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WD 2005/ 033040 PCT/ AU2003/ 001533 - 1 MANUFACTURE OF
ARTI CLES FROM FLY ASH FI ELD OF THE | NVENTI ON The

wW@e@ses3040 nventi on rel ates generally to shapedPCBHAU2003/001533

articles that are fornmed fromfly ash and to nethods
of formng such articles. -The-invention has been
devel oped especially, but not exclusively, for the
manuf act ur e MENUFNGIYREYOF] ARTEEASs FRWY ¢ iA®ent i on
is herein described in that context. However it is to
be appreciated that the 10 invention has broader
BEppLbcaFi THEaRWVERYIOKR used for the production of a
vast rﬁﬁ%e of artigcles, both structural

et IR o e o e AR e ta By o fpared

arbycpegdusbif s08 tbembar o ofycosh hAd €8ahethss of
power stations. FI{ ash is made 1 n abundance and
@

f9pnénp| suebnpsrhslavavy FHeealsvenehoashegdheem developed
I zZi I ke=dj.s

ATy By o B e L e RS Shan factus o

ehpactuohlf byemshts28ndatheusnusesiofh fkyhashihadescribed

been. contenplated to both aid, in f ash di sposal  and
26 BBaE: FoBbRBt ecoONPEeT othr ie ConbdsaoRraetorad; it che

EH@eHE@BBaﬁbHVErQQdéfi55%1iBéﬁiéﬂnéﬂHHmE&YbéSﬁséé Por the
constituent part. These bricks wusually include fly

nshdprehgadofi ehveshyrandeapé prkécles, hhpibnegructural
gﬁ?lggntgg§ﬁcpﬁkgg§ find a use for fly ash, they have
no

een seen as a viable structural building
elenment. In particular, difficulties have been
encountered _in _nmanufacturing bricks containing fly

RERKERQPND @FcOBE IUVHIELPYi ve with existing bricks,
are of pa,capsi skeatbpOpasd@hiét Yerende REr botAAdegHat &Y in

over a range of structural properties. WO 2005/ 033040
pcFLALR20ed/ povsg3stapions. Fly ash is made in abundance
and typically contains heavy metals such as cadmium,
chromium, zinc and lead that make disposal problematic.
In trying to minimise the environmental impact of fly ash,
various uses of fly ash have been contemplated to both aid
in fly ash disposal and to obtain some economic return.
One such use is in the manufacture of bricks that
contain fly ash as a constituent part. These bricks
usually include fly ash blended with clay and are fire
hardened. Whilst these bricks find a use for fly ash,
they have not been seen as a viable structural building
element. In particular, difficulties have been encountered
in manufacturing bricks containing fly ash that are cost
competitive with existing bricks, are of a consistent
quality, and perform adequately over a range of structural

properties.
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SUMVARY OF THE I NVENTION In a first aspect, the
present invention provides a nethod of formng a

wG@h@pesBoar ti cle having a matri x contai ni ng si PCEAB2D03/001533

fly ash, said nmethod conprising the 5 steps of :

bl ending fly ash together with water to produce a fly
ash dough, the water being added in excess of that
SVHMERRY| QFabEBr BEYEDFIONe fly ash so that the dough

cont ai r [ a 0 in,at . .

cort rarty ot FeratepaPel? o tpbl pEgs e iny B provides a

metid @doshapemfihamat Reapddy aash odeudglavingmey mad rat

| east ,a portion of the free water. from the fly ash

G REPEn§LRRErsE 4o PSor Fodg SEtvd gpataﬁsmg the

&dd<cl ge.and 15 subsequently firing the green article

so that the shaped article is hardened by sintering

its flhlasfingafdiyx asbn tegsshercwidh awisedi renproguce a fly
l.asticiser,is blLended .with f.l r. .

%1% C%\aggnt' aig:éleo a%s%rng)ee% 0] a&[da%s ilélly fgfé%sgn t f\g?th%tt which

iedlsesrbba agothie Gflf reh wat ethatd hale id®uddniored itnE free
make t he dou%h in a workable state where it i.s_ at

el §&r BFalFry ba dird 2ETHISS St & RaFt1adlet iHivds srétes

amount g Wakeh Lhaknmay-tiead 4o Re ac3ubeeaweRYsY from the
renoved to acChi eve the desired properties in 25 the

Bt izbl, dogheby all owi ng for nore efficient

processing of th rticle and.al so [, Qw for t
cont roFeg'\gé’rmghg%s a g%a o P B th%né:%éer {1%0 e %%ltrngfrrom

ths £prodwt! idasighl imiridh ethdyeaoraivey: tfrdtiemalkdeahe green
formis ideally 30 suited to the manufacture of
AFtiEilLes 7% commercial scale. In one form the

oL o SEPEetpat) Hihog MPUANS stamly Bt ene
shapsdamrtiedgens emimhacednyi Igintering its fly ash
matrix.

In a particular embodiment, a plasticiser is blended
with the fly ash and water. The advantage of using a
plasticiser is that it reduces the amount of free water
that is required to make the dough in a workable state
where it is at least partially fluid. This in turn
alleviates the amount of water that may need to be
subsequently removed to achieve the desired properties in
the article, thereby allowing for more efficient
processing of the article and also allowing for better
control over the shape and size of the article during its
production.

The method according to the above form is ideally
suited to the manufacture of articles on a commercial
scale. In one form, the method merely uses three
ingredients, namely fly ash, water and a plasticiser. As

fly ash is a by-product, it is an inexpensive and readily
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WO 2005/ 033040 PCT/ AU2003/ 001533 - 3 avail able
constituent. Further, the nethod can be used in a

w@ewdusioson |ine fashion, akin to clay brick PCT/AU2003/001533

manufacture. By controlling the water content in the
dough, the articles can be isnitially shaped w thout

the need of a 5 nould as the dough nmay exhi bit
cadeylabeediopasibnaht . st Eoirkhey., Ahsomethedprepebei sged in

of the article,can_be. .readi control le

R POREEIGE RASEararndbirerioiar SPhe Y, BaRtl, Frapgacture.
debherbilling thEpeaAkU echmenduial it dobath ehe

these_paraneters can be_controlled d ringtig

arRLFABEUFan: Rer éBj LaPiLdw FEPSH &’llﬂ:%réﬂu@s pged of a

REdgcsd tgfa ﬁeﬂﬁhshﬁ?[ caljitky adelyuat & @iRRnsional

appreciated that “other additives nmay be incorporated

stoabilheyni xBlse,i theeguiopedtifsr oéx &gl @rtdicdeenan be

may .be incorporated.to inpart -certain coloration 1

FRECALY] CPBCERLIES k¥t RSP e e ¢ ifay 56" conteht b2 che

drpsenpar-atedet 0 andpitoee ik ngy epeidresuife e duxbuien.
or resulting in green article. For exanple,

Fraght PEi 65°6F PeapBekRRst IApm &8 ISarsse e urdydbe
hafifElak ad th'éé%b&“*a%m RS A iQfled RS WX PHBuced
Wt 0 Such

hout” the nee excessive water.
afldcbnedstainso queadtiegt. t he dough from potenti al

shri nkage,. and cracki ng i.n.the case of r ol .anged
curing%geF§oa§.%§iﬁppgé%ﬁ¥¥%i§§Fl &% %@ﬁﬁgvﬁgymay be
fhserbereklcal ned d roa isdd tiorRfuiidill € For example
guantities of calciumchloride solution. 25 The nethod

pigmeatisnwent ben Imeerpatatad &0 WPt A9 ifocalpgation
ggn%%ﬁa%chf%st I dﬂfglr e%ﬂ%aa%ktis}@ iy byd cks.
e t bricks forned s

inventors have found tha ol el y,
bhcatrpogastedptiondimgatdwes  threomrsipemries fdly tdeh nhiaateize or
ture
of

BLghS] o sslue, STSnOLl o odhlu Of bty
thepmataleteRAl @Al 1l ddie aneen naly IKd e radkddidated in
minute quantities to gel the mixture without the need of
excessive water. Such additives also protect the dough
from potential shrinkage, and cracking in the case of
prolonged curing periods. Similar effects to that of CMC
may also be obtained from the addition of minute
gquantities of calcium chloride solution.

The method of the invention has particular
application for the manufacture of structural elements
such as bricks. The inventors have found that bricks
Fformed solely, or at least principally, from sintered fly
ash have a higher compressive strength and modulus of
rupture than conventional clay bricks. Also, by
controlling the water content in the green article and the
firing temperature and duration, it is possible to control

the structure of the fly ash matrix and its surface
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firing tenperature and duration, it is possible to
control the structure of the fly ash matrix and its

WG 006a8340N0 2005/ 033040 PCT/ AU2003/ 001533 - 4 PCT/AU2003/001533
characteristics. This in turn allows for the initial
rate of absorption and absorption capacity of the
article to be controlled, both of which are inportant
ghaopectesdstigarnt i Tliiar 1 ity igdid ovendfogc ttdiee initial rate
Eur t. her cing the frs [l th i of,
e Rk el shEake Ufh PRl M U e o be
srons-d@3 eflor batiDiE wihiifddr mresiimpermtagtp oeess-thikat, 1S
as free_as_possible from internal and ?xternal

RaLckPRGATIY &Tpdricduman Hfent 93t Fsdgdng the

the 086l 1RaAdILI8d S & bt dd Whed itiRd green
During curing, the water reacts with the fly ash’so
aist o lesobediffiyech@ndaratiugd @romidesolfati fa aestreo mrgfforive

reen_article during thi.s, _curd r0cess. .Amy.
ot vl i o M EeRbRYe dom
Whtdshanotnd reitrgridle dradaitngn to theory, the

i nventors consider .that where the fly ash is the onl

! Yy
cement LB BuPSFELEHAT SFRATEIRRT iBE thve WP opSuSFeen
Lhal -8an g R GR] bt i qui gk solddidd catdanidp di8ing, the
calcium oxide. This conpound is available i'n small
Qe trpaiat 2 idhadsher flw agih shds tanashl ddirfyerthe
%gant ilti es in class C fly ash. The reaction between

i and cal cium oxide results in the formation of
cal ci umehydnaxiida o icdh | ehdshe sprgers eldtdidlie athirimdg ahis
the article. Subsequently, a _pozzclanic reactjon,
BRELRY WO @HAINe GaHest b ae 1 f9qveyeyl different

9&%5@&&% Lhepsildicaand, 148 @ Wi anF&aCioM dd) ey,
cal cium droxide to forma mich harder and nore
ceeenniveg timatse rdcals itdean theet witkoxitdes fhe agsuls itie only

TRk SH1 e sIBLEE, S U A 20 AP B cpmouna
mheces fPfve certain quick solidification is the calcium
oxide. This compound is available in small quantity in
class F fly ash and in much larger quantities in class C
fly ash. The reaction between water and calcium oxide
results in the formation of calcium hydroxide which lends
gome solidification to the article. Subsequently, a
pozzolanic reaction occurs where the main oxides in the
fly ash, primarily the silica and the alumina, react with
the calcium hydroxide to form a much harder and more
cementing material than the hydroxide. The resulting
material is a complex crystalline and amorphous mixture of
producte that contain in their lattice molecules of
gsilicon oxides, aluminium oxides, calcium oxides and
watex.

In a particular embodiment, the free water is reduced

from the matrix whilst the green article is cured. In
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30 silicon oxides, alum nium oxides, calcium oxides
and water. In a particular enbodinent, the free water

w0 g00508B0eed fromthe matrix whil st the green BCT/ATR®3/001533
is cured. In WO 2005/ 033040 PCT/ AU2003/001533 - 5
preferred form the green artgcle is subjected to | ow
to noderate heating during this curing process. The
pﬁm:a@@ Bbrmhi shar gaagenehtirdet hat stkdegepd 60 low to

tin n_teduge th i cau

Ot SRTREEE GR-tHE EhES, YRkRharbhBithert Tha
adhitdt &yal obf thakearsbhhbbemegives thae the gemelef heheing

water to react with the fly, ash both by hydrati t
Q§9n#ﬁ¢¥?%uEhﬁaﬁEP?aWaFﬁrt%étgpytagﬁuséﬁg ﬁﬁggFIEEQCEEng

J¥0zzRl api €5 8act h98o, | Bnd BabL GukanramBodiorebcetrthgrill
noi sture content in the green article is 10 reduced

gjmeb];sﬂgti;mei figrt gopet wéeihe wWAYeZYFoamgagsr with the fly ash
I rab bet we % : f . _th
5 0 YRS ool e LR A0 s 1y aen

Aalyanhage ehet bbszalbangemeatiion.t bt & tpaaini gubant e
the solidifying of the green article .15 nore even

P RUGRBBE « t RESaFPRELErSTRPSCERE i Fi6c 8E8TofdintEs® is
fé&ﬁcggt 8Lt @lt chi$in® oAtk thddhe %%‘dg%%gn%rf@)‘ndi%ed

sone ditional water to conpensate for self
mesferabilgnbekweehe 2peafertfed form the additional

wat er _can_be .drawn from.the hum.d - 20 .at

the pFBc88§ g&,rg}’dit%’ge 6 e a%b@&\?el &%’m%%g%%{ gmdr?%de
dfeivpegepamia theactihensidvientsigey fgahiisngrirsrtdealent is
solidification througglthe formation of cal cium

HYRE ok dEAD BFPTSSCORM D P GdicHitg A dhe green article
Iﬁﬁ%éd&@%g&?igﬁf&@gﬂa@& the 23-49Q4%0l anic reaction. |If
process only relied on the forner of these
r eact fbias, culvd rgplpimidassatdanswfes Heay e@ter that is
already in the dough and may need some additional water to
compensate for self desiccation. In the preferred form
the additional water can be drawn from the humid
atmosphere.

In the process according to the above form, use is
made of two separate reactions; first by gaining initial
solidification through the formation of calcium hydroxide,
and second by gaining further solidification through the
pozzolanic reaction. If the process only relied on the
foxrmer of these reactions, the solidification of the green
article before firing would be limited due to the limited
amount of calcium oxide in the fly ash. The advantage of
golidifying the green article is that it improves its
capacity to be handled, and its dimensional stability
during firing, both of which are important in commercial

manufacture of the shaped article.
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article before firing would be limted due to the
l[imted anount of calciumoxide in the fly ash. The
wa@edwansage of solidifying the green article iBCT/AEROBNO1533
i nproves its 30 capacity to be handled, and its
di mensional stability duringfiring, both of which
are inportant in commercial mnufacture of the shaped
arti cke. a\\pr26e51eg3040mPCThaUgeeeersigle és rurgd in a
referred form , the_green artjicle._iLs '
Ierablirs it ehe FaREE st 30T sbant i d e
et erably in the range of %$%CCt 8o66E°C. In a preferred
form the green article is subjected 5 to_a hum dit

Y
i n t hélr anBESSLTTES FOFaY | FEh PR F1d 669 S SPRIPFESd
fwind di by and,Mmere cpeetenall v Qd%h%élﬁgﬂ%eohxsgé?ﬁé:y to 60%

relative hunidity to 45%Tvrelative humdity.
weira ngvies hpmefiatyb ley.dd oee eu paert apaitlive igr thepdengeeof 35%

heat and high hum dity,.the.duratiqn_qf.. ing 10 may
Uery Lo Tty 5 Grdedgadtide Moy o kel y

t o capsethle ciltifigx ief piedenaitt tldhd aurkleackentle or
Txgécally for bricks, the curing time will be _in the
wdREasE heathands highs hymiditihd thsr dugpdieorapty curing

&5}“@39 PR3 aidh Sl ddi®) CHH Yy it MY @Alikely

to renbve water an o 15 solidify the green article,
t¢ ¢sudesithabimetirdxr efugeraeme amrdley td meracdk -ni FAvviselly,

he nuf acturin r.ocess tine... l.n ane . form_{he
ol e hEOFE Sal et St ™S Ay Sury) dents gt CRgetngT 1A
BoRref eor 6d dafid arfde i idrafetdbIiptbetieerofl thel 32@ays.
free water is renoved prior to firing of the green
Wil elte thas cardma tise IPREHARF O tHEFS ddte% i3d1% to

5801 i DEHLG U L0di0A A e d I MIRE RS ekl the
not generatecracking or bursting as a result of

vateng t&mmﬂ?dlm}ﬁﬂmﬂdﬁauhﬁrﬂanqﬁ&bUE;ﬁngﬂpﬂﬂﬂa$S time.
?gqggb tc%ﬂHD%.Eyﬁ%§éﬁ¥é¥g ﬂéggufgdﬁhlé1days sufficient
for curing.

In a preferred form, the majority, if not all, of the
free water is removed prior to firing of the green
article. As such, the porosity of the fired article can
be better controlled as the firing process will not
generate cracking or bursting as a result of water
vaporising in the matrix.

Ag indicated above, the moisture content remaining in
the green article prior to firing is in the range of 1% to
5% and more preferably in the range of 2% to 4%.

Typically the moisture remaining in the article is
made up of two components. The first is the moisture
entered into the hydration reaction and produced solid
products of calcium silicate and aluminium silicate

hydrate complexes. The second part is that which is

trapped as moisture within the internal pores. The first
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the green article prior to firing is in the range of
1%to 5% and nore preferably in the range of 2%to

wa200503pical |y the noisture remaining in the ap€T/aU2008/001533

made up of two conmponents. The first is the noisture

30 entered into the hydrati.of reaction and produced
solid products of calciumsilicate and al um ni um
compamrt tydiate conpbékng. ofhehsebshakpdnring harfling

B ceo bt PPRT 8 o0Be7 o5 bk Riobbh) bR sne gases
derpeneniri 8§l st gher sabbhagcofmpbhenbr iskadmaingsource of
handling and to w thstand interngl ressures of the

R&H%ﬁﬁ?@ EQ%Esre@ﬁFPﬁgiPiFhﬁgbr¢ﬁ §_58ﬁau58nponent is

a maif-SOUr CE-RE i gRAEOSEL¥ht Bat ph-esBing bk the Bikekof the
structure. 5 O e? techni ques, such as pressing or the
dauggh obrt biee doegh erttikéegmeynber visefeinayepd g@fedor in
instead of, or_jn _conjunction, w th, . j ectin

Pl EREE T8 2 Ebhr r SFPAHC CaRY: PBAnERE o ohig: SaagLEolled
i dbhdent OofeHuge bhe Wakeditgontentredhi@eAthe water

i ndi cated above the inventors have found that

GBEeePEF on properties of the fired article can be

regu!ﬂgegnﬁ¥cg gdtsg%%%?kﬁkeiﬁQ%nQ%&%tEﬁ@eothEB{Q%at

particul ar ere the free water is substantially

aleyovptiofr propketdesewiathiec|fd refs amticAe semakgenent

wher h h d ticl i ks, . f |
39t B8P, B ST ErRLERE AR o 06 Cing P00
far8fdulakeypiabecakine FelbeeartbiOQE subst2nld1@1dnd removed

the duration of firing is in the range of 30 minutes
f%o® hbar 9r8R8 ABItdPeferably in the range of 1 20 to

4 hours. fhe siatered fl Y1ash Mld ihQlePrthsildd e

in this range arenot gl azed and exhibit excell ent

lahisokpt, i pre€leanddtyetitst ifdsimgt ampetratvereofis dint itdle range
égtfooo°c to 1300 °C, and more preferably between 1100 °C
to 1250 °C and the duration of firing is in the range of 30
minutes to 6 hours and more preferably in the range of 1
to 4 hours. The sintered fly ash matrix of bricks fired
in this range are not glazed and exhibit excellent
absorption characteristics both in terms of initial rate
of absorption and absorption capacity.

In a further aspect, the invention relates to a
building element having a matrix of sintered fly ash and
having a compressive strength of greater than 30 MPa, a
modulus of rupture greater than 5 Mpa, an initial rate of
absorption (IRA) of between 0.2 to 5 kg/m?/min and an
absorption capacity of between 5-20%.

Building elements formed with these properties are
ideally suited as a direct replacement for conventional

clay bricks. They are stronger than conventional clay

bricks, particularly in tension, and are capable of
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of absorption and absorption capacity. In a further

aspect, the invention relates to a 25 building
web®@sesto4havi ng a matri x of sintered fly ash ap@I/AU2003/001533

havi ng a conpressive strength of greater than 30 MPa,

a modulus of rupture greatergthan 5 Mpa, an initial

rate of absorption (IRA) of between 0.2 to 5

kondngi wedhdwanh mbs@aptﬁuﬁ §9p§bﬁﬁy @bSbépwéen

5-20% 30 Bui el emen Ls ese

PBroBerties- ar@glﬁgg Fﬁﬁ nggkasog &lrec ePSBF%céﬁE pe to

fre sonveprbHonal, aghayaliiiekschéhapsarptibhopgepeihads are

conventional clay bricks, particularly in tension,

dne *aiaetbapaﬁlr@smtyvxefzéé?s/ @éw@@tﬁcﬁnﬂuii@%ffoﬁ%ﬁgce

§ha9889é998%ls W Hh aphar cgue bhqltda%fgr e@.@%@h@%‘ gecordmg

properties t he streng th of th ' ements i s due

to thhs aspbetedfft%easMVﬁatﬂpn a&h81£b@dﬂwtﬁunted to be
r e oros he .el e

BRBCEREFREstr PHcE™ CREIAEFORPREo: STl TRudR T Rgon where

byl ﬁb@gs@t%ﬁtﬁ s@&@t@ raglaxh@tte!m%ta%@@amﬂoet he
invention are ideally suited to be nmanufactured by
chatealiledr aspect of the invention where the
porosity and surface characteristics can be
controlled. 10 BRI EF DESCRI PTION OF THE DRAWNGS It is
BROTENDESCRIGTIION:SIOF dftite DRMENGDDe an enbodi ment of

the present invention with referen

acconpéﬁyﬁﬁgcﬁpﬁﬁFHG?t I PTG %gﬁﬁ?§%£55&§

EhSobs mRakt IoFUMd tof-ctferdthe rilfctid iRGS witth tﬂéﬁeﬁ:@rﬁee@o the
description is to be understood as not superseding

an@opnp@@éfdumgg dreseidiostesdrl pits &P dfe taRPTaRiaRSork haltn the
LS 5RI9E EIO, b B 0T 6 8 briotion
fet itiox be understood as not superseding the preceding broad
description of the invention.

In the drawings:

Figure 1 is a photograph of a cross section of a
brick having a sintered fly ash matrix;

Figure 2 is a flow chart illustrating the steps in
manufacturing f£ly ash bricks;

Figure 3 is a graph of absorption capacity of a fly
ash brick as a function of firing temperature;

Figure 4 is a graph of initial rate of absorption of
the fly ash brick as a function of firing temperature;

Figure 5 is a graph of moisture content of bricks as
a function of time of curing;

Figure 6 in a micrograph of the fly ash brick matrix
when fired at a temperature of 1200°C; and

Figure 7 is a micrograph of the fly ash brick matrix

when fired at a temperature of 1040°C.
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Figure 2 is a flowchart illustrating the steps in

manuf acturing fly ash bricks; Figure 3 is a graph of
w@b®snptoson capacity of a fly ash brick as a PCmav2ms/001533

of firing tenperature; 25 Figure 4 is a graph of

initial rate of absorption ofgthe fly ash Figure

brick as a function of firing tenperature; 5is a

graph of noisture content of bricks as tine of

PP PESSTIPA000 i s Terekeda) EMEEER 1

ash brick matrix a tenperature of 1040C. a function
of Figure 6 3Q when fired at Figure 7 _when flred at
WO zo@slﬁf@g@mélﬁ@t/lﬂcum#@bléasa Iy pEfalEsk 10 is

d&@@@b@@h@&h@%ﬂ%&o@%&%@ EMRELNENT 1Ty is made
firstly to Fig. 1, a fly ash brick 10 is 5 disclosed

fabwh sintcemest itle/s aghrdt2 ihevihawicsds sl 3radepefised
nter d fl 12 aV| Vol 3. di.spers
tt E‘Fé’u&%@ stru U of° hél Si nrgtretz?ofl ys‘?ﬁ‘h and
aﬁ:&an@re%@aﬁem cﬁl’ﬁbéﬂéﬁnﬁf o ef vtdieismildﬁate the
dictate the structural strength of the brick 10 and

FHrECEESlpStEPREr e ffaditsy JHicth Yhenthidhi'a abagniion
f&;@%&%p;%%%%ﬂe aﬁuém tofiad AOSAHIYHAN SARACIINL as

gene the voids 13 are dispersed throughout the
e it tald abmmritsieopregmritantl y smal | i nt er connect ed

In general, the voids 13 are dispersed throughout the
matrix and comprise predominantly small interconnected
voids 14 and larger isolated voids 15. The small voids 14
make the brick 10 porous and capable of absorbing water.
These small voids 14 are largely a function of the packing
density of the fly ash, and the degree of compaction of
the fly ash dough undertaken in manufacture of the brick.
Of equal importance, these voids are a function of the
efficiency of the sintering process that is controlled by
the firing temperature and duration. The smaller voids 14
are also partly due to the plasticiser used in manufacture
the dough. The inclusion of a plasticiser reduces the
amount of water required to blend the fly ash dough whilst
allowing ease of workability. The dispersant effect of the
plasticiser is such that the water is held in the form of
droplets that allow the fly ash particles to roll on them
and when dried through evaporation and/or self
desiccation, the droplets leave behind their traces as air
bubbles.

Fly ash particles typically have a particle size
rannging from lpm to 150um. Typically, more than 66% of fly

ash particles have a diameter smaller than 45um. The
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voids 14 and |l arger isolated voids 15. The small voids
14 15 nmake the brick 10 porous and capabl e of

w@b®ensiomy water. These small voids 14 are | ap@EAY23/001533

function of the packing density of the fly ash, and

t he degree of conpaction of- fde fly ash dough

undertaken in manufacture of the brick. O equa
mesdatratiangtescrargels frem &2 i dhofandelR) reactivity

efficiency of the sinterin roce that.is contralled
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voiide Ihe boialsd aidd by duey tise thegpl Asdd Chpefratsaty of
i n manufacture the dough. The inclusion of a

s tfler i r ddir iRt A RA VD f TR rthaly Be ety
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air 30 bubbles. Fly ash particles typically have a

pdnvi il by & powsigi FigptFom | aid rasdlinget alay 2

SRR i dom i 08 2005 tSa0R Bem AU200% 001533
- 10 Thedi &y dhstretszd riamgeise fboiekRnof oF i§m Ants tdimss F.

activit of .the ash incr ases ith the small si ze,
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that no such 5 screening is required to give the
Feduly¥ etblprepeiaing dftokat et at aheRabso? ptebnits
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typically a, poyer, statjion) and used directl ca 10
Gtle | Tt R I T R A B TR RS el i te
fdosash tsess id £Nhe Dah CksOf i BhOwidhi SafdfS® dxide. wWhilst

the typical content of calcium oxide in class F fly ash is

between 2-4% and is generally lower than 10%, the typical
content of calcium oxide in class C fly ash is between 10%
and 20% and can be as high as 26%. Whilst the inventors
have used bituminous class F fly ash, it should be
understood that this invention is not restricted to this
type and is applicable to type C fly ash as well.
Moreover, the high content of calcium oxide present in the
class C fly ash serves to accelerate solidification and
reduce the curing time and hence reduces the time required
for handling and firing processes to proceed.

The larger voids 15 are formed primarily from air
entrapped in the matrix when the brick is being formed.
These voids 15 are partly a function of the manufacturing

process and in particular the initial mixing of the fly



Class F fly ash is produced from bi tum nous coal and
is minly silicious. According to ASTM
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at least 70% of its 15 conpounds being of silicon
oxi de, aluniniun1oxide and Frbh —oxide Anot her type

of %I% 8 s k OWE as cl ¥ gh This is

darivet fW8 FSub®bi-Cafi fo gug d PRGnFRE ceMRRCtEpRsefcthat
fﬁ&u@ﬁh l$hélgmaathﬁlgé&ctuﬂb@ghdﬁtsvhhhﬁérsaﬂﬁ and
%ylcal content of calciumoxide in class F fly ash is

2
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IS b t ween Yoand”can be as high as 26%
Whi | st I@ealhyenthESmahavE usedobst not nouslati@ssanFekt¥ssive
his invention is

Shb ié s?og%d ? understoog t hat # ,
TOorRst P 8 t8YPRs Vo5 FypR aRdTREYappRiceRbFBEt BAtTiX.
tH@ﬁeGéf'YtEéBeaia%@bE vowaéeeaﬁrcoﬁﬁﬁlbhgg £QntRAt 1ot ok
cal cium oxide present in the class Cfly ash serves

tEr%EééFéﬁﬁtéSséhﬁﬁlSﬁ@ﬁ?léﬁ ah@evlédacposheb&arpngssure
g?%éng%hﬁﬂgferﬁqggﬁg gﬁﬁ gé?@erggu Vé?g%r Sﬁﬁgeg that

rocesses to proceed
1ﬁagrectnrnéd phenﬁﬂnh$hédopradﬁctemhfpm@eéslWhéb@ freezing
mat ri x. when the brick is being forne These voids 15
a?%dng?W§n§ PERcEPGRUBECERE - naﬁﬁfBE?uPFh@k pP o¥@ss

afgni Pa 880 -EQULARENE abBirh 8L MbXh he
2005/ 033040 PCT/ AU003/ 001533 - agt@gnganﬁﬁég?ggés some

feataidblgh, candonhsoddapacthenpovesehae oflolighgefheoids

stigLs i spersant _and dro obi c
D3 2et Thach pHERHANALER Phapo AR e ARt YR 8P Re Tharoer
vmoﬂéslnoﬁhé ﬂeubétpeaduohtrslld@ahh&ertb@mmaiéialll
does ng@rlnclude an_excessive anmount of _the |arger

VBT aS48T S YHEYSwehRehOrMRE AR P%. thephbVersht HetEix could

| & OB8EL ¥OL-AdSoRRREPREN I bute to the brick properties
as they serve to alleviate possible pressure build-up

whi | e fAsihblandraeedeinothe | ghoveraphesEeBighatl, the outer
marging 16 of the brick, adjacent the outer peripheral
edge 17, are still porous. Whilst the brick 10
incorporates a skin 18 formed on firing of the brick it is
not glazed and still incorporates the smaller voids 14.

As such the skin does not form a barrier to water
penetration into the brick 10.

Also, there is an absence of major cracks or fissures
extending through the brick matrix that would
significantly reduce the brick strength and promote
inconsistent water absorption of the brick.

The structure of the brick matrix 11 provides
consistent strength and water absorption characteristics
that make the brick 10 ideally suitable as a replacement
for conventional clay bricks as will be discussed in more

detail below.
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10 may occur in the finished product in places where
freezing and thawi ng are encountered. As the brick 10

wor®s/osgmuf act ured under | aboratory conditi onsPCT/AB2M®3/001533

was sone restriction on controlling the presence of
| arger voids 15. It is antidipated that the
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the I ncorpor ates orne
aflu haeskbr iveltdnt arsl awqﬂa@’az:edseand still i ncor por at es

the s |l er voids 14.. As su t n does not forma
barrln?:j dps petabest %ﬂ% Fﬂfﬁmghénbﬁl§V1f9b1?5concrete

Mis@r tdiersqmﬁa?ﬁn aRNC & Rfer) gfexfcre@&k%fortﬂ‘é EES
extendi ng through the brick matrix that woul

ST Sntak are digce thea Gdsd smdedieh d@ml@hpmnmue*e
'ché‘?f&'@dﬂ q’ﬂ# f@ﬁ:ta‘irb m%t rrl%% l'ltLHZe £ r I'I%k 6otal quantity

structure prOV|des
@ﬁls«aas:teemtcstﬁlgzn@tdh a\m:é Bt 6ritalesoIqit Welter to 100kg of fly

chara ristics _that ke the brick 10 ideally
?} "abl zlea ¥ Ash i H9e SSRpSitegavas gy Class F

e ks AT oM Adrnligy 't%ﬁlASS@IW S . detial |3 bela la\}é@e in
2005/ 033040 PCT/ AU2003/001533 - 12 Fig. 21s a oW

cramdanest fyome memeralsbp trigmse $dtts us{eh@Oleoceéism@@'emf it
f act 1 t age .21
gg%slit i%tceuelél S %%hggﬁléc %glree B owf{j%‘dpaﬁtt %Héﬁr, ftly ash

aAfEp e iaatrrecnanUyt ladsholizg denshdul@Nt®nEFR %€ ad local
fly_.ash, wate %Qd a plasticiser. Fly ash was wei ghed
&#éﬁ&tgb %FCsuitabl e concrete mxer or simlar.

About %?ﬁﬁ%%&i%@%%%@tiﬁfthﬁ% Ehdbie a superplasticiser,
was then added and mixing continued for another period of
three minutes. The superplasticiser was used in order to
facilitate the workability of the fly ash slurry or dough.
The superplasticiser was a pure sodium salt of a
polynapthalene sulphonate made by Handy Chemicals and
commercially available under the trade name DISAL.
However, it will be apparent that the use of a particular
plasticiser is not necessary. It is only important to
achieve consistent workability with minimum amount of
water, and the use of a suitable plasticiser should be
satisfactory provided the dosage is rélevant to the
particular superplasticiser that is used. In this case,
where DISAL was the superplasticiser, the dosage was at

the rate of 200ml per 100kg of fly ash.
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amount of water was then added and the dough m xture
bl ended and rotated for three m nutes. The total

w@asnsioyo 10 of water to fly ash was 26 |itreBCDAU2003/001533

water to 100kg of fly ash. The fly ash used in this
experinment was a Cass F fly3ash conformng to ASTM

standa Th| | ailable in nda efro powe

stati ons S Rat> s} %X’ﬁ Elg\f/e\‘?'&s rg e lelng
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GERGE 9 FANSFAT® PoAHES - CorRecEdnsy prasorpression
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superpl asticiser, the dosage was at the rate of 200m
FomeVsak ¢ lofe 5Pkt 1oppept 50088040 PEF AUY0eahdesss
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m X1 ng S co tinue ree more mn
wioxiLigg I\mltcanploem@acﬂienrrbil m@eofdougel constituents
to form_the dou%@ occurs a p 22. At that tine

the dougls Re I ‘o oBaBreaTs SriFRE: 5the LP5BE 13 1A the
ERpelriGldindd YedriidtalgerheV Abdghldhs The GeMRA¢H08reen

may be done by any suitable

bricks by cutter moulds forced into the dough. These
bricks were then removed from the tray. 1In a commercial
scale operation, where the dough is extruded, the brick
would be produced in a manner adopted for clay brick
manufacture where the dough would be fed on a conveyor
belt and cut by wire cutters.

At step 24 the individual green articles are cured by
being placed in a curing chamber at 58°C and 37% relative
humidity for a period of 48 hours. As indicated
previously, the curing process is designed to solidify the
green articles and also to draw out the majority of the
water from the fly ash matrix.

Figure 5 is a graph of the moisture content of the
green fly ash brink during curing. This graph shows the
moisture content from the time of mixing until the time of

firing which is typically between 24 to 72 hours after



technique and in the experinents carried out by the

inventors, the fly ash dough was placed into a tray
w@nasassoeonpact ed or vibrated on a vibrating tedi/au2m3/a01533

simlar manner to concrete placing. The conpaction or

conpression was stopped whemsthe dough m xture

started to bleed. However in a production .
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convey bel't an Wi re cutters. At step
bndbrbddatogthenhgdrbtﬁes aeectupedahy p26dheeagsolid

Ela ed in % g chagber at 58C ﬁnd.37@6reLit|ve

Por ©& ﬁé Mod1of C28°nBHFs 2 ABLPAHc St egCate
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the green articles and also to draw out the majority

sirapped wet epiptumet Wathip bR ARCeirral3porpgur eThej §irst
brlE%%gn%f1gh%e@%g§g%;htsogggagto rhnglﬁagese_ﬁhx A8k

uring curi hows noi sture
@@ﬁﬁ@@thbmdﬂum@eahﬂnmooW1nhmta@duﬂmmbrhhé praesote of the
firi which is typically.betwe % to 72 hours afte
"6 520 365G ARE2 66 F66153§ © f&COBQrFHEPOPFn Is a

aiideRiotat J#n o%ﬂ% condit k-aps ok eurihg pthek
nmoi st ure cont en tab| isers at about 3.5% after 48

lFdousturee main | oss of noisture occurs within the
L1 5t shOAE eTlh B! BHaS SRTIRC b 67kl 88
winkeassdley £1ly ash matrix. In the experiments, the cured
articles were placed in a kiln and the temperature was
raised to 1200° C and the bricks were fired for 3.5 hours.
In a final stage of the process, the sintered fly ash
bricks were then allowed to cool down to room temperature
as represented at step 26.
Various properties of the fly ash brick were tested

and table 1 below represents the properties of the fly ash

bricks compared to common clay bricks.

Property
Compressive |Modulus of | Initial Absorption | Average
Brick strength Rupture Rate of Capacity Density
type Absorption
(IRA)
Clay Typical is From less Typical 5-20% 1800 -
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PCT/ AU2003/ 001533 Bricksfrom 12 tothan 1 MParange2000

40 MPa.to greaterbetween 0.2kg/ M8 M ni nunt han 2and S
Compressive Strength: Performed according to

Australian/New Zealand Standard AS/NZS 4456.4:1997, Method

4: Determining Compressive Strength of Masonry Units.

Modulus of Rupture: Performed twice, one time according to
Australian/New Zealand Standard AS/NZS 4456.15:1997,
Method 15: Determining Lateral Modulus of Rupture, and the
second time on unit bricks. The reason why this was done
ig that the Standard method requires forming a beam by
horizontally bonding three bricks. The glue used was

Epirez, an epoxy mortar binder. This method worked very

well with normal clay bricks because the glue is stronger
in tension than the clay bricks and the failure line was

through the brick. In the case of our fly ash bricks,
failure occurred through the glue line at 7.2 MPa. This
meant that the bricks are stronger than that and the 7.2
MPa is the strength of the glue. Hence the testing was
done again on single bricks that involved no glue. The

result confirmed that the value of the modulus of rupture
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accepted byMrPa. kg/ n2/ m n. AustralianDefault Standard:
7value is MPa.0.8 MPa. Fly43 MPal0.3 MPa4. 510%1450

WQ@\GEM3I0®0 i nkg/ nB Brick The tests conducted tBCT/AU2003/001533

determ ne the above properties were as follows: 5

Conpressi ve Strength: Perforped accordi ng to

Austral i an/ New Zeal and St andard AS/ NZS 4456. 4: 1997

fehblae Bly peslrhrisky {%n%%%%§¥v%h@wr%n%t%ﬁ%weN@@%h%@ in
S s of Rupture: Performed tw ce, one tine

g%%%r%?k@deg 10 Australian/ New Zeal and Standard

AS/ NZS 4456 15: 1997, thhod 15: Determ ning Lateral

dul us of  Rupture the econd tinme on.unit
bRrEret fauc BhchReaRgliont vaETdnmT TEorhatty ko
§h§€ﬂ§1§aﬂ¢ﬁ8ﬁdzéﬁﬂéhde§t£ﬁaﬁkagA§/NE@n4bW6 17:1997,
horizontal |y bonding three bricks. The gl ue used was

MStEB@réZ Batepsipingr FattbrhdRrte TAf s FRELM®r ked

X? with normal clay bricks because the glue is
ronger in tension than the clay bricks and the

failure line was through the brick. In the case of

IS TN e RO LT

SLLonger stBaRat-hahsaRgst besd. 24 . Mpa7i smébeogt 1£ngt h of
the glue. Hence the testing was done agai n on S|ngle

Beteksinhag WatervRHEsavrhioe. PTREerE&88lt confirned
that the value of the nodulus of rupture WO

2005/ 033040 PCT/ AU2003/001533 - 16 fro the fly ash
hﬁbrhgeisehbghgu Phafo¥m@dvatuerdndgi soi Austaslidf/Bew

Ml el bRt gl AogL Bl m Bt LoLded B0CBLALOg: g
#1538t 4 felB8Atent and Dry Density.

Accordingly, from the above table, it is clear that
the fly ash bricks 10 exhibits excellent properties
compared to conventional clay bricks.

Two important properties of building bricks are the
initial rate of absorption (IRA) and the absorption
capacity. These two properties are of particulaf
importance for bricks. The IRA is of great importance for
the laying of the bricks and bonding with the mortar. A
high IRA results in too quick drying of the mortar and
thus weakens the mortar and reduces its adherence to the
brick. On the other hand if the IRA is too low, the
surface of the brick adjacent to the mortar would not
absorb the excess water and would result in very weak
layer of the mortar that would not have penetrated enough
into the surface crevices and pores of the brick. The
property of total absorption capacity is also very
important for the performance of the brick. A very high

absorption results in vulnerability to volume changes that
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Met hod 17: Determning Initial Rate of Absorption
(Suction). Absorption Capacity: Performed according to

waems0zdoikan/ New 10 Zeal and St andard AS/ NZS  PCT/AU2003/001533

4456. 14: 1997, Method 14, Determ ning Water Absorption
Properties. Average Density:1Perforned according to
Austral i an/ New Zeal and St ndard AS/I NZS 4456.8:1997
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not have penetrated enough 30 into the surface
cPefrdey and EsﬁeénéFlPﬁerBFﬁch F¥heorprépart yThese tests

h%&%'c%B%ﬁEEEB03s9ﬁ?angrlCEr@E%Q ¥EEY i h”eeeaeagnénglth

t he pertormance of A very hig absorption
t@subbgvenpvnbnénablI|Eyeton&yldméfehangesthag vwb firing

HBLTERR ERSHY Mol i e

honhdi-hgsed tnaFsgswaubddl @ad to cracking in the
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part
absorptlon properties of the sintered fly ash bricks.

Further, as can be seen from the above results, by
maintaining the temperature rate between 1100°C to 1250°C,
it is possible to obtain excellent absorption properties
consistent with conventional clay bricks.

Figs. 6 and 7 are micrographs of the fly ash brick
matrix when fired at different temperatures. Fig. 6 has a
firing temperature of 1200°C whereas Fig. 7 is the brick
matrix when fired at a temperature of 1040°C. In the
micrograph of Fig. 6 the matrix of the brick exhibits
finer and more consistent pores throughout the matrix
structure. The fly ash is substantially sintered without
being glassified. In contrast, in the matrix disclosed in
Fig. 7, where the brick was fired at 1040°C, the fly ash
is not sintered enough thereby leading to excessive

porosity and a reduction in its structural strength.
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quickly towards the joints and may find its way into
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nortar joints. Further tests were conducted by the
inventors on the 10 effect31@f the firing tenperature
on the total absorgtlon aC|t and _the initial rate

of_abéSFBFabﬁglfhe Eeté§Y§n %EFepEBﬁﬂﬁE?e@eﬁg?ﬁﬁ 9feen
Qéhﬁkécﬁﬁé@n? a2egeidanesow £y 588 @H@Mﬁ @éﬁcsguﬁfoduced
The only difference being the Tirin enperat ure

ased. C¢m@er§saﬂt§ceiethaéewh@@hseah@b15 ¢ktasienated in

.
BRaBs e300 Gochl A b FERER, BF  BEPERSTh, RRE"RRASEEL S5,
ebpaect tonwhheh abkespbuen propeleésesdedllressineered a
flg§a sh bricks. Further, as can be seen fromthe

E1FUER) £9T S?nﬁénﬁ&Pﬂﬁélﬁiﬁﬁ bPréck&nperature rate
bet veen1108C-{9:ih35Qfichi fol BoR0SSH LS £Re 0&%@&&11119
excel | ent absorption properties consistent wth
dsﬁ¢§mpt@na|06layebnnvegt1§ngsexeeadeEeaeethe context
nEcrograph hggwghe fI shegr g ﬂan mheg 'ced at

CRPerent © enperg?uggs 9 *Pg ﬁ%s gﬁgg?l? ngScessary
ieppecattbe, OEhéZQBGdWhebﬁpﬁlEhgg”7lsSu§B§ bri K inclusive
matrix when fired at a tenperature of 1040C. In the
SPEF6gr apR - of N'Ri §eaburRe FREFLL18F PR¥X Bei eRsexhprbpdswith
%b&%he%néegﬁh§egoﬂﬁ'%5§E5ueoéﬁﬁo&EﬁQHEE°BE the gﬁ%&h%lon.
structure. The fly ash 1s substantially sintere
Wi t houVagdabgbng ghddeifnedifinatbonsasey ba mhde to the
di s¢cl osed in

R ERunE=YiRESEY, HRer i Pear ui YORHE et hu gt B, b
bpadiBRgolOatKeensi V€ ther psek¥nandndehedyggtion in its
structural strength. WO 2005/033040 PCT/ AU2003/ 001533
- 18 Accordingly, the invention provides nethods of
manufacturing articles fromfly ash which can be
produced on a commercial scale and which exhibit
excel | ent
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properties both in ternms of strength and absorption 5
capacity which nmakes such articles ideally suited as a

wGawsosiows e for conventional clay bricks. |n tPer/au2i08901533

which follow and in the preceding description of the
i nvention, except where the tontext requires

ot herwi se due to express | anguage or necessary 10
Whpki cat coaimeieimord "conprising” is used in an
inclusive sense, i.e. the features specified may be

ssoci at h rther fea n_var . .
gﬁbOdl%Eﬁ tho ?ﬁeg?ﬁWen |onéH%§r|a?r%ﬁ% %u%7%+ng a matrix
&adtéunahgoesnﬂayeaefmgdasho bhed pathsdpeeMpoUSiNg the
descrlbed wi t hout departing fromthe 15 spirit or
giBPENPLOf the present invention. WD 2005/ 033040
PCT/ Al 5 LS:
ot hod oF 107 1 e & Shaped Gt ol b hai Fg o kg 7o0ce @ 1y
ashtdpnghg shatwaedrfbylaghadéaddlneehodssouﬁrthahgwhlch

18 FPaREERTa0Y | §RoGERYURHGN oot RAbarar GErAD HRNGRTFR Tree

exeesssof akhab whi eh hs absetbadphyttihelf! y1ash Seate;
that the dough contains free water so as to be in at

Ieast Soﬁﬁ%ﬁgaﬁlgrﬁﬁﬂlﬂr§%§@@ inpaf @eedrgd aslgpeentrom the
kbggﬁ agu deS|red shape fromthe fly ash dough,
Vi ng at east a portion of the free water from
the f 1 yemshidgugh ﬁaashgaapdtbnoafbértherﬁreg witéhefrom
e artjcle 15 subs uentl iLin ,the reen
BHES B1x Bbb e ARG T SR BRALPE, BF Lo s ERATiRAcat by e green
sifiierengahls fly ash matrix. 2. A nethod according

to claim1, wherein a plasticiser is blended with the
fly ashSHRdedREBELY of pFoBECEIEhETEEy aDbiake Boughat the

shaped article is hardened by sintering its fly ash

matrix.

2. A method according to claim 1, wherein a plasticiser
is blended with the fly ash and water to produce the fly
ash dough.

3. A method according to either claim 1 or 2, further
comprising the step of curing the green article before it
is fired, wherein during curing the water reacts with the
fly ash so as to at least partially solidify the article.
4. A method according to claim 3, wherein during the
curing of the green article, at least a portion of the
free water is removed from the fly ash dough.

5. A method according to either claim 4, wherein the
green article is subjected to low to moderate heating
during curing.

6. A method according to claim 5, wherein the

green article is subjected to heating in a temperature

range of 30°C to 80°C.
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3. A nethod according to either claim1l or 2, further
conprising the step of curing the green article before

WO 20054033080 r ed, wherein during curing the waterPCBAT2®3/001533

with the fly ash so as to at least partially solidify

the article. 25 4. A method agcording to claim 3,

wherein during the curing of the green-article, at _
7east & PEELPEnagEOrAENIf g@ec'}kﬁf-@r r sSWPerEB¥BdtheorrEhele is
£y ough: ; hqd [ t LLh ai
BB e R T SPBREAL B BBt S, SaPtiote
wod€r.at e heating 30 during curing. 6. A nethod

di laim5, .wh in_th ticle |
&) ccloletBoReArT RGO RSatbeper GPtr 81 PARBESOf S0t o
here 20R5603304QrPCENAUZE03(:894883843- £80elévalded

met hod according to claim$5, wherein the article is
SypLed{ead dUE iReaciFé PR a tenperature range of 55C to

5C. 8. 0 s dqing .t : ne ¥\ 3 -y
G P, SR ARSEAL ol 20K 8%y AL B4 MRty
glseviat ethe mamicei ©f G0k mgleuiiveghudidAtgetbod0% relative
ccaording to claim@8, wherein the humdity is in the
?%W@Ql 20% relative humidity to 60%rel ative

hom di methtd Hecohdibbhed age@mdengwherehal fh8, humidity is
wherein the humdity I's in the range of 35% relative
Aamtdier yrange4 5% pofatedatiNgntigityl top4Rt Hedative

rdi to preceding claim wherein after renoving
Z@ﬁﬁggg ‘a portion of the free water fromthe fly 15
adh doaghmettioel eoicstrdirngcont precedihbectatigh wheraihhefter

range .of 1 tq 5% 12. A nethod according to any one of
CRARTRTE F5 62 cuRoPERHIaR OF FORoiPRG HeCPoasrod the fly

R@h i, R WoRBture content in the dough is in the
range of 1 to 5%.

12. A method according to any one of claims 1 to 10,
wherein after removing at least a portion of the free
water from the fly ash dough, the moisture contenf in the
dough is in the range of 2 to 4%.

13. A method according to claim 3, wherein the curing
time is in between 12 hours to 5 days.

14. A method according to claim 3, wherein the curing
time 1s between 1 and 3 days.

15. A method according to any preceding claims, wherein
the firing temperature is in the range of 1000°C to 300°C.
16. A method according to any one of claims 1 to 14,
wherein the firing temperature is between 1100°C and
1250°C.

17. A method according to claim 16, wherein the duration
of firing is in the range of 30 minutes to 6 hours.

18. A method according to claim 16, wherein the duration

of firing is between 1 to 4 hours.
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water fromthe fly ash dough, the noisture content in
the 20 dough is in the range of 2 to 4% 13. A nethod

wW@ewsenshiomy to claim3, wherein the curing tineCT/aU2003/001533

between 12 hours to 5 days. 14. A nethod according to
clain13 wherein the curing 2tinae is between 1 and 3
g 15, A nethod . according to any, preceding

Pai s WﬁEPQQnacFﬁngpglﬁﬁ FENpBFSFE énﬁscﬂﬁlmﬁe'Whereln
&@@ggr@EnlaQQgcu% 300G pulbaiAgneihag QﬁeoEﬂén91L9I1 y
one of claims 1 to 14, wherein the firing tenperat
teperacare] ig0drandie r25ge. o01170°R heth@doaccordlng

cl ai ; 0 firing n th
2Dige BrEAGIArHE SLarsRE AULEhGOR et hB e P atn g 1y
htshclaaidrrhji@r,ln@he.r eomplree sdveaktteBngeh bFr gRgat8r than 30
% tween 1 tg hours. WO 2005/ 033040 PCT/ AU2003/ 001533

31 a1 §ORINS REd THPLYFG AGCRESEnyhBReEelPRy BRalmitial
whekebl ablergteen arkhg! f I gi BgRrkcC d/fk
firing tenpg?atureqFEA?n%the?gEgg gf§1E§OE Kg?QZé%gﬁ and
20. ahS@@PtdpﬁgC@p@¢EﬁV vdvibrgweenabrbr%of sintered fly

h t t h. of t
R R IR L gwﬂﬁ561n
aheibhtﬂdhngréﬂem@htabsoapbu@mdﬁhBA%rQEkbetWeen 0.2t

5. kg/n2/mn_and an absorption _capacity of between
52500 A2PU1AdDHE| BLRYCBEcRERPTELRSr BPNELlREMCRAI ¥ 281, when

waaeebg 1QeEB%debE@&@9n%|%geeiahﬁ g building brick.
22. A building elenent according to claim20 or 21,

when nmade by a nmethod according to claim1.



