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Table 1. Main instruments in the experiment.
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Fig. 1. Experiment setup for droplet impacting on the hot

substrate.
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Fig. 2. Leidenfrost phenomenon of four droplets: (a) Pure
water; (b) 10% ethanol aqueous solution; (c¢) 20% KCl aqu-
eous solution; (d) 1 CMC SDS aqueous solution. (e) Contact
radius varies with time when droplets hit the substrate for
the first time. When r decreased to 0, the droplets bounced

off the base, and the scale bar represents 2 mm.
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Fig. 3. Influence of surfactant concentration on droplet

properties: (a) Surface tension; (b) Tt.
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Fig. 4. Transition boiling process of four droplets: (a) Pure
water; (b) 20% KCI aqueous solution; (¢) 10% ethanol aqu-
eous solution; (d) 4 CMC SDS aqueous solution. (e) Con-
tact radius of the four droplets varies with time. The r of
SDS droplet decreased to 0 indicated that the secondary
droplet took off, the other droplets indicated that the
droplets completely evaporated. The scale bar represents

5 mm.
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Fig. 5. Formation of secondary droplets: (a) 1 CMC SDS
droplets at 140 C; (b) 1 CMC CTAB droplets at 140 C;
(c) 4 CMC Triton X-100 droplets at 140 “C. (d) Contact ra-
dius of the three droplets varies with time, the r of SDS
droplets decreased to 0 indicated that the secondary

droplets took off. The scale bar represents 2 mm.
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Fig. 6. Variation trend of the secondary drop radius with

surfactant concentration.
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Fig. 7. Addition of defoamer to surfactant solution: (a) Res-
ult of three surfactant solutions added defoamer shaken
vigorously; (b) SDS droplet with defoamer impacted on the
hot substrate; (c) CTAB droplet with defoamer impacted
on the hot substrate; (d) Triton X-100 droplet with de-
foamer impacted on the hot substrate. The scale bar repres-

ents 5 mm.
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Fig. 8. Schematic of dynamic droplet behavior caused by surfactant and deformer molecules. (a) Dynamic process of surfactant

droplet impacting on hot substrate: (i) Falling droplet; (ii) formation of concentration gradient; (iii) bubbles growth at the solid-

liquid interface; (iv) bubbles held up the top liquid; (V) the remained liquid shrunk into secondary droplet; (Vi) the secondary

droplet detached from the substrate. (b) Dynamic process after adding defoamer molecules: (i) A single defoamer drop adsorbed

surfactant molecules; (i) the surfactant molecules in the large droplets were consumed in large quantities by deformers, there was

no significant concentration gradient on the droplet surface; (iii) the top liquid failed to aggregate. Arrows showed the direction of

Marangoni flow.
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Marangoni effect of surfactant droplet in transition boiling
and formation of secondary droplet”
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Abstract

The dynamic processes of surfactant droplets impacting onto substrates of varied temperatures have been
widely studied in heat transfer, cooling and printing. In this work, we observe the impacting process of aqueous
droplets of surfactants SDS, CTAB, and Triton X-100 on a hot aluminum plate via a high-speed camera, in
order to study the dynamics of different surfactant droplets impacting on a hot aluminum substrate.
Experimentally, it is discovered that the surfactant droplets in transition boiling produce a secondary droplet of
non-wetting state in the final stage of evaporation. The analysis demonstrates that after the droplet impacts the
substrate, a temperature gradient is created between the top of the droplet and the triple-phase contact line,
increasing the surfactant concentration near the triple-phase contact line as compared with that of the top. The
top liquid is maintained by the Marangoni effect, which is caused by the concentration gradient. In the final
stage of the evaporation process, the residual droplet gradually shrinks into a sphere. It is detached from the
substrate and taken off under the impulse force of the bubble explosion at the bottom, generating the secondary
droplet. The radius of the secondary drop increases with the raising of initial concentration of the drop, but
ultimately reaches the saturation size. This work explains the role of surfactants in forming secondary droplets.
Additionally, this work provides a reference for understanding the physical mechanism of Leidenfrost effect and

the controlling of boiling heat transmission.
Keywords: hot substrate, surfactant, Leidenfrost effect, secondary droplet
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