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Some Electrical Properties of Plywood using Urea
Resin Adhesive.

Hisayoshi Saito
(Résumé)

Recently, a means of rapid moisture measurement for plywood is being keenly felt,
pertaining particularly to plywood of high quality, the demand for which covers a wide
; field. For this reason, we investigated the fundamental electrical properties of plywood
. in order to get a practical detection of the moisture by electric methods.
One of the purpose of this study was to determine the effects of the electrolytes in
the glue lines of plywood.

I. Samples

The plywood used for the test are summarized in the following tabulation ;
a) Tree kind : Lauan (sp. indistinct)
b) Formation :

Number of plies 3 .5 7

(mm)
Thickness of core veneer I

¢) Manufacturing condition
1) Adhesive :
i) Resin: Urea formaldehyde resin.

Resin Wheat flour Water
10 : : 10

viii) Hardener : Ammonium chlorid 20% water-solution.

iv) Addition ratio of hardener : 2.5%, 5.0%, 7.0%, (Solution)
2) Spread : 22.8g/25cm?
3) Pressing : cold press 10kg/cm® 2hr

ii) Mixed proportions ratio :

hot press 8kg/cm? 1min/mm

pressing temperature 110°C
4) Initial moisture content of veneer : 7.0% (average)
! II. Conditioning

Three groups of panels (25¢m squares)glued with the urea resin mixed with the harde-

ner at respective addition ratio were left for at least one week in the research room.
Thereafter, each panel was cut into nine 8cm squares which were classified into 3 groups
.freely; then they were placed in three conditioning rooms which were maintained at
20 C with 50, 65 and 85 percent of relative humidity.

L Apparatus
Apparatus for measuring the radio-frequency properties of samples were the follow-
ing: '
a. Double resonant type micro capacity meter.
b. Radio-frequency dielectric constant type moisture meter. And the direct-current
character of samples were measured by a resistance type moisture meter. -
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The parallel plate electrodes were used to measure the dielectric properties,
surface contacts electrod was. used to measure the moisture content by dielectric
type moisture meter, and needle electrodes the direct-current resistance type
moisture meter. '

IV. Procedure
1. Measuring the radio-frequency properties
1) Measuring the dielectric constant
The capacitance C of samples was measured by the apparatus (a) and measured
dielectric constant &» was got from the following equation :

emeA 10 . EmrA
“4zd 9  iL.3d "

where d is the thickness of sample and A is the area of the electrode plate.

C= Em2=11.3d C/A"""""" ................ (1)

The true dielectric constant & mnot including the edge effect  of eléctrode is
calculated from' the following equation : '

et /[1+% {0.165+1. 20 1og(1+ 74}7)}] W

where &x is the measured dielectric constant by the equation (1), d is the thic-
kness of the sample, A is the area of the electrode plate, and 1 is the total
length of the circumference of the electrode.

2) Measuring the resistivity of radio-frequency R. The resistivity of radio-
frequency R was measured by the above apparatus (a), too. And the edge
effect of electrode was corrected by the same equation as in the case of &.

2. Measuring the direct-current resistance 7. :
The resistance of direct-current was measured by the vacuum-tube voltmeter
type @ meter with the electrode of four needles (¢ 0.2cm, effective length 0.7cm).
The values of & R and » were determined by the procedure as mentioned,
above, and they were related with each moisture content,

V. Results S o

The electrical properties of plywood might be expected to differ from that of the solid wood,
because it depends on the adhesive. This difference is most probably due to the electrolytes
in the adhesive that diffuse into the wood durlng hot-pressing and subsequent conditioning.
1. Dielectric constant ) ‘ '

The curves in Figs. 2, 3 and 4 show the relation between die"l'ec,tric constnt & and
moisture content # determined by oven-drying method, on each p1ywood made of the
core veneers in respective thickness of lmem, 2mwm and 3mm and the curves in dlfferent
thickness as mentioned above.

The points in these figures are plotted"lby the average values of results of six test
pieces, and the standard curves of solid wood with the same spec1flc grav1ty as ply-
wood are shown by the bold curves. ST
a) The dielectric constant of Lauan plywood using urea resin tends,to become higher

-than -s_olid qud when the moisture‘ content is beyond 15%. :

b) The differences of the dielectric cohstant of any number of plies and any thick-
ness of veneer are small at any moisture content. The differences of dielectric constant
. caused by the addition of hardner at respective ratios are also not distinct at the
power moisture content, although at the higher moisture content they are distinct
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and increase in accordance with the moisture content.

c¢) The difference of the dielectric constant between plywood and solid wood depends
not so much upon the glue line as upon the volatile sub-products due to the chemical
reaction at the glue line forming.

2. Radio-frequency resistivity

The curves in Figs. 9, 10 and 11 show the relations between the radio-frequency
resistivity and the moisture content for each plywood made of the core veneers in
respective thickness of ! and show by the bold curves the cases of solid with the same
specific gravity as plywood for standard.

a) The radio-frequency resistivity of plywood with the adhesive of urea resin has
nearly the same tendency as in the case of measurement of the dieléctric constant.
b) The effect of the hardener tends to the result of the case of the dielectric cons-

tant, too.

¢) In this case, the difference of the resistivity by the thickness of veneer is recog-
nized, the influence of the electrolytes in the glue line being probably larger than
in the case of the dielectric constant.

3. Resistance of direct-current

The curves in Figs. 12, 13 and 14 show the relations between the direct-current resis-
tance R and the moistude content # for each plywood made of the core veneers in
respective thickness of 1mm, 2mm and 3mm. The bold curves in the figures are the
standard curves of solid wood with the same specific gravity as plywood.

a) It is the same tendency as the radio-frequency properties of plywood that the
resistance of direct-current of plywood increases more that of solid wood when the
moisture content is beyond 13%.

b) In this case, the influence of the hardner in the glue is recongnized on all sam-
ples, especially on the plywood with the thin veneers.

4. Application to moisture meter

The curves in Fig. 15 and Fig. 16 show the results of the practical moisture measur-
ing tests with the radio-frequency dielectric constant type and the direct-current
resistance type moisture meter on the plywood using urea resin.

The moisture meter indicated higher values than the normal curve of solid Lauan
wood when the moisture content of plywood was beyond 12~15% in response to their
electrical properties, and their behavior was similar or both types of the moisture
meter the so-called radio-frequency and the resistance types. These should be most
probably due to the electrolytes in the adhesive.

The moisture meters will be able to utilized for plywood when the difference of the
moisture content between the standard values of solid wood and the moisture meter errors
are corrected.

Correcting the errors of the radio-frequency type moisture meter will be a little more
complicated than the direct-current resistance type meter because of the radio-frequen-
cy dielectric properties of wood.

However, as far as the direct-current resistance type meter is concerned, calibration

can be made by applying 15~20% smaller value than the meter readings when the
moisture content is higher than 15%





