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The present stage in applying naturally ccourring polyphenol adhesives
in plywed and particle board production and their commercial use
after the Second World War is outlined in view of different countries.

Tanin preperties of different resources viss wattle, hemlook dark,
ehestaut, eto, and the various possibilities of use with synthetie

resine are desorided inocluding the pmporti._of the panel produets

bonded with tanin adhesives. The final chapters cover production prediems
and influense of commercial wse of tamnin adhesives in Austrelia,
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Although a patent was taken out by MoCoy(20) in 1910 fer
the wee of tannin as a condensing agent and reactast in the phensl-
formaldelyde reaction, it was not until after World War 2 that tamain
wae adepted commercially for honding wood.

In 1930 Dalton (10) xoported on the resction of entraste
of sixn tree species with formaldehyde to ferm resine and on theitr adhesive
preperties, and in 1953 (11) on the adhesive properties of Dwoslypius ereba,
P readicte and commercial wettle (mimess) extracts which hed hoen trested
with sulphites in erder to reduce viscosity.

Dalten's werk did not achicve ceommercial swecess bt it diMd
stimslate interest in tamnin adhesives for bonding weed. In 1983 Neslean
and Gasduer (11) propesed the use of hot water extract of western hemlesk
(Touga hederophylla) bark in blends with phenol-formaldehyde resin fer an
enterior grade plywoud glue. Other piomeering work en the forsulatiem of
tannin adhwesives was reported in 1934 by Knovies and White (18) fer

cummercial wattle and quebrache extracts.
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~of shess adhesives is suitable for commercial agplisatien in plywesd menufesture
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In 1967 Plomley, Gottstein and Nillis (25) reperted briefly the

dovelagment of exterier type adhesives for plywood based on commereial

ssagrove and wattle tagnins. Commercial wandes extract was alse ssudied. - . ‘
In 1088 Nerrick and Dock (15) repocted plywsod adhesive formulations based

on blends of western hemleck tannin vith pelymethylel phencl as eresslinking \
opent. 3 She same year Besth, Nershery and Numphceys (7) repevted on the 1
adhesive properties of Pimue rediatc bark extracts prepared st ambient
Sempevature, wvhich were wsed in experimental hot-press plyvesd and partisle-

In 1060 the wattle tannin formulatiens develeped by !Mq.
Gottotein and Nillis were tahen up cemmercially in Australia fer the
peodustion of enterior gtade plyweed. This developmeat was repested to
she Intesnational Censultition on Plywoed and Other Wood-Based Perel

Predusts hbid by FAO in Reme in 1963.

In 1960 Nersbery (17) reported the extension of earlier swudtes
on o0ld water emtracts of P. rediate bark as adhesives for exterier grade
plywesd. Nall, lLecnard and Nicholls (14) published en veriews P. radiete
bark entrasts peupared at sleovated temps -atures and used for demding
pastislchoard.

A susber of reperts of labsratery work on tanain adhesives weve

made by Nesayanssurti and others hetween 1957 gnd 1969, Some of the

polyphanelic materials frem vhich sdhesives were prepared vere tamarind

(Ponarindue ind{os) seed tosta entract, cashev (Anaserdiim cseidensale)

hesnel Sesta emtrest, cutch from Acacia catechu weed, tea (Thes sineneds)

wasts extrast and areca (Aress oateou) eutch. George (13) states that nene .
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without further development. In recont years in India thete has been
osnsiderable interest in wattle tannin adhesives for bonding psnel materials
and they have been used commercially for plywoed manufacture (48).

Studies of extracts of Pinus pundercea, tancek (L{ithooorpue
domoiflorus) and Douglas fir for bonding particlebosrd were reported by
Andorsen, Breucr and Nicholls (1) in 1961, and extracts of white fir
bies oonsolor) and of P. pondurces bark in 1974 by Andereen and
others (2,3).

In South Africa thers has been s successful cemmercial
Gavelupment of a chemically modified wattle tamnin (8), which is vesd
jasgely for hending pacticloboard. Wood adhesives from wattls bashk
entzect have bucn the swbject of a recont repert by Saayman and Oatley (38).

In spite of these and othur widespread investigations of meny
Sifferent tannins as adhesives, information available te the Werld
Gensultation on Wood-Based Panels, 1975, gave the following picture of
the applicstion of tamnin adhesives (45):-

"ghe quantitics used are, up to the preseat timo, relatively ssll -
Mstrelia repocts about 700 tons per year for plywood, partislebessed
and watsr rcsistant cartons. PFinland uses 2300 toms per year of
quebracho in plyweod manufacture, the quebracho making wp 100 &
208 of the total glue solids. A new particleboard plant in
Axgentina plans to usc 1008 qucbracho adhesive. India is gluing
plywosd vith tannin. However, at tho present time the tetal
quantity of tannin adhenive used is minute compared to the vu"l‘

sonswmption of synthetic resins in the pancl products industey.”

%o this should be added the quantity of chestnut wood Samain
seported by Rulvik (19) as having been usod to modify commercial phonel-

Sermaldehpde adhenives in Malaya, According to Kulvik sere tham
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- 30G0 metzic tons hod boen predused of 42V solids resin vwith & weight
ratio of chestaut tannin to phenel of 33 to €7, er abeut $00 tens
of tannia.

A mexe sesent estimat: suggerts that preser - world oeasumption
of wattle tamnin for adhesives esuld be 4000 to 5000 tems. This is
still a relatively smsll quintity and not all weuld be wed in panel
asrolucts.

T™he zeastion of the pelyphenclis substances of plant estrasts
wm\wu!mmmnmm-muoumu“tm,
!tMMWMWW!&MM*I!MMh
conoentzated en the sondensed tanning rasher tham on the hydrolysable
tannins. The Stiasny test (M4), which iavelves the resction of an aguesns
selution of tamnin with formaldenyde under hot acid conditions and the
doterhination o! the weight of samnin fermaldehyde precipitate may be weed
to indicate these tanning whish have potential as adhesives. This test
vill be prefecred te the hide powder test (37) which is indicagive of samning
properties and has little relevamce to adhesives.

Tenninge very widely in adnesive properties; s is shewm fer
ovaunle ia Table 1, in which the bond strengths of mangrove, wattle and
wendeo adhweives with klinki pine (Arenceris klinki{) veneors aze compared (88).
memuwpxmmwmwum‘cm
Senperature with wattle tamnin adhesive without fertifying resin gave
significantly higher mean failing losds and veod failure at 290 1b/in.’
and 4T\ hen unfortified mangrove and wendeo sdhesives, for whieh failing
 2eads and weod failures were 221 1b/in.? and 06 and 168 16/1n.? and 50

respectively. The differenses betweon species were more sarhed whea
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specinmens wera tested wet after immersion in boiling water, failing lead
end woed failure for wattle tannin boing 236 1h/in.? and 1000 conpared
with 123 lblin.’ and OV for mangrove tannin. The wardoco specimens
delaninated during the boiling w~ter treatmant.

Satiafactory bonds, both dry and wet after immersion ia
boiling water, can be obtained with unfortified wattle tannin adhesive
and lower density species at normal plywood and particleboard hot press
tomperaturea if the gluing conditions are carefully controlled. This
is possible in the laboratory, but is difficult to achieve consistemtly
under factery conditions. The chemical modification of tannins and
the addition of synthetic rosins to adhesiva formulations have as their
sain aims the impecovement of bond quality and the davelopment of greater

tolerance of Lhe normal manufacturing conditiona used for panel preducts.

There ia some evidence that the conditions which are generally
weed for bonding panel products with synthetic resin adhesives may met b

optimm for tannin adhesives and that different conditions may he required
for the latter to achieve their maximum potential. "™e optimum glue line
meleture content for bonding ~Aiffers comsiderahly for tannin and synthetie
rosin adhesives, as will be discusacd later. Thera are also the indicatione
siven by the performance of wattle :annin adhesives when cured by radio-
frequency haating and by the improved veneer bonding reaults obtained with

& wostern hemlock extract at 180°C comparcd with 160°C.

In a limited laboratory study (32) of fortified and unfortified
wattle tamnin formulstione for laminating timber using radio-frequency
hoating to cure the adhesives, high failing loads and wood failures were
obtained for all formulations in dry block shear tests. There were

relatively small diffcrencos betweon the fortified and unfortified adhesives.

The woed failurce in the dry block shoar tast wera a little lower for the
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' impuoved dusability were ebtained. This result agpeared te cecrelate well

o

wnfoztified formulation and the percentage delaminatien after veswwm~
pucscuse seak and redrying was slightly Nigher. A cemparisen of theee
Pesults vith adhesion 1ests using vensers and hot pressing at 140°C e 100%
suppests that the bend quality obtained with unfortif ed wattle tamnia is ¢
wn:mmmm.'

2a stulies of the adhesive preperties of western hemlesk bark
amtrests Sveiner and Chow (43) cbtainod results wvhich suggested that wndes \

asemal plywveed pressing and bending cenditions (tempereture 160°C) aquesws
hemlosk bark entrectives de net provide satisfactory bond durability. Whem
the press temperature vas raised to 100°C high weod failure and muoh

vith theswal seftening and differential thermal analysis results.

3o Tiamsalwy

The vissesity pii surves of aguwecus tannin selutiens ean differ |

gveatly in fern, as is showm ia Pig. 1 fer wattle, mangrove (28) and
queheeshs (29) samnin selutions at 350 solids concentration and at plis betwesn
4 and 13.

The visessity of the wattle tamnin selution is relatively lew st
abowut 1 P (Poise) between pit 4.5 and 9.5 and then insreases %o about 6 P at
pn 13,

he viseosity curve for mangreve tamnin is sharasterised by &

vany hgh poak in viscesity between pit § and 11. Botween pi 4.5 aed &
vissssity varies frem about ¢ P 90 ¢ P. It is lowest at abeut 2 P between ’
pit 11 end 1.
The vissesity of the quebracho (non-sulphited) selutien veries
botwoen 17 P and 22 P hetweon Pl ¢ and 9 with a manimwn at about pit 8, afver




which it decrcases rapidly to about 2 P at pH 10 to 12.

The viscosity of a 35\ solution of a hot water extract of
Pinue radiata bark (not shown in the Ficire) increased from 2 P at pil 3.8

to a manimum of 10 P at about pH 7.3 and then decreased to 2 P at pil 13 (33).

High viscosity may prevent the use of tannins at normal adhesive
concontrations within certain pit ranges. Wattle tannin solution has a
relatively low viscosity betwean pil 4.5 and 10, but the viscosity of guebrashe
is very high excopt at pH 10 to 13, Pormulation of mangrove tannin adhesives

botween pi 8 and 11 would obviously e difficult.

There are ways of overcoming thesc probloms for particular
spplications. For example, small dccrcases in nolids concentration cem
produce aaignificant decrcase in viscosity, but dilution with water can
only be usad to a limited cxtent without causing bonding troublea. Fer
sprey application in particlebhoard mcnufacturo wattle tannin solution
viscosity con be reduced by raising the temperaturc, but this procedure

requires seporate application of paraformaldchyde,

The .08t cffoctive method of reducing viscosii  is by treatment
with sodium sulphitc and/or sodium wmctabisulphite. In 1953 Dalton (11)
reported that tannin solutions after heating with nulphites have low
viscosities ond are suitahle for the praparation of adhesives to be
spread mechanically. The conditions for trecatment with sulphite were
Gstermined for extracts from Bucalyptus orcbra and Pinus radiata bark

and for commercial mimosa extract.

Sulphite trecatment has been used for P. radiata bark extracts by
Hall, Leonard and Nichulls (14) for Abfco eoncolor bark extracts by

Anderson, Wong and Wu (2) and for P. pomderosa bark extracts by Andersom,
Wa and Wong (3).
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The addition of chemical compounds such as phenel, urea, aleshels,
aldohydos, hetenes etc. has besn found %0 incresse selubility and reduse
vissesity of guebrache eslutions (29). Phenel and urea are alee effestive
in vefueing the viscoaity of solutions of other samnins, sush as wettle

and vediata. Adhesion tests vith P. raciata tannin showed that phenel

1 amsunts wp 0 50 of dry tanain had ne harmful effest ea the bending of
csachwosd vencers (33). Addition of 108 of ures 0 quebrashe tanain
selutions insreased gelation time censiderably and affected bending,

wless the fermaidehyde concentration was inereased (39). |

32 et reaeiisn of \cains with formiishnie

She rate of reaction hetween tamnins and fesmaldohpde vesies
with pit and vioh kind of entract. Dalten determined the gelation rene for
wottle tannin and & mumber of other sutracts between pit 0.5 and 9 (10).
nmu&mmu-mcm:mmmmmmn
botwoen piil 3 and 4.5 and drev attention Se the fast that the peint of
ninisun sesetivity for pelyhydeic phonsls ves detornined by Little and
Pegper 8¢ being at pit 3.0. The censiderable differences ia resstiviey
“*Mtnuom. Ne alse studied the gelatien of sulphite
toented vattle and radiata tanaine with parafermaléchyde bewweon s 4 and
» Q0.

The resstien Tates with fermaldehyde of wattle, mangreve and
sedlata (nen-sulphited) tannins at 60°C and hetwesn pil 4 and 7.5 weme
Govownined by Plenley (38). At on arbitrary pi 6 the gelation timss fee
mﬂmuneth.mutmunnhlmm’
86, 13 and 3 min respectively. The influence of DR on the gelatien Sime
of a 350 selution of wattle tannin and 3% formaldehpde at 90°C is shewm
1a Pig. 3. Bveiner and Chev (43) found that henlesk bark extrect-fermaldchyde




.systems appesar to closely follow the gelation time character of wattle
bark extract and PRF (phenol rosorcinol-formaldehyde) resin rather than

P? (Phenol-formeldchyde). Rolative gelation times only were given.

Seluble inorganic malts at concentrations of frem 2.5% to 108 of
she weight of dry tamnin have been shown to produce a marked docresss in

gelation time of wattle tannin-formaldohydc (26).

3.3 Tha amount of formmldenyde requirel for grosal {nking

The amount of formaldehyde required for crosslinking i
reletively small for most tannins. For wattle tannin Parrish (24a)
saloulatod that 38 to 4% of formaldehyde on extract weight was nocessssy.
Plemley (28) found that the minimum requirement for wattle tannin used
te bond experimental particichoards was between 68 and 8.  In later teste (33),
& was found to be the minimm for the satisfactory bonding of coachwesd
veneers, but a study of the rate of gelation with varying concentratiens of

feemaldehyde indicated a minimum of 68.

The minimum amount of formaldehyde required for crosslinking
asngreove tannin, bascd on adhcsion tests with vencers, was found by
Beendt (9) te be 5% for an aqucous extract and 4% for an aqueous alcohelie
emtract. Plemley, Gottstuin and Hillis (27) found a minimsum of 4% fer
on aguecus extract of mangrove tannin.

working with cold aqueous cxtracts of P. radiata bark
Wersberg (17) concluded that maximum adhenive bond etrongth is develeped

A€ ot loast 8% paraformaldehyde is incorporated in the resim.

in tests of adhosives based on sulphite troated hot water
entrects of western homlock bark, MaclL.can and Gardner (21) found a minimwm

seguiromont of 6% hexamine, equivalent to 7.7% formaldchyde. In contrast te
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this and to the results ebtained fer other tannins, whieh have been referved
80, Bteiner and Chow (43) reported that amsumts of 150 and 208 of pave-

mmwum—-m«muqnnmum.
oold water entrests of western hemlesk hark. |

¢ BAYELGRNT OF ADMRSIVE POMSEATIONS BASED QN CONMMGIAL WATSLE SMBUEN

Ic has besn mentioned sheve that although satisfastery hends
oan be obtained with simple tannin formulations under laberasery seonditions,
it has not boen possible yet te achieve consistently high bend strengshs with
sush fermulations under fastery cenditiens. Up t0 the present the adhesive
fesmulations vhioh have beoon cssmercially sucesssful are those invelviag
elther the addition of syathetic resin (usually in relatively small
puepertions) o the adhesive mixture immediately before use or priee
veastion of tannin vith synthetic organic cempounds. These proseduses
Munlmhhﬂnm-mmc.tmm&-am.ﬂ

ales iapercant they inereass the adhesives' selerance of gluing cenditiens
and reduce bend veariability.

41 Mhesive formhlations fa~el ‘on mixturds of tammin and synthetie resin

The wattle tannin adhesives develeped by CSINO in Australia fer
plywess and perticleboand manufacture are examples of this type of fermulotien.
mm»muxmmmmmu.mmm
tahes plase in whe het press. mxamintmumnhu
the afhesive is cbtained by contrel of pi tegether with the use of pare-
fersaldchyde as the souree of forssldohyde. The PN selested for & formulatien
is that whioh vill give & shert ouring time and will ales previde a ssfticiomly
leng pot life ot ambient tenperature. Per enample, Fig. 3 shews thet at
PN 7 and 90°C the gelution time of & wattle tamain sclution with Sesmaléehyde
is absut ¢ minutes and is appreaching & miniswm value. Fig. 3 shews thet
Ot PR 7 and 25°C the gelation time of a 48% selution of wattle tamain with -
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formaldchyde is 3% h and with paraformaldehyde about 14 h. Thus, at about
pit 7 s wattle tannin adhesive containing paraformaldchyde can be expected

to havs a pot life at 25°C and a curing time at hot press tempsratures of 140°C
and sbove which will satisfy usunl plant rcquirements.

It is possible to use formaldchyde solution in wattle tannia
adhesives, as has bucn done for rcasons of economy, but careful control ef
pM is nocessary to prevent promiture gelation. The use of paraformaldehyde
is generally to be prefqrtcd.

In Australia wattlc tannin adhesives have been formulated fer
wesd bonding over a pH range of 6.7 to 8.0, the hot-press curing time and
the usable life of the adhesive at ambicnt temperature decreasing with

increase in pH.

4. Ihe development of fortifying resins for blending with tannin adhosives

At an carly stage of CSIRO's investigations of tannin-formsldehyde
adhesives it 'I.B observed that bond failure tended to be cohcsive (failuse
within the glue) and that wood failurc was usually low. This type of failure
was morc apparent in bonds madce with manyrove and wandoo tannin than with
wattle tannin adhersivea. It was found that the bond coul 1 be improved
greatly by incorporating in thc adhesive relatively small proportions of
esrtain synthetic rcosins ("fortifying resins”). The amount of resin neoded
to achieve a satisfactory borndl varied with kind of tannin, kind of synthetic
resin and wood dunsity. With klinki pinc (Araucaria klinkii{) for exawple,
wattle tannin formulatione required the addition of only 106 of fortifying
resin in order to yicld acceptuble failing loads and wood failurc, whereas
adhesives bared on mangrove and wandoo cxtracts required three times as

meeh or cven more to reach the same lovel of bond strongth (Teble 1).
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. In addition to its comtribution to bond strength, prepecties
which seemed necessary in a fortifying resin were compatibility with the

- ‘oasmin selution at the required pN and a sufficiently fast rate of

polymerisation.

The first fortifying resins tried im the laheratory wers
commereial A (resorcinol formaldehyde) and PAF resins, which were
ofSestive but too cestly for use in plywood applicatioms. A PP resia
was doveleped for mangrove tannin plywood adhesives (27), but it had
L ‘u‘t a stoxage life for Australian conditions and at that esrly stage
of its development tended to be somewhat unstable in blends with tamaia.

The reailts obtained with wattle tannin, which required smalles
amsunts of fertifying resin than mangrove tanain, made possible the
Gevelepment of a more costly fortifying rosin, namely the low resoreined
POF resin which has been used commercially in Australia for some ”
36 yoars (30). Although its storage life at asbient temperatures is
lidul. it is satisfactory when cold storage is used.

Phenel-formaldehyde fortifying resins have been used in India.
@ns vesin is descrided as laving a pi of 6.5 and o storage life of 20
%0 30 days at 25°C (46).

Formulations for PRP and PP fortifying resins for blending

with wattle tamnin adhesives for the manufacture of marine grede plywesd

and shuttering (form) board have been reported by Saayman and Oatley (39).

ta resent tests emulnified PP resin has given promising results in the
bonding of veneers and experimental particleboard (33). Polymsthylel phenel
peeparations mo been used as fortifying resins and crosslinking agemts fer
wostern henloek tannin adhesives by Herrick and Svok (18). Combinatiens of
wies and formaldehyde with tannin have been repocted (18,34).
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(1) Plywood Mhesives
A plywood adhesive formulation similar to those in commercial
uss in Mstrelis is as follows:-

Partas by waight

Wettle tamnin ‘ 90 (oven dry woight)

Water 113

Sodium hydroxide 0.9

P fortifying resin 10 (oven dry woight)

wood flour 10

Wainut shell flour 10

Pazaformaldchyde 4 to &

The pi of the formulation is about 7 and the usciul life (time

at 23°C to reach twice the initial viscosity) is approximately 4 b,

The proportion of fortifying resin in the above formilation '

9ives a sstisfactory bond with a wide ranqc of Australian veneer rpocies.

M.VOI‘. experience has shown that 10 part:s of reain it unnocensarily
Ngh for a number of species and can be roducnd substantially., Forx
greater cconomy a plywood manufacturer can vary the armour: of fortifying
resin in the formulation to suit the species heing bonded.

The pH of the adhesive can be varied according to Lhe hot=pross
ouring time and pot life required) a pil range of abwul. 6.8 to 7.% has beon
wed for plywood.

Glue sproads of 290 g to 390 y/m’ double qlue line have been
used successfully under laboratory and factory conditiona in nild climaton,
but for commercial productiom in a hot dry climate rpreads up to
490 m’ have been required. As with synthetic resin adhesives propressing
i beneficial.

Using the above formulation and hoop pinc vencers at. % molmture

sontent total assombly times of 2 to 3 h woy be used unler mild iimatic :
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osnditions. IR wasmes areas, especially in swwmer, epen and c¢lesed asemmbly
tio0s aust be reduced. longer assembly times are peseible with higher
veReer Beisture oontents. '

Pressing oenditions are usually tesperature 140° - 150°C and P

1
mo.vnx.cmz.mu-mumm. 1, N EEEHRE |

thisk hoop pine panels per press opening & curing time of 7 mia st Me'C

may 5o wed. (Two 3 x 2.5 sm thiok hoop pine panels means two panels of J-ply
comstruotion made up of 2.5 mm thiok veneers.)

(3 pacsichaheard adhesives
A particlebeard formlation fer air spray agplicatien is ae

Sollews:-
Daxse by waishe
Wetle tanmin 95 (oven dry weight)
Woter 1
Sediwn hydrenide ' 1.6
M0 fortifying resin $ (oven éry weight)
Pesafornaldohyde tews

vissesity at 28°C is 150-200 ep

As with the plywsed fermmlatien the present tendensy is %o

dooredes the prepertien of fortifying resin. Under laberatecy eonditions

boovds oonplying with the specification fer Standard Orade Particlebsard (48)

have boon made uweing unfertified wattle tamnin and radiata pine weed, which
hm-h.nuoudt'uilnuwm!um. Nowever, fer Plesring
Ovede Particleboand, Class 1 (40), for which wattle tamnin adhesives are used

ia Mstralia, fertifying resin is considered necessary in ecder % obtain full
pusperties at nermal adhesive loadings and to provide greater teleramce of ¢
1) 1 e (negapascal) « 1N/na? §
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nanufacturing conditions.

Pressing temperatures of 160°C and above are used. Under
factory conditions pressing times of about 9 min are usual for boards
of 19 m» thickness, but under laboratory conditions with ulose control of
meisture content or with the usc of higher resin loadings at highor
moieture contents a pressing timc of 7 min can be achicved for the same
thickness.

Compared with synthetic resin adhcsives, higher mat moisture /
oentents at pressing are necessary when uning tannin adhesives; moisture

contents of about 258 for surface layers and 178 for corc have been used.

The westorn hemlock bark tannin formulation of lerrick and_Bock

A somewhat different formilation was developed by lierrick and
Ppeck (13) for a wostern hemlock (Teuga helerophylla, extract, which was
preparcd as a dry sodium salt. The ad'hu:siw.- pH was about 10.5, a pH at

which the pot life might be expccted to bu vory short in the prcscnee of

either formaldehyde or paraformaldchyde. Formulation problems w.re |
eovercome by using polymothylol phenol condcnsates with high methylol

content but no free formaldchyde. Thesc permittcd the preparation of low

viecosity adhesives with fairly high solids content. A tomla'tlon containing

600 bark extract and 40\ polymcthylol phenol reagent scomed to provide the

best balance of curing time and adhesive strongth and met commercial

reguiremonts for an exterior-type plywood adhesive.

Teanins as_accelorators of PF resin cure

Tennins are addcd to alkalinc Pr resin adhesives in order %

reduce bonding temperature or to allow shorter hot press cycles at the noreal

PP bonding temporature. it is commercial praeticc in Finland to us
108 to 200 of quebracho extract calculatcd on the weight of PP resin solids

for this purpose (12). Other tannins, such as wattle tannin, alse 9ive
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Shis effect (33). Part of the formaldehyde requirement of the usheeshe
omtzast may be added as formaldehyde or parafosmaldehyde, othervise this

seguirement is previded by the PF resin.

4.5 vio etio" w '

SEMALe compounds
e kinds of tannin adhesives of this eategory are used ag the

prosent time for the manufacture of panel produets, one based on wattle
Sannin which is made in South Africe and the ether based en chestaut Sammin
Mmhnbodhyomtmmyum.
he Seuth African product is made by a process in wvhich tammia
' 4s reasted in an aquecus medium with a substitused or unsubstituted avemstis
oupound ineluding the grouping -CH,CO- at a temperature hetween 80°C
and 98°C in the presence of a basic catalyst such as pyridine. This is

Solleved by treatment with an alksli to raise the pH abeve 5.0, preferebly ;
0 botwosn 5.8 and 6.0. The aromstic compounds including the srouping
‘.'“- which are considered suitable ara phenylacetate, acetophensne,
phonsuyasetic asid, resasetophencne and roso-diacetophenene (0).
This adhesive is usod in the same way as the CBINO fermulatiens
and is reasted vwith formaldehyde, usuaily in the fuim of paratormal dohpde,
in ohe hot press. It differs frem cemmercial wattle tamain in sevesel
sotpests. The viscesity of agquecus solutions is somevhat lewer, poesibly
@ ia part %0 hydrolysis of the qua nevmully present ia wettle sannin.
The pit of several sanples onamined ranged from 6.3 to 6.9. It is weed withewt
P8 adjustment and in tests with formaldehyde at pit 6.0 and at 90°C gelation
was found %0 be slightly fastor than for commercial wettle tannin. The
WPLinm amsunt of formaldehyde indicated by gelation tests with varying smsunte
of pareformsldehyde was 6% of the dry weight of materisl, she same as fer o
otmmereial wattle tannin (33).
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The weod-glus moisture relationship appears to de similer *
the wettle tannin adhesives previously described and for particlebeand
masulasture higher mat moisture contents ars used than ia the cess of
0 resin adhesives.

In an adhesion test with coschwood veneers at 12V seisture
oontent results werc not significantly higher than for wuntertified wattle
samnin. Physical and mechanical properties of enperimental particlebussde

pressed at 160°C wore equivalent to these chtained with fertified wettle
tannin adhesives ()1).

Afl . by

The development of thin adhesive was reported at the Werld
Osnoultation on Wood Based Pancle in 1978 (19). 1In its manwfecture
chostnut wood tannin is added to the PP reaction minture and it is claimed
that the extract chomically replaces part of the phenol in nsemal alhaline
phonol-tormaldehydo adhesives, which are vecd in the manufecture of emtecier
grede plywood to meet B6 1455. It was found that the requirements of

the standard could be met with an adhesive in which as much as 30\ of the

. phenel was replacod by tannin., Howevear, it appeais that cosmercial

prectice i{s to use 1)\ replacoment.

PCP adhesives ars said to have approximately the same prepesties
a8 the vewwnditied Pr adhesive and the recomsnded glue ARixture is 100 parts
by weight of liquid adhesive and )0 parts of filler. The gluing conditions -
olue spread, assembly time, prepreasing time, hot pressing tenpereture and
time are the same as for uwodified PPF. The gelation time at 100.'\:
is shorter with incrcasing replacement of phenol.

T™he advantage claimed for the ICF adhesive is thet it is ccsmenieal,
the disadvantage that it i more sensitive to variations in conditions Guring




piyvesd sanufacture a8 conpared with the pure PP adhesive. MNeicter
produstion eentreols and quality sentrel are asid to be necsessary.

Although tha. PCP adhesive represents o weeful gpplication of o
hydrolysablc tsania in the adhesive fisld it mey be questioned whether
chestaut tannin is truly a replecement for phencl, which inplies the
peovision of reastive groups. Apart frem what is known of the cheniesl
reastions of hydrelysshle tannine, the bending results reperted and the
otated higher ssnsitivity of ICP to samufesturing sonditions sugpest thet
chestaut tannin i eeting mainly as on entendes; any resstion thet tahes
place prabably resuits in an inerease in the mass of the W mslesule
vithowt adding significantly to the mmbot of resctive greups.

™he asvsptance by industry of tannin afhesives 2 cubotitubes
for aynthetis resine depende very sush en their ast boing significemtly
diffosont in praperties. It is necessaty therefere thet the basies entoests
chould have an adoguate staveage iife. Adhesive fersulations cheuld have
o sufficiently leng werking Life te sstisfy fastery requiremsnts ond @
suitable vissseity for application o veneers or weed particles vith the
woual oquignent. When agplied to the wesd the adhesivo sheuld perait
adoguate ascsnbly times ond be capsble of being cured under nssusl het
pross oonditions. Dending should meet standasds which have boen estebliched
on the batis of the perfersance of synthetic resin adhesives.

Mibssive fermulations baved en wattle tamnin mest these
requisements wnder cummercial oenditions of manufesture of plywesd end
particlehonrd. Newever, in one respect they differ significently frem
synthetic rosin adhesivos, namoly in the weed-glue meieture relatienship.

I8 10 sonnidered that an understanding of this relationship is highly japoreent
for the swcoesnful uue of tamnin athosives. '

P O
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When glue is spread on weed water pasees fzem the glue % the
weed. Thg 7ese 0t Which it Leses moicture depends an the preperties of
both the wveod and the glwe, ¢.¢. woed meisture centant, density, anctenicsl
M.MMI.M’!“I&NMMM.M'
and nodoture oontant obs. This change ia glus line meisture sontent otn
have impereant offests ot all stages of the gluing puesess, particulasly
88 48 influsnces glue transfex, grip or prepress adhesion and resin flew
4n the hot puess. |

Ghossvetions nade in the labsreteny and under fastery cenditions
have chowm thet Sannin adhesives lese meisture meve rapidly than synthetie
sesda afhnsives sush as PP vhen spread on vencers. In sdditien, it hae
boon Sound thet She eptinmun glue meisture roguiremsnts for hot-puese
bondiag ove highex for tennia adhesives than for WP (33). These 0
Sastove may cuplain sess of the variabilisy of vesults ebtained ia
jebesetery adhesion Sests. nn.ﬁqo-hlncmm
on .Soctony ¢luing presedures, especially ot low vencer Soistuse contants.
% Jow venser moisture sentents and with leng accssbly times, the adhesive
aay 1ese maisture 00 repidly for setisfastecy tzensfer 00 She wnspeead
venset of fuz sufficiont flow in the het press. In this situstion slighn
changes ia fosmmlation resulting in lewer vissesitics, cemtvel of gluing,
essambly and preseing conditions may be necessery ia esder o0 mainsela
bend guality. A chown in Seble 3, fertifying resia hes an amslicvesing
ottoss. (32 0)

In pasticlehosrd manufasture the hat Nsisture centent ot poeseing
hes ¢ sashed influence on the physical and moshanical prepertics of the
boasd. (edulus of rupture (IOR) tests on axperisantal pastisichesnd
aposionns setureted vith eold water under vaswun and pressure (WS trestment)
iadiente that the eptisum meisture semtent at pressing fer unfertified
wattle Sannin is botween 17 and 218. The optisum fer P. radiste bark
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entrest, bancd on the rcuults of dry MOR tests, was found to bLe sbout

N (14).
6. PRIRTIM OF PATE, PROTICTS FONDND NITH TWONTN ADWMBTVAS,
Riryend

. .wattle tannin-formaldchyite (wattle TP) adhesives ‘MVAC boon M
sssmercially in Australia for bonding exterior grade plywood liII'OO 1!_“,‘
he tamnin-formaidohyde bond complica with the specificacion tor‘m e
bond guaiity of A8 O87-1963 (38), which is dns‘ctlbed am ca.pap'l'c of o
withatanding cxtreme exposure for a long period and suitable for
pormanent extersal shecting.  The method of test for Type Alnnl is
doverxibed in AS 090 {39), which specificd testing ve};ﬁaftor 7’l-h w-m

in boiling water or cquivalent steam treatment.

Veneet l'po't;"tbs ranging from 0.513) to 0.881 kq/-3 are bonded =
with wattle Tr'. The effcct of the number and the location of glee 1ines
in the cross-scctitn btn'the hending propertics has been studied on plywesd
honded with swttle TF adhesive by Okuma (22), who found that the Young's
medulus in'bending of the TF glucline in plywood is larger than that
ot P,

The bond durability of hoop pine and coachwood panels glued with
100 fectificd wattle tannin adhecive has been tosted by cxterior exposuse.
There hat been no bond failure after 15 years' cxposure to Melbourne
slimatic conditions with a temperature range (highest monthly mean doily
shiliim to lownst moan daily minimum) of 26°C to 4.6°, moan relative

mumidity (3 pm) 407 to 668 and rainfall 761 mm.

At high vonecr moisture contents, tannin adhenivos tend to

penstzate vencors. For this reazon and bocause of their dark colour

LS
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they are better suited for bonding rotary vencers than sliced

decorativs veneers.

Rartislebosrd

In 1969 the propexciss of expexrimental single-layer flat-pressed
boards made from commercially products Pinus radiate particles and two
kinds of Muz tannins, wattle and quebracho (30). Doards m
with shese tannins at a level of 128 of extract on the weight of woed
partioles (oven dry weight basis) retained thoir integrity after
ixmersion in boiling water for 72 h.

At a slightly higher addition of extract the swelling of
boards ismersed in boiling water for up to 90 h or saturated with cold
water by prolonged mzztumnt was controlled to aa aaceptable level,
and on redrying the boards returnod to within 2 to 5 of the osiginal
thickness. The results of mechunical tests were comparable with
those of UF bonded boards.

PFurther studies showed that boards of about 700 kg/m® demsisy
with 148 of tannin solids in the surface layers and 108 in the ocore
ooqitd with the mechanical property r quirements of the )roposed
standard for Flooring Grade Particleboard. Board thicknoss increase
agter 24 h VPS treatment was less than 12v (33).

Genorally, the preperties of wattle TF bonded boards are
equivalent to those of alkaline PP boards utkm same active adhesive
content, allowance being made for the small proportion of material in
cosmercial wattle tannin which dces not take part in the condensation
reaction with formaldehyde.

At the prusent time Plooring Grade particleboard made to the
requirements of AS 1853-1976 (40) is bondod with either wattle TF or PP

uahesives. The physical and mechanical properties necossary for

-wmmmmemntmmzn iamereing spesinew in o’ tank
munmmu‘.ﬂfﬂnq,uttmmhuoﬂwo”utnmh-m
tone The eonditiens ave spesified in Appendiz ) AB 1099 e fellowms

1 Presure Seaking of Test Ploews. ’Hortothlu«ud‘uﬁptu.\lqﬂlhmdhn‘.
4 29C and subjested 0 & nemtive pressure of 83 for & peried of X' min followsl inmeitstely W the
estion of & preseure of 400 ¥Pu for & poried of ) 1",

L4,




.22 -

osnpliance with the standard arc set out in Teble 3 together with the
test results obtained for two commercial TF and one PF board (42). The
MR after immcrsion in boiling water “or 72 h and NOR after 24 h V8
Sreatment at 20°C are emprossed as percentages of the dry NOR,

The surface water abnorption of various cosmercisl Ur, W and
PP bondod boards is shown in Table 4. Noard € exceeds the spocificatien
iimic of 200 !/02 of surface in 2 h. However, those tests wore mede
bofdors AS 1839-197¢ came into force and at the prescont time all boande en
the market meet this requirement. The highest water abeorption is
ehewm by the PF bonded boards and the lowest by UF, TP bonded boards
boing intermediatc but closer to the UF boards.

Prem the physical and mechanical properties shown in Table )
shore is small difference betwecu T and PF bonded panels except in
absorption of water. The adhrsive concentrations in surface and ocere

layers of the buards are prohably similar for the different resins,

Accelorated ageing tests of cummercial particlebosrds bonded
with UP, TF and It adhesives have Lee~ carried out by S*ashevski (41).
In one study specimens of flooring boards were subjectod to humidity
eyoling at 40°C, aach cycle consisting of exposure to 25% relative
hemicity (M) for one weck followed by one week at 867 RMH. These
oyeling conditionr werc used in an attempt to simulate the hoard moisture
varistions which may occur with seasonal changes. After 50 cycles the
®OR for the TF and PF boards had not docrcased and the tensile strength
petpordicular to the planc of the board (IM) showed a small dccrease only.
The MOR and IB values of the UF boards decroased to a small proportien of
the original valucs.

In & necond study boards werc immersed in water at 40°C for 24-hr

and then redried at 40°C and 251 Ry for & days. This cycle was npioted
wp to 15 ttmes. The effocts of cycling ware similar for T and PP boards

which ware much superior in porformance to the UF bonded boards,
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7. PPORIANS IN THE PRODUCTION OF KXTRACTS FROM DIFFERENT WOOD SPNCIRS

The commorcial tennins arc producod primarily fur the leather
industry, tho jh they do find uses it other induastries, wuch as oil
drilling. At the preacnt time no commercial tannin s produced
apecifically for adhesives., For this roasoa the qualily ol oxtracts is
usually evaluatod by the hide powder test, a tost which has little
uMme to adhesive properties. Tho Stiasny teat which measures the
preportion of an extract which will react with formaldehyde, is a mece
woeful test in relation to adhesives use. It gives an indication of
quality of an cxtract, but not nocensarily of its usefulncesn as an
adhesive. At this stage the ultimate assessmont is provided only by
carefully conducted sdhceion tests. The rate of reaction with
formaldehyde and cspecially viscosity are other highly important

preperties of tannins.

There are three principal stages in the manufacture of
Ou'otcul tanninss-
1. Meduction of thc hark or woud to pieces of suitable sise

for cxtraction.
2. BEatraction with hot water.
3. Concentration ot the aqucous extract under wvacuum,

In the manufacture of wattle (Acacta mcarnsii) extract, for
snample, undricd bark is delivered to the factory as soon as possible
after it is stripped. Alternatively, bark.in dried and oxtracted Wn
conveniant. Control of cextract quality begins at harventiny and carc
is taken to provent mmuld growth on yroen bark delivernd to the fectory

or on the bark being dricd.
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o arzivel at the factory the bark is reduced to small
pleses peeparetery to extrestion. Bxtrastior is ususlly carzied eus
4n botoh type entrection units worked ca the ecunter-current peinsiple.
A unit esnsists of a battery of 6 or more autoclave . which must be
made of capper or stainless steel becauss of the reaction of tanain
wioh fervous metal. Butrestion of tamain is effected by passage of
water whish has besn preheated to abeut 100°C.  Purther hoating is
carzied out in the autoclaves by injection of steam or is provided
by heot enchangers between the sutcclaves. The atoclaves are
woually eperated wnder & small positive pressure of steam.

ﬁolﬂllim%hnmﬁmmu&mu
toencfesred 0 & triple offect evaporator in which the bulk of the
water is remsved undor vacwum. The liguor at about 508 solids is
then pessed te & vacwus pan, where the moisture is reduced to abewt
10, Alsermatively, consemtrated liquer is spray éried.

wattle tannin is relatively stable to heat and the emtract,
whioh in the course of manufacture is heated at about 100°C fer seme
0 house in the auteclaves and experienses further hedting in the
consentretion or drying presesses, still has & visoesity comparable with
synthetis resin adhesives and also has goed adhesive preperties.

Quohrashe tannin whieh is produced from the woed of Sohinopsis wpp.
1s alse relatively stable %0 heat and extraction is conducted at 113°C (33).

there are twe gredes of commercial tanmin, "ordinary”, which is untreated,
and “seleble”, which has besn treated vith sodiua sulphite. Auesus
solutions of the untreated tannin have very high viscosities, but this
000BS %0 be & natural characteristic and not largely the zesult of the
heat trestment used in its manufacture. Like wattle these utuc;l are
m for the tanning industry. Decause of the high viscesity of the
ordinary extract below alout pi 10.5, its use in adhesives is limited te

asseleration of PF sud UF resins and potentially to formulations at high



PN, ouwsh a8 with polymethylol phenol as cresslinking agent. The "selwble*®
enmtrast is & more suitable material for adhesives fermulatiosn bestuse of
440 relatively low viscosity.
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Neng: ove tahnin is extracted from the bark of /Ahisophere
and Buguiera spp. The same gencral procedure is weed ia its ssmufastume,
but seme shanges are necessary because of its ocensiderable heat manw.
he preblen {n relation to the production of high quality mangreve extrest \
4n She delta regien of Papua have been reported by Nillia (17a) and the
poepeties of the entract in relation to the proparation of plyweed adhesives
were otudied by Plomley, Qntoin and Nillis (37). At the Papua fastesy
GaNe was taken that the time from bark removal from the tree and conmsnce~
mant of extraction was 3-4 days. Such rapid treating procedure was
oonsidered nesessary in that climate, if severe fungal infection and
Gograde wers to be avoided. Because of the heat sensitivity of the

Sannin, mangrove bark was extractod at 60°C or below and concentrated

wnder vesuwa to the desired moisture comtent.

variability in viscosity was a sajor'preblem in the mangreve
ameasts studied. This is shown in viscosity-solids concentration
ourves for a s0lid and a liquid extract at the natural pH (27); at am
azbitrary visossity of 67 P the solids concentration for the solid extrest
was 400 and for the liguid extract about 354%. A 400 solution of Dornes
ouwtoh (a mangrove extract) also at 25°C had a viscosity of 370 P. The
vory high viscosity between pit § and 11 limits the pit range availabls fer
afdhosive formulatiom.

In plywood bonding tests wood failures wers typiocally lew,
oapesially vhen specimens wers tested wet sfter immersion in boiling water.
It is significant that a carefully prepared, relatively low viseosity
1iquid extract did not give significantly higher bond quality than &
high viscosity sclid oxtract.
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Studies of the extraction of conifcrous barks and the adhesive
propertios of extracts have been ropuorted by a number of workers. In
193) Dalton (11) examin~d the adhesive propertios of sulphited Pinue
radiata bark oxtract. The condilions used for the preparation of the
extract were not spocificd except that some sulphite was added to the
tanain during its oxtraction from the bark. Hich viscosity, necessitating
subsequent sulphite treatment, indicates that xtraction was carricd out
at an slovated temperature, Failing loada of plywood spocimens bonded
with radiata TP and testoed dry and wet aftor 6 h in boiling utét ware |
almost as high as thn PF bonded controls, hut wood failurcs were rclatively
lov.

Booth, Merzberg and Humphreys (7) and Hersberg (17) reported
adbesion studics of cold water cxtracts of radiota bark. Encouraging
results were obtained in initial plywood and particleboard bonding (;,cltl.
Undor optimim conditions coachwoord plywood specimens bonded with radiata
TF gave saticfactory failing loads and gonora.\l.y high wood failures when
tosted dry. When tcosted wet after 6 h in hoiling water wood failurél
wore cathor more varjable. Cold water cxtraction overcame viscosity

problems, but lcd to Jow tannin yiclds.

Hull, Leonard and Nicholls (14) gave particular attention to
hot alkalinc cxtraction. Evidence was obtained which supported previous
oﬁnnctlons of the delcterious cffcct of storing bark undor damp conditioms.
It was shown that whon bark is extracted with 2.0% sodium carbonate (oven
éry bark basis) the yields of extract could be doubled by raising the
temperasture from 30°C to 60°C, but it wap stated that incrcasing the
temperaturc to 90°C was of no particular advantage and furthermoro, the
extract obtained at 60°C was as cffcctive as eithor of the others as &
bonding agoent comronent.  The effoct of sulphite on an alkali cxtract was
beneficial for viscosity and atahility. In tests of the extracts as

binders for experimontal particlcboards the hest resulls wéte ohtained with

S
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omtzasts sade at 60°C with 2.5% carhenate ox 2.00 carbonate with 0.04
sulphite sither in the extracting selutien ox weed as an after trestmant,
eenperisen being made with other sedium carbenste concensretisas and
with hot water extzast.

Preblems of viscosity and variability are impertant vhea it
eomes t0 establishing eenditiens for the manufacture of rediata ewtrast.
Lew vissesity extracts can be prepared under nild ceonditiems, bwt at
the enpense of yield, and high yield sutrects propared st elevated
Senperatures vith or without alkali are imvarishly very high ia visessity.
She high viscosity is due primarily to the fast that the bulk of the
Mxnmmnnmwymmgmmm
weight 28,000 to 35,000 sonpared vith cemmereial wattle samnin, Mean
s.w. 1280 (22). Vissesity insresses are 1ikely to esssur because the
sannin is sensitive te heat and pii.

Viscocity can be reduced and stabllity ingroved by treatmems
uquwu, but this dees net eliminate veriability. Ia addition %
she effests of oxtrasting conditions the quantity of tammin in the bask
varies with height abeve ground; the bark in the lower pectien of the
tvoe is Mgh in tannin content, wheress that of the upper pertion of the
tsoe is zather low (5). Decause of this within-tres variation in besk
Semnin esnosntration, it has been suggested that the bark of the butt lege
only sheuld he used for extrastiea (6).

A considerable amount of research has heen saxried out en the
emtraction of vostern hemlock bark tamnin. MNeclesn and Gardner (31)
studied the adhosive properties of het water extracts of bark removed
hpéravlically from sea-water floated logs. Mhesive fermulatiens based

on sulphited and unsulphited extracts with henamine as the cross-lisking
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agent were used to bond venedrs st 140°C press tempersture. Dry shear

tests showed lov vood failure and bond duzability (beil test) was
alee very low. .

Seott and Xorach (36) found Lhat yields of tanuin were mash
inprovod, as compared to wator extzaction, and extraction times shestened,
by weing sufficient alkali to give a final extract eclutiem pi of 6.9
% 7.5. The proportion of tannin to soluble solids wes not affected
ot these lov levels of alkalinity. Increase in temporature inezeaced
yield in loss time, with mo reduction in quality. Bstract selids cbtained
were readily soluble in cold water and ttnir selutions were stable on
heating and st pil levels above 3.0.

Nerrick and Beck (13,16) chesrved that viscosity or average
melegular weight of western hemlock bark oxtrast wis dependent on the
shoice of oxtraction and processing conditions and to sems extent was
associatod with certain variables in the bark. Bxtraction with woak
bases such as aqucous ammonia gave products with reproducible, high
resgtivity in ylelds of 25% to IO\ of the weight of dry bark. The
amenia oxtract was converted to a vetex-soluble form for adhesives wee
by treatmont with sodium hydronide. Whon this extract was used te bend

experimental plywood at 140°C, tcsts showed that altheugh bond Quality

appeared to be good in some cascs, boiling water resistance was unsetistastery.

A different picture of westerm hemlock extzaction and extrests
io given by Steinor and Chow (43). They concluded that inczeasing the

entract yield by means of higher temperatures and pi doos not necessarily

lead to improved ylcld of quality tannin. The mildest extraction cenditions

(celd pressing) provided the luwest viscosities, while increasing the

entraction temperature resulted in highor solution viscosities. The
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inflvence the solution viscosity. This change ia viscosity and yield
at hMgher pii and unmleuu most likely xeflests increased selubilities
of dark carbohydrate and higher molecular weight tannin materials, ia .
abdition to self-polymerisation of the tannins.

Purther, the absorption-spestra data demenstrate that ineseases
ia either pi or temperature can significantly alter the chenical chevasses
of the extract and this chmgomhnthﬂ.dhﬂn,‘tuﬂdmﬂ
she saterial as an adhesive. To maintain sxtrast quality, sterage a8t 8
o below 3.3 ctmm.tmorlm is desirable. Dosause of the
infiuence of heat, light and moisture on oxidatien and polymsrisation
puesesses, the period of time betwesn the falling of a tree, semoval of
bask and subsequent sxtraction sheuld also influemce oxtrast Qualisy.

The curve for rats of reaction with fosmaldohyde between PR 1
end 11 of hemlock bark extract clossly fellowed these of wattle tamnia
and phenol resorcinol fermaldehyds. Ia explorasery honding ewperiments
with adhesives based on extracts carefully prepared at low temperatures,
the results suggested ti.t, under normal plywood pressing conditicas (2e0°,
aquecus hemlock bark extractives do met provide suitable bend durabilisy.
Nowvever, at 180°C bond quality improved greatly.

ok~ use of bark extracts of P. pondercea, tanesk, (L{ishooarpue
doweiflorus) and Douglas fir (Pesudoteuga monaiesit) for bending
particleboards was studied by Andcrzon, Brauer and Nicholls (1).

Sxtzaction was carried out with water and 2.0% sodium carbenase oa

weight of dry bark at 70° - 80°C. A mixture of 0.25% sodium motabisulphite

and 0.25% sodium sulphite was added to the filtered extracts, vhich
were concentrated undc: reduced pressure at 35° - 45°C.  This mothod is

derived from the studies of Hall, Leonard and Nichells (14). Yiola



of oauni from run of mill pondercst bark was lev and & 0
incresse was ohtained from bark from froshly felled trees. Vansah
Dark extrast ves relatively unstable snd vithin 24 hours enpesure
to air formed an insoluble surface film.

At the optimum moisturc content fer pressing & higher
medulus of zupturc (WOR) and a lower water abesorption wore ebtained
for experimental particleboards honded with emtrect frem fresh pondocess
Fark than with emtract frem run of mill bark. Under optimem cenditiens
the NOR of beards bonded with pondercsa and tameak bark emtracts clessly
approxinated the MOR of UP bondod boards, but the lstter hed wush lewes
water absorptions.

Te sum up, tha aim in cxtrection is te resovo the maniown answnt
of tannin in Lts purest form am! unchangod or with the least harmful
effect on these proporties which are important for its perticular applicstion.
This applies gencrally, whether the extract 18 to be used for tamning
of hides or for adhesives, but the properties may not. be identical ia
both applicstions. For ¢r :wple, viscosity is less important for
tauning than for adicsivi.. uoc and a light colewr which is important fer
tanning is of litilc significance where the objective is a structural
adhesive. Por the ovaluation Of a tannin ss an adhcocive it is essential
that the oxtrsct be propared under the bust conditions which will cause e
lcest change in physica! and chomical propertius, bocause only then sen

ite maximum potential be assesued.

Control of extract quality beqins at bark or woed harvesting -
in the ceme of watile tannin it may be said to begin in the plantstien.
The time elapsing hetwoun harvesting snd drying or, in the cswse of gresn
patk, cxtraction iv important.. Nould growth on stripped bark affects
quality and yield on wattln and m;lqrovn tannins. Radiata bark steved

damp docreanes considorably in yield, especially undor warm toRporatute
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osnditions.

Seaning vesy in their sensitivity te heat. Wattle and quebwashe
emsests, for enample, ave relatively stable 80 heat and they are emtrasted
ommmevesally at 100°C and abeve. On the other hand msngreve tannia is
ssnsitive %0 heot and i3 therefore ensracted cemmersially st 60°C er belew.
Mu.mmw”uvmwwlyhvmu.”hu
uﬂyuamltdtmﬂh;m“ulolmm. In apive of lavge
differences in vt.nt.ﬁ. lov wood failures were typical of adhesion
tests earried out with beth crude sesmercisl and carefully prepared
(Jev tempereture, sherter hesting tims) extracts.

Coniflor bark emtracts present some additional problems.
Generally these extrasts are affected by sxtrection tempersture and alee
by insvease ia pii above the natural pi, but because the bark ceataine &
high prepection of high melecular ni.qht tannin incroase in emtrastien
senporature and pil of selvent are required in ordur to obtain high yields.
'u' swoh preparations treatment with sulphite dunnq. or aftor extrastien is
nesessary in exder to obtain stable, low viscesity oxtracts.

Stedies of the alternative approaches of a low yield lew
vissssity extrast sade at asbient temperature amd higher yicld extrests
prepared at higher temperature and pii are representcd by work en P. rediate
hask extract by Nersherg on the one hand and Mall, Loonard and Nishells
on the other. In plyweed adhesion tests the low tomparature extrest gave
high bond strength and weed failure with medium density vencers vlnn sented

ey, but weed ‘failures were somewhat varisble im the boil test. Nall, Lesnsed

and Nisholls obtained results in particleboard tests apparently cenparable
with urea-formaldshyde resins, but the high optimum mat moiuture cemtent
(absut 33% at 160°C) weuld present sanufacturing difficultics.




he entrasts prepared from western hemlesk bark at high
soupesatures and pii showed lew wood failures and lew durabilisy ia
mmu Apocus entzacts prepared at asbient tempereture wore
sensitive %o imcrease in tqouturo,ud pi and results of plywesd e
bonding tests indicated thet these entrasts 444 net provide high bend
Gusehbilicy enoept at above neTWal pressing temperatures. '

with sany variables to influsnee properties 2 majer preblen s
the ceommereial preduction of extracts fer adhesives will be %o maintain 8
consiotent predust, A suitable viscesity and goed adhesive preperties
ove prehably the most impersant characteristics of an extzast, but withews
wniformity the fermulation of commercially acoeptabls adhosives will be
ompensly diffisult. The wniformity of commercial wattle tannin has besn

a majer foster ia its suosessful application in woed adhesives.

o BEENS LAFLENCING THE COWGRCIAL USK OF INGUN ADISAIWES
. 2N DNTBALIA

The wider use of tannins as the main cemponents of adhesive
”Myhp“latmmttm-c-wm.
Shan on techaslcjy. Commercial experi nce over a number of yoars has
shown Shat adhesives based on wattle taanin are sffective substitutes fer
synthotic PP adhesives for the manufasture of exterior grade plyvesd
and flescing gxede particleboard. A nusber of other tanains have shewn
maomunmuxm.mnmumamum
wder fostory oenditions.

Alshough the first successful application of tammia adhesives

wes for exterier grade plywood, their potential is greater for partielebeard

" manefecture, perticularly for flooring and other uses for which a bond of

hgh Gurability is required. Particleboard is a morc favourable applicatien

for tannin adhesives than plywood because of the gencrally lower cohesive




stoongth reguired. Alee, the high rasctivity of tannin adhesives and
We lower weter shoorpiion of hoards bonded at sheut Aeutral pi, vhen
ompaved vith beards bondcd with alkaline PP adhosives, are ceasideseble
advantages.

in Australis the cost of wettle tamnin, all of whiek is .
taported, has beon the suin imtlwence limiting the widez usc of tamnia
efhwsives. In asssseing costs some factors other than the basie oosts
of materisls must be taken into consideration, first ef sll these i the
sdditional work imvolvod in preparing the adhosives for uso, and sevendly,
e fost that the manufecturers of synthetic resin sdhesives uewslly provide
o teshnissl service for thelir customars. Sush & service is net peevided
floz tamnine, which means that the user meet rely en his own teshniesl
Fossutess to overcems any adhesive prebless. Wevertheless, thete is
insressing interest in tennin adhesives, eapecially fer particlebeasd
saaufesture. The cest of importod tamain has not pornitted its wes in
esmpetition with UF adhcoives, but the developmont of & demestie tamnin
produeing industry oould change this situatien.




Q)

2

@

(6)

m

.)

0

Andersen, A.S8., Breusr, R.J. and Wicholls, G.A. (D9SN}
Bending particle boards with bark extrasts.
Porest Pred. J. 11 :286-227.

Anderoon, A.B., m, A. and W, R-? ‘1"‘.
White fir bark and its extract in particlebsard.
Fozest Prod. J. . 40-45,

Adersen, A.B., W, K-T and Yony, A ‘1”‘

Utilisation of ponderosa pinc bark and its emtrast ia porticlichoand.
W "“o J- 2‘ ] “‘53-

Andorson, A.B. (1975) - Bark extracts as bending agents fes particiehoard.
world Consultation on Wood-Based Pancls, New Delhi, India 1978.

Proc. mkgr()\md w’ No. 67. RO,

Anderson, H. (1952) - The tannins of certain ewcalypt spesies and

Pisue radiata. J. sec. Leath. Trades Chem. 36 1 211-217.

Anderson, H. and oilkens, A. (1938) - Investigations on the tannine

of Pinus radiata bark. Aust. J. Appl. Sci. 91 183-191.

Booth, M.E, lierzberg, W.J. and Humphreys, P.R, (1998) -

Pimus radiata (Don) bark tannin. Aust. J. Sci. 21 1 19-20.

powes and Shooks Ltd. (1971) - Improvements in or relating to

adhesives dorived from tannins. British Patont 1,225,571 (Nazoh 17).

Brandts, Th. G. (1952) - Mangrove tannin-formaldehyde resins as het-press
plywod adhesives. ‘Tectona 42 1 137-150.

palton, L.K. (1950) - Tannin-formeldehyde resins as adhesives fer wood.

Mst. J. mlo Sci. 1 1 %$4-70,




-JS .

(11) Dalson, L.K. (1953) - hesins from sulphited tannins as adhesives

for wood. Mst. J. m‘. sci. 4 136-148.

(12) Delje, R.M. (1975) - Bl extracto de quebracho como materia
prina pora adhesives de panslss basados en madera.
wrld wum on Wood-Based Panels, Mew Delhi, India 1978. -
Pres. Backgreund paper Wo. 19. PAO.

(13) Gserge, Jeseph (1975) - Tannin adhesives for wood based panels.
Werid Consultation on Wood-Based Panels, New Delhi, Iadia 1978.
Pres. Background paper No. 14. FAO.

(34) Nall, R.3., Leonard, J.N. and Nichells, G.A. (1960) -

m particle beards with bark extracts.
Pevest Pred. J. 10 1 263-272.

(18) Nerriek, P.W. and Dock, L.M. (1988) - Thormosetting exteries -

plyvoed type adhesives from bark extracts. P |

Perest Prod. J. 8 1 269-274.

(38) Mesrick, F.W. and Conca, R.J. (1960) - The wse of hark extrasss is

" sold-setting waterproof adhesives. Porest Prod. J. 10 s 361-368.

(17) Nersbezy, W.J. (1960) - Pinmus radi{ata tannin-forialdehyde ros‘a a8

‘an sdhesive for plywoed. Aust. J. Appl. Sci. 11 : 462-472.

(17e) ®illis, W.B. (1956) - The production of mangrove cxtract in the

slsa region of Papua. BEmp. For. Rev. 38 : 420-436.

(18) Nnewles, B. and White, T. (1954) = Tennin extracts as ruw matecials
Sor the adhesives and resins industrics.
m. m 2 ] 3““:”. 395‘2”.

(19) Melvik, B. (1978) - Chestnut wood tannin extrect in plywood adhesive
(’CP adhesive). Wecld Consultation on wood-Bascd Panele, Vew Dedh,

tndia 1978, Proc. Background paper No. 143. FAC.




S

(89

8d)

an

(a9)

(39)

.”-

NeOey, J.P. (1918) - US Patent, 1,369,627 (June 10).

Naskeoan, N. and Gaxdner, J.A.P. (1952) - Bark entrests in adhesives
m mo ”o .mn 53 1 111=114.

Nazhham, K.R. and Porter, L.J. (1973) - Buszectives of Plune radists
bask. I.-'Phencliec components. W.Z. J1. Soi. 16 1 781-T6h.

Nesey, B. (1947) - Bl quebracho colozade y su extracte taniee.
Bddserial Laber, S.A. Argeatina.

Glouma, N. (‘lﬂlﬂ = Plywesd properties influenced by the glue lime.
Wesd Sei. Technel. 10 : 57-68. |

paxvish, J.R. (1988) - Particle beard frem wattle weed and
wottle tamnin. Jl. 8. Afr. Per. Ass. Mo, 32 : %-31.

.m. X.P. Qottstein, J.W. and Nillis, ¥.B. “"’ -
Sennin-fornaldohyde adhesives. CSINO Aust. Per. Pred.
mm Neo. ’“ $ “.n

Plemley, K.P. (1959) -~ The effect of soluble salts on the
golation of tamnin-formaldehyde. Aust. J. Appl. Bei. 10 : 404=407.

.m. ‘o'o. Mtlt.il‘l. Jo'o M llill“. 'o.o ﬂ’“) -
Sannin-fermaldehyde adhesives for wood. I. Mangrove tannin Mﬂi.
Mst. J. Appl. Sei. 135 : 171-182.

Plenley, K.P. (1968) - Tomnin-formaldehyde adhesives for wesd,
£2. Wattle tannin adhesives. c.m. Div. Pex. Pred.
Soohnel. Pap. No. 39.

Plemley, K.P. (1969) - Report on quebracho tannin adhesive
investigations for the Forestal Land, Timber and RMailway Ce. LAd.

Plemley, KX.P.'and Stashaveki, A. (1989) - Waterproef particle heawd.
m Mst. Per. Prod. Newslett. Mo, ”’ t %




(31)

(32)
(320)

(3¢)

(38)

81/

»)

(41

- 37

Plamley, K.F. (1975) - The devclopmont of wattle tamnin-formaldehpde
adhesives for wood by CHIND. World Consultation on Weod-based
Panels, New Dolhi. India 1975. Proc. Background Paper Ne. 13. PO

Plomley, K.F. and Collins, P.J. (1975) - Tennin adhesives for
9luod laminated structural timber. Porast Products Ressarch

conferance, 17th, llighett. Topic 1/37.

riomley, K.F., Pankevicius, B.R. and Palmer, R.E. - unpubliohed data.

m. D.C-. Ri\ﬂar. A. and R‘j‘k. B.N. (1’7” - T.M‘n Mﬂ .

for plywod manufucture. IPIRI J. 3 1 81-84.

Lanyman, 11LM, amd  OutVey,J.A. (1975) - Wood adhcsives frem

attle bark extract. 1UFRD Conference on Wood _muing. Proe,,

W‘im- UMD 2"“-’0

licott, B.6. and Korach, P. (1956) - Rocovery of tannin frem
westoen homlock bark. I Katraction ratcs with dilute alkalinme

solventu. Pulp Pap. Mag. Can. 57 1 147-130,

Hocioty ©f Loeather Trades Chemista (1951) - Officis) methoda of
annlysin, 4nd Pd. (Socioty of Leathor Trades Chomists 1

Croydon, knyland.)

Standards Antoclation of Australia (1963) = AS 087,

Pilywood Jor oxtorfor uuae.

stonderd:. ronoclation of Australia (1964) - AS 090 -

Methedn of tonting plywnod.

Sandard: 7 oclation of Australia (1876) - A8 18359,

Flat prosced partic)oboard,

ttarhoviki, AN, (197%) - Agoing of particlce boards under
nimulated v rvice condilions. Forest Products Research

conforence, 17th, Wighett, Toplc 1/36. i




Q)

(63)

(43)

()

()

()

Stsasheveki, A.M. (1978) - Ageing of particle heards under
simulated service conditions. DPerest Products Researeh
Onference, 17%h, Nighett. Topic 1/36.

mﬂuo A, - ml“lld Jata.

Reinex, P.R. and Chow, 8. (1978) - Soms facters iafluensing
the use of western hemlock bark extracts as adhesives.
IUPRO Conference on Weod Gluing, Proc., Madisen. pp. 61=78.

Wissing, A. (1955) - The utilisation of .bark. II. Investigatien
of the Stiasny reaction for the precipitation of pelyphemels in
pine bark extractives. Svensk Pagp. - Tidn. 38 1 745-780.

Werld Consultation on Wood-Based Pancls, Wew Delhi, India, 1978,

Prec. P i16e. m;.o Miller Preeman, 1976¢.

Seslagud, 8.5., lohandas, X.K., Rangaraju, T.85., Prassd, T.R.
Sarayana and George, Joseph (1975) - Tannin extended phenel-
formaldehyde rosin adhesives for BWP grade plywood.

IPIRE, J. B : §9-6).




« W .

TAMLE 1

JOND_STAENGTII OF MANGROVI', WATTLE ANU WANDOO IANNIN_ADNRBIVE
FORMULATIONS WITI KLINK) PINE_VEMEFRS

Amount of Foiling load (1b/in.?) and wood failure (%)
fortifying .- -
zesin (%) Tosted dry Tentoed wet after
6hor 72 h in
twiling water

0 221<0 123-0
10 256-0 203-6
20 330-76 203-03
30 356-99 1 312-98
B

0 290-47 236-100
10 390-97 290-100
20 AB1=100 296-100
30 423-100 300-100

] 165-5 0-0
10 301-52
20 I69-96
0 Jga2-12

Notat In this ocurly work the fortifying recing ueed wore commeroial
resoroinol=formaldehyie for mansrove Lamnin and phemnl-
renorcincl=formildahyie for wattle and windon tanning,
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TABLE 2

m:&ﬂm ﬂgmmmgncmmw
38 JDIPTUNE COMTEWT WITH WATTLE TANNIN AND FOKTLE LED WATTLE

TAMNIN ADHES1VS

Mibosive Assembly Failing load (MPa and wood failure (V)
fermulation time
th) Tested dry Tested wot Tested wet after
after vrS 72 h in boiling
water
Wttle 1/2 2.000-44 1.990-74 1.733-90
m l l.m-l’ 1.’82-34 1059"-“
2 1.723-6 1.695-24 1.365-13
Meoan 1.904-23 1.822-44 1.564-60
Portified 1/2 2.535-68 1.865~98 1.733-9%
wttle 1 2.165-74 2.024-83 1.910-99
tannin a 2.202-69 1.792-79 1.424-89

Meon 2.301-70 1.894-88 1.689-95

L




TARLE 3

RIYSICAL. A¥D IICIGITCAL PROPSIITYS OF 0'T QOLXMRGTAL

FLOONING GRADY PARTIGLEROARD'S POHDD WITH TAMNDE- MWD
0 P LDINYT Vg
Bond typo sonnin-fornaldohydo ° fermaldchyde  TOOCing Glass 1
levest Nighust
value valun
rasufactuzer ® 4 F Y
boazd thickness, ma » ”» T
Nojutura gontunt, 11.7 12.1 0.7 [ ] M
bonatty, hgm® " " . 78 “
Nodulus of xuplure: . :
a) Bry, e 2. n.a n.) » !
o) Wet after 72 h hoil, § 4.7 ®.2 .1 ”»
te) Wt after Mhr Ve, ¢ 3.7, 5.6 N @
internal bond, kia "e, 0 . e "
hicknuus ineresse:
{a) Aftex 72 b boil, 0 17.8 17.2 3.9
") After 24 h WE, € (N3 0.3 0.0 b W
. 3
uctoco sheseption, u/Mm® - . - 20




TAM.E 4
AMPAGY WATHR ARIOUPTTON HY OONSWGTAL PARTITLANARDD

2

~e

Mhenive liroa=foranl Aehydc Tramine ' Menol-

formidehyie formidae
Tamufasturer A ] J n r A ]
Soart thicnonn | .
(wm) 20 1N 19 20 0 9
Wter abnorbe
in 2 hy rfe0 S % 32 T4 10 1% Y

G AT EaD ¢ SN GO W D AP S -

Theue aomercia) hoanin were Lented for compliance with the

Araft of A3 1R%0, which ratuiren thickneun inoremne nfier immeriien in

wmtar it not wmiber abuorption, .

upfnos wicr. abnorption han heon incorporated in Al RS9
an A meanure of n hoari¥n tonionay Lo Abonrh molzinra vhen exponed Lo
the weather in platfamm conuiruction for up to } wonthn anvl in nerviee
an Ahe romull of water apillore.  Tha mathol of determining surfnee

abrorption in piven in Anpendix P of A 1059,
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Pig. 1. Bffuct of pit on the vissesity of

' 3, Wattle; 2, Nangreve; 3, Quebrashe (nen-sulphited)
tannin solutions
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Pig. 3. The iafluenco of pil on the gelatien time at 28°C
of a 8% solution of wattle tannin with 0f (en oven-
dzy emtzact) of 1, Formaldehyde; 2, Parafermaldehyde
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