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Abstract: A polyurethane/Laponite/graphene transparent coating with high surface hardness,
obtained by dispersing the Laponite–graphene oxide (Lap-GO) in polyurethane for UV reduction,
is reported. Lap-GO improves the hardness of the coating, where Laponite is intercalated between
graphene layers through electrostatic action, preventing the re-accumulation or aggregation of
graphene and ensuring the transparency of the coating. The analysis of pencil hardness and light
transmittance shows that when the Lap-GO content is 0.05 wt‰ and the UV reduction is 10 min,
the hardness of the coated pencil increases to 5H, and the light transmittance remains above 85%.
Furthermore, the polyurethane/Laponite/graphene transparent coating also has excellent cold liquid
resistance and meets specific usage standards. The prepared polyurethane/Laponite/graphene
transparent coatings are promising for broad application prospects in cover and protective coatings.
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1. Introduction

Polyurethane is widely used in various industries due to its unique chain segment
structure, flexible formula, and simple processing, including as flame-retardant materials
in the construction industry, anti-corrosion coatings for metal materials, adhesives for
furniture, etc. [1–3]. Compared with traditional solvent-based polyurethane, waterborne
polyurethane is widely used on the surface of wood, furniture, and automotive parts
because of its low VOCs, green environmental protection, and good moisture permeabil-
ity [4–9]. Coatings are generally used as thin films that protect or decorate the surface of
objects, and their hardness reflects the ability of coatings to resist physical damage such
as scratches, squeezing, and other effects caused by external objects [10,11]. However,
polyurethane has a lower hardness after curing, which can easily cause scratches on its
surface due to squeezing and scratching, which can seriously affect the aesthetics and the
protective performance of the coating [12,13]. Therefore, it is necessary to find a method to
improve the scratch resistance of polyurethane transparent coatings without affecting the
aesthetics and visibility thereof.

Nanomaterials are widely considered a promising filler to improve the performance of
polymers because of their small size effect and good surface effect [14,15]. Graphene, a pla-
nar single-layer carbon nanomaterial with a two-dimensional honeycomb structure [16,17],
has excellent properties, such as high Young’s modulus [18], tensile strength [19], structural
flexibility [20], highly adjustable optical properties [21], etc. Its derivative, graphene oxide
(GO), can directly react with isocyanate without modification. Xu et al. [10] dispersed GO
into waterborne polyurethane using a physical mixing method, and the addition of GO
effectively improved the water resistance, alcohol resistance, and mechanical properties of
the coating. At the same time, the paint film they developed is superior to commercially
available coatings in terms of glossiness, wear resistance, hardness, etc. Li et al. [22] have
shown that graphene can enhance the corrosion resistance of waterborne polyurethane
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coatings, and a 0.4 wt% graphene content waterborne polyurethane composite coating
has good corrosion resistance. Laponite, as an artificially synthesized two-dimensional
layered hectorite, has a high size matching with the hard segment size of polyurethane,
and its transparent dispersion has unique rheological and conductive properties, making
it widely used for modifying polyurethane [23–25]. Choi et al. [26] added modified clay
to the polyurethane main chain and prepared waterborne polyurethane/nano clay com-
posite coatings using UV curing. The results showed that the modified clay significantly
improved the polyurethane coating’s hardness, thermal stability, and barrier properties.
Rahman et al. [27] prepared waterborne polyurethane/nano clay composite materials using
a pre-polymerization method to enhance the coating’s water resistance, heat resistance, and
other properties. The tensile strength of the composite film was the highest when the clay
content was 1 wt%. Both graphene and nano-clay have achieved good improvement in the
properties of polyurethane-modified materials, but there is little research on polyurethane
modification using these two materials.

Due to the π–π force between graphene sheets, they are prone to re-stacking and
agglomeration [28], while the oxygen-containing functional groups between oxidized
graphene sheets make them easy to modify. J Ming et al. [29] used p-Methyl styrene
groups covalently grafted onto graphene oxide (GO) via esterification reactions. T Furkan
et al. [30] used two different monomers, namely hexafluoro butyl acrylate (HFBA) and
diethyl aminoethyl methacrylate (DEAEMA), individually to modify graphene oxide (GO)
nanosheets via the environmentally friendly plasma-enhanced chemical vapor deposition
(PECVD) method. Laponite (with molecular formula Na+

0.7 [(Si8Mg5.5Li0.3) O20(OH)4]0.7−)
is a synthetic hectorite clay with disc-shaped particles that are similar in size to the hard
segments of polyurethane (mean diameter of 30 nm and thickness 1 nm) [31]. Meanwhile,
studies have shown that a series of nano clay materials such as Laponite are widely used to
assist the dispersion of graphene and GO in the matrix [32]. GO and Laponite have excellent
water dispersion, and the composite of GO and Laponite with waterborne polyurethane
coatings is conducive to uniform dispersion of nanomaterials.

Therefore, this study used graphene and Laponite to modify polyurethane, and the
effect of graphene agglomeration on the transparency of the coating was reduced as
much as possible while the hardness of the coating was greatly improved. The Lap-
GO/polyurethane composite coating was obtained by combining GO and Laponite with wa-
terborne polyurethane coatings at the same time, and a new Laponite/graphene polyurethane
transparent coating with high surface hardness was obtained by UV reduction. The in-
terlayer Na+ ions are likely to have electrostatic interaction with the electron-rich oxygen-
containing groups [33] when inserting Laponite between GO layers to improve the disper-
sion of graphene in the matrix. During the curing process, the oxygen-containing functional
groups on the GO surface react chemically with diisocyanate and polyether polyol in WPU,
thus forming a cross-linked network containing Lap-GO [34]. Moreover, Laponite interca-
lates in the polyurethane hard segment and plays a hardening role [23]. The optimal ratio
of Laponite to GO and the effect of Lap-GO addition on the hardness and transparency of
the coating were studied. In addition, the water and alcohol resistance of polyurethane was
evaluated to expand its application in transparent protective coatings.

2. Material and Methods
2.1. Materials

Graphite powder (8000 mesh) was purchased from Kiana Graphene Technology Co.,
Ltd. (Xiamen, China). Potassium permanganate (KMnO4), hydrogen peroxide (H2O2,
30%), concentrated sulfuric acid (H2SO4), and anhydrous ethanol (C2H6O, 98%) were all
supplied by Sino phosphoric Chemical Reagent Co., Ltd. (Dalian, China). Laponite RD
(BATCH I.D. 20-4021) (Laponite) with a chemical composition of SiO2 59.5%, MgO 27.5%,
Li2O 0.8%, and Na2O 2.8 and a loss on ignition of 8.2% was supplied by BYK Additives
& Instruments (Wesel, Germany). Waterborne polyurethane coating was purchased from
Minghui Paint Factory (Taizhou, China) and it was synthesized by reacting methyl diphenyl



Coatings 2024, 14, 12 3 of 15

diisocyanate (MDI) and polyester polyol. Ultrapure water was made in the laboratory.
Without a particular description, all materials were analytically pure and were used directly
without further purification.

2.2. Preparation of Lap-GO Dispersion

GO was prepared by Hummers’ method: Typically, graphite powder (2.0 g) was
added to concentrated H2SO4 (100 mL) under stirring in an ice water bath. Under vigorous
agitation, KMnO4 (12 g) was slowly added to the solution and stirred in an ice water bath for
30 min. The reaction system was successfully transferred to a medium temperature water
bath environment (about 45 ◦C) and stirred for about 2 h. Then, 100 mL of ultrapure water
was added and the solution temperature was maintained below 95 ◦C until it dropped to
room temperature. Subsequently, 10 mL H2O2 (30%) was added to the solution to form a
golden yellow viscous liquid. Finally, the graphene oxide was obtained by centrifugation
and cold drying.

Laponite (1 g) was thoroughly mixed in 100 mL ultrapure water and stirred consis-
tently for 30 min at room temperature. Subsequently, GO was added to the above Laponite
dispersion in different mass ratios. Finally, dispersion with mass ratios of 10:1, 10:2, 10:4
to 10:10 (Laponite:GO) was completed. The black powder obtained by freeze-drying was
denoted as Lap-GO.

2.3. Preparation of Polyurethane Nanocomposite Solution

First, the Lap-GO aqueous solution was subjected to 10 min of high-frequency ul-
trasound to obtain Lap-GO dispersion with concentrations of 1.00 wt% and 0.10 wt%,
respectively. Then, Lap-GO dispersions were added to the purchased single-component
waterborne polyurethane coating under high-speed dispersion, resulting in polyurethane
nanocomposite solutions with Lap-GO contents of 0.05 wt‰, 0.10 wt‰, 0.50 wt‰, and
1.00 wt‰. The numbering and Lap-GO content of the composite solution are shown in
Table 1.

Table 1. Sample and Lap-GO content of Lap-GO/polyurethane composite solution.

Sample Lap-GO Contents/wt‰

0.05Lap-GO 0.05
0.1Lap-GO 0.10
0.5Lap-GO 0.50
1Lap-GO 1.00

2.4. Preparation of Polyurethane/Laponite/Graphene Transparent Coatings with High
Surface Hardness

A polyurethane/Laponite/graphene coating was prepared according to the Chinese
national standard GB/T 9271-2008 [35]. Typically, this involves polishing the tinplate
with sandpaper to remove the grease on its surface and adding polyurethane composite
solution to the tinplate to prepare the Lap-GO/polyurethane composite coating with
uniform thickness through the automatic coating mechanism. The prepared coating was
cured at room temperature for 7 days. Finally, ultraviolet light was used to irradiate the
coating to obtain the Laponite/graphene/polyurethane transparent coating with a high
surface hardness.

The prepared solution was poured into the customized mold and cured at room tem-
perature for 3 days to obtain Lap-GO/polyurethane composite coating with a thickness of
0.3 mm, which was then reduced by UV lamps to obtain a Laponite/graphene/polyurethane
transparent coating with a high surface hardness for the subsequent light transmittivity test.

2.5. Test Characterization Methods

The structure of GO, Lap-GO, and Laponite powders was characterized using X-
ray diffraction (XRD, manufactured by Rigaku, sourced from Tokyo, Japan) with a Cu Kα
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radiation at 40 kV and 40 mA and a scanning rate of 10◦/min. The Dimension ICON Atomic
force microscope (AFM, Bruker, Madrid, Spain) was used for Lap-GO lamellar spacing
testing; The morphology of fracture surfaces of the WPU matrix coatings was examined
by field-emission scanning electron microscope (FESEM, manufactured by HITACHI,
sourced from Tokyo, Japan) with the operating voltage and the operating current at 5 kV
and 10 mA, respectively; the film samples were subjected to gold spraying after liquid
nitrogen embrittlement. A transmission electron microscope (TEM, FEI/Talos F200X G2,
manufactured by Thermo scientific, sourced from Waltham, MA, USA) was used to evaluate
the nanoscopic dispersion states of Lap-GO in the WPU matrix at an acceleration voltage
of 300 kV. The surface chemistry of GO and Lap-GO was characterized using Fourier
transfer infrared spectrometry (FTIR, Nicolet Is 50 Fourier, manufactured by Thermo Fisher
Scientific, sourced from Waltham, MA, USA). FT-IR spectra were collected in attenuated
total reflection mode for the wavenumber range 4000–400 cm−1 at a resolution of 0.4 cm−1.

The transmittance of the composite coating was tested using the Evolution201 UV-VIS
spectrophotometer (manufactured by Thermo Fisher Scientific, sourced from Waltham, MA,
USA) with a test range of 200–800 nm. According to the Chinese national standard GB/T
6739-2006 [36], the pencil hardness of the composite coating was tested using a BEVS 1301
pencil hardness tester. According to the Chinese national standard GB/T 30693-2014 [37],
the water contact angle (WCA) of the coating was tested using the JC2000D6 contact angle
measuring instrument. According to the Chinese national standard GB/T 4893.1-2021 [38],
the water resistance and alcohol resistance of the coating were tested with ultrapure water
and 75 wt% ethanol at room temperature.

3. Results and Discussion
3.1. XRD Analysis of Lap-GO Dispersion

The XRD patterns of Lap-GO, GO, and Laponite powder are shown in Figure 1a. A
broad diffraction peak of the Laponite (001) crystal face is reflected at 2θ = 4.47◦, and the
diffraction peak of GO is reflected at 2θ = 10.48◦. The (001) crystal plane diffraction peak of
Lap-GO is at 2θ = 6.23◦, which is closer to the Laponite (001) crystal plane diffraction peak,
and the (001) crystal plane diffraction peak of GO may also shift to 2θ = 6.23◦. From the
above observations, it is apparent that the layer structure of GO has been disrupted, leading
to the layer recombination between GO and Laponite, and there may be intercalation
between GO and Laponite [33].
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different mass ratios.

Meanwhile, XRD tests were conducted on Lap-GO dispersions with mass ratios of
10:1, 10:5, and 10:10, and the data are shown in Figure 1b. With the Lap/GO ratio increase,
the diffraction peak of the crystal face of the Lap-GO dispersion (001) gradually shifts to
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the left, suggesting an increased interlayer spacing and a co-stacked structure between
Laponite and GO.

3.2. FT-IR Analysis of Lap-GO Dispersion

The FT-IR checked the surface groups of GO, Laponite, and Lap-GO samples and
the spectra are shown in Figure 2. GO showed very broad peaks ranging from around
3500 cm−1 to 2500 cm−1, corresponding to the -OH stretching vibration. The peaks at
1732 cm−1 belong to the carboxyl C=O group, and the peaks at 1409 cm−1 and 1062 cm−1

correspond to the absorption band of -OH and the absorption peak of the epoxy group
stretching vibration in the carbon ring, respectively. After functionalized by Laponite, new
absorption peaks appeared at 1000 cm−1, attributed to the Si-O stretching vibrations of the
tetrahedron in Laponite [39], and no excess functional groups were generated.
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Figure 2. FT-IR spectra of Lap-GO dispersions with different mass ratios.

Thus, XRD and FT-IR characterization revealed no significant chemical interaction
between Laponite and GO. A holistic appraisal of the results obtained from the above
characterization techniques indicated a specific interaction, most likely an electrostatic
interaction, between these two components, leading to the formation of a new functional
hybrid material. In this case, the formation of Lap-GO dispersion may be due to the Na+

between Laponite layers interacting electrostatically with oxygen-containing functional
groups on the GO surface [23], as shown in Figure 3.
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3.3. Selection of Mass Ratio of Lap-GO Dispersion

The dispersion of the Lap-GO solution with the different mass ratios of Laponite/GO
dispersion immediately after ultrasound and one month after ultrasound are shown in
Figure 4a,b. The mass ratios of Laponite/GO in Sample I, II, III, IV, and V are 10:1, 10:2,
10:4, 10:6, and 10:8, respectively. It is confirmed that with the increase in the specific gravity
of GO, the Lap-GO dispersion solution does not easily fall, and its gel is gradually settled.
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Figure 4. Optical photos of Lap-GO dispersions with different mass ratios. (a) Immediately after
ultrasound completion; (b) after one month.

The transmission test results of the three types of Lap-GO dispersions and the Laponite
colloidal dispersion are shown in Figure 5. The mass ratios of Laponite/GO in Sample I,
II, III, and IV are 10:0, 10:1, 10:5, and 10:10, respectively. The Laponite dispersion showed
almost 100% transmission ratio, and with the addition of GO, the transmittance of Lap-
GO dispersion aqueous solution in the visible light range immediately decreased. At a
wavelength of 400 nm, the transmittance of Sample II decreased to 68.27%, Sample III
decreased to 22.65%, and Sample IV decreased to 10.25%.

Coatings 2024, 14, x FOR PEER REVIEW 7 of 15 
 

 

250 300 350 400 450 500 550 600 650 700 750

0

20

40

60

80

100

Tr
an

sm
itt

an
ce

(%
)

Wavenumber (nm)

 Sample Ⅰ
 Sample Ⅱ
 Sample Ⅲ
 Sample Ⅳ

98.35%

68.27%

22.65%

10.25%

 
Figure 5. Transmission spectra of Lap-GO dispersions with different mass ratios. (Ⅰ) Laponite; (Ⅱ) 
Laponite: GO = 10:1; (Ⅲ) Laponite: GO = 10:5; (Ⅳ) Laponite: GO = 10:10. 

The above characterization methods show that with the increase in the specific grav-
ity of GO, the transmission ratio of the obtained Lap-GO dispersion gradually decreases 
in the visible light range, and the solution gelatinization is settled, making GO difficult to 
disperse. Therefore, in order to ensure the light transmission of the subsequent test mate-
rial and the fluidity of the solution as much as possible, the Lap-GO dispersion with a 
mass ratio of 10:1 of Laponite and GO was selected as the material for subsequent research. 

3.4. AFM Analysis of Lap-GO Dispersion 
The AFM diagram of the Lap-GO dispersion and its layer thickness after ultrasound 

are shown in Figure 6. After ultrasonic dispersion, Lap-GO is evenly dispersed and has a 
uniform layer color with similar thickness, and its shape is an irregular sheet-like struc-
ture. In an ideal situation, the thickness of monolayer graphene is 0.34 nm [41]. We selected 
three representative points (1, 2, and 3) in Figure 6a and confirmed their thickness and 
slice diameter. The specific data are shown in Table 2. According to AFM data, the thick-
ness of Lap-GO increases compared with the thickness of GO lamella, mainly because the 
Laponite intercalated in GO increases the thickness of Lap-GO lamella [42], and the Lap-
GO dispersion after ultrasound is uniform without agglomeration. 

 

 
Figure 6. AFM characterization of Lap-GO dispersion in (a) a two-dimensional image; (b) a 3D 
image. 

(a) (b) 1 

2 

3 

Figure 5. Transmission spectra of Lap-GO dispersions with different mass ratios. (I) Laponite;
(II) Laponite: GO = 10:1; (III) Laponite: GO = 10:5; (IV) Laponite: GO = 10:10.

The above characterization methods show that with the increase in the specific gravity
of GO, the transmission ratio of the obtained Lap-GO dispersion gradually decreases in
the visible light range, and the solution gelatinization is settled, making GO difficult to
disperse. Therefore, in order to ensure the light transmission of the subsequent test material
and the fluidity of the solution as much as possible, the Lap-GO dispersion with a mass
ratio of 10:1 of Laponite and GO was selected as the material for subsequent research.
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3.4. AFM Analysis of Lap-GO Dispersion

The AFM diagram of the Lap-GO dispersion and its layer thickness after ultrasound
are shown in Figure 6. After ultrasonic dispersion, Lap-GO is evenly dispersed and has a
uniform layer color with similar thickness, and its shape is an irregular sheet-like structure.
In an ideal situation, the thickness of monolayer graphene is 0.34 nm [40]. We selected
three representative points (1, 2, and 3) in Figure 6a and confirmed their thickness and
slice diameter. The specific data are shown in Table 2. According to AFM data, the
thickness of Lap-GO increases compared with the thickness of GO lamella, mainly because
the Laponite intercalated in GO increases the thickness of Lap-GO lamella [41], and the
Lap-GO dispersion after ultrasound is uniform without agglomeration.
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Figure 6. AFM characterization of Lap-GO dispersion in (a) a two-dimensional image; (b) a 3D image.

Table 2. AFM two-dimensional image data.

Pair Horizontal Distance
(nm)

Vertical Distance
(nm)

Surface Distance
(nm)

1 118 10.944 119
2 275 11.286 275
3 157 10.016 158

3.5. Analysis of Coating Microstructure

The nanoscopic dispersion of Lap-GO in polyurethane is shown in Figure 7. The dark
lines (inside the red circle) represent Lap-GO, while the bright area represents the WPU
matrix. For the Lap-GO/polyurethane coatings, the dispersed Lap-GO liner and stacking
of multiple layers of material are likely due to Lap-GO dispersed in a layered manner in
the polyurethane matrix. In summary, Lap-GO is uniformly dispersed in a few layers in
the polyurethane matrix after ultrasonic dispersion.

The fracture surfaces of Lap-GO/polyurethane coatings with different Lap-GO content
are shown in Figure 8. The pure WPU coatings showed very smooth fracture surfaces in
Figure 8a. With the addition of Lap-GO, the fracture surfaces of the composite coatings
showed higher roughness than neat WPU (Figure 8b–e), and the content of Lap-GO in
composites from (b) to (e) increased successively, but there is no obvious aggregation of
fillers. This indicates that Lap-GO has good compatibility with polyurethane matrix, and
the material’s microstructure is an important factor determining the material’s physical
properties, which is also reflected in the subsequent performance tests of the composite
coating [42].
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3.6. Analysis of Coating Hardness

The influence of Lap-GO nanomaterial on the pencil hardness of the polyurethane
coating is recorded in Figure 9. From the results, with the addition of Lap-GO, the pencil
hardness of the coating increases. For the 1Lap-GO composite coating, the pencil hardness
of the composite coating was the highest, and its pencil hardness increased by three orders
of magnitude compared to pure polyurethane (PURE). The improvement is attributed to the
stress transfer across the interface between Lap-GO and polyurethane due to the Lap-GO
cross-linked with polyurethane and residual Laponite intercalated into the polyurethane
hard segments.

As shown in Figure 10a, during the curing process, the oxygen-containing functional
groups on the GO surface react chemically with diisocyanate and polyether polyol in WPU,
thus forming a cross-linked network containing Lap-GO, while some Laponite has a strong
electrostatic force between it and polyurethane chain segments due to the positive and
negative charges on its surface [32]. Moreover, the high matching between Laponite layer
diameter and polyurethane hard segment size enables Laponite to better intercalate in the
polyurethane hard segment and play a hardening role [33]. After hydrolysis, Laponite has
a negative surface charge and a positive edge charge, forming a “card house” structure
in an aqueous solution. rGO remains negatively charged due to its surface’s remaining
oxygen-containing functional groups [43]. There is electrostatic repulsion between the
surface of the Laponite and the GO, and electrostatic attraction between the edges of
the two, which allows the Laponite to intercalate between the graphene sheets, prevent-
ing the re-accumulation or agglomeration of the graphene [44]. GO, Laponite, Lap-GO,
polyurethane (PURE), and 0.05Lap-GO were characterized by infrared, and the results are
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shown in Figure 10b. In the FT-IR analysis of PURE samples, C-H asymmetric stretching
vibration absorption peaks in -CH3 and -CH2 appeared at 2948 cm−1 and 2871 cm−1, while
1536 cm−1 and 1231 cm−1 correspond to C-O stretching vibration peaks in the amido band
and acyl group, respectively. In the GO infrared spectrum, the wide absorption peak
at 3417 cm−1 is caused by the stretching vibration of hydroxyl groups, and 1732 cm−1 is
the absorption band corresponding to C=O in the carboxyl group. The absorption band of
-OH bending vibration corresponding to 1409 cm−1 and the absorption peak of the epoxy
group stretching vibration in the carbon ring at 1062 cm−1 are the most characteristic peaks
of GO in FT-IR spectra. The peaks of about 1000 cm−1 in the Lap-GO dispersion are caused
by Si-O vibration of the tetrahedron in the Laponite. For 0.05Lap-GO, the absorption peak
of the oxygen-containing functional groups (hydroxyl group, carboxyl group and epoxide
group) in the IR spectrum of 0.05Lap-GO was significantly weakened, and the stretching
vibration peak of OH at 3324 cm−1 was weakened, indicating that the OH of GO had a
chemical reaction with isocyanate in polyurethane. In addition, the stretching vibration
peak of C-O-C at about 1100 cm−1 at 0.05Lap-GO was weaker than that of PURE, indicating
that some GO reacts with the coating. The peaks at 1000 cm−1 and 1300 cm−1 associated
with Laponite coincide with the main characteristic peaks in PU and GO, confirming the
mechanism prediction of Lap-GO enhancement of coating hardness.
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The pencil hardness of Lap-rGO/polyurethane composite coating obtained after UV
reduction is shown in Figure 11. The pencil hardness of the coating increases with the
increase in UV reduction time. When the Lap-GO content in the coating increases, a longer
period of UV reduction results in a more significant improvement in the pencil hardness of
the coating. For the 0.05Lap-GO composite coating and UV reduction, which is performed
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for 10 min, the pencil hardness of the sample increases by three levels compared to the
pure sample.
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Furthermore, it is also indicated that the addition of Lap-GO improves the pencil
hardness of the coating, which, due to GO in Lap-GO dispersion, undergoes chemical
cross-linking with the isocyanate group in the polyurethane matrix, thereby enhancing the
scratch resistance of the composite coating. After UV reduction, GO transforms into a rigid
rGO, further enhancing its interaction with the polyurethane matrix and improving the
scratch resistance of the composite coating.

3.7. Analysis of Coating Transmittance

Macroscopic observation and ultraviolet transmittance were conducted on the Lap-
GO/polyurethane composite coating with uniform thickness, and the optical photos and
data are shown in Figure 12. The visual observation of the coating indicates that the coating
quality is high in all cases and there are no surface defects such as bubbles, yellowing,
or cracks. For 0.05Lap-GO and 0.1Lap-GO, the optical photos of composite coatings are
similar to those of pure polyurethane coatings. For 0.5Lap-GO and 1Lap-GO, the optical
photos of composite coatings showed significant color changes.

The spectrum (Ti(λ)), after testing with a UV-visible spectrophotometer, is integrated
to obtain the parameter (Ti), which can be used to determine the relative transmittance
(Tri ) of the composite coating to the transmittance (T0) of the coating without Lap-GO
powder [45].

Ti =
∫ 800

200
Ti(λ)dλ

Tri (%) = (Ti/T0)× 100

When conducting a transmittance test on the coating with the addition of Lap-GO
fillers, as expected, the transmittance of the composite coating is lower than that of the
pure polyurethane coating. The relative transmittance (Tri ) between Lap-GO/polyurethane
composite coatings with different contents and pure polyurethane coatings, determined
after UV reduction of the composite coating, transmittance testing, and conversion were
conducted again to obtain the changes in relative transmittance of the coating, are shown in
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Table 3. It was found that, for the 0.05Lap-GO composite coating subjected to 10 min of UV
irradiation, the transmittance of the composite coating compared to the pure polyurethane
coating was above 85%, indicating that the introduction of nanofillers does not significantly
reduce the transmittance, and that the addition of low-content Lap-GO and Lap-rGO has
no negative impact on the transmittance of the coating. Although the composite coating
exhibits a lower relative transmittance (<85%) when the content of nanofillers increases, its
relative transmittance is still higher than that of traditional LED and OLED displays (40%),
and can still be applied in the field of traditional optics [46].
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Table 3. Relative transmittance of Lap-GO/polyurethane composite coating and Lap-rGO/polyurethane
composite coating compared to pure polyurethane coating.

PURE 0.05Lap-GO 0.1Lap-GO 0.5Lap-GO 1Lap-GO

Ti 22,706.80 20,887.24 19,296.35 18,186.66 16,006.37
Tri (%) 100.00 91.99 84.98 80.09 70.49

Tri (%) for
UV10 min 98.73 89.15 80.23 71.27 62.98

3.8. Analysis of Coating WCA

The WCA test results of the Lap-GO/polyurethane composite coating and the coating
after UV reduction for different durations (0 min, 15 min, 30 min) are shown in Figure 13.
It was found that between the 0.05Lap-GO composite coating and the 1Lap-GO compos-
ite coating, the WCA of the composite coating decreased from 71.93◦ to 50.31◦ with the
increase in Lap-GO content, which was mainly attributed to the oxygen-containing func-
tional groups such as the hydroxyl and carboxyl groups in the added GO, as well as the
electrostatic differences between the surface and edge of Laponite. The presence of these
hydrophilic groups and Na+ improves the hydrophilicity of the composite coating. UV
reduction decreased the oxygen-containing functional groups on the GO surface, and the
composite coating gradually changed to hydrophobicity, gradually increasing its WCA.



Coatings 2024, 14, 12 12 of 15

Coatings 2024, 14, x FOR PEER REVIEW 12 of 15 
 

 

𝑇 (%) for UV10 min 98.73 89.15 80.23 71.27 62.98 

3.8. Analysis of Coating WCA 
The WCA test results of the Lap-GO/polyurethane composite coating and the coating 

after UV reduction for different durations (0 min, 15 min, 30 min) are shown in Figure 13. 
It was found that between the 0.05Lap-GO composite coating and the 1Lap-GO composite 
coating, the WCA of the composite coating decreased from 71.93° to 50.31° with the in-
crease in Lap-GO content, which was mainly attributed to the oxygen-containing func-
tional groups such as the hydroxyl and carboxyl groups in the added GO, as well as the 
electrostatic differences between the surface and edge of Laponite. The presence of these 
hydrophilic groups and Na+ improves the hydrophilicity of the composite coating. UV 
reduction decreased the oxygen-containing functional groups on the GO surface, and the 
composite coating gradually changed to hydrophobicity, gradually increasing its WCA. 

71.93 69.45
61.93

55.57
50.31

77.31 78.47
82.37 83.49 80.6182.23

90.19 93.71 95.33 96.25

PURE
0.05Lap-GO

0.1Lap-GO
0.5Lap-GO

1Lap-GO0

20

40

60

80

100

120

W
C

A
/°

Sample

   0  min
  15 min
  30 min

 
Figure 13. WCA test of different composite coatings. 

3.9. Analysis of Coating Water and Alcohol Resistance 
After conducting water resistance tests on the Lap-GO-modified polyurethane coat-

ing, there were no changes such as fading, swelling, cracking, or bubbling, indicating that 
the addition of Lap-GO had no adverse effect on the water resistance of the polyurethane 
coating. After the alcohol resistance test of the coating, it was found that all filter papers 
adhered to the surface of the coating. The addition of Lap-GO did not improve the alcohol 
resistance of polyurethane coatings. However, conducting alcohol resistance tests on Lap-
GO/polyurethane composite coatings after UV reduction for a different duration (5 min, 
10 min) found that, for high-content Lap-GO/polyurethane composite coatings, long-term 
UV reduction made the filter paper more prone to detachment; more specifically, after 5 
min UV reduction of the composite coating with a content above 0.05 wt‰ Lap-GO, when 
the alcohol resistance test was carried out, there was some damage on the coating surface, 
as shown in the circle in the figure, the coating has a certain cracking. However, the coat-
ing surface was intact after a corresponding 10 min UV reduction, and the test filter paper 
fell off easily. This indicates an improvement in the alcohol resistance of the coating after 
UV reduction, as shown in Figure 14. 

Figure 13. WCA test of different composite coatings.

3.9. Analysis of Coating Water and Alcohol Resistance

After conducting water resistance tests on the Lap-GO-modified polyurethane coating,
there were no changes such as fading, swelling, cracking, or bubbling, indicating that the
addition of Lap-GO had no adverse effect on the water resistance of the polyurethane
coating. After the alcohol resistance test of the coating, it was found that all filter papers
adhered to the surface of the coating. The addition of Lap-GO did not improve the alcohol
resistance of polyurethane coatings. However, conducting alcohol resistance tests on Lap-
GO/polyurethane composite coatings after UV reduction for a different duration (5 min,
10 min) found that, for high-content Lap-GO/polyurethane composite coatings, long-term
UV reduction made the filter paper more prone to detachment; more specifically, after
5 min UV reduction of the composite coating with a content above 0.05 wt‰ Lap-GO,
when the alcohol resistance test was carried out, there was some damage on the coating
surface, as shown in the circle in the figure, the coating has a certain cracking. However,
the coating surface was intact after a corresponding 10 min UV reduction, and the test filter
paper fell off easily. This indicates an improvement in the alcohol resistance of the coating
after UV reduction, as shown in Figure 14.
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Abstract: A polyurethane/Laponite/graphene transparent coating with high surface hardness, ob-
tained by dispersing the Laponite–graphene oxide (Lap-GO) in polyurethane for UV reduction, is 
reported. Lap-GO improves the hardness of the coating, where Laponite is intercalated between 
graphene layers through electrostatic action, preventing the re-accumulation or aggregation of gra-
phene and ensuring the transparency of the coating. The analysis of pencil hardness and light trans-
mittance shows that when the Lap-GO content is 0.05 wt‰ and the UV reduction is 10 min, the 
hardness of the coated pencil increases to 5H, and the light transmittance remains above 85%. Fur-
thermore, the polyurethane/Laponite/graphene transparent coating also has excellent cold liquid 
resistance and meets specific usage standards. The prepared polyurethane/Laponite/graphene 
transparent coatings are promising for broad application prospects in cover and protective coatings. 
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4. Conclusions

In summary, a Lap-GO dispersion was prepared by mixing near-monolayer GO
and two-dimensional nano-transparency Laponite, and used as a filler for polyurethane
coatings. Due to the electrostatic interaction between the interlayer cation of Laponite
and the oxygen-containing functional groups of GO, the Lap-GO forms a co-stacked
structure when Laponite is intercalated between GO layers, preventing the re-accumulation
or aggregation of graphene, making the Lap-GO dispersion stable for several months
without flocculation. Consequently, the synergistic effect of Laponite and GO can not only
significantly improve the hardness of the coating, but also keep the coating transparent. The
analysis of pencil hardness and light transmittance shows that when the Lap-GO content is
0.05 wt‰ and UV reduction 10 min, the hardness of the coated pencil increases to 5H, and
the light transmittance remains above 85%. Furthermore, the Laponite/GO/polyurethane
coating also has excellent cold liquid resistance and meets specific usage standards.
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