#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 12 (2023) 123102

ARG WK R T TSR
MWK xERt s BTe

(FElb i F R 2B WA RRs ik & F R AR T S0 2, % 071003)
(2023 4 3 A 10 HUE; 2023 4F 4 A 3 BYEIENH)

A BRI AR (GNM) S — Bl B AT TR R 9 K AL 20 A B9 B2 A0 s, e B RE B Bt . BABEA7 Bk L AL
07 it A 26 R ELAT ) I ) ST S5t . AR SCR AR A 23 130 0 2 5 i 3 1 2 9 75 15 % GNML i # g iz L
BPEATHISE. S5 RR D] GNM Y5 2R B 24 K AL ECE B9 38 I i s/ ), 38 23 B DR ST DR 78 A1 FA% O 5 1k
PR Y I A AP TSR A e A1 R 1) A 1) 290 K AL A [l BRI ) 52 ) GNMEL R iz i 7, 24 7K1 (] B AL /N
SN RE P ¢ NG CEL O N R /o N i N T REREOR: SN R BNl < S B L SR NI Y R

WS IEFEE A, SRR L W] R0 J 2. X

L5180 g GNM H iR s s P 4R ke 2%

KEER: (ISR, Jh TR, S, T

PACS: 31.15.xv, 44.10.+

1 3

A S (GNM) & — Rl A 5 14
ARALE B2 A0 880, AR AE R R e 12 2%
PRAGEIN BT ABEAFAE ) A0 fi A O A4 .
AT IR BN AT, JEHGE GNM IR ALY 5]
N R RITFS s AR, A PR v T Y TR
AU T, St T — M B R E
Jiik. i, LS IAERERIBETE IR 1 Ok B Y
SR -9,

AR A1 SR Y SRR ER R 05 VK8 A R, —
M7 SRR 5 R ARAR TR, a5 | ACRDRS 5
T O=121 2y o (940 RIS Ty e 10160 S AR 11
SR AR 55— R R R AT AR T
P, I G RO, dl ks | gk LA
VKR TR VT8 7 - L G DR A T Y
Ay BLIH X A7 & 19 75 5 a4 20210 L 1~ 24 3 22
S5 Z PSRN, A GNM R iz 1A gk
. X GNM Fr YR ROt T 17— &5

il

DOI: 10.7498/aps.72.20230361

5T, W Cui 55 29 55 7130 ) 2B 0URN 2 — 1
JRERARL, & B HLH DX 47 8 5 | S e B AR o e
FREEE ML TE T GNM 1) SR ER A =5
R RAIC. Hu 55 PR T 3B 43 2 1 Ak
LBl 7 A AH T 75 F 1 s b 4T TR, &
IR BERIL 53 A7 ] LAS AR T 75 2Ll S Bl
H Rk L, S8 T SIREEEL; [FE Yang 55 20
AT 2 B L B 6 10 18 R R ) A A B s/ N R R
FEAIL GNM Y-S HGREL, A PR BT 3
b, 383 GRS A IR R A A Y AR 1,
T B GNM H Umklapp 88 7] FH #R 25 8
% . Wang 55 26 38 33 X Z £l A 2= A+ 75 0
AT s W AR A TSR, RIS R AT
PRV 2 ORIS F FHREC X 3 FhHLI
YERTR AR AR AR 3 Bl A I R A, 75
Sp R iy IR

Zr BRI RN 2R GNM F34
FEART-Be. (HE A T e X GNM
i B R A A, L, ASCR AR
5 o3 J1 507k, A R AN R 4 OK LU AR 43

* ER A RFLERA (S 52076080) FIHLAE BRI S (HEHES: E2020502011) B BIAYEREL

t BIE1EH. E-mail: liuyingguang@ncepu.edu.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

123102-1


mailto:liuyingguang@ncepu.edu.cn
mailto:liuyingguang@ncepu.edu.cn

¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 12 (2023)

123102

i GNM, #F5% T GNM H i 75 T3 08 . 16
829, L TRRDUT S0 GNM, H5 44
TR, 5 3, IR I TSR LA
ek GNM AR ER TS5 e 41

SREEHEAYo8

2 MAL %k

ASCRH 3N IUTSEL R, W,, W, RN
KALHY A . FEdR /NI S BRTTH, AR SCBCE TR ]
TGN 1] 5 252k, GRAL oM FAE DT 265 . R Oy
2 BRBAE T LA AR AL B B, W, S /K F 07 1]
EAORAL S NI R 2 E R R, W, TR E S
] P GORFLZ RS, TLITSHCR {3, 3, 2}
(1) GNM 9 JLAT 454 WP 1. 78 GNM -1 Jy ) |
o7 FH SR A P 3 A 2% 1, A6 Z D5 1) B3 20 AECS
J2 . ASSCR A K RUBE S A i B AR A A ] 2
JIe7, FerboK 05 18 R T . S T B IR S AR
o, FEASTRY R [ 22 10 AT 2 AE Ry 2 5
IERIZ X RT3 %15 0.

B A S0 4 K I 5 70 28 ) s 3 ]
Fig. 1. Schematic diagram of the model structure of GNM.
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Fig. 2. Schematic diagram of thermal conductivity calcu-
lated by NEMD simulation.
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Fig. 3. Temperature distribution of GNM.
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Fig. 5. Effect of the geometric parameter R on the thermal
conductivity of GNM.
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Fig. 6. Effect of geometric parameter R on dispersion curve of GNM.
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Fig. 11. Effects of geometric parameter W, and W, on
phonon group velocities of GNM.
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Phonon interference effects in graphene nanomesh
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Abstract

Graphene nanomesh (GNM) is a single-layer graphene material that has a periodic distribution of nanoscale
pores. GNM shows great potential applications in various fields such as thermoelectric energy conversion,
energy storage, and field-effect transistors. In this study we utilize non-equilibrium molecular dynamics and
lattice dynamics method to investigate the thermal transport mechanism of GNM. The thermal conductivity of
GNM is mainly affected by the number of nanoscale pores and their horizontal and vertical spacing. Our study
finds that as the number of nanoscale pores increases, the thermal conductivity of GNM decreases significantly.
Additionally, the increase of the number of nanoscale pores causes phonon branch to be folded and confined,
which results in a flatter dispersion curve, wider bandgap, and slower phonon group velocity. Moreover, the
horizontal and vertical spacing of the nanoscale pores jointly affect the thermal transport process of GNM.
When the horizontal spacing is small, the thermal conductivity of GNM decreases monotonically with the
increase of vertical spacing, and increases monotonically with an increase of horizontal spacing. However, as the
horizontal spacing increases, the interference effect caused jointly by phonon reflection and superposition leads
to significant fluctuations in thermal conductivity. The analysis of the spectral heat flow, density of states,
participation rate, and group velocity of GNM indicate that the variation in vertical spacing leads to different
phonon contributions to heat flow, resulting in fluctuations in the thermal conductivity of GNM. These findings
could serve as a reference for controlling the thermal transport of graphene nanomesh, and are of great

significance in regulating the thermal conductivity and designing nanoscale pores in GNM.
Keywords: graphene nanomesh, non-equilibrium molecular dynamics, heat transport, interference effect
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