and improvement methods of its deicing efficiency. Finally, the research achievements of gra-

phene electrothermal deicing materials in recent years are

N summarized and the future development is prospected.
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Fig. 1 ~ Composition of electrothermal anti-icing/deicing system
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Table 1 Physical properties of different materials for heating element!

10, 11]

Materials Density, Specific heat capacity, Thermal conductivity, Electric conductivity,

p/(g-m™) C/(J kg™ -K™) A (W -m™ -K™) /(S m™h)

Cu 8.96 390 397 5.7x107

CryNig, 8.4 440 15 9.17x10°
Glass fiber 2.5~2.7 1050 0.2 —

Carbon fiber 1.5~2.0 712 400~700 250~ 1000

Carbon nanotubes 2.1 — 2000~ 6000 2.56%10*
Graphene 2.24 — 5300 10°
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Fig. 2 Heating curves of graphene glass fiber composites under dif-

ferent voltages[ 17]
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Fig. 3 Infrared imaging of graphene heating film and carbon fiber heating products[lﬁ]
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Table 2 The influences of different factors on the electrical and thermal conductivity of graphene/resin matrix composite materials

Influencing factors

Effect on resin matrix composites

Defect concentration

The fewer graphene defects are, the better the thermal conductivity of the composites is

[20]

The thinner the thickness is and the larger the in-plane size of graphene is,

Thickness and size

the better the electrical and thermal conductivity of the composites are

Orientation in polymer
Composite interface
Dispersibility

Filler percentage

Oriented distribution of graphene leads to better thermal conductivity
The functional modification of graphene can reduce the interfacial thermal resistance
The better the dispersion of graphenes is, the better the thermal and electrical conductivity are

There is a percolation threshold!

[21]

[22]

[24]

[25, 27]

26, 30]
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Fig. 4 The effect of graphene grafting with different groups on the inter-

face thermal resistance of composites“ﬂ
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Table 3 Materials physical properties and electrical heating performance

Electric conductivity Thermal conductivity Maximum steady The fastest heating

Materials o o -
/(S -m™) /(W -m™ K™ temperature/ °C rate/(C+s")
Thermally reduced graphene oxide
. (2 64 0.1 200 0.08
aerogel by emulsion template method" "
Graphene aerogel material-polydimethylsiloxane
P O 100 0.68 21 3
composite material -
Graphene fiber! > 6x10° — 424 571
Hydroxy fossil graphene film4] 1.15x10° 1842 — —
Graphene-glass fiber-epoxy composite[“] 2.8x10* — 123.61 0.41
Graphene-carbon fiber-epoxy composite“ﬂ 6.6x10° — 140 7.52
Graphene oxide-cellulose nanocrystals-carbon
2.05x10° 1978.6 315 44.9

nanocrystals thin films 47!
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FERWE, Fraedsar A B, Bk 2E, —ERE bk
SO T A0 SR R AR 1) L RO
ARG, S s Z A A ER 2, I
REALRA I 2 32 A A 0 SR IR 2 (B) TP e, (A A0
KEIH S R RGE AR 2017 4F, Ding % AR
SRATER N JRURL, SR P i 0 4R 1k 00 il B R 8 P R i 4 T
F P2 I A% A7 B8 4% ¥ A (hydroxylated graphene sheets,
HGS) . # HGS 3 Bl iAcim o P i v B kAR BE . BB
FEAR 550 BRI T A S8 M R M (HGCF) . &k
PEA A7 BRI ELAT 1. 15%10° S ~m ™" (L SR A 1842
Wem™ K" WL RSAREG W BA R, AT
737 3000 KR Z & o1&, 2019 4F, Naureen Al sz
FHAME A= Kk 8 T B A SR I Ak A A 0 T A
PR HCARATR 7% 3R T BB RN K SRS B2, 5 3 By Bk vk 1k RE AT
5, TE-15 CTLEVKEER 1.5 h, fE-5 C FHER 6.75 h,
Chu 25" $2 I —FhE 1H, 1H, 2H, 2H-4%% 3 = Ak
Lt (FDTS) Btk B R 4 45 W 19 Si0,/1GO, HE R
B K H 2B e B AEOR, 5oL «GO A LL, 7R
-10 C R 45K E] AT HEIR 24 8. 3 £ .
T2 R A S v AR B T L, BIESRY
N G N S G ARHEAT 25 R 15 () I 4 e Ay S 4 H A
AR HLBRR B B BE . 2017 4F, Zhang 2 & e A
B4R (graphene papers, GPs) {1 A5 LIS M i A 2 2
BEHE LT 4Rl (glass fiber tapes, GFT) W, P& HIZ A
AR Z R 454, 3 FhOIRed o0 A U 45 A
RUFH 224580, & mfeanp 8 fron, & ik
AERIRIE R, HaB R, HEGME Y& %
W, SH(2.8x10° S -m™) FISIVEREIL . B AERAE
-15 CHEER, Ml 6000 W -m™ L85 BE A LIk 3] By
BrRokag H i, AEHE RN TR, =15 THE] 0 C 4y %
950 s, M HHFrfr SR % ey, B aea e,
IR EARAR B T HA R L PR Y A AR SR
SR, HERCHBEA 4N R . B, SBEG)ZE
W2, R —2 it . 2019 4F, Vertuccio
SRR YA BB A L, RN R,
TF A S0 T 7 AE T 2 Bk 2T 4/ 3R S8 2 5 B B (carbon
fiber reinforce plastic, CFRP) "', 4 T G BM-fr T 4/
WRE AR, H&mBENE 9 FR, il ks
AR R L 1 E B AL LM (6. 6107 S »m ™)
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Fig. 8 Schematic diagram of the preparation process of graphene nanoplates-glass fiber tapes/epoxy composite
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Fig. 9  Schematic diagram of the preparation process of graphene-carbon fiber/epoxy composites
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Fig. 10  Relationship between temperature and time of graphene-carbon fiber/epoxy composite during power-on

[44]



5% 6 1 #

IR A SRR AR B AR/ R DK U TE 2 R 495

Self assembly ‘ ;‘«:: N . i

-

- -

NS

-

- Hydrogen -
-
"l ' bonding "\‘I_ﬂ

-,

o

Go GO-CNC
+ Graphiticed
core
. ’ d g ‘bondng. T
s’ bondi o ? -
\\ Functional e "‘9‘\:‘_‘ - \*T‘ Hydrogen
CNC woepe - A G
CDs
ol e
GO-CNC-CDs "13:’“’.‘,‘?:;"

uopoedwon
Bujesuuy

& 11 RGO-CNR-CDs TR A 45 i B 2 4 147
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