23 OCTOBER 2006 1 Ettringite binder for dense mortar, conpriSiddrossi S604M
sul phates and a m neral cal cium alum nate conpound The present 1 nvention
relates to an ettringite binder for a noitar, 5 including for a dense
nortar, preferably with a water/solid weight ratio lower than 0.5, said

bi nder conprising a cal cium alum nate and cal ci um sul phate m ner al
conpound. It is meant under ettringite binder a hydraulic binder with the
conmponents thereof giving, upon hydration under nornal use conditions, as
lo the main hydrate ettringite, which is a calciumtrisul phoal um nate having
as a formula 3CaQ A120 éﬁé%b%gggordégsé%;@ﬁ %orﬁﬂﬂgfn §0I ids all the dry
conponents of the m)rtar dry nortar

formul at ed from suediciy , pgind @ rhinedad recatcdnmrdlsimigate tempmiuadum al uni nat e
and cal ci um sul phate 15 mi neral conmpound. The invention further relates to
a wet nortar obtained frommxing dry nortar such as defined herei nabove,
with water in suchlkh paessohtinvertion welatesatoe anseftiingiteibinder fori 8 moriaswer
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m ner al onmpound for. fornul at] an éttringite bind nortar or a
wet nort ar ae - s Saidf binder remerisiioeccalaim alumingts aad hakum é@lfpbates. ng a
cal ci um al urhftdrsl &Q{Cpl um sul phate mneral conpound is adapt ed to be
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Techni que du rrent
mineral compound.

The invention further relates to a wet mortar obtained from mixing dry
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
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20 compound for formulating an ettringite 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 I’avis technique et le classement P.
Cahiers du- CSTB, n° 2893 — Delivery n°® 370, June 1996), products should



et systenes de preparation de sols interieurs pour |a pose desvWEHENE de
35 sols mnces>> - @iide technique pour |'avis technique et |le classenent P.
Cahiers du CSTB, n 2893 - Delivery n 3702 June 1996), products should 23
OCTOBER 2006 2 neet at the sane time nechani cal performance criteria,
adhesion performance criteria as well as use usability criteria [paste
honogeneity, fluidity (spreading dianeter of the paste being previously
poured into a ring with 30 nmm height and 50 mmdianeter) and gelling tinge].
5 1n. addition to the criteria as required by the CSTB, the quick snoothing
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The ettringite solubility product at equilibrium is: Kee = 4,9 x 107,
The formation rate of ettringite (nucleation degree and ettringite crystal
growth) depends on several parameters, including the oversaturation

20 coefficient B3, linked to the energy available for forming nuclei :

B = (aca+)’ * (@aiome-)” * (asoa-)’ * (2om)"/ Kex

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 Al,Os represented by A in the cement nomenclature, and of calcium

30 oxide CaO 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



nowadays conprise an association of cal cium al um nates, cal cp3OEtHerREReE 35
and Portland cenent, with the proportions of each of the conponents being
tricky to define, as the hydration under3the ettringite formshould be
controlled 23 OCTOBER 2006 3 so as to reach the best conprom se between the
ettringite anount being that ensures the drying ability of the product

(hi gh anobunt of m xing water being crystallized under the form of hydrates)
and the norphol ogy of such an ettringite, which, for a given crystal
density, ensures the nechanical strength 5 |level and the control of the
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recesses oc@artidulgr the wodabditghodd titmeuct ures), to. use ettringite mxtures
of cal ci.ym al um ngt a cal ci-um.sul 8. t..the 2Q r.equirenents of the
system leffer con Iuggr%%%ymrpg}#?ﬁsengg%%ggggﬁgwtggtorﬁyalapmo(@ﬁO stth t he

i nvention: tplnmr_[arto_duct shoul d be punpable, set quickly, but with a

wat er/solid ratioypthe. aeden of;§ ﬁzﬁ&? h@ﬁ@,rStS%n{jlis%'s@ﬁt ettPinSHE c@fent
application being to tfeate ntuch volune), tThe mechani cal conpression

strengt hs atcomposians biasedoon exicum slupraater gatgiem, sulpbatey seraanisumaariel ity is
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requi renents i1n <<dense nortar"” applications,are su J1t s not,
possi bl elstoand?’@f@%%c&mﬁphﬁgééﬁidﬁzg%pw&?}r@ﬁgs rRgehanicaliengths iso be
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invention is therefore to overcone.the . disadvantages of . .
T{ 1S Enown, or So-called «Mine Pac mgg appﬁcatlons (where it is

aimed at filling the recesses occurring in underground structures), to. use
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 dense
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,
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and a calciumalum nate mneral conpound, allowing to reach in dense

envi ronments the best conpromni se between4the workability hold time and the
mechani cal strength acquisition kinetics. Another advantage of the invention
is to allow for a reoperation of 35 structures, while keeping a workability
equi valent to that obtained with prior art nortars. For formnul ations
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bi nder degree and an identical Blaine fineness for the calcium alum nate,
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around the apigfripus R3S 8phichORindery MHe t diSsHiti6N 6ﬁ%z%dspg%in§ -4hd €i ther
sul phates or alum nates . dependj ng on the case,.Such a bl ocki ng phenonenon
for the 1r5ea&omé?ﬂuqngltYéﬁfiﬁﬁgt%ﬁgjoﬂgW?%éﬂejﬁi E@r HiR§al in a dense environnent
and when there ardndbed,atige efieirigitel Gorsndrinveiérectiherdsalteafony ahesreditivde
cal ciumi Onsdigsfollgtri]c?n 1C*ia|1tfe§c SEEIY soluble components that will determine the proportions
between the calcium, aluminium and sulphate ions in the solution. The
calcium ion concentration acts at first order on the ettringite formation
20  kinetics; when it is high, the ettringite formation may be very quick, even flash
and consequently may occur instantaneously around the anhydrous phases
containing the other required ions, i.e. either sulphates or aluminates
depending on the case. Such a blocking phenomenon for the reaction
interfaces is particularly critical in a 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
calcium, 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.
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



sol ubl e substances and/or |arge devi ations between the rel ea3®0doBERTO0ENE
cal cium al um nium and sul phate ions. In order to obtain the desired
performance for nortars, and nore particularly for dense nortars, early and
very quick formation of ettringite around the |east soluble grains has to be
30 avoi ded since such a phenonenon then prevents the normal progress of
hydration and | eads to a dense nortar which does not neet the
specifications, nore particularly as far as short term nechani cal
performances are concerned. Such a bl ocki ng phenonenon for the reaction
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quick drying performance.

Similarly, excess of calcium sulphate relative to phases containing

20 calcium aluminates leads to the same effects 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 dense mortar
comprising calcium sulphates and a calcium aluminate mineral compound,
said calcium aluminate mineral compound comprising calcium C and
aluminium A oxides, being soluble and combined into one or more

35  crystallized and/or amorphous mineralogical phases, in proportions such that:



calciuminto the aqueous phase. This is why conpositions conp3 OTUBERAIDEUM
al um nate and cal ci um sul phate phases in stoichionetric proportions (the 25
mol ar ratio of cal ci.um sul phate/al um ni un oxide A is 3) cannot allow for

i npl enenting dense nortars with good hardening properties and controll ed

di mrensional variabilities. Controlling the nortar hydration is thus first
subjected to controlling the calciumsupply rate relative to other ionic
species, and in particular 30 alumnium The invention thus relates to an
ettringite binder for a dense nortar conprising calciumsul phates and a
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15 It is meant under useful oxides C and A, those oxides C and A which
give an oversaturation coefficient B>1, when they are put in solution, in a
mixture with the other selected components of the mortar composition,
including calcium sulphate.

It is meant under useful phase a phase releasing useful oxides C and

20 A

Thus, phases C2AS, 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 useful phases.

30 Calcium 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 lower than

35 0.5.



20 A. Thus, phases C2AS, ferrites, are not useful phases (theyOumsER 2006
"inert phases"). On the contrary, Cl12A7, C3A, gl asses, C4A3$ (where $
stands for SO03 in the cenment nomenclature), CA, for exanple, are useful
phases. 25 The useful CA nolar ratio of the cal cium alum nate m neral
conpound is thus the nolar ratio of all the oxides C and A of the cal cium
al um nate m neral conpound, which are present in the useful phases.
Simlarly, the sumin weight of the useful phases (C+A) is the sumin weight
of phases conprising oxides C and A and which are useful phases. 30 Cal cium
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t he ettrlnglte deci rilve

conpri sifig the et ﬁ:l]urggprtegergﬁ}ydépo %fé&PHfH{b‘“%aict%lﬁl%ﬁeaﬁ‘r":%%a%fﬁ‘é’tg Qonpri se
ei t her Port Ithevéinveatientdonohyeinarise eithemBortlbndycenvan orehyelrahiéd Hsse. (ldlegr at e a

3 5% n vei Jh8 BasEHCRY b IR BBt of arglRETRhe Ak Pafand 1 o
preferred embognhewithin keliguimof 3.5k ghtweaightt basedsed the tpted swsighCof)dryccount s
for at least,50% in weight of the total weight of the
15 According to a preferred embodiment, the sum in weight of the useful
phases (C+A) accounts for at least 50% in weight of the total weight 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 turn 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 C12A7, based on the total weight of the mineral

35 compound.



cal ci um al um nate m neral conpound. The cal ci um al um nate nngU%ngﬁﬂgu%F
included in the binder used for formulating the nortar could be obtalne

t hrough baking alum nium A 20 oxide rich materials, including bauxites, and
chalk, in an oven with a tenperature higher than 1100C. It could be obtained
under the formof one or nore nolten or sintered clinkers able to contain
crystallized phases or anorphous phases or result froma m xture of various
m neral conpounds. conprising cal cium al uni nates, obtained in turn through
baki ng or not. The 25 oven to be used can be any oven conventionally used

for manufact i ng Tyl LiIkES o1 @ iU HHREBLLA%aR IO CShprd et

furnaces, rotar Yy furnaces or I on or

el ectric ar eneTwswéhmclummemibg@ab phaﬁ@r@llecé&rmnms(coGBA(be()EmdéEZS he form
of a cryst @2A§6@3§‘ &ﬁ; %é’%lﬁ(ﬁire?%@oﬁ%ﬁ&%eﬁ a%ﬂog%g%%ﬁv F;%%Fa%n
er orm of a

C4A3% 30 or_under an anor pAous phase
m xture of 5@2@3@@@ Sid eecarding &9 yhe aqemezlémqmmeﬁut@ wheas 66 inad an

am)rphou$ phas erbé?f()ﬁgﬁrgqgéyj, 1{.he mneral conpound conprises at |east 30%in
wei ght of C 12 rably at, | east 50% i n weight of Cl2A7, much

more preferably 5d%e ?33018‘@% yminsite mingral compoungaeed be greundaad cagi ght of
the m neral thé’rﬁhmglﬁﬂe s%@m%@@gfﬁgﬁfé?%arﬁoﬂ a¢ 8 QSGU‘cﬂizﬁg"ﬁ}@fe@a&yner al

conmpound can al.so co i t one crystallized m neral ogi cal phase
sel ect ed arrﬁﬁb‘.’éilgé@&? Q§ﬁ9%0@b§m /&2AS, C3S and the mixtures thereof, where
F and S respectivdlhg apmgnfaw calEﬁQﬁ’&u&phhtélfGQ tleee Gixidbir neart betfaRes draAt
nonmencl at ure a}dt wher e r}H’dg { ﬂ%l nc(ytho ]0; 1]. The cal cium
al uni nat'® r’riapr]é¥ eéogmﬁb S(?HHT %CEJFB A%l hen have a Bl ai ne
specific area hi gFfélre birater ocomgrisingt melfcﬁﬂ:mmbg;mmaté anatelryl coanpund from
2000 to 500 a, an
%F(g anr%/ié)r JB[% 1898:’{6?&{ SR8 %s ?oabﬁﬂn H{“a%t{&e Q{Ea%cgm@ g%g 8{13&5 anfl Th c

taken from i psunj sem
bi nder conpadéitwgstmér}cmocrtam al um nate m neral conmpound according to the

i nvention all ows t’[‘?lecli}&%&ta@ééc%'idihg%%ﬁ’é’irfvieﬁﬂox?fcoﬂfp?ﬁ%:at es and additives,

a dry nortar. . . . _ . .
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 polymers: 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 mortar, and/or solid-liquid dispersion polymers
from 0% to 15% in weight based on the total weight of the dry mortar,

35 - rheological additives and/or setting regulating additives.



The dry nortar according to the invention conprises: 15 - a hj acc i ng
to the invention: from15%to 75%in weight based on the to?g{ﬂﬁt(?wgé‘?é

the dry nortar, - chalk fillers or siliceous sands: from 25%to 85%in

wei ght based on the total weight of the dry nortar, - |inme and/or Portland
cenent: from0%to 3.5%in weight based on 20 the total weight of the dry
nortar, - redispersi-ble powder polyners: from0%to 8% in weight based on

the total weight of the dry nortar, and/or solid-liquid dispersion polyners
fromO0%to 20%in weight based on the total weight of the dry nortar, -

rheol ogi cal additives andfor ,setting requlatin dditives. 25 Preferably,
the dry nortar accﬁ?ediﬂ?gyv %eghgokymfgﬁtﬁngx gSnﬁ%F%@&: among yymyl é’@ﬁ@?edi ng to
Ei he inventi cumpoLyr’?mszO?ifyﬂ anﬂ@%ﬁlarllmbghtateﬁpaseidht?e fohexdraplel fromi Bhickei Lhe
ry nortar, - illers or siliceous .sands: from50%to 80% in weight
based on t & @8&%}1&@;@3&3%33@0&‘5“@?@%9 SBOb- Ljirrsm:and/ or (Eortland
cement: from 0% t dl: &hd-hiquel dispedsemepolymers ban betsalectesi ghongdt styvends y
nortar, - ragj i ; 1.0% % j . based on
the. tot a’ walSRRERF dpraONE ol ¥8RETs, kTR VD) 3o EhF LingPBEF o, o
fL omI 0% t oI ml?j%lp?_e wersgg;t;tﬁa@elabwor h&ampitfrogeﬂgrﬁomn_&r}éaadr@‘/omatmn. ggoé
rheol ogi cal additi regu : i

9 The powdered_pollgfreserr S nggfc‘gg%tggf'tg\%[se anﬁl&%}?{o\%ﬁﬁyﬁo&ﬂ@e&ﬁ Og:;(glg@l%gners,
vinyl and ethayieghehoepbnt ot eBUpYiNg dbee ifibal anivedl enertamrirgelogy. BuctEl ot ex

Cor por at i ongheatddida®! ¥adifives aheRie! aseiles®Pddaed | Hbjathides REHRIQ8hRRGY Mer S
can be sel ected m)n}(glst styrene- s bgkﬁ |E§n|eq§hd| spersjons, acrylic styrenes,
t

acrylicsl0 vikgfyo cagted phpsphagate yere pebyoxidg @ol¥spsbonaiese f or
exanmpl e fronpdpy Raldmbxtdees therdddr uchn addiiRes NgR Q@nERbralty t hvARmbl €

i wed mort arPrPRNGP oGy B8,EHPodPBITEA TR rifk L FeIad S0R Sprpdlicts, 1
sul fonat ed rmhrketeteby QHRYSECdesoration ps iwsikyeMBILIEN€F [9®sPIRIEL EX ( POE) ,
ethyl ene po'ﬁ@fﬂo(iif@ ?r?a!r}égt%ﬁbo%/ngf{% Corporation may be mentioned. ’
15 The rheological additives preferably account for 0.1 to 0.5% of the
weight total of the dry mortar. They are often associated with hydrosoluble
polymers, having the function of limiting the segregation, such as cellulose
ethers, as well as welan gums and polysaccharides.
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 allows 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,O; is a molar ratio; the amount of



(PCP) and m xtures thereof. Such additives are commercially 2y@dRIYR 2006
products. As an exanple, OPTIMA 100(r) and PREM A 150(r) products, nmarketed
by CHRYSO Corporation as well as MELMENTI& 10(r), MELFLUX PP100F(r)

mar ket ed by SKW Cor porati on may be nentioned. is The rheol ogi cal additives
preferably account for 0.1 to 0.5%of the weight total.of the dry nortar.
They are often associated with hydrosol uble polyners, having the function
of limting the segregation, such as cellulose ethers, as well as wel an
guns and pol ysaccharides. The setting regulating additives may be setting
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0. 5% of thetota? wel ght g rtar.” Preferably, tartaric acid could
be used, conBInEAMRPRINISE ﬂlﬁﬁnoqua&conate as a setting retarder. The dry
nortar according to the invention allows for obtaining a wet nortar through
mxing wth watear ater |s.such that 25 the
wat er/solid :M_q‘l 5 A‘. lemof the invention is
the use of a calci Amn@hlamm@t@ajﬁedlawdrdmgotmthendvémﬂmﬁ aromiprdding G Binder
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for formulatin ar accor I nventl on. The invention is

illustrated and detailed by the foll ow ng exarrpl es. In all such exanples,

the usefyl CAratio is a nolar ratio; Thhg useful (C+A) 35 percentage is
——E‘hwe

expressed in wei ght based on the total ight of the m neral conpound; the
ratio of calciumsulphate/Al1203 is a polar ratio; the anpunt of 23 OBER
2006 10 m xirﬁgm@t er is given in per cenfage in wegi gl baseq o:k tfe it ot al
wei ght of t dry Cor]%él_pents of .the rtar | EXEVRCE 1= COVWPAR EXAMPLES
2, 3, 4, 5 BCAlGHY ar alugniBRte BHNSRLbr ding |t o the i nvention, donprilsing a
bi nder accpesinpgund (S8B = pO@MtiB3p)(tfial ng. 1). |By way| of conpari sjon,
mortars are| prepar rom bi nders belopgikng to.the prior ayt (trjalls nos.
qortars arel P ERHFE/A P99 tosthe priop ajt (tri
- useful (C+A) (%) 87 CA 55 55 55
- major phases C12 54 CA CA CA
- amount (% in weight) A7 65 65 63 63
Calcium sulphate* (% in weight) 35 36 35 33.5 | 335
Calcium sulphate/Al,0; (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 1 shows the conposition of the binders. 10 Table 1 Tr23dDCTOBEH 2008 4
5 Calciumalumnate m neral conpound (SSB = 3000 cne/g) : - useful CA 1.77
55111 - useful (C+tA) (% 87 CA 55 551b5 -nmjor phases Cl2 54 CA CA CA

- anount (%in weight) A7 65 65 63 63 Cal ci um sul phate* (% in weight) 35 36
35 33.5 33.5 Calciumsul phate/ A12G3 (nolar 0.85 - - - - ratio) Supplenental
calciumion source: - nature** - PPIC- CP - amount (%in weight) - 5/5 -
3.5 3.5 * Calciumsul phate : sem -hydrate with 95% purity * * P = CEM 152.5
CP2 Portland cenment; C = 1line 15 Table 2 shows the conposition of nortars
conprising the binders fromtable 1. 23, OBER 2006 11 Table 2 AFNOR sand
1350 g Binder 675 g Sodi um gl uconate™2 g Li2C38 2.025 g Wwater 270 g
Tabl e 3 shows the theol ogi cal _and nechani cal features of the resulting 5

ggr?na;]s. R‘(I:'?EI ghB(-l\r/er;?l 3804. é ?gNg)%Saﬁ*\ﬁ cat 12_’,%0@ N 12 mn 45 mn 45 mn
Binder 675¢g
Sodium gluconate 2025¢g
Li,CO; 2.025¢
Water 270 g

Table 3 shows the rheological and mechanical features of the resulting

5 mortars.
Table 3

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

Rc 24h (MPa) 46 3.5 28 2 31.5
Rc 28 days (MPa) 60 11.5 47.5 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 measuring
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.



Re 24h (MPa) 46 3.5 28 2 31.5 Rc 28 days (MPa) 60 11.5 47.5

Comrents No Cracks at 28 No No No comments days coments com%%@%%n%%on%s
to * DP Vicat: Setting onset as measuredjaccording to the "Vicat" nethod
**Rc: Conpression strengths, as neasured on test tubes neasuring 4x4x16 cm
Such trials show that the nortars according to the invention have very 15
good nechani cal conpression strengths at the short term while having a | ong
and adj ustabl e enough setting tine through the choice of the retarder
dosage. It can also be seen that the prior art nortars, conprising the usual
al um nous ceng éu ority of CA phase) and a_conplenentary supply in
Portland cemsatANHd ‘ Sehull val ent setti ng times, to

20 obt aidntsa% ioscr oi:fﬁﬁhénbf@léﬁ ra@&gl_fdhﬁg itto Etﬁﬁ iﬁh@mﬁ%ﬂ,ewnh(fsh_ ﬂaﬁll&r:\/Pa,_
conpared to a for e nortar, according to.the inventiqn). Sim.larly, in
comb cases. | ACtang Lt EGRtipn @3 Bhant g Rtitirt ofvang, AY CompRpEle »
very | ow | everepazdd GUHGBpRo2Aftindst (REAVRIBE 6 - COVPARATI VE EXAMPLES 7, 8 A
the i nventlon (no. TaF Sherinspporiofty b M iy Sadiamia, sRECRIS, ca
with a prior feattrebianelehownas table 48). 5 The nortar conpositions and their
rheol ogi cal and nechani cal features arg féﬁ wn in table 4. Table 4 Trial no.

6 7 8 Calciumalunm nate m neral conpo SB: 3000 cne/g): - useful CTA
1.77 1 1 - useful (C+tA) (% 87 70 70 - mmjor phases C12A7 CA CA - anount

(% in weight )Tri]a?ngz 5 19 Cal cium sul phate (% in wei ght6) 11 7.75 11 8

Calcium aluminate mineral compound (SSB:
3000 cm?¥g):

- useful C/A 1.77 1 1

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

- major phases CI12A7 | 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) 4725 | 4725 | 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 0.05 0.05
MT400PFV (% in weight) 0.05 0.05 0.05
Dehydran 1922 (% in weight) 0.15 0.15 0.15
Water 20 20 20
DP Vicat (min) 105 60 65
Rc 4h (MPa) 14.5 9.5 11
Rc 24h (MPa) 25.5 20.5 21
Rc 7 days (MPa) 41 28.5 28.5
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




Cal ci um sul phate/ Al 2G8 (nmolar ratio) 0.92 - - - Slag (% in we3 durnosiRk 200620
Siliceous sand (% in weight) 47.25 47.25 47.25 RE523Z (%in weight) 2 2 2
Lifetech 115 (%in weight) 0.1 0.1 0.1 Tgisodiumcitrate (%in weight) 0.1
0.1 0.2 Melnent F 10 (%in weight) 0.3 0.3 0.3 Sodium gluconate (%in

wei ght) 0.05 0.05 0.05 Mr400PFV (% in weight) 0.05 0.05 0.05 Dehydran 1922
(%in weight) 0.15 0.15 0.15 Water 20 20 20 DP Vicat (mn) 105 60 65 Rc
4h (MPa) 14.5 9.5 11 Rc 24h (MPa) 25.5 20.5 21 Rc 7 days (MPa) 41 28.5
28.5 Retraction at 7 days (mmin) -0.6 -1.6 -1.05 Ettringite fornmed at 7

days (J/g) 135 70 0 esi dual, anhygded te at 7 days 315 280 500 23 OCTOBER
2006 13 The cal ci iﬁ?éﬁﬁﬁ Sél?ﬁ)téa%%%//og%@r%urgﬁﬂmﬁ‘?ﬁ@ée. The slag is a bl ast
furnace slag. The Fhkisteapus Hastducmaresldg.om Si fraco Corporation, and is

mar ket ed under desd | l,e 4 1 rain:si f swhi ch
is lower 5 than 5%8%?1%%@3)815?59&0% &éﬁ‘;@%&? ijrk%ésrlgﬁm?i’aﬂd;fiﬁ%(l&ﬁgcker
Cor por at i on. uhder desagnation SatdedVEl ¢ (Sand dNEi)ethe gopoisiaeerf whidhetsdomwet 15:

this is |Lithi n by FMC. Mel nent F10: sul fonated nel am ne
f or mal deh%dew%@ gg{]@fgjsﬁ%\?b?ﬁﬂ%di um gl uconat e: marketed by Roquette
Freres. MI400PFV: Bé3231 ose aerasint markriedebly bW aviserr Cmaperatign. It Dty dimh 1922:

anti f oam mar ina. i dual anhydrite anmount (given in an
Et&%t% 4 é?ﬂggzglg coﬁgf}{[rﬁés

arbitrary uni I'S_neas ‘the height of the peak obtained by X-ray
diffraction. Lifetech 115: this is lithium Carbonate marketed by FMC.
Melment F10: sulfonated melamine formaldehyde marketed by SKW.
10 Sodium gluconate: marketed by Roquette Fréres.

MT400PEFV: cellulose ether marketed by Wolf Walsrode.

Dehydran 1922: antifoam marketed by Rhodia.

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.



15 The ettringite amount being fornmed is nmeasured by the evohkg@ctesdr 20060V
in DSC (Differential Scanning Calorinmetry). The retraction is neasured at 7
days on 2 x 2 x 16 cmtest-tubes stored 14t 20C and 50%rel ative hum dity.
The mechani cal strengths are neasured on 2 x 2 x 16 cmtest-tubes, 20
stored at 20C and 70% hygronetry. It can be seen that the cal cium alum nate
m neral conmpound according to the invention allows for a nuch better

per f ormance conproni se: - the nmechanical strength acquisition kinetics is
much better than with nortars fornulated with prior art mneral conpounds,
25 - the dinensional variation control hgbetter as well,, - a better

ettringite formation yield is obtai ned—*a's—ew denced by the higher
ettringite amount being forned and the | ower residual anhydrite anmount.
EXAMPLES 9, ﬁ)@ﬂ}@ COVPARATI VE EXAI\/PLE 11 30 Repal mrtars 3ape pir eppr qld

accordi ng t p—the—t+nventtron—(triats—9—and—i0)—andtatso—=a—pr+or—art
conpar at i ve| Fekaium (alpmdnate 1 ymineradi compayad t(S@Bs are shown in tiable 5. 23
OCTOBER 200630d@ chabbe S5 Trial no. 9 10 11 Calciym al um hate m ner al
conpound (SBB: 3000 /g): - useful JA1.77 1,77 1, - .>eful (G+A), (99 87
87 70 - rmmj or- pABES/A&12A7 C12A7 CA - anount (%l nlﬂéigwt) .38 30 33
Cal ci um sul phat gseffith ( @};—M (@ht) 15 13 10 Calcium sul @t ef A1263 (Inoy@r
ratio) 0.85[0.69 - I}g_g\éadeau siliceous sand 0-315 %Sééhn 1%{7) gﬁél?) 19
Pal vadeau s{|ic®¥ 315 gm1 mm (%in 19 19 19 V& viadedu
si |l iceous sand- dmdunni®%%miweighi)ght) 19 19 19 30
Calcium sulphate (% in weight) 15 13 10
Calcium sulphate/A1203 (molar ratio) 0.85 0.69 -
Palvadeau siliceous sand 0-315 pm (% in weight) 19 19 19
Palvadeau siliceous sand 315 um—1 mm (% in 19 19 19
weight)
Palvadeau siliceous sand 14 mm (% in weight) 19 19 19
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 17.2 17.2

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 15min | 48 min | 35 min
FP Vicat 22min | 62 min | 45 min
Rc 4h (MPa) 37 33 14
Rc 24h (MPa) 51 45 40
Rc 28 days (MPa) 61 52 55
10

FP Vicat: Vicat setting end



Sodi um gl uconate (% in weight) 0.1 0.1 0.1 Tartaric acid (%3 OowByrR 2006
0.15 - Li2CX8 (% in weight) 0.1 0.05 0.1 TOTAL 100 100 100 Water 17.2 17.2
17.2 Cal cium sul phate: 95% pure sen -hydfate s The theol ogi cal and

mechani cal features of the nortar are shown in table 6. Table 6 Trial no. 9
10 11 DP Vicat 15 min 48 min 35 mn FP Vicat 22 mn 62 mn 45 mn Rc 4h
(MPa) 37 33 14 Rc 24h (MPa) 51 45 40 Rc 28 days (MPa) 61 52 55 10 FP
Vicat: Vicat setting end 23 OCTOBER 2006 15 The mechanical strengths are
measured on 4 x 4 x 16 cmtest-tubes, stored at 20C and 70% hygrometry. It

can be seen that t .1 n r tter
strength acquisiti gﬁeﬁﬁ &?&}ni%a‘g} gl%&%lmskl #eoR %ﬁ‘ré&]\é@u‘? sx?h] ggt n:ﬂilstélﬁstu rsﬁe fo
5 equi val ent swetd anZ01C mmmmommy A glue nortar is prepared accordi ng
to the invention. I Tei.al no.
12 Cal CI um al um na t{iaxﬁ%ﬁ%%éﬁ gh%ntgﬁ ligg%?%n@? d])hgbtloethE IP V?ntg’lgh%v%_/a fa‘r
usef ul ( C+A) betgr SVengthﬁpqulsﬁm&mecc&émumtlam|41hQL%%) anguehigHs )trt%foas
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) 1.5
Tylose MH3001P6 (% in weight) 0.35
Trisodium citrate (% in weight) 0.2
Sodium bicarbonate (% in weight) 0.2
Li,CO3 (% in weight) 0.1
TOTAL 100
Water 25.5

Calcium sulphate: 95% pure semi-hydrate.
Durcal 15: Calcium carbonate marketed by OMYA with a grain size d50 of 15
pum, 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.



Cal ci um sul phate (% in weight) 13.5 Calcium sul phat e/ A1203 23 QcGroBER 1006
0.81 Durcal 15 (%in weight) 9 Sifraco siliceous sand NE14 (% in weight)
48.65 RE530Z (% in weight) 1.5 Tylose NK300IP6 (% in weight) 0.35
Trisodiumcitrate (%in weight) 0.2 Sodium bi carbonate (%in weight) 0.2
Li 2CO83 (% in weight) 0.1 TOTAL 100 Water 25.5 Cal cium sul phate: 95% pure
sem -hydrate. Durcal 15: Calcium carbonate nmarketed by OWA with a grain
size d50 of 15 m with 1% of the grains having a si ze hi gher than 100 gm
15 RE530Z is a resin mar ket ed by Wacker Corporation. is a vinyl acetate

and ethyl ene copo | ul ther mar ket ed by
Clariant. 23 OCTOB 6@%1%3%5%%@%15%3’%@% %gfet ‘es are shown in table
8. Table 8 Trial no. 12 Opened tinme on paving 20 min DP Vicat 45 mn
Adhesi on at 4h (MPa) 0.5 Adhesion at %Eé_%/Pa) 1.2 Adhesion at 28 d (MPa)
2.1 5 The adhesion is neasured on a SA dynanonet er according to the
operating node as described in the Cahier des Prescriptions Techni ques

d' Execution "Revetenents desﬁﬁllﬁol nterieurs et|ex gri gurs en carreaux
ceram ques on anal ogues col [es—ah—royenr—de—ortters—cohl es” CSTB 3267 io0

| eafl et. A product is obtai né)pelnadltmge am peyiaged tZOmmmf 20 mi nutes and good

DP Vicat 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 intérieurs et extérieurs en 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.




mechani cal properties. EXAMPLE 13 A quick fluid screed is pr2pe@cadpuri2008

cal cium alum nate mneral 15 conpound according to the invention and gypsum
(trial 13). The conposition and the rheoliggi cal and nmechanical results are
shown in table 9. 23 OCTOBER 2006 17 Table 9 Trial no. 13 Calcium

al um nate conpound (SSB = 2010 cn®/g): - useful CA 1.77 - useful (CGtA (9
87 - mmjor phases C 12A7 - anount (%in weight) 14.3 Calcium sul phate (%
in weight) 7.2 Calcium sul phate/ A1203 (nolar weight) 0.80 Calciumion

suppl emental source: - nature C - anount (%in weight) 0.2 Siliceous sand
1-4 mm (% in weight) 49.4 Siliceous S 3] 05315 m(%in wight) 15.3 E10 (%
in weight) 8.0 D130 (%in weight) 3.9 3Z (% in weight) 1 Dehydran
1922 (% in weight) 0.1 Cellulose ether (%in weight) 0.07 Li2C33 (%in

wei ght) O. 0? _ Caseurn ( (%'I n weight) 0.3 K_2SO40 (%1 n weight) 11{32 Sodi um
gl uconate (%in lght)1 012 TOTAL 100
Vater 14 Calcium aluminate compound (SSB = 2010 cm¥g):
- useful C/A 1.77
- useful (C+A) (%) 87
- major phases Cl12A7
- amount (% in weight) 143
Calcium sulphate (% in weight) 7.2
Calcium sulphate/Al,O; (molar weight) 0.80
Calcium ion supplemental source:
- nature C
- amount (% in weight) 0.2
Siliceous sand 1-4 mm (% in weight) ‘ 49.4
Siliceous sand 0-315 pm (% in weight) 15.3
E10 (% in weight) 8.0
D130 (% in weight) 3.9
RES523Z (% in weight) 1
Dehydran 1922 (% in weight) 1
Cellulose ether (% in weight) 0.07
Li,CO; (% in weight) 0.05
Casein (% in weight) 0.3
K,SO, (% in weight) 0.2
Sodium gluconate (% in weight) 0.06
Tartaric acid (% in weight) 0.12
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
Rc 5h (MPa) 15.8
Rc 24h (MPa) 20.3

C: lime marketed by Balthazar & Cotte



Self spreading 7 min (m) 260 Self spreading 20 min (nmMm 2683 1006e
(mn) 95 DP Vicat (mn) 115 FP Vicat (mn) 145 Re 5h (MPa) 15.8 Re 24h
(MPa) 20.3 C. lime marketed by Bal thazafjg& Cotte 23 OCTOBER 2006 18

Cal ci um sul phate: 95% pure gypsum Siliceous sand: Pal vadeau sand E10:
Sifraco siliceous sand with a grai.n size d50 = 21 pm D130: Durcal 130 chal k
mar ket ed by OWA, 76% of the grains having a size 5 higher than 100 pm and
0.2% of the grains having a size |ower than 500 pin Casein: marketed by
Unilait The self spreadi ng is measured with an ASTM frustoconi cal cone
(described in he A&?lel\ﬁq{ tandard). 10 The opened tine corresponds to the
tine at the Yo UdE gYP lost its ability to flow by itself.

The mechani cgih@bﬁg@md}?a@@jm@aﬁaed on 4 x 4 x 16 cmtest-tubes, stored
at 20C and 70% onet. The screed theol ogical properties (spreading) are
G000, and evEdDnsHrect e apbnASHET B BG4t TN ¢ he_ har dent ng

i get ics T er@l@gl Wr&al%(lfi&lalkaﬂﬂkb’wdsby %MW% 676‘%©f:tﬁ@ kraifs H@vmlgwfﬁzeerrent
and a ver w i ne rface t he cal ci um al um nat ra
conpound éccghdﬁeﬁghacno“f(#ﬁn} ﬁ%ﬂg/g %MQ&V@ EXAMPLES

16, 17, 18 aasdid: Sravkdtbd by [dmﬁmungs are pr epar ed W|th cal cium al um nate and
cal cium 20 sul phate m neral conpounds according to the invention (trials
14, 15) which are conpared with control m xtures based on cal ci um al unm nate
m ner al corrpoundslef: geli® spraadingns raMum} WiﬁndncéﬁﬁrM frustoabsicab cong, 18,

19). The g&) hbk&’ﬂ%ﬂ%&g?ﬂ@‘@ﬂ%%@dﬂ[ In order to make it easier to

conpare the ornance ars of t he ﬁl’l or art and nortars
accordi ngoto the i Mhempeoad tinxbrerragposds i the time at the end of which the paste

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.




the total amount, in weight, of alumna in the binder. 23 005%(%&6200159
Tabl e 10 I nvention Prior art Trial no. 14 15 16 17 18 19 Calcium alum nate
conmpound (SSB: 2010 cne/g): - useful CA18.77 1.77 1 1 1 1 - useful (C+tA
(% 87 87 55 70 55 70 - mmjor phases Cl12A7 C12A7 CA CA CA CA - amount (%
in weight) 18 17 20 20 20 20 Calciumion suppl emental source: - nature - C
PPPCPC - amunt (%in wight) - 0.4 4 4 6/0.2 6/0.2 Total alumna %
7.4 7 8 10.6 8.1 10.7 Calciumsulphate (%in weight) 9 7 7 7 7 7 Calcium
sul phate/ Al 203 (nmolar 0.79 0.65 - - - - ratio) Durcal 15 (% in weight) 23 27
19 19 18 18 Durcal 130 (% in weight) ]10 9 10 10 NE14 (% in weight)
37.8 36 37.8 37.8 36 36 RE523Z (%in 225222525 Li2C8B (%

in weight) 0.05 0.05 0.1 0.1 0.05 0.05 dCitric acid(%in wei ght) - - 0.02
0.02 - - Tarfaric acid (%1 n weight) [0.0/5 0.1 D 0.07 0_.07 IVBITIUX PP100F
(%in weight)-0.2 - 0202 - - M40 DIZ\nryStiql?i L ot her PORL#I0 06 0 06
0.05 0.07 0.0Brifl.re6 wei ght) Dehydran 1922 | %i1isn Nel(gh]t)no 1 ®101% 0.1 0.1
0.1 K2S04 (% |n melgﬂg%a l.zTJ.Z casein (%in wejght)|- 0.4 - -
0.4 0.4 Sod% inatey, F?F‘R%‘f“@ht) - 0,06 - { 0.03 0.08 Wafer 24 24 24
24 24 24 (SSB 2010 cm?/g):
- useful C/A 1.77 1.77 1 1 1 1
- useful (C+A) (%) 87 87 55 70 55 70
- major phases C12A7 | CI12A7{ CA | CA | CA | CA
- amount (% in weight) 18 17 20 | 20 20 20
Calcium ion supplemental source:
- nature - C P P P/C | P/C
- amount (% in weight) - 0.4 4 6/0.2 | 6/0.2
Total alumina % 7.4 7 8 10.6 | 8.1 10.7
Calcium sulphate (% in weight) 9 7 7 7 7
Calcium sulphate/Al,0; (molar| 0.79 0.65 - - - -
ratio)
Durcal 15 (% in weight) 23 27 19 19 18 18
Durcal 130 (% in weight) 9 0 | 9| 9 | 0] 10
NE14 (% in weight) 37.8 36 37.8 | 378 | 36 36
RE523Z (% in weight) 2 2.5 2 2 2.5 2.5
Li;CO; (% in weight) 0.05 005 | 0.1 | 0.1 |0.05] 0.05
Citric acid (% in weight) - - 0.02 | 0.02 - -
Tartaric acid (% in weight) 0.075 0.1 0 0 0.07 { 0.07
Melflux PP100F (% 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 0.1 | 0.1 { 0.1 0.1
K,SO04 (% in weight) - o2 | - - o2 02
Casein (% in weight) - 0.4 - - 0.4 0.4
Sodium gluconate (% in weight) - 0.06 - - 0.03 | 0.03
Water 24 24 24 | 24 24 24

Calcium sulphate: 95% pure semi-hydrate
P: CPA CEM 1 52.5 CP2 Portland cement; C = lime
s Durcal 15: chalk marketed by OMYA



Cal ci um sul phate: 95% pure sem -hydrate P: CPA CEM 152.5 CP228@ydicHisk 2006
cenent; C=1inme 5 Durcal 15: chalk nmarketed by OWA 23 OCTOBER 2006 20
Durcal 130: chal k marketed by OWA The neghani cal and theol ogi cal properties
are shown in table 11. 5 Table 11 Invention Prior art Trial no. 14 15 16 17
18 19 Self spreading 7 mn (mm 144 148 150 151 143 149 Self spreading 20
mn (nm) 145 146 150 120 145 144 Celling time (mn) 29 42 30 26 50 45 DP
Vicat (mn) 35 55 80 35 120 95 FP Vicat (mn) 40 65 90 40 140 120
Reoperation' |1h30 1h30 3h 2h30 3h 3h Rc 2h (MPa) 5 10 1.5 3 1'0.5 Re 4h
(MPa) 17.5 12.5 7.5 6.5 6. Re, 2 a) 24.5 18 18 24 15.5 17.5 Re 28 d
(MPa) 38 29 i’é‘%é lﬁé).-ﬁgég(méaﬁ?‘ﬁBYWmh 12h 24h 24h 24h 24h Ettringite
4h3 - 140 - - 100 110 Ettringite 24h4 - 160 - - 140 150 Adhesion5 - 2.8 -
- 2.3 - Retraction 0.8 - - .1 Lon: . Ti t. of whi ch

t he nechani cal congbg§§$%ﬁm¥¥&gﬁgfhﬂﬁggﬁgL@ﬁgﬁgg?ﬁﬁggh@%&fﬁﬁ88¥§%%hes 3 MrPa.
2. Coating tine: Tine at the end of which the snoothing coating has a
residual .io humdity (measured accordijgetiq the cal ci um carbi de nethod

(acetyl ene evol venent upon contact w material humdity) using the CM
Tester from Riedel & Haen) lower than 3% neasured in . a 9 mmthickness on a

concrete paving at 23C and 50% hygr ongt rbﬁv;xﬁiog 'I_Et r| ngi t_ef}{& a,@\ml)unt 9f

M xi ng wat er Fe+ystatHt+zet—under—the—fprmot —15—e¢ttrgt-ten—oghkg—of

f ormul at ed pJ ddelolo, at t = 4h00, neasureld accdbdinddbto tlAe | 18 19
Self spreading 7 min (mm) - 144 148 150 151 143 149
Self spreading 20 min (mm) 145 146 150 120 145 144
Gelling time (min) 29 42 30 26 50 45
DP Vicat (min) 35 55 80 35 120 95
FP Vicat (min) 40 65 90 40 140 120
Reoperation ! 1h30 1h30 3h 2h30 3h 3h
Rc 2h (MPa) ) 5 10 1.5 3 1 0.5
Rc 4h (MPa) 17.5 12.5 4 7.5 6.5 6.5
Rc 24h (MPa) 24.5 18 18 24 15.5 17.5
Rc 28 d (MPa) 38 29 28 35 28.5 29
Coating time? . 12h 12h | 24h } 24h | 24h 24h
Ettringite 4h’ - 140 - - 100 110
Ettringite 24h* ' - 160 - - 140 | 150
Adhesion’ - 2.8 - - 2.3 -
Retraction® - 0.8 - - 1 -

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 a 9 mm thickness on a

concrete paving at 23°C and 50% hygrometry.

3. Ettringite 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 & Haén.



cal cium carbi de nethod (acetyl ene evol venent upon contact w 2hOdT®BERI2806al
hum dity) using the CM Tester from R edel & Haen. 23 OCTOBER 2006 21 4.
Ettringite 24h: M xing water anmount crysfallized under the form of
ettringite in g/kg of fornulated product, at t = 24h00. 5. Adhesi on:
Measured with a Sattec dynanoneter according to the operating protocol
described in the technical guide for the technical advice and s
classification P. CSTB | eaflets, no. 2893, on a concrete support at 28 days,
with no hanging priner, in Ma. 6. Retraction: Drying retraction, neasured

a1 28 days o Gk 38nCHILEY AU imolhe Bl 200na MrE e Bl VB

humdity, in are nmeasur
accordi ng toetthaglttmg/ﬂ@g@ﬁfonﬂglu@tod pmﬂucasatdes%h%)ed in the t echni cal gui de

for the teCh?rﬁﬂheﬂg}{' R/feasﬁfé‘a W tg%s&{tge%a&)}zrﬁ%&fgetgﬁzgcdrﬁﬁ{%g} the ragﬁ 3. The

nmechani cal engths are test-t ore at

20C and 70% pygf)@qnletd'eycnh@l Fmg thel tepfigalt igaiden dprathef ItQﬁhn&ﬁrlvé@prér and aI 15

(curve 2)s aCE%Q‘f@Q’uoﬁQ’ t@STB“Ye%ﬂ%tsoﬁloa%%r lofll a £8néet Y8pport 3 CHY Ay t
the prior art, i ne rou h i sothermal’ m crocal ori ne ry The ettrlnglte

amount for rre&’lﬁltnq E@nglggd}r{m@% MR2.vi sual i zed through the heat flow evol ved
by the react 50RetrhbEom: h@@y?&wacmprmaamgd apR@NERNysi @S2 af 8 Q60 tet-

t hi 20 t th th t, but
the mechani cH10eSpHBRE 1 4 B R RGeS T ar nor e 1 mpr oved wi ¢ h
t hef bi nder accor dilhg ged)hmgl&menwﬁhthemhlf esdhngmemd%lsgredlaccbhhngttbrthagl te
is fornmed, in the nort t ina
much sho?? er OPP ng}pgﬂ?q,\cnoﬁ ﬁég&ﬁh)érat %V\Ehteggé%?%ﬁlgﬁ%g h[eht%{: tﬁlg\égp?%wcgrt
bi nder and i andrassifivgtiendt. @STBée&ﬂm&)md%%t he nortar fornmulated with the
prior art binder. 'T'Hqug&ﬁdrﬁ&}l srtlt%ﬁgﬁ‘% AUt AL BRLE XM &elé"cn?‘i’ég?qgﬂ

according to the invention 8 r a reoperation twce as Wi t hou
any conpl emefftosed at %Quﬁ)ﬂ?dﬂﬂ/‘PngﬂOm%enent in the binder and with a Iovver
total alumna content 30 i n t he corrp05| tion. Finally, the future

erformance, either,. dr tr ctio
P 15 i: ysh ermal flow curves for trial 15 (curve 2) according

to the inventlon 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 mechanical
properties (compression strength) are far more improved with the binder
according to the invention.

As shown on Fig. 1, the ettringite 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 ailows for a reoperation twice as quick, without any compiementary
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.

35



conpression strength or adhesion to the support, has a hi ghen3lR)sErCR00635
23 OCTOBER 2006 22 EXAMPLES 20,21 AND 22 Three clinkers (A, B and C are
manuf act ured according to the inventionzhaving a different m neral ogy.
Clinkers A and B are manufactured through nelting frombauxite and 5 chal k
in arefractory crucible at a tenperature of 1400C. Cinker Cis

manuf actured through sintering frombauxite, chalk and anhydrite in a
refractory crucible at a tenperature of 1300C for 2 hours. The m neral
conpositions (expressed in percentage in weight based on the total weight
of the clinkgg); Ec' re given in table 12 io hereinbel ow
Table 12 A . Cl2A7 45 65 45 C3A 5 C4A3% 40 Inert
phases 50 30 15 SHRre80tlinREBO(AIM add e ularé/rAadufattuted decoddinises ithe C+A

50% 70% 85% .15 T 0 ity . rtar obtained fromsuch clinkers and
their necha%vgﬁﬁg%ﬁbaq}t?ﬁégldéggﬁeﬁ r(ﬁlggria&?@é are shown in table 13. 23 OCTOBER
2006 23 Tabl e 13 Clinkérsnd.ang0B ate aanuCadteredrthadughi melteng foopo badxit@and
wei ght) 20 2 . Cal ¢i %pgé (% i ' 9.9 17, c :
sul phat e/%lZ%?%?rrl&cgr %rﬁla{qt(é)l;iJ . 118](? éﬂ %t%b Q%E%rgapgllsmﬂ%. nca/emf%rmc) B2 22
24 manufactured through sintering from bauxite, chalk and anhydrite in a

refractory crucible at a temperature of 1300°C for 2 hours.

The mineral compositions (expressed in percentage in weight based
on the total weight of the clinker) of such clinkers are given in table 12
10 hereinbelow: '

Table 12
B C
Useful phases CA 5
CI2A7 | 45 65 45
C3A 5
C4A3$ 40
Inert phases 50 30 15
SSB 3010 | 2000 | 2900
Useful C/A 1.61 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.



Durcal 130 (%in weight) 8 8 8 NEI4 (%in weight) 38.6 38.623®6ErofqoZee (%0
in weight) 2 2 2 Li2C8B (%in wight) 0.05 0.05 0.05 Tartaric acid (%in
wei ght) 0.06 0.04 0.05 Melflux PP 100F @%in weight) 0.15 0.1 0.15

MI400PFV cel | ul ose 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 mn (nmm) 150 148
148 Self spreading 20 mn (mm 138 144 140 GCelling time (mn) 23 30 35 DP
Vicat (mn) 32 40 42 FP Vicat (mn) 35 55 52 Rc 2h (MPa) 3.5 5 3 Rc 4h
(MPa) 4.5 7 10.5 Rc 24h (MPa) 17 17.5 20.5 Re 28 d (MPa) 26.5 22.5 30.5

Cal ci um sul phate: 95% pure seni - hydratg,gefRe mechani cal strengths are
nmeasured on 2 x 2 x 10 cmtest-tubes, ~stored at 20C and 70% hygronetry. The

bi nders according to the invention allow for mortars to be obtained with
good behavi our cpltmrrg;n ses, both on the rheologicgl zmnd |thg peohan|cal
| evel . 10 23 OGFOBER2006—24CHtAHME—1——brta nprisimg_antettringite
bi nder for denseCaigium alumiage 6@%@%@64’0‘&‘%@&9@ dal 49 um ?ﬂ phat?®s hnd a
cal ci um al um na I /PRy Qy racterized |ingthat Hhe| calcjum
al um nate m ner a|¢a1§1\}ﬁ€3§!|§ﬁbun f lﬁacealgl?gl cirum€an a|9un| Tt ?IIIT L\—o?d—d—es,
sol ubl e and conHEmM suiphefAkOemelatrafin)al | i zed ARd/ or0if ghads
m ner al ogi cal gﬂﬁﬁﬁﬂ i % ﬁf‘%lgﬂtypo”' ons that -| the useful | GHi npl ar
rati o of the catetum al ur|| frate—net<al L,unpuunu afges

Durcal 130 (% in weight) 8 8 8

NE14 (% in weight) ' 38.6 | 38.6 | 38.6

RES523Z (% 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 | 0.1 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 0 35

DP Vicat (min) 32 40 42

FP Vicat (min) 35 55 | 52

Rc 2h (MPa) 3.5 S 3

Rc 4h (MPa) 4.5 7 10.5

Rc 24h (MPa) 17 17.5 | 20.5

Rc 28 d (MPa) 26.5 | 22.5 | 30.5

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



from1l.2 to 2.7; - the sumbased in weight of the useful (CR3)00heBES2006 at

| east 30% of the total weight of the mneral conpound; - the nolar ratio
cal ci um sul phat e/ al um nium A oxide in the ettringite binder ranges fromO.5
to 2. 2. Mdirtar according to claiml, characterized in that the in
ettringite binder, the calciumalum#ate mneral compound/ calcium sul phate
wei ght ratio ranges fromO0.5 to 4, preferably from1.5 to 3. 3. Mrtar
according to claiml or 2, characte ae'\elgn that in the ettringite binder
the useful C/ A nolar ratio of the ceFe+dH al um nate mineral conpound ranges
from1l.3 to 2.5, preferably from1.6 to 2. 4. Mrtar according to one of
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sul phate/alum nium A oxide holar ratio in the ettringite binder ranges from
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ettringit Qefghietahe MiiRraAabmbsindal um nate mneral conpound is obtained through
baking in an oven at a tenperature hi/gher than 1100C, as one or nore nolten

or sintered cli fikemelar apfice caleiugo pitlphate/dpminiyn | A axidepinatesetsingderbinskous
phases. 9 rg ar rding to any one of clains 1 to 8, characterized in
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4, preferably from 1.5 to 3.

3. Mortar according to claim 1 or 2, characterized in that in the ettringite binder
the useful C/A molar ratio of the calcium aluminate mineral compound ranges from 1.3

to 2.5, preferably from 1.6 to 2.

4. Mortar according to one of claims 1 to 3, characterized in that in the ettringite
binder 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.

5. Mortar according to any one of claims 1 to 4, characterized in that the mortar

has, when mixed with water, a water/solids weight ratio lower than 0. 5.

6. Mortar according to any one of claims | to 5, characterized in that the mortar
does not comprise any Portland cement or hydraulic lime, or comprises Portland cement
and/or hydraulic lime at a content lower than 3.5% in weight based on the total weight of

the dry mortar.

7. Mortar according to any one of claims 1 to 6, characterized in that in the
ettringite binder the sum in weight of the useful (C+A) phases is at least 50% in weight

based on the total weight of the calcium aluminate mineral compound.
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wei ght of Cl12A7, preferably at |east 50%in weight of C 12A7, nore
preferably from50%to 85%in weight of CL2A7 based on the total weight of
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11. Mortar according to any one of claims 1 to 10, characterized in that in the
ettringite binder the calcium aluminate mineral compound comprises at least one
crystallized mineralogical phase selected among C2A(1-x)Fx, C2S, C2AS, C3S and

mixtures thereof, where x is an integer belonging to ]0;1].

12. Mortar according to any one of claims 1 to 11, characterized in that in the
ettringite binder, the calcium aluminate mineral compound is ground and has a Blaine

surface area higher than or equal to 1500 cm?/g.

13. Mortar according to claim 12, characterized in that in the ettringite binder,
the calcium aluminate mineral compound is ground and has a Blaine surface area ranging

from 2000 cm?/g to 5000 cm?/g.

14. Mortar according to any one of claims 1 to 13, characterized in that in that
in the ettringite binder, the calcium sulphate is derived from a compound selected among

anhydrites, semi-hydrates, gypsum and mixtures thereof.

15. A dry mortar characterized in that it comprises:
- an ettringite binder as defined in claims 1 to 14: from 15% to 75% in weight

based on the total weight of the dry mortar,



wei ght of the dry nortar, - lime and/or Portland cenent: fro23 QGTOBER 2086i n
wei ght based on the total weight of the dry nortar, - redispersible powder
polymers: fromO0%to 5% in weight based on the total weight of the dry
nortar, and/or solid-liquid dispersion polynmers: fromO0%to 15%in weight
based on the total weight of the dry @drtar, - rheol ogi cal additives and/or
setting regulating additives. 17. A dry nortar according to clai m 15 or 16,
characterized in,t t he heol oqi.c v, are f 5% of
The total wer onehdk el & iR S Frert 2Rl 0B M §elebb Bt bnche Bt Pves
are from Gyel Mmfﬂle(z];ﬁ%x)gﬁrthe total weight of the dry nortar. 18 A wet
nortar obtai ned thro h mxing a dry nortar such as defined in clains 1 to

17, with wat er -iline gedioraRortlaed, gemeria frompve\ig 3% 58| Weightylasethon thg fatali s | ower

than 0. 5. weight of the dry mortar,

- redispersible powder polymers: 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, and

- theological additives and/or setting regulating additives.

16. A dry mortar according to claim 15, characterized in that it comprises:

- an ettringite binder as defined in claims 1 to 14: 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,

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

- theological additives and/or setting regulating additives.

17. A dry mortar according to claim 15 or 16, characterized in that the
rheological additives are from 0.1 % to 0.5% of the total weight of the dry mortar, and the
setting regulating additives are from 0.1 % to 0.5% of the total weight of the dry mortar.

18. A wet mortar obtained through mixing a dry mortar such as defined in claims

1 to 17, with water in such an amount that the water/solids weight ratio is lower than 0.5.





