-1 15 November 2005 Aggregate for Concrete and Construction FIELD OF THE INVENTION The
present invention relates generally to a method of 5 forming a lightweight fly ash aggregate together with
the resultant fly ash aggregate. The invention further relates to various aspects of the method of forming

the lightweight fly ash aggregate including methods of forming fly ash ung\%m%%%lbégj#}uettes, or
lightweight fly 10 ash particles. BACKGROUND OF THE INVENTION Sintered pelletised Tly ash

aggregates have been commefgigityepedchicerinComeratid dustiidlizrsitaoiatiiies 15 such as the UK,
USA, Japan, India and North Europe. The manufacturing process of these aggregates requires

pelletising a mixture of theﬁf{}é ash and water before sintering the pellets at temperatures above 1200C.
This process produ':cle'r:é-ﬁ)g sﬂ_ﬂ'@icw\éﬁﬁ“&ﬁke with a high 20 proportion of voids. The manufacture of
sintered pelletised aggrgpetepiresetit ashvenuiea arkiphitdegigenef adhirotdutingdivaguodection

processes. The exper| of t nt licants with_thi e of | igh egate has been
with the UK pr%ducfaﬁggfggétg m%@%ggﬁeﬁ@Y%%.a#lﬂsg%i%‘é%rigkgélg%ﬁals‘%gho\ﬁv%ﬁﬁaﬁ]egvariations in
the size and quality'éSbtagdrefhie aSticlroaragets -hdhre rdsiient Beipactbg rinnatassstency with
the final product, nggmely Hie ¢eNsEiec BNGFFit thstrHeEHal cOncraientingg istHiiimately the subject of

interest, it is 30 imperative that the produced aggregate should be of high quality n% consistent
characteristics. This I§ Wﬁd@l@ﬁyﬁ@ ﬁﬂ%ﬁ%&&ﬁ%d&%ﬂ%@é‘&@%&@@ e%l%i FHBOAGnNt structures
such as off-shore plkforash -Aurry or dough, briquettes, or lightweight fly

10 ash particles.

BACKGROUND OF THE INVENTION
Sintered pelletised fly ash aggregates have been
commercially produced in several industrialised countries
15 such as the UK, USA, Japan, India and North Europe. The
manufacturing process of these aggregates requires

pelletising a mixture of the fly ash and water before

sintering the pellets at temperatures above 1200°C. This
process produces light spherical aggregate with a high

20 proportion of voids. The manufacture of sintered
pelletised aggregate from fly ash requires a high degree
of control during the production processes. The experience
of the present applicants with this type of lightweight
aggregate has been with the UK produced aggregate that is

25 called LYTAG. This experience has shown large variations
in the size and quality of the aggregate. Such variations
have resulted, as expected, in inconsistency with the
final product, namely the concrete. Since it is structural
concrete that is ultimately the subject of interest, it is

30 imperative that the produced aggregate should be of high
quality and consistent characteristics. This is
particularly the case when such aggregates are to be used

in important structures such as off-shore platforms.



15 November 2005 In Australia, there is no production of fly ash aggregates by any method. This is in
spite of the fact that most of the power industry in this country is from coal sources, and that fly ash itself
is produced 5 abundantly. Investigations have been conducted using the LYTAG sintered pelletised fly
ash in high-strength concrete production and it was capable of produ&?gNS\g‘%tg ¢ 'Hbgompressive
strength of 70 MPa. Nevertheless, consistency and repeatability of the 10 strength values and workability
levels, even under the strictbgs ot atory Cogiditios Wwer® notdhifHorhefeddon dshthis drawback was

the inconsistency irb&?rg%l&%ggy WQ@%@@! wgsused. The Wig?n@{é(v%gpnifested mainly

in the water absorption capacity, hardness, and 15 size distribution, Moreover, producing high strength
lightweight concretd P88uifes s vy ¥Ry LU EKtith W BEdval pSREH FOMMERY. FSisEHIUId be
discouraged as musiads possids pesadsecemdilymashfaatsed € ds ipduginctt causes significant

damage to the environ rough_20 | ry:-high demand of en its emussjon, of very large
amounts of carbon %&ﬁgg&“& [ nw\égssp?rié/%%&s 5 Su%é(\er}rgstdggé ﬁé%glﬁ&o@gereg lpj)rso'j@ce%n%h performance
concrete from LY TAGTAG iAatigchnel hesf sethehlt Ynasth berudetbFH$ 1£60%E defeating to at least

the 25 environmenighrrasans {aFovice iBA lighiveight 289ca9aie1 0BFTIpMaE PRgInally envisaged.
SUMMARY OF THE INVENTION In a first asgegt, the present ianntion rovides a 30 method of forming

a lightweight fly astF29Gr&dHie 44y FRARBATINErishEREWepE ofY- ¥P#5 November 2005 blending fly

ash together with aNdastrdibedasg a consistency and repeatability of the

10 strength values and workability levels, even under the
strictest laboratory conditions were not high. The reason
for this drawback was the inconsistency in the lightweight
aggregate that was used. The inconsistency was manifested
mainly In the water absorption capacity, hardness, and

15 size distribution. Moreover, producing high strength
lightweight concrete required a very large quantity of
ordinary portland cement. This should be discouraged as
much as possible because cement manufacture is an industry
that causes significant damage to the environment through

20 its very high demand of energy and its emission of very
large amounts of carbon dioxide. Thus, it was previously
understood that in order to produce high performance
concrete from LYTAG, a substantial amount of cement must
be used. This is quite defeating to at least the

25 environmental reasons for which the lightweight aggregate

concrete was originally envisaged.

SUMMARY OF THE INVENTION
In a first aspect, the present invention provides a
30 method of forming a lightweight fly ash aggregate, said
method comprising the steps of:



reduced quantity of water to produce a fly ash slurry or dough; forming the fly ash slurry or dough into a
fly ash 5 briquette; heating the fly ash briquette to effectively cure the fly ash slurry or dough from which
the fly ash briquette is derived; firing the fly ash briquette to sinter the fly ash; 10 and crushing the fly ash
briquette to provide the lightweight fly ash aggregate. éef_erably the Tgt%%rmg! rises the step of
sizing the fly ash aggregate according to a predeterminéd 15 particle size range. Preferably the
plasticiser is a superplasiib&seti rrefdialistheogkibthe (1)véttheaplabasit ke iste andight (kg) of the fly

ash is between abous Qb 42 540 MR PISFRNS e Fediicafl valUMQHfp quantity (Frof 3¢ water to the

weight (kg) of the fly ash is less than about 35%. Preferably the curing of the fly ash slurry or dough is
effected at a controfl@H98vel of humidity, for example at approximately 37% relative humidity. 25
Preferably the fly ash brifiueiterig hereded By besivesbualbgub40doddiv G farcore ¥ fourgtays to effectively
cure the fly as slg%y.gég%%gh from which the fly ash briquette is derived, and the fly ash briquette is
fired ataround 13 ¢ enerally the method also comprises the step of compacting or compressing
the fly ash slurry or doudieag¥itdo€irinfl Y 295 Rbianfke005 pfiectbrigspadeththgresent

invention provides 1y ash slurry or dough from which the fly ash briquette
is derived;

firing the fly ash briquette to sinter the fly ash;

10 and

crushing the fly ash briquette to provide the
lightweight fly ash aggregate.

Preferably the method further comprises the step of
sizing the fly ash aggregate according to a predetermined

15 particle size range.

Preferably the plasticiser is a superplasticiser.

Preferably the volume (1) of the plasticiser to the
weight (kg) of the fly ash i1s between about 0.1 to 5%.
More preferably the reduced volumetric quantity (1) of

20 water to the weight (kg) of the fly ash is less than about
35%.

Preferably the curing of the fly ash slurry or dough
is effected at a controlled level of humidity, for example
at approximately 37% relative humidity.

25 Preferably the fly ash briquette is heated at between
about 40 to 110°C for one to four days to effectively cure
the fly ash slurry or dough from which the fly ash
briquette is derived, and the fly ash briquette is fired
at around 1300°C.

30 Generally the method also comprises the step of
compacting or compressing the fly ash slurry or dough

prior to curing.



method of forming a fly ash briquette, said method comprising the steps of: heating the fly ash briquette
at between about 40 to 5 110C to effectively cure the fly ash slurry or dough from which the fly ash
briquette is derived; and then firing the fly ash briquette at around 1300C. Preferably the curing of the fly

ately 37%
N%Jé)mp;e}?g? &p%gtween about
one (1) to four (4) days. Bererafgdne nasthedtalsd e npuresenthel stepndfi ompartindes eompressing the
fly ash slurry or doyghy HPHS @ FH Rg B Prqugﬂp.{ghth@.i*ﬁ]gélggglqUgétpdlsrﬁaq,{% at between about 40

ash slurry or dough is effected at a controlled level of hﬂmldlty, for exam
relative humidity. More preferably the slurry or dough is cured for an éxt

to 100C for a period of one to four days to effecCtively cure t

e fly ash slurry or dough. In a third aspect,

the present inventiGiPPRAAGAES YoEmelisiP oPforming lightweight fly ash particles, said method
comprising crushing a flyhaal biiguetite mlprcamle tihedlgéltwelgit flyeaslepartides tGaoenally the step of

crushing the fl astH%QléetE% %qg¥édc yca i'i't[.t clsﬁ énrg gﬁﬁy rﬁr o 28 ?y]mer?ﬁapes Itis

understood that the irregular or ang uars eso the yas aggregate

proves I

ocking with the

mortar-paste matriXxVbfl €bndiiage ﬁh)zl #sis hfelgllﬂéiﬁgm dthdeddrvgdte. an@fdigiy the method further
comprises the step of 3¢ §4R tlﬁgélyﬁgh B3RS ggqrggng{o aresetarspied particle size range.

More preferably the sizing is_effected by screeni h particles.
2005 the predetermined a?ﬁ@l'éaﬁié( r §e(&l6(/épsaﬂ é nd

Generally 5

y ash slurry or “doug

]115 November

is effected at a controlled level of humidity, for example

10 at approximately 37% relative humidity. More preferably

the slurry or dough is cured for an extend

between about one (1) to four (4) days.

ed period of

Generally the method also comprises the step of

compacting or compressing the fly ash slurry or dough

15 prior to curing.

Preferably, the fly ash briquette is

heated at

between about 40 to 100°C for a period of one to four days

to effectively cure the fly ash slurry or

dough.

In a third aspect, the present invention provides a

20 method of forming lightweight fly ash particles, said

method comprising crushing a fly ash briquette to provide

the lightweight fly ash particles.

Generally the step of crushing the fly ash briquette

provides said fly ash particles having irregular or

25 angular shapes. It is understood that the

irregular or

angular shapes of the fly ash aggregate improves its

interlocking with the mortar-paste matrix of concrete and

thus the strength of the concrete.

Preferably the method further comprises the step of

30 sizing the fly ash particles according to a predetermined

particle size range. More preferably the sizing is

effected by screening of the fTly ash particles. Generally



particles of a size from between about 75,um to 30mm. According to yet a further aspect of the invention
there is provided a lightweight fly ash aggregate for 5 concrete production, formed by the method of the
first or third aspect of the present invention. Preferably the lightweight fly ash aggregate has a water
absorption capacity as measured over 24 hours of less than 10%. M f TLyt dgsorption
capacity is 10 between 2 to 5%. Preferably the Iightvv_eiéht_fly ash agggg%{%%ﬂ(? { kg%a etermined
particle size range. Wiereppesieliy the dpieaietd ol g cgigartichngieegavigesobys dighash particles of a

Tamm. BRIEF DESASIBN G THE HOT SRAIEE T GAE b A2hivEcn AT understancing of

the nature of the preserhGe@dittidiotkophistograibs bigig@srect plo thaldsivemtash aggregate of the

examples of the pr&q@gﬁény@n%{m@aeém@tw%@tg[@,nig%ﬁnggb}(g@ﬁ@gggegates, briquettes of
the fly ash aggregate, and concrete including the fly ash aggregate of the invention, 25 DETAILED
DESCRIPTION OFCPIE"SEE FERRET Eio s TInDRIdPeE Rk et (ilid?standing of the

nature of the presehinwenéispeciref€rreldecpbedangnti of/enoiebinad of forming a lightweight fly ash
cxemplary experiments he oA o D o R e oo
aggregate by: - 6 VSRBUeARSGTRIION BIaRdRnlTY ash TEGEMERNiBVEpladidioer arefa reduced
quantity of water; less than 10%. More preferably the absorption capacity is
10 between 2 to 5%.
Preferably the lightweight fly ash aggregate is of a
predetermined particle size range. More preferably the
predetermined particle size range covers fly ash particles

of a size from about 75um to 30mm. Generally the particle

15 size range is between 0.075mm (75um)to 12mm.

BRIEF DESCRIPTION OF THE PHOTOGRAPHS
In order to achieve a better understanding of the
nature of the present invention the photographs of Figures
20 1 to 10 depict fly ash aggregate of the examples of the
present invention together with the prior art granite and
LYTAG aggregates, briquettes of the fly ash aggregate, and
concrete including the fly ash aggregate of the invention.

25 DETAILED DESCRIPTION OF THE PREFERRED EMOBDIMENTS
In order to achieve a better understanding of the
nature of the present invention a preferred embodiment of
a method of forming a lightweight fly ash aggregate
together with the resultant fly ash aggregate itself will
30 now be explained.
The following exemplary experiments are relevant to
the general methodology of forming a lightweight fly ash
aggregate by:



Il. compacting or compressing the resultant fly ash slurry or dough; 5 Ill. cutting or otherwise forming the
dough into briquettes; IV. heating the briquettes to effectively cure the dough; V. firing the briquettes to
sinter the fly ash; 10 VI. crushing the sintered briquettes and sizing, preferably screening, the resultant
fly ash particles to provide the lightweight fly ash aggregate of a predﬁt\)erﬂg(}g%égre e 15 Blending
and Placing Procedure Fly ash was weighed and placed’in a suitable concrete mixer or similar. About
seventy percent of the tdkal amoubidehdarey Wy theh atiogeithed thid thughphastec idended and rotated

for three minutes. T%flgaggd{wdi%wgﬁ;p@ﬁ%was a Class F fly ash conforming to ASTM

standard. This is available in abundance from power stations that use coal. The fly ash that was used in
this example was from Biaring, AGSFRRAC HAROEr, SORRNES SABSHcERRe R FREsd bY a particular fly
ash is not a 25 necessitysalifreygl it sfoudd conform to a local quality standard. A plasticiser, in this

example a supgrplastici was t F d IXing-contj Uﬁifor other period of three minutes.
The superplastlgciser V\{ailelljrgéd in o%rggf Oﬁgoc%'; %ﬁgqﬁé%vso&f% I &{/] %faﬁ]ee fl?)%%iﬁslﬁpréoor dough. The
superplasticiser wabrd gUpLE88ium salt of a polynapthalene sulphonate made by Handy Chemicals and

commercially available upger the trrda RagecRESHET quie EBINORMOLELOPPERVYErEdt iEbe apparent
that the use of a paét(i)%%]lﬁr; plasticiser is not necessary. It is only important to
V. firing the briquettes to sinter the fly ash;
10 VI. crushing the sintered briquettes and sizing,
preferably screening, the resultant fly ash particles to
provide the lightweight fly ash aggregate of a

predetermined size range.

15 Blending and Placing Procedure

Fly ash was weighed and placed in a suitable concrete
mixer or similar. About seventy percent of the total
amount of water was then added and the dough mixture
blended and rotated for three minutes. The fly ash used iIn

20 this experiment was a Class F fly ash conforming to ASTM
standard. This is available in abundance from power
stations that use coal. The fly ash that was used in this
example was from Eraring, Australia. However, it will be
appreciated that the use of a particular fly ash is not a

25 necessity although it should conform to a local quality
standard.

A plasticiser, in this example a superplasticiser, was
then added and mixing continued for another period of
three minutes. The superplasticiser was used in order to

30 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.



achieve consistent workability with minimum amount of water, and the use of a suitable plasticiser should
be 5 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 200m1 per 100kg of fly ash.
The rest of the water was then added and the mixing 1Q was contlnuei%f(?\r t\%ﬁ%@p utes when the
mixing was complete. The fly ash dough was then placed into a tray and compacted or vibrated on a
vibrating table in a ionwigarananagr va ddnbetepiaairgtThbabnipectisreop ftamprsticnihals stopped

when the dough mlﬁt‘ggtsﬁritgg,to jLo r%q;—;%e@é%ggpgh w{s i'%e%ﬁi'&”’mﬁ%t?w cutter moulds

forced into the settled and compacted dough, and the briquettes removed from the tray. It is the
applicants intentioRFHBRYGe %EHE'Ew&tMﬂ%%WeWbU% TERAIBRBIBYEE 18 the production of
clay bricks 20 includingethe eoprdpahtonse dofxtausian exisldhanlthet toitstgrobinauflyl aisb briquettes. In this

example for every hth orti o) nstitu MI 26 litres; and 25 II.
superplastluse? 20% l%?eaétx‘isl %tr% ?%ﬁ)ed(’j(?ﬁ %‘n éé%% E %verfgit% ﬁacedqlnwé controlled curing
chamber at 50C anﬂaj'ﬂ%cr'élﬁﬁ/esﬁﬂﬁfmlﬁﬁﬁ'@w%rﬁw@f 48 hesesl TH@ ctfihg 1@eess is designed to

give the dough the\,maiaéreﬁmhilknégn@ﬂebgam%l&éteréhgeqomﬁlféi%gfatﬂs Rggodhe cured
samples were placed in a kiln and thef{}jm erature was raised to 1300C within a - 8 15 November 2005

period of nine hour&"fh& ¥R al%%) REpLEOKS06E o1 RRther four hour period. The kiln was then

switched The rest of the water was then added and the mixing
10 was continued for three more minutes when the mixing was
complete. The fly ash dough was then placed into a tray
and compacted or vibrated on a vibrating table in a
similar manner to concrete placing. The compaction or
compression was stopped when the dough mixture started to
15 Dbleed. The dough was then cut iInto briquettes by cutter
moulds forced into the settled and compacted dough, and
the briquettes removed from the tray. It is the applicants
intention for large scale production to adopt methods
usually employed for the production of clay bricks
20 including the compaction and extrusion and then the
cutting of the fly ash briquettes.
In this example for every 100kg of fly ash the
proportions of the constituents were:
l. water 26 litres; and
25 1. superplasticiser 200ml.

Heat Treatment

The dough briquettes were then placed in a controlled
curing chamber at 50°C and 37% relative humidity for a
30 period of 48 hours. The curing process is designed to give
the dough the required stability and robustness. After the
completion of this period the cured samples were placed in

a kiln and the temperature was raised to 1300°C within a



off and the samples were left to cool down slowly for a period of 48 hours before retrieving the sintered 5
briquettes. The firing temperature of around 1300C is sufficiently high to achieve sintering whilst avoiding
glazing of the fly ash. Crushing and Sizing 10 The sintered briquettes were then introduced into a
crusher. The maximum fly ash particle size that the applicants found 'ﬂ.)t ' \%%}aplle %&goduce best
results was 12mm. The aggregates were therefore crushed to produce this maximum aggregate size.
The crushed aggrepaiesodersf 1h kthenrsizad intTlibe felparatsire cedegtiet latoas®aggregate of
12mm maximum size and 4.75mm minimum size: |l. fing aggregate,with maximum sSiz ssing the
4.75mm sieve and ﬁﬁin?urﬁusﬁqz:g %nﬁr%u 'én%lh% IItl).eurlfrglc%fngghvevh%:hlgrewzsir%aﬁereﬂwasr\{v %%Qrﬁa(passing the
No. 200 ASTM sievefdizandridersaeel ead wetel deigtificel Bpadh deiegd@ul yhdiavere the subject of

this application wergdhggpasge 48N A NPLIF PIALE -1 Sithg Risselgimppeaand 25 selected size
range was from 75,um to 12mm. Table 1 shows the particle size distribution. 30 35 - 9 15 November

2005 Table 1 -SieR AAHGEESSH-thERy A4R Hogyrd§aRESPINE o implodnthel BV8ritiohSMass Percentage
Cumulative CumuladiyprgierentiIgraiai®dto achieve sintering whilst avoiding

glazing of the fly ash.

Crushing and Sizing

10 The sintered briquettes were then introduced into a
crusher. The maximum fly ash particle size that the
applicants found in this example to produce best results
was 12mm. The aggregates were therefore crushed to produce
this maximum aggregate size. The crushed aggregates were

15 then sized into the following size categories:

l. coarse aggregate of 12mm maximum size and
4_75mm minimum size;
1. fine aggregate with maximum size passing the

4_75mm sieve and minimum size 75um; and

20 Ini. ultra fines which are smaller than 75um
(passing the No. 200 ASTM sieve size).

The crushed and sized classified fly ash aggregates
that were the subject of this application were the coarse
and fine aggregates. That is, the predetermined and

25 selected size range was from 75um to 12mm.

Table 1 shows the particle size distribution.

30

35



retainedpercentage percentage gretainedpassing 13.20mm000100 9.50mm371.818.618.681.4
6.70mm392.519.638.261.8 4.75mm222.111.149.350.7 2.36mm387.519.468.731.3
1.70mm97.94.973.626.4 1.18mm109.15.579.120.9 4.25pm170.88.687.712.3 300pm45.82.39010
150pm76.73.893.86.2 <150pm123.0-- Total1997.2100 § The preferre(iEEJL’\er%ﬁ]@épr%gB ing the fly ash
aggregates was to use it in the production of concrete. Accordingly, the characteristics relevant to
concrete making af@tisselthat She\epphioadissdeteohitde. THosasthagoteegats indiudeeparticle size
distribution, 10 agggg%s RRushtngh@lyRyanpant saturated surface dry specific gravity, dry rodded bulk
density and water absorption capacity. The characterisation testing was done according to the AS

2758.1 ar_ld AS 114éif§_{;yv%\iezrei. bhotm'g_s'ge dpprlgeé,ieggqt‘gggﬁ Tapd ! \ _ ther 15 _
constructional applications, for examppigaiprasphalt Feads nBHCK rpaesdhtdgevlaliorcarierals and backfill.
Table 2 shows the results of the tests togletermine these other rejevanirid@ractepisiesinglO |15
November 2005 Table®. 2G#aracteristios of the [fly ash@ggregate of thgs example ofgge invention
PropertyValue 9.50mm 371.8 18.6 18.6 81.4
6.70mm 392.5 19.6 38.2 61.8
4_75mm 2221 11.1 49.3 50.7
2.36mm 387.5 19.4 68.7 31.3
1.70mm 97.9 4.9 73.6 26.4
1.18mm 109.1 5.5 79.1 20.9
4_25;m 170.8 8.6 87.7 12.3
300m 45.8 2.3 90 10
150.m 76.7 3.8 93.8 6.2
<150m 123.0 - -
Total 1997.2 100
5 The preferred purpose of producing the fly ash
aggregates was to use i1t in the production of concrete.
Accordingly, the characteristics relevant to concrete
making are those that the applicants determined. These
characteristics include: particle size distribution,

10 aggregate crushing value, apparent saturated surface dry
specific gravity, dry rodded bulk density and water
absorption capacity. The characterisation testing was done
according to the AS 2758.1 and AS 1141. However, it should
be appreciated that the aggregate may be used in other

15 constructional applications, for example in asphalt roads,

brick materials, insulation materials and backfill.
Table 2 shows the results of the tests to determine

these other relevant characteristics.



Apparent specific gravity based on saturated 1.685 and surface dry condition Apparent specific gravity
based on oven dry 1.61 condition Dry rodded bulk density848kg/m3 Crushing value28% Absorption
capacity (in 24 hours)3.4% 5 Table 3 lists the properties of the prior art LYTAG, and the traditional
granite and Dacite aggregates. The Granite and Dacite aggregates atg-n r s commonly
used universally for concrete production. On the other% nd, the LYT % gggrgeh]ggagfg %‘t%se% sintered
pelletised 10 fly asi agdeegate désoriveteinithtimima®dtbeofdy ash regirgdeta ofuttassiul
commercial lightweight agareggte  QuisideaMysihalia since 1966. Table 3 - Properties of the prior art of
LYTAG and 15 traditional granite and Dacite aggregates PropertyLYTAGGraniteDacite Apparent specific

graV|ty based on ?g% u—d- )\/lufabc 72277251 U|y condition Apparentspec fwa_cllﬂélty 1+42,742.50
based on oven dr con|U0nEeroddedknnkdensnv831kqhn1478kqnn1449kqhnCxusmnq
value35%316.9%15 A0 atestkp ﬁ@ﬁ@:&f}h@thSWZlﬁB boaxeegh s sathsaksdor 12nf82oarse Absorption
capacity (in 24 and surface dry condition

Apparent specific gravity based on oven dry 1.61

condition

Dry rodded bulk density 848kg/m?

Crushing value 28%

Absorption capacity (in 24 hours) 3.4%

5 Table 3 lists the properties of the prior art LYTAG,

and the traditional granite and Dacite aggregates. The
Granite and Dacite aggregates are natural aggregates
commonly used universally for concrete production. On the
other hand, the LYTAG aggregate is the sintered pelletised

10 fly ash aggregate described in the admitted prior art and
having been a successful commercial lightweight aggregate
outside Australia since 1966.

Table 3 — Properties of the prior art of LYTAG and
15 traditional granite and Dacite aggregates

Property LYTAG Granite Dacite

Apparent specific gravity 1.72 2.77 2.51
based on saturated surface
dry condition

Apparent specific gravity 1.4 2.74 2.50
based on oven dry condition

Dry rodded bulk density 831kg/m® | 1478kg/m* | 1449kg/m>
Crushing value 35% 16.9% 15.5%
Absorption capacity (in 24 8.5% 0.8% 0.54%

hours) for 12mm coarse

Absorption capacity (in 24 8.5%  |-———— | -===-
hours) for 6mm coarse

Absorption capacity (in 24 8.5%  |-———— | -——--




8.5%---------- hours) for 6mm coarse Absorption capacity (in 248.5% - 11 15 November 2005 hours) for
3mm coarse Absorption capacity (in 24 10.7%2.7%2.7% hours) for the fines A comparison between the
properties of the fly ash aggregate in this example of the invention shown in Table 2 and those prior art
aggregates shown in Table 3, 5 indicates that the fly ash,aggregate of % ime the invention
has a significantly lower absorption capacity than LYT S. Moreover, %?ee@ums rﬁﬁg‘i/a%?eB %f the described
embodiment was sigoificehtifdesSitimacdzatssf LYTAG.| Thus it is expected that the fly ash aggregate in
10 accordance withzthe-desaribed-etnhodiment of the inveption—maypreguce coneres re more
durable and stronqéag%ﬂg&%ﬁg)wﬁ Ca&r’?)d %ﬁhe ggmz/btime h%{vz%comparagl'e and more stable
weight than LYTAG.imorderto demonstrate the suitability and 15 applicability of the fly ashraggregate to
its application in concrete, a concrete mixture was designed and tested_for the fresh and hardened
concrete. The mixture désiGATRAAISARaRFRYGEERENR iRPRSE YW GRIGTsHE%s t¥ Bdbortions based on
saturated and surfaaggygadradiion B0 fdhkengoipregfitachdt diseeshoios trehovxtuie desigiefor the three

types of concrete n@%@rgnﬁg%x?pp@,sgmahgﬁijég%ﬁggtg%n ma)ﬁ.gs fgag(’a between concretes

from the three aggregates. The design was pe e three concretes would possess the

same cement contetitdtREsSh&Ramdenidhy cisthpesradatR @htditas eRRCHEYHE Sthducing a
cementitious effectthiae piventiohvates Wasignificantly lower absorption

capacity than LYTAG. Moreover, the crushing value of the

described embodiment was significantly less than that of
LYTAG. Thus i1t i1s expected that the fly ash aggregate iIn
10 accordance with the described embodiment of the invention
may produce concretes that are more durable and stronger
than LYTAG concretes and at the same time have comparable
and more stable weight than LYTAG.
In order to demonstrate the suitability and
15 applicability of the fly ash aggregate to its application
in concrete, a concrete mixture was designed and tested
for the fresh and hardened concrete. The mixture design in
this example is shown in Table 4 which shows the
proportions based on saturated and surface dry conditions
20 of the aggregates. It also shows the mixture design for
the three types of concrete made for this example so that
a direct comparison may be made between concretes from the
three aggregates. The design was performed so that the
three concretes would possess the same cement content and
25 the same content of any pozzolanic materials that may be
producing a cementitious effect. The amount of water was
designed so as to achieve about the same workability as
measured by the well known slump test. The density of the
fresh and compacted concrete was measured for the three
30 types and the values are reported in Table 5.



designed so as to achieve about the same workability as measured by the well known slump test. The
density of the fresh and compacted concrete was measured for the three 30 types and the values are
reported in Table 5. - 12 15 November 2005 Table 4 - Concrete Mixture Design (Saturated and Surface
Dry Condition) for the Three Types of Aggregates Gran égl LYTAGFly WY SRS oigb%invention
CementKg300300300 Silica FumeKg404040 WaterLitre$172150193 Water reducing
agentLitres0.490.49@4beSdperglastviedi¢ itfdxtobe /TS 95N (tdediluceire dKgnd0300 taggegate Natural
fine aggregatngZEEﬁqp égthT@Gmozg;’@ QrpppééY-ﬂﬁ)gggQ?SQ&ﬁQ kI AGKg03160 LYTAG
fineskg02330 Coarse fly ashKg00255 aggregate of the invention 12mm Coarse ly ashKg00255
aggregate of the|invention 6mm Coarse fly ashKg00256 aggregatsei QéthLeLlﬁTéﬁtl hh BAsPined - fly

aggregate
ashKg00162 of the
invention
Cement Kg 300 300 300
Silica Fume Kg 40 40 40
Water Litres |172 150 193
Water reducing agent Litres |0.49 0.49 1]0.49
Superplasticiser Litres |1.95 1.49 |1.95
Natural coarse Kg 1001 0 0
aggregate
Natural fine aggregate |Kg 288 0 0
12mm LYTAG Kg 0 293 0
e6mm LYTAG Kg 0 289 0
3mm LYTAG Kg 0 316 0
LYTAG fines Kg 0 233 0
Coarse fTly ash Kg 0 0 255

aggregate of the
invention 12mm
Coarse fTly ash Kg 0 0 255
aggregate of the
invention 6mm
Coarse fly ash Kg 0 0 256
aggregate of the
invention 3mm

Fines — fly ash Kg 0 0 162
aggregate of the

invention

Fly ash Kg 300 300 300
Water/cement ratio Kg 0.57 0.5 0.64

The three types of concrete had very similar

5 workability conditions and the slump was very low for the
three types. The three types, however, were workable and
easily compactable and did not exhibit segregation or
bleeding. The hardened concretes were tested at the ages
of 7 and 28 days the results are recorded in Table 5. The

10 compressive strength only was determined at 7 days as well
as at 28 days. It is clearly apparent that the value of
the compressive strength of the concrete from the fly ash

aggregate of the invention is substantially higher than



aggregate of the invention Fly ashKg300300300 Water/cement ratioKg0.570.50.64 The three types of
concrete had very similar 5 workability conditions and the slump was very low for the three types. The
three types, however, were workable and easily compactable and did not exhibit segregation or

bleeding. The hardened concretes were tested at the ages of 7 and 2§5d r L% e recorded in
Table 5. The 10 compressive strength only was deteFmgrged_at 7 days as %TY%S?Z gdq};’/& It is clearly

apparent that the value cfothespamessive btrergih ofithe conerdtéTAémithelfivadighdggregate of the

invention is substanfigllydyger thayyn i daaVeERe" <PPeriferr U eHANARH SpxrRagedrm the
LYTAG lightweight aggregate. Significantly the strength of the concrete from the fly ash aggregate of the

invention at this ea?@gEN% ARMerI9ES# S uehgliner MY RBERANWRTg kg8l 58 hcrete made
with granite aggregiteshilgtiers thapitaé tserfantitatdife gianite agalegetbgtancigtnsg24% heavier
than the concrete fr he fl ggregat the inyention. eover, the apparent.porosity, which is
indicative of su%facég @%&%&%lﬁ%ﬁ% I’?’IILIJC@FﬁgIISéP |'n§t eggg‘f:%%%l}rgle(%'frﬁhit%e%é sﬁh%%b%%ggﬁ of the
invention than in b&heL ¥FRG thdlyrbhtedictitidR 2aureepimcensietaditatedthat the concrete from

the fly ash aggregatpal ibe itvaniiahis prhabteeFriant £padypys SAVEGRMEERRCditions than the
previously known fly ash_ 15 based LYTAG concrete and the normal weigh ranm_c n¢rete. The

t
compressive strengtHant M IIEIED of MRISHRNS valiBE ARRAUIEB LAY at A& bF 28 days. The

28 indicative of surface permeability, is much lower in the
10 concrete from the fly ash aggregate of the invention than
in both LYTAG and granite concretes. This characteristic
indicates that the concrete from the fly ash aggregate of
the i1nvention is probably resistant to adverse
environmental conditions than the previously known fly ash
15 based LYTAG concrete and the normal weight granite
concrete.
The compressive strength and modulus of elasticity
values were also determined at the age of 28 days. The 28
day compressive strength of the concrete from the fly ash
20 aggregate of the invention was 62.9 MPa, which is
comfortably classified as high strength concrete. The
compressive strength recorded for LYTAG concrete was 44.6
MPa, and the value for the normal weight granite concrete
was 56.3 MPa. Thus, the concrete from the fly ash
25 aggregate of the invention is clearly and consistently
superior to both other types of concretes in its

compressive strength.

30



day compressive strength of the concrete from the fly ash 20 aggregate of the invention was 62.9 MPa,
which is comfortably classified as high strength concrete. The compressive strength recorded for LYTAG
concrete was 44.6 MPa, and the value for the normal weight granite concrete was 56.3 MPa. Thus, the
concrete from the fly ash 25 aggregate of the invention is clearly and i%%é,@‘%% ;ua %r to both other
types of concretes in its compressive strength. 30 - 14~ 5 November 20 Fe 5- ropertles of
Fresh and Hardene‘t'za@bacﬂetesRmemeﬁrmﬁpeghbfa(g@régawmdh@emmtﬂa@ from

GraniteLYTAGCongigle figra £rep Wth@lﬂiﬁf@ dgrRgpde of the invention
Slump3mm3mm2mm_Eresh den5|tv ka/m32 17221800 Ajr dry denSItv 218016021780 kg/m3 Oven dry
density,2134154017@oa/m3/Apparent porosity 461 88y3, LY A%ay ¢ 8§§$@3§'@% 4B38.8
strength, MPa 28 day compressive56.344.662.9 &?&?gtﬂFWIDS%HS ?n RisTdB288Ms 723 7 elasticity,
GPa The applicants also measured the modulus of elasticity| 5 by the met@ﬁ@ o?%ﬁéﬁgéntrolled loading.
This method provi %gin#fu”SJeSSSJaulhmuﬂ*aﬁﬁhete$7%mm Smm

Fresh density, kg/m®* |2232 1722 1800

Air dry density, 2180 1602 1780

kg/m®

Oven dry density, 2134 1540 1747

kg/m?

Apparent porosity 4 _5% 13.3% 3.1%

7 day compressive 36.3 28.4 38.8

strength, MPa

28 day compressive 56.3 44 .6 62.9

strength, MPa

28 day modulus of 32.5 16.7 23.7

elasticity, GPa

The applicants also measured the modulus of elasticity
5 by the method of strain controlled loading. This method
provided the full stress-strain history of the tested
sample and thus it also provides a means of evaluating the
fracture toughness of the material. The results showed
that the modulus of elasticity value for the concrete from
10 the fly ash aggregate of the invention is 23.7 GPa while
that for LYTAG is 16.7 GPa and for granite aggregate
concrete i1s 32.5 GPa. It was expected that the lightweight
concretes would possess a lower value of elasticity
modulus. This is because the modulus of elasticity depends
15 primarily on that of the aggregates. However, the concrete
from the fly ash aggregate of the invention had a
significantly higher modulus of elasticity than LYTAG
concrete and indicates the higher stiffness of the
aggregate of the invention when compared to LYTAG. The



sample and thus it also provides a means of evaluating the fracture toughness of the material. The
results showed that the modulus of elasticity value for the concrete from 10 the fly ash aggregate of the
invention is 23.7 GPa while that for LYTAG is 16.7 GPa and for granite aggregate concrete is 32.5 GPa.
It was expected that the Iightvye_ight concretes W_ould__p(igse_ss a Iowerl\éang\pér%%qlicéwogodulus. This is
because the modulus of elasticity depends 15 primarily on that of the aggregates. However, the concrete
from the fly ash agyrelate of tHdhinvehaighiltachadsibpsficahtitheighenarsediduf obrelddtzitfliian LYTAG

conerete and indicaep the a1 oERf (RvaANIRARG (BRBLRUNN VGO ERaFEd 1O LYTAC.

The - 15 15 November 2005 value of the_elastic modulus of the concrete_from the fly ash aggregate of
the invention was eXPatietfly B8Rt teatoSr M AR ERM GrARite EBAEIAE. ¥R by no means an
undesirable charactesisiic kecaustes icwbl & Thaluscatows targaselediestons Inilkacase of vibrations or

earthquakes ogourienggs, UYRRICVIAPGIROIE dyEllly o g sipuelure. Ondpe AL pEafthis value
should not be too low as to cause very farge (fef ections in normal service con ifions._ 8e value
recorded for the coRtre@aidhoupkrRineepUthEeBeeyTAD umdGRNIRIEEhdretss. dukkiil indicative of

better serviceabilitygihapr LAl €ORSTE®N SthstWrRd RRRaNCeA fbicill RV siilayoitructure
made from granite concrete. Further trials were conducted but with an unclassified 15 (that is being

collected directly fr&% thahdSHerRnilifo AT MLYintf Hs LR HELH 2@t Hir 8 et collectors or
hoppers at a powersstetioneThiswas i differeihieonathecclass difipdsharf tiibgreviotissdaample which

had been proigssegrp%fw@%”ﬁﬁawitgfhEﬁi@'\/hnd granite concretes. Thus it is
indicative of better serviceability than a LYTAG concrete
structure and enhanced ductility over a similar structure
made from granite concrete.

Further trials were conducted but with an unclassified

15 (that is being collected directly from the hoppers without
further sizing) class F fly ash taken direct from
collectors or hoppers at a power station. This was
different from the class F fly ash of the previous example
which had been processed and conformed with the ASTM

20 standard. Furthermore, in these additional trials the
unclassified class F fly ash was blended together with a
polymeric superplasticiser made by Grace Chemical and
commercially available in Australia under the trade name
DARACEM. Otherwise, the process steps and formulation for

25 producing the fly ash aggregate of this trial was
substantially in line with the preceding example.

Table 6 shows the results of the tests to determine
the corresponding relevant characteristics of this
alternative fly ash aggregate of the present invention.

30



20 standard. Furthermore, in these additional trials the unclassified class F fly ash was blended together
with a polymeric superplasticiser made by Grace Chemical and commercially available in Australia
under the trade name DARACEM. Otherwise, the process steps and formulation for 25 producing the fly
ash aggregate of this trial was substantially in line with tge_precedingﬁqw(gmggplezg(%ows the results
of the tests to determine the corresponding relevant ch]a acteristics of this alternative fly ash aggregate
of the present invertidrl 8- 16Che NGkembst 2os50fatibes oCheradibyistisd ohtod egadicfly ash
aggregate of the inygntigyx PjaremyYalyie Apparent specific gravity based on 1.59 saturated surface dry
condition Apparent_specific gravity based on oven 1.55 dry condition Dry rodded bulk density862 kg/m3
Crushing value26% Absorption capacity iR k¥urs)2.36% Table 7 includes tHé ¥e8ults pertaining to a
concrete 5 mixtureAppdiieat TEpadnedngrly preh agaregabs of these further trig® This comparative
table shows the mixstg{:e rd signsforr?aecfeour} %%rqf cgnghete made for this study so that a direct
comparison can bg inadt Detwern concrefe from%e \Various aggregates. The design was|set up so that
10 all concretes hadpheaisante spatarkcorgeavaty dpasact anwaren The density 9 the fresh and
compacted concre t@r"ﬁ’/a%dﬂﬁﬁ‘f'ﬂﬁg for the four types and the values are reported in

Dry rodded bulk density 862 kg/m*
Crushing value 26%
Absorption capacity (in 24 hours) 2.36%

Table 7 includes the results pertaining to a concrete

5 mixture produced from the other fly ash aggregate of these
further trials. This comparative table shows the mixture
design for the four types of concrete made for this study
so that a direct comparison can be made between concretes
from the various aggregates. The design was set up so that

10 all concretes had the same cement content and amount of
water. The density of the fresh and compacted concrete was
measured for the four types and the values are reported in
Table 8. Furthermore, the processes of weighing, mixing,
curing, testing and reporting were all performed by an

15 i1ndependent engineering firm. The firm is accredited by
NATA (National Association of Testing Authorities,
Australia) to perform such operations. The firm is
Canberra Testing Service, a subsidiary of Coffey
Geosciences Pty Ltd. All operations were conducted

20 according to the relevant Australian standards.



Table 8. Furthermore, the processes of weighing, mixing, curing, testing and reporting were all performed
by an 15 independent engineering firm. The firm is accredited by NATA (National Association of Testing
Authorities, Australia) to perform such operations. The firm is Canberra Testing Service a subsidiary of
Coffey Geosciences Pty Ltd. All operations were condtj]\c%ed 20 accor sAustrallan
standards. - 17 15 November 2005 Table 7 - ConcreteMixture Desrgn (Saturate a urface Dry
Condition) for the Fbaip lgpés-oftaggregteed bk thises@asipx{Fpte Grteiteavd ARTDAaReOther fly ash
aggregate of the in %E&ﬂ%%\/@#@ﬂ@ﬁ@o%gﬁl‘tg@&g%ﬁi@x‘%ﬁi%géﬁ?é%%%ﬁ%
WaterLitres207.2207.2207.2207.2 Water reducingLitres2.962.962.9 agent
SuperplasticiserLitre€$ A 8%8MA00 Natural coarsekg893.7-----820---- aggregate Natural

finekg626.3-----626.3----- aggregate LYTAG coarse 12mmkg481.4---------- to 3mm LYTAG
fineskg475.5----+----- Coarse fly ashkg---1------ 440.4Gguretate bY A invEntiore | Other Tly

ash
aggregate
of the
invention

Cement kg 370 370 370 370

Silica Fume kg 56.92 56.92 |56.92 |56.92

Water Litres | 207.2 207.2 |207.2 |207.2

Water reducing Litres | 2.96 2.96 2.96 2.96

agent

Superplasticiser Litres | 1.43 2.85 0.71 0.00

Natural coarse kg 893.7 | ————- 820 | -—--—-

aggregate

Natural fine kg 626.3 | ————- 626.3 | -———-—-

aggregate

LYTAG coarse 12mm |kg — |----- 481.4 | -~———= | -————-

to 3mm

LYTAG Ffines kg | -—--—- 475.5 | -~———= | =—=—-

Coarse fly ash kg |--——— |- |-—-- 440.4

aggregate of the

invention

Fines of fly ash kg |-——= |- |- 510.6

aggregate of the

invention

Fly ash kg 142.3 142.3 | 142.3 |142.3

Water/cement ratio | 0.56 0.56 0.56 0.56 0.56

Water/cementitious | 0.36 0.36 0.36 0.36 0.36

materials ratio

The hardened concretes were tested at the ages of 7
and 28 days for compressive strength, and 28 and 35 days
for indirect tensile strength and modulus of elasticity,
respectively. It is clear from the results of Table 8 that

10 the compressive strength of the concrete from the fly ash
aggregate of this embodiment of the invention is higher
than the corresponding mix made from the prior art



Fines of fly ashkg----------- 510.6 aggregate of the invention Fly ashkg142.3142.3142.3 Water/cement
ratio0.560.560.560.56 Water/cementitious0.360.360.360.36 materials ratio 5 The hardened concretes
were tested at the ages of 7 and 28 days for compressive strength, and 28 and 35 days for indirect
tensile strength and modulus of elasticity, respectively. lf,is clear fror‘ry_@q\qu;éﬁtgeqj g 8 that 10 the
compressive strength of the concrete from the fly ash & gregate of this embodiment of the invention is
higher than the comgspegdihgsmiumnadiesitogmliheamiosagn i8I dB Mt byerbel RO0Baghregates
surprisingly and siggificangly IgRlAng e HEGHHE AEELACHRAIBRBRSE: THERPRFE G FPM the fly ash

aggregate of this invention is 27% lighter than the "granite aggregate concrete. 5 Table 8 - Properties of
Fresh and HardenedPBoRgri8ga i Ohethdgr TO¥Es bt Ay ghegates $LABLRIL Sh@ixdlCexecuted and
independently testeghdrbperty§yaagabaciehf@d€eConcrete ConcreteConcreteConcretefrom the other
fly ash aggregage of the invention Slump mm75758585 Measured air22.16.23.8

Table 8 — Properties of Fresh and Hardened Concretes from
the Four Types of Aggregates
Series No.2 (mixed, executed and independently tested)

Property Granite |Dacite LYTAG Concrete
Concrete | Concrete | Concrete | from the

other fly
ash
aggregate
of the
invention

Slump mm 75 75 85 85

Measured air 2 2.1 6.2 3.8

content %

Fresh density, 2260 2280 1770 1780

kg/m3

S.S. Dry density, 2285 2290 1818 1815

at 28 days, kg/m®

7 day compressive 38.6 37.4 34.6 40.75

strength, MPa

28 day compressive 58.25 55.5 53.4 66.75

strength, MPa

28 day indirect 3.55 3.45 3.70 3.75

tensile strength,

MPa

35 day modulus of 32.5 31.5 19.0 25.5

elasticity, GPa

10 The compressive strength for the concrete from the fly
ash aggregate was significantly higher than the
compressive strength of all the other concretes and at all
the ages of the tests. The 28 day compressive strength of
the fly ash aggregate concrete, the subject of this

15 invention, is 14.6%, 20% and 25% higher than the 28 day
compressive strength of the Granite, Dacite, and the prior



content % Fresh density,2260228017701780 kg/m3 S.S. Dry density,2285229018181815 at 28 days,
kg/m3 7 day compressive38.637.434.640.75 strength, MPa 28 day compressive58.2555.553.466.75
strength, MPa 28 day indirect3.553.453.703.75 tensile strength, MPa 35 day modulus 0f32.531.519.025.5
elasticity, GPa 10 The compressive strength for the congrete from thelf!:}/ AgQregaie was significantly
higher than the compressive strength of all the other concretes and at all the ages of the tests. The 28
day compressive siagitgthYdA¢hefpastitaggreesite coneedy - thdhdsbjest ontisp 1Ein0EnkibRA, is 14.6%,

20% and 25% highg, than e 2@kl SRBMFEEsIYBHIEN AR IBR (AR ¥R RaGH c@PEling prior - 19 15

November 2005 art LYTAG concretes respectively. This is in spite of the fact that the cement content, the
cementitious materR8 & HtenfHhdtiie WAlG cSRBRED e HE st RAR theteldndfRRSE Also it
follows that the wateoit@ cewent raie® amnd fiod Ialis behaeetibe weater and tbentotet ceamdtitious

materials is exactly th e for. all the crgtes. Moreoyer, the w r(gg%%lit racteristics of the four
concretes Wereg simlgﬁ an aﬁ%vfjré %(amg\%%rlgﬁe (%4: t%Fe sgaﬁr%eeeﬁﬁe%t. iTﬁéﬁrgg%ﬁlﬁlsgo elasticity for
the concrete from thet®y gk sigtpegaachhy ISher saae tfarofahd dgiapse concretes.

Moreover, the workability characteristics of the four
concretes were similar, and all were highly workable to
the same extent.

10 The modullus of elasticity for the concrete from the
fly ash aggregate was lower than that of the granite
aggregate and Dacite concretes. However, the concrete from
the fly ash aggregate of the invention had a significantly
higher modulus of elasticity than LYTAG concrete. The

15 lower modulus of elasticity, as compared to granite or
Dacite concrete, allows larger deflections in the case of
vibrations or earthquake occurrences and shows enhanced
ductility over a similar structure made from granite or
Dacite concrete. On the other hand, the modulus of

20 elasticity is not too low as to cause large deflections in
normal service conditions and as such offers better
serviceability than the LYTAG concrete. The indirect
tensile strength of concrete from the fly ash aggregate of
the invention is also slightly higher than and superior to

25 both the granite and LYTAG concrete.

Table 9 includes the results of shrinkage properties
for concrete from prior art aggregate and aggregate
obtained from the further trials of the invention. The
shrinkage results are particularly favourable insofar as

30 the fly ash aggregate exhibited lower shrinkage, for
example 44% less than granite concrete after 56 days. The
shrinkage value of the fly ash aggregate of the invention
is also 49% and 51% less than the shrinkage value of the



aggregate and Dacite concretes. However, the concrete from the fly ash aggregate of the invention had a
significantly higher modulus of elasticity than LYTAG concrete. The 15 lower modulus of elasticity, as
compared to granite or Dacite concrete, allows larger deflections in the case of vibrations or earthquake
occurrences and shows enhanced ductility over a similar structure m E{( it Dacite concrete.
On the other hand, the modulus of 20 elasticity is not tdolow as to caggsg a@‘g%%%?éc%@ég in normal
service conditions aatasalichectidie PeHregataceabitinetbanahne tYEAD domcrard. THd Afdirect tensile
strength of concret%g@g}étt%fly@%b%gﬁw 2 ofm%i%rgip&iisg}lsig} siig{;\l,tllémqhﬁ{éagn and superior to

25 both the granite and LYTAG concrete. Table 9 includes the results of shrinkage properties for
concrete from prior' ¥ dg§RYAL MY 8gd G HEIEEEINId FERTHEGURe gL P tHELMVEntion. The
shrinkage results atpattetdarin thvisiraifl eginsataraas/30 thedlyiashthggegeto mdikited®wer shrinkage,
for example 44% | ran ncrete after Th inkage val e fly ash aggregate
of the inventiof{) is g%%%ga%}fﬁ% Hgé%th%rr]lg[hggsﬁaﬁsg%e%a%% 0 ﬁl eqa;véé ﬁi%' ovember 2005
natural Dacite aggregate concrete and the prior art LYTAG concrete respectively. This particularly low
shrinkage will resultaR EeloW degfed BREgR KNP REIHE RsURRNT "&ﬁﬁbréf@aHé'@y%'f'@?eat advantage in the

performance of 5 copeicie sEsICRIes antbcratietaypads andArmespatiss Table 9 - Shrinkage Properties

of Fresh and Hardened Concretesfrom-the Four Types of Aggregates-ShrinkageValue (Microstrain)
Days of DryingGaniteDa%it%LYTA an&;é}léa*%%\/é“rue (M¥crostrain)
ays OF DIYING FGranite |Dacite LYTAG Concrete from
(after 7 days | concrete | Concrete | Concrete | the other fly
of standard ash aggregate
curing of the
according to invention
the Australian
Standards)
7 590 570 550 400
14 730 740 770 520
21 770 790 820 540
28 810 800 840 560
56 850 880 890 590
10 The photograph of Figure 1 depicts the fly ash

aggregate of the present invention on the left hand side,
the normal weight natural granite aggregate in the middle
and the prior art fly ash LYTAG aggregate on the right
hand side. This comparative photograph clearly illustrates
15 the distinctive angularity of the fly ash aggregate of
this example of the iInvention as compared to both of the
prior art aggregates and in particular the LYTAG
aggregate. This fly ash aggregate represents the coarse
and fine aggregates of the previous example of Table 1.
20 The photograph of Figure 2 similarly shows the fly ash
aggregate but of the other example of this iInvention
together with a fly ash briquette (after being cleaved)
and from which the fly ash aggregate is crushed. The
photograph of Figure 2 not only depicts the angularity of



(after 7 daysConcreteConcreteConcretethe other fly of standardash aggregate curingof the according
toinvention the Australian Standards) 7590570550400 14730740770520 21770790820540
28810800840560 56850880890590 10 The photograph of Figure 1 depicts the fly ash aggregate of the
present invention on the left hand side, the normal weight natural gra 'er@g% i middle and
the prior art fly ash LYTAG aggregate on the right hén(g%id_e. This cor%%aratlveﬁ %%tfto%qggh clearly
illustrates 15 the didtivectibyarghiagigooegrtiy byl abbtogirase shithexsuplEackthednosatiyn as

compared to both ogﬁlae‘ﬁr}%rt@rg@@grgggmgw B?rtﬁ#@ahﬁﬁﬂeﬁgeﬁ aggregate. This fly ash

aggregate represents the coarse and fine aggregates of the previous example of Table 1. 20 The

photograph of Figure 2 SitiI4RGS v thetfaRACEgdraskE i AMHe SldtefateRe 8Fthis invention
together with a fly astnioguettd (afledlieiggttieavedpandivemflicisthesily ashaggsegdte is crushed.
The photogragh of Figur ot.only depicts ularity of - mber.,2003 the fly ash
aggregate but | Iustrta_ %sqeﬁéés%é ar({:% p?(%vr%s%é@%; Qgr'a%rﬁ]e(%ds'éaﬂi‘(lel#:%sﬁ@ég%i?ﬁ% atgzogggsg‘jg?(%r Figures 3 and
4 depict fractured atbtitéplithgcds bptebrrtutelipwuthag tfd ceddadnivehpragharfyredatetoon s the

preceding two exargpleped PRyeillusisatienstogethanyilpdhedriasvebrlovnanagryjfigatipn photograph of

Figure aggregate and its tight interlocking with the mortar-
cementitious paste matrix of the concrete. Figure 6 is a

10 close-up image of the surface of Figure 5 which
concentrates on the boundary between the aggregate and the
cement-mortar matrix. This close-up image clearly shows
the tight interlock and the absence of cracks in the
aggregate and the cement-mortar matrix interface shown on

15 the right and left hand sides, respectively. The shiny
bubble-like objects that appear mainly in the aggregate
surface are semi-spherical holes or craters that are the
traces of air/vapour bubbles which existed in the fly ash
briquette prior to its crushing.

20 Figure 7 is yet another photograph showing part of
another piece of the fractured surface of concrete
including the fly ash aggregate (darker regions) shown in
their different sizes. Although the magnification of this
photograph is low the numerous air bubble traces in the

25 surface of the aggregate are still visible. Furthermore,
the angular shape and tight interlock of the fly ash
aggregate with the matrix of the concrete is readily
apparent.

Figures 8 to 10 further illustrate the cratered

30 surface of the fly ash aggregate and its interlocking with
the matrix of the concrete. The photograph of Figure 8
most clearly shows the impressions of what previously are
bubble holes In the fly ash briquette. Figure 9 shows the



5 clearly illustrate the angular shape of the fly ash aggregate and its tight interlocking with the mortar-
cementitious paste matrix of the concrete. Figure 6 is a 10 close-up image of the surface of Figure 5
which concentrates on the boundary between the aggregate and the cement-mortar matrix. This

close-up image clearly shows the tight interlock and thg.absence of ¢ ' g {ﬁéate and the
cement-mortar matrix interface shown on 15 the right a éa left hand sid%:ﬁgkggﬁggﬁvilg. e shiny

bubble-like objects _tti&l”etppmimaakﬂyl |rl mqﬁg@mtwaﬁacﬁmemrﬁga@i@mﬁeﬁoﬁcraters that
are the traces of aigiyapgug PRRBGRMEED RYISIRL M e Rsh tRHAYRE PAPTdadis<Lryshing. 20 Figure

7 is yet another photogrgph showing part of another_piece of the fractured surface of concrete including
the fly ash aggregaldfudrkér #8§ioRey EREFAHEn2IkiM GFretBREELLRSKAAS DGR RRe PRtEAXicafon of this
photograph is low tleaéwglicgaaic hubbia Kagasdir flae@d surface of the aggregate are still visible.

Furthermore, the angulay shape and ight iterlock of I aagregate th the matrix of the
concrete is rea%ily appa?‘rrgsﬁt?ﬁfgcjruegs' to (% ftﬁ%e?lﬂ[sugs% al/ga%sr% crate?fesgowégrf c% Séa{en%y ash
aggregate and its ifsABeley With the haventi tie cedeegd. The prtogiapfofRiEeFe 8 most clearly

shows the impressipagof Mddptder ey iRl 8re BURPIgdIPIeY it e fiv PFbbrauRsia fggeER @ shows the -
22 15 November 2005 tight yncracked int;rface between the ?q%)%eﬂaﬁggedges (31 the matrix whereas
it QHéﬂ

Figure 10 shows th&'anfflli Lbd A5%t TR IRI MR JGYPEGANEA Rtk Fhatrix at the
aggregate/matrix infenfaeel Ritheannsairedf five sopd gdastiaisdhiarther@ecedamair

10 bubble traces or craters subsequently formed in the fly
ash particles are understood to be the result of either or
both of the following mechanisms:

i) the craters are the result of entrained bubbles
that occur because of the use of the plasticiser;

15 i) the dispersant effect of the plasticiser iIs such
that the water is held in the form of droplets that allow
the fly ash particles to roll on them and when dried the
droplets evaporate leaving behind their traces as air
bubbles.

20 It is understood that the plasticiser through its
dispersant and hydrophobic effect caused the formation of
air bubbles iIn the dried product. These bubbles may have
been caused directly or indirectly by the inclusion of the
plasticiser.

25 The use of lightweight aggregate in concrete has many
advantages including:

(a) reduction of dead load that may result in
reduced footings sizes and significant reduction in
reinforcement,

30 (b lighter and smaller precast elements needing
smaller and less expensive handling and transporting

equipment,



examples of the invention reduced the amount of water required to blend the fly ash slurry whilst allowing
ease of workability to form a cohesive dough that could be formed and compacted in moulds.
Furthermore, the air 10 bubble traces or craters subsequently formed in the fly ash particles are
understood to be the result of either or both of the folloyjng mechani %\t](g_l &gte the result of
entrained bubbles that occur because of the use of the%asticiser; 157 tN Ispersant e ect 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 thQéyopl%;s@/M@%Iemi%@egi%@egﬁr%%ﬁﬁ@%Mbgi% 20l is

understood that the plasticiser through its dispersant and hydrophobic effect caused_the formation of air
bubbles in the drled’B?&BLﬁm‘?H&@%b%nrﬁﬁHz!% e r"f‘Eﬁﬁge&%‘?t%%t@\fﬁ‘ﬂéﬂét!tMMy the inclusion
of the plasticiser. 25 Th(au);e obhgﬁgmgjhteag@rlagntsmamamem many advantages including: (a)

reduction of dead load t ay rﬁﬁgrﬁé%drepw drfgggln 3I§gees and significant reduction in
reinforcement, 30 (b) lig an smalle recas eleme nts needing smaller and less expensive handling

and transporting equipn'féﬂ’t,thQ'3T1(1'5e|\.lo(,?@r'ﬁ'é@l720@')5r «§ tuieRR ctioRdn e Rtdd 6£d@Iimns and slab
and beam dimensigfgdhgiesstirindageispansiyaiakllitiotd @higébwefmal diqulation, and 5 (e)

ennanced fre resl s EtT o ragai e i tneront 2Ienehis Sidch can be towed
easily and have the greatest buoyancy.

10 Perhaps the most significant potential advantage of
the use of lightweight aggregates for concrete and
building in general is the environmental value. When the
raw materials needed for lightweight production are
derived from industrial by-products, the environment and

15 economy of the producing locality and country are deemed
to benefit. Already, stringent environmental limitations
are imposed on mining of natural aggregates in various
parts of the world. One of the more important of the
industrial by-products, if not the most important, is fly

20 ash. This application of fly ash in producing aggregate
results in benefits to the community and the building
industry including:

l. efficient recyclable disposal of the fly ash,

1. assisting to conserve the natural and very

25 scarce materials of coarse aggregates and sand,

I11. sparing the countryside, river beds and beaches
from the scarring and damaging activities of aggregate
mining,

1v. producing aggregates much lighter than the

30 natural aggregates which results iIn the production of
significantly lighter concrete,



offshore structures, which are mostly used for oil production require lightweight elements which can be
towed easily and have the greatest buoyancy. 10 Perhaps the most significant potential advantage of
the use of lightweight aggregates for concrete and building in general is the environmental value. When
the raw materials needed for lightweight production grz derived fromligngkr,i%Bg-rprggH ts, the
environment and 15 economy of the producing locality and country are deemed to benefit. Already,
stringent environmental ¥mitatiohskargiragused agemdfinglud reoazd bgiyiegaetiivbkyious parts of the

world. One of the MRJMNOFIAE Of F)€ abNIUEY 1A VAR UGEhRRh BN IS I POFiaRkp fly 20 ash.

This application of fly ash in producing aggregate results in benefits to the comm_un_i%éand the building
industry including: ERRISHEELRIAHNE REIsHEH OF tAQ Y Uh, ITPLSEh ¢!ty 8BALAM%- tHRhtural and
very 25 scarce materialy bf coagstappicpdtes and sandsitirgpaiing terpatntpystdm el beds and

beaches from the rin magi lyities of a mining, 1V, broducing aggregates much
lighter than theEjé SO%n%%(fr'a%g‘gngrcgggat@v%ﬂ:lgﬁ%%sﬁﬁse Er? t%%{ﬁrg(?(%ﬁ!ct%eﬂéé% %?gtrﬁ)fglcagrﬁ%y lighter concrete, -
24 15 November 2068 hetietirt) adfastaQE epcheasieAroldmEeictity dirmbiddt @Siyl Bskhe enhance
strength and bond gfjpagieHovaaE ggatadit asgitiez to much improved durability, and VI. establishing an

industry with export potential 5 specially to countries where natyral aggre aites are deﬁgeted or, are of
extremely inferior quality“&d T HES fANTNahR BALHGEEES 1n codstal areas a

off-shore structures are required to resist chlorides and

10 sulphates laden seawater which bring about the grave
dangers of chloride initiated corrosion of the
reinforcement and sulphate i1on attack on the concrete. The
Tfly ash aggregates of the described embodiments of the
invention having low absorption capacity resist the entry

15 of chlorides, sulphate ions and other deleterious material
which may otherwise for example result In corrosion of the
reinforcement. Also, because many of the offshore
structures are situated in cold regions, frost attack is
another serious deteriorating factor that must be

20 resisted. In addition, the possibility of exposure to
hydrocarbon fire is present because of the structures’
functions. It iIs recognised that the use of lightweight
aggregates derived from fly ash such as those described
results iIn significant improvement in the resistance of

25 concrete to the deleterious effects mentioned above.

Now that exemplary embodiments of the present
invention have been described in some detail it will be
apparent to those skilled in the art that the method of
forming a lightweight fly ash aggregate together with the

30 aggregate itself has at least the following advantages:

l. the fly ash aggregates of the invention are far
superior to previously known lightweight aggregates
including the LYTAG;



Reinforced concrete structures in coastal areas and off-shore structures are required to resist chlorides
and 10 sulphates laden seawater which bring about the grave dangers of chloride initiated corrosion of
the reinforcement and sulphate ion attack on the concrete. The fly ash aggregates of the described
embodiments of the invention having low absorption_c?%ac_ity resist ttl%en \y/éln%gﬁ,cIEBngs, sulphate
ions and other deleterious material which may otherwisé for example result in corrosion of the
reinforcement. Also, bechlse mapp@fealte dgitsterd remrudioeed dye sibargbinegsitesgwhst®st attack is

another serious detgrigsating faciPe thal dRsER @gr%ggsgl ng,itiggrgge. Q9ssi|p'h|5y, of exposure to

hydrocarbon fire is present because of the structures' functions. Itis recogniséd that the use of
lightweight aggregaeCag e RO AY ATIHRALE those described results in significant improvement in
the resistance of 25 congrete todbeciedtiesious effects yertinedgboyatd@f thakexemplary

embodiments @f the present jnventio v en descripeddn iLit will apparent to those
skilled in the a%tha* @H%%%ét%ﬁﬁé f(;sﬁru %? a? igﬁt@veﬁg%tg ti?' ?;1% %Qg%rggé%ell tov\é%é@grtwith the 30 aggregate
itself has at least theOlfbRHi®y Wlithatsy Vi fige 119 aBRCAGGRYatES of L RIVEAbnCaBERAE superior to

previously known lightvaighsagoeraeanioriidieg sAskrcEAGCandSeAviltevaianes PO0S II. concrete
made from the fly agh a%gregates of the invention are lightweight, possess low porosity, high strength

and low shrinkage; 9 "€dddretss BFIHENSDsh aggregate of the 5 invention are superior to traditional
normal weight concrete Withoutduengmg te increbsd thg comterfilof évheaggregate of the

10 invention has comparable workability to concretes
including prior art aggregates.

Those skilled in the art will appreciate that the
invention described herein is susceptible to variations
and modifications other than those specifically described.

15 For example, the embodiment described may vary where
crushing alone without subsequent sizing is adequate in
providing the selected particle size range. The scope of
the invention is also to extend to one or more of the
important aspects of the overall process, for example the

20 methodology relating to the forming of the fly ash slurry
or dough, or the forming of the fly ash briquettes alone.

All such variations and modifications are to be
considered within ambit of the present invention the
nature of which is to be determined from the foregoing

25 description.

30



and thus a substantial economical and environmental benefit is achieved; IV. concrete including the fly
ash aggregate of the 10 invention has comparable workability to concretes including prior art
aggregates. Those skilled in the art will appreciate that the invention described herein is susceptible to
variat?ons and modifications othe_r than thosg specifica dgscrit_)e_d. 1155F Bgé%]é)lle,zw&er_nbodiment
described may vary where crushing alone without subsequent sizing is adequate in providing the
selected particle sizd-fdiife. The scope of the invention is also to extend to one or more of the important
aspects of the overall process, for example the 20 methodology relating to the forming of the fly ash slurry
or dough, or the forming of the ﬂé ash briquettes alone._ All such_variations and modifications are to be

considered within atbit of thé'® v HSH B ARGV ST h 8 R 1899 HBFSM the
foregoing 25 descriatian.ifrhdd ChAMIRs irgNevensaep20eEFi. A method of forming a lightweight fly

ash aggregate, said me risin S . 5 plending fl er with, a_plasticiser and a
reduced quantﬁy of Watebrq%%pafgggocg i flé%%hf(ﬁj ﬁ%%?'ggdg w%r#?r%g }tf?eg E}%’ér\:&g%rr?/oor dough into a
fly ash briquette; 109t8:ER1E GieaMEaEl ifukatket dfearedpearatifd lyassh sl ¥r 86ugh from which

the fly ash briquettgjdggierived; firing the fly ash briquette to sinter the fly ash;

forming the fly ash slurry or dough into a fly ash
briquette;

10 heating the fly ash briquette to effectively cure the
fly ash slurry or dough from which the fly ash briquette
is derived;

firing the fly ash briquette to sinter the fly ash;
and

15 crushing the fly ash briquette to provide the
lightweight fly ash aggregate.

2. A method as defined in claim 1 further comprising
the step of sizing the fly ash aggregate according to a

20 predetermined particle size range.

3. A method as defined in either of claims 1 or 2

wherein the plasticiser is a superplasticiser.

25 4. A method as defined in any one of claims 1 to 3
wherein the volume (1) of the plasticiser to the weight
(kg) of the fly ash is between about 0.1 to 5%.

5. A method as defined in any one of claims 1 to 4
30 wherein the reduced volumetric quantity (1) of water to
the weight (kg) of the fly ash i1s less than about 35%.



and 15 crushing the fly ash briquette to provide the lightweight fly ash aggregate. 2. A method as defined
in claim 1 further comprising the step of sizing the fly ash aggregate according to a 20 predetermined
particle size range. 3. A method as defined in either of claims 1 or 2 wherein the plasticiser is a
superplasticiser. 25 4. A method as defined in any one gf claims 1 to/?i%v%(%ﬂ]ég? volyne (1) of the
plasticiser to the weight (kg) of the fly ash is between about 0.1 to 5%. 5. A method as defined in any one
of claims 1 to 4 30&vhereid tinetdddcess vdrfMeed duartity (onef whterlithe Wweight $kg) of the fly ash is
less than about 35%ne 245 AS¢NeVemPRRGOOP G Miatpossas drlipey i AyRRMOGSlaIms 110 5

wherein the curing of the fly ash slurry or’dough is effected at a controlled level'of humidity. 5 7. A
method as defined STARG B7fd Gitci@irhen! WHedsHle 9l ALHBHASRY e is heated at between about
40 to 110C for one to four days to effectively cure the fly ash slurry or dough, and wherein the fly ash
briquette is fir%d at7aroundA1 (%0[%.0910 éas Adg)ﬁtp]gg aﬁnd f&ne%i any ogiaaqu%lap% 3. to 7 further
comprising the step 6f compacting or compressing the fly z\a/sh slurry or dough prior to curing. 159. A
method of forming #M§retbithgettd ys@ahmbiHsth ebkepdsingaptetepd operfamfiy BROMEash briquette

at between about 490, 119 eFEEtIVRN GHie f35 F'yo%%s%rye‘ifr@%qo'(‘/érﬂ/m Aypiehihe fly ash

briquette is derived; and then 20 firing the fly ash briquette at around 1300C.
fly ash slurry or dough, and wherein the fly ash briquette

is fired at around 1300°C.

10
8. A method as defined in any one of claims 1 to 7
further comprising the step of compacting or compressing
the fly ash slurry or dough prior to curing.

15 9. A method of forming a fly ash briquette, said method

comprising the steps of:
heating the fly ash briquette at between about 40 to
110°C to effectively cure the fly ash slurry or dough from
which the fly ash briquette is derived; and then
20 firing the fly ash briquette at around 1300°C.

10. A method as defined in claim 9 wherein the curing of
the fly ash slurry or dough is effected at a controlled
level of humidity.

25
11. A method as defined in any one of claims 9 to 10
wherein the fly ash briquette is heated at between about
40 to 100°C for a period of one to four days to
effectively cure the fly ash slurry or dough.

30
12. A method as defined in any one of claims 9 to 11
further comprising the step of compacting or compressing
the fly ash slurry or dough prior to curing.



10. A method as defined in claim 9 wherein the curing of the fly ash slurry or dough is effected at a
controlled level of humidity. 25 11. A method as defined in any one of claims 9 to 10 wherein the fly ash
briquette is heated at between about 40 to 100C for a period of one to four days to effectively cure the fly
ash slurry or dough. 30 12. A method as defined in any c§ne_of claims %éo%%gg\?r 58 rising the step
of compacting or compressing the fly ash slurry or doué prior to curing. - ovember 2005 13. A
method of forming lightweightriytaed paftiflesn bzid Methtdeo@hpridihy @sshprya figlesh, briquette to

provide the lightweigh Hynﬁfh%rti@&ﬁ)rf’i%‘ir@ 'E?U?rgiﬁﬁ dgfiﬁag igg\aimié%@'@iqye step of

crushing the fly ash briqqettegovides said fly ash li)articles having irregular or angular shapes. 15. A
method as defined T 8¥A8EotEGIMIABYE T4 T0 FldhasBoRRYSKY 8% step of sizing the fly ash particles

according to a predetermined particle size range. 16. A method as defined in claim 15 wherein the sizing

15 is effected %y sciglening ofmt%]e_ f%ag@ p&éqg:llﬁadﬂl. A ﬁgmdlgs \%g{]gﬁi H’n ﬁlggeé %; I%i@s 15 0r 16
wherein the predeterrﬁinegf‘par icrt'-:- Size range covers I?"Iy ash particles of a size from between about
75pm to 30mm. 20 aBigiigenieightily assadiréguetis doreydeeprsadetidi YoanrBd by the method of

any one of claims 1o 8i@n¢3 thdving I+ RSN 8etadRie s defiprdin claim 18 wherein

15. A method as defined in either of claims 13 or 14
10 further comprising the step of sizing the fly ash
particles according to a predetermined particle size

range.

16. A method as defined in claim 15 wherein the sizing

15 1is effected by screening of the fly ash particles.

17. A method as defined in either of claims 15 or 16

wherein the predetermined particle size range covers fTly

ash particles of a size from between about 75um to 30mm.
20

18. A lightweight fly ash aggregate for concrete

production, formed by the method of any one of claims 1 to

8 or 13 to 17.

25 19. A fly ash aggregate as defined in claim 18 wherein
the fly ash aggregate has a water absorption capacity as
measured over 24 hours of less than 10%.

20. A Ffly ash aggregate as defined in claim 19 wherein

30 the absorption capacity is between 2 to 5%.



the fly ash aggregate has a water absorption capacity as measured over 24 hours of less than 10%. 20.
A fly ash aggregate as defined in claim 19 wherein 30 the absorption capacity is between 2 to 5%. - 29
15 November 2005 21. A fly ash aggregate as defined in any one of claims 18 to 20 wherein said

aggregate is of a predetermined particle size range. 5 5 A fly ash aggr SRS q,ef'g%in claim 21
wherein the predetermined particle size range covers fly'ash particles of a size aﬁa ut 7/5,um to 30mm.

23. A fly ash aggregdte as Alefihgdasitiaigypegaterehs 10gfammelk dizeanyigers befwedainBum to 12mm.
18 to 20 wherein said aggregate is of a predetermined
particle size range.

5 22. A Ffly ash aggregate as defined in claim 21 wherein
the predetermined particle size range covers fly ash

particles of a size about 75um to 30mm.

23. A Ffly ash aggregate as defined in claim 21 wherein

10 particle size range is between 75um to 12mm.



