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Dry cement mixture

The invention refers to a dry cement mixture comprising Port-
land cement and an ultra-fine component consisting of at least
one ultra-fine additive, said ultra-fine component being a hy-
draulic binder, as well as to a concrete composlition comprising

sald cement mixture.

Concrete 1s a very wildely used construction material with high

strength and good durability. In addition to aggregates and

water, it also contains Portland cement as a hydraulic binder,

which produces strength-forming phases by solidifying and cur-
ing in contact with water. Concrete based on Portland cement

clinker is thus one of the most important binders worldwide.

By adding various additives such as, e.g., granulated blast-

furnace slag (gbfs), fly ash, natural pozzolans, calcined clays

or ground limestone to Portland cement, Portland composite ce-

ments having different properties can be produced. At the same

time, the specific emission of CO, will be reduced in the pro-

grten.

duction of cement by substituting the cited additives for Port-

=

land cement, because during the production of Portland cement

-

clinker about 0,9 tons of CO, per ton of Portland cement clinker

will be emitted by the calcination of the raw materials and

from the oxidation of the fuels 1n the rotary tubular kiln. The

‘addition of additives to Portland cement has been an estab-

lished practice for more than 100 years and 1s reqgulated in

numerous cement and concrete standards.

The addition of ultra-fine additives, such as microcement or
microsilica, to Portland cement 1s used to enhance the durabil-
ity and the strength of the resulting concrete. The traditional

way of formulating high durability and strength and very high
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durability and strength concrete 1is based on using ordinary

Portland cement with ultra-fine additions as a binder. The ul-

tra-fine additions commonly used are often conditioned in bags

and mixed into the Portland cement by hand at the respective

concrete plant or at the construction site, which involves

safety risks as well as quality uncertainties. The ultra-fine
additions can alsoc be stored in a dedicated silo on a concrete

plant and introduced automatically, but this involves the need

el

of very specific industrial equipment that represents addition-

——

al i1nvestments.

J—

Another disadvantage of using ultra-fine additilives 1n a cement

mixture is the elevated water demand, since the water demand

rises with increasing fineness of the ultra-fine additives.

p—

It is commonly assumed that the durability and the strength of

the resulting concrete, such as the compressive strength,

strongly depends on the proportion of the ultra-fine additions

-
—

in the cement mixture, namely that the higher the content of

ultra-fine additions 1is, the better the durability and strength

of the concrete is. Producing ultra-fine additions 1is costly

due to the elevated grinding effort. Therefore, the cost of the

-

cement mixture rises with an increasing content of ultra-fine

additions.

Therefore, it is an object of the present invention to provide

a cement mixture that overcomes the above drawbacks. In partic-

ular, 1t is an object of the invention to provide a cement mix-

ture that allows an easy and reliable manufacture of concrete

at a stable quality level. It is a further object of the 1inven-
tion to reduce the water demand without impalring the workabil-

ity of the concrete mass. Further, the resulting concrete shall
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have excellent durability and strength at a reasonable produc-

tion cost.

To solve these and other objects, the invention 1is character-

ized 1n that Portland cement 1s present 1n an amount of at

least 70 wt%, preferably at least 80 wt% of the mixture and the

ultra-fine component 1s present in an amount of .at least 5 wt%

of the mixture, wherein the ultra-fine component has a particle

gy
ey

size distribution characterized by a particle diameter Djip of

between 0, 5um and 2um and a particle diameter Dgg 0of between Z2Z2um

and 8um.

Thus, the invention provides a premix binder based on a combi-

nation of a Portland cement with at least one ultra-fine addi-
tive. The ultra-fine particles added to the mix allow obtaining
a binder showing high performances (durability and strength)

r——

that 1s therefore particularly adapted for the formulation of

high and very high performance concretes. Mixing 1is performed
on a cement plant with a dedicated device, which introduces the
various components with high accuracy, and allows obtaining a

-

very homogeneous mixture. The 1nventive cement mixture 1s pref-

-

erably delivered to customers as a dry premix for concrete pro-

duction, wherein the dry premix 1s packed 1n bags or other

sultable containers.

The invention allows concrete manufacturers to produce high

strength and high durability concrete using only one binder,

instead of mixing ordinary cement with ultra-fine additions

(such as silica fume) on site. Customer benefits are reqgularity

of the quality of the concrete produced, ease-of-use (leading

r—

to cost savings), high performances o©f the concrete produced,

and aesthetics (the premix binder color is lighter than most of

traditional cement and ultra-fine additions used).
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It has surprisingly been found that a relatively low content of

the ultra-fine component together with a specific particle size

distribution results in durability and compressive strength

values that usually are only to be achieved with a substantial-

—

lvy higher proportion of ultra-fine additives. In particular,

gr—

the invention provides for an amount of Portland cement of at

least 80 wt% of the mixture, which means that the mixture con-

e

tains a maximum of 20 wt% of the ultra-fine component. Accord-

ing to the invention, the ultra-fine component 1s a hydraulic

"binder and has a particle size distribution characterized by a

e

particle diameter Dig of between 0,5um and 2Z2um and a particle

diameter Dgp of between Zyum and 8Bum.

i~

The ultra-fine component of the cement mixture may consist of

one, two or more ultra-fine additives. According to a preferred

—

embodiment of the invention, the at least one ultra-fine addi-

tive comprises slag, 1in particular ground blast furnace slag.'

More specifically, the at least one ultra-fine additive com-

pu—

prises slag, 1n particular ground blast furnace slag, prefera-

bly in an amount of > 70 wt%, 1n particular > 80 wt%.

According to a further preferred embodiment the ultra-fine com-

ponent (consisting of one or more ultra-fine additlves) has a

>

V1)

content of slag, in particular ground blast furnace slag, o:

70 wt%, in particular > 80 wt%. Thus, the ultra-fine component

consists mainly of slag particles.

The cement mixture may, in addition to the ultra-fine cCompo-

nent, also contain further additives.

According to a preferred design of the cement mixture, Portland

cement 1s present in an amount of at least 85 wt3, preferably
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at least 90 wt% of the mixture and the ultra-fine component 1is

present in an amount of at least 7 wt%, preferably at least 10

- "andi |
—

wt% of the mixture. Thus, the maximum content of the ultra-fine

component 1s narrowed down to 1o wts.

According to a further preferred embodiment, the weight ratio

of Portland cement and ultra-fine component is between 85/15

and 95/5, in particular about 90/10.

As mentioned above, the ultra-fine component binder has a par-
ticle size distribution characterized by a particle diameter Dig

of between 0,5pm and 2pm, whereas ultra-fine additives usually

have a lower Dip value in order to achilieve the requilred durabil-

ity standards. In contrast thereto, 1t has surprisingly been

s

found that the specific Dip—-range as mentioned above also re-

p—
e

sults in sufficient durability and strength of the concrete,

while at the same time reducing water demand and costs.

According to a preferred embodiment, the ultra-fine component

has a particle size distribution characterized by a particle

diameter Dyp of between 0, 7pm and lum.

With regard to the Dgy value, the ultra-fine component prefera-

bly has a particle size distribution characterized by a parti-

cle diameter Dgg of between 4um and 6pm. These preferred Dgg

values may be combined with the preferred D;p values as men-

tioned above.

Particularly good results have been achieved by using an ultra-

fine component that has a particle size distribution character-

ized by a particle diameter Djgo 0of 10pm - 15pm, in particular

121um.
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In the context of the present invention the particle size dis-

tribution 1is defined by indicating specific percentiles of the

particle diameter. The Dgp-percentile of the diameter indicates

that 90% of the particles have a diameter that is smaller than

the given value. For example, a value for Dgy of 4um 1indicates

that 90% of the particles have a diameter that is smaller than

 and

4 ym. Analogously, the Djg-percentile of the diameter indicates

that 10% of the particles have a diameter that i1is smaller than

the given value.

In order to optimize the durability and strength of the result-
ing concrete, a specific particle size distribution of the
Portland cement may also be adjusted. Preferably, the Portland

cement has a particle size distribution characterized by a par-

ticle diameter D;p of between 1lum and 3um, preferably between

1,6um and 2uym, in particular 1,8um, and a particle diameter Dgg

g

of between 30um and 60um, preferably between 35 and 45um, 1n

particular 40um.

[T
<

The Portland cement preferably 1s a C

EN 197-1.

cement according to

The invention also refers to a concrete composition comprising

a cement mixture according to the invention, aggregates and

water. Preferably, the water/cement ratio 1is chosen between 0.3

and 0.0.

Finally, the invention also refers to a construction element
comprising concrete produced using a concrete composition as

described above.

In the following, the invention will be explained in more de-

tail by reference to exemplary embodiments.
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mixture with the following components was pro-

v

~ 90 wt$% of Portland cement of the type CEM I 52,5 N

- 10 wt% of an ultra-fine blast furnace slag binder.

Portland cement having the following particle size distribution

was used: Dipg = 1,8um and Dgp = ca. 40pm

Ultra-fine blast furnace slag binder having the following par-

ticle size distribution was used: D;jp = ca. 0,8um and

5, Sum

The resulting

~ Clinker:

1

Dgg = Ca.

mixture had the following composition:

86,00 Wt

- Blast furnace slag: 7,8 wt3

-~ Gypsum: 5,6 Wt%s

= Anhydrite: 0,3 wts

- Dust: (0,2

Wt 3

- NaCl: 0,04 wt3

Example 2:

Concrete was produced form the dry cement mixture as described

in example 1.

The followling components were mixed 1n a mixer:

- 410 kg of dry cement mixture as described in example 1

- 907 kg of

ter of 12

- aggregates with a nominal maximum coarse diame-

, 5 mm

i

- 797 kg of sand with a nominal maximum coarse dlameter of

B s

4am

— 90 kg of

limestone filler

F

O

— Superplasticizer admixture in the amount of 1,2 wt% of the

dry cement mixture
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— 160 1 of water

The wet concrete mass was poured 1nto a form and cured to ob-

tain a concrete block having the following mechanical strength

values:
Compressive strength:
- 1 day: 39 MPa
- 7 days: 76 MPa
- 28 days: 89 MPa
Flexural strength:
- 28 days: 6 MPa
Young modulus:

- 28 days: 44 GPa

1

Example 3:

Concrete was produced form the dry cement mixture as described

in example 1. The following components were mixed 1n a mixer:

- 450 kg of dry cement mixture as described 1n example 1

- 930 kg of aggregates with a nominal maximum coarse dliame-

p—

ter of 12,5 mm

= 790 kg of sand with a nominal maximum coarse diameter of 4

141441

~ 80 kg of limestone filler

-y 9

~ Superplasticizer admixture 1n the amount of 2,0 wt3¥ of the

dry cement mixture

- 148 1 of water

-

The wet concrete mass was poured into a form and cured to ob-

tain a concrete block having the following mechanical strength

values:

Compressive strength:
- 1 day: 49 MPa
- ] days: 81 MPa
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- 28 days: 94 MPa

Flexural strength: T o SR T T

- 28 days: 6 MPa
Young modulus:

- 28 days: 43 GPa

Lxample 4:

| — '

A comparative study was carried out between concretes composed

respectively of:
A/ C50/60 with ordinary Portland cement
B/ C50/60 with dry cement mixture with an optimized dosage

C/ C60/75 with ordinary Portland cement and silica fume addi-

tion

D/ C60/75 with dry cement mixture

The denominations “C50/60” and “C65/70” refer to the strength

class according to Eurocode 2 (European Standard EN 1992). For

example, C50/60 means that the concrete must have a compressive

=
it

cylinder strength of 50 N/mm* and a cube compressive strength of

60 N/mm?.

A/ C50/60 with ordinary Portland.cement:

- 425 kg of ordinary Portland cement

- - 315 kg of aggregates with a nominal maximum coarse diame-

ter of 12 mm

- 670 kg of aggregates with a nominal maximum coarse dlame-

ter of 20 mm

- 730 kg of sand with a nominal maximum coarse dlameter of 4

Mm

= Superplasticizer admixture in the amount of 1,3 wt% of the

dry cement mixture

— 175 1 of water
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The wet concrete mass was poured into a form and cured to ob-
tain a concrete block having the following mechanical strength
values:
Compressive strength:

- 1 day: 12 MPa

~ 7 days: 47 MPa

~ 28 days: 56 MPa

- 90 days: 57 MPa

Abrasion resistance coefficient (following the Compagnie Natio-
nale du Rhdne protocol):

C =20,5
Shock resistance (following the Compagnie Nationale du Rhdne

protocol):

Volume caused by impacts = 108 cm’

The concrete block showed the following characteristics 1in

S d

terms of durability:

- Internal porosity:'12,6%

- Gas permeability: 119 E-18 m°

-
p—

ficient (migration test in stationary

Chloride diffusion coe:

electric field): 6,8 E-12 m?/s

- B/ C50/60 with dry cement mixture with an_optimized dosage

- 390 kg of dry cement mixture as described in example 1

- 315 k'g of aggregates with a nominal maximum coarse diame-

ter of 12 mm

= 670 kg of aggregates with a nominal maximum coarse diame-

ter of 20 mm

F

- 765 kg of sand with a nominal maximum coarse diameter of 4

min

- Superplasticizer admixture 1n the amount of 1,2 wt% of the

dry cement mixture

- 180 1 of water
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The wet concrete mass was poured 1nto a form and cured to ob-
tain a concrete block having the following mechanical strength
values:
Compressive strength:

-~ 1 day: 9 MPa

~ ] days: 44 MPa

~ 28 days: 53 MPa

- 90 days: 57 MPa

B

Abrasion resistance coefficient (following the Compagnie Natio-

nale du Rhdéne protocol):
cC = 0,5

Shock resistance (following the Compagnie Nationale du Rhdne

protocol) :

Volume caused by impacts = 118 cm’

The concrete block showed the following characteristics 1n

terms of durability:

- Internal porosity : 13%

- Gas permeability: 76 E-18 m?

—
—

- Chloride diffusion coefficient (migration test in sta-

tionary electric field): 8,0 E-12 m°/s

C/ Co60/75 with ordinary Portland cement + silica fume addition:

- 415 kg of ordinary Portland cement

= 270 kg of aggregates with a nominal maximum coarse dliame-

ter of 12 mm

— 700 kg of aggregates with a nominal maximum coarse dlame-

_

ter of 20 mm

ey
M

— 800 kg of sand with a nominal maximum coarse diameter oO:

mm

—~ 25 kg of silica fume addition
- Superplasticizer admixture in the amount of 1,8 wt% of the

dry cement mixture
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—~ 161 1 of water

The wet concrete mass was poured 1nto a form and cured to ob-

tain a concrete block having the following mechanical strength

values:

Compressive strength:
- 1 day: 22 MPa.
- ] days: 56 MPa
- 28 days: 70 MPa
- 90 days: 75 MPa

B

Abrasion resistance coe:

ficient (following the Compagnie Natio-

nale du Rhdne protocol):

c =20,3
Shock resistance (following the Compagnie Nationale du Rhéne
protocol) :

Volume caused by impacts = 103 cm’

The concrete Dblock showed the followlng characteristics in

terms of durability:

- Internal porosity: 11,8%

- Gas permeability: 40 E-18 mf

g
r—
—

ficient (migration test 1n stationary

Chloride diffusion coe:

electric field): 0,4 E-12 m?/s

D/ C60/75 with dry cement mixture:

~ 440 kg of dry cement mixture as described 1n example 1

F—

= 270 kg of aggregates with a nominal maximum coarse diame-

pri—.

ter of 12 mm

- 700 kg of aggregates with a nominal maximum coarse dlame-

—

gr—

ter of 20 mm

- 800 kg of sand with a nominal maximum coarse diameter of 4

mm
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= Superplasticizer admixture 1n the amount of 1,8 wt% of the

dry cement mixture

— 147 1 of water

The wet concrete mass was poured into a form and cured to ob-

tain a concrete block having the following mechanical strength

values:

Compressive strength:
- 1 day: 15 MPa
- 7 days: ©3 MPa
- 28 days: 74 MPa
- 90 days: /5 MPa

(}

Abrasion resistance coefficient (following the Compagnie Natio-

nale du Rhdne protocol):

cC = 0,3
Shock resistance (following the Compagnie Nationale du Rhéne
protocol) :

Volume caused by impacts = 91 cm’

The concrete Dblock showed the following characteristics in

g

terms of durability:

o

- Internal porosity: 8, 9%

- Gas permeability: 72 E-18 m°

- Chloride diffusion coefficient (migration test in sta-

tionary electric field): 2,2 E-12 m?/s

P

This study shows that the performance of the dry cement mixture

of the 1invention enables to decrease the amount of binder in

P
Pl

concrete without affecting 1ts mechanical strength development

and 1ts durability. It also performs as well as mixtures com-
posed of ordinary Portland cement and ultrafine high perfor-
mance costly additions such as silica fume, from both a mechan-

ical and a durability point of view. The dry cement mixture of
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the invention allows the production of high performance con-

crete 1n an easy way, and at an optimized cost.



CA 02955310 2017-01-16

17 Ma1 2016 14:36 Haffner & Keschmann Nr, 9748 5 /14
PCT/IB 2015/001 017 -1/7.05.2016

Amended clalms:

1. A dry cement mixture comprising Portland cement and

an ultra-fine component consisting of at least one ultra-

fine additive, salid ultra-fine component elng a

hydraulic binder, wherein Portland cement 1s present 1in

an amount of at least 70 wt% of the mixture and the
ultra-fine component is present 1n an amount of at least

S wt% of the mixture, wherein the ultra-fine component

has a particle size distributien characterized by &

particle diameter D;p o©of between 0,5pm and Zum and &

particle dizmeter Dao of between 211m and B,

characterized 1in that the at least one ultra-fine

additive comprizses slag, 1in particular ground blast

furnace slag, in an amcount of > 70 wt%, in particular >

B0 wt%.

2 . Dry cement mixture according to claim 1,
characterized in that Portland <¢ement 1s present 1n an
amount of at least 80 wt%, preferably at least 85 wti® of

the mixture.

3. Dry cement mixture according Lo claim 1,
characterized in that Portland cement 1is present 1in an

amount of 70 — 792 wt% of the mixture.

4. Dry cement mixture according to claim 1, 2 or 3,

characterized in that Portland cement 15 present 1n an

amount of at least 85 wt%, preferably at least 390 wt® oI

the mixture and the ultra-fine component 1s present 1in an

amount of at least 7 wt%, preferably at least 10 wt% of

the mixture.

Duration: 17.05.2016 14:38:14 - 17.05.2016 14:39:57. This page 9 of LAMENDED SHEE 1316 12:39:22
Recelved at the EPO on May 17, 2016 14:39:57. Page 9 of 14
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. Dry cement mixture acc¢ording to any cne of claims 1

to 4, charagterized in that the weight ration of Portland

cemment and the ultra-fine hydraulic component is between

85/15 and 95/5, in particular about 90/10.

6, Dry cement mixture according to any one of claims 1

Lo 5, characterized in that the ultra-fine component has

a particle size distributicon characterized by a particle

diameter Dijp of between 0,7um and lum.

7. Dry cement mlxture according to any one of claims 1

Lo 6, characterized in that the ultra-fine component has

a particle size distribution characterized by a particle

diameter Dg¢p of between 4pm and épum.

5 . Dry cement mixture according te any one of claims 1

to 7/, characterized i1n that the ultra-fine component has

a particle size distribution characterized by a particle

diameter Dipp of 10pm - 15um, in particular 1Zum.

9. Dry cement mixture according to any one of e¢laims 1

to ¢, characterized in that the Portland cement has a

particle size distribution characterized by a particle

diameter Dip of between lpm and 3um, preferably between

l,opm and Zpm, 1in particular 1,8um, and a particle
dlameter Doy of betwegen 30um and 60um, preferably between

3o and 45pm, 1in particular 40um.

10. Dry cement mixture according to any one of claims 1

to Y, characterized 1n that the Fortland cement is a CEM

I cement according te EN 197-1.

11, Dry cement mixture according to anyone of claims 1

to 10, characterized in that the ultra-fine component has
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a content of slag, 1n particular ground blast furnace

slag, of > 70 wt%, in particular > 80 wt%.

12. A concrete composgition comprising a cement mixture

according to any cone of claims 1 to 11, aggregates and

water .,

13. A construction element comprising concrete produced

using a concrete composition according to c¢laim 12,
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