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invention relates to inprovements in set-accel erating admi xtures for
hydraullc cenment conpositions such as nortars, grouts and concretes. Mre
particularly the invention relates to novel set-accelerating adm xtures
and m%kR6QI1Afor set- acceleration enploying the addition of certain |ow
nol ecul ar wei ght glycols, eg., glycerol and ethylene glycol, the invention
also relates to use of glycols to increase the set accel eration properties
of a set-accelerator. Set accelerators are used when it is necessary to
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HYDRAULIC CEMENT SET-ACCELERATING ADMIXTURES
INCORPORATING GLYCOLS

This invention relates to improvements in
5 set-accelerating admixtures for hydraulic cement
compositions such as mortars, grouts and concretes.
More particularly the invention relates to novel
set-accelerating admixtures and methods for
set-acceleration employing the addition of certain low
10 molecular weight glycols, e.g., glycerol and ethylene
glycol. '

Set accelerators are used when it is necessary to

work with hydraulic cement compositions at freezing or

15 near-freezing temperatures. The rate of hydration of
Portland cement, fot example, is very dependent on
temperature, such that, at lower temperatures, Portland
cement compositions will often harden at a rate slower
than desired unless the hardening process is

20 accelerated. 1In addition to accelerating the set, it is
desirable to also attain an increase in the rate of
early strength development af normal or low
temperatures. This reduces curing and protection
periods necessary to achieve specified strengths in

25 concrete. Some techniques for accelerating the set are:
increasing the proportion of cement in the mix, heating
the mix, and using chemical admixtures that act on the
components of the mix to increase the rate at which the
cement paste sets.

30 Several chemical set accelerators are well-known.
They include alkali hydroxides, silicates, '
fluorosilicates, calcium formate, sodium chloride,
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.concfrete. Some techniques for accelerating the set are: increasing the
proportion of cenent in the mx, heating the m x, and using chem cal

adm xtures that act on the conponents of the mix to increase the rate at
whi ch the cenent paste sets. Several chemic#® —set accelerators are

wel | - known They include al kali hydroxides, silicates, fluorosilicates,

caIC|un1fornat sodi chl.ori de,
?c1um cﬂqbr1de, and calcium nitrate and calcium

nitrite.
Calcium chloride is widely used because it is easy
and inexpensive to produce and its effects on hydraulic
5 cement are predictable and well-documented. However,
like sodium chloride, it has the disadvantage of
corroding steel. Thus, it can cause the corrosion of
steél reinforcing bars in concrete. Other drawbacks of
calcium chloride use include reduced compressive
10 strength at later ages,“reduced response to air
entrainment, and blotching of hardened concrete surfaces
(Concrete Admixtures, Dodson: Van Nostrand Reinhold,
1990).
It is thus an object of this invention to provide new
15 set-accelerating admixtures which reduce the set time of
hydraulic cement compositions at lower temperatures,
without inducing or promoting corrosion of.steel
reinforcement. Further objects of the invention are to
provide methods for preparing such cement oompositions
20 and to provide methods for reducing the set time of
hydraulic cement compositions.

This invention is directed toward new hydraulic

cement set-accelerating admixture compositions, to

25 cement compositions containing such admixtures, and to
methods for preparing said cement compositions. The
admixture .compositions comprise a set accelerator
component and a C, to Cgz glycol component present in an
amount effective to increase the set acceleration

30 properties of the set-accelerator component. The
invention further relates to a method of making a
hydraulic cement composition comprising adding to a
cement composition comprising a hydraulic cement binder,
a set-accelerating component, and a C, to Cg glycol

35 component in an amount effective to increase
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hydraulic cement binder, a set-accelerating component,

and a C, to Cg glycol component present in an amount

effective to increase the set acceleration properties of

the set-accelerator component.

It has been found that admixtures comprising a

set-accelerating compound and certain low molecular

weight glycols are surprisingly effective in reducing

the set time of hydraulic cement compositions.

Such

admixtures are also found to be quite effective at lower

working temperatures, i.e., below about 50°F. It

appears that these low molecular weight glycols increase

the set-acceleration properties of a set-accelerating

compound. Additionally, admixtures of this invention

may be formulated in such a way as to produce a

composition that will inhibit corrosion in steel

reinforcing bars commonly imbedded in cement

compositions.

The term "glycol” as used herein is intended to mean

two to six carbon, i.e., "Cy to Cg", aliphatic di- and
~trihydric alcohols. Glycols suitable for use in the
invention are those such as ethylene glycol, propylene
glycol, and glycerol. Other compounds meeting the above

definition will be apparent to those skilled in the
art. Until now these compounds have not been known to

have any set-accelerating qualities, i.e.,

they have

been used primarily as grinding aids and set retarders.

~For this reason these compounds were not seen as having

any value as part of a set-accelerating admixture. As

such it was surprising to the inventors that a glycol as
described herein could be used with a set-accelerating

compound to significantly increase the set acceleration

of a cement composition over that obtained by the

addition of the set accelerator alone to

d d
ugﬁﬁphnent,
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.Van Rbétrand Rei nhol d, 1990). DE-A-3,636, 659, WO A-89/0827 and

FR~A- 2, 227, 240 dlsclose cementitious conmpositions which may conprise set-
accel eration and glycol additives. 15 It is thus an object of this
i nvention to provi de new set-accel erating -adhixt ures whi ch reduce the set

time of hydraulic cement conpositions at Iomer tenperatures, wthout
pronDtln corr05|on .of steﬁ % i.nforcenment. Further objects of
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cement composition containing the set accelerator a
desired "bhoost."

The term "cement composition" as used herein refers
to pastes, mortars and concrete compositions comprising
a hydraulic cement binder. The above terms are terms of
art. Pastes are mixtures composed of a hydraulic cement
binder, for example, Portland cement, either alone or in
conbination with £ly ash, silica fume or blast furnace
slag, and water; mortars are pastes additionally
including fine aggregate, and concretes are mortars
additionally including coarse aggregate. Such
compositions may additionally include other admixtures
such as defoaming agents, air-entraining or detraining
agents, set retarders, water reducing agents,
superplasticizers, and other components known to those
in the art for altering properties of the composition.
The cement compositions of this invention are formed by
mixing required amounts of certain materials, e.g., a
hydraulic cement, water, and fine or coarse aggregate,
as may be applicable for the particular cement
composition being formed.

The set-accelerating component may be any compound
which, when added to a cement composition (as described
above), reduces the amount of time required for the
cement composition to harden. For example, an alkali or
alkaline earth metal salt which is a salt of an organic
or inorganic acid may be employed. Although the
following list is not meant to be limiting, examples of
these compounds are alkali or alkaline earth metal
nitrate, nitrite, and formate; alkali or alkaline earth
metal salts of Group VI halogen and pseudohalogen acids,
such as alkali or alkaline earth metal chloridé,
bromide, iodide, thiocyanate, thiosulfate and
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cement conpositions. The present invention provides a corrosion- _
set-accel eration adm xture for reducing the set 25 tine of a

i nhi"bi ting, . ( I _ :
cenment conposition which contains a hydraulic cenent binder,

conprising (a) a set-accel erator conponents conprising a m xture of

al kal i ne earth netal

nitrate and al kaline earth netal nitrite; and 30

t he adm xture

(b) a [err] to [err] glycol conponent, present in an anount effective to
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aluminates, silicates, and hydroxides, e.g., sodium
hydroxide. Calcium salts are particularly advantageous,
especially calcium nitrate, calcium chloride, and
calcium formate, and calcium nitrite.

It is also feasible to use a mixture of alkali or -
alkaline earth metal salts, for example, a mixture of
calcium nitrate and calcium nitrite. Any ratio of the
salts used may be employed; in a preferred calcium
nitrate/calcium nitrite mixture, a range of weight
ratios of from about 1:3 to 3:1 may be used. The
inventors have found that such an admixture, using a
calcium nitrate/calcium hitrite-mixture'as the
set-accelerator component, is beneficial in inhibiting
corrosion in steel reinforcing bars commonly imbedded:in
cement compositions.

If the set-accelerating component and glycol
component are added to the cement composition
separately, the glycol may be added, generally, in
percent solids on solids ("% s/s"), in the range of
about 0.05% s/s to 1.0% s/s (based on the weight of
hydraulic cement binder in the cement composition), with
a preferred range of about 0.1% s/s to 0.75% s/s, such
concentrations being generally those which provide the
desired boost in acceleration. The set-accelerating
component may be added in the usual amounts necessary
for set-acceleration, but generally in a range of from
about 0.05% s/s to about 4.0% s/s. (Note that through
the use of a glycol component of the invention, it is
also possible to reduce the amount of set-accelerator
component normally required for a certain level of set
acceleration, because of the better set-acceleration
provided by the combination of the glycol and the
set-accelerator.)
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"cohpoﬁent. The invention further provides a cenent conposition 35
conprising a hydraulic cenent binder and (a) a set-accel erator conponent
"conprising a mxture of alkaline earth netal nitrate and 3 al kal i ne
earth netal nitrite; and (b) a[err] to-[are] glycol conponent in an
anmount . :
However, the inventors find it is preferable to
combine the glycol component and the set-accelerating
component in desired amounts before addition to a cement
composition, so only one composition need be metered out
5 and added to the cement composition. This is a simpler
and more precise method than adding each component
separately and reduces the opportunity for error in
dispensing the correct formulation. If the
set-accelerating component and glycol component are to
10 be mixed before addition to a cement composition, the
glycol component and the set-accelerating component may
be combinéd in any proportion effective to give the
desired results. Generally, the amount of the glycol in
the mixture may range from about 0.5 to 40 weight %
15 (based on the combined weight of glycol component and
accelerator component), and preferably from about 2 to
30 weight %.
An admixture.of the invention should be mixed into a
hydraulic cement composition in an amount effective to
20 allow the acceleration desired. The specific amount of
the admixture can be readily determined and will depend
on the cement composition, the ratio of components of
the composition, and the degree of acceleration
desired. The admixture is generally added to a cement
25 composition in an amount which, as noted above, provides
a glycol concentration of from about 0.05% s/s to 1.0%
s/s, preferably from about 0.1% s/s to 0.75% s/s, such
concentrations being generally those which provide the
desired boost in acceleration. _
30 The admixtures of this invention can be added to
cement compositions in any conventional manner familiar
to those in the art. The admixture should be
substantially uniformly mixed with the cement
composition.
[
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_ effecfive to increase the set acceleration properties of the

set -accel erator
anounts effective to inhibit corrosion.
net hod for neking a cenent conposition of~the invention which contains a
said nethod conprising adding to said cenent
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purposes only. Unless otherwise indicated, al; parts
and proportions are by weight.

Example 1
An admixture was prepared consisting of calcium
nitrate and calcium nitrite, in a 2:1 ratio, in water.
The total % solids of the admixture was 42.6%.

Example 2
An admixture of the invention was prepared consisting
of calcium nitrate, calcium nitrite, and glycerol, in a
2:1:1 ratio (by weight), in water. The total % solids
of the admixture was 45%.

Example 3
The admixtures prepared in Examples 1 and 2 were each
added individually to mortars prepared using a Type I-II
Portland cement, sand, and a water to cement ratio of
0.45. A blank mortar, containing no admixture, was also
prepared. Each mortar was prepared by combining 4500g
of sand, 900g of H,0, and 2000g of cement in a Hobart

mixer until homogeneous. A sufficient amount of the

admixture solutions of Examples 1 and 2 was added to
provide an admixture éolids concentration of 0.5% s/s,
and 2.0% s/s, based on the weight of hydraulic cement in
the admixture. Set times were measured in accordance
with ASTM C403. The test was performed at 55°F.

Table 1 presents the data, which demonstrate, at
different addition rates, the utility of adding a glycol
component of the invention (glycerol), to imprové the
performance of a set-accelerating compound, in this case
a mixture of calcium nitrate and calcium nitrite.

conponent; 5 and wherein (a) and (b) are present
The_invention al so provides a
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(b) ~aferr] to [err] glycol conponent, in an amount 5
effective to increase the set acceleration properties of the
set-accel erator conmponent; and wherein (a) and (b) are added in anounts
effective to inhibit corrosion. The inventToh yet further provides a
product 6 conprising (a) a set-accel erator conmponent conprising a m xture
of alkaline earth netal nitrate and g!kaliﬂe farth nmetal nitrite; and (b)
a[err] to [err] glycol conponent, pr an

An admixture of the invention was prepared consisting

of calcium nitrate, calcium nitrite and glycerol, in a
proportion of 60:16:24 (by weight), in water. The total
5 % solids of the admixture was 45%.

Example 5
The admixture prepared in Example 4 was added to
mortars prepared using three different Type I-II
Portland cements (“"Cements 1, 2, and 3"), sand, and a

10 water to cement ratio of 0.45. Blank mortars,
containing no admixture, were also prepared with each
cement. Each mortar was prepared by combining 4500g of
sand, 900g of H,0, and 20009 of cement in a Hobart mixer
until homogeneous. A sufficient amount of the admixture

15 solution of Example 4 was added to provide an admixture
solids concentration of 2.5% s/s, based on the weight of
hydraulic cement in the admixture. Set times were
measured in accordance with ASTM C403. The test was
performed at 40°F.

20 Table 2 presents the results, which show the set time
performance with the three cement types. The data
demonstrate the cold-temperature performahce of a set
accelerating cement admixture of the invention.

The preceding description of the invention has been

25 intended to illustrate rather than limit the invention.
The inventors intend that various modifications or
changes be made within the scope of the appended claims
without departing from the spirit of the invention.
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.amount effective to increase the set acceleration properties of the
set:- accel erat or conponent; for sinultaneous, separate or sequential use as
a corrosion-inhibiting, set-accelerating adm xture in reducing the set tine

of a cenent conposition which contains a kyd aulic cenent binder. 4

Table 1

Admixture of Initial Set Time Change In Initial

Example # (hr) Set Time (hr)

blank 11.08 -

1 (at 0.5% s/s) 8.94 2.14

2 (at 0.5% s/s) 7.97 3.11

1 (at 2.0% s/s) 5.05 6.03

2 (at 2.0% s/8) 3.74 7.34
Iable 2

Initial Set Time (hr)

Admix. of Cement Cement . Cement Avg.

Example # 1 2 3

blank 9.50 11.40 10.18 10.36
4 7.57 8.57 8.33 8.16
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_The invention still further provides use of a C2 to C 6 glycol conponent to_
i norease the set acceleration properties of a set-accel erator conponent
conprising a mxture of alkaline earth netal nitrate and anmam h“d
metal nitrite in an adm xture for reducing the set tinme of

conposition which contains a hydraulic cenent binder. It ha

that adm xtures conprising a set- accel eradng conpound and certaln

nol ecul ar wei ght glycols are surprisingly effective in reducing the set
time of hydraulic cenment conpositions. Suéﬂgﬂﬂnixtures are also found to be

quite effective at | ower morklng tenperatures, |. bel ow ahout [err]
1. admixture for redu01ng the set time of a

cement composition which contains a hydraulic cement
binder, the admixture comprising
5 (a) a set-accelerator component; and
(b) a G, to Cs; glycol component, present in an
amount effective to increase the set
acceleration properties of the set-accelerator
component.
10 2. An admixture according to claim 1 wherein the
amount of glycol component in the admixture is from 0.05 to
40 weight %, based on the combined weight of glycol
component and accelerator component in the admixture.

3. An admixture according to claim 1 wherein the

15 amount of glycol component in the admixture is from 2.0 to
30 weight %, based on the combined weight of glycol
"component and accelerator component in the admixture.

4. An admixture according to any one of claims 1

to 3 wherein the set-accelerating component is an alkali or
20 alkaline earth metal salt of an organic or inorganic aciqd,
or a mixture thereof.

5. An admixture according to claim 4 wherein the
set~accelerating component is calcium nitrate, calcium
nitrite, or a mixture thereof.

25 6. A cement composition comprising a hydraulic
cement binder and

(a) a set-accelerator component; and
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Lerr]. Ttmappears t hat these | ow nol ecul ar wei ght glycols increase the
set-acceferation properties of a set-accel erating conpound. TuoShest HasBeenyReplaced.
adm xtures of this invention may be formulated in such a way H |‘
a conposition that will inhibit corrosion in steel reinforcin

commonl y i nbedded in cenent conpositions. The term "glycol" as used herein

is intended to nmean two to six carbon, iell [err] to [err] aliphatic di-

and trihydric alcohols. Gycols suitable for use in the invention are those

such as ethylene gl y&®, & shytents @il qprpepshlerin an @pewntonpounds

neeting the above . . .

effective to increase the set acceleration
properties of the set-accelerator component.

7. A composition according to claim 6 wherein the

5 amount of glycol component is from 0.05% s/s to 1.0% s/s,
based on the amount of hydraulic cement binder in the
composition.

8. A composition according to claim 6 wherein the
amount of glycol component is from 0.1% s/s to 0.75% s/s,

10 based on the weight of hydraulic cement binder in the
composition.

9. A composition according to claim 6, 7 or 8
wherein the set-accelerator and/or the glycol are as
defined in any one of claims 2 to 5.

15 10. A method for making a cement composition
according to any one of claims 6 to 9 which contains a
hydraulic cement binder, said method comprising adding to
said cement composition

(a) a set-accelerator component; and

20 (b) a G, to ¢4 glycol component, in an amount

effective to increase the set acceleration
properties of the set-accelerator component.

11. A method according to claim 10 wherein the
set-accelerating component and glycol are as defined in any

25 one of claims 2 to 5.

12. A corrosion—inhibiting, set-accelerating

admixture for reducing the set time of a cement composition

L



. defrnition will be apparent to those skilled in the arty;sghinlfids BegreblaRa e
conpounds have not been known to have any set-accel erati I.e.

t hey have been used prinmarily as grinding aids and set rH!Hl‘ mmmm‘( hi s

reason these conpounds were not seen as having any val ue

set-accel erating adm xture. As such it was surprising to the inventors

that a glycol as described herein coul d e used with a set-accel erating

conpound to significantly increase the set acceleration of a cenent

conposi ti on Wyieht gentabnai achydyauhicagamensnbindere sadda @GNS al one
to

comprising

(a) a set—-accelerator component comprising a

mixture of alkaline earth metal nitrate and
5 alkaline earth metal nitrite; and

(b) a C, to G4 glycol component, present in an
amount effective to increase the set
acceleration properties of the set-accelerator
component.

10 13. An admixture according to claim 12 wherein the
glycol component is glycerol and the set-accelerating
component is a mixture of calcium nitrate and calcium
nitrite.

14. A product comprising
15 (a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and
(b) a ¢, to ¢ glycol component, present in an
amount effective to increase the set
20 acceleration properties of the set-accelerator
component;
for simultaneous, separate or sequential use in
reducing the set time of a cement composition which

contains a hydraulic cement binder.
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5 the cement conposition. Thus this invention utilizes the glycol conponent
to.gi ve The set acceleration of the cement conposition contalnlng t he set
accel erator a desired "boost." The term "cenment conposition” as used herein
refers to pastes, nortars and concrete compdsi tions conprising a hydraulic
cenment binder. The above terns are terns of

ABSTRACT

New set-accelerating admixtures for hydraulic cement
compositions are disclosed. These admixtures
incorporate known set accelerators and certain low

5 molecular weight glycols, e.g., glycerol and ethylene
glycol, are found to be surprisingly effective in
decreasing the initial set time of hydraulic cements,
mortars, and concretes, and are advantageous as reduced-
temperature set-accelerators.
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HYDRAULIC CEMENT SET ACCELERATING ADMIXTURES INCORPORATING

GLYCOS

This invention relates to

improvements in

5 set-accelerating admixtuces for hydraulic cement

compositions such as mortars,

grouts and concretes.

More particularly the invention relates to novel .

set-accelerating admixtures and methods for

set-acceleration employing the addition of certain low

10
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Set accelerators are used
work with hydraulic cement co

15 near-freezing temperatures.

for example,

at lo

Portland cement,

temperature, such that,

when it is necessary to

mpositions at freezing or

The rate of hydration of
is very dependent on

wer temperatures, Portland

cement compositions will often harden at a rate slower
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. accelerated.

than desired unless the hardening process is

In addition to accelerating the set, it is

desirable to also attain an increase in the rate of

early strength development at normal or low
temperatures.

This reduces curing and protection

periods necessary to achieve specified strengths in

concrete.

the mix,

Some techniques for accelerating the set are:
' iﬁcreasing the proportion of cement ;n the mix, heating.
and using -chemical admixtures that act on the

components of the mix to increase the rate at which the

cement paste sets.

Several chemical set accelerators are well-known.

They include alkali hydroxides, silicates,

fluorosilicates, calcium formate, sodium chloride,
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The cenent conpositions of this invention are formed by kXl required
anounts of certain materials, e.g., a hydraulic cement?ﬁugk ot His Replaged o
coarse aggregate, as nay be applicable for the parti cul fﬂﬂ& I ,BE
conposition being forned. The set-accel erati ng conponent gto
t he invention may be any conpound which, when added to a cenent conposition
(as descri bed above), reduces the anun[_of time required for the cenent
conposition to harden. For exanple, an“alkali or alkaline earth netal salt
which is a salfciofm arthbogade ¢ andi salganinc nacicd traynbe caipliayed.i cAlitkough

the follow ng lisknlcium chloride is widely used because it is easy

and inexpensive to produce and its effects on hydraulic
cement are predictable and well-documented. However, like
S sodium chloride, it has the disadvantage of corroding
steel. Thus, it can cause the corrosion of steel
reinforcing bars in concrete. Other drawbacks of calcium
chloride use include reduced coﬁpressive strength at later
ages, reduced response to air entrainment, and blotching of

10 hardened concrete surfaces (Concrete Admixtures, Dodson:
Van Nostrand Reinhold, 1990).

DE-A-3,636,659, WO-A-89/0827 and FR-A-2,227,240
disclose cementitious compositions which may comprise set-
acceleration and glycol additives.

15 It is thus an object of this invention to provide new
set-accelerating admixtures which reduce the set time of
hydraulic cement compositions at lower temperatures,
without inducing or promoting corrosion of steel
reinforcement. Further objects of the invention are to

20 provide methods for preparing such cement compositions and
to provide methods for reducing the set time of hydraulic
cement compositions. |

The present'invention provides a corrosion-
inhibiting, set-acceleration admixture for reducing the set

25 time of a cement composition which contains a hydraulic
cement binder, the admixture comprising

(a) a set-acceiérator‘component comprising a.

mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and

30 (b) a C, to C; glycol compoﬁert, present in an

amount effective to increase the set
acceleration properties of -the set-accelerator
component .

The invention further provides a cement composition

35 comprising a hydraulic cement binder and

(a) a set-accelerator component comprising a

mixture of alkaline earth metal nitrate and
This is the replacement sheet
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is not neant to be limting, exanples of these conmpounds are alkati or —
-al kaline earth nmetal nitrate, nitrite, and formate; alkalsheePHasBebitlebB&d

earth nmetal salts of Group VI hal ogen and pseudohal ogen S
al kaline earth netal chloride, bromde, iodi deuHmHBEM n

6 perchlorate; and alkali or alkalin

al kali or

t hi osul fate and

al um nat es,

10

15

20

25

30.

< comp'ﬂ:h‘-

(b)

silicates, and hydroxides, e.g., sodium :

-3 -

alkaline earth metal nitrite; anc
a C, to C4; glycol component in an amount
effective to increase the set accsleration

properties of the set-accelerator component;

and wherein (a) and (b) are present in amounts

effective to inhibit corrosion.
The invention also provides a method for making a

cement composition of the invention which contains a
hydraulic cement binder, said method comprising adding to

said cement composition

(a)

(b)

a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite, and

a C, to C; glycol component, in an amount
effective to increase the set acceleration
properties of the set-accelerator component;

and wherein (a) and (b) are added in amounts
effective to inhibit corrosion.
The invention yet further provides a product

comprising

(a)

(b)

a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and

a C, tolcg glycol component, present in an
amount effective to increase the set
acceleration properties of the set-accelerator

, component ;

for simultaneous, separate or sequential use as a
corrosion-inhibiting, set-accelerating admixture in
reducing the set time of a cement composition which

contains a hydraulic cement binder.
The invention still further provides use of a C, to
C¢ glycol component to increase the set acceleration

< 2

properties of a set-accelerator component/in an admixture

for reducing the set time of a cement composition which

contains a hydraulic cement binder

e bad
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hydroxide Calciumsalts are particul arly advantageous, especially calcium
Itrate, calcnmﬁh&hﬂaﬁkdék=bﬁd calciumformate, and calciumnitrite. It is
also fea5|ble E i‘ e of alkali or alkaline earth nmetal salts, for

exanple, a mx m\ | nitrate and calciumnitrite. Any ratio of the
salts used may oye ; In a preferred calciumnitrate/calciumnitrite
m xture, a range of wei ght ratios of fgomabout 1:3 to 3:1 nmay be used. The
inventors have found that such an adnm xture of the |nvent|on u5|ng a
cal ci um RI"Fr ateT carcramen T

SETSS ARG " e a a -

component, and to 3 cement composition Com- isthg a
hydraulic cement binder, /:L:fﬂily - erat1nq component
ponent present in an amount

and a CZ to C

) effective Le=fTCrease the set acceleration properties of

s v . s o

It has been found that admixtures comprising a

set-accelerating compound and certain low molecular

10 weight glycols are surprisingly effective in reducing
the set time of hydraulic cement compositions. Such
admixtures are also found to be quite _effective at lower
working temperatures, i.e., below abght(§0°F) It
appears that these low molecular weight glycols increase

15 the set-acceleration properties of a set-accelerating
compound. Additionally, admixtures of this invention
may be formulated in such a way as to produce a
composition that will inhibit corrosion in steel
reinforcing bars commonly imbedded in cement

20 compositions.

The term "glycol"” as used herein is intended to mean
two to 'six carbon, i.e., "C,y to Cg". aliphatic di- and
trihydric alcohols. Glycols suitable for use in the
invention are those such as ethylene glycol, propylene

25 glycol, and glycerol. Other compounds meeting the above
definition will be apparent to those skilled in the
art. Until now these compounds have not been known to
Have any set-accelerating qualities, i.e., they have
been used primarily as grinding aidsjand set retarders.

30 For this reason these compounds were not seen as having
any value as part of a set-accelerating-admixture. As
such it was surprising to the inventors that a glycol as
described herein could be used with a set-accelerating
compound to significantly increase the set accelération

35 of a cement composition over that obtained by the
addition of the set accelerator alone to sistheremacementsh'lt

Thi |
a1
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accel erator conponent, is beneficial in inhibiting corrosion in steel
réi nforcing bars commonly inbedded in cenent conpositions. If the
set-accel erating conponent and gl ycol conponent are added to the cement
conposition separately, the glycol may be added, generally, in percent
solids on solids ("%s/s"), in the range of about 0.05%s/s to 1.0%s/s

(based on the weight of hydraulic cenmeng binder in the cement conposition),
with a preferred range of about 0.1%s/S to 0.75% s/s, such concentrations

bei ng genarl | JehdReecibel iRiaW de THig desid eth hoRstohNuacsekeLation. The

set-acceleratlng ) . )
the glycol compunent to give the set acceleration of the

cement composition containing the set accelerator a
desired ~boost.-"

5 The term "cement composition™ as used herein refers
to pastes, mortars and concrete compositions comprising
a hydiéulic cement .binder. The above terms are terms of
art. Pastes are mixtures composed of a hydraulic cement
binder, for example, Portland cement, either alone or in

10 conbination with fly ash, silica fume or blast furnace
slag, and water; mortars are pastes additionally
including fine aggregate, and concretes are mortars
additionally including'coarse aggregate. Such
compositions may additionally include other admixtures

15 such as defoaming agents, air-entraining or detraining
agents, set retarders, water reducing agents,
superplasticizers, and other components known to those
in the art for altering properties of the composition.
The cement compositions of this invention are.formea by

20 mixing required amounts of certain materials, e.g., a
hydraulic cement, water, and fine or coarse aggregate,
as maj be applicable for the particular cement
composition being formed. vsed a£<°'3°3

The set-accelerating componenq16;§ be any compound

25 which, when added to a cement composition (as described
above), reduces the amount of time required for the
cement composition to harden. For example, an alkali or
alkaline earth metal salt which is a salt of an organic
or inorganic acid may be employed. Althougﬂ the

30 following list is not meant to be :imiting, examples of
these compounds are alkali or alkaline earth metal
nitrate, nitrite, and formate; alkali or alkaline earth
metal salts of Group VI halogen and pseudohalogen acids,
such as alkali or alkaline earth metal chloride,

35 bromide, iodide, thiocyanate, thiosulfate and

E‘, ‘ ’ Cna"e‘-ko"‘
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conponent may be added in the usual anmounts necessary for set-acceleration,
. but generally in a range of from about 0.05%s/s to about 4.0%s/s. (Note
that through the use according to the invention of a glycol conponent, it
‘i's al so possible to reduce the anount of set-accel erator conponent nornally
required for a certain level of set acceleration, because of the better
set-accel eration provided by the conbbnatlon of the gl ycol and the set

accel erator.)

perchlorate; and alkali or alkaline earth metal
aluminates, silicates, and hrdroxides, e.g., sodium
hydroxide. Calcium salts are particularly advantageous,
especially calcium nitrate, calcium chloride, and

5 calcium formate, and calcium nitrite.

It is also feasible to use a mixture of alkali or
alkaline earth metal salts, for example, a mixture of
calcium nitrate and calcium nitrite. Any ratio of the
salts used may be employed; in a preferred calcium

10 nitrates/calcium nitrite mixture, a range of weight
ratios of from about 1:3 to 3:1 may be used. yfqgéL]“vQKQOh
inventors have found that such an admixturq[‘UETEE_;—_——___ﬂ
calcium nitrate/calcium nitrite mixture as the
set-accelerator component, is beneficial in inhibiting

15 corrosion in steel reinforcing bars commonly imbedded in
cement compositions.

If the set-accelerating component and glycol
component are added to the cement composition
separately, the glycol may be added, generally, in

20 percent solids on solids ("% s/s"), in the range of
about 0.05% s/s to 1.0% s/s {(based on the weight of
hydraulic cement binder in the cement composition), with
a preferred range of about 0.1% s/s to 0.75% s/s, such
concentrations being generally those which provide the

25 . desired boost in acceleration. The set-accelerating
component may_be added in the usual amounts necessary
for set-acceleration, but generally in 2 range of froé

abo t 0.05% s/s to ,about 4. 0% s/s. Note that th h
“ Cc;-lw- tae invew * ( rough

the useZEF éIy o1 component’péh%he—tnvent*eﬁJ it is

30 also possible to reduce the amount of sect-accelerator
component normally required for a certain level of set

acceleration, because of the better set-acceleration
provided by the combination of the glycol and the
35 set-accelerator.)
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-7 - However, the inventors find it is preferable to conbine the glycol
conponent and the set-accel erating conponent in desired anounts before
addition to a cenent conposition, so only one conposition need be netered
out and added to the cenent conposition. This is a sinpler and nore
precise method than adding each conponent separately and reduces the
opportunity for error in dispensing thé correct formulation. |f the
set-accel erati ng conponent and gl ycol conponent are to be m xed before
addition to #HoewmveTt, ddrgposivemimrs heind it is preferable to

combine the glycol component and the set-accelerating
component in desired amounts before addition to a cement
composition, so only one composition need be metered out

S and added to the cement composition. This is a simpler
and more precise method than adding each component
separately and reduces the opportunity for error in
dispensing the correct formulation. If the
set-accelerating component and glycol component are to

10 be mixed before addition to a cement composition, the
glycol component and the set—acceletatind component may
be combined in any proportion effective to give the
desired results. Generally, the amount of the glycol in
the mixture may range from about 0.5 to 40 weight %

15 {based on the combined weight of glycol component and
accelerator component), and preferably from about 2 to
30 weight %. used

An admixture'q£'€ﬁg_;nvention should be mixed into a
hydraulic cement composition in an amount effective to

20 allow the acceleration desired. The specific amount of
the admixture can be readily determined and will depend
on the cement composition, the ratio of components of
the composition, and the degree of acceleration
desired. The admixture is generally added to a cement

25 composition in an amcunt which, as noted above, provides
a glycol concentration of from about 0.05% s/s to 1.0%
s/s, preferably from about 0.1% s/5 to 0.75% s/s, such
concentrations being generally those which provide the

'désired boost in acgeleration. ' -

30 The admixtures qf_FFTE invention can be added to
cement compositions in any conventional manner familiar
to those in the art. The admixture should be
substantially uniformly mixed with the cement

composition.
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gl ycol component and the set-accel erating conponent may be conbined in any
proportion effective to give the desired results. Generally, the anount of
the glycol in the mxture may range fromabout 0.5 to 40 wei ght % (based on
t he conbi ned wei ght of glycol -conponent and accel erator conponent), and
preferably fromabout 2 to 30 weight % An adm xture used in the invention
shoul d be mi xed into a hydraulic cenmeng conposition in an anount effective
to allow the accel eration desired. The specific amount of the adm xture can

be readily det%ﬁg1PSQIQQQn6"Ekaﬁ%ﬁ%@dare given for illustrative
purposes only. Unless otherwise indicated, all parts

and proportions are by weight.

Example 1 (Cn“P*“*“J

5 An admixture was prepared consisting of calcium

nitrate and calcium nitrite, in a 2:1 ratio, in water.
The total % solids of the admixture was 42.6%.

" Example 2
, An admixture of the invention was prepared consisting
10 of calcium nitrate, calcium nitrite, and glycerol, in a

2:1:1 ratio (by weight), in water. The total % solids

of the admixture was 45%.

Example 3
The admixtures prepared in Examples 1 and 2 were each
15 added individually to mortars prepared using a Type I-II

Portland cement, sand, and a water to cement ratio of
0.45. A blank mortar, containing no admixture, was also
prepared. Each mortar was prepared by combinihg 45009
of sand, 900g of H,0, and 20009 of cement in a Hobart

20 mixer until homogeneous. i.sufficient amount of the
admixture solutions of Examples 1 and 2 was added.to
provide an admixture solids concentration of 0.5% s/s,
and 2.0% s/s, based on the weight of hydraulic cement in
the admixture. Set times were measured_gQLaccordance

25 with ASTM C403. The test was performed at/(55°F)

- Table 1 presents the data, which.demohstrate, at
different addition rates, the utility of adding a glycol
component of the invention (glycerol), to imprové the
performance of a set-accelerating compound, in this case

30 a mixture of calcium nitrate and calcium nitrite.
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on the cenment conposition, the ratio of conmponents of the conposition, and
t-he degree of acceleration desired. The adm xture is generally added to a
cenment conposition in an anmount which, as noted above, provides a glycol
concentration of from about 0.05%s/s to 1.0%s/s, preferably from about
0.1%s/s to 0.75% s/s, such concentrations being generally those which
provi de the desired boost in acceleratign The adm xtures used in this

i nvention can be added to cenment conpositions in any conventional nmanner

fam liar to those in the art. The,adyist e should be
An admixture of the invention was prepared consisting
of calcium nitrate, calcidm nitrite and glycerol, in a
proportion of 60:16:24 (by weight), in water. The total
5 % solids of the admixture was 45%.

Example 5
The admixture prepared in Example 4 was added to
mortars prepared using three different Type I-II
Portland cements ("Cements 1, 2, and 3"), sand, and a
10  water to cement ratio of 0.45. Blank mortars,
containing no admixture, were also prepared with each
cement. Each mortar was prepared by combining 4500g of
sand, 900g of H,0, and 20009 of cement in a Hobart mixer
until homogeneous. A sufficient amount of the admixture
15 solution of Example 4 was added to provide an admixture
solids concentration of 2.5% s/s, based on the weight of
hydraulic cement in the admixture. Set times were
measured 1n accordance with ASTM C403. The test was
performed atZ@0°F
20 Table 2 presents the results, which show the set time
performance with the three cement types. The data
demonstrate the cold-temperature performance of a set
accelerating cement admixture of the invention.
The preceding description of the invention has been
25 intended to illustrate rather than limit the invention.
The inventors intend that various modifications or
changes be made within the scope of the appended claims
without departing from the spirit of the invention.

t
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substantially uniformy mxed with the cement conposition. 8 The

_follow ng exanples are given for illustrative purposes only. ‘Unl ess
.otherwi se indicated, all parts and proportions are by weight. Exanple 1
(Conparative) An adm xture was prepared consisting of calcium '

- 10 -
Table ]
Admixture of Initial Set Time Change In Initial
Example # (hr) Set Time (hr)
blank 11.08 -
1 (at 0.5% s/s) 8.94 | 2.14
2 (at 0.5% s/s)  7.97 3.11
1 (at 2.0% s/s) 5.05 6.03
2 (at 2.0% s/s) 3.74 7.34
Table 2
Initial Set Time (hr)
Admix. of Cement Cement Cement Avg.
Example # 1 2 3
blank 9.50 11.40 10.18 10.36
4 .7.57 8.57 8.33 8.16
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nitrate and calciumnitrite, in a 2:1 ratio, in water. The total % solids
of the admxture was 4Z2.6% Exanple 2 An adm xture-of the invention was

pr epar ed COIh%ISﬁéet Baén a(ibﬂum nitrate, calciumnitrite, and glycerol, in a
2:1:1 ratio water. The total % solids of the adm xture was
45% The ad d in Exanpl e;ll and 2 were each added

y

I ndi vi dual | nnr ars prepared usi ng Type I-11 Portland cenent, sand,
and a water to cenment ratio of 0.45. A blank nortar, containing no
adm xture, was al so CLAIMS
1. A corrosion-inhibiting, set-accelerating

admixture for reducing the set time of a cement cdmposition
which contains a hydraulic cement binder, the admixture
5 comprising
(a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal'nitrite;_and

(b) a C, to C; glycol component, ﬁfesent in an

10 amouﬁt effective to increase the set
acceleration pfoperties of the set-accelerator
component.

2. An admixture according to claim 1 wherein the
amount of glycol component in the admixture %s from 0.05 to

15 40 weight %, based.on the combined weight of glycol
component and accelerator component in the admixture.

3. An admixture according to claim 2 wherein the
amount of glycol codponent in the admixture is from 2.0 to
30 weight % based on the combined weight of glycol

20 coﬁponent and accelerator component in the admixture.

4. An admixture aécording to claim 1, 2 or 3
wherein'the'set-accelerating component comprises a mixture
of calcium nitrate and calcium nitrite.

S. An admixture according to claim 4 which

25 comprises calcium nitrade and calcium nitrite in a weight
ratio from 1:3 to 3:1. |

6. An admixture according to any one of the

preceding claims wherein the glycol component comprises an
Thig is the replacement sheet
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prepared. FEach nortar was prepared by conbinin 4 of sand, 900g of

ferr] and 2000g of cement in a Hobart m Xxer unt| lmﬁdsuff|C|ent
anount of the adm xture solutions of Exanples 1 to provide
an adm xture solids concentration of 0.5%s/s, sed on the

wei ght of hydraulic cement in the adm xture. Set tinmes mere neasured I n
accordance with ASTM C403. The test was performed at [err] Table 1 presents
the data, which denonstrate, at differqnt-addition rates, the utility of

addi ng a gl ycol conponent of the invention | ycer ol i
g g gthylengpglycol (gly ol), to inprove the

7. An sdmixture according to any one of claims 1
to S5 wherein the glycol component comprises a propylene
glycol.

5 8. An'édmixture according to any one of ciaims 1
to 5 wherein the glycol components comprises a glycerol.

9. A cement composition comprising a hydraulic
cement binder and

(a) a set-accelerator component comprising a

10 mixture of alkaline.éarth metal nitrate and
alkaline earth metal nitrite; and

(b) a C, to Cs glycol component in an amount

effective to increase the set acceleration
propefties of the set-accelerator component;
15 and wherein (a) and (b) are present in amounts
effective to inhibit corrosion.

10. A composition according to claim 9 wherein the
amount of glycol component is from 0.05% s/s to 1.0% s/s,
based on the amount of hydraulic cement binder in the

20 composition.

11. A composition according to claim 10 wherein the
amount of glycol component is from-0.1% s/; to 0.75% s/s,
based on the weight of hydraulic céﬁent binder in the
composition.
25 12. A composition according to claim 9, 10 or 11
wherein the set-accelerator and/or the glycol are as

defined in any cne of claims 2 to 8.

e This is the replacement sheet
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performance of a set-accel erating conpound, in thi iSqse e of
calciumnitrate and calciumnitrite. 9 An adm x Mﬁ tion was

prepared consisting of calciumnitrate, calciun1nit roI in a
proportion of 60:16:24 (by weight), in water. The of the
adm xture was 45% Exanple 5 - 13 -

13. A mathed for making a cement composition

according to any one of claims 9 to 12 which contains a
hydraulic cement binder, -said method comprising adding to
said cement composition
S (a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite, and
(b) a C, to C; 'glycol component, in-an amount
effective to increase the set .acceleration
10 properties of the set-accelerator component;
and wherein (a) and (b) are added in amounts
effective to inhibit corrosion.
14. A method according to claim 13 wherein the set-
accelerating component and glycol are as def%ned in any one
15 of claims 2 to 8.
15. A product comprising
“(a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and
20 a (b) a C, to C; glycol component, present in an
amount effect;ve to.increase the set
écceleration properties of the set-accelerator
component ; |
for simultaneous, separate or sequential use as a
25 corrosion-inhibiting, set-accelerating admixture in
reducing the set time of a cement composition which
contains a hydraulic cement biﬁder.

16. Use of a ¢, to C, glycol component to increase

This ia the replacement shest
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The adn1xture prepared in Exanple 4 was added to nDrtQﬁ§$Q&@Q
tthree different Type I-I1 Portland cenents ("Cenents 1,
and a water to cenment ratio of 0.45. Blank nortars, ﬁi EM”

ﬁ"’%"gd
adm xture, were also prepared with each cenent. Each red by
conblnlng 4500g of sand, 900g of [err],j;4apd 2000g of cenent in a Hobart

m xer until honogeneous. A sufficient anount of the adm xture solution of
Exanpl e 4 was added to provide an admi xture solids concentration of 2.5%
s/'s, basedr dde a&amvﬁlckwdgslaé&é&mt dNsbbheaddaletaE6r Set times
wer e

componentlln an =dm1xtuve for reducing the set time cf a

cement composition Wthh contains a hydraulic cemen:t bincer
17. Use according to claim 16 wherein the amount of
5 glycol component in the admixture is from 0.05 to 40
weight %, based on the combined weight of glycol component
and the accelerator componeht in the admixture.

18. Use according to claim 17 wherein the amount of
glycol component in the admixture is froé 2.0 to 30

10 weight %, based on tﬁe combined weight of glycol component
and accelerator component in the admixture.

19. Use.aCCOrding to any one of claims 16 to 18
wherein the set-accelerating component is an alkali or
alkaline earth metal salt of an organic or inorganic acid,

15 or a mixture thereof.

20. Use according to claim 19 wheréin the set-
accelerating component is calcium nitrate, calcium nitrite,
or a mixturé thereof.

21. Use according to any one of claims 16 to 20

20 wherein the amount of glycol component is from 0.05% s/s to
1.0% s/s, based on the amoﬁnt of hydraulic cement bindér.

22. Use according to claim 21 wherein the amount

of glycol componenﬁ is from 0.1% s/s'to 0.75% s/s, based on

the weight of hydraulic cement binder.
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neasur G6h P AMAD3. The test was perfornmed at [e . _
Tabl e g;%%;s t eéyki ﬁ? ﬁbh show the set tine perfornan@@khéééW§MESHEET
tmee egm;ag@mmere t he uﬂdtemmrﬂurepeﬁormwywzg%
of a JeyaARGSE: %rat Q ''''' qrxtJre of the invention. The preceding

descrijpti on o the ventlﬁ E@ bn intended to illustrate rather than

limt {the inv ABn Bs ntebd that various nodifications or
1hange_lh§£§ﬂ§€l§g, thessegps-gflt he appended clains without departing

fromthe spirit of thygyPHRAVIIC'CEMENT SET-ACCELERATING
ADMIXTURES INCORPORATING GLYCOLS

This invention relates to impfovements in set-accelerating
admixtures for hydraulic cement compositions such as mortars,
grouts and concretes. More particularly the invention relates to
novel set-accelerating admixtures and methods for set-
acceleration employing the addition of certain low molecular
weight glycols, eg., glycerol and ethylene glycol, the invention
also relates to use of glycols to increase the set acceleration

properties of a set-accelerator.

Set accelerators are used when it is necessary to
work with hydraulic cement compositions at freezing or
near-freezing temperatures. The rate of hydration oE
Portland cement, for example, is very dependent on
temperature, such that, at lower temperatures, Portland
cement compositions will often harden at a rate slower
"than desired unless the hardening process is
accelerated. In addition to accelerating the set, it is
desirable to also attain an increase in the rate of
early strength development at normal or low
temberatures. This reduces curing and protection
periods nécessary to achieve specified strengths in
concrete. Some techniques for accelerating the set are:
ihcreasing the proportion of cement in the mix, heating. -
the mix, and using chemical admixtures that act on the
components of the mix to increase the rate at which the
cement paste sets.

Several chemical set accelerators are well-known.
They include alkali hydroxides, silicates, .
fluorosilicates, calcium formate, sodium chloride,



g - 10 - Adm xture of Initial Set Tine Change In Initial

Exanpl e # (hr) Set Time (hr) ?Lagk(

11.08 1 (at 0.5% s/ 8.94

7.97 .(a o) 3.11 1 (at 2.0%s/s) 5 05 %EPBA(’S'%aéngEH

6. 03 ' - 6 MAR 1390
_ e

calcium chloride, and calcium nitrate and calcium nitrite,

Calcium chloride is widely used because it is easy
and inexpensive to produce and its effects on hydraulic
cement are predictable and well-documented. However, like

S sodium chloride, it has the disadvantage of corroding
steel. Thus, it can cause the corrosion of steel
reinforcing bars in concrete. Other drawbacks of calcium
chloride use include reduced compressive strength at later
ages, reduced response to air entrainment, and blotching of

10 hardened concrete surfaces (Concrete Admixtures, Dodson:
Van Nostrand Reinhold, 1990).

DE-A-3,636,659, WO-A-89/0827 and FR-A-2,227,240
disclose cementitious compositions which may comprise set-
acceleration and glycol additives.

15 It is thus an object of this invention to provide new
set-accelerating admixtures which reduce the set time of
hydraulic cement compositions at lower temperétures,
without inducing or promoting corrosion of steel
reinforcement. Further objects of the invention are to

20 provide methods for preparing such cement compositions and
to provide methods for reducing the set time of hydraulic
cement compositions.

The present invention provides a corrosion-
inhibiting, set-acceleration admixture for reducing the set

25 time of a cement composition which contains a hydraulic
cement binder, the admixture comprising

(a) a set- accelerator component comprising a.

mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and

30 (b) a C, to C; glycol compoﬁent, present in an

amount effective to increase the set
acceleration properties of -the set-accelerator
component .

The invention further provides a cement composition

35 comprising a hydraulic cement binder and

(a) a set-accelerator component comprising a

mixture of alkaline earth metal nitrate and
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alkaline earth metal nitrite; anc
(b) a C; to C, glycol tomponenc in an amount
effective to increase the set accsleration
properties of the set-accelerator component;
S and wherein (a) and (b) are present in amounts
effective to_inhibit corrosion.
The invention also provides a method for making a
cement composition of the invention which contains a
hydraulic cement binder, said method comprising adding to
0 said cement composition
(a) a set-accelerator compornent compr;sxng a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite, and
(b) a C, to C; glycol component, in an amount
S effective to increase the set acceleration
properties of the set-accelerator component;
and wherein (a) and (b) are added in amounts
effective to inhibit corrosion.
The invention yet further provides a product
J comprising
(a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and
(b) a C, to C; glycol component, present in an
3 : amount effective to increase the set
- acceleration’ propertles of the set- accelerator
component ;
for simultaneous, separate or sequentlal use as a
corrosion-inhibiting, set- acceleratlng admixture in
DI reducing the set time of a cement composition which

contains a hydraulic cement binder.



A corrosion-inhibiting, set-accelerating adm xture for reducing the set

time of a cenent conposition which contains a hydraulic cenent binder, the
adm xture conprising (a) a set-accel erator conponent conprisPﬁQLACHW&NDﬁHEET
of alkaline earth netal nitrate and alkaline earth nmetal nitrite; an¢ WAR Eﬁ@\
a [err] to [err] glycol conponent, presgnt in an anount effective to

I ncrease the set acceleration properties of the set-accel erator conponent.

The invention still further provides use of a C, to C,
glycol component to increase the set acceleration properties of
a set-accelerator component comprising a mixture of alkaline
earth metal nitrate and alkaline earth metal nitrite in an
admixture for reducing the set time of a cement composition which
contains a hydraulic cement binder.

It has been found that admixtures comprising a set-
accelérating compound and certain low molecular weight glycols
are surprisingly effective in reducing the set time of hydraulic
cement compositions. Such admixtures are also found to be gquite
effective at lower working temperatures, i.e., below about 10°C
(50°F):'It appears that these low molecular weight glycols
increase the set-acceleration properties of a set-accelerating
compound. Additionally, admixtures of this invention may be
'formulated in such a way as to produce a composition that will
inhibit corrosion in steel reinforcing bars commonly imbedded in
cement compositions. .

The term 'glycoi" as uséd heréin is intended to mean
two to 'six carbon, i.e., "Cy, to Cg", aliphatic di- and
trihydric alcohols. ,Glycols suitable for use in the
invention are those such as ethylene glycol, propylene
glycol, and glycerol. Other compounds meeting the above
definition will be apparent to those skilled in the
art. Until now these compounds have not been known to
Have any set-accelerating qualities, i.e., they have
been used primarily. as grinding aidsjand set retarders.
For this reason these éompounds were not seen as having
any value as part of a set-accelerating-admixture. As
such it was surprising to the inventors that a glycol as
described herein could be used with a set-accelerating
‘compound to significantly increase the set accelecration

of a cement composition over that obtained by the
addition of the set accelerator alone to



2. An adm xture according to claim1 wherein the anount of
conponent in the adm xture is fromO0.05 to 40 weight % based EEMQWEMENTSHEET
conmbi ned wei ght of glycol conponent and accel erator conponent |n-¢5eMARi998
adm xture. 3. An admi xture according to claim2 wherein the anmount of

gl ycol conmponent in the adm xture is freom2.0 to 30 wei ght % based on the

conbi ned meight of gl ycol conponent an accelerator conponent in the
3. wherein the

dmi xt d
A Xt e tclt‘rrlugencto Onrl'lm%%(% g?rﬁ??gégl 3 turléwo% 1%’61?’&“6“ htfFate and

set - acceFBFa
cal ci um nher igtlyecol compunent to give the set acceleration of the

cement composition containing the set accelerator a
desired "boost.”

The term “"cement composition™ as used herein refers
to pastes; mortars and concrete compositions comprising
a Hydiéulic cement .binder. " The above terms are terms of
art. Pastes are mixtures composed of a hydraulic cement
binder, for example, Portland cement, either alone or in
conbination with £ly ash, silica fume or blast furnace
slag, and water; mortars are pastes additionally
including fine aggregate, and concretes are mortars
additionally including coarse aggregate. Such
compositions may additionally include other admixtures
such as defoaming agents, air-entraining or detraining
agents, set retarders, water reducing agents,
superplasticizers, and other components known to those
in the art for altering properties of the composition.
The cement compositions of this invention are‘formea by
mixing required amounts of certain materials, e.g., a
hydraulic cement, water, and fine or coarse aggregate,
as may be applicable for the particular cement
composition being formed.

The set-accelerating component used according to the
invention may be any compound which, when added to a cement
composition (as described above), reduces the amount of .time
required for the cement composition to harden. For example, an
alkali or alkaline earth metal salt which is a salt of an organic
or inorganic acid may be employed. Although the following list
is not meant to be limiting, examples of these compounds are
alkali or alkaline earth metal nitrate, nitrite, and formate;
alkali or alkaline earth metal salts of Group VI halogen and
pseudohalogen acids, such as alkali or alkaline earth metal

chloride, bromide, iodide, thiocyanate, thiosulfate and



5. An adnmixture according to claim4 which conprises calciunnePLAGHMENﬁﬁﬁEET

.calciumnitrite in a wight ratio from1l:3 to 3:1. 6. An adm xture
according to any one of the preceding clains wherein the glycol comp®MAR Eﬂﬁ
conprises an - 12 - ethylene glycol. 7. An admi xture according to any

one of clainms 1
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pecchlorate; and alkali or alkaline earth metal
éluminates, silicates, and hvdroxides, e.g., sodium
hydroxide. Calcium salts ace particularly advantageous,
espaecially calcium nitrate, calcium chloride, and
calcium formate, and calcium nitrite.

It is also feasible to use a mixture of alkali or
alkaline earth metal salts, for example, a mixture of
calcium nitrate and calcium nitrite. Any ratio of the
salts used may be employed; in a preferred calcium
nitrate/calcium nitrite mixture, a range of weight
ratios of from about 1:3 to 3:1 may be used. The
inventors have found that such an admixture of the invention

using’ a calcium nitrate/calcium nitrite mixture as the set-
accelerator component, is beneficial in inhibiting corrosion in

steel reinforcing bars commonly imbedded in cement compositions.

If the set-accelerating component and glycol
component are added to the cement composition _
separately, the glycol may be added, generally, in
percent solids on solids ("% s/s"), in the range of
about 0.05% s/s to 1.0% s/s (based on the weight of
hydraulic cement binder in the cement composition), with
a preferred range of about 0.1% s/s to 0.75% s/s, such
concentrations being generally those which provide the
desired boost in acceleration. The set-accelerating
component may be added in the usual amounts necessary
for set-acceleration, but generally in a range of from
about 0.05% ,s/s_to ,about 4.0% s/s. (the that through
the use according to the invention of a glycol component, it is
also possible to reduce the amount of set-accelerator component
normally required for a certain level of set acceleration,
because of +the better set-acceleration provided by the

combination of the glycol and the set accelerator.)



to 5 wherein the glycol conponent conprises a propyl ene glycol. 8. An

.adm xture according to any one of clains 1 to 5 wherein the QPVDQACEMENTSHEET
conponents conprises a glycerol. 9. A cenent conposition conprising a
hydraul i c cenent binder and (a) a set-accel erator conponent cqngrnhgqggg

m xture-of alkaline earth netal nitrate and al kaline earth netal nitrite;

and (b) a[err] to [err] glycol coqp9qpnt I n an amount effective to

i ncrease the set accel eration

However, the inventors £ind it is preferable to
combine the glycol component and the set-accelerating
component in desired amounts before addition to a cement
composition, so only one composition need be metered out
and added to the cement composition. This is a simpler
2nd more precise method than adding each component
separately and reduces the opportunity for error in
dispensing the correct formulation. If the
set-accelerating component and glycol component are to
be mixed before addition to a cement composition, the
glycol component and the set-accelerating component may
be combined in any proportion effective to give the
desireﬁ'results. Generally, the amount of the glycol in
the mixture may range from about 0.5 to 40 weight %
(based on the combined weight of glycol component and
accelerator component), and preferably from about 2 to
30 weight %.

An admixture used in the invention should be mixed into a
hydraulic cement composition in an amount effective to '
allow the acceleration desired. The specific amount of
the admixture can be readily determined and will depend
on the cement composition, the ratio of components of
the composition, and the degree of acceleration
desired. The admixture is generally added to a cement
composition in an amcunt which, as noted above, provides
a glycol concentration of from about 0.05% s/s to 1.0%
s/s, preférably from about 0.1% s/s to 0.75% s/s, such
concentrations being generally those which provide the

"desired boost in acceleration. ) .

The admixtures used in this invention can be added to
cement compositions in any conventional manner familiar
to those in the art. The admixture should be
substantially uniformly mixed with the cement

composition.



proberties of the set-accel erator conponent; and wherein (a) and (b) ar
present in anounts effective to inhibit corrosion. 10. A conpoBéEhAﬁEM%NTSHEET

according to claim9 wherein the anount of glycol conponent is from0.05%
s/s to 1.0%s/s, based on the anount of hydraulic cenent binder in=tbhdMAR 1398

conposition. 11. A conposition according to claim10 wherein the anount
of glycol conponent is fromO0.1%s/s to 0.75% s/s, based on the weight of

hydraul i c cenent binder in the conposi< Bof.
The following examples are given for illustrative
purposes only..  Unless otherwise indicated, all parts

and proportions are by weight.

An admixture was prepared consisting of calcium
nitrate and calcium nitrite, in a 2:1 ratio, in water.
The total % solids of the admixture was 42.6%.

Example 2

An admixture of the invention was prepared consisting
of calcium nitrate, calcium nitrite, and glycerol, in a

2:1:I ratio (by weight), in water. The total % solids

of the admixture was 45%.

Example 3

The admixtures prepared in Examples 1 and 2 were each
added individually to mortars prepared using a Type I-II
Portland cement, sand, and a water to cement ratio of
0.45. A blank mortar, containing no admixture, was also
prepared. Each mortar was prepared by combining 4500g
of sand, 9009 of H;0, and 20009 of cement in a Hobart
mixer until homogeneous. A sufficient amount of the
admixture solutions of Examples 1 and 2 was added.to
provide an admixture solids concentration of 0.5% s/s,
and 2.0% s/s, based on the weight of hydraulic cement in
the admixture. Set times were measured in accordance
with ASTM C403. The test was performed at 12.8°C (55°F).

Table 1 presents the data, which. demonstrate, at
different addition rates, the utility of adding a glycol
component of the invention (glycerol), to imprové the
perfofmance of a set-accelerating compound, in this case
a mixture of calcium nitrate and calcium nitrite.



12. A conposition according to claim9, 10 or 11 wherein the
:set-accelerator and/or the glycol are as defined in any one OBEELAGHME&T§GEET

8. - 13 - 13. A nmethod or nmaking a cenment conposition accorg $g4#g
one of clainms 9 to 12 which contains a hydraulic cenment binder, sa
conprising adding to said cenent conposition

-9 -

Example 4
An admixture of the invention was p&epared consisting
of calcium nitrate, calcium niﬁrite and glycerol, in a
propocrktion of 60:16:24 (by weight), in water. The total
% solids of the admixture was 45%.

Example 5

The admixture prepared in Example 4 was added to
mortars prepared using three different Type I-II .
Portland cements ("Cemeénts 1, 2, and 3°), sand, and a
water to cement ratio of 0.45. Blank mortars,
containing no admixture, were also prepared with each
cement. ;fach mortar was prepared by combining 4500g of
sand, 900g of H,0, and 2000g of cement in a Hobart mixer
until homogeneous. A sufficient amount of the admixture
solution of Example ¢ was added to provide an admixture
solids concentration of 2.5% s/s, based on the weight of
hydraulic cement in the admixture. Set times were
neasured in accotdance w1th ASTM C403. The test was
oerformed at 44°C (40° F)

Table 2 presents the results, which show the set time
serformance with the three cement types. The data
lemonstrate the cold-temperature performance of a set
iccelerating cement admixture of the invention.

The preceding description of the invention has been
intended to _illustrate rather than 1limit the invention.
"he inventors intend that various modifications or
hanges be made within the scope of the appended claims
rithout departing from the spirit ofhthe invention.



(a) a set-accel erator conmponent conprising a mxture of alkaline earth
“nmetal nitrate and alkaline earth metal nitrite, and (b) a k&w{ADEMEﬂﬁsngr
“glycol conponent, in-an anpbunt effective to increase the set acceﬁenﬁﬁfﬂ
properties of the set-accel erator conponent; and wherein (a) and (b) are
added ‘in amounts effective to inhibit corrosion. 14. A met hod accordi ng
to claim 13 wherein the set- accel erating conponent and gl ycol are as
defined in any one of claims 2 to 8.- 10 -

Table 1
Admixture of Initial Set Time Change In Iniﬁial
Example # (hr) Set Time (hr)
blank 11.08 -
1 (at 0.5% s/s) 8.4 2.14
2 (at 0.5% s/s)  7.97 3.11
1 (at 2.0% s/s) 5.05 6.03
2 (at 2.0% s/s) 3.74 7.34
Iable 2
Initial Set Time (hr)
Admix. of Cement Cement Cement Avg.
Example # 1 2 3
blank 9.50 11.40 10.18 10.36

4 7.57 8.57 8.33 8.16



15.\ A product conprising (a) a set-accel erator conmponent ri.sing.a
m xture of alkaline earth nmetal nitrate and al kaline earth neﬁgﬁaﬁthEﬂESHEET

and (b) a[err] to [err] glycol. component, present in an annung_%fhiﬁtkﬁg
to increase the set acceleration properties of the set-accel erator

conmponent; for sinultaneous, separate or sequential use as a _
corrosion-inhibiting, set-acceleratinglddm xture in reducing the set tine

of a cenment conposition which
CLAIMS

i. A corrosion-inhibiting, set-accelerating
admixture for reducing the set time of a cement composition
which contains a hydraulic cement binder, the admixture
comprising

(a) a set-accelerator component comprising a

mixture of alkaline_earth metal nitrate and
_ alkaline earth metal nitrite; and
(b) a C, to G glycol'componeﬁt, ﬁresent in an
amount effective to increase the set
acceleration properties of the set-accelerator
component.

2. An admixture according to claim 1 wherein the
amount of glycol component in the admixture is from_0.05 to
40 weigpt %, based.oq the combined weight of glycol
component ana accelerator component in the admixture.

3. An admixture according to claim 2 wherein the
amount of glycol coﬁponent in the admixture is from 2.0 to
30'weight % based on the combined weight of glycol
coﬁponent_and acceleratoxr component in the admixture.

4. An admixture aécording to claim 1, 2 or 3
wherein.the set-accelerating component comprises a mixture
of calcium nitrate ‘and calcium nitrite. :

S. An admixture according to claim 4 which
comprises calcium hitraﬁe and calcium nitrite in a weight
ratio from 1:3 to 3:1.

6. An admixture according to any one of the

preceding claims wherein the glycol component comprises an

AR



contains a hydraul i c cenent binder. 16. Use of a [err] to Eerr] gl ycol
conponent to increase REPLACEMENT SHEET the set accel er aff

of a set-accelerator conponent conprising a mxture of alkaline 3? E§§§
nitrate and al kaline earth netal nitrite in an adm xture for reduci

set time of a cement conposition which contains a hydraulic cenent binder.
17. Use according to claim 16 wherein the anount of

- 12 -
ethylene glycol.

7. An .dmixture according to any one of claims 1
to 5 wherein the glycol component comprises a propylene
glycol.

8. An';dmixture according to any one of ciaims 1
to 5 wherein the glycol components comprises a glycerol.

9. A cement composition comprising a hydraulic
cement binder and

(a) a set-accelerator component comprising a

. mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and

(b) a C, to C¢ glycol component in an amount

effective to increase the set acceleration

prépefties of the set-accelerator component;
and wherein (a) and (b) are present in amounts
effective to inhibit corrosion.

10. A composition according to claim 9 wherein the
amount of glycol component is from 0.05% s/s to 1.0% s/s,
based on the amount of hydraulic cement binder in the:

composition.

11. A composition according to claim 10 wherein the
amount of glycol component is from-0.1% s/s to 0.75% s/s,
based on the weight of hydraulic cement binder in the

composition.

12. A composition according to claim 9, 10 or 11
wherein the set-accelerator and/or the glycol are as

defined in any cne of claims 2 to 8.

* c L M S *




gl ycol component in the adm xture is fromO0.05 to 40 weight % based on the
eonbi ned wei ght of glycol conponent and the accel erator conpRERACEMENTISHEET
adm xture. 18. Use according to claim 17 wherein the amount ofe @ mﬂIIQQB
conmponent in the adm xture is from2.0 to 30 weight % based on the
conbined'meight of glycol conponent and accel erator conponent in the

adm xt ure. Use according to any orié of clains 16 to 18 wherein the

set - acceleratln conponent is an alkali or alkaline earth netal salt of an
organi c or |norgén|c dcrather dam makdang Herg@pent composition

according to any one of claims 9 to 12 which contains a
hydraulic cement bincder, -said method comprising adding to
said cement ccmposition
(a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitricte, and
(b) a C, to. C, glycol component, in-an amount
effective to increase the set.acceleration
properties of the set-accelerator component;
;nd wherein (a) and (b) are added in amounts
effective to inhibit corrosion.
ls4. A method according to claim 13 wherein the set-
accelerating component and glycol are as defined in any one
of claims 2 to 8.
15. A prdduct'comprising
(a) a set-accelerator component comprising a
mixture of alkaline earth metal nitrate and
alkaline earth metal nitrite; and
(b) a C, to C5 glycol component, present in an
amount effective to-increase the set
acceleration properties of éhe set-accelerator
component ;
for simultaneous, separate or seguential use as a
corrosion-inhibiting, set-accelerating admixture in
reducing the set time of a cement composition which
contains a hydraulic cement binder.

16. Use_of a C, to C, glycol component to increase



20.‘ Use according to claim19 wherein the set- accelerating conponent is
calciumnitrate, calciumnitrite, or a m xture thereof. 21. Use accordin
to any one of claims 16 to 20 wherein the anount of glycol c&EBLAGFMENTSHEE

fromO0.05k s/s to 1.0% s/s, based on the anmount of hydraulic cenené anqgg,
22. Use according to claim2l whereiyg the anount of glycol coffp8n _R #@?
fromO0.1%s/s to 0.75% s/s, based on the weight of hydraulic cenent binder.

the set acceleration properties of a set-accelerator component
comprising a mixture of alkaline earth metal nitrate and alkaline
earth metal nitrite in an admixture for reducing the set time of

a cement composition which contains a hydraulic cement binder.

17. Use according to claim 16 wherein the amount cf
glycol component in the admixture is from 0.05 to 40
weight %, based on the combined weight of glycol component
and the accelerator.component in the admixture.

18. Use according to claim 17 wherein the amount of
glycol cbmponent in the admixture is froﬁ‘z.o to 30
weight %, based on the combined weight of glycol component
and accelerator component in the admixture.

19. Use according to any one of claims 16 to 18
wherein the set-accelerating component is an alkali or
alkaline earth metal salt of an organic or inorganic acid,
or a mixture thereof.

20. Use according to claim 19 wherein the set-
accelerating component is calcium nitrate, calcium nitrite,
or a mixture thereof.

21. Use according to any one of claims 16 to 20
wherein the amount of glycol component is from 0.05% s/s to
1.0% s/s, based on the amoﬁnt of hydraulic cement binder.

22. Use according to claim 21 wherein the amount

of glycol componené is from 0.1% s/s ' to 0.75% s/s, based on

the weight of hydraulic cement binder.

* < L M S *
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Hydraulic Cement Set-Aééé]énating Admixtures Incorpo;ating .
Glycols : :

ABSTRACT

New set-accelerating admixtures for hydraulic cement
compositions are disclosed. These admixtures
incorporate known set accelerators and certain low
molecular weight glycols, e.g., glycerol and ethylene
gly@ol, are found to be surprisingly effective in
decreasing the initial set time of hydraulic cements,
mortars, and concretes, and are advantageous as reduced-
temperature set-acceleratofs.



