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INTRODUCTION

We, first of cll, would like to call your attention to the faot that
no distinction be made betwoen particlc bo:-.rd produced from annual plant
wastes and particle board produced from wood. As fer as board utilization
is ooncerned, tho only distinctive facts are the muelity and properties
of the manufactura product, depending morc on the typc of board than on
the raw material from which the board is made.

It may well be noted that for most of the annual plant wostes a
specifio method is required to preperc the particles suitable for board
production, and that if this particle preparation is not adapted to the
row meterial, rather infcrior ond products may rosult.

The industrial production of particle board from annual plant waste
was first iniroduced in 1948, when flax shives were used to produce the
Linex flaxboard, according to the Verko~ process.

The description of this flaxboard manufacturing process has been
given with sufficient detail in the literature .1), so it is not necessary
to repeat it hore. The production of flaxboard may b2 oonsidcred a very
typical example of the use of an initially worthless agricultural waste
for the production of a very valuable .nd product which is uscd extensively
in the btuilding and furniture manufacturing industrics. -

Taking an example from thc production and application of flaxboard,
scveral other annual plant wastes were x 'mined with the purpose of
produscing similar boards. A fow oxperiences arc discussed hereafter.

Besides lignocellulosic raw material, the production of partiole
boards requires a binding resin which only makes wp to 8 to 12 j of the
weight of the board, but reprcsonts a cost oftem equal to or higher thamn
the cost of the lignocellulosio material, especially in developing
comtries, where resins have to b imported.

Additional investigations should be made as to whether products svailable
nuludmmmmoumunmu. ‘htln- oconnexion
sstisfactory results have been obtained, iy seversl research workers with
osrtain types of tannin extroots. Some experiences are discussed hersafter,
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The experience in Lurope cxtending over a numer of Years has proved
that partioie board in general, but especially flaxboard, is particularly
useful in the building industry. Through the use of prefabricated elcmeonts,
it allows shorter building times and reaagnablc costs.

For some applications in the builaing industry, the boards should be
treated for protection against fungal attack and mould growth and the
manufacturing of partiole boards with phenolic resins gives a supplementary
guerantee for longer life, espceially under conditions of high relative
humidity or for applications where direot vontact with watcr may
occasionally oocour.

The manufacturing o: the phenolio flaxboard is treated hcreafter.
1. ' C \_BONDED

The first trials to produce phenolic resin bonded flaxboard did glve
rether negative results, and board satisfying the standards set up in the
Fedoral Republic of Germany could not be obtained consistently.

. Two main problems, cach resulting from the specific propertics of both
rev materials, had to be ficaed to produce a satisfactory phenolic flaxboard:

(a) the ocuring of the phenolic rosins normally requires a high temperature and

pressurc. Both those conditions are diffiocult to realige when
producing low density flaxboard for the building industry. Its
own insulating propertics reduce thc heat transfer from the press
to the core of the board so that the ouring has to take place at
" lower temperstures. The lower board density implies that actually
lower pressure is applicd on the €lue lines, rendering a perfect
gluing of the particles more problematio.

(b) The surface of the original flax shives is not {n an optism
oondition to be glued. The ianer surface of tho shives has a
layer of soft, low-resistance pith cells eesy to be glued but mot |
able *o trensfer high bond sirength from one saive to the other,
especially not wnder wot oonditions.

e resuls.of miorosoopic studies and careful technological investigations
n&ﬁxﬁn.a*ﬁmmmsmmmmwmmn (ti.

#
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it has been found that a high quality phenolic rcein bonded flax board can be
produced even at low densitites. At comparablc density such boards are
superior to wood basud particlc boards.

To obtain this rosult it is nccessary to observe the following points:

The flax shives must be particulrrly well ‘cleaned, thie means that
all impurities which may be prcsent in the shives, such as.

dirt, roots, fibrcs, secds, sccdhur :#, ccmmal straw and other grasses,
must be climinatod:

It is noocessary to propare the shiver mechanically in suoh a wry that
the parenchymatous ccllc (pith) arc es thoroughly as possible removed;
Tho oconditions at prossing must be adapted to the particular material
and tho type of resin,

It is advaontagoous to manufacture o J-laycr board so as to have more

flexibility in setting up the tcochnologicel details such as resin ocontent,
moisture content, hardener gystom, eto,

Considering all these points, boords with the properties given in
Table I have been produced:

TABLE I
1. 2. 3,
Density ¥ 528 515 528
kg/m3 R 21 21 25
Nodulus of Fid 189 179 197
n:. of rupture R 24 6 33
Modulus of olastioity P 31120 29220 31500
|:¢/¢:m‘z“l > e R 2200 2700 3000
Internal bond T 5.94 5,77 5.78 .
u/: R 1.15 1.52 1.64
Internal bond after X 1,44 1.44 1.52
2h h‘lm tents
kg/om2
Swelling after 2 h. ¥ 6.00 6,3 6.3
qou‘::n in water R 2.00 ‘0,72 0.4
2°¢C - % ‘
24 a. imgersion in R o,g 0.5 eL
water 200 C -~ % . -
Swelling after 2 h. doiling b4 13.97 13.93 . 4%




4. 5, 6.
Density A 508 520 510
kg/m3 R, 38 38 34
s 284 160 112
Modulus of rupturc T 159 166 163
kg/om2 R, 15 38 37
' ] 43 147 160
Nodulus of elastiocity X 24475 30055 29571
kg/om2 R 2300 5200 3700
Intornal bond % 5.92 6.10 6.20
om2 Ry 1.0 1.2 1,10
s 0.478 0,114 0,095
Internel bond cftor T 190 1,9 2,01
2 h. boiling tost R, 0.40 0.14 0,58
kg/om2 e 0.0187 0,029 0,048
Swelling after 2 h. X 7.18 5,06 5;.50
11@1119: in wator 32 1.05 1,90 1,63
p C - ; 8 0-118 09 397 0. 291
Swelling after b4 8.35 8.84  9.17
24 h. ivuion in R, 1.09 0,57 0.60
wator 20 - % ] 0.138 0.0397 0.045%
Swolling after { 10.82 11,20 10,76
° 0.0%6 0,023 0,092

X: average of 10 measurements; |
R ' renge bdetween maximum and minioum valwe;
.23 variation.

Muﬂﬂ% 5M6mmﬁnn&1ﬂmm¢h#n§a_,

hydrexide, which wdor seme m&ﬂm m thp Mﬂ; of th
phonolio boapds. : ‘ <

M-mmutulmﬁwththand@
Seated for thetr resistance against Mu “conditions.

nr. mamwhvu"cm miﬁ.iﬁ
subjected this board together with & whele series of ocompetitive yhenelte
mmmmm«umwmm W““‘”ﬁwm.
nmnunmmtm;umﬂpmam
mﬁmmamamum

i
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The following tosts and “accelerctod oging” tests wore oarried out:

V20 1/ : immersion in wator at 20° C for 2 h;

VT0 1/ : 4immersion in water at 70° C for 5 h;

V100 1/ : 4immorsion in watcr at 100°C for 2 h:

ILT 2/ : long torm immorsion: 43 days at 13° ¢;

VPS 2/ : immersion for 42 days ct 13° ¢ after applying & vaouum of -
0.8 kg/om2 for 2 h. ond e prossurc of ¢ kg/om2 for 22 h. while
the sample is immersed.

3V 3133 : 3 oyoles of the V 313 aooclerated aging testing cyole
| oonsisting of:
72 hours immersion in water ct 20° C;
1 day exposurc to -12° ¢ froe standing in air;
3 days drying at 70° C in air.

A.T. ;/ : Exposure to an atmospherc of 20° C and 95 4 relative humidity
for 85 days.

1.: Extornal exposurc on wire netting at an incliraiion of 30°,' feso
to the West.

11: after 5 woeks exposure;
, 12: aftor 6 months exposure;
I3= after 1 year exposure. ‘ \
Aftor these tests the samplos were rooonditioned at 20° C and 65 %
relative mmidity and tested for their permanent swelling, remaining flexural
strength, and remaining intornal bond.

Results are given for a few typioa. boards of good average qultiy
npelﬁed as follows:

UFB: wood particle board with urea formaldehyde min,

UMt flax board with urea formaldehyde resin;

MB: wood partiole board with mlonine forlalm ruin

PB:  wood particle board with phonouo resin;

P.: flax board with phenolio resin (r.fomm md of the rom
laboretory tesis). - »

)/ oomu standasds mammmnemsurm

2/ Vo official testing procoduro followed. |

)/ Prench wooslereted aging test. e




TABLE 1I
Pormanent swell n nt of initinl 8
Type donsity v V70 vV1Q0 IiT VP8 3vV3l3 AT Il 12 3
UFB 590 6.5 8.3 6.8 19.8 2.8 11.2 16.3 D
UFB 630 4.9 8.2 1.6 17.7 2.0 5.2 10.6 D
UFL 540 6.3 8.5 1.8 23.6 2.5 10.1 17.1 D
MB 660 1.2 15.9 3.2 2.9 1.8 0.2 1.8 4.3 9.5
MB 670 1.7 9.4 19.7 4.9 4.5 8.1 1.7 2.7 4.8 9.5
PB T30 2.9 5.2 7.0 2.9 3.5 5.1 1.2 3.3 3.5 5.6
FB 690 3.8 6.7 7.8 4.7 5.4 1.7 1.6 3.2 3.9 5.9
PL 54C 3.0 4.1 5.3 3.3 3.0 5.7 1.4 3.0 2.8 4.6
TARLE III

.....

Type V20 VIO V100 333 AT, I, I,
ur 93 68 95 64 43
urs 87 40 v 63 196 86 17
B 96 41 69 103 93
X 84 80 49 9 110 94
” 88 81 82 8 101 90
] 88 8 69 % 10 97
n o e 12 7 10 94
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TABLE IV

Remaining intoyncl bond in % of the initicl strongth of rupture

Type V20 V70 V100 ILT VI 3vils AT Il 12
UFB 51 0 0 51 45 2% 7317 15
UFB 62 0 0 50 55 32 16 52 30
UFL 68 0 0 58 55 30 S 32 13
NB 80 35 0 87 85 33 106 88
MB 96 47 13 3 15 27 92 16
PB &5 37 17 75 85 41 99 75
PB 66 55 58 61 4 30 87 69
PL 80 84 75 62 90 21 104 !

Tables II, III and IV arc published with thc courtesy of Mr. Carr$.

The laboratory tcsts, as well as the “acocleratod aging" tests and tho
results obtained aftor external exposurc, prove that exocllent phenolic
resin bonded boards can bec produccd from fiax shives and that their
propertics are at lcast cqual if not superior to thc properties of phenolio
wood particle boards. It is to be oxpected that with similar oar im tho
particlc preporation, other waste materials from annual plants will give
equally satisfactory rcsults. |

Bogasse, the rosiduc of sugar cano after sugnr extrection, has already
been found, but only to a limited extunt, to be valuable iz paper
manufacturing and in fidb.e board and hardboard production, before the
partiole board industry showed any imterast in this rev meterial.

Injtially, not all attempts to utilise bagaeso for particle tossd
proéuotion were sucoessful. In some onses the fallure was éws to.a
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misconoeption of the board manufacturing plont .tself, in somc other cases
it was a lack of market aveilability, in yet othor oascs it was an
inocorrcet technolézical processing of the raw material resulting in a
seocond quality board which could not successfully competc with othor boards
and materials alrcady existing on t-e markct.

Meanwhile, learning from the failurcs but especially through more
extensivc rescarch ~uid hence botter knowledge of the propertics and
physical structurc of the material, botter processcs for both raw material
conscrvation and particle preparation were cstablished.

Onc of the main problems cnoountcred when using bagassc as : raw
material for board production is thc storage of thc bagasse for the
period betwoen the grinding seasons.

In most of tho sugar cane growing areas thc grinding secason does not ,
extend ovor morc than five to six months. |

Tho solution gonerally adaptcd for the storage of the bagassc in the
palp and paper industry involvcs baling it dircotly at the sugar mill.
Howeover, the problems attached to this arc manifold. The baling operetion
is oostly, it roquires proper procodures for piling and it will still
causc a fibre loss of 10 % or more owing to deterioration.

In the partioular ocasc of particle board production an additiomal
problea is that uncontrolled fermentation of the baled bagasse may not
only deorease the yicld of fibre bu- the remaining material can be
degraded to a point that oulyhoardaefnocndndnym&wm
from it. As & matter of fact it has boen found that oontrery %o the
generally accepted principles in the pulp and paper, fibre board and
hardboard industries, whore it is oonsidered that for quality produsts the
mmbaﬁthﬁdufuumiﬂc.tht-ilmthuufw
particle board mamufaoturing (4). On the comtrexy, it is prefezeMle $o
Ma-tanmucthmnm&thﬁm;m,
ewmmummmm«w of the stem. Only the
-ﬂmuam.;v,\e@nmm ™8e difference in deusity
and hemoe in physic mm-ammm
mmtﬁm*%‘uﬁtmdﬁﬁﬁb'Ti’.fﬂfﬂ

T,




i
H
B
{
!
!
H

- 10 -

It is obvious that thc rcduction of this outcr part to the size of
the original fibre crcates the nced to rebuild a similar structure afterwards

in {l¢ board, requiring unnecessarily high cuantitics of resin.

It has ~lso becn found by oursclves that an cxeessive beating of the
bagasse durin; the muchanic~l depithing may considerably reducc the original
stiffnoss of the fibrus nnd hence also the modulus of clasticity of the
board manufacturcd with thesc fibres.

Informativily o simplified matorinl flow dicgrom in a bagassce
particlc board plant accordi:g the Verkor principle is given in figure 3
and desoribed herovafter.

The grcen bagossc coming from the sugnr mill hy a scroper or by
oonveyor (1) is fud over a magnct (2) to oliminate scrap metal and a
food regulation device (3) to the depithing mills (4). By a pncumatio
transporter (5) the begaus~ is then conveyed to special scrcems (6) to
scparatc the loose pith. Th: pith is generclly sent back to the sugar mill
to be used as fucl. From the soreens thc bagassec is transported Wy a
conveyor belt (7) to the rcfining mills (8). '

The refining is regulated according to the initial finoness of the
bagnsse and the subscquent requircments of board quality (homogoneous or
3-layor build-up, morc or loss fine surfacc). & pnoumatic tramsporter(9)
brings the bagasse from thc rcfincrs into a dryer (10) where the moisturc
oontent is brought down from 50 % to 5 '« The proumatic oirouit of the
dryor (11) brings tho material to = screen (12) to separate a supplemontary
quantity of pith liboratod during the refining, (in the oase of a 3-layer
board the ground [fibres orc separatcd] begassc into 2 qualities, the
finer quality is used for the surface layer whilc the ccarser quality is
waed for the core layer). N

From the screen the material is convayed (13) imto a messuring bia
(14) snd fed in a glue blender (15) provided with a complete glue mixing
unit (16) followed by a pneumatic transporter (17) and o met~Corwming
station (18). The mat is formed in a frome (19), pre-pressed im a oold
pre-press (20), weighed (21) cnd conveyed into a wulti-daylight hot
press (23) provided with a Jading (22) and an unloading (24) 1ift.




Aftcr pressing, the board is trimmcd by o speceicl trimming saw (25)
cooled in = cooling tunncl (26) and sanded on both sides with a drum op
wide belt sander (27) and stocked (28). '

The dust from the sccond scr.uning, from the sandcrs and from the
trimming saw is collccted by a singi.: pncumatic conveyor (29) storcd in a
special dust silo (30) and uscd as fuel for thc main boiler or eventually
the dryer.

It immediately appears thet the dffercncs bctween 2 wood and a
bagasse particlc board plant arc to be found in thc particlc preparation
section, the depithing being the vssentially different stage.

2.2. Boord production cost pric-

To calculatc the cost prioe of the bogasse itself, two distinctly
different situations have to be considercd:

(a) whether eoxcess bagasse is available,
(b) whether 211 bagasse is used os fuol for the sugar mill.

If oxcess bagasse is aveilable; one may consider that at the sugar
mill it has no velue, and perhaps cven supplemcntary oosts are necassary
to burn it in an incinerator. But although the bagassc has no value at
the sugar mill, it will have 2 certain value once it is roady to entor
the board plant.

During thc grinding scason and in the casc of a board plant
integratod to the sugar mill, thc green bagassc does not represent a
caloulable cost. Botwoon the grinding scasons howcver, thebagasse has to
be stored and requies hondling oosts and invostments. Mgures bosdlon
different looal conditions were published carlier (5) (M0-1955) and
should be adapted to aotual salaries and the oost of machinery and
matorials. It is estimated that the.ocost of balod baguise delivered ot
a board plant (ﬂthacmoityofl‘aom#memm. o labowr
cost of UBS 1 per hour, and a grinding sesson of & momths) will vasy
mmcammu;prtenormumm. Iamtw
cont is tmilt wp Wtelq as ronm: ‘
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cost of wire: 8.8 %
capital oost of beling station: 1.2 %
oapital oost of storage area: 0.9 p
oapital cost of equipment: 15.8 3
labour: T3.2 o

In the casc that coxocss uLagass. is not available and that its
rerlacemont by fuel oil, natural gas or somc other fuel is necessary, the
oost of thc bagessc incrcases quickly and in direct proportion with the
oost of the looally available fuel.

The oorresponding hcating valuc of grecn bagasse to fuel oil is
1 to 6. From this figurc it is easy to onloulatc thc value to be used for
the bagasse. At a oost of US, 20 per ton for thc fuel oil, the green ‘
bagasse has 2 valuc of USZ 3.33 per ton.

Besides the re;la.cment of fuel it will also be necessary to convert
ihe boilers. Thi; may cost from USJ 0.1 to o0.) per ton of dry bagassc.

Assuming no axcess bagassc is avoilable, average oconditions for
labour and fuel costs, a capacity of 120 t baled bagasso pcr day and a
grinding scason of 6 months per yoar, the avorage volue of the bagnsse
delivered to an intogratod bonrd plant with a production capacity of
45 tons of board por day will be: -

8ix montls frosh bogassc at:

fuel replaccment value: US$ 3. 3 per ton
boiler convoreion ocost: USY 0.15 ver ton
‘ US$ 3.48 per ton.

81z monthe stored bagesee st:

fuel replucemcet value:  UBS 3.33 per ten
bodler ommversion cost: US$ 0.15 per ton
mmmuﬂ U2 2,00 aex Son

VB3 6,48 per tem

Averegs valws owver the whele year: UBS 4,98.

m.mmum. nacqhdamiehm
Mﬂﬂﬂﬂlﬁ“ﬁiﬁhﬁﬂ horenfter.
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Th¢ calculation is based on the following tcchnical spocifications.

Raw matcrial: 6 nonthe frosh bagnsse:
S months stored bogosso.

production ocpacity: 45 tons of bourd per day, at 300 working days
of 3 snifts: 12,500 t/yea.r.

board specifiocation- density 600 kg/m3, thickness 15 mm.
glue consumption: 83 kg of dry urcc formeldehyde resin por ton of
boord.
power oonsumption: 260 ki/ton of board,
hoat consumption: 1,300,000 koal/ton of board.
dircot labvour: ° 22 mon/shift.
indircct lcbour: 6 men/day.
2 torial’ Annual cost:
Begasse:

(output 1 ton of finishcd) board per
2.5 tons of fresh bagassc

12,500 t x 2.5 kg x 4.98 US%/ton Us§ 155.625

Synthetic rcsin.
urca formaldchyde resin at 0.2 USi/kg
12,500 t x 85 kg x 0.2 USy/kg Us$ 212.500

Supplomentary chomical ingrodionts:

hardener: 1 % on resin at 0.2 USt/kg

12,500 ¢ x 0.85 kg x 0.2 US$/kg ust 2.125
Paraffin:

5 £ on resin at 0.2 UBS/xg

12,500 ¢ x 4.25 kg x 0.2 USS/hg : s - 30,629

260 B%/ton &t 0.02 USS/AW
12,900 ¢+ x 260 MW x 0.02 USS/aw W 65.000
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(c) Hoat consumption: Annunl cost:

The heat requirement for the board
production and drying of thc bagassc is
supplicd up to about 50 i by the avnilablo
wastes from the sand. s, the trimming

saws and thc dust scrcens. The remainder
has to be supplicd Ly fuel oil at

US3/kg 0.02 with o heating veluc of
approx. 10,000 kcal/kg.

12,500 t x 650,000 keal x 0.02 USy/kg Us§ 16,250
10,000 koal/kg
(g) Direct labour:
Considering an nverage labour cost of 1 US$/hr
300 d. x 24 hre x 22 men x 1 US$/hr Usy 158,400
‘el Indirect labour:
Consisting of: 1 director 800 US$/month

1 technologist 500 US$/month
1 maint.cngincer 500 U~$/month
1 accountant 300 US$/danth .
1 seorctary 200 US$/month

1 forward.clerk__200 US$/momth
2,500 US$/month

total per year: 2,500 US§ x 12 months Uss 30,000

Buildings oonsisting of:

sain namfaoturing hall
board storege faoilities
of2ioces
boiler room
sumiliary servioes

estimated total cost: m w,m
yeaorly depreciation: U

-
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Machincry:
Europcan mnchinery FUB:
ovcerscas transport )
loceal tronsport )
loading ~nd unlowiing)
local supplics.

ercction costs:

total mochincry:
Yoarly depreciation:

Land sito:
recquirements, about 3 ha.
no depreciation.

(‘) Overhend and Niscellaneous:

BEstimate:

saws, cto.
Estimated at 1.4 US$/ton
12,500 t x 1.4 US$/ton

cost :
Land site:
uildings:
machinery:

working capital :

- S%M@t:

US% 1,000,000
US3 40,000
US: 40,000
USs 80,000

USs 1,160,000

US. 1,160,000
10 years

C) maint ce and ios:
Oils, greases, abrasive papers, knives,

Annunl cost.

S 116,000
Us$ 20,000
ust 17,500
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Cost pricc of bhoord:

US$ 937,895 g

per ton. Tons 12500 75.04 US§/ton
per cubic mctre: 75.04 x 016 = 4%.024U83/m3

per squarce metre. 45.024 x 0.016 = 0.72 US$/m2

per 1,000 sa.ft 0.72 x 1000
10.764

66 89 US./10008q.f.

Nota:
On this cost pricc savinge cre possiblc on the following points:

Begnssc volue®

It is only common scnsc that a morc rational hoating programme in
the sugar mill, with moximum calorific rcoupcration, bettor insulation,
etc., ocould oonsiderably incrcase the quantity of cxcess bagasse available
for othor purposes at ~ nominal prioe.

Scveral of the larger sugar mills oould casily supply a medium
ocapacity board plant with their oxcess bagassc alono.

Bogopgo storago:
A lot of uansolvod probloms still crist in bagassu storage. Baling,
which was quitc gonerally adopted by pulp and paper mills, is now more

and more abandoned in favour of morc cconomio systems such as bulk
storage and briquetting.

The bulk storage of green bogasse is not suitable for partiocle
board production if special procautions to protcot the material from
fermentation and rotting are not taken.

Neither is the briquettec system yet suitable for partiole board
produotion, as tho bagassc fibre is partinlly damaged YWy the high
pressurg during driquetiing.

; Those problems are now being studied from several angles and
satisfactory solutions will oertainly bo available in the mear futuce.'’




-17 -

Synthetjoe rosipe.

Tho pricoc of synthetic reosins is rather high in most of the
doveloping countries, as therc is no local production, trensport.from
overseos is cxpensive and somotimcs high import duties are applied.
However, oxomption of the oustoms duties can ofton boc obtained during
the first ycars of production.

In somc countrics, locel production of rvein from formaldehyde
and uren moy be worthwhilc, espooially if onc of thesc main ingredients
is already produced locally, or if duties arc very high on oondensed
resins but not on basic chomicals. . h

In some othe. ocountries natural products may eventually repleace,
at least in part, the resins othorwise to be imported. In this field
quite satisfactory results have already been obtained with tannin
extracts.

Heat conswmption:
The neod for supplementary fuel in the board plant may be reduted

to practically nil if the begeasse is dried with the flue gases from the
sugar mill.

Labeur:
Lobour savings may be obtained through perfect orgenisstiom, but
ospecially through inorease of the prodwetion capacity of a plamt. Nest

of the working stations in the beamd plant will roquire the same oomtrel
nd work even for doudble or triple preduwction.

This spplies especially to the imdirect laboux. Alwo, the mess
lobowr is invelved in handling the vaw material (bales) so thet if dettor
stovage spsiend com be worked owt, comsidercble labouwr savings ane
posnible. ‘ '

oven though the plant tokten 0o om smemple was rether small. Newever,
for mest doveloping coumntrics where She market for boapd emisee -
potentially Wt 68411 has t0 be developed, one showld alee #et OVer-
estinete the inmediot. abnerpiion caphadiy of the masbest. '
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Wherover possible, medium capncity plants betwuen 30 and 90 tons cof
board pur day should bc considored.

Although o particle bo~rd plant ocn be cosily g.arted up and shut
down it is not coconomically justified tc run such o plant with only
1 or 2 shifts per day, as tho totcl invcestment cost is too high and
working at only 40 or oven €5 4 of tho production oapnrcity would burden
the cost price heavily.

24 ¢ rogin bonded agse board

For tho developing countries whcre the demand for furniture is
low it may appcar ot first glance that o market for particle board does
not exist. However, in all thesc oountries there is a groeat demand for
: housing and it is certainly in this ficld that o considerable quartity
of board oan be used.

Vory often thc board uscd in the building industry must satisfy
speciel requirements, for example better moisture rcsisteanoec and
especially botter aging properties under moist oonditions at high
temperaturcs. A type of board fulfilling these requirements is tho
phenolic rosin bonded boiurd. A fow months 2go on industrial test run
was done on thc Linex-Penofor production ling in l{ariembourg, Belgimm,

according to the Vorkor process. The results of the test run are glven
for information in table V.

The tcohniodl spooifiontions of tho boord were as follows:

nominal density: 700 kg/m3
thickness: 19 mm
3 layer board ‘1 ' .
glus content: surfoos: 11 4 dry rosin on dry bagasee;
sise of the board: 1,220 x 3,400 mm L
preseing oyole: 15 ninutes '

© poessing tomporature: 165° G,




Density
kg/m3

Modulus of rupturc
om2

Noduius of olut icity
om2

Internal bond
om2

Bwellin; in ,6 after
2 hre immersion at 20° C.

Swelling in % aft.r
24 hre immersion at 20° C.

[

after. 2w bolling wetor - hg/m2

m -'hg
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1.

692
714
671

249

27,9%
30,200
26,100

T.40

8.96
- 5.80

3.2
3.69
2.87

12.84

15.61

1.9

2.

n3
£

262

28,010
29,30
27,30

6.9

T.46
5.68

4.00
49N
3.5

13.96
1494
12.00

L0




Thesc results prove that ~lso with bagessc .xccllent phonolic resin
bondcd particle bo~ards can be muf~.t.ored. In the ~bov. mentioned test run
no lov density bonrds werce produced uvat 08 insultion is of minor importoance
for most of the ..pplic~tions in bognssc-growing countrive this typc mry be of
less importance; c<xcept for roofing purposcs, whore ~n insul~tion ~gninst
the hent of the swun on the roof may be well cppreciated, or in places wherc

air-conditioning is applicd.

There are, however,; good rccsons to belicve th~t wh-t hos been donc with

flax shivos con ~1so be done with b-gassc ~nd with othor pl-nt wastces.

3. OTHER PLANT WASTES

Thc two forcgoing r-w matcrials, flax shives and bognssc, rcprescnt two
quite diffcrent typus of -naunl plants from the botanicnl point of view. Flax
is n typical representative of the dicotylcdon.s whilc sugnr canc is =
monocotylcdonc. They represcnt rireme structure diffurcncce (sce
photomiorographs 1-2 and 4-5). The siructurcs of numcrous othcr plants can be
placed in betwecn the two forogoing, and the expericnce gothered with the
above materinls nllows us to say with a ccrtain g _priori thot with appropriatc
trentmont uscful results will be obtained. This hos alrcady beon the oasc with
homp in Furopp. and with cotton strlks and jutc sticks in "Asia where thesc
materisls arc used accopding to Vurkor proccescs (¢). Other materials have
already boecn the subjcct of more or luss cxtensivc loboratory studics, somc
prolimincry considerations arc given below.

Tho material flow diagrem in a particle boord plant basod on hemp
or jute is similar to that of a flaxboard plont. T™he principle differemoe
is due to the fact that the stoms of hemp and jute are considerably thioker
than the flax stom and that therefore supplomentary outting is necensasy.

Wherens hemp is doliverod to the board plant clready in shives, Jate
is not broken at all as the fidres are still poeled off Wy hand and the
stioks are dolivered to the board plont in thoir full lemgth. A doublo
cutting operation is therofore required. Pig. 6 gives the mutorial flow
diagrem of & juto particle board plamt sccording to the Vesker presess.
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The sticks arc cut in the knifc mills (1), conveyod by a pneumatic

convoyor (2) to o speciil screen (3) to eliminnte the ramaining fibros.
A bucket elevator (4) brings the matoricl into a measuring bin (5) over

o sorecn (6) to the outting ond refining mills (7) where the biggor chips
arc roduced to suitablc particlcs.

The matericl is thon transported by - pncoumatic conveyor (8) to a
de—dusting screon (9) and by ~ bucket clevator (10) over = distributing
sorew conveyor (11)to 2 storage silo (12). From thc silo the matorial is
convcyed by a scrow conveyor (13) to a measuring bin (14) from which tho
8lue blonder is systametically supplicd (15). The glued partiolos are
brought to corrcct moisturc content in  conditioning chamber (17) and
pnoumatioally convoyed (18) to thc mat forming station (19).

The mat is formed in o frame (20) pro-pressed in o cold pre-press (21),
woighed (22) and convoyed into the automatic loador (23). When tho loader
is filled, all mats arc simultancously brought into the hot press (24)
while the prossed boards aro pushed into tbe unloading 1ift (25).

The prossed boards arc thon trimmed (27), cooled in a cooling tumnel

(28), sanded on both sides with drum or wide bolt sanders (29) and
stacked (30).

The dust from the wholo plamt is oollected Yy o pnewmatic oonveyor
(31) in a dust silo (3) to be wsoed as fusl for the boiler.

It moy be oonsidered that with some minor adaptations the same
Jrocess oon bo wsed for some other bost fibwe plant w.Jtes swol as for
examplec kemaf, thoel and remie.

mnanmwwmuumum
mmmmamn-gnun. It vos immediately noted Shet wnder
& single aonensloture very different msterials had to bo consideved.

12 s comntrien the stalls 2ol & nexionm height of 4090 & with
S GAamster of ne. more then § %0 8 W Wiile in Geme Giher cowtuies W
“wmnmuma&undsuam It ts
obstom thet the labter material ampmmnﬁﬁﬂ
m ol thet ﬁgjg  flres anes p




The preperation of particles from cot ton stalks rcquires o fow
specializcd operntions such cs boll (grnin copsule) climination and
washing of the pre—cut st-olks.

The gluing, forming, pressing ond finishing ore donc according to the
wsual tcchrology for ~rual plant wvastes.

Thc mcin protlem in the use of cotton siclks, however, is much
more in thc collccting ~nd storage of the stnlks than in the actunl bonrd
production. The¢ raw matcri-l is avcilable only during 2 rclatively short
poriod (8ix wecke) und Lusi be colleciud, tronsported ond storod during
this period. It is gcncrally known that the storage of l-~rge volumcs of
lignoocllulosic mcotericnls subject to degrcdations Wy fungal attack,
weather oxposurc and insccts is no small problcm., It is therceforc
worthwhilc to consider the cventual combination of cotton stalke with
wood waste, the cotton stalks being used after the cotton growing scason
for at lcast five to six months, whilc for th. rest of the yoar thc plant

would opcrate using wood only.

This doublc possibility requircs o few morc machines, but it may

roender & project much more attractive.

3.3. Rico hulls and pia ut shells

Considerable amounts of thuse wastes are available alroady in

ooncentrated arcas and in soveral cases cven in onc singlc mill. While

they are wastes of an industrizl proocss, thuy ore clso rogularly awvailable

over oxtonded periods, thcy should thus be particularl: interesting

matoricls to work with. Howcver, the limitod oxperience availablc with -

those rew materinls is not very encouraging and rother importamt diffioultics
wore enocountored with their gluing. The phutomicrographs as well a8 the

meorophotcgrarh in f£1g. [, fig. 3 and £ig.9 +how ws porticlly why this is so.

Tho surface of both the rice hulls ond the peamut shells is very
irvegularly shaped and oorrugsted. Close comtaot of ome particle, o
smother 40 bo bridged Wy o glwe line, is therefore viry difficult.

Perthormorc os both materials form the noturel protection of the
#0ed, thay are therofore themsclves natwpally protected amd it is wesy
4iffiouls %o moiston them with ony foreign material. Jew tedhaiques which
oould 1nosen wp the dasio matordal mere, awimmmu
the gluwe will therefore hawe 0 b developod.




3:4.

Cereal strow

3.6. Sisal, abrca and coconut fibrc

Although ccreul sirow i5 uscd to producc a special typc of board it
it not uscd in conventional particle board production. Again, the
original structurc of thc pl-nt is such thot gluing is practically
impossiblc by the conventional binding systcms.

Therefore, cither the siructure of the material has to be altcred
in such = woy that sufficicnt glusble suriace becomes free to allow each
particle to be glued to nrocher, or new resins with a specific adherence
for the ocuivir straw swtace must bo developed, or existing rosins having

this adhercnce mast be m~de nvmilable nt lower prices.

Maizec

The structurc cf mcizc as shown in the photomiorographs fig. 10 and
11 is basicclly eimilar to the structure of bagassc, and although the fibres
arc finer there is no dovbt that this materisl can bo used to manufacture
a satisfactory particle board.

The problem of collecting and storing thc stoms should be examined
and o detailed feasibility study mede to assurc the economic viability
of en eventunl projont based on this row matorial.

All t.esc fibres have already been the object of laboratory tests and
there are no fundementni difrioulﬂelyin producing boards from them.
However, as the production of thesc fibres imvolves oonsideradle manual
ladour they are rather oxpencive and unloss vory special loeal conditions
exist, their &3 ~3 a1~y iataral fu- particle board is diffiowlt to
oonsider for producing a commotitivi end product.

The specifications of board qualitics obtadned with these ]
Ssteriale have deon published earlier (7) and ave guite ssbtafasteny.

mm&uumuhmm*mim
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and only minor tcchnologiccl ~daptcotions will be nccossary. Board

propcrtics of bamboo hove ~lready been publishcd (7))  They are quite
satisfactory ~nd will cllow the¢ board to be used for all types of
opplications. itccds, clthough similar in etructurc to bomboo, will certninly

give more problcems.

Thce centrc of the roed stem contnins more pith cclls than docs the
bamboo, nd the cu-ntity of suit-blc fibrous mztiricl in proportion to the
outer stem surfrcc is much lower. As the outcr surface cannot be dircctly
glued it his to be brok.n down muchanically to liburnte sufficicnt gluable
surfaces. It ies certcin however th-t moru rescarch will yield

satisfactory procusscs.

3.8. Palm leavus and poim trunks

Although the polm trunk is not an annurl plont, it is a ropresentative
of thu monocotylcdoncs nnd its structurc iz much more comparablc to the
structure of cecrtain canucl plonts (e.g. suger canc) than to that of the
conventional trunks.

Vory little rusearch hos bucn dome on the usc of the palm trunk
iteelf, and still loss on thc use of its lcoves or fruit stems. All of
thos. materials howover are uszablc and satiefootory bdoards could bo
produced if som: further rescarch work is don. to c¢stoblish optimum processes.

More informction on aveilability nnd possible m@thods of collecting
and transporting should be gathercd to establish detcilad feasibility

studies.
~ Results oMtnined with p>lm leaves and fruit stems havo been published

carlier (7).
; Complomountary rcsults obtained with coconut pelm trunks are given
demsity, in hg/a): 608
thickness, in wm: 10

aogilus of repture, in kg/ewd: 260

solnlus of clasticity, ia hgfemi: 22,900

totermal bood, in kg/amd: 8.7

serew holding, in kg - fase: _ 130
o ofige: 9%
‘welling in £ ofter 2 how dmmeteien ob 20° O: 4.6
24 bow Mmeswios o 2° 01 12.4

H
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These rcsults ore ¢xccllent, but it should be borne in mind that under
the samc tcrminology polm trunks’', many diff.rcnt matorinls arc considered,
and density ~nd moisturc contcnt mYy vary considerably betwcen specics.

Detailod investigations should precede each industricl projcct.

TANNIN E.THACTS A5 A PARTICLS BOARD BINDER

Duc to their oxtensive usc in the lerther industry, the chemical
structurc of most of the important tannin extracts has bcen the subjoot
of uxtcnsivc investigntions by scveral scicntists, and 2lthough their
oxeet structurc is difficult to determince, it is known that thce basic
oonstituents of :11 t-nnins ~rc polyphcnolic compounds.

Chemicaily the tonning are divided in two main groups: the
hydrolysable cxtraots and thc condunsable cxtracts.

It is portioularly the latter group which intereste us since only
the tannins fora a satisfactory raw material for binding rcsins.

A considerable amount of work woe done hy liarcyanamurthi (8, 9, 10, 11)
in India, and Plomlcy (12, 13) in Australia, on thc usc of tranin extracts as
the basic raw meteriil for a wood binding resin.

Actuzally all their work was directed towards the manufacturing of
Plywood, however there is no fundrmental diffcrence betwcon tha gluing of
Plywood and thc gluing of thc particles in partiolc board, and although
the gluing in particlc board is mor. oriticcl, the step from the one t0 the
other can be done without too many problome.

Nico and Cremcschi (24) produced particle bonrd from wood and flag
shives with quobracho-formaldohyde binder while Rongel (15) produced
begnsse partiole board with the same binding system. Dotk achieved
satisfaotory results.

hmlmhmmmuthmmhanunm
(Wlack watiie) extracte on wood, flax shives and baganes.

With the nooessary techmolegionl adnptations, all thise muberdals
mmmamummwﬁﬁm
weo-formaldedpde rosins. It may oven bs cipested it Sheip dgiag
Properiies vill bo superior e the Mesie cemstiteewt is of the phemelss type. .




To fooilitatc the usc of tannin cxtract binders or to overcome some of the
tcohnological probloms it may,in some casce, bc intoresting to usc a resin
composition whcere synthetic rccins and tannir oxtrects ~re combincd. Both
phenolic type resins or urec~formaldchyde rusins can bc uscd in combination
with the tonnin extracts if ~ proper catrlyst is choscen. Some typical test
rosults obtaincd with bagrssc and o mimosa cxtract clonc and in combination
with a urca-formaldechyd: resin cre given in t~ble VI below.

TABLE VI

- wm o

density 607 604 607
ke/m3

modulus of rupture 213 207 214
kg/om2

modulus of elastiocity , 17,6% 17,15 17,250
kg/om2

intcrmal bond 4.31 4.44 4.55
kg/om2 |

swelling 10 x 10 om after 24 hre (%) . 421 4.69 5.38
swelling 2,5x2,5 om aftor 2 hrs () . 4.23 4.17 5.30

imternal bond after 2 hre 196 2.00 2.12
boiling wator - kg/om2

froe formaldehyde () , . 0.135 0.127 0.1

ur: urea-formaldohyde resin;
”: tamnin-formaldehyde resin,
UP/AI?: mixture of urca and tonnin-forwaldehyds resins.

IS 1s obvious from these results that vory sctisfeotory bosrds cam be
peoduoed with tamain extrocts a8 o basic row snterial for the Mindiag resin.
The gualities obtainalle o8 well a8 the techmologionl prodwstion details have
%0 bo emsmined in detail, thoy showld be the subjéot of o thorough preliminary
otudy. The same applios {0 tho eccmomical faots. It is culy in eowmtries
mmmnmmmmumummnmmu
hwww-mummzmum |
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PREFABRICATED HOUSES FROM PARTICLE BOARD

From the very beginning of flaxboord production considerable cfforts
were made to introducc this board into the building industry. It was
initially uscd a8 2 replrecment for other conventioncl matcricls ; but vory
soon its specific applications were found for it, whorc ite partioular
cualitics were voluable.

However, if particle board simply feplacea natural wood or plywood in the
furniture industry without thc fundamentel principles being changed, this
was not so in the building iadustry.

A completely new approach was necessary, this was one of the reasons
why besides sucocesses, frilures werc also noted. The different appliocations
of any type of particle board in the building industry have to be the subjeot
of careful study. The rules to be applied for the use of partiole board
are no different from the general rules for any type of tuilding material,
but they hive to be applied with more striotness, as the consequences of not
following these rules may be much vorse. A partiole board is 2 material
sensitive to woisture. One of the critioal points for its application is
for example moisture transmission in an exterior well. This phenomenon is
known and oocurs in nearly all building materizls. If a wall has been
properly oonceived acoording whe surrounding conditions, both interior and
exterior, no problems will result. But if for example a particle board is
used as the oore of an exterior wall element, and on the outside of this
element : oompletely water-vapour-proof barrier is applied (metal plates,
glass, cto.), while on the inside a noymal porous surfacing material is

wsed (pain®, asbestos-cement sheeting, wood, eto.) it is oortgin that at a

‘am stage: the moisture (water vapour) acowmlating between the interior
| nd the eaxterior surfaces will exceed the saturation valus of the board and
- the vapoir will coudense and fosm (1iquid) water. This process can be

considerally acoslérated by temperature differences (suzfacés exposed to
m-umummmmmanm) As the board itself is not

atwolutely water resistant it will becoss degreded;, it swells and emv s

osrtain time delamination of the surfacing materials may ocour.
Purtherwmore, the presence of excess moisture highly activates the development
of micro-organisms which destroy the board oven more quiockly. Suoh problems,

’
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tho g, are easy to avoid by applying the general rules for wall construction

and by using the correct surfacing matcrials.

For satisfactory application of the board, the problem is to use the
right comhinction of materials and techniques, rather than a particular type
of board, yet o board of improved quality may allow better solutions at a

lower over-all costi.

Although failures have been obscrved, the usc of particle board for
building purposes has increased tremendouslyand from nearly nothing some
ten years ogo the building industry now absorbs over 35 ,. of thc total board
production and in.gome countricr cven up to 75 % (16).

Partioularly successful cpplications are: roof coverings, roof linings,
door oores, interior partitions, curtain wall elements and ceilings.

Figures 12 and 15 illustrate some typical applioations of flaxboard in
the tmuilding industry.

Taking into account the foregoing chapters and the above considerations,
a logioal integral addition to a particle board plant is a specialised
workshop for the manufacturing of prefabricated houses. Such a workshop
essentially oonsists of woodworking machinery, and allows with the aid of a
few s‘killed carpenters the production of structural building elements of any
type. These elements are light, easily transportable and quiokly assembled.
Boards with adequate surfacing allow the realization of vory simple, low-cost
rural houses as well as the excoution of luxuriously finished msulti-storey
buildinge.

The prinoipel interest of an integrated pr&fnhﬂo&ted house manufacturing
unit for developing countries however remains the production of low-cost houses.

It is possible to mamufacture a prefabricated house of about 60 m2 for
no more than US$ 2,000, this sort of comslete house oan be sasily trensported

Wy & }-ton truek, oven over difficult roads to places not accessible with
heavy equipment . On a properly prepared site the house ocan be ereotcd W a
team of % t0 6 men within 5 to 10 days. RNy grouping the erection of several
houses on the same site, a lot of time oan still be saved.
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Investments for a prefabricated house manufacturing unit

A unit with a production capacity of 10 to 20 houses per day, integrated to
a partiole boerd plant requires an investment of approximately US. 300,000,
oonsisting of approximately US; 250,000 for machinery while the rest is
essentially for the workshops The integration of the house manufacturing unit
to the board plant will keep the over-all costs low, as it saves costs for
board transportation and limits the investment to the essential machinery, while
the auxiliary couipment of the particle board plant such as a boiler, electrical
equipment, air compreseor, e¢tc. can be used for both units.

6. P CLl BOARD FINISHING

A second highly justified supplement to a perticle board plant is a board
finishing department.

Particle board lends itself very woll to a multitude of different types of
surfacings and these broaden the field of application of the board.

Several surfacing meterinls require a vory spcocific applioation equipment .
From this point of view two main groups may be considered:

(1) prodwocts which oxist alroady in sheet or film form, to be applied
bty presses;
(2) 1liquid products to be applied. ty coating machines.

hththmnmmommumtobermuthnw

varied properties, which also require specifio oonditions and equipment for
their application.

A oompromisc xust therefore be accepted, allowing the maximws possible
Mﬁrefmfmmaunimzm. emanun-hmmths
 the manket. ' ~ | _

Toe most usual types of -uhniu ares -
® :

mwamnmwmm-ﬁmwmm@mm ,
AR for the furnituve industay sed in the building industey. The
um.utmmmutmnuumtmemm
Jresses, and will only duy the unfinished boards.
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(v) Application of plastic films

The plastic films are glued on to the particle board. Generally the
films arc besed on pvlyvinyl chloride, polystyrenc or polyester. They
are coloursd ond may be printed with all types of patterns. Wood

imitation is most in favour.

This type of surfacing is particularly suitablc for kitchen oabinets,
wall panelling and large serics of cheoaper furniture.

(c) Application of laminctes

Clued on both sidecs of thc board they provide the board with hard
working surfaccs, rigidity and stability. Laminates are cssentially
preesed phcnolic- and mclamine-resin-imprognatod papers or reinforced

polyesters. Thoy are rather expensive and serve more the luxury or
high quality demands.

() Application of asbestos—cemont shects

As for the laminates, thosc sheets are glucd on both sides of the
board especially for exterior wall clements.

(e) catjon of s BN

Various types of papor, somc impregnatod with resins, may be directly
presscd or glued on the boards. According to the type of paper the
most diverse appliocations are posaible.

(£) Coating | |
The application of a basic coat asting simultancously as & pore~filler,
primer and seoaler is very iatercsting for boards in the Wilding industry.

Swoh a board can be easily finished with one lager of paint, and in the
oase of industrial buildings, the coated board does not mesd any




(g)

(h)
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Lacquering

To lacquer o particle board, the surface of the board must be of
excellent cuality and even then the complete system - filler,
sealer, first coat and second codt - must be very well studied to
obtain satinfaoctory results. A better result is obtained by
oombining the ~pplication of a resin~-impregnated paper as a basic
layer and then applying the laoquer.

Printing

One of the newer finishing systeme is a dircct printing of any

pattern, but usually a wood imitation, on the bonrd. Here again,

to obtain satisfactory results a board with a perfect surface quality
is nécesuary. As such boards are not flways oveoilable, a better
solution consists in the application of aokeap thin veneer on the board

and the printing of o wood of a more expensive pattern on the veneer.

Although the products manufactured are cheap, printing requires rather
high investment.

As said before a compromise must be acocpted, and experience has
taught us that one of the optimum solutions is the installation of a
surfacing press with the necessary secondary etuipment such as a
veneer ocutting and jointing machine, a glue coater o saw, o sanding
machine, etc. and a coating line.

The surfaoing press allows the application of most of the surfacing
materials availeble in shest or f£ilm form whilc the coating line gives
& board ready to be painted for all intorior uses in bouses and even
suffioient to be used without supplementary finishing for industrial
bulldings. These two types of oquipment together will oertsinly cover
& vory large percentage of the possidle demands for swrfaced boards.

The wmachinery cost for the press unit is approximately UBS 150,000
wiile it ia approximately UM 60,000 for a coating wmit. It is
Mmtowmmmmmaum-mmmw
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T.. .. CONCLUSIONS

Most of thc annual plant wostes provide very valuable raw material for
the manufacture cf particlc board It has been proved on an industriel scale
that first-class boards can be produced from bagasse cotton stalks, flax shives,

hemp and jut..

Several annucl plant wastes hove the advantage .ver wood that they permit
the production of low dcnsity boards, particularly useful for insulating
! purposes.

Fxpcrience has proved that boards from annu:l plants are ot least as
valuablc as wood porticle boards in the furniturc industry, cnd cven more

valuable in the building industry

Laborntory tests followed by industrial testiing and production have
proved thct phenolic resin bonded boords (exterior type) can be made with
annual plant wastes of the same quality as wood, or better.

R B

The utiligation of ccertain natural products, such as tannin extracts, as
& binder for particle board is possible, and gives a board of very satisfactory
quality. Inspectors and experts should also consider this side of the problem

A particle board factory can usefully be complemented by a board finishing
and surfacing unit and in severnl cases, especially in developing countries, ty
a prefabricated house manufacturing unit. Complementary investigations and
research work could considerably increase the number of annual plant wastes
suitable for the manufacturc of particle board.

The actual board production proocesses from annucl plant wastes are not so
very different from the processes for wood board production but a perfeot knowledge
of the raw material is necessary to set up a ocorrect flow sheet avoiding all
hasards and eventual failures.

There is no need to make a clear distinction betweon particle board made
from wood and particle board made from annual plant waste.

3 ': All distinotions made should be based on board qualitios rather them on
: rew materials used. : ; : '

o o i N N
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tig. 8.
+ J0x
crosscut.







tig. 12,

prefabricated type school
pavillons (1958).
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fig. 13.
prefabricated wall elememts.




tig. 164,

ianterior partitiom and
ceilings.
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sxterior well elements and
interior pertitions.

(Shape buildings in Casteau).









