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FI ELD AND BACKGROUND COF THE | NVENTI ON The present invention rel ates
generally to cenentitious conmpositions and, in particular, tao
gypsum cont ai ni ng cenmentitious constriction materials for high strength
concrete, blocks, grout, floor underlaynents, road-patching materials,
backer boards, fiber OPPTIEATON FOR PAETENT di nary Portl and cenent (OPC)
is the main cenentitious material of the building industry. It is the main
bi nder in concrete, blocks, roofing tiles, grouts, fiberboard, nortar,
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production of gypsum based products such as plasterboard, fiberboard,
pl aster, etc. Calcined gypsum (calciumsulfate hem hydrate -
CaS™- 1/ 2H20 fornms gypsum upon wetting and sets within mnutes,
di spl ayi ng excellent early-strength characteristics. The set gypsum has
very low strength relative to OPC: In addition, the solubility of sumin
water (2 g/l), along with high porosity, gives the material poor
water-resistance. Attenpts to inprove the water-resistance of gypsum
boarggy by ANKBACRGROINAIEOFEITENVEN T gypsum have et with linited
success because of ettrrngite (3CA0AIZO3  CasHA. 32H20) formation. It is
known that a major factor in the long-termdeterioration of concrete is
t he for nekheopresenttinyénigin aclata® gancroliy 1toPCamgstidoas sRmpUsitgonsesul ts from
the reaction of tricalcium al um natee&‘B.CaOAI ZOBhéresent lag OPC with
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cal cine ave previous en use are. 'n so cases

adv andtadsIe Ubackieh BohiilsefiBefHoard hRd YE6fng kites. ri cal ci um al um nate and the
sulfate has greatly limted the use of such m xtures. Their application has
been Ordinary Portland cement (OPC) is the main cementitions material of

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

Gypsum (CaS0,4-2H,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, efc. Calcined gypsum,
(calcium sulfate hemihydrate - CaSO,-%2H,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 solubility of
gypsum in water (2 g/l), along with high porosity, gives the material 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,05-CaS0,32H,0) formation. It is known that a major

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



pr i mawio §1/12351" qui ck pat ches", which are known to be of PSISSWEAYIt2ramFER 200!
durability. Much work has been focused on inhibiting the formation of
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gypsum  OPC, silica fume, and pozzol anic aggregate as filler. The OPC

conpomMenithigeendy B0S.cPatenit NG $,25n0%hdkeals ghibuspednlafermelatigns 9fsS. Pat ent

No. 5, 685,903 teaches that the silica funE (:or’fp,onentl IS an Sxt ilerrel y '
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divid zolan result in cenentitious materials in which the transition
zone be en the aggregate and a cenent paste is densified and thus
produces ayggre®api@daed. of 4bagher wonderisi disclobeengt reemdmntiadsnposi ti ons
which utilize a pozzol anic aggregate alone or a_finely- .
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. 4,66.1,159 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
f 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 1s an

extremely active pozzolan that prevents the formation of ettringite. It is further
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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 fome 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 Mathotra, M., and Mehta, P. Kumar,

Pozzolanic_and_Cementitious Materials, Advances in Concrete Technology,

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 ALO;
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 AL 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

according to the invention.
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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 1s
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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compositions comprised of gypsum (CaS0,-2H,0), calcined clay and clinker.
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
early 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 matenal 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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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, deleten'bﬁs 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 mclusion 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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al um na conPone t of .calcined clay and its role in the chem cal/physi cal
devel GPHRATUGR aHREESEHBAGNt and in the physical properties of the

- cenmentitiaous. teriagl (strengt r IS tg.). This is also’
Jevi dent f?]gnist rﬁl‘gﬂﬁngi?ciﬁsedpg’g’f g%ﬁ\gﬁ;c‘gc’f‘{)ﬁ\??re%”ﬁ ﬁ‘ﬁ%ﬂ Rf?ﬁ%‘ﬁycal ci ned

cl ay h : - def.i ' {.d Svinti ity with

| mﬁl}{%goﬁ%ﬁagﬁ{gc%}g@g{lflgﬁ .mAng%ﬁnb‘g ‘? | cg%g an(}lcc{ﬂe%%]l:ﬂrlr)giﬁs materi al s

r eactunéixpBcteliie anflhBéiefidialy, gobdetoikgbilibhen @R ovdtedtatd,adewslopd contain

solely siliceous or solely alurninous material. No FEB 20011 7 WO 01/19751

PCT[ WBeagtvbpa reldtitclybthart time after setting, produce cast articles with good

surface finish, and can have good long term stability and resistance 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 ettringife
is prevented. This is shikjngly similar to U.S. Patent No. 4,494,990 to Haris,
described above, which discloses a cementitious 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 matenal. No
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rati owafoigtsiceous/ al unminous naterial is defined. Nor &SFYS002%21P entrploy
5,958,131 to Asbridge et al. clains water- resistance over an extrenely
wi de range of percentages and ratios of OPC, hem hydrate, and cal ci ned
cl ay, rdtie of eifiebus/abusinoosmuadetizlonslefingdl osed that are deened suitable for

Copr Lot Mo LB ebaET: B chEobis Lap AU FEel "Shife SRSt o, 1
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1% to 50% by weight of, portland cern , () % wei ght of
e il BT R A OGS O
prer ek ied ¥ #818CdRelosed tha 1U: 1- €
prefep)ree h?%ﬁ%%d@%a%o céa)ﬁciqwr}?ggecl a;iti%ghir&r?h?ﬁ)ghr ange of 3: 1to 10:1. Tht
propoitd Refledcalitiblenfot laddiy e withy d6 dbfmi 5 watef-egsidihyt hpdtandicr ange of
from 47.5%to 91% by wei ght, the?/g/roportlon of, ﬁortlanq cement 1's

pr ef esaht ycommpedition rcamgerissf fiomo R0%sto PG kb yweighighf calgiam Relfgieoportion of

calcined clay is referably in the range of from 2%t 2. 5%, by wei ght.
SUMVARedRy die, LNt 30% By Xei g %@l?o@ﬁnflrféﬂ}ﬁnés%‘? ffl‘?ﬂ}g'ré/(i"i N to

pr ovi cementitious . C Qs{.ti.on i ieadly Yo Weha of , such

t hat Sﬁgé’gﬁw@é Nﬁcai‘f’%‘ﬁgcﬁ{ ha‘@% rﬁ o%é]éip %?@ﬁ@ﬂ% é%gé’x%os ur Ee)H{lg wat er

(1. e. ppatokfirdd ratio }5??1%11‘,&9%%33'@?6 BIPC li§1 58 TRS eSngd of MRGS OSHbheant i al 1y
constant.” I't 1s another object of the present invention to provide a .
cemenpidfearti sratioosP OFC itorcaMined cldy is s ¢hé ramgeriof i1 wiot h0:dggildgat es such

as sand, is fast- setti n%lg exhi biting good early conpressi v$ strength

Wi t hi prapestionrafi caloinm syblete hemehydratecisnpreferablt in thezenges of \frami n~ 7- 28
days; ver Lgh late conpressive . strength: that is ~after,at |east 28
Gays’ 40a % y5o8at by weimbi e Pevoorbpd cectivrgemept oprelaf SR hat 1 or
cementjtio ] Xt |, S| ' (rge@;ﬁ zQl ani c
nater%ﬂgsc HPtﬁ%}éﬁ o%%’ﬁ?a%@?g%gzdv%%hg?n@ogﬁ?Pg S g{?]ofgﬁe?gf}%i@ngﬁ 1xi mal
CO”prﬁléa‘He Blysiﬂﬂ{&hhgéﬂfﬂ%ﬁﬁg% (S8R Stebgaveightl fast-setting properties is
extrenely ndarrow, and lies outside the preferred range of weights WO

41/ 19751 PCTI USOQO 24621 2 4 FEB 2! and ratios as specified by U S. Patent
No. 5,958,131. It has been found that true water resistance cannot be

obt ai Y2OF THE INVENTION

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 'z 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 cementitions 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
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aggregates such as nd, |s fast-setti exhi-bitin ood . conpr essi ve
st reng{iﬁh%‘?’?ﬂoﬁe‘?ﬁé&éﬁst %ﬁ?‘,’ergo‘i?glwggioblﬁ} PUIeY ?’gnb?%,q%ﬁ%ﬁdi s, wthin
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Despi ¢simpR@sivedirefigth estitribhticRbe thecanbitdiydrabdbidactiono many other OPC
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f or mul at1 ons,

exhi
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the cenentitious conposition is essentially waterproof, and

DILS, i fbd o TebRMEGaCHARAELALATOLS miFRgs WiREIGIPOOPLE {0 vat er

at | eas ears, t

e cenentitious material shows

di mengjianad ﬁ]}ﬁhiﬂ,i&w a SHukRO B ARYrphogs silicas phd tarogphous aalkiriga or
e

crunbl i ng.

oPC
ceme
char
pres
al ph

i :eqofre gr ealtined ypsiim toaPAh veeyeht rati@ @
ntitiQus_ conpositiogn

use of calcined gypsumin tpl ace of alum na cenent or even
gkl thanoaboyr @viteekl 1 he
ui ck WO 01/19751 PCT/ USO0/ 24621 setting

i th g
rder fogithe gnixfyre fo ré\%t SEHBREi ment, the cenentitious binder of the
ent invention conprises OPC, calciumsulfate hem hydrate (beta or

a or bFbé)present suverdion provides a cementitions composition’ containing
OPC (Types L, 11, Iil, 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
formu]atiohs, the cementitions composition is essentially waterproof, and
exhibits excellent strength characteristics. Even under exposure to water for at
least 4 year to 2 years, the cementitious material shows 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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calciumsulfate hem hydrate to OPCis 0.7-1.8, the ratio of anor

silica and anorphous alunmina to OPCis 0.26-0.4, and the ratio of

anor peewiag chhtagteristics. anor phous silica is 0.3-1.5. Preferably, the ratio of
cal ciumsul fate herni hydrate to OPCis 0.75-1.3, the ratio of_ anorphous
silica andhf%“ﬁl@h@ﬂﬁ)oﬂlix%ﬁﬂ&hé QefRGtitioud Hader3sf thngresent imeantionof

anor phous alum na to anorphous silicais 0.6-1.2. In a &aeferred
enbodigRptises OPC;ambeitit sudfiste fiemibyduste (hetapprealphe on POl # SRUSnpr i ses

about 30-55% by wei ght OPC, about 35-58% by weight , cal ci | fate
hemi hyflrateephaisositicd-andoa BYUIRE] %maﬁgk%ﬁo%jgf‘g?% E’&F’%Eﬁa‘h’%amﬁﬁﬁt&g- 9% by
wei ght apor phous al umi na. | he I r ' igementitious
bi ndeealonn aitate. Bpipdate 19 PIC &€ :be-fg'tl?d%?ggﬁtl{taggpgrho%uighgg%E A g of 2
pozzol ani ¢ aﬂ%’bﬁ?a"}]ﬁming%‘.Eﬁi(?oilsaﬂ.i%-@. r@gRitBe AMd fdfbenrphaust orm a

X

cerrenflp‘ili"ﬂﬂg ure containing up to about 95% by weight of filler. In

anot hﬁfun‘?i'hﬁftﬁ% Eoodiipe i 0.30ebakaolin is utilized as a source of
anor phous silica and as a source of anorphous al um n@.dn @ggt hﬁ:) preferred
B 15eV-dp-

enbodi nent préfembépuheaatit emalghousuléateihsambydratsdo r phous
al um na includes calcined clay. In another prefe - Jof anor phous
si | i cshe matior of smerpliousrsiliph a8 i?an%fpgell%é‘i‘él&?’?ar %?nq}ﬁ(g lgiﬁéﬁﬂj-%%%dst ing of
silica fune d rice-husk ash. In ' gferred enbodi nent, the
ampuntle @0 em%lgﬁellﬁ un%‘ﬁ?laggtagl%%fﬁn&ﬁ?gﬂ% gg Oggrrgf%hous silica, anorphous

alum na, a i : d dndftionsi Birndext of etheapresenonpr essi ve
.-Strength o?ﬁla{ érggeg{&g%&?ﬂég%hﬁngwgﬁ%r 10- 60 m nutes andpan_ ultimte

Jeonpr GPRENHBn Sdd sl J0FP%W by wéight QRCy abpuh 36+28%0byY oPaghhd reaches

at least 4,500 PSI after 28 days. Dg:))endi ng on the orrrul.g%iro%égf t he

cenentalkcion ssubfatel dendhydmte, t #lzowti $418% (B vergh@mpPIPIEYE S 00/ 24621

and content, the ultjnmte conpressive strength after 28 days can easily

r eachaheut 3-8%s by weight 458p1P W%k as 12,000 to 18,000 PSI. It has

further be%\ gljl (ﬁﬁgﬁ’e}gr%ﬁe&é}ﬁtexﬁﬂbm&t,c%@ ehfEnHte bikdel ifugther

‘comprises filler selected from the group consisting of pozzolanic aggregate,

of anppphps: silica and a source of anorphous al uni na, P\ﬂ:“é‘ll%'Pﬂ“qu‘ﬁ i ?E'Bo [?[]f
phou 2'4

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 the cementitious binder and on the filler type
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(CaSOWMP mWaA7Me used as a raw material in place of sone Rﬁrfﬁ$q0’16$21?h§ 200
calcium sulfate hem hydrate. Initial |aboratory tests have reveale EE]Bat

cenmentitious mxtures of anhydrite, (OPC), a source of anorphous silica
and a sduranterdf theanibimstte gempress ieastrenash wifter R8tdays spraasty vead flengt hs t hat

are caqnpar e 1o, .or superi an,, t I val ent m xtures containing
cal ci ﬁﬁ‘%lﬁ?@%sﬂﬁé‘ﬂ'ﬁﬁ%‘ﬂ‘g}@ P#\VQbB(SQéIS’(;@JﬁﬁPn’Bt erials had inproved setting
characteristi t] i ] %1+ IRl al ci um

char act e | 915, S P bekf_UReb el Y i TaltRES AN aphical clum
wi th vet,80),) ThE bR dst £ raw inalal 9 pla& ¥RE6MESOrRI RFGhe aRkfuny €acts with
water in a qualitatively simlar manner to that of calciumsulfate

hem hydifatechetiheitate, Thicial datsratnyi tesfsabiwer revantednthiat pobentitiousecause of
the greater instability of the anhydrite in the _presence of water, and the

abi | | tyixgires o andiydaite.t ORG),ad sonrseaatiiamapheusvsiliae and & sevree @l t he

hem hydr at in, reacting to. form cal cium sul fat,e dehydrate. Thus, according
o andrMEPhas, B gR e WReuBRCoE NG et (HARAE, PR B der

conprise | G4 f vl i a o] r silica and
sourt;g:’e%cr)g @%ﬁh%@aﬁgmeﬁg%a\%ﬁg gfdr#tﬁ% Fgl?tllﬁorﬁgg Egln y r??ggtt%o OPC is

- 6- 113fhihydigtd, aNIOredveR MHchNRiaterfdll i@l Rifrovear AGHE clakasteiigtidso OPC i s

.26-0.4, Tand the ratio of anorphous alum na to anorphous silica is

. 3- 1r&atiPe a@bethebkguiveleat mabitoresf camthiing) cal¢iuat esulfaby dremibydmtePC i s

.7-1.3, the _ratio of anorphous, siljca and grmrphous alymna to OPC is

. 3- 0 Thss 1seattritirted to the rsastion eb the o8y dritewith WalekmdMsralydaite, 8, | s

~0.6-1.2. ln a preferre nbodi nent., 't cepentitious..hj. r of-1the present
W nvenaiont RsnypicismssRhtiongss Fomyy Wil REkEne b SUiRaoaRtsRe: Ghe

cal ci - %Ry R HE0E iSHstera, and

about m@ﬁgggﬁgﬁ%%?%gﬁgﬁuéﬁgﬂgkﬁhjﬁ r%é) I'n aeﬁ%%’her pfag?%&? gstsagds(gér?‘godi ment ,

t he cen@ithoid puteni) baedusefof liige Erestentinktabifiy 260 thd anfydiite 9@ Sthe

PCT/ US00124621 i nvention coryBri ses about 28-57% by wei ght OPC, about 32-60%

by weptgsence af waten, smdf the cability of ithe anhyddte to ebserbl addionalnwvalddr at e

- 0,
(tot atr)elan%g%g tthe5 hél%l/ﬁydrate) in reacting to form calcium sulfate dihydrate.

COO0OO0OO0OYw

Thus, according 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, wherein 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 1s 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
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by - wevght/1gasor phous silica, and about 3-9% by wei ght af6FFHEH34E0 ugi FaFEg b
anot her preferred enbodi nent, the cenentitious binder of the presen

i nvention conprises: (a) Odinary ‘Portl and Cenent SOD@O; (b) c¢al cium
sul f atieverrtfondcomprisés pboat @BthR% Uy ateigiidaPly abavte 327 dmb silica;

e) anor phous al um pa; .wherein the i ght r.ati,o,o ci,um. su te
gn%ydﬁﬂlcgulﬁlnﬂllf%%% xdﬁl@mrrdiﬁﬂcms%%e@@@% &tOf%ldbe‘ﬁt?“L%‘%ut 0.6:1.0
to 1.98:1.0,.the ratio .. a So&idJ &a; mna to OPC is
about %Y. %8'& _tarr{o(gpgc_iqﬁ %hgg,a&ﬁ;ﬁ g?’é?% 4%%%@'??0 o# %?%ﬁghg al unmina to
anor phous si | cg izﬁacﬁ‘f?&“f)ref&-r@d Erfbddimént the QenBheifionaMivdersef 8fl e
anhydrite is useg to replace up to 50% by weight of the hem hydrate, and=:

nor e Pf@@‘eﬁt ablentiondompisan iy)OidiaainsPoiad dtCement ((3RCY;r(bncabitmo 50% by
wei ght of the hem hydrate, such that the ratiog of hem hydrate t sol ubl e
anhydsalfetei snliydsite;l: {c)taalgign sulfate bermihydraten (DormomheuspelicRat® cenent  *
(OPC) refers to Portland cement Types. 1, 11, .111 V and I te cenent.
Cal ci ABWIBYORS Alumina; BheTea,  eight Btio ¢ calium &Hlflétﬁ ?’Qf)éaﬂrﬂgrﬂ“ﬁ!ydrat e
(Ca-SA-" [ 2H2 i ncludin t t rm
" anhy %icflgn,su%t%éggﬂwegg %%n(?&?Q?‘J e 3213‘?29 ?‘ﬁ@ﬁf(g??n%w glﬂﬁp r ?igerat(t:%mm nly
knomoﬁﬁnib?ﬁia&g i8R B%E Hrb Sphods alsRmahe TP is SbAAZEREAND & OpRL.O0! ani

I's defi

materi a ned as a finely- divided siliceous material that reacts
chem gad | whideith theatetid lof anetphondi alamina ttengmogthous silidai 1s ebeufpr esence of
noi sture to forma strong slow hardening cenent. The |linme nmay be generated
in th@.3ckddotl.fikk@ure containing OPC.. The pozzol ans as used herein shoul d

h | ani | vit L.t h ' hyd | dg\opf A 700 f
Cal ci am ny referady peRoble sy cRybie PG © PRI R D REG b hBBie, 100 ™ ©
terial i zed i : : ‘ 0 ¢

(r:rgl glrﬁ% eﬁﬁrﬂyﬁ e’ %%Q%%#Eﬁgﬂg%?lgﬁﬁﬂ §I u?nélna cgfrrponel Za?:@ as usgg °

her ei 59, &heodsbhaveight oParzRbatiyeiriteagichvibty the fatiooal hémihyhiratedoi de of at
| east 600 ng of” cal ci um 4FEB21 12 WD 01/19751 PCTI US00/ 24621
"soluble anhydrite is from 1:1 to 19:1. _

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
(CaSO,%4H,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 mlixturc 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 per 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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hydr OXP@¥1H& gram As used herein, the term "stucco" ?%?IQIS‘%O’%“SHCZBIWPEIBI 200!
beta hem -hydrate. The use of al pha hem -hydrate is known to be

advant ageous, i n many respects, however, the al pha heni-hydrate is

si gni f 5‘???%9 RYb BB Bxpensi ve. The term cal ci um herni-hydrate, as used

herein, inc LL.: Ok b> i g\-ﬁﬂi Ehydisd uding the
al pha for mA%%?%?C%BEé@P%%%H& Cﬁa E I%%&%/\fﬁl%] ‘}' e ?%g{]ﬁﬁ}rﬂy{iﬁg@herei n

descr ihRdyseb¥f Wptha HerSXRyRhR RMitowiMtd Be adedmagaas inomahy regmenpanyi ng

drawi ngs, wherein: FIG 1 is a graph of conpressive strength devel oped over
time hoteviee, theealpht leanphgdtatons efgnifieanplyewent expensivei ohhademanpared with
conpositions  according to the prior art; FIG 2.is a graph of the early
conpr esksive bemehydratacos uspd diegedy ipslpdes pldmg Sc‘%ﬁﬁ‘blgl‘{ni‘ on
according.to, the, present.inyvention as conpared with the prior art Portland
cerreng’gﬁ"g‘rl'{yﬂrmen C&E‘i‘ﬂ&@? F'éﬁ’? fl('f)’rmFI G |; FIG 3 exhibits the conpressive
strength devel oped over 1-28 days for a cenentitious mxture according to
the present invention as conpared with the conpressive strength of a
reference m xture containing solely OPC as binder and ordinary sand as
fill e BRIERRESCRIFTION OF THE BRAMINGSn (XRD) scans of a cementitious

m xture according to the present invention, in which the scans show t he
devel opmentThy ihvntiony 5¢ dreie debéritsdd)r ey way hofh exmpéensnly, ovih time (6
hours --- 6 nonths); FIGS. 5a-5b are SEM (scanning el ectron m croscope)

m cr ogefardnse tddhe ecéomgpamangidcawsigsuwhereaniof the cement matrix of the

I nventive cenent. binder; FIGS. 6a-6c are, SEM m cr.ogr aphs depigting the
Yy mi cr ost r ucthile lois # EEAPR OFCAMRFETSYS ?H%Pégﬁ?gpﬁgr&f% gae @E&ﬁFhe

e A A R B ARG B R 1

according to the prior art;

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 cement-containing compositions of F1G. 1;

FIG. 3 exhibits the compressive strength developed over 1-28 days for a
cementitious mixture according to the present invention as 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) scans 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, aggregate particles, and the matrix-aggregate interface of a

cementitious mixture according to the present invention; and
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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

0.6:1.0t0 1.2:1.0.

) 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
', year exhibit no signs of deterioration. The use of calcined gypsum i 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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pr ef emust centadd atrleast aticue 286384 toaldined gypswemi for theimintiredorhsr fasts  0- 95% by
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( suchsettingunilies, the cemertitipps, miireefe be sybstanhally) a’ﬁt%r@w@gaﬁ’é (such as

cal ci um car bonat e uart z and fib | n_.anet her. preferyed.emhodi nent,

t he sBUF@éc otpugtnﬁ';”bﬁghéesé) maeagl?(ﬂnt ﬁg% ccéqﬂcéﬂ??tgbgﬁg tgtr g Bese ect ed
from NSk St { |4 f s eyt W kaol i n.

u. S %?g%[(pm.ﬁg, glg%;,éé n?éne;dt géﬁg% %ﬁlﬁ? %ngg ﬁeg that&g\;ﬁ?fcean??g anor phous

si | i camegphiizesluniifia Have tees melded aot netarglivez thealimenftorpGRENt K ishe
formation of ettringite, the anorphous silica conponent nust  include no
nmor e khewn 6o ghenert $hatleffeictisie noutpalizstioncef lime iSiaghievedpncgmentitas anal yses

of silicon funes made fromthe ferrosilicqon al.loy industry an 1.0%-

2. 5% RIYICS GRMang ROZGRNN 8 Qﬁé&ﬁﬂﬂ%@éﬁ%ﬁ)&é‘@tﬁ%% a%%%g%lrium s of as

-~ ow ag__33% and. 3. unt i 10.8% U.S. Patent No. 5,858,083
)concl ﬁod'é’s(’z%ﬁ@?'cﬁ%’gpcﬁﬁé%@z@%%%&agﬁgﬁgpeci fically, not all silica funes,

are acceptfbl e for use according to the. invention. I%/Eé&gkaol in.is

parti cul arify2 g rgpbediment e comeniignsymatgal; BFCEIRIISER| t hough t he

0094 7 ASE, 0 M SRl 4 bl SRR BB LT,
\S?osiléa%gg‘z%‘%’? gthﬁﬁcg?be@ﬁamshbet&mmﬁmﬂ Aforizatd (skbRgi te, which
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 metakaolin. 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 eftringite, 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, O3 and North American blast-furnace slags have SiO, amounts
of as low as 33% and Al,O; amounts as high as 10.8%, U.S. Patent No.
5,858,083 concludes that not all pozzolans, and specificaily, not all silica
fumes, are acceptable for use according to the invention. Metakaolin is
particularly unacceptable because of Ithe 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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silicate, which essential coats the apundant,, crystalline sum phase
in t hPogaeRls t‘i"@t?é’aﬁ:ﬁ XY’UL’Z l@éﬁf 3‘?"&?3 BVPCZH.HPW;@P,S %‘ﬁ’ém?ﬁat:r% rl%éturg of the
novel [ tiQus M. S h SEnRHSH d jpaxy , Wth a
gr eat |”(}‘?&gg§%ﬂce preégéﬁégraglf)) cerléé'{ogi a?(?\eq{sgﬁlgiate %‘ﬁ‘zé;eé (gygggﬁiand

ettri Raideptitiohdinsixnfreqt ure is described in further detail below. Wthout
‘Wi shing to be limted by the theoretical explanations above, it is
bel i eved t fammsstide anphiasiznktmt ithe rhizrostiuehastof lemerditipsonsriurasr much of

t he i nprovenent in physical characterjstics_ over prior art ce titious
ni xt ueeeording daothee present éﬂ?@ﬁl@hﬁédﬂlﬁé@?t fom é@ﬁeﬁ@?ﬁ%@mﬁﬁ ﬁ;r of the

~-ypresent ~ ipnvention conprises: about 30-55 % ' 35-58% by
et gneemenP bl ranHiEr Bosing B 106 iy 18 ikt i BEh, 0
silic d cO{AtinyeA IR Sliex $Ued Upadea: NoR. Wef94p990 her
pr ef e?trﬂtg e%%%%fcg{{%azﬂlggﬁ%‘%?gp of d%tcll cal cium sul fate hem hydrate,
anor pk@ss 683)i dre parwlaticusactionriwith caleilirhilydesxide procedesdnahiatedch that the
m xture has a conpressive strength of at |east about 300 PSI, after 10-60

mi nut eslciumd silicaie,twhighessentnlbseeats the atynsdant onsttallisgmympsyovphasg 200 16 WO

01/ 19,17n5t'h:tL3 c%anTén%St%gszrﬁgizt&re sulfate. By contrast, the microstructure of the novel

cementitious mixture is largely homogeneous and amorphous, with a greatly-
reduced presence of crystalline sulfate phases (gypsum and etiringite). This
feature is dGSCI'ide.il'-l 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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days. The physical characteristics of the cenentitious material, including
the conpressive strength devel oped over tine, nmay_be bejier understood
with feeerabbnadth that wé%i?@mdg@aah%ﬁ @%@%b@érﬁdwyﬁﬁé)%%ﬁ afm gg Referring
now to, the drawings, Figure | is a graph of the conpressive strength

devel S3& over tine for the cenent conposition of the present invention as
conpared w Ity -l bt ' a No. | shows
typi cal co%&eggﬁgﬁsﬁaﬁgf ﬁ&éggvéfggéngﬁpbﬁtg?%o?{&k%r] S/{I{F?(I)l#ﬁ’lg\r:tgecerrent

ni xed cohiptesane s@%ngﬂi ldewelopeaveviotime, shaysbd hettealunderoed sivith strength
devel opnent for a i nder containing ordinary Portland cenent, calcium

al um mefieeerarectodhé drawings anflahe antomepanying dssertbtem. a filler, according to

U S. Patent_No. 3,997,353; Curve No.. 3 shaws typj ca}J conpressive strength
devel opnentRei8Fing nppn@ethecdiapangs. i gsrail riéraygrlaﬁiﬂtq ARG CEMRASESIVE Al ci um

| um nat | ci | f at I xed with d .a fj , di to
0o BapEpl sV bad obusts tindt E {5 AR ARMRAMd ‘oM mBRHE ot r ngen
devel f.r | L ' : ement, cal cium
su?/f ate za: Sh% Ccﬁnegnaﬁggﬁg% g?'?‘ﬁ’gﬁ@i@gﬁggg%’@%?égﬁ“ﬁfé‘?‘?‘g?‘q‘m xed with !s:md as

a filler, &aoedNoY 1 tshdwsS. tyPRiaknéohPresdivd 9du&fiih GewelepiNent Soshows
typi cal conpressive strength devel opment for a binder containing clinker,

cal ci ontinghaPoriandcemsant mixet vatle sandasofillénsh sand as a filler, according
to U S. Patent . 9,788,762, . conpared with the, above-nengti oned prior
art cenent quﬁDQﬁi 31 shews Wﬂfﬁé%ﬂﬁ“ﬁ’%cﬁ&“ﬁ%%@&?‘%&?ﬁﬂ‘@i ¥e strength
-~y devel t . for i | pi di Part] - .cal cium
Voul 1 P RER sk Hinfhen Rty PRAMA BBl oGt BRiiRRE 58 ERbE®, B T

accor gilffte tRixelSvith SHRDAs & MIRR! AQRBrdikEtY ¢). NOPaténS NV, Jo9yE g3l dry
conpressi ve strength devel opnent for a binder containing ordinary Portl and

cenent, calCurvenNol Baslowbeypjcal ompryskiet estreapth developotend forxad wi th sand

as a filler, according to the, present invention. 4 FEB 200 _ .
binder containing ordinary Portland cement, calcium aluminate and calcium

sulfate mixed with sand as a filler, according to U.S. Patent No. 4,350,533;
Curve No. 4 shows typical compressive strength ldevelopment 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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alpba-herm hydrate reduces the requisite water/hemhydrate ratio as
conparaeghend, alphabmiqumhs-ﬁf&Wd}emlbygt@é%@P@i%@Omlﬁndgﬁﬁlf%’ﬁtqw M xture of
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tricalctum aluminate in the
blocking the formation of ettringite may contribute to the long-term durability
of the cementitious mixture, the significant potential strength associated with
étﬁ-ingite 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 1s
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. 5.
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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for the inventive mixture.

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, microcrystalline ettringite and
the non-expansive long-term behavior of the cement. Without wishing to be
limited by these explanations, it is believed that the strength of the cementitious
material according to the present invention is established by several reactions
taking place over time, some in parallel, some in series. The conversion of the
calcium sulfate hemihydrate to gypsum 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 CaS04-2H,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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the ettringite and gypsum peaks remain small,. Crystalline sources of
al umi sad the copnemitiotsisykiem exhubits gxcelerttabilii. al uni nate, are hydrated in

t he presence of water to form hexagopal .pl at [ I8k NQ

essenti al | ffisr 5@@3@%?@?’”@2&%3}\% g@aéﬁ%ﬁﬁggpgﬂmgﬁaﬁ%@%& ates are
net ast abl e, an e transfa \@ﬁ[j' It akiebled, andd nore

st abl ’@%P%?%ﬂp%'e%m%’teé&gﬁﬂ?ﬁe con%%%’;n?oe;a@c}g S‘g\?éZSCB. 6H2§),2l which has a
cubi cthgteW{egde%fpr?gﬁngh sgydl.ution of the crystalline alum na,

coupl € he f n of ettringite in the presence of sulfate, cause
expansi ve grpsallinessourtés oftdlencaasnt ceiens clinketyrsaichhag trigepimpe | ong

-~~term lead to swelling, cracking, and crunbling_.of the cement.: reover,
the gondests, iave itydratedcao the mseq%ﬂcﬁ wateg o%é?%dh‘?"(?g?&%gpl?‘ 8- 6H20

| t .. which th ti-Ci t [ ' i AL ; ti
e ook e Rl Rt SR AINy B Ay A onabcecct 1 ons
e R A et ] bASFu B ESyatemes adbstetbloor i on o

the c r y by the norphol ogi cal evol ution of
cryst gld iRSredkiaBld @rysthBines hyafatancft fiwoeonglasition 3€a0riAlgDeSH8L probl ens

associated w th the norphol ogical evolution of ,crys%%llflz icnestglllilﬁgi na. In
addi tivhfch hes are@dsonsructure. The morphological evolution” o 1y
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 swclling; cracking, and crumbling of the cement. Moreover, the
process in which 4Ca0-Al,0;-19H,0 is converted to 3Ca0-ALO;-6H,0
releases wéter, 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 1s essentially free

of the expansive pressures that typically develop in the known cementitious
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whi clhwapw1978t yet ful |y understood, anmorphous al um na PRTAVREY4EHeRt] tFERIS00:
m xture reduces the anmount of crystalline sulfate - gypsumand ettringite -
in the cementitious mxture over the long term As a result, the cenent

st r uctmixtures of therpnemart.phous, honogeneous, and densel y- packed, and is
essentially free _of the expansive pressures that.typicall lop in the
known cerreryﬁhet stabdlityo %WPEWP“P&'/ %Xé@zﬂ%"ﬂd‘é‘g Q% ﬂ?%(%i)ﬁrg(‘ge\sﬁ?of t he
prior.art.. The stabid it f s W3 ' t he

br cociventigones SR e fiiRRAESEbiG ReCUMERAF AL 16 nduct ed
accor §iag; t9andAHARb! 396AMRE daffple 88Rmadibe tRAOITSG st 3 Wagls fiy 0.07%
after days 1n water, and no expansion was detected, indicating that the
et tri pgitdre and hbi expangitre Wdssdeteatelle indidatig dhatothec eftringgie o thisr m and
expand as in other high- sulfate, high-alum na systens. %%EME] rogr aphs of
the ceysem iststablevand soppoot continee ftelifags mdomrRaned asp atherbighr

magni fications of up to x 10,000 (Figures 5a and 5b), the structure of the
cenenﬁ“lﬁﬁtﬁd]é\g%'r%]umlﬁﬁFl/'Stﬁ%’ﬁDgeneous, with no evidence of gypsum or

ettringite st al Fi - ﬁ% ' il ntitious
m xture c %‘?‘Qi“ﬁ%ﬁ‘ggré‘gig’%ggﬁ%@%é’r@ }gt?'gcs @@Eﬁ?g{re?gggln%fg ftm;\}gqggerrent mat ri x
and eqahe. PH bhagffibsticiseat lup §e&n10,0061 @igees Gr Gad Sprthas in

hi gh-alum.na, high-sulfate cenmentitious m xtures according to the prior
art, efri¢tungiofehe rosshaitsbintypiic diighly alvmungeneasus amsthe noeevidgned odbound, in
the interface region, in the cenentitious m xture according to the present
invengymmmegrmgltﬁmﬁiakrystal s are observed in the interface of the

t t i nd t ti.cle. 1 i fi t i f 15, 000
)(H our e 6HIEWES 6oRE e OB o mipraaraphs, Joinp ' GERicnBipuS) nliRpke » o 00 s
and appé G{Zné%@ﬁg%%@é hAHSes. NOTHYY BREAQS Xt thd NeirhéntC yAtial andr e

di scerna ta 1s supported and conpl enented by the SEM

m cr oggappste patielehRr cleaigsepr o iRiguas fib-6e.t A¥beres dalhiphsileminy, t he
excel l ent = neasured characteristics of |ong-termdinensional stability and
conpr highi-sdfats cementilions mixhires eseonding tuthespaemtaetEREIA Y he present

I nventi on. ) . . ;
.typ?cally abound, or are expected to abound, in the interface region, n 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 uﬁ fo 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 dimensional 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 shight stoichiometric

excess of the pozzolanic material is desirable.
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The @péPforef pozzolanic material in cementitious m XtROEESW24641€; PrEEReN)):
I nventi1on nust be sufficient to neutralize the cal ci um hydroxi de and ot her
basi ¢ conpounds that evolve during the hydration of the cement. For

extra- f i neTyetiaRaghdeoLthe s Mlar RAOP ritio on dahpessiveaprengti it el y 0. 3
wei ght units of rnetakaolin per weight unit of OPCis rquzibred. A slight
st oi cHleargtevident én Tabke bf Thosapgdevvend curedtiarplastia bagre o &b HaYS B 200 21
WO 01/19751 PCT/ US0Q/ 24621 The |influence Ol&‘ t he pozzolan to,.OPC.rati o on
conpr abisubseueatyt drigd  Comppsiioy | q¥hich hag A5 @PRTOPHAIC NG 8% were cured

" e e O, LSRR sty e o, o0 e
exe Vsl SORBRATRAF, 21 SR biest Tl aTaeRst e fophOeh possess
0. 15:

eBlkaotth b THRO(0108¢1 .0Re 0. 12 510),WsintéghateBatpomt teding 5, 958, 131 to -
Asbridge et al. teaches a conposition suitable for adding to ,water to

produce a Wa$.ePatensiNo.ast9Ryladd i Asbrodged etval c keachesns iCOBPWEHIR um sul f at e
hem hydr at e, @l ani c

tland t d | ci ned cl haqvi
act i vSuiga,blwﬁ@rPgéding R@ Vggg;g&?g&é@g g‘y&%&?ﬁﬁﬁcis%}/‘t Pﬁa}g“g%n%gﬁcgﬁ’ °h ange from
20-98% cal.ci | f at 1 h { - 5001 1- 30% of
o d SOmBTiNGH Celcayn” A MEHHD R, PoRTiid SelleRf Cand €BRdhed ey - 3020 ©
pref e Afihy_kNobDRIAABIEcSin' T GBefdin St PeRidtiiyesneiygicightieof phepor ti on of
nd cefeht 1s p y

portla refera in the range of Trom7%to 40% by weight;

the PERRPBASMS rfge fofi 10D8% anldismpsidfate diemjihy drastiel S@%g postiand om 2% t o
12.5% by wei ght. The desired ratio of hem hydrate to Cis llﬁl t he range of
2:1 teemént] antdhk3pYebésnistcalamied dny.oPthe prepartipRcRf ealgmsSuliate he range of

S A il SEURE S50k o o (Ve o
proportion of portland cement is preferably in the range of from 7% to 40% by
weight; the proportion of calcined clay is preferably in the range of from 2% to
12.5% by weight. The desired ratio of hemihydrate to OPC is in the range of
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 16 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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33di si nt egr at eddi si nt egrat eddi sintegrated Strength (MPa) It should be note
t hat Conposition Nos.:2-4, which disintegrated upon testing, are within
t he r RagmtoNowat®s8,tEki dantoveonposinosiion Nesghtangd 3ufadl witlrpghgoo 22 wo
01/ 19751 Pcrl USQOQO 24621 2 tt FEB fﬁOé Pat.ﬁnt No. 5, 958 131f Mor gover
Conpogprefesiednenge of aeaght rasiop. fiabls 4 Proddes,thercqmpopRaRg el MRS ght ' rat i os.
Tabl e 2 .proyi.des the copposition I M tah IiIngd-g um (stucco)
o creifhalkingi-eypeus (ioero) 8 DEC R8P God gehel 1o s IR kept
const Métagéoﬁn/%ﬁié-&tioT@QLq( t D%&\éta@l@%_t ((180: 1 NPT A8 yjnéﬂd%@@ﬁhb for

sanpl es of conposition nunbers 5-8 during the first 24 hours of curing.

The WebnfiftE®iNe eHBREthWOI Safitpler of Gompphitiohi murhlg s &i-8rduwring thenfiestat ure. The
early conpressive strengths of the sanples are fairly_ simlar, wth those

sanpl 24 lemns aif wumpghi Hihe wet comient ohbesaleferared yip sunasiie hagnahgomm ightly

hi gher strengths. Figure 7 (based on data.provi ded ir}h{atil e.42l IS a graph
of ~28tempertyre. chg eady COMPIeSSEYRySHeNH %%&qﬁam}ﬁ%ar_ Ay SEeNaL 5 function
of weight ratio of , cal cined m WM ' Lght-ratio of
met ak&gﬂT nti’%e SBERIFS qonIIHIng ercfgﬁggggg ?@g‘:ﬁé\%‘? %Sﬁllhg%qttaﬁghgenent i tious

m xtu ' Q?e? fidrply and nonotonically until a maxinmumis attained
at a %g lc’:f.lﬂgﬁ gygszrﬁn to .OPCratio of about 0.8:1.0 to about 1.0:1.0. As

(e o1, Rkl ZLRSHAURIHE iov BT A HIEL o BRI oo e
- CompOogL iR 88dndth ST RARET I REPAB!thieRhs(@MincionRSF GR1LbE ratio of
caleined gypsum to OPC and with a fixed weight-ratio of metakaolin to OPC of
0.3:1.0. The compressive strength of the cementitious mixtures increases
sharply and monotonically until a 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

I Composition No. 5 6 7 8

| Component Composition (Weight Percent)
I Stucco 55 65 70 75
OPC 34.6 27 23 19.2
Metakaolin 10.3 8 6.9 5.7
Total 100 100 100 100

Weight Ratio

| Stucco/OPC 1.6 2.4 3.0 3.9
| Metakaolin/OPC 0.30 0.30 0.30 0.30
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St ucc8EBB¥PAA5 OPC34. 6272319. 2 Metakaol in 10.3 8 6.9 5.PETH$092e
Wei ght Ratio Stucco/OPCL.6 2.4 3.03.9 T~ Metakaol in/OPC |0. 300.

L0381y

WO 01/19751 PCT/ USOQ 24621~ 4 FEB 2001 TABLE 3 Coln osition N 5678 Curin
Ti meConpressive Strength (MPa) 30 mi nutes2.22.22.02.6 3 hours2.22.12.02.2

24 hours32.03.04.0 At
conpr essi ve

rati os of cal cined gypsumto OPC bel ow 0.5:1,
strength of the C?@ﬁgﬁtﬂﬁ?us m xtures is particularly poor,

t he

and, simlarl y, at rat i os of gypsumto OPC above 2:1, the

conpre En T the LBHBILI 1 uvrrrfture.? FSql SO ol arly
poor. It Q'Ip:) _Z_erl ?hnf referted range of U Patgent No.

5, 958, | 31 Cam@mmge el al. is Eiénnpmss?velSﬁangthO(MPaBy sharp dontrast, -
it hasfbece ] Scoi{urea T L, T st ant veNtyon zftﬁ[ fTer XTStfS a narrow
range % gh-Etonp sive. st gth m Cont #-¥i ng wei ght
ratio @f calﬁhﬁw‘sqypsun t 02QPC of betdken aboutZIﬂ 7:1|to 2aBout .8:1, and
nor e Ief er 3 Mouyf betpeen mbout| 0. 794 to pbouj gl. 3:11. Mopeover, in U S
Pat ent t-anee-v-s-—n-ndw—ea-t—e-d—by—eeﬁpeh-ng t he wet

conpr essi ve st rengt h of netakaol i n-containing cenentitious

At ratios of calcined gypsum to OPC below 0.5:1, 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
cementitious 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
contamning 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
contamed 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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m xt uweaptsm t he wet conpressive strength of ccrrentitiP@lTﬁJSW&#@rlezs ‘tOFEB 20
simlar conpositions, but not containing netakaolin. A nore correct

eval uation nethod of water resistance, however, is to conpare the wet
conpressive st rigrgtingoh anevaked|45RCclontl 8idaysg cementitious m xtures with
the dry conpressive strength of the sane netakaol i n-cont ai ni ng
cenmentitious mohgnAfg idQ plidtic BAEforCE@aYs. cubes (25mMm x 25mm x 25m m)
havi ng different bin%er conposi tions were prepared. In all cases, the
cenmentTihe spesifiti gravity and eotrgirasdve Stebgthddrcubasi of 58616115 kempofHwmsubes wer e
renoved fromthe nolds ‘after a setting tine of 15 mnutes. Twp different
cur i ngvese olsseromaed wereediptely aftes remoyigg the /cpipes dremihe Qyen 1 curing in

an oven at 45C fqr 18 days, curi In astj.c.bag for 28 days. The
speci FPE“&rfé‘\r/ﬁtSy %aﬁggpées ﬁ-i)l\?er@’tlﬂgr(g‘?h%ogj (983&%“6’16%(/6??’%8& &'c?yrrposi tions
wer e get ' [ dj y afit e ‘f:?@éé pﬁ%:‘u r . onen after
curi pgﬁpﬁép 1@??&%@3 {‘%gi%ghg}er {é"gll:ﬂ S {‘%’gﬁre gﬁ?ﬂ‘% t%ﬁjé/ﬂgﬁ]y&\séupport t he
findi pasngbs. Takl eakide0aypiuil (OO TRAES 3byee SIFANGhB @mphssiver ncnti tious
m xtures. At calcined gypsumto OPC ratios above 1.5:1, the conpressive

st r engirength afttke cememt fidusomsx rest decrsasdecapdbes rapidly. After drying to
constant weight in an oven for four days, the specific gravity and dry
conpr essi Ve k' &Yt Cofittass wiighthh Mﬁrd&HSfo?OﬂéB@&ia?rbpﬂ& wpécificdet er ni ned
(Table 6). A nodérate drop in-dry conpressive strength with increasing
cal ci pesrigypridayt@nigi€ssias strengihbofiaibks Bf the varicsesmpdsitibABiver¢ Cal ci ned

Gypsum OPC St ucco/ OPC Conpressive No. (Wi ght Percent)(Wight Ratio)Strength
: th
y(MPa) detesniness(Patde $)7702 3nodampe Frop in dry compressive strength wi

increasing calcined gypsum to OPC ratios (above 1.5:1) is observed.

TABLE 4
Calcined Gypsum OopC 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 _ 27 241 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 2.4 3.0 3.9
Moist Specific Gravity 2.03 2.0 1.98 2
(g/em’)
Moist Compressive. Strength 16.0 12.8 9.4 7.8
(MPa)
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TABLE 5 Conposition No.5678 Stucco/ OPC Wi ght Ratio0l.62.43.03.9 S

Specific Gavity2.032.01.982 /cn) Mbi st Conpressi ve. Strengt hl6. 012.89.47.8
(MPa) It FEB 201 25 WO 01119751TABILEI800/ 24621 2,: 4 FE-6 200 TABLE 6
Conposi tion No.5678 Dry Specificl.701.701.691.68 Grawty f/cln3) Dry

Conp Ve 20 he

conp | dampp ﬁ w drly
evi dgnt Dﬂyeﬂpeth‘e canppesyi ve $t7@Engt H decriggdes rﬂDre (G d”ﬂ t han t he
dry gonpregshwe strength for tall four conpositions having high dalcined
gyps§mto ﬁ j'atios Thi s, ifn essence, ijs the wet/drly conpressi e

s ET AR R T I ROR U st R

rmls/dry ress|ve strength ratio drdps fromO0.70 to 0.45:1 g4s the *
cal c rWd'*mfn RC ratiolncreases.fir om-about—Il Gl to-abeud 3.9:1.
TABLE7

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. 5 6 7 8
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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Moi st/ Dry0Q. 700. 640. 480. 45 Conpressive. Strength Ratio Qualitatively-simlar
for cenentitious mxtures cured in a stic bag for

resul ts are. obtai ned hg

28 dayBe afAtid o t B HORRESSIV o 5HEn g, tPe i CPMPIESIYe, SEEREMS {0 the
extre k f C ' Stren K Sive
s;(r eng%t%h%g%@;iu%%bgﬁr%eﬁen Ftﬁ%éﬁ%ﬁé(‘)tém@}sl fsngl%(ﬂ(’aé Pﬁggébfr%%ggi tion

range phichiy: 0.8at.006 01 (ParRPBhddl to Asbridge et al. (-0.4:1.0) 26 WO
01/ 19751 PCT/ USOCQJ24621 2 4 FEB 201 the ratio of wet conpressive strength

to dry co essi ve th,i ement i-t Qu ' r e..present

I nventi onn}i@e%ct%\l/ré céﬁ%&%gre thgﬁaa%pgs oif %ﬁciﬁ@’ﬁ\gogig?%%, HH?% 1.0 and
above; viefe I t - ] : g(l#,gn P @]? 958, 131, it
has gggiﬁqgﬁi?osocgvecfg%tttaﬁg{ghagﬁ?%ﬁ I\rﬁg?;&tﬂé@ip ?g cgil g)lt ne g%g%% to OPC

yi el dgelativelgl alow-etrgngihw Séhem@tibus efirture | dasing xinsuéfidiani nyatersuf fi ci ent
water resistance. TABLE 8 5678 Dry Specific 3G avityl.751.71.711.69 ern}

Dry Cogspstamed.ve. 23. 315.512.39.34 Strength (MPa) Wet
Conpressive. 11.65.94.63.8 Strength a Wt/ Dry-0.490. 380. 370. 4

TABLE 8
5 6 7 8
1 Dry SPCCiﬁC3GT3VitY 1.75 1.7 1.71 1.69
(g/cm’)
Dry Compressive. 233 15.5 12.3 9.34
Strength '
(MPa)
Wet Compressive. 11.6 5.9 4.6 3.8
Strength
(MPa) -

Wet/Dry- 0.49 0.38 0.37 0.4
Compressive. , :
Strength Ratio : I

pH after 40 days 7 7 7 7 I

It has further been discovered that soluble calcium sulfate anhydrite
(CaS0O,) 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 equivyalent 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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the heohiteraitg)drita tor @R i isg0i6e1 98; rthe araticurafs amprplow ileatand Thus,
according to anot her aspect. of the pagzgg% l,nvention, the, cenmentitious

bi ndermwphens aBiname, to SR G s 8200 @ aiQ of aIPheRs APIORA 1% of

anor phous ﬁi | i Cﬁ. andO%DEgur ce of anorphous alum na, wherein the ratio of
sol ubPBIIRAYYT FE2¢D is 0.6-1.98, the ratio of anorphous silica and

anor phous %Pf@rm éﬂb‘%@f@f D186 CdeinANSUIERS dndylifit®to ORCHb@U3E- al unina to

. -)am)rphous sillca Preferably, the ratio of soluble cal cirum

sul f atje3 anBydfibter ;hﬁmgeug silftaZandladprtomsr dtimnato HBCPIsdLS-EBPi ca and
anor phous alumna to Cis 0,3-0.35, ~and the ratjoq of anorphous al um na
t o amangdhbesatio bf amorphads@lumina toraraorphens sHER 18Mfdidrent , the cementitious

e O e betonta ambalieal Bk biskls oGohY prkeht O°C
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 anhydrite, 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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sol ubWe 0aisiRsdir i t e, about 5-12% by wei ght anor phous si IP@'&{USQW%I““%%L& FEBoogp.
by weight anorphous alumna. In these m xtures, calciumsulfate

hem -hydrate can be subsituted for soluble anhydrite, approximtely on a
per wei ght basis. EXAMPLE | An ex$ABIEY conposition according to the
present invention is given in Table 9. The dr onents were m xed

t hor pughi y t aETEn geneous end.
grang, was m'cgg %s{ﬁﬂ&&rﬁ% of water for

The genentitious mxture was poured intao a 40x40x 160 mm nold apd was
curefl i n a WhittRartlad)Cenrenf8 days| The wet cordpc®ssive strength of the
cenefititious m xture, over tine, ijs presented in Table 10. 7R 01/19751

PCT/ pS©d246212 %)ﬁgaazuw TABLE 9 Conposi U1 on #, YVei ght % Wil T €} Por t | and
Cenept 13. 8 Gypsunt: eta - Flem hydratel2 Metakadlin4.2 CaCO3 <f0.6 mrb9

Ret afdant-P0_02 Melnent F-100 5 TABLE 10: h of
Conppsi ti on BetaCohsmabydmte Strengtjh (Mpa) 10 Houl2€6.9 | Day7.6 7 [pays64 14
Daysp7 28 Days76 60 Days9l

Metakaolin 4.2

CaCO; <0.6 mm 69
Retardant-P 0.02

~) , ‘Melment F-10 0.5

TABLE 10: Wet Compressive Strength of Comp_bsition #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

{1)  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 a plastic bag. the sample was immersed in water for an additional 5 months.
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6 norWAIYAITE) After 28 days of curing in a plastic ba@CTUR#0R4ADIe JwRER 200
i mrersed in water for an additional 32 days. (2) After 28 days of curing
in a plasti¢ bag. the sanple was imersed in water for an additional 5 .
nont hEME@@l/ 19751 PCT/ USQQ 24621 ] EXAMPLE 2 An exenpl ary conposition
according to the present invention is given in Table 11. The conposition

of the bi ndereiesnpidgnédpbsitiontdedbrdihg kX EpRsdnt ihPenti6RiLEiveh Gar bonat e
filler used in Exanple | was replaced with a fine silica sand. The dry

conpofiabiles] melbe worgebsitirar ofighd pinder abidenncal trothayefidowsneendhe The dry
bl end, wei ghing 600_grans, was mxed with 147 m . of water for 3 mnutes

in a FdeRRYCcarborate filler useddnthixaraple hwvrs seplaged wikdua dme;silien sandqox40x160 nm
I d and d | | asti G, b 28 .. Th t i

Cor enbih Y SeRPEenknEre B o ehh 8 obfatties hogageean BIPIh Tabl e 12.

TABL ' o6\ & : n0. 5 Bel

T RenTle SroBIRRE et S0U Al A el 899, B it R e 05

Vel meginutesl @9 .aSHEIB XRTOHi%8r S THRCELMERA b 2dixdiré WES pthited MibE 12: Wt
Conmpress] ye Strength of Conposition # 0 Conpressive Strength (Mda) 10

Hour sBx40x 108 yins moldarsi®ras cured in a plastic bag for 28 days. The wet

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

Table 12.
TABLE 11
Composition # 10 Weight %‘
White Portland Cement 13.8
Gypsum 0.5
Beta - Hemihydrate o 12
Metakaolin 4.2
Silica Sand < 200 microns , 69
Retardant-P 0.02
Melment F-10 0.5
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14 .DYQAB1P81 Days50. 4 EXAVPLE 3 An exenpl ary conposi ti BETASEYR42hd tho FEBe))|

pres

ent invention is provided in Table 13, and tested according to

standard procedure EN—1196 71 CThe dry corrpor;}ents wer e tm xetljthoroughl y to

obtain a honog

900 m . of water for 3 mnutes in a HCBART m xer. The cerrentltlous

W th

m xt ire was poured rnto a 40x40x160 @H?T@P cqirli %%l nf a plastic bag
for P8 days. Both the wet and dry corrpr ssive sté{%r?igt P the
cemepbitious—m-xture ov-er—ti e, —a nrncnnf edin T he

conpf essi ve streHbHﬁutﬁ an ordinarly OPC mixturé4s provided

conpbratlve purposes. It is clearlly evident from Table 14 th t he
cemehtitious n]tif%_ according to the present simivention 1s fiast-setting
relafive to the reference conposifion, and al so denonstratesj superior
conp - 4 o the
enhalnced physi cal’ ‘gf¥bperti es descr|i bed above, A% use of callci ned gypsum

resi
boar

~of t
trim
mat eri al s.

naj or _conponent _of the binder| gives the cenentitious m
nt invention @aggbstantial egonom c advantsgge rel ative tfo
titious mxtures according to the prior art.

qﬂﬁ% 20( m xturs

s and t he }"

ture of the

It is eviddnt fromthe

stance is an inportant consrderatlon such as for bl ocks, backer
ds for baths and showers and fl oor underl ay applications. Further uses

I@;aiéﬁﬂkr%/e conposition are for materials such as fiberboard,

ructural framng, self-leveling, and road -.patching
Conposi tions made Wi th binders according to the invention

si di ng,

produce obAsexevplasy eempostion tasgordisg tp §ei presgnt elentionhigh strength

and

%%9’1 Ieldlutl Yable 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 1s
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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and dwepliag7saxcel | ent water resistance. Products produeedisoomuee@pdsFER ot
according to the invention can he produced on a continuous line. As these
conpositions set extrenmely quickly (typically in 2-10 m nutes), building
conpogititares andetlfer pimysiceh chamuderisticontherent heath drdeedhimtizies f aret er t han
products., d% from OPC al one. TABLE 13, Conposition #5 3A Wi ght - %Aei ght -
% Whi ParipgHariyruitablecwhere water pesigtancqisramirapertanioconsidgsp ARBoFUCHS. 5- - -

St andar d.S N -, 196- 174 1575 Ret ar dant - PO. 05- - - t F 10U S -- Wt
(9 5089 6 oG shachkes Bty ofhsb bty and %W%n%’b‘i/? O a1 h °
bi nd ' | wenti : i ‘als that set
op o PRRREARSS. N utifer fes) VRN OBy IV PEMBosiFB e Yt KRR © 1 1ot o€

wat er af efstbabaaﬁg.si'ﬂimggw@ﬁﬁbaﬁﬂdyﬁﬂdpﬁmnfr@xﬁmg;sdelfr-mling,cgﬁadidaﬁ_ to the
i nvention can be produced on a continuous line. As these conpositions set

ext r epatopingiimekénalst ypical |y in 2-10 minutes), building conpositions made
from such conposi.tions can he handl ed nuch faster than , products nade from
OPC al one. Qmppsitions mads adfhy baedars accexling devihejuwentigni pradusee i nt ended

o thi RORBRES, ARt Set BE el K duafupRelh g Aurailibe" 20
Conpr £ 'd(%% re%eeﬁéht%g% Fedisahfe. EProditis HrofitRbrY SGipCeiidnESS! ve

St rengt Hour swet
according to the invention can be produced on a continuous line. As these

compositions set extremely quickly (typically in 2-10 minutes), 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 ' 3.5 —
Standard Sand EN - 1961 74.15 | 75
Retardant-P 0.05 —
Melment F-10 0.8 -
Water (%) 50 50
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2. 2WQUN3%132. 50 62. 70 2412.912. 9 Days 326. 254. 729. SPCAAS00462129 FER 200
2867.278. 653 3 WD 01/19751 PCT/ USCQ 246212 4 FEB 20N WHAT IS CLAIMED I S: 1.
A fast-settjing, waterproof cenmentitious material conprising: _(a) Odinary
Port | and Oee;r%WP‘)?‘@PEﬁ REt '“63'!”@1‘ IS (Accatding dfi thgdinyeation Byodesr phous

o o Fanarh o ERAER TR b 5, B ISeh SR oS R e
Sili C?anan&tsﬁmgr@&@}aaua&vma B&itan .Cplréd@c%)g}od&eaﬁﬂ&noc%g%sﬁfo}.so and
wherein the ratio of anorphous alum na to anorphous silica I's about

0. 3! 1.a@cdmlidg 30 1the.in¥entiohheart &repioduted Snn@icehtiaho®d 1ideai Mslthesher ein the
ratio of calcium sulfate hem hydrate to OPC is about 0.75:1.0 to 1.3:1.0.

3. Theompastions sets extremelynl quitklyl &typicallyf m t 2di0 commtesy| fepildingo about
95% by vveiO%ht of filler selected fromthe group _consisting of pozzol anic

aggr eGAMPOSHINSJH29% g Suely goapastionsenny by dagdled mych fasiasrihpni ous
mat er | f .. ejnh said anorphous alumna is provided from
met ak?g‘{)?l%.ts gi.a%ﬁrﬁéo%mEP'%%u_s material of claim1 wherein said anmorphous
al umi na i s 1t REAVBEIGFprebRRE Bt e bl BYdesGiptidiRs SRRREAGEL SRIyTRLET i @l of
claiml1l wherein sai'd anorphous silica is

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

spirit and the scope of the present invention.

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

Sample No. 5 : 3A
Compressive Strength (Mpa)
Hours wet - dry
Y 2.2 0
1 : 24 0
3 2.5 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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)

provived/f%sm materi al s sel ected fromthe group consi sPFRGS89246217 g2 FERanmy

rice- husk ash, calcined clay and netakaolin. 7. The cenentit

ious m xture

of claim3, wherein anounts of said OPC, said calciumsulfate hem hydrate,
sai d anorphous silica, said anorphous alumna, and said filler are

sel ectHASUID CLREMER IS:mi xt ure has a conpressive strength of

at | east

about 300 PSI after 10-60 m nutes and an ultimate conpressive strength of
at | east apofisi-4etting, WoterpidoficeAfendiaions nddteMél Erhpezmp: PCT/ US00124621 8.

The cenentitious m xture of claim3, wherein anounts of said

OPC, said

cal ci um sul f at e(d)e@idiyairyRetlandiCeraemtr(§HYUE silica, said anorphous al unina,

and said filler are sel ected such

at said m xture has a conpressive

t
strength of at (bk@é@luﬁbﬁﬂfatgé’@m@g’é‘ﬁ%er 10-60 m nutes and an ultimte
conpressi ve str th of at.]east about 7,000 PSI after 28 days. 9. The
fo)eom

cenentitious m

OBFEJIWPB, wherein amounts of said OPC, said calciom

um na, and

sul fate hem hyd ol us silica, said anorphous al
said filler aret‘?teﬁgljgig gggﬁﬁ?ﬁgt said m xture has a conpressive strength
of alyhepastthahatd Gd08alEn ablfate henhlydratwte ORGdisaabaitt 0.7ek.@ toonpr essi ve
strength of at |east about 12,000 PSI after 28 days. A fast-setting,
wat er pi8obf), thenmtioi of amerphwusrsiica endpnierphgus glymiisoiet ORE. 1s gbouy, by wei ght
Ordinary Portland Cenent, (OPC. (b).abgut 35 - 58 % by weight .cal cium

I "5 QP rtﬁ’nﬁ‘ggn%}f

sul f aP @6Hefitnhitd:@ an c\yhémgmhesrahq FPHRIG A

Wca; (d)

about .3 -.9%h Y pr Rhous alum na. 11.. The cenentitious material of
cl ai ﬁ‘?‘&af%ﬁ%‘éﬂ\%g%ﬁ g‘?ﬁ{j&fi | ler selected fromthe group consisting of

pozzol ani ¢ aggregate, non-pozzol anic aggregate, and fibers,

to forma

cemenpi ti OpRe NiekhdHiRioudNthatdieflebh dlaing CewdRidihi thes ratid xéucalohant ai ns up to
about 95% by weight of said filler. 12. The cenentitious m xture of claim-
11, whdfat¢ hemitopdraie 10ofOBEIid abPat 0.75al .6 tedlEild sul f at e heni hydrate, said
anor phous silica, said anmorphous alumna, and said filler are selected
such that said m xture has a ¢o reSS|vefurfchtrecno‘qlt_lh.OJc at Ieaggmﬁbout 300

er prising up to

PSI atter Hoe comenttons magniah of ¢l

95% by weight of filler selected from the group consisting 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.
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conpr¥@ 8ISkt rengt h of at | east about 4,500 PSI after PEBUSAYTA62113.  THER 200
cenmentitious mxture of claim211l, wherein anounts of said OPC, said

cal cium sul fate henj hydrate, said anorphous silica, said anorphous

al umi Ba, addesgmentitiong mixpure gdicdymed, wheteinlmowys df RadiQPE, e a

' tk t | t t 300 PSI. aft 10-6 1 nut d
Fithias NI N T BT
I t P o T; Ly ) f clai
2! bty AP0 RSIccld 1B P24 e UG A STRRHLIRL I S, O SLm

anor phogastsdtoue 300 PRI RIIDPAP Hinu s WRdNa uRinthte *othprbdsi®d stiéigtirel ect ed
such that said m xture has a conpressive strength of at |east” about 300

PSI  abf atrledst-aboutV 000RSlaaftbraB ddytsi mat e  conpressi ve strength of at | east
about 12,000 PSI dfter 28 days. 15. A fast-setting, waterproof cenentitious

mat erial conpri si ng:_ (a). Ordinary Portland Cenent (OPC); (b) soluble
cal ci #m sulhacemsn pawrs paxture of cliisy hrwherein pmoanty @I§Said19éﬁ(ﬁ%d al um na;

wher ej r? t he rﬁt' of.c:agci um.sul f at e anh .ﬁrite. o OPC,is about 0.6:1.0 to

1. o: Galguny suifate hemideais, Shig AmOmhaly SifGec S ARRCIBPRRS ATHEINE, OPC | s
bout : - ' ' ] t

oor rind kA8 e drf sofiel heffat A ThikpbiahdsSh bimre RV A BF (T2 1O

nat erdtdeaspfabehe 300 PSI afte£1@id0 futeabhha adfulaedd b&nFe@dsﬁim@gui ate
anhydrite to OPCis about 0.70:1.0 to 1.3:1.0. 17. The cenentitious

mat erdfzit ledst @abenind 2,800 AN taffter 28adaysi si ng up to about 95% by wei ght of
filler selected fromthe group consisting of pozzol anic aggregate,

./---")non- ﬁﬁﬁzo\l,ﬁg C a reggt e, ang fibers. 18. The cenentitious material of
- Jclai M7 P IF RS-V AR BRDESTEN RO TR MAIEIH COMRISYDLT om net akaol i n. 19.
The cement (e} abTSh 285 Y wekdHi O matd PofihFeLhATROPEGUS alum na s
(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 minutes 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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20. AWQS8VINEr ting, waterproof cementitious material cdifgVEI0R4621( )%qtg[ytzu
28 - 57 % by weight Ordinary Portland Cenent (OPC); (b) about 32 - % by

wei ght sol ubl e cal ci ul fate_ anhydr.i FEB 36 WD 01/19751 (c) about 5
- 12 %cwpm@’ﬁtstmﬂméa}é%snabeat3/899?’%&@ 5(3%% by wei ght anor phous
al um na. PCT/ US00n46212 4 FEB 200 21. A, fast setting, waterproof

cement |41 OUSRILRIdBioRO TREISINGE 1o 3 T dhOREY BRLEENE GRIBEC(OPO); (b)

sol ubl ecal cirumsu te an CI umsu

anor phollg Sdlbaed sulfe ﬁé?ﬁﬂﬁr’ﬂ?&té %!a}aﬂa% mﬁsr%slﬁbat hexiwehgithphdidd o of
sol ubl e cal ci um s?ﬁ fate anhydrite and calr]c)| um sul f’até hem hydrate to OPC

i s abalinfing, dndsaid fill&8ark. Seledtérd sneli it chidhnixphe bas astoinpeessive anor phous:,
alumna to OPC is about 0.26:1.0 to 0.4:1.0 and wherein the ratio of
anor pratengsh uefl ma leastagbeowhd®9 ESIi afier d0buninutes Bnd @a nlthnaten. 22. The

cenentitious .materia | ai tio of hem hydrate to
sol ubIQ?“éWWﬁP’FtheP qt{%ﬁqasi %Utlbzm@% ggf‘ f&?%@a&t ting, water proof
cenentitious material conprising: (a) about 28 - 57 % by weight OPC, (b)

Shout 52, SOt BN AN Cchehsop LA EpdBUL© a0 oo i
about 3 - 9% by WgiGHAina PR Cahlémt (OPCY,
(b) soluble calcium sulfate anhydrite;
(c) amorphous si]iéa‘
) {d) amorphous alumma
wherein the ratio of calctum 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 i1s about 0.3:1.0 to 1.5:1.0.

16. The cementitious matenal 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

1s 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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(c) about 5 - 12 % by weight amorphous silica;
(d) about 3 - 9% by weight amorphons alumina.

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

(a) 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 about 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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