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DETERMINATION OF DEGREE OF CURE OF LOW-

TEMPERATURE PHENOLIC-RESIN GLUES BY SOLUBILITY METHODS1

By

R. F. BLOINUIST, Assistant Chemist

Introduction

Law-temperature.phenolic-resin glues have the advantage of setting
or curing at lower temperatures than are necessary for the more common
hot-press types of phenolic glue. Some low-temperature phenolic-resin
glues are claimed to .set satisfactoril y at temperatures as low as 90° F.
If glues can be found that have the durability and other desirable charac-
teri-stics of hot-press, phenolic-resin glues and yet can be Cured at
normal room temperatures or relatively low kiln temperatures, their use
would facilitate greatly the pr oduction of laminated beams and numerous
other glued wood products that are difficult to heat to high temperatures.

The experiments described in this report were designed to allow a.
study of the degree of cure attained in different times at various tempera-
tures in the setting of exposed films of three low-temperature, phenolic-
resin glues. As a determination of the completeness of cure, the solubility
of the powdered glue films in water and in acetone was measured. This
method is more rapid and reCluires less material and labor than methods
involving glued wood joints. Since no wood is used, the method is not sub-
ject to variations in the strength of wood.

It has not yet been established that the temperature-time relations
found for curing glue films Spread on coated metal will apply directly to
the curing of joints in wood, thus these tests do not obviate the necessity
of making comprehensive tests on wood. The solubility data are of consid-
erable value, however, and undoubtedly have a significant bearing on wood
gluing. The method used in these experiments appears to have value aS a
means of studying one of the properties of phenolic-resin glues Which, with
accumulation of enough data, may prove to be related to the strength and
durability of joints made with those glues.

-This mimeograph is one of a series of progress reports prepared by the
Forest Products Laboratory to further the Nation's war effort. Results
here reported are preliminary and may be revised as additional data
become available.
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Principle of the Method Used

The solubility of glue films cured for various periods of time at
various temperatures is determined. From the solubility data, interpre-
tation is drawn as to the relative degree of cure, assuming that highly
cured resins are less soluble in a given solvent than incompletely cured
resins, that there has been no cure when the resin is still wholly soluble,
and that the resin is in a state of complete cure when no further decrease
in solubility can be induced by further heat treatment.

Zero percent cure is assumed to be the condition such that the glue
is completely soluble except for insoluble fillers that might sometimes be
present. In this study it was assumed that the condition the resin reached
after heating for 8 hours at 220 0 F. represented a relative cure of 100
percent, inasmuch as further heating caused little or no reduction in
solubilityi

Procedure

Preparation of the Glue 

Glue mixtures were prepared at 70 0 F. according to the manufacturer's
mixing directions. Weighing was to the nearest 0.1 gram on a torsion
balances Usually one batch of mixed glue was used for all films of that
glue cured for various times at one temperature. Occasionally, however, it
was necessary to use films cast from two or more batches of glue, • and cured
at a given temperature. Supplementary experiments have shown that, if the
weighing and mixing of the different batches is done carefully, acceptable
duplication of results may be expected.

Films of glue were cast on galvanized-iron pans each 10 x 10 inches
in size, with 0-inch sides. To prevent glue sticking to the pans the
bottom of each pan Was coated with a thin film of petroleum jelly before
the films were cast. About 50 grams of glue were poured into each pan and
flowed over the whole area to form a film 2 to 3 millimeters thick. Each
pan was covered with a galvanized-iron sheet and heated a predetermined
period of time at a controlled temperature.

Curing of the Glue Films 

Six curing temperatures were used in the present study, namely, 750,
90°, '110°, 140°, 180°, 220° F.

At 75 0 F. the films were cured by storing in a room held constant at
this temperature. Films cured at 90 0 F. were placed in an incubator sur-
rounded by a jacket through which water at a constant temperature was circu-
lated to hold the temperature within ± 0.5° F. In these two experiments,
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S thermocouples were not placed in the glue and the temperature of the glue
was considered to be the same as the temperature of the air in which it was
cured.

To cure at 110°, 140° and 180° F., electrically-heated, wood cauls,
were used. These were stacked in piles with the cauls and glue pans alter-.
nating. The Gauls were separated by stickers so that individual glue pans
could be removed without disturbing the rest of the stack. Each glue pan
VMS covered with a. galvanied-iron sheet about 1/8 inch below the caul
above it. At each temperature, all films were cured at the same time. The
heating assembly was protected against temperature variations due to con-
vection, by an enclosure arbund the stack. Thermocouples were inserted-in
each glue film in the stack, temperature readings were taken frequently,
and adjustments were made in the heating circuit . to maintain a constant
temperature within 5° F.- With this heating equipment it was possible to 	 .'
raise the temperature of the glue film to the temperature desired for curing,
in less than 20 minutes. Timing of the period of cure was begun at the
moment the temperature of the glue reached the desired point.

To cure at 220° F. films were heated, one pan of glue at a time, in an,
electrically-heated hot press. The pan was covered with a sheet of galva-..
nized iron and the upper platen of the press was lowered to this sheet with7
out exerting much pressure. -Thermocouples were placed in the glue and tem-
perature readings were taken frequently. Adjustments of the platen tempera-
ture were made, from time to time, to hold the temperature of the glue film
within 5° F. of the desired point. For curing periods of- 2 hours or less,
the films were left in the press the full time.. For curing periods longer
than 2 hours, the films were brought rapidly to 220° F. in the press and.
held at that temperature for 15 minutes. *The pan and film. were then quickly
transferred to an electric oven nearby which had been preheated to 220° F.
and controlled so that the temperature of the air on the shelf used in the
oven was actually 220° F. as determined by means of a thermocouple and
potentiometer.

A number of other mediums for curing the films were investigated and
discarded because of the impossibility of raising the temperature of the
glue film in a short time to the desired temperature of cure. By some
methods, the time interval for pre-heating at 140° F. or higher was 2 hours
or more. In general, any system which utilized air as the heating medium
was unsatisfactory for this work except to maintain the temperature of a
film already heated to that temperature by more direct heating. Various
types of electrically-heated ovens and steam-heated kilns were used without
satisfaction.

At the end of the curing period, each pan of glue was removed from'
the heating apparatus and placed immediately in a refrigerated room at -20° F.
where it was kept, usually less than 24 and never more than 48 hours, until
it was convenient to powder the film and begin the solubility tests. Supple-,
mentary experiments had shown that, with'a variety of glues, •some nearly
fully cured and some only slightV cured, the solubility in water or acetone
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did not change during storage of 72 hours or more at -20° F. Thus. it was
possible to cure the resin one day and postpone grinding and extracting
until the next day without change occurring in the resin.

Preparation of the Samples of Cured Glue Film

After curing, the films were ground in a laboratory grinding mill
to a 30 to 40 mesh size and sieved. The mill was chilled before use to
avoid further curing of the glue by frictional heat in the grinding proc
ess. Films in preparation were kept at -20 0 F., at all times except dur-
ing actual grinding and weighing.

Determination of the SolUbilit
of the Cured Films	 -

In making the solubility tests, 1,5000gram samples of powdered glue
film were weighed into 6 ... ounce, glass stoppered, wide-mouthed.bottles n Two
bottles were prepared for eadh curing time and each temperature for each
glue. To one bottle was added 100 cp. of distilled water and to the other
was added 100 cc. of acetone. Bottles were shaken in a mechanical shaker
at room temperature (800 F.) for 4 hours; The contents of each bottle were
then filtered through previously weighed,. sintered glass crucibles, and
washed with distilled water. Crucibles and glue were dried over night (16
hours) in: an electric oven at 110 0 F. and reweighed to determine the weight
of insoluble, oven-dry residue.

Part of the loss in weight in the process may have been due to
thermal decomposition of the undissolved glue or loss of volatile matter
in the original glue during the process of final drying in the oven. The
amount of such change was probably small, however, since phenolic resins
are quite stable at higher temperatures and nearly all volatile matter in
the original glue is also water or acetone soluble and would have been
removed by the solvent before the final oven-drying period began.

A number of preliminar'ir c experimentS were conducted to settle certain
questions before standardizing on the procedure given. It was thought that,
in washing the residue from an acetone suspension with water, some of the
acetone-soluble material might be precipitated' by the water and thus give
lower solubility values than if the residue had been washed with acetone
only. Experiments using both techniques have shown that either method gives
reproducible results but the solubility was somewhat greater when the wash-
ing was done with water than it was when done with acetone. This may be due
to greater solubility of inorganic catalysts in water than in acetone.

Other methods of dissolving soluble constituents were investigated.
Suspensions in sodium hydroxide solution as the solvent were nearly impossi-
ble to filter, apparently because the solution broke down the particles to a
small size that clogged the pores of the filter. Hot-water extraction at
180 0 F. on a sand bath was tried but seemed to have no advantage over other
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methods and was objectionable because of the possibility of further curing
of the resin at the elevated temperature. Continuous extraction with,
acetone in a Soxhlet apparatus gave good results more rapidly than did
other methods but was objectionable because of the possibility of further
curing at the temperature of the acetone used. This objection could be
overcome by a modification of the apparatus to cool the acetone to a lower
temperature before the actual extraction.

The length of time necessary for maximum extraction with either
water or acetone at room temperature, using mechanical shaking, was investi-
gated. It was found that four hours was the minimum time advisable and that
periods much greater than five hours had no further effect. Suspensions
allowed to stand over night (16 hours), at room temperature without shaking,
gave results which were comparable with those obtained by mechanical shaking
for shorter periods. This method may be used as a substitute if no mechani-
cal shaker is available; One method of extraction should be used throughout
a series of experiments, however, as the results from different methods are
not strictly comparabIe, •

Glues

Two low-temperature phenolic glues have been studied thus far by this
solubility method over the entire range of tunes and temperatures given,
namely: Cascophen LT-67 (plus 11-18 hardener), an alkaline resin manufactured
by the Casein Company of America; and Durez 12041 (plus 7422 hardener), an
acid-catalyzed resin manufactured by Durez Plastics and Chemicals, Incorpo-
rated. Later, the more recently developed alkali-catalyzed Resinox 230,
made by the Monsanto Chemical Company, was included at the higher tempera-
tures only

Experimental Data

The data obtained in this experiment consist of the weights of the
insoluble residue, under arbitrary conditions of extraction, of glue films
that have been cured for various lengths of time at different temperatures
and powdered.

The solubility data are presented as actual weights arid also in
terms of the relative percentage of cure as calculated from the weights of
undissolved glue left from the original 1.5000-gram samples of glue film
used. These values are given in table 1.

To determine the relative percentage of cure, the weight of undis-
solved glue after curing for 8 hours at 220 0 F, was assumed to correspond
to a cure of 100 percent, inasmuch as further heating caused little or no

2
–Studies have been started at the Forest Products Laboratory on a number of

other glues.
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further reduction in solubility. The weight of filler and other insolubles
in the original sample of glue film used in the suspension was assumed to
represent a zero percentage cure, since a resin entirely uncured would,
presumably, be completely soluble except for the filler. The zero value
was calculated from the percentage of filler in the glue on a dry basis as
determined by separate experiments in which the percentages were: Cascophen
LT-67, 7 percent, Durez 12041, 0 percent, Resinox 230, 11 percent. The
difference between the zero value and the value determined after curing.
represents the number of grams of undissolved glue without filler at each
cure. From the values obtained in this way, compared with the similar value
obtained at 220° for 8 .hours 4 the relative percentage of cure for each heat-
treated film was calculated 	 A small error in these assumptions does not
invalidate the results or the general conclusions based upon them.

Discussion

As shown in table 1 and figures1 and 2, the results indicate that
the law-temperature phenolic-resin glues - ,Jere usually less than 90 percent
cured at temperatures of 110° F. or lower, within periods of 96 hours.
Durez 12041 seemed to cure more rapidly at the lower temperatures than did
Cascophen LT-67. Durez 12041 films -were cured so incompletely at 75° and
90° F. for periods of less than 16 hours, however, that they were too sticky
and fluid to be ground into powder. 'When the samples were chilled to
increase their consistency enough to make them into suspensions, the suspen-
sions could not be filtered. For this reason, the data are incomplete for
Durez 12041 at these temperatures. The films of Cascophen LT-67 cured under
the same conditions appeared solid and could be pulverized. Mien the Durez
was cured at these low temperatures long enough to make the film sufficiently
solid for the test, however, its proportion of insoluble resin was consider-
ably greater than that of the harder Cascophen film cured under the same
conditions.

The results for a given glue eured at one temperature show some
deviations from the smoothed curves. The method is probably not accurate
within 2 or 3 percent in the calculated percentage of cure.

pertain set of conditions
Results with a given glue cured under a/ as determined by the ace-

tone extraction method are not necessarily comparable with those obtained
by the water extraction method. The degree of cure values for the lower
temperatures were higher when based on the water extraction data for both
Durez 12041 and Cascophen LT-37. This difference was not so noticeable at

-'2.-For example, the formula used, in the calculations for Cascophen LT-67 was
as follows:

Relative percentage cure .7

weight of undissolved residue (t a given condition)	 0.1050 x 100

weight of undissolved residdeTafT	 6ur6. at 22-0° F. for 8 hrs. - 0.1050
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temperatures
/of 140° F. or higher, which may be due to the fact that Durez 12041 is an
alcohol-soluble resin; and therefore, when cured at lower temperatures for
short lengths of time, it probably contained much alcohol- or acetone-
soluble resinoid material not extractable by water.

With the Durez 12041 cured at 75 0 , 900 and 110° F., acetone extrac-
tion seemed to be a more suitable method than water extraction. since the
results with acetone showed a greater change in solubility of the resin
after different lengths of curing than did the corresponding results from
water extraction. Thus it appears that stall changes in the degree of cure
of Durez 12041-, when this degree is low, are more readily detected with
acetone than With water extraction. Since Cascophen LT-67 is a water-.
soluble resin, water extraction gave just as satisfactory results under
these conditions of incomplete cure as did • the acetone extraction process.,

The data presented in the table and curves give useful information
on the relations between curing times and temperatures when curing is done
on a surface that is relatively inert chemically. It is not yet established,
however, that the lengths of time of curing films on metal at • a given tem-
perature are an accurate measure of the times required on wood or between
wood. surfaces. The degrees of curing of these resins on wood of different
species may be somewhat different from the results here shown because of
adsorption of the catalyst by the wood or because of side reactions between
the constituents of the glues and the wood.

Just what amount of curing, as ascertained by this method, is de-
sirable or necessary on wood requires some correlation between degree of
cure and the strength and durability of wood joints cured at different
times and temperatures. It seems quite possible to have partially cured
joints that are as strong as the wood yet are not sufficiently cured to
have satisfactory durability under continued exposure to water. The re-
quired degree of curing may vary with the demands for strength and dura-
bility and with the service condition S to which the glued wood will be
exposed. A cure of fully 100 percent, as calculated on the present basis,
would probably not be necessary for satisfactory bonds in either plywood
or in laminated sections.

The Cascophen LT-67 film was hard even. when it was largely soluble,
whereas the Durez 12041 film, appeared soft and plastic when it was as
much as 70 percent insoluble. Thus it is questionable whether the same
degree of cure would produce the same joint strength values in specimens
glued with different glues. Since additional characteristics in the physi-
cal nature of glue films, besides their solubility, must determine their
utility as adhesives, this method should be employed with considerable
discretion for comparing 	 it is more useful as a measure of the
degree of cure of a given glue.

No satisfactory short-time method for determining the degree of
cure of phenolic-resin glue in wood joints has yet been devised. Studies
made by testing the strength, of glued joints cured for different lengths
of time at various temperatures and subsequently exposed for long periods
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of time to deteriorating conditions will, in time, show the heating time
and temperature required to produce acceptable joints but such studies do
not measure the degree of cure. Information obtained in that way, however,
may ultimately be sufficiently correlated with the results of film-solu-
bility tests so that solubility will afford a useful indication of the
probable behavior and durability of a new glue on wood.

Several additional new law-temperature phenolic-resin glues will be
tested according to this procedure for discussion in a later report.
Experiments are now under way to learn how this technique can be applied
to the melamine-resin glues.
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