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Calcium sulfoaluminate composite binders

[0001] The present invention relates to binders comprising calcium sulfo-
aluminate based cement / clinker types and supplementary cementitious materials,
a method of manufacturing composite binders and to their use for making
hydraulically setting building materials or special construction chemical

compositions.

[0002] Calcium sulfoaluminate (CSA) cements are made from clinkers that
include ye'elimite (Cas(AlO2)sSO4 or C4,A3$ in cement chemist's notation) as a
major phase. These binders are used as constituents in expansive cements, in
ultra-high early strength cements and in "low-energy" cements. Hydration of CSA
cements leads to the formation of mainly ettringite and/or monophases as e.g.
monosulfate. Aluminium hydroxide may probably be another hydration product of
this binder. The amount and kinetics of formation strongly depend on the cement
composition as e.g. the amount and type of sulfate bearing phases being present.
Special physical properties (such as intentional expansive behaviour or rapid
reaction) are obtained by the adjustment of the availability of calcium and sulfate
ions. The use of CSA cement as a low-energy alternative to Portland cement has
been pioneered in China, where several million tons per year are produced. The
energy demand for production is lower because of the decreased kiln tempera-
tures required for reactions, the better grindability and the lower amount of
limestone in the raw mix, which needs to be endothermically decarbonated. In
addition, the lower limestone content and lower fuel consumption leads to a CO-

emission around half of that of Portland cement clinker.

[0003] Within the context of the present invention, clinker shall mean a sinter
product which is obtained by burning a raw material mixture at an elevated
temperature and which contains at least one hydraulically reactive phase. Cement
denotes a clinker that is ground with or without adding further components. Binder

or binder mixture denotes a mixture hardening hydraulically and comprising
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cement and typically, but not necessarily, additional finely ground components,
and which is used after adding water, optionally admixtures and/or additives and
aggregate. A clinker may already contain all the necessary or desired phases and

be used directly as a binder after being ground to cement.

[0004] Another approach to save energy and valuable raw materials is the
application of secondary raw materials or industrial by-products as raw meal
components to replace primary mineral based raw materials during clinker

production.

[0005] In a further approach supplementary cementitious materials, which are
often industrial by-products or wastes, are used to replace parts of the clinker
during cement production and therefore save energy and primary raw material
sources. These materials most often possess a pozzolanic or latent hydraulic
reactivity and contribute to the mechanical performance of these composite

binders.

[0006] Constituents that are permitted in Portland-composite cements are arti-
ficial pozzolans (like e.g. blastfurnace slag, silica fume, synthetic glasses and fly
ashes) or natural pozzolans (like e.g. siliceous or siliceous aluminous materials
such as volcanic ash glasses, calcined clays and shale). Portland blastfurnace
cement contains up to 70% ground granulated blast furnace slag, the rest being
Portland clinker and a little sulfate as e.g. gypsum. These composite cements
typically produce high ultimate strength, but as slag content is increased, early
strength is reduced, while potentially sulfate resistance increases and heat evolu-
tion diminishes. Portland fly ash cement contains up to 35% fly ash. The fly ash
possesses a pozzolanic behaviour, so that ultimate strength is maintained or even
increased. Because fly ash addition allows a lower water to binder ratio and as a

result thereof a lower total water content, early strength can also be maintained.
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[0007] Supplementary cementitious materials can be divided into latent
hydraulic materials and pozzolans. Latent hydraulic materials are not hydraulic on
their own or react only very slowly. They need an activation to undergo hydraulic
reaction within useful time periods. Activation is typically achieved by (addition of)
earth alkali metal or alkali metal compounds (e.g. Ca(OH),, NaOH, KOH, etc.) or
sulfate providing materials (CaS04, Na;SO,4, K2SO,, etc.), which are able to
support the formation of calcium (aluminium) silicate hydrates and/or ettringite
and/or others like e.g. AF-phases (stratlingite, monosulfate, monocarbonate
hemicarbonate etc.) or zeolite-like mineral. Pozzolans are siliceous or alumino-
siliceous materials that react with calcium hydroxide from other components of a
binder to form calcium silicate hydrates. The foregoing distinction is not always
applied strictly, i.e. many fly ashes contain considerable amounts of calcium and
are latent hydraulic materials, therefore, but usually they are designated
pozzolans, nonétheless. For the present invention the distinction is not important
and both are summarized as supplementary cementitious materials, partly
abbreviated SCM herein.

[0008] Typical supplementary cementitious materials are natural or artificial
pozzolans and latent hydraulic materials, e.g. but not exclusively ground
granulated blast furnace slag, and natural or artificial pozzolans, e.g. but not
exclusively type-C and/or type-F fly ashes, calcined clays or shales, trass, brick-
dust, artificial glasses, silica fume, and burned organic matter residues rich in silica

such as rice husk ash or mixtures thereof.

[0009] A problem of portland cement and portland-composite cements is the
increasing demand of high early strength. Time granted for construction is
continuously decreasing. In the manufacturing of build'ing elements a fast form
removal is desired to optimize investment return. Therefore, binders providing high
early strength are required, of course without decreasing ultimate strength,
durability or workability. There further remains the object to provide cements that
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have a minimal environmental impact with regard to energy and natural raw

materials.

[00010] There have been some proposals to add SCM to calcium sulfoaluminate

cements.

[00011] According to GB 2490010 describes cementitious compositions
containing (a) 60-94% of at least one pozzolanic material; (b) at least 0.5%
calcium sulfoaluminate; (c) 1.2-11%, expressed as SO;, of at least one inorganic
sulfate; and (d) a total sulfate content, expressed as SOs;, of at least 3 %, wherein
the cementitious composition includes, at most 3% natural lime, and at most 10%
alumina cement. Strength development of this system is mainly based on
ettringite, it is a so called super sulfated system with a ratio of calcium sulfate to
ye'elimite + aluminates + ferrites of more than 1, the CSA and at least one source
of CaO / Ca(OH),, originating from the addition of e.g. CaO or OPC, is used as

activator for early strength.

[00012] In Zivica V., "Possibility of the modification of the properties of sulfo-
aluminate belite cement by its blending", Ceramics - Silikaty 45 (1), 24-30, (2001)
the addition of 5 %, 15 % and 30 % SCM to a CSA cement containing about 53 %
C2S, 34 % C4A3$, 8 % C,AF and 5 % C$ is studied. From the explanations it is
apparent that overburned or “dead burned” anhydrite is part of the clinker and that
the SCMs are mostly performing as inactive fillers. Consequently, the article
suggests that SCM contents below 15 % are optimal. A significant energy saving

seems not possible therewith.

[00013] In Quillin K., BRE "Low-CO; Cements based on Calcium Sulfoaluminate”
(http://www.soci.org/News/~/media/Files/Conference%20Downloads/
Low%20Carbon%20Cements%20Nov%2010/Sulphoaluminate_Cements_Keith__
Quillin_R.ashx, status June 2013), the impact of adding 30 or 50 % ground

granulated blast furnace slag or 30 % fly ash as well as the impact of sulfate
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content to a CSA cement containing about 22 % C,S, 60 % C4A3$, 7 % C4AF,
8 % C3S and 5 % C3A is studied. The ratio of calcium sulfate to the sum of C4A39,
aluminates and ferrites is adjusted to 0, 0.35, 0.93 or above 1.

[00014] Surprisingly it was now found that composite binders comprising calcium
sulfoaluminate cement and supplementary cementitious materials with a weight
ratio Rg/v+a+r) Of calcium sulfate to the sum of ye'elimite, aluminates and ferrites in
the range from 0.5 to 0.85 provide good early and ultimate strength, while further
diminishing the environmental impact compared to binders based on calcium
sulfoaluminate cements without addition of SCMs. Rg/y+a+r) €specially stands for
CaSO04/ (Z ye'elimite + Z aluminates + X ferrites), wherein

- CaSO, represents the quantity of anhydrous calcium sulfate originating from
CaS0,4, CaS040.5H,0, or CaSO42H,0 present in the binder

- Ye'elimite represents C4A3.4Fx$ with x ranging from 0 to 2, C4A3$ with other
substitutions with one or more foreign ions, or mixtures thereof

- > Aluminates represents the sum of all phases based on calcium aluminates,
preferably it means CA, Cq,A;, CA;z, C3A, amorphous aluminate phases and
mixtures thereof

- > Ferrites represents the sum of all phases based on calcium oxide and iron
oxide, preferably it means C,AF+.y, with y ranging from 0.2 to 0.8, C2F, CF, CF»,
amorphous ferritic phases and mixtures thereof.

Phases such as CsA34Fx$, CoAF1.y, CA, C12A7, CA,, C3A, CoF, CF, CF3 etc. can
be crystalline, partly crystalline or amorphous. The phases mentioned could and
typically do contain substitutions with foreign ions (or other/additional foreign ions
than those stated explicitly), as is common with technical materials. In the case of
phases containing C, A and F it does not matter whether they are considered as

aluminates or as ferrites, as long as they are included and not calculated twice.

[00015] Calcium sulfate can also be present within the supplementary

cementitious materials or in the CSA clinker. This calcium sulfate also has to be
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taken into account for the calculation of Rg/y+a+F). Amorphous aluminate or ferritic
phases are special forms of e.g., but not exclusively,C1,A7, CA, C,AF, CF.
Aluminates and/or ferrites introduced by the addition of further components like
calcium aluminate or Portland cements to the binder have to be considered as well

for the calculation of Rg/y+a+r).

[00016] The present invention solves the above mentioned problems with a
composite binder comprising calcium sulfoaluminate cement and supplementary
cementitious materials with a weight ratio of sulfate to the sum of ye'elimite,
aluminates and ferrites in the range from 0.5 to 0.85, wherein preferably

- calcium sulfate means the quantity of anhydrous calcium sulfate originating from
CaS0y4, CaS0,4:0.5 H,0, and CaS04°2 H,0O present in the binder,

- ye'elimite means the content of C4A;z «F$, with x ranging from 0 to 2, C4A3$ with
other substitutions with one or more foreign ions, or mixtures thereof

- aluminates stands for the content of e.g., but not exclusively, CA, C12A7, CA,
C3A, amorphous aluminate phases or mixtures thereof, and

- ferrites stands for the content of e.g., but not exclusively, C,AF1.y, with y ranging
from 0.2 to 0.8, C,F, CF, CF,, amorphous ferritic phases or mixtures thereof

and their use to make hydraulically setting building materials or special
construction chemical compositions. It further meets the object with a method of
manufacturing a composite binder comprising the steps:

a) providing at least one calcium sulfoaluminate cement

c) providing at least one supplementary cementitious material

d) mixing 10 to 80 % by weight calcium sulfoaluminate cement(s) with 20 to 90 %
by weight supplementary cementitious material(s), wherein the weight ratio
Rs/v+a+r) Of sulfate to the sum of ye'elimite, aluminates and ferrites ranges from 0.5
to 0.85.

[00017] To simplify the description, the following abbreviations, which are
common in the cement industry, are used: H — H,0, C — CaO, A - Al,Os,
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F — Fe;03, M= MgO, S - SiO, und $ — SO;. Additionally, compounds are generally
~ indicated in the pure forms thereof, without explicitly stating series of solid
solutions/substitution by foreign ions and the like, as are customary in technical
and industrial materials. As any person skilled in the art will understand, the
composition of the phases mentioned by name in the present invention may vary,
depending on the chemism of the raw meal and the type of production, due to the
substitution with various foreign ions, such compounds likewise being covered by

the scope of the present invention.

[00018] The supplementary cementitious materials can be chosen from all
available materials showing latent hydraulic and/or pozzolanic properties.
Preferred are ground granulated blast furnace slag, fly ashes type C and F and
natural pozzolans, calcined clays or shales, trass, artificial glasses, other slags
than ground granulated blast furnace slag, brick-dust and burned organic matter
residues rich in silica such as rice husk ash. Especially preferred are calcium-rich

artificial glasses, type C fly ashes and ground granulated blast furnace slags.

[00019] Calcium sulfoaluminate clinkers contain mainly polymorphs of ye'elimite.
Depending on the raw materials used and the burning temperature they typically
also contain belite, ferrites and/or aluminates, anhydrite and may further contain
ternesite, see e.g. WO 2013/023728 A2. Calcium sulfoaluminate cements are
obtained from CSA clinkers by grinding, usually calcium suifate is added.
Manufacturing of the calcium sulfoaluminate cements takes place in a manner
known per se. Typically raw materials are mixed in appropriate amounts, ground
and burnt in a kiln to give a clinker. Usually, the clinker is then ground together
with calcium sulfate and optionally some or all of the other components to give the
cement. A separate grinding is also possible and rhay be advantageous when the
grindability of the components is largely different. The calcium sulfate can be

gypsum, bassanite, anhydrite or mixtures thereof. Anhydrite is preferably used.
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[00020] A calcium sulfoaluminate cement can be obtained by grinding a CSA
clinker when that already contains the desired amount of calcium sulfate.
Typically, it is obtained by combining CSA clinker with adequate amounts of
calcium sulfate. This means that as defined for the present invention the
component CSA cement provides ye'elimite and sulfate, as well as optionally
aluminates, ferrites, belite and other components, regardless of whether they
originate from the CSA clinker or from a mixing of CSA clinker with them, either
before, during or after grinding of the CSA clinker. Of course, sulfate, ye'elimite,
aluminates, and ferrites can also originate from the SCM component or the
optional additional components of the composite binder, so that less is desired in
the CSA cement. This means that for manufacturing the binder the sulfate (and
also any other phase) can originate from the CSA clinker, the CSA cement, the
SCM and even from additional components. With respect to the the sulfate it does
not matter whether it is added to the CSA clinker before mixing with the SCM or
during mixing, i.e. the CSA cement can be added as one component or as two

components, namely ground CSA clinker and ground sulfate.

[00021] Calcium sulfoaluminate clinkers and cements containing C4A3$ as a main
phase are known and available in different qualitites / compositions. For the
present invention all are suitable. For example, the following CSA cements are
(commercially) available / known:

Lafarge BCSAF:

Belite (a; +/-B) C.S 40 —75%; Ye'elimite C4A3$ 15 — 35%;

Ferrite C,(A,F) 5 —25%; Minor phases 0.1-10%

Lafarge Rockfast®:

Belite (a; +/-B) C2S 0 - 10%; Ye'elimite C4A3$ 50 — 65%

Aluminate CA 10 - 25%; Gehlenite C,AS 10 — 25%;

Ferrite Cz(A,F) 0 - 10%; Minor phases - 0-10%
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Belite (a; +/-B) C2S 10 — 25%; 50 — 65%;
Anhydrite C$ 0 - 25%; Minor phases 1-20%
Cemex CSA:

Belite (a; +/-B) C2S 10 -30%; Ye'elimite C4A3$ 20 -40%
Anhydrite C$ >1%; Alite C3S >1 — 30%;
Free lime CaO <0.5-6%; Portlandite Ca(OH), 0 —7%;
Minor phases 0-10%

Denka® CSA

Belite (a; +/-B) C2S 0 — 10%; Ye'elimite C4A3$ 15 - 25%;
Anhydrite C,(A,F) 30-40%; Portlandite Ca(OH), 20 — 35%;
Free lime CaO 1-10%; Minor phases 0-10%
China Type Il & llil CSA

Belite (a; +/-B) C2S 10 -25%; Ye'elimite C4A3$ 60 — 70%;
Ferrite C,(A,F) 1-15%; Minor phases 1-15%
Barnstone CSA

Belite (a; +/-B) C.S 22%; Ye'elimite C4A3$ 60%;
Aluminate C12A;  5%; Alite C3S 8%;
Ferrite C2(A,F) 4%; Minor phases 1%
HeidelbergCement BCT

Belite (a; +/-8) C.S 1 -80%; Ye'elimite ZC4A3$ 5 -70%;

Ternesite C5S,$

5 —75%; Minor phases 0 - 30%;

[00022] The calcium sulfoaluminate clinker or cement usually comprises 10 -
100 % by weight, preferably 20 — 80 % by weight and most preferred 25 to 50 %
by weight C4A;.4Fx$, with x ranging from 0 to 2, preferably from 0.05 to 1 and most
preferably from 0.1 to 0.6. It typically further comprises 0 - 70 % by weight,
preferably 10 to 60 % by weight and most preferred 20 to 50 % by weight C,S, 0 -
30 % by weight, preferably 1 to 15 % by weight and most preferred 3 to 10 % by
weight aluminates, 0 - 30 % by weight, preferably 3 to 25 % by weight and most
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preferred 5 to 15 % by weight ferrites, 0 — 30 % by weight preferably 3 to 25 % by
weight and most preferred 5 to 15 % by weight ternesite, 0 - 30 % by weight,
preferably 5 to 25 % by weight and most preferred 8 to 20 % by weight calcium
sulfate and up to 20 % minor phases. As indicated, phases can be present in the
CSA clinker or added for obtaining the CSA cement.

[00023] The invention is beneficial to all kinds of calcium sulfoaluminate
cements both belite rich and poor ones as well as with differing amounts of
aluminates and ferrites as long as the weight ratio Rg/v+a+r) in the composite
binder is maintained in the range from 0.5 to 0.85. With a ratio below 0.5 only
minor or even no contribution of the cementitious material is observed as regards
strength development. With a ratio above 0.9 an expansion accompanied by the
formation of fine to even large cracks has been observed already after 24 hours of
hydration of mortar prisms made with the composite cements. Higher levels of
sulfate addition lead to even more pronounced expansion and cracking. Prefer-
ably, the weight ratio according to the invention is set from 0.55 to 0.85, especially
preferred from 0.6 to 0.85. Within the ranges a higher ratio leads to a higher
increase of strength within shorter times, i.e. a higher ratio accelerates the
strength development. Any sulfate, aluminate, ferrite or ye'elimite from the
supplementary cementitious materials and other components is taken into account

when calculating the ratio.

[00024] The supplementary cementitious materials can be added according to
the invention in amounts of at least 10 % and up to 90 % by weight, preferably 20
to 80 % by weight are added. The quantity of latent hydraulic materials in the SCM
usually ranges from 0 to 100 % by weight, preferably from 20 to 80 % by weight
and most preferably from 30 tb 70 % by weight of the of the total amount of SCM.
The content of pozzolanic materials ranges from 0 to 40 % by weight, preferably
from 5 to 35 % by weight and most preferably from 10 to 30 % by weight of the
total amount of supplementary cementitious materials.
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[00025] The preferred amount of SCM in the binder depends on the reactivity of
the SCM. If the SCM is only or mainly latent hydraulic materials the preferred
amount of addition ranges from 10 to 90 % by weight, most preferred 30 to 60 %
by weight. When only or mainly pozzolanic materials are used, the SCM is
preferably added in an amount of 10 to 40 % by weight, most preferred 20 to 30 %
by weight. The preferred amounts of SCMs that are mixtures of latent hydraulic
and pozzolanic materials depends on the reactivity of the SCM mixture used.
Namely, more reactive SCM mixtures are preferably used in higher amounts than

those with a low, mainly pozzolanic reactivity.

[00026] In a further embodiment of the invention the calcium sulfoaluminate
cement or binder therefrom has a fineness, according to the particle size
distribution determined by laser granulometry, with a dgg < 90 pm, preferably a dgo
< 60 um and most preferred a dgo < 40 um, whereby the Rosin Rammler
Parameter (slope) n can vary from 0.7 to 1.5, preferably from 0.8 to 1.3 and most

preferably from 0.9 to 1.15.

[00027] The cement according to the invention is obtained by grinding the
clinker, with or without addition of further substances. Usually, calcium sulfate is
added before or during grinding when its content in the clinker is not as desired. It

can also be added after grinding.

[00028] Further components chosen from e.g. but not exclusively calcium
aluminate cements, portland cement or portland cement clinker, lime stone,
dolomite, ternesite, alkali and/or earth alkali salts can be added in amounts of 0.01
to 20 % by weight, preferably in amounts ranging from 0.5 to 15 % by weight. It is
especially preferred when a content of portland cement clinker, limestone,
ternesite and/or dolomite ranges from 0.01 to 20 % by weight, preferably from 3 to
20 % by weight and most preferred from 5 to 15 % by weight and a content of
alkali salts and earth alkali salts ranges from 0 % to 5 % by weight, preferable from

0.1 to 3 % by weight and most preferred from 0.5 to 2 % by weight.
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[00029] Furthermore, common admixtures and/or additives can be present.
Admixtures are preferably added in an amount of up to 20 % by weight, additives
in an amount of up to 3 % by weight. Naturally, the amounts of all components of

one specific mixture add up to 100 %.

[00030] Admixtures are usually added to concrete, mortar etc. made of a binder,
but can also be added to the binder. Typical admixtures are: _
- Accelerators, which speed up the hydration (hardening), like CaO, Ca(OH),,
CaCl,, Ca(NO3),, Alx(SO4)3, KOH, K2S04, K;CO3, NaOH, Na,SO4, NaCOs,
NaNO3, LiOH, LiCl, Li,COs, MgCl,, MgSO,.

- Retarders that slow the hydration. Typical polyol retarders are sugar,
sucrose, sodium gluconate, glucose, citric acid, and tartaric acid.

- Air entrainments which add and entrain air bubbles, which reduces damage
during freeze-thaw cycles, increasing durability.

- Plasticizers that increase the workability of plastic or "fresh" concrete,
allowing it be placed more easily, with less consolidating effort. A typical plasticizer
is lignosulfonate. Plasticizers can be used to reduce the water content of a
concrete while maintaining workability and are sometimes called water-reducers
due to this use. Such treatment improves its strength and durability characteristics.
- Superplasticizers (also called high-range water-reducers) that are a class of
plasticizers that have fewer deleterious effects and can be used to increase
workability more than is practical with traditional plasticizers. Compounds used as
superplasticizers include sulfonated naphthalene formaldehyde condensate,
sulfonated melamine formaldehyde condensate, acetone formaldehyde
condensate and polycarboxylate ethers.

- Pigments can be used to change the color of concrete, for aesthetics.

- Corrosion inhibitors are used to minimize the corrosion of steel and steel bars
in concrete.

- Bonding agents are used to create a bond between old and new concrete

(typically a type of polymer).
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- Pumping aids improve pumpability, thicken the paste and reduce separation
and bleeding.

Preferably, (super)plasticizers and/or retarders are comprised. Typically,
(super)plasticizers and/or retarders are added in the commonly known amounts,
e.g. 0.05 to 1 % by weight, preferably 0.05 to 0.5 % by weight, relative to the sum
of CSA cement, SCM and, if applicable, any additional hydraulic components
added.

[00031] Typical additives are for example but not exclusively fillers, fibres, fabrics
/ textiles, silica fume and crushed or ground glass. Fillers are e.g. quartz, lime-
stone, dolomite, inert and/or crystalline fly ashes. Fibres are e.g. steel fibres, glass
fibres or plastic fibres.

[00032] The method according to the invention can be carried out with devices
known per se. The CSA cement can be mixed with SCM and further components,
if applicable, directly after production. Alternatively, the components can be stored
prior to mixing. The binder can be stored and transported as known, e.g. packaged
into a cement silo or into cement bags or delivered as ready mix concrete after
adding aggregate, water and any other desired addition, possibly after having

been stored for some time.

[00033] As mentioned before, the method is described as mixing CSA cement
and SCM, which shall include a situation where a ground CSA clinker with little or
even no sulfate is used and sulfate is admixed as separate component together
with eventual additional components to provide the binder. With other words, CSA
cement includes a single component comprising at least ground ye'elimite and
sulfate as well as the separate components sulfate and ground CSA clinker with

no or too little sulfate.
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[00034] it would even be possible to mix CSA clinker and unground SCM and
perfom the grinding on the mixture, but that is not preferred. The grindability
usually differs. A separate grinding also provides more flexibility.

[00035] The binder according to the invention can be used to make concrete,
mortar, plaster and other hydraulically setting building materials. It is also useful
for manufacturing special construction chemical compositions like tile adhesives,
floor screeds, etc. The use can take place in the same manner as that of known
binders or cements. The binder is specifically suitable for applications that benefit
from a lowered heat of hydration, i.e. especially for massive structures like dams. It
is also very useful for ready mix concrete for all purposes.

[00036] The binder according to the invention provides significant further energy
saving compared to binders based only on CSA cement. It shows an enhanced
strength development compared to the binders comprising CSA and SCM known

from the prior art.

[00037] The invention will be illustrated further with reference to the examples
that follow, without restricting the scope to the specific embodiments described. If
not otherwise specified any amount in % or parts is by weight and in the case of
doubt referring to the total weight of the composition/mixture concerned.

[00038] The invention further includes all combinations of described and
especially of preferred features that do not exclude each other. A characterization
as "approximately”, "around" and similar expression in relation to a numerical
value means that up to 10 % higher and lower values are included, preferably up
to 5 % higher and lower values, and in any case at least up to 1 % higher and

lower values, the exact value being the most preferred value or limit.
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[00039] Example 1

Composite binders according to the invention and for comparison were formed
from a clinker comprising around 45 g/100 g of beta-C.S, 35 g/100g of ZC4A3xFy$
and 11 g/100g aluminate (C3A, CA). The content of ferrites was below 1 g /100 g.
Natural anhydrite was used as sulfate source. As supplementary cementitious
material either slag or a mixture of slag and limestone was used. To provide
comparison mixtures, quartz was used as an inert compoment instead of the SCM.
The composite binder mixture, the ratio Rg/y+a+F) and their strength development is
shown in table 1. The strength development was measured as described in EN
196-1 on mortar cubes of 2 cm edge length from a mixture of 2 parts (by weight)
cement, 3 parts sand (ISS1, @ size of 1 mm) and 1 part water. The water/binder

ratio was 0.5. The loading velocity was adjusted to 0.4 kN/s.

[00040] It can be seen, that at low Rg/v+a+r) values like e.g. 0.25 or 0.35 no
(measureable) contribution of the slag to the strength development was observed
during the investigated period of time. For the samples with Rgv:a+F) values of
0.55 and 0.74 already after 90 days of hydration an increase of strength of around
7 MPa (0.55) to 12 MPa (0.74) compared to the quartz containing reference was

achieved.
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[00042] Example 2

Composite binders according to the invention and for comparison were formed
from a clinker comprising 60 g/100 g of beta-C,S, 22 g/100g of ZC4A3$ and 11
g/100g ferrites (C4AF and C,F). No calcium aluminate phases was detectable.
Natural anhydrite was used as sulfate source. Slag was used as supplementary
cementitious material and quartz to provide a comparison. The binder mixtures
and the ratio Rg/y+a+F)are shown in table 2. Strength development was measured

as for example 1.

[00043] Table 2

No. cement |slag quartz |ratio |strength [MPA] after

1d 2d 7d 28d 90d
13 55 % 45 % 0.85 |[3.0 6.5 21.8 |31.2 1326
14 55 % 45% |0.85 2.5 6.1 154 (195 (196
15 70 % 30 % 0.77 6.7 11.5 (205 32.0 (33.0
16 70 % 30% 1|0.77 |6.5 124 (187 |26.0 (25.8
17 100 % 0.77 |[16.1 176 (315 |39.7 464
18 50 % 50 % 0.1 2.2 2.7 3.4 4.0 5.3
19 50 % 50% (0.1 1.9 22 3.2 3.2 10.1

[00044] It can be seen that at low Rgv+a+r) values like e.g. 0.11 no (measureable)
contribution of the slag to the strength development was observed during the
investigated period of time and the quartz containing reference achieved even a
higher final compressive strength. For the samples with Rgy+a+F) values of 0.77
and 0.85 already after 7 days of hydration a clear increase of strength of around

2 MPa (0.77) to 6 MPa (0.85) compared to the quartz containing reference was
achieved. At 28 days of hydration the increase was around 7 MPa (0.77) to

12 MPa (0.85) and at 90 days 7 MPa (0.77) to 13 MPa (0.85) compared to the

quartz containing reference.
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Claims

Composite binder containing at least one calcium sulfoaluminate cement
and at least one supplementary cementitious material, wherein a weight
ratio of calcium sulfate to the sum of ye'elimite, aluminates and ferrites in
the composite binder ranges from 0.5 to 0.85.

Composite binder according to claim 1, wherein the supplementary
cementitious material is chosen from latent hydraulic materials and/or
natural or artificial pozzolanic materials, preferably latent hydraulic slags
like ground granulated blast furnace slag, type-C and/or type-F fly ashes,
calcined clays or shales, trass, brick-dust, artificial glasses, silica fume,
and burned organic matter residues rich in silica such as rice husk ash,

and combinations thereof.

Composite binder according to claim 1 or 2, wherein the weight ratio of
calcium sulfate to the sum of ye'elimite, aluminates and ferrites ranges
from 0.55 to 0.85, preferably from 0.6 to 0.85.

Composite binder according to at least one of claims 1 to 3, wherein the
calcium sulfoaluminate cement comprises 10 - 100 % by weight CsA3.4F$,
with x ranging from 0 to 2, 0 - 70 % by weight C,S, 0 - 30 % by weight
aluminates, 0 - 30 % by weight ferrites, 0 — 30 % by weight ternesite, O -
20 % by weight calcium sulfate and up to 20 % minor phases, wherein the
sum of all phases adds up to 100%, with the proviso, that calcium sulfate
is provided as separate component and/or comprised in the supple-
mentary cementitious material when it is not contained in the calcium

sulfoalumnate cement.
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Composite binder according to at least one of claims 1 to 4, wherein the
content of calcium sulfoaluminate cement ranges from 10 to 90 % by
weight, preferably from 20 to 70 % by weight and most preferably from 30
to 60 % by weight of the binder.

Composite binder according to at least one of claims 1 to 5, wherein the
supplementary cementitious materials comprise 0 to 100 % by weight, |
preferably from 20 to 80 % by weight and most preferably from 30 — 70 %
by weight latent hydraulic materials and 0 to 40 % by weight, preferably
from 5 to 35 % by weight and most preferably from 10 — 30 % by weight
pozzolanic materials with respect to the total amount of supplementary

cementitious materials.

Composite binder according to claim 6, wherein the content of the
supplementary cementitious materials ranges from 30 to 60 % by weight,
of the binder for supplementary cementitious materials comprising at least
70 % by weight latent hydraulic materials.

Composite binder according to claim 6, wherein the content of the
supplementary cementitious materials ranges from 10 to 30 % by weight
of the binder for supplementary cementitious materials comprising at least

70 % by weight pozzolanic materials.

Composite binder according to at least one of claims 1 to 8, wherein it
comprises at least one of calcium aluminate cement, portiand cement,
portland cement clinker, limestone, dolomite, ternesite, alkali salts, earth

alkali salts, admixtures, and additives
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Composite binder according to claim 9, wherein the content of a contained
calcium aluminate cement, portland cement, portland cement clinker,
limestone, ternesite and/or dolomite ranges from 0.1 to 20 % by weight,
preferably from 3 to 20 % by weight and most preferred from 5 to 15 % by
weight of the binder.

Composite binder according to claim 9 or 10, wherein the content of
contained alkali salts and/or earth alkali salts ranges from 0.05 % to 5 %
by weight, preferably from 0.1 to 3 % by weight and most preferred from
0.5 to 2 % by weight of the binder.

Composite binder according to at least one of claims 8 to 11, wherein it
contains one or more admixtures chosen from accelerators, retarders, air
entrainment agents, plasticizers, super plasticizers, pigments, corrosion

inhibitors, bonding agents, and pumping aids.

Composite binder according claim 12, wherein the content of a contained
admixtures ranges from 0.01 to 5 % by weight, preferably from 0.1 to 3 %
by weight and most preferred from 0.5 to 1.5 % by weight.

Composite binder according to at least one of claims 8 to 13, wherein it
contains additives chosen from fillers, fibres, fabrics / textiles, silica fume,

and crushed or ground glass.

Method of manufacturing a composite binder comprising the steps:

a) providing at least one caAIcium sulfoaluminate cement

b) providing at least one supplementary cementitious material

c) mixing 10 to 90 % by weight calcium sulfoaluminate cement(s) with 10
to 90 % by weight supplementary cementitious material(s), wherein the
weight ratio of calcium sulfate to the sum of ye'elimite, aluminates and

ferrites ranges from 0.5 to 0.85.
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Use of a binder according to at least one of claims 1 to 14 to make
hydraulically setting building materials such as concrete and mortar or
special construction chemical compositions such as tile adhesive and floor

screed.
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PR IE LRI, VR 2 8 K & A A 2 B A, IF HONTEE K BEPE AR (HAE anth , 3
BTN K WK AT A BIN S, Bk X A I A H 2, I X P9 B A g0 o b se 1 IR 46
FORE, AR SO 73 #4465 ySCM.
[0008] L 7R fy b 70 M Jid &5 A4 L DR R AR BN T K L KRR L6 KRB P A4 L , 481 L S E HE Atk
iy, B RORL AN R AP, B S R SR BN K L AR, ) B A b, CTRAT/ BF TR K
B Joekiti L B A RIS ACE T N T e A E B A N B e WA ki (1
MASER) B EATHRIR G .
[0009] PR =2 7K e B ARF =2 52 5 7K ) 1) i Dy %of vy S0 e S AN e 368 I ) 75 5K 25 7 14T
S Y ISF ) I AN W7 a2 o AE A e AR G 7R EEPOE SR BRI B Bl . R
T ] e it v B S KRG 45 7 T2 SR R A AN el /NI PR 5 R TR A T T F 1
SEHL . SANEAFAEN H 1) RS AR 2 AR SR A R B B /NSRS 1 /KR
[0010] L AFFE— LR SCMAN A TR AR BR S 7K Ve [ F2 14
[0011]  HRHEGB 24900103k , /K A S & A « (a)60-94% Z /b —FhiFetd P +4 K 5 (b)
0. 5% MAMIRES; (c)1.2-11% /> —MICHURER &L, FRIE9S0s; M (d) 203 % i L i
g Eh & &, RIENS0s, Horp rid KU B &V AFE £ 2 3% RRA KM E £ 10 % Bl LK.
WA ZR IR 5 P e R T, BT IR AR RON T iR B IR ER A AR &, P IR ER S 5 R R
BRARTR 5+ TR Eh HER R AR EE 2K T71, CSARL S Ca0/Ca (OH) 2/ 22 /b — Fh el (R T-451
CaOBLOPCHI S IN) 4% FHAEEE X 5L 30 8 B i iE A0 71
[0012] FEZivica V.,”Possibility of the modification of theproperties of
sulfoaluminate belite cement by its blending”,Ceramics—-Silikaty 45(1),24-30,
(2001) 91, BIFFE T 17 &5 45 2953 % C2S 34 % CaA3$ .8 %6 C4AF FI5 %6 CH I CSATK YB3 N5 %6 15 %6 Al
3096 SCMo MR R F 5 1 5 DL 2, 3 BE Bl “SE e IO AE A B R I i) —#8 , IF H.sCu
R ZHHAE RS PEECRE A F o BRI, 12503 8 I8 T 15 % Y SCM & & A2 S 1) o ZEIX
THEOL , B I RE T AP = AT RER
[0013] 7FQuillin K.,BRE”Low—CO2Cements based onCalcium Sulfoaluminate”
(http://www.soci.org/News/~/media/Files/Conference% 20Downloads/Low%
20Carbon% 20Cements % 20Nov%2010/Sulphoaluminate Cements Keith Quillin
R.ashx,status June 2013)H, 5T T 308050 % B BE FURLAL = 4P A ¥ B 30 %6 H3 I 2K B 8
LR BRIR 6 55 0 5 A 2922 %6 €25 .60 %6 CaAs$ . 7 %6 CaAF (8% C3S 15 %6 CaARI CSAZK Y I M o
BRIRAT 5 CaAs$ ERIR SRR 3 PR B R 2 LU 4 86 %20.,0. 35.0. 938k = T 1
[0014]  mAhib, 0 ORI, B0 W ER R 215 /K U AT kb 78 14 JI 45 44 L LR IR 4% 5 R SR Bl
FR A EE IR £ Ak 2R I B A2 B B LU Ry (vaem A8 T-0. 5220 . 8555 Bl N I B A kG 4 rl4 it 1
R - 5 S i R AN B 5 B2, () N 5 26 i A5 R 5 7 U 1T R VS IS CMRT R 45 7RI AH L 5 12F— 29k
59 7 IR o R/ (veasm) JEHARK CaS04/ ( 2 RARREBRFR G+ S R Eh+ DB A, Horp-
CaS04FE 7~ KR T R 45 77 H 17 4E 11 CaS04CaS04 * 0. 5H20. 5k CaS04 « 2H:0 T 7K Bk B 5 1

~RIRTRAAIR PG I : Cala<Fx§ , Ferh x Vi [ MO 2 ; CaAs$ , HAT UL — a2 FrAh ok & 1
) HAB AR BCEA TR S

- X AR LRI TR IR S 1 B A AR, e, 2 48 CA L Ci2A7.CA2 C3A VAE il TR 4
FRERAHLL S EAT IR &4
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- SRR RN T S A AR AL BRI BT A A AT, L, LSR8  CoAyF -y, HF HLy
JEFE 0. 2%20.8;CoF s CF s CFo; JE SR TR R ARAH ;s LA BT TR G

H UNC4A3 +Fx$ .C2AyF1-y \CAC12A7.CA2C3A CoF \CF \CFoZ5 A AH AT LA S 45 S ) L 3505 20 45 o
() BEE SR T ) o BT IR AH AT e I FLE 5 08 28 ok 551 (B B A 0 BA ) JIR A8 2 A1 ) oAt/
BAMIN R BT T HUR X R B ARM R BT L[R5t 56 C ARIF [ AR B O , BT iR AB AN
IR AR B R AN E L, TR A B A BRI IK .
[0015] i PR 475 0, W A7 7F T~ b 78 P JRS 45 A4 B N BRCSARE B N o iZ R IR 5 34 6 20 2% JE i B
Rs/(v+a+p) o JE S L EE R 5 5Bk 2 AR AH 2 (5] an{E A EHE A 3 ) C12A7 . CA L C4AF  CRIFRF IR FE 20 o Xif
TR/ (vener) B TT B, 3140 06 250K 380 33k 1) il 225 7009 I JEG A 2H 23 2 65 B 485 B AR =2 /KR T 5 N 17
FRIRER AN/ Bk RAE N JE
[0016] A B AR G Rl 45 77 LA R ik 556 A 5 751 T il 7 A S b R e Ik 3
WA SR o 1 B a) B, i IR 52 G RG 45 0 A AR AR R A K e Ak e 1 e 4 R
HAP R Th 5 R AR S IR A B Rk 2 MR B & L 2 7E0. 5220 851 u [l iy , Horp
e id th

—F IR 45 A2 i SR I TR 45 77 PR A7 AE 1 CaS04.CaS04 0. 5H20F1CaS04 ¢ 2H20/] To K i R
i,

~RARTRARTRAS R FR UL NI & 5 : Caha—Fx§, P xVE I N0E 25 CaAs$ , HA L —FhEi 2
il b S 8 - B FLAR AR s BB AT TR S - ER R AR (9 W {E FEHEfd b ) CA Ci2A7 \CA2 C3A
Ik AR AR IR B AR B B AT TR S 1 & &, AN

R AR FH WE AR AR DL R 1 & & CoAF -y, Fohy I JE I 0. 25208 CoF ; CF;
CFos AR IR AR AR s BUE AT THIVR & o A K Bt — 20— Bt i 52 60 45 70 0 77 15k
JEFTR H 1, Brid 7 e HE L R PR

a) Pefit & /b — PR AR RS /K e

o) PR & D — Pk st iR A5 AR

d)VR A& 10580 & % MisARR 45 /K U8 5202 90 5 & % #h e ME IR G5 Ak}, Horh i iR 2h 5 K
SRTRER RS O IR Eh ANk = A 2 A E B LU Rs ) (v IV B 2 A0 . 5220 85
[0017] 5 1 fifb Atk , £ A /K Je Tl A s DL BL R 4 5 : H-H20.C-Ca0.A-A1203.F-Fe203.
M-MgO0.S—Si02F1$-803. T34k, b &4 — M LA H AT 2R e, 11 AS BH i i B [ A4 i3/ 0 R
TEEFRRE R, 2 B TR A5 502 o a0 AT AR] AR STIEEE AR N G387 B i, Y
T AR AL 2 AT LB R AR P2 (1) 2R Y T ok B8 1 (0 BUAR, A B rh Jd ek A4 FR 3 A2 1)
B i #HITZHA 00T LAARAE 3 A 42 R R R AR i B 14 3 Rl B i
[0018] b 7g 14 Jist &5 A4 b AT 33k 5 S 7 H T 70 7R 14 AR / i A 1k 5 1 1 BT R0 LA ) o £
16 B 2 T B SR AL T B VD K AR C Y AT 78 AR R AR K L AR Bk - B 0T S R T A K
N LI B A RORLAL iy APV 2 A ) ATV R T AN s B A R R e LA
BRI (WA 5T IR ) o LA 2 & 5 N T BEHE L CRUM R RO B SR AL i i ¥
[0019]  BRERER 555 ¥ & 225 RARBRAR IR 85 1) 2 B4 o Bk T i FH A R FR 46
J5 5 FTIR B A0 R T 45 Rl o 38 5 A RHEAS A VBR R AR/ BUR R R AR I HaE e UL A A
ternesite,Z WLHIUWIWO 2013/023728 A2. fitF5 ER 45 /K JE vl I L BF BE 1S H CSAKA Bt , 38 8 ¥
TN R 45 o 7 0 R A5 K Ul 1 1) 3 4 A B ) 0 1) 7 SR AT Gl R AL R LIS Y VR A,
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B 3T AR TR R e LAAS BIAA B 385 4 BB J5 -5 B0 R 1 N 3 1) LA 26 23 v (1) — SR Bl oy
A , LA 27K TE « 24 2H 75 1 ] BE R R OR AN [R] B, B BRUBI B 12 mT BRI, 9 B WT g 2
ARIE) ARIRES AT LUNAE e B A B B 1RR S A A E .
[0020]  HCSAIEH L&A i 75 B BRIRES I , il @ i i BE CSANE H SR A5 B 45 FR 45 /K JE - 18
L, B CSAIE B R B R IR IR S IR A R IR X R , WX AR BH It e S, TERIT S
CSAMEHLZ Tl IR 82 J5 , BT IR 2H 53 CSATK Ve A R SRR B BR A5 AR IR 26, DL AT e i E8 1R
R VER A RV A AL AR 2, TE R BT 2H 43 2 T YR H CSAME B ER H CSAKS B 5 FL TR
B AR TR 3 R AR DR ER IR « 0K 3 RNk 22 A4 th mT i I SCMAH 43 B R & Rl 446 77 A s 1)
B fn2H 73, AEAS AECSAZK e HE BT 5 B /b S IX R, il I Rt 45 771, R 2k (LA B AT Ar] HoAth
FH) AT H CSAKEHL L CSAZK YR - SCMF HE 2 Y5 1 B i 23 . % T RFT iR B IR £ , 2 75 HAE 5 SCM
TR 2 A0 BCTE VR A A T 4 I N CSAKS B - AN H L, B, CSAZKYE T AR 9 — P 2H 43 BRAE 9 7 ol
4 5y (R, B BECSAKE YL RIRIF BE I B2 26 ) SRR I o
[0021] &G CaAs$4E Ry 32 AH B B ER RS I B AN K Y & 2 R0 0, 3 B aT LAAS[R] & 52/ 2H R gk
X T AR, BTG YA 3E i, LLR CSAZK I & (T8 W43 /2. %0

Lafarge BCSAF:

BHEAG AT (as+/-B)CaS 40-75% ; RIRMREAFR 5 CaA3$15-35% ;

BRZEAKC2(A,F)5-25% s XA AH0.1-10%

Lafarge Rockfast®:

BHEAG AT (as+/-B)CaS 0-10% ; KARBREAFREGCaA3$50-65 %

FEIRERCA 10-25% ; F5 KA1 C2AS 10-25%

BRZEAKRC2(A,F)0-10% ; R4 AH0-10%

Italcementi Alipre®:

BHEAG AT (a;+/-B)CaS 10-25% ; KRB AR F5CaA3$50-65% ;

A7 B C$0-25% ; kA AH1-20%

Cemex CSA:

FHEEFE AT (a;+/-B)C2S 10-30% ; RARFRADFRAECaA3$20-40 %

TEAECS>1% s FEFR — 5 A1 C3S>1-30% 5

JiE 5 A K Ca0<0.5-6% ; A A £1Ca(0H)20-7% ;

A FH0-10%

Denka®CSA

BHEAG AT (as+/-B)C2S 0-10% ; KARFRFEFREGC4A3$15-25% ;

T A7 H C2(A,F)30-40% ; & A4S £ Ca(0H)220-35% ;

Wi B A KCO 1-10% 5 kA AH0-10%

China Type II&IIT CSA

FHES A (a3+/-B)CaS 10-25% ; RIRBRALER5C4A3$60-70% 5

BRZEAKC2(A,F)1-15% s IR A HH1-15%

Barnstone CSA

REES AT (a;+/-B)CaS 22% ; RARBR ARG C1A3$60 %

PR ERC12A75 % s FEFR =45 1C3S 8% 5
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BRERAKRC2(A,F)4% s IRAEAL %

HeidelbergCement BCT

FHEES £ (a5+/-B)CaS 1-80% ; RARTRERFRES X CaA3$5-70% ;

ternesiteCsS2$5-75% ; XA 4H0-30% ;
[0022] Tt %R B 405 s B B /K U 38 % 602 10- 100 3 & % L1 20-80 F & % MR AL 1625 %50
B %6 CahsFi$, 3 Bx TG 0E 2,110, 055 1 H A0 . 120, 6. H3 H B £, 20-70
HE % IEI0E60HE & % HEMi%E202 505 & %C2S,0-30 8 & % ik 1 2 155 & % i
i3 ZE 105 & % AR Eh , 0-30 & % k3 FE 25 H & % H ks £ 158 & % k244, 0-
S0 & % k3 E 25 H m % HE k5 £ 15HE = % ternesite,0-30E & % L5 E 255
B % HE k8 20 & % Wile 45, UL K 22220 % IR A A0 AN BT 46 i I8 RE , 2 /4N A v A7 4E
TCSAKEHe A, Bk I LA FH T 3R ELCSAZK IR -
[0023] KB FTA AR IR AR BR AN K JE YA 25, IE REEAS 4 5 & A0 /D (K BR AR R 45
IRV UL FR I R AR AR B AN A I B AR B A /K V8 » R B A R 45 75 H 1) B R LU R/ (veas)
YEFEAE0. 520, 85HIVEFE PN« FEAK T-0. SHILL HRAF O T, T3 BE R AN 82 B e &5 1 R
TS TR B B I DT R  AE = 10 9 LE A LR, A B S VKT RITER IR A K&
247NN S5 O WS B A B TR e 20 Tl 2 T 2R AR DR IR R SR ) I I« R 3R S IR B K P
ByEL 2 o B ) R KRR 2R At K AR A B 1) B L 125 90 .55 %2085, JLH AL
0.6%20. 85 7E T i Bl 1 , bb R ki 3 SICCE R I ) phy ik FE2 1 98 Il , BRIV, 5 g ) B %0
TR R AT BRI FN Kk B R A R A AR AN A 2H 23 B AT AT B R 2 L SR IR
b VR R R R AR AR R ES NN &
[0024] b 7e 14 R 4t A4 L T AR 4 A & BH DA 22 /0 10 8 B % H 2 2905 5 % 1 =k n, ik
WS IN20 2280 5 %6 » SCMH 78 7E A Al 14 A4 R 1) 2 388 5 1) ¥ 6] 72 ALSCMI) st & 10 22 100
%, fik20 2 80 HE & % H i Lik30 2 705 & % o el PE A4 RL K & 5 A0 VE L2 M Rh T P R
LEAPRHT R EBR0E40E & % , k5 E35H B % HiRik10%E30EE % .
[0025]  fk & 751 SCMI e 3k 52 B wke T SCMPT e B o G SR SCMAR A B 32 B2 9 8 7 /K i VA
K A% 6 728 0 & YO TRl 10 2290 5 5 % , AP iE 30 2 60 B & 96 o 24 AN B 3= Bk i
PEAE RIS AR LA 10 40 8 % B L% 20 25 30 5 B %6 1) B SR MR NS CM o SCM (2 5 7 7K i
PEFNEERE VATV A ) A 128 2 Uk T it FHSCMYR & W ) S A o BV, 541G, 32 2t 1
) I B BT SOV WD AR L, e adk DA B vy A0 FH B L S B 14 I SCMVR 540 o
[0026]  FEA K BH I oy — /N SE it 77 S Hp , MR 40 38 sk Yo b 5 N e v I 45 AR B 0 A L ik e
BR 45 7K Ve B K B L RG24 70 B0 40 5 S doo < 90mm , L i%E doo < 60um H. &t i%doo < 40um, 1,
RosinRammlerZE (FHF)nmI MO. 72 1.5 01E0.8F 1. 3 HELIE0. 95 1. 1571k,
[0027]  FEFRINBLAS T I FADY BB LT 5 388 1 A BB At I 445 B Sk SR 43R 4 A & B (1) /K
Vo B H, 4 B (P B B T 5 R AN BT TR BN, TR S 2 T ECLE A B B () R 0B R A o B R
B AT FE R BE 2 JE TSN
[0028] 3% F (4B AR HEAd 3t ) R R ES KU e 22 /KU BB 2 KR IS B A KA =
i ternesite BE4x @ Th AN/ Bl 4 @ R 09 HoAth 2H 43 T LA40 . 01 22 202 &= %6 [ &=k i
fLikE ¥ YE B O . 52 155 5 % B B RIS I« X AE P RE 22 /K I FE B L K 4w ternesite Ml /8K
Hz= AR S ERJEEZM0.01 2205 & % ILik3 2 205 & % Hig kb 2 155 & % I H i
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&R 4 B A S B TEE R N0% EEEE % k0. 1 E3EE % HA k0. 552
A %6 B AR I .
[0029]  jbAh, ATAFETEEIE 5 Iy A/ sds hnssl . fL ik st , B NPl 2 £ 20 5 & % [\ &=
IS INFILL 22 2 35 & %6 B I 48R, — PR e IR &I PTG 440 M B N2 2222 100% .
(00301 45 Jin4/id & Wl N E R 485 7] il Bl P VR g = A 3 5 v, LS mT i N ORG 485 751 R o g
GLEREZ SIILY PSR

—hnad 7, Honbk & (4L ) # inCa0.Ca(OH) 2. CaCl2.Ca(N0O3 )2 Al2(S04) 3 KOH K2S04+
K2CO3.NaOHNa2S04.Na2C03NaNO3LiOH\LiCl Li2C03MgCl2MgS04,

~LREEF , FORGE K G o BLRYI 22 TURE G B W  TRE R 360 260 R TR 44 o 260 AT AR TR
AR

—51SW, LIS N IRt b, M98/ 75 VR - PR 3 TR] A B , 389 nimef A1

— S 5], FLIE I ) ak” e YR e L AT T, AT A L AR AT B DA 8% 1
LN BE T A S o SR (1) B SR A DA R K R R o 1G9 ) ] T R R R R K S i (A
YEFE O] T, LRI R FH 38 1A B A R SR R o X o Ak 388 6 2 JHL e P R AR R

6 2 14 98 751 (AR v 38k K 1)) » ORI e — S 9 5], LA B /DA 3 208 9 L mT
TN T, b A Ge B A0 B 52 F o FAR BB 20 3 98 700 1) Ak & P B FE i A0 25 R R A SR 00
T Ak, = SR B P 48 SR 00 TR Y T 4 SR A R SR PR R T ok

=N T RN, ATAE FH BURLK cAR VE R IR

— e P SR Ao o VR 4 - P RN 2% 1 S el /N

— i FERG 25 R LA TE 2 AR e 2 (R PR 25 A CRE A —REE) .

— IR I Bh AR T I AR AR R ELUs D o B RS g, s GEE ) 338 9 7R A/
Bz AL S RN B, ST CSAZKYE  SCMAT Car 53&E F ) B AT AT B 7K A4 28 43 2 s
AT, ¥ 3@ 5 AR L N0 . 05 F 1 H 8 % Lk 0. 0SZ 0. 55 & % SR in G 4% ) 14 %8 57 A/
B
(00311 i JY 1) 75 I 7o 45 anH JE HEAth b g SERE V2R 4E 23/ 95 23 ik DL R s i BB
PR SER S A 9 A KA A T MR/ Bk S B REIR o £ 2 R i AN 4T 4 | B 3
AR e SR AR i
[0032] R A 5 BH (1) 7 V2 AT AR B 0 0 1) 25 B R S it - CSAZK e T 7E4E 77 2 J5 EL 2 5 SCM
FFADZH 73 (U 3&E B VR A - 80, TR 44 v TEIR & 2 BT AT o« Rl &5 7R 4% 2 R 77 Uk A7
Hiz 2k, Blan e 2E 2K e A& R BUK LR, BRI ISR A KT HAh B T s i 2
J& » AT RETE C AT — BBl 8] 2 5 A N TR TR G ik
[0033] iz mif AT JL 1R 5 1% T3 iR A R A CSATK Y FISCM , o B2 AL 15 1% A% — R I
FHorbfd A H /b B L 2 TR R AL AT BECSAKE B, 3T HLBR IR £ 1y s ph 4 23 5 B 2% T n
o — TR A DL ARG 4577 o A5 Ut , CSAVK I8 L9 - BN 0y, B0 & 2 /D HF R K SR B 4
PR 5 FIBR R £h 5 LA A B A 43 BR R 3 AN LA B A A /D BRIR 31 Y B BE CSAJE e
[0034]  HZE AT AEIR S CSAH AR B BESCMI: HLAE VR &4 kAT B BE , (HX FEAL Ik 7]
PR B R X o T BRI R AL B 2 RGE M
(00351 M4 A A2 BH B KL &5 70 o] FH T 1) 45 TR kb R 38 A B AHAR K RS 2 S A R L P
R EE N T HE R R & R F A AR A F S E R IEE ST S AR H
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(1 o 1% FH & mT % 55 O 00K 285 75 5K e AR 1R 07 30 AR o 120kl 45 770 R ilid F T MUK & v %
KR 32 23 R H L B, JGHIE BT KBS 25 44, ] 3 o I AR 3 mT T e 38 () TR VR 6t
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[0036]  AHLL TN JE T-CSAZK e B AL 45 575, AR 4 A K B RG 45 A IR it B 25 ik — P e &=
548 AL TG 5 R A O R A2 CSAFISCMIPT RS 25 1], BT 1A Rk 45 770 5 7 S5 ) B P O e
[0037] A% B i — 28 2 M LT S i ) o 0 BH  {H AN K Y ] R PR T B ok 1) L A i i 77
R MR FAMEE , WL % B Bt AT =2 LA E R, g e, frid HE RS
Bl &Y/ 1RGN B E R
[0038] 7KK BH b AL 45 4% M AN HE R 10 BT IR R AiE BOCH R AR IR RHE M BT A A& . S5 EER K
[RIRAE W 97 REY FIRRIE BN G , O S A E KR 210 % M{E , R IE 5 m s A
£ Z5% WE , I BAEATATE LN, 58 s s AR 2 D 2 21 % I, Frid i UIE D B i {E 5k
PR
[0039] it f311

MR A B 1) A0 T LU L 1 52 6 425 77 =2 FH B 7 K 294 5¢/100gB-C2S.35¢/100g
C1As—F.$F111g/100gE8 R 25 (CaA, CA) IS HIE B B R AR 1 & AR T 1g/100g 4 R ARTE A
B FVEBR IR 25 R UR /B AR Fe ME IR 25 M R, A A B B 0 B AU KA TR &) TRt
BORE B A SACE SCMAAETEE L 53 « B B R G IR SV LE 2Ry (vener) FHH 98 2R R
TR ALEN 196-17 BTk , 7E 243 (PLE &1t ) /K Je < 34 RP (1SS T, B4R Lmm ) F 1473 7K 7R
B HIE R 2emI K B A AL T M b D29 FE AR 7K /RG24 7RI 2600 . 5 o ik B i
0. 4kN/ s,
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JE 1) (R W) BTRiR o 5 TR/ (veasm) [ N0 . 55F10 . T4 RE S, A AEKE90R 2 G , SEILAREL
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[0042] Sy f52

R 48 A B 110 R0 FH T L 300 52 6 Rt 45 7512 FH L 57608/ 100gB-C25 . 22g/100g X C4As$ I
11g/100g%8k Z Ak (CaAFFICF ) (IS BT B o 0 R IR AH & v RS WU 1T o K R AR B P A B R
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No. KR |F& |&% |[)kE | T RAZE%E[MPA]
1R PR TR 28K 90X

13 55% |45 % 0.85 3.0 6.5 218 [312  [32.6
14 55 % 45% 10.85 |2.5 6.1 154  [19.5  |19.6
15 70% (30 % 077 6.7 115 205 [32.0 [33.0
16 70 % 30% (077 [6.5 124 |187 [25.0 [25.8
17 100 % 077 |16.1 [17.6 |31.5 |39.7 |46.4
18 50% |50 % 011 22 2.7 3.4 4.0 53
19 50 % 50% [0.11 (1.9 2.2 3.2 3.2 10.1

[0044] 0] WL, 7EAKRs) (v LB UNAEO . 11T , ZEAF ST RS 1) B P AW %2 1) (ol I 22) BV X6 i
P R DTHR , 7 H3 A 95 2 JR A S EL 28 00 v ) e 48 R A 9 FE o X TRy (voaer) fELNO0 . TT AT
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