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1. Introdueiden-

An adhesive may he defined az nny eubetunce.capable of holding msterials
together by aurface ettachment. This capability is not neceesarily an
intrinsic propert: of the substance which can be a glue, a gum, & binding
ageut or a cement but it is developed only under certain sonditions while
interacting with an adhererd.

As long ago us 35C0 B.C. the ancient Egyptians were inown to have used a type
of glue to stick decorations onto sycamore wood. Mud, dung and clay were
used to build huts in much the sume wey as unfortunately they are still being
used in many parts f the world today.

Many different types of glues hive been used throughout the years in the

woodworking industry. Bowevur, unt!l the early 20th century very little
progress was made, tho major upheaval in the adhesive industry has been the
arrival of synthetic polymers, One of the most remarkable developwents in

polywer acience is the une of achosives and they ure used toduy in situations
which would have been conoidered impossible some 50 years or so 8go.

[
Bonding processes sro an established part of production engineering.

2. Claasification and description of achegiyes {or wood.

In general, voxdvorking adhesiver usy be divided into twu main groups.

t 2.%. Glues formuleted from materinls of naiurai origin e.g. onimsl, vegetable,
oasein and blood gluus.

} 2.2. Synthetie renin adhesivec which are products cf the chemical industry and

derived from petroleum, natwa. (ms, coal, air und water.

2.0 Anuad gluo.

T e Sl

Animal glus i3 usually obtained frew the skino and bones of cattle
3 _ and sheep and mmy thus be classified as hide sud bone glue.
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Admal -tue a8y M3 cose in dafferant forms of which the powder,
peLrla ' jaliy e thy oot compos. Jifforent grades are

availabie lepandisg co the metucd of =emuisciure and shemical
modific.tion. Lhe 3031 torms way be s oaked in weler until
aiformiy acft, Taar oo then melten cauu wwing to Lie
necaagity ¢t veepsins the slue nt ine normal working terperature

of approximitel s 60°Co apocini, noited meshunical 2luc apreaders

A AT umiaan S i - T i

aAre 1r9quired. fnuest plues apiiie. while hot develop their
slroogth Lirat by ucoiing and el sng =nd Juter by drying.
'he chdaf dicadvartage >f snincl vluey are their low moisture
reglatancoe, Sheir reiutively high cosls and the irportance of
cleve tempum.ture comtrol in thed: arplication. inioal glues
are tttacked by moulds and fungd.

2.1.2. Yogotable jalven. *

The principal conutituent of vegetable zlue ic starch which my

bs oxtrected by ‘oamarciel weens froo corr, poiatoen, rice, sago,
tapioca, cnssvu and many other plant s-rurces. These glues

are normully sold in powder furm and msy be mired with water and
other component: such us alkalsc. Haat is rormally applied
in their preparation for uag. Cueh mixtures do not detericrate
rapidly and can oo Lept *cor several days {lomg pot life).
Vegotavle glues ure :alitively cheep. "heir setting mechanism
io based ou lows of water to the woed and this reaction is
relatival: slow. In the pas® vugtable glusm were wsed in such
anplicetion:. ns vensering. towaver, like snimpl glues the use
of vegelubln clua ie very limi.ed t.day due Lo their lack of
molsture resiaturce, staining of cortain wensor spacicy and their

lack of seristance $¢ airuck 9y microenrganioses.
2| ‘ |3| Cﬁ 1 [

Cagods. v1no Ly preparet Cwou cageip curi which is precipitated
from milk eitler oy ratumal souring cr Ly the nddition of acids.
The giuv ready for uso in prepared by diseclving the cosein in
aquevus &lkmline s lvert: ‘¢ wiicn otisr chemical ingredients
guch as formldobyde Hr coppur  hloriie nre sdded.
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Altermatively, preparsu glues umy be suppiied in powder fors
which only require the addition of water tefore use. A
pusber of different cacein bazsd glue formulaticus are
availably deponling on the *jpe of chemical modifications. Onp
the ona hund there are glue: «ith u long pot 1ifn but relatively
poor moisture resiutonce amr ou the other hund there are glues
with good wo.cture resistance bul o definitely limited pot life.
Casein glue may be used o5 o cold setting glue for the bonding
of laminated beans snd in furniture consiruct.on or for hot
pressing of plywool. The moisture resistance of casein
glues ig supsrior ‘o vogetable cnd auimal glues bul inferior to
moat synthetic thermosetiiny adhesives. Disadvantages of
casein gluous are their tendency to cause staining 5f wood rich
in tannic acid, tho dulling effect of the glue lines on tools,
their limited mojsturs resiatance and their vulnerability to
atiack by mould and fungi. Casein glues have become very
costly due to the ever incrossing demand for protein for
nutritional purposes.

Soysbeap glue.

Soyabean glus is prepared from either the merl or the isolated
vegetablce protein. 1t i3 similar in composition, properties
and charucterigticc to casein glue. Soyebean glue wood
joints may be hot or cold pressed. Tre moruturo resistance iu
in gensrnl sowewrat lower thun that of cagein glue.

Until recently Georgia Pacific Cempany in the U.S.A. used a
capein glue extended with 3Joyabenn *lour ac & binder for
particleboard. The novelt,; of thiu process was the use of
undried wood purticles, relyiug on drying during hot prescing.
A similar procucr wae in uge for the murufaciurd nf plywood
with green vense'. Tho par‘iclel an! was :laimed to have low
swelling properties and wap used #s "sidings”. For reasons
of binder costs the process hus been chunged to drying the
wood firet end using phencl formnldenyle reain as bander.




2.1.5.

Blogd albumen ive.

Dried, soluble hl.od powdar is prepured from frech tlood by
evaporation «f the meium. Bloud albumen ¢ lue may be pade
from the dried soluble blood prader and weter. Albumen in
combination with various chemica: 1 is atiil being used in some
parts of the world to bond pivwood usirg the hot pressing
techniqus, Pricer to the irtroduction of ayuthetic reain
adlesiver, tlord nlbumen was the most iaportart water resistant
glue availatle o plywood manufacturers. The glue line chows
som® resistance t: boiling water, i1t is however liable to
attack by micro orgsniams. P juprove the resistance to
micro organisms amall amounts of phenolic resin ur urganic
presorvatives myv be added.

2.2. 3xnthetic repin adhecives.

Various synthetic resins weve introduced as woodworking sdhesives inm the
sarly 1930's. ine groetast pregroos in their developwent and acoeptance
on a large acale hagen during Werld war I1. Their consumption is still
increasing.

2.2.1 L

Thermoseiting rouip adhegives '

A thermosetting adhesive iu one “hat on cveaslinking undergoes aa
irreversible chemical ant physicel change tc hecorw subatantimlly
infusivle and insolublv. The crosalinking reaction may be
initiated by tne applisution of ciemicals and/or heat. e
most impo-tar’ examplex ¢ <nermusetting adhesives are derived
from urea~, welamine ~, phencle-, and resvrcincl=formaldehyde,
Yoermuldehyda being the comsen raw waterlal for all these resins.

2.2.,V,1,. U do @ L),

Ureawformaldchyde ;umins nre svaiiable in 11quid or
powder form .nd ure probuciy the most widely used
thermosuttirg adhes.ve for wood, particuiarly for tne
suuiectury of plywcod ar partirleboanrt. They mmy
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re compousaed with haideuers (cn.tal,vata-s), filleprs and

extenders to ohtain fo:mulation: curing over a wide
ranze of temperaturea. from room tempurature to :bout
200")0. Ffilders and extendcrs are addea to control
flow, viscesity, resth penetration into tre wood and
te reduce piue Tdne cosbie Unpedified ureasresin
Flue 1ir@8 Are COlOUrLeLB 00d nhave & righ kater and
moigture resrstance. fetension with farinaceons
flours reduca their rasirticce Lo moisture anl water.
Resiatance to nlevateu tunperaiuras end limited
outdoor performance caAn o@ acuieved by the sddition of
fortifiers such as melamine crystals or welaminee

formaldehyde rcoin,

&F d d¢ ( -') .

Meluosino-formaldehyde adhesivea are colourless and nre
used as hul press sdheaives. They nuve considerab.e
reaistance to water and heat wnd ure moro weather
resistant than UF'a. Their bich cost and nigh
temperature curing requirements lirat the use of the
astraight oelami ne=t'ormildehyde resin to a few spec ial
application:. (oabinttions of MF and UF resan are
alun available. U¥ resin modification of MF's
reduces thair cost but with a ccrreaponding reduction
in durability. The we! bond otrength of melnmine-
formeldenydy falls between thal of plywood made with
phennl-formaldehyde and UF adhes:ves althoush lying
much nesrer tc that of PF udhesivo which is cheaper
than the melamine derisad adhegive.

-’ d ¥).

PF udhesives nre dark reddish and are available as
i1quids, powders and in film form. Phenolef srmaldelyle
resins compoundac with fillers and sccelerators give
nizh hord strength under ull zorditionn of exposure when
properly :sed. Lony term weathering tents nave proved



thoir ability tu withetand most severe conditions

without deteriorntion. The highes* epecification
for plywood und particieboard neie the use of phenolic
adneyive alrort maniatory. FF resin slhesives

require thot pressing at 10¢°C. or higher tesperstures.

2.2.1.4. Reagreingl snd pnerlelednred pot fommaideryde *
'5!1 ':E‘ Egv)‘

These sdhusives are darh. reddish in colour and are
generaliy suppiiead aa liquids to which @ filled

liquid or powdered hardener (Catalyst) is added prior
to use. Thay cure at temperaturss a3 low as 10%¢.
RF and PRF'us are principally used as special purpose
adhesives. They are morc expensive than PF's.
Adhesive formulacions of this type sru known to withe
atand conditions of oxposure better than dc most
timbers. fhey are ravely used in the manufacture of
cheat matoriasla; tholr mejor use is &s assesbly
vihoaivos for wood, ‘"hey ccmply with the highest
requirenents of all specificationn, having the
reputation Loy outwtanding durability under the most
sovere conad ticio and ere therefore widely used for
bonding inwinain’ teams, container floors and other

load boaring slructlurec.

e2els yic_reain gdihegivaa

Thermopluatic adhesivea do rct normelly underge any chezical
crosslinking during the curing process but remain in a
reversible stais und aoften on subsequent heating. This
group comprises pnlyvinyl acetute resins {PYAc) and hot

melt adheusi-en.

2.2.2.'. [olyviny} scetntn ,'EV‘S)

These ure available in a rrady-tosuse agueous fors,
nomally us an esu.sion, ihat rapadly sets at roos




tenperaturc, They ndhere well to ceilulosic
mo.erials. Their temperature and moisture
re.istence i@ inferior to tnoce of UF reains.
Jo._nta "croep" undir suctained 1nadas. Recently
two-part formulations have teen introduced that have
improved rosistance to muisture and neat by the

.‘ inciusion of crossliivang agerts.

2-202.20 BQL &ns ’. ! i'l/

A hot melt adhesive is o thermoplustic, vne hundred
percent solid matorial, Application of neat bringe
the adhesive to the liguid state vhich regains its
solid state and resultant atrength by cooling,as
cortrasted with other adhosives which achieve the
solid state through chemicul reactions and evaporation
or removal of water {solvonte). Rot melt adhesives
normally used in the woodworking industry sre bused on
othylene~PVAc copolymers.

2,3. Biscellansous adhesives.
A nusber of uew types of adhesiven are finding soms nppiication in wood=

gluing, particularly for plywood ard particleboard. In general,
information on their long-lerm durebility is still very limited.

2.3.1. Tennia beved adhesjves. (3, 4)

Tannins sre poiyhydric pheunolic extracts from the bark of wattle,
quebracho, aimoss, mangrcves, Plnue radiata and other tiaber
species. The condensation products of tannins with
formaldehyde have been studied for a numter of years in e.g.
South Africa, Australia and New Zealand with the view to
obtaining a suitable athesive for the wood proceaning industry,
us binder for particleboard, plywood and tibreboard. Tannins
have heen chosen becauss of their polyphenclic nature: their
properties thus resemble o some extint those of phencle
formsldehyde res:n.

1/ The nunbers in parenilcncs refer Lo wori & cired 1n the
bibliography, page 7.




2.3.2.

Adhecives based w tannie heve to Lo carefully formuluted,
Ihe renults achieved with tannin baved adhesives vary
considershl’, Aspend:iny Jarsely on i Ltee speciesd yielding

the tanadns wad on ‘ue method ~f cxtrection. In swvoerel,
fortitying agent, such o Crvatslllue resorcinel, or reeorcinol-phencl
forma Lishyde coonastoetes nre adlel to uchieys hoiling water
resiatence ani hence ~eajatan-e to wveathering. e addition of
the furtifyinug: agen' alsr depenio on the type of timber tou be

bond o,

In Australia, at least ore mill ia usimg an sdhweive comprising an
alkaline solution of fortified South African tamnin extract for the
sanufacture of "satsrior grede” vlywood and particiebosrd. The
use 2f oulphited tannins tor the sanufacture of particleboard

hau &lao besn reportci.

The preseat indicstion in that the prine for the basic taamin
eatract 1a similsr tu opdinary pherol but the priee Jdifference
waries throughout the world, Prowuveing costs for tanmin based
adlwaives sre prohabdly higher tima for phenolefurmsliehyde amd

ir edditior certain .usti.nal piywood ano particishoard
specificetions cleariv preriwiv the use of adheeives cther thas
phenol frrmmidc.yde £or the munufactum of “saterior” type buamds.

Srert guiphite | S 770 I S S P A

Spen?t sulphite liquor s a t eproduct of wulphidte pulping ead

a gain source of imdustir.ial waic o pollutios. At beupts have
twon de for sume time %0 utlil.se apen! sulphite liquur s au
odres.ve 7or wood. federica .a his patent deecriber & sethod
in whi-h tne pd 07 *he SUL we & uated to Abuut J.v with citrie
arwd and then tuenled with wod ¢ ipa. mffael and Bauch
descmibe s process in which %: was suaed with 2 t. 6 of acid
curing paeao!~formmliohyda reais. The Inetarn Forest
Producte laboretory in Cagndz » ggest 'hat caloius lignosulphomate
= A spIy dried powder of 3L, wheih modified with a strosy
sinera, a~id such A+ ruiphuri: acid could 19 utidieed a1 8 binder
for the manufeciute of “rgieri r sreie® waferboard.




Tne attractions of using S3L wa & binder in particleboard Are :

a) low adhesive costs.
3) very low thickness and surface avelling of the
finished particleboard.

Nowever, the folloving detracting features should be noted

s) ia gemersl, 1-ng preseing cy:les and in ono process
edditional autoclaving of the boards 418 DCOBSArY.

») very high board densities (800 u/a’) AT BOOCSSSATY
to obtain a comparetively low besding streagth.

o) stickiag of the boards to caul plates, whioh is believed
to be related to the acid coateamt and board density.

‘ d) 1t 10 slleged that the SSL bomded bosrds ere @ore pross

to sttack by microworgaaisas than thernosetting resin
coataining particladoard.

Processisg dissdwntagee have so far proveated the large scale
saenfacture of particledoard with SSL as binder,

3. Damsssttias sdbesives iz alrvecd sad chishotrd-

5.0, e

It 10 4iffisult to estimate to world consuaption of ures., mslasine.,
and pheacl Leosmldehyde resia ninoe statistics om o.g. wood-tased pamel
predusts are fot sposific eacugh. Therefure vhen ostimating the
consumptica of syathetic resin adhesives for the different coumtrise sad
thvnuwhlitumto-hnfan“uu. Jaoed
e 1¥T1 PAO Btatisties on the preduction of vond based pamels and
boards vo ave 3

W& 1
fanixx Named Darsisishoant Iaml
Yorid teotal 578, 500 1,140,400 1,718.900
0.8.A. 298. %00 22¢.980 5. 90
Jagen 197,400 26,100 143.540

tastara Darepe 51.920 “83.080 4.70




By 1980 the would $oual conmmplion is expectod to doudble, The
products will. wich wa are concermed rers are the uadno aod phenoplacta
that ave conuuwed s hesives tor woosdehuned nanel producticn.
Particleboand ‘x¢ pliwead accuart for most of the resin consumption.
Urer f:roaldsl de ro:ire: pupresent the laries! part of the resin

copsumpticn part “ul=ris fom particaebound,

3.2, law aetepizis for U v iienydg Qg
3~ 2.1 . ml..

Urea is o whi‘e crystelline s0lid ané ig the chief nitrogenous
product of proicin netabolium, It is obtained on the
industrial ucmie by runcting curbon dioxide with amonis,

both products ol svnthectiy g, ™is reection is not as
s1mple a8 it at I'irit sounds but need.. murh ingenious work io
overcome such prolleas as corrosion of production equipment.
It 33 eutimnted that woout 10 of the total urea production is
uged for the manufe:ture o urea based reosins,

22, Noleaing.

Melumine: iz traditioraily mv:nufactured by the couversion of
dicyandismrae whick 1n turn .2 derivel from calcim cyanamide.
Alternativelyr, meiamine mey bLe produced by denydrating urea.
In the latter rosctior cnly abeut S0F nf the utee used is
converted into melamine (n Lhe first etep.

-

3e2.3. Plega:.

Phenol is primeril, chtained by chemically converting densens
i.e. the converuion of chlcr hensene or cusene. Benzone is
aerived {rom ‘reatmcnt of crude oil or coal. Beasene is a
very imposctan' texd stock for tne chesicsl industry as varfous
derivatives of it arc usel im vuch products as 3

' a) lolyski e c.r nvion t, L.
b) “tyeene - poivstyrere
e) Puimatere

e e g e i




J.2.4.

3.2.5.

Bpoxy tesins
e) Al rasins

f) Reaorcinol

g) Detsrgents

h) Dye stuffs

1) Druge and insecticidea.

EaomMahrde (Formalin).

Pormaldehyde is the common rew material for most commercially
sigaifioant thersosetting wood adhesives. It 18 obtuiaed
by oxidising methancl using & silver or mstal oxide ocatalyet.
Fethanol im twrr is derived from natursl gas, naphthalese or
synthesis gus.

Anlaalisy.  (9)

Pgures I, 11, 1II, IV in the Appendix sussarise the wvarious
routes from the rav materisls to formaldehyde resine. It
would suggest that there should be few if any restrictions to

the availability of the rav materials, particiularly where

ssturel ges or crude oil is reedily aveilable. Nowever, it
should de remssbered that petrochamical plants are so integrated
that there is no flexzibility whatsoever and thus it ie impossibls
o stop producing any mingle cosmodity for the benefit of another.
During the last decsde, heavy chemiocal industry's returms on
ocapital bave been rether lov. The possibility of shortage =
oven without the oil crisis = urices because there 1is currently
not enough investment in now plaris,and new plants that have
reosatly come on streas huve fuiled to reach their saticipated
output. The demand hma incrensed to ezceed the supply and
coupled vith this the incroased prices for crude oil and tc a
lesser extent coal have led to the recent snarp price incresses
4s sev materials and henoe resins. ¥orld prices for the rew
saterials appear to be depemdent on pstroleus fesdatock prices,
a8 can e sesn from figure V in the Appendix. 1t 1s estimated
that less than 9% of *he wurld's crude cil is st present used in
the chemical isdustry.




Due o the nigh demurd for fertiliger there 1v ut prese.t 3 world
shoriuge of urae, It {3 pelieved Lant sdditionnl uren

manufnctur oy, undta will oome ob slrema . the agar future.

Only abuut MK of peiupnal yrocuctiacn in destined for
Sommaldohyde recin ranuicturs, The waply und Jemsnd for
metlianol world wide iu currently in balance but further

capari by in awailanie 40 weet 1nerennsd duaand,

The chortag. ot we:anine is belivved to be due sainly to technical
dfficurttiog ir processing. the uvailablilicy of phenol

vhich depends npon pevrcleum reedatock: will remain uncertain

for come time to cone. ‘the 3upply of phencl wus

agerevated by recent breakdown: in the piunts of two major

phanrel producers.

Avarlenility and prico are :lcsely related and provaded realistic
resr prices can te achieved it 1s anticipated that resin
manufzcturarg will Lo tbhle (o bid conpetitively for their raw

nAtariais.

The fcrmliehyls rusdi. supply urd price problem may have some
more heudches dheud Tur e ail, Iu the words of an

<xk@cutive of the il undustpy "It ghould be some small consolation
o know Lhat aprrokimatoly 09 mdaon pounds of phenol are used
annustly wn e productoon L 8 midliton prunds of auspirine. It

looke lihe @ nve saing o seed evely bit of §t.¢

4, &WN:QSEEIE of Lhamsu?:j:i&; £Cips.

The nioneer rolimer. » sarerial. rheacler iurldehyde |PF) was discovered by

Jr. Lev Muelbeland arcind fuwen, Thit wes ater followed Ly ursa<formaldehyde
rosorcinol-formliohyde (RP) and nmeluwm nc forenlighyde (NF), By ahout 1920
edheasve applicasin of ‘hose procucts were toing considered, dy 1940

rdreaiver tvoed on PP 2w U2 w.oro el tihiined,

The munufacturing e b de £or Somald yae tased ronin wdhegives vary arcurdin,

to the mv asteriaiv Ly 1l section folloW=wisically the cume principle:s.

{UP)
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moro' are, however, sany factors thot affect ‘he chemical reaction and overy

manufacturer haa his own purticular method.

Formalin, an aquecus soiution of formaldehyde, iz reacted with e.p. ured,
phenol or melamine under carefully controlled conditious. The course,
the rate of reaction and the properties ¢f the resin are largely determined

by the following parameters :

1, Molar ratio of reactants: [ormaldehyde .c urea or phenol,
2. Concentration of reactanis.

3: Acidity or slkalinity during tne renction.

4. Reaction teapemiture.

5. Reaction tise,

4.1. Yrses formalenyde (UF).

UF resins used for the manufacturs of plywood, veneerins und npgembly
gluing have a molar ratio of 1 ureu to 1.5 = 2.2 formaldehyde whilst the
molar retio of vontemporsry chiptrard resins is ) urea to 1.2 =18
formaldehyde. Lowering the F/U mtio in chipbcari resins decreases
the likelilwod of evcessive {crmuldenyvde fumes during particleboard
manufacture. Formaldehyde is normally uevd as an agueous solution

at 36 - 40% coucentration.  The reaction with ures proeed: in an

aqueous phuse at A pH of atout b under raflux. when the appropriate

end-point has been reacted the polymerication is atupped by adjusting
the pH tu a value of between 7 - & rollowed Ly cooling. It. oider to
producs a resin that has concistent propurtins the end-point musi be
carefully determined.

On completion of the pelymerisuti.n the concentration of the renin
solution is in the order of 40 - 475, As the reair i tou diluted
and insufficiently viscous for wie &n glue o gaantity of wrter 1o

~——

evaporated under wacuus a! lov temperature in order to increade the
resin content to 65 - 0%, |

1f o resin is required in powder fors, this evapiration of water i |

carried almunt ¢ compietion by spray Jdry.ns. P wier mecang hav

the advantigs of lonser atoragw lile i.e, ic - 15 months, and wre
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redizeived juat precr bo vuse, By contrast at 65 « 7% concerirution

Y3, ure stubl: for several months.

Hauid W resing it 20
A aimpiified, disgrammeisc fisw sheet forp UF mvuin sanufacture nay be

aeen in Mfmice VIows Whe Appendix.

4.2. Melaminwofyrgeidehyde (M.

The manufaciuie of pedumine Fomldobyde rosia is vory similar to that
of uren tormulienvde. They ruv uwvailable in liguid and powder fora.
Aquecus polutions of ME oreains are much less stable tlan UF resins at

the rame level oi uolii conten® courentraticn,

4.3. [hepol-formaldehyde (¥i').

In the reaction of phanol with formaldenyde two different products aay
be obtained depending on meaction conditions.

a) Hesols
b) Novolake.

Ac a generul :ule,u .ol i3 formed when formaldehyde is used in molar
excess to phauc! under alkuline condi tions, while a novoluk is obtained
wher, phenol is in avdar exouns nd the resction is carried out under

acidic conmiition:,

Revoin are by far tne more :ar.rian' teains for woody luing. They

are ugsually manufa:ture. with « golar eiis of 1.4 - 2.9 formaldehyde to
1 of phencl, The reaciinn cadelyats during sanvfacture are normelly
atrong alialic sucn ag rodoavign~and swdiun nydroxide. in peneral,

tne e ctions e atnilir o thoue daverited for urea rwsins.

Rego!l: @re uviailatila as durk redd:sn Lrown ligads or spray dried
powder. PP resin soitiry of e type are strongly alkilinme

(pH 12 = 15) in oner to obtnin & pnod storege life ot & resin solids
concantrati »n of Lotween &) and “0P.

In novoids tre ratic of { 1oaldehyde to plenol is about W7 e Q.2 to 1.0
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and oxalic or sulphuri seid are coumon cataiysts during resin aeoufaciure.
Wher ‘he dosired cra=print hec Leen reachod novolaR syrups #re gunerally
run oul into large trays and eilowed to <ol The reain sclidifies

and is then rreund ic o fine nowder and mixed wits hicxupethylene tatramine
which acts a3 form:ldenyde donor in tne fined crosslinking reaction €. 2.
during hot prescing. 1. the wu«-xiuo‘rkirr industry, nevolaks are asirly

used for the maptfacture of exterior sruide wuPerboard i.e. "Acpenite".

Sotilus up kianio fop Lk wanu’ac ture of resict.

The bLasic chemissu] reactions betweer forueldehyde urnd urea, phenol and
selaming are well documented and turre ncale aymthetic resin wenufactiure
is an establishod procesus. Considerable knowehow, fained in years

of experience, i3 however involved. vetiiled inf. rmution 18 usually
only available trcu patent specificutionu. ¥etoblished manufacturers
of synthetic resin adhesiven ain at producing specific craden of resin
with conaistent quality bty the must euonomicul mem.s to meot differert

but exacting requirements. These are nacessituted amongst cihers

by the wide variations in inherent properties of wood und by the different
wood conversion proces@es in use. Therefore & clerr under:tandinge of
the entire terh:iv!ngv, & procesd thut takes years of experience, 1o

sosential to meet all tne technicai roguirementi.

An adhegive wanufituring industry caonct be ctaried without proper
foundation «~ realislic project repurts - 18 ntherwise oerioun diffacult e
both a3 regurds the manufscture and merkeliry of resins miy be oxperien.ed

which wvill be respunsible for disappointment.

Adequate markeling research and a realiatic nurvey of the economic snd
technical conditions of the asmn of rousihle riant location i very
necessary and important and stoula be prapared in the lignt of fonal

conditions resariing svallahiiity -f rw saterialn, 0tt:, sk Lled ahour el

Thus, the getting up of 4 resin manufacturing unit 1n 4 paike' w ure tae
requirements are sufficiently large may heat be - rieved Ly unviting
resin sanufacturers wiih experien. . e

to invest dircotly in the particular country

to vuy the complete resin plant tumeiher wit aan Ul LTI KNodee! © W

Lo establish s _oin. vuntuts w.th an organisat.oi. Lok’ b tre

experience and know-now.
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T4 ia diSficull to cefine the winimum economic airze of a resin
pansraciucirg wptt oas thos depends on ¥ avai'lability of and proximity
to vaw matarsals, 6) exvected rate of rotwir on inve:tment, and c)
mewin. Lovte oad rvernmant poitoies. The investmentr necessusry
Jor o ruonn o naicc et aedd, BEoaRdcg Lhe sinimum nlant 3ize Lo be
U0 toae of i IF resin per ahoum, Are astitated (o be tetwesn
£1.0 and 02,0 million Loteriing). owevar anser unfivourable
ondationm: - 'ocas vesin o Tuotoocer gy cufler Yy not naving large
seale purcl wne poves, perboouicrely ot rotias o worsd wide shortapec.
Furiiomicre e vy w6 B toa pealdion bo 7 amnce grpencive pagench
Wd doveiopwent work Cor nev, wore econumical pecin ran.facluring
techudques, and on rasios wit, impiuved performence and efficiency.
Finully, ~he ~erin ueor mey ro loger e able 4o Jdrew on world wide
exparicnca 1p resin avplicatione oftered by wost sctablished recin

manufuetrey.
5. Exeparatior, of thy .omrleyy «diesive sif.

5.1, Fa elyw:g.

A puywood addive 1dy Lared -m oone of the avlihctic reains mentioned

hove weusli; cpaants o

1) 4 Mould or ce-conetitiwed joador reain [powder ceein disso)ved
in water, .,
S)oaarienevy fome hiwes Cvg voferved to o 28tulyute or ucceleretore.

~ - ’ ]
Jiher ardear e onde o,

> v
S N ™

fdaLLEnL L w g
rand taes cen peeetating, £orn retardant: o anti-foum agents,

dyac,

e Lirdeaer poometon che oty T it ol taa adheve ALY,
In the case > ™ cr M@y o crepde Cheren it car either Le un
20idse ribdtance o tne hemienl o ocopable 7 libercting acid whew

maived wibh tu @i,

R MU WS eV G B o e P W, 1.0 o Yt ler Fatl,

o pot Vife o arin s tiwe, he wrdec o mmoat . oondein | rettrdang

cheicn™ o, . AML 7.




9ee

-17-

It may aometimes be advantageous t; increace the rate ot cure of
phenclic resins and this is achieved by the nddition of an accelerator

such as resorcinol or pariiormsldehyds.

Fillers and extendevs, terms thu! are used vather locsely, are fine
powders of such producta aa legurinoud anc farinaceous flours {pea,
wheat and rye Jiour) vegetable aturch (Lupioca) wocd flour, shell flouws

(coconnt shell ficur) Finely powlcred gypsum, chalk and china clay.
The effect of the udiition of t‘jneru/extendem i3 to

1) Adjust the rheologi sl propurties of the adhesive aix
e.g. viscosity, cohesiwness, apreadability.
2) Reduce glue line costs.
3) Reduce absorption and penotration of resin inte porous wood .

Por _particlebeard

A suitable binder wix for the manutacture of particleboard may consist
of :

1) a 1liqud or reconst;tuted powder resin.
2) hardener.

3) wax emulsicn.

4) additional wuter.

$) additives.

Depemding on the norticledn vard munufucturing cond . tions and on tne
acidity of the wood 1 resi; may “e capable of ~urirny by neat alore,

bat curirg 12 noimally acceleruted ty tne sirtion of napiener.

™ hasdener may 1lno comtain miupding cnemioals €.y, AMBONL L. G loTide

with arsonie.

Beuluions of vaE in water say he wide! Lo the recin in (pier Y ceauce
the rete of wter sboorption by tie fini.hed purticiebnrd. Surh
wax smulsions M.s to be atible ir the resin sciution.




Water mey be added to obtuia the desired resin golids concentretion
and hence viscesity of the linal vinger mix switable for apraying onto
the prrticle.. Mqre retavants, incecricidez end funcicides may
alen be adied vii ‘he rosin mx. Sach adiitives hrve to be
rompitible with the resin and should prefarably neither affect the
recin curing cnarncierieticr nor the ‘wochanical properties of the

resullant particlevod.d.

6.  thetis revin aghegives wnd thei: applicat:cu.

The selection of nduesiver for use in the wanui'acture of panel products is

of the utmost tmpurtwnce sin e amony;: other thingt their propertiea
influence the charecisrictics and end usage uf the final product. Sowever,
the mcst icportant property of n cured wdhesive is its ability to dewelop

and mainisin a @ood bond tieongth btetween the adherends. [t is thus the
dursbility of the bond that mstter. not jus. thy durebility of the sdwuive
itaelf.

Plyvwond, blc kboard upi perticleboard used stri ily for internal applications
such as furniture, nead Lo Jave u good bond otrength but they do not

neoe.surily ™quire mulpiure or witer resisixnce. Om the other mand, wnod

baased pangl products ined extertally aad ampoied to all climstes, wuch &8 in
houning. require an aihe.ive cap-ble i v.thitancing ay type of climstic
chunge wishoul fomr of brackdewr..

Urvs formiidehyes monfc an? their nexpe.sive exteaded miztures have foumd
wide accop'ance ar adhecives £ p odnod, b xlodre and particlebourd.

he ‘wpdine ol congth 8n be vicie: depenaiie on Lhe degree of sadification of
the adrenive ‘oot ™e ac.'ion of F.l.a» and extenders may B
Acoozpaiad oy 8 cedution trowond crren ko cal in oRtrese cases auch i ‘en
ottt and interic ;o plweod, Ccnccliee cun contaan & te falles then aynthetic
recin v o wa. L b, oA . melar o o waohyde dhesived have
oo ViRt aue ar T oAt tLe o 07 el paotuctst ol eccuunt of therr coeat
and in ‘erws o purformurce Shey lave been Toplaved Ly plencl formalde.yde.
Plywoud and part ~ledonrd honded v phwanlic wisuive ~an be .ied in

app licaticns wheiw RISl adles. ve darebili'y 18 1t essentinl part such .
in Mouring, L g0 uwieeive  Kaviy - the L ocertisi to vield the hipheut

Aurahility are 10 cereray the aort o pen: Lver and ot femmdine o terms f

application,
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The usual spread of adnesivi in plywood is between '00 and 250 y/nz at a
resin solids content of betwsen 30 and 50K, Thic spread is, however. abuut
20 to 25 times that considerel econowically acceptable for particleboard,
although the total surface arec of the particles iy wwy times pgreater inan
in plywood. Adhesive comia in purticisloart in fact muy comprise from

20 to 50% of the total producticn costs; .o piywoud “he costs vary between

7 and 208.

Therefores, durability, -o#i und sconventonce must ll Le curefully considered
before any choice is made. The type of thermosetting, syntretic resin
sdhesives considered here may conveniently te clu.sified i decocending orier
of durebility :

Pheaol-foresldehyde (PF) vhich incjiudes resorcinul formaldehyde ®F) and
co=condenaa tes.

Mo lanise-forms ldehyde (IF).

Nelesine-formaldshyde (N¥) containing ures formaldehyde (UF) co=reacted or
as physical blemd,

Ures-formaldehyde (UF) containing welamine.

Ures-formidehyde.

In Dritish Standard 14%) lugust 1972 “Specification for plywood manufactured
from tropical hardwoods" fouwr bonding oroup: are defimed. In ascending
order of durebility theve are INT, MKk, b¥, wd WBP. Theve uan be related
‘o chemical groups and oavircnmental sorditions as follows:

INT UF with hagh projoriion of filler Insdoor - not load beariny
n ¥ with tiller Indoc r = load bearing
m UF yprraded vit) melamine OF A for MK but impr ved

N resin wtdcor perforaance thown

not per@ancatly tumble.
-r Phesolios (including ‘escicinola) Outdoor unprotected.

Other plywod standard e oy lic tests dnvol ving short perivds of (ERErs.un
im boiling water siternitel with soakang in ccid water and furced trying 1 the
plywectd s in Jormanm (Din and Undte! Stutes 3tandards.




The ta:le belov gives npproximite equave.ents of various Fational Standarda :

Country oIy uAPED L.K. U.5.A.

and -
. . Rxport
Specitfication Plywood

Numbear LVIN €670 * Standard

Durability categury
and chemicri typy cf
adhesive

Nost dureble phenoliic

WF-i;F with up to 40 UF

Fairly dureble UF resin
with 15=208 nalamine
added.

Good water resintance
loas resistant to
prolcnged vetting and
drning:

UP with acne filler

Resistant tu cold water
for short periods:
Beavily extenced F

Camc Lushiie remaris -

Mbhenive formmlations are being taiior made and tested t: meet vide and
esacting requi remsnts. Synthetic sdherives ure Bnow recognised enginseriag
sateriale. Now advances vill probably be made ia edhesive foraulations,
partirularly for eaterior plywcod and psrt.‘-..:lm:d, put it is difficult to
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foresss any redicsl changes in the type of rezins used. Jome of the
existing specifications for plyvwood and chipboard leave little room for
junovation in new udhesives. However, the ever increausing availabillty
of more sophisticated methods in poiymer science may lead to providing
products designed to satisfy apecific needs.
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Figure V RAW MATERIAL PRICE OHANGES

CHEMICAL MARKETING REPORTER PRICES IN US $/TON
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Figure VI PRODUCTION FLOW SHEET FOR THE
MANUFACTURE OF UREA FORMALDEHYDE RESIN
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