» construction for nore than one hundred years.

.1 5 APR 2005 WO 02/ 33164 PCT/ US01/ 42294 METHOD AND APPARATUS F&?‘.‘j &E%L?(gp\i@

| MPURI TIES | N CELLULOSE FI BERS FOR MANUFACTURE OF. FlI BER REI NFORCED.. CEMENT.
© covwpos| TRABRMEHIALS . Background of the Invention Field dictitsikssention This
invention relates to cellulose fibers, and nore particularly, to a method of
reducing inpurities in cellulose fibers. This invention al so discloses the
formul ati ons, nethods of nmanufacture and final products of cellul ose fiber

rei nforced cenent it oy | i |l ow i npurity cellul ose fibers.

Description of t%ﬁmmﬁwﬁ%@%ﬁ%@%w RIRIESs bui | di ng,

sheets, panel's, PINWELLBOOSH PRIERS FORMANDRACKORICOR sk | N the bui Iding
e

rernforc nt fibers . used

in such building pr REINFOREGEDUCEMENESCOMIOSENE MATERIAPSE fibers such as
t hose described in Australian Patent No. 515151 and U.S. Patent No. 6,030, 447,
* the entirety of which is hereby incorporated by reference, netal fibers, and

glass fibers and other nat ur a5 u lpventipbers. Presently, cellulose is
one of tk}qeﬁr&ftlgfng%it{&b'ers used in nost comercial fiber-reinforced building
mat eri al s Decaus 1l ose fiber is an effective, |ow cost, recyclable

natural producThis oneatibn kdateé th cBMSbs< GRS N RRke mﬁﬁlaﬁﬁwfa m%{)"&'fol cturing
processes, including refining and autoclaving. However, the properties and

per f or marfé@uHsEpYaiasSnicsHulose fibsts. f Thisrinventiohorlee discloes® e BAMPRGLAE

materi al s e. highly dependent on the qualjty of the fibers used. For

exanpl e, r@%ﬁ?(ﬁ;l %@Ba%fﬁg'ﬁg a‘é“i%ﬂf"i Pﬁ?gu‘gﬁﬁg sgiivlqsgriiber reiforacd pemeahcamwmits el v

af fect t hgaikliN@hsing ERL WRRG [ perties. In particular, harnful organic
conmpounds are soﬂg irres-pt'rapp@l(ljésgér@ire%é t he pores and cavities of the

cel l ul os iptichofitigRelhted dut pi ng process. These organi ¢ compounds incl ude
lignin and ot her arpﬁgtic conponents, wood SUEar conmpounds i ncludi ng hextoses

(gl ucose, manhoRE-TeigfRIciapEdnEs euchn®s peitding sheqisypansts, alankar abi nosfipg wood

sugar derj.Matd . i: i nd nnonjc aci ds, fatty acids, resin

ords, T e B b B e G BT Dl e 20 BodvescdpdThe

degr adat ireinforcengame fibers afed inahibhiboisding PRAILES iAdMRSRbARE fi Dicingbl ALt O o
6.

organi ¢ conpounds, the inpurities may 15 APR 2005 WO 02/ 3371 /42294
such as those described in Australian Patent No. 515151 and U.S. Patent No. 6,030,447, the
entirety of which is hereby incorporated by reference, metal fibers, and glass fibers and
other natural and synthetic fibers. Presently, cellulose is one of the preferred fibers used in
most commercial fiber-reinforced building materials because cellulose fiber is an effective,
lowr cost, recyclable natural product compatible with most conventional fiber cement
manufacturing processes, including refining and autoclaving.

However, the properties and performance characteristics of most fiber reinforced
cement composite materials are highly dependent on the quality of the fibers used. TFor
example, ceIIu.los_e-ﬁbers sometimes contain impurities that can adversely affect the fiber -
cement composite propertiss. In particular, harmful organic compounds are sometimes
trapped inside the pores and cavities of the cellulose pulp during the pulping process. These
organic compounds include lignin and other aromatic components, wood sugar compounds
including hextoses (glucose, mannose, and galactose) and pentoses (xylose and arabinosg),
wood sugar derivatives such as gluconic acid and mannonic acids, fatty acids, resin acids,
other organic compounds from wood including extractives and degradation fragments of

cellulose, hemicellulose and lignin. In addition to organic compounds, the impurities may



al so include small ampunts of inorganic conmpounds that are oxi.dizetPR P085e
inpurities are sonetines collectively referred to as Chem cal Oxygen
Denmand (W’3@6ﬁponents. Each COD conponent has a certaipe ﬁ}gﬁﬁﬁz&f
negative inpact on fiber cement reactions, particularly the céenent
hydrati on r.ocie%s. The collective effect of all COD conpounds rel eased
from t he 35QIPCHYE S amavsritinegarie comnpeunds tmb ate odipedi ThResBWh BiiritRls Sire CAN

signific .t he i.ng. ~between cellul ose fibers and ot her

i nor gani %Bﬁiwnn&r e :ﬁgﬁ;[\ée& rﬁPetg%g % gﬁgge%@%&yg?ﬁﬂwdi(ﬁm mposkitsl ose
fibers are tygactaldOD Usmdoddnt tHAS a £&i ent: This phenonenon is
sonetimes referred to asggement goi séﬁ ﬁ%@@é”%wg%gg%g{é “%%ac?tr?{]llté\ﬂeircﬁffm@fltthe
COD i npuf$actienss pattisuledyl the oamehiehydrhtionc processy €TRE Yol 6N ITRALE ahiheORy 0cess”

wat er durjng the nufacture of the fiber reinforced cement conposite
mat eri al Sé.’mg%“é‘g% r“g%’v?%{ &8““&51? @B[Psmatb% Beneeetropf fibeocEmienbermipidsits nmeedtials

ul ti mat ek sie@stdabitd NwdaRbd Uhe ©f. 4.he final fi[%r cepent products. To -
“address 'gheseg%problj’ens,aﬁ&r:r%??EC%éln\gne 'ibgir‘f'aefmp‘qtﬁ] ﬁﬁﬁnﬁg‘g’étw ﬁ&‘%r@@@@&; ,

i ncl ude wmgswElidngsinahe dheacingnt Shaps, hAhicREELISS : - LaroVve, resi dual .
chem cal s.and degraded wood conponents cont ai neg&?ﬁa{iglpﬁ)%ﬁgméﬁlﬁ "t hese
cl eani ng"St@EmeRthagepl | This phengmensal isysonesined teferreds ey iae Seienty B6HbHTRg Ot ar'y

or pressy rs a tenperature of about 55C to 65C to

erpve. ¢ Heteat oo h o35 \BE P0G, ek geloasaduony the Ipeire opr cowselss

of t en f addntdnginite BY &rédek | B tHeCSakd h | 1yl ose. pul p. because of

the rel at inveI; shor.?rreetse%(gn t rgeiﬂgn%afnlh% ‘Eaeds&gﬁ i réréFII“?q;F%InEWeflltn many

cases, aompogie matsuinls. BhcsC@bvsnb stfeste asodige@iwit. CORPRESRS e uﬁfﬁ?at&?\/i ties
I he

(Iumsns)re 2? ﬁ%es t{ﬁf the fiber cell walls and. are carried over to

fiber ceng 1an§ fak ﬁﬁptﬂ]}gﬁbﬁﬁé@é@%ﬁ@uc{ﬁmch can detrinentally affect the

properties oftd hggkl Pr a everel. ont am nat e t he process

wat er. Hence, f_ro%&%gagﬁefs gr@%ﬁ%ﬁ“& r}ﬁ?ssfvﬁnlve énﬁg&”&iﬁ?’é‘@@mﬂ’ég thRQGessess a

need forinelugy acesies of histmingnatesthatiagt ac gl i Rdove R BnlibAlang

cel | ul os% fahg‘ﬁrs uring the pulping process. There. is also a need apgr a

process GFAHENNPAEEARPRG IS SRNtamsdiin the pulel Phughg tesé oleamingateps aht Bhpsis

fibers fr(Micdii i-nf or ] conposite. materials. To this end, there

s a pariodbpBhekd i1 25655 EETRRNEIOREY oAt PR gtopRovesbers pan

Si gni | dampdrgturcedfiebsut SECARDGSIC 06 rEIF0LS DML dilofilf BULD And £an be
ry o

i nmpl emeg_ﬁad Eny usi ng conventional pul p. manufacturing equl prent 1 8
the | nvetftfeyR: these pocegses ofiers fajidogemged it COD impurities from the cellulose pulp

because of the relatively short retention time and"limited washiﬁg efficiency. In many
cases, a large amount of COD substances remains trapped- inside the cavities (lumens) and
pores of the fiber cell walls and are carried over to the fiber cement manufacturing
processes, which can detrimentally affect the properties of the final product and severely
contaminate the process water. -

Hence, from the foregoing, it will be appreciated that there is a need for a process
that removes substantially all impurities from cellulose fibers during the pulping process.
There is also a need for a process of manufacturing low impurity and high performance
cellulose fibers for fiber reinforced cement composite materials. To this end, there is a
‘particular nesd for a cellulose pulp manufacturing process that significantly reduces the
amount of COD components in the pulp and can be implemented by using conventional

pulp manufacturing equipment.

Summary of the Invention




PCT/ US01/ 42294 I n one aspect, the preferred enbodi nents of the jpEesPRtIN5
i nventi g%;}clfose a process of making low inpurity and hi gh perfornance
fibers fof 41 ose fiber reinforced cement conposite PO/ BEd13L S, The

preferred process conprises processing the fibers in an aqueous sol ution
for a predetermned retention tinme under el evated tenperature conditions
and provi di ng WGi2eRRH i Rrefcrneé embpdinients cfdhesresant fraention dis€logh § hrgkgn of

i npuriti ; I ns- of, the fihers. I n one enbodi nent,
Lo T bes e S8 mBANE Sng M0t BB R fos et v ipss Abemraingercod pomont

Pr ef er abtomposie materialsi OMheliRoBRER %@Ssi&,rr%tsggel% t o 120C.
Preferably, the retention time iEs) bet ween about C%’Ql?'g t&%%%%r”s'.anlaﬁu?ﬁi‘é

enbodi ulionpfop e pEdpigmeined fritheticn tioepnidee elevarli RepbRE | RRARIONE AgSeri es
of “@Shiﬂ}gviﬁ?ﬁ%\tﬁgqﬁ Pr ferﬁglr}/, for about 30 minutes to 2 hours in each of
the seri‘es 0 aon, °§§%§f§ ot shasiRoeriditale difigioreftimppribeseSsntye pbeest i ber s
conpri sesdIRRkhdeE HB&ibEiDet Sk six feactors. The reactors may be
bl eachi ng tomergsl&otgigg’lbfsﬂle&r iquan(%?ﬁ “ﬂ’%ﬂ{'ﬁ otbgfr F{fgar?ISB%eEtﬂ“thﬁ‘é cpeetors.

The fi bengeniinibtesoakied. | Freferdbl e andisoltibe a5h I o bAg in a
bl eacheﬂ,)ﬁ;qogér sher. Prefer a_bI);, tﬁe plr oceslgg@g%gj\?e%e%gﬁngg%%?%r¢i%8‘n‘ of
t he i mpurlty-esreteralprhgtetention diorgis etiwgenfabown It te3hibws. I Suedafb&dTRRE Ment |

pr ocessi fid rises introduging at |east one chem cal to the
St it 1 ol ot e bRrs FORPER “RakiBes HenibHe: e actmee onb surbisg andieransses

t he' conpesfadblyl rBSRTO niTBAEs &0 HAkEid OMSy Sl ution. The
chemical s can be sel ected fromthe rglrﬂo%p?h@gtr%i%g#?sn%ﬁﬁsgméﬁ(‘?%’Iss

conpri si ng oXygestherszdodiménydrogmsing eliofibete compHsddisshiih 8 thed RSLEH up 1o
Furt her g?(rr% fhe i berts can be washed in a brown stock washer sys?em
pr ef er aBry &T%n HiFattan Panpebisaghias tovergrasa ssriestefroombioudus6@Eg v or to

bI'y™a . ' - Ao S0 |

P oner ot DRACHAEreab O SThe HHElTRAe Koaklal Tn RIIASRE Feoclit BUbiier 3y tegionben ©

i mpur i t pédeabkedtshaskpudsher. BrbferaBiyf, tktSrob s Rrhds fa'q#%te gbﬁ?qnf é;ft{ﬁé gﬁgﬁ L. wal | s
re, elevate

driven b%:ih} he r(ﬁ?oncent ratign gradients.. Further e%eéf atures
al so si gt % YOMReYKlss Eomhthe mips.udnornet embsdiorehytprocessiag ethef fildae

i mpur it k@8prisk ' er.red. enbodi nrents can be carried out
usi ng vari %rtﬂssgg%tﬁ{e%%gsaﬁ%&egﬁ? gﬂrf%tr'llf alsg?sq]%r?gﬁgﬂ%w eredy thetghemion] gaadts ng and

washi ngwithsthe ©OR comsioupdd Rndrichlises th&rc8iPbadsYio B%W%{Q%Eﬁ%ﬁ ?n”iliear ©
sel ect eg from r}e group consisting of washers, storage anks,” Teactors,
i xer s, C&lﬁp!tlslaf ption: p'g?ppga,e@@qlﬁ Pt byyeeiecteth omi iheegroyy easstsing Breheasdiing
. ?Z;ggﬁ%ﬁnﬁb pﬂ’lbiﬁfog"lgg %@ﬁgéeﬁnﬁﬁ%ﬁ%@ﬁs ?‘%ﬁ%@&%ﬁsﬁg&géﬁu%%mgﬂt&er s and
agi t at ofilsrs bindaohastied rochroSinataUavash @S ERm, BebISAE B EoLi0F kordiShiaLS -3
of greater than about 65°C, prior to processing the fibers. Preferably, the pulps are
maintained at a pulp consistency of about 1% to 30%. During the prolonged soaking
cycles, impurities in the pulps will diffuse.from inside of the fiber cell walls driven by the
concentration gradients... Furthermore, elevated temperatures also significantly increase the
diffusion transportation rate of the impurities.
The process of the preferred embodiments can be carried out using various schemes
and equipment systems such as existing bleaching and washing system in most pulp milis.
- Preferably, the washing systems are selected from the group consisting of washers, storage
fanks, reactors, mixers, agitators, pumps, centrifuges, and filter presses. The washing
systems may include bleaching reactors, bleached stock washers, pulp transport pumps,
puip dispersion/diffusion screw feeders, stock mixers and agitators, bleached stock storage

towers, and bleached stock deckers.
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1 5 APR 2005 WD 02/ 33164- PCT/ USO1/ 42294 The process descri bed hdr PR 2605 -
particul arly innovative because the conventional w sdomin the fiber
process?vﬁ)gozyﬁkﬁdst ry actually teaches away fromthe use qjc-lt)ﬁgﬁng
tenperature, |engthy soaking cycles and mechanical agitation In ﬁeaning
pul ps for the_ applications in the fiber cement conposite material. It is
general |y bel TR& Brsessadespriilgd. her¢ianip gadicuragly Phovahgeskbca@Kinh Londdd;

. ) ; ) nal
mechani ¢ ciigns || reduce. the fiber strengths, such as tensi e
st rengt thS’degnt{tnr g&yﬁwg RSESIRE: PUFD08FHalhy deashes awanblioinntbet sseobf hitts -

i nvent i olenpbRré ighotwashi ) .evat ed,.t enperature under. :
pr ef erredrr(?ondirti ongswcg?\mg %é‘??&gﬁg ﬁéra'éﬁ‘]’d?f}ej %&30? SHFIMEsPYIPH HPE Hes £ i ber

pul ps wi anpbeations imptaifibengerhéie cofriposite slategt Ny g |4 il )
fi ber-prto erthes. For exanple, COD contents in thgeg%r?g% bgg‘?‘}&gg@égﬁl%’y t he
pr ef erreﬁﬁlﬁﬁrﬁ TaPrelane sk seakings and yechariealt dvtinns akib wed4@YtHe cBier LRy fhe a
COD contgph 290f t 5.kg/ton of oven dry fiber. Application of
the high puri teﬁgﬁ??tﬁée"%ﬁ\{%vit Slftapic B ttory welms predoraa eibbedimnig pfttois of
pul p i n ibventiomshdvadhal rveasainef t 4reél LpGRmosite, mterials
actual |y i nproves the physigc%%%\d nec agérﬁ:(%g?&?%rg%p%nrc{%?ggéﬁeq FROdtigns,
cenent EBRPHSFiEhhEaeeveamere Bumihitizs frond the Sibed pllpR twitigsut MR omisFRAlsus of

el asti ci ultimate rain and toughness energy. Furthernore, use of

the | ow %&%@Hfﬁgg@@%&ﬁ @&ftr‘ IPYORCEHS g-“og examplen@ODocontdntd ineth polRS S

wat er dygddaskel B : f. fi reipforced cenent conposite. :

nat er i ans. Agvagtt%éﬁgﬂ%légﬁﬁ%tﬁ%&ﬁﬁ éé)ggédug?cli-ﬁﬁgmdﬁgq% Ht'%‘?rg@w%ﬁggna

provi de&QD eoentafffless tthancabowe & kglo®be 6 yEhes U ﬁ@ﬁt&cﬁll-é%'thé‘lhtéhi pr{ﬁ-#%i ties,
e petrflorme

such as D conp nts, fromthe fibers. he procéess can d
usi ng es@g‘%"ﬁﬁ ae‘g‘ﬁﬁp??é#ﬁ"t 8% 3555 dyncabiont Hrgitop oif pulp Inl the mEITAIEE BT Fber

appl i catdigrdefl delles I nuf acture of fiber cement grade pul ps
can reduce 1 he b (@éﬁ?gﬂﬁe H%tehgﬁtg& Hapeves Ui physipal randt meelpmaailng t he
physi caprogadies wé dhafibeatenin® Refbbas RhtelbR. LidiELS me ofc Lhe | pul p
in the }rg@?guf a%%ure_of fiber ce%ent cor?posi %%ﬁlrrgastsgroﬁgﬁlg %I'IUPFW%MQ n | ess

cont ani iy, of glagiidtypPMOE.sultimatsr steai and tmighreds defdye SPudi@breU $39 %lf. - The.
a

preferr&qlgg@gb s..of .the present invention also disclose a fornulation
for making fl e;}ﬁ? Ies"lcn oarlscoe%lregti:ynéeﬁf‘cec inglom gt Biei prpsespivtater| downEahe

Fi ber s, manefugtielaf fibeckeifoioB bahiRofhodiliSoALAZENt I nvention is as fol | ows:
about 2% to 20% | ow COD cellul ose fibers (or a conbi nati on of | ow COD

fibers, natuhgyaniagepusinithe piobess of termiéfbrred wnibbainehts pRROIE) a codlkL;Hd% t 0
80% Cerginbh bPHIong bR A Sorrs:

L3

mpurities, such as COD components, from the fibers,
The process can be performed using existing equipment évailable in most pulp mills.
Furthermore, application of this process in the manufacture of fiber cement grade pulps can
reduce the COD content by up to one half or more without degrading the physical and
mechanical properties of the fibers. Use of the low COD pulp in the manufacture of fiber

cement composite materials will result in less contamination to the process water and
reduce the fresh water usage.

The preferred embodiments of the present invention also disclose a formulation for
making fiber reinforced cement composite materials with low COD fibers. One preferred
formulation of the present invention is as follows:

e about 2% to 20% low COD cellulose fibers (or a combination of low COD
fibers, natural inorganic fibers; and/or synthetic fibers);

. about 10% to 80% cementitious or other hydraulic binders;

. about 20% to 80% silica or other aggregates;
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about 20%to 80%silica or other aggregates; -4 1 5 APR 2005 WJ 62ABR12045
PCT/ USO%/%§%3§ ~about 0%to 50%|ightweight density nodifiers; and about
0% to 10% 6tyes. The preferred enbodiments of the Pr R&fgkgBYHNt i on

di scl ose a nethod of manufacturing a fiber reinforced conposite naterial

using | ow COD fibers. gpe first step of this nmethod is to prepare a | ow

COD fiber by rfeducPPRyt Priniari0ts ghtwaighbdensitpsmdifiderand This is preferably

acconpl i shed Ry- tp } t.he fibers in an aqueous solution for a
pr edet er m ned reactﬂﬁ%?lb?l Prelp/‘(/\ﬁcﬁtévr?ﬁi ntai ning the sol ution tenperature

greater than gbeuirefefBL, crabhiReani §F NHe ag ¥ o the solution so as to
facilitate diffusion ofﬂ;ygpuri ties from' t e?al{ Hgg%nts“ognglsf’f?ﬁ%n% B¢thed cof

i ff
fibers.. “*Fﬁé%aﬁ@flﬁ%)a fiypr reamriofoed compogtefhiteral GRIRMHwi @O@ES&E,dqbﬂg%rwS&h the
enbodi nEBFﬁl'?B}%Ih%ﬁablt% includes the steps identified above, and the P
fol lowing additronar ‘SPEpare E?"é@éﬁ%- if19gr b¥ iredncing impuridies peesiligse fibers,
defi bri | Thisi ROpreRtfbly ab&lfn fiher; .. m.xing the fibers with a
cementiti ogst bI:}_TEéjder 9ar?’d otéyegpél n rtergilqglﬁt g]e%é?rﬁr% a0 Jqupeys eedweet fed et ure;
f or ni'ng Pledeteintieed rwestienttions, xthiteandintaide fHeRSfutic f SR | cl.e of a
pre-sel re;ﬁ{],gd @Era ﬁ and_si ze; and quru?gng thé“??ber B(ggﬁ']rr;\e‘én rcetFﬁhfﬁlé‘b% as
to, for > POREPVIHEE Regriiayioctapelutiorso ol ftititaterdirRiionl of iPuBinal
aspect Ofyet j N iQn, a | pi ng process. is provided. This
_process cg'r‘r%? ?Sgé@?gl?}lo?/risd%{ﬁg ea%ﬁgfsi gﬁ?‘?i'@ﬁtglf’gtﬁr manpigeianoe Bed eomenerini ng

the fi bewcomlalstaitic thei dhisodirh RS pPiL@BLy ulpsgare washed at el evated
t enper at ;Ies.greater than about 65C P{n]-ﬁgﬁg%%lgrmg’g lg%ﬁ{%%aé’%?fé‘“&thparge

-y r
portiton o‘ﬁmaé@)‘ﬁﬁﬁiﬂéms: fromthe pulps. The pul ps are processed in
addi tional wgshi ng)

to rempve substantially all remaining COD
inmpurities. The a

|
5%%%(53‘&2 ibgrizifg; figpersiag. dsibriiading; e ¢hd lowt GEDritewf act ur e

of fiber reinforcegxingthefibers i i.als | ccqardance with the
preferred fornul at i ong and %r m&%@%&&%@gd%ﬁﬁ T iBgregients fe Hrmpa

i mprovenents in mibergemeat mariorephysi cal properties such as nodul us of

rupture (MOR), nodul usot%f %I asticity (MOE), ultimate strain and toughness
‘ orming the fiber cement nixture into a fiber cement article of a pre-selected

shape and size; and

o curing the fiber cement article so as to* form-the fiber reinforced composite
building material.
In another aspect of the present invention, a pulping process ié.provided. This

process comprises providing a delignified fiber substance and converting the fiber

substance into fiber pulps. The pulps are washed at elevated temperatures greater than

about 65°C in a manner so as to remove a large portion. of COD components from the
pulps. The pulps are processed in additional washing. cycles to remove. substantially all
remaining COD impurities.

The advantages of using the low COD fibers in-the-manufacture of fiber reinforced

cement composite materials in accordance with. the preferred formulations and processes

include but are not limited to:

‘e improvements in mechanical and physical properties such as modulus of

rupture (MOR), modulus of elasticity (MOE), ultimate strain and toughness
energy;

less process water contamination due to the impurities dissolved from the
cellulose pulps and less fresh water required;
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energy, less procéss wat er contam nation due to the irrpuritieg @.é@%l&ﬁ@ﬁj
fromthe cellulose pulps and less fresh water required; -5 1 5 APR 2005 WO.
02/ 33163 PEI3E01/ 42294 less fibers are required to achi %{ﬁﬂ? Sane
rei nforcenent efficiencies. These and ot her objectives and a VARt ages wl |
becone apparent fromthe followi ng description taken in conjunction with
t he acconpanyPng dfesaiibers areBequifedibe soneymt the Bard reitTBrobk@Mi dTSicRLQURE | is a
fl ow chart of ref.er,r ed .pr.ocess. o nuf acturing fiber cenent grade
TResisRg ek ol B

cel lul ose pul psin" ‘3“’6‘@6’%6&% geg Wilklgepire apparputl fpam itise following

subst ant desotiptisreHkeeR; confih@dREr B b Rcd art . of a preferred process of
manuf acturing fiber rei nj:‘:orced cemen(t3 A&%%ﬁ%i({%wwgf'eri al s i ncorporating

the |'ow-COD and hi gh puri tyBliebBesriphbbREeDhivldsst rate the rel ationship
bet ween COD c&&@%{n the pul ps and the strength of the final fiber
cenent produc By (floys chaghefaipsefeiret pravesshel proefastaringtiiver cgtehng the

manuf act yt.g. ' nt erials. ai l ed Description of .the
Preferr e%%Enté;%lél? %gﬁpggﬁgﬁ%r ,ee?&@tdo Oé‘k%‘hm ‘iﬁﬁﬁi"ée BYIps Hesubpiartially feduesdt i on
descri be the FIGIPREati afoWeharfOPh bl LMBALL LYo TdRer s L.
cementitious fiber reinforced corrpgsi te :g?éis%gf’éﬂm oturthg fibeF réinforced -
These- erfiSBUPhenmROsHA owigsalssnomporating thellew GODaAd Rfgh ARy iRgs.COD conponent s
from fi bers"Fg;JRﬁl S the{\ forrregflfati on and the nethods ‘of manufacture of
fiber reinford énlglaétﬁ%t%f Honslup thstwess €PBesordont GADhabipsi ghd fherity
fibers, sagnyBldf i@ fibdGHRF & ' f fiinal products. The treatnent to
rénove i rrp_u%nt?t i es from pul églgé%??dglogoangggvﬁlﬁgf’%?;&ﬂ{“é‘ OR i1 S TapRSE MeHETW t h
ot her f idweing theemamefattere of thefites camaiineatafalf i bers to inprove their

hydr ophobi city, |oadipg, of . fibers and biocide treatnment of fibers. It wll
be appreciated that RalledResoription of the PreferedEmbngdiernison are not

applicabl e sahgl i ber rei forced cenmentitious products, and
accordingly, th ?%%ﬁ%%dggéwggsc% cPfﬁséPE?Wenmgﬁ‘@nhﬁﬁmq Be¢pertipwiandi ng

mat er i alapplieatioh fded mpubitofiber i RetehtitiBud 6h: roduct.s as 1. .
Figure 1.illustrates a preferred pr_oceslsI Illooﬂ?rgr%mrrgltr(\ﬁ?é% @P?‘iegn?aitquﬁ'cerrent
grades 1GFSS FNPIAHBERIS eycamish nghom rtheo mettndenfaeinb ving BODWoRSH onkhie ﬁgc{lrgc ess
100 begighg WP aﬁtoep,‘e ;LOOZ @? whi chﬁ‘i br&us mat eri al s such as wood chips are
| oaded into a digestsr druiation” and- the methods of manufacture of fiber reinforced
composite materials formed from low COD and high purity fibers, as well as the properties

L

of the final products. The treatment to remove impurities from pulps can also be
implemented in conjunction with other fiber treatments, such as sizing of fibers to improve
their hydrophobicity, loading of . fibers and biocide treatment of fibers. It will be
appreciated that the aspects of the present invention are not applicable solely to cellulose
fiber reinforced cementitious products, and accordingly, the techniques described herein
may be applied to building materials reinforced with other fibers in non-cement products as
well.

Figure 1 illustrates a preferred process 100 for manufacturing fiber-cement grades
of low impurily and high performance cellulose pulps. The process 100 begins with step
102 in which fibrous materials such as wood chips are loaded into a digester/reactor for

~ delignification. After the wood chips are loaded into the diges';ter('s),r a selected amount of

one or more chemicals are introduced to the digester(s) in step 104 to facilitate the

delignification reactions. Dependent on the pulping processes, the chemicals may include

sodium hydroxide, sodium hydroxide with sodium sulfate, sodium hydroxide with sodium

sulfate plus additive AQ, sodium hydroxide plus additive AQ, and sulfur dioxide.
-6- :



delignification. After the wood chips are | oaded into the digeskBrARR,2085
sel ect ed‘fgm)unt of one or nore chenmicals are introduced to the digester(s)
in step 238168 acilitate the deli gnification reacti onsPC{%gg ﬁ%l} on the
pul pi ng processes, the chem cals may include sodium hydroxide, sodi um
hydr oxi de wi th sodi um sul fate, sodi um hydroxide with sodium sulfate plus

addi ti ve Dagterablydithandelyghifodtide mphativnasbeins i M eth AQi o Moifh QL9818 -1 5
APR 2005 \/\0.82/ 3?%64 PCT/ US01/ 42294 Pr ef erab| yfgt@Sﬁﬁf‘?ég*n@?’.’?é’i‘?%ﬁmm
react i on “SEUHPRS Peiwern: aBpYeLISE (18)230%ader Rbai 1o mpmutes w6 & haeRdihi QRS

bet ween ahlpuil; f.0r about .mnutes to 5 hours. In sone

enbodi nent s, lgﬂeg%ggltgg%%%g%%xgﬁ%sug ﬁgﬁalggh H¥agsy Gookngdemperatike erjatgshiSeppt ur e

or tar gemukppaetcninnther GigedrCmat hel 3898 S e adj usted to .
acconmpdat e t he subsequeﬁ? vvargﬁ*ns gltsggggt.% ;;Acggsﬁomﬁgi WSIAHBWBC'KW%H%quent
to the dél®PHnification reaction, the processed wood chips are di scharged
fromthe di geateh L9 ;@ ank L’P %t ep 106, utilizing the high- pressure
differentiation 1nsld8 ‘BftCotr Blogeugrt tontheqdelignifisationitedutitng| the gfroadigal |
expansi owodd &hipk Gird lescRE _ ; e, prqcessed, chj are separated into
i ndi vi dual fi bgjs rknoxﬁﬁ ‘%2%"?%%33’%6%% %‘Jﬁﬁqﬁ‘?%%é%ﬁeaew%@“ﬁwspf gdnghd at

this stapwsiuge difprentibtion insidenand duGiledf R EodBYS Wi i as prown
st ock. Afsot‘%gure 1 further illustrates thegpul p slu S qggﬁ 1539%\%&}?}’ S a
.series o Wge dopelds Arocestedishiroare wpefitaddbloyindivitmaPabts kfoWasgshp N

count er - gi.eMt 4 o fevacuum . rotary or pressurized brown Bt ock
washers at an el %égggg‘%eﬁ%%lga@ﬂ?%éj?tgﬁ"fseﬂ?ﬁ}*elséyli"&? braygr i ertooand Hers
resi dual ceoreoily shewandb@egisskd wood conponents contai ned in the pul p.
Unl i ke conventi gnal Pul p washing cycles that are typically carried out

wi t hout appl yrhiisareyl fwdher ilhushratep thef mrlp ewswmhilpgmaérgs@asﬁsér&s%wagﬁggout at
el evate tHE € referpably . greater than about 65C, nore pref&rably
bet vveendséé Olr?t? ﬁégéﬁéa'ngref%@,y’ &}‘?i pél?[P Eg’YPSE@Fm&S’W@m%ﬁW@ﬂ apriesefivadunsi ng

exi st i ngotewop pROturREd S shRk tial . damage to the
fibers. Some cﬁ?re}i cal s may al so Vﬁ%ﬂgggggxien%ﬁﬁhiéwgﬁt‘{%%é PY% atlrgehe
washi ng BOREen %?héa'gﬂédwai@hmiﬂalm@deda‘gﬁﬂe&w&-&J?ﬁp&l@ﬁ@c%ﬁ{a%eﬁhﬂtthgﬁp pe used
i ncl ude UBHELEN, zoage and h]%/dro en peroxide, etc: Anmority o H’e’ -
i npurities rest arng et Webmesyoles that aredupically samioled vihoubisplgihg Any |
Fol | ow n@atl hie: Wasgddadwak g Qce 00 further includes an

addi tional di Pﬁsi on vva]gﬁ% rl‘i’g&ﬁrs%%gggfhgﬁ °§lf ea% f‘?el"(.‘)‘%J npeWﬂeﬁﬁ“rﬁhePrsErﬁble

subj ect gregterdharhabouit 58@sinves preferably betwesn about 65°C and 120°C, which can be

conveniently implemented using existing equipment and does not cause any- substantial
damage to the fibers. Some chemicals may also be added in this step to facilitate the
washing and increase the washing efficiency. The chemicals that can be used include
OXygen, ozone, and hydrogen peroxide, ete.. A majority of the impurities residing outsides
of fibers can be removed by this step.

Following the washing step 108, the process 100 further includes an additional
diffusion washing process in step 110 in which the pulp is subject to further intensive
washing to remove substantially all of the remaining impurities, such as COD components,
that have not been removed by the brown stock washers. Preferably, the pulp is sﬁbj ect to
an intensive counter-current washing scheme at normal or elevated temperatures with mild
mechanical agitations. The extensive washing can be carried out by using a variety of
different washing systems such as washers, storage tanks, reactors, mixers, agitators,
pumps, centrifuges, filter presses or any combinations of these systems.

In a preferred

embodiment, the washing is performed using the existing equipment in the bleaching plants
f=4
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washing to renove substantially all of the remaining inpuri ti.“ﬁ, ARR-R008s
COoD corr@fp ﬁﬂﬁsﬁ . t hat have not been renoved by the brown stock washers.
Prefera @ & pulp is subject to an intensive counterpEyu§ANk94ashi ng
schenme at nomi nal or elevated tenperatures with mld nechanical

agitations. The extensive washing can be carried out by using a variety of
di ffer en?ﬁ-‘\ﬂﬁ%t&f“ﬁ@“%‘f BHip 18ikeh I Paiigulan the cqtipmagteustd ks, inbiaas 1Yk $ ndi Xer s,
agi t at or BmitePBS fokthsl fuges, filter presses or any conbinations of these
systens. In a preferre enbodi ment, the washing is perfornmed using the

exi sting equipmentbléashinbecddtopachi ng plants -7 .1 5 APR 2005 WD 02/ 33164
PCTTUSO01/ 42294 of nost fiber cenment pulp mlls. In particular, the

equi prent used nmyPleaakadistieck washeiiss not linited to, the fol |l owi ng:

bl eaching regctors; bl ea&hgd stock washers; pul p screw feeders; stock
m xer s/ agitators; ﬁ“msééf%‘h 89€%0ock storage towers; bl eached stock deckers;_
and  nmedi um and | QWck @ f§/5§[b?(¥r punps.. Preferably, -heated fresh water
is.introduced.to the washer”system counter-curfently to mnimze water
usage and meei ni zblesslsdishgkefokigyite@ey; Furt her more, the COD cont aining
spent water from %he washers is preferably transported to a water treatnent
plant or chéni caPleaehedsiack deskerssand | n one enbodi nent,; step 110 conpri ses

soaki ng. the gul p i . series of. continuous- plug flow or sem -continuous
bl eachi ng react or %P%P?%PWI“SH&@@“W%HSM at an el evated tenperature

bet ween aboutPr&G&&hl Oheki f .anti on, 1ime of  between about 30 m nutes
to 2 hours i nreachlslb?ejﬂt%ﬁéqr %Sggza?%r;lgt@gﬁugg%g) @g-‘%ﬁsh%fv%’f*&m tRpbrseEsstlaf t er

each re¥tminimizerefier iy, andamaxingiae tldshing Eflciqued Wrtﬁe%?g!i ng ‘?bﬁ]em to

renove the .COD cor](tai ning water. The cunul ative Tetention ti'ne o e pulp

in all P%‘i‘%‘ﬂ’ﬂ\gsspﬁ} YT A thg s herstis v oeaidy trampotted6o B ovate tredBicdt Pragf er abl y
bet weenoag%,-caargcgvégs 4yLs. This allows substantially all CODs and ot her
inmpurities to diffuse out of the fibers wi thout conpronising the fiber
strengt h. Fulit érer embfedimétiestgiil PO cbmbhfes <8 j eferabl y maintained at
a pul p @ogﬁi st ency. of _aboufwl% to 30% A%ég%?}geg%‘glag{‘%S%Fﬁséo#%ﬁmuo“s” -
t enper aP B WaShFHE-¢8lipR@Y bleaching reactors for a prolonged duration at an elevated

temperature between about 65°C to 120°C for a retention time of between about 30 minutes

to 2 hours in each of the reactors followed by a dewatering process after each reactor,
Preferably, each reactor is followed by a washing system to remove the COD containing
water. The cumulative retention time of the pulp in all reactors preferably does not exceed
about 36 hours, more preferably between about 2 to 30 hours. This allows substantially all
CODs and other impurities to diffuse out of the fibers without compromising the fiber
strength. Furthermore, the pulp in the reactors is preferably maintained at a pulp
consistency of abou.t 1% to 30%. Advantageously, the high temperature washing coupled
with the prolonged retention time allows the remaining CODs and other impurities to
diffuse out from inside of the fiber cell walls and lumens.  Furthermore, mechanical
agitation provided by the bleaching reactors also facilitates the removal of the COD
components and other impurities from the pulp.

In another embodiment, step 110 comprises processing the pulp through a bleached
stock washer followed by one or more bleaching reactors. The bleached stock washer may
be vacuum, pressure, rotary or diffusion types and is utilized to further separate COD
compounds from the fiber. The bleached stock reactor may include those used for oxygen

delignification, ch]oringtion, alkaline extraction, chloride dioxide bleaching, hyperchlorite
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with the prolonged retention tinme allows the remai ni ng CODs anid5oﬂﬁ§r2[]£]5

inpurities to diffuse out frominside of the fiber cell walls and | unens.

Fur t her mHf02/388¢hani cal agitati on provi ded by the bl eaching reactors al so

facilitates the renoval of the COD conponents and ot her PC 142284 from

t he pul phl I n anot her enbodi nent, step 110 conprises processing the pulp

t hrough 8leashing;isgone Weabingnagdregerf pdrbeive idayhiane re bl eachin

react or StheTie bl.eached s%ock washer ma be v]ag’usl?(rzrilfu p g%glﬂﬁgbﬁe 'Bf"%'%l“dor

di ffusi on"tYPes AitFEe e iefliciarcy @ GPPhem el aheaipelp prefpame Widsstdom t he

fiber. Tﬁn,eo._@}%gnﬁg p%erSF Lgastor. %a’iy igglude t hose used for oxygen

delignification, chlori AL Piedime leputprs and bleachied ptaek wastess incheries wod/oein

bl eachi ngpraligf.perchlorite -8 1 5 APR 2005 WO 02/ 33164 PCT/ US01/ 42294

bl eachi ng, ozone bl eaching, hydrogen peroxide bl eaching, sodium peroxide

bl eachi ng and™® Yeh@athax embrdinient cheraalshee fdodGhRANEY Rt 6@21&%‘8‘}{@}& t he

pulp is Egﬁlil&f ﬁ,%qpé%irprocesse(il throug)h mul tiple pairs mp | eachi ng ‘?_gﬁct ors

and bl eached St 0ok RaZREFS of stepet {hlo Svilitate tha repavall dfethe CODy Rhp@naiher

enbodi metiking GRRHIngal Bre Rty The QPsEd AL, the pul p slurry during the '

ext ensi vedv\?gﬂ?‘ir tnhig;a(gpr ocess %f step ﬁ%@tsg%Pé%ﬁY ir?aé‘FéV“Ehh@er@?anmnenﬂae CoD

i mpuri tiaag br cromgmhentg doRhahRr ahbiYer frdBngiReneal .sel ectively. react

with the co‘raTIFanents and break the coiﬁ%%nehrgﬁgoc&%&fcﬁﬁon@%opﬁlse ,

f r agnent3YSFh &2l Ay EwBen REpxidenpr igeothersylhenarcozpitle JTYELAEE RO de. OF

any ot hegsinly ,Q{deca%g&g%e cof reaqcﬁti ng with.COD . conpounds and causing the

conpounds to become Wore Sol’AEPRUIGS tabreoms mera soluble. in dpivant agaticsd.y, t he

addi t i of\dvintagmaelyctheridaiion dffhdsBen SRV hi.ng pracess of step 11.0

signifi \C;Z(r)lt ly.increases the effici eﬁégcgféflhé%)\é%% V/gP’J.%s}li‘B% PreFsfoPlstephe
: a . . .

ext ensi SigRglaRty praserses thef eftiepcyl 60 COID B@oagp! Flﬁ‘rﬁqeﬁﬂoof \fﬁ{(rg,gﬁ{sigg

differe i.na._ preces including, but not limted t
i af . age R BEASSPOEEER IR can Ny Simbdhip qonetielpafulrobet bpird pribiads
Or gani cirfsbidee) bufhdi Bhi38d to:

. Kraft;
. Kraﬁ-AQ;
o Soda;
o Soda-AQ;

. Kraﬁ-Oxygen;
° Oxygen Delignification;

. Organic Solvent Pulping;

. Sulfite Pulping;

. Steam Explosion Pulping; and

. Other pulping techniques.

‘Following the extensive washing process of step 110, the pulp is transported to pulp
machines to form pulp laps ot rolls in step 112 for making fiber reinforced cement
composite materials. '

- Table 1 illustrates a comparison befween the fiber properties of pulp progessed by
the pulp manufacturing process of the preferred embodiments and those processed by

conventional regular temperature washing techniques. In this particular example, the wood

Species was predominantly Douglas fir (> 90%) and the pulping process used was Kraft

For pulp samples made in accordance with the preferred process, six bleaching reactors
fo)
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i i dPfniires.
Sulfite Pul ping; Steam Expl osi on Pul pi ng];c 2’?2p 1(1'10he[ hgu:gg: Bbl5ts 2af3
i ' hi n rocess o , . |
Fol | owi ngt xtensi ve was gopf orm pulp 1aps of 1ol 'S er/SlgeRbl2 T or
transporte 3 ulp machines t pul p _ S FCSdRzbi 2 10T
mraki ng fiber reinforced cenent conposite materials. Table

' [ d by the pulp
S the fiber properties of pulp processe by
m?‘ ;l:t 3??1%35%%2%% g%fgneﬁ@hap éhd ieexidavblsdéientreactors dmBaEs oeﬁ%%ﬁéﬁgr

[ hing, technjques. In this particu
xanpl e, rhe voad " LSRR L e BB HRnt PyipbUgy e th bran Sbd) washing he

] ’ ; : de in.accordance wth
i eleeyoals putranatrokneddt duringGhe BRIGRsiSAWRLAS, TRAS | Nrfceor AR
ltoﬁlaplppgf ILI)?;c?ed si X, bl eaching reactors E F%C APR @8@ Mgt

PCT/ US01 'H’fiﬁﬂpqr%@i?ﬂség’?ﬁb%b%%géwe&wamom t2ho @b agd %@@ﬁ%@?mﬁkﬁﬁﬁpi\,@g

I ntr oducedshing teobniyhe, e SRR M%hﬂﬁ@c%% g%gs‘ﬁ%}'he total retention tine

tigadimengf 12
in the extensive washing process ke same refratinn engf

t enper at BPES-wHEWe RSt e srasbibp ttm@Odbuieay R Hetw LB 95"&%?%@%2 arrméd\i/a!s Ri -ng
accordance with the conventional washing techniques, same washi ng
cycle was used with the sane retention tine of 12 hours. ,

0. 60C. Table 1: Key Properties’
hi t enpalaple - We e bo S55C to _ aonpertle
of Fi bor s Mage 1 g Ao S B e Madk dropt Blommskanciie ormd eomesort

. o [ ZCT 1\ (kal/tan
Fi ber Fi ber SVashing h $chene@pnt eny Cotg ait g B éraeong““’ ibex | Biber Sirength
pul p) (ko t orscaeog) ( M ( KV et i %%Ftentr OC('SMLeugth 50‘ * (ZST Wet)
(55-60C)| El evated (kg/ton pulp) | (kg/ton pulp) (mm) (km)
Conventional ' '
Process Temp. 5 0.49 273 11.76
(55-60°C)
Elevated
Temperature 28 0.21 2.71 11.81
(90-98°C)

As shown in Table 1, the extensive washing at an elevated temperature reduces the
COD content and sodium content of the pulp by about 50%. The COD and sodium
contents are general indications of pulp cleanliness or extensiveness of washing. The COD
content was measured by first dispersing the fiber into 0.01N NaOH solution, blending the
solutton for about 10 minutés at about 3200 rpm, then filtering the pulp with Watman #3
qualitative filter paper to obtain the filirate, and measuring the COD content of the filtrate
in accordance with Hach Method 8000 (dichromate reactor digestion and colorimetric
measurement). The sodium content was measured in accordance with TAPPI method T
266 om-88 (TAPPL: Technical Association of Pulp & Paper Industry, USA).

Furthermore, as Table 1 shows, the extensive washing process of the -preferred
embodiment did not compromise critical fiber properties such as fiber length and fber

strength as the values for these two properties remain substantially the same for samples

processed through the extensive washing process at the elevated temperature and those

processed through the conventiona] washing cycles. The weighted average fiber length
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Tenperature 2.80.212.7111. 81 (90-98C) As shown in Table 1, thd BxARRIN0E
* washi ng 30 ems3pdsevat ed tenperature reduces the COD content and sodi um
content of the pulp by about 50% The COD and sodi um cod¥X@Wis1aemigener al
i ndi cations of pulp cleanliness or extensiveness of washing. The COD

cont ent wass measugdlsl BSL200 [ i he fiber. jnto 0.01N NaOH
sol uti on, dé end; ngdel?(he soffg?%ﬁﬁgggéa ou acf e#ﬁ%&@lﬁ!@e%t Thperre spa0Bnsipm

then filt&$Tgibre spength wvah tesedran #ordauad i\l i i | to gbtain
the filtrate, and suring the OOD cont eﬁf@é o‘%lﬁjt‘- hié@lﬂ tr%%b%‘i)af‘ﬁ{laé’&bﬁaance
vith Hach NEFHEOuhARe ahlDfeomseessasdhe prefetigestiraimand cRORdELL |
measur enemfapufadthe | ) asured in accordance with TAP

nmet hod T 1@26%;3% %@%ﬂg&g{&g%@%w B%P{‘T“i%ﬁé‘o’e Yt COD eurltpnt&f Bapfitser padest 1y,
USA) . : Fur2hebemir ©% as niab| withows NaMes «t ensj v washi ng process of the
pr ef erreg%rpﬁer{jg%giﬁre“gﬁ'bdi d n%_t(;zﬁggprrg%&ggfegﬁgir}%%lﬁf%ﬂ%ﬂ”‘ﬁ%ﬁ'& tpesBaiealh as.
fiber |le , | ¢ appreeiq #Ppulih€ORL bRt Tk by}g‘ﬁge&\ﬁﬁ at%r otog(yi es
rough The exP

remain s '  the sane.for sanples rocessed t Msi ve
washi ng 3??%2‘2@5‘2%3%%‘3% %?Pgﬁ&alst @%@Pﬁ@@ﬁe&amla hosefaciriag e56ads Ly guoh

t he conventicmmtedwashididfefY&lve ighted average fiber length -10 1 5
APR 2005 WO 02/ 33164 PCTI USO1] zst"é%%%?\}\l/ag\@g%é&gﬂg EQUipinepsand prqogsdes e most

anal yzer %ﬁm-mﬁsmm&.ﬁet). The zero span tensile (ZST) fiber
strength was tdasted igﬂg(;:cor dance with TAPPlI nethod T231 cm 85.

Advant ageous| y g A BoB st dibet henpreet enrpdsiesrhn 1F %Elpﬁ%& pe
educe the

appl i ed tembitRiouSMiACLI fiber nt. grade pul ps and can
COD content of the fieﬁ_e%%%%éate’b Watggﬁg'e .0/5116}3 e osilnlosetiitedy elegsihy

af f ect i n§adefiers, i el vadosi sdditiard LC operties. It will be
appr eci at ed t.t}a‘% ul p QD cont en%ﬁggﬁ%e&#gﬁﬁ%élga?wla%ﬁ?m%%tomllnltﬂ e
under apPrRSEFHE H{% Befradl 9f thess d@mnohe:ttsrare&;ec&dg@wgg!fgnﬁqﬁ%fﬁaﬁﬁﬂme%ﬂar ocess

can be jHyphe ed Ln.a cost-effective manner using existing € Hént and
pr ocesseg in pnﬁ%? Phdl CER Emhodtrants, nthenfurmalatione npiyekrngigdcdapmy at i on

of the fe¢dmmntitieinbiad&athdCeWPEdd réal c ises a cementitious
bi nder; 'gn aggregate, | ow COD angelmsﬁ f&)%rrﬁ‘t%{ePfﬁ}eo%b?dlwnﬁ,deaaﬂsﬂdty

modi i er $STEIBGAN baencompassadiby iheefolibwinporayiech: f f erent material properti es.

It will be apprec) ttﬁlﬂ) E not all of these conponents are necessary-to
formul ate a sui taballbéu %’" &; ementitious binder;

. about 20%-80% silica (aggregates); -
) about 0%-80% density modifiers; -
. about 0%-10% additives; and

. about 0.5%-20% low COD and high purity cellulose fibers or a combination

“of low COD celiulose fibers and/or natural inorganic fibers, and/or synthetic

fibers; and/or regular cellulose fibers. ,
A low COD fiber preferably refers fo a fiber having a- COD content less than about 5
kg/ton, more preferably less than about 3.5 kg/ton of pulp.

The cementitious binder is. preferably Portland. cement buf can also be, but is no'tr

limited to, high alumina cement, lime, high phosphate cement, and ground granulated biast

fumace stag cement; or mixtures thereof

The aggregate is preferably ground silica sand but can also be, but is not limited to

ammo . : - - .
rphous silica, micro silica, geothermal silica, diatomaceous earth, coal combustion fly
H

and bottom ashes, rice hull ash,

blast furnace slag, granulated slag, steel slag, mineral
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product, and thus, in certain enbodi ments, the fornulation rrabﬁsiﬁ‘rﬁ& 005
conpri S§y (bg)gglg%i tious binder and | ow COD cellul ose fibers. Mst of the
enbodi man?s Cribed herein can be enconpassed by the borhawi /8oy

fornmul ation: about 10% 80% cenentitious bi nder; about 20% 80% silica
(aggregates); . about 0% 80% density nodifiers; about 0% 10% additives;

and  abotitides, Binerd dytswidenDlandnhgghitpor ddiymite) thethaseddsiaRe h$adkidRs, and

conbi nat 'O(rw_ﬁerg 3|8W COD tcel lgle" ose fibers and/or natural inorganic fibers,
and/ or synthe | Reads,qf mixtures thergg!. regul ar cellul ose fibers. A low COD fiber
preferably refiRf &nk®y hokil ' content l.ess than about 5

kg/ t on, dm)r e pref grg%l v I egioétaﬁ}gn&gggﬁ?@%'?@5@6%}‘@%W558Fbmafﬁ'ég with a
cementit eo&iiyMhslﬁhhahfab@rtat:}agfabﬁym@_ﬁeﬁ@@%g@ﬁ@ﬂt | but is -
not limited to, high alunina cement, |ife, high nﬁﬁ’gé‘ﬁ alegﬂég?rg%%jmg%d |
ground gFRAedt eRlyEYyrEse, othar ferreeds pakymee paterialsy giksx tandeserbARS @feriald)e
aggr egat.e; k.S, pk- abl.y. ground silica sand but can al so be, but is not
linited Gt(iﬁ?l‘ﬁ“ ?ﬁ%‘%ﬁ @t‘ﬂ%&’% TUEOSRASETS 02 [VPeaNIcy adheh dnetuding | perlite, pumice,

di at onachivus, 2asliths it @AparRed NS el ddkisird L, om gshes, rice hyll. ash,
bl ast furnace slag, gr g‘%\ul ated slag. ése%ﬁg@aqg?ﬁg%r rﬁaﬂzl?eaflag‘iai °.r13YBH‘ﬁ\ R 2005
WO 02/ 3BT/ USOL/ 42294 oxi des, mineral hydroxi des, clays, magnasite or
dolom te, msl.@l 8?1 des and hﬁdroxi des, and polyneric beads, or mxtures
thereof . The ‘G8REFHAYSSHRAT iNFIHS buhArewt Sinytedite, vprdsidy niaddiegg fire rétghnivei ght
mat er i akgtdiod fife | tMicQf S Seegithan;akout . 1.5 g/ onr3. The-density
Abrodfils e i g Oh‘é?PE?l S Bra KPR g o ColpkaRts:;

modi fi ers may i n¢l ude-plastic mater|

f oamed" plisticiesrs,dispsriaks fogling gand TakAmhE dP8in8Ed HdS; wet and dry streneth
cal ci um sj | i cat e- hydrates; m crospheres and vol canic ashes | nol Gar r%
perlit e',a’dﬁu filicene  @atepialsy alynaighm @owider, extepn dadlif,0nlBnind heihgd@nsd t Mica,
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powder, o 64 B unkdRehAnadiimid 'S L 1}163;%1’%216{‘& cellufose pulps from sources, including

but not limited to bleached, unbleached, semi-bleached cellulose pulp produced by pulping

processes such as Kraft, Kraft-AQ, oxygen delignification, organic solvent pulping, sulfite
pulping, steam explosion pulping or any other pulping techniques. The cellulose pulps can
be made of softwood, hardwood, agricultural raw materials, recycled waste paper or any
other forms of lignocellulosic materials.

Preferably, the low COD and high purity fibers have a freeness of 150 to 600
degrees of Canadian Standard Freeness (CSF) in accordance with TAPPI method T 227
om-99. The cement and silica preferably hgve surface areas of about 250 to 400 m’/kg and
about 300 to 450 m’/kg, respectively. The surface area for both the cement and silica is

tested in accordance with ASTM (C204-96a.
Test Resulls — Mechanical & Physical Properties

Applications of low COD and high purity fibers in fiber reinforoed composite
materials desirably improve the mechanical and physical properties of the final building

product. Fiber cement products using low COD and high purity cellulose fibers have

improved physical and mechanical properties.
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Table 2 above provides an illustrative compaﬁsoﬁ of various mechaﬁical and
physical properties of ﬁBEr cement products made with formulations that incorporate low
COD fibers made in accordance with preferred embodiments and those that use
conventional cellulose fibers. Prototype SalﬁpIES of fiber cement materials are pfoduoed
based on two equivalent formulations (A and B). An equfvalent formulation js herein
defined as one in which the preferred low COD fibers are displaced by an equivalent
percentage of conventional cellulose fibers, Formulations A and B each comprises about
35% Portland cement, about 55% silica and about 10% fibers. Formulation-A contains
high COD fibers while Formulation B inoorpdrates Iow COD fibers. Other key pro.pérties
for the fibers were the same for both formulations: fiber length, about 2.58 mm; Kappa
number, about 26; and freeness, about 472 CSF. The Kappa and freeness were measured in
accordance- with TAPPI method T236 and T 227 -oni~99, respectively. Bothr ﬁEers were
made from the wood species predominately Douglas fir (>90%) by Kraft process. The
fibers were first refined to the pre-determined freeness at 49, consistency, mixed with other
ingredients and formed inio articles. The articles were then pre-cured at ambient
temperature for 12 hours and then autoclaved for 12 hours at 180°C. AJ) mechanical
pmpérties were tésted under the wet. céndition m accordance wffh ASTM {American
Standard Test Method) C1185-98a entitled “Standard Test Methods of Sampling and

Testing Non-Asbestos Fiber-Cement Flat Sheet, Roofing and Siding Shingles, and

Clapboards.”
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Egﬁdl . gl’rn]c;rl . ac% red o an I{I}CFI?{gfr Ylakan wade with high COD- (i-e., equal or higher
than 5 kg/ton of pulp). Similarly, the low COD fibers can improve the MOE by about 10%

Or more, more preferably by about 20% or more. The low COD fibers can also i improve the

ultimate strain by about 10% or more, more preferably by about 20% or more. -The low

COD fibers can also improve the toughness of the composite bu11d1ng matenal by about

10% or more, more preferably by about 20% or more,

Due to the high reinforcement efficiency of low COD fibers, a smaller amount of

the low COD and high purity fiber may be requlred to achieve the same reinforcement

efﬁcrency, compared to the regular fibers. It can be appreciated that the advantages of

Incorporating the low COD and high purity fibers in the fiber cement composite materials

may not be limited to the above formulations and properties.

A preferred method of manufacturing a fiber reinforced composite building material
mcorporatmg the low COD fibers described herein above generally comprises the
following steps:

o preparing cellulose fibers containing low COD components and other

Impurities;

® dispersing the low COD and high purity fibers at a pre-selected consistency:

~* fibrillating the low COD and high purity fibers to a pre-

range;

selected freeness

mixing the low COD and high purity fibers with ingredients to form a ﬁber

cement mixture in accordance with the preferred formulations;
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properties can erg@ 1 g{ét %t%P; nUSHE BF1 lew, CEHYgndi gl parisntfibdismedth, othbe | ow

COD fi bigsedicdio foflaaMRr MRt 0% or. more re preferably by
about 20% or _nore, as colgrpar éld tlou%coe ui %%%’é)ﬂpgf]}f’rqoﬁﬂlg@goﬂ%%PWl% hi gh

coD (i . efibergyithinrogrocHulgsrematetisia such 46/ HydRmt HMHeP o t he.l ow COD
fibers can Ld@iri'ove t he by. about 100%@1 or mre,)ar‘%g?@%&gﬁg%{gﬁoﬁ% Sabout’
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te at the

efficie c the regular fibers. |t can be apprecia

advant a;bfgisheg @quﬁcg’g'fpﬁté'?%ﬂaﬁe&afﬁ'@‘%%%“@@ib@ﬂ@ﬂi i high ipusityf edibrssei fibdrhe
fiber cetehigued§osis! B gédbs Ve DO - |i.mted ta the above

f ormul ati ons and prope???iecs.s Algp?gy@rﬁ%ﬁ%@h@&%?%ﬁ?&ﬁ%FIFIR‘@F%PSflleer
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describ LA~aboyV eneral.l]y conprises the follow ng steps: préparing
cel | ul o?glep?’%g(?gbc @‘ﬁﬁipﬁ‘a {3 T&efs Hy prensssedtinestep 20Murmihki ftser

di sper si & WP E B . hiLOh: ity fibers re-sel ect ed
Congi st 'gggg;m itW% RAGy HivoRePHbd dYSpei's?on SrPhordiaBos n-ene embodiment,
the fibers are dispersed at a consistency of about 1% to

! 6% in a hydra-pulper, which also
imparts some fibrillation. Further fibrillation can be achieved using a refiner or series of
refiners. Once dispersed, the fibers are then fibrillated to a range of about 100 to 750
degrees of CSF (Canadian Standard Freeness), more preferably between about 180 to 600
degrees of CSF. Dispersion and fibrillation can also be achieved by other techniques such
as hammer-milling, deflakering, shredding, and the like. Furthermore, use of fibers without
fibrillation is also acceptable for some products and processes. Most of residual COD

‘impurities in the fiber will be released into the process water at this step.

As Figure 2 shows, in step 206, the processed low COD cellulose pulps are
proportionally mixed with the other ingredients to form a waterborme mixture, slurry, or
paste. In one embodiment, the low COD and high purity cellulose fibers are mixed with
cement, silica, a density modifier and other additives in a well-known mixing process to
form a slurry or paste. In the mixer natural inorganic and synthetic fibers can be blended
with the low COD fibers. The process 200 follows with step 208 in which the mixture may
be formed into a “green” or uncured shaped article using a number of conventional

manufacturing as would be known to one of skillful in the art, such as:
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can also be m xed w régular cellulose pulp with high COD contents, o
nat ural i norgenic Hh:litBra?._@pd synthetic fibers. Figure 2 illustrates a
preferred process 200 of manufacturing a fiber reinforced cenentitious
conposite nat®ri al Mokbeg;porating | ow COD and high purity cellul ose fibers.
As Figure 2 spows,cthe process begins with step 202 in which substantially
all inpurities in %%'Pgﬂul ose fibers have been renoved in accordance with

t he net hods descri];qﬁgrdlj}ggsﬁg above. The low COD and high purity fibers are
subsequent |y processed I n ep 204. The fiber processing step 204 ‘
typically inwol veFdurdriifierdbgigsi on and fibrillation. Inone embodi ment;

the fibers are dispersed at a consistency of about 1%to 6%in a

hydr a- pul per,* whi Mu@r%’@eﬁ?m@&t s sone fibrillation. Further fibrillation

can be achi eyed uq%alrisq:ilgd rtefine_r or series of refiners. Once dispersed, the
fibers are then fibriltated I'® a range of about 100 to 750 degrees of CSF

(Canadi an St andar @Gap'r8R/MESS e preferably between about 180 to 600
mmﬁmg

degrees of CSF. Di@;s)ersi on and ffbrillation can al so be achi eved by ot her

t echni ques sdch Rathferminig] khdig, defl akering, shredding, and the |ike.
Furthernore, ,use 8‘ fibers wthout fibrillation is also acceptable for
sone products and B?%ﬁ'esses. Most of residual COD inpurities in the fiber

L) Do el et A U MIBEESRALRLL AL ST O S QU S 2 Shove, 1
Wi th t hés forhed Mogr priferatils, HooprbQiny i ud&. %Q‘fi’r&%sﬁhé(gt‘éfyseands Igagaru{lgt’ersoursed
to- achieve the final product using a Hatschek process are similar to what i1s described in
Australian Patent No. 51515].

Following step 208, the “green” or uncured shaped article is oured in step 210. The
article is preferably pre-cured for up fo 80 hours, most preferably 24 hours or Jess. The
article is then air-cured for approximately 30 days. More preferably, the pre-cured articles
is autoclaved at an elevated temperature and pressure in a steam saturated environment at
about 60 to 200°C for about 3 to 30 hours, more preferably about 24 hours or less. The time
and temperature chosen for the pre-cure and cure processes are dependent on the
formulation, the manufacturing process, the process parameters, and the final form of the
product.

Figure 3 shows the effects of COD contents in the pulp on the amount of
contaminants released to the process water and the modulus of rupture (MOR) of the fiber

reinforced cement composite material. As illustrated in Figure 3, low COD fibers were

added at the 0 day mark, and over a 30 day trial, the average COD in the process water and
the MOR remained fairly constant. At 30 days, regular fibers were added 1o the mixture
-16-
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The low COD pulp used in the example shown in Figure 3 waé méde by using the
extensive washing technique described in above embodiments. The freeness of the pulps
was about 400 CSF. The-fiber ceme_ﬁt material was fabricated by a Hatschek process and
autoclave curing technique. The fiber cement material made with- the 'high COD pulp is
based on an equivalent fonnuIa‘Eion, in which the low COD pulp is displaced by an-equal

amount of regular fiber pulp. The formulation of the fiber cement composite materials in

this example contained:

° about 8% fiber pulp;

® about 35% Portland cement; and

. about 57% ground silica.

The preferred embodiments provide a technique for removing COD
components/impurities from cellulose pulps in the manufacture of fiber cement grade pulps.
Specifically, the preferred embodiments disclose the implementation of an additional
extensive washing process in the pulp processing cycle, preferably after the digester, and
during or after the brown stock washer system. One embodiment of this mvention utilizes
the existing equipment available in bleaching plants at most fiber cement pulp mills to
Carry out an extensive counter-current pulp washing at a normal or elevated temperature.
Preferably, the muliiple bleaching towers, which are typically a serie:s of continuous plug
flow reactors, are utilized to soak the pulps and diffuse COD and other impurities out from
cellulose cell walls to the bulk solution. The washers in the bleaching plants subsequently

remove the COD and other impurities by dewatering the pulp and transferrin g the unwanted
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but should be
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exi sti T ii l abl e in bleaching plants at nost fiber cenent pulp
mlls to carry out an_extensive counter-current pulp washing at a nornal
or el évétl@%}h?deﬁy?ﬁéﬁda%g dnpuripeseinesedypse, fibersefonmpnuifgsiuse bF b Iéinfgreedwemant  whi ch

ar e t \pinpait Ma@riaﬂ?%ﬁ?{is@fg: continuous plug flowreactors, are utilized to
soak the pul ps and diffuse COD and other inpurities out from cellul ose

cell walls to the bul ol ution. The washers in the bleaching plants
subsequent Icheﬁs‘@ﬁé@ﬁe“tiﬁH%S%r% b PHIEP S Sr‘?E’LtPP‘? 3T A PISYRTmRSE SPTHIgn (e, pul p
and t varsfrahe fohgioh Rtpea@ i @idater thah aboft 6ARR 2A05 WO 02/ 33164 PCTI US01/ 42294
conponents to the wastewater. Advantageously, the technique of the

f d j ' I i | ps.wit.h | CoD t ent
B i gh pBr e SRR e CORME At RS Bialth BUBRh SPmRS ot of her

key fildmans pftbpBbars.es that are inportant to manufactures of fiber
reinforced cenent conposite materials. Furthernore, the technique is

si npl @. TR inbRbEHEMhinANOvHRMHHro8SsiNPtha dBkd iPfhe AfuetiMeBluEidh SoryisSOMBKin

enbodi rrgnt . The_ technique can reduce COD content of the pulp by agoout 20%
to 80984 Vatwme thsriers SAunt-cptly) ow COD fibers in the fiber cement conposite
material in accordance wth the formulations and manufacture nethod of the
pr es et Themyatitdi@aimi Ippheaviashewaliiaiiempdryiaiedabetaded aboi63taning a20°Qr oper ti es- of
-the final product, and reduces the fresh water usage in the nanufacturing

pr ocessThoMdiRAWB 1A, LIRESOME RGeS Sl RiteRARePIbolitoBE §hgL F €d enbodi nent  of
the present invention has shown, described and pointed out the fundanental

novel .features the, invention, i i1 | be understoqd that varjou

o ss 0T MERRLR T Tk, be B pREPISRORARGE DEHLORER BTgP ¢ he
appar atastingsystehs.ustrated as well as the uses thereof, nmay be made by those
skilled in the art, without departing fromthe spirit of the invention.

Conse@Uerd hythod BECIanf O REhcRlin hﬂ%@esﬁﬂ%ﬁl@tﬂb@g . céiﬂgﬁ%g S&Efng big ﬁﬂe%‘eiﬁp %{io{lf) 3¢ he

foregoLn% di scussj ons, but should be defined by the appen ailnms. 15
APR 200apissgnd houss ineaginat the)series pf washipgtsyeinst or r educing i npurities in
cellul ose fibers for manufacture of fiber reinforced cenent

7. The method of Claim 5, wherein processing the fibers comprises soaking the fibers in up to six

reactors.
8. The method of Claim 7, wherein the reactors are bleaching towers.

9. The method of Claim 5, wherein processing the fibers comprises soaking the fibers in a series of

continuous plug flow bleaching reactors.

10. The method of Claim 5, wherein processing the fibers comprises soaking the fibers in a bleaching

reactor followed by soaking the fibers in a bleached stock washer.

11. The method of Claim 1, wherein processing the fibers comprises processing the fibers in washing
systems selected from the group consisting of washers, storage tanks, reactors, mixers, agitators,

pumps, centrifuges, and filter presses.

12. The method of Claim 1, wherein processing the fibers comprises processing the fibers in washing
systems selected from the group consisting of bleaching reactors, bleached stock washers, pulp
transportation pumps, pulp dispersion diffusion screw feeders, stock mixers and agitators, bleached

stock storage towers, and bleached stock deckers.
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conposite materials, conprising: processing the cellulose fi bgr@ AER&ZIQUS
aqueous wolmtssam for a predetermned retention time, wherein the solution
tenperature is greater than about 65C ; and providi ng agfPtafuSeH42284 t he
solution so as to facilitate diffusion of inpurities fromthe pores and

| umens of thell.i beTse métholik® CIBLNO : i.m1..wherein processing the
fibers in the aqueous sol ution coﬁ&llggegghgéﬁgPHBes CORPriRE Sih gomRRUTdsher s

count er-currehtly. TBe mhthodeohddlaitt aian Shewher g Besti i,QNn erature
i s bet Wei%ﬂo@u?c%‘t 6‘50 and 12QC. 4. The net hod l?? églggmﬁ%l, lilltvt\%l(e%r eclsjﬁ]p RES
§g¢

retention tIne ¥ QR pheaerl fo thetsglubignivherein the chiehe catethadyh td @O 2.
wher ei n qnsRBad fii L 0 i.ses soaking the fibers in a series of
washi ng systens. ﬁgiéa‘t‘lﬁeés t‘%ﬁﬁ“ﬁ"ﬁ%@% BeRmE magp solublg phsrgseinagoluliens i ber s
conpri ses soal.ng Theméihbebs Clk @DAUL ' Lo ours in each of
the series of washing systens. 7. The rr?egfhggh%hgfsa%rﬁf%?&%?@itﬁe§F%ssi ng:

the fi bePESIEWhPY samsalalcomprising okyfmmr szire, Wnd hYdfkén ERKIR! §nd9 nﬁﬁllfg}e
met hod qf.Cl@i m7, wherein the reactors are bleaching towers. 9. e“met hod
~of d ai m%r, wher ei n processing the fibers conprises soaking the fibers in a

series of camti nuges mRdikigy fd eachi reactors, 10. The nethod of Claim
5, wherein processing the fi gg\rﬁgmélorr%r:wsri'%’s_elgoamcﬁﬁmtghéhﬁB}éﬁfé Femprises

bl eachi meaintelang e fibeisl abapdiptyynsistakdyner abhg {9, i ched st ock |
washer. 11. ﬁge ”E[é}g()d f Claimi, vmgraei n {o)r/ggg?éilﬁé]%%ég‘%sbggﬂgmgonpri ses
“fi :

pr oc_estsi ng E,\)‘ ' Jng O@ﬁﬁﬁlﬂﬂilt@-l,-sfyéh@r@n?nf[sétg @ds}ﬁﬂﬁgfﬂetﬁlfﬁrggrpﬂﬁimwn
consi st kfiygk ‘ : rage t.anks,.reactors, mxers, agitators, punps,
centrifuges, ag%%P?fF@ggﬁE%eoégc‘éegsmg@e %5 met hod of O aim 1, wherein ,

processing t A& fi FdesmehoR of TWamP19Ce3std; . fihers_in.washin syst ens
sel ected fromthe group consisting of bléggc‘ﬁ%ﬁlélgrggc@%ef%,m B E@B‘ﬁ’eamgkock

washer s W3R SYSterp SAmpHFesavashing faadiisers pid oo FDEE Sie@fer Gl 8 8i 0k o8CT ew

f eeder s, st ogk mf@é%&ﬂd apifi ators, bleached stock storage towers,. and

bl eached stock decCkérs: cl‘bo.' AMARR Whrsen\washine theeib«aCTi UfsObioh2?Hc3. The

net hod whsHer ayserl redibieis @il i j.t:] . rise conpounds. 14. The
& Ie 5@l 1igt BSrtibAB Y el ‘ﬁgﬁnﬁngﬁ%g%ﬁ np

met hod of Claim 13, wherein processing e i ses introduci ng at
l‘east one ché¥i cal Rudpingerosedsyedmprisigher ei n the chenical reacts with the

CO:) ' ge . .
providing a delignified fiber substance;

converting the delignified fiber substance into fiber pulps;

washing the pulps at elevated temperatures greater than about 65°C ina
manner so as to. remove a'large portion of COD components from the pulps; and

processing the pulps in additional washing cycles so as to remove
substantially all remaining COD impurities.

21, The pulping process of Claim 20, wherein processing the pulps in additional

washing cycles comprises. soaking the -pulps in counter-current water af elevated

temperatures greater than about 65°C for a predetermined retention time.

22, The pulping process of Claim 20, wherein providing a delignified fiber

substance comprises delignifying a fiber substance selected from the group consisting of

softwood, hardwood, agricultural raw materials, and lignocellulosic raw materia].

23. The pulping process of Claim 20, wherei_n processing the pulps in additional

washing cycles comprises adding a chemical that reacts with COD compounds in the pulps

and causes these compounds to become more soiuble in aqueous solutions.
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conpounds and causes the conpounds to beconme nore soluble in thé ABRe0is
solution. 15. The nmethod of C aim 14, wherein the chem cals are sel ected
fromthe group, consisting of chemi cals. conprising oxygen, ozone, and
hydr ogen peroxi de, and m xtures thereof. 16. The method of daiml,

wher ei2d. prioe €53) adlulokefiber bensrisi@rptOBesntedtril Risathan Aghut bigy/tbh besenakie® pul p
conS|stFncy of about 1 %to 35%in the aqueous solution. I T The nethod of
Clai mPP furt her conprising washing the fibers in a brown stock washer
system prior to processing the fibers. 18. The nethod of Claim 17, wherein
washi #§- fsemposife puilding matprrabnsoppatig rewdgtiog ﬁbyst@wmﬂﬁeasseaommbﬁthg t he
fiber T th f ai m 18;
whor e L obaan R TG e PR E TR St B Rt Bfine LoD ORI Bl Rey

| ar ge kg9t i on of the inpurities fromthe fibers. 20. A pulplng process,
conprising: providing a delignified fiber substance; converting the

del i gnkfTiIRAohpRRE bMRSHRAGRI éﬂltlzgmlesbﬁﬁhd?%rﬂﬁlsxﬂgﬁ%@maﬁmb&%a@ﬁi ps at elevated
tenperatures greater t han about 650 ina nmanner so as. renmove a | arge

Rt P3ndle SHERTRAUAP bioad LR 2P v Bt r‘?%fq?%r?’%rnwrﬁeﬁmgﬁﬁeng con

i npur immdiddualizdl.celliiese fibdrpisngtopaadess of C ai m 20, wherei n processing the
pul ps in additional washing cycles conprises. soaking the. pulps in

count eg- 'meraoﬁrasmeé@,hﬁrm@&aehﬁvo@t@ﬂm ok eape%mﬁy@,ﬁfo%ﬁgaﬁ&rs érg @%u?u@é)ﬂg 6?50 for

a predeterm ned retention tine. ing process o

wher einfdpfremiceiiuirse a“leecrfrb@morslhé@mmﬁerals @@b@ cetsnpri ses delignifying a
fi ber substance selected fromthe group consisting of softwod, hardwood,
agri cubt Theabmp@ite bEldmginakesial daimi2gnfaakdr koth@Bing ah aygregateer i al . 23. The
pul pi ng process of Caim 20, wherein processing the pulps in additional

washi ng £¥6leRN GaRkbS &Rd AEEHNY cén rf%egerpg f%ﬁalr&%ﬁn yith CCD conpounds

in the pulps and causes t hese co econe re”sol ubl e i n aqueous
solutions. -20 1.5 2005 24. A low COD ceIIquse fiber conprising a COD
cont ent ofafggngﬂﬁﬁ but 5kg/ton of oven dried pulp. 25. A conposite
buil ding material incorporating reinforcing fibers, wherein at |east a
portion of aehgregpieber s conpri ses hi gh tenperature pre-mashed cel | ul ose
fibers having a COD content |ess than about 5

optionally one or more lightweight density modifiers ;
one or more additives ; and

cellulose fibers, wherein at least a portion of the fibers comprise low COD fibers, wherein the
low COD fibers have been washed under elevated temperature conditions which result in the fibers

having a COD content of less than about 5 kg/ton of oven dried pulp.

31. The formulation of Claim 30, further comprising additional fibers selected from the group

consisting of natural inorganic fibers, synthetic polymer fibers, regular cellulose fibers and mixtures

thereof.

32. The formulation of Claim 30, wherein the low COD fibers are fibrillated to the freeness of about
150 to 750 degrees of Canadian Standard Freeness.

33. The formulation of Claim 30, wherein the low COD fibers comprise about 2%-20% of the
formulation by weight.

34. The formulation of Claim 30, comprising about 10%-80% cement by weight, preferably about
20%-80% silica by weight.
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kg/ton. 26. The conposite building material of Caim?25, furt hér5 o&%r?ﬂ&ﬁ ng

a cenentitious matrix. 27. The conposite building material of C aim 26,

wherein the cenentitious matrix incorporating the individualized cellulose

fibers is autoclaved. 28. The conposite building material of C aim 25,

wher eBfl A hethbe bfhaiuCichging b iBerSreiaforeed @bhett 0GEpdsitdRAETIal REISE I OODEREAUI 0Se

pul pS of H&gnocel lulosic materials by a pul ping process. 29. The conposite

bui | di*figP erial of Claim?25, further conprising an aggregate. 30. A

material formulation used to forma conposite building nmaterial, conprising
a cenenpicpirmgselhilasel6bers rhigiggmpeatie; waslphg orhavd alowrimpwity emmtest; | | ght wei ght

density nodifiers ; one or nore additives ; and cellul ose fibers, wherein

at | east anmﬁgm@rbwqinpmlﬁ fibbAAGifrSa &Mtioaﬁblh@wmm&rh@%dms\wmIarﬁbtn,.he | ow
COD fi bers have been ed under el evated tenperature conditions which

result in EAREMPBEFE having a COD content of |ess than about 5 kg/ton of
oven dried pulp. 31. The formulation of C aim30, further conprising

addi ti onal fdrinbgrke ftet emicatmixnoerintde fitsr aerpent adidlgiof h prrgeBted siiape @ld sizapr gani ¢
fibers, syntcpetl c polymer fibers, regular cellulose fibers and m xtures

t her eof . The formul ation of O aim 30, wherein the low COD fibers are
fibrillat ed to the freeness of about 150 to 750 degrees of Canadi an

St andar d Fremgdhesfiibeg@meitpaticiasoras kefoiny the ftber@yinforped compabite taikiding etetidw COD
fibers conprise about 2% 20% of the fornulation by weight. 34. The

f or mubatThe hebd 6f @aii B0 whéeemid fiveRAreAiRdVidual 990 S LaHeRl by wei ght,
preferably about 20%80%silica by weight. 21 1 5 APR 2005 35. A nethod of

manuf agt-r i [ c J [ ow COD

{1 bor o He st oo i 1 WMo RLE A FRETAL REBbL ol BE Phalif WO 2ok ng
to havemalr-bmwnﬂﬁphwpﬁlaouc@ﬁ‘iﬁerm solytiori ng the low inpurity fiber with a
cenentitious binder and other ingredients to forma fiber cenent m xture;

form ng. theembth&Ebf CRIRNG, WhetkidlRe cjiaﬂﬁg) I frhfgity GBIV Rirthdl EdnfrBesOdddig a
pre-sel ect ed shape. and si ze; curing the fiber cenent article so as to

f or m €hEnieal fpdpe W@ﬁhﬂlﬁéi’l&:‘%ﬂ] E’b?ff)‘&éli‘et %‘e‘B{EF'lI TeRCHG et @l ieggpponents in the fiber and

causes the COD components to be more soluble in aqueous solutions.

39. The method of Claim 35, wherein the fibers have a COD content of less than 5 kg/ton of oven
dried puip.

40. The method of Claim 35, further comprising dispersing the fibers at a pre- selected consistency

and fibrillating the fibers to a pre-selected freeness range.

41. The method of Claim 35, further comprising dispersing the fibers comprises dispersing the fibers

at a consistency of 1 % to 6%.

42. The method of Claim 35, further comprising fibrillating the low COD fibers to the freeness of 150
to 750 degrees of Canadian Standard Freeness.

43. The method of Claim 42, wherein fibrillating the fibers comprises using equipment selected from

the group consisting of hydra pulpers, refiners, hammer-mills, ball-mills, and deflakers.

44. The method of Claim 35, further comprising mixing the fibers with an aggregate, a density

modifier and additives.

45. The method of Claim 35, wherein forming the fiber cement article comprises forming the article

using a process selected from the group consisting of a Hatschek sheet

22



36. The nethod of O aim 35, wherein the fibers are individualiZzZe§ nglgmsse
fibers. 37. The nethod of C aim 35, wherein preparing low inpurity tibers
conprises washing the fibers counter-currently above about 65C in a
solution. 38. The method of C aim 35, wherein preparing low inpurity fibers

f ur t herocesnpriaes paddiragssa a RBgiEhiC flocdsq ihjetionaabliding, S@hubibh, Ofind w&g,ez%%)n t he

chem cal ,.reacts with COD c nents in the fiber and causes the
conponéiiing tcﬁst]B%’%F e?re§%‘f%%g£'(af“ﬁera fRgesm g Mite %ﬁ’é‘.ﬂg@?? biade formiMp@af O ai m
35, whel/Eade folneind, BeleRsll foanieg, andEImbamib®iker&f, | €ss than 5 kg/ton of oven
dried pulp. 40. The nmethod of O aim35, further conprising dispersing the
pr o o one P8 oL ERLES) SRR GR Rk BRGLLRE W Bkl W ah BB r i ng
di spersing the fibers conprises dispersing the fibers ét a consi stency of

1 %t é‘%ﬁ%e % .Odrﬂfeghﬁ? Hedvhsrelithy tihes semeng agtigler is pemprsdsiongp 9 8P ihperaet ng™ t he

| ow Calabiehteh Sordtére, fidferhbl2BHRSA Hairs MofhbidnProhpbla@Rgr ees of Canadian Standard
Freeness. 43. The nethod of C aim 42, wherein fibrillating the fibers

conpri usi.n i nt selected from .the group consisting of hydra

pul per4 geﬁlF eri r?gro ggﬂ aﬁrf?irévﬁ’9rﬁ%“lt$esf§beb%weptrr%ﬁ'ﬁt]%'f c‘%ﬁ md’igfal’tﬁaﬁ‘Fes. 44. The net hod
of Claim35, further conprising mxing the fibers with an aggregate, a
densi t)- Thewrsthor oF Claie 4% ddiereinthasfiber semehastilp istpigclofed@t ai sievaBd tantperadirn

form ngy bB&urk bPROWCRTE M 0c@ K abdue 3 Wohé?ﬁefgﬂﬁgf%bgﬂ@l E&I‘Sr%]&J 1&s, USI NG @&

process selected fromthe group consisting of sche eet 22 1 5 APR

2005 ess za, pi pe process, Magnani. process, .injection nplding,
extrugpb f“ﬁgwgoggémnﬁ%?&mﬁ§FHPW%@eg§§fPﬁa?a??@f@?”ﬁ?%@é? g8 Ryt ni er
form deys. rulti-wire formng, gap blade formng, gap roll/blade form ng,
Bel -Rol| form ng, and conbinations thereof. 46. The nethod of C aim 35,
wherein curing the fiber cenent article conprises pre-curing and curing.
47. The nethod of C aim 46, wherein the fiber cenent article is pre-cured
for up to 80 hours at anbient tenperature, preferably up to 24 hours at
anbi ent tenperature. 48. The nethod of C aim 46, wherein the fiber cenent
article is cured in an autoclave. 49. The nethod of C aim 48, wherein the
fiber cenent article is autoclaved at an el evated tenperature and pressure
at about 60 to 200C for about 3 to 30 hours, preferably for about 24 hours
or less. 50. The nethod of C aim 48, wherein curing the fiber cenent
article conprises air curing for up to 30 days. 23
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