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Introduction

The extensive use of oil solutions of the chlorophenols as surface
treatments for wood products intended for use under conditions favorable
to the development of molds and wood-destroying organisms has resulted in
numerous requests for information regarding the gluing characteristics of
wood surfaces treated With these preservatives. The need for such infor-
mation was emphasized late in 1944 when plans were made for the preserva-
tive treatment of wood aircraft intended for tropical use.

Although some information on the gluing characteristics of wood
treated with oil solutions of chlorophenols was available from earlier
studies made at the Forest Products Laboratory, the treating conditions,
types of solvents, and absorptions were so different from those proposed
for aircraft that added tests were essential to supply answers to some of
the questions raised.

The gluing experiments described in this report were made on
veneer, plywood, and lumber that had been dip-treated with oil solutions
of chlorophenols of the type proposed for the treatment of aircraft.
Gluing was done with casein, cold-setting urea-resin, and resorcinol
resin glues. A part of the treated material was sanded before gluing in
order to determine whether such surface treatment would be helpful in
improving adhesion of glues on treated wood surfaces. For comparative
purposes, some material was treated with several water 7repellent preserva-
tives and a preservative wood sealer and then glued.

1
—In cooperation with the Office of production Research and Development of

the War .eroduction Board.
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Material and Procedure

Preservatives and Solvents 

Wlth the exception of a preservative wood sealer and two water-
repellent preservatives, all of the treating solutions used were prepared
at the Forest Products Laboratory.

The pentachlorophenol, tetrachlorophenol, and chlororthophenyl-
phenol used were from commercial production. Most of the treating solu-
tions of these preservatives were prepared with volatile solvents
(mineral spirits and Stoddard solvent), bait a few were prepared with No. 2
fuel oil and a dark aromatic solvent.

These preservatives were employed in concentrations and combina-
tions that are in common use for the surface treatment of plywood and
other wood products. Small amounts of pine oil, rosin ester gum, and
rosin were added to some of the preservative solutions in order to deter-
mine whether these chemicals, which are commonly added to oil solutions
of pentachlorophenol for such purposes as increasing solubility and
penetration and for the prevention of "blooming," interfere with the
adhesion of glues. It was necessary to warm the oils to obtain complete
solution with the higher concentrations of pentachlorophenol.

The composition and concentrations of the treating solutions used
in treating material for the gluing studies are shown in tables 1 through
4.

Woods Used

Most of the gluing tests were made on treated veneer, but a
sufficient amount of plywood and lumber was treated and glued to chock
the results obtained on veneer. Yellow birch, sweetgum, and Sitka spruce
veneer, mahogany plywood, Sitka spruce capstrips, and Douglas-fir and
hard maple shear blocks were included. The veneer, plywood, and capstrips
had a moisture content of about 6 to 8 percent, and the Douglas-fir and
maple shear blocks had a moisture content of 10 to 12 percent when treated.

Treating and Gluing

The veneer, plywood, capstrips, and shear blocks were treated by
immersion in the treating solutions for 30 seconds and then permitted to
drain for several minutes. Since information was desired on the gluing
qualities of treated materials when glued at different periods after
treatment; some of them wore glued immediately following immersion and
draining and some at intervals of 1, 4, and 24 hours after treatment. The
material glued 1, 4, and 24 hours after treating was piled on stickers in
a room with good air circulation to permit volatilization of solvents
prior to gluing.
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A11 gluing was done at a temperature of 80° F., and glues repre-
sentative of the casein, cold-setting urea-formaldehyde, and resorcinol-
formaldehyde types were used. The veneer was glued into three-ply panels
by spreading the cores on a mechanical spreader and applying a pressure
of 150 pounds per square inch after closed assembly periods of 5 to 10
minutes. Pressures were retained for 20 hours. The treated birch veneer
was used for cores and faces of one set of panels, but the treated
sweetgum was used for faces and the Sitka spruce for cores in the second
set. The sweetgum-Sitka spruce plywood was included because this com-
bination of species is commonly used in aircraft manufacture.

The treated mahogany plywood was glued to treated Sitka spruce cap-
strips by spreading glue on. the capttrips with a: brush and, after a closed
assembly period of 5 to 10 minutes, applying a pressure of about 30 pounds
per square inch, which was retained on the material for 20 hours,

The Douglas-fir and hard maple shear blocks were glued into two-
laminate assemblies by double spreading the blocks and ap plying a pressure
of 150 pounds per square inch, after a closed-assembly period of 5 to 10
minutes, and retaining pressure for 20 hours.

One-half of the treated veneer, plywood, and spruce capstrips was
lightly sanded with 3-0 garnet paper before gluing. In order to provide
a direct comparison between glue joints made on treated and untreated
surfaces, untreated material was included in all of the tests and part of
this was sanded before gluing in the same manner as the treated material.

Testing

After conditioning in a room maintained at 80° F. and 65 percent
relative humidity, the glued materials werecut into plywood shear
specimens, capstrip-plywood specimens, t4 and shear blocks. One-half of
the plywooe_ test specimens cut from each panel was tested dry (10 to 12
percent moisture content), and the remainder was tested wet after soaking
in cold water for 48 hours. All of the plywood-capstrip and shear block
specimens were tested at a moisture content of about 10 to 12 percent.

Evaluation of Results

In evaluating the results of gluing tests on treated wood, the
amount of wood failure as-cciated- with the joints when tested in shear
may have even greater significance than for glue joints made on
untreated wood. For plywood

The capstrip-plywood specimen is described in Forest Products Laboratory
Report No. 1351 "Preliminary Experiments to Improve the Gluing Charac-,
teristics of Refractory Plywood Surfaces by Sanding" (1943).

•
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in particular, interference with adhesion appears to be reflected first
by a reduction in wood failure, and reductions in joint strength may not
occur until wood failures have been reduced to very low values, Because
the estimation of wood failure is subject to variation, however, small
reductions in the percentage of wood failure may have little significance
unless similar reductions below the controls are shown in several tests.
Consequently, a number of tests on several species of wood and on
different types of material,- veneer, plywood, and lumber, usually are
desirable. For this reason many of the same treatments reported in
tables 1 and 2 were included in further tests as shown in tables 3 and 4.

In all of the tests, interference with adhesion of glues usually
was more evident for joints made on stronger woods, such as yellow birch
and maple, than on weaker woods, such as sweetgum, Sitka spruce,
mahogany, and Douglas-fir. This indicates that gluing tests made to deter-
mine whether treatments interfere with adhesion of glues should be made
on the stronger and denser woods, and that, if interference is not
evident on the stronger woods, it probably will not occur with the
weaker woods.

Discussion of Results

The results of those gluing tests on treated wood are summarized
in tables 1 through 4.

The three assembly glues used, casein, cold-setting urea-resin, •
and resorcinol resin, gave similar results on the majority of the treated
materials. In most cases where interference with adhesion occurred, it
was evident for all three glues, and it is therefore possible to discuss
the results without reference to typo of glue.

With the exception of a few joints for which wood failures wore
lower than for the corresponding controls, most of the joints made on
veneer, plywood, and lumber treated with the chlorophenols, dissolved in
mineral spirits and Stoddard solvent but without "anti-blooming" agents,
were of high quality. It is possible that the excessive "blooming" or
crystallization of pentachlorophenol on the surfaces treated with solu-
tions of this chemical dissolved in mineral s pirits or Stoddard solvent
and with no "anti-blooming" agents added caused the reduced wood
failures that were evident for a few of the joints. The fact that, in
general, there is loss interference for material treated with Stoddard
solvent or mineral spirits solutions of chlororthophenylphenol, which
is liquid at room temperature and does not crystallize on surfaces when
the solvents evaporate, is an added indication that excessive "blooming"
of pentachlorophonol may }eve been responsible for the reduced wood
failure noted.
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Practically all of the joints made to surfaces treated with mixtures
of pentachlorophenol and chlororthophenylphenol were of good quality.
Although some "blooming" of pentachlorophenol occurred on material treated
with those mixtures, it was not as heavy as for material treated with
pentachlorophenol alone.

The addition to the treating solutions of up to 10 percent of pine
oil did not appear to interfere with adhesion, but the addition of 5
percent of rosin ester gum appeared to reduce wood failures somewhat for a
few of the joints made on birch plywood. The majority of the joints made
to surfaces treated with oil solutions of chlorophenols containing 5
percent of rosin ester gum, however, were of high quality and the same 'aas
true for joints made to surfaces treated with oil solutions of chloro-
phenols containing 1.5 percent of rosin.

Insofar as could be determined by these tests, surfaces treated with
mineral spirits or Stoddard solvent solutions of a mixture of pentachloro-
phenol and chlororthophenylphenol, some of which contained small amounts of
rosin, were as satisfactorily glued immediately following treatment as when
an interval of 24 hours elapsed between treating and gluing. Similar
results were obtained on shear blocks treated With mineral spirits alone
and glued 1 hour and 24 hours after treatment (table 4). Those results
indicate that the presence of these light oils on surfaces at the time of
gluing did not interfere with adhesion of glues under the conditions of
these tests.

Although only a few tests wore made as shown in table 4, there is
some indication that surfaces treated with solutions of chlorophonols in
loss volatile solvents, fuel 'oil and. a heavy aromatic solvent, are not as
readily glued immediately following treatment as when a period of 24
hours is allowed to elapse between treating and gluing.

The veneer treated with water-repellent preservatives was glued 24
hours after treating, and for most of this material marked interference
is evident, particularly for the joints made on birch veneer. Most water-
repellent preservatives contain some wax and drying oils, which are known
to interfere with the adhesion of glues.

The results obtained with the commercially prepared wood sealer,
reported to contain no wax, are of particular interest because of the
difference in quality of joints when gluing was done Immediately folloming
treatment and at various intervals after treatment. When birch veneer
treated with this sealer was glued immediately or within an hour after
treatment, there was only slight interference with adhesion of glues.
Interference was marked at the end of 4 hours and was particularly strik-
ing when gluing was done 24 hours after treating. It appears from these
results that, when gluing is done before the solvent has evaporated com-
pletely, there is less danger of interference than when the solvent has
evaporated and the sealer ingredients have formed a film on the surfaces.
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In the majority of these tests, light sanding of treated veneer and
plywood surfaces prior to gluing improved the quality of the joints,
particularly when the treatment was of a type that caused interference
with adhesion when the surfaces were glued without sanding. The results
of the gluing tests on sanded surfaces, tables 1, 2, and 3, are in close
agreement with those of earlier tests, and show that light sanding of
surfaces to which glues normally do not adhere satisfactorily improves
adhesion and the quality of the glue joints.

Since the surfaces of plywood are often not in as satisfactory con-
dition for gluing as freshly planed lumber surfaces, light sanding of
plywood surfaces before gluing is a good safety precaution when the glue
joints to be made are as critical as those in aircraft. The results
obtained in these gluing tests on treated wood surfaces indicate that
light sanding of treated plywood before gluing is helpful in many cases,
and it is recommended.

Summary

Veneer, plywood, and lumber surfaces treated with mineral spirits
or Stoddard solvent solutions of chlorophenols by a 30-second dip treat,-
ment were satisfactorily glued with casein, cold-setting urea-resin, and
resorcinol resin glues as long as the treating solutions did not contain
waxes or other water-repellent and sealer ingredients that are known to
interfere with adhesion. The addition of pine oil to mineral spirits or
Stoddard solvent solutions of chlorophenols did not affect the gluing
characteristics of surfaces treated with such solutions. There appeared
to be only slight interference with adhesion of glues when the treating
solution contained as much as 5 percent of rosin ester gum. Although
the interference with adhesion observed for materials treated with solu-
tions containing rosin ester gum and rosin was not marked, it indicated
that the amount of such "anti-blooming" agents should be limited to the
smallest quantity that will prevent objectionable "blooming" of
pentachlorophenol.

Surfaces treated with mineral spirits and Stoddard solvent solu-
tions of chlorophenols appeared to be as readily glued immediately follow-
ing treatment as when the solvent had been permitted to evaporate for 24
hours before gluing.

Marked interference with adhesion was evident for material treated
with water repellents.and a wood sealer before gluing.

Light sanding of the surfaces of plywood and light framing members
before gluing improved the quality of glue joints on surfaces that wore
not satisfactorily glued without sanding.
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