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1.  natw4vyn^' 

ili adhäsiv« n»y be definen m any cube Urie« .capati* of holding «ateríala 

toftithtr by aurfac» attachant. This capability is n^t necaeaarily an 

intrinsic proper*, of the eubatance which cm b« a plu«, « *un, a binding 

agent or a ceaant bu* it is developed only under certain condition» while 

interacting with an adhérai*!. 

AM long ago aa 35C0 B.C. the ancient ggy^tiana ware ¡mown to have used a type 

of flu« to »tick decoration» onto aycaaore wood.        Hud, dung and clay *•» 

uaed to build huta in »uch tha aune way as unfortunately thay ara atill being 

used in aany partn cf tha world today. 

Jtany différent types of «lúas have been uued tliroughout toe y«ara in tha 

woodworking induetry. Hüwevur, unti I the early 20th century very little 

prograea was »da, the «ajor upheaval in the adhesive industry haa bean the 

arrival of aynthoUc polynern.       One of the «out re«ark»ble davalopaenta in 

polyaar »ciance io tha une of «c'booives and they are uaed toduy in oituationa 

which would haw beer conoiderad impossible som? 50 year« or ao ago. 

Bonding procaaaaa sro an established part of production «ngin««ring. 

2.    flMflftoftlion and defictiptlon of adhäsiv» lor wood. 

In general, woodworking adheaiver my be divi'lac* into two main groupa. 

2.1. OIUBB fomilttod f rtvs ratoriata of natural origin a.p. oiù«alt vegetable, 

oaoein and blood glu'JB. 

2.2. Synthetic «rin adheeivec which are producta <;? the chaaical induatry and 

derived fro« petn-leua, tintura... /JAM, coal, air and water. 

2.1.1.  ÜBilBi ffl'f?- 

Aniaal glue is usually obtained frc« tha «kino and bona* of catti* 

and atoar ind aay tbuB be claeeiiied at¡ hide and bona glue. 



AaJmi c'Lti» -cay ^ • oxa in différant funm; of which the pandar, 

peería fiüK1 ;;'i\ ;j  m: íhu i&oót cama;, Oiffci-wt gradea are 

availaHe  evirai if cu the netucvi of -quinao lu;* and nheaical 

ra.Tdi.ficut.io«. i'he  i.-l.Ld term-, ian>  b» a >uked in wauT until ] 

•uiiforoiy acf':. Ti-j.iy o;v   tKc.i i-ieltwt r .K. cwirif to the 

Mcwaity ci' V/;<?p,.u/: Ih«; ¿flu* Vit tn* ooraai working tytrpereture 

of approxirnntoi/ bû'C.   ^XíCJ/íL,   njiU-.á mechanical ¿luo apreader» 

aro íMquirai.        /lúa» ' /jluoa apt>Iis.. wMle ht¡t devaìop their 

¿strength iirdt b> ^cioHofr and pilji-j Mid  .lutrr by drying. 

:'he .ihiaf diaadvartage jf ajuxU  vlue:> are their lo» swiature 

roui:» tane o, ïhwir re lutivi»! y hjfjh '.¡cala arux tha importane« of 

clear teapen.fcuro control in thoi; application. ànimi glues 

aï« a t. tank od by mouldu and funfi. 

2.1.2.    Vagatabla ^'luaa. • 

The principal conati tuent of vegetablt ^lu» it« «tardi which amy 

be extracted by .'oaanrtiea t.oano froa com, pofcatoen, rice, sago, 

tapioca,  casavu and many other plant rnurcea. These glues 

are normally acid in powder ierra and axy bt? atiired with water and 

other conyontmt:   auch na atkaljy.       H«at ir r.oraally applied 

in their praparatioi. for UJíI. £Ueh ai? turai do not deteriomte 

rapidly aijd COD OH i.ept for several days (ion* pot life). 

Vegetada glues ore ; aiuti vely cheep. mhalr netting aech&nlaa 

io basied on Ics.» of »fiter to th»: wood and  this, reaction ia 

relatl val- »low. Jn tho pas', vuotatilo ¿TLUîJR were iwod tn auch 

aoplicetioRí. ne venaenng. rlovmvur,  like «niaail gluea the use 

of reg^-ubl'T ,-1'i'B xi: very liad-oí i,da,y «lue to their lack of 

»cloture res.1atat.oe, atainlng of cortain venaor apocioo and their 

laok of j\?i.idta,';..o to a'.Cbck J-J ru.cra~nr#5ani3C's;. 

2.1.3.    Çr.stia itluea. 

Caaeir KIUC iu prepar* 1 fnw osa«¿v cu.:-i which ie precipitated 

fro« aiik either oy return I tiouriag ..r ly the addition of acids. 

The giuu ready for uno In prepared by liinfcclviru; the acsein in 

aqueuua   alkali-»© J. lvurt- '0 »MM oti«r oheaical ingredieata 

iuch a» fcraatforydt   >r   :.j-.i^r . hloil.e -ir« added. 



Alternatively, preparati «lues my be supplied in powder foi» 

which only require the addition or water before uae.        A 

number of different caucin UI3»A3 glua formulation« are 

ovallnblo 'Ieponiing on the +*pe of chemical modifications.      On 

the one hand there are «1.».. *ith u Ion* pot lifo but relatively 

poor moisture rcaiütonce an-J dn the other hind there are gluma 

with good Monture reaiatance but \ definitely limited pot life. 

Caaein glue may be ur>ed oa u cold setting glue for the tendine 

of laminated beamo and in furniture constriction or for hot 

pressing df plywood. Th« molature roiiiotance of caaein 

gluea is superior «-o vopwtable and auiaal gluea but inferior to 

moat aynthotic theroosettine adheßive». Diaadvuntages of 

caaein gluoe are their tendency to cauae staining of wood rich 

in tannic acid, tho dulling effect of the glue linea on toolo, 

their limited molature reniatance and their vulnerability to 

attack by mould and fungi.       Casein gluea have becom» very 

coatly due to the ever incroaaing demand for protein for 

nutritional purposes. 

2.1.4. floyabean glue. 

Soyabean glue ia prepared from either the meal or the isolated 

vegetable protein. It in similar in compoaition, propertiea 

and chanicteriBticc to casein ghie. Soyabean ßlue wood 

jointe may be hot or colò preoawd.       Tre «nature reeietanc* iu 

in general somewfjit low«r than that of cojein glue. 

Until recently Georgia Pacific Company in the U.S.A.  uaed a 

casein glue extended with aoyabean '"lour an a binder for 

particleboard.       The novelty of thi« proceso waa the use of 

undried wood particles, rmlyii* on drying during hot preaeing. 

A similar prococr wae in use for the manufacturo of plywood 

with green veneer.      The parUcleVard waa claimed to have low 

availing properties and wao used HB -siding»". For reasons 

of binder coeta the proceda boa boon changed to drying the 

wood firet end uaing phenol fonwüdehyde reain as binder. 



2.1.5. 
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Dried, aoluble h! .od pcvrdur i,.; prepurel from fra/.-.h blood by 

evaporation of the nerum. BV.«>d albusen ¿;lue «ay be and« 

from the driod soluble blood pi.^iT and water.       Albumen xn 

combination with v«rioua che«ica- i iu at.i il being used in sc 

part» of the world to bond piyvood uair/.; the hut pressing 

technique. Frier to the introduction of synthetic reain 

adheaivet, Mo« d albumen WRS the «obt iaportat: ', wntur resistant 

«lu» available !;o plywood manufacturara.       The flîue line uhowa 

soma resistance ta boiling wutet, it i?, hovover liable to 

attack by micro organisas, iv. improve the resiutance to 

«licro organisms amali amounts of phenolic renin or urpanic 

preservatives any h« added, 

2.2. Synthetic reain adhetdvaa. 

Various synthetic reainn wert- introduced na woodworking adhäsives la ths 

•arty 1930'e.        Trip greatest progrwuu in their development and acoeptance 

on a large acale hegen during World tea»- II.        Thair consumption ia »till 

increasing. 

2-2*1'    TMOÊSÊ^M^SS^LSà^U. VU ti 

A thermosetting adhesivo ij ont that on cvoasllnking undergoes an 

irreversible chimiOû.1 ani ptyjical chango te beco»» atibetaottally 

infusible and insoluble. The crosalinking reaction amy b« 

initiated by 'no application or chemicals arid/or heat. The 

most impo-tart example--« of viermcsettinK Rdheaive^ are derivad 

fx-om iiroa-,    melanin».- -, pheiol-,   wxl reaorcincl-ioraaldehyde. 

ftrntüdehyde beiry the coiaio:; rv. material for all these rea ina. 

2.2.1.1.    t'rea furaallenvd« luv). 

Uroa-foraaldehyde ; asina nre available in liquid or 

powder foro und «re probtit iy the tooBt widely used 

thermos* t tin« adhes.ve far wood, particularly for tne 

aunuUcturo jf plywood art' partírleboarl.        They amy 
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v-e compounded with hiurtan«n> ^catalysta), filiera and 

extender;  to obtain forwilationt. curing ovai a wide 

ran»e of t*«perature3. from room •erapurature to about 

200>C. Fillers arid ox tend era aro rtddea to control 

flow,   visconity, re^n penetration into the wood and 

to redure pi*. Tii> «->"- Unmodified urea-rea in 

ítl.i«  ¡irda   ire coi our .o.,a tuia nave a r-¿h water *nd 

teniture j-wsiiatuace.        Kxtc-noiôii with farinaceous 

flours reduce their ror-irfmco to moisture ani water. 

Rea^jtane« to oievateo  températures and limited. 

outdoor ¡.erf ornano© can oa acidevod by the addition of 

fortifiera auch aa molami ne crystals or aelamxne- 

fonuaidehyde reain. 

2.2.1.?.    ff?j^p-J^raaldahyde Off)« 

MeluBinn-fomaidehyde adheoiveo aro colourleoa and are 

used ns hut preas udheaiveB.       They nave considerable 

resistance to water and heat and ar« moro weather 

roaiatant than UP'a. Their hi«ii coat and nigh 

temperature curing requt remeiitü litut the uae of the 

straight ¡ne).am.ir.e-i'omildehyde rwiii to a few special 

application;...        Combination« of MF and UK roam aro 

a Lao available. W «ait modification of MF'a 

reducen their coat but with a <?orre«ponding reduction 

in durabili tv. The we'  bond jtreLgth of malnaine- 

formaldehydo fall» between that of plywood »ade with 

phonol-fornaldehyde and UK adheir./oe although lyin« 

much neater to thM of PF üdheeivo which ia cheaper 

than the aelaaine deri/nd adhesive. 

2.2.1.3.    ihaflo>iomUdehvde U*r). 

Pf adhealvea «re dark reddish and are available ae 

liquids, powders anrt in fil» fora.        Phwolp.f0waMrt.3rde 

rasine compounded with fi llora and accelerator* give 

high bond fltrergth under ull sondi ti oiu» cf exposure when 

properly >iMd.        lW tere weatr.erir* teota haw. proved 
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thaiT ability  t:.> «LtliSta/irt moat awvere oortdxtions 

without deterioration. The highest .»pecifi en ti on 

for plywood *nd particieboaid tmke the use of phenolic 

ad/ie-uve »liront mandatory.       FF mein adnesivee 

mquiro (»of. pre/.ning at 19C°C. or higher temperatures. 

?.2.1.4.    KeaorüiiiQl ar-d nn¿r, ^Jka^orcàhpJLfg.rnjiirieryd,a 

(R/ ana.JEftt!). 

Th03» ödhoaiv«B aro dar!, reddish in colour and aro 

generally supplied «a liquid« to which a fill*! 

liquid or powdered hardener (CatalyBt) ia added prior 

to une. They cure at temperatures HJ lo* as 10 C. 

PF atid PRP'u are principally ueod as aperial purpose 

adheeivoB. They are aoro etpenaivc- than PF'H. 

Adheoivo formulations of this type aro known to with- 

stand coiiditioiia of oxpoaure better than do «oat 

timbera. They are rarely uaad w the manufacture of 

cheit mat-uiuls;  t.hair ae-jor use is as asaeably 

¿.dfconivoa for wo ici. 'fhay comply with the highest 

requiroiaenta r.f nil specifications, having- the 

reputation £oi outrtending durability under the »oat 

aev«rc> oonui tiu»j an¿ em therefore widely used for 

bonding i/wiinfunJ kearns, container floore and other 

load l'oarinp (structure«. 

2.2.2.    pieraoDlajt^ reain «ih—iviP 

Thermoplastic «aheaivoa do not norawlly undergo *ny chemical 

crosslink!rç< rturlr/r t>.e curing proceaa but. reaain in a 

reversible stato und «often on autoaquent heating. This 

uroup comprilo pol;-vinyl acetnte resin« (PVAc) and hot 

melt adheuivan. 

2.2.2.'.    fo\YVj.nv\ acetat* ¿gVAfi) 

ThoBo a re «vftilabl-- in a rf ady-to-uee aqueous for«, 

homilly un au «ai^aion, that rapidly aete at rooa 

mm 



tOTpemtuTfc.       They «!!»«• v*ll tr> cellulose 

•ß-eriiila. Their temperature and Boiatare 

r».!i3twi'.* is inferior to thote of W reain«. 

Jo„nt» "cr*ep" ucdir HX: tained loada. «ecently 

tw.^part f ovulations huva been introduced that have 

improved resistan.--* tó multure and naat by tha 

inclusion of croatl-naurn; agenta. 

2.2.2.2.    M MP l\l-y 

A hot «alt adhesiva i. a thermoplastic, on« hundred 

percent aolid »tarlai. Application of but brin|e 

the adhesive to tha liquid state which regina ita 

eolid atete and reoultent strength by ooolin«,afl 

contraated with othar adhoaive» which achiava tha 

.olid atete through oheaical reactions and evaporation 

or removal of water (solvente). Hot «It adhesiva* 

normally ueed in tha woodworking industry ara basad on 

othylene-PVAc copolymers. 

i        2.3.    mrjtltenaom idhaaiva»- 

A number of new types of adhäsiven are fxndir* some .ppiiction xn wood- 

dui«, particularly for plywood and partieleboard. In flWti, 

information on their loiter* durability ia BUU very li-ited. 

2.3.1.     Tájala b*ee<t adhoaivea.    (3, 4) 

Tannine aro poiyhydrio ptatuolir. «tract, fro« the bant of «V.tli. 

o,uebrmoho. mimo... man«rcves, Pi»» radiata and other timber 

sposiea.       The condensation products of tonnina with 

formaldehyde have been studied for a numt»r of y-w in e.g. 

3outh Africa, Australia and New Zealand with the wiew to 

obteinin« a suitable adheaive for tha wood procedi«« induotry, 

as bimier for particleboard, plywood and fibreboard.       Tamuna 

have been chose* Wcauee of their polyphenols nature-, their 

propartie* thu. reawble to sow ewUnt those of phanol- 

foramldehyde ream. 

\j The numbem tn parent tews r*fer io «ni. aifd  m •.*.- 
bibliography,  pn*e °' • 



Adhäsiv*» tjftded nu Uarl^ h*v» to U oaivfully foranlatad. 

Th* r*fmlt* »chiavcd w¿tfc Uaala baaaii JMUMIIWA vary 

rjonaidarahiy, ivfmaiin^ iaryaly t>o th»'  trwa *p*cia» yialdiac 

Um t tinniti.  .üKt on !,•* «»thud "f tttractton. In antral, 

fortix/lng «(íwitií ouch -'.«s cnrs»*,j»:ilu* raoori'inei,   )r raaorciaol-atoaael 

for«aLiahydo c- ..;:o*iLii*',ts urn »dt«;' to chiava bollir*? vat«r 

»alatane» wii twoc« "aaiutaca to *aatl*rUit:. Tha addition of 

tha fortifying aflari'  slur  da,*«rua on the tv pa A tiat*r to ba 

boari «4. 

In Au»traila, at laaat x« mill ia ualag an adhaaiv» coaprlainc •" 

alkailaa aolution of fortifia* Jouth Ai ricadi tannili attract for tha 

•anufactur» of "a*tarier jcrad*" plywood and particiahoará. Tha 

u*a oí iiülfhituá taanlaa ter tha abnufactor» of partici» board 

hau axJO baaa raportt-J. 

Tha prwaaat iwiie*.ti 'a in that tha pri^a for tua baaic tarala 

attract is •iail^r tu ordinary ahanol but tha pria« ùiffaranca 

varlaa throughout tha »orli. Pvavaoaian casta fer táñala aaaatf 

adhaalvaa ara probably hi£har Uao fur phanul-fur»»14»hyd» aad 

in additiœ   •rt*in .jiti-^l piyvcod aro partit¡aboard 

•pat. i ilea Moan claanv pranuti» tha jaa * aénaaivaa oiaar taaa 

phaaol finaii'\i'../da f ir ta* annufmstur* ot "a*tarlar" typa bcaraa. 

?•>•?•   »i*s* MW Mm i>* ^     >'. <•• H. 

Spant aulphit» lia.u«r »a a t -rruhtet »:f aulphita palpi ng. atri 

a aaln «ouroa >>f i aü .»»Vial mai» c politeti«». Attaapta hMt 

baae a*é» for tua» tiaa to util. J« .«pan*. trJphit» liquor «a a/. 

adhaa.wa fr.r »ood. Pa<i»rfcr.a .a h¿a patánt daacribar • atthoi 

in ah) ".h tna pd o' "ha -x."- »...<. *j .uatad to aUrit %j with cl trie 

«n-ul «Mí  '.han tuwi.-lad »tth »'.xi e Ip». IÎ*tffaVi «ad lauen 

daacnaa <» praeaaa lit «hiefe ::^' «M au»d »itti 2 t. tipt *f acid 

curiad paaaoJ~fofmli»hy4» fain. Taa te» tara foraat 

froéitctf Laboratory ta Cnaadw, » «nací 'hat caielua UA-noaulfhoaat» 

- « »pray «ria* ¿KM**.« ot ¿31, «n*t. aorilttad al ih a »trot* 

•in«rai a-ii «uch a.« nalphurt.' »cid could :-J utiUaad ai a biadar 

fer tha aanufact-jtf« af «Vtîaïur ^r«4a* wAfarboar*. 



Th. attraction« of uain« SSL a» » biadar la particlobuard »ro 

3.1 

a) lew adhaaiw ©oats. 
b) vary low thicknoaa aad aurfaoo •»•Ilia« of tho 

finitimi »orUuloboo.ni. 

goaarar, Un followia« dotractii* foatuwo ahoaU bo notod : 

a)   U foaaial, 1 î>f proaain« cyclo «nd in oao proco»» 
aédltloml «utoclavin« at tho borrii» i» nocoaoary. 

•)   »ary hlêH board donaitioo («X> *i/c" ) •*• •"»•••nr 
to obtain a ooaparativoly low baaiinf atraajth. 

e)   atlcklaf of tho bearda to caul platos, »hioh 1» bolio»od 

to *• ralatad to tho »eld cootaat and board daaaity. 

4)   it is allaga* «*t «» 9BL boaáaa boards or« «or« proao 

to »tuck by Bicw-orgaai«»» than taaraoaattlac *•«*• 

»talalaf partirloboard. 

tiMtVOfittfM bn>»o oo far »ra»aatai taa 

of porticlaboard vita ML as biadar. 

larga aoalo 

1% la aiffioult to oottaato tta »orld ooaawagtla« of 

mjk gtjaei^ajamláaaydo noia aiaoa atatlatlca oa o.f 

M act .panifie aaouftlu Tharof«r. *•* •ot4-»U^ ti. 

of ayntaatlc main adhaai»ao for tho diffamai eountrlaa 

ta* »arta total it to aacaaaary to ante • tm aaouaatiaaa. 

aa 1fTt fÊD Stati»tlaa on tho production yf »ood basad panala 

I» »a nava i 

XlfiaU 

19. WO 

117.44« 

1,100.400 

t2«.3tn 

2%.t00 

*J.o» 

UM 
1,718.900 

4t5.940 

I43.MO 

«34.7)0 
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tìy tyeo the hoilH to-.il eanmjsjption is «xpectod t« double,       ifa* 

producto with which wo nx* co/icvmed nmn are the ttadno «ed phenopla&ts 

•bat .-ire .'.nouiw-i H>; nlhe¡uveM íor wod-baned nan«), production. 

Partii eboard .-.nu pl:-w»o«J n^^a-t for scat of the resin conouaption. 

Ure-i f r.vilrM,^  -J: jns fupre.mnt  the largest part r>f the reain 

ooiwuBp'.ion par«. '.jl«ri./ for m*rtic-¿«board. 

3'2-    l¡g.»tWJeja fcUl^'V^y^ fe..:fcj  resins w ttoir av^lUtY- 

3.2.1.    Urea. 

Uroa íB a whi'.f-. cryatidl i.na .»olid and ia tha chiof nitrogenous 

product of pro Lein »etaboUam. It is obtained on th« 

industrial ucain by wictin« eurbon di oxide with «monia, 

both product.; oí" uvn^heyi;* gar,. This reaction in not a« 

¿¡iaplfl as it at ritit nounrta but Beech; «u^h inejeaiouc wort to 

ovare«;» auch prell*»« as .-orrosicm of production, esuipmint. 

Lt la eatiarUed that aoout 100 of tha tritai urta production la 

ueed l'or the «anuf f<. ture ci" urta baue* maina. 

3.2.2.    Mplrain?. 

Haiamiro; la tradì ti or/» jly w.nuf«ctured by th* conversion of 

dic.YandiB«3.ii« which in tum x* écrive'! frost r*lci»ei cyanaaide. 

Al tarw ti ve! /,  «ejnminw tv. y Us produced by dehydrating urea. 

Jn the latter raaotior only abrut ^Ojf nf tha urea us*d is 

convortod into »«lamino m Lhe first ft«p. 

3.2.5.    Phwnoi. 

Phenol ij prim ri?, obtained, by chsaieaily convert«* »»n**** 

i.«, the converuiun of chlcrubuesenn SJT CUMM. fiMfs is 

aeri vert fro« treats/nt of crude oil or coni. Basse»» is a 

very iaportan'   t*od stock for tn» cheeical industry is various 

derivati ves of jt arc usai in nuch products as t 

<0   roiysA-i leu < .r. nylon t, t.l 

b) :*tyrenw - j. iystyrar;« 

c) f\.iy»at*»re 

^¿¿î-ig 
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d) 9pOXJ T0BÌJ13 

a) Alk/d wain» 
f) Baaorcinol 

f) DatargantB 

a) Djra atuffs 
l) Drue« and inaacticidaa. 

J.t.4. 

Poraaldahyda is tha coawon raw aalarial for aoat coaawralally 

aiévifioant tbaraoaattin« wood odhaaivaa.        It Is ootaiaad 

•y odilaiBf B»thanol uain« » *ilv«r or aatal oild« catalyat. 

Nataaaol la tu« la darivad fro« natural gas, aaphthaiaa» or 

ayfttaaaia gai. 

5.1.9*   lnlliMììtT     (?) 

M*«»«* I, XI, HI, H in tha Appanni» wmmrtm to* mrioua 

rowtaa fro* the raw aatariala to foraalaaayda raaina. It 
veull «Njanat that thara ahould ha faw if any raatrletions to 

tha availability of tha raw aatariala, particularly ahora 

natural gaa or cruda oil ia raadily avallatola. Iowawar, it 

ahoala bo raanabarad that patroohanical plant* ara ao inta<rat«d 

that thara ia no flaxibility whataoovar and thua it ia lapoaaltla 
to atop producing any aiofla coaaodity for tho banaflt of anothar. 

Darla« tha laat daoada, haavy chanioai induatry'a raturas on 

capital bava baan rathar lew.       Tha poaaibility of anorta«* - 

atta without tha oil criaia - arlaaa bacauaa thara ia currantly 

not aaottgh iavaataant in new plart«,and naw planta that ha»a 

raoaatly COB» on atraaa ha va fmltA to raach thair anticipa tad 

output. Tha daaand bari incranaad to «caad th» aupaly •"• 
covala* with thia th« incroaaad pricaa for crudo oil and te a 

Xaaaar axtant coal har« 1«* to tha rocant aharp prie« iacfaaaaa 

ia raw aatariala and haaoa ranina.        World priooa for tha raw 

»tarlala appaar to he d«¡>a*dant on patrolaua faadatock prioaa, 

aa ota ba aaan froa figura T ia tha Aapandli.        Xt ia «atiaatad 

that laaa than % of tha wvrld'a cnida oil la at praaant uaad in 

tha caaalral iaduatry. 
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ûue   Lo î-.ho '•ligi. :l3rai.-1 fr.r frrtilxaor there is at près»«.it a world 

ahartttjB? oí' ur*Ji>. It is bilieved Lout tiddttiowil  urt>n 

mviufnutur r¿/, unit.; wj'¡.1 u >ue er. utrwoja tu tha .war futuro. 

Only about Pl$ ->f meuiii'^ol production iß dentinau for 

i*.'>ri«ßid'.>hy.le rn^in ¡r.juriul'-ictjrc. The limply ami Jeinnnâ for 

•ßt.'ianol world wide i:i currently in baiane«! but further 

capar-i tj   jv, '»•.íií't.u.ile te ¡jeci i ricre.'i.síKÍ ilt-jund. 

The eho.rt«ßc ot ii¡e..aüjnt> is beiJcv^i to bo ¿!u* Äiniy to technical 

iifficu.i.tii.M ir procc'.juin^. îhfc ava-i.labili sy of phenol 

which dupenda upon pe ¿roleta ïernui lock." will vtmin uncertain 

for «one tine to tun*. *t'hr- juppiy of phenol was 

atfrmvatci by reoent DreakdimrM in the piunt:» of two aajor 

phono1 producfira. 

AvKxl&jtlif.y find prie«* are -lately related and provided realistic 

rmaxr. pr.cM can te achltvcd it i a anticipated that renin 

wUiufiCtuMrs will ho i.bJe t•.> bid competitiveij for their rew 

m«t<jriai,j. 

Rie ftrmoliìehyii'j ruslj, supply iri price proble« any hnve aoeje 

morf ItQHdtchsd 'ihoud fur 'fc ai'.;. la the *orda of en 

¿«•cutive <:•<: the-  .il 4.ndjs\ry "Ir. ehoulo De ac>«e «nail coneoiation 

•-o kno».  Lhf.it. aj'î-Twiln-iti!!;/ :',> nj J\.n poiinda of phenol are uaed 

*ni*uf.Jl.}   ai  ,ti..- pr^c»uctv;m ,,r y-, million ¡>ouniti of ajpirin.        It 

1 noire  1'L" #<•   .re r-un,;   U   ijtr.-d cvr/y  bit of it." 

4*    HtntufB^Uire of  theraooBttin^/ri^oa. 

Pbe nionasr rpl.vaer:. • .raterial.   r>e/>ol-f : rar. Id eh/fie ^F) was diecrwed by 

Jr.  Is-v l,fieke:»rtf wiv-d '*'r'. ?hi ; ¡, •.;, later folloaed by ir^-fonaaldehyde    íWJ 

roeoreino 1-formHehydf (R?)  ind nselaœ:nt-for»nl »ahydo (»'}.        Hy »bout  l«J?G 

adheaxve spflicatij!   of 'tuta products Wfcre U>i»jg ;ormd<»r*d. My  I'.MO 

ndheatvwr. Woed oi; FP ima U? v.-rv *«u *. • tbli.n«?.!. 

The »jumfacUruvr rt, h As fr fjrr*]d.,» »o« UJ-IV.U rw.ir. ndhetivea vary verdin,; 

to tbe r»v aeteriai» iu* -tii i*-.k;tioiU' foi:ow-bij?is.rfUy th* UJBö principiò;!. 
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Tltere are, however, »any factors thnt äfftet *he ..heaical reaction and every 

manufacturer   han his own particular aethod. 

Formalin, an mquooua aolution of formaldehyde,  is« reacted with e.»:-  urea, 

phenol or melamint under carefully controlled conditions. Tho courue, 

the rmte of reaction and the propertiea of ti*  reem are larwely determined 

by the following parameter* : 

1. Molar ratio of reactants:  formaldehyde te urea or phwiol. 

2. Concentration of reactante. 

3. Acidity or alkalinity during tn» reaction. 

4. Reaction temperature. 

5. Reaction time. 

4.1.    Vff» formaldeharda ÍÜF). 

UF reeine ueed for the manufacture of plywood, veneering und Huaembly 

fluire have a molar ratio of 1 urou to 1.'> - '¿.2 formaldehyde whilst the 

molar ratio oí contemporary chipboard resina la 1 urea to 1..? - l.b 

formaldehyde. Lowortn« tha P/d ratio in chipboarl rasino decreases 

the likelihood of «"cesaivo fomuidej.vde  fuaes durine partieleboard 

amnufacture. Formaldehyde in normally uBud ae an aqueous aolution 

at 36 - 40)t concentration.       The réaction with urea proceed:» in an 

aqueous phMee at a pH of at¡mt V under reflui,        when the appropriate 

•nd-point has been reached the polymerisation i3 stopped by aujuatin,: 

the pH t'j a value of between 7 - b followed by cooling.        If. order to 

producs R reein that haa eoneiatent proptirtina the end-point nue l be 

carefully determined. 

On completion of the polymtrisfoti JU ih« concentration of the renin 

aolution is in the order of 40 - K'&.        ka t»ie tvr.if ic too dilutM 

and inaufficiantly viscous for iue an glue a quantity of water in 

avaporated 'aider vacuum at low temperature in order t<> increase the 

rmain content to 6S - 70^. 

If a reain i* required in powder fora,  that; evaporation -,f water is 

carrimd alaunt te* .•ompietion b¿ pp:«y ¿ry*w. F -wd«.T re.:inn hav 

the adv»ntii«e of  longer atorsfv life i.e.  '-¿' - *»'•> nuntr*. .m«i are 

mmm 
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red i ¿P'Jived  just pj-tcr (-,:) '-je.        By entrißt at o^ - 7(9» conoer.trotion 

liquid Hi tutina  tt ?0JC. /tre atnbl:: for ¡M'vtiml  infittì«. 

A aimpiifitil,  diH(íraiwB«tj<.: í'.ij;» sh<*t  fer tTF CTDUíH munufaolura raay be 

3«er; in Zi^,;-. 0 VI tj   '.he Append ix. 

4»2.   Ha ¡laaine «l'urna,t/teh^de ityl. 

The r«&nufft(j-u¡v of ¡uaJixiain* í't,,ii¿,li¡<j} yd« roaiu ir. vjry ainilar to that 

of urea t'ormttldenvdi?. They i.iv *vai labia in liquid and powder form. 

Aqueous octutiona of ìli  mnín.- .-ire mu¿:t 1I>K.-ì atablo tìian UF resins at 

the pan» levai oí uolv-i conten*, ewentration. 

4.3.    thepot-formg^ehycli. jx-ll. 

IA the reacti.-m cf phaxioi with foiwU^ehyde two different producta aay 

be obtained depending on ronction runditionB. 

a) Heso let 

b) NuvolaJcj. 

Ar a genera]   •.••¿IH.U .-n-ol i: i'orned when fomaldehyde la used in nolar 

excess to ph«uol undHr aik.'tli.-te cordi iiona, while a novolnk la obtained 

wlwr¿ phenol ia in «.lai- ttx ••::-JüJ •• ni the recuti on io carried out under 

acidic conditi on;«. 

ftotjoja are by f*r tne aure 'aiT.ruu.'  te.vinj fr.r woodj luing.       They 

are usually rnaniif* 'le*. »irh n xo'ar r«i.io of 1.', - 2.j formaldehyde to 

1 of phenol. Tilt r»a'.t¿->n cValjata durin*? wumfacture are normally 

atrjnr al<ali¿ auuri .o« r .!• :u\: jr.-.a.'^ j.xiiun, nyd;vxide.        in reiterai, 

'.r.b r-ifc-ti •>:.:' nrr a voi In   .•> tfcoj-? im rribf d for urea maina. 

ReeoJs- a-e uv.-iilaH* oa dnrk reddi.n In-own liq uda or spray dried 

powder.        PF" renin noi ¡ti-r* of tini!  type are strongly alkaline 

(pH 12 • ¡3/  in order t.» o'itnin a r^od ntorai» life t»t a raaia eolidf 

coBc*i)trati ->n jf tatveeu 40 ¿utd h'Jf^. 

In novoJd.y thw rmt 1 •   of i'< naalrttthyd«  to p.'^nol  ir, About   ).7 - Ü.Ü to 1.0 
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and oxalic or aulphurV   und aro carton caUiyats durine mein manufacture. 

Mm  the doaired era-point hm leer, reach*' nnvolnk syrupy ¡«n? eonerally 

run out into 1ST«B   troys and allowed  to owl, "he  resin solidifie« 

and is ttwn r.rLuuá   ¡.c «. fir* nowder and mixed »it:i h«*anethylene tatraainu 

which act*- as fonrfcldunjde donor in  tri« fiiui  cnwr.l inking reaction e.¿. 

durili* hot presci-v.        !'• «-he wo-lworkirv industry,   revoluta are aair.ly 

used for th.; aai^fuctaii» of wlsrior /-rudw w*.Ferboanl i.e.  "Aüpenjte". 

4.4.    Sotiint: -un i/Lnào for '^ uia.v.iTm:tu.T> of ¡•«•»IKJI. 

The basic ohemicul ruautiona betveer foroaldehyde oj.d urea, piwnol and 

aelAaina are well documented and lar-e r.cale jvnthetic reuiu manufacture 

la aa eatabliahod  preceas. Conaidarable taocw-how,  «ained in y**• 

of experience,  ia however involve. ÍJetiiJcd i ni'- raation is unually 

only available tre m patent apeciiicutionu. itett.bl'.»lied manufacturers 

of synthetic reain adheßivea aim M producing apee if i c f.mdei' ;tf ro»in 

witli consistent quality bv the most economical nxM«.a to ment différai.* 

but exacting requireaanta. These arc necessitated amongut -then; 

by the wide variations in inherent properties of wood and by the different 

wood conversion procemea in use. Therefore a cle-.r under;:tandinf ol 

tlw entire  tenh;iuio«;v, a pruceufl  that   takes year* of experience,  i.a 

essential to Beet, all tae technical roq'ii remonta. 

An adhesivo uanufn.-taring industry   .anr..t bo ilaried Without proper 

foundation - rsaliaLic pro.tect ropvrta - aa otherwise arum: difficult'..- 

both aa raaardfi the manufacture and aarketir*; of  regina nay be »«perianal 

which will be responsible for disappointment. 

Adequate marke tin*- research and a realistic uujrvey oi  the eooiunác »*nd 

technical condition* oí' *V a.i-n of toyi-iMi. pant   location J .. "ery 

neceaaary and important and ahm]o b» prepared  in  the lirait of  ¡<-oal 

conditions re^niin* avniiah; iity   .f rw  -.ateriaJ-,    -o-.t •., ak  U«v   labeur 

Thua, the netting up of a reain manufacturing unit  in a marke«  *'«r*?  t «• 

requireaenta ara »ufficientiv l*r*w nay beot be   ...huevad ij irru'me 

ranin aaaufacturart« with experien.-«' - 

to invaat dire—My r> tho articular cour.try 

t<> buy the complete ream {.'w   V'j«e:-her wif. -miuvtiu-'^rmr <now-» • w 

to eetabliar a ^oirr. -Auitu'x w.th an ortaniH«»¿w. u** '•'•» "«' 

experience ¿ni know-now. 
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ll ia dt/fioul!. to ci-fin« tht ainimum economic aire of a resin 

mam. r'it"; j .'ir / u»-;+ a^  tiixn dajjenctH -n  .1; av&i'abiJity of and proximity 

to run txiUrj.il.« ,   t>)  '?,v*ot»<l rs4e of r?tu;r on :inve?taent, ?.nd c) 

i)ie'.7,.nin.   I,--.n't  ."-id   > venti'Jí.1. p ili- ;.'.•.•... The .in/eat««ntF. necessary 

for j n-iv^ì. r«ii. .\v-r:'.'.l.-iu¿; «üi f.. Bs"«a'.(; ;.ne niininjum plant aizo lo la» 

r'o,iíQ0 t. at </ 1í--,'.;.í3 If" .i'dSJ'i p*;j' arcuai, are -.»utjiiated to b« ietwwen 

£1.0 M>c! i'Í.C ••ni 11..ver;   . „<turlili;'/1 • ¡lowovor an-'iír tmf'iyjurabl« 

•"on.btiorr:      '.joaj   i-f-tsl:-. ronri .•'V.:ti'-er Sä;* suffer 'y not having lar^e 

act?*» p'ir.:!..' u:v  >?uo. ,  p rt. •.-ii! i'J v et '   *'m:> > .  wor.>d wide :ihortaref.: - 

Pu"t: cru-ru ¡lu ..•-.-*, a ,j'ttii,i'>i; tu '" anlief jjifH»n..ivt! ruawucii 

Vd ilov».*i'ipfc«if; wurk  .'or n«?v. :JOI» •rvnüai'.'al  re. in na rvifael tiring 

t*-chi»iqu*a, and on r-.ssiiu; WU.J i»p; ;,/<?! pw ri'ni» no: auirl «fficimcy. 

Finally,   "h«  •VPU; Uì"ìV »y r<> lojf«.:'- ¡n; «blu t-j -Iruw un world wide 

exptriúnca m resiti «T>J< 1 Lcat.j mv .ifturod by isoot m;tabUabtd rtein 

«aniifart-«r-tr;j. 

5* âamuUfiTj^L •IS.xIL.'^l'MiYS Itf • 

•'•••      ï'&jihMiiii- 

A p.Lywood adV-aivr-  ai>   v»ed    n oi;i  of'th« iiynLhuti": f»rtins MMitionwd 

¿bow iu,uîtl.i.,'    cnu;i!;; o1' : 

0   * Ut» ulti oi   t-co'u-t.jt iteti   M;4énr r»ain (po*dtr j-win dlsAolvwl 

in wntri-;. 

.?,»    liiri'tfiC':;   JUHK.ti'iIWi    i'1- i   ••jf*/Tf j   to  '•*   C*tulvvt.tt   or  UCCtil«*»ti.H 

?) .'i"".c.-'.   irJ.'^r >•' ' '. iu'f -.;. 

4* i à-iìvion;..  *• ltr 

.• at.1 *',,,-.,   .... ,   , po'.? - î-i.»», f.-i.r ritardanti , anti-f^a« .'tgrat«, 

"he bar.!«'»»'  :.-«v--»¡     h..> MUIIJ' ' <:• r.<v\    u   •••>*> adhe::iv»i m». 

In *;>« -VIï<»  T   l'* . »• H.«' r    ;<..•» c;- muL   'be-'-«--»'   it nan »ithar »* an 

aciftir t'niwi«itc« .'r tn# . h»»fir»» 1   ,:< c.ipabi«   '•* J iu»if*ttii<r aoi»1 whw> 

me d wi Ut t i<     «a -.. 

m ' rv,'!'   '.<•   u •l-e*v ^    l -i•-> . ; M.J 4j¡ .- .riti-«  ("•• *:w(   t.<'.   ¿<  V«tV*r rr»t» , 
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It aay aomatimes be ad vat tabous to increase the.« rate of cure of 

phenolic rasine and this is achieved by the edition of an accelerator 

3uch as raaoT-cuiol or par-uomildehyd'j. 

Fillers and «tandem,  ter«a that ar« uaert  rather  locaely, are fine 

powders of such pretta  as  k^uninouij ¡tru;  farinaceous: flours (pea, 

wheat and rye ¿four) vegetable aturen (tapioca) *ocd flour, shell floura 

(coconut aneli flour) finely powdered gypeum, chalk ami china clay. 

The effect of tuo ad li ti on oí  filler:*/« ton-ier« i"   ••» '• 

i)    Adjust the Theological properties of the adhesive mix 

e.g.  viscosity, coheaivenens,  spreadability. 

2) Reduce glue line coats. 
3) aeduce absorption and pénétration  >f resin into ]>orouu wood. 

5.2.    fiar narticleb^rd 

A suitable binder nix for tira nenufaeture of perticlebour* wmy constat 

of : 

0 a liquid or reconstituted powder rvuin. 

2) hardener. 

3) wax eauleirn. 

4) additional water. 

9) additivem. 

Depend ir*; on the j^rtaileb >ard >%tnuf*..turir*' conditions and  >t\ the 

acidity  of the wood i re*ii^ say Ke capable   -f -íurirv; '»y nvat alore, 

but cttTir« iJ nomili* accelerate«  by ti.e a-iditior: of rnidsner. 

H» hardener way tino contain r>i**rd;nr cneeüoal- m-t'.- ne»om ^ cr.lo.-ide 

• ith ane>ofii*'. 

iMaaàOB« of was in water «ay \«e »dee! to  the re in »n < r<!«r '     :«*!•«•• 

rate) ef *ter absorption fry ti-e fin*.-had partit lebiars. 3.J' h 

LaiuM )».#• to n« at ¡ble ir  ihm neain solution. 



Water me y b<- 'îdcied to obtain the deairod tasiri solida concentration 

arid h»ncw viserait> of  tht  l'inai binder aux «uitable fur -iprayiru; unto 

the particle .,. l'irò  r*tfi"lunr9,   in. >eof ¡cides ¿utid fuiuricidfcfl may 

aleo be added vi-i 'ht: ronir. mix. ^ui-h adòitives rwve to be 

conpntibie with the rtoin «nrt should preferably neither nffect the 

reti.ii e urini; c'narnrtPi'ititU::  nor fc'i« -nw. fumicai propertie.j of the 

re jui lani. parti^lelMxr. d. 

6.    SftnthfVU; reajn adhäsive» m'4 thej ;• apftUOtjoij. 

Tha  aelei-tion of  adiiea-i veu for uue in the tranxfuc f are of panel px-oducts ia 

of the utBo.it impur t.*nce aine Haon*-;-; o!.her iiúcigt their propertie3 

influence the chnnictöriKtictj and and uaafl« of the final proiuct. •oawvar, 

thw mct't important property of n cured adheaiv» ia ite ability to develop 

arid mninuin a -rood bond .ilrerigth bttnmwn the *dherendt;.        It ia thua the) 

lurobility of tha  l-onti that muster, not ju»t  tru durability of the adJwuiv« 

Ltii«lf. 

Plyworw, bìc -kboar^ ur"; (-«rticleboard need atri  lly for internal application« 

auch OH furniture,  neaO  tr  -**H U <?ood b. rid .--•trenfth but they do not 

naoe)¿ienri 1 v  r«qui.r* at..ie¡.iuv   >r wittr rosis';Hn<». On the other ha«l,  wr»l 

bftaad panel producta .:oed «x t errai ly wal etpt. tod to all climat««, auch a* in 

houninr. «iquLx« w. at¡he..¿ye c*T"bie  á  v.ti.i-uvninf nny type of climatic 

chant1? wirhoul fcffi*  >f bi'K.Vflr «.. 

Un-'i turmtildebygo  ix un . -un   their .rwxpe.iairf« extemiem mixture» he»* fou*d 

»irte (ici.f»p'íu¿ü»f ai  udherivrnt. îv-'  p    io<y;,  öl   jáloarí anrt j*rtici»eoard. 

Thr 'nwluv <?'. i'fö<r»h   un be v\,-i*. : depenni:*'   -n the da#tre« o' »idificatiotí of 

th* «draiu.•«' .4e«».{. TB»   lac'ton  >f '•.i.,»"   a&d «xtenéeru may e» 

i -i. in;p(«.:oii fv « -eiu <i„n tr - ad .••rtiw.h »i. :ii *>itrt;me <aa*í3 auch íU *e»i 

'.•h*.i* «j*i ¡n««ri' : píywooH, . -ne'Uu. • xi .: <nt:u« a :\« filler trian tiynthmtic 

reiur.   •»  .•» «•*. *ht tvi.ua. i;   ,A    ^ - fcfiar"     fi íejw.im.hyde   4he#iv»J have 

f   liaiU'1 -.i.»»-  L¡   iri* :»i.n ;•*•«• *t.' •• o*' rv.'*!  JHCíIK': :  ¡>a account uf their cost 

ejki ir. ¥
*ïW> ^.' p»fformur.ee »nrv t*v<t tie*n r-M'i»»oed by r**Di J f'-rmaldeitpem. 

PiywKO n«i par* l'-lefeoti-d Vna*'-* *.;i   pÉa»u'»li'. fcoheui»» "*B ha >;áe» ia 

ap|'Ucitt(..íi3 whmr«- MUí** *>ll«um i¡ai»tiií'y ie m  ••••nti'ii part auch .*.- 

tri  •»lU-Jin»;. .   • aö  Mi:e»ì.v««    (A^lu* tti«  s-    eiiii*ì. t«    irield  the htf^e>;*t 

durability  ir«  m ..«rierai  th«'  •*.» • .   Man. i\t* «mi   «aat  'tóeja.iáiík- ift term*    f 

BliCA'.lv'fL 
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Th. «nil aproad of adhMiv* la plywood ia betwoan '00 and 250 t'7»   at a 

rwln .olida contant  of tat»*» 30 and **. Thio -»n*J to,  how.var.  abuut 

20 to 25 UM» that ccnsidaraJ economically acceptable for particleboard, 

•lthouf* the total airfm» aree of th. partici.,  i. «r«y tiM. Egaler ina. 

in plywood. ádhaaiv* »M ir. pitici «board in faot «ay coapria« fro« 

20 to 50* of th« total production costa;   ui plywood 'he cosU vnry bataaar, 

7 ani 20^. 

Tharafora, durability, ooe. and ^nvat.ionca must ,11 i« ^rufully cuna^rod 

bafor. any choioa Ì5 «ad«. Th. type of thamoaattin,;, alalie ramo 

adhaaiva» conaidarad har* My convoruantly la cl^if.ad ;r. dc,condin« order 

of durability : 

Pha*ol-forMldahyde ',») »hioh includa« raaorclnol foraaldahyda *T) and 

co-cord anaataa. 

»lamtM-fonMldahyde (iff) 
»laaiM~for«*M«i>yd« (*) containin« urn foraaldahyda (UF) co-raaeted or 

M phyatcal bland, 

tfraa-foraaldahyda (W) cortainia« ajalaaine. 

Urm-toimlàmbyè: 

U lrltiih Standard 145li Aur-t 197? -Spécification for plywood «anufacturad 

fro« trapical »aiA-oottt»" four bondio* ¿roup* arc daflaad.       In aacaadine 

ordar of duraWUty tnaoa ar* «T. Mi. 6H, ** «V.        Tha,a can ba rnlntad 

te oaadttl grotta and <*rirum»ntal   ronditi'*« as filloa»! 

irr W nth hi#*i pro! orti on of filiar    loioor - not load boari rv 

•JF ai th filiar 1»«< r - 1«*« *>••*<* 
i:«ai!w or ** for Ml but laar v*d 

iiiMcoi  parforaawa tho.w;«- 

:.at par«»ru'«tly lurablw- 

PhMOlioa [.laaluaiw  »»oielnola)    Outdoor unpro ta<-tod. 

W aptfradod *it> 

MF raai'i 

Otaar plyacud ataftèar* m<:yAU tmmU iavolrUw J»»rt »tr.udu >,f «ni»» 

1« bolli« a*%ar a*t«mt*i wtb soalunr I» cold wtar »nd lurcad  iryin*   l   th- 

plywood aa la <Wf ÍMlO and U*ÉW1 3t**e» Standard». 
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-jla Ule* ¿va* f.ppruxiwit« «nuvfúwita of vnrioua national Stendala t The ta 

Country 

wart 
Specification 

Nusbar 

(¡o navvy 

UZI C670-J 

topati l.K. O.S.A. 

report 
Plywood 
Stand*«! BS 1455 CSJ5-63 

Durability category 

and cheinicni typ* cf 

adhesive  : 

Ho«t dubbia fhwellc ?yp» AIMOO        Typ« I Typ» *» 

HF- 1JT with up to 40* ÜT       Typ» AIM00 Typt I 

Tjrpal 

Typt I 

Fairly durable: UF reein 

with t V2CÄ ¡»laaü* 

aidad. Tuf» * I» 
Typ. BR 

Good water reuintanoe 

laae raaiitant to 

prolongad »atting and 

drying: 

yr with ftoaa filiar Typa nf 67        Typa « **•• *        **»• " 

Reaiatant to P-OM watar 

for ehort parioda: 

»eitvily altana«! TIF Typa IF :*> Typt III Typ« IW        Typt HI 

AaHanìaa foia*latioa» afa ««log taüor aad« and teatad to teat »ida 

eaactiag raqui mtaatt.        flynthatic eitmtvwa t>ra aw j*co#»ia«a 

»««rial».      •«* ad^anoa« will vrohably be «ade i» eiheelve fomOatieta. 

part^nOariy for «aterior plyaotf aaa parti-X*oaM, but it i« difficult to 
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fom* «V radical <**»** m th. tn» of rasina uà*. 3o« of th. 
«datiof «..cifioatione for plyood and chipboard 1-v littlt roo« for 

innovation in vm adhäsiv.. Mm, the .ver incline avallabili* 

of »» aephisticatad ..ttod» in poiyr scianca «y ü* *> P•"1*-' 

products daeigned to aatiafy specific needa. 
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SOME RAW MATBUALS FROM CRUDE PITROUUM 

l—METHANOL- 

r-METHANE- 

•ACETYLENE- 

-ETHYLENE- 

-ETHYL BENZENE 

I—POLYETHYLENE 

ETHYLENE 

VINYL 
POLYMERS 

—STYRENE 

PETROLEUM 

i 

ETHYLENE 
"ONDE 

-ACETALDEHYDEi ACETC 
ANIfYDnCE 

L.J 

.«0 PROPYL 
ALCOHOL 

ALLYL      __ 

-ACROLEIN- 

BOtYREMNB 

-ACRVLATES 

AROMATC 
rHYOROCAflBONS 

•NAPHTHENATES 

-ETHYL BENZENE 

-TOLUENE 

-XYLENE i   PHENOL 

'• STAMME 

i 

» 

•Hé MUMM OIÉÁIHk_^H 
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RguroV RAW MATERIAL PRICE CHANGES 

CHEMICAL  MARKETING  REPORTER   PRICES  IN   US $/TON 
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Flgur* VI PRODUCTION FLOW SHEET FOR THE 

MANUFACTURE OF UREA FORMALDEHYDE RESIN 
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