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relative to OPC. In addition, the solubility of gypsum in water along
with high porosity, gives the material poor water-resistance. Attenpts to
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Ordinary Portland cement (OPC) is the main cementitious material of

the building industry. It is the main binder in concrete, blocks, roofing tiles,
' grouts, fiberboard, mortar, tile adhesives, etc. Disadvantageé of..OPC include
low early strength and high shrinkage on drying.

Gypsum (CaSO,2H,0) is an inexpensive, available material that is
commonly used as an additive for OPC and for the production of gypsum-based
products such as plasterboard, fiberboard, plaster, etc. Calcined gypsum,
(calcium sulfate hemihydrate - CaSO,-%4H,0) forms gypsum upon wetting and
sets within minutes, displaying excellent early-strength characteristics. The set
gypsum has very low strength relative to OPC.  In addition, the _solub_ility of

. gypsum in water - (.2_'_,_2/1), alcjr_lg'Wi'tﬁ h_igh ;i)_équ'it'y';. -gifgs '.t'hé:_r-g_l-_e_ltleria-l poor
water-resistance. ”

Attempts to improve the water-resistance of gypsum boards by mixing
Portland cement and calcined gypsum have met with limited success because of
ettringite (3Ca0-Al,0,:CaS04-32H,0) formation. It is known that a major

factor in the long-term deterioration of concrete is the formation of ettringite.



sulfate has greatly limted the use of such m xtures. Their application has
been pri marivwgyor®7siqui ck patches”, which are known to be oPCpUSNI/2463hg-t er m
durability. Much work has been focused on inhibiting the formation of
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mat eri al can Qe Eﬁ_ed with water and sand or other aggregate to produce a
fluid nmixtured{A* ¥y be applied to a substrate. A cenentitious

conposi tion usef ulyvien Witk 3as besh $oAREd R ahibitfg 81 fofhion %lf%;&iﬁ%i@éﬁc' osed
in US. Patent No. 5,685,903 to Stav, et al. The conposition includes beta

gypsum OPC, Tolthisaerd)n¥,S. dtatenso¥eoBB3205dgdeady atith specidli formulativhe ofPC
conponent may_also.contain fl sh and/ or .ground .bl.ast | ag. U at ent
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bet ween the aggr e&e@en&ﬁ@ng &Qneﬁga%’gé eto Harris ' discloses 4 ° cementiliou$
composition containing OPC and alpha gypsum. The composition also

includes a pozzolan source, such as silica fume, fly ash or blast-furnace slag.
The Harris patent teaches that the pozzolan blocks the interaction between the
tricalcium aluminate and the sulfate in the gypsum.

U.S. Patent No. 4,661,159 discloses a floor underlayment composition
that includes calcium sulfate alpha-hemihydrate (alpha gypsum), calcium
sulfate beta-hemihydrate (beta gypsum), fly ash, and Portland cement. The
patent also discloses that the floor underlayment material can be used with
water and sand or other aggregate to produce a fluid mixture that may be
applied to a substrate.

A cementitious composition useful for water-resistant construction
materials is disclosed in U.S. Patent No. 5,685,903 to Stav, et al. The
composition includes beta gypsum, OPC, silica fume, and pozzolanic aggregate
as filler. The OPC component may also contain fly ash and/or ground blast
slag.

U.S. Patent No. 5,685,903 teaches that the silica fume component is an

extremely active pozzolan that prevents the formation of ettringite. It is further
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component c%mpnsmg ortland cemen_t,pand either silica e or rtlce?fmstk ash.

The silica fume or rice-husk ash component is at least about 92% amorphous
silica and has an alumina content of about 0.6 wt.% or less. -

According to U.S. Patent No. 5,858,083, the silica fume component is an
extremely active pozzolan and prevents the formation of ettringite. The silica
fume component includes at most 0.6 wt.% alumina in the form of aluminum
oxide. U.S. Patent No. 5,858,083 cites Malhotra, M., and Mehta, P. Kumar,
Pozzolanic and Cementitious Materials, Advances in Concrete Techuology,
Vol. 1, who report typical oxide analyses of silicon fumes made from the
ferrosilicon alloy industry having SiO, amounts of as low as 83% and AL,O,
amounts from between 1.00% and 2.5%. Oxide analyses of certain North
American blast-furnace slags have SiO, amounts of as low as 33% and AlL,0,
amounts as high as 10.8%. U.S. Patent No. 5,858,083 concludes that not all
pozzolans, and specifically, not all silica fumes, are acceptable for use

according to the invention.
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formation of ettringite can actually be beneficial to cenentitious
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conposi tion containing high-alumna cenent, calciumsulfate, and Portland
4 WO 01/ 1975 cg;gqbermonte The problems associated with late ettringite

{D

formation are not dealt with.

In Material Science of Concrete, Lawrence surveys and summarizes the
topic of delayed ettringite formation (DEF). Based on extensive experimental
investigations in the literature, the author teaches that correlation between
expansions of siliceous sand mortars and the chemical composition of OPC
indicate the importance of the sulfate level in the cement: where the sulfate
level of a cement showing expansion has been increased by the addition of
CaSO, or Na,SO,, the final expansion is increased. = Added fly ash, blast
furnace slag, or microsilica tends to reduce the expansions. This conclusion is
supported by the work of Stav et al. (U.S. Patent No. 5,858,083) for pozzolanic
materials containing at most 0.6 wt.% alumina in the form of aluminum oxide.
Higher levels of aluminum oxide promote DEF expansion, causing long-term
deterioration of OPC.

U.S. Patent No. 4,350,533 to Galer et al. discloses a cementitious

composition containing high-alumina cement, calcium sulfate, and Portland
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cement and/or linme. The reaction is rapid, and the only significant factor .
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pozzol ani c terial, cin cla has s ecifie Z contents,
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Novel methods of preparing these compositions are also disclosed. The

pozzolanic material, calcined clay, has specified Fe and quartz contents, and
contains kaolinites, montmorillonites, illites, halloysites, and mixtures thereof.
The cementitious systems disclosed have a water demand of less than about
33%, one-day strengths of at least 1000 PSI, and low alkali functionality.
However, the cementitious compositions reported are not fast-setting and have
carly compressive strengths that are comparable to those of ordinary Portland
cements. U.S. Patent 5,788,762 reports that an advantage of the novel
cementitious system disclosed therein is that it allows for the addition of more
gypsum than is normally added to the cement clinker, such that the calcium
sulfate component amounts to 4-10 wt.% of the cementitious mixture.

It would be advantageous to formulate a material that is fast-setting, like
that of U.S. Patent No. 4,350,533 to Galer et al., but based on OPC. Calcium

aluminate cement is expensive and has different chemical and physical
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wat er-resi stant cenentitious conpositions cqonprising calciumsu]fate

hemi hydrate, Pwhtthatthe cemsntdoasnpt sweliandFraghkagver the fongtermy, evenam tag; i ons
in which water-resis R . fel_ni %pﬁi r.ai: kR d
strength in t%s%lgﬁlog%%%%ggﬁgg ‘%@g%é’gﬁm’%{ﬁ on %Fesﬁmrlrg%%ﬁ nmtléﬁ'ért S

taught therei gmbits of ¥t @dfame id thiee cahentiticuis unixdudel felativehonphigdant e and
portland cenment night be expected to give the advantages, of each of these
two cementit i foumulngions, without,eqmpromisigg| thechltisate ceamressive seangth 884 occur

bet ween sul fate, i ans, which ar. | principally by the «calcium
sul fate, and ‘é’ﬁh?ﬁ ,{ﬁﬂ‘f%‘b&é’g&%%g‘aﬁ?‘%%r‘{{éﬁ ydrated portland cenent. For
exanpl e, trical ci umsalpaneNE 5958, Y0 ke abridat @t uin dikelobaaowalet-adsistarpr oduce

ettringite, a hydrated cal ciumal um nosul fate of |arge ¢rystal voJune. The
expansi ve, f osepesntitions cempesitipns GompHsingcsaleiumestifte 3?5&@’45?@“9 8¢ t he

formation of ettringiste;can, cause crackin L:
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in a cenentitrous conposition, together with calciumsulfate hem hydrate

and portl and anphsationareipportent! v
It is taught therein that a hydrated mixture of calcium sulfate

hemihydrate and portland cement might be expected to give the advantages of
each of these two cementitious materials, however, deleterious chemical
reactions occur between sulfate ions, which are supplied principally by the
calcium sulfate, and aluminum compounds in the hydrated portland cement.
For example, tricalcium aluminate and hydrated calcium aluminosulfate
produce ettringite, a hydrated calcium aluminosulfate of large crystal volume.
The expansive, forces introduced into a hardened cementitious product by the
formation of ettringite can cause cracking and subsequent terminal deterioration
of the product.

According to U.S. Patent No. 5,958,131, the inclusion of calcined clay
having a pozzolanic activity, e.g., metakaolin, in a cementitious composition,
together with calcium sulfate hemihydrate and portland cement unexpectedly
and beneficially is effective in rendering the composition more resistant to
attack by water. While not wishing to be bound by any particular theory, the
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the inventi Qaicidd Ridys suthexpembRRhiReadienthi shdinmoliRSs! cherkalpi ity in

the wet state, develop strength in a relatively short time after setting,
pr oduce casporap@umlsetbavmlcbogmwsg rtake partti inj & heacdion toaformaetringited | ong

termstabili and sistance to attack by . wate The,rol e,0f the calcined
i ay accor Mt Sopld Bale” Bffonkiin i a8renkat' S the' BEafHC i,

hydr oxi des gaflpédior afkd sefiimgh that the formation of ettringite is
prevented. This is strikingly simlar to U S. Patent No. 4,494,990 to

Harris, descri biedisafimther didvlaseddby dU.Ss RatentcNoe$LIS8, 8IS tiexd njmoperiy on
containing OPC, = .cal ci ned sym and a pQzzol an sQurce, such .silica
fume, fly abwgatedbmﬁ@uqlq &%ﬁe%hgmsag! aopRIdanRer B e WvantionyexhbitG,
5,958, 131 d a 0 LEHT A ci ned
clay and it {s?ne{r*%%(‘étéiak %‘ﬁdetbgﬁéeﬁnk?ag%?%%s P@élfa%hlgg‘ve g%(r)rewr%? r%&’t Eéwﬁc@me nt and
in the physstemigtipinopesiativedy shiort imecafter setiingopreducendast aniclassvittegged, wat er
resistance, oL Finish hnd can Kave 0ol Iong torm sabitity Snd Meotards to attack by

water. _

The role of the calcined clay according to U.S. Patent No. 5,958,131 is
the reactivity with hydroxides and the like, such that the formation of ettringite
is prevented. This is strikingly similar to U.S. Patent No. 4,494,990 to Harris,

described above, which discloses a cementitions composition containing OPC,
calcined gypsum, and a pozzolan source, such as silica fume, fly ash or blast-
furnace slag. _
The authors of U.S. Patent No. 5,958,131 do not relate to the amorphous
alumina component of calcined clay and its role in the chemical/physical
development of the cement and in the physical properties of the cementitious
material (strength, water resistance, etc.). This is also evident from the index of
performance for metakaolin and other calcined clays that has been chosen and
defined in said patent: reactivity with lime (the pozzolanic reaction). As both
siliceous and aluminous materials react with lime, theoretically speaking, the

calcined clay could contain solely siliceous or solely aluminous material. No
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performance for netakaolin and other calcined clays that has been chosen
and definedwawgststi patent: reactivity with linme (the pozZRST4H09/24621
reaction). As both siliceous and alum nous nmaterials react with |ine,
theoretically speaking, the  calcined, cl cQuld contain solely siliceous
or solely al Lrl‘fﬁlﬂ6ﬁ§ﬂlﬁ§Q‘w‘§@‘§P!n°l%ma’feﬂPb‘5C€gﬁP§851 PCT/ US00/ 24621 ratio of

si | i ceous/al um noyg AL er ' Ny HeRVASbriddeet dTatRiths Mater-
5,958,131 to Asbri %e e%z gag lgﬁtgﬁﬁ@iomg?grsmr esi starh(%:é‘e3 over an extrenely

wi de range ofrefietafenbagesn antdemaly oédotan@gPGf péreentagedr atderatios dofc@PE, ned
clay. The cenentitious conpositions disclosed that are deﬁgef?ﬁ%‘gh{a?bl e for
addi ng to wathemihydmtes and calgined clays The, gemegiiions cCOmPOsIHOPg disG on

conprise fro 0 9 i 0 i I g ' s~from 1%
to 50% by \Aeir%%tdoe%%lggos?% g%dwg ea%tmﬁ\g, {oaﬁ%{e? rtg 2"%}0% ?ﬁgol&ﬁgifhﬁpg{ﬁﬁh%f ’
cal ci ned cl aysolidvédagpdsitiohotipiserfioin/ 20% (cc98%, byrategiitodfi cglciunil elfgte ef er r ed

ratio of hem hydrate to OPCis in the range of 2:1 to 10:1,; tlrhe Jpreferred
rati o of OPC hemibydratendeone 1%y tq 80% byt Weighk efportangd cemegt, and fronyde to

proportion of lL.cium sul fate._hemi hydr ' ' e of
Prom 475 oIGESY VGt ob Plfntd Qe B pbihicl; SEARLY (0, kRIS

pref erably i nTRdpreférpaivutiof off HepiihydfateotodOPCh inehe Ringeasfi:t e Ik pthet i on of
calcined clay is preferablgci n the range of  from2%to 12.5% hy i ght.

SUMARY OF THEefervENmtionef| @PCdogpiengdelayds inrthe gargtent 2ilhidPilonThe
provi de a cenentit.d ou QNPOShEL O t 1S | VRIS ol such
that the con‘pﬁrgg%ﬁ&\% O?t ?agcﬁ sfﬁﬂ%‘:‘(kaevg‘ﬁr}‘ﬁﬁglfae{rté p])sreﬁeg%g@ ié‘?(/tp?osur é@tog?{moé% er
(i.e., at | eapts5%oWaes bi Welght SRE Propdriish 6LH6Eland cEmbmt is prefulablyaintthal | y
constant. It is another object of the gr esent invention to_ provide a

cement i ti ous rapgerpbdiom G imid8ke byyweighte|and dhe propastion ©of calanedyele¥ds such as
sand, is fast-_gsettin exhi bitd n d I essive strength within
the first howfegg)gﬁngwgd%#ﬁ?ﬁg%{e%nlgfﬁ% %h‘ggrgrﬁg within 7-28 days; and

very high late conpressive strength; that is, after at |east 28 days and

typically 6 nonths or nore of curing. It has been found that for
cementitious SWMMARY ObEHE INVENBON ned

It is an object of the present invention to provide a cementitious
composition that is essentially waterproof, such that the compressive strength,
even under prolonged exposure to water (i.e., at least /2 year to 2 years)

increases or remains substantially constant.

It is another object of the present invention to provide a cementitious
composition which, by itself or mixed with aggregates such as sand, is fast-
setting, exhibiting good early compressive strength within the first hour; good
medium-term strength, that is, within 7-28 days; and very high late compressive
strength; that is, after at least 28 days and typically 6 months or more of curing.

It has been found that for cementitious mixtures comprising calcined
gypsum, OPC and pozzolanic materials, the optimal range of compositions for
obtaining maximal compressive strength and water-resistance, and fast-setting

properties is extremely narrow, and lies outside the preferred range of weights



gypsum OPC and pozzol anic materials, the optimal range of conpositions for
obt ai ni ng N¥RACHESIconpr essi ve strength and wat er - r esi st anREE/USHHA4621
fast-setting properties is extrenely narrow, and |ies outside the

preferred range. of wei S 0111975 US00/ 24621 and ratios as
specified b?n%.r%'.os ?%%f ‘?Qo‘?yg‘s’ggéf%iﬁ‘?- %’Psﬁgi'been -found that true water
resi stance cannof, .be .obtained with a calcjned sumtq QPC wei.ght ratio
of nore than abohthaf.bé?_e'i‘_° ddﬂaa{ Y6 grater r?lﬁ?‘f’?:%ﬁﬂ“%@m?mﬁ‘i’ "ﬂggﬁol ani ¢
mat eri al '”c%l@ﬁeﬁ??&ﬁfr%?d@l“@% _!#a%ionﬁ%&%'thmbo&h?s to ﬂeAﬁmslﬁgfgand ey

control the Torm ettringite and ot her expansive mater
cenent i ti ousufficientameutitafipogzdlivac pratdrial irethccamentitolisgyixturemeotral®Es wei ght

ratios of 2 to.1 to 1Q tqQ 1, as djsclosed, by U S Patept No. 5,958, 131,

are subj ect R R e S L e e SHRAPENG - hi gh
solubility e g%ﬁ%f‘i] REY ' s havi ng
cal ci ned g{/r%féeum t’gaéP misgﬁ%c@gﬁ%%%ﬁﬁ;ﬁ%%r%ﬁ@% tgyﬂ?u@tétr%g@enj oy the
full conpr e=ight eatidsrefiytd1 corlOrtoblytasatiscddset by OeSrdPatenh Wiy, 595871 ¥1eact i on.

It has al so been found that cengntitioys m xtures cantaining cal ci ned

gypsum and?2k SEIFCEE SESOMRT ggtgqxqmpggn Hﬂt%%rfﬁ‘?gﬁ%lyﬂﬁhfﬂ‘&q;&%qui re a
cal cined 9yRPYR (Bpbl WEHA! KBVl colUnible midhAL Hviig! Cadinkd OF der
for the mxture to be fast setting. The present I nvention Erow dés a
cenment i ti ougypsanptes OPCorwaightt ratios naf 2 €T toTAPrs1 | do | hot ddjoy the &l white
cenent), cal cined gypsu a soqurce of, anorphoys silicag and a source of
anor phous aFWWé?’\g%S@“g)ﬁ??qUM‘ﬁwnrﬁtth%c%em&K&Waﬁ%f‘@ﬂt‘%l ow. The
cenentitious conposition by itself or mxed with aggregates such as sand,

i s fast-setting,ltasi ¥5e ibegn fouad dhaty peraentjtions smixdures tqoataiing WPPRi n t he
first hour; ' ' - Al . and very
high | ate c%%%gg% gﬁg‘iéulﬁg’: ér“?:]glsﬁ; c? % ngﬁ)ﬂ%sngﬁlgg\%gzﬂn&r%é\gs{ ﬁﬂﬁ'}a{tﬁ er at
least 28 dapguized dalidhedogypsu 16TOPOSvelphtvatie ofimdis thailabdae 915 el e hi gh
content of calciumsulfate relative to many other OPC fornulations, the
cenent i t i oudrde¥apdhg mixtereite bedaskpething| y wat erproof, and exhibits excel | ent

strength characteristics. Even under exposure to water for at
The present invention provides a cementitious composition containing

OPC (Types I, II, III, IV and white cement), calcined gypsum, a source of
amorphous silica and a source of amorphous alumina in a particular ratio as
delineated below. The cementitious composition by itself or mixed with
aggregates such as sand, is fast-setting, exhibiting good early compressive
strength within the first hour; good medium-term strength, that is, within 7-28
days; and very high late compressive strength; that is, compressive strength
after at least 28 days and typically 6 months or more of curing.

Despite the high content of calcium sulfate relative to many other OPC
formulations, the cementitious composition is essentially waterproof, and
exhibits excellent strength characteristics. Even under exposure to water for at
least Y year to 2 years, the cementitious material shqwé dimensional stability,
without any sign of splitting, cracking or crumbling. The use of calcined
gypsum in place of alumina cement or even OPC is of great economic

advantage, and in addition, provides the cementitious composition with quick-
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|l east '/ 2 year to 2 years, the cenentitious material shows di nensional
stability, wobgistsiany sign of splitting, cracking or crunbCTmgno246e use
of calcined gypsumin place of alum na cenment or even OPC is of great
econom ¢ advantage, and in.addition, provides the cenentitious conposition
Wi th quick- 9saingchareqtsristiRST/ US00/ 24621 setting characteristics. In a
first enbodi nent, the cenentitious binder of the present invention
conprises OPC, cal i afirstérhbaadimientyithiey cemernditione bindsr ofi itheh presentopvéntiona
source of anorphqus sjlica and source of anorphous.al um wherein the
ratio of cal G?Iﬂﬂpﬁqﬁ@%@ecﬁéﬂ%ﬁfaé? Ee@ et ir@etg.o?-a hg ory &t 5ou %t

anor phous sili ] i - 265, ; atio
of anor phous bgﬁr&%?é]ﬂgyu?gﬂgo%mp %Sé‘ﬂg% P?gg]%r@%gssa%?ﬁrgg, \Igrﬁe e? gﬁglatd&f%fre ratio
of cal ci um sukilejug belfate dhdhpdrate tOROPCsis @.74-8] .the ratichef amoirphovs sdiar phous

silica and armr(ghous alumna to OPC_is.0.3-0, 35, gn&l t he rgti 0 0O
anor phous al uARh 2MEPhoRs phEwsa do| PBS iss 026504, And) the,ratio. pp (qrangphous

enbodi nent, t 1) |11 ks ra©f 4 he present invention conprises
about 30-55% by Vdg?gﬂ%ﬁﬁﬁﬂﬁgﬁgﬁéﬂﬁ&?gg‘{% by weight calciumsulfate
heni hydr at e, about Plefékablyhthenaiioof caletunp balfiste detrileydratartd ORM®del0.73-03p by

wei ght anor phous al um na. I n angther_ preferred, enbodi nent, fhe ggmergf)i tious
bi nder f urt hethe Hawfiasarpheys slicasandamarphopy alunpaa 40 QHE iofSr& e rapdos

pozzol ani ¢ ag - rAslE=T I Ne ?9% fijpers, to forma
cenentitious %re%ﬁégfargo%é’?g%‘r‘\‘g Lp{c’[%rﬁg%%g E%%;/Ujg\lélj;ht of filler. In
anot her preferred moficfentd embioditaait] thé Teniehtitigied bixrlen oo theC presént

anor phous silica and as a source of anmprphous al um na. her .preferred

| .
embodi ment , t HWeBlen semprisesnehquh 30055 bycweighti OFte ab%‘iﬁg‘é%%ﬂ’&ﬁﬁ?‘%]l‘fous

al um na incl uggs. cal Gl . n G0 fel | : r phous
silicais progiﬂglgg‘%@(%“%g%nﬁlgyﬁkg*es agg esﬁgég?ﬁo‘%{#ﬁg ag{rm(;ﬂgddggﬂfsj?%%g of
silica fune aa]gbm'scgyfgnysukeigﬁthmamphma]mmmer preferred enbodi nent, the

amounts of OPC, cal cium . : . .
In another preferred embodiment, the cementitious binder further

comprises filler selected from the group consisting of pozzolanic aggregate,
non-pozzolanic aggregate, and fibers, to form a cementitious mixture
containing up to about 95% by weight of filler.

In another preferred embodiment, metakaolin is utilized as a source of
amorphous silica and as a source of amorphous alumina.

In another preferred embodiment, the source of amorphous silica and the
source of amorphous alumina includes calcined clay.

In another preferred embodiment, amorphous silica is provided from
materials selected from the group consisting of silica fume and rice-husk ash.

In yet another preferred embodiment, the amounts of OPC, calcium
sulfate hemihydrate, amorphous silica, amorphous alumina, and filler are
selected such that said mixture has a compressive strength of at least about 300
PSI after 10-60 minutes and an ultimate compressive strength that compares
favorably with that of OPC and reaches at least 4,500 PSI after 28 days.

Depending on the formulation of thc cementitious binder and on the filler type
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sul fate hem hydrate, anorphous silica, anorphous alumna, and filler are
sel ected suMPOBAYSL sai d m xture has a conpressive strengt RCHUSMR4RZEaSt
about 300 PSI after 10-60 mnutes and an ultimte corrpressive strength
t hat conpares, favor h t hat of C and. r es at 500 PSI
after 28 day® dcoﬁﬁﬂ%ﬁﬁ?ﬁ& ?W@W%%@ﬁh%ﬁ’% yﬁ&ﬂ’éﬁ?ﬁ '#i nder and
on the i1 qgachyp00 A9 M@a8hnich893,000T BBy BeF21  and content the

ul'ti mate conpressive strength after 28 days can easily reach at |east
7,000 PSI, and aft haacﬁlrehcr teenQliscoyertd, hoD sélgble ¢alcibans sxildkte remhydiréiten

di scovered ol u I ciumsul fate. dri.te can, be used as a
raw materi al(eagO | 20 eo\‘s cﬂ%é*‘ i mafer@fn{ Hg\éigifé?@ﬁ"r | phthe cﬂlé’ﬁ‘f‘ﬂydr at e.
Initial | ab?%@t?rﬁélﬁlﬁﬁrﬁteha HEAICHS ﬁﬂgttl?ﬁ hafEBa aiedoaaat c%&?ﬁt{ fis ¢ phous

anhydrite, a source anor pho | ca an a source
al um na haveninturésvef eningirie, (ORC)e a&tmmagd)hsmbﬂﬂxbualsﬂlcamlﬂaa abwree dfo, or
superior than, the equival.ent rp xtures containi ng cal ci um sul f at

heni hydr at e aMQERhaYs Auming haveIEmate COrRRrEsSIvR,$ sstgt prgC feristics
relative toyfhe, (;%3:5&1‘{@:’ Gfdn, MRSt ¥ 9l g&nmm&ﬁg cﬁﬁdaﬁhf\}g“ bt @ull?%ﬂ hydrate

This is attrlbut to the reactl he anhydrite wat er .
anhydrite, hemilgidratef Moseover, isucls rmntemﬂs llleq;um@rovedasnttmg/\chdramu&tmm n a
t hat of cal ci m sul f drate.

.qualltatlvel sim | manner tq

However , pave e gle ,egulpfglg{ﬂe,mvc@ﬁgs FOMtanms; & P“mbéB ei;I th %r eat er
|nstab|I|ty gﬁmxdpﬁe apility of
the anhydri ';Igstlgga sorg%gﬁl ti o h&\/\t}a}?er ) E rilvg{l-ll ve to tﬁ em RAydrate) in
reacting toal cfhitc abdousmenpcidgies)iregats awith whitersin aoqatititivglyt sirmlaot her
aspect of the rese ntion nti.ti ous bjnder .co | ses OPC,
cal ci um sul ﬁﬁ%‘rqp"éﬁ“&n§ H?tﬁg‘em‘ ;#“ﬂi'(&v%l ?E%CHHHQ a86hr ce of
anor phous ahﬁﬁnrﬁkﬁe patbify Sechubl of k! BoflEr iR 4C tidafiifaris 18-fe 1. 98, the

rati o of amnorphous | ca and anor phous to OPC I"s 0.26-0.4, and
the ratio opresemepdfonater|andithe ability of tixh anlsydrite to absdrls addBiotalSwater ef er abl vy,

anor phous. SUFRCES hfRe BHERDHOGHE) B EhAig tSorbealp Gl dbyiedf 1 he

Thus, accordmg to another aspect of the present invention, the

cementitious binder comprises OPC, calcium sulfate anhydrite, a source of
amorphous silica and a source of amorphous alumina, _'whcrein the ratio of
anhydrite to OPC is 0.6-1.98, the ratio of amorphous silica and amorphous
alumina to OPC is 0.26-0.4, and the ratio of amorphous alumina to amorphous
silica is 0.3-1.5.

Preferably, the ratio of calcium sulfate anhydrite to OPC is 0.7-1.3, the
ratio of amorphous silica and amorphous alumina to OPC.is 0.3-0.35, and the
ratio of amorphous alumina to amorphous silica is 0.6-1.2.

In a preferred embodiment, the cementitious binder of the present
invention comprises about 28-57% by weight OPC, about 32-60% by weight
calcium sulfate anhydrite, about 5-12% by weight amorphous silica, and about

©3.9% by weight amorphous alumina.

In another preferred embodiment, the cementitious binder of the present

11



rati o of anorphous alum na to anorphous silicais 0.6-1.2. In a preferred
enbodi ment, twWeorBAsIntiti ous binder of the present inventi BET/ENEA2Ees
about 28-57% by wei ght OPC, about 32-60% by wei ght calciumsulfate

anhydrite, about 5-12% by, wei. ght anorphous silica, .and Q 3- 9%

wei ght anor ph&REnEPY r?P?ﬂi’.nSP%a t2i§e77°/grl§’f WEighY O}%@SP%%‘,&%@Q)’@’&W&& i tious
bi nder of the prt / . ﬁ%g% A}g,%lla ' ' - ri ses
about 28-57% B@C%gﬁ{at%éta&%%%%@ wel g % cetlT Eﬂi&ﬁaﬂ,‘tghﬁ\?lafgm

anhydri t e andbgaleightansotpheusssilicagand/ sbout 8-9% by aveightalmmtphdusldtdmiray wei ght
anor phous silica, and about 3-9% by wei ght. anorphous alum na, In g ot her
preferred enbodi nent, tWeanathesnreterrsd smhodirentothe; gementifigus Rinden 9E i on

conprises: (a i« . Po } . ' i . .
anhydrite; (c%’re(%&clﬁg%!sou §°§@@%W%‘EW?@%’?‘%‘S{1@’ I%wcéa?&?ren)
anor phous  al ughlfige dfmgdﬁtie,n (ch ealthir Bulfart henibided; (d) sindupHous ilidahyey i t e
and calciumsulfate hem hydrate (total) to C is about 0.6:1.

Oto
1.98: 1.0, theamarphous sfuming; yhewin the| weightrationfralsisn sulfptgranbydrits andC | s

about 0.26:1.Q t0 0. 4.1, n rein. t kAl fr. S ljpa to
anor phous si | f’%lﬁmrn% ség%ﬁgem@y%%eﬁofap% Cgi?(i li)éb(’%} @'Pél?gg‘f 5%21 d?’%?ga%

anhydrite is ¢sglofghous Bilids and BmbfpHolaiming taOPCHE abélt®. D&M 41®, and
more preferably, soluble anhydrite is used to replace from_5%to 50% by

wei ght of t heahdwheyeinathe ratigcof amerphous aleming tf amemphopgr siliea d% abew ubl e
anhydrite is br Qgg}: #gt,golgz 1. As used herein, Odinary Portland Cenent
(OPC) refers g rEnt” cenent Types 1, I'l, 111, IV and white cenent.

Cal ci ned gypsum aprefisiablysslabie, anhpdrite Ss iSed ) fpladt siplth 309, heriiyhl ot e
(CaS™4 %120, including fhe al pha and beta structures. The term

"anhydrite", hesnihiydretes pnd mose preferably: sadubloaphysirita ihysed; togeplaemfronl y

the hemily
known as "sol gyl drit.e’. se r.ein ol.an_or Lanic
material is d§?‘1 ﬁe@a}g Yy ?lglﬁte?ﬁe ﬁF’Q}ﬁH’@gatgﬁ ﬁ“i'cg %ﬁﬁ%ﬁh&q@rﬁlﬁg&&eﬁct S
chem cal | y W §dlubleakR§drite i@ frdin DI € 19Ny
As used herein, Ordinary Portland Cement (OPC) refers to Portland
cement Types I, II, III, IV and white cement.

Calcined gypsum, as used herein, refers to calcium sulfate hemihydrate
(CaS0,-/2H,0), including the alpha and beta structures.

The term “anhydrite”, as used herein, refers to the form of anhydrite
commonly known as “soluble anhydrite™.

As used herein, a pozzolan or pozzolanic material is defined as a finely-
divided siliceous material that reacts chemically with slaked lime at ordinary
temperature and in the presence of moisture to form a strong slow-hardening
cement. The lime may be generated in the cement mixture containing OPC.

The pozzolans as used herein should have a pozzolanic reactivity with
calcium hydroxide of at least 700 mg of calcium hydroxide per gram.
Typically, the reactivity of pozzolanic materials utilized in the present
invention ranges from 700-1100 mg of calcium hydroxide pér gram.

The amorphous alumina component, as used herein, should have a

pozzolanic reactivity with calcium hydroxide of at least 600 mg of calcium
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tenperature and in the presence of noisture to forma strong sl ow hardening |,
cerment . TheWPi'M¥7®ay be generated in the cement mixture cRERUSOPR4§3 OPC. The
pozzol ans as used herei n shoul d have a pozzolanic reactivity with calcium
hydr oxi de of I.§%§t 700 ng of cal cium hydroxide per gram Typically, the
reactivity d’f & materials utilized in the present invention

ranges from 700- Ns%emefgm CtRb Germim &Hﬁ&fo@&bﬁs REEal&iudbetd *Hénﬁ-rﬁ?ﬂ&?@us
al um na conponent, as used’ ‘herein, shoul d have a pozzol anic feactivity

with cal ci urﬁmap@fuaﬂﬂladfemthydwsus bmrmg)bef adantageons ih2myy SEpads;51
PCT/ US00/ 24 21 h 0X er. erein, the.term"stucco"
refers to c ?#/8%‘? gipgl@rﬁelm}&dgqmg is sign SROTY | SRS Keri %d@g{’e is
known to be cﬁﬂﬁﬁﬂt}ﬁﬁﬁﬂiy@rdté‘ éyaﬂéedrﬁe%@ﬁcmudebw r%halbﬁeélomalchﬁm hydrat e
is significantly nore éxpensive. The term cal ci um heni hydrate, as used
her ei n, i nclhenehydtate, malpding thyi aphaoformal ci um heni - hydrate, including the
al pha form BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is herein
descri bed, by way of exanple only, with reference to the acconpanying
- drawi ngs, wherei n: FIG 1 is'a gr aph of conpressive strength devel oped over
time for th&8RIEFRBESCR : BDRAWINGS ent i nvention as conpared with
conposi tions according to t he pI’IOI’ art; FIG 2 is a graph of the early
conpr essi ve strebhé¢ hndanmhorseﬂemvmrdesmbed foyr waycefrerhmelzTonaly, twih

according to the present invention as conitl)ared with the prior art Portland
cenent - cont &{RTeAES a%qqmmm@fdwmgs,lw P8 3 exhibits the conpressive

strength devel oppﬁ; &@Ep rding to
t he present invention 2% %’%par eogn 1%Sh‘?e %ﬁ: coﬁ%‘?‘% Sl V%Veg?ig%eﬁfc?ﬁﬁgf a

ref erence niegherteconipusitioni ofjthecpresent @REnden las mdmparadndnthraﬂmqmmoaand as
filler; FIGS. %4d are X-ray diffraction (XRD) scans of a cementitious

m xture acc8frHBetthepEosaldsent i nvention, in which the scans show the
FIG. 2 is a graph of the early compressive strength developed over time

for a cement composition according to the present invention as compared with
the prior art Portland ceinent-containing compositions of FIG 1;

FIG. 3 exhibits the compressive strength developed: over 1-28 days for a
cementitious mixture according to the present invention é_s compared with the
compressive strength of a reference mixture containing solely OPC as binder
and ordinary sand as filler; |

FIGS. 4a-4d are X-ray diffraction (XRD) scaﬁs of a cementitious
mixture according to the present invention, in which the scans show the
development of the crystalline structures within the cement over time (6 hours —
6 months); '

FIGS. 5a-5b are SEM (scanning electron microscope) micrographs
depicting the microstructure of the cement matrix of the inventive cement
binder; | '

FIGS. 6a-6e are SEM micrographs depicting the microstructure of the
cement matrix, aggrégafe particles, and the matrix-aggregate inferface of a

cementitious mixture according to the present invention; and
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devel opment of the crystalline structures within the cenent over tine (6
hours - 6 moMMENI7SE| GS. 5a-5b are SEM (scanni ng el ectron nfCHE9%
m crographs depicting the mcrostructure of the cenent matrix of the

i nventive cenent | (; ELGS. fas6e are SEM micr.oqraphs depicting the
mcrostructure of_mdflsemﬁrﬁfgﬁﬁyég&@msﬁgr N ,095_ e’ftﬁté&s

mat ri x- aggr eggfigutdlla8’sf ARSI ofiwefdiPaid bf ilSinEd ueh &5 OPCC{and With hhe
present invention; and 13 WO 01/19/51 PCTI US00/ 2 1 FIG 7 is a graph of
28-day dry cooqustssiratéo f tataitaoeliofto ARE) tintwhidks the ramewsrange of foptivaal,on of

wei ght ratio of . cal ci ned sumtpo OPC (and with a constant ratio of

net akaol i n toﬁ'@bé)omf?ﬁsm%%ngﬁéﬂﬁ&Fth%ﬁ%@%%lnﬁmf}%F AemIPI S npr essi ve
strength m xtures of the present invention is denonstrated. DESCRI PTION OF
THE PREFERRED EMBODI MENTS The present invention provides a cenentitious

conposi ti on CDESTRIPTIONGICTHIRPREFERREBIPEMBOBIBMBNTS of anorphous silica

and a source of anorphous alum na, wherein the ratio of calciumsulfate
hem hydrate to OPCis 0.7:1.0 to 1.8:1.0, the ratio of anorphous silica
and anor phous al unTleapteser®HGventionOp@&ides & taméntitions @ompositiohecanstiniog of

anor phous al umina to .anprphous silicais_. 0.3:1.0 tqg.1.5:1.0. The
cenentitious @ngﬂ:po@?‘ilpgﬁ, YU, | SPUEse Qf xARCTRAPYS sglb‘i?r é@ét BsSQUes ofs sand,
is fast-setti L Blhding w3Redn r ' gﬂ% ) HpiCNst he
first hour; g%%glrregél %irlnmt“g?m st reﬁg{%ﬁoﬁggfmc@h%?aﬁ?%% 2 e\ct\ll%ys; gnd very
hi gh | at e con@7ds@io/b8dt0,ahetdtio dffamiorphouscsiliga andsimverphouscaigmina @fQRC at

I t 28 d .and i cal 3 nths or nmore of .curing. Preferably,. the
oSt 28 days A RS B SEmBeod) s robSlidis 15,
rati o of anmorphqus (§i{ 593 aige RHAYEs bMPbAfRA,ObP el or Uniked- Rith©

of anorp ]h

0.35:1.0, and The ratio ous alumna to anofphous silica iIs
0.6:1.0 to 1.apgtedatesDarchi b saudy ibi Bbt-settivigs nexhilfiting | goiodneaxl) fcatnpreseivat i ve to

nost ot her OPC fqr tions, the cenenti}ious conpositjon is,ess i all
wat er pr 0of aﬁgpng& Vguld'li% tlhe r}frst hour; goo medltum-term Stl'rgl?lga’l, atr}s, w1tﬁf§1 'f-% y
days; and very high late compressive strength; that is, compressive strength

after at least 28 days and typically 3 months or more of curing.

Preferably, the ratio of calcium sulfate hemihydrate to OPC is 0.75:1.0
to 1.3:1.0, the ratio of amorphous silica and amorphous alumina to OPC is
0.3:1.0 to 0.35:1.0, and the ratio of amorphous alumina to amorphous silica is

0.6:1.0t01.2:1.0.

Despite the high content of calcium sulfate relative to most other OPC
formulations, the cementitious composition is essentially waterproof, and
exhibits excellent strength characteristics. Even under exposure to water for at
least ' year to 2 years, the cementitious material shows no sign of splitting,
cracking or crumbling. Even samples immersed in hot water (45°C) for up to
Y2 year exhibit no signs of deterioration. The use of calcined gypsum in place
of alumina cement or even OPC is of great economic advantage, and in
addition, provides the cementitious composition with quick-setting

characteristics.
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exhi bits excellent strength characteristics. Even under exposure to water
for at | ea™OW¥5hear to 2 years, the cementitious mater PEFUSHEIRI no sign
of splitting, cracking or crunbling. Even sanples inmersed in hot water

Cal ) ned gypsum TefspbER GisfeVeret thel e ol Binetign SF EriraRiTPioBaiel i ©
econoni ¢ ad\3fieAtifousa itixiufes dcthé i Frosenpriavidin iNQtaREBI! bhlyOwsec@MPOsi tion

with quick setting characteristics. 14 WD 01/19751 PCT/ US00/ 24621 1t has
been di scovdtlativelliararave reagenph sempesiiensdedy camentitipuspaixtinssof ORGe

titi 1 Xt f th t i ti i ttai |
Colativel v Ralist e A aabecsifie, by SRiorBeiss iR Rt A00% o,
cal ci ned gy pRSFIcoRARY AN8448 abdult P8 B 594 dalesied Frulit Raxtutricbe fastt 00%)

must contain at |east about 28-35% cal cined gypsumfor the mxture to be
fast- setti seftingor Fohehe eqeprentitiousu snintuxe e cbe substandiablyt waterprobs; that er pr oof ,

th i xt nust tain.lo h bout . 60% cal.ci ned |t has b
assuried | n SHRLED SO nbain gt i ut ihee enltitie eGP oLL 9P YR ana
amor phous  aldihitd iR \Re ABEVe-ARHRGhdIO rdtid ! that ieasu% Amiorpouk’ AHEARRd 11 1S

known in the art that effective neutralization of |lime is achieved in
cement i t i ougmorphous ralemingrhaxe ieay agded to nenteatide GRClime fromeOPRt Hasi o of at

| east about;0.3:1 .for, po | ani ¢ eri.als.wth typical reactivity. In a

pref erred elBOHT et Al isele revtEeaticn 8F e i anhieved in SEFITRNS” 0. 0506 by
wei ght of f inlik@FesS@in@fikiag porimanst OPE @ Weizht RlioSf 4 98s0hkutt ©.3: f00r egat e
(such as pumice, perlite, fly-ash, etc.), non-pozzolan aggregate (such as

cal ci um car enpmzeglagiganatenials wiids typibairsactivityanot her preferred enbodi ment,
t he source of anorphous silica in the cenentitious material is selected
fromthe group chnapsfemed embsdiirieny the n@nentitons natetial dstthear comyprisesol i n.

U. S. Patent , 858, Q83 Stay et . teaches that. while the .anorphous
silica conpg%r% v weighiat BHeA ﬁa@ﬂ ?@wzﬁawn CoRRSting: et@ﬁ@qw%
formation o L NG : S, 3] Li )| [ te ude no
ot 6t han 0SBt (Sichi3s phefec PR M ast olcORnGR BN ogBidtate (16

as calcium carbonate, quartz), and fibers.

In another preferred embodiment, the source of amorphous silica in the
cementitious material is selected from the group consisting of silica fume, rice-
husk ash or metakaoiin. U.S. Patent No. 5,858,083 to Stav et al. teaches that
while the amorphous silica component is an extremely active pozzolan and
prevents the formation of ettringite, the amorphous silica component must
include no more than 0.6 wt.% alumina to be effective. Since typical oxide
analyses of silicon fumes made from the ferrosilicon alloy industry contain
1.0% - 2.5% Al,O, and North American blast-furnace slags have SiO, amounts
of as low as 33% and AlL,O; amounts as high as 10.8%, U.S. Patent No.
5,858,083 concludes that not all pozzolans, and specifically, not all silica
fumes, are acceptable for use acéording to the invention. Metakaolin is
particularly unacceptable becausc of the high alumina content.

Although the prior art teaches the desirability of inhibiting ettringite

formation, compositions according to the present invention are designed to
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anal yses of silicon funes nmade fromthe ferrosilicon alloy industry contain
1.0% - 2.5% AXQ@B1978nd North Anerican bl ast-furnace slags hBGEHUS§0RESZhpunt s
of as low as 33% and A1203 anmounts as high as 10.8% U.S. Patent No.

5,858, 083 concl udes that not, all. pozzol ans, and. specificall nat all
silica funespPromee a‘i‘&eiﬁr&b'lf%m?a&o u@k HEPRYY; Wg@op’f‘?’(é‘iﬁsn%ﬁ%“bﬁ? fhe

Met akaolin is i u g};ﬁg SRS i U e R
content. Alt hgﬁrgﬁﬂt%%ocea%@?%#'a?? te tgﬁgisr%ttﬁg des??}g%%slt??tygtﬁrnhf biting
ettringite fbesmdiscoveradbtmosvith bislescemntaining amorpheup pluzeina alongewithon are
designed to 15 01/19751 PCT/ US00/ 24621 ronote the eapr).y' foi'mtion
of ettringitedMRm sg&l&%tﬁgg@w@ﬁa@wﬁmﬁ%ﬂﬁﬂ&hﬁ%ﬂ L%f%&’uﬁﬂér.e In
sharp conttasts Lphdled! %ﬁgﬁg@o% atif€ B Iincififious' milAfes DAAR Bindegver ed

that with binders contai rphous alumna along wt anor phous
silica, the uténtaming emopplemsi silics twidnditile afr hdveano@pbhos alumisanm Thus,e s
| nproved appreciably relative tQ cenentitjous m xtuyres v¥| th binders

cont ai ni ng anbeFRbamac sppterals,wifh high| levels 9 ﬁ‘#ﬁ@gﬁlﬁjsa HiRAs n SUChTHS

pozzol ani ¢ nma ' W 'gﬁ]:,ul I r u§rg{ 53 1th%§§h &vel

nmet akaol i n, a%"%i%‘g%’ x|1’cu%rgr :}{a} ap%)% pr?‘%@—épéor ?gfrru? atdlfng hese ngve?
cenmentitious eeniéntitions nliktumesst be enphasi zed that the m crostructure of
cenmentitious mxtures according tq the present invention s different from

the mi crostruct ur elt@must g sempbasized thatithe Dierestctyre Af rgmegtitiges BExyesart . i n
OPC m xtures w .a _hig t en | 4 PSR ilica
(U. S Patent %tsopdlflg ?34%9€&Lé@@§§%§§ d?ﬁ%e%tg%g‘} %ﬁpgnir%eact P%évﬂ h

cal ci um hydr o¥éréntitions utiRturésy shicaidinly t« tHeCprioh t:|ih GRE minhirehwithzehighal | y

coats the abundant, crystalline gypsum phase_. in_the cenentiti 8us | Xt ure
sul fate. By c8Hfatesenteptygnd,conteining amornbons silica (Fov-ePatericight4:#96240:ni xt ur e

Is | ly h - . Y. f
Crystalline SoPresh e BB Ration Wilkibaihifididas BROEE, Rrdagace ©
described in ¢dlciuhediliche, avhich essentially ¢datihe \wbthdang) crystdltiné gppduadphase t he

t heoretical explanations above, it is believed that such differences in the
mi crost r uct ur B the eermentitioys mixawe splfatecBy pontastfhp miprostusrureef the novel

characteri sti g8, ntitious mixture is largely homogeneous and amorphous, with a greatly-

reduced presence of crystalline sulfate phases (gypsum and ettringite). This
feature is described in further detail below. Without wishing to be limited by
the theoretical explanations above, it is believed that such differences in the
microstructure account for much of the improvement in physical characteristics

over prior art cementitious mixtures.

In another preferred embodiment, the cementitious binder of the present
invention comprises: about 30-55 % by weight OPC, about 35-58% by weight
calcium sulfate hemihydrate, about 5-12% by weight amorphous silica, and

about 3-9% by weight amorphous alumina.

In yet another preferred embodiment, the amounts of OPC, calcium
sulfate hemihydrate, amorphous silica, amorphous alumina, and filler are
selected such that the mixture has a compressive strength of at least about 300

PSI after 10-60 minutes and an ultimate compressive strength that compares
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over prior art cenentitious mxtures. In another preferred enbodi nent, the
cementiti ouYOIIHYEY of the present invention conprises: PBEUS00$2E5 o by
wei ght OPC, about 35-58% by weight calciumsulfate hem hydrate, about
5-12% by weight anmorphgu iNdca, , an about .3-9% b i anpr ppous
alunina. In ‘Efa@Xo‘Y‘ﬁ‘éﬂ‘%Pid?r(f%%f‘ B 4rpch ?ﬁq%ﬁoﬁdm@%}l "g&,%cal ci um
sul fate hemdayglr ate, anorphous silica, anorphous alumna, and filler are
sel ected such"that the m xture has a conpressive strength of at |east about
300 PSI after 10he®hysinaltcherastatistios of theneemeentitiops swiriad, inthudingt thet hat
conpares 16 WO 01/19751 PCT/ US00/,24621 . favor abl i th that qf C and
reaches as ﬁﬁﬁwfifé“’sbw d5 °R5§I 0%t gp.e2§1ayq§9gbeg é‘nﬂFﬁé‘ﬂ"aa\m% .
charact eri stbfefeneé td the deAPRBS hid MeScEBih gdés&%ti&i'ﬂ. ng the conpressive
strength devel oped over time, may be bettér understood with reference to
t he draw ngs andRefesring sowptarthe dipwiegs; rHigunednis Refaphrafithe womptassivhe

drawi ngs, Fi gure I, h ressive strengt.h devel oped over

S,a gra of the co
time for thé %n@evfmgs;‘g)qrownﬁfp?{h@ep FH compRstHm of the BF ared with
conposi ti ongn@atih aSteapsed G/itthht%mlﬂfobﬂi'bnéﬁ disEi5e8in ik priorsheWs typi cal

conpressi ve strength devel opnent r ordinary Portland cenment m xed with
sand as filler; CurieeNdo.1 ZShowswiypicabi cmbipressiver atength devebopmdnt dievel opnent

for a Dbinder.containing ordinary Portland cenment, calciumalumnate and
cal ci um squ‘H?@yﬁﬁa%@@%Wt _da‘g‘ — arsé’}c],ﬁ_r’accor ding to U.S. Patent No.
3, 997, 353; CQurvechie RoS QOE&WWW&JI n%@ﬁ%‘ ¥itenptd QeolibpmeekaPaent for a

bi nder containing ordinary Portland ce , calcium alumnate and cal ci um
sul fat e m xbihder contabmmg asdivarfi Pdrdand acmentdicalgium alirGinaaawd calsbim

4, 350, 533; No., 4. sh t ypi cal [ t | t f
o nder - con AEE At Hith AT 368 i roCBHER o O PO PP e Eal pha
hem hydrate), anduRePR3Za8! Hyvs %%‘l g:gglﬂ?é%ﬁ’@ ¥dnBttS ABPel8fment! fdr! £7

according to U S. Patent No. 4,
binder containing ordinary Portland cement, calcium aluminate and calcium

Q

sulfate mixed with sand as a filler, according to U.S. Patent No. 4,350,533;

Curve No. 4 shows typical compressive strength development for a
binder containing ordinary Portland cement, calcium sulfate (alpha
hemihydrate), and a pozzolanic material mixed with sand as a filler, according
to U.S. Patent No. 4,494,990;

Curve No. 5 shows typical compressive strength development for a
binder containing clinker, calcined clay and calcium sulfate mixed with sand as
a filler, according to U.S. Patent No. 5,788,762;

As compared with the above-mentioned prior art cementitious mixtures,
Curve No. 6 shows typical compressive strength development for a binder
containing ordinary Portland cement, calcium sulfate (beta hemihydrate), and
metakaolin mixed with sand as a filler, according to the present invention;

Curve No. 7 shows typical dry compressive strength development for a
binder containing ordinary Portland cement, calcium sulfate (beta)
hemihydrate, and metakaolin mixed with sand as a filler, according to the

present invention.
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Curve No. 5 shows typical conpressive strength devel opnment for a binder
cont ai ni ng clwanbenssical ci ned clay and cal ci um sul f at e m xedP@I/USP0R2463H as a
filler, according to U S. Patent No. 5,788,762; As conpared with the
above-nentioned prior art cementitious mxtures, Curve No. 6 sg ws typical
conpressi ve st rengThe dementifisits mixtuges eoniainias calcasn abimipats csmsrh &yrﬁﬁort | and

t, calci fate.(beta hem hyd , I nepd X8Gmdiet 1 sand
e et er. MBeor A epiEhcngret, b, FomsBine EhOSAR, | DR NG o2
dry conpressi ¢empids§Rg ktieitN MaybEtikhérqCuve Nonsiesr Io@et (Cutiva Noo 2 ithrr y

Portland cenent, cal ciumsul fate (beta) hem hydrate, and_ netakaolin m xed
with sand as he ultimate camprassive gtrengthef a fypieal rrementidors pyixtuneym which

-------------- WO 01/19751 PCT/ 21 The,.cenentitious m xtures

cont ai ni ng caﬂ&@ﬂ‘?ﬁl%ﬁf‘ﬁé?gg&m@Weﬁo 5. 2, 3) display excellent
early conpressive aAkhfd#HoRed 2BSvellchicih AlurkinaR! &hfinkeart ldx@Basive fEMtiRe

hi gher (Curve No. 3) or lower (Curve No. 2) than the ultimte conpressive

strength of atd MAQ andctherandximugusontentt off eal¢inmagiiléate ist haited fe @bowbAli st s
solely of OPC rve No. 1). As nentioned aboye., cal ci al um n cements
are expensi veﬁg‘]t&tﬂr?\éem £% e@@fpa&ﬁ’ﬂntl?f’g&?%% q?ﬁ\g‘?#°56th(fne?1¢m]8f°@5ﬁ“c${?§1 ful fat e
is limted tola.%qg,tmzo- 30%to prevent excess expansion |leading to

of” t

deterioration he cenent over the long term The cementitious nixture
i n whi ch the bi ndeThe cementitous ndxwae in Which|the tindeecantains ardinary Fordandm

L2 TS R e S0 e S AT

lgntal SO

good (see al Squfigur _ vat fo0DPef (@kmBaNs2aly:i The &ulyf at e
her ni hydr at e ?gﬁéﬁiécs?rgﬁ%tgu fatéeq%ﬁ @d{égﬁe (gypsurrg. However),C this y

conposi tion i strémgthnid alsegdood(salbisodtigus 2)y dutito thie thydrasion s adphancalgiugy psum
wth tricalci alum_pate in the. OPC, . such..t ha ttringQite i s not.forned.
Whi l e bl ocki ﬁéﬂtﬁé’%ﬂﬁéﬁ"ow B{ﬁcﬂlﬁ rs?"}éﬁet %VE%ZWPB‘&‘[ e i ﬁhgng- term

durability  composition is formulated to substantially inhibit the reaction of gypsum with

tricalcium aluminate in the OPC, such that ettringite is not formed. While
blocking the formation of ettringite may contribute to the long-term durability
of the cementitious mixture, the significant potential strength associated with
ettringite formation is not utilized. It should also be noted that compressive
strength results are obtained using alpha-hemihydrate. The alpha-hemihydrate
reduces the requisite water/hemihydrate ratio as compared to the beta-
hemihydrate, resulting in a cementitious mixture of higher density and with
improved compressive strength.  However, the alpha hemihydrate is
substantially more expensive than the beta hemihydrate.

The compressive strength development for a binder containing clinker,
calcined clay and calcium sulfate mixed with sand is shown in Curve No. 3.

In contrast to the above-mentioned cementitious mixtures, the
cementitious mixture according to the present invention displays unique
compressive strength development. As is clearly evident from Curve No. 6, the
mixture is fast-setting, with a compressive strength of 400 PSI within the first 3

hours (see also Figure 2). The compressive strength increases to about 10,000
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of the cenmentitious mxture, the significant potential strength associated .
with ettriWQOVEhormation is not utilized. It shoul d al sSBCTfSO@46Y t hat
conpressive strength results are obtained using al pha-hem hydrate. The

al pha- hem h at"@\' z%duces the requisite water/hem hydrate ratio as
conpared to 4t 49%%bni hydrate, resulting in a cenmentitious m xture of
hi gher density a‘fﬂ‘ﬂe‘ﬂr}v*&oﬂpﬁ*ﬁéﬂ‘éeﬁreﬁgﬂﬁp&&%ﬁpﬁfén?tii SRGVA in KQWHY No. £ he al pha

hem hydrate is substantially nore expensive than'the beta hem hydrate. The
conpr essi ve Thercompréssive\stiengiiensachies abeut §,00eP Sk afierconty 3glays, andeafter cal ci ned

clay and calgiumsulfate mxed with sa | awn-i.n rve No. 5. In
cont rast tozgﬁléy%B&?g‘mﬁecfﬁ‘ga\g%éﬁ@ﬁ?r?ﬂi’@sé #-’ﬁf"ﬁ‘f“&g,'. the cenmentitious
Xt Ur e accor di nfls i biSedi ORR BbdrI8RY iPPigtliP! Oxindi PGEnd CURRSS! Ve

b

strength devel opnent. As is clearly evident” from Curve No. 6, the mxture
i s fast - set (sueh as Typt 113) miredrwitls sand as tarfidleg (Guve NG0) @kes 12-2Hhhoutshe first 3

hours (see al sqQ Fiqure 2). The conpressi stre h' i ncreases to about
10,000 16 ey FEH CoptprPso B, Thplrbai ot ine cpRpattopsanipye
CONpr essi Ve yiil Lhmker %‘éﬁ "eitet, %al%ﬂﬁ%}%lyn%rga'éa‘{ﬁuﬁpsulﬂlte @i}% Pressive

strength reaches about 8,000 PSI after on ays, and after 28 days, a
conpr essi ve Syisrqualjtativelfy somdar. 11, 000 PSI is attained. As can be seen with

better clarity i j qur , Ordinary Portl and nt S as .Type |11
mxed w th sand BsFigths f1 fie TS PSSR P e fchel op
initial conpiRsminggs HhixkRR8abeord tBQH@}SféQéntqlﬁvéﬁiﬁmCﬁ'E‘c‘ﬂ{cda}éd)%ﬁh%ét ure

with a binder containing clinker, calcined clay and cal ¢iumsulfate (Curve
No. 5) is comprcssiveé vieéngth ioffial mferenas mixtureecoBtaining sotehy QRG ay birsler engt h
devel oped ovey 1-28 days f a .cenmentitious.mxture according.tq the
present inv P%h"%fg Sﬁﬁ%'w@ﬁmco&ﬂ?ﬁv@ﬁi%pﬁvﬂ‘&@ﬁ%ﬂe ‘reference
m xture conygjifel g Sl KhipeoRIhOICHARS is ARily 'Baédﬁlﬁéébﬂ/ea drighl €7 . The
exact corrpositli ons are pro 'dgd incTabI eISS. lV\ﬁiq?‘e th overa?tlr sghﬂape of the
curves i s sexhibited ovendotinthermediimetenn mpd dghchlongxtbambiis substantiallyp bighet he

medi umter n}o%@lge itmr}eentiv%r}gi-xii_uerg.m I's substantially higher

Several theoretical mechanisms may be proposed for the strength
development of the cementitious mixture according to the present invention,
particularly in regard to the formation of dense, micro_crystalline ettringite and
the non-expansive long-term behavior of the cement. Without wishing to be
limited by these expl anations, it is believed that the strength of the cementitious
material according to the present invention is established by several reactions
taking placc over time, some in parallel, some in series. The conversion of the
calcium sulfate hemihy&ate to gypsﬁm by the hydration reaction takes place
within minutes, providing a compressive strength of at least about 360 PSI after
only 6 hours. At this stage only CaSO,-2H,0 is detected by XRD (Figure 4a).

Figure 4b is an XRD scan of the novel cement mixture after 6 days. A
large ettringite peak has formed, even though the presence of Ca(OH), is not
detected. The total peak intensity decreases from 6033 to 4456, which appears
to be due to the formation of CSH gel and the amorphization of the system.

These phenomena indicate that there are several reactions taking place in
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for the inventive m xture. Several theoretical mechani sns nmay be proposed
for the st r ewptoivior@evel opnent of the cementitious m xture RETBISOVHE2 0 t he
present invention, particularly in regard to the formation of dense,
mcrocry stalline ettringite and the non-expansive |qng-term behavior of
the cement. mﬂwcwmﬁopwolmﬂqﬁeﬁ@@wdtm’@‘tﬁgﬁb‘l‘%ﬁ’ﬁons, it is

believed that the strepgth of. the c Lt hal | to the

present invention t8£a?é%f3?s§‘l?{e€” ﬁ?%%rrsggié{rh ae*" ?é‘gggﬁgﬁéhgtdg%&g{ggfé;gce), over

time, some inpRahalda®0, BRPadetidigiRsSpeakd arecaiberntalinreducedie Ascalthé um

sul fate hem hydrate to gypsum \%at he hydration reaction takes llagﬁ W t hin
P3fca

m nutes, provreviogs XRDn§wans 80 ea(©he nyam defectsd. | Haanpeawothat, 386! fter

only 6 hours._ At thi ly CaSOA 2ERO IS, ) is
1) Figure dommeionSsEoRdentind e, e mrement Ok fpife e PR 9 C
large ettri n%&%}eﬂ?%‘in@@ﬁo foRFABHe iSNRmel R0 elrihite-flHted BRsansfonCadcaty) 2 i s

not detected. e total peak Tntensity decreases from 6033 to 4456, which
appears to hmddhe ct¢roentitious systemieshibits egsliegbstability-t he anor phi zati on of the

system These phengnena indi cate that. the re several - | akin
place in 19 WO 0¥MITAN PUBESS Zgure;@’aﬁ%fag?t??@ Béﬁyﬁ%ﬂ}@e} ’
pozzolanic r gﬁée?%el@%.eyﬁsrih'iﬂé Rvidtis R DR an, HPCAORY, wastdastdd) afiécr eases
further to 2 after days (Figure 4c), and the CaSO4.2H20 and

ett&?%i_igg pethkgﬁn‘ng’tesambg)q:sumqieblys repsim emallAs in the previous XRD scan,
no was detected, It appears, that, while the, faormation. of.CSH
conti nues over ti r@}’s@ﬂ’é‘epﬁ"’é‘g%ﬁc‘g{ BIIU“H??erﬁfqegtgﬂf}kgyﬁg%alss&cfg%&%ed.
Since no ettriingidee | gef cﬁhé IROMHE! brckdtit 6 Wakat RAfauDIRRAEIMaDates,  and
t he cenmentitious sayétesn]g%r( | bqlltls exc%llrl ent stability. After six (r;r?)ﬁt hs in

yvatte[] (Fi gu_recrﬁst?(IsRDddneisﬁng assepctaé@lly pfid€adk- AlO, sl 9HO pnd 2CeQud kO 8001084, As
In e previous scan, 2 d nd . ' '
Gypsum heaks Tista PROSH e MeIsSBblR e dpisoEgeg over He A0 L dalge © 2
clinker, SUChd®nidd %ab?épggs@imga& e off fhe WARHshibr BCHOSAROIBHIOZ Of

water to form hexagona crystals consisting essentially o
4CaQAl 208. 19HgRich s 2Cafhid 2G3cte2 0 The morphological evolution of the crystalline

alumina, coupled with the formation of ettringite in the presence of sulfate,

cause expansive pressures within the cementitious mixture that, over the long
term, lead to swelling, cracking, and crumbling of the cement. Moreover, the
process in which 4Ca0-ALO;-19H,0 is converted to 3Ca0-Al,05-6H,0
releases water, which then participates in various additional reactions within the
cementitious mixture, including the formation of ettringite. Hence, it is
believed that further chemical and physical deterioration of the cement is
caused indirectly by the morphological evolution of crystalline alumina.

The use of amorphous alumina eliminates the problems associated with
the morphological evolution of crystalline alumina. In addition, for reasons
which are not yet fully understood, amorphous alumina in the cementitious
mixture reduces the amount of crystalline sulfate — gypsum and ettringite — in
the cementitious mixture over the long term. As a result, the cement structure
is more amorphous, homogeneous, and densely-packed, and is essentially free

of the expansive pressures that typically develop in the known cementitious
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These hydrates are nmetastable and are transforned over tinme into a |ess
sol ubl e anWOPI¥SKt abl e crystal line hydrate of the conpoBET/USAe24621
3Ca0A1203. 6H20, which has a cubic structure. The norphol ogi cal evol ution
of the crystalline @%um na, coupled with the formation of ettringite in )
the presencd®BfUes PktheLrioratt se expansi ve pressures within the cenentitious
mxture that, ovemhet fepiiBnthf i BembRRfbus Osyst | dddBrdifig 36X IHRY predbst
crunbling of the cgnent].lw]l\/breover,m%ﬁg uprsc?c%ess alin" \/(\Hig:h 4Ca0p,r0\1203. 19H20

i s convert ednventidnGe® Yl fiHe @limemdiamd smbility dest oonidodied mecorgmgt oci pat es

I n various gddition ctigons wthin the cepentjtious mxture, including
the formati grragh sé’i”(a‘*a}"{\&a"f (§.981—|eﬂ&"'e§ani11?ei°§“u'?fg‘? Véii&%aﬁﬁq@)’rﬁ Bheni cal
and physi calydgt ehiioftek e t ik Y ¢ tho Lk ¥%n Q¥ist he

nor phol ogi cal e\’/(;%Flu?f on géhsgnystal | I ne éllu%cana. %ﬁe thuse 0 g{egérmrp Sus

al um na el i rsystemeis stdbtde pndldoesraotisemmue tte domn tahd expandras ) oktwey ihigh-

evol ution of &r%st,gia_l '&ne, alumna. In addition, for reasons which are not
yet fully ufalaEly ,a“éﬁ’ﬁﬁﬁ}ﬁ%s-al unina in the cenentitious nixture
reduces the ambuginPinigokiipft b it cihflfuc@%applt MEsRILEL BBl e 1N the
cementitious mxture ove e long term As a result, the €enent structure
i s nore anoiXRiDusandodngeagnfisations cf degn se kyHHR0k EfigueadSa andSbpntheal |y free

of the expansive prgssures that typically develop in the kng cenentitious
20 WO 01/ 19 PBHOtRETOT BisopRRRS (binderyis My dromagengius, il fio SHARISE A1 1 ity of

the cementi LLous, 't%fc?fitﬂk.”g to the present invention was verified in
‘a di mension staEllyi i t{gltes conducted according to Israeli Standard No.
896. The sanpl e Eipntesadueit lye OSEMYomictograph® oy s icementitiows mixthrao

- expansi on was detected, indi ca.ting at _th ett%iatggi te inthis systemis
stabl e and GBWEINRE agEIEALT, BAFIGIoSo nh g Hpt n8 i| SERAN, Tl PXy R sy £ at e,

hi gh- al um ngys¥siie ioRENM Ak HARASE i BB-gce ke I; g anport the
findi ngs fro%?rtge lﬁ?(ﬁb scans@{}?n nggnilgllirgaplﬁo()%sn??l ﬂ%gt%%gg{l%%( Fi gures
5a and 5b), highesulfater cemtemtition$ niikterssexeortiingi todbe prier hrtgétiyngieraygstalsous, with
"o evi dence ol VBT br S Ehbe 1 Rk, $i th inertace region, in the

cementitious mixture according to the present invention, no ettringite crystals

are observed in the interface of the cement matrix and aggregate particle.

In magnifications of up to x 15,000 (Figures 6d, 6¢), the structure of the
cement binder is highly homogeneous and appears to be amorphous; no
gypsum or ettringite crystals are discernable.

The XRD data is supported and complemented by the SEM
micrographs. Together, they provide a firm theoretical basis for the excellent
measured characteristics of long-term diinensional stability and compressive
strength for the cementitious system according to the present invention.

The amount of pozzolanic material in cementitious mixtures of the
present invention must be sufficient to neutralize the calcium hydroxide and
other basic compounds that evolve during the hydration of the cement. For
extra-fine metakaolin of normal reactivity, a ratio of approximately 0.3 weight
units of metakaolin per weight unit of OPC is required. A slight stoichiometric

excess of the pozzolanic material is desirable.
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Fi gures 6a-6e are SEM m crographs for a cenentitious m xture containing
aggregat e pawbiotiest The interface of the cement matrix an®CTR§HE6H: e
particle is clearly seen in Figures 6b-6c. Wereas in high-alum na,
hi gh-sul fate cenentitious m xtures according to, the prior .arttr etﬂtar.i ngite
crystals typi cal MpednBuense ofrthe pezeslybia Q(lj’%}@t’ﬁb%ﬁg‘?pfeﬁmf’ﬁé PR ace
region, in th enent i t] _MH X | oot %nfo \g@ed i on, no
ettringite crcg%alr@I %Vl&ﬂtéﬁ 3%@8?\7&;”% Wg&&%@gﬁ&ﬁ g&%g c.emraralta. mgt ri x and
aggr egat e pargnidCiubseduentipdiidd. c Wongpositioh LpwhirhxhdsSaf CHpdprgs wticodf 6e),
the structure of the cenent binder js_highly honbgeneous and g%ﬁp? s to be
e

anor phous: nanetgkaninteo ORG (9 .3Adi Ve displays gxcehent AMIIESSI, SEeN dat a

i s supported d, c | enent ed, by 4k l1GdC : i 85tiost BEY
provide a fi rﬁ??%e@%?f’%ﬁ?n%gs?’s v}#xgcﬁl ? Egéegéxnég Sﬁg%f%rgg-sggfﬁgﬁdé] o8
charact eri st i ggtaRicHnBDPE (008111, P5t2]0) sdisibtegrdtyd apeh wsting. essi ve
strength for the cenentitious systemaccording to the present invention.

The anount of pozAbBaRatentd¥er 5.958,131 dendshridgeottsalyigachesd GPMPPRILOD  osent

i nvention nust .be sufficient t eutralize ' Ec eV A E ot her
basi ¢ corrpourﬁﬁ‘éta‘?'ﬁaf#r @%P%éo 8{#‘?#& Wﬂ@‘%fa‘%"é@?ﬁ%@‘ﬁg cer?e(yré%lg%\l—]g?ﬁ
extra-fine ket aRfiuOsulitke heathydratey poRlandt éeindit @b calsinedtdhy 0. 3
wei ght units of netakaolin per weight unit of OPCis required. A slight

st oi chi omet r i kavingx @e pozzslanie caquiyity o [Veereinnthee PRrsentagesy by Mgl ob fﬁv\o

01/ 19751 PCT/ US00/ 24621 The | nce .of o] LOg10N
conpr essi ve STOPHOGERSTANES 581’1 gﬁ"é\g/%’d%ﬁfﬁ%g#g%‘?gé@%%g’s%gng%eéﬁv%ﬁ% cured
in plastic bagsenf and81-30Y6 of adid caldisaliviag! | Phedpiopdrtidnoopcaltiuisulfate whi ch
has an appropriate ratio of metakaolin to OPC (0.30: 1. g) di spgay

excel | ent coremibydrate istpreferatiy (mthe smgy of dsom g 1% dad 13 by Wekesh tE?)ssess

I -th t oi chi tr.i t,i . Lip.t y b

0 35 10y i PR DRt bariRth remedl is fERBEY i Hhe siped b fmp B 1o B0y

Asbri dge et %eigh@ﬂfé‘?%p&tﬁﬁmciﬂ&lrblafiﬂ préfekably & thrddhgegof fomea%to t 0
produce a water-resistant %draul ic solid which conprises cal cium %ul fate

hemi hydr at e, 1%5%|tyhweightveFhe sdesireshtagiornfchemibydrate to OPC is in the range o
2:1 to 10:1; the preferred ratio of OPC to calcined clay is in the range of 2:1 to

10:1.
TABLE 1
Composition No.: 1 2 3 4
Component Composition (Weight Percent)
Stucco 40 47 1 49.4 51.7
OPC 46 46 46 46
Metakaolin 14 6.9 4.6 2.3
Metakaolin/OPC 0.30 0.15 0.10 0.05
Compressive 33 disintegrated | disintegrated | disintegrated
Strength (MPa)

It should be noted that Composition Nos. 2-4, which disintegrated upon

testing, are within the range of water-resistant compositions taught by U.S.
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havi ng a pozzol anic activity, wherein the percentages by wei/ght of the
conponent s W49}t om 20- 98% cal ci um sul fate heni hydr at e, PET/H8M24B1 t | and
cenment, and 1-30% of said calcined clay. The proportion of calciumsulfate
hem hydr at e | nef e | n,the ran of from.47..5% % hy. wei ght; the
proportion gf&ﬁg ?‘ai!g?é%%ntﬁ?rg%‘?’e?%%ﬂ}m?;Rl?ﬁ\f ?ﬁcﬁ‘ugeg‘i}fw Bt t o 40%
by wei ght; pgréferrbd eafpetof Weight re@dsCi THdE 2 bRivides thE 8bipaditions! of shildsange of
from2%to 12.5% by wei ghtgﬂ The desi redbr atio of he’?n' hydr at eh?‘g OPCis in
the range ofwitlp calcingedigypsumt (stucgekteQRE atey of of.6:08Cte 3.24/0ci nddecl ay i s

Corposi t 1 on WRARETRYOBE e it Ko sepslpl B D0y 0, PablepicPatides g
Notakaol | n Limprishe idndino aapit of ChpBifih Gudbed 18 dirle OB essi ve

33 disintegrated disintegrated disintegrated Stren (MPa) shoul d be
noted that @driwusd of euringo sSThepwet cemtent bubis svere euredtin@d plashic bagedroory, are
within the range of er-resistant. c ogi ti.ons taught LS. .. 22 WO
01 10751 PCIERERIE: S THE Fisly EATEPRGs v B of PRl do e BT Efon Nos. 2
and 3 fall wiimitbsk hﬁmﬁlé@%@ﬁt‘bﬁﬁh%%’i@ﬂr qbvelei dhéaléintd %@psﬁﬁbét?aiﬁn rovides.
the conpositions. of sanples w th calcined-gypsum (stucco) to OPCT ratios
‘of 1.6:1.0 shglBlyhigher strghgths.Met akaol i n/ OPC rati o was kept constant at
0.30:1.0. Table 3 provides the conpressive strength for sanples of
conposi ti on nunbFEigare 3-(Bastdromdata Ipeoviidedsin Table W) us a8 griple of RBglay g wet
cenment cubes were ,curedgitg Z | ast i c bag at rooT tenp at,%e. .The early
conpr essi vechPgﬁﬁf’ﬁét"B‘f 194 cemFRftus I W&??ﬁl‘fr wnGtiop wels ttlﬁt‘?lf se
ﬁ?gﬁleresstcggggtbﬁﬂga%ypém% OPEVldSwitl a $ReE Wafifht MRS S hefakahi BDPElFINt Iy

_ 0.3:1.0. The compressive strength of the cementitious mixtures increases

O

-sharply and monotonically until 2 maximum is attained at a calcined gypsum to
OPC ratio of about 0.8:1.0 to about 1.0:1.0. As the ratio of calcined gypsum to

OPC is further increased, the compressive strength of the cementitious mixtures

decreases rapidly.
TABLE 2
| Composition No. 5 6 7 8
Component Composition (Weight Percent)
Stucco 55 65 70 75
orC 34.6 27 23 19.2
Metakaolin - 10.3 8 6.9 5.7
Total 100 100 100 100:
i Weight Ratio
| Stucco/OPC ' 1.6 24 3.0 3.9
| Metakaolin/OPC 0.30 0.30 0.30 0.30
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Figure 7 (based on data provided in Table 4) is a graph of 28-day dry
conpressi ve WOeMyrst of cenentitious m xtures as a functi onPGRUNOR4MAT ratio
of calcined gypsumto OPC and with a fixed weight-ratio of nmetakaolin to
OPC of 0.3:1.0. The conpressive strength of the cenentitious m xtures

i ncreases sharply and nonotonically until a maxinumis attained at a

cal cined gypsumto OPCratio of about 0.8:1.0 to about 1.0:1.0. As the

rati o of cal cined gypsumto OPCis f i ncreased, the conpressive
strength of the ceinentitious m xtures ecreases rapidlyv.

Conposi tion ofitio agnent 5Conppsitign Z\-/EI & Perce

65 70 75 OPC B#: —15- Etakaot {1038 &, 9 5o *,é;ﬁi

100: Vi ght i SIVERtIGNEIy

0.30 0.30 23 030 18nalesPCT/JUSO@12462[L TABLE 3 Conp@ditig

Curing Tine ress trendth a) PO nutes|2. 2 2 2

2221202 gﬁl‘ﬁ‘.rgo . 3.(2':54. Atmrzégiua of ngweu' y'surrto OPC
bel ow 0. 5: 1, 5. Ll mmﬁ& as

particularly poor, and, simlarly, at ratios of calcined gypsumto OPC
above 2:1, the conpressive strength of the cenentitious mxtures is also
particularly poor. It nust be enphasized that the pref erred range of U.S.
Patent No. 5,958,131 - to Asbridge et al. is between 2:
At ratios of calcined gypsum to OPC below 0. 5 l the compressive

strength of the cementitious mixtures is particularly poor, and, similarly, at

ratios of calcined gypsum to OPC above 2:1, the compressive strength of the

cementitions mixtures is also particularly poor. It must be emphasized that the

preferred range of U.S. Patent No. 5,958,131 to Asbridge et al. is between 2:1

and 10:1. By sharp contrast, it has been discovered in the instant invention that

there exists a narrow range of optimal, high-compressive strength mixtures

containing a weight ratio of calcined gypsum to OPC of between about 0.7:1 to

about 1.8:1, and more preferably, of between about 0.75:1 to about 1.3:1.

Moreover, in U.S. Patent No. 5,958,131, water-resistance is indicated by
comparing the wet compressive strength of metakaolin-containing cementitious
mixtures with the wet compressive strength of cementitious mixtures of similar
compositions, but not containing metakaolin. A more correct evaluation
method of water resistance, however, is to compare the wet compressive
strength of metakaolin-containing cementitious mixtures with the dry

compressive strength of the same metakaolin-containing cementitious mixtures.

To this end, cement cubes (25mm x 25mm x 25mm) having different
binder compositions were prepared. In all cases, the cementitious mixture
contained 25% binder and 75% filler. The cubes were removed from the molds
after a setting time of 15 minutes. Two different curing procedures were

performed:
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and 10:1. By sharp contrast, it has been discovered in the instant

i nvention tW@O0Vi¥Bkre exists a narrow range of optinmal, hPGRUSWA#MZEsSi ve
strength m xtures containing a weight ratio of calcined gypsumto OPC of
bet ween about 0.7:1 t about 1.8:1 referably, of between about
0.75:1 to about 1.3: 1?)%15%“669@?’,0@‘?1511?%&@35&%%. 5, 958, 131,

wat er-resistance is indicated b ,c%rrp ring. the wet conpressive strength of
met akaol i n- cont ai ni ng? th & c ﬁg%@r Y¥ th the wet conpressive

strength of ¥ i@ﬂ,ig, bR of cOIUIRGShiil . nat
cont ai ni ng rr’lgltPe ggg%lh{: : %?tgu@g’??sgifgf %’g\gﬁ tﬁgf Fon ge%g]g&%?mﬁéaéﬁ%dﬁg
resi stance, weaeeletimined intmediaehr afttheem@ting depeutssi frem thier evept dftepf
met akaol i n- cont ai ni ng cenmentitious mxtures with the dr conpr essi ve

L ., ary

strength of PFBS fard® AeyaiRhdP Q- chhtt ZrsHithdTelaentqualiatiyely sunpodstheTo t his
- end, cenent o . ' ' r | .

conposi ti onéﬁl\?\g]gg ‘(pﬁ%%?d@%a‘a?ﬁ%@%ﬁg égllg;r}%ﬁ'[ :gﬂt%culs%r% X thorug
cont ai ned 2nYxtiréxdeAtadaltinéal/gipsuheto OFE@ ratidzesbover E551¢ thy @dnipiessivehe nol ds
after a setting tine of 15 mnutes. Two different curing procedures were
performed: siength of thegementitaysumiyires decreases rapidly.ng i n an oven at 45C for
18 days; 2) curing in a plastic bag for 28 days. The specific gravity and
conpressi ve st r eAdten dofing i egnséntywieightiin awopes for fovs dayer e dpeaifigi ned
i medi ately after rnenmoving the cubes fxomthe,oven after curing for 18
days at 45CEMY PASTT banpreseSisheal st ERe yebaRteobeeREs s Tst ngs of
Tabl e 4 reg@e@imihel (TableOFPr &6 Shoderate! @optiA @&y EdBpresiiPa streh@HSwithl Xt ur es.
At cal cined gypsumto OPCratios above 1.5:1, the conpressive strength of
t he cenent i incseasing oaloipesgypsemnde P ratios (bpve Ar: Bris @bsaAryed-t o const ant

wei ght in an oven for four days, the specific gravity and dry conpressive
strength of cubes of the various conpositions were determ ned (Table 6). A

nmoderate drop in dry conpressive stF¥ 4rith increasing cal ci ned gypsum
to OPC ratios (above 1.5:1) is observed. TABLE 4
: Calcined Gypsum OorPC Stucco/OPC Compressive
' Strength
(Weight Percent) (Weight Ratio) (MPa)
n No.
8 75 19.2 3.91 9.3
7 70 23 3.04 12.3
6 65 27 _ 2.41 15.5
5 55 34.6 "~ 1.59 23.3
9 40 46 0.87 33.4
10 30 54 0.56 18
11 20 61.3 0.33 0
TABLE 5
Composition No. 5 6 - 7 - 8
Stucco/OPC Weight Ratio 1.6 24 3.0 3.9
Moist Specific Gravity 2.03 2.0 1.98 2
(gfem’)
Moist Compressive. Strength 16.0 12.8 94 7.8
(MPa)

25



Cal-ci ned Gypsum OPC Stucco/ OPC Conpressive Strength (Weight Percent)
(Weight Rati oyo¢iM9291 n No. 8 75 19.2 3.91 9.3 7 70 23 3. 04PQCRUSN0266265 27
2.41 15.5 5 55 34.6 1.59 23.3 9 40 46 0.87 33.4 10 30 54 0.56 18 11 20
61..3 0.33 0 TABLE 5 Conposition No. 5 6 7 8 Stucco/ OPC Wight Ratio 1.6
2.4 3.0 3.9 Mist Specific Gavity ZTABLE® 1.98 2 cnB Mist Conpressive.
Strength 16.0 12.8 9.4 7.8 (MPa 25 WD 01/ 19751 PCT/ USOQ 24621 TABLE 6

Conposi tion : Vo SRECTIIC L. g0 L. 70 1.69 I.68] Gavgty chDry
Conpr essi ve. @;ﬁqﬁﬁ@. 2 a5 o . 6 = : : :

et e e e t he

conpr essi ve ;tr&%ﬁ%a proVi7@ed li n Thiles 5 ) it|is A@drly.

evi dent thatj]the ty onpr pssi ve stfrength decrpases nore |rapidly thdn the

dry conpressjve ségleamth fbr all four conposityons havinglhigh

Dry Compressive. 227 20.1 19.2 17.3
Strength

(MPa)

Upon examination of the compressive strength data provided in Tables 5
and 6, it is clearly evident that the wet compressive strength decreases more
rapidly than the dry compressive strength for all four compositions having high
calcined gypsum to OPC ratios. This, in essence, is the wet/dry compressive
strength ratio (or moist/dry compressive strength ratio), the most realistic
evaluation method of water resistance. As shown in Table 7, the moist/dry
compressive strength ratio drops from 0.70 to 0.45:1 as the calcined gypsum to

OPC ratio increases from about 1.6:1 to about 3.9:1.

TABLE 7
Composition No. _
Stucco/OPC 1.6 2.4 3.0 3.9
Weight Ratio
Moist/Dry 0.70 0.64 0.48 0.45
Compressive.
Strength Ratio

Qualitatively-similar results are obtained for cementitious mixtures
cured in a plastic bag for 28 days at room temperature (Table 8). Hence, in
sharp contrast to the extremely low ratios of wet compressive strength to dry
compressive strength obtained in cementitious mixtures in the preferred

composition range of U.S. Patent No. 5,958,131 to Asbridge et al. (~0.4:1.0)
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cal cined gypsumto OPC ratios. This, in essence, is the wet/dry conpressive.
strengt h r a¥P8VI¥P! noi st/ dry conpressive strength rati o), PEFESORB4sR1
realistic eval uat i on nethod of water resistance. As shown in Table 7, the

noi st/ dry SSI strenth ratio drops fyromo0.70 to 0.45:1 as the
cal ci ned gy tré'tomi’r?sﬁ'é?eﬁgeéﬁgﬂ? ‘{ﬂﬁofﬁmﬁ %S“iet%m’a’géhth 9: 1.
TABLE 7 mme,s.eﬁﬁmsmixtﬁre@ & the Sl 0hGoh B keI : 0. Imd ket Ratio
Moist/Dry 0.70 0.64 0.48 0.4 Conpr essi ve. Strength Ratio

Qual i t at i veltypiedlly, D &1 O&QJ%howéamyBal ned for cementitious mxtures cured
in a plastic bag for 28 days at roomtenperature (Table 8). Hence, in
sharp contrast tHehde ixontease ko thectvachmigsosf USS. \E&tentbhpﬁ%ﬁjl\ze ﬁthaength to

dry conpre siv . Sstrength ohtained.in cenmgntiti us m xt ur
preferred dispoy iha g@emlglt-m"ﬁp alggpe gynfw,li% OFG yiel ?dge et

al. (0.4:1. Hﬁ%/ t at:i t waRpPressive
strength to atlv?e@(’)\/rr\%%rvgyg%’% stcrag% %ﬂ%ﬁ#gmh:aﬁ guslh%lfgt&l?}rqgs 0 EI.'?he
present i nvedistaeei s above 0.6:1.0, and nore typically, 0.8:1.0 to 0.9:1.0
and above. Hence, in contrast to the teachings of U S. Patent No.

5,958,131, it has been discovered TR Rghi gh weight-ratio of calcined
gypsumto OPC y| eI ds a relatively | ovv- st rengt h cementitious mxture having

i nsufficiep = ty 1.75
1.7 1.71 1 Xy Conlor e3« &9?62 1515 wiqg_rZ] 8
Dl’.V Spemﬁc GTaVl’ty 1.7 1.71 _ 1.69
(gfcm’)
Dry Compressive. 233 15.5 123 9.34
Strength , _
(MPa) :
Wet Compressive. 11.6 5.9 4.6 3.8
Strength
(MPa) '
Wet/Dry 0.49 0.38 0.37 04
Compressive.
Strength Ratio
pH after 40 days 7 7 7 7

It has further becn discovered that soluble calcium sulfate anhydrite
(CaSOy) can be used as a raw material in place of some or all of the calcium
sulfate hemihydrate. Initial laboratory tests have revealed that cementitious
mixtures of soluble anhydrite, OPC, a source of amorphous silica and a source
of amorphous alumina have ultimate compressive strengths that are comparable
to, or superior than, the equivalent mixtures containing calcium sulfate
hemihydrate. Moreover, such materials were found to have improved setting
characteristics relative to the equivalent mixtures containing calcium sulfate
hemihydrate. Without wishing to be limited by theory, this is attributed to the

reaction of the soluble anhydrite with water. The soluble anhydrite reacts with

water in a qualitatively similar manner to that of calcium sulfate hemihydrate.
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Strength (MPa) Wet Conpressive. 11.6 5.9 4.6 3.8 Strength (MPa) Wet/Dry
0.49 0.38 0.wHdladsi Conpressive. Strength Ratio pH after 40ataisee/z46; 7. 7
It has further been discovered that sol uble calciumsulfate anhydrite
(CaSO4) can be used as a raw material in place of some or all of the

cal ci um sul fHowevmpithg dieastion imifaster andyoerst petpnk cbicausmapl they 8%AKA t hat

cenentitious . m res of |.ubl hydr g ' r ous
ST en and o ioab OF e si GnByARER he Rresblck o wa L 48 b oBIHRY B
strengths t hage JFRILICAFHAR B abkétb dAditFonAPWaRF (fehaive th ke leshihyddaes)tin

m xtures containing cal Ciumsulfate hem hydrate. Moreover, such materials

wer e found t arehetingg torfprmeeldiune sulfate dihydeateict eri stics relative to the

equi val ent m xtures containing calciumsulfate hem hydrate. Wthout

wi shing to be |inTied, byccotdheg yto whother saspedtr obuthed prasenthanventigns itha of t he
sol ubl e anhydrite with water. The | ubl e _anhydrite.reacts with water in a
qual i t ati vel ycesRgRtitigns hﬁﬁ"?ﬁ’éﬁ’m{‘?}"s{eﬁ;%cgfsoﬁ’é’?%‘? ﬂPE{ﬁuﬂ{ﬁwteea@é(ﬁF asgEe 27 wo
01/ 19751 PCT/ -1 r e [ ' ast (HRG% tent,
because of th‘éﬁéﬁﬁéﬁgﬁé sﬁllgg%gﬁﬁ ?"t“)}/&o?f ?ﬂgﬁg@ Su gi lgi’h‘%??{ﬂej I n tﬁ%gﬂ’
presence of vehshle @itgdiite tabOPCtis 056-1.08¢ tisolratid eofaminprhtione siicaalandr b
additional water (relative to_the hem hydg&i}&) in reacting to formcal cium
sul fate di hycame@houhayming kP8BS %e%ﬁ-%o egae of agorphfls flurming o

i nventi on, thﬁnm% 8&4‘&4&48@3-@5‘““ conpri ses OPC, soluble calciumsulfate
anhydrite, a Soufce  of anorphous silica and a source of anorphous al um na,
wherein the rati o Rrkferstly,uht eatinbf sbluble caleiviRGulfsteGunbydri@dp QP@ is 870 of

anor phous silica and anorphous alumng to Cis, 0.26-0 a t rati
of aPmr phous hPutherfatie of amporphous sil%lca an amorgl:l)ous alumina to OA}]"’C 1snéj.3-0r.]3€5, 0

and the ratio of amorphous alumina to amorphous silica is 0.6-1.2.

In a preferred embodiment, the cementitious binder of the present
invention comprises about 28-57% by weight OPC, about 32-60% by weight
soluble anhydrite, about 5-12% by weight amorphous silica, and about 3-9% by
weight amorphous alumina. ' In these mixtures, calcium sulfate hemi-hydrate

can be subsituted for soluble anhydrité, approximately on a per weight basis.

EXAMPLE 1

An exemplary composition according to the present invention is given in
Table 9.

The dry components were mixed thoroughly to obtain a homogeneous
blend. The dry blend, weighing 600 grams, was mixed with 111 ml. of water
for 3 minutes in a HOBART mixer. The cementitious mixture was poured into
a 40x40x160 mm mold and was cured in a plastic bag for 28 days. The wet
compressive strength of the cementitious mixture, over time, is presented in
Table 10.
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anor phous silica is 0.3-1.5. Preferably,

sul fate anhweapiir9zsito OPC is 0.7- 1.3, t
anor phous alumna to OPC is 0.3-0. 35,
to anorphous silicais 0.6-1.2. In a

bi nder of the present |nvent|on conp

the ratio of soluble calcium

he rati o of anor plREIFEUSENR4621a and
and the rati o of anorphous al um na
the cenentitious

%_r ferred enmbodi nent,
H&Eﬂgbout 28- 57% by wei ght OPC,

about 32- 60 anhydr | - or phous
silica, angl fi about @umpdsyuommﬁsght am)r bhous al u h{ ne4 hese m xt pres,
cal cium suffate hemi -hydrate  can be spbsituted for soluble anhydrfte,
appr oxi mat g TRt —hasTs: KANVPEE——7An mptary—compopi tion
accordi ng E“;%?#E‘i‘%"‘ﬁf‘?on Is piven in bII?(§9 The dry cpnponents
were m xedithorgo mlﬂhl Vi to—obtain-a-homhenegus hl end. The Llru_ bl ey
wei ghi ng 6p0 grams  WEpsWRed with 111 ml . of water05for 3 minutes|in a
HOBART m xr. The cenentitious mxturel was poured into a 40x40x160 nm nol d
and was cufed in Bepl a¥enthydratef or 28 days. The wet 12conpressive sfrength
of the cengentitious m xture, over tine, is presented in Table 10.} 28 WO
01/19751 BCTIUSCO 74 CE 9 Conpopition # 9 Vejght % vhite Hortland
Cenent 13;] Gypsum 0.5 Beta - Hem' hydrate 12 Metakaolin 4.2 Cad3 < 0.6
nm 69 Ret - rent——160—0r-5—TABEE—36- ‘gg-t -Cofptesstvel Strength
of Conposili S8 Strength (Mpa)

Retardant-P 0.02

Melment F-10 0.5

TABLE 10: Wet Compressive Strength of Composition #9

Compressive Strength (Mpa)
10 Hours 6.9
1 Day 7.6
7 Days 64
14 Days 67
28 Days 76
60 Days"” 91
6 months *“/ 94

m

After 28 days of curing in a plastic bag, the sample was immersed in water for an additional 32 days.

(2) After 28 days of curing in éplastic bag. the sample was immersed in water for an additional 5 months.
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10-Hours 6.9 1 Day 7.6 7 Days 64 14 Déys 67 28 Days 76 60 Days 91 6
nont hs 94 (1woAiihenst 28 days of curing in a plastic bag, thdPCIAIRGN/2463as
imMmersed in water for an additional 32 days. (2) After 28 days of curing

in.a plastic bag, t he sanple was i Mmersed in water for an additional 5
nont hs. 29 PCT/ USOQ 24621 EXAMPLE 2 An exenpl ary conposition
according to the present invention is given in Table 11. The conposition
of the binder is iAdeexemplarytoontpositionfacéording te the prebent inwentionns giyeimat e

e el T2kt hovaaehed o i bieris o o ar v 160,
bl end, wei ghldgfbim%%ﬁ;gﬁg%,ﬁwﬁséﬂ ?ﬁeﬂxéi‘f;gl@ 135 18btacéd wilfind flicdsandl NUL €S

in a HOBART m xer. nmentitious mxture was poured into a 40x40x160 nm
mol d and was Therdig domponghsswere thigdfthoroBghlgapsobtdinea hemogenmops dbmidve

strength of the cenmentitious, m xture, over tjnme, s esented in,. Table 12.

TABLE 11 Conpd¥i dnydhiend, 1weigkingra00grags; @S pBre JKith Ahank of vater @fpg um 0. 5

Beta - Hem h . I&% kL4 |11 6ca: : ' 9

Rot ar dant - P éﬂ%g{egl\]}élzdrren ] %j_i?ginbﬁg ’ébe SrhrftRiond MWixturé APas p&ired ind%
40x40x160 mm mold and was cured in a plastic bag for 28 days. The wect

compressive strength of the cementitious mixture, over time, is prescnted in

Table 12.
TABLE11
Composition # 10 Weight %

White Portland Cement 13.8
Gypsum ' 0.5

Beta - Hemihydrate 12
Metakaolin 42

Silica Sand <200 microns 69
Retardant-P | 0.02

Melment F-10 0.5
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WO 01/ 19751 PCT/ US00/ 24621 TABLE 12: Wet Conpressive Strength of
Conposi ti onWRUIHnpr essi ve Strength (Mpa) 10 Hours 5.4 RCIHESP0R4631 7 Days
40 14 Days 48 28 Days 50.4 EXAWPLE 3 An exenpl ary conposition accordi ng
to the present inven ed according to
standard procedure EN : s oroughly to
obtain a houng alend __The 2 dry blond weighing Lgrans __was m xed

i | of water for 3 minutes i aCtHﬁﬁ;&FEfvenS’ormgth'l(h@a)emmtltlous

a 40x40x160 nol d and was cured in afplastic bag

¢ poured into

cenentitiogs ntxture cresented in Table 14. Th=

conpr essi v S provited

conparati ve dent frontf%%le 14 that {he
cenentitio ng—t-o—the -setting

relative tg the refere?t@éyscorrposmlon, and al so ddhonstrates sfiperior
conpressivg strength after the first [7-14 days. In addition tofthe
enhanced physi cal propgdmddyes descri bed] above, the 486e of calcihed gypsum
as a mgj or fconponent of the binder gives the cenentitious mxtlure of the
present inyention a sq@%@ﬂaﬁeconom C advantaggpgerative 1o
cenmentitiofs mxtures accordi ng to the prlor art [t is eV| dent
above desckpt+e Hes—of—the=Frrent Fe—eereRtons——334— HE—54+ 545
PCT/ USOQO 24621 m xtures and the physi cal char acterl stlcs t her eof t hat
these m xtures are particularly suitable. where water resistance is an
- inmportant cBXAMEBLE3 on, such

fromthe

An exemplary composition according to the present invention is
provided in Table 13, and tested according to standard procedure EN-196-1.

" The dry components were mixed thoroughly to obtain a homogeneous
blend. The dry blend, weighing 1800 grams, was mixed with 900 ml. of water
for 3 minutes in a HOBART mixer. The cementitious mixture was poured into
a 40x40x160 mm mold and was cured in a plastic bag for 28 days. Both the
wet and dry compressive strengths of the cementitious mixture, over time, are
presented in Table 14. The compressive strength of an ordinary OPC mixture is
provided for comparative purposes.

It is clearly evident from Table 14 that the cementitious mixture
according to the present invention is fast-setting relative to the reference
composition, and also demonstrates superior compressive strength after the first
7-14 days.

In addition to the enhanced physical properties described above, the use
of calcined gypsum as a major component of the binder gives the cementitious
mixture of the present invention a substantial economic advantage relative to
cementitious mixtures according to the prior art.

It is evident from the above descriptions of the inventive cementitious
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as-for blocks, backer boards for baths and showers and fl oor underl ay
appl i cati ons woawmtser uses of the :inventive conposition arePGSUSHHRA463L | al s
such as fiberboard, siding, trimboards, structural fram ng,

self-leveling, and road _patching materials. Conpgsjtiqgns made with binders
according to pheuresyand tBe ph ,ha%i‘@'{spﬁ%tthﬁﬁogrét@ri 58 RAPTCS ofy p

qui ckly, exnhi Bldicliafl) sahdiRBShbre el aBhddel i an iRROrEMSRINSHCAAGR] WAl val er
resi st ance. SdGERSY SFodlced 17 om Conposi tions according to the invention
can be producgg fon Hocksntbackeu bohidseforAbathdiemel showprssand divorsenderlayr enel y
quickly (typically . in 2-10 m nut es@,ﬁ,bui | di ng coppositions made from such
conposi tions applicBtionsankivdizeriseh of ther Byentiyg FompasHipR; are r’f‘ﬁ‘&l@afq"@% B{S& al one.

TABLE 13 Conpgsichi _ - PR Ao T 8 t t
TA°LE, 1SR ot i Wk Bt SV ey, MPLSRRE hertpolirent
-1 74.15 75 Reiokid@mhatetidls.05 --- Melment F-10 0.8 --- Vater (% 50 50 32

WO 01/ 19751 PCTI USOO 24621 Conpositions nmade with binders according to the
i nventi on produce Compeyitiens spdgavith tinders ageordmg tay the,imventon PradYSE: hi gh

strength and durabhil.i | spl I . e ' «<£roduct s
produced f rom“g"c?%g%é%‘?‘i ?ﬁgﬁeﬁﬁ]sgt@%ﬁ%i“%q‘ﬁéaﬁhéeﬁ@%&e |%trnern§gin§!£)€&%§glél ced on a
continuous |i gl didplayhacellemtonmesicsistinge.s Products pivduyedifronkéompdsytiomsal |y in

2-10 m nutes), building conpositions made from such, conpgsitions can be
handl ed nuch #ceording ttadhe ipventigntosnnkripradnesd op@ gpwfilous ding; | As fhese

appreci ated t Q()a'l;lpés?t?On%bg&e eggér%crzliyptth%ﬁﬁr ‘Hy%i(‘iamle&d%lé) %&u&&), building

compositions made from such compositions can be handled much faster than

products made from OPC alone.

TABLE 13

Composition # 5 3A

Weight - % Weight - %
‘White Portland Cement 11.5 25
Beta - Hemihydrate. 10 —
" Metakaolin 35
Standard Sand EN - 1961 74.15 75
Retardant-P 0.05 —
Melment F-10 0.8 —
Water (%) 50 50
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serve as exanpl es, and that many ot her enbodi nents are possible w thin the
spirit and VR e of the present invention. TABLE 14: R&KPH0A3462L e
Strength according to EN-196-1 Sanple No. 5 3A Conpressive Strength (Ma)

d R 2.2 0.. 2. 0 . 2. 0 6 2. 24.12. 2.9 3
o sy 59 s CavfoSisiofs Tuatieowith Sinderd argorfing;fo 4" ientiod Praduce™” S
PCT/ USOO' 2463Astridtbn mhateridlMHYER: up ?Lil;:kl% Exibit ﬁ@lllalt stRggth i PaRabifity
a

cenentitious material conprising: di nary Portland Cenent (OPC); (b)
cal ci um sul fand alisplan excgHentayatey resistanse.pPseducts produced| fipmaeamprisitionsal uni na;
wherein the rati,o of gal.cium sulfate hem hydrate to OPC.is abo 0.7:1.0to
e 0, 1 naefirhg Yoy B8 Yol oteu v ke Sheh FoRITUSHT HenaAt Be | 5
about 0. 26; tifloRs 4efl RtraielyWVaRickly" (hipfcallgt i 2010 AfRABRYUBuMiHE Na t o
anor phous gl&lr‘?gal ios agouttrO.B:y\f/L\,% toyﬂll(%?:%f 8 2. " The cerrg’nt }ltilo%s

mat eri al of comppsitions wiade iom such eompesitginsceandicubandied mach fhster thonr ate to
OPC i s about 0 7%: 1:.&%1%0 i’ﬁh%‘ 0. 3. The cenentitious material of claiml,
further co_r’rBFc_fd%\C g™ Fravout °85% by wei ght of filler selected fromthe
group consi sti ngpQkilPBe aprabiafed that the above descriptions are intended only to

. serve as examples, and that many other embodiments are possible within the

spirit and the scope of the present invention.

TABLE 14: Compressive Str according to EN-196-1

Sample No. 5 3A
Compressive Strength (Mpa)
Hours wet dry
Ya 2.2 | 0
1 24 0
3 25 0
6 2.7 0
24 12.9 12.9
Days
3 26.2 54.7 29.5
14 _ 68.2 74.1 49
28 . 67.2 78.6 53
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aggregat e, non-pozzol anic aggregate, and fibers. 4. The cenentitious

materi al of @logiAv7k Wherei n sai d anor phous al um na is proVRCRAES00/2462h

nmet akaolin. 5. The cenentitious material of claim1l wherein said anorphous
alumna is provided fromcalcined clay. 6. The cenentitious material of
claim 1l wherein said anorphous silica is provided frommaterials selected
fromthe gr ouswHATISCLAMMEBD IS:1ica funme, rice- husk ash, calcined clay and
met akaolin. 7. The cenentitious mxture of claim 3, :wherein anounts of said
OPC, said calci urm astfsettiaghwaieiyrdofitemensitious matemgheempysingca, sai d

anor phous alumna, and said filler sel | such that said mxture has
a conpressive strength(&srcg{‘a‘wgé’é'ilarg{o(g?ﬂle‘ﬁgébggl after 10-60 m nutes and
an ultimate conpressiv : about 4,500 PSI after 28
days. 34 1111111111111%?%@%%gul}h:a‘?e‘uf]j’%”h BB 03/ 19751 PO/ LS00 24601 8.
The cenentitious m xt ur(e) sthowphaussilca;wher ei n anobunts of said OPC, said

cal cium sul fate hem hydrate, said amgrphous silica, said anorphous al um na,
and said filler are sel(@-aBarrhounaluRBasaid nixture has a conpr essi ve

strength of Y j W@ He b NPESisHYuR0. 241 bitaat €
conpressi ve s?’?‘gllr?g[?ﬂ&e %?ﬂaf?%glﬁg‘gg%% , (ﬁﬁPgl after S28 (Ijlays. 9. The
cenentitious m8xL.0ythe @htic bfhmbibhovk silieh and mmonpteousfaleming OFQPCdarboutcal ci um
sul fate hem h&drate, sai d amyrphous silica, .said am)r{)ho.us al um and

said filler aPa6ded taPdil Qsad Whapinsthr datin of BRETRhoLs 3HIHE 18 &L} rengt h
of at |east g}?&r}s a%ggt‘g%lt@ﬁc}zfgo%@;o m nutes and an ultimate conpressive

strength of east abo SI after 28 days. 10. A fast-setting,
wat er proof cenentitious material conprising: (a) about 30 - 55 % by wei ght

Ordi nary Port 2and Tlemeamentilitdls; matdral affoclamss, -whaein the wtigef @lgiemum
sulfate hem hg/u %a%et. ﬁénufh%ra%gt%u{)Pé is a&ozut @%YH% 9@16‘”” phous silica;

3. The cementitious material of claim 1, further comprising up to about |
95% by weight of filler selected from the group conmsisting of pozzolanic

aggregate, non-pozzolanic aggregate, and fibers.

4. The cementitious material of claim 1 wherein said amorphous alumina is

provided from metakaolin.

5. The cementitious material of claim 1 wherein said amorphous alumina is

provided from calcined clay.

6. The cementitious material of claim 1 wherein said amorphous silica is
provided from materials selected from the group consisting of silica fume, rice-

husk ash, calcined clay and metakaolin.

7. The cementitious mixture of claim 3, wherein amounts of said OPC, said
calcium sulfate hemihydrate, said amorphous silica, said amorphous alumina,
and said filler are selected such that said mixture has a compressive strength of
at least about 300 PSI after 10-60 minutes and an ultimate compressive strength

of at least about 4,500 PSI after 28 days.
34
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(d) about 3 - 9% by wei ght anorphous alum na. 11. The cenentitious material -
of clai m 10"PAM¥&r comprising filler selected fromthe BFOUIOR4AESI sti ng
of pozzol ani ¢ aggregate, non-pozzol anic aggregate, and fibers, to forma

cenmentitiousg m X . el n sald- cenmentitious . mxtu nt.gins up to.
Sbout 9% by ver F SopBRSHBREYS SPURist SR Bereln et Bl BREE o o1 B
11, wher ei n cakRnimsalfate Heaiilydoe, saig AintbrEhi slili&a?lé_hiﬂaérﬁox:pﬁﬂﬂldﬂﬂdfrﬂﬁﬁ, sai d

anor phous silica, said anmorphous alunina, and said filler are sel ected

such that sandssdfiller arsselecied-weh that spidemixduredwg pisopipressivesirengthiofut 300
PSI after 10Q: L N N LKl na C ressive strength of at |east
Sbout. 4. 500 SRRl SELPERARP 1 s AR TR SRRl dreiad -, 1T

wher ei n anoAhslesdt abatd7,68UPSI aFak dg@ayi um sul fate hem hydrate, said

anor phous silica, said anorphous alumna, and said filler are sel ected

such that said mixture has a gonpressive strength of at |east ahout 300
PSI after 18-60 F®ceBENtHioys AEXYre ofsleim 3, hersinemaounts ofispxd QP¢ysard 1 111111

L WO 01/ 1975} B¢ T /]%ﬁﬁl%;ir 0 ' t Hengt, out 7,000
PSI after 2§aiaays.5ﬁi?%9 2} ce?}rga’n{gl?{ ??)ﬂ&gl muétst%l?‘%’ %?dg%%%hél%?a&ﬁz%éi n .
amounts of and shifller arodetbconl shichi that shidahixhire by dompesssivaisttergthiofhous
silica, said a alum na, and said filler are sel ected such that

nor phous . [ A
sai d m xt ur &t lgast agowpﬁr%%lsqﬂ%lﬁép Mingtch apd ap pltimaie comprssivesuensth aft er

10- 60 mi nut | 1tyi AL ive strength-of at |east about
12,000 PSI gﬁ@?&ﬁﬂo a&??d@ﬁlﬂﬁ??s#g%éﬂi ng, waterproof cenmentitious
material conprising: (a) Odinary Portland Cenent (OPC); (b) soluble

cal ci um sul 1ot e Arfhsteetting; waierproaiheementitiousinaterial cqmiprisimgir phous al uni na;
wherein the rati oof S5 U8 UL SLEHPUNALL! foad S Y 0610 T
(b) about 35 - 58 % by weight calcium sulfate hemihydrate;
(c) about 5 - 12 % by weight amorphous silica;

(d) about 3 - 9% by weight amorphous alumina.

11.  The cementitious material of claim 10 further comprising filler selected
from the group consisting of pozzolanic aggregate, non-pozzolanic aggregate,
and fibers, to form a cementitious mixture, and wherein said cementitious

mixture contains up to about 95% by weight of said filler.

12. The cementitious mixture of claim 11, wherein amounts of said OPC,
said calcium sulfate hemihydrate, said amorphous silica, said amorphous
alumina, and said filler are selected such that said mixture has a compressive
strength of at least about 300 PSI after 10-60 minut‘cs and an ultimate
compressive strength of at least about 4,500 PSI after 28 days.

13.  The cementitious mixture of claim 11, wherein amounts of said OPC,
said calcium sulfate hemihydrate, said amorphous silica, said amorphous
alumina, and said filler are selected such that said mixture has a compressive

strength of at least about 300 PSI after 10-60 minutes and an ultimate
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1.98:1.0, the ratio of anorphous silica and anorphous alumna to OPC is
about 0. 26: Wwdoirie7s9. 4: 1. 0 and wherein the ratio of anor phoRET/E$OAIRR t O
anorphous silica is about 0.3:1.0 to 1.5:1.0. 16. The cenentitious

material of claim15, wherein the r t o_of SR§| % ﬁalciumsulfate
anhydrite to W@ﬁ%ﬂ‘éﬁ)ﬁtﬁngﬁ‘q@ti"a@t% “176009 1 aftor 28 QS eprent i ti ous
material of claim 15, further conprising up to about 95% by wei ght of

filler selectegd frpm thRemiRNe ﬁﬂaﬁb%fldwnpfi1p@5&&i@mn@,un@gcﬁrmm>c
non- pozzol ani ¢ aggregate, and fibers. . The cenentitious material of

clai m 17 wher siidh :saémdmasﬂquthohmnﬂawnte;asald sarpophdute dilicap eaidk amarphaus. 19
The cenentitious . mater.ial i d am)ilg%ous al um_na

provi ded f ron?ll‘:‘&l’é“}’ od Sé}dag ]erzge S,glchfét %Etﬁ#%ﬁim%@ﬁ) f COBREREHE| ous

mat eri al corrp ) e _gint n hitiaaed Cenent
(OPC); (b) Of(gt A&Qfgboﬁgggfﬁ%%?a% Wc?c?ﬁrun%gula?gtﬁpg\hydrl te;

36 1111111 1lddxﬁﬁrehdwe]$tréhgﬂidf dtlledst about 12,000 PSNafted 28 8ays1 PCT/ US00/ 24621
(c) about 5 - 12 % by wei ght anorphous silica; (d) about 3 - 9% by wei ght

anor pho al upl na. ) fast ett erproof. cenent.i.ti o mat eri al

corrplrois:J?\g: ) ) Cf%%ﬁjié “5!83?’?%85%%%&?%?%f0?gpﬁ8#euzalC| urnI

sul fate anhydrite; (c)mﬁ@{.&;h Mﬂgﬂ@eﬁ@m(mp@)ate (d) am)rphous silica;
e

(e) anorphous al um na; rein"the wei rati o of soluble calciumsulfate
anhydrite and cal ci um (bh$dl@hlet=hbmm?@l ﬁcenh)dirm‘r?c is about 0.6:1.0 to

1.98:1.0, the ratio of I 1ica and anor phous alumna to OPCis
about 0.26:1.0 to 0. 4: f%‘%@gﬂﬂe‘?ﬁ the ratio of anorphous alumna to

anor phous silica is abqg) aforphéudaluthida;5: 1. 0.
wherein the ratio of calcium sulfate anhydrite to OPC is about 0.6:1.0 to
1.98:1.0, the ratio of amorphous silica and amorphous alumina to OPC is about
0.26:1.0 to 0.4:1.0 and wherein the ratio of amorphous alumina to amorphous

silica is about 0.3:1.0 to 1.5:1.0.

16. The cementitious material of claim 15, wherein the ratio of soluble

calcium sulfate anhydrite to OPC is about 0.70:1.0 to 1.3:1.0.

17. The cementitious material of claim 15, further comprising up to about
95% by weight of filler selected from the group consisting of pozzolanic

aggregate, non-pozzolanic aggregate, and fibers.

18.  The cementitious material of claim 17 wherein said amorphous alumina

is provided from metakaolin.

19.  The cementitious material of claim 15, wherein said amorphous alumina

is provided from calcined clay.

20. A fast-setting, waterproof cementitious material comprising:
(a) about 28 - 57 % by weight Ordinary Portland Cement (OPC);
(b) about 32 - 60 % by weight soluble calcium sulfate anhydrite;
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22. The cenentitious material of claim2l, wherein the ratio of hem hydrate-
to sol ubl e WOBYMFSlte. is from1:1 to 19:1. 23. A fast-setRGIHF%%¥er proof
cenentitious material conprising: (a) about 28 - 57 % by weight OPC, (b)

about 32-60 % by i ght so l.e cal ¢j um sul fat.e anhydrite and cal cium
sul fate hem hydra&ﬁ?g?‘bt)ss'a%%’tb%wglg 42“@8‘%5“&2%"3%"% anor phous silica; (d)

21. A fast-setting, waterproof cementitious material comprising:

(2) Ordinary Portland Cement (OPC);

(b) soluble calcium sulfate anhydrite;

(c) calcium sulfate hemihydrate;

(d) amorphous silica;

(e) amorphous alumina;
wherein the weight ratio of soluble calcium sulfate anhydrite and calcium
sulfate hemihydrate to OPC is about 0.6:1.0 to 1.98:1.0, the ratio of amorphous
silica and amorphous alumina to OPC is about 0.26:1.0 to 0.4:1.0 and wherein

the ratio of amorphous alumina to amorphous silica is é.bout 0.3:1.0 to 1.5:1.0.

22.  The cementitious material of claim 21, wherein the ratio of hemihydrate

to soluble anhydrite is from 1:1 to 19:1.

23. A fast-setting, waterproof cementitious material comprising:
(a) about 28 - 57 % by weight OPC;
(b) about 32-60 % by weight soluble calcium sulfate anhydrite and
calcium sulfate hemihydrate; |
(c) about 5 - 12 % by weight amorphous silica;
(d) about 3 - 9% by weight amorphous alumina.

_—
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