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A STUDY OF MODERN
WOODWORKEING ADBESIVES

Part I INTRODUCTION
The purpose of this study is to preyent the more re-

cent developments and irprovements in the fleld of wood-
working adhesives developed during the war yesrs and over
the post war period, It will elso cover the newest method
of curing end setting glues through the use of radlo fre-
quency wave lengths.

The crigin of glue dates beck to anclent Lgypt and
the lille, back to the deys of the Fharaohs end eince then
glues have undergone various steges of development (30).
In 1914 glues were used mostly for veneer work and bonde
ing plywood, They were made from cither vegetesble metter,
such es stareh, or frowm enimsle end fish, However, thece
glues were not vwater resistant, and for this resson were
confined to certain filelds, 1In use, the glues tended to
break down over long periods of time and sllowed the ply-
woeod lamina to separate, If time didn't accomplish this,
becterie and fung!i would, being attracted by the high
protein content of the glues (£85).

bven as well sdvanced as the art of gluing is today,
the development of glues and processes in genersl are
undergoing one of the most active research stages in the

history of their development. iAn example of thies might
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well be the extensive developments made on plywood i lues
end gluing techniques alone in the pest decade (30),

ihe use of glue in the fabrication of wood products
brings about a more complete utilization of wood material
through the use of lower gredes, poorer specles, and
smaller sizes of materiael, 1t conserves the supply of
the better grades and of searcer and more valuable spe-
cles for usocs best suited to them., Nearly every article
of glued wood construction represents en economy in the
use of lumber resources (29).

To mest people, glue has slways been £ material se-
cured from snimal, vegetable, or chemical derivetives,
Intended for use in the assembly or repeir of a limited
nurber of products, with verying degreocs of success, and
with little or no asesurence of permarence (°5), [lowever,
today this is not true., With the introduetion of resin
adhesives 1t has been possible not only to improve glulng
methods and reduce costs but slsc to improve the guallty
of the bond and resulting product (30). These glues, de-
veloped in the pemst few years, especlelly the wer yeare,
nct only create & perrenent bond between two substances
but sctually, in meny cases, may even outlive the mate-
riel which they hold together,

Jynthetic reelns, which are the most modern glues,
haeve ccme iInto use as wood adhesives in the peaest 14 yearas

The first resin glue used in this country wos e phenolie
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fiim form whieh weae 1mported from Germanye. Following
this came ¢ whole string of resins ineludinguwesas and
melamines, The most recent and modern of £ll the resins
ere those which have phencl-resoreinal or resorcinsl
bases, These have come into use only in the past five or
six years (24).

Ag Vorld Var II drew to s close, the woodworker had
available a wide choliee of glues, These Included the,
above mentioned, older enimel, starch, caseln and seed
"meal glues, together with & variety of newer adhesiven
of the synthetic-resin type. In thg phenol end melamine
types, sdhesives were avnlilable that sllowed the convene
ient menufecture of highly servieceable plywood by hote
preesing. The resoreinol glues produced cdurable assembly
Jointe at room tempersatures and, by the use of the inter-
mediste-tenperature-setiing phencl and melanine resins
end phenol-resorcinol-resin blende, laminated units that
were highly durable could be produced., IHor the first
time In wocdworking history the menmufacturer, by using
the proper glues, was able to‘prnduso Joints that were as
dursble as the wood itself (9).

S5ince the durebility of glues, for most purposes, 1is
sdequate, post war development in adheszives has been
elong the lines of improving opecrating cheraecteristics
and of cutting down the glue line costs,

hmwong the developmenis toward iwmproving operating
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charactericstics or increasingevallability were the poly-
vinyleresin emlsicn ;lues, the seperate-application re-
soreinol resin glues, synthetic resine formulated for use
with high frequeney circuite, further changes in the fore
malation of separate-epplication urese-resin glues, and
new developments of modified bloodealbumin ;lues, The
efforts to reduce giue-line costs have included investiga-
tions on the extension of phenol-resins with corn gluten,
soybean and linseed meel, and with Dougles fir berk; the
extenslon of resorcinol-resin glues with corn gluten, and
continued investigations on the effeet of extending urea-
resin lues with flour (9).

The answer to holding down production costs and et the
seme time turning out quallty work on a competitive basis,
lies 1in the utilization of better methods and improved pro-
cesses (28), VWith the edvent of the radio frequency equip-
went for use in gluing, it has been possible to bond thick
sections and irreguler glue line surfaces thet would, under
other conditions, be imprectieal, uneccnonieasl, or even
impossible (30),

The study will be precented in five parts. The first,
to deal with tests used to measure the strength of varilous
glues, The second section will present conditions necess-
ary to produce good-quality Joints, The third part will

coveyr the resinous types of glue, their manufacture, and
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their uses., The fourth part will deol with the non-resle
nous types such as casein ylue en’ vlcodeglbumin glue. Fi-
nally the fifth section will discuss pertinent facts about
high frequency gluing and the glues used in connection with
it.

This study is entirely empirical end will not try to
cover the chemlcal or physicel theories behind these adhe-
sives or methods cof adhesion.

Part 11 STRENGTE TESTS

Comparatively little vork has been done on the devel-
opment and stendardization of testin: wethods Hr determine
ing the fundementel physicrl properties of adhesively bone
ded joints (27).

At present there are only two widely used rethols for
testing sdhesives. They ere the bloek shear tor! nnd the
plywood shear test,

Blook :‘hear Test

The block shear test iz the metlod most widely used
for evalusting the bonding strength of gluer to wood., The
specinen is broken by the application of a cowpressive load
The following procedure is used in meking blocic shear tests
(1) (20) (See Fig 1)

(1) Use suger maple selected to obtain nateriel of e

specific gravity of et leest 0,85 (oven-dry weight
and volume), of streipht grein and free from do-

‘fecta, Condition to a roisture content of about
7 percent,



(2)

(3)
(4)

(5)

(&)

(7)

(8)

(9)

The

ply wood
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Cut the material into pleces sbout 1 b{ 2,5 by 12
inches or of other such width and length as to
provide et lesst four speecimens of the dimensions
of 2 x l=3/¢ = 3/¢", Surfece the pleces smoothly
to & uniforr thicknese and glue promptly after
surfacing.

Glue at lesst two Joints for each test,

Follow manufacturer's directions in mixing the
glue. Velgh ecmponent parts., Lo the gluing
during the second hour after mixing.

Spread the glue evenly on one of the two pieces
at the rate of about 355 grame of wet glue per
squaere foot of glue jJjoint and ep;ly pressure unie
formly to the joint when the glue is the proper
conelstoncy. The quantity of the spread can be
cdeternined by weighling the pleces imnmediamtely be-
fore and after spreading.

spply & pressure of 150 to 200 pounds per sguare
inch and leuve the tests Dloecke under pressure not
leas then four hours end condition them for six
additionael deye et room tempersture before testing

Cut the blocks into epecimens and test on a Uni-
versal testing mechine equipped with a shearing
tooles 4pply the load te the speciwens et a rate
not grester tien 00,0125 inelr per minute.

Record for each specimen tested the breaking load
and approximately the percentage of wood fallure
ocecurring over the glue line erea., Corpute the
breaking loed in terms of pounds per square inch
of glue-line ares,

Feject the glue if the average bresking strength
of the joints is less than 2800 pounds per sguare
inch, VWhenever a specinen falls at a loed of less
then 2800 pounds per sguere inch end the fellure
cecurs 50 percent or more in the wood, the speci-
mén will be disregarded in computing the average.

¥ d Shear Tes
plywood shear test speeimen conslsts of & threee

leminate in which the grain of the center ply is

- e = . W



Bl T . —

& = s . & Tare ¥ S otalalE s o e e SR

o

at right angles to the two-fnce plies, The specimen 1s

prepared by milling a groove two-thirds through the core

on each of the face plies, The speciwmen is broken under

2 tensile load in special grips (27). The following pro-

cedure is used in making plywood shear tests (1) (20)

(Uee Fig 2):

(1)

(2)

(3)

(¢)

(5)

(¢)

(7)

(8)

(9)

Glue at leoast 4 threee-ply penels with the grain
of the face plies et right angles tc that of the
core, Use one-sixteenth inch yellow bireh veneer
selected for firmness, streightness of grein, and
freedom from defects,

Bach psnel should be of a slze sufficient to proe
duece at lesst 10 specimens. 4 penel messuring 4
inches with the grain and 12 inches acrcss the
grein of the feees 1s a convenient size for cut-
ting the re. uired number of specimens,

Condition the veneer to a moisture content of
about 7 perecent,

Follow the mamufecturer's directions in mixing
the 81119 .

Glue one~-half of the penels at the end of the fir-
st hour after mixing the giue and the other half
at tle end of the {ifth hour after mixing,.

Glue the plywood under earefully controlled con-
ditions,

iLeave paunels under pressure for at least three
hours and then condition them for at least three
additionsl deys st room tempereture before testing,

From each ponel cut ten specimens, Humber the
specimons from eanch panel suecesnively from one
to ten.

Teat in the dry condition the odd-numbered speci-
mens from each panel in a cement briguette testing
wachine equipped with specisl grips., Apply the
load to the specimone at a rate between 600 and

L =
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1000 pounde per minute,.

{10) Soak the even-numbered specimens in water at
room tempereture for 48 hours end then test them
es soon @8 rewoved from the water in the same
mermer &8 described in sub-paragraphs 9 sbove.

(11) Record for each specimen tested the breaking lodd
and the approximete percentage of wood failure
occuring in the test,

(12) heject the glue if the average bresking strength,
eitbher wet or dry, ie less than the specifiled
values (at present 340 pounds per sguare inch
dry and 140 pounds per syuare inch wet)., "hen-
ever a specimen falle at & load less than the
specifled value and the failure ccours 50 percent
or more in the wood, the specimen shall be dis-
regerded in computing the final sverage.

In teeting glued joints in sheer it is very difficult
to ettein pure shear conditions, Iience, a variety of wmeth-
ods, other than the two just montioned and deseribed above,
have been proposed for the determination of this property.
Jome of the methods which have been used will be briefly

reviewed (27).
Single lep Joint Shear, The single lep joint specimen has
been widely used for the messurement of adhesion to metalis,
The specimen ls broken under s tenaile load.

uble J & The method wee developed to overe
come the uneqgual distribution of stres:zes encountered in
the single lep Joint speecimen,
scerf Joint thesp, This specirven 1s difficult to prepare
but the shesring stressee developed in the glue line are
more uniform then for eny other type of shear test., If
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the two edherents sre of equal modulus, the single scarf
joint 1s sdeguate, The specimens are broken under a tenslk

load.

Cylindricel Single Shear. This test was used by licBaln %o

reduce the smount of wood failure in the glue line, Dy
neans of a special adjustment it is pcssible to very the
angle 0. It was found that the rost reproduclble values
were obtained when O = 6,0°, The specimen is broken under
a compressive load,

Johnson bUouble Shear. This test conalsts in rigidly clamp-

ing the outer sections of the specimen in the shearing tool
and spplying & compresesive loaed upon the shear member wilch
applies sn evenly distributed load to the centrel portion
of the specimen. It is necessary that the two glue lines
be sccurately placed in the shearing planes of the instru-
ment, <Thus very cereful machining of the speclmen is re-

quired for reproducible values.

Cylindrical bouble Shear. This method is similer to the

Johnson test. The essential difference is that the cylin-
drical specimen ls broken by a tensile load,

4 speclel test may be made celled the tensile strength
tests This test messures the tensile strength of an ad-
hesive rather then the shearing strength, The test speci-
fies that self-alining grips shall be used in order to

assure loading exactly normel to the glued surfaces (27).



Fart 111 USE & WORKING CHARACTERISTICS

The production of high quallty glue Jointe in wood proe-
duete reyuires the full recognition of ell the fectors that
may enter into jJoint guelity., This 1s as necessary with
synthetic resins us with the older ;liues of animal and vege.
teble origine The resin edhesives vary with respect to
such factore se storege life, preparation for uege, working
life, rate of spreed assembly time, moisture content of
woud, and during temperatures,

Storege Life

The storage life of glue verics from e few weeks for
some tc & number of years for others, The higher the ten-
perature the slorter the storage life, The most pronounced
chonge in the reeln sdhesives occurs in thelr working life
tglue-pot 1ife) (19),

The form in which the glue is mariksted has a great deasl
to do with 1te storage life, Liguid resins in some cuces
ruet be stored under refrigereted conditions., Fowdered
glues reyui.ec storage in tight conteiners and in dry ploces
so they will nct ebzorb any moisture end ceke, The storage
life of powdered ureas is longer than thet of the liguid
form, however, powdered uress without cetalysts (hardeners)
lest ionger 'Lan those that contein this ingredient, The
we. .ine pewders beheve in rmeh the sane wmenner as the

urcuse The storege life of high temperaturc-setting resing
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tend to be longer than thet of intermediate-tempereture-
setting recins of like kind., Resorcinol solutions usu-
ally have a very long storage life in tight contailners
from which the solvent cen not evaporate.

Preperetion For Use

The proportions of ingredients (resin, hardener, sol-
vent, etc.) should be accurately measured., Foams, lumps,
too thin, or too thick & conslstency can be as harmful to
the . uelity of a joint made with a resin giue as to joints
made with starch and casein glues (19),

Viorking Life

The working life 1s the time after mixing that the
glue remains usable (glue-pot 1life). For resin adheslves
it varies from & few hours for some to days or weeks for
others (19), becoming shorter as the tempersture rices.
The working lives of resins slso shorten as they epproach
the end of thelr storage life (4).

In generel, it has beecn found that high-quality glue
Joints can be produced so long as the glue can-be readily
spread, although the aasgmbly time may be affected by the
length of the working life., Because heating accelerates
end cooling retards the setting reaction of thermosetting
glues, thelr working life can be increased by being kept
cool (19).

The working 1life of & glue can be tested by preparing
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o small betch in & beaker ﬁnd cbeerving the time elapse
between the mixing of the glue snd the thickeniny of the
glue to a point where 1t is no longer spreedable (4).
H 3 5 o

The rate of spread verics among glues snd that wmost
deelradble depends on the esmount of sclid content in the
glue end the spocles an! type of materiel being glued,
Because of the higher solld content of reain adhesives,
wet spreads are usually lower than those required with
cagein, soybean, stareh, or enincl glues, but this differ-
ence 18 not quite so greet when reduced to a dry glue
welght basics, Although most resin sdhesives can be brush
spread, 1t 1s poscible te obtein more unifeorm results with
less glue by using mechanical spreaders with rubber-coated
rollers (19),

Appembly Time

Assorbly time is the period between spreading the glue
and applyipg the pressure,

It 1s celled "open assembly", if the surfaces spread
with glue are open to the pir, If the surfaces are in oon-
tact 1t 18 & "closed arsenbly”, Ilaximum permissable closed
assenbly tirves vary from es little as 20 to 30 mimutes for
room-torpereturs-setting, urecss to as long a8 several days
and longer for some hotepress phenols end welemines, Fer-

wissable open assponbly times are ahorter than closed assem-
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bly periods, often only one-helf as lonﬁ (19).

Besin glues dAlffer wore with respect to asserdbly pere
lode then do animal, starch, and ocasein glues, As with
older glues, however, the periods ere cifected by suech
factors as the wolsture content of the wood, the tempera-
ture of the wood end gluing room, the age of the glue in
the pot, and by whether one or both surfaces are coated
(19),

Casein and urea-resin sdhesives, which permit short
assembly periods, can be used as long as they are spreed-
ableo., Some phencls have agssembly timee much longer than
their working lives, whereas resoreinols have an assembly
poriod little more thsn the working life (4). The eassembly
tine becomes more oritical and usually must be shortened
as the glues approach the and of their working lives (19).

loet glulng oporﬁtien& involve combinations of open
end closed assemblies, and the allowable interval will
usually fall between the 11m1£a for closed end cpen asseéne
blye In order to estimate this sllowable limit 1t ie
usuelly sssumed that one mimate of open assembly is eqgual
toe two winutes of closed asseubly (4).

lolsture Content

The moisture content of wood at the time of gluing ls
wore important with some resins than with others (1336),
however, most glues are cepable of producing goed jJoints
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over a wide runge of moisture contents (4), bBut moisture
content should be contrclled through proper sessoning
rractices if satisfectory results are tc be obtained,

Uniformity of moisture content betwe-n larinations
slued 1s important. Optimum results sre obtained with
rvost resln glues within the range of ¢ to 1l per cent
volsture econtent (19).

4olsture contrel is to minimize shrinking, swellln;,
end stresses which ceuse wurping snd failure of Jjoints or
of the wood neur plue Jjoints (4).

Curing iempersture

Sulteble curing temperstures for resin gluees vary
from e minirum of 70° to 75°, for room-tempersture-set-
ting, ures-resins, to £r0° to 320°F, for some Lot-press
prenols. The rete of setting for sll therrosetting glnes
cen be greatly accellersted by the uese of higher teupers-
tures (19).

Since roome-temperature-setting edhesives continue to
cure aflter the source of hest 1s rerncved, it is pos:zible
to remove pressure and handle Jolnte before cowplote
curin. has resulted.

Surfece Condition

The condition of wood surfaces 2t the time of pgluing
is importent, Irregular surfeces thaet result in thiek
glue lines, crushed surfeces vith weckened filers adjacent

to the joints, end glezed contamineted, snd other defects
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are &s objectionable when using resins as with animel and
vegetable glues (10),

lumber surfaeces should be ecleen, smooth, end sccur-
ately machined, so theat snll parts involved in any Jjoint
will come euslly Into direct conteet with each other,
Wcod should be surfaced wvhen dry, preferably just before
gluinge. Thie avoide the chance of warping or twisting
by further drying (4).

There iz no cobjection from the standpoint of glue-
abllity to sending the surfaeesn, snd sanded plywood may
be giued with good results, Ilowever, sanding uey produce
irregular surfaces which will not be close fitting (4).

Gluing Fressure

lieceasary pressures very more with the product or
article being glued then with the glue, Fressures must
Le sufiicient te bring the members into close contact
end to hold them in this positicon during the setting per-
icd, or until glue is strong enough to hold them (19),

lon-uniform pressures commonly result in wesk and
strong arces in the same Joint, The prineipal ceuses of
unequel pressure on joints are:

(1) Irreguler surfaces of the pleces belng glued.

(2) Uneguel dimensions of stock.

(3) Varped stock.

(4) lvproper spueing of clemps, nails, or other pres-
sure devices,
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(8) Leformetion, deflection, and other inmperfecticns
in press, clan.s, or othor equipment (4),

%he pressure should not be great enough to cruel the
voodes In generul, the pressure reyulired with recin ginos
is deteruined more by the thickness of the leminstions,
the specles cof vood, and the nasture of the eceserbly, than
by the glue (19),

Part IV _RESINOUS /DHESIVES

The term “synthetic resin” first deseriled cremicel
corpounds that pesorbled natursl revins in thelir general
sppearance, Several of these synthetic resins hive foumd
videspread epplicetion as woodworking glues., Thelr use
bes resulted in improved perforrance of meny gluodewood
products, has facllitated the cdaptation of euch uaterlals
to nev uses, and has developed new wood products. FYlyweod
for exterior uses such es elreraft, setructures for use
under severe service conditicns such as leminsted ship
keels, and rudlo muets for troplesl use, are enong the
many products vhose performence has been feeiliteted and
1o,.roved through the cppliecstion of synthetie resin glues
(19).

Before entering into & discuss=ion of the resins them-
selves, 1t nay be well to scyuasint oneself with the other
ingredients whiceh go to meke up the completed ;lue, such ase

herdeners, fillers, extenders, solvents, and fortiflers.
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It alsc might be well for one tc understand sometiing of
thie working choracteristies of these glues and of the teats
whieh are mede upon the cured edhesive,
Gomgosgtion

in preparing resine for use as adhesives, the reacticn
between the chemicals 1s stopped in an intermedicte stage
(17). The intermediste product, ususlly sn equeous selution
nuy be spray dried (powder form), concentrated to & viecous
eyrup (solution or liguid form), or used to impregnete
peper (£ilm forn) (19),

The formation of the finml resin is conpleted throu:h
the cpplication of heat (high temperstureegsetting or hote
press resin glues ), by the setion of speciel hardeners
ti:at are edded (cold or reom tenpersture setting resin
slues) or by mesne of both (19),

Heydeners

Lerdeners are often celled catalysts, and are irmporiant
Ingredients of all therrosetting resin gluess They influ-
ence the adhesives' rate of setting srd the temperatures
et which curing or setting oocurs.

The term hurdener covers such matericls as scids, elke-
liens, acid salls, formeldehyde and peruformeldehyde, The
eclds, seld sslts, and slvalles sct melnly ms catalysts,
but fermaldehyde and peroformeldehyde enter inte the re-

sction es netual ingredionts of thr recin (19),
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lardenere may be asdded to the glue by the manufecturer,
an exemple might be powdered, roome=temperature-setting,
ures forwaldehyde resins, or maybe furnlshed es sepsrate
powders or liguids to be andded et the time of wnixing tihe
adhesive (19).

Fillers are often in mixture with the hardenecrs, in
order to modify or improve the working properties and rpere
formance of the glue, Fillers mey be one or o ulxture of
the fellowing; walmuteshell flour, whest, or rye flour,
starch, finely ground resins, Louglese-fir berk, vegetable
and enimel proteins and incorgenie naterisls.

& material 1s & flller se long os it 1s of such & nat-
ure and is present conly in such quantity as to improve the
guality of the glue Joint without secrificing durabllity
(18)s After a consultetion with representetives of the
glue memufecturers, the upper limit in Army ond Hevy aero-
nautical speecificetions was set at 20 per cent of the
welght of the dry resin for all resins (21),

Addition ef too much filler, of the above mentloned
types, may lay the glue line open to attack and breakdown
from wolds and bacteria se is the cese with casein und soy-
beun glues, This is due to the fact that food materials
sultasble to these miero-orgenisme are prerent in sufficient

quantity in these fillers.
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bxtenders are primerily intended to reduce glue costs,
and they normally make up a larger percentage of the glue
then fillers (19), Fillers, if used to excess, mey be
considered as extendore,

in the sddition of extenders, the problem ls the seme
¢s with fillers, it 1s agsin one of adding sufficient in-
expensive extenders to reduce significantly the cort of the
glue 1line, without erfectiﬁg the working properties or re-
ducing the quality and durebility of the joint (9),

The use of extenders beceme important soon after the
intreoduetion of synthetic resin giues, but it 1s not limi-
toed toc these edheslves. liaterisle for the extension of
enimel and ceseln glues are elso available. The greatest
use of extenders, however, hes been with resins and since
the wor developments hove concentrsted on that fleld (9),

It hes been shown that soybean meul, linseed meal, and
corn gluten may be used to extend phenol reesins, York in
tids line has indlecated that high protein centent and leow
water-aboorving enpoclty ere desireble properties in ex-
tencers, that the extender be low in wrter-soluble conatlie-
tuents, end that the resin should be low in éolaoulsr
weight (5).

bougles-{ir berk hes been developed s sn extender for

phenol-resin, It is e nroportloned blend of the three con-
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stituents of tree berk; ccrk, bast fiber, ond aworphous
powder. 7The finely powdered bark is first thorcuzhly mix-
ed with alkall, heated, and then cooled before mixing inte
the resin (9). English walnut shell flour is clsc videly
used as an extender for resin glues and lately It .as been
found thet & black walnut product will serve equally as
well, DBlood-albumin adhesives are also used es extenders
end fillers for reasin glues,

Solvents

Solvents are incorporated in glues msriketed in liquid
form, end they are added during the mixing of powdered
glues. Water ls the nost common, OSome glues, however,
contein aleohol or acetone as thelr solvent or thsse must
ve sdded, usuelly along with water, in preparing thege
glues for use (19), .

Foptifiers

Fortifiers ere used primarily to ineresre the boil re-
slstance and durebility of hot-setting ures resins. Forti-
fiers 'in coumon use for this purpose are melamine and ro-
sorcinol resins (19),

1 5 tic liegin O

Synthetic resins are ususlly divided into two general
groups (19),

(1) Thermoplastic - These resins soften when temperae

tures are reised sbove & certein renge cherecteristic for
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esch resin, 7They have foun?d lirited use in special pro-
ducts, the utility of which is not hempered by the soften-
ing of the resin at high temperature,

(2) Thermosetting - These resins harden by en irrever-
alble condensation reaction and wlll not scften even when
tenperctures exceed the originel setting temperature,

The maejority of the more importent syntheticeresin,
woodworking sdhecives belong to this last montionad'group.
As implied by thre term, therrosetting, thelr curving if
effected by the ap,lication of heat. These resins mey
cure slovly end soretimes unsetlsfactorily et temperstures
below the rsnge cleracteristic to the adheslve, but the
rate of setlin; con be greatly increased Ly inereasing
tempersture ranges (1336).

The resins in both of these general groups are further
classified cccording to thelr conpoalition, setting teupere
tures, and ae te whether fortiflers or extenders are used
in them,

The lmportent resin sdhesives ere usually oleasified
&8 follows (19)3%

1 Thermosetting-iesin ichesives,

Ay FThenoleformeldelyde; « Ineludes rotepress,
internedlate-temperature-setting, wodiflied, snd ex-
tended phenol glues,

B. Uren=formeldehyde; « Includes hot-press, room-

temperature-astting, modified, and extonded phenol
gl“ﬂﬂ .
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Ce Resoreinol formsldeliyde: - includes rooum-teme
perature-setting, end cold-tenperaturo-aettin& resore
cinol glues,

U, delemine formaldehyde: = Includes hot-press,
and internediste-temperature-sotting melamine glues,

II Thermoplastic-iesin Adhecives

Ae rolyvinyl scetate: - Inecludes solutions and
emulsions and opecial modifications with rubber ther-
mo-gsetting resins, and other Iingredients,

B, Tolyvinyl butyralt - Includes solutions, emule
silons, and speclal modifications with rubber, thermo-
sotting resins, and other ingredients.

4 number of synthetic-resin glues have been developed
for Londing wood and wood products to metel, plastiecs,
and other meteriels, 7The compositicn of these asdhesives
is not generally known, slthough some of them ere thermoe
setting, thermoplastie, or thermosettinge-thermocplastic
uixtures,

I3 -t 4\ €

Yhenole-resin adhesives usuelly fall into two general
groups; (1) hot-press or high-tenpersture-setting, and
(2) intermediete~terperature-setting., Iin genersl, those
adhesiver which eure at temperstures sbove 210° F, are
considered high-temperature-setting and those whieh cure
between 80° F, and 210° F, ere eslled interrmediate-tempera-
ture-setting.
Lot-Fress Fhenol Kesins

These adhesives are generslly merketed in three forms:
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(1) a8 8 resin-impregnated paper film, (2) as dry powders
end (3) as weter or sleohol noluéions. Seperate hurdenem
ere usually supplied with the powder and 1liguild forms for
addition to glucs when they are used,

The dry film form is extensively used in the ranuface
ture of eireraft plywood. 1t is very good for thin ven-
eers, beceuse there is no spreading problem and less
denger of bLleedethrough, %The best wood molsture cortent
is obtained between the renge of 8 to 1 percent (1), &
rolsture content too high mey csuse blirtera and exce: ive
bleed-through; one which is too low will result in dried
jointe of low strength (19),

Veneer astoek should be sreooth sinece extrs glue cannot
be sdled to teke care of roughness or irregulsrities (1).

The veneer ond film mey be assenbled quite some tine
prior to pressing. lowever, when the pressing begina full
pressure must be reached quickly sc e to avold precuring.
The teuperature of the pletens srould be between 280° F,
and 320° Fe for this type glue, Fressurees usually depend
on the type end species of meterisl, renging from 100 to
140 pounds per syuare inch for besswood and sitie spruce
up to 200 te 200 pounds for yellow bireh &rnd hard maple,
dojisture lost from the wood in the progessz mey be replsced
by eprayin; or dipping the psnels in wanter (12).

iiguid phenoleresin glues are widely used in making
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plywood for marine end other exterior uses where dureble
bonds are needed, !lerdeners and flllers are often added
during mixing. Host of these glues are aslkaline in re-
action and are applied by means of mechenical spreaders
with ™abber covered roliers, Hoiesture content control is
not quite es exsoting and percentages may run from 1 to
12 per cent, however, some blistering mey occur abov. §
or 6 percent rolsture content (1) (19).

Assorbly tinee of these hot-press phenols vary greatly
from less then en hour up to as long as & week, Long
assewsblies are preferred for beog-molding procenses dbut
in flat piywood manufacture short sssembly period of a
fev minutes to ar rour are much more suitable (19), Some
of these liquid phenols require the same curing tenpera-
tures as needed by the films 280° F, to 310° Iy FPressures
are simllar to those used for film forms (19).

in some canes hotepress phenol adherlves heve been ox-

tended with blocdealburin in en effort to lower glue line

costa,

This type of phenol ;iuo is of a more recent origin
than the hotepress type and hes been developed tc f1il
the need for durable glues thet cen be cured at terperse
turce of 210° F, or less (4). The curing of these sdhe=

slves wmay be eccelerated grestly by terjeratures above
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200° F, and ot 240° F, to 300° F, they may set in a few
rinmutes (19),

These reeins are marketed as powders or liguids, with
separate hardeners, OSowe filler, usually walmut-shell
flour, 1s often mdded with the hardener (4) (19), These
glues may be alkeline or ecidie. Alkaline or neutral re-
acting glues are usually preferred sinece acidie zluss tend
to deteriorate and weaken the wood adjacent to the glue
line (31).

The ususl working life of this type of sdheslive is
2 to & hours at 75° F, Assembly periods vary, but nost
of them permit 1 to 2 houre of closed egsembly at 75° F,
Since most of these reains ere used for laminsting heevy
members, double spreading and spreading both surfaces s
cormonly practiced (19). ’

Holsture content ir not overly eritical and these
glues appear to perform well on wood with £ to 20 percent
molsture content, however 8 to 15 percent seems to produce
the strongest joints (4) (18). A gluing pressure of 150
pounds per squere inch 1s usually recommended ss the minle
mur for leminating (19).

loometerpereture (85° F, to 809 F,) or eold-setting
phenol resine (below 68° F,) thet ere satisfectory for
general use have not yet been developed (4¢) (19).
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Well mede and adeguately cured phenoleresin edhesive
Jointes will withetend, without delamination, prolonged
exposure to cold and hot water, cycllie sosking end drying,
continuous or elternately high and lov temperatures and
both high and low relative humidiiks (4).

These glues &re highly resistant to dry heat, They
will breskdown only when temperatures near their lgnition
point, which 1s ebove the temperature at which wood chars.
For this reason, plywood made with a phenol adhesive will
not come spart when exposed to fire (1v),

Fhencols are not weakened by molds, bacterla, or other
miero-organisms, lowever, this does not mean that these
glues wlll act as preservatives end protect the adjacent
wood from decay,

Completely cured joints are also resistant to solvents
oile, anclds, slkelies, wood preserveotives, and fire retar-
dents., In genersl, jointe maede with these glues are diffi-
cult to destroy without destroying the wood 1tself,
Urec=fiesin idhesiveg

Urec=resins vere introdueed into the woodworking
industiry shortly efte» phenols essumed importance and are
used extensively in making hardwood plywood.

Urea-rosin adhesives are placed on the m:rket as powe
ders or lliguids, %ith the powders, hardeners may be ine

cluded or may come separate; in the cese of the liquids,
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berdeners ere almost clweys separate (19), The water sus-
pensions usually have 60 to 70 percent solids present (18),
Fowders usually have walnut-shell flour as & filler and 1t
may be gontained in the hardener. & powder with & separsate
herdener ususlly haes a longer storage life than a liquid
urea or powdered with incorporated herdeners (19).

ost urea adhesives are umade for use et room tempera-
tures, however, some are formulated for use at higher teme
reratures end are known as hot-press uree resines., oUne of
the chlef differences between these twc 1s the swount of
hardcner which 1s incorporcted in them, Ilardeners arve
either acide or scid-forming salts and the glues tend to
have an acidle reaction, lower temperature-sctiing reslns
usually beiny more aeid then the hot-press type (19).

dany of these adhesives can be and sre cxtended by
the ad ition of wheat or rye flour, these glues are termed
extended uree resins, iHaterials such es melanine and re-
soreinol resins ere added to hot~press ureas to act as fore
tifiers and incressc the resistance of the udhesive bolling
woter and high termperatures (19). This treatment 1s some=
tives crlled "eoragee-proofing” and tends to delay the resine
erystallizing (#4)., Ures-resin glucs trested in sueh e
manner are commonly called fortified uree resine, but wmey

sometimes be referred to as oraze-resistant urea gluee (7).

Hot-iress Uree lesins
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The working life of hot-press urea resin adhesives
is usually sbout 8 hours or more, Asseunbly periods for
these glues ordinarily esre not coritical and mey be variled
over wide limits, Uome may have sn open assenbly time of
24 hours or more (19).

The moisture content of veneer 1s not a eritical con-
dition with hotepress ureas, however, too high a percen-
tage will cause some blistering ss with the phenols (1),
These glues mey be spread with a brush but mechanical
spreaders seem to do & better job. iHeavier spreads ere
needed with rough or irreguler veneer (19).

ilost hot-press ureas cure at temperatures below those
required for hot-press phencls. A renge of from 230° F,
to 260° F. is recommended for platen temperatures. Fres-
sures are simller to those¢ used with phenols elthough cur-
ing times depend on molsture content, species, thickness
of veneer, number of glue lines, ete.,, they will renge from
5 to O minutes for 3/16 inch panels or less to 8 to 15
minutes for paneles with 1/4 inch faces on 1/2 inch cores
(1336).

Room-Temperature-Setting Urea fesinsg

These glues cure or set around 70° ¥, or above, They
show good resistance to cold water but deteriorate badly
when placed in hot water,

The moisture content of the wood is more eritical than
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with the hot-press types and the best jJoints are produced
on wood at 8 to 12 porcent moisture content then at 5 to 6
percent or lower (4).

The working life of these glues ie very dependent on
the temperature of the adhesive, 1n general, the higher
the temperature, the shorter the working life. In hot
wveather the working life wmay be increased by keepling the
resin in 2 weter-cooler container at about 70° F, or 75° F,
(1) (19).

Agsembly periods are criticsl and range from & maxi-
murt of only 20 minutes if entirely closed, to 10 minutes
if entirely open. ilost operations consist of open and
closed essembly. Generally, one minute of open mssembly
ecuals two minutes of closed nssembly. These porlods
should be decreased 1f vood is very dry or the tempersture
of the wood and gluing room are sbove 75° F,

#inimam pressure perlods dernend on the type of mate-
rial and tenpersture at 75° F, four hours of pressure
were needed for thin stralight members and 5 tc 7 hours were
needed for heavy or curved units., In no case should the
pressure be released before the squeeze-out is hard (19).
bxperiments have shown that increasing the temperature
grestly decreases the time that the jointe require in the
press (12). The required time can be reduced approximately

one~half for every 10° I', increase in the terperesture of
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the glue line above 75° F, (19).
txtended Ures Kesins

These glues have had large amounts of wheat or rye
flour gdded to them in order to rsduce glue line costs,
Both hot-press or room-temperature-setiing ureas mey be
extended, Flour will impart some adhesliveness when hot-
pressed, These glues are generslly more viscous thaen the
unextended types (19).

The amount of flour extension varies, but it is pri-
merily determined by the type of product being manufact-
ured and under wint conditions the product will be used.
The most common range of extension is from 25 to 100 per-
cent (25 to 100 parts flour to 100 parts of dry resin )
(19).

Langer exists in adding too much flour or in exposing
extended resins to conditions favorsble for fungus end bac-
teria attacks, Experiments have shown that under proper
humidity and tempersture conditions resins extended with
more then 25 percent flour deteriorated very rapldly due to
micro-orgenisms. However, resistance to molds and bacteris
may be Increased by adding chlorinasted phenols in amounts
equal to 5 percent of the flour weight.

Since these glues usually contein more water then une-
extended typcs heavier spreads are necessary., Assenbly

periods are generaily shorter elso (19).
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FPortified Urca Kesins

These ureas were developed to improve the resistance
of hot-press ureas to boiling water end conditions of high
temperature and hipgh humidity. JSuch glues are sometimes
called eraze-resistant.

Bergin found by experimentation that at temperatures
of 194° F, and 65 percent relative humidity normral urea
adhesives broke down very rapidly. However, the craze-
resistant gep-filling ures glues, although inferior to
casein glues, gave test results comparable to them (7).

The resistance of these glues can be greatly lncreased
by the sddition of melamine or resoreinol resins. There
appears to be a close correlastion between the resistance
and the amount of fortifier sdded. Yhen 40 to 50 percent
of the total welght of glue sollde consists of a Tortifier,
the boll resistance may approach that of the melewmine, re-
sorcinol, and phenol adhesives (10).

The use and working characteristics are similar to
those of the hot-press urea resins.

The ureas as a group are low in durebility (with the
exception of those fortified) under conditions involving
moderately high temperatures, especially when high humil-
dity is also present (4). Considersble weakening of ures-
resin glue Joints occurs under dry conditions at 1600 F,

and thelr rate of strength deterioration 1s even greater
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under molst conditions at this temperature (24).

When these joints sre erposed to fire, they faill be-
cause the glue 1= destroyed st temperstures which char
the wood, thus allowing the plies to separate (4),

In genersl, well made, new, ures-resin glue Joints
aere characterized by high originel dry strength, and good
to felr resistance under tcst conditlons to continuous
sogeking in cold water, cyclic sceking and drying, contin-
uous high relative humidity, and alternately high and low
relative humidity (19). But as good as ures-resins sre,
their all-around long-term durability has been somewhat
disappointing. GCGenerally speaking, Jjoints mede with urea-
resins do not improve with age (24)., Significant decreases
in strength have been observed in urees-resin jolnts when
exposed to normal room conditions, indicating e loss of
strenzth with aging (4).

These adhesives are not to be conaldered outdated,
Their low cost and easy handling wlll insure their large-
scale use In the manufacture of furnlture, laminations,
and plywood which are not destined for continuocus outdoor
exposure (24).

Melamine-Hesin Adhesives

There are two classes of melamine-resin achezives, the

hot-press type and the intermediate-tempersature-setting

tyre. The latter differ from the former in having & mildly
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acldle salt to catalyze the reaction so that they will cure
more rapildly at lower temperatures (19),

lelamine resins spring from the same chemical family
as urea resins, but are set at elevated tenmperatures only.
They have the advantage over ureas of being boilproof and
high in durabllity (24).

Most of these resins are marketed as powders. They
are prepared for use by mizing with water and sometimes
with the addition of 2 hardener., Fillers are slso some-
times uszed, they consist usually of walmut-shell {lour,

The ecncentratlion of the mixture 1s ususlly within the
range of 60 tc 70 percent solide, sbout the same as that

of most other resln glues. FPure melamines are nearly white
but fillers impart & ten color to them (4).

llot-Fress lelamine lhesins

The working 1life of these resins 1s about 36 hours at
ordinary room temperature, The molsture content of the
wood appenrs to be more critiecel with melamines than with
phenols and better results are usually obtained with mois-
ture content above 6 percent. Ilot-press melamines are not
eriticeal with respect to assembly periods, These glues
generally cure at temperatures of 230° F, to 300° F. but
some way be cured et temperatures as low as 150° F, (4)
(19).

Intermediate~Termperature-Setting lelamine fesins
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The working life of intermedicte-temperature-setting
melamines is about 2 to 4 hours under ordinary room condl-
tions, Assembly time should be less than one hour closed
or 1/2 hour open at 70° F, and less at higher temperatures.
These glues generally cure in about the same tempersture
range as the Intermediate-tempersture-setting phenols,
120° F, to 200° F, (19),

These resins are of very recent origin, most of the
development having talken place since 1940. Hence only a
limited amount of information is avesilable as to their
durebility.

Laboratory exposure tests indicate that melamine durs-
bility 1s similar to thet of phenol resins, Vell made
Joints show excellent resistance to high terperstures, high
relative humlidity, continuous soeking, cyclic soaking and
drying, micro-organisms, and to most chemicels, including
wood preservatives, fire-retardent chemicals, and oils,

The plies of melamine-glued plywood do not seperate when
exposed to fire (4).

Tests indiocate that the durebility of the intermediate
temperature-setting melemine joints is somewhat less than
that of hot-press melamine joints.

hesorcinol-Kesin Adhesives

Adhesives derived from resorcinol end formaldehyde

vere flrst developec in 1943, and are the moet recent of
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all the therucsetting, synthetic resin adhesives (19).
These adhesives ure marketed se liquids consisting of pare
tislly polymerized rerin in a mixture of aleohol egnc water,
Vhen used they are mixed with a lardener, ususlly foruel-
dehyde or pare-formaldehyde. Fillers are ususlly walnute-
gshell flour, These glues are dark in cclor, reserbling
phenol adhesives in thie respect (4) (19).

solsture content of the wood 1s not a criticul fector
and strong Joints nay be produced within the range of 2 to
20 percent ncisture content., OStorage 1lifc¢ is at least w
year and masy be as long as several yeers st room temperae-
ture, The working life of these glues vary from 2 to &
hour's‘ut 70° P, to 78° P, It mey be lowered by nigher tem=
veratures (19).

hssembly periodes are deprendent on the particular glue,
tyre of esssembly (open or closed), number of surfaces
sproead (one or both), and the terpersture. At 70° F, to
B0 F. with both surfaces erread, open assembly perlods of
30 minutes and closed asaevbly periods of one to two hours
have shown good results, These glues cure and set at teune
peratures of 76° F. tc 80° F, Higher temperatures msy be
needed for heavy laminations of dense speecies. 4t room
terperature pressure periods should be uaintained for & to
8 bours (19),

Through experimentation by Dabecock and Omith it ves
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found that corn gluten could be used as an extender for re-
sorcinole-resin adhesives, This was due to 1ts grocter dls-
persibility in the sleohol solutlons of the resorcinol
resins (9).

Investigations to date indicate tim t resorcinol-resin
adherives are comparable to phenoleresins in durabllity
(4)e And because of this high durebility and lovw setting
temperatures, these gilues are particularly promising for
many gluing Jobs where high curing temperatures can not be
used but where glue joints resistant to most deteriorating
agencles are desired (19).

Thermoplastic Resins

The thermoplastie resins that have found use as wood-
working adhesives are vinyl derivatives such as polyvinyl
butyral end polyvinyl scetate. They come in two forms,
emulsified and dissolved.

Yolyvinyleresin

The polyvinyl-resin emulsion was developed as & wood-
working adhesive about 1945, when the supply of animal giue
wesg insufficient to meet demands end a substitute was sought
(9),

. in the emulisified Torm, the pelyvinyl resin is finely
dispersed in weter, It comes as & milky white or brownish
1iguid and vay be used et room terperatures (19), The

. resin appears toc be polyvinyl butyral, aecetate, chloride,
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or mixtures in various proportions. Flestioizers, fillers,
plgrente, end other ingredients mey be present in sdiition
to the resin and water (9),

The type of resin was found to be guick setting like
animal giue, easy to use, has an infefinltely long workling
1ife, and produces an almost invioldle glue line which will
not dull cuttiing tools, For these reasons 1t hao geined
rather wideepread wse (0), However, coagulation in stor-
a6, by evaporation or freezing, must be svoilded (18).

These giues are used at room terporstures. The euring
sctlon talzes ploce oo the weter in the glue diffuses into
the wood, where upon the eruleificd resin coagulcotes, This
action, however, iz partially reversible and the resin may
ebeoord water, partlially redlesperse aen’' soften if it be-
comes wet, Therefore current adhesives of this type have
little water resistence (9). The set resins very connie
derably in hamrminess, the harder the resin the stronger the
Joint (19),

A1l the polyvinyle-resin ermlsion adhesives cre slighe
tly ecid, with pH velues between 4.. and 5,3, oxcept one
whiel: was slightly slkeline, Jo0lid eantent of the glue
rango from 31,7 percent to 58,8 percent (9).

The following clieracterictice of there adlhesives have
beon found to be true: (1) The working 1life 1s Indefinitely
long and the atability in storage in tight conteliners is
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good; (2) The consistency snd the non-volitile content
(generslly between 50 and 60 percent) ere corparable to
other resin adhesivesr; (3) The dry Joint strength varies
widely; (4) The water recistance of the joints is low;
(5) Trermoplastic properties esre indicsted by ceereasing
strength at elevated terperstures end by fsllure to sus-
tein moderate losds over long péerlodes under room conditions
(9).

folyvinyl-raéin Solutions

There resins are dissolved in alcohol, acetane ethyl
acetute or other orgenic solvents and are marketed in syrup
form., Thinners are¢ used to adjust the consistency for use.
Several costs are applied, and several hours are permitted
to elapse between the sprlying of one coat asnd another.
Several days are allowed to elapse between the applicate of
the last coat and pressing (19).

The resins are hot-pressed at temperstures of 195° F,
to 320° F, depending upon the resin's softening point. The
heat caunes the adhesive to flow and setting occurs upon
cooling. (19).

Thermoplastic-resin glue joints appesr to be lacking
in durability under conditicns of swelling and shrinking
of ;lued members. bxposure to temperatures within the
goftening raenge of these ;lues likewise produce marked

strength reductions and mey result in delamination,

Bl e n =i gk i o L
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oepa A tion lesin Adhesives

The prineiple of separete application, or applying
one component to the other surface is not, by eny streteh
of the imagination, new, They were used as carly as 1202
in Germany, en ammoniecal solution of casein and milk of
lime being the components. 4nimal glues and formalin colu-
tions have also been used in this respect. Ilately this

rrinciple has been applied to uree and rescreinol resines

(9),

some of the first room-temperature-gsetting urea resins
used in this country were of the seperate-applicetion type.
These glues heve been more favorably received in burope
and sre more commonly used there than in the United States,
buring Vorld Ver 1I, the inglish develcped glues of this
type which met their aircraft specificetion (9).

Inventigetione made by the Forest Froducts Laboratory
have shown that such herdeners as oxelle, forrmie, and phose
phoric aelds, and arronium chloride, when applled to a
surfaece induce a raepid setting of urea resins at room teme
perature., Tests showed that the joints produced were high
in dry strength and initiel water resistance. In en eoccel-
erated durebility test the jointe proved lese resistant
than those made with one-part ures cdhesives. ‘eathering

tests with verious species of wood showed these glues to

ST BN <
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be equal in durebility (9).

Thece glues moy be the snswer to the cevand for froter
curing glues but until experiments present ecnelusive proof
as to their durebllity end uniformity they will never gelin
wide scceptance,

Separste-ipolicetion liesorginol-hicgin Adhesives

lecently, due to the derand for wore rspld setting,

low-temperature sdhesives, sepsrate-applicetion adhesives
have Leen presented to the woodvorking inlustry besed on
resorcinol reasins,

Limited tests have indicated that maple Joints deve=-
lop sufficlent strength in 20 to 50 minutes to ensble tak-
ing them from the presses, Tests show that these Joints
continue to cure and incresse in strength over & period of
days after removal from the ﬁreﬂeea (9).

informetion on uniformity of jJoints, durebllity, cpers
ting technique, ete,, 1s not evaileble at thie time, If,
however, these adhesives are to compete on the market, with
other glues they must be able to produce strong, durable
Jointe more cleaply end easily then those put out by highe

irequency heating or long-time pressure periods (9).

Specisl resin glucs heve been and sre beliny developed
for the bomdling of wood to wetel, plevtics, and other mate-

riels, These glues may be thormoplastic, a mixture of
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thermoplastic and thermosetting resins, or e mixture of
thermosetting resin and rubber.

These glues may be marketed in liquid and powder form
In 1946, films were being developed but were still in the
experimental and testing stage and had not yet been put on
the general market (26).

Woodeto-metal sdhesives heve tremendous strength, sx-
periments have eshown thut two squere inches of wood and
metal joints have held up welpghte es high se 2500 poundse,
Other glued joints have held vwithout buckling or s=lipping
under otrains which have sheared off normel riveted Jointe
(3).

Yinee these glues are relatively new, little is known
88 to how they will resoct under v:arious exposure conditiore
and durability tests. Lerly data, however, showe promisig
results,

The use of artificial resins as woodworking adhesives
is 2till in the developmental stage with new products and
modificaticns constantly eppearing, Although service tests
over perlods of 3 to 5 years have dexconstreted high resis-
tances to severe exposure conditions, Jjudgement of quelity
and usefulnese of an adhesive rust be restricted to indi-
viduael compounds eince no genersl staterments wlll hold for

the overall field (13).
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Fart V NONeRL INQUS ADHESIVES

Because of the rapid expansion and development of syn-
thetie resine in the past decade ard the nbility of resin
adheclvos to stand up under nearly all kinds of conditions,
adlienives of the nonerecincus type are slowly Veling removed
from the overall pleture, Ihe glues eommonly clasced as
non-rosinous include aniwmsl, vegetable (otareh), cuseln,
vegetable-protein (soybeans), and blood-albumin types. 9f
theso throe, caselin, bDloode-albumln, and aoybean are of
apeciel importance in tho woodworking industry of todey.

The gluos cannot be ealled modern im any sense »f the
woprd, since all were being used in thir country to some ox-
tent crior to 1920, iowever, new uses have becn found
for thece glues, not es adheslives ealone, but 1n conjuncticn
with ths synthetio resin asdhesives, Thoro _lues ~re also
uaed an criteris upon which to determine the relative vel-
ues of the recsinous adhesives., Therefcre a bricl swmery
of thece achesives and their propoerties is in order,

Capelin idhesives

Caseins &s gluen were used in the middle ages. The
uctual manufacturing cf this type of adhesive originated
in elther Syitzerlend or Gommmny in the nineteenth ceuntury
end wes to o limited extent in the United Ctatesn until
101%, Froduction erpanded when water-rosistunt glues were

neciied for slrereft durlng Yorld Wapr I, The use of oasein
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in woodworking industry is of a rather recent dete, about

193-'J {4 J .

ugnufecture & Frepepetion of Cesein & Cagein Glue

The principal ingredient of casein glue is casein,

whiech 18 the chlef protein constituent of nilk and is found
in the ecurd. 7The steps in cbteining cesein are as follows:
(1) The precipitetion of caesein (in curd form) (rom skime
med milk, (2) éashing the ocurd to remove lactic acid and
other impurities, (3) Fressing the curd to remove the ex-
cess water, (4) urying the curd, end finally, (5) Grinding
it into a powder (2¢) (16).

Deslden cavelin, other ingredients of the sdheslve are
water, ‘hydrsted lime, and sodlum hydroxide (15).

These glues ere classified ss "prepared” and "wet-mix?
krepered glues are msrketed as povwders and are mixed with
water when ready to use (20). Adhesives containing sodihm
lydroxide, hycrated lime, end cesein cen be used as "wet-
rix" glues only. This 1s due to the fmct that the hygro-
scopiec properties of sodium kydroxide cause deterioration
end deccmpesition when in storege (15)., lience, these glues
ere made by the user from the various rew materials accori=
ing to prepered forrulas (29).

Use and “orking: Charectepristics
+ry ceseln end casein edhesive in powder form will

keep for lon; periocds of time so long es they are stored in
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& cool, dry place. They should elso be kept in tight con-
tainers so as to aveid infestation by moths (15).
The working life of these adhesives is dependent upon
the following factors:
(1) “he amount of higheecalcium lime 1t contains,
(2) Consistency, whiech depends ont
(a) The time interval between the addition of
each component,.
(b) The amount of water present.

(3) Temperature of the room and water used in mixing
the 81\10 .

As a genersl rule the working life of a glue varies
inversely to the amount of celelum hydroxide present. Al-
80 increased temperstures will tend to reduce the period
of the working life (15).

These glues ray be spread by brush or by mechaniecal
spreaders. The asserbly time i1s determined by at leust
four factors: (1) Welsture content of the wood (usually
3 to 10 percent) (18), (2) Consistency of the glue, (3)
wasntity of the glue applied, and (4) Temperature of the
wood an’ glue (15),

Assembly periods in exgess of 20 minmates should be
avolded when possible in the case of casein glue (16),

IFressures should be great enough to insure a good
Joint and complete contact between the glue and the plies,
however, it should not be so grest s to erush the wood or

squeegze out too much glue, Good results may be expected

Eah v Y
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with pressures of 150 to 200 pounds per square inch., These
pressures should be maintalned enywhere from 1/2 to 2 hours
(15)., These glues will set at ordinary room temperatures
(16).

In general 1t may be sald that in working 1life,
essembly time, pressure and rate of setting these adhesives
are similar to cold-setting uree resins end are subjeet to
approximately the same limitetions (1).

durebility

The maln advantage of casein adhesives 1s thelr water
resistance end thelr ebility to retain strength when wet
(29). THowever, this so-celled advantage has become some=
what questionable in the face of recent laboratory experi-
ments., Contimious exposure et 80° F, and 97 percent rela-
tive humidlty resulted in a rapid breakdown of casein glued
joints (531). In a series of scaking end drying tests all
specimens glued with ceseln glue failed by the end of 15
weeks (8)s. In comparison to vegetable and animesl glues
casein 1s high in water resistance but when it 1s cowmpared
to synthetic resins it 1s very low in this rouuest,

Casein giue joints when kept dry, however, are very
strong, very long lasting, and very dursble (4).

Lxperiments have shown also that under high tempera-
tures (194° F,) and moderate relstive huridity (65 percent)

caseln glues nre least affected., It was also shown that
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cortein urea resins will deteriorate much more rapldly
than will caseins (7).

The deterioration of casein . lucd Jointe s aleo at-
tributed to two other agenta., They are, (1) hydrolysis of
the glue and (£) attacks by micro-organisms, such ss fun-
gus end bacteria (4),

wxperiments carried on by Christensen end .oses (10)
shoved that wuch of the detericration attributed to hydroe
lysie was actuaslly caured by molds and bacterie, The main
wold flors waes mede up of Fepieilluwm breviceule end I,
glasncum together with boeterie which were present 1@ the
glue could cause complete deleminetion in 1 te 3 weoks (10)
. It has been found thet casein adheslives cen be ren-

dered highly resistant to the attacks of there mierc-oyys-
niswe by trestment wilth eertain prerervatives chericels
such as the chlorinated phenols (4). Under the nevere oz-
posure of laboratory tests, tricklorophencl cnd sodium
trichlorophenate were the rost effoetive of tre preserva-
tiver ertensively used (22), Sodlunm ortheophenylphenate
eppeared more effective aguinat the bacteris than agalinet
the fungus and sodluw trichlorophenste prevented any weak-
. ening Ly eitbor wold or becteris (10).

ihe sddition of preservatives tc cesein glues uay

affect slightly the concistency or viscosity of the glue

rixture end the working life, btut in general, those glues
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which contain preservatives are the same as those without
(1),

The herdness of cured casein glues causes dulling to
cutting tools. To date there is no satisfactory way of
relieving this objectionable cheracter (29) (15).

Staining i1s another objection to the use of these
glues. All strongly alkeline adhezives stain certaln
species of wood, If lumber is dry and veneer re-dried
this effect will be reduced. If stain is present it may
be removed by sponging with a 1 to 12 solutlon of oxallc
acid end water (15).

Blood-Albumin Adhesives

Efforts to produce acceptable woodworking edhesives
from bloode~albumin have been carried on for the pest 30
years. Lluring the period of the first world war some ply-
wood was made by hot-pressing glues vhich contained a base
cf blood-slbumin, IHot-press paraformaldehyde-blood com-
pounds have been developed but were never used extensively
in this country (9).

Blood-albumin has been used in ccnjunction with syn-
thetiec resins, as an extender for high-temperature-setting
phenolle resins, llore recent commerecial developments in
the use of blood has been the formulation of an intermedise

temperature-setting adhesive frow e blood fraction. Results
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from early and limited tests indicate very promising re-
sults (9). |

lanufacture of Blood Albumin & Blood Albumin Adhesives

Blood albumin 1itself 1s a slaughterhouse by-product
using generslly the blood from cattle (29). The albumin
is obtzined by processing the fresh blood and removing
the fibrin and part of the red corpuccles end then eva-
porating to dryness below the coagulating point of the
albumin, approximately 160° F. (14).

The glue mixtures are not placed on the market as
dry powders because of the decrease in solubility of the
albumin with age (14)., Instead of the raw products are
usually mixed at the time of using. Other ingredients
going into these glues are'lime, canstic soda, sodium
silicate, and psraformaldehyde, Although the glue may
not be purchased dry the elbumin itself i1s usually bought
in this form (17).

In order to mix dried albumin into solution, it is
necessary to soak it for an hour or more in a cool place
before stirring, After the solution has been obtalned
other reagents and ingredients may be added according to
fornules. The sddition of paraformaldehyde helps to de-
crease both the setting time but also the temperature
(14).

Use and Working Characteristics
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The working 1ife of these adheslves will very from
séveral hours to several days depending on the amount
of ermonie, lime or caustlc soda added to the mlxture
(29).

The glue mey be applied elither with & brush or by
@ mechenicel spreader {(14). Assexbly times will vary
with the consistency of the mixture endé mey run {rom
less thar 2 mimute to as long es 286 minutes (12). To
get these gluer, a temperature of at lesst 160° F, nmust
be used to coagulete the bloond. In order to cut dowm
the pressing period, temperstures of 200° F, to 300° 7,
mey be used., FHowever, temperatures over 2120 F. often
ceuse blistering. Pressures of 100 to 200 pounds per
square inch ere commonly used (14).
iurability

The hot-prese paraformsldehyde-blood glue showed
very good resistance to moisture, Hext to the synthetle
resins they may be considered the most water reslistant
of woocdworking adheslives, Tests showed that epecimens
glued with this adhesive held together for 2§ years and
some as long as 3 years, Lowever, they can not be cone
sidered weterproof since moisture changes over a long
perlod will ceuse complete failure. DLestructive buui-
dities for these glues were between 80 and 97 percent
(6)e
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8ince theee glues ere high in protein content pre-
cautions rmet be taken to prevent thelr deterloration
and decowposition by fungus ané bacterile.

en sdhesives

{ £

Soybeen meal-representative of a large clase of sub-
sTences known &8 vegetable protelns, others are peanut
and cottonseed meal, neve been used consldersbly ae @
raw reteriul and a bose for woodworking glues (15).

These adhesives were first develcped end introduced
into the plyvood industry of the Pacifiec coast where
they bave becn used rether extensively (29). They may
be used slone or in mixtures with cmeein glues (15),

Lecause of thelr high proteln content, thelr glue
making properties and characteristics are much the sane
as thecse of caseln then those of the vegetable starch
adhesives (29),

“hen continucusly exposed to optimum temperatures

and higk humidities soybeen glue joints are rapidly
detericrated by melde, Among the preservatives tested
it was found that the chlorophenols, scodlum ehlorophena=-
tes, orthophenylphenol, and sodium orthophenylphenate
were the rnoct effective in preventing fungus growth,
The addition of these preserveatives did not effect the
wet or dry strength or water resistance of these glues
(235).

although soybean adhesives tend tc be cheap they
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have not yet proven to be completely satisfactory in
cluing all types of wood snd especlally hardwoods (18)
(290). However, they are geining in popularity and are
used quite extensively.
Fart VI RADIO FREGUENCY GLUING
Jperation

The prineiple of Radio Frequency heating may be ex-

pleined as followe, Vhen wood construction or zny other
non-conductive, solld meteriul 1n pleced 1ln an electro-
static fileld throu.h which electricel energy is alter-
nated at hedio Frequeney (one million or more cyeles per
second), the tendency to interrupt the fleld spltetes
thie moleculea of the wood and glue to the sare {requency.
inis egitation csuses moleculsr friction and generates
heet throughout the material, This then is kmovn ae
"dielectric” or high fregquency heating,

The greater the denailty of the material the greaster
the number of molecules which are agiteted and the more
heet that ls generated. As & result, & reterinl of none
uniform density or moilsture content when heated, heats
end drye more guickly in the denver arcas. -ince glue
(11 uild) hes a higher density than wood it tends to heet
and dry faster (i),

l'ower for e kadio Fregquency unit is supi licd by a
rectifler or power supply which converts the lov voltage,

alternuting current (110-220 V,) into & high voltage

POREITRY LIDRAKY .
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direct current, The current is then plcked up by an
cscillator and 1s alternsted at & very high frequency.
It i1s then conducted to the ground end "hot" electrodes
between which the work is placed (2).

The energy supplied by the generstor mey be cdivided
into three parts, That which gees into the hecting ofs

(1) The insulation platens or
{2} The wood stock.
(3) The glue line,

ibout 10 percent of the energy or currert is lost
in beatin: the 1insulators. The remcining 90 percent
divides 1tselfl c¢qually between the glue lines end the
vood immwediately adjacent to them, Since the jlue lines
are wet and uncured at the begimning of the eyecle moet
cf the energy 1= cbsorbed but as they dry the arount of
energy absorbed decreases and this necessitates "tuning"
the circult for rmexirum efficilency (28).

The cireuit of the oscillator should be kept “in
tune" with the electrical capacity of the "loed" or nass
of materlal in the electrostatic fleld, Ase the heat
increases, the mrterial loses moisture, thus changing
the cepacity and 1ts balence with the circult. dome
method of keepin; the eircuit in tune, either by manuul
or sutomatic meens 1s desirable (2).

Bguipment

Radio Prequency unites sre cbtainable with various
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power output and freguency ranges. The purcheser should
make thorough investigations of the product to be heated,
the arrangement of the electrodes, and tenperature requi-
rements of the adheeives to be used, By combining theve
factors the purchaser may Jdetermine how mich power will
be needed and the best fregueney range (2),

| The 5 and 10 K. generstors are the most popular sige
in redlo und high frequency units, For smaller size
panels up to 30" x 36", a 5 XV 1s usually recormended,
Uive megacycles 1s usually the fregueney used since this
low frequency is required to insure uniform hoating over
the boerds (28),

There 1s a strong tendency at present to o to the
higher freguencies, 13,7 megacycles, in order to speed
up the curing time and to throw excessive power into
the press so that the effect of thick end thin boarde
may be overcome, The maxirum power 1s dependent upon
the ma9s to be heated and 1s achieved by striling a
proper set up between the voltege, per inch of thickness
of the panel, the freyuency, an’ thre tuning cherncterice
tiee of the unit, 4&s the frequency 1s bullt up, the
voltage and tendenecy for arcing 1s deecreased (21) (28),

Yersonnel

Treined end skilled electricel engineers are em=-

ployed by Redio Frequency cquipment menufecturers to mske

studies of the prospeective purchuaser's individusl arreng-
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ment and problems, These tecimiciens will then recommend
the most efficlent type of unit to do the job and instell
fte The memufmcturer's represertetive will elsco Instruet
tiie operetors in the use of the unit. ilis recomrmendations
ehould be followed closely (£),

The ran who pushes the buttons cen meke or breask
the outfit end operstion. Any peracn <f evera e intelll-
gence end abllity ean opersteo & unit after very little
instruction. To stert some of the new unite one has only
te push & button, with similar procedure for tuning, howe
ever, tirere 1s usually much more involved then mere button
pushing, For really efficient production the operator
should understand kigh frequency end redio, know the face-
tore which influence the results, and be sble to make suall
repelrs when necessary, seny “est Coast menufacturers
rave been using ex-lavy redio and rader operstors, as well
8s electricel ongineers end wood technologlests, with gra-
tifying results,

~ethod of ti

The type of hesting used depends on the arrsngeuent
of the electrodes; end this in turn, le ususlly Jdeter-
mined by the nature of the construction or artiele to de
produced, 1ts nize ard ehape, end the methed of applying
preesure to the joints, In genersi, there sre three
uetuods of electronic gluing; (1) iarullel heatin , (2)

Jerpendicular heeting, end (3) Ltray-field heating (See
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Fig. S)a
s barellel Heating, In paerellel bonding or heating the

glue lines ere parsllel to the flow of heat., 7This method
is ehlefly used for pluing core stock in & press,

There are two types of parallel bonding; the contin-
uous proecess, involving eprilcation of heat while tie cla-
wped stock is moving under the electrodes ee in lLiehl-ips-
ker rachines, & reversel of thils method is nov possible
in which the electrodes tre pensed over the naterilal while
it renains staticnery es in the larminstion of beams, truse
ges, end rafters, 'The second t;pe of parellel Londing is
the intermittent beteh method, in which the stock 1s sta-
tionary while being trected, as in Hert end Bell machines
(26),

Farellel heating utiliszes the grester conductivity of
the molst glue line to concentrate nest of the heat in the
glue line itself., As & result, lces power is used and very
hish plue=line tenperstures are atteined in a shorter pere
iod of time. 4lis i1s also the csse with nonarcing gluea,
Although these glues have low conductivity, they sre more
conductive then the wood, Decause tre zlue line sbsorbs
rost of the energy in this type of heatling, irregulerities
of moisture and thickness in thies area heve & more narked
effect in causing tempersture veriations within 1it, with

the thick arems curing slowly., For thle reason, "parallel

= v
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heating" is recommended only where the distance across the
glue line from one electrode to another is small (2),

Glue reguirements for parallel heating sre much umore
exacting then for perpendicular heating. 7he glue must be
of & cold-setting type end conductive enougl: to draw high
frequency energy well, but not conductlive enough to cause
ercing (11).

Because of the direct contect between electroder and
the glue line, a nonareing glue is recomrended for most
perellel heating spplicatione, UVlhere highly conductive
adtecives are used it is bert wnd usuelly necessary to
leave en air gep between the pletens end the glue line,
Fowever, this requires a grecter arount of power to over-
cowe the insulating effect and the resistanev of the elr,
e lerpe H « Ferpendicular heeting indilcates
that the glue lines are perpendicular to the flow of heat.
¥lywood is wede in this manrer (28),

“bls vethod heats the entire rnse between the elec-
trodes with only slight varietions in the tempereture due
te chenyes of denslty end molsture content in the wood,
“ince the entire rnans is hested this system uses more powen

The relative uniform hesting of the entire construce
tion helps to keep the glue line et &n even temperature,
even thou h irregulerities of thickness and moisture oceur

in the glue line itself. "hen platens or electrodes are
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long and there is a direect relationship botween their len-
gth and the wave length, "stending waves" mey ocour causing
dead spots where no heeting takes place., This may also be
found in parellel heating, it oen be remedied by placlng
tuning stubs eeross the electrodes (2),

Alwost any heat-asensitive glue cen be used with per-
pendicular gluing. However, gluee of the colde-setting |
type are rore efficlent from the preciuetion stendpoint
(11),

Ce & - ! o« This method 1s relatively new,
It is used chiefly for continuocus press opereticns and non-
uniform sheped structures (28).

The "strey-field” system of bonding utilizes the
“stray" part of the electrostotic fleld whieh 1s not dire
ectly between the electrodes. iince it uses only part of
the eleotrostatic fleld, 1t ie relatively high in ccst in
relztion to the amount of joint hested and cured, This
method 12 best epplied in gluing small sreas or portirns
of large ereas, or Inasccessible areas thet cannot be locee
ted directiy within the fileld or betveen the electrodes
(2}

Cold-setting type glues, similar to those used in
parallel heating work best in strey-fleld heating.

The efiiclency of stray-flield heating while gulte high

compared to perpendiculer heating, 1s somewhat less than



parallel heating (11),
“ood heyulrements

fegardless of the type of electrcude arrangevent seve-
ral roguirements are necessary for successful redlo {ree
quenecy operation, These requirements are baced on the
character of the wood, propertic¢s of the glue, and the
type of jJjoint to be formed.

In looking at weood, there are two nuain properties to
conslder which ere highly lmportant to redio fregquency
operstions, they are denslty and molsture content,

vense voods such ae oak, meple, end beech, ro uire a
longer time cycle (meaning the period of time necessary to
cure the glue) then lighter meterials, such as poplar and
cottonwoosd, In some operations cherry, mahogeny, snd cer-
tain plnes, have been difficult to glue. “hen mahogsny is
#lued with high fre uency the power rust be kept low,
Bighly resinous pines with piteh pockets at the glue line
nway afford trouble, Gums thet have an abundance oi mineral
streake have & great tendency to are (28).

bensity of the wood ueed hes & yreat effect upon glue-
ing~-=low dersity woods are less critical with respect to
the glue used, This is probebly due to three things: (1)
The wood 1s weaker and therefore requires less cure to show
wood fallurejy (2) The electrode voltage 1s generully higher

end (3) dore uniform prossure 1s obteined (28),
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katerial used should have a molsture content of from
& to € percent, Lower than 5 percent requires a longer
time to heat the wood, Higher moisture contents above 8
pereent may cause steam and water condensnitlon on the eloow
trodes, also forning wet areas on the wood which tend to
overhieat (2)s Also, if the molsture content ls too high,
rzore hent is needed to cure the zlue lina, The lower ren-
ges of molsture content have an sdllitionel advantage when
highly conduetive glues are used, 7The dry wood will abe
sorb sowe of the water present in the glue, thur reducing
the swount of squeeze-out and the tendeney to ere (2), A
toard thet hes sn uneven moisture content will tend to have
& Joint that 1s not squere, A& good sguare joint is abace
lutely necessary because a panol will not assat 1teelf in
a2 prese es 1t will on a glue wheel (28),

The surfece of the wood should be kent free from gross
defects, such se large knots end werm holes, low spots, or
other irregularities in which "poeketa” of plue might cole
losets Ouch pockets tend to overheet, forming steem blis-
tere, Vhen e conductive glue 1s used, these pockets will
slso promote areing (2),

Joint

The guellity an? type of Joints to be glued by this

procers 1s slso important, For exsmple bevel [oints never

completeoly cure. 4 rough joint 18 ecasler to glue than a
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smooth one, If a Jjointer joint 1s used a very thin glue
spread is neceessary (23).

Steck of the sawe thickness will aild the quality of
Jolnta, A panel with thileck and thin boards usually takEa
about twice eés long to cure es cne with boards of even
thickness, This 1o due to the faet air gaps cause a drop
in voltage and results ﬁempornrily in reduced ener_y eb-
gorptlon et the glue line. The unecured glue will tnen be
found on both cides of the thin boards,

‘hermel SSue

The following 1s & fortmle for ecomputing, apyroxi-

metely, the electrical power requirements to heat o given

welght of materianl.

WS X éti = £,) X2 3 required kilowetts per
‘ g hour

H 1s the welglhit, in pounds, of materisl to be heated,

Sp 1s the specific heat of the materlal (.48 for wood).
Uoet, 1o lhe desired tewperature of the materisl ninus the
starting tempereture in degrees Iy 5413 is the number of
B3U's (Dritish thermel units) produced in one hour by one
kilowstl of power. (2) is used as another Lactor in the
oquation Locuuse the energy is only about 805 eflicient,

It sbwould Ve noted thet tiils 1s only & genersl end
spproximate wethod of couputing power reguirements (2).

It is necessary only to remewber thet 1t requires just

as meny DTU of radio freguency energy tc raise so many
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pounds of meteriel, so many degrees in temperature or to
evaporate so many pounds of water, as it does when uelng
steam or eny other method of heating, It should also be
remerbered, however, that with radio frequency heating,
the heat ean be generated Just where 1t 1le needed and
losses from the system are minimized (6).

When formulating an adhesive for use with radio fre-
queney, an atternpt to incorporate as meny es possible of
the folloving properties:

1, Fast Setting,

2s Freedom from areing.

3¢ long storage life,

4, Low cost.

5¢ Uniform dependable adhesion.

6s basy handling et the consumers plant.

7. Freedom {rom stain.

8+ Freedom from odor and hazerd to the operators,
9. Capsble of setting at room terperature,

10, Levelopwent of & permenent durable bond tc meet use
requirementes for either interior or exterior use.

- 48 with other products, 1t 1s difficult to find a
glue which has all of the above mentioned reguirements.
lience, most operators will accept a coupromise which eme
bodies at least the moest essentlal properties regulred or
desived (30).

Two of the most importent properties which radio free
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queney glues should poesess are the flrat two mentloned
sbove, fast setiting, eand freedom from aercing.

Glues should be thermmo~egetting so tihat they vwilll ro-
gct quieckly at high texperetures utilizing the eguipuent
and pover tc the best advantage (2). Arnimal, vogetable,
crd pesin pluee of the pelyvinyl type erc entlrely unsstis-
fectory since thay tend to produce weelk jointes at Tigh
ter cratures, Careln glues do not vork suceesnfully bde-
cauze tie rapli heating cauaser the water %o evaporate po
that a foamy, low satrength glue line 1s formed (23],

iprt of the heat used in curinz thermo-setting reeins
is e:pended in driving off crcess wolsture in the glue mize
turec. This difficulty may be svolded by two nethoda, The
firot 1s by meane of a "delayed essembly“”, That is by in-
sreacing the csasenbly %ime of the glue. Thia eausmes the
giue film o become drier and oure =ore gulelly when heat
is applied, Care should be teken, however, that the tize
io delonyed so long that the glue 1s nparticlly oured before
the Joint 1o prerned. Whon o roou=terperature-~cotiing glue
is used, the filr: of glue should be rtill moliet vhon hect
and pressure are aprlicd (2).

The neeond method in ecutting dovm the moisture content
of the glue mixture ir by means of substituting alechol for
~about 1/3 of the required amount of weter, Thie clso re-

sulte in a quicker drying glue film and g shorter curing
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eycle,

The second rmost importent property ccncerns freedom
from areings In order to obtein high production most of
the redio freguency power is congentrated in the glue line
with very little going into the wood. Therefore the glue
rugt be of such & nature thut it is are resistant and sets
rapidly (26). Repld setting wey be obtained by use of the
above mentloned methods,

If the set up 1s such that the squeezée out or the glue
line 1lteelf will be in direet ccntect with an electrode
(s in perallel heating), the glue mi:-ture shoulc have a
low conductivity to prevent areing and the resulting loss
of power in the other areas of the glue joint or in the
cther glue lines,

areing oeccurs when gqueeged out glue runs dovn and
makes contgct with an eleetrode, The eurrent, following
the wet, conductive glue, flashes into the Jjoint and chers
the wood, Unce 1t hes started the arc will ccntinue and
absorb practieally all of the power. The result being
that the rest of the glue line has no hest and therefore no
bond 18 formed,

in severe arcing the carboniged wood may also create a
condugtive path for the current end the arc will continue

untll the material bursts into flares,

o B L b s
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This phenomenon is also celled "flasheover”,

Un the basis of experience verious types of glues
were classified by the Forest Froducts iaboratory, in
regard to the trouble they gave with arcing, as follows:

Very good =ww

. lielamine resins
#cldic phencl formeldehyde reslins
Cood ===
Urea resins
Hesorecinel resins
Bed e--
: Intermedinte-terperature-setting phenol resins
Casein glue
Soybean glue
Very bod e--
Alkaline hot-press phenol resins (9),

4lthough alkaline hot-press phenols produce a durse-
ble boll-proof bond they are very prone to arcing due to
the strong electrolytes which they contain (2). '

Under the conditions of the experiments these glues
produced brown carbonigzed stresking perpendiculer to the
directicn of the field vwas obrserved soon after the glue
began to boil; then points in these stresks arced, spread

- leterally forming & deeply carboniged path parsllel to
the fleld, after which the wood burst into fleme (30).
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Hot-press phenols of several differcnt degrees of
alkalinity were tried. The more slkaline the glue, the
more quickly did the brown perpendiculer streaking and
black parallel peths occur (30),

Urea resins do not produce as durable and heat-prod
a bond as the phenols but sre not liable to arc (2). The
Forest Froducts Laboratory experiments showed tla t no
arcing occured with ureas, melamines, acldic phenols,
or resorcinols (30),

However, the conductivity of ures-resin mixtures
depend, in a large part, on the type of catalyst used.
Ags & rule, the faster setting mixtures tend to be more
conductive than those which set more slowly (2). With
the soybeen, casein, and intermediate-temperature-setting
phenolliec glues some arcing and carbonization of the glue
and wood did take place before the glue dried, after
which the action ceased (30), Because of this conducti-
vity and because they contain large quantities of water,
therefore curing slowly in the radio frequency fileld,
caseln and soybean glues are generally not used for this
method of gluing (2).

Recently, through research into problems of radio
frequency adhesives, there has been developed a non-arc-
ing glue of high value. This glue goes under the commer-
cial title of "Coscophen RF-228", produced by the Casein

Company of America, This unique resin will tolerate
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greater powey densities at higher volteges than ordinary
phenolie type resine, In most spplicaticns, it will not
erc or burn, even when the electrodes sre brought into
direct contact with the glue 1line (2).

Although Cascophen 1s one answer to non-arcing glues
it eannot entirely meet the demand. Until other _:lues
like it are developed or this type is placed on the nar-
ket iIn greater cuentity, the glue user should choose be-
tween one of two things. Lither use those types of glues
for radio frequeney curing thet show little tendency to
erc or econtent hlmself with slow curing conditlons under
which areing will be encountered,

It is recommended thet a roome-tempersture or inter-
medlate-terperasture-gotting glue be used vhen practicsble
with radio frequency eqguipment, These glues offer a
mamber of adventages, The curing time can be reduced by
ettaining only an initisl set which bonds the surfaces
well enough to permit hendling, allowing the remainder cf
the cure to teke pleace at room temperesture. The joint
mey be "tacked" or cured at a number of small areas then
stacked for further curing. Lastly, these resins which
cure at lower terperatures insure & good final bond, even
though tenperature differentials, due to irregulsrities
of spread or the condition of the wood, may ocecur during

the curing cyecle (2).
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Glue pot 1life also hss considerable bearing upon
the speed of cure, #As the glue becomes older it cures
faster but control of spread is harder and & heavy spree
ed takes longer to cure, u4ixing the glue in small bate
chee seems bect (28),
iregsure

%he application of pressure during gluing must be
sufficlent to produce tight joints whille the glue ia
curing, ot only must the wood surfaces meke direct cone
tact with eaeh other but pressures of 100 to 200 psi
(pounde per square inch) should be maintained on the
Joints when gluing softe-woods, and over 200 psi when
gluing hard-woode (30).

Low pressures, below 150 psi give good bonds on low
density wocds that have a good Joint, but a wide glue
line is obtained with these low pressures which make it
unsuitable for face stock, With high pressures, over
250 psl, there cen be allowed a greater degree¢ of tolere
ence in the condition of the wood stock with respect to
sawing, Jjointing, and worping, but this still leaves a
panel (at least wo pleces of wood glued together) that
is under stress end which may open at the Joints under
future rachining end menufecture, Top pressure of 1 psi
and side pressures of £00 to 250 psi are recommended
as best (2).
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“hen one hesrs about 7800 volts in a machine he be=-
sing to wonder me to its safety. Actuslly thils equipment
in produetion 1s one of the mafest oporations in a woode
woriking plant.

411 the high voltage sup;ly, oscillator and control
circults are enclosed In a cabinet, On the doors of thie
cabinet acre safcty ewlbteches that cut off the power when
the doors ore opened. The high frequency energy ls ecar-
ried to the eleetrodes Ly the co-axisl trancmission line,
The high voltage leads consist of copper tublng running
through a copper pipe, which is grounded, This, also,
eliminutes radistion which ceuses Interference with btread-
ecasting (28),

The precses are usually covered so thet there is no
denger of conteet with the electrodes, Should a worker
core in contact with an electrode, the only harm that
can come to him ls the bDurning of that portion of the
body meking contacts The resulting burn 1s similar to
that received from & red hot stove or an electric iron.
Shoek or eleetrocution 1s not possible as it is with the
fanilier 60 cycle power lines. If the operator should
stiek hie arm between the electrodes e would feel no

vore then a sudden hesting of his amm (28), However,

slut-off suitehes should be at convenient locatiocns withe
in easy reach, especially when the rein contrel panel 1s
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located at some distance from the electrodes, or when
automatic equipment is used (2).

Ag to sterility, there 1s no danger involved. The
type of eonergy 1s very different from thet of Lehay and
stomic radiaticn and equipment,

Cost

The one aspect of high frequency which 1s of most
interest to gerators 1s the ecost.

Actual cost figures are very difficult to obtain
since this 18 a rather new fleld. The figures which are
aveilable, however, should ;ive a good indleatiocn of pos=-
sible results (:28),

A prospective user of redio freguency equipment
should et least be familler with some of the older methods
of gluing so es to determine the most practical and best
one for his operstion eand requirements, OSuch factors as
(1) originel cost of the machine and installatlon, (2)
the purpose for whiech the product 1s intended, and (3) the
overall economy and seving of such sn operation, mst be
considered (2).

The initiel cost, of course, 1s for the unit itaself,
it 12 recommended thet units which are purchssed be large
enough te do the job. In cone nodel the difference in the
initlal output between a 6 KW and & 10 KW unit 1s somee

where eround (3000,00 (28). /As a very rough estimeste, one
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cen assume that & radlo frequency generator vwill cost
about ¢500,00 per K,%, of output at ratings at 10 KV end
above (6),

As for hourly operating costs, a 5 K unit will run
about 70¢ to the hour, while a 10 KV machine operates at
76¢ per hour (28).

fadlo froquency oquipmont 1s not cheep but in many
appllications 1t ls justified on the basls of hlgh produce-
tion obtelned end con 1te ability to put heat where it 1ie
needed most (6),

The first nmajor step in any application of redlo Ire-
quency heating which eppears techniecally fessible 1s an
econonic rnalyels to determine the coct per pound or the
gost per plece of any glven operation. If this seems
favorable and reasonable 1in eompariscn to other nethode
for doing the same Jjob, it is almost certaln that one can

hen work out the technlecel details of the operation or
applieation (),

It follows then, thet dielectric heating 1s most ecow=
nomicelly appllcd where thick sections, difficult to heet
by other methods, are involved (&),

Conparative cost figures in one operation of naking

face panels using an B KW unit (28):

Lirect Operating Costs Lollars per 1100 It,




o P
Clamp Carrier lilgh Frequency
bleetricel Energy - .. e e - o- 0«20
(one eont 1 KW hy,)
Tube hLeplacercnt - - e - - - C.ll
(every 6000 hrs)
dpintenance .05 «10
birect Labor 12,00 (8 men) 4,00 (2 men
Glue 4,80 2,60
T()tal 16.85 7.01
Total Investwent Cost $3500,00 o +12310,00
(2 elenp carriers at %1750 ea) (unit,press,
spreader)
Comper ve Ope C
Clemp Carrier High Freguengey Saving
Fer FPro-
ducing oy, 16,98 753 Oedbd
(1100 &)
Fer 8 hr 155,84 60,24 76.60
day
Yer year  40,752.00 18,072,00 25,080,00

Operating corts are not only reduced on edge bonde
ing but on e number of other specielized operetions. The
followlng figures show the saving on making bent rails
using 4 KV unit,

Opersting Costs/Hall  Cold Fress High Frequeney

Unit cost w0400 0.02
Lirect Labor +31 03
Glue 205 . 205

Total «16 08
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Saving .08/rail $800/10,000 rails.
a | _LUisadv

The obvious adventege of nhiigh frequency heating is
its ebility to generate heat inslde the article which is
being heated, Hence, when uged to set glue in a thieck
steck of plywood, the conter heats us soon and as fast
as the outer surfaces, It is not necessary to velt a
long time for the heat to scak in, as 1s the case wlth
heated platens (stean, hot-air, ete) in contact wlith the
surface layers of the article (G).

Other adventages of redic frequency heating aret
(1) 1t produces repid and reletively uniform heat; (2)
#1th perellel heeting, 1t concentrates thic heat in the
glue line wlthout an eppreciadble loss in moisture in the
stock; (3) It may be used to hoot curved essenllles, where
cost 1s high, steam heated forms might be prohibltive,
Form for radlo frequeney heatling may be made of wood or
othor durcble materiel covered with a metel clectrode (2).

Wnen used with room-tenperature-setting glues, radio
frequency energy mey be cconomically used to "tack" small
areas of the joint sufficient to meinteln pressure, allow
ing the rerainder of the glue line to cure and set at
room temperature (2).

The major disadvantage of redio freguency heating is

the relatively high cost of the equipment and the power
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used. Lven though thils method 1s effilcient in that 1t
heats only the meterial between the electrodes, 1t 1s not
en economical source of heat as compared to steam or hot-
alir,.

Present & Future Uses & Improvements of
Radlo Frequency Heating

Experience has shown that there are only about three
good reasons for considerlng high frequency plulng methods
in comparlaon with others.

(1) High frequency may reduce the unit cost of a
product through savings in handling. This comes about
through qulcker polymerizstion of the glue, lower eclamp-
ing costs, and the saving of floor space.

B {2) Because of better uniformity or seleetivity of
heat 1t 1s often possible to improve the quality of the
product. Increase in quality means inorease 1In value of
the product. Thls in turn, means an lncresse in the mare
gin of profit.

(3) Not infrequently high frequency does a Job other-
wise imposzible (30),

If high frequency 1s unlikely to do one or more of
the above for a specific gluing Job, there is seldom any

. juatiflable basls for i1ts use. A number of radio fre-

quency sets are now in use where the saving of decrseased

handling of the product 1s nullified by the lncreased

hendling of the set (30).
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At present there are a number of gluing appllications
where the use of high frequency secms to have a clear su-
perlority on en economic snd practicel basis. They are as
followa:

(1) Prefebricated housing. The possibilities of this
appllication heve long been apparent. 7The salient features
of the electrode platen dezign sre: (a) The generous use
of reslllient and electrically suitable materials to take
care of dimensional tolerances; (b) & single platen design
which will glue any type of panel which fits into the pla-
ten area, be it wall, window or door. 4 bond 1ls obtalned
no matter where the stud iz located under the plywood fac-

. ing.

(2) Edge gluing of core lumber and havrdwood penels,
Por production rates between 3000 end 55,000 BF per day,
there 1s considerable evidence that presses used with rae-
dio freguency can outeperform clanp carriers. This 1s
based not only on the reduction of the actusl heating time
to 5 to 20 seconds but upon production of a higher number
of board feet per man-hour.,

(3) Roof trusses, arches, barn rafters, and girders.

» The cost per foot of truss iz very greatly reduced by cone
tinuous methods of applications of radio freguency power,

(4) Furniture essembly. Vherever the production vol-
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ume of furniture pleces is reasonubly high (s cut of 500
to 2000 sets at a time) there ere very considerable advane
tages to be taken of' the high freguency technijue 1a re-
ducing hnandling costs,

{6) Veneer patehing. 'Ihe setiing up of the glue line
benesth ordinery boet patehos in & to 20 seconds 1s of
great adventage. Srall and portable equlprent for this
application is available (30).

The potentialities of high frequency heetlng in the
vocleworking induatry as indicated by the suecessful appli-
cations wiready mentioned has created s great amount of
entrusiasu, Yherever heat enters into the mamulscturing
pleture the yueetion iz brought up, “"Can redio frequency
do the Job better or cheaper”.

4t present there ers s mwber of appllcations whigh
are ispracticel for high frequency heating due to coat,
mobllity of eyulpment or inereased or over handling of
waterial and equipment, liowever, in the future these "bugd'
ofl' redio frequency ieatlng may Le ironed out so as to nake
these appilcations reasonubie., The operations are as fole-
lows::

(1) 7iuv Plywood Memufacture. The baelc advantage of
Lhign frequency heat is 1t ability to heat relatively thick
sectlons quickly. Thin veneers le:z: then cne-helf ineh 4n

thlekneszs may be hented at less ococst with stesms platens,
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though not quite soc guiekly,

(2) Low Volume Edge Gluing. Under 3000 it per day,
the inltial coest of high frequency equipment is ususlly
wore iwvportent to operators than operating cost,.

(3) frefsbricsted lousing “Unethe-Jdob” Assenmbly. This
tyre of epplication demands unusual portebility end ruge-
gedness, These are not compatable with power rejuirevents
end size of equipment, at present,

{(4) -dnersel Insuletion for lousing. 7o date, rock-
wool and other mineral insulating materisls heve been ruled
out due tc the fact that they usually have too low & power
factor to Lheat with any reasonable efficiency with high
frequency.

(6) Kiln urying. Although the principel of radio fre-
quency heating is ideally sulted te kiln drying lunber, the
cost factor, bDoth the initial cutput snd the operating oxe-
pense, 1is toc high and st preesent uncgonomical.

(6) Veneer-splicing., The same resscns opply here s
apply to (1) Flat Flywood lanulscture.

(7) brying Smell Artieles. Although high frequency
is lwprecticle for large picces, 1t mey be effectively
used for drying out srmell pleces of wond,

{(8) Compreg and Impreg. Deecsure there ere few meriets
for such uaterisl, the cutput is gnall, Hence, the cost

of bhigh frequency agein erveceeds the margin of profit,
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The future trend is toward lighter, more portable
end wore versetile units, They have a very definite place
in the wood-working industry ae evidenced by iha aforee-
mentioned applicatione (30).
Yart V SULSARY AHU COHCLUSIONS

The art of gluing end weking glue is as old as the
pyraumids of Lgypt, however, at no time since their begin-
ning bave woodworking glues enjoyed as much development es
they heve in the past decade, during the war yecre and the
postwer perlod. At present, the plywood snd furniture wmm-
ufacturers heve at their cormend more typer of wocdworking
adhesives to meet the varying situations of thelr industyy,

The ceveloprment of synthetie resln sdhesliver has
given to a series of woodworking glues which are very re-
sistent to severe exposure econditiocns such as extrene teme
peretures fluetustions, mclsture verlastions and attacks
by mierc-organisms.

Jf the synthetie resins, those of phencl-formaldehyde
bases heve proved nost resistact to all exposure conditin.
The phencl resins cure at very high temperctures (200° to
300° F,) and therefore expensive equipment cepeble of proe
Jueing high temperatures sre needed whon using them. Urea
resine have the lowest curinp temperstures {70° to 75° F,
and up) of eny of the resin adhesiver snd onloy wildespread

use because of the sivple wethods erployed in thelr applie
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cation and setting. "These glues, however, have low resls-
tenee to molisture and breckdown over long perlods of time,
Tests (Dergin) heve shown that even the older casein glues
withstand higher tempercture:s than nermal uree-resgin glues,

The durabllity of urea-resin adhesives, in regard to
bish teumperstures mey be increased by adding melamnine or
resorcinol to the mixture, Hesins treated thus are known
as fortified urea-resins.

Lven with the development of the resincus glues the
woodworizers problems ere not completely sclved, The more
resistent adhesives cure ot high terporatures aend therefore
derand wore expensive eguipment, The lower tewperuture
settin; types sre slso of low durability, To offset this
melemine and resorcinol resins have been developed., These
glues are of the intermedlate and low tenpersture-setiing
type (1600 F,) but ere relatively new eénd have not conple=
tely proved themeselves se far as durability 1le concerned,
Resinous glues tend to be expensive but by the use of filler
end extevders, such as walmut ehbell {lour, glue line coste
may be kept to a minlmum,

The develrpment of resinous adhesives did not menn
the end of non-resinous glues but thece were restricted to
certaln flelds. ©f the nonercsinous glues three tend to be
rather outstanding, they ere casein, bloed albumin, and

soybean glues,
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Casein 1s a proteinaceans material extracted from
the curd of milk which when mixed wlith lime and other che-
micel ingredients produce an sdhesive of failr durability
whleh would curslnnd set at room terpersturcs. These
glues, however, breskdown under prolonged moist condltions
though they do show marked reslstance to high texperatures
Because of thelr high protein content they cre prene to
atincks by molde &nd bacterla end plywocd glued with cas-
eln adheriver may be delaminated in this mwanner.

Bloodealbumin is an extract from beef blood end when
mixed with paraformaldehyde produces glue joints of high
darability when subjected to hot-press or high tewpern-
ture-setting methods. These are of protein material slso,
as is caseln, hence, they too may be broken down through
micro~organism attackts. A recent development of blood=-
albumin is use as an extender in conjunction with hot-
prees plienols.

Soybean mesl adheslves were first developed on the
Yaclific coast and are used guite extensively oun the ply-
wood Industry of that region. These glues are high in pro-
tein and durablillity is only falr,

The demand for better and fester drying adhesives mot
only gave rise¢ to new glues but alsc to new methods of
gluing. Among the newent methods is thet of radio fre-
quency heating.
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This method employs "woleculer friction” to creste
hent end set or cure the plue. 4 current fs osecilliated
between two electrodes or platens et a high fregueney
11,000,000 eyocles per second)., “henever, a none-condueting
waterial ies pleced between the electrcdes, the molecules
2 of the cbject are sgiteted to this seme f{requency and heat
the material, 7he cdenser the material the more woleocules
prosent, hence, & greater amount of hest 1s produced. Thus
glue being denser tien wood generates more heat and dries
more qulckly.
Through the use of this procedure large laminated
& structures such as ship keels mey be heatod throughout and
unifornly in & wmanner of mimitee, Thus hendling time of
such stock is cut down, eutting down expense and incressing
profits. Alao there vas an increase in production,
Lxperiments by the Forest Froducte Laboratory st ladi-
son, Visecnsin, have been carried on to prove which types
of adhesiver are Lesat to use with radlo frequency gluing.
dome glues have a tendenoy-tc are more than others,
areing ie an cccurance caused by glue which 1s squee-
goéd out from between the laminations and mekes contact with
the electrodes, The result is e short elreult which chars
the wood end csuses a very weak and uneven jolint.
Ghe enperiments showed thet the greater the slkalinity

of' the glue the greater the tendency to src. 4s & result
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hot-press phenols were the worst while melaumine and seicic
phenol resine proved the best,

The results have presented a new problem te the fleld
of gluing. That of preducing e glue with the strength
and durability of hotepress phenol reeins but with little
or no tondency to arc,

Two major objections end obetneles to using redlo fre-
quency glulng are the high initlsl cost and the lack of
treined personnel to run the wmachines. Unless an operator
le producing e lerge volume of goods 1t will hardly pay him
to use high froqueney gluing et present,

Fersonnel which oporate the radic frequenecy units can
either meke or break e concern. These men must bLe well
trained in wood technology, radio en;lneering, and should
know something about gluing procedures in general, Such
a combination 1s hard to find, however, rFacific coast oper-
ators have beon using ex-army and liavy redar and radlo pere
sonnel »ith very good sueecess.

Anothor objecticn to this method of gluing is the
sige end limoblility of the present machines, %he future
trend, however, ls towerd smaller, more mobile, end more

versatile units,
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SHEARING  TOOL

Fig. 1 - Specimen and shearing tool used in
the block-shear test (20).
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