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The flow sheets for particle hoard plants based on bagasse

and jute, oontained in figures 3 and 6 respectively, are
reproduced here by permission of Bureau d'Ftudes et Laboratoire
de Chimie Industrielle §.A. Verkor, Lauwe, Belgium, and

may not be further reproduced without their authorisation.
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The production of flaxboard has been the subject of several other publications,
therefore only the special aspect of the production of phenelic flaxboard is
discussed here.

Bagesse is one of the raw materials to be utilized more and more in the near
future. A typical material flow-sheet is given, as well as a detailed board cost
price calculation.

The results of an industrial test run on phenolic resin bonded bagasse board
are given.

The storage problems in oonnexion with particle board production from
bagesse are briefly raised.

)/ T™e views and opinions expressed in this paper are those of the author
and do not necessarily reflect the views of the secretariat of UNIDO.
This document has been reproduced without formal editing.
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A material flow diagram of a jute partigle board ie alao givon,
together with some considerations oti"t‘ ub’o{ hemp @ottc stalke.

Other materiale such az rice hulls, peanut shells, cereal straws, maise,
sisal, abaca, coconut fibros, bamboo and reeds are oriefly treatod.

Moat recent results are siven for *he production of particle boards from
palm trae trunks.

The use of tannin oxtracts as a particle board binder is disoussed, and
results obtained using these with bagasse are given.

Complementary units for the finishing and surfacing of particle board and
for tha msnufacturc of prefabricated houses are given gome consideration,
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IITRODUCT ION

s e

We, firet of -~11, would likc to call your cttention to the fact that
no distinction be mede petween particlce bo .rd produced from annual plant
wastoe rnd particle beard produced from wood. As for e board utilization
ig ooncerned, thc only dictinctive facts arc the quality and properties
of the monufacturdl product, dcpending more on the type 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 wastes a
specifio method ie rcquircd to preparc the particlcs suitable for board
production, and that if this particlc precparation is not adapted to the
raw meterinl, rather infcrior ¢nd products moy result.

The industrial production of partiole boord from annual plant waste
was first introduccd in 1948, ‘when flax shives were used t0 produce the
Linex flaxboard, acoording to the Verkor process.

The description of this flaxboard manufacturing process has been
given with sufficient dotail in the literaturs .1), so it is not necossary
to repeat it here. The production of flaxboard may be congidured o very
typical examplu of the usc of an initially worthlese agricultural wosto
for the production of & very valucble end product which is uscd oxtensively
in the building and furniturc manufocturing industiries.

Toking an cxemple from thc production and application of flaxboard,
soveral other annual plant wastes were - :'mined with thc purposc of
producing similar boards. A fow cxporicnces or discussed horeaftcr.

Pesides lignoccllulosio raw materizl, the produotion of perticle
boards roquires a binding rcsin which only makces up to 8 to 12 . of the
weight of the board, but raprcscnte o cost ofton equal to or higher +han
the cost of the lignocollulosic maturial, cspecially in developing
countries, whore resins have 1o be imported.

Additional investigations should be made 28 to whcther products available
from local sourccs are uscble as binding agents. In this connoxion
satisfactory results havc becn obtained by scveral research werkers with
cortain types of tannin oxtrrcts. Some cxporicnocs are discusscd hercafter.




The c¢xperience in Durope uxtonding over o nw wr of ycars his proved
that particle bonrd in goncral, hut especially flaxboara, is particulorly
useful in tho building industry. Through thc usc of pruf-bricatud clomencs,
it allows shortur building timcs ~nd rcnsonnblce costs.

For some applications in thc builcing industry, the hoards should be
treatod for protuction ogainst fungcl nttack and mould growth and the
monufacturing of particlc boards with phonolic rusins gives o suppiuomcntary
guerantee for longer lifc, cspecially under conditions of high rulotive
humidity or for applications whurc direot contact with wat.r may
ocoasionally ocour.

The manufacturing o the phenolic flaxboord is treated hereaftor.

The first triale to producc phenolic resin bonded floxboard did give
rathor negative results, and bocrd satisfying the standards set up in the
Podcrel Republic of Germany could not be obtaincd consistently.

Two main probloms, caoch resulting from the spcoeific proportice of both
rew matericls, had to be fioad to produce a setisfactory phonolic flaxboard

(a) the ouring of tho phenolic resins normally roquires o high tempcrature ond
prossurc. Both thuse conditions are diffioult to realizc when
producing low density flaxuiard for the building industry. Its
own insulating propertics roduace the et tronsfer from the prces
10 the corae of tho board so that thc ouring has to tokc place at
lower temporaturos. The lover board demsity implios that actually
lower pressure is applicd on the gluc lines, rendering a perfoot
gluing of the particles more problematioc.

(b) The surface of the original flax shives is not in an optimum
condition to be glued. The inncr surface of tho shives has a
layer of soft, low-resistance pith cclls easy to bo glucd but not
able to trensfor high bond sircngth from one shive to the other,
especially not under wct oconditionms.

As & result of microscopic studics and careful technological invostigations
on the flax shives, of which all details have been published by ourselves (2),
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it has becn found that o high quality phoenolic rcsin bondcd flax board can be
producaed ovon at low densititce. At comparablc dcnsity such boards ars

superior to wood based partiolc boards

To obtain this result it is nccessery to observe the following points:

The flox shives must be purticularly woll “clcaned, this means that

all impuriiies which mny bc present in the shives, such as:

dirt, roots, fibrcs, sccds, scedhw 8, ccaml strow anu othcr grossos,

must be climinatoed:

It is nucessary to proparc the shivee mechanically in suoh a wry that
the parvnchymntous oclle (pith) nrc es thoroughly as poseible removed;
The oonditions at proscing must be adapted to the partioular matorial

and tho type of resin,

It is advontagoous to manufacturs a 3~-layor boapd so as to have more
flexibility in setting up the tochnologiool details swoh as resin oontons,

moisture contont, hardenor systom, oto.

Considering all those points, boords with the propertice given in

Table I have been produced.

s

TARLE X

10 at
Donsity i 520 515
kg/m3 R 21 2
Nodulus of rupture x 189 1719
ke/om2 R 24 6
Modulus of clastioity F 31120 29220
kg/om2 R 2200 2700
Internal bond 3 5.94 577
kg/om2 R 1.1% 1.52
Internal bond after X 1,44 1.44
2 h. boiling tests
kg/om2
Swolling after 2 h. ¥ 6 00 6,3
iqcrsion in water 7 2.00 0.72
20°C - ',;é;
Swelling aftor - 10.54 10,06
24 h, imgersion in R 0.54 0.57
water 200 € ~ 4
Swelling ofter 2 h. boiling X 13.97 13.93

3.

191
3

10.74
0.41

14.56




4. 5. 6.
Donsity . 508 520 510
ml R, 8 8 M
o 284 160 112
Modu'us of rupturc T 159 166 163
kg/om2 3, 15 38 37
8 43 147 160
vh- of elastioity e 24475 30055 29571
8/ om2 n 2300 5200 3700
Internal bond * 5.92 6.10 6.20
kg/om2 ity 1.10 1.20 1,10
8 0.478 0.114 0,09%
Internal bond fior W 1 90 1,90 2,01
2 h. boiling tost 32 0.40 0.14 0,58
om2 B 0.0187 0.029 0,048
Swelling after ¢ h. 4 7.18 5,06 5.50
imgoregon in wator R, 1.05 1,90 1,63
20 C-» ] 0.118 0,397 0.291
Swolling after T 8.35 8.84 9,17
24 h. imgorsion in R,y 1.05 0,51 0.60
water 200 C - » 8 0.138 0.03917 0.04%
Swelling aftor I 10.82 11,20 10,76
2 h. boiling ~ » Rg 0.51 0,57 0.59
s 0.05% 0,023 0,092
T : average of 10 messurcments;
R : pange botwoen maximum and minisnw —alue;
nac variation.

Test sorios 4, 9 and 6 were madc with an additionnl quamdity of sodiwm
hydroxide, whioh undor some oonditionn improves the quality of the
phenolic boards.

Complomentary to tho laboretory tust programme thesc boards wore also
tosted for thcir resistonce against exterior oconditions.

Mr. Oarré of the “Laberatoire do 1'Btet® of Gomblous, Bolgium (3), hes

subjected this bLoard togother with o whole norios of compctitive phomolie
rosin bondod wood partiocle boardr to tho usucl nooclerated touting methods
as woll as to an oxternnl cxposurc test, ond although the tcats arc not
eonoluded yot, somc proliminary observations after onec year of exposurc are
aveilable and are givun in tablos II, III and IV.
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The following tosts end acoclorantoed aging' tecaw worc carricd out:

vao 3/
vio 3/
V100 1/
ILT 2/
VPS 2/

: immersion in watcr at 20° € for 2 h,
immcrsion in wntor ot 70° C for 5 h;
immcrsion in watcr at 100°C for 2 h,
long term immersion: 43 days at 13° C:
immersion for 42 days -t 130 C aftor applying a vaouun of -
0.3 xg/om2 for 2 h. and » pressurc of o kg/om2 for 22 h, while
thce sample is immorsed.

3V 333/ : 3ocycles of the V 313 ncoclerated aging toesting oyole

consisting of.

72 hours immersion in water at 20° C:

1l day cxposurc to -12° C frce stonding in aip;
3 days drying ot 70° C in air.

AT, 2/ : Bxposurc to on atmosphore of 20° € oad Y5 ¥ relative mmidity

I.:

for 85 days.

Extornal exposure on wire netting at an inoliraiion of 30°, 47 T
to the West.

112 aft. » 5 woeks cxposurc;
12= after & months exposure.
13= aftor 1 ycor cxpocurc.

After these tosts the samplos were rcoonditioned at 20° C and 65
relative humidity and tusted for thoir pormancnt swolling, remaining flexurel

strength,

and remaining intcrnal bond.

Results arc given for a few typicus boards of €ood avorage quality
specificd as follows:

UFB: wood partiole board with urca formaldchyde resin;

UML: flax board with urca formaldchyde rcsin;

¥B: wood particlo board with melemine formaldehyde resin:

PB: wood particle boord with phenolic rosin:

PL:  flax board with phonolic resin (reforence board of the foregoing
laboratory tests).

]/ Corresponding to standards set up in the Foderal Republio of Gormany.
2/ No official tosting procudurc followcd.
Y Frenoh acoclornted oging tost. ‘




TABLT II

Pormounent swelling in porcentage of initi-l thicknoss

Type donsity V20 V70 V100 ILT VPS  3V313 AT I 1, I,
590 6.5 : 8.3 ¢.3 19.8 2.8 11.216.3 D
630 4.9 8.2 7.6 17.7 2.0 5.210.6 D
540 6.3 8.5 7.8 23.6 2.9 10.117.1 D
660 1.2 15.9 3.2 2.9 11.8 0.2 1.5 4.3 9.5

610 1.7 9.4 197 49 45 5.1 1.7 2.7 48 9.5
730 29 52 1.0 29 35 51 1.2 3.3 3.5 5.6
690 3.8 6.7 1.8 47 54 1.7 1.6 32 3.9 5.5
54C 3.0 41 53 33 30 57 1.4 3.0 2.8 4.6

RIIEE§S S

V20 V0 V100 3V3l3  A.T. 1, 1

2
8 95 43
63 14 73

64

86
103 2
110 g4
100 90
100 ¢
70 101 ¢4

23385554
geegpeze |
882858
iges

388




Typo vo V10 V100 i ‘i 3vil3 AT ll 1 2
ur» 57 © o 51 45 % 7 111
urs 62 0 0 g2 55 32 76 54 »
wm (] ) 0 50 56 ¥ < 32 13
L+ 80 ¥ 0 87 8% 1) 106 o
] 9 41 )< 3 .1 &1 92 %
”» gy & il 15 85 s B> | 7%
” 66 %) 50 a 4 0 LU
n 0 04 7 62 4] 104 N

Tables I3, 111 and IV ~rc publishod with the ocurteay of Ng. Card.

The labepatory t.1te, a8 well = the ‘aseclorsted aging” teste and e
pesulte sWtaincd aftcr axtermal JZpesuse, Ve 13at ezscllemt phamslic
sosin bendud heards o bu preduscd fres f.ax shives wad that thely
propertios ~re st loast weurl if not superior to tha prepertice of phanelie
woed particlc beards. It iz te b oxpetted thoat with sistlar osr 48 b
pavticlc preporation, other weste aaterials fren smamal plasts will give
ogually satisfasterr nosults.

Ingrase, tmmzwdmmmrmmmm,mm
boon found, Wt enly to = limited emtesS, +o o valaalis in pagne
Mmmmmn;vmummm,mm
pastisle deord indantyy showcd sy imtcrcet in this rew netemial.

Iaitindly, mot 11 stiempts to wiilise bagnsec for particle Woasd
produstion were twscossful. In somc cancs the failure was dme %0 A




misconception of the doard mraufwrurirs ploat  ta lf, 1 somu othor ¢ e
it was o lack of mcrkot ~wnil bility, ia vy ® ethep cm2 ~ it wiw n
incorrect tichnoi@ricl proccssing of the ru motoricl resalting in -
second cunlity boord which could not suceussfuliv compute with otu. r boopds
and motoericls Alr ady cxisting on * o mopi t

Mecawdile, lo.aming from the frilur  but cepucinlly throwgh uon
extcnoive rescereh i Boenooe better knowlodge of the propurtice -nd
phgeical strecturc of the motoeri-l, butt r processee for both rw s topinld
oemscrvation amd pomticlc proporction r. et Bli-hod

Onc 07 the main preblume uncountired whin W ing bngrse. 8 © Frw
neterial for ®o~ad production i3 the stor-gu of th. b gnssc for tln
period btwcen the griading seawons.

In meet of the sugrr cone grewing “ros the grinding s. wes dous met
«xtond ovy more thin five to oix months.

The selution gunorally adapt_d for the stoepnge of the Bugaws: in the
puly ol paper industry iavelves baling 1t dircotly 2% A sugnr mill.
Boviver, the probloms aticehed te this crc manifeld. M baling opuration
is sestly, it roqmirve prepcr preccdurcs for piling rad it will atill
otuse & filew lees of 10 ;. or mere oving to dcturiepntion.

In the prtioular ere. of porticl. borrd production nn additiomal
prodiue s that moomtrellcd fomuntation of the brlud bagnese may not
mly dosvotse the yi.ld of fibr W th rumcining maiuvpial cmn
dugraded 10 & point tht enly bospds of sccond guality can b sl netured
frem 4t. As a matter of oot it Ao buon found that cemtrory to the
gunepully acecpied prineiplcs in th. pulp rad popur, fidr. board wmd
bardboosd induwstries, wh:re it ic considird tat for quality products the
bagneoe must B d.pithud a8 for o6 poscible, this 49 mot the cnac for
partiel. board maawfroturing (4). On th. cemtragy, 't is peufiredleo to
anistoin a8 far a0 peesiblc the nctwenl structure of th. plomt, cspeceially
of the pastielce oMainud from the extorior pagt of th: stem. Only the
ool suatynl pith should be camplitely ramovid. The differumce in scnsity
ad ase in pligeice-avehraics]l rosist-ace Metwcca = particl. frem th
outer pogt of Lt stum 2ad from the cntp. of th. stue &9 clonrly showm
W the photemicregroghes in figure | and 2.
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It is obvious thot the rcduction of thus outir pert to the sizc of
th original fidre crcates the necd to rebuild o similar structurce ~fterwords
in the Board, ruquiring unnccessarily high cucntitics of rosin.

It has -180 buun found by sursclves thot ~n uxeessive beating of the
bagnsac durld.; the muchanic 1 depitinng moy conciderably ruduce the original
stiffnuse of tho fidbrus 'nd honoe also the modulus of clasticity of the
borrd mowmuf wturcd with those fibres

Informativ. i’ - simplified materinl flow diagr-= in 0 bBagnese
porticl. woagd plomt nocordi 2 the Vurkor principie is given in figurc 3
ad duscribed Moresficr.

Thu green dagres. coming from the sugar sill ty o soraper or W
cenveyor (1) s f.c ovir o magnct (2) tn oliminntc sorap mutal and a
feed rogulation device (3) to the depithing mills (4). By o mowsatio
trensportcr (5) the degresc is thun comwiyed to special scrooms (G) vo
scpagat. the loesc pith. The pith is goenorclly scnt book to the sugnr adll
te b wscd 8 fucl. Proem the serccns the dagossc is tranmiported Wy o
sonwnyer belt (1) to th rcfining mills (8).

The refining is rogulatud according to the initisl fimences of the
bagrwe: cad th sulsoquent roruircmunts of board quclity (hemogoneows or
J-lager builé-wp, Morc or luus finc surfasc). & pevwmctic tremsporter(9)
brings the bogrsec from the r.fincrs inte : dryor (10) whore the moisture
comteat 10 brought dowm frem 50 ;. tc 5 . The powmct.c oiroult of the
aryvre (11) drings th motcrial to - corwen (12) to seprratc a supploncatary
rumntity of pith 1iburatcd during the rufining. (1a the onee of = }-layer
wasd the grownd [fidevs or. reparcted] begussc inte 2 qualitics, th
finer quality is wad for the surfw. lryoer whilc the conreer quality is
wed for the tors loyur).

Prem the senca the matericl iz eenvayud (1)) imto 2 muasuring Ma
(14) nnd fod in » glue Blonder (15) providid with 2 cenplotc glue mixiag
wmit (16) fellowd Wy = prowmctic tromspertcr (17) oad & mat-forming
statien (18). The met is formcd in a frome (19), pro-prosscd in a oold
pro-prves (20), woighed (21) and conveycd iato - multi-doylight hot
peose (23) provided with = ding (22) and an wmlending (24) 1ife.
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Aftcr pressing, the board is trimmcd by -~ speci~l trimming sow (25)
coolud in ~ cooling tunncl (20) and sanded on both sides with o drum or
wide belt sander (27) and stocked (28).

The dust from the sccond screviling, firom the sanders and from the
trimming sow 18 colluctcd by n singi. pnuoumatic conveyor (29) stored in o
spocial dust silo (30) and uscd ca fuel for thc mein boiler or eventually
the dryer.

" It immcdiatcly appears th~t the dffoercncs botween o wood and a
bagassc particlc board plont are to be found in the particlc preparation
section, the dcpithing boeing the ussentinlly diffcerent stage.

2:2. _Jocyd production cost pricc

To caloulatc the cost price of the bagnssc itsclf, two dintinectly
difforent situations have to be considercd:

(a) whether cxocss bagnssc is avoilable,
(b) whuther ~l1 bagrssc is uscd ns fucl for thc sugar mill.

If oxooss bogassa is avellabl:, onc may consider that at the sugar
mil]l it hos no veluc, and porhaps ¢ven supplomcntnry costs are neccssary
$0 bwrn it in an inoincrator. But clthough the bagrssc hns no value at
tho sugar mill, it will have ~ certain volue once it is ready to onter
the board plant.

During thc grinding scoson nnd in the casc of a board plont
integratud to the sugnr mill, the groen bognssc dous not roepresent o
coloulable cost. DBotwcon the grinding scrsons howcver, thebagassc has to
b stored and roquims hondling oosts and investments. PFigures basdon
difforent looal conditions wocrc publishcd carlicr (5) (FAO-1955) and
should b adapted to actual sclarics and the cost of machinory n~nd
matorials. It is ostimatcd that the coet of baled bognssc delivercd at
a board plant (with a copacity of 120 tons of bogassc per day, o labour
cost of U3 1 por hour, and n grinding scason of § months) will vary
betweon UC, 2 and US: 4 per ton of balcd bagrssc. In porocntages this
oost is built up cpproximatoly as follows:
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cost of wire: 8.8 i
oopital cost of beling station: 1.2 <
capital cost of storage arca: 0.9
oapital cost of cquipmunt: 15.3
labour: 737

In the cas¢ that oxcess bogasse is not available and that its
roplacomont by fuel oil, naturnl gas or somu othor fucl is nccessary, the
cost of thc bagessc inorcesos quiokly andgin dircot proportion with the
ocost of thc locally avoilable fucl.

Tho corresponding hoating valuc of grocn bagasse to fucl oil is
1 to 6. From this figurc it is casy to caloulato tho value to bc uued for
the bagasse. At o cost of U, 20 por ton for thc fuel oi), the green
bagassc has o valuc of US: 3.33 per ton. '

Bosides the rc,la oment of fuol it will also bo nocessary to convert
the boilors. Thi: ma, cost from US{ o.1 to 0.3 por ton of dry bagassa.

Assuming no oxoces bogoasso is aveilablc, avorage conditions for
lobour and fuel oosts, a capncity of 120 ¢ baled bagasso por day and a
grinding scnson of 6 months por yoar, the avarnge volue of the bagosse
delivered to an intogratod bonrd plont with a production capacity of
45 tons of board pcr day will do:

Six sontls frosh bognssc at:

fucl replacumont value: Us$ 3. 3 per ton
boiler convorsion cost: U33 _o.15 per ton
Uss  3.48 per ton.

8ix months storod bagosec at:
fuel replaccment valuc: USS 3.33 por ton

boilur convorsion cost’ Uss 0.15 per ton
handling and storing cost: USY 3,00 per ton

Average valuc over thc wholc yenr: USY 4,98,

Based on this voluc for bagnesc, on examplo of o particlc board
produotion cost price cnloulation is given hurcafter.
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The celeulation is based on the following toechnical specifications.

Raw matcrial: 6 monthe fresh bagossc:
5 months stored bogassc.
production copacity: 45 tons of boord per day, at 300 working daye

of 3 shifts: 12,500 t/yocar.

board specification’ doneity 600 kg/m3, thicknoss 15 mm
glue consumption: 87 kg of dry urcz formrldchyde resin por ton of
boord.
power consumption: 260 Kifton of board.
hoat consumption: 1,300,000 koal/ton of board.
dircot labour: 22 men/shift,
indircot labour: 6 men/day.
Brgnssc:

(output 1 ton of finishcd) boryd por
2.5 toens of froesh bagnasc
12,500 t x 2.5 kg x 4.98 US‘/ton UsS 155.62%

Synthotic rosin.
urce formaldchyda resin at 0.2 USa/kg
12,500 t x 85 kg x 0.2 U3./kg Us; 212,500

Supplomentary chomical ingrodionts:
hardoner: 1 & on resin at 0.2 US)/kg

12,500 t x 0.85 kg x 0.2 USi/xg uss§ 2.1
Paraffin:

5 % om reoin at 0.2 USi/xg

12,500 t x 4.25 kg x 0.2 US%/xg Uss 10.62%

260 k%/ton at 0.02 US)/xW
12,500 ¢ x 260 k¥ x 0.02 US:/kW Uss  G5.000




- 14 -

™. huat rQuirement for the bonrd
production ~nd drying of the brgnssc ie
supplicd un to ~r-t 50 By the wrileble
wasdcs from the eond. 8, the \rimming
swg and the dust sorvone.  The rescinder
e to b supplicd Wy fu.l oil 8

USi/xg 0.02 with ~ hoting volwc of
~pprex. 10,000 keal/ng

12,900 ¢ 2 6 konl 2 0.02 US./xg s 16,2%
"E‘%nmx/u )

Constduring W ~virvgs 1sbour cost of 1 UNL/he
YO0 4. & 24 hae 1 27 wn 3 3 USi/0e v 199,400

L) intirect Jodour

Comsisting of 1 dircetor 600 USL/memb
i techmologist 900 78./asmth

1 saint.cagincor 500 U /menth

1 rocewnteat 30 UB./eemth

1 scontory 200 US:/uemth

L to eud.eduex__200 US Jamuld

7,500 UG’7/uestd

total per yoor: 2,500 US. 3 12 ssctle uss 30,000

L0 _Iaceshissimn:
Puildings eonsisting of
bonpd stornge fraeilitioe
offiocs
wilir room
saxili -y svrviode
cottm~tod totsl cost. US. 80,000

poarly Jdeprueinticn w . 4,000
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Anau:l cost
Machin.ry

Europ.on mochincery F.B- US 1,000,C00
OV.TEAS TFORIPOTL

loosl tr-neport Y us. 40,000
loediag ~nd unle hng)

loeal supplicc. ug 40,000
eroction costs %&u—w
totnl meohinery: UsS. 1,100,000

yoarly duprceiation: %L_l 160,000 us. 116,000
. 10 yenre

Land aito:

roruipumumts, abowt 3 b~

» Spretimion.
Wrtiants. us 20,000
OLle, gromscs, sdevatve pogurs, Fuives,
m; iﬁ&;
Tetimted 1t 1.4 US/tem
32,50 ¢ 2 1.4 USi/ten s 17,50
Land site: o 4,000
wilding o» 80,000
nashinesy: % 1,160,000

m xtm’lw

ot 9 ;. imterent: L2080

total pop yuor: UB, 907,695
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ACost pricc of bocrd:

« Usy 8 «
pcr ton- ?Er%é“?‘l}%—:‘s‘g% - 75.04 'JS.p/ton
per oubic metre: 75.04 x 016 = 45.024US;/m3
per squarc motre: 45.024 x 0.016 = 0.72 US%/m2
por 1,000 sq.ft: 0.72 x 1000 _ .
' T (. 66.89 US.,/1000sq.f.

On this cost pricc savings cre possiblc on the following points:

It is only common scnsc that a morc rotiennl hocting progrommc in
the sugnr mill, with maximum onlorific rcouporation, bettor insulation,
etc., oould oonsidorably inorcaso the muantity of cxooss bogusse nvailable
for cthur purposes ot ~ nominel price.

Scvural of the larger sugar mills oould casily supply a medium
sepnoity boord plant with thoir uxocss bagossc alome.

Iasnese siorogy.

A 1ot of unsolvid prodloeme still rist in bogoss. stornge. Baling,
whioh was quito gonorally ndoptod by pulp and papor mills, is now more
and mere sbandonod in favour of morc coonomio systems such ns Wlk
steroge ond driquotiing.

The tulk storoge of groen bagnssc is not suitablo fer particle
wed produstion if spoci:]l pr.ceuticns 10 pooteot the material from
fern:nintion ~nd rotting are not taken.

heithor is tho Wricuttu syste yot suitable for particle board
predustion, 2 the bagrsse fibew is particlly dwmegod Yy the high
proasure diring dricuctting.

Theeo prodloms nre now boing studied from sevorel cngles and
satisfactory solutions will curtainly b awvaileble un the noar futee.
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Synthetic rcsins.

The priocc of synthctic rceeins is rather high in most of the
doveloping countries, as there ie no local production, transport.from
ovorseas is cxpensive and somctimce high import dutics arc applicd.
However, cxemption of the customs dutie;s can oftun bc obtaincd during
tho first ycars of production.

In somc countrics, loccl production of re¢sin from formaldehyde
and urea mey be worthwhile, cspccianlly if onc of thesc main ingrodionts
is olready produced locally, or if dutics arc vory high on p9ndensgd
rosins but not on basic chemicals.

In some othe., countries natural products mcoy oventually replace,
at lonst in part, the reoeins othorwiso to be importod. In this fiocld
qQuite satisfactory reosults hove elready been obtrined with tannin
extroots.

The nocd for supplomentary fuel in tho board plant may be roduded
to practiocally nil if tho bagassc is dricd with the fluo gases from the
sugrr mill. ‘

Labour savings may be obtaincd through porfect organisotion, but
ospocinlly through inorcasc of thoe production onpacity of o plamt. liost

of the working stations in the board plant will roquire the somo control
and work oven for double or triple production.

This applics especially to tho indireot labour. Also, the most
lebour is involvod in hendling the raw metoricl (bales) mo that if bettor
stornge systeme oan bo worked out, considernble labour savings ore
possible.

Summorizing, onc may considor this cost price ns very interesting,
oven though tho plant tnken o8 on example wos rother small. However,
for most developing countrics whore the market for board cxists
potentially but still has to be devcloped, onc should also not over-
estimote the immediot. absorption ocapacity of the market.
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Wherover possible, mcdium copacity plonts betwecn 30 ond 90 tons of
ard por doy should be conzidercd.

Although 2 particlc bo-rd plant con be c20ily c.arted up ond shut
down it ig not cconomicclly justified to run such o plant with only
1 or 2 shifts per doy, as thc total investment cost is too high and
working at only 40 or aevun (5 . of the production copreity would burden
the cost pricc heaovily.

2.3. FPhenolioc rosin bondod bog assc board

For thc devuloping countries whorc tho demend for fumiture is
low it moy appear ot first glance that 2 market for partiocle board docs
not cxist. Howcver, in 211 thesc countrics thore is n great demand for
housing and it is certainly in this ficld thot o considorable quarsitsy
of board can boe uncd.

Vory often the board usud in the building industry must satisfy
gpeoirl roquircmonts, for exmmple bettor moisture rosistance and
especiclly bottor aging propertics under moist conditions at high
tompornturce. A typc of bocrd fulfilling thesc recquiroments is the
phenolic rosin bonded board A fow months ~go an industrial tost run
wos donc on the Lincx-Prnofor production linc in Mariembourg, Belgtwm,
nocording to the Vorkor proccss. The rosults of the tost run are given
for information in table V.

The toohnical speoificntions of the booyd were as follows:

nominal density: 700 kg/m3

thickncss: 19 mm

3 layoer board

glue content: surfwe. 11 , dry rosin on dry begessc;
gore: 10 .. dry resin on d1y baguese;

sisc of thc board: 1,220 x 3,400 mm

pressing cyolc: 15 minutcs

proseing tomperaturc: 1@5° c.



-19 -

TARLE V

Puysioal proporties

1l 2.
Density 7 692 13
k‘/_“ max 14 722
min 671 704
w of rupturc 7 266 262
20X, 209 286
min. 249 246
Nodulus of slastioity X 27,9% 28,010
kg/om2
nax. 30,200 29, 300
min. 20,100 m'm
‘Intorenl bond | z 1.40 6.91
ke/ca2 mex. 8.96 1.46
L min. 5.80 5.68
;-n&m in 5 after . : X 3.26 4.00
iamereion ot 20 C. max. 3069 ‘057
m- 2c81 S‘ﬁ
Swelling in % aftor b 4 12.584 13.56
24 hre ismoreion at 207 C. — 15.81 14.94
ain. 11.9 12.88
Istornal bomd . o 4 2.1 2.2
win. 1.94 1.86
Bovewholding ~ ky surfone 132.5
: 134
125
odge 113.5
117.5

106.5




Those results prove thot zlso with bagrssc crccllont phemelie resin
vondcd particlc vorrds cwn b monuf-s 4.rcd. In the bov. m.atios.d toet rem
no lou dengity bo~rds worc produccd Jae 78 gneul “tion ic Of minor import ace
for most of the .pplic-tiong in b g sivegrowing countrive this type oy bt of
luse importance, vacelt for roofing purpos.s, where n Lnswl-dior gninet
the hest of the Jan or the oo &y be il sppr-citud, oL in plBes wiEre
air-conditioning is ~pplicd.

There ~re, however, good reosons to Bli ve tict whot Aos boun dome with
flax shives cca 2lro be done with brensec rad with mhcr pl-nt wwmtes.

Ao OTHR FLAT MeudTES

The two forcgoing rw matoericls, finx shives cnd bWrgnasc, repriscit two
quito diffcrent types of -~naunl plants from the Pot-aical point of view. PMaox
48 n typicel reprusemtative of the diocotyledon.s whil. sug~P ornc 48 =
monocotyledonc. fihey rupruscnt citrome strwoiure difforcnocs (o
phot omicrographs 1-2 and 4-5). The structurcs of mumcrous Nhor plmts s W
placed in betwocn the two forugoing, and the uxpericnoe gutivred with the
above matericls cllows us to say with o ccrtadn L EBEASK) thot with apgeopri it
treotment uscful rosulic will be obtained. This hos alrcady beca the e-sc with
homp in Duropp. ond with cotton st~lks oad jute sticks in Asin whare those
materinls aro uscd a‘.ccozéing' ~o Yerkor procusscs (C). Other materinls hawve
nlrendy becn the subjcet of more or lers cxtensive lobopntory stedics, semc
proliminiry conuiderations rre given be.ow.

A:1. Jiemp, jutc ond othor best fibre Blomte

The moterial flow dingrom im o partiocle board plant based en hamp
or jute is simil~r to that of a flaxborrd plant. The principle diffesemce
is duc to thc fact that the stomm of homp snd jutc ave oconsiderrbly thicker
than the flax stcn and that therefore supplomontary cutting is ncecesnzyy.

Whorens hemp is deliveroed to the beard plrat ~lrcody in shives, jwtc
is not broken at all as “hc ribros ~re still poslud off bty hand ~ad tha
gtioke are delivercd io the bonrd ploxt in thedir full loength. A doudlc
cutting operation is thercforc required. Fig. G gives the matcrial flow
diagram of o jute particle board plant cccording to the Vorkor peocess.




-n -
The stieks ~re owt in the knif. wills (1), comvey ¢ L' » pnowm-tic

comveyor (2) to - spcei-l serven (1)) to Llimiret tho r.moining fide s

A Yokt cluvaotor (4) drings the s turi~l i.to - w. 3uriag bia (9) ower
a segven (6) 40 the owiting ~»d p.fining mille (7) who r tAc Diggur chipe
as rodused to suitablc prijcles.

The atupi-l is tAun tr naport d by © pa.wn tie comvoyor (8) to -
So~durting sevsom (9) nd by - Bweket cloviior (10) over - dstriduting
sovew oamviysr (11)to 2 stormge silo (12). Prom th. sile the materinl is
ssmwnyod I 1 sonww conwyor (13) t5 2 mosuring Mn (14) from which th
Sles Moader 18 aystiactically owppliod (15). The glud prrtielus ar
Srought 1o sorrcet meisture comtemt in - eonditioming chwber (17) -2
paswntionlly sowvcysd (18) to the it fomming statiom (19).

™ not 48 Tornd in - frame (20) pro-prusscd in o cold pr-prens (21),
welghod (22) and eamwiyed imto the cutamrtic dondur (2)). Wwn the loodur
is F111d, all mts e simultancewrly brought inte the het preee (24)
wiile the Prussed bocrds o pushet isto the ualonding 1ifs (29).

™he prusecd Weards ar thea triamed (27), oseled in 1 esoling tumacl
(28), oanded en oAb sidee with &rwm or wide Wit stldure (79) ~nd

etashed (30).

he #~wt fren th: wielc plamt s osllcoted Wy ~ puwctic comwcyor
(3) 1o & Gust sile (@) te b woed a8 fu) for the Woiler.

IS sy % eemstducrad tht with semc niner drptitions the swe
Presess omn b weed for sen. othsr Wat b plut wwtes oush oo for
mw.uﬂMG.

pW T W T
Cotton stalhs wors thesoughly cammincd Wfore 1% ww detided Lo Wi

than fer pasrtiel. Yeanl production. It was famedintely noted that wnder
& oingle nemsasisture vory 4iffureat saterizls hnd 1o b consideped.

In some coumtirtice the stalle Ml s aexioe beight of 40-90 en with

s dannter of ot Sore them § %0 8 0 wWhil. iz somc Gthor cowniries the

beight reashed 100 te 150 em for = Siracter of 10 te X wm. It i»

obwiows that the 1ettcy anterial s far serc jaterusting for beapd

peodustiion, and that with the firet astericl = very srpuful stady should W
- mede o8 t0 whether 2 projeet is otill eoememicziiy f-osiblic or not, " b

yield of wseadic rav mt.ri-l doercases muickiy in peopertiion to diometer

of the stem.




™. proprrtiy: of prrticles from covtou stlz requires o fow
speei~lized op rrtious Tach 8 boll (my-in ¢ ;asuid <limin~tion and
washing of the pro—-cut ot lks.

™ gluing, fomin,, pr.ssing “nd finishiag ~r. don. “ccording te the
wewal t.chrology icr reucl Bost wostes

The win problom 1a the uz. of ootton sd lxc hovevar, is much
mor. in the eollioii e ~nl ztorge of the “tolks thas in the ~otu-l bo-rd
production. The row mat.ri 1 4 v 341-bl. only during 1 rulatively short
portod (81 vock3) nd sust b eollcoted, troneportud wnd storud during
this poriod. 1t is gonornlly known tht the Jtornge of l-rgc volum.e of
lignoocllulo~ic mt. yi-ls subjcer to degrdations W M.l ~ttack,
soalles . xposun il dascets is ne amcll prodlia. It is thercfore
wortirhile 10 Gonsidur th .v.ntunl emdin~tion of ootion etolke srith
wood weate, the eotton s ~lis Buirg wsid fi.r the cotton grewiag 8. eon
for ot Juwt fiv. to .ix montae, whilc for the rust of the yoor the pinmt
would oprtc weing wood orlv.

This dowbl. poesibilit, roruires - fow sor. A ohin.e, Wt it Ay
sepdcr o proj.et meeh nor. “tipnetive.

AndeBASs JRMA 08 D2t RlkdAs,
Comsider-blo wounts of ihuec wostes v avrilable Alrundy $a
emmeantptcd ~ruay ad in eoverrl 6wus cvem in onc singl. will. Whilc
they "ov wostes of ~n industricl preccss, thuy “ru rlso regulorly awajlzble
over oxtend. | poriode, th. . sheuld thes . prrticul rl  intureeting
saturt-1s 10 worl with Howover, t% listted . puricnes ~weilable with
thesc rw maturinle i3 ROt vory Acouraging ad rothur iagortoat difficuliice
wos aosuntored witly thair glwlag. The photomicrogrmphs '8 well & the
swrophotcgroph tn fig 7, fig. J "t fig.9 «dow w» paiclly vy this is so.
™. swrfc of both the ricc dulls ~nd the pocant shulls i wry
irreguinrly shoped rad corragded  Cluse eomoct of ome prmiele, Lo
smother 19 b bridand by gl i, A8 therufom. vy diffienlt.

Perthcgmor. ~2 both matori-ls fors the s turcl protoction of e
scod, they o thercfore tuumclves wtwrlly protociet ~ud 48 18 WOy
diffienlt tc mrist.n thoem »ith =y forign mtorti ol Ao techmirwss vhick
could 1o0sc wp the bzic maturic] mooc, “ad (luminrtc this pesistase to
the gue will therofore by o b duvilep d.
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Cerea

Although cerccl strow is uscd to produce o special type of board it
it not uscd in convcntional particlc board production. Aghin, the
original structurc of thc plant is such thot gluing is proctically
impossiblc by the couv.ntional binding systoms.

Therefor., cithor the siructurc of the materinl has to be nltoered
in swch ~ w3y thot suffioicnt glunble surfac. becomes frue to ~llow coch
pertiole t0 be glucd to nnothor, or new rosins with a spocific ~dherence
for thc outur strow surface must be developed, or oxisting rcuins hoving
this adhcronce smust b m~de nvrilable ot lower prioccs.

p T, T

Thos structurc of mrizc ns shown in the photomicrographs fig. 10 and
11 is dasicclly similar to the structure of bngnsse, -nd although the fibres
are finer thore is no doubt that this matorisl con be uscd to mnnufrcture
a satisfaotory porticlc bonrd.

T™ho problum of collceting ~nd storing thc stoms should be uxomined
aad & dotnilud fuwibility study madc to ~gsur. the economic viability
of an cvuntual projuct boscd on this row m~toerinl.

A1l thisc fibeus hovo alrcady bucn the object of laboratory tusts ~nd
shese are no fundanunt -l diffioultics in producing boords from thum.
Bowsvur, "8 ta. production of thesc fibdbrea involves considerable mrnunl
1adowr thay nrv rathcr cxpensive ~nd unluss very spceinl locnl conditions
omiot, their wse n8 - ra aiterind for prrticle bo-rd is difficult to
osmniduy for producing 3 competitiv. und product.

The spueifiontions of board curlitius obtaincd with thesc row
soturinle Mwe dun pubdblishcd oarlicr (7) ~nd arc quitc sotisfactory.

Sal..  Dumhee spd rcde

p-rioular difficultics ore to be cxpected from the usc of bamboo.
I%e proccesing will B vury sisil~y to thit of normal wood particles




.
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ond only minor tuchnologicol ~doptotions will be necessary. Board

propcrtius of b-mboo have ~lreody been publishcd (7). They are quite
gatisfactory »nd will ~llow th¢ board to be uscd for all types of
epplications. TRucds, although similar in structurc to bamboo, will certainly

give morc problems.

The cuntre of the roed ctom contriins more pith cclls than docs the
bemboo, and the cu-~ntity of suitrble fibrous matcricl in proportion to the
outcr stem surfacc is much lower. As the outer surfrcc cannot be directly
glued it has to bu broken down muchoniocally to liberatc sufficioent gluablo
surfaces. It is cortcin howsver thet morc rcacarch will yicld
satisfactory procusscs.

3.8, Palm leaves ond polm trunks

I

Although thc palm trunk is not an annurl plont, it is o roprescntative
of thu monocotylcdoncs and its strudture is much morc comparable to the
structure of curtain onnucl plente (e.g. suger oane) than to that of the
convoentional trunks.

Very little ruscaroh has bucn done on tho use of thc palm trunk
itself, and still less on the usc of its lucves or fruit stems. All of
thase materibls howover arc usable nnd satisfactory boards could be
produced if somc further rescarch work ie donc to cstablish optimum proeasuca.

Morc information on availability and possible methods of colleocting
ond transporting should be gothercd to establish detciled foasibility
studios. o N I

Rosults obtaincd with palm loaves and fruit stoms hove been published
carlier (7). |

Complomuntary. rcsults obtained with coconut paln tmskl are given
heroofiey: ‘

donsity, in kg/m3: RN 648
thicknoss, in mm: AN 10 ’
modulus of rupturc, in kg/mz. ' 260
modulus of clcsticity, in kg/om2: 22,900
interncl bond, in kg/om2: 8.75
gsorcw holding, in kg - froc: 130‘“‘ '
cdge: 90 ‘

swolling in . aftcr 2 hrs immcrsion ot 202 C: 4.8
24 hrs immcrsion ot 20° C: 11.4




These results orc cxecllent, but it should be borne in mind thit undor
the same tecmminology ~polm trunks’, many diffirent moterinls ~re consid rod,
and density ond moisturc content wy vory consider~bly between specics
Detailed investigntions should procede cach industrinl project.

TANNIN ETRACTS AS A PARTICLL BOARD BINDEA

Duc to their oxtensivc usc in the le~ther industry, the chomienl
structurc of most of the importont tonnin oxtrocts hos been the subjoct
of oxtcnsivce investigntions by soveral scicntists, cnd although their
cxoot structurc is difficult to determine, i1 is knowm that the bosio
constituents of ~ll tonnins ~rc polyphcnolic compounds.

Chemically the tannins ~re divided in two mnin groups: th
hydrolyzablc cxtroots and the condensable cxtracts.

It is portioularly the latter group which intcrcets us sincc only
the tanning foras a sotisfactory row matericl for binding rusins.

A considorable amount of work wos done by IJar*.ym:m&rtM (8, 9, 10, 11)
in Indin, ond Plomlcy (12, 13) in Australic, on the usc of trnnin cztrnots ns
the basic raw matoriil for o wood binding resin

Actually all thoir work w~s dircected towards the monuf-cturing of
plywood, howover therc is no fundemental difforcncc between th: gluing of
plywood cnd the gluing of thc partioles in partiolc bonrd, and although
the gluing in partiolc bonrd is morc oriticcl, the step from the onc to the
othor can be donc withmt too mony problome.

Nico and Cremcschi (24) produced partiplc bo-~rd from wood wnd flnx
shives with quobracho-formaldchydc bindur whilc Romgel (15) produccd
bagnsse particlc board with the samc binding systom. DBota achioved
satisfaotory results.

We oursclvus hove been working with qucebracho ns well cs mimosa
(black wattlc) cxtrmots on wood, flax shives ~nd bagnsscc.

With tho nccessary tcchnologicrl adnptations, ~11 these mctorinls
give boards comparablc in qunlity to thosc obtnincd with the conventional
urea~formaldchyde rcainz It may even be cxpectoed thot their ~ging
properties will be supcerior oz the basic constitucnt is of the phenolie type,




Te f-eilitat. the ws. of t-main cXtrwt Madcrs oF 10 ovurooke som of th
toehnclogic! problume it sy ,in some €8y, D latumuIting to uwe. " reein
compoaition whor. 3ymthctic rcoins fcad temrds oxtrects R combincd. Doth
phenolic typ resian or ure ~fommaldulyde rosims con b w3d in combim~tion
with the t arin cxtr-ets if - propor oot -lyst iz chosun som. typtend tost
rooults oM ai.d with bgrasc tad ~ mimos . cxtret ~lome "M ir comsin-tion
with 1 wrc-fomnldohyde rosin ~re giwen 1o 3 Blo VI Bulow.

TS V1

ur 174 4 ur/ry

20/e0 10/

dummity 602 607 504 601
kg/u)

sodulus of repturc a1 o § ) x7 n4
kg/om2

sodulus of il vtieity 16,000 17,6% 17.4% 17,25
ke/om2

kg/omC

swclling 10 3 10 om feer 2 wee () 4.2 4.69 5.8
swolling 2,5%2,5 o» fror 2 hre () 4.2) 4.17 530

imtcrml bdomd after 2 hre 1.96 2.0 2.12
botling watcr - hg/om2

froc formddunyde () 0.135 0.7  0.13

uy: srco-Tommrldolyde poein;
7. scanin~formnldilyds reein
UPATY: mivtwre of wreo wd tauain-fesenldelyde rosine.

It is sbvicws frem thosc results that vory sctisfroteny becads eam b
produscd with trmalin cxtrets " 3 bsie row storicd for the Wiading resin.
™ quelitics oMtadncblc o8 wll w the techmologie ]l produstion “etalls dove
te bo cxrmined iR detadl, they should be the swbjeet of ~ thorough prelisisary
study. The s@w applics 12 the coonamjenl frote. It is enly in eowrtrics
whete tammin oxtr otz “re proéwcsd loe~lly nd symthetic resins still hove te
b inported that thoir wsc is coomomde~lly focsible.




From th. v.ry bogianing f fl ube rd producti-n enncidopble (fforte
wore o to intpodwce thiiz b opd anto the taalding inuctry It owoe
tadtinlly woid ~2 o oropl © maat for “thor convontion 1 motoricls, but vory
soom it2 apecific ~pplic-tion wore found for it vhop it p rticul r
rgaliticn wore voluoble

Bowever, 1f prrticl. Boopd aimply repl cus notur-l wood or plywood in the
furaitare indeetry wAthout the fundwcnt 1 principlos buang Hanged, thire
wis not s¢ in the building imetry.

L eampletely mev PPPowh wis neCesd ry  thit wo.. ome of the rosoms
wiy Secides swboeuses, [ ilwres wer: iso noted The caffercat appliections
of any type of pepticle boapd An the Building industry hove to be the zubjees
of carcful study. The rulcs 9 Be opplicd for the wie of portiole bo.md
are no differomt frwm the gunercl rales for wy type of tujlding moicrind,
Wt they Aove to be pplicd with more rtrietnisn, s th. consouencct of not
following these rulos moy b sweh orse. . particlc bo.pd an = mntoerind
semsitive to moisture Onc of the eritic ) peoints for its application is
for example moisturc trumsmission tn " ext.rior woll  Thir phenomocnon 0
knoom and octwrs in nearly 11 Wilding » “teri-ls If  will s bBuen
properly conceived sccording Bl surrownding oconditior, bota interior ond
exterior, no problems i1} result. uut if for cxamplc ~ particle booMd is
woed a8 the cove of ~a citerior well elemunt, it on the outside of thie
element : eampletely water-v.pour-proef barricr isr applied (met 1 ploten,
glass, ete.), while on th: inatde a mowmal porouws urfacing materiol is
wed (paint, sedestos—sement sheeting, wood, ¢tc ) it ir certain that at o
given stage the woisture (woter vapour) scowonl ting botwoen the interior
and the exterior surfaces will escead the satursition vilue »f the board and
the vapour will comdence and fogpm (1irmadd) wrtor. This process cw be
osnaideradly accelepnted by twmperstwre diff.rencco (surfices cxposed to
the sun duwring the day ~ad occoling =t night) 2 the board iteelf ie not
absolwtely wter Pasistant it will beeame degraded, 1t swells and ~fter o
septain time delaminvtion of the surfwing = turicls ay oecur
Parthemmore, the peusence of cxcesr moistur- Lighly .ctivoies the dovelopmont
of micro-orgniems which destroy ths boapd cven mor. ruickly. .wuch problems,




tho - are casy to ~void by applying the gencral rules for wall construction
and By wing the corrcet ~urfocing materials.

Por satisfactory applicazion of the board, the problem ic to use the
right comhinntion of woterials nnd technicuer, rather than o particuler type
af board, yot  bo~p? of imocoved otitr ooy oollow bett or golutions at 2

lower over-all coni.

Although failures have been cbecrved, the usc of particle board for
building purpcses ha incretmed tvemendousvond from nearly nothing some
ten years rgo the tuilding industry now absorbs over 15 of the total board
produotion and ia guac counirioe cven up to 75 % (16).

Particulorly successiul cpplications are  roof coverings, roof linings,
door corus, interior partiticns, curtain wall elemente «nd oeilings.

Pigurce 12 and 19 illustrote some typical applications of flaxbdoard in
the dilding indu try.

Toking into account the foregoing chaptcrs ond the abovo considerations,
a logionl intorrcl addition to a particle boord plant is a specialized
workshop for the manufocturing of prefabricctoed houses. DGuch o workshop
essentinrlly consiste of woodworking mochinery, and allows with the aid of a
fow skilled carpentcors the production of structural building cloments of any
type. Thesc elemcnts arc light, casily transporiable and quickly assembled.
Boards with adequate surfocing allow the realization of very simple, low-cost
raral houses as well an the e.ecutiuva of luxuriously [ inicﬁed mlti-storcy
aildings.

The principel imterest of an integrated prefabrioated house manufacturing
wnit for developing countrica however remains the production of low-cost houscs.

™

1t is possible *n morm®oetire o trafak~icoied house of atout $O m2 for
no more than US§ 2,000, this sort of complcte house can be easily transported
By a }-ton truck, cven over difficult roads to places not accessible with
hoavy equipment. On a properly preparcd sitc the house can be erected by a
teoom of 5 to O men within 5 to 10 days. By grouping the ocrection of sevoral
housce on the oame site, o lot of time can still be saved.
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Investments for o prefabricated house manufacturing unit

A unit with a production capacity of 10 to 20 houscs per dny, integrated to
a particle doard plant rocuires an investment of approximately US. 300,000,
oongiesting of approximately US. 250,000 for machinery whilc the rest is
essentially for “he workshops The integration of thce housc manufacturing unit
to the board plant will kecp thc over-all costs low, as it saves costs for
boord transportavion and limits the investment to the ¢sscntial machinery, while
the auxiliary ceuipment of the particlc board plant such as a boiler, electricil
equipment, air comprossor, ¢tc. can be used for both units.

A sooond highly justifiod supploment to a porticle board plant 1o a doard
finishing department.

Particle bocrd lends itself very well to » multitude of differont types of
surfaoings and thoso broaden the fiold of application of the board.

Several surfacing motcrials require o very spoocific applioation equipment.
Prom this point of viow two main groups mey be considered

(1) products which cxist alrcady in sheet or film form, to be applicd
ty presses;
(2) 1liquid products to be applied by coating machincs.

In each of these two mair groupe several products arc 1o bc found with very
varied propertieos, which also require spocific oconditions and oquipment for
their application.

A compromisc must thorefore bo accepted, allowing the maxisum poseidle
variety of surfacings for o minimun investment, covering ez much as possiblc o
the market.

The most wsual typee of surfacing are:

(a) Yensering with naturcl wood
Both pecled and sliccd vencers are uscd extonsively on particle bdoard
both for the furniturc industry and in the building industry. The
difforence is that most furniture plants have their own venecring
proeses, and will only buy the unfinishod boards.



{»)

()

(2)

(c)

(n

- 30 -

Application of plastic films

The plastic films nre glued on to the particle bonrd. Generally the
filme arc bascd on plyvinyl chloride, polystyrcne or polyester. They
arc colourcd ~nd may bc printed with all types of patterns. Voo d
imitation is most in favour.

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

Application of laminctes
Glucd on both sidcs of the board they provide thc board with hard
working surfaoccs, rigidity and stability. Laminates are essentially

pressed phenolio~ and melamine-resin-imprognated papers or reinforced
polyesters. Thoy arc rathor expensive and sorve more the luxury or

high quality dcemands. .
Miﬁﬂmﬁmwm

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

Appljoat ors
Various types of paper, som¢ impregnated with resins, may be directly

presscd or glucd on the boards. Aococording to the type of paper the
most diverse applications are possidle.

Phe appliontion of a bosic cont acting simultancously as s pore~filler,
priney and scalor 18 very interveting for bvoards in the building induwstry.

Swoh & board can b easily fimished with onc layor of paint, and in the
case of industrial buildings, the coated board does not noed any
supplementrsy finishing.
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(g) Laoquering
To laccuer ~ particle board the surfoce of the board must be of
excellent cuality and cven then the complitc svstem - filler
sealer first co~t and second coat - muct be verv well studicd to
obtain satirfactory results A better rosult ic obtaincd by
combining the ~pplication of a rcsin-impregnatcd ias,pcr a8 o basic

l:yer and then applving the lacquer
(h) Printing

One of the ncwer finishing systems is a direct printing of any

pattern, but usunlly o wood imitation, on the bonrd. Herc again,

to obtain satisfactory rosults o board with a perfect surface quality
is necesscry. As such boards are not aluays acvnilable, a better
solution consists in the application or acoleap thin veneer on the board
ond the printing of o wood of a more expensive pottcrn on the venver.

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

As said beforc o compromise must be acccpted, and experience has
taught us that one of the optimum solutions is the installation of o
surfacing preas with the necessary sccondary couipment such as a
veneor cutting and jointing machine, a gluc coater a saw, o sanding
machine, etc and o conting line.

The surfacing press nllows the npplication of most of the surfacing
materials availoble in cheet or film form whilc the coating line gives
& board ready to be painted for all intcrior uses in houses and even
sufficicnt to be used without supplemcntary finishing for industrial
buildings. Thesc two types of coujpment togothor will certainly cover
& very large percentage of th possidlc domonds for surfaced bonrds

The machinory cost for thc prese unit is approximately US® 150, 000
while it is approximately US$ (0,000 for a coating unit It is
needlcas to add that the costs vary proportionally with the production
capacity. The above figurce are based on board production units of
30 to L0 tons per doy, comsidering that 50 to 75 ° of the boards are
surfaced.
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7 ... CONCLUSIONS

- m

Most of the annual plant wnstes provide very valuable raw matcrinl for
the manufacture of particlc board It has been proved on on industricl scale
that first-class boards can be produced from bagosse, cotton stalks flax shives,
hemp and jut..

several annucl plant westes have the advantage over wood thot they perwmit
the production of low density boards, particulerly useful for insulating
purposes.

Fxperience has proved thnt boards from n~nnual plants are ct least a8
valuablc as wood perticle boards in thoe furniturc industry, o~nd oven more
valucble in the building industry

Laboratory tests followed by industrinl testing and production have
proved thct phenolic resin bonded boords (exterior type) can be madc with
annual plont wrates of the same cquality ae #ood, or better.

The utilization of certain natural products, such as tannin extracts, o8
& binder for particle board is possible, and gives o board of very satisfactory
quality. Inspeclors ond experts ghould also considcr this sidc of the problea

A particle boord factory can usofully be complementcd by a board finishing
and surfacing unit and in scveral cases, especially in dovcloping countries, Yy
e profabricated house nanufacturing unit. Complementary investigations and
resoarch work oould considercbly inoresse the numbcr of annual plant wostes
suitable for the manvfacturc of partinle board.

The actusl board production processes from snpucl plant wostes are not so
very different from the processes for wood board production but & perfect know) edgo
of the row material is nccessary to set up 2 correct flow sheet avoiding all
hnzards and eventual failures.

Thore is no nced to make o clear distinction betweon particle board made
from wood snd particlc voard made from annusl plont waste. )

All distinotionc made should be besod on bonrd qualitics rather than on
raw materiale used.
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