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Abstract  A series of UV-curable fluorinated polyurethane-acrylate(PUA) has been developed by incorporating    
octafluoropentyl alcohol into the segment of UV-curable polyurethane-acrylate to improve the thermal property and  
surface property of the copolymer material. The structures of the synthesized polymers were characterized by Fourier 
transform infrared(FTIR) spectrometry. In order to find out the effect of incorporated fluorine on the UV-cured films, the 
properties of the UV-cured films were tested through contact angle, water absorption, and thermogravimetric analysis 
(TGA). The fractured-surface morphologies of the UV-cured coatings were investigated by scanning electron       
microscopy(SEM). With increasing the content of fluorine segments, the contact angle of the UV-cured films increased 
and the water absorption decreased, suggesting the fluorine segments migrated and formed a fluorine-covered surface to 
avoid water penetration. The observation of the fractured-surface morphology through SEM test showed that the fluori-
nated UV-cured films gained rough fractured-surface compared with the pure UV-cured polyacrylate film, demonstrating 
the migrating of the fluorine segments. The TGA curves show that the fluorinated UV-cured films gained higher thermal  
degradation temperature than the virgin UV-cured polyacrylate film. And as increasing the fluorine content, the thermal 
degradation temperature increased. These phenomena could be reasonably explained by the enrichment of fluorine-  
contained segment on the surface of the film and the high thermal property due to fluorine atom. 
Keywords  Fluorinated polyurethane; Functional acrylate oligomer; UV-cured film; Hydrophobic surface 

 
1  Introduction 

UV-curing has become a widely used technology in poly-
mer science for its advantages[1—4], such as reduced solvent 
emission, rapid curing speed, and the ability to coat 
heat-sensitive devices under moderate curing conditions[5—7]. 
Polyurethane has been widely used for its good toughness, 
flexibility, and elongation[8—12], however, it couldn’t cure under 
UV light in its original state. Various properties and enhanced 
performance could be obtained for polyurethane-acrylate(PUA). 
UV-active PUA oligomer cured by UV-light could form   
interpenetrating networks, which may combine the beneficial 
properties of polyurethane(PU) and polyacrylate(PA) compo-
nents. Through choosing proper raw materials, a certain 
UV-curable PUA structure could be formed easily. UV-curable 
PUA materials can be satisfactorily applied in coatings, biolo- 
gic materials, electronic materials, textiles, leather and printing 
inks[13]. However, simple PUA films have been found not to be 
good enough to resist water on account of the hydrophilic  
surface of the films[14].  

Fluorinated polymers have been diffusely applied in hy-
drophobic coating and used as medical devices because of their 

excellent properties of environmental stability, water and oil 
repellency, thermal stability and chemical resistance and low 
interfacial free energy[15—18]. Consequently, fluorine-contained 
polymers have been widely applied in many upscale technolo-
gies, including automotive and aerospace industries, and used 
as optical and microelectronic instruments[19—22]. Recently, 
researchers have done extensive work on fluorinated polyacry-
late and fluorinated polyurethane for their advanced all-around 
properties. Lu et al.[23] did researches on a series of core-shell 
acrylic copolymer latexes containing fluorine enriched in the 
shell through emulsion polymerization. The surface segregation 
of poly(n-alkyl methacrylate) end-capped with varying   
numbers of units of 2-perfluorooctylethyl methacrylate was 
investigated by Wang’s group[24]. And they also conducted an 
investigation in a kind of fluorinated copolymers of 
poly(methyl methacrylate)-b-poly(butyl methacrylate) or 
poly(n-cotadecyl methacrylate) end-capped with 
2-perfluorooctylethyl methacrylate[19]. Tan et al.[25] synthesized 
a series of fluorinated polyurethanes with fluorinated side chain 
attached on hard segment. Honeychuck et al.[26] used a series of 
ethylene-fluoroakyl-ethylene diols and hexamethylene diiso-
cyanate(HDI) to prepare fluorinated polyurethanes. Mostly, 
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researches were focused on introducing fluorinated acrylate 
into polyacrylate or incorporating fluorocarbon chains into 
polyurethane to obtain fluorinated polyacrylate and fluorinated 
polyurethane, respectively. However, in order to investigate the 
advanced UV-curable PUA materials, there is an ever increa- 
sing demand for fluorine  modified PUA with improved pro- 
perties. 

In this work, a novel fluorinated polyurethane(FPU) reac-
tive oligomer was prepared based on tolylene diisocyanate 
(TDI), polyether glycol(Mw=2000), polyether polyol(N220), 
and octafluoropentyl alcohol. Octafluoropentyl alcohol was 
incorporated into the segment of polyurethane to improve the 
thermal property and surface property. Double bonds were 
introduced into reactive polyacrylate oligomer to obtain   
photopolymerization functionality. The newly synthesized FPU 
was introduced at different ratios into polyacrylate coating 
mixture. A series of novel fluorinated PUA(FPUAs) used for 
UV-curing systems was synthesized and characterized with 
Fourier transform infrared(FTIR) spectrometry. Furthermore, 
the surface hydrophobic and thermal properties of the 
UV-cured coatings made from the obtained polymers were 
investigated by gel content test, flexibility test, pencil hardness 
test, contact angle(CA) analysis, and thermogravimetric  
analysis(TGA). The fractured-surface morphologies of the 
UV-cured coatings were investigated by scanning electron  
microscopy(SEM). 

2  Experimental  

2.1  Materials 

Dibutyltin dilaurate(DBTDL) was purchased from   
Nantong Hongding International Chemical Industry Co., Ltd., 
China. Linear polyether polyol(N220, Mw=2000) was provided 
by Guangzhou Longhui Chemical Industry Co., Ltd., China and 
vacuum dried at 120 °C for 4 h before use. Octafluoropentyl 
alcohol was obtained from Beijing JHYB Pharmaceutical 
Technology Co., Ltd., China. 2,2-Azobisisobutyronitrile  
(AIBN) and 2,6-di-tert-butyl-4-methylphenol(BHT) were pur-
chased from Tianjin Kermel Chemical Industry Co., Ltd., Chi-
na. Glycidyl methacrylate(GMA) and isobutyl methacry-
late(IBMA) were purchased from Xinghuo Chemical Co. of 
China. Tetrabutylammonium bromide(TBAB) was supplied by 
Aldrich Chemical Co. and 2-hydroxy-2-methylpropiophenone 
(Irgacure 1173) was obtained from Ciba Chemicals. Metha-
crylic acid (MA) and 2-hydroxyethyl methacrylate(HEMA) 
were purchased from Shanghai Hechuang Chemical Co., Ltd., 
China. 2,4-Tolylene diisocyanate(TDI) was manufactured by 
Cangzhou Dahua Group Co., Ltd., China. Microscope slides 
were provided by Shanghai Jingke Industrial Ltd., China. 

2.2  Syntheses of Polyacrylate and FPUA 

Polyacrylate was prepared from GMA, HEMA and IBMA 
at a mass ratio of 1:1:8 in the presence of 4%(mass fraciton) 
AIBN as initiator and butanone as solvent at a temperature of 
80 °C. The reaction was carried out in a three-neck reaction 
kettle equipped with a magnetic stirrer, nitrogen inlet, water 

condenser and thermometer. The reaction was carried out for  
8 h to obtain desired product. Subsequently, butanone was  
removed by reduced pressure distillation. The retained desired 
product was labeled as GHI and was transfered into another 
three-neck kettle. Afterwards, a certain amount of MA was 
added in the kettle in the presence of TBAB. Toluene was  
added to it as solvent. The reaction was carried out at 102 °C to 
reach 99.5% of the conversion determined by standard acid 
value. After remained toluene and unreacted MA were    
discarded by reduced pressure distillation, the product was 
obtained and labeled as PA. The general procedure is shown in 
Scheme 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

Scheme 1  Synthesis route of UV-cured PA 

Polyether polyol(N220) and TDI at a mass ratio of 100:14 
were placed into a three-necked reaction kettle equipped with a  
mechanical stirring rod, a thermometer, and a nitrogen inlet. 
The mixture was heated to 80 °C under nitrogen for 4 h. Sub-
sequently, a certain amount of octafluoropentyl was dropped 
into the reactor and stirred for another 3 h. FPU product was 
not obtained until the —NCO content reached the theoretical 
value determined by dibutylamine titration(Scheme 2). Then a 
certain quantity of PA dissolved in dimethylbenzene with a 
mass ratio of 1:2 was added dropwisely to it at 80 °C for 30 
min upon stirring. DBTDL(0.2%, mass fraciton) was added to 
it as catalyst. The reaction was then carried at 80 °C. Product 
was obtained and labeled as FPUA when —NCO peak at 2270 
cm–1 disappeared totally in the FTIR spectra of the samples 
taken from the reaction medium every 0.5 h. The synthesis 
route of the whole reaction process is depicted in Scheme 3.  



No.2  WANG Honglei et al. 313 

 

 
 
 
 
 
 
 
 
 
 

Scheme 2  Synthetic route of FPU 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      

Scheme 3  Synthetic route of FPUA 

The ratios of FPU and PA can be seen in Table 1. 
Table 1  Ratios of FPU to PA and variations of FPUAs 

Sample m(FPU)/g m(PA)/g w(Fluorine)(%)
FPUA1 11.88 88.12 1 
FPUA2 23.76 76.24 2 
FPUA3 35.64 64.36 3 
FPUA4 47.52 52.48 4 
FPUA5 59.41 40.59 5 
FPUA6 71.29 28.71 6 

2.3  Preparation of FPUA UV-curable Films  

The photoinitiator Irgacure 1173 and the reactive oligomer 
FPUA were mixed together. Photoinitiator at 5%[m(Irgacure 
1173):m(triethanolamine)=2:3] was added to the mixture upon 
stirring for 10 min. Triethanolamine was used to avoid the 
oxygen  inhibition during the UV-curing process. The coating 
mixtures were cast onto microscope slides at room temperature 
by a wire-gauged applicator. And they were put in an oven at 
80 °C for 1 h and then an vacuum oven at 70 °C for 0.5 h to 
remove the dimethylbenzene solvent to obtain a homogeneous   
thickened coating layer. The applied coatings were situated in a 

place 20 cm below a UV processor with a high-pressure  
mercury lamp(500 W, λmax=365 nm) and were irradiated for  
30 s in air atmosphere. The thickness of the final coated film is 
about 100 μm. 

2.4  Characterization 

The FTIR spectra were recorded with a TENSOR27 spec-
trometer(Bruker, Germany) over a range of 400—4000 cm–1.  

The gel content method was performed on the cured films 
by measuring the mass loss after a 48-h extraction at 80 °C, 
according to the standard test method ASTM D2665-84[27]. It 
was calculated as: 

Gel content(%)=mt/m0×100%             (1) 
where m0 is the initial mass of the film, and mt is the final mass 
after extraction. 

Flexibility of the UV-cured films was measured according 
to standard test method(ASTM D522) for elongation of   
attached coatings with conical mandrel apparatus(QTY-32, 
Shanghai Junda Co., China)[28]. Pencil hardness test was con-
ducted on UV-cured films according to the Stander test method 
ASTM D2263[29]. 
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The contact angle measurement was done via an optical 
contact angle meter(Shanghai Zhongchen, China) at room 
temperature(25 °C) for water and ethylene glycol as pendant 
drops. Each sample was tested more than 5 times at different 
locations and averaged readings were recorded to obtain a  
reliable value. The surface free energy was calculated by means 
of geometric-mean equation which was described by Owens 
and Wendt[30]. According to Owens and Wendt, the surface 
energy of a given solid can be determined with the help of an 
equation applied to two liquids[30]. 

(1+cosθ)γl=2(γ sd  γ ld  )1/2+2(γ sn    dγ ln  d)1/2                 (2)  
where γs and γl are the surface free energies of the solid and 
pure liquid, respectively. The superscripts ‘d’ and ‘nd’ represent 
the dispersive and non-dispersive contributions to the total 
surface energy, respectively, with water(γl=72.8 mJ/m2, γ ld  =21.8 
mJ/m2, γ ln  d=51 mJ/m2), and ethylene glycol(γl=48 mJ/m2, γ ld  =29 
mJ/m2, γ ln  d=19 mJ/m2). According to Pinnau and Freeman[31], 
the contact angle, θ, in Eq.(2) was obtained from the following 
equation: 

θ=cos–1[(cosθa+cosθr)/2]              (3) 
where θa and θr are the advancing and receding contact angles, 
respectively. Water absorption(P) measurement of UV-cured 
samples was carried out in distilled water at 25 °C according to 
ASTM D570. The fresh films were removed from the micro-
scope slides carefully and were dried for 24 h in a vacuum oven 
at 60 °C. Weighed samples were kept in water for at least 48 h 
until equilibrium was attained. At set time intervals, the sam-
ples were removed, blotted with absorbent paper and accurately 
weighed. The water absorption value of UV-cured samples was 
calculated from the ratio of the mass of absorbed water to that 
of the dry polymer[32], 

P(%)=[(ms–md)/md]×100%             (4) 
where ms is the mass of the swollen sample and md is the mass 
of the sample dried under vacuum. 

The refraction index of the coating was determined via an 
Abbe refractometer(WAY-2W, Shanghai Electronics Physical 
Optics Instrument Co., Ltd., China) at 25 °C. 

Cross-section morphologies of the fracture cured coating 
films were studied by environmental scanning electron micro-
scopy(SEM, Hitachi S-4800 FESEM). For SEM inspection, 
samples were fixed to aluminum stubs with conductive tape 
prior to coating a layer of gold with ca. 20 nm in an Ernest 
Fullam sputter coater. 

The thermal stability of cured polymeric materials was 
determined on a thermogravimetric analyzer(TGA, TG209F3, 
NETZSCH, Germany). The thermogravimetric analysis of  
selected coatings was carried out at a heating rate of 20 °C/min 
under nitrogen atmosphere(flow rate is 30 mL/min) in a tem-
perature range of 40—600 °C.  

3  Results and Discussion 

3.1  Synthesis and Characterization of FPUA 

Six UV-curable fluorinated samples FPUA1, FPUA2, 
FPUA3, FPUA4, FPUA5 and FPUA6 were firstly synthesized 
in this work. The general synthetic process of the copolymer in 
the coating mixtures is mentioned in Scheme 3. FTIR spectra 

were recorded to characterize the structures of the products. 
The FTIR spectra of PA, PU and FPU samples are shown in 
Fig.1. The six UV-cured coating mixtures of FPUA are similar 
to each other and FPUA3 is shown in Fig.1. In the spectra, 
curve a of PA sample shows characteristic bonds of hydroxyl 
groups at 3525 cm–1. The peak at 1640 cm–1 is attributed to 
C=C stretching vibration, indicating that the carboxyl of  
methacrylic acid reacted with epoxide group and C=C group 
was incorporated into the polyacrylate oligomer. FTIR analyses 
of PU and FPU are shown in curve b and curve c. In compari-
son of curve b with curve c, the weaker absorption bands at 
2270 cm–1(—NCO) and the stronger absorption bands at 3300 
cm–1(stretching vibration of the urethane ―NH bond) could be 
ascribed to the reaction between PU and octafluoropentyl  
alcohol. Curve d exhibites the stretching vibrations of —CF2 
and —CF3 groups at about 1367 and 1232 cm–1 and also double 
bond groups at 1640 cm–1. In the spectra, characteristic peaks 
of C=O(1700—1730 cm–1) and C—H aliphatic stretching 
bands(2945, 2858 cm–1) are also observed.  

 
 
 
 
 
 
 
 
 
 
 

Fig.1  FTIR spectra of PA(a), PU(b), FPU(c) and 
FPUA3(d) 

3.2  Gel Content, Flexibility and Hardness Cha-
racterization of the UV-cured Coatings 

For the purpose of assessing the amount of insoluble part 
in cured films and the mechanical properties of the cured  
coatings, the gel content, flexibility, and pencil hardness of 
them were determined. In Table 2, the measured values are 
summarized. The gel content values of all the films are high 
enough to indicate the nearly complete cross-linked network of 
pure PA and composite FPUAs. In terms of flexibility, all the 
composite FPUA samples passed the tests of 8, 6 and 5 mm 
diameter, while the pure PA sample failed all the tests of 8, 6  

Table 2  Gel content, flexibility and hardness of the 
UV-cured coatings 

Sample Gel 
content(%)

Flexibility Pencil 
hardness8 mm 6 mm 5 mm 

Pure PA 96 Fail Fail Fail 3H 
FPUA1 98 Pass Pass Pass 2H 
FPUA2 97 Pass Pass Pass 2H 
FPUA3 98 Pass Pass Pass H 
FPUA4 97 Pass Pass Pass H 
FPUA5 97 Pass Pass Pass HB 
FPUA6 97 Pass Pass Pass HB 



No.2  WANG Honglei et al. 315 

 

and 5 mm diameter. The hardness value of the samples changes 
from 3H to HB with increasing the amount of fluo-
rine-contained PU. The flexibility and hardness tests suggested 
that the introduction of organic-fluorine segment enhanced the 
flexibility of the UV-cured coatings which would make it suita-
ble for soft substrate such as the leather and textiles. 

3.3  Water Absorption 

The water absorption behavior of the UV-cured coatings is 
shown in Fig.2. The degree of water absorption decreased with 
the increase of fluorine percent. There was a sharp decline of 
the FPUA1 water absorption compared with virgin PA when 
fluorine content increased from 0 to 1%. However, when  
fluorine content exceeded 3%, the water absorption of the films 
changed slightly. The lower degree of water absorption of 
FPUA films, as compared to that of PA, shows that fluorine- 
contained polymer improved the water resistance of the 
UV-cured films due to the excellent hydrophobicity of fluorine. 

 
 
 
 
 
 
 
 
 
          

Fig.2  Water uptake percentage of UV-cured FPUAs 
versus time compared with that of PA 
a. PA; b. FPUA1; c. FPUA2; d. FPUA3; e. FPUA4;       
f. FPUA5; g. FPUA6. 

3.4  Surface and Optics Characterization of the 
Cured Coatings 

In order to determine the effect of organic fluorine on the 
surface properties of the UV-cured FPUA films, contact angle 
was tested[33—35]. The surface free energies of the UV-cured 
samples, as characterized by static water contact angle, are 
summarized in Table 3. It can be seen that contact angles of 
both water and ethylene for pure PA film are much lower than 
those of any FPUA cured film. With the increasing of fluorine 
content, the contact angle on FPUA cured film surfaces showed 
a gradually increasing trend. It was found that based on the  
increase of fluorine concentration, FPUA tended to be more 
hydrophobic compared with the virgin PA. This was an    
expected behavior, assuming that fluorine groups could easily 
move towards the air-polymer interface thus making the surface 
more hydrophobic[36]. Thereby, the presence of fluorine could 
lead to a great decrease in the surface free energy, and among 
these composite films, FPUA6 presented a low surface free 
energy value down to 16.58 mN/m. Surfaces from the coating 
mixture of PA/ FPU at a ratio of 1:0.01 still show hydrophobi- 
city although the fluorine content is low. The results shown in  

Table 3 indicate that fluorine-contained PU contributes to the 
surface hydrophobicity. 

Table 3  Contact angles and surface free energies of 
UV-cured coatings 

Sample γs
*/(mN·m–1) 

Contact angle, θ/(°) 
Deionized water Ethylene glycol 

PA 26.15 85.5 62.5 
FPUA1 19.15 94.5 75.5 
FPUA2 19.31 96 76 
FPUA3 19.42 101 79 
FPUA4 19.10 102 80 
FPUA5 17.07 103.5 83 
FPUA6 16.58 105 84.5 

* γs: Surface free energy of solid. 

The refraction index of the coatings was measured via an 
Abbe refractometer at 25 °C. The obtained refraction indexes 
for samples PA, FPUA1, FPUA2, FPUA3, FPUA4, FPUA5 and 
FPUA6 are shown in Fig.3. As we can see, the refraction index 
value of the samples increases with the introduction of FPU 
segment. Although fluorine atoms could lead to a relatively low 
refraction index of materials, the relatively high refraction in-
dex of PU structure makes the overall FPUAs maintain at a 
high refraction index level. This result indicates that the com-
posited FPUA materials could obtain high refraction index and 
low surface free energy at the same time. 

 
 
 
 
 
 
 
 

Fig.3  Refraction indexes of the UV-cured coatings 

Fig.4 shows the SEM images for the fractured-surface  
microstructures of FPUAs cured films[Fig.4(A)—(F)] and 
Fig.5 shows the fractured-surface microstructure of virgin PA. 
It is observed that the cured pure PA network exhibited very 
smooth morphology surface, indicating a homogeneous materi-
al. However, the fracture surface of fluorine-contained compo-
site FPUA films showed rougher features than that of virgin PA. 
We can see from SEM micrographs that the phase structures of 
the inner part of FPUA films are uniform, which showed that 
PFU and PA were well dispersed to some extent. The micro-
graph showed that the rough feature only appeared on the top 
layer of UV-cured FPUA films. These results might be ex-
plained as follows: because of the poor compatibility of the 
fluorinated groups with PA and PU main chain segments, the 
fluorine-contained groups at the cap of FPU chain segment 
moved toward the top surface of the coating mixtures during 
the process of solvent evaporation. The crosslinking reaction 
was favored under the UV condition between the fluorinated 
PU and polyacrylate. The coordination of FPU and PA resulted 
in a continuous phase in their interphase which enhanced the 
mechanical properties of the composite UV-cured films. The 
fluorine-contained groups on the top layer could provide a    
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Fig.4  SEM images of fractured-surface microstructures of UV-cured coatings 
(A) FPUA1; (B) FPUA2; (C) FPUA3; (D) FPUA4; (E) FPUA5; (F) FPUA6. 

 
 
 
 
 
 
 

Fig.5  SEM image of fractured-surface microstruc-
ture of virgin PA 

rather low surface energy, which agrees well with the results 
of mechanical and contact angle tests. 

3.5  Thermal Properties 

The effect of fluorinated polyurethane on the thermal sta-
bility of PA was investigated by comparing the TGA curves of 
the fluorine-contained PUA with that of fluorine-free PA film 
and the results are shown in Fig.6. The degradation rates of the 
UV-cured films are shown in Fig.7. To get the further informa-
tion of the degradation behavior of the cured composite   
coatings, three specific degradation temperatures were recorded: 
(1) the temperature of the initial 5% mass loss(T5%); (2) the 
temperature of the 50% mass loss(T50%); (3) residual mass  
percent at 600 °C. These degradation data are summarized in 
Table 4.  

 
 
 
 
 
 
 
 
 

Fig.6  TGA curves of UV-cured coatings 
a. PA; b. FPUA1; c. FPUA2; d. FPUA3; e. FPUA4; f. FPUA5; 
g. FPUA6. 

 
 
 
 
 
 
 
 
 
 

Fig.7  Differential thermal gravity(DTG) curves of 
the UV-cured coatings 
a. PA; b. FPUA1; c. FPUA2; d. FPUA3; e. FPUA4;       
f. FPUA5; g. FPUA6. 

Table 4  Thermal properties of UV-cured coatings 
Sample T5%/°C T50%/°C Mass fraction(%) at 600 °C

PA 193.7 308.7 0 
FPUA1 249.5 336.7  0.4 
FPUA2 252.0 356.5  0.6 
FPUA3 266.0 373.5  1.2 
FPUA4 282.0 376.0  1.3 
FPUA5 288.9 376.7  1.5 

It can be seen from Fig.7 that both the fluorine-contained 
FPUA and the virgin PA exhibit a several-step degradation 
pattern. According to Fig.7, the first mass loss of PA at around 
178 °C is attributed to the dehydration of carboxyl. The second 
degradation step at around 290 °C corresponds to the depoly-
merization of the main chain. For fluorine-contained FPUAs, 
the first degradation step of FPUA1 begins at 290 °C, which is 
110 °C higher than that of virgin PA, the second degradation 
step of FPUA1 begins at around 350 °C. The FPUAs could 
endure even the temperature reached 350 °C while the PA lost 
most of its mass. This phenomenon can be explained on the fact 
that during UV light curing procedure, fluorine-contained  
segment enriched on the surface of the film, thus, the C―F 
bond with high bond energy can shield and protect the 
non-fluorinated inner segment. Thus, the thermal stability of 
FPUAs is enhanced relative to that of virgin PA, and the delay 
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in the mass loss of FPUA composites may derive from the bar-
rier effect caused by the steady UV-cured reticular formation 
and the gather of the fluorine atoms on the surface. As can be 
seen from Table 4, the 50% mass loss temperature(T50%) of 
FPUA films increased with the increasing of fluorine content. It 
can be due to well coordination of the fluorinated polyurethane 
polyacrylate chains with each other in the coating mixtures. 
Interpenetrating polymer networks caused by UV-radiation 
make the structure more stable at different temperatures. 

4  Conclusions 
Novel reactive functional polyacrylate oligomer and  

fluorine-capped reactive polyurethane were synthesized. A 
series of UV-curable fluorine-contained FPUAs with different 
fluorine ratios(1%, 2%, 3%, 4%, 5% and 6%) has been    
obtained. The structures of the polymers were characterized by 
FTIR spectrometry. The water absorption, contact angle, SEM, 
TGA and mechanical tests were performed to check the effect 
of fluorinated PU on PA. The results show that the water resis-
tance of FPUA is better than that of PA after fluorine was  
introduced into the system. Contact angle increases with the 
increase of fluorine content. Besides, it was determined that 
owing to the hydrophobicity of fluorinated segments, the cured 
FPUA coating films had low surface free energy. Moreover, the 
fluorine-contained FPUAs showed an improvement on 5% 
mass loss temperature, first maximum mass loss temperature 
and residue amount. SEM micrographs of the cured coatings 
depict that fluorine-contained groups gathered on the air-side 
surface of the cured films. It was found from the results that the 
fluorine plays an important role in the properties such as   
superficial, mechanical and thermal properties. The low cost 
hydrophobic UV-curable FPUA coatings have very promising 
properties which will lead to potential application in advanced 
industries such as high performance antifouling coatings. 
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