MATRI X FOR MASONRY ELEMENTS AND METHOD OF MANUFACTURE

THEREOF BACKGROUND. The present invention relates to
wheiockosmael nasonry el enents and nore parti cul apCAU2007/000232

relates to brick and masonry products manufactured

froma cenentitious matrix including |ightweight

aggregate materials. The invention further relates to

nmet hods of nmanufacture of masonry elenments for use in

but not limted to structures and to a matrix for

manuf acture of such masonry el enents. Mre

particularly the invention relates to a matrix for

rranuf acture of rrasonry el errents whi ch i ncl udes bl ast
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rel at es to products \Nhl ch are manuf actured from such

matri x and include granul ated iron blast furnace sl ag
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fuplieddlaBatd Mydidific T snt. Commn anong the materials used
inits manufacture are |linmestone, shells, and chal k or

mar| conbined with shale, clay, slate or blast furnace
slag, silica sand, and iron ore. Each step in

PRMORARAT ure of portland cenent is checked by frequent
chem cal and

The use of granulated iron blast furnace slag in the construction industry is well
established. However, the use has been mainly as a supplementary cementitious material
when ground to a very fine powder. Some granulated iron blast furnace slag has been
used for partial replacement of normal construction aggregates for improvement of

chemical durability and fire resistance.

The prior art is replete with disclosures of a wide variety of cement and concrete matrices

each designed to fulfil a particular purpose.

Portland cement, the basic ingredient of known concrete mixes, is a chemical
combination of calcium, silicon, aluminum, iron and small amounts of other ingredients

to which gypsum is added in the final grinding process to regulate the setting time of the



physical tests in plant |aboratories. The finished

product is also analyzed and tested to ensure that it
wa@ooplopssse Wi t h al | specifications. Two di ffer eP€T/AU2007/000232

processes, "dry" and "wet,"2are used in the

manuf acture of portland cenent. When rock is the

principal raw material, the first step after quarrying

in both processes is the primary crushing. Rock is fed

t hrough crushers reducing the rock to a maxi mum si ze

of about 150mm The rock then goes to secondary
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The raw material is heated to about 2,700 degrees F in cylindrical steel rotary kilns lined
with special firebrick. Kilns are mounted with the axis inclined slightly from the
horizontal. The finely ground raw material or the slurry is fed into the higher end. At the
lower end is a roaring blast of flame, produced by precisely controlled burning of
powdered coal, oil or gas under forced draft. As the material moves through the kiln,
certain elements are driven off in the form of gases. The remaining elements unite to
form a new substance with new physical and chemical characteristics. The new
substance, called clinker, is formed in pieces about the size of marbles. Clinker is
discharged red-hot from the lower end of the kiln and generally is brought down to

handling temperature in various types of coolers.



with water and portland cenent, are an essenti al
ingredient in concrete. For a good concrete m X,
waogregases need to be clean, hard, strong parPCTAE2007/000232
free of absorbed chem cals r coatings of clay and
other fine materials that could cause the
deterioration of concrete. Aggregates, which account
for 60 to 75 percent of the total volume of concrete,
are divided into two distinct categories-fine and
coarse. Fine aggregates generally consist of natural
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in granular sub bases, soil-cement, and in new concrete. Aggregate processing consists of
crushing, screening, and washing the aggregate to obtain proper cleanliness and
gradation. If necessary, a benefaction process such as jigging or heavy media separation
can be used to upgrade the quality. Aggregates strongly influence concrete's freshly
mixed and hardened properties, mixture proportions, and economy. Consequently,
selection of aggregates is an important process. Although some variation in aggregate
properties is expected, characteristics that are considered when selecting aggregate

include:

0 grading
O durability
O particle shape and surface texture

0 abrasion and skid resistance



G ading refers to the determ nation of the particle-
size distribution for aggregate. Gading limts and

wWOr0o7/8sB@ggr egat e si ze are specified because PCHAURZY7/000232
and size affect the anount of aggregate used as wel |
as cenent and water requirenents, workability,
punpability, and durability of concrete. In general,
if the water-cenent ratio is chosen correctly, a w de
range in grading can be used w thout a major effect on
strength. Close control of mx proportions is

O matessgtyaniooddsoi d segregation. Particle shape and
surface textyre influence the properties of freshly

E]ﬁg%’ ! gP%#%”ﬁﬁP@“Fhan the properties of hardened
concrete. Rough-textured, angular, and el ongated
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adm xtures primarily to reduce the cost of concrete
of sabiddpaterial p@;ﬁymti@thm@iy 9 migenot contain water. The amount of water in the

concrete mixture must be adjusted to include the moisture conditions of the aggregate.

Abrasion and skid resistance of an aggregate are essential when the aggregate is to be
used in concrete constantly subject to abrasion as in heavy-duty floors or pavements.
Harder aggregate can be selected in highly abrasive conditions to minimize wear.
Chemical admixtures are the ingredients in concrete other than portland cement, water,
and aggregate that are added to the mix immediately before or during mixing. Producers
use admixtures primarily to reduce the cost of concrete construction; to modify the
properties of hardened concrete; to ensure the quality of concrete during mixing,

transporting, placing, and curing; and to overcome certain emergencies during concrete



properties of hardened concrete; to ensure the quality

of concrete during m xing, transporting, placing, and
w@wo7/09853@nd t o overcome certain emergenci es deeT/Ag2007/000232

concreteoperations. Successful use of adm xtures

depends on the use of appropriate nethods of batching

and concreting. Mdst adm xtures are supplied in

ready-to-use liquid formand are added to the concrete

at the plant or at the jobsite. Certain adm xtures,

such as pigments, expansive agents, and punping alds
opgiieionssual |y used only in relatively small anounts and

are usually batched by hand from preneasured

contai ners. The effectiveness of an adm xture depends
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di scussed nore fully in "Air-Entrained Concrete."

Wat er - reduci ng adm xtures usually reduce the required

wat er content for a concrete m xture by about 5 to 10
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concrete, are discussed more fully in "Air-Entrained Concrete."

Water-reducing admixtures usually reduce the required water content for a concrete
mixture by about 5 to 10 percent. Consequently, concrete containing a water-reducing
admixture needs less water to reach a required slump than untreated concrete. The treated
concrete can have a lower water-cement ratio. This usually indicates that a higher
strength concrete can be produced without increasing the amount of cement. Recent
advancements in admixture technology have led to the development of mid-range water

reducers. These admixtures reduce water content by at least 8 percent and tend to be more



advancenents in adm xture technol ogy have led to the
devel opnent of m d-range water reducers. These
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and tend to be norestable over a w der range of
tenperatures. M d-range water reducers provide nore
consistent setting tinmes than standard water reducers.
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inhibitors. The shrinkage reducers are used to control drying shrinkage and minimize
cracking, while ASR inhibitors control durability problems associated with alkali-silica

reactivity.



reactivity.In the manufacture of concrete masonry
elements ts it is customary to use a binding agent and
waouregases. The binding agent is often a pastBCT/AU2007/000232
consi sting of Portland cenght and water. The
aggregates generally consist of either natural sands
and gravel or rock which has been crushed to the
desired size and grading. The properties of both
freshly m xed and hardened concrete depend upon the
manner in which these materials are proportioned,
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out does not contribute to strength nor to durability.

Lightweight aggregates have been used in cementitious mixes in the past such as
that described in United States Patent 5,624,491 which discloses concrete and mortar
containing fly ash, and other hardenable mixtures comprising cement and fly ash for use
in construction. The invention disclosed includes a method for predicting the compressive
strength of such a hardenable mixture, which is very important for planning a project.
The patent also discloses hardenable mixtures comprising cement and fly ash which can
achieve greater compressive strength than hardenable mixtures containing only concrete

over the time period relevant for construction. In a specific embodiment, a formula is



over the time period relevant for construction. In a
specific enbodi nent, a fornula isprovided that
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containing fly ash out to 10 days. In other specific
exanpl es, concrete and nortar containing about 15%to
25% fly ash as a replacenent for cenent, which are
capabl e of neeting design specifications required for
bui | di ng and hi ghway construction, are provided. In
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Much experimentation has taken place with respect to cement based concretes in an
attempt to reduce or eliminate the dependency on the availability of limestone, clay,
cement rock and iron ore. For example, U.S. Pat. No. 5,820,668 discloses inorganic
binder compositions that may be used as partial substitutes or total replacements for
Portland cement for such applications. The inorganic binder compositions include
materials such as fly ash, Al.sub.2 O.sub.3, pozzolan, nephelene, syenite, aluminium

silicate, sodium hydroxide, silicic acid, potassium salt and sodium salt.

Manufacturers are constantly experimenting with cement based to improve fatigue



Manuf acturers are constantly experinenting with cenent

based to i nprove fatigueresistance stresses, thernal
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grow ng popularity of cenerft-alternative conpositions

and the desire to re-use manufacturing by products

such as stainless steel slag, a cenentitious materi al

that incorporates a manufacturing by-product materi al

and exhibits inproved properties is highly desirable.
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4,509, 985 descri bes a process whereby early high
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adding ground blast furnace slag to a mixture of aluminosilicate oxide, an alkali metal

hydroxide, and an alkali metal polysilicate.

United States Patent 5,531,824 discloses a method of increasing density and strength of
highly siliceous cement-based materials by blending portland cement, water, and
aggregate with a source of reactive silica, pouring the concrete mixture into a form,
allowing the concrete to cure until it reaches its conventional 28-day strength, and

immersing the cured concrete in a solution of alkali metal hydroxide and aluminium



hardness of the concrete is increased, and the water
infiltration rate into the concrete is decreased. It
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high iron contents, air-cooled blast furhace s and
maf{%t ures of both have been used in the past in snall

quantities in the manufacture of masonry units to

enhance their fire rating and reduce production costs.
Althioughvblast fgmaceklag dds ibe@nudeddatcohereeansgtrisésaipsthb pas, itokas not

. been used primarily as cenentitious aggregates to )
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percent age. | NVENTI ON The present invention has been

devel oped in view of the foregoing to inprove certain
Bottom ash has been used to manufacture masonry units. Bricks or other construction

elements have not previously been manufactured from large proportions of bottom ash.
Granulated iron blast furnace slag with high iron contents, air-cooled blast furnace slag
and mixtures of both have been used in the past in small quantities in the manufacture of

masonry units to enhance their fire rating and reduce production costs.

However, granulated iron blast furnace slags have not been used primarily as
cementitious aggregates to produce bricks or masonry units. Granulated iron blast

furnace slags have been used as fillers with low range percentage.



properties of masonry cenment based el ements and to
provide a useful alternative to the known nasonry
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recycle and use a plentifulllresource - iron bl ast
furnace slag - which would otherw se be underutilised
or sinply a waste product. The present invention
provi des brick and masonry el ements manufactured from
| i ght wei ght aggregate materials and further provides
nmet hods of manufacture of such masonry el enents such
as bricks and construction blocks and to a
cenentitious matri x for manufacture of such el ements
whi ch includes granul ated iron blast furnace slag as
an aggregate and at | east a hydraulic cenent. The
production of noulded brick and masonry products
lm;aggtgiﬁng mai nly of granulated iron bl ast furnace
an aggregate was not to the best of the
applicant's know edge known before the present
i nvention. The npul ded brick and nasog%y products to
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the property due to the use granulated iron bl ast
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agm%@wpaﬁdaﬂﬁ&ﬁﬁhﬁ&ﬁuﬁdmﬁnum;ng; an aggregate conprising

granul ated iron blast furnace slag; air-cooled iron

bl ast furnace sla% bot t om ash,
The production of moulded brick and masonry products consisting mainly of granulated
iron blast furnace slag as an aggregate was not to the best of the applicant’s knowledge
known before the present invention. The moulded brick and masonry products to be
described herein may according to one embodiment, consist of up to 80% of granulated
iron blast furnace slag, 10% ground granulated iron blast furnace slag and 10% Portland

cement or other hydraulic binder.

The matrix composition to be described herein produces moulded brick and masonry
products that have a reduction in mass and bulk density and maintain a required structural
integrity. The products also have the property due to the use granulated iron blast furnace
slag of reduced sound transmission, increased fire resistance, improved chemical
durability especially in selenitic soils and environments and can be nailed, screwed and

cut without use of specialised tools .



pul verised fuel ash and a cenentitious binder

consi sting of portland cenent; and ground granul at ed
w0 e@/op8sast furnace sl ag. In another broad forP€T/AB2007/000232

present invention conprised2 a dry cenentitious matrix

for formng a masonry product, the matrix formed from

a group of materials including; an aggregate

conprising granul ated iron blast furnace sl ag;

air-cooled iron blast furnace slag, bottom ash,

pul verised fuel ash and a cenentitious binder

consi sting of portland cenent; and ground granul at ed

iron blast furnace slag. In another broad formthe

present invention conprises: a cementitious matrix for

In bA¢ BroB@fRmtRS faboht RfvesHh conlpies®E i X formed from a
group of materials Including; an aggregate conprising

I [ @l r led iron
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. Ce t; d, groun ranul ated iron bl ast furnace sl ag;
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botbra@sh,s used as a |ightwei ght aggregate as well as a

{atent cementitious material. The ground granul ated
pulvegipdidiel ash ang hepmentfions bindep permsisting pfparfan eement; and

AR R AIRMGa b vl ddkispys material utilising
grporlt%tlkandite (ca%%?ﬁ%f%& oxi de) generated by hydrating

Portl and cement to formcalciumsilicate/alumnate
in AT U ont SRR Rtse  or Lsent | nvent i o
a cfrg r?élrnleﬁt?t?o:us matrix for forming a masonry product, the matrix formed from a
group of materials including;
an aggregate comprising granulated iron blast furnace slag;
air-cooled iron blast furnace slag,
bottom ash,

pulverised fuel ash and a cementitious binder consisting of portland cement; and

ground granulated iron blast furnace slag.

In another broad form the present invention comprises:

a cementitious matrix for forming a masonry product, the matrix formed from a group of
materials including;

an aggregate comprising granulated iron blast furnace slag;

air-cooled iron blast furnace slag,

bottom ash,

pulverised fuel ash and a cementitious binder consisting of portland cement; and

ground granulated iron blast furnace slag; and

water.



a cenentitious matrix for formng discrete
construction elenents, the matrix incl uding

w0 p@reeisent s conprising : at | east one aggr egaP€l/AaR007/000232
| east one binder at |east dde adm xture; and water;
characterised in that the aggregate is selected from
one or nore of : (i) granulated iron blast furnace
slag, (ii) air-cooled iron blast furnace slag, (iii)
bottom ash; (iv) fly ash. According to one enbodi nent
the furnace ash nmay be obtained fromboilers of power
generating plants. Preferably the fIy ash is

Pr %ﬂa}/’ E’r ggr%n{‘}l& ?r%g :l?g aqug (S:llag tljlstnl{as'é @%ﬁl&g{l %gggerg'éxte as well
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one or nore of; (i) ordinary portland cenent (ii)
ground granul ated iron blast furnace slag. (iii) fly
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In another broad form the present invention comprises:
a cementitious matrix for forming discrete construction elements, the matrix including

ingredients comprising :

at least one aggregate,

at least one binder

at least one admixture; and
water;

characterised in that the aggregate is selected from one or more of :

(1) granulated iron blast furnace slag,

(i)  air-cooled iron blast furnace slag,

(iii)  bottom ash;

(iv) flyash.
According to one embodiment the furnace ash may be obtained from boilers of power
generating plants. Preferably the fly ash is pulverised fly ash from precipitators and bag-

house filters of power generating plant.

According to one non limiting embodiment the binders are selected from one or more of;
@) ordinary portland cement
(i)  ground granulated iron blast furnace slag.
(iii)  fly ash.

According to one non limiting embodiment the admixtures are selected from one or more
of:



(i) rain water fromfactory roofs. (ii) plant washing
water. (iii) product storage & dispatch area drain
worne9ssIhe moul ded brick and masonry product SPEEAE2@7/000232
i ghtwei ght bul k density inlherent fromthe nature of
the granulated iron blast furnace slag used as an
aggregate. In its broadest formthe present invention
conprises: a cenmentitious matrix for form ng discrete
construction elenents, the matrix including an
aggregate which is selected fromone or nore of : i)
granulated iron blast furnace slag, ii) air-cool ed
on Q%@§&ﬁ£&ﬁ@%%ﬁw$|ag, iii) bottomash; vi) fly ash
VBt 8Firaih B. er broad formthe present invention
raag;r y product including an aggregate

SRS gomone or nore of : i) granul ated
ejcctefrﬁl ii) air-cooled iron blast

PﬂrnaX%“éﬁﬁamd‘ mf I}?on1ash iv) fly ash. In another

hro formthe ent inventi.on conprises: bU|Id|n
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an aggregate which is selected fromone or nore of :i)
leanur%@é’éterfféw fastaytropSy nace slag, ii) air-cool ed

(on plaabwashingvea®. sl ag, iii) bottom ash;
(iii)  product storage & dispatch area drain water.

The moulded brick and masonry products have a lightweight bulk density inherent from
the nature of the granulated iron blast furnace slag used as an aggregate.

In its broadest form the present invention comprises:
a cementitious matrix for forming discrete construction elements, the matrix including
an aggregate which is selected from one or more of :

i) granulated iron blast furnace slag,

ii) air-cooled iron blast furnace slag,

iii) bottom ash;

vi) fly ash; and

water.

In another broad form the present invention comprises:
a masonry product including
an aggregate which is selected from one or more of :

i) granulated iron blast furnace slag,

ii) air-cooled iron blast furnace slag,

iii) bottom ash;

iv) fly ash.

In another broad form the present invention comprises:

a building element for use in a structure, the element including

an aggregate which is selected from one or more of :



iv) fly ash. According to a nethod aspect the present
i nvention conprises: a nethod of manufacture of a
w@e@doess3¢ rom a cenentitious matrix, the net hoRICT/AU2007/000232

conprising the steps of; a)Sblending in any order a
dry m x conposition conprising ; i) at |least one
aggregate selected fromone or nore of : granul ated
iron blast furnace slag, air-cooled iron blast furnace
slag, bottomash; fly ash. ii) at |east one binder
iii) at |east one admi xture; and b) adding additives.
The method conprises the further steps of; a) adding
VBt @rani)atediidontdast Ren&eRPESi tion; and c) allowi ng the
NiX atr@o8RH ifofbladt RERLHEtI8E,M ned period of time.
A BbelbAasH; 0 t he nmethod aspect the present invention
CRYBKiaggs: a nethod of manufacture of a product froma
cemmentitious matrix, the nethod conprising tge st eps
Oh; ‘o ' ' ri i ntroduction a
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sl.a ot t om ash; . . ..
a) %lengmgtm any order a dry mix composition comprising ;

i) at least one aggregate selected from one or more of :
granulated iron blast furnace slag,
air-cooled iron blast furnace slag,

bottom ash;
fly ash.

ii) at least one binder
iif) at least one admixture; and

b) adding additives.

The method comprises the further steps of ;

a) adding water
b) mixing the composition; and
c) allowing the mix to set for a predetermined period of time.

According to the method aspect the present invention comprises:

a method of manufacture of a product from a cementitious matrix, .the method
comprising the steps of;

a): blending in order of material introduction a dry mix composition of raw materials
according to weight and proportion comprising ;

i) at least one aggregate selected from one or more of :

granulated iron blast furnace slag,



fly ash. ii) at |least one binder iii) at |east one
adm xture iv) vibrating the dry m x; and v) adding
WOR08/098566 | ni tiate hydration; vi) placing the PCRAU2007/000232
conposition in a nmould vii)éall ow ng . the conposition
to set for a predetermned tine; and viii) rel easing
the conposition fromthe nould. To ensure that the
chem cal reactions between the portlandite, granul ated
sl ag and ground granul ated iron blast furnace sl ag
proceed rapidly, the noul ded brick and masonry
product s air-eodled ieoh blast farnagestad i ed period at 65
degr ees Cedtwinusshand 95% Rel ative Humidity. BRI EF
DESCRI PTI fINagB- DRAW NGS The present invention will be
described in nore detail according to a preferred but
non iy m t inehsesraghdgnt and with reference to the
acconpanying illustrations wherein : Figure 1 shows a
t abl 8)of @leastongtadehixtpen Bl ast Furnace Slag - Particle
Si ze: P str.i ' jgur.e shows conposition
par a}"ra erglb%ﬁ%\églgr(fycﬁ)f’fpﬁy maxi mum and m ni num of
G anvl at eatidirrgomat& tasiitikte hpéagoryl ag val ues for
El enent al Chenistry, Percent by Mass Figure 3 shows
part 18| e RIPYRE the SixicpmpoKion g2 meyld cool ed Bl ast

Fur ndige  SARGrindihe dbRpditidions ) ﬁ&pﬁm 1409 of
Alr- c_ggl ed Bl_aés:['th Furﬁ(gsqte Sl a%ﬁgﬁghlﬁg&g&@ ows tte’hagH
chenYitld| isleaying thecompesitipmlion tigr mowldat ed | ron Bl ast
Furnace Slag Properties. Figure 6 shows typical
conpositions in accordance with the invention

, 0 .
a%oénq{l{égthatothe/o c él%icgﬁrselagtiokr)r\é between the portlandite, granulated slag and
ground granulated iron blast furnace slag proceed rapidly, the moulded brick and

masonry products are cured for a specified period at 65 degrees Celsius and 95%

Relative Humidity.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will be described in more detail according to a preferred but non

limiting embodiment and with reference to the accompanying illustrations wherein :

Figure 1 shows a table of Granulated Iron Blast Furnace Slag - Particle Size

Distribution

Figure2  shows composition parameters and particularly maximum and minimum

of Granulated Iron Blast Furnace Slag values for Elemental Chemistry,

Percent by Mass

Figure 3 shows particle size distribution for Air-cooled Blast Furnace Slag.

Figure 4  shows chemical composition of Air-cooled Blast Furnace Slag.



Figure 7 shows a grading or particle size distribution
graph. Figure 8 These curing conditions are nmaintained
w@roogfpesssé i c profiles in each curing chanber DETHALEID7/000232
DESCRI PTI ON The present inuéntion will be described
bel ow with reference to exanpl e conpositions but it
w || be appreciated by persons skilled in the art that
the exanples are non limting. As will be apparent
fromthe description, there are nunmerous pernmnutations
and conbi nations of the invention enbodi ed herein.
drigvdt eshosisrilye eharhicalngropkirtiensf Gfounti €Gramviated iTon Blssttgnace
use of gPhglrereditsi ron bl ast furnace slag as a primary
aggregate. A matrix conposition will typically
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iron blast furnace slag, bottomash ( furnace ash from
boi |l ers of power generating plant), fly ash
U ' fromelectrostatic precipitators
DE&% Eﬁ{b % i rs of power generating plant).
Bi nders for the conposition will according to one
enbodi nent be selected fromportland cenent, ground
Th& shit QR : I h. "
e YL B WStcril BAGR, SiP torBlente 6 3l romposiions
but deysdlet apgregiated bylpersoheskilidden itist drcthat the ekangdes’ @6 néhmiting.
product sof the conpositions. Adm xtures include water

r i.ng agent ajr-entraining agents or water .
As riﬁféﬁe. %Pd’ageé‘g rﬁ%‘?‘ q"ﬁegf‘é%wnd etg%rF | BT EBFFEBS i ReFBYatiansg and
contbiyativnX offeierihwenti¥¥) @mbVeIkE herefh. TRABRYIAE BRIHOOMBK Gt of the
| ace in the usual manner. M xing water wll be

INVRSORiHEE Ups fraramiietironblast fnrmeacerslagsaqeimasy egeregate. ai n
water fromfactory roofs, plant washing water or
product storage & dispatch area drain water. As

A matidx cempesitimewilotypicglly edreprivgdi fbstameraggegitonat|ledsesmt Igader,

andaatllggsg %n@g&%&tturgfwﬂiéhn?s' co(l:n%lilg:elc{J vrg}th mixing water, wherein one of the

aggregates will comprise granulated iron blast furnace slag.

According to an alternative embodiment, in addition to the constituents of the aforesaid
composition, additional or alternative aggregates used may comprise air-cooled iron blast
furnace slag, bottom ash ( furnace ash from boilers of power generating plant), fly ash

(pulverised fly ash from electrostatic precipitators and bag-house filters of power

generating plant).

Binders for the composition will according to one embodiment be selected from portland
cement, ground granulated iron blast furnace slag or fly ash. Typically concrete mixes

include various admixtures depending upon the characteristics required for the products



hydroxi de, Ca(OH)2, referred to as portlandite. The
addition of hydraulically active materials such as
w@eanobsased bl ast furnace slag can be used to PONKE2107/000232
lime into additional cenentiBng agents. The use of
ground granul ated iron blast furnace slag is an
alternative to Portland cenent. The use of coarse
graded granul ated bl ast furnace slag results in a
reacti ve aggregate producing a hydration product
bet ween the surface of the slag particle and the
of e ddngpositibes. Alimxturesimtciude waes uédusini mgeas, ut-erdrindg agents or
cenentj.tious product baondi aggregate.particles .
WS GEpRILRE e Thegbore diseribgh CHRPESIGO, &t B oFY i natrix. When
waRGTYRRIRd hi@atiGH fakes pAad it HR B hREAases present. The
hydration of slag l'argely depends upon the breakdown
and dissol ution of the glassy slag structure by
Migjngrwotgt wilbbesobtainedhGent apuvéntignaleatensorieaes spchogs reiewvater from
. ' r e,
A e R R kL
and uses it for additional hydrated calciumsilicate
and. hydrated calcium silicate/al umnate formatiopn. .
ASlsghbE bR Rl en OGRS 4 o GRQPE R g saium
hybifoRider %@H}Q;’inﬁef&)’é&fﬁt hOPorBERAEC trhatad8R%oh YofABRIaulidslB, active
ampunt of portlandite produced by cenent hydration =
maigsifdsasush apgiewdeted Alagblimenerslag candmused tajegpyert Time into additional
ceﬂ Ettnr AN TRELELS ﬁ)lId HhiEd %Jo %a%@ﬂﬁl ce RARLE ar? Qﬁ’é@ﬁaﬁve
i p ;
the présence of mainly calciumsilicate hydrate,
to cRdrtandnecalentni Hiat eselvfdnate gaded gahuliaterhbinst fionacdesBigagsults in a

T B b AP bR VBB S e

an€ ei¥gdttlantiite.Nas been shown that al kal i -hydroxi de al one,
that is, wi thout cal cium hydroxide from Portl and
cenment hydration, can hydrate slag to forma strong
ThEEEHonRBSAS jrS EEHalNS 6f a LoRedRIoR PLAAG KndinBSio8leBite particl
hydratgs 'S %ounc fo beannr% ggl-P%ke Jﬁ%ﬁ ?héﬁk@ © particies
togsthed as wsllah foryhtian iobm soperppobohd hetweemthet mainial and thalaiggregates

dens to the cenent paste. To, ensu t hat, t.he sl a
e PR ool S Y AP bl B Bl i BB
glazsc elag asryictue bafhydioxyl unk | relelised ndilring th | 18/dratidn i df the portland

| eav h | ast  furnace. Rapid "quenching” or
CergRt) &?lﬁ g\ygratl?on oiI the slag, therefore, groceed% and contpn%es to consume calcium

hydroxide and uses it for additional hydrated calcium silicate and hydrated calcium

silicate/aluminate formation.

X-ray diffraction patterns indicate that ettringite is the predominant hydration product at
early ages. The amount of portlandite produced by cement hydration appears to reach a
maximum at about 7 days. The diffraction patterns of mature slag/cement paste shows the
presence of mainly calcium silicate hydrate, calcium aluminate hydrate and calcium

hydroxide



prevents crystallization and converts the nolten sl ag

into sand-sized particles of predom nantly anorphous
wW@eromoessas yst al | i ne gl ass, referred to as graneCEAER007/000232

slag. It is generally recoghi zed that the cenmentitious

action of a slag is dependent to a | arge extent on the

gl ass content, although other factors will al so have

sorme i nfluence. The vesicular nature of granul ated

sl ag provides a |large surface area for hydraulic

reaction as well as reducing the particle density.

SBgowimentsoateetiersfag sbker ® proetaridaenalkaliesriyisthal dehfeit pade more

ni ficant cenp ntitiou opertjes. )
oft8 Oy BT R EREn ht JE B e SHONe thF kel davsi dlone, tht i,
witabutr @lcivkh &y &ERIdE TRIHS PRARAE Sefbnt IHYArdtibl, @8 hydRAE bl % form a
wi th cal ci um hydroxide to formsili cate hydrat es.
SIS ELE R GiSFRY U he constant presence of Ilne/mater
and is tinme dependent. The reaction of coarse fly ash
ﬁartlcle are not as reactive as slag but do have a

Thewerrhedogyi ofthe dleg shlydlytteansd fapodtto ibb ut@re tgel-likeverah nige pifoducts of
d duct erature and
L S T S T

have a great effect on the strength of the concrete,
garticu# L% at early ages. Concrete containing slag
FPEE that e siae idsvelapmis mgximuum didraplic yrqnemesm depecessary to
rapldty ahifdhd RBRES ahdELit @éé%sntge SRRl RERa d']"cilﬁﬁéhm qr chllhng
strengths exceeding those of portland cenmen concr
prgyents ¢aystadkiegtion rande cerviaite vibel. I@olmmrSkigl into sandsiged partlcles of
ect th concr t
P%g‘% {%%t%gmgﬁ&)hg%; Jr)%n(ﬁ‘ﬁgryst% fie g?ﬁ%% Ore%{r &Aétevas granu ated slag. It is
ganerablg redognized thaf the aneinemtioaﬁ actmnaﬁesslag B depéhdehters W 1atge extent

or s T8 ool thonei PO TS Bibilsq hogeomeandescs deegcular
nHGo F %&drﬁﬂla‘i’éd@l&é Ek'ogﬂi% a MRk £RE a?éépfoi" ﬁ?d@ﬁh@%@&lon as well as

ge yond 7 da do plain concretes
re ’&lﬁlge@’@d)aft& peengity. e§lﬂw1y eeoledhelagnare passtohinhatly emestallingf and do
dt R8ssPast &ifidant & gardl ess of the cenent or
nt%eSS eﬁﬁgloP cgﬁ%ﬁﬁﬁkﬁkﬁwﬁggterlals used, concrete
nmust be kept in a proper noisture and tenperature
aagflersr % r%ag 181}]%9305\% of g ILJI(l)zzscl)la(rjuecVneal[u?‘g Jl“lt‘leS argct)r;) glgstpr}]lasaers] %f the fly

ash reactmg with calcium hydroxide to form silicate hydrates. This process requires the

constant presence of lime/water and is time dependent. The reaction of coarse fly ash
particle are not as reactive as slag but do have a lower particle density and contribute to

lowering of the mass of manufactured products.

The temperature and relative humidity at which the concrete is cured will have a great

effect on the strength of the concrete, particularly at early ages.

Concrete containing slag and/or fly ash is found to respond very well under elevated
temperature curing conditions. In fact, strengths exceeding those of portland cement

concrete at 1 day and can be achieved.



There is no doubt that rate and degree of hydration

can be affected by the |loss of noisture with a
wagadwgmepsant | oss of strength. This characteri SPCT/AU2007/000232

vari es depending on the mattirity of the paste at which

time the concrete dries. For uncracked concrete, the

ease of ingress of del eterious substances into

concrete depends mainly on the perneability of the

cenent paste which in turn depends on pore size

di stribution, structure and total porosity. In

general, the influence of |arge pores and the

cont i,nuj, t f th ore stem are the inportant .
copfsaperetef redytolh Gatt, S Gre By WHLGRseiete containing slag
an€ @R fagh, iR af low BMPerafittss| ag are sonmewhat different

fromthat of plaih cenent paste.ln slag cenent pastes,

al though the total porosity is about the sane as that
Ot artRufilk AntER i | i bigant CLEQ

i BERTER DS LUSEE o LT AR SGE R v
aslsareuusedr & oginain prepirtidres these blaided iconibetd deneralte yield higher

i f.ferences between .the hydratian processes.in. bl.ended
m";ﬁh‘ﬁ °g FRAHe S‘e%eeﬁlég‘{on%ﬁefaﬁfﬁﬁgﬂﬂ {?oﬁ@m opeIeis ks ﬁ&’eil%wg ity be a
resuhef thednaeded esmRetesPHIhEPasty iR thePbicy t0 be caused by

capillary bl ockage and pore filling with cal ci um
silicate hydrate precipitates and the decreased
ReE&r@Ié@é \S16th terRiéit Gk WD {1 HE Df iclRed iRk Hﬁferrfafmge&, %B}?é}fe? must be
ydration. The pozzolanic reaction that occurs in tly
kepidn aqueen maistatecand perophrates aalitionnf #iik ite &tlly deydoptisstrength
' £ ilabl e pore space. Early studies of fly
an%@ﬁa@gﬁh#%ﬁ@éﬁshomed that at 28 days portland cenent
concrete was | ess perneable than fly ash concrete.

ThThi.s mgsbdﬁf toz%ﬁe conbined effects of |ess reacted .
FratERq SFudt that ke gnd legrer opladration can he affested by the dags of moisture

witAQZGBIcAINE 1636 bE Michth. ik SharSdti | R
reversgd and the f%@ agh Jgncrggggaﬂéﬁgﬁg&ﬁgiggﬁg ity of

thepastaatwhieh tig thngoncretadsiest he pozzol ani ¢ reaction had
changed the structure of the pore-void system

reducing its perneability. The perneability of fly ash
Forc eneradksd i ®@neetesithd easet of Mgedsnpfcdidetetiomsngibstadeg Sito concrete

roper. curi condi.t.ions are applied, insitu
derSa BN PR RGBT GRAF comii! Bagiethish in tarn depends on pore
size distribution, structure and total porosity. In general, the influence of large pores and

the continuity of the pore system are the important factors.

The pore structure of cement pastes containing fly ash and slag are somewhat different

from that of plain cement paste.
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Referring to Figure 1 there is shown a table of
Granul ated Iron Bl ast Furnace Slag setting out

w@anoriogdses Si ze Di stribution. Fromthe table of PEI/gue®7/000232
it my be seen fromthe target, upper limt and | ower
limt parameters that as sieve size decreases, the
percentage of Granul ated Iron Bl ast Furnace Sl ag
passi ng through by mass decreases. Figure 2 shows

In slagpasértt ipastespalthngh dresotahsbrosytis ebduntheysame xs thatwfgiain cement

1 Nj num per cent age mass yal ues of G.anul at ran .
P Jafte B T B et e ey oreH el Medae 1 pore
strm@reBawelo?ﬂﬁﬁﬂ_ h¥s Bbed-aRSBUEd &) th@ldefbréd e H3hwAkh the hydration
Furnace Slag is preferably less than 1.2 tonnes per n8
prqrae@emlée@ﬁgmdplamqemeet%i ze distribution for air
cool ed Bl ast Furnace Slag. Figure 4 shows chem cal
conposition of air cool ed Bl ast Furnace Sl ag. The
The dinkeparb sirs disiributios irzthe blendedcoeorent pastks Hrqp@psitetoto be caused by

t.hrough .t he si.eve . mas The table indjcates.a
cay oS aPeaBE, g, e R sgiehuch icnts FRSF SR igrend the
detresfed presdite oBediuiaigidxideGon pOigian@tdmeb@BYdakidH. ast

Furnace Slag is 1.35 - 1.45 tonnes per nB8 Were

conpacted the bulk density is 1.50 - 1.60 tonnes per
THE o gRIArE LBt Rl Koy ey A s R R AER PO sy stcat
hydrates inhéshefilt avaglalfle porewpasei al passi ng 10 nm screen.

Sel ection based on | owest bul k density and | owest

carbon content available (ii) Fly Ash. Run-of-station
Eaflly wtud$as df Slyusk dondpetee slidvad thase @8alays puelaid bethdnt concrete was

densit nd | owest carbgn content avail abl e._ Binders.
leS(s ipjarrr}gaglﬂt ‘ A Apcrete. Tlglls was due to the coml%ned effects o(ﬁess reacted

material in the fly ash paste and an initial low pozzolanic activity. After six months, this
trend was reversed and the fly ash concretes became less permeable. By this time, the
pozzolanic reaction had changed the structure of the pore-void system, reducing its

permeability.

The permeability of fly ash cements is sensitive to curing conditions. Unless proper

curing gonditions are applied, insitu permeability may be higher than expected.

Referring to Figure 1 there is shown a table of Granulated Iron Blast Furnace Slag

setting out Particle Size Distribution.

From the table of Figure 1 it may be seen from the target, upper limit and lower limit
parameters that as sieve size decreases, the percentage of Granulated Iron Blast Furnace

Slag passing through by mass decreases.
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(ii) Gound granulated iron blast furnace slag, (iii)

Fly ash. Commercially avail abl e binders and
WG plogssant ary nmateri al s are used. These mat er i BCBFAU2007/000232

conmply with rel evant specif22cations pertinent to the

construction industry. Figure 5 shows the chem cal

properties of Gound G anulated Iron Bl ast Furnace

Slag. Ground granul ated iron bl ast fur nace sl ag mnust

t iyn |

R
pemﬂugeamassrmtxes of deranrated tenBlot Pluhlac@ Rlagrvaluss ferr iés Elemental

AP Y52 Do 1 L EHEL i A9 s st s sl

Jesk thah 198bon@e ¢t @f at i ng agents (v) Viscosity rmdl fy| ng
agents Commercially avail abl e bi nders and

suppl enentary materials are used. These materja

Figwed showisphrticls séagcistriaysionifos angqolddlps FﬂWﬁ%%lag 0 t he

construction industry. Mxing Water. (i) Rain water

fromfactory roofs, (ii) Plant washing water, (iii)
Figiredusliovstchemaipel dontfiositiah ofiaia cedediBmstrFunsice Slagdihetable shows

cont ai.ni n al kaJ j, salts S S
SIS0 e 4R TEPE® Prblepeats e el By, B [fle Blicates an
opﬁfhlay(ttérg&) vAlCAI6RY WitR e @pmﬂ%wmﬁsl on of the slag
materials. Figure 6 shows typical conposition/

formul ations in accordance with the invention
The Bulk Density of Loose  air cooled Blast Furnace Slag is 1.35 - 1.45 tonnes per m>

Where compacted the bulk density is 1.50 - 1.60 tonnes per m’

Particle Density
Dry 2.70 - 2.80 tonnes per m
SSD 2.75 - 2.85 tonnes per m’

@) Bottom Ash.

Bottom ash requirement is for material passing 10 mm screen.

Selection based on lowest bulk density and lowest carbon content available.
(i)  Fly Ash.

Run-of-station fly ash is used.

Selection based on lowest bulk density and lowest carbon content available.

Binders.
@) Portland cement.
(i)  Ground granulated iron blast furnace slag.
(iii) ~ Fly ash.

Commercially available binders and supplementary materials are used.
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according to %dry basis by mass. It can be seen from
this table that the majority of the fornmulation in

W@ 2a@/0e858posi tion is granul ated bl ast furnace BCEHHU200m000232

each case the constituent @Bth the hi ghest percentage
Is granulated Iron Blast Furnace Sl aglnventive
Fornmul ations. (i) The proportioning of the materials
for manufacture of bricks and nasonry units is by
These Pataterialsecdtaglyi Wth PreldvaatP kguﬁcu@dﬂag p@tin@i fol e aks@uefion
induthe Di nger- Funk Formula. The nodified Di nger-Funk
Formul a VPsi zE =100*( (Sl eve Size, mcrons)C - (M nimum

t ' I
Figafe's, Sieaf (8 EftpriTh heHRRles Bt Lrolng SRR IGR b i St
Growtd tgeamul ateglsirgrhtsladt ifreaestagohust hevedhsparaettisas shmln msthe table
of FiUsSY Ily set at 0.3 This is used to construct a grading
87 °particle size distribution graph as shown in figure
7 Figure 7 shows a grading or particle size
di stributian gra ph. The materials to be used are
Further fsermsiesh dacliideds i at qompopitige roamyfetumyds iy japgerdange with the
invedtldnChd-on. Upper and Lower Limits can be set for
producti on purposes to allow sone control variability.
The curing conditions are maintained at specific
Admixtofésl es in each curing chanber. For the hydration
reacti on of supplenentary cenmentitious materials to
(Hr oc &eder radcidg agemiki ti es such as sodi um pot assi um and
(@al ciﬂmrhmﬁﬁ@gagéa@ in presence of interstitial

(dym (!W;Itéi- Sdgehfdan 85% are required. Portland
(ﬁerreggta{& Eﬁ{lh eL.ltsber ates the required cal cium

fyd rsv)gécg b& n available for reaction wth
t'he sl ag the matrix mx. Steamcuring is

used to prow de the necessary relative hum dity at a

oAb P HBAL i AR RERm SR TR FoFY | el cach

e UARSLEEGE 38, Shoue 0 L groeh of FLUE: & A o

industiyt £ ci ent reaction occurs to provi de a

Mixing Water.

) Rain water from factory roofs.
(iiy  Plant washing water.
(iii)  Product storage & dispatch area drain water.
Water containing alkali salts such as calcium, sodium' and potassium is preferred since

these elements, in solution, nucleate and promote hydration of the slag materials.

Figure 6 shows typical composition/ formulations in accordance with the invention
according to % dry basis by mass. It can be seen from this table that the majority of the
formulation in each composition is granulated blast furnace slag. In each case the

constituent with the highest percentage is granulated Iron Blast Furnace Slag
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conpressive strength equivalent to 4 days of nornal
curing. Environnental Benefits. Due to the fact that

WO b@7log8sBe of materials utilised are i ndustri al PCT/AU2007/000232

co- products or byproducts, 2¢he greenhouse gas

em ssi ons have al ready been taken up in the

manuf actured product; iron in the case of slag and
electricity in the case of fly ash. The contri butions
InQeiiveardaaulsgoas em ssions cal cul ated on nmanufact ured

bricks are: Slag/Ash Bricks 0.021 86 tonnes CO2 per nR
of al | Thg d Pu3ra r

(1‘I9Va Conc oﬁ’i rﬁ‘fléig i %7%%41%)&}%2%%&% ot“@w‘kfs and masonry
wal | . OﬁHESRs Bly NBERae Prbldn@Pamsdiplesirusage mb@@sd ﬁ@nﬁome Dinger-

.aggrega b| nder can be activated with a nunber
Efub e

of diff m cals such as : Caustic Soda Hydrated
Li me Sodi um Silicate Sodi um Carbonate Vari ous
conbi naqhsﬁ@dﬁfeduja@gaa.kmmepahﬁﬂ@dvant ages of the
conposi tions and products manufactured in accordance
with the invention are nyperous. Gound iron blast .
VBnmEéO%ﬁ(é?geV@oiﬂednmom%d— AMinimums PesivkeSize, Priowaek §)/
haa_5 h

C Pl Sembnt LY o MmN b el P €
pr oducts are slow to set which ensur es corrpl ete
hydr at i &qi detetinineethe dineneisslefthe diotributickeandas asuallg est.at Dl3e
conpositions may be used in construction el enents such
Hisis RAised @f conbtiick € dratighk Pé&’ﬁﬁlc sk dR&ibulibh Gleph aPEIRRASTH figure 7
panel s, and rendered wal In the case of the latter,
the render chenmicall y reacts with the ground iron

f i ases bondi ng
A T i S R L L s i
Tampetsrivissade nmagd zk propogionsd b finthe dMisgarthamnkddistoibution Bnction.

1558 ne%ee{ndmﬁ&!vesr Limits can be set for production purposes to allow some control

variability.

The curing conditions are maintained at specific profiles in each curing chamber.

For the hydration reaction of supplementary cementitious materials to proceed, alkali
entities such as sodium, potassium and calcium hydroxides in presence of interstitial

humidity greater than 85% are required.

Portland cement hydration liberates the required calcium hydroxide which is then
available for reaction with the slag components of the matrix mix. Steam curing is used

to provide the necessary relative humidity at a temperature of 65 degrees Celsius.

These curing conditions are maintained at specific profiles in each curing chamber as

shown in the graph of Figure. 8

As shown in Figure 8, the curing regime ensures sufficient reaction occurs to provide a

compressive strength equivalent to 4 days of normal curing.
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and may be screwed or sawed. The products may be
adj usted so that properties areachieved for particular

wa@ppliogsssé ons such as sound proofing. For instBODApP2G0me00232

bl ocks may be nade non por@dis, | ow or high density.

Sl ag aggregate size will be preferably within the non
limting range of 7 - 10 nm The products w ||
typically be manufactured froma nmould according to
conventi onal nethodol ogy. The raw slag wi |l undergo

e.preparations before introduction into the dry
%ﬁ%&?ﬂﬁﬁi@ﬂ@gtﬁm xi ng. The invention may be applied

in the manufacture of conventional standard sized
et Yhep fast thet shevbulk pheatssisle dittigedilatd intdystaiald cdvpryalucts or by-

t haht bQ.The praoperties descr.i bed
P RS e o ek B on e R SR Lbsh R R AT g manutucnured
rroduck imndo ticasp dfclagrhd diectitysinafie tdie of fiyasi i on are
t known.in the art. Despi.te the yse of the ]
%n“&PEV@H“?SF% A eﬁﬁ%f%‘ﬁe £33 Pﬁ%‘é@%? ¢ftlafed gp gepyastaredibgigks are:
products do not suffer fromunwanted shrinkage and in

;‘ﬁCt t he .use of that aggregate s&gnifi cantly reduces
39/ AR BECkSO p a P P81 36torngs (Bl wer mirafwélhct ur ed i n

e wth ] b and

g%ﬁ?ﬁ? IlE}gnt S. Tﬁ?ag%%hﬁsﬁkg{ﬁm%ﬁa}mn uf act ured
UsingeeteyBreks| at e 0.0B7 @ntotmeai0,fpar mAotwsll.ag, nmore able to
withstand acid rain, are nore stable, will resist
degradation fromchem cal ground interaction are |es
mmﬁéor escence as slag absorbs any alkalinity
[ * The products will have good thermal and
aﬁ]‘gusti C. properties, Porosity and perneability will be
1A dilnst ferapcsr shgsanedss asstogric ghd webiger canebeprctiviated wiith.a number

' : futnace slag used as an aggregate
%?%ﬂﬁgﬁlg%lgg&g%ay\hi ch also forns the 'glue' which
eusiec 3dde matri x together. The slag particles are

i to bind thenselves. It will be recogni sed by
%té{rdg%%}sﬁs illed in the art that nunmerous variations

 Sodiunp§iilititeat i ons may be nade to the invention as

%gad% gescri bed herein w thout departing fromthe
W) arepnate t and scope of the invention. THE CLAI MBS

RAEFLN MG HELOYENT LN ARE AS FOLLOMS: 1 A

cementitious matrix used in the formati on of masonry
products the matrix including; at |east one aggregate
Jbb edvanthges ofithervenpositiotseandfproducts manufactured in accordance with the

invention are numerous. Ground iron blast furnace slag could be used as an extender.
Products can be up to and more than 50% lighter than a similar sized product using a
conventional aggregate. The products are slow to set which ensures complete hydration
and they are ideal for underwater uses. The compositions may be used in construction
elements such as but not limited to blocks, slabs, bricks, precast panels, and rendered
walls. In the case of the latter, the render chemically reacts with the ground iron blast
furnace slag aggregates and increases bonding strength chemically as well as
mechanically. The compositions may also be used in construction of brick veneer Wails

and may be screwed or sawed. The products may be adjusted so that properties are
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air-cooled iron blast furnace slag, bottom ash,

pul veri sed fuel ash and; and ground granul ated iron
wWhb@s09g586 nace slag. 2 A cenentitious matrix aPCDAUR0G000232

to claim1 further conprisi2hg:, at |east one binder. 3

A matrix according to claim2 further conprising water

and a cenentitious binder conprising portland cenent.

4 A matrix according to claim3 wherein at | east one

a@ﬂ%@&tf&r Farticuld a@?héd’c%m@&&ﬁ’ heided Rodfing! PardndiRE ahé blddks may

east one adm xture is selected from one_or nore of
hehnadfemon(pm’cmg, towi 9r high éensrtmﬁ]@g AGSTERFER Bige Wi ljje preferably within
nt rain e
Lo SIAEAMDE T Ib T The LB PSRN ABREClit fom
rBoud naterdngace &bdvamgoﬁab mbthodnl&gyv\h e’ﬂn rraWheiagtWilleaadergO pre
one bj nder i s, S?fi}l ect ed
ng:mrqqlgp%/ ?fgpet 1pg cHaR U t}}er%ry énragu% arlﬁti, Té’nrﬂ xg{ge g‘he I;nventlon may

HRl @plied W RRCMaskM@Eure 6f donbbnfiodsiNstanail BREd imesaey qrrddm:g; with
to claim6 wherein the blast furnace slag used H
gjl erein and

1aggase@ durebititycpngddigh gitengfb o weighicetio. an@dDr?R?ﬂéFétde%Fél

a& t?cf b;’ ércgﬂgﬂg derlgﬁérgs ?Llliwr%%é‘ oe&?xh%}ﬁé’s\’:a I xli‘f%‘%ﬁ&'b%lments of the
invention are not known in the art. Despite the use of the granulated iron blast furnace
slag as aggregate, the products do not suffer from unwanted shrinkage and in fact the use
of that aggregate significantly reduces shrinkage compared to a product manufactured in

accordance with the prior art methods and constituents.

The products are, when manufactured using granulated iron blast furnace slag, more
able to withstand acid rain, are more stable, will resist degradation from chemical ground
interaction are les prone to efflorescence as slag absorbs any alkalinity in the matrix.

The products will have good thermal and acoustic properties. Porosity and permeability
will be largely determined by how lightweight the product is. Ground iron blast furnace
slag used as an aggregate forms the skeleton which also forms the ‘glue’ which bonds the

matrix together. The slag particles are activated to bind themselves.

It will be recognised by persons skilled in the art that numerous variations and
modifications may be made to the invention as broadly described herein without

departing from the overall spirit and scope of the invention.
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Sodi um Car bonat e Vari ous conbi nati ons of the above 8 A
matri x according to claim?7 wherein the conposition is

wo pdorooBséed i nto a nould for manufacture of a PEFANRON7/000232

bui | di ng bl ock. 9 A masonr®7bl ock according to claim8
where when Portland cenent is in the matrix hydration
i berates the required cal ci um hydroxi de which is then
avai l able for reaction with the slag conponents of the
matrix mx. 10 A matrix according to claim9 wherein,
the bul k density of the granulated iron blast furnace
slag is preferably less than 1.2 tonnes per n8 1 1 A

B R ARGRID THRY r g Igjgwgensi ty
g?ﬁ:{(‘ﬁié air ngp?gf ‘%I ast Wﬁ%‘g@ﬁsﬁg 4%‘?(‘1)?% - 1. 45
tonnes per nB8 12 A matrix according to claim11l
wherein the bulk density of the air cool ed bl ast
furnace sl ag when conpacted is 1.50 - 1.60 tonnes per

M8 13AAcembdtitoudcoani ved ikl Rifatbh sheswnfy Riddets the matrix
masonry products produced fromsaid nmatri x are at
meliding300 and up to 50% | ighter than a sinilar sized

SESANGN AeRIME kG Bof ofOBY AR Anal aggregate. 14 A
matrix according to claim 13 wherein, the products

gFgghgfg&J st RL e matri x conprise include bl ocks,
sl abs, bricks, preca panel s, and rendered walls. 15
Botoomimasht | ti ous matrix used in formng a nmasonry

roduc h trix conprising; granulated iron blast
Bﬂyﬂﬁﬁéﬁ§$§§”%gﬂgﬁ aggregate; air-cooled iron blast
blotARERAnehRE iroR 8lakiOfAsdklagdul veri sed fuel ash and a
cementitious binder; and ground granul ated iron bl ast

furnace slag; and water.
2 A cementitious matrix according to claim 1 further comprising:,

at least one binder.

3 A matrix according to claim 2 further comprising water and a cementitious

binder comprising portland cement.
4 A matrix according to claim 3 wherein at least one admixture.

5 A matrix according to claim 4 wherein the at least one admixture is selected

from one or more of the following :

i) water reducing agents.
ii) air-entraining agents.

iii) water repelling agents.
iv) set accelerating agents

v) viscosity modifying agents

6 A matrix according to claim 5 wherein the at least one binder is selected from one
or more of :
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16 A matrix according to claim 15 wherein, the
cenentitious binder is selected fromone or nore of

w@ororlogssde cenent , ground granul ated iron bl ast PETYAT2192/000232

slag or fly ash. 17 A cenen8itious matrix for formng
a nmoul ded masonry product, the matrix conprising; at
| east one binder; an aggregate selected fromone or
nore of : i) granulated iron blast furnace slag, ii)
ai fy cadiey poraddeasht f urnace slag, iii) bottom ash;
iv). fly ash. vi) pulverised fuel ash and at | east one
ceﬁ‘éngrlotlﬁ“gﬁén pigdapn bigstfurppeelagand granul ated iron

bl a5y af Yepace slag; and water. 18 A matrix according
to claim17 wherein, the at |east one binder is

sel ected fromone or nore of; i) ordinary portland
¢enend rat)ix geoudiolg tr duinl Gwbkaeintionblbit dstnafeusiapused 85 amaggregate

iid) fly.ash. 19 A patrix .according to claim . .
i e By e el p T B oot R a2 1 i ensing chemicals -
chafic3bd®» acts as a latent supplenentary cenentitious
bi nder. 20 A matrix according to claim 19 wherein, the
Hytatediltimgus bi nder includes Portland cement. 21 A
BBdil SiAGEPr ding to claim20 wherein the ground
granul ated iron blast furnace slag conbines with
Sedian Warbgndteoxi des generated by said Portland cenent.

to claim2 1 wherein, the ground

arins kb, Xatiacsc&rtijei: v .
g?éﬁ%l AP B a8V ur nace sl ag and cal ci um
hydr oxi des al um nate conbine/ react to form cal ci um
gilicgte/ajum’nat,e . ] L. .

A matrix according to claim 7 wherein the composition is introduced into a
mould for manufacture of a masonry building block.
9 A masonry block according to claim 8 where when Portland cement is in the
matrix hydration liberates the required calcium hydroxide which is then available for

reaction with the slag components of the matrix mix.

10 A matrix according to clainﬁ 9 wherein, the bulk density of the granulated iron

blast furnace slag is preferably less than 1.2 tonnes per m>

11 A matrix according to claim 10 wherein the bulk density of the air cooled blast

furnace slag  is 1.35 - 1.45 tonnes per m*

12 A matrix according to claim 11 wherein the bulk density of the air cooled blast

furnace slag when compacted is 1.50 - 1.60 tonnes per m’

13 A matrix according to claim 11 wherein said masonry products produced from
said matrix are at least 30% and up to 50% lighter than a similar sized masonry product

using a conventional aggregate.



hydrates. 23 A matrix according to claim 22 wherein,

granul at ed bl ast furnace slag when used as aggregate
w@p@7as8s3@i d bi nder is activated with chem cal BCT/AU2007/000232

selected from Caustic Soda%Hydrated Linme Sodi um

Silicate Sodi um Carbonate Various conbi nations of the

above 24 A matrix according to claim23 further

conprising at |east one adm xture. 25 A matrix

pecor difgyik Oa&'of‘Hlﬁ@t A ML S iviheldi® tBE pkdﬁ@éﬁstr@ﬁﬁfactured from the

adm xture 1s sel d fromone or nore of
hatkixoninpyse insludpblorks; slascbuigksayeqastoansly, aad rendaredayalisng
agents ii) water repelling agents iv) set accelerating
agents v) viscosity nodi fying agents26 A cenentitious
matriX f oemesigionsn marinf aet uni dgmignst mesonnyn peddectenthe  matrix
in a pould, the matrix conprising : at |east one

> CAUYFEH®Ee, at |east one binder at |east one admi xture;

@ﬁ&l&@&%nbﬁ@@ﬁﬁﬁ&@ﬂéé%@n'a@g&@ﬁé the aggregate is
Sel ected fromone or nore o i) granul ated iron

Ht-genled ipmbles fammagg sldg ) air-cool ed iron bl ast furnace
g,(lt%gﬂ Slhl i) bottom ash;
pulverised fuel ash and a cementitious binder; and

10  ground granulated iron blast furnace slag; and

water.

16 A matrix according to claim 15 wherein, the cementitious binder is selected from
one or more of Portland cement, ground granulated iron blast furnace slag or fly ash.

15
17 A cementitious matrix for forming a moulded masonry product, the matrix
comprising;
at least one binder;

an aggregate selected from one or more of :
20
i) granulated iron blast furnace slag,
ii) air-cooled iron blast furnace slag,
iii) bottom ash;
iv) fly ash.

25 vi) pulverised fuel ash and at least one cementitious binder; and
v) ground granulated iron blast furnace slag; and

water.

18 A matrix according to claim 17 wherein, the at least one binder is selected from
30  one or more of;

i) ordinary portland cement
ii) ground granulated iron blast furnace slag.
iii) fly ash.

35
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iv) fly ash. 27 A matrix according to claim26 wherein
the at | east one binder is selected fromone or nore

wW@2007i038566 di nary portland cenent ii) ground grBROTAER@®A000232

iron blast furnace slag, ii0) fly ash. 28 A matrix
according to claim 27 wherein the adm xtures are

sel ected fromone or nore of: i) water reduci ng agents

ii) air-entraining agents iii) water repelling agents

19) Satmasicab&rdihl RclageTs whardin\Wak@sind/gramdatty irogblast furnace
agents 29 A matrix according to, clam28 wherein the

ples gl arts s aflatgntsHpplemeniary cEmenitigns bipdetace sl ag used

as an aggregate influences the Iightweight bulk

density of the masonry products. 30 A masonry block
ganuf Actmatexd dceading weniin i 19 obereintthp xcemsniibayst iper includes

incl udi ng: .,an aggregate which is selected fromone or
:]?ﬁftbea“gfergel?t) granul ated iron blast furnace slag, ii)
air-cooled iron blast furnace slag,iii) bottom ash;

éﬁ;gf l%n@é&ﬁc&fi%g% ggﬂ% rpgl g\g ?rléie eiegrrggr&;ﬁ%r%r‘clﬁlatgg "roR Bast furnace

slag combines with calcium hydroxides generated by said Portland cement.

22 A matrix according to claim 21 wherein, the ground granulated iron blast furnace
slag and calcium hydroxides aluminate combine/ react to form calcium silicate/aluminate

hydrates.

23 A matrix according to claim 22 wherein, granulated blast furnace slag when used
as aggregate and as said binder is activated with chemicals selected from:

Caustic Soda

Hydrated Lime

Sodium Silicate

Sodium Carbonate

Various combinations of the above

24 A matrix according to claim 23 further comprising at least one admixture.

25 A matrix according to claim 24 wherein the at least one admixture is selected
from one or more of the following:

i) water reducing agents

ii) air-entraining agents

iii) water repelling agents

iv) set accelerating agents

v) viscosity modifying agents
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at | east one binder. 3 1 A masonry block according to
claim 30 wherein, the cenentitious matrix further

w@eopiopsses: , at | east one admi xture. 32 A nmasoPCYADR@®Ck00232

according to claim3 1 whes&in at | east one adm xture

Is selected fromon or nore of the followng : i)

wat er reduci ng agents. ii) air-entraining agents. iii)

wat er repelling agents. iv) set accelerating agents v)

26 SCOgslickiertitibub yaftk Rgeatis nBduictiiFEag bonstribt@mkelements in a mould,
according to,.claim32 wherein the binder is selected

he SAUBREOMISIAg e of Portland cement, ground granul at ed
iron blast furnace slag or fly ash. 34 A masonry bl ock

Qﬂg&g%&h}% e%aﬂ%' aim 33 wherein the conposition is
n% g

?t%a[s? i'nto a nmoul d of a predetermnm ned shape for
r
f

der L .

e Dbl ock, 35 A cenentitious matrix for
tg %}% ¥ %tﬂfed%'bd masonry product, the matrix forned
PFSth a group of materials conprising; an aggregate
conpri si n ranul ated iron bl ast furnace sl ag;
%‘ia?g%’é%% tﬁ%téhf: aneERepteris folnsted Tromyene gdrereAf ash,
pul verised fuel ash and at |east one cenentitious
bi AYegrandzted gewblaet fymaerslag ed iron bl ast furnace slag
actid) nyr-eenlest inehehlasidignaggglaggat e ; and water.36 A matrix
ac dioy btitiom asb; cl ai m 35 wherein, the at |east one binder
i s igeflegathed from one or nore of; i) ordinary portland
cement ii) ground granul ated iron blast furnace sl ag,
27 A matrix according to claim 26 wherein the at least one binder is selected from
one or more of}

i) ordinary portland cement
if) ground granulated iron blast furnace slag.
iii) fly ash.

28 A matrix according to claim 27 wherein the admixtures are selected from one or
more of:

i) water reducing agents -

ii) air-entraining agents

iii) water repelling agents

iv) set accelerating agents

v) viscosity modifying agents

29 A matrix according to claim 28 wherein the proportion of granulated iron blast
furnace slag used as an aggregate influences the lightweight bulk density of the masonry

products.

30 A masonry block manufactured from a cementitious matrix composition
including:

an aggregate which is selected from one or more of :

i) granulated iron blast furnace slag,
i) air-cooled iron blast furnace slag,



iii) fly ash. 37 A matrix according to claim 36
wherein, said ground granul ated iron blast furnace

W@ k@g/ogds3® acts as a | atent suppl ementary cenePCT/AUR093/000232
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bi nder. 38 A matrix accordiddg to claim 37 wherein, the
cenmentitious binder includes Portland cenent. 39 A
matri x according to claim38 wherein the ground
granul ated iron blast furnace slag conmbines with
cal giworiamdispxi des generated by said Portland cenent.
40 A)@f4shx according to claim 39 wherein the ground
gr aryll Abefl drbQilatbd B5 blYEIAGS B;2g and cal cium
hyd&@?u@\feﬁs@dfb@l nat e conbi ne/ r§act to formcal ci um

I catel a

Si | um nate’ hydrates. 4 1 A matrix according to
C ?timm 4(9 further conprising at | east one adm xture
sel'8¢fed fromone or more of the follow ng: i) water

reducji ng.agents ii) air-entraining agents iii) water
r%ﬂ%ﬁsﬁqn%d’l‘%génts iv) set accelerating agents V)

viscosjty nodifying agents 4 1 A cenentitious matrix

o ugh Masonry Mldckacentiing thelaima whersin rthe esmamtisioenmnatrix further

i Gpises et faast auememiddingg : at | east one aggregate, at
| east one bi nder at | east one adm xture; and water;

e or Rap i Bhgidy JBL Pl e BERRE Aot selcted

sfréxg on ot jnods sfthe fdlleding on bl ast furnace sl ag,

i) water reducing agents.

ii) air-entraining agents.

ii) water repelling agents.

iv) set accelerating agents

v) viscosity modifying agents

33 A masonry block according to claim 32 wherein the binder is selected from one

or more of Portland cement, ground granulated iron blast furnace slag or fly ash.

34 A masonry block according to claim 33 wherein the composition is introduced

into a mould of a predetermined shape for forming the block.

35 A cementitious matrix for forming a moulded masonry product, the matrix
formed from a group of materials comprising;

an aggregate comprising granulated iron blast furnace slag;

air-cooled iron blast furnace slag,

bottom ash,

pulverised fuel ash and at least one cementitious binder; and

ground granulated iron blast furnace slag acting as binder and aggregate ; and

water.
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iii) bottomash; iv) fly ash. at |east one binder is
sel ected fromone or nore of; i) ordinary portland

W@ eove098586 ) ground granul ated iron bl ast furnaP€r/alU209;7/000232

iii) fly ash. and an adm xB8res sel ected from one or

more of: i) water reducing agents ii) air-entraining

agents iii) water repelling agents iv) set

accel erating agents v) viscosity nodi fying agents 42 A
thod oftBnh@aE W Blafl 38 wiBklLeRL ABSR0bYe BIAGUS kelected from

éé%phﬁmggpentltlous matri x, the nmethod conprising the

steps of; ’a) bl ending in any order a dry mx

conposi,tion ¢ %@réeSithg ; 1) at | east one aggregate

PR LA el £ i
e g s et st Tron b e

fur
&8h: fly ash. ground granul ated iron bl ast

bot'¥
furnace slag ii) at least one binder iii) at |east one

3em XA Yh&rix 30 ARE & olaiffl 36 WigkrdiR SsafBdrbimd @hrul4ted Ron blast furnace
Introducing the matrix into a nould and allow ng the
slag also acts as a latent supplementary cementitious binder.

38 A matrix according to claim 37 wherein, the cementitious binder includes

Portland cement.

39 A matrix according to claim 38 wherein the ground granulated iron blast furnace

slag combines with calcium hydroxides generated by said Portland cement.

40 A matrix according to claim 39 wherein the ground granulated iron blast furnace
slag and calcium hydroxides aluminate combine/ react to form calcium silicate/aluminate

hydrates.

41 A matrix according to claim 40 further comprising at least one admixture selected

from one or more of the following:

i) water reducing agents

ii) air-entraining agents

iii) water repelling agents

iv) set accelerating agents

v) viscosity modifying agents

41 A cementitious matrix for use in manufacturing moulded construction elements in

the matrix comprising :

at least one aggregate,

at least one binder

at least one admixture; and
water;
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matrix to set for a predeterm ned period of tine.43 A
nmet hod according to claim42 conprising the further

W@ L@pm9ssto a) bl ending in order of material i ntPOIATRI00/00232
a dry mx conposition of raw materials according to
wei ght and proportion conprising ; i) at |east one
aggregate selected fromone or nore of : granul ated
iron blast furnace slag, air-cooled iron blast furnace

éia?&tegi?a% QR @%‘Egg‘é&géﬁe a58ectelt )fso?r%?rt:%? ord th bi nder

1ii) east one m xture iv rating e dry mx;

aneh v, aﬂﬁﬂiﬂ:&@oﬁ’\@gﬁrﬁﬁ&ésﬁl{%i ate hydration; vi) placing

th X, C 1,61 in a uld vii) allow ng the
coi: %éi%qogér&?oglbg%s?ﬁ%%cegla& edeternined tinme; and viii)
rel |ﬁg'2fsh’e conposition fromthe nould. 44 A matrix
acévﬁtiﬁ?? “to claimuwherein a hydration reaction in the
%itri X %n i Xxing liberates |inme, calcium hydroxide,
Qeeigs, “(‘gblfstSFlﬁPFéﬁi fra onggr moreefi | x according to claim
44 wherein granul ated bl ast furnace slag converts said
| i Be ardingryagetlanil sementcerment i ng agents. 46 A matrix
ac8brapung granuddted imondaspienasieslaghe coar se graded
gr @EiDUlyaasbd bl ast furnace slag results in a reactive
aggregat e produci ng a hydrati on product between a
mdrhadaixiret Relestbdfomant bemereasTd the portlandite.

i) water reducing agents

ii) air-entraining agents

iii) water repelling agents

iv) set accelerating agents

v) viscosity modifying agents

42 A method of manufacture of a moulded masonry product from a
cementitious matrix, the method comprising the steps of;

a) blending in any order a dry mix composition comprising ;
i) at least one aggregate selected from one or more of :

granulated iron blast furnace slag,
air-cooled iron blast furnace slag,
bottom ash;
fly ash.
ground granulated iron blast furnace slag
ii) at least one binder
iii) at least one admixture; and
water;
mixing the matrix prior to introducing the matrix into a mould and allowing the

matrix to set for a predetermined period of time.
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A method according to claim 42 comprising the further steps of

a) blending in order of material introduction a dry mix composition of raw materials
according to weight and proportion comprising ;

D

vii)

vii)

at least one aggregate selected from one or more of :

granulated iron blast furnace slag,
air-cooled iron blast furnace slag,
bottom ash;

fly ash.

at least one binder

at least one admixture

vibrating the dry mix; and

adding water to initiate hydration;
placing the mix composition in a mould

allowing the composition to set for a predetermined time; and

releasing the composition from the mould.

44 A matrix according to claim wherein a hydration reaction in the matrix on mixing

liberates lime, calcium hydroxide, Ca(OH)2, (portlandite).

45 A matrix according to claim 44 wherein granulated blast furnace slag converts

said lime into additional cementing agents.

46 A matrix according to claim 45 wherein the coarse graded granulated blast

furnace slag results in a reactive aggregate producing a hydration product between a

surface of the slag particle and the portlandite.



