1 Ettringite binder for dense nortar. conprising calciumsulphates and a

m neral cal ci um al um nate conpound The present invention relates to an
ettringite binder for a nmortar, 5 including for a dense nortar, preferably
with a water/solid wei ght ratlo | oner tHan O. 5, said binder conprising a
cal cium alum nate and cal ci um sul phate mneral conpound. It is nmeant under
ettringite binder a hydraulic binder with the conponents thereof giving,
upon hydration under normal use conditions, as o the main hydrate
ettringite, which is a calciumtrisul phoalum nate having as a fornula
3Ca0, A1203. 3CaSO4. 32H20. It is nmeant under solids all the dry conponents of

the nortar. The inventi OBmhmbmﬂetﬁﬁdbmmdm‘Mornul ated from such
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and cal ci um phate mn npound iIs adapted to be used in nortars and
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mortar such as deﬁned hereinabove, with water in such an amount that the
water/solid weight ratio is lower than 0.5.

Finally, the invention relates to the use of a calcium aluminate mineral

20 compound for formulating an eftringite binder, a dry mortar or a wet mortar
such as defined hereinabove.

The ettringite binder comprising a calcium aluminate and calcium
sulphate mineral compound is adapted to be used in mortars and concrete in a
building where a quick reoperation of the structure is expected. More

25  particularly, it makes it possible to make floor repair and preparation products
such as, for example, screeds, smoothing coatings, paving glues.

A quick reoperation for structures requires reaching, depending on the
applications, a minimum mechanical strength level at a given time and/or a
coating time defined by the residual moisture in the material. The products

30 adapted for a quick reoperation are conventionally prepared from a binder
with the hydration thereof leading to forming ettringite.

In the smoothing coating application for example, according to the
specifications of the Centre Scientifique et Technique du Batiment («Produits
et systémes de préparation de sols intérieurs pour la pose. de revétements de

35 sols minces» — Guide technique pour P’avis techmique et le classement P.
Cahiers du CSTB, n° 2893 — Delivery n° 370, June 1996), products should




2 neet at the sane tinme nechanical performance criteria, adhesion
performance criteria as well as use usability criteria [paste honopgeneity,
fluidity (spreading dianmeter of the pasje being previously poured into a
ring with 30 mm height and 50 nm dianeter) and gelling tune]. s In.
addition to the criteria as required by the CSTB, the quick snoothing
coatings should at |east neet the followng criteria under normal
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The ‘ettringite solubility product at equilibrium is: K, = 4,9 x 107

The formation rate of ettringite (nucleation degree and etiringite crystal
growth) depends on several parameters, including the oversaturation
20 coefficient B, linked to the energy available for forming nuclei :

B = (acaze)’ * (Bmoms)’ * (as00-) * (0m)/ K

wherein a; stands for the activities of ions i.

25 Ettringite can be obtained from the hydration of compositions
comprising calcium aluminates and a source of sulphate, and optionally
Portland cement and/or lime bringing in solution the ions required to perform
such a chemical reaction. Calcium aluminates are combinations of aluminium
oxide ALO; represented by A in the cement nomenclatire, and of calcium

30 oxide CaQ represented by C in the above mentioned cement nomenclature,
such oxides being crystallized more particularly under the C3A, C12A7 and
CA forms.

In practice, formulations for mortars with quick hardening and drying
nowadays comprise an association of calcium aluminates, calcium sulphate

35 and Portland cement, with the proportions of each of the components being
tricky to define, as the hydration under the ettringite form should be controlled




crystallized under the formof hydrates) and the norphol ogy of such an
ettringite, which, for a given crystal density, ensures the nmechani cal
strength 5 Il evel and the control of the gi mensi onal vari ations throughout

the entire hardening process up to the fong term Such a conprom se is al
the nore harder to reach as the fastness levels of strength acquiring to
be obtained should be conpatible with the expected inplenenting
characteristics, in particular the workability hold time. 10 Such a

- conpronmi se i s not obtained satisfactorily in nortars of the prior art.
Thus, for exanple, US patent 4,350,533 discloses ettringite cenent
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Zyst gm requi rerant Thusinfori erandple,"USi patemtt 4,860,533 tdiselodesr etrinpitev e¢mente t he
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conpr | of ng o 2pRieantiont Jsfd °§naﬁ§hﬂ€gﬁ#@h¢al%ﬁﬁt%ﬂ%%?sﬁe§§ﬂ%d,

al l owi ng to mpaticularly vrdesdhe formi oDgypsnins and eptiosllycsspprasely seppliediime t he
wor kabi | iy Lt ﬂgﬁqe i Siianichi dlg[&el I CS.
Anot her algva%gq)é&% t he |ﬁr¥cgﬁ%ﬁﬁg?é?§oﬁgkgﬂ%@vﬂ€%%rgﬁreope?%]a I O ofTs 35
structures, widdoresthanghs one drsimd withinthe scopecafithe prasgatinyentigtaed with

prior art nortars]t fsOkndven "For Solcilfed Caviin® P&d]@néii aﬁﬂﬁm If(wq,eﬁea{feisal um na
content 4 a canp bi prler georee and an Ldentical BLS Do, LAEISSS, Lo the
cal ci um g g &r >
ettringite mixtures of calcium aluminates and calcium sulphate. But the
20 requirements of the system differ considerably from the « dense mortar »
applications of the invention: the product should be pumpable, set quickly, but
with a water/solid ratio in the order of 5 (the important point in such an
application being to create much volume), the mechanical compression
strengths at 24 hours do not exceed 5 MPa. Further, the system durability is
25 not a key criterium, neither are the dimensional variations. The existing
requirements in «dense mortar» applications are such that it is not possible to
use such «mine packing» solutions directly, they are to be reformulated and
adapted to the dense system requirements.
An aim of the invention is therefore to overcome the disadvantages of
30 the prior art providing an ettringite binder comprising calcium sulphate and a
calcium aluminate mineral compound, allowing to reach in densec
environments the best compromise between the workability hold time and the
mechanical strength acquisition kinetics. _
Arnother advantage of the invention is to allow for a reoperation of
35  structures, while keeping a workability equivalent to that obtained with prior
art mortars. For formulations containing binders with a same alumina content,




alum nate, the acquisition of mechanical strengths is then nuch nore

qui cker and the pedestrian recirculation time is twce shorter with
nortars prepared w th the binder accordigng to the invention than with
nortars made using a 5 prior art binder. The invention therefore ains at
providing an ettringite binder for a dense -nortar, said nortar preferably
havi ng when m xed with water a water/solid weight ratio | ower than 0.5,
sai d binder conprising calcium sul phates and a cal cium al um nate mnera
compound, the alum nates and the io sul phates and the concentration thereof
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and consequently may occur instantaneously around the anhydrous phases
containing the other required ioms, i.e. either sulphates or aluminates
depending on the case. Such a blocking phenomenon for the reaction
interfaces is particularly critical in 2 dense environment and when there are

25 large deviations between the release rates of the calcium ions of the different
soluble substances and/or large deviations between the release rates of the
caleium, aluminium and sulphate ions. In order to obtain the desired
performance for mortars, and more particularly for dense mortars, early and
very quick formation of ettringite around the least soluble grains has to be

30 avoided since such a phenomenon then prevents the normal progress of
hydration and leads to a dense mortar which does not meet the specifications,
more particularly as far as short term mechanical performances are concerned. j
Such a blocking phenomenon for the reaction interfaces is one of the

reasons, which explains that the solutions used in a dilute environment are not

35 adaptable to dense environments: in fact, in a dilute environment, the




the ettringite formation probability upon contact with grains. Simlarly,

t he conventional ettringitc binders, conprising Portland cenent and/or

| i me, cal ci um sul phate and al um nons ceﬁnts, do not provide 5 the best
0

hardeni ng ki netics yields. |Indeed, the rtland cenent conprises cal cium
sources with very different mneral nature and solubility, such as free
lime, C3S, C2S, cal cium sul phates, as well as extrenely sol uble m nor
substances, such as al kal i ne sul phates, which nodify significantly the

sol ubilizatiion of calcium containing phases. This does not allow for a
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Similarly, excess of calcium sulphate relative to phases containing
20 calcium aluminates leads to the same cffects as lime, i.e. lower mechanical
strengths and high dimensional variations. This can be explained partially by
the fact that the solubilization of calcium sulphates releases high amounts of
calcium into the aqueous phase. This is why compositions comprising calcium
aluminate and calcium sulphate phases in stoichiometric proportions (the
25 molar ratio of calcium sulphate/aluminium oxide A is 3) cannot allow for
implementing dense mortars with good hardening properties and controlled
dimensional variabilities.
Controlling the mortar hydration is thus first subjected to controlling
the calcium supply rate relative to other ionic species, and in particular
30  aluminium: .
The invention thus relates to an ettringite binder for a densc mortar
comprising calcium sulpbates and a calcium aluminate mineral compound,
said calcium aluminate mineral compound comprising caicium C and
aluminium A oxides, being soluble and combined into one or more
35  crystallized and/or-amorphous mineralogical phases, in proportions such that:




conpound ranges between 1.2 and 2.7; - the sumin weight of the useful
phases (C+A) accounts for at |east 30% of the weight total of the m neral
conmpound. 5 Preferably, the cal cium al un%nat e/ cal ci um sul phat e m ner al

conpound weight ratio ranges between 0 and 4, nore preferably between
1.5 and 3. Still preferably, the cal ci um sul phate/al um ni um A oxi de nol ar
ratio in the ettringite binder ranges between 0.5 and 2. According to a
preferred enbodi nent, the useful C/ A nolar ratio of (o0 the calcium

al um nate m neral corrpound ranges between 1.3 and 2.5, nore preferably

between 1.6 and 2. ddition, advantagequsly, the_calcium
sul phat e/ al um ni unt OXI al‘ G/A FBPkaY TAlP juse éﬁéh%@h%lﬂm%éﬂm%ges

be'élween 0f6l eoﬁl;pguﬁsdc cgbcﬁviﬁlqr:abﬁgzkyetm%en 0. 8 and 1.7. 15 It is neant
under useful oxides : ose S i v
oversaturation coefflcﬁ@“n‘“ﬁ Weighho ﬁ'&/“ﬁ@] CE’%W%QS’H“ ts; for At

m xture vmthletalsese%tufrthseie@gttmtab@mhemn&ﬁl eémpbmdmrtar conposi tion,

i ncl udi ng, cal ci um ul ant. r.use hase hase

rel easi ng’usef ul é@g‘g@ 'I‘H\Rﬁefé%lﬁ s@%h%to WF@F@Q‘P%‘P@ not
useful phas ewe@g]heahmrmgeabbﬂmben U $and 4 pinereepreferalidy hebeearohSrandy3, C12A7,
C3A, gl asses, C4A3 n ure),
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bi nder, when_b l%ﬁ nﬂé“i‘t" tBP V@tﬁ has a water/solld wei ght ratio | ower
than 35 0.5PrEfeRRly FF% Wht-hder according to the invention makes it
possi bl e1fo It is meant under useful oxides C and A, those oxides C and A which
give an oversaturation coefficient >1, when they are put in solution, in a
mixture with the other selected components of the mortar composition,
including calcium suiphate.

It 1s meant under useful phase a phase releasing useful oxides C and

20 A.

Thus, phases CZAS, ferrites, are not useful phases (they are called

"inert phases"). On the contrary, C12A7, C3A, glasses, C4A3% (where $

stands for SO3 in the cement nomenclature), CA, for example, are useful
phases.

25 The useful C/A molar ratio of the calcium aluminate mineral
compound is thus the molar ratio of all the oxides C and A of the calcium
aluminate mineral compound, which are present in the useful phases.
Similarly, the sum in weight of the useful phases (C+A) is the sum in weight
of phases comprising oxides C and A and which are usefui phases.

30 Calciym and aluminium ion supply in solution thus occurs throughout
the reaction in the proportions as being determined by the useful C/A molar
ratio of the calcium aluminate mineral compound.

In a preferred embodiment, the dense mortar comprising the ettringite
binder, when being mixed with water has a water/solid weight ratio fower than

35 05




obtain excellent ettringite formation yields and therefore, a good

hardeni ng kinetics wthout requiring, for the nortar fornulation, any

coinpl ementary source of cal ciumi ons. Apot her advant age when omtting such
(o

a s conplenentary cal ci um source, which ‘can be either linme, or Portland
~cenment, is that nortar conpositions are obtained having nore regul ar
performance on the inportant criteria of the application, Portland cenent
having in particular a quite variable mnor species content, the inpact of
which on the ettringite formation is decisive. 10 Thus, preferably,
nortars conprising the ettringite binder according to the invention do not
conpri se either Polhe @ttringitethimderracoydimgio the inventidh enakes anpowitsle tthel ess
tolerate a | r e,..0f o it and/or Portland,.cegent, within
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t hrough baki pothat ok sition®4hdShtaineh ha bt Fegnl GPei@nQAKi t es,
and chalk, in an oven wi.th a tenperat uren@faéﬁi tﬁéan 110?(3_. It .could be

obt ai ned undHi® ¥MROTRBE Fitsriagf the applicstien, sementhavinginpartiglaga apl e to

contain crysaitd ivasigblehmafs Pecics GUnBdAUthePR@sRE oIT whRBUbi the @Mtriagie xt ure
of various n}m congpaunds © conprising cal cium alum nates, obtained in
h 1R 1B PCHBY

turn throug € The 25 oven to be used can be any oven

fconvent i amal |y use’ﬂhﬁs;prefmablﬁ@mdmgompﬁkhg&hsetltﬁn@fte_ hﬁde?mhﬁngm ng ]
urnaces, tu a . of _electric .Nac ei t her
W th i nduct i 08 tgyeidiRs hoe ESRBAY: EHIHYCRINRY crfbC iRl g They oo

coul d be undean nencrtheless dblerate ar lpst petcentage wff ydedudigi lime apldés Partland t ed
anongst CA, 7 i o & o; tab&t bR' phase,
or under theg?%%?ﬁ 8‘?@@1@% gﬁ]ﬁ??fg?ﬁétﬁl gg%ﬁone opﬁstglkgktg?%@gﬁ pgggf

m ner al ogi caMoBldhses and an anor phous phase. Preferably, the nineral
conpound jgonpr i sesAaéordRdSto a;’ﬂl"éférfbd’\ﬁh%ﬂinﬁﬁt,%é%’in WA JoftRE ekafat v at
| east 50% i n_wei Rb %fé C 12At\s, chP m)géa pr ef E{gﬁbl ¥ 50::%) to 8 %olfn wei ght
of C12A7, baBRRFEHACHA aceoulits fgr ghicagk SQnveight Pt the Bighe of the
calcium aluminate mineral compound.
The calcium aluminate mineral compound included in the binder used
for formulating the mortar could be obtained through baking aluminium A
20 oxide rich materials, including bauxites, and chalk, in an oven with a
temperature higher than 1100°C. It could be obtained under the form of one or
more molten or sintered clinkers able to contain crystallized phases or
amorphous phases or result from a mixture of various mineral compounds
comprising calcium aluminates, obtained in tarn through baking or not. The
25 oven to be used can be any oven conventionally used for manufacturing
clinkers, such as reverberating furnaces, tunnel furnaces, rotary furnaces or
electrical furnaces, either with induction or electric arc.
The calcium aluminate mineral compound could be under the form of
a crystallized mineralogical phase selected amongst CA, C12A7, C3A, C4A3$
30  or under the form of an amorphous phase, or under the form of a mixture of at
least one of said crystallized mineralogical phases and an amorphous phase.
Preferably, the mineral compound comprises at least 30% in weight of C12A7,
more preferably at least 50% in weight of C12A7, much more preferably 50%
to 85% in weight of Cl2A7, based on the total weight of the mineral

35 compound.




The cal ci um al um nate m neral conpound can al so conprise at |east one
crystallized m neral ogi cal phase sel ected anongst C2A(1-x)Fx, C2S1 C2AS,
C3S and the m xtures thereof, where F a S respectively stand for Fe203
and -Si 2 according to the cenment nonencl ature, and where x is an 5

I nteger belonging to 10; 1]. The cal cium al um nate m neral conpound coul d
be ground and can then have a Bl aine specific area higher than or equal to
IS 00 cnk/ g, preferably ranging from 2000 to 5000 cnR/g. The appropriate
cal ci um sul phate for the binder can be taken from 1o anhydrites, gypsum
sem - hydrates and mixtures thereof. The binder conprising the cal cium

al umi nate mineral Thepgalentn awminatt ngnéral témpoumdcdn also alompyisetar ledst ai n,

after the ad | T

mortar accor gﬁ?ﬂilhgﬂfﬁﬁé%%@?ﬁ@}&pﬁﬁd%s‘eJ%S bl ORI B 628 Vo ¢ ne

i nventi on: 5033 and 3he imixtuies) taeredla sehbro nmﬁ&tﬂsaécnmebglstandfforhe -dry

nortar, - ch f t based

on the tot arl‘:%jove3 hﬁ&%?;%ccﬁféﬁﬁf?@ﬁe %@ngﬁ Pir)r%l%g%lgﬁ‘{% %?)&rat and cemant from

0% to 3.5% i tegardelongiagte 9 11.20 t he total wei ght of the dry nortar, -

redi spersi bl e powﬂie ealmraiumida@énﬂ%ﬁap bﬂnd"%bﬁﬂb@ d8nd total
&sh B hhu?

wei ght of . th nortar, and/or so | 1. qui persi of rom 0%
to 20% i n V\eﬁ@q{%ﬂﬁ agle PYELIKCHT ﬂl‘mé’ff"ﬂ rlﬁoﬁt‘}ﬂl & ,PW{CF‘?%Y)I ogi cal
additives angﬂ@ngsﬁbﬁj mmggdoatdnmg add| tives. 25 Preferably, the dry
nortar according t.a the inventian.co a i der acco to t he

i nvention: from 2090¢ GPEERIRIF ﬁ&c mﬁ%@&df%nmph@“ &’E '@'ﬁ i he dry
mortar, -0 Chaiﬂkycﬁ'ztbd gcyi}ssmn seinti-ipyeipate sa@dldnxuﬁdsahm‘éﬁ%to 80% i n wei ght based

on the total ﬁ@ﬁ“gﬁrt%e%E%|%ﬁg '?'{'}GE@ é{)&%ﬁ%ﬁ‘frrent

fromO0%to O. 5%|
r edi sper si bl acqmdutgrtoplm invention allowms np@hmaﬁanhmd@mnmé@mdﬁmm t ot al
wei ght of thgjsityedmg 1.%d/or solid-liquid dispersion polyners from 0%
to 15%in WEIg t %ése on the total weight of the dry nortar, 35 -

t heol ogi cal addi t i Veedahaodar aeording t¢ theunsention compriseses. 9

15 - a binder according to the invention: from 15% to 75% in weight
based on the total weight of the dry mortar,

- chalk fillers or siliceous sands: from 25% to 85% in weight based on
the total weight of the dry mortar,

- lime and/or Portland cement: from 0% to 3.5% in weight based on

20 the total weight of the dry mortar,

- redispersible powder poiymers: from 0% to 8% in weight based on
the total weight of the dry mortar, and/or solid-liquid dispersion polymers
from 0% to 20% in weight based on the total weight of the dry mortar,

- rheological additives and/or setting regulating additives.

25 Preferably, the dry mortar according to the invention comprises:

- a binder according to the invention: from 20% to 50% in weight
based on the total weight of the dry mortar,

- chalk fillers or siliceous sands: from 50% to 80% in weight based on
the total weight of the dry mortar,

30 - lime and/or Portland cement: from 0% to 0.5% in weight based on
the total weight of the dry mortar,

- redispersible powder polymers: from 0% to 5% in weight based on
the total weight of the dry montar, and/or solid-liquid dispersion polymers
from 0% to 15% in weight based on the total weight of the dry mortar,

35 - theological additives and/or setting regulating additives.




The powdered pol yners may be sel ected anongst vinyl acetate copol yners,
vinyl and ethyl ene versat at es, available for exanple from Wacker or El otex
Cor porations, and pol yvinyl al cohol s. § solid-liquid dispersion polyners
can be sel ected anbngst styrene- s butadfene dispersions, acrylic styrenes,
acrylics, vinyl acetates, and vinyl and ethylene versatate, available for
exanpl e fromthe Rohm & Haas Corporation. The theol ogical additives are
conventional conponents of nortars having the aimof inproving the initial
m xed nortar rheol ogy. Such Theol ogical additives include casein,
sul f onat ed nel am ne fornmal dehydes, io0 pol yoxyet hyl enat ed phosphonat es
(PCE), ethylene poﬂilnxpdwdmldypa}ymmtmay ¥dPGe)ectedd amiongstr e‘m)tlhed:eaaté Such

100(1) "and PRERPITLS sy edd *{EH*%“%&%E%“@”%?&@%@E@%rat.on 1S vel

as MELMENT Fio@Elptex (Earporgtionnrpd ¢ahodd by SKW Corporatlon my be

mentioned. is The 1 [ ofSol fedad Akt iy Rrdnd-0 0.5%
of the weight totg}]&%%%ﬂtgk}gﬂ(lﬁag l==1’;s%ar fI)'lg:_;garte&?l)sten assglf(l: ateg Wit h

hydr osol ulfl e bugasiiensedis Pﬂﬁ%ﬁn@fﬂﬂ%ﬂ?}'ﬁﬁ@ﬁ ¢S, ik acRgtasH 81 Yd@ai on,
such as cell tdﬂﬁsﬂenc Perotate, avdilabty for%im:i?leﬂiblﬁlm@R@hﬂl &cﬂima@arpamdns The
e

se%tigg reg_lIJ_Ihati ng t)/’%ﬂf@gw“‘f arg go rator?sPeB%Eso gttl ht f
retarders ey pr r o
the dry northavingPrbé &nﬁblof imprdvatig cthecinitial outided emurtar ,rhealofgy néichi t h
Pventi on al MDgROEBAl 9K, BebBCbaRln, Silfordiet BRtkinefatlddke | e
Pr ef er abl i, tpméyonycﬁmicrmed/\@hesphnnafsm @OEDLaGthYDBe tpodyaride pbb@lal’hﬂﬂm ght
ratio is Io C?z M t{}ﬁ;eoql ?%ug,f_;gl Iaﬂmlngrctuh uas@ﬂﬂ;lea

a m ner a at |

cal ci um al um™ ound

ettr| ngi nder
accordi ng tomﬁ@lqtﬁvéﬁt%ﬁx .| O 1081 @ad M g? ‘ﬁ‘q?% t he
use of a cal Gharpe@dWy GHRGIS(TF s@@wn%Mmemommmmmrtar

fhe use of 4 éﬁ%@?ﬁ%ﬁﬁma&éﬁ% YK Hreafiot SRR G Ror il at i ng & wet
mortar acgording t dhbh&.eo]dg}/&ﬂ]taddﬂ:vcﬂ'ipeeﬁemb@mcmm dor Dlhm Da&%cbfaﬂhd
(rjgt ?Iol |eg gyrr:)‘pgg&r &ﬁ@%ﬁﬁwe%foﬁﬁr (‘BEBX) @3395&%1;?%5% age- | s expr essed |C/nA
vei ght based parymes, haviag thei fnctiarf of Rimiting dhesegrsgpiom Suck s eelllase of
cal ci um sul phah & AL hSwaldihals dridf polysacBarffERUNT  Of

The setting regulating additives may be setting accelerators or setting

20 retarders. They preferably account for 0.1 to 0.5% of the total weight of the
dry mortar. Preferably, tartaric acid could be used, combined with sodium
gluconate as a setting retarder. :

The dry mortar according to the invention aliows for obtaining a wet
mortar through mixing with water. Preferably, the amount of water is such that

25 the water/solid weight ratio is lower than 0.5.

Another aim of the invention is the use of a calcium aluminate mineral
compound for formulating an ettringite binder according to the invention.

Still another object of the invention is the use of a calcium aluminate
mineral compound for formulating a dry mortar according to the invention.

30 Finally another object of the invention is the use of a calcium
aluminate mineral compound for formulating a wet mortar according to the
invention.

The invention is illustrated and detailed by the following examples. In
all such examples, the useful C/A ratio is a molar ratio; the useful (C+A)

35 percentage is expressed in weight based on the total weight of the mineral
compound; the ratio of calcium sulphate/Al;Os is a molar ratio; the amount of




10 m xing water is given in percentage in weight based on the total weight

of the dry conponents of the nortar. EXENTLE | - COMPARATI VE EXAMPLES 2,

3- 4-5 5 Anortar is prepared according fd) the invention, conprising a -
a

bi nder according to the invention (tri no. 1). By way of conparison,
nortars are prepared from binders belonging to the prior art (trials nos.
2, 3, 4, 5). Table I shows the conposition of the binders. 10 Table | Tri al
no. 12345 Cal ci um al um nate m neral conpound (SSB ;-- 3000 cn2/g) : - useful
C/ Al. 7755111 - useful (C+A) (/0)87CA555555 - maj or phasesCl254CACACA -
amount (% in weight)A71 656563 163 Cal ci um sul phate* N in . ,

wei ght ) 353635@@xiBg Ivaterds| giveminsparpsmsge in weighy 1o, the total weight of the

Suppl enent al - g&l Gin\iBrieAfs GTAHE Bfdrtar, Nature*P/ C. CP - amount (0/0 in
wei gh5/53. 53. 5°Cal ¢i um sul phate : sem -hydrate with 95% purity P = CEM
152.5 CP2 Portland cenent; C = 1line 15 Table 2 shows the conposition of

nortars conpr EXEMPUES -bOOMPARATO/E EXAMPLESIZ, 3[gbbe 2 AFNOR sand1350 g
Bi nder 675 Sodi um pconat e2. 025 Li2 2..0 Wat er.270 Tahl Sshows t he
rheol ogi cal and mechdR? |15fPé'5E3&g‘é§°%ﬁ?$‘ﬁet°r2t§§ qunhanSC&%p?gng_a%chr
according to the invention (trial no. 1). By way of comparison, mortars are
prepared from binders belonging to the prior art (trials nos. 2, 3, 4, 5).
Table 1 shows the composition of the binders,

10 Table 1

Trial no. | 2 3 4 5
Calcium  aluminate mineral
compound (SSB = 3000 cm?/g) :

- useful C/A 1.77 55 11 1 I

- useful (C+A) (%) 87 CA 55 55 55
- major phases Cl12 54 CA | CA | CA
- amount (% in weight) A7 65 65 63 63

Calcium sulphate* (% in weight) | 35 36 35 335 | 335
Calcium sulphate/A,O; (molar | 0.85 - - - -

ratio)

Supplemental  calcium  ion

source:
- nature** - P/C - C P
- amount (% in weight) - 5/5 - 3.5 3.5

* Calcium sulphate : semi-hydrate with 95% purity
** P=CEMI 52.5 CP2 Portland cement; C = lime

15 Table 2 shows the composition of mortars comprising the binders
from table 1.




Table 3 Trial no.12345 DP*Vicv20 mnl2 mn45 mn45 mn50 mtt Rc** 3h

(MPa) 304. 0528.5 Rc 24h (NPa) 46 3.5 28 2 31.5 Rc 28 days

(MPa) 6011. 547. 515. 550 ConmentsNo Cracks 3§ 28 No No Na

coment sdaysconment scomment scomments 10 * DP Vicat: Setting onset as
measured according to the "Vicat" nethod **Rc: Conpression strengths, as
measured on test tubes neasuring 4x4x 16 cm Such trials show that the
nortars according to the invention have very 15 good mechani cal
conpression strengths at the short term while having a | ong and adj ustable
enough setting tinme through the choice _of the retarder dosage. It can also
be seen that the prior art nortars, COM ng the usual alum nous cenents
(majority of CA phase) and a conplenentary supply in Portland cenent
and/or lime, do not allow, fo Aﬁ% atert——settTnytiges, to 20 obtain
satisfactory nechanical stren sapb shorlt 1@39_(4 to 8 MPa, conpared
to 30 MPa for the nortar accorBimgrto t he |n\Aer\5750g1) Simlarly, in sone
cases in the presence of |ine @Sﬁ gn teT ||| illgllglhs still have a very

| ow | evel . 12 EXAMPLE 6 - COM & Anortar is prepared
according to the invention, WLHC®,bi nder aCCQ.IUQSIEg to the invention (no.
6) and two prior art nortars, ’w)r conparTsom,—mefeied with a prior art

bi nder (nos. 7, 8). s The nort ¥ aonmpositiond aA@ & heir rheol ogi cal and

mechani cal

Table 3 shows the rtheological and mechanical features of the resulting

5 mortars.
Table3

Trial no. 1 2 3 4 5
DP*Vicat 20 min 12 min 45 min 45 min 50 min
Rc** 3h (MPa) 30 4.0 5 2 8.5

Re 24h (MPa) 46 3.5 28 2 315
Rc 28 days (MPa) 60 11.5 475 15.5 50
Comments No Cracks at 28 No No No

comments days comments | comments | comments

10 * DP Vicat: Setting onset as measured according to the "Vicat” method

**Rc: Compression strengths, as measured on test tubes measunng
4x4x16 cm,

Such trials show that the mortars according to the invention have very
15 good mechanical compression strengths at the short term, while having a long
and adjustable enough setting time through the choice of the retarder dosage.
It can also be seen that the prior art mortars, comprising the usual |
aluminous cements (majority of CA phase) and a complementary supply in :
Portland cement and/or lime, do not allow, for equivalent setting times, to
20  obtain satisfactory mechanical strengths in the short term (4 to 8 MPa,
compared to 30 MPa for the mortar according to the invention).
Similarly, in some cases in the presence of lime, the long term
strengths still have a very low level.




features are shown in table 4. Table 4 Trial no.678 Cal ci um al um nate
m neral conpound (SSB: 3000 cnRlg): 1.77 1 1 - useful C/A 87 70 70 -
useful (C+tA) (% Cl2A7 CA CA - nmjor pharﬁs 1922.519 - armount (% in weight)

Cal ci um sul phate (% in weight)117.511 Caf‘ti um sul phat e/ A1203 (nol ar
rati0)0.92-- Slag (% in weight)202020 Siliceous sand (% in

wei ght) 47. 2547. 2547. 25 RE523Z (% in weight)222 Lifetech 115 (%in

wei ght)0.10.10.1 Trisodiumcitrate (% in weight)0.10.10.1 Melnent F 10 (%

i n weight)0.30.30.3 Sodi um gl uconate (% in wei ght)0.050.050.05 MI'400PFV (%
i n wei ght)0.050. 050,05 Dehydran 1922 (% in wei ght)0.150.150. 15 WAt er 202020
DP Vicat (m nEXGOIPEE 6Re COMPVWRATIVE EXCAMBRES 218 (MPa) 25. 520. 521 Rc 7 days

(MP.)4128.528. 5 A mortar is prepared according to the invention, with a binder
according to the invention (no. 6} and two prior art mortars, for comparison,
prepared with a prior art binder (nos. 7, 8).
5 The mortar compositions and their rheological and mechanical
features are shown in table 4.

Table 4

Trial no. 6 7 g
Calcium aluminate mineral compound (SSB:
3000 cm?/g):

- useful C/A 1.77 1 1

- useful (C+A) (%) 87 70 70

- major phases CI2A7 1 CA CA

- amount (% in weight) 19 22.5 19
Calcium sulphate (% in weight) 11 7.5 11
Calcium sulphate/Al,O; (molar ratio) 0.92 - -
Slag (% in weight) 20 20 20
Siliceous sand (% in weight) 47.25 | 47.25 | 47.25
RES523Z (% in weight) 2 2 2
Lifetech 115 (% in weight) 0.1 0.1 0.1
Trisodium citrate (% in weight) 0.1 0.1 0.1
Melment F10 (% in weight) 0.3 0.3 0.3
Sodium gluconate (% in weight) 0.05 | 005 | 0.05
MT400PFV (% in weight) : 0.05 0.05 0.05
Dehydran 1922 (% in weight) 0.15 | 015 | 0.15 |
Water 20 20 20 |
DP Vicat (min) 105 60 65
Re 4h (MPa) 14.5 9.5 11
Rc 24h (MPa) 25.5 20.5 21
Rc 7 days (MPa) 41 28.5 | 285
Retraction at 7 days (mm/m) 0.6 -1.6 | -1.05
Ettringite formed at 7 days (J/g) 135 70 110
Residual anhydrite at 7 days 315 280 500




Retraction at 7 days (nmmm-0.6-1.6-1.05 Ettringite forned at 7 days

(J/g) 13570110 Residual anhydrite at 7 days315280500 13 The cal ci um sul phate
i s 95% pure anhydrite. The slag is a blast furnace slag. The siliceous
sand cones from Sifraco Corporation, andlds marketed under designation
Sable NE 14 (Sand NE 14), the grain size of which is lower 5 than 500 pm
(d50 = 210 pm. RE523Z is a resin marketed by Wacker Corporation. It is a
vinyl acetate and ethyl ene copolyner. Lifetech 115: this is |ithium
carbonate marketed by FMC. Mel nent F 10: sul fonated nel am ne fornmal dehyde
mar keted by SKW 10 Sodi um gl uconate: marketed by Roquette Freres,

MI400PFV: cel | ul osemél&g&lﬂmgﬁ h@l‘é i99s ﬁtmﬁrﬁg.e. Dehydran 1922:

ant i f oam mar ket ed bih @g e reS| de anhydrite amount (given in an
arbitrary unit) is ne&s$ é%lablfy“ HeH¥ht of the peak obtained by X-ray

di f}‘ragt ihont 1?| TheThet[s)illg&gu$ Q?rﬁi’@u?és lﬂﬁnnslﬁaéb@@gl iR and 96 markdto

evol ved hea OW, i I a i Ori

retraction is IS %L“y@%ﬁg (§a9<d gﬁqiﬁ&grﬁr?@sst‘z"t H{)Bé“g‘c’ér Wer at 20C
and 50% r ebat itham $00npudti (d§0 =T pmdhani cal strengths are nmeasured on 2 x 2 X
16 cmtest-tubes, r 7 R, be seen that
the cal cium al um na 521§%e?d? %&ﬁgﬁaﬁ%&%‘@‘%@@@%@%ﬁ% o}ﬁm§ﬁ owWs
for a nuch beﬂc@alermdfaﬂlym@mﬂymmm se: - the mechani cal strength

acqui sition kinetic @ulated with
prior art mineral El&éﬂﬂgqg tglgstlw{tt# di rren5| ona varl%mn control is
better as well, Msimess F I&tsnlfwgatpéme&wm|@wma,lddntﬂelraarkmedlhye%l(%s

evi denced 1py th_e hg8digm %ﬁ,ﬂgllﬁ&ke{& e Fr&eged and the | ower
resi dual anhydrite ‘b’f‘é@ﬁl é(ge MPLES 9 1 A COVPARATI VE _EXAMPLE 11 30

Repair nortars are Wegs siher markeged by, Wolf 3valsrode.al s 9 and  10)
and al so a prior arDebyxlmﬁqaRzﬂ\/@ﬁfmmMark&tedaywm Their conpositions are

shown _ in table 5. The residual anhydrite amount (given in an arbitrary unit) is measured
by the height of the peak obtained by X-ray diffraction.
15 The ettringite amount being formed is measured by the evolved heat
flow in DSC (Differential Scanning Calorimetry).
The retraction is measured at 7 days on 2 x 2 X 16 cm test-tubes stored
at 20°C and 50% relative humidity.
The mechanical strengths are measured on 2 x 2 x 16 cm test-tubes,
20 stored at 20°C and 70% hygrometry.
It can be seen that the calcium aluminate mineral compound according
to the invention allows for a much better performance compromise:
- the mechanical strength acquisition kinetics is much better than with
mortars formulated with prior art mineral compounds,
25 - the dimensional variation control is better as well,
- a better ettringite formation yield is obtained, as evidenced by the |
higher ettringite amount being formed and the lower residual anhydrite
amount. |
EXAMPLES 9, 10 AND COMPARATIVE EXAMPLE 11
30 Repair mortars are prepared according to the invention (trials 9 and |
10) and also a prior art comparative mortar (trial 11). Their compositions are
shown in table 5.




14 Table 5 Trial no.91011 Cal cium al um nate m neral conpound (SSB: 3000 -
cnm2/g): 1.77 1,77 1 - useful C/A 87 87 70 - useful (C+tA) (% C 12A7 C 12A7
CA - nmjor phases 283033 - amount (%in Yfi gh Cal cium sul hate (%in

wei ght) 151310 Cal ci um sul hate/ A12G3 (not7ar ratio)0.850.69- Pal vadeau
siliceous sand 0-315 pm (% in weight)191919 Pal vadeau siliceous sand 315
pml1 mMmm (% in 191919 wei ght) Pal vadeau siliceous sand 1-4 nm (% in

wei ght) 191919 Sodi um gl uconate (% in weight)0.10.10.1 Tartaric acid (0/0 in
wei t-0.15- Li2CO3 (% in weight)0.10.050.1 TOTAL100100100 WAter17.217.217.2
Cal ci um sul phate: 95% pure sem -hydrate 5 The rheol ogi cal and nechani cal
features of the nortar are shown in t3ZbbleS6. Table 6

Trial no. 9 - 10 11
Calcium aluminate mineral compound (SSB:
3000 cm?g):
- useful C/A 1.77 1,77 I
- useful (C+A) (%) 87 87 70
- major phases CI2A7 | C12A7 | cA
- amount (% in weight) 28 30 33
Calcium sulphate (% in weight) 15 13 10
Calcium sulphate/Al,O; (molar ratio) 0.85 0.69 -
Palvadeau siliceous sand 0-315 um (% in weight) 19 19 19
Palvadeau siliceous sand 315 pm-1 mm (% in 19 19 19
weight)
Palvadeau siliceous sand 1-4 mm (% in weight) 19 19 1%
Sodium gluconate (% in weight) 0.1 0.1 0.1
Tartaric acid (% in weight) - 0.15 -
Li,CO; (% in weight) 0.1 0.05 0.1
TOTAL 100 100 100
Water 17.2 172 1 172

Calcium sulphate: 95% pure semi-hydrate

5 The rheological and mechanical features of the mortar are shown in
table 6.
Table 6
Trial no. 9 10 11 !
DP Vicat 1Smin | 48 min | 35 min
FP Vicat 22 min | 62 min | 45 min |
Rc 4h (MPa) 37 33 14 .
Re¢ 24h (MPa) 51 45 40 »'
Re 28 days (MPa) 61 52 55

10
FP Vicat: Vicat setting end




Trial no.91011 DP Vicat 15 nmin 48 nmin 35 nmin FP Vicat22 nin62 nin45 nmn Rc
4h (MPa) 373314 Re 24h (MPa) 514540 Rc 28 days (MrPa) 615255 10 FP Vicat: Vicat
settlng end 15 The mechani cal strengths gee measured on 4 x 4 x 16 cm
test-tubes, stored at 20C and 70% hygronetry, It can be seen that the
nortars accordlng to the invention have a far better strength acquisition
kinetics (acquisition at 4 hours) and this is true for 5 equival ent
setting tines. EXAMPLE 12 A glue nortar is prepared according to the
invention. Its conposition is shown in table 7. 10 Table 7 Trial no.12

Cal ci um al um nate conpound (SSB 3000 cnR/g): 1.77 - useful C A 87 - usefu
(C+A) (% Cl12A7 - mpemenhanics! stecrpths areomeasuged pn dsidgKtl6 Gnltestetmbey,| phat e

(%in wei ght)%ﬁ)réiﬁaimtbﬁﬂcﬁm%’]@ﬁﬁf (molar ratio)0.81 Durcal 15 (%in

weigh t9 Sifraco siliceous san Yo in wei ght) 48, 65
t can be seen mortars according to the invention have a far

better strength acquisition kmetlcs (acquisition at 4 hours) and this is true for
5  equivalent setting times.
EXAMPLE 12
A glue mortar is prepared according to the invention. Its composition
is shown in table 7.

10 Table 7
Trial no. 12
Calcium aluminate compound (SSB: 3000 cm?/g):
- useful C/A _ 1.77
- useful (C+A) (%) ' 87
- major phases C12A7
- amount (% in weight) 26.5
Calcium sulphate (% in weight) 13.5
Calcium sulphate/Al,O; (molar ratio) 0.81
Durcal 15 (% in weight) 9
Sifraco siliceous sand NE14 (% in weight) 48.65
RES30Z (% in weight) 15
Tylose MH3001P6 (% in weight) 0.35
Trisodium citrate (% in weight) 0.2
Sodium bicarbonate (% in weight) 0.2
L1,CO; (% in weight) 0.1
TOTAL 100 i
Water 25.5

Calcium sulphate: 95% pure semi-hydrate.
Durcal 15: Calcium carbonate marketed by OMYA with a grain size d50 of 15
pm, with 1% of the grains having a size higher than 100 pm.

15 RES530Z is a resin marketed by Wacker Corporation. It is a vinyl acetate and
ethylene copolymer.,
Tylose MH3001P6: cellulose ether marketed by Clariant.




RES53QZ (% in weight)1.5 Tyl ose MH3001 P6 (% in weight)0.35 Trisodi um
citrate (%in wei t)0.2 Sodium bicarbonate (%in weight)0.2 L12C03 (% in
wei t)0.1 TOTAL100 Water25.5 Cal ci um sul gpate: 95% pure sem - hydrate.

Durcal 15: Cal cium carbonate marketed by A wth a grain size d50 of 15
m with i%of the grains having a size higher than 100 m 15 RE530Z is a
resin marketed by Wacker Corporation. It is a vinyl acetate and ethyl ene
copol ymer, Tyl ose MH3001P6: cellul ose ether marketed by Clariant. 16 The
mechani cal properties are shown in table 8. Table 8 Trial no.12 Opened
time on paving20 mp DP Vicat45 m n Adhesion at 4h (MPa)0.5 Adhesion at 24h
(MPa) 1. 2 Adhesi on ad beeghamead properties are shawagndeble $. measured on a SATTEC
dynanonet er according to the operating node as described in the Cahier des
Prescriptions Techni ques d' Ex6cution ' 6f ements des sols interieurs et
ext6rieurs en carreaux ceram ques ou izgji“eé;ues col'l 6s au noyen de nortiers
colles" CSTB 3267 io leaflet. A product is obtained having an opened tine

of 20 m nutes and good necHanigal properfies. JE CH 13 A quick fluid
screed is prepared with a ceﬁnﬂﬂ&%_um_nal_e_m_neﬁLs conmpound accor di ng
to the invention and gypsum|(@penad tihd) on piving onNp28 ndiihon and t he rheol ogi cal
and nmechanical results are Y40 Tabre 9. 1/45 min

Adhesion at 4h (MPa) 0.5

Adhesion at 24h (MPa) 1.2
Adhesion at 28 d (MPa) 2.1

. The adhesion is measured on a SATTEC dynamometer according to
the operating mode as described in the Cahier des Prescriptions Techniques
d’Exécution "Revétements des sols intéricurs et extérieurs em carreaux
céramiques ou analogues collés au moyen de mortiers colles” CSTB 3267

10 leaflet.
A product is obtained having an opened time of 20 minutes and good
mechanical properties.
EXAMPLE 13
A quick fluid screed is prepared with a calcium aluminate mineral
15 compound according to the invention and gypsum (trial 13),
The composition and the rheological and mechanical results are
shown in table 9.




Table 9 Trial no.13 Cal cium al um nate conmpound (SSB = 2010 cn2/g): 1. 77 -
useful C A 87 -useful (C+tA) (% C 12A7 - mmjor phases 14.3 - anount (% in
wei ght) Cal ci um sul phate (% in weight)?7. iZCaI ci um sul hatef A1203 (nol ar

wei ght) 0. 80 Cal ciumion supplenental sou C- nature 0.2 - anount (% in
weight) Siliceous sand 1-4 mm (% in weight)49.4 Siliceous sand 0-315 gm (%
in weight)15.3 E10 (% in weight)8.0 D 130 (%in weight)3.9 RE523Z (% in wee
t)1 Dehydran 1922 (% in weight)0.1 Cellulose ether (%in weight)0.07 Li 2003
(%in weight)0.05 Casein (% in weight)0.3 K2SO4 (% in weight)0.2 Sodi um

gl uconate (% in weight)0.06 Tartaric acid (% in weight)0.12 TOTAL100

Wat er 14 Self spreading 7 min (m) 260 Sdlableshreadi ng 20 nmin () 260 Opened
time (mn)95 DP Vicat (mn)1ll5

Trial no. 13
Calcium aluminate compound (SSB = 2010 cm?*/g):

- useful C/A 1.77

- useful (C+A) (%) 87

- major phases CI12A7

- amount (% in weight) 143
Calcium sulphate (% in weight) 7.2
Calcium sulphate/Al;O5 (molar weight) 0.80
Calcium ion supplemental source:

- nature C

- amount (% in weight) 0.2
Siliceous sand 1-4 mm (% in weight) 494
Siliceous sand 0-315 um (% in weight) 15.3
E10 (% in weight) 8.0
D130 (% in weight) 3.9
RES523Z (% in weight) 1
Dehydran 1922 (% in weight) 0.1
Cellulose ether (% in weight) 0.07
Li,CO; (% in weight) 0.05
Casein (% in weight) 0.3
K>80, (% in weight) 0.2 f
Sodium gluconate (% in weight) 0.06
Tartaric acid (% in weight) 0.12 J
TOTAL 100 |
Water 14
Self spreading 7 min (mm) 260
Self spreading 20 min {mm) 260
Opened time (min) 95
DP Vicat (min) 115
FP Vicat (min) 145
Re 5h (MPa) 15.8
Rc 24h (MPa) 20.3

C: lime marketed by Balthazar & Cotte



FP Vicat (mn)145 Rc Sh (MPa)15.8 Rc 24h (MPa)20.3 C. |inme marketed by
Bal t hazar & Cotte 18 Cal ci um sul phate: 95% pure gypsum Siliceous sand:
Pal vadeau sand E10: Sifraco siliceous sa[}g with a grain size d50 = 21 .tmD

130: Durcal 130 chal k marketed by QOWA, % of the grains having a size s
hi gher than 100 pm and 0.2% of the grains having a size |ower than 500 m
Casein: marketed by Unilait The self spreading is neasured with an ASTM
frustoconical cone (described in the ASTM C230 standard). 10 The opened
time corresponds to the tine at the end of which the paste has lost its
ability to flow by itself. The nechanical strengths are neasured on 4 x 4 X
16 cm t est - t ubadciumsudphate: H5% pareagypst®s hygronetry. The screed rheol ogi cal

properties (sgiaadu99dndPalvdaesh safgd even with Zs a very |ong opened tine
(1h30), the hg%g_egj ng kinetics remajns very quick, and this, despite the

| ack of Portl Hrachsiigequa sand yith g gramfized )T 24 area of the cal ci um
al um nate ni n&yia: DR UB0 RaROMENRSd By UW#QWS% bPthe r%-%fﬂ%bﬁg a6izd> -
COMPARATI VE E LE??’H]@Q 17#%@&2‘1{1@ Smpot hi ng coat1 ngs are prepared with
cal ci um al tini Loie o0} the, gradnshayiygp sz dowendan 2084imai ng to

t he i nventi onClab¢inainarkefed By Initaitch are conpared with control mxtures
based on cal cium alum nate m neral conpounds of the prior an and Portl and

cenent (trials 16, 17, 18, 19). The conpositions are shown in table 10. In
order to nake it ea¥therselfospreading ds ttheaspead’ wvithaas eA SEMaBtocdhicabricone s of
the prior art : fsc—ﬁﬂr ' I nvention, table 10 shows the

t ot al amunt,(ﬁgnv%ﬁ%éo d u%jr;{gs%% bi nder. 19 Table 10

| nventionP®ior art The apened time Sodespomds tecthiedimenatitheréndat fiwhiohyibe patste

has lost its ability to flow by itself.
The mechanical strengths are measured on 4 x 4 x 16 cm test-tubes,
- stored at 20°C and 70% hygrometry.
The screed rheological properties (spreading) are good, and even with
15 a very long opened time (1h30), the hardening kinetics remains very quick,
. and this, despite the lack of Portland cement and a very low Blaine surface
area of the calcium aluminate mineral compound according to the invention.
EXAMPLES 14. 15 — COMPARATIVE EXAMPLES 16, 17, 18 and 19
Smoothing coatings are prepared with calcium aluminate and calcium
20  sulphate mineral compounds according to the invention (trials 14, 15) which
are compared with control mixtures based on calcium aluminate mineral
compounds of the prior art and Portland cement (trials 16, 17, 18, 19). The
compositions are shown in table 10.
In order to make it easier to compare the performance between
25 mortars of the prior art and mortars according to the invention, table 10 shows
the total amount, in weight, of alumina in the binder.




(SSB: 2010 cn2/g) 1.77 1.77 1 1 1 1 - useful
(C+tA) (99 C12A7 C12A7 CA CA CA CA - mmjor phases 181720202020 - anount (%

in weight) Calciumion supplenental sourgge: - CP P P/ CP/C-

Cal ci um sul phate (% in weight)977777

5

ClA 87 87 55 70 55 70 useful

nature
-0.444610. 26/0.2 - anount (% in weight) Total alumna %.47810.68.110.7

Table 10
Invention Prior art

Trial no. 14 15 16 | 17 18 19
Calcium aluminate compound
(SSB: 2010 cm?/g):

- usefut C/A 1.77 1.77 1 1 i 1

- useful (C+A) (%) 87 87 55 | 70 55 70

- major phases CI2A7 |C12A7| CA | CA | CA | CA

- amount (% in weight) 18 17 20 { 20 | 20 20
Calcium ion supplemental source:
- nature - C P P | P)C| PIC

- amount (% in weight) - 0.4 4 4 |6/0.2] 6/0.2
Total alumina % 7.4 7 g8 | 106 81 | 107
Calcium sulphate (% in weight) 9 7 7 7 7 7
Calctum sulphate/Al,O; (molar | 0.79 0.65 - - - -
ratio)
Durcal 15 (% in weight) 23 27 19 | 19 i8 18
Durcal 130 (% in weight) 9 10 9 9 10 10
NE14 (% in weight) 37.8 36 |378;378] 36 36
RES523Z (% in weight) 2 2.5 2 2 2.5 2.5
Li,CO; (% in weight) 0.05 005 1011 01 )0.051 005
Citric acid (% in weight) - - 0.02]002 ] - -
Tartaric acid (% in weight) - 0.075 0.1 0 0 | 007 | 0.07
Melflux PP1GOF (% in weight) 0.2 - 02| 02 - -
MT400PFV cellulose ether (% in{ 0.06 0.06 [0.05( 0.07 | 0.06 | 0.06
weight)
Dehydran 1922 (% in weight) 0.1 0.1 011 01 | 0.1 0.1
K380, (% in weight) - 0.2 - - 0.2 0.2
Casein (% in weight) - 0.4 - - 04 | 04
Sodium gluconate (% in weight) - 0.06 - - |1 0.03 ]| 003
Water 24 24 24 | 24 24 24

Calcium sulphate: 95% pure semi-hydrate
P: CPA CEM 52.5 CP2 Portland cement; C = lime
Durcal 15: chalk marketed by OMYA




Cal ci um sul phat e/ A1203 (nol ar 0. 790.65---- ratio) Durcal 15 (%in

wei ght ) 232719191818 Durcal 130 (% in wei ght)910991010 NE14 (% in

wei ght ) 37. 83637. 837. 83636 RE523Z (% in y\?bght)zz. 5222.52.5 Li2C3B (% in
i

wei ght) 0. 050. 050. 10. 10. 050.05 Citric ac (% in weight)--0.020.02--
Tartaric acid (%in weight)0.0750.1000. 070.07 Melflux PP 100F (% in

wei ght) 0. 2-0. 20. 2-- MI400PFV cel | ul ose ether (% in 0.060.060.050.070. 060. 06
wei ght) Dehydran 1922 (!'o in weight)0.10.10.10.10.10.1 K2S04 (% in

wei ght)-0.2--0.20.2 Casein (% in weight)-0.4--0.40.4 Sodi um gluconate (%in
wei ght) - 0. 06--0. 030..03 WAt er 242424242424 Cal ci um sul phate: 95% pure

sem - hydrate Duregldl 38cchalk marketod byddMY¥Ad cenent; C = lime 5 Durcal 15:
chal k marketed by OWA 20 5 InventionPrior art Trial no. 141516171819 Sel f

spreading 7 min ( 44148150151143149 Se|f spreading 20 min

(mm) 145146150120145 anes&f-mﬁqﬁ@e@ BLPPeTIes SR shavn 1 ble 11.
(mi n) 3555803512095 PP Vi cat (nin)40659040140120

Reoperatiog' 1h301h303h211303h3h Rc 2h %101;5310. 5 Re 4b

(MPa) 17.512.547.56.56.5 Rc 24h "a)24.5 15.517.5 Rc 28 d
( MPa) 3929283528. 529
Invention Prior art

Trial no. 14 15 16 17 18 | 19
Self spreading 7 min (nmm) 144 148 | 150 | 151 143 149
Self spreading 20 min (mm) 145 | 146 | 150 | 120 | 145 | 144
Gelling time (min) 29 42 4§ 3 | 26 | 50 45
DP Vicat (min) 35 55 80 | 35 | 120 | 95
FP Vicat (min) 40 65 | 9 | 40 | 140 | 120
Reoperation ! 1h30 [ th30 | 3h | 2h30 | 3k 3h
Rc2h (MPa) 5 10 | 15 3 1 0.5
Rc 4h (MPa) : 175 | 125 { 4 75 | 65 | 65
Re 24h (MPa) 245 18 18 | 24 155 | 175
Rc 28 d (MPa) 38 29 | 28 | 35 [ 285 | 29
Coating time? 12h { 12h | 24k | 24h | 24h | 24h
Ettringite 4h* - 140 . - 100 110
Ettringite 24h* - 160 . - 140 | 150
Adhesion’ - 2.8 - - 2.3 -
Retraction® - 0.8 - - ! -

1. Reoperation: Time at the end of which the mechanical compression strength
of the smoothing coating reaches 3 MPa.
2. Coating time: Time at the end of which the smoothing coating has a residual
10 humidity (measured according to the calcium carbide method (acetylene
evolvement upon contact with the material humidity) using the CM Tester
from Riedel & Haén) lower than 3%, measured in 2 9 mm thickness on a ;
concrete paving at 23°C and 50% hygrometry.
3. Earingite 4h: Amount of Mixing water crystallized under the form of '
15 ettringite in g/kg of formulated product, at t = 4h00, measured according to the
calcium carbide method (acetylene evolvement upon contact with the material
humidity) using the CM Tester from Riedel & Hagn.




Coating tinmel2hl12h24h24h24h24h Ettringite 4h3140100110 Ettringite
24h4-160- - 140150 Adhesi ons-2.82.3- Retraction-0.8--1- 1. Reoperation: Tine
at the end of which the mechani cal corrpr%ssi on strength of the snoothing

coating reaches 3 MPa. 2. Coating tine: me at the end of which the
snoot hing coating has a residual 10 humdity (neasured according to the
cal ci um carbi de nethod (acetyl ene evol venent upon contact with the
material humdity) using the CM Tester from Ri edel & Haen) |ower than 3%
~measured in a 9 mmthickness on a concrete paving at 23C and 50%
hygrometry. 3. Ettri nglte 4h: Amount of M xing water crystallized under the
formof is ettEttnggite 24h:dviixingf watsr namaurtd cpystallized under thedfadn ofasured

according to ﬁﬁPgl 5t &R%% et e evol vemrent upon cont act
wi th the mat e?'l Qﬁwrg/ggt @’ﬁ?ﬂn&ﬂﬁ (&?gst%rh rom Ri edel & Haan. Durcal

130: chal k nmaPk @plwm&u aftaccdimamematercascotying to Breoprareting are
show? :ln tagl rot&coltTEestoelbaa mZJthel teatmwngtﬁde ?&hthé\/:cté?lﬂﬁcﬂl’ah?ﬁcé”ﬁiﬂat .
crysta 1 ze u e or ringi (6] ornmul at e roauc
2t 2 2anbo. CBSSHgsum B AR deatlts ot 353 3k 5 AURBOR &t B8 ng 1o

the operati ngwmrml@m@ngj t, s Mpd) the techm cal guide for the t echni cal

Support at 28° dg?@*t'c%r#ﬁgﬁgﬁﬁ%ea” & 08 B on 2 w2y B Ly ng

retraction, nbtesrsteredtat 28°C ay8%orelaive lﬂmtdﬂ:f; inmmémt - tubes stored at 20C

- 70%relative hum ¢fd L‘elllhgtﬁﬁé Had Héeseﬁegﬂréi&%t oco?&gls.éd;es %3 Pugadi ng

are neasured accor.di ng I n the

ratrn crl h
Fechnt cal 180 ABTRERE PHRIOSCHAGSERbALIN 6 teanirad i P &aa technipel isics
leafl ets, no. ag@ORssifibsicHER CSTRB daflets, 9802493 are measured on 2 x 2 x 16 cm

test-tubes store t 20C and 70% hygro hows the thernal
flow curves for triaf® T?CH%?}F% g&éc‘ﬁt’dﬁ‘?ﬁ&m@ Eé‘gﬁﬁt/éamw& rial 18
(curve 1) accstogddas 208Ctand 0% bygmimetryobt ai ned

15 Fig. 1 shows the thermal flow curves for trial 15 {(curve 2) according
to the invention and trial 18 (curve 1) according to the prior art, obtained
through isothermal microcalorimetry. The ettringite amount formed at the
short term is visualized through the heat flow evolved by the reaction.

The rheological (spreading) properties are good with smoothing

20 coatings of the invention and those from the prior art, but the mechanicsl
properties (compression strength) are far more improved with the binder
according to the invention.

As shown on Fig. 1, the ctiringite is formed, in the mortar formulated
with the binder of the invention, in a much shorter time than with the mortar

25 formulated with the prior art binder and in one single step, as opposed to the
mortar formulated with the prior art binder.

In addition, the calcium aluminate mineral compound according to the
invention allows for a reoperation twice as quick, without any complementary
supply in Portland cement in the binder and with a lower total alumina content

30 in the composition.

Finally, the future performance, either drying retraction or
compression strength or adhesion to the support, has a higher level too.
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t hrough i sothermal mcrocalorinetry. The ettringite anmount fornmed at the

short termis visualized through the heat flow evolved by the reaction. The

t heol ogi cal (spreading) properties are gﬁ)d wi th snoothing 20 coatings of
art,

the invention and those fromthe prior but the nmechanical properties
(conpression strength) are far nore inproved with the binder according to
the invention. As shown on Fig. I, the ettringite is forned, in the nortar
formulated wth the binder of the invention, in a nuch shorter tinme than
with the nortar 25 fornulated with the prior art binder and in one single
step, as opposed to the nortar fornmulated with the prior art binder. In
addi tion, theEXAMPLESA0, 3 AND 32 neral conpound according to the

i nvention allows f r KONR t M a | gﬁ'areho&gfﬂﬂﬂp
conpl enent ary, suppl |nag%%¥@gﬁar%_ear¥éﬁ?)i %rc?we&%far? er and w R tacl’ Iﬂ%cwer
total al umi nal¥VEREAHNAVIDE 3 § teinpalogyi on. Finally, the future _
Dot he Suppor b - hac HLer B & BRgS “%“““%“EQ‘SQWEE%ENP@%WW“*N‘% B hr e
o} e suppor as a er |evel, too. ree
Clinkers. On SiElindt f TERECEY FUGDl: 86 o e eieF (4 ("G, CURSToS fhavi g

a different nnmasufattogsd thioughesmitedingn drdin absuxie) Whalk wndd abhydritghinal ti ng
frombauxite i o hCy al_a tenperature of
1400C. di nkelriéﬂgcﬁog 8@%@?&&%%%?’@ l;“tfgfllzg’é’uﬁ om bauxite, chalk and
anhydrite in a refllgcmingrakcompositions (expressed im parcentaige iIR0®Eight basedhour s.
The m ner al c&?]ﬂg)‘i ' %éﬁx ' r t ' igﬂ% n the
total weight of t E‘S‘%Fi nl r ng%ésggﬁk%?ﬁk%lﬁg éélrﬂ-g(eiéﬁl"\% I'n tgﬁﬁgﬁizﬁ to
her ei nbel Bw. beaeinbelow: ABC Useful phasesCA5S Cl2A7456545 C3A5 C4A3$40 |nert
phases503015 SSB301020002900

Table 12
B C
Useful phases CA 5
Cl12A7 | 45 65 45
C3A 5
C4A3% 40
Inert phases 50 30 13
SSB 3010 | 2000 | 2900
Useful C/A ' 161 } 1.8 | 1.53
Useful C+A 50% | 70% | 85%
15 The composition of the mortar obtained from such clinkers and their

mechanical and rheological features are shown in table 13.




Useful C/ Al.611.81.53 Useful C+A50%0%85% is The conposition of the nortar
obt ai ned from such clinkers and their nmechanical and rheol ogi cal features
are shown in table 13. 23 Table 13 Trial ,0.202122 Cal ci um al um nate
conmpound (% in weight)202020 Cal ci um sul 3 ate (% in weight)997 Cal ci um sul
hat el A1203 (nol ar ratiol.210.910.73 Durcal 15 (% in wei ght) 222224 Dur cal
130 (% in weight8388 NE14 (% in weight)38.638.638.6 RE523Z (% in weigh t)222
Li 2C38 (% i n weight)0.050.050.05 Tartaric acid (% in weight)O0. 060, 040. 05
Mel f I ux PP100OF (% in weight)0.150.10.15 MI400PFV cel l ul ose ether (%in

wei ght) 0. 060. 060. 06 Dehydran 1922 (% in wei ght) 0. 080. 080, 08 WAt er 24%24%24%
Self spreading 7 min (nmm) 150148348 Sel_@s.dgﬁdi ng 20 mn (mr) 139144140
Gelling time (mn)233035 DP Vicat (mn)3.24042 FP Vicat (mn)355552 Rc 2h

(MPa) 3. 553 Rc 4?“,F|VPE‘)‘4._3‘7'T6.—5—RC‘24E| tMPat7t 75295 Rer28—¢
( MPa) 26. 522. 530. |5 @8M% um sul phat e; 95% pure_semni 1 hefr at e2b_Th@Zrechani cal
strengths are neaGltieh ARudnte Zotpbiing (% iBSheibhyes. 20St orggl qt 2%0 and 70%
hygronetry. The iprlu, ) cl(,-.,Ul Z%ﬁ%{lq e rmventTofral towforrmortays to be
obtained with g RS 4B Boeigids . both the rihedl Ojfl cal _land the
mechani cal | evel|.Cal6ium sulphate/Al,0; (molar ratio) 121 | 091 | 0.73

Dureal 15 (% in weight) 2 | 22| 24

Durcal 130 (% in weight) 8 8 8

NE14 (% in weight) 38.6 | 386 | 386

RES23Z (% in weight) 2 2 2

Li,CO; (% in weight) 0.05 | 0.05 | 0.05

Tartaric acid (% in weight) 0.06 | 0.04 | 0.05

Melflux PP100F (% in weight) 0.15| 01 | 0.15

MT400PFV cellulose ether (% in weight) 0.06 | 0.06 | 0.06

Dehydran 1922 (% in weight) 0.08 | 0.08 | 0.08

Water 24% | 24% | 24%

Self spreading 7 min (mm) 150 | 148 | 148

Self spreading 20 min (mm) 138 | 144 | 140

Gelling time (min) 23 30 35

DP Vicat (min) 32 40 42

FP Vicat (min) 35 55 52

Rc¢ 2h (MPa) 3.5 5 3

Re 4h (MPa) 4.5 7 10.5

Rc 24h (MPa) 17 | 17.5 | 20.5

Re 28 d (MPa) 26.5 | 225 | 305

Calcium sulphate: 95% pure semi-hydrate

5 The mechanical strengths are measured on 2 x 2 x 10 cm test-tubes,
stored at 20°C and 70% hygrometry.

The binders according to the invention allow for mortars to be
obtained with good behaviour compromises, both on the rheological and the
mechanical level.

10




24 CLAIMS 1. An ettringite binder for dense nortar conprising calcium

sul phates and a cal cium alum nate m neral conpound, characterized in that
such a 5 cal cium alum nate m neral conpowad conprises cal cium C and

al um nium A oxi des, soluble and conbined into one or nore crystallized
and/ or anorphous m neral ogi cal phases, in such proportions that, - the
useful C A nolar ratio of the calciumalumnate mneral conpound ranges
from1l.2 to 2.7; 10 - the sumin weight of the useful (C+A) phases accounts
for at least 30%of the total weight of the m neral conpound. 2. An
ettringite binder for dense nortar acc i to claim1, characterized in
that the cal ciumalum nate m neral coﬁ§§&¥¥5calciun1 sul phate weight ratio
ranges fromO0.5 to 4, preferably from1.5 to 3. 15 3. An ettringite binder

for dense nortar acqopgi égﬂln%ecﬂlﬁdéf‘far dexfé&arh @qsglgcg%ﬁﬁg gﬁlsci um

sul phat e/ al um ni.um A Qxi ratio I n ranges
fromo0.5 to 28nd a galciwm, alymipate sl F@ﬂp hasaqterzesc ib tnquhoaany of

cl i’vll s 1 ltso %altc@lhﬁraﬁﬁhﬁfatezﬁﬁnérﬂl EdiBp %ﬁdﬂecdiﬁﬁﬁ%és c@lofurﬂ‘lt%drai’tirhS ﬁuﬂ?m Ahgl
From L6 to 2oRges,plubleAmAgoraBRAINE e of dasrs svistliaed audr amRephawsol o) m
3 or 4, char mznenai@chllphanésainsdmhprepmum that:phat e/ al um n| um A oxi de nol ar
to 107 6. An ottri nolFeuBnSy/A 3OS el b e ' Glcispy R IBHE Tyhstelc) o e
1 25to 5, chk& m@ﬁsﬂ@mﬂl&toﬂ,&h a mortar conprising the ettrlnglte
bi nder hasgy, when ni v t han
0.5. 7. An ettr] n@&ﬂﬁﬂ M% ‘?a?ﬁ{jgtr‘lglgv%ﬂ a@léimgg%oﬁ?ng&o‘#t%%l m 1
to 6, charact ép/‘z Pﬁoﬁah&‘@lgm@ thermineralsempowndconpri se any Portl and
cenent or hydraul i g Ahmettrifgi té?QS{ﬁﬂérSEFér Rienté andriae Rebrding!/ @ iy qul i c

linme at conten 30 .lo 50/1n ht based ntheto We jht  of
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4. An ettringite binder for dense mortar according to any of claims 1
to 3, characterized in that the useful C/A molar ratio of the calcium aluminate

20  mineral compound ranges from 1.3 to 2.5, preferably from 1.6 to 2.
- 5. An ettringite binder for dense mortar according to claim 3 or 4,
characterized in that the calcium sulphate/aluminium A oxide molar ratio in
the ettringite binder ranges from 0.6 to 1.8, preferably from 0.8 to 1.7.
6. An ettringite binder for dense mortar according to any of claims 1
25 to 3, characterized in that such a mortar comprising the ettringite binder has,
when mixed with water, a water/solids weight ratio lower than 0.5.

7. An eftringite binder for dense mortar according to any of claims 1
to 6, characterized in that the mortar does not comprise any Portland cement or
hydraulic lime, or comprises Portland cement and/or hydraulic lime at content

30 lower than 3.5% in weight based on the total weight of the dry mortar,

8. An ettringite binder for dense mortar according to any of claims 1
to 7, characterized in that the sum in weight of the useful (C+A) phases
accounts for at least 50% in weight of the total weight of the calcium
aluminate mineral compound.

35 9. An etiringite binder for dense mortar according to any of claims 1
to 8, characterized in that the calcium aluminate mineral compound is obtained

....‘D




25 through baking in an oven at a tenperature higher than 1100C, under the
formof one or nore nolten or sintered clinkers able to contain
crystallized phases or anorphous phases? 10. An ettringite binder for

dense nortar according to any of clains s to 9, characterized in that

t he cal cium al um nate m neral conmpound is under the formof a crystallized
m ner al ogi cal phase sel ected anongst CA, Cl12A7, C3A, C4A3%, or under the
form of an anorphous phase, or under the formof a mxture of at |east one
of said crystallized m neral ogi cal phases and one anorphous phase. 10 11.
An ettringite binder for dense nortar accordln% to cIa|n110 characteri zed

in that the cirepghnbaking imee qvcRaata t thad 180°C,) wader oo i n

vei ght of  Cl24grm RFmer dbréindIRAr Siféddclikkesd hblef todotfein cri®taRized
preferably froH% 50%to 8 %ln wei ght of Cl12A7 based on the total weight of

t he nineral 08 amEEphous phases + ri ngi t e bi nder for dense nortar
according to any of lﬁlﬁnrmﬁgltétbuiﬁbf f@ﬂ'ﬂﬁ\@ehﬁmaIMrﬁmMaﬁW@fdaims um

al um nat e n ound
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m xt ures ther ¢uef formhef e cxystalhaed miherglogica phesegsalected ajmongit CAQ CI2A7An
ettringite bi r 2,
characteri zed@% tcfﬁsf%@%@g&%%&@&fﬂ%%@%ﬁ@@%@ r%ﬂérgfﬁ?egf %ﬁrBf& and
has a Bl ai ne sikfze ofaateleast gnerof said @y mmemoglcahphgseﬂmd ane
ettringite bi ghse nortar accord| ng to claim 13 character| zed in

that the cal cium alfum ate n nerﬂw‘ I's ground a r]as a Bl ai ne
surface ar®a rangin éer r5 € cpprtgr ai’SO é‘Pt‘P?‘ﬁ‘bl

bi nder for deaﬁ&amaﬁted if ¢l e @l diomadlMminate IndinbFal Lonipduhd. coriisas tagr i zed
L hat the oLl Byl BRRE o 90 ARl SRTEISETROUN yRRREGF Ao
characteri zedmcnrc t[jnaiferéhly drompr 586sto 8FVo-inaweight wof G1247 thasetk onathe dofal ned i n
ry mortar, - SRRt il tddd 30 53T om 2896 o 8591 1 vel ght
based on l8he tot al 13wAg ettriogite hindgr Jordsanse mortar aceerdingitocnyref elaismsd]
cement: from Q1R IhankleRzi®! AN'thAA W Qllciurt® abiflidal dhinefdi0Rbmipbubd® dry
o comprises at least one crystallized mineralogical phase selected amongst
CZA(1-x)Fx, C2S, C2AS, C3S and mixtures thereof, where x is an integer
belonging to ]0;1}].
20 13. An ettringite binder for dense mortar according to any of claims 1
to 12, characterized in that the calcium aluminate mineral compound is ground
and has a Blaine surface area higher than or equal to 1500 cm?/g.
14. An etiringite binder for dense mortar according to claim 13,
characterized in that the calcium aluminate mineral compound is ground and
25 has a Blaine surface area ranging from 2000 cm*/g to 5000 cm¥/g.
15. An ettringite binder for dense mortar according to any of claims 1
to 14, characterized in that the calcium sulphate is derived from a compound
selected amongst anhydrites, semi-hydrates, gypsum and mixtures thereof.
16. A dry mortar characterized in that it comprises:
30 - an ettringite binder as defined in claims 1 to 15: from 15% to 75% in
weight based on the total weight of the dry mortar,
- chalk fillers or siliceous sands: from 25% to 85% in weight based on
the total weight of the dry mortar,
- lime and/or Portland cement: from 0% to 3.5% in weight based on
35 the total weight of the dry mortar,




26 - redispersible powder polyners: from0%to 8% in weight based on the
total weight of the dry mortar, and/or solid-liquid dispersion polyners:
fromO0%to 20%in weight based on the total weight of the dry nortar, and -
Theol ogi cal additives and/or setting reg@ﬁatl ng additives. 5 17. A dry
nortar according to claim 16, characterized in that it conprises: - an
ettringite binder as defined in clains 1 to 15: from20%to 50%in weight
based on the total weight of the dry nortar, - chalk fillers or siliceous
sands: from50%to 80%in weight based on io the total weight of the dry
nortar, - lime and/or Portland cenent: from0%to 0.5%in weight based on

the total weight of- tdilis blE!]idvﬂier lm&ssmﬁﬁowﬁ)swﬁemmtm&rds{mfrom
0%;0 5%|_n V\ﬁ}egg’ base and/ or

th wei ght t hed mortar .
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characterized in th: Eheg’ﬁjglélgﬂa'fogl @oﬁ%ﬁfk@@laﬁﬁ %&ﬁtﬂ) or fromO0.1 %to
0.5% of thé total wkl-ght dey memar decordingt tr claimd 16h sharecterized ringthiatitit ng

addi tives accpym Pn“&&r 0.1%to 0.5%of 20 the total weight of the dry
nortar. 19. A wet nortar ohbtajned through.m xing_a dry nortar such as

defined in clains 163% eftringite binder gt defined in glagma A ta dSifrom B tor39% in
wat er/ sol i ds Bhsd’daéﬂ@lcltgtal wwghtbhm mortd};, The use of a cal cium
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the total weight of the dry mortar,

- redispersible powder polymers: from 0% to 5% in weight based on
the weight total of the dry mortar, and/or sobid-liquid dispersion polymers:

15  from 0% to 15% in weight based on the total weight of the dry mortar,

- theological additives and/or setting regulating additives.

18. A dry mortar according to claim 16 or 17, characterized in that the
rheological additives account for from 0.1% to 0.5% of the total weight of the
dry mortar, and the setting regulating additives account for 0.1% to 0.5% of

20 the total weight of the dry mortar.

19. A wet mortar obtained through mixing a dry mortar such as
defined in claims 16 to 18, with water in such an amount that the water/solids
weight ratio is Jower than 0.5.

20. The use of a calcium aluminate mineral compound for fonmulating

25  an ettringite binder according to any of claims 1 to 15,

21. The use of a calcium aluminate mineral compound for formulating
a dry mortar according to any of claims 16 to 18.

22. The use of a calcium aluminate mineral compound for formulating
a wet mortar according to claim 19.




