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1.

Zotroduction

Wood was traditionally joined by mechanical means, as timber is
avallable 0. ly in units of limited length, width and {hickness.
The increasing scarcity and hence cost of timber of good quality
and appsarance has uccelerated the development and application of
wood-based shest materials.

On the other hand one of the most remarkable developments in
polymer sclence is the use of synthetlic resin adhesives which

are used today in situations which would have been considered
impossible some 50 years or so ago. Synthetic adhesives are now
recognised englneering materials. Bonding procssses have become
an establlshed part of production enginesring.

With the development of synthetlc resin adhesives, gluing offers

& neat and efflcient method of Joining together ths separate pleces
of wood or of board products such as plywood and particleboard.
Gluing has the advantage ot making jolnts less consplcuouss of
efficlently transmitting stresses betwesn components, such as in
lamlnated beams end, most inportantly, of enabling the width,
thickness and length to be increased whilst allowing the bonded
article to be further processed ay though it were a single plece
of wood.

The synthetic organic adhesives wa are concerned with hera are

the clasalc formaldehyde based thermosetting polymers. All other
synthetic binders currently play only an insignificant role in the
production of wood-based panels.




A thermosetting adhesive is one that on crosslinking undergoes
an irreversible chemical and physical change to becone substantially
infusidle an. insoluble. The crosciinking reaction n-y be initiated
by the application of chemicals and/or heat. The most important
exanples of thermosetting adhesives are Urea - (UF), melamine -
(¥F), phenol - (PF), and resorcinol-formaldehyde - (RF), formaldehyde
being the common raw material for all these resins.
The type of adhesive to select for a particular panel product is,
of course, extremely important since amongst other things its
properties influence the characteristics and end-usage of the final
product, There is no value in using a highly durable polyme- if
it does not remain attached to the pieces of wood it was intended
to bond together. Thus, the most important property of the cured
(crosslinked) adhesive is its ability to develop and maintain a good
bend strength between the adherends. Consequently, it is the
durability of the bond that matters and not just the durabllity of the
adhesive itgelf.
In the broadest terms the adhesive bLonding process embraces the
following easential steps :-

1. Preparation of the adhesive mix

2, Applying the adhesive mix

3. Holding the adherends together until the Joint

has acquired a certain degree of atrength.
This paper describes the present use of synthetic resin adhesives
in the wood-based panel industries and outlines the proparation of
adhesive nixes.

- \}
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Based on 1971 PAO ptatlstics on the production of wood-based panels
and boards the consumption of synthetic resin adhesives is estimated

to have besn as follows &~

Symthetic resin adhesives consumption in tons net solids

Country Plywood Particleboard Total

World Total 578, 500 1,140,400 1,78,900
U.3.A, 258, 500 227,400 485,900
Japan 117, 500 26,100 143,600
Western Europe 52,000 £83,000 635,000

Particleboard and plywood account for most of the aynthetic resin
adhesive consumption. Uroca formaldehyde reailns reprasent the
largest part of the resin usage, particularly for particlebtoard.
The preaent use of synthetic resin ndhesives in the wood-lnsed

panel industries.
2.1. Adheslves {or plywaod

2.1.1. Adheslve Durablillty

Plywood uzed sitrictly fur internal applications cuch
as furmiture needs to have a rood dry hond strength
tut does not necessarlly require molsture or water
reslatance,  On the othur hand wood-based panel
producta used extornally and exposed to all climates
such as in housing require an adheslve capable of
withstanding nny type of climatic change without fear
of breakdown.

Early studles on the performance of formaldghyde based
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synthetic resin adheeives showed that different types

" exhibit a wido varistion in "“durability’. Experience

¥ th plywood ueed in naval and aeronautical applications
highlighted that UF's wers particularly degraded wnen
exposed to moderately severs climatee over a short veriod
of ﬁl.:’ " Further expsrience suggested that whilet UF
bascd adhesives could be degraded by sxposure to weather,

MF and PF based adheelves wers relatively resistant.
Thus, UF plywood exposed to troplcal climates »as

E degraded far more quickly than in temperate climatee.

It was soon recognised that the durability of wood to
100od bonds was dependent upon agents such as molsture,
heat and mechanical stress. Further laboratory work
showed that MF and PF bonded jointe could withstand
periode of 3 to 6 hours ipmersion in boiling water
vithout suffering a eerious reduction in bond strength.
Early epecification tests ueed in Burope and the United
Suates regarded pure MF baged adhesives and their moid-
ifications (MUF co-condensates or mixtures, mixtures
of cryetalline melaaine with UF resins) as equal to
phenol formaldehydes in durability. Practical expe
erience showed however, that this was not true. This
led to the development. of more severe laboratory tests
t0 eeparats the nore durable phenolice fron other
athesives. For British Standards a test involving
prolonged immersion in boiling water was adopted.




2.1.2,

Results of long term exposure trials have bsen
correlated with the performance in the latoratory

of similar joints whizh have been subjected to
immersion in cold, hot or boiling water.

Thus, the types of thermosetting synthetic resin
adhesives considercd here may convenlently be classified
in deacending order of durability.

Phenol-formaldehyde (PI) which includes resorcinol
formaldehyde (RF) and co-condensates.

Melamine formaldehyde (MF)

Melamine formaldehyds (MF) containing urea
formaldehyd: (UF) co-reacted or as physical blends.
Urea-formaldehyile (UF) contalning crystalline melamine
Urea formaldenyte (UF)

tipecification for plywood

In British Standard 1455 August 1972 “Spectification
for Plywood Manufactured from Tropical '»wdwoods"
tour bonding (roups are deflned. In ascending order
of durabllity these are INT, MR, BR and WEP. These
can be related to chemical sroups and environmental

condltlons ns follows s-




ES_Type
INT

wpp

Tallde 1

Chemlanl 1'ype

UFP with high proportion of
filler

UF with filler

UF upgraded with melamine

or MF resin

Fhenolics
(including resorcinols)

Lnylronmant

Trdnor-not load
bearling

Indoor - load

bearin-

" Ag for MR tut

Amproved outdoor
porformance though
not pormanently
durable,

Outdoor unprotected

Other plywood standamds yne cyclle testis involving

short poriods of immersion in boiling weter alternated

with soakly ; in cold watler and forced Arying of tha

Plywood as in Germun (DIN) and Unlted States Standavds.

The table overleaf pives approximate equivalents of

various National Standards for plyrood 1 -
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Table 11
Approximate equivalence of National Standard
Test procedures.
cwntr’ and G.mny Ja[‘n U.K. U.S.A.
Specification
Number DIN 68705  Export s 1459 C835-63
plywood
Standard .
Durable Category and
Chemical Type of
Adhesive :
Moat durable 1 phenolic Type AN~ Type I Type WBP Type 1
' 100
r MF-UF with up to © Type A¥- Type 1 - Type 1
Loy, UP _ 100
Fairly durable @ Type A- Typs BU®* -
’ UF resin with 15-20% 100 # - ‘ .
melamine added
Good water resiastance Type 1IN 67 Typi 11 Type M | 'Typn 1z

leass reslstant to

prolongsd wetilng

and drying : UF with : .
somn filler

Nesiotant to cold Typs IF 20 ‘Type TIf Typs INT Type III
water for short ‘

periods.

Heavily oxtendmi UF,

* A 100 calla for immeralon in water at 100° €, for 6 hours, DH only for J hours.

In moat plywond standards the tesats uaed are to verify
the bond qnallty and to group the typas of adhuslve
used. It 45 thus impertant to realise that the test
methods are pm"ely comparativa, Such accelerated tests
cannot be'used with confidence to predict tha durabllity
v - of the bond uﬁill nuch time na convincing service records

have been collected,

—_—d




2.1.3. UF plyweed adheajves.

Urea formalldehyde resins and thelr inexpensive

extended o’ res have found widc zcceptance as

adhesives for plywood and have served the adhssive.

needs of the piywood industry very well.

The preferred UF plywood and vensering resins have
' a molar ratio of { urea to 1.6 -~ 2.0 formaldehyde.

Such resins are availabls as viscous liquids with a

resin solids content of 65-70% which are stabdle for

d several months at 20° C.  If a resin is required in
powder form the water in the liquid resin is evaporated
almost entirely by spray drying. Powder resins in

, general have the advantags of longer siorags life i.e.

12 - 18 months and are redissolved just prior to use.
UF resins provide a nearly colourless, fest curing glue
line that is in gsneral immune to attack by micro-
organisms. On a cost--srformance basis ‘nhey have no
present equal,
The bonding strength of UF plywood resins can be varied
depending on the degrse of modification. The addition
of fillers and extenders may de accompanied by a reduction
in bond strength and in extreme onsss, such as tea chest
and interlor grade plywood, the adhssivs formulation my v
contain more filler than synthetic resin on a weight

basis e.g. t-
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UF resin powder 100 parts by weight (pbw)
Wheat flour 150 parts by welght (pdw)
Powder hardener 2.5 parts by weight (ptw)
‘Water 270 parts by weight (pbw)

It As customary to determine under actual factory
conditions the most economic adhesive foramulation

and proceasing conditions to mest a particular standard
of performance. The wood apecies to be donded play
an important role in this determination as can be seen
from the following examples s-

Two UF glue mixes are compared on besch cnd red H;nnti
veneer when tested according to the MR and INT

requirements of ES 1455,

Formlation I  Formulaticn II

UF powder resin 100 p.bew. 100 p.bew.

Wheat flour 20 p.b.w, 45 p.bew,

Powder hardener 2.5 peboue 2.5 pebow,

Nater 60 p.b.w. 100 p.b,w,

Table III

Bond quality accfnung the knife test of BS 1455
nfter INT® and MR treatmenty.

Foxmulation 1 Beech Rod Merantd

INT ? 9

MR 0 ?

Formulgtion I

INT 2 8

> 0 6

1 Immersion in water for 16 - 24 hours at 15 * 5° c.

2 Ismersion in water at 67 + 30 C. for 3 hours
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2.1, Nedified UF plycod sdhasives. | ‘
On the other hand addition of orystalline melsaine or '
MP resin to UF resin produces a remarkable rise in .
boiling water resistance. The durability of such
- modified Ul' ro_dns is also greatly improved but over
loa' perlods they 4o not cospare with phenol formaldshyde.
-Melamine nodified UF glue mixes are almost colourless
and they therefore play an important ro}q in the
- manufacture of decorative plywood with thin sliced

veneer faces. This type of plywood is deing used _
extensively for the produetion of "semi-exterior”
flush doors. In general pure melamine formaldehyde
adhesivee have little use in the msnufacture of plywood
on account of thelr cost and in terms of performance
t'hqy hgvo been replaced by phenol formaldehyde,

28,5, PF PAywood adhesives.
The field of truly extirior and marine p? swood is
dominated by phenol formaldehyde resin. FF resine
have high strength properties under all conditions of
exposure. Long term weathering teets have shown their
ability to withstand the most severe conditions without
deterioration. The highest specification for plywood
sakes the use of PF based adhesives almoet mandatory.
The moet imporant type of PF resine used in plywood
bonding are the resols which are ususlly mamufactured

vith a molar ratio of 1.5 - 2,2 formaldehyde to 1 of




2.1‘6.

phenol. FF plywood resins are strongly alkaline
and are avallable in liquid form of approximately
40 to 50% resin sollds concentration and as a spray
dried powder product which, like UF powder, is
dissolved in water just prior to use. Phenolic
resin adhesives of the resol type are dark reddish
in colour as is the resultant glue line. Paraform-
aldehyde 1s usually used to accelerate the setting

when presa temperatures of between 110° and 130° c.

are used.

Adhesive applicatlon characteristica.
Generally speaking, PF plywood resins are wore demanding

than UF based adheslve formulations ln turms of
processing conditions. Veneer molature content

and surface quallity can be daclislve 1n determining
the quality of the resultant plywood. [I'F plywood
adhesives are more sensitive to excessively low or
bigh venesr molsturs contents, the preferred molsture
conteant should be between 5 und 9 percent. (For

UF btased piywoord adhesives A veneer molsture content
of up to 12% can be tolurated.) In order to obtain
a good glue line quality an important requirament
amongst others iu smoothly peeled vensers glving
closely fitting surfaces. PF based adhesives are
less capable of bridging veneer surtace imperfections

than UF adhesives on account of the different types of
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fillers used (cf. glue formulations). Furthermore,

the latitude in permissible assoably times for PF

coated veneers is considerably less than for UF.
Prepressing of adhmsive coated and assembled
veneers is now an accepted technique used in plywood

manufacture. One of Lts benefits is the transfer

' of adhesive from the coated to the uncoated veneer

which ghould resuli iun giving a tight bond prior
to heat curing of the bond. UF taged plywood
adhesives have a greater water holdlng capabllity
than phenolics which tund to dry out quickly.
Therefore the permlssible ansembly time prior to
prepressing 15 longer for UF's than 'l‘or phenollica.
However, prepressing times le. the timw under
pressure, are normally shorter for PF's than for
UF‘s 1.e. 3 tn 7 minutes For phenolics and 7 - 15
rinutes for UF's.  The compensation frr Lhe longer
prapross time for UF's s the much greater agsambly
time tolerance which UF plywood adhesives exhibit.
Thic permita a couslderadblie degree of latitude 1in
operating conditions. Thus those 1dhesives having
the potential to yleld the hlghest durability are
in general the mnot cxpensive and most demanding

in terms of application,




2.1.7. Coatinz- -
Successful plywood manufacture is tased on
reconciling the technical demands for a particular
greds with glue and manufacturirg costs. Ths
relative costs per tonne of adhesivs mix of ths
main types of adhesives are given in the tadle
below 21~

, Iadle IV
Ralative cogts per tonne of sdheajve mix

mm%

INT Heavily extended UF 1.0

m Extended UF . 1.3 -1.4
m Melamine modified UF 1.9 - 2,0
[} 4 PP 2.2 -2

The prics of an adhesive nix per unit weight is only
one factor in glue line costs. Adhesive spread coupled
vith hot press output are protably the most important
factors in cost calculations. Using ons tonne of
sdhesive mix and tmsing the consumption on 3 pPly 6 mm.

Plywood the following approximate volumes of plywood
may be manufactured i-




29 1455 type Cuble metres of plywood
INT 29.5
MR 25.0
m 17.0
[} 15.0

Considering only the actual pressing tines o produce
one cubic metre 3 ply. 6 am. plywood in a hot press
8 x 4 ft. 18 daylights at a prnj temperature of
115° C. we have i-

- JB_14335 type Tise requized to produce 1
INT 75 ninutes
MR 9.0 ninutes
BR 10.5 miautas
wer 17.0 minutes

rrou_ the above 1t may clearly be seen that pressing tine
i3 a very important agpect of total production costs.
In this connection it should be pointed out that a well
made piece of plywood whether uaing a durable adhesive
or not will exhibit high strength when tasted under normal
tomperatn indoor eonditions. Thus the use of PP
adhesives can only be justified, from the point of
vian of thz2 uger, wherc nevere environmental condltions
prevail.  Thero is a general tendency to Play safe and
use PF's for everything although this must often be
tempered by limitations imposed by fabrication
onnditions and acceptable costs.
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t 2.2. Adhesives for Blogkboard *

20’.

The foregoing discussions on adhesive durability are also
applicable to blockboard although slight physical modifica-
tions of the adhesive mix may be needed to accommodate the
different surface properties involved.

Polyvinylacetate (PVA c)' a thermoplastic adhesive, is however
used to bond the atrips which form the core of blockboard.
PVA c adhesives develop strength rapidly at room temperature by
loss of moisturs. Their temperature and moisture resistance
is inferior to thoae of UF adhesives. By using thermoplastic
PVA , adhesive any misalignment of the core sirips 1is rectified
during hot prassing of the outer skins to the core. Block-
board specification tests classify the adhesive bond bntuo:on

veneer skins and the oore nut totally ignore the glue line

betwesn individual stripe.

Adhesives for Fibreboard.

Hardboard or woodfibre board has long been produced using
indigenous bonding agents. In order to obtain a higher
water resistant board 9.5 - 5.0% (based on the dry weight of
the wood purticles) of a phenolic resin are added depending
on the quality of the desired hoard. The phenolic adhesive
binder is usually udded as low alkaline dispersion to the fibres
and precipitated onto the fibres through adjustment of pH.
Recently a considerable amount of work was carried out in the
United States in the development of Medium Density Fibreboard

(MOF). This process uses a urea formaldehyde resin vith a

* Laminated board  ° stripgd7/An
Blockboard ctripa7/8" - 1»
Battenboard battens not wider than "
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particularly low tack or urea stabiliged formaldehyde in the

molar ratio of at least 1 to 4. Typical formulations are
clalmed to be as follows -

Table V
Adhesive Formulations uged in MOF Manufacture
Conposition in P.b.%. Interior grade Exterior grade
Methylol urea solution (1) 100.0 100.0
Urea 46.0 25.0
Melamine 5.8 35.0
Ammonium sulphate 1.5 1.5
Water €9.9 79.0

(1) "UF - Concentrate 85* or “5tay-Form 60™

It is claimed that MF commands a substantially higher price
over high quality particlehoard, because of its superior
machinability, coatabiliity, dimenalonal stability ad tight
homogeneous edges.

Adhesives for Partlclnboam

2.4,1. Adhestve Performancs.

Particleboard, like plywood, can be broadly clasaified

according to the typ: of adhesive (binder ) used.
German Standard DIN 68763 1s divided into thrae

parts, cach of which provides apecial requirements of

testing, and the development of physical and mechanical

board properties directly related to spscific édhealves

and end use roquirements.
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Table VI
DIN Type Chemicel T Enviponment
¥20 UF binder Bonding reristant
when used in areas of
enerally low humidity
bonding not weather
resistant).
V70 Melmine (nsuslly Bonding resistant
MF resin) against increased
reinforced urea humidity (bonding not
formaldehyde weather rasistant).
Y100 Phenolic or phenol bonding reslstant to

resorcinol binder high humidity (limited
weather resistance.)

Clearly the statements conceming adhesive durabllity
made under section 2.1.1, are also applicable to
particlehoard binders. In a broad gense all
foreseeable contingencies of particleboard use

are anticlpated and cateret for. 'f‘here could

however be slight differences in the interpretation of

a particular use requirement.

It should he clearly noted that phenolic honded
particleboard is conslderad not completely weather
vesistant in contrast to WBP plywood. The usual spread
of adheslve in plywoold 13 hetween 100 and 250 g/ n" single
glue 1line using an adhesive mix with a resin solids contsnt
of between 30 and 50%. Thls spresd is, howaver,
approximately 20 to 25 times that considered
economically acceptable for particleboard, although

the total surface area of the particles 13 many times
greater than in plywood. However, the absolute amount

of reain in particleboard is substantial. Adhenive
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costs in particletoard in fact may coaprise from

20 to 50% of the total production costs) in

Plywood the costs vary between 7 and 20%.

Currently UF bonded particleboard accounts for at
least B of the world particleboard production and
phenolic bonded for less than 10%, |
Tipeg of adhesive binders used.

Due primarily to their low costs, versatility amd

ease of application, urea-formaldehyde bdinders are

the nost widely used adhesives in the particleboard
industry. UF resins offer excellent properties for
bonding wood particles for panels intended for
interior appllications. The molar ratio of
contemporary Uk particleboard resins i3 1 urea to

1.2 - 1.8 formaldehyde. The lower F/U ratlo of
particleboard resin in comparigon to plywood resins
decrsases the likellhood of oxcessive formaldehyde
fumes during particleboard production and during use of
the panela. UK particleboard resias are avallable in
llguid and powder form and have a lower degre=s of
condensatiun than plywood reslns to provide solubility
of the resin in the application stage. The amount of
UF binder used in the manufacture of particleboard
varies depending on the required board properties but
is generally between 8 and 108 resins sollds on bone dry

wood. The approximate effect of resin content on strength
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and thickness swelling properties of particleboard

is shown below i1~
Table VII

Effect of UF Resin Content on Particleboard

Resin addition % change in

on dbone dry thicknesa after
wood in % immersion in
water at R.T.
for 1 hour.
N 20
6 1?7
8 9
10 7
12 6
14 .

Transverse tensile MNModulus of

wz:zth in

11
13
15
16
18

rnkJQ-uin

170
185
200
215
210
190

It can be seen that increased resin addition reduces the

swelling of the 12 nm. thick board which wae immersed in

water at room tempermture for 1 hour.

A corresponding

relationsnip axists for the transverse-tensile strength.

Howevar, the modulus of rupture lavels off at about

8 - 12% resin addition, and beyond this falls through

incipient brittleness.

Thus, in any manufacturing operation in which the board

resin content 1s increased, keeping all other variables
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‘constant, a considerable improvement in board
properties is obtained. However, resin costs
constitute a major production expense in particle-
board. Returns In torms of board properties from
every unit of resin must therefore be maximised.
Melamine formaldehyde is more durable and more
uﬁennlvo than UF, It 18 not usually uaed by

itself in the production of particleboard. On
account of their better moisture and heat resistance
MF resins are somatimes used to upgrade UF binders.
Replacing batwsen 50 and 60X of the UF binder used

In particleboard by MF resin will satisfy the quality
test requirements of DIN AB763 grade V100 although the
specification ralls for the use of phenolics. Thus,
a particleboard maaulactursd using a urea-melamine-
formaldshyde type binder \s characterized by obtalning
boil reslatance. Thls improvement in molsture and
haat resistance makes the panels rualify for more
gevare interlor applications. This 13, however, not
adagiuate far exposing such boards to the oultoor
cnvironmeat.

Recently a modifled urea-melamine-formaldehyde resin
contalning a small addition of phenol has been lntroduced

as particleboard blnder natisfylng the test requirement

of V100. Thin phenol modification is claimed to reduce
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the btrittlensess of the aminoplasts.and allowing swelling

and shrinkage stresses to0 bes better accommodated during

weathering. However, we should remind ourselves that

with resins of other chemical formulations, compliance

with certain test requirements does not necessarily

indicate equal durability and confirmation by actual

long tera service trials is required.

Phenolic resins, unlike UF's or MF'a3, are durable and ‘
exhibit resistance to breakdown at higher temperatures

and humidities. They are the second most widely used

binder in the production of particleboard.

Two different types of phenolics ave in use

1. Resols

2. Novolaks
Usually resols are manuractured with a molar ratio of
‘1,5 = 2.2 formaldehyde to 1 of phenol using alkalis
as catalyst. In novolaks the molar ratio is 0.7 =~
0.8 formaldeshyde to 1 of phenol using an acidic catalyst.
Resols are avallahle as liqulds with a solids content of
40 to 0¥ as well as spray dried powdera. Novolaks
ure used as finely usround powders which arve crosslinked
using hexamuvthylene totramine as formaldehyde donor.
Nowolaks are mainly used in North America for the manuf-
acture of wafarboard e.g. “Aspenite”. In this process

dried flakes are blended with 4 to & of powdered novolak.

A similar amount of molten wax is applied to the flakes
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by spraying. One of the difficulties in this process
is to distribute evenly this small quantity of binder
over the long thin flakes.

Novolaks require a longer cure-time (press time)

than alkaline catalysed resols and are 15 - 20% more
expensive than liquid resols on a solids tasis. The
water resistance (swelling) of waferboard is said to
be superior to resol bonded particleboard due to the
fact that the nuvolak does not contain any alkall.
Under Canadian climatic conditions this type of board
seens to have adequate propertias when used in exterior
applications. It should be remembered that waferboard
competea mainly with phanolic bonded softwood plywood.
Compared with UF resins resols are at a disalvantage
in a number of respects including solids content,
storage 1life, hot pressing times, tack characteristics,
compatibility with e.g. wax emulsions and roat.
Furthermore, they impart colour to the resultant board
vwhich is however now considered as a sign of quality.
Continuous research to imrcove the resol particleboard
binders has led to ine development of rapid hardeners
baged on fatty acid amides and others as well as
reduction in the alkaline content of the resin.
Despite this pressing times are still longer for PF's
than for Uf's.

The quantity of phenolics used in the particleboard

industry remains far behind that of UF.
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nder Application Characteristic
The degree of adhesion batween resin coated particles
prior to pressing is gencrally referred to as tack.
The degree of tack required by different particleboard
manufacturing systems varles very widely. Tack
requirements depend, even within the same process,
on raw materials, equipment and plant environment
(relative humidity). Urea formaldehyde and MF
modified UF's can be formulated to give the required
degree of tack for given conditions. Phenol
formaldehyde resins are less floxible in thls
reaspect.
F‘om&ldchjde releasw i3 influenced by a combination
of factors such as type of reain, ty.pe and amount of
hardeners and amonnt of hinder used as well as hoard
manufacturing conditlons. It should be noted that
formaldehyls release cannot be completely eliminated
since formaldehyds rontaining synthetic resins require
a molar excess of formaldehyde for the condensation
reactlon to be brought to completion during hot
preasing. llowever, caretul control of all variables
can reduce it to an acceptably low level. Where
formaldehyde release trom finished particleboard is
objectionable a formaldehyde-binding coating may be
applied. It has Leen claimed that the amount of
formaldehyle relcased from phenolic particleboard
is 10 to 20% of that from UW containing boards,
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In order to improve the dimensional stability of
phenolic bonded boards it is cuatomary to include a
post treatment after hot pressing. In the case of
waferboaxrd bales of hot pressed boards are stored
for b to 6 hours at 90 ~ 95° C. Resol bonded
pai-ticleboard also benefits from post treatment,
this 1s achieved by hot stacking overnight immed-
iately after renovai from the press. Amino resin
bonded particleboards must he cooled after hot
pressing since stacking boards at temperatures
above 65° C. causes rapid hydrolysis of the binder
1.e. lack of resistance to decomposition by heat and
humidity and hence loss in board propertles.

Many of tomorrow's developments unl_ result from
needs now apparent in the plywood and particleaboard
industry. This industry's dependence on synthetic
formaldehyds based resins will continue to grew as
there is a need for ever-increasing quantities of
bullding materials to be supplird from somewhat

dinmlnishing quantities and quality of forest rvesources.

3.  Formulation of Synthetl.: Resin Adheslve Hixes

3.10

For Plywood and Blockboard
Although UF, MF and PF resins without any filler/extenders
have established themselves as outstanding industrial adhesives

for bonding wood chips, flakes and fibres into board products




their use as such in plywood and blockboard manufacture is very

rare. In gensral, operating conditions in plywood and

blockboard production are broader than in particleboard and

consequently resins are formulated into adhesive mixes using

ingredients which supplement and extend the performance of

the reains to cover the broader requirements. The first

requirenent for a strong bond is that the adhesive should

"wet" the adherend. The glue line muet then remain fluid for

the veneers to be positioned but without being totally

absorbed by the veneers or flowing out of the joint.

Finally the glue line is hardened without the setting up of

excessive shrinkage stresses. Compromises have to be made

in oxrder to meet these requirements.

A plywood/blockboard adhesive mix based on one of the

aynthetic resins mentioned above usually consists of i-

1) a 1iquid or re-constituted powder resin (powder resin
dissolved in water.)

2) 2 hardener sometimes also referred to as catalyst or
accelerator.

3) fillers and/or extenders

&) additional water

s) additives, e.g. prepressing agents, glue line identifiers,
wetting agents, preservativss, fire retardants,
antifoam agents, curtain forming agents.

The resins have been discussed in detail in the previous chapter.

Let us now examine the function of the other 1n¢red10nti.
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Hapdeners

The hardener (catalyst or accelexrator) promotes the
curing of the resin itself. UF, NP rerins and
blends thereof require acidification in order to oure
1.e: to btring the condensation reaction to conpletion.
The hardener cun either be an acidic substance or a
chenical which 1s capable of liberating acid when
mixed with the rnﬁn. Depending on the atrength of
the acid, or acid forming chemical added, UF resins
can be made to cure (sot) cold as well as under heat.
Pure MF resins will, however, not cure at room
t.onpor:turo but require a glue iine temperature of

at least 50° C. to develop their full properties.
This feature gives UF resins their u.niquonou as

wood adhesivea for many purposes. Cold pressing of
plyvood and blockboard is now seldom carried out on
an induetrial scale. The acidic chemicals normally
used are : ammoniua chloride and ammonius sulphate but
many others have teen described.

Re o

In order tu achieve a more gradual curing process
1.e. a better ratio of usuable life to curing tlee,
the hardener may also contain a retarding chemical
¢.g. hexamethylene tetramine, ures, ammonia or nelanine.
Resin manufacturers usually aleo supply suitably
formulated hardeners for their resins. They can




be in 1liquid or powier form. It cannot be too
strongly emphasised that mixing instructions

issued by the adhesive manufacturer should be carefully
followed. The resin and hardener components should
be mixed in the proportions recommended. The use
of an excess of hardener to achieve a supposed
faater rate of cure may not only have the reverse
effect but could also reduce the efficlency of the
resul tant adhesive.

Fillers/extenders

Fillers and extenders aure terms used rather loosely.
A filler is a solld, non-volatile adhesive mix

ingredient with little or no paste-forming eftect.

Fillers are insoluble, flnely poude;-ed substances

that are dispersed in the resin mainly to reduce glue
1line cost and to a lesser extent control mix viscosity.
Owing to reactivity with aclds, pH value, and glue line
hardness few mineral products are suiltable and hence
fillers are usually nelected from finely ground nut
shells or wood flours of small particle slze. In
thaory fillers being fine particles prevent over-
penetration by the resin into the wood (pore stoppers)
and hence glue line starvation when pressure 1s applied
on the still fluid glue llne. Fillers include the
following products i1~

1. Inorganic
China clay
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Chalk

Attapulgite clay (acicular)
hydrous magnesium aluminius silicate)

2) Shell {lours
Coconut shell
Valnut shell
Olive stone
Pecan shell
3) Nood flours
Softwood
Hardwood
Tree bark flours (Douglas Fir) -
k) Other cellulosic fillers
“Furafil” - powdered split oat hulls
Powdered rice hu.lu;
This list is by no means complete.
Extenders are non-volatile, paste-forming ingredients
contalning starch in a natural or degraded state; cereal
and legumlnous flour extenders also contain protein.
Their purpose is two-fold: malnly to improve performance
ard usually to reduce the cost of the adhesive due to
thelr vater retentlon properties. 3tarchy, glutinous
matorials improve spreading and setting behaviour of the
adhesive and hold water at the glue line for transfer and
flow, resisting the atrong ahsorptive forces of dry veneer.
In addition they reduce shrinkage stresses set up during
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ouring of the resin. As the viscosity of, e.g. UF
adhesives decreases with increasing teaperature, the
addition of extenders th t form pastes red:ces
absorption into the wood and so prevents the
formation of poor joints due to starved glue lines
and dleeding th‘roug,h thin snrface veneers. Extenders
say de classified as follows :-

1)  _Amylaceous

a) cereal flours (vheat, rye)

b) leguminous flours (bean, pea)

c) cold water soluble starches (these
are pre-gelatinised starches
derived from e.g. taploca, sorghum,
potatoes, rice etc.)

d) rative starches (potatoes, maise)

2) Water soluble cellulose derivatives

(nethylcellulose, carboxymethyl celluloge)
3)  Protein

a) spray (ried soluble animel blood

b) soyabean flour
The industrially useful effects of UF resin extensions
are achieved rainly hy ctarch and protein. Extenders
can confer a cohesiveness to an adhesive mix which
becomes more pronounced the higher the degres of
extension. This cohesiveness is related to the ability
of the extender to retain water. Many problems with
prepressing of plywood originate from insufficient
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oohesiveness of the adhesive aix. Besldes giving an
increased tackiness, starches and proteins also affect

the reactivity of the resin/hardener combAnation due

to their formaldehyde and acid affinity. Testing of
extenders is therefore essential to ensure that, whatever
reduction in cost of the glue mix may have been achieved,
this 1s not at the expense of the required bond quality.
Apart from the resin itself, fillers/extenders used in

an adhesive nix do establigh the performance limits a»

an adhesive. Thus, careful selection of the filler/
extender combination enhances the performance of the reain
itself, and this has contributed to the success of
formaldehyde tmsed resins in plywood/blockboard productiom.
Vater

The water in a wood adnesive is the carrier of the
colloidally digpersed resin which includen certain
hu'doncrs_ and fillars or extenders. ‘ It controls the
viscosity of the adhesive mix and with conventlonal glue
spreaders also the (lue spraad. Porous, cellulose based
materiala such as wood are wetted out by the water so that
the qlhesivu properties of the resin take offect on the
cell walls and good contact ig achieved at all attainadble
points on the surface. 7Thus, transmlssion of adhesion

1c a function of the properties of the solvent or dispersion
medium i.e. water and not only of its amount.

Additives have to be compatible with the resin and should
pfeforably neithar affect the resin handling characteristics

nor the resultant bond quality. This applics particularly




to insecticides and fungicides which will de
discussed in the next chapter.

3.2. JFer Particleboard
A suitable dinder mix for ths manufacture of partioleboard

My oonsist of 1~

J.2.8.

1) a liquid or reconstituted powder resin

2) a hardener

3) wax emulsion

'y additional vater

s) additives e.g. preservatives.

Hardenera/buffers

Depending on the particletoard manufacturing cond-
itions and on the acidity of the wood itsslf a resin
may be capable of curlng by heat alone, btut setting

1s normally accelarated by the addlition of hardener
and the application of hvat. Hardeners are usually
added by the user Just prior to resin application.
These chemicals are again either acldic substances by
thenselves or can llberate acids when mixed with the
reain. The nost widely used componenta are ammonium
chloride cnd ammonium sulphate as they are inexpensive,
convenient to handle and yleld a high ratlo of working
11fe to cure. To extund the working life of a wood
shesive c.g. UF, it 15 customary to add a buffer such
as ammonium hydroxide or hexamine to slow down the rate

of condensation at room temperature. Addition of
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hardener to the resin is neesded as ths natural acidity
of the wood alone may not be sufficlent to obtaln an
econonlcal curing rate in the hotpress.

Wax emulsions

Enmulsions of wax in water may be added to the resin

to confer a degrez of 1liquid water repellency upon the
particleboard. They are alleged to have a secondary
function, namely to provile certain slip characteristics
in resin blenders, forming stations and caul plates.
Emulsions have to be compatible with the particular
rasin baing used. Compatibiliiy problens eﬁcounterod.
with pherolics of hizn p4 have largaly been overcome.
The amount of wax sollds added oa oven-dry waight of
ths woord fumish varies from plant to plant tut is
usually in the order of 0.6% for UF's and 1.0% for
PF's. Tha uwax normally used is a nlxiure of solid
hydroaarbon paraffins with a melting polant ranhge from
55 to 90° C. Such waxes are a by-product of the
petroleum distillation process. In unrefinad
industrial waxes small amounts of inpurities in the
form of oll are somatimes present. These are balleved
to glve rige to difflculties in subsequent bonding )
operatlons e.g. surface venaering of particleboard as
well as painting. The most commonly used emulsif-
ication system i1s anionic. The type of emulsifier

used depends on the pH of the resin with which the
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esilsion is tu be used, on the required mechanical
enulsion stability and on coste. To impart good
water repellency to the wood particles it is necess-
ary to kecp the amount of emulsifying agent to a
ainimum and to ensure that the wax is as widely dist-
ribtuted over the particle surface area as possible.
Nater

The function of the water is to reduce the viscosity
of the binder and to increase the volume of binder mix
availadble for spreading unto the surface of particles.
Binder application is one of the most critical
operations in particlchoard production from the point
of view of board quality and productlon economy.
Binder application aims at the greatest possible
dispersion of the 1iquld adhesive wi.th small droplets
and distributing it sufficlently uniformly over the
surface of the particles. The presence of water is
als0 important in the bonding process itself. The
molsture imparts groater mobility of the wood furnish and
hence facilitates the pressing operation, Migration
of moisture takes place during contact of the resinated
chips with the hot press platens. This migration 1s
from the surface towards the centre of the panel
resulting in the so-called "gteam shock effect” 1.e.
1t enhances heat transter and accelerates the rate of

setting of the bvinder.
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Additivey

Additives such as preservatlves refor to chemical

comporr:ls limo-rpo"mted into particleboan! durlng the

" courne of boanl manufacture. Such additlons ray he

divided into two gronps namsly t-
1) Funglcldes and inseetlctdes

2) Fire retardanta,

" Chemical protection agatlnst tumgl 1o requleed when

pacticleboard 15 to be uaed umler very humid condltlonu
and agnlunt termltes in areay where bhe lasscts occur
and way beeome & hazarl.,  Io 1970 Jeaist Gurmun ropul-
atlons roquicsd that partleleboazd i vied for sbenetuml
purposes and load bearing Le bonded with phonolic roalns
and pmtecﬁed againat the attack by fungl. This has
given this aspect of board prnductlon ¢t ¢ idlerable
impetus. The lacal preservatlve must no: advergely
affect particlehoard propertlces, be commaiihle with

the binder and give ¢'foctive Loard prote-tion over long
periods of time., Costs are also an importint conalder-

ation. The ideal preservative fulfillin;; all these

- requirements has not yet bten doveloped und greater

attention 15 likely to Le placed on this work.

Conaidemble intorrat i1s heing pald to fire retardants

" as the uge of rirticleboard products in housing and other

types of conatrmiction pains momentum. Fire retardants

are chenical cumpound. that are normally added during




the course of board manufacture. Ideal fire retard-
ants for particleboard nust not only be éompa.-t.ible
with the raw materials and bhoard process pacullaritieé
but they should also provide glow and smoke emission
retardanay aad stop ilames from spreadingz. In many
fires tne aajor source of donger to 1ife is created

by smoxa. Although present fire retardarts have not
yot been perfacted, reasonably acczptadle filre retard-
ant particleboard can currently be produced =t a cost
in terms of noney and reductlon in dssirable ward
propeziics such »3 board hyzrnacopleltly.

Problenas in Adaaslva Tochaoloxy Arising fron ausa of Wood 2rasarvativaes.

Plywool and pariiclaboasd bonded with durable vdnesives are likely to
be used usaar condltioss »Z high equillbrium wolsture conteat which
nakes such wuiels suscephtivle to fungal attack.  Such fungal attack
nay be coatrollad by a vaclebty of preservatlves c.z. puatichlurophenol,
sodiun pantachloropnenate, fluorina aad copner compounds, nixturass of
chlorinated phenols, and other patuated compounds.

Finished plywood may be treated with preservatives without adverse
effoct on the glue lina provided that an adhaslve wlth a high degres

of durability 1s used (P and MF/UF). Penetratlon of the praservative

has besn found to be blocked to -omz extent by glue lines and subsequent

re-drying, particularly at high tempecaturas, could be an obvlous
disadvaniags. Such a post treatment cannot readily be used for
particleboard (even when bonded with phenollcs) due to the lower

dimensional stability of particletcard. Trcatmant of veneers and




mbnqugnt bonding have been carried out on a limited industrial
scale. All preservative treatments interfere to some extent with
the gluing properties of wood. The bond strength actually developed
depends on the degree to which the surface of the treated wood can be
restored to normal i.c. drylng off moisture retained after treatment
and possibly romoving salt deposits that may have bdeen formed.

It is now general practice to add preservatives to the binder mix
and rely on preservative penetration from the glue line into the
wood during hot pressing. Prime requisites are that the preservative
(1) is compatible witn the adhesive; (2) does rnot interfere with
adhesion; (3) does not adversely affect bowrd propertiss; (4) does
offer adequate protaction of the wood. It is difficult to combine
all of these requiroments. Few preservatives are compatidble with
all types of resins thus nix viscosity, pot life and rate of setting
of the adhesives can tec affected. For example very often sudstantial
quantities of preservative have to be added to the glue nix in order
to obtain the correct concentration of prescarvative based on wood
weight. This 1n turn affects mix viscosity and hence sproadability
of the adhssive. To guarantee comploete protection of the wood some
preservatives are limited for use on veneer with a maximum thickness
of 1.5 nn. Recently a preservative manufacturer has claimed succaas
in treating veneer up to 3 mm. dut it is not known if this claim is
1imited to certain wood species. In theory treatment of the wood .
is btased on volatilisation of the preservative during hot pressing
and thus loas of the costly, active material is possidble. Not all

preservatives give adequate protection against the rangs of fungi and




ingects cacountered unitaer the dlverce usage of panel products.

%  Goncludinz rumark |
Many of tomorros’s adiesivs devele a-nts wlll result From nsagls' now
apparant in the pancl industry. We see the ever-increa:ing avail-
ability of more rophiiticated methods in polymer selence 2o a neans

of provlding products deaigned to satialy npeelfic neesls,
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