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1, Short desoription of the Egduotion procesgses

Wood=-wool boards are manufactured from wood-wool and a mineral binder, e.g
cement, magnesite or gypsum (1). The first product on the market wis bound with
megnesite, a mixture of magnesium chloride and magnesium oxide ("sorel-cement")
(2y 5y 6). It wes manufaoctured in 1921 by the Oesterreichisch-Amerikanische
Magnesit A.G. in Rathenthein. These "Heraklitl" boards were produced in a rather
complicated way, by sawing them from blocks. Later on, processes and aquipment
were improved considerably and cement became the predominant binder (1, 2, 1)
is a raw material, spruce was the preferred wood. Besides this, pine, poplar and
willow were used. But not all woods were suitable for this purpose, because the
oontent of sugar, tannin and other extractives showed itself to be a limiting
factor (4, 8). These are of the order of 0.15 per cent. Through‘ these substances
the setting of the cement was retarded or even inhibited. In such cases, no
ugeful bdoards oould be produced.

Flants for production of wood-wool boards are more or less mechanised (7.
In the first stage of the production line, the logs have to be cut into pieces
5 om long by normal circular and band saws or automatic cross-out ssws. From
the rolls wood-wool is planed in wood-wool machines of the horigontal or vertiocal
type. The d‘inenniom of the wood threads are standardised in the Federal Republic
of Germany by DIN 4077. For wood-wool board the normal width is 4 to 5 mm and the
lengih 500 mm. The moisture content should not exceed *¥,. With a new type of
wood~wool machine, manufactured by FPAMA, Bolsano, Italy, aad probably other firms
slsswhere too, waste wood and slabs from sevw mills can be planed.

Wood-wool type shavings from agrioultural wastes may be manufactured by
ohopping the saterial (straw, bagasse, #%0.' and then by reducing the chopped
ssterial to fine pieces. MNachinery fu: . is purpose is manufactured by
B.M. Schneider, Obersdorf/Siegcn, Pedsral Republic of Germany, and alsc by other
firms.

Prom among the different production processes, a few may be mentioned. The
sechinery of the fim SATTLUR, Kulsbach, is probably the smallest and cheapest
mmmmamlmm The aystem of KAR

_ fabl/Main, werks half sutomaticelly, aand oonsists of a large mixer with a dipptnc
Saak for the aineralisation of the wood-wool, the feeding unit for cement and the
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mixer drus. The blended mixture is discharged continously into a weighirg
machine. By means of a conveyor belt the material is automatically transpéited
to the fillinp station, where the moulds are filled to 2 high level of uniformity.
A pile of 30 filled moulds is transferred mechanically to a press with four
vertical sides to each platten, where the pile is compressed for 1 4 minutes and
clamped together, ifter the removal from the press, the pile is stored for 15 to
20 hours and the boards are separated from the moulds. The capacity of the system
is nearly 250 slabs (2000 x 500 x 25 mm) in one hour.

In the procedure of ERiEDRICH E, HIRSCH, 8081 Nrkonfeld/()bb.. the production
1ine oonsists of the ‘wood-uool lift-conveyor, the mixer, with inlets for the
mineraligation nolutién and the cement, the distributing tools, pressure rolls for
the mats, the cut-off saw, stacking platform and the hydreulic press with two or
four vertical si.('!u to each platten, The capacity of this machine for boards 15 to
75 sm thick is 2 to 6 slabs/min. The factory manufacturing the machines recosmends
this type for developing countiries, becsuse the price is low and the mechanisation

is not too complicated.

The system of GEBRUPER C\NALY, Speyer/Rhein, is fully automated and is well
known in many countries (9, 10). The manufacturing line consists of the following
Mis‘ sutomatic conveyor for the wood-wool, dipping tank for minerslisation,
wringer for pressing out superfluous solution, continuous mixer for adding oement
in exact doses, distributing station for the forminz of the mat, cut-off saw,
stacking platfors and hydraulic press. The capacitv is 2 to 5 boards per min,
with the dimensiomns 2,000 x 500 mm and thicknesses of 15 to 75 ma. Slabs with
ene, two or thres laysrs can be manufactured and 2 or 4 edges can be pressed. Por
the whole plant 4 to 5 workers are nesded as manpower, and 77 ki in total emergy.
Two wood-wool machines are needed for an output of 1,500 boards (2000 x 50 x 25 mm).
e powsr consumption nf these two mschines is 37 kW. PFor ane panel with the
dinwmaions 1,500 x 500 x 25 mm, the following raw materisls are required: 5 - 6 Mg
ocsssnt and 3.9 kg wood-wool. DBesides this, mineralisation chemiocal ocesting
. UB %0,01 i3 needed, '

The fully sutomated machine of §,J, VAN FLTSI, Vocrthuisen/Nolland, is
probauiy tha moet widely distriduved system (11, 12). The stages of smufaoture
are siailer to thoss sentioned previously. The wood-wool, weighed iz an amto~
satic wmit, is ipreguated in the sineralisation tank with diluted oaloiwm ohiovide
or sagnesium chloride (3°B6). After this, the surplus solution is pressed ocut by

-~
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rubber rollers. Thne wood-wool so preparud is blended with cement in a mixer
working continuously. By means of a dosing belt weisher, continously-moving moulds
are filled with the nixture. The moulds pass through the pre-moulder, the side
pressing discs, and the separating saw. The individual moulds are piled. Then the
piles are pressed in the piling press. A\ fork 1ift truck takes over the pile and
puts a second onto it to form a double pile of 50 moulds. ™his double pile is
pressed by concrete weights for 25 hours. DBy that time the boords are hardened.
By an edge-stressing saw the longitudinal edpes of the slabs are cut off to a
length of 2,000 mm. Then the trade mark is printed on the board.

All boards, manufactured according to the above mentioned procesges, 3ire
porous and have a epecific gravity of 0.36 to 0.57.

By the "Century-Board" -process of A, HIMENTORF, 3 non-porous cement-bound
board is manuiactured, which has 2 specific erivity of 1,05 to 1,20 (14-16), After
the inmstallatim of 1 pilot plant in “Mountiin View, California, The Flmendorf
Research Inc., Palo Alto, Califommis, gave a license to “Mitsui "umber Co., Tokyo
(13). T™e "Cantury -Board” is 3 }-ply panel with the strands of the outer plies
approximtely parallel to the long edges of the panel. The ratio of cement "to wood
is 2,100 1bs cement to 800 lbs wood by w.ight.l/
and wood trim from saw mills may be used, It is cut into flakes, which aire con-
verted to strands. In a mixing machine dry portland cement is added. 1In this
operation, the cement must be retained on the strand. Therefore, the percentage
of water in the wood is of high importance. The cement-coated strawds form a
continuous nltw an owmtim of air felting, on a succession of metal caul plates
in end-to-end contact. After compression of the mat by rollers, the cauls, each
with a mt, are stacked and pressed at pressures is high as 200 psi, to achieve the
donirved demsity of 1. to 1.2, Te mats are kept under pressure until the cement
_has set, Tor this, 12 to 16 hours are needed. The board can be force-dried with
wasm air 24 hours after forming, But preferably the slabe are air-dried by plaocing
them sdgevise, gn & raok for three to five days., The dried boards are trimmed to the
desired sise with carbide-tipped saws (14). Until now only one firm, the Mitsui
Lumber Company, Tokyo, menufictures the "Embedded Fiber Board" (Century Board).

The stwmads of wood sre 1 4 to 2 inches long, 1/32 to 3/16 inches wide and 0.0Llinehes
thiok. The three-layer board is 3 feet wide, 6 to 9 feet long and % inch thiok.

\s raw material, roundwood, slabs

y Two volunes cement t0 one volume wood,
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Most of the production is factory-painted for building exteriors. The panel
strength in resistence to bending and stiffness is 2bout the same as that of
douglas fir plywood. The production in the Mitsui mill is about one million
square feet monthly.

In the Union of Soviet Socialist Republics, according to the literature
available, two products are known: FIBROLIT and ARBORIT (17-23). Fibrolit is
made of wood shavings or wcod-wool, with 2 cement mide from 1 mineral sludge, which
is an industrial by-product. Arborit is produced from wood particles, calcium
chloride and cement. However, other formulas have been reported too. According
to Oshogin, O 4 n3 wood particles, freed from sawdust, are sosked for 4 to 6 min,
in water and then mixed for 4 to 5 min, with 0.18 t Portland cement and 0.72 kg
water—-glass (sodium silicate). The miztures in moulds 1re pressed and the surplus
water extracted by a direct current (30 V, 15 A/a?). The direction of the current
ohanges every three to four minutes. ™he specific gravity of the boards is 0.6 to
0.7, their dimensions are 3,000 x 1,200 x 20 mm (19). T™he weight of an Arborit
board is 468 kg, It seems that in the Union of Soviet Socialist Republics Arborit
42 ¢« building saterial appreciated ty architects. The first plant, ia Kasackstam,
produced 40,000 a2 per yesr of irborit from coniferous wood and Portland cement.
\coording to 2 newer Russian patent, the wood particles are first mixzed with cement,
hested to 150 to 250°C, then a blend of the remaining cement, cilcium chloride and
mter is heated to 80° and added to the hot mixture (23),

The row saterial of the NURISOL-process ( DURISOL A, R LEICETBAU
Dletikon, Switserland) consists of softwood shavings (3 to 30 ra). mt from saw
mills (24-27). They are freed from saw mill dust, mineralised, mized with cement
and soulded wnder pressure into building boards, hollow building blocks, roof-
doshn, roefing tiles eto. M, more than 20 factories operats wnder liomoss
feen Durisel A0, This fire also meaanfectures roofing boards of 4 to T & length
 amdt smterior Yoarda (2 t0 8 n) with rough-cast surfaces. Thess are ommstructed
with inledd ivrem reinforcaments. MMM&”W&;“MW
trial Wildings md storehowses.

mnmm%ummt-ngmmmnuu.m
eilatsg mverial mmm&m(a) Por this purposs, other prefucts
_ohave the markiet with Durisel, e.g. "1SOEPAN™ (\lpins Nelsindustris, Preilassing)

od “RIOEPAN" (Molsbetanbaustoffs, Krenebitter K.0., Pfaffeahofes, Tisel, Awstrla),
Similar uilding blocks ("woody oomcrete”) are 3lso utilised in the Union of Seviet
Socialist Repudlics, e.g. for the oomstruotion of one- to two- storey housas.
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2. DP:rief description of the product (wood-wool/cement board) and its uses with

gocific cmarisws of itse advantages and limitations with respect to other wood-
based raw materials (and building materiils)

Wood-wool board is 2 building material with exceptionally favourable proper-
ties (6,28,29). In order to facilitate the application of this slab, the proper-
ties have been standardized in the Federil Republic of Cermany with :he specifica-
tion DIN 1101, in Austri: with B 3465 and in Fngland with British Stinderd 1105
(Table 1). These standards fix first of all the dimensions of the slabs, the weight,
and other properties. In the Federal Republic of Germany boards, which fulfill the
quality conditions are stamped with the DIN-mark and the trade-mark of the factory.
Usually, the results of tests on the actuil panels ire 2 great deal better then
those claimed by the standards. The absorption of water by wood-wool boards is
lower than $hat of wocd. Purthermore, the absorption of wood-wool boards depends
on the mineral binder, Cement-bound board is therefore more resistant to water
than that bound with magnesite or gypsum, According to Kollmann, for 75 per cent
bumidity the equilibrium mcisture on desorption for wood wool board (u) is 6.5
per oent, but for untreited pine or spruce it is 13 per cent (30).

"he thermal conductivity of wood-wool board depends on its density. 1t is
- for the same valucs of density - 2 little lowox; than 'th t of wood. According
to DIN 1101, the thermil conductivity of wood-wool boards should be 0,08 kcal/thC.
The thermal ocomductivity, of fibre boards of the same density is lower.

The high absorption of sound of wood-wool boards is one of the most valuable
properties of these slabs. This is the reison why wood-wool boirds are used in
oonocert halls, mdic ind brorvdcasting otudiol, cinem1s, churches etc.

ad bondinag rength of wood-wool boards are interesting,
becsuss thll. pmﬂiu mfluonoo the behaviour of the boarde in building and the
 ricke umzm in transport and worksbility (stle 1, Table 2).

aitagks (31). Thess important sévantun favour this pmml 28 3 buuding ntcml.
In umid and hot sress, eo.g. the. tropios, mineral-bound light-weight wood-wool
bosrds will not be destroyed im conditions under which non-preserved wood would

1
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As mentioned in Chipter 1, "Embedded Fibre Joird" (Century-Boird) by Elmendorf
is non-purous. Therefore, some properties aire different from those of porous
wood-wool board., Thus, the specific gravity of Century Bowrd is 1.05 to 1.20.
Other properties miy be compired with those of plywood, gypsum boird and insulation
board (Table 2).

ﬁble 2, Comparison of "Dmbedded fibrc Loird” nd other pinels
Modulus of elasticity and modulus of rupture

Modulus of el-sticity Yodulu- of rupture
pei psi
Panels strong wiy weak way strong w1y We ik way
4" Babedded fibre 950,000 300, 000 3,300 2,00
board ; .
#” S-ply-Touglis 920,000 400,000 6,850 5,500
% fir ﬂpood
#" Gypsum board 370,000 135,000 860 340
sheathing
4" Insulation bord 45,000 37,000 340 290

Iable J, Comparison of "Embedded fibre board" and other pinels
kpaa-ia, and witer ibsorption fter 24 hrs. immersicn in water (14-16)

gion <

spec. water 1bs. length width thicknes

#" Inbedded fibre 1.18 21.4 3 0.14 0.20 3.11

3/8" 3-ply Douglis 0.66 24,0 | 0.18 0.38 4.63

5/8" 5-ply Douglas 0,51  40.0 0.2  0.40 4.23
" fir plywood

The nailability as well s the resistince of Centusy board minst fire ..ad
termiten are said to be excsllent., Most convincing was the weather rilinmoc
test, Buch tests have been iu progress for 1bout 15 years with diffsrent specisens.
An unpainted board, having a1 cement t0 wood ratio of about 31 1, after ten years
in the weather, showed 2 noticeablo roughening of the wood particles of the sur-
face, similar to the behaviour of wood. But there was no reil disintegrition of
the board. The painted Century-boards showed, fter 8 years of noml weathering,
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no disintegrition nor surface pitting. So, Century-board may be used 28 mn
exterior building miteriil, One reison for the success of wood wool boards is the

exsy workability. They cin be sawn, bored and nailed.

Some properties of the hardened Nurisol material are:

specific gravity 0.5 - 0.60

bending strength 9 - 12 kg/om®

compression strength 12 - 23 lq",/cm2

modulus of elasticity 2bout 3000 kg/c\lz

shrinking " upto 1 with fresh material

_ 0.4 7 with stored material
Other broportie- are similar to those of cement bound wood-wool boards.

The use of cement bound wood-wool boards, building blocks and oclements depends
on the 1bove-mentioned properties. 11l cement bound products ire used in house
building, e.g. for house walls, exterior as well as interior. Boards may be
fastened with galvanized n1ils on wooden frimes. A new type is the "Coated
goporete wall" ("Nantelbeton") (32). This is 1 three-layer wall oomsisting of &
osntral cencrete core nd wood-wool boards om both sides. During the btuilding the
oo&ehﬁ is poured in the space between the two boards. In this wyy, appart-
sent houses can be constructed in 1 very simple way. Another chesp wnd simple
methed of wall construction can be praicticed with NDurisol hollde Building blooks.
They are put together and concrete is poured as 1 core into t!nn cavities of the
blooks. Durisol oitur_ior boards 2 x 8 m are ah ideal building material for the
walls of industrial buildings, store-houses etc, ™he building elements are

fagtened to iron frames. Wood-wool boards can also be used for roofing, ceilings,
flooring, building of girases, pavillioms etc. If advisable, the surface may be

plastered or painted.

Because of the high insulation properties of cement bound wood-wool boards,
they sre used in cold aress agrinst the cold and in the tropics againet the heas,
Por sxwaple, in India, factories, hospitals, airfield buildings, schools etc. have
roofs constructed with boards 10 om thick, In this way the radiation heat of the
sun is abeorbed and the olimatising units operate more economiocally. This
favourmble effect wis chieved in 3 milding utilising Durisol boards in Mereoce,
where 40 per oent of the energy consumed for olimtising was saved.
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3. Enumeration of the potentiil row mnteriils of agricultural origin nd other

non-wood ligno-cellulosic materiils, that can be used in the processes enumeérited

above
L ]

The role of wood-wool or wood shavings in cement bound boards nd building
blocks is to lower the specific grivity nd to give strength to the material.
Chemically, wood is lignocelluloee. Tut, besides wood, other fibrous plint miterial
too is of limocellulosic nture {33 34). ™herefore it is obvious thit such piant
myterial could be used instend of wood for cement bound boirds. Such miteria}
exists in abundwnt quantities in the form of agriculturl residues, c.g.

wheit-, rye- wnd ort-straw
rico strmw

cotton stilks

corn stilks

sugar-cine bagisse
flx

hemp

baaboo

sisal

rice hulls

kenaf fibre

oom cobs

quinine stems

peanut shells

esparto grass

coconut fibres

date palm fibres, eto.

Bome of these riw materiale may be of inteiest for the production of cement
bound boards, others not. In gsnersl, the use of agricultural residues is
. oenmeoted with technicnrl and ecomomio difficulties. Pirst of 111, the waste ma-
tordal Bas 10 be collected during the harvest, which means that large amounts of
perishable material have to be stored for the whole year. ‘nother disadvantage is
the fact that the waste material is often produced in small scattered Areas, 80
that the collection and transport is not economic, On the other hand, in areas
where the cultivation of certiin crops is dominant, agricultural residue can be
interesting for the manufaoture of oement bound boirds. Therefore, the above
saumerated waste materials shall be examined with regard to their usefulness.




Cereal piraw (wheat, rye, ont) .

e miin straw-producing ireas, where board production could be p’mctio&bli,
are Buropean countries (France, Germany, Oreece, Holland, Hungary, Italy, 8pain,
Union of Soviet Socialist Republics) and North America (United States and Canwda).
The world production of straw is tremendous: 600 million tmn/year. Prom this
asount 350 million tons iro wkeat straw., Western Europe produces 80 milliom tons
annually.

Rice strav

Rice straw is mainly produced in Southerm Durope, United Arab Republio, South
Americs, %astew isia (China, Jipin) and South-East Asis (Burma, India, Indoohina,
Indonesia, Thailand), For every tom of rice, about 1.5 tons of rice straw is pro-
duoed 3s 2 by-product. In South-East Asin, the harvest may be 80 million tons of
rice straw, WNostly it is used for agricultural purposas, e.g. cattle fodder.

Rice hulls

Tt seems that this by-product of rice cultivition is svailable only over a
small ares,

These residues may be 1 valuable raw materiil in the United States, Cansda snéd
some Latin American and Buropean countries.

Rlax

A1l flax in the world comes from the plwnt Linum usitatissimum L. of which
several species are kmowm, It is produced everywhere in the rorthem hemisphere,
in the girdle from North Afrion, isia Minor to Indis and 3lso in South Amerios aad
tustralia, In Burope and the Union of Boviet Socialist Republics the fidres are
the main product, but in {ropical wnd semi-tropical oountries it is the lineeed oil.
The production of different countries is sumsarised in Table 4.

This fibre plant (Cannabis sativa L.) grows in the trepios as well as in
teaperate somes. Usually it is cultivated in aress with a low income level.
Besides fibres, oil from the seed is produced. A prodlematic Wy-produot is the
aarootic haschisch or mirijuma. The real raw material for boards is - similar te
flax - the non-fibrous part. The world preduction of hemp waste is summarised
in Table 5. o
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Iable 4, World production of linseed oil and flax 1964/65 {35)

1000 metric tons
linseed Plax

Brasil 54
MNexioco

Southeastr South \merioca
Southwesterm South ‘merica

Latia America

Suﬁ Africa
North \frion

Africa

et ‘ain

} Jvpwm

Near Bast -

i South \eiy
Bouthwest \sir

Asin 4

| Burope (inclutes murkey)

North \merica 620
Paoific Ares _ 106
Union of Soviet Bocislist Republies 448

| ¥orld 2,9
Tabie 9, Production of hemp wrste 1964/65 (35)

Barope + Turkey. (™urkey 36 in 1,000 setric tons)

| South Asia as

‘Baat \sis 2

Japan -k

Asis ) a2

These figures \re derived She rseusption that 1 tom of fibres yields 3.8 toms
of h waste,
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Cotton stalks

Most species of cotton ire wmnual with plnts of 1 to 2.5 m in height but
some 1re perenniil. Cotton oan be oultivated in +rens with wn werage annual
temperiture of 20 to 302, ™he production of cotton stilks is given in Table 6.
Tt should be noted, however, thit in mwny cotton-producing countries lsgislation
exists whioh oblires the fairmers to bum the cotton stilks ifter the harvest so
a8 to reduce the likelihood of insect itticks on the next orop. 1In these coun-
tries rw miterial would not be wailable,

Sugar-cme brssge

This materii]l is the fibrous bv-product of sugir manufacture from sugsar cane
(8sccharum officinirum '..). ™his important "eress” grows in the tropios wad sub-
tropics. The stem of the plwnt is nearly 5 cm thick wnd up to 8 m high. Inside,
the plwt is solid \nd not hollow like some other grisses. Vresh sugar owe
ooptains 75 per cent water, 1) per cent sugar, 11 per cent fibres, 1 per ceat
i other substiwnces. The surfice of the stem is coited with wax. The ish ocontent
of bagrese is 1,7 to 2.5 per cent, The chemical composition of the cell wall is
similar to that of wood: ocellulose 46 per cent, lignin 2) per cent, hemicelluloses
26 per oent, rest 5 per oent. \nitomicilly bagrses contrins 40 « 95 per oeat
bark, 15 - 35 por emmt sclerenctyn wd 20 -~ 35 per ot parenchym., The productien
of bagasee is summarised in Table 7,

Bl i S

The sugr cwie is brought to the mill with 1 water content of about 70 per
oent. It is crushed, squeesed \nd washed, to remove the sugar juice. The residual
bagusese oontiine 50 per cent water wnd 1 to 2 per cent sugar., The bulk of the
bagasee (pproximately 65 per cent to 75 per cent) is used s fusl. 8o, oaly a
part of the daxsse is available for the mwufscture of boards wad pulp., Mresh
dagasse hrs 1 oslorif.c vilue of 1600 to 1700 koal/ke. If it is substituted by
my other fusl more of this valuable by-product can be used. Mut it has to be
ssntioned that the pulp- industiry is 1 stramg rival for ite eventusl uve,

) . N — Pa— . s
Bawnboo is 3 grass with soveral gemera wmd species (170 in Indis wd 70 4a

Amsrica). From the peremmisl rects, the stem grows to its full sise (v high o8
40 = with mzisun diwmeters of 30 on) in 7 to 10 yeams.
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Table 6, Dispossl of cotton stalks 1964/65, in 1000 metric tons (36)

Burope wnd Turkey 1,378
Union of Boviet Booialist Repudlios 4,9%0
North \merica —
Brasil 1,623

Caribbomn Islmds 3

Omtral Americs 820

Nexioo 1,521

Northera South \nerica . 282

Seuthesatom Bouth \merics 4)

Southwestem South Amerion -1

atin \meviocy . 9020
stem Africe 916

Borth Afrion 1,405

Southern Africe 30

et fvica -l

Afrion . . , 2,75
Arebiw Peniasula ”n
“Eastesm Asta 3

Wditorrancen ssee 90

Pacific aves 4

Senth Asis Q L 3,m

Seuthonst Asia, omntiammtal 184

Seuthonst isia, insuler -~

Senthuesteoms Asta il

,&l!@mmﬁm&:*m&%lm#%“u
5:79 ‘s of sstten stalke.,

| ]
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Table 7. Disposil of sugar o= ¥ basmsee in 1965/66 (37)
in 1,000 mt. in 2+ . .d state

Brasil 5,822
Caribbean Islands 8,615
Central ‘merica 752
Mexico 2,522
Northem South \merioa 1,651
Southeisterm South ‘merich 1,630
Southwestemn South ‘merica 1,108
Latin ‘merion ' 28,106
Bast \sia 1,465
Japan ' 104
Pacific ares 2,19
South Asia 5,196
Southeast ‘sia, contineatal 408
Southesst ‘ais, insular 2,612
Southwest \sia o ﬂ
1ais and Pacific \res 12,514
Bastem \frica 2,111
Fortham \frica ; 43
Southem Afrios 3 1,285
United States (imol, Baml) - ' Jadd

1.2 toms of aganes, in 3 dried state

R ———
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In India, the wnuil growth of bunboo is ibout 2 t/ha (+ir dried), 1In
other countries the potential annual vield is much higher (e.g. Pakistan,
7 t/h2), while in others it is still very low (e.g. in the Republic of
Viet-Nam it is only 0.2 t), Bamboo is 1 valuibls trditior:l miteriil for
house building. Besides this, in some countries, it is the sole indigenous
supplier of long fibres for the paper industry. Therefore it miy be doubtful
whether bamboo will be awailable a8 1 rw miterial for cemeant bound boards.
The bamboo resources in \sii nd the Pir East 1re summarized in Tible 8,

tuml residues, such 1s bwana stilks, coconut fibres, peanut

shells, eto, may be of more local importance.

This survey enumerites ~gricultural residues which could be used s 2
™ material for cement bound boards and building blocks. Whether they 1re
actuslly used for this purpose depends on different presumptions, such s the
suitability of the waste fibre miterial, the price of the residue wmd finally
on the proocessing wnd mirket possibilities. Countries with no or insufficient
wvood resources, but with a high production of bigisse 1nd other wastss, should
be able to produce building material on this bage. These are Cub:, India awnd
the Madted Asab Bepublie. The mmmufacture of suoh building boards and blooks
is s potential industry for the low income level Northeist region of Brasil
vhete sugar cane is the predominant orop.

"It e very difficult to quote definite prices for the waste materials,

ma oould serve as 1 comparison for wood prioces, boomo oonditione vary in
different sreas,

" ™he w aufacture of cement bound boards and building blocks is a rather
ycung industyy. In spite of the fact that the firet wood-wool board, bound
with cement, wae on the market in 1928, the real development of this produot
mly began after the last war, Faturally, wood became the most favoured raw
saterial. Bat, coossiontlly, agricultural waste material was used or tested
for the same purpese (Table 9).
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Tble 2. Processes for the minufacture of cement bound hoirds from rricultural
wastes 1nd other residues

Nime Year Wiste miterial and process Literiture
T. Nishi 1925 frice husks + lime + cement 44
. Hirsohfeld 1929 | bisasse, roods espirto grise
ban Hsm, coE. seweed
Heat, + glue, + cement, + pressure 45
1937 {peat, straw, etc, 46

T, B, Tt FW-T___T_WEWM T3

6 Yy + COBent 1

hemp, flax + inorganic dditive
+ cement, smple density 0,750 A8

l rice hulls, for building blocks 49
. - striw A, reeds, cork Tuce
%!ui EatEr; E
J? + lime + cement 42
r

Pwtory in Nolssinden 1948 At wd fir cones + sawdust
-gﬁod, minerilized + cement

ﬁ. F. Berudet ﬁ952 baris 8, strw, soaked
in loEutIm of diutﬁy‘na +
L urei, then + mignesite 51
T. 8akai 1954 | board with 3 liyers. %iddle laver:
p_gb__t_:_g fibres + inors., fibres
+ oebemt 5¢

LFS?. Arkai, A\, Miredi amd T JTwute of '.rteai-h(&-bmp
conen

P, Takios 1957 | + Calcium chloride + 53
i.r. L. '‘qeles 950 | reeds + lime + cement Y )
MITer At ) ERLIL A10Tus SRISFTEE

N, Pighaan 1958 1 T (cement + saoi:an) 55
G, P. Bourlin 1957 %n + Calcium chioride
cate + oement 56

G. P, Bourlin : coconut fibre et 1
Versiorete Industries 1966 | extraction o ibitor

sodium hydroxyde, drying, + cement 57
. B. Chittenden wnd rice hulls + cement tullding bricks 58 ‘[
L, Jo Mawe 1968 %

' new development in Cubas +

cement = new building product for the

future 59
Oebr. Canali, Speyer 1970 ] bagasse + pre-treatment 60

+ cement product = *“VELOX Bagasese Board"

—
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In Sweden strw boirds ("Stramit") were manufactured without binder, but with
two outer liyers of kr-ft piper (39-41). “fter the lvst war, similar boards with
witer-gliss were produced in Germany, The first cement bound boird from straw is
s1id to have been m.aufactured in the Baltic. Nothing is known ibout the quality _
of this product. Wore reccent experiments have proved that straw in its natural
state will not yield good boards, because straw has 1 surfice layer of wax whioch
inhibits the adhesion of cement. Therefore straw has to be reduced to finer
particles or pieces. These, after mineralization, mixing with cement and moulding
under pressure give boards of 1 sufficienily good quility. However, the opinion
of diffevent fimms on this point is contradictory. It seems that some factories
have sueceeded in processing boards of a good quality from wheat and rice siraw,
whereas others did not. ‘ccording to a patent held by P, inft, rice straw has to
be mineralised with lime before it is mixed with cement (42). -

\ raw material of high interest is bagasge. 1Tn 1937, J. 7. Britton proposed

in 2 patent (43), to mix the components iccording to the following formula:
| ounces
Water 20
Bagsse - |
¥agnesium oxide 8
Magnesium chloride 8
Olue ‘ 1/8

Then the mixture is whipped ind enriched with unpurified air, ihus largely
tnouuipg its volume. ‘fter pouring into suitable moulds, panels nd tiles
aro produced. MILLER wnd FISHW'N proposed adding to the prepared bagasse first
lime, then possolwn 1nd finally the cemont. The remowal of pith from the
bagasee, e.g. by soreening or sir classifying, inbreases the strength of the
bosrds. % lighi-weight concrete roof slab can be'made in the following way. 1In
a mixer of 14 cu.ft. the miterinls mt;gneq,ﬁémﬁder are mixed:

-« -

Portland cement 4750 1be
*~ Cilofum ohloride - - 410 1te
‘ ..., Prosh, shredded bagusse 2375 1bs, dry baste

Possolwr 1890 1bs
Wter, 1o give oonsistency '
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The mixture is transported to 1 feed hopper nd from there to the timpine
wd moulding stition. T™he moulds contiinine the products ~re heated in 1 curing
room for 14 hours 1t 120 to 150°W wnd mi be 3wm 1o the desired sizes (55).

Some frctories hive report:d, th-t experiments with biriesc awe disippointing
resul$s, beciuse the coment did not band. It is aupposed thit the bigisse, in
such cases, still contiined sm1ll mounts of surir, which is 1 strong inhibitor
of cement setting, Therefore, the bigiese should be frece from susir, This cn
be effected either by fermentition during out-door storige, or bv washing.

Until now, no industrial production of coment bound bigiase boirde is kmown.
However, in the neir future the first mills will start operitions in this field,
Based on fivourable experiments, (ub:r intends to manufacture building material
of the type bagisse-cement on 1 broad scile (59). Tn Mexico, 1 new fictory for
osmentt bound bizisse boards will be built by 1 ferman michinery miwnuficturing
fira, * owmple of the boird, which will be manuficturcd ("VELOX-B\GASSE BORD")
had the specific gravity 0.65. ™hat, in principle, the production of boairds
from agriculturil residues is possible, hw been proved by 1 firm which is
engrged in this field (60). The results of the experiments in this comp\ny 1re
summarised in Table 10. They ire in iccordince with those of A Terawn minu-
facturer of machinery for such borrds. ™his firm sttes that it is possible to
produce cement bound boirds from bigrase, cotton st1lks, reeds, rice straw ind
rios hulls, In England, Thittenden wnd Wlwwe have made lisht-weight concrete
brické 6f good quiTity from ride hulls (58). * brick with the dincrsions
230 £ 113 x 58 mm had the specific weight of 0.97.
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Table 10, Suitability of griculturil roeidues for cement bound building

boirde (results of 1 fermin michinerv firm) (60)

‘gricultural wastc Scile of 1 Suitibility with- Suitability with
gxperiment cut pre-treitment pre-~treitment

Cotton stilks I +boritory not suitable suitable
Semitechnicnl
machnical

Peanut shells L.aboritory not suitaible suitable
Remitechnical

Flax wste .abormtory suitible
Heap whste T ibortory suitble

Coconut fibres
and moal I 1boritory suitable

Corn, stilks
and lewes - "~ Labor:tory suitble

Rice hulle Labomtory partially suitable
Semitechnical suit1ible

Reeds Laibortory partially
suitible suitidble

Wheat strawe Technical not suitable suitable, with
ressrvations

Sugar cane bagansse Technical not suitable suitable, with

reservations
AR e )

L/ Scarle of experiments:
1) Laboratory means: experiments with small specimens only;
2) Semi-technical mewns: oxporiments with building olements
J) Techmical means: experiments on n industrial soale,

‘s alrevdy mnintioned, no commercinl ocemeat bound boards or building blocks
wsde from agriculturml waste ire -t preseat on the market, but we Wmow from
Mbomtony, semi-techmic:l and industrial scile tests that the boards from cement
Wl agrioultural residues have nearly the swee properties us those mwle frem
wood-wool, e.g.

1. the boirds can be produced in nearly 3ll desirved, prectiesl si8e8,

with the npecific gravity of woody
2, the pwnels cwa be sawm, bored and nailed like wood)
J» thay oan be painted and plastered;
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4. they ire firo-proof;

5. they 1re resistint to fungi and termites;
6. they are sound-- wnd vibration-proof;

7. the shrinkige is very lowj

8. their thermil conductivity is low;

9. the boirds re rain-proof,

Therefore, such products re well-suited building mitoriils for exterior
and interior whlls, ceilings, floors and roofs. But, in tropical countries,
insects may profer tho fine hollows of the perous bord 1s nests, In such
oases the board should be plastered.

\ocording to the type of building miterinl, the spocific grivity my vary
widely. ™hus the "VELOX-Bagsse Roird” referred to ibove his  specific gravity
of 0,65 and the light-weight rice hull brick of the Tropical Products Institute
0.95. Wller wd Pishmin quote (55) that the spocific arivity of thuir boird oan
be viried between 0.64 wnd 1.6. Boirds with higher doneity (like tho "Century
BoaM" of Elmendorf which has 1 specific grvity of 1.05 to 1.20) my preforibly
be used for exterior cm-trgeﬂm.

The suitability of cement dound doirds from 1gricul tural residucs 1lso
depends on the shipe wnd length of the igriculturil waste. Long particlos give,
in gemeral, better quality than small, shell picces. The values for the mechani-
oal properties of boards manufictured from wgricultural wiste should correspond
10 the acoepted standards, o.g. DIN 1101, Rowever, under certiin locil ciroum-
stunces deviations may be tolerated,

T™he process for the manufrcture of osment bound bo-rds is, beginning with
the simer, for wood-weol wad iarioultursl residie nesrly identioil. 1 factory
which intends to chwnge from wood to agrioulturil waste 1s rw miterial, has,
theselore, to modify the firet stepe of the process:

Mrvesting)

trwmaporsy

storiagy

tefuvtion of the waste $0 finer pieces;

depithing (of Yagrese), if necessary, Wy screening or air seprration,
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With regard to harvesting, transport and storing, the experience of the
pulp and chip-borrd industry miy be uscful, Tr-nsportation and storing are
severe economic problems, but the storing is, in ddition :leo sometimes 2

biologicil ono, e.#. with bagnsse (61).

Bagisse from the older, conventional sugar mills is coirse wnd mixed with
irregular, large stem pieces. n thc other hwnd, uniform fine bagisse is
delivered from the modern mills, which operate according to 1 diffusion principle,
This difference miy be the reison why some fictories get cement bound boards of
good quility (with bagasse from modern mille) ind others boards of bid quility
(with bagasse from old mills).

While stering bigasse, tho fermentation process should be directed in such
wiy that the sugar residue disappears, but that the plant material does not
deteriorte, 't present it is not possible to give firm recommendations for the
production line between the storige pile and the mixer, because s yet not a
single plaat for cement bound boirds from agricultural waste has been built,
Perbaps, instead of wood-wool maohines, the following equipment is necessary:

Pre-press for baling bagasse;

8torge facilities;

Bale opener}

Shredder for desintegration of large particless

Depithing unit, '

The prics for these modifiortions is compensated by the costs for all the
swhinery not needed for wood-wool manuficture, The modifications for other
agricultuml residucs myy be anslogous. It is still mmoertain whether the
atevage pile should be preserved, e.g. with boric acid, nickel salts or
fungioidal g,

Wood-wool bosrds are mwmufiotured with gypsum, magnesite or cenent 8 the
inorgwmic dinder (4,8). Prom these, gypsum oamnot be used for exterior boards.
Acoording to Kollswmn, the bending streagth of minerelised light-weight besrds
doponds on the relstive humidity of the air, and shie dependence is diffesent
for different bdinders. Wood-wool boards with cememt 38 the binder have the
lovest seneitivity, those with gypeum the highsst wnd the boards with sagnestite
a8 the bindiag ‘gent have values betwesn those of the two mentioned boasds
(Tadble 11),
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Table 11, Bending strength of mineral bound wood-wool boird mnd its
dependence upon the relitive humidity:/ (66)

Relative Bending strength (kp/cm‘?)
humidity

< cement magneeite gypsum
P 26 20 21
10 24 20 19
95 23 15 12

.
-j The figures have been derived from curves.
On the other hind, cement cnuses 1 certrin brittleness of the boirds.

The development of the wood-wool board industry during the last two decrdes
demonstrites convincingly that portland cement is the most suitable binder, 411
faots favour cement: it is cheap, of high quality aud wailable in 111 countries.

The cemsat should be of rapid setting quility to enible 1 short working
time in the process wnd to ivoid technicil bottlenecks. Unfortunately the
setting of the binder is often strongly influenced by plant extractives, e.g,
sugare, tannins and heaicellulose nd 1lso by sugar residue in bagasse. To
overcome such difficulties, cement is "minerelised" with calcium hydroxide,
osloium ohloride, magmesium ohloride, sodium silicite or cement milk, Some
of these additives give undersirable side effects. Thus, all chlorides fivour
rust formation en dron; sedium wilieate, decause of its alkaline reaction,
dstoriorates the wood and plant particles and it makes the boards ‘brittle.
Therofore other salts have deen proposed, s.g. ilum, ferro-sulfste, thio-sulfate
oo,

Por improving the hydrophobic natuie of wood, soups, bitusen, asphalt sad
emlsions of paraffin ave sdded.

7

Of course, the cptimum water : cement mtioy tho sdditives wnd the ommdi-
ﬂﬁu have to be determined for each wwltml waste., In some cases the
aatural cement settiang inhiditors are so stromg that the minemiisation is
without effect. In such o3es water extriction myy be sucoessful. For the
malysis of the iahiditing effect in fidrous material the deternination of the
Mpdratsion heat asy be useful (63, 67)..
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7. Measures of quility coatrol wnd process control needed 1t various stiges

of production

Cement bound boairds ire buildingmaterials which 1re stwndnrdized, Guarantees

require control, so that the product is wiilable 1t 111 times in the same
quility. In the manufacture of cement bound boird control is necessary for:

Raw & 1lsi
agriculturtnl waste:
water nd sugar content,
temperature in the pile
aftor shredding: particle soreen
analysis, presence of cement inhibitors
cement: uniformity, setting
additivess uniformity
LIsgase: wniformity of the mixture (sgricultural residue,
cement, minerlising igent) '
wmiformity of mit fomming

Pnsiushi specific grvity
dissnsions

wight of board
. bending streagth
compressidbility

e production of cement boumd boards from agricultural waste is 3 simple
process. Nevertheless it is infeoted with difficulties, cwused ly irregulari-
ties of the rw materinis, Changing to wother type of sgricultural residue or
ovan %0 Wood oftan necessitates epecial pre-trertments and sineralising methods.
In such situstions, the factory maniger has to decide very quickly, in oxder to
wold the break-down of the production. ! kay techmioim should have Imowiedge
of comsnt tecmology, sachinery, testing of boards and the wse of boarde and
Mollow bloocks in house building. The best way to become faniliar with swsh
problems is to work for a certain time in a foreigm factory opereting in the
same fisld, lNere the techmiciwn will leam the know-how he nesds. This

pendation is especinlly importagt for developiag oountries, IS is Wil
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they had no skilled key technicine., This could be ivoided if the selection of
key techniciins had first priority,

9. Trends in future development of this industry (iutomition, new processes,
goondmics of scale, étc.)

The technicil processes for the manufacture of cement bound light-weight
boards are well developed. 't least two systems, those of Can1li and Van Elten

are extensively utomated,. .It seems thit no surprising new developments in
this field hive to be expected, Conceming new products, the use for pre-
Pabricated houses is becoming more wnd more interesting. Large construction
e enents of 8 m length are manufactured for the wills of fictories nd hills.
Some boards of standard sise ire constructed s three-layer boards with a
central layer of porous pnlystyrol plastic.

The economic siturtion in some countries is different. In the Pedertl
Republic of .Gerwwy, the lexding producer of wond wool-boasds production is
éeclining (Table 12), This development is caused by the fact th-t more and
more other products are penetriting the market, (these ire sbestos cement
boards, ohip borrd, mineral fibreboard (made from the mineral adabas,) synthetic
beards from polyurethane (e.g. "Herathan" of Deutsche Heriklith %.0.), fibre
g1:a8 boirds and mts etc. Instend of cement bound wood shape blocks, similar
blocks of porous cement (e.g. "Ytong") ire being used on 1 large scale for
house building. For comparison, the prices of different boards are summarised
in Tadble 13,

Tabls )2, Preduction of wood-wool board in the Federal Republic of Gereemy

Year . - w11, o Year Nill, n°
w5 21.13 o 1958 3.54
19% 21.%0 19%9 3.38
1993 - 23N 1960 © o 38.22
1954 3.9 ' .

199 8.0 1963 C 40.76
199 5.00 1966 : 38.80
im NN 1967 33.64

Soures: Oesmsn \ssoedation for Light-weight Boards,
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Table 13. Prices of different boards which compete with the cement bound

light-weight bo rd (Federal Republic of fermany) (1970)

Type of board . m m2

Btermit, 4 mm thickness 3.64

Chipboard, urea resin, 8 mm 4.15

Chipbo~rd, phenol resin, 8 mm 530

Qypsum board, 9 4 mm 3.25

Board from polyurethane plistic,

25 mm, surface: . pivgnited paper 6.80

Cement bound wood wool board,

25 mm 3.2%

Wood wool board, 25 mm, magnesit bound 3.95

nIgowand"- Board: polyurethine 43.5% in qu'mtitiu from 100 to 1%0 n
foam, on both surfaces metal sheets, 36.15 in quantities of more than
painted 8,000 m2

Cement wood-wool boards are manufactured in many countriss. TFor somes of them,
the capacity of this industrial branch is given in Table 14, but this list is not
complete becaruse some of the important countries are not mentioned, e.g. Japan,
Sweden, U.8.%., U.S5.8.R, etc,

There is n ocertain tendency for consclidation in the light-weight board
{ndustries. Thus in Sweden after the list war, more than 60 factories produced
cement bound board. Since then 60 factories have closed and it present only 9
mille are still in operatiome Japamn hnd 64 plants in 1969 and will have in out-
out of 505,000 m> in 1970, Besides this, there are 3 plants producing 50,000 a
(in 1970) of Durisol type products (69)., 1t seems that USSR has 3 rather high
production level of cement bound wood-wool boards, e.g. ‘rborit and Fibroliybdut
no figires are available, The total world production could be of the order of
2 million to 2.5 million a.

Cement bound light-weight boards ocould probably be mtoulting for sone
developing countries. But even if the board is cheap, there may be no market,
because the population is strongly oonservative in some 3reas and prefers the
tuilding traditions of their ancestors.

The pouibtlitt« of the new building boards have been tested in Indonesia (10).
Boards with mffieimt sechanical strength could be manufactured from Pimue L 1]

Agathis species, but not from bamboo. | comparative valculation demcnstrated that
the cement bound board could not compete with other materials (Table 15).
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Table 14, ¢aprcities of production of wood wool boards in some countries (68)
in 1000 m3 (™ = number of fictories)

mﬁpﬂﬂuﬂs

1965 : 1966 o 1967
Country v Bo~rds L Boirds w Boards
Lustrmlia 3 3.5 3 3.5 2 3.5
Belgium 9 28 8 33 8 36
Chile 1 2,5 1 25 1 2,5
Csechoslovakia 1 127.% 17 127.5 7 127.5
Franos 6 116.) 6 106. 4 6 112,5 1968:F 6,200
Ped, Rep. of Termway 59  1019.0 59 970 59 841
Guatemals 1 % 1 4.5 1 4
Jwpwm 62 270 65 310 64 370 1970:™ 64,505
Malayeia 1 3. 1 1 1 2
New 7ealwnd 1 1.6
Panaas ' 1 1 1
fwitserlmd B | T 1
Taiwvan 1 8.8
Tasilwd 1 - 1.9 1 1.8 1 1.8
Tugoslavia 93 5 20 5 16.5

iustralia, Brasil, Chini, Cuba, Denmark, Finland, Greece,
India, Ttaly, Netherlands, Norway, Spiin, Sweden, UBY,
UBAR, "Thees countries have cipacities for cement bound
wood-wool boird. Minland 1964: 157.000 ml.

) )
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Table 15, Prices of house building miteriils in Indonesiy, 1968 (70).
Rupul/m will (1 ¢ = 280 Rupies)

“aterinals Rupiu/mg
Bamboo m1t 20
me1k or other brrrvdleived wood 200 - 400
Coniferous wood ' 120 - 180
Coniferous wood, preserved 160 - 230
Etemit (loc1l production) ' ' 80
Btemit (imported) ' 350
_ Bricks ' 160
' imestone 168
Plaster 60
ocement bound wond wool boards, plistered, without
fitting 300
osment bound wood wool boards, plastered om both
sides nd niiled m wood frwme 400

04001040010

In other tropical coumtries the situation say be more fivouridle, Tests
should be mvde in all owe sumr producing countries where no industry exists w
yot, dut vhere bundwnt wmounts of bamsse would be wailible delivered ex~-aill.
Barisee his the Wvwntine over other gricultur] wistes in that ite harvesting
cost is usuilly borme by the sugair industry wnd trwmeport costs could be ainimised
4f the plaat is locited mear \ sugir mill, The boirds may be used in constructing
sohools, police stations, iministmtive buildings etc. ™he nev arterial is
especinlly useful, when large mhn of hmnu are suddenly needed, ¢,g. rfter
dissstrous earthqurkes (Wewecse, ory, W, etc.) or for reconstruction sﬁu
mi
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