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Abstract 

Improving the durability of biological materials is essential for expanding their application areas. In this study, an 
organic ultraviolet (UV) shielding layer (coating) composed of a UV-curable paint, ethyl acetate, anhydrous alcohol, 
and an organic UV absorber is constructed on the surface of outdoor bamboo scrimber (OBS). The behaviour of OBS 
with or without this coating was investigated under accelerated weathering. The physical properties photostability of 
the samples before and during exposure were evaluated by characterizing the colour and glossiness. Contact angle 
(CA) measurements and surface free energy (SFE) calculations were performed to investigate the wettability of the 
coatings. Attenuated total reflectance Fourier transform infrared spectroscopy was used to characterize the changes 
in the functional groups of the coatings during weathering. The experimental results have shown that the colour, 
glossiness, CA, SFE, and functional groups photostability of the sample with the UV shielding coating increased signifi-
cantly compared to those of the control sample. The coating with 5% organic UV absorber was considered as the best 
UV shielding layer in this study, as it successfully protected the OBS and reduced the surface photodegradation of the 
substrate and the coating itself.
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Introduction
The favourable properties of bamboo scrimber products 
in terms of dimensional stability, natural colour, elegant 
texture, and ease of processing has led to its widespread 
application. Further, bamboo scrimber is considered to 
be a good biological material for outdoor application [1]. 
However, when it is exposed to outdoor conditions, such 
as solar radiation, moisture, oxygen, high temperature, 
and bacteria and fungi, its exterior tends to undergo dis-
colouration, decreasing the glossiness and increasing the 
roughness. Further, it loses its strength and adhesiveness 
and becomes sensitive to decay [2–6]. Among the above-
mentioned factors, solar radiation, especially ultraviolet 
(UV) radiation, is the major contributor of degradation. 

Therefore, the investigation of how to reduce the effect of 
UV radiation on bamboo scrimber and other biological 
materials is essential to improve the durability of bamboo 
products.

Under the combined action of water and oxygen, the 
high energy of UV radiation initiates various chemi-
cal reactions on the surfaces of exposed natural and 
synthetic organic substrates. The most effective tech-
nique for protection against UV radiation is to cover the 
exposed surfaces with coatings containing inorganic and 
organic UV radiation absorbers [7]. Extensive research 
has focused on the application of inorganic absorb-
ers, such as ZnO and  TiO2 nanoparticles, to UV radia-
tion shielding coatings [3, 8]. Due to the fact that they 
are inorganic and particulate, which endowed them with 
stable and nonmigratory [9]. Meanwhile, ZnO and  TiO2 
nanoparticles have both been used in coatings to bestow 
antimicrobial properties and improve the thermal stabil-
ity [10] and refractive indices of transparent polymers [3]. 
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However, these advantages require the particles to be of 
nanosize, which is difficult to achieve homogeneously 
disperse nanoparticles in a coating [11]. Surface modi-
fication is a common method to improve the dispersion 
of nanoparticles in the coating. This method also may 
result in detrimental for UV radiation shielding capabil-
ity of coatings [12]. Some studies have found that ZnO 
and  TiO2 nanoparticles are opaque to partial visible light, 
especially over wavelengths of 400–500  nm. Therefore, 
they may not be the most suitable materials to form clear 
UV radiation shielding coatings [9, 13]. Organic UV 
absorbers, such as benzotriazoles, triazines, malonates, 
and oxalanilides, also have the ability to absorb UV 
radiation [5, 14, 15]. Organic UV absorbers exhibit high 
UV-radiation absorption rates and good transmission in 
visible light [5]. Comparative studies on the photostabili-
ties of coatings to which benzotriazoles and micronized 
 TiO2 have been added have found that benzotriazoles are 
better than  TiO2 [16, 17].

The objective of this study was to determine the effect 
of the addition of organic UV absorbers on the surface 
photostabilities of coatings and bamboo scrimber. A UV 
shielding coating composed of 2-(2-hydroxy-3-tert-butyl-
5-methyl-phenyl)-5-chlorinated benzotriazole (BTZ-1), 
a UV-curable paint, ethyl acetate, and anhydrous alco-
hol was applied on outdoor bamboo scrimber (OBS). 
The durability of OBS with or without the coating was 
investigated by examining the photostability of surface 
properties during artificial weathering. Physical changes 
occurring in the coatings and substrate before and dur-
ing exposure were investigated in terms of the colour and 
glossiness. The wettability of the samples before and after 
accelerated weathering was evaluated through contact 
angle (CA) measurements and surface free energy (SFE) 
calculations. Changes in the functional groups of the 
coatings were determined using attenuated total reflec-
tance Fourier transform infrared spectroscopy (ATR 
FT-IR).

Materials and methods
Formulations of organic UV absorber coatings
A UV-curable paint, ethyl acetate, anhydrous alcohol, 
and BTZ-1 were used to prepare organic UV absorber 
coatings (Table 1). The UV-curable paint, which was used 
as a binder, was bought from Jiangsu Himonia Technol-
ogy Co., Ltd, China. BTZ-1 was also obtained commer-
cially (Taiyuan Saisili Fine Chemical Co., Ltd, China). 
The UV-curable paint, ethyl acetate, and anhydrous alco-
hol were initially mixed with a stirrer at 1000  rpm for 
30 min. Then, BTZ-1 was added into the clear coat resin. 
The coatings were prepared at high speed (2000  rpm) 
using a stirrer. The content of each component is shown 

in Table  1. The coating b, which consisted of 0% UV 
absorber (BTZ-1), was considered as the control.

Sample preparation
The substrate OBS was prepared according to the stand-
ard procedure [1]. Four-year-old moso bamboo (Phyl-
lostachys pubescens Mazel) culms were harvested at a 
plantation located in Anhui Province in eastern China. 
Each culm of 5–6  mm in thickness was split longitudi-
nally into two semi-circular parts, and the edges were 
trimmed into 450-mm-long pieces. Net-like oriented 
bamboo-fibre mats (OBFMs) were formed by fluffing 
and flattening the fibres along their longitudinal axis. 
The mats were then oven-dried to ensure a moisture con-
tent of 6–8% (w/w). The OBFMs were then heat treated 
at 200  °C for 2  h under vapor protection. The carbon-
ized OBFMs were soaked in a 20% (w/w) phenol for-
maldehyde (PF) resin (Beijing Taier Chemical Co., Ltd., 
Beijing, China) solution for approximately 5  min to 
achieve a resin content of 14% (w/w). After immersion in 
PF, the OBFMs were oven-dried at 55  °C until they had 
a moisture content of 11–12%. All of the weighed mats 
were assembled symmetrically along the grain, with the 
outer layer being outward and the inner surface being 
inward, such that they could be laid evenly and loosely to 
form slabs. The slabs were transferred to a single-open-
ing hydraulic hot press (QD, Shanghai Artificial Board 
Machinery Factory Co., Ltd., China) for hot pressing at 
a hot-plate temperature of 145  °C for a holding time of 
1 min mm−1. This resulted in a slab thickness of 20 mm. 
Finally, OBS with a target density of 1.1  g  cm−3 was 
obtained by cutting the edges of the samples.

Prior to application of the paint, the OBS was sanded 
in a heavy sanding machine (HSM) (TMZ-400, Chengdu 
Senlian Woodworking Machinery Co., Ltd., China) to 
achieve a uniform thickness. Then, three types of paints 
were sequentially applied on the surface of the OBS. 
First, a base coat (Jiangsu Himonia Technology Co., Ltd, 
China) was applied 2 times on the OBS surface by a roller 
coating machine, and solidification was conducted using 
UV radiation; the paint amount was 15–25  g  m−2 per 
time. Next, two layers of sanding primer (Jiangsu Himo-
nia Technology Co., Ltd, China) were applied on the OBS, 

Table 1 Coating formulations

Coatings 
formulation

BTZ-1 
concentration 
(%)

UV-curable 
painting (%)

Ethyl 
acetate 
(%)

Anhydrous 
alcohol (%)

b 0.0 97.5 1 1.5

c 2.5 95.0 1 1.5

d 5.0 92.5 1 1.5
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with the applied quantity being 15–30  g  m−2 per time, 
and the samples were then cured under UV radiation and 
sanded in an HSM. Finally, the above-prepared organic 
UV absorber coating as a finishing coat was applied 2 
times on the outermost layer of the OBS to form a UV 
protective coating. In addition, they were cured using a 
UV curing machine, and the average coating weight of 
the finishing coat of all samples was 36.87 g m−2, which 
was calculated according to the critical BTZ-1 loading 
amount for complete UV radiation protection [5]. Sam-
ples B–D, treated with finishing coats b–d, respectively, 
were prepared (Table 2); sample A without any paint was 
considered as the blank control, and sample B treated 
with coating b, which did not contain BTZ-1, was also 
regarded to be a control. Depending on the testing and 
analysis requirements, samples of different dimensions 
were cut and marked.

Accelerated weathering
The accelerated weathering tests were performed in a UV 
weathering test box (Hangzhou Nine Rings Fu Da Indus-
trial Co., Ltd, China) according to ASTM G154–12a [18]. 
The samples were cyclically exposed to UV-A radiation 
(λ = 313 nm) at a black panel temperature of 60 °C for 4 h 
and were subjected to condensation treatment without UV 
radiation at a black panel temperature of 50 °C for 4 h. The 
intensity of UV irradiation was 0.71 W m−2 at 313 nm.

Color measurement
Six measurements at precisely defined points on the sam-
ple surfaces were performed using a colorimeter (CM-
3600 d, Konica Minolta Investment Ltd, Japan). Chromatic 
coordinates, L*, a*, and b-*, of the CIELAB colour system 
were measured according to ASTM E1347 [19]. Colour 
differences ΔE were calculated according to Eq. (1):

where L0
*, a0

*, and b0
* and L1

*, a1
*, and b1

* are the chromatic 
coordinates of the samples before and after accelerated 
weathering, respectively.
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Gloss analysis
Surface specular glossiness of the samples was measured 
at an angle of incidence of 60° using a portable universal 
gloss meter (Bonsai Instrument Technology (Shanghai) 
Co., Ltd., China) according to ASTM D523 standard [20]. 
The results were based on a specular gloss value of 100, 
which corresponded to illumination and viewing con-
ditions identical to a highly polished, plain black glass 
surface. The difference in the glossiness values was repre-
sented as the percentage glossiness change ( �G% ), which 
was calculated using the following formula:

where the subscripts o and t denote the values before and 
after the exposure, respectively, of the specimen in ques-
tion, exposed to the weathering conditions for t h. Four 
replicate measurements were performed for each sample 
surface.

CA measurements
Parts of samples with dimensions of 25 × 25 × 18  mm 
were specially prepared for CA measurements. The CAs 
of the samples were determined by the sessile drop tech-
nique using a CA analyser (DSA 100, Kruss, Germany). 
Water, formamide, and diiodomethane were the test liq-
uids. Data collection began as soon as the test droplets 
were detected to have touched the material surface; this 
typically occurred within 0–3 frames (1 frame ≈ 19.2 ms). 
All CA data were collected within 8  s from the starting 
point of measurement.

Calculation of SFE
The SFE components of the test liquids according to 
Fombuena et  al. [21] and Li et  al. [22] are presented in 
Table 3. The SFEs of the samples were calculated accord-
ing to the Lifshitz–van der Waals acid–base approach 
[23]. As Bryne and Wålinder [24] suggested, the SFEs 
of the samples could be calculated from the initial CAs 
of water (polar), formamide (polar), and diiodomethane 
(nonpolar) according to Eqs. (3), (4), and (5):

where γS is the surface free energy of samples (mJ m−2), 
γ LW
S

 is the apolar (Lifshitz–van der Waals) component of 
surface free energy of samples (mJ m−2), γAB

S
 is the polar 
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Table 2 Samples formulation

OBS outdoor bamboo scrimber, the formulation of finishing coat b–d were 
shown

Samples Substrate Treatment of base coat 
and sanding primer paint 
or not

Finishing 
coat

A OBS – –

B OBS Yes b

C OBS Yes c

D OBS Yes d
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(Lewis acid–base) component of surface free energy of 
samples (mJ  m−2), γ+

S
 is the electron-accepting compo-

nent of acid–base components of samples (mJ m−2), γ−

S
 

is the electron-donating component of acid–base compo-
nents of samples (mJ m−2), θ is the liquid CA on samples 
(°), γ LW

L
 is the apolar component of liquid surface free 

energy (mJ m−2), γ+

S
 is the electron-accepting component 

of liquid acid–base components (mJ m−2), and γ−

S
 is the 

electron-donating component of liquid acid–base com-
ponents (mJ m−2).

FT-IR analysis
ATR FT-IR spectra of the coatings of sample B and D 
were recorded using a Nicolet iS10 spectrophotom-
eter (Thermo Scientific, USA) equipped with a diamond 
crystal attenuated total reflection accessory (Smart 
iTX, Thermo Scientific, USA). The resolution was set 
at 4 cm−1, and 64 scans were recorded for each analysis 
with a scanning range of 400–4000 cm−1.

Results and discussions
Colour changes
The colour changes are related to chemical changes such 
as the degradation of OBS lignin and coatings, which 
degrades the aesthetics of the material surface [1]. The 
colour changes in response to the UV irradiation of the 
surfaces of the samples with the different treatments are 
shown in Fig. 1. The average values of original L*, a* and 
b* of samples at the range of 43.28–47.64, 11.57–14.00 
and 20.52–26.46, respectively.

The changes in the chromatic coordinate L* after 96 h 
and 312 h of exposure are shown in Fig. 1a. The ΔL* value 
of all samples decreased after 96 h of exposure. With the 
exposure continued to 312 h, a further decrease in ΔL* of 
sample A–C was observed, but the ΔL* value of sample D 
exhibited a slight increase. Further, the ΔL* values of sam-
ples A and B after 312 h exposure were obviously larger 
than that of samples C and D, indicating that the addition 
of BTZ-1 was effective in enhancing the stability of the L* 
value upon UV irradiation.

The changes in the a* parameter of samples are illus-
trated in Fig. 1b. After 96 h of exposure, the smallest Δa* 
was observed for sample D, sample A presented the larg-
est Δa*, and all the samples showed changes in a* towards 
red. After 312  h of exposure, the Δa* values of samples 
A and B increased continuously, a greening tendency was 
observed for samples C and D.

The changes in b* of samples with and without paints 
(Fig. 1c) show an opposite result after accelerated weath-
ering. Sample A without coating has presented a pro-
nounced yellowing tendency after 96  h and 312  h of 
exposure. However, a bluing effect was observed for sam-
ples B, C, and D after weathering. A similar result was 
observed by Cristea et al. [3].

The ΔE* value represents the overall difference in the 
colour modulus or the colour stability. The ΔΕ* values of 
the samples are compared in Fig. 1d. After 312 h of arti-
ficial accelerated weathering, the largest value of ΔE* was 
obtained for sample A (5.87), which exhibited the high-
est susceptibility to UV radiation. Meanwhile, sample D 
presented the smallest value of ΔE* (1.88), followed by 
sample C (2.70). This illustrates that the application of the 
organic UV absorber coating was effective in improving 
the colour stability of bamboo scrimber upon exposure 
to UV radiation. The colour stability of sample D was 3.12 
times that of sample A and 1.91 times that of sample B.

Glossiness changes
Figure 2 shows the ΔG% of samples at 60° angle of inci-
dence after weathering. ΔG% is defined as the percentage 
of the glossiness change of the sample during weathering 
relative to its initial glossiness value. As show in Fig.  2, 
ΔG% decreases for all specimens. The glossiness changes 
are correlated with the degradation level of the surface 
coating during accelerated weathering. The UV radia-
tion, moisture, oxygen, and other environment factors 
can cause the surface degradation of coatings and bam-
boo. The condensation of water induced the washing out 
of the degradation products on the material surface and 
consequently the underlying fresh surface was further 
exposed [3]. This process is bound to affect the surface 
smoothness, further affect light reflection, and reduce 
glossiness. The application of coating could improve the 

Table 3 Information about three reference liquids

Reference liquids Molecular formula Molecular mass Supplier

Deionized water H2O 18.01 Treated by SMART Series SNW Ultra-pure Water 
System

(Heal Force Bio-Meditech Holdings Limited, Heal 
Force, Shanghai, China)

Formamide HCONH2 45.04 Chengdu Kelong Chemical Reagent Co., Ltd., China

Diiodomethane CH2I2 267.84 Aladdin Industrial Corporation, China
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surface gloss of material. The glossiness of OBS increased 
to 10–22 from only 0.6–0.8 after painting. The ΔG% 
value of sample A after 312 h of exposure was 24.6, while 
higher values were obtained for sample B (31.4). The 
smallest value of ΔG% was observed for sample D (16.6), 
which was only 52.9% of the ΔG% value of sample B. 
Thus, the results indicate that the organic UV absorber 
coating can increase the gloss stability of OBS.

Wettability
The wettability of samples before and after 312 h accel-
erated weathering was investigated by performing CA 
measurements and SFE calculations. Figure  3 shows 
the plot of CA evolution with the duration for which 
water was present on the surface of samples. The initial 
CAs of samples were obtained at the moment when the 
machine could detect the CA after the testing droplets 
touched the surface. The water CAs for samples with 
coatings and those without weathering exhibited small 

Fig. 1 Changes in L*(a), a* (b), b* (c), and ∆E* (d) of samples during aging

Fig. 2 �G% of samples during aging
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differences in the initial CAs and they were approxi-
mately 89.85°–90.93°, and these values were obviously 
greater than those of the unaged sample A (73.46°), 
which shows that painting is effective in improving 
the hydrophobicity of the material surface. The initial 
water CA of sample A shows a noticeable increase after 
accelerated weathering, of approximately 13.86%. How-
ever, the initial water CAs of sample B, C, and D exhib-
ited a downward trend after accelerated weathering. 
The opposite trends of samples A and B–D are prob-
ably due to the different surface materials. The surface 
material of sample A is bamboo that consists of cellu-
lose, hemicellulose, and lignin, the photooxidation of 
the –OH (hydrophile group) on the surface of sample A 
may increase the surface hydrophobicity. On the other 
hand, the surface material of samples B–D is the coat-
ing main component, namely, the resin, so the photo-
degradation of the hydrophobic surface of samples B–D 
may be the major reason which results in a decrease in 
the water CA. The water CA of aged sample A shows 
a sharp deterioration after the water droplet stayed for 
8  s on the sample surface, the rate of descent of aged 
sample A was greater than unaged sample A; a simi-
lar result was observed by Rao et  al. [1]. This may be 
due to the photodegradation of lignin [25] which leads 
to capillary increase of material surface; the capillary 
action causes the water droplet to be absorbed quickly. 
Further, one can also be observed that sample D shows 
the smallest change in the initial water CA, followed 
by sample C, which could be clearly observed in Fig. 4. 
This reveals that the coating of organic UV absorber is 
effective in enhancing the water CA stabilities of OBS 
upon sunlight exposure. Further, it also illustrates that 
the application of the organic UV absorber reduces the 
weathering rate of the material surface.

The formamide CAs of samples before and after accel-
erated weathering are shown in Fig.  5. Both formamide 
and water are polar liquids. Similar results were obtained 
for formamide and water CAs; the initial formamide 
CAs of sample A rose markedly, while the rate of their 
decrease after weathering with time was larger than 
that of sample A without weathering. The initial forma-
mide CAs of sample B, C, and D decreased after photo-
degradation. As shown in Fig.  4, the smallest change in 
the initial formamide CA after accelerated weathering 
is obtained for sample D: the value was only 47.74% of 
sample B’s value. This confirms that the application of 
the organic UV absorber is effective in enhancing the CA 
stabilities of OBS upon exposure to UV light. The initial 
formamide CA change of sample C was less than that of 
samples A and B, but was bigger than that of sample D. 
This illustrates the good OBS protection effect as a result 
of appropriate application of an organic UV absorber.

Figure  6 illustrates the variation of diiodomethane 
CAs of samples before and after accelerated weathering 
with time. The diiodomethane CA of sample A without 
exposure to UV radiation was 67.42, which is much big-
ger than that of samples B–D (55.39–57.55). This may be 
attributed to the application of organic paintings, which 
result in the increase in the samples’ surface lipophilic-
ity. Sample D shows the smallest change in the initial dii-
odomethane CA after weathering, followed by sample 
C. The results were similar to the water and formamide 
CAs. This reconfirms again that the application of the 
organic UV absorber in the UV-curable paint effectively 
protects OBS from photodegradation.

The SFE is a reflection of the surface molecular intera-
tomic forces and is closely related to the solid surface 
wettability [22]. The SFE ( γS ) and its components ( γ LW

S
 , 

γAB
S

 , γ+

S
 , and γ−

S
 ) of samples calculated on the basis of the 

Fig. 3 Water CAs of samples before and after artificial aging Fig. 4 Initial CA changes of samples before and after aging
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initial CAs are presented in Table 4. The changes in the 
samples’ SFE after weathering are exhibited in Fig.  7. It 
can be clearly observed that the SFE of OBS significantly 
increased after coating. The SFE of sample A decreased 

after UV radiation exposure by 1.51  mJ  m−2. This sug-
gests that the weathering is disadvantage for OBS coat-
ing and painting. Meanwhile, the SFE of samples B–D 
showed a downward trend after 312  h weathering. The 
biggest change in SFE (3.78  mJ  m−2) during weathering 
was observed in sample B, followed by sample C. Sample 
D showed the smallest change in SFE (1.42 mJ m−2) after 
312 h of accelerated weathering. These results are similar 
to the results for colour, glossiness, and CAs. A conclu-
sion can be deduced that coat d with BTZ-1 effectively 
promoted the SFE stability of the surface coatings.

Interpretation ATR FT-IR spectra
To further investigate the chemical change in the coat-
ing after weathering, the changes in the chemical func-
tional groups of samples B and D were investigated by 
ATR FT-IR (Fig. 8). The test method (ATR FT-IR) does 
not damage material surface, so the results were not 
affected by the ground coating. In Fig.  8, the absorp-
tion peak intensities of sample D at 1731  cm−1 and 
1242–1248 cm−1 (corresponding to the carbonyl group 
(C=O) stretching vibration and C–O stretching vibra-
tion in acetic  acid  ester) were obviously lower than 
those of sample B. This result suggests that the add-
ing of BTZ-1 in the coating may induce the decompo-
sition of ester group. A similar result was observed at 
1053–1062  cm−1, which is attributed to C–O stretch-
ing vibration in primary alcohol. The absorption peak 
at 1731  cm−1 showed an increase in intensity after 
weathering. This implies that the coatings underwent 
a photo-oxidation reaction during UV radiation expo-
sure. It also can be observed that the extent of increase 
in the absorption peak intensity at 1731 cm−1 of sample 
B was significantly higher than that of sample D. This 
result reveals the coating d protected itself from photo-
oxidation upon UV light exposure. The great change 
in chromophoric group (for example: C=O) of sample 
B maybe result in great chromatism. The absorption 

Fig. 5 Formamide CAs of samples before and after aging

Fig. 6 Diiodomethane CAs of samples before and after aging

Table 4 Surface energies and  the  Lifshitz–van der Waals ( γ LW

L
 ), Lewis acid–base ( γ AB

S
 ), electron acceptor ( γ+

L
 ), 

and electron donor ( γ−

L
 ) components of samples

Samples γS (mJ m2) γ
LW

S
 (mJ m2) γ

AB

S
 (mJ m2) γ

+

S
 (mJ m2) γ

−

S
 (mJ m2)

Unaged A 18.12 24.33 − 6.21 0.34 27.95

Unaged B 29.31 31.22 − 1.91 0.15 6.00

Unaged C 27.89 29.99 − 2.10 0.17 6.36

Unaged D 29.25 30.23 − 0.99 0.05 4.97

Aged A 16.61 22.65 − 6.04 0.53 17.33

Aged B 33.09 33.71 − 0.63 0.007 13.51

Aged C 30.45 32.16 − 1.70 0.07 10.15

Aged D 30.67 31.05 − 0.38 0.004 8.52
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peak at 1609–1619 cm−1 of sample B, attributed to the 
benzene ring structure, showed a slight decrease; how-
ever, the change in this peak of sample D was difficult 
to detect. The stability at 1609–1619  cm−1 of sample 
D is characteristic of good performance and the anti-
photodegradation capability of the coating d. The peak 
at 1116–1127  cm−1 of sample D almost disappeared 
after violent radiation. It maybe due to the unstable of 
C–O vibration in alkyl ether with side chain under the 
influence of temperature result of the transformation 
of UV light to heat by UV absorber. Overall, the ATR-
FTIR spectra demonstrate the effectiveness of the UV 
absorber (BTZ-1) in reducing the photodegradation of 
coatings.

Conclusions
The photodegradation of biological materials is a great 
challenge to overcome for outdoor application of bio-
mass products. In this study, an organic UV absorber 
coating that consist of a UV-curing paint, ethyl acetate, 
anhydrous alcohol, and BTZ-1 was prepared, and the 
behaviour of this coating applied on OBS (sample D) 
when exposed to UV radiation was investigated. The 
colour characterization has demonstrated the efficiency 
of the organic UV absorber coating in promoting the 
stability of L* and ∆E*. The results of glossiness showed 
that the organic UV absorber coating exhibited a high 
gloss retention during weathering treatment. A positive 
correlation between CAs and SFE stabilities of samples 
and the application amount of the organic UV absorber 
(BTZ-1) was noticed. The chemical structure of the coat-
ing after the addition of the organic UV absorber became 
more stable during exposure. The slight colour change, 
high gloss retention, slight CAs/SFE changes, and high 
functional group stability illustrate that the rate of degra-
dation is much lower for sample D with the applied coat 
d than that for the control sample (A and B). In conclu-
sion, the addition of the organic UV absorber improved 
the exterior durability of OBS. The coating d is consid-
ered to be the best UV shielding layer in this study and is 
effective in protecting OBS and reducing the surface pho-
todegradation of the substrate and the coating.
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