1798 %L MW 72 4 (1986) mlle

QUG T TR

B X ESR AR pbmr 2 —%— éfﬁv‘té%ﬁﬁa)
L iz B3 5 FEMiH

M4 EES-EH EY- KRR EES

Evaluation Method on Photodegradation of Paint Films by
Using ESR Spectrometer

Shingo OKAMOTO, Kiyoshi HIKITA and Hiroaki OHYA-NISHIGUCHI

Synopsis:

Radicals are generated in paint films by UV-irradiation.

In order to investigate whether bisphenol A/epichlorohydrin type epoxy resin is able to be the radical
trapping agent, the clear films prepared as the mixtures of the epoxy resin and polyester/melamine resin
were exposed under ultra-high pressure mercury arc lamp (Main wave length, 365 nm) at room tempera-
ture and the relative concentrations of phenoxyl radical generated were measured by ESR spectrometer.

It was clarified that the epoxy resin was able to be adopted as a suitable radical trapping agent of paint
films.

Using the epoxy resin as the radical trapping agent, the relative concentrations of phenoxyl radical for
seven clear films, i.e, four kind of silicone modified polyesters (modified quantity; 50%, 35%, 20% and
unmodified) and three kinds of acrylic resin, fluoro carbon resin and acrylic resin/fluorocarbon resin were
tested with the same method as that mentioned above.

For comparison, gloss retentions and color differences of these paint films were measured after outdoor
exposure at Omaezaki, Shizuoka, Japan for 6 to 24 months.

The relative concentrations of the phenoxyl radical estimated by ESR spectrometer, and gloss retentions
and color differences of exposed paint films were nicely correlated one another, which shows that the ESR
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method has a high potential to determine quickly the photodegradation of paint films.
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R-1: 509 silicone modified polyester, 60% soln,
R-2: 35% silicone modified polyester, 60% soln,
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R-4 : Oil free polyester, 60% soln,
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Table 1. Formula of clear paints.

Parts by weight

Constituents Paint No.
P-1| P-2| P-3| P-4| P-5| P-6| P-7| P-8| P-9| P-10
R-1P> 70
R-2% 70
R-3% 70
R-4% 70 17| 70} 70
R-522 64 | 32
R-6°%> 32| 64
H-17> 30 {30| 30| 30}30] 3| 30
H-28> 36 ) 36} 36
Epoxy resin?’ 5(110] 20 5 5 5 5 5 5

1) 50% silicone modified polyester. 60% soln.

2)35% silicone modified polyester. 60% soln.

3)20% silicone modified polyester. 60% soln.

4) Oil free polyester, 60% soln.

5) Acrylic resin, 50% soln.

6) Fluorocarbon resin, 50% soln.

7) Butylated melamine resin, 60% soln.

8) Trimer of HDI, 30% soln. .

9) Bisphenol A/epichloro hydrin type epoxy resin, 60% soln.

Table 2. Formula of pigmented paints.

Parts by weight

Constituents Paint No.
P-11 | P-12| P-13| P-14 | P-15| P-16 | P-17

R-1 41.0

R-2 41.0

R-3 41.0

R4 41.0

R-5 47.0 . 23.5

R-6 23.5 | 47.0

H-1 17.5 | 17.5| 17.5 | 17.5

H-2 15.0 [ 15.0 | 15.0
Pigment” | 31.5| 3.5 31.5| 31.5 | 28.0 | 28.0 | 28.0
Solvent 10.0 | 10.0| 10.0 | 10.0 | 10.0 | 10.0 | 10.0
Total 100 100 100 100 100 100 100

1) Titanium dioxide, weather resistance grade
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Fig. 1. Wave length of ultra-high pressure
mercury arc lamp.
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Fig. 2. ESR charts of UV irradiated FP-2 film.

Table 3. Relative concentration of phenoxyl
radical caused by UV irradiation.

Irradiation Relative concentration
time, min FP-1 FP-2 FP-3 FpP-4
0 0 0 0 0
2.5 0 2.3 3.0 4.5
5.0 0 3.6 4.8 6.9
7.5 0 4.5 5.8 8.8
10.0 0 5.2 7.0 10. 2
12,5 0 6.0 7.8 11.3
15.0 0 6.5 8.6 12.3
17.5 0 7.0 9.2 13.2
20,0 0 7.5 9.6 13.9
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Fig. 3. Relative concentration of phenoxyl radical
vs irradiation time on FP-2~FP-4 coatings caused
by UV irradiation.
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Table 4. Relative concentration of phenoxyl
radical appeared on binder resins, for the value
calculated on FP-2 and FP-3 (A) and on
FP-3 and FP-4 (B).

Irradiation phenosyl agial " o
time, min
A B
0 0 0
2.5 1. 56 1. 54
5.0 *2.29 2.72
7.5 3.11 2.86
10.0 3. 42 3.80
12,5 4.10 4.38
15.0 4. 41 4.80
17.5 4,83 5.18
20.0 5. 44 5,22
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Fig. 4. Relative concentration of phenoxyl radical
vs irradiation time, for the value calculated on
FP-2 and FP-3 (A---Q) and on FP-3 and FP-4
B @)
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Fig. 5. Relative concentration of phenoxyl radical
vs irradiation time on FP-2 and FP-5~FP-7 coat-

ings.
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Fig. 6. Relative concentration of phenoxyl radical
vs irradiation time on FP-8~FP-10 coatings.
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Fig. 7. Outdoor exposure test on TP-11~TP-14
coatings at Omaezaki Shizuoka prefecture, 30°S.
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Fig. 8. Outdoor exposure test on TP-15, TP-16
and TP-17 coatings at Omaezaki, Shizuoka pre-
fecture, 30°S.
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