WO 01/ 43931 PCT/ AUOQ 01551 TITLE: METHOD AND APPARATUS FOR EXTRUDI NG
CEMENTI TI QUS ARTI CLES TECHNI CAL FI ELD The present invention relates to
nmet hods and apparatus for extruding cenentitious 5 articles in particular
fibre r ¥@PB8Bd cement buil ding products. BACKGROUND ARFTAWPAISPE| nfor ced
cenent boards and ot her products have been widely used as materials for
walls, ceilings, roofs, floors etc: of buildings and for substitutes for
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such FRC pro tschek sheet process. Zza pi pe process,
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performed on a limted basis but it has a nunber of difficulties which

have reducBdCHNECAbAHEERI al viability. In the extrusion 15 process, the raw
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i mport ant BAGKGR{UNBIARIthat is presented to the die has an even
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processes. For exanple, cellulose fibre may be prepared by mlling to form

a mass of triopdenks pices ( see US Patent 5,047,086). This is then conbined
with the cenentitious nateri
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repeated. WO 01/43931 PCT/ AUOCO 01551
15 process, the raw materials that constitute the product are mixed together and kneaded to
form a solid that can be forced through a die to form the final shape. The material can be
subjected to high pressures at the die. In order to form a uniform product, with good
surface finish and consistent properties, it is important that the solid that is presented to
the die has an even dispersion of all its components and has good flow properties.
20 Currently in the art, there are several conventional ways in which the cementitious
solid is extruded, however, they are all based on batch mixing/kneading processes. For
example, cellulose fibre may be prepared by milling to form a mass of loose fibres ( see
US Patent 5,047,086). This is then combined with the cementitious material, lime,
silica, density modifiers, process aids etc and dry mixed thoroughly in a suitable mixer.
25  The required amount of water is then introduced and the material is kneaded in a
kneading machine until a paste of the desired consistency and uniformity is obtained.
This solid is then fed to the extrusion machine which uses one or more screw conveyors
to present the material to the die and produce the force required to push the material

through the die. The process of preparing and extruding another batch of cementitious

30 material is then repeated.



-2 Simlarly, in another exanple (US Patent 5,891,374), the fibres, whether
they be cellulose or synthetic polyners, are m xed together with the water
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kneadi ngV® 81/48He with kneading machines and solid is ¢ BGTAYOPRESEL ¢ ¢ usi on
machi ne when the desired consistency and-5 uniformty are obtai ned. The

m xi ng and kneadi ng part of the preparation is sonetines done in nmultiple

stages, where &0y, IRhARRer harh¥i PUBPAELEs 89 X914, BOHDRE VoY 1&3%‘;0 rs are

used to work and honogeni se the m x. A constant contl nuous t he
m xture is cbhdnse mpﬂhc@dpqlmtﬂs&rennxadﬁpwhmm thewater and dfspens¢d. t Themonver t

what is essentl a batch 1 ess in.t y Xing sta to, a
cont i nuous ]b‘?%f’é n‘frﬁ%‘)fg@? ?%’Elflglﬂogfug de#ﬁ? 3(“ B‘{;’P%ﬁ d%??)@’“gﬁ‘ﬁﬁ@é%g is
obvi ously Guichek Qﬁ‘cf §difel 1§ fld-to BRI ofMmaBliRe AAth fﬁ@%@gﬁﬁ%oﬁ’sﬁﬁeﬂ?%ﬁﬁ al ong
W th devices to ensure constant feed to the extruder. A true, fully

cont i nuous uynifoneissamefobfaitede cement extrusion is not known in the prior

art. There are ny. reas te, no continuous h. speed, ext rusi on
machi nes 15 h ‘%é ggaeagnpé, é’gg‘esﬁiglﬁé@coé‘ds %fgn%’é‘?%g g‘iﬁnt wiigler of
extrudi ng fihee v@@f@@&ommﬁtmlo@%ﬁmd@ﬂ ik QULAY sy @o&@g&% ald &da feedi ng of
fi berised cellul ose, the t enper at ures gener at ed t he speeds and

t or ques gernvenhted hctnyogdmwehermch i/ esystanheortingdus feart @it myxtiredathes ed

shearing, the highly abrasive nature t he cenentitious, | | ceous and
ot her such SHBRI}?F'Q ‘%e GHHERMRRNPR D 456 {Oﬂﬁtﬂ(j("?‘f‘? Aty e&?f'ﬂmf“ipé h?tﬁlﬁ capi t al

cost of ;¢h @cesszg tﬁé(@hrylh%ﬂxﬁl% sf%@lﬂé DEShtinhOuLBLRS B thé"@ﬁﬁlsfoﬂ%tagb bﬁ"ﬁe used in

fi bre-ceme%t% bui I ding " material's were preﬁ%m nantly asbesto i ssues
with k neadibla@haynpb plosgpe rssibyualy gjuio inefficiat uSeveral Askes s kivaderb etetused

di spersion retention rties than say cellulose fibres, but
when used ég) mﬁ?%‘?"é TSP Cegﬁ@ﬁ? i tg the XGHISsi tions still requi red | ess
25 extensive usepd ﬂ[ﬁ&%ﬁﬁu@s%cefﬂﬁﬂﬁé centtht brdRInlis KEQABwh n tHeGRE L, the

i
use of asbestos fibres is outlawed i n nmany countries and IS un ?lrab |l e
even in thaeste Thewerdre inasy whasoms whyso datsena eonkiegals highcspeedixugkipn npchineous

efforts in finding reinforcin fi resfor. t rudabl mentitious pastes
have coh%er]i]FY%'Pe@Bq‘é?fF?fdﬁg%‘?g f‘? IB‘?‘%%S‘&W e f?rrFxﬁ‘?ig‘lngg{aﬁ’Fea‘iemeeﬁoom ng 30
or treati ngnaﬁkﬁﬂ% DRUARBRS AR hARIIRS féequ;ggatﬁbwsedrceﬁﬁ@&ef@h@gh and wat er

retention characteristics make them suit for use I n extrusion noul di ng
w t h m ni maémpsetusk generated by the speeds and torques generated by these machines, the high

intensity localised shearing, the highly abrasive nature of the cementitious, siliceous and
other such materials common in the building industry and the high capital cost of these
20  extrusion machines.

To explain, when the fibres used in fibre-cement building materials were
predominantly asbestos, the issues with kneading and dispersion are not as acute.
Asbestos has better dispersion and water retention properties than say cellulose fibres,
but when used as reinforcement in cementitious compositions still required less

25 extensive use of process aids. Further, as is well-known in the art, the use of asbestos
fibres is outlawed in many countries and is undesirable even in those countries where its
use is legal.

Accordingly, previous efforts in finding reinforcing fibres for extrudable
cementitious pastes have concentrated on non-asbestos fibres and, in particular, choosing

30 or treating such non-asbestos fibres so that their dispersion and water retention

characteristics make them suitable for use in extrusion moulding with minimal use of



WO 01/ 43931 PCT/ AUOQO 01551 -3 process aids. Synthetic fibres have been
consi dered and are commonly used, however, they are expensive and sone are
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compacts on storage, it is often produced immediately before use. However, the ease of

20 handling can improve when the fibres are very short, the product acting more like a
powder and it is possible for such material to be bagged and transported. The use of
fiberised pulp, and the use of hammermills is associated with noise control, dust control,
explosion control and other expensive issues. Furthermore, the form of the fiberised
cellulose is not such that can be easily pumped or conveyed and accurate continuous

25 feeding is extremely difficult. Efforts have been made to overcome this issue by
pelletising the cellulose (eg Cellulose Filler Factory make a product called ‘Topcel’) but
these pellets are only 75% cellulose and contain a large amount of undesirable
contaminants. Moreover, the fibres are extremely short and weak and not the kind useful
for providing good reinforcement.

30 With regard to the high temperatures generated by the conventional extrusion

processes, a problem arises with the process aids used to plasticise the fibre cement.



processes, a problemarises with the process aids used to plasticise the
fibre cenment. WO 01/43931 PCT/ AUOQ 01551 -4 Cenentitious fornul ations
generally contain some quantity of process aids to increase the flow
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runni ng, lbydrexypesyl methyietlulosta@PMIE) amd Hydeoxgethylt metheiceltulose (BIEM@E process
aid being used. Efforts at solving this probl em have been primarily
directed adll@EUSPOPIPRHCTSE GheeReMeFOR&NQIVR A high krappegrnre2elepan aligtds thethe hi gh
rotati %a' Vi§&"s§}\!\’o§1@1§§9diﬂ§éa9nde¥%$rep sha?lgp'ltde@yeo\”ﬁen%u Feﬁure%ggghpgd Wi th the
narrow cl earances can cause considerably nore tenperature rise in the
subst ance dpetifig liedtingidegheidnas kndwamns dieniebreagetaturt. nNEhaige tahipe2élue@ivent i onal
fibre cenent extruders. Thus it was believed that the use of continuous
ext ruder s WasF adgtiveRvVay mphithhPReyihem s drarenohsub BN e dyenmad f or
fibre-cene - - ' ' - kb t he
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and continuous extru s y
temperature rise in the substance being extruded than is encountered in the use of
20 conventional fibre cement extruders. Thus it was believed that the use of continuous
extruders may not be compatible with the commonly used process aids for fibre-cement.
The temperature rise is also of concern with regard to the setting of the cement and
the drying out of the final product. Too high a temperature rise may dry out the product,
removing water essential for cement hydration. Further, the thermal acceleration of the
25 cement setting reaction may cause complications in controlling the process control (as
well as from a maintenance) point of view.
Continuous extruders also cause difficulties with the use of density modifiers. The
use of density modifying additives is well known in the art of making fibre cement.
These are used to make the product lighter and more attractive from the handiing and

30 installation point of view. Examples of common additives for this purpose are expanded

clays such as perlite and vermiculite, low density calcium silicates, fly-ash and bottom



30 installation point of view Exanples of conmmon additives for this
purpose are expanded clays such as perlite and vermculite, |ow density
calciumsilicates, fly-ash and bottom WD 01/ 43931 PCT/ AUQQ 0155 -5 ashes.
Many of WOhe893ddi ti ves are highly porous and structur aPFVAPPUYPe. Though
their structure remains intact duringsthe m xing and kneadi ng stages of
conventional fibre cenent manufacture, high speed continuous extrusion
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overcones at. |l east sogme of the difficulties of the prior art or provides a
comer ci al ra%}ritr%te%%m_? & KETERYC rﬁ@&:@@é@rﬁ@-o&@ﬁ%@ RS AT i rst
aSp?Ctqot2&d%6§ﬁ%§5nhﬂ%§£ﬂé%ﬂnﬁhﬁ%%ﬂ?@eﬁq@ﬁ&&ﬁe%Pﬂﬁ%&n&%&ﬂﬂﬁ@Emﬂéﬁ'ng a
casing and at least a pair of Intermeshing self-w ping screws rotatably
nmount ed t hesteiinby nd2Gre s@ire alsrasiesvchab diengatenialsithge dretdesigoet fonuGirehyhenhigh and/ or
knead the conponents of the fibre cenment to forma substantiall

hongeneo S SHRE ST G TEHE RS STRPERIGHTA T STt T 1 ieen
cementiti %@rﬁéki’il‘fgﬂé&n?éfﬂrﬁlggt?y.fm curing. The screws of the extruder are
ed t e

preferably arrang 0 provi one or nore m xing and/or kneading zones
al ong the | endiha prdsentententidm seeks rausbeide 2 arethodi and @pparatup &ir eetrndiog fib25 t he

die is also preferably provided to c a and force the paste through the
die. Alvac§tihyuhieh pugieaneat SR GaaY Sl ﬁagfo hRErpLT B PYIFS 40 it s

entry intq the dheieldioaiRgs enbodi ment, the screws are arranged to
provi de a consistent flow of cenentitious material through the extruder
and a predelSETORNRE OIS INVENTOON
In a first aspect, the present invention provides a fibre cement extruder having a
casing and at least a pair of intermeshing self-wiping screws rotatably mounted therein,
20 said screws being arranged to continuously mix and/or knead the components of the
fibre cement to form a substantially homogeneous paste and force the paste through a die
to form a green cementitious extrudate suitable for curing.
The screws of the extruder are preferably arranged to provide one or more mixing
and/or kneading zones along the length thereof. An extrusion zone directly upstream of
25 the die is also preferably provided to compact and force the paste through the die. A
vacuum zone may also be included to degas the paste prior to its entry into the die.
In another embodiment, the screws are arranged to provide a consistent flow of
cementitious material through the extruder and a predetermined composition of
cementitious material at any preselected point along the length of the screws. The

30 extruder also preferably includes one or more feed inlets along the length of the screws

to provide respective components for the fibre reinforced cement to the screws. Directly



cenentitious material at any preselected point along the length of the
screws. The 30 extruder also preferably includes one or nore feed inlets
along the length of the screws to provide respective conponents for the
fibre r®omesHed cenent to the screws. Directly WO 01/ 4§@nBiUWff§5\UOO’ 01551
-6 downstream of each inlet, a m xing.gnd/or kneading zone may be provided
to mx and/or knead the incomng feed with the paste. Such an extruder can

cont | nuousty e SELAH A s YR A e b R P B o BERR B o b e

5 cenent exfebdiiRlincontiflg feedivethié pgtepl aced at the outlet end of the
extruder. In another aspect, the present invention provides a nmethod of

extruding fi br¥chagiey &% sdnelndeddn ap exishsien wistsievith Adeedpemeasponent s of
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of the §i iemeeiidet and ®BiNMRIngHREEAAE thablitlet EndoNBeegenrReuUs paste and force
t he paste through a die. The conponents of the fibre cenent may be provided
separ at el y t o Ineotbgy asperérthe presqnpinyerticnanpydescencted af eprding#sey, t he

conmponent s_ of fl L af o - [.ael udi I re provided
conti nuousrlelyflf(f%pcﬁf'neélll e%i??%ﬁé%ﬂga{ugﬁg?‘?éﬁg E{)mg%éeﬁfssolfglﬁeg;et"ﬁ{él%g? 8%6%‘}1 of the
screws. 1%ohipsithi®sh emyadbehaaipradt dstairsofGitednisdhing Relf evping dakes teavi ng
the extruder is self- supporting. In addition, the extrudate nay be

partial |y wix andiskeeas he suppraenieaf By fibrecempppioormaisepsigitialy essure syst ens.
For exagplig, I bndhy ﬁ%it@%‘(hds%%e'tf?@ a%%%ttﬁ#&q%&lgdles bei ng provided, it may be
possi bl'é t0 pressurise the Intertor o e section to support or even

expand t he extTHedadbondrts biae fibfchemesshaemcsrolids® sephratdhe tocsestidet 6US
conposition in the 20 extruder may be adjusted to permt addition of rapid
setting agemrsconpringphior@afrefprablysihe gpmponegisyotitian dilre rejaforeedsamenteul ar t ype

of ext ru d el;l?llfllal.% ﬁib?est ﬂg r&?&%\%ﬂhﬂd&?ﬁ? %.(F]Mle ie§tr§d‘gr ta{ag)lkf%re&? éoiﬁt(g q}olng i .
extrusion 0 I'Bre reinforced cenent. ere are nmany designs of ‘extrusion
machi ne i NehhiB opeytRivsi ndustry which can be fed with nmany different
ingredients directly into the feed section of the extruder. A specific type

25 of pél ynmer Ehetneibied mpx be prsiebow aneteigat e pyirygals legyingiha exiendons sewrs)
ertuder . Thh a2 R RS 58 O, SPAEIR A2 AL RN, f 2 co5ino
mesh so t hak of herfi@tRéssade sy QerB€ For example, if a hollow section extrudate is being
provided, it may be possible to pressurise the interior of the section to support or even
expand the extrudate. Further, the residence time of the cementitious composition in the
20 extruder may be adjusted to permit addition of rapid setting agents.
The applicant has surprisingly found that a particular type of extruder used in the
polymer industry is suitable for continuous extrusion of fibre reinforced cement. There
are many designs of extrusion machine in the polymer industry which can be fed with
many different ingredients directly into the feed section of the extruder. A specific type
25  of polymer extruder is the so-called “self wiping twin screw” (SWTS) extruder. This
extruder comprises two screws rotatably mounted in a casing including two parallel
cylindrical intersecting bores. The screws are in mesh so that the material to be
processed is subjected to a powerful field of shear forces. An example of such a SWTS

extruder is disclosed in US patent no 3,883,122. This type of machine is particularly

30 efficient because the intermeshing of the screws provides a self-wiping action which



processed is subjected to a powerful field of shear forces. An exanple of
such a SWIS extruder is disclosed in US patent no 3,883,122. This type of
machine is particularly 30 efficient because the interneshing of the screws
provi deWa014393 - wi pi ng acti on whi ch WO 01/ 43931 PCT/ AUCY HAKE{015517

m nim ses the anobunt of uncontroll ed backfl ow of substance bei ng punped.
This self- wping action also acts to clean the interior of the casing

t hereby r i - i | i degh.: wWhich the
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and/ or wetthepropdscdmetviappatesis ardlplooess gespedtivglyamd consi stency. This materi al
is then transferred_ as batch to. the kneader 30 [ ch kneads  the materi al
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that tR& extr JdENNg fiEgsiyyo fighisde £ &ri planeofitheconypriipnpl fily sement

extrusion process will assist in recognising the unique characteristics of the new process

and apparatus.

In figure 1, the various components of the fibre cement are provided to a weighing

plant 1. This weighing plant provides the precise quantities of the various components
20 to a mixer 2 where they are dry and/or wet mixed to the desired homogeneity and

consistency. This material is then transferred as a batch to the kneader 30 which kneads

the material once again with the optional addition of water. The cementitious solid or

paste is then transferred as a batch to a feeder 4. This feeder provides a constant supply

of cementitious material to the extruder 5. The entire process up to feeder 4 is a batch-
25 type process.

The extruder 5 forces the cementitious material through die 6. It should be
recognised, however, that the extruder simply compacts and forces the cementitious
material through a die. No substantive mixing or kneading of the various components
occurs in the conventional single screw extruder 5. After exiting the die, the material is

30  supported by trays 7 and transported by conveyor 8 to a stacking area 9.



material through a die. No substantive m xing or kneadi ng of the various
conponents occurs in the conventional single screw extruder 5. After
exiting the die, the material is 30 supported by trays 7 _an r ported by
conveyoW@WHH st acking area 9. WO 01/ 43931 PCT/ AUOCY Ofggﬁ‘qmb@&%ii S
conventional technique is clearly limt&d by the initial batch

m Xi ng/ kneadi ng process which is the rate determning step particularly if

it is desired TRsabtvRhtiddae1ePRAGUCE cleh@y TR ioﬂ'fhe it UbRcPmlxdndkithdgs am of
the FRC extrusion apparatus in accordance with the 5 present 1nventron.
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shown. It will be appreciated by the person skilled in the art, however,

t hat the edtadddion to vandud ailyantagdearssing wemdlhe extrvbion podcesse thewppaatds gsdlf |

provi de the vant ages di scussed 15 below.. A die 50 s provjded at one end
bt Y he ext PodRYTBRFGS o eu P derahrbpE annulguBh it or o
provi deg atpndl dbeanldadgtdlytontif@usdricbg. to feed various conponents of the
fibre cenent conposition to the screws. A feed hopper 61 is provided at

the | ead end ofuming noastodiguresd anid, drissididee A0 cempures agagngld0 atbdeleas? i s 20

rovi ded appr.oxj nmat hal f, .way al o casing. It will be understood

P om tra “PBHPEL R et e P e Jofe SRE Dnshovt g REYEEE honuer 61
and side fapder 16ill E%bfkh%ia@édod&i 168 PerséNeiIRId iAPHLarB BETE W BBat il BBYd8} SO be
provided in the casing for addition of fluids such as water, slurries and

ot her conponéhinsiudeeligreater nimbergiftsyrewn hadstilhprozige thesadwanfagegisthissd al | ows t he
oper at or tg mai ntain the desired consistency of the paste passing through
the ext'Pud erlc.’WEach screw 40 preferably conprises a series of

i nt er changeabl g geO5PRPERLGE A one end of the extruder from which the extrudate emanates.

Feed means 60 are provided along the length of the casing to feed various
components of the fibre cement composition to the screws. A feed hopper 61 is
provided at the lead end of the casing. In the embodiment shown, a side feeder 62 is

20 provided approximately half way along the casing. It will be understood from the
following description, however, that more than one feed hopper 61 and side feeder 62
may be provided.

One or more apertures 70 may also be provided in the casing for addition of fluids
such as water, slurries and other components such as viscosity enhancing agents etc.

25  This allows the operator to maintain the desired consistency of the paste passing through
the extruder.

Each screw 40 preferably comprises a series of interchangeable components or
modules which define various zones. For example, each screw comprises right-handed
screw elements 41 which serve to primarily transport the paste from one zone to the

30 next. Mixing/kneading zones 42 are provided at various points along the length of the

screws. In these zones the paste is simultaneously mixed and kneaded to ensure a



nodul es whi ch define various zones. For exanple, each screw conprises

ri ght-handed screw elenents 41 which serve to primarily transport the
paste fromone zone to the 30 next. M xi ng/ kneadi ng zones_42 are {)rovi ded
at vari O¥QO0B®%k s along the length of the screws. In t REIBUYAES t he paste
is sinultaneously m xed and kneaded to ®nsure a WO 01/43931 PCT/ AUOO 01551
-9 honobgeneous conposition. An extrusion zone 43 is provided directly
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fluid seal bet&wewunh@nséﬂewyeip@nmibfsbeandvmdr@psa&mgf th%mmremm 48he paste
passing t h.the die simlarly forms a.fluid seal cuum zone 44
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operator to tailor the speed/residence tine of the paste in the extruder

but al so tﬂherebymermnsiawketwf of omtmrrggsfisne&mmgbshsanllfoerappxscxamiml ed to
t he paste. mentitious, materi al

t ent
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t he cementjeiiaQlis tl?é%dgﬁtvﬂ{lleq{ 1s%€‘m§ TrcBd @Q1BGhEHe RRIiMthe@kB0&tL RGvingnat h of
the screws. To explain, in one enbodi nent, various conponents nmay be added

at feed hoppédr. 61 with the intention that these conponents react with each

other. 1|t may e neces o add ot her onents eqg |low density
nodi fi érs, § Yentioug ‘3%3(’62&‘6 F‘fre%?eﬁ%adﬁrugf’ P ogFs of ‘?rCIEaH’ég%’q‘F ow density
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have reacted to the desired degree and o avol d excessive shear force bei ng

appl i ed t ahe hestd mvheersidenybutalip thestype anfhjuentitavf bexieg&knéadimgithaamiectew t h t he

present applied to the paste. By providing a consistent flow of the cementitious material through

the extruder, an operator can then determine the composition of the cementitious

20 material at any preselected point along the length of the screws.

To explain, in one embodiment, various components may be added at feed hopper

61 with the intention that these components react with each other. It may be necessary
to add other components eg low density modifiers, at side feeder 62. It may be preferred
that these low density modifiers be added upstream to ensure that the aforementioned

25 components have reacted to the desired degree and to avoid excessive shear force being
applied to the low density modifiers. This can be easily obtained with the present
invention since the screws 40 can be tailored to provide the necessary residence time and
kneading/mixing/shearing between feed hopper 61 and side feeder 62. Alternatively, or
in addition thereto, other modules containing side feeders may be moved to the relevant

30 desired point along the length of the screws at which the desired predetermined

conditions exist for inclusion of other additives such as pulp.



i nvention since the screws 40 can be tailored to provide the necessary

resi dence tine and kneadi ng/ m xi ng/ sheari ng between feed hopper 61 and
side feeder 62. Alternatively, or in addition thereto, other npdul es

cont ai NWRVK43E feeders may be noved to the rel evant 30PHESNUPEYSMoint al ong
the length of the screws at which the .desired predeterm ned conditions
exist for inclusion of other additives such as pulp. WO 01/43931
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There are of course a nunber of ways in which these conponents nay be fed
to the extychidepolyamitessRalyesrsnelipreryeng. alymshiprateng grodacydenigiténpl e int o

t he above i > s/ pReh i 3 I i nNg.

Col 1 ul ose PrpeeyARte, SthesAth. BRCIPRR. #yghidn Q05 Strofthe LR ALRIL 0. v
rati o of 4: 100Thelderudes2d ¢anrgnfindondy s¢ceiveeitha ihdieidual coathontritdorany conponent
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to formsa ERMPAIAILBISEASPORde] foamspioids sigaHicant adyrntagrs ot erithopriat &onponent
can be co ”ﬂg%@ Efedoﬁgﬁﬂsé g‘?llll%bélj ciftw s gi Bhih ﬁ%@?@cﬁr%ﬁo%’%ﬁt% $hdy! b%r}”e# &, Ot
adversely affected by its prolonged exposure wat er, or It for any
reason itseufiglei.n a water dispersed slurry 25 formis advantageous or if it
enhances the filterability of the fibre slurry. An exanple of
A preferred method of feeding the fibres for example into the above described
extrusion machine would consist of the following. Cellulose fibre in lap form is siushed
20 in water with a fibre to water ratio of 4:100. The resulting fibre slurry is then mixed
with any component or components of the fibre cement composition that is considered
desirable to form a uniform suspension of a solids content of about 10%. A component
can be considered desirable if the fibre cement composition is not adversely affected by
its prolonged exposure to water, or if for any reason its use in a water dispersed slurry
25 form is advantageous or if it enhances the filterability of the fibre slurry. An example of
a desirable component is ground silica, which is often processed in a wet ball mill and is
therefore available in slurry form. It is also non absorptive and helps with dispersion and

the filtration step to be described later. Another example of a desirable component may

be any density modifying additives that are to be used in the fibre cement composition.



a desirabl e conponent is ground silica, which is often processed in a wet
ball mll and is therefore available in slurry form It is also non
absorptive and helps with dispersion and the filtration step to be
descri bw® (148%1. Anot her exanpl e of a desirabl e conponeft? &mngg any
density nodifying additives that are i1g be used in the fibre cenent
conposition. WO 01/43931 PCT/ALKIJOlSSl -11 Again, they may be easily

obt ai nabl r : e [ nd
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equi pnment andlatutide- materlng eqU|pnent can be a belt fllter press, a
centrifuge decanter, .a screw press_or the . 5 ]|ike. The de-watered cake
shoul d have a [ReFIEFTYdohER AT WAt ad UsingrapPrepRials dgavaigringrantpresst r daghléds to t he
maxi mum I I 0 The
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equi pment liket Y dalvhaiered cakd stdaldiiave b.waldreostsnd do Highee tHah&@lmt\ﬁhlsmom d be in
a size range such that it can be fed into the extruder with a_screw
feeder. 1GOMgBRPRSTOpheaparimem Waietsaeund allgveatds fog therpstrudable camaposite BY% i nt o
the extru ormis
shr edded ﬁﬁgges Pl&%g%i%&??%?%lﬂﬁ?ﬁg%ﬂﬁ I+y%ﬁ§ﬁ%%hﬂéﬁgﬁ£%Iﬁ&@%anica
devi ce camypieallg atsplids mbcreedﬂlwsmeal cafje ﬁﬁgnhaﬁt@shouai Ipd iR arsiidel range shalthativi |1 or
the like. The shredded lap is still dense enough and flow able enough to
be conveyé#h E%f?@llﬁﬁélﬂf‘sff’?mﬂ?l it pFeXy if§fdehel t or feeding device 15 such as a
screw f eeder ugh that they
can enLgr theAég e§ egﬂgﬁggﬁ#ﬁg8€%§1n g%dgpﬁoggwﬁ¥ﬁﬁoﬁﬁﬂ!IPﬁggthe entrance.
Anot her  pmefcRine GﬁdasrfBll(hmj Trarceflelest filgre tilkap et islshsddéd intoesmailk giedehe ext r usi on
machine is as follows. The fibre is_obtained or prepared as rolls of |ap.
The wi dt h Uging gAkechayeql dpace, rSch agpgchanieal deyisa an e Wresbresder fe feed entry

into the g&{lg‘b % 8@1-.'?}’155 ﬁé&ﬁ%ﬂﬁh%? e A&, ﬁ%lsﬁreﬁ?édsiﬁffs BNAEHIHERAS 1O

convey th ap into sectlon 0 ext rusi on chlne at
a rate detagd fibwemblamodgsiorboavdyyd bbﬁﬁlfﬁhﬁﬂﬂ}d boh coleympddlior feeding@ieocess and
the anobunt of fibre desired in the conposite. Still another met hod f or

f eedi néf t l§Bchcas|a sareysisederp e ﬁtﬁﬁéﬂeéw&cewfrlmﬁr@mﬁlﬁm% Fagueh hetdhde a
sinpl e wat el . Sor gy eﬁﬂ.@ mﬂacmesceﬁﬁxﬁmumg%mﬁl%u Mhaagg‘mg' ;fﬁ(mckor toits entry

into 25 tfie nachi ne s assists 1nh consistent m neadi ng of the
cel | ul ose i nt anbhier pafdned mdthivdabt feeding e @holese s esto tl&i dxtrokiogr i ngredients

desired for the fibre cenent ) ) )
machine is as follows. The fibre is obtained or prepared as rolls of lap. The width of the
roll is preferably less than the size of the feed entry into the extruder. A system of pinch
20  rollers is arranged such as to convey the ribbon of lap into the feed section of the
extrusion machine at a rate determined as desirable by the speed of the production
process and the amount of fibre desired in the composite.
Still another method for feeding the cellulose fibre into the extrusion machine may
involve a simple water spray adapted to soften the cellulose pulp prior to its entry into
25 the machine. This assists in consistent mixing/kneading of the cellulose into the paste.
In all of the above cases, all other ingredients desired for the fibre cement
composition are added as powders or liquids, using appropriate controlled feed machines
that are well known in the art.
In the case that the desired fibre cement composition requires the presence of

30  density lowering additives, many density modifiers well known in the art may be used.

They can be added dry or as a slurry anywhere along the extrusion machine. If the



conposition are added as powders or |iquids, using appropriate controlled
feed machines that are well known in the art. In the case that the desired
fibre cenent conposition requires the presence of 30 densit%,Qo ring

addi ti ve 01398 density nodifiers well known in the artPHEPVS Ut They
can be added dry or as a slurry anywhere-al ong the extrusion machine. |f
the WO 01/43931 PCT/ AUOCO 01551 -12 density nodifier is fragile and easily

darmaged by : : i i in the
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machi ne mahathkeynieodivg sgble enithsionenabimenbahgedesntilsedi thert their nstdeneetiogt inmi sed to
m ni m se the danmage. However, in a preferred. epbodi ment of this

i nvention,t! ?W@%@%w?e ORI foganfl dhe S&%ﬁ%g@aﬁw tﬁgma%wgpmve fneres.
These sphey ﬁnggglec&mgggly formed in the ash fromcoal burning power
stations. They are used as an extender and additive in concrete

manuf act ur e, [Hdwees imepratarmarenfbodimene of thisfinvan@on.eheddnsey mpdtdier &s. The
fly-ash collected..i
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separated an ensity nodifiers. The density o t hese spheres
cover a wimaufange, mndrediof keovenfor gscaiddbreamdnecasmuitesn Hiefffyeashnt anobunts to

get the desired, effect on the.density of the product.. One exanpl e of such
spher es arcé’“e‘EEfH‘PetL‘E Flﬁf’tflﬁalé\?%‘ﬂltéfﬂr%oﬁ@?@éwuf%é&ﬂ’?‘gﬁreﬁﬁ%%‘s SPEREATHOSs pher es

from PG C%E)H&E?ghgﬁ-co%_o§99§[s%§ed?)frniﬁzmztl§/ ARBa 3 Lsifld NG &MU INde Wi t hst and

the pressure an ear in the extrusion process wthout substantial
damage. | rsphéres predollowendtart be sparatee abd vsed as Henship inlcolviiesp hElneedensigyyofbe added

as a dry free flown owder, as_a.punpable slurr I |.p. the

pr e- corrpodh‘%fééplF"(S?srﬁO\Xg‘t Eﬁwwﬂ?rgeé‘ﬁglglfg‘f%&grqdﬁb? eé%?‘glnéb&ﬁégt(ﬂn?%& Barlier.
The poi nt i.ch it i j o0 vari abl e
2ccor di ng b e e Pt e ST
ext ruder tcomaxdreialieadailable undeithd wadeeaine efiexitndospheyesdtdre PQadaupotatiges ar ose

during the devel gpnent of this inventjon. These include the ability to
ext r udés padthess 8t F@%tyéﬁﬁﬁéﬁo?%e@P&]&FQWth&Bp? Pﬁe?ufeoanlélsgs\%rmf}ﬁe anount or

gﬁ:?ﬂ_ SI r P;egﬁgtgﬁré@gog?isﬁfi%u{ &b@tﬁﬁtﬁéf%&ﬂgge the ability to use "rapid set' 25
, y to reduce the footprint of the manufacturing plant
and t he abi | i tly the practice of this invention, the hollow spheres may be added as a dry free
flowing powder, as a pumpable slurry or in the pre-compounded form with fibre and
other ingredients as described earlier. The point at which they are introduced along the
20 screws is also variable according to preference.
In addition to the surprising ability of the SWTS extruder to extrude fibre
reinforced cement, many other advantages arose during the development of this
invention. These include the ability to extrude pastes stiff enough to stack, the ability to
lower the amount or cost of process aids used in extrusion, the ability to use ‘rapid set’
25 chemistries, the ability to reduce the footprint of the manufacturing plant and the ability
to reduce capital cost, the ease of product and formulation changeover, the ease of
maintenance and the ease of using SWTS extruders for product development.
The twin screw extrusion machines that are being proposed here, which combine
the compounding actions with the transporting and pressurising actions have screws

30 intermeshed with very little space between, such that the screws provide a self wiping

action on each other are able to extrude fibre cement pastes that are extremely stiff and



to reduce capital cost, the ease of product and fornul ati on changeover, the
ease of rmaintenance and the ease of using SWS extruders for product

devel opnent. The twin screw extrusion nachines that are ‘gei gqﬂﬁrﬁposed
here, WHQH/4@¥hbine the conpounding actions with the tF T@B P g and
pressurising actions have screws 30 interneshed with very little space

bet ween, such that the screws provide a self wiping action on each other
are able t t r f nd WO

01/ 43031 PRATAEY Gesbds ® ST0RE WARRLES Rt e S Tl Bt forden Such
past es ar eepeixdederf the paste edildibeoahe §tidk & thecdieremtanex t Thidatvantapeofpast e

woul d becone stuck at the die_entran advant age of being able to
ext r ude s&ewgs@wer@ eﬁé‘é‘{eeggch iff H%Eesr‘riuﬁ‘ﬁt W’BaklPW\‘R}éWétFr TEHP8Y Ralsehe used,
enhancing FicBAR0aRL] &f&gﬁl &ithd mﬁuwacesa{re&iat@aﬁdrtug &li€d Qt?&\%l}mﬁf i ﬁﬁé&ig cen

strength o e final 5 product. A surface dry extrudate
strength epmﬂust i A furéms dnsemr@ateawlth laglvgm:mgmngﬁl qmdcsuﬁfsms nga peeatause uncur ed

products can be stacked. on to t her W f hout anﬁ ?an er of them
def or ni ng HGAEe h Br o SR EGIeC %@%Bﬂ‘i“ﬁ‘%lc RIOPRASERF 06 SBEKH OPdPR&F SAROMEF s cussed
above, it was;i gtdaﬂ!gér%f bl @éf@ﬂlﬁguﬁ(t@tthetlgﬁl 5%9&5@1%%6@&5&1 ﬁﬁea@ﬁsoc' at ed

10 with high-speéd continuous extruders would create difficulties when
ext rudi ng othebre reinforced cenent. In fact, the tenperature rise

encountered in this extruder is.al an . advantage in this situatiaon,
because the untHHEHSHT BRRIEL “PP’&%”H“%EYW“F‘FHP éﬂﬁﬁ%é“m?%‘&ﬁﬁ TAReESSPCBIEdexi t i ng
the dig ang mgh N e &tﬂﬁ‘c‘x‘s@&‘dﬁ‘i@ém&l@Hﬁﬁ&ﬂu@%ﬁéﬁ%&%&ﬁ fipphen fibre
cement conposites are manufactured using the conventional gcess, and 15
when it i seldﬁmadwdmbimﬂn fave twtempdmdlrprlwmbuﬂtavé ithihld cmtvudeus plomsn it is
of ten necessar pIe nt the cellu % flbre re nforgﬂﬁrrent W th rmuch

more experddY gel‘%%%?l - @§CAUSY U YHSYIRGP hf‘?"b BSTIPHIASY opyl ene fi bres

are a Comm&esfswbﬁexﬁﬁg §1e'd§e bR BIIYR phdIR to H&fr‘d@h@ﬂ d%ageumeﬂﬁ&@t er
strength to retal'n shape and Support |ts wei ght across the

sections. wiiee fibbd ¢eintept cmnm)sttesmenmnuﬂacmtadﬁjsmg tlper@nhumttmnamrocﬁgm ainde SW'S 20
extruder provides a significan S a e in . mnimsing the use of

expensive WEAEE? deq“iegﬁ%’é the gty dI Wa%cég‘f gwggwlsFth‘f’é‘é lb’é&%t ﬁg‘ﬁ?qsi?ﬁé_ﬂ’ above
that pr OC%agplahQﬁ tﬁed&uﬁrogéﬂﬁtﬂeqaﬂ%dryexﬁ&t wi}ﬁ nARAmEE ¢ FltsivEB bRk fbisin Tibre

cenent extruslon di scovered that when usingt ext ruder
proposed hetless ptoﬂmmrtﬂ’wesl @mlaylpsomzﬂerwf ibods ardhesenpooeesplai This weoaiveabeed was

uncured extrudate greater strength to retain shape and support its weight across the
hollow sections. The ability to extrude much stiffer products through the SWTS

20 extruder provides a significant cost advantage in minimising the use of expensive longer
fibres for hollow sections.

It has been mentioned above that process aids add significantly to the cost of raw
materials in fibre cement extrusion. It was discovered that when using the SWTS
extruder proposed here, that the levels at which these process aids were needed was

25 significantly reduced. A reduction of viscosifier levels of up to 50% was observed for a
typical composition.

In Australian provisional patent application no PQ 2465 it was demonstrated by
the applicant that using a particular combination of certain dispersion agents and
viscosity enhancing agents as process aids in extruding fibre cement, a synergistic effect

30 was provided that mitigated the need for high-grade viscosity enhancing agents and

enabled the use of alternative or lower grade viscosity enhancing agents that did not



25 significantly reduced. A reduction of viscosifier levels of up to 50%
was observed for a typical conposition. In Australian provisional patent
application no PQ 2465 it was denonstrated by the applicant that using a
parti culV$® OU&¥i nati on of certain dispersion agents and PGHANOYEISY
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t he need for ecialist heating or_cooljng cojils. As nentioned _ above, the
di scl osed WY R &g ﬂ&&&&flgﬁfd%l%&%@e CIa Sﬂeﬁ@lli}sbéafeﬁg orcogpRgcailet -

chemistries. Ixg ﬁl@ﬁtiédeg_raﬁox%f?ﬁﬁ'?ltiscﬁ%&fM%ﬂh%‘ax?c{%ﬁ?‘ﬁus ANVAIRNsdiQdEct that
cures rapidly on extrusion Is advantageous for many reasons. Rapid curing
el i m nat es"ripid setfiehereisttics olththw Eibtdrenepanerusing pepesi Bivigpapiotuaniat (such as

steam roons _and autocl aves) . r gui red for prol onqge curing. Lt shortens
i nventory ‘E‘F?ﬁa@p‘a O e lﬁfgf HAEPUF Y maly &e4sgis- gzcﬁﬂ‘i)?fgﬁlg_elhgﬁ%ﬂt?sed to
handl e 1@n%5%9emqu@£hekp@cfe,ah§ filal YSHHicHS (008 as fbay elnrlgaefa'aﬁm%}a% g

chemi stries are we known i n the cenent ustry, t use I's uncommon
in fibre cengentd fexprolisiged curiitpe It eastoms ihoentdriitisnes and halicdshire dedder i s t oo

hi gh of the cenent 15 setti(gg tog soonE@nd the | oss of the large quantities
of mat eri afPSCIANAUARTRPHHGEE Ottﬁ’}E,1 leb‘fl‘b‘H P‘iOE]HCtﬁliwéése‘.%‘g."eer'ﬁt@ng-sT use
traditi onalapfd Biifie ERIRGICE KW 10y fheXBfHen: GO HRE W REASImABH

resi dence tFrres are hard to control. so the worki'ng volune o the
extruder iin fltee genenapxirisie. Nk weazoofor thieisakitrtdamgemnis tavhigh nfihd eeabite
back-fl ow and build up., The seJ]f wiping.twn screw extruders being

pr oposed hééft@géP%S%ﬂnraP@ﬁ%kOS% A t%laegééiu@%ﬂfeﬁeﬁv@&wgﬁe SivRPAZE B cenent
extruders ﬁx?dﬁcjf'l%h tEYs. AGRES Bbdaisd\BM R haB Bk cBhentiREK LD isleliff® and hi gher
rotational requeﬁcy In typical operation. This results In an action where
smal | vol woasinads pradess arad residenct timee hieihagl @woheolr adsalthy widakiay gbluheerfpr ocess.

These machi nes a) sp have ni mal backwards fl ow of terials and residence
times are the extruJer% large, ang] he nature o?t(ile extruders allow consﬂl%ra le back-flow and

build up. The self wiping twin screw extruders being proposed here are different in

20 design from conventional fibre cement extruders in that they generally have a smaller
working volume and higher rotational frequency in typical operation. This results in an
action where small volumes of material are travelling quite rapidly through the process.
These machines also have minimal backwards flow of materials and residence times are
typically very low and/or can be altered to suit. Furthermore, because of the integrated

25 and continuous nature of the process, additives can be introduced anywhere along the
length of the process. Therefore these machines uniquely provide for the use of
chemistries that accelerate the set of the fibre cement in a manner that ensures their
effectiveness but with a very low risk of the cement setting inside of the machine is very
low. Even if these chemistries to be introduced at the earliest part of the machine, the

30 low residence times in the whole machine minimises the risk of cement setting inside the



typically very low and/or can be altered to suit. Furthernore, because of
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greater than the heat generated by a traditiona re cenent extruder)
can al sd bettingaepctidvant ageously to accelerate the 5 setting reaction. O her

advant ages of in e sel.f W ping.tw.n screw extrusion hnol ogy

descri bed her e&?lgr q%ﬁgt?cage[s 0?3“5%@‘5 %]1f§VlIfIBg é‘f"lnﬁfli‘?&'teé‘t@%‘%Fe&kmﬁP&yers and
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i nt egr at edhameditrensd btk dsyeat eitmigioe poasassrant redpse émovmtall cﬂzst ang sk obtheossi bl e

to reduce th unber of .personnel requjr dtooeratethe lant in
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handl i ng of uncured extrudate, or for many other reasons ecause the

resi dence comipasson tn aSlisionaldiirneenent extswichmartt, and the smal | wor Ki ng

vol une and sel.f 15 action of th i ne ns t hat er|

i ntroduced i nt® t}iehé“rgg‘f’? BEPEFSSt srcé‘riperpatgré Cti?gcreatt%ﬁﬁldf’?fé 1 ngw t hout
much spr eaa‘ild%&dlglﬁtdi'%néﬁé@c\!ﬁmdﬁt%r&I%ﬁﬁﬁl%r btﬁ!axsreﬁs%ﬁs bgedafict thp?&iﬁeh&:t o the
extruder either through a side feeder or  any of the nain feed entrances
back i nt dinidsen SNGERBRchingstaost shartyand thk sméll wgdﬂmvdlumeagdsdilﬁwmrtg:ess. Thi s

is a significan cost advant age durin nuf act Anot he dvant age
of ust oSG Bhent ashio® e R ReRtune S5 Bt TRe Ra e o t n
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Because each conponent is fed i ndependen and the Teed rate can
controll ed)acldymaﬁlecatru@mhhdrehmh@ mdhfa&éerlcs aoppef tht gy feed emtsanpaslmcbl e to

change t hei\nt%rtl%) Srrogels(s) without any risk of destabilising the process. This is a significant cost
advantage during manufacture.

20 Another advantage of using SWTS extruders in a fully continuous process is the
ease with which the formulation of the composition being extruded can be changed.
Because each component 1s fed independently and the feed rate can be controlled
dynamically while the machine is operating, it is possible to change the proportions
and/or the identity of the materials being fed. The very short residence times means the

25  period of transition is also quite short. Because the machine is self wiping, all the
material is transported along screw and there is virtually no old material left in the
machine as new material passes through, making it virtually self cleaning. This has
several advantages in production. Firstly, if different products are to be manufactured on
the same plant, the transition from one product to another can be made seamlessly,

30 without the need to shutdown production, clean the machines or lose large volumes of

materials trapped in the working volume. Secondly, if a shutdown were required, the
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invention.



W ping screws rotatably nounted therein, said screws being arranged to
continuously mx and/or knead the conponents of the fibre cenent to forma
substantially 5 honbgeneous paste and force the paste through a die to form
a greenWelE#AIti ous extrudate suitable for curing. 2.PW/T"8W‘BS§:‘errent
extruder as clained in claim1l whereim#the screws arranged to provide a

m Xxi ng section, a kneading section and an extrusion section and to apply a
consi st ent~s to the conponents of the fibre cenent in each of those
sections. 1 0 3. Afibre cenent extruder as clained in claim1 wherein each

screw conqr i sesfibisevmeslexirtde haviag g eaieandanpasneias dfontainiehingRelfr esi dence
times in each of the m xing, kneading and extrusion sections. 4. Afibre
cenent extYiDdescraws Eotapblx giquated ihereinesaist screves heingArspgetiogopEnymalei n a

vacUU™ Seqtl o0, ey NG BhONgL AP ohANGhILSh (WAF, SELENS e Upstr eam end

of the 15 vacuum sec by "a coun rea portion of the

screw, § h@ofogaiedts pdstyddede ferpabto thrackehd éid td forpraoytedcetebfitbusf | ow of the
pace and thereby forma fluid seal, a second fluid seal being formed at
t he downstkEudAloTUIRRE fTR0E section by the pace i mediately prior to

entry intg the gye ’ceﬁlt@:ﬁ ee%éggcgé;ﬂg}: aggﬁégqﬂ KB?M%}%?&H%%@RL&% a}rggged ggacuum

source for degassing bre cenent extru as clainmed in
any one ofpr®lidd amixing secomhackneading fetisciev exaisioRsdotiog el toapplyowi de a
consistent flow of cementitious materjial through the extruder and a

pr edet er micARHSteH $hess e the somponerts of dhaciilite cerBend iveack of HlosagecHAYs: pr esel ect ed

i nt I h . i br:
Gl i ol 1 ang: xS Cape Birdef e PERERn o ICRE SRRTERYSRNEET 22 (e

means al orgvdrdleénteRhgiddalsié cohiporratsewaltdrahdresidente taaIpoeRnos tHeanixidge fibre
reinforced cenent to the screws. 7. An extrusion systemfor extruding fibre
r ei nf or cedneasdiigandFHBPHPR FesoRreeder means adapted to continuously feed

component g for, ke cfex}n?ﬁt%x{ S hOLGRE iﬁ%ﬁ??{l]e § 8 Prefohs Hdfhs wheid o 1 Pre.
cement extfudét as ¢lained in any one o e previous clains, &nd a die.
VO 01/ 439 JhcRfaT et spt&bded aldrl Be 1ohgtirdfiRdscedwse ’ierupstiredgh édosfahe ei nf or ced

cenent conprising subjecting the )

15 vacuum section being defined by a counter threaded portion of the screw, the counter
threaded portion adapted to provide a back flow of the pace and thereby form a fluid
seal, a second fluid seal being formed at the downstream of the vacuum section by the
pace immediately prior to entry into the dye, the vacuum section being connectable to a
vacuum source for degassing the paste.

20 5. A fibre cement extruder as claimed in any one of claims 1 to 4 wherein the screws
are arranged to provide a consistent flow of cementitious material through the extruder
and a predetermined composition of the cementitious material at any preselected point
along the length of the screws.

6. A fibre cement extruder as claimed in any one of claims 1 to 5 further including

25 one or more feed means along the length of the screws to provide components for the
fibre reinforced cement to the screws.

7. Anextrusion system for extruding fibre reinforced cement comprising
feeder means adapted to continuously feed components for the fibre reinforced
cement to an extruder,

30 a fibre cement extruder as claimed in any one of the previous claims, and

a die.



conponents of a fibre reinforced cenent conposition to an extruder having
at least a pair of interneshing self-w ping screws to m x and/or knead the
conponents of the fibre cenent to forma substantially _honbgenqus paste
and for 0 8¥B9%aste through a die. 5 9. A nethod as cl a?ﬁ@é‘ﬁ?{mﬁ‘al m 8
wherein the conponents of the fibre cengnt are provided separately to the
extruder. 10. A nmethod as clained in claim8 wherein at |east sonme of the
conponent sg of n a

pre- corrpounde ?& ﬂﬁ(tfd C;iﬁl&trﬁ&gg? E{)e Eglg&é adlegrrlggt é."g“*{éﬁgl ggﬁfe]e%@%r tP{%u m 8 to 10
wher ei n on@ngronams ef afibtelreinfdreal e@arpOEV@ositian & mraunﬂenduatvmgtd‘n&aa)@t ruder at
di fferent polnts al ong eflenth of the screws. met hod as_cl ai med

in any oneP®¥oldnigiHEs r}1’E§’gtst'3 IEWiPIRR SFIEI tq max %Qrﬂt‘&%‘tdethi: g@ppwntstqﬁéheeﬁare uder is
sel f - SsuppOLdidifio fbin a'%‘uﬁ@éd?ﬁg% g&nﬁée@l?g%&s{e%a@ rctie dﬁgte ChrBhdIP, fiet © 12

wherein the constituents of t reli nforced cement- conposition are
provi ded t@ then&xltcrdﬁdelalmad dr olaifno8 wherkih. thédcommpdrenks a$ thel flireednénna@ny one of
clains 8 to é erel constituents of the fibre reinforced cenment
conposi ti oPfO¥E Bet‘ ®extruder in liquid or slurry form 15. A

met hod as ¢4 ai m&t ﬁda agwalﬁ@@mg&alpt éﬁvﬁ@reﬁ & fta%o%%lt)ate;tﬁgﬁ;fotgt%ﬁ pbibres are

prowdedtothe extr int OW ng ste reitnlap form
i s sl ushedfibve icbmwattaes priovided h:etheesmlderngaﬁretabmpomdeﬂfmvm th any ot her
conponent of the fi bre grrent corrpo? tion that is not adver ser effected

by prol ong IReq dyangong of elaimsshion WikER onrg oo difeous to the
filterghilidny o‘ﬂf:ntE he Cer\hH@d Rtk éﬁnﬂﬁ%x‘g%g dtf’f%?er{t% 'tstdl b Wnbh dfSndevat er ed

such that its water content is Ro 25 t t fe cor respondi ng maxi mum
wat er contendws or the extrudabl e cenent m x, and iv) the dewatered cake is
br oken into smal | fragnents to be feg into the extruder. 16. A nethod as

cl ai med i nlZany” gidhaskas cfaimed ingany ong af Glaigisd 19 1d evhessip dhe gximydate ?e§"m5r ovi ded
to t he extgud cf%%s@‘éﬁ’@ﬁ@écﬁﬁﬂ%y shredding the cellulose fibre in lap form
n

nto 30 snal pl eces a i ng such shredded pieces of lap to the
ext ruder. MO 0An&8%8llas RETMALDGNY bab bf claih® 8l6. 1 2Avineedih det @astithaity@tthe n any
one of lgl aflitgse rgn%o?ce%%er\fl@r?trc%llllgogltell)rlt grle%ic?wziédbtg %hel er;m:[uger in dry form.
14. A method as claimed in any one of claims 8 to 12 wherein the constituents of the
fibre reinforced cement composition are provided to the extruder in liquid or siurry form.
15. A method as claimed in any one of claims 8 to 14 wherein cellulose fibres are
provided to the extruder in the following step
20 1) the fibre in lap form is slushed with water
i) the resulting fibre is mixed with any other component of the fibre cement
composition that is not adversely effected by prolonged exposure to water or a
component which is advantageous to the filterability of the fibre slurry
ii1) the resulting slurry is dewatered such that its water content is no higher
25 than the corresponding maximum water content for the extrudable cement mix, and
1v) the dewatered cake is broken into small fragments to be fed into the
extruder.
16. A method as claimed in any one of claims 8 to 14 wherein cellulose fibre is

provided to the extruder by mechanically shredding the cellulose fibre in lap form into

30 small pieces and feeding such shredded pieces of lap to the extruder.



formof aroll or ribbon of lap is fed directly to the extruder at a rate
suitable for the speed of production and quantity of fibre desired in the
resultant extrudate. 18. A nethod as clainmed in any one of clains 8 to 17
wher ei n"WR 139310 entry of the 5 cellulose fibre into t ReVAP¥ISlon
machine, the fibre is sprayed with wateg. 19. A nethod as clainmed in any
one of clains 8 to 18 wherein the screws are arranged to provide a m Xing

portion angd/ ory g kRRadi-REnRCHLE] i QL 1d] [on,. the

resi dence ti rresﬁ}en each porti tgh9Eréeipélfgcq%glj%35??21%%%6%8.&&%10%%?%%&%5}%6 cl ai ned

i n any oneonh ofh alhar b of Bpuhied diractiyhte theaittdacs atrateBuiedble botHehe
cenentitious conposition jn the extruder can be adjusted to permt addition

of rapid SPetd FiigodsEAR and gupantity offipFrodpsized &1 ths rrsvltanhedifidasne of claims 6 to
20 Whe.r el ngt hey %fﬁ%s@ﬁﬁn&f 1&%%896 oité?aiv s%‘%qg v@'le?e%pgxliérttg @Bt floft\f\{eo!c
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21. A method as claimed in any one of claims 6 to 20 wherein the screws are arranged
to provide a consistent flow of cementitious material through the extruder to provide a
predetermined composition of the cementitious material at any preselected point along
15 the length of the screws.
22. A method as claimed in any one of claims 8 to 21 wherein the extruder is run at a
temperature sufficient to partially cure or dry the surface of the extrudate leaving the
extruder.
23. A method as claimed in any one of claims 8 to 22 wherein feed rates of the various
20 constituents and residence times within the extruder can be altered independently to alter
the fibre reinforced cement formulation without interrupting production.
24. A method as claimed in any one of claims 8 to 23 wherein fibres and/or other
additives are added as an aqueous suspension with a solids content between 5 and 30%.

25. A method as claimed in claim 24 wherein the solids content is between 5 and 15%.



