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PCT/CA97/00943          SURFACE TREATED ADDITIVE FOR PORTLAND CEMENT
CONCRETE        FIELD OF INVENTION  5                   The present
invention relates to an additive for incorporation into a      cementitious
compound comprising Portland cement and water. The invention      further
relates to a process for preparing the additive and a process for preparing
a cementitious compound comprised of the Portland cement, water and the 10
additive.       BACKGROUND OF INVENTION                    Concrete, a
cementitious compound, is known as one of the most 15  versatile and most
widely produced building materials in the world. Concrete is      a gel,
being a particulate strengthened ceramic-matrix composite material
comprised of mortar and aggregate. Mortar is typically comprised of a
hydraulic      cement such as Portland cement clinker, together with water
and sand. Thus, in      concrete, the sand and stone become dispersed
particles in a multi-phase matrix 20  of Portland cement paste, which is
comprised of the cement clinker and water.                    Portland
cement clinker is relatively anhydrous such that it tends to      have an
affinity to water. Thus, when water is added to the clinker, the clinker
reacts with the water to form the cement paste. The chemical products of
this 25  reaction, which are found in the cement paste, provide strength
and      cohesiveness to the concrete. As time passes, the cement hydrates
further, which      produces more reaction products. Therefore, the
strength and cohesiveness of      the cementitious compound or cement
typically improve with the passage of      time. 30                  It is
known that although concrete is relatively strong in      compression, it
tends to be somewhat weaker in tension, and thus in flexion.      Although
increasing the amount of cement clinker or supplementary      cementitious
materials, as discussed below, in the concrete may improve the 35  tensile
and flexural strength, along with the compressive strength, of the
concrete, this tends to be somewhat cost prohibitive and may be problematic
to      the maintenance of a desirable water/cement ratio. For instance, it
is well      known that in conventional concretes, the flexural strength
tends to be about      15% or 1/7 of the compressive strength. Therefore,
for every desired strength      



WO 98/25865
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Mpa), the compressive strength      must be increased by 7 strength units
(7 Mpa).                    As a result, the industry has sought other
approaches to reinforcing  5  concrete in order to improve its strength,
and in particular its tensile and flexural      strength. One approach is
to incorporate steel reinforcing bars into the concrete      to provide the
required tensile and flexural strength. The concrete provides both      a
highly alkaline environment which is compatible with the steel and a
physical      barrier to protect the steel from exposure to the
environment. 10                   In more recent years, the industry has
also developed a number of      additives which are added to, or
incorporated into, the concrete in order to      improve various properties
of the concrete, including its tensile, flexural and      compressive
strength. Strength improving additives are solids which tend to be 15
either inert, such that their mere presence in the concrete adds to its
strength, or      reactive, such that the additive is involved in the
formation of the reaction      products which give concrete its strength
and other desirable properties.                    Waste products, such as
fly ash, blast furnace slag and condensed 20  silica fume, are one such
group of reactive strength improving additives which      are often added
to concrete. The addition of such waste products tends to reduce      the
amount of cement required in the mix to produce the concrete, which may
result in a cost benefit. Further, these waste products, which otherwise
have few      uses, become useful and thus, there is a benefit to the
environment as the waste 25   products are incorporated into a useful
produce rather than requiring disposal.      However, perhaps most
significantly, the properties of the concrete, and in      particular its
strength, tend to be significantly improved.                    However,
many of the additives, including the waste products 30  noted above, are
silicates which tend to be hydrophilic to varying degrees. As a
result, use of these additives often requires an increase in the water
content of      the concrete. Further, the waste products are typically
fine or very fine powders      which also increases the water requirement
of the concrete due to their large      surface areas. Therefore, when
these additives are incorporated into the concrete, 35  a greater quantity
of water must typically be added, which results in an increase      in the
water/cement ratio of the concrete. A minimum water/cement ratio, or a
preferred range of water/cement ratios, is required to allow for proper
hydration      of the cement and to permit the concrete to be workable.
However, preferably,                                               -2-
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water/cement ratio will decrease the      strength of the concrete and have
other adverse effects on its properties.                    The
water/cement ratio (the ratio of mass of water to mass of dry  5  cement)
is one of the most important parameters in determining the properties
of the hardened concrete. In theory, a water/cement ratio of approximately
0.23      is needed for complete hydration of the clinker. However, the
total volume of      water contained in the gel pores of the concrete
increases the required water      content by approximately 0.19, resulting
in a theoretical total minimum 10  water/cement ratio requirement of
approximately 0.42 for complete hydration.      However, in practice, and
due to a number of factors, additional water is often      required to
produce a workable mix. The water/cement ratio required to produce      a
workable mix must be carefully considered in light of the known adverse
effects      of excess water in the concrete and high water/cement ratios.
15                   Any excess water in the mix tends to exist in the
spaces between the      original cement particles and between the cement
and any aggregate. These      spaces do not fill completely with the gel,
but rather, form a network of "capillary      pores" containing water. As
stated, it is desirable to add enough water to the 20  concrete to provide
for a workable mix, while minimizing the capillary pores.      Thus, a
balancing is required between the workability of the concrete and the
detrimental effect of the capillary pores on the properties of the
concrete.      However, due to the natural hydrophilic properties of many
additives, the      problems related to the presence of capillary pores,
and the problems associated 25  with achieving the "right" balance, are
typically worsened as the additives tend to      require the addition of
more water in order to produce a workable concrete. As      the percentage
of fine particle additives is increased, more water is typically
required to produce a workable mixture and thus, the water/cement ratio is
increased. 30                   The balancing of the workability of the
concrete mix and the      water/cement ratio of the concrete mix can be
assisted to some degree by the use      of water reducing agents and high
range water reducing agents      (superplasticizers), which are typically
added to the concrete mix in liquid or 35  powder form prior to the
placement of the concrete. These water reducing agents      cause the
components of the concrete mix temporarily to repel one another, thus
reducing the water demands of the concrete mix. Unfortunately, this effect
is not      selective, with the result that a large proportion of the water
reducing agent that                                            - 3 -
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is added to the concrete mix is used to produce the effect in components of
the      concrete mix, such as coarse aggregate and sand, which do not
otherwise place      high water demands on the mix. Since these components
typically make up a      large percentage by weight of the overall mix
design, it can be seen that the  5  conventional use of water reducing
agents is not an efficient way of reducing the      water demands of a
concrete mix. This, together with the high cost of some      water reducing
agents (particularly superplasticizers) and the sometimes      undesirable
side effects (such as retardation of curing of the concrete mix)
resulting from their use demonstrates the need for an alternate means for
10  reducing the minimum required water/cement ratio to produce a workable
concrete mix.                    There is therefore a need in the industry
for an additive for      incorporation into a cementitious compound
comprising Portland cement and 15  water, such as concrete, that improves
the properties of the compound, and in      particular its strength, but
does not attract the disadvantages, or cause the      problems, typically
associated with conventional additive use (such as the need      for
increased water/cement ratios to produce a workable compound). In other
words, the additive results in improved properties of the cementitious 20
compound upon setting but does not substantially increase the required
water/cement ratio. Specifically, there is a need for an additive for
incorporation      into the cementitious compound that is less attracted to
the water in the      compound during the placement of the compound, yet is
capable of participating      with the compound, during the curing of the
compound, following its 25  placement. In addition, there is a need in the
industry for a process for preparing      such an additive and a process
for preparing a cementitious compound      comprised of the Portland
cement, water and the additive.       SUMMARY OF INVENTION 30
The present invention is directed at an additive for incorporation
into a cementitious compound comprising Portland cement and water that
improves the properties of the compound, such as its strength, but does not
attract the disadvantages typically associated with conventional additive
use, 35  such as the need for increased water/cement ratios to produce a
workable      compound. In other words, the additive preferably results in
improved      properties of the cementitious compound upon curing but does
not substantially      increase the required water/cement ratio of the
compound. Specifically, the                                             -4-
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into the cementitious      compound that is treated so that it is less
attracted to the water in the compound      during the placement of the
compound, yet is capable of participating with the 



compound, during the curing of the compound, following its placement. The
5  additive may participate with the compound during curing of the compound
either by reacting chemically with components of the compound or with
intermediate reaction products contained in the compound, in the case of
reactive additives, or by physically bonding with the compound in the case
of      inert additives. In addition, the invention is directed at a
process for preparing 10  the additive and a process for preparing a
cementitious compound comprised of      the Portland cement, water and the
additive.                    In a first aspect of the invention, the
invention is comprised of an      additive for incorporation into a
cementitious compound comprising Portland 15  cement and water prior to the
setting of the compound, the additive comprising      a surface treated
additive wherein the surfaces of the additive are treated with a
substance which has a transient hydrophobic effect on the additive, which
effect      temporarily renders the additive more hydrophobic for a time
period following      the incorporation of the additive into the compound
such that the water 20  comprising the compound is less attracted to the
additive during the placement      of the compound and is thus available to
provide workability to the compound,      and such that the additive
regains its natural properties following placement of      the compound in
order to permit the additive to participate with the compound      during
the curing of the compound. 25                   In a second aspect of the
invention, the invention is comprised of a      process for preparing an
additive for incorporation into a cementitious      compound comprising
Portland cement and water prior to the setting of the      compound. The
process comprises the step of treating the surfaces of the 30  additive
with a substance which has a transient hydrophobic effect on the
additive, which effect temporarily renders the additive more hydrophobic
for a      time period following the incorporation of the additive into the
compound such      that the water comprising the compound is less attracted
to the additive during      the placement of the compound and is thus
available to provide workability to 35  the compound, and such that the
additive regains its natural properties      following the placement of the
compound in order to permit the additive to      participate with the
compound during the curing of the compound.
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PCT/CA97/00943                    In a third aspect of the invention, the
invention is comprised of a      process for preparing a cementitious
compound comprised of Portland cement,      water and an additive
comprising the steps of:   5         (a)  treating the surfaces of the
additive with a substance which has a 



transient hydrophobic effect on the additive to produce a surface
treated additive; and              (b)  incorporating the surface treated
additive into the Portland cement 10                and the water in order
to form the compound;       wherein the effect temporarily renders the
additive more hydrophobic for a time      period following the
incorporation of the surface treated additive into the      Portland cement
and the water such that the water is less attracted to the additive 15
during the placement of the compound and is thus available to provide
workability to the compound, and such that the additive regains its natural
properties following placement of the compound in order to permit the
additive      to participate with the Portland cement and the water during
the curing of the      compound. 20                   In the first, second
and third aspects of the invention, although any      additive for the
cementitious compound may be used, the invention is most      useful and
beneficial where the additive is naturally at least somewhat
hydrophilic. Further, the additive may be comprised of any substance or
material 25  capable of performing the intended function of the additive,
and specifically,      capable of improving the properties of the
cementitious compound. In the      preferred embodiment, the additive is a
silicate, which is defined for the      purposes of the within invention as
any mineral or other natural or synthetic      solid substance containing
silicon and which is known as a silicate. 30                   The silicate
may be comprised of a reactive material such as a      supplementary
cementitious material. Preferably, the supplementary      cementitious
material is selected from the group consisting of a pozzolan, a
hydraulic material and mixtures thereof. The silicate may also be comprised
of 35  an inert material. In the preferred embodiment, the silicate is
comprised of a      fibrous material for reinforcing the cementitious
compound. More specifically,      the silicate is comprised of a calcium
silicate, and is preferably comprised of a      calcium metasilicate. In
the preferred embodiment, the silicate is comprised of
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which the silicate is      comprised of wollastonite, the compound may be
further comprised of a      supplementary cementitious material selected
from the group consisting of a      pozzolan, a hydraulic material and
mixtures thereof.  5                   The substance may be any substance
capable of surface treating the      surfaces of the additive and which has
a transient hydrophobic effect on the      additive. Preferably, the
substance is comprised of at least one organic oxide 



having at least three carbon atoms. The substance may also be comprised of
a 10  surfactant comprising a hydrophobic component comprising an organic
oxide      having at least three carbon atoms.                    The
substance is preferably comprised of a polymer comprising at      least one
alkylene oxide having at least three carbon atoms. The alkylene oxide is 15
preferably comprised of propylene oxide, and the polymer may be further
comprised of ethylene oxide. In the preferred embodiment, the polymer is
comprised of alkylene glycol, alkyl ether amine, oxyalkyleneamine or
oxypropylenediamine. The polymer may also be comprised of a mixture of any
of these chemicals. 20                   The substance surface treats the
additive so as to impart a transient      hydrophobic effect on the
additive. Preferably, the substance coats the additive      but does not
chemically bond to or otherwise chemically react with it. As a      result,
the transient hydrophobic effect only temporarily renders the additive 25
more hydrophobic for a time period following the incorporation of the
additive      into the compound.                    Finally, any amount of
the substance capable of effectively treating,      or coating, the
surfaces of the additive to achieve the transient hydrophobic effect 30
may be used. The minimum amount of substance required will depend upon
the substance, upon the nature of the particular additive and upon the
fineness      and shape of the additive. However, in the preferred
embodiment, the additive      is treated with an amount of the substance
such that the resulting surface treated      additive is comprised of
between about two to five percent by weight of the 35  substance.
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PCT/CA97/00943       DETAILED DESCRIPTION                    The present
invention is comprised of an additive for incorporation      into a
cementitious compound, comprised of Portland cement and water, prior to  5
the setting of the compound. The Portland cement and water are typically
mixed      to produce a cement paste. Further, the cement paste is
typically mixed with sand      to produce mortar, and is further mixed with
aggregate (such as rock, stone or      gravel) to produce concrete. Thus,
in the within invention, the cementitious      compound may be cement
paste, mortar, concrete or any other compound 10  including Portland cement
and water. However, the cementitious compound is 



preferably concrete.                    Concrete is a particulate
strengthened ceramic-matrix composite      material. The sand and aggregate
comprise the dispersed particles in a 15  multiphase matrix of the cement
paste. The concrete, as well as all of the      cementitious compound, are
gels, being intimate mixtures of solid hydrates and      interlayer water
contained in water filled spaces referred to as interlayer spaces or
gel pores. Typically, the gel pores of the cementitious compound are
substantially filled with a highly alkaline solution having a pH of between
about 20  12.6 and 13.8.                    For the purposes of the within
invention, the term "Portland      cement" includes what is commonly known
as Portland cement clinker, as well      as any other hydraulic cements
which exhibit properties similar to those of 25  Portland cement clinker.
Typically, Portland cement clinker includes several      anhydrous oxides,
primarily tricalcium silicate (C3 S) and dicalcium silicate (C2 S)
with lesser amounts of tricalcium aluminate (C3 A) and calcium
alumino-ferrite      (C4 AF). The clinker may also include small amounts of
magnesium, sodium,      potassium and sulphur compounds. 30
Upon mixing the cement clinker with water to form the cement      paste,
the clinker hydrates. As hydration proceeds, the microstructure
progressively changes from unhydrated cement clinker, air and water to
produce      a porous matrix of hydration reaction products referred to as
the gel. The 35  hydration of the clinker produces a cement paste comprised
of several reaction      products. The cement paste is primarily comprised
of calcium-silicate-hydrate.      The calcium-silicate-hydrate is primarily
responsible for the strength of the paste      and its cementing
properties. The cement paste is also comprised of calcium
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significantly contribute to      the strength of the cement paste. The
hydration process, and the formation of      the reaction products, which
is known as "curing", starts upon the addition of      water to the clinker
and may not reach completion for many years, or at all.  5
The additive is incorporated into the cementitious compound prior      to
the setting of the compound. Prior to reaching a hardened state, the
cementitious compound undergoes a gradual stiffening associated with the
hydration reactions or products in the cement paste. This process is
referred to as 10  "setting."  



In the present invention, the additive which is incorporated into      the
cementitious compound is a solid material which is surface treated with a
substance which has a transient hydrophobic effect on the additive. The
specific 15  additive may be any additive which may be added to a
cementitious compound      in order to improve or enhance one or more
properties or characteristics of the      cementitious compound. The
additive may even be Portland cement clinker. In      the preferred
embodiment, an additive is selected which will enhance or increase      the
strength of the cementitious compound, and preferably its tensile or
flexural 20  strength. Since the present invention is directed at rendering
the additive      temporarily more hydrophobic, the invention is most
useful and beneficial      where the additive is naturally at least
somewhat hydrophilic, and may not be      necessary where the additive is
naturally somewhat hydrophobic.  25                Preferably, the additive
is comprised of a silicate having a naturally      somewhat hydrophilic
nature. For the purposes of the within invention, the      term "silicate"
comprises any mineral or other natural or synthetic solid      substance
which contains silicon and which is known as a silicate.  30
The silicate may comprise a reactive material such as a      supplementary
cementitious material. Supplementary cementitious materials      are
materials which either react with the products of the cement hydration
reactions or which are hydraulic materials themselves. In other words,
supplementary cementitious materials are reactive additives. Supplementary
35  cementitious materials consist of two groups of materials: pozzolans
and      hydraulic materials. Thus, in the within invention, the
supplementary      cementitious materials may be selected from the group
consisting of a pozzolan,      a hydraulic material and mixtures thereof.
Without surface treatment of the
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with the within invention,      incorporation of these materials into the
cementitious compound typically      requires the addition of further water
to the cementitious compound in order for      it to be workable and may
often result in the problems associated therewith.  5
Pozzolans are siliceous or siliceous and aluminous materials which
possess little or no cementitious value themselves. However, they react
with the      reaction products of the cement hydration. More specifically,
pozzolans tend to      react with the calcium hydroxide (Ca(OH)2), which
contributes no significant 10  strength to the cementitious compound, to
produce further calcium-silicate-      hydrate which does significantly
contribute to the strength and cohesion of the      cementitious compound.
As the pozzolans contribute to the strength and      cohesion of the
cementitious compound, the amount of cement in the      cementitious
compound may be reduced. Further, pozzolans tend to be waste 



15  products in the form of a fine powder. For instance, pozzolans include
volcanic      ash, fly ash (the waste produced from burning coal such as in
coal-fired power      plants) and silica fume (the waste from the
production of silicon or various      silicon alloys).  20
Hydraulic materials tend to react with the water directly to produce
further calcium-silicate-hydrate, which significantly contributes to the
strength      and cohesion of the cementitious compound. As the hydraulic
materials      contribute to the strength and cohesion of the cementitious
compound, the      amount of cement in the cementitious compound may be
reduced. Hydraulic 25  materials include Portland cement, but otherwise
tend to be waste products in      the form of a fine powder. For instance,
hydraulic materials include blast furnace      slag (the waste from the
production of pig iron).                    Each of the supplementary
cementitious materials is preferably 30  incorporated into the cementitious
compound by either adding it to the cement      paste or mixing it into the
Portland cement, in order to partially replace the      Portland cement,
prior to adding water to produce the cement paste. Since these
supplementary cementitious materials are generally waste products which
require disposal, in addition to enhancing or improving the properties of
the 35  cementitious compound, their incorporation into the cementitious
compound      also provides environmental benefits.
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substantially inert material such as      conventional coarse and fine
concrete aggregate, tripoli (which may also exhibit      pozzolanic or
hydraulic properties and may thus be reactive), quartzite and other
natural or synthetic minerals or substances containing silicon, each of
which may  5  be incorporated into the cementitious compound by either
adding it to the      cement paste or mixing it with the Portland cement
prior to adding water to      produce the cement paste.
Preferably, the silicate is comprised of a substantially inert fibrous 10
material, for reinforcing the cementitious compound and for improving its
flexural strength. The fibrous material is preferably comprised of discrete
fibers,      compatible with the moist alkaline environment of the cement
paste. These      fibres are incorporated into the cementitious compound
such that the fibers may      increase the strength of the cementitious
compound. As stated, these fibers tend 15  to be primarily or substantially
inert in that they do not chemically react with the      other components
of the cementitious compound. Rather, the improved 



properties of the cementitious compound, and in particular its flexural
strength,      are a direct result of the presence of the fibers in the
compound. Thus, the      specific effect of any fibrous material on the
properties of the cementitious 20  compound will tend to be dependent upon
one or more of the natural properties      of the particular fibers, the
fiber content (percentage by volume of the      cementitious compound) and
the manner of incorporation of the fibrous      material into the
cementitious compound.  25                The fibrous material may be
incorporated into the cementitious      compound at any stage prior to
setting of the compound or it may be pre-mixed      with the Portland
cement. Preferably, the additive is incorporated into the      compound so
that the fiber orientation is substantially random in three      dimensions
so that the reinforcing effectiveness is the same in all directions. 30
The fibrous material may be incorporated into the cementitious compound in
any manner or by any process.                    The fibrous material is
preferably comprised of a calcium silicate,      and is more preferably
comprised of a calcium metasilicate. In the preferred 35  embodiment, the
calcium metasilicate is comprised of wollastonite, a naturally
occurring mineral.                                               - 11 -
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pyroxenoid mineral group. Pure      wollastonite, having the chemical
formula CaSiO3, typically has a composition of      48.3% CaO and 51.7%
SiO2. However, wollastonite is rarely found in its pure      form and iron,
magnesium, manganese or strontium may substitute for some of  5   the
calcium. Wollastonite is substantially chemically inert and has a naturally
high pH. The inertness of wollastonite and its unique acicularity make
wollastonite particularly useful as a reinforcing material in cementitious
compounds.  10                Due to its unique cleavage properties,
wollastonite breaks down      during crushing and grinding into lathe- or
splinter-like or needle-shaped fibers      or particles of varying
acicularity. The acicularity of the fibers or particles is      defined by
their length:width, or length:diameter, ratio (known as the aspect
ratio). Fibers having any size and aspect ratio may be used in the within
15  invention. However, it has been found that the best results in terms of
improved flexural strength of the cementitious compound are achieved by
minimizing the size of the wollastonite fibers and by maximizing their
aspect 



ratio. For example, a cementitious compound containing wollastonite fibers
having a mean by weight width of 40 microns has been found to exhibit
better 20  flexural strength properties than a cementitious compound
containing      wollastonite fibers having a mean by weight width of 100
microns. Furthermore,      wollastonite that is crushed to smaller sizes
during preparation tends to facilitate      greater separation of
wollastonite fibers from gangue material, thus leading to      more
effective purification of the wollastonite. Based upon economic 25
considerations, it has been found that for some wollastonite deposits, the
optimum mean by weight width of the wollastonite fibers is about 75
microns,      since wollastonite fibers crushed to this size can typically
be separated relatively      efficiently from gangue material and can be
crushed to this size relatively      economically. This optimum width may,
however, vary depending upon the 30  source of the wollastonite deposit,
since every deposit of wollastonite may exhibit      different
characteristics. For best results, care should be taken in crushing the
wollastonite to its desired size to preserve as high an aspect ratio as is
possible, in      order to enhance the fiber reinforcement properties of
the wollastonite in the      cementitious compound. 35                   It
as been found that by incorporating wollastonite into a      cementitious
compound in the manner as provided for in the present invention,      the
flexural strength of the cementitious compound can be improved, and
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particular, some tests have shown      that the flexural strength of a
cementitious compound containing surface treated      wollastonite is
superior to the flexural strength of a cementitious compound
containing non-surface treated wollastonite, even where water reducing
agents  5  are used in both mixes. Some tests have also shown that when
wollastonite is      used in combination with an amount of supplementary
cementitious material,      such as fly ash, the flexural strength of the
cementitious compound may be      substantially increased (without
requiring the corresponding increase in the      compressive strength
previously discussed) above that which can be achieved by 10  a compound
containing surface treated wollastonite but not containing
supplementary cementitious material. In particular, some test results have
shown a potential for cementitious compounds containing surface treated
wollastonite and non-surface treated fly ash to produce increases of up to
30      percent and higher in long-term flexural strength as compared to
cementitious 15  compounds not including any strengthening additives or as
compared to      cementitious compounds including supplementary
cementitious materials only.      Although this improved flexural strength
has been achieved by surface treating      only the wollastonite and not
the supplementary cementitious material, even      more beneficial results
may be possible by surface treating both the wollastonite 



20  and the supplementary cementitious material in accordance with the
within      invention. The combination of wollastonite and a supplementary
cementitious      material has also been found in some cases to improve the
finishability of the      cementitious compound.  25                As
stated, the additive is surface treated. Specifically, the surfaces of
the additive are treated with a substance which has a transient hydrophobic
effect      on the additive. Thus, the substance is specifically selected
or chosen to have the      transient hydrophobic affect on the particular
additive being treated. In other      words, the additive and the substance
must be compatible, in that, the selected 30  substance must be capable of
causing the transient hydrophobic effect on the      selected additive upon
treatment of the surfaces of the additive.                    If the
additive is naturally hydrophilic, the transient hydrophobic      effect of
the substance is intended to temporarily render the additive more 35
hydrophobic such that its affinity to water is lessened or decreased. The
additive      need not be rendered fully hydrophobic, such that it has no
affinity to water at all,      as long as it is rendered more hydrophobic
than it is in its natural state.      However, it is preferable that the
surface treated additive have a significant or
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intended to be temporary,      substances which permanently alter the
natural hydrophilicity of the additive      should not be used in the
within invention. In essence, once a period of time      has passed, the
additive must be able to regain its natural properties, including its  5
natural hydrophilic nature.                    Both the specific substance
and the amount of the substance used to      treat the additive are
selected to temporarily render the additive more      hydrophobic for a
period of time following the incorporation of the additive into 10  the
cementitious compound. The greater the amount of the substance that is
used to treat the additive, the longer the period of time before the
transient      hydrophobic effect wears off. The necessary time period will
depend upon the      amount of time which is required or desirable to
permit the proper mixing and      placement of the cementitious compound.
In other words, the time period 15  should provide an adequate period
during which the cementitious compound      will be workable. During the
time period that the additive is temporarily      rendered more
hydrophobic, the water comprising the cementitious compound      is less
attracted to the additive. Preferably this effect will exist during the
placement of the cementitious compound, but will begin to diminish shortly
20  thereafter in order to enable the additive to regain its natural
properties and 



begin to participate in the curing of the compound as soon as possible.
The participation of the additive with the cementitious compound
during the curing of the compound, may be by any manner, mode or process by
25  which the additive contributes in any fashion to the properties of the
cementitious compound. However, typically, the additive will be either
reactive      or inert. If the additive is reactive, it will typically
participate with the      cementitious compound during the curing of the
compound by reacting with      either the water comprising the compound or
with the reaction products 30  produced or formed by previous reactions
between the Portland cement and the      water, in order to form further
reaction products. If the additive is inert, its      participation with
the cementitious compound during the setting of the      compound will
typically be limited to providing a further component or element      to
the cementitious compound, such as a reinforcing material, so that the 35
cementitious compound sets and hardens about the additive. The presence of
the inert additive alone contributes to the properties of the compound.
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the substance in any      manner by using any process or method for surface
treatment compatible with      both the specific treating substance and the
additive being treated. However,      preferably, the substance treats the
additive by coating its surfaces but it does not  5  chemically bond to or
otherwise chemically react with the additive. The coating      of the
substance may be applied to the surfaces of the additive by any compatible
process or method able to spread an effective layer of the substance over
substantially all of the surfaces.  10                A substance which
chemically bonds to the additive may be used      only where the chemical
bonding is temporary such that it is reversible or the      chemical
bonding does not otherwise interfere with the transient hydrophobic
effect. However, chemical bonding of the substance to the additive may
render      the additive permanently hydrophobic, thus neutralizing the
long term 15  beneficial effects of the additive in the concrete by not
permitting the additive to      participate with the compound during its
curing. As a result, substances which      chemically bond to the additive
are generally not compatible for use in the      within invention. This
effect is believed to have been exhibited where certain      oxysilanes
have been tested for use as a potential substance for surface treating of
20  the additive, with the result that substances containing oxysilane
groups may not      be suitable for use in the within invention. A
substance which otherwise      chemically reacts with the additive may
either cause breakdown or deterioration 



of the additive or may also render the additive permanently hydrophobic,
and      may therefore also not be compatible for use in the within
invention. 25                   The transient nature of the hydrophobic
effect of the substance may      be achieved by any mechanism or chemical
reaction. For instance, the substance      may break down or decompose in
some manner over time such that the      decomposed elements of the
substance are no longer able to maintain the 30  hydrophobic effect and
therefore the hydrophobic effect of the substance ceases.      Alternately,
the substance may simply release itself from the surfaces of the
additive in some manner over time, such that the additive is no longer
coated      with the substance and the substance no longer has a
hydrophobic effect on the      additive. In either case, the decomposition
or release may be caused, enhanced or 35  facilitated by the alkaline
environment or nature of the cementitious compound.      For example, in
the case of substances consisting of polymers comprising      propylene
oxide, it is theorized that the severe alkaline environment of the
-15-                  WO 98/25865
PCT/CA97/00943       cement gel causes the polymer to become insoluble and
thus release from the      additive, leaving the additive uncoated by the
polymer.                    The minimum amount of the substance required to
treat the  5  additive is an amount which is able to achieve or produce the
desired transient      hydrophobic effect on that particular additive. In
other words, an amount is      required which is able to effectively treat
substantially all of the surfaces of the      additive. The use of an
excess amount of substance, or an amount substantially      greater than
the required minimum amount, should be avoided in order to 10  minimize the
cost of the surface treatment and in order to minimize the time      period
before which the hydrophobic effect on the additive wears off.
In the preferred embodiment, an amount of the substance is used to
produce a surface treated additive comprised of between about two to five
percent 15  by weight of the substance. An amount of less than 2% by weight
of the      substance may be ineffective to achieve the transient
hydrophobic effect, while an      amount greater than 5% by weight may
adversely impact upon the short term      strength of the cementitious
compound, and may render the additive more      difficult to handle before
it is incorporated into the cementitious compound. 20  The actual minimum
amount of substance required will depend upon the      nature and
properties of the substance and the additive and upon the fineness      and
shape of the additive. Preferably, the maximum amount of the substance
used should be such that a surface treated additive is similar to an
untreated      additive in both appearance and in handling characteristics.



25                   The substance is preferably comprised of one or more
organic      substances, and in particular, is preferably comprised of at
least one organic oxide      having at least three carbon atoms. Typically,
it has been found that organic      oxides having less than three carbon
atoms tend to be more hydrophilic than 30  hydrophobic in nature because of
the relatively larger proportion of hydrophilic      oxygen included in
these oxides. Higher organic oxides, having three or more      carbon
atoms, contain a proportionately small amount of oxygen and therefore
tend to be more hydrophobic than hydrophilic in nature. Thus, substances
containing only organic oxides having less than three carbon atoms tend to
be 35  unsuitable for use as the substance in the within invention due to
their      hydrophilic nature. However, the substance may also comprise a
surface active      agent, or surfactant, having both a hydrophobic
component and a hydrophilic      component. In such case, the hydrophobic
component is preferably comprised of
-16-                   WO 98/25865
PCT/CA97/00943       an organic oxide having at least three carbon atoms,
while the hydrophilic      component may comprise any hydrophilic component
or moiety such as      carboxylates, phosphates, sulfonates, sulfates,
alcohols, glycols, amines,      polyamines or organic oxides having fewer
than three carbon atoms.  5                   The organic oxide having at
least three carbon atoms may be      derived from saturated, unsaturated or
aromatic hydrocarbons or may be derived      from derivatives therefrom.
However, the substance must also be capable of      imparting a transient
hydrophobic effect on the additive. Consequently, some 10  organic oxides
may be unsuitable for the intended function because they are      unable to
achieve the desired effect. For example, and as indicated above, it has
been found that oxysilanes appear to render the additive permanently
hydrophobic. As a result, an oxysilane treated additive and, in particular,
oxysilane treated wollastonite, has a low water demand but appears to
provide no 15 long term increase in the flexural strength of the
cementitious compound given      that the wollastonite is unable to regain
its natural properties, including its      hydrophilicity. Therefore,
organic oxides containing oxysilane groups may not be      suitable for use
as the substance. Other organic oxides may be unsuitable for      similar
reasons. 20                   Although some of the higher organic oxides
may themselves have a      high enough molecular weight to comprise the
substance, the substance is      preferably comprised of a polymer in order
to provide a molecular weight for the      substance which is high enough
to facilitate economical and effective surface 25  treatment of the
additive. In the preferred embodiment, the substance is a 



polymer comprised of propylene oxide units. Further, in the preferred
embodiment, the polymer is a surfactant further comprising an organic oxide
having fewer than three carbon atoms, such as ethylene oxide units, or a
surfactant further comprising an amine, a polyamine or a glycol. 30
In the preferred embodiment in which the additive is comprised of
wollastonite, the polymer is preferably comprised of at least one of the
four      polymers described below, including mixtures thereof.  35
First, the substance may be comprised of a polymer of alkylene      glycol.
The chemical composition of polyalkylene glycol is polyalkylene glycol
monobutyl ether which has the following chemical formula:
- 17-                  WO 98/25865
PCT/CA97/00943                         C4H9(OCH2CH2) x [OCH2CH(CH3)] yOH
This polymer is manufactured by Union Carbide Canada Inc. and is
commercially      available under the UCON trade-mark as UCON Lubricant
50-HB-660. 5                  Second, the substance may be comprised of a
polymer of alkyl ether      amine. The chemical composition of polyalkyl
ether amine is as follows:                         poly(oxy(methyl-1,
2-ethanediyl)), alpha-hydro- 10
omega-(2-aminomethylethoxy)-,ether with 2-
ethyl-2-(hydroxymethyl)-1,3-propanediol (3:1)       This polymer is
manufactured by Huntsman and is commercially available      under the
JEFFAMINE trade-mark as JEFFAMINE T-403. 15                  Third, the
substance may be comprised of a polymer of      oxyalkyleneamine. The
chemical composition of polyoxyalkyleneamine is:
oxirane, methyl-, polymer with oxirane, bis (2- 20
aminopropyl) ether       This polymer is manufactured by Huntsman and is
commercially available      under the JEFFAMINE trade-mark as JEFFAMINE
ED-600.  25               Fourth, the substance may be comprised of a
polymer of      oxypropylenediamine. The chemical composition of
polyoxypropylenediamine 



is:                         poly (oxy(methyl 1-1, 2-ethanediyl)), alpha-(2-
30                     aminomethylethyl) omega - (2-
aminomethylethoxy)       This polymer is also manufactured by Huntsman and
is commercially available      under the JEFFAMINE trade-mark as JEFFAMINE
D-230. 35                  In JEFFAMINE polymers, the letter associated
with the JEFFAMINE      trade-mark (D or T) represents the functionality
(di- or tri-) of a given product,
-18-                  WO 98/25865
PCT/CA97/00943       while the number designates the approximate average
molecular weight. Thus,      for example, D-230 represents a diamine of
about 230 molecular weight.                   Any other substances that are
capable of producing the transient  5  hydrophobic effect described above
may be used as the surface treating substance.      Such other substances
may include polymers comprising only propylene oxide      units, polymers
or other substances comprising other organic oxides comprising      at
least three carbon atoms, or surfactants comprising propylene oxide or
other      organic oxides having at least three carbon atoms as the
hydrophobic component 10  and comprising carboxylates, phosphates,
sulfonates, sulfates, alcohols, glycols,      amines, polyamines, organic
oxides having fewer than three carbon atoms or      other hydrophilic
moieties as the hydrophilic component.                   It should be
understood that the exact nature of the chemistry 15  involved in this
invention is not completely known. Therefore the practice of      this
invention is not to be taken as being limited by the theories contained
herein.                   The following Example serves to more fully
illustrate the 20  invention. In the Example, the following parameters for
mix design are      constant:                    1.   sand content-
956 grams                   2.   coarse aggregate-           none 25
content                  3.   fly ash content-            119 grams
4.   cement content-             306 grams 



5.   wollastonite-                   42.5 grams
(where present) 30               6.   air entraining-              0.5
millilitres                         admixture
- 19 -             WO 98/25865
PCT/CA97/00943                                 EXAMPLE 1
Wollas-                                 Wollaston Wollaston Wollaston
tonite           Control              -ite treated -ite treated -ite
treated treated           Mix (no   Untreated  with 5%    with 5%    with
5%    with 5%           wollaston- wollaston- Jeffamine  Jeffamine
Jeffamine  UCON           ite)       ite       D-230     T-403       ED-600
50-HB-660  Air           7%         7%         7%        7%         7%
7% content (%)  Flow (%)     124%       129%       124%       126%
125%       131%    Water/       0.37       0.42       0.40       0.39
0.39       0.39 Cement ratio (W/C)  Water       1.91ml    1.91ml    1.91ml
1.91ml    1.91ml    2.13ml reducing agent dosage  



Super-      2.51ml    2.51ml    2.51ml    2.51ml    2.51ml    2.98ml
plasticizer dosage  7-day        31.8       28.4       30.2       32.7
31.9       29.3 compress- ive strength (MPa)
-20 -                  WO 98/25865
PCT/CA97/00943       28-day        48.3       41.4       46.2      52.6
52.0      43.2     compress-     ive     strength     (MPa)      7-day
30.9       31.8       35.0        35.9       33.2       34.5     flexural
strength     (kg force)      28-day        36.8       39.1       49.1
47.7       49.1       44.1     flexural     strength     (kg force)
NOTES:                         The wollastonite is an HAR-200 (high aspect
ratio, 200 mesh                        x 0) grade wollastonite produced by
Minera NYCO S.A. de 5                     C.V. of Mexico  



The air entraining admixture is Daravair (TM),
produced by W.R Grace and Co.  10                     The water reducing
agent is WRDA (TM), manufactured                        by W.R. Grace and
Co.                         The superplasticizer is WRDA-19 (TM),
manufactured by                        W.R. Grace and Co. 15
The samples tested for flexural strength are beams
measuring 12.7 mm x 19.1 mm x 152.4 mm
-21 -                          The embodiments of the invention in which an
exclusive privilege        or property is claimed are defined as follows:
1.          A surface treated additive composition for incorporation into a
5   cementitious compound comprising Portland cement and water prior to the
setting of the compound, wherein the surface treated additive composition
comprises an additive having surfaces which have been treated with a
polymer,        wherein the polymer is a surfactant and includes a
hydrophobic component        comprising propylene oxide units and a
hydrophilic component, wherein the  10   hydrophilic component is
positioned at one or more ends of the polymer.        2.          The
composition as claimed in claim 1 wherein the additive is       comprised
of a silicate.   15   3.          The composition as claimed in claim 2
wherein the silicate is a       substantially inert material.        4.
The composition as claimed in claim 2 wherein the silicate is
comprised of a fibrous material for reinforcing the cementitious compound.
20       5.          The composition as claimed in claim 2 wherein the
silicate is       comprised of a supplementary cementitious material.
6.          The composition as claimed in claim 2 wherein the silicate is
25   comprised of a calcium silicate.       7.          The composition as
claimed in claim  6 wherein the silicate is      comprised of a calcium
metasilicate. 



30   8.          The composition as claimed in claim  7 wherein the
silicate is      comprised of wollastonite.       9.          The
composition as claimed in claim 8 wherein the compound is      further
comprised of a supplementary cementitious material. 35      10.         The
composition as claimed in claim 8 wherein the polymer is      comprised of
a copolymer containing propylene oxide units and ethylene oxide      units.
-22-                11.        The composition as claimed in claim 10
wherein the hydrophilic       component of the polymer comprises an amine
group positioned at one or more       ends of the polymer.        12.
The composition as claimed in claim 11 wherein the polymer is a
polyoxyalkyleneamine and wherein the hydrophilic component of the polymer
comprises two amine groups positioned at two ends of the polymer,   10  13.
The composition as claimed in claim 10 wherein the hydrophilic
component of the polymer comprises a hydroxyl group positioned at one or
more ends of the polymer.       14.        The composition as claimed in
claim 13 wherein the polymer is a 15  polyalkylene glycol and wherein the
hydrophilic component of the polymer      comprises one hydroxyl group
positioned at one end of the polymer.       15.        The composition as
claimed in claim 8 wherein the polymer is a      polyoxypropyleneamine and
wherein the hydrophilic component comprises an 20  amine group positioned
at one or more ends of the polymer.       16.        The composition as
claimed in claim 15 wherein the polymer is a      polyalkyl ether amine and
wherein the hydrophilic component of the polymer      comprises three amine
groups positioned at three ends of the polymer. 25      17.        The
composition as claimed in claim 15 wherein the polymer is a
polyoxypropylenediamine and wherein the hydrophilic component of the
polymer comprises two amine groups positioned at two ends of the polymer.
30  18.        The composition as claimed in claim 8 wherein the polymer
does      not comprise oxysilane groups.  



19.        The composition as claimed in claim 8 wherein the surface
treated      additive composition is comprised of between about two to five
percent by 35  weight of the polymer.      20.        A process for
preparing an additive for incorporation into a     cementitious compound
comprising Portland cement and water prior to the
-23-               setting of the compound, the additive having surfaces,
the process comprising        the step of treating the surfaces of the
additive with a polymer, wherein the        polymer is a surfactant and
includes a hydrophobic component comprising        propylene oxide units
and a hydrophilic component, wherein the hydrophilic   5  component is
positioned at one or more ends of the polymer.        21.         The
process as claimed in claim  20 wherein the additive is       comprised of
a silicate.   10  22.          The process as claimed in claim 21 wherein
the silicate is a       substantially inert material.        23.
The process as claimed in claim 21 wherein the silicate is comprised
of a fibrous material for reinforcing the cementitious compound.  15
24.         The process as claimed in claim 21 wherein the silicate is
comprised       of a supplementary cementitious material.        25.
The process as claimed in claim 21 wherein the silicate is comprised 20
of a calcium silicate.       26.         The process as claimed in claim 25
wherein the silicate is comprised      of a calcium metasilicate.  25  27.
The process as claimed in claim 26 wherein the silicate is comprised
of wollastonite.       28.         The process as claimed in claim 27
wherein the compound is      further comprised of a supplementary
cementitious material. 30      29.         The process as claimed in claim
27 wherein the polymer is      comprised of a copolymer containing
propylene oxide units and ethylene oxide      units.  35  30.          The
process as claimed in claim 29 wherein the hydrophilic      component of
the polymer comprises an amine group positioned at one or more      ends of
the polymer. 



- 24 -              31.         The process as claimed in claim 30 wherein
the polymer is a       polyoxyalkyleneamine and wherein the hydrophilic
component of the polymer       comprises two amine groups positioned at two
ends of the polymer.    5  32.         The process as claimed in claim 29
wherein the hydrophilic       component of the polymer comprises a hydroxyl
group positioned at one or       more ends of the polymer.        33.
The process as claimed in claim 32 wherein the polymer is a  10
polyalkylene glycol and wherein the hydrophilic component of the polymer
comprises one hydroxyl group positioned at one end of the polymer.
34.        The process as claimed in claim 27 wherein the polymer is a
polyoxypropyleneamine and wherein the hydrophilic component comprises an
15  amine group positioned at one or more ends of the polymer.       35.
The process as claimed in claim 34 wherein the polymer is a      polyalkyl
ether amine and wherein the hydrophilic component of the polymer
comprises three amine groups positioned at three ends of the polymer. 20
36.         The process as claimed in claim 34 wherein the polymer is a
polyoxypropylenediamine and wherein the hydrophilic component of the
polymer comprises two amine groups positioned at two ends of the polymer.
25  37.        The process as claimed in claim 27 wherein the polymer does
not      comprise oxysilane groups.       38.         The process as
claimed in claim 27 wherein the additive is treated      with the polymer
to produce a surface treated additive composition comprised of 30  between
about two to five percent by weight of the polymer.       39.         A
process for preparing a cementitious compound comprised of      Portland
cement, water and a surface treated additive composition, comprising
the steps of: 35            (a)  treating the surfaces of an additive with
a polymer to produce the                 surface treated additive
composition, wherein the polymer is a                 surfactant and
includes a hydrophobic component comprising
-25-    



propylene oxide units and a hydrophilic component, wherein the
hydrophilic component is positioned at one or more ends of the
polymer; and    5         (b)   combining the Portland cement, the water
and the surface treated                   additive composition to form the
compound.        40.         The process as claimed in claim  39 wherein
the additive is       comprised of a silicate.  10       41.         The
process as claimed in claim 40 wherein the silicate is a
substantially inert material.        42.         The process as claimed in
claim 40 wherein the silicate is comprised  15  of a fibrous material for
reinforcing the cementitious compound.       43.         The process as
claimed in claim 40 wherein the silicate is comprised      of a
supplementary cementitious material.  20  44.          The process as
claimed in claim 40 wherein the silicate is comprised      of a calcium
silicate.       45.         The process as claimed in claim 44 wherein the
silicate is comprised      of a calcium metasilicate. 25      46.
The process as claimed in claim 45 wherein the silicate is comprised
of wollastonite.       47.         The process as claimed in claim 46
wherein the compound is 30  further comprised of a supplementary
cementitious material.       48.         The process as claimed in claim
46 wherein the polymer is      comprised of a copolymer containing
propylene oxide units and ethylene oxide      units. 35     49.         The
process as claimed in claim  48 wherein the hydrophilic     component of
the polymer comprises an amine group positioned at one or more     ends of
the polymer.                                        -26 -               50.
The process as claimed in claim 49 wherein the polymer is a 



polyoxyalkyleneamine and wherein the hydrophilic component of the polymer
comprises two amine groups positioned at two ends of the polymer.   5
51.        The process as claimed in claim 48 wherein the hydrophilic
component of the polymer comprises a hydroxyl group positioned at one or
more ends of the polymer.   10  52.         The process as claimed in claim
51 wherein the polymer is a       polyalkylene glycol and wherein the
hydrophilic component of the polymer       comprises one hydroxyl group
positioned at one end of the polymer.        53.        The process as
claimed in claim 46 wherein the polymer is a  15  polyoxypropyleneamine and
wherein the hydrophilic component comprises an      amine group positioned
at one or more ends of the polymer.       54.        The process as claimed
in claim 53 wherein the polymer is a      polyalkyl ether amine and wherein
the hydrophilic component of the polymer 20  comprises three amine groups
positioned at three ends of the polymer.       53.       The process as
claimed in claim 53 wherein the polymer is a      polyoxypropylenediamine
and wherein the hydrophilic component of the      polymer comprises two
amine groups positioned at two ends of the polymer. 25      56.       The
process as claimed in claim 46 wherein the polymer does not      comprise
oxysilane groups.       57.        The process as claimed in claim 46
wherein the additive is treated 30  with the polymer so that the surface
treated additive composition is comprised of      between about two to five
percent by weight of the polymer.       58.       A cementitious compound
comprising Portland cement, water and      an additive, wherein the
additive has surfaces which have been treated prior to 35  incorporation of
the additive into the cementitious compound with a polymer,     wherein the
polymer is a surfactant and includes a hydrophobic component     comprising
propylene oxide units and a hydrophilic component, wherein the
hydrophilic component is positioned at one or more ends of the polymer.
-27-                59.        The compound as claimed in claim 58 wherein
the additive is       comprised of a silicate.    5  60.         The
compound as claimed in claim 59 wherein the silicate is a
substantially inert material.  



61.        The compound as claimed in claim 59 wherein the silicate is
comprised of a fibrous material for reinforcing the cementitious compound.
10       62.        The compound as claimed in claim 59 wherein the
silicate is       comprised of a supplementary cementitious material.
63.        The compound as claimed in claim 59 wherein the silicate is  15
comprised of a calcium silicate.       64.        The compound as claimed
in claim 63 wherein the silicate is      comprised of a calcium
metasilicate.  20  65.         The compound as claimed in claim 64 wherein
the silicate is      comprised of wollastonite.       66.        The
compound as claimed in claim 65 wherein the compound is      further
comprised of a supplementary cementitious material. 25      67.        The
compound as claimed in claim 65 wherein the polymer is      comprised of a
copolymer containing propylene oxide units and ethylene oxide      units.
30  68.         The compound as claimed in claim 67 wherein the hydrophilic
component of the polymer comprises an amine group positioned at one or more
ends of the polymer.       69.        The compound as claimed in claim 68
wherein the polymer is a 35 polyoxyalkyleneamine and wherein the
hydrophilic component of the polymer     comprises two amine groups
positioned at two ends of the polymer.                   - 28-
70.        The compound as claimed in claim 67 wherein the hydrophilic
component of the polymer comprises a hydroxyl group positioned at one or
more ends of the polymer.    5  71.         The compound as claimed in
claim 70 wherein the polymer is a      polyalkylene glycol and wherein the
hydrophilic component of the polymer      comprises one hydroxyl group
positioned at one end of the polymer.       72.        The compound as
claimed in claim 65 wherein the polymer is a 10  polyoxypropyleneamine and
wherein the hydrophilic component comprises an      amine group positioned
at one or more ends of the polymer. 



73.        The compound as claimed in claim 72 wherein the polymer is a
polyalkyl ether amine and wherein the hydrophilic component of the polymer
15  comprises three amine groups positioned at three ends of the polymer.
74.        The compound as claimed in claim 72 wherein the polymer is a
polyoxypropylenediamine and wherein the hydrophilic component of the
polymer comprises two amine groups positioned at two ends of the polymer.
20      75.        The compound as claimed in claim 65 wherein the polymer
does      not comprise oxysilane groups.       76.        The compound as
claimed in claim 65 wherein the surfaces of the 25  additive have been
treated with between about two to five percent by weight of     the
polymer.                                                       - 29 -    


