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CEMENT COMPOSITION

FIELD OF THE INVENTION

The present invention relates to compositions of extended
hydraulic cements, that is cements which, upon mixing with
water set and harden to give substantial strength, and more

particularly to extended cement compositions exhibiting high
strength.

BACKGROUND OF THE INVENTION

The chemical parameters LSF, S/R and A/F referred to in this
specification are: '
| Ca0O - 0.7 SO,
Lime Saturation
Factor (LSF) = 2.8 S10, + 1.2 Al,04 + 0.65 Fej0,

_ sio,
Silica Ratio (S/R) =
Al,0, + Fe,O4

Al,0,
Alumina Ratio (A/R) =
Fe,04

Sodium oxide equivalent (NajO,,) = 0.658:K,0 + Nay0

In the foregoing ratios, the chemical symbols represent per-
centage by weight of the identified substance present in the
composition. In the following description and claims the
percentages referred to are by weight.

Four cement minerals are usually regarded as the major con-
stituents of Portland cement clinker: Alite which mainly
consists of tricalcium silicate (3Ca0:SiO,) designated C,S,
belite which mainly consists of dicalcium silicate
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(2Ca0+Si0,) designated C,S, tricalcium aluminate (3CaO-Al,03)
' designated C,A, and tetracalcium aluminate ferrite
(4CaO-Al,05°-Fe,0,) designated C,AF.

Throughout this specification, the quantity of the main
clinker compounds have been calculated according to the Bogue
formulas, corrected for the presence of SO; in the clinker
(F.M. Lea: "The Chemistry of Cement and Concrete." Edward
Arnold (Publishers) Ltd., London, p. 115-116). It 1s also
possible to determine the content of C3S diredtly by gquanti-
tative X-ray diffraction, although it is necessary to apply a
correction allowing for the increased C,S content due to the
solid solution of Al, Fe, F, Mg, and other elements into the
C,S in order to obtain results that can be compared with the
C,S content calculated according to Bogue.

A number of minor components such as MgO, TiO,, Mn,0;, K,O
and Na,O are present in the clinker although they usually do
not amount to more than a few percent of the cement. Two of
the minor components are of particular interest: sodium oxide
(Na,0) and potassium oxide (K,0) also known as the alkalies
(although other alkali metals also exist in cement). They
have been found to react with some aggregates by an expansive
reaction, the so-called alkali-aggregate reaction. The pro-
ducts of this reaction may cause disintegration of the con-

crete, and necessitate costly repair or even demolition of
structures.

It has been found that expansion due to alkali-aggregate
reaction can be reduced or eliminated by the use of cement
with low alkali content. In several countries the use of
cement with high alkali content is therefore restricted by
standards, recommendations and other regulations. For exam-
ple, in Denmark the alkali content of cement should pre-
ferably be less than 0.8% sodium oxide equivalent to be used
for ready mixed concrete and for concrete element production.
For other applications, even lower alkall contents are pre-
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ferred. Generally, it is desirable that the alkali content

' should be as low as possible.

Portland cement 1s typically manufactured by a process,
according to which clinker is obtained by heating to partial
fusion a mixture comprising limestone and a combination of
various materials containing the necessary gquantities of
silica, alumina and iron oxide, such as sand, shale, clay or
fly ash. The burning process is typically performed in a
rotary kiln. The clinker is finely ground in a mill to obtain
the finished Portland cement. Minor amounts of gypsum or
other retarders are typically added to the mill in order to

control the setting behaviour of the cement.

Cement production is a very energy-intensive process. Consi-
derable energy is required to decompose CaCO, to CaO and Co,,
to heat the clinker to the required sintering temperature of
typically 1450-1550°C, and to grind the clinker to the re-
quired cement fineness. Furthermore, if wet raw materials are
used, significant ambunts of energy are spent evaporating the
water.

Various gases, which may be undesirable from'an,environmental
standpoint, are emitted during the production of Portland
cement. The high temperatures involved results in the emis-
sion of nitrous oxides, and combustion of fuel and decomposi-
tion of limestone leads to significant release of CO,.

It is both from economical and environmental points of view
desirable to reduce the energy consumption. The efforts to

achieve this goal in the cement industry have mainly followed
two lines:

- the use of mineralisers to reduce the sintering tempera-
ture

- the use of extenders to decrease the amount of the clin-
ker consumed.
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In cement making, the term mineraliser is used to describe
substances that facilitate the sintering reactions that take
place in the kiln. These substances may be added to the raw
mix or may be inherent in the raw materials at certain loca-
tions. Fluxes are substances that increase the quantity of
liquid phase during the sintering of the clinker, thus faci-
litating the formation of the clinker compounds.

Mineralisers containing fluorine such as calcium fluoride,
aluminum fluoride and silicofluorides are the most studied
types of mineralisers. The mineralising action may be attri-
buted to several factors including increase of the alite
formation rate, lowering of alite formation temperature and
stabilization of alite crystals due to solid solution of
fluoride in the alite crystals. However, it 1is well documen-
ted in the literature that the hydraulic activity of cements
at early ages is reduced at high levels of fluoride addi-
tions.

Substances containing sulfur such as calcium sulfate and
alkali metal sulfates may act as fluxes, but .calcium sulfate
is known to raise the temperature by which Ca0 and’'C,S is
combined to form C,S.

Use of a combined mineraliser containing fluorine and sulfur
is described in several references. These indicate that
fluorine overcomes the undesirable effect of calcium sulfate
mentioned above.

Reductions of the required sintering temperature of up to
200°C have been reported by use of the mentioned minerali-
sers. As heat is very effectively recovered in modern cement
kilns, the potential energy savings are, however, relatively
small; less than 5% for a 200°C reduction in burning zone
temperature. However, an important benefit of the decreased
burning temperature is a significant reduction in the emis-

sion of nitrous oxides.
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A well-known method of producing less costly hydraulic bin-
ders 1s to substitute a part of the Portland cements with a
so-called extender. An extender is a fine grained material
with a median grain size similar to or finer than the Port-
5 1land cement. Typical examples of extenders are ground lime-

stone, natural pozzolana, pulverized fly ash (PFA), and blast
furnace slag (BFS).

Although the extenders may contribute to the strength de-
velopment, the dilution of the Portland cement component in

10 the extended cements generally leads to inferior early and
late strength compared with pure Portland cements. The
strength of extended cements may to a certain extent be
increased by milling the Portland cement component to a finer
grain size which, however, results in higher milling costs

15 and limits milling capacity. The late strength may be in-
creased by selecting particularly reactive extenders such as
certain blast furnace slags or natural pozzolana. The availa-
bility of these materials are, however, limited in many
geographical regions.

20 Combining mineralised cement, i.e. cement produced by the use
of mineralisers, with an extender could be a promising way of
obtaining significant reductions of energy consumption and
emission of CO, and nitrous oxides.

GB 1 498 057 (U.S. patent 4,042,408) describes cements pro-

25 duced by the use of mineralisers containing fluorine and
sulfur. The main advantage of the use of mineralisers descri-
bed in GB 1 498 057 is not the decreased sintering tempera-
ture, but that the use of mineralisers enables the manufac-
ture of cements with high alite contents and hence high early

30 and late strength. The early strength of the cements descri-
bed in GB 1 498 057 is further enhanced by a considerable
alkali content of the clinker.

It is reported in GB 1 498 057 that some of these cements are
useful for incorporating with a pulverised fly ash or a blast
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furnace slag extender, since the highef strength of the
clinker in comparison with conventional Portland cement
permit a larger addition of these extenders while achieving
the same strength properties of the final mixture. The
strength contribution of the extenders in question to the
strength of the final mixture is, however, not improved by
using the cement clinker described in GB 1 498 057 as base
instead of conventional Portland cements. Thus, the dilution
effect will tend to decrease the strengths of the extended
cements based on the cements described in GB 1 498 057 1in the
same manner as extended cements based on conventional Port-
land cement. Consequently, combining the cement clinker
described in GB 1 498 057 with fly ash or blast furnace slag
is not the optimum method for producing inexpensive high
strength cement compositions. Fufthermoré, the enhanced
alkali content of the cements described in GB 1 498 057
limits their usefulness as base for extended cements because

of the previously mentioned alkali-aggregate reaction.

For these reasons, it'will be evident that an'extended cement
with production costs equal to or lower than conventional
extended cements, but possessing early and late strength com-
parable to or higher than pure conventional Portland cement,
would benefit numerous applications, in particular if the
extended cement is of low alkali contehfj'Very significant
reductions of the clinker content of concrete might be achie-
ved, both by the use of extended cement and by taking advan-
tage of the high cement strength to reduce the cement content
of the concrete without compromising concrete strength. Thus,
significant reductions of cost, the amount of fuel needed,
and the emission of nitrous oxide and CO, could be attained.
A further benefit of such an extended cement would be that
cement production capacity could be increased without the
need for investment in costly equipment because a substantial
amount of clinker could be substituted by an extender while
the cement maintained the strength properties of a conventio-
nal Portland cement.



o ,g.* .
“’4.5 t'

WO 93/21122

10

- 15

20

25

30

' L 8 ¢ . - ' . : * s ' . , . ' bl o t 1 g4t 3t ‘v o4 », & T g w- . e’ 4 5 Y2 MR B N B * wif r  a'.: Vo A g «+ %
e P A ' LR | Ao ’ ol LI S Ta ¢ A g e e ¥ LT JLJL B N N (. ')’ 1 . * e o ( 5 A mh < ¢ s--['_b".‘gv ‘ v et ' - . Gyt . .
- R® ~ . a , e L . i . AN R LENE + P « ¢t E it K L Vo '8 “1'e VR EFr 1 ¥ & " v, ’ .. .. « . ' !
v kil [ I_<~\' :. L A T « W “' . . . . X 1,~’.( , .} .- ' "’ “,’l?,‘q“’.‘. . . .‘g‘O‘.“ ] ‘q’."; PO Q". kh ‘i N ‘." . .,'. 3 ..J.‘- .:q : ""’:l.‘h‘,‘,&'t." .- ey ‘.. " 4 l‘"":. , ’ ‘. . .4. .._ . . ' . i

2118029

7

PCT/DK93/00132

From the above it can be seen that there is a substantial
need for an extended cement, in particular one whose clinker
portion has a low alkali content, which on the one hand may
be produced at reduced costs and with reduced emissions of
CO, and nitrous oxides but on the other hand has high early

and late strength and may make it possible to increase pro-
duction capacity without the need for costly investments.

SUMMARY OF THE INVENTION

It has been found that the above needs can be substantially

fulfilled by an extended cement composition, said composition
consisting essentially of

a) from 50% to 97% by weight (calculated on the total compo-
sition) of a Portland cement clinker, the sulfur content
of which is in the range of 0.5-10% by weight expressed
as SO,, and the fluorine content of which is in the range
of 0.13-1.00% by weight expressed as F '; and

b) from 3% to 50% by weight (calculated on the total compo-
sition) of an extender containing a carbonate selected
from calcium carbonate, magnesium carbonate and calcium
magnesium carbonate, and mixtures thereof, as its main
constituent and having a median particle size (dgg) of
below 14 um.

Ground limestone has found a certain application as extender
for extended cements because of its low price and wide avai-
lability. It has also been observed that finely divided cal-
cium carbonate may, in a limited way, contribute to the early
strength development of extended cements when used together
with conventional Portland cement clinker. This has been
ascribed to the carbonate-containing extender perhaps acting
as a fine filler filling out the voids between the larger
‘particles or the material perhaps accelerating the hydration
rate of the cement. However, finely divided calcium carbonate
is'generally’regarded as a basically inert filler when used
in extended cements. The early and late strengths of conven-
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tional Portland cement extended with ground limestone are
consequently limited.

It has now surprisingly been found that the fine carbonate-
containing extender described above under b) provides a far
larger contribution to the strength development of extended
cements based on the mineralised Portland cement clinker
described under a) than to similar extended cements based on
conventional Portland cement clinker. The enhanced strength
contribution is at its maximum after 1 day. but is for some
clinker compositions still very significant after 28 days.

- By using the high strength potential of the Portland cement

clinker described under a) in combination with the above
described enhanced strength-contributing effect of the fine
carbonate extender to said Portland cement clinker, surpri-
singly high strengths may be obtained by adding as much as up
to 50% of the fine carbonate extender to the clinker. Prefer-
red embodiments of the cement composition of the invention
provide 1 and 28 day'strengthS'which are similar or superior
to comparable conventional Portland cements.

DETAILED DESCRIPTION OF THE INVENTION

In the cement composition of the invention, it has been found
that the effect of the extender on the final strength of the
hydrated composition increases with decreasing particle size
of the extender. Consequently, it is preferred that the
median particle size (dg,) of the extender is below 12 um,
preferably below 10 um, more preferably below 6 um, in parti-
cular below 4 um, especially below 3 um.

The extender may in principle be selected from any type of
rocks, mineral or synthetic compound or material containing
calcium carbonate, magnesium‘carbonate or calcium magnesium
carbonate, or mjxtures thereof. ExampleS'which, however, are
not in any way to be construed as exhaustive, include cal-
cite, aragonite,aolomite, limestone, dolostone, dolomitic
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limestone, travertine, calcarenite, coquina, chalk, marble,
as well as industrial products, by-products or wastes contai-
ning such materials. The choice of the extender source may be
affected by local availability.

One material which has been found to be very useful 1is car-
bonate-containing electrostatic precipitator dust resulting
from flue gas cleaning in various industrial processes, 1n
particular electrostatic precipitator dust extracted from
cement kiln exhaust gases after the gases have passed through
a drier/crusher and a de-dusting cyclone, such materials
typically consisting of finely divided chalk with minor
amounts of fly ash and fine-grained . sand.

As indicated above, calcium carbonate, magnesium carbonate or
calcium magnesium carbonate as well as mixtures thereof

should be the main constituent of the extender. In the pre-
sent context, the term "main constituent" is intended to mean

that the carbonate(s) in question are present in an amount
higher than any other single constituent in the extender.
However, for the purposes of the present invention, it 1is
considered advantageous if the content of calcium carbonate,
magnesium carbonate, calcium magnesium carbonate or mixtures
thereof in the extender is at least 50%, preferébly at least
60%, more preferably at least 70%, in particular at least
75%, more particularly at least 80% by weight, especially at
least 85% by weight, such as at least 95% by weight, calcu-
lated on the extender. The above discussed cement kiln elec-
trostatic precipitator dust may typically (although dependent
on the design and operation of the kiln) contain approxima-
tely 85% by weight of calcium carbonate, approx. 10% by
weight of fly ash, and approx. 5% by weight of fine sand.

With respect to the amount of the mineralised Portland cement
clinker and extender in the composition of the invention and
to achieve an optimum between strength and extender content,
a preferred embodiment contains 60-95% by weight of cement
clinker and 5-40% by weight of the extender, in particular
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65-95% by weight of cement clinker and 5-35% by weight of the
extender, especially 70-90% by weight of cement clinker and
10-30% by weight of the extender.

The mineralised Portland cement clinker used in the composi-
tion of the invention preferably has a total content of C3S
and C,S of at least 65%, more preferably at least 70%, in
particular at least 75%, especially at least 80%, calculated

according to Bogue and corrected for the content of calcium
sulfate in the clinker.

In the composition of the invention, it is for reasons of
ease of control of the clinker kiln preferred'that the Port-
land cement clinker in the composition has a sulfur content
in the range of 1.3-10% by weight expressed as SO;, and a
fluorine content in the range of 0.13-0.55% by weight ex-
pressed as F; the sulfur content expressed as SO, is advan-
tageously in the range of 1.5-6% by weight, preferably 1.6-
5%, in particular 1.8-4%, and the content of fluorine ex-
pressed as F is advahtageously in the range of 0.15-0.45% by
weight, preferably 0.15-0.35%, in particular 0.18-0.30%.

In order to limit the above described alkali/aggregate reac-
tions, it is preferable if the alkali metal content of the
clinker expressed as Na,0 equivalent is 1in the range of 0.1-

8% by weight, preferably 0.2-0.7% by weight, more preferably
0.3-0.6% by weight.

In order to improve the strength of the composition contai-
ning the cement clinker used in the composition of the inven-
tion, it is advantageous if the C3S is of improved hydraulic
activity, i.e. present in the crystal modification charac-
terized by the presence in the X-ray diffractogram of only
one peak in the region 51°-52° 26 corresponding to the 220
reflection of the hexagonal subcell. In the present context,
the term "improved hydraulic activity" is intended to mean
that the hydraulic activity of the C;S is enhanced relative

to C;S in conventional Portland cements.
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Also, in order to increase the content of C;S in the cement
clinker for the propose of increasing the early strength of
the composition, it is preferred that the fluorine in the
Portland cement clinker is predominantly present in solid
solution in the silicate crystal phases. In particular, 1t 1s
preferred that at least 85% of the fluorine is present in
solid solution in the silicate crystal phases of the clinker.
For the same reasons, it is also advantageous if some alumi-
nium is incorporated in solid solution in the silicate crys-
tal phases, preferably that the silicate crystal phases
contain more than 0,6% by weight of aluminium, calculated as
Al,0;, in particular more than 1.0%, especially more than
1.4%.

Since the lime saturation factor (LSF) of the Portland cement
clinker used in the composition of the invention, when cor-
rected for the content of calcium sulfate, is of significance
for the content of C;S in a cement clinker during the produc-
tion thereof, it is preferred that the LSF is at least 0.95,
preferably at least 0;97, in particular at least 0.99.

It is further normally useful that the silica ratio of the
mineralised Portland cement clinker is in the range of 2-30,
preferably 2-20, more preferably 3-20, in particular 4-20,
especially 5-20, such as 5-15. However, it has surprisingly
turned out that although compositions of the invention, the
cement clinker of which have a high (e.g. above 6.5) silica
ratio, generally exhibit a higher 1-day strength than similar
compositions whose cement clinker portion has a relatively
low (e.g. 2.3-2.8) silica ratio, compositions with low-silica
ratio clinker have been shown to result in 28~day strengths
comparable to those containing high-silica ratio clinker.
Thus, the strength contribution of the fine carbonate-contai-
ning extender after 28 days is larger to the low-S.R. clinker
than to the high-S.R. clinker, cf. the examples. Consequent-
ly, the choice of silica ratio in the cement clinker portion
of the composition of the invention should be selected 1in

view of these relationships.
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It is also preferred that the sulfur/fluorine ratio expressed

' as SO,/F in the Portland cement clinker is at least 6.6, pre-

ferably at least 7, in particular at least 8.

As mentioned previously, the composition of the Portland
cement clinker in the composition of the present invention
preferably exhibits a fairly high total content of C,S and
C,S. However, it is further preferred that .the content of C3S

in the clinker is at least 60%, more preferably at least 65%,
in particular at least 70%, especially at least 75% by
weight. These percentages are the contents determined based
on the elemental composition of the cement according to

Bogue.

In view of the desired silica ratios described above as well
as the desire to incorporate aluminium into the alite crys-

tals as a solid solution, it is advantageous that the content
of Al,0, in the Portland cement clinker of the invention is

less than 6% by weight, preferably less than 5%, in particu-
lar less than 4%. but preferably larger than 0.5%, in parti-
cular larger than 1%. Also, it is preferable that the content
of free lime is less than 3%, in particular less than 2% by
weight in order to maximise the content of C3S.

It is further preferred that the content in the clinker of
calcium sulfate as dead-burned anhydrite is at least 0.1%,
preferably at least 0.5%, more preferably at least 1%, in
particular at least 2% by weight. However, in order to main-
tain the best possible set-regulating effects of the calcium
sulfate included in the raw material, it is preferred that
the content of calcium langbeinite is in the range of 0.1-
8.3%, in particular 0.1-4% by weight of the clinker.

Since the compressive strength obtainable by hydrating a
cement clinker is in part a result of the specific surface
area of the ground cement clinker in that an increase in the
specific surface area results 1in an increase of the strength
development rate, it is preferred that the Portland cement
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clinker in the composition of to the invention is provided in
a form where it has been ground to a specific surface area

according to Blaine of 150-1000 m?/kg, preferably 200-
900 m?/kg.

The composition of the invention may advantageously further
contain a retarding agent which may be any of the well-known
retarding agents used in cements and cement compositions,
such as calcium sulfate or hydrates thereof.

In order to keep the alkali metal content low in the compo-
sition of the invention, it is preferred that the carbonate-

containing extender has an alkali metal content of below 0.8%
by weight expressed as Na,0 equivalent.

It is preferred that the cement composition of the invention
is composed so that when the clinker is ground to a specific
surface area according to Blaine of 400 mZ[kg,'the composi-
tion provides a l-day compressive strength, when measured ac-
cording to EN-196-1, of at least 21 MPa, more preferably at
least 24 MPa, in particular at least 26 MPa,  especially at
least 28 MPa, such as 30 MPa. Likewise, it is preferred that
it provides a 28~day compressive strength, when measured
according to EN-196-1, of at least 55 MPa, more‘preferably at
least 60 MPa, in particular at least 65 MPa.

The clinker used in the composition of the invention may be
obtained commercially or may be manufactured byi|a classical
process comprising heating to partial fusion a mixture com-
prising principally lime and silica together with a smaller
proportion of alumina and iron oxide in the presence of mine-
ralisers comprising sulfur and fluorine under such conditions
that the clinker will retain sulfate in an amount of 0.5-10%
by weight expressed as SO,, and fluoride in an amount of
0.13-1.00% by weight. Such preparation may be carried out 1in
a manner known per se to the person skilled in the art.
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The process is preferably carried out in a rotary cement
kiln. Several types of rotary kilns may be used, e.g. a wet
process kiln, a long dry process kiln, a semi-wet process
kiln, a semi-dry process kiln, a preheater cement kiln, or a
5 precalciner cement kiln. An added benefit of the use of

mineralisers in the preparation of the Portland cement clin-
ker in the composition of the invention is a reduction of the
emission of nitrogen oxides compared with the preparation of

clinker with a similar high C;S content, but without the use
10 of mineralisers.

The fluorine-containing mineraliser components used in the
raw material may be selected from fluérspar, fluorite as well
as various fluorine-containing industrial byproducts. The
sulfur-containing mineraliser may be selected from calcium
15 sulfate, calcium sulfite, or hydrates thereof, pyrite or any
other suitable sulfur-containing natural or industrial raw
material. Sulfate may also be introduced into the kiln as

part of the fuel (e.g. by using sulfur-containing fuel).

The carbonate~-containing extender may be added at the cement

20 plant before milling, during milling or after”milling of the
Portland cement clinker component described above. The carbo-
nate-containing extender may also be mixed with.cement based
on the clinker described above, said mixing taking place out-
side the cement plant, for example at a construction site, or

25 the carbonate-containing extender and the cement may be added
separately when mixing the intended paste, mortar or con-
crete. In such cases, the extender may be added as a dry pow-
der or as a slurry, either separately or premixed with other
constituents such as filler, sand, aggregate, other extenders

30 such as fly ash, silica fume or blast furnace slag, blending
water, or various chemical additives.

In view of the above, the invention further concerns a compo-
sition comprising an extended cement composition as described

above as well as one or more further components selected from
35 any of the commonly used or well known cement paste, mortar
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or concrete additives or mixing materials used in cement

technology. In this connection, reference is made to standard
works in the field such as "Betonbogen", 2. Ed., 1985, Aal-
borg Portland, and Christian F. Justesen, "Tilsatningsstoffer
til Beton", Beton-teknik, 1/07/1983, Aalborg Portland.

Typical, but not limiting, examples of such additives are
cement extenders, fillers, aggregate, plasticizing and super-
plasticizing agents, accelerators, concrete retarders, air
ehtraining agents, defoaming agents, freezing point decrea-
sing agents, adhesiveness improving agents, water repellants
or waterproofing agents, expansion-promoting agents,. corro-
sion inhibiting agents, radiation shielding agents, thicke-
ners, as well as water for hydration.

As non-limiting examples of extenders may be mentioned silica
fume, calcined clay, natural pozzolan (e.g. volcanic ash,
moler or diatomite), artificial pozzolan (e.g. fly ash,
calcined moler, calcined diatomite or calcined clay), iron
blast furnace slag, alumino-silicate, amorphous silica, rock
flour, alumina, fluorspar, or mixtures thereof. As mentioned
above, the particle size of an extender is typically of the
same order as that of the cement clinker in the composition
which the extender is to be added to.

Non-limiting examples of aggregate are sand, gravel, crushed
stone, crushed rock (such as granite, gneiss, limestone,
dolomite, marble, shale, slate, or schist), blast furnace
slag, combustion slag, heavyweight aggregate (such as bary-
tes, magnetite, limonite, ilmenite, iron or steel), light-
weight aggregate (such as expanded clay, sintered clay,
shale, slate, diatomaceous slate, perlite, vermiculite, slagqg,
natural pumice, scoria, volcanic cinders, tuff, diatomite,

sintered fly ash, or industrial cinders), or mixtures there-
of.
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Typical but non-limiting examples of plasticizing agents are
polyhydroxycarboxylic acids or salts thereof, lignosulfo-
nates, polyethylene glycols, or mixtures thereof.

The superplasticising agent may typically be selected from
aikaline or earth'alkaline metal salts of lignin sulfonates;
alkaline or earth*alkalihe.metal salts of highly condensed
naphthalene sulfonic acid/formaldehyde condensates; alkaline
or earth alkaline metal salts of'melamihe/formaldehyde/sul—
fite condensates; sulfchic.acid esters: carbohydrate esters;
or mixtures thereof. o '

”The accelerator may typlcally be selected from soluble chlo-

ride salts (such as calc1umichlor1de), trlethanolamlne, para-

‘formaldehyde, soluble formate salts (such as calcium for-
xmate), sodlum.hydrox1de, pota551um hydrox1de, sodium carbona-

te, sodlum sulfate, _12Ca0°‘7A1203, sod:l.um sulfate, and mix-

' -tures thereof

7.Typlcal examples of the retarder are llgnosulfonates, hydro-
7_xycarboxyllc ac1ds (such as gluconlc ac1d 01tr1c acid, or

d~’sallcyllc a01d), sugars,_phosphates,,borates,-5111cO~fluo~

... - . " * . .' °
; . " . " . . tr o, s . . . ) s
[ I\ -_." T L . . . . .
.-- 1 . Y ".. . :. .. . . .
‘.. - * - - - . -
Y e T . . . : *
Lot r - : .
. w o " ’ ' e o . '
e . . . . - .
e o« . . :
.t B . L. .
’ . * . . * - .
. ' - . '
- .
' . . - .
' . . . *
'\ . . : .
. ' . .

-irldes,_calclum bromate, calc1um sulfate,.scdxum sulfate, and
imlxtures thereof. ; ff’ ) o '

54utff77]3:¢Asnon-lxmltlng examples of the alr-entralnlng agent may be

 ument1oned v1nsol res1ns,fsod1um abletate, fatty acmds and

".'.. ‘ . B
. . . .
e '
' . 30
L .
'
.
1)
LTI .
, .
. '

;h_,._,."uﬁsalts thereof tens1des,_alkyl-aryl-sulfonates, phenol eth-
Llhf*'“25 oxylates,llgnosulfonates, and'mlxtures thereof.
B  eTyp1ca1 defoamlng agents may be selected from silicones (such
Qs ("w (as dlmethylpcly31loxane0,'alkyl phosphates (such as tributyl
i ' (phcsphate),,and‘mlxtures thereof ' '

lu' In the compos1tlon, the free21ng p01nt decreasing agent is
. typ1cally selected from ethyl alcchol calcium chloride,

\'-pc a551um chlorlde, and maxtures thereof. The adhesiveness-

E
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improving agent may typically be selected from polyvinyl
acetate, styrene-butadiene, acrylics, and mixtures thereof.

The water-repellent or water-proofing agent may be selected
from fatty acids (such as stearic acid or oleic acid), lower
5 alkyl fatty acid esters (such as butyl stearate), fatty acid
salts (such as calcium or aluminium stearate), silicones, wax
emulsions, hydrocarbon resins, bitumen, and mixtures thereof.

Examples of expansion-promoting agents are aluminium powder,
zinc powder, iron powder, calcium sulfoaluminate, and mix-
10 tures thereof. Corrosion-inhibiting agents may be selected
from sodium nitrite, sodium sulfite, sodium chromate, and
mixtures thereof. A radiation-shielding agent may be a. boron
compound, and a thickener may be a polyethylene oxide.

Water/cement (W/C) ratios may be from 0.15 (for ultra-dense
15 materials such as those using high amounts of silica fume

filler, e.g. materials of the Densit® type) up to 1.20, nor-

mally from 0.4 to 1.0} calculated on the extended cement.

The invention is further illustrated by the following non-
limiting examples.

20 In the examples, chemical analysis and grain size distribu-
tion measurements of the cements were done by standard me-
thods. Mineralogical compositions were calculated from the
chemical analysis by use of the Bogue formulas corrected to
allow for the presence of CasO, in the cement (F.M. Lea: "The

25 Chémistry of Cement and Concrete". Edward Arnold (Publishers)
Ltd., London, p. 115-116).

Setting time and standard consistency were determined accor-
ding to the European Standard EN 196-3, and the fineness
(Blaine specific surface area) according to EN 196-6. The

30 compressive strengths were measured according to either the
Danish Standard DS 427 or EN 196-1. The only difference
between these two standards resides 1n the method of compac-
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ting the mortar during casting, and the results obtained are
equivalent.

Characterization of the materials used in the examples are
given in the tables below.

5 Table 1 shows the data of the base cements used. All cements
were produced from clinker burned in production cements
kilns. Gypsum was, in some cases, added to the mill during
cement grinding. The approximate quantity gypsum added to the
mill is indicated in Table 1. The reference conventional

10 Portland cements "X" and "Y" were produced from conventional
Portland cement clinker. Cement "X" was manufactured by
grinding the clinker in a laboratory cement mill equipped
with a high efficiency separator. Cement "Y" was a commer-

cially available conventional Portland cement (Aalborg Port-
15 land’s "“"Rapid-Cement").

The data of the extenders used in the experiments are found
in Table 2. |

The cement kiln electrostatic precipitator dusts "“K", "LY,
and "M" were obtained from a semi-wet process precalcining
20 cement kiln. The dust was extracted by the electrostatic
precipitator from the kiln flue gas after passing a drier
crusher and a de-dusting cyclone. Electrostatic precipitator
dusts "K" and "L" were obtained while the kiln was producing
conventional Portland clinker, whereas dust "M" was obtailned
25 while the kiln was producing mineralised clinker, hence the
raised content of SO, and F. The cement kiln electrostatic

precipitator dust "R" was extracted from the flue gases from

a wet process cement kiln.

The fine chalk "N" is a commercial product ("Alpine Fin" from

30 Dankalk, Denmark) produced by air classifying'crushed chalk.
The material has a grain size distribution similar to that of
the electrostatic precipitator dust.
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Coarse limestone "O" is a commercially available ground
Danish limestone ("Grend Foderkalk", from Faxe Kalk, Den-
mark), whereas coarse limestone "P" is a laboratory ground
English limestone.

Fly ash "Q" (from a Danish coal-fired power station), the
high-activity ground granulated blast furnace slag "S" (from
Civil & Marine Slag, UK), and alumina "T" (CT-2000SG, from
Alcoa, Germany) are all commercial products.

Throughout the examples both absolute and relative compressi-
ve strength of the extended cements tested are stated. The
relative strengths are obtained by dividing the absolute com-
pressive strength of the extended cement with the compressive
strength of the matching base cement. |

EXAMPLE 1

Mineralised cement "A" was produced by adding gypsum and
fluorspar to the raw mix, burning the mixture in a production
cement kiln, and grinding the clinker in a production cement
mill circuit equipped with a high efficiency separator. No
gypsum was added to the mill.

As a reference, conventional Portland cement "X" was used.

Ca. 5 kg batches of blended cements were prepared by mixing
the base cement with various amounts of cement kiln electro-
static precipitator dust "K" (median grain size: 2.5 um),
fine chalk "N" (median grain size: 2.1 um), or coarse lime-
stone "O" (median grain size: 9.6 um), respectively. Mixing
was carried out by stirring the materials in a plastic con-
tainer filled with rubber balls, using a shaking apparatus.

The results of the investigation are shown in Table 3.



WO 93/21122 21180 24 PCT/DK93/00132

10

15

20

25

30

20

The example illustrates the high l1-day strength which may be |
obtained by combining the carbonate-containing extender with
a mineralised cement with a high silica ratio (S.R. = 7.0).
The highest strengths are reached when cement kiln electro-
static precipitator dust "K" is used as the extender. The
strength-contributing effect of the extender with the high-
S.R. cement is apparently higher after 1 day than after 7 or
28 days.

EXAMPLE 2

Mineralised cement "B" was produced by adding gypsum and
fluorspar to the raw mix, burning the mixture in a production
cement kiln, and grinding the clinker in a laboratory cement
mill equipped with a high efficiency separator. Ca. 0.9% by
weight SO, was adced as gypsum to the mill in order to reach
the specified cement SO,~-content of 3.5% by weight.

As a reference, conventional Portland cement "X" was used.

Ca. 5 kg batches of blended cements were prepared by mixing
the base cement with various amounts of cement kiln elec-

trostatic precipitator dust "L" (median grain size: 2.4 um),
coarse limestone "P" (median grain size: 12.0 um), fly ash
"Q", or blast furnace slag "S", respectively. Mixing was
carried out by stirring the materials in a plastic container
filled with rubber balls, using a shaking apparatus.

The results of the investigation are shown in Tables 4, 5a
and 5b.

The tables compare a high-S.R. mineralised cement ("“BY,
S.R. = 6.6) with a conventional cement ("X") as base for
extended cements. The enhanced strength contribution of
cement kiln electrostatic precipitator dust "LY or coarse

limestone "P", and the high strengths obtainable in combi-
nation with mineralised cement *B" is illustrated in Table 4.
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The effect is more pronounced for the fine-grain electrosta-

' €tic precipitator dust "L" than for the coarse limestone "P"

and is most significant at the earliest ages. After 28 days,
the strength contribution of the carbonate-~based extenders
are similar regardless of cement type.

Table 5a illustrates that the relative strength contributions
of fly ash "Q" or blast furnace slag "S" are fairly indepen-
dent of the cement type. The strength contributions of fly
ash and blast furnace slag are lower than those of the carbo-
nate-based extenders combined with mineralised cement after 1

and 7 days. The strength contributions of fly ash are similar
to those of the carbonate-based extenders combined with
mineralised cement after 28 days.

Combinations of cement kiln electrostatic precipitator dust
"I with fly ash "Q" or blast furnace slag "S", respectively
(Table 5b), results in strength contributions intermediate
between the results shown in Tables 4 and 5a.

EXAMPLE 3

Mineralised cement "C" was produced by adding gypsumand
fluorspar to the raw mix, burning the mixture in a production
cement kiln, and grinding the clinker in a production cement
mill circuit. No gypsum was added to the mill.

Ca. 40 kg batches of blended cements were prepared by mixing
the base cement with various amounts of cement kiln electro-
static precipitator dust "M" (median grain size: 2.6 pum).
Mixing was carried out by agitating the materials 1in a rota-
ting, rubber ball-containing steel drum.

The results of the investigation are shown in Table 6. It is
notable that the strength contribution of cement kiln elec-
trostatic precipitator dust "M" is significantly enhanced
after not only 1 day (cf. Examples 1 and 2), but also after 7
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and 28 days when added to a mineralised cement ("C") with a
fairly low S.R. (2.8).

EXAMPLE 4

Mineralised cement "D" was produced by adding gypsum and
5 fluorspar to the raw mix, burning the mixture in a production
cement kiln, and grinding the clinker in a production cement

mill circuit equipped with a high efficiency separator. NoO
gypsum was added to the mill.

Base cements were mixed with various amounts of cement kiln

10 electrostatic precipitator dust "M" (median grain size: 2.6
um). Cement kiln electrostatic precipitator dust "R" (median
grain size: 12.2 um, NajOg,: 11.8% by weight) was added to
some blends and hemihydrate to others. The hemihydrate was
prepared by heating gypsum at 110°C for two days. Mixing was

15 for some blends (85-70% by weight mineralised cement) carried
out according to the method described in Example 3, whilst
the method described in Example 1 was used for the rest.

Cross checking showed that the mixing method did not influ-
ence the results obtained.

20 As a reference, conventional Portland cement "Y" was used.

The results of the investigation are shown in Table 7. The
enhanced strength-contributing effect of cement kiln elec-
trostatic precipitator dust to both 1, 7 and 28 day strength
when used in combination with a low~S.R. mineralised cement
25 (D", S.R.

amounts of added extender are clearly seen. Further 1l-day

2.6), and the surprisingly high strength at high

strength increases were achieved by adding alkall (as cement

kiln electrostatic precipitator dust "R") or sulfate (as
hemihydrate) to the extended cement.
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EXAMPLE 5

Mineralised cements "E" and "F" were produced by adding
gypsum and fluorspar to the raw mix, and burning the mixture
in a production cement kiln. Cement "E" was ground in a pro-
duction cement mill circuit equipped with a high efficiency
separator whereas cement "F" was ground in a production mill
circuit without a high efficiency separator. No gypsum was
added to the mill.

Ca. 5 kg batches of blended cements were prepared by mixXing
the base cement with various amounts of fine alumina “T*

.(median grain size: 1.1 um). Mixing was carried out by stir-

ring the materials in a plastic container filled with rubber
balls, using a shaking apparatus.

As a reference, conventional Portland cement "Y" was used.

These experiments were conducted in order to investigate
whether fine-grain alumina might perform similarly to the
fine carbonate-based extenders. The results (Table 8) show
that this is not the case.

EXAMPLE 6

Mineralised cement "F" was produced as described in Example
5. Mineralised cement "G" was produced by adding fluorspar to
the raw mix, burning the mixture in a production cement kiln,
and grinding the clinker in a laboratory ball mill. 4% by
weight of gypsum was added to the cement during grinding.

ca. 5 kg batches of blended cementS'were‘prepared by mixing
the base cement with various amounts of cement kiln electro-
static precipitator dust "M" (median grain size: 2.6 um).

Mixing was carried out by stirring the materials in a plastic
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container filled with rubber balls, using a shaking appara-
tus.

The results of the investigation are shown in Table 9. This
example illustrates the effect of fine carbonate-based ex-

5 tender when used in combination with a mineralised cement of
low LSF (Cement "F", LSF = 0.95) or with a mineralised cement
which was produced by adding gypsum to the mill instead of to
the kiln (cement "G"). It will be seen (Table 9) that the
strength contribution of cement kiln electrostatic precipita-

10 tor dust is significantly higher when added to these cements

than when added to conventional Portland cement (see Table
7).

EXAMPLE 7

Mineralised cements were produced by adding gypsum and fluor-

15 spar to the raw mix, burning the mixture in a production
cement kiln, and grinding the clinker in a production cement
mill circuit equippéd with a high efficiency separator. No
gypsum was added to the mill.

- Blended cement "1" was produced by mixing cemenf kiln elec-
20 trostatic precipitator dust "M" (median grain size: 2.6 um)
and mineralised cement "H" in the same manner as described in
Example 3. Blended cements "2" and "3" were manufactured
during a production trial, where cement kiln electrostatic
precipitator dust similar to "M" was added to a mineralised
25 cement similar to "E" in the high efficiency separator of a
production mill circuit.

The blended cements were used to manufacture concretes. AsS
reference, concretes were produced with the conventional
Portland cement "!".

30 Concrete recipes and mortar and concrete results are found in
Table 10. The results show that extended cements with a per-
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formance similar to that of laboratory-mixed cements may be
produced on a large-scale installation. The example also
shows that high concrete strengths may be attained by use of
the extended cements. Comparison with sttengths of concretes

S made with conventional Portland cement indicates that the use
of the extended cement containing 15% by weight of cement
kiln electrostatic precipitator dust may make significant
cement savings possible in concrete.
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Table l1a: Base cement properties - 1

Cement type

5 Designation

10

15

20

25

30

35

40

Approx. quantity gypsum
added to mill (% w/w)

Chemical Composition
(2 w/w) Sio,
Fe,0,
Cao
Mgo
SO,
F
LOI
K,0
Na20
Na,O,
Free lime

Ratios (w/w)
L.S.F.
A/F
S.R.

Bogue mineralogical
composition (% w/w)
C;3S
C,S
C,A
C4AF

Density (kg/m>)

Median grain size, dgy (um)
Specific surface

area (mz/kg)

Normal consistency (% w/w)
Initial Set (h:min)
Final set (h:min)
Compressive strength
(MPa) 1 day

7 4days

28 days

26

Mineralised cement

"A"

0.0

22.5
2.35
0.87
69.1
0.58
2.70
0.26
0.80
0.37
0.23
0.47
1.38

N =
¢ ¢ ¢
O NNO

79.9
4.2
4.8
2.5

3145
15.0

388

26.0
2:20
3:00

27.0
56.5
69.2

"B"

30.2
3:45
4:30

22.7
62.0
77 .4

ncu

0.0

20.1
4.63
2.65

' 67.1

0.73
2.55
0.27
0.85
0.46
0.24
0.54
1.76

N
& ® ¢
0w

71.3
3.7
7.8
8.1

3124
11.8

400

28.0
1:15
1:40

23.8
57.8
66.9

1O OO

" D"

0.0

19.9
5.18
2.58
66.3
0.75
2.28
0.26
0.49
0.62

0.27

0.68

2.49

NN =
OO

¢ ® @

O O

3152
14.0

389

28.4
2:00
2:25

21.6
56.0
63.3

PCT/DK93/00132 i

" E"

19.7
5.32
2.85
66.9
0.74
2.50
0.26
0.46
0.58
0.24
0.62
1.59

O b
o O O

® ¢ ®

0 WwWwOo
¢ ¢

3 W \O e

10.4
396
29.4

2:20
3:10

24 .6

57.6
66.6
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Table 1b: Base cement properties - 2

Cement type

Designation

Approx. quantity SO, added

as gypsum to mill (%

Chemical Composition
(% w/w) S10,
Al,0,
Fe,O0,
CaO
Mgo
SO,
¥
LOI
K,0
Na,O
Na,O,
Free lime

Ratios (w/w)
L.S.F.
A/F
S.R.

Bogue mineralogical
composition (% w/w)
C4S
C,S
C,A
C,AF

Density (kg/m°)

Median grain size, dg, (um)

Specific surface
area (m®/kg)

Normal consistency (% w/w)

Initial Set (h:min)
Final set (h:min)
Compressive strength
(MPa) 1 day
7 4days
28 days

¢118029

w/w)

27

"F"

0.0

20.7
5.64
3.30
65.5
0.77
2.48
0.26
0.17
0.61
0.25
0.65
0.57

N = O
¢ ¢ o
W30

57.1
16.4
9.4

10.0

3247
16.8

318

25.3
2:40
3:35

9.8
46.6
66.0

"G"

1.6°

19.9
D.32
3.09
66.2
0.74
2.22
0.29
1.07
0.53
0.23
0.58
1.54

N =
> J O

O B ~J N
> D e

3197
12.8

408

26.4
1:45
2:25

16.5
55.7

62.4

PCT/DK93/00132

Mineralised cement

”H"

20.0
4.76
2.71
67.0
0.75
2.65
0.29
0.36
0.45

0.24

0.54
1.62

N S
®
S OO

® ¢

O

2
O
3

0 \O &
®

&

3120
11.5

363

29.7
2:05
2:40

22.6
61l.1
70.9

.

Conventional
Portland
cement

"X" llY"
3.08 2.54
20.4 21.3
4.7 4.76
3.0 2.85
64.4 64.3
0.8 0.75
3.5 3.10
0.04 0.05
1030 1.37'
0.53 0.53
0.24 0.25
0.59 0.60
1.1 1.54
0.96 0.93
1.6 1.7
2.6 2.8
55.8 48.7
16.4 24.4
7.7 7.8
9.2 8.7
3151 3118
13.2 14.2
391 399
28.6 28.0
2:30 1:50
3:00 2:15
19.7 22.0
55.2 48.2
62.7 63.3

2 No gypsum added to the kiln, clinker SO; content approx.

0.5-0.6% w/w
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Table 2: Composition of extenders

Designation

Chemical Composition
(% w/w) Si0,
Ti0,
10 Al,0,
Fe,0,
Calo
MgoO
SO,
15 F
LOI
K,O
Na,O
Na,O_., .
20 c1? °°
Free lime

Density (kg/x°)
Median grain size, dgp (um)
Specific surface

25 area (m?/kg)

PCT/DK93/00132

Cement kiln electrosta-
tic precipitator dust

"K "

10.9
0.19
2.62
1.74
46.2
0.46
0.64
0.04

35.6
0.78

0.22
0.73
0.31
0.13

2703
2.5

1171

" L"

10.7
0.13
2.25
1.52
47 .2
0.42
0.40
0.04

. 35.8

0.68
.21
0.66
0.03
1.23

2706
2.4

1199

‘uMn

11.4

2.71
1.18
47 .1
0.46

- 1.21

0.12
34.3
0.45
0.20
0.49
0.26
2.02

2701
2.6

1228

"R"

10.6
0.06
0.97
0.36
30.4
0.29
20.3

19.0
12.6
3.52
11.8

2664
12.2

849

Fine
chalk
"N"

4.46

0.70
0.22
52.0
0.33
0.15
0.05

- 41.7

0.11

0.04

0.11
0.00
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Designation Coarse Coarse Fly Blast Fine
lime~ lime- ash fur- alumina
stone stone nace
5 slag
"0" "Pﬂ "Q" " S " "T"
Chemical Composition
(% w/w) sio, 3.70 1.52 56.2 33.9 0.15
10 Tio, 0.04 0.99 0.48
Al,0, 0.22 0.07 21.5 11.2 >99.6
Fe,O, 0.12 0.10 9.91 1.3  0.03
CaOo 52.7 54.7 3.15 41.9 0.02
MgO 0.70 0.26 1.73 9.2 0.1
15 SO, 0.08 0.00 0.54 0.1
F 0.06
LOI 42.2 43.1 2.80 0.4 <0.5
K,0 0.05 0.01 2.16 0.29
Na,O 0.03 0.03 0.80 0.30 0.1
20 Na,Og. 0.06 0.05 2.22 0.49
Cl 0.00 0.01
Free lime
Density (kg/m°>) 2733 2682 2277 2950 3980
Median grain size, dgy (um) 12.0 9.6 19.0 11.0 1.1
25 Specific surface
area (m?/kq) 509 521 255 426

2 Manufacturer’s data
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Table 3: Mineraliséd or conventional Portland cement combined
with various limestone-based extenders

Compbsition (% wW/wW)

5 Mineralised cement “A" 90 90 90
Cem. kiln el. precipitator
dust "K*" 10
Fine chalk *"N* 10
Coarse limestone "“O" 10
10 Normal consistency (% w/w) 26.2 26.2 26.6
Initial set (h:min) 3:10 3:05 3:15
Final set (h:min) 3:30 3:40 3:40
Compressive strength
absolute (MPa)/
15 relative (%),
- 1 day 30.4/113 28.3/105 24.3/90
7 days 55.7/99 53.8/95 49.3/87
28 days 67.0/97 65.6/95 59.6/86
20
Composition (% w/w)
Mineralised cement "A"™ 77 77 77
Cem. kiln el. precipitator
dust "K¢ 23
25 Fine chalk "N“ 23
Coarse limestone "O" 23
Normal consistency (% w/w) 27.2 27.0 26.0
Initial set (h:min) 2:05 2:35 2:45
Final set (h:min) 2:30 3:00 3:10
30 Compressive strength
absolute (MPa)/
relative (%),
1 day 28.9/107 26.1/97 21.5/80
7 days 52.9/94 49.4/87 42.8/76
35 28 days ' 57.3/83 54.3/78 52.9/76
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'composition (¥ w/w)

Mineralised cement “A"“ 65
Conventional Portland
cement "“xw

Cem. kiln el. precipitator

dust K" 35
Fine chalk "N"

Coarse limestone "“OY

Normal consistency (% w/w) 28.5
Initial set (h:min) 1:55
Final set (h:min) 2:45
Compressive strength
absolute (MPa)/
relative (%),
1l day 24.7/91
7 days 46.4/82
28 days

65

35

29.0
2:10
2:25

PCT/DK93/00132
65
65
35
35
31.0 27 .4
1:55 2:00
2:50 2:40

21.3/79 13.4/68 17.1/63
41.9/74 34.7/63 37.1/66
51.9/75 44.3/64 43.5/69 41.9/61

Table 4: Mineralised or conventional Portland cement combined

with various limestone-based extenders

Composition (% w/w)

Mineralised cement "B" 85
Conventional Portland

cement %X*
Cem. Kkiln el. precipitator

dust "L* 15
Coarse limestone "p"

Normal consistency (% w/w)

30.2
Initial set (h:min) 3:05
Final set (h:min) 3:35

compressive strength
absolute (MPa)/
relative (%),

1 day
7 days 60.3/97
28 days 69.1/89

85

15

29.0

2:30
2:50

85

15

29.6
2:10
2:45

85

15

29.0
2:15
2:35

1 28.4/125 18.8/95 24.0/106 16.3/83
50.6/91 59.0/95 46.9/85

62.1/99 69.8/90 57.2/91
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Composition (% w/w)
Mineralised cement "B"

Conventional Portland
cement wXv

Cem. kiln el. precipitator
dust “L"

Coarse limestone “pP"

Normal consistency (% w/w)
Initial set (h:min)
Final set (h:min)

Compressive strength
absolute (MPa)/
relative (%),
1 day
7 days
28 days

Composition (% w/w)
Mineralised cement "B"

Conventional Portland
cement %X+ '

Cem. kiln el. precipitator
dust "L"
Coarse limestone "p"

Normal consistency (% w/w)
Initial set (h:min)
Final set (h:min)

Compressive strength
absolute (MPa) /
relative (%),
1 day
7 days
28 days

32

75

25

31.0
3:05
3:45

55.4/89
62.2/80

65

35

31.0
3:00
3:40

46.5/75
53.9/70

75

25

30.2
2:10
2:50

65

35

31.2
2:30
3:15

65

35

27.6
2:30
3:05

PCT/DK93/00132 .
75

75
25 25
28.0 27 .2
2:45 2:00
3:20 2:25

26.4/116 17.5/89 23.0/101 12.9/65
43.8/79 51.6/83
53.6/85 60.2/78

39.1/71
48.8/78

65

35

27.0
2:00
2:30

23.9/105 13.9/71 18.7/82 10.6/54
36.1/65 42.6/69 32.1/58
45.8/73 48.6/63 41.7/67
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Table Sa: Mineralised or conventional Portland cement
combined with fly ash or ground granulated
blast furnace slag '

Composition (% w/w)

Mineralised cement "“B" 80
Conventional Portland

cement “x“ 80
Fly ash "“Q“ 20 20
Normal consistency (% w/w) 30.3 29.6
Initial set (h:min) 4:05 3:10
Final set (h:min) 4:50 4:40

Compressive strength
absolute (MPa)/
relative (%),

1l day 17.2/76 13.8/70
7 days 50.7/82 39.5/72
28 days 66.0/85 54.3/87

Composition (% w/w)

Mineralised cement "B" 70 70
Conventional Portland

cement "X¥ 70 70
Fly ash "QV 30 30 . |

Blast furnace slag "S" 30 30
Normal consistency (% w/w) 29.1 28.0 31.2 29.2
Initial set (h:min) 4:10 3:10 4:00 2:50
Final set (h:min) 5:00 3:50 4:30 3:15

Compressive strength
absolute (MPa)/
relative (%), .
1 day 13.8/61 11.7/59 15.8/70 11.5/58
7 days 40.9/66 32.8/59 46.1/74 40.1/73
28 days 54.3/70 44.4/71 66.3/106 61.5/98
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Composition (% w/w)
Mineralised cement "“B"

conventional Portland
cement “Xx©

Fly ash "“Q"
Blast furnace slag "“s*“

Normal consistency (% w/w)
Initial set (h:min)
Final set (h:min)

34

60

40

28.8
4:45
$:45

60
40
28.6

3:20
4:15

PCT/DK93/00132
60

60
40 40
32.4 29.0
4:00 2:35
4:35 3:00

Compressive strength
absolute (MPa)/
relative (%),

1 day 11.9/52 8.0/41 13.7/60 9.6/49
7 days 33.8/55 24.5/44 42.2/68 37.2/60
28 days 44.4/57 35.7/57 63.2/101 62.0/99

Mineralised or conventional Portland cement
combined with cement kiln slectrostatic preci-
pitator dust and fly ash or ground granulated
blast furnace slag

Composition (% w/w)

Mineralised cement "B" 65 65
Conventional Portland
cement "X¢ 65 65
Cem. kiln electrostatic
precipitator dust "L*“ 15 15 15 15
Fly ash "Q" 20 20
Blast furnace slag "S* - -20 20
Normal consistency (% w/w) 29.2 28.2 30.0 31.0
Initial set (h:min) 3:30 2:50 3:05 2:50
Final set (h:min) 4:00 3:15 3:35 3:20
Compressive strength
absolute (MPa)/
relative (%),
1 day 18.4/81 11.4/58 20.7/91 12.3/62
7 days 46.1/74 34.6/63 51.0/82 44.1/80
28 days 51.6/67 45.8/73 67.1/87 58.4/93

. AL "ot bt SR BT uh il Bl ok 08 Satte SN~ B0k ey 2a’ b8 Shad A F- S las LU0 RaZ W e e 1 Ll i LAt A b Sl Rl e IR A i e
B T R T N R R R T R Y T T N L A Y R L et ’
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Table 6: Mineralised or conventional Portland cement
combined with cement kiln electrostatic
precipitator dust
5 Composition (% w/w)

10

15

20

25

30

35

Mineralised cement "C" 95 90 85 70
Cem. kiln el. precipitator

dust "M* 5 10 15 30
Normal consistency (% w/w) 27 .7 27.9 28.2 30.2
Initial set (h:min) 1:15 1:25 1:20 1:30
Final set (h:min) 2:00 1:50 1:50 2:00

Compressive strength
absolute (MPa)/
relative (%),

1 day 23.9/100 25.9/109 25.8/108 22.0/92
7 days 60.3/104 60.3/104 58.5/101 50.1/87
28 days 70.8/106 67.1/100 63.7/95 57.6/86

Table 7: Mineralised or conventional Portland cement

combined with cement kiln electrostatic
precipitator dust

Composition (% w/w)

Mineralised cement "“D" 85 80 75
Conventional Portland
cement "Y" 80

Cem. kiln el. precipitator
dust "M" 15 20 20 25

Compressive strength
absclute (MPa) /
relative (%),

1 day 24.0/111 24.2/112 19.1/87 24.0/111
7 days 55.9/100 52.0/93 44.7/93 52.7/94
28 days 64.6/102 64.6/102 60.8/96
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Composition (% w/w)
Mineralised cement "D" 70 - 65 60
Conventional Portland
cement "y*" 70
Cem. kiln el. precipitator
dust "M" 30 30 35 40
Compressive strength
absolute (MPa)/
relative (%),
1 day 22.2/103 16.2/74 21.6/100 19.3/89
7 days 50.1/89 45.9/82 42.0/75
28 days 56.7/90 '51.3/81 49.1/78
Composition (% w/w)
Mineralised cement "D" 55 62 62 57
Cem. kiln el. precipitator
dust "M" 45 35 35 40
Cem. kiln el. precipitator
dust "R" 3 3
Hemihydrate 3
Compressive strength
absolute (MPa)/
relative (%), '
1 day 18.0/83 25.3/117 23.6/109 22.2/103
7 days 36.9/66 44.7/80 42.3/76 37.9/68
28 days 44.6/70 51.7/82 47.0/74 44.1/70
Table 8: Mineralised or conventional Portland cement

combined with finely milled calcined alumina

Composition (% w/w)

Mineralised cement "E" 80

Mineralised cement "“"F" 80
Conventional Portland

cement "y" 80
Fine alumina "7T" 20 20 20

Compressive strength
absolute (MPa)/
relative (%),

1 day 7.8/32 5.9/60 12.5/60
7 days -~ 36.0/63 33.0/71 37.4/78

U= A FNCA Sr-4ary oL iIr-—™y
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Table 9: Mineralised or conventional Portland cement
combined with cement kiln electrostatic
precipitator dust
5 Composition (% w/w)

10

15

20

25

30

2118029

Mineralised cement “Fr* 85
Mineralised cement "“G"

Cem. kiln el. precipitator

dust "M*" 15

Normal Consistency (% w/w) 26.4
Initial set (h/min) 2:40
Final set (h/min) 3:10

80

20

26.7
2:20
3:00

75

25

27 .2
2:15
2:55

PCT/DK93/00132

80

20

Compressive strength
absolute (MPa)/
relative (%),

12.9/132 11.5/117 11.7/119 17.8/108
46.7/100 45.5/98 42.8/92 54.7/98

1 day
7 days

Table 10: Mineralised cement combined with

cement kiln electrostatic precipi-
tator dust

Concrete recipes (kg/m3)

llIlO ”IIN
Cement 130 250
Fly ash 50
Silica fume 14
Water 154 150
Sand 845 820
Aggregate 4-8 mm 115 115
Aggregate 8-16 mm 1030 1030

Plasticizer 2 2
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Results
Designation

Composition (% w/w)
Mineralised cement
similar to "“E"
Mineralised cement “H"
Conventional Portland
cement "“y"“

Cem. kiln el. precipitator
dust "M"

Cem. kiln el. precipitator
dust similar to "M"

Compressive strength
(EN 196-1 mortar)
absolute (MPa),
1 day
7 days
28 days

Compressive strength
(concrete %“I%)
absolute (MPa),
1 day
7 days
28 days -

Compressive strength
(concrete "“1I1")
absolute (MPa),
1l day
7 days
28 days

38

" 1“

85

15

24 .6
54.4
65.4

2.8
13.3
22.6

.'2 ]

85

15

26.2
55.1
67.6

7.0
34.5

3707-?

..3“

75

25

21.6
51.3
58.2

1.6
10.9
19.2

8.9

27 .7

",3204

PCT/DK93/00132

Ref.

100

22.0
48.2
63.3

OON
® o @
O O
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CLAIMS:

1. A cement composition consisting essentially of

a) from 50% to 97% by weight (calculated on the total compo-
sition) of a Portland cement clinker, the sulfur content of
which is in the range of 0.5-10% by weight expressed as SOj;,

and the fluorine content of which 1s 1n the range of 0.13-
0.45% by weight expressed as F ; and

b) from 3% to 50% by weight (calculated on the total compo-
sition) of an extender containing a carbonate selected from

calcium carbonate, magnesium carbonate and calcium magnesium

carbonate, and mixtures thereof, as 1ts maln constituent and

having a median particle size (dso) of below 14 um.

2. A cement composition according to claim 1 wherein the

median particle size (dsy) of the extender is below 12 um.

3. A cement composition according to claim 2 wherein saild

median particle size 1s below 3 um.

4 . A cement composition according to claim 1, 2 or 3 whereiln
the extender is selected from carbonate-containing rocks, mine-
rals or synthetic compounds such as calcite, aragonite,
dolomite, limestone, dolostone, dolomitic limestone, travertine,
calcarenite, coquina, chalk, marble, or industrial products, by-
products or wastes containing such materials, or carbonate-

containing electrostatic precipitator dust.

5. A cement composition according to any one of claims 1-4

ph—

wherein the content of calcium carbonate, magnesium carbonate,
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calcium magnesium carbonate or mixtures thereof in the extender

18 at least 50%.

6. A cement composition according to claim 5 wherein the
content of said carbonates or mixtures thereof in the extender

1s at least 80% by weight, calculated on the extender.

7. A cement composition according to any of claims 1-6 wherein
the content of Portland cement clinker and extender 1s 60-95%

and 5-40% by weight, respectively.

8. A cement composition according to claim 7 wherein the
content of Portland cement clinker and extender is 70-90% and 10-

30% by weight, respectively.

9. A cement composition according to any one of claims 1-8
wherein the total content of Ci3S and C,;8S 1n the Portland cement
clinker is at least 65% calculated according to Bogue and

corrected for the content of calcium sulfate in the clinker.

10. A cement composition according to any one of claims 1-9
wherein the total content of C3S and C;S i1n the Portland cement
clinker is at least 80%, calculated according to Bogue and

corrected for the content of calcium sulfate in the clinker.

11. A cement composition according to any one of claims 1-
10 wherein the Portland cement clinker has a sulfur content in

the range of 1.3-10% by weight expressed as SO;.

12. A cement composition according to any one of claims 1

to 11 wherein the alkali metal content of the Portland cement
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clinker expressed as Na:0O equivalent 1s 1in the range of 0.1-8%

Ly welght.

13. A cement composition according to claim 12 wherein said

clkall metal content is 0.3 - 0.6% by weight.

14. A cement composition according to any one of claims 1 to 13

wherein the sulfur content of the Portland cement clinker

expressed as S0z 1s 1n the range of 1.5-6% by weight.

1o, A cement composition according to claim 14 wherein said

sulfur content expressed as SO.is 1.8 - 4% by welght.

~6. A cement composition according to any one of claims 1 to 15

e

wherein the fluorine content of the Portland cement clinker

expressed as F 1is in the range of 0.15-0.45% by welght.

17. A cement composition according to claim 16 wherein said

fluorine content expressed as F 1is 0.18 - 0.30% by weight.

8. A cement composition according to any one of claims 1 to 17

wherein the C.S in the Portland cement c¢linker is of lmproved
hydraulic activity and is present in the crystal modification
characterized by the presence in the X-ray diffractogram of only
one peak in the region 517-52" 200 corresponding to the 220

reflection of the hexagonal subcell.

19. A cement composition according to any one of claims 1 to 18

1n which filuorine in the Portland cement clinker 1is

predominantly present in solid solution in the silicate crystal

phases.
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20. A cement composition according to claim 19 whereiln at
least 95% of said fluorine 1s present 1in solid solution in the

sllicate crystal phases.

21. A cement composition according to any of claims 1 to 20 1in
which the Portland cement clinker contains more than 0.6% by
weight of aluminium in solid solution i1n the silicate crystal

phases, expressed as Al,0;.

22. A cement composition according to claim 21 in which said
clinker contains more than 1.4% by weight of aluminum in solid

solution 1n the silicate crystal phases, expressed as Al,;0;.

23. A cement composition according to any one of claims 1 to 22
in which the Portland cement clinker has a lime saturation

factor, corrected for the content of sulfate, of at least 0.95.

24. A cement composition according to claim 23 wherein said

lime saturation factor i1is at least 0.99.

25. A cement composition according to any one of claims 1 to 24
wherein the silica ratio of the Portland cement clinker 1s in

the range of 2-30.

26. A cement composition according to claim 25 wherein said

silica ratio 1s 2-20.
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27. A cement composition according to any one of c¢laims 1 to 26
wherein the sulfur/fluorine ratio of the Portland cement

clinker expressed as SO;/F is at least 6.6.

28. A cement composition according to claim 27 wherein said

sulfur/fluorine ratio is at least 8.

29. A cement composition according to any one of claims 1 to 28
wherein the C3S content of the Portland cement clinker is at

least 60% by weight.

30. A cement composition according to claim 29, wherein said

C3S content 1s at least 75% by weight.

31. A cement composition according to any one of claims 1 to 30
wherein the aluminium content of the Portland cement clinker

expressed as Al,0; 1s less than 6% by weight.

32. A cement composition according to claim 31 wherein said

aluminum content expressed as Al,0; 1s less than 5% by weight.

33. A cement composition according to any one of claims 1 to 32
wherein the content of free lime in the Portland cement

clinker 1s less than 3% by weight.
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34. A cement composition according to claim 33 wherein said

content of free lime is less than 2% by weight.

35. A cement composition according to any one of claims 1 to
32 wherein the content of calcium langbeinite in the Portland

cement clinker is in the range of 0.1-8.3% by weight.

36. A cement composition according to claim 35 wherein said

content of calcium langbeinite is 0.1-4% by weight.

37. A cement composition according to any one of claims 1 to
36 wherein the cement clinker is ground to a specific surface

area according to Blaine of 150-1000 m’/kg.

38. A cement composition according to claim 37 wherein said

specific surface area is 200-900 m*/kg.

39. A cement composition according to any one of claims 1 to

38 which further contains a retarding agent.

40. A cement composition according to claim 39 wherein the

retarding agent 1s calcium sulfate or a hydrate thereof.

41. A cement composition according to any one of claims

1 to 40 wherein the extender has an alkali metal
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content of below 0.8% by welght expressed as Nay0

equivalent.

42 . A cement composition according to any of claims 1 to 41
which, when the cement clinker i1s ground to a specific surface
area according to Blaine of 400 m’/kg, exhibits a 1-day

compressive strength measured according to EN-196-1 of at

least 21 Mpa.

43. A cement composition according to claim 42 wherein

salid 1-day compressive strength 1s at least 30 MPa.

44 . A composition comprising a cement composition
according to any one of claims 1-43 as well as one or
more further components selected from the group
consisting of cement extenders, aggregate, plasticizing
and superplasticising agents, accelerators, concrete
retarders, alr entraining agents, defoaming agents,
freezing point decreasing agents, adhesiveness i1mproving
agents, water repellants or waterproofing agents,
expansion-promoting agents, corrosion inhibiting agents,

radiation shielding agents, thickeners and water.

45. A composition according to claim 44 wherein the cement

extender is selected from silica fume, calcined clay, natural

pozzolan, artificial pozzolan, iron blast furnace slag,

alumino-silicate, amorphous silica, rock flour, alumina,

fluorspar, or mixtures thereot.
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46. A composition according to claim 44 wherein the aggregate

is selected from sand, gravel, crushed stone, crushed rock,
blast furnace slag, combustion slag, heavyweilght aggregate,

lightweight aggregate, or mixtures thereof.

RIODUT & MAYBEE LLP

Toronto, Canada

Patent Agents
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