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The whcle complex of research protlems concerning the proceseing of
wood and nen-weed fisrous raw material into toarde de teing dealt with in the
State Prrest Preducts ~ecesrch institute at Tratielava, which hae at ite disg-
posal well-equipped latorateries and pilet plante. The Institute has developed
for instance a epecial patented warufacturing methcd fer precessing fibrous raw
Baterial intc fibrebcerd by ~ dry pr-~ess. .he Tesigning and Engineering
Crganizaticn LiGICPRCIJEKT at Cratislava is experienced in planning and establishing
manufacturing plants for the prcducticn of different types of penels.

Some 2C years age the production of sandwich beards with a core nade up
from corn sobs and covered with veneer sheete was introduced; these boards
have proved to be suitable for building purpcees.

A fawurable develcoment shows the manufacturing of particle boards fronm
flax and hemp shives attaining a yearly production figure of 60,000 53. The
boards are successfully used for furniture production and a large proportion
is being exported.

From cther non-woed fibréus raw materials which have been studied, the
following have tc be menticned: baraese, cctton stalke, date palm wutc".
baaboo, papyrus, reede amd espartc, Chemical analyses cf the raw materials and
physical properties of boarde manufactured are listed in tables. The research
work for scme cf the rav materials was perfcrmed in the frame of feasibility
studies worked cut for agencies of the United lations,

Doth the research work and econcmic studies performed demcnstrate that all
raw materials menticned can te procesged into agclomerated beards. Their
quality ie «f course in mcet cases lower than for sim.lar beards manufactured
from wood. The lower quality is to be sourht in the morpholegical structure of
nonewocden raw matericle as well as in some specific chemical components which
are nct present in wood.

Nevertheless boards made from non—wwed fibrous raw materials may be of
interest for those developing countries suffering from a shortage of wood, In
spite of their lower values in physical properties, which in many cases dc not
reach the level required by world standards. such bcards may find their ecencmi~
cal use for building puroscses, for fruit boxes etc.

Before estal'lishing a plant for preducing boerds on the basis of the new
raw materials, all the complexity of production and marketing problems has to be
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thoroughly svaluatea. Iue attention has to be civen t¢ the selection of the
mest suitable type of beard and to the cptimum capacity of the prcduction line,

For proemoting the utilization of the raw materials in questicn it ia
reccamended to work out documentation outlindng the most impertant technical
and econcmical informagion for potential investors censidering the e¢rection of

& proeduction unit in develcping coun*ries. The proposed decumentation should
include:

= & brief desoription of the propertiec of the differont typee 6f boards
including the respective samples;

= #n outline of the potential uses of individual types of boards:

= & concise description of She technolegy;

- advice on the preliminery caloulation of production costs;

« advice on carrying cut a marketing study:

~ concise outlines for sales premotion including quality control and

o ftechnical instructions for further processing of agglomerated boards.
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1. JNTROPUCTION

The production of agglomerated particle and fibre boards snows in indus-
trinlly developec countriec an ever increasins trend, as may e seen from the
FAO statistical ficures (1). In developing countiries the production of
agglomerated boards is atill in ite preliminary stace, mainly vecause of the
very limited marketing possibilitier, the chief reason being the low level of
industrial production as well ar the low National Income.

Weod resources as the main raw material basis for agglomerated board
manufacturing are unequally distributed in developing countries., 1In the
tropical for..ts of South America and of Western Africa, huge reserves of wood
are still available, although their exploitation is very often connected with
difficult transport problems, not to mention the exceesive diversity of wood
species with various properties, which affect the processing technology. In
arid and semi-arid zones, on the conirary, the wood resources are insufficient
and not adequate to cover the needs of the populaiion. In almost all developing
as well as in many industrially developed countries considerable amounts of
not yet exploited agricultural wastee (2) and non-wood plants (3) still exist,
which as fibrous lignocellulosic raw materials can be processed under special
conditions into agzlomeratec boards (4, 5) and hence substitute wood. Already
in the past the problem of utilizing agricultural waste hae attracted con=
siderable attention in Czechoslovakia, in epite of the fact that the percentage
of foresis in this country is relatively hizh (34 per cent).

-

2. AGRICULTURAL WASTE

2.1 Corn cobs

Shortlyafter the en’ of the second World War the manufacture of sandwich
boards was introduced, which were composed in principle of covering sheets of
coniferous veneers and a core of maize cobe crosscut into equally long plecee.
The outer frame of this core was made of coniferous sawnwood., The products of
this type were trade-mrked as LIKUS-boards and have been manufactured in
several low capacity plants, the respective dimensions being 45.55 mm and 80
g in thicess an® 100 x 300 cm for width and length respectively (6).

NOTE; The figures in brackets refer to the bibvliography.




For the manufaciure of [IXUSeboarcs the air-cried :1aize cobs (up to
12 = 15 per memertmoisture conten:) were crosscut by means of a semi-automatic
multiple circular sawing device into exact lens~the corresponding to the height
of the LIKUS core, ‘The crasscut maize pieces were 1fterwards laid in an up=-
right position in the space of the wooden frame., The frame, after being
filled, wae covered 'y doulle cross-ua@d veneere 1he frane was them turned
over 180° and the other side covered in the same way. Ureaformaldehyde resin
wae applied as glue, which was spread only wri- the veneers and mott-wirde the
maize pileces, The preparei nets were aftervards pressecd according to a method
slmilar teo that used for block hoards, and finally dimensionesawn and sanded,

The LIKUS=boards were used as load-rearing elements for the building of
stores and low-cost housing, They were used also as shuttering plates for
concrete works, For these purposes the LIMM.boards had matisfactory mechani-
cal properties (bendins strencth without wooden frazs approximately 80 kp/cm2
and the buckling strength 1,250 = 2,200 kg = depencing on the thicknesses),
as well as physical properties (witer absorption after 24 houre of immersion
war )8 per cent, swellins after 24 hours was 10 per cent, thermal conductivity,
Aa 0,075 keai/n/n/°C and sound ineulation showed 30 db on an average ) The
production of LIK Seboards, introduced in the perioc frem 1350 to 1260 did not
develop to a larger extent due to the lacl: of success in mechanizing the work
of laying maize billete into *he framems 1. reems that this manufacturing pro~
cese is mtill very ineffective ag far as manual werk ie concerned,

242 Flax an® hemp shives (7-11)

In Czechosloviizin the development of shive boarde ﬁanufscturing was very
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favourable, Lince 1.5) three nlants have been erected, two for flax and omne
for hemp shive processing., All three plants use the LINEX=-VERXOR manufacturing
method and are equipped with SIEMPELYAYP machines (7). At present the produce
tion of shive boards attains €0,000 m3, the thicknezses Leing from 9 to 45 mm
and the width and length dimensions 1220 x 2440 mme A certain proportion of
the boards produced are supface-finished. In one of the plants, melanine im-
pregnated papers are used for finishing especially deasified boards. The shive
boards produced ire mostly exported (44 per cent) and the rest are used within
the country (maily in furniture ma<ing). The plante for manufacturing flax
shive boards are manage® on an average with 17 per cent profit, the production

of hempshive Loards assures approximately 1 25 per cent profit,
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3o QTEER NON-YOD PTG 2AM NATERIALS

Jesides the above mentioned incdustri:l rroduction of hoards on the baeis
of agricultural waste, the State Porzat Products Deee irch Institute in
Bratielava, tozether with the Orsanization for Desi;mins ané Engineering
(LIGNOPRCJTXT) in Pratislava have ~1reardy devoted themaselves for mAny yeurs
to research work, respectively to the desionin- of particle wnd Cibreboard
manufacturing technologies on the hasis of the uboveementioned waste and
warious other non-wood fibrous raw materiais. The work orientated in thie
direction has been done partly 2t the request of our foreign irade enterprises,
and partly at the direct order of interested foreisn partiss, and this to a
oonsiderable extent in the form of exverts® nctivities Cor orranisations of
the United Nations such as UNITNO and FA®. The research institute mentioned
has at ite fisposal all equipment neceasary for laboratiory rosearch as well
ss for pilot plant verification of research resulta ohtained in the fleld of
particle board and fiorehourd, The State 7orest Products Research Inetitute
(SPVU) has morecver a patented technolopical method for fibreboard nanue
oturing by ¢ry processing, noted for ita reilly procressive advantage that
it does not necessitate slue, which ie especially important for develsping
countries lacking a chemical iadusiry and a synthetic resins manufacturing
industry,

Among non=wood raw materials teamted in the Siste Porest Products Re-
search Institute, and evaluated in co~operation with LIGHOPROJEKT's experis
the following m\y be mentioned,

3.1 Pagasee

This material is now 'n'ar considarmtion for use in many developing
countries. It ie the most promising ligno=cellulosic vaw material, the
harvest of which surpasses in sone developins countries the quantity of indus-
$rial wood produced. This waste im a2 result of surar cane (Saccharum "
officinarum L.) processing, and consists pirily of lignified cells and partly
of parenchymatic pithe Its averige fibre lensth ranges from 1,7 to 2 mm with
a diameter of 20 ym, and so hagasse, in principle, fulfils the requirements
for use in the manufacture of agglomerated hoards as well as in manufacturing
pulp and paper,

The content of parenchymatic pith has an unfavourable effect on the
quality of the boards, becsuse i+ decreases the value of the mechanical pro-
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perties an? therefare nurt e aliminate? to the hirhesi nossible Cepree. From
thig noint ~f view it ie more advantareous to use the barasse produced by the
go-callec ciffusion pracess v which the bagasse is more tnerouzhly diginte-
grated an:' a raelatively larce part of pith is separated from the fibre.

“acasse resultine froo the olcer ethod of extraction proceseins is coarser and
therefore containe a bigeer rroportion of undesired pith {12 = 17 per cent).

A\t the Ctate Torest Products “esearch Institute in Bratislava, bagagse of
(uban ori~in was testecd with the aim of determining its feasibility for use in
particle and fibrehoar! manuTacturing. The results obtained are given in
Table ! (Toards made from bazasse).

“he particle hoarde produce’ were one=layer boards containing £ per cent
ureaformaldehyde ~lue anc C.5 per cent paraffin. The pressing cycle included 8
minuter 2t a temperature of 160"!,, and the pressure applied at the laboratory
press attained 16 kp/cma .

“he fibreboards were prouced bty dry proce:sing, following the STVU patented
process,

In connection with the problem of utilizing basmsse one of the authors of
this report was entrusted by UNITO with the evaluation of the poseibilities of
utilizin.s bapasse in "iji for the production of vparticle boards.

3,2 (ottonestalks

"he cotton-tree (Gossypium) ie a plant with a one-year vegetation cycle,
the stalks of which are 1=2 om thick and 1«1.3 m hirh, The weight of a dry plant
{s on ar. 80 £ average. The stalk contains a considerably 1imified part which
ie covered on the outside with a fibrous bark and includes in its centre the
parenchymatic pith, After harvesting, the stalks are extracted from the earth
and Lurmed, partly to enable other products to be waised in the soil during the
interim period, and partly almo for the extermination of eventual insects, and
diseases of the cotton plant. The world reserves cf thie raw material are very
considerable, and are estimated at approximately 28 million tere (2,20,23).

In connection with verifying the machinery and equipment as well as with
the LICNOPROJEKT'a experte® activities in Burundi under an acreement with UNIDO,
the State FPorest Produrte Tesearch Institute in Pratislava has carried out
testine cf this raw material, partly on samples from USST and partly from

Burindi (See "able ? Roards made from cotton stalke).




The chemical romposition of catteon-—tree ctalke fren urvnoi ia:

Humidity

Tcrnzene alcchol cxtract 1,4 0

(ellulose ' 12,7 %
Ligrnin 2hel
Pentosans 12.8
Ash 2,33 )

The samples of fibrehoard have heer prrduced by the paterted SDVU method,
but in order toc reach a sufficient bending strensthy* 1l per cent paraffin anc =
per cent cherol-formaldehyds reaol have been added without any additional
themmal treatvent,

The tests have proved that the cotton-tree stalks area a suitable raw matcei-
for a one=-layer particle hoard am well as for hard fibreboards manufactured hy
dry procensing. The properties of the boards proaduced in the laboratory are
qualitatively inferior if compared with boards marufactured from weod., In erler
to achieve mechanical properties corresponding to Czechoslovakian as well as in
most internatioral standards, it was receassary to iucreans ihe conient of glue
ir. the particle toards and to apply 2 per cent phonolic reeir in the fibre bonrd:.
whereas using wood it is pessitle to reach similar values for fibreboard without
rvesins, )

As cotton-tres stalts have a censiderable number of btrarches, and are thore.-
fare bulky goode, this raw material reruires at harvesting, storine and desinie-
erating speciel armngements which c2.. be aveided when using woo! as the techro-
logical raw material.

3.3 Palmetree waste

In meny developing countries wit. a ghortage of woud, palm leaves and sies
can be used for manufacturing azglomerated boards, bhut of course with certain
resorvations. There are different palm species which miy be taker inte account,
mowtly the coconut palm (Locus nucifera), the wildly growing palm (yphaena
borassus), and others. "he best conditions for harvesting and cencentrating pais
wagte seems to be found in the date-palm (Phoenix - 'ilifewa L.), which is cul -
tivated for its dates in big plantations in many Arab countries, especially in
Irag. The palm stems are not a very conveniert raw material for manufacturing
berause they contain aihigh proportion of thin-walled vessels and narenchymatic
cells, which on desintegrating are crushed into fines ac that the yield of usiul
chips is very often lesa than 50 per cent of the oricinal volumne.




- -

According to manufacturing results, palm lcaves would seem to be a more
appropriate variety of palm waste, vet fruit stems collected when harvesting

dates are the most suitable raw material for processing.

In !rwg for instance, where there iz practically no exploitation of wood
for industrinl purposes, and all saw wood as well as aaeglomerated boards are
imported, attention is being siven to utilizing the palm wasto for manufscturing
boards, In plantations of date palms, which are concentrated in particular
regions around Baghdad and Beswe where quantitico of about 32 million steme are
harvested annualy, the availability of palm waste is beins estimated each year as
up to 700,000 tons of dry material, as has boen shown in a Feasibility Study
prepared by LIGKOPROJEXT Bratislava for UNIDO in 1969 (21).‘

The State TMorest Products Research Institute in Bratislava was already
engazed in 1960 in a study on utilizing this wacte for particle board manu-
facturing at the request of the Iraqui Tate Association. A detailed project
was elatorated, based on laboratory and pilot plant research, aimed at intro-
ducing the production of one=layer particle boards.

The mortiés of thase boards arc specified in Table No. 3  The Irequi
Government, nevertheless, later decided to manufacture hard fibreboards,
because the demand for boards for the packaging of dates and for the building
industry (doors, ceilings, partitions walls, etc.) was much more important than
the need for particle boards for furniture making,

The State Forest Products Research Institute has also carried out labore=-
tory tests on fibreboar. manufacturing by the dry processi it was neceseary
to apply wat.r-repellent additives (. per cont paraffine) and 2.5 per cent
phenolic resol in order to give sufficient strength to the boards.

l. The chomical composition of palm leaves is:

Humidity 9.6 4
Cellulose 29.4 4
Limnin 24.5 %
Pentosans 11.7 %

Ash 13.7%



2. The chemic#l composition of palm fruit stems is:

L4

Humidity 3.2 5
Cellulose 32.5
Lignin 18,8 4
Pentosans 15.0 7
Ash 5.7 %

The average length of fibres ist 1.14 - 1,35 mm.

Hence it appears that both particle board (with 10 per cont giue) and
fibreboard produced from palm waste - assuming the same production conditions
apply - show in some propertics lower figures if compared with similar doards
manufactured from wood; nevorthelose their quality may be considercd as
sufficient for packaging purposes and for various uses in the building industry,

3.4 pambeo

This raw material includes different types of cultivated, but also of wild-
growing plants, which zrow in quantities of 2 = 5 t/hv/year, and are harvested
usually at intervals of 2 - 4 yoars., Besides its utilication for a large varioty
of uses by the native population, bamboo can be very wei. converted industrially
due to the remarkable length of its elamentary fibres (2.5 - 3.4 ma), which
oquals the fidre length of temperste zone conifers. Already in 1960/61 larse
laboratory and operation tests were performed in the State Porest Prducts
Research Institute in Bratislava, which proved the tochaical vi ability of bamboo
conversion into particle boarde, If compared with wood, the relatively high
content of silicates in bamboo leads to quicker weir in knives during desinte-
grating operations (19). Tarle Yo. £ (These boards had been made wnder laborme
tory conditions from bamboo of the varieties Phyllestachus species),

3.5 Papyrus and recds

Papyrus (Cyperus antiquorum, Cyperus papyrus) and reeds (Phragmites communis,
Arundo donax, and others) grow on the wide marshy banks of big rivers and lakes
in meny developing countries., Papyrus attains the height up to 3 ma and has
stalks of s typically triangular crnss-saction of 2-3} em thickness, The length
of the elementary fibres is about 1.2 ma. From ! hectarc it ia posaible to get
40 to 100 tons of organie fidbrous material. 1In comparison wiih papyrus, the
reeds as raw material for agglomeratod boards have the advantage of 3 hollow
stalk with a lower content of pith, furthermore thc loaves have no other vegetn~
tion adhering to them as is the caee with papyrus.




Following the preliminary cxperiments and tests 1: cui be seern from the
biblioerphy (20, 24, 25), the conversion of thesc raw materiils into agglomerated
boards can be considercd 8 poesible, With respect to the considerable length
and shape of these pgrasses, thay are very suitatle for manufacturing buildine,
ratc, with dimensicne =€ 170 = 272~ and 2 < 5 cm thick. They can be processed
in whole len, chs by simnle machinery thev arc compressod and stitched with wires
which havc beear either zalvaniisud or protected in somo other way against
corrnsion, Tha mats of this type ~re muccessfully usmed for house construction
work, esperiilly for waulls, partitions, flooring pads and cven as roofing ma-
terinl. V¥han used in tropical countries, these mats are rasistant against
termitcs without any prescrviition having beon carried out.

3.6 Zsparto grasc {Stipa tenacissima)

This griss specics orowe on an area of almost 8 million b in the coun-
iries of the Maghreh., Provided adequate markats are ensured, it i possible
to exploit csparto griss in quintitics of about 600,000 t/year. The fibre of
espario s shortor (its lensth being 1.1 mm on an wvervge), but vory thin (Sun)
on account of some ndvantageous technical properties, esparto was amehlh
usad for the production of high-quality printing papers.

In the past esparto grase was exported to England, France and Spain in
coneiderdble amounts for processing into paper. After some improvements in
tochnoiopical procedures for processing cheaper brondeleaved species were intro-
ducod, @eparto became 1 leas attmetive item for Buropean paper mills, mainly
for econcmic reasons. ‘‘he countries of the Maghrod are therefore irtereated
purily an thelr own pouluciive of puly fJoom wsparto and partly in the poesibi-
lities of ite utilization ir the mwn.facturing of aggloraerated boards.
Harvesiing esparto is namcly in the high areas of 't&e Atlas mountains s vory
iwport-n* sourco of income for -+ large number of inhabitants of this infertile
region, and rrenents § big social predblesm,

On the basis of a contract with UNIDNO, LIONOPRO.TEXT has studied the manu~
frectnring poseibilitioe of agelomerated boarde from ceparto in Algeria,
tlorocco, Tunisis and, comsequently, samples of particle board and fibreboard
have beon produced and evaluated on 1 laboratory and pilot-plant scale,

The propertias of laboratory-madc boards are given in T;tbla Se



The particle boards were prepared from chippec esparto, after eliminating

the dust portion, in 3 cdifferent thicknesses usine Il ner cent urea-formaldehyde

and alternatively phenol-formaldehyde izlue. “h= fibreboards were prepared by
the wet and hy the dry processes into compressed hardboards as well as thicker
nedium density hardboard.

Ae can “a deduce? fro~ tahle 5 the particle boards marufactured from
esparto dc not satisfy the requirements of current standards as far as the
physical and mechanical properties are concerned, when compared with the pro-
perties of particle boards made from woed.

™he fidredoards made hy the wet process ghow lower strength values, but
the fizures for water absorption anc swelling were acceptable, because after
disintegrating, the dust voriion containing different waxes had not been
separated,

The fibreboards made by the dry process reached a bending stirength above
400 hp/csm2 only when containing more than 2.5 per cent phenolic resin at a
sinultaneously higher density. ™he semihard fibreboards do not reach the
strength values of particle boards of the same thicknes:, neither by the wet
nor by the dry process,

The chemical analyeie of esparto from the various Maghred countries did
not show any sutstantial differences. The composition is as followss

Hhamidity 55 o
Renisens alcohol extract 50 90 £
Csllulose 45.7
Pentosans 21,95 5
Lignin 21,21
Ash 2,37 %
¢ coscumIons

The concise survey given herevith demonstrates that it is in principle
possible to manufacture agrlomerated boards from almost all agriculturel
wastes and non-wooden fibrous raw materials. Though it is necessary to state
that these ™w materials are in most cases morphologically not as favourable
for manufacturing agelomerated boards as wood. They contain, in general, a
substantially  higher portion of thinewalled parenchymatic cells, which
durine sechanical converting are to a large extent crushed into dust, which




means 1 substantial decrease in viels. As lonT as these cells remain with
the particles or fiders determined for wsrlomeration they clearly decrease the

strength of the final procduct,

Many raw materials cont2in 2 relativaly hizn quantity of silicate and
waxes, which influensc the technolewrical process. TFor reaching values of
physical properties usu.l for Uaa. o base? on wood, it ir very often necessary
to increase the conten' of clue used, respectively to increase the density
of the boards. I‘feasures of this type cancel-out to some extent the advantages
due to the lower purchase price for agriculture waste, Besides this,
sgricultural waste is 1 raw material which is available seasonally and there-
fore requires & sBtoring of reserves at least for some months. The storage
area has to be roofed over to avoid microbiological desradation which takes
place in humi! piles of wasta.

In view of fire hazards the waste ghoulcd be stored in small quantities at
suitable intervals.Mon* ~f this was‘e has bulky charmcter and must be pressed
into bales {0 achieve a more ef{octive utilization of the area when trans-
portin® and storins,

Many of the wastc raw materiale mentioned can only he manufactured into
lower quallity boards, wkich are to he used merely in the tuilding incdustry,
Though for buildine rirrracshoards with 1 certain resistance aghinst humidity
are preferred, this requiree ueinz 2 more expensive phenol-formaldehyde glue.

TMie to limited salo nossibiiities on the home market and usually also on'
the export market, manv develomins countries 1re confined to erectine and
managing or .y low=capacity plants, thich operite les: economically compared to
the highly mechanized plants in industrially developed countries. Boards pro-
duced in developine countries can therefore hardly compete on world markets
and their export {2 posgeitle enly in frame work of rerional economic collado=
ration. Furthermore, these low-capacity plants do not eolve the probles of
utilizing the huge quantities of wastey since they can process only lisited i
smounts,

The marketing possibilities are to 1 cortain extent reduced by tho fact ;
that new raw materials are being used, while the comsumer usually prefers
already known and well proven products croduced utilizing wood. ;
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Glues and eventual pesticide additives represent 2 verv important item in

the production costs of agelomerated boards as in view of the climatic condi-

tions in developing countries these often have to be imported in a powdered
form to secure the conservation of their properties far sufficient long periods
of storage. The powdered resing are mcre expensive in comparisen to liquid
#lues, which in view of their limite storage time :an be transported oniy for
shorter distances.

Before introducing and putting irto operation the manufacture of agglo-
merated boards on the tasis of new raw materials, the complexity of production
sust be thorouchly analyzed. From the point of view of marketinz it is often
questionahle to produce an inferior product with the sole aim of utilizine
certain amounts of wastes although the waste would be cheaper than wood.

For certain buildines purposes boards can be manufactured at a lower price
and with less investment costs by usine cement as a binding asent, which is at
present available alsost everywhere in sufficient quantities.

In connection with the aim of utilizing long-stalked plante e.g. reeds and
papyrus, in developing countries, the simple technolosy of manufacturing mats
stitched with wire or artificial fibre should be promoted. In combination with
plaster, such panels facilitate the quick construction of housing, including
wslls and ceilings, and in the case of a superficially applied layer of bitumen,
they can be used as roof covering materiale as well,
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Officials responsible for sconoiic progress in developing countries and
even sxperts ~ if not specialised in the matter of panel production - are in
nany cases provided with only very general and inaccurate information, which
sy have a rather confusing and misleading instead of clarifyine? influence on
their viewpoints,

For promoting the uSiliszation of agricultural waste and non-w2od plants in
developing countries, it seems to be very useful to srant the interested parties
some documentation material from which they would be able to judge whether the
proposed manufacturine of agslomerated boards is advantageous or not, taking
mainly into consideration the given rw materials, different products and
their potential uses and marketing.
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The proposed document.tion should include principally the following items:

1. Concise instructions for carrying cut 1 marketing study and outlines
for statines the optimum capacity of the envisaged plant.
2., Samples of different kinds of panels with a brief description of their
properties and potential end-uses. “he data compiled should serve as
a basis for cstimmtes of future cersumption of specific assortments
such as:
- medium density particle boarde for general use up to the world
standardsg
- mediun @ensity particle boards especially produced for furmniture
saking, having smooth surfices and high values of tensile strength
perpendicularly te the surface;
« insulating and semi-hard particles boards for building purposes
ponded with slue with 3 hizh resistance to humidityg
« thin particle boards for packagzine, wall linings, ceilings,
eventually for shutteringg
< particle boards with cement s 1 binding acent, for building
purposes;
« compreesed hard fibrehoards for general purposes;
- gemiehard fibreboapds for comstruction purposes (furniture and
btuilding industry);
~ 4{nsulatine fibreboarde, for thermil and sound insulation purjoses.
3. Concise description of the technology for the manufacture of particle
borrd and fibreboard (wet and dry procese) with 3 simple productioa’
schome comcerning the small st but still profitably opemating capacity,
including n specification of main machinery and equipment necessary.
4. Pxamples of preliminary production cost calculitions, e.g. for an

annusl production of}
a) 10,000 m of particle boards;
b) 15.000 § of hard fibreboards;
¢) 100,000 8% of cement-bound particle boards.
All calculations veing carried out on the dasis -of world prices in
US=dollare.

5. Concise cutlines for sales promotion of produced agglomerated boards
(quality controi, instructions for further processing of agglomerated
boarde, otc.).
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