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Fig. 1. The schematic diagram showing the procedure of high-throughput calculation of the tribological property at the interface of

two-dimensional materials.
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Fig. 2. Top and side views for atomic structures of BN/BN, H-BN/BN, and F-BN/BN bilayer. Top and side views of BN/BN bilay-
er in (a) Top and (b) Hollow positions. Top and side views of (c) H-BN/BN and (d) F-BN/BN bilayers in Hollow position.
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Fig. 3. The variation of interlayer binding energy ( E},) and load with interlayer distance for BN/BN bilayer at Top position: (a) E

and (b) load.
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Fig. 4. Potential energy surface of BN/BN bilayer under normal load of (a) 0 nN, (b) 1 nN, (c¢) 2 nN, (d) 3 nN, (e) 4 nN, (f) 5 nN,
(g) 6 nN, (h) 7 nN and (i) 8 nN. T and H present the Top and Hollow positions, respectively. The white lines with arrow represent

the minimum energy path.
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Fig. 5. The variation of potential energy along the mini-
mum energy path of BN/BN bilayer under 0-8 nN loads.

T, BRI R BN 0.025 FFHF] 0.13. A5 T A
[Flzkff ™ BN/BN [ RETH S5 B4 T, BEEE R B0 T
BRSO AR R —E
ARFFTNEREZE R EEEN
PLO0.1 A K2 IAIEE N 4 ATE4R5) 1.5 A,

4.2

AT 202 A A2 A 845 (E 28 24
JRF) Z a4 A e, 195045 4 BERE)Z B AR 1L Y
KFR, B (2) MG 2EAT SR EERNCR, DL
Bl 0-—13.5 nN SN . B zy 1w s g
BWEN2.6 A x 2.6 A, FIEI/NER 0.2 A x 0.2 A,
BB MX KPR 12 x 12 x 1 1HET
1—13.5 nN 4Min# e F Gr/Gr B3 BET, 45540
K7 i, N 7] LR BE, 4Nz frl 1 nN
i, SAAETN A3, Top & # e Ak 7, Hollow
I B A ReRAR. WA B T, Aae R RIS EH K
JEUN. AR E] 12 nN B, SRR A T R,
P JFOR 4B A (Top 78 28 MRS AR A, I3
A (Hollow v #) A8 = #4AE A, HREm# TF
H, B 22ARAK. Rl B ik — Bk, $ai ik
FRUGEHHE K.

TERBETT A SRS B A T 1.0-13.5 nN
NI T Gr/Gr SLi ()7 58 52 7 R EE 5 2L
] 8(a) Ji 7 R F- 2 BE 4 07 B 4 A () A8 f il 26
KIS, BEE B0 THEs, Gr/Gr B g F- 2 EE 8

026801-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 2 (2023) 026801

1.0 (a)
0.8}
Z 06}
=
<9
0.4}
—-@- BN/BN
0.2t ~A- F-BN/BN
-~ H-BN/BN
0

4 5 6 7 8

Load/nN

3

%l 6

BN/BN, F-BN/BN, H-BN/BN [~V 34 $Li BE 45 J1 ( Fy ) FIEE$EE R AL (1) FEECAT Y221k

016l ® —9- BN/BN

2 —4— F-BN/BN

3 o1 -~ H-BN/BN

= .

e

i

Q

©

= 0.12

2

=

g

o w
0.08 L

4 5
Load/nN

(a) “FITEEAE 1 (b) FESE R KL

Fig. 6. The variation of friction force at the interface of BN/BN, F-BN/BN, and H-BN/BN bilayers with respect to the normal
load: (a) Averaged interfacial friction ( F}); (b) friction coefficient ().
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Abstract

Friction generally occurs in the relative motion or the contact interface with the trend of relative motion,
which impedes the relative motion and produces energy loss. Micro-scale friction is different from the macro-
scale friction due to surface effects and other factors. It is necessary to study the friction behavior on a nano-
scale. First-principles method is an important way to study and understand friction on a nano-scale.
Nevertheless, the constructing of nearly a thousand models and the processing of a large number of data are
very time consuming. In this paper, we establish a high-throughput computational program based on the first-
principles method to study the interfacial friction of two-dimensional materials. The program realizes modeling,
submitting computation tasks, multi-task concurrent calculation, data collection and processing, and image
rendering of calculation results. All of these are done in batch automatically, which greatly saves researchers’
time. In this work, this program is used to simulate the normal load by changing the distance between layers
and calculate the potential energy surface of BN/BN and graphene/graphene bilayer sliding systems at a series
of interlayer distances, as well as the interlayer friction forces and friction coefficients. The study finds that with
the decrease of the interlayer distance, the averaged friction force at BN/BN interface increases approximately
linearly, and the friction coefficient is in a range of 0.11-0.17. The friction force at graphene/graphene interface
first increases, then decreases, and increases again. The friction coefficient reaches a minimum value (0.014)
under a load of 12 nN, and these results are consistent with the previous results, verifying the reliability of the
calculation program. In addition, we investigate the effect of surface hydrogenation and fluorination on the
tribological property of the BN bilayer and find that the friction at the fluorinated BN/BN interface decreases,
which is attributed to the smaller charge transfer at interface. Although the high-throughput calculation
method realizes the automation and high-throughput calculation of tribological property at solid interface, there
are still some limitations. Firstly, the effect of interlaminar bending is not considered in the process of
interlaminar relative sliding. Secondly, the essence of the calculation result is static friction, rather than

dynamic friction. In addition, the method does not consider the influence of temperature.
Keywords: first-principles method, high-throughput calculation, potential energy surface, friction coefficient
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