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Abstract 

In this work, the structure and wetting behavior of stainless steel coated with sol-gel 

derived alumina and hexadecyltrimethoxysilane (HDTMS) deposits were studied. As a 

typical result, an artificial lotus-leaf like corundum structure with a dual nano/micro-scaled 

roughness was developed at specific deposition and sintering conditions. Water contact angle 

measurements indicated that the surface functionalization by HDTMS enhances 

hydrophobicity, where this effect is highlighted when an alumina interlayer is used. In this 

regard, the most hydrophobicity level was obtained for the surface coated with the lotus-

featured alumina and HDTMS coatings. In addition, using dimethylformamide contact angle 

measurements, the involved interfacial energies were considered to further understand and 

correlate the surface’s roughness and wetting. In conclusion, the relatively inexpensive and 

facile method used in this work donates outstanding capabilities to metallic surfaces and 

provides a new driving force for their further developments. 
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1. Introduction 

Surface engineering, aiming at wetting, includes versatile routes to donate especial 

features to the surface, such as hydrophilicity or hydrophobicity. In general, more wetting 

means an increase in the interaction of the substrate and a wetting liquid via providing a 

uniform dispersion. This characteristic considerably affects wet dependent phenomena like 

self-cleaning, coating, corrosion, adhesion, oil recovery, lubrication, printing and spray 

quenching [1-7]. In some fields like painting, coating, adhesion, printing and spraying, more 

hydrophilicity is favored; in contrast, fields like filtration parts, some medical devices, food 

processing parts and anti-corrosion species demand hydrophobicity. It would be worth 

mentioning that some phenomena like self-cleaning can be established with both the 

hydrophobic and hydrophilic features.  

It is well known that the wettability of a surface is mainly controllable by surface 

energy and roughness, where these two essential surface characteristics establish apparent 

surface energy. In this regard, the decrease of surface energy and the increase of roughness 

enhance hydrophobicity. Typically, the application of low surface energy polymers like 

fluoropolymers and alkoxysilanes coatings effectively induces hydrophobicity [8-10]. 

However, the direct coating of alkoxysilanes like hexadecyltrimethoxysilane (HDTMS) on 

metals like steels does not efficiently reduce surface energy and hydrophilicity. This is 

because of the fact that the chemical bonding of the silane branch of alkoxysilanes with the 

steel surface is weak, due to the sensitivity of Fe—O—Si bond to hydrolysis [11]. 

Techniques including sandpapering, sandblasting, lithography, etching, electrospinning and 

coating can be also employed to increase roughness [12, 13]. Roughness scale and 

morphology strongly affect the wetting behavior, according to some experiments and models 

[14-16]. The roughness scale is mostly micrometers; however, when a nano-scaled roughness 
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of suitable morphology is added, more hydrophobicity would be achieved via the creation of 

the lotus-leaf like effect.  

There are several reports in the literature on the development of the artificial lotus-leaf 

like effect via methods like lithography [17], assembling carbon nanotubes [18] and 

nanocasting [19]. Nonetheless, most of the mentioned approaches are expensive and difficult 

to be controlled. Also, a number of sol-gel derived SiO2 coatings have presented this typical 

feature, albeit followed by additional processes like using molds, resins, additional steps and 

lithography [20-23]. On the other hand, alumina (Al2O3) coatings are promising for different 

applications, due to the significant chemical stability, hardness, wear resistance, insulation 

and barrier properties of Al2O3. Concerning hydrophobization of sol-gel derived Al2O3 

deposits, it has been reported that surface-engineered rough coatings represent a relatively 

low water contact angle of 32° [24]. However, to our knowledge, there is no report on the 

development of the lotus-leaf like effect in sol-gel derived Al2O3 coatings, which is achieved 

without any supplementary processes in the present study. Also, this research aims to 

improve the ineffective bonding of HDTMS to steel by using alumina interlayers. For this 

purpose, a range of inexpensive alumina coatings, including that exhibiting a lotus-type 

feature, is developed. 

 

2. Materials and methods 

In order to hydrophobize the surface of stainless steel 316, sol-gel derived alumina 

coatings coupled with HDTMS were employed. The materials used in this work include 

aluminum isopropoxide (Al[OCH(CH3)2]3, Merck, ˃ 98%), HDTMS (H3C(CH2)15Si(OCH3)3, 

Sigma-Aldrich, ˃ 85%), dimethylformamide (HCON(CH3)2, DAE JUNG, > 99.5%), acetic 

acid, nitric acid, absolute ethanol, and distilled water. 
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For the sol-gel synthesis of alumina, 5 g aluminum isopropoxide was added to 7.4 ml 

ethanol at room temperature. Afterwards, 13.5 ml of distilled water and 2.8 ml of acetic acid 

were added to the above sol while stirring for 24 h to complete the hydrolysis and 

condensation reactions, making it whiter. In order to break down and peptize the synthesized 

alumina particle agglomerates, nitric acid was slowly added to the sol until pH of 3, leading 

to a clear colorless sol. Then, this sol was ultrasonicated for 10 min to further overwhelm any 

complex and agglomeration into smaller particles as much as possible. A part of the sol was 

dried at 100 °C, calcined at 500, 700 and 900 ˚C for 1 h, and then analyzed by X-ray 

diffraction (XRD, X’Pert Pro MPD, Cu-Kα). The other part was used for coating as follows. 

Polished steel substrates were rinsed in acetone, ethanol and distilled water under sonication. 

Then, the substrates were dipped into the prepared alumina sol at the immersion and 

withdrawn speeds of 90 mm/min and a dwell time of 1 min by a dip coater (Qualitech ZR-

4200). The samples were dried at room temperature for 12 h and then at 100 ˚C for 1 h in an 

oven. Finally, they were sintered at 500, 700 and 900 ˚C for 1 h under an argon atmosphere, 

with the heating and cooling rates of 10 ˚C/min. This range of calcination/sintering 

temperature was employed to establish the suitable adhesion of the coating to the substrate 

(500 ˚C), to avoid the thermal deterioration of the substrate (900 ˚C), and to develop a range 

of surface morphology and roughness, which is typical for sol-gel derived films deposited on 

metallic substrates [25-30]. Thermogravimetric analyses on sol-gel derived alumina have 

confirmed the absence of any volatile species in this temperature range [31, 32], which is 

favorable in the preparation of sound coatings from wet sols.  

A number of the uncoated and coated substrates were further processed by HDTMS 

coatings. To do so, 1 vol% of HDTMS was added to a solution containing ethanol and 
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distilled water at 90:10 vol% under magnetic string. The pH value of the solution was 

reduced by dropwise adding acetic acid. Afterwards, the samples were placed in this solution 

for 1 h, dried at room temperature, and then fired at 120 ˚C for 1 h in oven to improve the 

chemical bonding of HDTMS to the substrate surface. The coating and sintering 

circumstances of the samples, with their nomination, are summarized in Table 1.  

The surface and cross section of the samples were characterized by a field emission 

scanning electron microscope (FESEM, MIRA3 TESCAN) at the accelerating voltage of 15 

kV. Also, the surface roughnesses and morphologies were further studied by an atomic force 

microscope (AFM, Multi-Mode Full Plus, Arapazhouhesh). The contact angles of 4 μl of 

water and dimethylformamide on the samples surfaces were determined by a contact angle 

measurement device with a repetition of 3 times. The apparent surface energy of the samples 

was also estimated by using the above-mentioned wetting parameters, based on the BS EN 

828:2013 standard. To assess the wetting durability of the surfaces, the water contact angles 

were again measured after holding the samples for 6 months at room temperature under a 

normal radiation situation. 

 

3. Results and discussion 

 Fig. 1 shows the XRD patterns of the sol-gel derived products after calcination at 500, 

700 and 900 °C. As can be seen, the increase in the calcination temperature enhances the 

diffraction peak intensities, meaning the increase of diffusivity and thereby crystallinity. 

More specifically, the material calcined at 500 °C is almost amorphous albeit with a minor 

evidence of crystallinity. At the calcination temperature of 700 °C, more typical crystalline 

peaks are detected. With the more increase to 900 °C, not only the previous peaks are 

preserved albeit with enhanced intensities, but some new peaks also appear. According to the 
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PANalytical X'Pert HighScore software, the crystalline phase is γ-alumina with the reference 

code 00-010-0425 in the International Centre for Diffraction Data (ICDD) database. 

Fig. 1 

Figs. 2, 3 and 4 exhibit the FESEM images of Samples 3, 5 and 7, respectively. Note 

that based on Table 1, the difference between the consecutive even and odd encoded samples 

is related to an ultrathin molecular HDTMS layer, which does not affect the surface 

morphology. According to Fig. 2, a uniform, continuous, dense and crack-free alumina 

coating with particles ranging from 20-50 nm is formed on the surface of Sample 3. 

Nonetheless, a number of typical cracks are observed in the low-magnification micrographs 

of Figs. 3 and 4, revealing a change in the surface morphology from a continuous feature 

(Sample 3) to micro-islands (Samples 5 and 7). The coating’s shrinkage during sintering is 

responsible for the creation of such cracks, as accompanied by the considerable thickness of 

the deposited sol and the significant difference of the thermal expansion coefficient of 

alumina and substrate. The mean thickness of the islands for Sample 7 is estimated to be 

about 1 μm, based on Fig. 5. Also, the thermal expansion coefficients of alumina and 

austenitic stainless steel are 8 and 16 × 10-6/°C, respectively [33, 34]. Although these cracks 

are regarded as defects in some applications like corrosion protection by coating, they 

frequently play a positive role in reducing wetting [12, 35] which will be proved below by the 

wetting probing tests. As indicated in the high-magnification FESEM images, alumina 

particles are uniformly accommodated on the micro-islands of Sample 5 (Fig. 3b), with the 

particle size of 40-80 nm which suggests the particle coarsening phenomenon in comparison 

to Sample 3 (Fig. 2) to reduce the apparent surface energy. In contrast, on the islands of 

Sample 7 (Fig. 4b), there are a number of regularly-distributed aggregations of nanoparticles 

with the dimensions of about 50-250 nm, which can be regarded as the lotus-leaf like effect. 
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Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

To interpret reasons for the creation of such a structure on Sample 7, a compromise 

between sintering shrinkage and particle coarsening is considered. Due to the high melting 

point of alumina (about 2070 °C), the sintering temperature of 500 °C (for Sample 3) is so 

low that the sintering process cannot considerably change the initial feature of the deposited 

sol. By increasing the sintering temperature, the presence of cracks infers the domination of 

the shrinkage of the deposited alumina layer in Samples 5 and 7. On the other hand, at the 

sintering temperature of 900 °C which is close to half of the alumina melting point, particle 

coarsening (expansion) is also activated. The interference and compromise of these local 

shrinkage and expansion in the coating islands, lead some particles to protrude from the 

upper level of the coating to reduce the strain energy, developing the lotus-leaf like effect. 

The appearance of holes in the vicinity of the protruding aaggregations fairly justifies this 

mechanism. Indeed, these holes are the previous seating of the aggregations, where the 

smaller volume of the holes (because of sintering shrinkage) in comparison to the adjacent 

expanded aggregations (caused by Ostwald ripening) is the reason for protruding of the 

aggregations. The creation of these aggregations has been proved both thermodynamically 

and empirically [36-38]. In conclusion, the appearance of the lotus-leaf like effect is 

determined by the following: 

i) sintering temperature which controls the compromise of sintering shrinkage and 

coarsening,  
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ii) thickness of the deposited layer which controls the magnitude and distribution of strain 

energy in the film, 

iii) difference in the thermal expansion coefficient of the coating and substrate which also 

controls the stain energy.  

The two- and three-dimensional AFM images of Samples 3, 5 and 7 are also taken to 

further study the surface roughness (Fig. 6). As it is evident in Fig. 6a, the surface of Sample 

3 only exhibits nanometric projections which originate from alumina nanoparticles deposited 

on the substrate. On the surface of Sample 5, micrometric projections (equivalent to the 

islands characterized in the FESEM evaluations, Fig. 4) prevail over nanometric ones (Fig. 6 

b). Based on Fig. 6c, nanometric projections (aggregation) appears on micron-sized islands 

(created by cracking in accordance to the related FESEM image, Fig. 5) for Sample 7. From 

the AFM studies, the roughness averages of Samples 3, 5 and 7 were also determined to be 

20.6, 117.5 and 138.4 nm, respectively, indicating the increase in roughness with the 

sintering temperature. The considerable level of the first enhancement, with the increase of 

the sintering temperature from 500 °C to 700 °C, is mainly due to the development of micro-

cracks in the coating, as shown above. The main difference of Samples 5 and 7 is related to 

the aggregations, whereas both of the samples contain cracks. In this regard, the smaller 

amount of the second increase in roughness, from 117.5 nm and 138.4 nm, is because of the 

fact that the appearance of the aggregations has a minor effect on roughness compared to 

micro-cracks which played a critical role in the first increase. In summary, the FESEM and 

AFM analyses confirm each other and will be correlated with the following wetting test 

results below. 

Fig. 6 
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Fig. 7 shows the macroscopic pictures of water droplets on samples’ surface. The 

quantity of the water contact angles is also depicted in Fig. 8. Variations in the water contact 

angles of the surfaces after 6 month were less than 4 %, indicating the durability of the used 

surface-engineering processes. The increase of the contact angle by applying the HDTMS 

coating and by increasing the sintering temperature of the alumina coating is 

straightforwardly concluded. It is also noticeable that the contact angle of Sample 3 is 5° 

more than that of Sample 1, due to the use of the alumina coating processed at 500 °C. 

However, after the deposition of HDTMS, the difference in the contact angle of Samples 2 

and 4 increases to 15°. This suggests that the existence of the alumina interlayer below the 

HDTMS coating improves the efficiency of hydrophobization. Because the chemical bonding 

of the silane branch of HDTMS with the steel surface is weak due to the sensitivity of Fe—

O—Si bond to hydrolysis [11, 39]. Nevertheless, chemical bonding with alumina and 

HDTMS is resistant against hydrolysis; consequently, more effective hydrophobicity is 

attained [39]. 

Fig. 7 

Fig. 8 

As it is evident in Figs. 7 and 8, the application of the alumina coating processed at 500 

°C, which exhibits an amorphous and flat feature, does not remarkably change the water 

contact angle. But when the sintering temperature is raised from 500 °C to 700 °C, a 

significant increase happens in the water contact angle from 34° to 90°. As signified by the 

XRD, FESEM and AFM analyses, it seems that the crystallization and roughening of the 

alumina coating, particularly the addition of micro-roughness to the nano-roughness due to 

cracking, contribute to an increase in hydrophobicity. The inverse relation of roughness and 

wetting has been reported in many publications [12, 35]. The most exciting result of this 
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research presents itself when the sintering temperature increases to 900 °C, which 

corresponds to the lotus-leaf like effect. As discussed in the FESEM and AFM analyses, the 

lotus-leaf like effect refers to the creation of the nanometric protruding aggregations on the 

surface of the alumina coating, where its effect on wetting is witnessed by the increase of the 

water contact angle to 122° without any further surface chemical modification. Indeed, 

Sample 7 benefits from dual-scale roughness in both micron and nano sizes, which is 

regarded as the lotus-leaf like effect [14]. Many efforts have been made to develop surfaces 

with an inherent lotus-leaf feature, via different methods like lithography [1, 21, 22], but the 

method used in this research is one of the simplest approaches. 

The HDTMS coating decreases wetting through reducing the surface energy caused by 

C—H bonds. Nonetheless, the application of the HDTMS coating is more effective on the 

wetting of Samples 2 and 4 than Samples 6 and 8, based on Figs. 7 and 8. The increase in the 

contact angle for Samples 2 and 4 is about 225 and 220 % compared to Sample 1 and 3, 

respectively, which is compatible to Refs. [40, 41]. In contrast, the increase for Samples 6 

and 8 is 30 and 10 % compared to Samples 5 and 7, respectively, which is in agreement with 

Refs. [42, 43]. It can be attributed to the decrease of the contact area of the solid surface and 

liquid droplet for the latter samples. The Cassie-Baxter model [44] states that liquid does not 

penetrate into micro- and nano-cavities of a characteristic surface. Indeed, the liquid droplet 

on these dual-featured surfaces is in contact with two phases, the solid sample’s surface and 

air trapped in the cavities. Thus, another difference of Sample 4 with Samples 6 and 8, in 

addition to the crystal structure, is related to the solid surface area fraction in contact with the 

liquid droplet. In this regard, the reduction of the solid surface fraction in contact with the 

liquid increases the contact angle through roughening surface, and albeit results to the 

reduction of the solid surface coated with HDTMS. However, it is concluded that the 
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reduction of the solid surface area could not prevent HDTMS from increasing the contact 

angle. 

The Cassie-Baxter model is applied to heterogeneous surfaces with contact angles 

above 90° including those developed in this work, where the Wenzel model is not applicable 

[45]. Heterogeneous surfaces are essentially composed of two materials, a solid material and 

air which are both in contact with the liquid droplet. Accordingly, Cassie-Baxter presents Eq. 

1 which relates effective variables to apparent contact angle for rough and porous surfaces 

[44]. 

cos 𝜃௠ = 𝑓(cos 𝜃௒ + 1) − 1                                                                                           (1) 

where θm is the measured (apparent) contact angle, f is the fraction of solid surface in contact 

with the liquid and θY is the ideal surface contact angle of that solid. The latter parameter 

refers to a flat surface without morphological factors, where its contact angle is given for 

different materials. This equation was used to calculate f by measuring θm and having θY from 

Ref. [46], as tabulated in Table 2. The quantity f for Samples 5 and 7 is another evidence for 

the relation of roughness and lotus-leaf like effect. The increase of sintering temperature from 

700 to 900 °C, as accompanied by the appearance of the aggregations of 50 to 250 nm in size 

over the alumina coating (Figs. 4 and 6), results in an enhancement in hydrophobicity through 

the reduction of the solid fraction in contact with the liquid. 

In order to study the apparent surface energy, wetting tests with both deionized water 

and dimethylformamide were conducted only on Samples 2, 4, 6 and 8 which contain the 

HDTMS coatings, because the calculation of the apparent surface energy by the method used 

in this research is applicable only to low-energy surfaces like HDTMS. Because of the 

primary assumption of Eq. 2 (i.e. the equilibrium vapor pressure of the liquid adsorbed on the 

solid surface is zero), it is impossible to calculate the surface energy by measuring the contact 
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angle of two liquids and their surface tensions for materials with high surface energy such as 

metals and ceramics. Based on the BS EN 828:2013 standard, in order to calculate apparent 

surface energy, wetting tests should be done by two liquids, one with a dominant surface 

tension dispersive component like dimethylformamide and the other presenting the 

domination of the polar component like water. Based on Figs. 9 and 10, the contact angle of 

dimethylformamide on Samples 2, 4 and 6 is almost the same, so that small differences may 

be related to measurement errors. The only difference corresponds to Sample 8 with an 

increased angle of about 4° than the others, which is also not a significant value. The reason 

behind the more wettability of the mentioned samples with dimethylformamide, in 

comparison to water, is “like dissolves like”. In other words, the surfaces coated with 

HDTMS have a hydrocarbon branch which interacts with non-polar liquids like 

dimethylformamide, rather than with polar liquids like water having strong hydrogen bonds. 

Also, based on the Wenzel model [47], the low difference of the dimethylformamide contact 

angles on the samples’ surface can be due to the fact that the dimethylformamide contact 

angles are very lower than 90°, where the liquid well wets the surface and penetrates into 

cavities and the liquid is completely in contact with HDTMS, not air. In order to determine 

the apparent solid surface energy components from the wetting tests of the two mentioned 

liquids, Eq.2 is used [48]:  

0.5γlg(1+ cos θY)=ටγsg
d γlg

d+ටγsg
p
γlg
p                                                                         (2) 

where γlg is the liquid surface tension, θY is the contact angle on the ideal surface, γsg
d  is the 

apparent solid surface energy dispersive component, γlg
d  is the liquid surface energy 

dispersive component, γsg
p  is the apparent solid surface energy polar component and γlg

p  is the 

liquid surface energy polar component. Since there are two unknowns parameters (γsg
d  and 



This is the accepted manuscript (postprint) of the following article: 
M. Shaker, E. Salahinejad, F. Ashtari-Mahini, Hydrophobization of metallic surfaces by means of Al2O3-
HDTMS coatings, Applied Surface Science, 428 (2018) 455-462. 
https://doi.org/10.1016/j.apsusc.2017.09.184 
 
 
 

13 

γsg
p
) in Eq. 2, two different liquids with the standard conditions should be employed. The 

essential liquids surface tension data extracted from the literature [49] are listed in Table 3. 

Eventually, 𝛾௦௚ is calculated as the sum of the apparent solid surface energy dispersive and 

polar components, as explained in Eq. 3. To obtain Eq. 3, it is assumed that all surface energy 

components except polar and dispersive ones are negligible. Also, 𝛾௦௟ (solid-liquid interfacial 

tension) is calculated using the Young equation (Eq. 4). 

𝛾௦௚
ௗ + 𝛾௦௚

௣
= 𝛾௦௚                                                                                                       (3) 

𝛾௟௚ cos 𝜃 = 𝛾௦௚ − 𝛾௦௟                                                                                               (4) 

Fig. 9 

Fig. 10 

The results of the apparent surface energy calculation are summarized in Table 4. 

Although the apparent solid-gas surface energy decreases by applying the different processes 

and coatings, the solid-liquid interfacial tension increases. Because in Eq. 4, only 𝛾௟௚ is 

constant and the other parameters vary from sample to sample. It is worthy to mention that 

the apparent surface energy results are based on the assumption that the surface under the 

liquid droplet is an ideal one being composed of two phases, solid coated with HDTMS and 

air, which imposes some errors. As a result of these calculations, for example, the apparent 

solid surface energy difference of Samples 2 and 4 is based on the better chemical bonding of 

HDTMS with alumina in comparison to steel. Supposing that a liquid in the weightlessness 

condition in contact with air has a spherical shape with the contact angle of 180°, the solid 

surface energy based on Eqs. 2 and 3 will be zero. In other words, since there is no solid, 

there is no solid surface energy. Consequently, comparing Samples 6 and 8, it is concluded 

that the reduction of the apparent solid surface energy is due to the increase in the fraction of 
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air in the liquid-surface interface. The increase in the air fraction from Sample 6 to 8 is due to 

the lotus-leaf like effect, which reveals that the addition of the 50-250 nm sized aggregations 

to the micro roughness results in a more contact angle caused by preventing the liquid 

penetration into nano/micro cavities. Solid surface energy has a significant effect on wetting, 

so that its reduction results in a lower tendency of the solid interaction with other materials in 

contact. The known value of the apparent solid surface energy enables us to predict contact 

angle, adhesion work and apparent interfacial energy of probing solids with liquids with the 

known properties, which is functional in different wetting-dependent fields. Eventually, it is 

anticipated that by applying the coatings developed in this work, stainless steel substrates can 

present additional features like waterproofing, anti-sticking, anti-contamination, self-

cleaning, anti-fouling, anti-fogging and low-friction [3, 50-55]. 

 

4. Conclusion 

In this research, the effect of nanoparticulate alumina and HDTMS coatings on the 

wetting of stainless steel was studied. The alumina coating exhibited a dense and uniform 

morphology while sintering at 500 °C, a dominant micro-roughness at 700 °C and the lotus-

leaf like effect (hierarchical structure roughness) at 900 °C. In the coating sintered at the 

latter temperature, some phenomena such as cracking, particle coarsening and massive 

aggregations occurred, accompanied by the development of dual micro- and nano-scale 

roughness. Wetting studies confirmed that roughening of the surface through the coated 

alumina nanoparticles and lowering of the surface energy by applying the HDTMS coating 

had a positive effect on hydrophobicity. Furthermore, the use of the alumina interlayer coated 

under HDTMS led to the increase of the water contact angle. Also, the correlation among the 

apparent solid-gas surface energy, contact angle and low-surface energy materials/solid 
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surfaces bonding were derived. In conclusion, it is expected that to hydrophobize surfaces via 

coating any material from the alkoxysilane family, nanoparticulate alumina coatings would 

be useful. The relatively inexpensive and facile processing method used in this study donates 

excellent and new capabilities to stainless steels, providing a driving force for their further 

practical developments. 
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Figures 

 

Fig. 1. XRD patterns of the sol-gel synthesized powder sample after calcination at 500, 700 

and 900 °C. 

 

Fig. 2. FESEM micrograph taken of the surface of Sample 3 in two magnifications. 
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Fig. 3. FESEM micrographs taken of the surface of Sample 5 in two magnifications. 
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Fig. 4. FESEM micrographs taken of the surface of Sample 7 in two magnifications. 

 

Fig. 5. FESEM micrograph taken of the cross section of Sample 7. 
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Fig. 6. Two- and three-dimensional AFM images of Samples 3 (a), 5 (b) and 7 (c). 
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Fig. 7. Macrograph of the water droplets on the surface of Samples 1 to 8, from (a) to (h), 

respectively. 

 

 

Fig. 8. Quantity of the water contact angles on the samples’ surfaces. 
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Fig. 9. Macrograph of the dimethylformamide droplets on the surface of Samples 2 (a), 4 (b), 

6 (c) and 8 (d). 

 

 

Fig. 10. Values of the dimethylformamide contact angles on the surface of Samples 2, 4, 6 

and 8. 
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Tables 

 

Table 1. Nomination of the samples, based on the coating and sintering conditions. 

Code Sintering temperature of alumina coating (˚C) HDTMS coating 

1 - No 

2 - Yes 

3 500 No 

4 500 Yes 

5 700 No 

6 700 Yes 

7 900 No 

8 900 Yes 
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Table 2. Results of the f calculation based on Eq. 1. 

Sample code Water contact angle (°) f 

5 89 0.73 

7 122 0.34 

 

  



This is the accepted manuscript (postprint) of the following article: 
M. Shaker, E. Salahinejad, F. Ashtari-Mahini, Hydrophobization of metallic surfaces by means of Al2O3-
HDTMS coatings, Applied Surface Science, 428 (2018) 455-462. 
https://doi.org/10.1016/j.apsusc.2017.09.184 
 
 
 

27 

Table 3. Essential data of the liquids’ surface tension, extracted from the literature [49].  

Liquid γlg (mN/m) γ
lg
p  (mN/m) γlg

d  (mN/m) 

Water 72.6 51 21.6 

dimethylformamide 37.5 5 32.5 
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Table 4. Calculated apparent surface energies. 

Sample 

Apparent surface energy (mN/m) 

sgγ sg
pγ sg

dγ slγ 

2 25.8 3.7 22.1 31.6 

4 23.6 0.1 23.5 47.3 

6 13.8 0.3 13.5 45.4 

8 3.8 3.8 0.0 54.4 

 


