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The durability of glue joints made with water-resistant casein glues has been
studied extensively at the Forest Products Laboratory, and the limitations of
these glues are well established. Casein glue joints are particularly subject
to deterioration under exposure conditions involving continuous soaking,
continuous exposure to high humidities, and cyclic exposures to wetting and
drying or high and low humidities (3,4),a

The deterioration of casein glue joints under these exposure conditions is
attributed to a number of factors: the softening of the glue by water, slow
chemical hydrolysis, biological activity, and mechanical stresses (3,4). Most
of the weakening of casein glue joints during continuous soaking appears to be
due to chemical hydrolysis, although the possibility of biological action is
not entirely excluded. The rapid breakdown of casein glue joints during
continuous exposures to high humidities appears to be due primarily to
biological action, because these conditions are particularly favorable for the
growth of molds and other micro-organisms. Biological activity likewise appears
to be responsible for most of the reduction in joint strength when casein glue
joints are subjected to alternating periods of high and low humidities. The
characteristic softening of casein glue joints upon wetting, combined with
mechanical stresses induced by shrinking and swelling, chemical hydrolysis, and
possibly some biological action, appears to be responsible for their
deterioration in cyclic exposures involving wetting and drying.

Because of their limited water resistance and susceptibility to attack by molds
and other micro-organisms, casein glues are not considered as satisfactory as
synthetic resin glues when their use involves exposure to soaking or high
moisture conditions. Although many attempts have been made to improve the
water resistance of casein glues, these attempts have not resulted in glues
that possess the high water resistance of most of the synthetic resins. There

1This report 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. Original report written by F. H. Kaufert, former Forest
Products Laboratory technologist, dated November 17, 1943.

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

–Underlined numbers in parentheses refer to literature cited at the end of
this, report.
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appears to be considerably greater promise in attempts to improve the resistance
of casein glues to biological deterioration, and this report is concerned
primarily with various aspects of this problem.

The lack of resistance of the casein glues to attack and decomposition by
micro-organisms has been recognized ever since these glues gained extensive
use in fields where a degree of water resistance was required. Considerable
work has been done to increase the durability of casein-glued products,
particularly plywood, under exposure conditions favorable to the growth of
micro-organisms. Most of these efforts have been with preservatives known to
be toxic to molds and other micro-organisms, these materials being incorporated
in the glues or used to treat the glued products.

In a series of tests conducted some years ago at the Forest Products Laboratory,
a large number of organic and inorganic chemicals were examined as preservatives
for a casein glue made according to the Laboratory's formula 4B (7). The tests
were made by adding the preservatives to the glues and then exposing films of the
glues to conditions conducive to mold growth. Beta naphthol and creosote were
found to be the most effective and promising preservatives tested.

In another study (2), yellow birch plywood shear specimens glued with two
casein glues to which 10 percent of beta nephthol and 20 percent creosote had
been added were exposed to conditions favorable for the growth of molds and
other micro-organisms. The presence of these preservatives in the glues markedly
increased the durability of the plywood under high-humidity exposures, but by
the end of 30 months considerable decay had developed. In the same study,
plywood glued with unpreserved casein glues was treated with creosote and with
beta naphthol in linseed oil and alcohol. These treatments effectively protected
both the glue and the wood against attack by micro-organisms. At the end of
3 years of high humidity exposure, this plywood had not been weakened to an
appreciable extent and joint strengths compared favorably with those at the
start of the tests.

At the time of these early studies, many of the preservatives now on the
market were not available. Several of the newer preservatives have been
tested more recently and the unpublished results of tests made at the Forest
Products Laboratory from 1932 to 1939 further indicate the improved resistance
to biological deterioration that can be imparted to casein-glued plywood by
treatment with solutions of tetrachlorophenol, 2- chlororthophenylphenol, and
dinitrochlorobenzene. The increased durability effected with these preservatives
was similar to that reported for beta naphthol and creosote (2).

In 1939, tests were begun with pentachlorophenol, one of the promising recently
developed preservatives (8). These studies, which are discussed in this report,
are still in progress, add results obtained thus far indicate that
pentachlorophenol is an effective preservative for casein glue.
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Scope of Studies 

The primary object of these studies was to improve the resistance of casein
glues to biological deterioration. Although the earlier studies indicated
that complete impregnation of the casein-glued wood with preservative may be
the most effective method of providing resistance to attack by micro-organisms,
this method cannot be used conveniently with many glued products. Incorporating
the preservatives in the glue is more convenient and frequently is the only
practical method. The studies reported in this paper were limited to the
evaluation of preservatives incorporated in the glue.

Since practically all of the casein glue used at present is of the ready-mixed
commercial type, these studies are limited to commercial glues and included
only those that satisfactorily meet the requirements of specifications
C-G-456 (Federal), 3-152-A (Army), or 52G8c (Navy).

Probably the most important requirement of casein glue preservatives is that
they inhibit the growth of molds and other micro-organisms capable of attacking
and decomposing the glues. Consequently, the major part of this study deals
with the effectiveness of various preservatives. The practicability of a
preservative, however, depends on other factors in addition to effectiveness
in preventing attack by micro-organisms, including:

1. The physical form of the preservative.

2. The effect of the preservative on the glue powders, storage life, and
mixing properties.

The effect of the preservative on viscosity, working life, gelling
characteristics, and gel life of the glues.

4. The dry and wet strengths of glue joints made with preserved and unpreserved
casein glues.

The rate of setting of preserved as compared to unpreserved casein glues©

6. The effect of high temperatures on the durability of casein glue joints.

Methods of Evaluating Effectiveness
of Casein Glue Preservatives

Several methods of evaluating the effectiveness of casein glue preservatives
were investigated in this and previous studies.

In contrast to such materials as animal glue, casein-glue gels do not mold when
stored under conditions conducive to mold growth, probably because these gels
are so alkaline. It is thus impossible to obtain information on preservatives
by studies of the gels. Moreover, most of the commercial casein-glue gels
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are rather short-lived and liquefy rapidly when stored in closed containers
or in high-humidity rooms, 10 days being about the maximum life of the gels
studied.

Glue films can be cast on glass and then exposed to conditions favorable for
mold and bacterial growth. This method may not yield results that are directly
applicable to glue joints, however, because cast films of this type do not have
the characteristics of casein glue in joints. Because of the neutralizing
and buffering action of materials in the wood, casein-glue joints are not so
alkaline as casein-glue gels or films cast on glass.

The glues can be spread on sheets of veneer or plywood and then exposed to
conditions favoring the growth of micro-organisms. This procedure was used
in most of the preliminary tests reported in this study. The method is simple
and results can be obtained in a week or 10 days.

Although the above procedures offer means of obtaining preliminary information
on the effectiveness of casein-glue preservatives, they do not measure changes
in joint strength or give a numerical indication of the progress or extent of
deterioration. To obtain such information requires the exposure of glue joints
in plywood or other wood products to conditions favoring the growth of molds
and other micro-organiams and periodic determination of the quality of the
glue joints by means of shear tests. Most of the preservative evaluations
made in this study, therefore, were made on glue joints in 3-ply, 3/16-inch
birch sapwood plywood. The plywood panels were cut into standard plywood
shear specimens, and these were exposed in various tests.

Mold exposure tests on plywood shear specimens prior to the present study were
usually made by exposing the shear specimens in rooms maintained at high
humidities or by the potato•mad test (9). The potato-mold test has never
been considered satisfactory, however, and has not been used as a research
method by the Forest Products Laboratory. It is inconvenient and does not lend
itself readily to comparisons involving a large number of shear specimens.
Exposing the shear specimens in rooms maintained at 97 percent relative humidity
and 80 . F. is a satisfactory method of comparing the effectiveness of
preservatives except that it is relatively slow, and exposure periods of
6 months or more may be required to differentiate between preserved and
unpreserved glues..

The rather slow development of molds on plywood shear specimens stored
continuously in high-humidity rooms of this type is probably due largely to
the relatively low moisture content of the specimens. Wood stored in rooms
maintained at 97 percent relative humidity and 80 . F. has an equilibrium
moisture content of between 25 and 27 percent, and molds appear to develop
rather slowly on wood in this moisture range.

In an attempt to find a suitable and rapid means of evaluating the effectiveness
of casein-glue preservatives, considerable work was done on testing techniques.
These studies revealed two simple and rapid methods of making mold tests on
preserved and unpreserved casein glues (5).

Report No. 1332	 -4-



One procedure consists essentially of dipping the plywood shear specimens in
water for a few seconds and then laying them on previously prepared sheets of
moldy, casein-soaked veneer. The exposure tests are made in large containers
fitted with loose covers and containing sufficient water to maintain a high
humidity. The incubation chambers are stored in rooms maintained at temperatures
of 72° to 80° F., and the shear specimens are tested immediately after removal.

The other procedure is a simplification of the one just described. The plywood
shear specimens are soaked for 30 seconds to 1 minute in a water suspension of
mold spores, which is made by mixing mold spores obtained from pieces of
moldy, casein-soaked veneer into tap water. The shear specimens are then
stacked on small wood stickers or glass rods in a glass desiccator or other
container that can be tightly covered. Sufficient water should be present to
insure a saturated atmosphere, and the shear specimens should be raised above
the water level on racks or shelves. The tightly covered container is placed
in a room maintained at 72° to 8o* F., and the plywood shear specimens are
tested immediately after removal.

The majority of the mold exposure tests and comparisons between preservatives
presented in this report were made according to the procedure first described.
The results obtained by means of either procedure will group preservatives in
much the same order of effectiveness as will tests made by continuous exposure
of specimens to high humidity without special inoculation.

The presence of some free water in the shear specimens probably accounts for
the rapid decomposition of unpreserved casein glues when tested by either of
the short methods (5). The moisture content of shear specimens exposed in
such tests varies from about 30 to 35 percent, and the presence of this amount
of free water appears to be sufficient to accelerate greatly the rate of
decomposition of unpreserved or ineffectively preserved casein glues over that
obtained by continuous exposure to 97 percent relative humidity.

The results of tests of this type cannot be readily translated into terms of
service under actual exposure conditions. Highly volatile or reactive
compounds might perform satisfactorily in short exposure tests but might prove
unsatisfactory during longer but less severe use exposures. It is for this
reason that the results obtained with volatile compounds, such as trichlorophenol,
'must be interpreted with care. Although exposure conditions of the severity
encountered in this test would rarely be met with in actual service, several
cases of casein glue failure occurred during 1942 which indicate that,
occasionally, conditions do develop in service that may be comparable to those
existing in the laboratory tests. The failure of casein-glue joints in
certain instances in the trailing edges of wood aircraft wings and center
sections, in improperly crated glider parts, and in poorly drained box spars
are examples of rapid failure of unpreserved casein glues due to the activity
of molds or other micro-organisms. The rapidity with which casein glues break
down under such severe exposure conditions emphasizes the need for the incor-.
poration of effective preservatives in these glues.
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Organisms Responsible for Casein Glue Decomposition

The identification of the organisms responsible for casein glue decomposition
is being investigated by the Division of Forest Pathology, Bureau of Plant
Industry, Soils, and Agricultural Engineering, in cooperation with the Forest
Products Laboratory. In the studies reported here, no attempt was made to
work with pure cultures or specific organisms. The molds used were those that
developed on unpreserved casein-glue films spread on veneer and exposed in a
high-humidity room for several weeks. A variety of molds developed under these
conditions and those responsible for or capable of destroying unpreserved casein
glues were present in all tests.

The role of bacteria in the decomposition of casein-glue joints under the
conditions of these tests has not been well established. At the low moisture
content (30 to 35 percent) of the shear specimens exposed in the incubation
chambers for short periods and the moisture content of specimens exposed
continuously at 97 percent relative humidity (25 to 27 percent), bacteria do
not appear to be particularly active or important. At higher moisture contents
and under continuous soaking conditions, however, it seems possible that
bacteria may contribute to the decomposition of casein glues. Since no attempt
was made in these studies to work with pure cultures, and as test specimens were
exposed to all the local fungi and other micro-organisms capable of developing
under the conditions of these tests, it is felt that the results apply quite
generally to a wide range of micro-organisms, including both the common molds
and, possibly, bacteria.

Comparative Effectiveness of Various Chemicals
As Casein Glue Preservatives

The majority of the comparative tests described in this report were made
according to the first exposure technique described in Forest Products
Laboratory Report No. 1344 (Revised) (5), but some information was also obtained
by spreading casein-glue films on veneer and exposing the films in a room
maintained at 97 percent relative humidity. The results of several studies on
casein-glued plywood and laminated beams continuously exposed to high humidity
are likewise included.

Results of Preliminary Tests

These tests were made by adding the preservatives to the dry glue powders,
preparing the liquid glues according to manufacatuer's directions, spreading
thick films of these glues on 12-inch squares of 1/16-inch birch sapwood veneer
and, after the films had dried, exposing them in a room maintained at 80 . F.
and 97 percent relative humidity. Water-soluble compounds were simply mixed
with the dry glue powders. Water-insoluble or slightly water-soluble compounds
were ball milled with the dry glue powders to obtain fine dispersions.
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Preservatives in the form of liquids or waxes were added to the glues during
mixing. It was necessary to dissolve a few of the heavy liquid or wax
preservatives in a small amount of alcohol or acetone before adding them to
the glues. The glue films on the veneers were inoculated when they were placed
in the high-humidity room and at weekly intervals thereafter by atomizing them
with a heavy spore suspension of mixed molds and bacteria.

The results of these preliminary studies are shown in table 1. The observations
were limited to notes on the percentage of the film covered with mold growth
at various periods after exposure. Bacterial activity is much less conspicuous,
and if present in this study it was not observed.

It is evident from these results that, under the test conditions used, the
various preservatives tried differ greatly in effectiveness as casein glue-
film preservatives. With the exception of mercuric bichloride, the few
inorganic compounds tried were quite ineffective in the concentrations tested.
The inorganic preservatives, when added to casein glues, probably form compounds
of low water solubility and are thus rendered largely inactive.

Phenyl mercury acetate was one of the most effective of the organo-metallic
compounds. None of the copper compounds appeared to be very effective. Beta
naphthol and creosote were quite effective at high concentrations but were
inferior to orthophenylphenol, the chlorophenols, and the sodium salts of
these compounds. The zinc salt of tetrachlorophenol and the calcium and copper
salts of pentachlorophenol were not so effective as the free chlorophenols or
their sodium salts. This again may relate to the low water solubility of
these compounds and the fact that they are further inactivated when mixed with
casein glues.

From the standpoint of general effectiveness, availability, cost, and effects
on the chemical and physical properties of the glue mixtures, the chlorophenols,
orthophenylphenol, and their sodium salts were considered the most promising
preservatives, and the majority of the tests made on plywood glue joints were
limited to them.

Exposure Tests on Plywood Glue Joints

For use in the studies of plywood glue-joint exposures 1/16-inch birch sapwood
veneer was glued into three-ply panels with the various glues and combinations
of glues and. preservatives. The preservatives were added to the dry glue
powders and, if not water-soluble, were ball milled with the glue powders for
1 hour. The preservatives used were obtained from several manufacturers. In
the preliminary studies, some of the chemicals were of chemically pure grade
whereas others were of commercial production but, in the majority of the studies,
the chemicals were from commercially produced lots. The glues were mixed by
weight according to manufacturer's directions and no allowance was made for the
preservatives. For glues containing preservatives, the ratios of water to glue
were thus somewhat higher than for unpreserved glues. All gluing was done in
a room maintained at 75° F. The veneer had a moisture content of about 6 percent
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at the time of gluing, approximately 80 pounds of wet glue were spread per
1,000 square feet of single glue line, assembly periods were between 5 and
10 minutes, and a pressure of 150 pounds per square inch was used throughout.
The three-ply, 5- by 12-inch plywood panels were allowed to remain under
pressure for at least 4 hours and were then conditioned for 3 days at 80* F.
and 65 percent relative humidity. The panels were next cut into shear specimens.
One shear specimen from each panel was tested dry, at least one was tested wet
after 48 hours or more of cold soaking, and the remainder were subjected to
mold-exposure tests. A period of 6 to 10 days usually elapsed between gluing
and subjecting the plywood shear specimens to mold-exposure or soaking tests.

The results of all tests made by means of the mold-exposure technique (first
procedure) described in this report and Forest Products Laboratory Report
No. 1344 are summarized in tables 2, 3, and 4.

The results summarized in table 2 show the effectiveness, as preservatives for
a single casein glue, of several concentrations of the chemicals found most
promising in the preliminary studies with films. These results indicate that
a 3.0 percent concentration, based on dry weight of glue powders, of most of
these chemicals was not sufficient to protect the glues against molds during
long exposure periods. In most cases, the highest concentration, 7.0 percent,
gave the best results, but 5.0 percent appeared to be generally satisfactory.
The rapidity with which unpreserved casein glues break down in these tests is
indicated by the low joint strength after 1 week and complete delamination pf
all shear specimens by the end of 2 weeks. After an initial drop, which is
probably due to moisture and not micro-organisms, many of the well-preserved
casein glues maintained their joint strength at about the same level for the
entire exposure period.

In these tests, trichiorophenol and its sodium salt were the most effective.
There was little choice between sodium tetrachlorophenate, sodium pentachloro-
phenate, or pentachlorophenol. Orthophenylphenol, in general, was somewhat
less effective than the chlorophenols but more effective than sodium
orthophenylphenate. The remaining compounds, 2-chloro-4-phenylphenol,
2-bromo-4-phenylphenol„ sodium 2-chlorophenylphenol, copper pentachlorophenate,
and zinc tetrachlorophenate, did not perform so consistently, and in other
respects, such as availability, cost, and physical form, each of these compounds
has certain shortcomings.

The results On five commercial casein glues, reported in table 3, and on eight

commercial caseins, reported in table 4, are in close agreement with those
reported in table 2. Under these exposure conditions, some commercial casein
glues appeared to be more durable than others, even though identical
concentrations of preservatives were used. It is possible that the difference
in durability is more a function of chemical hydrolysis than of mold action
because, in general, those glues having the highest initial water resistance
were usually the most durable.

For the longer exposure periods in particular, there is some variability in
the results. Some of the joint strengths after the longer exposures appeared
to be higher, when effective preservatives were present than at-the start of
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the exposures. No reasonable explanation has been found for this phenomenon,
but it may be due in part to drying of the shear specimens during the longer
exposures.

In the majority of these tests, sodium trichlorophenate and trichiorophenol
appeared to offer better protection against molds and other micro-organisms
than the more highly chlorinated phenols or orthophenylphenol and its sodium
salt. The volatility of trichlorophenol and its sodium salt, however, is high
and these materials may not be as permanent as some of the other chemicals
tested.

In addition to the above studies, a test with two commercial casein glues and
a single preservative, pentachlorophenol, was made by exposing the shear
specimens continuously in a room maintained at 80 . F. and 97 percent relative
humiditye± This test is far less severe because the moisture content of shear
specimens probably does not go above 26 to 27 percent. Under these conditions,
mold. action is slow and joint strengths drop more gradually. The comparison,
after tests had run for 6 months, between glues with 5.0 percent of penta-
chlorophenol and unPreserved glues is shown in figure 1. Of particular interest
are the wet joint-strength results. The wet joint-strength data were obtained
by soaking shear specimens that had been exposed for the various periods in
the high-humidity room in cold water for L8 hours before making shear tests.
These results corroborate those obtained in the shorter but more severe exposure
tests summarized in tables 2, 3, and 4.

Exposure Tests on Casein-Glued Laminated Beams

The exposure tests on plywood glue joints were for relatively short periods,
up to 6 months, and most of the tests were made by accelerated techniques,
Information from longer exposure tests (8), however, is available on one
preservative, pentachiorophenol, and is summarized in table 5 and figure 2.

Douglas-fir and southern yellow pine beams, 7 by 7 inches in cross section and
6 feet in length and containing nine 3/4-inch, parallel-grain laminations
each, were glued either with a casein glue without preservative or with a
casein glue to which 10 percent of pentachlorophenol had been added. The glue
used was prepared according to Forest Products Laboratory formula 413 (7).
These beams were continuously exposed to 97 percent relative humidity and
80 * F. Specimens from all joints of all beams were tested before exposure and
at intervals up to 48 months thereafter. The ends of one-half of the beams
were painted to maintain a uniform moisture content throughout the exposure
period. In table 5 the results for painted and unpainted beams are separated,
but in figure 2 they have been averaged.

The results of the exposure tests on the Douglas-fir beams are particularly
significant and illustrate the increase in durability of c sein glue that C: fl

–Results constitute part of a larger series of tests being made by the Forest
Products Laboratory.
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be effected by the addition of a preservative such as pentachlorophenol. At
the end of 4 years of this exposure, the joint strengths and percentage of
wood failure were still high for the beams glued with preserved glues, whereas
the joint strengths for the beams glued with unpreserved casein glue were low
after 6 months to a year.

The results on the southern yellow pine sapwood beams show similar differences
between the durability of joints made with preserved and unpreserved glues, but
the joint strengths and percentage of wood failure dropped much more rapidly.
Severe decay had developed in these beams by the end of 30 months' exposure,
and at the end of 4 years the beams were so badly rotted that tests were not
made. A good measure of the durability of the preserved glues was not obtained
with southern yellow pine sapwood, but it appeared that the glue joints made
with the casein glue containing 10 percent of pentachlorophenol were probably
as durable as the wood.

The Effect of Preservatives on the Chemical and Physical
Properties of Commercial Casein Glues

Effectiveness against micro-organisms is a necessary property of casein-glue
preservatives, but other important considerations must be taken into account.
Of particular importance are the physical form of the preservative and its
effect on the physical and chemical properties of the glue. Several effective.
preservatives were tested in preliminary studies but were not included in
later studies because their physical form was such that they could not be
practically`incorporated into casein-glue powders. Some of the preservatives
reduced working life or increased viscosity to such an extent that their
practical use is questionable. In many respects these considerations are as
important as preservative effectiveness when a choice of several chemicals is
possible.

Physical Properties of Casein Glue Properties

Although it is possible to add preservatives to casein glue at the time the
powders are mixed with water or prepared for use, the most practical and
satisfactory procedure is for the manufacturer to mix them with the dry glue
powders during milling or some other step in the manufacturing process. This
procedure eliminates the handling of the preservatives by inexperienced workers
and assures uniformity of the glue mixtures. Water-soluble chemicals that can
be ground to fine powders are, therefore, considered the most practical glue
preservatives from the standpoint of physical form and ease of mixing. Water-
insdbildeor slightly water-soluble compounds that can be milled separately to
fine powders or milled with the glue powders should likewise prove satisfactory.
Liquid preservatives, oils, and waxes, on the other hand, do not lend themselves
so well to incorporation in the dry glue powders.
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Tetrachlorophenol is a chemical that, although highly effective, is of
questionable value as a casein-glue preservative because of its physical form.
Although tetrachlorophenol of high purity is a dry, flaky material that can
be satisfactorily milled with casein powders, the commercial product has a
lower melting point and is of a waxy nature. The preliminary studies indicate
that tetrachlorophenol was an effective preservative for casein glues, but it
was not included in later studies because of the difficulty of incorporating
the commercial product in the glue powders. Copper naphthenate, creosote, and
chloro-2-phenylphenol are other chemicals that appear to be quite effective
against micro-organisms but cannot be readily added to the glues by manufacturers%

Effect of. Preservatives on Physical Properties
and Storage Life of Glue Powders

As marketed, commercial casein glues are dry, fine powders free from lumps.
These powders can ordinarily be stored for long periods under dry conditions
without injurious effects. It is desirable that the addition of preservatives
should not change these properties. To determine whether the presence of the
most promising of the preservatives under study would affect the physical
properties and storage life of casein glues, a number of tests were made.
Concentrations of 3.0, 5.0, and 7.0 percent of orthophenylphenol, sodium
orthophenylphenate, pentachlorophenol, sodium pentachiorophenate, sodium
tetrachlorophenate, sodium trichlorophenate, and beta naphthol were added to
four commercial casein-glue powders end dispersed therein by ball milling.
After 7 months of storage in a dry room, the samples were examined for lumps
and small lots of the glues were mixed with water. As far as could be determined
from these tests, none of these preservatives caused lumping or affected the
storage lives of the glues.

Effect of Preservatives on Viscosity Working Life  Gelling
Characteristics and Gel Life of Casein Glues

The viscosity of casein glues has been shown to be markedly affected by the
addition of inert fillers as well as by chemicals that may react with glue
constituents (6). Most of the chemicals tested as commercial casein-glue
preservatives were found to affect not only the viscosity but working life,
gelling characteristics, and gel life as well.

All of the organic copper compounds tested were found to increase viscosity
greatly and reduce working life. The working life of the glues to which
organic copper compounds had been added was usually less than an hour and the
viscosity was usually so great that the glues could not be satisfactorily spread
by hand. The effects on viscosity of the chlorophenols, orthophenylphenol, and
sodium orthophenylphenate are shown in table 6 and figure 3. In general, all
of the chlorophenols tested increase viscosity and there appears to be a
correlation between the degree of chlorination and effect on viscosity.
Pentachlorophenol and its sodium salt hadtbe greatest effect, and this was
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sufficient in many cases to increase the viscosity of the glues so much that
they became too thick for hand spreading. Sodium tetrachlorophenate and
sodium trichiorophenate did not increase viscosity to the same extent as did
sodium pentachlorophenate, but the glues were always more viscous than the
unpreserved glues. Orthophenylphenol and sodium orthophenylphenate did not
seriously increase viscosity during the normal working lives of the glues.
All of the viscosity measurements were made with a Stormer viscometer.

The working life of the preserved glues varied as greatly as did viscosity
(table 6). Working lives of at least 5 hours are required by most specifications,
and this requirement is met by most commercial casein glues. The addition of
5.0 percent of pentachlorophenol or sodium pentachlorophenate, however,
considerably reduced the working life of all of the commercial caseins tested.
Some of the glues preserved with pentachlorophenol or its sodium salt still
met the working-life requirements of specifications, but others did not. In
these studies, the glues were considered to be spreadable by hand or machine
spreader as long as their viscosities did not go above 200 poises. A glue of
200 poises viscosity is very thick and viscous, and many users would probably
consider it too heavy for satisfactory hand spreading.

The viscosity histories of a casein glue to which sodium pentachlorophenate,
orthophenylphenol, or mixtures of these preservatives had been added are shown
in figure 3. The viscosity histories of the glues containing mixtures of these
two preservatives are of particular interest. By means of such mixtures, or
of others reported in table 6, it should be possible for manufacturers to
produce effectively preserved glues with satisfactory viscosities and working
lives. Relatively few tests were made on the effectiveness against molds of
such preservative mixtures, but those that were made indicate that these
compounds are compatible and effective against molds and other micro-organisms
(tables 1 and 3). Mixtures of these preservatives and others deserve more
investigation both from the standpoint of their effect on the glues and the
possibility that such mixtures may have greater preservative action than
equivalent concentrations of the individual compounds.

All of the preserved casein-glue mixtures tested gelled at some time after the
close of their useful working life, which is a requirement of specifications
C-G-456 (Federal), 52G8c (Navy), and 3-152-A (Army). As a group, the
chlorophenols decreased the time required to gel, sodium orthophenylphenate
did not appreciably affect it, and orthophenylphenol usually increased it by
several hours.

The gel strength of glues to which preservatives were added was usually equal
to or greater than the gel strength of unpreserved glues.

The durability of the gels was determined by storing them in closed metal
containers and observing the time required for them to liquefy. Glues to
which the sodium salts of the chlorophenols or of orthophenylphenol had been
added usually had about the same gel life as the unpreserved controls. The free
chlorophenols and orthophenylphenol usually increased gel life to some extent,
quite markedly in the case of orthophenylphenol.
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Effect of Preservatives on the Rate
of Setting of Casein Glues 

To determine whether the presence of preservatives greatly affected the rate of
setting of joints made with these glues, the studies reported in table 7 were
made. Three-ply yellow birch plywood panels were glued with the various
glue-preservative mixtures and tested after 1, 2, 4, and 8 hours under pressure.
Panels were tested within 15 minutes of the time they were taken from the
Presses. Tests were also made at longer intervals of 24 hours, 3 days, and
6 days, but the panels for these longer periods were left under pressure only
8 hours and were then removed from the presses and conditioned at 65 percent
relative humidity and 80° F. for the remainder of the period. One-half of the
shear specimens from each panel were tested dry and one•helf were soaked for
48 hours and tested wet. With the exception of the tests made at the end of
the first hour under pressure, there did not appear to be much difference in
rate of setting of unpreserved and preserved glues. There is some indication
that pentachlorophenol slightly reduces the rate of setting and that orthophenyl-
phenol may increase the rate of setting to some extent (glue E, table 7). Since
these are the results of but one test, the differences observed in rate of setting
may not be particularly significant. The most striking difference observed in
this study occurred in the development of wet strength by glues D and E. Glue E
developed its wet strength more rapidly than did glue D.

Effect of Preservatives 
on the Water Resistance of Casein Glues 

Throughout these studies, wet-strength tests were made on at least one specimen
from each three-ply panel glued. The majority of these wet tests were made after
the standard cold-soaking period of 48 hours, but a few were made on material
that had been soaked for longer periods (table 4). These results indicate that
the addition of 3.0, 5.0, or 7.0 percent of the preservatives tested does not
decrease the wet strength of the glues during extended soaking periods. Further
work is required to determine whether the increases in water resistance observed
with some preserved glues are significant or merely chance variations.

In these studies, no significant difference in water resistance was observed
between glues preserved with the sodium salts and those preserved with the
Parent phenols. The longest of the continuous soaking tests, however, ran for
only 16 weeks (table 4) which may not be long enough to reveal differences in
water resistance which may have existed.

Cyclic exposure studies, involving wetting and drying or periods of exposure
to high humidities alternated with periods of low humidities, have not yet been
made with casein glues containing the preservatives included in this study.
Unpreserved casein glues have been shown to break down rapidly when glue joints
made with them are subjected to cyclic exposures involving wetting and drying.
This weakening has usually been attributed to mechanical action and
hydrolysis (2), although there is a possibility of some biological deterioration.
Fungi, aid possibly bacteria, are known to contribute to the breakdown of casein
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reduced viscosity during the latter part of the glue's working life. The
chlorophenols all caused some increase in viscosity. The greatest increase in
viscosity was observed with pentachlorophenol and sodium pentachlorophenate.
With some commercial caseins this increase was so great that pentachlorophenol
and sodium pentachlorophenate may not prove practical preservatives for them.
Sodium tetrachlorophenate and sodium trichlorophenate had less effect on
viscosity than did pentachlorophenol and its sodium salt, and in most cases
the viscosity of the glues containing the less highly chlorinated phenols was
satisfactory for hand spreading.

Through the use of mixtures of several of these preservatives, as orthophenyl-
phenol and sodium pentachlorophenate, or other combinations, some control can
be obtained over the viscosity of the resulting glue mixtures.

The relationships that hold for viscosity were also found to apply to working
life. orthophenylphenol greatly increased the working life of most commercial
caseins, whereas pentachlorophenol and sodium pentachlorophenate markedly
reduced it. The less highly chlorinated phenols reduced working life less than
did pentachlorophenol. Sodium orthophenylphenate appeared to have the least
effect on working life of all preservatives tested. Through the use of
combinations of preservatives, it is possible to modify greatly the working
life of casein glues. Preservatives were found to affect the working life of
some glues to-a greater extent than that of others.

All of the preserved glues set to strong gels sometime after they had reached
the end of their useful working life. The gels containing the sodium salts of
the chlorophenols and orthophenylphenol were about as durable as gels of the
unpreserved glues. The gels containing orthophenylphenol were particularly
durable.

The preservatives extensively tested did not appear greatly to affect the rate
of setting of casein glues. Preserved casein glues developed their wet and
dry joint strength at about the same rate as the unpreserved glues.

The addition of as much as 10 percent of these preservatives, based on dry
weight of the glue powders, did not appear to affect dry or wet joint strength.
In many cases, the water resistance of preserved glues was higher than that of
unpreserved glues, but longer exposure tests are required to determine the
significance of these increases.

There was no discernible difference between the resistance of preserved and
unpreserved glues to continuous exposure to temperatures of 158° F. and
6o percent relative humidity. The caseins withstood such continuous exposures
and cyclic exposures involving alternate periods of high and low temperature
about as well as the better types of synthetic resins.
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Table 1.--The  result ? of prsliminary_tests to evaluate  the effectiveness of
chAmicalgal_prlservatives for commercial caseinslues

Preservative

Copper sulfate
Sodium dichromate
Mercurio bichloride
Phenyl mercury acetate
Phenyl mercury acetate
Copper resinate
Copper resinate
Copper resinate
Copper oleate
Copper oleate
Copper oleate
Copper naphthenate
Copper naphthenate
Copper naphthenate
Copper pentaohlorophenate
Copper pentaohlorophenate
Copper pentachlorophenate
Zinc tetrachlorophenate
Zinc tetrachlorophenate
Zinc tetrachlorophenate
Calcium tetrachlorophenate
Calcium tetrachlorophenate
Calcium tetrachlorophenate
Calcium pentachlorophenate
Calcium pentachlorophenate
Calcium pentachlorophenate
Pentachlorophenol
Pentachlorophenol
Pentachlorophenol
Sodium pentachlorophenate
Sodium pentaohlorophenate
Sodium pentachlorophenate
Tetrachlorophenol
Tetrachlorophenol
Tetrachlorophenol
Sodium tetrachlorophenate
Sodium tetrachlorophenate
Sodium tetrachlorophenate
Trichlorophenol (2,4,5)
Trichlorophenol (2,,5)
Trichlorophenol (2,4,5)
Sodium (2,4,5) trichlorophenate
Sodium (2,4,5) trichlorophenate
Sodium (2,4,5) trichlorophenate
Chloro-2-phenylphenol
2-Chloro-4-phenylphenol
Orthophenylphenol
Orthophenylphenol
Orthophenylphenol
Sodium orthophenylphenate
Sodium orthophenylphenate
Sodium orthophenylphenate
Beta naphthol
Beta naphthol
Beta naphthol
Creosote
Creosote
Creosote
Sod. orthophenylphenate 4.0% + Sod. tetrachlorophenate 1.05
Sod. orthophenylphenate 3.0 + Sod. tetrachlorophenate 2.0
Sod. orthophenylphenate 2.0 + Sod. tetrachlorophenate 3.0%
Sod. orthophenylphenate 1.0 + Sod. tetrachlorophenate 4.3$
Sod. orthophenylphenate 4.0 + Sod. pentachlorophenate 1. %
Sod. orthophenylphenate 3.0 + Sod. pentaohlorophenate 2.0%
Sod. orthophenylphenate 2.0 + Sod. pentaohlorophenate 3.0%
Sod. orthophenylphenate 1.0 + Sod. pentachlorophenate 4.0%
Orthophenylphenol 4.0% + Sod. tetrachlorophenate 1.05
Orthophenylphenol 3.0 + Sod. tetrachlorophenate 2.0
Orthophenylphenol 2.0 + Sod. tetrachlorophenate 3.0%
Orthophenylphenol 1.0 + Sod. tetrachlorophenate 4.0%
Orthophenylphenol 4.0 + Sod. pentachlorophenate 1.0%
Orthophenylphenol 3.0 + Sod. pentachlorophenate 2.0%
Orthophenylphenol 2.0 + Sod. pentachlorophenate 3.0%
Orthophenylphenol 1.0 + Sod. pentachlorophenate 4.0%
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Table 5.--Durability of casein-gLa_lotits in laminated
heartwood and southern yellow

Fine suE22911229ELailtIEELEly exposed to
2112msLE2lave humidit and 80 0 F.

1
:Exposure:Joint strength and percentage of wood failure–
: period : 	

Douglas-fir	 : Southern yellow pine
...	 ..........

Painted : Unpainted : Painted : Unpainted
.N06100.0 ......... asswee:seamell

Glue

: Months :
•
	

40

	

Casein without :	 :•......•.•: 1701-97	 1670-97

	

preservative :	
: 1341-89	 440.2? :	 996-54	 0-0

	

:	 12	 :	 890-52 •	 77-2	 •	 0-0	 0-0
ff	

:	 836-50:	 33-4	 :	 0-0	 :	 0-0
ft	 •	 30	 :	 1 3.1-8	 2-1	 0-0	 :	 0-0

If	
:	 48	 :	 0-0 :	 0-0	 :	 0-0	 :	 0-0

Casein 4- 10

	

percent penta-:	 0

	 • 

1755-99 

•

 

•
 • 

•

chlorophenol
	

•
•

 : 1441-74IV
	

6	 : 1622-91 • 1598-92

	

:	 907-42If	 •	 12	 : 1670-97 : 1668-99
• 924-37fl	 18	 : 1957-94	 1653-93

158-13If	
:	 30	 : 1232-96	 954-93

	

48	 1464-96 : 1264-90
	

0-0
•

2The first value represents the joint strength in pounds per square
inch, the second the percentage of wood failure. Each average is
based on 16 shear blocks.

•

. : 1530-95
•

882-36
588-35

• 486-20
233-21

0-0

•
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Table	 .--	 •	 .	 .f
And gelllne prove	 •	 ...

•	 •.	 ..
Commer-:	 Preservative	 :Consent 	 Viscosity of glue in poises at several periods (hours) after mixing

.

:WorkingalTime : Dell
cial	 :

casein	 .	 :	 1/2	 .112	 :	 3	 :4:	 5	 :	 6	 :	 7	 .	 8	 :	 9	 .	 10	 :	 11	 :	 12
glue	 :	 .

13
:	 life	 : to	 . life
.	 :gel

Percent Soups	 Sours Pm
B	 :	 None	 i	 ---	 :	 25 : 20	 .	 25:	 33:	 46 :	 114:	 168:	 1000+ : •. •. •. •. :	 6-1/2	 .	 7	 :	 2
B	 : Sodium pentachlorophenate 	 :	 5.0	 : 108 : 97	 : 123: 138: 207 : 	 ► 56 .	 479: 1000+ •. •. •. : •. :	 3-1/2	 :	 7	 ;	 3

B	 : Sodium tetrachlorophenate	 :	 5.0	 :	 90 : 78	 1	 84:	 99: 151 :	 350 :	 385: 1000+ . •. •. •. : 4-1/2	 .	 7	 .	 3
B	 : Sodium trichlorophenate	 :	 5.0	 :	 52 : 52	 :	 56:	 63:	 88 :	 206 :	 251: 1000+ : : . . : :	 5	 .	 8	 3
B	 :	 Sodium orthophenylphenate 	 :	 5.0	 :	 27 : 25	 :	 27:	 33:	 36 :	 74 :	 98.	 535	 : 1000+ : •. .. .. :	 6-1/2	 :	 8	 :	 3

B	 : Pentachlorophenol	 :	 5.0	 : 113 :	 97	 : 111: 122: 167 :	 398:	 479: 1000+ : • •. •. : •. : 3-1/2	 :	 7	 s	 5
B	 . Orthophenylphenol	 :	 5.0	 :	 28 : 27	 :	 27:	 28:	 36 :	 51	 :	 66:	 177	 : 454 : 1000+ : :. . .. : 7-1/2	 :	 :	 6

C	 .	 None	 :	 ---	 :	 37	 :	 34	 :	 34:	 34:	 41	 i	 51	 :	 7S:	 163	 : 783 : 1000+ : 8 : : :,7	 :	 10	 :	 2

C	 : Sodium pentachlorophenate	 :	 5.0	 : 214 :191	 : 1871 187: 222 :	 324 :	 480: 1000+ : . .. : •. :	 3-1/2	 .	 8	 :	 2

C	 :	 Sodium tetrachlorophenate	 :	 5.0	 : 160 :133	 : 122: 122: 140 : 	 153 :	 282:	 612	 : 1000+ : : i : : 1	 5	 :	 9	 :	 2

C	 :	 Sodium trichlorophenate	 :	 5.0	 93 : 91	 :	 85:	 80: 101 :	 186 :	 213:	 384	 : 1000+ : : . : :	 6	 :	 9	 2

C	 ;Sodium orthophenylphenate	 :	 5.0	 .	 54 : 41	 37:	 37:	 37 :	 41 :	 58:	 85	 . 228 : 1000+ : .. : : 7-1/2	 : 10	 :	 2

C	 : Pentachlorophenol	 :	 5.0	 : 234 :210	 : 187: 189. 240 :	 341 :	 500: 1000+ : : : : : 	 3-1/2	 :	 8	 :	 4

C	 : Orthophenylphenol	 :	 5.0	 :	 47 :	 44	 :	 36:	 36:	 37 :	 41	 :	 51:	 63	 : 82 :	 92 :	 132 :	 228 : 1000+ .: :10-1/2	 : 12+ :	 7

C	 : 1.0% sodium pentachlorophenate + .u . . . . .	 :
:	 4.0% sodium orthophenylphenate	 :	 .5.0	 : 119 ; 88	 ;	 92:	 95:	 98	 :	 116 :	 251:	 490	 : 1000+ : : : •. : : 5-1/2	 :	 9	 :	 2

C	 : 2.0% sodium pentachlorophenate + .u : •• •• •: :
:	 3.0 sodium orthophenylphenate	 :	 '5.0	 : 115	 :102	 : 102; 102: 112 :	 139 :	 232:	 611	 : 1000+ .. .. .. :. :	 5-1/2	 :	 9	 :	 2

r, 	 3 n% sodium pentachlorophenate ♦ : k •. •. t :	 :
:	 2.0% sodium orthoph enylphenate:	 .5.0	 : 150 ;129	 : 112; 102; 126 : 	 150 :	 292:	 615	 : 1000+ . s :. : :	 5	 :	 9	 :	 2

C	 : 4.0% sodium pentachlorophenate + ., 	 :	 .	 :	 :	 :	 :
.	 1.0% sodium orthophenylphenate	 :	 .5.0	 : 170 :156	 : 153: 153: 197 :	 272:	 415: 1000+ : !

•.
..

•.
..

:•
..

.

.. I	 :	 :4	 82

C	 f 	 1.0% sodium tetrachlorophenate +	 •	 :	 :	 :	 :	 :	 .	 :	 : .:
•
: .: :,_

't	 4.0% pcdium orthophenylphenate	 .	 .5.0	 :	 95 :	 82	 :	 65:	 53:	 54 :	 61	 :	 83:	 127	 : 278 : 1000+ : : : : 7-1/2	 . 10	 i	 3

,	 : 2.0% sodium tetrachlorophenate +	 v
:	 3.0% sodium orthophenylphenate 	 .	 =5.0	 :	 66 :	 65	 :	 65,	 4e..	 75	 :	 ,,.. :	 149:	 28n	 : 1000+ : : :. ; 6-1/2	 :	 9	 :	 3

C	 : 3.0% sodiur, tet,,h1o,ophenate +:	 ,
2.0% sodium orthophenylphenate 	 :	 .5.0	 :	 95 : 92	 :	 90:	 92:	 97 :	 126 :	 208:	 374	 : 1000+ :

.

..
:
.: .: : :	 6	 9	 :	 3

C	 . 4.0% sodium tetrachlorophenate + :u
•	 1.0% sodium orthophenylphenate	 :	 .5.0	 : 146 ;112	 . 105:	 88:	 88 :	 115 :	 187:	 312	 : 1000+ :

•.
•.

..

.

.•
: !

.	 :
:	 6	 :	 9	 :	 3

C	 : 1.0% sodium pentachlorophenate + :u
.	 4.0% orthophenylphenol	 :	 .5.0	 : 112	 :102	 78:	 58:	 47 .	 44 :	 47:	 66	 : 107

:
:	 210

:
: 1000+

:
:

:•
1

:.
.: :	 8-1/2	 : 11	 :	 6

C	 : 2.0% sodium pentachlorophenate + :	 ,	 .	 .
:	 3.0% orthophenylphenol	 :	 ..5.0	 : 161	 :132	 :	 87:	 73:	 7o :	 63 :	 78:	 115	 . 187 .	 367 : 1000+

:
.

.. ...
• :	 8-1/2	 : 11	 :	 6

C	 : 3.0% sodium pentachlorophenate 0 :u
:	 2.0% orthophenylphenol 	 .	 .5.0	 : 161 :148	 •	 98:	 95:	 88 :	 81 :	 122:	 172	 : 302 :	 600

:
s 1000+ :

:
:.

:
: : 7-1/2	 t 10	 5

C	 : 4.0% sodium pentachlorophenate + :	 h
:	 1.0% orthophenylphenol 	 .	 .5.0	 : 187 :185	 : 132: 133: 129 : 	 140 :	 224:	 367	 : 1000+ :

:
.
.

:
.
•

.:
:

•
.:

:	 :

: 	 5 . 1/2	 :	 9	 :	 5

C	 : 1.0% sodium tetrachlorophenate . : h	 :
:	 4.0% orthophenylphenol	 :	 =5.0	 : 165 :139	 t	 88:	 66:	 45 :	 37 :	 32:	 36	 : 49 .	 78

:
s	 425 : 1000+

.•
:

.•
.•

:	 .
: 9-1/2	 : 11	 :	 5

C	 : 2.0% sodium tetrachlorophenate + .u	 .	 :	 :	 :
:	 3.0% orthophenylphenol 	 :	 .5.0	 . 172 :152	 : 114:	 63:	 51	 :	 44	 :	 51:	 63	 : 93 :	 166 : 1000+ : .

•

:
:

I
: 9	 ! 11	 :	 5

C	 : 3.0% sodium tetrachlorophenate + :	 k	 :	 :	 :	 :	 : : : •

:	 2.0% orthophenylphenol	 :	 .5.0	 : 202 ;192	 : 116:	 75:	 75 :	 71 :	 88:	 140	 : 238 :	 535 : 1000+ : : : 7-1/2	 : 11	 .	 5

C	 : 4.0% sodium tetrachlorophenate + :	 4	 •	 :	 : . I :
•	 1.0% orthophenylphenol	 :	 -5.0	 : 243 :212	 : 131:	 85:	 73 :	 85 .	 142:	 242	 : 475 : 1000+ : .

• •: :	 6.1/2	 : 10	 :	 4

D	 :	 None	 .	 ---	 :	 27	 .	 24	 :	 20:	 20:	 27	 :	 34 :	 47:	 218	 . 1000+ : •. .
. : .	 7	 :	 9	 :	 2

D	 : Sodium pentachlorophenate	 :	 5.0	 : 158 :151	 . 140: 173: 210 :	 241 :	 400: 1000+ : • : .
• : s :	 4	 :	 8	 :	 2

D	 : Sodium tetrachlorophenate	 :	 5.0	 :	 78 : 72	 :	 68:	 78:	 92	 :	 130 :	 180:	 524	 : 1000+ : .. .. : : .	 6	 :	 9	 t	 3

D	 : Sodium trichlorophenate	 • 	 5.0	 48 .	 41	 .	 37:	 37:	 47 :	 54 :	 71:	 143	 : 4 ► 3 : 1000+ : .. .: .	 7-1/2	 : 10	 1	 3

D	 . Sodium orthophenylphenate	 :	 5.0	 :	 34 : 27	 :	 24:	 24:	 27	 :	 31	 :	 51:	 272	 : 750 : 1000+ : :. .• :. :	 6-1/2	 : 10	 :	 3

D	 : Pentachlorophenol	 :	 5.0	 : 183 :116	 : 119: 146: 200 :	 251 :	 425: 1000+ : • :• :• :	 4	 :	 8	 :	 4

D	 : Orthophenylphenol	 :	 5.0	 :	 37 : 31	 :	 34:	 20:	 24 :	 24 :	 27:	 41	 : 82 :	 163 : 1000+ : .. : : 9-1/2	 t 11	 :	 6

IL	 :	 None	 :	 ---	 20	 :	 20	 :	 20:	 24:	 27	 :	 34 :	 41:	 82 251 :	 755 : 1000+ : : 7-1/2	 : 11	 :	 2

E	 : Sodium pentachlorophenate	 5.0	 :	 82 . 75	 .	 78:	 92:	 95 :	 102 :	 126:	 173	 : 302 :	 750 : 1000+ : s : :	 7	 :	 11	 : 	 3

E	 : Sodium tetrachlorophenate 	 :	 5.0	 :	 54 : 51	 :	 54:	 61:	 68 :	 78 .	 92:	 126	 : 163 :	 204 :	 545 : 1000+ : : :	 8	 : 11+ :	 4

E	 : Sodium trichlorophenate	 t	 5.0	 :	 27 : 27	 :	 27:	 31:	 34	 s	 37 :	 47:	 61	 : 78 :	 98 ..,	 245 :	 612 : 1000+ : : 9	 : 32+ :	 4

E	 : Sodium orthophenylphenate	 :	 5.0	 :	 27 : 24	 :	 24:	 24:	 27 :	 31 :	 41:	 75	 : 119 :	 187 t	 815 : 1000+ t : : 9	 4 /1. t	 3

E	 : Pentachlorophenol	 :	 5.0	 : 109 : 85	 :	 85:	 85:	 95:	 109 :	 116:	 140	 : 183 .	 220 :	 368 : 1000+ 1 : : 8	 i 11+ :	 10

E	 : Orthophenylphenol	 :	 5.0	 :	 34 . 27	 :	 27:	 24:	 27:	 27 :	 27:	 31	 : 34 :	 37 t	 44 :	 58 :	 182 t 1000+ 112	 1 13+ :	 8

'Concentration of preservative based on dry weight of casein glue powder.
2
-When a glue reached 200 poises it was consideredto have reached the end of its useful working life.

;Fels stored at 80° F. in tightly covered metal containers.
4
-Mixtures of preservatives totaled 5.0 percent of dry weight of casein glue powder.
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