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of amphiphobic surfaces on
copper substrates with a mixed modified solution†

Ning Wang, Qing Wang, * Shuangshuang Xu, Xu Zheng and Mingya Zhang

Fabricating amphiphobic surfaces is often complex, difficult to control, and time-consuming, making the

fabrication process very difficult. Herein, a facile and time-saving modification method using a mixed

modified solution of stearic acid and perfluorooctanoic acid was initially proposed, which played a key

role in the achievement of the superhydrophobicity and highly oleophobicity. The effects of reaction

time on surface morphology and wettability as well as the content of perfluorooctanoic acid in the

mixed modified solution on wettability were investigated to determine the optimal experiment

parameters that maximized the amphiphobicity of the surfaces. The as-fabricated amphiphobic surfaces

displayed high oil contact angles of 133.5�, higher water contact angles of 156.8�, ultra-low water sliding

angles of less than 5� and excellent self-cleaning properties. The facile, easy to control, and efficient

method can provide new insights into fabricating amphiphobic surfaces and can open up a new way for

the basic research and practical application of amphiphobic surfaces.
Introduction

The hydrophilicity and oleophilicity of most metals, such as
copper, limit their application in many special environments.1

Superhydrophobic surfaces have been fabricated on copper
substrates by etching,2–5 electrodeposition,6–8 femtosecond
laser,9,10 etc., which can repel water but lack oleophobicity at the
same time, resulting in the surfaces being readily polluted by
low surface energy oils.11,12 Transforming the amphiphilicity of
copper substrates to amphiphobicity can avoid oil and water
contamination.13,14 Amphiphobic surfaces with unique wetta-
bility of being both hydrophobic and oleophobic15 are widely
used in the elds of self-cleaning,16 anti-fouling,17,18 anti-corro-
sion,19,20 etc., which have become a new research focus.

Recently, researchers have developed several methods on
how to fabricate amphiphobic surfaces. Nevertheless, most
methods require special experimental conditions and equip-
ment. For example, Yin et al.21 prepared superhydrophobic and
oleophobic copper meshes by immersing samples into a mixed
aqueous solution of NaOH and (NH4)2S2O8 for 30 min, modi-
fying the etched copper in a 1H,1H,2H,2H-peruorooctyltri-
chlorosilane solution for 2 h, then setting the experimental
conditions to 100 �C for 1 h, and annealing the samples in an
oven. Only through these complicated procedures and special
experimental conditions, the low surface energy groups could
be successfully assembled on the rough surfaces to reduce the
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surface energy. Guo et al.22 created copper mesh with super-
hydrophobic and oleophobic properties via etching samples in
a mixed acid solution of HCl and CH3COOH for 24 h, modi-
cation with a 1H,1H,2H,2H-peruorooctyltriethoxysilane solu-
tion for up to 12 h, a self-assembled monolayer can be formed
under special acid–base reaction conditions, and then the high-
temperature experimental conditions were set to heat the
samples in an oven for 2 h to achieve the purpose of reducing
the surface energy. Lee et al.23 fabricated non-wettable surface
through etching copper in an ammonium ambient solution of
NaOH and (NH4)2S2O8, heating at 180 �C for 60 min, and
modifying with 1H,1H,2H,2H-peruorooctyl under vacuum for
2 h, and only by using special vacuum experimental conditions,
the low surface energy can be achieved. These fabricating
methods which required special experimental conditions and
equipment added the difficulty of fabrication and control of
experimental conditions. Moreover, modifying the surface with
a low-surface energy material was time consuming, which
limited the large-scale production of amphiphobic surfaces. To
overcome these problems, it has become an urgent need to
propose a facile, easy to control, and efficient method for
fabricating amphiphobic surfaces on copper substrates with
a mixed modied solution.

The lowest known surface energy materials can be arranged
in descending order as CH > CH2 > CH3 > CF2 > CF3.24,25 Stearic
acid (STA, CH3(CH2)16COOH) with 16 –CH2 groups and 1 –CH3

group is a low surface energy material, but it only possesses
hydrophobicity and not oleophobicity. Peruorooctanoic acid
(PFOA, CF3(CF2)6COOH) has 6 –CF2 groups and 1 –CF3 group,
wherein a –CF3 group has the lowest surface energy of 6.7 mN
m�1.26 Hence, PFOA is hydrophobic and oleophobic with a quite
This journal is © The Royal Society of Chemistry 2019
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lower surface energy. In addition, the reactive group –COOH in
both STA and PFOA can react with metals and their compounds
to bond low surface energy groups to the surface to achieve the
purpose of reducing the surface energy.27,28 It can be conrmed
that a mixed modied solution composed of STA and PFOA can
improve the hydrophobicity due to the STA and achieve the
oleophobicity due to the PFOA. Thereby, mixing STA and PFOA
at a reasonable ratio to form a mixed modied solution can
shorten the modication time to obtain amphiphobic surfaces.

To the best of our knowledge, the method of modifying the
surface using a mixture of two low surface energy materials to
fabricate amphiphobic surfaces on copper substrates has not
been reported. In this study, we created micro–nano hierar-
chical dendritic structures by immersing copper substrates into
a silver nitrate aqueous solution and proposed a facile and time-
saving modication method using a mixed modied solution of
STA and PFOA for reducing surface energy to fabricate amphi-
phobic surfaces on copper substrates. The effects of reaction
time on surface morphology and wettability as well as the
content of PFOA in the mixed modied solution on wettability
were investigated to determine the optimal experiment
parameters that maximized the amphiphobicity of the surfaces.
Furthermore, the self-cleaning property of the as-fabricated
amphiphobic surfaces was also studied. The method designed
here was facile, easy to control, and efficient, which can provide
new insights into fabricating amphiphobic surfaces with
a mixture of two low surface energy materials and can open up
a new way for the basic research and practical application of
amphiphobic surfaces.
Experimental
Materials and reagents

Copper substrates (purity $ 99.9%, 20 mm � 30 mm � 1 mm)
were provided by Shenzhen Zhibao Metal Products Co., Ltd.,
China. Silver nitrate (AgNO3) was purchased from Sinopharm
Group Chemical Reagent Co., Ltd., China. Stearic acid (STA,
CH3(CH2)16COOH) was obtained from Tianjin Beilian Fine
Chemicals Development Co., Ltd., China. Peruorooctanoic
acid (PFOA, CF3(CF2)6COOH) was provided by Shanghai Mack-
lin Biochemical Technology Co., Ltd., China. Anhydrous
ethanol was purchased from Tianjin Kemiou Chemical Reagent
Co., Ltd., China. Blend oil was obtained from Luhua Co., Ltd.,
China. All chemical reagents were of analytical grade and used
without further purication.
Sample fabrication

The copper substrate was polished with sandpapers to 2000# to
remove the oxide layer on the substrate and cleaned ultrasoni-
cally with anhydrous ethanol and deionized water for 10 min
respectively to remove surface grease. Subsequently, the copper
substrate was immersed into 0.02 mol L�1 AgNO3 aqueous
solution at room temperature (about 26 �C) for different times
(5, 10, 15 and 20 min). Aerwards, the substrate was rinsed with
deionized water to eliminate any residual impurity and subse-
quently dried. Then, the substrate was modied by a mixed
This journal is © The Royal Society of Chemistry 2019
ethanol solution of STA and PFOA for 1 h, and the total
concentration of the two materials was maintained at
0.02 mol L�1. Finally, the substrate was removed, washed with
ethanol and deionized water successively, and dried at room
temperature.

Morphology and composition. The surface morphology of
the samples was determined by a scanning electron microscope
(SEM, APERO, FEI Co., Ltd. USA), equipped with an energy-
dispersive X-ray spectroscopy (EDS) system for elemental anal-
ysis. The crystal structure of the samples was examined by X-ray
diffraction (XRD, Rigaku Utima IV, Rigaku Co., Ltd., Japan). The
chemical composition was recorded with a Fourier transform
infrared (FT-IR) spectrometer (Nicolet 380 FT-IR, Thermo Elec-
tron Co., Ltd. USA).

Wettability measurements. Water contact angle (WCA) and
oil contact angle (OCA) were measured on an optical contact
angle measuring device (KRUSS-DSA30, Crass Scientic Instru-
ment Co., Ltd., Germany) using distilled water and blend oil,
respectively. Water sliding angle (WSA) was measured by
a home-made experimental device composed by a backing plate
(marked as a), two glass sheets (marked as b and c), a protractor
(marked as d) and a triangle plate (marked as e) as showed in
Fig. S1.† The backing plate was placed horizontally on experi-
ment table. Then the protractor was placed vertically along one
side of the backing plate which upper side is ush with the
0� scale line of the protractor. At the same time, a triangle plate
was also placed behind the protractor to ensure that the
protractor is perpendicular to the backing plate. Next placed
two glass sheets on the backing plate, one is xed on the plate
(b), the other (c) can rotate along the baseline on backing plate
corresponded by 90� scale line of protractor. When measuring
the sliding angle of the droplets, slowly li the outside of the
glass sheet (c) and record the position of the glass sheet when
the droplets beginning to roll. At this time, the scale line cor-
responding to the glass sheet is the measured water sliding
angle. All angles were measured with droplets of approximately
10 mL at three different locations of the samples, and the
average values were used for the subsequent data analysis.

Self-cleaning experiments. The self-cleaning property of the
amphiphobic surface was tested. Firstly, a layer of white chalk
powder as a contaminant was spread on the surface. Aerwards,
water droplets of approximately 10 mL were dropped onto the
surface. Finally, the surface was cleaned by the rolling off of the
water droplets.

Results and discussion
Surface morphology

The surface morphologies under different magnications ob-
tained when the polished Cu substrate was immersed into an
AgNO3 aqueous solution for different times are exhibited in
Fig. 1. The morphology of the bare copper substrate prior to
AgNO3 immersion is shown in Fig. S2,† from which only
scratches on the surface can be observed, which is different
from those aer being immersed into an AgNO3 aqueous
solution. As shown in Fig. 1a–d, the surface morphologies were
mainly composed of dendritic structures. Fig. 1e–h exhibit that
RSC Adv., 2019, 9, 17366–17372 | 17367
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Fig. 1 SEM images of polished Cu substrate at different reaction times
in an aqueous solution of AgNO3 under different magnifications: (a)
and (e) 5 min, (b) and (f) 10 min, (c) and (g) 15 min, (d) and (h) 20 min.

Fig. 2 XRD patterns of (a) polished Cu substrate and (b) Ag@Cu
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under high magnication the feature structures of the surface
morphologies mainly included micro–nano hierarchical
dendritic structures with the width in the order of hundreds of
nanometers and lengths in the order of microns of the main
branches, and the width and length in the order of hundreds of
nanometers of the small dendrites, growing from the main
branches. Besides, there were a small number of irregular
multi-sided cubic crystal structures (Fig. 1e–h).

When the immersion time was short (5 min), as shown in
Fig. 1a and e, the size of the dendritic structures was small. As
the immersion time increased, the dendritic structures grew
continuously and the size became larger. Extending the time to
15 min (Fig. 1c and g), micro–nano hierarchical dendritic
structures were clearly visible, and the size signicantly
increased; therefore, the surface roughness greatly improved.
When the time was increased to 20 min (Fig. 1d and h), the
micro–nano hierarchical dendritic structures had changed.
Although the size of the micro-scale structures still increased,
the size of the nano-scale structures gradually decreased. The
micro–nano hierarchical dendritic structures became insignif-
icant hierarchical dendritic structures dominated by the micro-
scale, which made the surface roughness decrease. It was
concluded that when the immersion time was 15 min, micro–
nano hierarchical dendritic structures were signicant and the
surface morphology was the roughest. The large water–air
17368 | RSC Adv., 2019, 9, 17366–17372
interface area can effectively prevent water or oil droplets from
penetrating the surface and form stable Cassie state.29
Surface chemistry

The chemical composition of the surfaces under different
conditions was characterized by XRD, EDS and FT-IR. Fig. 2
presents the XRD patterns of the polished Cu substrate and
Ag@Cu surface (aer the polished Cu substrate was immersed
into the AgNO3 aqueous solution). As shown in Fig. 2a, the
polished Cu substrate exhibited diffraction peaks of Cu (111),
Cu (200) and Cu (220) at 43.4�, 50.53� and 74.16�,30 respectively.
Except for the three diffraction peaks of the polished Cu
substrate, four diffraction peaks of Ag (111), Ag (200), Ag (220)
and Ag (311) appeared at 38.18�, 44.38�, 64.53� and 77.48� in the
XRD pattern of the Ag@Cu surface (Fig. 2b),30,31 respectively.
This implied that the polished Cu substrate was successfully
covered with a silver lm aer being immersed into the AgNO3

aqueous solution. In addition, the diffraction peaks at 29.48�,
36.34�, 42.39�, and 61.43� were attributed to Cu2O (110), Cu2O
(111), Cu2O (200) and Cu2O (220),30,32 which were the reason for
the irregular multi-sided cubic crystal structures of the surface
morphology (Fig. 1). We concluded that both Ag and Cu2O were
formed on the polished Cu substrate aer being immersed into
the AgNO3 aqueous solution. The related reaction between Cu
substrate and the AgNO3 aqueous solution can be further
explained by eqn (1) and (2).33

Cu(sol) + Ag+(aq) / Cu2+(aq) + Ag(sol) (1)

Cu(sol) +Cu2+(aq) + H2O(liq) / Cu2O(sol) + 2H+(aq) (2)

EDS analysis was carried out to study the chemical compo-
sition of the polished Cu substrate, Ag@Cu surface,
STA@Ag@Cu surface (aer the Ag@Cu surface was modied by
surface.

This journal is © The Royal Society of Chemistry 2019
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Fig. 3 Effects of reaction time andMF on WCA for STA@Ag@Cu (MF ¼
0%), PFOA@Ag@Cu (MF ¼ 100%) and 4 intermediate mixtures surfaces
(MF ¼ 20%, 40%, 60%, 80%).
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STA), PFOA@Ag@Cu surface (aer the Ag@Cu surface was
modied by PFOA) and STA&PFOA@Ag@Cu surface (aer the
Ag@Cu surface was modied by a mixture of STA and PFOA). As
shown in Fig. S3a,† the EDS spectrum of the polished Cu
substrate contained only elemental Cu. The elements Ag and O
were observed in the EDS spectra of the Ag@Cu surface
(Fig. S3b†). Combined with Fig. 2b, it was conrmed that the
silver lm covered the polished Cu substrate and the elemental
O was from Cu2O. Related to Fig. S3b,† elemental C appeared in
the EDS spectrum of the STA@Ag@Cu surface (Fig. S3c†), which
demonstrated that the Ag@Cu surface may be successfully
modied by STA. The elements C and F in Fig. S3d† were from
PFOA, which indicated that the Ag@Cu surface may be
successfully modied by PFOA. Fig. S3e† exhibits the elements
C and F, which showed that the mixture of STA and PFOA may
successfully modify the Ag@Cu surface. This conclusion was
further veried by the following FT-IR spectra test.

To further conrm whether the surface was successfully
modied, FT-IR spectra were obtained, and are shown in
Fig. S4.† Aer being modied by STA, the adsorption peaks at
approximately 2918 cm�1 and 2848 cm�1 were assigned to –CH3

and –CH2 stretching vibrations,34,35 respectively (Fig. S4a†). In
combination with Fig. S3c,† it was believed that the
STA@Ag@Cu surface had STA. Aer being modied by PFOA,
the bands at approximately 1206 cm�1 and 1149 cm�1 were
attributed to the stretching vibrations of the –CF2 and –CF3
groups (Fig. S4b†).36 In combination with Fig. S3d,† PFOA was
shown to be successfully bound to Ag@Cu surface. Aer being
modied by the mixture of STA and PFOA, not only –CH2 and
–CH3 groups, but also –CF2 and –CF3 groups were observed in
Fig. S4c.† In combination with Fig. S3e,† we can conrm that
the STA&PFOA@Ag@Cu surface had STA and PFOA. Further-
more, the peaks at approximately 1744 cm�1 and 1640 cm�1

arose from the stretching vibration of the coordinated COO–
groups.37 In addition, a broad band at approximately 3500 cm�1

arose from an –OH stretching vibration.38
Fig. 4 Effects of reaction time andMF on OCA for STA@Ag@Cu (MF ¼
0%), PFOA@Ag@Cu (MF ¼ 100%) and 4 intermediate mixtures surfaces
(MF ¼ 20%, 40%, 60%, 80%).
Surface wettability

The wettability of droplets on a solid surface depends mainly on
two factors: surface morphology and surface chemistry.39 The
effects of reaction time and the PFOA content on the wettability
of different surfaces were investigated. The molar ratio of PFOA
in the mixed modied solution was expressed as MF. The
wettability of the amphiphobic surface was evaluated by water
and blend oil. Besides, the repellency to daily droplets such as
tea and milk was also explored.

Effect of reaction time on amphiphobicity. The polished Cu
substrates were immersed into an AgNO3 aqueous solution for
different times (5, 10, 15 and 20 min), and further modied for
1 h to determine the effect of the reaction time on the CA and SA
for STA@Ag@Cu (MF ¼ 0%), PFOA@Ag@Cu (MF ¼ 100%) and 4
intermediate mixtures surfaces (MF ¼ 20%, 40%, 60%, 80%).

The effect of the reaction time on the CA for STA@Ag@Cu,
PFOA@Ag@Cu and 4 intermediate mixtures surfaces is shown
in Fig. 3 and 4. It was observed that the WCA were all greater
than 150� (Fig. 3), while the OCA varied in the range of about 50�
This journal is © The Royal Society of Chemistry 2019
to 140� at different reaction times (Fig. 4). Both WCA and OCA
showed an upward trend with the increase of reaction time from
5 to 15 min under the same PFOA content. The WCA increased
from 159.6� to 161.4� (MF ¼ 0%), 158.9� to 160.5� (MF ¼ 20%),
154.5� to 159.6� (MF¼ 40%), 152.9� to 156.8� (MF¼ 60%), 152.4�

to 155.8� (MF ¼ 80%), 150.9� to 152.9� (MF ¼ 100%), respec-
tively, and the range was within 5�. The OCA increased from
49.8� to 52.8� (MF ¼ 0%), from 53.1� to 110.6� (MF ¼ 20%), from
117.4� to 124.7� (MF ¼ 40%), from 118.2� to 133.5� (MF ¼ 60%),
from 134.4� to 137.2� (MF¼ 80%), and from 141.9� to 145.5� (MF

¼ 100%), respectively, and the range was around 5–70� (see
Table S1†). This indicated that the reaction time had a greater
impact on the OCA than the WCA. Besides, the WCA was larger
than the OCA at each time point, because the surface tension of
oil is much smaller than that of water.1 However, there was
a certain downward trend at 20 min. This indicated that the CA
RSC Adv., 2019, 9, 17366–17372 | 17369
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achieved the maximum when the reaction time was 15 min, at
which time a large amount of air was trapped in the gaps
generated in the hierarchical dendritic structures. This was in
keeping with the analysis of the surface morphology presented
in Section 3.1.

The effect of the reaction time on WSA for STA@Ag@Cu,
PFOA@Ag@Cu and 4 intermediate mixtures surfaces can be
observed from Fig. 5. Except 20 min, the WSA were all less than
5� when theMF was less than or equal to 60%, in addition, WCA
were all larger than 150� (Fig. 3), indicating that the surfaces
reached superhydrophobicity. Nevertheless, when MF was more
than 60%, WSA suddenly increased. Once MF reached 100%,
water droplets adhered to the surfaces, and WSA was recorded
as 180�. For 20 min, WSA was less than 10� only when MF was
0%, while water droplets adhered to the surfaces when MF was
more than 0%. The greater adhesion attributed to proper
surface morphologies was not present (Fig. 1d and h).

Effect of PFOA content on the CA and SA. The effect of PFOA
content on the CA and SA for STA@Ag@Cu, PFOA@Ag@Cu and
4 intermediate mixtures surfaces as explored through modied
the Ag@Cu surface with different mixed modied solutions for
1 h.

Fig. 3 and 4 also exhibit the effect of PFOA content on the CA.
TheWCA were all larger than 150� under the same reaction time
with the increase of MF, presenting a downward trend, whereas
the OCA showed an upward trend, making the surfaces change
from superoleophilic to oleophobic (Fig. 4). Except 5 min, the
OCA was larger than 90� when theMF was more than or equal to
20%, showing that the surfaces reached oleophobicity and
when theMF was more than or equal to 60%, the OCA exceeded
130�, displaying that the oleophobicity improved. When the
reaction time was the same and the PFOA content increased
from 0 to 100%, the WCA decreased from 159.6� to 150.9� (5
min), 159.9� to 151.5� (10 min), 161.4� to 152.9� (15 min), 158.6�

to 152.3� (20 min), respectively, and the range was within 10�.
Fig. 5 Effects of reaction time and MF on WSA for STA@Ag@Cu (MF ¼
0%), PFOA@Ag@Cu (MF ¼ 100%) and 4 intermediate mixtures surfaces
(MF ¼ 20%, 40%, 60%, 80%).

17370 | RSC Adv., 2019, 9, 17366–17372
The OCA increased from 49.8� to 141.9� (5 min), 50.4� to 141.7�

(10 min), and 52.8� to 145.5� (15 min), 55.2� to 148.7� (20 min),
respectively, the range of variation reached around 90� (see
Table S2†). This revealed that the PFOA content made greater
inuence on OCA than WCA. The reason was that with the MF

increased, under the same reaction times more oleophobic
groups –CF3 and –CF2 can be bonded to the surface, so the
oleophobicity improved continuously. In addition, when the
content of PFOA was the same and the reaction time increased
from 5 to 15 min, the range of the OCA was around 5–70�. While
when the reaction time was the same and the content of PFOA
ranged from 0 to 100%, the range of the OCA reached around
90�. It can be inferred that the inuence of PFOA content on the
OCA was greater than the reaction time. Therefore, the
amphiphobicity mainly depended on the PFOA content in the
mixed modied solution.

Wettability of the amphiphobic surface. From the analysis of
Sections 3.3.1 and 3.3.2, under the same PFOA content, when
the reaction time was 15 min, the WCA reached the maximum,
theWSA was smaller, and the OCA was larger. Hence 15min can
be determined as the optimal reaction time parameter. The
optimal parameter of the PFOA content at 15 min was further
investigated. Fig. 6 demonstrates the relationship between the
CA and PFOA content as well as the corresponding optical
images of the CA at 15 min. With the increase of MF, the WCA
decreased slowly but were all larger than 150�, while the OCA
increased continuously. When the MF was 60%, the OCA
exceeded 130� and the WSA was about 3� (Fig. 7 and Video S1†).
While once the MF was greater than 60%, WSA suddenly
increased to be greater than 10� (Fig. 5). As a result, the MF of
60% was determined as the optimal parameter.

Consequently, amphiphobic surfaces with a high OCA of
133.5� (Fig. 6), a higher WCA of 156.8� (Fig. 6) and a small WSA
of 3� (Fig. 7), possessed superhydrophobicity and oleophobicity
were fabricated when the reaction time was 15 min and the
Fig. 6 Variation of CA withMF at 15 min reaction time for STA@Ag@Cu
(MF ¼ 0%), PFOA@Ag@Cu (MF ¼ 100%) and 4 intermediate mixtures
surfaces (MF ¼ 20%, 40%, 60%, 80%).

This journal is © The Royal Society of Chemistry 2019
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Fig. 7 Photographs of measuring the WSA of the amphiphobic
surface.

Fig. 8 Different liquid droplets on (a) polished Cu substrate, (b)
STA@Ag@Cu surface, (c) PFOA@Ag@Cu surface, (d) STA&P-
FOA@Ag@Cu surface.

Fig. 9 Self-cleaning process of the amphiphobic surface (a) before, (b
and c) during and (d) after water droplets cleaning.
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PFOA content was 60%, which were the optimal experimental
parameters. This indicated that they were super repellent to
water and highly repellent to blend oil, exhibiting the typical
characteristics of amphiphobicity.36

Images of the droplets on substrates treated with different
conditions are displayed in Fig. 8. Water droplets and blend oil
This journal is © The Royal Society of Chemistry 2019
droplets were dyed with methyl blue and Sudan red, respec-
tively. The blend oil droplets spread over the substrate when
droplets were dropped onto the polished Cu substrate, which
indicated that the polished Cu substrate was hydrophilic and
oleophilic (Fig. 8a). The water droplets appeared spherical on
the STA@Ag@Cu surface, while the blend oil droplets spread on
the surface, which indicated that the STA@Ag@Cu surface was
hydrophobic and oleophilic (Fig. 8b). The PFOA@Ag@Cu
surface could support the water droplets and the blend oil
droplets, which proved that the PFOA@Ag@Cu surface was
hydrophobic and oleophobic (Fig. 8c). However, the greater
adhesion of the water droplets on the surface made the
PFOA@Ag@Cu surface incapable of achieving super-
hydrophobicity (Video S2†). The water droplets and blend oil
droplets could stand on the STA&PFOA@Ag@Cu surface
(Fig. 8d). When compared with the PFOA@Ag@Cu surface, the
WSA of the STA&PFOA@Ag@Cu surface was quite small, which
further demonstrated that the surface was an amphiphobic
surface with superhydrophobicity and oleophobicity. Further-
more, the STA&PFOA@Ag@Cu surface also exhibited excellent
repellency to tea droplets and milk droplets that present certain
lyophobic properties.
Self-cleaning property of the amphiphobic surface

The outstanding self-cleaning property of the amphiphobic
surface can protect the substrate from contamination and serve
to protect the material or surface from corrosive reagents.6

Based on this, we tested the self-cleaning property of the
amphiphobic surface. Fig. 9 shows the process of self-cleaning.
First, the amphiphobic surface with a small angle of inclination
was evenly smeared by a layer of white chalk power (Fig. 9a).
Aer that, once the water droplets were dropped onto the
surface, the white chalk power was removed immediately as the
water droplets rolled off (Fig. 9b and c), owing to the small WSA
of the amphiphobic surface. A clear cleaned trajectory was
formed on the surface without leaving any trace of the chalk
residue (Fig. 9d), which testied that the surface had an excel-
lent self-cleaning property. The entire process was recorded in
Video S3.†
Conclusions

We proposed a facile and time-saving modication method
using a mixed modied solution of stearic acid and per-
uorooctanoic acid of fabricating amphiphobic surfaces on
copper substrates. The effects of reaction time on surface
morphology and wettability as well as the content of PFOA in
the mixed modied solution on wettability were investigated.
The results revealed that when the reaction time was 15min and
the PFOA content in the mixed modied solution was 60%, the
as-fabricated surfaces displayed optimal amphiphobicity with
high oil contact angles of 133.5�, higher water contact angles of
156.8� and ultra-low water sliding angles of 3�, which suggested
superhydrophobicity and highly oleophobicity. Furthermore,
the amphiphobic surface possessed an outstanding self-
cleaning property, which enabled the rolling water droplets to
RSC Adv., 2019, 9, 17366–17372 | 17371
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remove chalk powder without any traces being le behind. The
facile, easy to control, and efficient method can provide new
insights into fabricating amphiphobic surfaces and can open
up a new way for the basic research and practical application of
amphiphobic surfaces.
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