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Introduction
The Workshop on Adhesives Used in the Wood Processing Industries,
orgsnized by the United Netions Industrisl Development Orgenization
(UNIDO), met at Vienna from 31 October to 4 November 1977. Its main
purpose wag to ~nalyse the various factors involved in the use and menu-
facture of the adhesives which are a prerequisite for the production of
wood beased penels, viz.: plywood, lamin-ted boards, block=boards,
particle boards, ply moulds, high densitv olywood, plymetals and other
wooden laminated products and =11 others used in modern wood processing
industries (timber engineerinc, gluelsm, furniture, joinery, etc.);
namely by:
= determining the minimum requirements for 2dhesives production;
= determining whether natural products occuring in develoving
countries could be used for the rroduction of binding agents
to replace » certain amount of high priced imported synthetic
resins; and recommend by future research needed in this field;
- negessing the varinus glue spreadings svstems for =application in
developing countries;

= recommending the munlity control snd standards for these nroducts,

The Workshop brought together participsnts from both developed and
developing countries to compile appropriste data and guidelines on the
above topics that UNIDO might disseminate in the developing countries to
potentinl investors and industrialists on the one hand, and financiers,
government agencies »nd other regulstory bodies on the other hand, to
ensure the development of economioally viable wood-processing industries

in the developing countries,

The Workehop was a follow=up of »n Expert Working Group Meeting on
Production of Panels from Agricultural Residues which UNIDC convened st
Vienna in December 1970, the purpose of which was to nssist those countries
that, though not self-sufficient in wood and wood products, had great
quentities of unutilized agricultural residues and non-wood ligno cellulosic

materiml,

Adhesives often play a cruoisl role in the development cf wood based
prnel industries in the developing countries, eince they are » major coet
factor in this industry. It was felt &t that meeting, and at the World
Coneultation on Wood Rased Panels which FAO convened in New Delhi, Indis,




in Fehru~ry 1975, thot inform~tion should be compiled, Aiscussed and

diffused tn allow developing countries make fuller use of natur=slly onccuring
products ~»3 hinders or extenders for thi~ industry, =2nd tn studr optimum
ways of utilizing these or even producing them 2s well as synthetic
adhesives locally. The convening of the Workshop reflects the =wareness

of UNTNO th2t Adevelopine countries 1ack knowledge of what technologies are
av2ilahle and are thus unable to decide which technology is best for them,.

Recommendations
Recommendation addressed to industry

1., Complete fe=sibility studies should be done hefore any investment
decision is taken on the ~stablishment of adhesive production faci-

lities 1n developing countries,

Recommendations addressed to research institutes

1. The w~rk on the development of tannin=formaldehvde resins, b~sed on
wattle, chestnut, mangrove, auebracho, coconut and other extracts in
the present and potentisl tonnin producinc countries should he corried
out by the tannin, resin adhesive plywood and n~rticle hoard industries,

so that maximum technic»l know=how is available for the project,

2, Grester attention srould be p2id bv specinlized resesrch institutes
in the field of developin< suitahle nreservative treatment nrocesses

for plywood,

3}, Standard methode of messuring formaldehyde, hoth in the 2ir and in
ligno-cellulosic based panels, should be develored and steps taken to

make them generAlly accepted,

Recommendations=ddressed to governments

1. To reduce the cost influence of the resin adhesive used in the ligno
cellulos.c panels and conseaquently increase their potenti»l use in

low cost housing and furniture, it is recommended thot:

a) If no local resin manufecture exists, import duties for resin
adhesives, tannins and hardness should be reduced;

%) Maximum investment incentives, envisaged by the local legislation,
should be given to promote ectablishment of adhesive manu-
facturing plants in develop.ng countries, because although the
production of adhesives is capital intensive, their locel production

Will help develop the plywood industry which is 1abour intensive.

e
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2¢ National stand>rd bodies and 13C should tale steps to ensure that
standards for ~dherives bonded wood pnroducts do not exclude the
use of adhesives b~sed on tannin form=aldehyde resins ~nd other

natur=l products on grounis other than performance,

Recommendations »ddressed to 'NTTO

le If requested to do so, technic=2l assist=nce should be eiven by UNIDO
to present and potentinl tannin oroducing countries to inve-tigate
2nd obtain efficient tannin-formaldehyde resins b=sed on wottle,

chestnut, manerove, aquebracho, coconut and other extrants,

2+ UNIDO should sponsor » workshop exclusively on adhesives from natural
products within the next five ye~rs, In the mean time UNIDC should
act 2s a co=ordinator of this research effort, The lahorotories
involved in this research should submit » report on oroeress to '"NIDO
at the end of each ealend»r year, It is requested that UNTDO diffuse

this information to interested parties,

3. The workshop identified the need for a study to cover the subject of
extenders and fillers »nd recommended to UNIDO to commission such a
study.

4. Attempts by developing countries having scarce wood »nd wood wastes
to utilize nlternative raw materials, hitherto unutilized, such as
rice husks, coconut husks and straw involving appropriste research

and development work, should be encouraged and supported by UNIDO.

5. UNIDO should compile » list of specificotions and test methods
issued by various countries; and publish it ags a follow=-up to the
workshop's report, This list should include = lossary (in English)

of terms used in the wood glueing industry,

I. Organizstion of the Workshop
M. M, Aref, Head of the Agro-Industries Section of UNIDO opened the

Workshop with an address of welcome in whioh he referred to the Lima

Deolaration and Plan of Action on Industrial Development and Co-operationy
as it pertained to development, particularly in the wood=-processing
industry.

yA/10112. annex, chapter V.
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The Workshop was attended by 23 participants from the following
countries: Argentina, Australia, Federal Republic of Germany, Ghana,
India, Kenya, Malaysina, Mexico, New Zeal~nd, Norway, P2raguay, the
Philippines, Switzerland, Turkey, the United Kingdom of Great Britain
and Northern Ireland =»nd Yumosl=via, They comprise: individuals occupying
managerial or policy-meking positions in the wood based panel industries
in their countries, adhesives manufa~cturers, specialists from adhesive
equipment manufacturers, #nd scientists from wood research institutes
working i1n the field of adhesives, »ttendinr in their own capecity 2and

not as representsrtives of their governments.

Thirteen observers attended whose background was similsr to that of
the particivents and tcok part sactively in the Workshor, Thev ceme from
the following countries: Austria, Pederal Republic of Germsny, Finland,
Indonesia, Mslaysina, Norwsy, Switzerland, the United Kingdom of CGre=t

Britain and Northern Trelend, =nd tre United 5tates of Americe,

Js Beorce was elected Chairmam 2nd J. C. Scherenberg Vine Chairmen
cum Rapporteur while A, V, Bassili s»nd H, Eld=g of the UNIDO Secretariat
served as secretsaries to the Workshop., The following particinonts served

as discussion leaders:

Discussion lesder Agenda item
Js Co Shorenterg A. Fconomics of ndhesives production for:

a) avnthetic resins
b) resins based on naturally occuring
products

K, P, Plomley 5 Utilizetion of naturally occuring
organic nroducts:
a) past reseesrch
b) industrisl =pplication

J+ Reinhardt 6. Industrial application of synthetic
sdhegsives for:
a) ligno-cellulosic based penels
b) gluelam and tibmer eingineering
products
c) joinery and furniture products

S. Senn 7. Eaquipment for spplication of:

8) resdy-to-use adhesives
b) adhesive-particle blendiv.g
c) adhesive spresding

Jo Qeorze 8. Testing procedures and ecuipment for
adhesive testing
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The Arenda piven in Annex I was ado~ted un-nimously, Twelve docu-
rents were spacially commissioned for the Worvshop (See &nnex 1I),

“nglish was the working lanmisge of the Workshop,

Il. Fconomics of production of resin =dhesives

The two parers prepared for this topic were presented by their
authors. These were "Economics of Production of Synthetic R~sin Adhesives"
by J. George (Dcoument ID/WG.248/3) and "Fconomic Aspacts of Tannin
Extracts »s Weod Adhesive Binders"” by J. Ce. 3oharenberg (Document

ID/WG.248/7 )l/
In the ensuing discussion the following points emerged:

1. The economic fensibility of menufacturing resin adhesives for the lieno
cellulosic tased panel industry in developing countries will depend
on the aveilability of raw materi=l technology, domestic =nd exrort
m~rkets for the finished products, =nd investment costs relsted to

the existing mrrket,

2. Technic2l considerations

The principal resins needed by the wood processing industries are the
following:

(a) Urea=formaldehyde (UF)

(b) Phenol-formadehyde (PF)

(c) Urea-melsmine=formaldehyde resins (MUP)

(d) Resorcinol=-formaldehvde (RF)

(e) Phenol-resorcinol-formaldehyde (PRF)

These products can he meade in the same reaction vessels with spproxi-
mately the same manufacturing conditions,

Polyvinylacetate (PVA), hot melts, epoxies, acrylics, isocyamide,
rubber based adhesives, etc.,, were not considered in the discussions

because of the small volumes involved,

3. Urea-formaldehyde resins are used in the manufacture of particle board
and plywood for internal use (furniture, doors, etc.); phenol-formaldehyde
resins are for exterior use (sidings, concrete forms, etc,) and urea-
melamine formaldehyde resins are for semi-exterior uses, where a full
waterproof bond is not required. Resorcinol based formaldehyde resins

are cold-setting fully water-proof adhesives for woodworking.

i7;nother UNIDO document that deals with this topic is: Synthetio resin
adhesives, A survey of produotion technicues and world trade (Document
ID/HG.B}/B) by A.G.Seljestad, Norsk Spraengstofindustrij A/S, Oslo,Norwsy
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The me2in raw materials involved are the following:
(a) Urea;

(») Phenol;

(c) Melamine;

(d) Resorcinol;

L)
(e) Formaldehyde,

Urea, phenol, melamine and resorcinol =re obtained by petrochemic=1
processes, while formaldehyde csn he obtained by the oxidation And/or

dehydrosgenstion of methanol, in itself another petrochemical prnduct.

Products listed under (a), (b), (c) end (4) can be considered s
100 per cent solids for resin menufacturing purnoses while formal-
dehyde can be obtsined as a solid contrinins up to 98 per cent
active ingredient or as a solution containing un to 5% per cent
aotive ingredient, or -~s a urea formaldehyde concentrote with up

to 85 per cent active ingredient.

Other rawmaterials mey be:

(») Natural products that react with form=ldehyde; (tannins, etc.):

(b) Non-sctive extenders and fillers (wheat flours, walnut- and
cooonut shell flour, sander dust, etc.):

(c) Chemicel hardeners and retarders.

When considering the feasibility of a resin manufacturing plant,
only UF and PF need to be disoussed as they constitute more than
95 per cent of the resins used for ligno cellulosio based panel
manufacture.

Marketigg considerations

The developing countries considering local resin manufacture should
teke into account the market available for the produot, either domestic
or export., The resin to be manufactured will, for obvious reasons,
be sold almost exclusively in the domestic market and the partiole
borrd and/or plywood produced can then be sold locally or exported.

T+ is oansidered that one ton of particle board, trimmed and sanded,
will consume about 60 = 100 kg of UP resin at 100 per oent solids,
or 60 = 120 kg of PF resin at 100 per oent solids.

The oorresponding quantity of phenolio resin used for waferboard and '
strand board is about half that mentioned above, but its unit oost
is muoh higher.
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The average consumption of resin by plywood is rather more difficult
to generalize as it will wary according tc the number of glue lines

per hoard, thickness of ench ply, aquantity of extender used and type
of wnod being processed. Perhaps for UF bonded plywood, sheets ahout
A mm thick (3-ply construction) can be s»id to be average, =nd for PF

bonded plwond boards, 12 mm (S-plv construction) may be tvpical,

Takine this into account for UF resins with 100 per cent extender
added, the sverame consumption per cubic metre would be =about 20 - 25 kg
of 100 per cent resin solids for the 3=plv construction while for PF
rosing with 20 per cent extender 2dded the average consumption mav be

estimated »t 25=30 kg of 100 per cent resin solids for the S=plv con=-

struction,

A market survey for particle board and plywood in each country, with
these foctors in mind could determine the notenti~l morket for resin

manufacturinge,

Raw meteri-l considerations

The 1oc2l avrilability of raw materials for resin menufacture will pro-
bably be very low or non=existent in smelle-market countries ~nd there-

fore these have to te imported from more developed countries,

Tyrieal prices (November 1977) for these products would be: para-

formnldehvde US$700/ton F.0.B.; formalin, 37 per cent solution US3120{ton
FeCeBo (eruivalent to 'JS®300 at simil-r concentration to 92 per cent paraformalde-

hyde) UF concentrate (80 ver cent) US%160/ton F.0.B.

The other raw materi~ls show the following 2poroximate nrices:
Ures 130 ¢/t
Phenol 500 4/ton

Tannin (~uebracho and wattle) 450 - 500 %/ton

The powdered UF and PF resins can be approximately quoted at US8$400 =nd

US$ 700 per metric ton, respectively,

Any resin menufacturing project munt trke into account:

(») import Aduty differences on resin adhesives and on the
Parw materials for their production:

(b) freight rates on anhvdrous row materials and the resin n~dhesive
in powder form;

(¢) the recuired technolorical desree of the resin producing facility

in relection to its8 installation cost;
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(d) the availability of relevent technolosy and skilled m~npower
to establish the resin nlant, promote the produst amoncst
usnrs and cervice them technically;

(¢) complications arising from the tran-~port of hazardous chemicals
such »s formaldehyde and phenol;

(f) comnlic>tions in the pruchsse of the different rrw materials
involvrd;

(g) economies of scale,

Reg~rding the repl-cement of synthetic urea and phenol by netural

tannins, or ~11 the synthetic raw mnateriols, these may replrce part materials
if » cerreful study of comparative costs and nvailability under locnlly
prevailing conditions prove it to he economic. Tannins may be used

ag cure ancelerntors for phenolic resins in plywood production,

Investment considerations

A plant for the production of rerin adhesives cAn varv in size in
accordancne With the sveilable mnrket for the finished product., Its
size will =1so have to be regulated hy the costs of the raw materials
available plus labour and fixed capitel costs compared to the cost of
imported resin ndhesive. The cost of the latter would include taxes
and Aduties thet could be increased in crder to protect loc~l industry

nnd/or the raw materials be sranted preferantial trertment.

The cost of the plant will vary considerably and no figures can be given,
Bach case should be evaluated in the light of local conditions and

requirements.

The smaller resin plant can operate successfully on paraformaldehyde

or UF conoentrate if imported from overseas and/or 37 per cent

formalin is imported overland from neighbouring countries, The

economics of transporting larger amounts of these products for

larger sized resin plants would not allow them to operate success-

fully, so a formaldehyde plant would have to be instrlled to compete

with imported finished resin at relatively lower cost levels. A
formaldehyde plant can be engineered for 300 to 10,000 tons annual capacity
and its cost would vary aocoording to the process to be used.

BN



Recommendations

18, In concluding its discussions on this topic, the Workshop

mnrde the following recommendations.

19, The effects of economies of scale vary greatlvy from countrv to
country, ~nd no minimum caracities can be sucgested, Complete

feasibility studies should be done before any investment decision
is taken,

20, Among the major outlets for ligno cellulosic based panel~ »re low
cost housing and furniture. To reduce the cost influence of the resin

adhesives it i8 recommended that:

(a) if no local resin manufacture exists, import Auties for

resin 2dhesives, tannins and hrrdeners should be reduced;

(b) maximum investment incentives, envisnged by the locnl legie=
lation, should be given to promote the establishment of =dhe-
sives manufacturing plants in developing countries, hecause
although the production of adhesives is capitnal intensive,
their local production will help develop the plywood indus-

try, which is labour intensive,

III. Utilization of naturally occurring organic products
Two papers and an annctated bibliography were submitted de~ling with the

utilization cof naturally occurring organic products as wood adhesives,

A. In his "Review of past research on utilization of naturally ocourring
organic products as replacement of synthetic phenolic adhesives",

E. Kulvik made the following points:

l. Adequate supplies of methanol may be available in the near future.
However, the long term supply of phencl and resorcinol is considered

tc be less assured because bengene is increasingly in dem~nd for other
uses,

2. The availability of phencls for wood adhesives over a long term can
be better assured by modifying the synthetic resins with naturally
oocurring products, Intermittent and wcrld wide shortages and price
increases of synthetic phencl and resorcinol have intensified the
search fcr alternative lower cost materials based on natural, non-

petrochemical resouroes as replacement in adheeives for the wood-
working industries.
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Reserach into the development of phenolic adhesives from naturally
occurrinr sources has been reported from time to time., Such natursl
sources include:

- the nolyphenols of commercial vesctable tannins;

- the polyphenols of other wood »nd hark extrocts:

- liFnin such as in spent sulphite liouor.

All these have heen suggested for partinl or full repl=cement of

phenol in phenol=formaldehyde adhesives for the manufacture of plywood
and particle borrd, The use of some of thegse natural products for re-
placement of resorcinol in resorcinol=based ndhesives =nd for =ccelers-

tinn of cure of PF adhesives has ~1sn been considered,

The substitution of natur2l vhenol‘cs for synthetic ohenols, asnecially
from various tannin extracts, s renorted to he an astablished cm=
mercinl practice in n number »f eountries ~nd significont economic
adv-ntage:: are reported to hrve been oht2ined hy their use, Of parti- '

cular interest =re resources av=2il~ble within the ~dhesiv~ conrumine

country, thus benefitting hoth the domestiec product and be2lance of

p-yments of the countrv, There =re useful n~tur-l sources of nhenols
available in m~ny devclovnine countries =nd narticular ottention should
be sivven to identify these sources ~nd Adetermine whether they rould be

used to repl-oce = rertain amount of svnthetic rhennlics,

Srent sulphite limuor »dhesive formul-tions ccmnly with certain ston-
dard~ for plvwood »nd rarticle hoard but it wes sugmested that tannins
h~d creater notenti»sl for replrcement of synthetic rhenol snd resorcinol

than lignin products.

Althourh not h~ving the high renlacement nnotential of some condenced

tannins, chestnut tannin has been chown to hoave volue as » substitute

for phenol., Renlacement in the ~mount of 50 per cent for synthetic

pheno! in an ordinary, slc~line phenolformrldehyde resin for nlywood

seems to he the meximum to meet the remiirements ~ccording to BS 1455

(1972) for WBP gluing. The chestnut wood tannin modified adhesive

resin is industri~lly in M~laysia under the same conditions of nlywond

manufacture ns the unmodified resin. It is 2180 an inexpensive =nd v

effective accelerator for the cure of phenol-formnldehyde resins,

BN
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In discussion, interest was shown in mangrove tannin as a potential
adhesive base. Past work has shown that an efficient plywood adhesive can
be prepared although, because of a higher proportion for fortifying resin
is required, the c>st of formulations is likely to be higher than for
wattle tannin., Furthermore, variability in viscosity was a problem in
commercial extracts,

The industrial use of quebracho tannin as a replacement of up to 80 per
cent of synthetic phenol in phenolic resins was reported from Argentina,
although further work on this extract is warranted, Quebracho tannin is
used industrially in Finland as a cure accelerator for phenolic resin
plywood adhesives,

B. K.F.Plomley presented a paper entitled "The formulation and
industrial application of naturally oocurring polyphenol (tannin)
adhesives in the wood based panel industry”. (Document ID/WG.248/6) 1In
it he drew attention to the fact that:

The possibility of using the condensed tannins as substitutes for phenol

and resorcinol in wood adhesives has been recognized for many years and

cver the last 25 years a considerable fund of information on the properties
of tannins and the formulation and properties of tannin adhesives has been
built up. This research has resulted in the commercial use of wood adhesives

based on wattle bark extract and on quebracho wood extract.

Adhesives based on commercial wattle tannin have first been used in
Australia for the manufacture of exterior grado plywood since 1960 and

for particleboard since 1969. Formulations have been developed for timber
laminating under laboratory conditions either cold, warm setting and

using radiofrequency heating to cure the adhesive. Warm setting formulations
have been used commercially in South Africa. Wattle tannin is now used
industrially as a replaoement for resorcinol in water resistant staroh
adhesives for corrugated board in these two countries, Particle board

adhesivea based on quebracho extraot have been used commercially in Argentina.

A pilot plant has been installed in New Zealand for the manufaoture of
pinus radiata bark extraot, specifically for adhesives. Condensed
tannins are also used to accelerate the cure of phenolio resin adhesives,
replacing resoroinol,
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12, Wattle tonnin 2dhesives are uged ~5 substitutes for phenol= and
resorcinolfrrm~ldehvde adhesives, As such they show hir~h durability
in exterior exnosure ond accelerated weatherine tests »nd comnly
with relevont standards, which "re h~sed on the nerformance of the
synthetic rosin adhesives, Plvwood =nd particle bosrd honded with
wattle tannir ndhesives pass the relevent snecification- involvins

. . Y ?
immersion in hoiling water for 72 houre,

13, Weatherins tests on nlywood pannls bonded with wattle t-~nnin adhesives
have been in nrogress for 15 yerrs without bond failure., Accelerated
rgeing tests havn been carried nut on commerci»l narticlehoard bonded
with wattle tannin-formaldehyde in compsrison with phenol= ~nd urea=
formaldehyde bonded boards., Tn » test consisting of immersion in
water ot AUOU for 2/ hours and redyring for six days, the acycle being
repeated up to 15 times, the performesnce of t=nnin form>ldehyde (TF)
and PF bonded hoards wes similar and much superior to UF bonded
boards, Three ye~rs of humidity =t 3800 have shown » similar perfor-

mance by t-nnin=form=ldehyde =nd phenol=formaldehvde ~dhesives.

14, Unmodified t-nnin based adhesives differ from the PF resin adhesives
in vhe wood=clue moisture relationship. An understanding of this charac-
teristic is considered to he highly important for the successful use
of tannin ndhesives. Rate of loss of moisture when in contact with
wood is more rapid for tannin adhesives than for PP resins and the
minimum amount of moisture in the adhesive for flow in the hot press
is higher. This can have important effects at all stares of the
glueing process, as it influences glue transfer, prepress adhesion
and bond quality. The situation is ameliorated by relatively small
ohanges in formulation snd by oontrol of gluing, assembly and pressing
conditions, '

15, At the present time it is primarily cost rather tham lack of techno-
logy and supply of suitable extracts whioh limits the use of tennin
adhesives, This siturtion is likely to ohange, especially with decrease
in netroleum resources, It is reccmmended that research should be oon-
tinued and directed towards the improvement of adhesive formulations

:2 Standards Association of Australia (1963) - AS 087 Plywood for Exterior Use.
Standards Association of Australia (1976) - AS 1859 Flat Pressed Particleboard,
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based on available tannins and towards the discovery of new

tannins with valuable properties. At the same time information
should be exchan~ed, especially with the develop ng countries and
countries whérc an additional extraction industry could be set up
and where the economics may he more f~vourable for the use of tannin

adhesives,

The Workshop took note of the "Annotated Bibliography on the Research
done on the Use of Naturally Occuring Adhesives for Wood Processing
Industries" compiled by J. George (Document IDWG.248/5)-3/.

It requested the particpants to communicate to the UNIDO secretariat
any recent work so that they may be incorporated in an addendum,

to the document and that UNIDO publishes an up~dated bibliography

on similar lines.

In oonclusion the workshop recommended that:

(a) If requested to do so, Technical Assistance should be
given by UNIDO to present and potentinl tannin producing
countries to investigate and obtain efficient tannin-formaldehyde
resins based on wattle, chestnut, mangrove, quebracho, coconut
and other extracts;

(b) The investigation work in the selected countries should be
carried out jointly by the tannin, resin adhesive, plywood and
particleboard industries so that maximum technical know-how is
available for the project.

(c) UNIDO should sponsor a workshop exclusively on adhesives frcm
natural products within the next five years. In the interim
UNIDO should act as a co=—ordinetor of this research effort,

The laborstories involved in this research should submit =
report on progress to uNIDO at the end of each cnlendar vear,
It is recuested to diffuse this information to interested p2rties,

(d) National St~ndards Bodies and ISO should t»ke steps to ensure
that stand~rds for adhesive bonded wood products based on tamnin

formaldehyde resins and other natural products do not exclude the use
of adhesives on grounds other than performance.

-B-rAnother annotated bibliography on a related subject was published by

UNIDO some time ago. Tt is the "Annotated bibliography on the utilization
of agricultural residues and non-wood fibrous material for the productien
of psnels". by H. Augustin, Institute for Wood Chemistry "nd Chemioal
Technology of Wood, Federal Research Institute for Porest and Wood Economy,
Hamburg, Federal Renublic of Germany (Document ID/WG.83/16).
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[V, ’S_ynth_nt‘xn resin _’*_dhm:lvro.q

Threr roners wers nrensred and Aicc sedq under thic t nie, These
vere "Indu~stricl Annlication ~nd Pormul-tion of Svntheti-~ Yeain L.3hrniyng
in the 004 Hnaznd Pana) [nductre hyr J, teinh~pdt (Dncumant TH/ 10,718/ .
"Formul~ti1nn ~nd fnemstrial Arnlication of mthetie desin Abssiven
in the J'unl»m 3r-m »nd Timber “neineerine mivetey" by H.C, "0olh
(nocu~ent TD/:1G2/6/1 ) »nd "Forlotion snd Tndustrial Apnljecation of
Synthetic Rezin ~nd ‘irecinl Adhesives Used 1n the Joinars =nd ®urniture
Industries ~nd other Speci-li~ed “Jood Product=" by W, J, wan dar troeten
and To T4 Mymntt (Document ID/.-J(}.C’M*)/A)./"/

1. P-rticle ho~rd ~nd nlywood manuf-cturinc nlant- account for most
of the current conmumntion of svnthetie, formolAehvie h-ged
adhesivns, These synthetic ~dhesives uce r-~w materiala th~t are
derived from the netrochemic~l inpdustry, execent for ures ~nd
melrmines Fimres 1 to / showthe variou- routes from the r-w m~rterinl
to fom~1lderhvde resinse These flowsheets illustrete thot there should
be ferr, if any, restrictions to the av-ilability of the row mrterinln,
porticul~rly in rezinns where noturrl e~5 or crude 0il is re~dily
ayailahles However, with the dwindline 2v21i1-hility of ecrude oil
and, toale~ser extent, c¢n2l there arisec the poasibility of rou
materi~l1 short~mas, World prices for the r~w materi=ls ~re dependent
on petroleur fend stock vrices, The dem~nd for crude oil is incressines
apd mny exceed the supnly. Tt i< estim~ted that less thn five ner
cent of the worldts crude 0il is currently used in the chemic~1
industrve Avrilahility »~nd orice of the row mrteri~lec sre closely
related nnd provided rnelistic resin prices c~n be achieved, it is
anticinated th~t manufacturers of synthetic resin vill be nble to
bid competitively for their roaw materi-~ls, If realistic nrices
for resin connot he achiewved, the heavv chemical industr- will divert
its row m~terials to outlets with a better return on co2nital and
problems may arise on the supnly and price ~f formeldehyde=rnsed
resins. Conserquently, it is necessary to find »lternative supplementary

rav materials for the manufacture of wood »dhesives,

4-]_C;th«r' UNIDO documents desling with this toric are:

(a) "The use of <lues =nd other adhesives in furniture ang joinerv" by
Jo Meriluoto, Lahti Technicel Institute, Lshti, Finlend (Document
ID/WG.105/26/Rev.1)

(b) "Adhesives for Wood" by J. Reinhardt, CIBA-GRIGY (UK) Ltd., Duxford,
Oreat Britain,

BN
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Figure Il
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The custom of using wax (as =n emulsion or molten) in the manu-
facture of perticle borrd was questioned. It was agreed th~t the
addition of wax incire=sed the rate of licuid water renellency of
particle boarde It wns susgested that molten wex also helps to fix
resin particles on to the flakes in the production of f1-ke board,
and wax emulsion in peneral confers certain "slip" prcperties in

resin blenders and on convevors, forming stations snd coulse

Preservative treatment of panel products may be divided into two
groups:

() Tresatment ngainst attack by insects:

(b) Treatment ~gainst attack by fungi.

Protection can be 2chieved hy:

(=) Tre~ting the veneer or p-rticles prior to =dherive application;
(b) The ineorporation of nreservativer into the sdhesives;

(c) Post trertment of the #lued, finished »nd ranel nroduct.

There is no universal solution to the nreserv-otive tro~tment of

plvwood and particle hoard, |

Additives for improvin- the insect ~nd fungi resistonce of particle
©vorrd are useds For example in the Feder~l Republic of Germony

tnere are five ~nproved nrezervetives for the protection of particle
board »rainst fungi that meet the remuirements of the Fedaral Insti-

tute of Materinls Testine in RBerlin,

The tre~tment ~f nlvwood is more difficult. A considerohle amount

of work has heen carried out by CSTRO in Austr-~lia, the Forest Products
Laboratory in the United Kinmdom and nreservative m~mfacturers.

There is ne univers»l solution to thins nrohlem =« vet and the ide-~l
preservative fulfillins all remirements (rdhes‘ve comprtibility,
nrotection against 211 hazards 2nd uvniversallyv accentahls for »11
legislation on humsn toxicity of the nreserVﬁtive) has not vet been
developed, Therefore, the workshon f~1t th~t frester attention

should be placed on this work in future,

The Workshon's attention was drawn to the incrersine nublicity being
given to the emission of ormsldehyde from ligno cellulosic rased
panels, Statements have been mede th-t formaldehyde is » serious

health hazerd, even carcinomenic, Speester~ stressed th~t no evidence
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existed tn ~unrort such claims »nd pointed out th~t -~uch stotements
could bring unjustified discredit on ‘100d=bnsed pennl product s,

In conse~irnnn, wom'4 trade in *hese materinla could he affected,

The s enkrrs recomized thnt form=14ehvde r2a in »ir — even ot
lawvels a~ Yo' an 1 ppm = produaes tamnerary unnless-nt ~hvsioloric=l

rr~ctinn~,

Some ecun.ries ape alrensdy introducing stondsards t~ 1imit the emis~ion
of form~ldshvde from liemo cellulonic haged r nel-, eapecinlly narticle
hosrdr, The intention of these stondards in +n raduce the emleian

to amovrt that in seneral, would not soure discomf rt in rcomdcon—

t~ nine eyrp Tnree rmounts of limo celluinsic based nonel -~roduets,

The wor¥shan utressed thot:
= there ir no rvidence that formrldehvde at low roncentr~tion i-
carcinosmn, or aven produces perm~n~nt di sorders;

#t recommended that:

= standard methods of measuring formnldehyde, both in air and ligno
cellulosic brsed pancls, should be developed and sters t-ken to moke
them gencr~1ly nccepted;

= the nroblem is an internation»l ecne, ~nd meximum exch-nge of infor-
mation ~hould orcur hrtween 21l nation~l mamifrcturers? rsporinrtion<;

= @re~ter ~ttention should be peid by snecislized resecrch insti=
tutes in the field of developins suit~ble preservsrtive trenrtment

 proceste for plywood.

= due to the serrcity of wood »nd wood weste in ~ome of the de=
velorine countries alternative raw moteri~ls hitherto utilized such
a5 rice husks, coconmut husks, snd str~w should be considered if
they are available in suita*le msntitirs, Some of these row ma—
terinls have natursl resist=nce to termites, fire attack »nd decav.
Attempts to bond thesc materinls have been encouraging but appro-
prirte research should be corried out, Attempts to utilize these
materi~ls rhould be sympathetic=llv sunnorted by UNTDO,

= the Workshor identified the need for a :tudy to cover the sub ject
of extenders and fillers and recommended to UNIDO to commission

such a study,
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s Fauipment for arplication of ~dhesives

Threr namers orensared for this tonic were rresented ~nd discussed,
These were: "Emuipment for Prep~rine Rend:'=to~Use Adhesives" hy
3e Senn (Document ID/HG.?A8/1?), "Mixing Ecuipment for Glue Co~tin~ of
Wooden thips or Irregul~r Particles of 5imilar Shane" by Ve Fngels
(Docume:t TD/WG,246/13) and "Reuirment for Glue Costine™ by 1. Funke
(Document m/wc.ws/n).y

l. The ensuin< discu~sion deslt mainlv with glue mixing ~muinment -nd
adhesive apnlication equipment for the narticle bo~ra industrr. With
regard to the ~lur mivine equipment it 's2s recommended to use mechani-
c2l methods »nd 2void the costly alectronic cantrol units while ensuring
that the hum~n element does not become =~ risk when blending the ~lue,
The rendy to use ~lue mix should contain »11 components ~nd for safety
Aand economic rensons no in~-line mixin~ or seperate appliontion of the

y component= on to the furnish is recommended, However, the sensrnte

application of wnx could be an acreptable procedure,

2o The addition of starch, waxes, fungicides 2nd other special ~dditives

are optional and depend on hoard reruirements. Fxcessive mixing of

the glue components should be svoided to prevent excessive fosming I
and mnimize the risk of insufficient glue solids anplication, The
blendin~ equipment for glue application on to the particles which was
described, reflected mainly the requirements of the developed countries,
For developing countries where plants usually heve smaller aspacities,
investment and mrinten~nce could be minimized by the use of only one
blender for alternstively gluing face and core material, This is

possible because of the shorter retention time offered by the modern
blenders, Glue viscosity variations do not present a problem for the
modern equipment. Simple accurate proportioning of glue to particles will
recuire the presence of a reliable operator. The use of belt conveyors
for transporting resin coated particles will in most cases meet the

needs of developing countries, Experience has shown that certain
non-essential glue deck items such as metering devices, fall into dis-
use shortly after plants beoome operational. This indicates the need

for a careful determination of the items considered to be essential.
Additional oontrol systems can be inoorporated at a later stage provided
that during the planning stages this had been borne in mind,

yAnothor UNIDO dooument that deals with the subjeot is: "Selection of
Equipment for Joining”" by E. van der Straeten and J, Reinhardt, CIBA-GEIGY
(Uk) Ltd., Plastice Division, Duxford, Great Britain (Documert ID/we 151/18).

r——— \}
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1, Experience h~s sho'm that other ligrno cellulosic raw materinl e.g.
ba~erene, rice husks, coconut coir, etc. can be coated with glue
using existing emuipment. Further develonment work is needed,
however, Attempts to use these 7nd other ligno cellulosic raw

m~terisls should be encouraged br UNIDO,

A+ The following paper = item 14 of the arsendr = dealt with ~lue
application emuinment for the plvwood, gluelam and furnitvre indus-
try. The voriovs arplicetors =are designed for snecific nroducts.
Hence selection cf ermuipment will be limited by the products monu=-
factured, For rlvrood and veneering in develoring countries roller
¢onrting ecuirment is generally the mest suitahle hecouse it tolerates

a wide glunr wviscosity ronge and cen 2nrlv n wide ronge of snre-d,

The machine is ~1c0 not sensitive to rlie f1lers with » certair
erit contcnt. The use of roller rcosters mreg it necescary thnt
y veneer thicknoss he controlled to ensure even sprends, Thin

veneers mav re~uire » reduction in flue viscositv to ensure c-rrect

pragame throusgh the vrllers, With spr~r co-~tin~ sppliecstors in-
afficinnt slue ~oplicntion orcurs and un to 0 per cert glue losses
c~n hn cxnerienced, Problems m2y he encountered when sproyving
filled resinn, For furniture and joinery s#lue pun aonlication moy-

W uged hut it i import-nt to elesn these guns rerml~rlv, In slue-

l»m preduction where hi~h throughput is rermuired, co=ters were recom-

mended,

Vi. Adhecive tostine procedures and stondnrds

The paper pren=red hy A, Prifhweld entitled "2dhesive Testine Pro-
cedure; and Rondin~ 3trength Testing Frutnment” Docurent ID/4G,218/8)

wo~ presented. 1In the ensuing discuscion the followin® noints ~merged:

1. Tests on ancured ndhesives comnrise ev~lu~tion of viscosity,
renrctivit;r, n-t=1ife, nH ~nd solids, nlus cther minor tests.,
It wes noted thot the temmernture of 140 = 150°C wes to~ hioh for
golids determin-~tion 28 weight loss from the condens~tior resction and

by pvrolysis is ohserved, Generallv lover temperatures ~re ured within

different time lapsesn,
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The groun debsted the v-lidity of mersurine the quality of ply-
wood ty wood failure versus sheer tets, but no consensuc could he

renched,

In countries where wood nrecies vary widely, tests nre made on wood
of two species ~f diffrrent densities, Hor hoardwood snecies the thear
values ~re taken gener~lly ns » measure of munlity, while for soft-
woods the wood frilure values ~re taken. 3ome countries t-ke both
values ~r necessary for nilywood mu~lity ev~lustion, The v~lurs of
100 ner cent wood frilure ren1ly rive the value for the sherr
strensth of the wood hut not for the slue=line. The onlv rel-~tion=
shin betueen these valurs would be that the shear strenvth of the
flue line iz gre~ter th~n that of the wood; no nther rel-~tionshin
i« pos~ible, Tn n~rticlehoard » strone correl-tion exizt- between
shear strensth and intern-l hond. It w=s recommended tknt for
narticle bo~rrd st-nd~rds, » nhear strencth tests be consider~d for

adoption 28 it iu esasier to carry out th»n »n intern=l bond test.

Tests mede on the same types of nlyword, followins st-ndards set

b Turkeyv, the Federn' Rerublic of Germany and the United Kingdom,

gave different results, This wrs 2180 noted by Adifferant Asi»n n=tions
which have to export to differrnt countries, esch with different st>n-
dards, so an Asinan nlywcod stﬂndnrdghﬂs hren ndopted in Octnber 1977.
by the Asian plywood menufacturers, in which the use of wood failure
and sheesr strenth determinr~tions wns ndonted. Japan uses only shear
strength as quality mesasurement while in the USA it is eveluated

on 'ood failure values,

It wnas felt that internntional stenderds should be prepared and adooted
for testing glue=lines of plywood, although it wrs renorted thrt 1SO

has such a stend=rd in rreparation.

The need for non-destructive testing of psrnels was mentioned as many
boards fre lost by destructive testing. In the U,S.A, ultrasonic
teat methods are being used for plywood, particlebaord and glue lam,
they being an effective continuous production cuality control tool,

o/ Asian Plywood Standards, adopted October 6, 1977 Conference of
Asian Plywood Manufaoturers.

— \}
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althrugh physical tests are also beingz carried out, The correln-
tion between ultresonic values and physical strength test v~lues
18 beins studied., It was felt that ultrasonic devices would be

too advanced for many develoning nations,

It was recommended that UNIDG should compile 2 list of specifica= ,
tions »nd test methods issued by the various countries »nd issue
it as 2n addendum to this report. This list should also include =2

glossary (in Fnglish) of terms used in the wood glueing industry,

o
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ANNEX 1

Agenda
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Agenda Item
1

Election of officers and adoption of sagenda
2. Economics of production of synthetic re-in ndhesives
3 Utilization of n~turally occurring orsanic nroducts:
n) past resenrch;
b) industrial application,
e Industrial »pplication of synthetic adhesives for:
») wood based p-~nels;
b) gluelam and timber engineering products-
c) joinery and furniture products.
5 Eruipment for applioation of:
a) ready-to-use adhesives;
b) adhesive-narticle blending;
c) adhesive spreading.
6. Testing procedures and equipment for sadhesives

i Quality control prooedures snd standards for
&lued assemblies

8 Adoption of the report
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Annex 1T

List of Documentaﬁ‘/

Documents prepared for the Workshop ,

Symbol Title and author Agenda item
ID/WG.248/2 Review of past research on utilization 3

of naturally occuring organic products
as replacement of synthetic phenolics in
wood adhesives, by E. Kulvik, Manag

by E. Kulvik, Menager, A/S Jontungruppen,
Sandef jordt, Norway

ID/HG.248/ 3 Economios of production of synthetic resin 2
adhesives
by J. George, Director
Indian Plywood Industries Research
Institute, Bangalore, India

ID/WG.248/4 Formulation and industrial application 4
of synthetic resin and special adhesives
used in the joinery and furniture indus-
tries and other specialized wooden products.
by F.J. van der Straeten and T.I. Mynot,
Plastic Division, CIBA-GEIGY, Duxford,
Cambridge, Oresat Brit=in

ID/WG.2/8/5 Annotsted Bibliography on the research done 3
on the use of naturallv occurrins adhesives
for wood processing industries,
by J. George, Director, Indi»n Plywood
Industries Research Institute, Bangalore,
Indin

ID/WG.248/6 The formulation and industri»l application of 3
naturally occurring polyphenol (tannin) ad-
hesives in the wood panel industry
by K. F. Plomley, Principal Research Scientist,
Wood based panels group, CSIRO, Highelt,
Viotorin, Australia

1D/WG, 248/7 Economic aspects of tannin extracts as 2
wood adhesive binders
by J. C. Scherenberg, Develooment Manager,
Compania Casco S.A.I.C., Buenos Aires,
Aregentins

E‘TA limited number of copies of these documents =re availeble upon
recuest in the language in which they were issued (mainly Fnglish).

_————— \}
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b
§ Symhol Title and ~uthor Amends items
ID/1G.216/8 Adhesive testine nrocedures ~nt rondin~ 6

strenth test re emuioment

by A, Prithwaic Divicion Lesdar, Tnstitut
fr Volznhvsik, Puniesfor-echunssanst-1t ftir
Hol~virt=chaft, Hambur -, Pedersl Qa-yblic
of Cermonv

TU/"IC.T’"W’) Indust»i~l »nnlicetion and formil~tion of 4
symthetic reain sdbesives in the weod hozed
r el indnctry
ho Js Beinhapdt, Ryrort Salas Mopaenp,
Pl-stiec~ Division, CTRPA=GRIGY, Duxferd,
U mhrid~n, OGre-~t Brit~in

TD/113,248/10 Formul-tion ~nd indurtri-l -nolicsti-n ~* A
s'mthetic resin sdhesiyrs in tha ~lusl~—
heam ont timbhar engiicerin~ indust e
by He €4 ¥0olh, Heod Mimber ~Ad Timhow '
Lornectioan Nenartment, (tto Or~f Inctitrte,
Stutteart, ™adersl Reruhlic of fiarm ny

in/HG.218/11 Feninment £or ~lue roactine 5
hv H, tun'"e, Professor
Rachherhechule  Rocenheim,
Fader~) 2nrunlic of fermany

TN/WG,216/1° ey rment for nrepairine resdyet ceyge 5
~dharivag
by 3, Senn, Chinf Technolewic-t,
Prhrni 'nedstute 114, Zurich,Suyitgori and

I/, 2a6/11 Mixine cruivment for ~lue contine of wooden
chir® or irre~ilar prticles of aimil-r
b shone

by V. Eneels, Direct-»
Dr-irverke GmbH, Mannheim, Fedarsl
Rerublic of Germany

NDocuments issued ~fte the Workshop on the recommendntion of the narticipants

ID/WG.246/17 Report of the Workshon on Adhesives used 8
in the Wood Processing Industries

Fiscellaneous documents

ID/WG.218/1 Provisional Agendr 1
1D/WG,218/14 Amend» and Programme of Work 1
1D/G,. 218/15 List of Participanats

ID/WG.248/16 List of Documents

o




The followine ~tudie~ on ures of wool hrve bheen publiched hv the

nited lations Tndurtriel Develorment Oreanigstion,

1n/10

1n/61
/717
/19
1D/106/Rev.1

In/1y

1D/154
1D/180

UNIDO/LIB,
SER.D/4

UMTPO/LIB/
SER.D/9

Production Techniruers for the Tlse of Jond in Housinsg under
Conditieons Preveiline in Develonin~ Countries
Rerort of Study Groun, Viennn, 17=21 Novembher 1769

United Notion= nublic~tion. 3~les o, T0.T14P437

Production of Prefsobhrianted Wooden Houses
¥eiio I« Fe Tius~nen
Urited N-tions nvublication, 5-lns Nno. 71,TT.B.12

Hood nn » Poacksging I'sterial in the Develonrirn~ Countries
Be llochrrt
Unit~d Natinns npublic~tion, “~les No. 72.T7T.8.17

Production of Pon~ls from Apricultursl Hesidues
Penort of Kxnert Group Meetins, Wenn-~, 11=1 Decembher 197
United Natiors miblication, 5nles No, 72.T7T.Be/

Marniture and Joinery Industries for Nevelonines Countries
T: Haw Materi=l Inmits

TIt Procensins Technoloey

{II: Monsgement Considernstion-

selection of Woodworking Machinery
Rerort of » Technic-l Meeting, Vienn~, 179-231 November 1973

Low=cost Automation for the Furniture nnd Jéinerv Industry
Wood Processing for Develoning Countries

Report of » Workshon, Vienna, 3=7 November 1975

UNDIO Quides to Tnformstion Sources lio.41 Information
Sources on the Furniture and Joinery Industry

UNIDO Guides to Information Sources No. 9: Information

Sources on Puilding Board from Wood and other Fibrous
Mrterials
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