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Research Progress of Droplet Guided Motion on Wetting Surface
LU Zhi-cheng, ZHENG Jia-yi, YU Yan-shun
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Nanjing University of Science & Technology, Nanjing 210094, China)

ABSTRACT: The droplet manipulation technology on wetting surfaces has attracted much attention because of its wide
application in the fields of microfluidic system design, biomedical analysis, fresh water collection, ink-jet printing and heat
exchanger. The basic theories of liquid-solid contact and droplet movement were mainly introduced. The research progress of
droplet guided transport technology on wetting surfaces by scholars at home and abroad in recent years was reviewed.
According to the different driving forces involved in different wetting surfaces, three kinds of droplet guided motions were

summed up, which were driven by the surface gradient on the surface with wettability gradient, by the gravity on the
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anisotropic track surface of superhydrophobic substrate, and by the external field on the superhydrophobic surface. The

development of droplet driven by wettability gradient from theoretical analysis to experiment realization, the preparation

method and experimental research of superhydrophobic surface with anisotropic track were emphatically described, as well as

the different transport mechanisms of droplet driven in response to light, electricity, heat and magnetic fields. The advantages

and disadvantages of all kinds of droplet transport technologies were analyzed and compared. Finally, the research on the

dynamic properties of centrifugal force and surface tension in the process of droplet curve motion on wetting surface was

proposed. The important direction of controlling the multiple droplets for independent guided motion by combining the

multiple external fields with the optimization design of solid surface was expected, and future application was briefly

introduced.

KEY WORDS: droplet; wetting surface; guided motion; superhydrophobic; dynamics; research progress

TR0 5 [ PR e T 2 [0 Y ST A T A R 2R
AR R RN o R0 R S R
A s AN TR 515, T 5 — 7 1) 112
SRR “FRIEE” . XMBRIE IR,
QD Y S o R SR K SR R KK B R
14 22 IRURE 45 K 3 THT 3% S8 5 1) 38 i e 9 1) 7K 71
A2 E IS RGeS 1% . e B SN RE
AR, R 2B 1Y 111 12 Bl AR R [ PR 3 1 9
Yo DRI, iR ] (AR 35 1T AR ) T S5 B BCRS 114 2 1)
BEEARH R

A P [P R Mk 5 T 99— B BRI B
DR TR BT - fk 5% T 1o [0 - 980 k5 T 5 6 18— o
PG, Je WG T LA [ O S L R e Y i
T R TP A Ak A R AE L AR 1R . W S T
MR R A >1500, [FIRRBIM<100, iz m A
SR K R 5 Hfl A TE 90°~150°2 1], R Aisik &
T 5 HE Al <90°, R KRM . BBk m i T
O BB K B 52 R prah vkt SR Ak
BEAL RIS OISEPERE 32 B AT 77 B o TN KRB 25 £

AP 28 THT FIE A A% 3t 2 A i /K 5 TR ) ) S B o B A
THARMGA KB K, BT HRATIE M — [
DY R AL 0 [ A X S YRR R R AL o Fopr it
GERW, AR AR R E RO A <D U, e
RE RIS W 1Y) 3z Bl L B A7 AE S [ AR T, %R kS
TR ZSZBRI AR o P75 BB, AN TR Rk
W2l TR A RS A ZEK IR 4
sk, 328 P T A T e 2 S RO A S Il A T B4
BRSSO ik — 4R i R OK U s R AR SR A TR
BRI FEAE AT, SR IO L MR R
A RIRFEIRNE Sl K P i 3o 6 A e afl L AT 28CHE
K, SEOLEEKH B, R, AR As b
HRTAT b B KA BRI, X T R SRR RERL
IIREAES A A 2R AR TS, X 28 2B I B
TR0 3 B B AT AR SR U T 1 K R, X T
RS & T I DR R 11 5 PSR S AR LG B i
PEFR WO S 10038 S Y BEFE HEAT 458, TN R] 9
P 2 T K AN () 90K 8l 0 XG5 1) 32 2l B R T
T 38 12 1 A ) g 2 LR T R A BB

Superhydrophobic Hydrophobic Hydrophilic
[
a HHKRES b BKRES ¢ FKRE

BT HAT AT ik A 1) 3R TEDIR 5
Fig.1 Surface state with different contact angles: (a) superhydrophobic state, (b) hydrophobic state, (c) hydrophilic state
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Fig.2 Wetting state of droplets on different solid surfaces: (a)
Young model; (b) Wenzel model; (c) Cassie model
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Tab.1 Numerical research progress of droplet movement on surface with wettability gradient (WG)

Surface properties Main achievements

Switch frequency, confined A substrate with wetta-
stripe size and initial droplet bility controlled both in
space and in time

A cooled or heated solid
substrate with WG

A surface with stepwise

WG

A surface with WG

A surface with WG

Droplet transported rapidly when the
frequency of wettability switch app-
roximately matches that of the dro-
plet to move across one unit

The velocity of the droplet was
found to be proportional to the WG

The steady capillary number of the
drop was significantly affected by
the viscosity ratio, the magnitudes
of the WG, and the CAH except Re

The full velocity trajectory of the
droplet movement was extracted,
which showed excellent agreement
with extensive MD simulations

WG had a great effect on the droplet
directional motion, but the droplet
size had little influence

Ref. Numerical method Research contents
[27] Lattice Boltzmann
position
[28] The phase field method WG, droplet velocity, and
and the dynamic van der temperature variations
Waals theory
[29] Hybrid Lattice- the Reynolds number,
Boltzmann finite- viscosity ratio, WG, and
difference contact angle hysteresis
(CAH)
[24] Molecular dynamics The WG-induced driving
force and the friction force
[30] Improved Lattice WG and droplet size
Boltzmann
[31] Level set WG, wettability confinement
(Nondimensional track
width w*)
[32] Volume of fluid Viscoelastic droplet
[33] 3D Lattice Boltzmann WG, surface morphology,
surface orientation and
gravitational force
[34] Molecular dynamics Nanoscale droplet

(MD) and the phase
field (PF)

An open WG surface with
controlled wettability and
confinement

A rigid substrate with WG

A surface with multi-
wetting gradient

A surface with WG

Droplet velocity was found to be the
highest for the largest WG track with
a wettability confinement of w*= 0.8

Displacement and velocity increased
with the decrease of viscoelasticity
parameter, and the best WG range of
contact angles was 130° to 60°

A larger WG and larger solid frac-
tion promoted the movement, but the
effect of surface orientation and gra-
vitational force depended on the Bo
number

The motion of droplet was studied
both by MD simulations and PF
simulations, and the results were in
good agreement
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Tab.2 Experiment research progress of droplet movement on surface with wettability gradient (WG)

Ref. Preparation method

Research contents

Surface properties

Main achievements

Chemical vapor

[35] deposition

[36] Chemical vapor

deposition

[37] Chemical vapor

deposition

[38] Bipolar

electrochemistry

[39] Improved one-step

electrodeposition

[40] Photolithography
and reactive ion

Etching (RIE)

[41] Photolithography

and deep RIE

[42] Chemical etching
and vapor diffusion

modification

Surface inclination, droplet
velocity and contact angle
hysteresis (CAH)

WG, droplet velocity, and
CA

Droplet velocity, droplet size
and surface inclination

Preparation process, surface
structures, and CA

Preparation process, WG,
initial droplet position, and
movement distance

A as the ratio of stripe length
and droplet radius, droplet
velocity

WG, droplet velocity and
CAH

Radient non-wettability, sta-
tic water adhesion, boun-
ding process, and wetting
length

A surface with WG, silicon
substrate (CA: 97°~25°)

A surface with WG, silicon
substrate (CA: 93°~37°)

A surface with WG, silicon
substrate (CA: 100°~40°)

A surface with WG, Cu foil
substrate (CAjepn: 132.2°~
29.2°, CAyign: 120.7°~24.1°)

A surface with WG, stainless

steel substrate samples (163°~
128°; 127°~166°~112°; 162°~

59°)
A surface with WG, silicon
substrate (CA: 166°~15.5°)

A surface with WG, silicon
substrate

A surface with the gradient
non-wettability (CA:
162°~149°)

The drop moved toward hydrophilic
end with an average velocity of
approximately 1 to 2 mm/s, when
surface inclination was 15°

The maximum velocity of a single
droplet could reach 40 mm/s

The drop moved with velocity of
approximately 18 mm/s, when sur-
face inclination was 30°

Droplet rolled off quite easily along
the gradient surface, which was mo-
dified by the as-deposited gradient
nanostructure with 1-dodecanthiol

Not only a droplet could move along
given direction but also two drop-
lets moved away from one another

The droplet moved with velocity of
75 mm/s and 46 mm/s and achieved
a displacement of 5.2 mm and
32mm given A=0.83 and 2.5,
respectively

The velocity of the motion was found
to increase proportionally with the
difference in pillar densities on each
surface, which had small CAH

Because of the difference of the
water adhesion force, droplets on
the as-prepared surface could well
roll alongside a specific direction
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Tab.3 Experiment research progress of droplet movement on superhydrophaobic substrate with anisotropic track

Ref. Preparation method

Research contents

Surface properties

Main achievements

[46] By a cutting blade

[47] Coating and

photodecomposition

(48]
and laser cutting
SH tracks in silicon: ion

etching and aluminum etch

[49] Spray and continuous

fountain pen printing

[50] Micromilling

[51] Combination of
electrochemical etching

and lithography

[52] Combination of surface
chemistry and

photolithography

[53] Breath figure method

[54] Laser cutting

[55] Coating and chemical

synthesis

SH tracks in metal: milling

Droplet size and sur-
face inclination

Preparation process,
CA, droplet volume,
and line width

Preparation process,
track depth, and track
width

Droplet surface ten-
sion, droplet velocity,
and viscosity

Orthogonal and linear
sliding angle aniso-
tropies on the parallel
and narrowing DRHTs

Preparation process,
sliding angle, track
width, and droplet
volume

Preparation process
and droplet velocity

Preparation process,
droplet volume, line
width, and threshold
tilting angle

Surface inclination

and critical droplet
volume

Widths of the fiber,
the substrates and the
sizes of the droplet

A superhydrophobic (SH) sur-
face with a created line of
~200 pm width

A surface with superhydro-
phobic-hydrophilic patterned
water guiding tracks

A surface with SH track for
low friction, guided transport

A superoleophobic surface
with surface tension confined
(STC) open tracks

A SH surface with dual-rail
hydrophilic tracks (DRHTSs)

Sticky hydrophobic tracks on
SH substrates with low adhe-
sion

Surfaces that contain low-
hysteresis guiding lines on
SH backgrounds

A hydrophobic/superhydro-
phobic patterned surface with
hydrophobic tracks

A synthetic slippery surface
with anisotropic, grooved fea-
tures

A superhydrophobic substrate
with lubricated carbon fibers

By adjusting the surface inclination
and the droplet size, it could direct
the transportation of a water droplet
on a SH surface by path designing

Critical spherical droplet volume was
obtained with respect to the line
width of the guiding tracks

The drop moved at a considerable
speed up to 14 cm/s, even in highly
curved trajectories

Lower viscosity and lower surface
tension resulted in faster liquid ve-
locities on the track

Droplets slid with more difficulty in
the spacing-expanding direction than
those in the shrinking direction

The water droplets of different volu-
mes could be controlled to roll off
under dissimilar tilted angles by de-
signing tracks with different width.

The maximum velocity (3.18 m/s) of
a droplet was measured between the
two frames

The droplet started to move along a
S-shape track when the surface was
slowly tilted to 25°

For a given surface inclination, lubri-
cated topographies were capable of
capturing droplets up to a critical vo-
lume

The range of droplets guided by the
tracks with width of 0.2 mm, 0.5 mm,
0.6 mm were 9~18 pL, 18~32puL,
32~46 uL
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