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alumina by SA suspension is approximately 96 nm, 
but in methanol, it increased to 184 nm. Moreover, 
modified-alumina by SA has less tendency to 
aggregation in comparison with modified-alumina by 
PA in various alcohol solvents. 

According to the Derjaguin-Landau-Verwey-
Overbeek (DLVO) theory, the stability of the modified-
powder by fatty acid is based on van der Waals attractive 
energy (VA) and the osmotic repulsive energy (VR). The 
VA is the attraction energy from the van der Waals force 
between two particles. Also, the VR is an important 
parameter for the repulsive energy of modified particles 
with fatty acid [26]. As it was mentioned, the stability 
of the modified-alumina by the fatty acid suspension is 
based on the osmotic repulsive mechanism, which can 
be increased by increasing the alkyl chain length in fatty 
acids [26,27]. In our case, the more alkyl chain of SA 
enhanced the VR  between particles.

SA has a longer carbon chain length than PA. This 
causes the modified-alumina by SA suspension to 
become more stable than the modified-alumina by PA, 
and according to roughness calculations, it dramatically 
affects the roughness of the deposited layers. As a result, 
the more stable modified-alumina by SA suspension 
in 2-propanol caused the sample to have high surface 
coverage, and consequently, high roughness in 
comparison with other samples.

 Fig. 5 shows SEM images of the prepared samples 
(modified-alumina by fatty acid films) in two 
magnifications. Figs. 5(a) and 5(b) show the flaky 
structure of the modified-alumina by PA samples. 
Spraying modified-alumina by PA in the methanol 
solvent covered the surface of the copper non-uniform 
(Fig. 5(a)) due to more aggregated particles. Figs. 
5(c) and 5(d) show the flake-like and the hierarchical 
rod-like microstructure, respectively. Similar to 

Fig. 3. 2D line surface roughness graph of the fabricated sample by (a) modified-alumina by PA in methanol solvent, (b) modified-alumina by PA in 
2-propanol solvent, (c) modified-alumina by SA in methanol suspension, and (d) modified-alumina by SA in 2-propanol solvent (deposition time 90 
s, deposition and annealing temperatures 100 °C). 

(a) (b)

(d)(c)
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the modified-alumina by PA samples, there is a big 
difference between spraying modified-alumina by SA 
in the methanol and the 2-propanol to cover the surface 
of copper due to various aggregation states of particles. 
These results show a highly unstable suspension can 
affect the coverage of film due to the high aggregation 
state of the particles, and this process decreases the 
roughness of the deposited film. 

In Table 2, WCA, CAH, surface free energy, and 
surface adhesion of the prepared samples by the fatty 
acid solution are listed. According to Table 2, by altering 
alcohol solvent, we see that an adequate alcohol solution 
(2-propanol) is observed to fabricate hydrophobic 
surfaces with the fatty acid solution. Altering the 
alcohol solvent from methanol to 2-propanol increased 
the WCA from 125° to 128° for the PA’s samples and 
from 114° to 135° for the SA’s samples. By comparing 
the WCA and CAH of the samples, altering the alcohol 

Fig. 4. Particle size distribution (PSD) of prepared suspensions before 
spraying. (a) modified-aumina by PA in methanol (530 nm), (b) 
modified-alumina by SA in methanol (184 nm), (c) modified-alumina 
by PA in 2-propanol (106 nm), and (d) modified-alumina by SA in 
2-propanol (96 nm). 

(a)

(b)(c)

(d)

Table 2. Water contact angle (WCA), contact angle hysteresis (CAH), surface free energy (Yw), and surface adhesion (Wsl) of fatty acid 
solution samples (1 wt% fatty acid solution, deposition time 90, and deposition temperature 50 °C).

Spray solution WCA (degree) CAH (degree) Yw (mN.m-1) Wsl (mN.m-1)
PA-Methanol 125.7 30.9 3.15 30.31

PA-Ethanol 126.5 30 2.98 29.49

PA-2-Propanol 128.8 27.7 2.53 27.18

SA-Methanol 114.4 35.7 6.26 42.72

SA-Ethanol 131.9 20.9 2.01 24.18

SA-2-Propanol 135.1 15.3 1.54 21.23

solvent is more effective on the WCA and CAH of the 
SA’s samples than the PA’s samples.

Fig. 6 shows the SEM images of the samples in two 
magnifications. By altering the deposition solvent, 
the morphology of the deposited surface was affected 
remarkably. For instance, according to the small-scale 
images of Figs. 6(a) and 6(b), the PA-methanol sample 
has a special microscale flower-like structure, and the 
PA-2-propanol sample has a flower-like microstructure 
composed of macro sheets. Fig. 6(d) shows the 
flower-like morphology of the SA-2-propanol sample 
composed of micro-sheets, where the morphology of 
deposit film is similar to blooming flowers. 

The solubility of fatty acid in alcohol solvents is 
based on the polarity of solvents and the carbon chain 
length of the fatty acid [28-30]. Increasing the polarity 
of solvents decreases the solubility of fatty acids [28]. 
In other words, increasing the chain length of the fatty 
acid decreases the solubility of the fatty acid in the 
alcohol solvents due to the increasing non-polarity of 
the fatty acid [29,30]. Altering the deposition solvent 
has an impact on the solubility of the fatty acid 
solution, and this process can affect the aggregation 
state of a fatty acid solution [35,36]. The SA-methanol 
solution must have a high aggregation state, and as can 
be seen in Fig. 6(c), the deposited film has a smooth 
and uniform morphology. 

It can be concluded that altering the deposition 
solvent controls the aggregation state of fatty acid, and 
this process affects the porous interconnection of the 
deposited film. We observe an interconnected porosity 
for the SA-methanol sample (Fig. 6(c)), which has 
decreased WCA in comparison with other samples. 
The water drop is in the Wenzel state, which means 
this structure can’t hold air pockets and water droplets 
can penetrate the grooves of a rough surface and 
spread out over the copper substrate. The 2-propanol 
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Fig. 5. The SEM images of (a) fabricated sample by spraying modified-alumina by PA in methanol solvent, (b) fabricated sample by spraying 
modified-alumina by PA in 2-propanol, (c) fabricated sample by spraying modified-aumina by SA in methanol, and (d) fabricated sample by 
spraying modified-alumina by SA in 2-propanol (deposition time 90 s, deposition and annealing temperatures 100 °C).

(a)

(b)

(c)

(d)
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Fig. 6. The SEM images of the samples fabricated by (a) spraying PA-methanol solution, (b) spraying PA-2-propanol solution, (c) spraying SA-
methanol solution, and (d) spraying SA-2-propanol solution (1 wt% fatty acid solution, deposition time 90 s, and deposition temperature 50 °C).
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solvent is seen to be an adequate deposition solvent 
in both approaches. Based on the carbon chain length 
of the fatty acids or hydrophobic polymers, it can be 
concluded that there is an optimum alcohol solvent 
(based on the hydrophobicity of alcohol) for preparing 
a spray suspension of the coating. 

3.4. Superhydrophobic copper surface

In Fig. 7, this spray method was utilized on a copper 
substrate. As can be seen, water drops (dyed blue on 
the surface of the substrate) on the substrate are in the 
Cassie-Baxter state, which indicates that this method 
can be applied to fabricate the superhydrophobic surface 
of the copper substrate on a large scale.

4. Conclusion

In this research, superhydrophobic modified-alumina 
by stearic acid surfaces was fabricated by a spray 
pyrolysis method (water contact angle ˃  160°). Systemic 
examination of the deposited alcohol solvent showed 
that there is an adequate alcohol solvent (2-propanol) 
for preparing the spray suspension. It was observed that 
stearic acid is a better hydrophobic agent than palmitic 
acid to modify the surface of alumina for the fabrication 
of a superhydrophobic surface. In addition to other 
parameters of deposition, our study demonstrated 
that the deposition solvent should be considered an 
important parameter of spray pyrolysis deposition on 
the fabrication of superhydrophobic surfaces due to its 
effect on the morphology and roughness of the deposited 
film, and it can be concluded that, based on the carbon 
chain length of the fatty acids or hydrophobic polymers, 
there is an optimum deposition alcohol solvent for 
preparing spray suspension and the fabrication of a 
superhydrophobic surface.
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