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Ny oy

Furniture an% other relics of earlier civilizations attest
the gluing of wood (9)< as an art of long standing, but they furnish
little authentic information that ia of practical valus to the crafts-
men of today as to kinds and quality of adhesives used or of methods
or processes, Because of mechanical and chemical progress, it is
doubtful that even reliable and complete historical records would
add much of practical value to present-day glulng oporations, Con-
sequently; this paper will discuss only the more recent developments
in glves and in the technic of using them.

Development of Gluesn

It ig a common assumption that the joilnts in chests and
other artlcles recovered in recent times from anclent tombs were
glvued with adhesives that were superior to modern glues, The fact
that the joints have endured for many cemturies is, however, no posi-
tive evidence that the athesives were superlor to present glues, Om
the other hand, the fact that the wood in thesa perticular articles
was not damaged 1eads us to believe that the surrounding conditions.
wers not extremely severs., In other articles recovered there has
been more or less damage, presumably to both glus and wood. Adhesives
are available today that might reasonably be expected to wlthstand per-
manent exposure to conditions where wood is not deteriorated,

Animal and fish glues were undoubtedly of ancient origin and
may have been used by the craftsmen of 20 or 30 centurles ago. Cer-
tainly they were the best known and most extensively used a few

“Prosented at the Sixth Annval Wood-Industries Meeting, Winston-Salem,
N. C., Oct, 15-16, 1931, of The American Socisty of Mechanical
Engineors,

1
~The euthor has spent 13 years in research and investigationel work on
gluece =nd gluing problems at tho ¥Forest Products Laboratory.

gNumbers in perentheses apply to referencee cited at the end of the
paper,
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centuries ago, Blood-albumin glues are reputed by some to have had en
early origin and perhaps casein gluee wore also known to the ancients,
Large-scale production of glues under efficlent and refined methods,
however, is a development of modern times, Manufacturing wndor more
precise, controlled methods hag resulted in glues that are probably of
higher and more uniform quality than the anclent glues from the same
sources, Coincident with better manufacture, improvements have occurred
in the testing and grading of szdhesives and better technlc has been
developed 1n their wse.

In the United States it has becn only within the last 20
years that animal and fish glues have had serious competitors in tho
woodworking field, Starch gluss, suitable for wood joints, werc dovel-.
oped about 1912, and during the World War casein glues came into use on
a commercial scale in the woodworking trads, 3otk starch and casein
glueg have grown in importsnce during intervening years, Vegetabdle-
protein glues wers developed commercially subsoquent to the World War,
and they, too, have grown rapldly in importence. Though the protein
gluee have a vegetable source, they are more snalogous to the casein
glues then to the starch glues in properties, Anlmal, casein, starck,
and vegetable—protein glues have been quite fully dlscussed elsewnere,
(13)_3hence only adhesives that have not yet come into genersl use in
woodworking will be discussed here,

Miscellaneous Adhesives

There are meny kinds of adhesives, such as bloof-albumin,
phenol-condensation products, rubber cements, cellulose esters, sili-
cate of geda, waxes, asphalts, and gums, which have been used to some
extont or proposed as glues for wood. Blood glue has boen used con-
slderably, and others may oventually bocomc important. So far as 1s
¥nown no cxtensive testg ever havo bcon mado on most of the forogoing
miscellancous adhesives, Samples of many of them, however, bave been
tested at the Forest Products Laboratory in order to obtain some idea
of thelr valus and sultability for making joints in wood., The resultis
of these preliminary tegts indicate that some have outstanding proper-
ties,

Blood~elbumin glues are the best kmown of the miscellareous
group, They have been used morc extensively in Furopcan and Asiatic
countries than in the United States, but their usc appears to be dimin-
ishing rather than increasing, They have been used prineipally in
plywood, but casein glues at preesent appear to be taking their place
in part, both here znd abroad, High water resistance is the most

3 ,

~See also papers on these four classes of glues presented at the Sixth
Annual Meeting of the Wood-Industrieg Division of Thé American Soci-
ety of Mechanical Enginecrs,
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valugble property of blood-albumin glues; the necessity for hot-press-
ing 1s the chief disedvantage. DBecause the cheaper cold-press method
of glulng prevails in the United States, the blood-elbumin glues have
been used here only in a few planta. Attempts to prodzce a cold-~preas
blood-albumin glue have met with only partlal succesa.—=

Phenol-Aldshyde Adhesives,—-By heatinz a phenol with am
aldehyds it is possible to produce hard, strong adhesive substances
that appear to be uwnaffected by moisture in any form, Adhesives of
this type that have been produced commercially have yielded joints
in wood of high strength when tested both dry and wei, TFhenol-alde-
hyde adhegives are apparently more water resistant than any of the
glues now in common use, They are, howover, geveral times as costly
as the common woodworking gluee, and the necessity for hot-pressing
in order to produce the characteristic bakelite reaction is a disad-
vantage particularly wnder prevailing methods of manufacture in
Mmerican factoriss, Unless the phenol-aldehyde edhesives can be.pro~
duced more cheaply, they will be restricted to special uses. Tests
mede in Germany indicated that similar adhesives of this class (8)
became brittle in wood joints when dry, but this characteristic was
not found to be objectionalbe in the tests at the Forest Products
Laboratory,

. Adhesives from Rubber,--Joints can also be made in wood by
hot-pressing with asdhesives made from rubber. Two commercial products
of this type have been tested at the Forest Products Leboratory, The
Joints were strong both dry and wet, but the adhesives are expensive,
They may find limited uses for speclal purposes,

Qellulose BEsters,--Cellulose cements have been suggested at
various times as adhesives for wood, and tests have been made on sev-
eral products, Most of them are too thin and require more than one
application to make good joints in wood, When so used, they are slow
drying, and they are also relatively expensive. It is reported that
Jointe of good strength and high water resistance bave been made with
“them in Germeny (8). Cellulose cements cen be cold-preased, but their
cost and difficulty of use appear to make them impractical at present
for general woodworking purposes,

Silicate of Soda.~-Silicate of soda makes joints in wood of
fairly high dry strength, It is cheap, easy to apply, and finds a
largs vse 1n fiber conteiners, but the joints are weak when wet., Sili-
cate of soda changes in properties with age and 1s therefore not con-
sidered a permanent binder,

iA blood-albumin glue, which can be cold pressed and which 1g recom—
mended only for light-welght woods, has been developed at the For-
est Products Laboratory, See U, 8, Department of Agriculture
Technical Bulletin No. 205, page 54,
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. Waxes, Gums, and Asphalts.--Wexes, gums, and asphalts have
been proposed as adhesives for wood. 8o far none of them has proved
to be satigafactory.

Dry Glus Films

Attempts have been made from time tb time to produce a dry
film of glue that could be used in place of a liquld adhesive. The
advantages of such a process are obyious, especially in laying thin
veneer, but as yst a materlal of this kind has not come into commer-
clal production in the Unlted States. Some work was done in 1918 at
the FoTest Products Laboratory on a dry-glue process, and a film was
produced experimentally using blood albumin ae a base (1, 11). So
far as is known, this material 1s not being produced commercially,
Recently published accounts of tests in Germany indicate that attempts
are being made in the same direction sbroad (8)., Films made from
cresol-formaldehyde and from cellulose esters are reported to give
good results, The dry-glue films, so far produced, require the use
of a hot press, No information is available as to cost, but the dry
films of these materials are undoubtedly more expensive than common
glue mixtures,

Testinz Glues

Progress and development in the manufacture of glue are
necessarily related to its testing, Some means of measuring quality
is epsential to determine the value of new products and the lmprove-
ment of old ones, Not only ig glue tegting necessary to the manu-
facturer, but it is also important to the user, It is his means of
determining whether he gets value received for his money, and atill
more important, it helps to insure the value and quality of his own
products, A table, a chair, a door, or an airplane wing beem is no
better than the joints it contains.

Manufacturers commonly have their own methods of checking
the quality of their raw materisls and their manufactured glues. Oon-
sumers and others, likewise, use one form or another of test in an
effort to check the guality of glues and to determine their suilta-
bility for a particular job, This has led to many forms and kinds
of tests, all of which are aimed at essentially the same purpose,
Standardization of tesets and testing methodas is thereéfore important
to a common understanding, A considerable amount of work has been
done upon standardization, but much remains yet to be done.

The testing of animal glues has reached a higher degree of
perfection than the testing of other types of adheaives. A number of
workers have Iinvestigated the physical and chemical properties of
enimal glues and methods of measuring them, and, as a result, clearly
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defined and reagonably accurate tests of the glues themseives are
avallable, The National Association of Glue Manufactureras, compris-
ing a considerable number of animal-glue makers, has adopted uniform
testing methods (4), and the U, S, Federal Specifications Board has
recently incorporated these methods in a specificatliorn for Govern-
went 1use in the purchase of animal glue for woodworking (6). Im
Germany & committee on glue testing of the (German) Socisty for Test-
ing Materials has recently carried out investigations with the object
of getting wp a uniform procedure in that country for testing animal
glues (7), Investigators in Russia and other countries ere also
studying the testing of animal glue,

There is general agreement smong regearch workers that.
viscosity and jelly strength are the most reliable criterlia for judg-
ing the quality of an animal glue, end one or the other or both are
usually the basis for grading, In Germany viscosity is regarded as
the more reliable of the two properties (7), while in the United
States both are considered esseantial for defining the grade of a
glue (4). Other characteristics commonly considered of some im—
portance in an animal gluve for woodworking are moisture content,
reaction (acidity or alkalinity), tendency toc foam, and odor or keep—
ing quality, Joint tests in glued wood blocks have besn a part of
most all glue-testing investigations, but they are less accurate and
less satisfactory for testinz the quality of animal glues than are
the physical properties of the glues themselves (14).

There are at present no generally accepted physical ard
chgmical tests for blood~albumin, casein, starch, and vegetable-
proteln glues. In the absence of more refined testing methods, the
gstrength of joints of all of these adhesives and the water resistance
of joints of bloocd-albumin, casein, and vegetable-protein glues are
the properties most often tested. Joint tests, therefore, constitute
the principal means thus far available for determining the suitability
of these glues for woodworking.

Foregt Products Laboratory Jolnt Tests.--The Forest Products
Laboratory during the World War developed two types of joint tests for
aircraft glues (1). The teats were later used on starch and other
kinds of adhesives. They are known as the block-shear and plywood-
shear tests and have been described in several publications (13).

The block-shear test is adapted to thick pieces and the plywood-shear
test to veneer, Both tests have since been used in the same or slightly
modified forms in several other coumtries (2, 5, 9, 10, 15), Both

teste are simple, and with proper equipment and cars can be quickly
mede with a moderate degree of accuracy,

A1l forms of joint tests involve a gluing operation, and
this may have a most important effect upon the results, Poor gluing
may result in weak joints with high-quality adhesives, while careful
gluing may result in failrly strong Joints with medium~ to low-quality
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gluss, In addition to the gluing operation, the variable properties
of the wood are factors that may lead to erroneous concluslons um-
less careful selection of materlal 1s made. With proper care in
gelecting and making joints, however, the block and plywood tests
will show fairly consistent differences between. weak and strong
glues and will enable the selection of a glue or gluss satlsfactory
for a particular job, Other tests on blood-albumin,casein, starch,
vegetable glues, such as the viscosity and worikcing life of the mixed
glue, may give supplementary information of much value, It is to be
hoped, however, that in the course of time complete tests will be
developed for each of these glues that can be made directly upon the
glue rather than upon glued joints,

Development ip Gluings Technice

The third phase of the development of glues involves the
details of their use and the technic of joint meking. Only the
principles of handling glves and mgking joints that have uvndergone
important changes will be described here.

Praparation of Glue for Use.--In preparing glue for use
the necessity of producing a glue mixture of uniform and proper con-
sistency, in which the raw materials are completely digaclved or dig-~
persed is of primary importance, The animal glue muet be all soft-
ened and melted, the starch all "converted," the casein, vegstable
protein, or albumin &1} dissolved in order to produce a uaiform
mizture, It is 2lso important that the mixing or conversion be done
without the inclusion of large amounts of sir. Outside the character
of the glue 1tself, the speed of stirring and the type of mixer
govern the smount of air, or foam, included, 8Suitable types of
equipment are available for preparing the different kinds of glues,
and with reasonsble care in the operation good glus mixes can readily
be prepared,

M 01d tradition has been that an animal glue must be boiled
to prepare it for uge. Furthermore, it has been common practice to
keep prepared animal glue boiling or near the boiling point during use.
The injury to the glue and the wastefulness of such practice have been
clearly shown by many investigators (13). It is unnecessary to go any
further into this subject then to point out that the most desirable
temperature conditions are known and that commercial practice has been
largely changed to conform to improved practice. Equlpment manufacturers
have been very helpful in dringing about this change by providing giue
converters and pots in which the temperature 1s sasily or automatically
controlled,

Temperature control is somewhat less imperative for blood-
glbumin, casein, starch, and vegetable glues than for animal glue,
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but is nevertheless important. The gdality of a starth glue and the
working life of casein and vegetable-protein glues dcpeﬁd to gsome ex-~
tent upon temperature., Manufacturers of starch adhesives usually rec-
ommend the temperature conditions most satisfactory in mlxing, and
tempserature recommondations are also made by some manufacturers of
caseln and vegotable-protein glues. Heating blood-albumin glucs and
certain other adhegives during preparation above thelr coagulating
temperatures alters their adhegive properties.

reading.——To make a gatlsfactory joint it is important to
spread an adequate amount of glue evenly and quickly over the surfaces
to be joined. Machine spreading lg quicker, more uvmiform, cheaper,
and more economlcal of glue than hand spreeding and is recommended on
work adapted to it, Speed 1s essentlal in many operations in order
to get uniform results., It 1s important to spread the right emount
of glue — that 1s, a sufficient quantity to malke a strong joint, but
not enough to add excessive water to the glued members. The required
amount of glue spread has been worked out experimentally (13) and is
fairly well establighed in commercial practice, Spreading both sides
of a joint uses more glue than single spreading avd is ordinerily not
Juatified,

An important development in gluing technic has to do with
the congistency of the glue mixture at the time of pressing. Here
again, with respect to snimal glue, an old tradition has been in-
herited to the effect that the glue mixture must be relatively thin
when pressed, that the wood must be hot, and that the solution must
penetrate the cells to make a strong joint. Gluing methods and prac-
tices for several decades and perhaps centuries had been bullt upon
this principle. It is not surprising, therefors, that the results
of investigations showing that glue need not penetrate deeply into
the wood cells, that relatively thick mixtures give better results
than thin mixtures, and that strong joints can be made with animel
glue on unheated wood should be regarded as revolutionary and ac—
cepted very slowly by the craftswen. Although these principles have
been checked and verified many times in commercial practice, there
are still some who regard them with suspiclon,

The Forest Products Laboratory undertook, somewhat more
then a decade ago, a detailed study of the factors that affect the
strength of a glued Joint. Two general principles were formulated as
a2 result of these investigations: TFirast, that glue adheres tena-
aciously to wood substance and that mechanical adheslon, such as ex-
hibited by the holding power of nails, is of secondary importance;
second, that the making of stromg joints involves a close correlation
of the amount of pressure applied and the consistency (viscosity) of
the glue mixture at the time of pressing (3, 12, 13), Since the pub-
lication of the results of these studies, similar investigations have
been undertaken in other countries including Germany, England, and
Russia, and the results recently appearing in foreign publications
indicate that ocur conclusions are being verified by the workers of
other ecountries (2, 8, 10, 15).
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' Working cut the interrelation of factors for different glu-
ing operations and different species of wood required the making of
many thousands of tests and several years of work, The kind of glue
and proportion of water in the mixture, the quantity of glus spread,
the temperature of the glue and the room and the wood, the lapse of
time between spreading and pressing, the amount of pressure the
length of the pressure periocd, and the species of wood were all in-
vestigated., The interrelation of these factors is complex, each
depending upon the others, resulting in a large mmber of combina~
tions of conditions that give good results and a like number that
glve poor results, However, from these investigations it 1s now
posgible to set up recommendations for gluing different specles of
wood with different kinds of glue that are applicable to different .
commercial glulng operations (13).

In general the most satisfactory joints are made by the use
of relatively thick mixtures of glue and high gluing pressures, These
two conditions are nscessary to bring the contact surfaces of wood to-
gether, to force the alr and excess glue from the jolnt, to spread the
glue uniformly throughout the joint in a thin continuous film, to
force the glue:into intimate contact with the wood substance, but not
excessively into the cell cavities, and to hold the joint in correct
position while the glue sets. Excessive warming of the wood keeps an
animal glue too thin for immediate pressing end favors starved joints,
a condition in which there is not a continuous film of glue in the
Joint,

In quick clamping, such as in edge-joint gluing and certain
agsewbly operations, the glue must be mixed relatively thick or, as
in the case of animal glue, permitted to come to.the proper consist-
ency by cooling, Wood at 70° F. normally requires no further warming
in operations where the preassure 1is applied within 1 minute after
spreadlng., Gluing pressures of 100 to 200 pounds per sguare inch of
joint are best; the lower preasures for lighter woods and the higher
pressures for heavy woods. These recommended pressures are higher .
than those that still gemerally prevail in many operations,

Time-saving machinery and devices alaso have brought about
important changss in the gluing room, as related to the tecknic of
gluing. Mechanicel spreaders, rotary clamp carriers, and hydraunlic
presses have had a marked effect on the time element in zgluing — a
most important factor in jJoint production. They have tended toward
higher gluing pressures, have made it inadvisable in many operations
to warm the wood, have drought about shorter clamping periods and
the need for quick-setting glues, and have made it necessary to mix
glues relatively thick, These developments have generally contributed
to a more wmiform and higher standard in glue jolnts, but to take full
advantege of them the gluing operator must make certain that he con-
trols the details of the operation in harmony with the changed condi-
tions,
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