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Cementitious Binders, Activators and Methods for making Concrete

The invention relates to activator compositions for combination with non-OPC
hydraulically-active (or more correctly, latently hydraulically-active) materiais
such as ground granulated blastfurnace slag (GGBS) fo form cementitious
binders, methods of forming cementitious binders, and methods of forming
concretes, mortars, grouts and renders. The invention also relates to
cementitious binders that do not contain OPC and concretes, mortars, grouts
and renders that do not contain OPC.

Background

Concretes and other related materials such as mortars, grouts and renders are
typically formed by combining an aggregate material, such as sand and gravel,
with a cementitious binder (cement). The most common cement used in the
world today is Ordinary Portiand cement (OPC). OPC is a finely-ground material
containing at least two thirds by mass calcium silicate phases, with the inajority
of the remainder being made of aluminium, iron and magnesium based phases.
When a mixture of OPC and an aggregate is further combined with water, a
hydration reaction occurs and the mixture solidifies.

OPC has many benefits as a binder in concretes and related materials.
Concretes produced using OPC are quick to set and cure to a high compressive
strength. The raw materials for the manufacture of OPC are readily available
and the cement itself is relatively cheap. Other cementitious materials, such as
pozzolans or blastfurnace slags, may produce structures with final strength or
environmental durabiiity, but the setting and curing of such materials tends to be
inferior in comparison with OPC based materials. Thus, conventional cement
compositions comprise a proportion of OPC even if other cementitious materials
are also used.

In recent years, the environmental impact of various industrial processes has
become a great global concern. The production of OPC is a highly energy
intensive process that involves various raw materials being heated in a kiin to
temperatures greater than 1500°C, cooled, and then ground to a fine powder. |t
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is estimated that about one tonne of carbon dioxide is released, as a result of
chemical reactions that occur during heating and due to the combustion of fuels
(1.6 GJ/tonne), for every tonne of OPC produced.

One cementitious material ofien used 1o replace a portion of OPC in concretes
is ground granulated blastfurnace slag (GGBS). GGBS may be described as a
non-0OPC latently-hydraulically-active material. When iron ore has the iron taken
out of it in a blast furnace, the non-metallic product consisting essentially of
silicates and alumino-silicates of calcium becomes available to form a
cementitious binding material. In the production of iron, a blast furnace is
continuously charged from the top with iron oxide (ore pellets, sinter efc) and a
fluxing stone comprising of limestone and dolomite together with coking fuel.
Two products are obtained from the furnace; molten iron that collects as a pool
in the bottom of the furnace and liquid iron-blast-furnace slag floating on the
pool of iron. Both products are periodically tapped from the furnace at
temperatures of about 1500°C.

To maximise the hydraulic potential of GGBS, molten stag must be chilled
rapidly as it leaves the blast furnace. Rapid quenching or chilling minimises
crystallisation and converts the molten slag into fine glassy aggregate-sized
granules having dimensions generally smaller than Smm. These granules of
slag are then ground to a fine powder to form GGBS. As GGBS is a by-product
of the iron industry, it has a much lower carbon footprint than OPC (i.e.

0.055 tonnes CO; per tonne of GGBS vs. ~1 tonne of CO, per tonne of OPC).
Thus, the amount of carbon dioxide released per tonne of concrete can be
reduced if a proportion of GGBS is used in conjunction with OPC as a binder.
Typically, GGBS cannot replace greater than 70 % of the weight of OPC to form
a viable binder for a concrete or mortar. it would be desirable to eliminate the
OPC altogether, but GGBS requires an activator in order to function as a
hydraulic material.

The use of GGBS as a cementitious material has been known for many years
and appears to date back to 1774 when Loriot made a mortar using GGBS in
combination with slaked lime. The slaked lime was used as an activator. While
cementitious binders formed from GGBS activated with lime may have useful
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properties, the set times and strength gain times are longer compared with an
OPC equivaient.

The use of GGBS in conjunction with chemical stimulants such as alkalis is
therefore known, but the skilled person’s understanding is that such concretes
have limitations in relation to setting times, strength and temperature response.
This has prevented their widespread adoption. Concretes are specified and
used according to established national standards, codes etc. Whilst such
documents may acknowiedge GGBS-based concretes they are not at the
forefront of use. OPC concretes are in widespread use, are competitive and
functionally adequate.

The skilled person’s current understanding, or prejudice, is that the higher the
GGBS content the more limited the mechanical properties of the resulting
concretes, even using OPC as the activator for GGBS. Further, concretes have
to satisfy certain standards e.g., in the UK, BS 4246 where minimum strengths
against time have to be achieved. Thus, despite its environmental impact, OPC
continues to be used.

Summary of Invention

In its various aspects, the invention provides activator compositions for
combining with hydraulically-active materials comprising ground granulated
biastfurnace slag (GGBS) and/or pulverised fuel ash (PFA) to form a
cementitious binder, methods for using such activator compositions, methods of
forming cementitious binders, cementitious binders, methods of forming
concretes, mortars, grouts or renders, and concretes, mortars, grouts or
renders, as defined in the appended independent claims to which reference
should now be made. Preferred or advantageous features of the various
aspects of the invention are set out in dependent sub-claims.

Itis known in the prior art, such as from Loriot mentioned above, and patent
application WO 03/070857, to combine GGBS and lime to form a cementitious
binder. WO 03/070657 mainly describes use of gypsum as a hydraulically-
active material but gives, by way of comparison, resuits of an experiment using
10% lime as an activator mixed with 90% GGBS to form a cementitious binder.
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- Measured values for the strength of this mixture (binder) after 0, 2, 7, 28 and 33

days are set out in Tabie ii of WO 03/070657, and are very much iower than for
any of the binders described in WO 03/070657 incorporating gypsum. This prior
art thus reinforces the view that more than 10% lime must be used as an
activator in GGBS to achieve acceptable strength in an acceptable time.

In the prior art, therefore, a high proportion of lime has been used (greater

than 10wt%), and a concrete prepared using such a binder has a low initial
strength and a slow setting time. During experiments to find a suitable activator
to combine with GGBS to form a viable cementitious binder, the present
inventors tried combining GGBS with 10wt% hydrated lime. The properties of
concrete cubes produced with this binder were acceptabie, but the set time was
undesirably extended. The set time, or fime of set, is a standard measurement
for concretes and mortars and is defined by a point in time at which penetration
resistance reaches certain values. Concrete compositions can be defined in
terms of initial set times and final set times. Set times can vary depending on
temperature.

The inventors have now determined that improved concretes can be prepared
using a cementitious binder comprising a high proportion of GGBS and/or PFA
and a low proportion of CaO, or lime, as described herein.

In a preferred implementation of the invention, the inventors have found that the
strength and usability of non-OPC binders of this type may be improved further
by combining CaO, or lime, and a dispersant, preferably of a particular type
namely a superplasticiser. A particularly preferred type of superplasticiser for
use in the present aspect of the invention is a polycarboxylate-ether-based
(PCE) dispersant.

Dispersants, also termed water-reducers or plasticisers or fluidifiers, are
materiais or compounds added to binders to reduce the required water/binder
ratio, and a superplasticiser (or high-range water-reducer), such as a PCE, is a
particularly efficacious dispersant. A superplasticiser such as a PCE may be
capable of reducing the water/binder ratio, relative to a control sampie of binder
which gives adequate performance using only water, by more than 15% or 25%
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without reducing the workability of the binder befare setting. In this document,
superpiasticisers, inciuding PCEs, are also referred to as fiuidifiers or extreme
fluidifiers.

in other words, a dispersant or fluidifier is a concrete admixture which achieves
a given concrete workability level with substantially lower water content when
compared fo the case where the admixture is not used. Preferably, the
dispersant or fluidifier used in aspects of the present invention may be capable
of reducing the water content by at least 30%. An example may be a
polycarboxylate-ether-based superplasticiser as described above. it is
preferable that the fluidifier is a superfluidifier or a superplasticiser or high-range
water reducer.

In a preferred implementation, the invention may thus provide a binder
comprising CaQ, or lime, one or more superplasticisers or PCEs, and a
hydraulically-active material comprising GGBS and/or PFA. This implementation
of the invention may aiso provide an activator composition comprising, or
consisting of, the Ca0 and the superplasticiser or PCE, for mixing with the
hydraulically-active material. The activator composition is a composition,
preferably in powder or powdered form, mixable with hydraulically-active
material and other components such as water, and optionally a fluidifier (which
may be a further fluidifier, in addition {o any superplasticiser in the activator
composition), to form a binder.

PCEs are available in powder or liquid form. Either may be usable in
embodiments of the invention but a powdered form of PCE shouid preferably be
used if combined with CaO (also usually in powdered form) to form an activator.
if PCE in liquid form is used, then the activator may comprise the CaQ and the
PCE may be added separately on mixing the binder.

The activator composition may or may not comprise materials other than the
CaO and/or superplasticiser, such as pulverised fuel ash (PFA), preferably
superfine PFA, and/or microsilica, as described in more detail below. The
resulting binder composition may therefore also comprise these materials.
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The inventors’ understanding is that when an activator comprising Ca0 is used
without the addition of a superpiasticiser, or PCE, and in particuiar when the
binder comprises less than 10%, or less than 9.5%, CaO, hydration products do
form in the system. But, at early age (say within 7-14 days) the extent fo which
they form is limited and so is, therefore, the formation of a well-ramified
strength-providing network of such hydration products. Consequently, the
achieved compressive strength may be insufficient, or may form insufficiently
rapidly, for practical applications. The inventors have found that this problem
may be solved by the use of a dispersant or fiuidifier (such as a superplasticiser
or @ PCE) which enables the reduction of the quantity of mixing water used.

Current knowiedge classifies fluidifiers as dispersing admixiures which, after
adsorbing onto surfaces of cement grains, repel those grains from each other
due to the intrinsic chemical properties of the admixtures, causing deflocculation
and substantially increased fluidity of the entire mix. Hence they allow for the
use of smaller amounts of water in a binder to achieve the same rheological
properties. Furthermore, the individual grains are more exposed to water and
hydrate more rapidly and, due to the repelling action, the fluidity of the mix is
greatly improved. Another currently-recognised effect of fluidifiers is the fact that
by reducing the water content the amount of free water (not used by the
hydration and therefore creating voids) within the hardened concrete is reduced,
which results in the reduction of the porosity. The inventors consider (though
this is not certain at present and does not limit the present invention) that
addition of a PCE reduces the interparticle distances, allowing for early
formation of chemical bonds amongst the hydration products.

The fiuidifier (superplasticiser) in the system may be introduced either in a
powder or liquid form or in a combined form. In case of the former, it may be
pre-blended with the other solid components, optionally being provided as a
component of the activator composition to form the binder. In case of the latter,
the liquid fluidifier may be added during batching of the concrete (or binder). In
case both the forms are used, the solid form may be part of the binder and the
liguid form may be added during the batching process.
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The resulting binder may then be mixed with aggregates in a conventional way
to produce concreie (or used to produce other products such as mortars, grouts
and renders).

The system may advantageously differ from prior-art non-OPC systems in the
way that it achieves a much more rapid strength development as well as the
magnitude of strength at a given time period, even when compared to
conventional OPC-based mixes with a similar GGBS content. In addition, the
inventors’ experiments indicate that the resulting concrete may advantageously
exhibit improved resistance 1o acid and sulphate attacks, and improved
resistance to the penetration of chloride ion. The colour of the system, if of
importance, can be tailored to the required need from off-white to dark grey.

The advantageous effect of superplasticisers, and particularly PCEs, in
combination with an alkaline activator for non-OPC binders is particularly
surprising as the skilled person’s current understanding is that superplasticisers
are not effective, or are denatured, in such alkaline conditions. In non-OPC
binders, for example based on GGBS, in order to generate adequate strength
rapidly, strongly alkaline activators such as NaOH have typically been used. it is
known that such activators damage, or denature, superplasticisers such as
PCEs. The inventors have solved this problem by using a less strongly alkaline
activator, CaO. CaO by itself may be less effective than NaOH as an activator
for, for example, GGBS. But the inventors’ surprising solution to this problem is
based on their recognition that addition of a superplasticiser not only affects the
amount of water required for a binder, and its rheological properties, but aiso
the rate of strength formation in a hydraulically-active material. Using a less
alkaline, and less effective alkali activator (i.e. CaQ rather than NaQOH) is at first
sight a backward step, but the lower alkalinity enables use of a superplasticiser,
and in particular a PCE, which surprisingly enables CaO to become a more
effective activator than NaOH or other more strongly alkaline activators.

In the description above, the invention is described primarily in the context of
GGBS as the hydrauiically-active, or latently-hydraulically-active material. The
inventors have found, however, that binders and other products embodying the
invention may comprise PFA, or may comprise a mixture of GGBS and PFA, or
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(in less-preferred embodiments) mixtures of GGRBS, PFA and/or materials such
as other suitabie pozzolans or such as inert (e.g. filler) materials. 100% GGBS
or 100% PFA may be used, or any mixture between the two, but the inventors
have found that GGBS mixed with between 20% and 80%, or preferably
between 30% and 50%, or 35% and 45%, PFA gives an effective binder with
particularly-good strength levels. The inventors’ preferred mix to maximise
strength is GGBS:PFA in a ratio of about 60:40 or 55:40 by weight.

Wherever appropriate, reference throughout this document to embodiments of
the invention describing use of GGBS, should therefore be consirued so as to
include, or incorporate, GGBS, PFA, and/or the mixtures described above.

In preferred embodiments, the invention may thus provide any method or
material for implementing the formation or use of a binder comprising; a latently-
hydraulically-active material comprising a material seiected from the group
consisting of GGBS, PFA, and mixtures of GGBS and PFA: less than 10%, or
9.5%, CaO or lime; and a superplasticiser, preferably a PCE. The binder may
be usable for example for a concrete, a mortar, a grout, or a render.

In one embodiment, an activator composition comprising the CaO or lime and
the superplasticiser may be mixed with the latently-hydraulically-active material.
Alternatively an activator composition may comprise only CaO or lime, and the
superplasticiser may be added separately.

Preferably, the method produces a binder comprising more than 0.1%, 0.5%,
1% or 2% and/or less than 8.5% or 5% or 4% CaO or lime (by weight), and
particularly preferably about 3%. Preferably, the method produces a binder
comprising more than 0.25% or 0.35% or 0.5%, and/or less than 1% or 2%
superplasticiser or PCE, by weight.

Particularly preferably, for a superplasticiser or PCE in powdered form the
method produces a binder comprising more than 0.25% or 0.35%, and/or less
than 0.75% or 1% superplasticiser or PCE, and particularly preferably 0.5%, by
weight.
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Particularly preferably, for a superplasticiser or PCE in liquid form the method
produces a binder comprising more than 0.5% and/or less than 2%
superplasticiser or PCE, by weight.

Preferably the balance of the weight of the binder, other than the CaO or lime
and the superplasticiser or PCE, consists of the latently-hydraulically-active
material. The latently-hydrauiically-active material preferably comprises GGBS,
PFA or a mixture of GGBS and PFA as described above, and preferably
comprises only this material, but it may comprise other materials which are
either inert or are other pozzolanic materials. However, the GGBS, PFA or
mixture of GGBS and PFA preferably makes up more than 50%, 70%, 80% or
90% of the weight of the hydraulically-active component of the binder {i.e. of the
balance of the weight of the binder, other than the CaO or lime and the
superplasticisers or PCE).

References in this document to the quantity of GGBS, or of GGBS and/or PFA,
in a binder or other product should be construed on this basis. For example a
reference to a binder comprising a certain quantity of GGBS therefore includes
a reference 1o a binder comprising that quantity of a hydraulicaliy-active material
consisting of a mixture of at ieast 50%, 70%, 80% or 90% GGBS with inert or
pozzolanic materials as described above.

Various Aspects of the Invention

In a first aspect, the invention may thus provide a cementitious binder
comprising GGBS and/or PFA, preferably in an amount of 90% or more, and at
least 0.1% by weight of Ca0. The Ca0 may be any CaO, or lime, suitabie for
triggering and accelerating the hydration of the GGBS and/or PFA. The
cementitious binder may contain 0.2wt% Ca0, or 0.3wt% CaO, or 0.5wit% Ca,
or 1wit% CaO or 1.5wt% CaO, or more than 0.2, 0.3, 0.5, 1 or 1.5wt% CaO.

The cementitious binder may comprise at least 20% or 81% by weight GGBS
and/or PFA with the remainder comprising the Ca0 and PCE.

The weight ratio of CaO to GGBS and/or PFA, or hydraulically-active material,
in the cementitious binder may be greater than 0.1:99.9. For example the ratio
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may be greater than 0.5:98.5, for example equal 1o or greater than 1:99 or
1.5:98.5, for example equal to or greater than about 2:98, or 3:97, or 4:96, or
5:95, or 6:94, or 7:93, or 8:92, up to 9:91.

The binder may optionally consist of only the GGBS and/or PFA, the CaO and
the PCE. In other words, the activator composition may consist of the CaQ and
the PCE (preferably in powder form). Alternatively, an activator composition
may comprise anocther component, providing that the CaO forms at least
0.1wt%, 0.5wt% or at least 1.5wt% of the binder. The ratio of Ca0 to GGBS
and/or PFA in the cementitious binder may be greater than 1.5:98.5, for
example equal to or greater than about 2:98, or 3:97, or 4:96, or 5:95, or 6:94,
or 7:93, or 8:92 up to 9:91, providing that the cementitious binder comprises at
least 0.1wt% of Ca0.

in some embodiments a cementitious binder may comprise between 0. 1wt%
and 9.5wt% CaO, preferably between 0.5wt% and 5wt% CaO, and particularly
preferably between 1.5wt% and 4wt% CaO.

Unless otherwise specified, reference herein 1o an activator composition (or
activation composition) may include reference to an activator composition or an
activator that solely consists of CaO or lime (with PCE or other superplasticiser
added to the binder separately}, to an activator composition or an activator that
comprises Ca0 or lime and one or more other components (with PCE or other
superplasticiser added separately), to an activator composition or an activator
that comprises CaO or iime and PCE or other superplasticiser, preferably as
powders blended together, and/or to an activator composition or an activator
that comprises CaO or iime, PCE or other superplasticiser and one or more
other components.

GGBS is a material produced in a blastfurnace during the production of iron and
is an example of a latently-hydraulically-active material that can be used as a
component of a cementitious binder. The chemical composition of a particular
GGBS will depend on the composition of the ore fed into the blast furnace, and
as a consequence, the composition of GGBS may vary. On analysis, a typical
GGBS has a composition having approximately 30-50wt% CaQ, 28-38wt%
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SiO,, 8-24wt% AlLO;, 1-18wt% MgO | 1-2.5wt% SOs, and 1-3wt% Fe, 0Oz and
MnQ. it is thought that ali compositions of GGBS may be suitabie for use with
Ca0, or an activator composition comprising CaQ, as described and defined
herein. In preferred embodiments of the invention, GGBS meeting a
predetermined standard such as BS (British Standard) EN 15187 may be used.
GGBS is a widely-used component of many commercially-availabie concrete
pre-mixes OPC-containing, where it replaces a proportion of ordinary Portland
cement (OPC). ltis preferred, however, that the cementitious binders of the
present invention do not contain any OPC and contain a very high proportion of
GGRS.

Limes are a class of materials mainly consisting of caicium oxide. They may be
highly-pure limes that have a high proportion of calcium-based components, or
there may be a proportion of impurities such as magnesium oxides. The
compaosition may vary depending on the source of limestone used to produce
the lime. For example, quickiime may be defined as calcium oxide, a major part
of which is, but not exclusively so, calcium oxide or calcium oxide in association
with magnesium oxide, capabie of slaking with water. Quicklime exists with a
range of reactivities, from dead burned (less reactive) to reactive. It is preferred
that any quicklime used in the invention has a high reactivity.

References in this document to Ca0 as a component of an activator
composition include reference to commercially availabie lime primarily
containing Ca0 but which may also contain substances such as MgO, and
calcium and magnesium hydroxides. Lime for use in embodiments of the
invention preferably contains more than 80% or 90% or 95% CaO.

Preferably, the proportion of activator composition used in embodiments of the
invention is less than 8wt% of the total weight of the cementitious binder,
preferably less than Swi%, or less than 4wt%, or less than 3wt%, and/or more
than 0.5wt%, or 1wt%. Such activator compositions may comprise Ca0O, and
optionally superplasticiser, or PCE, in combination with additional fow
concentrations of microsilica and/or pulverised fuel ash (ideally in super-fine
form). The use of such an activator composition thus provides a cementitious
binder comprising GGBS and/or PFA, and a low concentration of CaO.
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Preferably between 4-6wit% of an activator composition is used, but optimaliy
about 5wit%.

The cementitious binder may comprise greater than 93% or 95% or 96% by
weight GGBS and/or PFA, and/or less than 99% or 98% or 97% or 86% GGRBS
and/or PFA.

in embodiments of the invention, the low weight percentage of activator
composition or activator in the slag is innovative, as prior-art lime-activated
GGBS cementitious binders would typically comprise at least 15wt% lime, and
not in practice, as low as 10wt% lime, because such levels have been
considered too fow to produce effective binders. The skilled person would not
appreciate that it was possible to use cementitious binders comprising greater
than 80wt% GGBS to produce a practically-applicable concrete. Furthermore, it
appears that in addition to the use of CaO and superplasticiser, or PCE, the
inclusion of a proportion of microsilica and/or superfine pfa in the activator
composition may advantageously allow an even lower overall proportion of
activator composition to be used. By using an activator composition embodying
the present invention, cementitious binders containing a high proportion of
GGBS may be formed, while the setting times remain within a range that may
be deemed commercially acceptable, i.e. less than 18 hours at a temperature of
about 20°C. Preferably the initial set times at 20°C are less than 14 hours,
preferably less than 12 hours or less than 10 hours. Particularly preferably the
initial set times are less than 8 hours.

A cementitious binder may comprise between 94-97wt% ground granulated
blastfurnace slag (GGRBS) and/or PFA, between 2-3.5wt% of the CaQ and
0.25% to 0.75% superplasticiser or PCE as mentioned, and between 1-2.5wt%
microsilica or super-fine PFA. Particularly preferably the binder may comprise
between 2.5-3.25wt% of the Cal0, 0.4% to 0.6% superplasticiser or PCE as
mentioned, and between 1.25-2wt% microsilica and/or super-fine PFA. The
activator composition may comprise CaO, superplasticiser or PCE, and
microsilica and/or super-fine PFA in these proportions.
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Microsilica or silica fume is a by-product of ferrosilicon or elemental silicon
production and is a fine vifreous particle having a particle size that is far smailer
than an average cement particle. Preferably, the microsilica has a composition
comprising greater than 80wt% SiO,, a density of between 2.20-2.40 g/cm® and
an average particle size of between 0.1 and 0.2 micrometers. The sifica fume
should preferably be in a readily dispersible form.

Pulverised fuel ash (PFA) is a particulate material derived from coal-fired power
stations, consisting primarily of calcium aluminosilicates. Superfine PFA is a
finer fraction of PFA. The typical particle size range of superfine PFA is slightly
coarser than the typical particle size range for microsilica. PFA may be added to
CaC or lime fo form the activator composition in combination with microsilica as
the second component of the activator composition or instead of microsiiica.

in a further aspect of the invention, as outlined above, a cementitious binder as
described herein may advantageously be used in combination with fluidifying
agents or superfluidifying agents such as polycarboxylate ethers (PCEs) (in fluid
or powder form) to form a concrete. A cementitious binder comprising a high
proportion of GGBS and/or PFA and a low proportion of Ca0, when combined
with fluidifying agents, may provide a workable mix with an extremely-low water
to binder ratio. The inventors’ preliminary understanding (which does not form
part of the claimed invention) of this phenomenon is that iow water/binder ratios
may permit closer packing and allow earlier inter-particie reaction at iow
hydraulic activity. Such a combination enhances the formation of a less porous
and stronger matrix. The dispersion of the GGBS and/or PFA particles within a
mix may then be more readily activated, thus accelerating hydration. Such
synergistic action of Ca0 and the effect of the fluidifier results in the
achievement of enhanced, practically-usable engineering properties of the
resulting concrete. A low water to binder ratio may advantageously improve the
properties of a resulting product such as a concrete.

When forming a concrete or a similar material, an aggregate is mixed with a
cementifious binder and water. A cementitious binder may be pre-prepared from
GGBS and/or PFA and an activator composition, and then mixed with the other
components of the concrete. Alternatively, a cementitious binder may be formed
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in situ subject to thorough mixing. Thus, the CaO or activator composition
embodying the invention may be added in the required proportion to a mixture
containing GGBS and/or PFA. The activator composition and the GGBS and/or
PFA would then combine in situ to form a cementitious binder phase that reacts
with water to bind together the aggregates and any other components present
in the system. As noted above, PFA may be used instead of GGBS, or mixtures
of GGBS and PFA may be used.

It may be convenient for the CaO, or activator composition, to be pre-packaged
in easily-handled packets or containers. Such packets or containers may be
filled with a known weight of activator composition, such as 1kg or 5kg or 10kg
or 25kg to ease the preparation of a binder for concrete or other material at the
point of use.

When pre-packaged, it may be particularly advantageous for the activator
composition to be contained within a water-soluble packaging. Thus, rather than
weighing out the correct amount of activator composition each time a batch of
concrefe is prepared, a desired number of packets of activator composition may
conveniently be added to the mixture during concrete preparation. The packets
dissolve in the water added to the mix and the contents, i.e. the activator
composition, then mix with other components of the system. Water-soluble
containers may be formed from a water-soluble plastic, such as a polyvinyl-
aicohol (PVA) or a paper-based material or other material which breaks up or
disintegrates and disperses in the mixed binder.

The binder, comprising mixed activator composition and hydraulically-active
material, may also be sold in pre-packaged quantities, such as in 1kg or 5kg or
10kg or 25kg bags or packages, or in larger packages such as 1 tonne.
Alternatively, binder may be supplied in bulk, for example in a tanker.

Where the activator composition comprises two components, the first
component of the activator composition (i.e. Ca0) may be in the form of a
powder. Other components of the activator composition (such as
superplasticiser, or PCE, and microsilica and/or super-fine PFA if present) may
also be in the form of a powder. The microsilica particle size is extremely fine,
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however, and is typically of the same order as tobacco-smoke particles. Thus,
the handiing of this material may be problematic and the supply of the activator
composition in a sealed, water-soluble, packaging may help prevent problems
associated with dusting of the microsilica.

The superplasticiser or PCE may be in the form of a liquid, in which case it may,
if desired, not form part of the activator composition, but may be added
separately.

This aspect of the invention may thus provide an activator composition in
packaged form, preferably in the form of a water-soluble package of a
predetermined weight of activator composition.

A second aspect of the invention may provide a method of making concretes,
moriars, grouts or renders, comprising the steps of mixing together the following
components in a predetermined proportion;

a) ground granulated blastfurnace slag (GGBS) or PFA or mixtures of GGBS
and PFA,

b) an activator composition with or without superplasticiser or PCE (e.g. if this is
in liquid form added separately),

¢) aggregate particles (or other matter suitable for the desired product), and

d) water.

The activator composition is an activator composition according fo the aspects
of the invention described above, and may be Ca0 or may comprise Ca0 and
other components. A weight ratio of the GGBS and/or PFA component and the
activator composition component is at least (more than) 90:10, preferably with a
higher weight proportion of the GGBS component. The GGBS and/or PFA and
the activator composition combine in situ during mixing to form a cementitious
binder as described above. This process is enhanced by the superplasticiser.
The cementitious binder acts {0 bind the other ingredients o form the concretes,
mortars, grouts, or renders.

Thus, the method requires a step of evaluating the weight of GGBS and/or PFA
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added to the mix and adding an appropriate quantity of activator composition
and, if added separately, an appropriate quantity of superplasticiser or PCE.
The actual weight of GGBS and/or PFA does not need {o be weighed for every
batch of material produced.

Alternatively, the GGBS and/or PFA and the activator composition may be
mixed in the correct proportion to pre-form a cementitious binder prior to mixing
with other components of the system.

Thus, a method of making a concrete, mortar, grout, or render, may comprise
the steps of mixing together in a predetermined proportion;

a) a cementitious binder

b) aggregate particles (or other material),

¢) fluidifier (if present, for example if liquid PCE is added separately from or in
addition fo PCE in the activator composition)', and

d) water.

The cementitious binder is a2 cementitious binder as described above.

The ratio of the cementitious binder (whether formed in situ or not) to the
aggregate phase is typically determined by measuring loose volumes of the
components. This is a convenient measure as the proportions of the
components can be easily determined by reference to volumes such as
bucketfuls. Thus, volume ratio of the GGBS component to the aggregate
particles component is typically between 1:3 and 1:15, preferably between 1:4
and 1:8. The preferred mixing ratios for different types of concretes and similar

~ materials are well known.

The ratio of water to cementitious binder, assuming non-absorbent aggregates
are used (the water demand when absorbent aggregates are used would have
to be compensated for, as would be within the normal competence of the skilled
person), is preferably between 0.15:1 and 0.45:1, preferably between 0.2:1 and
0.4:1, preferably between 0.25:1 and 0.35:1 for example about 0.3:1. This is the
same as saying that the water proportion is between 0.15 and 0.45, for example
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between 0.2 and 0.4, or between 0.25 and 0.35, or about 0.3.

Mixing of the components may be carried out by standard means as used for
normal OPC-based concretes and mortars. For example, if a concrete
according to an aspect of the invention were being prepared on a building site it
would be expected that a standard cement mixer would be used to mix the
concrete.

As described above, there may be a number of advantages if the activator
composition component is contained within one or more water-soluble
packages and is released from the one or more water-soluble packages as the
packages are dissolved by the water during mixing.

As in the preparation of standard OPC-based materials, the concrete
composition may require the addition of further components. For example, glass
fibres or polymer fibres may be added to improve the toughness of the final
product. Dyes may be added to colour the final product. Thus, the method may
further comprise the step of adding further components both inorganic or
organic.

A third aspect of the invention may provide concretes, mortars, grouts, or
renders comprising a cementitious binder or made using an activator
composition as described above. Concretes, mortars, grouts or renders
embodying the invention may aiso be provided produced by any method
embodying the invention described herein.

One objective of the invention may be to achieve adequate resulting strengths
in a concrete, grout, mortar or render, whilst achieving maximum environmental
contribution by way of low carbon footprint. A cementitious binder having high
GGBS and/or PFA content coupled with adequate stimulation to give a level of
hydration, plus the optional role of the silica fume/super fine PFA with ultra-
fluidifiers (superplasticisers), yields practical mechanical properties. A low level
of activator composition increases the proportion of the cementitious binder that
consists of GGBS, PFA or a mixture of the two, other suitable pozzolans.
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Potentially the activator composition comprises the CaQ (as a first component)
and a second component consisting of microsilica or super fine pulverised fuel
ash (PFA). Where present, the first component and the second component
may be mixed in any weight ratio preferably, between 1.2:1 and 3:1. A
superfluidifier, such as a PCE, may also form a component of the activator
composition, particularly if in powder form.

in a fourth aspect, the invention may provide for use of an activator composition
in combination with GGBS and/or PFA to form a cementitious binder, the
activator composition comprising Ca0, in which the proportion of the GGBS
and/or PFA component by weight in the resulting binder is greater than 80%
and the proportion of activator composition by weight in the resuiting binder is
less than 10%.

Preferably, the proportion of activator composition used is less than 8wt% of the
total weight of the cementitious binder, preferably less than 5wit%, or less than
4wt%, or less than 3wt%, and/or greater than 0.5wt%, 1wit% or 1.5wt%.

Such activator compositions can be used in combination with additional
superplasticisers or PCEs, and/or with low concentrations of microsilica and/or
pulverised fuel ash (ideally in super-fine form). The use of such an activator
composition provides a cementitious binder comprising GGBS and/or PFA and
a low concentration of CaO activator composition. A cementitious binder so
formed may provide a workable mix with a low water to binder ratio.

In a fifth aspect, the invention may provide an activator composition for
combining with GGBS and/or PFA to form a cementitious binder comprising a
first component consisting of Ca0, a second component consisting of &
superplasticiser such as a PCE, and a third component consisting of microsilica
and/or pulverised fuel ash (PFA). Preferably, any PFA, if present, is in the
super-fine form. The first component and the third component are mixed in a
weight ratio of between 1.2:1 and 3:1, or between 1.5:1 and 2.5:1, and
particularly preferably about 2.1

it is preferred that the Ca0 has a high activity.



10

15

20

25

30

35

19

Preferably, the activator composition is used in combination with GGBS and/or
PFA to form a cementitious binder component of a concrete, mortar, grout, or
render.

In a sixth aspect, the invention may provide a cementitious binder comprising
between 24-97wt% ground granulated biastfurnace siag (GGRS), PFA, or
mixed GGBS and PFA, and between 3-8wt% of an activator compaosition as
described above.

Preferably between 4-5wi% of the activator composition is used particularly
preferably about 4.5wt%.

The low weight percentage of activator composition in the slag is surprising, as
prior-art lime-activated GGBS cementitious binders would typically comprise at
least 15wi% lime, only rarely as low as 10wt% lime. By using an activator
composition according to the present invention, cementitious binders containing
a high proportion of GGBS may be formed, while the initial set imes remain
within a range that may be deemed commercially acceptabie, i.e. less than 18
hours at a temperature of about 20°C. Preferably the initial sat times at 20°C
are less than 14 hours, preferably less than 12 hours or less than 10 hours.
Particutarly preferably the initial set times are less than 8 hours.

In one embodiment a cementitious binder may comprise between 94-97wt%
ground granulated blastfurnace slag (GGBS) and/or PFA, between 2-3.5wt%
Ca0, and between 1-2.5wit% microsilica and/or PFA preferably in the superfine
form. Particularly preferably the binder may comprise between 2.5-3.25wt%
Ca0, and between 1.25-2wt% microsilica. If the superplasticiser or PCE is in
powder form the binder preferably contains more than 0.25% or 0.3% or 0.35%
and less than 0.7% or 0.75% or 1% superplasticiser or PCE. If the
superplasticiser or PCE is in liquid form a little more may be required, preferably
between 0.5% and 2.0%

In one embodiment a cementitious binder may comprise between 94-97wt%
ground granulated blastfurnace slag (GGBS) and/or PFA and between 3-6wit%
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of an activator composition, the activator composition comprising a first
component consisting of Ca0, and a second component consisting of
microsilica and/or PFA, in which the first component and the second component
are mixed in a weight ratio of between 1.2:1 and 3:1, preferably in a weight ratio
of between 1.5:1 and 2.5:1, preferably about 2:1, The CaO may be any Ca0
described above. The Ca0 may be lime, as described above. A
superplasticiser, such as PCE, may form a further component of the activator
composition or be added separately.

In & seventh aspect of the invention, a method of making a concrete, mortar,
grout or render, comprises the steps of mixing together the following
components in a predetermined proportion;

a) ground granulated blastfurnace slag (GGBS),

b) an activator composition,

¢) aggregate particles, or other component for making mortar, grout or render,
and

d) water.

The activator composition is an activator composition according to any aspect of
the invention as described above. The total weight of the activator composition
component of the concrete, mortar, grout or render is between 3-6 % of the {otal
weight of the GGBS and/or PFA component of the concrete, mortar, grout or
render.

In an eighth aspect of the invention, a concrete, mortar, grout or render
comprises a cementitious binder formed from a combination of 94-97wt%
ground granulated blastfumace slag (GGBS) and 3-6wt% of an activator
composition, and aggregate particles bound together by the binder. The
activator composition comprises a first component consisting of CaO and a
second component consisting of microsilica and/or PFA, the ratio of the first
component fo the second component being between 1.2:1 and 3:1. A
superplasticiser, such as a PCE, may form a further component of the activaior
composition or be added separately.
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The activator composition may be any activator composition as described
above in relation to any aspect of the invention.

A concrete, mortar, grout or render according to the eighth aspect of the
5 inveniion may comprise any cementitious binder as described above in relation
to the invention.

Preferably, a concrete, mortar, grout or render according to any aspect of the
invention does not comprise any OPC. Preferably, the weight ratio of water to

10 binder is between 0.2:1 and 0.4:1, preferably between 0.25:1 and 0.35:1, and
for example about 0.3:1 where non-absorbent aggregates are used. Low water
content allows the formation of a material such as a concrete with good
mechanical properties. It may be particularty advantageous to form a concrete
comprising a cementitious binder as defined in any aspect above and a

15 superfluidifier. The superfluidifier is preferably mixed with the CaO to form the
activator composition, or is provided as a component of the activator
composition. The superfiuidifier allows a workabie mix to be formed using a very
low proportion of water, which may provide excellent set times and mechanical
properties that would not be anticipated in a concrete that contains no OPC.

20
Preferably, a concrete, mortar, grout or render according to any aspect of the
invention has a compressive strength of greater than 15 MPa after 7 days, or
greater than 25 MPa after 7 days, for example greater than 28 MPga after
7 days, or greater than 30 MPa after 7 days, or greater than 32 MPa after

25 7 days.

Preferably, a concrete, mortar, grout or render according to any aspect of the
invention has a compressive strength of greater than 20 MPa, or greater than
35 MPa after 14 days, for example greater than 38 MPa after 14 days, or

30  greater than 40 MPa after 14 days, or greater than 42 MPa after 14 days.

Preferably, a concrete, mortar, grout or render according to any aspect of the
invention has a compressive strength of greater than 30 MPa after 28 days, or
greater than 40 MPa after 28 days, for example greater than 42 MPa after
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28 days, or greater than 45 MPa after 28 days, or greater than 48 MPa after
28 days.

Itis an aim of the present invention to provide activator compositions that
enable the formation of concretes and similar materials using GGBS and/or
PFA, and not using Portland cement. The cementitious binders described
herein preferably do not comprise Portland cement. The concretes, mortars,
grouts or renders described herein preferably do not contain any Portland
cement.

A high GGBS-based material such as one of the concretes, mortars, grouts or
renders as described herein may provide a number of advantageous properties
over a similar material prepared using an OPC-based binder.

GGBS hydrates slowly when combined with water and has a significantly lower
heat of hydration when compared with OPC-based binders. PFA has similar
properties. A high heat of hydration can cause a setting concrete to expand and
then contract, causing cracking. The high heat of hydration of OPC-based
cements is a limiting factor in the volume of concrete that can be cast in one
mix. Large areas of flooring, for example, must currently be cast in a number of
separate sections. Cementitious binders comprising a high proportion of GGBS
and activated by a low proportion of CaQ, have a low heat of hydration.
Cementitious binders embodying the present invention may advantageously
allow a concrete to be formed without OPC-based binders, which therefore has
a modified heat of hydration. This property, in combination with a reasonably-
fast setting time (as exempiified below) may allow the production of large
volumes or areas of concrete in a single section. Thus, a concrete produced
using the teaching of any aspect of the invention described herein may
advantageously be used in the production of fiooring.

itis generally known that the permeability of concretes decreases as the
proportion of GGBS increases. By allowing a high proportion of GGBS to be
used, the invention may allow the production of water-resistant concretes,
mortars, grouts and renders. Furthermore, the inciusion of a proportion of
microsilica or super fine PFA in the activator composition may further improve
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the water permeability (i.e. reduce the water permeability) compared with OPC~
based concretes.

A material formed according to the teaching of this invention may have a
considerably-improved resistance to certain chemicals compared with
OPC-based materials. This effect may be partially due to a higher proportion of
GGBS in the binder, and may also be partially due to the interaction of the
components in the activator composition. Thus, the materials, such as
concretes, formed according to the invention may be suitable for use in hostile
environments, such as marine environments.

For reasons explained in the background to the invention above, a material
formed without using OPC has a lower carbon footprint than a material that
does use OPC. Thus, a material formed using the teaching of this invention may
be classed as a “green” material, or an environmentally friendly material.

Embodiments of the invention may relate to a wide variety of types of concrete,
including screeds, for example.

GGBS is an example of a latently hydraulically-active material. Cementitious
binders and concretes, mortars, renders and grouts may be produced using
other hydraulically-active materials to replace a proportion or all of the GGBS
component, with the proviso that ordinary Portiand cement is not used. For
example, a proportion of a GGBS component as described in relation to any
aspect, embodiment, or statement of invention herein may be replaced by a
proportion of one or more other hydraulically-active materials that are not
Portland cement.

Description of Specific Embodiments of the Invention

Specific embodiments according to one or more aspects of the invention will
now be described by way of example.

Experimental methods

Unless otherwise specified, in the following Examples a cementitious binder
was prepared by mixing GGBS with activator compositions or components
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consisting of or comprising Ca0. The cementitious binder was then mixed with
aggregates. After a brief pre-mixing period, 80% of the mixing water was added,
which was followed by the addition of a fluidifier (dispersant, or superplasticiser)
together with the rest of the mixing water. The entire blend was thoroughly
mixed for 10 minutes after which it was placed in appropriate mouids with the
aid of vibration.

Samples for strength testing were left to cure in air for 24 hours and then under
water until tested. Samples for shrinkage testing were left in air for 24 hours and

then de-mouided.

Tests were performed in accordance with the following standards (BS = British
Standard).

Slump - BS EN 12350-2:2009

Setting time - BS EN 13294:2002

Strength - BS EN 12390-3:2009

Drying shrinkage/wetting expansion - BS EN 12617-4:2002

Example 1
A cementitious binder was prepared having a composition defined by the

following weight ratio: GGBS 95%, CaO 3%, Microsilica 2%. The specific
weights of these components were: GGBS (2.57 kg), Ca0 (0.08 kg), Microsilica
(0.05 kg).

The GGBS was supplied by Hanson Ltd. This is a blastfurnace slag principally
comprising the oxides of calcium, silicon, aluminium, and magnesium. This
GGBS has been ground to a specific surface area of approximately 500 m%/kg,
and the powder has a bulk density of 1000-1300 kg/m®. The mean particle size
is 5-30 micrometres and the particle density is 2750-3000 kg/m®.

The microsilica used has the trade name SILACEM (RTM), and is a silica fume
having an average particle size of between 0.13 and 0.16 micrometers.
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To form a concrete, the following components were mixed;
2.69 kg of the cementitious binder described above;
27 ml Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser added as a
component of the binder);
1.5 kg Ardieigh stone;
5.6 kg Granite;
5.1 kg Sand;
0.81 | tap water.

The components were mixed completely and cast.

The resulting concrete had a strength of 41 MPa at 14 days, and 44 MPa at 28
days.

Example 2
Mix design (per 15 kg batch of solids)

Binder: GGBS 94.6% + Ca0 2.8% + PFA super fine 1.8% + PCE 1%

The weights used were GGBS (2.57 kg), CaO (0.07 kg), PFA super-fine

(0.05 kg), 27 mi Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser added
as a component of the binder); the solid components of the binder were mixed
and then the PCE mixed 1:100 with the remainder of the binder (i.e. 1wt%)
Aggregates: Ardleigh stone (1.5 kg), Granite (5.6 kg), Sand (5.1 kg)

Water: tap water (0.81 L, water/binder ratio = 0.3)

Stump: 40 mm

Setting time: 6 hrs initial, 9 hrs final

7 days compressive strength: 37 MPa
14 days compressive strength: 40 MPa
28 days compressive strength: 46 Mpa

Example 3

Mix design (per 15 kg batch of solids)

Binder: GGBS 96.4% + Ca0 2.6% + superplasticiser 1%.

The weights used were GGBS (2.63 kg), Ca0 (0.07 kg), 27 ml Sika
ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a component of the
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binder). The PCE was mixed 1:100 with the remainder of the binder (i.e. 1Twi%)
Aggregates: Ardleigh stone (1.5 kg), Granite (5.6 kg), Sand (5.1 kg)
Water: tap water (0.81 L., water/binder ratio =0.3)

Slump: 40 mm

14 days compressive strength: 38 MPa

28 days compressive strength: 42 MPa

Drying shrinkage characteristics: 400-600 micro strains (OPC control 800 micro
strains)

Example 4
Mix design (per 15 kg batch of solids)

Binder: GGBS 94 6% + CaQ 2.6% + Undensified microsilica 1.8% +
superplasticiser 1%.

The weights used were GGBS (2.57 kg), CaO (0.07 kg), undensified microsilica
(0.05 kg), 27 mi Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a
component of the binder). The solid components of the binder were mixed and
then the PCE mixed 1:100 with the remainder of the binder (i.e. Twt%)
Aggregates: Ardleigh stone (1.5 kg), Granite (5.6 kg), Sand (5.1 kg)

Water: tap water (0.81 L, water/binder ratic =0.3)

Slump: 40 mm

14 days compressive strength: 41 MPa

28'days compressive strength: 44 MPa

Drying shrinkage characteristics: 400-600 micro strains (OPC control 600 micro
strains)

Exampie 5
GGBS 98.9%, Ca0 0.1% PCE 1%

Mix design (per 15 kg batch of solids)

Binder: GGBS (2.697 kg), Ca0 (0.003 kg), 27 m! Sika ViscoCrete10 (RTM) (a
fiquid PCE superplasticiser as a component of the binder). The PCE was mixed
1:100 with the remainder of the binder (i.e. 1wi%)

Aggregates: Ardieigh stone (1.5 kg), Granite (5.6 kg), Sand (5.1 kg)

Water; tap water (0.81 L, water/binder ratio =0.3)
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Slump: 180 mm
7 days compressive strength: 3.1MPa
28 days compressive strength: 23.8 MPa

Example ©
GGBS 98.5%, Ca0 0.5%, PCE 1%

Mix design (per 15 kg batch of solids)

Binder: GGBS (2.687 kg), CaO (0.013 kg), 27 ml Sika ViscoCrete10 (RTM) (a
liquid PCE superplasticiser as a component of the binder). The PCE was mixed
1:100 with the remainder of the binder {(i.e. 1wt%)

Aggregates: Ardieigh stone (1.5 kg), Granite (5.6 kg), Sand (5.1 kg)

Water: tap water (0.81 L, water/binder ratio =0.3) -

Siump: 175mm
7 days compressive strength: 19.1 MPa
28 days compressive strength: 28 MPa

Exampie 7
Mix design (per 15 kg batch of solids)

Binder: GGBS 94.3% + Ca0 2.9% + PFA super fine 1.8% + superplasticiser
1%.

The weights used were GGBS (2.57 kg),-Ca0 (0.08 kg), PFA super fine (0.05
kg'), 27 ml Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a
component of the binder). The PCE was mixed 1:100 with the remainder of the
binder (i.e. 1wi%)

Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)

Water: tap water (1.13 L, water/binder ratio=0.4)

Slump: 80 mm
7 days compressive strength: 25 MPa
28 days compressive strength: 35.4 MPa

Exampie 8

Mix design (per 15 kg batch of solids)
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Binder: GGBS 94.3% + Ca0 2.9% + PFA super fine 1.8% + superplasticiser 1%
GGBS (2.57 kg), Cal (0.08 kg), PFA super fine (0.05 kg), superpiasticiser:
BASF RheoMatrix 233 (RTM) -27g mixed 1:100 with the remainder of the
binder.
Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (0.89 L, water/binder ratic =0.33)

Slump: 70 mm
7 days compressive strength: 33.1 MPa
28 days compressive strength; 42.2 MPa

Example 9
Mix design (per 15 kg batch of solids)

Binder: GGBS 94.8% + Ca0 2.9% + PFA super fine 1.8% + superplasticiser
0.5%

GGBS (2.57 kg), Ca0 (0.08 kg), PFA super fine (0.05 kg), superplasticiser:
MELFLUX 2651F (RTM) - powder 13.5g.

The CaO, super-fine PFA and superplasticiser were mixed to form an activator
composition, which was then mixed with the GGBS.

Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (0.89 L, water/binder ratio =0.33)

Stump: 100 mm
7 days compressive strength: 28 MPa
28 days compressive strength: 44.7 MPa

Example 10
Mix design (per 15 kg batch of solids)

Binder: GGBS 94.8% + Ca0 2.9% + PFA super fine 1.8% + superplasticiser
0.5% |

GGBS (2.57 kg), Ca0 (0.08 kg), PFA super fine (0.05 kg), superplasticiser: Sika
VC225 - powder 13,5g mixed 1:200 with the remainder of the binder (i.e.
0.5wt%)

The Ca0, super-fine PFA and superplasticiser were mixed to form an activator
composition, which was then mixed with the GGBS.
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Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Grave! 20mm (5.3 kg)
Vater: tap water (0.89 L, water/binder ratio =0.33)

Slump: 90 mm
7 days compressive strength: 29.5 MPa
28 days compressive strength: 44.5 MPa

Example 11
Mix design (per 15 kg batch of solids)

Binder: GGBS 84.4% + PFA (BS EN 450) 9.9% + Ca0 2.9% + PFA super fine
1.8% + superplasticiser 1%

GGBS (2.30 kg), PFA BS EN 450 (0.27) + CaO (0.08 kg), PFA super fine (0.05
kg), 27 mi Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a
component of the binder). The PCE was mixed 1:100 with the remainder of the
binder (i.e. 1wt%)

Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (1.13 L, water/binder ratio=0.4)

Slump: 80 mm
7 days compressive strength: 13.2 MPa
28 days compressive strength: 23 MPa

Example 12
Mix design (per 15 kg baich of solids)

Binder: GGBS 54.7% + PFA (BS EN 450) 39.6% + CaO 2.9% + PFA super fine
1.8% + superplasticiser 1%

GGBS (1.49 kg), PFA BS EN 450 (1.08 kg) + CaO (0.08 kg), PFA super fine
(0.05 kg), 27 mi Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a
component of the binder). The PCE was mixed 1:100 with the remainder of the
binder (i.e. 1wt%)

Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (1.13 L, water/binder ratio=0.4)
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Slump:.90 mm
7 days compressive strength: 36.2 MPa
28 days compressive strength: 50.0 MPa

Exa}i\ e 13
Mix design (per 15 kg batch of solids)

Binder: GGBS 44.8% + PFA (BS EN 450) 49.5% + Ca0 2.9% + PFA super fine
1.8% + superplasticiser 1%

GGBS (1.22 kg), PFA BS EN 450 (1.35) + Ca0 (0.08 kg), PFA super fine (0.05
kg), 27 Eni,Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a
com\poneﬁt df the binder). The PCE is mixed 1:100 with the remainder of the
binder (i.e. 1wt%)

Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (1.13 L, waterfbinder ratio=0.4)

Slump: 80 mm
7 days bompressive strength: 33.6 MPa
28 days compressive strength: 49.6 MPa

Example 14
Mix design (per 15 Kg batch of solids)

Binder: GGBS 24.9% + PFA (BS EN 450) 69.4% + Ca0 2.9% + PFA super fine
1.8% + superpiaéticiser 1%

GGBS (0.68 kg), PFA BS EN 450 (1.89) + CaO (0.08 kg), PFA super fine (0.05
kg); 27 ml Sika ViscoCrete10 (RTM) (a liquid PCE superplasticiser as a
component of the binder). The PCE was mixed 1:100 with the remainder of the
binder (i.e. 1wi%)

Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (1 13 L, water/binder ratio=0.4)

Siump: 110 mm
7 days co',mpressive strength: 29.9 MPa
28 dayé compressive strength: 48.1 MPa
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Exampie 15
Mix design (per 15 kg batch of solids)
Binder: Binder: PFA (BS EN 450) 94.3% + Ca0 2.9% + PFA super fine 1.8% +
superplasticiser 1%
PFA BS EN 450 (2.57) + CaO (0.08 kg), PFA super fine (0.05 kg), 27 ml Sika
ViscoCrete10 (RTM) (a liguid PCE superplasticiser as a component of the
binder). The PCE was mixed 1:100 with the remainder of the binder (i.e. 1wt%)
Aggregates: Sand (4.8 kg), Gravel 10mm (2.3 kg), Gravel 20mm (5.3 kg)
Water: tap water (1.13 L, water/binder ratio=0.4)

Slump; 90 mm
7 days compressive strength: 16.9 MPa
28 days compressive strength: 29.9 MPa
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CLAIME

1. A cementitious bindar comprising at ieast 80% by weight of a non-OPC
hydraulically-active material comprising ground granulated blastfurnace slag
(BGBS), pulverised fusl ash (PFA) or a mixture of GGBS and PFA, at lsast
0.1% and less than 8.5% by weight of Ca0 or lime, and g superplasticiser.

2. A cementitious binder according to cialm 4, in which the hydraulicaliy-
aulive nldial sunigised ol ket GO% or 70% or BO%% or 0% BGDG, PFA &
the mixture of GGBS and PFA.

3. A cementitious binder according to claim 1 ar 2, in which the
superplasticiser is a polycarboxyiate-ether-based (PCE) suparplasticisar.

4, A cementitious binder according fo claim 1, 2 or 3, comprising at least
80% of the hydraulicaliy-active meterial, with the remainder comprising the Ca0
and the supsrpiasticizer.

§. A cementitious binder acconding o any preceding claim, which conslsis
of GGBS, PFA or the mixture of GGBS and PFA, the Ca0 and the
superplasticiser,

8. A cementitious binder according to any preceding claim, comprising sn
activator composiﬁcn which comprises the CaQ, opfionally comprising the
superplesticiser, and optionally further comprising microsilica and/or super-fine
pulverised fuel ash (PFA).

7. A cementitious binder acconding to any preceding claim, comprising at
teast 0.1wi% or 1wit% or 2wt% Ca0, and preferably an amount equal to or
greater than about 2.5wt%, 3wt%, 4wt%, Swi%, 6wi%, Twt% or Bwt% Cal.

8. A cementitious binder according to any preceding claim, comprising
greater than 33%. 85%. 96%. BT% or 88% by weight hydraulically-active
matarial.
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8. A cementitious binder according to any preceding claim, comprising
between 0.2% and 2%, or betwaen 0.3% and 1.2%, or batween 0.4% and 0.7%
superplasticiser.

10. A cementltious binder according fo any preceding clairm, in which the
superplasticiser is in powder form and the binder comprises more than 0.2%,
0.25%. 0,3%. 0.35% or 0.4% andfor less than 0.7%, 0.75%, 1% or 1.2%
superplasticiser,

‘ 11. A cementitous binder actording to any preceding claim, in which the

superpiasticiser is in liguid form and the binder comprises more than 0.2% or
0.5% and less than 2% superplasticiser.

12. A method of making a concrete, mortar, grout or render, comprising the
steps of mixing together in a predetermined proportion;

a) a cementitious binder,

b} eggregate particles; and

©) weter;

in which the camentitious binder is a binder as defined in any proceding
claim,

13. A method according o claim 12, in which the waight ratio of water 1o the
esmantitisuz binder is between 0,181 and 0.45:1, proferably botween 0.2:1 and
0.4:1, preferably between 0.25:1 and 0.35:1, for example about 0.3:1, where
non-absorbent aggregates are used.

14. A method according to claim 12 or 13, in which the volume ratio of the
cementitious binder to the aggregate particles i between 1.3 and 1:15,
preferably between 1:4 and 1:8.

15. A method of making & concrete, mortar, grout or render, compriging the
staps of miving fogsther in a predetermined proportion;

a) a hydraulically-active material comprising GGBS, PFA or g mixture of
GGBS and PFA;

b) an activator composition compriging or congisting of Ca0 or lime;
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¢) sggregate particles;

d} water; and

) a superplasticiser, which optionally forms a component of the activator
composition;

In which the hydraulicaliy-active material, the activator composition and
the superplasticiser (which optionally forme a companent of the activator
composition) combine {o forrm & cementitious binder as defined in any of
ciaims 110 11.

16. A mothod according to claim 15, In which components a), b) and &)
gombine to form a binder componsnt of the concrate, mortar, grout or rander,
and the volume ratioc of the binder component to component ¢) is between 1:3
and 1:15 ang preferably between 1:4 and 1:8.

17. A method according to clsim 15 or 16, in which components a), b) end &)
combine io form a binder componsnt of the concrete, mortar, grout or render,
and the weight ratio of companent d) to the binder component Is batwsen 0.15:1
and 0.45:1, preferably between 0.2:1 and 0.4:1, preferably between 0.25:1 and
0.35:1, for example about 0.3:1, where non-absorbent aggregates are used.

18. A method according to any of clatms 15 o 17, in which the ectivator
composition is contained within one or mars water-soluble packages and s
released from the one or more water-soluble packages as they are dissolved by
the water,

18. A concrets, mortar, grout or render comprising 2 cementitious binder as
definad in any of claims 1 to 11.

20. A concrete, moriar, grout or render formed by the method defined in any
of claims 12 to 18.

21.  Aconcrets, mortar, grout, or render according to claim 19 or 20, in which
the weight ratio of water to binder is between 0.2:1 and 0.4:1, preferably
between 0.25:1 and 0.35:1, for exampie sbout 0.3:1, where non-absorbent
aggregates are used.
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22, A conorets, mortar, grout or render according fo any of claims 19 fo 21,
which has 2 compressive strangth of greater than 15 MPe after 7 days, greater
than 20 MPa after 14 days, and greater than 30 MPa after 28 days.

23, Use of an activator composition in combination with a hydrauliceliy-active
material comprising ground granulated blastfurnace slag (GGBS), pulverised
fuel aah (PFA), or a mixture of GGBS and PFA to form a cementlitious binder,
the activator composition comprising Ca0 or lime, In which the proportion of
hydrauiicaily-active material by weight in the resulting binder is greater than
80%, end the proportion of activator composition by weight in the resulling
binder is less than 10%, and in which the binder comprises o superplasficiser
such as & PCE.

24. Use of an activator composition according to claim 23, in which the
activator compaosition comprises the superplasticiser.

25. Use of an activator composition es defined in claim 23 or 24, comprising
the step of adding to the hydraullcaliy-active material a pradeterminad quantity
of the activator composition contained in a package, preferably & water-soluble
package. ‘

26. An activator camposition for combining with a hydraulically-active
material comprising ground granulatad blastfurnace slag (GGBS), puiverised
fuel ash (PFA), or a mixture of GGBS and PFA in combination with g
superplasticiser such as PCE to form a cementitious binder, the activetor
composition comprising 2 first component consisting of Ca0 or lime, and a
sacond component consisling of microsiiica and/or pulverised fuel ash (PFA),
preferably in & superfine form, in which the first component and the second
companent are mixed in 2 waipht ratio of between 1.2:1 and 3:1.

27.  An activator composition according to claim 26, in which the
superplasticiser is s component of the aclivator composition,

28. An activator composition according to claim 26 or 27, in which the Ca0
compriess lime.
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28, An activator composliion for combining with a hydraulicaliy-active
material comprising GGBS, PFA or a mixture of GGBS and PFA, the activator
composition comprising a first component congisting of Ca0 and a aacond
component consisting of a superplasticiser such as PCE superplasticiser.

30. An activator composition according to claim 28, in which the
guperplasticiser is In powder form.

31.  An activaior composition according to claim 28 or 30, further comprising &
third component consisting of misrosilica, PFA, or a2 mixture of microsilica and
PFA, the PFA prefarably being super-fine PFA.

32. An activator compuosition according to any of claims 26 o 31, in which 2
predetermined quantity of the sctivator composition is packaged in a package
for use in mixing with 8 hydraulically-active material, the package preferably
releasing the activator compasition on contact with water.

33. A cementitious binder comprising;
more than 30% of & hydreulically-aciive material comprising GGBS, PFA
or & mixture of GGBS and PFA;
betwaen 0.1% and 8% Ca0 or lime; and
betwean 0.2% and 2% superplasticigar, such as a PCE superplasticisar,

34. A comentitious bindar according to claim 33, comprising,
between 84-857wi% of the hydraulically-active material;
betwean 1.5-3.5wt% CaQ or lime; and
between 0.2-2wit% superplasticiser,

35. A cementitious binder according to clalm 33 or 34, comprising betwaan 1-
2.5wt% microsilica and/or puiverised fuel ash (PFA), preferably super-fine PFA.

36. A congrete, mortar, grout or render comprising g cementitious binder
formed from a combination of 84-87wt% of a2 hydraulically-sctive matarial
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comprising ground granuiatad blastiurmnace siag (GGBS), pulverised fuel ash
(PFA), or a mixture of GGBS and PFA, 3-8wt% of an activator composition,
and aggregate perticies bound together by the vinder,
in which the activator composition comprises a first component consisting
of Ca0 or lime and a second componsnt consisting of microsilice and/or
puiverisad fual ash (PFA), preferably In super fine form, the ratio of the first
sompindnt 1o the seuond vompononl bty balwead 1.2:1 and 319 by waighl,
and in which the binder comprises a superplasticiser such as a PCE,
opfionally forming part of the activator composition.

37. A concrete, mortar, grout or render according to claim 35, in which the
Ce0 is lme.

38. A concrete, mortar, grout or render comprising a cementitious binder
according to any of claims 33 to 37.

39. A concrete, mortar, grout, render or binder as defined In any precading
slaim that does not contein ardinary Poriland cament (OPC).



