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Effect of graphene orientation on heat transfer properties of graphene/nitrates

composites by molecular dynamics simulation

WU Chenguang', LI Bei
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Abstract: The effects of the graphene orientation on interfacial thermal conductivity of graphene/nitrate compo-

sites with binary nitrate Solar salt(NaNO3;/KNO; mass ratio of 6 : 4) as substrate and graphene as filler was investi-

gated by non-equilibrium molecular dynamics (NEMD) method. It is shown that the interfacial thermal conduct-
ance can be considerably enhanced from 46.36 MW-m K™ to 80.03 MW-m %K™ as the angle  between the

graphene surface and the heat flux direction (i.e., z direction) decreases from 90° to 0°. As the angle 6 decreases, the

effective projection of the graphene plane in the direction of heat flow is enhanced, and more heat will be transpor-

ted along the graphene plane. The results of the vibrational density of state (DOS) clearly signify that heat flow at the

interface changes from transport across the graphene plane to efficient transport along the graphene plane with the

decrease of angle between graphene and heat flow. Moreover, the nitrates form a similar dense layer around the

graphene for all different orientation angles, which would also promote the enhancement of the thermal conduct-

ance. Finally, the thermal conductivity of the graphene/nitrates composites with different orientations at the micro-

scale is predicted by the effective medium theory. It is found that the thermal conductivity of the composite de-

creases with the orientation angle, but increases with the volume fraction and the length of the graphene.

Keywords: molecular dynamics; interfacial thermal conductance; graphene; vibrational density of states; effect-

ive medium theory
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FA K FHBE & B (Concentrating solar power,
CSP) 245 F| FH R HAR [ 51) 4l 49y 5 A5 TR 5% 10K K PH
RER%E, R T R hGe, RFEd kB R
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] filf PR £ vh 45 22 9 oK SEURE I — P e R L
HpPERE A O K, FEARZ YRR, A
ST TN SRR ZE. Fl,
Hamdy %5 [1] “ 0z Solar salt (NaNO; 5 KNO,
it A 6:4) BT REEAaSEKE,
R Eh B TR N 0.48 W-m K" $25 & 0.73 W-m K,
Saranprabhu %5 L — JCHH R £ Solar salt Sh Fe 4
7EH S PR IE W h 48 2% T & 43 41 0.125wt%~
0.5wt% [ i Ji 8 fb A 85 0, IR 3808 o R A
11.58% 34 Il % 14.17%. Liu % © i) = 55 i iR #h
(KNO;. NaNO; 5 LINO; R b i 6:3:1) 45
Z= T A BN 0.1wt%~5wt% Y T BE Ak A B 0 o
SEREY], MR ERM ARG T RN, &
IR 140.1%, PRI, I A B 0 X g 1R S i
AL M B B A58 5 0 R 5 o

AN T H ALK EORL, A A B AR
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WEM R E AR, & BV A 8508 1wy m) 1Y &2
BMRAE R E K 33,54 Wm LK, R TE B I
1] | #Y =14%. Renteria %5 F| F] Fe,04 44K Wik X}
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FEah b, Lin 58 38 A8 Rk & T B ] T
ELHES A S0 A E M e A MR, TR R A
B S 5N 2.30 vol% 1 MR A B A M RHE A 85 05 F
177 E BARRRFER, mik 200 Wm K,
I EM AR 100 f5 . K, A 84 2 it
A BRI /S TR AR R A A R R B R
HEZ—,

T4k, 43 3l1712% (Molecular dynamics, MD)
BEAULE o Ji - RO BB oy F I 450 517,
HEMARAT o FIR RSP et fe, B psR
EREI T 24 1 B Y — Fp E 2 B O AR
JCHS R Solar salt Ry JEAR, 1 880 F 3k, Hyg:

A1 S0 [T R R S A APRMREL SR AEF 7 130
712# (Non-equilibrium molecular dynamics, NEMD)
T3 ARG AT S 0 W16 o A7 S 0 /0 TR k5 5
TR (9 R ), I o o A D U 0 2 % B R
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o & R 5 R A AR O ZF a0 )R AR
rie iR TS jJIRTRSERER; C. el 2hE
1A BUM A R B g R T ELA . i
12 45 1 43 418 R FH Harmonic % oR £ 38 17,
A1 A0 5 A R £ 2 (8] Y A B AR R A L 5 ok A
W, Bl B AY LY Al Harmonic # R 8 S 5 i £ 1
e Hirr, £ R R B AR B L) 3R 5S4
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6— Angle between the graphene plane and the heat flow direction (z direction); AT—Temperature difference between the two sides of the calculation
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Fig.1 Initial models of graphene and nitrates (a) and graphene/nitrates composites (b) (6=30°)
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Table1 Potential parameters of graphene/nitrates

composites
Atom &g/meV o/nm qle
N 4.018 0.3431 0.95
(6] 3.469 0.3285 -0.65
K 4.336 0.3188 1
Na 6.637 0.2407 1
C 2.968 0.3407 0
Atoms
N-O K,=22.766 eV-nm™  ry=0.1268nm
O-N-O0  K=4.553€V-rad®  6,=120°

N-0-0-0 K,=2.602 eVirad®  y,=0°

Notes: e—Unit of energy indicating the strength of the interaction
between atoms; c—Atomic spacing when the i atom interacts with
the j atom is 0; g—Atomic charge; Harmonic parameters consist of
bonds computed as V;=K,,(r-r,)? angles computed as Vy=Ky(6-6,)°
and an improper function of the form V,=K,(¢-¢,) to keep the
nitrates species planar, where r, 6, ¥, are the equilibrium
parameters of the bond, and Kj, K, K, are the prefactors.

M SE 5 (5 o 0.142 nm!"”, iR 258 2.11%, It
Solar salt [} % B BLHLE R 1.73 g/cm®, 1717 55 56 {E 43
R 1.79 g/em®® ) R 2% 8 3.63%. MLIIE 5 S K
HARZEBNT 5%,

1.2 AEK/HEBEE &M EMEREM T &

AR SR T IR AL 7 1 LAMMPS!™ JE 47 431 3
JIFBAL, 3T OVITORY #4: rh 4T AT ¥4k . —
JG Al FR £ Solar salt (1) 1F & 1. 1F 1 B ¥ Fl b 573~
823 K, DA I A S 6 o 1] L B 700 K AR by 47 35
I TR 2 A MR IR . & F xyz = A

] 5 R SR AR A2 1, R EGIT42 4 1.5nm,
AL B 1x107% s, Ay sk S 4005k i v e £y 0 %
AR, X SR S C R AT R e A B, R
BT R DL =2

(1) RE L /MEALBE . — ) LR A 7R B A v
LRGBS, 5 X0 Ih B 1T
AE i e /NME o R R/ NME Al H IL PR B R, A
e ISP HE A 1.0x10° eV,

(2) gt 2 . AR RS SE I SE R (NPT) R 45
T, ¥E#E Nose-Hoover J7 ikl Ik, MG
TR 700K, #EG K )1 1x10° Pa, SR
1x107° s, #RJ5 IR R 5% ) E W) (NVT) REE5b i, &
#£ Nose-Hoover J7 ¥, #AHE R 700 K, it
B A 1x107° s,

(3) AE V-1 43 ¥ 2l 1 2% 7 RIS A AR M /R IR
BEAMEH RIS, HE, BIERREz M
P21 4y B2 TS0 1 nm 1 X e, 1R 2 9
AN IX ek B o R (Heat source),  H (] 3 43
B A X Bk B o #GE (Heat sink). 2R )5 UL A &
I R v R S R 5 nm B X AE Sy A I
B i R & 5 W fGE W) (NVE) & 25, R H Langevin
5k A5 i AR PR BE 4300 Ry 750 KR 650 K, 48
2x107° s PURJE RGBS o 8 il B g A
BWRmMG G, BRI A

{ G =J/AT
P ()
J= o M=2
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2y 45 A 22 I 2 B T B B IR) A8 AR 1R, T
L B B TR0 A6 Bk (B 4 R 30%10° Wem ™
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PORET RGN, PR B B AIL, Jf7E 5x107°s
J BT 1N A B BRI B R R, B 4
BTFRaE. I oM 9ok 0o, HRHE TN
2.16x10° W-m™ $£7 & 2.91x10° W-m™>, LLJ £ 6=0°
F o0y PHLL AR R 1], B 5x107° s i Ge 114K
PTG B A R 7 ) B R A, WniE 3
JiR . BB ARG E, R IR R ik
FEMERE . T A R0 SR i I Fe A 22 34
B P AE W R B i DX S8 2 0B R
M2 AT, @Gt KB, Jeff o N 90°U8 /N2 0°,
AT H 46.59 K [ 36.37 K.

R () HHEAFA MR T G, WK 2 PR,
BEA e fh 0 YIN, FRIAT: G M 46.36 MW-m K
(6=90°) #& F} & 80.03 MW-m 2K '(6=0°), ¥ Ig ik
72.6%. A1 8% M 1E A YRGB R EL A L () 45 35
S, O TE Y 5 ) S IR B L AN O Y
FARBOK 12 DECR R, A BRI EU £ o
/NI, A SR T A RS AR R T [ B B
s, B2 A ST s, XA
T A S5 05 S THT PN 1) 1 R 80 R i — o R B R
FET 5 0 B 0 S T IV S I BHARE . e, BE
Wm0 M, AR R RE AR T R A IR
WEE T H AT/, T EA & i RS,
2.2 AEF/HBREEGMIIRISEE

A AR NS . AR AR N TR Ay B IR A TR Eh
[i) == 23 3k i A i 3 RN AT B R s . R
Bl EE FE ] DL Wt AR A R R IR B R
AT HEIF IR R A RGE il . W, 4
30 12 R R IR 30 28 5% B 43 B ok AR ) A
P R FEAT 2 BT P X DT AR O pR A
(VACF) #47 {8 L 22 4015 B PR 2 8% % P(w), B
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Fig.2 Heat flux J of graphene/nitrates composites
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Fig.3 Temperature distribution of the graphene/nitrates composites in

the direction of heat flow
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Table2 Thermal conductance G of graphene/nitrates composites

0/(°) 90 75 60 45 30 15 0
J/(10°W-m) 2.16 2.49 2.65 2.63 2.74 2.85 2.91
AT/K 46.59 44.87 45.64 41.10 39.23 37.26 36.36
G/(MW-m2K™) 46.36 55.49 58.06 63.99 69.84 76.48 80.03
it5h (@)
T
P(w) = fo (OW(8)) exp(—iwt)dr (3)

A w AR v(0) 1 v(e) 2 5 R BT 40 4
A ZI R ¢ s 20) f 5 B

A BRI YRR b R LA BT (1) 45 T S
PE, OB BRI PR ol 2 % R EL AR 43 i o SF- 1T A1 R
T PN A A1 O 18] i & B, A B R h 25 Y
FRAE A 8 43 32 B P R T O T ANIR Bh R, T
R 43 3 B A IR T TR S &, WA 4(a)
FIoR o X5 A A>3l T F B A 2 A 25 SR AR
FE— & a(b) S 4l il R 1 A AR /A R AR
HAMEERR M I m) MRS E ., 78
T BT, A SR R R R 0 IR 3 A5 % B A
Bhn, EE5WAEAH 0~10x10" Hz B 3E 3h 32 9 61,
17x10" Hz &b 1) 4 2l W4 5 FE 3 hn,  52x 10" Hz A&k i
BB o sl . o, T A B A R RS R AR TE
17x10" Hz Ab 2547 B g B 4R 3l e, T 3 7 % 001 %R
T AR SR A A PG Y I - T S R T 2
T TR AR B e RN, B A WAE
17x10' Hz 1 52x10" Hz Ab 1) 9% o9 16 43 551 1 B A
B D 55 R 5 R B R TR R I
T 2077 1) (8 ARSI iR 2l 9855, T T PN T
BRSNS . X R S BRI S
iR £ 22 1] B4 F Sl A B Vol 553 11 Ay 88 05 SF 18T PN 9IR 3h
S, LT AL ) BRI DA A B 0 O T 32 i AR TR
A SBIET T SRS . Bk, EEWHE
A AT AT
2.3 AEB/HBREEAMBIMNEHN

] 5 0 0=0°HF A1 55 05 /h IR 46 52 A A4 I 2% B
YA R v ) B R AR K SRR X R A B
W55 A7 AR R B2 DX e 0] T R A A
FE s AH A T A R RTS8 R A 0.3 nmy;
TE B2 Xk 1 D) 2 il 1Rk vl F WA T 3R B
WAECEZ . Cui %P7 1 Lv %2 (O BF 58 vt 2 30
RIS, Ff48 H X R R IR 2R 45 44 mT RE 2 5 |k
ST AL PR BE 3 0 Y SR A

g it — 2 BE 5T U f 0 2 7 e A B R
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Fig.4 In-plane and out-plane vibrational density of state of graphene
(a), vibrational density of state of pure nitrates and graphene/nitrates

composites along the heat flow direction (z direction) (b)
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Fig.6 N-N atom pair distribution function in graphene/nitrates

composites and pure nitrates
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BRI P A H AR . X T B 1 T2 i v I
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B, SR YE, AR B AL R A S i AR
HFT & i T A B AR R A MRS R R AR
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Fig.7 Comparison between the thermal conductivity of graphene/
nitrates composites enhancement coefficient obtained from the

effective medium theory model and the experimental data'”
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