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MANJIRO FUKUYAMA : Studies on the internal stresses in finished wood [V

On the swelling and shrinkage of paint films for wood

coating under adsorption and desorption of water vapor
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paint films at 40°C
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Table 1 Composition and mixing ratio of paints used in this experiment
kmd(&falf’l?)mt Composition Mixing ratio rrlizot{clgl? la?i) )
. Polyester varnish 100
Polyestei;tresm Polyester varnish diluent 10 N 100
pa Curing agent 1.0 |
(PE) Accelerator 0.5 |
Polyurethane Polyurethane clear base | 100 \ 44
resin paint Polvureth ] . ‘l 5
PU) olyurethane curing ager} 100 | i
Amino alkyd Amino alkyd clear 100 52.5
resin paint . Ikvd .
(AA) Amino alkyd curing agent 10 0
Nitrocellulose Nitrocellulose lacquer clear 100 32
lacquer Nitrocellulose 1 hi
(NC) itrocellulose lacquer thinner 50 0
BT B BEDFHO ¥ v /R Fig. 1 D@D 5hbo
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Examples of swelling- and shrinking stress-time curves
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Fig. 3 Progress of swelling- and shrinking stress for each paint film
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Fig. 5 Progress of swelling and shrinkage for each paint film
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Table 2 Swelling and shrinkage of each paint film in water vapor
. Swelling (%) Shrinkage (%)
Paint film
]R.H,5—>40% R.H.40—80%| R.H.5—809% |R.H.80—40%| R.H.40—~5% | R.H.80—~5%
= = = = — =
PE 2137007 g X107 7 g XT07F| T g5 X107T] g g X107 g 46X 107
PU 10.21 15. 00 25.21 10. 32 9.17 19. 49
AA 5.63 15.45 21.08 6.51 5.15 11.66
NC 0.57 0.27 0.84 0.81 0.94 1.75
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Fig. 6 Adsorption isotherms for water
vapor by paint films at 40°C
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Table 3 Linear expansion (a) of paint films and recovery (&) of curing strain
within each paint film accompanying adsorption of water vapor

Paint r, R.H.5-40% R.H.40-80% R.H. 5-80% ?’ £5-540 | E40-80 €580

film || (g/cm®)| du «@ Adu a du o k 2 9
| | o | @ | (o | @ (W™ D | O | )
X102 X102 X102 X102 X1072| X102

PE 1. 000 0.47 | 15.67 0.72 | 24.00 1.19 | 39.67 | 1.06| 0.631| 0.197 | 0.828
PU 1. 000 0.91 | 30.33 1.20 | 40.00 2.11| 70.33 2.13 ] 0.832| 0.483| 1.315
AA 0.884 1.00 | 29.47 1.40 | 41.33 2.40 | 70.80 6.97 | 1.396 | 1.127 | 2.523
NC 0. 857 0.86 | 24.57 1.30 | 37.13 2.16 | 61.70 1.54 | 0.271 0.004 | 0.275

r, : Specific gravity in oven dry condition of paint films
4u : Change of moisture content with adsorption of water vapor
p’ : Shrinking stress developed during the drying of paint films
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Fig. 7 Relationship between swelling, or
shrinkage and moisture content
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Internal strain within each paint film resulting from the difference

of swelling and shrinkage between wood and paint film

A) Tensile strain within paint films

Paint Softwood Hardwood
direction film R. H. (%) R. H. (%)
! 5540 | 40—80 | 5—80 540 | 40—80 5—80
% % % % % %
PE | 1.27~1.67 | 1.80~2.36 |(3.07~4.03)| 1.67~2. 41 |(2.36~3.40) (4. 03~5. 81)
T PU | 1.21~1.61 | 1.69~2.25 | 2.90~3.86 | 1.61~2.35 | 2.25~3.29 | 3.86~5.64
AA | 1.95~1.65 | 1.69~2.24 | 2.94~3.90 | 1.65~2.39 | 2.25~3.29 |(3.90~5.68)
NC || 1.31~1.70 | 1.80~2.40 |(3.14~4.10)| 1.70~2. 45 |(2. 40~3. 44)|(4. 10~5. 88)
PE | 0.53~1.10 | 0.76~1.56 | 1.29~2.66 | 0.81~1.27 | 1.16~1.80 | 1.98~3.07
R PU || 0.47~1.04 | 0.65~1.45 | 1.10~2.49 | 0.75~1.21 | 1,05~1.69 | 1.81~2.90
AA || 0.51~1.08 | 0.64~1.45 | 1.16~2.53 | 0.79~1.25 | 1,05~1.69 | 1.84~2.94
NC || 0.56~1.13 | 0.80~1.60 | 1.36~2.73 | 0.85~1.31 | 1.20~1.84 |(2.05~3.14)
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B) Compressive strain within paint films
| Paint | Softwood Hardwood
direction film R. H. (%) R. H. (%)
80—40 | 40—5 | 80—5 80—40 | 40—5 | 80—5
% % % % % %
PE 1.80~2.36 | 1.27~1.67 |(3.07~4.03)| (2. 36~3.40)| 1.67~2.41 |(4.03~5.81)
T PU 1.74~2.30 | 1.22~1.62 | 2.96~3. 92 ‘ 2.30~3.34 | 1.62~2.36 | 3.92~5.70
AA || 1.77~2.33 | 1.26~1.66 | 3.03~3.99 | 2.33~3.37 | 1.66~2. 40 |(3.99~5.77)
NC 1.83~2.39 | 1.30~1.70 |(3.13~4.09)| (2.39~3.43)| 1.70~2. 44 |(4. 09~5. 87)
PE 0.76~1.56 | 0.53~1.10 | 1.29~2.66 : 0.16~1.80 | 0.81~1.27 | 1.97~3.07
R PU 0.70~1.05 | 0.48~1.05 | 1.18~2.55 |' 1.10~1.74 | 0.76~1.22 | 1. 86~2.96
AA || 0.73~1.53 | 0.52~1.09 | 1.25~2.62 | 1.13~1.77 | 0.80~1.26 | 1.94~3.03
NC 0.79~1.59 ! 0.56~1.13 | 1.35~2.72 | 1.19~1. 83 0.85~1.30 |(2.04~3.13)

T : Tangential direction of wood
R : Radial direction of wood
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Summary
In the present paper, the swelling and shrinkage 1) The progress of the swelling- and shrinking
of four kinds of paint films for wood coating, whose stress of paint films is illustrated in Fig. 3,
component and mixing ratio were indicated in Table and the magnitudes of their stresses give the
1, have been measured under adsorption and desor- following decreasing order.
ption of the water vapor as a clue to elucidate AA>PU>PE>NC.
the internal stress developing within the paint films 2) The swelling and shrinkage of paint films used

of the finished wood.

The swelling and shrinkage of paint films were
determined by p/E,, in which p is the swelling-
or shrinking stress of paint films calculated by
eq. (1) from the maximum deflection at the center
of span of aluminium strip with the cured paint
films on one side under adsorption and desorption,
and E, is Young’s modulus of paint films (Fig. 1).

The results obtained are as follows:

in this experiment are shown in Table 2, and
The order of the
magnitudes of their values is found to be PU
>AA>PE>NC.

The swelling amount of paint films in water

the progress in Fig. 5.

3)
vapor is further lower than that (a) obtained
from the volume of water adsorbed without
regard to paint films (see Tables 2 and 3).
Especially it is found that this tendency is
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remarkable in paint film of nitrocellulose 6) gives straight line except for the starting
lacquer. part on adsorption and desorption, as shown
4) The percentage of the recovery (&) of the cur- in Fig. 7.
ing strain within paint film accompanying 6) The magnitudes of the internal strain within
adsorption to apparent swelling is 10.6% for paint films are determined from the difference
polyester, 5.2% for polyurethane, 12.09% for of the swelling or shrinkage between paint
amino alkyd, and 32.7% for nitrocellulose film and wood, as illustrated in Table 4. It is
lacquer in the case of the change of relative assumed from these results that there is a
humidity of 5 to 80%, as shown in Table 3. risk of the occurrence of crack in some kinds
5) The relationship between the swelling or shrin- of paint films.

kage and moisture content of paint films (Fig.



