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The degradation of polymer nano coating systems due to UV irradiation is investigated

using positron annihilation spectroscopy. Doppler broadened spectra of positron

annihilation are measured as a function of slow positron implantation energy from 0 to

30 keV and irradiation time up to 293 hours in a series of waterborne polyurethane zinc

oxide nanocomposites(WBPU/ZnO) coating systems. The photodegradation of the nano

coating is characterized in terms of sub nanometer defect changes. Significant change of

The S parameter from the Doppler broadened energy spectra vs positron energy is

observed. From the S parameter results, Increasing the loading of the zinc oxide

nanoparticles into the WBPU coating system leads to accelerate the photodegradation

process of the nanocoating. The results are presented and discussed in the frame of the

variation of the free volume percentage in the nanocoating systems.
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Effect of UVB in 0%ZnO/WBPU nanocomposite membrane
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Determine the ZnO-WBPU interface 
value using Slow Positron Beam
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sample Irradiation time hours ρ S 1 surface S2 bulk Upper boundary layer 
(nm)

D1 surface (nm) D2 bulk (nm)

W
B

PU
 0

 %
 Z

nO

0

1.
1

0.487620 0.471466 31.81 27.50 197.15

56 0.486193 0.470547 29.40 30.12 82.93

80 0.480548 0.740026 44.35 34.49 870.99

130 0.482745 0.470035 68.04 47.90 2.26

196 0.480737 0.469026 50.33 38.08 575.51

293 0.484057 0.465151 11.32 14.24 287.34

W
B

P
U

 5
 %

Zn
O

0

1
.1

5

0.474748 0.467993 28.51 27.11 306.0

56 0.490305 0.465879 26.47 24.28 0.100

80 0.487259 0.463912 31.31 25.16 0.310

130 0.480503 0.485903 39.44 27.62 0.520

196 0.487516 0.464989 18.82 21.20 46.40

293 0.476581 0.464258 35.83 31.34 340.41

W
B

PU
 1

 %
 Z

nO

0

1.
19

0.476303 0.464816 28.33 28.48 138.80

80 0.481570 0.468483 46.38 71.6 198.17

340 0.480462 0.468092 42.14 35.12 383.21

W
B

PU
 2

 %
 Z

n
O

0

1.
25

0.471935 0.464772 43.11 32.99 428.82

80 0.475467 0.466467 60.35 38.80 0.186

340 0.473440 0.466555 37.85 244.38

Vepfit Results
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where -ΔS0 is the fitted ΔS at d =0
and Ɛ represents a parameter with 
a property similar to the extinction 
coefficient for UV absorption.



It has been demonstrated that there is a direct relationship between the decrease in

the S parameter (loss of free volume) and an increase in the

cross-linking density due to degradation for PU coatings. We can postulate that the ΔS

is a measure of the product concentration of the degradation process (which appears

reasonable in light of the relationship between Δ S and cross-linking density). The ΔS

vs. time plots can be fitted to an exponential function for polymer coatings:

where t is the time of exposure and k is a rate constant.

A good fit of this exponential function indicates a first order kinetics of the degradation

process, at least near

the surface. The half-life of the degradation can also be

determined from the first-order kinetics using the

relationship:

This t1/2 value is a characteristic parameter representing

the durability of the coating with respect to UVB photodegradation.
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❑ The effect of ZnO nanoparticles on the performance of a waterborne polyurethane coating under UV exposure has

been investigated using slow positron beam. The S parameter results as function of UVB exposure indicated that

the ZnO nanoparticles behaved as photo-catalysts, accelerating the photodegradation of the PU.

❑ The photo-catalytic effect of ZnO nanoparticles was enhanced at a higher nanoparticle loading and elevated time of

UVB exposure.

❑ Based on the results of this study, one should be cautious when predicting long term performance of a polymer

containing a nanosized inorganic UV absorber.

Conclusion




