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Durability of paint {ilm on plywood under exterior weathering
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Percentage of lathe check ((depth of lathe check/thickness
of ver\eer)xwo) of face veneer for plywood
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Lathe check (Mark) (%)
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Table 7. & #H © B W H %

Veneer construction (mm)
4 i |
fﬁgﬁi gf”n 7 Veneer =
plywood § l‘hlckncsq of
thickness FOW oD # L W S0 B @ 4 | plywood
Face Cross band Core Cross band Back
A 1.0 | 3.0 i 1.0 8.5~ 8.6
B 1.5 2.5 1.5 8,9~ 9.1
C 2.0 2,0 2.0 2,0 2,0 9.6
D 2.5 1.5 ‘ 2,5 10, 2~10, 3
E 3.0 1.0 J ‘ 3.0 10, 4~10.5
& [ W = D . i
Explanation of mark of plywood
R 1 o - e ORI
PN = g s U 73 ;
Mark jrt’)ﬁf u)IJJ rwood Fh]d\ne:s ofb%ice“\'zu Li} (mm) Percentage of fathe checlk
sRats by ¢ * of face veneer (%)
Al 1.0 13
Ag 1.0 49
Bl i [ 34
Bg : 1.5 86
Cl | 2.0 24
i
Cg | 2.0 65
Dl 3 2.5 22
Dg 2.5 50
El 3.0 18
Bg 3.0 75
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Table 9. % i@ ik L UBEAERORBAE AMRE
Exposure ratings of various paints on plywoods
by exterior exposure testing
- i [
,@_ I F /L. . - 7 ki
”ﬁ&?ﬁgf’*ﬂ %k Exposure period (months)
Paint . i
\
plywood 4 9 15 24 33 48 72
P 10 10 10 4 3 1 j 1
Al Ph 10 10 10 10 9.3 2.3 | 9.3
) v 10 10 10 10 9.3 9 6.8
A 10 10 10 8.5 7 6.5 | 2.5
P 10 10 1 3.3 2.3 1 1
Ao Ph 10 10 10 10 10 10 9.7
& v 10 10 10 9.7 9 9 6
A 10 10 10 5 3 3 ‘ 1
P 10 10 10 ‘ 4 2.3 1 0.7
BI Ph 10 10 10 | 10 10 10 9.7
' v 10 10 10 \ 10 9 8.7 9
A 10 10 9.5 | 9 8 7 5
P 10 10 10 8 3.8 1 1
Be Ph 10 10 10 10 10 10 9.3
& v 10 10 10 10 9 8.7 7.3
A 10 10 10 10 7.5 7.5 6
P 10 10 10 5 4 1 0.8
Cl Ph 10 10 10 10 10 10 9.7
\Y 10 10 10 10 9,7 9 9.5
A 10 10 10 10 8 8 7
P 10 10 9. 3 3 1 0.7
Co Ph 10 10 10 9,7 9.7 9.7 9.3
£ v 10 10 10 8.7 3.3 3.3 5.7
A 10 10 10 9.5 4 4 2.5
P 10 10 9.7 3 2.3 0.7 0.4
DI Ph 10 10 10 10 9,7 9.7 9.3
v 10 10 10 9.7 5.7 5.7 7.5
A 10 10 10 9 9 7.5 9
P 10 10 9, 4,3 2 0 0.3
Ph 10 10 10 10 10 10 8.3
Dg . o a .
A 10 10 10 9 5 9. 3 7
A 10 10 10 8 6.5 6.5 6.5
P 10 10 10 6 2.3 | 1 0.5
- Ph 10 10 10 10 9.3 | 9.3 9.3
B \% 10 10 10 10 8 g 8 9
A 10 10 10 8.5 4 § 4 5
j P 10 10 9, 3.3 2 0.3 0.2
B } Ph 10 9 10 9 5.7 5.7 8.7
L - -
£y 10 9.7 10 8 3.3 6.8 3
} A 7.5 4 4 3 2 1 0

U BT NTOERNTF a —F v 703585

24 month : Chalking occurred in all paints.
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Table 10. W 7&K 4% ICEN RS
Results of water absorption (gfcm?2. 24hr X 1078)

Sz

i
ﬁfg{cia ted &< 2 H o &K | BINTC 5 6 4R D RUKE
el Amount of water absorption | Amo*m* of water amorptmn
plywood, }

before exterior exposure after 6 years exterior exposure

coated plywood

5 n w2 1 | g | 1 | &
Mark of lathe - - I
check ]\/[;n 1 /\vn I\A.J‘C Mm A.ve Mc,x "\/[m i AV(x M'ix Min, | Avc ‘ NhX

g om oo | |

Non-coated 27.7. 345 39.5 27.8 33.4 39.0

plywood | | | |

{\’q/\/f VN &y ; | ] i

Oil paint coated 3.5 6.4 11.9 1.9 4.3 6.4 36,1 40.6 52.3 11.7 59.0 151,6
plywood i |

7 2 VA IREEE § ?

B . 2.7 5.4 10,4 1.1 4.9 8.1 88 58 7.7 45 91 13.2

Phthalate resin
umt(‘d plywoc )d
A P
e

V ny! urethane 1.1 3.4 5.9
resin coated
plywood | I
7/1)11/*—4’%17» 1 | i 1
Y oa VERGEGI | | |
Acryl vinyl 5.6 14.5 20,5 8.2 21, 21. :
acetate emulsion i j ‘ |
coated plywood i ‘ I

0.5 3.1 10.9 4.0 6.9 10.9 7.4 14,1 30,2
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Effect of various paints (P, Ph, V, A) on the exterior
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Studies on Cracking of Paint Film coated on Wood II

Durability of paint film on plyweod under exterior weathering

Jiro Kawamura@®@

Summary

In the previous paper®, a paint film cracking on solid wood and plywood was reported.

In this paper, mechanical properties of paint films in static and dynamic modes were
measured, and degradation of these properties of paint films under accelerating cyclic test was
observed. On the basis of these results, the durabilities of plywoods coated exterior paints
exposed under exterior weathering for six years were discussed.

Red lauvan (Shorea negrosensis) rotary cut veneers were used, The veneers were graded
into two groups according to the depth of lathe checks, slight (1) or deep (g). The depth of
lathe checks were measured by microscopic observation of cross cut of face veneer.

The kinds of plywoods were tested in this experiment. By means of combination of dif-
ferent thickness veneers, the five-ply-plywoods having different thickness (8.5, 8.0, 9.6, 10.2 and
10.5 mm) were made. The bonding abhesive was melamine-urea resin. These plywoods were
classified into two groups by the depth of lathe check of face veneer, respectively, slight (1)
and deep (g). Depth of lathe check, density of lathe check, and surface roughness of face
veneer, and veneer constructions were shown in Tables 5, 6 and 7.

Four kinds of exterior paints used in this investigation were as follows : the oil paint
(55 wt % zinc oxide pigment, 92.3 wt % nonvolatile content) the phthalate resin paint (40 wt %
zinc oxide pigment and titanium dioxide pigment, 64.0 wt % nonvolatile content), the vinyl

urethane resin paint (35 wt % pigment, three wt 9% isocyanate, 42.7 wt % nonvolatile content)
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and the acryl vinyl acetate emulsion paint (20 wt % pigment, 40.2 wt % nonvolatile content).
These paints were coated on the plywood surface by spray gun. They were applied 500 g/m?
with three coats. Before coating, the plywood surface was sandpapered until fresh surface
appeared.

Testing method :

Stress-strain behavior of paint films : The specimens having the size of 10 mm in width
(W) by 100 mm in length (L) by 0.25mm in thickness (T) were conditioned at 20°C and 65
% RH. Thirty fresh paint films and thirty paint films exposed by accelerated weathering
machine (carbon arc type) for 100 hours were prepared for each kind of paint. An Instron
type mechanical tester was used to determine the stress-strain curve, a tensile strength and
a static modulus of the paint film.

Dynamic modulus and glass transition temperature (Ty) of paint film : Five specimens
having the size of 3mm (W) by 30mm (L) by 0.2mm (T) were prepared for each paint.
A nonresonance, forced vertical vibration instrument was used to determine the dynamic
mechanical properties of paint film and Tg of the paint film.

Internal stress caused by shrinkage in curing process of paint films : The distance between
two marks of paint film on glass was measured by a screw comparator (accuracy 1/100 mm).
And then, after peeling the paint film from the glass, the distance between the two marks
of the paint film was measured again. The internal stress of cured paint film was calculated
from the strain of the shrinkage and the static modulus of the paint film.

Water absorbing test of the coated plywood : Five specimens having the size of 50 mm (L)
by 35mm (W) were prepared for each thickness of the coated plywood. The five sides of
specimens except the coated surface were sealed completely with paraffin and vaseline sealer
in order to prevent water penetration, and then the tests were carried out by JIS Z 2104.

Percentage of swelling and shrinkage of the plywood : Five specimens having the size of
30mm (L) by 20 mm (W) were prepared for each thickness of the plywood. The specimens
were allowed to reach the equilibrium state under the condition of 27°C and 40% RH, and then
the relative humidity was raised at the rate of one 9% per min. until 959 RH. As the second-
ary step, the relative humidity was reduced at the same rate until 40% RH. The dimension
changes of the specimens were measured by linear transformers under those conditions.

Exterior weathering test : Three specimens having the size of 30 cm by 30 cm were pre-
pared for each thickness of the coated plywood. The sides except the coated surface of the
specimens were sealed yearly with enamel. These specimens were exposed to the weather
in a 45 degrees angle position against the level, facing south, in Tokyo for six years, from
March 1969 to March 1975. Durability of the paint film (checking, cracking, flaking, chalking
and etc.), modulus of elasticity, modulus of rupture in bending and resistance of water trans-
mission were measured every year.

Results and discussion :

1. Static mechanical behaviors of the paint films : Results are shown in Table 2 and Fig.
1. In fresh paint films : The oil paint and the acryl vinyl acetate emulsion paint had low
modulus, low tensile strength and very high elongation (about 70 to 140%) at break. Thus,
these paints were characterized as soft types. The phthalate resin paint had high modulus,
high tensile strength, high elongation at break and the highest energy requirement to break.
This resin was characterized as tough type. The vinyl urethane resin paint had high modu-

lus, high tensile strength but low elongation at break. This resin was characterized as hard
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type.

In the paint films after exposing in accelerated weathering machine (carbon arc type) :
The-increase of the exposure time raised the modulus, but decreased the elongation at break.
In the case of the phthalate resin paint, the vinyl urethane resin paint and the acryl vinyl
acetate emulsion paint, the modulus and tensile strength were increased but the elongation at
break was decreased by the exposure in weathering machine. In the case of the oil paint, the
modulus was increased and the tensile strength and the elongation at break were decreased
by the exposure in weathering machine. The hardness and brittleness of almost all paints
changed rapidly by accelerated weathering.

2. Dynamic mechanical properties of the paint films : Dynamic modulus, the glass transi-
tion temperature (7)) and the internal stress in the curing process of the paint film are
shown in Table 3, Fig. 2-1 and 2-2. The dynamic moduli of the phthalate and the vinyl
urethane resin paints were roughly 10 dyne/cm?, and those of the oil paint and the acryl
vinyl acetate emulsion paints were roughly 10°dyne/cm?, The glass transition temperature
(T of the oil paint was 25°C, and those of the other paints were about 40°C. The internal
stresses of the phthalate and the vinyl urethane resin paints, that had high dynamic moduli,
were high and those of the acryl vinyl acetate emulsion and oil paints were low.

3. Swelling and shrinkage of the plywoods by moisture change : The swelling and shrin-
kage of the plywoods were correlated with face veneer thickness of the plywood. When the
face veneer is thick, the swelling and shrinkage tend to become large. For instance, the
swelling of the plywood having three millimeters face veneer was about 1.6%, while that of
the plywood having one millimeter face veneer was about 0.75% (Figs. 3 and 4).

4. Water-proofing properties of the paints used for plywoods coating. Before weathering :
The best value of the water-proofing was 90% for the vinyl urethane resin paint, and the
worst value was 60% for the acryl vinyl acetate emulsion paint. It indicates that the water-
proofing property depends upon the thickness of the paint film on the plywood in Fig. 8 ap-
parently. After weathering for six years : The water-proofing properties of the acryl vinyl
acetate emulsion paint and the oil paint on the plywoods were deteriorated more than the
phthalate resin paint and the vinyl urethane resin paint. The weathered painted surfaces of
the formers showed many film cracks, large flakes, cracks of the plywood and breakages
reaching the glue layer. Close agreement between the deterioration of the water-proofing and
the degradation value of the paint film is shown in Table 9.

5. Results of the exterior weathering test : Results are shown in Table 9. After three
months exposure, many checks and cracks occurred on the non-coated plywood, and then
developed rapidly as the weathering proceeded. After 72 months exposure, the glue layer of
the plywoods were damaged due to furious cracks. The oil paint film on the plywoods were
not so durable to the exterior weathering as the phthalate and the vinyl urethane resin paints,
because checks, cracks and flakes which developed from the cracking and curling occurred
earlier than in the case of the other paints, and the degradation rate was high. The life of
phthalate resin paint film on the plywoods lasted longer than the life of the other paints for
the exterior weathering. Ranking of the four paints used for this test are as follows : The
best paint is the phthalate, the good paint is the vinyl urethane, the fair paint is the acryl
vinyl acetate emulsion, and the poor paint is the oil paint. The lathe check of the face veneer
had a considerable effect on the behavior of the paint films in the exterior. Moreover, the

paint film failures as checking, cracking and flaking were related to the thickness of the clear
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part from top of lathe check to surface. Since many film cracks occurred at the thin clear
part of the face veneer, the effect of the face veneer thickness was little. »

6. The conclusions from this experiment : Concerning the paint film, the resistance of
water transmission, the tensile strength, the modulus and the Tg have an important relation
on the durability of the coated plywood, and the paints having higher values of these pro-
perties are more advantageous than the paints having lower values of them (Table 12). On
the basis of plywood coating, the principal factor is the lathe check of face veneer. The
plywoods coated with the phthalate and the vinyl urethane resin paints, which make durable
paint films, retain the modulus and the modulus of rupture in bending in high proportion
after the weathering, The other paints having more poor durability were less effective on
the protection of the coated plywoods against the weathering. This indicates that the dura-

bility of paint film is also effective on protection of the coated plywood.





