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ABSTRACT 

According to the 01uues entrusred b~· UNIIJ•), i/ienna to t1r _ ,'1lfas1av 

Nueller from tne Stare Forest Products Research Institite (SFPRIJ in 

Hrat1slavJ, Czechoslovakia as expert in the industrial technique of bagasse 

oartlcle Doard manufacture ipost No. DP/CPfl/~?2/005/1!-0?/:;1-7.C.}, tire dbove 

11enr1oned e~pert left Brat1slava on 11 June 1·::ss, visited UNiiiti and arri .. ·e·1 11'1 

Bei;1ng on lJ June: on 1~ June he visited the National Cane Sugar Industry 

Research Centre in Guangzhou, then he left Guangzhou on 4 Juir. and after 

hav1ng acromplished h1s mission he left Beijing on 8 July. arr11ed in Vienn~ 

on q July and returned to Bratislava on 10 July 1095_ 

The purpose of the project w~s ta provide. by utilizing by-products. a 

~etter foundation for the establlishment of a National Cane Sugar Industry 

Research Centre. 

T~e aias of the activity in question were: 

to provide information on the world development of b~gasse particle 

board production, the latest processinq technclogy and machinerr, rhe 

top quality of products. etc. 

to give lectures in the domain of bagasse particle board 

•anufacturing technolo~y on selected technological aspects. on the 

~quiP•enr used, and on the surf ace finishing. 

ta provide the erpert's evaluation of and consultations an the lzr,e 

selecred for bagasse particle board •anufactu~e in order "to impro~e tne 

quality of production. 

T~e following activities were also carried out: 

f1nd1ng the state-of-art 1n the domain of particle ooard and 

f ibreooard research and develoP•ent at the National Cane Sugar Industry 

Research Centre in Guangzhou: 

stat1ng the tctual situation in the 'ie11 of ~agasse conversion 

into Parricle board. anJ Poss1b1i1t1es of furrner de~eiop~ent ;n rh~s 

lndustrial oranch: 

delivering lectures aor.J panel discus!·io.··s atiour t,agasse parti..cle 

board and bagasse f1brebo•rd manufacturing fJr the Guandong Sociery of 
Cane ~ugar re,hnologists: 

v1s1r1ng rhe Research Insritute of Wood Jndusrry and r~~ Chinese 

A:ademr of Forestry in 8e1;1n1. 
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INTRODUCTION 

After a or1efing on·~ Jun~ 1Q85 by nr. Antoine V. Bassili. Senior 

Industrial Develop•ent Officer of UNHJO, the ex;iert left Bratislava on June 11 

for UNIDO fo Vienna where he received so•e background 11aterials, and 

afterwards on 12 June he continued his travel and arrived at Beijing on IS 

June where he was infor~ed in details about the situation concerning n1s 

cission by nr. A. W. Sissinqh, Senior Industrial Develop•ent Field Adviser at 

UNOP. itren U~e etp~rt left Beijing for Guangzhou in order to visit t.~.e Cane 

Sugar Research Institute and the National Cane Sugar Industry Research Centre 

of the Hinistry of Light Industry_ 

The ai• and goal of the •ission was to strengthen the capabilities of 

the Cane Sugar Industry Rese8rch In!-: ti tute in the field of sugar p,-ocessing, 

utilization of by-products and the abate•ent of pollution in order to provide 

a better foundation for the establish•ent of a National Cane Sugar Industry 

Research Centre as well as to visit so•e bagasse particle board factories (see 

Job description in Annex I). According to a further require11ent - the letter 

of the Deputy Director of the Sugar Cane Research Institute (see Annek IIJ -

tie e¥pert's activity was ex~ended to also cover bagasse fibreboard 

•anufacturing. 

At the Sugar Cane Industry Research Institute, the etpert ~as 

acquainted with the objectives and acti1ities of this Institute in the sphere 

conversion of bagasse 1nto particle boards and fibreboards, and on this 

occasion the expert gave a concise infor•at1on on the activit1es of SFPRI ln 

Bratislava. He handed likewise over ;o speciaens of bagasse particle boards 

and fibrebards •anufactured by the dry process, specially prepared by SFPRI 

Bratislava for this purpose. 

In conformlty with r.he ;ob •iescri.pt.1on and the dera1lerJ sct1edule isee 

Anne~ IIIJ, the expert left Guangzhou in order to carry out his field 

act1vities, and between 16 and 24 June 1985 he visited two bagasse board 

manufacturing plants in the country and one wood processing industrial comple1. 

Wh1le vi.sit~ng manufacturiny plants the expert's interest was oriented 

•ainlr at the production technology, the technological euq1pmenr and macninery 

as well as at the checking of the technoloaical orocess1ng. 

After reviewing all the production sections ~n the ~lJnts v1s1te1, and 

hav1ng oota1ned the neressa;y 1nform~rion on the actual stare, disr11s;Jon ~er~ 

h~1J ~1rh leaJ1ng officers an1 members of the rechnic1i sr~ff cn rhe ~a:ar 



problems ~oncer~ing the present state of production technology, the qudi1tr of 

the products aan~f~ctured, the •anufacturing equipment ~nd e1isting 

ciifficuities. 
On the basis of findings. so•e proposals were i~•ediaiely •ade and 

ready-•ade solutions were found for i•proving the actual state of bagasse 

particle board •anufacturing. 

After having finished these field activities, the expert provided SIRI 

with detailed information concerning the conversion of bagasse into bagasse 

particle boards and partly into bagasse fibreboards ~hile giving lectures on 

tne latest processing technology, the up-to-date •achinery and equip•ent. the 

subsequent imrpove•ents, and the •ost advantageous fields for the practical 

utilization of bagasse particle boards and fibreboards. 

Then. on 2 July 1985, he lectured and provided thorough infor•ation 

about the latest develop•ent of bagasse particle board and fibreboard industry 

all over the world in the fra•e of a •eeting, organized by the GuangJong 

Society of Can~ Sugar Technologists in the Guangdong Scientific Hall. 

At the National Cane Sugar Industry Research Centre, finally, the 

overall situation was evaluated with due conclusions relating to his •ission 

and to the preparation of his report. 

On 4 July the expert arrived in Beijing where he visited the Research 

Institute of Wood Industry, and then he shortly infor•ed Hr. A. W. Sissingh, 

at UNDP. about the •ost i•portant conclusions of his •ission. On 8 July he 

left Beijing for UNIDO, Vienna where he was debriefed by Hr. A. V. Bassill, 

and on 10 July the expert returned to Bratislava. 

BASIC INFORf.ATiliN 

infor•arion and iectures 

At the National Cane Sugar Research Centre iHinistry of Light Industry) 

in ~uangzhou the eypert provided information on the development of bagasse 

particle board production in the world (Annef JVI, the latest procfssing 

technology including flow diagrams of bagasse part~cle board prod~ction lines 

(Jn Cubai, and all important and detailed parameters of th~ m~cftinery and 

equipment concerned. 
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~urthe', the 1uality of bagasse par~i~'e board produced was coepared 

tith w~~d 3irticle toard according to the DIN Stand~rd (Fe~era1 Republic of 

iereanyl i5e~ Annex V, table 1: and ~~e ;sN Standard (Czechoslovakia} fro• the 

aoint cf view of ~ts phys~:al and •echanical properties, quality of surface. 

an1 of free for•a1JehrJe con~ert isee Arne? V, tablPs 2 and JJ. 

In conf~r•ity with t~e quality of the bagass? particle board 

•anufactured, the 3ossibilities of its adequate uses - eainly far decorative 

appliations in furniture, far bu~lding industry pu~poses as well as for new 

utilizations, eg. for •oulded products - were discussed. 

The expert brought with hi• JO different samples of bagasse particle 

board for SIRI which had been specially prepared in SFPRI ~ratislava. These 

sa•ples de•onstrated the advantageous possibilities of industrial man11facture 

of various up-to-date and highly progressive surface finishing for the 

furniture industry and other decorative purposes. 

Further confor•ing to the letter of the Deputy Director of SIRI, dated 

4 Hay 1985, the staff of SFPRI aratislava had prepared eight samples &f 

bagasse hard fibreboards •anufactured by the dry process, both with resin as 

well as without resin. 

Phenol-forealdehrde resin was used as bonding agent. t~e quantity added 

being about 1.5 percent of bone dry board. Due to shortness of time no 

paraffin was applied as hydrophobic agent to the samples prepared. 

The list of samples taken to SIRI is given in Ann@J VI. 

The expert gave lectures fro• the point nf view of the latest sr.ate of 

the art all over the world on research and development work already done in 

the field of technology and machinery develoP•ent for converting oagasse .nto 

particle board. 

These lecrures contained·not only important facts and r~sults, but also 

many hints at mutual correlations and dependencies of the mdin technological 

~aram~ters as well as of parameters, concerning ~achinerv and equip•nt. 

The lectures ~ere always foliowed ~Y discussJons and Jmmed1~te answer 

of all quesr1ons. In ;~nform1ty with the job description, rhe following 

rnemes ~ere an1jys2a: 
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Th:·ee different storing 111e_thods of bagasse, coapressed into bales and 

stored in pyra•ids •. were co111pared. na•elr: 

the depithed and predried bagasse (hu•idity 18 to 25 percent): 

the depithed and non-predried bagasse (hu•idit:- 'f0 ta 100 

percent}: 

the non-depithed and non-predried bagasse (hu§idity oo to LOO 

percent)_ 

The co•parison was carried out fro• the point of view of hu•idity, 

te111perature, weight losses and the resulting quality of the bagasse stored 

icellulose, he•icellulose and lignin content,- overall look, etc_)_ 

The predried bagasse gives the best quality; it conserves its originai 

coiour and· quality, the weight losses after 120 days of storage is about 6 

percent. The heat consu•ption for predrying is 2.9 ta 4.5 HJ per kg of 

evaporated water. 

The predrring can be advantageous where the wastP. (flue) gases fro• 

cane sugar •llls can ce exploited. 

The worst results and losses up to 28 to JO percent are ~bta~ned from 

ncn-depithed and non-predried bagasse. 

On this occasion, a detailed information (including parameters) was 

given on the Bison Type ADH flash vertical predrier as weli as on the bale 

;ompressing •achine of Hessrs. Lindemann . 

• 
J.2 ~fflY!f_ga_~dfeilbiag~ 

In this lecture, the influence of pith on mechanical and physical 

properties of tagasse particle boards was thoro~ghlr analysed and documented 

with graphs and this namP.ly at various contents of pith ranging from O up to 

JS percent. An overall negative influence of pith on all mechanical 

properties can be stated. This negative influence is not evident on 

swelling. A detailed information (including technical parameters) on th~ 

depithing machine Pallmann P~5-12-120C was also giten. 

The sub1ect of t~is lecture was differpnt methods of bagasse dryJng 

•:tn 3 jesrrigrion of m1chi~er1 3na e~u;pmenr used. rhe m1Jn Jec1s1ve 
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technolo~cai para•eters influencing the drying process have been elucidateJ, 

eg_ l~let and outlet hum1dity of dried material. uniformity of size and shape 

of dried particles. temperature of drying mediu•, evenness of •otion of dried 

•aterial and the te•perature distribution in the drier and modes and ways of 

control of drier. 

A special part of the lecture was reserved for causes of fire and 

explvsions, and for respective precautions which have necessarily to be taken 

into account. 

j_4 ~gfIY!~_ga_~~grtiag~ (separating bagasse particles} 

This lecture was dedicated to a detailed analysis of: •ethods of 
screening and air-classifying particles, their function and applicability in 

production lines for •anufacture of bagasse particle boards. screen apreture 

dimensions used for different types of particles - cores, surfaces and dust. 

Various sorting devices and machinery and equip•ent in use for bagasse 

classification have been described and the difficulties occurr~ng in this 

process were pointed out. 

In this lecture, the two methods of spreading synthetic resin adhesive 

were described in detail and evaluated from a technological point of view, 

namely the old co~ventional method of using the long retention-time blender 

(DRAISJ which works by snraying resin through air nozzles, and the newer 

method of applying the shcrt retention-time blender as, for erample, the ORAIS 

TURB~PLAN, because both systems are still in use in production 11nes for 

~anufacturing bagasse particle boards. 

Some interrelJtions, for example r.he one between the size of ~agasse 

particles, their specific surface and the percentual portior. of resin adhesive 

retention according to fractions available, have been erplained both from the 

theorerlcal as well as the practical standpoints. 

Particular lnformation 3nd the main technical paramerers of both types 

of machlnes and the air nozzles for resin adhes1ve spreading were given. 

Thls lecture, vwing ro the demand. was e~rended and also covered 

Parameters of resln aJheslves applied in particle board, and methods of 

oreoaration ary~ 1os;n7 a1hes1;es 1nrJ ~lenders resoecr1velY. 
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Due to local difficulties with evaluating the resin adhesives quality, 

a eethod.Jiogy for evalua tir1g the adhesive power of urea for11aldeh~·de and 

phenol formaldehyde resins was handed over (Anner VIIJ. 

As far as the utilization of paraffin eaulsion as a hydrophobic agent 

is concerned. sa•e troubles with its stability (na•ely the paraffin's 

separation fro• the e•ulsion) have been stated. On account of this, the 

for•ulatian for preparing paraffin eeulsion was also handed over (anner VIIIJ. 

As far as th~ deter•inati~n ~f fr~e formaldehyde directly in the cured 

adhesive is concerned, this test is not being carried out at SIRI due to the 

lack of adequate testing devices and 11ethodology_ 

In view of this, the specifications of the necessary equip•ent together 

with the methodology for deter•ining free forealdehyde was handed over (see 
Annex IX). 

The proble• of free forealdehyde escaping directir fro• the already 

pressed and stored boards - anJ the proper •ethodology of its deter•ination 
was also discussed (Annex X). 

In this lecture the expert provided detailed infor•ation on secondary 

surface finishing (surface treatment) technology and equipeent as follows: 

;.6.1 Surface finishing of bagasse particle board by the application of 

paints (painting materials) - wet surface finishing; 

filling of particle board surface; 

drying of polyester paints by UV radiation; 

UV lamps used for curing purposes: low pressure and high pressure 
radiators; 

curing by ultraviolet impulse rad1ation: 

curing by infra red radiation; 

curing by erission of electrons. 

Equipment for w ·surface finishing by appJiation of coating materials: 
applyi. fillers; 

surface painting. 

;.~.2 Surface finishing cf bagasse oartJcle board by veneering foils (by 
overlaying of foils): 

various rypes of foils. technological paramerers required ~hile 
apolr1ng foils onto particle board. 



J.o.J Surface finishing of particle board by foils through a continuous 

process. 

;.o.4 Surface finishing of particle board by la•inating - the short cycle 

process: papers, technology, equipeent. 

During the expert's stay in China. many proble•s touching the fields of 

technology, special devices and machinery and equip•ent were discussea and 

explained mostly as 1 result of direct enquiries. Only the eajor cnes are 

mentioned hereunder: 

•at forming •achine, quality and evaluation of forming process, 

graduated layer board, etc.; 

pressing process, pressing plots and effects of prEssing 

para•eters &n the quality of boards; 

structural inner composition of partile ~oard, particle size 

requirements for surface and core layers, •ass relation between layers, 

etc.; 

funda•ental information on possibilities of manufacturing bagasse 

hard fibreboard by the dry process without adding rP.sin adhesive or 

with a reduced content of resin adhesive; 

due attent1on was systematically naid to the main sources of up 

to date theoretical and practical iryformation, to specialized 

publications as well ~s to wood industry periodicals From leading 

industrial countries (see Annex rIJ. 

Seminars and pan~l disucssions on bagase particle board and bagasse 

fibreboard manufactur~ng n the world were given (see Annei XII). 

PARTICLE SOARD PLANTS 

Two Plants for manufacturing part1cle board from bagasse, i.e. the 

ShiJing nan-made Board Factory and the Sanshui nan-made eoarJ Factory •s ~ell 

as the wood lndustry comple~ ruzhu uood Processing Factory, all situated ln 

rne province of Guangdong, have been v1s1red. 
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Both plants purchase non-depithed bagasse fro• sugar mills located 

close to them auring the crushing period; tne oagasse acquired ls compressed 

into bales and stored in p~·ra11Us. This !Jayasse ear;1arkeii for manufacturing 

particle boards is not depithed. Fro• the point of view of particle size, it 

1s very heterogeneous owing to the utilization of different surfaces on the 

crushing rollers in roll at the sugar •ills duric_ the productio~ of suqar. 

SHIJING 11AN-11AD£ BOARD FACTORY 

This factory was designed by the Sugarcane Industry Research Insr1ture. 

11inistry of Light .1J1dustry, Guangzhou, in 1':;82. Trial running of the line 

·began in 1984. The ~roduction line was put into operation in February I'JSS. 

Designed plant capacity: 5,000 •J per annu•. 

Actual production capacity: 4,600 - 4,900 •J per annu~. 

Size of boards: 1220 r 2400 m•. 

Thickness: 9 - 12 ••-

Density: 650 kg/11.:;. 

Graded density board. 

Production days: 280 per annua. 

Three shifts.Per day. 

Labour employed: 20 workers and l chief per shift. 

All equipment and machinery installed in the plant were made in the 

People's Republic rf China. Its flow diagram is given in Fig. l. 

Green. non-depithed, bagasse of absolute humidity about lCO percent is 

the raw material. The bagasse, after leaving the sugar ~illing tandem JS 

compressed into Dales and transported about 4 km to the particle board 

factory. The crushing season at the cane sugar mill is about 10 to 120 

working days per year. 

Result: Because of the JO to JS percent pith content in the raw 

material, a considerably higher volume of bagasse has to be transported 

rnereby increasing raw material costs. 

Recommenoation: The bagasse should be dep1thed after l~aving the sugar 

milling tan:t~m. 
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I I 
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8 LEND I NG BLENDING 

~ 
11A T FORHING 

PREPRESSING 
I 

PR1SSING 

TR IHl1ING 

!-::---------- SANDING 
~ 

Fig. 1: Flow DJagram of the Shi;ing Han-made Board Factory. 
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The bagasse is coepressed into bales and stored at the storing y"ard in 

piles ipyraeidsi. The piles are covered 111ith sugar c3ne leave~. 

Size of bales: JO x JO x 100 ce. 

Initial relative hu•iditr: approx. 50 percent; hu•idity after• 

storage: 22 to JS percent depending on season. 

Result: the quantity of bagasse store1 is approxieately JO percent 

higher in comparison with depithed bagasse. The pith contains 1.5 to 2 

percent of residual sugars after extraction showing certain sensitivity to 

fereentation. Water content of pith is higher than that of fibre. 

RecotHendation: Only depith1..•~ bagasse should be stored. 

Transport is as~ured by small cars. loaded, pushed and unloaded 
manually. 

Breaking of bales is partly •anual, partlr mechanized (by a bale 

breaker). There are two seall bale breakers installed in the line. Bagasse 

is fed into the bale breakers manually. 

Resulr: uneven quantity of raw eaterial supplied into the llne. 

Recommendation: · Two screw-feeders are to be set behind the bale 

breakers <at the bottom part) or belt converer feeding devices are to be 

installed before the bale breakers. 

Bal)asse is transported 

directly into the storage Din. 

F,,I"\,,. 
I I VI# the bale breakers by air (at ' 
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A horizontal bin with a botta• belt transporter, driven by a variable 

speed electric •otor, is used. The bin is equipped with a discharqe head 

sen·ing as a dosing device. The bin's storage volu•e is 6 •J. 

A seall tube flash pr~drier ¥ith ca•bined horizontal and vertical 

drying tubes is used. 

Tube dia•eter: 450 c~. 

Air quantity: 5,980 •J/hour. 

Heat exchanger (steaM-air heated) tube surface: 
., 

60 • .:.. 

Inlet te•perature of air: ·~o0c (present state). 

~oisture content of particles before predrying: 22 to 35 percent. 

The predrier has no possibility to regulate auto•atically the inlet 

te•perature of the drying air according to the outlet •oisture content and 

quantity of dried •aterial. 

The equip•ent •entioned was not able to •eet the full scope of the 

require•ents. 

Result: High humidity of predried particles (18-JO percent); high 

fluctuation of •oisture content of predried material depending on particles' 

inlet humidity; settling down of excessive vol~•e and of hP~vy particles in 

the horizontal part of the predrier tube. 

Recom•endation: increase the air inlet temperature as foreseen by the 

~roject to l40°c. Increase the inlet air quantity by about 50 percent over 

the pro1ected capacity. 

In rhis way, it is only poss1ble to decrease the moisture content of 

dried mat~rial, but not to eliminate the moisture content outlet fluctuation 

of the predried material. In order to have a better unifor•ity of average 

moisture content of predriea material. _the predrying process has to be 

automatically regulated. The situation described affects negatively on the 

following technological operations: 

- Particle classific&t~on <high moisture content>. 

- 1rying ih1gh flucruatJon of mo1sture content.;. 
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The air classifying of particles is done by Zig;ag channel classifiers_ 

The first classifyer separates excessively large particles whic1~ lea'>'e 

the equip•ent -in its botto• part_ The rest of the •aterial enters tiie second 

classificator. where the dust is separated. and suitable particles are 

discharged by the rotary air lock cells and enter the drier_ 

The air ve.1'Jcity can be adjusted within the range of 2 to 5 •/s_ /he 

~ot air fro• the predrier is used for the classification. 

Reco••endation: ercessively large particles are to be returned to the 

oin or directed towarqs the ha~•er •ill which is to be installed behind the 

particles bin or behind the first grade of air separation of the ha••er •ill. 

in order to i•Prove the particle size distribution. 

A single tube flash drier with horizontal and vertical co•bination of 
drying tubes is used. 

Horizontal length of drying tube: 4000 ••· 

Oia•eter of tu~e: SSO ••-

Vertical part of drier: length 12000 ••. 

Dia•eter of tube: 750 ••. 

Dia•eter of cyclone: 1200 ••. 

Heat exchanger (stea• air): 2 ¥ 60 •2 

Air inlet te•perature: 35oc (present statej. 

Air quantity: 3J75 •Jl•inute. 

Input power of ventilator: 10 kW. 

Air pressure: 184 •• H2~-

Hoisture content of particles after drying: 3 co 12 percent. 

Result: High and uneven •oisture content of dried material; 

impossi~ility to regulate the air temperature and the outlet moisture content 

of particles; outlet moisture content depends on inlet moisture content of 

particles: settl1ng of excessively large and heavy particles ln the horizontal 
drier tutie. 

The eQulPment aentiJned was not aole to meet all the requ1rements - to 

~ainrain tne ~dJusre1 moJsture content of outlet particles in the range of 2.5 
Pl~s or m;nus l.S Perte~r. 

I 
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rhe state descriDed affects neqatively on the follo~ing technoloq1cai 

operations: pressing para•eters ilongerJ. pressing teaperacure (lo~erJ, 

pressing ti•e (longer}, pressing diagra• (longer}. rhe quality of the boarJs 

is also influenced negatively. naaely by warping. 

Reca••endation: increase the air inlet teaperature to l~o0c as 

foreseen in the project's original design: increase the inlet air quantity bv 

about 50 percent of the projected capacity: aaintain the heat exchanger !clean 

the inner part). If the results obtained are not ~atisfactory, the vertical 

part of the drier has to be extended or a second drier installed, resulting in 

two stage drying. 

Nnte: It is thus possible to isprove the technological function of the 

drier and to inLrease its capacity as well, but the required accuracy of 

•ositure content in dried particles will not be achie~ed. 

rhe second classification of particles takes place at the zigzag 

channels classifyers. 

The first of two air classifyers separates the core layer particles 

which pass through discharge rotary air lock (rotary pocket discharger), and 

fall directly into the s•all feeding bin. 

The second air classifyer separates the dust which leaves the equ1pmenr 

at its upper part. and is separated fro• the air in a cyclone. 

The particles for surface layers leave the classifyer the sa•e way as 

those for the core layer and fall into the small feeding ~in. 

The dir velocity can be adJusted in the range of 2 to S •/sec. 

iwo blenders are used. one type for core particles and another trPe for 

surface particles. 

For rore partJcles a ion~ rerenrion tJme blender <DRAIS sysreml with 

~orizontai sn~ft eQUJPPed ~:th shovels JS used. Only r~o spray1ng noz:les are 

~sed for aPP;f:ng resin 11hesive. 
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rhe outlet opening is located at the bctta• just at the en4 of the 

ttlender. The capacity of the blender is insufficient, r·esulrinq in tlle 

•achine be1n9 uverloaded. 

The feeding of part1cl~s into the blender is volu•etric, by a s~all 

operational bin equipped with a live botta• (rubber belt conveyor• driven ov d 

v~riable speed electric sctor. There is no autosatic control in relat1on to 

the resin adhesive feeding pusp. Aaounts of adhesive and particles are 

adjusted only by hand iaccording to subjective etperiente;. The spraying 

no!:le ends are insert~d directly into the blender. 

The equipaent in question does not tiork as foreseen in the project 

because only two spraying nozzles are used. 

Result: !•possibility to control the functionir.g of the spraying 

nozzles; resulting in an uneven distribution of resin adhesive on the 

particles surfaces. 

Recoaaertdation: According to the project twelve spraying nozzles are 

to be used; the spraying nozzles aust be adjusted in such a way that the 

spraying end of the nozzles will be l c• above the blenders' case (visual 

control of adhesive spraying); the outlet opening has to be situated in the 

upper half of the •achine, about 5 c• above the shaft level. 

The vertical blender is used for applying resir. adhe5ive on the 

particles that •ill for• part of the surface layers. 

The blE·der consists of a vertical cylinder of 1200 a• in diameter 

•hich, in its botto• part, changes into a conical for•. The five air spraying 

nozzles are situated in this conical part, but only two are used for applying 

resin adhesive. The amount of.resin applied is 11-12 percertr. The partules 

enter the upper part of the equip•ent and pass through the resin adhesive mist 

be1ng created by the a1r spraying nozzles, and leave the equipment in its 

bot toe part. 

Result: The fact that the fine parts of particles are settling and 

sticking on the inner walls of the blender is a disadvantJge. since r.ne 

e~u1pmenr •~st be cleaned freouently. 

Recommtndarion: use the five air sPiating nn::les as foreseen in the 

pro.1ert ln order ro ;mprove the qual1u ·JHtr1:iut1on of resin adhesive on tne 

oart1c-les. 

1 
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Paraffin is use<J only sporadically, and it is applied ir. t~e for• of a 

water e•ulsion in th~ blender by a separate air spraying n~!zle. The paraffin 

e•ulsion prepared in the :~ctorr is unstablP. 

Reco••endation: f.<··epare the paraffin e•ulsion according to t.'!e 

description given in Annex VIII; add it to the urea for•aldehrd~ resin in an 

a•ount of 0.25 - 0.75 perc~nt (ratio of solid weight to dry weight of 

particles). and apply this •ixture onto the particles. 

The locally •ade urea for•aldehrde resin is delivered at a 

concentration of 48-50 percent fro• the storage tank by two gear PU•Ps. The 

delivering capacity is too high. and does not correspond to the resin 

consu•ption of the blender. This cannot be changed although a certain part of 

resin could be returned to the storage tank by a valve. This valve is to be 

adjusted •anuallr by the operator. There is no auto•atic regulation between 

the a•ount of particles Flowing and the resin adhesive introduced. 

Result: nobody knows what is the real ratio between the a•ount of 

~articles and the a•ount of resin adhesive. 

Reco••endation: change the electric •otcr driving the gear PU•P and 

install there a variable speed electric •otor. or variator; adjust the gear 

PU•P at different outputs and find out in graphic for• the correlation bet~een 

a•ount of resin delivered and the revolutions per •inute of gear PU•P, 

electric ~otor or variator. 

It was foreseen in the project that an air-classifying forming machine 

be installed in order to secure that the particle si:inq woul~ oe graduated 

fro• coarse material in the mat centre towards the finest material on th~ 

surface. This ~as done auromat1callt regJrdless of the material oe1ng fe1 

into the for•ing machine. 
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rhis original concept was changed br the owner of the producA1on line. 

and a forser with •ecnanic3l classifying effect was installed. 

Result: lack of unifor•ity in specific gravity-distribution, and broad 

density variation of the furnish •at; lack of •aterial on edges of the board: 

high tendency of the pressed board to wrap. 

Reco••endation: install the original for•er as foreseen in the 

project; i•prove the function of the s•all size particle bin, and its 

perfor•ance in distributing evenly particles across the •at for2ed. 

A single continuous rubbet belt prepress is used for •at ~repressing. 

The •at entering the prepress is continually pressed by a syste• of 

prepressing rolls, and by two pairs of nip rolls. A travelling cut-off saw is 

used for cross cutting. 

fhe •at transportation /llOrks well. -

Reco••endation: install the cleaning brush equip•ent to clean the 

upper rubber belt of the prepress; keep the rubber belt clean, 3ryd use 

so•eti•es a separator, eg. silicon oil that does not stick to particles on the 

surface of the belt: install an exhaust for the saw-dust after the saw. 

For pressing a IS-opening hydraulic press wit~~ut si•ultaneous closing 

equip•ent is used. 

Di•ensions of press platens: 2o50 x 1480 f 70 •• 

Daylight openings: 100 H 

ffafi•u~ soecific pressing pressure J.8 ffPa 

naxi•u• temperature: 1J0°c. 

rhe press is ste3m heated. 

The mat transportation into the press as well as the pressing proper 

are carried out on caul plates. The closing of the press is slow. the time 

needed for reaching the necessary pressing pressure is 2 min., rhe ~ress1ng 

temperature JS iso0c. and the hum1dity of pres5ed mats is 1n rhe range of IS 

to 20 percent. 
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The press ~ischarging device (for pulling out the &aul plates; Jaes nat 

"'o:·k reliably. 

Result: a very long pressing titu: fot· ·~,,. boards upto 14 •in.; long 

oress1nq cycle: more than 17 •in.; big operational ti•e losses: feeding, 

clcsing, op~ning and dischcrging of ~res~. 

Recoaaendation: increase the prpssing teoperature upto 170-175°C; 

rea~ce the press closing ti•e irecalculate the hydraulics, and increase the 

aerfar,ance, i.e. to raise the nuaber of puaps): reduce the press opening 

time. Jnd i•Prove the relitnility of the device pulling out the caul plates: 

Q•ovide the press with a siMultaneous opening and closing device. 

The pr~duction quali!y is unstable with big fluctuations in all 

para.et?rs checked. The rprssed boards are unstable as far as their shape is 

concerned, and show defor•~tion tendencies in all directions. The surface 

quality is bad and non-hc•ogeneous. The quantity of first grade products 

attains only about 50 percent of total production (on the basis of local 

evaluat1on criteria). 

The plant does not have a laboratory for testing board quality nor a 

check of the technological process. 

The urea for•aldehyde adhesive is being produced by the plant. 

Three board sa•ples have been taken directly for• the •anufacturing 

process for analysis purposes at SIR!. The test pieces were not seasoned 

fcondi tioned). The average values •easured are shown in the following table: 

Property 

l 

ihickness (H) 9.2 

Density g/c113 0. 72 

Internal C>Ond f1Pa IJ.j9 

lfodulus of rupture If Pa 18 

Swelling after 2 h { :) ... .., 
.J.,;. 

Hum.i. dity ( percen ·t J ., 
/ 

Board t/o. 

2 

8.6 

0. 6t:o 

O.oS 

17 

4.0 

6 

J 

9.14 

0.62 

0.62 

14 

2.8 

., . 2 

Chinese standard 

0.45 - 0.75 

0. 45 minimu:11 

18 11ini11u11 

4 11a d mum 

This Plant was also designed by SIR!. and was put in full oPerarJon in 

October 1~93. The designed capacjty of the production line is 7000 m~/year 
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;or b~ards 1111 th di.•ensions of 1~20 t 2400 t 1·~ 11•. based on :;oo working da~·s 

anj:; s:iift operation. The actuai production capacity attains t.iOOO a.;i/year 

wnile •anufacturing graded densitv•boards. 

The design of the plant lS si•iiar to the Shijing Han-•ade Board Fatory 

witn the following differences: 

The quality of the bagasse is the sa•e as in the 1bove-•r1tioned planr: 

but ~he size of particles are s•aller. The initial part of the production 

line in the section breaking the bales, predrying, drying, classifying and 

resin adhesive spreading is designed wi:h parallel lines for the core l~yer 

and for the surface layers. After the resin adhesive has been spread the 

particles are •ixed together, and the production line i~ further conceived as 

for one-layer board si•ilar to the abo~e •entioned plant. 

As far as the •achinery and eqliP•ent is concerned, the changes are in 

the resin adhesive spreading where tw•J short-retention-ti•e blenders are usea, 

na11ely one for core particles, and one for surface particles. The •at foraing 

11achine is a •echanical one with graduated for•ing effect itwo fort1ing 

11achines type BP J21:;.>. 

The seven-opening press is provided with a si•ultaneous closing device. 

and the press closing ti•e to reach full pressure is up to 1 •1n. A board 

turner and cooler is placed behind the press. An edge tri11•ing and chipping 

saw is used for size cutting. 

The quality of boards •anufactured is better than in the foregoing 

plant, and the boards show no tendency to warp. Average properties !tested in 

the factory): 

Thickness: 14-19 .. 

Density: 0.72 g/c•l 

Internal bond: 0.4 HPa 

Hodulus of rupture: 20.J HPa 

Swelling 2 and 24 h: o and 11 pe;cent. 

The consumption of resin adhesive for the core layer and for the 

surface layers is IO 3nd 12 percent respectlvely. rhe consumption should be 

lowered to a level of 9 percent for the core. and I0-11 percent for the 

s.;rface la')lers. 

The production line has some problems with partlcle humidltY (after 

dry1ng they are stlll at 8-1~ percentJ in tne same tanner as in the previously 

described plant. 

, 
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rhe pressing C¥cle for boar·is of fo •1:1 thickn2;:;s fiucruates to a large 

ettent. naeelr fro• 10 to 20 •in. depending on the hu•~d1ty of the oarticles. 

T~is should be the case for other thicknesses too. 

The proiuctiCrn line has so•e capacity reserve, and dfter solving the 

probie•s of drying and the pressing para•eters there eris.ts a potential 

possibility of raising the production capacity by up to 50 percent. 

rhis plant can test the •echanical and physical properties of finished 

boards as well as of resin adhesives parameters. 

This plant has installed a Burkle iFederal Republic of Ger•anyj 

continu~us foils veneering line. They have also tried overlaying oarticle 

boards with a paper foil, but without success. The real cause of this failure 

is to ~e found partly in the resin adhesive used. They do not have the 

necessary experience, and they are currently veneering high-quality plywood 

with foils. They see• to have lost interest in the direct surface fin1shing 

of particle boarJs for the ti•e being. 

The plant in question also •anufactures •ulti-layer pressed papers 

i•pregnated with phenol for•aldehyde and •ela•ine resins. This product is 

used for surfacing bagasse particle boards. Direct surface f inishinq by one 

or two layers of i•Pregnated paper laminates is not carried out. Such a 

technology of surface finishing by direct la•ination has, to the best of our 

knowledge, h!therto not been introduced in China. 

r .. 

1. 1 

RECOl111ENDATI<iNS FOR FACT~iRI£S DESIGNED er SIRI 

(!•proving particle board quality and increasing capacity) 

Only dePJthed bagasse is to be used for manufact~ring parrJcie 

board. 

1.2 A bagasse depithing device for production lines of up to a 

capacity of 10.000 tons per year is to be developed. 

rhe oagasse must oe OePithea immeaiately after rne sugar 

ertraction rhrough the sugar roll mills at the bagasse's original 

numJdltY of 40 to SO perce~r. 
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The 11a}or part i20-Jo:.1 of parenchY•a cells 11ust be eliarnated. 

During depithing, a part of short fiDre portion is also separated 

tageir.er w1th parenchy11a. This •ifture is •entioned in literature as 

pith, and represents 25 to 35 percent. 

During the process of depithinq, a particai refine•ent of 

particle size structur~ occurs acccepanied by a reduction of hu•idity. 

A good expe~ience was gained in Cuba with depithing devices 

having the depithing rotor 11ounted vertically. These devices have a 

capacity of about 11 tons of depithed bagasse per hour. 

2.1 The depithed bagasse •ust be stored at its original hu•idity of 

40 to 50 percent or at 20 to 25 percent if it is to be stored as 

predried bagasse. 

2.2 A bale breaker for production lines with capacity up to 10,000 

113/year 11ust be developed. 

By storing depithed bagasse at its original hu11idity the 

intensity of the fermentation process is subdued, and thereby also the 

losses of total weight reach about only 22 percent as against about 28 

to JO percent for non-depithed bagasse. 

The s11allest weight losses ~re obtained from depithed and 

predried bagasse, with a hu11idity of 20-22 percent. They attain only 6 

percent after 120 days of storage, and this assures the best quality 

bagasse. The predrying, however, demands further investment costs· 

(e.g. for a flash tube drier), and the heat consumption moves in the 

range of 2.G - 4.5 HJ/kg of evapor?ted water. These costs of predr11ng 

could be considerably reduced when utili:ing chimney waste gases from 

the sugar cane mill's boiler house. 

J.l An adequate and suitable structure of particle s1ze for particle 

boaYd manufacture with a fine surface, ready for subsequent sur;ace 

finishin~ ~Yup to date metnods (maJnly for furniture industry 

purposesi must be necessarily a$sured. 
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In •an~facturing particle board with a smooth surface it lS 

essential to have ~ suffic1ently thick surface layer o' fine 

particles. The weight ratio of the various lal'ers is as follows: U1e 

core layer should not exceed 60 percent. and the surface layers be at 

least 40 percent. Using this ratio, and with a good functioning of the 

for•ing 111achine as well as with a press giv:ng acceptable tolerances 

(the sanding allowance being about 0.8 ••). the core layer sho~ld not 

appear as a res-u-1 t of sandirrg operations. 

For the core layer particles which pass through screen openings 

of 616••, and for the surface layer particles that pass through the 

screen openings of 1.2 t 1.2 to J.6 •• or l.Oxl.O to J.o ••, and are 

caught on the screen ~ith openings of 0.2x0.2 •• are suitaole. The 

•ost i•Portant dimension here is the thickness of the particles. 

All particles which pass through a screen with openings of 

0.2x0.2 111• are considered as dust and •ust be eliminated from the 

•anufacturing process. 

The co•position of particle sizes can be assured by introducing 

•illing devices in the production line; hammer mills are considered che 

•ost appropriate. Usually they are only placed after the drier. In 

this case (for non-depithed bagasse and using air classifying), it is 

better to place the hatHer mill at t"he very beginnin~, behind tl1e first 

bagasse bin. Because of a higher humidity of milled material it is 

necessary to take into account the installation of a hammer mill with 

abo~t ~n to 100 percent higher capacity than for a mill pl~red after 

the drier. 

The maxi•um screen size of hammer mill is 10~40mm, depending on 

the fineness of particles and on the type of hammer. 

4.1 The drier capacity must be such so as to assure that the 

partic'es· mean humidity after drying will not e~ceed 4 percent. 

The particles' humidity after drying is currently in the range of 

':? to 10 percent as against the required 2 to 4 percent. The rncrease 
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in humidity has a ne~ativ~ influence an the drying pracess1ng. on 

prolonging rhP. pressing cycl2 lP soee cases iat 16 •• thickness of 

boards) up ta lb min. as well ~s an the deterioration of the bGards" 

quality, e.g. the boards warp1ng after being pressed. 

A higher drying capacity can be obtained by raising the quantity 

of drying air and by extending the length of the drier a considerable 

perforeance ieprave•ent is not to be expected. 

Another possibility is the installati~n of a further drier, i.e. 

having a t~o-stage drying precess. 

Dru• rotary (single- or three-pass) driers. heated by waste gases 

or hot air are aore suitable for particle drying than contact drum 
. 

rotary driers with heated-tubes, since the latter offer a higher danger 

of f i.re. 

These driers can be suitably coebined with vert1cal tube driers 

for f 1rst stage drying. 

By ensuring a sufficient drying capacity, the production capacity 

of the lines could be raised by upto SO pevcent over the present ones. 

5.1 Adequate conditions for classifying particle size br mechanical 

screening have to tie created on production lines· ·for ma nu f ac tur ing 

particle boar1 with high quality surfaces. 

A suitable size of particles can be secured by screening 

particles according to their envisaged use in boards as well as by 

foll owing the preset ratio of layers weight. 

The determining factor f 'Jr good surface quality i max ;mum 120mmJ 

is, first of dl, the thickness of surface particles. For th& 

surface homogeneity, the length and breadth of particles is of 

importance toe. 

:,(: ;: :., .') f 

The cl3ssification by mechanical screening should be incorporated 

intJ the line only after drying the particles, thus e!iminating the 

rema1~1ng dust portion. 

In tt1e actual lines of baga::.:e pa· ·ule board manufact1uing 

designed bY SIR! only aJr separaring (according to the particles' 

"'eMt1r! is used. 

' 
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.In applying the graduated mat forming (pneumatic or mechanic 

forming) systems, again only the classification by weight occurs. It 

means that flat large particles are getting into the surface layers 

resulting in a non-homogeneous surface. 

It would be convenient tQ introduce also mechanical screening 

classification into & selected line, and to consider it also when 

further new lines are envisaged. 

For bagasse a simple flat classifying device, rectangular in 

shape with gyratory movement has proven to be suitable. 

b.l The homogeneity of the resin adhesive spread on the particle 

sur[~ces must be improved. 

b.2 The possibility of setting, dosing and the subsequent checking of 

the requried quantity of resin adhesive, added into the blender 

corresponding to the weight of particles must be assured. 

For spreading resin adhesives on particles new up to date 

high-duty short-time-retention blenders give a better resin adhesive 

distribution on particles than the old glue spreaders and hence should 

be the only ones used. It therefore seems justified to abstain from 

developing other methods of spreading resin adhesives locally. The 

utilization of this equipment gives a good opportunity to drop the 

resin adhesi~·es consumption from the present high level. 

A modified type of such a resin adhe ~lender was produced in 

China, and is being presently used by the S 

Factory. 
~ 11an-made Board 

In the meantime. the setting of the optimum amount of resin 

adhesive to be spread on particles is carried out only on the basis of 

the operator's experience, without any possibility to rh~ck the real 

quantity added. Undesirable changes in the amount of r·esrn adhesive 

coated onto the particles influence the quality and prooerties of 

boards to a high degree. 
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ihe setting has to be assured by utilizing a variable speed 

electric •otor or a variator on the resin adhesive dosir1g gear pu11p. 

the proper checking of quantity can only be done by using a flow 
indicator. 

It is necessary to draw up a graph showing the inter-dependence 

of quantity of resin adhesive used on the a.aunt of particles do~ed and 

on the set velocity of the particle dosing conveyor into the resin 

adhesive blender. All this should be carried out in the fra•e of on 

line 111easure111ents. This correlation should be deter111ined far ,1: fferent 
percentages of resin adhesive. 

?.! The homogeneity of mat weight and density distribution rn the 

forming machines used has to be improved. 

7.2 The possibility of manufacturing multilayer bagasse particle 

boards with a fine and s111ooth surface •ust be secured. 

Transversal a~d longitudinal 111easure111ents of 111at weight 

distribution in boards have to be carried out by cuttjng the board into 

samples of lOOxlOOmm. and by statistical evaluation of the results of 

tests. The coefficient of variability in any board should not be 
higher than 8 percent. 

An improvement should be achieved 111ainlr by ensuring a homogenous 

dosing of particles into the forming machine bin (throughour its 

breadth) as well as by a homogeneous removal of particles from the 

bin. After determining the real transversal profile of the mat weight, 

in case of permanent , shortcomings can be compensated by ad;ustJng the 

shape of the last scraper roller. This applies botn for the mechanic 

as well as the pneumatic for~ing process. Plausible results can 

however only be got through a· thorough knowledge and erperience in tn1s 
field of operation. 

A locally produced forming milchine (type BPJ21;) cisn tie utilized 

for manufacturing multilayer bagasse particle ooards. One forming head 

is desjgnea for the core layer, iln1 two forming heads for the surface 

layers (they can also be replaced by air forming systems). 
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8.1 The duration of the pressing ti•e proper as well as the presszng 

cycle have to be shortened. 

Only presses with si•ultaneous closing have to be used. 

So•e production lines still show long pressing ti~es. rhe 

pressing ti•e far boards of 19 •• thickness should not exceed, under 

nor•al conditions 8 •inutes, and the pressing cycle should be i1r tne 

range of ~-~.5 •inutes. 

The shortening of pressing ti•e can be achieved by reducing the 

hu•jdity of the particles and by raising the pressing te•perature to 

l60-175°C. 

The shortening of pressing cycle in so•e cases can be achieved by 

a quicker press closing and opening. The closing ti~e for a press u~ 

to the point when the press platens touch the top •at surface should 

not exceed JO seconds, and the attain•ent of full pressing pressure 

should not exceed 60 seconds fro• the start of the closing The 

closing speed influences the transverse profile of the board density as 

well as the quality of surfaces, other variables being: hu•idity of 

surface particles, te•Perature of platens and size of surface and core 
particles. 

1.1 The sanding of boards should be taken into account in the design 
of production lines. 

Sanding is an i•Perative operation fro• the point of view of 

reaching the thickness tolerances of plus or minus 0.2 to o.; ~m as 

well as of eliminating, in some cases, the thin non-homogeneous surface 

later. Although dru• sanders exist, the •ost suitable machines are the 

wide-belt two sided two- or four-head sanders. 

10.1 It is necessar~ to create cond1t1ons for introducing the checking 

of the tech~olog1cal procP.ss as well as the product qualirr on all 

or~ducrion ;1n~s. incl~ding rhe Jntroduct1on of ~n1for~ re,or1-keep1ng. 
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fhe •ain reason for this checking is ta take the necessary steps 

ro •aintain the standard quality aad the final classification and 

grading of products on the basis of the •easure•ents and the Producr·s 

properties at various points in the production flow. 

Its i•portance is accentuate4 sainl: in production lines with 

little auto•ation for •aintaining the technological para•eters. The 

possibility of checking the board's •echanical and physical properties 

•ust be assured on production lines. Further the propert1es of the 

resin adhesives viscosity using a •ini•u• Ford cup with a hole of 

dia.eter of 5 ••· and the gel tise at ioo0 c eus·t also be checked 

regularly. Standardized recording of results is necessary to evaluate 

and co•pare the results obtained and utiliie these results for research 

and develop•ent purposes. 

COlflfENTAR~· ON THE STATE-OF-ART OF RESEARCH AND DEVELllFffENT 

IN THE FIELD OF BAGASSE CONVERSiuH INTO AGGLrJf'fERATED lfATERIALS 

ABROAD AND SPECIALLY IN CHINA 

It is reasonable to say that the worldwide research work in the field 

of conversion of bagasse into particle board and fibreboard is insufficient. 

The research work perfor•ed by SIR! has been •ainly concentrated in the 

area of the proble•s of the eristing particle board factories. Knowledge and 

experience obtained in the world about the conversion of bagasse into 

agglo•erated •aterials is published very rarely, and only in general ter•s. 

Therefore the possibility of applying these results by the People's Republic 

~f China is lieited. If •ore success is to be expected in the field of 

conversion of bagasse into Jgglo•orated •at~rials, it is necessary to 

reinforce the research and development activities in China. 

In the People's Republic of China research work has to be conducted in 

solving problems, such as e.g. increase of capacity of production using the 

same installation, i•Provement of surface quality and reduction of production 

1 asses. 

Additional resedrch projects should be undertaken, such as problems 

ccncerning tne modernizar1on of the Production technology, the optim~li!~tion 
;f processin•], the rnrroduc t.1on of highly effuient technique for further 

orocess1~~. the JPveloP~enr of now. more econom1c 3nd hi;her qual1ty prodocts 

~nJch canoe use1 J1rect1Y ~Y customers. 

I 
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Noreover. funda•entai ~robleas such JS storage and Jepithing of 

Ngasse. prepant1on of part1ries. dr:·ing, adhesive spreading and •at 

f~r~at1on, which are Jlso essential for the progress of the industry. 

especially in the developaenr. of special products should also be addressed. 

Autoaat1on should also be inciuJed in research ~roqra•s. 

Ail these basic probie•s are closely connected with the acdernization 

or reconstruction of old factories, eventually with the construction of new 

production lines incorporating the l~test developeents. 

In spite of the rather aeagre facilities etisting for research and 

develoP•ent ¥Ork in particle ooard, the research group of the Sugaroane 

Industry Research Institute in Guangihou has •ade considerable achieve•ents in 

rne field of industrial conversion of bagasse into particle board. 

As a result of a research project, twelve new particle board factories. 

ranging fro• 1000 to 7000 •Jiannu•, have been put into operation between 1981 

and 1Q85, based on their proper design. 

The research activity of SIRI in the conversion of bagasse into 

particle board is concentrated eainly in solving the funda•ental proble•s 

closely connected Nith particle board production in soae factories. It also 

intends to co•plete its own particle board laboratory and pilot plant. 

On the basis cf erperiences in the field of research and developaent. 

it is reasonable to say that the successful perforeance of the task of 

conversion of bagasse into particle board and fibreboard is especially 

dependant on a broad research progra••e. ihis can be fulfilled only by the 

SIRI and the UNIDtl/UNDP assisted Research Center, which possess the nature of 

a Nat1onal Institution. 

Non-centralized and non-coordinated research activity often 1eads to 

unsuccessful results with financial loss and to delays in development. 

However, on the oth~r hand, research and Jevelopmenr activity must De c~oseir 

connected with production enterprises, otherwise it •ay not be a service to 

the industry. 

On the basis of rhe s1tuatJon already mentioned. as well as of fur~her 

perspect1ves ~nd trends in research and development in the field conversion of 

~agasse into particle board and fibreboard. the Sugar Cane Industry Resear~h 

Inst1rure shoul~ or1ent its act1vir1es in the fellowing d1rections: 

' Act1~1ties in t~e f1eld of fundamental and applied technological 

research of ~ggiomerared mater1als: bagJsse storage and dep1th1ng, 

PJth 1nfluences on onrs1cal and mechan1c!l orJPtrtles. effect of 01th 
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an qualzt~ surfdce. oarticie preparation and screening. Jr:ing, Jos~ge 

of resin. pressing par3seters 3nd other pressing conditions in order to 

l~prove the q :lit: of products 3n1 tne capacity ~f production. 

Act1v1ties in the field of research and deveiapaent of suoseauent 

surface finishing of boards: technological conditions for short-cr~Ie 

la•ination with •ela~ine iapregnated paper, urea for~aidehyde 

i•pregnated paper. foils in rolls and wet surface finishing_ 

Activities In the field of developaent of new products inc1uding 

their direct use in practice: boards for the furniture Industry, 

construction panels for the building industry, boards for shuttering, 

•oulded products. 

Activities in the field of developaent of technological equipaent 

bath for research work and for the factories: foraing •achines, 

depi thing aachines. bale breakers and different devices for au to•ation 

and •echanization of the technological processes. 

Additional activities that should be perfor•ed by this Research 

Institute and by the UNIDO/UNDP assisted Research Centre are: 

Cooperation with other institutions in the field of developing 

and supplying •ore co•plex production lines and •ore advanced •ach1nes 

and equip•ent, as well as providing consultancy services for i•ported 

equip•ent; 

Activities in the selection of •ore efficient eq.uip•ent for 

further develop•ent of this industry and its eccno•r: 

Cooperative activities Jn the field of production of auxiliary 

products, such as resins, lacquers. coated papers, etc. 

Cooperative activities in the field of develoP•ent of other 

industrial branches, using agglo•erated materials for the production o& 

furniture. low cost wooden constructions and hous~s. etc.: 

Actlvities in establishlng standards and test1ng methods and 

evaluatin of agglo•erated materials; 

Advlsory and engineering activitles in the design~ng and 

construction of new fa(rOrleS and reconstructlon of old ones: 

Educational act1v1ty: education of research and production 

workers. 
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R£Ctiffl1£HOA I I t>HS 

To support and to strengrhen the ~osition of ~he Depart•ent of 

Agglo•erated Naterials in the fra•eNork of SIRI under the 11lnistry of 

Light Industry and to pay greater attention to the developsent of the 

laboratory and pilot Qlant for the conversion of bagasse into particle 

board and fibreboard, and to increase the effectiveness of research and 

.Jeve 1 Ot:J•en t. 

At present, this depart•ent concentrates its efforts on proble•s 

of bagasse particle board, it has only seven co-Norkers and this eakes 

it i•possible for it to give even the •ost urgently needed assistance 

to the plants. Research an baqasse particle board will start after th~ 

erection of the laboratories and the pilot plant will be finished. 

This currently has a high priority. 

There is practically no research being undertaken in fields 

related to hard fibreboard and HDF. nor is there the necessary 

equipeent. 

The dynaeic develop•ent of processing bagasse into agglo•erated 

•aterials Nill Jay high clai•s on the equip•ent for research and on the 

qualifications of the co-workers, and also on the unified and 

coordinated developaent activities of the Hinistry of Light Industrr. 

The present state and the working tea• at SIR! is to serve as a 

nucleus of the research basis, Nhich has to be developed dynaeicallr so 

as to be able to fulfill the broad requireeents given in this report. 

To consider a possibl~ application to the Governeent for it to 

increase its financial support so as to equip the laborar.ory and tne 

Pilot plant. 

The basic assumption for research act.ivitles ~nd the achievement 

of their results is the building of a research and developmenr facility 

having an internationally accepted level. For this purpose devices and 

equipment not tes~ed as to their function and relia~ility should not be 

used. 

Researcn laboratorJes normally test panels ~hose dJmensions are 

SOOrSOOmm and the results achieve1 are then repro~uced us1ng a Pilot 

olant rnar manufacrures ooards of at least 800rlOOOmm. 
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This research facilitr. ~hich is ta be considered only as a f1rst 

step is not ret cc•pleted and the following equip•ent has ta be 

i9portea: 

ha••er •ills far the laboratory and pilot plant. 

resin blenders for the l3boratory and pilot plant, 

wire screens for the laboratory and pilot plant, 

pilot plant wide belt sanding aachine, width 900 to 1200••· 

an ~ElO testing instru•ent produced by Zeiss Jena iGe~•an 

De•ocratic Republic) for the testing of surface quality. 

Pilot plant equip•ent should have an output of abr.~t 200 to ~00 

kg. bone dry bagasse per hour. A detail~d specificarion of various 

types of possible equip•ent will be sent to SIRI b: UNIDO before the 

end of 1935. 

To collaborate closely with the Forest Products Research 

Institute of the Uood Industry of the Chinese Acade•r of Forestry in 

Beijing in the field of particle board and fibreboard technology and 

•achinery develop•ent, and with other research institutes in the 

country and abroad. 

In re~earch and develop•ent the collaboration of different 

institutions is extre•ely i•Portant to ensur! an exchange of 

information and possible comeon research work, to avoid duplication. 

Although bagasse is certainly a specific raw aaterial different 

in certain respects fro• wood that has to be considered as such; the 

Forest Products Research Institute of the Wood Industry in Beijing is 

weil equipped and has a rich e?perience. A narrow collaboration in the 

following technical and technological fields is therefore strongly 

reco••ended: 

particle drying; 

particle sorting; 

develop•ent of glues and resins: 

resin spreading; 

mat formation; 

pressing: 

surface finishing of the ~oard. 
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~- ro secure the advisory and consulting services by foreign e1perts 

and organize visits of Chinese efperts abroad, already at the 

preparatory phase of planning research and developeent, in the fields 

of technology and •achinery and for the preparation of detailed future· 

research and Jevelop•ent plants. 

It ~ould be advisable to get acqtainted eore closely with the 

following large scale production conditions of the newest Cuban bagasse 

particle ~oard lines and with the Cuban research institute ICIDCA: 

Caeilo Cienfuegos, Santa Cruz del Norte, la Habana imulti opening 

press); 

Jesus 11enendez, run as c' single opening press}; 

Jesus 11enendez, runas (11~nde-syste• production line for thin 

boards); 

Instituto Cubano de Investigaciones de las Derivados de la Cana 

de Azucar (!CIDCA), la Habana. 

As to the i••ediate progra••e of investigation it should be 

focused on research of the basic problees intended to iatrove the 

production of bagasse particle board: 

bagasse storage, bagasse depithing and the effect of pith on the 

eechanical properties and on the surface of the board produced; 

inner co•position of the board and the effect of particle size on 

its properties; 

11at forming; 

effect of resin content and pressing conditions on board 

properties; 

developeen: of special board grades for the production of 

furniture and in the civil engineering branch; 

prot~ction of the board against mildew, decay and biological 

damage. 

FURTHER PEnSPECTIVE DEV£LliPl1£NTS IN THE C~iNVERSU1N liF BAGASSE 

INTO AGGLlil1ERATED 11ATERIALS 

The cane sugar industry sector in Guandong as well as in other parts of 

Ch1na shows an ever inr.reasing rate of develocment. Globally. the widesr 
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ut1ii:ar1an of bagasse is as a fuel ta generate heat 1n the cane sugar 

inaustry_ Unlike in other states. China due to its considerable local stocks 

of coal iw1'1ich is used together wi tli baga::se as a fuel} can release a parr of 

the bagasse for other end uses. Br planning the replacaent of old boilers for 

heat production by new heavy-duty ones •ore coal could be used as fuel than ~t 

present. thus releasing ad1itiona1 bagasse for other end uses. 

The util)zation of bagasse for producing aggloaerated 11aterials 

represents a higher level in its exploitation than using it only as a fuel 

only, and in China it can beco•e the second 11ost i•portant raw •aterial source 

after wood for this industrial branch. 

A nuaber af s•all pulp •ills were erected that utilize this raw 

aaterial. Due to water po'lution probleas, there is an increased tendency of 

using bagasse for the particle board industry (since it is a dry processJ and 

by this way to eliminate very co11plicated pollution problems. 

In the meanti11e, China also utilizes part of its bagasse as raw 

material for 11anufacturing particle board. The annual production of particle 

board fro• bagasse attains so11e 50,000 •J but the plants have s11all production 

capacity Un the range of J,000 to 7,000 •Jfyear) a low level of automation 

Ind the quality of the products does not correspond to the requirements 

expected of wood-based particle board. 

In view df the planned rapid develop11ent of China's economy, an 

intensive investment activity in the field of agglomerated materials is 

foreseen in the near future. 

In order to participate in the alleviation of the wood shortage, more 

attention should be paid to, and more efforts made in, establishing and 

111proving China's own technological research and development base as we!l as 

its own bagasse particle board manufact~ring technology. 
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CONCLUSIONS 

l. As far as bagasse is concerned, it is a good ~aterial for 

aanufactur1ng particle boari, hard fibreboard and •ediu• density 

fibreboard. It can be considered as a •aterial equivalent to ~ood. 

especiall: in China where the de•and for woad is colossal, but the 

forest resources are relatively li•ited. 

2. lhe quality of particle board and hard fibreboard produced from 

J. 

bagasse by the wet process 1s equivalent to that of particle board and 

fibreboard aade f ra• wood. 

The end uses for particle board fro• bagasse and fro• wood are 

quite si•ilar: e.g. furniture, building industry, decorative 

panelling, ceilings, etc. 

4. In case of three-layer or graduated density (boards with a high 

5. 

surface layer quality} boards a broad range of furniture surface 

fini~hing possibilities, e.g. by laainating with aela•ine i•pregnated 

paper using short cycles and with foils using the continuous process, 

e~ist for use by the furniture industry. It is also possible to apply 

highly efficient processes of wet surface finishing, e.g. by coating 

with fillers and transparent lacquers, wnere curing is carried out by 

ultra-violet radiation, i•pulse ultra-violet radiation, infrared 

radiation, etc. can be used. 

The high pigmented lacquers (of different colours) such as 

polyester, polyurethane or acid cured lacquers can also be used for 

surface finishing. 

As far as oagasse µarticle board is concerned, the technology, 

•achines and other equip•ent have been developed for a wide range of 

plant capacities (from J.000 to 50,000 mJ/year.l, but these na•1e to be 

adapted to the local conditions. 

As far as hard fibreboard (produced by the dry process) and 

t11ediu111 density fibreboard iJre conccrn~d. the respefti•1e technology has 

not yet been fully developed. 

The coarse parricle board is an intenT1ediate product. r.~e 

Productlon of boards for commercial uses has to be correlated with 

pro(ess1ng industries. 1.e. with furniture manufacturing, the wood 

con~rrucr1on 1n~usrry, ere. 
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RECtlf'!t'f P/DA r IONS 

1. Particle board production line~ having an annual capacity of ~P 

2. 

to 10000 al can be established using exclusively locally developed ana 

constructed equip•ent while using tr.e latest ach1evments in research 

and develop•en t. 

For particle board lines with annual capacities of over 15.GOO ~; 

the following aost i•portant pieces of the production line shoul~ be 

i•Ported: depithing aachines, ha••er •ills, air and screen 

classifiers, resi~ adhesive blenders with auxiliary devices, foraers, 

presses, san1ers and •easuring and control equiP•ent. 

All other equip•ent such as air and •echanical transport systems, 

electric •otors and gear boxes •. driers, bins, boilers, etc. should be 

produced locally. 

All equip•ent for secondary surface finishing by laminating, 

continuous foil veneering ~nd ~et surface finishing (filli~g, painting} 

should also be i•ported. 
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ANNn 1 

Jt18 iJ£SCRIPTBN 

OP/CPR/82/005/11-00/Jl.7.C. 

Expert in the industrial technique of bagasse 

particle board •anufacture. 

One •onth. 

April 1985. 

Guangzhou, with travel to related factories. 

To strengthen the capabilities of the Cane 

Sugar Industry Research Institute in the 

field of sugar processing, utilization of 

by-products, and the abate•ent of pollution, 

in order to provide a better foundation for 

the establish•ent of a National Cane Sugar 

Industry Research Centre. 

The expert will specifically be expected to: 

l. Provide information on the world 

development of bagasse particle board 

production, the latest processing 

technology, equipment, the qual1ty of 

products, with regard to ooth technical 

and economic aspects. Evaluate the 

production and economic value of bag~ss~ 

particle board and compare it with ~ood 

sl'1aving board. 

2. Give lectures mainly on the t~chniques 

and characteristics of storing, 

screening, depithing, drying and blending 

the bagasse ;n the process of particle 

board 111anufart1Jr e-. and of tne equic111P.nt 

1Jsed. 



~ual1f1cations: 

Background Information: 
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j_ Introduce the diffrrent uses of bagasse 

particle Dodrd and the developing trend ar 

new products. 

4. Provide detailed inforeation on decorative 

sheet anJ ther secondary orocessing 

technology and equip•ent. 

5. Gi~e lectures on the on-line measure•ent 

techniue in processing. 

6. Assess and recom•end the techniaues used D¥ 

the bagasse particle board factories in the 

country. 

The expert will also be erpected to prepar~ a final 

report, setting out the findings of the mission and 

recomiendations to the Government on further action 

which •ight be taken. 

Expert wit~ extensive knowledge of, and erperience 

in, the research work and production of bagasse 

particle board. 

English. 

ihe country has in recent years made considerable 

progress in research work and the production of 

bagasse particle board. The Sugar Cane Industry 

Research Institute, Hinistry of Light IndustYY, in 

Gua. ~zhou. has been working on this project for 

several year~. and has made certa1n achievements. 

;here are sPveral bagasse particle board factor1es 

in the province of G~angdong, Guangr1 and Sichuan, 

~t~. each with an annual capacity of ;.soo - 7.0JO 

2J. In these .dctories, all the equipment and 

technology of screen1ng, dry1ng and tien11ng are 

locally produced, and, on the whole. !he qu~l1tv of 

the1r products has atta1ned the same level as that 

of ~001 snavJng Doard. However, product1v1ry lS 

st111 comparatively 1ow, an1 only a few of tnese 
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ANNEX II 

QI~$1t~M~f-4~if~JiJT 
1 £/ c~ £ K · Wt!:f'aicco1c '-- nc/a.;,/~? Yle-Jecnrh ._ ~nu7urc-

MiNISTRY OF LIGHT INDUSTRY 

Mr. Mirosla• Muller 
Haburski 3, 821 01 
BratialaY& 
Caechoalovatia 

Dear Mr. llullera 

DP/CPR/82/005/11-09 

May 4, 1985 

I learned from the UND? in Beijing that you will arrive in 

China on June 11, 1985. I t~ke the liberty to express my pleasure of 

greeting you for coming to Guang•hou as our honourable guest, and 

wishing for the success o! your mission. 

I believe you already have the JOB DE~CRIP1ION of bag~sse particle 

board on hand. But l would like to yresent here a few supplementary 

materials which I trust would be useful. 

As a matter of fact, Chi!'I& is lacking wood supply. Bagasse 

particleboard is a very ideal suastitute for wood in making furnitures 

and other domestic equipmenta, which are now being urgently purchased 

in the li:ical market, due to the ?"&pi:! increase or income of inhabitants, 

According to the national plan of developmP-nt, btfore the end of this 

century, we will probably have 4 til!!e~ ~!'!" prod•_o-:~.i'.:'n capai:ity aE 19']C. 

!'his leads to sn annual yield of more than 6 :nill ion tons of s;..e,ar froi: 

ca~e. If tbe~P. •ere enough coal as fuel for the s~gar ~ills, then we 

shall have about 6 million~ tons of bagasse (in dry base) as raw material 

for industries including th" fibre board industry. 7herefore it is ~xceedir~li 

esser.tiel to have a stronger technical foundation of makinb f~cre beard. 

Our Re£earch Institute ha~ been undertaking the reeearcn project 

of particleboard manufacture for some yeare, and a number o! particleboard 

plante have be~n built up and put into production, with anr.ual capacities 

I "HIGASC. H!::'\"AS. GL.\'\"GZ!lf)l PE.OPLI ·s REPlSLIC or ('Ill:\·\ 

TE!.,4601'; \\IHI,-· Hlf\, llf"3 c;oue "" 
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3 or 3.5 to 7 thousand V each. Two of them are not far from Guangzhou, 

&O l suggest that you"ll stay in one or them with OU~ engine~rs to h~Ve 

a detailed investigation of the processir.g facilities for sev~ral days. 

You might have sufficient time for interview with the techniciar.s in the 

factoriee. I suppose this Ehould be a realistic wa} of !118.king c~r.sultation. 

For the time beirg, the firFt thin;; we •o~ld like to improve is 

the quality. Although the products have met the requirements or the Natior.al 

Standards of wood £having board, still they are inferior than the imported 

products from the more advanced manufacturers. Some of the e~iEting 

problems are: 1/ even distribution of materi~! d~ri~ molding. Z/ ever. 

applicatinn of resin. 3/ opti111alization of condition~ u~ed i?: t.hermalprusing. 

inile moEt of the factorie~ prepare their owr. reti~E, ~rea or phenol 

for:ualdehyde, they expect to have means in i~r~cvir.g th~ qi..ality of reEin, 

and the technique of identification of quality. We recognize that theEe 

rni~ht hftve some influence to the quBlity of the !ibre bo~rd. 

Several of our sugar ~ill£ are procetding to cooperate with soree 

foreign companies to import bagasse fibrE board plants o! 30 to 40 thourar.d 

w3 annual capacity. They are no~ facing the decision cf =~~osir.c •tich 

kind of produ~t they should produee; e.i. th~ baga~s~ par~iele~<"'llrd or th~ 

ba.ga&&e medium dt:nEity fibre board. Co~ld yo•.J pl eaEt t;ive &.cvictt ir. 

ti':ii; !"ield? 

Recen!ly, there are ~uit~ a number or newly d~veJoped technolo[!e~ 

o!" Uie manufact1;re of bRg!'lr!'e fibre boerd. 7:e would ap;:~t:.:.I!.-;: ·:~r:; 'r.~::r. 

if we could be infonned in det~il ~r.d be ~dvit~n; c.f. 

1/ Dr. St.en's Process ir: Car111.da to '!!ah oafaue fibre beard w~!l'-o·~t 

using re~ins. It wa~ clai~ed tr.st 2~ to 10~ eoEt savir.g ca& b~ achieved, 

and the q~ality met the requirement epecified by Car.arlian Nat ion-il Standard 

tor po?lar Wll!erboard. 

(. Hll-ANG H!:SAS. G c ASGZH(')l PEOPLE'S RE Pl BLl( or ('HI'~ 
TEL.'6035 (.\Bl.f I~'' Tl:l.l.' ,~~3 C'·DLIB o. 
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2/ Processing or bag11sse fibre board, makir.g use of the was~d 

liQuor from paper mi1ls. 
3/ Tilby Separation Process cf car.e. The rind of cane is stripoed 

off the cane, washed and dried; ar.d then made into fibre bo~rd and lo;mbl'."r 

capable for use in building cor.struction. Amount of resin used is clai~~d 

to be below 5~ only. 
Kost or your lectures will be fiven in our research institute, to 

attendants specit"ied in the field of fibre board industry; toget.he!" with 

ont or two days' :neet1r.g or~anized oy thr: :iuar.rdcr.,. ~c:-ir.ty of Ca?:e~u~ar 

1'echnolo,ists, to i![iYe infO'!""!!:llltion~ of tl:e :i~Vt,lo;mier.t of :>~fl!.~-~'; f:_:.-!-

board ir.juztry in ~he world. 

In case you have any enquiries or Eu~ge~t1or.s, pleate do~·t 

hesil.ate to !et me know. 

cc: 

Looting forward or meeting you, ar.d all best regerdE. 

Mr. U. Kulessll 
hesident Representative 
UNDP in Beijing 

Ur. Liu Guang-Lo 
Bureau or Foreign Affairs 
Ministry of Light Induetry 

I. HIC.ANCi H(.'."A'.". <.iL ,,GZt10l 
TEL.4F.·J~.·· (\!~I.I ' .. 

"icn:""s slr:c~rely, 

Dc:;::;~y iii n·r.:tcr 

SU(ar~ar.e Retearch Ir.sr. i t!.;te 

!'LOi'Lf ., RE Pt nLl~ or c HI'\ 
TFI l \ 11~•3 r.oLIB ( '!\ 
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ANNEX III 

National Cane Sugar Industry Research Centre 

lfINSITRr OF LIGHT INOUSTfff 

~raggyJg_fgr_~r~-~~-~ygllgr~~-Yi~it_!g_~Y~Q9ggQg 

14 June to 5 July 1085 

Fridar, 1~ J:.;::e: 

Saturday, 15 June 

Sunday, 16 June 

f'fonday, 17 June 

Tuesday, 18 June 

Wednesday, 19 June 

Thursday, 20 June 

Friday, 21 June 

Saturday, 22 June 

Sunday. 23 June 

11onday, 24 June 

Tuesday, 24 June 

Uednesdav, 2~ June 

Thursday, 2i JrJne 

Fnd:u, 2:.i June 

Arrival Guangzhou. 

Visit the Sugar Cane Industry Research Institute 

(SIRI). 

Sightseeing in Guangzhou. 

Visit to the Sanshui lfan-•ade Board Factory. 

Visit the Yuzhu Wood Processing Factory. 

Visit the Shijing Han-•ade Board Factory: General 

Production Inspection. 

Sy•posium: Blending Technology and Equip•ent (in 

Shijing). 

Sy•posiu•: Proble•s on spreading machine (in 

Shijing). 

Sy•posiu•: Suggescions and •easures to improve th~ 

Product's quality iin ShijingJ. 

Sight-seeing in Zhaoqing. 

Lecture: Separation and drying of bagasse (in 

SIRii. 

Lecture: The contemporary state of the production 

of particle boards fro~ bagasse in thi world: rhe 

quality and uses of oagasse Particle ooards. 

Lecture: Storage and depithing of bagasse iat 

SIRIJ. 

Lecture: ResJn making technology, resin 

application and blendlng equipment fat SIRJI. 

Lecture: Hat formatJon, spre~1Jng ~achine, 

c-?r,.Jzrion~: cf hor pressing rechnology ;'ar ~1JRI!. 



Saturday. 2~ June 

Sunday, :;a June 

Hondar, 1 Ju 1 y 

!uesday, 2 Jul'! 

Wednesday, ; July 

Thursday, 4 July 

Friday, 5 Julr 

Saturday, tt July 

Sunday, 7 July 

Honday, 8 July 

- .:1 -

Syspos1u•: Trends of bagasse part1;le Doard 

devgelap•ent. Progra••e of thE research and 

developaent work at S.I.P..C. for the near future 

iat SiiiI.1. 

Sight seeing in G~angdong. 

Lecture: secondary finishing technolog~· for 

bagasse particle ~oard (at SIRij. 

a.•.: Lecture in the Guandong Scientific Hall 

ipresided by the Suangdonq Society of Sugar Cane 

Technologists). 

P.•.: Syaposiu•. 

Evaluation and discussion of etper1ence gained. 

Hain conclusions and reco••endations. 

Travel GuangzhouiBeijing. 

Visit to the UNDP Office and the Research Institute 

of Wood Industry, the Chinese Acade•Y of Forestry, 

Beijing. 

Sight-seeing, the Great Wall. 

Free day. 

Visit of the UNDP office and departure from Beijing. 
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1. Tabiopan. S.A. 
2. PRtiCUBA 
j_ Haderas Tecn1cas 
.t. Ca•ila Cienfuegos 

5. Iro de Enero 
b. Jesds Henendez 
7 Jesds lfenendez 

(,.,ende Processj 
8. Usines de Beauport. S.A. 
o Standard Building Products 

10. Central Igualdad 
11. Trinidad Bagasse Corp. 
12. National Bagasse Prod. 
lj. Cia. Azucarera Tucuaan 
14. Taglosa 
15. Tableros Peruanos 
lb. llk.inawa 
17. Sucreries de Bcurbon 
18. Universal Board 
JO. Taiwan Sugar Corp. 
20. Golagokarnath {U.P.J 
21. Crescent Sugar Hill 
22. Hulsakane 
2; .. 4fcol 4 

24. •·011 Oabo 
25. Productos Agro Industriales 

S.A. do C. V. 

Source: INIOCA Cuba 1080 
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ANNEX I'I 

Locatfon 

San ·nateo Aragua. Venezuela 
Cruses. Cienfuegos. Cuba 
La Salud, Habana, Cuba 
Santa Cruz del Norte, Habana 
Cuba 
Ciego de Avilao, Cuba 
Tunas, Cuba 

Tunas, Cuba 
Port Louis. Guadelupe 
Spanish Town, Jaaaica 
Puerto Rico 
Trinidad 
Vacherie. LA, USA 
Tucuaan, Argentina 
Costa Rica 
laredo. Peril 
Japan 
La Hare, La Reunion 
lfauritius 
Xachsing, Province of Taiwan 
India 
Lyallpur, Pakistan 
Zululand, South Africa 
Johannesburg, South Africa 
Egypt 

El Salvador 

Production. 
carJacitv 
ton;"!lear 

24,000 
22.500 
12.000 

Jt-,000 
Jo,000 
Jt.>,000 

2:..~.000 

·~.000 

36.000 
36,000 
15,000 
30.000 
J·~.000 

24,000 
21.000 
18,000 
12,000 

J,000 
lb,500 
12.000 
12,000 
Jo,000 
J0.000 
24,000 

15,000 
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e~~~i£~l-~qg_!~f~~aif~l_ergegr!1g~_gf_fQ!!QQ1~ 

ergg~f~g_e~r!iflg_Qg~rg~ 

Para•eter Unit Particle boards •ade fro• 

hard1i1ood sof t1i1ood bagasseli 

fhickness 

Density 

Sililelling 2 hours 

Internal bond 

11odulus of rupture 

Roughness of surface 
NE 1 a z£·1ss 

Free for•aldehyde 

l'foisture content 

•• 

If Pa 

l'f Pa 

•gilOOg 

.: 

l/ Produced in Cuba in 10$0. 

788 

4 

0.58 

21 

102 

20 

~! 11.7 refers to a 24 hour cycle. 

19 

742 6J5 

~ -:i -, ... J,4 7 . '11 - 2 I , , 01 , l _, 

0,45 0,54 0,46 

28 21 

83 130 

58 

8 



Para11eter 

Dens1 ty 

s~elling 2 hr.(cat.) 

internal bond (ain.) 
ti"lickness •• 

lJ 
lJ - 20 
20 - 25 
25 - 32 
J2 - 40 
40 - 50 

Nodulus of rupture 
thic;;ness ••-

1 J 
lJ - 20 
20 - 25 
25 - 32 ... ,, 
.J6. - 40 
40 - 50 

iensile strength.L 
to the upper surface 
la Yer 

... , 
Free for•aldehyde~' 
/Id 'C. 

noisture content 

Thickness tolerance 

Unit 

11gilOOg 

!Diii 

DIN 08761 part 4 Flat 
pressed board for ge
neral purpose FPu -
boards ll 

0,4 
O.J5 
O,J 
0,24 
0,2 
0,2 

16 
15 
14 
12 
10 

:_? 

1,0 

JO 

5 -. 11 

0.2 0':; 

DIN 687~1 part l Fiat 
pressed board for ge
neral purpose FFY -
boarJs fi 

0,4 
0, 35 
O,J 
0,24 
0,2 a ., .... 

18 
16 
14 
12 
10 

8 

JO 

5 - 11 

O.J 

ii Particle boards with defined require•ents on fine surface particles tfor 
direct surface finishing by painting, la111inating, etc.I 
21 Flat pressed boards for general purpose (furniture, equipment, p1ckag1ng, 
etc.J 
JI Free for•aldehyde !Deasured as type test by the PERFORATING metnod for the 
following types of boards: one layer bodrds. 11ult1-layer boards. graduated 
dens1 ty ocar..:is. 



-Snecial ·ror general nurnoses I 
' CSN 42 2606 one-liQ"er multi-l~er i \Parameter Unit type type grade grade i 

L s I 

I 1 n I i II ; 
I i ' i 

I I 
kgj ) ja50 

I I I 
Density 850 ' 750 750 750 i 750 

I max. m 

Swelling 2/24 ~ max. ~ !6/11.4. 6/na.. 6/15 16/25 ~ 6/15 
l ; 
: 16/25 

Internal bond min. LtPa :11 'l/ 2/ 121 ! 2/ ~ 2/ 
' I 

thickness a::i - . ' 
I ,0,4 0,)9210,)4) 

I 

1/ 6-1) 2/ 6-1) 0,4 I 0,)92 : 0,)4) i 

16-20 1)-18 I 0,)5 . 0,)4J :0,294 I 0,)4) ; 0,294 I 10,)5 
22-25 18-25 - 0 JO' 0,294 ~0,245 I 0,294 ; 0,245 

' ' ' 
' 1

1/ 
: 

12/ I : 2/ J.Iodulus of rupture I L:Pa 1/ I 2/ 2/ 
min. 

I ! ! 
' 

I 
thickness ciil I 

1/ 6-1) 2/ 6-1) 119,5 17,65 1 14,22 19,61 
; 

16,18 19,5 I 

16-20 1)-16 !17 ,5 17 ,5 ; 15,69 l2,75 I 17,65. 14,71 
22-25 18-25 i - 14,5 . 12,75 10,JO 14,71 12,26 

' 

' Roughness of surf ace ' 
! I 

Cl&X. F 
; : ' 

I ! 
I 

apparatus I 
LIE 10 ZEISS il20 120 i j - ' - I - ; -I a5 

! 

TSG 3 85 - . - - -I ! 

~ensi:le strength J. I ! ' I ' ; 

! ~ : 
' ' I 

to the upper surf ice l J.:Pa I i i 
' 11qer CJ.in. I I 1,8 - - - - -! : 

lormaldeh;ydel/. 
; I ' 

Free I '. : 

icg/lOOg ! )0 JO 
; 

max. - - - -
Lroisture content ~ ' 7 !2 8 !2 8 !J 8 !3 8 !3 8 !3 : 

Type L - particle boards with defined requirements on fine surface par
ticles (for surface finishing by laminating, foils, etc.). 

Type S - Particle boards with fine surface particles (for furniture de
corative sheeting sliced and peeled veneer sheets). 

3/ Free formaldehyde measured as type test by the perforating method. 



ANNEX VI 

Two sa•Ples of bagasse particle board, size 130 1 JOO x 20 mm each. 

with the following characteristics: 

without surface treat•ent; 
with a base paper foil, finished with an acid cured pigmented lacquer 

i11at): 
with a base paper foil, finished with an acid cured pigaented lacquer 

(glossy/; 

base coat polyester lacquer, finished with a pig•ented nitrocellulose 

lacquer; 
base coat polyester lacquer, finished with an acid cured pig•ented 

lacquer i11at); 
base coat polyester lacquer, finished with an acid cured pi911ented 

lacquer (glossy); 

with the surface prefinished with a polyester lacquer: 

veneered and surface finished with a nitrocellulose lacquer; 

veneered and surface finished with an acid cured lacquer; 

with only the base paper foil for further painting: 

la11inated with •ela•ine for•aldehyde i11pregnated paper - short cycle 

pressing; 

w1th the base paper foil anrl a polyester lacquer finished with an acid 

cured pig11ented lacquer (11at); 

with the base paper foil and a polyester lacquer finished with an acid 

cured pig11ented lacquer (glossy); 

with the bdse paper foild and a polyester lacquer f1nished ~ith a 

nitrocellulose lacquer. 

Two samples each of: 

hard f ibrebo~r1 produced wihtout resin: 

nard fibreboard produced witn a phenol formaldehyde res1n conrent of 

l. s:. 
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ANNEX ~'II 

The adhesive power of synthetic resins can be tested in the following 

way: 

A plywood is to be pressed fro• three h~rd veneers of di~ensions 

JOxJOc•, coated with the resin to be tested. 

Thickness of veneers -

Hu•iditr of veneers before pressing 

Urea for•aldehrde (UFj 

Phenoi" fon1aldehyde (PF) 

' 

Ph~nol formaldehyde resin is not modified; 

Urea formaldehyde resin is modified as follows: 

l.2 - 1.8 H 

5 - 8 : 

180-200 g/112 

fo0-180 g/m2 

Add to 100 parts by weight of resin 20 parts by weight of 

technical flour and 20 parts by weight of curing agent 15 percent NH4 Cl. 

Specific pressing pressure 

Pressing temperature 

·Pressing time 

Test pieces are prepared from 

shown in fig. l. 

!1Pa 

oc 
min. 

the pressed 

l:!E 
l. 8 

105-110 

5 

plywood having 

EE 
1.8 

150 

5 

the shape and SlZe 

The dimens1ons of the shearing surface are measured ~1th an accuracy of plus 

or min1;s 0. I mm. 

For testing UF reslns t~e test IW-20 to CSN 49 OJ7; parts l & 2, and for 

test1ng PF resins th~ test E-100 to DIN s;2ss are used. 



--
~ 

~· 
'i :. 

a;,. 

' ~ ~: 

3A.-E ~ 
~ 

• 

~ 

~ .t. '--..-c::: 1.1! - f 8 "' ,,, 

rest Ilrl-20 

rest E-100 

Fig. 1 

te•perature of water 

iHersion ti•e 

temperature of water 

i11111ersion time 

~QY!~f_gf_f!eQ~Y!f_[g~[lG9~ 
/ 

24 h 

The test pieces are immersed into a ~arer vessel in such a manner 

that every test piece must be perfectly wetted by water on it~ entire 

surface. 

After having finished the test, the samples are taken out from 

the vessel and put on filter paper. 

The test1nq of adhesive power is carried ~ut on the test piece, 

within ;o minutes of lts removal from the water. 
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The test pieces ere clamped after the exposure testing into rh~ 1aus of 

the testing Jig so that the ends of jaws should be positioned at leas· 10 mm 

from the indents of the test piece. 

where 

ihe test piece is submitted to tensile strength testing (shearing 

stress) in such a way that the failure is incited during bO + ;o 
seconds. 

The strengt~ Fmax• at which the test piece failure set in. is 

measured with an ac~uracy to within S N. 

rhe shear strength (t) is given by the relation 

t = Fmax 

b.l 

Fmai = loading at the test piece failure in N 

b = width of shearing area in •• 

1 = length of shearing area in mm. 
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ANNEX VIII 

Cc~pos1rion by weight: Concentra~1an: 

10% 

garaffin having e meit1ng point 

of sa-s2°c kg 0 .oo IS.GO 

Elain (Oieic AcidJ kg 1.00 2.0G 

Water (tap) kg s1.su ~1.00 

Ammonia kg 0.50 1.00 

Total 100.00 100.00 

Helt the par~ffin wit. the elain at 75°c. Warm half the quantity of 

water up to 54oc, and add the a••onia. While stirring intensively add, 

pouring slowly, the melted mixture of paraffin and elain into the warmed water 

containing ammonia. 

Stir for 15 minutes. 

Add the second half of cold water. 

Stir again for 15 minutes. 

N.8. When using paraffin with a melting point of oO to o~0 c, raise the 

temperature cf the melt up ta so0 c, and trat of the water up to os0 c. 

Ql€!f_i£ld ltechn1ca1 auality known as elain1 

~leic acid is produced from beef fat or oone fJt bt d1st1llation. 

Elain (CH;. fCH2J7.CH:CH. (CH2Jl.COOH) has a light yeilcw colour. The 

sapon1f1cation numoer ranges between 115 ana 200. If tne saponification 

numo~r is h1gner than 200 the product contains coco-ac1J, and if it is lower 

than 185 it also contains mineral or vegetable 011. 



ANNEX IX 

T~e formaldehyde released at higher temperatures from a sample of cured 

urea formaldehyde resin is at.sorbed in iced water and the quantity is 

determined by acidimetric titration. 

fa) Sample preparation: 

20 g of tha sample are weighed and put into a 100 ml beaker, 2ml of a 

15 percent ammonium chloride solution are added and the mixture is cured 5 

minutes in a boiling water bath. After curing the beaker is lifted from the 

water bath, covered, and is left standing 24 hours at ambient temperature 

(about 20°c.J. The cured sample is ground in a mill or in a coffee grinder 

with a cutter knife. For the determination, the fraction used has a 

coarseness of 0.2 mm to 0.5 111111. 

(b) Absorption of formaldehyde: 

The formaldehyde content is expelled from the ground sample of the 

cured resin in a glass washing bottle by a stream of air at a constant 

velocity, at the temperature of 1oooc of the water bath. The formaldehyde 

displaced is absorped into water. 

(c) Equipment: 

This is shown in the figure on page 54. 

(d) The functJon of the absorption devicP: 

The floar flow meter (JJll and the gasometer (2) are measuring tne flow 

rate and the volume of the air. Known devices are used, enabling to maintaJn 

a flow rate of 1 liter per minute. The washing bottle is filled with a 20 

percent solution of NaOH (JJ (or with a J7 percent solution of H2so4 ; caotures 

the air moisture. The washing bottle, filled with a 10 percent solution of 

Na2S03 (4), absorbes the formaldehyde eventually present in the air. The 

carton wool filter (6) caprures the mect1anual impurities of tt1e air arid 

prevents l1ttle sample particles to enter the absorpt1on vessel. Tne sample 

JS pur into the ~ashJng bottle (SJ with a sintered disk tyoe S-!. 
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fhe absorption vessel (l) is a washing bactle with a sintere1 

absorption head type 81 5, with ~ volu•~ of !00 •l. The air flow rate needed 

i~ controlled by a vacuum pump. The connection between the washing bottle (Si 

and the absorption vessel (7; is made by an adapter with a ground joint and a 

silicone hose. For the remaining connections rubber hoses are used.· The 

wdter bath (8) consists of boiling water, the cooling bath tlJ is water 

containing pieces of ice. The heater (9) is an electric hot plate with power 

input of 1200W. All the air entering the measuring dev1ce is going through 

the air filter (11). 

(eJ Displacement an~ absorption of formaldehyde: 

70 ml of distilled water are put into the absorption vessel (7). lOg 

of the cured resin with G.2•• ta 0.5 ••coarseness are weighed and put into 

the washing bottle (5) on a sint~red disk. The t~mperature of the distilled 

water is kept below soc before starting the absorpiton. The bottles are 

connected accordin1 to the figure on page 54 and submerged into the respective 

heating (8) or coaling (10) baths. The vacuum pu•P starts working and the 

flow rate of the air is adjusted to the value of l liter per •inute. After 50 

liters of air have flown through the apparatus, the displacement of the 

formaldehyde from the sample is completed, the bottles are disconnected, 

lifted from the bath and separated. The content of the absorption vessel (7) 

is th€ sample for the analytical determination of the free formaldehyde. 

During the displacement and absorption a constant through flow of air 

and the prescribed temperatures of the heating and cooling bath must be 

maintained. 

if) Determination of formaldehyde in the absorption liquor: 

if.lJ Chemicals: 

Sulphuric acid (H250 4 ), 0.1 N solution 

Sodium hydroride <Na~HJ, 0.1 N solution 

Sodium sulphite (Na2SO;J, freshly prepared neutral solution. 

Preparar1on: 

25.2 g of crystalline sodium sulphite fNa 2so;.7H2o; is ~e1ghea 

into a 100 ml graduated vessel, dissolved in wdter and filled uP to tne 

mark with water. After careful m111n1 rhe pH va;Je zs ad;usrea to~-~ 

~y droos of 0 ' N H1J04 using tnYmOiPhta!e1n JS 1n11carJr . 

• 
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Preparation of thyaoJphtalein: 

0.1 g cf thvmolphtalein is dissolved in 50 ml of ~6 vol. percent 

ethyl alcohol. 

( f. 2 . .1 Testing procedure: 

The contends of the absorption ;,'essel with the far!!laldeh~·de ar~ 

transferred into a titration flask with a volu•e of 250 el, 5 drops of 

the thr•olphtalein indicator are added and the pH of the saople is 

adjusted by 0.1 N NaOH solution to a weak blue tint. After tn1s 

adjust•ent, 6 el of the sodiu• sulphite solution are added to the 

saeple, stirred and after a rest of 5 •inutes the titration is made 

wiht 0.1 N H2S04 to the weak blue tint. 

(f.J) Calculation: 

The content of free formaldehyde ix) in 11g per 1 g of urea 

forealdehrde resin is calculated by the following equation: 

a . .;, 
x = ---

b 

where a :. consumption of the 0.1 f:1 H2St>4 solution U 

b = saeple weight in grams 

(f.4J Accuracy of determination: 

The difference between the determinations by two laboratories can 

be a maximum of 20 percent of the value determined .. 

II 1 ml 0.1 N H2S~4 corresponds to J mg of formaldehyde. 

' 
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Equi.pment tor Deterainatim:a al Fr•• Farma1clebyda in Cured Re•ln 
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ANHfl. X 

The FESfP- perforate iDIN EH 120.i •ethod has bee~ applied for the 

analysis of the free. formaldehyde content. The •etiiod bas been acceoted b~· 

producers of particie boards in western Europe as the •ost decisive in t~e 

board qualitv evaluation with respect ta the free formalaehyde content. 

Boards were divided into three eeission classes deter•ining the range of 

forealdehyde in •iiligra•s liberated per 100 g of absolute dry saeple tested. 

£-.; 

0 - 10 •g/100 g 

10 - JO •gilOO g 

over JO mg/100 g 

Boards in the £1 e•iss1on class can be used, according to the 

specifications valid in Western Europe, for furniture production and wood 

constructions to the full extent without any other alterations. 

Boards in the £2 class can be used in furniture production with some 

alterations, as for exa•ple by ce~enting edges. la•ination or coating with 

various painting systems. etc. 

Boards in the E3 e•ission class can be used after such alterations. 

which, by their influence. change the class to the previous ones. 

The principle of the method lies in the e1traction by toluene of 

formaldehyde from the samples tested into distilled water. The content of 

acqueous solution of formaldehyde thus obtained is then determined by the 

iodine test. 

Dimensions: 25 x 25 mm taken at least 500 mm from the front edge of the board. 

Number of tested samples: min1mum .;. 

According to the method given. the samples tested should be cut off 

from boards immediately after their cooling b~hind the press. They should be 

, 
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The deter~1naticn of ~oisture content is perfor~ed by ~eighing samples 

arrer doing at rn; ! 2°c till a constant ;.;eig.it is atti:ined. The latter is 

'ansiaered ta be a value which does not change after ~ h and does not co2prise 

a higher change than 0.1 percent of the ~eight of the sa•Pie. ihe precis1an 

of sa•ple ~e1ghing should be plus or einus 0.001 g_ 

The testing apparatus is depicted in the figure at the end of this 

annex ard consists of the following parts: 

1. Cooler according to·Di•roth, length ~00 •• 
·1 
.; . 

J. 

". 
5. 

Cont>ec tor 

Built-in filter with a frit of porosity No. 1 and funnel dia•eter of 

o0••-
Per forated head. length 1000 •• with an outlet cock; 

Distilling flask 1000 •l. 

Connecting equip•ent for gas absorption - a tube with two bulbs, length 

380 ••· outer diaseter 10 ••· bulb diameter 50 ••· the first bulb IS 

situated 200 •• fro• the tube's end, and the second 50 mm fro the first 

one. 

7. Receiver - Erlenmayer flask JOO •l. 

8. Heating equipment - heating nest with a fine control of heating rate. 

All equipment ~arts are connected through ground glass joints. Routine 

laboratory equiPment is used for titration. 

Appro~imarely 100 g of samples weighed with a precision of 0.1 g are 

added to the 1000 ml boiling flask. 600 ml of toluene are then added. The 

perforated head is put on the flask in the heating nest and fi~ed. The 

toluene used must ne free of water. 

Distilled water (1000 nlJ JS poured into rhe ht!d Jn such a way rhar 

;rs :evel is aoout 2 rm belo~ the trough's mourh. Both cooler dnd absorPtlon 
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equi~•ent Jre then connected. Everything is fited well !~ the stan1 and the 

d1stilled ~ater ilOO •11 is poured into receiver in order ta absorb the 

volatile for•aldehyde. 

The heating is then switched on to a such intensity that the toluene 

recycling starts after 20-JO •inutes. ;1hich corresponds to a distillation rate 

of ;o !/•in. The beginning of perforation is ~easured fro• the first toluene 

recycling. It is necessary to keep the toluene recycling constant during the 

perfcratian. Water •ust not enter the recycling flask. 

After two hours of perforation, the heating is s~itched off and the 

receiver 1s put aside. After cooling at 20°c. the ;1ater fro• perforator is 

d1scharged through the cock to a 2000 al volu•etric flask and separated fros 

the toluene. The apparatus is washed twice with distrilled water i200 •lJ, 

which, coabined with water fro• the receiver, is added to the volu•etric 

flask. The latter is filled with distilled 111ater to 2000 al. Thus. ti'1e 

solution of forsaldehyde is prepared for che•ical analysis. 

It is necessary to perfor• a olanc test, i.e. to use pure toluene to 

test unglued particles. 

Foraaldehyde is Ofidized in an alkaline aediu• with an excess of iodine 

to foraic acid. The iodine that has not been consuaed is titrated with sodium 

thiosulphate. Compounds ofidized with iodine •ust not be present (ethanol, 

acetone, etc.). 

Procedure: 

From the volumetric flask (200 mlJ, 100 al of sample are pipetted to 

the Erlenmayer flask (JOO ml). A 0.01 N solution of iodine (50 mlJ and I ff 

NaOH (20 mlJ are added and the solurion is allowed to stand in dark for 15 

minutes, 10 ml of H2S0 4 (1:1) are then added with the liberation of unreacted 

iodine, which is titrated with 0.01 N Na2S03 using starch as the indicator. 

In the same way the blanc determinat1on is performed, but i~stead of a 

sample. 100 •l of distilled water are applied. 

The perforator value is determined in percent with respect. tot he 

weight of absolute dry board and can be calculated using th~ following 

1Muat1on: 
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o.oo:; U:i-3.J . ilOO ,. v) 
p = ----------- i :J 

c i..v = weight of sa•ple tested before the test jg} 

t: = consu•pt1on of 0.01 N Na2S03 for blanc deteraination i .v 
a = consu•ption of 0.01 N Na2S03 fer the esti•ation i•lJ 

v = sa•ple •oisture i!) 

The sa•ple •aisture can be calculated fro• the equation: 
G - G 

v = v Q • l 00 (:) 

Gv = weight of undried sa•ple (gj 

G0 = weight of dried sa•ple (g) 

Go 

Note: One deter•ination is sufficient for the routine inner tests. The 

individual values in two fold deter•ination •ay differ fro• one another 

absolutely by 0.005 percent. Results should not deviate by •ore than 

10 percent with respect to the higher value, otherwise a thrid 

deter•ination is necessary. 

" 
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AHNf':< XI 

1. Holz als Roh- und Werkstoff 
(aJ Springer-Verlag, Heidelberger Platz 3 

D-1000 Berlin JJ, Federal Republic of Ger•any 
Tel.: OJ0i8207-l, Tele.r: 183JH 

iD.l •b lfedia Brains Inc. 
Nakagin Bldg, 1-5-18, 11eguro 
Heguro-ku, fokyo lSJ, Japan 
Cable Address: 11£DBRA JAPAN 
Tel.: 03/HJp5871, Tele.r: 24tfo049 

2. Holz-Forschung 
Verlag Walter de 6rurter & Co., Genthiner Strasse 13 
D-1000 Berlin JO, Federal Republic of Ger•any 
Tel.: OJOi260050, Tele.r: 1~~4027 

J. HOB - Die Holzbearbei tung 
A.G.T. Verlag fhu• G.•.b.H., Tinacher Strasse J4 
Postfach 109, D-7140 Ludwigsburg/Wuertt., Federal Republic of Germany 
Tel: (07141.l JJ04o-J3047; Tele.r: 7264853 

4. Wood and Wood Products 
(aj Digo Hong 

Hong Industrial Co. Ltd. 
J Fl., No. 77 Ai-Kua East Road. 
P.O.Box 2-240 
Taipei, Province of Taiwan 
Tel.: (02) J212J24, J944189 
Cable address: HONG Taipei 
Telex: 27JS7 FARFAR attn DIGO 

(b) Japan 
Hiruki Hireya111a 
£115. Inc. 
Saga11i Bldg. 
4-2-21, Shinjuku 
Shinjuku-ku, Tokyo 160 
Japan 
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ANNEX XII 

Seeinar 

The seeinar in question was organized by SIRI and the Guandong Society 

of Cane 5ugar Technologists. 

a.m. 

p. ID. 

The lecture covered the world's state-of-the-art in the field of 

productin and develop•ent of particle board and fibreboard from 

bagasse, the manufacturing quality in comparison with usual particle 

board, standards being applied, optimum domains of utilization and 

•ethods of evaluating particle board and fibreboard production from the 

point of view of up-to-date technology and 11achinery and equipment. 

Further detailed information was given concerning the particular 

methods of manufacturing particle board in multi-opening presses, in 

continual processing thin particle boards by the nende syst~m. and 

finally on the production of HDF. 

Panel discussion referring to all the sphere of production 

of agglomerated materials. 

Some of the main questions analyzed were: 

Hethods of bagasse storage, and possibilities of protecting 

the piles against weathering; 

Possibilities of depithing by the wet process; 

Influence of pith on particle boards and fibreboards: 

Hethods of dosing and mer.ering the quantir.y of resin in 

manufacturing particle board from bagasse; 

Fermentation process during storage, and its influence on 

the stored bagasse: 

Possibilities of manufacturing particle board with non 

conventlonal binders (ln view of particular patents and 

informar.ion.>; 

?ossioiliry of eliminatJng bagasse lea~ing from the upper 

feeder screw of tne defibrator in manufacturlng fJbreboar1s Dt 

tne wet process; 

• 
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Causes of sharp fibre eilling in manufacturing fiore~odrJs 

bY the wet processing: 

Possibilities of manufacturing ffDF from bagasse and 

potential fields of its utilization: 

Hu•idity of particles after drying in manufacturing 

particle boards from bagasse. 




