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I nvention relates to nagnesium cenents and in particular to cenents 9 UL 2004
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phosphates or soluble silicates, they are not generally economic.

Magnesium oxychlorides were first discovered and prepared by Sorel in
1867. Magnesium oxysulfates were discovered by Olmer and Delyon in 1934 .

15 Magnesium oxychlorides and oxysulfates are commenly referred to as Sorel
cements.

A number of compounds are formed when magnesia reacts with
magnesium chloride to form oxychlorides. The main bonding phases so far
found in hardened cement pastes are Mg(OH),, (Mg(OH),)3 .MgCl; .8H,0 and

20  (Mg(OH);)5.MgCl,.8H,0. (Mg(OH);)5.MgCl,.8H;O has superior mechanical
properties and is formed using a molar ratio of MgO:MgCl,:H,0 = 5:1:13

MgCl, + 5MgO + 13H,0 = (Mg(OH),)5.MgCl,.8H,0

If magnesium sulfate is used instead four oxysulfate phases are
considered to form at temperatures between 30 and 120°C;

25  (Mg(OH);)5.MgS0..3H,0,(Mg(OH);)3. MgS0,.8H,0, Mg(OH);.MgS0,..5H,0,
and Mg(OH),.2MgS0,.3H;0. Only (Mg(OH);)3.MgSO,.8H,0 is stable below
35°C.

3MgO + MgS0O, +11H,0 = (Mg(OH),)3.MgS0,.8H;0

Zing, calcium, copper and other elements also form similar compounds.

30 Magnesium oxychlorides achieve higher compressive strengths than

magnesium oxysulfates. The main problem with Sorel cements is that both
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down in water and particularly in acids. Corrosion of steel reinfoﬂ ﬁ@-mm
al so occurs. The use of soluble silicates such as sodiumsilicate has been
described as a neans of inproving the ter resistance of Sorel type
cenents. These cenents 5 are of littlé practical use however because of
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formation fol lowed by crystallisation into an insolubl'e phosphate, mainly
magnesi umiasvinblamaghesiptropkospbatehydr at e, [ NHFMMgPO4. 6H20] . The magnesi um

oxi de used in this. system] duced by 20 cal cining at higher
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magnesi ochrone cenment finds use in refractories. The men I s, based upon
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et ght A range of magnesium phosphate cements has been used including
15 magnesium ammonium phosphate which is thought to be formed by an acid-
base reaction between magnesia and di hydrogen ammonium phosphate. This
results in an initial gel formation followed by crystallisation into an insoluble
phosphate, mainly magnesium ammonium phosphate hexehydrate,
[NH MgPO,.6H,0]. The magnesium oxide used in this system is produced by
20  calcining at higher temperatures and is referred to in the industry as being “dead
burned” and is not as reactive as magnesia made at lower temperatures. A set
retarder, typically either borax or boric acid is also used to give 8 workable set
time.
MgO + NHH,PO, + 5H,0 = NHMgPO,.6H,0
25 High-lime magnesiochrome cement finds use in refractories. The cement
is based upon magnesia plus calcium chromate - chromite, a complex mineral
produced by the combination of lime with chrome oxide (Cr,0,) in an oxidising
environment. Hydration is normally performed with a 30% aqueous solution of
magnesium chloride hexahydrate (MgCl,.6H,0) solution at 8 per cent by weight

30 of the cement. The products are complex. As well as hydrates they also consist

of carbonates, which are formed by the effects of carbonation. Typical products
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common cenents. Applicable standards are C 15Q-95 (Standard specification
for Port | eanenpsayiously mainly because the setting rate is too slow.

15 Most hydraulic cements are calcium based and apart from calcium
aluminate and some slag cements, generally contain ground Portland type
clinkers and are classified as Portland type cements by standards developed in
most countrics to ensure their quality. In Europe a large number of countries
have been involved in the development of what is referred to as the European

20  Prestandard for Common Cements (ENV 197-1:1992) which covers a wide
range of formulations including Portland cements, Portland — slag cements
(including slag from steel making), Portland silica fume cements, Portland
pozzolana or flyash cements, Portland burnt shale cements, Portland
limestone cements, Portland composite cements, blast furnace cements,

25 pozzolanic cements and various composite cements.

In America the American Society for Testing and Materials

(ASTM) is the major contributor to the classification of common cements.
Applicable standards are C 150-95 (Standard specification for Portland cement),
C219-94 (Standard terminology relating to hydraulic cement) and C595M-95

30  (Standard specification for blended hydraulic cements).Other hydraulic cements

include geopolymers which are based on poly(silico-oxo-aluminate) or (-S8i-O-
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Summary of the Invention
The invention provides in one form a cement composition that includes
reactive magnesium oxide at a level of at least 5% w/w of hydraulic
cementitious components in the composition excluding pozzolans wherein the
20  magnesium oxide is prepared by low temperature calcination and fine grinding
and wherein the hydraulic cementitious components exclude magnesium
oxychlorides and magnesium oxysulfates.
The cementitious components may include any hydraulic cement defined in
ASTM C219 - 94 as “a cement that sets and hardens by chemical interaction
25  with water and that is capable of doing so under water.” This definition includes
a wide range of cements including but not limited to Portland and blended
Portland type cements listed by the various standards, slag cements, calcium
aluminate type cements, alite cements, belite cements, ferrari cements lime
cements and geopolymers. as well as sulfates other than the excluded
30 magnesium salts. Pozzolans defined by ASTM C219 - 94 as a siliceous and

aluminous material, which in itself possesses little or no cementitious value but




alum nate type cenents, alite cenents, belite cenents, ferrari cements |ine
cenents and geopol yners. as well as sulfates other than the excludefdg30L 2004
magnesi um salts. Pozzol ans defined by ASTM C219 - 94 as a siliceous and

al um nous material, which in itself possesses little or no cenentitious
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various accelerators as a neans of inproving the setting and hardening

times 18nd whwly strength. Both blending with other cenents and the use of
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Detailed Description of the Invention

15 The present invention provides cement compositions containing

substantial proportions of reactive magnesia that hydrates to form brucite which

is a useful cementitious component. They generally but not always contain a

high proportion of pozzolans, many of which are wastes such as fly ash.

The compositions include the blending of reactive magnesia with

20 hydraulic cements, preferably Portland cements but also other cements
including other magnesium cements and/or the use of various accelerators as a
mesans of improving the setting and hardening times and early strength. Both
blending with other cements and the use of accelerators as formulation
strategies can be used independently, or sometimes combined to advantage

25  rendering brucite useful as & binder in a cement matrix.

When other commercially useful cements are blended as a minor
constituent with reactive magnesia in the formulations provided for in this
invention ultimate strength is improved. Reactive magnesia in turn, when added
as a minor constituent to other hydraulic cements, provides a virtually insoluble

30 matrix of high pH in which most other cements are stable and affords a degree

of protection in normally aggressive solutions such as sulfates.
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1: 3 t o0&, smegnepigies @ pinsselbinders of the - Portland conponent result in
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sustainability, Typically the ratio of reactive magnesia to ground Portland
clinker is in the range 1:3 to 2.5:1. Higher proportions of the — Portland
component result in more rapid setting times, particularly when the ratio of
Portland cement to reactive magnesia is greater than 1.

20 The addition of pozzolans is not necessary as a strong cement is
produced by merely blending Portland cement clinker minerals and reactive
magnesia. However, they are useful as they have, most often only when
activated, but sometimes depending on their composition without activation,
cementitious properties. They also serve to mask the slower setting times of the

25 magnesia component, preventing structural defects and if they are also wastes,
they reduce costs.

The use of accelerators is both an additional and alternative technique to
improve early setting and hardening times of cements. If accelerators such as

ferrous sulfate are used whether with blends of reactive magnesia and pozzolans

30 alone (an alternative technique) or also with other cementitious components (an




they reduce costs. The use of accelerators is both an additional and
alternative technique to inprove early setting and hardeni ng tines1@fUL2m4
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bl ends of reactive magnesi a and pozzol ans 30 alone (an alternative
technique) or also with other cenentitigus conponents (an 1 9 J UL 2004 7
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20 Australi . [ ) | ;vE [ O, Q.. 95%
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Rai | t on TaswarerafromsAvstyalign Comensjn Railgon Tagmnanisu Watex was addeshia-mieket Bl ue
gt cguButfF st &Ra BB ks 1P bR WMo, Ader Gphiitihddxof 12
15  weeks the sample reached a strength approaching 20 mpa and was resistant to

sulfates and other solutions aggressive to Portland cement.

In another example in which the advantage of using reactive magnesia in
ordinary concrete was tested 2 concrete composition was made by mixing as dry
powders 5,000g (5% by weight) fly ash from the Gladstone power station in

20  Australia, 2,000 g (2.00 % by weight) reactive magnesia ground to 95% passing
45 'micron and 100% passing 125 micron (branded as XLM and from Causmag
in Australia), 12,000g (12 % by weight) ground Portland cement clinker ground
to 100% less than 125 micron from Australian Cement in Railton Tasmania,
31,000 g (31% by weight) of course sand from Hobart Blue Metal Industries in

25 Hobart, Tasmania and 50,000 g (50% by weight) of 12 mm aggregate from
Boral Quarries Bridgewater in Tasmania Water was added to make a stiff paste
and this was then vibrated into moulds, After approximately six weeks the

sample reached a strength exceeding 25 mpa and was resistant to sulfates and

other solutions aggressive to concrete made with Portland cement with no added

30 reactive magnesia.




Boral Quarries Bridgewater in Tasmania Water was added to make a stiff
paste and this was then vibrated into noulds. After approximately fgﬁ L 2004
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sul fates and other solutions aggressive to concrete made with Portl and
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oxi de at alolomiteapressnt ps drovibmperbypesentaingd Antimsstons, it staksh 4% Bt one
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C0220423 1 HFE oftert deamech titmms componentsi cal | y nmade bet ween 1450C and 1500C.

15 At these tenperatuyres a nesi um car bonat e ,cont.gnt_ bec ) eactive
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Portl and cenent have_ 20 hydrated. As a resuylt stresses,are introduced
resul ting doloymte: whishgiontsing dpthomagnesium and calcium as carbonates.

Reactlon "Atomic No.| Enthalpy |Entropy | T(PCO,;=
of metal AH® (kcal) | AG® (kcal) | 1atm)

MgCO; =MgO +CO, |12 28 16 540°C

CaCO; = Ca0 + CO;, 20 l 42 3] 900°C

Portland cement is typically made between 1450°C and 1500°C.
15 At these temperatures any magnesium carbonate content becomes unreactive
due to the formation of larger more defined crystals with less surface area and
lower porosity than &t lower temperatures. Magnesia produced in this manner,
referred to as ‘dead burned’, is unreactive and hydrates very slowly - usually
long after the other components in a cement such as Portland cement have
20 hydrated. As a result stresses are introduced resulting in what is often termed
unsound cement. Because of this magnesium oxides have been condemned for
many years in Portland cement, Unreactive magnesia is also unsuitable for use

in the present invention.
The key for the successful blending of magnesia and other cements and
25  in particular Portland type cements is that the hydration rates of all components
in the cement must be matched. In order to achieve this the magnesia

component must be separately calcined at lower temperatures and in conditions
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15  prepared solution is stored in 2 water bath at 30°C+ 0.2 C.

The test method is to first weigh a 2.00g sample of magnesia on a watch
glass. Then Pipette 100ml of the prepared solution in to a dry 250mi tall form
beaker. Add the 2.00g powder sample previously weighed and stir (preferably
with a megnetic stirrer) immediately. Record the time in seconds for the stirred

20  solution to turn pink.

The reactivity and hydration rates of hydraulic cements, and in particular
Portland clinker products, magnesia and lime are affected by the temperature
and conditions of calcining as well as the particle porosity, texture and size and
the porogity, texture and size of interspersed components such as pozzolans

25 including fly ash and can therefore be engineered to match mainly by varying
slaking temperatures and grind sizes.

It is important that volume changes are approximately neutral to prevent
structural defects occurring during setting and volume changes ere related to

reactivity.

30 Consider the volume changes that occur when magnesia hydrates:
MgO + H,0 = Mg(OH),
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changes are approxi mately neutral to prevent structural defects occurring
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Portland clinkers.
15 If finely ground magnesia that is highly reactive is added after the
calcining process required for the manufacture of most other cements such as
Portland cement, the same hydration reactions occur but much more rapidly. As
a result the moisture is absorbed more rapidly and mainly from the mix water
and there is no net absorption of moisture that was not contained in the original
20 mix. In terms of molar volumes from the above equation, MgO (11.2) + H;0
(18.0) = Mg(OH), (24.3). The volume of the reactants is-more than the products
by some 4.9 molar volumes, and this small amount is taken up from pore water.
It is desirable with the composition of the present invention to maintain a
moist environment particularly after the first few hours curing and it has been
25  determined that approximately neutral volume changes result if this is the case
resulting in little or no stresses that have to be accommodated.
The hydration of reactive magnesia added during the final blending or
grinding stages of the manufacture of a cement is sufficiently rapid to allow
most volume adjustments that there are to occur before restraining strength is

30 achieved by the other cementitious components preventing stresses from

developing that cause structural defects.
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Inter particle surface interaction also results in chemical as well as
physical bonding between fine grains of pozzolan and other cementitious
components and between the pozzolan grains themselves. This is mainly due to
hydration reactions but also surface hydrolysis and geopolymeric reactions

20 particularly if an alkali such as provided by the more soluble portlandite phase
(Portlandite or calcium carbonate hes a Ksp of 5.5 x 10 or solubility of 1.37
gflitre) of Portland cement is present or separately added.

These reactions occur later during the hardening of the cements described
by this specification as the more soluble alkalis become concentrated as other

25 cement components such as calcium silicate and magnesia hydrate and use up
mixing water.

The grains of pozzolan also provide nucleation sites for the hydration of
other components of the cement.

In this specification the term pozzolan which has been defined includes

30  materials containing silicon and aluminium that react with or are activated by an




g/litre) of Portland cenent is present or separately added. These reactions
occur later during the hardening of the cenents described by this 19 JuL g}g[,
specification as the nore soluble alkalis becone concentrated as other 2
cenment conmponents such as calciumsilicate and nagnesia hydrate and use up
m xi ng water. The grains of pozzolan ajsso provide nucleation sites for the
hydrati on of other conponents of the cenent. In this specification the
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the agriculture and mning Industry in increasing anbunts such as reactive
fly ash, lohger tematarshogteaperiodsclf adeelgratedby eceelslatys alsoddasttibed wabyes from

the netal 10 produgtigon industry as well as silica funme, ground byjick, and
sever age dieatips praesably-isss yeoisherwsonmer. Ei‘amﬁ% &8 “ﬁéwg PrﬁgP?Fé{ }’Br mat i on

of a cene n Lnel : i , ) |l i ngs,
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abrasi on resistance (and in nany cases mnrkablllty). If fine enough they
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pozzol ani c stes available in quantity cheaply, fly ash is economcally
t he nost i"ﬁ%ﬁrtant and has been found to nmake a slightly better 20 cenent

when conbi ned vpdshivibgages talie'ad chemicl phrt fr theeforni=idnosfa Jeaentaddt he
reasons for this could be that the heat ‘treatnent has been nore appropriate
include, sawdust, unburnt rice husks, some mine tailings, mineral extraction
wastes etc. and virtually all may be used as fillers. A high proportion can be
15  added without loss in strength and add to abrasion resistance (and in many cases
workability). If fine enough they act as micro aggregates and often result in
greater strength.
Of the pozzolanic wastes available in quantity cheaply, fly ash is
economically the most important and has been found to make & shghtly better
20 cement when combined with magnesia than ground vitrified iron ore slag and
the reasons for this could be that the heat treatment has been more appropriate
and the silicon alumina ratio is closer to ideal proportions.
Ground bauxite or brick has been found to increase strength when added
to mixtures of magnesia and fly ash. As mixtures of magnesia and silica fume
25  hardly show any strength but mixtures of magnesia silica fume and bauxite do
the increased reactivity due to the inclusion of bauxite is probably a function of
the addition of alumina, but this has not been proven as it may also be due to a
concentration affect.

It has also been found possible to include amounts of waste contsining

30  alumina such as “red mud” which is a waste form the aluminium industry.
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as rice hlﬁ%iﬁ& is also reactive and nmay contain ideal quantities of silica
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used in Portl Suverggenfludge ushalbeyides nedes sarspurds ofyraotive sbcaandappear

to be 20 deleterious and nay even have a smal | advau]Q‘lﬁJ ge, as . ,a se
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15  phosphates which have good binding properties.

The residue from buming organic wastes such as rice husks is also
reactive and may contain ideal quantities of silica and alumina,

The addition of gypsum, limestone and other additives normaily used in
Portland cement is usually unnecessary. As gypsum does not appear to be

20  deleterious and may even have a small advantage as a set regulator for the
Portland cement component, accelerator for the magnesium oxide component
and flocculation agent, commercial Portland cement containing a small
percentage of ground gypsum may be used as an alternative to pure ground
Portland clinker materials in virtually any ratio.

25 The addition of ground limestone, often added to Portland clinker with
which it has some reactions, has little or no affect to the reactive magnesia
component and this is an advantage as it allows the use of impure magnesite for
the manufacture of reactive magnesia for use pursuant to this invention. At the
low temperatures used to produce reactive magnesia and particularly with the

30 use of fluxes such as sodium fluoride or chloride, limestone does not react and

remains un-slaked and inert with respect to magnesia, acting merely as a filler.
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15 As with Portland cement the key is to match the hydration rates and to do
this reactive magnesia is required.
There are three main classes of accelerants that can be used in the

composition of the present invention:

1. Alkaline chemicals which mobilise silica and alumina.
20 2. Acids and salts of acids.
3. Organic accelerators.

Alkaline chemicals that accelerate the setting of Portland cement include
chemicals such as alkali and alkali earth hydroxides, carbonates, formates,
aluminates and silicates.

25 Small dosages of alkaline accelerants work with the composition of the
present invention. If Portland cement is included in the blend they aid the
formation not only of calcium sluminates but also of calcium silicates by
mobilising silica and alumina, both of which are much more soluble in an
alkaline environment,

30 Some of the alkaline accelerants that have been tested are listed below in

order of effectiveness.




3. Organic accelerators. Alkaline chemcals that accelerate the setting of
Portl and cenent include chenicals such as alkali and alkali earth 719 JUl 2004
hydr oxi des, carbonates, formates, alum nates and silicates. 25 Small
dosages of al kaline accelerants work with the conposition of the present
invention. If Portland cenment is included in the blend they aid the
formation not onIy of caIC|un1aIun1nates but also of caIC|un1S|I|cates by
mobi | i sing g ca—and gbte—n an

al kal i ne enyironment. 304 5 hbqt the al kal i nd acch EF%‘E'&“? tl ave {been
tested are [isted belowin order of effectiveness. 19 JUL 2004 15
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general ly both the cation and anion contributle to the overall affect
facilitati anSoﬂwndhydmmm on of magnesia and |linme. At hoZIgh early setting
i s accel er'ated+t-ong-termstrenrgt-h—-s—genera-y—redueed—Aeeorting—t o
Rodney M Edrreades and Peter C Hewlett in Lea's Cenment 10 and Concrete
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cation and research has shown that with Portland cenent dival ent and
trival ent BERRPIIMETISKEACHARS. cal ci um magnesi um , barium and al unmi ni um appear
to be giore af f ogiiKe HAR of BodRAMA' 0 ci i HF BaRRutaiotibicnlESE um and

ammmoni“um
acids and generally both the cation and anion contribute to the overall affect

facilitating the dissolution of magnesia and lime. Although early setting is
accelerated long term strength is generally reduced.
According to Rodney M Edmeades and Peter C Hewlett in Lea’s Cement
10  and Concrete (Amold, 4™ edition) anions that cause significant acceleration with
Portland cements are halides, nitrates, nitrites, formates, thiosulfates and
thiocyanates. Their activity also appears to depend on the associated cation and
research has shown that with Portland cement divalent and trivalent cations such
as calcium, magnesium, barium and aluminium appear to be more affective than
15 monovalent ions such as sodium, potassium and ammonium.
Other acidic accelerants not mentioned by the above authors include
sulfates such as ferrous sulfate and calcium or aluminium sulfate.
A commonly used accelerant in this group with Portland cement used to
be calcium chioride until usage was banned in many countries because of
20  corrosion problems with reinforcing.
All of the above accelerants appear to work with the high magnesia
cements that are the subject matter of this application having the affect of
causing more rapid dissolution of magnesium hydroxide and in the case of

blends with Portland cement, other cementitious components as well.
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Of the above, one of the best and potentially the cheapest accelerators is
ferrous sulfate. With accelerators that are salts of acids such as ferrous sulfate, it
is important to note that initial setting may be accelerated, but the addition of
too much does not contribute to longer term hardening and can be deleterious.

Good results have also been obtained with organic agents that hydrolyse
silica and alumina and an example is triethanclamine.

10 In the case of Portland cement, triethanolamine works by combining with
aluminium dissolving tricalcium aluminate prior to formation of tricalcium
aluminate hydrate. Too much causes retardation of tricelcium silicate hydrate.
With cements also containing reactive magnesia triethanolamine works in a
similar manner by dissolving and mobilising aluminate.

15 Tron salts including sulfates and chlorides and in particular ferrous sulfate
are the most recommended accelerants because of cost and environmental
benefits as many of them are wastes.

As previously mentioned, reactive magnesia can be blended with a range
of hydraulic and chemical cements and iron salts can also be used in many such

20

blends including the commercially more important blends with ground Portland
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A major advantage of using iron salts and in particular ferrous sulfate as
accelerants is the low cost of the salts. Ferrous sulfate is also not anywhere near
as hygroscopic as either magnesium sulfate or magnesium chloride used in the
manufacture of Sorel cements and in a dry atmosphere it can be ground to a fine
20  size enabling the economical production of “all in the bag” mixes.
Experiments have shown that with cements containing a high proportion
of reactivé magnesia smal] quantities (.5 to 20% of the MgO content) of ferrous
sulfate reduces setting times considerably and it is possible to cause such
cements to set with sufficient moulding strength (.5-5 mpa) within just a few
25  hours. Some other sulfate or chloride salts of elements with a similar ionic
radius to iron and of similar charge heve a similar affect but are not cost
effective. e.g salts of manganese,
It is recommended that the amount and type of iron salt added is
determined by trial and error as the reactions in the case of pure magnesia
30 depend on the reactivity of the magnesia, particle size etc. and if pozzolans

including wastes such as fly ash are also added, are heavily masked. Other
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few 25 hours. Sone other sulfate or chloride salts of elenments wthig Jul 2004
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but are not cost effective. e.g salts of manganese. It is recomrended t hat
the amount and type of iron salt added;gs determ ned by trial and error as
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s thus r%ﬂé’%ﬁ'edﬁ‘s?hqﬁéﬁmﬁy&%{qI;éﬁtnélsédsls&'ﬂaéﬁfc?s the affect of the addition

of small “anmounts of “ferrous su a cement made with magnesia and fly

ash. Several 2Anetheplhdsanegeof uﬂpgrfeﬂoﬁs)sulphater@tdm anceleratopestherithahach
sanpl e was de with 50%fly ash and the s@i@nce reactive (c|jtric acid
test 22 sEACERGEIOMS A% SOEIUEY 98 RABasSHYR | 1&§Shign SIWC?QTHP% 51878% | ess

than 135 Berlefilipids? JoRit184fan some of the sodium or potassium compounds that
form in reactions with unknown components of various wastes and pozzolans

with which they may react. The possibility of efflorescence is thus reduced.
A simple experiment illustrates the affect of the addition of small
amounts of ferrous sulfate to a cement made with magnesia and fly ash. Several
20 samples were compared for strength over a period. Each sample was made with
50% fly ash and the balance was reactive (citric acid test 22 seconds) magnesia
ground to 95% less than 45 micron and 100% less than 125 micron with ferrous

sulfate at ratios given in the table.

The graph below shows strength on the vertical axis determined on an
25 apparatus for measuring comparative compressive and shear strength on an
arbitrary linear scele. (The scale is arbitrary in that it has not been equated to
standard test units. The results produced by the apparatus arc however very

consistent and thus can be used for comparison purposes.) The horizontal axis is

time.




sulfate at ratios given in the table. The graph bel ow shows strength on the
vertical axis determned on an 25 apparatus for measuring comparativeJy 2004
conpressive and shear strength on an arbitrary linear scale. (The scale is
arbitrary in that it has not been equated to standard test units. The

results produced by the apparatus are pgwever very consistent and thus can

be used for conparison purposes.) The horizontal axisis tinme. 301 9 J U
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Sanpl e 202 203 204 205 206 207 FeSO4/ MgO 0 3.45% 7. 14% 15. 388MF2E. 0D%
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Sample 202 203 204 205 206 207
FeSO4/MgO 0 3.45% 7.14% 15.38% 25.00% 36.36%

As can be seen from the graph, at around a 15% FeSO, /MgO (sample

205) strength gain was achieved in the first few hours as compared to pure
S brucite (sample 202) which did not gain strength for several days.

The cementitious minerals forming in the above example include brucite,
ferro brucite, amakinite, iron oxysulfate, magnesium (iron) oxysulfate (see
below) haematite and magnetite and near the surface, where access to CO2 is
possible, hydromagnesite and magnesite and a magnesium hydroxy sulpho

10 carbonate. Ultimately silicates and aluminates, and their hydrates form very
slowly.

Brucite is the main cementing phase and the structure consists of layers
of hydroxyls with magnesium in between. Fe™ also substitutes for Mg™ in
brucite and may increase the strength. A fine dispersion of magnetite (Fe;Oq4)

15 also often occurs in the structure, possibly also adding to strength.

When a pozzolan such as fly ash or an slternative source of reactive
silica and alumina is added to cements containing reactive magnesia the
pozzolan reacts in 2 number of ways previously discussed including reacting

with any free lime producing more calcium silicate hydrates if free lime is
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of these eri Long termstrength gain continues in a cenent made
predoni nant |y fLenp téra@strength mignesatinues dn iasceavend made: predpminardbr Eom heat .

Reaction rates ver 15 r hly doubl i th, ever 0,degree ri,se in
genper :at urrga;tim\;mémqﬁk ﬁnaggtaq%p]erautcd ebyWInmders?nltt-, ﬁ/ca%. (ﬂeaq:twn Tates v{ary

15  roughly double with every 10 degree rise in temperature.) As too much heat will

decompose Mg(OH), and water provides a medium for reaction and encourages
further hydration reactions including the hydration of magnesia, the use of
steamn is ideal.
Another advantage of the compositions of the present invention are that
20 they able to accommodate a wide variety of extraneous cations and enions.
Many of these extraneous cations and anions are thought to find their way into
the open layered structure of brucite, where if the are toxic, they are rendered
inert as long as the brucite does not dissolve.
Because of the high insolubility of brucite, the compositions of the
25 present invention are generally not attacked by soft waters. Surface protection
by carbonates ensues with most acid rains.
The high reactive magnesia cement compositions described are also very
resistant to sea and ground water attack and this is thought to be because
brucite, the main component, is virtually insoluble at the pH of sea water (8.2)

30 and in most ground waters and does not suffer ion replacement or




deconpose My(OH) 2 and water provides a nmediumfor reaction and encourages
further hydration reactions including the hydration of magnesi a, ¢ QUAR ﬁﬁ
steamis ideal. Another advantage of the conpositions of the present

i nvention are that 20 they able to acconmobdate a wi de variety of
extraneous cations and ani ons. Many of 2lhese extraneous cations and ani ons
are thought to find their way into the open layered structure of brucite,
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These appealeeth work in a manner simlar to Portland cenent affecting

surfac charge ot se needed.
10 In experr 2@}] ?ESPJF%E%D@ OtFFéitu :ﬂa 5?155% SSom ﬁ??eﬂ'l@’grﬁ ﬁ’aegfnaesr a
cenent s Pr cuerfiéts frRbvidedt for SnSBRC sﬁe&ﬁéa @B%Euﬁh‘ﬂc‘c Wwhe adaed afdeshl] n
smal |l proportions (Less than 5% of th Ocontent). It was found that

addi ng copppropostiprisailess ﬂ'lafmﬁ%l ofrthe Mg@rconmnt)) Ttrives dowensd tat r&égnlgsﬂaplwr)xr des
and wat er aﬁ'ﬁaf ma nesr moxr rou d Pn%‘tland cenent ., (%P rtér and wat er
nad & s\ ow SIS TGRELLBrSRaoRs B EREPASIL: P8145s Aok WAE 819 as a
set retar degabRLsige6kes, ground Portland cement clinker and water had a slowing
15 down affect on setting and could therefore be useful as a set retarder for special
cements such as required for drilt holes.
Other experiments with the purpose of providing higher early strength
and reducing initial setting times included the addition of organic polymers and
resins. In particuler the addition of polyvinyl acetate (PVA), vinylacetate-
20 ecthylene, styrene-butyl acrylate, butyl acrylate-methylacrylate end styrene-
butadiene were found to be beneficial as well as liquid rubber (latex). Some

resins were also tested and found to be beneficial, but with all of these organic

additives there is some trade of because of cost.
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conposi t i oramb whetéinettiei magmesion coxide 68 prepardd by 18w tdmhserature lcatbitatival ci um
al um nat e cqeﬂrga{)ts. 15 4. A hydraulic cenent conposition as defined in any
one of cl ai Ing grigdiRghi ch i ncl udes geopol yner cenents. 5. A hydraulic

cenment conposition as defined in any one of clains 1 to 4 which includes a
pozzol anic material. 20 6. A hydraulic cenent conposition -as defined in

claim5 whel.ei n Ahbydpalizotanemt s&hpbsitibni ficldeflfed fihyclafh- 1 Ahahifdlddeaul i C
cenent conpositiqgn as defined in claim5 wherein the pozzolanic materi al

i ncl udd® gr%‘?}’ﬁ]énﬁl“f&gtcm-urnace slag. 25 8. A hydraulic cenent conposition as
defined in claim?2 wherein the

3. A hydraulic cement composition as defined in any one of claims 1 to 2

which includes calcium aluminate cements.

15 4. A hydraulic cement composition as defined in any one of claims } to 3

which includes geopolymer cements.

5. A hydraulic cement composition as defined in any one of claims 1 to 4
which includes a pozzolanic material.

20
6. A hydraulic cement composition' as defined in claim $§ wherein the
pozzolanic material includes fly ash.
7. A hydraulic cement composition as defined in claim 5 wherein the
pozzolanic material includes ground blast fumace slag.

25
8. A hydraulic cement composition as defined in claim 2 wherein the
weight ratio of reactive magnesium oxide to Portland cement is in the range 1:3
to 2.5:1.

30 9. A hydraulic cement composition as defined in any one of claims 5 to 8

wherein the pozzolan material is at least 80% w/w of the total composition.




wei ght ratio of reactive nmagnesium oxide to Portland cenent is in the range
1:3 to 2.5:1. 30 9. A hydraulic cenent conposition as defined in any BPQWA
of clainme 5 to 8 wherein the pozzolan material is at | east 8096m/m1o# he
total conposition. 1 9 J Ul 2004 23 10. A hydraulic cenent conposition as
defined in any one of clains | to 9 whe3ein an accel erator being an acid
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cement conp®an spksis inehudsd ascan sacelergtobne of clains 1 to 15 wherein the
conposition further includes sol uble phosphates. 17. A hydraulic cenent
conposition as defined in claim 16 wherein the soluble phosphate is
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13. A hydraulic cement composition as defined in any one of claims 1 to 12

wherein sodium or potassium silicate or aluminate is included as an accelerator,

14. A hydraulic cement composition as defined in any one of claims 1 to 13

15  wherein sodium or potassium sulfate is included as an accelerator.

15. A hydraulic cement as defined in any one of claims 1 to 14 which is
heated or steamed at temperatures in the range 20 - 1000°C.

20 16, A hydraulic cement composition as defined in any one of claims 1 to 15
wherein the composition further includes soluble phosphates,

17. A hydraulic cement composition as defined in claim 16 wherein the

soluble phosphate is phosphoric acid or phosphoric acid salts.




