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The increased use of plywood and other wood products bonded with soybean
and casein glues under conditions conducive to mold growth has emphasized
the need for preservatives in these glues. Techniques for rapidly and
accurately evaluating the effectiveness of these preservatives are also
needed.

In connection with an earlier study of preservatives for casein and soy-
bean glues, two simple techniques were developed at the U. S. Forest Prod-
ucts Laboratory for measuring the mold resistance of these glues and of
glue-preservative mixtures. These ' simple accelerated mold tests, which
have since been tested in research with a number of protein and flour-
extended urea-resin glues containing various preservatives, permit rapid
evaluation with acceptably reproducible results-2)2

These procedures have certain advantages over other methods, such as the
potato mold test, that had been used previously to evaluate the mold re-
sistance of glues. The newer procedures provide for exposure to a number
of organisms capable of attacking the unpreserved glue and give results in.
a relatively short time that appear to be closely correlated with results
of longer exposure tests made in a room maintained at a high humidity. The
results of tests made at different times on the same glues were considered
to be satisfactorily consistent. The, materials required for these tests
are available to anyone interested in glue testing.

Results of studies made at the Forest Products Laboratory involving both
of the test methods described here indicate that the shorter Method 2 is
simpler and just as effective as the longer Method 1.

—Maintained at Madison, Wis, in cooperation with the University of
Wisconsin.

2
1(aufert, F. H. Increasing the Durability of Casein Glue Joints with Pre-

servatives, Forest Products Laboratory Report 1332, October 1943.
3
1(aufert, F. H., and Blew, J. O. Experiments with Preservatives for Soy-

bean Glue and Soybean-Glued Plywood, Forest Products Laboratory Report
R1447, March 1944,
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Procedure No. 1

The materials necessary for this test are shown in figure 1. The incuba-
tion or humidity chamber may be a large stone crock, a wash boiler, or a
similar watertight container. The cover should fit loosely so as to allow
some interchange of air. A platform is made by placing several thin boards
or plywood over wood blocks or bricks on the bottom of the container. An
inch or two of water is then placed in the container. The water level
should be at least 2 inches below the top of the platform.

A source of infection for the tests is prepared as follows:

1. A thin glue mixture is first prepared. With casein glue, use a glue-
to-water ratio of 1:8. With soybean glue, use 1 times the volume of water
used in preparing glue for normal gluing operations. Any of the commercial
casein or soybean glues without preservatives are satisfactory for this
purpose. The glue should first be mixed as recommended by the manufacturer
for normal gluing operations, and the additional water then added with
vigorous stirring to obtain a thin glue free of lumps.

2. Mold inoculum is prepared by soaking 2 or 3 sheets of sapwood veneer
(about 1 foot square) for an hour in the thin glue and then removing and
storing the wet sheets in a loosely covered, damp chamber (e.g. over water)
at room temperature. The panels are left in the chamber until their sur-
faces are covered with a heavy growth of mold. A week's time should be
ample for this purpose.

3. A second fresh diluted glue mixture is prepared as in step 1. The
mold inoculum of step 2 is transferred to it by immersing the moldy panels
in the glue and removing the spores from the panels with a stiff brush.
The mixture is then thoroughly stirred.

4. Sheets of veneer, cut somewhat smaller than the test chamber, are then
soaked in the dilute, inoculated glue for an hour. The veneers should be
1/16 to 1/24 inch thick and all sapwood. Veneers of sweetgum, water tupelo,
cottonwood, basswood, yellow birch, and Douglas-fir have been used and
found to be very satisfactory for use in both steps 2 and 4.

After soaking, the veneers are drained and stacked without drying in the
test chamber as illustrated in figures 1 and 2. At the same time the test
specimens are laid on the veneers as illustrated. The specimens are first
dipped in water at room temperature to wet the surfaces.

Standard plywood shear specimens, cut from plywood panels glued according
to the manufacturer's directions with the glues under test, are used. To
reduce variations in results that may occur due to natural preservatives
present in the heartwood of many species, it is important that only sap-
wood veneers be used in the preparation of the plywood panels. After the
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shear specimens have been placed on the moldy veneers, the container is
loosely covered and kept at, or slightly above, room temperature. The con-
tainer should be placed on a shelf or on stickers so it will not rest on a
cold floor. With the exception of one test, which was made at 80° F.,
these mold tests have been made in a room in which the temperature varied
from 70° to 76° F. At 8o° F., there was somewhat more rapid mold growth
and deterioration of glue joints than at the lower temperatures. It is
recommended that the incubation chambers be kept in rooms in which tem-
peratures do not fall below 72° F. or go above 80° F. for long periods.

Procedure No. 2

Procedure No. 2, a simpler and somewhat more rapid method than procedure
No. 1 is described below.

The plywood shear specimens, prepared from sapwood veneer, are soaked for
one-half to one minute in a water suspension of mold spores, which is pre-
pared by mixing mold spores from pieces of molded casein-soaked veneer (see
method 1, steps 1 and 2) with tap water. The shear specimens are then
loosely piled in layers in a humidity chamber. The layers are separated
by small wooden stickers or glass rods to provide air circulation around
and over each individual specimen. The humidity chamber may be a glass
desiccator or metal container with a loosely fitting cover. Sufficient
water should be present in the bottom of the container to insure a satu-
rated atmosphere, and the shear specimens should be raised above the water.
The container should be placed in a room maintained at temperatures of 72°
to 80° F. The specimens are left in the incubation chamber for the desired
period and tested upon removal.

This procedure eliminates the preparation of molded veneers to support the
specimens, and considerably reduces the time and work required for start-
ing the mold exposure tests.

With either procedure, the experimenter should check the shear test speci-
mens at intervals during exposure to be certain that they remain covered
with active mold growth.

Evaluation of Results

In research work, joint strength tests may be made on the plywood shear
specimens at weekly intervals for the first 2 weeks and at longer inter-
vals thereafter. When effective preservatives are included and a com-
parison of their effectiveness is desired, the intervals should be length-
ened. The specimens should be tested as soon as removed from the container
and before any appreciable change in moisture content takes place.
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Typical results obtained by procedure No. 1 on several commercial casein
glues and a soybean glue are shown in table 1. Results of tests on glues
containing several preservatives are also shown. The comparison between
procedures 1 and 2 given in table 2 indicates that the second procedure
may be somewhat more severe than the first. In experiments to date, how-
ever, preservatives have had the same relative ratings with each other by
either procedure.

These results show that protein glues with excellent dry strength and good
water-resistance after 48 hours of soaking in cold water break down in a
few weeks when exposed in these mold tests, unless they are protected by
preservatives.

Water hydrolysis is probably less of a factor in the breakdown of protein
glues in these tests than is mold action. Moisture determinations were
made on plywood shear specimens exposed for various periods in these mold
tests, and the moisture content was found to vary between 30.0 and 35.0
percent. Moisture content values in this range are favorable for mold
growth but do not appear to be high enough to bring about rapid hydrolysis
of the glues.

When either test is used in specifications to distinguish between glues
containing either no preservatives or ineffective preservatives and those
containing effective preservatives, it appears practical to require that
the joint strength of plywood shear specimens after 2 weeks exposure in
the mold test be at least 140 pounds per square inch.
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Table 1.--Results of mold tests on shear specimens of yellow birch plywood
glued with several commercial caseins and a soybean glue

Preservative
- of :

Shear strength 2  

: preserva-:Original:Wet after:	 After exposure
tive in : dry	 : 48 hours: in mold tests for:

	

:	 glue	 :	 : soaking : 	
8 : 15 : 28

: days : days : days
•	 •

	: 	 Percent : P.s.i. : P.s.i.	 :P.s.i.:P.s.i.:P.s.i. 

Commercial Casein Glues

	

None, ..... ..............	 360	 :	 157	 :	 76 :	 25 :	 0
	Do............ .........	 nnn

	 452	 :	 179	 :	 49 :	 17 :	 0
Do... 0 0 • *	 00 ....... e:

	 372	 :	 140	 :	 61 :	 36 :	 0

398 :	 187	 : 102 :	 40 :	 0

	

Orthophenylphenol.... . . • .: 	 2.0	 :	 443 :	 195	 : 149 :	 83 :	 0
Do......... 	 '	 5.0	 394. :	 175	 : 182 : 140 : 163

	Pentachlorophenol... ..... : 	 2.0	 348 :	 142	 : 180 : 110 :	 0

	

Do.. ...... . ..... ....... .	 5.0	 383	 :	 187	 :	 250 :	 191 :	 217

	

Sodium orthophenylphenate: 	 5.0	 381 :	 183	 : 192 : 108 : 100

	

Sodium pentachlorophenate:	 5.0	 372 :	 178	 : 203 : 186 : 271

None......... ..... . .	 •	 ..**	 .	 427	 :	 207	 :	 83 :	 13 :	 0.

2.0	 433 :	 245	 : 320 : 271 : 209

Do..............	 . . . . .	 5.0	 :	 473	 :	 200	 :	 319 :	 338 :	 356
:	 2.0	 .. 537 :	 215	 : 343 : 356 : 356

	

.... :	 5.0	 :.	 512 :	 216	 : 322 : 345 : 369
2.0	 543 :	 232	 : 228 :	 80 :	 53
2.0	 382 :	 172	 : 207 : 117 :	 71

Soybean Glue

	

None............... ..... . •	 _ _	 :	 340	 :	 195	 :	 65 :	 12 :	 0

	

Orthophenylphenol... ..... : 	 2.0	 :	 332 :	 188	 : 111 :	 26 :	 0

	

Do.....................:	 5.0	 :	 330	 :	 184	 :	 183 :	 184 :	 196
Pentachlorophenol...... . : 2.0	 :	 345	 151	 :	 78 :	 25 :	 73

	

Do............. -........:	 5.Q	 :	 319	 176	 :	 160 :	 183 :	 161

	

Sodium orthophenylphenate:	 2.0	 :	 303	 184	 : 177 : 105 : 117

	Sodium pentachlorophenate: 	 2.0	 :	 363	 208	 :	 96 :	 7 :	 9

1
–Concentration of preservatives in commercial casein glues is based upon weight

of dry glues, and concentration of preservatives in soybean glue is based
on weight of soybean weal.

•
:Concentra-:

2
–The plywood shear tests were conducted in accordance with American Society

for Testing Materials (ASTM) Specification D906-49.

None...................

Orthophenylphenol... 0	 MI.

Pentachlorophenol..
Do ............

Sodium orthophenylphenate:
Sodium pentachlorophenate:
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Table 2.--Results of mold exposure tests made according to procedures
and 2 on casein lued shear specimens of yellow birch 

sapwood plywood       

1
Preservative-   Average shear strength

: Original : Procedure No. 1 : Procedure No. 2
dry	 :after exposure for :after exposure for

: 14 days : 28 days : 14 days : 28 days
• •

s
	

P.s.i.	 .s.	 : P.s.i.	 • P.s.i.

None
	

501	 28	 :	 0	 :	 48	 :	 0

Sodium tetrachlorophenate:	 508	 :	 354	 :	 458	 :	 310	 :	 354

Sodium trichlorophenate :	 514	 :	 413	 :	 468	 :	 363	 :	 274

Sodium orthophenylphenate: 	 504	 :	 335	 :	 126	 :	 276	 :	 80

Orthophenylphenol
	

:	 430	 :	 321	 :	 253	 :	 359	 :	 216

1
–A 5 percent concentration of preservatives based on weight of dry glues

was used.
2
The plywood shear tests were conducted in accordance with American Society

for Testing Materials (ASTM) Specification D906-49.
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