
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




r 
(ir-: \ 
'.i 'i OH« 

WorttBllop MI MMMPM 

VIMM, AwtHa, 31 OH*» - 4 »tn 

i i > 
•Ut* 

t#A*uft 19TT 

NLINHMi (MM) 

I.F. n«a«r * 

•   PriMlpal RwMNh 8ii«tu*, KvM« «f MUUf 

«• Mi MMMVily Nf 
U «Me MMT ir« 

NflNt tM HM rf «ha 
MpNltMtl VltlMMt fanMl  «iltiM. 

•f WIM» fMi i 

*     fti.TVM* 



}       • 

1 
- il - 

mm 

i. 

t. 
s. 

4. 

5* 
é. 

7. 

8. 

the 9rN«x 3tage of açnlyinp naturally ooeurring 
(tannin) adhesivos ir tht wood baaed panai iaduetry in 
dittarvi! ocuntriea 

Aiheeive prop «iti es of tannins 

Pnyaioal anc iha^ieal propartiaa of tamina iaportant 
in adi .-.-.i', e Torauiation 

J.1     ViBOÍCit)' 
3.1   rata of reaction of tamina with fornaldehyde 
3.3   the uncunt of fornaldehyde required* far oroeal inking 

Sajrelopaent of adhesive formulai iona baa ad en oonneraial 
«attia tannin 
4.1   adheeivo forwulationa baaad on nixturee of tannin 

and aynthetio raain 
4.t   tha development of fortifying raaina for bland in* 

with tannin adheaiveai 

- plywood adhäsiv« 
partióla board adhäsive 

4.3 the wast err. hemlock bark tannin fomulatlon of 
Hsrrick and Book 

4.4 tannins aa aooalaratora of FF raain ours 
4.5 tar-nin baaad adhäsives preparad by pravioua 

reaotion with aynthatio organio oonpounde 
4*6   ohaatnut tannin - nodifiad phenol-formaldehyde 

(PCF)adheeive 

Ina wood-glue noiaturs relationship 

Properties of panal produote bondad with tannin 
aikeeivea 

- plywood 
- partióla board 

Probi aas i i the pregue.ion cf estimata fron different 
wood sp -ins 
Factors influ*ioing tha oonneraial uaa of tannin 
ndhaaivas in Australia 

fable It   lend strength of mangrove, wattle and 
tannin tdheelve formulations with Klinki pina 

fable it   Iff eat of aaaaably tine on the bonding of ooaehwaad 
veneers at % aoistura content with wattle tannin 
and fortified wattle tannin ndhaaivas 

1 

4 

é 

9 

10 

10 

11 

13 

15 
15 

li 

17 
11 

IO 
IO 
ai 

»3 

St 

34 



[ 1 
- ill - 

Tabla ÎI 

l»bl«4i 

PiS* 

it 

2t 

Phyatoa] and aoohanioal properties of 
OD—retal flooring ¿rad« partióla board a bondad 
Math tannin- and phanol-fomaMehjrda maina 

¡kirfaoa «atar absorption by oomoroial partióla 
board a 
aTfeot of pH on ine vtaooaity of 1« tattle 
2. nangrove 3. quebracho tannin aoluiiona 

Pi«.   31 

In« influanoe of pH on tha Rotation tin« at 90°G 
of an aqueous solution of yjf$< tattle t aim in and 
3f foramldehyde 

Ino inf\uone« of nil on tha natation tino at ?50C 
of a 48* aolution of nmttle tannin with 9f of 
UforaAldohyd«, ¿tnamforaftlriahyd« 

41 

4f 

43 

44 

45 



-1*. 

1 

IM nrcacnt stag* in applying naturall/ e«ourrinf polyphenol adhäsives 
U   alywaed «id partióle board production and their ooaasroial US« 

after tac losend abrid Uhr is outlined in view of different oountrles. 
«Main properties of different resources viit   mttle» haalook bark, 
aaentaiit, «to« and tho various possibilities of us« with synthetic 
rasi« ara dasoribod includine tha propsrtias of tha panal producta 
bandea with tannin adhesive«,   nie final ohaptars oover production preMeaa 
and iafluensa af oa—araial uae of tannin adhesivas in Australia* 
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Altnoueh a patent waa têkmn out by McCoy (M) la 19M tar 

•f taaala aa a oondeniina aeent aad raaotaat la the phoeel- 

• reaction, It «u net until after Neri« aar 1 chat taaala 

lelly for koniln« 

la 19M Oalton (10) roportoi ea the fatten ef eatraete 

aff sia tree apeelee with formaldehyde to fem realaa aai ea their 

i, ant la IMS (11) on the adhesive proportloe of AawtuptMe 

«releí wattle (alween) eatraeta which hai I 

with eelphlUa la order to reduce vlooeelty. 

Ml ton'e mark did net eehlevo eeaaerelal oaocnoo bat It ili 

allattiate latereet la taanln edhealvea for Bendino «eoi.     la 19M 

aai ovaiaor (21) propoood the uee of hot water extract of wertem haaloek 

tfJaaj* Jaftompap U«) hark In aleute with phenol-foraaldehyde reala far aa 

rior arade plywood «lue.    Other pioneer Inf werk en the  formulâtlea at 

reported In 19M by Baewlea aal «hite (It) far 

slal wattle aai euebreeho eatraeta. 

ÉÊÊÊ 
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1» ini floBloy, Oottotala ant Hllllo (ti) roportod ariafly tka 

of ontorior typ« odfcooivoa for plywood oaaod on ni—Willi 

ani wattla tannino,     coonwroial wondoo «rtraet MM «loo otuéioi. 

•orriek and rook (IS) royortod plywood odkoaivo fonoilotiona kaood 

of wootora konlonk tonoin vita polynothylol pkonoi ao aroaalinaloi 

to too «ON your Mot*, Norakorf aod •wphroya (7) raparmi on tna 

proportioa of Hm$ maYata bork ontroota proparod ot oìlwl 

, «Idoli «ON wood in onporlaantal hot-prooo plywood and partióla- 

Xa lflf tka wattlo tojmla forauiation« dtwalapad op »looloy, 

od Milli« «oro toko* up oooooroially in Jniotralla for too 

of oowrlor «rado olywood.     foia davalopomt woo rapar>a« to 

lotafnotionnl conomltotloa on »lywood and Otttor Naod-oaood Nool 

la/ mo in MOM in IMS. 

X* IMO Marañara (17) reportad tha antoaaion of oorlior 

«otar «rtraota of P. noüooi kork aa odkooivoa for oKtorior 

•oil» baaaard and Niebolla (14) pwkUokod on variavo ». iwjooaol 

pruoorad at alovatod tooptraturaa and wood i-r kondino. 

of lakoratory work oo tannin adkool' 

i aod othoro kotwoon Its? and 1M9.     dona of tko 

notariali f roo wkiok adhoaivaa woro 

imito*) oatdtootaoKtraat, oooko« 

aotraat, «itch fro* Aeaoia ottUohu wood, toa (flojo êimmU) 

and aroea (taro* oaUohu) oatoh.     Oooroo (II) ototoo 

oivoa it oultaolo for eaoooroial opplloatlan in plywood 

^j 
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1 
without further develofa»nt.     In recent year a In India there hM 

eenaiderable intereat in «Atti« temili adhaaivea for boudin« panol Material« 

end they have been uaod coewercially for plywood Manufactura (41). 

•todiee Of «ntractB Of HUH« pCMfdeMNKI,   tOMM*   (¿itflUlllNflil 

¿anai/toru«) «id Douelaa fir for bonding partleleboncd «MM capotta« Iff 

i» Irouor «né monona (1) in 1961, ani ««tract! of «kit« fit 

>lm>) and of •. pondero* bark in 1974 by Minarían and 

ra (1,1). 

In louth Africa thara ha« boon a eoeeeaaful ooMMereial 

of a chenioally Modified wattle tannin (•), which in «Mi 

1—only far bonding partI«Inboard.     Wood adneelven fron wattle bat* 

entraet bava boon tho eobjoct of a recent report by oaaynan and Oatiay (HI. 

In epite of theee and othur wJdeapread invaatifatlonn of amy 

•effarant tonnina aa admaive«, information available to tbn «arid 

0—nil al Imi on Nood-Baaod Panala, 1975, gava the following pletora of 

«ho application of tannin adheaivee (45)i- 

•99» oranti tic» uaod ar«, up to tho prenant tino, relatively anali - 

Anatrali« reporta about 700 tona por yoar for plywood, partial« 

ani water rcaiatant cartona.     Finland ueea 2900 tana par yoar of 

ajanara iihn in plywood Manufacturo, the quebracho nakinf up 109 la 

19% of the total «lue solida.     A new partieleboard plant in 

ntfantina plana to two 100% quebracho adhoalve.     Indi« ia «loin« 

plywood with tannin.     However, at tho preaont tine the total 

quantity of tannin adhenive used ia minuta centered to the warld 

oanaunption of eynthetic reainn In the panel products indoatcy.* 

fa thia aheuld be added tho quantity of cheatnut 

by Kulvik (19) aa h«ving been uaod to Modify ooawerclal 

laohyda arthenlveo in Malaya.     According to Kulvik «are than 
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3000 

JTfttl* «ff 

af wattle taenia far 

•till a relatively 

product«. 

•f 41% «liée »Mí« «im a 

of JJ t0 IT, er ebewt MO 

•stimati aufaeatt that preeer*- world 

eivea eew.lt be 4000 te MM tana.     this is 

•^MPeeW^a^e«n»y    ena^Pnv   Ov^aTv   aje»e>   erep^peinnj   an^eV   aPWe^aji   en8e> 

1 

2. 

fa» reaetlen af tha pelyphaa«lia rehet anea • ef plant 

with feeettMehyaa «a fava reaiaa ia tha haai« far thai« UM aa 

It fellewe thetat—e that tha aaatah far tannine far atfhaalvaa ahaali at 

oeeoeatretet «a tha eeataaeet tannin« rathar thaa an tha hytrolyeablo 

tannine,     fee Ptiaeny taat (44)« «hieb iavelvee tha reaetlen ef aa 

eelwtien aff tamia   with foraaltchyde enter hot aci4 eon« it ions ant tha 

totaieeaatian ef tha «eifJtt af tannin feeaaltehyte precipitate amy ha «aai 

to latiente thaa» tanaiaa «Mah ha«« potential aa atheelvea.     ihie taat 

will ha prefoaret ta tha hue pewter teat '37) wnloh ia intlcative af 

propertiaa aai haa little relevance ta afhaaivee. 

eery «Italy in atneelva preaortiea, aa ia aheea far 

érasele ia fehl« 1, ia «hieh tha heat atieartha af eeeareva, «afttle aat 

«•niée athoalwM with alieni pine UrmtarU klinkii) venaera are laapinl (Ml • 

Pry torte af at ant ari plyweat taat •paalaani hontet at 140*C pavee 

teiwaaretere «1th «attle taanin atheaive «itheut fertifyine reala pava 

alenlfleeatly hipear aean falline; loata ant «aat fallare at MO la/in.1 

aat 4Tt «han tnfartHlet nana« ewe ant «anteo athealvea, far «hieh falline 

leade aat «aat feilere« «era 111 lb/la.* ant 0% ant Ml la/in.1 ant it 

respeetieely.     tha tlffereneee between epaelea 

•aa aerai 
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Mr« tented wet after immoraion in boiling water, fallino; lati 

failure for wattle tannin boing 23« lb/in.2 and 100% 

with IS) lb/in.   ani 0% for mangrove tannin.     DM wardoo apeolawne 

earing tha bellinç w.?*-e? tu:#viwnt. 

•atlefaetory bond«, both dry and «at after immerelon in 

bollini water, can be obtained with unfortified wattle tannin adheelv» 

and lavar danalty apaoiea at nomai plywood and partlolehoard bet naaaa 

teaperaturee if tha gluing conditions are carefully controlled,     Thin 

ia peeeible in tha laboratory, but in difficult to achiava oonaiatoatly 

ander faetary conditiona.     Hie chemical modification of tannine ani 

the additian of aynthetic roalna to adhesive formulations have an their 

«aia aia» the Improvement of bond quality and the development af greater 

toleranoe af the normal manufacturing conditiona ueed for panel predveta. 

There ia eome evidence that the conditiona which are fenorally 

r bandln§ panel producta with aynthetic reein odheaivea may not be 

far tannin adheaivea and that different conditiona amy be required 

fot tha lattar to achieve their maximum potential.     the optimum ale» line 

Boletera content for bowling Piffera considerably for «-annin and eynthetie 

raain adheaivea, aa will be diecuaaed later.     There are alee tha indication» 

given by the performance of wattle tannin adheaivea whan cured by radio- 

froauency heating and by the improved veneer bonding reeulta ebtainod with 

a weatarn hemlock extract at 100*c compared with 160*C. 

tn a limited laboratory study (31) of fortified and unfortified 

wattle tannin foraniUtionR for laminating timber uaing radio-froguonoy 

haatinf to cure tha adheaivea, high failing loada and wood fallume «ota 

obtained for all formulations in dry block anear teate.     There wara 

relatively amali differente« betweon the fortified and unfortified adheaivea. 

failuroa in the dry block ahoer taet were a llttln lower for the 

amai vaanj 
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a« tw tifia« raraulatlon an« tat paraaataaa «alanlnatiaa aftar 

«an an« ratryina «M alifhtly hlahar.  n oaapariaa 

«ita t«haalaa tuto ualnf vanaara aai hat praaaina at 140*C 

that tha feaat annlity aUaina« with uniwrtifiod «atti« 

hf raáia>fiafttaaey haatiaf. 

Ifffll 

ia 

la ataüaa af tha affcaaiva ptapartlaa «f 

«taiaar «at Chaw (41) ahtalna« raaalta «hiah aaaaitta« that 

plyvaa« ptnaalna and haaJim aaaiitiaaa (tonporatura 1*0*C) 

aatraativaa «a hat pravlaa aatiaCaataty han« «urahlllty. 

Baratara «aa raiaa« to ltO*C hiah «aa« fallara an« aaaa 

«arahllity «ara ahtalna«.    «nia raaalt appawra« ta aarralata «all 

taftaaina an« «iffacantial thaiaal analyala nanita. 

I. 

w uà 
fha «iaaaaity all aarvaa af aajaaaus tannin aalatiana «an «iffat 

in «ara, as la ahnwn in fif. 1 far «attla, anatrava (M) 

(M) tannin aalvtiona at 35% aoli«a concentration an« at 

4 an* il. 

Ihn «iaaaaity af tha «attla tannin aalatian ia ralatlvaly la« at 

«han» 1p (Palaa) hatvaaa pa 4.1 an« t.l an« than intraaaaa ta ahaat ft P at 

m *•• 
«ha «iaaaalty aarva far nanarnrn tannin ia antrattatiaa« hy a 

Man pan* ia «iaaaalty hatwaan pM • an« 11.  Mtwaan pH 4.1 an« • 

variaa tran atout « » «a 4 P.  It ia lavaat at ahaat S » hatvaaa 

pa 11 an« w. 

fha «iaaaaity af tha aaahraahe (nen-aulphitad) aalatian «ariaa 

IT P an« It » hatwaan pH 4 an« t with a aaaiaan at ahaat pa •, aftar 

•»» •»*•" 
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which it decreases rapidly to about 2 P at pH 10 to 12. 

The viscosity of a 35% solution of a hot «atar extract of 

Hm§ radiata bark (not shown in the Pic ire) increased from 2 P at pM 1.1 

t«> a saUlmun of 10 P at about pH 7.3 and than decreased to 2 P at pH 11  (H). 

iva H ich viscosity may prevent the use of tannina at normal 

concentrations within cor ta in pi! rangos.     Nattlo tannin solution has a 

relatively low viacoaity between pH 4.5 and 10, but the viscosity of 

la very high except at pit 10 to 13.     Formulation of Mangrove tannin 

between pH e and 11 would obviously be difficult. 

There are ways of overcoming these problems for particular 

applications.      Por «troupie, small decreases in solids concentration 

produce aaignlf leant drcreano in vi ticos i ty, but dilution with water earn 

only be used to a limited extent without causing bonding troubles.     for 

•pray application in partieleboard manufactura wattle tannin solution 

viscosity can be reduced by raising the temperature» but this procedure) 

requires separate application of i«raformaldehydr. 

The   ©st eff active method o)  reducing viscosi t / is by tree font 

with sodium sulphite and/or sodium metabisulphite.      Zn 1953 Dalton (11) 

reported that tannin solutions after heating with sulphites have low 

viscosities and are suitable for tho preparation of adhesivos to be 

spread mechanically.     Tira conditions for treatment with sulphite were 

éotermined for extracts from Bumlyptue crebra and Pirna radiata bark 

and for commercial miñona extract. 

ftulphite treatment has been used for P. radiata bark extracta by 

Hall« Leonard and Nlcholls (14) for Abico oonoolop bark extracta by 

i, wong and Wu (2) and for P. ponderano bark extracta by Anderson» 

Hong (1). 



» • 

viMMity of 

oMltion of oteoiml 

•tO.  kM teM f«Mi tO lOKMM Mltlfcllity Ml 

MltttlOM   (2f).        PteMl Mi «M MM «lM OfÌM*ÌM 

vloooolty of oolutlOM of otter tonnins, MM M 

Mteilon «MM with P. radiata tannin shoMt «tot 

10 »% of My tonoin tot M teMMl ««foot M «to 

(SI) .       MlitiM Of  10% Of UNO M MMtMM 

MUMM tiM OMOiéMMLy Mi «ffOOMi MMMf» 

MMMtMtlM MO  iMTOMOi   (Iti. 

M  

MO MM of rMotion 

MM O* Mi MM kiMi Of MtTMt.      MlM* MtOMMOÉ th« MMtiM 

MMM Mi • MOW Of Otto* MUMM MfcMM Ol 0.1 Mi t   (It). 

I «Mt «1« OlHiOM MMtiM rOtO  for «11 tte MMiM MM&OOi Mi 

Ott t Mi 4.1 Mi MM MMtiM M tte fOM «Mt MB »Oi*t Off 

voootivity for polyhyoric itemi« M« MMMAOOì ky LUtlo M« 

M teint o« pa 1.0.     tte oMOiéoroôl« ikffMMOM in roMtlvifty 

«I» MMiM M« MMR.       HO UN OtttiiOi «M MlMiM •* «•*••*•» 

MMlO Mi tOliAM MMiM »it* MMfMMlOMtfiO MM «J 4 Mi 

t CU). 

Tte MM«lM MM With fOMMlMfa/M Of Mttl«, 

M-MlfOitei)   MMiM M 40*C »Êd MM Ml 4 Mi 7.1 

ky Momloy <1«).     M M «rfeitrwry »R « tte MUtion «I 

MA MIVUOM of Mttlo, oonorov« «ni roiiat« 

M, 1) ate 3 oin roooMtivoly.     Tte inf 1MM« of ï* M «te osUtUn tiM 

Of * SM MMtiM Of MttlO tOMÜt Md  3« fOTMlOMMlO Ot «0AC U 

III rif. t.     tteiMr Mí Chow (43) fOMtf that teolook 
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.ayatafu appear to closely follow the golation time character of wattle 

berk extract «ni PW (phenol roeorciitol-formaldehyd«) rotin rather «tan 

VT CMionol-ronMldohydo).     »elative gelation time» only «ere live«. 

•eluble Inorganic nalta at concentratlone of fro« 1.5* to If* of 

eke «Might of dry tannin have boon ehown to produce a Marked decrease la 

gelation tin« of wattle tannin-formaldehyde (29). 

3.3   fra amount of formaldehyde require* for pronai inKing 

The amount of formaldehyde mquired for croaalinklnf la 

relatively natali for moat tannins.      for wattle tannin Parrleh (Ma) 

ealeulated that 3% to 4% of formaldehyde on extract weight wee neceeeary. 

»lamloy (21) found that the minimum requirement for wattle tannin ueed 

to bond experimental partid eboards was between 6% and 8%.      In later tasta Oil» 

4% «Ma found to be the minimum for the satisfactory bonding of luaoawaei 

«Mamara, but a study of th« rate of gelation with varying concentretieae «C 

feVMldehyde indicated a mini mum of 6%. 

The mintmum amount of forma ltl-hydc required for crosalinking 

tannin, based on adhesion tente with venecrn, «MB found by 

(9) to be 5* for an aqueous entrart and 4* for an aqueous alcoholic 

Memley, Gottstuin and 111111B (27)  found a minimum of 4% far 

extract of mangrove: tannin. 

Narking with cold aqueous extracta of P. radiata bark 

(IT) concluded that maximum adhenive bend atrongth la 

if at loaat 9% paraformaldehyde is incorporated in the reala. 

ta tents of adheisivea batted on sulphite treated hot 

eattracta of weetern hemlock bark, NacU<an and Gardner  (21) found a 

lagjeirement of 6% hexamino, equivalent to 7.7% formaldehyde.     In ceatraat ta 
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«nia ani t« tka m«ult« «Mainai ft* «iter tonnina, «NA«* 

Mi Chaw (41) Mffort«i that MM«at • «f 11% «M 

MM raajairai to ofctaia wyiUHM ««raallity vit* 

«ICMti «f wattrn haaltth bark. 

«0% Of 

4. 

Xfc haa koon aantiaaai •*•*• tout altkoufh tttitf«fry 

MI bê attaint« v4tk oáaol« taanin fotmtlatiaM «niai 

it kaa not not« poaoial« fot to ookiovo oonalatontly kifk 

Mear faatary ooMlátioM.     B» to tko 

valoh novo kooa natmcUlly aaaaaatful ara tkoaa lnvalviaf 

aita** tka aaUtian of ayathttlo raaln (uaualiy in ralativaly oMtll 

i) ta tho aikaaiv «ixturt i—miiat«ly attor« uaa or ari** 

of tannin vitk «ynthatle ar«anie oaaaounii. 

lotti ta a« iaoraaa« ia kani atraaftk «kov« tkat of tko 

tkoy iaataaat tho aikaaivoa' toltrane* of fluia« aoailtiaa« 

variakillty. 

4*1   aUnal«« fonal«* l'ont H"«i òn mixturé« of Hantln vA aynthttio ratin 

pH 7 «ni 

la ab«* 

at f« 1 

tka «atti« tannin aikatlv«« iavalftá ay CMM 1« AuotralU far 

ani partióla««««* aamifaetvur« aro oaaayloa of tkia typa of 

mrpatat all tat r«aetiait kttvaaa tanni«, naia ani 

ia tu« hot acaaa.     Control of «urla« ti«» «ai «aakia lift of 

ia «ktaiaai ky tontrol «f a« tilt tkat «¿tk tka mm 

«a tko ttartt of fortltthyit.     «M pi aalaatai for a 

vklak «ili fi«« a akart ««riat tiaa ani «ili ala« «raviia a «nffUUMtly 

t Uffa at —klaal tona« rotar«.     f«r mafia, rif. 1 akovi 

Wt tka flation ti** «f a vottl« taaaln aaWtian with 

t 4 «ánutM «ai 1« ajwtaaakiaf a ainia«« valut.     Pif. 3 

ani 13'c tka «oUtlon tiaa af a Ut aalutlon of «atti« tonai« vitk 
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formaldehyde la ìS h and with paraformaldehyde about 14 h.      Thua, at atout 

pH 7 a wattle tannin adhesive containing paraformaldehyde can be expected 

to have a pot life at 25*C and a curing timo at hot prose temperatures of 140*C 

which will aatiafy usual plant requirement«. 

Xt la poaaible to uaa formaldehyde solution in Mittle tanni« 

islvea, aa ha« boon done for reasons of economy, but careful control of 

pM ia noceeeary to prevent premiture gelation.     The use of porafonmUdekyde 

in eattorally to be preferred. 

tn Jwiatralia wattle tannin adhesivas have been formulated for 

wood bonding over a pH range of 6.7 to 8.0. the hot-press curing tima and 

the uaable life of the adhesive nt ambient temperature decreasing with 

increase in pH. 

4.?  ftw development of fortifying renins for blending with tannin adhesivas 

At an early stage of csIRO'n investigations of tannln-foraeldehyde 

adhesivos it was observed that lond failure tended to be cohesive (failure 

within the glue)  and that wood failure wan usually low.      This tyr.e of failure 

MM More apparent in bonds made with mangrove and wandoo tannin than with 

«•Bttle tannin adhenives.      It was found that the bond coul 1 be improved 

froatly by incorporating in the adhesive relatively small proportions of 

eortaln synthetic renins ("fortifying renins").     The amount of resin needed 

to achieve a satisfactory bond varied with kind of tannin,  kind of synthetic 

rosin and wood density.     With klinki pine {Araucaria klinkii) for example» 

wattle tannin formulations required the addition of only 10% of fortifying 

reein in order to yield acceptable failing loads and wood failure, whereas 

lives based on mangrove and wandoo extracts required three times as 

or oven more to reach the same level of bond strength (Tablo 1). 
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Zu addition to its contribution to bon« otxoofth, ptfOTtioo 

noeossary in a fortifyint rosin wore ooopatibility with ths 

aoltttion st ths required pH and « sufficiently fast rat« of 

Ths first fortifyint rosins trisé in tao laboratory «sto 

liai PF (resorslnol foramléohydo) and MP rosins, which «on 

adsooUio but too oostly for «so in plywood applioaticms.     A PF noia 

«at oowoloood for MBoravo tannin plywood aihooivos (17), but it had 

too short a Stornos lifo for Australian condition» ani at tant only 

of its oavelosaont tended to bo soaowhst unstable in blonds with tonala. 

The realise obtained with wattla tannin, wnleh reojalni sanilo« 

of fortifylsf rssin than aanorovt tannin, nana poeeiblo ths 

of a sors oostly fortifyint rosin, nasoly ths low rsssroiatt 

MP rooia which has basa usad oeoaarclally in Australia for sont 

M years (M),     althooeh its starete lifo at aahiant taaporaturos io 

Hai ist, it is satisfactory whan oold storage is «soi. 

Phsaol-foiaaliohyda fortifyinf rosins hsvo boon «ood is tanta. 

•as rooia is ioooribod as havint a sx of 1.5 and a atoraos lifo of M 

to M icy* at 25*c (4e). 

yojrattlations for Ms? end PF fortifying roalns for alendlas 

with «atti« tsanin adhsolvos fer tho sanufaetare of «orina orado »lywood 

sad shattsriat (foni) boari havo boon reported by isswasn ani Ostloy (II). 

ta usant tosto onulslflod PF rooin has given proaislat rooults is «ha 

bsndlns of veneers and eaperlaantal partielsboard (11).     Polyaothylol 

sassaia! i i wis haws boon «sod aa fortifyint rosins and oroaalinkinf 

«oatorn hoaleek tannin aihoalvoo by Horriek ani stieh (IS).     Coshinnt 

«toa «ai foraeldehyde with tannin have boon ropertei (U,M). 
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ti)   Plywood adhesivas 

* plywwd adhesive formulation similar to thOM in commaroial 

us* IN Australia il M followsI- 

«atti« tannin 

«•tor 

•saluti hydroxide 

MT fortifying rooln 

Mood flour 

walnut aneli flour 

Paraformaldehyde 

Porta by, weight 

90 (oven dry weight) 

113 

0.9 

10 (oven dry woight) 

10 

10 

4 to 0 

pK of the formulation ia about 7 and tbo uevful Ufo (time 

•t 1I*C to reach twice the initial viscor,Ry)  is awroxlMStrly 4 h. 

Tns proportion of fortifying r»:»in in the «bave formulation 

five* • Mtlefactory bond with a wide ranno of Austral im vt:n< or rjweiaa. 

However, experience ha» ahowit that 10 part» of renin It; unno-v^.uily 

alali for a nunfeer of species and can be rwlucnd sobBi.antinlly.     lor 

•reatar economy a plywood manufacturer can vary the «PWUI    of rortifyinf 

reain in the formulation to suit the spec J or, being borniert. 

•Rio pH of the adhesive can be vaiicd accordimi U> llw liot-press 

eurinf time and pot life requircdi    a p» ranno of at»oiit. 6.0 to 7.S has been 

used far plywood. 

Olue aproada of 290 f to 390 g/m2 doubl*» nJuo lino have been 

uaed auoceasfully under laboratory and factory condit.tniin in wild climates» 

aet ter commercial production in a hot dry climate H- rad» up to 

4M f/m1 haws been required.      ha with aynthutic resin ndhosiveo pn^reasiof 

la bsneficial. 

Using the above formulation and lioop pinu vencer» at  V:. moisture 

total assembly times of 2 to 3 h tn.iy be uoccl umicr milt» . I imatio 
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arata, aapaoially i» 

•aaMfelv tiaaa MM •••dkl* with hlaâjar 

oaailtioa. ar* usually infilatura 140* - 1I0*C Mi 
1) 

0.7 t» 1.4 HP« iaptnilni «i w»i» 4aaalty.      NriNliI.la 

par praaa apanina a aurina tia» «C 7 BU at 144*6 

Mf M aaai. (TMD 3 x 2.5 an thiok hoop pint panait lama two panala of 3-pljr 
oanatruetion aida up of 2.5 an thick'vanaara«) 

(1) 

A partlclafca.rt formulati«* far air aptay a#»liaatlaa ia «a 

ftf fartifyiaoj Main 

H <•*•* 4ty 

1» 

1.4 

i fawaai «ay 

4 t* 4 

ttaaaaity at M*C ia 110-100 

A» ftayaartiaw af fortlfyiaf swain.    0n4ar lafcaratacy 

•aaplyia« with tka aaaoifloatlon fa* ftaniari one« 

Mat haaa Mia «wimp anfattiflai wattla tannin ani raiiata 

ia tat naia ap—ina aaai ter pi 

4ta4a Ptftitlatjatpi, ciana 1 (40), for whiah vattla tannin 

AM Mattalia, fortify ina railn la oonaioarai naeaaaary in 

aaopat.ltt at nat—1 aanaaiva laaiiafa ani ta pravità ajraatar 

1)   1 «t (nagaoaaool) . lw/ao2 

ia to 

far riaarim 



f 

r 
- 13 - 

mwMifaoturing condition«. 

»»••in« temperatures of I60*c and above are used.  Unit« 

factory conditions presali* times of about 9 Min aro usual for boati« 

of It am thickness, but under laboratory conditions with close control of 

»misturo content or with the use of higher rosin loadings at highor 

••tature contents a pressino time of 7 «in can be achieved for the sassi 

thickness. 

Compared with synthetic rosin adhesivos, hlqher mat moisturo 

contents at pressing are necessary when uning tannin adhesive*» noisturo 

eon tent s of about 25% for surface layers and 1?« for coro have been 

y 

/ .3 two westorn hemlock bark tannin formulation of Herrlck ,ind_jgek 

a somewhat different formulation wa8 developed by itorrick 

(15) for a western hemlock [Tuuga hotcrophylla;  extract, which 

an a dry sodium salt.  The adhesive pH was about 10.5, a pM at 

«hie* the pot life might be expected to be very ehort in the proscnee of 

either formaldehyde or paraformaldehyde.  formulation problems were 

sesujomn by using polymcthylol phenol condensates with high methylol 

comtent but no free formaldehyde.  These permitted the preparation of low 

viscosity adhesivos with fairly high solid» content.  A formulation containing 

00% bark extract and 40% polymcthylol phenol reagent seamed to provide the 

most balance of curing time and adhesive strength and met commercial 

retirements for an eaterior-type plywood adhesive. 

4 »4 ffm*|ns a« accelera tot s of PF resin cure 

Tannins are added to alkaline rr resin adhesivos in order to 

rodoee bonding temperature or to allow shorter hot press cycles at the normal 

tf bonding temperature.  It is commercial practice in Plnland to us 

lot to 10% of guebracho extract calculated on the weight of PP resin solide 

this purpose (1.1).  Other tannins, nuch as oattle tannin, also givo 
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öffnet (II).     t«t of the forneléehydo reojalronefit of the 

IM «ite« •• feraaldehyde or paraformaldehyde, ethorvlao thie 

la HtvKil by the PF reain. 

4.5 

amnWj££J2SEttlI!ii 

M» hlnde of tannin edheeivee of «his eateoory an need at MM 

tin* for the anntifnature of panol produete, ono 

which la »MM in «oath Afrioa an« the ether baeei 

MM developed by a Morwooian ooapeny in Malaya. 

MM tauth African product it nada by a procaaa la «hieb 

in an aojueoua medium with a aubetituted or uasebatituted aemmetlc 

S.t 

M"e in tna prooonoo of a baale catalyst amen aa pyridine.     laie u 

by treat—nt with an alkali to ratea the pu abeve 1.0« preternbly 

l f .0.     ft* aroaatie nnapeenia includine the inaplna 

considered ouitable aro pheaylaoetate, aoatophaaano, 

aeid, reeaoetaphenone and rnnr dt errernphenem (•). 

adhaalv« is ueod in the eana way aa the OUW feratiletieae 

with fomeldahyd«, ueuaUy in the Ucm of paraformaldehyde. 

Xt differ* fron oonnereial wattle tannin in eeveral 

vieoealty of anueeue eolutlona ie aeaawhil lower, pemaibly 

in port be hydrolyeia of the ten normally prenant in wattle 

pa of coverai eanplae enoalned ranead fro» «.I to t.t.   It ia 

in tanta with formaldehyde at pH «.I ant at M*C folatien 

be bo nllfhtly faator than for commercial wattle tenain.     MM 

•ant nf formaldehyde indicated by «elation testi with voryin« 

ldahyda waa •% of the dry welflht of material, the enne M far 

ini wattle tannin (13). 
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UM waod-tlua Molature relationship appaerà to at aloilar bo 

the «title tannin edhaaivea previously described ani for partielebeerd 

aojujlaeture hloner nat nolitur« contenta ara uaoi than in tha enee of 

tv mia adhealvec. 

Sn an odhesien tatt with ceaehwoBi vernerà at 12% salature 

•«tent reunite war« not aieniflcantly higher than far untarti flat wattla 

tannin.     Phyaieel and noehanleal propnrtlaa of eaperiamital partielatnMMnl 

at 1M*C wera equivalent to thoee obtained with fartif ini wattle 

ila adRoeivoo (IS). 

4*6   ntamt ÌIM»*«»ìI< »heiwl-forinilalahyde CFC») ednoslw 

The dovelopnent of thin adheaiva waa reported at tha «aria 

iltation en Wood Baaed Panola in IOTI (19).     In ita nanafnatura 

tannin la adiad to tha 99 reaction niature ani it la elaload 

that the eatraet chnnlcally replacée part ef the phenol la neroal alhniána 

»1-formldehydn adheaivts, whloh are ueod in the uonufnature ef aajtori« 

plywood to neat M 14SS.      It waa found that the reauireaonta of 

tha ntaninrd oould bo net with an edheolve in which aa auch aa 10% ef the 

phenol waa replacod by tannin.      Howavei, it appuatb that oonuorelal 

peeetlo* la to uee 33% replaeonont. 

•CT adheaivee ara aaid to have approeiaately the sano ptapaatlaa 

M tea uncodified n adhaaiva and the laBinjundad fluo nirtere la lit porta 

ay valant of liquid adheaiva and 30 porta ef filler.     «ha fittine 

flue aproad» aaaaahly tina« prepreaalnf tint» hot prooainf 

tana are the name aa for uanodlfiad 99.     The eolation tint at 100*C 

ia ahortor with increaalna replaeonont of phenol. 

The advanteae claimed for tho Kr adheaiva la that it la 

that it la nere aenaltlv« to varlatlona la 
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«itti toe pnre *f tAeaâee.    Meletor 

eentMle «li «Mlity MMtf»! «M tati %• MI MWMMMy. 

tUlltttìI tMl PCr «MMIV« retentante • ttttffel MFltoMaW «f • 

liyireiyeaaie tannin in tlw aiheeiva fieli It eay MI queetlettei 

entêtent tannili it truly a rnjlwiwt fer phenol, «Man tati tot 

prevletoa nf rmtlw frante,     toart fraa «hat it IM» ef M» 

trattiene ef hyirtlyeanle tonnina, «MI tontine NMM nerrtii «ni Mai 

atotoi Intonar nentàtivity ef KT te neaareeterlne etMUtiena eeajeet tlw* 

antat«« »«min in Mtlnf Miinly •• en «itonine i   any reeetlen tont 

alate nwnafciy reetlte in an inatenta in tot MN of toe tr 

by toteetry «7 

•affatto* an erapartlee.     It to 

••••H MM« an ili «ito ntotnni life. 

• eeffletontly tont wrttoj lift to nttitfy teetory reejelreneato «ni t 

vleenelty Ite epplieetien to eeneera «r wnt partietot «ito ti 

Ini to tto «Mi ton attonito 

ly tanta ani at eatable nf nelmj entai aniar natati 

• •> •«Wttajaj # t^eeveeaj elwtea,   epPt«^ev«naj   tMnaBya>   oVnsBtaaBBBBBjpj^Eajp   vetHtaeasj   mH^Bj 

tot natie ef toa petferntnut ef ayattotie ratto eatoalvee 

ferauletieea toaai an Mattia tomin 

liai aanditlana ef nannfaetora of elyeaei ani 

Meet»ir, la ana reepeet toay il fiar •lanlUeaatly fra« 

ayttottâa raain aito*lvoi, nanaly in the wwd-flne naiatara reletienetti» 

It to eeneUferei that MI uiaertttimllfta aff thle mlatiannhto it htaniy 

far tot tneaaaafni tao of tannin aritoeivee. 
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M It tafltMMM ftm 

ffc» U MVMi «I «Mi «MM §MMt f MB «M «Ut *• «M 

•% «klau it iMM MàaMM MMHW «ft «M fMMrttoi «I 

I «M flM, •••. «Mi MUM*! 

itlM Mi ftiMMV« MBU 

fftM iftji M fIM 11M 

M Ml MMM •* tM f Ittlftf 

, frit •* fMfrtM «MJMAM Mí MUí IMV 

1 

. It 

f IM M4M«M 

liMÛVM «MA MT PT (Ml. 

«M MVMMMiìr •* MMM« CfeMáMi M 

Mft MM • 

Mfiiif tM mimmq 

Mtfitl«* IMV latMhtt MM.      !» Ml« MMMÍM MáfM 

MMltiM ill MM* ViMMUiM«  MfttMi fi fUUf, 

IM M Mllllliy M «iM M 

M MU I.   MrtifjfiM MUA ftM M 

.   <»•> 

•f «M 

«ith Mii MMT 

«M MtiMM M4MUT« MMMftt «t 

it MM IH Ml 11%.       ffM 

§m MMffUf Mi 

r*    WtHmWmwm IM 
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eatTMt, baned on the results of <1ry MOR tests, was found to 1» «bout 

m tu». 

t. msL rmymjmmjm.mi• MWéII 

Matti« tannin-formaldehyde (wattle TP) adhesivos have 

íially in Australi« Co* bonding exterior grada plywood sine» ltM. 

ft» taa*in-formaldehyde bond complins with the »pacificación for Typ« A 

baili ejstiity of M 087-1963  OB), which is described as capable of 

wiUte^amding estreme exposure Cor a Ion« period and suitable for 

perssMMMt enter«*! «tweting.     The method of test for Typo A bond is 

ioecrifeed in Ml OfO (W)r which apre i fled testing wet after 7I-h 

|BJ boiliny wetor or equivalent «team trwatraont. 

.3 Veneer spec iba ranging from 0.513 to 0.881 kg/»   ar« 

«itti wattle TtV    tHe effect of thi? number and the location of «Its* lift«* 

ill the erees-section "on the bending properties has been studied on plywoai 

with wattle TP adhesive by Okuna (22), who found that the Voena,*« 

m in bending of thè TT glutine in plywood in larger than that 

•t vr. 
The bond durability of hoot) pine and coaehwood panels gluod with 

19« fortified wattle tannin adherí ve has been tested by exterior expos«*«. 

«•Jorè nao been no bond failure aitcr IS yearn' cxposuro to Melbourne 

climatic conditions with a temperature ran«j« (highest Monthly neon daily 

JhMÜÉwa to lowest moan dally minimum) of 26°C to 4.6a, moan relative 

Humidity (3 pm) 40% to r>6« and rainfall 761 um. 

At high vcnrir Moisture contento, tannin adhäsives toni to 

penetrate veneers.     Por this reason and because of tltoir dark colour 
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they are better suited for bonding rotary vencer« than sliced 

AeCOMtiV* Veneers. 

rmtfaftot^ 
In 19*9 ti» proper dee of esportéente1 «ingle-layer flat-i 

boards Mio fron eesnereially product» Hm$ radiata partie let and 

kind« of m «um til tannin«, wattle and quebracho (30).     Board« 

with these tannins at a levol of 12% of extract on the «eight of 

partiele« (oven dry weight basis) retained thoir integrity after 

inversion in soiling water for 72 h. 

At a slightly higher addition of extract the swelling of 

boards iomerssd in boiling water for up to M h or saturated with eoi« 

water by prolonged VM treatment was controlled to an acceptable levol, 

and on redrying the boards returned to within 2 to S% of the original 

thickness.     The results of nschiinical tests wore eonparable with 

those of IV bonded board«. 

Further studies shewed that boards of about 700 kg/n   density 

with 14% of tannin solids in the surface layeu and 10% in the osco 

CHwejlied with the aeehanlcal property r guireswnts of the ¿«opoesd 

Standard for Plooring Grade Particleboard.     Board thickness inereae« 

after 24 h VM treatnent was less than 12% (33). 

generally, the properties of wsttle TP bonded boards aro 

equivalent to these of alkaline Ff boards at the sens active adhesive 

eontent, allowance being nsdo for the snail proportion of natorUl in 

coasereial wattlo tannin which does not take part in the condensation 

reaction with formaldehyde. 

ht the present tins Flooring Orad« particleboard nsdo to the 

reguirensnts of M 1459-1976 (40) is bonded with either wattle tr or VP 

adhäsives.     The physical and mechanical properties necessary for 

I)  «Jt ta M attrarlfttl« faa 
et eut «KHT ta • fMMu» 
«kaetlM*  •* amaltlaM 
•01.1   trmmn SiahMf af »art 
at M ft (*0 a* mafartal U ft iwMHva 
ajaUaatim «f •    ------ 

•atlaatr a* •Mirine M ini 
an MMtriel ta ineUi «. 
Fart MM«.  fHm »a «M 1© 

Uartaan «MM lavai«» lañan**« Marta— in a 1 
initial Ma falla«* nr ft MtMM 

«• IS» at fMl«ei _ .      „__ 
__ loattae« lai« ai«eai «a« *at!W J""•»*» »*• 

•r §5 «¡TfSf a ••*«* af 1C aiti fellwal iaeatla««!* *r «e 
af 400 kH far ft ••Hal af IS i 1 a". 
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pliance with the standard aro set out in Table 3 together with tlM 

resulta obtained for two coMwrcìal TF and one l»r beard (42).      aha 

NM after immersion in boiling water   or 72 h and NOK after 24 h VPi 

treatment et 20'c are expressed aa percentages of the dry MM. 

•he surface water abaoiption of various commercial ur, fr eat 

•f handed boards is shown in Table 4.      board B exceeds the specificati*« 

liait ef 200 «/»   of aurfaee in ? h.      However, thoee testa were aaa» 

htdere M lilf-197€ cae» ieto force and at the present tisw all 

ehe Market eeet this requirement.     The highest eater absorption is 

•ham by the »r bonded boards and the lowest by UT, IT 

hat**, intermediate but closer to the UF boards. 

the physical and Mechanical properties shown in Table J 

Is aaell difference between TT and PF bonded panels except Jn 

ption ef water.      The adhesivo concentrations in surface and 

irs ef the boards are probably similar for the di fferont renins. 

Aeeelorated agoinq tests of cmnmerclal particleboards 

With UP, TT and PF adhesivos have ber-» carried out by S'aehevtiki 141). 

la ene study specimens of flooring boards were subjected to humidity 

eyellng at 40*C, onch cycle consisting of exposure to 25% relative 

hssaWity (NH) for one week followed by one week at »6% RH.     These 

efvling oondltionn were used in an attempt to simulato the board Meleti 

«arletlono which »ay occur with seasonal changes.      After 50 cycles the 

NM fer the TP and Pr boards had not decreased and tho tensile strength 

fatpeiidicular to the plane- of the board  (IB) snowed a email decrease only. 

The NO* and IB values of tho UF boards decroased to n email proportion of 

hhe originel values. 

la a necond study boards were Immersed in water at 40*C far Id-hr 

end then red ri ed at 40-C and 25* Ml for 6 dayn.     This cycle was repeated 

«a %e Î5 tts*>B.     The effects of cyclirvj wore similar for TF and PT boards 

ehieh ware Much miperior in performance to the ÜF bonded boards. 

-—J 
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*•     rmUrr ** *»** PwOtn'CTIQN OF KXTHACTS rHOM DirfKWEWT »«OOP IM«» 

The cossKsrcial tannins aro prosceni primarily fur the leather 

iséustry, tho ih they do find uaea it   other intlu arries, men as oil 

árillinf.      At tho present time no t.cmitH>rcial 1 nun in  la produced 

ssseiflcally for adhesivos.     For tliis rcuao.» ila; quality of extract« is 

usually evaluated by tho hide powder test, a tont which han llttla 

relevance to adhesive properties.      Ttio Stia any tent which auasuraa th« 

proportion of an ©«tract which will react with formaldehyde, Is a sjsce 

useful test in relation to adhesive* uso.     It gives an indication of 

ajsallty of an extract) but not noccnnnrily of its usefulnu»» as a« 

adhesive.     At this stage the ultim.it <> assussmont J s provide only by 

sarefully conducted adhcaion tetta.      The rate of reaction with 

fOrsttldshyde and especially viscosity aro other highly lmjiortant 

properties of tannins. 

There are three principal »tages in the manufacturo of 

ossowrcial tannins i- 

1.    séduction of the bark or wood to pieces of suitable sias 

for extraction. 

f.    ¡attraction with hot water. 

3.    Concentration ot the aqueous extract under vacuus. 

In tho manufactura of wattle   lAoaeia m'amati) extract,  for 

sssjspls* undricd bark is delivered to the factory as soon OR possible 

after it is stripped.      Alternatively,  bark in dried and extracted when 

convenient.     Control of extract quality beginn at harvcnHmj and care 

is taken to prevent sou Id nrowth on ytren bark delivered to the factory 

or on tho bark being dried. 
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ta «rato»! at the factory the berk la reeuo«d to «nil 

preparatory *• extt»jetiea.     •atraetinr xs usually earriei tut 

«I beer* type ee*raetlea Witt workei en the eounttr-eurreet principle. 

A eels esaeiete of • battery of 6 or moro autoclave     which Mist ta 

Mia of eepper ar atainlaM ataal beoeese of the rotation of tonala 

temaos Métal,     mtreetion of tonala la effetto! by paaaaoa af 

«hieb hM been preheetei to about 100*C.     Further heatiaf Is 

liai WIUMH aotoelavea by injection of atooa or ia provieei 

by boot mhanairi between the eutoelavee.     The eatoelavee aro 

•sfatti anaor a anali positiv« prosaur« of atee». 

fba finsi liajoar which has passad throe* tbs oattory Is 

te a triplo of foot evapórete* in which tba bulk of tbt 

ia i sao nl aasor vaeeuau     Th« liquor *t «bout 50% aoliáa is 

jaaaai bo a vasvua pan« «bara tha aoiatur« is roiuooi to abaat 

Its.     lUternetively, eetteantratod liejuer ia apray erled. 

«attle tantiia ia relatively atabla to host ant tba estraet, 

«Mab ia tto asín af aaaafoatur« ia heated at about 100*C for ssaa 

• heave ia tba aataelavoa oaf eapericaeee farther bsatinf in tbs 

aryiaa praeaeeos, still bas a viscosity o pop arabia with 

»alveo ani also baa coed adhoalva propertlee. 

taimia which is proiucroi fron tha wool of JrMaeeeis ops. 

ia also relatively atabla te beat ani eatraetloa ia oooductod at lll'c (11). 

Mara ara two fraise of ooaawrelal tenu in, "ordinary", «hieb ia «attestai, 

ani "eelable", which haa boon treatei with soiiuo sulphite,     bajuosus 

aalatiaai of «ba antroatoi taenia have very hie* viseositlee, bat this 

eeeaa «a ba a aataral eharaatariatie ani not largely the reeult af tba 

boat stesteont aeoi in ita aamifaetura.     Like wattle these astraete ara 

pi alasti for tba tannin« Industry,     »»cause of the high vl owelty of tba 

crliaary eatroet below about pfl 10.5, ita use in aiheelvee la lialtei ta 

aaaaleration of W end UP roalna and potent.i«lly to forimiletions at hifh 
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1 
•t MM M with polynethylol phenol a* ereealinklng «font. 

«MU If a aw« evitable ••«•rial for aihesivea fofnalation 

it« relatively low vieooalty. 

aenaiave tannin la extracted fro» the bark of fthtMftmm 

•• general procedure it «Mi in it« •HMÍMioii) 

•aaary beeauoe of ita eenaiierable hoot ooaaitlvitr. 

Hit pwilw U ralation to tho production of high anellty awngrovo entrant 

la «J» eelta region of Papua have boon reported by Mill i a (17e) ant tho 

of tho extract in ralation to tha preparation of plyweoi aonaalvot 

otoaled ay tloaloy, Qottotain   ani Milli« (2?).     At tho tapia factory 

«Mi takan that tho tine from bark roaoval froa tho troo ani 

of extraction woo 2-4 iaya.     Such capii treating procedure wan 

in that elinato, if aovare fungal infection ani 

ra to ho avouai.     Beceuee of tha haat aonoitlvity of tho 

i, aanerove hark woo extracted at 40#C or halov ani oonoantratai 

to tho daairai Molatura content. 

Variability in viaeoaity woo a najor prehlon in tha 

atudlai.     fliia la ahown in vlaeoaity-aoliia ooneontration 

for a aolii ani a lieuid extract at tha natural pH (27) »   at an 

arbitrary viaeoaity of 47 » the eoliia concentration for tho aolii extras* 

40« ani for tha liejuid extract about 54%.     A 40« solution of torneo 

(a aonorovc extract) alto at 2S*C hai a viaeoaity of 270 r.     The 

vary high viaooaity between pN 4 ani 11 liait» the pM range availablo far 

femulation. 

in plyweoi bondinf teats wooi failures wore typloally law« 

ilelly when apooinona ware teatoi wot after ianeraion in bollino 

St in eignifieent that a carefully prepared, relatively low viaooaity 

liejeli oxtraet ili not give aignif ieantly higher boni quality than a 

higjh viaeoaity eel id oxtraet. 
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Studiai of the extraction of coniferous barkn and tha adhealva 

propertios of extracts have been reported by A number of worker*.  In 

ItSJ Dalton (11) examitiod the adhesive properties of aulphited Pinut 

radiata bark oxtract.  The condii.,on9 usoü for tha preparation of the 

extract «are not specified except that some sulphite was added to the 

tannili during ita oxtraction from the bark.  Hioh viscosity, necessitatine 

•Mbaequant sulphite treatment, indicates th.it xtrection was carried out 

at an elevated temperature.  Fallino loads of plywood specimens bondad 

with radiata TT and tested dry ind wet of tor 6 h in boiling water war« 

almost «a high an the tv bonded controla, but wood failures warn relatively 

low. 

Booth, Harzborg and Humphreys (7) and Hersbcrq (17) reported 

adhesion studies of cold water extracts of radiata barV.  Encouraging 

results ware obtained In initial plywood aitd particleboard bonding tosta. 

Under optimum condition» roachwoori plywood íipncimens bunded with radiata 

Vf fava aatiofactory failing loads and generally high wood failures when 

toeted dry.  When tested wet after 6 h in boiling water wood failures 

•ore rather more variable.  Cold water extraction' overcame viscosity 

•»ohi—, but It J to low tannin yields. 

Kail, Leonard and Nicholls (14) gave particular attention to 

not alkaline extraction.  Evidence was obtained which nupported previous 

observations of the deJeteriouo effect of storing bark under dam» conditions. 

It was shown that whon bark is extracted with 2.0% sodium carbonate (oven 

dry bark basis) the yields of extract could be doubled by raising the 

temperature from 30°C to 60*C, but it was stated that increasing the 

temperature to 90*C wan of no particular advantage and furthermore, the 

extract obtained at W*C  was ao effective as either of the others as a 

bonding agont component.  The effect of t.u)phite on un alkali extract was 

beneficial for viscosity and nihility.  in tests of the extracts aa 

binders for experimental partie)eboards the hent results were obtained with 
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ât M*C with 1.1% 

ai«tor U «IM aatrootiat 

•Oint aMM With 

•xtraa«. 

a* 1.0% with 0.M 

fiahiaai of viscosity aaé wariohillty art Aaairtnal «toa 1« 

aaaaa to ottoblUhiaa —ailtiaat ft* «1M aaaafaatitra af raAiata aatoaai. 

iaw vlasaalty axtraata aan 1M fraparoi untor ailé oonflltioao, but «t 

«IM mini of ylaM, MIé hit* ylaM «MMU frayarai «« olovatoa 

tMjifiiMii with «r w4thmit alkali ara lawiély vary hit* la vlaooal«». 

MM hat* vlaaoaity is éto nriaarlly to «IM fMt that «to bulk at «to 

in «to autor tack aw highly yatyaarâaai - M 

»,000 ta 11,000 ooaaama with M—M ti il vattla taaaia, 

a.w. UM (11).    Vioooaity laacaaaaa an Utoly «a aoomi 

taaaia la aanaltiva to haat aai al. 

«laeaalty e« ha roéaoot ani atafcllity lapcavoi hy «raat 

«4th aalahito, tot «hia Aaoo aat aliaiaato variability,     la aatltla* to 

«to offaata of axtraatiaf ooaiUlaaa «to ajaaatlty af »a—la la «to toa* 

with htiaht atowa «rouait   «to hack la tha lavar faction af «ha 

ia hlfh in tonala eonton«, wharaaa «to* af «ha uayar portion af «IM 

la ra«har low (1).     toeaaaa af «nia within-tron variation la 

tin aaaeantratloa, it toa toan aooinatoi «ht« tto tack of «ha h««« 

only atottli IM uaai far oxtraatlaa (0). 

(11) 

A eonaiaaraala amount af 

«Ktroetlan of wottara hoalook hark taania.     toafcatw aai 

itviiat tha adhoaiva arapartlas af hat wotor axtraata of 

itilieally froa ••*-*•tar fioatto loa»*     Mhasiva 

ilphitad and unaalphitcd oatraata with toaamina aa «ha ©roM-liakiaf 
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Mr« UM« te bon« wMén «t UO*C pctM toaperatare.     Dry 

UN«! lew «wd fell«« en« ben« ourabiiity (toil teetl «M 

•lee very lew. 

gwti end xoreeh (36) found that yield« e« tentila wex* 

Inasnwii«   M eonpared te water extraction, and extraction tlaee emnenee» 

kf «•lai sufficient alkali to give • final eatreet «olutlen eM of e.» 

«t 7.1.     Ito proportion of tannin to soluble eelida was not affootsd 

et thee« low level« of alkalinity.     Xacroaee in temperate*« 

yield in loa« tie», with ne réduction in quality,     Extract celiac 

ww« rrcdily soluble in cold water end their «eleti«*« vere stable en 

beat I eg end at pH lévele above S.O. 

Merrick and »eck (1S,1«> ebeervod that vleoeelty or everse« 

•eleeular weight of weetem henleek berk entteet una ««pendent «a the 

•hole« of extraction and processing condition« an« te eeae «aient war 

«eeociatod with certain vsriablee in the berk,     ««traction with weak 

beeee euch as aejueoua eavsonia gave producta with reproducible» hifh 

reeetlvlty in yield« of 25% to 30% of the weight ef dry berk.     Ike 

«•armi« ««tract wa« concerted to a water-eoiuble fore tot adhäsives aw 

by treatment with nod lu« hydro* ido.     When thi« ««tract wee need to bead 

•xperlmental plywood at H0*c, M-ato «howod that although bond «¿Milky 

eppeareel to U good in cone ca«os, boiling water resistance was ui»MtUt«Ctory. 

A different picture of w««t«m healock eirtraetisa and astratto 

lo 9iven by Steinor end Chow (43).     They conclue*! that increaeing the 

eatrset yield by a»«i»B of higher temperature« and pM doos net useesaarily 

lead to iaproved yJold of quality tannin.     The mildest ««traction oendltisas 

(«•Id |»re««ingi provided the lowest vleeositiee, while Increasing the 

entreetioii teeperatnro roeulted in higher solution vieeoaltiaa.     The 
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conditions of bark after paelinf and the pit of extraction alao 

l»fl«enoc the solution viaooalty.     IM.« atenta i* vieeootte ani yUIi 

a* bifkor pH ani temperature «oat likely reflecte increased eolubllltiao 

of aaik oarfcohyirate ani hioher Molecular weteht tannin «ateríala, 1» 

tullían te Mlf-pelyaariaation of tha tannina. 

fwrtter, the anoorption-speatra data denonstrate that 

la titter pH «e temperature oan sienifiaantly aitar tha ehoatoal 

•C tka extract ani this enana« may IM reflecte* in tha potential va» a« 

the Material aa an adhesive,     va Maintain extract auality, aternoa at a 

afl below 1.3 at reo» tenparature or lavar ia aoalrabl«.     toaanaa «C Ite 

influence of heat, light an« Molature on ©nidation and pelyaerlaetle« 

Mulini   tha pariod of tin» kotwaan tka fallís* of a trae, laauval of 

kork and subsequent extraotion should alao iirfluonee extract oaality. 

fka cuwe for rata of reaction with focMldohyda kotwaan pH 1 

ani 11 of homlock berk extract eleaaly followed tkaoo of wattle tannin 

ami phoaol roooreinol fcavaléoByde.     In exploratory tendina OMporáamata 

with aikoaivoa baaed on extracts carefully prepared at law temperaturee, 

tha raoulta aueeeeted ti ^t, under nomai plywood »reatina aaniltiona (ItV, 

aaueouo hemlock bark extractiva* de not próvido evitable boni durability, 

kowavor, at ltO*C bond quality inprevei erectly. 

»ho uae of bark axtraeta of ». ponderóte« taneak, {Lithoúmym 

ântêifloruê) and Douglas fir (ItoMbteuya monmUêii) for tendina 

partielakoarda wat studied by Anderson, Breuer and Michelle (1). 

txtr action wax carried out with water and 2.0% eeiiuM carbonate a« 

weicht of dry bark at 70* - 80*C.      A Mixture of 0.21% sediuw notabiaalohito 

and 0.25% sodiu» sulphite waa added to the fil toni axtraeta, which 

ware ooncentratad under reducod pressure at 35* - 45*C.     This Method ia 

derived from tha studiee of Hall, Leonard and Nicheli s (14).     Violi 



•f Mtriet fro» ran of «111 ponderosa bark waa la* an« • Mi 

iMmN woe obtained free» kark fraa freahly folia« treaa. 

back extraet «aa relatively unetable an« within 14 kann 

ta air faena« an insoluble sui £ac« Illa. 

At tka apt tana a*>isturu contant rar pressine a hlaker 

aeduluu of rupture (MM) an« a lower «atar akaacatlen «oca sktslwa« 

far axperiaieatal partie lokoards bende« with extract fraa fraa* 

hark than «1th extract fee* ran of aill back.     ttatar ay«lca> 

th« Wk of beard« bona«« with ponaaroaa an« tanaak kark entracte alaaalf 

approximated tka NOR or tir bonded boards, bat tka lattar hai cmak lavar 

«atar abeorptiene. 

Ta ou» up, tha aim in extraction la ha renavo tka 

of tannin in Ito purest fora and unchanaud or with tka laaat karafal 

effect on those propertlee which nre Important far ita particular 

This applies cenerally, whether the extract la to be uno« tar tannine. 

of hidaa oc for adhäsiven, but the propertia« nay not bo identical la 

both applications.     Por *»• npie, viecocity la lese iaportant far 

tannino, than for adliesivi.. --u and a light colour which la lajportant 

tanning is of little nigniM carter where the objective is a structural 

adhesiva.     Por the evaluation of a tannin aa an adhesiva It la 

that the oxtract bo propared under the bunt conditions which will oaaaa 

least chance in phyelcel and enoaical properties, because only than aaa 

its aaxinun potential be asnesuod. 

Control of extract quality beo ine at bark or wood harveatine 

in the cane of wattle tannin it nay be aaid to beala in tka pi anta tie*, 

«he time elapsing   lietweun harvetttina and drylnf or, in tka ease of a 

bark, extraction IH important:.     Mould growth on strippa« kark affects 

ejuality and yield on wattle and nanerovr tannins.     Radiata bark starai 

damp docrcanes considerably in yield, enpoolally under warm toapnratttca 
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ft« «Mir aaaaiftivity f heat.     IMtto and 

, aaa relatively atable to heat «ni «hay •»• 

lally at lOO'c ant «tova.     Oa the ether hand aonorove taaaia ia 

tlve «a baa* aal U therefore entraetei uianireielly at •0#C ar 

entreats «ara fanal ta vary vilely la viaaeaity, peaaibly 

aaialy aa a reaalt af insufficient oeotrol of beatine,     ta aalt» äff 

ia vlaeositr, law weal faillira« vara typloal af 

riaft aat «ita hot* erode eeaawrelal ani carefully 

{lav laaaiulnn   sharker kaatinf tiaa) entracte. 

rraaaat aaaa aültianal preblee». 

tmirrT'i thaaa aatraata ara aftastai by «traction toaperatora aat aaaa 

ia pa above tat aataral pH, but baoawat tha bark aaataiaa a 

rtiaa ef hleh aalaoular waifht tannin ineroaaa ia eatraetlea 

pH ef eolvent ara rcejulred ia order to obtain hifh ylatde. 

preparations tceataent with eulphite «urina or eftar entranti« ia 

ia arlar ta obtain atabla» law viaoaaity extracta. 

étudias of tha alternative aaproaeaaa of a law yiald lav 

•street aaaa at aabiaat teaaorature aai higher yield sictraats 

at alabar taaparatura aal pR ara repraeented by work an P. Mattel* 

bark extract by narssorn an tha ona hand and Hall, Leonard and ttlehalla 

an tha othar.     la plywood adhesion taats tha law teiaparatura entreat 

hifk band straafth ami «awl failura with «wdiun. density vaneare when 

ivy» bat weed fallurea ware «owawhat variable ia the boil teat.     Hall« 

«Ml Hiahalls obtained raeulta in partielebeard taata apparently oeaparable 

with uroa-fersoldchyde re«In», but tha hifh optlaun teat neiutura 

tibi m 11% at laO'c) would preaant aanutaotarinf difficult io«. 
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fra» veetera Mal Mir beta at hie* 

lew weed failaree Milf eurabllity In 

««tracts prepared at aafcieat 

in lana stature, Ml |N Mì reealt« af plyvaod 

Mata iaüaatai that thee» eattaeta «14 aat provi*. hie» 

at above netael pteeeiae unpiratetos. 

With «any vaviaMaa to infittente properties •   amjet prahlen ** 

ial pteduetion af ««tract« far adaenivae «ill a« ta aaiataia a 

h evitati« viaoaaity an« feed atlheeive fcafartUa 

iiiifiiiiT characteristics af aa ««treat, aat vi« 

tka feswUtion af eoaaerelaliy aoeaataMa adheeivea will ha 

y difficult,     the uniformity af eossssreial wattle tannin haa hi 

teeter ia ita aaaaaaaful application in adheeivea • 

a. 

the wiear «a« af tarniin« aa tat nein 

ly dependa at ths pteeent tiaa aara upon 

Cnnasrrlal enperl ne« ever a nuahet of 

»iva« enee« an wattla tannin era effective aaaatitwtaa fee 

afathatU Pf atbeelvee far th« eanufeetnre of «xterior erede plywood 

aat fleerlne ex««« partleleboard.     A naaber af ether tannine have 

re haaaa ia laboratory teat« aa« aaaa alea in 

featery eaailtioaa. 

Altheuen the firat aucceeefel application of tawain adheeivea 

fat enterler erede plywood, their potential in areatet for pextieleftaet« 

aaaafaeture. particularly for floorine and other aees for which a haa« af 

hieh «urahility is required.     Particl«bonrd 1« a «oro favourable epplieetlea 

fat tannin eJbeeivaa than plywood heoaua« of th« eenorally lower oeheaiva 
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raajairoa.    him* tta hiah roactivity of UmAm aitati« 

«kit aaaorotiea •£ taaraa tataaa at atan« «Mirti pi. 

with Marta Muid with «IUI ita VT aataaitat, 

1« naatralia tlM «Mt of wattla taMin, «11 «f «hlafc it 

„   RM IMM  fclM Mill   itClMMO«  linititf  t*. «UK «M «ff 

i«W.      In aaaaaainf eaeta MM factor, other ttat tta tati« 

tarlata Mat ta taken into conaidaratioii, flrtt af all «tan 

work involved in paparini tta aiheaivaa far «M, ani 

ttat tta MMfaettirara of aynttati« rMia atta 

wrviea far thoir ewateanro.     Mtk a oarviea la nat 

i, which MMa that tta itaer Mat raly on hi» own 

te ovoroeaa My aitaalvo prablaM.     ItewarthaUea, 

intaraat in taMin aataaivaa, aaoociaUy fai 

Tta Mot of iaoortod tannin taa not noralttoa ita 

tition with UT aoncaivM, tat tta aaMlopaont at a Maoatia 

njttaalti inoantry ooald chana« thia aitaatiM. 

latta 
V 

ttat« it M 

«Mia 
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TM IM 1 

•TWMCWi or HANCnovr, WATTLB ANU WAHPOO TANNIN 

tOmUMTIONn WIT» KtlNKI   PiNK VEMKKRS 

fortifying 
«•in (%) 

0 

10 

20 

30 

0 

10 

20 

10 

0 

10 

20 

SO 

Failing load (lb/in.4) and 

Tftrsted dry 

221-0 

756-0 

330-76 

356-99 

290-47 

390-97 

«UU-lOO 

423-100 

165-5 

301-52 

.169-96 

382-12 

-.-^_A 

fallar« |%) 

Tented «at «ftw 
6 h or 72 h In 
bulling vaiar 

123-0 

203-t 

20I-OS 

312-94 

224-100 

290-100 

296-100 

300-100 

0-0 

150-21 

240-83 

2*6-93 

|2itL   *m **
,4B

 <«rly *"*  **"* fortifying rnninn m «I wer* conmeroia) 
raBoratnol-formnHshyrln for mnnwovn 'anpin nnd phnnnl- 
ranorolnol-formrtHnhytte for wiHlo nn>\ winñoo Uvnnina. 
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TABU 2 

LT TIHB OH THE BONDING OT COACHWOOP VsHtBJtB » 

WP18TUWE COWTMT WITH WATTLE TANNIN AND TOhTlUMU WWTTM 

TANNIN ADIiBSlVtiS 

fetsvlatlsa 
AsMsbly 

tlM 
(hi 

Failing load (MP* and wood failure (l) 

Tasted dry Testad wot 
•iter VPS 

Tasted wtt after 
72 h In belli«« 

vettr 

«etti« 1/1 

1 

2 

2.000-44 

1.966-19 

1.723-6 

1.990-74 

1.782-34 

1.695-24 

1.733-90 

1.594-56 

1.365-33 

Mean 1.904-23 1.822-44 1.564-60 

Partirá«* 
wattle 

1/2 

1 

2 

2.535-6(1 

2.165-74 

2.202-69 

1.865-98 

2.024-80 

1.792-79 

1.733-98 

1.910-99 

1.424-89 

NNII 2.301-70 1.894-RB 1.689-95 
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ypBTCAL AHP iMMigtTç^ wtoi>>smw3 OP ÍW!ffi OflK-nwqut« 

yLoonreo QRAT^ p^íjM^MM nçMpm ^TO turna- AHIL 

type 

M M» 

VAimin-fociuMehyile   • CMMfeltteliyd« * ^ 

MhM      Vttlun 

ftiMiiacturtr • r A 

loud thiBkiMM, m M M M 

Mol bturo flOfitunti % 11.T 11.1 t.T • M 

IMMity, MkA»' éN m .   TM Mt 

Moftilu» »f npiurti 

<•) Dry, IM 

M ttot «ftmr W h toil, % «i.v 
M.l 

4t>.& 

n.i 
M.l 

(•) Mtt •!%•* p fe VM, % M.1 • if.ê M.l 41 

internai »mi« M«« wt. •M   . fit Ht 

flltelUMTM IaKMWI 

|«) fcftci W li boll, % 

tM *Cter M li VfB, % 

IV.t 
t. ft 

M.i il.l 
It.t IM «r 

»M 

•HCtMO »••«Ttlw, HM - -. M* 
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H9ÌLÌ 

~! 

UhviWr lirm-forml>t«hy't e PbfBOÎ- 
fofmlrfoHyrtf) 

NvmfMrturw 

Boanl tMotaionn 
(«•) 

lfct«r abnorlMwl 
if» 2 fct r/tf 

?n       n       *» 19        ») ?0       19 

•*       !*>       W 74        70 ttf       ¥* 

HIOUA wj(WM«laï hoarrtn wnre ionio* for ooMplliita* «lilt ih« 

ilmft of A3 1*59t «*»1<* rwfuir«! iMofcunun Inorww« nf<«r tWMtmt«« In 

«mtm> but not mt«r .•»bl10H1i^o»,• 

nurfnon wrlerabnorntlor. hw ***** incorporo*«* In Ail •*?» 

«n a nnwnir« of * bn*H,n towlonoy t" «bnnrb moininro rátm »*Mf*«*t io 

ib« «•»•her In pinífero oomiiruoli«« for up to 3 «otithn and \n ««nrlM 

an ih« ramili «f »nior nptllsr«*   1*10 «wrthol of <1«»t«ratnt«if> surfit«« 

AbKOffttoii In rrtwn In Apporvil* W of AU IPV». 



- *3 - 

Fif. 1.   Iffuofc of pH on th« viMMity of 

1, ttattUi    I. Hunqrmvt    1, 

tannin bolutlOM 

Qu»hr—In turn •ulnlllff) •WW* wj^w^r     %••»»»    mv^^B^w^^ www» f 
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