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EFFECT OF D(TEIIIDING EOT-PRESS I,REA-RESIN GLIIE WIIH ffiE fl,OTIR ON

STRMIGM AND DUBABILITY OT TEE GLUE JOIMIS

By DON BROIISE, Ebgineer

Forest Products Laboratory, Foreot Sertrlce
U. S. Department of Agrlculture

fntroductlon

Shortly aftor the lntroductlon of synthetlc reslns of the urea Qpe as hot-
press glues for woodworking, Lt was dtscovered that they couJ-d. be mlxed w-lth
flllers or extenders that dld not destroy the d.esirable worktng characteristlcs
or dry strengttr of the glue and that served to decrease the cost of the glue llne
conslderably. One of the extenders connonly used. at first vas rye flor:r ancl lte
use persisted to sone extent alttrough lt was later replacecl by r'rheat ftor.rr Ln
nany case6.

Experlences in counerclal practLce and early tests ilemonstrated that Jolnts
made wlth highly-extendecl, urea-resln glues by hot presslng possessed high dry
strength and appeared eultabJ-e for use in uany plywood operatlons. Ttro quostlon
was raleed, however, as to the effect of the add.ltlon of an extender, llke flor:r,
on the tlurabil-ity of Joints that nlgbt be exposed. to severe sel:vLce condltlong.
hevious tests hacl clemonstratetl that Joints nad.e wlth pure urea-resLn glues by
hot presslng were hlghly resLstant to exposuree Lnvolviug water at ordlnary
temperatures, to da.mpness, and to cond.itlons favorlng the d.evelopment of mtcro-
organlsms. ftle ad.dltlon of flllers of an organlc type that xlight be affected. by
water and micro-organlsns, however, nlgbt d.ecrease the reslstance of the resln-
gluo Joints to these agencles. Ttrls report, therefore, covers emplrlcaJ. tests to
detemlne the effect of rye flotrr fllter in a hot-press, urea-f,€sin gJ-ue on the
dry strengthr tnltlal. water reststance, antl tlurabtllty of the Joints under E€vore
condltlons of exposure.

Experimgrtal hocedure

Slx glue mixtures were used. to gl.ue pl.;nroort panels from r,rhlch test
speclmens were takea. In each case, the ratio of catalyst (or hartlener) to
resLn rernalned the sane, but the anor.mt of extender varled ln the dlfferent
mixtures from none to twlce the amount of resin. Tkre extender used. was rye
flour ancl the glue was of ttre urea-fots&ld.ehyde type (Ufo:mlte 4]0 fron the
Reslnoue Products & Chenlcal Conpany) uarketed in a J-tquid fora ln rrhlch the
concentratLon of the resin rras reportecl to be approx:lmately 70 percent. TJrls
reported concentratLon was not checkecl but flour extender vas addecl on the
assumptlon that J-00 pouncls J.lqulil resLn contained approxJ.uately 70 pounds
d:ry resln. The mlxture of resl.n as recetved, plus the a.mount of hardener

was of a sultable conslstency for spreadlng" When flour vae

Malntalnetl at Madlson, Wls., ln cooperation wlth the Universlty of Wlscoasln.

Rept. No" 12ph -t- Agrlculture-Macllson



addodr the nlxture was thickened and adtlltion of more rnater lras requLred to
reduce the nlxture to a euitabLe spreadLng conslstency. In aIL the nlxtures
contalntng f1our, the attenpt was nade to add such an a.mount of r,nter that the
conslstency of the nlxture was approx.tmately the BFme as that of the strelght
glue mlxture contal"ning no flour.

x'ollorlng is a tabr:latlon of the proportlons u.sed. ln preparing the glues:

Parts by percent flor:r
Constituents we1]qht 1n tho dry glue IlEe

(Uased on arnount or reJrn)
( r ) Llquid resln

Eard.ener

(a) Llqutd. restu
Eardener
Flour
hrater

3) Llquid resLn rOO
Eard.enor B
Flour LT.j
Water AO

(4) Llquict resLn
Hardener
tr'lour
Water

(:) Liquid. resln
Eardener
Flour
Water

100

(6) Llqulcl resln IOo 2OO
Eardener 8
Flour il+O
Wator I5O

0f these gluos, numbers 2 to 6 wer€ prepared. and used la FebmarXr :.9)9t
whlle nnmber I was prepared and. used rn Januafo Lg58. Glues number a to A;"
therefore, are alL from the se^me shltrment of rlsln while glue nunber r was from
a prlor shltrment of the sao.e resln.

rg foJ-lowetl the seme procedure whether
guantity ot I/t6 lnch yellov blrch veneer,
;raightness of graln, was condltlonecl to
'el-atlve hunidtlty at 8O" F. (about 5 per-
,ghteen }-ply panels, 12 by 12 Laches Ln
' gJ-ulng, the paneJ.s rrer€ stlckered. aacl
'lun wlth JO percent relatlve hunJ.ctlty

IO

2'

,o

l-00
B

100
8
7
7

100
I

1'
,5

l-oo
I

7o
7a
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The_ gluing condit ions were held nearly constant throughout the gluing
niLh the 6 di f fereni rnixtures. The amount oi  glub spread ou." i"d fror:c 19 to 2J
Sralns _per square foot vr i th rnost of  the surfaces receiving 20 grarns per square
foo t  (44  pounds per  1 ,OOO square  fee t ) .  The assembty  per ioa  var ied  over  the
range f ro rn  l0  to  JO rn inu tes ,  bu t  in  most  cases  the  pane ls  were  pressed.1 !  n inu tes
after they v 'rere spread" A gluing pressure of 2OO pounds per square inch was
useC throughout.  The tenperature of the platens was approximately 280'  F. and
the tirne in the press vras ! rninutes.

From each iranel,  JO plyurood shear test specimens of convent ional design
were  ob ta ined.  Of  these,  I  spec imens v rere  tes ted  dry  a t  a  mo is tu re  conten t  o f
approximately 6 percent,  and !  were tested. wet after soaking in water for 48
hours. t 'he resul- ts of these tests vrere exanined, al l  specimens fron the panels
containing defect ive joints rrrere discarded apd specimens for further tests were
taken only from those panels in whi"ch the joints were welL made. The test
values of specinens of panels shown to be sui table for further test ing were
tabulated according to the glue nlxh,rre used and averages we.re deter:nined for
both wet and dry tests.  These average values then served as controls and are
sholrrn in the first two rows of Tabl-e l-. l lven though bhe specimens glued with
the straight resin were prepared about a year pr ior to the remainder,  the test
values compare reasonabl-y wel l  with those from the specimens glued with 10 per-
cent extension. The average wet test values of the tr iuo groups are wel l  within
exper imenta l  e r ro r  o f  dup l i ca te  tes ts  on  the  sarne  g1ue.  In  d ry 'bes t  va fues ,  those
specimens glued with the straight resin averaged 24 pounds per square inch higher
in strength and 20 percent l -ower in wood fai lure than those specirnens glued with
10 percent extension. Even these variat ions are no greater than often occur in
successive tests on the sar,re glue rnixture" Since the control  averages shovr no
d iscrepanc ies ,  spec imens g lued w i th  bhe s t ra igh t  res in  may be  used as  a  bas is
for comparison even though they were glued pr ior to the others.

The rernaining specimens of the panels sel-ected for further tests were
arranged in sets according to the glue rnixture uset l  .  Holes (J/8 :-ncn) v,rere
then bored near one end of each specimen. From each set of  specirnens glued
with one glue mixture, 4 groups of 8O specimens each r, i rer:e selected at random
and each group strung on rnetal-  rods to faci l i tate handl ing through the expo-
sure cycles ( f ig.  f  ) .  Spacers were used betrrueen specinens to provide for
circul-at ion of air  and prompt change in noisture content in the cycl ic tests.

One such group of specimens from each glue mixture was then soaked
cont inuously in wa'ber at room ternperatures. A second. group from each glue
mixtuire was. exposed continuously in a room where the tJmperature was main-
tained at 8On F" and the relat ive humidi ty at ! /  percent;  A third group from
each glue mixture was exposed to a repeat ing cycle that consisted oi  Z ary"
soaking in water at room ternperatures foll-owed by 12 days drying in an atmos-
phere rnai-n'bained at 80" F. and JO percent relat ive humidi ty,  and a fourth
qroup vras subjected to a repeat ing cycle that consisted of 2 weeks exposure at
80" F. and ) l  percent rel-at ive hurLidi ty fol lowed by 2 weeks at 8Oo F" and. JO
percent relat ive hunidi ty.

A t  the  end o f  each in te rva f  o f  Z ,  \ ,  6 ,  12 ,  lg ,  24 ,30 ,  and J6
months, I  speci lnens were rernoved frorn each group and tested in the plyvood
shear test ing rnachine. The test values of each snch set of  !  specimens
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lvere arreraged and the resul ts  are recorded in the body of  Table 1 '  Table 2
shows the same resul ts  calcufated as a percentage of  the dry test  va lues for
the jo ints  made wi th unextended g lue,  The tes. t ing schedule was so arranged
tha t ,  i n  t he  case  o f  t he ' t cyc l i cn  t es t s ,  t he  t es t i ng  was  done  a t  t he  end  o f
the "dry hal - f r t  o f  the cyc le.  The specimens that  were soaked cont inuously were
tested prompt ly  upon removal  f rom the water  before they had t ime to dry out .
Specimens exposed rn 97 percent  re lat ive humidi ty  were l ikewise tested
pronpt ly  upon removal  f rom the condi t ion ing room before the moisture content
of  the samples changed appreciably .

Resu l ts  and D iscuss ion

This repor t  sunrnar izes the resuf ts  up to the end of  the J6th nonth.
Suf f ic ient  specimens were provided to cont inue the test  over  a per iod of
some /  years i f  the jo ints  proved suf f ic ient ly  durable.  Consequent ly  the
tes t s  a re  be ing  con t i nued  and  fu r the r  resu l t s  w i l l  be  ava i f ab le .  A t  t h i s
pe r i od  o f  J6  mon ths ,  howeve r ,  ce r ta in  s i gn i - f i can t  t r ends  a re  appa ren t  t ha t
can  be  changed  bu t  l i t t l e  rega rd less  o f  t he  f u tu re  cou rse  o f  t he  resu f t s .

Cont inuous exposure to ) l  percent  re lat ive humidi ty

The  e f f ec t  o f  ex tend ing  th i s  ho t -p ress ,  u rea - res in  g lue  w i th  r ye
f l -our  was most  pronounced in the tests involv ing cont inuous exposure to 97
percent  re lat ive humidi ty  and 80" F" ,  which is  a condi t ion favor ing the de-
velopment  of  molds and wood-destroy ing f \ rngi .

G lue  j o i n t s  made  w i th  t he  u rea - res in  g lue  ex tended  w i th  2OO pe rcen t
(based .  on  the  we igh t  o f  t he  d ry  res in )  o f  r ye  f l ou r  ba re l y  had  s t reng th  t o
hold the p l ies together  at  the end of  the second month of  exposure in  ! /
pe rcen t  re la t i ve  humid i t y  (1as t  co fu rnn  o f  Tab le  1 ) .  By  t he  end  o f  t he  18 th
month the last  specimen in the group had fa i led complete ly  This compara-
t i ve l y  l ow  res i s tance  to  a t t ack  by  da rnpness  and  m ic ro -o rgan i sms  i s  s l i gh t l y
lower than -shown by casein g lue jo ints  in  prev ious tests under s i rn i far
cond i - t l ons , , l

Glue jo ints  made wi th the urea res ln extended wi th 100 percent  of
rye f lour  had fost  near ly  a l l  the i r  s t rength by the end of  the 12th month.
Whi le severaf  of  the remain ing speci rnens were st i l l  hanging together  at  the
end of  the 18th month,  the st rength was so 1ow that ,  o f  the 5 sp.c imens
selected for  test  at  that  per iod-"  none r ruas st rong enough to g ive a reading
on  the  tes t i ng  mach ine "  As  compared  to  case in  g lue  j o i - n t s  unde r  s i r n i l a r
cond i t i ons ,a  j o i n t s  made  w i th  t h i s  m ix tu re  o f  equa l  pa r t s  o f  u rea  res in
and f lour  were sonewhat  super ior  but  not  to  a marked degree.  Under the con-
d i t i ons  o f  t he  t es t ,  ye1 low  b i r ch  venee r  usua l l y  showed  marked  ew idence  o f
ro t  i n  abou t  two  yea rs  and  case in  g lue  j o i n t s  usua l l y  f a i l ed  be fo re  t he  wood
had  d .eve loped  much  ev idence  o f  decav .

lE*po.r""  tests on pl ;rwood
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Joints matte vlth the urea resln extended. trlth 50 percent of rye flour shorred
greater resistance to attack by mlcro-organisrns than tho Jolnts made trlth more
extended. mixtures, but at the end of 2l+ months the Jolnt strength was very lor
although most of the epeclm€ns were still holcllng togother.

Ttre drop ln strength of Jolnts rrfth 25 percent extension vas gradual tbroWh-
out the test perlod and slover than with any of the hlgtrer d.ilutions. By the encl
of the JOth nonth, however, the test values were low and the Joints were no longer
reliable although nearly al.l the speclmens were holdlng together.

Ttre spectmens g1ued. with a mlxture containlng IO parts of flour, appeared
conparatively cJ-ean and free from mold j-n contrast to the specLmens glued w'Lth
more extend.ed mlxtures which were supporting considerable nold grov'bh on the
surface (r'fe. f). At the end of 15 nonths, the glue diluted with 10 parts
of flour shoved somew?rat lower test values than v'ere shown by the r:nd.lluted.
glue. Apparently the IO percent dllution tlitl not red.uce to a signiflcaat
d.egreo the resistance of the glue to contlnuous high hurnidlty.

Specirnens glued with the r:nextencled. rrrea resln decreeised. gradually ln
Joint strength and at the end. of 16 months tho average test value was reduced
to some 28 percent of the orlginal dry test vafues (faUte 2), wlth zero uood.
fallure. The rosistance shom was conslderably less than shown by hot-press
phenolic glues J.n prevlous testsr! which, at the end of 35 months, averagecl
about 50 percent of the orlglnal. dry Jolnt strength with more than 9O percent
of the fallure in the woocl. Joints natte wlth hot-press, parafo:mald.ehydo-
bloodt gluesl averaged about 3) percent of the original cLry test values, wlth
nearly all the fallure ln the wood.

Exposr:re to a repeatlng cycle of 2 weeks ln 97
percent relatlve hrlrnldlty followed by 2 weeks
ln ]0 percent relative hr:mld.lty

Ttrls oxposure combines mechanlcal- stress on the gtue Joint (when the pJ.lee
tend. to sweJ.t or shrlnk wtth molstr:re changes) wtttr exposure to mold. attack
tluring the tirne the speclmsns are rmcler conditlons favorlng deveLopnent of
micro-organlsm,s. If the gluo Ilne ls compl-eteIy resl-stant to attack by nlcro-
organisms, this test ls not so severe as a soaklng-clrylng cycle, but lf the
glue ls not so completel-y rosLstant to nrold. attack, lt nay prove more. severe
than a soaklng-drSring cycle ln which test molds and firngi have J-lttle chance
to deveJ-op. In the case of Joints natto wlth hot-press, urea-resln glues
htghly extendetl vtth rye flour, tJ:ls exposure proved. more Bevere ttran ttre
soaking-drJring cycles. In nany ca,ses the speclmens falled conpl-etely antl a].-
most as rapltlly as those exposetl contlnuously to 97 percent relative humttlity.

SpecJ-mens lrhose Jolnts were glued ll-lth a m{xture contalatng 2OO per-
cent of rye fJ-or.rr hact faLlett completely ln thls cycle at the end of ttre 5ttr
month. Ttrls rate of falhrre ls even more raplcl than has been obse:rred. Ln
prevlous testsl rrtth Jolnts mad.e wlth caseLn glue.

Jolnts natle witlr a mlxture extended. with 10O percent of rye fl-our
fall-ecl completeLy ln about 24 months. In previow tests, Jolnts natte rrltb
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water resistant casein glues have held together for some 12 to 1l  months under
the  same exposure  cyc le .

As  compared  w i th  resu l - t s  on
the  behav io r  o f  t he  j o i n t s  w i t h  t he
s ion .  and  w i th  10  pe rcen t  ex tens ion
maCe w i th  case in  g lues ,  bu t  no t  so
fornaldehyde-b1ood a l -bumin g lue .

other  g lues  in  p rev ious  and s in i la r  teSts ,
f0 percent extension, with 2l  percent exten-
was somewhat better than that of  jo ints

good as  jo in ts  rnade w i th  ho t -p ressed para-

The behavior  of  the jo ints  made wi th the unextended res in g lue resenbled
tha t  o f  j o i n t s  made  w i th  ho t -p ress  pa ra fo rma ldehyde -b1ood  g lue  i n  p rev ious
tes t s  i n  t he  same exposu re .  They  d id  no t  equa l  t he  ave rage  behav io r  o f  j o i n t s
made  w i th  ho t -p ress ,  pheno l i c  g lues  i n  t he  sa l l r e  exposu re  i n  p rev ious  tes t s .

Exposure to a repeat ing cyc le of  2 days soaking
in watsr  fo l lowed by 12 dayr j rEnLin J0 per-
cent  re l -at ive humidi tv  and 80 '  F.

he  g lue  on  the  res i s tance  o f  t he  j o i n t s ' t o
th i s  soak ing -d ry ing  cyc le  was  fess  p ronounced  than  the  e f f ec t  on  res i s tance
to exposure to condi- t ions favor ing uro ld growth.  In  spi te of  ind iv idual  i r reg-
u la r i b i es  and  i ncons i s tenc ies ,  howeve r ,  t he  res i s tance  o f  t he  j o i n t s  t o  we t -
t ing and dry ing exposure apparent ly  decreased s l ight ly  as the arnount  of  ex-
tende r  was  i nc reased .

, { s  compared  to  p rev ious  s iu r i l a r  t es t s  on  o the r  adhes i ves ,  t he  en t i r e
g , roup  fa l l s  be tween  the  ho t -p ressed  pheno l i c  res ins  and  the  ho t - i : r essed ' ; a ra -
formafdehyde-b1ood g lues "  Jo ints made v, r i th  mixtures conta in ing 2OO percent
f lour  were s l ight ly  bet ter  ihan jc ints  r : rade . . , l - i th  paraforrnaldehyde-b1ood g lue
and  j o i n t s  rnade  w j th  t he  s t ra igh t  u rea  res in  v re re  no t  qu i t e  so  res i s tan t  as
jo in t s  rnade  r ru i t h  ho t -p ressed ,  pheno l i c - res in  g lue .

Cont inuous soakint  in  water  at  room ternperatures

fn  gene ra l ,  con t l nuous  soak ing  i n  v l a te r  p roved  to  be  the  l eas t
eevere of  - r ,he exposure tests used j -n th is  exper iment ,  but  the resul - ts
were  reasonab l y  eons i s ten t  i n  i nd i ca t i ng  t ha t  t he  res i s tance  o f  t he  j o i n t s
to cont inuous soaking decreased gradual ly  as the amount  of  f i l ler  added to
the g lue increased" The moisture les is tance ' l r ras h igh,  however,  even for
the  h ighes t  d i l u t i on  w i t h  s ta rch "

At  ihe end of  J5 months of  cont inubus soaking,  jo ints  made wi th the
unex tended  res in ,  w i t h  t he  ra i x tu res  con ta in ing  10  pe rcen t  ex tens ion ,  2 !  pe r -
cen t  ex tens ion ,  and  100  pe rcen t  ex tens ion ,  we re  a l l  su f f i c i en t l y  s t rong  to
cause a h igh percentage of  fa i l -ure in  t l :e  wood a l though the actual  s t rength
test  va l -ues were only sorne !O to 62 l iercent  of  the or ig inal  dry test  va lues
of  the contro ls  The behavior  of  these jo ints  compares wel l  wi th that  of
j o i n t s  made  w i th  hob -p ress  pheno l i c  g lues  and  w i th  ho t -p ress ,  pa ra fo r rna lde -
hyde -b lood  a lbun rn  g lue  i n  s i r n i l a r  exposu re  i n  p rev ious  tes t s .  Jo in t s  made
'wi th rn ix tures conta in ing !O percent  of  f lour  and 2OO percent  of  f four  in
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the dry glue l ine were st i l l  strong enough to cause considerable fai lure in the
wood when tested at the end of J5 rnonths of cont inuous soaking. The joints
made with 2OO percent starch appeared considerably l -ess resistant to cont inued
soaking than the joints nade with the less extended rnixtures, but theywere
st i l l  more resistant than joints rnade with casein glues proved to be in earl- ier
tes ts  .  l

Dry strength and ini t ia l  water resistance-

The effect of  extension with starch on ini t ia l  water resistance of the
joints was nore regular than i ts effect on the resistance of the joints to
cont inuous soaking in vrater.  This is shovm in the f i rst  t rruo l ines of entr ies
in Tables 1 and 2. As the amount of extension was increased, the ini t ia l
water resistance of the joints fel l  of f  s lowIy and grad.ual ly up to an extension
of lOO percent.  With 200 percent f lour,  however,  the d.ecrease in warer
resistance was considerably greater.

The effect of  extension on the dry strength of the joints was tho l -east
pronounced of any of the effects invest igated in this ser ies of tests.  t rThi le
the averages of the dry strengths showed a s1ow and graCual d.ecrease as the
amount of extension increased, the di f ferences between the averages as the ex-
tension i-ncreased lvere smal- l  and even the nixtures conbaining 2OO parts f l -our
showed high strength values and high wood fai l -ures" So far as dry strength
was concerned, good joints resul- ted even when the glue mixture uias highly
oxtended.

Sunrcary

From the results of the tests up to and incl-uding the J5th month of
exposure the fol lowing indicat ions lvere noted:

1. The resistance of the glue joints to mold attackwas most markedly
affected by extension with rye f lour.  Joints rnade w' i th a rnixture containing
200 par ts  o f  fLour  and 1OO par ts  o f  res in  p roved scarce ly  equa l  to  jo in ts
made with casein glues in resistance to mold attack" The effect of  lO r:ercent
f four was not iceable, q. l though of rninor importance, when the joints werl  sub-
jected to condit lons favoring rnold growth" Joints nade w' i th unextend.ed, urea-
resin glues did not prove so resistant to these cond. i t ions of exposure as
jo in ts  made w i th  ho t -p ress ,  -pheng l ic - res in  g Iues .

2. The effect of  extension on the resistance of the joints to wett ing
and drying cycles was less markod than bhe effect on resistance to oondit ioni
favoring mold growth but,  in general ,  the resistance fel l  of f  gradual ly as the
anount of extension' lvas increased. TIr .e red.uct ion caused by 1O percent of f lour
was sl ight and even Lhe glue with 2OO, percont showed higher resistance than
wou ld  be  expec ted  o f  a  case in  g lue .

3. Cont inuous soaking in water did not prove to be a severe exjJosure
for  these urea- res in  g , lue  jo in ts .  Ex tens ions  o i  fO r re rcent  and 2E ner 'eer - r t  o f
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f l -our caused no'decrease (as cornpared vr i th unexiend.ed glue) t f rat  coul-d be
detected by joint  tests during J6 r^ronths. Joints maCe vr i th rnixtures con-
taining 200 percent of f lour were def ini tely fower in their  resistance to
cont inuous  soak ing ,  bu t  s t i l l  were  rTrore  res is tan t 'bhan jo in ts  made w i th
case in  g lue  in  p rev ious  tes ts  under  the  same exposure .

)+ .  As  the  arnount  o f  ex tens ion  inc reaseC,  the  in i t ia f  l va te r  res is t -
ance of the joints decreased sor,rewhat nore regular ly than the resistance
to cont inuous soaking in lvater.

J.  f f i i th in the range of extensions useC in this experiment,  the dry
strengbh of the glue joints decreased very sIowly as the amount of extension
increased.  lYh i le  even a  10  percent  ex tens ion  caused a  s l igh t  decrease,
joints rnace with nixtures containing t lv ice as rnuch f lour as resin r ,vere
s t i l l  s t rong enough to  deve lop  a  h igh  percentage o f  v rood fa i l -u fe  on  tes t .

6,  ' rThere maxirnurn resistance to severe exposure is essent ial  ,  par-
t icular ly where the exposures invol-ve cond. i t ions favorabl-e to mold growth,
the  ex tens ion  o f  ho t -p ressed,  u rea- res in  g lues  w i th  f lour  shou ld .  no t  exceed
10 percent and, preferably,  shoul_d be avoided,.

7. r f  the service condit ions require only good dry strength and a
moderate degree of water resistance, the use of coraparat ively large anounts
of f lour extend.er is permissibl_e.
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