
CHEMICAL ROUTES TO MATERIALS

The superhydrophobic surface constructed

with boehmite micro-nanostructure

Rui Ma1, Qi Jiang1,* , and Juan Chen1

1Chemistry and Chemical Engineering School, South China University of Technology, Guangzhou 510641, People’s Republic of

China

Received: 29 August 2019

Accepted: 31 January 2020

Published online:

10 February 2020

� Springer Science+Business

Media, LLC, part of Springer

Nature 2020

ABSTRACT

The layer of boehmite film with special micro-nanostructure was fabricated on

substrate surface through a simple hydrothermal method using common feed-

stock. Then superhydrophobic surface originated from boehmite film modified

with stearic acid was obtained. This paper explores the impact of reaction

conditions including reaction time, the content of aluminum ion and precipitant,

and the type of precipitant on the specific surface structure and morphology of

the boehmite film. The wetting properties of as-prepared boehmite films with

various special morphologies after hydrophobic treatment with stearic acid

were investigated by measuring the contact angles of water. The boehmite films

modified with stearic acid show superhydrophobicity. The water contact angle

of superhydrophobic boehmite films is up to 167.1�, and the rolling angle is 2.5�.

Introduction

Recently, superhydrophobic materials have attracted

more and more attention due to their potential

applications in many fields, such as self-cleaning

[1–4], oil–water separation [5–7], anti-corrosion [8, 9],

anti-icing [10, 11] and drag reduction [12]. The con-

ception of superhydrophobicity comes from nature

earliest, the most well known of which is ‘‘lotus

effect’’ [13]. According to the research [14], the

superhydrophobicity of plants in nature was based

on surface roughness caused by different

microstructures, together with the hydrophobic

properties of the epicuticular wax. So superhy-

drophobic surface can be defined using contact

angles as the surface on which water contact angle is

higher than 150� and the rolling angle is lower than

10�.
At present, the main structure of superhydropho-

bic film is composed of a special bottom layer with

high surface area and a hydrophobic layer over the

top. Inorganic materials such as silica, titania and

zinc oxide are widely used as the bottom layers due

to their abundant surface structures and the surface

control techniques which have been reported fre-

quently so far. Wang et al. [15] coated ZnO nanowire

arrays on the glass slide by using seed layer during

hydrothermal treatment; then, SiO2/polyelectrolyte

shell was deposited on it. After removing polyelec-

trolyte with calcination and modifying with chemical

vapor deposition, ZnO@SiO2 superhydrophobic

membranes finally were obtained. Pan et al. [16]
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prepared superhydrophobic TiO2/PU micro-

nanocomposite structure by spraying method using

TiO2 and polyurethane modified with silicone as raw

materials and ethyl acetate as dispersant. In the above

cases, some disadvantages have been found. The

preparation process was complex which may lead to

high cost, and the organic solvents used in the

preparation may bring about environmental prob-

lems. Therefore, researchers now are focusing on

exploiting simple, low-cost and environment-friendly

superhydrophobic films.

Boehmite has attracted more attention because of

wide applications in catalyst [17], adsorbent [18] and

flame retardant [19]. In addition, boehmite has lower

preparation cost and rich morphology. There are

numerous reports about fabricating boehmites with

various special morphologies. Zhang et al. [20] pre-

pared boehmite nanofibers with high surface area

and porous properties by hydrothermal method. The

size and morphology of nanofibers can be controlled

by adjusting the pH value of the reaction mixture.

Chen et al. [21] prepared one-dimensional rod-

shaped boehmite through hydrothermal reaction. At

the same time, two-dimensional flake-shaped boeh-

mite could be prepared by increasing the PH of the

solution to about 10. Zanganeh et al. [22] synthesized

3D boehmite flowers which were self-assembled by

petallike boehmite with a length of 800 * 1000 nm, a

width of 200 * 250 nm and a thickness of

20 * 50 nm. The specific surface area of these flow-

erlike boehmites is up to 123 m2g-1, but the process

of fabrication is complicated. People believe the pre-

pared boehmite has abundant morphology, high

specific surface area and controllable structure, which

was in line with the properties of bottom layer of

superhydrophobic materials.

In this paper, we present a simple low-cost and

environment-friendly fabrication of a superhy-

drophobic boehmite film. The boehmite film is built

up with specific morphology on the substrate sur-

face by one-step hydrothermal method using con-

ventional raw materials; after hydrophobic

treatment with stearic acid, the superhydrophobic

boehmite film is finally obtained. The resulting

surface has excellent superhydrophobicity, and the

water contact angle is up to 167.1�, and the rolling

angle is 2.5�. The influences of reaction time, the

content of aluminum ions and precipitant and the

type of precipitant on morphology of boehmite were

also investigated.

Materials and methods

Materials

All reagents in the experiment were of analytical

grade and used without further purification. Deion-

ized water was used for all the preparation.

Boehmite films were synthesized by one-step

hydrothermal method. In a typical procedure,

Al(NO3)3� 9H2O and CH3COONa were dissolved in

40 ml deionized water, respectively. After stirring,

aqueous solutions containing 0.5 wt%, 2.5 wt% and

5 wt% of aluminum ion and aqueous solutions con-

taining 0.2 wt%, 0.6 wt% and 1 wt% of sodium

acetate were prepared. Then the two solutions were

mixed. The PH value of the mixed solution was about

3.5. The mixed solution was transferred into the

autoclave, and a clean substrate slide was then

immersed in the solution. The autoclave was sealed

and maintained at 190 �C for 12 h and subsequently

cooled down for 36 h to room temperature naturally.

A layer of white film over substrate surface was

obtained, which was washed with deionized water

for several times and dried naturally. Other samples

were obtained according to the method mentioned

above with different reaction conditions.

The above boehmite films were immersed in 10%

stearic acid ethanol solution for 60 min at room

temperature, then taken out and dried at room tem-

perature. The superhydrophobic boehmite films can

be obtained. Actually other all saturated fatty acids

such as lauric acid and 12-hydroxystearic acid can be

also used for hydrophobic modification of boehmite.

Characterization

The general morphologies of synthesized samples

were investigated with FESEM (field emission scan-

ning electron microscope, SU8220, Hitachi, Japan).

The samples were coated with 5–10 nm Au layer

before the FESEM imagining. Structure and crystal

phase of the samples were characterized by XRD (X-

ray diffraction, D8 Advanced, Bruker AXS, Germany)

using a Cu Ka radiation source. Infrared spectra were

recorded with FTIR (Fourier transform infrared

spectroscopy, Tensor 27, Bruker, Germany). The

contact angles (CAs) and rolling angles were mea-

sured on a CA instrument (Contact Angle System

OCA40, DataPhysics Co., Germany) at room tem-

perature. Water droplets were placed at three
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positions for one sample, and the averaged value was

adopted as the value of contact angle and rolling

angle. The specific surface area and pore size distri-

bution of synthesized samples were performed by

BET (Brunauer–Emmett–Teller, Micromeritics TriStar

II, Micromeritics, USA) surface area test. The samples

were degassed at 150 �C and the vacuum was lower

than 103 Pa, the BET method and BJH model were

used to calculate the specific surface area and pore

size distribution.

Results and discussion

Scanning electron microscopy (SEM) was used to

study the structure grown on the surface of glass. The

results are shown in Fig. 1. It can be seen that a

special hydrothermal method can be used to prepare

a boehmite film with a special and regular surface

attached to the surface of the substrate. From the

figure, we can see a large amount of nanoflakes with

the same size are distributed on the surface of glass,

and all of them grew outward from the glass surface.

X-ray diffraction (XRD) was also used herein to

reveal the purity and crystallinity of the prepared

boehmite film. Figure 2 shows a typical XRD pattern

of the sample obtained from the reaction for 9 h at

190 �C without hydrophobic treatment. All sharp and

strong reflection peaks indicate that the resulting

species is orthorhombic boehmite (c-AlOOH, JCPDS

card number 21–1307). No peak attributable to

impurities is found in Fig. 1, indicating that the

prepared c-AlOOH sample has high purity and

crystallinity.

Figure 3 shows an SEM image of a boehmite film

on glass after hydrophobic treatment. In Fig. 3a,

boehmite nanoflakes are randomly distributed on the

glass surface, and some of them are brought together

to form a micron-scale structure. It can be seen that

after hydrophobic treatment in Fig. 3b, stearic acid

just like mucous membranes adheres uniformly to

the surface of the boehmite structure, which structure

renders the material hydrophobic.

In order to explore the bond between the boehmite

film and stearic acid as a modifier, FTIR studies were

carried out on stearic acid and superhydrophobic

boehmite films. As shown in Fig. 4b, the band at

1065 cm-1 and the shoulder at 1151 cm-1 are

assigned to ds Al–O–H and das Al–O–H vibrations of

boehmite, respectively, and the absorption peaks at

734 and 634 cm-1 are assigned to the vibration mode

of A–O [23, 24]. Compared to the pure stearic acid

(Fig. 4a), the peaks at 2916, 2849 and 1700 cm-1 are

significantly weakened and can be assigned to the

ts(CH3), ts(CH2) and ts(C=O) [24], respectively,

which means that the stearic acid molecules grafted

to the boehmite successfully. Therefore, the modifier

molecules are attached to the surface of the boehmite

film by chemical bonds rather than just physical

interactions, which is beneficial to improve the sta-

bility of the superhydrophobic membrane.

Figure 5 shows the SEM images of the boehmite

grown on the glass at different reaction times

(6–12 h). We can see that boehmite on the surface of

Figure 1 SEM images of boehmite films obtained by one-step

hydrothermal reaction (reaction time 9 h, reaction temperature

190 �C).
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Figure 2 XRD pattern of the boehmite film on the glass after

hydrothermal reaction.
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substrate has a special specific surface and uniform

size. In Fig. 5a, there are a lot of nanoflakes aggre-

gated to form broom-like boehmites with sharp shape

after hydrothermal reaction for 6 h (Fig. 5b). As

shown in Fig. 5c, many nanoflakes grow outward

from the glass surface when the reaction proceeded

to 9 h. And the nanoflakes are lathy with smooth

surface and a little sharp top (Fig. 5d). Figure 5e and f

shows that some boehmite nanoflakes are assembled

into micron-scale flowerlike structures when the

reaction time proceeded to 12 h. And the length of

nanoflakes is almost constant, but the width

increased doubly.

The boehmite crystal becomes more and more

regular in hydrothermal reaction, and the width of

nanoflakes becomes wider and wider. Boehmite has

different sizes and morphologies on the glass sur-

faces at different stages of the reaction, which can be

described in detail as follows.

Al3þ þ 3Ac� þ 3H2O � Al OHð Þ3þ 3HAc ð1Þ

Al OHð Þ3! c�AlOOH þ H2O ð2Þ

In the hydrolysis of aluminum salts, aluminum

hydroxide is first formed (see Eq. 1). These amor-

phous aluminum hydroxide precipitates are unsta-

ble, and they are converted to c-AlOOH crystallites in

the next dehydration reaction (see Eq. 2). It is gen-

erally believed that the growth process of boehmite

crystals is as follows: The first step is the Ostwald

ripening process of c-AlOOH nanoparticles, and the

second step is the self-assembly of ripened nanopar-

ticles to form various boehmite structures under the

influence of intermolecular forces [25, 26]. During the

hydrothermal reaction, small nanoparticles are pro-

duced and continue to assemble into larger structures

to reduce surface energy. In Fig. 5a, the surface of the

nanoflakes is porous because the reaction time is too

short to allow the small particles to grow completely

into relatively intact crystals, resulting in crystal

defects. As the reaction time increases, the Ostwald

ripening process is completed, forming nanoflakes

with high crystallinity and uniform shape (Fig. 5c).

Subsequently, these nanoflakes self-assemble into

micron-scale flowerlike structures by intermolecular

forces such as hydrogen bonding, van der Waals

forces and electrostatic forces (Fig. 5e) [27–29] to

reduce surface energy.

We have found that aluminum ion content plays an

important role in the formation of boehmite films.

With the same content of sodium acetate, when the

aluminum ion content is 0.5 wt%, the glass surface is

covered with a large number of ellipsoid-like parti-

cles with the same size, which are composed of

flakes, having a uniform distribution and similar

orientations (Fig. 6a and b). When the aluminum ion

Figure 3 Typical low-

magnification (a) and high-

magnification (b) SEM images

of boehmite film on the glass

after hydrophobic treatment.

3500 3000 2500 2000 1500 1000 500

63
4

73
4

10
65

11
5113
14

13
51

14
64

17
00

28
49

29
16

30
93

32
88

54
6

68
8

72
2

93
4

10
99

12
96

13
48

14
67

17
0328
49

29
17

Tr
an
sm

is
si
on

(a
.u
.)

Wavenumber(cm-1)

a

b

Figure 4 FTIR spectra of superhydrophobic films: stearic acid

(a), boehmite films modified by stearic acid (b).
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content is increased to 2.5 wt%, the shape of the

boehmite is converted into flakes which cross each

other and grow outward from the glass surface

(Fig. 6c and d). When the aluminum ion content

reaches 5 wt%, the flakes appeared denser, and some

of the flakes were combined into a micron-scale

flowerlike structure (Fig. 6e and f). When the alu-

minum ion content is low, the hydrothermal reaction

solution is near neutral. Due to the low concentration,

the boehmite crystallites grown on the surface of the

glass have a large growth space, form a thin sheet

and self-assemble to form a ellipsoid-like structure

under the action of intermolecular forces to reduce

the surface energy. When the aluminum ion content

is increased to 2.5 wt%, the acidity of the

hydrothermal reaction solution increases. In an acidic

environment, protons in the reaction solution com-

bine with aluminum hydroxide hydroxyl groups,

affecting the crystal growth of boehmite [30]. In an

acidic environment, boehmite is more likely to grow

into elongated sheets. At the same time, the hydroxyl

groups on the surface of the glass act with the

hydroxyl groups of the aluminum hydroxide, which

cause the crystal structure to grow outward from the

glass surface, resulting in the formation of uniformly

oriented fibrous sheets [31]. This structure signifi-

cantly increases the specific surface of the film and

provides excellent conditions for the preparation of

the hydrophobic structure. When the aluminum ion

content is increased to 5 wt%, the surface area of the

glass is crowded, and the fibrous sheet grows out-

ward and becomes longer and longer, and some of

the sheets form a micron-scale flowerlike structure,

which is the results for the reduction in surface

energy.

In this paper, acetate and aluminum salts were

used to prepare boehmite by hydrolysis reaction.

Acetate also has an important influence on the

Figure 5 SEM images of

boehmite films at various

hydrothermal reaction times of

(a, b) 6 h, (c, d) 9 h, (e, f)

12 h (reaction temperature

190 �C, aluminum ion content

5 wt%, sodium acetate content

0.2 wt%).
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structure of boehmite. Figure 7 shows the SEM ima-

ges of boehmite films prepared under different

sodium acetate contents when aluminum ion content

is the same. Figure 7 shows that the surface of the

glass substrate is covered with a large number of

boehmite crystalline flakes, which are uniform in size

and grow from inside to outside over the glass sur-

face. As the sodium acetate content increases, the

arrangement of boehmite flakes becomes more and

more close. They stick to each other, and the thick-

ness gradually increases. This densely packed struc-

ture may affect the specific surface area and thus the

hydrophobic properties of the film.

In order to explore the effects of different salts on

the structure of boehmite, Na2SO3, NaHCO3 and

NH4HCO3 were used as hydrolysis precipitants to

study the morphology of boehmite film. Figure 8

shows the SEM images of a boehmite films prepared

using different precipitants. We can see that when

Na2SO3, NaHCO3 and NH4HCO3 with the same

content (0.2 wt%) are used as precipitant, the boeh-

mite films are all flowerlike structures. However, the

basic units that make up the micron-scale flowers are

different. When the precipitant is Na2SO3, the basic

unit of the flowerlike structure is needle-shaped

crystallites having different lengths (Fig. 8a and b).

When the precipitant is NaHCO3, the morphology of

the flowerlike structure is similar to that of Na2SO3,

but the basic unit size is slightly larger (Fig. 8c and d)

and is more regular. Then, when the precipitant

becomes NH4HCO3, the flowerlike structure is com-

posed of an elliptical sheet of uniform size and reg-

ular structure (Fig. 8e and f). The difference between

the precipitants leads to differences in the self-

assembled basic unit and the resulting secondary

structure, and the reasons remain to be studied.

However, this result provides a method for the

preparation of boehmite film with high surface area.

Figure 6 SEM images of

boehmite films at different

aluminum ion contents of (a,

b) 0.5 wt%, (c, d) 2.5 wt%,

(e, f) 5 wt% (reaction

temperature 190 �C, reaction
time 12 h, sodium acetate

content 0.2 wt%).
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In this paper, the surface modification of the

boehmite film was carried out to prepare a composite

material with hydrophobic property. The hydropho-

bic properties were investigated by testing the water

contact angle. Research reports indicate that the

water contact angle depends on the surface tension

between solid–gas, solid–liquid and liquid–gas [32].

In fact, solid surfaces are often rough, so surface

roughness must be considered when measuring

water contact angles on rough solid surfaces. Actu-

ally surface roughness has a very important effect on

water contact angles [33, 34]. The experimental

results show that all the samples have good

hydrophobicity, and the structure of the inorganic

underlayer has a great influence on the hydrophobic

properties of the materials.

The results show that boehmite structures on sub-

strate are composed of crystals with nanosize, and

the structure is related to the conditions such as

aluminum ion content and reaction time. For exam-

ple, when aluminum ion content is 0.5 wt%, boeh-

mite is self-assembled from nanosheets with a width

of less than 100 nm into an ellipsoid structure with a

length of about 1.2 lm (Fig. 6a and b). When alu-

minum ion content is increased to 5 wt%, the

obtained boehmite is self-assembled from nanoflakes

with a width of about 300 nm into a flowerlike

structure with a diameter of about 3.1 lm (Fig. 6e

and f). These structures are formed by the self-

assembly of nanoflakes with uniform size under the

action of intermolecular forces and hydrogen bond to

reduce surface energy.

Figure 9 shows the water contact angle test results

after hydrophobic treatments of boehmite films pre-

pared at different hydrothermal times. The results

show that after modification the water contact angle

of non-boehmite glass surface is only 110.7�. When

hydrothermal reaction was 6 h, the water contact

Figure 7 SEM images of

boehmite films at different

sodium acetate contents of (a,

b) 0.2 wt%, (c, d) 0.6 wt%,

(e, f) 1 wt% (reaction

temperature 190 �C, reaction
time 12 h, aluminum ion

content 5 wt%).
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angle of the modified boehmite film was significantly

increased to 156.8�. On further increase in the

hydrothermal reaction time to 12 h, the water contact

angle reached 167.5� after the hydrophobic treatment.

Figure 10 shows the N2 absorption–desorption iso-

therms of boehmite films synthesized during the two

hydrothermal reaction periods. It is obvious that the

samples obtained are both typical IV curves with H1

hysteresis loops, which indicate the pore structure of

the film samples belongs to ordered mesopores.

Among them, the specific surface areas of the

obtained boehmite film samples at 6 h and 12 h were

83 m2g-1 and 149 m2g-1, respectively. Combining

the above conclusions, it can be seen that the glass

surface without growing the boehmite film did not

reach the superhydrophobic condition after only the

Figure 8 SEM images of

boehmite films synthesized

with different precipitants: (a,

b) Na2SO3, (c, d) NaHCO3,

(e, f) NH4HCO3 (reaction

temperature 190 �C, reaction
time 12 h, aluminum ion

content 5 wt%).

Figure 9 Test results of water CA of boehmite hydrophobic films with different hydrothermal reaction times (a 0 h, b 6 h, c 12 h).
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hydrophobic treatment. Conversely, the increase in

the hydrothermal reaction time increases the rough-

ness of the boehmite film, the water contact angle also

becomes larger to some extent after the hydrophobic

treatment and film has the superhydrophobicity.

Therefore, it is not difficult to find that the superhy-

drophobicity can be achieved by the combination of

surface roughness and hydrophobic treatment.

Figure 11 shows the water contact angle test results

after hydrophobic treatments of boehmite films pre-

pared with different aluminum ion and sodium

acetate contents, and different precipitants after

hydrophobic treatment. Figure 11a shows that the

water contact angle of the film after hydrophobic

treatment increases with the increase in aluminum

ion content and finally reaches 167.5�. With the

increase in the content of aluminum ions, the acidity

of the solution increases, and the structure of boeh-

mite changes from ellipsoid to flake (Fig. 6). This

structure greatly increases the surface area of the

film, and the flake units self-assemble into a micron-

sized flowerlike structure to reduce the surface

energy. Compared with the separated ellipsoid

structure, this flowerlike structure covers the sub-

strate more fully, which leads to better hydropho-

bicity and higher water contact angle. In Fig. 11b,

with the increase in sodium acetate content, the water

contact angle of the film after hydrophobic treatment

decreases. With the increase in sodium acetate con-

tent, the arrangement of flakes becomes more and

more compact (Fig. 7). This dense filling structure

reduces the surface area and surface roughness, so

that the water contact angle of the film after

hydrophobic treatment is reduced. Figure 11c shows

the water contact angle of materials prepared with

different precipitants. When Na2SO3 is used as pre-

cipitant, the water contact angle of the film after

hydrophobic treatment is only 134.7�. The basic units

Figure 10 N2 absorption–desorption isotherms of boehmite films synthesized at different hydrothermal times (a 6 h, b 12 h).

Figure 11 Water CA of boehmite hydrophobic films at: a different aluminum ion contents, b different sodium acetate contents, c different

precipitants.
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of boehmite prepared with this precipitant are acic-

ular crystalline structures with different lengths.

Compared with other units, the regularity and uni-

formity of this one are poor (Fig. 8). The self-assem-

bled structure with this unit is not uniform, and the

hydrophobic performance is also poor.

From the above description, we believe that the

hydrophobicity of the sample has a great relationship

with its morphology, and its morphology depends on

the formation mechanism of boehmite. At present,

there are many studies on the formation mechanism

and structural growth control of boehmite. Wu et al.

[35] provided a method to control the morphology of

boehmite by using the competitive relationship

between anions. In this paper, boehmite nanoparti-

cles are gradually assembled into larger micron-sized

structures by intermolecular forces and hydrogen

bond after Ostwald maturation. We use conventional,

inexpensive, low-environmental-hazard raw materi-

als, combined with a simple one-step process to

prepare hydrophobic materials. It has the potential to

be environmental-friendly novel method. Special

surface structures are obtained by controlling the

preparation conditions such as temperature, concen-

tration and reaction time. During the preparation

process, uniform nanocrystals are first generated;

then, they are self-assembled to form larger micron-

sized structures to reduce the surface energy. These

micron-sized structures have higher surface area and

special morphologies, which increased the roughness

of the sample surface and helped to achieve

superhydrophobicity.

To further explore the superhydrophobicity of the

samples, we performed a rolling angle test on the

above samples with water contact angle exceeding

150�. The results are listed in Table 1. We can see

these samples have excellent superhydrophobicity,

especially when the aluminum ion content is 5 wt%,

using 0.2 wt% sodium acetate as precipitant, and the

hydrothermal reaction time is 12 h, the water contact

angle of the sample is up to 167.1�, while the rolling

angle is 2.5�. Thus, boehmite nanoflakes grow out-

ward from the glass surface, and some of flakes

assemble into micron-scale flowers with uniform size

and structure. This special micro-nanostructure not

only builds a rough high-specific-surface structure on

the glass surface and reduces the surface energy, but

also traps air between the droplet and the surface,

making the droplet easy to roll off [36, 37]. At this

time, the surface is in Cassie–Baxter state. Therefore,

in combination with hydrophobic treatment, all

samples show higher water contact angle and lower

rolling angle.

In order to study the effect of substrate surface on

the growth of boehmite structure, we carried out the

same hydrothermal reaction experiment on the basis

of PTFE (polytetrafluoroethylene) and compared the

obtained structure with the glass surface. Figure 12a

shows that when the PTFE plate is a substrate, the

surface structure is significantly different from the

glass surface, and the major difference is the growth

direction of boehmite crystallite. The boehmite

structure grows mainly on the surface of the glass

from the inside to the outside; on the other hand, the

growth direction of the boehmite crystallites on the

surface of the PTFE is substantially random, which

increases the surface roughness to a certain extent. In

Fig. 12b, the water contact angle of the boehmite film

on PTFE plate after hydrophobic treatment reaches

155.6�, but water droplets still adhere to the surface

after the plate is inclined more than 90�. We believe

this should be caused by the capillary effect of

irregular rough porous structure. It reduces the

amount of air trapped between water droplet and

surface, increases the wet contact area of the water

droplet and makes the surface with higher adhesion

and friction [36, 37]. At this point, the surface of the

PTFE is in Wenzel state. The hydroxyl groups on the

surface of the glass substrate have important guiding

effects on the growth of the boehmite structure. The

growth mode from inside to outside is advantageous

for constructing a high-specific-surface structure. The

water contact angle on PTFE plates is not as large as

on glass substrates, because there is rarely hydroxyl

group on the surface of PTFE.

To study the sustained hydrophobic properties of

hydrophobic materials, the hydrophobic samples

Table 1 Water CA and rolling angle of the samples

Sample number Water CA (�) Rolling angle (�)

A5P02H6 156.8 4.2

A5P02H12 167.5 2.5

A5P06H12 156.3 4.7

A5P02H12(NaHCO3) 158.2 3.1

A5P02H12(NH4HCO3) 151.3 5.6

Number ‘‘A5P02H6’’ means the sample with an aluminum ion

content of 5 wt%, precipitant (sodium acetate if not specifically

mentioned) content of 0.2 wt% and hydrothermal reaction for 6 h
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were immersed in water at room temperature for a

period of time and then taken out for hydrophobic

performance testing. Figure 13 shows the changes in

contact angle and rolling angle of the sample soaked

in water for different times after hydrophobic treat-

ment. Obviously, with the increase in soaking time,

the water contact angle of the sample changes,

showing a slight downward trend on the whole.

However, after soaking for 336 h, the water contact

angle of the sample can still reach up to 150�, and the

rolling angle is lower than 10�, indicating that the

hydrophobic material has certain water resistance.

Conclusion

In summary, this paper uses a simple precipitation–

hydrothermal method, using cheap raw materials to

prepare a boehmite structure with special morphol-

ogy and high surface area, combined with

hydrophobic modification of organic fatty acids, to

obtain the superhydrophobic composite. The

experimental results show that the hydrothermal

reaction time, the content of aluminum ions and

precipitant and the type of precipitant are the main

factors controlling the structure of boehmite. The

high-surface-area structure grown on the surface of

the solid substrate is formed by self-assembly of

boehmite crystallites, which greatly enhances the

roughness of the surface of the substrate and plays a

key role in the construction of the hydrophobic

material. As a cheap and environmental-friendly

functional material, the boehmite structure provides

an opportunity for large-scale applications of

hydrophobic surfaces.
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