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-1 MANUFACTURE OF ARTICLES FROM FLY ASH FIELD OF THE
INVENTION The present invention relates generally to shaped 5 articles
that are formed from fly ash and to methods of forming such articles. The
invention has been developed especially, but not exclusively, for the
manufacture of structural elements and dhe-invention is herein described

in that context. HoX(@YER A1 KEDBPREESIRIPESNRIIHA 14 lpvagjion has

broader application and may be used for the production of a vast range of
articles, both structural and non structural. BACKGROUND OF THE

INYENT 19N ¥nEIVias/EN™ BXrPproduct from the burning of coal in coal

fired power stations. Fly ash is made in abundance and typically contains
heavy métAR fUpsadadivpnténpntiatater aanredkiy: kakehaped

digpepelRePgB G rE thipemde| nWBMSq‘l'}P aryirogmeerial nas @5y
ash, 2Q various uses of fly ash have been contemplated to both aid in fl

abRIITEaPHARE t&bbE SSme ecdMBrtB YR CBNRAR ARG 5 Bleored

f@%bé@ﬁfalel 9f, bricke thatcexanuidyiash 93 afennstivenhaalfabesae of
bricks usuzgé iréiude fl)é:ash bélifn ed with clay and are fge 25 hardened,
Vil kel GLamrd B 8ot ) 'gsH IHEN A0S nBEba&Y €48, dESCr 1bed

viablaBttctoml teiding slemesdriniparisules didicujipedarvateenthat the
encounteted in manufactyring bricks containing fly ash that are cost
AR Wit A Pl RRA 3R LA QTS B oG, URAeFRimtne
adeqdatetyi overcfrangeasftsticatigal pfoparties. le3; ShiMASH Odtural

THE,INVENT]ON
and non structural.

BACKGROUND OF THE INVENTION

Fly ash is a by-product from the burning of coal iIn
coal fired power stations. Fly ash is made iIn 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 i1s i1n 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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In a first aspect, the present invention provides a method of forming a
shaped article having a matrix containing sintered fly ash, said method
comprising the 5 steps of: blending fly ash together with water to produce
a fly ash dough, the water being added in excess of that which is
absorbed by the fly ash so that the dotugR contains free water so as to be

igghieAstapartaly A Egg ol forming a green article in a desired

shape from the fly ash dough, removing at least a portion of the free _
water frodntte il BSK deEBRELringhA ddIeFRN forhhivg bk IiRd gRdegv ides a

PR GFO PUPRAGHE Y Jhagdhe HreaE REI0RSq Mptdhsshiaped

article is_hardened by sintering its fly ash matrix. In a particular _ _
cRBeRhaAnN G SABHGE&ds blondeeh withake ekcshSRarTIsieg the

agyapiaggef using a 20 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 pakRNg Hugh. Fhys Asfurdogrtieds tmuated: daphindursy @ fly
neeH tabegRubIemanirsemoued do aghieve ihe dreied pepegtieaingfi ch

B e A ST e
dusiee itssprasicion bEha medtod sasrdingdarted @bbye fduni ¢ igealiy ;
form the HHEHBLngrcl) HE55 i d SNGri e SRk AP atpm the
afillya plekticeeigii\s fly ash is a by-product, it is an inexpensive and
readily removing at least a portion of the free water from
the fly ash dough during and/or after forming of the green
article; and

subsequently firing the green article so that the
shaped article i1s hardened by sintering i1ts fly ash
matrix.

In a particular embodiment, a plasticiser i1s blended
with the fly ash and water. The advantage of using a
plasticiser i1s that i1t reduces the amount of free water
that i1s required to make the dough in a workable state
where i1t i1s 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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- 3 available constituent. Further, the method can be used in a
production line fashion, akin to clay brick manufacture. By controlling the
water content in the dough, the articles can be initially shaped without the
need of a 5 mould as the dough may exhibit adequate dimensional
stability. Also, the properties of the articl@can be readily controlled by

CRUUHAB e WRIHGPRIRMHO! the F 8RB AIIGRANL IR NN be used in

temperature and duration. Each of these parameters can be controlled
daringaduathorchieendixsl) kpBwidkib attcled &Ybepiskudeangfacture.

CRYSISKE AIRIYNY ITHRPG 2PRIeCIREdRA FherRddilRRMayfife

incorporated into the mixture if required. For example pigments may be

ifokAGTbes RAMpAR bl diblateiieleth wbtase. AR mpgdr of a
afelives RAthe iaeRerAay RIRPIIE HaRI0BYECa PhEMSTHRHIE OF

resulting in green article. For example, quantities of carboxymethyl

cehabdd 1&Nic) MiFBe itk pBRARE it 'rﬁﬁu@éfqiﬁﬁit%'é%%k‘?t*é’m be

NHgkide Mtheghtheolaesiobsd eseasshEIwaterthechatdiivedaeont of the
protect the dough from potential shrinkage, and cracking in the case of
IR GeR bR oG S iRar LHAR 1 SHRE A ES AP BRI on-

obtathed ffoththweaqshifemeiteiiteaguassitiesof calbhad chinritieg
TR e S R L A e Qi
fadhdctivas beten fooped $aigly, or at least principally, from sintered fly
e LSRR SR A S RRIAL Wy ve
giemoapciaded tinto the mixture if required. For example
pigments may be incorporated to inpart certain coloration
to the article. Also further additives may be
incorporated to improve the properties of the mixture or
resulting in green article. For example, quantities of
carboxymethyl cellulose (CMC) may be incorporated 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
quantities 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
formed 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 temperature and duration, it is possible to control the structure of
the fly ash matrix and its surface - 4 characteristics. This in turn allows for
the initial rate of absorption and absorption capacity of the article to be
controlled, both of which are important properties, particularly in brick
manufacture. Further, reducing the 5 fredrwater reduces the risk of

DURRHPYRTT SGeeen iiFe ifirgd ANdIRYB REOETS i@ 'i‘Hiet(ijal rate

uniform sintering process that is as free as possible from internal an
exferalisabBtingNna farkRerk REIYiSRpa6AEY mEtHbae Ry dkehe 160 be

2HE IFoaUred Palorent SeirgH i @HMBg-sUiRdPeaneIgs FEREFHILtNe
fly ash so as to solidify the article. The solidification of the green article
dehg i 1airhyy BrocREd slayBeedacbutsbie ko §dNG R, difHE DY the

r?%%E“Waf@WSPQGU@ngﬁHBeFT@K“@?tBGWﬁﬂYnﬁmWH@W“ﬁﬁé reen
consider that where the fly ash is the only _.cementitious material in_the

et Che oby EdpduAlGnhbESn BRRVASRS farkadiaKieatitH Exre

calnitire raxige pHoesogpenie is avatahie de saallsnesiitylie 20reass F
ﬂi ash and.in rpga::h lar erﬂg antities in class C fly ash. The reaction
bbRFELN AL h FEAELRRIXEEAREIRY in the formation of calcium

hydroxidg whichpentd ciorae selitificatiente b€ actheenSubgriuettly, green
pozzalanic reaction occyrs where the main oxides in the 25 fly ash
PR B et S GHLRE RS TR Tl FARCHe iR rihags the
foratamudabasien gtd ntbee £énentihgsoatagaltinasdila dhydoxides
TQP rIeSIiIting material is a complex crystalline and amorphous mixture of
prodFuc(fs that contain in their lattice molecules of

The solidification of the green article during this

curing process may be contributable to several different
reactions. Whilst not binding the invention to theory,
the i1nventors consider that where the fly ash i1s the only
cementitious material in the matrix, the only compound
that can give certain quick solidification is the calcium
oxide. This compound is available i1in small quantity in
class F fly ash and 1n much larger quantities in class C
fly ash. The reaction between water and calcium oxide
results in the formation of calcium hydroxide which lends
some solidification to the article. Subsequently, a
pozzolanic reaction occurs where the main oxides iIn 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
products that contain in their lattice molecules of
silicon oxides, aluminium oxides, calcium oxides and
water.

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, aluminium oxides, calcium oxides and water. In a
particular embodiment, the free water is reduced from the matrix whilst
the green article is cured. In - 5 preferred form, the green article is
subjected to low to moderate heating during this curing process. The
advantage of this arrangement is that thégentle heating can reduce the

MOPAUPFMNPHIFAUSRR UGPUB A3l OF e Qalpe S0 198 SR to

withdrawal of water still gives time for some of the water to react with the
fPQERrp&e Wﬁjfdﬂaﬂnglﬂfé BEMER Ko MBI P ERSH- asH Nghd

U&Q@éﬂ?ﬁ%}@@@% §RCliPPalbRReHE R @Eﬂﬁctdi%}?é‘t’%%ﬁﬂ%is%%t ing

content in the green article is 10 reduced during curing to between 1 and_
50RMhIeRIEE JrbRrABIGDNRESK M bL | ICBHS toien, RE¥Re & acking

agiclgicharied ioder /gevateghanddiny Tirmdvaniage ofthimter still
arrangement is that it can promote the solidifying of the green article 15

nedrses b @ rdgharRse QfickerietesndBrdeas Eoldthethrefly ash

waseihthigyish plieadbi Hytherdougimenttineioigs dizarae pallitipRaktwateFt9 ash
compensate for self desiccation. In the preferred form the additional water
ARDRIGH A5 (ORI FRABRARN 1n (B FroPAtEAGH &g to

tleenbbonienéont, uskds Mbdda vl bvesareiate ienctivasgiitstby gainde is
initia) solidification through the formation of calcium hydroxide,, and
BERHEBY GG Rk Ul GGG lort b B SaHic TS o
lithe froadsbyoly teleshor2 thndodhier of these reactions, the
soldificgion,ofhg gien HUCls RSl ye L fimed dsda e
elevated humidity. The advantage of this arrangement is
that 1t can promote the solidifying of the green article
more evenly throughout the article.

This curing process consumes free water 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 1is
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
former 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
solidifying the green article i1s 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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amount of calcium oxide in the fly ash. The advantage of solidifying the
green article is that it improves its 30 capacity to be handled, and its
dimensional stability during firing, both of which are important in
commercial manufacture of the shaped article. - 6 In a preferred form,
the green article is cured in a temperatufe in the range of 30C to 80C and

more prg{erably 0¢e FAROFBIMOCEASOGr 4o A RIPEIEFLIONY. FAEein a

article is subjected 5 to a humidity in the range of 29)% relative humidity to
sbenneratt FRinfidittBAd FrsraereferabyCnRe $8nge INB50O IFelative

hyPugB-aAS bR Ia¢NE hamigity-d¥s Bxsreureg isspeeferably done under
gentle or moderate heat and high humidity, the duration of curing 10 may
vary corldidéraBREISEXRHAIEQ Erind it iEaRITKEN %8 Chesd sheHhut e ted

Of §reeThari pLPiteyCrapk thei el g dOH I sy theeq et B MR UHIH @R E) e 60%
order of 12 hours to_5 days, and more preferably between 1 and 3 days,

wWak iy eu i AS i oreRt i RIRo R RERaY oI LHRiifaRggredh 35%
aridertiiscdesimbleiteyretocatie alliativee Humitiiese the

manufacturing process time. In one form,r'thei ventors have founﬂ 2 qﬂa;ys
sufficier o RErRTAND ke REE TS RAMY g5y URIBE ATt

freedeaietes teveaveshioridrigHiringnof diiegreerhariie-aAd suclotheuring
ol e R A A PR AL VR i ey
th® nedis 250Ae indhdatest abbvgrivermastire bontentcesekung Typgheal ly,

6¥]%¥?£ gT”%ﬁé"E@H%H&”%%ﬁg'ef?ﬂggéoin the order of 12
hours to 5 days, and more preferably between 1 and 3 days.
Whilst the curing Is Important to remove water and to
solidify the green article, it i1s desirable to reduce the
curing time to minimise the manufacturing process time.

In one form, the inventors have found 2 days sufficient
for curing.

In a preferred form, the majority, if not all, of the
free water i1s 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.

As 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 Ffirst 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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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 30 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

SﬁJﬁ@ﬁﬁsPég_i%pmmﬁﬁiﬁEf FEMERHAY I Hoa LU FHE hand 1 ing

P
handling and to withstand internal pressures of the escaping gases
dafflg einy I the tabshd Bd@pondnPEessalesodEe BiepsosAPtE gases

AN i PHEK SIrRre et O dBRpIALAT SENASRIPISEeFdBe of
like of the dough or the green article may be used instead of, or in
cBAlPeAdY \/\Fﬂ%‘?‘guB’j%@ﬁﬂj‘%e'&ti@l’ée(o%;d’é&lﬂrélﬁﬁuﬁﬁvi!’&?ment of heat

and hurpgfsroreenefi Hirewatesuednigat: dPASIGFated fheva e of the
inventors have found that absorption properties of the fired article can be

QSR dy HeSeRee R AL BA trr&idh Bttt hAtiehaR whbre @fe 1N

fiegrjatec ispstantally sappret itigmihe dedi elticlacalnddatrol led
arrangement where the shaped articles are bricks,fr%{ﬁrﬁabl}%the firin
GPE p

tSRYARINESE T te RERE BPdobBIdM00 &04 BRugLer
betmaamt100 C to 1250 C and the duration of firing is in the range of 30

The sitined 1 A WAITRoF ERORU R ol Y O Tnga e b
eabibirgxtetentp abpeptide shafactérestiEs math arteiobofaahalbate of
PSRN IORA 5P R L SRR I ST ARE SN S FYRRER g,
particularly where the free water is substantially removed
from the green article.

In the arrangement where the shaped articles are
bricks, preferably the firing temperature is iIn the range
of 1000 °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 iIn 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
modullus 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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25 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 0.2to 5
kg/m2/min and an absorption capacity of between 5-20%. 30 Building
elements formed with these properties-af®e ideally suited as a direct

"SRIABGIG W FORYEMI RGP BliekSed NENAF SHBBERHIERSN

conventional clay bricks, particularly in tension, and are capable of - 8

berarRtdIe®ith hidsdudhehekigReERif piiseredenenis the due to
syrEIWfdBpP &L REYISIS HuRde rifne SiigEe bR 8PR CidAX iPSperties are

absorption properties are due to the porosity of the elements and their

stHEcAS dHPaftBfioREtNsAlchhtherd QiR & catehid Bedsrafy taeas
aERaFER? ivEntan araddealyisuiteAdo bgi @yEpit¥eaccording

earlier aspect of the invention where the porosity and surface

charddidristRSRaRb Lokt iNVR ERADE BESARRShbY Bt FAE to be

DRAVINGEUk ézicoyverientda PRIeiR aiigpdetCidie #AceMhoemad®fwhere
tg:%gresent invention with reference to the accompanyin draﬁ/ggs. Itis
t

HDFOSARY AR BERiERARAGERE RN R related
deseortptiohl éito 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 20 brick having a sintered fly ash matrix; Figure 2 is a
fieRIE FarDHSSIRAGNOI D¢ EPT HE nDRAWASIGENg fly ash bricks;

It is convenient to herein after describe an
embodiment of the present invention with reference to the
accompanying drawings. It is to be appreciated that the
particularity of the drawings and the related description
is to 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 i1llustrating the steps in
manufacturing fly 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 3 is a graph of absorption capacity of a fly ash brick as a function
of firing temperature; 25 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 -308when fired at a temperature of
1200C; and Figure 7 is a micrograph of the fly ash brick matrix when fired
at a temperature of 1040C. - 9 DETAILED DESCRIPTION OF THE

A PR RREDDEMBABIMENTOR ubhhg vkt iyRRRER. EMBEY BdRMFick 10 is

5 disclosed which incorporates a matrix 11 which is made from sintered fly
ash 12 having voids 13 dispersed therethrough. The structure of the

sintered M A End ke BhankR nfetd andidiSpdritvrasinB Ubkls ditaks
the SEHsiEal siFarah phépofateand irmapsorrtian dAramasiy fRaib

the initial rate of absorption as well as the total absorption_capacity). In

gEREeM SHRERN R 1T LYe aRDele dAYARhNR IS Mard LWRRedstRSrise

e Small volds makKe tne nric orQus and ca e QI absorpin
& SFKAQOSHEIT borht A SREISAY et oML AR RH CHERsTbe

oftheutrasalarstinerdagiee Pf ehepaeiok o chefly ab dougbsorption
SORAGAor GIARE 20 ErdRhby Bl S iahg ToPE L Al P goiclibens
byhthetiotraltealsapitd andchpaidrtyhe smaller voids 14 are also

D O SRATC e FSAL T Al £Puel TRR ARG e
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 i1n manufacture of the brick.
Of equal 1mportance, 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
ranging from 1um to 150um. Typically, more than 66% of fly

ash particles have a diameter smaller than 45um. The
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amount of water required to blend the fly ash dough whilst 25 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 air180 bubbles. Fly ash particles

typically have a particle size rangina from 1m to, 150m. Typically, more , - -
DS SR EEEr FARGer Poh, 2 Xt and ghe deserivity
noeldidoh eli saséte i eneEsseamvant o then s Hereasiviey htitd adles .

: h : : et . :
o e R GRS L atEs, B0, EcB e e ARG or
stibk 5ftyea@sihg igheuireded givestHeaneguiFod prloddrées 06 ssredigth
P L P T R R hbarties of
betgoagitll fend sabssy plpvallgapssidistasosiedial lest bedawy-as dhis
WLONBHIIEGE SRR I AV ARAGR TR OFBSH FdIePeaTT HEELF BSe Fiy
brick of Fig. 1 is Class F. Class Fly ash is produced from bituminous

coghad®israstidiyediciouNactdiingto A8TMPElacsilidesdredidacon gource
agg\ronEaing ¢ aiahahateashtG%ry iinkP cBROHIIRERINY A siligon

oxide, aluminium oxide and iron oxide. Another type of fly ash is known

BUEEIEYSNEsHITHE® BEdvde emuackilrAMduBREaRMite coal.
Class Ciilyeasfyiy rigdnviffsealcin epislep piliiet gife hirjcalcopieni Riss F.

calcium oxide in class FE fly ash is 20 between 2-4% and is generally lower

thds6od; fd Y prsh ohierastusrduhriundhyadoeus sgak and is
betweAY18%@ icious. According to ASTM classification, class

F fly ash contains a total of at least 70% of its
compounds being of silicon oxide, aluminium oxide and iron
oxide. Another type of fly ash i1s known as class C fly
ash. This i1s derived from sub-bituminous and lignite
coal. Class C fly ash i1s rich with calcium oxide. Whilst
the typical content of calcium oxide in class F fly ash is
between 2-4% and 1s 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
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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 25 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- réduce the curing time and hence

redyres e fime e a efo [ hangyng RNARINIdHECeRH e H BFF?%* that

30 The larger voids 15 are formed primarily from air entrapped in the

nskHgvhenTthe RitRsE betsebriBioudidsd taidsiBparspatyand
fuRelirs 4B H‘Wf%@ﬂ“ﬁ\%%fr&i%s apA t-ptiealaf ha HiliFapiRgidn of

the fly - 11 ash and water to form a dough, and the compaction of that
dbagaethypidaciter #8ugh ke difyePsiiiind hydrophobic effect may

also contytgrtpyhe fpraaiverlxlaraernids ivipeidrearLreduat Sxcessive
Ideally, the matrix 11 does not include an excessive amount of the larger._

VBRRUE a9 Thd\Ged Rei9fife MAAES HowevertifaseMaRiEVoldiecaRty 1X-

cRolbWEE-10 edyckl Rreparticd s s asereeit pievite Ressttle brick
pressure huild-up while firing and serv\%‘rﬁ alleviate stresse[%gé?t 10 ma

REPRTTHAGRIFRIIBHUSTR kR WdRUIam PsrRibLGiRy rsUre
epaduatergd virithe Fiokitywasdmesuiastuiedanbey irbasawty esses that
conditions, thete was so reitéiﬁéion 0 cogtrollin #he§resegnce of n
A13¥r 96i8E " 13t i5WhtichiA RECYRGE MR AE T YBF LS VBTReZ 1Y
venudd bhdeiteg cantolEttounereacaainerchd proseduieskwhorevhs
"omatpr gl ihe i, ashapaiineould be beterpopiolied: Aglstraied inoe
the pHof%graph of I':'ig. ? the outer marging 168 t'nenbrrck, a(ajacenfa%e
onestperipbecsl on controlling the presence of larger voids

15. It is anticipated that the generation of the larger
voids would be better controlled under commercial
procedures where the formation of the fly ash matrix could
be better controlled.

As i1llustrated in the photograph of Fig. 1, the outer
margins 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 i1ncorporates 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 iIn more

detail below.
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20 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. 25 Also, there is an absence of major cracks
or fissures extending through the brick atrix that would significantly

reduce thejlyickostienath ppgPramels IFRIEILERNAIET ARFTPIPEH esents

the brick. The structure of the brick matrix 11 provides 30 consistent
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discussed in more detail below. - 12 Fig. 2 is a flow chart that )
sEhehbtieRR RPFdsttRs GHAPFIAERD0 of ManGRREKHE PR ERICROMP I Se
affy§t &8 whtibe cangtitiepiithe Psisk are provided in their

appropriate quantities. The constituents comprise 5 fly ash, water and a

plasticiseF ¥y 28 Waswerfieth #pdcd acadutabR ShttaRImiggncrete

Of pitailaroAbggngaventy peweht QfeW@riQSﬂ' p@ﬁ@éﬂ@fdﬁtﬂhwaﬁdhaﬂ
added and t?e dough mixture blende% and rgt%oréhre minutes. The
a

tGEPY N R 1\630?%\&1%/@1% fngdh ddest PHI Do EHAY
ashehbedyast ussddtdds fxpetment wabrau€iass FHly ashrednfqueingi ty

A T s RS LRSS T SR pr 1y
flastsh 15Tisenof lynecsissingathdugth ssoeikipeniorento adcca Qlaibs F
S BEFSIERTNG 1S KEMPIL ESERSIRASHHSY is available in
abundance from power stations that use coal. However, it
will be appreciated that the use of a particular fly ash
iIs not a necessity although it should conform to a local
quality standard.

A plasticiser, iIn this example 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 relevant 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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was then added and mixing continued for another period of three
minutes. The superplasticiser was used in order to 20 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 trthde-name DISAL. However, it will

be apparepihpb e e ¢ PREEYIANZRP'RRETSS8 A9 ARECSHREY i Ring

only important to achieve consistent workability with minimum amount of
wesr, chatmaued oFarsHaAbREpASHEsEISHkAS beheaiskh@omaxXing was
PERYipa@ e, dosage is relevant to the particular superplasticiser that is
used. In this case, 30 where DISAL was the superplasticiser, the dosage

was at tHeErdtd ¥ DR pdN 0GR SHALYGN LS stahEaED: dhaedpueh
v@sdhes %ﬂegl%'ﬁl the MixinoMEe aaniayedrier Uﬂ'&@mQﬁaWBéteS

when the mixwg was complete. The mixing of the constituents to form the

doBgRas beeuso blay B2 themdp iR, 15t dpagitheisd bonfhiRd@tger
ligtitte voids. 13 fearteripe tiolraes vBissdhe by campastian atste
RESHIIHR, 9] B g0 SRNEIGHISBE 1t B aF SORorf iered

o nisatedra), a vHealifly tatit irde sghilaagignhectel canareteapleeing. and
SEEPEEe 8" MR 8 BPodt- (LR TerEArEAR Y he 1) Aot daheT
anm_enpicnjlydaﬁ_nmb@deam] extivded Thderquepsiot i\mlnit_:b it 5Sceopdession
S e R R TR S o e
However iIn a productidn environment, the fly ash dough
would typically be mixed and extruded under pressure which
would result in compaction of the dough.

At step 23, the green bricks are formed. In the
experiments conducted, the dough was cut Into the green
bricks by cutter moulds forced into the dough. These
bricks were then removed from the tray. In 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
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bricks by cutter moulds forced into the dough. These bricks were then
removed from the tray. In a commercial 20 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 infividual green articles are cured

bYufe R8I Rlgcqd Ing FYERY CRRTPEFSPCHY BoHdPiYEs of curing

humidity for a period of 48 hours. As indicated previously, the curing
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moisture content of the green fly ash brink during curing. This graph
SRAWRQHE Smoistirb ek arbnt thd g esishixiroi Skitade fiRte of firing
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that under the conditions of curing the moisture content stabilisers at

ABBEBEYYE afteF FOMAUYS. FRY MARNGYIS hBRIEREIN WitRiAksEUre 1S
fifgide4 hpuesk ThimpPeidrtbisba€aast cTiiealffprSE€EnFoudENGoisture that
solidification and%HvinﬁiéJt unpecessary moisture. From two days

oRNEFES M iR g MBERELQY haFEHpY? tRBE A %@Yﬁﬁlfi@t
ipireduoEiurefthat boiers idid Kiedydraiion rakatidmans psiducestsslid

products of calcium silicate and aluminium silicate 10 hydrate complexes..
R SRR LAt wilh S TR ho RN el
pnqapﬁé@1ﬁstmoiﬁtmgetWﬂuﬁimsthdnﬂntbrnalnwbxaﬁihetmmkfirst
i T R T R
relmaisgnhbadligkg and to withstand internal pressure of the
escaping gases during firing. The second component is a
main source of porosity that remains in the brick
structure.

The cured bricks are then fired at step 25 so as to
sinter the fly ash matrix. In the experiments, the cured
articles were placed iIn 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 1is From less | Typical 5-20% 1800 —




structure. The cured bricks are then fired at step 25 so as to sinter the fly
ash matrix. In the experiments, the cured articles were placed in a kiln
and the temperature was 20 raised to 1200 C and the bricks were fired for
3.5 hours. In afinal stage of the process, the sintered fly ash bricks were
then allowed to cool down to room temptPature as represented at step

2 VRO USHPGReTBe Lot ey AT PGk gy ested—2band table 15660
below represents the properties of the flyjash Dbricks compared to 5
common dl&PbiRRs. Propet9 @bFAIRESNEMERNus of|Initial Absorptiphd/™
Average Bnidk stnength Ruptoae Rate of Capaciydeéensity type
Absorption Ll &laytplpi&glai_s From le 3&%}’@9%%_20% 1800 - 15
Bricks from 12 to than 1"MPa range 2000 40 MPa. to greater between
kg/m3 MintWeEREHS 0.2 288 Hecepted by MPa. kg/m2/min.
Australian| Bataudiatindardvaivalugds MPa. 0.8 MPa. Kly 43 MPa 10.8
MPa 4.5 10&’(5&450 Ash kg@ng/rmghkg/m?, Brick The tests conducted to
determine|the above properties were as follows: 5 Compressive Strength:

Fehiormed 48cHifting to AudBaflaMidew rzéafand StandardOfs/NzS | 1450
4456.4:1997, Method kg/m?/min kg/m?

Brick

The tests conducted to determine the above properties were

as follows:

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
is 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 i1s 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 i1s 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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4: Determining Compressive Strength of Masonry Units. Modulus of
Rupture: Performed twice, one time according to 10 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 is that the-Sthidard method requires forming a

bepp pdopponially hoppingstniee RYGKR I NendiHe #SeAWaR,ES ERCEs in
an epoxy mortar binder. This method worked very well with normal clay
bfiek¥ béLasdMd-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 throu%h the glue line at 7.2 MPa. This 20 meant that the bricks

alo tkaadeRALR (RI: ARPREPLEONP LR O SHEAgACSARE Y. Foence
e, SEHAY Vet ONC ASRIMAR STEHRBEPES KB moveesen giver 3o,

result confirmed that the value of the modulus of rupture - 16 frq the fly
MAHIREs I highetaERIN BRIt &linRake 1086 MRCTREIORAte of

gatipoy Performed according to 5 Australian/New Zealand Standard

AS/NZS 4456.17:1997, Method 17: Determining Initial Rate of Absorption
(Suction). Absorption Capacity: Performed according to Australian/New
1Qp&eatptd Startid ARYNZ SPe4To Ed @94 cieihitich 4 t O eterstiniabi an/New

ater Absorption Properties. Aver Density. Performed according to
LA S ¢ SO R A 31085 Nk 4
eeamnningl 1§ Maitture AlsvenpiaahDPr Dpesity eccordingly, from the
above table, it is clear that the fly ash bricks 10 exhibits excellent

properties compared to conventional clay bricks.
Average Density: Performed according to Australian/New

Zealand Standard AS/NZS 4456.8:1997 Method 8: Determining
Moisture Content and Dry Density.

Accordingly, from the above table, i1t 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 particular
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 i1ts 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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Two important properties of building bricks are the 20 initial rate of
absorption (IRA) and the absorption capacity. These two properties are of
particular 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 25 thus weékens the mortar and reduces its

AFOEIRNPECINT BIFKe PILORRINSTFARE TG LRS ISIRP S ti&ural

surface of the brick adjacent to the mortar would not absorb the excess

veaseged Moukbekdrnesery WEar hagemsithe nlerast thet whaekistg In
hgNe RepEHRIGS ARSI IR e e BHERGH G Y ECEIRI RIS Of R de the

brick. The property of total absorption capacity is also ver)issimportant for _
tROpEFermd e IHREIRIRLARERYh RBYEHEbN Fes@ksp not desired.
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bricks and structural damage in buildings. It also would lead to cracking_in

HROEQERES R at Mefvinyy @ Itk kaRd ifQa& dhe Ghfeyefdo mydckly
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rather t et partially absorbed by the brick, would tend to run off ver
PR R R Rt A AR a0 T R BANERG AONERS-

as redugrs irendurabdistsf therpodangiritecuniertasts mererraodsctat the
by the inventqrs qn the_ 10 effects of the firing temperature on the total ]
LRSS Ehodlly Ao Hat LTRSS BT LB o Frd R brpgP tion
coagactetysigigreles britks ndda-antecafdahsowit itbe aboveese tests
procedure. T difference beirig he.firigg %%radgerature used. The

e onl .
rEsults STIRESE ?ees s dre 19 iIRSFaECh II{:igs a4 s GRS ;‘/le nce with

abbaratidnoen theoEgdBrand 4Tb¢hainly difference being the firing
temperature used. The results of these tests are
illustrated in Figs 3 and 4.

As 1s clearly apparent from the Figs 3 and 4 i1s that
the temperature of firing has a major effect on the
absorption 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 1s 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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the temperature of firing has a major effect on the absorption properties
of the sintered fly ash bricks. Further, as can be seen from the above
results, by 20 maintaining the temperature rate between 1100C to 1250C,
it is possible to obtain excellent absorption properties consistent with
conventional clay bricks. Figs. 6 and 7 ak8 micrographs of the fly ash brick

matrix "‘A’k?@ofifaﬁ'rg% flergpleMRASAIEH PIR iaed fadhids of

temperature of 12 whereas Fig. 7 is the brick matrix when fired at a
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The fly ash is substantially sintered without 30 being glassified. In _
cBRRRST TR haklx discibssdm ¢y STRAGERhaBACRARRMRED o

184B5c 8 fasieHs hekewteygdiererapdiesbydead vy iR exeessis a
porosity and a reduction in its structural strength._- 18 Accordingly, the

iR EA BEG L9 &GRS BE Mot ka&l@¥ g A AGES from fly ash which
can be Dfngutﬁé @léﬁ@?%ﬁﬁ-‘dﬂd} Sﬁ@(iﬁl%ﬂd %@hiwftﬁée}ﬁﬁé‘@aﬂing
properties both in terms of strength and absorption 5 capacity whic
AR RRATCRE iy KIYERBOD < BXGRRE SNSRI Gt
brieks: il rébe cahvpwitieh thllowran@iptihegxetedigoadesaiptinecédsary
invengon, %xce t where the context requites gtherwise dfxe_to ex§ress ,

i MRALEH e sty HPRbIicEABR the Wskd “kSniprefhg* s Aled FediisTve
imxém&iee_ serse, mahfée}anwr%swéﬁ;iofm mgsmi&tedmﬂﬂnﬁﬂmewith
fqﬁl}(ﬁ{ii%%lp Ny eé“sb‘%dﬁm\?at%%futé‘eé%%”&'i’nﬁ‘qXgé'a%@i*‘st(ﬁ%‘?" Phvention.
modifications may bé made 1o the partS previously described without

departinglsamati@ons and/or modifications may be made to the
parts previously described without departing from the
spirit or ambient of the present invention.



15 spirit or ambient of the present invention. - 19 - What is claimed is: 1. A
method of forming a shaped article having a matrix containing sintered fly
ash, said method comprising the 5 steps of: blending fly ash together with
water to produce a fly ash dough, the water being added in excess of that
which is absorbed by the fly ash so thaflfhe-dough contains free water so

as to be_in at least a partially fluid state; 10 forming a green article in a
ﬁﬁﬁ%ﬂéﬁaﬁéﬂbﬂ?ﬁiﬁﬁyashdoughremoanatbastapomonofﬂm

free water from the fly ash dough during and/or after forming of the green
atticle; arid m&thbdeqierkiyriitingha gsbapecica ta clat thavdmgpea matrix

e B e e i B S0 the
wekep® 28 produce the fly ash dough. 3. A method according to either

claim 1 opgfiifiey IYPLRIAD {syBteRatt GHiR e BEGe B SIORRICEE a Fiy

it is fired, wherein during curing the water reacts with the fly ash so as to

aRRiastpuafly Eogdinpikrraeltngs addesetibRa&epaing fo Enak yhich
"ieraih<BIrednBy CHiY FieERes S it etipRSidoReMoOB N #fins free

free water is removed from the fly ash dough. 5. A method according to

eitAkeEarR 420 hEPeiRtnd Nyratn teaat idspaEtitakd Yol ty hsbdekatke
heating 3 giing CHripg- AeEied aCGeIINIHOAFHEHS sHABEIFSh the
fly ash dough,

removing at least a portion of the free water from
the fly ash dough during and/or after forming of the green
article; and

subsequently firing the green article so that the
shaped article i1s hardened by sintering i1ts fly ash
matrix.
2. A method according to claim 1, wherein a
superplasticiser i1s 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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green article is subjected to heating in a temperature range of 30C to
80C. - 20 7. A method according to claim 5, wherein the article is
subjected to heating in a temperature range of 55C to 65C. 8. A method
according to any one of claims 3 to 6, 5 wherein the green article is
subjected to elevated humidity during c8fing. 9. A method according to

ciaim 8, wherey g IERiGiilsdn 38 EN9RPiE20%Re/pbYs MR picle is
60% relative humidity. 10 10. A method according to claim 8, wherein the

herhdigcieth e rangs brgsenraathRNPehrily (e 45808saffe TRIFJER

1dsAdnethod according to preceding claim, wherein after removing at
least a portion of the free water from the fly 15 ash dough, the moisture

cBrtent iR tREFHRSh RGRINE 1aggE o ary 9pe1 DTA FEANBS adcdikyto

aNEREId AMBSTY R0 aMPRFAIE ST SeMpEEec Ieastaleyiieadf the
free water from the fly ash dough, the moisture content in the 20 dough is

MRt AR AWth/.CYE IRGnethod according to claim 3, wherein the

cgring timenig ¥hbetwastokzineig ste Scdalisn 14, Avnerwirpcaeedinatddity
claim_3, wherein the curipng tigne IS Petweenvﬁjl@r}ld ?idays. 25 15 A Ve
088 LD RFa RS prRSEATAINE PR 146 Rfing Binpalahd
isimiihe Fapge of 1000C to 3000C. 16. A method according to any one of
RIS A Rettol S M N L TSRS S PRt R i ity s
in the range of 35% relative humidity to 45% relative
humidity.

11. A method according to preceding claim, wherein after
removing at least a portion of the free water from the fly
ash dough, the moisture 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 content iIn the
dough i1s i1n the range of 2 to 4%.

13. A method according to claim 3, wherein the curing
time 1Is In between 12 hours to 5 days.

14. A method according to claim 3, wherein the curing
time is 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
3000°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.
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30 1250C. 17. A method according to claim 16, wherein the duration of
firing is in the range of 30 minutes to 6 hours. - 21 18. A method
according to claim 16, wherein the duration of firing is between 1 to 4
hours. 19. A method according to any preceding claims, wherein the
green article is a building brick and the f#hgS5 temperature is in the range

214200CAERd 2 LIRIRY TEMARIAVIG A MRPeshoRiRtedi¥ation
ash and having a compressive strength of greater than 30 MPa, a
neddfdd dnAiptsre drekeeRad 58Ap4, PN rate of absorption (IRA)

of §etween ReLriforkeEed it Y 140 ARMANSPERIATICRPACKY PHESMRRITe in
5-20%. 21. A building element according fo claim 20 , wherein the

bE&ing etER AT & LGl Sy Bribk! K MgLRIAG KIcthehtEr@ofdhhd
cledmpdl-adkavien fnadn sy ramgéhsiraacaiding teslaipsbeoc

20. 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%.

21. A buirlding element according to claim 20 , wherein
the building element is a building brick.

22. A buirlding element according to claim 20 or 21, when
made by a method according to claim 1.



