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 Background of the Invention PCT/USO /07948 Field.aof the Invention This

invention relates to building materials and nmet hods for making the sane,
and nore particularly to the addition of |ow densitpcragdshiforosgs (LDA) into
cen\é’Pi“ﬂ’ﬁ?ﬁBus cellulose fiber-reinforced building materials. Description of
the Related Art Fiber-reinforced cenent (FRC) products such as

wat er -resi stant buil di ng sheets have been used for building since 1895. In

recent history reinforcing fiber ' ch products have included not
only asbestos fibers, BEEHQMBTBﬁ%&ﬁESEEQ" gbers (see Austral i an Patent No.
515151), netal fibers, oyARIoWIDERSIFY AMBITIVESher natural and synthetic firers.
Typically, the density of such building sheets is fromabout 1.2-1.7 g/cnB,
the variation in density tgﬁlﬂ&aﬁil“—w@&ﬁ%ﬂ achi evabl e by conpressi on and
deéV\gE ﬁ“ Eg g&‘n the fiber cenent slurries used in manufacture and by varying
t he fiber used. At these densities, the cementwﬁrgsne matri x has

few voi G imsition felates BUbkiion iaterfals sk melhadscpr makingdhespmen ppd mejs;Perfi ual Iy been
consj dered necessary faor - e fitbrVei i Ridrepeeief -cement matrices.
Thé"‘l’}@?l‘gf%!‘iW@?d?'FFﬁlg?ﬁ%t%%@%{%%ﬁ%ﬁ%ﬁggy%ﬁ%e ?rdieﬁgn the products are heavi er
thqy@scﬁgﬂ'immmproducts of equal dinension and have reduced
workKabiTi1ty. Workabi] .ty enconpa S | | ard is
handl ed FEH&F':“"?':H%Wghé;’@P@Gé?cgpré%ﬁ%{é@ﬁg@@m&ﬁst%ﬁe%gg%ﬁogﬁ'ac s are nore
di fsfnhaclﬁéi il Eker Wibtory FEfoRting Bbertiuskd incsiidh ptothets havi intiuded natvelly hsbestos fibersifutalsd pr oduct s.

I

n this regard, the densit nat ural . ti.nbe - ' . anges from
aboablom filrrsses AyspaiiamP 3?‘*5?"%?%18}157}3{/%’8'&59’? rtlh'g’? %%%&gﬁou's%l%'%%ué/ cnB for

dr y[vﬁ(gf,vt WO Blsity ofl SetS buikding AREE iid tyon13dolit 112610 dicinb elre veriaticrin density aypically beiwgt h  densi ty
simla

r'to tinber may be expected to i.nprove workability. bl e

| i cpolfesable hnmesﬁmammsmwwé@é"\hﬂ eepent spmes '“8‘3@% fpre prd "Yy%%”ﬁ'? ﬁ'ga'%p'gduct s to be
”B“,,ghgﬂsg{ 6 1he FQUSKET the Lebhbrit bVB Hhahisl VAY Rw véids ehich Gdsihe elcveniwatbrabsomtoni ni ng t he
durabi1ity, ?lre resistant, rot proof and V\@_ter resi stant properties of

f i lughich o mepaky beerf consideredcheqssspry Jor prgtfurapiliky peripipance LR MARES. + e ysed in the
same range, of. appl | | : v nedR e GREIE bré Bsavid) thiah linmb@d tHase prodéts sfnOTr gani c
powder s 5%?@%%&%@%%?&%difﬁers i n cement or fJ_ber- rei nforced

C € Nl diniension brid advs reducesiwork ehiiti. INprikatiity engorppasses g agepyith Which Jbp bpat iSped B neq as

hav, I bul k | il InGdiiBe dnid tHan Grhberl dbdBtimbgU. T T .
|2\éés?°ﬁef‘ﬁé“ei%@%$'c"sr o%ﬁ@@%’ﬁ]@; gé%?%@? tl;(gmL't[;)A) us{gg inCT—ﬁgggrlﬂ’(iﬁﬂl Kk dZangirty

cal el prodaits. i W this eegdnd; the density of @BH timhensheatedvpisay PGPS trapr bpit 04 (®8)  expanded
vermculite e Rerd J & . 2 Sy Sodifel theL eRain Siaetiabhidy .  The
derf?W?Pdef'T“? %’E‘?i%g’ﬁg'&ﬁ?eﬁaﬁ §° gdggdﬁrrgst erials wth such i norggani c

PAr deisft} Sifilai 16 timtes inayehie Apycted ehimpruve avotigbility and exehlpdintiey Mstsralable, pasieidp B MMe rmateri al
Typi cal ly, the pore spaces, ar.e ,f] - Wi Whg @l al i

s UbSTERT ¢ BpRchine Hﬁlg‘é? 1y @‘ﬁ%‘%"é"& t%%%’?ﬂ“%oﬁmgwﬁgﬁget %m%?d ] ner?t@%i S causes

t hegmRuKR R idsiatbr?, rét Grobtamawapo eEigtant prererties ob fingr cpmed iibevshsisyyagdifist TR EAMERY  (noi stur e
resi stance) a higher _saturated mass, and poor freeze-thaw resistance.

Ac ¢t Persedt e sama fenpeot e oy for a | ght wei ght FRC buil ding material and
met hod f iy AREbEHoW FkbVERight TRorgadiwien combeiadded as\lensitymedifierson epment efififEnsi onal

e Lkt A
di RGBTk (St 8D bk o/t 1dsd) tthe EbicaF IR dprsityChodttves (IAY gk include-iw Bk density
calcium sificate hydrates {CSH), expanded polystyrene beads (EPS), expanded vermiculite, expanded perlite; expanded
shale, and expanded clay. The density nmdifkation of cement-based materials with such inorganic particles is
primarily achieved by introducing porosity into the material. Typically, the pere spaces are filled wnth water when the
material is submerged in water o exposed to yain for a length of time. Thls cause; these wateﬁals to have poorer wet
to dry dimensional stability {moisture vesistance), a higher saturated mass, and poor freeze-thaw Tesistance.
Accordingly, there is a need for a lightweight FRC building material and method for manufacturing the same
with improved wet to dry dimensional stability over that of -typical density medified ;_m:ducts. Secondly, the

kightweight building material should maintain similar wet to dry dimensional stability as that of FAC products without
-1- -
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WO 01/ 68547 PCT/ USOL/ 07948 density nodifiers if the density nodif igdé SEP 2
material is to be used in the sane range of appli€ations. In addition, it
is highly preferred in sone applications that the ns%gf/g%@,b o0 have a | ow
sat Wyalogdssarss, good freeze-thaw resistance, and hig &rattur e

di rensional stability. Finally, it is also desirable to have a FRG buil di ng
product where |over ~ranges of. depsibi ke di Qpplidddns. O abditi@ris and

t i miensityyepdifiess 'f)i'@dﬁ'é‘i"é““@g ngigna '3%? E@é Ir\‘/evlﬁ'!t3 %nﬁnpéeovewldurabi lity. 5 Summary

of th@ﬁ[ ‘J,gy,g@ﬁ]ism B iBatibrie otk Bdtdripl alvalubive 4 low Satéretedemast gred oo tbpt Bt have

ro es nore desirable to ERC.byil di ' - ' o]
geng'm I)ighadmeraﬁlwéb‘?ﬂsg!ﬂi'bg@“il"vx%"ﬁnb\}\‘i 'ﬁéﬁl?sd F?Lrgr}’%atgﬁﬁh ? %E@S&g%@%\@g%‘g‘ﬁ@?g hWand

hol | ow ¢ 4 ¢, 1 & Sod tifMEDasu Podiiseantbe axhievedwaithimpravedtdprabiity. ncl udes t he
addi 'fqg‘gr%'?{)m%m!s ﬁlﬂggr iR S ) )

vol cani ¢ ash [VAg into an FRC building material. A second
enbodi ment conprises the ad of the INeMWH v cer ami ¢ m cr ospheres
(m crospheres), int ,E&a@%%. iuhiEl tha havEireesies moreAlesikébletth FRC duildingroaléniale nt ;
incorporgfw@i"“%dﬁlg%ﬁg{ﬁ Ing o Q\h&] c'r‘os(s)_h_erers wi t.h vol cagnic ash.an%%r ot her
t VDI fidhltyplcs bwdensisy atidtivesa Tk twg low denpity UdkMRS te pgicapje s m"ﬁ@%‘*{“&ﬁ"gﬁ"’.s 2 third
enbodi nent. wi th the .bl.e aﬁilhﬁ SHRAE 8 (1 to\bh FRCSbilding mafeliskr A sk density
addi@‘??’é@%&“’ﬂ'@'%‘”&"%ﬁ%ﬁs%a eﬁ?hsa‘n the_nﬁvrsnt _enbodiﬁggﬂé, wi t h tFe
i Nt r Q@bieht@bmpites Vi baliinn of haleun copaic miesespheres micrepherestipy dhec ingmetendli Bh ¢ he
additron of mcrosphere t hei St &, bedolstRE ypieddisw ddhsep ei t her
t he Wit embodimept ?%WP@%WBMH?@%@L%SSCH %‘gﬁﬁgﬁ\/‘e’? dependi ng on_the
pr op%@%@&%i FRE nRRShdekele Thefikind emboiiment iithutheblend iyicrespheres and VASSH PR ed t o

curren products, one adyan f.the fi RPN oF vOTEIHE ashiof ety Ol cani ¢
ash Imdmﬁuadlﬁﬁmﬂp‘rm&f"["f’f%&ﬂ\"%%ﬁsif'%\?\ﬁ' ik ey tlﬁes" and inproved )

wor kabi Mwﬁwmm@ai midéshiRs byatemsebled mayde morppreforatip than ieither ihe 5 a

stabi i y over at of typical |ow densi Lb¥; addi E:éd‘f&% Jéﬂlgra gd enbodi nent

eNC o pkie subedinents andestiibed ghyvesfepeiing of Wippupprlies bripg Consylered 1T 2 party paglsuc‘;é. Conpar ed

to currept FE Cond QiMatage 5 D fintehbadimeni wittowjoinisrasis isithat flude t he
Vp%&qo%%%‘ﬁk?%c&e ge !

| ow densi nd~inprove ability of the 20 product w lL.acreased
DI S proides e Pt oith ow dewsities,0d frapeppd ML £ ﬂh%‘g’ i"%ﬁe'eﬁ%vﬁs'?’g { Jg&addi tion
of |1 ghtwej I no ' wAdsdtivk®? FRC mi xes. Moreover, the addiction of
micr @gﬂﬁ'@ﬁe‘g%ﬁﬁ e?‘ﬁ%ﬁ%& fdhefr_rral di mansi_ogg{l lin?si'f]ab' L1 ey £.0F ¢ FRC

mat eri al . THelsecohdvmbslimentzocimpressy the addisincad mickpsahpres 10, ST EPHPIEYE crospheres in
conmbi nation wth VA and/ . pedeP inéhidh tHe Qo0 d Snid tiproaeliCictiabiiys of i the FRC

mat e cpEpt FRGpr ﬁb"AWE 3g£p ’g‘{'ﬂg&wi th ot her!'i I Ovﬁgnsih;[}‘éﬁ&gdi tives. |

adv anaeeatist MeessRisuR e e Jeardation 3sagRied ! 0 ol RIS i ¢

| ess wei ght percent addifio S, ARG rovited SpndvEdShental dipgnsioiiab t 0 t he
I omﬁ%ﬂ%'"ﬁkwe’an@%&ﬁg% E!tﬂypi cgfﬁﬁs[gA rggt ive to microspheres. This
al so pRAPlAaRC @ cenent products to achieve lower density ranges to
further 1nprove workabilit j ' SNG #Hivith VA Zfjortoftier 1@balaows €
effects t%wm¢WMf%Va£ﬂﬁ+ﬁi%g{hﬁave Fc‘)'ﬁl%v\nﬂ -t o;dr; "di nensi onal

St abi g ichYadfiiies 17 YIRY didriald Bleatny hictoypherdSiwith pifs ovoreasity, sdgitives isoVatpEs t )

i nvention, a building material .iS proyi gﬁ’r"gsr' ' A dnl) %3¢ or ced
2530 CdowendensiopFREuoductsspn by Aceved W&gﬁ%h?%&gg% | ve%%ggﬁnqé %1% ed inﬁ,t o the
1

for ml,g%h‘g,g ga,gﬁ‘g VA ind diPtygital LDA Rialive v ndeosprietey: Thiaelshi enablpxtibersenteptpropistsil at i on

| ower's e density of the building.material as 7 hhigh Ng

At erackidve knser dengjtyaanges d¢)furtheningpe “'Pﬁ"%’é“}‘fs W‘EE‘F H?“Sﬂ&ﬁ%ﬁ%%’%&nﬁfﬁ?’g? Wi t hout
the lL.ow densit. [ LIV dry \idhbnkiGhalstabifitih nd st dusdbilg. t he bui | ding. materi al

Wi th l?"ﬁ@“"’lﬁf)%m eeﬁ% {/ntdaeiéﬁfrtyl ve_'has aI lelz t han_ about. a 2001 Nckhease.lh

NDi St ure efypa sinosspas of thapseseb ipvepiipn.p bu I‘TB} 15, PEQeH copenpn, A ng an equi val ent
fiber-reinpf d ' i e eligitian of yhedaidliensitye. Mo

| ber-r el E;.’B'I"O%-?"?e ’H’gggﬁ%{’?‘gﬁ A HHedrptraredfiritd hb! Forrubionl o df yhe e re

3035 preret

35 prefesably, the addition of the fow density additive to the formulati

oy the | ow density additive to . the f.ormulation
| ower g% BE Rmhutaionddwetstihe doasin «f ithecuildian B3¢l as gemparedto 3 @ﬁ*ﬂg@e@@aﬁﬁ A
equivalent fiber-reinforced cement formulation without the low density additive, while at the same time the building

material with the low density additive has less than about 2 20% increase in moisture expansion as compared to 2

building material having an eguivalent fiber-reinforced cement formulation without the Tow density additive. More
on lowers the density of the building material as
Ny -
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gt SEP I

mat eri al having an equivalent fiber-reinforced cement formulation wthout
the low density additive, while at the same tine the I'ow density additive
either mmintains or decreases the noisture expansion of the building

mat eMY@PVe84conpared to a building material having anPegHiSQEiRf}
fiber-reinforced cenent formulation without the |Iow density additive. The
densj f I \: r less. In
anot Fnprdn & Bl b el 3 Bl e BB chotpBARh s B R 207
pr ov addieha, wmje 3t dhe ane uh-enhb tw dgsitypddditescither m3ibteinsfopdeprexdsest theomwistupngapansive sf the hydr aul i ¢
bi nd

vol cai e PRyt e el Al e aRen RS0 1

bui Iﬂlwgdqnmdddmﬁe ihe density! mmm:ngbﬂmhlnﬂwﬁabahnmammédlem a bui | di ng product

made fro u1val nt for.mul ati W t hout | cani c t her
enbodi men "““f ’;”"f"o"li ﬁiﬁﬁ&fef"dﬁ“‘”w"’f H%P)'S'PQ:%?"EJ' fﬂ@ﬁ“ﬂ'&? pé[’vﬁ%df’ H?T' Bl {'!}'9'89 fference
in tbﬁuﬂmhﬁ?ddﬁnﬁmﬁ)é%ﬁs‘é& Siiydrufic Binde, o bifebatd)fiae usdtvoldie MDY chd WnbodimemdbeCt  ei t her
mai ntai ns or increases. nojsture exgveorf]?l}leg ?{Fless t han about 20% as

comp¥ieRés aphmEovEs the vearkpRIY P BHYEES the di Brofugty avre thown eyt 18% fon wi t hout
VOl CaRhdred B buildigrodbchiBade R A SquiflentiBiBladod wiRbtiviitamiathsh Ol ambtiel el @fhent ) S

moi sture nmovenent increase is surprisingly low Wth nomnally the sane
f or nigwmelesop with yelgans gehchat 3 negligile fitierengeia Hhe mejEIiTeE expanpien: of ftheding) mnetrmwéha n

DI Shihlc a%%ﬂﬁh@d? sﬁc%sfe%’:ﬁ&sﬁ%&nﬁﬁ by ks 'irBWshﬁJt DGR 55 Eibardd to bdub €7 ENCES

are prinaril ue to uctuations 1 n surface area of ra materlals In
anot mase frem pemmblﬂ Torimelotipn without tveltapiy esh |chhe dggreecef deyaityonodification schjeved, Rsw density
bui | RLehk g ni ¢ ash
and a&}astﬂ’ger are r'ﬁ@?é%é Xg«“ﬂ@g E%H’E’%J é%ﬂ?loﬂﬁﬁﬁm 'M‘g“g‘r %E%S?%% L@ﬁt 0 a

gr eeihat tbhdfpadesarmmsu#eeexpaﬂﬁmfogvm ashtapuldhmamtc ISechidifercucesaie primathoduertot he | ow
densj ULIdgelsﬂ% r| allnEn ) one enbodi nent, the article is cured by

aut o gr?'oef' é?w rr%'?)dl ment, the | ow densi ty building materi al

f or med has ar&thdefpsdt bithegiresanbiougdition, imetgddmhﬁm allopaiensitpindiding naeiia syodide@X pansi on

* ui | PG R bR B 0 SR P Lo Ry A0 PEY B PRt AR 9o cgat o

fi beshﬁ:e@dmﬂeh@iehﬁwsﬁ@é@dﬁcﬁwmﬁsmﬂhm.deﬁfhﬂuidlnﬁlahte&uuhdiela@omlﬂieal has a

Col I icpiupfiaicedo i Gt ek, S i e RIP ORA RO BRB AP

enmborl gdaiibr less, 5@ a bisil O hsivh 6abduDBVEN% of le8. density of the final bU| | d| ng
pr oduct by nmore t han about. 15% n gl refer abl_é:| nor e t han about 30%
as conparl®enothes aspesh pf theprescpt iayepfigh, @poui ﬁ'ﬁ‘b‘@a d ORLEITPIPES addranicyhingdes 28t | o

Wit Nigatbgate, Mib&s S8 RORGN Eofomic mitroBhetish The mtmihgmsml Had £ deidiy o PRI A2qfemTgCT €ase the

noi sture expansi on of h final product as conpared to a building product

madgess-r mnarw@mwm& Farhrseiulese Gherspre povied i e duspriatipnas in o5p eplevedh| v by
OT Eprobddfin, :ﬁpﬂu&pérée IoWR iR ﬂ%ﬁfﬁﬁlﬂ%ﬁ! bidding! PREIRE by YAdhe fbIPABbut 16W0eveh hordNE

preferred embodi nent, -a conbi nation of m crospheres wth other additional

| ow ReRierbly ympre Ahae phost\38%, a5 somparsds to\aildiam predugs qdeiFay 2reauivglpt fermalatioewidety CSH ar e
provﬁgﬁw ﬁ.%mfa&,{smtmpmmd ﬁbreéﬁl&}ekb%rme%ﬂ%t a@ﬁss&hﬁﬂﬂfﬁé%&u'agve“t Lon, a

met hod ormn ow density building nmateri n&nl sin m xi n
hy d rmated;tam byidiog prodesg epeda dram an eqpivalvatrfermulation widhppt oicrospheres, M'slun@reél@n and wat er

The green ﬁﬁ?ﬁgﬁﬁg ,&%ﬁ‘%ﬁ! gbﬁn(r:tﬁpb'e M"% or m%ﬁﬂdhﬁﬁ enS| ty WS” ole

nmat owithather afdit@nal low density additives such as vnlcamt: ash andjor Jow bulk density CSH are provided in the
formulation.

In another aspect of the present invention, a methed of forming a low density buillding material, comprising
mixing hydraufic binder, aggregate, fibers, hollow ceramic microspheres and water to create a slurry. The sy is
precessed into a green shaped article. The green shaped article is cured to form the fow density building material. The
resulting building material has a density of about 1.2 gfem’ or less. In one embodiment, more than about 4% fibers are
mixed to create the slury. In another embodiment, the article is cured by autoclaving.

Brief Description of the Drawings
.3-




resulting building material has a density of about 1.2 g/cnB or |leds SEPn2004
one enbodi nent, nore than about 4% fibers are m xed™to Create the slurry.

I n anot her enbodinent, the article is cured by autocl avj r ef
Descr MR PUSSHF the Drawings -3 1 4 SEP 2004 10 15 20 2?‘2’%”%@%%01/ 68447
PCT/ USOL/ 07948 FIGURE 1 is a graph of MEP pore size distribution for a
Hat schek NRBURES tsW @&n PORP Jord\side RisBibilion ol 5 Batichek RRhdrWred BiaAhith 48 KRG her es
after freeze-thaw testing. FIGURE 2 is a graph of BET pore size

di st r hofleyt ceawpc mistospheresafter dppaadhappRiPlact ur ed board with and without hol | ow

ceram ¢ M GpGEDRRERpR bt Y ﬁ&ééﬁﬁ%ﬁmmﬁv\fu; £ A3tichil-maff dehdFREF bobrd WithiAd withibt

phot ograph i1llustrating a t schek manufactured board with 10 w. % hol | ow

cer anhoiow eeiowic mictospberesaites frespd-thay tesinilegr adat i on after 147 freeze-thaw cycles.,

it ve aOELH N S ph Pl otk A BRH) Rt A Bl Bl

Pr ef emitreghetesSostingmaritgradineatier B7 Geeresbbvaytiesdi nent s of the present invention o

Pr ef et tionbganyaidinesiy of the present i
aast one. BPUBGE? B AEY ¥ Rap el oo R SR B "2 o1

vol canic ash. It w || beetaildDestriptonat thelPréfvet Eitidiemtsaddi t | ves may be used not

ly f f buil di erial i bed herein (i e fiber-
o1 Mt or cecN AL wRdmes of il RWE feoyout Mt oBFL ARG IS o
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ash with other density nodifiers are also contenplated to | ower the density

and i Pppeeialed that these additives pray heased Aot paly oethe fypss iwbbuiking raterials desceted heggin ber-fiber-her mor e
Ot Ner oiufdifed 'ﬁ;.ybua@fg N V63 Sor kiR Buiting InfdteRdN 4sOMKIC G StRish, vathiss 'cRmRBRES and

vol cani ¢ ash that achi eve the properties of |oweri ng density while )
mai nt wErespbegps andlotikolcanis ashi with otes densitymedifiegs,areclss pastempldteditp ewerithe dpasiyrantigprove as wel |
as | ‘éiaﬂﬂf ol o b ot Digl o]s tf defidssed

bel O\rfaB ?8' are %ﬁéﬁﬁt@m %ﬁe’@' eﬁidh%)e{'?r%gﬂl\?\lﬁ %Jﬂﬁs‘?ﬁgﬂgé&%ﬁﬁé{ ﬁu‘?‘mjs I nventi on.
1. Fi migbspiirepand vulonit ash that@thisea thecpropasties plrioveeringidensity vehildronifitaming or deardasing moisturent i on

relates to e dit] f ' e Lt fiber

rei nf 3FCed °L@%W?ﬁéwlr%ggrﬁaaf g@‘“%‘%ﬁ@@%ﬁhﬁg ﬁlg soﬁré%h n"?rs;t% d;‘}’g“réeﬂ*’I iée?'?gd to as
"ai r bae alvd cqpemplatedass being pithia thestope of thipiowestiosi te' . Vol canic ash is typically a
nat ur al gIFasi ge&ri veglfr.&@the magma of vol canoes during an eruption.

Vol cahi ¢ s L e ly l'ightweight sand sedi nent fornmed by the

cool i ng ofin Bifighenibedigeal tis iedtioiRgHIR to W additiap of voicenid ash mtorcarheatitioss celwloseriiperi Si ng

about 30 JYcerystalline monerals and 7Q. wt . % anor phous .vel gani ¢._ash

o et R . Vi b S BT SrTed 4 D BRC T BRSPSt |

t hi s woRbnitaEN i€ typicdlly b Ranfal plass dewed Hiok thetnlagma ol wslcanbecdutingran @lptioh. SlcarkcQsiciiange t he

nor phol ogy_and_achi eve a ri er terjal. wth a typical hulk density

r angi HEVEY BRGNS fend sedyoent ’B’g.g‘rﬁxut.h‘f %"‘E)?LEHU‘@H’W& 'E%/Qﬁ?'@“'% a8l "Rl & wi de

r angecoﬁ&isiﬁyaﬁ]m Qb WK hRB e nBals QRSO VAR aiidamblls vaQNDhhIgRES It RastaQytAowk 425

mer Odrnll?sfty X}A about 25-75 Ibs.lcu.ﬂ; Usually this volcanic ash is expanded with the intreduction of heat to change the )
morphology and achieve a lighter material with a typica_ll bulk density ranging from 2bout 2-25 lbs.jouft. Expanded '

volcanic ash can have a wide range of particle sizes from less than about 10 micrens vp to about 425 microns, with

median particles sizes ranging between about 20 to 100 microns. The chemical composition primarily consists of sifica
{Si0,), alumina (A, 0,), and potassium oxides (K;0). :

Volcanic ash or expanded volcanic ash is avaifable through suppliers such as Tufflite Inc. of Phoenix, AZ;
Califormia Industrial Minerals of Friant, CA; US Pumice of Chatsworth, CA; Amcor Precast of ldaho Falls, ID; Hess
Pumice Products of Malad City, ID; Kansas Minerals Inc. of Mankato, KS; Calvert Corporation of Norton, KS; Copar
Pumice Company of Espancla, NM; C.R. Minerals of Santa Fe, NM; Utility Block of Alburquerque NM; and Cascade
Pumice of Bend, OR. |

One prefesred formulation of the first embodiment of the present invention comprises a hydraulic binder,

apgregate, fiber, volcanic ash and additives. The hydraulic binder is preferably Portland cement but can also be, but is
4.



medi an particles sizes ranging between about 20 to 100 microns. Thé SEP 2004
chem cal conposition primarily consists of sca (SkO2);-alumna (Al 203),
and pot assi um oxi des (K20). Vol canic ash or expanded vol canic ash is

avai I‘@{l}h g‘*y’ough suppliers such as Tufflite Inc. of PBPoeaoko794¢;
Californra I'ndustrial Mnerals of Friarit, CA; US Pum ce of Chatsworth, CA;

Antor Precast of Idaho Falls, ID;, Hess Pum ce Products of Malad City, ID
Kansag likkted as, digh albmita. ceodnt, e komos, gran&!atmwmnecsbn peoreettand pypaum psesson,  KS;

Copar e_Co of , Espa . n

Util WQE#’HE“E ﬁ) %/ﬁlﬂ«?‘gaﬁgg' grcaé%tasca o ﬁéﬁcim %ﬁ“’ﬁ@hd‘? " Bﬁs

pref gfics, e&lmfu@[[ﬁsmalea{h% fAda hglf as:jl,hlibsf funsde mtﬁmhlnﬁqlﬂag,oﬂmt ﬂlﬂl pimadem'ﬂes,i mineght | on
rises a raul i c. bi.nder, . re voc

adgF fydipyides, cwéﬂawaﬁemp'w@‘em“ IF g"g‘g 'Bﬁ?aZ?@FSe?BCI '379'1’519?% ?'5?'1" Thﬁ?%' can al so

be, Rifefelaly cefhioselfooPhulp k804 alsoChe, bt .eﬁm fifited, ﬁﬁmMﬁbeQ];kﬁSiBé?mnE@lMdoBﬁén{ 07948 not

limted to, high alum na cenent %{, %ran ted bb?\é‘)fr@rnace sl ag

C orre ks, ANAIPelIeD At sish & RRyamidey e e

pref ch %ﬂgrvgkb?éjnv%hl FVE, VA A\en, iats cerdiic, 3hr5oR oSy mittdtes Hﬁreﬂo'ﬁhe' Jddiivbsxdn t O,

anor phous  silica, diatomaceous earth, rice hull ash, blast furnace slag,
gr anisthede.chut stleagt lingtebagy shiqazfyme, ppoermal Sl T Eetardanty, dckaners, ymRRS. jcplarats, ¢ | ays

magn Eﬁs&;&s%ls 0615 #vtg "i?%rﬁm A 4 sY Whchifind SRMS ’wamﬁﬁr?ehnnﬁiﬁbﬁse Srgaid dehs“ﬁfl rnﬁﬂiﬁe%e s, or

m xt Oree there i's preferabl ul ose wood pul p but can al so

10 be, Idumlmms)owbt. kbafinyiatusige tnbydra@ﬁemm '@tﬂk?"lﬂbl"a‘c"@ cpthanate; wellastonjig, melymefic ®Eb| |, st eel
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fiber, and FSE%H’ &%r ¢ pol ymer fibers such as polyam des, polyester,
pol yﬁf’" yrret hyl pent ene, polyacrylonitrile, poI yacryl am de,
vi scose, mdamn;h d2iVES, usdd Wi, vauea;pd)m!dxrglpa&sls albheingidifterent aopoesionsool hydrawfic bidgrt ur es

oot AT e s By oA o Bl bl i o b * 1

pl as ki) teékErboard dér SipndeRy tetc,). it dlitie lag:rwg}enhai Jthefpbrceniagel of volvagje @iy ooyt Ia varied

B POy amaing D RSO v i s M BB b o7 ™

pol ymaacswc@$M4mbs&umm., abait 0%T0% bifiehes ind a¥oe %50 arblcanin bsh. Aelpartialar be used
in a variety of building 0 ct S havi ng di fferent proportions of

hydr samiesf HHHP’"“'“%\?P@@'EQ"‘@ \f(?FE’E‘?‘\‘i c ash and additives to obtain optinal
proper ti efyfafd cemenP@indes CUl ar apgi i cation (e. g , siding, roofing, trim
soffit, backerboard for tile ur;ﬂgrlay etc.). It will be appreciated that
t he perceﬁ%&@ﬂ’%ﬂmvol cani ¢ asPmay be vari ed dependi ng on the desired
appl i cat i gdiuosEenPr €f erred copgositi on may include about 5% 80% Portl and
cement, about 0% 80% silica, about 4.1% 15% cel | ul ose, about 0% 10%

addi ti vesMetaléydasidaipddtins 0, vol 8%ni ¢ ash. One particular exanple of a

typical f 26 with volcanic agh is as foI | ows: Portland Cenent
(bi nder) Ica (aggregate) Cellul ose gfl ber
Preferably, lhe cement angd sifica have a fineness index of about 200 to 450 m’lkg The fineness index fer both

cement and silica is tested in accordance with ASTM C204-96a.
The material may be formed into a green shaped article from a waterborne mixture or shumry by a number of

conventional processes as would be known to one of skill in the art, such as the:

. Hatschek sheet process;
. Mazza pipe process;

. Magnani process;

. Injection molding;

. Extrusion;

. Hand lay-up;

. Molding;

. Casting;

. Filter pressing;
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Met al Hydroxide (additive) Volcanic Ash (LOA) 28% 54% 7% 4% 7% .
Preferably, the cenent and silica have a fineness Tndex of about 200 to 450

n2/ kg. The fineness index for both cenent and sili cadj est%—;q‘ in
accorm@nbessy t h ASTM C204. 96a. The naterial nay be f r‘f?éhsql B3a green
shaped article froma waterborne mxture or slurry by a nunber of

conventiopal p gﬁﬁ 351 fid Gebe known to one of skill in the art, such
as the: Hatsch‘quﬁs eg?mbroces&é; - Mazza pi pe process; Magnani process;

| nj eetth erwithnit gost gressingEx Theuwicessing $tens ond| parpmetgss used\Ag| aghievey the figal profustyusing i | t er
pressing, 14 SEP 2004. 10 %\Q / 7 Table 1- Fornul ations for Table 2
Testﬁ EQBP(P?SSZWW %'ﬂ?“l'sgg'é Iowq’é’nﬁ%ﬁ'hi ne, roll formng, etc. with or

Wi t hout pBiRtmapis srefgpbly pleeurgioep tsilrhors mesb srefamily Hohoursrert less,Jo extablish the achi eve
the final product usin Hat schek broc re described j tralian -
Pt e{fEmREn s $81 e TBt e ArSed PO uPRRL 28 pi lalis oo T 50 hour s,
NOSt yRbief GhgkRine 24 phoiie Sh O Etedncatiatel enviminabbti 120 té MED°C fordmelthue mes set. The
material is then air-cured (approxinately 2 day%)’ or [pre pr ferably,

aut oEiEEA Seursanlesse The Jength ppd S'@%@P’h{?’&f”@g 5%??"%?‘%&‘@ Tormylapion, “?t"g ur at ed
envi &&Qﬁ%&m@ﬁﬁ#%%ﬂd&wc for 3 to 30 hours, nost preferably 24 hours or
| ess. The length and tinme chosen for curing is dependent on the

f or nigsthesulin, t he manufacturing process, and the formof the article. Test
Resuﬁ%lm& Workability The addition of vol canic ash in fiber cenent

mat e density and inproves overall workability properties at an
economni caFhepaiditive ofvididawic ash dufitiemepment @atersls Javsys densitn ad Imsgyesotysrall werkab®iy t h t hat

of Xraxie&&l at lar(l) \évcor(ljnﬁu%ip&% while reducing the moisture expansion observed with that of typical low density _
additives. Products with volcanic ash are lighter, and therefore easies to handle, nail, and score and snap to the »
desired dimensions. Formulations with volcanic ash also reduce édge cracking or crumbling (if any) when the board is
nailed close 1o the edge (e.g., 3/8-3/47). Tables 1 and 2 below ilustrate FBC forrulations and test resuits for these
jormulations, more particularly demenstrating the advantages of adding volcanic ash to lower density and improve

workability.

Table 1- Formplations for Table 2 Test Results

28.7

7.0

4.0

28.7

70

4.0

15

Tabte 2- Comparison of Properties With and Without Volcanic Ash

0.D. Dersity
{alen?) 111 1.34
Nail Penetration® {Equilibrium conditions)’

mm. of nail in material 454 33.0
50 mm (2 in.) = length of nail

Standard Deviation 1.1 1.0

' 7.5 wi. % of the aggregate from the contro!, Formulation B, has been displaced
by 7.5% Volcanic Ash for Formulation K.



~additives. Products with volcanic ash are lighter, and therefore1 el‘aé%)r 2{]@’
handl e, nail, and snore and snap to the desired di-pensions. Fornmul ati ons
wi th vol canic ash al so reduce edge cracking or crunbling (if any) when the
board bi’%ced close to the edge (e.g., 318-314"). T @mdragd 2 bel ow
i 11 usYPRVE formul ations and test results for these fornulations, nore
particul arly denonstrating the advantages of adding vol canic ash to | ower
densit ¥ atdmi NENIRME  WOLIk@RI | drd Y condiBandd 2. 7o AGG@IBRL enidheob278R47F 0 7. 0
PCT/ USOL/ef (948 hArmﬁtyA' O Al Qo 'texibrﬁﬂﬁwi gan @finifgh Opfd t g Erpiiht hufarlﬁlth hout

Vol ¢ Gatbsfdst/- © Test MethodFormul ati on K3Fornul ation B T 5% f Cont r ol
Vol ¢ ﬂ\JB i tide-ahd: deselRIshi EMﬂE@&ﬁmﬁ){&h 111. 34 Nail Penetrati on3

( Equi Féfﬁgoﬁfa‘m cgnd:&?‘{"(;ng Zeﬁ% (g nail in material 45.433.0 50 Mm 12 in.) -

| ength of nail Standard Deviationl.11.0 7.5 wt. % of the a gre ate fromthe
control , Fbleaabose dowprreBiestiestsigbtr x 40" Jier pteesed Pratajyry b3 EwkhAnd wh Be f or

For myl agi 0 Woneortl Ak Bk, 1o pﬁq.agea,ws 2

Equi Fs}"b?wl'}ﬁ?elgnar& ﬁ%ﬁgw@ﬂ%m Qhe‘es gre”co%@?fv?‘ﬁle#r?n a controlled at nosphere

of 7 ay. TiasidnySOb&cimprssid liepneentaé Yeel dewatering platesal 35AD psblor ariexminuwt witha Wabaski

desc F’redFs) tlrno?el § glt, 752&‘“5 {1] f(p eg%nrnﬁﬁl scﬁ&t.l ﬁﬁtslwry is supported with steel wire mesh screens {30 to
40 US mesh) placed underneath and on top of the shury mix within the steel frame mold. The monolithic sheet is then -
pre-cured for a minimum of about 12 hours and autoclaved at an elevated temperature and presswre in a steam
saturated environment at 150 °C for about 12 hours.

In Table 2, Formulation K with 7.5 wt.% volcanic ash lowers the density by about 17% from 1.34 giew® to
1.11 glem® when compared to an equivalent formulation, Formulation B, the control formulation without volcanic ash.
An equivatent formulation is herein defined as one in which the ‘preferred LDA {e.g., volcanic ash) is displaced by an
efuivalent percantagé of binder, aggregate andjor additives, and more preferably is displaced by an equivalent
percentage of aggrepate. This Jowesed density also improves the nailabifity, or ease of driving a nail inte the board.
Testing showed an increase in nail penetration from 33.0 mm to 45.4 mm, where 50 mm represents the length of the
nail and thesefore the maximum nafl penetration attainable. Nail penetration testing consists of nailing a layered stack
of board using a Paslodé Impuise” cordless framing hardware gun {positive placement} to ensure consistent nailing
pressure. The layered stack typically comprises % - %" thick board stacked te a height greaier than the length of the
nail {2 in. of 50 mm). Senco 64 galvanized clipped head nails [part #GC21AABN) were used.
Thus, in one embodiment, as compared 1o a typical building sheet having a density of about 1.3 glem’, the

building material formulation described above results in a final product having a density of less than about 1.2 glen’,
More pfeierabﬁv. the addition of volcanic ash to the building material formulation can preferably be adjusted to give a
final product density of about 1.2 gien® or less, or about a 10% or more reduction in density as compared to an
equivalent fornulation without voicanic ash. It is further contemplated that larger additions of volcanic ash will

further lower the density of the building product.

Wet-Dry Dimensional Stability _
Cured fiber cement formulations with conventional density modifiers have increased moisture expansion and

increased moisture absorption on a percentage weight increase basis compared to FRC formulations with no LDA. One
advantage of the first embodiment over prior art is that the addition of voicanic ash attains the desired density and
workability with less moisture expansion than other conventional low density additives when intreduced on a similar
weight percent basis. Wet-dry dimensional stability is desired in building products for quality and durability of the
installed product, especially in exterior applications subject to severe climatic changes. Good dimensional stabifity

minimizes any gaps that may open between sheets or lengths of building panel or plank. Good dimensiona! stability

-



10

15

20

25

!
Refer to text below for definition and description of nail penetratrorgP 200
test. building material - formul ati on descri bed abové results in a final.
product having a density of |less than about 1.2 g/cnB._Table 2 above
conpaVePUEEHT results of 1D x 10" filter pressed prot%W@“’lﬂ%’&%s with and
wi t hout vol canic ash. Prototype boards are produced by m xing the desired

e S0 el AR ol ikl it WARBORS Bl it oif o' 010V ' °

M NutpRakahd the sBppbifiiydciewoRniattbe oot s ifastneRC- 75- 4TM) to form a rmnol [ t hi ¢ sheet.

The slurry is,su d w L wir mesh)

pl aced unﬁﬁ%é&?’ﬁfﬁhﬂﬁwa‘?kﬂlﬁ ﬁthogs 2f ﬁ?‘r’ ?aﬁrfgﬁﬁ;ﬁfﬁmﬁ&?"ﬁ% gt m"l'f" Yanme nol d.

The pRmstraind the advbiRRés of SidihgVaKanic Bhao Dwe déksify Mihileaniniiziigmetuafexpaibn typidaofhour s and

aut ocl aved at an_el evat ed terrpera re and pressure in a steam saturated’

envr othpr e dpnsity addpiiyes added evan SRt WYY s | n Table 2, Fornmulation K with 7.5
.% vol canic ash [owers the density by about 17%from 1.34 g/cn8 to 1.11

g/ cmB when conpared to_an equival ent fornulation, Fornulation B, the
control formulation vvlT‘ﬁbét“ﬂﬂ’é’&?ﬁftfT&E’h“"’N‘F’E’EﬁJl val ent formulation is

her ermgf ed d’Por‘ﬂ%ﬁ | \fg“"sn {n@e"“ﬁge- Hexk ] c ash) is
dis 'ﬁgﬁﬁﬂ}% ah ent " pergent age pfyaesuer b wadh e/ Qr
addiftives, Ahd m)re pr erabl y.. rs'dl spl ced-byzan. egl 'percent age of
agg egate Thi = rﬁ"‘"cd gdensttyjatso—Tnproy o1 ease of
driying a nail|i 8" hel hogtgite. [TeBbing SH A aif |

D nito-—45-—4 g —whBE sHe-fengt h of

t he nad B:-\nd ther Jﬁ-?w el hng y=AVA 1|m?ﬁl |
pen bt r At iKnn 1 eRti B-7 conlsi Qﬁ"‘a of Inai Q ng usi ng E}
Paslode Ilnpul sk c3BAl esls f B%dyi ngd hatbual ) to
ensure consistent nailing pressure. The Iayered st ack typlcally conpri ses
4 -34" thick bo ' e length of the nail
12 in._or 50 _mm %ﬂgencoﬂi.g&:%%@gﬁg.g&cﬁm&?gg%gﬁﬁgggpﬁgﬂ[ s (Dgrt #GC21AABN)
wer e} L&ﬂﬁhlaﬁﬁ)u:, | roescrigtioarThod] 7EBD, s -0 &% Mopstinsi| --b1i | di ng sheet
havi ng a”densify of about, 1:°3 |GDensiy |t hExiat me ddi ti on of
vol cHnic. ash 4 .t he: bui:l:di-ng: Tiedaimflal): £ ok o Eanty slly be

adj upt ‘ed TO gi Ve aContiol NEUDADT ocuct.:i&iersrlyh)ﬂohbobt 11 g/an or |l ess, or
aboufida I0% or| nor e xs&dact 1 on i n,tendi tgnasoednpared t ¢smn- eqyi val ent

for it on W Wﬁ@m C gshmodt |ispiusber [contenpiated thHat | arger

addi YT OggeTH Iufe ol Wptoliuct IEAGIRLErbRY safufGtelt o GvelFdrp onditiony, Pile % QiangeUi | di g
pr oduct nm Y l%ﬁég J on'aIpJBSutcta%r}dfr ty sE‘Zur ed ofl berrpcem;nt f or mul :’:IDI?I ons with
onal - densi

convent | . y ”Dd'IL_el_%ttﬁ have,jpereased noi sture expansion and

I ncreased noi sture absorp m;;égfiﬁhkm wei ght increase basis
conpared to FRC fornul ati ons viergthae, | DA One advantage of the first
errbodl ment over prior art is that the_additiaon of volcanic ash attains the

desite 1 Wiy desprigtion g e parigred ympodiipents, Formilaion By wsed forthe.coptial, Jfoweres, 8508 ot her

convent e ipcorpprefienEprmolption Bl yspd fercall o e festsy pamipl ftferancymay be fopid incfhe teshe gt )
per centresiits dar any onggsemider v di nensi onal stability is desired in building |
product’$ fek duakl t e anereguie alipmi e ofntithe Fomplation| [Bed b oertt Ssslaheci al | y
i N ext dv7.5% Vagopit Ash fr Fogwistisskbj ect to severe climatic changes. Good

di nensi onal stability mnimzes any gaps that nay open between sheets or

2004 V> e g bl Byt B 1 Rl il ol F S5

cr acks g% Choleanic aisidand &l0&ppeditesarimsite 2669 Juere Harborfite Biirpdem $ipiosl diw densith addiveng  panel

or r d. Tabl es
3" anfimRelin sth O gt & 24 AEm B Ml b 106 Bl cBitdEhted FABMGRE
f Or NWikhat 5%CrplGanic BNaGuhBshivisaubceease\st more than about 5% in moisture expansion from the control.
Thus, the addition of volcanic ash provides better dimensional stability than typical density modifiers at

Nai |

equivalent or Jower weipht percent additions. This allows volcanic ash to achieve lower densities and better

workability properties with equivalent or higher additions of volcanic ash relative to conventional low density additives.
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mi nim zi ng noi sture expansion typical of other l.ow - density additives added
on an equival ent wei ght basis. Table 3- Fornulations for Table 4 Test
Resulw@ oikgsshor mul a I dentification Portland Cenent Hygeaukhoeroly nder
-Silica Aggregate Cellul ose Additive 28.760.37.04.0 28.752.87.04.0
28.755.37.04.0 7.5 Table 4 Moi sture Expansion' Conparison of Volcanic Ash &
Perlite. Mor®préfasblyLihasdditmbewicaniqesh canGe Bisied toshes deégligbie difference in moisture

Densj t.vExpansi o ansi ncrease fronl . - (,g/ cnB) % ont r ol 2Control No EDA
o S paliph 35 Ao BE R R Sl i | GO B e s o 0. 052 2
VDI Strefirably eviidatressk: e miisturt brgantiinaoh ghe fitahprploa Byl ¢dss harbduh20% @paatels Riidyg t 0 oven
dry canditiops. The 9% change .noisture expansi on ation is: Lengthinitial
Y ik ormeR iy St fmeiosba it Bty St ey St e maERge of 't he
pr ef eganisdfl ofaketsinglptei. I8 ole Greferd arbbodhienBthe foitt6rEatpanstn of IVBIGRPPbIR ImadelfiaBVEr , as no
one sarrﬁ_l e incorporating Formation Bis used for all of the tests, nom nal

di f ffemuisiiephevippyolcapypash 1§ ghott 0;1 4k pUESS-t est  results for any one sanple. 7.5 wt. %
of the ag@éoiabinksd ONIdW Srafie MicfoStheres~Or Mul ati on B, has been di spl aced

A second embodiment of this invention encompasses the addition of hollow ceramic microspheres into
cementitious celfulose fiber-reinforced building materials. This second embodiment with hollow ceramic microspheres
may be preferred over the first embediment including volcanic ash because the addition of microspheres in FRC
materials has even better mislu;e resistance coupled with other durability advantages, including freeze-thaw
resistance, and thermal dimensional stabifity. It will be appreciated that the preferred embodiments for the second
embodiment are not limited to these types of microspheres or building materials. Thus, other types of fillers and
buitding materials are also contemplated. "

Microspheres can be natural, synthetic or a by-product. The material can be crystalline ﬂut is more typically
amorphous or glass. One preferred type of microspheres are hollow ceramic micrespheres commonly known as
cenospheres, Cenospheres are a coal ash by-product that is typicafly separated from fly ash by a ﬂuétatiﬁn process
where the spheres float to the surface of water from clarifiers, ponds or lakes. The microspheres are available, for
example, under the names Extendospheres’, Recyclospheres” and Zeeospheres”, and are available from suppliers such
as PO Corporation of Chattanooga, Tennessee; Zeelan industries Inc./3M of St. Paul, Minnesota; Sphere Service, Inc.
of 0ak Ridge, Tennessee; and Advanced Cement Technologies (A.C.T.) of Blaine, Washington.

The microspheres have typical particle sizes ranging from about 12 to 300 microns, with median particle
sizes ranging about 80 to 120 microns. These sizes can, of cowrse, vary between samples. The preferred
microspheres tfiiically contain about 62-65% silica {Si0,), about 23-26% alumina {AL,0,) and about 3.0 to 4.0% iron
oxides (Fe,0,). When introduced into a building material, the microspheres introduce pores in the material that may not
readily fill with water, which is advantageous to the material because of a lower saturated mass, improved wet to dry
dimensional stability and improved freeze-thaw resistance.

One preferred formulation of the second embodiment comprises a hydraulic binder, apgregate, fiber, hollow
ceramic microspheres and additives. It will be appreciated that the various components of the preferred formutation
for the second embodiment can inciude any of the aforementioned materials listed for each component in the first
embodiment. The material may also be produced by a number of conventional processes and curing conditions as listed
and described in the first embodiment. H applicable, the preferences of the raw materials, processes, steps or
conditions are similar to that of the first embodiment.

The microspheres can be used in a variety of building products all having different proportions of hydraulic

binder, apgregate, microspheres and additives to obtain optimal properties for a particular appfication {e.y., siding,
-9 -
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by 7.5% Vol canic Ash for Formul ation K. Table 4 above displays test results
of 10" x 10" filter-pressed prototype boards conparing ‘formul ati ons wi.th
7.5 w.%vol canic ash and 5.0% perlite (Harborlite 2000 from Harborlite

Cor p. WO &/685#pi cal | ow density additive. Fornul ati on ERGHYXY"®E perlite
has a 22.2% increase in noisture expansion fromthe control whereas

Formul ati on % vol c S al. | OWs _a r nor e
t han " ﬁﬁ%f’""‘s%ﬁﬂn aﬂﬁﬁbgaf‘ﬁfr”%m%)? E’g’r e rtb r"% Ef?’ el compay t.hrogl H’%E& aﬁ%g g@st i on of
VOl Camignd aaint biiakti 03ES0%0SNcC, Ciboutl 111RI5% @elialbse, sthaup i0Hi 10% ddbidues tlbatl%-8@%si ty

nodi fiers at equival en r _wei ght .per.cent itions. This allows

vol cdpifresphgey, O wa%re#rewq"gm W@'ﬂ"f‘g@”ﬂﬁﬁpW'f@sﬁgﬁﬁr kability properties

W th equi vghsatesht dhiogner addifgizgns of volcanic ash relative to

conventional |ow density additives. 14 SEP 2004 WO 01/ 68547 PCT/ US01/ 07948
5More pref éiietpopresatehe addi ti on 3%, 0l cani ¢ ash can be adj usted to show a

negl i gi bl q:eﬂo;e ,E,Eence in noistpe expansion as conpared to an equival ent, .

fornmul ati on w thout volcanic ash. In one enbodi nent, the vol canic ash

pr ef er abl yWeiel Bydroxidedadditivele t he M sture expansion of the final product by

| ess than conpared to a b ding product formed from an

equi val ent 8&%9%&@ on wthout vol c?r’rdr c ash, and will nore preferably

decrease tihwillrieiapprasioted tek Perysicemegobf wivespheres atay be oyeried tdepending om gheptesikdr r ed

enbodi t he noi xpansi . a
107 or miPRERth AT 08 DA ERdoS Iodh afhe Yy OUTE rR{oGE: wi i Sh
Enbocb\,wﬁmtmalklﬁldlswaama bdne mpe phide restahcesreringn Thechighcadditiv bt mioéspitedes S
i nventi on enconpasses trﬁe Iadr tion of hollow ceramc m crospheres into
c ere rProviges e watena) wih loydberpdf shipkage ¢ or ced bui | ding materials. This second )
enmbodieiRidinsWM t h hol |l ow ceram ¢ m crospheres nmay be preferred over the
first_enbodi ment including vol canic ash because the addition of
m crdéieres in FRC materials has even better noi sture resistance coupled
15Wi th ot hergdurali bhinkidy athABhepaeas imrgv6d 16loRGN WoRGHRYy bih Bitker PRGES Wakie, and
t her mal di nensi onal stabrlrty It wll be appreciated that the preferred
enbodmaomision ﬁre edvariiagessibercRegent BIPHYEE PHEE D 59@ Surayity, fi.¢.c gimengjonpl sblBvhaph e s of

m cr TFHJ I’Jgﬁrﬁﬁll'alﬁlaﬁvam;dﬂﬁfor ek rthl&hé&"e§ atidfe abdul the@d eiphifisn d

bui | di ng Brials are a contenpl ated. M crospheres can be natural,

synt eken mmﬁl&'lﬂlmmﬂwuwh migrprghere pra fighter ang dherefee egsiay 4 handls. Recoply; PPt o

LYDI Gy e mmﬂ%gﬂﬂ Bt sndpdPnPleSieliteRbion ¥iferbre. Hictds b ifuRna ©

- hollow ceram ¢ m crosphere onmonly known as cenospheres. Cenospheres are
20a coathasdge bgchmoodmngtﬁhaml wh@lhwft'amwc’s%rﬂhwwehﬁﬂﬁ’ﬂ -y ash by a
floatati on,pkacesss piiiCiGih MniRaR!HF bl Raths 1 HEGoRHEARAC oRlpaiflfy [T oM
clarifiers, ponds or e mcrospheres are avall able, for exanple,

undernmﬂmmmmm@stoezﬂﬁmh@pw toREamuations pimproedensitycbnd workablitier es and are
avai l abl e from supplie of Chattanooga, Tennessee;
Zeel an Industri es Inc j%'l"lssuf r@?lgénﬂfgfmh%ﬁrﬁ%ts%ﬁ@s Sphere Service, Inc. of
: eef—tanpatortechaoh sogi-ee—{A-C-E=0 of Blain
; 349 from abdut
to 120
Joref erred
aphyeras =+ yh i CHRMeU=araf A i h Bhp - B0 - gHiG SeaEbsitarighEYgt 23- 26%
al uniLna (hlZO) nd 2&-BOU'[ 3. (#0830 4 0%319 on ! oxidls ( p?ﬂ\ \Waen Ji nt r oduced
intd a bull di.ng ma@87iall t1983mi closphbred i nt¥hduck por®din tihe materi al
25that may not readily fill wth water, which is advantageous to the
mat eri al because of a |ower saturated mass, inproved wet to dry
di mensional stability and inproved freeze-thaw resi stance. One preferred
formul ati on of the second enbodi nent conprises a hydraulic binder,
aggregate, fiber, hollow ceramc mcrospheres and additives. It will be
appreci ated that the various conponents of the preferred fornul ation
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- for the second enbodi nent can include any of the aforenentioned n’ﬁttﬂe@? m
S

-’ LA

10

15

20

25

l.i sted for each conponent in the first enbodi.ment.—. The. materi al

be produced by a nunber of conventional processes and curing conditions as
|i st ¢ ggdagsdescribed in the first embodiment. If apppifaRbgoreishe
preferences of the raw materials, processes, steps or conditions are
simlar to that of the first enbodi ment. The m crospheres can be used in a
variety of buil Chalil&ﬁ ﬂfnﬁlﬂ#ﬁﬁlﬁof&!hberh&\wmgmdw&ﬁﬂfHi&fosﬁhbﬁﬁort ions of hydraulic

bi nder, pl properties
for a paf Al 01/ 68547

der | ay, etc.).
One prefler 1ilels ab ement, about
0% 80% sfPeisitr, about 4. 1% 15% eIIquse,

about 0% 1% add| ti vies and about
2% 90%

vhhmplﬂendémnlene partijcul ar exanple of a typical forjulation with
iie@8 is as follows: Poitland G¥hent (bf nder)3d897% Siljca
(aggreg ei)&ﬁet&%n(:el | ul ose (fiber)7% Metal Hydroxide (additive)4d%

10 15 20 It wll be appreciated that §he percentage
hﬂ&mﬁﬁﬁat be varied ¢lependi #tp on t hel desir@&t? applifation. For
I NSt ancejso dh @ Jadehhth i per cenfages (up to about 90 wt. % of |m crospheres
may be slubidaPleiafor buil ding paterialpg and syjstens tihmt requjre some type

of fire TPk aRcAEYR&esinF brmtition A faflack 0% of B Bdglebdn @8 M cr ospheres™ provides the
material  \hd, foffatioR B M8l shrinkage. Test Results Density Lowering the

density wimhmn%mm%&dmgm@@mgm"@weraI | workability of thicker

products ;nfﬁ%ngngg@gsmﬁmg ifye advantages fiber cement products offer
with regard to durability (i.e., dinmensional stability) and structural
integrity. f duct

t hi ckness]tvaag'I g@%ﬁg%%%ﬁp %ﬁ?esgﬁﬁgﬁ%ﬁ%@mgwdgﬁd i??éﬁrﬂ%ﬁoﬂ%ﬁ’ésﬁ? %r"ﬁg{'@r oduct s

Wi t hA witich0 s fmiorespherenTesudes tytdeasity byrabout Yoo d 38 oleral 6 16 oca’ wahen ebrreared sewond| v,
P Ot b b SRR 1o B, ol 1l coos P i £1 nho YR O !

I mension m crospheree fornu ons ce edge
cr acimprovgd. Oliesting revellédi an gpcréasé maaiy:)nemmrm*ﬁé 7lvoeto 47.0 ymnalieiedd mmlr@wntscﬂmt he edge

e i o b ity 69 e iih BB 01, 1 OP LR YL St at i ng the
advant ageveralf, texihg iohgototypes mﬂph&mtasnwﬂtmedafrthommmmvenhd iyt arpi%odegeaeinsi ty and
"t by R s S S e e e oA, o
microspheres may advantageously be used to reduce the density of FRC building material by more than about 15%,
even more preferably more than about 30%, as compared to an equivalent formulation without microspheres. The
present inventors contemplate that with the addition of microspheres, the density of the material can be reduced to
about 0.9 glom® {see Table 10 below), and more preferably, even as low as about 0.5 gfem’.
Wet-Dry Dimensiona) Stability
As stated eadier, cured fiber cement formulations with conventional density modifiers have increased
meisture expansion and increased moisture absorption on a percentage weight intrease basis. One advantage of the
preferred embodiments over prior art is that the addition of microspheres to reduce density does not increase moisture
expansion from wet to dry. This is useful for a rumber of reasons previously mentiened in the first embodiment.
Table 7 below displays test results of 3’ x 5* Hatschek manufactured board with and without microspheres.
Formulation A with 10% microspheres maintains, or more preferably reduces moisture expansioﬁ from that of

Formulation B without microspheres. Formulations A and B are in Table 5 above.

-11-



Cement e Hydroxide t orrem n Hydraul i cAggregat eFi ber Additivel DA}" 4 BSERIeM
828.760. 37.04. 0 A28.750. 37. 04. 010. 0 25 WO 01/ 68547 "PCT/'US01/ 07948 Tabl-e 6 -
Conpari son of Propertles Wth and Wthout M crospheres Formul ation A .-
For mulaai o1088543 . : ' . Test Met hod10% M cr ospher esCont r ol PCRASPHR™4Pensi ty

“(Equilibrium Conditlons)z (g/cnB)1.161.39 Nail Penetration }Equilibrium

10

15

20

conditions) mm of nail in material47.031.7 50 nm (2 in.) - length of nail
standard deviation0.91.4 ' 10% mi crospheres in Fornulation A replace 10% of
t he aggr egat e Tahletl h@ompemmtl pfdﬂmsmemeﬂsun Weihﬂ'E! W""E&Mlﬂp-‘tﬂ'ﬂam condi ti ons-

sanpl es 3 Fanp 505%
hum di ty. ] 0 25 Q/eral L, duft s produced
fromtridl s has reveal ed. about .
Densny
(Eguilibrium Conditions)’ '
{g]cm’) 1.16 1.39
Moisture Expansion
% Change 0.15 + 0.02 0.16 + 0.02

' 10% microspheres in Formulation A replace 10% of the aggregate in the
control, Formulation B.
2 Equilibiom  conditions - samples are  conditicned in  a  controlled

atmosphere of 73+ 4°F and 50+5% humidity.

Tables 810 below display formulations and test results for 107 x 10" filter pressed prototype boards comparing

microspheres with conventional density modifiers that do increase moisture expansion. Conventional density modifiers )
inchude Jow bulk density calcium silicate hydrate (CSH), and expanded polystyrene, vermiculite, perlite, shale or clay.
Table 8- Formulations for Tables 9 and 10 Test Resnits
" Hydraslic;

- Binder. -~

B 28.7 . . .

C 35.2 528 8.0 40

D 268 402 88 25.0

E 26.8 402 8.0 250

F \ 28.7 553 7.0 40 5.0

)

Table 9 data below displays a conventional low density additive, low bulk density CSH {Silasorb from Celite
Corp.), at a 5% load that increases moisture expansion from that of the control, Formulation B.
Table 8- Moisture Expansion of Low Bulk Density CSH

B Control 1.41 0.162 + 0.02
F 5.0% low bulk density CSH 1.27 0.188 + 0.02
" Equilibrium conditions- samples are conditioned in a controlled atmosphere of
73+4°F and 5025% humidity

5% low bulk density CSH in Formulation F replaces 5% of the aggregate in the
control, Formulation B.

-12-
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ity for every 10% addition of m crospheres and significant i rrprove;reggp ZUU’t

nailing. Thus, the addition of Table 6 displays test results of X x

Hat schek manuf actured board for Fornulations A and B. Fornulation A with
10 \M‘”‘ﬂ’% ciospheres reduces the density by about 15%pfiRigeied%s 9/ cnB to
1.16 when conpared to an equivalent fornulation w thout m crospheres
(Forrrul ation B). In addition, the ease of driving a nail into the board is

| nproved. 15836 bedd cBrﬁb\ﬁ@@ﬂmﬁ%aﬁﬂhnbd@Qﬁtﬁ?ﬁﬁGanielbasﬁlﬁ*dmiap&@%thas weR nlickoopieral. 7 NMt o
47.0 mm where 50 mmrepresents the. length of the pnail and the naxi nrum

nai | anh &y atherayith 2R whftrarith HgteeXX b, ftec Serbiely Batdhe nedite and,prrasphers I@BHRY  and nore

pref RLaR Ve deRRPEH cﬁﬁrollFE}iﬂﬁliﬂiﬁn eRa1.3 Qe 104suRF0.9 o0 tBnoisuld SRRsion HvadsesSt abi 1 ity
m crospheres nmay advantageously be used to reduce the density of FRC

bui | thribs pertte emulation i desispses withahs migsiiere EWlptioneyen nore preferably nore than
about 30% as conpared to an equivalent formulation w thout m crospheres.

The present |ny Qt,ﬁ)rM%, J#x can@%e o A&rk&pﬁﬂ&@ﬂﬂﬁﬂe' on of m crospheres,

the density of t materi stated earl|er cured
£ T

fib cn 1 rHatg-onsow Llr C A

i ncreag ﬁr‘ﬁ'l ‘stlure eﬂfp“éﬁgl on angl P nere
per dent age wei:gHt i ncr ease -basi’s}.: - : :

enbddi ments overl priorCoawd S thit the.'ﬂaddlt on ofDZﬁﬂcrerheres to reduce
dendity daes notf | nggsMioaphns St ufe ekflansi oh fronb.g2t+ 062 dry. [This is
useflul ToE a nurfber ois%paeons pYevi opsd y nmepti oneglzasn: gg2e 1 rsi
enb@@m%mm.mt Comhled 5 coPBIBTEES GMirolldd afvospheiolll TS Of 3 X 5 FAr schek
nanuf,ggoyg,g oPSphigy th and wi thout mcrospheres. Fornulation A with 10%

mcrg ﬁﬁnﬂ?amﬁbﬂﬁiwh fRidRe Wh@ﬁgﬁﬁbéfe&;ﬁduces nmoi sture expansion from

that m crospheres. Fornulations A and B are in
i Shhddl ABKE.
Tabl é‘ “' ove. @Eﬁg@.(o {x@*% o PCT/ US01/ 07948 Table 7 - Conparison of

Moi st t

(Equi 1§ Eﬁﬁ*""“%ﬁ"ﬁﬁ. o B0 g B3NS Sl Ry 1Y |
0. OZmﬁmmiaMmmhthBh@bnroduct Piefprably. (e a9 oDmitrgspheges 02n be aipSedrip cedese taer es i n
For mJI' pansﬁl i(;’yoaﬁg n&gg@fgibgt#gfbmﬁg@; &9;%%5 Eoﬂuérmn a ﬁrﬁmfﬁﬂlatmf Fhmt” ation B.

z EqU| S am es are conditroned m)sp ere of 734F
and rﬁﬁﬁﬁheiaum dity.

Freeze-Thaw Resistance

UCG

Freeze-thaw resistance refers to a matenal’s resistance to damage when exposed to repeated cycles of
| freezing and thawing. For instance, concrete can be damaged by frost, and especially by repeated cycles of freezing
and thawing. Damage usually begins with flaking at the surface, and gradually extends inward, though deep cracks
may occur. Damage associated with freezing generally does not eccur unless a sufficient quantity of water is present

in the pores, an\gi is mimimal in dense concrete of low water-to-cement ratio and low permeability.

Similar to high density concrete, freeze-thaw damage is minimal in high-density fiber cement. In the preferred
embodiments, the addition of microspheres into a FRC formulation produces a lower density cured product that
maintains freeze-thaw resistance, unlike prior art where density modifiers added to the formulation reduce a matesial's
freeze-thaw resistance. _

FIGURES 1 and 2 display pore size distribution graphs of 3’ x 5 Hatschek manufactured board using MIP
{mercury intrusion .pamsimetry) and BET {Brunauer, tmmett and Teller} methods. There is less change in pore size
distribution for Formulation A with 10 wt.% micrespheres after 147 freeze-thaw cycles than Formufation B without
microspheres after 126 cycles. This demonstrates the microsphere formulation’s resistance to structural change
typical of freeze-thaw damage. To further support the microsphere formulation’s resistance to ireeze-thaw damage,
FIGURE 3 displays a SEM {scanning electron microscope} picture of a Hatschek manufactured board (3’ x 5’} with 10
wt. % microspheres showing no signs of degradation after 147 freeze-thaw cycles wheseas other wood cement

romposites would typically have degradation at this stage.
-13-
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control l ed Tabl es 8-10 bel ow display formulations and test resultg EiOSEF‘OfU[
x 10" filter pressed prototype boards conparing rnicrospheres with = '
conventional density nodifiers that do increase noi st uEﬁ_ @lz?%%on. )
Convewbiooesst7 density nodifiers 10 include | ow bul k den @é Umsilicate
hydrate (CSH), and expanded pol ystyrene, vermculite, penile, shale or

clay. Table 8- Fornul at] for Tahl , T, t

For nul aPofesgiersiesing é?k@ﬁf digEd "'ﬁ’-”"‘*ﬁx@"c %F%ggtre (J)vﬁtgvﬁ{“}l l@@%lg nsgaengard Test

| dentyiefnibdf d6h0 Riie PRAMbant Becirvbtios 6 Resistares DEnmisteyto-Rapid Fietzing and Thawing.” This test

Hydr aul i cAggr e- Fi ber Addi t.i veAddi t r V1 DA ELDAD. Bi ndergate, - ..
06, PO o o mees BT Topeluse W53 PIST Gsong ST At S vt

F28. ! i dokd b apid I@dziny\n Gir SWl rapjdsthawinyoin want ipacdre Blow .
densiﬁ;&mgc?m??re\%q QIF ﬁwﬁﬁlk&lk@pdogzsi t?lf’ CSHmé‘gi Ir.a?orr??tsz‘ r oﬁrg)%el it g O(;e_ .), at a
5% | Saples v peripdirallysemored frem ifrerzeithe eXeing A vEyely PRt ﬁ“ét“e%ﬂ“a‘t"ﬁé“%éﬁfﬂf‘é'ﬁ;

| at i =i VO | T . .
For mu gt | E )@? '}%ﬂ'l' I}'pgﬁ‘gﬁﬁs,ﬁ,r tlﬁ@hﬁﬁﬂﬁt%ﬂgﬁmﬂ% ﬂfs&wl Bieghity Dsiiples e fsvel

For um Densi t | sture ansi on % :

| dentiivhitead thanddhrwish thBdrree cllegradation issagh thap the sample oes et hal together and e ¢ |,
CSH1270,188 . Q2 ' Equi L by conditions- sanples are conditioned in a
cont rW“EJ”‘&fﬁB%Bﬂ'@F %HJg+dngfyw€ and 505% humidity 20 75% | ow bul k density
CSH ithfﬂnwiranﬁnmorﬁmahm aces 5% of the aggregate in the control,
Formulation B. -12.1 4 § 004 44 0 bel ow
conpar es tlyeecR PRIfIg: 'F"é'ﬁ'??v\tﬁ?'ﬁa' £ %ag%é{gﬁﬁsag'%hp%@réu aféeg%g%'\%i t ngw\;}vt . %

i CT QaqRiRRY of Buildidy et bingokbRts. OthR Qtiproskd then dimensibdakseabiity alows b dirgccompineiits irbwiliag e c

Perlite). Both the perlite and m crosphere.formil atia decrease the
densifirey togriniaig A shiel 1o Eewéfa%ﬁ ’@"F ?Paﬁr?’@ .3'5‘"'6? %Fr@léf’%adglr"o hd 0.9 g/cn8, but’y
Moi St ure gYRRNRSLANZIVAGH Bigke FRC Rinulatide)end Ry letutefof 107 UIDE fiteppresseddrotbtyge eases
with the mcrosphere fornulation. T bJ:e 10- h@i stur{a Eﬂ)ansi.on n;pari son
of MMM@SM@P@@"‘&'YP@NW%W féuan_tsge%eia adding microspheres to a formulation to improve hig

temperature dimensional stability.

Table 11- Formulations for Table 12 Test Results

Sifica. .

287 503 | 70 40 100

A
B 28.7 60.3 7.0 40
F 28.7 55.3 1.0 4.n 50
6 28.7 - 503 7.0 4.0 10.0
H 28.7 403 1.0 4.0 20.00 . )
Table 12-

Thermal Shrinkage Comparison of Microspheres & Low Bulk Density CSH

B Control 1.4 3.07
P 5.0% low bulk density CSH 1.21 7.27
6’ 10.0% low bulk density CSH 1.1% 8.09
A 10.0% micrespheres 1.15 4.1
W 20.0% microspheres 1.01 an

" Refer to text below for description of thermal shrinkage test.
? Equilibrium conditions- samples are conditioned in a controlled atmosphere of
73+4°F and 50+5% humidity. _
3The percent LDA in formutations F, G, A & H replace an equivalent percent of
-14-
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3

25 30 Fornul ation Description . quilibriumDensity' (g/cnB) 1 & SEP 200

Control 1. 310.230 0.02 25% M cr ospher es0. 900. 202 -6+ 02-25%
Perlite0.890.2750.02 'Equilibriumconditions- sanples are conditioned in a
cont @l diRes4at mosphere of  734F and 505% huni dity ' Forpémruseileassgons D and E,
m crospheres displace both the aggregate and hyrdaulic binder in the
control, fornulation C. Thus, the addition of m crospheres to the fiber
cenergurdsale inthe enfrd foringltion e ef f ect of mai nt ai ni ng or reducing noisture
expansion of the final product. Preferably, the addition of m crospheres
can be aoﬁt&amrd@d kewls feayc ehoe 30-Ris), mimismresrr@imizemmhisli tempetarjurect ieoat shisigge tlmr e

\?Mr ?Lgr ?s%h&ﬂ 1:8! muﬁyncd |%° dlf’ el;m leﬂwﬁus. ‘r‘n%B%&n%% laﬁlgrislerf%bkqé\fr fp@gs esp tion

spheres. LS Eae forgy nce refers
to aof mbmmaiemﬁl shrmmgsﬁbmmmﬁortfmmdamgsnhmm%emmﬂMs iesusFopdabesiwieyol es of

e T e e R R T e
begi sfucelbrsify ffomakoun g4 &l 1. tamwns it el GmulAMCwig) 16wl bulkl dedsitf BSHERAS mbsn i the t hOugh
deep. cracks occur ociated with freezing generally does not
occwﬁh@%@eés primpretiopith "&?Pgﬁ‘t"ﬁ oiggver,otmulation & with 200yt micraspperes 9ar es,  and
IS NgeRdiny gt bboistV. uéﬂy.s&s nveP&'%Qé’s?&&mﬂfshﬂH@W 1R F Sttt ICRAREIMy 5108 dwObulR Bilsidy OW
perneabi | it I mlar to_ hi geps densi t concrete, freeze-thaw damage is

mi-ni GSH ISHaspb frgmffelite Eamsliapd,a highes "&E‘r?E"HE 29/t he preferred enbodiments, the
addi 10N i i MA Snkafh s oo W TS QWfiies dENSI Ty

cured product that nmaintains freeze-thaw resistance, e prior art
wh e rwegrectuiries 1 0cby 25y with up tos! 2apergbicknesy The-tempersturent tha Sotyrated eamlssewaa ramped ep dtal '

fre %@F ut | on '
gra @o,t #hagﬁngééébﬁztEES%Ew manu lé{g?{}&e% %Jg‘g%ﬁx ﬁg&gﬁﬁyﬁﬁfﬁ&ew i ntrusion
por (;hnnka was)takemah tBESVerdliRimensivaek changEfrore 23] e 8° Tald epgriedrast dypaistagéldiens i s | ess
chan pore size distribution for Fornulation Awith 10 wt. %

m crospheres after 147 freeze-thaw cycles than Fornul ati on B wi t hout

m cr osphe\nﬂl&r advinege df 2€ngopicbsperes Mtibe: cmmﬂmdlazmsesmbrhﬂ slﬁn!mgodnprbheafses

formul at,i resi stance,ta structural chan f.reeze-t haw
g St s, T ol Wi s B BORRS Ao € peb&ishc o 1 o

f r e citded, wheeds therel GieinkagewifBldbiienBondli deityamdifias iSHivbtlypapatidnsl ge i wagdht Ritenfll Cr 0oSCoOpe)
p|c tsc manuf act.ur ed. bo %

c e BBl ) S R BReGahei B dn Pa OLE we p Bbste cycl s
V\hertm&nﬂfaiilﬁfmmr@ﬂiﬁﬁﬂﬁpmmﬂl%)es woul d typically have degradation at
this st aqeb] ]bg f1

e 13 luw pruwdes rmnlalmns with high additions of microspheres and Table 14 provides the hgh

temperature thermal shnnkage results. Formulations 1 and J with 70 and 90 wt.% microsphere additions produce

thermal shrinkage results of about 2.7 and 1.1%, respectively. Thermal shrinkage for Formulations 1 and J were

detenmined by cutting samples approximately 10 x 10 x 40 mm fong, oven drying, firing for one hour at 1000° C with a

mutfle fomace, and allowing to cool to oven dry conditions. The percent thermal shrinkage wasdetermined by

measuring the ovesall difference in length from oven dry to 1000° C, and dividing by the initial oven dry length.
Table 13- Fermwlations For Table 14 Results

700
90.0

) T 22 | 29
J 87 10
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WD 01168547 PCT/ US01/ 07948 Freeze-thaw testing of FI GURE 3 was perff qrr@d 20?
accordance with ASTM (Anerican Standard Test Method) C666A titled
-Standard Test Method for Resistance of Concrete to Rapid Freezing and
Thawi W9 0¥/6§%7s test nmethod has two different procedur ESTVRYEP# “procedure
A was foll owed, nmeani ng sanples were subnmerged in water for both rapid
freezing and t ) qQsed Z and rapid thaw ng
i n water procmgggﬁema ﬁc‘\a%e}fg é?‘g‘le"rd“f'fé’[&?'% +Er&°m"rlr%'\'/'55d fromfreeze-thaw

cycling and Vi SH@llly | nspert ed for degr-ammmalon suich:-as ¢racking, noisture
expansi on, spopngisfisgénett| ng- throughoush"iitﬁye%s__-anpl e and-pveral | structural
integrity. Sanples are movpd from freez&ithaw cycli-ng when the degree of
degradation is|] such fhat the sanple does zibt hold togethef and woad
therefore not pe Tunctronal as a buildi ngiproduct. H gh Tenperature

D nensi onal StabirtTty Reducing a building naterial s tnermal shrinkage
prevents high tenperature stresses and strains from occurring on buil ding.

conponent sThusT i a mmwwq 2{8% wignosphegtis ateveed dmie fiber eement ifenpulasipn, Aheghepmad | di ng

conpo ts | el . f P
crac k‘?’ﬁ'g, ?t tFﬁ ”b"%i a{' art mtaphrg? b Hﬁén{‘ WJPLE m?ﬂg Sf@%?é%’dﬂ%ﬁ% %ﬁ'ﬁ;’/‘%éfia}@%%s 11 and
12 bemedhslﬁsls ahan Eﬂaﬁ:'jﬂ!ﬁr ﬂmﬂatr&uk@nmndthtxmﬂsin! wﬁﬂtayss ¢iomicrdbflibres; theGércent

filte rototype boa nor e artlcul ust n

v o sue AR bl o TS e PPt B3 ot Wtptohats ot ©

t ep &t triididphides TBABits GNigwer IefiBdl Hhirifksige, ﬂiéfb’alﬂ?l Igwer hﬁﬁraﬁmi 0% mﬁhmftCm%Tabdrﬁ 12 Test
Results 20 Fornul aPortl andSi|i caCel |l u éﬁ Low Bell~ = r

| dentPrifulsty, the Hermal sheipka EI"E)'}JP o SR Bl 5?‘9{‘7“ fys th than about 4%.

Hydr aul i cﬁmmmm%aﬁd\m{mm Bi nder.. A28.750.37.04.010.0 )
B28. 760. 3 0 628,750, 37.04.010, 0 H28.740. 37. 04. 020.700
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CSH Rt Wikl Whmaidouiier 1o bniSity aBihes bn dmﬁénfnmﬁm%@immsamwﬂ fildin fs. -
BControl 1.413.07 F 5.0% | ow bul k density CSH1.217.27 6310. 0% | ow bul k
densiDespriptisis/pt wi@icqsh and hollow ceramic microspheres are found in the detailed descriptions of the first and

second embodiments, respectively. The third embodiment with a blend of microspheres and low density additives may

be more preferable than the first embodiment with VA given FRC products can achieve a lower range of densities with

improved mwoisture resistance and durabifity properties. Hdwever, the second embodiment with the independent

addition of microspheres may be preferable to this third embodiment because of the superlative durability properties

offered by the indepemienf addition of microspheres. The preference of the second embodiment to the third

embodiment is dependent on the relative importance of durability in a particular application.

Similar to the first and second embodiments, one preferred formulation of the third embediment comprises of

a hydravlic binder, aggregate, fiber, hollow ceramic microspheres, low density additives and other additives. It will be ‘

appreciated that the various components of the third embodiment can include any of the aforementioned materials : )

listed for each corﬁponent in the first embodiment. The third embodiment may alse ba produced by a number of

conventional processes and curing conditions as Jisted and described in the first embodiment. If applicable, the

preferences of the raw materials, processes, steps or conditions are similar to that of the first embodiment.

The blending of micrespheres with VA and jor low density additives can be used in a variety: of building

products all having different proportions of hydraulic binder, aggregate, low density additives, and other additives to

obtain optimal properties for the particular application {e.g., siding, roofing, trim, soffit, backerboard for tile underlay,

etc.). One preferred composition of the third embodiment could include about 5-80% Portland cement, about 6%-80%

silica, about 4.1%-15% cellulese, about 0%-10% additives and about 2%-60% microspheres and other typical LDA.

One particular example of a typical formulation with a blend of microspheres and a typical low density additive is as

follows:

-16-
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conditions- sanples are conditioned in a controlled atnosphere ofl 4755&!—‘2004
and 505% humidity - Refer to text below for @escription of thermal

shri %{?‘ GfeskfSt- 25 The Percent LDA in formulations F, pErafefesbhy €pl ace an
equi va en? percent of -14 1 1 SEP 200 10 15 20 WO 01/ 68547 aggregate in
the control, Formulation B. PCT/US01/ 07948 At |ower |oad levels (e.qg.

about 10- m%wc%&(hm&ghegm mnimze the high tenperature thernal shri nkage
that occurs when typical inorganic density nodifiers are introduced in

fi ber - ceniiie lapmrontel at i on80.3%able 12 displays results -of the percent

t her mal Sﬁéllblf}giﬁ&zﬂ obt ain for Formulation A with 10 wt. % m crospheres

ver sus Fornu fon Gwith 10 wt.% | ow bul k densi ty CSH (Silasorb from

Cel i t e CoMppiHydBoidpladdiict) t %t he control (Fornulation B), both fornul ations
reduce depsj about 1.4, 1.15 glum, but the fornulation with | ow
bul k denspﬁogp&% "ﬁg]s al nost tV\'ASce the thermal shrinkage as the formul ation
wi th m cr bdopdiesies. MWeover, Bbrnulation Hwith 20.0 w. % m crospheres and

a densit about 0 g/ cn? h 40% hr i t han

For mul at i gﬁ"’%vﬁ?ﬂ'ﬁ'aﬁ%f? Efa}uft?ﬁ'w tb'%f\‘/rg p’ﬁenﬁdtoﬁ%s'(%}ﬁ&@ "3‘5“8? P Celite
Cor pdependiiigin the besig syplicatdmsi ty of about 1.2 g/cnB. Hi gh tenperature thernal
shri ?k es were determ ned using a Thernomechani cal Anal yzer (TMA). Sanpl es
were—%%f—% 10 by 25 mmwith up to 12 nmmthickness. The tenperature of the
sat U[mﬁweﬁams ranped up at a rate of 20° C/ mnute to 950 C and
sanpl e di nensions were neasured with oex ansl robe. Ther mal

shri nkage“!ﬂéémﬁﬂﬁé‘ﬁd"a@aWéb'W@?‘313’?5“'5[9?@ (‘,Wﬁ?\g’é’ TBifedlers Y50 C and

I e POk IGebulk FenSityVSHCof B pilstyleRt bRdds, ciamémaﬁnelpamtahu shi¥) Ok GfvanBgbighhage of
using m crospheres in fi Ber-cerrent forpul ations is- thermal shrinkage

decr eeesuinglent r lower depsity pA e achigyertiwithileshlotal weightcpareeat a@%r‘*ﬁﬂl“’%‘ﬁ?“ﬂ#l@ﬂy@”% th
M CT QS RUG aénshids %f Vpﬂa\‘uﬂt&?lyb‘rcapiﬂlfb%p‘hﬂed)ﬂ %’ﬁcrn"sﬁﬁer&sh Thetvked Fﬁdmﬂﬁ‘rﬁtﬁﬁﬂﬁn the ke,

wher eas t her nal rinkage wth conventional density nodifiers is di rectly
pr opde moig eshomica), and gheywitrespherep mininee, poistye gxpepsionTasepsiated withihe aldtemmef tyicelh hi gher

addi %@%a&{ gaﬁﬂegs RAEHeSvahidfd b o mﬁaos&@emmh -ﬁl :L@w%adaml

shrin rmul at 1 ons W|t l"'ower " addi ti ons out 20 wt.%.
Tabl @atfac m@m\mpadme e m*mwn@%mwtmwﬁnghwmm |s1rqnmh fr gndling; dwespher es

d | | t
For i s 3 KAl e REREER 9l A T ler D L b R 2
t her wigitniziag the aMeag&ifeﬂeHmat!m dtflsﬂmﬂéiti{es iRveRn dimessinal Sbility and peecol dugbilty,.  Ther nal
shrink ag epx]é ?Jdltl?lgl;f riﬂijulr%nsﬁ) %lmles ﬁ%’ of]lhé’%lﬁlmelg? ﬁe‘?{nﬁgd rﬁ?rgn R*otclkﬁtu W H&n?ﬁ mpl es

appr oxi ma ong, oven one hour
100 Orediicivg m’tsmn cemeft fhhsed ﬁ:mmlmaehnmnd Fambbummnststmu@bcﬂnem @ndcmmnatdmutondl t | ons.

The per c nt, t her 1) U rall
a1 1 P B et e o BTV B e i B 1 2 A Al oBE
0oV enfohulytiohsis\@bdntageous becguse fiber alse lowers densny in addition to providing strength and products suitable

for nailing. Dﬁnsilies for fiber cement formwlations with greater than about 4 wt._% fiber typically range from about

1.2 te 1.4 glem®. 3t has been found that FRC formulations with about 4 wt.% or less fiber do not have sufficient
strength and ductility for installation. These FRC products are often too brittle and nailing producés cracks or
blowouts dusing installation. Altermnatively, fiber additions greater than about 15 wt.% may in sems applications be
undesirable because fiber in FRC formulations contributes to moisture expansion, increased permeability, and overall
compromises in durability.

Thus, the right balance of fiber must be advantageously determined for a FRG product, which is dependent
on the thickness and shape of the particular preduct. In one embodiment, fiber percentages of about 4.1% to 15% are
ﬁreferable. Low density additives are added to FRC formulations to provide additional reductions in density from that
of the fiber addition. However, in general, the higher the addition of LDA, the lower the sttenmhr properties of the FRC
product. Therefore, LDA additions are limited because FRC products should preferably maintain a minimum strength

for sufficient handling and installation. The maximum LDA addition is dependent on a mulmude of factors such as the
_17-
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Tabl e 13- Fornul ations For Table 14 Results 26.2 8.7 Aggregate 2.9114 0SER ${
0.3 70.0 90.0 SEP 201 to 15 20 25 30 WO 01/68547 shrinkage of the final
product as conpared to an equival ent product made froma for é tlon
wi t hawo eWesssanspher es PCT/ US01/ 07948 Tabl e 14- Ther mal %Wﬁ%z"]é

H gh- Addi tion M crosphere Fornulations Fornmula Ther mal

I dentificationShrinkage% 2.7 .Thu ospheres
are U88dheibad lpviaf the %}ﬂg%@'ﬂf"e f'B'PEr’?ufhﬁP ar;!'%)mrllar FW%% rﬁ%"fnmﬁa&nag@ 0 hfid

m Cr ORp RELGRt WA FRE prbfues eapddng tﬁicﬁneﬁsh IFISURE i displaysth ypicainelationthipad ostespbire t he
superlatirve durability propert creageﬁ % lbge)alrds t han about 50% As
descrmﬁbadﬁ@wvéeﬂﬂlwfﬂﬁ“q"ﬂﬁ?fégs’ﬁ 1r[?g IsERreSEh PRIGH BB¥ Sy cr ospheres, the percent

t hermal S*Falﬂé? KRG FhefihG MBS B forPRfnd 0 185t RAIDE 10NETTiteRBesed ppaypchonts, &
product w thout mcrospheres, the final produc heres exhibits

Wit h .m
a | ovuere ptahaiaﬂaillus!}hm wkagemwgﬁr -éfb@mslﬂvwm“"#r% loyw ity %@‘"ﬁ%‘“&ﬁ'&%‘f 70%
Mor e thU| arI rmal shrinkage of the product wth m crospheres
i's pr'@?é‘? "nge h@&r%@ht 4% 3. Third Enbodi nent - M cros eyes and
O her . Addltlves A third enbodinment of this invention relates to the
addi tion of hollow ceram c mcrospheres in conbination wth volcanic ash
and/or other |ow density additives in cenentitious cellul ose
fiber-reinforced buil dlhyemfmuhilmsfoIMriﬁpnﬂ Uns of vol cani ¢ ash and

hol Low ceram m crospheres—are Of t he

firlst Eompiltsoc or?d“'é?f’oo_'hg ith a
bl ejn ddewification: o< phededs 4ind 'j-o: abl e
t han' the*fi st Bvdnnijcmff"i" aj | ower
range of-. densit i Bisdeni t b 1 npro eErEas gt HRce And durabiih g
propertiges. Hpwevasz, the %Qond enﬁ@dl nent Mt h the |nd¢= endent offered By

t heg T hdegpendent oz t1 ¢n @&0.3mi cfosifer ds. Mle preferencel of 14k sekond
enbodi MRET TO[Theggni (T 490 | 70 40 120

N 284 49.6 FAL 4.0 6.0 50 -

0 28.7 513 10 40 6.0 30

Table 16 compares the densities of Formulation M with 12 wt.% microspheres, Formulation 0 with 2 9 wt.%
blend of microspheres and low bulk density CSH, and the control without low density additives. The low bulk density
CSH used in Formulation 0 is produced by James Hardie using a process with silica, lime and water that results in a
low bulk density material that is substantially CSH in tobermorite form. Further details are described in 1.5. Patent

15 Application Serial No. 09/058,444 filed April 9, 1998, the entirety of which is hereby incorporated by reference.
Refative to the control, the decreases in density for Formulations M and O are not significantly different, but the total
addition of Jow density additives with the blend {Formulation 0) is 3% less than fermulation M with only microspheres.
For Formulations M and 0, the subtle differences in wt.% of hydraulic binder and aggregate do not have an impact on , )
dansiﬁ properties.
20

Table 16- Density Comparisons

~B Control No LDA 131
M 12% Microspheres 1.09
o 6% Microspheres 1

3% Low Bulk Density CSH

"The percent LDA in Formulations M and 0 seplace an equivalent
percent of aggregate in the control with no LDA, Formuiation B.
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-enmbodi nent i s dependent on the relative inportance of durability 121 aSErP
e 2001

particular application. Simlar to the first and second enbodi nen
preferred formulation of the third enbodi ment conprises of a hydraulic
bi nQIV r 6gggr egate, fiber, hollow ceram c m crospheregerASY09648SI LY
addltl'Ue and other additives. It wll be appreciated that the various
conponents of the third enbodi nent can include any of the aforenentioned
mat eri al faple k7 &Ioﬁdlsﬁlﬂﬁ 16013 65ItsCod TONTAN Kiltek-prestdd protaityps boaemmfomm!afﬁﬂme third
enbodi nent may al so be roduce g%g@vs er of ’? ti onE d ocesses and
cur sopigjniRgyaigces vy gy p 'E"é'a“faf?m"* {0 Yes, atdyporgrhvathouL i (Y
apPliiGAL IRSutstshbe: thaP FRfuRERMGE 12Tt % RftrosphesiBLRS defditd ronPha GEBSRA0I iﬁ:heps or
conditions are simlar to that of the first enbodi neléa@ gr}e bd(??qd' ng of
ik density

mi chspiomd ek 16 w/esr, bynFomplationy withy ) Wi afdtion of iy microzper n a variety
Of @ﬁé&o’ﬂﬁhﬁl%Flne?ﬁlé}l&jfdﬁ&ém@deﬁsnmueﬂﬂ1du §1nRT Ptbovi nRRRFeleigatin R FoiEigaw! | ¢ bi nder

egate ow density additives, and other additives to obtain optinmnal
pr op-ﬂlrtha lalswlf'ibmupwep‘wﬂ'tblﬂkm 651 lend ant they pontreld wihout lgw fensity, adfitnet S 8L, tri m
SOffI r f I osition of
¢ neo ol SRER Aef Mol el I o ol BB o RO R
O%&ﬁk%cmpimm;abnubhnﬁmaqdeib% asFoqletion N5 dlwt.% blenduhwt with aymtably bigheroistee and about
2% 60% m le of a
typ?"&"&’l"’"l"@ﬁzﬁ ?f“ ‘ﬁ%ﬁe ?}ﬂl{‘aﬁl ﬁ'lm Crosp ges'pg]%ﬁ’hﬁ'%@fo?oca ow density
addinﬁﬁpﬁﬂodd&niﬂvﬁormilﬂiriﬁmmon-pr]lﬁnits 4 SEP 2004 10 15 20 25 30 35 WD
01/ 68547PCT/ US01/ 07948 Portl and Cenent (binder)283% Silica (aggregate)50.3%
Cel lul ose (fiber)7% Metal Hydroxide (additive)4% M crospheres (LDA)10%
Vol canic Ash (1 DA) S%iahleWLMobnm&mnmmmminsidsat the per cent age of
m craspheres and othe DA! G ABY- _'nd| ng on t he
dedi r efor@Mp i chti on: %W“Rbsul ility There are
seVierldéntifiaiemt figes to bl ending ni | typical |ow
dersi ty nodifi-€f:s such ~as bow : } pol ystyrene
bedds, cBay, vérm cuﬁﬁntrté N“H@fl ite | and’¥hal e Ful;ﬁal\‘-‘iﬂrw-anp s that an
eqyi val eMt or | ower 12.ﬂéM$mppem§an bel achl-Bved Wi th 0158 ¢ 003t al ei ght percent

adgi-ontthant+iet -y BT Ve LIIEJTOV\Ebr g7t €5l of VA and

ot Her tyﬂl cal L ﬁ% & smcrospheres | ower additijon rates with
t hg—bl-end—are rm’s -sp-lwg;-w-m—z nmoi sture
exp

SR S b TG T A T
| owB-density additives is
Conclusions

In general, it will be appreciated that the preferred embodiments of the present invention, more particularly, a
fiber-resnforced building material containing additives of volcanic ash, hollow ceramic microspheres, or a combination
of nﬁcrospheres; volcanic ash andfor other additives, have several advantages over the prior art. These materials have
a Jow density compared to conventicnal fiber cement building products. This enables production of a thicker product
{e.g.. 318" to 1.0") that is lighter and therefore easier to handle, cut, nail and install.

The matesials also have improved wet-dry dimensional stability and the building material’s durahility is
improved such that building panels do not excessively shrink and crack. Also, excessive gaps between panels or planks
do net open up after changes in humidity or from wet to dry seasons,

With respect to at least the formulations and building products incerpesating hollow ceramic microspheres,
the materials’ freeze-thaw resistance is maintained at lower density, unlike most inorganic density modified fiber
cement materials. This gives these materials good du_rability in climates that experience frequent freezing and thawing
conditions.

These materials incorporating microspheresalso have improved fire resistance properties because of improved

thermal dimensional stability relative to typical low densityadditives. Thus, the matenals are stable in building fires as
-19-



that FRC products can achieve |ower density ranges and still naintlinSEP 20l
sufficient product strength for handling. Thus, hitgher*1oad |evels (on a
percent wei ght basis) of the conbination of nlcrospheres and ot her LDA can
be adwedgs®’e ninin zing the adverse effects typical PFHSALRRERE y

addi tives have on dinensional stability and overaII durablllty The

addition of |ow density additives in ash f e.enbodj. hﬁ descr
her ei hbyilding fappopenisugh ihat the/maferial fjan maintal & shg lfeﬁ"sl”wml Tee '@n@ '"Bé’gaé'da"

f or MulyabihgIsto sptadRiBY. . Formul ations consisting of cement and aggregate
w thout fiber or Iom1den5|t addi tives have densities téglcallg¢rang|ng

f r om about The prgterreg ﬂ@”@&"@ﬁﬁ'mﬁéﬂﬁaﬁlﬁ“’ 5 ajwipbet of buildipaprppuct sopficaHiafsaipsiuging
ad"a%@ﬁﬁi? M@a.@ﬁ&@k‘ fifferiby! awe&h,&% HaEXerEbosid (WS Srid F¥ors), Sicimg! bt 1AM, rdcBngPfeting di NQ
ng an u

stre cts suitable for nailing. Densities for fiber cenent
5for mdndiﬂackms The qmodgp@a:ﬂtevatedwamdeep@bﬁdtabm ¥R prayyled; nseely o3 GxppRies of Sertimprefereir om

about t T t Jﬂ@qmﬁgq th about
4 wt. egémfygl 'ﬂ%twﬁﬁée suff%@ﬁ@ﬂ?hagf?engt 'ggﬂ%uctl Ity for

i nst airésanudwein bvm%kmlpamww@em@etmrmpmmmofm@vamm nai | i ng produces
cracks or blowouts during installation. Alternatively, fiber additions
greater than about 15 wt.% may in sone applications be undesirable because
fiber in FRC formul ations contributes to noisture expansion, increased
perneability, and overall conpromses in durability. Thus, the right

bal ance of fiber nmust be advantageously deternined for a FRC product, which
is dependent on the thickness and shape of the particular product. In one
enbodi ment, fiber percentages of about 4.1%to 15%are preferable. Low
density additives are added to FRC fornul ations to provi de additional )
reductions in density fromthat of the fiber addition. However, in
general, the higher the addition of LOA, the |Iower the strength properties
of the FRC product. Therefore, LOA additions are |imted because FRC
products should preferably maintain a m ninumstrength for sufficient
handl i ng and installation. The maxi num LOA addition is dependent on a

mul titude of factors such as the -17 WD 01/68547 LDA, the | oad | evel of
the specific LDA, and the shape of the particular FRC product. The m ni mum
strength required is also dependent on the FRC product's shape and

t hi ckness. FIGURE 4 displays a typical relationship of mcrosphere- wt.%
additions to density and strength of 10" x 10" fitter-pressed prototype
boards. Tables 15-17 below illustrate FRC formul ati ons and test results of
10" x 10" filter-pressed prototype boards, nore particularly illustrating
t he advantages of bl ending m crospheres with other | owdensity additives to
achieve |lower density ranges and inprove durability. Table 15-
Formul ati ons for Tables 16 and 17 10 15 20 Forrmula . Identification
Portland Cenent Metal;: Hydroxide Hydraulic Binder:

-
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Addi tive PCT/USO01/ 07948 M cro- spheres Low Density.CSH 28. 760. 371 044'§EP 200
28. 750. 37.04. 010. 0 28.049.07.04.012. 0 28.449.67.04.06.05.0
28.751.37.04.06.03.0 Table 16 conpares the densities of Formulation Mwth
12 wt. % m crospheres, Forrmulation O with a 9 wt.% blend of m crospheres
and | ow bul k density CSH, and the gontrol w thout |ow density additives.

The | I ity CSH used in Fornmulation O is produced by Janmes Hardie
usi Wﬂg—rggo@é&mtlﬁ' silica, linme and water that results in a |ow bulk
density material that is substantial Ify CSH in tobernorite form Further

detdi | s Arkuildingmaterial formulatiorpasadhio fop A Puilding,Rroduct SPMEISINGY 1058, 444
filed Apti : he entirety of which is hereby incorporated by
referencé.Hyd?%flé?q?G%e%o the control, the decreases in density for

For nul at gesumdNikcey O are not significantly different, but the total

addition of low density additives with the blend (Forpqulation,Q) is 3%l ess

t han fonfelfiesehbass ﬁr%(ﬂF W'@Qﬁepﬁmr§§9mwp "F‘tﬁﬁﬂ?ﬁr\ %l#%ﬁlﬁ%ind 0, ('Ehe

subtle dbftfhgrfﬁﬂﬁﬁfétibﬂ b\@tw%fpﬁf; gpgdraul i ¢ hinder and aggregate do not have an
t

i npact on ensity propertres. Table 16- Densi tCYL' Conpari sons Control - No
LOAL. 31 ¢@leahicasbs pherais the goieaniviashds inereeraied intathe fermplatin ik Asi t y CSH

The percent LDA in.Fornmul ati.pn I _ i nt percent of
aggr egat BU?'PF'lfY ﬁﬂh@&ﬁ# ttcg}jowrttﬁers(?g%%&& @grbﬁ@bgﬁe@%{@éﬁmﬂ %@&4 SEP 2u0~ WD
01/ 685471 Pgldrh5et IKs694Rd Wdreinltfe helcanicchistpinairtaine she neistltes of 10" x 10"
filter-preSsed prototype boards with four formul %‘%A ona cont ai ni ng

var i anceexpansian of fhediidingmatarial aba devsy of abot R 17T GWPIdesSi ty additi ves, and
a control without any |l ow density additives. Results show that Fornul ation
Mw th 12 wt-% m crospheres reduces density fromthat of the control from
1. 35, gt cTiRe fermuldtforgatei8im buwhemimtheabydraulic binder B1Powland gsgaiernt.on of the

m crospheresliow bulk density CS* (Silasorb fromCelite) blend |lowers the
density further to 1.10 glcnB. Moreover, noisture expansion for Fornul ation
N 31 th Thedmiudifor?eriianP2pbsnBAlihg ubeut sulsow porighticaimend and t he
control wthout Tow density additives is not significantly different at
0.167 and 0.163% respectively. In conparison, Fornmulation 6 with only 10

N <410 Wl o RGP SRR B M WS RERe b¥oRroBor i At for

5. The formulation of claim 1, comprising about 0%-80% ground silica.
6. The formulation of claim 5, comprising about 41%-15% celiulose fibers.
7. The formulation of claim 1, further comprising about 0%-10% additives,

wherein the additives are selected from the group consisting of silica fume,
geothermal silica, fire retardant, thickeners, pigments, colorants, plasticisers,
dispersants, foaming agents, flocculating agents, water-proofing agents, organic
density modifiers, aluminum powder, kaolin, alumina trihydrate, mica, metakaolin,
calcium carbonate, wollastonite, polymeric resin emulsions, and mixtures thereof.

8. The formulation of claim 1, comprising about 2%-50% volcanic ash.

9. The formulation of claim 1, wherein the volcanic ash is expanded volcanic

ash.



expansi on of 0.197% The subtle w.%differences of hydraulic binfley $FR 200
aggregate in the fornul ati ons do not have an inpact on denisty or npisture
expansi on properties. Table 17 - Moisture Expansi on Conpari sons Fornul a

I dentification Misture Exxpansion Control -No LOAl.350.163 0.02 12%

M crospheresl. 160156 0.02 6% M crgspheres 1.100.167 0.02 5% Low Bul k

For dh a« TEeRURTEn ! @ogr draviergm apieacendail val et A B contr ol wi e
no %SFEN ggb@t%gg_lgg&g_hpsi ons In general, it will be appreciated that

the prererred enbodi nents of the present invention, nore particularly, a
fiber-reinforced, building material containing additives of vol canic ash,

hol | Qw ceram ¢c_m_crospher ) ' ' i /0l cani c
ash dnai dnederepiedaa r Fout 2. nip e RpahieT o ank SRR FRSad O S0
The SRtk SlzeaAgha\fiom abbaved ensoo yickomsar ed to conventional fiber cement
bui I'di ng produc?s. Thi s enabl es production of a thicker product (e.g.,

318" to 1.01 that is lighter and therefore easier to handle, cut, nail and

install. Jdal i & (NG | bility and
thet’%m I JF%?"@@@?'P@P?g%ﬁﬂagﬁﬁ?wﬁé%ﬁﬁ{a’ﬁgﬂ%ﬁ% that@glgi?fgﬁﬁg panel s
do minkl ilkrRe proglugt B miork tiaard abouaicl0% Asseompareddeiauilgingspiodigkeen panel s or

pl anks do not open up, after. ch es in humdity or fromwet to dry
seadude frggean ?@%‘H@'@P{){%”‘éfatioé‘a‘@%”?{ém&épm ‘i ons and bui | di ng products
i ncorporating hollow ceram c mcrospheres, the materials' freeze-thaw

resistance is nmaintained at |ower density, unlike nost inorganic density
nodi18i ed Thetfermulatior of ciaitn i, waleseinThe yolganissasmiasteasgas dhe MAstytbd

congrbatnién ot b pf oot TR SRR RBOER be oRREIGFHBMERY T8 |

fi rgrd(ﬁﬁzit SARIECRORI P& iV aienbRymuRRionfwithgut voldnid dshr.mal  di mensi onal
stability relative to typical |low density additives. Thus, the materials
are stable in building fires as -19 1 4 SEP 201 WD 01/ 68547 PCT/USQ /07948

2 A9 RonSRESBpRch dhnd iy rplerEiggn o Shiel 4 Lo 117

ut cra an I ng apar g fire to spread quickly. The
pr ef er r echixin edfiber emedr fernaylatiore atimprispgthydsaulignijadero grayind giliéy pr oduct
applications, ipcludi but not., |imted ull.di ] (interior and
exterior ?‘?"Lﬁﬁ"eﬁ%%r@k%&gﬁ'@&ﬁ R Wg{%ﬁg qé%g%#lhﬂg{\gpﬁge%éo fit, trim
roofing, cERNGsd ibeRTbnSRNHE dreatetiRas abodi a%yswelght of that fisbraechaltscr i bed
above are provided nerely as exanples of certain preferred enbodinents of

t he prestormulatioenti on. Various changes and nodificati ons can be nmade from
t he enbodi nen i killed in the art w thout
departur gfﬁéﬁ%ﬂﬁgégﬁ& ﬁ%aagirg%ﬁgggg%é&?ﬁ@@nvent i on. '

curing the green shaped article to form the low density building material; and

wherein the volcanic ash is added in a quantity sufficient to lower the density

of the building material to about 1.2g/cm?® or less and maintain the moisture

expansion of the material at a level of about 0.17% or less.

15.  The method of claim 14, further comprising mixing additives with the hydraulic
binder, ground silica, volcanic ash and water to create the siurry.

16. The method of claim 14, wherein the article is cured by autoclaving.
17. A building material formulation used to form a building product, comprising:

a hydraulic binder,
ground silica;



SEP 202 21 WHAT IS CLAIMED IS: A building material fornulation used st @Epogin
a buil ding product, conprising: a hydraulic binder; ground silica;

cellul ose fibers, wherein the cellulose fibers conprise greater than about
4% of the fornulation be weight; and vol canic ash, wherein the vol canic
ash is incorporated into the formuation in a quantity sufficient to |ower

the density of the buildi terial . bout . 1 2 d
uor oi - orlbsp 8BRS WhskeRdnseaiifeSe AbSch i YERIERTROOT b "hui 1 ai ng
mat eri al toﬁgh%%@éﬁtidg,fﬂggﬁ;%ndl?% or less. The formulation of claiml,

wher ei n is Portland cement. The fornulation of claim
2, conpr imsiloy cevamic Bierasphares iwhereinchediallow caramieiePeRherBS@ecl ai m 1,

further conprising. holl o 1.C. I : ru LR f claim
1" Compr TeRRORBAO RS RIElEhan PLATRD AR en: I for et gBheRlof
conpri si fgs BOMIAg MdfeAaoedoltl @egerh! beless, diewhereinltiae holfovef cl ai m 1,
further conprising about 0% 10% additives, wherein,the additives are

sel ect ed CeramictmisTepRheRe: BiaNain thg roeistire expantinl of MeliiiGm) silica, fire
retar danhbaet%{@cé&%@%! %&%Qﬁ §bo§§b_qge%r1b§2%pl asticisers, dispersants,

f oam ng occu I'ng agen wat er - proofing agents, organic
density nodifiers, alum num powder, kaolin, alumna trihydrate, mca,

nmet akaol in, cal ci.um carbonate, wallastonit ol YneLL G, I es] | si ons,
andl T8 xt TREdORTUALGR of SRET gy ek SFE byataT AFper &b pBeE s L “20% s0%6
vol canic as The fornulation of claim1l1l, wherein the volcanic ash is
expanded vol canic ash. 1 4 SLP 200 10, The formulation of claim9, wherein
t he 18x pafitledonnulation of akeim H&s camprising ahowk 5ito &0 Resllandcemenys/ cu. ft. 11.
The formul ation of claim9, wherein the expanded vol canic ash has a nedi an
particle size ranging fromabout 20 to 100 m crons. 12. The fornul ati on of

cl abf 1, THE9HRNMatiBE of Blafia Ni7C combribipgeibout 09 -densgtoundfsilidae  final buil di ng
product by nore than about 10% as conpared to a building product nade from

an equi valent fornulation w thout volcanic ash. 13. The fornul ation of

i nar pr SHdeaalie ob P zh AEfiercBBFRTEatol 078 Feby el " P oduct
made from an equi val ent formul ation without volcanic ash. 14. A nethod of
formng a | ow densi t

A, Foh mians hy b SRS hado SAA 5 B cffddas = 11 ber ceren
23.  The formulation of claim 17, wherein the microspheres are cenospheres.
24.  The formulation of claim 17, comprising about 5%-30% microspheres.
25.  The formulation of claim 17, comprising about 5%-90% microspheres.

26.  The formulation of claim 17, wherein the microspheres lower the density of the
final building product by more than about 15% as compared to a building product
made from an equivalent formulation without microspheres.

27.  The formulation of claim 17, wherein the microspheres lower the density of the
final building product by more than about 30% as compared to a building product
made from an equivalent formulation without microspheres.



cellulose fibers, volcanic ash with water to create a slurry, whenegngtEpey
cellul ose fibers conprise greater than about 4% by wei ght of the fiber
cement formulation; processing the slurry into a green shaped article;
curing the green shaped article to formthe |ow density building material;
and wherein the volcanic ash is adgded in a quantity sufficient to |ower
the density . of the butj | di ng terial to. about 1. Zgé’ﬁjm@& | es§ .and

mai ne&i n 1R forguatipn.of clgigh héi Whetsin tednicEeshneses YAty Matelout 0. 17%
or | : - ' ash iileh dxbin@adgddi tives

Wi t hmt% ﬁgoﬁ;@ﬁ?ggﬁa@abﬂﬁggflﬁ%ligggl%&sﬁslﬁng@&gﬁga@rﬁ%@gs pﬂggg !\}gt er to create
t he Bbmraryequigalefihformetaiiod withatit miorosphergiserein the article is cured by
autoclaving. 17. A building material fornulation used to forma buil ding
product, conprising: a hydraulic binder; ground silica; | ' SEP 201 23

cel | 34 oserid RFRiatitesRIENT 17 witbreid BRaiciduphorepdpereagegtimat er than about
4% of the fornulation by weight; and holl ow ceram c m crospheres, wherein

t he moisture expangion dfitee SBplupductascomprisd s apalding PedUsEMasefiAMt i on, in
|t i Ci t Q. . ; Ll torial
oo Y SN L Pl i e AR o el s 1oL L

mai ntain the noi sture expansion of the building mterial at a | evel of

bet ween about 0.13% 0.2%, 18. The foilrml ation of ﬁl aim 1@ vvhertei n the
hydr3ll i cThé Teamuigtionsf,olaing 2P, whergin the MierRSPNGTeR Ha¢TegRe i ToGe g,

co ISl : Q ildi ktdron of claim
17, epRnBRnr I il Aot Lo e B Bl Brog e e e ot el ai m 17,
f ur tdwpivatemformulationwiihowynicosphetis by gore trn alypid ¥a%nul ation of claim
20, conprising about 4.1 %to 15% cellul ose. 23. The formulation of claim
17, wherein the m crospheres are cenospheres. 24. The fornulation of claim

17, fonprind Remakdeh TR NivigraiphBeeticrospherddincfazsathatnuemberfofcl ai m 17,
conpri si ng about 5% 90% m cr ospheres. 26. The fornul at 'hon of claim 17,

\ghercybi%tth@’f tiedinad prasiust beging o vissialie degtadegmdar dreezert F‘Wtﬁ}’PEQﬂ ?3 pr oduct
o ESaiabe fo AR ARpE HERE e SR duuRidiertBnplel WinoEEE Trom AN

17, rdieispherdédie m crospheres | ower the density of the final building
product by nore than about 30% as conpared to a buil ding product mnade from
an equi valent fornulation wthout m crospheres. 1 4 SEP 201] 24

32.  The formulation of claim 17, wherein the microspheres decrease the change
in pore size distribution in the final product after undergoing a number of freeze-thaw
cycles as compared to a building product made from an equivalent formulation

without microspheres.

33. The formulation of claim 17, wherein the microspheres affect the thermal
shrinkage of the final product as compared to a building product made from an
equivalent formulation without microspheres such that the thermal shrinkage of the
final product is less than about 50% greater than that of the building product without

microspheres.

34.  The formulation of claim 17, wherein the thermal shrinkage of the final product

is between about 1% to 5%.

35.  The formulation of claim 17, further comprising volcanic ash.



28. The formul ation of claim 17, wherein the m crospheres substanfi al |
mai ntain the noi sture expansion of the final product as conpared t‘l‘oﬁffg 2004
bui | di ng product made from an equival ent fornmulation w thout m crospheres.
29. The formulation of claim 17, wherein the m crospheres decreases the

noi sture expansion of the final preguct as conpared to a buil ding product

made_fro apn _equi val fo j 5 \ nore than
abou@é'S%rq—%ForW’Ea%%@m iﬁhﬁﬁ%ﬁ)%rﬁb%ﬂga%@gfkwpﬁ%@%@pher es

decr gfgRe hyarat@i sture expansion of the final product as conpared to a

bui |l ding product nmade forman equivalent formnulation, w thout m crospheres
by nore than about 10% 31. The formulation of claim17, wherein the

mcr .Pgeégge;thgéroﬁfpgg}iﬁﬁﬁ 1 TRREiL bufdiiy Fatbfial gérﬁgriéih al product begins to

Vi su reeze- cycltng as onpared to a building
product rmiknd a fitepoement fonnelatiohmomprisiiphydratiobinder,groupt silies. 32. The

formulation of claim17, wherein the m crosphere gecre S t], .change in
pore si zecedploseithers.dipliow ¢aramig ﬁ‘éﬁmﬁ?%ﬁﬁp wa ru%ﬁ@%%%r’?é)u @'nunber of
freeze-t H?'WF%@@ e SRy IRH g,%eh_cgr@ggaldrﬁmggam oduct nade from an

equi val e ation “without mcrospheres. 33. The fornulation of claim
17, wher ajutinghae greemshapecartiafe edorm ke fave dansity kuilding mpterial, e fi nal

product as.conpared. a _buildin r Wl ent _

f or mul at i A W@fﬁ”aﬁrﬁ@w&gﬁn@?@gs(ﬁ@ﬁ%ﬁﬁiw {Jﬂgg]sn’aa‘f]h%%?r:‘]{rﬁgge of the
final progiusly derahfi® Midrdaphéres whaihfith tHeemofsturicexpanisian offthe meaterial di ng
product w thout m crospheres. ornul at;i on of Bﬁ(lpsaell%ﬂ’ wherein the

34. The f
t her mal i lewelpf betweee aborid. 1894825, andwhereiR &hie g8 %P0 5% 35. The

formul atign cl ai 'Y i; P 2001 36.
The for mﬁoé'?ri‘oriﬁ? é}r%'ai%r élﬁ%] %ﬂﬁ&?ﬁ%t ﬁer @Qﬁ%ﬁ?‘gﬁ%&?’c?mw&ﬁ%gﬁgt y cal cium
sili cate dém&r_ﬁtf@rmlﬂﬁtioﬁ nmet hod of formng a | ow density building materi al,

conprising: mxing a fiber cenment fornulation conprising hydraulic binder,
ground silica, «cellulose fibers, hollow ceram ¢ m crospheres with water to

Creafge a§ldihbihod a§@$5?,%@B?céﬂnpfi5m9irﬁ&mgaamm whiegesihpdrauti¢ e; and

curing the green shaped article to formthe I'ow density building material,

t he bimder] gioupdrsiliaa, ifiakbre; doilowy ceramiesniojosiheses and watgy nggesie thess, wherei n
the _hollow ceram c mcrospheres maintain the noi sture expansion of the

mat Y- at a level of between about 0.13%0.2% and wherein the cellul ose
fibers conprise greater than about 4% by wei ght of the total wei'ght of the

fiber cement fornulation. 38. The nethod of claim37 fdur.t her i&orrpri si ng
ni xi3%y addietmethodwh ¢lainhd7 naghgleerEprising mixing low density additives w

the hydraulic binder, ground silica, fibers, hollow ceramic microspheres and water to

create the slurry.

40. The method of claim 39, wherein the low density additives include calcium

silicate hydrate.

A1. The method of claim 37, wherein the low density building material has a
density of between about 0.5 and 1.2 g/cm®,

42. The method of claim 37, wherein the low density building material has a
density of between about 0.9 and 1.1 g/em®.

43. The method of claim 37, wherein the articie is cured by autoclaving.



bi nder, ground silica, fibers, hollow ceramc m crospheres and wa %mSE% |

create the slurry. 39. The nmethod of claim 37, further conpr|5|nt néﬂﬂ

| ow density additives with the hydraulic binder, ground silica, fibers,

hol | ow ceram ¢ m crospheres and water to create the slurry. 40. The nethod

of claim 39, wherein the Iom1densi&y additives include calcium silicate

hydrate. _41. The net hod m 3/, wherein the.lo i i1ding

ot o] THETETTOdERIRN 8f, Weseiiaroaabalnt gy 1 S deel ' 1.0% e hoo
rih§ Yhe BBSIdL sy b I HHtBehaKRdIRiet Rkoders. a  density of

bet&ggﬂgggﬁﬁ¥%%sgﬁgﬂ5&?ﬁl g/cnﬁ. 43. e met hod of c?ain137, wherein the

artlcle is cured by autoclaving. 1 4 SEP 2001 26 44. The nethod of claim

act dNPBNTHET BT GalS o Wikefah he bR GhG EPodiaREE palltbefl TR LS, o,

of cIa|n117 wherein the building product is a backerboard.



