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INTRODUCTION

The purpose of thig thesis 1s to agsemble
all available data pertaining to the synthetic-resin
glues and presgent 2 compendium that can be used as a
convenient reference, The fleld of synthetic-resgin
glues is relatively new, and very much information has
been obtained through use and experiment, This infor-
mation has not been collected, esifted, and condensed
into a single unit of information.

The incressing use of wood products and the
decreasing supoly of high grade timber has brought
about the need for some method of utilization of lower
gradee of timber resources. A need has developed for
methods of utilization of inferior speciles, emall sizes
of material, and products of the lumber industry that
are ordinarily wasted., One of the answers to this need
seems to be wood-bonding substances. Wood glues help
in the saving of materisls and in the production of
articles of unususl form, dimensiong, and properties.
Nearly every article of glued-wood construction repre-
gents an economy in the use of tluber resources.

It should be kept in mind when reading the
following material on synthetic-resln glues, that they
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are important commerelsl products, and numerous glues

- are avellable on the market, All of these commercisl
gynthetic resins cen be clogeed as glue types., The
material in Shis paper deale with each glue type, snd the
information given 1g based on impartisl tests to which
& nusber of commercisl glues have been submitted,

The oroperties of each glue that fits into a
type can be varied grestly by chenging the kind and
smount of filler, extender, hardener, or golvent, The
manufacturer states the type to which the glue belongs,
but doee not divulge the formula of the glue, S0, in
testing & number of commercicl syntheticeresin glueg
it can be geen that the results will vary over a range
of conditions as %o thelr durabllity, curing tempera-
ture, assembly, ete, The information in this report
is beged on thet range of results ecs obtained by impare
tisl sclentific tests. As euch, 1t 1g evident that the
information embodled within this paper does not endorsge
any commercial product,



GLUE BACKGROUND

leany wood-bonding glueg had been uscd before
the advent of the syntheticeresin glues. These earlier
wood adhesgives can be consldered in the five clasces as
follows: animal glues, liquid glues, caseln and vegetable
( starch) glues, blood-zlbumin glues., There are verious
other adhesive substances inecluding sllicatée of g0da,
nucilagee, pastes, rubber cements, celluloge cementes,
phenol-aldehyde compounds, asphalte, gums, and shellac,
some of which are used to & limited extent for gluing
wood; but the main wood-bonding glues can be considered
in the five main classes listed above (36). 1/

AKINMAL GLUES

Animal glues have been used for seversl cen-
turles. Their desirable qualities for woodworking are
high strength in Jointe, free-flowlng consistency,
quick~szetting, stainlessness, and adaptability to 4if-
ferent use conditions., The cost of animal glue and the
precautions neceesary in applying 1t are the chief fac-
tors which limit its use. They also lack a desirable

degree of resilcstance to molsture, and thelr operating

I7 Refers to literature cited.
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charscterlestics are not suitable for fabrication opera-

tione (10, 36).

LIQUID GLUES
A high percentage of the glues sold in liquid

form are made from the heads, boneg, skins, trimmings,
and swimming bladders of fish, and the whole class 1is
often referred to se figh glues.

Some liquid glues, however, are made by treat-
ing animal glue with a chemical agent, usually an acid,
and some are made from other raw materials, Only the
best ligquid glues are reliable enough to use in making
wood joints. The chief advantace of theee glues is that
they come in prepared form, ready for immedliate use,
which makes them particularly sulted for patchwork and
small gluing Jobs (36).

 GASEIN AND VEGETABLE-PROTEIN GLUES

Casein gluees were known for & long time, but
their use in woodworking was not accepted until about
1915, Their grest advantaze is 1n their high water
resistance - their ability to retain strength when wet,
They also have a very low setting temperature, but get
much gquicker when higher temperatures are used (21),
Casein glue ingredients are casein (prepared curd of

milk), water, hydrated lime to give water resistance,
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and a fourth ingredient of trigodium phosphate or simi-

lar chemical 1s added to lengthen the working life.
Among caseln dlsadvantages are thelr dulling effect on
tocls, tendency to discolor wood, relatively short worke
ing life, and their high viscoelty (36). Casein glues
are among the better glueg of thoge outside the field
of synthctic‘reslns. For comparisons with synthetic-
resin glues see figures one through ten and figure thir-
teen,

Vegetable~protein glues such as soybean and
peanut-meal glues ariginated on the west coast and were
used in the plywood industry there. They are chesap
but have not proved to be satisfactory for gluing all
kinds of wood (17).

VEGETABLE GLUES

*Vezetable glue® is a term applied in the
woodworking tredes exclusively to glue made from gtarch,
They are made from raw or processed starch and are clear-
1y distinguished from pastes. They make strong Jjoints,
are cheap, can be used cold, can be kept free from de-
comnosition, and can be kept in good working condition
for days. For thig reason they were extensively used.
They are impractical for gome uses due to extreme vis-
cosity, lack of water resistance, stain certain woods,

and set relatively slowly (36).



The principal raw material used in making
vegetable glue 1s cassava starch, which 1s obtained from
the roots of the cagsavae, a troplcal plant. Potato,
corn, wheat, and rice starches can be uesed as the bage
of vegetable glues, and of these potato starch is the

most favored (36).

BLOOD-ALBUNMIN GLUES
.Blood-albumin gluees have not been used exten-
gively in this country, but they have seen more use in
Europe and Asla (36). ‘
Blood-albumin, a by-product of glaughter houses,
hag the property of coagulating ang getting firmly at
temperatures near 160°F. It has a good resistance to
the softening effect of water, and thi: characteristic
makes it desirable in the production of water-resistant
plywood. The chief dleadvantages in using this glue
for woodworking are: the necessity for hot pressing,
which requires expensive machlnery and much handling;
their usually low dry strengthy and the fact that they
cannot be marketed in a dry-mixed form ready for the
addition of water, A highly water-resistant glue with
moderate strength has been prepared which does not re-
quire hot pressing, but 1t does not give as uniformly

good results as the hot-pressed glues (36).
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The blood of cattle ig generally used to make

thie glue, The albumin is ceparated from the other sub-
stances of the blood and then dried at a temperature be-
low 1ts coagulating point. There are many patented pro-
cesgés for blood-albumin glues, and some of them manage
to get large amountg of water into the glue without des-
troying ite Jelly~like form. These blood-albumin glues
with high proportions of wster are often lacking in

strength (36).

SYNTHETIC RESIN GLUES

The relatively new field of synthetic-resin
glues wag opened about 1932 when a phenol resin reached
a price that allowed 1t to compete with other glues in
the woodworking field. .It proved to be the first wood-
working glue capable of forming Jjolnts more durable
under severe conditione than the wood itself, Since that
time there haeg been rapld development in synthetic-resin
adhesives, High-temperature-getting uressg and room-
temperature~setting uress followed the introduction of
high~tempersture-getting phenol-resin glues. Kelamine-
resin glues were made that cured at 180° to 300°F.,
end had glue lines of high resistance to extreme expo~-
sureg, A resorcinol-resin glue becsme available in
about 1943 that would cure adequately at room tempera-

tures to form Jjointes of high resistance (10),



The synthetic-resin glues made a good war
record and now have many uses, They were used for war
materials such ag cargo planes, merchant ships, airplane
parts, army skis and snowshoes, ponton bridges, lami-
nated woodspans, and a number of other uses, They are
now being used in any field in which laminated woods
may prove economically successful such as plane parts,
furniture, prefabricated housing, boats, structural mate
erials and a host of other uses (24),

The synthetic-reein glues show great advantage
over the older type glues in many waye. They can be
uged anywhere, indoors or outdoors, under any condition
of exposure, above or below water, and above or below
ground (22), They have the added advantage over gluees
from protein derivatives in being resistant to attack
by bacteria, fungi, and molds., Their high water resies~
tance is an advantage over most glues (24)., They also
resist damage from most chemicale, such ae wood preser-
vetivesg, fire-retardant chemicale, and oils, They etand
up remaerkably well under varyling conditions of tempera-
ture and humidity (4, 10, 19).



GLUING TECHNIQUES

Succeses in bonding and Jjoint etrength depende

as much on good glulng practices as on good glues (4).

_ SURFACING

Lumber surfsces should be clean, smooth and
accurately machined, =0 that all parts involved in the
Joint will come easily into direct contact with each
other, Wood should be surfaced when dry and preferably
within a short time before 1t 1e glued (21). The mois~-
ture content ghould be controlled between time of sur-
facing and gluilng., Planers or jointers are preferred
for surfacing (4).

It 1s not generally recommended to glue sawed
surfaces because of the difficulty of producing congis-
tently good Jointg, Hollowground saws set to cut clean
and to prevent crushing the wood fibers produce good
gluing surfeaces.

Sanding produces good results in plywood but
18 not recoumended for structural members, because it
tendes to produce surfaces with 1lrregular contours.

Glazed surfaces can be improved by light eanding (4).
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MOISTURE CONTENT

Careful control of moisture content in gluing
is essential, MNost glues make good Jointe over a wide
ranze of molsture conditiong, but molsture control is
necesgsary to minimize shrinkage, swelling, and stresses
in the wood that cguse warping and twisting of the
gtructure, cracke at the panel Jjointg, or fallure in the
wood near the glue Jjoints (i),

The desirable molsture content of wood at the
time of gluing is that which will produce strong joints
and, as nearly as practicable, approximate the aversge
moisture content the laminated product will attain in
service. In general, it 1s desirable to produce the
leminated member at a slightly lower moisture content
than that expected in service, and thereby not only avoid
gsurface~-drying in use, but a serious change in the entire
member. Wood in dry heated buildinge hss been found
generally to have a molsture content verying from 6 to
11 percent depending on the season of the year end geo~
graphical location, The molsture content of wood in
dry unheated bulldinge is somewhat higher, probably 8
to 14 percent (21).

GLUE PREPARATION
Cholce of glue is governed by the conditions
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under which the laminated product will ve uged, Extreme
care should be used in umixing and preparing any glue.
Directione for mixing are furnished by the manufacturer
and should be carefully followed, All containers used
for welghing different ingredlents should be kept clean,
and 1t 1s usually desirable to use a separate container
for each ingredient (21).

Small amounts of glue may be mixed by hand,
but larger batches require a mechanical mixer., Sonme
resins tend to develop heat when mixed with the hardener,
80 that the manufacturer's instructions should be follow-
ed for keeping the materials cool during mixing (21),

Hardenerg or catalyste are important in mix-
ing all thermosetting resins, for they influence their
rate of setting snd the tempersture at which getting
occurs. Aclds, acld salts, alkalle, formaldehyde, and
paraformaldehyde are usgsed sg¢ hardeners, The acilds, acid
galts, and alkalls act as catalysts; whereas, formalde-
hyde and paraformsldehyde enter into the reaction as
resin-forning ingredients (19).

The urea-resin glueg are invarisbly ascid-cate-
lyzed. The intermediate-tempersture-getting melamine
resins are catalyzed by acld, but the hot-press melamine
regins are nearly neutral., The resorcinol and phenol

gluesg are catalyzed by alkalls, but the setting of cer-
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taln phenol glues also can be effected by sclds. Resor-
cinol resins, as prepared by the manufacturers, are de-
ficient in formaldehyde. Upon the addition of formalde-
hyde or paraformaldehyde to these resins, further reab»

tion takes place, causing the resins to set {19).

SPREADING OF GLUE

It is neceesary to spread evenly the right a-
mounte of glue to get aatla{aetory Jointe., This 1ig done
with rollers in commercial laminations. 8Single spresd-
ing, where only one face of the two faces to be glued
receives the glue spread, 1e satisfactory for many
types of work, Where long asszembly periods are used
then double epreading, coating both the mating surfaces
of & Joint with glue, 1s recommended., The required a-
mount of glue epread varies gomewhat with glulng condi-
tions and specles of wood used. Porous woodg usually
require a heavier spresd than do dense non-porous ﬁoude
(21). Rate of glue spresd is discussed under each glue

typﬂo

ABBEMBLY

A ssembly and pressing muet be completed be-
fore the glue has developed an inltial set, which 1s the
result of both a chemical reazction and losgs of solvent

to the wood and alr. Permissible assembly time will
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vary with the gluing tempersture. At low temperatures,
a considerably longer assembly time may be allowed than
under hot dry conditions. Proper regulation of the ag-
gembly perlqd 1§'very important, since epplication of
pressure elther too soon or too late may result in un-
satisfactory bonde (L),

Most agsembly operatione consist in part of
open and in part of closed assembly, in which caseg the
allowable assembly time for a particular operation can
be computed by the general rule that one minute of open
assembly regults in as much thickening of the glue sas
two minutes of closed sssembly (19). Assembly periods
will be dlecussed under each glue type.

WORKING LIFE

The time after the mixing of a glue that it
remains usable 1s known as the working life of a glue.
The working life of each glue type variee. It is short-
ened as the temperature rises (4). Of seversl glue
characterigtice studled, namely, acidity, working 1life,
non-volatile content, insoluble content, and joint strength
the characteristic of working life appeared to be the
only one regularly and seriously affected by storage.
Although, the working l1ife of some glues did not defi-
nitely change during the 12 to 17 wmonths of sgtudy (29).
Working life will be dlscussed under each type of glue.
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CURING

Synthetic-resin glues cure at relatively low
preegsing temperatures, but higher temperatures greatly
accelerate thelr getting and reduce the perilods needed
for presczure., In a curing operation where an actual glue
line temperature of 190° F. is required, it ieg most
practical to operate the chamber at 210° to 215° F,
At temperstures above 215° F., 1t is difficult to malne
tain the proper relative humidity, and the use of such
temperstures is not recommended (21), Whenever assem-
blies of an appreciable size are to be heated in a cur-
ing éhamber, it 1e usually mogt practical to maintain
the chamber temperature about 20° F. above the required
glue~line temperature. If a smaller differential is
used, longer curing cyclee that mey be imprsctical will
be required (21)., Curing will be discussed under each

type of glue.

GLUING PRESSURE |

Adequate and well-dlstributed gluing pressure
18 one of the most importent factors in producing good
glue Jointg. The functions of pregsure include spresd-
ing of the glue to form a continuous flim between the
wood layers, foreing air from the Jjoint, bringing wood
surfaces into close contact, and holding them in this
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poeition while the glue sets (21).

Begt resgulies in glulng are obtained when the
pressure is distributed evenly over the entire joint
area, MNonuniform glulng precsure may result in strong
end week ereas in the same Jjoint., The principel causes
of unequal pressure on joint areas sre: (1) irregular
surfeces; (2) unequal dimensione of stock; (3) warped
stoek; (L) improper spacing of clamps, nails, or other
presgure-securing devices; and (%) deformation, deflec-
tion, and other imperfecticng in press, clamps, or other
equipment (4).

The minimum presgsure permitted for any ascem-
bly 1s one that will ingure close contact of the wood
surfeces until the glue has eet., laximum pressure should
not be so great as to crush the wood, Two hundred pounds
per square inch ic regarded as the upper limit; although,
two humdred and fifty pounds per square inch is often
used on densge hardwoods (4). Gluing pressure will be

discussced under each glue type.

KETHODS OF OBTAINING ELEVATED TEMPERATURES FOR GLUIKG
Bome glues hove been formulated to cure at

room temperatures, but the greateect success has been at

higher temperatures, Below are gome methods of obtain-

ing elevated glue line temperstures,
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One method 1e to apoly pressure in a Jjig by
expanding e rubber tube, such as & fire hose, by means
of steam., The heat from the steam providees the higher
temperature =2t the glue joint, In thie process, there
1s a definlte relation between steam pressure and tem-
perature corresponding to that given in steam tableg (4).

ALy preggure isg sometimes usged in Jigs fitted
with flexible tubes, and elevated temperature ig ob-
tained with electrical strip heaters placed against the
work being glued at the point of spplication of pressure>
(4).

Conventional hot-pleate presses csn also be
uged to bond sklhs, guch as plywood, to studs, Joists,
or other structurzal members,

High-frequency dlielectric heating mey be ad-
vantageousgly usged to set glue Jointe in the assembly of
prefabricated structursl units where'production require-
ments Justify the cost of the generating equipment,

The cost of electrical equipment can be offget to sonme
extent by the use of low coet wood presses or jigs (21).

Electrical fleld heating can be most econo=-
mically applied parallel to the glue line or by stray
field heating where access to the glue lines cannot be
readlily accomplished. That ig, if the electrodeg can-
not be placed in direct alignment with the glue Jjoints,
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they may be offsget, within limits, and the electric field

will divert through the glue line because of its greater
conductivity, thus cauesing the glue to set (L),
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SYNTHETIC-REBIN GLUES

The background of synthetic-reesin glues wne
discusgsed previously in thlg peper. Synthetic-resin
glues on the basis of chemical properties may be grouped
ag thermosetting or thermoplastic; on the basies of con-
gtituents they are clsssified as phenol, vinyl, melamine,
urea, and resorcinol resins; and on the bassle of operat-
ing charscterigtice they are classified as room-temp-
erature-gsetting, intermediate~temperature-getting and
high-temperature-setting (10).

Glues in this work are classified according

to curing temperatures as follows (21):

CLASSIFICATION CURIKG TEMPERATURES (21)
Hotegetting, hotepress, Requireg temperatures above
or high-temperature- 210° F. for setting
getting
Intermediate~tenp=- Range 1e usually considered
erature-getting as being between 80° and
210" F.
Room-temperature= Range 1s about 65° to 80° F.
gsetting 8033 suthoritiee conglder
70 F. as the mininmum limit
Cold-setting Range of setting is from
2% to 65° F, n%t is con~

sing that this term is
often used in connection
with room-tempersture-
getting
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Thie classification 1g made for convenience
Ain discuseing the glues and does not imply that every
glue repregented as belonging to g certein clags neces-
sarily cures at every temperature within the range given
for the clasgs., Types of glues may vary as to minimum
curing temperatures. The glues may vary in their get-
ting temperatures acoording to the specles of wood that
1g being glued (21).

THERMOSETTING GLUES

ynthetic-resin glues belonging to the thermo-
setting group cure completely at a definite temperature
or within a narrow range of temperatures, and if the
temperstures are leater ralsed to or beyond this curing
temperature, the glue doee not agaln soften. The thermo-
setting group 1s composed of the phenol-formaldehyde
resins, ureaarormaldehydp resging, melamine-formaldehyde

resing, and resorcinol-formaldehyde resins (3, 10, 19),

HIGH=-TEUPERATURESSETTING PHENOL RESINS

PROPERTIES
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Thece glues are formed by the resction of phenol
or cresol with formaldehyde, and the reasction 1s stopped
at an intermedlate etage to glve proper qualities for
woodworking glues. Phenol-resin glues have a pH range
of 1.7 to 8.4, but most of the high-temperature-setting
phenols are alkaline, It 1ls ilmportant to chooese glues
that are not too etrongly acid or alksline for woodwork-
ing to prevent the jolnts from belng weskened by cor-
rosive actlon., Phenol glues absorb less molsture from
the air than wood does (3).

lot-prege phenol glues are merketed in three
forme: (a) a8 & resin-impregnated paper film, (b) dry
powders to be suspended in water or in water and alcohol,
(¢) as water or alecohol solutions. Separate hardeners
are sometimes supplied with the powder and liquid forme
for sddition when the gluee are prepared for use (19).

HARDENERS

A number of hardenere are used., The type of
hardener may be important by properly influencing the
pH of the glue. The glues with the pH approaching neut-
rality are usually more satisfactory for forming wood

Joints (6). See page 1l.

FILLERS

Walnut shell and wood flours are the most
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common fillers, but whest or rye flour, starch, Douglas-
fir bark, and vegetable and animal proteins may also be
uesed { 31, 3&) .

BOLVENTS
' Solvente for hot-press phenols may be water,
aleohol, water-alcohol mixtures, dilute caustic soda,

acetone, or water-acetone mixtures (3).

EXTENDERS

Hot-prege phenols may be extended with a num-
ber of materisls. Corn gluten andvuoybaan meals heve
been found to be gatisfactory extenders for phenol-
resin glues, Carbon disulphide 1g used in the prepara=-
tion, because it reactes with the high protein content
of these materisls end decreases the water-absorbing
cepacitiee, Glues extended with large amounts of pro-
teinaceous materials often weaken in dsmp surroundinge
due to the action of micro-organisms (5).

Linceed meal 1s permliesible as an extender
in only small amounts, because of its high water-sbgorb-
ing capacity. Douglas-fir bark, English walnut shell
flour, and black walnut shell flour have proved to be
sultable extenders (11).

WORKING LIFE
The working life of hot-press phenols varies
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over & great range, but for most of them 1t is relative-
1y long. It usually rsnges from about eight hours to

several days (3).

RATE OF SPREAD

Liguid phenol gluee are usually epplied by
means of mechanicel spreaders with rubber-covered roll-
ers. On a dry weight basis the normel rate of spresd
of high-~tempersture-setting phenocl-reging 1s about ten
to twenty pounds per one thousand square feet of single
glue line. For the dry-film form of phenol-resin glue
it 1s necegsary to have a very smooth and well cut wood
surfsce to get best results due to the relatively light
spread of glue, The film welghs about 12.% pounds per
thousand square feet, and as one third of this welight
is paper & very light spresd i1s obtalned. On thicker,
rougher veneers better results are obtained by using

two sheets of film per glue line (19),

ABSEMBLY

Permigsible asgembly periods vary greatly.
Some of the hotepress phenols require relatively short
timee, lese than an hour, wheress others give better
recsults when assembly periods of several hours or seve-
ral days are used, Phenol glues with long assembly

periods are preferred for bag-molding operations for
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which the laying up procedure tskes considerable time.

In the manufacture of flat plywoods, gluee sre preferred
that permit hot-pressing after sghort assembly periods

of a few minutes to an hour (19).

MOISTURE COKTENT

With the phenol-film glue the best results
are at moilsture conditiong of elight to twelve percent.,
The film adds no molsture to the wood and does not give
good results with molsture conditions below six percent,
A moisture content too high may csause blisters, exces-
slve bleed-through, and starved jointe; one that is too
low may cause dried Jointe of low strength, Some molg~
ture 1e¢ lost from the psnele during preesing, and to re-
gein a molsture equalization the panels should be sprayed
or dampened by some similar process (19).

The 1liquid hot-press phenols asre not so criti-
cal in their moisture content requirements., They glue
well over a greater range and especially at molsture
contents below six percent, becauge they add molsture

to the panels (31),

GLUING PRESSURES
Glulng prescure depende on the species, The
gluing pressure of both hot-press liguid phenole and

the dry-film form are similer. Pressures in common



2k
uge for denser woods such as yellow birch and hard maple
are 200 to 250 pounds per square inch; for sweetgum,
Douglas-fir, and mahogany, 150 to 200 pounds per square
inch; for yellow-poplar 150 pounds per equare inch; and
Sitka spruce and basswood, 100 to 125 pounds per square
inech (37).

CURING TEMPERATURES

_ The platen temperatures generslly recommended
for gluing with phenol-film glue are from 280° to 320° F.
Temperatures within thigs range nuet be developed at the
glue line farthest from the platens for seversl minutes
to cure the glue adequately. The required curing sche-
duleg vary with veneer thicknesgses and can be obtained
from the glue manufscturer. Most ligquid hot-prese phe-
nols cure at 240° to 280° P, (19).

STORAGE LIFE

gtorage 1ife of hot-prese phenols are usually
longer than the intermedlate-tempersture-setting phenols
which range from two to slx months at room temperatures.
Thelr useful life can be prolonged at lower gtorage
temperaturee (21).

DURABILITY AND STRENGTH

Extensive tests show that these glues form
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extremely strong and durable Joints., Well made joints
withetand without deleanmination prolonged exposure to
cold or hot water, to alternate soaking and drying, and
to varying temperatures and humidities. They are high-
ly resigtant to heat and break down only when the tem-
peratures reach the ignition point of the glue, which
is usually above the charring point of wood, Joints
made with these gluee sre not weskened by fungl, bac-
teria, or other micro-organisms, and the jointe themselves
are avoided by termitees, Completely cured phenol-resgin
Jointe are highly resistant to the sction of seolvents,
oile, acide, alkalis, wood preservatives, and fire-
retardant chemicals., In genersl hot-press phenol glue
Jointe are hard to destroy without destroying the wood
iteelf (4, 10, 19, 21).

An alkaline hot-press phenol was tested for
fatigue stressing. An electric motor making 1790 revo-
lutions per minute furnished the vibrations, The spe~-
cimene were allowed to remain under gtrese up to 10,
000,000 cycles if they did not break. 16 specimens showed
an everage bresking polnt of 6,120,500 eycles, and some
of the specimens withstood 10,000,000 cycles without
breaking. The average glue line thicknegs of these
gpecimens was .002 of an inch (26).

For strength and durability comparisons with
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other glues see flgures one through ten and figure 16.

ECONOMIC POSESIBILITIES

High-temperature-setting phenols are the most
important and most widely used of all gynthetie-resin
glues, especlally in the plywood industry. They are
uged principally in the manufacture of plywood and re-
lated products that can be heated in hot presses or auto-
claves. This is necessary because of thelr requirements
for a high curing temperature. The dry-film form of
phenolic~-regin glue 1¢ extencively used for the manu-
facture of alreraft plywood and other products for which
1ts use has certgsin sdventapges over liquid glue, It ie
particularly well adapted to the glulng of thin veneers,
becauge there is no spreading problem, and the danger
of glue bleed-through is less. Liquid phenol-resin
glues and the powder form are wldely used in the manu-
facture of plywood for marine and other exterlor uses
where durable glue bonds are required (19, 34).

Because of their high-curing-temperature re-
quiremente, these glues are not well adapted for lami-
nating lumber or heavy materlals, They have been found
very successful in gluing barrel heads and berrel staves
by one company (31).

On the basis of 1946 prices phenol glues as a

class cost approximately 12,5 cente per pound (25).
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EXTENDED HOT-PRESS PHENOL RESINS

PROPERTIES

These glues are very recent and‘extensive
data have not been recorded for them, Considerable work
ie now in progress on the use of such modifiers or ex-
tenderg for these glues as veget:ble proteins, bark fiber,
and starches., The primary oblective of glue extension
ie to reduce costs, for which extended phenol glues are
promising in uees where the good characteristics of their
bondg are desirable, but maximum durability is not re-
quired (19).

Prelininsry studles have ghown that extensions
to a very great extent of hote-prese phenols was unsatis-
factory for use in wood bonding. Fallures were due to
insufficient plastic flow of the glue which resulted
in poor contact between glue and veneer, Several methods
are available for imoproving the flow properties of a
combination of resin snd protein mixtures: (a) addition
of a plasticizer, (b) modification of the protein by
hydrolytic treatment, (c) use of a resin of low mole-
cular weight, (d) e combination of the suggested methods.

The best method to improve flow properties was found
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to be the use of & low molecular weilzht resin (6).

The following data were obtained from the test-
ing of two low molecular weliht phenol resins, The glues
were made up of 40 to 53 percent solids depending on the
reein content of the glue, The two hot-press phenolsg
tested had ratios of phenol to formaldehyde of 1:1.5
end 1:2.5, The phenol, formaldehyde, and hardener were
mixed carefully and were carried to a temperature of
about 200° to 212° F, The total time of the reaction
wae held to 60 minutes or leses (6).

HARDENERS
The hardener used in the glues for thies test
wag sodium hydroxide, but there are many other materials

that could serve equally as well, §See page 1l1l.

FILLERS
Walnut shell flour makes & good filler, bhut

satigfactory resulte were obtained by allowing the car-
bohydrate content of the extenders to replace the walnut
shell flour as filler (6).

SOLVENTS
Water or water-alcohol mixtures were used for

golvents (6).

EXTENDERS
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Beveral extenders may be used, but in this

experiment only prote;naceous materials were tested.
The ma terisls were corn gluten, soybean, and lingeed
meale, with protein contents of %5 to 70 percent. The
protein fraction plays the most important part in ex-
tending the glue, eince 1t takes part in both the flow
and adhesive properties. Extenders of 45 to 60 percent
protein gave good results as extenders, Higher protein
materials give better results, but thelr added cost is
not commensurate with the added strength given the glue
Joints (6).

Limitationeg in the amount of extender that
may be used in meeting waterproof gpecifications algo
apply to spreadibility of the glue, With inecreasing
amounts of proteinsceous maeterlals 1t ig necessary to
lower the solid contentg of the glue to obtain proocer
conglsteney for glue spreading. When the ratio of resin
to extender is higher than 1:2, the spreadibility of
the glue on rollers becomes difficult (6).

The properties of proteinsceous materilals
which have the mocst influence on the quality of the
final glue product are protein value, content of water-
goluble constituents, water-absorbing or water-holding
capacity, and plastic flow characteristics, Protein-

aceous materiasls high in protein content and low in
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water goluble constituents are best sulted for nhenolic-
resin extenders, Linseed meal can be used in only gmeall
emounte ag extender due to 1ts high water-holding capa-
city. It containe mucilagenous carbohydrates though,
and 1s desirable in small amounts becsuge it improves
the spreading characterigtics of the.glue. Soybean meal
from which the water-soluble fraction has been removed
is satisfsctory for extender, Corn gluteh meal makes
good extender, for it is almost entirely free of water-

goluble components (6).

WORKING LIFE
Working life of these glues may be compared

to hot-press phenols. It is not critical (3),

RATE OF SPREAD

A gatisfactory rate of spread for these glues
was found to be 10 to 14 pounds of glue on & dry weight
basls to 1000 square feet 6! esingle glue line (6).

ABSEMBLY
An open asgembly of one hour is recommended,
but open assemdblies up to twenty-four hours were found

to be equally effective (6).

MOISTURE CONTERT
The molsture content of the wood to be glued



31
gave the best results within the range of two to eight

percent, The glues cen be used on & greater range of

moisture content (6).

GLUING PRESSURES

Satlefactory gluing pressures on lighter woods
(yellow poplar) are 150 to 175 pounds per square inch,
On denger woods (birch) 200 to 250 pounds per square

inch are successful (6).

CURIKG TEMPERATURES

The curing temperatures for these glues ranged
from 280° to 300° F, Optimum curing times for phenols
extended with corn gluten meal 1s about U4 minutes, and
with soybean meal about 3.5 to 6 minutes, To increase
the rate of cure, smmonia nay be added to the glue pre-
paration at the rate of 90U grame of 28 percent ammonia

per 1000 grems of liquid resin (6).

STORAGE LIFE

gufficient data have not been developed on
storage life of these glues. The glue whosge ratio of
phenol to formasldehyde was 1il.5 showed little change
in properties =fter being stored for 60 days., The glue
with a ratio of phenol to formaldehyde of 1:2.5 was

uguable ﬁp to 33 days of storage. Both glues were stored
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at 77° F. Their storsge life would be longer st lower

storage temperatures (6).

DURABILITY AND STRENGTH

It 1s not recommended to use glues with an
extengion of protelnaceous materials greater than 50
percent (two parts resin to one part extender). Test
specimens bonded with a glue of resin and extender ratio
of 2:1 showed good resistance to micro-orgenisme after
17 months of exposure. Under severe weather conditions
ag approximated by laboratory tests, the wood deterio-
rated, but there were no slgns of delamination. Other
specimens exposed for 12 months to outside conditions
showed no lose of shear strength., After three hour
boiling tests on several woods glued with extended hot-
prese phenols, the bonds met army-navy seronautical
specificationg., They showed an extremely high percent
of wood fallure and met shear gstrength qualifications
which require 290 pounds per scusre inch for birch, 210
pounds per square inch for mahogany, end 130 pounde per

square inch for poplar (6).

ECONOMIC POSSIBILITIES

TheeeAglues are new and are not proven as to
their capabilities. They do meet standards for exterior-
grade plywood, and with thelr saving in glue line cost
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ghould find considerable use in the commércial field.

INTERMEDIATE~-TEMPERATURE~SETTING PHENOL RESBIKS

PROPERTIES

Thege glues may or may not be blends of phenol
or resorcinol, If phenol-formaldehyde 1g uged as a
glue the resction ie stopped at an intermediate stage
in which the materiasl 1s gtill soluble in water or other
mixtures. The glue 1s marketed in this intermediate
stage as elther a solution or powder. The resction be-
tween the phenol and formaldehyde i1s completed by heat-
ing during the gluing operation. These glues are for-
mulated to cure at intermediate temperatures, otherwise
they resemble hot-press phenols in their properties (10).
They have & dlesadvantage for some operstions due to

wood etaining (34).

HARDENERS
Intermediste~temperature-getting phenole may
have a number of hardeners such ag calcium hydroxide,

godium carbonate or sodium hydroxide (34). See page 11.

FILLERS

Walnut shell eand wood flours are most common-
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1y used as fillers, but whest or rye flour, starch,

Douglae~-fir bsrk, and vegetable and animal proteins may

also serve as fillers (34),

SOLVENTS
Water, alcohol, snd water-alcohol mixtures

serve ag golvents for these glues (3).

EXTENDERS

Walnut ghell flour and Douglas-fir bark have
geen limited service ag extenders. Lingeeed meal can be
used in only emall amcunte due to ite high water-abgorb-
ing capacity., Corn gluten and soybean meals have been
used to extend thesze glues, Carbon dlsulphide is used
in the preparation, because it reescts with the high
protein content of the extendere and decresses the water-

absorbing capacity (5).

WORKING LIFE

The working life of intermediate-temperature-
setting phenols has a usual range of 2 to & hours at
75° F. (19).

RATE OF SPREAD
loet of these glues are used to laminate heavy
membereg, and their spreads are heevier than hot-press

phenols, Wet spresds of 40 to 60 pounds of glue are
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used per 1000 square feet of double glue line (19).

ABBENBLY
Agsembly periods vary greatly within these
glues, but most of them permit one to two hours of closed

assembly at 75° F. (21),

MOISTURE CONTENT
These glues perform satisfsctorily on wood

with moisture content valuee of 2 to 20 percent (L),

GLUING PRESSURES

Gluing pressures for hnardwoodes should not be
less than 100 pounds per square inch and can range up
to 300 pounds per square inch at local pressure polnts,
The usual range 1g 200 to 250 pounds per square inch,
In softwoods prescures may range from 100 to 200 pounds

per square inch (18).

CURING TEMPERATURES

These glues were mede to cure at intermedilate
temperatures, but they can be greatly accelerated in
their curing if higher temperatures are aprlied. In
glulng white oak ship keels a temperesture of 190° F.
et glue line for 10 hours was found necessary for the
production of jointe that show little delamination un-

der outside exposure conditions., For Douglas-fir and



Centrel American mahogany a curing period of 10 hours
et 120° P, 1e adequate to give gtrong Jjoints. For work
other than laninating the temperatures and timee may

be reduced, but the glues muel alwaye be well.-cured if |
the joints are to have high durability (18, 19),

STORAGE LIFE

These glues have & relatively short storsge
1ife of 2 to 6 monthe at room temperstures, but cold
storage (30° to 50° F.) prolonge their uceful life (21).

DURABILITY AND STRENGTH

The strength and durability of intermediate-
temperature-setting phenol-resin glues compare favora-
bly with that of the hot-press phenols., See durability
end strength under hot-press phenols,

In tests on fatigue strecseling a slightly alks-
line glue showed good durability, but a highly acid
glue showed falrly low durabllity. The weakening ef-
fect of the acld phenol on the wood may have influenced
the dursbility of the Joints. The fallure was more in
the wood than in the glue. A fatigue-tegting machine
operating at 1790 revolutions per minute was used for
the tests., Thirty-two speclmens of the alkaline glue
were tested. They showed an average breaking point of
4,431,000 eycles, with some of the speclmens standing
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10,000,000 cycles without breaking, Part of the speci-

mens had a glue line thicknese of ,003 of an inch, and
they showed grester durability than specimens with 2 glue
line thickness of ,035 of an inch., The highly acid phe-
nol showed egn average breasking noint of 397,300 cycles
with a glue line thickness of ,003 of an inch and 628,
400 eycles with a glue line thicknees of OUl of an
inch, HNone of the specimens withstood the maximum of
10,000,000 cycles without breaking (26).

For strength and durability comparisons with
other glues see figures one through ten and figures

fourteen, sixteen and seventeen,

ECONCHIC POSSIBILITIES
Theee glues are ueed for laminating heavy
members, to some extent in the agsemdly glulng of air-
craft, and in other operations demanding dursble glues,
but not permitting the use of hot-prees temperatures (19),
On the basle of 1946 prices phenol gluee asg

a2 clage cost spporoximately 12.5 cents per pound (25).

HIGH-TENPERATURE~SETTING UREA RESINS

PROPERTIES
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These gluee are formed by the reaction of urea
with formaldehyde and the resction ig stopped at an in-
termedlate stage to form the urea-resin glues used in
wood bonding. These gluees are invariably acld., The
urea resins have a pH ranging from 1.9 to 5.7, but the
hot-prese ureas are lesc acld than the room-temper:ture-
setting ureas, Hot-pregs urea resins are marketed
either ag dry powdere, with herdeners either geparately
supnlied or incorporated, or as wnter guspeneions of
60 to 70 percent solids with separste herdeners. The
powdered glues are prepared for use by mixing with water,
or with water and hardener 1f the hardener 1s separate-
1y supplied (10, 19).

HARDENERS

Hardeners for these glues are acids or scid-
producing salts, and the amount of hardener often dig-
tingulshes between the type of urea-resin glues. The
more acld hardeners are used to make the intermediate-

temperature-setting urea resins (19).

FILLERS
These glues usually contain some filler; the

most common are walnut shell and wood floure (21).

SOLVENTS
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The moet common solvents for hot-press uress

ere water or water-acetone mixture (3),

EXTENDERS

Wheat and rye flours are the most coﬁmon €KX~
tenders used, but good resulte have aleso bain obtained
with taploca flour (3).

WORKIKNG LIFE

Hot-press urea resins usually heve & working
life of & hours or more, 80 that 1t i1s not necessery
to cool the container in hot weather in order to ob-
tain a satiefactory working period (19).

RATE OF SPREAD

This glue is best apolied by means of rubber-
covered rollers, but it can be brush spreed, Wet spreasds
of 30 to U5 pounds, equivalent to about 1€ to 30 pounds
of dry glue, per 1000 square feet of single glue line
are recommended., Heavier spreads may be necessary on

thick or rough veneers (19).

A SSEMBLY
Agsembly times vary over wide limits, but they

are mot critical, Some glues may be usged with an open
assembly time of 24 hours or more. Individual glues

differ and the manufacturerts recommendations should
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be followed (19).

KOISTURE CONTENT

llolsture content of veneer 1s not particularly
critical for hot-press urea resine, Desirable molsture
conditions will ordinarily be governed by other con-
elderations, such as the use to be made of the product,
and the danger with the higher molsture contentes of blis-
tering in the hot-press. HKolsture contents over a range

of 2 to 20 percent can be used (19),

GLUING PRESSURE

Time under pressure, as with all glues, 1g
dependent on the distance of the glue line farthest
from the platen, molsture content of the wood, specles,
thickness of the veneer, and number of glue lines. Pres-
sures in common uge are 200 to 250 pounds per square
inch for eweetgum, Douglas-fir, and mahogany; 150 pounds
per square inch for yellow-poplar; and 100 to 125 pounds
per square inch for Sitka epruce and basswood. Typlcal
recommendatione for curing timee are 3 to 5 minuteg for
panele with a total thicknesg of 3/16 inch or lese, and
& to 15 minutes for panels with 1/4 inch faces on 1/2
inch cores, when the platen temperature is 260° F.,

end one panel 1s glued per press opening (19).
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CURING TEMPERATURES

flot-presgs urea resing set at temperstures some-
what below that of hot-press phenole, Platen tempera-
tures ordinerily recommended by manufacturers range from

230% to 260° F. (19).

STORAGE LIFE

Storage 1ife for liquld hot-press urea resins
1s usually from 2 to 3 months at 70° to 75° P., that of
powdered urea resins with a catalyst incorporated is us-
ually at least one yesr when kept dry in closed contain-
ere at room temperatures, and that of powdered urea resin
with separste catalyse 1g over a year in dry closed
conteiners at room temperatures. The storage life can
be increased if the glues are kept stored at lower temp-

erstures (21).

DURABILITY AND STRENGTH

Well made Jjointe with hot-preses urea-recin
glues sre characterized by high original dry strength
and high wood failures, good resistance to soaking in
cold water, falr resistance to continuocusgly high rela-
tive humidity, and alternately high and low relative
humidity, and good resistance %0 cyclic soaking and
drying exposures, if the test pleces are in the form of
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plywood or thin members. There ie only moderate resis-

tance if the pleces are heavy laminations of denee woods.
The hot-orese urea reeins ere the most durable of any

of the ures resins except the fortified urea resinsa.

They are low in durability sgainst high temperatures,
especially when combined with high relative humidity,
There 1s a gradual weakening of Jointe under dry con-
ditions at 160° F, Urea resin bonds delaminate when
exposed to fire, because the glue 1s destroyed at temp~-
eratures that char wood (10).

Plywood panels made with unfortified urea
resine show delaminstione under outslide exposure in 2 |
or 3 years., Under exterior exposures and where high
temperatures are involved, the durability of ures resin
glueg is markedly inferior to that of phenol-resin,
melamine~resin, or resorcinol-resin gluees.

Sufficlient results are as yet unavailable to
permit conclusions regarding the durability of ures-
resin glue Jjoints under conditions such as may exlst
inside bulldings. In one 1lndoor te:st, sfter & years
of exposure at 80° F., and during which relative humid-
1ty vaeried between 30 and 80 percent, ures-resin joints
in laminated southern yellow pine and Douglae-fir beams
showed high joint strength and high wood failure (19).

For dursblility and strength comparisons with
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other glues see flgures one through ten and figure six-

teen.

ECONOHIC UBES

Hot-press urea reelng sre not used in the
manufacture of softwood plywood as extensively ae phenol
regins, but they are used extensively in the masnufac-
ture of hardwood plywood. Other principal uses are in
asgembly gluing and in laminating (19).

On the basls of 1946 prices urea-resin glues
ag a class are the cheapest of the synthetic-resin glues.

Their cost 1e aporoximetely 12 cente per mixed pound (25),

ROOM=TENPER.A TURE-SETTING UREA RESINS

PROPERTIES

Thé oroperties and preparation of these glues
closely resemble those of the hot-pregs urea resins,
These glues sre more strongly acid then the hot-press
ureas, and current specificstions limit the use of thece
glues due to their high acidity, They are highly scid
due to the formulation to bring sbout lower curing temp-

eratures (21).

HARDENERS
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Hardeners for these glues are aclids or scid

producing salts, and the amount of hardener often is the

determining factor asg to whether the glue will be highe

temperature~-setting or low-tempersture-setting (4).

FILLERS
The moet common fillers for these glues are

walnut shell and wood flours (4).

SOLVENTS

Date on a large number of commercial room-
tempersture-getting urea-resin gluees show that water
1s the only solvent used (3). Other solvents msy be
in usge, but there 1s no indication of euch in materials

on gluesg,

EXTENDERS

Rye and wheat flours are common extenders
for these glues. English walnut shell and black wal-
nut shell flours also find some use as extenders, A-

mong the wheat flours hard wheat flour 1e preferred (11).

WORKING LIFE

The working life of room-temperature-getting
ureas depends upon the glue temperature. If, for ex-
ample, & mixture has a working life of 6 hours at 70°
F., its working life will be about 3 hours at 80° F.,
1.5 hours at 90° F., and 3/4 hours at 100° F, To in-
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crease the working life of these glues during hot weather,
it has been found desirable to keep the glue container
in water cold enough to maintain the temper ature of the

glue st about 70° F. (19).

RATE OF SPHREAD
These gluee can be spresd by brush or machine,
and spreads of 40 to 50 pounds of wet glue per 1000

square feet of elngle glue line are generally recommended

(h)o

ASSENBLY

Application specifications usually limit thece
glues to a maximum assembly period of 20 minutes if en-
tirely closed and 10 minuteg if entirely open, Good
results are obtained with ascembly times of 5 to 15
minuteg. The assembly periods should be decreassed gome-
what if the wood 1g very dry, or if the temperature of
the wood and that of the gluing room ig higher than
75° F. (16, 19).

MOISTURE CONTENT

Molsture content of wood in using these gluesg
ie more critical than for the hot-pressg uress and phe-
nols. Most of these glues produce Jjoints of higher

quality on wood with & to 12 percent moisture content.
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Fallure to recognize the luportance of molsture content
in the use of theee glues has contributed to difficulties
encountered when they have been used on very dry wood

(%, 19).

GLUING PRESSURES

The minimum pressure period depende upon the
type of material and the temperature of the wood and
the room at time of glulng. At 75° F., pressure should
be malntained for at lesst 4 hours on thin straight mem-
berg and for =t leagt § to 7 hours on heavy or curved
mémbera. In no cage should the pressure he releaced
until the squeeze-out is hard. By raising the tempera-
ture of the glue after it has been put under pressure,
the required time under pressure can be reduced aporox-
imately one-half for each 10° F. increase in the glue
line temperature above 75° F. Pressures of 150 pounds
per square inch have proved successful on a wide range

of epeclee when pressure was kept for 16 hours (16, 19).

CURING TEHPERATURES

These glues are formulsted to cure at a mini-
mum temperature of 70° F., at which many hours are re-
quired before pressure can be relessed. The cure can
be hastened st higher temperstures. See gluing pressures

above.
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In a test for curing temperatures, specimens
were cured for 8 hours at 80° F.; 25 minutes at 160° F.;
9 minutee at 180° F.; and for 7 and 35 minutes at 250o F.
Data from tests on these speclmens showed no significant
difference in the quality of the joints made at the var-
ious temperatures (7).

liembers glued with urea reeing at room temp-
erature requlre & condlitioning period of about a week
at room temperature for the development of maximum joint

strength and water resistance (21),

STORAGE LIFE

The storage life of these glues sre eimilar

to storsge life of hot-presgs urea resins,

DURABILITY AND STRENGTH

In general the durablility and etrength of
room-temperature-getting urea-resin glues compare with
the strength and durability of the hot-press ures resins.
They do show elgnificant decreases in Joint strength
when exposed to normal room temperatures and humldities
over periods of several years, indlcsting loss of etrength
with aging (4).

These glues show a low abllity to withstand
fatigue streeces, Twenty-three specimens were tected

on a fatigue-testing machine that operated at 1790 re-
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volutions per minute., There was an average fallure of
306,900 cyclee for epecimens with a glue line thickness
of ,003 of an inch, and an average fallure of 20,200
cycles for speclmens with a glue line thickneses of ,032
of en inch. No specimen withstood the maximum of 10,
000,000 cycles without breaking (26).

For durability and strength comparisong with
other glues see figures one through eleven and figure

gixteen,

ECONOMIC POSSIBILITIES
Regultg are insufficient to sllow definite

conclusions, but evidence of their poor durability un-
der moderate conditions for long periods of time seems
to indicate & doubtful sultability of these glues for
uee in constructions such as houses (4).

These were the first gynthetic-reesin glues
developed for use at room temperatures snd have been
extensively used in the assembly glulng of alreraft and
truck body parts, and for other purposes where the appli-
cation of high temperature 1s not always fessible, When
properly used they form strong Jointe with good resie-
tance to cold water but poor resistance to hot water.
Because of the egpeed with which these glues set at temp-

eratures above 75° F,, they have been used extensively
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for assembly gluing in hot presges, heated jigs, in
high-frequency electric filelde, and in heated rooms (19),

On the basls of 1946 prices ures-resin glues
‘ ae a class are the cheapest of the synthetic-resin glues.

Their cost 1g approximstely 12 cents per mixed pound

(25).

EXTENDED UREA RESINS

PROPERTIES

Extended ures-resin glues may be either hot-
prege or room-temperasture-getting ureas, and as such
have much the same propertieg zs these glues. Exten-
gions can be made by adding several different materials,
but the ususl extenders are wheat or rye flours. Flour
imparte some adheslveness to the glue, but its primary
purpose in extending urea resing 1s to reduce glue

coste (19).

HARDENERS
The hardener depends on the glue used., See

hardeners under hot-press and roome-temperature-getting

urea resins.

FILLERS
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Fillers such as walnut shell or wood flours
mey be uged, but with the large amount of extender in-
corporated into these glues 1t is possible to allow the
carbohydrate content of the extender to act ag a filler
(6).

SOLVENTS

Water ig used ae eolvent, and due to the zdded
extender usually being somewhat water-absorbing, the
extended gluee will require more golvent than the un-

extended urea resging (19),

EXTENDERS

Wheat and rye floure are the most common ex-
tenders for these glues, Very little information 1is
avallable as to the best types of flour to use ag ex-
tenders, but it eeems that hard wheat flours are pre-
ferred, Different gredes of flour affect the working
properties of the glue differently, particularly their
consgistency and tendency to foam. Extended glues are
usually more viscous than unextended glues. Recently,
urea resins have been formulated for use with a variety
of flours. Sodium bleulphite ig sometimes added to the
extent of sbout 1 to 2 percent of the welght of the
flour to reduce viscoclty by peptizing the gluten in

order to help overcome the differences in flours and
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reduce the water requirements of the glue (19).

The amount of flour extension permissible
varies to some extent with the glue, but 1t is primsrily
deternmined by the type of product being manufactured,
and by conditione under which the product will be used,
The most common range of extension is 25 to 100 parts
of flour to 100 parts of dry resin, but ures-resin glues
with as much as 200 percent flour have been used (19).

The effecte of rye flour extenders on hot-
press ureas ag shown by several tecsts, seeme to indicate
that: (a) the effect of extenelon of urea-resin glue
with rye flour on durability wae most pronounced when
the Jointe were exposed to warm damp conditiones favoring
the development of micro-organisms, (b) the effect of
extension on the reslstance of Jjoints to wetting and
drying cycles was not as great as when exposed to demp-
ness, (c) a decreasse, but not a msrked one, was noted
on initiel dry and wet strengthe, and on resistance to
continuous sosking (11).

Cne of the maln objections to high degrees
of protein extender is the susceptibility of the glue

to attack by micro-organisms.

WORKING LIFE

It was found with one extended hot-presg ures
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reein glue that the working life diminighes as more
extender ig added., The working life of the glue was

2l hours unextended, 24 hours with 100 percent extension,
10 houre st 140 percent extension, 6 hours at 280 perw
cent extension, snd § hours at 430 percent extension,

The working life seeme to diminieh only after extreme
extension, s0 the working life of extended ures regins
can be compared to the type of glue to which they be-
long, namely, hot-press or room-temperature-getting

urees (33).

RATE OF SPREAD

Somewhat higher spreads are needed with these
glues than with unextended urea feeine. because they
contain more solvent., The amount of incresge will de-
pend on the amount of extender used and the increased
amount of solvent. The spresd of glue will be somewhsat
greater than 40 to 50 pounde of wet glue per 1000 square
feet of single glue line. The proper spreade will be
given by the manufacturer of the glue (19).

ASSEMBLY

Tests on an extended hot-pregs ures-resin
glue showed that the assembly time was relatively short,
Optimum cloesed assembly renged from 30 minutes for a

glue with a mix of 70 parts resin to 20 parts flour to
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10 minutesg for a glue with a mix of 70 parts resin to

200 parts flour (33)., Assembly tlmes will vary as to
the type of glue extended. BSee aggembly under hot-

press and room-temperature-sgetting urea reesines.

MOISTURE CONTENT

These glues will require g moisture content
somewhat lower than the molsture contents for hot-press
end roome-tempersture-getting urea resins due to the in-
creased amount of golvent held by the extender (19),
gee molsture content under hot-press and room-tempera-

ture-setting urea-resins.

GLUING PRESSURES

gee glulng pressures under hot-preses and room-
temperature-setting urea resine, There 1s no definite
information as to glulng pregsures needed for varying

extensions of urea resin glues.

CURING TEMPERATURES

Extended ures-resin glues have been formulated
to cure through a range of temperatures from 70° to
310° F. They are alego used in high-frequency gluing
(20). One commercial extended ures resin showed e good

Q
cure at 240° to 260 F.

STORAGE LIFE
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Extenders are mixed with the glues when they
are ready for use and would not affect theilr storage
life, Gee storage life under hot-press and room-temp-

erature~-setting urea resins.

DURABILITY AKD STHRENGTH
Teste made with a hot-pnresge urea resin extend-

ed with rye flour gshowed that the wet Jjoint strength
falls off glowly as more flour 1s added; until 50 to

100 percent of extender, based upon the weight of dry
reein, had been added; however, no important decreases
in water resistance were apparent, The dry Joint strength
decreased still more elowly, and Jointe containing twilce
es much flour ag dry resin exhibited high Joint strength
in the dry condition., When exposed to high relative
humidity and other condlitione conducive to the develop~-
ment of molds and other micro-organisme, however, the
tests showed that the ures reslns extended with nore
than 25 percent flour were attacked, and that the sttack
was particularly rapid on thoee glues with the greater
extensions of flour (19).

Recent preservative tegts ghowed that the mold
reglistance of flour-extended urea resing could be great-
1y increased by edding chlorinsted phenols to the glue
in amounts equal to 5 percent of the flour by weight.
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Concentrations of less than 5 percent appeared to offer

less protection, but there geemed to be little sdvan-

tage in incressing the concentration sbove 5 percent (19).
For durability comparisons with varying ex-

tensiong see figure twelve.

ECONOKIC POSSIBILITIES

Extended urea resine are used to make hard-
wood plywood to some extent, All usee of this glue
ghould be for laminating or gluing materials that have
normal indoor use, because thelr durablility ie poor

under exterior conditione (20).

FORTIFIED UREA EESINS

PROPERTIES

These glueeg have been formulated by additions
of melamine or recsorcinol reging to hot-press urea-
regin glues. They were developed to improve the resis-
tance of the hot-prese urea reeins to boiling water and
to a combination of high temperature and high humidity,
They are prepared for use the same ag the hot-press
ureas plus the addition of the fortifier., There is so

close a correlation between the boil resistance of the
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glue Joints and the amount of fortifier added that when
40 or 50 percent of the total welght of glue golids
consists of & fortifier, the boil resistsnce may apnroach
that of melamine, resorcinol, and phenol glues. Room-
temperature-setting fortifled urea-resin glues have not

been developed (19).

HARDENERS

See hardeners under hot-press urea-resin glues.
FILLERS

Bee fillere under hot-presg urea-resin glues.
SOLVENTS

Weter 18 the chief golvent for fortified ures-

resin glues (3).

EXTENDERS

See extenders under hot-pregs ures regins.

WORKING LIFE

The working 1life of the mixed glue depends
upon the temperature of the glue and varies with the
formulation, but 1t usually 1s within the range of 2
to 6 hours at ordinary room temperatures. The glue
container may be kept in cold water to maintain the
temperature of the glue at about 70° F. to increase the
working life in hot weather (21).
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RATE OF SPREAD

The rate of gprecd of fortifiad urea resine
on a dry welght basis 1s 1€ to 30 pounds of resin per
1000 square feet of single glue line, For heavy lami-
nations 45 to 65 pounde of wet glue per 1000 square feet

of single glue line are recommended (21).

ABBEMBLY

The maximum permissible agsembly time for
these gluee is usually about 20 minutee at 70° F., but
this will vary according to the tempersture of the room
and wood, the moisture content of the wood, snd the re-

maining working life of the glue (21).

MOISTURE CONTENT

8trong bonde are obtalned with & moisture con-
tent between 7 and 15 percent. Theege glues often behave
unfavorably on woods with a moleture content below 6

percent (21).

GLUING PRESSURES

100 to 200 pounds per sgquare inch are recom-
mended for softwood speclies and 150 to 250 pounde per
gquare inch for hardwoods (21)., Also see gluing pres-

sures under hot-press ureas.
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CURING TEMPERATURES

Fortifled urea resing should be cured at high
temperatures, They may be eet at temperatures of 90°
to 160° F., but 1t takes a pressure period of seversl
hours. It is best for them to be cured at temperatures
from 220° to 310° F. (20).

An experiment with one commercial intermediate-
temperature-setting melamine fortified ures sghowed that
1t cured near maximum strength on yellow birch plywood
in 10 houre at 130° to 140° F., and in 4 hours at 170°
F. (12),

STORAGE LIFE
The storage life of thecse glues may vary se
to the amount of fortifler added., §8ee storage life un-

der hot-prees ures, resorcinol, and melamine recsins.

DURABILITY AND STRENGTH

The fortified ures resins are the most durasble
of any of the urea-resin glues, Teete on thege glues
have shown that the melamine-fortified ureas are more
durable than the resorcinol-fortified ureass, When ex-
posed to high and low humidity cycles the melamine uress
maintained etrength and wood-failure values comparable
to the phenol or melamine resins, whereas the resor-

cinol ureasg were somewhat lower in strength and showed
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a trend towsrd decreasing woodfasllure values. It apneears
from present data (1946) that melamine ureas are nearly
as durable as the phenol, melamine, and resorcinol re-
eins. The amounts of fortifler included in the resor-
einol-urea type, although improving resistance to high
humidity slizhtly, were not sufficient to show signi-
ficant improvements over the hot-press ureas in resis-
tance to high temperatures (37).

For durablility and strength comparisons with
other glues see figures one through ten and figure fif-

teen.,

ECONOKIC POSSIBILITIES
Many of these glues were developed for special
purposes. They are used in clrcumstanceg where ures-
resin glue joints need grester resistance to hot water.
Some formulas were developed primerily for the gluling
of curved plywood by the bag-molding technique (3).
These glues improve the durability of ures
resing, so that they can be used for exterior purposes,
but 1t must be remembered that the added fortifier in-

creages the price of the glue (20),.

HIGH-TEMPERATURE=-SETTING MELAMINE RESINS



PROPERTIES

These glueg are produced through the reasction
of melamine and formeldehyde that is stopped in an in-
termediste stage to form & woodbonding adhesive, Thece
glueg are almost white in color, but the addition of
fillers often gives them & tan color. Most of thece
glues are marketed ae powders and are prepared by mix-
ing with water and sometimes with a hardener and a filler,
When ready for use, they contein 60 to 75 percent solids
(4, 21).

Synthetico~-resin glueg are cleaned from gluing
equipment by use of water, but most melamine glues are
difficult to remove from gluing equipment if water a-
lone 1s used for cleasning. Cleaning of mixers and spread-
ers 1s facilitated by the use of dilute acetie acid.

Soap sude or 30 percent caleclum chloride solution hes

aleo been recommended (21).

HARDENERS
All of these glues do not require hardeners,
Those that do may have a variety of hardeners. See

page 11,

FILLERS

The mogt common fillers are walnut sghell and
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wood flours (21).

SOLVENTS
Water and alcocohol are used ag solvents for

these glues (3).

EXTENDERS

Thece glues sre reletively new in the wood-
bonding fleld, and there 1g no definite datas as to the
effect that extension would have upon their quality.
Some authorities think that they may react to extension

the same s¢ the hot-prese phenols.

WORKING LIFE

The working life of hot-press melemines is
usually not critical. The working life ranges up to
36 hours for some of the glues (19),

RATE OF SPREAD
The rate of gpread for these glues ie ebout
the szme as for hot-prese phenols (10). See rate of

gpread under hot-press phenols.

ASSENMBLY
A sgembly times are not critical for hot-

press melamines., The assembly time may extend from

a few daye to several months (3).



¥OISTURE CONTENT
These glues can be used on wood with & mois-
ture content from 2 to 20 percent, but the best results

are obtained with a molsture content above 6 percent (4).

GLUING PRESSURES
The gluing pressures for hot-press melamines
are the szme as for hot-press phenols (10). See gluing

pressures under hot-presg phenols,

CURING TEMPERATURES

The hot-press melamineg are ordinarily cured
at temperatures ranging from 230° to 300° F., although
gome of them can be cured at temperatures as low as 150°

F. if kept under pressure for several hours (19).

STORING LIFE
When kept inclosed 1n containers under dry
and cool conditiong, the melamine resins have a storage

1ife of 6 monthe to a year or more (21).

DURABILITY AND STRERGTH

Hot-press melamine glues have not been in ser-
vice long enough to furnish complete records &s to their
dursbility, but all indications point to their being
as dureble ag the hot-prese phenols. The strength of
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hot-preas melamine glue jJoints 1e comparable to the
gtrength of the joints glued with hotepress phenols,

Hot-pregs melamine glue Jjointe show excellent
resistance to high temperatures, high relative humidity,
continuous s=oaking, cyclic soaking and drying, and to
mogt chemicals including woocd preservatives and fire
retardants, end to olls. The plies of melamine glued
plywood do not geparate when the plywood 1s exposed to
fire (19).

For dureblility and strength comparisons with

other glues see Tigures one through ten.

ECOKOMIC POSSIBILITIES

Due to the high curing tempersture require-
ments and the relatively high costs of these glues,
they have not been used extensively in the commercial
field, They are usged in wood bonding work in which the
coet of the glues are secondary in importance. They
have been usged to a emall extent in the glulng of hard-
wood plywood, One of thelr main uses 1s for fortify-
Ang the cheasper urea resin glues to increase thelr dura-
bility (10).

Baged on 1946 prices the cost of melamine

glues as a type is about 30 cents per mixed pound (25).



INTERMEDIATE-TENPERATURE~SETTING HELAMINE RESINS

PROPERTIES

Intermedlate~tempersture~getting melamine
resing have the same properties and preparation proce-
dures as the high-temperature-setting melamines, The
only difference being that intermedlate-tempersture-
gsetting melamines are catalyzed by a glightly escidic
galt, so that they wlll get more guickly at lower tem-

peratures (19).

HARDENERS
Hardeners may or may not be uged with these

glues, They are catalyzed by a slightly acidic salt.
See page 11,

FILLERS
The moet common fillers for these glues are

walnut shell and wood flours (4),

SOLVENTS
Water, alcohol, or water-alcohol mixtures

may be used as solvents (3).

WORKING LIFE
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These glues have a2 relatively short working

life of 2 to 4 hours st ordinary room temperatures (19).

RATE OF SPREAD

For various types of wood laminationes & wet
gpread of 40 to 60 pounde of glue per 1000 square feet
of double glue lire is generslly recommended, In lami-
nating ship keelg a wet sﬁread of 60 pounds of glue per
1000 square feet of double glue line 1e commonly used (15),

ABSEKBLY
Asgenbly time for these glues should be less

then one hour closed or one-half hour open at 70° F.,
and these ccsembly times are even lesg at higher tem-

peratures (19).

HOISTURE CONTERT

These glues can be used on wood with a moig-
ture content from 2 to 20 percent, but the best results
ere on woode with molsture contents from 7 to 15 per-

cent (4, 10).

GLUING PRESSURES
Gluing pressures for these glues are similar

to those for intermedlate-temperature-setting phenol

reegins.
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CURING TEWPERATURES

These glues are ordinarily cured at tempera-
turee ranging from 120° to 200° F. They require con-
glderable heating to develop high atrength and water
resistence. A curing period of 10 hours at 190° F. for
white oak and 10 hours at 140° F, for Douglas-fir is
recommended for uges intended for severe exposures,
Shorter curing periods can be gained by the use of high-
er temperaturesg, but for a curing period of 10 hours
it seems inadvisable to employ curing temperatures a-

bove 210° F. (21).

DURABILITY AND STRENGTH

In laboratory teste well made joints of inter-
mediste-temperature~getting melaminee show excellent
resistence to high temperatures, high relative humidity,
continuoue soaking, eyelie sosking snd drying, micro-
organiems, and to most chemicals, including wood pre-
gervatives, fire-retardant chemicals, and olls, The
plies of melamine-glued plywood do not separate when
exposed to fire, From information gathered to date it
ie believed that intermediste-temperature-getting mela-
minee are slightly less durable than hot-press melamines
(4, 10).

These glues show a high test for fatigue stress-
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ing. Thirty specimens bonded with these gluees were test-
ed on a fatlgue~-teeting machine that operated at 1790
revolutions per ninute. Thelr average bresking point
wag very high and gome of the specimens withstood a
maximum of 10,000,000 cycles without breasking., Speci-
mens with a glue line thickness of .00% of an inch showed
superiority over specinmens with & glue line thickness

of .03 of an inech (26).

ECONCMIC POSSIBILITIES

Thege glues are recommended for usge for glulng
materiale that will see exterior service and where cost
is secondary. They have been used for marine structures,
alrcraft, laminsted crossties, and bridge timbers. They
have found especlal use in shlp conetruction for gluing
such things as boat keels, frames, stems, skers, and
planking. One authority suggests that these glues cen
be used for the ssme purposes as the intermediste-tem-~
perature-setting phenol resine (10, 15, 20),

On a besis of 1946 prices the melamine glues
as 2 type cost sbout 30 cents per mixed pound (25).

RESORCINOL RESIKS



PROPERTIES

These glues are compounded from the reaction
of resorcincl, a chemical that is clogely related to
phenol or csrbolic acid, and formaldehyde. At ordinary
roor temperatures resorcinol and formaldehyde react to
form a denge herd mage thet 1s very reetgtant to further
chemical or physical change. The resction 1g stopped
et an intermediate stage and 1s held as a partielly
poiymerized resorcinol resin in a mixture of alcohol
and weter. The solid contents of the glue are about
60 percent by weight. The glues are merketed as liguids
and*must be mixed with a2 hardener and a filler, The
glues are dark red in color (i),

Resorcinols have a pH ranging generslly from
4,8 to 6.3, and as such are not criticaslly acid for uce
in making wood bonds (1).

HARDENERS

Hardenerg are usually formaldehyde and para-
formaldehyde, but sometimes férmalln 1s used., At 40°
to 50° F. resorcinol-reein glues with agueoue formalde~-
hyde herdener appear somevhst more capable of curing
to higher strengths than those in which paraformalde~
hyde was used as hardener, although there seems to be
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no difference at 70° to £0° F. (27).

FILLERS
Fillergs are usually walnut ehell or wood flours
(4).

SOLVENTS
Solvente for resorcinol reging are alecohol

and woter (3).

EXTENDERS

Corn gluten and soybean meal have been experi-
mented with. Corn gluten meal shows the best promise,
because of ite greater dlspersibility in the alecohol
golution of the resorcinol resin, Exteneion with corn
gluten meal wee found to be most readily accomplished
when the resin was prepared in the ratio of one mole
resoreincl to .6 mole formaldehyde, and the resin ad-
Justed to a pH of 7.5. When the resin wag so prepared,
1t eppeared that an addition of corn gluten up to &0
percent of the dry weight of resin had no marked effect
on the initial dry strength and water resistsnce of the
joints in birch plywood (11),

WORKING LIFE
The working life of resorcinol resins varies

from 2 to § hours st 70° to 75° F. The working life
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is greatly reduced at higher temperatures (21).

RATE OF SPREAD

The rote of gpread for resorcinolg varies from
10 to 20 pounde of dry resin per 1000 square feet of
single glue line (19).

ABSSEMBLY

Permissible assembly periods vary, depending
on the glue, type of assembly, whether one or both sur-
faces are spread, and the temperature. A t 70° with
both surfaces gpresd, open assembly periode of 30 min-
utes and closed agcsembly periods of 1 to 2 hours have
been used with good regults. Very short closed assem-

bly periods are not as satlsfactory as longer ones (19).

KOISTURE CONTENT

The resorcinoleg produce gtrong jointe on wood
with a molsture content within the range of 2 to 25
percent, but optimum results are gained with molisture -

contente from 6 to 17 percent (4, 10),

GLUING PHESSURES
A pregsure of 100 to 200 pounds per square

inch for low density woods and 150 to 250 pounds per
square inch for high density woods are recommended for

resorcinols., Pressures should be maintsined for § to
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8 hours when the tempersture of the room and the wood

1e at 75° F. The full joint strength 1s not developed
within this period, but the Jointe will continue to
cure and grin strength for several days after pressure

1s released (10).

CURIKG TEMPERATURES

Resorcinolg are commonly cured at temperatures
of 75° to 80° F. They cure more repidly at higher tem-
peratures and can be used for assembly gluing in hested
Jigs, hot presses, high-frequency fielde, and heated
rooms. Higher temperatures sre recommended for gluing
heavy laminated members of such dense gpecles ag white
oak for uge under severe exposuresg, Curing for 10 hours
at a glue line temperature of 140° F, for white osk and
10 hours at 80° F. for southern yellow pine end Douglae-
fir produce jointe that resiet delamination under se-
vere exposure conditione (21).

Resorecinol glues will harden at temperstures
below 70° F, to form water reeistant Jjoints that are
as etrong ag low denslty species of woods, but at these
temper:tureg the rate of curing is greatly retarded,
end the ultimate Jjoint strength 1s usually not as great
age that of joints formed at 75° F. or higher (30),

STORAGE LIFE
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Resorcinols pos:sess a long storsge life. In
teeting a number of commercial regsorcinol resins stored
at 80° F., the results after 12 to 17 months of storage
showed that their properties had decreased very little (29)

STRENGTHE AND DURABILITY

Results of durability testes on well made re-
sorcinol-resin glue Joints resemble those made with phe-
nol and melamine reeins. They have excellent resistance
to deterioration by molsture, shrinking and swelling
stresses, high temperatures, chemicals, and micro-organ-
isme. The plies of resorcinol-glued plywood do not
separate when the plywogd is expoged to fire, Under
severe conditionsg the glue bonds losge no more strength
than the wood 1tself {10).

In tecsts for fatigue stressing the resorcinols
showed greater durabllity than any other synthetic-
resin glue. A fatigue testing machine making 1790 re-
volutione per minute was used for the tests, 28 speci-
mene glued with resorcinol resin and with a glue line
thickness of ,039 of an inch were tested., Every speci-
men withsgtood & maximum of 10,000,000 cycles without
breaking (26).

For dursbility and strength comparisons with
other glues see figureg one through ten and figure

seventeen,
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ECONOMIC POSSIBILITIES

The high costs of these glues, 45 to 50 cente
per mixed pound, limit them to uses where the cost is
gecondary, such as the alrcreft and boat building in-
dustries, They found great uge in the United States
Navy's boat building program, expecially for glulng
heavy timbere. Because of their high dursability end
low setting temperatures, resorcinol glues are particu-~
larly promieing for many glulng operstions where high
curing temperatures cannot be used, but where glue joints

resistant to most deteriorating agencles are desired

(19, 23, 25, 3h)'

THERMOPLASTIC GLUES

The thermoplastic glues, in contrast to the
thermogetting group, 4o not cure at a definite tempera-
ture but harden gradually over a range of temperatures,
end if, after hardening, the temperature 1s agaln raieed
to or beyond a critical range the resins will again
soften and lose strength and rigidity (10).

The thermoplactic glues for this reason have
not been widely used in the woodworking field., They
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have been used, however, for bonding wood to other mater-
lele such as metals and plastics beceuse thermosetting
reging are not suitable for this purpose. Some thermo-
plastic-thermosetting comblnations have been developed,
The thermoplagtic conponent supplied the ability to ad-
here to the different surfaces involved and the flexi-
bility desirable in bonding rigld materizls to each other
or to wood, while the thermosetting component supnlied
a degree of resistance to temperature and a degree of
firmness to the joint (10).

Joints mede with thermoplastic~thermosetting
combinatione cen be expected to be somewhst more flexi-
ble and to yleld to continuouely applied loads to a
greater degree than joints made with thermosetting resins
alone., The Jjoints may also be expected to be somewhat
less resiegtant to elevated temperatures and to water
than the purely thermosetting resin glues (10).

Reguirements and tests for thermoplsasstic glues
in the woodworking field are not yet well gtandardized,
and no generslly applicable specifications have been
developed, so little information 1g available as to
their properties for wood bonding (10).

There are two types of these glues as con-

- cerned ﬂth woodworking, They are the polyvinyl-resin

emulsions and the polyvinyl-resin solutions (19).
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POLYVINYL-RESIN EMULSIOKS

PROPERTIES

These glues sare vinyl derivatives such as poly-
vinyl butyral or polyvinyl acetate. These glues are
finely dispersed in water to produce an emulsion with
a consietency end nonvolatile content generally com-
parable to the thermogetting resins, They are about
60 to 70 percent golids, end are merketed as a2 milky
white or brownish liguld to be used at room temperature
in the form supolied by the menufacturer (19).

The setting of these glues tskes place when
the water of the emulsion partially diffuses into the
wood, whereupon the emulsifled resin coagulatesgs. There
is no apparent chemical curing resction as with the
thermosetting glues, thug there 1s no particular ad-
vantsge in the epplication of heat in setting. The co-
agulation of the emulsion appears to be partially re-
vergible., The set regin absorbs water, softens, snd
at least partially redlsperses if it becomes wet, HNost
of these gluee are slightly acldlc although some may
be elightly alkaline (19, 28).
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HARDEKERS
Hardenereg are not necded with these glues ag
there 1s no apparent chemical reaction in the curing

process.

FILLERS
There ig no indicsation that fillers would ime

prove these glues if they were usged,

SOLVERNTS
Water, alcohol, alcohol-methyl acetate mix-
tures, acetone, and ethyl acetate have been uged for

golvents (3’ 31).

EXTENDERS
Extendere are not used with thege glues.

WORKING LIFE
Polyvinyl-resin emuleiong have an indefinite-

1y long working life (19).

RATE OF SPREAD

| Information as to rate of spread ies furnighed
by the manufacturer for each formulation of polyvinyl-
reesin glue. Thelir rates of spread, under similar condi-
tions, compare with the rates of spread of the thermo-
setting glues.
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ASSEMBLY

These glues do not seem to perform on short
asgembly periode as well as on longer assembly periods.
A 10 minute open assembly or 30 minute closed sssembly
geems to work for some of theee glues, but assembly
times are not critical. On most glues the assembly

period may extend for severzl days (3, 28).

MOISTURE CONTENT

These glues make good Jjoints on woods with
molsture contents from 2 to 15 percent, but the best
resulte seem to be on woods with a molsture content from

5 to 11 percent (3, 24).

GLUING PRESSURES

The getting rate of these glueg 1g relatively
feat allowing the release of the clamping pressure in
a half hour or less at 70° Fo. In tecsts on some poly-
vinyl-resin emuleion glues pressures of 150 to 200 pounds

per squere inch were used successfully (19, 28).

CURING TEMPERATURES

These glues are ordinarily used at room tem-
peratures, but some are used at temperstures from 190°
to 325° F. They can be used as hot-setting glues, but
the tempersture has to be lowered while the materials
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are gtill in the presses to allow the gldes to cure,
By this method 1t takee the blue bonds longer to resch
ultimate strength (11, 31),

STORAGE LIFE
These glues have a long storage life if kept
in tight contsiners, but coagulation of the emulsion

in storsge by eveporstion or freezing must be avoided (11),

DURABILITY AND STRENGTH

There 1g =& great varistion of performance in
glues of thies type. The different commercial polyvinyl-
resin emulgions vary considerably in hardness, and the
herder gluec ususlly form the stronger jolnts, These
glues have very little water reslstence due to the soft-
ening of the glue caused by water absorption, and the
Joints lose much of thelr strength when subjected to
conditiones of high relative humidity. Some of these glues
soften and loze much of their strength at 110° Fou
and the strength of most polyvinyl-resin emulsion glues
are reduced seriously at 160° F. One of thelr most ser-
jous limitationsg in woodworking 1g thelr lack of resis-
tance to continuously applied loads (19),

In tests st 0° F. and 65 percent relative
humidity, several of these glues falled to support as

much as 25 percent of thelr ultimate load in shear
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static loading for 10 days. None of the glues would

support 50 percent of thelr load for 10 days, and only
one would support as much &g 37 percent of the ultinste
load for 10 days, Similar jointe with caseln and animel
glues retsined 50 percent ultimate load for at least

10 daye in gll cacses., Lechanical stresses exerted on

the glue joints ag the result of molsture content changes
in normal service apparently caused separation of the
Joints, or independent movement of the adjacent wood
members that resulted in uneven surfaces and cracked

finishes (19).

ECONOMIC POSSIBILITIES

loet of the uses for these glues are found
in fielde other than woodworking, Thelr adventage is
in their versatility. They form bonds with nearly all
materisle such as metals, glass, and thermosgetting nlas-
tics (13).

The polyvinyl-resin emulsions were formulated
as an alternate materisl for the dwindling supply of
cablinet maker's glue and may find some use in that field
(13).

One of their main uges now is for use in mak-
ing thermoplastic-thermosetting combinations to give
greater versatility to the thermosetting resin glues

(10).
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POLYVIKYL-RESIN BOLUTIONS

In solution form, the polyvinyl-resing are
diesolved in alcohol, acetone, ethyl acetate, or other
organic solvents and are marketed as syrups. Thinners
are uged to adjust thelr consglstency to use require~
ments, Several coats of the solution are usuaslly applied,
each of which 1s permitted several hours of drying be-
fore the next ig apolied; and eeveral hours to several
days are allowed to elapse between the last application
and preeeing. The materials are pressed in hot presses
or by other mesns at temperatures of 195° to 320° F.,
with the temperature used beilng determined by the sof-
tening point of the resin. The application of heat
causes the glue to soften or flow, and setting or de-
velopment of joint strength occurs upon cooling, The
necegelty of cooling the work under presgcsure ig one of
the chief objections to the use of these glues (19),

It can be seen from these serious drawbacks
that the glue could have only limited aprlication in the
commercial field., It has not been used enough in the
wood-bonding fleld to afford any definite conclugions

ss to its properties and abilities.
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COMMERCIAL GLUES

All of the data concerning glues in this paper
have been taken from impartial tests on commercisl pro-
ducte., I have not dealt with any particular commercial
glue, because they are proprietary, All commerciasl glues
are sold under trade names, and each company advertisesg
the quality of 1tg glues. Beling s each company stresces
the good pointe of its product, that information cannot
be inserted into a paper of this type theat is dealing
with strong and weak points of each glue, which have
been arrived at by impartial tecste.

It 1s necessary to obtain commercial glues
by use of trade namee. As an a2i1d to buyeres the Forest
Products Laboratory has lssued a table giving the desig-
nated trade nemes of most of the commercial glues and
gome of their characteristice. Table 1 glveg the trade
name of the commerclial glues, and their type, hardener,
form, cleaning solvent, solids content, working life,
agsembly time, curing temperature, and the favorable

molsture content of the wood for gluing.
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CONCLUBIONS

It 1e not known Just how long ago glues were
first formulated, but there is proof that they were in
use about 1500 B.Cs Through the many centuries thsat
glues have been used they were never developed to the
point of being completely free of limitations, With
the relatively development of the synthetie-resin glues,
end their expansion of uses during World war II, it
seems that a completely trustworthy and versatile set
of glues have been found that will permit extensive use
in commercial enterprises.

The dwindling supply of virgin high-grade
timber has mecessitated a search for some way to utilize
the inferior timber products, and the normally waste
materials thet are burned at mille, Glue seemes to be
the answer, and the synthetlc resins are proving their
worth in the wood-bonding inducetries.

The future of synthetlic resins ig¢ very bright
as shown by present trends. The United States Tariff
Commission report for 1946 showed that 12,2 percent of
all synthetic resing produced were used for adhesives

end laminations. Thls amounted to 114,775,000 pounds
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of reein velued at $28,290,000. In 1947 a plant in
Seattle, Washington, produced 15,500,000 pounds of esyn-
thetic-resins, and the demand was 80 great that the
plant planned & future operation on a 7 day week at top
production rategs., Estimatee indicate that the North-
west alone will be using 100,000,000 poundes of synthetic
resins by 1950 in thelr extensive plywood industries.

After purveylng the propertieeg and character-
istice of the verious synthetic-resin glues, 1t 1s neces-
sary to be able to draw some conclusions as to the best
glue to uge for any one purpose, The correct cholce
of an adhesive may be made on the basles of cost, color,
use, and ultimate durabllity., The following character-
1stice should be checked in chooging a glue:

1. Urea Resins
a. Most versatile

b. Lowest cost, approximately 12 cents per mixed
pound

¢, Highly senslitive to electronic curing
d. Colorless glue line
2. Phenol Reslnes
8., lMogt difficult to use
b. Require high curing temperatures
¢, Sometimes require specisl solvents

d. Reddish-brown glue line
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€. A rc easily
f. Coet approximately 12,5 cents per mixed pound
3. Regoreinol Resins
a, Highly adaptable
b. Fasgt curing

¢c. Can be obtsined non-arcing or variable in con-
ductivity

d. Red to reddish-brown glue line

e. Cost 45 to 50 cents per mixed pound
4, Melamine Resineg

a., Fast curing

b. Colorlees glue line

c. Cost approximately 30 cente per mixed pound

For extreme durability, unprotected outdoor

exposures, use resorcinol, melamine, or phenol; for all
general purposes, indoor articles, use ureasg; do not
use phenol for edge glulng with electronic heating,

The gynthetic-resin glues have shown mirsculous
results in extengive apnlicationsg and testeg, The ver-
gatility, strength, durability, and relatively low cost
of these glues have made them desirable and satisfac~
tory for almost any use in the wood-bonding industries.

The qualities of the thermoplsstic glues pre~
vents thelr use to any great extent for wood bonding.

They are not durable under conditions where they may
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come in contact with water or high relative humidities.
One of thelr greatest uses has been in making
thermoplastic~thermogsetting combinations. The combin-
ation increases the versatility of the thermosetting
glueg. They show promise in gluing combinations of
materials esuch as wood to metal, They e2lso form good

bonds between glasees or plastics.
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Figure 13.--Resistance of birch plywood joints, glued with different casein

glues, with and without the addition of pentachlorophenol under (A) continuous
exposure at 80° F. and 97 percent relative humidity, (B) continuous exposure
at 80° F. and 65 percent relative humidity, and (C) continuous exposure at

158° F. and 60 percent relative humidity. .
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Figure 14.--Resistance of birch plywood joints, glued with alkaline and acid
intermediate-temperature phenol resins, under (A) continuous exposure at
80° F. and 65 percent relative humidity, (B) repeated cycles of soaking and
drying, and (C) continuous exposure at 158° F. and 20 percent relative

humidity.
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Figure 15.--Resistance of birch plywood joints, glued with
melamine- and resorcinol-fortified urea resins, under (A)
repeated cycles of exposure to high and low humidity, (B)
repeated cycles of exposure at room temperature and 158° F.,
(C) continuous exposure at 158° F. and 60 percent relative
humidity, and (D) continuous exposure at 200° F. and 20
percent relative humidity.

Z % 7108 p i

BARS : WOOD FAILURE (PERCENT)



RATING OF GLUE JOINT INTEGRITY (100 INDICATES NO DETERIORATION)

100 v“ |
X - HOT - PRESS PHENO,
S, \\\\ S~ S — L
. \ ‘Q\\ _-\‘—_‘—‘\”‘VEEMQ/Q I
\ NN %_@MPERAWEE:PHE_NOL o
|
80 1
\_‘ \k I
\\ \\\\
70 \ =
60 Y < : ;
o
\\\ I
~ |
\ N — 0 | |
50 LY S~ ﬁ
\ \\‘?:9 2 l
\ P ~._ "g€3/ I S ]
40 . ™~ \4/'-\ |
N <\ i
\_ e ~ |
3 : - Cor .
\ \\ \\‘4\0 777 ]
RN | (7
N \\\ \ R %
20 \\ e —r— — _;’_"*: o *’\QS‘J —
R —_ } ‘\4\ K
...,\6‘45[% . 3 S~
—~— | ~ .
/0 S — e — ‘ %.
‘ ‘ ‘
| |
8 o — I I S
o 12 24 36 48 60 72 84 96 108 120
EXPOSURE PERIOD (MONTHS)
Figure 16.--Relative durability of glued joints in unprotected plywood panels
M 71062 F subjected to weathering.

1t



100
90 m{;qu_oyﬂgf_-_—ﬁ--—-—‘"%
s
80— /
A,
60 ‘
7
7
50 //
40 /1,
- r_180°F | —
30 / /}C‘ﬂf S A O S T E| -
’ ’7//’+—
20 -
[ - 7
A
,o./_/;eé - AT 2/0° F J
[ /
z?“' —————_____—4

70

60

50 —p4 HOURS. —=

40 v

DELAMINATION (PERCENT - BASED ON TOTAL LENGTH OF GLUE LINE EXPOSED ON END OF BEAM)
Q

30 ﬂv
/

y . CURE: 24 T _140°F )

OB 6 2 18 24 30 36
EXPOSURE PERIOD (MONTHS)

Figure 17.--Resistance to delamination of glue joints in white oak beams cured
at various temperatures and exposed to the weather without protection, (Q)

intermediate-temperature phenol-resin glue, (B) resorcinol-resin glue.
Z M 71063 F



GLOSSARY

115



116

ASSEMBLY TIME--Period between spresding the glue end
the appliance of pressure. See page 12,

BLEED=-THROUGH~-Glue deposits on the surface of plywood
panelg that result from the penetration of
the glue from the Jjointe during hot-pressing.

CATALYIST--3e€e hardener,

COLD FLOW--Tendency for a glue to give to, rather than
reslst, the stresses exerted on the joint at
normal room temperatures.

COLD=-SETTING--5ee page 18.
EXTERDER--Materials added to glues primarily to reduce

glue coets, Usually make up more than 20
percent of the glue.

FILLERS--lateriales used in glues to modify or improve
their working properties, Usually leses than
20 percent of the glue,

FORTIFIERS--Melamine and resorcinol added to hot-nress
ureass to increase thelr boil resistance.

HARDENER-~Often czlled catalyst. Refers to chemicals
added to thermosetting glues to influence
glue setting.

HIGH-TEMPERATURE-SETTING-~S8e¢e page 19,

HOT=-PREg8g8~-8ee high-temperature-getting,

INTERVEDIATE~TEMPERATURE=SETTING=-5ee page 18,

ROOM-TEMPERATURE-SETTING--5e0€¢ page 18.

SOLVENTS~-Substances used to aid in mixing glues.

THERMOPLASTIC--8ee page 73.

THERMOSETTING~-~-See page 1J.

WORKING LIFE--Time after mixing a glue that 1t remalne
usuable.
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