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Th p rpose ot th1 thesi 1 to emble 

11 vail ble t pertaining tot ynt tic-re sin 

glu nd pres nt co pend1 t t c n be us d a a 

conven1&nt r tereno . The fie d 1 syn hetic-resin 

glue 1 r l tively new, nd very uch info t1on ha 

been obt ind t hrough use and e riment . Thi infor-

mation ha not n coll oted, s1tted, nd cond nsed 

1nto a 1ngl unit of inf orm t1on. 

The inor 1ng u e ot ood product and the 

decre ing sup 9ly ot gh rade t1mber brought 

1 

about th n ed tor o e method ot ut1 1z t1on of lo er 

grade of timb r re o'roe . A need ha devetoped for 

method of u t1 1z t1on of 1nf'er1or peed.e s , em ll ize s 

of material , nd p~oduot of e lumber industry that 

a r ord1n r1ly ast d . One ot the ns rs to t his need 

seem to ood- bond1ng ub t nee . ood glu help 

in t he sav1n of m ter1al and in tb production of 

rt1cl · of unu u l orm, dimension~ , and properties . 

Nearly very t1cle of glued- ood construction repre-

eente econo y 1n t he u e ot t1mber re ource . 

It should be ept 1n mi nd hen reading the 

tollo ng materia l on synthet1o- r 1n glues, that tb y 
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LUE CK t OU D 

y od- bonding glue had nu .d before 

the advent ot the ynthet1o- re 1n gl es . The e eart1 r 

ood adhee1v s c ~ b con 1dere 

follows, 1m 1 glue , l1q ·1d 

in the t1ve cl ss a 

ue , oa ei n nd veget bl~ 

( t r oh) ·lue s, blood- .lbumin glues. Ther are v r1ous 

other dhes1ve ub t cee inclu. 1 111.cat~ or o , 
muo11a e , aste , rubbe ce ent ., cellulo e c mente , 

phenol- ld de oompo nda, a phalt , me , and hel ac , 

some ot wh1oh re used to 1m1ted ext en for l 1ng 

ood; but the a1n wood- bonding glues c n be oons1de~ed 

1n the f 1ve main ol a s listed bov { 36) * !/ 

A I L LUE 

An1mal glue e have been used fOt' eever l cen

tur1 • Their des1r b q· l1t1e f or od1or 1ng re 

high trength 1n Joint, free - tlo ,1ng cone1steney , 

qu1e - setting , st 1n e nee , and dapt b1-1ty to dif 

f erent u e cond1t1on . Tb oo to a.n1 l ue nd the 

preoautions nee ssary n pp y1ng i t are the chief tao

t .or which limit it use . They also l a ck · de 1rable 

degr e of re 1st c,e to o1sture., and their oper ting 

'fJ llelers to l1t r ture cited. 



c r acter1 tic 

ion { 1 , 6) . 

r not s· ·1t ble for f br1cat1on o · r -

LIQUID GLUES 

A gh percent e of the lu old 1n liqui d 

torm re mad fro heh d , bone, e ins, trimmings, 

d w , 1ng bl dder or ti h, and t 

often reterred to e f1 h glues . 

who e olae 1e 

4 

Some 1qu1d glue, ho ve r , e made by tre t -

t ob m1cal agent, u u lly n acid, 1ng an1m 1 g ue 

nd som are de from other r e. · ma.ter1 ls . Only the 

best l1qu1d glue r r liable eno h to uee in k1ng 
' ood Joint . f e o 1ef dv nta ~ of th glues 1 t t 

they come in prepar d torn, re dy for i mmediate u e, 

h1eh e em p rt1ou t'ly s 1ted tor patch or nd 

mall gluing Jobs ( 36) . 

C AND G TABLE- PROTE · 1
· G E 

C se1n glues w re no tor a long tie, t 

th 1r use 1n wood or 1ng a not ace pted until about 

1915. '.I'h 1r gr a t adv nta ..,, 1 1n the1r h1 h ter 

re 1st nee - t heir b1l1ty to ret in strength hen t . 

They l o have 

much qu1c r 

very low ett1ng t mperature , ut set 

n higher t mperature e e u sed ( 21) . 

Ce 1n glue ingredient are casein (prep red curd ot 

mil), ter, hydr t d 11 e to give wa t r re 1st ne, 
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nd tor h n re ent of tr1 od1 p b sp te ors m1-

l r one io is dded to leng n the or 1ng l ite . 

Am ng C ein di dv t e are he1r du 1n e f ct on 

to l , tendency to di color od , r l t1v ly s hort or -
1ng life, and their gb vi co 1ty ( 36). 0 e1n g ues 

a mong the bet ter . luee of tho e out 1 e t he f1e1..d 

of ynthet1o re i ns . For ·oom ar1son th ynthet1e-

re 1n glue 

teen . 

ee fig re one through _t n d figure t h1r-

Vege bl - protein lu s ch soy and 

e ut- m 1 g u r1g1n ed on the t co t nd re 

used 1n the l y ood 1.ndu e ry there ,. '!'hey re ch p 

but ve not proved to ti f ctory for lung 11 

k1nd ot iood ( 17) . 

VS ETA GLUE 

•v et ble lue• 1 a te p 1.ed 1n th 

woodwor 1ng trade exclu 1vel y to glue de fro t roh. 

They are 

ly di ting 

d from raw or proce ed st rob. nd e c r-

hed from p te ,. t hey 

re o p , o A be u ed cold, c 

e trong Joint, 

p t fr tro de-

composition, nd o be ept in good or 1ng condition 

for days. For t h1 res 

They r e 1mp r ct1oal for eo 

00 1ty, l C O ter re 

they 

u e due to extre e vi -

ce, t a1n oerta ln ood, 

and set rela tively slowly ( 6) . 
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Te pr1nc1p 1 r m t er al eed 1n m k ng 

veget ble gl e is o sava starc h, ih1oh 1 obt 1ned from 

t he root . ot t cas v , to 1c p 't n t . 

oorn, whe t, and r1c starch o·n .be u ed 

ot to, 

t he 

of vege t bl glues , and of the e pot .to t roh is t h 

ost f vor d ( 36). 

e 

BLOOD~ALBU I NG U 5 

.Blood- alb 1n g es ve not been used xten-

e1vely int cotn ry, but they have een more use 1n 

Europe and Asi (36) . 

Blo0d- lbu 1.n, by- product ot el bt e r house , 

ha s the property of coa.gul.ating and ett1ng f irml y at 
I 

tem er tr ne r 160 F. It ha a good re 1st nee to 

the often1ng ef ct of a ter, and t char eter1st1c 

it de 1r ble 1n the pr oduction of w ter- r e 1sta.nt 

plywood . The c h1e d1 dv t gs 1n using thi glue 

for odwork1ng are: the n ce"' ... 1ty for hot pre s ing , 

ch r quires expen 1ve ac i ery nd much handling; 

t e1r usually lo dry • , nd the f et t hat t y 

c nnot be mar eted 1n a dr y- 1xed form r ady tor the 

dd1t1on of t r . A ghl ter- r e si etant glue 1th 

moder te trength ha been prepared which doe not re

quire hot pre 1 g , but 1t doe not give a e un1fo ly 

good results as t he hot- pres d glues ( 6) . 
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Th blood of cattle 1e generelly used to make 

t h1 glue . Te alb in ls separ ted trom the ot er ub-

t noes oft e blood and then r d t temp r ture 'be-

low its ooa l t1ng o1nt . There are many patented pro~ 

ce es for blood- lb n glue, nd ome ot t hem man e 

to g t l r ge ount of ter 1nto th lue ,th.out de -

troy1n ite Jel ... 11 e form. These blood- 1 1n glues 

1th high :p roportion of wr ter re often 

tr th ( J' ) . 

y TIC F 6I GLU 

o 1ng 1n 

The relative y n w f1eld of synthet1c- res1n 

glue e opened bo t 1932 when a phenol re 1n res ohed 

price that 1 o edit to compete 1th other glues in 

the ood orkir.g field. I t roved to be the t1rst wood

ork1ng g ue cap ble of forming Jo nts more durable 

under evere cond1t1on than t he ood it self . Since t hat 

t1m · here h been r p1d deve o ment in ynt et10- res n 

dhe~ives . High- temper t ur - tt1ng ure e and roo -

temper ture- ett1ng urea s tollo ed the introduction ot 

high- temperature - setting phenol- re i n gl es . ela 1ne-

resin glues r made t hat cured a t 1go0 to 300°F. , 

nd had glue line s o,f gh re 1 t nee to xtr eme ,O-

ure ,. A r esorc1nol • res1n gl bect me available in 

bot 1943 t , t would cure adequ tely t roo tempera

tures to for Joints of high re istanc {l o ). 
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The synthetic- res n glue s. de good r 

record .. d no ve ny u e • They ere used for , r 

t r1 ls ch c rgo pl ne , merchant e ps, airplane 

part , rmy k1s d ow oes, ponton bridge, lami

nated oodsp n , d n mber of other u e . They a re 

no ing us din any ti ld in h1ch l 1 t d oods 

m prov econom1o lly e cce 

ur ni t ure , pref brlcated bo 

er1 l and e. ho t of other 

ful s ch 

1ng, boat , 

es ( 24) . 

e p e parts, 

truct, r l m t-

The nt1 t1e- re 1n g ues show gre t advantage 

ov r the older t p gl es 1n many vi ya . Th~lY c 

u d &nywhere, indoor 

of e our, -v or 

or o tdoors , under any condition 

low ter, nd above or be o 

ground ( 22) . T ey ve the added dv nt ge over glue .. 

trom rote1n der1v t1ve 1n being re 1 tant to attack 

by b cterla, fung1, n mod . Their hlg • ter res1 -

t nee 1 an advant ge over most glues ( 24). fhey lso 

re 1st e ro oo t chemic le, ~ ch a ood preaer-

v ti v , fir • ret rde.nt chemic 1 , and o 1 ,, They eta.nd 

up r r ably el under v ry1ng cond1t1ons ot tempera

tur and h m1d1ty (4, 10, 19) . 



Succes 1n bonding nd Joint tre th denend 

a. much on good gluing _ r ot1ce as on good glue ( 4) . 

Lwnber surf ces should be ol an, smooth a<l 

ccurat y me 1ned:., o t t al art s involved 1n the 

.1o1nt lll come eas11 · nto d.1;reot conta ct with a oh 

other. ood should be surfa ced htn dl-y and preferably 

w1tb1n a short time before 1t 1 glued ( 21 ) . The· moie ... 

'ture eontent shoul4 ·k>e eontroll d bet.teen time o't sur-

f o1ng and g uing. er or Jointer~ preferr d 

for eur ac1ng (4) . 

I t 1 ... not .. enerally recom ended to gl\ie saw d 

$U:rfaeea 'bee u· e o tbe d1f':f1culty r::,,t produe1ng c,On$1S

tently good • oint«h .ollowground saws: set to cut o1.ean 

and to revent oru~hlng the od fiber produce good 

gluing ur:f •oes . 

Sanding pre>duoes good resul ts 1n plywood but 

1 not recH>mmended f.:tJ"' etr uotural member , 'beoauae 1 t 

tends to produce sun-aces with 1:rr gular cont our * 

Glazed sr faoes c n _ i mproved by l ht sanding ( 4 ). • 

9 



OI S'ltt.TRE CONT T 

Car l con rol of o ure content u1ng 

1 e ent1 l . o e l es ake o d Jo1nt over 1de 

r an~e of moi tre con tons , t o1s ur control 1s 

nece e ry to 1nim1ze hr1n ge, e el11ng, nd stresse 

1n t e ood t t c. use war ping and t 1st ng of the 

s ructure, er eke t he p$nel j 1n s, or failure 1n t 

ood near t l e .10 nt {4) . 

The d s1rable mo sture oontent ot wood a t t 

t1 e of gl i ng 1 t t 1ch 1 l pr d ce s rong o 1t 

nd, 1e l y a pr e.o ioa b e, approx1m te he average 

01 ture content the int cl prod ct 111 tto1n in 

erv1c . In general', 1t 1 de 1r ble to rod ce t e 

l 1n ted· member a t a slig htly lo er moist·ure content 

10 

th n that expeo d 1n service, nd thereby not on y avoid 

urf ce- dr ing in u e, but a er ou change 1n the nt1re 

me ber . ood 1n dry hea ted building s e be n found 

gener 11 to ve o1 ture content v ry1 g from 6 to 

11 percent depending on th se on ot e ye r nd geo

gr p cnl loo t1on. The moi tr con ent of ood in 

dry unhe ted. building 1e some .t h1g r, pro bly g 

to 14 percent (21) . 

GLU PRE?ARA I 

C o1ce of glue 1 gov rned y t cond.1t1ons 
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under 1c t he am1nated product w11 be sed. Ext reme 

care eho·ld us d 1n . 1x1ng and preparing ny lue . 

Direction for m1x1ng re furn1 ed by t he nufac urer 

nd shou d careful follo ed. All cont 1ner s u ed 

for e1 ng d1tf r nt ng dents hou d eot clean, 

nd 1t 1 u lly de 1rable to u ea sep rte cont iner 

for e ch ingredient ( 21 ). 

mall amount of ue m y be xed by h nd, 

but l r g r tohe requ re a mec ho.n1cal mixer. Some 

resins end to develop hea t ·hen mixed 1th the hardener, 

o t t t nufacturer • s 1n truction bou d be fo1lo -

ed for e ping them ter1al cool during mixing ( 21 ) . 

H r deners or o t lyets are mp ort nt in m1x-

1ng 11 the ose tt1ng re i n , for they influence t he i~ 

r a te of se ting nd the temper~ t re t ch sett ng 

occur • c s, .ot t , al 1 , formaldehyde, and 

pr formaldehy~e re used rdeners. Te acids, acid 

ealte , nd alkalis ct a oa t lyste; heres , form lde

hyde nd p r to ldehYde nter into tl e re c ion 

resin- for 1ng 1ng dient ( 9). 

The ure . resin glues are 1nvar1 bly acid-cat -

lyzed~ The 1ntemed1ate- temuerature- ett1ng ml 1ne 

re 1ns re o t a lyzed by a c1 , ut the ot-pre e me 

resin 

glue 

. e nearly ne tr l . 

r ec t lyzed by 

The re orc1nol and phenol 

11 , but the setting of cer-



t 1n henol glues l 

12 

en be eff oted by aoid . R sor-

c nol r n • as pre. red b t m n f ctu:rere, r -

t'1o1 nt n · o ldehyde. Upon the addi 1on ot form. lde-

hyde or araform ld hyd to the re ins, further reac-

ion t e pl oe. o u 1ng the resins to et (19) . 

PREAl) . YG OF GLUE 

I t 1 n oe e r y to epr ad evenly the r i ht 

mo nt of glu to get eat! a£ ctory Jointe, . Thi 1 done 

with roller in oommerc1 l lamin t1on . Sing epr d-

ing , here on y one .:faoe or the tWtl t .. c to gl\ ed 

r eceiv s the sp d, 1 1~tactory for many 

t .yp of wor • here long .. mbly p r od re u ed 

then double p d1n, co tin both the t1ng urfae s 

or a Jo1n with glue, 1s rec mmended., T e required a ... 

mount of glu-e spread r1ee o t 1th gluing oond1-

tions and Apee1e s ot wood ed. Poro s ood usua ly 

r q ir hes.vi r .spre d than d d ... e on- porou oods 

( 21.. ) . R t o glue pr ad 1 e disc 1 eed under e e g lue 

type ,. 

At'S .. BLY 

A emb y a nd p re s1ng mu t completed. be-

ore the g ue ha.a de eloped n initial s t, which 1 the 

reeu t of both ohem1c l r~aot1on and l o.a ot so vent 

to the rood d ill' . er ies1ble ti e lll 



v ry t th ,1ng te pert • t o tem er ture, 

con 1d r.bly long r as ernb y time may allo ed t n 

und r hot dry oondit o s. Pr er regula on of thens

embly per1 153 ver important, 1nce p 1c t1on of 

ore tire either too oon or too late m y re ult 1n un

e t sf cto y bonds ( ). 

o ta e bl oo rt on oon 1 t 1n part ot 

open and in p rt ot olo ed. sembl , in which c se t e 

o · b e a embly t1me for a p r icu r op r t1on c n 

co p~t d by th gen l rule that one minute ot open 

s emb y re ult 1n mu h th1c ening of the glue e 

tw m1 utea of cloe d a e b Y (19) . A mbly p riods 

will b d1 c· se d under e oh gtu typ e ~ 

ORKI 1G LIFE 

The tim after the mixing of a glue t t 1 t 

r m n u able 1e known the workln 11 e of g ue . 

13 

The wor ng 1te of each glue ty e var1e . It 1s hort-

en d t e tem eratur r1 e (4) . Of ever l glue 

char cter1 tie studied, namely, acidity, or 1ng 1te, 

non- vol tile content, 1neolubl content , nd Joint tr th 

the o tic of orkir.g life ape red to be the 

only on re u rly nd aer1ou ly af f ect d by stora e. 

l t bough, the work1ng l1fe ot ome glue did not def1 ... 

n1tely cha e during the 12 to 17 month of st ·dy ( 29) . 

·· rk1ng life i.!111 be u aed u der eaoh type of lue. 



CURING 

ynt h tic- re 1n g ue c r t rel 1ve~Y w 

pre .1 temp r ature, b t hi her temp r a tur s greatly 

ocel r e t heir tt n Rnd educe t 1 period nee ed 

for pre C re . ln ur1ng opera 1on ere a.ctua. g ... 

line t m. ar re ot 90° F. 1 r equired, it 18 flO 

practic to oper e t h C br t 2 00 to 215° .. . 

At temperature~ abovv 215° F. , 1t 1 1ff1oul to ~a1n-

t e1n the pr p r relat1 e h 1d ty, nd the u e ot a ch 

t p r ture 1 11ot reco · end d ( 2 ) • henev r as m

ted in a ctr-bl1e of n p , rec1abl ize re to be 

1ng C mber, 1t 1 u ua.lly mo t r ctlc 1 to a1nta n 

t e chamber temp r a re bout 20° • above the requ1 ed 

n temper ture . I.f er d1:f erent1 1 1a 

u ed, longer curing cyo that y mpr aot c ill 

be r quired ( 21} . Curin will be disc e d und re ch 

YP of • 

G UirG RESS 

d qu£.1te nd 1ell- d1-ctr1buted gluing _rees re 

1s on ot t o t imp rt nt f actor 1n rod oin good 

gl joints . Te f 'ncttons of pre r incl de pread-

1ng of the gl e to ro cont1nuou f i lm b t en th 

ood 1 yr, tore1n 1r trom t Joint, br1ng1ng ood 

surfa ce into close cont ct, nd holdi ng t m 1n th1 

14 

ue 



o 1t1on 1le th g ... u et ( 21) . 

Be re ult 1 gun ~re obt 1na •hen 

rs ur 1 d1 r1bU e e venly over th nt1 jo nt 

r e. . nu 11for gt ng p ree ~re y resu t 1n tro g 

and eek er ... n b ru ,01.t . T pr1no1p caua 

of uneq · pr ur n Joint r s re : ( l )· irre .... ~1 r 

urface ; ( 2) eq l di n ions o oc J ( 3) p d 

t ck; ( ) mproper s acing of cl mpe, nails , or other 
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p 

ton, 

ev1ee ; nd ( 5) de o t1on , d lee-

d t er rape.tect1on in r ~s, lamps, or th r 

equipment ( 4) . 

T mi um pr 8 rm1tte tor any SE> -

b y 1 one 1 1 1n ure C 0 C nt ct o be od 

e rf C unti b glue et . ax r ure ho l d 

not be ogre t to oru h the 0 • T o band.re pounds 

per q . re 1 .. .r. h 1e M gard d t e upper 1 it; ltho h , 

t Q dr .d e.nd f1tty ound p r qti re inc 1 often 

d on de s bard,rood ( 4) . G 1ng re ur 1 1 

d1 cu e nd r e 0 1 ·e typ • 

0 S OF 0 I JI NG ELE r GLUING 

o e g bev been forin l ted to C re t 

:roo te per turee, e re te t uoce ha been t 

g er emper ures . Belo .r ome method.a of obt n-

i n elev t glue ne e er turee . 



On m t hod 1 t o pJ1 Y pres_ure 1n j1 by 

xpand1ng rubber t u , s ch as a fire hone , by meane 

of .. team . Tn 

temper--ture e. 

t r m the ste m . r ov1des he .!g . er 

he gl ·e o1nt . Int s procee e , here 

6 

18 d 1n1te r l a 1 n bet n et am re • sure 

pera ur corre apond1n to hat g1ven n ea.m 

d tem

bles ( l+ ) . 

1r pressu 1s omet1mes us d 1n ,1 -s fitted 

· 1th r exibie tu a, nd el v ted teoper ure 1 ob-

t a1ned t h electr1ca 

l10r being g. e a 

( 4) . 

tr1p hen era placed g n t t he 

e poin t o appl ca ion of pressure 

Oonvent1onal t-pl.1;.te pres ses cnn also be 

used t o bond. s 1n :, such a ply rood, to tuds, Jo sts , 

or other str cturQl me b rs. 

High-frequency die ectr1o he ting may be d-

vant geou s y ·sed to s t ue o1nt 1n he • senb y ot 

ref br1c ted t1t ructure, un1t er pr◊duct1on require-

mente justify t e cost of tle g ner t1ng equipment . 

The cot of electrical equipment can be o tset to om 

ext ent byte u of lo co et d pres es or Ji s (21) . 

lectr 1ca fi ld heating ean be most eoono

m1e lly pplied parall l to the g ue 11n or by tray 

field heatin here oce es to the ··lue l1m~e cannot 'be 

read1ly ocompl i hed. Tat 1, 1 t he eleotrodes on-

not be laced 1n direct a11g nt 1th t glue Joint, 
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they m y be of t, 1t n limits, d the el. otr1c field 

wil.l M.vert th.rough " le g ue 1. ne eaue .... . of · ts gre tet> 

oonduet1 vi ty, t us c 1ng the g ue to set ( 4). 



SYN T lE I'.,. G . 5 

bac ground of ynthet10 ... re 1n lu 

die d prev1o sly 1n t his p per . Synthetic- re 1n 

g lues on the oo is o chemic l propertie a::, be group d 

a therm setting or the mopl tic; on t be. 1 of con-

tit nt t y r els 1f1ed u no , v1nyl, m ami ne , 

d r or-0ino re 1n; and on t he s1e of oner a t -

ing cha~act r1 t1cs y re cl s f1ed s roo -temp-

er ture- et ing, 1nte:rmed1 te ... tempera t ure - sett! nd 

,b1g te per t re- ee t in ( 0) .. 

Gl 1e 1n t ,or~ are cl s s1f 1ed &ccord1ng 

to cur1 te. per a t r a s follo s ( 21) : 

L S I IC TI O 

fl t... et 1ng , ho -.pre , 
-r high-temper tur&
sett1 g 

Inte di te- te p 
r ure- oe t1 

Roo -te per tur • 
ett1ng 

Oo d- ett1ng 

CU I · TE ' TURES ( 21) 

tempere t ·r es above 
tor ett1ng 

1dered 
and 

e 1 about 5° to ao° F. 
ao e ut hor1t1e c ne1der 
70° F, a the m1n mu l imit 

R nge of ettlng 1 from 
2° to 5° .F . It 1s eon
u tn t t t tr 1 

often u ed in conneo ion 
it room- temp r t ur -

eet tin · 
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T lis class1f oa.t on 1e me.de for convenience 

in d!ecu e1ng the g , a and doe e not l mply t hat every 

glue represented s be onging to a. cor-t ... i n cl es neees

ea:rily curs at every temp-era. tur 1 bin the range given 

tor t cl.a s ,. Typee of g. t e s me.y vary a s to mi nimum 

ouring emper ture . 1 he g ue my vary int e1r set

t1ng t mper ·ture ac◊Qrding to the peo1e e of ood that 

1 being glued ( 21) . 

Synthet1e ... ree1n glue he o g1ng to t t ..ermo

setting gro p oure oompletely ta det1n1t tempera ture 

or wit in e. na rrow range ot temper v.tures$ a.."l1l if t ~e 

temper ~t re ~re lat r r el~ed to or beyond this curing 

temperature , t e glu oes not aga1n often.. 'rhe- th.ermo

setting g~oup 1 composed o t he ph nol- torm ldehyde 

ins, ur -for l de e resi n , elam1ne- fo ldehyde 

res ns, and resorc1nol-form ldehyde res n (3, o, 19}. 

PROPERTIE6 
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These glues re formed by the reaot.1on ot phenol 

or cresol 1th. formaldehyde, e.nd the reaction top_ ed 

at n 1nte dinte stage to give prop r qu l1t1ee for 

wcodworkin glue • Ph nol•res n glue have a pli r nge 

of l., 7 to S .. 4, t mo t of the high- temperature ... etting 

pheno.l e re lk lU1e.. It 1 1 portant to choo e gluea 

that are not too strongly .ae1d or lltal1ne tor • oodwor.k-

1ng to prevent t ,Joint t:rom being weakene4 by eor..-. 

J'os1v ot1on. Phenol glues ab orb le _ s moisture f~om 

t air than ood do (3) . 

ot- prees benol. glues are nie.rketed 1n three 

tonne; (a) a. . a r&s n ... 1..mpre,gnated paper film, (b) dtt"/ 

po der o be uapende.d 1n 1-ater OJ' in t t" nd a.loo ho , 

( o) water or alcohol. solution • Sep te rd:eners 

a·re e t1mes eupp1 1ed 1th t p owder and ltq 1d. to s 

for dd1t1on hen the glue are pr ared for. use ( 19) ~ 

A number ot h rdene:re re used. T type of 

rdene.r EJl y be import nt by proper y 1nf ueno1ng the 

pH of' the gl e . The glues 1th tbe pH e..pproaohing neut

r ity re u ually more a t1etaetery for to 1ng wood 

Jo1~te (6) . See page 11 . 

, nut stMil and wood tlo,ure are the o t 



common tiller , but he 
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or rye flo · , t aroh, Dougl -

fir bar, and ve et le and ani l protein 

u d ( 1, 34) . 

y lo be 

SOLVENTS 

olvent fo~ hot-pr nol ay be ter, 

looho , at r .. lcob.o mi xture , d1lut ,e caustic sod , 

ce one, or ter~ cetone 1xtires (3) . 

EX 

Hot- pre ph nole ma b e tended 1 h num

ber of m : er1 l • · orn gluten nd oyb n me ls hav 

be n found to 8 ti 

re ~n glues. C rbon 

t1 n, cause 1 re o 

ctory extender tor p enol -

de 1 u ... ed n the pre r -

with the hi h protein content 

o th se m t er1 ls and decrea e t e w er - bsorb1 g 

C c1t1e"' ~ lue extended it l rg mo nt of ro-

tein ceo s m ter1 ls 0 en e ken in p surro nd1ng 

du.e to t otion 0~ mi cro- org nism ( 5). 

Lin -eed m al is pe 1s 1b e s ex ender 

in only em 11 amounts , be-cau e of it h gh ater. bsor 

1ng c p c1ty . Doug - f1r b , Inglish w. lnut sh 11 

flo ~, and black alnut hel flour hav proved to be 

u1t ble extender (l ) . 

1 0 KI 'G LIFE 

The rk1ng life of hot- pre s p _ no s var1e 



22 

over gr t r a nge, bu for most of t he it is rela tive 

y lon. It 1su ly r ge f rom bou t eight hours to 

eeve~ l day ( 3) . 

RATE O PREAD 

L1 ·id p no glu are u ty p l ed by 

me of mec . n1o t sore d r 1th rubber- covered ro · l-

rs . On dry e1ght s1e the no l r e.t Of 

of gh- temper tur - et t 1ng phenol -resin 1e a bout t n 

tot enty pounds per oAe t hou s d equ feet ot si ng 

glue 11 e . For the dry- ilm form of henol - re 1n g ue 

it 1 necess ry to 

urf ce o get bet r 

very emoot nd ell cut ood 

t e to t h r tlve l 11g t 

e. r d of glue . '!'he f1 e1g h bo t 12 . 5 p ound per 

tho s nd equa r t e , d as one t rd o this we1ght 

is p er very 1g t prelld 1s ob in d . On t cker, 

ro hAr vene r bet er result re obt 1n d by u ing 

t 0 sheet of f1 m • er glue 1n ( 9). 

A5d BLY 

r m1 s 1 ble s em 1 p riod,s vary gr t ly . 

some ot the ot~pr e ph ol r equ re r a t1v ly short 

times, l ss than an our, here s others g1v better 

re sul t h n s emb y period of sever 1 hours or eev -

r l day are u d . Phenol lu with l ong mbly 

period re preferr d tor b g- mold1ng o erations tor 
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hioh the l y ng up prooedur ke on 1d r bl time. 

In the nufact :re of flat ply od,., , glues re preferr d 

that pe it hot~pre~ · atte.r hort embly p:er1ode 

of at· 1nute to or {19} . 

!OIS!IU !E CO TENT 

1th t p no - ·1 lue th best result.., 

are mo1s re oond1t1o a o e1ght tot ve pe~oent~ 

he r · lm dds no nots r to t ood and doe - not g.1v: 

gooa • e eul t r1 th mo1 ur oond1t1o b lo 1,: percent . 

A m.o!.st re oon ent t00 h1gh may cause blisters, xoe.e ... 

.. 1v-e b eod.-t u·o , nd sta:rv d joints;_ one t t is t .oo 

o m c, e dried Joint ot l o etreng h. some mo1 -

ture 1s ost trom tb p n le d.ur1ng pr. s s, nd to re

g 1n a. 01 ture qua\1zatton the p el sho~ld be eprayed 

or damp ned b ome e1 lar procesa (19) . 

Te 11qu1d hot - r ess henole ure not so cr1t1~ 

e l 1n their mo1 tur content requir-e . nte.. They glue 

11 over greater r .ge and espeo1 ·- y t m@1 _ t re 

content below e1.x percent, beoauae they add mo1 · tu:re 

to tbe p ne l ( 31. ) .• 

GLUING PRESSURES 

Gluing pr ure dep nds on tbe eo1ee. The 

gl 1ng pressure of both hot ~p· e l 1 ph not~ nd 

the dry- 1' m foirm r s1m1l r -. Pre sur $ 1n common 
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ee tor den er oode ,s ch as ye lo birch nd hard maple 

are 200 to 250 pounde per equ re inch; tor s e gum, 

Dougl.ae-f1r, and m hog y, 150 to 200 pounds per square 

inch; tor yel lo - pop ar 150 pou .d per q, re· inch; and 

Sitka pruce 4 ss ood, loo to l.25 pounds per squar 

1neh { 31) . 

(JURIN TE RA.TU E 

T pl tent ruperat :re genera recommended 

for gl.u1ng With henol-t1lm gl.ue e.r from 280° to 320° F. 

t'emper ures it n t r ng mu t be d ·veloped F.i.t th 

glu 11n . farthest from the platens for ever 1 m1nute 

too r-e the .glue adequ tely . The required curing sche

dules v ry 1th v neer th1o n see and can be obt 1ned 

:from the gl e manutactur r . oet lqu 4 hot .-pr ss he ... 

nols oure at 24-o0 to 2 o° F. (19) . 

6TO . G LIFE 

tor e 11f of hot -press pb no s ar, usu l y 

onger than t . e 1ntermed1 te- te perature-e t t ng p·enols 

hi.oh range trom t to 1x mont U! at room te per tures . 

·fhe1r u eful 11f e can be ro on ed at .Q er tora & 

tle&pe ture ( 21} . 

DURABILITY AcJ'D S'rRENG 

xten ive teqts e ow t . t th e ·. e · torm. 



.xt eme y strong nd dure.ble jo nt . el m de joints 

1th t nd ho·t de in tion pro onged xpoeur to 

cold or hot . tr, to lt rnate o .1t ng end dry ng, and 

to v rying temperatur and n id1t1es. T er re high

ly r i t nt to at d br ak do only w n the tem

p r tur s re ch the 1gn1 tion point of th glue, hich 

1 u u lly a ove the c rring . oint of ood. Joints 

m de with these g ue re not ened by tu 1, bac-

ter1, or other mioro - organism • nd the joints the selve 

re avoided byte 1te. Co plet y curd pt enol- res1n 

Joint re h1gtly re 1~tant tote action of olvents , 

oils, ac1d , alk is, wood preserv t1ve , and f1r -

ret r d nt o mica.le. In gener l hot-press phenol glue 

Jo1nt re hard to de troy without destroying the ood 

1t 1f (4, 10, 19, 21) . 

An alkaline hot- pre phel'lol w test d tor 

fatigue tr sing. An e ectr1c motor m 1ng 1790 r vo~ 

lut1 n er inut fur~1 hed he vibrations . The e 

cimen ere llo..ad to remain und stre~ up to O, 

ooo, O cycle if th y d1d not br • 16 p e ns sho ed 

ing point or , 2 ,SOO cycles, and eom 

1th tood lO,O0O , 00 cycles wttho t 

an verage bre 

ot the pec1men 

bre k1ng . The verage g ue lne t h1eknes 

. 002 of an 1noh ( 2 ) . specimens wa 

of these 

or trength and dur b111ty oo par1son th 
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oth r glue t ·ur on thro• v te d f1g re 16. 

ECO O IC PO SIBILITIE 

H1 - e er tr - tt1 g phenol a r the o t 

1m..,ort t nd mo t de y sed of l ynth 10-r n 

glu , e pec1 1ly 1n t e ply d tnd s ry. They re 

used pr1nc1 lly 1n m nu ctur of 1 ood and r -

lt d product t t e be d 1n hot pr se or to-

cl ve . 

for 

Thie 1s n c ry ca e oft .e1r require ent 

The dry- film for o gh curing mper t 1re . 

phenol ic- r esin glu 1 xten iv l eed or th m nu-

t cture f 1ror tt o~y ood nd ot er . roduct or ch 

1t u s cert 1n dv n g over 1q 1d g ue . I 1 

r y e 

becau e there 1 no 

d ted to the gl~1ng oft n v n r, 

o1 

lu 

re _d1n 

ble d - t ro · , 1 le 

• t h oo er for 

rob m, and er 

• Liquid henol- res1n 

e 1dely u d 1n the manu-

ct re of ply ood for • a r in nd otl er e t r1or e 

h re dur ble gl bonds re req 1red ( 9 , :;4) . 

Beoau e of t heir high- cur1ng- t 

uir m nt , the gl e re not ell 

per tur re

ed for lami

ve en found n ting ber or he vy t ri l . They 

ry eucc s si'ul 1n g u1 

by one comp (3 ) . 

On the 1s 

el cost approxi a 

rrel hand nd barrel et ve 

f 194 price phenol g as a 

y 12. 5 cent per pound ( 25) . 
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EX'l'- rn D I OT• P • SS P OL s $ 

PRO ERTIES 

Thee l ·e rev r r cent and ext n 1ve 

d t hav not b en r c rded for the . Con ider b or 

1 now 1n progr on e u of such od1f1ers or ex-

tender for these glue e. eget, be rote1n , b r 1 r, 

nd t rches. T primary obj ot1v of lue exte ton 

1 to reduce cost , for hiob xtended ?henol g uee re 

prom1 1ng in use here the good ch.er ct r1 t1o of ir 

bonds e d s1ra b e, b, t m xim d r bi 1ty is not re-

quir d ( 19 ). 

Pr l , 1nary ·uo.1e -ve own th.st ex nsions 

to ery gre t extent ot ho - reaa ph no 

t ctory for use 1n wood bond1n . F 1 ur 

s unea t1 -

ere due to 

ins tt1c ent p tio lo t t he 1 e w ch r lt cl 

1n poor cont ct b een g e nd veneer. ever l met od 

re avail be for 1morov1n flo proper ies of 

combin t on of r 1n nd r te1n mixt re t ( ) d t ion 

ot a pl t1c1z r, ( b) odi:fic ion o the protein by 

hy ol tic tre t m nt, ( e) u e of r 1n of l o e-

oul r 1ght , {d) a oombin t1on of the ugge ted method . 

1.'h be t method to improve f o propert1e i :found 
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to t e u of lo 'I mo cul r eig ht res1n ( 6) . 

The ol owi data e obta ned trom t e t ~t-

1ng o to lo molec l r e1gh phenol re ins. The gl 

ere mad p of 4o to 53 perce t ol1ds depending on the 

re in cont ent oft le. he to hot- pre phenol 

te ted d r t1o of phenol o formaldehy e of :1 . 5 

p nol, t on ld hyd , and hard ner ere 

mixed c refully and ere carried to t emper re of 

bout 200° to 212° r . The tot l t m of the re ction 

was held to 60 minute or le (6). 

HARDEN'£ S 

The hardener used 1n the gl ue or t e t t 

w s sodium hydroxide, t t ere ar many oth r ma ria 

that could s rve equ l ya 11 . ~e p gel . 

ILE 

an t he o r ma e ,ood 1ller , t 

s ti f ctory r e lts ere obt .' ed by 1 o 1ng the or

b bydr t conten of the e x enders to rep oe th at t 

abe l flo· r a f 11 er ( >. 

OLVE TS 

ter or v ter- lcoho mixtures ere u ed for 

solvents ( 6) . 

EXTENDERS 



S ver l extend r may be u ed, t 1n t s 

.:xpe~1 ent only protei A oeous m ter1a.la ere te te,d.,. 

The tert le ere corn gluten, soybe n, d .linseed. 

el, it protein contents o 35 t 70 perc nt . 

rotein trao~ on p e.y the most important pert n ex

ten ng t e gl ; inc 1 t tak. part in bot the f -ow 

and dheei ve prop rt1e .. Extender o 1 5 to percent 

protein gave good Fe s t (;: .s e ender • Higher prote n 

mt r1 l give 

not co ensur t 

Joints ( 6) . 

tter re , lte, butt e1r add d oost 1s 

th the add d trengt giv n he glue 

Lim.1t•t1ons 1n the amount of extender t t 

ay be used 1n eeting terproo spec1fications a so 

pply to _ read b111 y o.f tb.e lue , With nere 1ng 

' amount s ot pr e1neceou mt r1al it 1 necess ry to 

l o er the solid conten of e glue to obtain rooer 

29 

consistency :for g ue wj, n the rat 0 of resin 

0 xt nder 1 t gher t 1 : 2, the pr d1b1l1ty of 

the g eon ro 1.er beoome dlt 1c lt ( 6) . 

'l'he pro ert1 of prot 1naoeo inater1 •S 

h1c v th a ct i n luenc on the qu 1 ty t 

f1n l glue prod at are pr otein v ue, content ot ater 

solubl cons 1 tuent , a t er- absorbing or w ter-holding 

o p 01 y, and plastic f lo cha ct r1stio • Prote1n ... 

aoeoue m ter1ala high 1n protein content and lo v 1n 
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ter ol bl con itu nts are best suited tor h no e-

re 1n extender . L1ns ed meal c n be ed 1n only am 11 

o nt· ex nde:r du to t t r - hold1ng c 

c1 ty. It con 1n m c g no ccrbohy te tho g , 

nd 1 des1r b 1n ~ 11 o·nt it 1 orov 

the qore d ng c r ct r1s ice o the gl e . Soybe n m al 

from t ter- solubl fract1 n been removed 

1s s ti ctory tor ext nder. Corn gl ten m a.l m e 

ood extend ,r, or 1t 1 mos ent , re y free o ter-

e lube comoonents ( ) . 

OR UlG LIFE 

or 1ng 1- e of the lues my be oom red 

to hot- pres ph nol . It 1 not or1t1ca ( 3) . 

R TE O PRE 

As t1stactory rte of spre d for these ue 

found to be Oto 14 ound of glue on a dry eight 

1 to 1000 uare fe et of s1 e gl e ine ( 6) . 

S E BLY 

n op n as embly ot on hour 1 recommended, 

but open eeemblie u tot enty- or ho re ~ re found 

t o be equally e f c 1v { ) . 

1 OI TU 00 TENT 

The mo1 t re content of the ood t o b glued 



g tb best re ·l it 1n t er nge oft to 1 .ht 

p re nt . Te g ue c n be u ed on 

mo1 ur content (6) . 

re err n of 

GLUI O RE SU 

t otory g u n pre sures on lig hter o ::>d 

(ye lo opl r) re 150 to 175 pou de per s u r 1no . 

On den ... er ood ( birch) 2 0 o 250 p ounds per qu re 

neh re ooes ..,fu1 ( 6) . 

CURIN 

3 

T c r1n t e pe ure fort ese glue r ~ged 

fro 2 ° to 3 ° . o t um cur1 g t e for phenol 

xtended wit h corn uten m a 1 a bo . t 4 min tee, nd 

h oybe meal abo t 3. 5 to 6 nute . To 1ncre ee 

the rte of our , ammon m y dded to the g ue pre

o 2S p rcent am n1a pr t1on t t r ate o 90 r 

pr 100 r ams of liq 1d r sin ( ) . 

STORAGE LIFE 

Su flo nt d 

etora e lit oft se 

ph no to form ldeb,yde 1 

1n properti er bei. 

ve not be n d velop d on 

Th gl •e hose rt o ot 

;l . 5 showed ttle ohan e 

stored for 60 y . The glue 

1th r a tio of p e ol to formald hyde of 12 . 5 
• usu bl up to 33 d y of torage . Bot g s r eto:red 



t 77° F . Their stor ge l fe ot..ld be longer a t lo r1er 

storage temperatures ( 6) . 

DURABILITY AND STRENGTH 

It is not recomme-nded to use gl ue s 1th a n 

extension of prote1naceous mnteria s gre ter than 50 

percent ( t vro pa.rte resin to one part extender) . Test 
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ec1mens bonded with a glue of resin and extender r atio 

ot 2!1 sho ed good res1stanoe to m1oro- organisma after 

17 mont hs of exposure . Under ever-e weather cond tions 

as approximated by 1 bora tory tests, the wood deter o

r ated, but there were no s i gns of delam1na t1on . Other 

speci mens e osed for 12 mont · a t ou t side aonditiono 

~howed no loss o s er strength. After three hour 

boil i ng te ts on ~e ver l ~ood glued with extended hot

prese phenols, the bonds et r-~y• navy ae ronaut1oa 

sp,eeif1oa t1ons .. They .owed an extreme y h' gh percent 

of wood failure and met shear trength qua 1f1cat1ons 

which r eq ire 290 pounds per q\18.re inch for birch, 210 

pounds per square inch for mahogany• and 130 pounds per 

square i nch for p opl a r · ( 6) . 

ECONOMIC POSSI BILITI ES 

These glues are new and are not proven s ta 

t heir cap b1 1t1e . They do met stand rde for .xter1or ... 

gr de ply ·ood, and 1th t heir savir..g in glue ine cost 

.. 
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should find consider ble use in the commercial field . 

I NTE EDIATE- 1~1 E ATURE- E TING P OL RESI rs 

PROP T S 

Thee g\ues may or may not be blend of phenol 

r re ore1nol . It p enol - ormaldehyde 1 used a 

gl1 the re ct1on 1 stopped t n inter edi ate stage 

l n hich the mater1 l 1 still aolub e 1n r1 ter or other 

mixtures. The glue is mar et d in this interm d1a te 

tage as e1th r a solution or po der . The reaction be-

t een th p enol and formaldehyde is oomp·_eted by he t -

1ng dur1 g the luing oper t1on . These glues re for

mulated to cure t intermedia temper res, other 1se 

they res mbl hot- pres phenols in their propert1e ( O) . 

They have a d1 dvanta e for some operations due to 

ood t 1n1ng (34). 

HARDENERS 

Interme 1 te- temper ature-setting pheno s my 

have number o hardener suoh a ca c1u 

sodium carbon te or sod1um hydroxide (34). 

FILLERS 

hydroxide , 

See p ge 11. 

alnut hell and ood f lours r e most common-



ly sed fillers, but hes t or rye lour , t rch, 

Dougl as- fir bark , and ve etable and n1 1 proteins may 

also serv a f illers {34) . 

SOLVE T 

ter, leohol, nd ter- cool m1xt ree 

ser ve a s olvents f or these l ues (3} . 

XTE1DERS 

Wa nu she l f lour nd Dou l - fir rk ve 

seen lim1ted eerv1o a extender . Lin ed meal c be 

used 1 only sma.l mo nt s due to its gh ter- bsorb -

1ng o p c1ty . Corn gl ten nd o bean meals va been 

used to ext nd these glues. Carbon disulphide is used 

1n the pr epar t1on , bee use it reeot e 1th the gh 

protein cont t of t he extender and decre s the t er -

b orbi ng c pacity ( 5) . 

OKIN LIFE 

Tb 

ett1ng p enol 

75° F . ( 9) • 

RATE OF ?READ 

or ing 11 e of 1ntermed1a te~te 

has au u 1 range of 2 tog 

er t r -

rs a.t 

o t of thee g ue re used to l i nate •e vy 

members , end their ..,pread re heavier t han hot- press 

p eno • We pre~d of ~O o O o•nds o gtue re 
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used p r 1000 ... q 1ar r e t of doub e g ue 1ne ( 19). 

A er1 ry gre tly 1t n t ee 

g e, but mo t of m pe ~1t one tot o ours of clo ed 

e e bly at 75° • ( 21) . 

' 0I8T om TErr 
Th s glu oe for nti ac orly on ood 

t moi t re content va e of 2 to 20 perc n ( ,~}. 

1 i ng pre ·re for - rd ood sho ld not be 

qu re inch nd on r ngo up le 

to 

t 

pou 

l O und 

per s u r 

he usu l r e 1 2 

In ort ood preesur 

r u e 1nch (18) . 

CU I ' TE1 ~P RA TURES 

1 c h t loo l press o1nt • 

t 250 pound per quare i nch. 

ay r n e from 00 to 200 pond 

Thee lues were m de to eure t 1nt 1 te 

temper ur , b t the c n be gre t y cc er t ed 1n 

t hetr curing if l ~er temper t ures re ap,:~1.1e • In 

uing 11t o hip keel tempe r ture of 190° F. 

t glu 1ne for 10 hour tound nece <lry for th 

production of Joint t h t ~how little d l 1n tion un-

d rout 1de exposure condition . or oug - ir and 



0 n r l mer1ca.n l:o any cu ing per d of 1 hour s 

a t 4o0 
• e de e 0 e1ve Et ng o nt or ork 

ot r t < r.1 ng the eap r a ture t ld t1 es may 

r duced, bt t t glue t 1 e - c red ·f 

the Joint r to heve g d r y ( l 
' 

1c ) • 

LI E 

T a u ve re 1vel sort s or e 

e o 2 0 6 on 8 roor emper .. re , t co d 

tor ( 00 o 50° F.) p ro on e: 1e r u.:eful 11 e ( 2 ) • 

DU BI LITY D Th.EI 

trength a d d r ".b li t of i nte ed1 - te-

ewper ture- ~et 1ng p nol - re~1n g ue c mpare favora-

bl 1th that t e h t -ore p nols. 

enol . 

ee dur b111t 

d rengt under t - r e 

In te t on at tress n a elightl lka-

ne ue S 0 ed good ur b1 ity, but a l g ly id 

g u s .o e 1r lo 11 y . The 'l n1n e -

f eet oft Cid phen l the WO d y V 1 luene d 

he d r b111t f t 01 t ~ e fa1 ur mor in • 

t 00 than 1n the glu . A f i e-t E, 1 m c h ne 

oper ti a 1790 r VO t one r t11nute m u ed for 

the T r - t 0 p th a 11r. g ue 

r t te . Thy s " ver e bre . in o1nt ot 

4,431, o C 1 • wit e t t pec1 en tanding 
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l O, O ,ooo cycle wit ut bre k ng . Pr.1. r 0 the ec -

mens d gl 1e ine t h c1tne SE! of . 003 of en 1 C , tmd 

t ey sho. d gre t r durab it t n "9 o r ens t a gl. e 

11.ne t ckne 8 ot . 035 0 n nch. The h1g ly cid p he -

no ho ed nn verge bre i ~ o nt 397, 300 cycle 

1 h , ue 1ne t h1ckn a 0 . o 3 of n inch and 2~ , 

4-oo eye es 1th g e 1 n t c ne e ot • 4 of an 

1nc . ~one o t he sp c1mens it s tood t e ax m of 

10 , 000,00 cycle t hout bree in {2 }. 

For trength ~nd d r b l ity oomp r on with 

other gl·e see i g•r son throu·h ten ~nd f gure 

fourteen , even teen. 

ECO 0, IC POSSIBILIT 

eee le r · ed fo l m n 1n vy 

me hero, o some tent int e e~embly gluing ot ir-

er , nd 1n ot r o r t1one d m ndln dur .be glues , 

b• t ot e . 1 tt the s o ot- p res t mp urea ( 19 ) . 

On t b s1e of 94 pr ce phenol glues e 

cl es cost pr ox a tely 12. 5 cent p r poun (25) . 

HIGH- .tP RATU - SETrlING UREA RESINS 

OPli'RTIE 
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Thee glues re forced b the re ct n of 1rea 

it form ldehyde nd ere ct on 1 top d t n 1n-

te rmed1 te t .ge o form the ure - re in glue u d 1n 

ood bond1n . Th e lie ar inv rib y o1d. The 

ur r 1ns hav 

bot- pre ure 

pH r 

e l s 

from 1.9 to 5.7, b t t 

oid than the roo - e oer tr -

ett1ng ur • Hot- press urea re 1ne are or ted 

e1t r dry po rs, 1th rden r 

au_ '"> 1 d or 1nco or t ed, or 

1th p r te 

1 ther sep r t ly 

eu ens1on of 

rd nere . The 60 to 70 pereen olid 

owdered glu s re red for u~e by mixing 1th a er, 

or th ter nd rdener 1 the hardener le sep rte

ly up lied (l, 19 ) . 

HARDE ERS 

d ners for th ee gl e r oids or Cd-

pro uc1ng alt , nd th cunt of rdener o en dis-

t1 1 he bet een t t of ur - re 1n g u • h 

ore c1d rdener re u ed to e t 1nte d i a.t -

t mp I'\ tur - etting ure r 1n ( 19 ) . 

ILLERS 

Th e lue u u lly contain some tiller; t 

o,.,'t common lnut hell nd ood flour ( 2 ) . 

SOLVE J S 
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The 1 oat common solven s for hot ... p?"es urea 

re • ter or t •r- acetone m1 ture (3}. 

EXTE DER$ 

heat and rye flour re the oat common ex ... 

tenders eed, but good results veal o ,en obta1ned 

with t p1oc lo r (3) . 

WORKI! G LIFE 

Hot- pres ur a resins usually ve r 1ng 

life of 8 hours or, mor , eo t hat 1t is no t n eee ry 

to cool t he cont iner in hot ther in order too 

t 1n a sat1 f otory :vorking period. ( 19). 

RA TE OF $PRE D 

Th.1 glue 1 st p◊lied by mean of r bber-

covered roll re, bu tt c ti be brus re .d, 1e t sp e" ds 

of JO to 45 ounda, e u1valent to about 1g to 30 pond 

ot dry glu , per 1000 square feet of 1ng _e gl e line 

ar reco . ended .. H. .avior epre de may be neoee ry o~ 

t ck or ro g h veneer ( 19) . 

A SSEMBLY 

A ee . bly t1 es vary over w1de limit, bUt they 

re ot critic 1 ~ Some glues my be u d 1th an open 

esembly t1me of 24 hour o:r more ,. Ind1v1dual glues 

d1ff r and the m nufacturer • s recommend t1on hould 
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be o lo ed ( 9) . 

OIST{r CONT 1 '1' 

t ois t ure ont nt of veneer is not a rt cul rly 

er t1c l for hot- pre ure resin . Desir ble o1sture 

conditions 111 ord1n r11 y be governed by other con-

1der t1ons, . uch s the use to be made of the product, 

nd the danger 1th t h hi gher mo1~t re co ttente of bl1 s

ter1ng 1n the hot-pres . 01 s t re content ov r r nge 

of 2 to 20 p rcent can be u ed ( 9). 

GLUI G RESSURE 

'l'1me under pr ure, th all g1 ee, 1s 

dep ndent on the di t ce of e glue ne fa.rt e s t 

f r om the l e t n, e cont nt of th ood, species , 

thlckne s oft evener, d nun ber of glue i nee . Pres-

suree in common use are 200 to 250 ound ::>er squar 

inc f or sweet '"" , Do glas- f1r. and mahogeny; 150 po nde 

pr qua re inc or yetlo - popl ar; nd 100 to 125 pounds 

per eq re inch for S1t~ pruc and b ood. Typ1o l 

recommenda.tton f or cur11g time s are 3 to 5 m1n· t e s for 

p nel t a tot, t Pic of 3/ 6 inch or le s, and 

g to 5 in te for pan l r th l/4 ineb face on 1/2 

1noh cor • n t pla en tempera ture 1 260° F. , 

and one pan 1 ie gl ed per pr a opening (19) . 
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CUR.I NG T . · ER.A TURES 

Hot-nr ee ure res n e t te per tures som -

t be o t · t of ot-pre s phenol . Platen t per -

ture ord1n r1 recommended by ., nufaet rers r ange from 

230° to 2606 F. (19) • 

STORA.GE LL'll'E 

Stor :e 11te tr l 1qu1d t - p e ure resins 

1 u u 1 y from 2 to 3 molths t 70° to 75° F. , that of 

po dered urea re ina ,1th oat lyst inoor orated 1s us

u lly t le s t one y Br hen kept dry i n clo sed cont in

ers t room temperature, and t . t of po dered urea re n 

with ep rte et y 1 over a ye r in dry o osed 

cont 1n r a t room t mperatures. The atora· e llfe can 

e 1ncre sed 1f the g1 

era.ture (21) . 

DURABILITY AND STRENGTH 

te m d ,1o1nt 

are kept stored a t lo er temp-

1t ot- p r ure - r si n 

glu are c r cterized by gh original dry streng h 

nd high ood f a1 ur s, good re·1 tano to ~o 1ng in 

e ld w ter, f 1r resistanc e to cont1nuou ly big rela

t ive hum1d1t, and alter n tely hi gh nd low rel tive 

humidity, and good r e !stance to cyol1c o k1r~ and 

dryi g exposures . 1f the t eat pieo s ar 1n the form of 
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ply ood rt 1n me bers . There 1 onl~ rod r , t res1s-

t . nc if t ~ o1 ces re h vy l of den 

e ot- r e ur r in~ r the o t dur b of 

ood . 

y 

ot the ur re ~1n exceo t t e :t'ort1f1ed urea r 1n . 

T y re lo in dur b111t 1n t gh t mper tires, 

e p c1a1l y hen comb11 d th h rela t1 hu1 1dity. 

Th re 1 gr dual e en1n of ~io1nt der y con-

d1t1on t 160° F. Ur re 1n bond d 1am1n e h n 

e p o ed to f1re, bee u e the g ue 1 des royed t temp • 

er tur hat c r ood ( lo ) . 

Plywood panel ade it untor 1f1 d ure 

re ine ho• del 1n .t1 n under out 1d 

or 3 ye re. Under xt erior e o ure 

xpo ure 11 2 

nd here 1 h 

temoer tur 

glues 1 

r~ 1nvol ed, the d r b1l1 y of ure re i 

d.y 1n1'er1or to t of p enol- r ~1n , 

mel n - re i n , or re ~orcinol- r 1n gl e . 

Suff1e1en res \te re ~ yet nav 1 a ble to 

pe it conctus1on reg rd g the durab ty 0 ur a-

r i n glue .101 nt und r oond "' on~ S C a m y ex1 t 

1n 1de J11d ng • I one indoor t t , f r ye r 

of e 08 r t goo F .. , end d i ng c h rel t1ve tnm1d-

1ty v r1 d be sen 30 and O pere t, rea- re in 1nts 

1n 1na ed southern yello 1ne and Do'l lae- f 1r ea 

howe hi g o1nt stren tb d h1 h od f 1 ur (19) . 

. or dur bi 11 y nd t n ... th comp ..... r1 on h 



other g u 

teen . 

e f gur one thro 'U.€ h ten nd fi gure s x-

ECOJ ·o--rc UBE 

ot- pre s r a re ins re not u ed n the 

m nuf eture o ~oft ood p 1 ood exten~ vely ~ . heno 

re 1ns, b 

ture ot 

hey r 

rd mod p 

d exten_ive yin th ma.nuf c

ood. Other prl.nc1p l u e a r e 1n 

embly g u ng nd in lamlnat1r..g ( 1 ) • 

On he s1s of 194 price urea- resin glue 

s cl. ar che et of syn et1o-res1n glue • 

Their cot 1 pJrox1m tely 12 cents p r 1xed po nd ( 25 ) . 

00 - T !Pt 1.. TUI .... _ E'r'l'I ,G U RESI 

PROP TI S 

The oro. rt1e nd prep rt on of these g 1e 

clos lyre bl those f the ot - pre ur e re 1ns . 

The e glues C' re more rongly .c1d th n the o - press 

ur , nd current sp ecific t one 1 it the use of the ... e 

ue d to t he1r 11gh e.c 1d1 y . T ey re 1 ... y o d 

d'e to the formu t1on o br1ng a bout lo er C r1ng temp-

er a t res ( 21 }. 
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n r denera or theee 1· s re c1d or aoid 

producing s lt s , and t he amoun of d n r o ten 1 'he 

determ n1 f c or o hether gl e 1 l g -

e pr ture- ett ng or o ~ mp e r1 tur - tt ng (4). 

FILLE S 

The mot co on t ller or h ee 

n t h 11 nd ood tlour (4) . 

OL t;NTS 

10 re 

o~ta on -r _ e num .r of 001nmerc 1 room-

t m r tu.re- et 1 g n g t t w er 

1 the only o vent u ed ( 3). 0 he~ olvent 

1n u e, but t here 1 no 1nd1o t n of ·c in 

on g ue . 

be 

ter1a1 

Rye nd et f lo rs r com on xt nder 

for the se g ue • En 1sh ln t e riel l 

nut 11 tlo r lso fi d some ~e ex enders . A-

orag the h t flour hard he t flour 1 p ref r red ( l) . 

OR I G LIFE 

The or 1 1 of roo - temper tur - ett1ng 

ur dep d pon t e gl e temper tu • I t I fore -

e, mix ure e a rk1ng 11 e of 6 houre t 70° 

r., 1te ork1 1fe 11 be about 3 ho rs t 80° F. , 

1. 5 o r t 90° F. , and 3/4 hour t 100° F. To in-
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ere e t , or 1ng 11 e of t hese '-~l ee dur ng ot e her. 

1t ha be n found de r bl to kee th gl econ ner 

in ter cold eno g h to ma1nta1 the t mp r tur of t h 

lu t bo t 70 F. ( 19 ). 

TE 0 PREAD 

T e ue c n be r d by brush or .mao ne, 

nd pre de o 40 o 50 po 1nd of et g pr tooo 
qu fe et of ng1.e g .. e ne are en r 1 yr co en ed 

( 4 ). 

SSE. BLY 

Appl.le t1on sp cif o tions u u lly 1m1t tee 

gl to m xi um a p r1od of 20 m1nut fen-

t1r 1 Q 0 d nd l O n te 1f e n ire y . en. Good 

re e l r e ob ned t t ot 5 to 15 
1n te . T s e bly er1od o ld be d ome-

hat 11' th- I.food is v r dry, or 1f t he t re of 

t od nd t t oft e uing roo 1 l r t n 

75° F. (16. 19 ) . 

MOI STU CONTE f 

o1 t re conten of ood 1n u 1ng t e e g u e 

is mor . cr1 1c 1 t han for t ot- pr e-

no • 0 t of t ee gl e produc o nt of her 

qu 1ty on wood 1th g to 12 p roent, oi t :re C ntent . 
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s l ure to recogn1z t 1 ,port~nce of ~oi et re content 

1n t he u e of h ee gl s has contribut ed to d1f fiou tie s 

enoo n er ed hen thy 

( 4, 19 ) •. 

ve be n used on very dry ood 

GLUIN ru:~auREs 

he m1n1m pr sure p 1od de end u on the 

tyPe ot m ter1al and t e temp r ture ot t 

the ro m t time of gt 1n . A 75° F. , re 

be nt 1 ed tor a t l t 4 ho rs on hi 

ood nd 

r choU d 

tr 1 ht m m-

b re nd for a t e st 5 to 7 hour on .e vy or curv d 

m mbere . In no c~s h uld he p r e e r el d 

until the s aez -out 1 rd. By r 1e n he t per -

ture of the glue fter 1t ha be n p ·t md r re s re, 

the r equired time unde r r ure en b reduc d aporox-

i m t l y one-half for aoh 00 F. 1nar .ae 1n t h l u 

l1r. tem-o r t ure abov 75° • r e E:U e of 15 ounds 

per u e inch ve pro Ped s ·c e f ·\ n a 1 e r nge 

of p c1ee i1hen pre ae re t tor 16 hour ( 16, 19 ) . 

CURIN TU.t 8 

um te 

Thee gl u are f o u ted to cur . a t m1n1-

r a tur of 70° F., a t hieh m y ho ·r r re-

q ir d before r e r-e o n be rele .. ed. The cure c n 

be hastened t h1gh r temp er tu.re • 

bove . 

ee gluin pre eur 
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In te t for c rin.... teraper ture 

' peci""ene 

r cured fo r S ho r e t $00 F. ; 25 ,11n te t 160° F. ; 

9 minu e t HW0 . ,d tor 7 and 35 mi nut s t 250° F. . , 
D ro t ts on th se eo1men o ed no 1 n1f1cant 

difference i n the qu lit 0 the joint m de t the v r -

1ou temp r atures ( 7) . 

b r glued 1th ure r e1n t ro m temp-

r ture require a cond1 1on1ng rod of abo t wee 

t roo t pert re f or th develo • nt o m x1m jo1nt 

tren t h nd ter re 1 t nee ( 21) . 

0- GE LI FE 

The t ra e 1 r o! h ~e gl es res m1 r 

to to ge 1 e of ot- pr ur re 1n . 

D BILITY ND STRENGTH 

In gen r 1e a 1r b i 1 ty n d tt renr h of 

r oom .... t er ture - set t_ng r - resin glues com re 1th 

the tr nf t h nd dur b111ty o h hot - µ r e r resin • 

Thy do ho 1g fie nt deer 1n tnt tr n th 

hen e o ed to no n 1 room te per t re nd h idi ties 

ov r period of sever l y a r , 1nd1c t1n lo s o! s tr n ,th 

1th g1ng ( 4 ) . 

T ee glu 0 b l 1ty to 1 thatvnd 

f ti e tree • - thr e speo1 en er te sted 

on a f tigu - teat1n chin t t oper ted t 1790 re-



volut 1on per ~in te . There • e an aver ~e fa l re of 

306,900 eye e fore ec mens w1th a glu 11n t 1c ness 

of . 003 of an inch, 

eye e f or pee en 

d an avera~e f lure o 20 , 200 

1th g ue line t ck ea~ of . 032 

of an inch. o 
4

eoimen with tood · he ximum of 10 , 

000 , 00 cycle t ho t bre i n ( 2 ) . 

For dur ab111ty a nd strengt h cop r1 on 1 t h 

other glues ee f i g · res one t 

sixteen. 

ugh elev n d f1g·re 

ECO O IC P088I B LITI E 

Results re 1n uff1c1ent to llo def1n1te 

conclusion , b ,t ev1denoe oft 1r ooor dur b111ty un

der moder ate conditions or long er 1ode of time em 

to indicate doubtf u eu1tabi 1ty of these · lues for 

1n construction~ uc h as house~ ( 4) . 

were t e f r t ynt et1.c- r ... 1n gl ea 

developed for u e r oom tempe~ ure nd. bAve e 

ext ively used 1n the s embly g uing of 1rcr f and 

truck bo y arts, e d for ether pur oses here the app 1-

ca tion of h1gh te p r ture is not l w y fe ~s1ble . , en 

pr operly u d they fo trong Joint 1th good r si -

t anc to cod w ter but poor re sistance to hot w ter. 

Bee u.e of t he sp ed wi t h ihich the~ gl es se t t te p

o e urea above 75 F. , they hn.ve been u ed extensively 
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or emb y g l .. in t ore e , e t d ,Uf:'. , 1n 

gh- fr q ency e ectr1o 1elde, and . n h eted r oms ( 19 ) . 

On the b 1 0 1946 or cee re - res n uee 

s e re t e e et ot t he synt t1o- res1n lu 

Their cot is approxim te y 12 cent per 1 ed p ound 

( 25) . 

EX ,,_, DED UREA l W.8I h 

PROPE TI E 

Extended ur. - re 1n le may be e1t r~r ot-

press or room- temper ture- ett1 rea , and 

have much t h.e 

s1ons can be 

me prop rt1e 

de by dd1n 

th e g es. Ext n-

but th ueu 1 .xtender re 

ver l d1f erent 

et or rye r our . 

ls, 

lo r 

1m art o e d esiv&r. e to the glue, t its pr m ry 

p 0 in extending r re ~1 s 1 to reduce gl e 

co ts (19) . 

HARDENE .S 

The hardener depends on the gl1e ed. e 

h r d ners under ot - pr 

ure r ns. 

FIL ER.5 

· · d room- te per ture - sett1 ,g 

• 



F ler , uch a wt:.lnut ...,hell or vrood flours 

m y be used, but t the arge amou· t of extender 1n-

corpor ted 1nto hese glues lt 1 po s ib e to a lo the 

e rbo hydr te con en t o 

( 6) . 

SOL NT 

e extender to act f1 ler 

50 

Wate r 1s used as o v nt, nd de to the dded 

extender usu y being ome hat ate r - ab orb ng , t 

ext nd d glues 111 regt 1re more solv nt than the un

extended re resins {19 ) , 

EXE D 8 

!.8 t d rye f OUl"S re t he most co mon ex-

tender f or t he e gl e • Very 1tt le inform tion 1 

v 11. bl as to the t t pe of flo r to use sex-

tenders, ut 1t seem t d he t flo ' rs r pre-

t erred .• D1ft rent §r de s of flour a feet the or n 

proper 1e of t he glue different y , psr 1o a r y their 

con 1stency nd tende ey to fo • xtended , e re 

usu lly more v1sco s th unextended g uee . R centl)' , 

ure resin have been ormu a te for use th· variety 

of lours . od um b1sutph1 t e 1 somet i mes added to he 

extent of bout 1 to 2 pero nt f th eight oft 

f lour to reduce v1sco e1ty by pep 1z1ng t e gl ten 1n 

order to e overcome the differences in flours nd 
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reduce he w ter requ rements or t e gi e ( 19) . 

The amount off ore son permi el e 

v -r1e to some extent t the glue, t 1t s r m r1 1 y 

det r ined by the typ o pro uct be go u.f ct re, 

nd by condlt on~ under which t e µrodtct 11 be ·sed. 

The o t common rang of extensi n 1 25 to 100 po.rts 

of flour to 100 p rt of dry r 1n , but re~.- res n g e s 

1th s uch a s 200 percent our have been used (19) . 

T .e effect of rye f our ex enders on 1ot -

press urea hon by everal e ste , see s to 1nd ca t 

t t: ( ) t e f:t'ect of exten n Of ·ree.- res n gl.ue 

1th rye fl o r on dur bi 1ty ,:; s most prono need en 

the jo nt ere expo ed to w rm damp cond1 t1ons avor1n.g 

the deve opment of micro~or gan1s s, (b) t he ffect f 

xtene1on on t e res t ance of Jo nts to ttin nd 

drying cycles . no s g r a t a hen expo ed to d m -

nee , ( o) decre se, b t not a e. rked one, w noted 

on initia l dry and ret s rengt hs, and n res stance to 

continuous soaking ( ll} . 

One o he ma1n objec one to h gh degree 

f protein extender is h su cept b111 

to tt ck by micro- org 1 • 

OR I G LIF 

of the g ue 

It was found rith one e tended ot .... r urea 

'1~l ::-TR l LlBR>-

C LORADO A. [ .. M. COLLEGE 
~~[ CULL.IN , ._QLOi;.AD0 
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re i.n g e hnt .. e ork i :1g ~ fe d1m n a 6 a more 

t nd r i s dd d . T e rki l fe of he g ·e 8 

24 ho r next ended, 2 ho rs . t l lQ p roe t ex ens on , 

our~ a t 140 perc n extens n , 6 ho r 28 r -

cen et oion , d 5 h ur t 43 perc nt exte e1on. 

T e ,ork1n l te eee s to d m1 L1 ho y nr er extreme 

exten ion , o t 11fe o extended r re 1ns 

c n be compared to the type of g ue to ch they e-

ong, namely, hot - pres~ or roo ~- te per ture ~sett ng 

ure a ( 33) . 

RATE O Sl? .,..AD 

glues n 

Som t h1gher spre d. are needed it tl ee 

h unex ended urea re in, bee ee t ey 

cont ain mor o vent . The mo ~tot 1ncrea e l de -

pend on he amot:.nt ot exten er · ~ed nd t 1ncre ed 

11 be somew t amo nt o ol vent . The spre d o glt 

great rt n 4 to 50 p o nde of e g e per 1000 squa r 

feet ot 1ng e g l e e . 1 he proper pread 111 be 

given by te man f acturer f t.e -l~e (19) . 

T ts o an extended hot- pres ur - r 1 

lue eho d t t th a s se by time was r l t1vel short . 

Op 1 • clowe asse1 bly r .nged from 3 1n te for 

g ue 1th ix of 7 p .rt re 1n o 20 p rt for to 



0 minutes or a t a, x of 70 parts re 1 i to 

200 parts flou ( · 3) . Aase b y t mes 11 v ry s to 

the t e f gl·e ex n e • ~ss by und r o -

pre~ e and r oom- te per t·r - ett g ·r r s1na. 

OI STURE CONTENT 

These g ues 111 require m 1 ture con ent 

ome hat l o er t han t mo1s re cont nt for ho t - pres 

and room- temper re- tt ng rea resins de tot 1n-

er ed o ·nt of solv.nt held by the extender (19) . 

ee moi ture content under hot - press and room- tem era

ture- etting ure - r 1ns. 

O·LUL. G P .. BUR s 
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ee 1 1ng preR res under iot -- pre .;; n room-

temper ture- ettin ur . re n • There 1s no ef1n1t 

1 0 t1 n to g , ng pre s res needed or vary I 

ex en ion of ure re in g es .. 

Extended re - res n glues ve en formu1. t d 

to cur thro g 

310° F . T ~ey r 

r ng o te 

leo u. ed 1n 

( 20}. 

cure 

One eommerci l 

t 240° to 260° 

xtended 

• 

STO.. E LIFE 

rt res trom 70° to 

· - fl"eq ncy g_ • n 

re r e in showed a good 



Ext nder r rn x d the 1 es en t 1ey 

re r dy or u e nd ou d fe e their tor -e 

life . e tor ge 1.fe d ot-pre • d r om- te -
r ture- e.et 1ng ur r s i • 

DURABILI TY AlD 8TREN T 

'l'e .. d t· ot- re e re 1n x ·end-

ed 1th rye f o r a Cl ed t t the t o nt tr ngt 

f l off slo y s or four 1s dded; n 11 50 to 

00 percent o extender, b d ipon the e1g J. o dry 

re , d been d ed; ho ev r, no 1mpor t dee es 

1 ter re 1 t ce e e p rent . The dry jo t tren t 

decre sed ti .l more 0 
' nd o nt cont nin~ t ice 

muc f o r a dry re 1n ex bi ed o1nt tre h 

1 the dry condition . h n e 0 d to re tive 

h 1dity and t her con 10 conducive 0 t de el p-

ment o molds d other m1oro- organ1 , however , the 

te t · o ed t t t e re re i n extended t 1 more 

t 25 erce t t ur ere e , ,d th the at t o 

t1cul rl r p 1d on tho ues 1th th re er 

ex en ions o f 0 ( 9 ) . 

Recent re erv tiv t t no ed t t t e mo d 

rei:l.iet nee of f our ... exte ded u en re in eou db gre t -

ly 1no dd C 1 r t p e o 0 e ue 

1n ·mour..t to 5 percen 0 o r b 1 .,. • 



Concentra tion of lee t n 5 ercent a~pe 
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d too .fer 

1 es protection , but t he re eemed to be little adve.n-

t ge 1n 1nore n t e concentr on bove 5 perc n ( 9) . 

or dur ab111 y comp r son with v r y ng ex-

t n i on see f i ure lve . 

ECON01' IC PO SI BILITIES 

Extend d ure re 1n re u ed to ke hard-

ood p y ood t o ome ex ent . l u e g e 

hou d for 1 mint ng or gl 1ng m terl le have 

no 1 indoor u e, b c u e t hei r dur b111ty 1 poor 

under exterior oond1t1on ( 2 ) • 

FORTIFIED UREA F. SI . 

PHOPER 'l,I ES 

The e g ue have be n for 1 ted by dd1t1one 

of mel ml or re ore n re n to bot- pre . r -
re in lue . hey r e d velo d t o 1 9rove t he res1s-

t nee of t e ot- pre r r e it to bo1 1ng tr and 

to comb1n 10n of gh te per ture nd gh i dity . 

They r pre red tor use the 

ure s p u t he add1t1on ot t 

e s the hot - pre s 

torti 1er. There is so 

clo e oorre l t1on b t n the bo1 r s1 t oe of the 



g ue Jo1nts and t he amount o fortifier added t tw.t ihen 

4o or 50 percent of t he tota l \"le1ght of gl ue solids 

consist of forti ier, t he bo11 resist nee may puro ch 

t t of mela i n , r oro1no, d henol g ue e. Room-

temp r ure- e tting fortified ure - ran g 

b en de elop d (19) . 

e , e no 

HARDEiiER6 

See r dener under ot- pree r - re 1n gl e s . 

FILLE.H S 

Se fi er under hot- ores ureA--re in gl ·es. 

SOLVENT 

ter 1. t he c i ef so vent for fort1 1ed 1 r ea

re 1n glue ( 3) . 

TENDER 

See extender und r h t - pre ure re 1n s .. 

WO. KI NG LIF 

Te ork ng l fe or 
u on the tempera ure of t h glu 

form a t1on, t 1 u ual y is 

he ll ix d g l e d p nd s 

nd v r1es t he 

h!n t e r n ,.,e of 2 

to 6 ours at ord1 ry room mp r ~tu.r • Th g ue 

cont 1n r m y kept in cold ... ter to m lnt . 1n he 

temper ure of the glue t bout 70° F. to inore ee the 

or 1ng life in hot '1 at her ( 21) . 



i\ TE OF SP.READ 

The r te of .,,prec•d ot fortified urea resins 

on dry e i ght b 1 1s lS to 30 pond of resin er 

l 00 squ,-re .fee t of single glue l1n$ , For he vy l 1-
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n t1on 45 to 65 pound o:f wet g e pe r 1000 squ re feet 

ot 1ngle glue 1ne re reeo ended ( 21} . 

AS I BLY 

The m x1mum p 1 - b e s em 

the se gl ee 1s ·su y bo t 20 minute 

t s w111 vary coord ng to t .e tempera 

nd ood, the moisture content of t he 

ma1n ng or 1ng life of the lue ( 21 ) . 

OI TU 00.N ENT 

y t1m.e or 

t 70° F., b t 

re ot the room 

ood, and the re-

trong bond r obt 1ned with a 1 o1stur con

tent bet en 7 d 15 pero n t . Thee gl e often be ve 

unf vorably on ood 1th 01st re content belo 6 

percent ( 21) . 

GLUING PRESSURES 

l to 200 o nde per square inch are r co -

mended for soft ood pec1es and 150 t o 250 pounds per 

q re inch for hard ode ( 21 ) . Alo see glu ng re -

sures under hot- pressures. 



URH' T E . TURE 

Forti ed ure resin s Olld cured t 

temp r ture . They m y be se t tem er uree of 90° 

to 160° F., b t 1t t k s pre a• re period ot ver . 

gh 

our • It 1s t for tle to be cu d et e rt re 

from 220° to 310° F. ( 20 ) . 

An eri men it on commeroi l 1nte ed1 te-

temper ure- ett1r.g el 1ne forti 1 d re sho ed that 

it cur ne maximum trength on ye o biroh plywood 

in 10 hours t 130° to 140° F. , and in 4 hour t 170° 

F. ( 12 ) . 

TORAGE LIFE 

or ge if of e~e g e my v ry s 

tot o mt o ort tier added. 5 storDge life un-

d r hot -pres ure, resorc1nol, and melamine resins . 

DURABI LI1rY !D 'STRE Tl 

T fort1tied r re 1ne r t he ost d r ble 

of. ny of the ure - resin ~lea. T t on the g ues 

h ve sho 

dur bl t 

t t the el 1ne- ort1f1ed urea s re more 

he re oro1no - f ortified ureas . hen ex-

posed to h gh and low hum1d1 y cycle the m 1 1ne urea s 

m 1nt 1ned strength nd ood- :fa.1 re val es comp r ble 

to t e phenol or mel in re in , her a the r sor-

o1nol ure s re some t lo r in tre th and showe 
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a tr nd o, e rd decre ng ,oodf ur v 1 es . It poe r 

from res nt dat (1946) t m run1ne ure .r e r ly 

s d r be st e phenol , el m1ne, nd re orc1no re 

ins. h oimt o. f ort1f1er include i n t re or 

o1 no - ure t y_e, lt ho h i mproving e 1st nee o gh 

humidity l i ghtly , er no utf1c1 nt t o ho 1gn1-

f 1oan 1 provement ov rt ot- pre s res 1n re 1s-

tance to gh temper t re s (37) . 

or durabil y and strength c om r1 on 1th 

o her glue ee f i gure one t ough ten nd f1g ·re 1f

te n. 

Eco ,o.IC PO wI ! LI IES 

ny of the glue er 

o se • They are eed i n c1rc 

deve oped for nec1 l 

e nc her ure -

r i n glie join ne d r tr re 1stanoe o ot ter . 

So o re deve oped r m r y fo r h g ng 

of c r ved p y ood by th b - molding t e hn1qu ( 3) . 

T ese 1e 1 rov the dur b1l1t y of re 

r esins , o t t thy e be u ed or ext rlor p r pose, 

ut 1 mu t be reme bred t t t ~ dd d for 1f1er in

or e s th p rice of the glu (20 ) . 

IGH- TEI I r S 
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PROP TI ES 

The se g es re produced throug t re ct1on 

o:f mela.m ne d formal ehyde t .t 1s sto ped 1n an 1n-

te ed1at etage to form a woodbonding adhesive . The ~e 

glue ar l o .. t , .h1te in ool r, t th ddition of 

filler often ives t hem t n co or. o t of the se 

gl · es re mar eted a s powders and re prepared by mix-

1ng w1 h ate r nd sometime . th a harden r and . filler . 

hen re dy for use , t ey cont in 60 to 75 percent so 1ds 

( 4, 21) . 

ynt et1c- res1n lues e cle ned from glu ng 

equ1pm nt by u e of water, b t o t me amine glues a.re 

difficult to remove ro glu1n equipment 1 a ter a -

lone 1 used for cl an ng . Clean ng of 1x rs nd spr e d-

ere 1s fao111t ted by he of lute e 10 o1d. 

Soap sud or 30 percent c lc1um chloride solution has 

leo been r commended ( 2 ) . 

f RDE ERB 

1 of these g uee do not req . ire hardeners . 

Tho t t do may hav a. variety r hardeners . See 

p g 11. 

FILL• · S 

Th O.;it 0 0 on f11ler re waln t h 11 nd 



~ ood f lour { 21 }, 

SOLV TS 

r nd loohol re u ed 

t .e e gl e ( 3) . 

EXTENDERS 

eolvent tor 

.heee glues rel tively ne 1n the ood-

bonding ield, and there i s no definite d t a e to th.e 

effect t hat ex en 1on wou d hav upon th 1r quality . 

Some uthor1t1e think t t t ey may reno to ext ns1on 

the me a t e hot ... orese phenol • 

ViORKI ,-G LIFE 

The orking l ife of hot - press mel 1nes is 

u u lly not critic 1. The wor 1ng 11fe r nges u to 

36 hours tor some of the glues ( 9) . 

RA TE OF SPRE/. D 

Th r te of epre d tor the e glue 1s a bout 

the ~ :me ~ fo r ct~ e hen ( 10 ) . e r te of 

spre d mder hot ... pre s pheno • 

AS8E BLY 

A se mbly t1mes re not or'1 t . enl or hot -

pres mel mines . The mbly time may e tend from 

fe · ye t o var l mo bs (3) . 
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0 TU COl TE.NT 

Th e g .. ues c n u d n ood t 

st r 

o1e

t 
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ture oonten from 2 to 20 p re nt, butt 

ob ned 1th • moisture cont nt v 6 p rcent ( 4) . 

GLUI G P E URES 

he glu n pre ure or ot- pr met ne 

ar th rme as tor ot- re p nos ( O) . e , ~1n 

re.., ur n r 10 -pres p nol • 

CURIHG iP RJ\TU 

Th ho - r r elam1ne r ord1 r ly cured. 

a t t mp rt re r 1n fr . 2~ 0 to 300° F. , 1 o 

eo e of hem c n c rd t te· er t re low as 150° 

• 1f ept under pr sur r r e ho rs ( 19) • 

STOR ' LI E 

n ep nclosed cont n r nd r dry 

d cool conditions, t e el miner in have tor ge 

of 6 mont to er or more ( 21) . 

D BILI 

ot- r SB el 1ne gl es V not been 1n s r -

v1ee lo eno · h to f, r n h c mp et record tot e1r 

dur b1l1ty, but a l 1nd1c tion p o1 t to th 1r be1ng 

e dur ble the ho - pre ph nol • T e r t of 
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hot-or me m ne g ue Joints 1 comp r ble to the 

s re, th of t e Jo .r,t s ed it hot~preo pheno s . 

ot..-pr mel ne g e Joint ho exce lent 

r 1 t ce to h temper tu s, hi h re t1ve m1d1ty, 

c .ntin ous so king, cycl C soaking nd y1ng, and to 

most ch mic l including o d p res rv 1ves nd re 

ret rdants, d to 011 • Tl e p 1e of elamine glued 

ply ood do not eparat hen tb.e ply ood is e :,s d. to 

f ire ( 19) . 

For d r b 11 y nd ren h oompll.ri son 1t 

ot erg ue ee i g re one t iro g ten . 

ECO O~IC OSoIBILITI 

Due tot hi gh cur 4 temp r re require-

ment and the relat v ly cot oft s g ee, 

they have not been us d e ten 1ve y 1n the comm rcial 

1e d . They re used n ood bonding or in h1c t e 

c et oft e f!> l es re second ry in i e1por nee . They 

ve been used to a em 11 extent 1n t. g u f hard-

ood ply ood. One o t e1r rn 1 .. uses i s o fort1 y ... 

i n t C per ure re 1n gt·e to 1ncr 0 se thei r dur -

b111 t { 10) . 

B sed on 946 price the co t of ,. e ar, ne 

g ue type 1 bo· t 30 o nts per mix d pound ( 25) . 



DIATE- Till PE T RE- ;;r I G ELA.,:u RESINS 

P O I TIES 

Inter, edi te- temp r tur - setting melamine 

r sins v t .1.e s pi--opertie and prep r t1on roce -

dure a the i gh- emperature- ett1ng me amines . The 

only d1t ·erence being tba t 1nt e .. ed1 te t mper . ture 

set ing net nines re ca t a yzed by 1g tly aci 1c 

sn t, so t hat t .ey w.11 set mor qulolt y e t to e1· em

o er t ur s ( 19 ) • 

HARDENERS 

Har deners may or m n t sed wit se 

gl e . They re cat yzed by 1g tly cid o s t . 

See page ll . 

FILI RS 

he moet common fi er fort se gl es re 

lnut 11 a nd wood four (4) . 

SOLVEN S 

ater , alcohol, or w ter- lcohol mix ures 

y be u d olvente ( 3) . 

WORK G LIFE 
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T ese l a have a re 

l · t e o ·2 t o 4 hours t ordir.ar 

RATE or SPRE D 

iv 1y short wort1ng 

room temper turea (19 ) . 

For v r1o s types of o d l in tior..s et 

r do 4o t o 6 po d e of glue per 000 squ r f e t 

o double gl e 1.1 r~e is ener l recommended. I n lami

na ting ship kee l wet spr e, d ot 60 pounds of g ue per 

1000 ue.re f e et of do ·ble gl e 1ne 1 e c ommon y taied ( 15 ) . 

ASSE BLY 

As er:ibly t1m or th se glue should. be le as 

t .. n one hour clo sed or one--bal ur open · t 70° • , 

and theee e. sembly times r·e even lees a t .• 1.g . er tem

peratures ( 19 ) . 

MOIS'l'URE COl~TE T 

Thee g ue~ can be us don ood it a mo s

ture content from 2 to 20 percent, but t _e best resulte 

re on wood i t 

cent (4, 10 ) 

GLUING PRESSURES 

o1sture contents t r o 7 to 15 per-

Ol ng pre ures f or t he se gl ue are a1m1la~ 

t o those f or i nt r med1a.te- temper t r - ett1ng phenol 

r e sins. 



CURI 'G T , · iPERATU.RES 

Tee glue re ordina r y cured t tempera

t res r n 1ng fro 120° to 200° F. They require con

siderable he ting to d ve1op gh etre th and ~ ter 
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re 1st nee . J.. our1 per1od of l o hour a t 190° F . tor 

te o · and \0 ours t 14-0° F. for Oo glas- f1r is 

recommended fr uses i ntended for sev r e oeur es. 

Shorter curing p riod o 1 be gained by the u e of hi gh-

er temper ture , t for a c r1ng er od of 10 hours 

it eems 1nadv1s ble to employ c ring temp rt res -

ve 210° F. ( 21 ) . 

DURABI LI TY /1.t'D STRENGTi 

In l bore. tory s t we m.de 01 ts of inter-

med1 te- t mper" t re- setting me 

res t cnoe to 1g b t mner ure, 

ne so exce lent 

h rel tlve humidity• 

continuous o king, cyclic soi 1ng nd dry1 , m1cro

org n1 em , and to mot chemic l • incl ding ood pre ~ 

serv t1ves, f1re - r t a rdsn t ohem1ca l , d oi s . The 

lie of melamine- lued p y ood do not epar te hen 

ex osed to fire. Fron inform ton g t hered to te it 

1 lieved that 1nte ed1a te- te .per ture- ettin m la-

m1ne a re slig htly le s dur ble t n h t - press el inee 

( 4, O) . 

These g1 es sho a high te st tor fat1g ·e etre s-



ng . T 1rt sp ,o1men bonded 

don f a ttgue- teeting m ch n 

revolut on er minut • T e1r 

it 1 

t 

av 

t hese glue s 

t oper ted a t 

r ge br • 1n& 

er tes -

790 

oint 

as very d some, of the .. pecim n 

maxim of 10,000,0 O cycle it 0 t bre 1n . &. ec1-

m ne tth a g ,te lin t ickne ot • 3 of an c 1 sl o ed 

auoer1or1 ty over spec men !Ji h gl ·e i ne th\o t s 

of . 03 of an inch ( 26}. 

ECONOa.lC O BIBI I'I'IES 

Thee glues e recomr,ended for e or glu • 

mat r1 ls t t 111 ee exterior servi ce nd ·h re cot 

1e eoondary . They ve been u ed for m r1ne str otnr es , 

a1ror ft, l 1n ted oro , tie, nd br1 e b r .. They 

on or gl 1ng C u e 1n p ve oun e 

uch thin bot eels, r es, ste , s r a, and 

p ~1n • One aut 0 1 y eu ge t t t eae g_ es can 

be used or the .me p r poee the n er ed.1 te - tem-

pr ture - etting p enol re n ( 0 ., 5, 20) . 

On a. ba s of 946 pr ces th me min e iues 

t e co t ~bo l t 30 oen r mixed pound ( 25) . 

RESORCI 'OL f,EBI • 



PRO E TI ES 

Th .. e t=;l r corn oun ed from 1e rec on 

o r sorc1no, a c em e ~t 1 clo~e y re d o 

ph no or o rbo 10 ac1d, nd rmalde yd • rd1n ry 

room emoer at res re ore 1.0 nd form d e hyd reac to 

f rm dense r d ... s t .. 1s very r e n to r .. er 

cbe. 1c 1 or phy le e . T react en 1 stoppe 

inter d- t tage and held s p rt ly 

p o.-. ,ileriz~d resorcino res n ni xt l''-e of coho ... 

nd ter .. The so 1d oon ents o e .. ue are abou t 

6o p rcent by 1g t . T e . 1ues e.re mar ket d. s quid 

nd must be ixed ~1 t h a dener d a ti er . Te 

lue red r k red 1n co or ( ~) . 

Resoro1nol ve a pH rangir~ ge erally from 

4.$ to 6. 3, and a such re not critic~ y c1d for use 

in ma ng ood bonde ( ) . 

HARDE ERS 

Hardeners e usually o de de nd ra-

f r ehyde, but some imee o 1n 1 used . t lt0° 

to 50° • r e soro no - res n glues 1th queous or alde--

hyde hardener appe r somev1h t ore oapa,b of curing 

o h gher stre than t ose n h1oh par orm de-

de used rdener, a t hou th .re se s to 



no di ference t 70° to $0° • ( 27) . 

I RS 

F1 er are ·o ally t ehell or od flo·r 

( 4) . 

SOL ENT$ 

o vent for re ore nol resins re alcohol 

EXTEND S 

" Ve be n er1-Corn gut n nd oy n ea 

mented 1 h . C rn gluten els o st be st prom1 se, 

bee u e o ts gr tl er d1apers1b 1ty 1n tl alcoho 

so ut1on of the r sorc1no res1 . Sxten ion th corn 

·ten ra, 1 fou d to be o rea di e cco pl.1 ed 

went rs n 1as pr pared 1n · ratio of on 

r ro1.ol to . 6 mole o lde de, and the r 1 d-

u ed o p li o 7. 5. 

1t appe red t tan 

hen th resin wn so prepared, 

d t o o om ute1 up to 80 

perc nt ft y e1gh of re~1n d no r effect 

on t e n1t1 l ry tren t 

jo nt 1n bi ch ply ood ( ) . 

ter resit nc of tt 

The or n 11f of ro oro1nol re in v ries 

from 2 to 5 ur t 70° to TS° F. T ork1ng 11fe 



ie grea tly reduced at gher tem -e:r tures ( 21 ) . 

RA TE OF SPREAD 

The r e or read for r sore1nole v 1es fro 

10 to 20 pounds ot dry resin per 1000 squar feet of 

single glue · 1ne (19}~ 

ASSE BLY 

Pe 1 ible as embl per ods V ry , depending 

on the gl e, type of s embly, whether one or both ur-

foe a.re spread, and t h temper ture . A t 7 0 with 

both surfaces epre d, open ea mbly p r ds of 30 m n-

70 

utee nd closed ssembl.y per1od of l to 2 ho rs ve 

been u ed with good resu ts . Very s,ort oloe: d assem

bly period~ are not a s sat1afactory as longer one s (19) . 

MOI STUA co ' 'l1E T 

The reeorc1nol~ produo strong o1nt on ood 

with mo1 eture oontent 1 t b.1n the r ange ot 2 to 25 

peroent, but optimum resu t are gain d ,1th 01 ture , 

contents fro 6 to 17 p reent (4, 10) , 

GLUI NG PHESSURES 

A pressure of 100 to 2 O ponds per squ re 

inch or lo · density oods and 150 to 250 pound.a per 

squ r inch for h1gh density ood are recommended for 

re orcinol . Pressure s should be m 111tained for 5 to 



8 hour when the e pr ture o t e roo and t od 

1 at 75° • The full J int t en~th 1s no d veloped 

w1th1n t s per od, but o1nt 1 cont1nt 

our nd gEin tr ngt for ver l d y 

1 r le sed ( lo) . 

ter pr 

CURD'G TE PERA TURE 

R orc1nol r oomm n yard t te 

0 

ure 

r tur 

ot 75° to so° F . They cur or r a idly t higher t m-

pr tur s nd c n 

Jig , hot pre 

u ed tor embly gl 1ng 1n he ted 

, h gh- trequency f1 ld, and t d 

ro ms. Hig r tem er tr r reoo , ended for gl ing 

he vy l in ted member or euoh d nse ep o1 a te 
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oak or u e under sever e osure . Curing or rs 

at gl line temper ture of l o F. or h1t 0 nd 

0 our t eo° F .. tor OU rn yello pin and Do l -
fir produce o nt t t resist de m1n 1on nder e-

v re osure conditione ( 21) . 

e orc1nol. gl·e 111 t r d n at tem er ure 

belo 70° F. to 0 terr 1s ant jo1 t re 

tl"Ong as lo den ty e a1e ot wood , but at hese 

temp r ,. t r t e r t 0 curing 1s g e~tly ret rded, 

and he ult at 01. trength 1 u u lly not gre t 

t o:t Joints ormed t 75° F . or gher ( 30) . 

S ORA E LI E 
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e orc1n l on a r r e 11re . In 

t e st n nt ber o comm re l r e soro nol r ~i n ored 

t goo . , t he re ul s .t t er 12 to 17 mon ha o etor ge 

aho ed t t t e1r roper e had deore s d v ry 1ttl (29~ 

S'l1R.El, GT ND DURABI ITY 

e u of dur b111ty te t on 11 de re-

sorc1nol- re 1n glue joints resemble t hose made with p -

nol d m 1 - 1ne re si n . T ey ve exee l ent re 1 t nee 

to deterior t1on by mo1 ture, hr1nk1ng a nd e1 1.1ng 

stre 

1 • 

s, 

T 

gh temper t ur s , c em1c l , nd micro- org n

pl1ee of r orc1nol - gl ued pl y ood do not 

sep r e hen t he ply oqd is e o ed to f1re . Under 

eevere o • 1t1on t g e bon ose no rnor r eng 

than e ood its lt 1 10 ) . 

In te st for f t e stres sing the resoroino a 

hoed r t e r dur ab 11ty than any ot er eyn et1o-

re 1n g e . A t1guo e st1ng mac ne m i ng 1790 e-

vol t1on per m1n•it e s u ed for t e t r • 2g c1-

men glued t h re sorc1no l re in d w1th glue 1ne 

t ckne of . 039 of inch ere e t d . Every epeoi-

en 1th tood m x1mum ot l , vO, uvO oyc 8 1thout 

bre king ( 26 ). 

For dur bil1ty and tr ngth com9 r1~ons 1th 

ot r gl e e fig re on thro gh ten nd figure 

even teen. 



ECONOMIC POSSIBILITIES 

he gh cost of thee glue .. , 45 to 50 cent 

p-er mi xed pound, 11m1t t em to uses h re the ooat 1e 

oond ry, suo as the 1rera t and bot building 1n~ 

du r1e . hey to nd r e t uQe int United Sta es 

Navy • boat building progr m, expeo1ally or g uing 

heavy timbers . Bee us of th ir high durab1l1 ty and 

lo etting temper ature, re orcinol g es are par icu-
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l r y prom1 1n for m ny gluing op r at on where high 

curing t mper turee canno be us d, but here glu Joints 

reeiste.nt to ost d terior ting g notes r desired 

(19, 23, 25, }4) . 

THE OPLASTIC GLUE 

Th thermopl tio gl e, in contr st tot 

thermosetti group, do not c re ta. def1n1te temper -

ture but ha en gradu lly over range of temper tree, 

nd it , after hard n1ng, he te perature is g in r a ised 

o or beyond a or1t1oal range t e ree1ns ill g 1n 

soft n nd lose strength and r1 1d1ty ( 10 ) . 

The thermopl st1o glue or this re on have 

not been 1dely used in the wood orking f 1eld. They 
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have been ed, ho ever, for bonding ood to other mater-

1 l suc h a met l nd pl st1o bee e the oeett ng 

re 1n re not u1 t ble for th1 purpo e . Som thermo

pl t1c- the o ettlng comb1n t1on e b en developed. 

The the opl tic oonoonent pplied t e b111 ty o ad

here tot different .urf oee involved nd the flex1-

b111ty deo1r be in bonding rig d m teri ls to eaeh other 

or to od, le the the o ett1ng comoonent supol1ed 

de re of res1s anc to tempernture nd a degree of 

ir .e e to the oint (10} . 

Jo nt m de ·1th thermop . $t ic- t he ose ting 

comb n tion can be expected to be ome t more flexi

ble nd to yield to continuou ly app ied loads to 

gre ter degree t n J 1nts m de th the tos tt1ng resins 

alone . T Joints may al o be expeo ed to be ome hat 

le re 1st nt to elev ted t p r t sand to ter 

than t pur ly the oeett1 r ~in glues ( lo ) . 

Requirements and te for t l~rmop a t1c glue 

in the ood ring field are not yet .el stand rd1z d, 

and no gener lly pp1 1c be pec1f1c tion ve been 

dev loped, 11ttle info t1 on is va11able s to 

their propertie for wood bonding ( lo ) . 

There r t wo type of thee glues as con

cerned th ood rking . They re the olyv1nyl- res1n 

emul 1on n the oolyvinyl- re 1n solutions ( 19) . 
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OL 'lL• RESI E, UL IOI 

P OPERT" 

Tee luee re vi yl der1v t1ves euch s o y ... 

vinyl butyr l or polyvinyl cet ta . Thee glue r 

1nely di p red 1n a t r o oroduc n emulsion 1 t h 

oon 1 t ney .nd nonvol tile cont nt g ner 1 y com-

r ble to e th o et 1ng re i ns . hey re bout 

60 to 70 p r nt olld , nd re m ,rket d a mil y 

te or bro ni h l i quid 0 be ed a t room t emper-at r 

1n he 0 n up ... 1ed by t he n,anufncturer ( 19 ) • 

T 1e e tt1ng o h e t e. e .. o c en 

t e trot thee l s1on pr 1 lly diffu e 1 tote 

wood, her upon he emul 1f1 d rs n coagula e . Ther 

1e no p)a.re c e 1cal our1 ; re ction s 1t h he 

th rmo etting l es. hue th re 1 no p r t 1cu r ad~ 

vant, 1 the po io t1 n of t i n etti . • The eo-

l on of e emul i on ppe r to b . rt1a l ly re• 

vere1b e . The et re 1n b orbs ter , o t n , ond 

at l st part1 lly r e<l1sp rses 1f it beco e ~et . o t 

of the e glues a re 11 ~ht ly c1d1o a tho g h some y 

lightly l l i ne ( 19, 2 ) . 



Hardeners re not ne ed wit t ese g ues e 

there e no pp rent ehe o 1 re ct on 1n th cur ng 

proo s . 

IL 

There is no 1 diet on t t f11 r OU dim-

prov th a lu 1f t hey er d. 

tur , 

otvent 

EXTENOE 

s 
e:r, lcohol, 

o on, nd et 

( 3, 31) . 

loohol- ethyl 

o at e 

Extend r ere not u e t th 

~ORKI? LIFE 

cet t 1x

n us d for 

lue . 

Polyv ny ... re 1n nn t ion t ve an 1ndet1n1 te ... 

ly lo r l ite ( 19 ) .• 

RA1l'E o P E11 D 

I n ormation a torte of pr d 1 f n1ened 

by t manufacturer or eae for 1 tion f o yv1nyl. 

r 1n glue . h 1r rte of 

t1on, compare 1th the rte 

s tting glue . 

pr e d, nder e1m11 r cond1-

ot spread ot the the o-
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T.ese gl ~ do not ~ o to p rtorm on short 

a . embly per t od e el e ton_er a semb y periods. 

A 10 minut o n aesembl or 30 min te c sed . emb y 

sees o or tor som f he e glue, but a mbly 

t1m r not crit cal . On 1 ost glue . t s embly 

prod y exwend for ~ever l day ( 3, 2 ) . 

7 01 HE Ot T · T 

These glues e •Ood o1n on ood e 1th 

o ture content r m 2 to 15 percent, butt best 

r ults s em to be on oods t \ mo1 t re conten from 

5 to percent ( 3, 2g ) . 

GLUI 1G PRESSURES 

Th 88 tin rate of hese g ues 1 rel t vely 

r st 1 .. 0 1ng t he re e o t 1e ol p1 pressure n 

lf ur or le e o. t 70° F. In te At on some poly-

'trlnyl- re 1n emu 1.on ue pre s ... ure of 150 to 200 pounds 

per q re 1no re u ed eceas lly ( 9, 2g ) . 

CURIN l ... RATU1 s 
'f glue re or 1n r ly sed t room te -

p rt re , but om r u d temp r ture rom 190° 

to 325° F. h y C be u ed s ho - "ett1ng gl , but 

the te per t ure has to be lowered hile the ter1 1 



re still n the pr~ e to al o 1 the r,lue to c re . 

By th1 raet od it t ak s the blue bonds longer to reooh 

ult m.te s r ng h ( , 31) . 

STORAGE LIFE 

T· ese glues haven long torage l i fe i f kept 

1n tight cont& ner, but co gulat1on oft emulsion 

in tor -e by ev . or&t1on or freezing must b vo ded ( 11 ). 

DU BI LITY :D STREI GTH 

There 1s rea t vari e tion of perfor mance 1n 

glues o th1e type . The di ferent commercial polyv1ny -

resin erauts1ons var y oons1dera.bly 1n h rdnees, and the 

rder c uec u u lly form the tronger joints. T ,se 

glue ve v ry 1 1ttle e t er re~ stenoe de to the sot-

ening oft e glue ceu sed by ter b~o ton, and t e 

Joints ose much of their strenf;th hen EUh,1ected to 

c nd1t1onw of i g re at1ve humidity . Some of these g ues 

soft n and lose much oft e1r strengt t 110° F. , 

nd the strength of mo polyvinyl- resin emul ion gluee 

ar e reduced ~er1o,sly t 160° F. One o t.e r most ser

ious 11m1te ions in wood ork ng i s tt,e1r l ack of res1 -

t a.nae to con inuously ppl1ed oads ( 19 ) . 

In te sts at g ° F. d 65 percent re o.tive 

h 1d1ty , v ral of these gl es failed to support as 

m ch s 25 percent of their ultimate load in shear 
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t tic lo d1ng or 10 tu s . one ft e g1 ue 

eu;, l"ort 50 perc nt of heir oad for 0 d ys., and only 

n uld sup ort em ch .s 7 percen or t e tine. e 

load for 10 d . e,. 1m l · r .1o1n th c d 1 1 

glues rete1ned 50 percent ult1 t o d fr le st 

10 d y 1n c se . , echan1cal stre~ axer ed on 

the glue J int the result of co sture content oh ge 

1n norm service apparently o u ed epar on oft 

joints, or 1ndep ndent move en of he 4J cent iood 

member.., t ted 1n uneven s ce do c ed 

f1n1 hes ( 19 ). 

ECONO. IC POSSIBILITIE 

ost or the u or these :, re f und 

1n ielda o her t 1100 orltin • T 1 1r dv n e 1s 

in e1r v rs t lity. T y for bonds n r y ll 

t 

tic ( 3) . 

uch mt 1, las, and t r mo et ·1ng pl s -

The polyvinyl- e emulsion re formu ated 

an \ternate m_ter1 torte d 1ndl1n uo ly of 

c b1ne m ker ' glue nd ru y find some 

( 13) . 

e 1n t t field 

One o tbe1r ma.in u es now i s for use in ma -

1ng th opl tic- ther o ett1ng co b1nat1one to g1ve 

gre tr ver ti 1ty to the th o etti 

( 10) . 

reein g1u s 



OLUTI O .,5 

In aolut on orm, he polyv n - r sin re 

di solv din co 
' oetone, ethyl cetate, or other 

org nic eolvent and re mar eted syrups . Thinner 

re u ed to ad u t their con 1stenoy to e requ re-

nt . L'!everal coat of the eo t1on are ueua y p_ l1ed, 

eaoh of h ch 1e pe 1 ted severa hour of dr yin~ be

ore the next s app led; and sever l hour to everal 

d y re allowed to el p e bet ,een the last applica tion 

d pr se1ng. Them ter1 ls r pressed in hot pr see 

or by other me at temperatures ot 195° t o 320° F., 

1th t e temper~t re used being d tr ined by the of

ten1ng point ot the r 1n. The application of heat 

o us s the glue to sot nor fl , nd ett1n or de -

v lo_ment of Joint strength occ r pon coo1 1ng . Te 

n oe 1 ty of cooling the ,iork under pr s eure 1 o. ot 

he o e ob cttons to t _e use o the e i;:;luee ( 9) . 

I t can be een · rom ese ser1o dra b ck 

t t t e g oou d have on y 1mited a pl1oi>.t1on 1n th 

com erc1 l f1e d . It snot been u ed eno · ~h 1n the 

vood - bonding fl e ld to ford any definite cone usions 

to its properties and b111t1es. 



CO· .ERCI L GLU S 

ll oft e 

v b ent en from 1 

ta concern r~ lu 1n t paper 

r t 1nl st .. erc1a1 pro-

duct .• I hsve t de lt 1 ny par 1o l r comm ro1 1 

gl e, cue t ey r ropr1et ry . Al oomm.ere1 l gl 

e 0 d under tr de n es, and e oh co p ny advertises 

the qu 11ty ot 1ts g e • Being e e c C p ny tre e 

he good po nts of it rod t, hat nfo on cnnnot 

b 1n erted into a pa r of type t t 1 d a11ng 

w1t tr ng po1 t 0 e ch lu, h1o V 

be n rr1ved t b imp r 1 l te t • 

t 1 n ce ... r to ob 1n 00 rc1 1. *" ... 

by e or tr de nam As n id to by re h or at 

Product L bor ory 1 ued t ble g1v1ng he de 1 -

n t d trad of 0 of th 00 rc1 l g e nd 

0 the1r C r C r1 tic . ble 1 g1V th tr de 

n of t e co rc1a gl e , and t e1r ·yoe, rdener, 

fo , cl n ng olv nt, o id cont nt , •or n l fe, 

mbly time , our1 g temper tur-, nd t e t vor ble 

mo1 tur cont nt f t ood for g 1ng. 

l 
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CO LU 

It 1 not · no .1 st ho long agog ue ere 

f rt for ulated, but the 1 pro f t hey ere n 

u e abou 50 a.c. T o ·g the many oen ur1 s t t 

glue been u ed t ey ere .ever deve oped to t ::ie 

o nt t bein CO!np etely ree of m1t on.., . w th 

t e r el t 1 e y deve p ent the ynthe 1c- res n lu , 
nd th ir e a.n ion of u e d:·r 'r II, it 

e a t t com.:, let ly tru t d vere le set 

of g ue ve n found th t l . ermit ex ens ve u e 

in commero1 enterpri es • 

he d nd 1 • ;J y f virgin gh- rade 

t b r ha~ -eoes t t d e re h f r eorne 1 y to 1t1ze 

th 1nfe 1 r timber rd c , nd the norm lly w te 

m t r1 l t t re med a t ·ill . Glu eeme to e 

the n er , nd the ynthe 1c e~ n .re proving the r 

r th 1n the ood- bond ng induetrie . 

T f ture o ynt etic re 1n i s ve r y bright 

ho by re ent trend . The Un1t d S t e Tariff 

Co 1 1011 report or 1946 Aho e t h.at 2 , 2 percent of 

ll ynthetic re 1ns produoed Jere u ed t or d ee1ves 

°' d l 1on . Thi amounted to 114,775,000 pond 



of r n v l d t 2g ,290 , ooo. In l 7 pl n 1n 

t t l, n ton , produced 15,50 ,ouo pounds ot eyn-

hetic- r e1n~, an t e dem nd o gre t t t t e 

l nt pl nned f 

pro uc ion r tee. 

ope r t o 7 d Y e t too 

m tes in 1c et t the or h-

et lone 1 1 be t 1 o,o 0 , 000 poun of eynth tic 

re 1n by 1950 n t heir ext n 1ve ply ood 1ndu tr • 

A ter s r ey ng the r P rt1ee n d C r cter-

1s e t e V r1.o s ynthet1c- re in lu -' , 1t 1 nace 

ar y to· ble to dr w o e conclu in to he t 

lue to u e for any e P r pose . he corr ect c o1oe 

of an e 1v m y b ra d on b.'.;. s1 of co s t, co or, 

use, d ul 1m te dur b1 1ty. The follo 1ng character~ 

1 tic hould ohecki d 1n c hoo L g ue s 

1 . Ure Re 

• • ost ver t i le 

b. Low t cot, ap rox1 at ly 12 o nt per 1xed 
pond 

c . 1 ghly en 1t1 e to el otrorlc cur1 

d . Oolorle a g ue 1n 

2. P nol 

• l ot d1 f cu t to e 

b. R q 1r high curing emperature 

o. omet1me r eq ires c1 

d. R di~, - brown g ue n 

so vent 



e . A re s1ly 

f . Co · por xlm tely 12 . 5 cen r mix d oound 

3. eeorcin Re._ n 

a . H1 h y ad ptab e 

b. F t c· ring 

c. Can obtrin d non- re ng or v r b 1n con-
d ct1vity 

d . Red to red h- bro glue l ne 

• Co 45 to 50 cent per rllixed p nd 

4. el ine Re ins 

• t curing 

b. Color e gl in 

o. Cost ppro 1mately 30 0 t per ixe pound 

For extreme durabl 1ty, ·np ot ct do door 

e o ure , u e r orcinol, mel 1ne, or phenol ; for l 

gener 1 p oee • indoor ar 1cles, ..,e ren ; do not 

u p eno fore e , lu1ng th el etron1o he t n • 

Th ynt 1et1c-r tn , ... es b v s o m1r ou o s 

re u ta 1n extensive p ~l1cat on nd tests . Te ver-

ti 1ty, rent, d 1rab1 .. 1 ty, nd rel ively 0 co t 

of tt s glu shave m de the d sir ble nd t1stac-

tory to a-~.O t any e 1n the ood- bonding 1ndustr1e . 

The qual1t1e · o· t the opl st1c gl es pr -

nt the1r se to y re t t nt for ood anding . 

·r ey r not dur ble under oond1t ons where t y y 



eom 1n cont ct h ~ ter or hi gh rel tive hum dit1ae . 

One of their gre test usee s been n making 

tbermopl st1c- ther:nosett1ng comb1n tion . Th comb1n

at1on increases the versa. t1l1ty of the thermoeett ng 

glues. T ey sho prom1s in gluing coob1nat1one of 

materials auch s rood to me a . They lso form good 

bonds between glasses or pla tio .• 
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glues, to con tinuous soaking in water at room temperatures. 
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