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A m*t«ri*l flou narrai of * jiitt^tijî^o bc*r* tìf&t it *lao flvwi, 

tof«th»r with «out« oon«id«r*Uon* on^t^ ufc»o{ h«^ affetto i «tul*«. 

Othtr »»twluli mah %g rie« hulli, pemnut  theUs, e«*r«»l «trews, uiM, 

•is*l, «bnea, coconut fibre«, b«J«b©o *n<i tmém «r« orUfly ir««te4. 

Moit recent Nwiti «r« /ri*«* for *h® preiuction of partiel« boards fre« 

palm trae trunk«. 

fh« use of %•»«!»» extract« M a partiel« b©»r4 bináw U ¿iwuuMé, ani 

r«eulta obtain«4 usinf the» with b«**M* «r* fiver,. 
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0«pl«MBtMy wits for th# flnialiifif an4 «vrftolRfr of »MtleU boará «né 

f©r *»* «Mwif««t«r« ©f prefaferiont««l bewmê •*• giwn MM «oneMtMrtUn« 
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INTRODUCTION 

Wc.. fir^t of -11, would like to call your attention to the fact that 

no distinction be mrio Dotwuen particle bo .rd produced from annual plant 

wastes raid partici« board produced from rfood«    As fr.r .is board utilization 

is ooncernud,  the only distinctive facts are tho quality and propertieu 

of the manufacturai product, depending 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 

specific method is required to prepare tho particles suitable for board 

production, and that if this particle preparation is not adapted to the 

raw material, rather inferior und products may result. 

The industrial production of particle board from annual plant waste 

was first introduced in 1948, when flax shivos wore usod to produce the 

Line* flaxboard, according to the V'erkor proooss. 

The description of this flaxboard manufacturing prooess has been 

given with sufficient detail in the literature vl)> *o it is not neoossary 

to repeat it here.   The production of flaxboard may be oonsidered a very 

typical example of the use of an initially worthless agricultural waste 

for the production of a very valuable end produot which is usod extensively 

in the building and furniture manufacturing industries. 

Taking an exemple from the production and application of flaxboard, 

several other annual plant wastes were   * 'mined with tho purpose of 

producing similar boards.   A few experiences are disoussed horeafter. 

Besides lignocellulosio raw material, the production of partióle 

boards requires a binding resin which only stakes up to 6 to 12 > of the 

weight of the board, but represents a cost often equal to or higher 4-n*a 

the cost of the lignocellulosio material,  especially in developing 

countries, where resins have to be imported. 

Additional invastigations should be »ade tm to whether products availablo 

from local sources are usable as binding agents.    In this connexion 

satisfactory results h«ve been obtained by several rosearen werkers with 

oertaift types of tannin extracts.    Seme experiences are discu»sod hereafter. 
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The experience In Europe extending ovoi  c. nur »er of years h,g proved 

that partici« bor.rd in goneral, but especially flaxboara,   in particularly 

useful in the building industry«    Through the uec of prefabricated elemema, 

it allows shorter building timvs -\nd reasonable costs. 

Por eom© applications in the building industry, the boards should be 

treat od for protection against fungal attack and mould growth \nd the 

manufacturing of particle boards with phemolie resins gives a supplementary 

guarantee for longer life,   especially under conditions of high relative 

humidity or for application« where dirtot contact with wut-r may 

oooaaionally occur. 

The manufacturing o   the phenolic flaxboard is treated hereaftor. 

i.  HMUC gm «m Biaam 

The first trial« to produco phenolic rosin bonded flax board did give 

rather negativo results, and beard satisfying the standards sat up in the 

Foderai Republic of Germany could not be obtained consistently. 

Two nain problems, each resulting from the specific properties of both 

raw materials, had. to be ftoad to produce a satisfactory phonolic flaxbeard 

(a)    the owing of the phanolio rosins normally requires a high temperature mû 

pressure.    Both these conditions aro difficult to realize when 

producing low density flaxboard for the building industry.    Its 

own insulating propcrtioe rocVacc the    aeat transfer from the press 

to te* core of the board eo that the curing has to take place at 

lewer temperatures.   The lover board density implies that actually 

lower pressure is applied on the glue lines, rendering a perfect 

gluing of the part ici as more problematic. 

(D)   The surface of the original flax chives is not in a» optimum 

condition to be glued.   The inner surface of the sbives has a 

layer of soft, low-resistanoe pith colli* easy to be glued but net 

able to transfer high bond strength from one shivc to the other, 

especially not under wet conditions. 

As a result of microscopio studies and careful technological investigations 

on the flax suives, of whieh all details have been published by ourselves (2), 
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it has been found that a high quality phenolic resin bonded flax board oan b« 

produced ovon at low dene it it ue.    At oomp&rabio density sueh board« ara 

superior to wood based partióle boards 

To obtain thia result it  is necessary to observo the following point«: 

Tho flax chives muot bo particularly »oil   cleaned ,  this means that 

all impuri!is* which may be present in the ehives, sue» as. 

dirt, roots, fibres, seeds, scedhui mt ooml straw anu other graste«, 

must bo eliminated, 

It is nuoässary to preparo tho shivae «©ohanioally in oueh a wff that 

the parenchymatous eelln (pith) we as thoroughly as poo ci bio removed, 

The conditions at proocing im*«t be adaptod to the part i oui or «at a rial 

and tho type of resin, 
It is advaatagooua to manufacture a 3-layer board «a as to haw« Msft 

«.«tibility in sotting up th« tooh««l«#4o©l iolaâl« awk m rail» oontcnt, 

moisture oontont, hardonor system, ote. 

Considering all th»** points, boards with tho prapafti«* §4*s» in 

Table I have bean produoud: 

Density 
kg/»3 

Modulus of rupturo 

Modulus of elasticity 
kg/om2 

Internal band 
kg/e«2 

Internal band aftor 
2 h. bailing test« 
kg/em2 

Swelling after 2 h, 
immorsion in water 
20_C -» V" 

Swelling aftor 
24 h. immersion in 
water 20   C - /o 

Swelling after 2 h. boiling 

a 

4% 

1 

n 

a 

1 

x 
5 

A 

R 

X 

I. 

520 
21 

169 
24 

2200 

554 
1.15 

é 00 
2.00 

10-54 
0.54 

13:97 

i. 

515 
21 

m 
6 

29220 
2?00 

%n 
l.Jt 

6«» 
0,?2 

10,06 
0 5T 

13-93 

Ü 

Iff 
31 

31500 
3000 

5-te 
1.64 

1.52 

6.37 
0.41 

10.Î4 
041 

1456 
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Density 
kg/m 3 

Modulus of rupture 

Modul 
kg/m 

«s of el rusticity 
Oä2 

Internal bond 

Internal bond after 
I h. boi lin« test 
kg/c 

Swellta* after £ te. 
infanto« in wat or 
Mr o - ¿ 

•well&tf after 
14 h. f|iifit9> to 
water 10   0 - >» 

gtMlltaf after 
I h. beili*« - '¿ 

it, 

r 
2, 

2 

u. 

i? 

à 

I 

4- r> 6. 

508 
30 

284 

520 
38 

160 

5IO 
34 

112 

159 
15 
43 

166 
38 

147 

163 
37 

160 

24475 
2300 

30055 
52OO 

29577 
3700 

5.92 
1,10 
0,478 

610 
1 20 
0,114 

620 
lf10 
0,095 

1 90 
0 40 
0,0187 

I.90 
0,14 
0,029 

2,01 
0,58 
0,048 

7.I8 
1 05 
0.118 

5*06 
1,90 
0,397 

5.5Ö 
1,#3 
0,291 

O.35 
1 09 
0 138 

8SB4 
0,5? 
0,0397 

9,17 
0.60 
0.045 

10-82 
05I 
O.O56 

11,20 
0,5? 
0,023 

10,76 
0,59 
O.Ofi 

1 s    av»re«e of 10 
R ;   tange between 

Variation. 

noxisun and Mini»*   aluo, 
1 
li 

Twit aorte« 4, 5 ma 6 mm MAO with m asAitioanl quajrtity ©f •#«• 

hydroxide, whioh undor soae oonütiew! i«pp©*ei «w <tneli*y «f *»* 

pfcanolio boards. 

Co»plaswmtary %o the laboratory t«tt pgefgf» «w»& •&«*** w01« •*•• 

tested ft* their fattotefw» afalttft m&*tta* eewatttt». 

Mr, Garro" ©f the "l»abe*at©l*e d© 1'1U*,: of Gem«©*«, Bolgiu* (3), ha» 

subjected «ate beard together with a whole series §f eonpetltivc, ffc^eii« 
rosin bonded wood partióle beardr to the mwl «ooolerated tout in« «ethods 

M well as to aa external expolie test, and although tho tests arc not 
oonoludod yet, sono preliminary observations after one year «f exposure are 

available and are ffivon in tables II, XXI and XV. 
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The following tosta end    acoeloratod aging': tejfc wort carried out; 

v 2°     I/   :    immersion in water at 20° C for 2 h. 
v 7°     1/   .    inmersión in water at 70° C for 3 h, 

V 100   y   •    immersion in wat or at 100°C for 2 h, 

I L T   ¿/   •    long torm immersion"    43 days at 13° C, 

V P 3    2/   :    immersion for 42 doy« .at 13° C after applying a vacuum of - 

0 3 kg/cm2 for 2 h. and « pressure of Ú kg/mZ for 22 h. while 
the sample is immersed, 

3 V 313 ¿/ ¡    3 cycles of the V 313 aecolerated aging testing eyole 
consisting of, 

72 hours immersion in water at 20° C; 

1 day exposure; to -12° C free standing in airj 

3 days drying at 70°' C in air. 

*.T.       y î   ©eposure to on atmosphere of 20° C and ^5 % relative hanidity 
for 05 days. 

I. î   fittemal exposure ©a wire netting at an iaeUr«)l«i of 30°, fnoo 
to the West, 

IJî    aft. v 5 weeks exposure» 

Ig*    after 6 months exposure, 

I,',    after Ï year exposure. 

After these tests the saroploe wore reoonditioasd at 2oe C and 65 $ 

zittivo liasddity and tasted for their pemaneat swelling, remaining flexura! 
strength, and remaining internal oond. 

teofclts are given for a few typiotu boards of good average quality 
•peoificd as follows: 

Wis   woo« partióle board with uraa formaldohyde resia; 

Wl**   flaat heard with urea formaldehyde resin; 

TOï     wood partiólo hoard with melanine formaldehyde rosin; 
PBî     wood partióle hoard with phenolic res in 1 

It:     flax hoard with phenolic resin (reforonoe hoard of the foregoing 
laboratory tests). 

1/   Corresponding to standards set up in the Federal Ropahlio of Oermany. 
|/   Ho offioial testing procedure followed. 

j/   French aooclorated aging test. 
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TABLE II 

Poro louent swellin« in porcentaje of ..M,ti- JL thieknoto 

Type density V20 V70 '•100 ILI VPS 3V313 AT h     l2 h 
UFB 590 6.5 • 8.3 C.B 19-8 2.8 11.2 16.3 D 
UPB 630 4.9 8,2 7.6 17.7 2.0 5.2 10.6 Ù 

Ulli 5*3 6.3 Ö.5 7.8 23.6 2.5 10.1 17.1 » 

Mi 660 1.2 I5.9 3.2 2.9 11.8 0.2 1.8   4.3 9-5 
m 670 1.7 9.4 19.7 4.9 4.5 0.1 1.7 2.7   4.8 9.5 
PB tao 2.9 5*2 7.0 2.9 3-5 S.I 1.2 3.3   3.5 5.6 
fi 690 3.8 6.? 7.8 4.7 5.4 7.7 1.6 3.2   3.9 5.5 
PL 54e 3.O 4-1 5.3 3.3 3.0 %1 I.4 3.0   ?,8 4.6 

«MM.« HI 

Of tho IMtlal «tnauth »f «tutu« 

fyp*        ¥Í0        V70     noo     3Y313     â.f.       Ij lf 

vm 93 m 95 64 43 
ws •   8î 40 63 Ì J6 86 73 
u 96 47 69 103 93 

MB 84 80 49 90 110 94 

PS 88 01 8a 89 101 90 

PS 88 86 89 79 101 ft 
PI« 09 88 n ?o 101 94 
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TAuy: iv 

I, i «rf tho iiit.-i ttroaftfc ff mfrn 

V'20        /?0 noQ IUI 3V313       ài 

Wi 51 0 0 >i 45 26 73 17 15 

OT» 62 0 0 y> 55 32 T§ 5¿ 30 

UFI « 0 0 5» 5« 3D S 32 13 

m 80 35 0 Oî 05 13 106 m 

R» 96 47 ÎC 73 ,  75 27 >f n 
n m it TI 15 « 47 ff 75 

n bC 55 5ß El 41 10 •1 6» 

n* m 64 75 il 90 ft 134 fl 

faiiM II, 111 üWw p*lüfc«4 «itfc ti» •Tir« 

«*?%•,   M ««U «• «I» 

IMlüfi Mtaecd fr» f as «m «rf tau tirtt 

loaat *f«r4 |f »ft* «^eri »or %• the »T91 ̂ rtiM 9t * 

4«.    It 1« tO fe o*f*rt* 1 that «It» •* *lftV»l* la 

•Mer» al» 

». 

* mly te & tiatta« 

aaé in f tV.-u 

X»iU 41/, «f* «M M %• »tili»* 

tfe» fail«« «* *• a 
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ffiitcenception of tbt. toará a-jhif-ictvurir/T pi~jit    »¿^lf,   ;a SOUK other c* _« 

it »ss a ladle of acrkot  íMT-JU- bilitjr,   in y- t  ethvr c.-jr.n  it  WüE   -jrt 

iacerrtet  tvetaoitjle^l  pmc^BSia^ of th*.  r-.i m.-t^ri^l  rv»ultin£ in - 

•eoond pwaity boar* which cmUi not ^ucc^ isfmli" caqMw wi^h ota, r bn-ré* 

£&• «attirici« für aiy vxistinff on •   «. n rk. t 

il«, l<*<.raiAf fro» tiw  f"4luy.. : but ^»pkcsiAllf through ¡aor* 

•*l«(Mivt  r«a ocreh -via htiicH. Wttcr laiowU-ifv. of the pr#p*rtK«    v*i 

ft*«i«el »trattare ©f tte. ar.it.rt-a,  bat.r proee»«*.« f»r both r* »Urtai 

lo« «A fattici« yrwiwrr.tten   vrv  vit..Wi'hcd. 

OK» #f tat »ain probi --«wi vacauaUrMt wb*.n win« hñ*?*»»*, M .*   mm 

*"t«rW for IrN ajaiwrtlaR is «»_ ater~.«v of th-  h^fnM«. f«r iliu 

f«rto4 aat«s.«it the fri A Un« MM*«». 

IM a**t mt tat» Marr fan, grewi«f rjena th.   ¿riftaW »«wai êmm a** 

•ar# tana ft*s to »U MM«te. 

The »al atta» esattali? adapts for ta* «tarafe «f «In, aagaMc  in ite 

pata MMt aaa»r im—try levais« bnliv it directly ** '.V m*m «til. 

rt tas. f*aal«a* f«t4MÈ*4 ta thit ,:-.rr. «onifoU.    f*   haling navrât ta» 

lit»  It fQ4*tft« araasr pf«evél»»t far pUiM «•* 1% will «till 

a fit*» 1«M »f 10 , •» Mr« «wi«t to i.t, ritriti«*. 

ta ta« *-rti*anj- er*. *f partiel,. U> tú araêaetia* an *44tU«wl 

im i* tà*t wxmAT+U A r rmntMian »f thy V4,d bn«rw^ a«p a«t 

a*ly iiWfiiftj» tie ria* of f ibr   *    ta» rtamiala* avtvfftal mm a* 

%• * fata* last oniy bo ,r4« of i.*<*ui **ìiity can h» 

It.    A» ft ttttur «f fût it h&n b*,«* fomwi tfcrt ©a»tmfy t* th, 

»ytat prtaaiatfc in tn   p4p   *J ptavr,  ft»*- toar« «ani 

trt«a# v-h-rv It is cflMllfd 'at for «polity »•«iaf.f thv 

êwfttau« m fAT M po ci KU, tht» i» an th.  o.-*. far 

(4).   o» tfc, e««traf3fÉ   »t i« fr^f^mhl» %m 

m tm m phMillc «fe» n. t^^-a *%tm*we% of th.  plT»t, ce^otli/ 

tit rnrticlfc« •Hûiaw4 fr«« th.. «xterlw part ©f th   «te*     CbOjr ta* 

Bmmtml §Éth *Èm£ê M ««aal.t.ljr rvjwv.i.    ftn, <*ifftrv»c. »n «Mit# 

I an—i la aUrilP* awhrjLic-1 r^m%*%emm Wtw en n portielv fra* tin 

l-r r*rt af th*. tt.«a t»i fram tfe, c^ntr. »f th   a tu* is cl .-j-ljr «aaai 

in rigar«« luiî. 
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I« it etevtmiß tàût th¿ reduction of tiut outer pert to the sixe of 

tit originel tihrt* crüatcss tho ned to rebuild n. sisilar «tracture riierw&rdt 

in ta*.- «oard, is^uirtng un»^c^««arily high cantiti*.® of resin. 

It teas -Ito »b«.n fwid ^ owrstlvoa tact ••» uxees*ivt beating of the 

tMVtfHM. «ari** ; ih* ovchaaic 1 d*.Pith*:ig »•%/ considerably rudiieu ttee original 

•tiffAúM of ta© fibre« 'jid lun©*; «-480 th*. aodulu* of elasticity Of tteo 

toará Kw^»twt4 with tteo«c fibtvÊ 

lsfosaativO?.  a linplifioé   •eiortnl flow diagr» ia a 

«ortioU IM«J al*vt o*oerli~« the Vwiteor prinoipU it five» in figaro 3 

Tfe ffM» kfMt wsoàng fra» *te<- ««I?» «ill by » ••fe*»» •» % 

(1) it fwd «vor e »«««et (2) t* olftatart« »ora» »«ial awl a 

foot w%màmUm «avita Ü) to ttes éefitteing salii (4).    % a pwasoatlo 

tfJMfttfel' (5) *»* teaons«. it %*-» nmr^yoà to a pee i ri ter« o«* (6) io 

•«•¿vet* ti* loto* fitte.   II» path i» gtaor&lljr it«t beote to tao Mfnr «all 

lo ot» w#4 m ftwl.    Pro» tits iwsMM is* bagno*« io trar »ported Ir ft 

bolt (1) to ite* raining »ill» (S). 

Wo, rofiotuf *• regolati«! ^cconiing to ite« tait lai flasaos« «f ite« 

aa« io* M%o%ifOMit rosa»»««***« of bonr* «aality (teoowfSÄOOOJ er 

bailé-at, as* or Lui fin   surf:*..)     ¿ fa«amiie trnooport«r<9) 

ttM bagws© fro» tin. rvfincr* into % «ryor (10) obero ti» aoistaro 

seat««* io Intoni èssa ftoo 10 ,   te r> <>     Tao ptaac*** o i rouit of too 

üy** (**) aria«« ite« ofttfertal to -. s«r*«a (1?) t« »«««rat«, a «aarloacntarjr 

tHy of piili litebrstfed «oris« tte% iv fining   (in ite« o*oo of e, Vlnytr 

to» giowi [floreo :r. nofatwlwd] bcr-st- iato 2 TUT.! it Us,  ttea 

«jojillty i« asa for ttes swfi«** l^or while tteö oojisyr «jwality io 

for taw sor* lo?*.*) 

»toa «ht wÊ**m the sat «Hal is «savoy«* (lj) iato & axiosariog oU 

(14) Mi foe i» » «las bWwkr (13) provided with a «oafi«t« floe 

«sat (lo) fallo*]« by a pwaaniie t reporter (17) ©sa s •**- 

•tatisa CW).   '"to •** 1« *•*««* 1« * **"* <W)i fro oros «cd ia s ooli 

(26), iMl«H«d (21) and ©owpejw-d iste i mUti-dcgrlifirt not 

(23) provi«»* «ith m lau«« (22)  mé m «sloadiaf (24) lift. 
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After pressing,  the board is trimmed by r. apcci-l trimming sn.w (25) 

cooled in a cooling tunnel  (26)  and canded on both sides with a drum or 

wide belt sander (27)  and stacked (28). 

The dust from the second scr>_wni¿ife-,   from the sonderà and from the 

trimming 3car is collected by a singi ; pneumatic conveyor (29) stored in a 

special dust silo (30) and used as fuel  for the main boiler or eventually 

the dryer. 

It immediately appear« thr.t the dfferencas between a wood and a 

bagasse particle board plant are to be found in the particle preparation 

section, the de pit hing being the essentially different stage. 

fe oolculntc tho coot price of the basasse itself, two distinctly 

¿afferent situations hive to bo considered: 

(a) whether excess bagasse is available. 

(b) whether all bagasse is usod as fuol for tho sugar mill. 

If excess befasse is available, one may consider that at the sugar 

«ill it hot no value, and perhaps even supplementary costs are necessary 

to burn it in an incinerator.   But although tho bagasse has no value at 

tile sugar sill, it will have a oortain value onoe it is roady to enter 

the board plant. 

Daring the grinding season and m the cose of a board plant 

integrated to the sugar sdii, the green bagasse does not represent a 

caloulablu oost.    Between the grinding seasons however, thebagaose has to 

IK* stored ont requisse handling costs and investments.    Figures baaed on 

different local conditions were published earlier (5) (PáO-1955) and 

should be adapted to actual sciarle« and the oost of machinery and 

siot ori als.   It is estimated that the oost of baled bagasse doliverod at 

a board plant (with a capacity of 120 tons of bagasse per day, a labour 

oost of 085 1 per hour, and a grinding season of 6 months) will vary 

between UC, 2 and US" 4 per ton of baled bagasse.   In percent ages this 

oost is built up cpproiimatoly as follow«: 
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cost of wire- 8.8 £ 

capital cost of baling stations 1.2 £ 

capital cost of 3toragu area: 0.9 ¿ 

oapital oost of oquipmoit: 15.3 ,¿ 

labour. 73.; ,Jt 

In the oaee that excess bagassa is not available and that it» 

rojlaeosjont "bar fuel oil, natural gas or soste other fuel is necessary, tho 

eeet of the bagasse ineroosos quiokly and in direct proportion with the 

©oat of the locally available fuel. 

The corresponding hunting value of gruon bagasse to fuel oil is 

1 to 6.    Pro« this figure it is easy to cal oui at o tho value to be uiiod for 

tile bagassa,    it a cost of US   20 per ton for the fuel oil, the preen 

le has a value of US£ 3-33 per ton.   

Bosidos the re, la, oment of fuel it trill also be neoesaary to oonvort 

the boilors.   Thi < nu\, cost fro» US» o.l to 0.3 por ton of dry bagasse. 

Assueing no oxcoss bagasse is available, average conditions fer 

labour and fuel costa, a capacity of 120 t baled bagas so per day and a 

grinding season of 6 months per year, tho average vaino of the bagasse 

delivered te a» integrated board plant with a production oapacity of 

45 tons of beard per day will be: 

Six sonthìfrosh bagasse at: 

feel rep! acunont value'.   Uaf   3, 3 por ten 

staler eeiivoreien cost     OSf   045 per ton 

US«    3-48 per ten. 

Sis «entes stored bagasse at : 

fuel replacement value: US'; 3.33 per ten 

boiler conversion eest* US$ O.15 per tea 

handling and storing oest:    IffiS 1,00 per fon, 

USÜ ó.48 per ton 

Average value evor the whelc y%?ar: US'; 4.£8, 

Based on this value for bagasse, on exanple of a partióle board 

production oost price ealeulation is given hereafter. 
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The calculation is based on the following technical specifications. 

Raw material: $ months fresh bagasse; 

S months stored Degasso. 

production capacity:        45 tons of board per d-iy, at 300 working days 

of 3 shifts: 12,500 t/yoar. 

board specification- doneity 600 kg/m3, thickness 15 m 

glue conoufflption: 85 kg of dry urea formaldehyde resi» por te« of 

board, 

power consumption: 260 k//ton of board, 

hest consumption; 1,300,000 koal/ton of board. 

diroot labour: 22 men/shift, 

indirect labour: 6 ntcn/day. 

Ia?   ftflf W*fflrtf,'. laaaai cost: 

Bagasse: 

(output 1 ton of finished) board per 

2.5 tons of fresh bagasse 

12,500 t x 2.5 kg x 4-96 US'/to» U0Î   155.615 

Synthetic rosin. 

urea formaldehyde retin at o. 2! Ur>*/kg 

12,500 t x 85 kg x 0.2 ü3;/kf WIS   212.^00 

Supplementary chomicrJ. ingrudionto: 

hardonor.   1 > on ret in at o.2 USS/fcf 

12,500 t x 0.85 kg x 0.2 m'i/kg 03$       2.125 

Paraffin: 

5 A> on resin at o.2 US„/kg 

12,500 t x 4.25 kg x e.2 um/kg 0S$     10.625 

260 kW/ton at 0.02 USO/k* 

12,500 t x 260 kW x 0.02 UG AW QÜ     ¿5-000 
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r%¿ feat r«^*in*wiit fer tht teftré 

lio» raá Anriß« of tIh, V4o«a« It 

lied ur> 11  •>*-•••   *p      %' the  wAlcAic 

fr« ti**» «3*4,.«» %I**¿ iMwiJK 

•ant »Ni tlw ten »orv¿M     Ufe. ru—rimitT 

few %e V   ««fplUi ir ftt^l »il    t 

10,000 kmlAf 

È & MCLO00 inni * ©•©§ OfcAf «W       Ü»IÍÍ 

l  i. rhualiMii'it       «0 -n'erti 
1 Mfti*.rt*l»*r 500 i ^Msti 

»-i» »?mf *<rt«riM 

ttftflfi fwiilllt« 

t«ttflnt«4 ««tal cm\      WE',      tftt0QQ 
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M-vcMft-ry 
Kurofwaii »r*hiiK»rjr F*B* US*   1,000,COO 

onr.-rtcAt % TPM3 port      \ 

loeri tfx»9ort ) Ü8V-        40,000 

ItnáiAf "Jtó uni© üí^r' 

local surplis US 40,000 

BLJUifiSâfiSP 

AiwuU cost 

fetal «TAhiiwry 

l>*m*Iy <k.prvci tio» 116,000 

Mtd. 

Ilr.. 

»,000 

m 1.4 
12,500 t t 1*4 »    ins» 

•4U 

t* 

or       4. 

OK tvUO(00tl 

i» 

toM* p»9 fMf#t    •*•       tlfp^l 
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Copt price of borxd; 

per ton 

per cubic mot re; 

por squire rootro; 

por 1,000 aq.ft 

tons    12,500 

75.04 x 016 

45.O24 x 0.016 - 

0.72 x 1000 
10.7c4 

75.04 TJSS/ton 

45-024US¿/m3 

072 US$/»2 

66 89 US;./lO00gq.f. 

On this cott priée ravings ero possible on tho following points: 

It it only ooaaon tonto that a more rational ho&tin* profrat»© in 

tè» «car «ill, with »ozitu» orüorifio recuperation, batter insulation, 

«to., oould oonaidortvbly inérvate the fiuontity of exooot taf&tt« nvr^lable 

for other purpoiet at r. nominrl price. 

Starai of tho larfvr ru*ar Milt oould easily tupply a «odi« 

oepnelty horjrd pimt with their «sooft hagntte Mone. 

A lot of mtolvod problcoo »till wzitt in toftMu fiera*«.   Balinf, 

vfcloli MM fruito fxncrr\lly adr.ptod by pulp   ana paper »ill», it now «ore 

tàmêameé in favour of »oro eeonoaio «yttotw ouch at bulk 

ml hrttttwttijif • 

the bulk atomfc of freon feaeptfe it not »uitablo for partiti« 

rtioo if »pool-a pr-cruticn« to pvottot th* «Rtorial fro« 

.»ntion rati rottine mm not take». 

Wither it tho brinwtt^ tytto« yet tult&blo for portiola board 

it at thu bagnra* fibtv it port i ally âamsfoi by tho hi|h 

étring brittucttiB«. 

probi« nre now being studied fro« tovcrfíl eaflto «aid . 

•a.ti«ft«tory «olwtiono will certainly bo wrailnble *a the near fwtm*. 



- 17 - 

SyPthotJ.o resina. 

The prioo of synthetic rosins is rather high in most of the 

developing countries, as there is no local production, transport „from 

overseas is expensive and sometimes high import duties aro applied. 

However, exemption of the customs duties can often be obtained during 

the first years of production. 

In some oountries, local production of resin from formaldehyde 

and urea may be worthwhile, especially if one of these main ingrodionts 

is already produced locally, or if duties are very high on condensed 

resins but not on basic chemicals. 

In some othe** oountries natural products may eventually replaoe, 

at least in part, the resins otherwise to be imported.    In this field 

quit« satisfactory results hove already been obtained with tannin 

extracts. 

*T «iW i SSflaaSFiA ifì *. 

The need for supplementary fuel in the board plant may be reduood 

to practioally nil if the bagasse is dried with the flue gases fron the 

sugar mill. 

Labour savings may be obtained through perfect organisation, but 

ospcoially through inoreaeo of the production capacity of a plant.   Host 

of the working stations in the board plant will require the •ame control 

end work even for double or triple production. 

This applies especially to the indirect labour«   also, the most 

labour is involved in hmdling the row material (bales) no that If better 

storage syst ems oan be worked out, considerable labour savings are 

^WWPwJs SPS* •* * 

r, one may consider this cost priée as very interesting, 

«vea though the plant token as on example was rather small.   Howevar, 

for most developing count rico where the market for board exists 

potentially but still has to be developed, one should also not over« 

estimóte the immediate absorption oapacity of the market. 
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Wherever possible, meditan capacity plants between 30 end 90 ton« of 

bonxd per dry should be considered. 

Although a prjticlc board plant CCJI bo easily carted up and shut 

down it is not economically justified to run such n plant with only 

1 or 2 shifts per day, as the total investment cost is too high and 

working at only 40 or ovun C5 ,- of the production onpnoity would burden 

tho cost price heavily. 

2.Ì.    Phenolic resin bonded begasae bojygi 

For tho developing countries where tho deaand for furniture is 

low it may appear at first glano* that a market for partióle board doe» 

not exist.    Howeverj in ?ll those countries there it a great demand for 

housing and it is certainly in this field that a considerable quortity 

of board can bo used» 

Very often the board us*d in the building industry mutt satiify 

special requirements, for example bettor moisture rosi»*anee and 

especially bettor aging properties under moist conditions at high 

-températures.   A type of boerd fulfilling these requirasisnts is the 

phenolic rosin bonded board     A few months ngo an industrial tost run 

was done on the Unex-Panofor production line in Mariembourg, BelfftsBt 

according to the Verkor process.   The results of the tost run aro given 

for information in table V. 

ïhe toehnioal spécifient ions of the board wore as follows: 

700 kg/»3 

19 am 

nominal density: 

thickness. 

3 layer board 

gius content: 

siso of the board: 

pressing oyole: 

pressing temperature'.    1&5   C. 

surf no«.    11 , 

©or«:        10 >; 

1,220 s 3,400 

15 minutes 

dry rosin on dry bagasse s 

dry rosin m dry bagasse; 
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ims v 

Ptyalocl proport let 

Density 

Modulus of rupture 
kx/o»2 

Mala» of «la*tiolty 
ICé» OB2 

IfeáMdrJM»^ 

flimlltof to ¿ «Iter 
2 la« UM»i«a at 20° C, 

3w»lliaf to *i after    0 
«4 IHM lwMntoa &t 20  €• 

ftft er 2ars »olliaff wrtor - l^sal 

BurtirtittltMm « kf 

1. 2. 

% 692 713 
»ax. 714 7a 
«to. 671 704 

f 266 262 
•cae. 2Ô9 286 
•to» 249 246 

I 27,950 28,010 
•ax. 30,200 29,300 
Mitt. 26,100 27,300 

7.40 6.91 
BCJC. 8.% 7.46 
ato. 5.80 5.68 
I 3*26 4.00 

IM«. 3.69 4.57 
«in. 2.87 3.58 

Ï 12.84 13.56 
MS» 15.81 14.94 
»to. 11.91 12.88 

f 2.31 2.20 
»ax. 2,69 2.66 

»to. X»94 I.06 

fHHRthfettf} 132.5 
134 
125 

113-5 
117.5 
106.5 
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TkwBw traits prove tfer.t alio with bor*»« ^rcclKat »a»a»U» nm%* 

bonded partióle bo-irto CTI» be »-«mf-.. t .red.    la th*     '«»*- **U«**4 ta«t n* 

no lov; dimity bo-rds were produced ^ -* Incula toa lo  of »in©* i«f»r^»**. 

for «o»t of th.   .pplic-ti•» in bcir*i*-«rowin€ countries tM* i/p* »rjr b* »f 

lus« import one«,  ^ccpt for roofing fw*» », where   ".* 1ml"* i or    *r*»»t 

th. Iw-.t of th. -•*. ¿i  th~ *-•.    »c* be —11 r-wr-oi-.twd,  Oí t« P»**** •¥**• 

ai r-oondi tienine is '-ppll^d; 

There are, however,  good recse»« to belt-ve tUrt wlrt Ir* be*» **»* »*** 

fla* »hive» ora» raro be doiiw with b~J?r*»e >!»* **** *ther fl'M »*»*••. 

fi* two foregoing raw »at ertalo, H?« »M**» ma %r#nM«;, ri|*o«j»at tu» 

fruitü different typos of -MIWû pianti fr«« i»» b»tnsjâ»nl point •# VU«»    fM» 

is n typie&i représentât ivy of the diootyUdon.« «hâU «or* •«* »• a 

•otio©otyle*d©»e.   They repreront extroau »tfwrtw» differ««** (»es 

pì^o*iorograph» 1-2 nod 4-5)     The it nietet» of mm.mm -*•** pi«»» «*• %• 

placed i» between the two forofolaf, and the «pertca»« fathered wit* ta» 

above •alertai» rJlowt us to say with r. certain ¿Jtt£& *•** ***» «!§§»• pits** 

tiwvtaoiit tt»eful renalis will be obtained.   This h~» «Ireiidy *»«• *•» ••*-»* •*** 

heap 1« 3arope- mû with cotton stalks end ¿«ta rtiete» in Min n«*r# tie»«. 

MstorinlB aro used aocotding  M Verkor preee»»e« (6).    Other «tortai» •«•« 

already been the subject of H»re or lei»« oitofifttVfe Ir.bomtoif it »die«,  »os*. 

pralisimjy eonuiderationa are given be^ow. 

ffce aaterial flow diasra» i» « parti»1« beard p4»t based m 

or ¿ate is similar to that of a «axboard plan*,   tito prt**iple ddjffsjf***» 

ii due to the fact that the ate«» of hustp rad' Jut« *r» ««mié»»*«*/ tMffc** 

than tho flax »ten and that therefor« suites»»! ary outline* i» as*»»*»*?« 

Whereas hemp is delivered to the beard plnnt -aready ia •hivso,  yoA© 

it not broken at all aa the fibra» f-rw still poulud off by hand me tke 

etioks ore delivered io the borjrd pl=r.t in their full leaf**.    » dooMe 

cutting operation is therefore retpiired.    ?ig.  ó five» the aatcvial flow 

Aiagran of a juto particle board plant accordili« to the Vorker 
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TV;  atleta  ».r* o««  !• tfe tatlfw  *ÜU (l)t  co-wwy> d  I;-  "  pu*»-tic 

t—acjiw (2) t» -a tfcct'i eeiv<üB ( 3) to «ll»irAt    th*.   r.-»iniaf fitotva 

A tajefc«t *Js»a*#f (4) isringB tV; art#ri-\l i-.to -   Hv-\m*ri.*i Un {s}  mr^t 

a Mrwn (ê) ta ta« «tttiit« -„té retiming «»ü« (?) wfc- r-   *<*«• M«*"» «te*©» 
to tmltattc   p rticl  ». 

•nUri".! tt ik.a tr-J»f»rt..a fef  • fnorn tie eanvwjwr (8) t#  •». 

tt«f NUMI (9) a«4 tgr -  taaah** .Kr ur (1^> ovir -. liitrttutin« 

iUgro* (11)*» 3 •1»»*cv «lio (1?).     Ihren tl^ til© tito »fttfc>ri*a t« 

*j *» «*•*• ew**** («) 19 % *  *urW H* (14) fraa  Airh t&- 

#*«• Uw**w I« «y*t«ar,t|e*Uj Mpplê«** (l^),    tito gl* <i rrHeki atw 

«• •erraci a*U««f% <xmt„wl I*  . conditi win« «anafe» (i?)  MI» 

tÜMläjr N»**««4 (ti) ta tv. ant fetwin« «tati« U9). 

tW ßM li fNM4 in * fm* (30) pr -p*v«»„4 m a coH pcv-at^»» (21), 

(M) wat MMM^i MM« tk» erta«*!« loTdvr (?)).    Ufe» tfe l«^r 

i« fUt«49 «Il anta ajv êimmXiat^mmlj Wo^bt ta*« tfe twt m« (?4) 

«MI« ti» f*M««4 ata** apa fajaMf 1st« t*, «1»*W lift (ah 

&*% tajM tita*»« (*?h e^iU i« a «o«lia< 

(18), a—lit «a WiH •*••« «ita «tv* «r «ti» felt ««JHMí« (:$) ma 

ímh 
tfe «bal« ft«« i* «eli»«*«« tgr * potanti« 

(A) lu a éatt »no ( *> t« fe ««•« M fta f«* ta» fetUr. 

Il*|k mmêwvê tJtót «ita Nk a|M* aÉft§*-itl«aji tfe 

t**«l aai ral«. 

tritt tfe *tO*« tel a 

«t a** MPI taf« < t« 8 a» mU ts «OR» «tfef eowtrt^i ti* 

M» *• U0 •• f«r - #j~»tt«r «f 10 fe ID aa.   H i» 

«fe lf.tUr •r.twriea I« fa» tm inte««««!*« fw ***** 

ima thai with ta» fi ral «at#tial a «•** a*a*i»l «toa*/ «ka«!« te 

ateta*» a p»¿t«ft t« ««til •aaaaata&Aàjr f   *tW. m a*t, aa Uto 

ftftM «f mali ffw «nivrii •••fiMii tf*icfe¿7 la p^tfti« «« 

•ftai 
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m, fr>*i"ti->i of fnFUsU» fro« eottiu „t^lx- i-tipàr*» ~ f»w 

•pbOWisol or- i-UOfcw T*'h .a boll («t'U f P«*i^) at«ini*tio« iitd 

m»îitnf of th* fax--cut  ¿t-lka. 

m «luW,   formte,»   potane "«* fini«" *   '*-*. dofK   ^«WÜM «• ***** 

tw©hRoio«y  1er Tftwi pi Jit k»Ki 

Tta. »-in pf^Uvf iti th.  *§„ of oaiton et~Uf    taff*.*^,  i» *••» 

in tlte ©«iK<nW -nî st,»r*4\ af tta. ^t.iii:*  tru* i» th*- -*»»\1 ta»** 

ian.    it«-  r«»i »at.ri X i- «r-ll-bU «ily iurin« -x r*4cttivi»lj »taort 

p*ris4 (»is -«-Jt»)  '-n4 bust K «olU0t«4,  t reimport wd *a*à starvi «Wing 

this purl««.    1* i« n^miiy Ummm ilk,* tta, atOftHp. »f l"*** *•*»•*• ©* 

|fy*>it»ift«4«> Nc4..vi".is   ruttfee* iu iw¿r-dr.t 1 mm ta/ f^ft* ^itaefc» 

^IMW  ma imrtt i« »» ««nil proMoi.    It i§ tfctrcf«!* 

«trtMiiU t# •«»*•«* ti*  ^,»**a •»••»«• i«» «f ©<***«» »tftlk« wiifc 

IM»4 wwU, tta. «oit«» » -T*k« fcUFf mèi .>ltwf tta, ©#ito» ftVtvUr •*.•»•» 

ft» <* K-*t fiw t« ',ix «ont:», «Hi*« f;>r t«v r^s* «f ita,- *«** tta» fl.-vt 

«p»,r*tQ **i.tf wo«* «fir* 

ffct* doufcl    pBMiUiit'/ ret^l'^ -• f«* »»**- •*•*•*-«# ta* it «W 

ft pr»|^«t •»•* «•**- -vttrwti**.* 

% 

liétrntíá *«Mwntff »f iiw** »f*t*i m. antiaftt« itftoip I« 

lyoliid PJVí« -ad i» ••¡»wtnl «iw wv»» i« m¿ liafK «ell.    tatti* 

tfcey AM »i«u« »f TA inagrirà pmmm, ita-jr -jv «1M méVlartjr fwmiaM« 

<drt«ni..1 »uri««*, tu-; «Mali **«• X p~4*l«»l*ffl    t«%«f«««4af 

\*U to w«*U »»ita      ìtoww*.», fie iiftit«« varita*» .•*«U*taU wit» 

Itati* tw aou**fa« i» M« vtr# ^ww^*««  *i retta** i»»wr*t diffie»ltU« 

UtwU wit H tta^ir «taia*.   Tfcii *ioti»t«»^p«itai « »»11   * **• 

icfrnfà i» fi*   ?, fif. 3 «i fü.t «tat» m pHUll* ttar *»*• *• ••• 

îta» fwfm «f tetà tftk. ri«« tatfl» --wi «w pu««* •tawll» i« ^nr 

irrwc^i^rly •fc**#^i f«é #«^^4*4 cía»* «ontr^t »f «m fr«ti«l«t t# 

-wtlwr t« ta« tajtifti %  - <!*v Wfc» i« tfctrwf^r. •«-§» 4lffi««lt. 

ItaPttatnHfv -* tart» naturi-1« fwe «tav- n,-.t«r*4 p»«*«^i« »f ta» 

#%#éf thtj a»w tta-rvfoix tâWjM^lv** »".t«rülgr prwt%ri*4 "»^i it i« **f 

üfYiMlt t» »Pitt..a th^M «it»  ---J f*»ti«» «ttUPlil-     *k« t««tpM»«»« «tateti 

«•»M |«t»cR  a* tfci,  k^»i# «ftt%rtf»l •».**,   v^ *lt»i^te tM« tw#t»ta«fc t» 

ita» &m irtll t^-f^fwrx » * . t« ta. «wvU«f>.i< 
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Although cereal straw is used to produce a special type of board it 

it not used in conventional particle board production.    Again, thc 

orignal ttructurc of the plant is such that gluing is prr.cticr.lly 

impossible by the oonv-ntional binding systems, 

Therefore,  cither the rtructuro of the material has to be altered 

in auch a way that sufficient gluable surface becomes free to allow each 

pnrtiolc to be glued to another, or new rooios with a specific adherence 

for the outer straw surface must be developed, or exioting re-ins having 

this adhcronce must be made available at lower prices. 

?fc» structure of maise as shown in the photomicrographs fig. 10 and 

11 is basically ti si lax to the structure of bagasse,   and although the fibres 

ore finer tiwr& is no doubt that this material can be used to manufacture 

% satisfactory particle board. 

tue probi e» of collecting and staring the stems should be examined 

mA ft detailed feasibility stud* made to assure the economic viability 

of tm evurtunl project based on this row material. 

^nmmá 9*miÊ Ute 
All tfces* fibras have already been the object of laboratory tests and 

tfemtv are so fiatdssoittal difficultie» in producing boards from then.. 

, as t«e production of these fibrei involves considerable manual 

ti«? ar« r«tfcer exp»nsiv« and unless very special local conditions 

«Xist, fluir   mm am a r* «atería! for prrticlc board is difficult to 

•ommtder for producing % comp, tit i v. end product 

»purification*» of board qualities obtained with these ran 

bfwe Wen published earlier (?) and are quite satisfactory. 

,<      r rttoular difficulties arc» to be expected from the use of bamboo. 

It« ssooessiM «111 be Vwfy i» imi lar to that of normal wood particles 
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and only minor technologies Captations will be neoessary.    Board 

property of b-mboo have -¿ready b~en published (7)      They are fluito 

satisfactory ?nà will ~.llow the board to be used for all types of 

applications,    Reed», altheugh similar in structure to bamboo, will certainly 

give* more problème. 

The centre of the rood atom contains more pith cells than docs the 

bamboo, and the crudity of suitable fibrous material in proportion to the 

outer stem surface  is much lower.    A. the outor surface cannot bo directly 

glued it has to bo broken down muohanioally to liberato sufficient gluablc 

surface*     It is certain however that »ore research will yield 

satisfactory processes. 

fa^n leaves and PvXm ïm>k& 

although the palm trunk is not an annual plant, it is a representative 

of %hu monoootylodones and its structure is mush «ore comparable to the 

structure of oertain annual plants (e.g. sugar can©) than to that of the 

conventions! trunks. 

Very little research has been done on the use of the palm trank 

itself, and .still less on the use of its leaves or fruit stems.    All of 

thes^ materias however are usable and satisfactory boards oould be 

produced if some further research work is done to establish optisws» processes. 

More information on availability and possible methods of collecting 

oiid transporting should be gathered to establish detailed feasibility 

studios. 

Results obtained with pals) leaves and fruit stems have been published 

earlier (?) _ .    , 

Complementary results obtained with oooonut palm trata are five» 

hororftür: 

density, in kg/r»3; *> <»4Ô 

thickness, in mm; 10 

modulus of rupture, in kg/em2: 260 

modulus of elasticity, in kg/da2: 22,900 

internal bond, in kg/om2: 8.75 

screw holding, in kg - face: 130 
edge: 90 

swelling in > after 2 hrs immersion at 2o   Ci        4.8 

24 hrs immersion at 2o   C:      11.4 
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Those results are excellent t  but it should K  bornw in mind that umk r 

tho samo terminology    prim trunks1-, many different materials are conoids r«-d, 

and density and moisture content may wry considerably between species 

Detailed investigations should precede each industrial project. 

A..     TANNIN KiTKACTS AS A PANICLE .BOAlil) BIIlBFul 

Due to their ortensi ve use in the lu vfcher industry, the chemical 

structure of most of the important tannin extracte has been the subject 

of extensive investigations by several scientisto,   ¡aid although their 

exact structure is difficult to determine  it is knwm that the basie 

constituents of all tannins arc polyphenolic compounds. 

Chemically tho tannins are divided in two main groups-    the 

hydroly sable extracts and the condensable extracts. 

It is particularly the latter group which interest e us since only 

tho tannine ¡fora a satisfactory raw material for binding resine. 

A considerable amount of work was done by liar yan.-WBrthi (8, 9,  10,  %%) 

in India, and Plomley (12, 13) in Australia, ou the usu of tannin trtmets m 

the booio raw «eteri il for a wood binding resin 

Actually all their work was directed towards the manufacturing of 

plywood, however there is no fundamental difference between th, gluing of 

plywood end the gluing of the particles in partiólo board, and although 

the gluing in particle board is «ore critico!, the step fron th«« one to the 

other eon be done without too many problems. 

Nico and Cromas ¿hi (24) produced partióle board from wood and flax 

•hive« with quebracho-formaldehyde    binder while Hongol (15) produced 

bagasse particle board with the saac binding system*    Both achieved 

satisfactory results. 

We ourselves have been working with quebracho as well as miwosa 

(black wattle) extracts on wood, flax shives and bagasse. 

With tho necessary technological adaptations,   all these »aterials 

give boards comparable in quality to those obtained with the conventional 

urca-formaldohydc   reiinrj      It may even be expected that their aging: 

properties will be superior as tho basic constituent is of the phenolic type, 
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tïk- Vs.o ïK-giming:.  >f floteo .ré producti^-i eon-id. r^bU sffortJ 

«Ntfw •»*%. lo introduci fas ti rd int^ tu*   t*»ildin¿; iw'u-ütry      It w? 

lutti 41/ wit4 ~o   '. r-;pl c (%'rt  for iVr conv-. nt *•.*•. 1 mauri-I**,   but v>. ry 

••on Its sfMßifie ->ije4lc-tlcm   wv.rt ftnn4 f^r it, <-1vr>   it    f- rticul  r 

ifiaAtttte »ftirw r-nlwiWU- 

rt   If frjtislu  board elmlv  re pi -««s rr.tiur"!  we«i or flriwowi  in t*u 

f*«uti»rv Untavtrv without thr fojMVvtefit-4 ortMlp««?* Ki«f ov«it»ë( this 

M* •• in th* iwUiliMr i    »Ptry 

l«t«l/ Mir  T#fr<>T*i* Wí«* n*«*.»^-iry      tht¡-.  •*• -.   mm- of th>    rvascwf; 

f¿.Uwe« «wrQ   TJOO w*teé     TU»  tiffertut  Rfflieatto»* 

of viy type of pert!«!* bo-ard I» too %n|iainc indwttry hrorc ta i*, tu &«•>*« 

of capful oto«*.   TM fvlc» to be apoUvd f<>r th* w*c  *f partiel« b»-.ra 

mm m Étffer*tt fr» Ito ftnera tul«* for my t/*» ©f Imidin* or.ttrVl, 
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MMtttvo te •»«•*•#«     tee of lb« criti" 1 point r. for ito amplication |* 

ftv mfjli Mtotwrs t*UMmle«lM l« i» »««-.rter »-"li     This $immm®mm i<3 

I» Marl/  -41  Wilun* »ftvftale       If   * »»41  hr*   K*>» 

»Ire* momwtem*** oitfteejealrit ©ood.it IOTK-,   boti* interior and 

% M pfobleM   ill nomlt.    Jut  if for wwtple a artici«: board is 

M «M cor* of m < ".tortor «Mil OIOOM«,  ma m% Ita« ovist 4« of IWß 
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ilo|Ttte4 by t««9orAt«re Uff tren««« (mmtf-mm «xpwi«4 to 

the day iaé ooolinf s,t nl#it)      .    tt»*. U. .ri itn«lf le not 
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oortevia «t*e êel^otiaMim of tM ourf.^oloc *• "turtcJs *'# .-iccur- 

t,  tte Mfftoooce  ©f c*MO# Motr,tturt- MfW.V .-etivMci tfc*. eoVQlopMoa« 

wbieh éMt rof tbo fe^ìf^i e-»«* oor-j 'Hyuckly.    ouch probi «o. 



tho :/\   are easy to -.void by applying the general rules for wall contraction 

afte' by miíng the correct rurf.'.cing mat erial3. 

for satisfactory application of tho "board,  the problem is to use the 

ri#H o^Mnatton of nuit cri ai 3 and tcchnirueR,  rather than & particular type 

of board   y?t   . bo-r' cf ir ;:v:i c ,!" ity r.'-j* ^-llow bot* r solutions at a 

lower over—all co-it« 

Although failures have toen observed, the use of particle toará for 

building purposes han i nere-ned t^M^n^ôud^JK* from nearly nothing seme 

IMI f%m% «go the building industry now absorbs ov«¡r 35 ,   of the total board 

prediction -Tr.fi in 0w¡:iu oottnlri-r* <v«.n up $o 75 ^ (16).. 

Particularly successful explications arc-'    roof coverings, roof linings, 

doe? «ort»,  interior portiticnr, curtain wall «lenente ¿aid ceilings. 

Figures 12 and 15 illuotreie some typical applications of flcjrboard in 

tho building industry. 

faking into accotait the foregoing öhapters ani the above con« i derati on«, 

a lozioni interrai addition to a ©article board plant is a specialised 

workshop for the nrjtufrjoturlng of prefabricated houses.    3aeh a vorkehop 

essentially consists of woodworking machinery,  and allows with th© aid of a 

few «killed enrpentera the production of structural building elomsnts of any 

typ«.    These elemente oro light,  easily transportable and quickly assembled. 

Beards with adequate surfacing allow the realization of very simple, low-cost 

rwal bouées m well ao the execution of luxuriously finished multi-storey 

building. 

The prineipftl interest of an integrated prefabricated house manufacturing 

unit ter developing countries however remains the production of low-cost houses« 

It is possible to nar.» *--"»+• vre. a ^r-ifaVr'cñ-tcí. house of atout 60 »2 for 

no »ore than US$ 2,000.  this sort of complete house can be easily transport od 

few « JMO» truck,  even over difficult roane to places not accasa i ble with 

heavy equipment.    On a properly prepared site the house can be erected fey a 

ton» of 5 to :> men within 5 to 10 days.    By grouping the erection of several 

housee on the enow site, a lot of time can still be saved. 
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Invest mont, o for a prefabricated house manufacturing unit 

A unit with a production capacity of 10 to 20 houses per d'tf,   integrated to 

a particle b^ard plant romiires an investment of approximately US'.'.  300,000, 

consisting of approximately US, 2í>0¡000 for machinery while the rest is 

essentially for the workshops     The integration of the house  manufacturing unit 

to tho board plant will keep the over-all costs low,  as it saves costs for 

board transportation nnd limita the investment to the essential machinery» while 

the auxiliary omiipwent of the particle board plant such ae a boiler» electrica 

«lUipMHit, air compressor,  etc, can be used for both units 

a« ww ffw mmm. 

A aseen* highly ¿ustifiod supplement to a partiel« boar* float it a board 
finishing department, 

Partióla board lends itself very well to r. «altitude of different typos of 

•urfaoings find these broaden tho field of application of the board, 

Ssvsral surfacing materials require a very specific application equipment. 

Pro« this point of view two sain groupe SüV be considered 

(1) product• which exist already in sheet or fila for», to be applied 

oQf presso; 

(2) liquid products to be applied by eoating machines, 

la «ach of these two »air. groups several product G nra to be found with very 

varied proper» ios, which also require     speoifio condii ione and o<Tuip»ent for 

their Application. 

A coapro»iso aast therefore be accepted, allowing the aaxiaa» possible 

variety of surfacing« for a »inimu» investment t covering m auch m possible o' 

a gaw   aaaBavaaaji a • 

The most usual types of surfacing are: 

(•)   Veneering with natural wood 
aalalH*'**S*SBMSMSHBHSaaBJ>ISMSlHMiSHIBM* 

lotit peeled and sliced veneers are used extensively on particle boari 

both for the furniture industry and in tho building induotry.    fbe 

difforenco is that aost furniture plants have their own veneering 

press«», and will only buy the unfinished boards. 
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lb)    Application of plastic films 

The plastic films are glued on to the particle board.    Generally the 

filmo arc tesed an polyvinyl chloride, polystyrene or polyester.    They 

are coloured    nd may be printed with all types of patterns.    Wood 

imitation is most in favour* 

This type of surfacing is particularly suitable for kitchen oabineti, 

wall panelling and largo series of cheaper furniture. 

U)  dicanoti of \mkm*GA 

(Sima on both sides of the board th«.y provide the boari with hard 

working surfaces, rigidity me stability.    Lastinates are ©»»entially 

pressed phenolic- and n©latóne-re«in-i«pregftatod papera or reiaforeod 

polyesters     They are rather expensive and »erv© «ore the luxury of 

high Quality demand«. 

As for the laninates, tfcci© sheets are glued on both »id»* of tfe® 

board ©specially for exterior wall ©leaenta. 

¥«ft0W typo» of paper« •mm impregnated with resins, may be directly 

prvsscd or glued on th» boards.   Aooording to the tyf« of pas»* ti» 

stost divarse application are possible. 

ft» apptioatáoa *f a %e»l» ©oat acting si«ultaneously a» a poro-filler, 

prUer «id »ealor 1» ruty interesting for board» in tho building industry. 

g** m tea*« mm U erasilj fini shod with mm layer of paint, and in th* 

«DM of industrial buildings, the oooti4 board doe» not noed any 

tuppl««*fttr.ry finishing. 
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(g)    La^e^uoring 

To laonuer a particle- board   the surfr.ee of the hoard mu^t be of 

excellent ryuality and even then the omplctr  nystem    -    filler 

sealer,   firrrfc co^t and second coat •     muot be very well atudicd to 

obtain satisfactory results      A bettor result  ir, obtained by 

combining the application of a rcein-impregnatcd paper as a basic 

Layer and then applying the l,.\crjuer 

(h)   Printing 

One of the newer finishing systems in a direct printing of any 

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

to obtain satisfactory resulto    a board with a perfect surface    (ruality 

is necessary.    AB auch boards are not always available,   a better 

solution consists in the application of a* cheap thin veneer on the board 

and the printing of n wood of a more expensive* pattern on the venuer. 

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

As said bofore a compromise must be accepted,  and experience has 

taught us that one of the optimum solutions is the installation of n 

surfacing press with the necessary secondary e-nuipment such as a 

veneer cutting and jointing machine,  a glue coater, a sai^ a sanding 

machine,  etc   and a coating line. 

?ho surfacing press allows the application of most of the surfacing 

•ateríais available in chset or fil» for« while the coating line gives 

a board ready to be painted for all interior uses in houses and even 

sufficient to be muâ without supplementary finiohing for industrial 

buildings     these two types of cMfttipment together will certainly cover 

a iNtty large percentage of the possible demands for surfaced boards 

th«   machinery cost for the press unit is approximately US*. 150,000 

while it is approximtcly WSf 60,000 for a coating unit     It is 

needless to add that the costs vary proportionally with the production 

capacity     The above figure« are based on board production units of 

30 to GO tons psr âsy. considering that 50 to 75     of the boards are 
surfaced 
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COUCLUCIONí 

Noat of the annual plant writes provide very valuable raw «atcrial for 

the manufacturo of partido board     It han been proved on u industrie .cale 

that first-clas* boards can be produced fro« bagasse,  cotton «talk«,  fl« «hive« 

herap and jut.. 

Several annuel plant waateo have the advantage over wood that they per*!* 

the production of low density boards, particularly uaeftü for insalatiti« 

purposeo. 

Experience haa proved t'aat boards from annual plants are et lea«* a« 

valuable as wood particle boards in th« fumituro industry, *nd ew •©*• 

valuable in the building industry 

Laboratory tests followed by industrial testing and prédation haw 

proved that phenolic resin bonded boards (exterior type) can be «ade Hitó 

annual plmt wastes of the same quality as wood,  or better. 

The utilization of certain natural products»  such as tannin extrae*«» a« 

a binder for particle board is possible, and gives a board of very satisfa**«!* 

quality.    Inspectora and experts should also oonsider this side of ihm probi«» 

A particle board factory can usefully be eowpieiwmtod by a beat* fi»i»Mnf 

and surfacing unit and in several cases, especially in developing eountri«*, % 

a prefabricated house manufacturing unit      Complementary investigation* and 

rMofwoh work could considerably increase the number of annual plant wa*t«« 

suit able for the manufacture of parti*!« board. 

The actual board production proeesse« fro» annual plant wa»t»» «*•»©*«<> 

vory different fro» the processes for wood board production but a i****©* ta*fi*af* 

of th* «a» aaterial is neoessary to set up a correct flow «ft»«* awiding all 

hnsard« and eventual failures. 

There is no need to make a clear distinction between particle «ear« •»*» 

froiB wood and particle uoard »ade fro« annual plant waste 

All distinzione made should be based on beard   «atlities mtfcer toft» on 

raw «aterials used. 
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