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• GLUING OF THIN COMPEG.1-

By

H. 14 EIMER, Engineer
and

H. D, BRUCE, Chemist

Compregg. is wood impregnated with aphenol-formaldehyde resin and cured
under high pressure and temperature. Because of the high density and
resinous nature of this resin-treated, compressed wood, it was reasonable
to expect that it would be quite unlike normal wood in its gluing proper-
ties and that attempts to glue it with the usual wood adhesives might
meet with difficulties.

In preliminary attempts to glue thick sections of compreg made at the
Forest Products Laboratory, results were variable because of the uneven-
ness of the surfaces of the blocks and consequent incomplete contact
between the faces under pressure. Studies of the gluing of thinner sec-
tions of compreg that would yield sufficiently under pressure to provide
more nearly uniform contact, were undertaken and are reported herein.

The experiments with thin compreg veneer were concerned with the effects
on joint strength of (1) surface characteristics and surface treatments,
(2) quantity of glue spread, (3) assembly time and pressure, (4) curing
time and temperature, and (5) type of glue. Each of these subjects is
discussed separately on the following pages under experiments I'to V. It
is believed that the same methods, in general, could be applied with
similar results to rigid sections of compreg milled to close fit between
the contact surfaces,

'This report is one of a series of progress reports prepared by the
Forest Products Laboratory, relating to the use of wood in aircraft.
Results here reported are preliminary and may be revised as additional
data become available,

-Forest Products Laboratory Report No. 1381, "Forest Products Laboratory
Resin-treated, Laminated Compressed wood (Compreg)," revised July 1944.
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Compreg

The compreg used was made from 1/16-inch yellow birch veneer impregnated
with a water-soluble phenol resin. Two of these sheets were laid with the
grain parallel, compressed to a thickness of approximately 0.075 inch, and
cured. The resulting compreg had a specific gravity of 1.31 to 1.35 and a
resin content of 25 to 30 percent.

Test Specimens 

Three plies of this thin compreg, conditioned for 1 week in a relative
humidity of 30 percent at 800 F., were glued together to form panels, with
the grain direction of the center ply at right angles to that of the face
plies. The panels were of two sizes; one 8 inches square, the other 5 by
12 inches, with the grain of its face plies parallel to the short
dimension. From each 8- by 8-inch panel were cut 14 specimens, and from
each 5- by 12-inch panel, 10 specimens. These were of the conventional
plywood-shear type described in Army-Navy Specification AN-G-8 and other
Government specifications on glues, except that the saw cuts in each outer
ply were extended through the center ply to its farther glue line to
eliminate any effect the strength of the core would have on the test
results.

Glues 

Altogether, 41 glues of 14 different types were tested on compreg,
although not all of the 41 were used in each experiment. Few of the glues
were recommended for gluing compreg, but a considerable number were tried
to compare results from glues varying widely as to type and chemical
nature. The particular glues employed are given in the descriptions of the
several experiments.

Procedures

Gluin and Ourin Conditions

The manufacturer's instructions for the use of each glue on wood were
followed except where departures seemed desirable or where variations in
technique were being investigated. The variations in surface treatment,
gluing and curing conditions, and glues are described under the applicable
paragraphs as five experiments, each testing a different variable or vari-
ables. Each succeeding experiment incorporated the findings of the preced-
ing one, using the conditions of gluing and curing shown to be the best
among those tested. The equipment used in preparing the panels was the
same for all the studies.
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ILIME911EPLa29imens

The specimens cut from the glued three-ply panels of compreg were condi-
tioned at 80' F. and 30 percent relative humidity, and were then tested
dry in a standard plywood-shear-testing machine, loading in tension at a
rate of 700 to 800 pounds per minute. Tests were continued to failure,
when the compreg sheared or the glue failed, or both. The amount of
failure in the compreg was estimated as a percent of the total failure in
each specimen. If in a series of test specimens the failures averaged
above 50 percent in the compreg, or the average shear strength of the
specimens was above 500 pounds per square inch, the glue bonds were con-
sidered of satisfactory quality. These standards were arbitrarily
selected after observing the distribution of test results.

LlEatinc11121sEaLlarlaat

In exploratory attempts to glue compreg, it was found nearly impossible to
make a good glue joint on the hard, lustrous surface of compreg as it
comes from the press. This may have been due to a deposit of wax left
from the cauls, or to a layer of highly polymerized resin at the surface.
The purpose of this experiment was to determine whether mechanical
abrasion, dewaxing by solvent, or chemical etching would enhance the
gluability of the surface.

A variation in the glossy appearance of the compreg veneer presented an
opportunity to determine the effect upon the glue bond of two visibly
different untreated surfaces. 	 With each glue tested on veneer without
surface treatment, op.e panel was prepared from selected compreg veneer
showing low gloss , and a second panel from compreg veneer with' high gloss.
All panels assembled to show the effect of surface treatment were made
from compreg veneer of intermediate gloss.

arat ion of

Each of the following surface conditions was represented in these tests:

1. High gloss (dark colored) without treatment.
2. Low gloss (light colored) without treatment.
3. Sanded with medium sandpaper in the direction of the grain

to remove the gloss.
4. Sanded heavily with and across the grain,
5. Sanded, then scored with a toothed scraper,
6. Unsanded, washed with hot alcohol.
7,. Unsanded, washed with benzene.
8. Unsanded, washed with acetone.
9. Unsanded, washed with acetone, immersed for 5 minutes in

concentrated sulfuric acid, washed with water,



•10. Unsanded, washed with acetone, immersed for .5 minutes in
concentrated sodium hydroxide, washed with water.

11. Unsanded, washed with acetone, immersed for 5 minutes in
concentrated phosphoric acid, washed with water.

Gluing

Two glues were used in this experiment: 02, an alcohol-soluble, alkaline,

hot-press phenol resin, and 04 , a water-soluble, intermediate-temperature-

setting urea-formaldehyde resin. Gluing conditions were as follows:

Spread.--3oth faces of the joint were coated with glue, using a
total of 25 to 30 crams of wet glue per square foot of glue joint.

Assembly.--A closed assembly period of 24 hours was allowed before
pressing.

Pressure..-450 pounds per square inch was applied by hydraulic pres
with electrically heated platens.

Pressing time andten129-For alcohol-soluble phenol resin C2,
the curing was for 25 minutes at 315° F; for urea-formaldehyde resin 04,
it was for 20 minutes at 260° F.

Conditioning.--The glued joints were conditioned for at least 1 week
at 800 F. and 30 percent relative humidity before testing.

Results

The results of this series of gluing tests showed that untreated glossy
compreg surfaces were, in general, unsuitable for gluing, although the low-
gloss compreg offered a more satisfactory surface for gluing than the high-
gloss variety. Good results were obtained with hot-press phenol- resin on
the untreated, low-gloss, light-colored. material. On the untreated,
high-gloss, dark-colored surfaces, the joints were very weak, particularly
with the urea glue.

On sanded surfaces, with and without subsequent scoring, good joints were
Obtained with both resin glues. The average shear strength for these
sanded surfaces '(surface treatments 3, 4, and 5) with urea resin 04 was

635 pounds per square inch with 95 percent failure in the corkoreg. The
corresponding results for phenol resin 0 2 were 555 pounds per square inch

and 83 percent compreg failure.

The gloss surfaces washed with hot alcohol, benzene, or acetone, did not
glue any better than the untreated. low-gloss surfaces and usually not as
well.
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When an acid, treatment was used with the alkaline glue, or an alkaline or
acid treatment with the acid glue, the joints were usually weak, and in
some instances separated before testing,

n

IL2plf2fjy.z22A2121ue

Gluing and Curing Conditions

Glues of four different types, as listed in table 1, were used in this
experiment. The surfaces of the compreg veneer were sanded to remove the
surface gloss before the glue was spread (surface treatment 4), For each
glue, four rates of spread, from light to heavy, were tested . (column . 2 of
table 1), The glue was spread by brush. .The amount applied was deter-
mined by weighing the panels before and after spreading.

A closed assembly time of 10 to 20 minutes was allowed. A pressure of 250
pounds per square inch was applied in all cases.

The casein and the room-temperature-setting urea resin glue joints were
held under- pressure for 16 hours at 750 F. The alkaline• and the acid
intermediate-temperature-setting phenol resin glues were cured in a dry
kiln for 24 hours at 180° F., and 16 hours at 160 -° F., respectively.
Their curing periods included 8 hours required to bring the glue lines of
panels in the center of each stock to the kiln temperature.

The specimens were all conditioned for at least 1 week at 80° F, and 30
percent relative humidity before testing.

Results

The results of the shear tests on the compreg panels so prepared are given
in table 1. To aid in the interpretation of the data, the range of these
results (minimum and maximum), as well as the average shear strength and
the average percent of compreg failure, for each group of specimens is
given. The percentage of specimens in each group that 'failed above 50,0
pounds per square inch in shear, or with more than 50 percent of the failure
in the compreg, is also given.

With the room-temperature-setting urea resin glue, a light spread of 8.0,-
to 9.0 grams of wet glue per square foot was found to give better results
than heavier spreads, This was indicated not only by the average compreg
failure of 92 percent for specimens made with this light spread. of glue,
but also by the high percentage (97 percent) of the specimens that had
compreg failure above 50 percent or shear strengths above 500 pounds per.
square inch.
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With the acid intermediate-temperature-setting phenol resin glue, high
test values were obtained over the entire range of glue spreads used (7.0
to 24.0 grams of wet glue per square foot). In all of the test results
on the joints, the average strengths were over 500 pounds per square,inch,
and compreg failure was greater than 50 percent. For the heaviest spread
there was some reduction in the percentage of compreg failure, but the
shear strengths were about the same.

The alkaline intermediate-temperature-setting phenol resin glue produced
joints of generally high strength; and all spreads from 8.0 to 25.0 grams
of wet glue per square foot produced joints in which:the individual
specimens had strengths over 450 pounds per square inch. With the excep-
tion of the spread range of 13.0 to 14.0 grams of wet glue per square
foot, for which the results were inconsistent, 97 percent or more of the
specimens had strengths of over 500 pounds per square inch and compreg
failure of over 50 percent. The high-strength joints glued with this
alkaline phenol resin glue generally showed lower compreg failure than
joints of equal strength glued with the acid phenol resin glue.

Compreg-to-compreg bonds made with casein glue were low in shear strength
and compreg failure for all ranges of spread. The results were, however,
slightly better for the light spread of 10 to 12 grams of wet glue per
square foot than for heavier ureads.

From these data it would appear that light spreads of 7.0 to 12.0 grams of
wet glue per square foot are, in general, preferable for making compreg-to-
compreg glue bonds.

III. Variations in Assembly Time and Pressure

Gluing and Curing Conditions 

The same four glues were used as in experiment II. Preparation of the
compreg surfaces, method of spreading the glue, curing time, and tempera-
ture were also the same.

Because the results of the study described in experiment II indicated that
a light spread was desirable in gluing compreg, an attempt was made to
keep the spread between 10 and 12 grams of wet glue per square foot, but
weighing the panels before and after application of the glue showed an
actual average spread of approximately 15 grams per square foot.

Pressure was studied through a range of 25 to 450 pounds per square inch,
with closed assembly periods of 2 to 60 minutes, The exact pressures and
assembly periods used are given in table 2.
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Results 

The test results on the compreg joints glued with the four glues, using
various pressures and closed assembly periods, are given in table 2.

With the room-temperature-setting urea resin glue under low pressures, best
results were obtained with short assembly periods of 2 to 10 minutes. This
was particularly true for pressures of 25 pounds per square inch, and to a
lesser extent for pressures of 150 and 250 pounds per square inch. At a
pressure of 450 pounds per square inch, assembly time seemed to be less
important, and good bonds were obtained even with a closea assembly period
of 60 minutes.

The acid intermediate-temperature-setting phenol resin glue produced joints
of high quality over the entire range of pressures and assembly times
tested. This was also true for the alkaline intermediate-temperature-
setting phenol resin glue, although the compreg failures were in general
somewhat lower than for the acid, glue. The occasional lower values at the
longer assembly periods may have resulted from slight warping of the
compreg sheets, giving the effect of open rather than of closed assembly
over part of the surface.

The compreg-to-compreg glue bonds made with casein were somewhat better for
low pressures and short assembly periods than for high pressures and long
assembly periods, but with any of the pressures or assembly periods used,
the casein glue joints were generally weaker than the joints made with the
synthetic resin glues and failed almost entirely in the glue.

IV. Variations in Curing Time and Temperature

This part of the study was made to obtain information on the curing time
and temperature necessary to Obtain high-quality compreg-to-compreg glue
bonds with particular glues of various types. The same four glues were
used in the first portion of this experiment (table 3) as in the two
preceding experiments. Sixteen additional glues were investigated, in the
second portion of this experiment (table 4).

Gluing Conditions 

The compreg veneer surfaces were sanded in preparation for , gluing, The
spread of glue was 10 to 15 grams of wet glue per square foot of glue joint.
A closed assembly time of 10 minutes was allowed, and a pressure of 250
pounds per square inch was applied.
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Curing Conditions 

The curing temperatures and curing periods are given in tables 3 and 4.
A heated room was used for temperatures of 75° to 100° F. Curing time was
measured from the time pressure was applied. At the higher temperatures,
electrically heated cauls and electrically and hot-water heated presses
were used. The curing periods were measured from the time the temperature
reached 5 degrees below the desired curing temperature. Temperatures at
the glue line were measured by thermocouples inserted between the plies.

In the first part of the experiment (table 3), three panels prepared for
each curing condition with roomPtemperature-setting casein and with room-
temperature-setting urea resin were conditioned for at least 1 week at
80° F. and 30 percent relative humidity before being tested. For the two
intermediate-temperature-setting phenol resin glues, six panels were
prepared for each curing condition. Three were tested after conditioning
for 2 weeks, and three after conditioning for 6 weeks, at 80° F. and 30
percent relative humidity.

In the second part of the experiment (table 4), one panel was prepared
with each glue for each curing condition, and the glued joints were
allowed to condition for at least one week at 80° F. and 30 percent
relative humidity before testing,

Results 

The average joint strengths and compreg failures for the four glues (S1,
K, 12 , and E1 ), cured at different temperatures for several curing
intervals, are presented in table 3. Since there was no apparent difference
in the strength of the glue bonds for the panels conditioned for 2 and 6
weeks , the results were averaged for presentation in the table.

Assuming a minimum shear strength of 500 pounds per square inch, or 50
percent compreg failure, as a basis for evaluation of satisfactory joint
quality in these, specimens, the casein glue bonds of compreg-to-compreg
made under the curing conditions used in - this study were unsatisfactory.

Judged on the same basis, the room-temperature-setting urea resin glue
gave satisfactory results when cured at 75° F. for 8 hours, and at 90 0 F.
for 2 hours, followed by a conditioning period of 1 week at 80° F. and 30
percent relative humidity before testing. Joints of equal quality in
yellow birch wood have been obtained under the same curing conditions in
approximately one-half the time.

Bonds of the quality considered satisfactory were obtained with the
alkaline int ermediate-temperature-setting phenol resin glue in curing
periods of 16 hours at 160° F,, 6 hours at 180°. F., 1 hour or over at
2000 F., a4d 1/2 hour or over at 220° 7

•
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The acid intermediate-temperature-setting phenol resin glue produced joints
of about equally satisfactory quality in 4 hours at 140° F,, 2 hours 'at
160° F., and 1/2 hour at .180° F., 200° F., and 220° F. Longer curing time
at each temperature usually improved the glue joints.

A study.was made to determine if curing temperatures lower or higher than
those recommended by the manufacturers were suitable for gluing compreg
with some of the glues. Sixteen glues were tested on sanded compreg veneer.
The average shear-strength and compreg-failure values for' the specimens are
given in table 4. With the exception of Glue 

C10, 
which did not cure

adequately at 140° F. (lower than recommended), there was no important
difference between results obtainable . at the different temperatures employed.

Glues, normally used at room temperatures, did not make better original
bonds to compreg at elevated temperatures of 90 0 to 100° F. or at 140° F.,
but no durability tests were made to determine if the additional cure
improved durability. Except for glues Cand C 10 , a curing temperature of1 ,
140° F. produced good original,bonds to compreg with the intermediate-
temperature-setting glues investigated,

. Various Types o Glues

Preparation of Specimens 

Forty-one glues, selected as representatives of various glue types, were
used to .bond three-ply panels of compreg veneer under conditions normally'
recommended by their manufacturers. The compreg was sanded with arid'
across the grain (surface-treatment 4). Curing pressures of 300 . to 450
pounds per square inch were employed. A single panel was made with each
glue, and 10 to 14 test specimens cut from each panel were tested dry for
shear strength after conditioning at 80° F. and 30 percent relative
humidity for at least 1 week.

Results 

The results with the 41 glues used according to manufacturers' directions,
are given in table 5. The joints obtained with the animal and the casein
glues were comparatively low in shear strength and broke with little or no
failure in the compreg. It is probable that these glues 'did not dry
adequately between, the compreg surfaces. Unsatisfactory joints were also
obtained with several of the resin glues, probably because of insufficient
cure under the conditions employed; but with most of the resin glues the
joints were. strong and broke with a large percentage of the- failure in the
compreg. There was a wide variation in shear strengths observed 'with
those glues that broke with relatively high compreg 	 possibly due
in part to variations in the shear strengths of different lots of compreg;
but also due in part to variations in the elasticity of the glues in the
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joints. The best results were obtained with a modified rubber glue (H),
which has high elasticity; and next best with thermoplastic glues (J and. T),
and the resorcinol glues (E2 and P).

Summary

y gluing compreg veneer into three-ply panels with different glues under
various conditions, experiments were made on the effects of (I) surface
condition and treatments, (II) quantity of glue spread, (III) variations in
assembly time and pressure, (IV) variations in curing time and temperature,
and (V) kind of glue.

The conclusions reached from the experiments were:

1. The glossy surface should be treated or removed before gluing, and
sanding is a satisfactory method, for this purpose.

2. The glue spread should be light (7 to 12 grams of wet glue per square
foot of glue joint).

Satisfactory joints were obtained with the intermediate-temperature-
setting phenol resin, glues investigated when the assembly periods were as
long as 60 minutes and the gluing pressures were varied from 25 to 450
pounds per square inch. The urea-resin glue, when used at pressures of
less than 250 pounds per square inch, produced the nest joints with closed
assembly periods of 2 to 10 minutes. At high pressures, 60 minutes closed
assembly periods were also satisfactory with the urea resin glues.

4, Minimum curing times at several temperatures to obtain the full joint
strength of the compreg with the four types of glues investigated were, in
general, about twice as long as normally required with these glues in
bonding to wood.

In tests to find any effect of curing at elevated temperatures of 90 to
100° F. and 1400 P. on glues normally cured at room temperature, the dry
joint tests for the glue joints made at room temperatures (75° to 80 0 F.)
were sufficiently strong to fail mainly in the compreg, and consistent
improvement at the high curing temperatures was not apparent. In tests made
to 'determine if glues normally used at curing temperatures of approximately
260° F. could, by changing the gluing conditions, be used with curing tem-
peratures as low as 140° F., it • was found, with the exception of one glue,
that the joints could be cured at the lower temperature so that the quality
of the glue joints, as determined, by the dry joint tests, was approximately
equal to that obtained at the higher temperature. The higher curing temper-
ature yould be recommended, however, when practical for greater durability,

5. Casein and animal glues formed relatively poor joints in compreg under
the conditions of the test. Stronger joints were made with most all
synthetic rosin glues when adequately cured.
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10.0: 550
14.0: 460
20.0: 470
25:0: 510

12.0: 325
16.0: 370
23.0: 260
34.0: 245

: 92 • 100

	

: 99 •	 100
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: 66 :	 100

	

: 68 :	 100

	

: 48 :	 77
: 58 • 97

	

: 74 :	 100
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0:	 3

	

0:	 3

Table 1,---LIIL112111111a three-ply compreg  specimens
prepared at various glue-spreading rates, using four glues

Glue
Spread	 :

of
wet glue

Compreg	 : Specimens
failure	 :above 500
	 -:p.s.i. or

:50 percent
Av..1 ;Min.: Max.:Av. 1 : compreg

• : failure

Shear strength :

: Min. : Max.
S

111.111P

.9.1222= 	 	 :Per-: Percent
sq. ft.	 :cent: cent:cent:

Room-temperature-	 : 8.0 -
setting urea resin : 130
(S )1	 18.0 -

: 24.0 -

Acid intermediate-	 : 7.0 -
temperature-setting: 12,0
phenol resin (12 )	 18.0

: 23.0 -

Alkaline intermediate-: 8.0 -
temperature-setting: 13,0 -
phenol rein (E1 ) : 18.0 -

24.0

Casein, room-	 : 10.0 -
temperature-setting: 14.0 -
( K )	 : 20.0 -

24.0 -

1
-Each value is the average result of 30 specimens cut from three panels.
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Table ---Shear-test 	 at.22E1221:_2mItures

with closed aeselIQL221141!t1121Edf9211Glatt

	

::	 Room-temperature-setting urea resin	 :: Acid intermediate-temperature-setti ng phenol

	

Assembly:	 (Si)	 ::	 resin (12)
,

time

	

(closed):	 Shear strength :Compreg failure: Specimens ::	 Shear strength	 :Compreg failure: Specimens

	

: 	 	 :	 : above 500 :: 	 :	 : above 500

	

.	 .	 .• 	 •	 p.s.i. or.	 : p.s.i. or ::	 .
: Min'. : Max. ! Av.1 :Min.: Max.:Av. : 50 percent:: Min. : Max. : Av. :1 :Min.: Max.:Av.1 : 50 percent

	

compreg :: 	 :	 compreg
:	 failure ::	 .	 failure

Minutes  :P s i :P.s.i..:P,I,L,:Per-:Per- :Per-: Percent!. 0P.s.i.:Pp s.10P,s,t,:Per-42er- :Per-: Percentl

	

.	 .	 .	 :cent: cent:cent:	 :cent: cent:cent:

2 : 420	 : 820	 : 590	 : 0
10 : 425	 : 605	 .: 526	 : 30
30 : 0	 : 495	 : 358	 : 0
60 : 285	 : 635	 : 450	 : 0

2 : 430	 : 620	 : 561	 : 40
10 : 445	 : 670	 : 562	 : 35
30 : 420	 : 620	 : 526	 : 10
60 : 300	 : 660	 : 499	 : 0

2 : 515	 : 755	 : 636	 : 25
10 : 425	 : 750	 : 549	 : 25
30 : 440	 : 600	 : 525	 : 10
60 : 450	 : 615	 : 547	 : 0

2 : 435	 : 605	 : 537	 : 15

10 : 430	 : 605	 : 530	 : 0
30 : 445	 : 570	 : 530	 : 0

60 : 345	 : 600	 : 518	 . 5

Pressure -2 5c223a.ndseare inch

: 100 : 64 :	 90	 :: 330 : 585 : 479 : 40 : 100 : 83 :	 84
: 100 : 72 :	 80	 :: 300 : 620 : 518 : 30 : 100 : 92 :	 94
: 100 : 32 :	 40	 :: 410 : 635 : 512 : 25 : 100 : 87 :	 94
: 100 : 28 :	 34	 i: 340 : 640 : 466 : 60 : 100 : 84 : 	 100

Pressure - 150 pounds per square inch

: 100 : 87 :	 100	 :: 405. : 640 : 529 : 10 : 100 : 86 : 	 88
: 100 : 78 :	 94	 475 : 610 : 548 : 80 : 100	 97 :	 100
: 100 : 70 :	 87	 :: 530 : 745 : 645	 65 : 100 : 91 :	 100
: 100 : 59 :	 80	 :: 495 : 690 : 571 : 10 : 100 : 98 :	 100

Pressure - 250 •wands er square inch

: 100 : 87 :	 100	 :: 460 : 620 : 539 : 85 : 100 : 99 : 	 100
: 100 : 77 :	 90	 :: 525 ': 725 : 603 : 90 : 100 : 98 :	 100
: 100 : 54 :	 84	 :: 380 : 640 : 535 : 0 : 100 : 71 :	 100
: 100 : 57 :	 94	 :: 380 : 640 : 542 : 65 : 100 : 97 :	 100

\

Pressure - 452_pounds_per square inch

: 100 : 71 :	 94	 :: 390 : 620 : 511 : 40 : 100 : 94 :	 100

: 100 : 73 :	 94	 :: 435 : 600 : 532 : 0 : 100 : 80 :	 94
: 100 : 67 :	 94	 ':: 460 : 730 : 585 : 0 : 100 : 84 : 	 97
: 100 : 80 :	 90	 :: 320 : 600 : 489 : 10 : 100 : 54 :	 67   

Alkaline intermediate-temperature-setting
phenol resin (N1) 

Casein, room-temperature-setting
(10   

Pressure - 25 undo .er s uare inch

2	 : 395 : 560 : 498 : 25 : 100 : 73 :	 94	 :: 330 : 685 : 440 : 0 :	 5 : 0 :	 20

10	 : 355 : 620 : 480 : 0 : 100 : 55 :	 83	 :: 240 : 560 : 420 : 0 :	 0 : 0 :	 20
30	 :405 : 740 : 565 : 20 : 100 : 73 :	 88	 :: 195 :540 : 375 : 0:	 0: 0:	 23
60	 : 440 : 640 : 538 : 0 : 100 : 63 : 	 84	 :: 225 : 460 : 325 : 0 : 	 0 : 0 :	 0

Pressure - 150 pounder square inch

2	 : 390 : 580 : 508 : 0 : 100 : 61 : 	 80	 :: 310 : 560 : 420 : 0 :	 0 : 0 :	 13
10	 : 430 :565 : 487 : 20 : 100 : 56 :	 64	 :: 255 : 670 : 402 : 0:	 0: 0:	 16
30	 : 455 : 660. : 571 : 25 : 100 : 84 : 	 , 97	 :: 240 : 420 : 318 : 0 :	 0 : 0 :	 0
60	 : 420 : 680 : 573 : 25 : 100 : 83.:	 97	 ':: 220 : 345 : 294 : 0 :	 0 : 0 :	 0

Pressure , - 250 pounds per square inch

2	 : 370 : 610 : 543 : 10 : 100 : 56 :	 90	 :: 195 : 460 : 331 : 0 :	 0 : 0 :	 0
10	 : 430 : 660 : 573 : i 0 : 100 : 45 :	 97	 :: 225 : 480 : 293 : 0 : 	 0 : 0 :	 0
30	 : 380 : 570 : 493 : 0 : 100 : 73 :	 90	 :: 220 : 435 : 316 : 0 : 25 : 1 : 	 0

60	 : 380 : 540 :442 : 0 : 100 : 39 :	 44	 :: 260 .: 460 : 340 : 0:	 0: 0:	 0

Pressure - 450 pousgALper square inch

2	 : 600 : 780 : 684 : 20 : 100 : 65 :	 100	 :: 200 : 555 : 349	 0 :	 0 : 0 :	 3 I

10	 : 320 : 620 : 516 : 0 : 100 : 61 :	 80	 :: 265 : 570 : 349 .: 0 : 	 0 : 0 :	 10

30	 : 325 : 715 : 512 : 0 : 100 t 38 :	 57	 0 190 : 635 : 334	 0 :	 0 : 0 :	 10

60	 : 440 : 650 : 535 : 25 : 100 	 73 :	 87	 1: 240 : 430 : 312 : 0 :	 a : 0 :	 0

1-Each average is for 30 specimens cut from three panels.
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•
Table 3.--Aver shear etre the and co re . failures obtained on three- II

•

CO re anel bonded with :lues cured for various le the
of - me- and at different ten. eratures usi four :lues

Curing	 : Curing :
	

Shear	 :	 Compreg	 ::	 Shear	 : Compreg

	

temperature: time :	 strength :	 failure	 strength
	

: failure

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

	

Room-temperature-setting	:: Casein, room te erature
urea resin (Si)	 ::	 setting K 

•

75	 :	 1	 :	 0	 :	 0	 ::	 308	 0

:	 2	 :	 0	 0	 ::	 339	 :	 0
:	 4	 :	 487	 :	 2	 ::	 329	 :	 0
:	 8	 :	 511	 :	 60	 ::	 398	 :	 1

90	 :	 1	 :	 158	 :	 21	 ::	 278	 :	 0
:	 2	 :	 532	 :	 75	 ::	 305	 :	 0
:	 4	 :	 466	 :	 92	 ::	 286	 0

Acid intermediate-	 :: Alkaline intermediate-.
temperature-setting phenol :: temerature-setting phenol 

resin (12)	 ::	 resin (E )1 

140	 :	 4	 :	 524	 :	 71	 ::..
:	 8	 :	 551	 :	 80	 ::. ............. .:.. ..... 	
• 16	 :	 620	 :	 86

::
160	 :	 2	 :	 529	 :	 85	 ::.. ...... .......: 	

:	 4	 :	 545	 85	 ::....	 • ....... ••• •
:	 6	 :	 486	 :	 6?	 ::... ...... ..... . : .. 	
:	 8	 :	 555	 :	 89	 ::
:	 16	 :. .....	 	  .	 ••

24	 : 	. 	 ..

180	 :	 1/2	 :	 468	 :	 55	 :: .. . .. .. . . ... ...:...........
:	 1	 :	 485	 :	 75	 ::... . 	  s...
:	 2	 :	 497	 :	 81	 .. 

:	 4	 :	 540	 :	 85	 ::	 438
:	 6 	 •	 • •	 534
:	 8	 :...	 ..... ...: ........... ...::	 452

200	 :	 1/4 :	 486	 :	 49	 .. 	 	 :.. . . ... .....
:	 1/2 :	 537	 :	 76	 ::	 498	 :	 33
:	 1	 :	 485	 :	 65	 ::	 464	 :	 58
:	 2	 :	 569	 :	 95	 ::	 499	 :	 91

4	 • 	 .. .... ::	 500	 :	 95

220	 :	 1/4 :	 451	 ;	 46
1/2 :	 ' 475	 :	 60	 ::

:	 1	 :	 538	 :	 66	 ::
2	 •

:	 4	 •	 .

1--Each value for the room-temperature-setting glues S1 and K, is for 30 speci
mens from 3 panels; each average for the intermediate-temperature-setting
glues, 1 2 and El , is for 60 specimens from 6 panels.

2-A closed assembly period of 10 minutes was allowed, and a pressure of 250
pounds per square inch was applied.
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Q F.

480	 :	 11
526	 :	 58
486	 :	 70

: 11
57
46

::....... 	
548
550
580
600••

:	 81
:	 72
:	 84

86

• 0 • •



Room-temperature-setting :
urea resin

Room-temperature-setting :
urea resin

Room-temperature-setting :
urea resin

Room-temperature-setting :
urea resin

Room-temperature-setting :
urea resin

Casein

Room-temperature-setting :
resorcinol

Room-temperature-setting :
resorcinol

Intermediate-temperature-:
setting acid phenol

Intermediate-temperature-:
setting acid phenol

Intermediate-temperature-:
setting urea resin

Intermediate-temperature-:
setting urea resin

Intermediate-temperature-:
setting phenol

: Melamine

C 7	•

D •

Li

0

E2

P	 :

Ci

I 1	 :

Q2

S2	•

L2 : Fortified urea

S3 : Fortified urea

5.010

N

Table 4.--Average shear strengths and compreg failures obtained on three-
glues cured at different temperatures)

c0 it* re•anels bonded with

: 75-80° F. : 90-100° F.: 140° F. : 260° F.

:	 •	 :	 :

10-20 minutes, closed 	 :	 581-97 :	 698-94 :	 689-85 :
:	 .	 .

10-20 minutes, closed	 540-95 :	 590-59 :	 684-82 :
..

10-20 minutes, closed 	 508-69 •	 723-95 •

	

.	 819-78 :
. :	 ..

10-20 minutes,, closed 	 :	 486-84 :	 596-63 : . 	  :
. :

10-20 minutes, closed	 607-77 :	 633-88 :	 761-69 :
.	 ..	 .

10-20 minutes, closed	 •.	 213-0	 262-0	 	 :

10-20 minutes, closed 	 766-78 	 	 711-78 :

10-20 minutes, closed	 755-84

10-20 minutes, closed	 •	 346-0	 372-2

10-20 minutes, closed	 : 	 :	 615-99 :	 719-100 :

15 min. closed, for 140°: 	 • -592-74 : 656-893
20 hours open, for 260° :

: 3
15 min, closed, for 140°: 	 • -644-76 : 546-78
20 hours open, for 260° :

15 min. closed, for 140°:..
20 hours open, for 260° :

15 min. closed, for 140°•
20 hours open, for 260°

15 min. closed, for 140 0: 	 • 2553-0	 : 646-92
2 hours open, for 260°

. 3
15 min. closed, for 140°' 	 • 725-89 : 624-81
4 hours open, for 260° :

•
•

•

711-85 :

• 3
• -608-99 : 546-100

• •

3• -611-75 : 586-98

Glue Glue type Assembly conditions Shear strengths and compreg failures attained
at different curing temperatures?

•

-All panels except those cured at 260° F. were under a pressure of 300 to 450 pounds per square inch for
20 to 22 hours. Those cured at 260° F. were pressed for 20 minutes. After pressing, all panels were
conditioned for at least 1 week at 30 percent relative humidity and 80° F.

-The first value is shear strength in pounds per square inch; the figure after the dash is compreg
failure in percent. Each value is the average from 10 to 14 specimens.

-This glue was not recommended by its manufacturer for use at temperatures as low as 140° F.
4-This glue is now obsolete.
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• Table 5.--Average shear strength and wood failure values obtained on three-ply compreg specimens, glued
with woodworki.: ,lues of various t j.es and cured at tem eratures recommended b manufacturers

•

Glue	 Type of glue	 :
	 Assembly	 : Pressing time" :	 Pressing	 :	 Shear	 : Compreg

conditions	 •	 : temperature : strength : failure

:	 ° F.	 : Lb. per	 : Percent

B

F

: Animal
:
: Casein 

Room-temperature-setting glues

sq .	 in. :

:

:

0

0

399

213

: 10-20 minutes, closed: 17-24 hours 	 90-100
:

: 10-20 minutes, closed: 17-24 hours 	 :	 75-80
:

K :	 Casein : 10-20 minutes, closed; 8 hours	 75 398 1
:

N : Casein : 10-20 minutes, closed: 17-24 hours 	 75-80 436 :
: :

C7 : Urea : 10-20 minutes, closed: 17-24 hours 	 :	 75-80 581
•

97

C6 : Urea : 10-20 minutes, closed: 17-24 hours 	 90-100 354 0

D : Urea ! 10-20 minutes, closed: 17-24 hours	 75-80 540 : 95

L11 : Urea : 10-20 minutes, closed: 17-24 hours	 75-80 508 : 69

: Ure : 10-20 minutes, closed: 17-24 hours 486 84
: :

C11 : Urea
:

: 10-20 minutes, closed: 17-24 hours 	 :	 75-80
.	 :

607 : 77

S1 : Urea ! 10-20 minutes, closed; 17-24 hours	 75-80 525 : 69
: :

E2 : Resorcinol : 10-20 minutes, closed: 17-24 hours	 75-80 766 78

P : Resorcinol : 10-20 minutes, closed; 17-24 hours	 75-80 755 84

Intermediate-teftiperature-Rettin	 lues

04 : Urea : Approximately 20	 20 minutes	 :	 260 630 : 88
: :	 hours, open

C5 : Urea : Approximately 20	 20 minutes	 260 679 : 40
:	 hours, open

Q2 ; Urea : Approximately 20	 20 minutes	 :	 260 656 89
:	 hours, open

S2 : Urea : Approximately 20	 20 minutes	 •	 260 546 : 78
: :	 hours, open

L2 : Fortified urea : Approximately 20	 20 minutes	 •	 260 546 : 100
:	 hours, open

Q3 :.Fortified urea : Approximately 20	 20 minutes	 :	 260 717 : 100
:	 hours, open

S3 : Fortified urea : Approximately 20	 : 20 minutes	 260 586 : 98
:	 hours, open

2A3 : Phenol : 6 hours, open	 : 20 minutes	 :	 260 708 56

1010 : Phenol : 2 hours, open	 : 20 minutes	 260 646 : 92

El : Phenol . 15 minutes, closed	 : 2 hours	 :	 200 499 : 91
201 : Acid phenol : 15 minutes, closed	 : 20 hours	 140 372 : 2

2C3 : Acid phenol : 15 minutes, closed	 : 24 hours at 75°: 275;140 488 : 40
24 hours at 140.:

: Acid phenol : 15 minutes, closed	 : 20 hours	 90-100 615 : 99

1 2 : Acid phenol : 15 minutes, closed	 : 20 hours	 140 605 : 97
A2 : Blood-phenol : 15 minutes, closed	 : 20 minutes	 260 105 8

M : Melamine : 4 hours, open	 20 minutes	 :	 260 624 81

Hot-press glues

Al : Phenol : Approximately 20315! 25 minutes 571 91
: :	 hours, open :

242 : Phenol : Approximately 20	 : 25 minutes	 315 582 : 91
: :	 hours, open :

08 : Phenol : Approximately 20315: 25 minutes 601 : 45
: :	 hours, open :

209 : Phenol : Approximately 20	 : 25 minutes	 315 745 : 93

•
: 	 hours, open :

R : Phenol : Approximately 20	 : 25 minutes	 315 550 : 33
: :	 hours, open

1 3 : Phenol : Approximately 20315! 25 minutes 751 : 83
: :	 hours, open :

U : Phenol-furfural : 4 hours, open	 : 25 minutes	 315 624 : 99

A4 : Phenol-aniline : 15 minutes, open	 : 25 minutes	 315 574 95

G : Lignite tar acids : 5 hours, open	 : 25 minutes	 315 549 : 90

J : Thermoplastic : 20 hours, open	 : 25 minuteal	315 762 : 100

T : Thermoplastic : 3 hours, open	 : 25 minutewi	315 800 : 100

H : Modified rubber : 20 hours, open	 : 25 minutes	 325 909 : 99

'Pressures of 300 to 450 pounds per square inch were used.

This glue is now obsolete.

After pressing 24 hours at 75° F., panel-cured without pressure for 24 hours at 140° F.
Panels cooled in the press
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