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Studies at the Forest Products Laboratory on resin-treated, laminated woo'
(impreg) and resin-treated, laminated, compressed wood (compreg) (1, 2, 3, 4,

5, 6) until the summer of 1941 were confined largely to the use of one ce&
mercial phenol-formaldehyde resinoid (Bakelite BR5995). In the past year a
number of other water-soluble phenolic resinoids have appeared on the market
and are available for use by manufacturers of either type of resin-treated
wood. The purpose of the study here reported was to evaluate ten of these
resins for use in impreg and compreg manufacture. The results indicate that
a number of good resinoids are now available, that good joints can be obtained
without use of additional bonding agent, and that milder drying conditions
than used in earlier work produce panels with good notched impact strengths.

Previous investigations indicated that the notched impact and shear strengths
of compreg are more subject to variation than the other strength properties.
Notched toughness and Izod values have been shown to vary at least fourfold,
due to various combinations of resins and manufacturing conditions, Avail-
able data indicate that the use of quite different resins, variations in the
amount of resit in the wood and its distribution through the wood, and varia-
tions in the treating, drying, and pressing conditions do not seem to cause
variations of more than about 20 to 30 percent in the tensile, compressive,
bending, and modulus of elasticity values if the product has been compressed
to a specific gravity of 1.3 to 1.4. For this reason only the more variable
impact and shear strengths have been considered in this report. Resin vari-
ables alone were considered.

The earliest Forest Products Laboratory studies in compreg manufacture (3),
which were confined to relatively soft, easily compressed woods such as
spruce and cottonwood, showed that it was unnecessary to use any additional
bonding resin because sufficient treating resin exuded from the plies during
compression under heat to give a bond stronger than the wood itself. Later
tests with birch, which is considerably less compressible than spruce and
cottonwood, indicated that the bond could be improved, by the use of an
additional bonding resin. The treated birch was, however, dried at higher
temperatures, 170° F. instead of 140° F. used for the earlier work, and
reduced to 2 percent moisture content instead of the 6 to 8 percent moisture

1–This is one of a series of progress reports prepared by the Forest Products
Laboratory relating to the use of wood in aircraft. Results here re-
ported are preliminary and may be revised as additional data become
available.
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content to which the spruce and cottonwood had been dried. C5). The question
thereupon arose: was the poorer bonding which resulted in the case of birch
due to the smaller compression and accompanyin exudation of resin, or to
the fact that the more drastic drying conditions partially set the resin and
thus prevented adequate flow of resin to the glue line? The tests reported
in this paper were designed to answer this as well as other pertinent ques-
tions.

The most desirable treating resinoid would combine the following properties:
high solids content; miscibility with water in all proportions; long storage
life; low viscosity; light color; ability to function as a bonding as well
as a stabilizing agent. In addition, it should produce a finished compreg
with a low rate of moisture absorption, small equilibrium swelling, high
shear strength, and low notch sensitivity as well as other high strength
values.:

Properties of the Resinoids

Solids Content

A knowledge of the resin-forming solids content of the various phenol-formal-
dehyde resinoids is essential in order properly to compare the other proper-
ties of the resinoids. Such knowledge : ,can also aid in Comparing . resin costs

and shipping charges on a common solid content basis.

Each resin manufacturer at the time of this writing had his own open-dish or
weighing-bottle method of determining the solids content of resins. Although
the general procedure was to cure and dry the resin by the application of
heat, more or less phenol and formaldehyde were lost, depending on the state
of condensation of -the resinoid, the temperature and rate of circulation in
the oven, the size of the sample, and the diameter of the container. It was
felt that, in order to compare a number of resinoids on a fair basis, this
loss should be avoided. Accordingly, the following technique was developed.

A 6-inch length of glass tubing with an inside diameter of 4 millimeters was
sealed at one end. A. piece of No, 22 B. and S. gage copper wire, cleaned
with fine emery cloth, was pulled straight and twisted near the upper end so
that when placed in the tube it is accurately centered. The tube was weighed
to 0.0001 gram, partly filled with the resinoid, and weighed again. The wire
was placed in the tube and the assembly lowered into an 8-inch section of
3/4-inch brass pipe having a cap threaded and soldered over the lower end.
A similar threaded cap was then sweated into place at the top, thus making a
pressure-tight bomb. After 18 to 24 hours in an oven at 95° C., the bomb was
opened by melting the solder and lanscrewing the upper cap. The plug of resin
was withdrawn and the wire core pulled aut. This macaroni-like sample was
then broken into short lengths and dried at 120° C. to constant weight, a
process which required several days.
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2Another method—which accomplished the same purpose consisted of adding a
small amount of hydrochloric acid2, to a weighed sample of the resinoid in a
weighing bottle ,± allowing a few minutes for gelation to take place, then
drying in an oven. This caused the resin to set before any appreciable
quantity of phenol or formaldehyde had been lost by vaporization, but
unless a very small sample of resinoid and a large-diameter weighing bottle
were used, the resulting disc of cured resin dried slowly.

Two difficulties were found with this method: Hydrochlorid acid fumes given
off during curing would in time ruin the oven used, and with resinoids con-
taining free alkali a salt would be formed which would increase the apparent
solids content. Using a known weight of nonvolatile acid did not avoid this
latter difficulty, as moisture formed during neutralization was vaporized and
the apparent solids .content was too low.

The ordinary weighing bottle method, the method of setting the resin with
acid, and the bomb method are compared in table I under different conditions.
The results showed that the ordinary method is highly dependent upon the
relative freedom of evaporation of the resinoid. This was not true when the
resin was set with acid prior to heating. The method using acid and the
bomb method are in quite good agreement, but in all cases the acid method
gave a slightly higher result which was probably due to salt formation.

Results of solids determinations by the bomb method on nine different resin-
oids are given in table 2. In all cases, these values are from I to 8 per-
cent higher than those given by the manufacturers, who use evaporation
methods which permit varying losses of resin-forming constituents.

Miscibiwater

High miscibility of a treating resinoid with water is of primary importance
in obtaining dimension stabilization. Stabilization results when the resin-

.	 oid diffuses into the cells-wall structure and bonds with the active groups
of the wood. Such diffusion and bonding are best accomplished by resinoids
of low molecular weight that are condensed as little as possible. In
general, high solubility in water indicates a minimum degree of condensation.
This is, however, not invariably true, as certain appreciably polymerized
resinoids have been made water-soluble by addition of solubilizing agents
such as strong alkalies. Such a resinoid is Amberlite PR23,Which will be
considered again later.

Suggested by the laboratories of the Casein Co. of America..

The process may be adapted to the testing of glues and resinoids not soluble
in water by using an alcoholic solution of hydrogen chloride, instead of
hydrochloric acid.

Glass apparatus in whichphenolic resin has been cured can easily be cleaned
after an hour's immersion in sodium hydroxide solution.
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Miscibility of a resinoid with water also permit dilution of the treating
solution to a low solids content for certain applications. Tests have shown
that the length of the period during which veneer must be held under nondry-
ing conditions after being treated by the cylinder treating method (4) de-
pends upon the, ratio of the volume of solution absorbed by the wood to the
total void, volume of the wood. If practically all the void volume of a
dense species is filled with solution, diffusion into the cell walls takes
place in a matter of seconds. If, however, the same amount of solution is
taken up by a less dense wood, which requires two to three times this amount
of solution to fill the void structure, the probability that the fiber cavi-
ties of some zones of a ply will remain untreated is fairly high. In such a
case, a 2-day diffusion period may be necessary.

This is illustrated by the rate-of-swelling curves of figure 1, which show
that the degree of swelling is a direct measure of how completely the resin-
aid has diffused into the cell-wall structure. Time is measured in this
case from the beginning of the pressure treatment. The swelling is ex-
pressed as a percentage of the swelling which occurs in 48 hours, the dif-
fusiontime previously recommended. The treating time is represented by the
initial point of each line with relation to the time scale. Sap maple,
which required 2 hours to treat, had already reached 97 percent of the
swelling that occurred after a 48-hour diffusion period. Cottonwood, on the
other hand, was treated in 7 minutes, but after 2 hours' total diffusion
time it had swollen only 90 percent of the amount that it swelled in 48
hours. In cottonwood, spruce, and. Douglas-fir, the swelling and diffusion
had not come to equilibrium in 48 hours, as evidenced by the slope of the
curves. The total treating-diffusing time for maple, the void volume of
which was almost completely filled, is thus considerably less than the total
treating-diffusion time for cottonwood and. Douglas-fir, which were only par-
tially filled. It may hence prove more economical, in treating thick veneer
of low density species, to use a more dilute treating solution and increase
the, pressure or time of treatment in order to fill the structure more com-
pletely and thus avoid an excessive diffusion period..

Most of the resinoids tested are highly soluble in water when they are
fresh. All except Durez resinoid No. 12133 and General Electric resinoid.
No. 1181 could be diluted with water to a 20 percent solids content. The
lower solubility of the .Durez resinoid has been due to the presence of a
plasticizer as well as to a relatively high state of condensation. The
manufacturers stated that the General Electric resinoid should be diluted
with water containing 20 percent alcohol.

The solubility of all the phenol-formaldehyde resinoids in water decreased
with aging of the solution. When stored in a cool place, the re4noids
retained their water solubility for months, but under adverse conditions
condensation could cause the loss of a large part of such solubility in a
few days. Fresh resin shipped during hot weather and exposed to direct sun-
light for several days in a tank car has been known to decrease markedly in
water solubility. Indications were that this loss in solubility became
serious for most uses only when the resinoid could no longer be diluted to
a 40 percent solids content with water.
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In the simple diffusion process for treating green veneer by soaking it in
an aqueous solution of the resinoid, it was frequently f6nd necessary to
build up the resinoid'eoncentration of the solution. The simplest way to check
on resinoid concentration is to determine the specific gravity of the solution
with a hydrometer. Specific gravity–concentration curves are given in figure
2 for a number of different resins. These curves are in close agreement,
with the exception of that for Compregnite. Other differences between
Compregnite and the other resinoids are considered in this report,

Hydrogen ion concentration

The acidity or alkalinity of the different resinoids is of considerable
interest. The pH values of the undiluted resinoids determined with a glass
electrode are given in table 2. All the resinoids, with the exception of
those of the Resinous Products Company were either neutral or very slightly
alkaline. Amberlite PR50 was found to be moderately alkaline, while PR23
was highly alkaline, The latter resinoid, the only one used that came in
solid form was dependent upon this alkalinity for its solubility in water.

Viscosity

The viscosity.of a resinoid diluted to some standard solids content is,
within certain limitations, a measure of its degree of•condensation 4 Low
viscosity, is desirable not only for this reason • but also because it somewhat
reduces the time necessary for pressure treatment. The viscosities relative
to that of water recorded in table 2 were measured with an Ostwald–type
viscometer at 800 F. .41.1 except the General Electric resinoid were diluted
to 33.3 percent solids content; the latter could not be diluted to that
extent without becoming milky. For this resinoid, relative viscosities
were determined on five solutions containing between 40.0 and 57.4 percent
of solids and the data extrapolated,to 33.3 percent.

It should be pointed out that comparison of different commercial resinoids
on the basis of viscosity is subject to at least two possible sources of
error. The presence of inorganic salts and plasticizing agents may affect
the . viscosity. Furthermore, the assumption is made that the diluted resin-
oid. contains only water as a solvent. If, however, the original resinoid
contained more or less alcohol, the effective solvent after dilution might
have a rather high relative viscosity by itself, For example, a solution
consisting of 20 percent of ethyl alcohol and 60 percent of water has a
viscosity double that of water alone and higher than that of pure alcohol.
Because of these possible causes for variation in the viscosity of a resin–
old, it is surprising-that so many of the resinoids tested had nearly the
same viscosity. This constancy .of viscosity indicates that these resinoids
were not only condensed to the same degree, but also contained negligible
quantities or the same aincunts of other constituents. Bakelite resinoids
31115100 and. XV16235 are the same except that the latter contains a
plasticizer, The increased viscosity in the latter case was hence due to
the plasticizer, A raw phenol–formaldehyde , mix of the same concentration
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containing 1-1/2 mols of formaldehyde per mol of phenol had a relative
viscosity of 2.3. This represented the minimu4 value for an uncondensed
resinoid. Compregnite approached most closely this minimum viscosity,
indicating that its degree of condensation was the lowest among those of
the resinoids considered,

Color

Light color of the resinoid is not of importance for most purposes, but
may be desirable for some peacetime applications. Even the darkest of the
resinoids tested colored the wood very little and with the lightest ones
it was often difficult to tell treated from untreated veneer,

Antishriak fflciency

Antishrink efficiencies for the various resinoids were measured as follows:
Niatchedf.pieces of 1/16-inch rotary cut spruce heartwood and sweetgum
sapwooda were trimmed to a size of 3 inches along the grain and 5 inches
across the grain. Weights and tangential dimensions were measured. Three
samples from each group were dried for 24 hours at 105" 0, and their
shrinkage and loss in weight measured. From three data the oven-dry
weights and dimensions of the other samples were computed. Three samples
of each species were given a short resin treatment and three a longer
treatment. After a 24-hour diffusion period in 4 closed container, the
samples were dried and cured for 24 hours at 95 0 C., weighed, and again
measured. These and matched control samples were then soaked for several
days in water until they had reached swelling evilibrium. The average
resin content was calculated on the basis of the oven-dry weight of the un-
treated veneer, while the average antishrink efficiency was taken.as
100 (1 - St/Su) percent, where St is the percentage swelling of the treated

samples from the oven-dry and cured dimension to the water-swollen condi-
tion, and Su is the percentage swelling 'of the untreated veneer from the

calculated dimension when oven-dry to that when water-swollen. The data
were plotted and the average antishrink efficiency at 40 percent resin con-
tent found 'by interpolation or extrapolation. Due to the variability of
the wood, the results are not so accurate as might be desired. Hence not
much significance should be . attached to moderate differences in the values
recorded in table 2.

§They may be distinguished by -cutting a drop of 10 percent ferric chloride
solution on the' wood. A purple or black stain appears almost immedi-
ately if the veneer has been treated and dried but not cured.

6-Maanureme4tc using a number of common species of %mod have shown that
antishrink efficiencies are nearly independent of the species used.
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Compreg Panels

For the othgr tests, compreg panels were prepared as follows: Forty sheets
of selected 06.inch rotary-out birch heartwood veneer (Veneer A) about
11 by 62 inches in size were cut transversely into seven equal parts. These
pieces were then divided into seven piles such that each pile contained one
piece from each of the original sheets and about an equal number of pieces
from each of the seven positions along the length of the sheets. Two pieces
were chosen at random from each of the piles, weighed, oven dried, and.
weighed again. From these weights the oven-dry weights of the remaining
piles were calculated. The veneer was then placed in solutions of the resin-
olds diluted to 30 percent solids, and treated at a pressure of 70 pounds
per square inch for 16 hours, a. After draining in a mitered tank, the veneer
was stickered and dried in a kiln at 130° F. for 1$ hours. No live steam
was injected into the kiln. The dried veneer was ireighed and placed in a
tightly closed can. One sheet chosen at random from eaoh of the seven piles
was weighed, cured for 10 minutes in a press at 325° F. and 75 pounds per
square inch pressure, and dried for two days at 105° C. From these data the
volatile content of the kiln-dried veneer was calculated. The preliminary
cure of the samples in a press had been found necessary to avoid loss of
phenol and formaldehyde -- a loss which does not occur appreciably in the
normal pressing of compreg.

This same procedure was followed for a second series of panels representing
similarly selected birch veneer from a different source (Veneer B). A third
and fourth series were prepared from the two lots of veneer in a manner
identical to that employed for the first two series, except that the treating
solutions were diluted to 20 petcent solids. These samples were coated with
Bakelite hot-press phenolic glue X07381 and given an additional 1/2-hour
drying period at 130° F. The dried glue weighed 10 percent of the original
oven-dry weight of the veneer.

At a later date material was prepared for eight more panels, using two
additional commercial resinoids. The veneer was taken from the same lots
used in the earlier panels, but, because it could not be taken from the sae
sheets, it is listed in table 4 as Veneers C and D.

Preliminary pressing and curing tests, made on treated 8-ply panels without
additional g/ue, indicated that the curing time for all the resins was of
the same order of magnitude. The results of these tests are given in

1The veneer was selected to conform to Army Air Forces Specification No.
15065, Section E3b, which states: "...the grain in at least 90 percent
of the area of the face of each lamination shall not deviate from the
long axis of the finished piece by more than 1 inch in 10 inches of
length."

—This long a treatment of birch, which causes an absorption of solution
approaching the void volume, makes a subsequent diffusion period unnec-
essary.
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figure 3. The time given is that during which the center of the panel was .
at 295e F. or above, when the platens were held at 300° F. The swelling
tests were made by boiling 1/8–inch–thick cross sections of the panels for
2 hours, as des6ribed under the heading, 1 Swelling." Previous tests indicated
that a swelling of about 7 percent by this method was as low as could be obtained
without seriously reducing the impact strength. Here again the Compregnite
gives somewhat different results from the other resinoids. The necessity
for somewhat longer cure of this resinotd to give the same dimensional sta-
bility as obtained with the other resinoids was undoubtedly due to the fact
that the original resinoid was less condensed.

Test panels were assembled with the grain of the plies parallel. The dif..
ferant piles of veneer were balanced to weigh approximately 2,400 grams each,
individual piles containing from 28 to 31 plies. The series of panels rep..
resented two lots of veneer, nine different resins, and two states of resin
distribution: half the panels contained 32 percent of treating resin dis-
tributed evenly through the structure, and half contained 22 percent of resin
distributed throughout the structure and 10 percent of bonding resin concen-
trated in the glue lines.

The panels were pressed eight or nine at a time in a large press, following
the cycle in table 3, in such a way that the center was held at 295° F. or
above for 40 minutes. This temperature–time combination is shown in-figure
3 to give approximately the same condition of cure for each of the different
resins. The full pressure was not applied to the panels until the center
temperature had reached 2000 F., in order that all plies might be compressed
at once. Utfortanately, the outer plies were somewhat precured in the
process and their final density was slightly lower than that of the panel as
a whole.

Tests of Panels 

Where the finished compreg is relatively thick or where it is to be exposed
to moderate humidity changes on a short cycle basis, the dimensional stabil..
ity of the material will depend largely on the rate of moisture absorption.
But for thin specimens, exposed to high humidity or prolonged soaking in
water, the equilibrium swelling and recovery is of major importance. Tests
of both properties were made on all panels.

Moisture

The moisture absorption test was conducted according to the procedure out-
lined in Army Air Forces Specification No, 15065, Sections F6g and F14.
Three samples 3/8 by 1 by 3 inches were cut from the center of the panel
with the fibers extending in the 1–inch direction, These samples were dried
24. hours at 5045 C., weighed, soaked 24 hours in water at 25° 0., superficially
dried, and weighed again. The percentage of moisture absorbed is recorded in
table 4. The moisture absorption multiplied , by the specific gravity of the
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specimens is approximately equal to the percentage volumetric swelling of
the material. In all cases the moisture absorption was considerably less
than the 6 percent permitted by Army Air Forces specification No. 15065.

S'2111.11.

A sample from each panel was cut approximately lA inch in the grain direc-
tion by 2 inches wide by the thickness of the panel. Measurements were made
of the dimension perpendicular to the laminations 1/4 inch from each end and
in the center of each specimen. After boiling in water for 6 hours and
soaking at room temperature overnight, the samples were again measured. The
average increase in dimension was calculated as a percentage of the original
thickness and recorded in table 4, as equilibrium swelling and recovery.
When oven dried, the soaked specimens shrank to within a few percent of their
original dimensions, thus indicating that very little recovery from compres-
sion had occurred.

Figure 4 shows the results of similar swelling tests on three different
specimens of compreg made up with Bakelite water-soluble resinoid BR15100
and cured for different lengths of time, together with a single curve for
the nonstabilized form of compreg. The curves show that even in the case of
the stabilized compreg the swelling is practically complete in 6 hours. The
specimens on cooling swell still further but on reheating shrink to practi-
cally the same value as before cooling. This slight reversible change upon
cooling and heating is undoubtedly due to the fact that the fiber-saturation
point of wood is reduced with an increase in temperature. When the swelling
obtained by this method does not appreciably exceed 15 percent, recovery to
the original dimensions occurs on drying. The reason for the shrinking of
the stabilized compreg below the original dimensions is that the measurements
were started from the slightly swollen air-dry rather than an oven-dry con-
dition. In the case of the unstabilizcd form of compreg not only is the
smelling rapid and great, but a large part of the swelling is retained on
drying, due to the fact that a considerable part of the dimension increase
during boiling results from recovery from compression. This particular
swelling and recovery test shows the difference between stabilized and un-
stabilized compreg better than any other test thus far tried.

Shear Strength

Block shear tests were made on six specimens from each panel, according to
the method developed at the Forest Products Laboratory for testing glued
joints. The blocks were 2 by 2 inches by panel thickness and notched on each
end so that the shear stress was applied parallel to the plane of the lamina-
tiere 	 tie ;Irs•1 ^f shear was 3 svare inches. Only two specimens out of
a total of 180 showed noticeable failure between the laminations. The re-
sults are recorded in table 4. In all cases the shear strength appreciably
exceeds the shear strength required for compreg bonded to compreg as speci-
fied by the Army Air Forces for propellor blanks (Specification No. 29538).
The data also show the feasibility of making birch compreg without additional
bonding glue.
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Until recently, compreg made with a stabilizi4gresin hasbeen-more brittle
and notch-sensitive; t4an similar. materials . made' ` with a nons.:tabilizing resin.

6ensittvity . iepresents,the te 'tdericy .tot-strai,ns to be,concentrated
rather that distributed in a materiai, this *ct.Sing failure at lower stress
value6. This makes it necessary to use very carefully designed ferrules
for propellers and other fastenings in order to realize more than a small
fraction of the maximum tensile, compressive, and shear stretgths. Although
it appears at this writing that the Izod test will be made.the standard for
determining notch sensitivity of impreg-and-cdmpreg, 4.6 resultsIgiven here
were determined with the Forest Products Laboratory toughness testing equip-
ment (7). Preliminary notched toughness test's -were made on specimens
matched with specimens sent to Wright Field s foi'Izod ,tests. The results
showed that the matched toughness values 'for ordinariiiood in inch-pounds
can be converted , to ' Izod values	 foot-pounds per inch of. notch by divid-
ing the former by 6 (normal conversion factor). In the case of compreg,
the notched toughness values can be converted to Izod values by dividing

The following method was used to measure the notched toughness . of-the ma-
terial: From each panel 12 specimens were cut 0;500 by 0.500 by ,5.0 inches
parallel . to the grain; A standard Izod notch was cut at the center of the
Specimen across one face of each sample parallel to the planeof the lamina-
tions. The samples were broken in the Forest Products Laboratbry toughness
testing machine , (7)	 .4.inch span and the results recorded	 inch pounds
.(table . 4) -:- Very few .specimens showed any sign of delaminatiOn 	 Of the
total of Z12 specimens from the first 26 panels, 78 we re cut' withone face,
coincidineWith an original surface of the panel and notched on. that face,
78 were similarly cut but notched on the opposite face, and 156 had no
original surface. The average vallws for these three groups of samples
were 6840, 69.1, and'70.4 inch,pounds, respectively, indicating that the
presence or 'absence 6f.avoriginal surface makes litfle'difference in the
notch t :oughiieSs tet. 

nnn

Three additional panels were made in order to test the effects of cross
banding and preheating. Two-matched cross-banded pane1:6'were made with and
without glue, using Bakelite BR15100 for tre'atment. notched toughness and
shear values are given ..n, table 4.

The veneer for the third panel was also treated with Bakelite 3815100, The'
same procedure was followed as with the other parallel-laminated panels
assembled without glue, except that before pressing the plies were heated
for 15 minutes in an oven. They were then immediately assembled, placed in
a press, and subjected_to the full-pressure of 1, -325 pounds per square inch.
AS-411-theplies were . at a temperature of 172° F. ,'they compressed immedi-
ately' 	 Simultaneously. Heating: was continued with the platens at 300° P.
until the center of the panel had been above 295 0 'F. for 45 minutes, Results
of tests on this panel are included in table 4;

by 10.
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Conclusions

From these tests it can be seen that there are now available a considerable
number of stabilizing resinoidS suitable for use in making impreg and com-
preg. This means that the manufacturer may profitably obtain his resinoid
from any of a number of suppliers, some of whom may be in his vicinity,
thus not only reducing freight costs and shipping times but also facilitat-
ing closer cooperation between resin manufacturer and resin user,

The similarity of these resinoids is rather striking, particularly with
regard to viscosity and antishrink efficiency,

The results show that equally good, if not better, glue joints can be ob-
tained without the use of additional bonding agent. These unexpectedly high
strengths for parallel-laminated and cross-bandea panels without glue are
probably the result of the mild conditions of drying. In the past the tend-
ency has been to dry at high temperatures in order to shorten this step, and
it was with veneer so dried that unsatisfactory results had been obtained
when glue was omitted in pressing the denser species and in cross banding
even the softer species. It had also been found necessary to press thick
panels at a very low volatile content (less than 2 percent) in order to
avoid checking on freshly cut surfaces when exposed to low humidity. It is
likely that low moisture content, together with appreciable precuring, so
reduced the plasticity of the resin that it could not flow to the faces of
the plies in sufficient quantity to give an adequate bond. In the present
series sufficient plasticity was retained, and with the moderate drying only
slight checking2 resulted even with a high (7.5 percent) volatile content at
the time of pressing.

The preheated panel showed somewhat poorer moisture absorption and shear
strength and higher notched toughness than the comparable panels treated
with R115100 and pressed without preheating. This may have been due to
slightly different properties of the veneer or to somewhat lower resin con-
tent, or it may be inherent in the technique.

The notched toughness values for these panels were higher than those which
had been found. for most earlier compreg. Since the chief changes in tech,-
nique were the milder conditions of drying employed and the higher volatile
content, it appeared that prolonged drying at a temperature of 140 0 F. was
more desirable than drying at 170° 2., which was formerly recommended. The

c)
=4 1-1/2 by 3 inch by panel thickness specimen from each panel was placed

in a &esiccator over calcium chloride: for two weeks. At the end of that
period, no checks were observed. Neither wore checks -noticed during the
following three months of summer, when the relative humidity averaga. from
50 to 70 percent, Within a few weeks after artificial .heat. was turned on
in the Laboratory, loWering the relative humidity to 20 to 35 prcent,
approximately a quarter of the specimens were found to contain a few very
small irregular checks. Checking did not seem to be associated, with any
particular resin or with any other known variable. More recent - tests indi-
cate that volatile contents should be below 4 percent and preferably 2 per-
cent to entirely avoid checking of compreg when it is used under low rela-
tive humidity conditions.
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resins specifically designed to give higher values for notched toughness
(XV16235 in contrast to BR15100 and. Ilirez 1213 .3 in contrast to 66,86) did not
appear to have much advantage over the others in this study. It may well be
that they do have such an advantage under more severe drying conditions. In
any event, all the panels made with glue and all but one made without 'showed
higher Izod values than that required by the Army Air Forces specification.

The slightly higher notched toughness values obtained with additional bond-
ing agent were undoubtedly due to the fact that less resin was distributed
throughout the structuro.. Other data showed that high , resin content in the
plies made the finished compreg more notch-sensitive and that resin concen-
trated between the laminations had a wuchsmaller effect. This suggested
that the use or nonuse of glue and the resin, content of the veneer should be
determined by the use to which the finished compreg is to be put. Where
Izod values must be a maximum and shear and stability are of minor im.dor-
tance, the resin content may well be reduced and additional glue used if
necessary to inaure'adequate bonding.
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Table	 &rent solids content of a •henol-formaldeh de resinoid
determinedby dirferent methods  

Method	 : No. ffeight:Diameter: Acid ;
:	 : of :	 of	 : added :
:	 :samplerweighing:
:	 :	 : bottle :

... .	 .....

Covering	 : Apparent
for cure	 solids

: content

25
50
25
5o

: Gm,

Weighing bottle: i : 1.0
: 2	 :	 1.0 :
• 3 	 1.0 :
:	 :	 1.0 :

Bomb

: Percent
emorrekasowirribori.m.

• •

: None...:Cover on.........:
:..do...:Cover tilted.....;

	
45.9

:HC1....:Cover on....,i.,.:
	

60•3
1 .6.do••e:iii•odo•11,41 •119•0 •••

	 60.3

58•21.2
• •

1
—In all weighing bottle determinations the resin was cured for 24 hours at

95° C. either with the cover in place but vented by a small strip of paper
between cover and bottle, or with the cover tilted at 90 degrees to the
mouth of the bottle, as indicated. When acid was added to set the resin,
3 drops of concentrated HC1 were used and the bottle was allowed to stand
at room temperature for 15 minutes prior to heating to allow the resin to
set. The cured resin was in all cases dried for 3 days at 120° C, with
the cover of the bottle tilted at 90 degrees to the mouth of the bottle.

?The resin was cured for 24 hours at 5 ° C. in the sealed bomb, then
removed, broken up, and dried for 3 days at 120° C. in a weighing bottle.
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Percent :

liAmberlite PR23 .... • ..• • • ..:	 100	 . 10.4 : •••-•-•.....:

4....Amberlite PR50 .. •••••••••.:

2Bakelite BR5995 .

2Bakelite BR15100

Bakelite XJ16235

Percent

1124

55	 : 8.7;	 3.9	 :	 69

61	 :	 7.7 :• OOOOOOO • o 41 • o .:	 62

71	 : 7.6 :	 4.0	 :	 61

72	 : 7.7 :	 4.8	 :	 68

••

•	 • • •	 a • •	 • •	 :

•	 • • •	 • • •	 • •	 :

•

•

• • • • • • • • •

Table 2.--Properties of 10 commercial resinoids

Solids :	 : Relative	 :Antishrink
Resinoid	 contend : pH : viscosity? :efficiency3

.Cent. Proc. Corp. Resin	 :	 : . :
No. 1652 0400110010,00. 10.1.040:	 54	 :	 8.0 :	 4.1	 :	 63

	

1C
ompregnite ...... 4114POO Otio.0411:	 59	 :	 8.3 :	 3.5	 :	 68

fturez No. 6686 ...... .. ▪ ...:. 43	 : 6.9 :	 4.7	 •. 58

	

2General Electric No. 1181 .:	 57	 : 8.0 :	 10.11	 :	 65

10

	

--Monsanto Resinox No. 461 ..:	 73	 : 7.14. :	 4.0	 .. 59

2Weight basis; cured in a bomb to prevent loss of phenol and formaldehyde.

At 80 0 F. resinoids diluted to 33.3 percent solids.

2Veneer containing 40 percent of resin by weight.

Resinous Products & Chemical Corp., Inc., Philadelphia, Pa.

2Bakelite Corp., Bloomfield, N. J. BR15100 same as BR5995 except for con-
centration; XJ16235 same as BR15100 except that it contains a plasticizer.

Central Process Corp., 1401 So. Circle Ave., Forest Park, Ill.

ICasein Co. of America, Bainbridge, N. Y.

...e.turez Plastics & Chemical Co., North Tonawanda, N. Y.

–General Electric Co., Plastics Division, Pittsfield, Mass.
10--Monsanto Chemical Co., Plastics Divition, Springfield, Mass.
11–This resin was formulated for other purposes so that the low antishrink

efficiency is in no way a condemnation of the rein.
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Table 3.--Temperature-time-pressure schedule used. for making colTreg panels.

Time : Platen : Center : pressure
temper- : temper-

: ature	 :	 ature

Remarks

•••••

Lb per
sq. in.

F. 
	 o Fe.

•

	0	 297	 :.	 g2	 3g5

	

30	 297	 ..	 206	 :	 35

	

Co	 297	 :	 295	 1325

	

go	 :	 296	 302	 .. 1325

	

100	 .	 296	 303	 •.	 1325

	

120	 115	 .	 142	 .. 290

	

130	 g5	 .	 1:85	 :	 125

Pressure raised.

Steam off.

Panels removed.
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100

• – SUGAR MAPLE(SAPWOOD)
–SWEET-GUM

o COTTONWOOD
0 – SITKA SPRUCE
• – DOUGLAS-FIR

70 	 	 ___1	
7 /0 IS 20 30 4S	 3 4 6	 /0MINUTES

HOURS
TIME AFTER BEGINNING OF TREATMENT

Z M 4 3540 F

Figure 1.--Tangential swelling of five species of 1/16-inch veneer after
impregnation with Bakelite BR15100 diluted to 33.3 percent solids content.
Swelling is expressed as percentage of swelling after 48 hours. The initial
point of each curve indicates the period of impregnation as shown on the
lower scale necessary to cause a take-up of resin solution equal to the dry
weight of the wood.
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ADDENDUM

Since the first appearance of this report, the usefulness of other phenolic
resins in compreg manufactured has been investigated (table 5). A rein-
vestigation of General Electric resin.oid No. 1181 was also made because of
the anomalous data obtained with this resin in the original study. For
this purpose, a fresh supply of the resin was obtained from the manufac-
turer. Data for all specimens in the appended table were for cowpreg made
without an additional bonding glue. In studying the new data, it should be
realized that the veneers were not matched with those used in the earlier
study. In addition, owing to the fact that the newer resins were not
studied together, the veneers used in the investigation were not matched.

in general, the newer resins, including G. E. 1181 behave like the resins
reported earlier in the report. The improvement noted with G. E. 1181
over the previous data obtained with supposedly identical resin certainly
suggests that the former resin was deteriorated. It will be noted that
the improvement in notched toughness obtained with Durez 11897-R10 is
obtained at the expense of moisture absorption.

Table 5.--Prcs21% -ane1s assembled without glue 

: Resin : Specific : Vioisture :Equilib-: Shear : Notched
:content: gravity :absorption: rium • : strength :toughness
:	 :	 :	 :swelling:
:	 :	 :	 .	 and	 :,	 :
:	 :recovery:	 .

:Percent:	 ,. Percent :Percent : Lb./in, : I .-lb.

Resinoid

1
Plyophen 5015-- 	 :
Varcum
General Electric :

1181... 	
Durez	 :
Durez 11897., 	 :
Durez 11897-R10 :

(fresh) 	 :
Durez 11897-R10 :

(1 month old) 	 :
Durez 11897-R10

(2 months old).:

39 :	 1.33 :	 1.4	 : 9.7	 :
	

73
39 :	 1.32 :	 1.3	 : 11.6

	 : 4,370 :	 84

33	 1.32 :	 1.3	 : 14.5	 : 4,180 :	 81
33	 1.34 :	 1.4	 : 8.13,800 :	 79
33	 :	 1.34	 ;	 2.5	 : 13.5	 :.........:	 ill

33 :	 1.34 :	 2.1	 : 14.5	 :	 : 134

30 :	 1.30 :	 3.8	 : 15.3	 :	 : 150

30 :	 1.30 :	 3.7	 : 15.6
	

120

12eichhold Chemicals Inc. , 601 Woodward Heights Blvd. , Detroit, :21ich..

Varcum Chemicals Corp, Niagra Falls, N. Y.
3-General Electric Co, , Plastics Div. , Pittsfield, Mass,
4-Durez Plastics & Chemical Co., North Tonawanda, N. Y.
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