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"AIR MANAGEMENT IN CEMENTITIOUS MIXTURES HAVING
PLASTICIZER AND A CLAY-ACTIVITY MODIFYING AGENT

INVENTORS: Chia-Chih Ou, Christon L. Hill, and Ara A. Jeknavorian

Field of the Invention

The invention relates to a novel combination of surface active agents
for adjusting and stabilizing air voids in hydratable cementitious

compositions.

Background of the Invention

As used herein, the term “concrete” means and refers to a mixture of a
hydratable cementitious binder (e.g., Portland cement), fine aggregate (sand),
and coarse aggregate (crushed stone or gravel) to which water is added to
provide a composition that can harden into a building structure (e.g.,
foundation) or a civil engineering structure (e.g., tunnel) or other structural

component.

In World Patent Application No. PCT/US98/12876, Jardine et al. disclosed

that oxyalkylene-containing polymer additives, used as plasticizing or water reducing

| admixtures in concrete, sometimes had unpredictable dosage behavior in

different concrete mixes. Jardine et al. found that the aggregates contained in
some concrete mixes had certain swellable clays (e.g., smectites) that
negatively interacted with the plasticizer to create poor dosage response. It
was theorized that such clays expanded when initially wetted by the mix
water, and, in the expanded state, absorbed or entrapped the plasticizer. The
invention of Jardine et al. was to employ clay-modifying agents. The purpose
was to modify the clay activity, or mechanism, by which the clay-bearing
aggregate interfered with the plasticizer activity, thereby to permit normal

dosage of plasticizer to be used in the concrete.

The present inventors have discovered that, where an oxyalkylene-~
containing polyol polymer is used as the clay-modifying agent, the resultant

concrete mix may have air entrainment problems, even when conventional air
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entraining agents (“AEAs") are used.

The present invention improves the air entrainment capability and air void quality
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of concrete mixes that employ oxyalkylene plasticizers and clay activity
modifying agents. More generally the present invention provides a

surface active agent system that is believed to be useful for adjusting and
stabilizing air void systems in cementitious compositions, without seriously
impeding the ability to employ conventional AEAs and/or clay-activity-
modifying agents.

Technically speaking, an AEA does not generate air in the concrete, but .
merely stabilizes air that is (1) infolded (or mechanically enveloped) during
mixing; (2) dissolved in the mix water; and/or (3) present in the intergranular
spaces in the dry cement and aggregate. The concept of “ eﬁtrained” air voids
is different from the concept of “entrapped” air voids. It is desirable (e-.g., for

purposes of increasing durability of hardened concrete under freeze-thaw

conditions) to entrain air voids of a certain size (average diameter typically‘ '

between 0.01-1.0 millimeter) and shape (generaﬂy spherical) in the paste
portion of the wet concrete. Examples of common or conventional AEAs

include water soluble salts (usually sodium) of wood resins, wood rosins,

~ lignosulfonic acid, sulfonated hydrocarbons, proteinaceous materials, and

fatty acids (e.g., tall oil fatty acid) and their esters.

The problem 6_f_ controlling air void content and size distribution in
concrete using AEAs is especially éhallenging when clay modifying agents,
having a tendency to detrain intentionally entrained air, are present. When
AEAs are added to concrete, they form a film at the interface between the air
void and water phases, due to their varying solubility in the aqueous phase.
(see e.g., “ Air Entraining Admixtures,” from Concrete Admixtures, Dr. Vance

Dodson (Van Nostrand Reinhold, New York 1990), page 133-134).

Furthermore, AEAs may be anionic, cationic, or nonionic in nature. Since
common AEAs vary widely in composition and nature, a variation in their
effectiveness might be expected. However, achieving consistency in

managing the air content has been, for the most part, highly unpredictable.
- 2 -
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Summary of the Invention

In one aspect, the invention provides an admixture
composition comprising: a plasticizer for modifying a
cementitious composition; a first surface active agent
5 comprising a betaine, an alkyl sulfonate, an aryl sulfonate,
an alkylaryl sulfonate, or a mixture thereof; and a second
surface active agent comprising a nonionic oxyalkylene-

containing polymer surfactant represented by at least one of

the formulae “A” through “D”:

10 (Formula A)

CH,
|
HO—(CH,CH,0)x—(CH,CHO),—(CH,CH,0),~H

wherein X and x’ independently represent an integer of from 1

to 140; and y represents an integer of from 15-70;

(Formula B)

e s

. HO—(CHCH,0)v—(CH,CHO),,—(CH,CHO),~ H

wherein v and v’ independently represent an integer of from 9

to 27; and w represents an integer of from 4 to 232;

(Formula C)

(|3H3 ICH3
H(OCH,CHy)y—(OCHCH ) _(CH,CHO);—(CH,CH,0),H
N-CH,CH,~N
H(OCH2CH2)rm-(OCliHCHz)qm/ \(CHz(lIHO)q:—-(CH2CH20),.-H
CH; CH;
20 wherein g, gq', q'’, and g’’’ independently represent an

integer of from 4 to 31; and r, r’, r’'’, and r’"’’

independently represent an integer of from 2 to 140; and

- 3 -
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(Formula D)

(I:H3 (l:H'_;
H(OCHCH3)y—(OCHCHa)m _(CH,CH,0);,— (CH,CHO),H
/N—- CH,CH,- N\
H(O(lleCHz)n...-— (OCHCHj) (CH,CHO),— (CHz('ZHO)an
CH; CH;
wherein m, m’, m’’, and m’’’ independently represent an
integer of from 1 to 85; and n, n’, n’’, and n’’’

independently represent an integer of from 8 to 32.

...3a...

TN I R (0 v o L DY P S L B P S s



10

15

20

30

CA 02401147 2009-04-07

66925-615

The present invention pertains to a novel combination of surface active
agents for adjusting and stabilizing the air void system in hydratable

cementitious compositions such as concrete.

An exemplary surface active agent combination of the invention
comprises (1) a first surface active a gént, which is preferably employed in the
amount of 0.0001-0.005% solids content by dry weight of the cement (“% s/s")
to be treated and which is preferably air entraining in the cementitious
composition, this first surface active agent comprising a betaine, an alkyl -
and/or alkylaryl sulfonate, or mixture thereot; and (2) a second surface active
agent, preferably in the amount of 0.0001-0.005% (by weight of the cement to
be treated), the second agent comprising a nonionic oxyalkylene-containing
polymer surfactant. Preferably, the noniorﬁc oxyalkylene-containing polymer
is a block copolymer.

The present inventors have discovered that the first surface active
agent dramatically increases the air content but does not necessarily provide a

fine and uniform air void distribution in concrete and does not, due to its

- sensitivity in small dosages, allow for easily-controllable air void volumes.

Its combination with the second surface active agent, which operates to
detrain air and thus improves fineness as well as the uniformity of air void '
distribution, attains a novel and fine-tunable air void sy_stem In a concrete.
Thus, an exemplary admixture composition of the invention for a hydratable
cementitious gomposition comprises a plasticizer having polyoxyalkylene
groups; at least one clay activity modifying agent; a first surface active agent
operative to entrain air in a hydratable cementitious composition; and a
second surface active agent operative to render the air voids entrained by the

first surface active agent more uniform in size.

One of the advantages of this combination is that the surface active
agents can be used in relatively small dosages that permit conventional air

‘entraining agents (AEAs) to be incorporated into the concrete (or other

3b
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cementitious compositions) at conventional dosages and using conventional
practices. This is also what is meant by the “fine-tunability” in concrete as

provided by the admixtures of the invention.

The above-described combination of surface active agents is
particularly useful for adjusting and stabilizing air void systems in concretes
manufactured with a plasticizer (e.g., such as one comprising oxyalkylene
groups and/or polycarboxylic acid groups or their salts or esters), one or
more clay-modifying agents (for decreasing the plasticizer-absorbing activity
of clay contained in the aggregate), and a conventional AEA. Thus, a further
exemplary admixture composition of the invention comprises, in addition to

the above-described surface active agent combination, a plasticizer (e.g., one

comprising oxyalkylene groups and/or polycarboxylic acids or their salts or
esters), and a clay-activity modifying agent. Optionally, though Iless

preferably, the exemplary admixture composition may further comprise a

conventional AEA.

An exemplary concrete composition or structure of the invention
comprises a cementitious binder and the two surface active agents described
above.  Accordingly, a concrete of the invention comprises a Portland
cement; at least one aggregate comprising fine aggregate, coarse aggregate, or
mixture thereof, and the admixture of claim 1; said concrete further
comprising, after said cement, at least one aggregate, and said admixture
have been combined with water and allowed to harden, a uniformly
distributed air void system having (A) a spacing factor less than 0.008 inch as
measured in accordance with ASTM C457-98, and (B) a specific surface
greater than 600 (1/inch) as measured in accordance with ASTM C457-98.

The invention also provides cementitious compositions containing said

exemplary admixture composition, as well as methods for controlling air in
concrete. The methods involve combining said admixture composition into a

cementitious mixture.
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- PAGE 5
Moreover, it is further believed that the use of the aforementioned two
surface active agents leads to improved or enhanced “finishability” (e.g.,the
ability of the cementitious composition to be placed, smoothed, with excess
water removed using minimal effort) in the concrete composition.
Accordingly, a method of the invention for improving finishability of a wet

concrete or masonry cement is to incorporate, into a wet hydratable

cementitious mixture, the two surface agents described above.

Other advantages and features of the invention are discussed in further
detail hereinafter.

Brief Description of the Drawings

Figs. 1 and 2 are graphic illustrations of test results as described,

respectively, in Examples 3 and 4.

Detailed Description of Preferred Embodiments

The present invention is directed to novel methods and admixture
compositions for improving air void systems in concrete and other hydratable

cementitious compositions.

The term “cementitious composition” as used herein refers to pastes,

- mortars, grouts such as oil well cementing grouts, and concrete compositions

comprising a hydraulic cement binder. The terms “paste”, “mortar” and
“concrete” are terms of art: pastes are mixtures composed of a hydraulic
cement binder (usually, but not exclusively, Portland cement, Masonry
cement, or Mortar cement, and may also include limestone, hydrated lime, fly
ash, blast furnace slag, pozzolans, silica fume, metakaolin, or other materials
commonly included in such cements) and water; mortars are pastes
additionally including fine aggregate, and concretes are mortars additionally
including coarse aggregate. The cementitious compositions tested in this

invention are formed by mixing required amounts of certain materials, e.g., a

PCTAUS 01 /04860
T e PCT/USOL/04360 PEANUS 2 1 FEB yqm
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hydratable cement, water, and fine and/or coarse aggregate, as may be

applicable to make the particular cement composition being formed.

The term “plasticizer,” as used herein, refers to agents that allow
concrete to be made with less water. These agents would thus include low
and mid range water reducers, and also high range water reducers which are
commonly referred to as “superplasticizers.” The present invention is

particularly suitable for use with so-called superplasticizers (ie. agents that

allow for relatively high (>12%) water reduction).

The present invention provides a surface active agent system that is
useful, as mentioned above, for adjusting and stabilizing the air void system
in hydratable cementitious compositions. By the term “adjusting,” the
present inventors refer to the ability of the surface active agents to ensure that
the volume of air contained in the freshly made cementitious composition is
within a suitable range, which for present purposes is 3-20 percent based on
wet volume of the cementitious composition. By the term “stabilizing,” the
present inventors refer to the ability of the surface active agents to preserve
the amount and distribution of fine air voids in the plastic cementitious
material during mixing and subsequent handling and hardening. Thus, the
present invention is especially useful for addressing air management

problems which commonly occur in the manufacture of concretes and

mortars.

In addition, the present invention has particular benefits when used
with plasticizers for concretes having clay-bearing aggregates, because this
situation involves particularly difficult air management problems. Certain
clay-activity modifying agents used for lowering the plasticizer dosage
requirement (which could otherwise be significantly increased by the
presence of the absorptive clay) may alter the air-entraining properties of the
cementitious composition, and otherwise complicate air management
practices due to side effects. The term “clay” as used in the present invention

specifically concerns swelling, absorbing clays often labeled as smectites,
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monimorillonite, illite, hectorite, or the commercially available clay known as
“Bentonite.” It is also contemplated that volcanic ash and amorphous clays
- are also included in the absorptive type materials to be considered within the

definition of “clay.” The problematic clays (e.g., smectite) are present in

5 certain sands, and this is believed to cause many plasticizer dosage problems.

Accordingly, the present invention provides admixture compositions
(comprising the two surface active agents described above, optionally with a
plasticizer and a clay-activity modifying agent); cementitious compositions
containing the exemplary admixture composition; and methods for

10 controlling the amount and distribution of air voids in cementitious
compositions (and in particular those admixed with the admixture

- composition).

An exemplary surface active agent combination of the present

invention therefore comprises (1) an air-entraining surface active agent

15 comprising a betaine, alkyl and/or alkylaryl sulfonate, or mixture thereof;
and (2) a nonionié oxyalkylene-containing polymer surfactant.

A further exemplary admixture composition of the present invention

comprises, in addition to the two surface active agents mentioned above, a
plasticizer having oxyalkylene groups, polycarboxylic groups (or their salts or

20 esters), ora mixture thereof ; and a clay-activity-modifying agent. Optionally,
a conventional air entraining agent (AEA) can be used or such an AEA can

optionally be added separately into the concrete, cement, or cementitious

composition being treated.

Hence, the admixture composition is incorporated into a hydratable

25 cementitious composition, such as concrete or cement mortar, which
optionally can contain a conventional air entraining agent (AEA) such as a
water soluble salt (usually sodium) of a wood resin, wood rosin, or gum
rosin; a non-ionic surfactant (e.g., such as those commercially available from
BASF under the trade-mark TRITON X-100); - a sulfonated hydrocarbon; a

30  proteinaceous material; or a fatty acid (e.g., tall oil fatty acid) or its ester. The

- 7 -
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‘term “AEA” is used herein to mean and refer to a conventional air entraining

agent, such as but not limited to one that has been identified above, but this
term does not include components identified by the present inventors as
being components “1” and “2” of the surface active agent combination
previously described. The management of air void systems in concréetes and

mortars containing one or more plasticizers, one or more clay-activity

modifying agents, and optionally one or more conventional AEA, is achieved
in the present invention by using the novel surface active agent combination

described above.

The novel surface active agent combination, as described above, is
believed to be suitable for use with conventional plasticizers (including
superplasticizers) such as lignosulfonates, naphthalene sulfonates, melamine
sulfonates, etc. In pa.rticular,‘ the surface active agent combination of the
present invention is useful in combinations involving plasticizers having
oxyalkylene groups, polycarboxylic acid groups (or their salts or ésters), or
mixtures thereof. Oxyalkylene-containing plasticizers are sometimes called
“EO/PO” type plasticizers (the letters “EO/PO” refer to ethylene oxide and
prbpylerie oxide repeating grbups) . Incidenta]ly, the term “alkylene” is
meant herein to encompass linear or branched alkyl(ene) groups, and also to
include (where structurally possible) aryl(ene) and arylalkyl(ene) groups. An
EO/PO plasticizer is taught for example in US Patent 5,393,343 of Darwin et
al. Darwin et al. disclosed an EO/PO type
comb polymer useful as a plasticizer or water-reducer for retaining in
concrete a high degree of slump (e.g., high flowability) over a sustained
period of time. As used herein, the term “EO/PO” is synonymous with the
term “oxyalkylene group” and serves as a convenient short-hand to designate

polyoxyalkylene groups (e.g., ethylene oxide/propylene oxide copolymers).

Thus, for present purposes, the term “EO/PO type comb polymer” means
and refers to a polymer having a backbone such as a carbon backbone to
which are attached both carboxylate groups (which function as cement

anchoring groups in the cementitious mixture) and pendant groups such as

- 8 -
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ethylene oxide (EO) groups, propylene oxide (PO) groups, and/or a
.combination of EO/PO groups. The pendant groups may be ionic or non-

jonic.

Further examples of EO/PO polymer plasticizers are shown in US.

Patent Nos. 4,946,904, 4,471,100, 5,100,984 and 5,369,198.

These patents describe comb polymers which are, for

example, copolymers of polycarboxylic monomers such as maleic acid or
anhydride and polymerizable EO/PO - containing monomers such as
polyalkylene glycol monoallyl ethers, etc. '

Commercially available plasticizers having EO/PO groups and
polycarboxylic groups are sold by Grace Construction Products, Cambridge,
Massachusetts, under the trademark “ADVA®.” The ADVA® comb polymer
is a polyacrylic acid polymer made by grafting a polyoxyalkylene amine onto
a polycarboxylic acid backbone (amidization/imidization reactioﬁ) . This
commercially available plasticizer is suitable for purposes of the present
invention. _

Another commercially available plasticizer, one having primarily EO
groups and polycarboxylic groups, is sold by SKW under the commercial
name GLENIUM™,  Accordingly, plasticizers having primarily EO groups

are believed suitable for use in the present invention as well.

Another comb polymer (containing polyoxyalkylene groups) believed

to be suitable for use in the present invention is the type obtained by

polymerization of maleic anhydride and an ethylenically-polymerizable

polyalkylene, as prepared in U.S. Patent No. 4,471,100. This prodﬁct 1s sold

commercially under the tradename “MALIALIM”. This commercial product

is typically sold in the form of a salt formed by final reaction of the polymers
with a base such as sodium or calcium hydroxide.

Other plasticizers which are believed suitable for use with the novel
surface active agent combination described above include those disclosed by

- 9 -
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ARCO Chemical Technology, L.P., for example, in US Patents 5,670,578;
5,725,654; and 5,854,386. These are oxyalkylene containing polymers. '

Thus, preferred plasticizers for use in the invention have oxyalkylene

- groups and/ or polycarboxylic groups (or their salts); and especially preferred

are comb-type polymers that comprise a carbon-containing backbone and
pendant groups comprising oxyalkylene and/or polyc arboxy].ic groups or
moieties.

When plasticizers having EO/PO groups and/ or polycérboxylic ‘
groups (or their salts) are mixed into cementitious compositions having
certain clay-bearing aggregates (e.g., a clay bearing sand), the plastlmzer
dosage requirement may sometimes be inconsistent. For exaﬁlple, mixes
containing sand from the Southwestern United States, such as '‘CB Rilite™ sand
from Reno, Nevada, (“CB”) and WMI Placitas™ sand from Albuquerque, New
Mexico (“WMI"), showed high dosage requirement. The subst1tut10n of lab
sand (from Kane-Perkins in Milton, NH) for either CB Rilite sand or the WMI
Placitas sand in a concrete composition was found to have surprisingly
reduced the dosage requirement. This performance was confirmed in small-
scale concrete and mortar mixtures. That is, the substitution of the Kane-
Perkins lab sand for either CB or WMI sand yielded substa.ntla]ly hlgher flow
and slump values at the same EO/ PO plasticizer dosage rates. ‘

After analyzmg the CB and WMI sands, it was found that both sands
contained smectite clay. In parallel experiments, it was found that the
addition of sodium montmorillonite (a smectite clay) to Kane-Perkins sand
yielded mortar with poor fluidity and high dosage Went Additionél
testing of other clays showed that hectorite, another type of smectite clay, also
yielded high dosage requirement in mortar, and that kaolinite, a non-smectite
clay, did not have an adverse effect on performance. The poor performance
observed for mortar or concrete containing ADVA® plasticizer and clay-
bearing sands was also demonstrated for other EO/PO plasticizers. It was

- 10 -
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found for example that another commercially available EO/PO plasticizer,

MALIALIM AKM™ 1511, experienced a similar drastic reduction in fluidity in

mortar containing smectite clay. Based on this data and previous testing, it
was concluded that the negative interactions with smectite clays could be
attributed to a range of EO/PO and EO-only plasticizers and was not
exclusive to ADVA® brand plasticizers.

After discovering the interactions between smectite clays and EO/PO
plasticizers in mortar and concrete, significant efforts were focused on
attempting to remedy the problem. Primarily, three djffereht approaches
were found to be effective in restoring the effectiveness of EO/PO polymers
in mortar or concrete containing smectite clays.

First, the addition of agents operative to reduce EO/PO absorbing
capabilities of clay contained in clay-bearing aggregate, which agents were
added to mortar mixtures before the addition of plasticizer, effecﬁveiy
imprbved the performance of mortars containing smectite clays and ADVA®
plasticizer. Where the agent comprised a glycol, such as polyethylene glycol
("PEG”), it was seen that the higher molecular weight PEG's yielded a
significant improvement in mortar flow. The use of glycol containing both

ethylene oxide and propylene glycol was also found to be effective in

improving mortar flow. Thus, it was demonstrated that both EO and EO /PO
materials can be used partially to restore mortar performance. In either case,
it is likely that these compounds are being absorbed on the clay surface, thus
satisfying some of the clay’s affinity for polymer absorption, and, in essence,

acting in the manner of a sacrificial component.

A second approach found to be extremely effective was the restoration
of EO/PO plasticizer dosage efficiency &mough the alteration of mortar or
concrete mixing procedures. In particular, it was found that the order of
addition of materials into a mixer could have a profound effect on
performance of mortar or concrete containing an EO/PO superplasticizer (e.g,

ADVA® superplasticizer) and clay-bearing sand. It was found that by
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delaying the addition of clay-bearing sand (until after all other materials have
been added), the dosage efficiency of ADVA® superplasticizer could be
restored. Furthermore, it was found that only a small portion of cement is
needed initially to trigger this effect. The essential element of this discovery is
that cement (in some amount) should be present in the mixture prior to or at
the same time as the clay-bearing sand comes in contact with mixing water. If
this order of addition can be assured, the dosage efficiency of EO/PO
superplasticizers in mortar or concrete can be significantly improved,

regardless of the presence of smectite clays.

It was also discovered that by changing the order of addition during
mixing that the overall water demand of mortar (regardless of
superplasticizer) can be reduced. Therefore, when treating mortar containing
conventional naphthalene/formaldehyde condensate plasticizer identically to
mortar containing ADVA® superplasticizer, the performance of each mixture
can be improved. If this modified mixing method is used for both of the
above mortars (each containing 0.6% clay), the new dosage efficiency can be
improved. When lower clay dosages are used, the dosage efficiency can be
increased. It was also observed that mortar (with clay-bearing sand)
containing no superplasticizer can be improved using the modified mixing

method, that is the fluidity of a reference mortar can also be improved with

this mixing technique.

Finally, a promising approach was found to be the addition of soluble
calcium salts (preferably calcium nitrate) prior to the introduction of clay-
bearing sand. It was shown that the dosage response of EO/PO
superplasticizer can be restored with this approach. It was further found that
the addition of calcium nitrate directly to clay-bearing sand was more
effective than adding calcium nitrate to mix water. It is further believed that

soluble potassium salts may also be suitable for the invention.

When studying the behavior of an extremely poor quality sand

containing smectite (from Reno), it was found that changing the order of
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addition of materials was not in itself sufficient to remedy the poor

performance of mortar containing ADVA® superplasticizer. Additional work

showed that for cases such as this poor quality sand, it is sometimes necessary
to combine the prev1ously described three approaches (that is, modified
mixing method + polyethylene glycol + calcium nitrate). This combined
approach yielded optimal perfomiance and showed a combined synergistic
effect. It was further shown that an optimal blend of various molecular
weight polyethylene glycols could be determined which yielded the most
beneficial flow properties.

Additionally, further exemplary methods of the invention may involve
agents which do not preferentially need to be introduced prior to the addition
of a plasticizer or the addition of water to the clay. For example, the use of a
polyphosphate, such as sodium  hexametaphosphate, @ sodium
tripolyphosphate, sodium pyrophosphate, and sodium acid p yrophosphaté,
or a mixture thereof, does not require a superplasticizer be added after the

agent which is intended to reduce the EO and Jor PO abSorbing capabilities of
the clay.

Exemplary clay-activity-modifying agents that are suitable for use in
the invention are described in World Patent Application No.
PCT /US98 /12876, and may be categorized as follows. |

Exemplary inorganic multivalent cations. which are.. useful for
modifying clay activity include multivalent cations, such as calcium,
magnesium, aluminum, iron, or a mixture thereof. Calcium nitrite and |
calcium nitrate are preferred inorganic cations, as mentidhed above, which

further may be used with oxyalkylenes such as (poly)ethylene glycol (PEG).

Exemplary clay-activity-modifying agents also include inorganic
monovalent cations such as K*, NHs*, Cs*, Rb*, Frt, or a mixture thereof.
Among these, potassium nitrate is preferred. '
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Further exemplary clay-activity-modifying agents include organic
cations, such as a quaternary amine, (poly)quaternary amine, an amine oxide,

~or a mixture thereof. The term “organic cation” as used herein refers to any

exchange agent (any compound capable of exchanging interlammelar cations
associated with 2:1 clays (e.g., smectite) comprising either (a) an organic
group bonded to a cationic salt group selected from phosphonium,
pyridinium, sulfonium and quaternary ammonium (including poly-
quaternary ammonium), or (b) an organic compound containing a single
cationic amine salt group and no other amine groups. The organic group
bonded to the cationic group of the exchange agents in either category may be
a polymeric group. Among the organic cations that may be used in the
present invention are amphoteric materials (such as amphoteric surfactants’). |
Such cations include, but are not limited to, hexadecyltrimethylammonium,
methyltriphenylphosphonium, benzyltriphenylphosphonium, and surfactants
such as N,N-dimethyl-1-hexadecaneamine oxide (commercially available
from Akzo Nobel Chemical, Chica go, lllinois, under the trade-mefik(‘ Aromox®

DM-16), and N,N,N’,N’, N’-pentamethyl-n-tallow-1 3,propanediammonium
chloride (commercially available also from Akzo under the trade-mark |
'Duoqu‘ad® T-50). Other exemplary organic cations believed to be useful in
the invention include (Ci2 - Gg) fatty amines and amino acids (e.g., lysine).
The clay-activity-modifying organic cations are preferably provided in
aqueous solution, for safety and low cost. However, in some cases, such as*
when it is desired to use an organic cation agent in the form of a commercially
available organic surfactant, the organic cation agent may be provided in an

organic solvent.

A preferred organic cation is a quaternary amine, such as a
(poly)quaternary amine in combination with polyethylene glycol (PEG), a
combination which facilitated improved EO/PO plasﬁciZer performance that
was better than using either the quaternary amine or PEG alone. The use of a

quaternary amine having a bonded polyoxyethylene functional group was

- 14 -
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also found to be more effective than other quaternary amines without bonded

polyoxyethylene, particularly when added early in the mixing cycle.

Other exemplary clay-activity-modifying agents include polar organic
molecules capable of being absorbed by (smectite type) clays, such as an
oxyalkyene (e.g., ethylene and/or propylene glycols such as PEG), a crown
ether, a polyvinyl alcohol, a polyacrylic acid, a polymethacrylic acid, a
polyacrylate, a polymethacrylate, a gluconate, a glucoheptonate, a
glucoheptonic acid, a gluconic acid, a corn syrup, or a mixture thereof. If the
polar organic molecule is a polyacrylic acid, a polymethacrylic acid, a
polyacrylate, or a polymethacrylate, then the molecular weight should be
2,000 or less. These are preferably added before the EO/PO type plasticizer is
introduced to the clay. This may be accomplished by having the clay-activity-
modifying agent present before water is added to the clay whereupon the
EO/PO type plasticizer is then carried into chemical contact with the clay. It
is found that certain clay-activity-modifying agents which have an affinity for
clay that is stronger than the EO/PO type plasticizer’s affinity for the clay,
such as quaternary amines, (e.g., poly-quaternary amines), and

polyphosphates, may be added simultaneously with the EO/PO plasticizer or
before the EO/PO plasticizer is added.

A turther exemplary clay-activity-modifying agent comprises clay
dispersant selected from the group consisting of a polyphosphate, such as a
metaphosphate (e.g., sodium metaphosphate), a tripolyphosphate (e.g.,
sodium tripolyphosphate), a pyrophosphate (e.g., sodium pyrophosphate,
sodium acid pyrophosphate), or a mixture thereof. Still further exemplary
methods and admixtures of the invention comprise using a cement
dispersant, such as a lignosulfonate, a hydroxylated carboxylate, a

carbohydrate, or mixture thereof, in addition to the clay dispersant.

Those skilled in the cement and concrete arts will understand that the
amount of clay-activity-modifying agent (whether it be of the cationic, polar

organic clay-absorbable molecule, or clay dispersant variety) to be
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incorporated into the mix will be varied according to the nature of the sand,
the amount and nature of the plasticizer to be dosed, the particular addition
sequence of components to be used, mixing conditions, and other factors. Itis
believed that a wide range, such as 0.005% s/s (active solid by percent weight
based on solids cement) up to 12% s/s is usable, with a range of about 0.01-
10.0 % s/s preferred. Again, however, the range is dependent upon the
nature of conditions and nature of the mixing operation. Q
In summary, some of the clay-modifying agents described above have
been found to cause poor air entrainment or air quality in fabricated air-
entrained concrete. These agents have been found to be of the organic
polymer class, and these may cause any number of problems with air
entrainment, including, but not limited to, excess defoaming, large air voids,
difficult air control, unstable air (air void size and amount can change), and
inconsistent air entrainment (performance varies from batch to batch).
| As previously summarized, an exemplary surface active agent
combination of the present invention has a first component selected from
betaines, alkyl and/or alkylaryl sulfonates, or a mixture thereof. Of these, the
betaines are most preferred and are believed to be the most effective in
maintaining air void content in the 4-8% volume range (based on volume of

wet concrete).

Accordingly, an exemplary betaine surfactant useful in the present

invention has the following formula

R1

|
RB — N* -~ (CH2)XCOO'M+

|
R2

wherein R!, R?, and R® are independently alkyl groups or alkyl containing

moieties, x is 1 to 5, and M is a metal cation, or ammonium. Preferably, M is

sodium. Suitable metal cations are derived from any of the alkali, e.g.,
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sodium or alkaline earth metals. Ammonium salts also are suitable. The
compounds of this invention are typically added as metal salts.

Preferably, R! and R? are (4 - C4 alkyl groups, and most preferably
methyl groups. Preferable alkyl groups for R3 are Ci0- Czs and include alkyl-
5 containing moieties such as alkylamides, alkyl amido alkylenes, and
substituted alkyls such as hydroxyalkyls. It is particularly preferred that R3 is
a C10-Czo alkylamido propyl, such as lauramido propyl and cocoamidopropyl.
e Other suitable betaines are listed in US Patent 5,679,150.

10 Another suitable type of betaine, a sulfobetaine, has the general

formula

Rl

|
R®> — N* — (CHY)SOs-M?*
15 | |

R2
wherein R?, R?, and R3 are independently alkyls or alkyl containing moieties,
X is an integer of 1 to 5, M is a metal cation, and Y is hydrogen or a hydroxyl
group. A preferred sulfobetaine is cocoamido propyl hydroxy sultaine.
20
Other suitable betain€és and sulfobetaines are disclosed in US Patent 4,209,337.
Methods for preparing-betaines and sulfobetaines are known in the art. See
US Patent 5,679,150 and references cited therein. As will be shown in the
Examples which follow this section, the betaine is used to incorporate large
25 amounts of air using very small dosages. However, the present inventors
discovered that the second surface active agent was useful for adjusting and
stabilizing the air void system, as previously explained.
The first surface aéﬁve agent may alternatively comprise, as previously
mentioned, an alkyl or alkylaryl sulfonate, such as sodium dodecylbenzene
30  sulfonate, or other alkali metal salt (e.g., potassium, ammonium).

In addition to the first surface active agent mentioned above, the
exemplary admixture composition of the invention comprises a second

- 17 -
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surface active agent. Preferably, the second surface active agent is a nonionic

oxyalkylene polymer (preferably, a block copolymer) surfactant. Exemplai'y
~ oxyalklene . polymer surfactants are represented by one of the following

formulae designated as “A” through “D” as follows:

(Formula A)

CHs

|
HO-(CHzCHz0)x - (CH2CHO)y - (CH2CHzO)v- H

wherein x and x’ independently represent an integer of from 1 to 140, more
preferably from 1-11, and most preferably from 1-4; and y represents an

integer of from 15-70, more preferably from 15-63, and most preferably from
15-42;

(Formula B)
ClHa (|3H3
HO-(CHCHO)x ~ (CH2CHO)y - (CH2CHO)x- H
wherein x and x’ independently represent an integer of from 9 to 27, most

preferably 15 to 27, and most preferably 20 - 27; and y represents an integer of
from 4 to 232, more preferably from 4 to 18, and most preferably from 4 to 7;

(Formula C)

CHs CH
H(OCI-IzCHz)y'.(O(IZHCI-Iz)x' (CHz(lIHO)x {(CHCHO)H
NCHLN
H(OCH;CHa)y(OCHCH:)y~ / \(c:HZCI—b),e {(CH:CHO)yH
xh R

wherein x, x’, X", and X independently represent an integer of from 4 to 31,

more preferably 13 to 31, and most preferably 13 to 27; and y, y/, y’, and y”
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independently represent an integer of from 2 to 140, more preferably 2 to 11,
and most preferably 2 to 4; and
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- (Formula D)

CHs , CHs
H(O(‘ZHCle)yﬂ.(OCI-IzCHz)x' (CH2CH:0)x -(CIE{z('ZHO)yH
) N-CH2CHz-N /
H(OCHzCHZ)y"-(OCHCI‘Iz)a(”/ \(CH2CHO),( -(CH2CHO)yH
L L

wherein x, x’, x”, and x* independently represent an integer of from 1 to 95,

~more preferably 1 to 91, and most preferably 1 to 4; and y, y’, y”, and y’”
independently represent an integer of from 8 to 32, more preferably 8 to 24,

and most preferably 8 to 21.

For the foregoing formulae, it is preferred to have an EO/PO ratio
(e.g., ethylene oxide: propylene oxide ratio) in the range of 0.1-0.2, with a
more preferred ratio of about 0.11.

- Suitable nonionic oxyalkylene polymer surfactants are commercially
available from BASF under the trade-marks PLURONIC® and TETRONIC®

Preferred polymer surfactants have an average total molecular weight in the
range of 1000 to 4500, and are more preferably block copolymers It is
‘believed that PLURONIC® L81 L31, and L61 fall within this preferred

molecular welght range and provide good results.

Thus, an exemplary surface active agent combination of the present
Invention cOpprises (1) a first surface active agent, such as a betaine (e.g.,
Chembetaine™ C which is a cocoamidopropyl betaine commercially available
from Chemron Corporation of Paso Rables, California, which should be used
in the following dosage range of 0.0001-0.005% (more preferably 0.0002-
0.002%, and most preferably 0.0002-0.001 %) s/s by weight of cement; and (2) a
nonionic oxyalkylene polymer (e.g., PLURONIC® L81) in the range of 0.0001-
0.005% (more preferably 0.0001-0.001%) s/s by weight of cement. When

combined with on or more plasticizers and one or more clay-activity agents,
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an exemplary surface active agent composition of the invention can be

formulated, in accordance with the following dosage rates, as presented in

Table 1 below:

Table1
Dosage Ranges (% solids by wt of cement)

Admixture Composition Range (% solids by wt of Cement)

Broad Most

Preferred

Preferred

EO/PO type 0.02-0.30 | 0.04-0.24 0.06-0.10
Clay-Activity Sodium 0.01-0.15 0.01-0.06 0.03-0.05
Modifier Gluconate

0.01-0.50 0.01-0.20

Clay-Activity
Modifier
First Surface
Active Agent

Second Surface
Active Agent

JEFFOX®
WL5000

Chembetaine C

0.02-0.12 .

0.0001- 0.0002-0.002 | 0.0002-0.001
0.005

0.0001-
0.005

PLURONIC®
L81

0.0001-0.001

0.0001-0.002

Exemplary surface active agent compositions, containing the two
surface active agents and optionally the plasticizer and one or more clay-
activity modifying agents, can be formulated as an aqueous composition
having the following formulations, based on percentage total dry solids, as

presented in Table 2 below.

Table 2

Admixture Composition Ranges % solids on solids of admixture

Broad Most
Preferred
40-60

20-30

Preferred

15-95
1

Plasticizer EO/PO type 20-80

Clay-Activity 5-30
Modifier
Clay-Activity JEFFOX® WL 5000
Modifier
First Surface
Active Agent
Second Surface
Active Agent

Total Solids

Sodium Gluconate

1-75 5-50 15-35

Chembetaine C 0.01-5 0.05-1 0.1-0.6

PLURONIC® 181 0.01-5 0.05-1 0.1-0.6

1-45 0-35 15-30

Ut
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JEFFOX® is the tradename used by Huntsman Chemical Corporation
of Houston, Texas, for polyoxyalkylene alcohols.

Further exemplary admixture and concrete compositions of the
Invention, which comprise the first and second surface active agents as
described above, may comprise a conventional admixture. The further
admixture may comprise, for example, a water reducer (e.g., plasticizer or
superplasticizer), a set accelerator, a set retarder, a shrinkage reducer, a
corrosion inhibitor, a strength enhancer, or mixture thereof. The admixture
may have an air entraining group or moiety having polycarboxylic acid
groups or their salts or esters, oxyalkylene groups, or a mixture thereof. The
admixture may also comprise a comb polymer having a carbon containing
backbone to which are attached pendant groups comprising polycarboxylic
acid groups or their salts or esters; oxyalkylene groups; or a mixture thereof.

An understanding of the invention may be facilitated by the

illustrative examples, which follow:

Example 1
In this example, an EO/PO based plasticizer is used in conjunction

with clay-modifying agents in the presence of clay-bearing aggregate to
produce air-entrained concrete. As illustrated in the example, the higher dose

of air entraining agent was required versus the commonly used naphthalene

plasticizer.

Air entrained concrete mixes were fabricated in accordance with the
following proportions: Type I/Il Portland cement in the amount of 660
Ib/yd3; water in the amount of 250 1b/yd?; coarse aggregate (crushed stone) in
the amount of 1700 Ib/yd3; and fine aggregate in the amount of 1435 Ib/yd3.
The sand was dosed with 0.34% sodium montmorillonite clay (marketed as
POLARGEL™ NF by American Colloid, Belle Fourche, SD) to simulate the
performance of clay-bearing sands as illustrated in a similar manner in World

Patent Application number PCT /US98 /12876.

X



10

15

20

25

WO 01/64323

CA 02401147 2002-08-22
PCT/US01/04860

A conventional air-entraining agent (DARAVAIR® 1000 from Grace
Construction Products, Cambridge, MA) was added at a dosage required to
bring the plastic air content within the range of 5-9% by total volume of wet
concrete. The mix sequence employed was as follows: sand, clay and stone
were pre-mixed in a 3 ft® laboratory concrete mixer for approximately 30
seconds. The air-entraining agent was added and mixed for another 30
seconds. The water was split into two fractions and added to the mixer over
the course of 15 seconds for each portion, followed by 1 minute of mixing.
The cement was then added, followed by mixing for 1 minute. The plasticizer
was then added and the concrete was mixed for another two minutes. The
mixer was then stopped. After 3 minutes rest, the mixer was restarted for

another two minutes of mixing, after which time the resultant concrete mix

was loaded into a container for testing.

Air content was tested in accordance with ASTM C231-97. Other
concrete properties such as slump, strength, and set time were tested to

confirm that the concrete was in a reasonable range for experimental

purposes.

The plasticizers illustrated in this example include naphthalene
sulfonate formaldehyde condensate plasticizer (hereinbelow designated as
“NSFC”) and an EO/PO based plasticizer. It was discovered in World Patent
Application number PCT/US98/12876 that in the presence of clay-bearing
aggregate, clay-modifying agents are required to attain a desirable EOQ/PO-
based plasticizer dosage requirement. Therefore, the EO/PO based
plasticizer blend (hereinbelow designated “EO/PO blend”) comprises, on a
solids basis, 4 parts EO/PO plasticizer available from Grace Construction
Products, Cambridge, Massachusetts, and two clay modifying agents: 3 parts
JEFFOX® WL 5000 (a polyester alcohol commercially available from

Huntsman Chemical Corporation, Houston, Texas) and 2 parts sodium

gluconate.

5.
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The purpose of the experiment was to determine the amount of air
entraining agent required for the aforementioned concrete mix containing
"EO/PO blend” to obtain an equivalent plastic air volume as a concrete
prepared with NSFC. The plasticizer dosage was used to obtain a slump of 5-
8 inches. Air-entraining agent dosage was determined by adding in air

entraining agent until the plastic air content was in the range of 5-9%.

Table 3

Mix# | Plasticizer DARAVAIR® 1000 |

Admixture Dosage | Plastic Air

Content, % | Dosage (0z/cwt)

The results in Table 3 indicate that almost 50% more air entraining

1

2

agent was required to prepare concrete containing “EO/PO blend” (from

mix#2) with a similar plastic air content as concrete with NSFC (from mix#1).

Based on the requirement of a larger dosage of air-entraining agent, the
“EO/PO blend” is considerably less desirable for the conventional practice of
air-entrained concrete. As illustrated later in the example 3, this problem is

overcome by the use of the “air adjuster” surfactant, Chembetaine.

Example 2
This example illustrates that the concrete made with the “EO/PO

blend” in the presence of clay modifying-agents has a poor air void quality
with an undesirably large spacing factor and an insufficient specific surface.

The concrete with such properties often does not provide the proper freeze

thaw durability for concrete.

Concrete was fabricated in the same manner described above in
Example 1 with the exception of a different mix design and the amounts of the
doped clay. The concrete was mixed in accordance with the following
proportions: Type I/1I Portland cement in the amount of 520 Ib/ yd3; water in

the amount of 255 1b/yd3; coarse aggregate (crushed stone) in the amount of
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1860 Ib/yd?; and fine aggregate in the amount of 1387 1b/yd?. The sand was
dosed with 0.20% sodium montmorillonite clay (POLARGEL™ NF).

The air entraining agent, DARAVAIR® 1000, was used in the same
manner as in Example 1. Air content and other concrete properties were
tested in the identical manner as described previously in Example 1. In

addition, the air void quality of the hardened concrete was tested in

accordance with ASTM C457-98.

The results of this experiment are summarized in Table 3:

Table 3

— —_— — ——]
o ]
i Plasticizer EO/PO Blend
| Admixture Dosage(% s/s) | 0.18
| DARAVAIR® 1000 | 0.75 |
' Dosage (0z/cwt) - ]
| Plastic Air Content, % i 5.3

Hardened Air Content, % 3.5 |
| Spacing Factor, inches 0.0159 |
l Specific Surface, (1/inch) 330 |

The results in Table 3 showed that concrete with the “EO/PO blend”
experienced a 1.8% drop in air content from 5.3% (plastic air) to 3.5%
(hardened air). For concrete mixed at room temperature, a drop of less than
1% is preferred. ~Moreover, the spacing factor and specific surface were
0.0159 inches and 330 1/inch, respectively. The recommended values to pass
the ASTM C494 criteria for freeze/thaw durability is <0.008 inches for the
spacing factor and >600 1/inch for the specific surface. High quality air,
which passes the requirement in ACI 201. 2R, Section 1.2.3 “Freezing and
Thawing - Overall Effects in Concrete” is considered to be essential for a

freeze/thaw durable concrete. Based on the results, the concrete made with

. Y.
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the “EO/PO blend” does not meet requirements for an air void system that

will demonstrate freeze-thaw durability.

As illustrated later in the examples 4, 5 and 6, this problem was solved

by the use of the second defoaming non-ionic surfactant in conjunction with

the first “air adjuster” surfactant.

Example 3
The purpose of this experiment in the example 3 was to illustrate the

use of a first surface-active agent, Chembetaine C, to provide rapid
adjustments of the air in the concrete by using small dosages of the surface-
active agent. The benefit of allowing air to be entrained more easily is a

decrease in air-entraining agent dosage.

Chembetaine C was blended together with “EO/PO blend” at dosages
of 0.001%, 0.002%, and 0.004%s/s. The “EO/PO blend” was kept at a
constant dosage of 0.18% s/s for all mixes. Concrete mixes were made using
the resulting blends in the same manner described above in Example 1.
Daravair 1000 was added at a dosage rate of 1.1 oz/cwt. Table 4 summarizes

the effect of adding Chembetaine C to the concrete mixes in increasing

dosage.
Table 4
Mix # Chembetaine C Plastic air
dosage (% s/s content
0.001 8.7%
0.002 15%
6

0.004

As shown in Table 4, Chembetaine C is a potent surface-active agent

for increasing the plastic air content of concrete in the presence of
conventional AEA. The dosage of Chembetaine C required to allow the
plastic air content to increase to 15% is only 0.002% s/s. In comparison to the
0.18% s/s dosage of the “EO/PO blend”, the dosage of Chembetaine C

required is very small. By using very small dosages of a surface-active agent
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such as Chembetaine C, air content can be increased drastically, leading to a

decreased requirement for air-entraining agent.

Experimentation was performed to determine the amount of air
entraining agent required to produce and maintain a desirable air content of
6-8% (by volume) within a concrete mix using different dosages of
Chembetaine C. Chembetaine C was blended with the “EO/PO blend” in the
same manner as described early in this Example. The concrete mix was the
same as that described in Example 1. The “EO/PO blend” dosage was
constant for all mixes at 0.18% s/s based on cement. For all mixes, the air-

entraining agent used was DARAVAIR® 1000.

The results graphically illustrated in Fig. 1 demonstrate a trend. The
trend is for the required dose of a conventional air-entraining agent

(DARAVAIR® 1000) to be reduced , as the Chembetaine C dosage level is

increased, while concrete mixtures having 6-8 percent air are produced.

The graph shown in Fig. 1 illustrates how a formulation utilizing
Chembetaine C can be more easily adjust the air content. If, for example, one
desired to use an air entraining agent (DARAVAIR® 1000) at a conventional
dose of 0.3 0z/cwt in order to entrain a desired air content of 6-8%, according
to the chart, one would need to employ a Chembetaine C dosage of 0.001%.

In comparison, 1.2 oz/cwt of air-entraining agent was required in the absence

of Chembetaine C as illustrated in Example 1.

Thus a first surfactant, Chembetaine C, is found to reduce the air
entrainer dosage level to an acceptable amount. However, the concrete so
obtained demonstrated poor air void stability, in that a plurality of bursting

air bubbles are seen on the surface of the fresh concrete.

Example 4

This example exemplifies the preferred embodiment of using the
second surface-active agent, a non-ionic polymer surfactant, to improve the

quality of the air void system. In addition, this example illustrates the effect
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of using surface-active agents of different molecular weights and their effect
on the quality of the air void system. Several species of nonionic polymer
surface-active agents (commercially available as PLURONIC® surfactants
from BASF Corporation) of varying molecular weight were tested. The
experimentation was performed in the same manner as the procedure in

Example 1. The entrained air content was maintained in the range of 6-8% for

all of the mixes.

The results of the experimentation were plotted in the graph shown in
Fig. 2. The graph illustrates the effect of increasing molecular weight of the
surface-active agents with the lowest molecular weight towards the left. The

three species, Pluronic .31, L81 and L101 had approximate molecular weights
of 1100, 2750, and 3800 respectively.

All three Pluronic surface active agents tested produced concrete
which had an improved air void system. However, as shown in Fig. 2,
increasing the molecular weight caused the “spacing factor” to increase. The
“spacing factor”, as indicated by the bar graph in Fig. 2, is a measure of the
spacing between the air voids; therefore, a lower value is more desirable.
Pluronic 131, having the lowest molecular weight, was associated with the
best spacing factor. Pluronic 1.31 also had the smallest air voids as indicated
by the “specific surface” factor (Line in Fig. 2). “Specific surface” is a
measure of the surface area of the air voids where a higher value is more

desirable. Therefore, the surface-active agent having the lowest molecular

weight produced the most desirable air void system.

Example 5

In addition to molecular weight, the EO/PO ratio of the second
surface-active agent is another property of the polymers which has an effect
on the air properties of the concrete to which they are added. In this example,
three non-ionic polymers of the Pluronic series of varying EO/PO ratio were

tested to determine the effect of EO/PO ratio on the plastic air content of
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concrete.  The most desirable effect is to obtain a “defoaming” effect.
“Defoaming” is the property of a surface active agent to either produce a
lower air content or increase the dosage of air-entraining agent required to
obtain a certain plastic air content. The purpose of using a “defoaming”
surface active agent is to offset the air entraining effect of Chembetaine C to

produce a more stable, and more easily adjustable, surface-active agent

combination.

The procedure employed was similar to that used in Example 4, with
the dosage of the conventional AEA (DARAVAIR® 1000) being fixed at 0.3
oz/cwt for the PLURONIC surfactants having higher EO/PO contents.
However, the dosage of the AEA was 04 oz/cwt for PLURONIC 181
surfactant in order to bring the air content of the concrete within the range of
6-8%. All of the surface-active agents were dosed at 0.0005% s/s. The results

of the experiments are presented in Table 5.

Table 5

Mix # PLURONIC® EO/PO | Plastic air
Species ratio content
0.11 6.4%*

'8 | PLURONIC® F87 2.33 7.0%
'9 | PLURONIC® F88 7.9%

* Mix contained more AEA at 0.4 oz/cwt

The results indicated that plastic air content increases with increasing EO/PO
ratio. Pluronic L81, in mix #6, had the lowest EO/PO ratio at 0.11 and
experienced the lowest plastic air content. It meets the criteria of being
potent at small dosages as evident by being able to achieve the “defoaming”
effect at a very low dosage of 0.0005% relative to the 0.18% s/s dosage for the
“EO/PO” blend. Therefore, in this test, Pluronic L81 is the most desirable
second surface-active agent to be used in combination with the first surface-
active agent, Chembetaine C, to produce a surface-active agent combination

that allows for adjustable and controllable air and a stable air void system.

-8
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Example 6

Large scale concrete manufacturing conditions (in Dallas, TX) were
used to further test the effectiveness of the EO/PO blend utilizing the
combination of the surface active agents Chembetaine C and Pluronic L81 in
comparison to NSFC. The concrete mix design and materials are specified in
Table 6 for a batch size of 8 yd°>. Upon investigation of these materials, the
fine aggregate (sand) was determined to bear amounts of smectite clay. The
presénce of the clay warranted usage of clay modifying agents. To satisfy the
need to entrain air properly, adding the surface-active agents outlined above
was found to be necessary. The formulation of the “EO/PQO blend” with the
two surface-active agents (hereinbelow designated as “EO/PO air blend”)
was prepared to such that when dosed, the concrete mix contains 0.18% s/s
“EO/PO blend”, 0.0005% s/s Chembetaine C and 0.0002% s/s Pluronic L81.
The dosage of NSFC used was 0.37% s/s for all experiments with no surface
active agent. The mix proportions for the base concrete for the cited example

are reported in Table 6:

Table 6
Component in Base Concrete Amount
Type I Portland Cement t_ 526 1b/yd3
Class F Fly ash i 1321b/yd® |
Sand .__. 105 Tb/yd
1” Crushed Limestone (| 18701b/yd®
Water ‘ 276 1b/yd*

WRDA® HYCOL Water Reducing Agent | 3 oz/cwt

- e - —+' ———— IRl N B i AL S pagnsy.

DARAVAIR® 1000

il PP 5 AT b

The plasticizer was added directly to the truck after the concrete was loaded
and mixed for approximately 5 minutes. After another 5 minutes of mixing,
the air content was determined according to the procedure in ASTM (237 and

the other concrete properties were measured according to ASTM procedures.
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Samples were collected for hardened air analysis. At the end of the testing,
the concrete was placed into forms and “finished”. Concrete that is “finished”
has gone through the final stages of placement including smoothing out the
surfaces and removal of excess water. The term “finishability” refers to the
difficulty or ease of concrete to be “finished”. In response to concerns of the
“finishability” of concrete containing an EO/PO based plasticizer being
difficult, the ease of “finishability” was observed qualitatively. The results of
the testing are found in the following tables. The truck was set on a slower
rotation of 2 rpm.  After approximately 30 minutes, the same concrete
properties were again determined and more samples collected. In order to
maintain the air properties as the only variable, the other concrete properties

were ensured to be within a consistent and reasonable range.

Table 7 displays the results of air content testing. Given in Table 7 are

the initial air content and the change in the air content 30 minutes after

plasticizer addition.
Table 7
Mix # | Plasticizer | Initial Final Air
.- Plastic Air | Plastic Air | change at
Content Content 30 min
10 |NSEC | 62% | 28% | -34%
11 [NSFC | 41% | 34% | -07%
13 |EO/POQairblend | 53% | 48% | -05% |
EO/PO air blend

4.0%
“NSFC” is considered the benchmark for which the “EO/PO air blend” to be
compared. Based on these results, the concrete dosed with the EO/PO air
blend plasticizer in mixes 12, 13 and 14 was able to achieve an air content in
the range of 4-6% which is similar to the range of air content obtained with
“NSFC” in mixes 10 and 11. In addition, the “EO/PO air blend” plasticizer
was found to be superior to NSFC in terms of air stability, as demonstrated by

a smaller change in air content over time. “NSFC” also experienced a larger

variability between mixes by having an air content range of 4.1-6.2%. In

--30--
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comparison, the “EO/PO air blend” maintained an air content within 5-5.8%,

a range which is more favorable in terms of the consistency between mixes.

ASTM C457-98 hardened air analysis was used to determine the
amount and the quality of the air void system. Desirable properties include
consistent plastic and hardened air contents, small air void size (large specific
surface) and closely spaced voids (small spacing factor). Table 8 contains the
hardened air analysis for Mix#11, the concrete with NSFC plasticizer, and
Mix#13 that contained the “EO/PO air blend.” For both mixes, samples taken
at the initial time and the 30-minute time points were analyzed in order to
assess the change in air void properties over time. Ideally, the concrete
should maintain the same air properties for at least 30 minutes or until the

concrete mix, handling, and placement are completed.

Table 8

| Specific Surface | Spacing Factor
| (1/in) (in)

| Change in Air Content
from Plastic to the
Hardened State (%)

Mix# [ Plasticizer | Initial 30min | Initial [30  [Initial |30 |
L B | | min n | min |
11 NSFC 0.5 | -04 1045 | 905 0.0053 | 0.0067
l__ __1. . . . . _ _____E
13 EO/PO -0.4 L 401 | 896 | 0.0058 | 0.0054
) air blend B o o B 1

Mix#11 in Table 8 represents the air void properties with concrete containing
“NSFC.” The drop in air content from the plastic to hardened state was low
at 0.5%. The spacing factor and specific surface were of sufficient value to
warrant a high quality air void system. In addition, there was little change in
air void system quality from the initial reading and after 30 minutes
indicating that the air void system quality was stable over time even though
the air content was not. The concrete mixed with the “EOQ/PO air blend”
followed a slightly opposite trend to that for NSFC. Moreover, all the

measured air void systems are well within the guidelines for freeze-thaw

durable concrete.

_-31--
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The observation of the finishability of the mixes was favorable. The
concrete was visibly smoother on its outer surface, and was qualitatively
easier to work using a trowel. Previously, concrete fabricated with an EO/PO
based plasticizer was found to have poor finishability due to stickiness on the
surface of the concrete. The concrete fabricated in Mixes #8, #9, and #10
containing the EO/PO air blend experienced a good finishability despite the
presence of the EO/PO based plasticizer in the EO/PO air blend.
Accordingly, it is believed that the use of the two surface active agents
increased finishability. A method of the invention for improving finishability
therefore involves incorporating the two surface active agents into a wet

hydratable cementitious mixture.

The foregoing examples and embodiments are provided for illustrative

purposes only and not intended to limit the scope of the invention.

--32--
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CLAIMS:

1. An admixture composition comprising:

a plasticizer for modifying a cementitious

composition;

5 a first surface active agent comprising a betaine,
an alkyl sulfonate, an aryl sulfonate, an alkylaryl

sulfonate, or a mixture thereof; and

a second surface active agent comprising a
nonionic oxyalkylene-containing polymer surfactant

10 represented by at least one of the formulae “A” through “D”:

(Formula A)

CH3
I
HO— (CH2CH20)X— (CHgCHO)y— (CHzCHzo)xf— H

wherein X and x’ independently represent an integer of from

1 to 140; and y represents an integer of from 15-70;

15 (Formula B)

G e
HO— (CHCH,0)v—(CH,CHO),,—(CH,CHO),~H

wherein v and v’ independently represent an integer of from

9 to 27; and w represents an integer of from 4 to 232;

(Formula C)

(|3H3 $H3
H(OCH,CHy)r—(OCHCH;)qn _(CH,CHO)3—(CH,CH,0)H
N-CH,CH,~-N
H(OCHZCHz)rm—-(O(IZHCHz)qm/ \(CH2(|:H0)q.— (CH,CH,0),H
CH3 CH3

20
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wherein q, g’', q'’, and g’’’ independently represent an
integer of from 4 to 31; and r, r‘, r’’, and r’’’

independently represent an integer of from 2 to 140; and

(Formula D)

g G
H(OCHCH2)y—(OCH2CH)me, _(CH,CH,0),— (CH,CHO),H
/N—CHZCHZ— N\
H(O(|3H2CH2)nm~— (OCHCH,) (CH,CHO)— (CH2(|3HO)nrH
CHj3 ‘ CHj
wherein m, m’, m’’, and m’’’ 1ndependently represent an
integer of from 1 to 95; and n, n’, n’’, and n’’'

independently represent an integer of from 8 to 32.

2. The admixture composition of c¢laim 1 wherein said

first surface active agent 1s a betaine represented by the

formula:

Rl

|
R3——-ITI'3—(CH2)XCOO'M+

R2

wherein R', R?, and R’ are independently alkyl groups or
alkyl containing moieties; x 1s 1 to 5; and M 1s a metal

cation, oOr ammonium.

3. The admixture composition of claim 2 wherein, in

said betaine formula, said metal cation i1s sodium.

4 . The admixture composition of claim 2 wherein said

betaine 1is in the form of a metal salt.

5. The admixture composition of any one of claims 2
to 4 wherein, 1in said betaine, R! and R? represent C; - Cy
alkyl groups and R’ represents a Cyo - Cis alkyl group or

Cio - Cag alkyl-containing moiety.

- 34 -
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6. The admixture composition of any one of claims 2
to 4 wherein, in said betaine, R’ represents a Cip; - Cap

alkylamido propyl group.

7 . The admixture composition of claim 6 wherein said

5 Dbetaine is cocoamido propyl betaine.

8. The admixture composition of claim 1 wherein said

betalne i1s a sulfobetaine having the general formula

Rl
|
R>—N*-(CHY),SO;M*

e

wherein R*, R?, and R® are independently alkyls or alkyl
10 contalning molieties, x is an integer of 1 to 5, M is a metal

cation, and Y is hydrogen or a hydroxyl group.

0. The admixture composition of claim 8 wherein said

sulfobetaine is cocoamido propyl hydroxy sultaine.

10. The admixture composition of any one of claims 1
15 to 9 wherein said ethylene oxide (EO) and propylene oxide

(PO) groups are in an EO/PO ratio of 0.1 to 0.2.

11. The admixture composition of any one of claims 1
to 10 wherein said nonionic oxyalkylene polymer surfactant

1s represented by Formula A.

20 12. The admixture composition of any one of claims 1
to 11 further cOmprising, 1n addition to said plasticizer,
at least one other admixture comprising a water reducer, a
set accelerator, a set retarder, a shrinkage reducer, a
corrosion inhibitor, a strength enhancer, or mixture

25 thereof.

13. The admixture composition of claim 12 wherein said

plasticizer or other admixture comprises an air entraining
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group or moiety having polycarboxylic acid groups or salts

or esters thereof, oxyalkylene groups, or a mixture thereof.

14 . The admixture composition of claim 13 wherein said
plasticizer or other admixture comprises a comb polymer
having a carbon containing backbone to which are attached
pendant groups comprlsling polycarboxylic acid groups or

salts or esters thereof; oxyalkylene groups; or a mixture

thereof.

15. The admixture composition of any one of claims 1
to 14 further comprising at least one clay activity-

modifying agent.

16. The admixture composition of claim 15 wherein said
at least one clay activity-modifying agent comprises a

gluconate, a polyoxyalkylene alcohol, or mixture thereof.

17. The admixture composition-of claim 1 wherein said

first surface active agent comprises a betaine; and said

admixture composition comprises a plasticizer or other
admixture comprising a polycarboxylic acid group or a salt

or ester thereof, and at least one clay activity-modifying

agent.

18. A cementitious composition comprising: a hydraulic
cement binder and the admixture composition of any one of

claims 1 to 17.
SMART & BIGGAR
PATENT AGENTS

OTTAWA, CANADA
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Dosage of Chembetaine C (%s/s wt. cement)
Fig, 1
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