G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

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

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


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

We regret that some of the pages in the microfiche

copy of this report may not be up to thef«)proper »-
/

legibility standards,even though the best possible

copy was used for preparing the master fiche




0179 =2

Diatr.

LIMITED
1D/W0,248/7 »
27 Ootober 1977
Uriled Nations Industrial Development Organization ENOLISH

Workshop on Adhesives used {n the
Wood Processing Industries

Vienna, Austria, 31 Ootober - 4 November 1977

ECONOMIC ASPECTS OF TANNIN EXTRACTS AS ‘
WOOD ADHESIVE BINDFRY |

by

J«Co Gcharenberghs

* Reissued for technical reasons,

&% Nevelopment Manager, Compania Casco SAIC, (Affiliate of Borden Inc. International
USA, Argentina),

1/ The views and opinions expressed in this paper are those of the author and
do not neoosnarily reflect the views of the secretariat of UNINDO, This document
has been reproduced without formal editing,

14,77-7661




1.
2.
3.

4.

5.

6o

T

9.
10.

CONTENTS

= L e e

Introducti.on‘
Tannin Extract Sources

Chemical Nature of Tamnin

3.1 Variation of Solution Viscosity with

Quebracho Extract Concentration (ordinary grade)
3.2 Bffect of Phemol on the Viscosity of & 474 Solution
3.3 Variation of Solution Viscosity with Quebracho Extract

Concentration (sulphite grade)
anufacture of Binder Resins

4.1 Direct Condensation Reaction with Formaldehyde

4,2 Condensation of Tannin and Phenol with
Formaldehyde

4.3 Post Addition of Tannin to a Phenol-Formaldehyde

Resin during its Manufacture

4.4 Addition of Tamnin to a Phemnol-Formaldehyde Clue

Mx during Wood Panel Production

Application
5¢1 Particle Board
5.2 Plywood
Tannin az Replacement for other Wood Binders
6e1 Urea~Formaldehyde Resins
6.2 Resorcinol-Formaldshyde Reains
Availability of Tannins
7Te1 torld Demand for Tannin Extracts

Relative Demand

Demand by Source
7.2 Produotion of Quebrmcho Tannin Extraocts
Boonomio Situation
Conolusion
References

Page

1

12

12

13
15
18
18
19
19

BRI




1.

LHTRODUCTI Olv

The use of synthetic binders for wood panels, be
they plywood or particleboard, has enabled these funchistries to
expand notoriously since the Second 'Jorld Yar, replacing other
wood products which had been manufactured until ther., from the
ever diminishing supply or large logs. Particleboard in this
way has been the major factor in the use of wood from small
rapld growing trees and irom residues of the wood industry as
raw material for wood panels and owes its existence solely to
the synthetic binders,

Until that time, most of the binders used for ply-
wood were made trom casein and blood proteins, which have been
since then rapidly replaced Ly the urea-tormaldehyde and phenol-
formaldehyde condensation resins.

It is now that the panel industry, especially in
developing countries ias shown interest {n the use of natural
sources for their adhesives, replacing the synthetic resins

ceither fully or partly, because of rising costs ot petrochemi-
cals.

Due to the higher consumption by humans and ani-




mals of natural proteins such as those above indicated, and
their rel-tive small production increase when ccrpared to their
demand, thair prir. ... rlsen greatly and put then out of the
wood bincar marlet, vhen compared to syvethetic resini.

Ther? {2, houzvar, one natural product that could \
be used a3 a replacemont fur thz resin bimdars now pravalent
and that in temnin extract: f£rem toe ovark or hzertivod of di-
fferent Lve2 species.

The producticn of tannin cxtracts has been mainly
directed to the tanning of htdes ir. the past, but «s it has
been stnadily replaced by cynthetfc canning cgants, wainly for l
technicil r:aasons, the world demand for this proluct has dimi- |
nished axd 1¢ cau be aaild that the tennin extract inCustry can }
offer a ~urplus “o be used as a wood panel resin bincer raw ma-
terial.

Tannin evtractas have been widely diccusced as po-
tential raw matcrials for menufacturing weod adhesive binders
due to the pheno’ic ..ture of their componcnts,

Sufficient iitarature s available to show that the
use of tannins i~ possible as wrod pennl ninders rhen compared
to phenel, but with 2 ferr eveepticns, they ace nut béing used
commercially to anv great axtumt for the marufacture of weod pa-
nels such as plywood and porticlehoard.

The reacon for thie could be thz present eesier
availadbility of synthetic producte such as uraa snd phcrol and,
possibly, that {n ths international market the price diftferen-

tial is suth thet it dnes nct warran: the field evalue~ion and
use of the tamnin extrants.

Another rmaton could lay {7 that more ewnhaeis has
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been put in the use o: tunnin extracts as the unique component,
together with formaldehyde, of the wood adhesive binders than as
a partial replacement of the resin solids either in the binder or
in the final glue mix. The latter alternatives are now technica-
11y possible.

The present trend or the ever diminishing petroleun
supply, and consequently hipher costs of petrochemicals, will
Justily as from now on a new look into the use of tanrin extracts
as wood Linders, especially in under-developed countries with no
oil resources and no petrochemical industry, but with possilili-
ties of cconomic plantations of tree species that will furnish
tannin extracts, either Lrom bark or from heartwood.

TANNIN EXTRACT SOULKCES

The ma jor sources for tannin extrvacts occur in Arpen-
tina, South Africa, Brasil and Paraguay, and are obtained trom the
bark or from the heartwood ol several spccies, amongst which are ;
outstanding the Quel'racho (Schinopsis Lorentzu and Schinopsis
Balansae) species abundant {n the Chaco region of Argentina and
Paraguay, and the Mimosa (Black tlattle) (Acacia Mollisima) which
has been commerciully planted in South Africa and Brasil, with
main emphasis in the first named country,with experimental n!-~~-
tations in Kenya.

Other species such as chestnut, in North America and
Europe, and certain species of the eucalyptus and mangrove families
are also known tannin sources, although the production ohtained
from chestnut has been reduced during the last two decades in
comparison with other sources.,

1t 1s also known that polyphenols, such as those
fourd in tannin extracts, suitable to react with formaldehyde, can
be found in the bark or heartwood of many species which are




now being left unused or used as fuel supply.

In the case of the Quebracho specics, tannin is
extracted from the haartwoocd, where it is heavily abundant,but
the drawback being in this instance that it is a slow growing
tree, in a low rainfall region, which doaes not allow for econo-
mic reiorestation, so the supply will eventually run out. How
ever new regions further to the west of Argentina have been eva-
luated and it has been found that at the present rate of consump
tion there is enough supply to last for another 80 years of que-
bracho tannin extract, at the present rate of consumption,

Quite to the contrary, from the Mimosa (Wattle)
| spacies, and other similar sources, the tannin is extracted from
the bark, so thc harvest can be obtained in a relatively short
period of time (10 ro 12 years) from planting, when compared to
Quebracho extract, which is calculated at over 100 years.

It is perhaps from this mimosa source that tannin
extracts can continue to be available, if plantations are made
in those countries, where conditions are most suited for econo-
mical plantations. If these countries also have extensive tim-
berland, the tannin extract thus obtained could not only be
exported but also used locally as a wood binder raw material,

3, CHEMICAL NATURE OF TANNIN

Tannin extracts are natural ocurring polyphenols
containing reactive points which may react with aldeaydes, for-
maldehyde being the most common, to form thermosetting insoluble
products, in a similar manner to phenol and resorcinol, and
which, due to their tensile strength properties, are suitable
for wood bonding.
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All tanntin polyphenols In general contaln resorci-
nol nuclei uand thereiore rapid reaction occurs with formaldehyde
in solution, in the presence oL small amounts ol sodium hydroxi-
de, through fts attuck oL the ¢ und 8 positions ol the resorci-
nol-type ‘X rings,

The lLasic 15~ carbon molecule structure is the f{o-

llowing, according to severul studies made in the past twenty
ycal‘s."

HoO

3=9 MOKOMERS

Lbasically the tamnin molecule i{s tormed Iy a re-
sorcinic nucleus «  and a catechinic nucleus Y , united ty a
pyranic heterocyclic structure. In this structure, positions
6 and 8 are very reactive, and possilLly also position 4 of the
pyranic ring. 0 lesser ifmportuance chemically in practice would

be the reactivity of the 2 and & positions of the catechinic
nucleus.

The above mentioned structure corresponds to the

—]
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Quedbracho tanmnin extract, while in the Mimosa extract the cate-
chinic ring is replaced by a pyrogallic nuclei. It is interes-
ting to note, however that, at least for Quebracho, the dimers
and trimers of the above described 15- Carbon structure, comti-
tute about 30% of the total product, the precise nature of the
remainder not being exactly known.

These basic molecules, through engymatic actiom,
condense into polymers, mainly trimers and tetramers, mixture
of which constitute the commercial grades of tamnin extracts,
which are now used mainly for hide tamning and weter floccula-
tiomn,

The polyphenols, having a great amount of reactive
resorcinic points, react very rapidly with formaldehyde form-
ing methylene links between the macromolecules to produce &
resin type polymer which needs a relatively small amount of
formaldehyde to set into an infusible solid. This small amount
of formaldehyds may be supplied by the direct additionm of for-
maldehyde, as formalin or paraformaldehyde, to the tannin solu-
tion and it can also be supplied by the free formaldehyde pre-
sent in a phenol-formaldehyde resin, or by the veactive methy-
lene groups of the methylol-phenol molecule, thereby forming a
combined product.

It must also be taken into account that during
extraction at high temperatures or in alkaline media, a certain
amount of lignin is taken out together with the tammin, This
side product also reacts readily with formaldehyde, and its va-
rying amounts present in the extract will no doubt affect the
condensation process of the tamnin with formaldehyde, and the
cure charscteristic and efficiency of the final resin binder.

Taunins are soluble in hot water and can thus be




eas.ly extracted by the action of steam or hot water inmersion
of the ground tark or heartwood chips. The extracted tannin so-
lution can either be concentrate: and cooled to vbtain the ex-
tract {n block towrm, or it can be spray-dried to have it in pow-
der iorm,

The extract so obtained !s only partially soluble
in cold water, and {f a fully cold water soluble product is de-
sired, the primary solutiorn ls treated with sodium sulphite or
bisulphite, thercby introducing sulphite radicuals in the & and
8 positions oL the resorcinic rings ot thke baslc molecules,
which enhances the solubillty o: the jroduct.

The above process iLs basically that used for the
extraction ol tannins trom ‘uebracho 1n Argentina and Paraguay,
bark extracts are obtalned in other comtries In a similar
manner,

The choice of either usine the hot water soluble
(also called ordinary) or the cold water scluble (also called
sulphited) tfor binder manuiactine will depend ou the way the
binder Is prodiuced. lefing the ordinary g.ade more reactive, it
is preferable to wse tae sulphited grade when reacting directly
with tormaldehyde, due to the partial blocking or the reactive
points ol {ts molecule with the sulphite radicals. ‘hen co-
reacting tannin with 4 highly condensed or a {ormaldehyde deti-
clent phenolic vesin, it ls Indicated that tbe ordinary grade be
used, and/ov an addition o! formaldehyde le nade.

Regarding solubliity of the (uebracho tannin ex-
tract, it can be increased vory noticeably by raising the ph of
the dispersion to about 8 to 9, which means that {t can be
thoroughly mixed with the high alkaline cresole phenolic resins
which are normally used tor wood hndine,
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The Quebracho tannin industry in Argentina has
prepared a special type of tannin extract with a pH of 8.5
that is readily soluble, as possible raw material for the wood
binder market. This type of product, of the ordinary grade,
appears to form high tensile strength bonds whan applied at
that pH level.

Tannin solutions, especially using ordinary grade
Quebracho, tend to be high in viscosity, which would be a disad-
vantage when manufacturing resins, but it has been noticed that
the presence of phenol, methanol, urea or acetone, which most
certainly dissociate spatial structures united by hydrogen
bonding, will drastically reduce the viscosity of the solution,
, as shown as follows.-

J+1- Variation of solution viscosity with quebracho extract
concentration (ordinary grade)

Extract content | Viscosity (cps)
as% 1000
40% 2400
63% 6000
47% 17009

3.2.~ Effect of phenol on the viscosity of a 477 solution

Phenol (%) Viscosity (cps)(25*%C,
0 14000
2,5 4800
5,0 23C0
10,0 1000

On the other hand, the solutions of sulphite
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grade Quebracho present very low viscosities, which enhance its
possibilities as raw material for resin binders, as follows.-

3.3 .= Variation of solution viscosity with quebracho extract con

centration (sulggite grade)

Extract content Viscosity (cps
35% 28
4O% 74
45% 284
48% 588

MANUFACTURE UF BINDER RESINS

Based on the inherent chemical properties of tammins
aespecially of (uebracho and their affinity with formaldehyde, bin.
der resins for the wood industry can be manufactured by these
methods, as follows.-

- Direct condensation reaction with formaldehyde,
- Co-condensation of tannin and pnenol with formal-
dehyde.
~ Post addition of tannin to a phenol-formaldehyds
resin during its manufacture,
« Addition of tannin to a phenol-formaldehyde glue
mix during the wood panel production.

A brief outline of each is given as follows.-

4.1 . Direct condensation reaction with formaldehyde

Due to the high reactivity of the resorcinic nuclei
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this reaction (s very rapid and gives the resin 4 very limited
shel{ life. DBasically It cap be prepared as follows.-

Tamnin L00
Water 100
Formaldehyde (jpura) 579

The tannin, preter.atly of the sulphite grade is di-
ssolved in water to a 50% solution, and sutlicient sodium hydro-
xide 1s added to raise the pli to 8, so as to reduce viscosity.

The formaldehyde is added as & sliphtly alkaline ca-
lution ot paratormaldehyde or Lt can be dissolved straipht into
the resin solution provided {t is {n powder iowm,

Due to the natural origln oif the tannins, and to
the varylng amounts ot lignin present, resin binders of differc:t
reactivities end shelt-lives will vesult, c¢ven if thelr manufac-
turing conditions are strictiy controlled,

These vartatlons will make it very hard tor the pu-
nel manufacturer to use the resins as they will either become hl-
ghly vis¢ous betore application ur will tend to precure on the
wood, be {t efther duving plywood or particleltosard production.
This problem 18 preatly increased L1 the untreated or ordinary
grade o1 tunnin is used,

As tar as 1t {3 known, muny [{eld tests have been

carried out in the plywood and particleboard industries which, w'th

a few notable exceptions, have Leen negative when using the abov-
system,

In order tu reduce the reactivity variations, and
increase the physical properties of the bond, a resorcinal resin




can be added to the above mentfoned formula in the proportion of
about 20 parts per 100 parts of tannin extract.

Unfortunately the cost of the resorcinol resins is
very high, and their avaflability {3 nct of prime order, so eco-
nomically such a mix would price itself out whben compared to an
average phenol-formaldehyde resin.

The reactivity of this mix is highly dependent on {its
pH when being used, a8 too high a level would shorten drastically
its shelf-1life while if the pk is below 7 the pressing cycles
would be to> long.

Paraformaldehyde added to the mix has to be of the
slow release type 8o that the reaction does not take place too
rapidly. The availability of paraformaldehyde in the world market
1s not marked, its price being much higher than a 37% formaldehyde
solution, on an equal solids basis.

}:2 Co-condensation of tannin and phenol with formaldehyde.

In any basic formulation for a phenol-formaldehyde
resin binder for wood, phenol is8 reacted with formaldehyde, in
the presence of varying amounts of caustic soda, followed by a
condensation process to increse molecular wefight and viscosity,
and attain the right degree of reactivity.

It has been found that in this process upto 50% of
the phenol binder can be replaced by Quebracho tannin extract,
with satisfactory results both for plywood and particleboard ma-
nufacture.

To obtain a relatively stable product it is recommen-
ded that the sulphited or cold water soluble grade be used. A
higher proportion of tannin is not feasible as the reactivity and




T T

v

—
+

- 17 -

shell-liie of the resin tends to becom: uncontrollable, in a si-
milar way as described in Point 4 alove, thus making it unsafe
for the end uscr.

The wrter resistant and bLoil prowf{ properties of the
resulting punels tend to be reduced somewhat with increasing ta-
nnin contert upto 50% phenol replacemer.t tut do comply with exis-
ting specitications. A higher degree of replacement will not be
conductive to satistfactory end-products.

4.3 Fost uaddition of tannin to a phenol-formaldehyde resin during
its manufacture.

Unce the phenol-rformaldehyde resin is fully condensed
as described i{n point I above, it is feasille to make a post addi-
tior ol tumnin to the resin solution which, by being highly alka-
line, will readily dissolvec the tannin at intermediate temperature
followed ty quick cooling.

The ordinury or hot water soluble prade ol tannin
can be used due to the insufficient prescnce of {ree lormsldehyde
althouph the use of the sulphite grade is saier, this process, less
critical to follow than that the resins described in the preceding
sections, will result Ln a product of lower reactivity but with a
shelt life similar to the original phenol- rormaldehyde resin, {f
not longer.,

Given a longer cure time a higher press temperatures,
the resulting bonds will meet most of the prevailing specilica~
tions, for plywood and particleboard manulacture,

4.4. Addition o1 tannin to a phenol-lommaldchyde plue mix during

wood panel production
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In this case the tannin extract may be added during
the glue-mix preparation at the plywod or particleboard mill, its
role being that of an active extender which reacts with the origi-
nal phenol resin during hot~pressing,

This constitutes the most direct use of tannin as [
partial replacement for phenol, with practically no hazards in-
volved as to bond performance, but {s applicable only to plywood
manufacture, provided the appropiate glue mix and pressing con-
ditfons is used.

5. APPLICAT] O}

The different mixes prepared as Jdescribed {n the
previous chapter can be applied to the particleboard and plywood
industries as follows,-

5.1 . Particleboard

It 18 by far recommended that a co-rescted resin of
phenol and tannin be used, as the method of application and results
obtained thereof do not differ in any significant way to the nor-
mal process using the straight phenol-formaldehyde resins commonly
used for this purpose.

A normal phenol - tannin-formaldehyde resin binder for
the manufacture of particleboard would show the following general
properties.-

Solids content (135%C) 44-46%

Viscosity (25*C,) 40-70 cps.
pH (25%C.) 11-12
Specific gravity

(25/25*C,) 1,20-1,22

Shelf life (20%C.) 30 days
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By shelf life it 1s understood that at the end of
the indicated time lapse, the viscosity of the resin binder will
be such that it will permit its mormal application. The liquid
1ife is of course longer,

A resin of this type is being used industrially in
the following conditions.-

Type of equipment Pulti-platen
Type of board Three layered
Wood turnish Poplar/VWillow
Board thickness 8 to 22 mm.
Board density 0,68-0,72
Press temperature 170-175*C,
Press cycle 0,5 mins/mm

kesin sollds (1)

Surface layer 10-12%

Core 1ayer 8-10%

(1) The resiu soltds level will of course depend on
the type of furnish being used. In this case it is
wood from rapid growing trees, which is highly water
absorbent. Wood rurnish with a closer cell structure
o rosin containing would ol course need less resin
solids to obtain good bonds.

Board properties

bodulus of Rupture (NOR)-240-280 Kg/cmz
Internal Bond (IB) 5-8 Kg/cm
Thickness swell

Cold water (2 hrs) 5-1ZL

Boil test (2 hrs) 10-274
Internal Bond (1B)
(2 hrs boll) 2-4 Kglcm?
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Production runs made at the same particleboard plants
with straight phenol-formaldehyde resins under similar conditions
showed results comparable to the above.

As mentioned previously the use of a direct conden~
sation resin binder of tannin with formaldehyde has not been
succesful in general on an industrial scale, while the use of phe-
nol-formaldehyde resin with a post addition of tannin tends to
result in long press times, Perhaps the adequate choice of the
proper grade ‘of tannin extract, be it of mimosa or quebracho ori-
gin, would be conductive to goud results with this type of binder.

Because of handling problems at the large particleboard
mills. it is not advisable to mix the phenol-formaldehyde resin
with the powdered tamnin extract at thepoint of usage. In general |
and because of the high volumens involved, the mills prefer to '
handle liquid products which can be easily moved, mixed and applied.

The tannin extract so involved would apply itself
only to the manufacture of particletoards for exterior use, as
the cost of a straight urea-formaldehyde resin, at aequal solids
content, would be much lower, as can be seen in the economic ana-

lysis detailed further on in this study.

5.2. PLYWOOD

In this industry, when manufacturin exterior grade
panels, it i{s also advisable to use phenol-tannin co-reacted re-
sins, as results can be consldered satisfactory, and comparable to
straight phenol-formaldehyde resins,

A binder of this type with 50% phenol sulsti{tution
has been applied according to the following conditions.-



- 16 -
Glue mix
sKesin binder (PTF) 100
“‘heat tlour 20
tYood 1lour 5
Vater 25
374 Formalin 2,5
Conditions
Vood Parand pine
Yood humidity 6 - 8%
Glue spread 200 grs/sq.mt.
’ress temperatuce 120%C.
Press time 1 minute/mm thickness
Pressure 10 Kg/sq. cm.

Plywood properties

Dry strenpth 90-120 kg/sq.cm.
Vlood lallure 90-1007,

et strength (12 houc

boil) 60-70 Kg/sq.cm.
'Jcod tallure 40-70 %

As with particleboard manulacture it is not advisable
to usc resin binders prepared by divect condensation of tannin
extract wvich tormaldehyde, lLecause oi the high reactivity of the
resin thus obtained, which in the prevailing conditions of ply-
wood mills, especially in warm climates, would cause extensive
precure {f the operation is not supervised very strictly,

Pertaining literatuce indicates that glue-mix rormu-
lations could be developed irom the tollowinp recipes, provided
the above points are taken into account when using same,~

Ordinugi Sulphited
QQuebracho tannin 100 100




Water 140-150 105-115
Caustic soda l1-4 1-4
Wood flour 15-20 15-20
Paraformaldehyde 5-6 35-9

The preparation of the above formulations have
short working lives, which are highly dependent on the level of
caustic added, and the prevailing room temperature.

There is considerable experience in some countries
in the use of efther the ordinary or the sulphited grades of
tannin, especially of Quebracho origin, as an extender for the
phenol-formaldehyde glue mix. In this case the tannin replaces
only about 5% of the 1liquid 40% phenol-formaldehyde resin, or say,
the equivalent to 124 of the phenol-formaldehyde resin solids.
In some cases, if the original resin is highly condensed and there-
fore with a low free-formaldehyde level, a 0,5% addition of para-
formaldehyde or 1,5% addition of 37% formaldehyde solution is
made to the glue mix.

In this case s typical glue mix formula would be the

following.~
PF resin 100
Quebracho (sulphite) 5
Calcium carbonate 4
Wood flour 3
Paraformaldehyde 0,5
Water 5-10

Paraformaldehyde could be replaced by the equivalent
amount of a 37% formaldehyde solutionm.

This glue mix is spread at 300-320 g/ sq. cm. of
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double glue line, on birch and the veneers laid up for 10 minu-
tes and then pressed at 125%C. for the required cycle according
to the number ol plies.

The additi{on of the Quebracho tannin not only redu-
ces the amoumt of phenol-formaldehyde resin being used, but also
increases the mix's cure speed. This last advantage (s enhanced
1f the ordinary grade of Quebracho tannin extract is vsed or, be-
tter sti{ll, {f the high pH version oi the extract {8 used. In this
case a typical pluc mix recipe would be the followlng.-

PF resin 100

Quebracho (ph §,5) 4

Wood tlour 4

Calcium carbonate 2,5

Wheat tiour 2,5

Paraformaldehyde (1) 0,4

\later 6 - 10

(1) Can be replaced by 1 part ot a 37% formaldehyde
solution,

The viscosity of this mix Ls very stable, rising from
about 350 cps. to ¢0C cps. in about 24 hours. It is reported
that pglue mixes such as above are now belng extensively used in
Finland and Russfa mainly with I:{ichewood panels,

TAININ AS REPLACEMENT POR OTHER WOOD BILDERS

Until now this paper has dealt with the replacement,
either wholly or partially, ot phenol- formaldehyde binder resins
by tannins extracts due to the latter's phenolic nature. Other
binders normally used arc the tollowing,-

UREA- FORNALDEHYDE KESILS.- The urea- formaldehyde

Linder resins are used for Lnterior purposes and their cost on an
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equal solids basis is at such level that it would not permit its
replacemsnt by tannin at their present international market level.

There have been some attempts in a tannin producing
country to manufacture pariicleboard with a direct condensation
binder of tannin and 37% formaldehyde solution, but due to the
short pot-lives and erratic reactivities, as described earlier on,
this project had to be abandoned, although economically it seemed
Justified at the moment.

6.2 RESORCINOL- FOIRMALDEHYDE RESINS.- The resorcinol-for-
maldehyde binder restns tind a ready but small market in the wood
boat-building and laminated beams induoify as a cold setting glue.
Although economically tannin can replace resorcinol as raw material
due to the latter's high cost, this resin's small volume sales

and the rather evratic properties of the tannin formaldehyde bin-
der, would not justity the change from an excelient, time proven
adhesive, though expensive, such as the resorcinol- formaldehyde
resin glues,

'« AVAILABILITY OF TANNINS

As shown in the following pages, the world demand for
tannins which had been steadily on the rise since the turn of the
century till 1950, has drastically been reduced since the advent
of synthetic tanning agents, especially those based on chromium
sslts, with which light coloured leathers can be obtained.

This reduction of the demand has permitted the ta-
nnin industry to make available for other end uses a volume, which
at this moment and based on past production figures, can be est{ma-
ted at 60.000 to 120.000 metric tons per year, without taking into
account new plantations or added extractions faci{lities.

Should mimosa plantations be enlarged according to

]



Te1 WORLD DEMAND

FOR TANNIN EXTRACTS (1)

YEAR DEMAND RELATIVE DEMAND (2
M Z
1940 357.540 100
1945 409.022 114
1950 496.516 139
1955 403.417 13
1960 366.472 102
1965 336.828 9%
1970 265.043 74
1974 257.619 72
1975 217.134 61
1976 252.538 n

(1) Source - Argentine - Paraguayan Quebracho Extracts Chumber

(2) Base 1940 - 100




YEAR

1940
19‘5
1950
1935
1960
1965
1970
1974
1975

1976

MIMOSA
M

105.530
109.496
140.111
139.455
126,103
126.152
110.075
106.789

91.714

109.129

WORLD DEMAND

FOR TANNIN EXTRACTS

BY SOURCE (1

CHESTNUT
M

78.691
22.298
82.247
87.468
72.939
57.565
49.722
46.023
40.634

39.271

QUEBRAGHO
MT

173.319
277.228
274.158
176.49%4
167.430
153.111
105. 246
104.807
84.786

104.138

TOTAL

rT

357.540

409.022

496.516

403.417

366.472

336.828

265.043

257.619

217.134

252.538

(1) Source - Argentine - Paraguayan Quebracho Extract Chamber




1940

1945

1950

1955

1960

1965

1970

1974

1975

1976

7.2 PRODUCTION OF

QUEBRACHO TANNIN EXTRACTS (1)

ARGENTINA PARAGUAY TOTAL
141.000 31,810 172.810
241.909 29.508 271,617
157,920 31.410 189. 330
186.694 33.925 220.619 |
126,349 30. 396 156.745
108. 396 29. 322 137.718
92,130 15.036 167.166
92,560 6,022 98. 582
69. 355 13.329 82,684
92,335 17.904 110. 239

(1) Source - Argentine - Paraguayan Quebracho Extract Chamber




the new demand crcated Ly phicnol- tannin- formaldehyde resins, a
steady stveem of tanmula extracrt would be mede availeble. As such
plantations ~re hurd to <:ivtlop hecause of the rime consumed and
heavy investm n. ...uavea, a2 Increased J.ouond could mesnwhile be
met by the Quabrothys tann . Indastry i Argontina,

Th~ ¢omand {or miosa extrast has increased in recent
years, at ths cxp-rm2z of grenrecho end chastuut taonicz, vhile it
is interesting Co wote chat Breonl bas veccne an active nroducer
of mimusa, extr.it in & past 15 ynars, an cxemnle that could
be followed by oulicxr esuntriag otih similar clim:ctes.

Roparding the futuve, Lt is sald that for leather
tanning, each p.eduzi, n1-ely, naturel and syntheti{c tanning a-
gents, hes nr - woackad lts respective maxndmun werket- share and
each will 1ot enuv~r =l ob the othar as it has bron {a tha past,
The zeason fo~ Lhis L5 Chet shromite leathzrs, althoush light in
coleour, have 2>t rhe tevshaess of the netucal canned laather,
each type of liother having nov its market wril d2€in2d. This
can also t: inf2ov~d by the world demand of naturzl tannin extract
which hae moec: or Icss roiined cteble for the last 6 yoars after
a steady dron <ince 4.y,

Due to tke restrict: d offer of hider caused by the
slowly increasing cst=le o1t 4 the voardd, o suddon untum of
the world da-and fo: aatusal ténatne s rot envizaged =t the moment
8o that the rucplus avafl:oble Fow bind2y oasins would nct be se-
riously affectend

There is noverthelass one factor that might alter
this balance brtv-iu bain taaning ageats, <nd thiat ie the growing
scarcity of chrcwe cra, caned in a wey by the reletive economic
instabilicy at orugsant of the producing coimiries although this
situatica 1is enpret -l to be treastent, I praesen: conditions,
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which at this moment ure just bepinning to bLe f{elt, should continue,
an increase in the demand of natural tanning agents. would occur

to the detriment o! the present surplus available for the wood
{ndustry,

ECONOMI C SITUATIOL.

The average international prices tor the different
raw materials used for binder resins, are approximately the fo-
llowing, at FOB points,-

Paraformaldehyde U$S 700.- per bTon,
37% Formaldehyde U$S 120.- per }Mon,
Phencl USP U$S 550.- per MhTon,
Urea U$S 130.- per } Ton,
Resorcinol Flakes U$S 2600,-per 1 Ton.
Tannin extract U$S 500.- per }Ton,

It is inmediately seen that tannin in the internatio-
nal market fetches pcactically the sanme price as phenol, {f
allowance is made tor recovery ol the phenol drums although it is
understood that normally treight tfor the bagged tunnin extract
would he somewhut cheaper than for the drummed phenol,

On the other hand technical grade urea is nearly
four times cheaper than tannin so this fact would rule out the
replucement oL urea resins by tannin- ‘ormuldehyde Linders, apart
from the technical reasons as explained previously,

The replacement ot phenol by natural tannin {s there-
lore only nmargirally possible trom a cost point of view, if both

products were to be imported trom abroad into a country that pro-
duced nefther oi them,

It would not le possible to economically Impoct
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tannin into 4 highly developed country producing phenol efficiently
at international prices, but it would be of advantage to import it
into a country producing phenol with a high protective tariff

barrier for Lt having at the sara time low tariifs for tannin ex
tracts.,

Another favourable situation for itsuse would be in
@ country producing natural tennins and having to import phenol
or producing phenol at over international prices,

The above describes the economical possibilities
when replacing part of the phenol by tannin in a co-condensed re-
sin binder with formaldehyde. They do not offer a bright picture
for the advancement of tannin extracts in the wood panel industry.

Regarding the use of quebracho tannin as an aggregate
to phenol-formaldehyde glue mix, its use can be Justified from a
technical point of view, although not as a lesser cost item, as a
shorter cure cycle can be obtained in plywood manufacture,

Being the leather tamming industry the ma jor outlet
for natural tannin extracts, its market price is governed to a
great extent by the price struct-ire in that industry prevalent in
the chemical or wood panei fields.

Regarding the potential use of tamnin extracts as
raw material for wood panel resin binders, estimate may be drawn
up from the 1970/1972 world panel production figures (100% solids)..

Plywood MI/Year
Urea- formaldehyde 315.000
Phenol-~formaldehyde 620.000

Particleboard
Urea-formaidehyde 1.635.000

Phenol- formaldehyde 130,000
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Total Consumption
Urea tormaldehyde 2.150.000
Phenol- tormaldehyde 750.000

I{ tannin replaces trom 20 to 50% of the phenol
used in the corresponding binder, though co-condensation with
formaldehyde, the potential for f{t would be between 90000 and
200000 thousand metric tons per annum,

It it is only as an apgregate (12 based on resin
solids) in the plywood plue mix, the estimated potential is of

75000 metric tons.,

The tannin extract industry can supply most of these
needs with their present facilities,

CONCLUSIONS

The tuture of the natural tannln extracts as raw
materials for wood panel resin binders will depend exclusively
on the relative prices of phenol and tannin, as technical ways
of using the latter have been found as shown previously, and the
industry is capable o: providing the product.

The highly (ndustrfal nations with efficient phenol
productjon facilities will no doubt centinue, for the time being,
to use the phenoi-tormaldehyde vesin Linders due to their easier
availability and relatlvc lower cost. But rising petrochemical
raw materiul prices will in a lew years drastically change the
present situation, barring any sudden petroleum crisis such as
happened in 1973/74, when phenol prices jumped tour-fold to fi-
nally stay at over double the prices previously prevalent. There-
fore an extensive study into the use ot tannin as phenol replace-
ment should be made.
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In the case of the lesser developed nations, which
do not have an efficient petrochemical industry that can supply
them with phenol, the need of natural resin hinders, that can be
obtained locilly or at a lower cost through imp .rts, is of ut-
most importance.

The replacement of part of their phenol needs by
cannins obtained nationally will not only reduce the cost of
the binders but will also help in their balance of payments
through lesser imports.

In a similar way to some petroleum deficient countries,
which have undertaken a programme to raise sugar cane for the
ultimate production of ethyl alcohol as gasoline replacement,
the countries without phenol should envisaga & project for
furthering the plamations of high tannin bearing plants, such
as mimosa (black wattle), vhich w.ll supply their internal needs
as adhesive resin b‘nders and, if a curplus were possible, per-
mit its export to those industrialized nations umable to plant
these trees, and which by that time will be in need of a repla-
cement for part of their phenol requirements.

The tannin extract industry should endeavour to de-
velop a grade of tannin, either of quebracho or mimosa origin,
which could be used exclusively ac raw matericl for the wood
panel industry, and vhich chouid be rot at o price level suited
for this market. In this way a re«! incentive could be brought
forth to justify the wuse cf tarnin extract ac phenol replacement.

The binders should be manufectured by co-condensing
phenol and tannin extrret with formaldehyde, for exterior grade
plywood and particleboard, to obtuin maximun benefit from the use
of these natural products; alternativeliy, :he tarnin extracts,
preferably of quebracho origin, should be used as an aggregate
to the plywood glue mix as an activa extender and cure eccelera-

t or,
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