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Non-equilibrium molecular dynamics simulation of thermal
conductivity of graphene-carbon nanotube composite structure

LI Shuai, LI Ling
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In order to prepare high-performance thermal interface materials, the thermal characteristics
of three-dimensional graphene-carbon nanotube composite structure were calculated by non-equilibrium
molecular dynamics method. The effects of the size of the composite structure and the temperature of
the system on the thermal conductivity of the overall structure were investigated. The results showed
that the increase of the length in the z direction and the increase of the temperature of the composite
structure can increase the thermal conductivity of the composite structure to a certain extent and

gradually reach a saturation value. In order to further investigate the phonon energy transfer in the whole
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and local structure, the phonon vibrational density at both sides of the interface between the composite

whole and the joint was calculated. The results showed that the deformation at the interface between

carbon nanotubes and graphene is the main factor that hindered the increase of the thermal conductivity

of the composite structure.

Keywords: thermal interface materials; non-equilibrium molecular dynamics; thermal conductivity;

vibrational density

Bt 2 SARECR W &R, 0 B I RRIE RGER
WEAi /I, B Ak B 1 g 2 B
F L7 A 1) o A T B R G P R i, AR
WEH F 2R AR M A am . LT T BRI
S TR R AT H AR R B S e ™
{H H 2 X RELRE BE B A7 A, (A5 AR 5 B A
fil () AL AEAE 2 R B, s W AR 4
JEARZ) 4 DB, RN G SR XS X R
B2, TP B Y SR, e S 0 23 B b
FEEA = ERE HIE AR S T $ 5 T M R
PR BRSO 2 ORI Y, |
VA 5 s o il R = E A AU IR SRR AL I )
MR R Z —.

A F A G A A RE, AR A B A
ST IERR, I AE el A 1 e R T A R
7 T R R AT 5 L R RRop e
AR marckE”, SenBms”, T
A B TR GOR A X R R, BT S 2R
BAR S m S0, 755 bR N H A — 2
BRI, 2008 4F, Dimitrakakis 22 k8| A T =4k
A B KRS B A 45 (GCHs) , - TF iR 241k
TESRERAB ARSI T 0 2022 4F, Jyoti 261
— R IE T GCHs X — = 4k 45 K 75 e 12 55 4 Fl i
A7 J7 i N W 71 . Park fff[“] %t GCHs I #u% 5
FRtE AT 79T, R B Fh & A2 450 AN UK
PR T A SR R 40 K A FE AL T 7 1] A LA R
Vi, ]I 7 B PAAE S RE TS . Loh 461
FIH 538 J124 07, X GCHs A i HILAR N A8
X7 Bl g 2 ST PR A R W AT T IR R A
5% Zhang 251" K AL TR S 9 PUE SR AL TR
HAM ., TAEK, GCHs IMESMREIE TiF5£
WFoE & e, H X e 7E O K - 4 3% S L
il B AT R A PR, AR A g5 v 4513 43 )
W NKRE KB . 8806 B 2 09T L AR
SN AL R S AR A A B A, XS 4%

ol A 5 B8 1Y 56 35 AR AR I I8 75 25 2 19 1F
G ASSCHI IR Z 5 AR 53 80 1 24 07 iE A
1T GCHs B3R, 3z HIF 141k 3 25 % B2 25 i
B i IR AWESE T GCHs W AL 6 AL 8, Jf
58T 2 F LR AN AR BT B AR A 1 Y
M o 5T AR X GCHs 7 #4451 A4 R v ) 512
PrRRLHA 5 IR AL , JFBE A SR S AR Y
BIHFTHR PG S0

1 RESRUTE

1.1 HEWE

B, MEHmA N 3.01 nmx4.88 nm. E I
[ PRI BE N 2.4 nm 1) 22 240 880 R R 4L, #2F
RAE YA B a2 IR Ok — e L, fLY
JOF S  AOKAE ) AR . E, BHRERE
2.35 nm WY BR 44 K & % Bl 3H 78 31068 o7 1 LR
FHT % HE AR B = A A SR 0k 9K B R AR S5
e, fE z Bl oK AR M LA =4k GCHs £ i fifd
5k, WK1 TR

z
X

l<y Y7/ NS N : :
E1 SEREF. ZHAEB-HRAKEEN

Fig.1 Structure of multilayer graphene and three-dimensional

graphene-carbon nanotube
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Fig.2 Temperature distribution of three-dimensional

graphene-carbon nanotube composite structure (300 K)

AT H Bk 0 KA X AR A A AR e R A
A, ARXWiHEAR T 220 8BG58WHRSE
K, LEH N 0289 W/(m-K), Al L&k Bl =4 GCHs
GRS T =%, BT A S
I 12 2Z A S T 29 K A8 Rl LR R B 42 v i1 5 45
PR ) S A IR TR R Al 4N oK S AT DLAE



536 o B TR 2 2 R

2024 4 5 46 &

GCHs 21 7 ) AL S B i 250 R A 2ok il
22 IRBEBEBEESH

XFT ARG SRR R AUOR AR, TR 5
WERSA G, #iksiRanfe e ik, Hix
ANEAAE SR S B — B R —— 5 e X,
R F, Pl s (805 ) SR IR 3 iy SR 1A
Wk . N, RS T R R sh s
(vibrational density of states, VDOS), 1] DAZRH &
& RS T B DA ) A 2l AR 25 R B T A AR 6 A
M oA o BT X SefF R, AT LU AT R 2 5 -
SERTE R ARG T R T RE R AL . A RS
A 2 10 3 X D R Y H A G pR R (velocity
autocorrelation function, VACF ) #4178 HL 245 #5171
fadkiy, HitEAXWT .

N
Pevos(@ = [~ 2N wiOvndr (5)
i=1
Rt WFRETFRANBAG N IR TR
ORI T 1 AR OmAH

BRESF NZ(V:(O)VI(I)HJJ??E’JLV FIAC AL

$i@mﬁ%$m«mﬂ§FE%m%
VDOS Rttt A TR G T L HM SRR, &
J6, THE U GCHs WA e 1k B B AH R %,
B3 s, TR0 R el A S oA [l Y, HAR B
FEHEARSAEmT R P H 2 B, AR5 8 i xR A
AH & PR BCE AT () B i AR #6045 3] GCHSs 19 75 T4k 8h
BEE, ME4FR. K4 BRERTUE
i, GCHs 1Y VDOS TEARM X AH L T2 2 A 556 1
TR, (BfEhE X, GCHs L 24wk,
WA UL, 78 GCHs H, & HZ SR T4
WL, R EEREA T HMMEmACR . [,
X} F GCHs, VDOS iYW {H 3= 48 v F v ik i 5
g/ DA, o 1 2% B ) R AR R B A 8, T 3
S JE AT, IR % B Y 7R X A AR ) R
SR K
SIRAEXT GCHs #E SRR IAR, AR SCEEAN
WS T A TR SR AT 2 3R . 1o, X
& 4 B HEAT T DL 20 THz 45155 7] B8 14 Jiz f B
Al SRIGTIEE T e MR [ 75 0 A R
FISZM, Wil s frR. g5 B, RETENA
KB, AR TR F R A0S S0 T ee L
i, (HFEZE 0~20 THz, 20~40 THz FHS +
BT EREEH, MRFERTIREK, X FEEER
S, HEFE T AR A% 8 B A S50 TR B A 1 1o AR

1.0
0.8
0.6

JA—fL L H ARG R

0 0.5 1.0 1.5 2.0
JLI T a]/ps

3 GCHs MA—IEE B XEREH

Fig.3 Normalized velocity autocorrelation function of GCHs

0.10
— AR
— GCHs

0 20 40 60 80
45/ THz
Bl 4 GCHs REEABHENA—LIRIEEE
Fig.4 Normalized vibrational density of GCHs and multilayer
graphene

L PRSI B R R A TR AR AL, K
RE R FOBT P IC o XA, S Ak A A Y
PR, TR 5 B2 A AR L A T
R, MATFRITEER, BUMBGR, HPRBUN,

50

IS
S
T

W
S
T

3
(=]
T

X R AT T TR Y%

—_
(=)
T

0 20 40 60 80
S/ THz

5 GCHs FRIMZEEFF RSN
Fig.5 Contribution of phonons in different frequency bands
of GCHs to thermal conductivity

WL 2 HR iR i B2 23 A1 IR il A& B, GCHs
R it JBE IR T 2 S LA Bl 0 K AR A SR R A S Y
oy, XERUIE GCHs iyt , ARGHES
ik 299 K A8 4 XA IR 78 R 3 A 3 Y A R B
Bk TRt — 20 A i 4 B i Ak 1 RE R AL 2 1Y
P00, IO 1 5 1w A PN I3 1 P TR Bl AR



551 Z

U, SF SRR BB A BV R A AR A 231 3 ) R 537

BEAMUE 6 s, WA & IR % E 04
FIrT LA B, — & IR sh 25 % B I (H 0 Aii B9 I %
FEARR —5, X 10 B 7 I 3% 22 5L v A A DT

4 -
3 -
=
820
Bt
K
=] 17
=
Mo
70
_] 1 1 1 )
0 20 40 60 80
Jii%/THz
(a) BRYIKAE

P PR SR R B ROR AN AL, TS B
TARBAAVERL , X 55 S5 FE 5 180 T 1) 1) B
et 1 SRR A ) BR 1

0 20 40 60 80
Jii%/THz
(b) f1 M

B 6 BMRENGEHRERFALANEFHIRNSEES S
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