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Preparation and properties of thermally conductive grapheme nanoplates/
(polyetherketone cardo-epoxy) composites with double percolation structures

OUYANG Zeyu', WANG Keke', RAO Qiong' , ZHANG Zhilong?, FU Bibo® , PENG Xionggqi™
(1. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200030, China;
2. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)

Abstract: To improve the thermal conductivity of epoxy (EP) with a lower thermally conductive filler content,
graphene nanoplates/(polyetherketone cardo-EP) (GNP/(PEK-C-EP)) composites were prepared by the solution
method. The selective distribution of GNP was predicted by calculation based on contact angle measurements, and
the effects of GNP and PEK-C contents on the microstructures and thermal conductivities of GNP/(PEK-C-EP) com-
posites were investigated by SEM and laser flash method. The results show that double percolation structures are
formed in GNP/(PEK-C-EP) composites as the content of PEK-C reaches 20wt%, where GNPs are selectively distri-
buted in PEK-C to build continuous heat conduction paths. For GNP/EP composites, it reaches the highest thermal
conductivity of 0.375 W(m-K)™' at 1wt% GNP. While for GNP/(PEK-C-EP) composites, the content of 0.5wt% GNP
reaches highest thermal conductivity of 0.371 W(m-K)™', which is 48% higher than that of GNP/EP composites at
0.5wt% GNP content and basically the same as that of GNP/EP composites at 1wt% GNP. It indicates that the filler
content of GNP/(PEK-C-EP) composites is reduced by 50% owing to the double percolation effect. In addition, the

glass transition temperatures, thermal stability and coefficients of thermal expansion of pure EP and GNP/(PEK-C-
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EP) composites were compared. The results show that the GNP/(PEK-C-EP) composites are superior to pure EP in

thermal properties.

Keywords: double percolation effect; epoxy; polyetherketone cardo; graphene nanoplates; thermal conductivity
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Table 1 Surface tensions, dispersive and polarcomponents

of chemical reagents
Reagent y/(mN-m")  4/(mN-m™) y?/(mN-m™)
Ethylene glycol 47.5 31.2 16.3
Deionized water 715 28.2 43.3

Notes: y —Surface tension; y¢, y»P—Dispersive and polar compo-
nents of surface tension, respectively.
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Fig.1 Images of contact angles of polyetherketone cardo (PEK-C) and epoxy (EP) with deionized water and glycol respectively
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Table 2 Surface tensions of EP, PEK-C and graphene nanoplate (GNP)

Harmonic Geometric
Component Ref.
y/(mN-m™) y4/(mN-m?)  y?/(mN-m™) y/(mN-m™) y4/(mN-m™)  y?/(mN-m™)
EP 43.07 10.35 32.72 40.49 7.71 32.78 Tested
PEK-C 33.84 11.46 22.38 30.04 15.41 14.63 Tested
GNP 23.20 10.80 12.40 22.76 19.49 3.27 [12]

Notes: “Harmonic” indicates that the surface tensions can be obtained from the equation (6); “Geometric” indicates that the surface

tensions can be obtained from the equation (7).
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Table 3 Interfacial tensions of EP, PEK-C and GNP

y1-2/(mN-m™)

Component couple

Geometric-Geometric Geometric-Harmonic Harmonic-Geometric Harmonic-Harmonic

EP-PEK-C 4.93 1.01 9.51 1.99
EP-GNP 18.11 4.84 29.37 9.16
PEK-C-GNP 4.34 1.47 7.75 2.88

Notes: “Geometric-Geometric” and other similar marks indicate “the formula for the surface tension data source (equation (6) or
equation (7))-the formula for calculating the interface tension (equation (4) or equation (5))” .
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Table 4 Wetting coefficient w, of GNP/(PEK-C-EP) composites
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Fig.2 SEM images of fracture surfaces of 0.5GNP/(10PEK-C-90EP) composite
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Fig.3 SEM imagess of fracture surfaces of GNP/(PEK-C-EP) composites with different GNP contents
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Fig.4 Thermal conductivities of GNP/EP and GNP/(PEK-C-EP)

composites with different GNP contents (a) and fitting curve of
thermal conductivity of GNP/(PEK-C-EP) composites by thermal

percolation power law equation (b)
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IR A WE MR, kg ks (CNT)P,

P a(b) Ay A 15 A F2 8% X GNP/(PEK-C-
EP) B 4 M KA S RGP A MLk, Hufd ma
BT .
A= Ao[(f - f) /(1= f)F (8)
X HAMBHVE: 3 PEK-C-EP 3L/ F %
A ZH AL = A= An(1 - /LWL T GNP 3K} Y 53
Bk, £ £.(~(0.0342+0.0032)) 43 1] A S B IEORL ) 4
RO B e HoHGE 5 B 5 Ao(~ (0.9259+0.0618))

4 232°C; (2) GNP I PEK-C 5 EP (1) 5t i 45 & 1
B, PRUEXT BP A SC I o0 26 15 A B I 0 3 1 Y5
(3) GNP #1 PEK-C HJFAERLAG 1 485> T 55z 3 .
., B S 1Y 0.5GNP/(20PEK-C-80EP) & & #1
B T (E5220 EP #2855 1 14°C, i i i P 4R 15

6 >~ Zli EP 11 0.5GNP/(20PEK-C-80EP) & &
MBS TG 2 . 7T LLE i, 4l EP Al 0.5GNP/
(20PEK-C-80EP) & 15 #4 ¥} iy $4 43 figg sk B2 AH L, 15
07 TWAB B, BB, BIFE 325°C Z i,
R I T 5%, X EELR R TR 4L
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020 |
o~ —025 F Neat EP
o
g
E -030 | -
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040 | 227.2°C
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Fig.5 DSC curves of EP and 0.5GNP/(20PEK-C-80EP) composite
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Fig.6 TG curves of EP and 0.5GNP/(20PEK-C-80EP) composite
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EP #10.5GNP/(20PEK-C-80EP) A EHY Ty, Tion,
MEE % (R,). AILAFH, 0.5GNP/(20PEK-C-80EP)
BE MBI Tsq M Tyoq S 26 EPAHZEAR K, R, A
Frét e, M 24.2% 3 i %] 30.5%. 0.5GNP/(20PEK-
C-80EP) B A A B Ty T 21 EP, FZJHHZEH
FHE i — B B, 545 EPAH L, 0.5GNP/
(20PEK-C-80EP) & 45 4 %} v 17 7E [ fk iz 72 vh oK 5¢
SR R RN TR ok, &
HE A FRL T R K. 1 0.5GNP/(20PEK-C-80EP)
BEMELE Tyge M R, ¥ T4 EP, X FEEH T
PEK-C ) T)gq, 75 450°C LA L, GNP [/ & T
500°C, Tt T 46 EP, [t 0.5GNP/(20PEK-
C-80EP) & & M R 1 AR 1 ST s A 42 1=

EP 1 GNP/(PEK-C-EP) & & #1 #} iy #4 I ik &
B Crg FIAT WSS . T, AN Crp {HAN T, LA LI
Crp fHo T REWHEHE T, DL EAL T 5 25 51
FA, JIFHERE KRR T, MM EA S,
AR SCRTE Ty UMY Crg L. 817 NZEEP, 0.3GNP/

% 5 EP 1 0.5GNP/(20PEK-C-80EP) £ &+ Bl E 5%
BB (Tyy) HKE 10% HIRE (Tyy) FIEKE (R,)
Table 5 Temperature of 5% mass loss (55 ), temperature of

10% mass loss (T;s,) and residual carbon ratios (R,,) of EP
and 0.5GNP/(20PEK-C-80EP) composite

Sample T5q/C T1o9/ C R/%
EP 322.7 352.6 24.2
0.5GNP/

(20PEK-C-80EP) 320.1 354.9 30.5

(20PEK-C-80EP) A1 0.5GNP/(20PEK-C-80EP) & 4 #1
B K I . T LLE i, 0.3GNP/(20PEK-C-
80EP) F1 0.5GNP/(20PEK-C-80EP) & & #1 K} i £& 7
150°C ZAfi A W ik 5l , X AR AT B2 EP /NER 73
A58 i s . MRS 150C 5, E A
PR 4k 58 4 88 4 i — 20 WAk e s, PR otk = 3ok
I i o FE AR 2%, B AE = IR ~150°C Y5 [, GNP/
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XFERE TX T ZMEGME, %40 M A= R Y
AEAE Y e T H Crg (H A9 KNP, PEK-C 7F 40~
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W2 A1ER B T BP R 8 Bk ik o 2, Bk
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BEAR 1) IR S8 A SR K 5 e oK 7R — A [ 4R
SR MZN 5, GNP/(PEK-C-EP) & & # KL
P KA T 20 EP, X E2E i Tk — 2 [E 4k
N7 A PR S AR AR B 4, 5 PEK-C AH 22 8] 4 B %% &
P2 A e, TRl GNP 7 — 5E F2 B 3R
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K, Ut GNP & & (3 indm il 1T EP /Y 4L 72
WENUE T SEM JE 55 ML E% 1) 45 5 .
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0012 F 4 Neat EP

—=— 0.3GNP/(20PEK-C-80EP)
0.010 | —e— 0.5GNP/(20PEK-C-80EP)

0.008 |

G

g 0.006 |-
0.004 |+

0.002

1

50 100 150 200
Temperature/'C

1

0

€7 EP. 0.3GNP/(20PEK-C-80EP) fil 0.5GNP/
(20PEK-C-80EP) & & FTFHAIE K h
Fig. 7 Thermal expansion curves of EP, 0.3GNP/(20PEK-C-80EP) and
0.5GNP/(20PEK-C-80EP) composites
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