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Setting accelerator for sprayed concrete

Description

This mvention relates to an accelerating admixture for concrete, to the use of the accelerating

admixture and to a layer of hardened concrete.

Sprayed concrete or “shotcrete” which is applied to substrates such as rock surfaces and tun-
nels by spraying must set very rapidly. In such a use, the traditional concrete accelerators such
as calciumchloride are not effective and more powerful accelerators must be used, including
sodiumaluminate and alkaline metal hydroxide. These are highly alkaline, which gives rive
both to handling difficulties and unpleasant conditions when spraying in confined spaces such

as tunnels.

An alternative accelerating technology based on aluminium compounds has been known for

some time. The use of aluminium hydroxide either alone or combined with other materials is
described in EP-B-0 076 927.

In a variation on this, aluminium hydroxide may be partially reacted with an acid, preferably
an organic acid — see, for example EP-A-0 798 300. Aluminium sulfate is also known as a
component of accelerating systems, and is described in, for example, EP-B-0 946 451. An-
other aluminium compound which has been used in concrete accelerators is basic aluminium

sulfate (also known as aluminium hydroxysulfate) — see, for example US-B-5,997.630.

In order to provide a sufficient storage stability accelerating admixtures normally contain in-
gredients which prevent the precipitation of aluminium salts. Such ingredients are for exam-
ple carboxylic acids, which are typically used in sufficient amounts to stabilise the corre-

sponding accelerator composition — see, for example EP-B-1 114 004.

The disadvantage of known accelerating admixtures is that they generally do not fulfil all of
the following characteristics which are in combination appreciated by the users of accelerat-

ing admixtures:



CA 02575146 2007-01-25
WO 2006/010407 PCT/EP2005/006442

- providing a short setting time,

- having a sufficient storage stability and

- being economical.

Thus, the object of the present invention is to provide an accelerating admixture for concrete

which fulfils all of the said characteristics.

The solution of this object is an accelerating admixture for concrete, containing a liquid mix-

ture being an aqueous solution or an aqueous dispersion, wherein

a) the liquid mixture contains 13 to 43 weight % dissolved aluminium sulfate,

b) the liquid mixture contains less than 1 weight % dissolved carboxylic acid,

¢) the liquid mixture contains at least 31 weight % water,

d) the molar ratio of dissolved aluminium to dissolved sulfate in the liquid mixture 1s

from 0.5 to 10.0.

“Dissolved aluminium sulfate* should mean the amount of aluminium sulfate which 1s in
aqueous solution. If the liquid mixture does not contain an equimolar ratio of the both compo-
nents dissolved aluminium and dissolved sulfate (this might be the case, if other aluminium
and sulfate providing soluble salts than aluminium sulfate (salt) itself are used) the basis for
the dissolved amount of aluminium sulfate should be the component (aluminium or sulfate)
which has the lowest concentration in solution (example: if the concentration of dissolved

aluminium is X mol and the concentration of dissolved sulfate 1s X+1 mol, the concentration
of dissolved aluminium sulfate should be X mol).

The term “carboxylic acid” is intended to include also carboxylic acids containing more than
one carboxylic function and other functional groups like amino groups (amino acids) or hy-

droxyl groups (hydroxycarboxylic acids). As carboxylic acids are - depending on the pH-
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value - often contained in the deprotonated form, the term “carboxylic acid” should also mean

carboxylate or a corresponding mixture of carboxylate and carboxylic acid.

Appropriate carboxylic acids are often strong carboxylic acids like formic acid or acetic acid

but also amino acids like glycin or asparaginic acid may provide good results.

The water of the liquid mixture may have its origin partly in the crystal water of dissolved
salts.

If the liquid mixture is an aqueous dispersion the basis of this mixture is water. The dispersion
should not contain more than 15 weight %, preferably not more than 5 weight % not dissolved
material (which might be contained at least partly as a bottom layer). Not dissolved parts of
the dispersion may be aluminium and sulfate salts (which are in surplus), polymers, impurities
and other ingredients. But it is preferred that all aluminium and sulfate salts are dissolved.

Generally, an aqueous solution is preferred, because it is easier to handle.

The accelerating admixture according to the present invention fulfils all the three important

criteria which are normally appreciated by the customers which are using the accelerators:

The accelerator is economical, provides fast setting times and shows a sufficient stability. A
relatively low price of the said accelerating admixture is achieved because it contains only a
low amount of the carboxylic acid, which is normally the most expensive component of such
an accelerating admixture. Surprisingly such an accelerating admixture provides very often
shorter setting times than corresponding admixtures which have a much higher content of
carboxylic acid. It should be also emphasised that the accelerating admixture according to the
present invention shows a sufficient stability, so that the precipitation of dissolved ingredi-

ents 1s hindered or retarded.

It 1s possible that after several months or a few years a corresponding aqueous solution devel-
ops into a dispersion because dissolved ingredients may precipitate, but also such a dispersion
has the advantages of the present invention, because it still contains sufficient dissolved

amounts of the corresponding ingredients (especially aluminium sulfate).
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Normally the liquid mixture contains 15 to 35, preferably 18 to 32 weight % dissolved alu-
minium sulfate. The basis for the dissolved aluminium sulfate (solution/ dispersion) might be
aluminium sulfate (salt) and/ or aluminium hydroxysulfate (salt) which both might contain
crystal water or for example aluminium hydroxide and sulfuric acid. The higher the weight %
amount of aluminium the higher is normally the performance of the accelerator (short setting

time). But if the weight % amount of aluminium is too high it is more likely that the stability

of the accelerating admixture deteriorates.

Normally the liquid mixture contains 0 to 0.9 weight % carboxylic acid, for some applications
preferably no dissolved carboxylic acid. If the accelerator contains no carboxylic acid the
price is normally optimised but it may be an advantage to take also the stability of the ad-
mixture into consideration (some applicants might appreciate a long life stability). Then the
liquid mixture should normally contain 0.1 to 0.9 weight % dissolved carboxylic acid. But it

is generally typical that the molar ratio of dissolved aluminium to dissolved carboxylic acid is

at least 7 to 1, more preferably 13 to 1.

In an preferred embodiment of the invention the liquid mixture contains 43 to 76, preferably
51 to 65 weight % water. If too much water is used, the corresponding accelerator admixture
provides not sufficient performance (setting times will be too long) but if the content of water

is not high enough, the accelerating admixture might not be stable enough.

Mostly the molar ratio of dissolved aluminium to dissolved sufate in the liquid mixture is
from 1.1 to 7.0, preferably from 1.1 to 4.3. Admixtures which have a molar ratio of dissolved
aluminium to dissolved sulfate which is greater than 1.1 show very often a better performance
than corresponding admixtures which have a lower ratio. But on the other hand an admixture
which has a corresponding ratio which is smaller than 7.0 is often more stable than a corre-

sponding admixture which has a higher ratio.

It 1s preferred that the liquid mixture contains dissolved aluminium hydroxide, wherein it is
advantageous that the liquid mixture contains 3 to 35, more preferably 6 to 19 weight % dis-
solved aluminium hydroxide. The aluminium hydroxide may react with other dissolved ingre-
dients in solution (for example with carboxylic acid) so that it is sometimes impossible to find

aluminium hydroxide in solution. The basis for the dissolved aluminium hydroxide can be



CA 02575146 2007-01-25
WO 2006/010407 PCT/EP2005/006442

aluminium hydroxide (salt) itself (preferably amorphous aluminium hydroxide) and basic

aluminium sulfate like aluminium hydroxysulfate. All these salts may contain crystal water.

The liquid mixture may additionally contain further components which are for example alka-
nolamines like diethanloamine or triethanolamine or mixtures thereof, polymers, which are

preferably not completely dissolved, phosphoric acid, phosphorous acid and corrosion

inhibitors which are typically used in sprayed concrete.

In a preferred embodiment the liquid mixture contains except alkanolamines and carboxylic
acids no further organic compounds. If alkanolamines are not taken into consideration the

liquid mixture contains preferably less than 1 weight % dissolved organic compounds. This
provides an improved environmental compatibility, a reduced price of the product and very

often a better performance of the accelerator.

In a preferred embodiment the accelerating admixture of the present invention consists of the
said liquid mixture. The admixture (the liquid mixture) according to the invention may be
manufactured by any convenient means. The order of addition of components is normally not
critical. Thus, for example, it is possible and permissible first to react the carboxylic acid
(only if carboxylic acid is used) and the aluminium hydroxide (only if aluminium hydroxide 1s
used) to form corresponding aluminium carboxylates and then to add the other components
thereto. The mixing/ reaction could be carried out at elevated temperature, no higher than 90
to 95 °C. Alternatively, the aluminium hydroxide (if used) may be added last, to a heated

mixture of the other components. This is a preferred method.

The admixture of the present invention may be used in an art-recognised manner with sprayed
concrete or “shotcrete”. The invention therefore provides the use of an accelerating admixture
as described above for spraying concrete in a tunnel or in a mine. This means that in a corre-
sponding process a substrate is coated with concrete by preparing a sprayable concrete mix
and spraying this mix on the substrate through a nozzle, there being supplied to the mix at the
nozzle an accelerating admixture as hereinabove described. The admixture 1s provided to the
nozzle as an aqueous solution or suspension at typically 50 to 60 % solids by weight of the
suspension, and so that the concrete receives from 0.5 to 25 % by weight of admixture (solids
on cement). The actual figure used will vary, depending on the type of cement and the mix

design, but the provision of a suitable quantity is well within the skill of the art. Thus the pre-
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nozzle, hardening having been accelerated by the edition at the nozzle of an accelerating

amount of an accelerator admixture as hereinabove described.

The invention is further described with reference to the following non-limiting examples:

The following table shows compositions which are accelerating admixtures according to the

present invention (compositions number 1b, 1c, 2b and 2¢) and comparative accelerating ad-

mixtures which are not according to the present invention (compositions number 1a and 2a).

'Composition [H,O |Al(SOs);s |DEA |MgCO; |HCOOH [H3PO, |HsPO; [Al(OH)s
No.

la  |50.86 |24.16  [3.96 |0 15.02 0 0 |16

1D 55.03 |24.16  |3.96 [0 |08 |0 |0 16

1c 5588 [24.16  [3.96 |0 0 0 |0 16
a 49.67 (2606 |0 3 1502 0.85 |1 144

| 2b 53.84 |26.06 0 |3 0.85 0.85 |1 14.4

¢ 54.69 [26.06 o (3 o (08 |1 14.4

DEA = diethylamine
Al(OH)3; = amorphous aluminium hydroxide

The values in the table are given in weight %

All these accelerating admixtures (1a, 1b, 1c, 2a, 2b and 2c¢) are clear to opaque solutions
which are stable at about 20°C for at least 8 weeks.

Testing of the admixture compositions according to the above mentioned table:

1. Preparing of mortar mix for laboratory testing

The used mortar was prepared according to SOP 3.3-410032 (based on EN 480).

2. Determination of setting time

The setting time was determined according to SOP 3.3-410032 (based on EN 480): the pene-

tration of a cylindrical needle with a diameter of 1.13 mm and a load weight of 300g in the
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mortar is measured periodically. Initial setting is said to have taken place when the mortar

stiffens sufficiently for the needle to penetrate no deeper than to a point of 4 £ Imm from the
bottom. Final setting is determined by means of measuring the time from completing of mix-

ing until the needle, gently lowered to the surface of the mortar, no longer penetrates it.

3. Determination of compressive strength

Compressive strength tests on mortar specimens have been done according to EN 196-1: the
mortar specimens, derived from 40 x 40 x 160 mm prisms, were placed on a hydraulic press

and the load necessary for rupture measured.

4. Results

Following results were obtained, if the accelerating admixtures according to the table above

were used:
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MIX 'TYPE 1a 1b 1c 2a 2b 2¢

DESIGN |

CEMENT |CEMI __ |[g] |450 [450  |450 [450 [450  [450
42.5R |
“Eiberg” i

'SAND | Normsand |[g] |1350 [1350 [1350 [1350 |[1350  |1350
EN 196-1 | | |

ADDITIVE | Modified  |[g] |[1.8 |1.8  [1.8 Tis |18 1.8
polycarbox- |
ylic ether

| (Glenium 51) |

ACCEL- e 225 |

ERATOR |

'ACCEL- | [g] 22.5

ERATOR |

ACCEL- |  |Ig] o 25 |

| ERATOR | |

ACCEL- | [g] | 1 (225 [

ERATOR

ACCEL- | 1 | | T 22.5 )

ERATOR |

ACCEL- T [ 22.5

ERATOR

'WATER | ] (1935 |193.5 |193.5 [193.5 |193.5  |193.5

‘wec® T [ 043 [043 (043 [043 [043 043

INITIAL ~ [Imin] [2.00 [2.00 [2.00 [2.00 [2.45 2.00

SETTING |

TIME

FINAL [min] [6.45 [8.00 830 [11.30 [9.00 15.30

SET L

'COM-  |1DAY  |[MPa] |11 [149 |20 11 [19.6  [14.3

PRESSIVE

STRENGH

(1) The W/C ratio (water/cement ratio) has been adjusted to obtain a consistence of 1941 cm
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Evaluation of the results:

The above mentioned results show that all of the accelerating admixtures (1a, 1b, 1c¢, 2a, 2b,
and 2¢) provide short initial setting times, short final setting times and high compressive
strenghts. Also the stability of all tested accelerating admixtures is positive, because all these
admixtures (1a, 1b, 1c, 2a, 2b and 3c) are stable at about 20°C for at least 8 weeks. This

means that the use of high amounts of carboxylic acid (more than 1 weight % of the corre-
sponding admixture) does not provide any technical advantage but only the disadvantages that
these admixtures which contain a high amount of carboxylic acid (like composition la and 2a)
are more expensive than the compositions according to the present invention (for example
composition 1b, 1¢, 2b and 2c¢). Thus the accelerating admixtures according to the present
invention fulfil all of the three criteria: providing a short setting time, having a sufficient stor-

age stability and being economical.
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Claims

1. An accelerating admixture for concrete, containing a liquid mixture being an aqueous so-

lution or an aqueous dispersion, wherein
a) the liquid mixture contains 13 to 43 weight % dissolved aluminium sulfate,
b) the liquid mixture contains less than 1 weight % dissolved carboxylic acid,
¢) the liquid mixture contains at least 31 weight % water,

d) the molar ratio of dissolved aluminium to dissolved sulfate in the liquid mixture 1s
from 0.5 to 10.0.

2. An accelerating admixture according to claim 1, wherein the liquid mixture contains 15 to

35, preferably 18 to 32 weight % dissolved aluminium sulfate.

3. An accelerating admixture according to claims 1 or 2, wherein the liquid mixture contains

0 to 0.9 weight %, preferably no dissolved carboxylic acid.

4. An accelerating admixture according to claim 1 or 2, wherein the liquid mixture contains

0.1 to 0.9 weight % dissolved carboxylic acid.

5. An accelerating admixture according to one of the claims 1 to 4, wherein the liquid mix-

ture contains 43 to 76, preferably 51 to 65 weight % water.

6. An accelerating admixture according to one of the claims 1 to 5, wherein the molar ratio
of dissolved aluminium to dissolved sulfate in the liquid mixture 1s from 1.1 to 7.0, pret-
erably from 1.1 to 4.3.

7. An accelerating admixture according to one of the claims 1 to 6, wherein the liquid mix-

ture contains dissolved aluminium hydroxide.

10



CA 02575146 2007-01-25
WO 2006/010407 PCT/EP2005/006442

8. An accelerating admixture according to claim 7, wherein the liquid mixture contains 3 to

35, preferably 6-19 weight % dissolved aluminium hydroxide.

9. Use of an accelerating admixture according to one of the claims 1 to 8 for spraying con-

crete in a tunnel or in a mine.

10. A layer of hardened concrete applied by spraying to a substrate via a nozzle, hardening

having been accelerated by the addition at the nozzle of an accelerating amount of an ac-

celerator admixture according to any of the claims 1 to 8.
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