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Ii uoDE, 

WOOD'JWHKIH A 

rp-oee oi' th1s study is to pr eyont the moro ra-

cent devolo1,ments ond 1roprovoir.iento 1n the fiold of wood-

orking udhestvoo tlovelopod during tho t-101., yoar-s ond over 

the ooat war period. It v,111 ulao cover tho nowest method 

of cur1nL and setting glues tl1rourr,h tho use of radio frtl• 

uency ws. vo lengt • .w • 

The or1c;1n of glue dutee back to nneient l;';p~ypt and 

tho ·a1e , bQek to the duya of the J:'li.araohs ond o1nce th 

lues hnve undorp;one vnrloue otnges of' devoloprr.ont (30 ). 

n 1014 ,;.:luea were uoed mostly f'o1' veneer v·orta: onf bond-

infi(. plywood , 'f•hey wero made from c1tner vegeto.o.J.e me.ttor , 

ucn ns starch, or fru~1 an1tnal8 and fish . liowove •. , 

gluea wore not v:ater rePiatant , ena n,1 .. tll1.n reacon were 

conr1nee1 to certain fiolds . In USO • t:118 P:lUOe tenctett 1:0 

brook down over long ner1oda of t1mo and allowed t he plv• 

ood lamina to ooparnto . It t1mo oitln 't accompl1ah th1~ , 

bocto1"1o. and fungi \'.JOUld , beiflG a.ttrnoted by tho hi 

;rotoin content of the gluoe ( 20} . 

ven aa woll o.dvonocd oa the art of r{luing is toctay , 

evolopmont of ~luee and proeeaaefl 1n ~cnoral 

unuergo1ng one or the most notive 1~eaao.roh otagea in tlw 

h1atoJ!'lY of t -beir dovelop1lient . An oxomplo or th!o might 



ell be th ~te 1ve 

nnd gluing t ohn1qu 

velopments 

lone n t 

de on pl ,ooci ;~lue 

p t dee de (30) . 

.ilb u o · glue nth f br e t1on of ood product 

b 1ng bout r eo , lot ut111z on or ~ood m torial 

t:r-..rou·.v th uao of lo I' r do , poor r sp eies , and 

.., ,aller iz e of 

tho bett r ...,I' d ( 

teri • It cone ves tho supply of 

of "C cer n ,or v luabl e-

o1es for u on boat suit d to the , !le rl every nrt1ele 

or lu ood con tr'tlet on represonts an econo in t he 

u of lumber re ouroe { 29) . 

'I·o 1 :o t peo 1 , g. ue n l y b n 

curec fro nn1 1 , vego 1 , or ch .ic 1 

11 t.e ded for u in the s bly or rep r of 

tori 1 . ... 

, 
l . ·11t 

nunbo1" of product , ,,-1 h v rying deg eos of . u eesn ~ and 

h 11 ttlo 01" no ur no of p r. no ( !"' 5) ~ ro 11ev r , 

t-od y th1 is not tru . ~1 ·h th 1nt1onuot1on of 1n 

dhos1 o .. it l s b- n posn1bl x ot only to h r ve g u1n 

od n reduce coats but 1 o to i. 1:,ove t e i:.u lit 

of tbe bonl and r sulting p oduot (30) . T es glue, , d -

ot only er t ver : n · bond betvc n two nubst nc c 

ny c se • y even outl1v tho 1 ,te-bu ctu lly , in 

r 1 hioh ·1:ey l old togct or . 

dynth t1c re in$ , \"l ich l' t ? .. C fJ t .o e n i 1 ues , 

h co e into use s vootl odh 'iv in tho p st 14 ye rs. 

The fit rt re. in 5lue u ed n th1 count1-y : ~ 9 h nol· c 



.. 

,. _.,_ 

!'i ~ fo 1} .. _eh ,, 1mpor. rJ fro G ny . Following 

t hi C ?, w ol tr>.i.n of nclu nL U"' a nd 

el 1nes t eoent r.d :Oc.1 rn o t.11 th 1n 

r thoa hich b VO ph nol- re oroin l or r so cin l 

• 'lb e have co .o into u o only 1n the > t f v or 

1... y rs { '.4 ) • 

A .:orl 

v&1l ble 

a.r I dr t o close , . t 0 "ood ·or or brui 

11do choie c of 

bov 1 ntioned, older 

~el glu , togeth r 1th 

lue ' 
, ·tu 

va.r1 ty 

'I1h incl de th , 

soc 

f e.or dh 1v s 

of th syn h tio-ro 1 n t 3--p • n t e ph nol 00 ?1: l ine 

yi.: , dh ·1ves ere O.VP 1 bl& tl1 t llov d t 0 conven-

1 nt enuf cture c,f h q l sorvle -bl ply ood by hot-

pre stng .. mhe re ore1n 1 gu p oduc dl ab1 

o1nt oom t »P r Ul" a, b t l t.rn f t b in· r -

die t - t 1. r ture- e ti g lJ 1e 1 l ·ine r s ns 

nd p!,cmo l - ro orc1nol- re("!1n blenc ; l i . t d n ts tl t 

.e hi- ly ur b eould e produced . 1-'or th first 

t11 e n ,or d ,orld.ng 1 tory tl e u curer, by u ing 

th prop r lu n, \' bl to ·r e int.· t · or 

du bl tl wood 1 9 ). 

o1nce TlO u lit glu 8 . 0 mo t purpo . , ic 

u t , t lop nt n adhoLi . h b n 

lo .,,, t 11 0 1 r oving opor t ng ch• C ,0 1 tie 

n of tti g, do n t_ e ,lue l:in CC'B t. • 

/i.t.no the dov lopt. n ts to rd 1:;.iprov ng or, r ting 
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C 'tH.: .;o ,tics or 1ncre 1 V 11 111t · 6 •e th pol -

V 1- rc I, 1 1on lu , t e- p lie tion ro -

o e inol plu , t c re in fo. 1 d for u 

1 hi~ fr ·u 0 0 e , furtho L n•o in t for-

on o o- )110 tion u . r o1n lu t nd 

n of o U1 blcod• _bum . u • The 

f 0 t uoo - l 1n 00 ; ii ve includ inv 1 

tion n th X n _on of ph nol- r in it} corn lut n , 

soyb n nd 

xt n ion of 

d r.:1 l , n 

oro-nol - x• 

oo tinu d i ~v t1 · t1on o 

r 1 ,..lu 

h OU 1 1r 

th corn 

r J th 

ut n, n 

rr ct or xt nd1ng ur -

-

~1th our (O) . 

r to · o l d1 don p uct on oo nd t th 

n out e ti 

in ut1 1 a ion 0 1 ter . 

ti 1 e 

1 .rov 

1 , 

ro-

C 

nt for u 

... ction 

in lu1 

ot er oo 1t1o , 

of tb r io fr noy e u1p-

, n po 1 to o lick 

lu l n 1•f ce tl ulr , U 

1 ipr tic -, cono .!le l , or ,v n 

tudy till b p e nted in 1 v p t . Th t t , 

to d l 1th t t 

lu • hos ern 

UCO 

to 

11 

ty O t • J.' 

cover t.. re~ in~ • t~ e of lu , th i 

t r n 

co 

OU 

tions ecoo ... 

t.hird ,. rt , 

nui' ctur , 
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their ueeo . r.rhe .fourth pa.rt -. ill d! fl 1 \:ll V the non- rmLL-

:1ouo tyves sueh so cone1n ,~lue en•· ulootl- t:ilbutn1n gluo .. 1•'1 -

nally t.he fifth section w1l.l d1scusa pertinent fo.cte about 

1.h fz,equency gluing onu the gluon u1.H>d 1n eonn.ectic, 

1t 

his stud 

cover tho ol'i C 

a ontirely omp1rlc e.n(l will net try to 

or 1col thoor1or, boh1 thmt C odllC'J-

or rjotho h 

1 velj 11 ttlo 't'io rk hno b~en tl<mo on the devol ... 

.. tondardizot1on of tee tin~ methodo tbr dE!ter:n1n-

in&t t ho fundo1uentol pbys1cul proport1es of adbesive<ly bon-

cd .to1nts l27) . 

nt tnere are onl:v two w1rlely uaed r:etho1:s for• 

1ng lldhesivos . They are tho block ohear tc,r·1 nnc. tt 

hoa1) teat . 

t 

ho block shoar teat 1e tho ruetnoc r .. ost widolv u ....... 

...... r evnlue.t1n • ..; the bond!nr: strength of ;.;luec to wood . 'l'l~ 

pocb on !o broken b:i,, the sppl1cnt1on of n cotrP't'EHH' 1v 

follo"!ng proeooure is unod in n:aking block shen1• test 

(l) (20 ) ( 3eo Fig lh 

(1 ) 
uy~v ..... , .. :""V ~·1.•Y•~.1 ~ .. ':''"' ... ~C F.J.'l '-" _ V • "·'V 

r,r 

• \.I ;i,,, ,4. \,.\.l.}U \,V U UIV .t.::, 1,u.i·v co 



~ 

l 

• u-

\2) . . r.:. -...., l 
~ • ...,, ,.,l ~..., 

to 
neio 

l 

( 3 ) 

(4) 

t two .1o1nto fo ch teat . 

( 5 ) . 

(6) 

(7) 

(8 

r 
r 

to ) He 

hG gluo 
rate, o 
foot o 

o th~ 

pl"·wood ohenr to::.1 t 

t , 

no nsi 

... 1x1nc t~ 
luin 

t Un1-
ng 

of' fl tiireu ... 

ood la'!line te in ich tho ,.wain of th& eantox- ply 1s 



at r t ngl to th 

1Jre 1 11n ' n 

on ei ch of t r o l 

t l 0 in 0 

C t'.lu 1 u in ki n 

( .. , 1 2 J: 

(1) 

(2 ) 

( J o l 
t'1 lu 

l 5 } 

(7) 

t ) 

( 9 ) 

- 7 

'IO • ftlC pl e ~ f c1 .. n 1 - . 
?t, ov t o- tt1 t e co e 

• c1, u r 

1 p ( 7 ). Th fol o 1n r .. 

pl 0 r t . ( l ) ( 20 ) 

cut-

t o 0 

ctu. r 1 • . 1• c ion in ix 

ll 

tl~ f1r
r h lt 

con• 

• 



vO 

od 

r 

1000 po 

(10) o 

(11 ) ecord for 
th 

oceurin 

ll2 ) , 

n t ting lu 

-
P r 

joint 

t n pure r com1 i 

, o h r t n U, t 0 j 

pro o t 

f t • ho~ h ch ' 

i ed l q7 ) . 

4 

l. h r 1 

ion l one , 

rro _t n. d 

in 
t 

e y d 

a. v rie 

rd d crib 

lo~ 

ff1o lt 

of 1:·etl,-

d V , 

on of t ... re t • 
V b n U, C ill b b 1 f :I 

1ngl l p jo n p C .en h s 

b n w d ly u r e tor rJh 0 to t .1 • 
I P ·a n b t n 11 lo d ... 

.;QU . tho a v l op to ov r -

00 th un 'UEll d tribut on of tr s ncount r in 

th in l ~ 

V ·01nt p o! on. 

'lh pco1 en 1 d i ·r1cult to pr nr 

but th sh r1n o do lop ·h lu lin re 

r uni o th n or ny oth typo of Oh e.r t t. t 

( 
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the to adherents ere of e ual 1odulua , the single scarf 

joint is ndoqu te . The speci ens re b~oken unc r a ten i 

lo d 

C;;lind:ric9:l i ngle Sb r , 'his test ;; s us ed by L,c ain to 

r eduoe the a.mount of wood f s ilur in the glue 11ne . By 

.eo.ns of a speci 1 djust ent it is possible to va ry the 

a:ngl O, t s found tha t the n: s t reproducible values 

11 ere obt inod ·hen O = 6.oo. The spe cimen 1s broken under 

a co pre i ve l o d . 

Johnson ouble Shear . IJ:1h is test c --:c nsists in rigidly clamp

ing the ou ter sections of the s peei.nen in the hearing tool 

and p_plyi g a. compr ssive load upon t he shea r me ber ihicr1 

-p r, 11 s im ev nly d i s tribut load to the cen tr 1 portion 

of t h speci en .. It i s nece ry th t the t ·o glue lines 

be -ccurately _1 ced i n the he rin p l nes of th i nstru-

r, ent , '11hu very c reful machining of t .e sp ciri ... en is re

quired for repr oduc ible v l ue . 

Cyl ndric 1 LJoublc She r . Thi method i s si 11 r to t h 

Johnson t es t . 'rhe ssentio.1 d i ffe rence is t hat the cylin-

ric 1 speci en 1 broken by tens le l o d . 

. s pecial to,~ t y be me.de call d th ten 11 str engt h 

test . Thi test ma urea the tensil e streng h of n ad 

h es ive rather th n the she ring strength . The test sp ci 

fie thet s lf-alining grip sholl be used in order to 

ssur e l o ding exactly nor 1 to th glued ur faoe (27 ) . 
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f }': duct o of h s)1 o n 1n 0 C 

, 
1 et r 1,;uir t l 11 n r 11 tl t . 

•· y ra 1n o jo n u 11 y t· 

0 n fl th 0 vog 

b ric 11 n. t·,e r 1 th • i ct to 

UC f ct,o co 8 0 ge 11 ' · , r t on for e . r:orki 

1 , 0 • l 1 ll' cont t of 

oc,d , I l u->1n • 

0 l f lu v .r ·col:: fo_ .. 

f ot 'I'h . h_ r tl,o te~ -

;o h l f •· ',dl' u.o p cino nc ,1 

J.I'l t .. 1 .e 0 cur 1 tL ir ·01· 1 t. l f 

\ l - 1,o t 11fo (1 ) . 

11 fo l 1 1c h ; ue ir. . 1 r: t; l .. )' t l 

t 0 \ '1 t . t 1 u n 

o. j{ u or r r " ed: t.di 01 ..... r .i. 

in 1g.ht C 11 r in ry pl'OO 

(> y 111 t . ,. tu1~ . n'- 0 .a: • ·. h 0 0 

i or {)Old i tl tl ft o tl l u d 

"" d 1 tl. u 0 ( h• r ) ~ • 
lo ... t· n t 1 ent . h . 

ch t1e f/'t ,, •. l 

ur· ,b • fc o 1gb t t tu1 .. - •t.in l"D n 
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t nd to b longor than tl t of inte a ato-to per ure

ett_ng ro~in of lik k1 • R sore1nol solutions usu

lly have a vory lon storag life in tight cont inor 

from which the solvent c n not av por t· . 

Pr •or Use 

The pre ortion of in redient {resin, rdener , sol-

v nt , etc . J should b ecur tely e sur·d 1 ~o , lumps , 

too thin, or too thick a conci t enc c n be s ho. ~ul to 

th ,.unlity o1 joint m d 

·1th ot0 rch .nd c sein 

i th a resin glue_ 

lue ( HJ ) . 

i fe 

to joint 

Th 01 kin,~ l ife i th ti e ft r mixing tr t the 

glu r r.- a.in u bl (glue- pot lif ) • For res i n Lei" ce 

it v r:les fro fe· hours f r r o. e to r1 nys or weeka for 

(19 ) , beco ing horter as the t ~pe ture ri es . 

Th mrk1ng 11 ves of re in al o short n s. t ey opproach 

t l, end of their s tor ge lif ( 4 ) . 

n gener 1 , it h be 1:- n founc~ ·t t hi h ... u-- 1 1 ty lue 

joints c n b produced so long as tbe c;lue c -n be readily 

p d , although thens e.bly ti o ~. y b ff cted by the 

lengt h of t 1e v,orkin 11.f • ee us e ting ace lor t s 

s.nd cool 1n · r to.rd t _ etting 1"'caction of ther .... osottin 

glues , t eir ~:orl{in life c,.n be i ncr cd by b ine; kept 

cool (19 ) . 

The ,o k_ng life of' c. glue ot.n bet nted by pr,paring 
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nu booker o..nd obt.1erving tho timo olo. 

between t.h<:: rni:'..in;:: of t he r,:luo end t.he tbiclc:ening of: the 

e lue to a point v:he.r-0 1 t is no longor cp1~oodnble (4). 

·.rne rate of: 001•ornJ vor1oo Ul!:.011!-t gluec ::md t hnt n1ost 

ble L1opondu on tho rurount of ool1<l content in t4 .. 

nc tho spoc~ea nml t-ype of ;;s;nt 

f the hig.hor ,;ol1d conten ... .., ............... .-~ ... .,.,_.,...,..,, , 

are Ufluclly l owor thin tl 

1r.i aoyboo.J"I , ntor-oh• or o.n1t::.cl glues • but this diffor ... 

1a not qu1to so p.roat when rodueod to o. dry gl 

t bani:·: . /ilthough moat reo1n e.dhos1vos can l.)O or 

1t 10 1,)<.Hrnible to obtain r .... ore unlforra x•ouulta w1t 

ue t>:v Uf?! ng t:Ochonteol op1•ende:rs w1th :i:•\.1bbe1•- ooat 

(lG) • 

1 

tiue 1E tho pOl"1oc botweon :lr,reo.d1ng tho gl\J 

t1d 1;1.in.,,1;,.v ~u.; "uu l-'•·v ;,,;:n,u.·o • 

It in called ttOiifm a.onet;.b}y0
, !f tlto nu:i .. facofl' oprood 

1th 11.luc uro or,en to tho a 1r. If' tht."' sux•f'aeoo m·•e i.n uun-

tact 1 t is r: "oloood c:u;scmblyn , !.::ax1tmtti per:r-:1sr.table clo 

littlo oo 20 to 30 minutes for 

r oo:n-totljporeture ... oottlng, uroc.!l to c.s long ea ocvoro.l d 

_ r fo1· aonie hot- proso phonols :and 1r-olunineo . .r'e1~-

1srwblo open e.s!lon1bly ti1."ltio t.n•o ahortor than closed nsnrnf!-



.. 
bl :t?iOc' • oft l onl one-- l .( 00 onw ( 10) 

l' .et ,,.,!J 1 

e 1 t)lue. • !'i.r; :_ th 

tlo p ~o. ero L fuct by ruch 

.s. e eont nt or t 100 f 

tut• of t ~ woo 'l ··n · lu · :e.o ., t 1 

h t r ono o • th urfnc · oato 

{l) 

C,.. J01 u -r in d .oo:: 1 v e , 1 .1oh . e ... 1 t 0 t 

t 

C 

ulu 

- o er ·_e l 

e1l ro 

d 

d 

or 
u1ng 0)01' t1onc n ol 

cloc 

u .. 11 · f .... l ~ 

no .. lo 

ublio , an . 

0 10 l 

t 

to of CJ.O ·d 

4 .. 
• ·--

h_ 

lon.; 0 

ti tJ w"'ltcl longer tt 

i l 

00 ( 0 ) .. 

lo·· l 

fer C OSC< nd Of) l 

l O' b 

0~ 0 o o l 

( ) 

Tl o .o ·t 1• conto t of R'.>O(. t ·.r o t1·.1 of vluin ~ o 

~O. 0 .l.U,O • Ji. •.t.'7' ) vv> t 

ho v z· , lues o o c .; bl o roduei cood joint· 
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over a i(o rrn of ·o tur cont ts (4) . t mois ur(• 

co te t, ho 11d bo oont1•0lled thro · 1 ,ropo ~1e· oniu6 

Un fo • 1 0 ,o_ tur cont t t (:: 1 1 1 :!.;·,at1on 

...,1 u i in,p<.•rtent . Opti ;1 re lt r,ro obt• ~ ,o• v 1.,_h 

i.ont r e ln lu s .i t .din th r n;_;e 

: oi tur cont<mt ( l ) • 

,.o i ~ ture cont•·o 1a to min1miz sh:r1nk1n{;., rn-- llin.__, , 

.c tro '. ch c uo " r ., i n:> nd f~ ilure of jo_ 111.,~ or 

of tho ood nor ~luo oi t l4J . 

Cu ture 

'ii le c r~n t rpcrc tur for roein · 1 e"' v ry 

f o. 1 of 70° o 75 ~. for r o :- t - .. t-

t n , re'-- t< in , to r P O t· 3 o0 : • for or,.e .ct - r 

., t nol The r t , f r. tt n , fo .. 11 t.}1 1 . o t · hi 1' ~lues 

c n b er~ tl nee l .1.. r ted by 

u1• l c ) • 

o u o of higl" r t m · rn -

uince r 011:- t 

cu t: n t .r the t: 

to~ ~Jve ~rctsur 

c· in b s r lt d . 

r 
0 co di on o .... 

1 1.npor to.n · • .L r 

gli1e 11n ' . cru d 

ture- ttin · dh ivee continu to 

of e t 1 ve, c v <' , 1 t 1~, po .- lb. e 

nd h ndle o.:nt bc."or co, f.,lote 

ourf 

cod urf ee t t h 1 e of g luinf~ 

1 r rf ce tl t r • ul in t1 L C 

ur · C s ._ 1th 'C£ 1·onE 1 {' .. 
- J. r d j e nt 

() tl e Jo i n a , nd gl z '1 con1 r n tt. ' , t nd 0 . 1· c e ct 
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re s obj c io bl b n u~ n , r in. ,:: it n 1 n.1 

v ;; teb \ t:.,lu \1 • 
Lunber u:rf c . 1 b cle n , ooti, and eecur-

t ly , 

i ll co e 

.. o tll"'t ul l p rt 1nvolv in ny joint 

•COC: ,0 

nto dir ct cont ~e w1 h o ch otl ,or . 

urf c d ,li u dry , r f r, bly ·u t b fo 

gluing . T 1!' o1d he c 1cc of 1 ping o t 1 t ng 

b f r l r d r · 1111 t ) • 

A no obj et1on f:ro th t nd101 t ()f 1 e-

111 ty to c nc. 1nl, t L . urf c fl , ,n ::- aoo d x,l ood y 

be .i. u d 1 tlJ :cod ult • 1· 0 v 1 , .. nu in 1 r due 

1- ~u l r u c s w'11c1 , 1 11 not b clo fit t 1n l ) • 

u1•e 

C 8 ry r sur V Py or dth tho product or 

1clo being e,lu - ::1 ith h lu • r,u t 

t 

a 

iod , 

u 

u t'J'ici n, to r1 into clo ont ct 

to old tl in po•· t1on dur ns th , t.t1no fJOr-

or until t.,lU 1. tro g C OU o hold tl, ( 1 9 ) . 

·~on- n f r. pres~uroo co 11onl r ult in k d 

n t j 1nt . Th p1i o_p l e 

ual r ure on jo n .. E! r . • 
(1) Irr "'Ulor urf' cc of t} p i cc b in lu • 

( ~) Un Ull 1 on on of atocl<. 

3 ) , ur d s ck . 

( ) .•.proper p Hcin • o cl • p , n 11s , or other p 
u o d v_ce . 

of 



( 5 ) Uot' 
ln oreon . CJ.OL!,U ' or 

'i'he pt•csouro ohoul d not 

- lt,. 

rfeotion 
"' ) . 

wood . ln nencrul , tho riresnu 

nou13h to e ru!Jh tr1e 

d w1 th ~~t1n1n t:,;J.11. •H 

is determ1ncd mo:.:·o of th t1.o , -
C UDOC10D of ~ootl , nnd t turo o t.l'io 

' 
ban 

by the gluo (10) , 

'J.'he t 

Cl t 

<.1uct ... , 

t o 

IJ tlc rea1n" firut duocr 

r enor•bled not.urr.,1 i•ei.:1no in 

c rt1: ict. l 

genornl 

~ovorol of t lon e synthetic re~in ve 1·ou 

l t1on oo •. glues . 'Ihe uses 

n V"'' r::any Rl•Jod .. iocd 

r tod t udoptntlon ot oucD ~&terlal 

d dE> veloped r. ood prcducto , t -, ..... \~·oo 

for oxto1•1o""' ~men t, 1rornft, netu:r•on 1·or u 

u r v..., .. rv1cc condition '.li.; ... lt hj 

, rod1o t for- trop1eul use, th 

i::an roduets ro noe 1::a en fu e111 .. nd 

11'.lli.- rovoc. tt.Ll'oui;:h tllf:J cpz, licut1cn of synthet1c l' 

(lU, . 

Defor ntering into c11o oua~1on of th 

V OS • 1 t n:t:i.y •1ell to Ge into .1 

n uo 

ti 1no tnvm-

h her 

o t o mako uu t 

1 

COi,,lJ lOt ;lue , euel~ na 

ne1•s , rlllor .... , ndor!) , Holvontn , and fortif!.eru . 



• .1_7 

I t also m1ght be well for one to und tr,nd f\OtnetLHW 0 

t or·k1n.P. o act of theso ~luoo nnd of t} eot 

h1eh ear de upon th V 

ln urepa11 1ng rea1nn for ufle ~o odheHi vao , tho renc .... v .... 

botwoen the er .. oi;,1eals is titopped in r.n intermodiot 

(17) . 'Iho inter1tlod1eto produot, unuolly on aqueous solut.1o 

y b... spru-y dri o, (powde1 .. fof>l;, J, ooneontr(l ted to t.l V1BCO 

(solat1on er l1q_u1n fern, ) , or uood to 1mo1•eP..11at 

pbpcr (film fo r ~) (19) • 

forrnution of tho :t'irm.l rosin ie completed throu .... h 

the q,pl1ont1on of heat lhigh te1£1pernture .. ~ettine or l•ot-

preas ro:-:11n gluos ) , by the action or opocL ... ~ 

l!nt er a,,ed (cold er 0 e:, 1,ernturo cott1 retiin 

J.U08 ) or by nor.no of 

.. "' often celled ea ta lye ts , and ore ir.mortt:a.nt 

ttins resin Rluon . 'l'hey 1n 

noe tho o.dheo1ven t rnto o!' aotting ca1d tho ttmpc:rntur 

!lich curing or eott1ng occura . 

hrtrdener covorn m.101~ r.-:o. ter1cls a.H ricida • ol~a-

lioo , a c id anlta ,. fort.10lcohydo and lJG:rufor1~,rldohych, . Tl 

c1<1s , o c id eul fJ • nnd olknl1oo G.Ct molnlJ ,,..., " .... v .. .,., .,, ,.,..,. , 

but f'orr~uldo)Jyde nnd r:o?.':.iforn,cJldoh:vde entnr !nt,o tLc ru-

c tlon oo netuo l 1nr,:reo1onto of th( ron1n tlv ) . 
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ooy 1>0 odtlod to tl1o c;,luo by t ho n:o.nufncturotl _. 

an e,:1::nplc l'i!iE,bt be powdorNl , ronm- toinporotu1 .. o- t.H:ittlng, 

urer, ro1~1i' H lf)eh_yr,e ros inn , 01' ixov-be rurn1 

I'S or 11,iuif'la to be nc'Mod nt tho tit.:o of rd,~ir.c tJ · 

oJ'ws 1ve ( 19) . 

lloro ore often in r.'\1J{.tu1"0 w1 th tho ho.1•dono:ro , 1n 

oroo1• to s:iodify or ilnDrove tho working proportien ana r,er·-

oe of t11e g.i.ue . Fillers ~;U'.11 bo one or u 1,lxtu(•e o ... 

o11ow1ng; 1i1alnut- ahell flou1" , whor t , or rye f .lou .. , 

'inoly ground rcn1nn , 1.-0uv.1cs~r1r 

nd animal proteins nnrl 1nor gnn1c mat:er:!.uJ..t:i • 

,01•1.~1 is ~ f111er ns lone cs :1 t is of o ich c. net-

tu•e and i.u rrosent only 1n sueh ,!uo.nt1 ty no to i.np1~ove th 

ual! t:v of tho el ue Joint w1 tlmut soet•1.f1c1.n~ durubili t 

( 19) . After G conoultntlon with reprouontativec of 

tho un,nr 11.td t 111 !,nr,y (J.nd Nnvy coro-

1c&1 opoo1ficot1ono wuc aet nt 20 por eont of tho 

of the dry reo11: fo1~ oll resins (21) ., 

ddition or too much filler , of the above mentioned 

yper: ., r:~r,y lfiy the c;lue lino open to ntt.cek ond breukdov:n 

froru ttJ.Olda ond baotorie. ae is the, eoae with onso111 i;..nct sov --

1uog . Thin in duo to the f.nct tbot food rr..ot 

u1tnble to tbeoe u~101•0-or;;..;on:ls1r.e nre pr~rnent 1n rmffiolont 

unnti ty 1n thotie f11lor,H 
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t or due , o cot , 

nd t . 

tl~on fil 

rw.l u1. o 1~ r · 1" v -tlce t • 6 o · tbo ·lue 

(19) . , 11 r ~, r u ed to :.-:o b 

• 

th 'tU 1 tion f: z ndorr. , th O'b ... t> il 1 t ·1. 

fill it ~· in on of 0tl .... g ffioion 1 ... 
' 

.. (;I 

iv r t.o due f;'! ·ni 1c ntl~ t l co t 0 tho 

gl u 11n • ut ffoet1 g th OI l"'.1n~ p1op rt (. !' 

ucing 11 u 11ty end < u2•rb1li ty o t jo1n ( ) . 
u or 

int < auction of 

t d 

ni 

u 

tl 

tho 0 

e 

V Ji 

·· t .n r• 

ie 

r 

• 
nt 

ec . 1·,.port n1; 

enir1 e;l u o , bu· 

1 f r th 

l&o V bl • 
};. 'b on "it 

ntr t d n t 

000 t h 

it not l , 1-

t 01' 

t 

-'-nc 

. ld ( ) . 
It · ~ b n l.o n tl • t n l • l ,, nd 

c rn · lu t · n r.. 'Y b 

t h i 1n 1, 1n( 1e 

... no1•uin ; cupoc! t}I 

too: nd ph nol ro n· . ~ rk 1n 

tl t 1gb. prot n cont nt nd lo 1 

de :t' bl p '0,1:, t 1n e,- -

onde bo lo· n 1r,ter- l u lo co ti-

n t h t h ro 1n honld e 1 

W81( l6) • 

. u·l - fir b rk j . b n v lop . 

n iolec er 

s c.n _t n r for 

pl nol ... reoin. I t 1n ro ort onod bl nd oj e .., re con-



itu nt o t 

o d r 

• 1. .. 0--

1n ly pod rd b r 1 

a 1t. lk 1. he ta , ~ t n e ol 

th in (9) 1 eh 

,.. 

our 1 

orphou 

1 ... 

int 

. ,"' ... , .. 
1 . 't , .... .J 

u • 0. .t or to ro in glu l t ly ~ t. e b en 

found 

~ "1 

. 
.;:> 

• 
,ll • 

con i 

dd 

glu f 

t b OK lnut ro et ill e ·unll a 

e·tood r h t 1v .. l o d 

l r for _ea n u • 
5ol 

lv t t :r inco 0 t cl n glu l' : t d 1n 11 

th .. urn t1 Y.in or d 1• d 

.. t r 1 t ,·) t 0 n. gl l , 
cool r o ton r olv n· or t 

, lly t r . in p p in th ... e 

1" u (19 }. 

''o 

tl 

r u 

nd ur bl 

r .ar ly to no o .. h 11 r -

1 

c u .:on u fo 

orc1 ol r t l ) • 

o lot- etting ur 

-1~ pu o 1 ,1 

• 

(".\ nth 1c 1• 

OU (HI} • 

no r u u 1 · V d d into 0 

(l) rt pl stie ... Tl o in ... o n 1en t 

1-

nd r -

n r 1 

-
ur r 1 c bov cc o.1n r c 1 r cte 1. 1e r 
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t1 Ch ro .. 1n . 'h l.i v fount 11 1 us 1n _, 0 l ~ ro-

d ct , t 111 of L1cl 1 no d h f n-

1nci r tt~ in t l t r c1 .. tur • 
n 1ns nb n ix• ... 

1b co t!on r ct1on 11 no t 0 n o [ i n 

t li L~ i tu 0 OYC ,; , or1 l t in.., tu • 
Tli t. t}. 1" 1 or on yntl. tie- r _n, 

woo tO I •in; ' elr)n to tl.1 l t '0\l • 
A t. rn , r.,osct . n tl 1r c rv1n 1f 4 , 

t 1c t . 0 'l. 0 h r 
' GO y • J 

C\ lo ly n . so u:rn t ... f C t r tu 

b l t e 1• nge t 1 1c 0 e , t 

r of tl n • ern be g~· ly r ·o by n 1ing 

t ture r ng (l 36 ). 

( 1 1 bo . o h g n r l {~r u,. nx•a furtb r 

cl 1fie 0 0 to t. i 1 o.oi.p m" t o , s t t in, t 

tu· f n to ·1 tL r ro 1t1ot" or l" \l ed 

i n • 
:n 1 v . nr us 1 y cln 1od 

follo· 

or, nt o 

( l:.1} • 

• Ur 
te· ·por 1ro

l u • 

rt- I in ,,(111 1 V fl • 

; - o - pr . . 
tt n , olifie ,, nd 

, t - ,r , 
nd i l onol 



,.) . 
n in 

1o 
nd 

· ec1v 8 

t - re 1n gluer- ho.v 

ro .. t :~ ,-
in e or-

hot-
1n 

ol t ... o fl , .ul
b r , th .. o-

en lop u ber o 

for bontl ng wood 1 pr due o rntt - • pl st1cs , 

n t ri ls . h co.po 1·1 n of 0 h iv 

1 not ~ n non of th rt O• 

tt n• , t1 ruopl stic or o ttin .... th 10 l atic 

1 xture • 

· no1- r 1.n a ?h 1v u u lly f 11 in o to 

roup ; ( ) hot- i, 

U J 1nto1 , i 

r t. g .- t t.:p r ti o tL 0 , 

~ }) r V (t 'I 1.ch Uf' 

con· 1 101 ed 1 i t,h- e er 

.. J.n g n r , 

n r l 

b t n 00° ' . and 210° '. r coll dint 

t 1ng. 

1 t - t p r .. 

dhtwi reg n lly t r:'. ted 1n l'r fol', : 



(1) o n- pan r f l t ( f') 

leohol olution • !,ep 

ry 1,,0 d r 

ni t ) 01· 0 

l U U 1 ., rder fo • ' ro 

- on 0 y or uee • 
.i.l, _o 1 t n' V d n ti l. n f c-

of 1 e f ' pl 0 .... -1 . lt 1 tl.1n von-

eo th t• no pr l 

r or l o- h 'l .e be o d 1t 

1 obt ind b r (, " 8 0 
,,, 

C t ( 1 ) . . 
,ol ont nt t )C' h f_'.' L cu y u. 11. tat•. e r ::.o I 

l ; 0 . h1 eh o too l o • · 11 r 'll . in r c 

o nt of lo· r n t1 l ) . 

n r toe< s .old , oo ·h si _ t1•t -lu e no 

C 

'l' V d 

rr u 

b 0 

( ) . 
t1 .e 

101~ to . 1r 1-: • o V r , · b t be ·1ns full 

ui-• :r 01. d ulckl 0 S 0 J• • tir1n • 

of n 2H . . 
,., 520° ·• for 

o. ·n 

1 

p 0 

6lu . 

o ' r1~1 , r.ng n 

0 pou 1 , au r inch fo 1 1 t' • 

llo bire r r d h ~ o 20C to ,!JO pound f o 

. oi u l o t fr'1 th · o< in tl i : r c . •. 

_ ny n 1_. or 1p . 1 h p n 1. ( 1~) . 

L l.iu1r ,c o!- rc glue • w 1do · ' u d 1n 

d ,.., nd 

10 to 

p 0 

t. •l) • 

c P r l 



r, -·~ -
1 'IOOcl or in- n_ 0 h r 

bor .d r', <iod . d n 1' 

cl :.t.n · ing. 

ct1on r ~ 1· 

~-1th Oc V l' Ct 11c 

not n1t. .-, t,. o · n... o d , r 

r c t , ho .. o e , 

e.?t r1 

nd 

lu !l 

• uo 

re 

dur b.1. 

r O tel ~.d d 

ktl! in I -

of cc t..nicf 1 

C n .t. cont l 1 

n f c .. 1 to 

{lCC n ·c,v 5 

or e •o !l .01 1.ur e nt n ( l ( l ) • 

1 , t1 . ct- l'r s ,h l.. V r , tl l. . 
tl .. n B lon Lon 

11 e 0 

in ... 1 t ~ ocd u ctur ~ 0 ·t fl b p riot' of .J. 

t: ,,· r..1n t f to ftn l.0 • J' UC it \l ·o. 

of ti· .. l i d ,1~ no 1· ui1 ... t 0 C r n t rep r -
tu n ed a by f l J . 200° to 310° f 

,&. • • r u 

i:,11c.r to t.bo. u d for fil i fo \l ) . 
n ~o C ~ h.ot .. ,1• a yh n l ve ~-

1tl l- o, d - lb ; in in n f or t() 0 1 11n 

co .-fJ .. 

t e of ph.nol luo 8 0 ti .101• r oont Ol"" n 

t n t o· ... onrl ' b e ,·evolop , · .o f 11 L 

·r. n ec'l ('l ... d r bl •1 . t, t'l: t C n h e1r 1 t 

t rt•t of '~10° 
.. , 

0 l s ( ) . 'l c·irin or t. 0 d • ... 
t 1v t· I ,. eccl t 11 g.· -, tl b r .,. 

.J abov 
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200° ~ nc . t 240° t.o :;oo0 I• . they ., t _n ~ f • • 
r lnute (lv) . 

0 n r , t d po r r• or 11 ·u1 1 t , 
r t l rd 111 r . lJy n t - s 11 

r o • e o t n ( J ( O) Thee 

lu y lk in or ) 0 (h ' lk n or n utr l r ... 

act 0 " . E>Ct. oi C aid 0 u ... cl .._.,!. I, 

d io te ld n th ·oo dj on t ) ,1u 
-.) 

line (31 ). 

'l'he u u l or1
: ng 11 0 th ~ ty , 0 V 1 

2 to 8 ho 7fi> • r1.od V but ' t 

0 pe 1. .. l to 1:, ho r or ol ed t ?5° ~ . • 
c• 
0 nc r.o. t of ) inA r u ed r 1 lit n•h 'v:I 

. Cl er , double r n nr pre 1n n ··a u ... ce 
f 

co. - ny pr i ce (l )., 

oi t\ r cont nt , 0 (i lye 1c 1 nd t e. 

glu PP o t o p rro 1 on ood 1th ,, o 20 pe e nt 

tlO u•e con nt., 8 to 15 r-c n 0 p 0 

h r ng t .,oi l ) 18 ). ,. lu1 ..; pr of 150 

pou .. 
l. ch n u all roco ,end t a • in -

for ( 10 }. 

-;50 • 0 ()0 • or e l .. ttin 

P ~c lo· GOO . } r t cto 'J for 

u h no yet n V lo ( i! ) ( 19 ) 
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foll ttodo nnd odoquatoly curod phenol- reo1n ndl1esiv 

0 11 w1thotnnd , \·11thou lm~:1.nation. prol o1 

oourc to O(>l cl and. h.ot '1.-:u to1•, cyolle 3oal::inc; nnd dcy1nr.u 

contin~ouo 01• ulternr..teli high nnd l ow tonrpox•aturot. on 

both h1 .d low rGlc t1 vo bu.mid a (4) . 

u n~o b1ghl:v t>eaiotant to d hc~t . 'l'h 

~,i rm only when tonir;ox·,i. tur nee:r th~~ir i t1on 

-~or thia rocnon lywoo 

o~ h not come 

hon re riot w oak e11ed 

e1•0.tur 

.,ttl 

t \!:hioh \":OOd elm:ru • 

hono l udhe ~{ 1 v ill 

o ri re ( lt> ). 

t".lolde , lmotorin, {}r oth 

cro- orcnn1ame . However , thii; 0000 net t::oiin that the 

luos wil l uet na prcservoti ves nnrJ protect the ad j aeent 

ood f rom deeny. 

tely curOd joint3 are olno re~iotant to solvent 

01.ln , ncidn , a l knliOE\ 1 wood prenervi. t1veo , und fb•c .r►c}tnr-

• In ~oncrol . joints mndc with theae 11J.ueo tire d1ff1-

cult to dos troy w1thout dor:.: troying th.;; wooc.~ itoo ..... . 

Ur 

-1'$ec - rosit:10 w&ro 1nt1 .. 0<1uc ed int o the voodv,or k :l.n 

induatx-y s hortly afto,.. phenoln aesmno;J itJ"OO!'tanoe nnd a.r 

uaoa a~tonoively 1n 

U1~en- reoin EHllien!voo ore ple.ood on the 1-ru: r ko t nn uc\7 ... 

ders Ol' li½U:!.ds . t7i th the powd 01'$i., , tkllrde11ors tinoy bo in ... 

oludocl or rnny come oepul'i& te ; in the caso of tho liqui. ... , 



r lt t r 1 'l"IY pn e ( 10) • 'I' e ter ou -

p ~a ll" hc.v €0 0 ~,o p 1 .. cent oolid~ pr a n (18) . 

V w nut ... el l flour 0 d it 

C nt d 1n th tl r . ;o:cl,r 'it te 

y • lon · "'tOl" g lif l n 11 U-

ur or po,d·r d th incorporoto( n· (10} . 

st ur o ahe 1v n f or t oo., t t. 

t r 
-

ov.revo •, ao .e e fo ' d fo n h.1." h .r .(, -
. r tuJ"• nnd ho .- pr ur ro Jn 0 :t-- .. 
t .. C :iief d1fi' .. nc b t,1 n h t, ·o 1. t. , m , or 
h n r ., .. 1c • i A 1nco por ... tol'.' in th ... l tr~· c orr-i 6 

itl r c1 or o1 -ro .. ,1 " l h ,1u nd to 

a n c di rec on, low-r t :r t r 1n 

u u 11, 1 . ~ r..:oro nc1c' th n hot -- 1:r • t pe {l ) . 
'f of tLo nd l: x·e b 

t ) ,- 1tion t or "Y8 flour , b se · lu e t 

nd urer ( t Cl uoh nd ... 

0 e1n l d C ot- ;r u C a OX'• 

t1:f nc1• B th t r.e of tho d .a ive it. . 

.. 1 ;h i c "P r ,ure (1 ). 'l'hi t:!." ) ' t,-

fC.l" - p oof 1gll ·o elly th r ._ii 18 

{r.1} , re l" to eh 

co -only e 11 d fort1f1 r t but t uy 

b ... r rr- d to :, C _z ... 1r rm ur t lu (7) ' 



- 28-

'l'h v·orking life of hot- resa ure re in adhesives 

is usu lly a out 8 hour or more . Asse1:ibly periods fo r 

t hb e glues ordin rily or e not cri i c o.l and r;1 y be varied 

ov· r -1a 11 it . So,e rn y have an opon as e j~ly time of 

24 hours or rnor (19} . 

ha moi ture content o veneer is not a critic 1 con

dition with hot- p res ure s , how,ver , too high a pore n-

t ge •ill c use so e blistering s "ith the phenols (1) . 

'h e 0 lue m! y b e prcad l 1t h a b r ush but ... echaniea l 

preoder see1 to do a bettor job .. H vier pread r 

noe ~~d with rou h or irregul r ven er (19 ). 

s t ho t - pres ur as cure t tempera ture below those 

r u~rod ior hot- pres~ p enols . A r ange of fro 230° F . 

to 260° F . i r co ·ende o r p l a t en to1;per o. tures . res -

sures re si ila.:I' to tho so us eel , i th pheno l 1 thoug our ... 

ing ti o depend on oistur c~ntent, spec ies , thi ckne 

of venoer , number of glu e l ines , etc. , they 7:ill r nge from 

3 to 5 inutes £or 3 /16 inch panel or less to 8 to 15 

!nut s for panel vi th 1/ i n ch fa c e on 1/2 inch cor s 

( 336) . 

era ture- Settin eoins 

Thes e glue. cur or set a.round ?0° P . o r bove . 'l'hey 

shm good resistanc to cold · ater but doterior· te b d ly 

w 1. n p l ced in hot ·\-, ter . 

r.i'he . is turo content o the wood is more critical t ho.n 
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··1th the ot-pr types nr the bGrnt joints ro produced 

on wood at 8 to 18 percent mois~ure content than at 5 to 6 

percent or lo1er (4). 

The ork n g 11 e of these glue ia vocy depondE.wt on 

the te, 1per t:ure of the adh i ve. .ln genel'•nl , the hi0 .er 

the te 'per turo, th borter the 1ork1ng 11 • In hot 

ether the worki g 11fe . y be incre eed by keeping the 

resin n a 11at r .. oooler conta.:tne:r at bout 70° F . or 75° 1
• 

( l ) ( 19) . 

ilsse bly pe iods ar• cr1 t · cal nd 1~ ng f _ m a 11 x i 

of onl GO minutes if entir ly closed , to 10 inutos 

if entirel open . ost operations consist of open and 

closed a e bly . Oen rally , on minute of open assombly 

e (;.unlo two 111i nu tes of clos d ~nse12bl • Tllo pcrlod 

should be decroao c1 if' wood 1 very dry or th terrpor ture 

of the wood and gluing roo re bove 750 F . 

,,.ini lL'l pres ure p r:tod d r, end on th ty of n to-

r~ · 1 nd ter p re. turo at '75° F. four hours of proo .. ure 

:or n eded for thin .... tr i t me .1bor e.r:d 5 to 7 hours ere 

n eded for heavy or curved units. In no e se should th 

pr sure be rele so before the .4ue ,ze- out 1 hard l l~ ) • 

.i:i.·p rimonts huve ho ,n th t 1ncr o.sing th te por a.tur 

gr tly decr e se ho time th t th oints r 4uire in the 

pro {12 ) The r uired tire c -n be reduced approx1 tely 

one- lf fore ery 10° F . incr ase :ln the terrper e.ture of 



- 30-

the glue line above 75° 1" . (19 ) •. 

~xtenced Urea e ins 

Th se gluos have h d l r ge ru;10unts of t1heat or rye 

flour ddod to the in order to reduce glue line costs . 

Bo th ho ,- pres or roo -t ~per tu.re-setting ure s mey be 

extend d . Flour v111 impart some a hesiveness vhen ho t 

pre ed . Th s e glues re gener olly more vis cous thon the 

un xtended t ypes (19) . 

'l'ho ount of flour extension vnr1e<:! , but t 1s pr1-

maril dete ·ined by the type of product bein :manufact

ured and under l t conditions tho product 111 be u ed . 

'l'he !.OSt co on r n e of extension 1 from 25 to 100 per

cent (25 to 100 parts flour to l Op rts of dry resin) 

( 19 ). 

unnger x i sts in dding too :mu.oh f lour or in exposing 

e·t ndod re ins to condition favorable for fungus bac-

t ria tt cks . 'xperi ent have ho th t under proper 

humi dity and te e r turo conditions r esino o ten crl with 

mor th n 25 percent f l our deterior tod very r p1dl y due to 

mioro-org nis s . Ho ever , re is tanee to molds nd bacteria 

may be incre sect by ddin ; chlorinated phenols 1n ount 

equ 1 to 5 percent of the flour we i ght . 

inco the .- e glue• usu 11 cont i n mor i ter t han un

ext nded t pcs he vi r p rend are nece. · ry . Assen.bl 

period re gener l l y shorter e.l o (19) . 
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Portified Ure 

These ureas were devel oped to i pro e tLo r esistance 

of hot- press ureas to boiling ·m ter and conrli tions of high 

te p~rature and high h idity . Su ch glues re omot1 es 

called craze- resistant . 

Bergin found by experiment at i on that t temper atures 

of 194° F . and 65 percent relative h 1di ty normal ure• 

e.dhos i ve broke down very rapidly . However , the er ze 

resiste.nt gap- .filli ng urae. gl1es , a lthough inferior t o 

e sein glues , gave t es t results eomparablo t o the (7) . 

The r e 1st nc of these glues on be gre tly incre sed 

b¥ the addition of melami ne or resoroinol resins . There 

appe rs to be a close correlation bet een th resist nee 

and the " oun t of t'ort1fi er adde • "1hen 40 to 50 per c ent 

of the tot 1 weight of glue solid s consi•ts of a fortif er , 

the boil resi ts.ne e y e.pproe.cb th.at of the mole. inc , re

sorc1nol , and phenol adh sives (10 ) . 

The u e nd 1or king ch r cteri ti c "' arc "'imll r t o 

thos of' the hot ... press urea res i ns . 

The urea.a s a group re l o in durabi l1 ty { ::1.th the 

oxce tion of t hose fortif i ed ) under cond i tions involving 

moder atel y high temperatures , esp cially when hi hu.mi 

ditr is also present (4 ) . Considerable e kening of urea

resin glue oints occurs under dry condit ions at 1600 F . 

and thei r rate of strength det er iorct:lon ls even greHter 
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under mois"· ccndl tion a. t t 1'is t z..,pernturo ( 24 ). 

W en tne "' e joints are 071.>oeed to fire , t h e fnil be 

caus e the glue iP- destrcyJd n te per .tures -~ich ch r 

the wood , thu~ allo·.·ing the plies to E:eparate \ 4 ). 

In g nernl, w 11 ~ade , new , u r ea- resin glu jo1nt8 

re ch r ncterizeo b igh origim::.l dry trong h , and good 

to f .1r resit nee under test conditions to continuous 

o kine in cold , tor , cyclic 

uous hi - rel tiv humi dit , 

re ativo h idity ll9 J. But 

onking and dr ing, contin

nd lt rnately hi und lo : 

e GOOd as ur - resins re , 

t heir 11... und lon·-ter durability h s been eone 1hat 

dis ppo i 1ting. Generally spe king ., jo_n s de ·d t· J. ure -

r · sins do not i111p_ ovc ·: i th ge l <::·4) . ("< i gn1ficant decre sea 

in strength h ve b en oba rved i n ur - resin joi ts hen 

exposed to norrm.1 1~oom cond1 tiona , i n~ ic ting a l o s of 

tren.:;th with ging (4 }. 

These dhesives are not to be considered outd tea . 

'l'heir l ow cost and a.sy h pdl1ng will :: nsu e t iei1• lor-~o-

scalc uo in t i1 manu actur o urn tura, laminations , 

nd plywood which are not destined for continuous outdoor 

exposure (24 ). 

, dheaiv 

here r t~o cl"Gseo of mel in - resin ad hesives , the 

.ot- pr s · t -. pe and the interi ediat - t :r1per .... ture- setting 

t pe . 'I'he latter differ f r om t .e fo er in having a ildly 
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a.c· d c salt to c tnlyze the re et_on so that t he will ouro 

r.:1ore rap idly at lo 0 er te:mpor turos (19) , 

1el mine re~ins spr ng _ron the sa e chomic 1 ly 

as ur resins , ut a re set a.t elev tc te1i1perot res only. 

IJ.1h e have the adv nta.0 c ovor ureaa of be1nt; boil oof nd 

h1r;h in durability (2 ). 

ost o t h s r .ins ar r' e d s ~oder . They 

re ~repa ed for us b i ·ing w th , t r and 01~etime-s 

1th the ddition of n h rdener •illers ar lao 6t:ie-

times u a d , they cons i t usu lly of alnut- holl flour . 

The cone ntra tion of the i :·ture s aua.l 1.y ·, t h n tho 

rang of 60 tc 70 percent solid " , nbo, t t o O" ,:e as t ho.t 

f mo t other res:tn ,rluas . uro molnminos re n nrl wb ito 

but fi l lers 1!2.part 

Ho t-

t~n color to tt em ( ) 

ins 

The ·10_.,:in0 11f of thes resins is about 36 hours at 

ordi ry roo temperature . Th oisture content of t he 

'ood app s to be ,or e cri t ic l ·1th oelanin" hen •ith 

phe o l . an botter r ults are usually obt nod ·1th ~ o1 -

ture cont ent above 6 perc nt . 1.!o t - r e .., melo.r.'!ino are not 

cr-.. 1 t c 1 · i ~h r o pect t o asse,. bly periods . r.ihese clues 

6e n~r " ll cure n t tc, 1per ture, of 230° • to 300° Ii' . but 

so ,1 re y bo cured o. t to:• per u. t· ro"' as lo : s 1G0° F . { 4) 

( 19). 

t ure- Sett n 
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be orking lif of int,r1 diote- te per ture- e ting 

1 1ncs is bout 2 to 4 hours und r ord1.n ry room condi ... 

t1or. . Assembly ti. chould b les th none hour closed 

or 1/2 hour open t 70° F . rn less at hi - _er te ·per tur s. 

Th glues gen r ally cure in about the s mete perature 

range a the 1ntor -ed1 te- te erature- setting phenol , 

120° • to 2000 F . (19). 

Th se resins re of v·ry recent origin. ost of th 

d velopment h ving t ken pl e since 1940 . Hence only 

limit d .ount of infor tion 1 avnilabl as to the r 

durability .. 

bore.to xposure te~t ind ic te t hat l mine dur -

bil1ty is sire1ler to t hnt o phenol sin • ·,ell ) e 

joint sho xcellent resist nee t high te .p r tu.re , high 

rel tiv h 1dity , cont nuou 80 King , cyclic o king nnd 

drying, m1cro~organiems , nd to most chenico.ls, i ncluding 

ood pr eerv t1v I fire ... ret r d nt ch 1,11co.1 , and oil • 

Th pli of m l min - gluod p l ood do nots pr te h n 

xpo d to f ire ( ) • 

Tats 1nd 1o te t a t th dur bility of t he int r ed1ate 

t mp r ture- s tt1ng joints 1s some·hat less than 

that of hot- pr ss m 1 1ne joint . 

he orcinol-Re ln Adhe 

~dhes ives deriv d fro. re orcinol nd for ldehyde 

er first devclope~ in 1943 , nd a r c the cot recent of 
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tt1 . • ynth in td. 

1 u tlt 

he V ( lG ) . 

d I · rk ·1 ,g f p -

tis. :..1 101 I z run. n 1n · l enc, l" . 

d r d • u~ ly 1-

d hy 0 - Ort'! · lC, hy'l .. File u lly .." lnut-

o· 
" 11 flour . 11 i 0 gl 8 c ,rk 1 color, ~J •wbling 

. no · dll • ,:., v , n. n ct ( ( tt) • 

tl cont .t of ood 1 no cr1 1c l fee ·r 

n o1n" b UC 1tl n t h of ' ' to 

0 ,e10 n tux- eon ,ent . li1c i ' 
l8 long . V 

'h 10 l n l1f 0 V r ro i"J ~- t 5 
\ 

ho • t 70'0 li' . to 50 ~ I t b 0 r by nigh r tot • 

e • tu::.e ( } 9) . 

i',. $ · .li 
.. io t" d e r.t n t} p l r gl e , .A. 

ty1, ,f bly ( o on or o sod) , r o u f C 

(one o b th) ,d 1 p , t7°I . 0 

8 I.) • \1 h both r: re ( , O.t) n 0 

;;,o 1nut > iot. of one to t · ho r 

l V ' ,o ·n t,r,Oucl l' cur . ( t t 1:.-

t 1r e of ?..>0 ... to 0 • i 1 li r t !.;p r tu b • • 
for h vy l .1n t1on of d n eo1e . t 

t · t r .t-'res I -.1od ho .lld t1 int n · fo.,_ 5 to 

B ,o r (F ) • 

.I. ll'( U t on b o nd v 1 h 1t 
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f ound tho.t cor n ut n could be used s an extender for re-

sorc inol- re in o. he _ ve" . r.l'his wa du to _ ts 6ro~ ter dis

pers ibl l t in t he l cohol solutlona of the resorci ol 

es1ns ( 9 ). 

nv stig t1ons to date indicate t t resorcinol- re~in 

adi:.o .. ives ar co.1 a bl t v pbeno l ... resins in durability 

( t ) • d b C USO of thia high d· rabi l ty and low setting 

t nporatures , these g::.uea ro pa.rticul rly promining for 

ns nJ g l u n jobs whc· r e bi ~h o ring te npora ture£ c n not bo 

use but wbero glue joints r it at to· oat det rior -~in 

a gonc es re de ire (19 ). 

Resins 

The therlslOp l sti c. r e ins that l.GV O found USO 8.8 00d

·mrkln adh es i ves r vinyl cl rivotiv. s1cll cs po lyv inyl 

but r 1 and polyvin 1 ncetato . They come n t \ O for a , 

m: lsii'ied a nd d1osolved . 

olyvin:y:l ... resin 

e olyviny - resin emul ion wn develop <! as !IOOd .. 

· orltln- dh sive bou t 1945,, •ben the suppl of ni 1 gluo 

·us in uf.1.ic ont to me t d e , nds and a sub., titut iua souglt 

{ 9 ). 

n the t~ulc- f 1 d f' oriu, the polyvin • 1 re. :n is finel 

d isp~r~e in\ ter. It co~e s s i l ky white or bro ni h 

11 1lid r:d i" be us ed i t r oom i'e·.per ture.., ( l ). The 

r sin appc rs o be pol vinyl but r 1 , c tate , chl orid , 
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ooa; l 2 ) h consi tency nd the non-volitilo content 

( g n rally b t._,, en 5 ) nd 60 percent ) re co ·1 r ble to 

oth r re .. in db "" iv -r ; ( 3 ) 'lh cl ry joint ntr,ngth rie. 

idly ; (4 ) Tho iator r r ist ne e oft o joint i l o ; 

( 5 ) 'l'r.er op l tic properties ere i ndi c tea by c' ocr n ng 

strength t elevot d errerat re e nd by f c 1lur to u -

tain o erate loo.(' over long pfriod under room cond i tion 

< ) . 

olyvinyl-r sin ~olution 

h ~er ~ins re di olv d i n lcohol , a c t ane ethyl 

cet t or otb r or g ni c nolv nts nd ar marketed i n syrup 

for . Thinners re us d to dju t t h con•ist ncy for us . 

e v r • 1 co ts re pJ,li d , and ver l br ,urs r p r L i tted 

to ol pso bot een the pJ.,lying of one coat and . nether . 

ver l d s re llo d to lapqe bet en tho p111c te of 

th 1 .t coot nd pres ing {19 ) . 

The r • in.. re hot - pr nsed at ter; peroture~ of l'd5° 

to 320° F . dep nd ing u on t he r 1n 1 ofte ning poi nt . The 

he t cu 

cool1n 

th 

(19 ) . 

dh s veto flo ~ nd tt1ng o c cur upon 

:'h rn:.opl 

ind r b1 l it 

tic-re in gl ue jo i nts per to be lacking 

under oondit ons of wellin · and hrinking 

of · lued m mb r • ·xpo ure o t p r ture ·11 thin th 

oftcning r ang of th e .._, lues likewi o r oduc n r ked 

tr ngth r duct ions nd t · y re.ult in del inat1on . 
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'rb pr1 c1pl 0 r pl1o t1on ., 01" pl 1ng 

on co on nt to t·) ot r r e ot, n tr tch 

of t 1n t n, n • 'lh re d t rl l 9° 

in G _. ny , n • ni l lu 1on of nd 11 of 

11,. bing t co ·onont • Ani 1 glu fo 11n -olu-

t1 n l&.V 1 0 b en u 1 ti r t 1· th1 

prino1pl h b n pl1 t ur re ore n re 

(9) . 

.. o t l f1r t r o ... t ,p t 1ng ur r in 

u d n t. countx r of t - l C t o • 

lu h b n 1 or r or bl ce1"' d 1n ,uro 

d 

!) r1 

.i()J' u ed th re t 

n 11 h 

t Un1t ' t t s . 

lu of thia 

t p .1ch t t 1r 1rer ft p o1f1e t1on (9) . 

Inv ti tion b th 1or .t Fro uct l bor o 

t } t . l e, o 1o. 

p nu 1.cn eh ori • 0 

urf c n UC r picl e ·tin O• r it O, t -
P r Ut • (!\e t o1 t p 0 U ~1 

1n d t nth nd ni 1 l terr 1 ttriC • ce -
·r t d lur bi ity t t tL o nt· l,>1' V 1 ' 1 t 

t d it ur cdll 1 ring 

t - h r OU sp o of 00 Cl 1() t luce to 
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1 ·00,1 o 1n.._. 11 u t of . ,l' ec 0 

,e rinc al n r d1 t 0 in glu C in , 

·11c ·h ch1 f 1, ' , t 1.n con or . ilk n OU d 

in cu • 'l'l 1. cbt nl e n a ol 0' : 

\1) h proc1p1t tin of cu ln \in curd fo , f10 ki 1 .. 

d r ilk , ,~> ,~ ,ing cu t ~ r JOV l c 1c c ici d 

o ·.i r i . uritie • ( ) re 1ng th CUl d r , ve 

e a r , ( , ryi 7. t j curd , nd fin 11 , ( bl Ori d i g 

1 1n o o d (20) ( 15) . 

D , h r 1n" dt n, of tl r.d • , . ! r 

r , ·L , r t d 11. , ncl d UJll hy rox d (15) . 

Th cl o1f1 . p d" nd I • t - r.ix? 

1, J r cl --lua l: • rk t nd 1 

t r ·l en r d 0 U ( ,,.,0) . A he • iv r C n diwn 

• dro 1c1 h r;r t 11 nd C 1n C n as II , • 
.1 " u onl } 1 1 ue 0 tl f C t: e :ty o-• 

ocoi,ic pr p t'.i of odi hydro id C Uu d t r1or tio 

nd 0~1· ion l. n in tor r ( l!>) • I nee , lu 

r d om t,e V 1ou r w r1e cco .. 

in to l' r ,i !'o u ( J. 

Us 

~ry CS n in dh 1ve 1n pow r fo will 

k p for lont~ P' 0 of o lr-ng ' t hy r .o ed n 
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h l 1 ob p in tirht GO 

t 1ner. vo d 1n o t t1on by r, oth ( 15) . 

The or in lif of t~e e 

tb follo ,1ng f cto : 

( 1 ) 'lb 

(2 ) 

-c lei 

tS ) Te 
th 

f t 0 

g ner1l rul th o k 

1 nt u on 

1 oe 1t contain . 

dd1 ion of 

t 

<1 ~ t r u in .1x1ng 

111' f 

0 \ he uOUnt or o l o1um hy rcx ent. Ji 1-

d t 1!l1Jer tur s 

o he ork1n life ( 15 ) • 

11 t t ed c t p riod 

'I'he e glu s . y b pre d b bru h or by 

_ dot 

our f etor : ( l ) 01 tur content of 

in d t 1 - t 

e ood (usu lly 

3 to 10 p re nt ) (16 ), ( c.. ) Con 1 te 1c of th lue , l 3) 

ntity of tl lu ppl d , n (4 } T r ur oft 

1. ood 1.1'~ lue (15 ) . 

A ae bly p riod n 0 0 20 1nut hould b 

void h n 008 1 in th a in glu (l ) . 

l' r ur sl ould b r t erou :l 0 F:t 1r e G od 

join a co pl e nt c t bet ·e n t lu th 11e 

ho •vor, t houl no b o gr t o crush tb ood or 

·u a ou t too C ·lu • Good r ult. y b p cte 

, 
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1th pr0ssure,. of 150 to 200 pound per squ r inch . '11! esc 

pre..,sur should 'b m int ined _n.,•wb re from 1/ 2 to 2 hour 

( 15 ). Th e lue ,ill ·et at ordin ry roo t n:peratur s 

16 ) . 

In gen ral 1 t be said the. t in ·1or:dn~ life , 

a. s mb y t i , pres~ure nd rat o settinc, t1e~e dhesives 

·re si 11 r to cold- t ting ure resins and nr subject to 

pproxim tely the e limit t1ons (1 ). 

J.>ur b1lity 

The a1n Q.dV ntsge o cusein "dhee ver:i is -1~01r ater 

re ist n ee nd their nbil.ty to retn1n trength wh n .et 

(29 ) . Ilo1 ver , this so- o l led dvant ge h become so e

what question le 1n th face of rec nt laboratory exper i -

m nts . Continuous e posure t so° F. and 97 percent rel~ 

tive h i i ity resulted in a rapid breakdown of o sein glued 

joint { 31). n 0 1• i s of oaking t.nd d in te• t 11 

a ecim ns g.tued vith c sein glue f' iled b th end o 15 

te k (8 ) . n compari on to v g tabl and an 1 gluea 

c e in is hi r 1n 1: ter r e i ta.nee but ~ hen it i coop a red 

to s ntheti c r e in it 1 v ry low in this 1~0 iu t . 

C ein glue jo nt when kept dry , how v -1~ , re v ry 

strong , v ry long lasting, and very dur ble (4J . 

•·"'P' r in1ents h ve ho\",n . 1 o th t under hif,h teup r -

tur s (194° .. . ) nd moderate rel tive hurddity (65 percent) 

c se1n glu are le et ff cted . I t s also sho n that 
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i e f• n nd oc.11 tr1 · lo npl c t p1· v 1 v.n· 

n1ng b · tliol~ r,nl, 01• b ( 0) . 

uu1 10n o pr tc c •J 1n 1 o 

f_ e · 11 ,ly t Vi • COf' y th lu 

, XU n. h J 1:11 , 1 ~'e , lmt in c n l"Hl :, those glue 

t 

k-



- 47-

1.'hich cont in pre rvative s re the s ,e as tho nc '.'1 thout 

( 1). 

Th hardness of curd casein glues cause dull ing to 

cutting tools . 'I'o do.te there ie no tiafactory ... ve. of 

relieving t h i. objectionable charact r t 29 J (15 ). 

St 1n1ng i nother obj ct1on tote use of th sc 

glues. All s t rongly alke line adhe~ives stain cortc in 

sp ci s of ood . If lu b r is d and veneer r - dried 

thi effoct ·•111 be reduced . If tain is pre~ nt 1 t ma 

b removed by apong1ng with l to 12 sol ution of oxalic 

cid and ter (15 ) 

Bl ood- Al b dhesive 

E.fforts to produce a ccep table ·, oodwork1ng dhesiveo 

f rom blood- l bum1n have been carried on for the p st 30 

ears . During the period of the f ir"'t world :e.r some ply

rood ms made by hot- pre sing gl ues v.hi ch contained a base 

of bl ood- a l bumi n . Hot- pres paraformal dehyde- blood com-

l}OU nd 

1n thi 

have been dev lop d but were n e ver us d extenslvel 

country { 9 ). 

Blood ... a lb in ha been used in ccnjunction , i th syn

thetic r sins ~ as an e::.- tonder for high-te per a ture- s etting 

phenolic re ins . ore recent co •ercial d velop ents in 

the u e of blood ha been the formula t1on of nn intennediae 

temper t re - setting a.ohesiv f r o1n n blood fr ction. Results 
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from e rly and 1 ited tests indicate very promising re

sults ( 9). 

Imnufagture of Blood Albumin & Blood Albumin Ad1e 1ves 

Blood albumin itself is a laughtorhouse by-product 

using gener ally the blood from c ttle (29 ) . The albu in 

is obtained by proces ing the fresh bloo nd removing 

the fibrin and part of th red corpur cles nd then eva

por ting to dryne s below the coagulating point of t he 

albumin, appro 1m tely 160° F . (14). 

The glue ixtures are not placed on the marke t as 

dry powders because of the decrease in solubility of th 

lbumin 11t h age (14 ). Instead of the raw products are 

usually mixed a. t the tie of using . Other ingredients 

go ing into these glues are 11 .e , c uatic soda, sodium 

silicate , e.nd para.fa mldehyde . Although the glue ay 

not be purch sed dry t he albumin itself is usually bought 

in this form (17 ) . 

In order to mi- dried albumin 1-nto s::>lution , it is 

necessary to oak it for an hour or more in u cool place 

before stirring. f,f ter t he solution ha been obtained 

other reagents and ingredients my be added ccording to 

f ormul s . The· ddition of p rafor aldehyd l p to de 

creas e both the setting time but al o the te'.rperatur 

{ 14) . 

Use and Working Char cteristics 
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.1. e \. or ~i ,"I' 11.f of · 1<rno a h aives 111 v ry r om 

e6vornl hm1rs o oeve l days d · pcrK ing on the mr:.ount 

Of '.l! l .119. 1 11. . r ecmstic S( 

t29). 

:~ther 1th a brunh o 

\ l•n.. A s 1...hl .,. tilrte. ,111 v 

:11. t:. tl:e consi~, enc OJ. tl e "•1ixtura til'l-d .. run fro-

l • t) i,.. t t 1 ' ~ A t •• I lf: , ~ ~ ..:· n J• n , r:i ... · • o c.e one n n ~ 1, in 1 _ ..., • '.l.'o 

ect t·~e r; lu [ • u rr tu .. "e of t 1 .st 1w0 . 
!':U .. 

b 0 coo.~';, l at t ~ -loo ln ord r to cut d()"' 

1't 

t 

th pre 01.ng 1rnriod, te,>ip rr•tu e of 2()00 • • to ;:t1QOO "!-.~ 
4 • 

"'- .t.(t .., b u od fio ·: v.r. te perntur OVOl-. •") •J 20 P .. o.fte 

c trne blL-te1 .. ing. Pre ure o f 100 to ,-.00 rue pc 

~nch , .. _re conimonly u ed {14) 

Th hot- rE.rns per o n l.d hyde-b ood glue oho·10·· 

v r· e;ood re. i t e to moiotu.re . .l xt to th 

ro in"' they 1 y be con id8 sd th .. ost \:.It r 

ynt 1c e 

alstant 

of v:ood. orking -dh siv 8 Te t5 a.ho ,ed ·l -.t p e en 

zlu d th tl:1 ( h 1v~ h ld together .f 0 2~ y Pre nd 

SOl:lO lon t.Hl 3 yen • Eot.: V r, t hey e l n:) t b eo 

id 1•od ater-pr oof s i ne ,oietu 0 c h~ ngo• OVf.n' n long 

period will cau~e e mplot fo.ilur- D struo ive hll.:)Ji -

aitic• for th glues, r botPa n 90 t-". d 9? pe~cent 

( • Ii 
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!nee the-e "lue nr 1, _ _:l in rot cont t p1"e-

c ut1onn st bo t en to p:'ov nt tne_r d ter or t1on 

un d co. ,, ,o, 1 t1on by baetori . 

::ioyb& - r pre nt tive of n 1 go el 

u":" nee l-rno n 

of u 

e p t. ut 

nd cottons d 

t~:t t ri 1 nd 

1 , c v be nus d on~1a r by 

£i fer :ood.,. r dni Jlu fl ( 15) • 

e di 1v q ror f_rEt ~ v lop d •~d introouced 

i1to th ply ·ood 1ntiu t y of the ) oif'ic co t. hr 

th y hclv b { n u cl r ther .t nuiv y ( 9,. 'lb !' y 

bo u ed lone C :r in x urer . it} C rie:tn ;l t 15 ) . 

Lec~•u00 oi' .r. Ji it h ro in e,1nte t ., t icir due 

n· in · 0 t;)J>ti nd ch r c ter1 tics ,o u.uc th 

th .e of c eein tun tho.:e of th vc.; t b e t rch 

dhe iv s \2 ) • 

.. hen con ·_nuou y · po ~ to opti .w-r. tou ernttrcc, 

c c b1ul,. h .1( t1e so b n gl join or re.p c l r 

dete 101• te by . ld · • ong the pr · ~, er t t ec: 

ch orophcnl',\ -1 

VJ 

ns found tha Ui chloropb nol , nod 

or ho1,., nylp 1 nol , . nd son , ortho henylph n t 

th .~o:. t ff cti v 1 prevent1n fun 

e sddi ion of 'e.0 pr 

tor ry tren t h or 

rv t1v 

t er r•e, 1 

di not ff ct 

nae of ·hese glue-

( ~;" ) . 
~ .. t .ou(.,h . o be n dh iv s t ml o be cheap th 
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t pr o n to b co 

11 typos of ood 

t 

o .. p e1 lly 

ti f C 0 1n 

o vor , tLoy o g · 1 g 1 po ul r tJ n nr 

on 

'l'h pr o1pl of dio .•r .u ncy r enti b e x-

l• 1u fol o • \,hon 100d co_ ruction or ny ot. r 

non - conrluctiv6 , . o id riul ir1 l e e 

1 ctric 1 

n n el c tro-

t ic f1 d ,hr out-h 11c i tor--

<l1o Fr ncy (one .111 ion or .or eye 

oond ) , tl ten, ncy t c nt rr,up t he fiold L t to 

I,!olecul o!' tl 00 glu tot 

er:-1t~ ion c e ,ol ul r friction nd nor t. 

t. , u i o· t h te n 1 no· ·n 

1 d1el c ·r1o0 or 1.1:,h fr u oy h 1nr;. 

(h g 

t 

tr th 

of .. o l ceul ,10 

oft ter 1 tho g..:· 

re g c ed n t he to 

r 

L 

unifo 

L i::;en l"t tod . 1~ , ult , n o nl of non-

den :1. ty or 1.oL tur conten • 1en l at <.l , l 

n d 

( 11~.u1 ) h 

ore u1ckly n t 1 d n: er r • ~ inc 

n 1 · rd n 1ty t. n ootl i t t on 

lu 

,oh t 

n d f Et I' \ , ) . 

• 0"11 er fo · d1o · re u ncy unit 1 

ct1f1 r or po, r 1p ly ',.l1ch e n ert ti , 0 volt ,., 
L, • 

lt·rm, 1 cur ' nt ( 110- 220 V • ) into hi olt J 

OP. D0 A. (., M. COLL-G 
r r. ._ _L lS ._c ~v { \ l 
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r. ~r•e '1Le cu ent .i.B tl n pi koc, '•) b· n 

0 e 11 d ltern t c1 t hl··· f u nc • 

lt -3 h l 0011 Ur>t d ·l.i!:~ r. " n , I' l!h t' 1 ot 0 e 

, h1o I th ,ork L lac t U') . 

,/ th ...., n El <!ivid d e 

1 t t r , .rta . ' t i 1c go int, th h.1cti .., o : 

tion ,lntenc or 

t 10 p rcon of th n r 1 Ol" curror-t is lo t 

n n tl1e in ulo or • Th r· r-1nin~ <Q , re- t 

lf u ll bo \'/Oen u ·lu 1 n 1nc the 

di t 1 or j cont to thei. . ~anc t 1, l ine 

snr uncure t lo b ginning of· t, oy l .oc t 

of t .ner ifl b o b d bu tl- yd th _ount of 

n rgy b o.rb d oecre n !9 nc. t 1 n·,CC itlt "tunin " 

ci cu1t for t, 11 · f c1 ncy (28 ). 

r: 
E:J Cil'e t of th o c111 tor ..,bould \J 1 rJt 'in 

tun "with tl e l ctr1oal co.p cit .. or th "lo d II t) 

of ' torin it: tl.o 1 c tro t ic fiold . l\ t h he t 

1ncr 0'1 , th t. r i lo 8 oi 'Ul' , t .u .. cJ· ng1ng 

th cnpacity nd i 'b lcnce ·lit L t c1rc it . ...:o G 

etl:o of l< pin, h . re t n t.un , o ... t. r b .:.:onu l 

or Ut() at!c ? e n - le l 2 ). 

nt 

1o '.)re nency n1t re o innblo t r OU 
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0 r o tp ro· ncy 1~ ~6 • 'he u•cl"• ·O ould 

inv ' i r· 
V tion or the ta .e ho d 

' 
of ho lcctrn , nd t u re Ui•• 

ro t of h w he - e. to b • h , e 

~ 0 r., th p r.ty, et I :n in ho, , povor v11 • 

bo c1 an e (' ) . 
T 5 nc. 10 X g n or. ar "h 0 P' 1 r 1z 

n I. 1o und hi fro 1 e cy U!) . " ~,. • 'o .,. 

p nel lp to O" 36° 6 
.. , 

nou lJ.y on • I, • , 

-0YCl !) 0 usu lly t1 fre~u ncy t 1 

lo· f e u ncy 1 qu t o na o un n in V r 

the bon d (28) . 

hr is (l trons t · o.t p!'8(3 t to 0 t t 

Lit) r , 13 . 7 oycl r to ed 

ng t! nd to 1 po r 1.,to 

"Lo s~> t: .. t th ff ot of c.n thi rd 

! b ovc1•co '£he po,er t t on 

tho • Q n to b t. ,( n c .iev d by . tr11 in , 

ro ~ 1 t b } , r inc of no:is 

of h p n 1, tho fre1.u ney , un 

cy 1. b t· er» o t e un t J h 

end ncy .. or 

kill c 

_loy 1 by , dio Fr u no 

tudi of t1 t> Ilro pect1 

en ., 1n 

l 

1 C ric l 

uiptnent 

deer o 

n .in 

lL nuf 

1n ·1 

r· 

( 21 ) (' 8 ). 

to 

·h l rr 

ke . 
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( nt t of' 1 to do h n l 
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l onld 0 lo \ ~ J. 

T n }O t} 0. or b e 1~ 

t' OU .1.'1 n op n. 11 -
nco b 1 t 0 1 t r 1 ttl 

in on . ..o t 0 0 1 'l 

;() t , n , ... th • ".1:1 l ... ·o , 
V 1, 

* .L '\.1 il"'lra 1 V lv d b t on 

pu ~n ., . r r t ll · uo 1.n tL r 

lould uml r n i.1 ~l f r e~ nd o, 10 .h r c-

tc 1 • lcl. 1nf 1.J. no , nt ob to t l 

1 e a C UI 

V n -• l V 0 .. 0 tor , l 

s l ct 1c l I'll n I' rn. 00 t C r r,l,.., 1.t th .. .. , 
t ... , 1n tt .. 

'l t_ 'P f on t l 

ot t . lee hi 4n 11 ~, t ... 

1n:f.n d b::,, I tu. of ot1 n or e 0 e 

t} p , ., ~ 

n r ,hr 

of 1c r ll·l h ... , l ~ J 

t ~, -fi b 
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,l.''1 •. 3 }. 

In per 11 l bo or he ti11 •p t b 

re i:, 2• llel to h f'lo of h • '.Lhi ' t d 

1 f or l'luin core o· n pr • 

'I 110 po 0 11 1 b • th eon in-, 

OU 1 roe 1n lv n ... p ic ti n o · t!. cl ... . , 

00 ! V n U lC r the l cti, de .. •. 1 ..• 1- l.Jo -
k • t .hod 0 po .. 

1n ic.h tl ov r t l·, l l 

1 r r.. 1n st 1n t t .0 of b ., , ru ... 

"' , nd raft r ~. 'h C nd :, t> of ' r 11 l ... ond1n 

h n t b t, , 1n 1c t h toe· 1 

tion 11 bo1 (-T . ~ t cl , 1n I t l 1 ,uc A_n 

( ">-· ) '--'•- . 
n u ,111 .. th t eo cu t_vit of 

. 1 t u li to cone .nti• of t h h t in t be 

,,,lu 1n 1 f' . 8 ul ; l e, er 1 u n. very 

h1...,h ....,lu - l1n ur s r tt 1n ln ,0 t r 1~-

1od o • '.l.l.1s 1• lo i-: caoo th no re ng glu • 
,lthoun l o con uct v1 , r .or-

con uct1ve tll n ood. C U t •lu 11n ·orb 

0 of th e t n ~, irr gul r1t1 

of 1 tur n, tl·_c ·n $ in t.1 R h ' V , .. OT'O i r {" 

ff ct 1n V t on : t hin it , 1th 

t ho t 11c cu •in lov,l • F tld. r son , up r l 
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1 ting r C only th Cl"O } 

lu l l ctrod to ot:l r 1 , 11 ( ) . 
ui ~e 1 nt i"or p ll l h n e oh 

et t' . e ~ cul 'l t1n . • g t ..., 

0 cold- nd co d 0 1 } 1 ~ l 

e nc ·n r- , ut ot e nduot e OU to 0 
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!.n l t r 0 1 t nc ,r tl·o • 

u. 0, icul r ti 1 l C 

t.i.i::t u lu 11n p VI 1c l r 0 >- tlo of le t . • 

' l 001 1 CO in ii1a ,. n r ( • 
~· ia ts le n 1r C' b c-

t .. , t} onl V ri t1on 1n tl t t r 

0 i d . i n .o u conton 1 ood 

r r.. 1e try .or 

1. 1· lv 1 t C n e-

tion l olp p tho u l n ,n von ; r tur f 

ven t.LOHc.. l · ..,ul r1.·1 0 n, o1 tu.re oceur 

nth lu 11n it 1r. ih n 1 0 o .. l 1 
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u1reot 1 .. onship botweon the1r len-

len~th. *'ot.andin1~ wav fl y oce 1n 

dood o:oot r nit. tnkon ploco . 'J'h1s may also t>e 

fo in t oen b d lae1ng 

tun1n t'() tt, ( ~l ) t 

p 1cul 

type are u.o 

(ll) 

- aun 

lulnc,• ·owe 

tf1ci 

b 

of tlm Ct) 

the prc'uot 

d t11 por

tinv 

point 

c. .... ,M~ ... ,1 - • t:b:.,....._Y: ,., t'-t"'~ "",. •• ,.~1 • Th r ly new , 

l 

uniro 

cl chiefly f'or eont1nuous in• op t1cns 

(28) • truct.u, 

- r101<1 1
' oy .. 1 of b r·ndini=: ut111z 

non-

th 

"-t 11 port of tl:te ctvostot1c field vhieh 1s not dii--.-

tly bot"'l'een th 

tho eleotrootntic r 
loctro,· • bi nee it u~oo only port o 

d , 1t is r tively h1~b in cost in 

rc-1utton to mount of .1o1nt h d cured . Tl11 

·e t hod 1e e t n glu1ng mnoll ttrcaa or µorti ~,n 

or largo a.reno , or 1nocecurn1ble areas that ennnot be loco-

ted d1roct l y w1 th:tn tbe field or 'bctv,een ti':e electr•ooe 

(21 

Col<l-aottint~ type glues , ::: ir:l!.lor to tllooc used in 

r:11101 ho11tinr,: work bent in otr uy-fiold heotinM • 

The of'! ioienoy o!' utray- tiold hooting "!)ilo 1.1,uite hi,-""'~ 

cornpored to p81'pon<.l1culor hoe.tine, io oomewhnt loso t 
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pounds of 

ev.a,or 

torini, ao r:,nn~-

tho 11e 

0 ny pounds of ~ate~ , 

any other method of heatl 

ed , ho~ evor, thnt •,·11th rnd10 

onn t) rat UG 

l osneo f r o r.'l 8 

1n teI-;> 

t do 

I 

turo or to 

:hon uo 1nc 

ould also bo 

ent1ng, 

r nocjctod ond 

( E ) • 

quency , on 

g an aonesive ror 

ten:pt to 1ncorporn te 

·-Nl th 1~odio rru

y ea nosaible of 

tho follov:1ng proy,srtieo: 

1. l•'nat Setting . 

2 r eedoin fro roin~. 

3. ~ong storage 11fu. 

4 . L-ow cost. 

5 Unif'o dopendab db 

6 . huay ndl1ng at tho Ct">n 

7.. F'1•oedom f r om s tain . 

Oh • 

.:..-...l'lt .. 

O. Freedom from odor nnd hnr.sr<l tn the operator., .. 

o. Cnpnblo of setting at r oo:rn te:;:perntur..,. 

10 .. Uevelopmont of n permenont durable bond to L"lt'H,t u::;o 
req_uirm:;euta for either interior or exterior use . 

.ua with oth 

luo wh1ch ho 

roducta , it i s difficult tc find 

11 of th bove ntio raqui1•01:;ont_, o 

dence , rnoa t opera to 111 o.ccopt ooti..prornis 

bodi loast the ?coot osnont1nl proport1 

hicn 

required or 

doni:red ( 30 ) 

T,;o of tho I!loet 1rnportant properties wLieh radio f ru-
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Th oond U')ll t irepo:rtunt property cone freed 

f r <:ir1 uroinr;; . ln. cn11der to obtv.in h1t:;h production moet o~ 

tho ::i.•odio rrequenoy ~mve r cone 1~0. ted 1n the s~luo lirio 

l. th veey little going into the v.ood . T.boraf o:r-t'J the glu 

r.:u~. or rmoh e. naturo tJ:lf4 1r. c reoistant a* .. ta 

:rapidly (2G J .. Bnp1d oott!ng 1r 

above r,entioncd iuetl"..ode .. 

b-e obtained 'by uoe ot th 

I!' tbo tu· c euch t the squeeze. out or t LlU 

l1nc itself will be in d1root eontoet with a.n oloct.rod 

(cs in pc.rnllel heating ) ; the glue mi · tut"O sboul<'1 have 

l o~ conductivity to pvevont nro1ng and the rasult1ng los 

ox· uowor in the oUier areo.o or t.be glue joint or 1n the 

ether glue l ini:Jo.,. 

Arc in;,: oeeuro ,;.,lmn EHJ,uooeod out gluo t"llmi down ar 

r.-;ake-s oonto:et ~,1th an electrode. 'lhe current, follmdn 

t 

e 

t . eonauoti 

od . vnco it 

glue , flseboa !nt 1e Jo1n na ennre, 

., .... the are td. l l oont:tnue nnd 

hoorb prnotien.lly nll of tho p0"11Gr, . 'fho :ro~ult be1ng 

that th.J e.t or the Hlue line hna no r btn,.oto:re no 

ond 1e :formed. 

'n sovero ore1ng t he carbon! rood may ulso oren t-

eonduotivo th for tho cu t und tha are \!1111 continue 

until t,t~{J 1.:1oterial burets in - la:. u .. . 
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'Ihi pb no onon 1 lo e 11 d "fl oh- over" . 

Un th b •1 of ·vor1 nc r10,n ty e of lue 

el a if i d by the •'or t rodue t L 01• Ol"Y, in 

d o he trouble t 1ey t; v 1th Icing, follo : 

V ry ood ---

·el .1n 1 in 

Acidic henol fo 

Good ---

Ur in 

e- 01~0 nol r -in 

Dad 

ld ll d 

di te- te 1 p r ur -

C ein !. u 

'oyb n lu 

ry b d •--

1n 

All· 11n t - pre phenol r 1n ( 9) « 

ilthough lk 11n ho - res h nol produc <lura ... 

bi boil- proof ond tb y r ve 

t stron lectro yt s vhic t 

'nd · r th eoru 1 t1on of th 

pron to rein du to 

cont in (2 ). 

Y.p ri nt th lu s 

ro uc db 01n o rbo.iz tr ic 1 r to the 

d ction or the fi 1 obf:crv d oo r th glue 

b G n to boil; h n ,oint 1n t roeu , red 

l . r lly fori ing d ply c r oni z dpt p.r llel to 

t 1 ti ld , ftor :vhi '·h t 100d bur t into fl e (SO} . 
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Hot- press phenols of several different degr ees of 

alkalinity were tried . The more alkaline t Le glue , the 

more quickly d i d t he brown perpend icula r streaking and 

bla ck p r a lle l pa ths occur (30 ). 

Urea res ins do no t produce s durable and beat- prod' 

a bond as t he phenols but a re no t l iable to arc (2 ). The 

Forest roduc ts Laboratory experi ents showed t t no 

arcing occured with ureas , melamines , c idic phenols , 

or re sorcino l s (30 ). 

However , the conductivity or urea- resin mixtures 

depend , in a l a r ge part, on the t ype of c t a.lyst used . 

s a r u le , the faster setti ng mixtures tend t o be more 

conduc tive than t hos e ibich set ore slowly (2 ). V-ith 

t ne soybe n , casein , and intermediate-temperature- setting 

phenolic glues some arcing and carbonizatton of the glue 

and wood did take place before the glue dried , after 

whi ch t h action ceased (30 ). Be caus e of t his conducti

vity and because t hey contain l a rge quantities of water , 

therefore curing s lowly in the radio frequency field , 

cas ein and soybean ues are generally not used for this 

ethod of gluing (2 ) . 

ecently , through research into problems of radio 

frequency adhesives , t here has been developed a non- arc

ing glue of high value . 'rhis gl ue goes under the commer

cial title of 11 Cos cophen RF- 228 11
, produced by the Casein 

Company of America . Thi s unique resin ill tolerate 
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o t r o or d tie vol· r; s hnn o ~1n ry 

ph nolic ty e in • n t u lie tic s, t will not 

:c 0 bu ; the l etr de a1 .... brou t into 

'ir ct C nt C h glu lin (2) . 

t lOU Cn co h n is on e.ns er non- cin lu 

it c nnot en ir 1 et the derta d Until oth r 0 lu 

lik 1 · r V lop d or this typ ic led o th r-

t r n ity , ho u u r l ould choo e e-

no 0 0 tt .. 1 • ~1 tl,er un tbo~1 of lu s 

i'or r d1o f uonc curi r tl t Qhoi little t 1d ne to 

ere o content rd 11' ,it lo Cl in ... con 1t1onc under 

· ·Lier c1ng n ill b , ncount rd ., 

t L, r co nt.1 d ro i- t per tur or te -

- te .p r tu - e tin ,rl 1e u, d t.h pr et1cn le 

it dio f r u ney oqu n • glu off r 

tnll1 r1r of v .. nta es , cur1ng ti C n reduc by 

tt&ini ,' n 1n1 et hie bo. t e 

11 enou to fl 11n 
' 

allo 1ng th i of 

t· 1~ cur to tn place t room ter.. ,ert.ture . The ..,0 t 

" "t cl: d 1 or cur d t n .b of l re s en ti 

s ck o ' further eur1 • Y, th so 1es n ' ich 

e r~ t lo er te per tur , tnLu:t• e sood i'inol bond , v n 

tu e a_t'f e n 1 1 ~ u to irr 0 111 1~1 ti 

of ,redo_ the oo 1 ion of the,; od , my occur du_i 

curin cycl (2) . 
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locut t 0 1 t e fro th l ctr , or n 

autc io iuip ent 1 u ( ? ) . 

' to 1ty, th 1 no n',) r invo ved . r.'he 

t of no 1s VO !ff'er nt f 0 th t of - y t:md 

t o de r di -tion no qui nt . 

C --
'I on of h r u ney ·1hich o o 0 t 

1 tr t to ora ors 1 t 1 cot . 

o· l eo t figure 0 a· fficult o obt 1n 

s1 tl.. 1 r th r n w f c ld . T . f gur h1ch 'U:' 

i on o po -b , ho v , ~ uld :1v ..,00 1 

bl ( ' 8) . 

A pro )eo .v u r of nd o uip n 

hould t l f dl r 1 h .o e oft olrl r m thod 

or u1n,., so o to det ll1n th mo t pr ct c l nd t 

on for hi op r tion and ro uil .. 

( l) or1~1n loot of th ine 

.:>uoh r ctor 

inut ll ton, (2) 

th pur 01 h ch l'l p 1.uct 1 int nd a. , n ( .:, ) the 

ov r 11 conomy vin o opo rtion, must be 

con 1d d (2) . 

rh 1n1ti l cot , of cou , 1 forte un it lf . 

It 1 ~ ,CC' ,. nd t tbnt un1 · ·h cl1 r pu el 

nou h to .o th job . In on .'d l t e d1ff renc n 

1nit 1 output b t ·n i ,- , nd 10 ID' unit 1 0 -

'h e OU .30 o.oo (28) . f,9 v cy rou ti t , on 
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0 t 1 t · d:to f .. uency ene1"a o ,11 oo t 

«'.b lt 00 pr " • ot out u t t ·nJ at 10 i ) 

bovo ( • 
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4 10 obt 1 '1. ,d on it 
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u n• }) eh 

cono 1c to 
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for do n y 
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f 0 pr ne u<•in 8 . ' unit {2 )1 . 
.i...'i:t ect uoll 
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s C;;; of p Y,' 00 ~ 1 t 0 Ovntc ho ts l 80011 nd us et 

n • th<.: o, ter SU"f C e . It is nvt n ees it 

lo ti fo th ho t to 0 1 1n, a ·.1 

l.c. ,cl 1.1~ tor \ te~--- , l.1.ot- r , etc , in cont ct r tl t.1 

surf"'CO l 0:r'f'l of the 0.l't C1 0 (; } 

Othc W! nto 08 of r d1o fr· "lO. h ti lg · l-. : 

tl} It prod C 
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l'L'. id and ~1ttiv•:. unifo uh· ; (, . ) ... 

, 1th p "' b ... no tl i ~! he t in the v .... J.n , 
vlu 11n - hout o.n p rcci. e lo ... !n ,01 in the 

oal:t; (3) It .,.. 
' ,. d to ln t C rvoc 8 J.L,l t). , ·d1 re • 

co t is l i h, oto n .. on ~ed l"Ol'l. l'.!11 1t b p1•0· }1b1 t 1 o .. 

..i.O ro.d .. o t',i'O uenc . y oe .t do ,.. 
WOO 0 • . . .. 

0 h dur ule lM:J.t 1 1 eov l'> d YH1 ti'\ l C~A Ct d (2 ). 

onCl'\t .liy b ocono1.1 ~ lu s d o 11 
• .... cku eu 11 

1•e · of the oint auffici nt to ,oint in pr ssure , -llov 
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ajor d :t::· vant · vf l" 1 n 1' • ,h,.U "lC · 1 ot1n:., 1 

t, r le ~vely hl c· t of th< eqn1r.,rn n t , (' the po r 
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used . Even though this mothod i s ef icient i n that it 

heats only the material between the electrod s, it is not 

n oconomioal source of ho,... t as compared to steam or ho t-

J.<.:xperi ence ha. shown t hat there a11 e only about t hree 

good r easons fer comddering h i gh frequency g lu:..ng method3 

in compari..,on with others . 

(1) Hi h fre uency may r duce the unit cos t of 

product throue;h savin s i n r..s.ndlin • This c01. os about 

tr.i.rou h quicker polymerization of t h glue , lower ela.mp

ng cos ts, and the savin of floor space . 

( 2) Because of b tter un~formity or sel ectivit of 

heat it i s often possi le to improve the quality of the 

roduct~ Inc1•0 s in uali ty moans incroatie in value of' 

t h product . 

-~1n of profit a 

his in turn, means an incra se in the mar ... 

(3) rot infrecuently h i '"'":i fre uency docs a job 0ther

vlis i mpos s ible (30) o 

If h i gh ... r equency is unl ikel y to do one 01"' more of 

the above for pecific gl uiLg j ob, th re i~ eoltlom any 

ju tifiable b tLs for 1 ts u se . A number of r ad i o fre 

ue cy eta are now in use ,here the saving of decre sed 

handling of th0 product l s nullified by t h inc1•eas ed 

handling of the se t (30). 
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nw~ber of gluing app licat ons 

h:lr;; frc uenc c n:s to l' v ,.. cl .. ,r u-

conornic ' . . d pr cticul ba"' is , The are as 

(1) r fabri c ted housin . Tl:..e possibi iti s of this 

p.f-,1:i.cation h ve long been apparent . 'Ih s 11 nt features 

of t£o 01 c trod pl t n d sign are: (a) Th g nerous us 

of resilient el ctric lly nuit ble uater.Lal to take 

car of d im nsion l toler~ n c ; (b) ~. sing· e pl ten des i gn 

which Jill ;lue u~ t ~o of panel which fits into the p l -

ten ar a , b it wall , window or door . 1 bond is obtn1ned 

no 1.n.ttor , here the stud i s loco.tad under tbe _;ilywood f, c-

1 

( 2) F.tlge glui of coro lur:bor d hard :ood panels . 

l•~or production r ..... tes between 3000 and j5 ., U00 BF per d y , 

the e 1~ con:-Jlc1ere.ble evi once tl1' t p rl=w s e s usec with ra ... 

dio fre>ctuency c n out- porfo , c lru, p carriers . rl1Lis i s 

base not only on _e reduction oft " a c tu 1 heating tie 

to 5 o :20 econds but ur.;on production of a higher n · b r 

of boe.r<: feot per m n- hour . 

( 3 ) Roof truss s , rche , barn r afters , 

The cost per foo t of truss i~ very gr tly r 

nd irders . 

u c d by con -

tinuous . ethods of ~p;,li c tions of r dio :fre .. uenc;1 po e r . 

(4} Furn_ture ser.bl • \·h ,rever the production vol -
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Tl.10 future trond in townrd 11.,hter, t.lOI'O portabl 

.. m, 11'0,: o voroo t ile uni ta • They hove Ll. vory definite plc.e 

in tbo woor:- vc•:tk1ng ind.1.wt1--y no evi,1oncou by tho nfor 

ec~ E1tJP11ac t1one l30 J . 

(; rt. 01· glu:ln~ o.nd r,~n.hing glu tL, 

of r , at no tim noo tl·ieir be;~in• 

n1n e wooav:ork ... duoo on.101 8.G !~C11 volot:,ment o.o 

he· 
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tl 

V in t~. past doead • during t ., \":IA~ (I)(_,,..- d th 

o:r1od . At vresont t tl'. 

c c.t t ho1r 

o meot tl 

'J.'he (• eveloptN:mt of n:i,t1t 

ood !md !\1!"111 tur Q 

e t,n or v,oouv,;ortt1ng 

hclr induGtlJ . 

en hon 

o.ven to rte~ of wnod glue:~, o verJ re ... 

me ta,1,-t t o eovere 

1,et•etur fluctu ona , mo1ot-uro ver1'1t1on 

b • 

e rer.1m1 , tl~ootl of r~honol- .t'orn,uld 

•oved rmHt ro~iatal?t t o nll c;q.Joouro coudi t 

The pho~:c l 1·<es1rrn cure nt very hi~J1 toeperr tureo \.200° to 

&>0° l•' • J nnd theroforo oxpen~1ve equipmont oHr;·.~blc of pro 

ucln~ hich tm:'!r;oroturof1 ere needed whon uoinr: the!i! . ·1r 

hn ve tbo lo,·to!': t euring tef>';;:1-0ru turoo \ ?00 t.o 75° 1· • 

nd up) of tu-11· of the retdn EHlheo1von ond onjoy w:tde ri:.;rend 

•3 bcoouae of the ai:,1;lo n;:ottode or r,l.oyed 1n their Oi;r, l.1 -
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SHEAR/IVG TOOL 

Fig . 1 - Specimen and ~hearing tool used in 
the block-shear test (20). 
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CUT½ TJIROUGII CORE 

SPECIMEN A 

CUT % THROUGH CORE 

SPECIMEN B 

FIGURE I -PLYWOOD GLUE 
SHEAR-TEST SPECIMENS 

FIGURE Z-TEST!NG GRIP ' 
Z ll 43177 : 

Fig. 2 - Specimens and testing grips used in 
t he plywood- shear test (20). 
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Fig. 3 - Electrode a rrangements used in high
frequency gluing (2). 
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