WD 01/ 55049 PCT/ AU01/ 00077 REACTI VE MAGNESI UM OXI DE CEMENTS Technical Field
of the Invention This invention relates to magnesi um cenents and in

parti cul aygQ/8e@eENts contai ni ng magnesi um oxi de (nmagnesipyAtiBagekgr ound
to the Invention A nunber of cenents based on magnesi a have previously been
made. If a salt such as magnesi um chloride or sulphate is added to
reactive nmagnesia and the mxture is allowed to react and hydrate

magnesi um oxychl ori des anREACAGVIE MAGNESIAVI QXENRECEMENTOr ned t hat can be
very strong but are not 10 sufficiently weat herproof and are corrosive.

Al t hough th cribing inprovenents to overcone these
defi ci enci e?egﬂgﬁ&ggﬁ?ﬁeﬁﬁggqg?engﬁgsphat es or soluble silicates, they are
not general |y ecdmisrinventibg nelated o axgmiekiom demens aadfinmatticlilacovengshtand
prepared by Sorel in 1867. Magnesi um oxysul phates were di scovered by O ner
and Del yon icANtAGEAZ magnesiign o8idgrieagpeniadr i des and oxysul phates are

comonl y-.refgrred to,as Socel cenments. A nunber of conpounds are forned
when mg%es?%cﬁ(gﬁg?gd&?{ﬁe i%%é%q um chloride to form oxychl ori des. The

mai n bondi ng phageaus®ef 8f cerhOmtdhakél Bﬁh@h%‘ﬂ@ﬁia%%;&eﬂ@ﬁﬂ Sesh tndde( GH 2,
(Mg(OH) 2) 3 . MyCL2 . 8H20 and 20 (My(OH) 2) 5. MyC12. 8H20. ( Myl OH) 2) 5. MyC12. 8H20
has super i osaltsublans cadgnesiuampehtarele emshlpkate as added $0 mepctiveuhagnesia amd of

WN’QS?ZSFE% <R mabaties i, IR o diloAnd B e R ehak SR B e e
(ot 9 o5 5. (RSB OBeBrRS o Bded 851 2R by, vory, sagne by s pot
My( OH) 21@My SCEiIGHRDy waatherpidf G2 e dyE63iv8HRBhouagls tthitleearteeiany pabdénts 3MyO

+ MgSHM +11H20 = (Mg(OH) 2) 3. MgSHA. 8H20 Zi nc, cal ci.um. copper and ot her
el ement s al $§S$IEHIRE SIMATPEEMEBpIL RSIcomyp thasg rked1ceRASS W 28 B8 wenPEve

hi gher comprgashiyfeshy SAGMRSIIARN, HERAIEHY BLAAAY BBAb SR, The main problem

with Sorel c¢eée

Magnesium oxychlorides were first discovered and prepared by Sorel in

1867. Magnesium oxysulphates were discovered by Olmer and Delyon in 1934 .
15 Magnesium oxychlorides and oxysulphates are commonly 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.MgCl1,.8H,0. (Mg(OH),;)5.MgCl,.8H,0O 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 sulphate is used instead four oxysulphate 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.MgS0,4.8H,0 is stable below
35°C.

3MgO + MgSO, +11H,0 = (Mg(OH),)3.MgS04.8H,0

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

30 Magnesium oxychlorides achieve higher compressive strengths than

magnesium oxysulphates. The main problem with Sorel cements is that both



WO 01/55049 PCT/ AUOL/ 00077 2 magnesi um oxychl ori des and magnesi um

oxysul phates tend to break down in water and particularly in acids.
Corrosi owoh1/st0eel reinforcing also occurs. The use of soPabA®oRIdOTTat es
such as sodiumsilicate has been described as a nmeans of inproving the
wat er resistance of Sorel type cenents. Jfhese cenents 5 are of little
practical use however because of the high cost of soluble silicates.
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My3( (PO 4) 2whtcptdad pheridilerly e abidsPOeEBLiBh@F shrs réthfchpedlsqdvasst ed as a

means of inproving the water resistance of Sorel type cenents. Such
cements, al t houghhe@se of seliblasilichtes Isicleansodiom sitieatexperiwenalederbadag he
shortage of econom.c depasits of phasphate.and,as a result_w despread use
' 11 i ted. @ KGR GL TOPTAABE RS BSOS TRAS COk Spieh e Cran g TRESEFERIRE i ng
15 magnesi ugp adt;flmﬂ' | b §sel SYOHE B f aci d-
base reacti or? et V\EZBE%[ ﬁa{%ﬁgg‘?g&gﬁgéﬁkch@ﬁ ogeg%g#rg%%%g)%sgL@%%@%ég&QThi S
results in an i nMagaksigeteattsr with solubtd phosphabys therecipithil hinsadti torallynt o an
i nsol ubl e phosphate, mainly magnesi um ammoni um phosphat e hexahydr at e,

[ NHAMyPOA4. GW&blel'ﬁ@gﬁﬁﬂﬁ&PmﬁP@%ede used in this systemis produced by 20

calcining at hig t r_a and is referred to in the industry as

bei ng "dead burg@&&%ﬂﬂiﬁf i‘s%@% reactive as magnesi a made at | ower
tenperatures. A SBIg(OEL & ZEEPOL épm)ﬁ'k theH,porax or boric acid is al so
used to give a workable set tine. + NH4H2P04 + 5H20 = NHAMgPO4. 6H20 25

Hi gh- | i H® nagnesTbeisewé phoaphates hardalsabeen advesated np @i msansTolkimproring i s
pased uBor WRSRTRFsthihocit ShATAR RIS o LTl AeBSTRLemarEe
e Fond o 2 SRR NP A, 17081 oA O BACP, il oo
cent by wei phospBatecdnd dea cesubtrwideTpreag useliscimitade conpl ex. As wel | as
hydrates they al 30 re(t:r?ges io tmagnesium 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 the crystallisation into an
insoluble phosphate, mainly magnesium ammonium phosphate hexahydrate,
[NHsMgPO,4.6H,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 a workable set
time.
MgO + NH,H,PO, + SH,0 = NH,MgPO,.6H,O
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,03) 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



of carbonates, which are formed by the effects of carbonation. Typical
products WO 01/55049 PCT/ AUOL/ 00077 3 formed can include brucite [MJ(OH) 2],
vari ous me@noesiowm oxychlorides [(My(OH)2) X MyCl2. YH2O.] eal/avoamoht onat e
di hydrate (CaCr04.2H20), calcium nonochromte (CaCr204) portlandite
[Ca(OH) 2], secondary magnesi um carbonatg (MyC33), secondary cal cium
carbonate (CaC®) and m xed cal cium 5 magnesi um carbonates [(Ca, My) CO3].
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[ My(OH) 2] atalomrhasomwhrémita CalciO ) purgamditd [Ce©OH)s], secmutmey magnesivous| y

mai nl y because the setti n? rate_is toq slow, Sum‘rar%%of the [nvention The
of

i nvention pfdPraals (Meehb)wseandary Saaieearpennie GriQeandiaisdealcighct i ve
magnesi Oﬁb%g‘?gbgﬁ?%/r%ﬁ%te%%%g32%8(3;‘5% w w of hydraulic 15 cenentitious

conmponents. ide is prepared by low tenperature

cal cination and Dihe 9r kfidvag. EEMehtit@ENt nfagussi@onpes@pbendan indhdee any
hydraulic cenment including Portland type cenents, calcium alum nate

cenents, al hpitoxychlasises, andesulphates nas, BAg(QR).Mdgbis 8By dryvgexyiet

cenments and ferrari | |, as other magnesi um cenents such as
Sorel cenmenfd Opa%pﬁg%@m%gﬁ%ﬁz%s rgg)ﬂgj{axyl Icﬁgqrg_ & OHB{eSr iﬁﬁr ded
as hydraul i 16 &BROICOL 8¥E 0] ARAIEN Bydrd mhMiteRagIhiGRsieN. Sorel cenents
include water~in their conposition and are” therefore considered as

hydraul 1@ cenent Bruéite{[Ma(@H).i rdomoimesnot douddimhbelr donuherded wvse lasazt 10%

of a pozzolan. 25 Preferably the hydraulic, cenent conposition includes
ground Port FERENT RISl maidy, eP?/‘é?‘ﬁ?ﬁ%‘iﬁé]Igs?atqjéttﬁPls ‘Description of the

I nvention T i i provi des cenment conpositions containing
subst anti al g%%%??%%rﬁgggﬁpéﬂetg@i ve magnhesi a that hydrates to formbrucite

whi ch 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

15 cementitious components. Preferably the magnesium oxide is prepared by low
temperature calcination and fine grinding.

Other cementitous components can include any hydraulic cement
including Portland type cements, calcium aluminate cements, alinite cements,
belinite cements, belite cements, hydrogarnet cements and ferrari cements as

20  well as other magnesium cements such as Sorel cements. Pozzolans (including
wastes) and fillers are not regarded as hydraulic cementitious components in
this specification. Sorel cements include water in their composition and are
therefore considered as hydraulic cements.

Preferably the composition further includes at least 10% of a pozzolan.

25 Preferably the hydraulic cement composition includes ground Portland
cement clinker type minerals.

Detailed Description of the Invention

The present invention provides cement compositions containing
substantial proportions of reactive magnesia that hydrates to form brucite which

30 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.



30 is a useful cenentitious conponent. They generally but not always
contain a high proportion of pozzolans, many of which are wastes such as
fly ash. w@0035056049 PCT/ AUOL/ 00077 4 The conpositions i neCOd&0t/ém®7bl endi ng
of reactive nmagnesia with hydraulic cenents, preferably Portland cenents
but also other cements including other gragnesi um cenents and/or the use of
various accelerators as a neans of inproving the setting and hardeni ng

times and early rength. .Both 5 ng hot er crrents and the,use of
accel erators as ih SEIPPBIEIOH&F’&?%% 3@ B]\r/?Mnglél S dr‘?ar‘f gﬁem@ﬁﬁl@ dT’h
someti mes CR{KYaNAe Eénﬁﬁt’sa”bﬁﬂ@rabbﬁ nEGilang ReMehise tutehlsb ath@ Reffpts in a
cenent matriXx. When other commerci’ally useful cenents are bl ended with

reactive nagheding dthert Jhnaghcmwnnl amans apdovithe dsé of vianiothiascéleratorsiasra
ultimate strength .i.s 10, al roved., The .ma neS|a|ntur row a
virtual l'y | FSaIn Of dTHRIPYInE (e "E%ﬁpﬁhﬁraml B tpes apg imary sengt §P§1
stabl e and B{?fn?{rgs \%]tﬂegﬁag? Qémelﬁg%‘?&t Nusd SOTTBLIEYar %E?ﬁgﬁﬁﬂa&ﬂiﬂ‘“ ons

such as sul pha nding of reactive nmagnesi a ground

Port | and Ce@@ditb%legwaﬂ((bé adedriidepspdaitlyi, cal kcymgﬁﬁmsobdmmareal topadehitige from
the calcining o 15 m xtures of |imestone and cl ays or other sources of
cal ci um si ranglgriagdruciteisaiuhase bindenin asementimatiXr e of Portland cenent,

h di | | Ca3sSi,b | hat
such, 2 o1 cal ol Wihers e hERSRE, AL B BlfEanGhR UrichEle 1
al um nat e [9 $6%h thé %fmﬁlﬁﬁoﬁﬁ pibvideB f&€in/hl Oflveaioh l@Mald §Ferfedt $3) 2

either in a end (such as Portl and 20 cenent) or individually has been
di scovel@d alsobmmogocthhc maagppial oy tirnpprovidey a wirtuallbt ensolutde neatgixhofai n

d ultimt ts.b d I
bi nder . A\t HSUGRED Tt DEISE) THRY BhoRRIeOR atn SAIGSut SHOR o BPBLee] B has
been Observsfbtﬁétm;ﬁoﬁﬂggj BN AR WRnofs BibiardB % of a pozzol an

such as fly as Yoreact 1 ve nmagnesli a ground Portl and
clinker hardens Whklbleddiagrdgoadivenmagnaita aMgQ) evitidgfemntl Rordand icokent
wei ght ratio_may vary dependi, % on the rate of strength %aln nd, ultlmate
strengt h reginkedon merss specaticallis wapwnrehoninetal prpdpetsl frpm ke calaipings of

reacti VEs mﬂﬁ%ﬁfr@s ts %19&?&1 %hl @ﬂf}s or other sources of calcium, silica and

aluminium used in the manufacture of Portland cement, such as di calcium

silicate [Ca3SiOs or alite (in nature hatrurite)], tri calcium silicate [Ca,SiO, or
belite (in nature larnite), tri calcium aluminate [CazAl,Og), ferrites [e.g
Cas(Fe,A)Og] and free lime Ca(OH), either in a blend (such as Portland
20 cement) or individually has been discovered to be a good strategy for improving
the rate of strength gain and ultimate strength of cements based on reactive
magnesia as a mineral binder.
Although virtually any proportion can be used effectively, it has been observed
that at even a very high ratio of 80 - 98 % of a pozzolan such as fly ash with 2 -
25 20% reactive magnesia and ground Portland clinker hardens well. The
magnesium oxide and ground Portland clinker weight ratio may vary depending
on the rate of strength gain and ultimate strength required or desired
sustainability. Typically the ratio of reactive magnesia to ground Portland
clinker is in the range 1:3 to 2:1. Higher proportions of the magnesia ~ Portland
30 component result in more rapid setting times, particularly when the ratio of

Portland cement to reactive magnesia is also higher.



clinker is in the range 1:3 to 2:1. Hi gher proportions of the magnesia -
Portland 30 conponent result in nore rapid setting tinmes, particularly when
the rati ovod1/59ert| and cenment to reactive magnesi a i s al sSBCHAghee007 O

01/ 55049 PCT/ AUOL/ 00077 5 The addition of pozzolans is not necessary as a
strong cenment is produced by nerely bl e5r1di ng Portl and cenent clinker

m neral s and reactive magnesia. However, they are useful as they have,
nost often only when activated, but sonetinmes depending on their )
conposi tion withdhe additiontolopozrolepneat Ne§ dgsesspnp st RestromhSgmgndoisser ve

to mask the_s|lower .setti | nes of, the . nmagnesi onponeni , eventing
struotural BRMEERS Bhaecety, Hefiihec ot FEAEEE chpRTRRRGAL B SHEINNS e
of accel er affAbfedis. DPIdwARrAfy hRNAkefMiNhsatdes Ralé v dsE HindAly QvhdnPr Ove
early setting and hardening tines. |If accelerators such as ferrdus 10

sul phat e ar actiratet, Whiet stanetivines depemding odn theic tdonepositgore svithean chcpivatioh.ans

al one ( alternative technique) or also with other cenentitiopus c onents
(an additi %@nqwrnraagtle@ﬁbeﬁéa%%a%dtq magk g slgWepspiipg iraes 9f° %ﬁpeess

t han 20% of . an' @@m' -yl ?s”?ﬁ’ b e t egy
of bl endi ngmgggﬁség?a O@EH{’% orltr@as%ﬁicwg l‘(igfecm ne(?g: S \5(@%& r?%%ewva\ng{eﬁ’ t he
fol | ow ng prhepaetaecostdat achi eved high strengths in the order of 12-20

npa after pre curing for 48 hours followed by steam ng at 55C for 48 hours
and then further Thaupagf peselerajss ivbothan addidenglemdsalterpative tgrdwiquent® was

de by mxi d 0 94%.b ight) fl h th
G adstone. pBIE S, SR e, Brdehingotiftes, 18 AGRRohbm, R, K o
magnesi g gr QHEHatE%reg afedaneiRs with PleROBf A+ %ﬁ@z&ﬁi Al pokZelatis QIR

(branded as XLM and from Causnag in Australia) and 12 g (1.87 % by weight)
ground Port (andlteenative teichnigee) groalsd withl 00%r| esrsentitaonsl 26mponentsn(dr om

Australian nt in Railtopn Tasmani.a,.Water was added .t o, make 2 spiff
st e and AHpial rBrays bfhes 2 AN b Sral Papedionapy didkasl 0% &
weeks the s dﬁﬁ?@}a@m@.strength approaching 20 npa and was resistant to
sul phat es and othe ol uti’ons aggressive to Portland cenent.

A particular embodiment of the strategy of blending magnesia with
15 Portland clinker minerals was made with the following proportions that
achieved high strengths in the order of 12-20 mpa after pre curing for 48 hours
followed by steaming at 55°C for 48 hours and then further curing for a period
of three weeks.

The composition was made by mixing as dry powders 600 g (94% by
20  weight) fly ash from the Gladstone power station in Australia, 30 g (4.67 % by
| weight) reactive magnesia ground to 95% passing 45 micron and 100% passing
125 micron (branded as XILM and from Causmag in Australia) and 12 g (1.87 %
by weight) ground Portland cement clinker ground to 100% less than 125
micron from Australian Cement in Railton Tasmania. Water was added to make
25 a stiff paste and this was then vibrated into moulds. After approximately six
weeks the sample reached a strength approaching 20 mpa and was resistant to

sulphates and other solutions aggressive to Portland cement.
Portland cements containing magnesium oxide are currently termed
“unsound” and the use of limestones containing magnesium for making
30 Portland cements is avoided. The reason why is because when magnesite or

dolomite, present as an “impurity” contained in limestone, is slaked at high



Portl and cenents containi ng magnesi um oxi de are currently termed "unsound"
and the use of |inestones containing magnesi um for making 30 Portl and
cenment s iwOoavsioded. The reason why is because when nagnesPCERADDPI/@OIDM t e,
present as an "inpurity" contained in |inestone, is slaked at high WO
01/55049 6 PCT/ AUOL/ 00077 tenperatures dgrl ng the manufacture of Port | and
cenent, a highly unreactive oxide terne dead burned magnesia" is
produced whi ch hydrates |long after other cenentitious conponents when
water is add@upemagnwurmg( CEI&PUE@QHQSOde@ﬁWSWTQCMO at highlyx ua@agtlva
substanti al | 510 erat s and,,pr ess

This o truskie ey A TR rB iRt Pl REHEed OG HERI AL dope 2N

di sti ngui shajphs Clgh{é%hﬁbus ggﬁ@%gﬁswequg@gQ@M&dbot h magnesi um and caI cium
as carbonates. ReactionAto Ent hal py Entropy T(PCO2= of netal OH

(kcal ) AG (kcal)l M@ndﬁ@@&gcwomgmzﬁﬁmﬁmmmdde @a@ sabstantially
C220423190QC 10 Portland ce i's ty&acal |y made ge{:&e 1450C and 1500C.
At thesed t éAPET dEPAPEEALHTES rié@isﬁ}ﬁ?c BoHutestausn {eACUse cEME s1Su A Of i ve
e ™ RSB LE O i oh ALAE IndBRC L WAF o€ TSR b tRE pitdeace

area and | ower ~porosi Wer  tenpera ures ST a pro uced in
thi s manner doﬂcﬁﬁﬁémﬁchb@n@ms i2A GnddHesReh andeammmalercaﬂ@nam hydrates very
slowy - usually long after 15 the other conponents in a cenent such as
Portl and cenent have hydrated As a result stresses are |ntroduced

resul ting i =

magnesi um o Rf@&flﬂ'af}eubéé'r{ ::gln e ﬁg“u gﬂgﬁj{r@grs cﬁﬂf?*i?/fi cr;jd&gégéﬁt.

Unreactive magnesia is also ung LAyt h aiupNt i gn.
20 The key for the successful bﬁfeﬁj}l?ng of nagﬁléésél anAd o?ﬁer cerreirﬁas and
MgCO; =MgO + CO;, 28 16 540°C
CaCO; = Ca0O + CO, 20 42 31 900°C
10 Portland cement is typically made between 1450°C and 1500°C. 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 at lower temperatures. Magnesia produced in this manner, referred
to as ‘dead burned’, is unreactive and hydrates very slowly - usually long after

15 the other components in a cement such as Portland cement have 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.

20 The key for the successful blending of magnesia and other cements and
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
that are suitable for the manufacture of reactive magnesia, ground to a fine size

25 depending on the reactivity required and only then blended with other

cementitious components, pozzolans or both.



in particular Portland type cenents is that the hydration rates of all
conponents in the cenent nust be matched. In order to achieve this the
magnesi awa@onpoment nust be separately cal cined at | ower pepEpHOWIES and
in conditions that are suitable for the manufacture of reactive magnesi a,
ground to a fine size 25 depending on the reactivity required and only then
bl ended with other cenentitious conponents, pozzolans or both. WO 01/55049

PCT/ AUOL/ 00077 7o SUiqtabl e magnesi a; shoul e .C ined at |ow t erat ures
(Iese than  750csuiibRokBaE R 18, efaSa Flctirlieradfhs, FERE e
Ceneral |y thsgodypukd gtrbﬁnd QGPQE%P&EMP@S%';&‘&%Q%' P10 %ﬂ@réﬂ.”@eﬂeﬁﬁb@%@d,
the nore reactive the nmagnesia is and the fastér it hydrates. Mgnesia

cal ci ned asl®sg thepgasperafursof Saleimation and finesthesghied.t e moret sactivothe
reactivity is the citric acid test and | gw tenperature c Lped magpesi a
b ound o oBTEPESE i gndahe feste i hgRdon MAGRGHE sHCRBAe ol rigpseeds

nmet hod i chy: S qdl benzoate, 28g citric acid nonhydrate and 1g
phenol pﬁha%?@ﬁgqrslggﬁéﬁkqéﬁp water and diluted to 1 litre. 10 If the above

smal | anmounts of Asadt fion hewrony ds ahel cithie naid tids | sgidnioso températlirs Saloiged a
smal | amount of nethylated spirits should be used as well. The prepared
sol ution i smazpewa sround imPeto passingdS sucromtests@t appat 1@ seconsls wsing whis o

toomt of ¢ nERgeb i rE o AORRE Beodile 280 e RE B ERBECSE naa
the 2.00g pgn&ﬂiﬁﬁmﬁagwh@&ﬁiWav&iaaheem@wtqsl litre( pref erably with a

magnetic stirrer) inmrediately. Record the tinme in seconds for the stirred
sol uti ol0t o tur nlipthekaboMeesmalh@nionintsy of sadiy benzante and eheodphihdiciml de

coment . 2rob Bt 4L eho0b! 3B B AR R SRR 1R e
e e P Lo R A B IO S LY, 1o B
t her ef ore be engilheeestdnethodus ¢ firsti méighly2 V8g\sanple sf akigngsineorpe vadtch es
oot o " o afn apen Pipede TOmI of the prepared Solation tn to A dry 20wl tall ford
15 beaker. Add the 2.00g powder sample previously weighed and stir (preferably
with a magnetic stirrer) immediately. Record the time in seconds for the stirred
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
20  and conditions of calcining as well as the particle porosity, texture and size and
the porosity, texture and size of interspersed components such as pozzolans
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
25 structural defects occurring during setting and volume changes are related to
reactivity.
Consider the volume changes that occur when magnesia hydrates:
MgO + H,O = Mg(OH),
11.2 + 18.0 = 24.3 molar volumes.
30 If this reaction is slow as is the case with “dead-burned” magnesia

produced as a result of high temperature calcining it occurs after all the free



25 structural defects occurring during setting and vol unme changes are
related to reactivity. Consider the volune changes that occur when
magnesi aw@dr/ates: MO + HO = Mg(OH) 2 11.2 + 18. 0 = 24. BCTvaUar/000ot unes.
30 If this reaction is slow as is the case wi th "dead-burned" nagnesia
produced as a result of high tenperature,calcining it occurs after all the
free WO 01/55049 PCT/ AUOL/ 00077 8 m xi ng” wat er has been taken up by
hydration of other cenentitious mnerals. For exanple, during the
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absor bed. by, t he pass over and above the original, m xi ng ter resulting in
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cenent, thealksreedhhyiiha mans pveicandohyvedhe priginal migingnwaier respliingin asetls5 a

It th ' ' d id d maiply f t ' t
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(11.2) + H2O (18.0) = My(OH)2 (24.3)° the volume of the reattants is nore

t han t he prBoriband clinkesomas ebtginad! ar vol unes, and this small anount is
taken up from po#eifw% er. 20

present inventio igﬁ?‘é‘?qllrt&agll}s?ﬁ?agt%ﬁaéﬁg: : tf#@%%gﬁ:ﬁ%%a%&;g@qr? fg?‘é [] ﬁe
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no str essesPotibindieveent otheesaaeclydradet eshctions occur but much more rapidly. As

15 aresult 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
mix. In terms of molar volumes from the above equation, MgO (11.2) + H,O
(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.

20 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
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

25 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
achieved by the other cementitious components preventing stresses from
developing that cause structural defects.

As the magnesia component of the cements provided for in this invention

30 hydrates, brucite is formed which is highly insoluble (Ksp 1.8 x 10,

equivalent to .018g/litre) and it blocks off access to water for further hydration.
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surface hydrolysis and geopolyneric reattions particularly if an alkali
such asl@rovi dedIfugr tgaeticier surfadeubiteragtion | alseli desulpdds eclidickoras | woli 4e or
cal cium carbonate has a Ksp of 5.5 x 1Q0-6 or solubility of 1.37 fq/,l itre)
of Port| andPBEHEH: bpadinge betyeenT fiase srant 1fo Rezzsdan randyathery Gemgpiitipes
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ot her conpopetitcalasty tfhan slkebirfuch as provided by the more soluble portlandite phase

15  (Portlandite or calcium carbonate has a Ksp of 5.5 x 10 or solubility of 1.37
g/litre) of Portland cement is present.

These reactions occur later during the hardening of the cements described
by this specification as the more soluble alkalis become concentrated as other
cement components such as calcium silicate and magnesia hydrate and use up

20 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 is used to described materials
containing silicon and aluminium that react with or are activated by an alkali,

25 and in the presence of water form stable silicon and aluminium compounds.

There are two basic kinds of wastes and both can effectively be used with
the compositions of the present invention.

Wastes which are pozzolans and which contribute to strength given the
longer term or shorter periods if accelerated by accelerators also described or by

30 heating preferably in a moist environment. Examples are wastes produced by

the agriculture and mining industry in increasing amounts such as reactive fly
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containing silicon and alum niumthat react with or are activated by an
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econom cally the nost .inportant and has been found to nake a slightly
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slag and the reago i : t en
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pr opor t I®nsecdaominallp ahx niost dmpbrtankambhadbesn faundtct makaar aligktly hetagt h
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not been prgy@thedsilitdn ARMiAL A O& Elogerito ideal gRos@tiohat i on affect. 20 It has
al so been found %255| ble to include | arge ambunts of waste containin

al um na such as Grewndrbauxifhoehrick has heen éounst ta ingecase sirengilinivhen adde
15  to mixtures of magnesia and fly ash. As mixtures of magnesia and silica fume

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.

20 It has also been found possible to include large amounts of waste
containing alumina such as “red mud” which is a waste form the aluminium
industry.

The best results with “red mud” have been obtained when ferrous
sulphate was also added in small amounts (1-20% of the MgO proportion). As

25 red mud contains soluble sodium compounds, particularly sodium carbonate,
sodium sulphate is produced and could be effectively recovered. The carbonates
remain as siderite, or alternatively combine with the magnesium forming
magnesite and hydromagnesite.

Bauxite may also be used as a source of alumina depending on the

30 alumina content of the primary waste and is available in large quantities at low
cost. Bauxite consists mainly of gibbsite (Al,03.3H,0), boehmite (Al,05.H,0),



i ndustry. The best results with "red nud" have been obtai ned when ferrous
sul phate was al so added in small anpunts (1-20% of the MyO proportion). As
25 red mwioooftod® ns sol ubl e sodi um conmpounds, parti cul arl pCEFadDLMO77
carbonat e, sodium sul phate is produced and could be effectively recovered.
The carbonates remmin as siderite, or ghternatively conbine with the
magnesi um form ng magnesite and hydromagnesite. Bauxite nmay al so be used

as a source of alunm na depending on the 30 _ alum pa content .of the prjmary
St and' | S BPaH oY Rk b RGBS CoTeRson BuPoclgaie Tk s debiiid ot

mai nly of gj %@%t e (A1203.3H20), boehmte (A12C3. H2O), WD 01/ 55049

PCT/ AUOL/ 00 1 and di aspore, which has the sane conposition as boehmte
but i s denser anSewbgigdesludgevestadsesiddsdbeingsh, sagse defs remitive silisguaee of

reactive silica and alumna and therefore a pozzolan, is a rich source of
sol ubl e phoglymaina sindrtherefgre) pdngrRatass iy agich sawmee 1of splee phgsplates.f Biervi ng

nostly abl e inspol ubl e h hat.es which.have good_bi ndin roperties. The
resi due fro %SlPthrafFeﬁg TB?Céaﬁ????sl&as‘Y@ E’_&@Pﬂeség fqrggngu&%st Vs Sgafbg% 1 %](Sfﬁef ve
and may conprbdphiatRakhieH vk igodd tRhdifk lpréferfibg al um na. The addition of
gypsum |inestone and other additives normally used in 10 Portland cenent

i s usual | y unnecébsaregiduasirgyp dumidgeerganic aygseear such e ricehasks iivwdsand
may even have a snal | advant.ag% S a set I’E? | ator. for.the Portland cenent

component , € 8 - and floccul ation
%ﬁ?&_@l" ARH ghay eentpind IHFr'f' _ A @frsoEHa
agent, conmer ci a*l“lc?g Yt e Pl‘t‘: g?ﬁﬁﬁn,cﬁﬂfe%ﬂb %d%tﬁ@@é&di?gg]{lglrg

1§\g>eu9%d ound
gypsum may be used as an a atirve to pure groun tlamd cl1 nker

mat eri alG® i Rostlanduadingniiy usailly .unbieeessdei. t Aorgyplsugr aossl dotnggicanao bd t en
added to Portland clinker with which it _has sone reactions, has |little or
no affect t@elefaiqusaand yeayrgyediaye & SHsbnadvandage ahia selsregnlaian Aok e as

mgnes: a f of O rubiib b BpBRARC 3 FerRlr o e TRAA ST Gl SORAIIEAE
used to proghteflbeadhiivg ABGNESiammeELifarforfhdr tdmvht tdnffining a small
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o

15 Portland clinker materials in virtually any ratio.

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

20 low temperatures used to produce reactive magnesia and particularly with the
use of fluxes such as sodium fluoride or chloride, limestone does not react and
remains unslaked and inert with respect to magnesia, acting merely as a filler.

Most sources of magnesia contain small quantities of calcium and
normally at the temperatures at which reactive magnesia is calcined (550

25  750°C) the calcium remains as calcium carbonate which does not interfere with
the setting of cements containing a high proportion of reactive magnesia
described in this invention.

The differential decomposition of calcareous magnesite and dolomite can
be of economic advantage, particularly if fluxes such as sodium chloride or

30 fluoride are added. Both calcareous magnesite and dolomite can be slaked at

temperatures insufficient to break down the calcium carbonate to make a mix of
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of the present i ﬁention: 10 1.. Al kaline cher‘ricals ich bilise silica
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chem cal s su al kal'i earth hydroxi des, carbonates, fornates,

15 al uni(hat s andllsilinecdicasicalSvellith dashilisssitita ahd alimi@aaccel er ant s wor k
with the conposition of the present invention. If Portland cenment is
i ncl uded i n2t he Arcidspndsaltspfdcidse formation not only of cal ci um
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Alkaline chemicals that accelerate the setting of Portland cement include

chemicals such as alkali and alkali earth hydroxides, carbonates, formates,
15 aluminates and silicates.

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 aluminates but also of calcium silicates by
mobilising silica and alumina, both of which are much more soluble in an

20 alkaline environment.
Some of the alkaline accelerants that have been tested are listed below in

order of effectiveness.

Accelerant Effectiveness (1-10)

Sodium aluminate
Sodium silicate

Sodium carbonate

o 3 0 o

Sodium hydroxide




20 al kaline environnment. Sone of the al kaline accel erants that have been
tested are |listed belowin order of effectiveness. Accel erantEffectiveness
(1-10) Soddomssakum nat e8 Sodi um silicate8 Sodi um car bonat PCT/30di/en077

hydr oxi de2 WD 01/ 55049 PCT/ AUOL/ 00077 13 The nost affective in this group
are sodiumsilicate and sodium alum nayg, and of these sodiumsilicate is
known to be an accel erator of geopol yneric reactions. Another group of

accel erants are ids and j.n particular soluble salts aof. 5 acids and
general ly both t ecg’thBnafjgff‘FﬂlVSniﬂbn rAlPHB Ut t383‘cq’i’é 83/‘%?@ pnd¢ pedipm
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Rodney M Edpe@sidsmenid rBadtynsC Hewl ett anions that cause significant
acceleration with Portland cenments are halides, nitrates, 10 nitrites,
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sodi um  potassium and amoni um 15 er acidic accel erants not nenti oned
by t he aboveceltrateddongdtmulstrersgth phgermssalyicdduwwsdf err ous sul phat e and
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ar e t hel®ubpgdtespfidinedtesf thidsudfasgzpand diiboyarates. Mheihactififyeatsoodppeassuto ng

Tore TPl d g Sond on (e Associatad chtion Bad research has Shown ihet with Portland
cement divalent and trivalent cations such as calcium, magnesium, barium and
aluminium appear to be more affective than monovalent ions such as sodium,
potassium and ammonium.

15 Other acidic accelerants not mentioned by the above authors include
sulphates such as ferrous sulphate and calcium or aluminium sulphate.

A commonly used accelerant in this group with Portland cement used to
be calcium chloride until usage was banned in many countries because of
corrosion problems with reinforcing.

20 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.

A number of salts have been tested and found to work in order of

25 effectiveness as hereunder:

30
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Ferrous sul phat e8

lyjum nitrate8 Al um nium potassium
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I nportant to hote that initial setting may be acgel erated, but the 5 .

addi tion of tpo mich does not contribute to longer term hardening and tan
be del eteri opsalcpghiassdd t s have al so been obtained with 8rganic agehts
t hat hydrolys silica and alum na and an exanple is triethgnolamne. |n
the case of ?rlr%‘??dsu@ fit, triethanol amine works by conbifling with [0
al um ni um di ssphpabddmtgitigal ci um al um nate prior to formatiog of trical ¢ium
al um nate hydrate. Too nuch causes retardation off tricalciumsilicate
hydrate. W thSedimensudpkatso cont ai ni ng reacti ve nagnesi a trBethanol am pe
works in a sjm]l]ar manner by dissol ving and nobifl i sing al upi nate. Irop

sal ts incl udi fg2StPMAYE and chlorides and in particular f8rrous 15

sul phate are r ﬂ) el erants begause of cogt and
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reacti ve magneSodiuathlbgdbl ended with a range 6

10

15

20

Aluminium sulphate 43

Of the above, one of the best and potentially the cheapest accelerators is
ferrous sulphate. With accelerators that are salts of acids such as ferrous

sulphate, it 1s 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 tricthanolamine.

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 tricalcium silicate hydrate.
With cements also containing reactive magnesia triethanolamine works in a
similar manner by dissolving and mobilising aluminate.

Iron salts including sulphates and chlorides and in particular ferrous
sulphate 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
blends including the commercially more important blends with ground Portland

clinker minerals discussed. The quantity added should be kept as low as



of hydraulic and chem cal cenents and iron salts can al so be used in many
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as |ow as WO 01/55049 PCT/ AUOL/ 00077 15 possible to achieve the required
initial set. Iron salts do not appear tqscontribute to final strength, and
if too nuch is added this may even be reguced. Ferrous sul phate is
recommended in i hst ances because, i
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of brucite takes over as the principle setting nechanism depending on the

propor ti onsto weatipng aestdt age of using iron salts and in particul ar

ferr ous s ul phat ®It is believed that initially an acid base reaction takes place with the

sulphate (or chloride) forming magnesium sulphate (or chloride) and in the
presence of calcium, calcium sulphate (or chloride). This acid base reaction
serves to mobilise the magnesium which ends up mostly as magnesium
hydroxide (brucite). The iron initially forms a hydroxide but generally ends up

20  in iron minerals such as haematite and magnetite. Iron is also bound into ferro
brucite and amakinite and a number of other compounds.

The magnesium sulphate or chlorides formed then react with magnesium
hydroxide resulting in compounds such as magnesium oxysulphates or
oxychlorides that also act to bind the cement. In the medium and longer term the

25 continued hydration of brucite takes over as the principle setting mechanism
depending on the proportions.

A major advantage of using iron salts and in particular ferrous sulphate
as accelerants is the low cost of the salts. Ferrous sulphate is also not anywhere
near as hygroscopic as either magnesium sulphate or magnesium chloride used

30 in the manufacture of Sorel cements and in a dry atmosphere it can be ground to

a fine size enabling the economical production of “all in the bag” mixes.
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ferrous and ferric chloride, but cost's and conparative |lack of strength do
not favour ¢ffiedtive. a$MMMamasat ronger magnesi um oxy-chloride cenments

are to be nodifi pzl inclusion of iron. 15 1t is reconH_gme?d t hat the
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steam or autoclaving is also u needs t0 be considered as reaction rates
25 roughl y Wyt mchisién ef/izoy. 10 deg rise in tenperature, whereas increases

‘N preppure do fol NanMiehasa HHa" e ASSH 20d G5be of iron salt added is

determined by trial and error as the reactions in the case of pure magnesia

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

blended wastes may also have a masking affect and more or less quantity or

20 more or less aggressive iron salts may need to be used depending on the nature

of the waste, be it fly ash, sewerage ash, rice husks etc all of which vary in

reactivity. As the reaction of magnesia with iron salts is exothermic, and can get

too warm if too much iron salt is added, care needs to be taken. Whether or not

steam or autoclaving is also used needs to be considered as reaction rates

25 roughly double with every 10 deg. rise in temperature, whereas increases in
pressure do not have quite such a marked affect.

The use of iron salts is more advantageous with less reactive magnesia -

again depending on the reactivity of other ingredients and the quantity added

needs to be increased accordingly. Magnesia reactivity can be effectively

30 measured using the citric acid test discussed earlier.
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Sanpl e FeSO4/ MgO 15 NCO 0]~ 011% HOURS SAMPLE + 202 -u- 203 204 205
- X+- 206 The graph below shows strength on the vertical axis determined on an

apparatus for measuring comparative compressive and shear strength on an
arbitrary linear scale. (The scale is arbitrary in that it has not been equated to
10  standard test units. The results produced by the apparatus are however very

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

time.
STRENGTH GAIN v FERROUS SULPHATE ADDED

SAMPLE
120 —~—202
100 -=-203
= 80 204
60 - —205
5 40 ~*—206
20 - ~e—207

0 -
Sample 202 203 204 205 206 207
FeSO4/MgO 0 3.45% 7.14% 15.38% 25.00% 36.36%

15
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
brucite (sample 202) which did not gain strength for several days.
The cementitious minerals forming in the above example include brucite,

20  ferro brucite, amakinite, iron oxysulphate, magnesium (iron) oxysulphate (see
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ot her hydraul i nts. Ferrous sul phate or ferric sul phate are nost
conpati bl e ferniingegnaacnainkaoivmhasd ekfanite rrpdathistamayesvambeslightlp sftomgere ment

that contains haematite. Iron nmay al so be present _as an_oxysul phate and
may subst i taiaé‘ BiCitia dh éiiey PWS#&@H’E@%&%@%@M@%?Q@P Q%:Hgsréﬂ e i ron
chlorides b ' S jde and iron sul phates with
magnesi um s%t?gﬁg%g%bﬁ%%@aelrgggg‘gﬁl ;{B]tsﬁ%hgg{s'e of Sorel cenents where the

addi ti onp of nmagnéshasnbesnl fPhatahanthermigitten ofiohl Riltisde coatpakiele witheSorel
m xtures of both iron sul Bhate and magnesi um chl oride or iron chloride 20

and magnesi aemgnis s avell sk Portandandmpgy othed hydrawie eementsdirreis suiphade ci um
5o PR g U B TR e PR e
produci ng  magnesium oxysulphate cement that contains haematite. Iron may also be
present as an oxysulphate and may substitute for magnesium in magnesium
15 oxysulphates.

Generally iron chlorides blend best with magnesium chloride and iron
sulphates with magnesium sulphate, however, as in the case of Sorel cements
where the addition of magnesium sulphate and magnesium chloride can be
mixed, mixtures of both iron sulphate and magnesium chloride or iron chloride

20 and magnesium sulphate set effectively, and can be an advantage if calcium is
also present as the calcium hydroxide formed reacts with the sulphate forming
calcium sulphate which in turn reacts with magnesium hydroxide producing
more Sorel cement.

When a pozzolan such as fly ash or an alternative source of reactive

25 silica and alumina is added to cements containing reactive magnesia (with or
without added iron salts or salts used for making Sorel cements) the pozzolan
reacts in a number of ways previously discussed including reacting with any
free lime producing more calcium silicate hydrates if free lime is present such as
caused by the addition of Portland clinker as well as surface hydrolysis and

30 geopolymeric reactions occurring.
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and al um ”ahﬁﬁ%t‘él%f‘ al so be added to advantage 10 encouraging the formation
of silicate and alum nate mnerals but cost will generally rule out the
use of these nat Witkiising eagparaunessthrewg)t thegagiplication iofitheat nsing steme fior nade
predom nantly from reach'bve magnesi a and, i s acceqherat ed by noderate heat.

(React i on r &kaEplgeany Pweam@r@pwg%wm Ydegree rise in _
tenperature. ) ASS@R{%léT“ﬁ cREgt oy ! éluﬁﬁ;aﬁ@% O%Osaq%i\%ea'gc?deﬂ”q?“@&%m%qov' des
ur hydr a

a nedium for reacCtion and encourages her I on reactions | udi ng

the hydigti eficcifragingngfel fornididnuse sificatstAmimalEnindeaminérds e astyanilbge of
t he conpositions of the present_ invention are that they able to

accommdat egencipd rylgrausithe vse ebdhesmawirsiadat i ons and anions. 20 Many of
hese, oxt T aneousy ik g iR B SRR IRl A B gt hohe e
rendered i pRictiv8SmhORGiAanHNR RicERiried Ade meRiatdi B&R! YReaction rates very
roughly double with every 10 degree rise in temperature.) As too much heat will
15 decompose Mg(OH), and water provides a medium for reaction and encourages
further hydration reactions including the hydration of magnesia, the use of
steam is ideal.
Another advantage of the compositions of the present invention are that
they able to accommodate a wide variety of extraneous cations and anions.
20 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
present invention are generally not attacked by soft waters. Surface protection
25 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)
and in most ground waters and does not suffer ion replacement or
30 decomposition in the same manner as the calcium silicate hydrate found in

Portland cement as portlandite is replaced or leached out.
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to be beneficial, but w of these organic additives there Is sone

trade of beceamentssficktastequired for drill holes.

15 Other experiments with the purpose of providing higher early strength
and reducing initial setting times included the addition of organic polymers and
resins. In particular the addition of polyvinyl acetate (PVA), vinylacetate-
ethylene, styrene-butyl acrylate, butyl acrylate-methylacrylate and styrene-
butadiene were found to be beneficial as well as liquid rubber (latex). Some

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

additives there is some trade of because of cost.



WO 01/ 55049 PCT/ AUOL/ 00077 21 1. A hydraulic cenent conposition that

i ncl udes reactive magnesi um oxide at a |level of at |east 5% w w of

hydraul i ov@ensge t i ous conponents in the conposition excPOUAvg/@ozzol ans.
5 2. A hydraulic cenent conposition as defined in claim1 that includes
Portland cenent. 3. A hydraulic cenent ff)rrposi tion as defined in clains 1
or 2 that includes Sorel cenents. 10 47" A hydraulic cenent conposition as

defined in any one of claims 1 to 3 .which includes cal cium al um nate
cenents. 5.1A hydrhfrpelic cermant compouiion Shatdacludes ragtive 1BRSNeSHEN OKI4q ai ns

ot oA RATRCASR, FSEML T, by

conposition as clai'm Zzzolan erial 1’ncl udes

fly ash. 20compésifipfleRbhidingpoBdlarsonposi tion as defined in any one of
claims 1 to 6 wherein an accel erator being an acid or the salt of an acid

is further included. 8. A hydraulic cenent conposition as defined in any

f [ 1 6 ' ' salt is pnclud I tor.
25 9. Ahyctaul i & BIHBICCOMPYS EYOROSEOneH AtnF 1 clie! war SReIote | 1 on

salt is ferpgypnaWepigte. 10. A hydraulic cenment conposition as defined in
any one of clains 1 to 9 30 wherein sodiumor potassiumsilicate or
alum nate is included as an accel erator. WO 01/55049 PCT/ AUOL/ 00077 22 11.

A hydraulic_cenment, as defined in claim 1-10 ich is. . heated_.or steaned at
t enper at ur e3- i n fHEydrapkie copent qqmn@ﬂ@zaszsleggx iy Flaims drfain? thag apeladles on as

defined in I -..11 wherein the 5 conposition further includes soluble
phosphat es. gél%ll%l%ﬁ%fr aulic cenent conposition as defined in claim12
wher ei ni@g he

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

which includes calcium aluminate cements.

5. A hydraulic cement composition as defined in any one of claims 1 to 4

15  which includes a pozzolanic material.

6. A hydraulic cement composition as defined in claim 5 wherein the

pozzolanic material includes fly ash.

20 7. A hydraulic cement composition as defined in any one of claims 1 to 6

wherein an accelerator being an acid or the salt of an acid is further included.

8. A hydraulic cement composition as defined in any one of claims 1 to 6
wherein an iron salt is included as an accelerator.

25
9. A hydraulic cement composition as defined in claim 8 wherein the iron

salt is ferrous sulphate.

10. A hydraulic cement composition as defined in any one of claims 1 to 9

30  wherein sodium or potassium silicate or aluminate is included as an accelerator.



sol ubl e phosphate i s phosphoric acid or phosphoric acid salts. 10 14. A
hydraul i ¢ cenent conposition as defined in any one of clains 1 to 13 that
further iwabust®gs a set retarder. 15. A hydraulic cement cpapa®nt/mwnN as
defined in claim14 wherein the set retarder is copper sul phate. 15 16. A
hydraul i ¢ cenent conposition as defined,,n any one of clainms 1 to 15 that
further includes organic polyners and rg?ins. 17. A hydraulic cenent
conposition as defined in claim16 wherein the 20 organic polynmer is

pol yvi nyl atbt at & lydraglic gemgnbesedefiredemnglpiond - 1@ thiehis-hastad ot sieapedt e,
buty! acry! o St A thStSigeJo'T FlGRY" 2 ene or Tatex.

12. A hydraulic cement composition as defined in claim 1 - 11 wherein the

5 composition further includes soluble phosphates.

13. A hydraulic cement composition as defined in claim 12 wherein the

soluble phosphate is phosphoric acid or phosphoric acid salts.

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

that further includes a set retarder.

15. A hydraulic cement composition as defined in claim 14 wherein the set
retarder is copper sulphate.

15
16. A hydraulic cement composition as defined in any one of claims 1 to 15

that further includes organic polymers and resins.

17. A hydraulic cement composition as defined in claim 16 wherein the
20 organic polymer is polyvinyl acetate (PVA), vinylacetate-ethylene, styrene-

butyl acrylate, butyl acrylate-methylacrylate, styrene-butadiene or latex.



