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propulsion of Janus particle.
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Fig. 2. (a) The average speed of Janus particles under different time intervals (22], (b) the diagram

of Janus particles near the wall.
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WK H 2.2 5 ) #% T Boltzmann A Y X}
HoO0 W, FLRIER/N, (BEE ) & 5K A,
Blo = 1.01 x 107% m?/s, & At = 4.53 x 10710 g,
WRFERNHEZHFHEXRAR = (7 -
1/2)c2At/3, KT [E] A 1.24.

SEB AR LR, Janus UK E H £z B,
TEHE AL AR R AR AR bR gEAT B 9T, s Aa
AR, WHE N3 pm/s, EMFAT L, LT
] g g 530 R4, Janus BRI RN TN 10 5
FAF. BEIAR R E .

W 37K FH 2.2 T ) #% T Boltzmann #2554 O,
HHyOo M ¥ 8 R 5 51823 x 1079, 1.4 x
1079 m?2/s 12 ¥ Oq W FE 37 I A sttt 18] A 1, AR 4
FASIN (8] 54 BR BN R D = (1 — 1/2)PAt/3,
AASNE B K AL = 4.53 x 1078 5, Il ERK R
THES H Ha Oy ¥R E 37 I FA S 8] 9 0.804.

Hy O FIEAHRE N 2.5%, B 735.29 mol/m?, Oy
WA EE N 0 mol/m?®. TR A 3.2 15 i Fit Ak 3
6 2, Janus BORLZe U 121 57 2 444 —D(8C /on) =
k, RILERZH 3.3 HE 7%, Janus Bk 47 U]
FR S R R O WA L 5

BH U W] DA ADLAS R FE 4 A, JF 49 e 282
SE R R LY, W5 B, %34 ik it &
Janus FUKL P B0k /).

Janus FURE BE RN, Pe$l (Pe = ul/D)
1072 g P R R e, ¥ Eie
@ K TR S, BOE s E SN0, EEE

R EE S ST 8k 71, FEECR IR 7 3T EioK
71, tHEE R 6 Fras. AT LG BIRE A R 5
AT DA 2O L 3 5 MR B 7 R S 0, A i THT R B AU
R E TR 2510 0, AXAE AR 2 3 A 8 DL 4L
LEYS

Co,/mol-m~3

3.0
2.6

2.2
= 1.8
1.4

1.0
0.6
0.2

K5 (MTIER) FaEit O ik (mol/m3)
Fig. 5. (color online) The graph of steady O2 concen-
tration field.
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Fig. 8 Schematic drawing of forces analysis to

different-shaped Janus particle.
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F£ 2 AFETZIR Janus Foki st 5

Table 2. Simulation results about Janus particles with different shapes.
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Abstract

Studies of the driving force of the self-propulsion Janus particles are very important in the fields of micro-power and
nano-motor. In this paper, we choose the micron Pt-SiO2-type Janus particle as a research object, which is propelled
by self-generated concentration gradient in the dilute solution of H2Og, focusing on the self-propulsion of the single
particle. According to the force analysis of the Janus particle, the surface force can be decomposed into the viscous
resistance of the fluid, the Brownian force derived from the molecular thermal fluctuation, and the diffusiophoresis
caused by the diffusion of the solute component. The main aim of this paper is to find the way to accurately simulate the
diffusiophoresis generated by the huge concentration gradient on a microscale. The lattice Boltzmann method (LBM) is
a modern mesoscopic method based on the microscopic particle characteristics of the fluid, which makes it more intuitive
to deal with the interaction between the fluid and solid. It is more advantageous than the traditional numerical method
in the description of this micro-interface dynamic problem, i.e., the self-propulsion of Janus particle. On a certain time
scale, when the Janus particle shows the directional motion, the influence of the Brownian force can be ignored. Thus,
the analytical process can be simplified. Based on the momentum theorem, the method of calculating the diffusiophoresis
produced by concentration diffusion is proposed. We introduce the momentum exchange in the half-way bounce-back
scheme of LBM into the model of the multicomponent diffusion and reaction. Through counting the surface force we can
obtain the diffusiophoresis acting on the Janus particle. Moreover, this diffusiophoresis model is modified by comparing
the experimental fluid resistance with simulated one. This comparision verifies the validity of the diffusiophoresis model.
Then, the analysis of the variation of diffusiophoresis proves that the value of diffusiophoresis is independent of the fluid
velocity. Through the further application of this model, the different shapes of Janus particles with the same volume
are compared in simulations. The results show that the self-diffusiophoresis is mainly determined by the axial projection

area. In addition, the reaction area of the particle also affects the value of the diffusiophoresis.

Keywords: lattice Boltzmann method, Janus particles, numerical simulation, diffusiophoresis
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