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1 Case 154-0247

CEMENTITIOUS COMPOSITIONS FOR LAYERED APPLICATIONS

This invention relates to cementitious compositions, more particularly to cementitious
compositions for application to substrates in consecutive layers, and most particularly to

those which are applied by spraying, and to admixtures for use therein.

It is often required that a cementitious composition be applied in consecutive layers. The
best known of such appiications is the spraying of cementitious compositions such as
"shotcrete”, wherein a number of individual layers is applied by means of a shotcreting
gun. One of the problems frequently encountered in such applications is cracking and
shrinkage of the composition and bonding failures at the layer interfaces. The solution to
this problem has hitherto been the application to the sprayed composition of a curing agent,
that is, a preparation which is sprayed on the surface and which forms a film thereon.
Typical examples include hydrocarbons, fatty acid salts and emulsions of paraffins or
microwaxes. Because of the water loss at the surface of sprayed cementitious
compositions, this must be done within a very short time of spraying - usually within 15-20
minutes. Moreover, before a further layer can be added, the curing agent must be removed,
otherwise it may prevent adequate bonding between adjacent layers of sprayed composition.
Various relatively easily-removable curing agents have been made and marketed, but they

still involve the time-consuming work of application and renewal.

It has now been discovered that certain admixtures can be added to cementitious
compositions prior to layer application and that these compositions not only remove the
necessity for the application and removal of curing agents, but they may also confer
considerable property advantages on the compositions. The invention therefore provides
an admixture for use in a cementitious composition, which comprises at least one concrete
waterproofing agent and at least one water retention agent.

The invention further provides a fluid cementitious composition comprising an admixture

as hereinbefore described.

The invention further provides a method of providing a solid mass of cementitious material
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conpositions for application to substrates in consecutive |ayers, and nost
particular]y to those which are applied by spraying, and to adm xtures for
use therein. It is often required that a cenentitious conposition be
applied in consecutive | ayers. ??e best known of squwgqghi gions is the
sprayi ng of cenentitious conpositions such as "shotcrete", erein a nunber
of individual layers is applied by neans of a shotcreting gun. One of the
probl ens frequently encountered in such applications is cracking and
shrinkage of the conposition and bonding failures at the |ayer interfaces.
The sol ut i oRY (RSCRAFNG A HBid) comentitions; ¢amROSition s herginaboys descaibednplaging oand
sprayed co P curing agent, that is, a preparation which is
sprayed onnPﬂéhébgﬂﬁgéﬂ%hd which forns a filmthereon. Typical exanples
i ncl ude hydrocarbons, fatty acid salts and enul sions of paraffins or
m crowaxes. _Because of the water |oss at the surface of sprayed .
cement i t i oudhe Biviention fusther proyidss ansthoddorthe applicatipm ofa gementitioys compesition
spraying - -1 Wil - 20t r . e f .| ayer
con b addedotipe, the phibabniof erd phlidiiens Mo facthnive Bfdhof o Lbchiiihidn”i
5 hereinabove described.

By "concrete waterproofing agent” is meant an agent of the type commonly used to render
concrete waterproof. Such agents are well known to the art and are well described in, for
example, "Chemical Admixtures for Concrete” by M.R. Nixon and N.P. Mailvaganan (2nd
Ed. Spon, 1986) the contents whereof are incorporated herein by reference. Any of the
10 typical examples described therein - microwaxes, stearates and other long chain fatty acids,
etc. - may be used. Such materials are normally applied to surfaces of cementitious
compositions, and it is a surprising feature of this invention that the incorporation of such
a material into an admixture as hereinabove described confers such advantageous results.
It is possible to use more than one such material in an admixture according to the

15 invention.

Particularly preferred materials are paraffin emulsions. By "paraffin emulsion” is meant
an aqueous emulsion of a higher alkane having a fusion point above ambient temperature,
which upon drying of the emulsion does not form a film in the sense that a paint forms a
film (see also R6mpp "Chemie Lexikon", 9th edition (Thieme Verlag 1989), volume 1,

20 page 102, the contents of which are incorporated herein by reference). The emulsion may
be stabilized by any convenient means, but it is preferable to use an anionically-emulsified
paraffin mixture (fusion point of 45-51°C) with a particle size of less than 2. Examples
of such paraffin emulsions are "Mobilcer” 55 or "Mulrex" 62 from Mobil and "Ubatol”
FPG 860 from Cray Valley and "Tecol" BC 60/40 from Triib Emulsion Chemie.

25 By "water retention agent” is meant a material which may be used to hold water within
a cementitious composition or which promotes a better distribution of water throughout a

cementitious composition. A group of preferred materials is that of the so-called
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otherwise it may prevent adequate bondi ng between adj acent |ayers of
sprayed canposition. Various relatively easily-renovabl e curing agents have
been nade and marketed, but they still involve the tine-consum ng work of
application and renoval . It hgs now been discover gdsd fa4-0247 t ai n

adm xtures can be added to cenentitious conpositions prior to |ayer
application and that these conpositions not only renove the necessity for
the application and renoval of curing agents, but they may al so confer

consi derabl e property advantaggs on the compositians. JThe invention
therefore p'rSBmetr%?fb& t m&@&?&%ma&’@ki W@&Bﬂdﬁp{?% %’8&%@%@&“
whi ch conpr.i . I|§Q§t : [=alo ' BH/N S dnvbet"
fromfatty %gcﬁgmgécte S b?‘l@s%l;%%gée;; ag%]lge g?ﬁmfeegé?%(nfgﬂa/at er ’rﬂg%]eﬁfhi on gtgagﬁt .
The i nvent i @ark) uiatdrials) and areesnally based donamodified polpsaschanidps Son ¢xamplodgaylicsi ng

an adm xture . .
modified starch. However, the preferred water retention agent is a water-soluble

5 poly(alkylene oxide) ("PAO") of molecular weight from 100,000-8,000,000. The
requirement that the PAO be water-soluble means that it must include at least a high

proportion of oxyethylene units; it is preferable that it be pure poly(ethylene oxide). It is
also preferable that the PAO molecular weight lie in the range 2,000,000-5,000,000. Typical
commercial products useful in the working of this invention may be found, for example,
10 in the "Polyox" (trade mark) range of Union Carbide Chemicals and Plastics Company, Inc.

In a further embodiment of the invention, the admixture may additionally compris€ a
plasticizer or superplasticizer which is free from a B-naphthalene sulfonate-formaldehyde
condensate {"BNS").

The plasticizer or superplasticizer useful in the present invention (and which may be used
15 separate from or in any combination with the water retention and waterproofing agents)
may be selected from the very wide range of such materials known to and used by the art,
typical examples including lignosulfonates, hydroxycarboxylic acids, carbohydrates,
melamine-formaldehyde condensates and styrene-maleic anhydride copolymers. The last-
named are especially preferred, and the most preferred of these are styreme-maleic
20 anhydride-derived copolymers in free acid or salt form and selected from the group

consisting of those having the following types and numbers of monomer units:

CH—CHz~ —(fH—-tfH— —?H—CH-—
|
0%~ %0 % °
o OH ©
y - 3
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as herei nbefore descri bed.

2
4 Case 154-0247
in which R is an C, salkylene radical
R, is a C,palkyl-, C, cycloalkyl- or phenyl group,
X, y and z are numbers from 0.01 to 100
m is a number from 1 to 100 and
5 n is a number from 10 to 100
with the provisos, that
i)  the ratio of x to (y + z) is from 1:10 to 10:1 inclusive,
ify the ratio of z:y is from 3:1 to 100:1 and
ili) m+n=15-100
10 and those having the following types and numbers of monomer units:

i z
M , R-O)=R,

=
CH—CHy —CH—GH— —-?H—(]:H—
eP PP
OH 0 OH O
L X

in which M is hydrogen or the residue of a hydrophobic polyalkylene glycol or
polysiloxane,
R,, m and n are as hereinabove defined,

X, y and z are numbers from 1 to 100
15 with the provisos that This Sheet Has Been Rep

) derioorxio e ab e vow ot AL

ii)  the ratio of z:y is from 5:1 to 100:1 and
iify m+n=15100.

These copolymers (hereinafter "SMA") are described in United States Patent 5,158,916 and
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The invention further provides a nethod of providing a solid mass of
cenentitiqus nmaterial by preparing a fluid cenentitious conposition as
PereLnabove dgscribed, placing it and causing it to harden. The invention
urther provides a nethod for the application of a _§24us conposition
conprising the preparation and %Iacenent I n consecu??%% ‘%yers of gp
conposi tion as herei nabove described.. By "concrete waterproofing agent”
S nea?t anfagent ofdthe type commonly used to render concrete waterproof,
apart fromfatty acid esters of sucrose. Such agents_are well knqwn.to the
art and ar Fropchi Published; Application £ §71 094 ths eenwr@wg'h?@af a‘ﬁdﬂ‘?%‘if?’ég??mm by
Concrete" bwkw Ni xon and N. P. Mail vaganan (2nd Ed. Spon, 1986) the
contents WHEFE are incorporated herein by reference. Apart fromthe
af orenenti oned exception, any of the

I

The waterproofing agent and the water retention agent may be added individually to a
cementitious composition but they are preferably added combined. The invention therefore

5 provides an admixture for a cementitious composition which is a physical blend of a
concrete waterproofing agent as hereinabove described and a water retention agent as
hereinabove described, optionally with a plasticizer or superplasticizer as hereinabove
defined, either combined with or separate from the other admixture materials.

The admixture is easily prepared and a skilled person will readily comprehend how this can
10 be done. For example, when the water retention agent is poly(alkylene oxide), the
poly(alkylene oxide) is first dissolved in water to give a solution of about 1-3% solids by

weight and the concrete waterproofing agent is blended with the solution.

The relative proportions of the waterproofing agent and the water retention agent used in

the admixtures of the invention, both to each other and to cementitious compositions in

15 which they are incorporated, depend largely on the natures of the waterproofing agent and
the cementitious composition, the use to which the cementitious composition will be put,

the method of application, the desired slump properties, and so on. The skilled person can

readily determine in each circumstance what are suitable proportions. As a general guide,

the relative weight ratios of waterproofing agent to water retention agent are from 1:1 to

20 120:1, preferably from 20:1 to 25:1, and their combined presence is to the extent of from
0.5-5%, preferably of from 2.0-2.5% by weight solids on cement. When a plasticizer or
superplasticizer is used, it is present in the proportion of from 0.01 to 10%, preferably from

0.1 to 3% by weight on cement. When a plasticizer or superplasticizer is present, the

proportion of admixture preferably does not exceed 5% by weight on cement.

25
In use, the waterproofing agent and water retention agent are added to a cementitious
composition prior to end-use, usually (and preferably) at the mixing stage. The water
retention agent and the waterproofing agent may be added to the mix consecutively in any
This Sheet Has Been Replaced .
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typi cal exanples described therein - m crowaxes, stearates and other |ong
chain fatty acids, etc. - may be used. Such materials are normally applied
to surfaces of cenentitious conpositions, and it is a surprising feature of
this invention that the incorpogation of such a mat qijsglisiygpgyan adm xture
as herei nabove described confers such advantageous results. It is possible
to use nore than one such material in an adm xture according to the

i nventi on. Particularly preferred materials are paraffin emul sions. By

"paraffin enu SI on" ant a S | si on.of hi gher al kane .havi ng
a fusion po 85‘6??8"‘5 P{%ﬁﬁgﬁa&f %ﬂ 'EﬁS’GﬁgEﬂt’)?W tﬁgmé %i on
d oes not fo Eﬂh&eﬁxhﬁd% 'd@ﬁﬁé&eana%é&i fofiEs f@mp Sixﬁﬂargp EHE%)I&uEizEfBr(sﬁﬁ&pﬁkﬁ&zeRO npp
"Chem e Lexi kon", 9th edition (Thieme Verlag 19 volume 1, page 102, the
contents of when presentemanbe aqbindmaﬂbiméroeiscpabgtelyedgmpm&)'abl}'f hithe mtkmgcstagnay
be stabilized by any convenient neans, but it is preferable to use an
anionically-emulsified paraffin m xture (fusion point of 45-51[err]C) wth

a particle ghenvehtibESapphedble 6 ahy cemmiidus Tomposition, but is especially useful to
5 those which need to be applied in consecutive layers which must bond to each other, be

it mortar, concrete or grout. It can be used with normal concrete, repair concrete or wet

or dry spraying concrete, but it is especially applicable to wet spraying.

It has been found that cementitious compositions used in accordance with this invention,
perform outstandingly well. Not only is there no longer a necessity to apply and remove

10 curing agent, but also shrinkage and cracking are reduced (in some cases completely
eliminated), and cement hydration, bonding between layers of cementitious composition and
28-day strength are all enhanced.

In addition to waterproofing agent, water retention agent and plasticizer or superplasticizer,
other art-recognized admixtures may be added in known quantities, One particnlarly useful

15 admixture is accelerator, used when the cementitious composition is to be sprayed.

The method of this invention may be used in conjunction with the method described in
PCT Published Application WO 94/02428, the contents whereof are incorporated herein by
reference to give a spraying cementitions composition of outstanding applicability and final
properties. The invention therefore provides a process of applying a cementitious

20 composition to a substrate, comprising the steps of

a) preparing a cementitious composition which comprises an admixture as
hereinabove described, which admixture comprises a styrene-maleic anhydride
copolymer superplasticizer (preferably as hereinabove defined), and sufficient
water to provide suitable fluidity;

" 25 b) conveying this composition to a point of application at which point there is
added B-naphthalene sulfonate-formaldehyde condensate; and
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of such paraffin emulsions are "Mbilcer"” 55 or "Mulrex" 62 from Mobil and
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FPG 860 from Cray Valley and "Tecol" BC 60/40 from Trub Enul si

on

By "water retention agent” is neant a material which may be used
to hold water within 7 Case 154-0247

¢) applying the composition to the substrate.

The amount of fluidity required and the achievement thereof will vary depending on the
individual circumstances and requirements, but the skilled person will readily be able to
achieve the necessary fluidity.

This process works especially well when the application method is spraying and BNS is
added to the composition at a spray nozzle. The invention further provides a slump control
system for a cementitious composition, comprising an admixture as hereinabove defined
and BNS together with instructions for their use.

The combination of SMA and BNS is described in PCT Published Application

WO 94/02428. It permits the regulation of the slump of a cementitious composition.
Slump, as measured by ASTM C143, is the oldest and most widely used measure of the
workability of cementitious compositions. It has been found that a combination of SMA,
BNS and concrete waterproofing agent gives good slump control. The performance is

further enhanced by

(a) the use the curing admixture as hereinabove defined, that is, by including a water

retention agent as hereinabove defined, and

(b) the use with the BNS of known accelerators. Especially efficacious types of
accelerators are aluminates and silicates, particularly sodium silicate ("water glass™).
The above-mentioned copending application describes a preferred BNS/water glass

combination which works well in this invention.

The invention is further described with reference to the following examples in which all

parts are expressed by weight. -
s Been Replaced
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a cenmentitious conposition or which pronotes a better distribution of water
t hroughout, a cenentitious conposition. A group of preferred materials is
that of the so-called "superabsorbent” nmaterials. These materials, wdely
used in products such as diraperg and incontinence pggss lg_@z"l:,eadily

avai l abl e commercially (for exanple, the "Sanwet" (trade mark) material s)
and are usually based on nodified pol ysaccharides, for exanple acrylic-
nodi fied starch. However, the preferred water retention agent is a

wat er - sol ubl e pol y(al kyl ene oxide) ("PAO') of nol ecular weight from

100, 000- 8, Jéw9, dfdhe inveBUGIin SHOLHER SPRWAE- t he PAO be wat er-sol ubl e neans t hat
It must include at |east a high proportion of oxyethylene units; it is
preferable that it be pure poly(ethylene oxide). It is also preferable that
t he PAO nol £epragingwoherefe tixeisiprepafed byamixing 1H2(f0]168Mg5nHedieHB0. Typi cal
commerci al products useful in the working of this invention may be found,
for exanple, in the "Polyox" (trade mark) range of Union Carbi de Chem cals

and Pl asti PortiP@hent | NC- 450 parts

microsilica 22 parts
5 styrene-maleic anhydride copolymer ' 6.75 parts
PEO/paraffin blend® 8 parts
sand (0-8mm) 1590 parts
steel fibers (EE length 25-40 mm, 60 parts
diameter 0.5-0.6mm)
10 ! As prepared in Example 1 of French Published Application 2 671 090

2 A 50/50 volume blend of "Tecol" BC 60/40 aqueous paraffin emulsion (ex Triib
Emuisions Chemie AG) and an aqueous poly(alkylene oxide) solution of the

following constitution

WSR-301 (ex Union Carbide) 1.0% by weight
15 MPEG-500 (ex Hoechst) 2.0% by weight
water 97.0% by weight

This mixture is mixed, the order of mixing being, firstly, cement, microsilica sand and steel
fibers, secondly styrene-maleic anhydride copolymer and finally the PEO/paraffin blend,
and sufficient water is then added to give a water:cement ratio of 0.45. The slump of this
20 mixture as measured by the method of ASTM C413 is 2lcm. The mixture is sprayed on
to a substrate through a spray nozzle, there being injected into the mixture at the nozzle

a solution of the following constitution
This Sheet Has Been Replaced
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In a further enbodi nent of the invention, the adm xture may additionally
conprise a plasticizer or superplasticizer whichis free froma

[ et r] - napht hal ene sul fonat e-forrnal dehyde condensate ("BNS"). The

pl astici zer or superplasticizer dJsefuI in the prese 'enfsgmz"ﬁn (and whi ch
may be used separate fromor in any conbination with e water retention
and wat er proofing agents) may be selected fromthe very wi de range of such
materials known to and used by the art, typical exanples including

| i gnosul f onat es, _hydroxycar boxyl i c acids, carbohydrates, )

mel ani ne-f or mal B %ﬁd&ﬁ@%e@m@pmne- by weasht 8, olids copol yner s.
The | ast- naned_ay. i ferred, and t fer of these
are styrene- mal & 5@%@&%& @éwdseo?‘lhg}gg copol yners%?sr?g?’?te%e?%tgiogl g’(S’rﬁgssalt form
and sel ected freuaekhe group consisting of thosaoll@@fng the foll ow ng types
and nunbers of nononer units:

The injection rate is such that there is supplied 4% solution by weight of cement.
5 The sprayed concrete is allowed to harden and a further layer sprayed thereon.
For comparison, there is sprayed out the same composition with the following changes:

(a) the PEO/paraffin blend is omitted and the sand content is raised 8 parts;
(b) the 6.75 parts of SMA is replaced by 7.5 parts of BNS

The same water:cement ratio (0.45) is used, giving a shump of just over 20 cm. When
10 sprayed, there is injected 4% on cement of an aqueous solution of a commercially-available

silicate activator.

Two sprayings are carried out, one being subsequently covered by a curing agent ("Protect

Weiss" ex Master Builders Technologies, applied at a rate of 0.4 kg. solids/M?), the other

being left uncured. A further layer is then applied to both, the curing agent being cleaned
15 from that substrate which is coated thereon.

The interlayer bonding, density and 28 day compressive strength are measured and the

results are as follows:

This. Sb,eet H_:a_s Reen Replaced
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10 Case 154-0247
Bond strength Density Compressive
(MPa) strength (MPa)
Composition according to the | >2.0 233 41-43
invention
Externally-cured composition

Uncured composition




[err] in which Ris an (Jerr]al kyl ene radi cal Rlerr] is a

[
Cerr]al ey cl oal kyl - or phenyl group, X, y and z are
nuitber s N (Rl ,F ’yﬂll mis a nunber froml to 100 and nis
a nunber' "%k \ 11 Case 154-0247

Claims:

1.  An admixture for use in curing cementitious composition, which comprises at least

one concrete waterproofing agent and at least one water retention agent.

2.  An admixture according to claim 1, wherein the water retention agent is a water-
5 soluble poly(alkylene oxide) of molecular weight from 100,000 to 8,000,000.

3.  An admixture according to claim 1 or claim 2, wherein the concrete waterproofing

agent and the water retention agent are physically blended prior to use.

4.  An admixture according to any one of claims 1-3, wherein the admixture additionally
comprises a plasticizer or superplasticizer which is free from a B-naphthalene
10 sulfonate-formaldehyde condensate.

5. An admixture according to claim 4, wherein the plasticizer or superplasticizer
comprises at least one styrene-maleic anhydride-derived copolymer in free acid or salt
form and having the following types and numbers of monomer units:

N 7]
CH—CH;z- _TH—?H— .._?H._CI;H__
-C
0? \O'C*o c’:o c':o
OH o
- 1
-0) —R¥

- ® )m 1_J

n

\‘

This Sheet o

o . N Has B ce
15 i W}lmh llzlljsa:: ;:Ilkkflffzzz;:ialkyl- or phenyl group, //ﬁilllm //‘;i]l??ii} d

X, y and z are numbers from 0.01 to 100
m is a number from 1 to 100 and

n is a number from 10 to 100
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with the provisos, that i) the ratio of x to (y + z) is from1:10 to 10:1

inclusive, ii) the ratio of z:y is from3:1 to 100:1 and iii) m+ n =

15%- g the follow ng types and nunbers of nonomer units:
err i

[ ! 12 Case 154-0247

with the provisos, that

i) the ratio of x to (y + 2) is from 1:10 to 10:1 inclusive,
i) the ratio of z:y is from 3:1 to 100:1 and
iii) m + n = 15-100
5 and those having the following types and numbers of monomer unit:
CH—CH;- —?H—?H— —?H—TH_
@ © ©
OH O OH o
M ! :
- ] (R-O) R,
- x y —

in which M is hydrogen or the residue of a hydrophobic polyalkylene glycol or
polysiloxane,
R;, m and n are as hereinabove defined

X, ¥ and z are numbers from 1 to 100

10 with the proviso that
i) the ratio of x to (y +2) if from 1:10 to 10:1 inclusive,
ii) the ratio of z:y is from 5:1 to 100:1 and
iif) m + n = 15-100.

6. A fluid cementitious composition, comprising an admixture according to any one of

15 claims 1-5.
7. A method for the application of a cementitious composition comprising the
preparation of a concrete mix and its placement in concecutive layers, characterized

in that the composition comprises an admixture according to any one of claims 1-5.

8. A process of applying a cementitious composition to a substrate, comprising the

20 steps of
This Sheet Has Been Replaced
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in which Mis hydrogen or the residue of a hydrophobic polyal kyl ene gl ycol
or pol ysi+exane—Rrer+}—m-and n are as herei nabove defined, x, y and z are

nunber s from

10

p———}

i
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a) preparing a cementitious composition which comprises an admixture
according to claim 1, which admixture comprises a styrene-maleic
anhydride copolymer superplasticizer, and sufficient water to provide

suitable fluidity;

b) conveying this composition to a point of application at which point there
is added B-naphthalene sulfonate-formaldehyde condensate; and

c) applying the composition to the substrate.

A method of providing a solid mass of cementitious material by preparing a fluid
cementitious composition comprising an admixture according to any one of claims
1-5, placing it and causing it to harden.

This Sheet Has Been Replaced
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REPLACEMENT SHEET with the provisos that i) the ratio of x to (y + 2)
is from1, 10 to 10:1 inclusive, ii) the ratio of z:y is from5:1 to 100:1
and iii) m+ n = 15-100. These copol yners (hereinafter "SMVA") are
described in United States Patent 5,158,916 and French Published
Application 2 671 090 the cont ebts whereof are incopaﬁﬁ 10247 ei n by

ABSTRACT

The interlayer adhesion and final strength of cementitious compositions which are applied

in consecutive layers are improved by the incorporation in the compositions of an

admixture which is a combination of a waterproofing agent and a water retention agent.
5 The invention is particularly applicable to sprayed concrete.
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first dissolvedCEMENITEIOWS CHMBOSIEHONS FOR IoAYERED: APPRIGABIONS by wei ght
and the concrete waterproofing agent is blended with the sol ution.

This invention relates to cementitious compositions, more particularly to cementitious
compositions for application to substrates in consecutive layers, and most particularly to

those ‘which are applied by spraying, and to admixtures for use therein.

Itis often required that a cementitious composition be applied in consecutive layers. The
best known of such applications is the spraying of cementitious compositions such as
“shotcrete”, wherein a number of individual layers is applied by means of a shotcreting
gun. One of the problems frequently encountered in such applications is cracking and
shrinkage of the composition and bonding failures at the layer interfaces. The solution to
this problem has hitherto been the application to the sprayed composition of a curing agent,
that is, a preparation which is.spraycd on the surface and which forms a film thereon.
Typical examples include hydrocarbons, fatty acid salts and emulsions of paraffins or
microwaxes. Because of the water loss at the surface of sprayed cementitious
compositions, this must be done within a very short time of spraying - usually within 15-20
minutes. Moreover, before a further layer can be added, the curing agent must be removed,
otherwise it may prevent adequate bonding between adjacent layers of sprayed composition.
Various relatively easily-removable curing agents have been made and marketed, but they

still involve the time-consuming work of application and renewal.

It has now been discovered that certain admixtures can be added to cementitious
compositions prior to layer application and that these compositions not only remove the
necessity for the application and removal of curing agents, but they may also confer
considerable property advantages on the compositions. The invention therefore provides
an admixture for use in a cementitious composition, which comprises at least one concrete
waterproofing agent and at least one water retention agent.

The invention further provides a fluid cementitious composition comprising an admixture

as hereinbefore described.

The invention further provides a method of providing a solid mass of cementitious material
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agent used in the adm xtures of the invention, both to [
cenmentitious conpositions in which they are incorporateg
the natures_of the waterproofing agent and the cenentit

olis conposi ti or

the use to which the cenentitious conposition will be put gQEFrEﬁm ¢f
appl i cat i offhis Slize Hdelen Replagdunp properti2s, and so on. Thejskilled persdn
can readily ach -ci rcunst ance what are suifa i ons.

As a general mﬂﬂ umgﬁl ative weight ratios of waterproofing ageni..fQ.
| age

wat er retent e from1l:1 to 120:1, preferably Trom20:1 to 25:1,
and their conbined presence is to the extent of fromO0.5-5% preferably .Of
from 2. 0- Zy58epitingel bid shdndsiotcafip@ition Wibdteinapdvesddscritied; phicing it and .
superplasticizer 1s used, it is present in the proportion of fromO0.01 to
10% pr ef erudbhgitite basden.

The invention further provides a method for the application of a cementitious composition
comprising the preparation and placement in consecutive layers of a composition as
hereinabove described.

By “concrete waterproofing agent" is meant an agent of the type commonly used to render
concrete waterproof. Suéh agents are well known to the art and are well described in, for
example, "Chemical Admixtures for Concrete” by M.R. Nixon and N.P. Mailvaganan (2nd
Ed. Spon, 1986) the contents whereof are incorporated herein by reference. Any of the
typical examples described therein - microwaxes, stearates and other long chain fatty acids,
etc. - may be used. Such materials are normally applied to surfaces of cementitious
compositions, and it is a surprising feature of this invention that the incorporation of such
a material into an admixture as hereinabove described confers such advantageous results.
It is possible to use more than one such material in an admixture according to the

invention.

Particularly preferred materials are paraffin emulsions. By “paraffin emulsion” is meant
an aqueous emulsion of a higher alkane having a fusion point above ambient temperature,
which upon drying of the emulsion does not form a film in the sense that a paint forms a
film (see also Rompp "Chemie Lexikon”, 9th edition (Thieme Verlag 1989), volume 1,
page 102, the contents of which are incorporated herein by reference). The emulsion may
be stabilized by any convenient means, but it is preferable to use an anionically-emulsified
paraffin mixture (fusion point of 45-51°C) with a particle size of less than 2u. Examples
of such paraffin emulsions are "Mobilcer” 55 or "Mulrex" 62 from Mobil and “Ubatol"
FPG 860 from Cray Valley and "Tecol" BC 60/40 from Triib Emulsion Chemie. '

By "water retention agent" is meant a material which may be used to hold water within
a cementitious composition or which promotes a better distribution of water throughout a
cementitious composition. A group of preferred materials is that of the so-called
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0.1 to 3% by weight on cenent. When a plasticizer or superplasticizer is
present, the proportion of adm xture preferably does n R _
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wei ght on cenent.
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"superabsorbent" materials. These materials, widely used in products such as diapers and .
incontinence pads, are readily available commercially (for example, the "Sanwet” (trade
mark) materials) and are usually based on modified polysaccharides, for example acrylic-
modified starch. However, the preferred water retention agent is a water-soluble
poly(alkylene oxide) ("PAO") of molecular weight from 100,000-8,000,000. The
requirement that the PAO be water-soluble means that it must include at least a high
prépo.nion of oxyethylene units; it is preferable that it be pure poly(ethylene oxide). It is
also preferable that the PAO molecular weight lie in the range 2,000,000-5,000,000. Typical
commercial products useful in the working of this invention may be found, for example,
in the "Polyox" (trade mark) range of Union Carbide Chemicals and Plastics Company, Inc.

In a further embodiment of the invention, tbe admixture may additionally comprisé a
plasticizer or superplasticizer which is free from a B-naphthalene sulfonate-formaldehyde
condensate ("BNS").

The plasticizer or superplasticizer useful in the present invention (and which may be used
separate from or in any combination with the water retention and waterproofing agents)
may be selected from the very wide range of such materials known to and used by the art,
typical examples including lignosulfonates, hydroxycarboxylic acids, carbohydrates,
melamine-formaldehyde condensates and styrene-maleic anhydride copolymers. The last-
named are especially preferred, and the most preferred of these are styrene-maleic
anhydride-derived copolymers in free acid or salt form and selected from the group

consisting of those having the following types and numbers of monomer units:

ERE=s F | T
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In use, the waterproofing agent and water retention agent are added to a
cenmentitious conposition prior to end-use, usually (and preferably) at the

t . Ay be
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m Xi ng stage. The water retention agent and the waterproofi
added to the m x consecutively in any order or concurrentlyj
preferably, they may be pre-blended to forma curing adm xtju
her ei nabove defined and added in this fdorm Sinmlarly, the
superpl astici zer, when present, nay be added conbi ned or sg
preferably at .the m xing stage. The invention is applicak
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be applied in consecutive |ayers which nust bond to each o
nortar, concrete or grout. It can be used with normal concr
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ete,

repair .

concrete or wet or dry_spraying concrete, but it is especially applicable
to wet spitayhish. R isjap Gaalkpleasmradinghd that cenentitious conpositions used in

accordance with kh kSa @\égﬂw_ @, ,cycloalkyl- or phenyl group,

X, y and z are numbers from 0.01 to 100 This Sheet Has Been Rep:

i e o 110 100 e

n is a number from 10 to 100

[ 4

with the provisos, that

i) the ratio of X to (y + 2) is from 1:10 to 10:1 inclusive,
ii) the ratio of z:y is from 3:1 to 100:1 and

ili) m+n=15-100

and those having the following types and numbers of monomer units:

s ]
CH—CHy| | — H— ——-?H—CI:H——
c e
OH o

%‘8‘“‘%

Z-0—0—0

(RORR,

in which M is hydrogen or the residue of a hydrophobic polyalkylene glycol or

polysiloxane,

R;, m and n are as hereinabove defined,

X, ¥ and z are numbers from 1 to 100

with the provisos that

i)  the ratio of x to (y + 2z) is from 1:10 to 10:1_ inclusive,
ii) the ratio of z:y is from 5:1 to 100:1 and

iii) m+n=15-100.

These copolymers (hereinafter "SMA™) are described in United States Patent 5,158,916 and
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perform outstandingly well. Not only is there no | onger a
apply and renove curing agent, but also shrinkage and cra
(in some cases conpletely elimnated), and cenent hydrati pondrng
bet ween Layers of cenentitious conposition and 28-day str t% ag a@@;
enhanced. In addition to waterproofing agent, water ret [ ﬁ ggn n
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added in k EL ARy | k . One particularly useful adm xtjure is
accel er at or] |FHEt S Fe cenentitious conposition is to .
met hod of this i may be used in conjunction with the nethod
descri bed in PCT Published Application WO 94/02428, the contents whereof -
are incor Mr&hdltbhﬁfcdmépﬂmm@f 21621 080 tie @ntdtsawhdrestydre nooegoeatd hereinsby
conposition of outstanding applicability and final properties. The

i nvent i on refgeenes.or e provi des a process of applying a cenentitious

e PLACEMENT SHEET |

4%

. The waterproofing agent and the water retention agent may be added individually to a
cementitious composition but they are preferably added combined. The invention therefore
provic!es an admixture for a cementitious composition which is a physical blend of a
coni':re;tc waterproofing agent as hereinabove described and a water retention agent as
bereinabove described, optionally with a plasticizer or superplasticizer as hereinabove
defined, either combined with or separate from the other admixture materials.

The admixture is easily prepared and a skilled person will readily comprehend how this can
be done. For example, when the water retention agent is poly(alkylene oxide), the
poly(alkylene oxide) is first dissolved in water to give a solution of about 1-3% solids by
weight and the concrete waterproofing agent is blended with the solution. '

The relative proportions of the waterproofing agent and the water retention agent used in
the admixtures of the invention, both to each other and to cementitious .compositions in
which they are incorporated, depend largely on the natures of the waterproofing agent and
the cementitious composition, the use to which the cementitious composition will be put,
the method of dpplication, the desired slump properties, and so on. The skilled person can
readily determine in each circumstance what are suitable proportions. As a general guide,
the relative weight ratios of waterproofing agent to water retention agent are from 1:1 to
120:1, preferably from 20:1 to 25:1, and their combined presence is to the extent of from
0.5-5%, preferably of from 2.0-2.5% by weight solids on cement. When a plasticizer or
superplasticizer is used, it is present in the proportion of from 0.01 to 10%, preferably from
0.1 to 3% by weight on cement. When a plasticizer or superplasticizer is present, the

proportion of admixture preferably does not exceed 5% by weight on cement.

In use, the waterproofing agent and water retention agent are added to a cementitious
composition prior to end-use, usually (and preferably) at the mixing stage. The water

retention agent and the waterproofing agent may be added to the mix consecutively in any
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conposition to a substrate, conprising the steps of

7.
adm xture

a) preparing a cenentitious conposition which conprises an

as REPLAGEMENT SHEET
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order or concurrently, or, preferably, they may be pre-blended to form a curing admixture
as hereinabove defined and added in this form. Similarly, the plasticizer or superplasticizer,

when present, may be added combined or separately, again preferably at the mixing stage.

The invention is applicable to any cementitious composition, but is especially useful to
those which need to be applied in consecutive layers which must bond to each other, be
it nrxortar, concrete or grout. It can be used with normal concrete, repair concrete or wet

or dry spraying concrete, but it is especially applicable to wet spraying.

It has been found that cementitious compositions used in accordance with this invention,
perform outstandingly well. Not only is there no longer a necessity to apply and remove
curing agent, but also shrinkage and cracking are reduced (in some cases completely
eliminated), and cement hydration, bonding between layers of cementitious composition and
28-day strength are all enhanced.

In addition to waterproofing agent, water retention agent and plasticizer or superplasticizer,
other art-recognized admixtures may be added in known quantities. One particularly usefnl
admixture is accelerator, used when the cementitious composition is to be sprayed.

The method of this invention may be used in conjunction with the method described in
PCT Published Application WO 94/02428, the contents whereof are incorporated herein by
reference to give a spraying cementitious composition of outstanding applicability and final
properties. The invention therefore provides a process of applying a cementitious

composition to a substrate, comprising the steps of

a) preparing a cementitions composition which comprises an admixture as
hereinabove described, which admixture comprises a styrene-maleic anhydride
copolymer su;ierplasticizer (preferably as hereinabove defined), and sufficient
water to provide suitable fluidity;

b) conveying this composition to a point of application at which point there is
added P-naphthalene sulfonate-formaldehyde condensate; and '

BE,
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her el nabove described, which admi xture conprises a styrene-nal ei ¢ anhydride

copol yner superpl asticizer (preferably as herei nabove
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appl yi we ?‘. -"' ¥¥%n to the substrate. The amourt jof fluidity

require g I‘c 1i evenent thereof will vary dependifjng on the 1T ndrvidual
ci rcuns Otk ui rements, but the skilled persod.ill _readily be jble
to achieve the necessary fl ui d| ty. This process works especially well

when the application nmethod is spraying and BNS is added to the conposition

at a spray nogy! eppiiie; the\cdftipbsifion to theshbstfayi des a sl

unp control

The amount of fluidity required and the achievement thereof will vary depending on the
individual circumstances and requirements, but the skilled person will readily be able to
achieve the necessary fluidity.

This ;rwess works especially well when the application method is spraying and BNS is
added to the composition at a spray nozzle. The invention further provides a slump control
system for a cementitious composition, comprising an admixture as hereinabove defined
and BNS together with instructions for their use. '

The combination of SMA and BNS is described in PCT Published Application

WO 94/02428. It permits the regulation of the slump of a cementitious composition.
Slump, as measured by ASTM Cl143, is the oldest and most widely used measure of the
workability of cementitious compositions. It has been found that a combination of SMA,
BNS and concrete waterproofing agent gives good slump control. The performance is
further enhanced by |

(a) ' the use the curing admixture as hereinabove defined, that is, by including a water

retention agent as hereinabove defined, and

(b) the use with the BNS of known accelerators. Especially efficacious types of
accelerators are aluminates and silicates, particularly sodium silicate ("water glass").
The above-mentioned copending application describes a preferred BNS/water glass

combination which works well in this invention.

The invention is further described with reference to the following examples in which all

parts are expressed by weight.

Example
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system for a cementitious conposition, conprising an adm xture as
her ei nabove defined and BNS together with instructions for
conbi nati on of SMA and BNS is described in PCT Published
94/02428. It permts the regulation of the slunp of a ce
conposition. Slunp, as neasured by ASTM Cl143, is the ol des

(a) the use
getrTgTa wat er

good slunp control. The performance is further enhanced by
the curing adm xture as herei nabove defined, that is, by i
retenti on agent as herei nabove defined, and

Use of the invention in shotcrete spraying.

A spraying concrete mix is prepared by mixing the following ingredients:

Portland cement 450 parts

microsilica 22 parts

styrene-maleic anhydride copolymer ! 6.75 parts

PEO/paraffin blend’ 8 parts

sand (0-8mm) 1590 parts

steel fibers (EE length 25-40 mm, 60 parts
diameter 0.5-0,6mm)

! As prepared in Example 1 of French Published Application 2 671 090

2 A 50/50 volume blend of "Tecol' BC 60/40 aqueous paraffin emulsion (ex Triib
Emulsions Chemie AG) and an aqueous poly(alkylene oxide) solution of the

following constitution

- 'WSR-301 (ex Union Carbide) 1.0% by. weight . This Sheet Has Been Replaced
MPEG-500 (ex Hoechst) 2.0% by weight Hmﬁl il“ﬁ l"l m lm
water 97.0% by weight

This mixture is mixed, the order of mixing being, firstly, cement, microsilica sand and steel
fibers, secondly styrene-maleic anhydride copolymer and finally the PEO/paraffin blend,
and sufficient water is then added to give a water:cement ratio of 0.45. The slump of this
mixture as measured by the method of ASTM C413 is 21cm. ' The mixture is sprayed on
to a substrate through a spray nozzle, there being injected into the mixture at the nozzle

a solution of the following constitution
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(b) the use with the BNS of known accel erators. Especi v.efficacious

t ypes of accel erators are alum nates and silicates
sodiumsilicate ("water glass"). The above- nenti one&: pnﬁm{\ﬁ{ SHEET
application describes a preferred BNS/ water gl ass cqnbi nat i on whi
works well in this invention. 22 FEB 1897
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BNS sodium salt (40% aqueous solution) 3% by weight on solids
sodium silicate (36% solution) : 30.6% by weight on solids
water to 100%

The injection rate is such that there is supplied 4% solution by weight of cement.
The sj;rayed concrete is allowed to harden and a further layer sprayed thereon.
For comparison, there is sprayed out the same composition with the following changes:

(a) the PEO/paraffin blend is omitted and the sand content is raised 8 parts;
(b) the 6.75 parts of SMA is replaced by 7.5 parts of BNS

The same water:cement ratio (0.45) is used, giving a slump of just over 20 cm. When
sprayed, there is injected 4% on cement of an aqueous solution of a commercially-available

silicate activator.

. Two sprayings are carried out, one being subsequently ‘covered by a curing agent ("Protect

" Weiss" ex Master Builders Technologies, applied at a rate of 0.4 kg. solids/M?), the other

- being left uncured. A further layer is then applied to both, the curing agent being cleaned
from that substrate which is coated thereon. '

The interlayer bonding, density and 28 day compressive strength are measured and the

results are as follows:
I
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The invention is further described with reference to the foll ow ng exanpl es

in which all parts are expressed by weight. Exanpl e Use of the
i nvention in shotcrete spraying. A spraying concrete nj HEPLSAW SHERY
m xi ng the follow ng ingredients:
10 2 2 FEB 1997
r_—.g;
Bond strength Density Compressive ﬂ
(MPa) strength (MPa)
Composition according to the | >2.0 2.33 41-43
-’{ invention
Externally-cured composition | 0.7-1.2 2.28 3840 - l
Uncured composition <0.7 2,27 37 . “
m |
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Port'l and cenent 450 parts mcrosilica

22 parts styrene-nal ei c anhydri de copol yner[err]

PEQ paraffin bl end[err] 8 parts Wm SHEET

1590 parts steel fibers (EE | ength 25-40 nmm
di amet er—0-5-0-6/mM As prepared in Exanple |

pol y(al kyl enet oxi d&) %oluti on of the

of {Frie "ggfne
Appl i cat i g f“ﬂﬁmlmm A 50/ 50 voRdnme bl end of "Tgcdl"
aqueous pg H ildmml (ex Trub Ermul si ons Chenile

Claims:

rts

60

lepus

An admixture for use in curing cementitious composition, which comprises at least

one concrete waterproofing agent and at least one water retention agent.

An admixture according to claim 1, wherein the water retention agent is a water-
« $oluble poly(alkylene oxide) of molecular weight from 100,000 to 8,000,000.

An admixture according to claim 1 or claim 2, wherein the concrete waterproofing

agent and the water retention agent are physically blended prior to use.

An admixture according to any one of claims 1-3, wherein the admixture additionally
comprises a plasticizer or superplasticizer which is free from a B-naphthalene

sulfonate-formaldehyde condensate.
An admixture according to claim 4, wherein the plasticizer or superplasticizer

comprises at least one styrene-maleic anhydride-derived copolymer in free acid or salt

form and havifxg the following types and numbers of monomer units:

- ' |
CH—CHz- —?H——?H— —-?H—-(]:H—
: 07~ Cop ¢O cO
o OH ©
L4 y I z

in which R is an C, jalkylene radical

X, y and z are numbers from 0.01 to 100
m is a number from 1 to 100 and

n is a number from 10 to 100
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fol I'ow ng constitution WER- 301 (ex Uni on Carbi de) 1. 0% by
wei ght MPEG 500 (ex Hoechst) 2. 0% by wei ght wat er
97. 0% by wei ght This mxture is mxed, the order of m Walal
firstly, cement, nicrosilica sand and steel fibers, seconBE LABEMEW'
anhydr+de—coepetyrer—and finally the PEQ paraffin blend, &n et
wat er Lﬂ give a water:ceagnt ratio of 0.45
m xtur g mmmmjm Iﬂmt he method of ASTM C413 is-21cm
N § *

sprayed*ont L

with the provisos, that

i) the ratio of x to (y + z) is from 1:10 to 10:1 inclusive,
i) the ratio of z:y is from 3:1 to 100:1 and
iit) m + n = 15-100

and those having the following types and numbers of monomer unit:

GH—CHF| | —CH—GH— | | —QH—CH—
l l
OH (? CH O
z
L. b

i
M (R-O); R,
y —

in which M is hydrogen or the residue of a hydrophobic polyalkylene glycol or

polysiloxane,
R,, m and n are as hereinabove defined This Sheet Has Been Replaced

ey nd . s o 11010 < (A

with the proviso that

1) the ratio of x to (y +z) if from 1:10 to 10:1 inclusive,
i) the ratio-of z:y is from 5:1 to 100:1 and
iif) m + n = 15-100.

6. A fluid cementitious composition, comprising an admixture according to any one of

claims 1-5.

7. A method for the application of a cementitious composition comprising the
preparation of a concrete mix and its placement in concecutive layers, characterized

in that the composition comprises an admixture according to any one of claims 1-5.

8. A process of applying a cementitious composition to a substrate, comprising the

steps of
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9 - to a substrate through a spray nozzle, there being injected into the
m xture at the nozzle a solution of the follow ng cons{itution BNS

sodi um salt (40% aqueous sol ution) 3% by wei ght on o1 i g
silicate (36% sol ution) 30. 6% by weignt on soff | ACEMENT SREET
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a) preparing a cementitious composition which comprises an admixture
according to claim 1, which admixture comprises a styrene-maleic

anhydride copolymer superplasticizer, and sufficient water to provide

suitable fluidity;
b) conveying this composition to a point of application at which point there
. is added B-naphthalene sulfonate-formaldehyde condensate; and
é) applying the composition to the substrate.

9. A method of providing a solid mass of cementitious material by preparing a fluid
cementitious composition comprising an admixture according to any one of claims

1-5, placing it and causing it to harden.

This Sheet Has Been Replaced

LD




wat er to 100% Thj F;E
such that there is supplied 4% solution by wei ght of cen
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concrete is allowed to harden and a further |ayer sprayefd b her eon. Fo
conparison, there is sprayed out the sane conposition wfh theg FEH {987
changes: . .(a) the PEQ paraffin blend is omtted and the} shnd content i
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| CEMENTITIOUS COMPOSITIONS FOR LAYERED APPLICATIONS

ABSTRACT

The interlayer adhesion and final strength of cementitious compositions which are applied
in consecutive layers are improved by the incorporation in the compositions of an

¢ ‘admixture which is a combination of a waterproofing agent and a water retention ageht.
The ixivcntion is particularly applicable to sprayed concrete.



The same watercenent ratio (0.45) is used, giving a sl unﬁMﬁMﬁMngEEB
cm Wen sprayed, there is i njected 4% on cement of an gqyeous SOl UTT ON
a corm%rél ally-available silicate activator. Two sprai nag §r gEgaﬁg?e
out, one being subsequently covered by a curing agent ("{Prjot ect Ve
Mast er Buil ders Technol ogies, applied at m rate of 0.4 Kg.*=sott+dstM-er+)
the other being left uncured. A further layer is then agplied to both, th
curing agent being cleaned fromthat substrate which is Coated tnereon.
The interlayer bonding, density and 28 day conpressive strength are
measured and the results are as foll ows:

CEMENTITIOUS COMPOSITIONS FOR LAYERED APPLICATIONS

=

This invention relates to cementitious compositions, more particularly to cementitious
compositions for application to substrates in consecutive layers, and most particularly to

those which are applied by spraying, and to admixtures for use therein.

It is often required that a cementitious composition be applied in consecutive layers. The
best known of such applications is the spraying of cementitious compositions such as
“shotcrete”, wherein a number of individual layers is applied by means of a shotcreting
gun. One of the problems frequently encountered in such applications is cracking 4nd
shrinkage of the composition and bonding failures at the layer interfaces. The solution to
this problem has hitherto been the application to the sprayed composition of a curing agent,
that is, a preparation which is sprayed on the surface and which forms a film thereon.
Typical examples include hydrocarbons, fatty acid salts and emulsions of paraffins or
microwaxes. Because of the water loss at the surface of sprayed cementitious
compositions, this must be done within a very short time of spraying - usually within 15-20
minutes. Moreover, before a further layer can be added, the curing agent must be removed,
otherwise it may prevent adequate bonding between adjacent layers of sprayed composition.
Various relatively easily-removable curing agents have been made and marketed, but they

still involve the time-consuming work of application and removal.

It has now been discovered that certain admixtures can be added to cementitious
compositions prior to layer application and that these compositions not only remove the
necessity for the application and removal of curing agents, but they may also confer
considerable prof)erty advantages on the compositions. The invention therefore provides
an admixture for use in a cementitious composition, which comprises at least one concrete
waterproofing agent which is free from fatty acid esters of sucrose and at least one water

retention agent.

The invention further provides a fluid cementitious composition comprising an admixture

as hereinbefore described.

(U
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The invention further provides a method of providing a solid mass of cementitious material
by preparing a fluid cementitious composition as hereinabove described, placing it and

causing it to harden.

The invention further provides a method for the application of a cementitious composition
comprising the ‘preparation and placement in consecutive layers of a composition as

hereinabove described.

By “concrete waferprooﬁng agent" is meant an agent of the type commonly used to render
concrete waterproof, apart from fatty acid esters of sucrose. Such agents are well knoWwn
to the art and are well described in, for example, "Chemical Admixtures for Concrete” by
MR. Nixon and N.P. Mailvaganan (2nd Ed. Spon, 1986) the contents whereof are
incorporated herein by reference. Apart from the aforementioned exception, any of the
typical examples described therein - microwaxes, stearates and other long chain fatty acids,
etc. - may .be used. Such materials are normally applied to surfaces of cementitious
compositions, and it is a surprising feature of this invention that the incorporation of such
a material into an admixture as hereinabove described confers such advantageous results.
It is possible to use more than one such material in an admixture according to the

invention.

Particularly preferred materials are paraffin emulsions. By "paraffin emulsion” is meant
an aqueous emulsion of a higher alkane having a fusion point above ambient temperature,
which upon drying of the emulsion does not form a film in the sense that a paint forms a
film (see also R6mpp "Chemie Lexikon”, 9th edition (Thieme Verlag 1989), volume 1,
page 102, the contents of which are incorporated herein by reference). The emulsion may
be stabilized by any convenient means, but it is preferable to use an anionically-emulsified
paraffin mixture (fusion point of 45-51°C) with a particle size of less than 2u. Examples
of such paraffin emulsions are "Mobilcer" 55 or "Mulrex" 62 from Mobil and “Ubatol"
FPG 860 from Cray Valley and "Tecol” BC 60/40 from Tritb Emulsion Chemi.

By "water retention agent” is meant a material which may be used to hold water within
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a cementitious cémposition or which promotes a better distribution of water throughout a
cementitious composition. A group of preferred materials is that of the so-called
"superabsorbent” materials. These materials, widely used in products such as diapers and
incontinence pads, are readily available commercially (for example, the "Sanwet" (trade
mark) materials) and are usually based on modified polysaccharides, for example acrylic-
modified starch. However, the preferred water retention agent is a water-soluble
poly(atkylene oxide) ("PAO") of molecular weight from 100,000-8,000,000. The
requirement that the PAO be water-soluble means that it must include at least a high
proportion of oxyethylene units; it is preferable that it be pure poly(ethylene oxide). It is
also preferable that the PAO molecular weight lie in the range 2,000,000-5,000,000. Typical
commercial products useful in the working of this invention may be found, for example,

in the "Polyox" (trade mark) range of Union Carbide Chemicals and Plastics Company, Inc.

In a further embodiment of the inventidn, the admixture may additionally comprise a
plasticizer or superplasticizer which is free from a B-naphthalene sulfonate-formaldehyde
condensate ("BNS").

The plasticizer or superplasticizer useful in the present invention (and which may be used
separate from or in any combination with the water retention and waterproofing agents)
may be selected from the very wide range of such materials known to and used by the art,
typical examples includirg lignosulfonates, hydroxycarboxylic acids, carbohydrates,
melamine-formaldehyde condensates and styrene-maleic anhydride copolymers. The last-
named are especially preferred, and the most preferred of these are styrene-maleic
anhydride-derived copolymers in free acid or salt form and selected from the group

* consisting of those having the following types and numbers of monomer units:
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in which R is an C, calkylene radical
R, is a C,alkyl-, C¢,cycloalkyl- or phenyl group,
x, ¥ and z are numbers from 0.01 to 100
m is a number from 1 to 100 and

n is a number from 10 to 100

with the provisos, that

i)  the ratio of x to (y + z) is from 1:10 to 10:1 inclusive,
ii) the ratio of z:y is from 3:1 to 100:1 and

iii) m+n=15-100

and those having the following types and numbers of monomer units:
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in which M is hydrogen or the residue of a hydrophobic polyalkylene glycol or

polysiloxane,
R,, m and n are as hereinabove defined,

X, y and z are numbers from 1 to 100
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and havi ng tigh fHel grevikddathitypes and numbers of nonomer units:

i) thc'ratio of x to {y + z) is from 1:10 to 10:1 inclusive,
ii) the ratio of z:y is from 5:1 to 100:1 and
iii) m+ n=15-100.

These copolymers (hereinafter "SMA") are described in United States Patent 5,158,916 and
French Published Application 2 671 090 the contents whereof are incorporated herein by

reference.

The waterproofing agent and the water retention agent may be added individually to" a
cementitious composition but they are preferably added combined. The invention therefore
provides an admixture for a cementitious composition which is a physical blend of a

concrete waterproofing agent as hereinabove described and a water retention agent as

* hereinabove described, optionally with a plasticizer or superplasticizer as hereinabove

defined, either combined with or separate from the other admixture materials.

The admixture is easily prepared and a skilled person will readily comprehend how this can
be done. For example, when the water retention agent is poly(alkylene oxide), the
poly(alkylene oxide) is first dissolved in water to give a solution of about 1-3% solids by

weight and the concrete waterprodﬁng agent is blended with the solution.

The relative proportions of the waterproofing agent and the water retention agent used in
the admixtures of the invention, both to each other and to cementitious compositions in
which they are incorporated, depend largely on the natures of the waterproofing agent and
the cementitious composition, the use to which the cementitious compbsition will be put,
the method of application, the desired slump properties, and so on. The skilled person can
readily determine in each circumstance what are suitable proportions. As a general guide,
the relative weight ratios of waterproofing agent to water retention agent are from 1:1 to
120:1, preferably from 20:1 to 25:1, and their combined presence is to the extent of from
0.5-5%, preferably of from 2.0-2.5% by weight solids on cement. When a plasticizer or

superplasticizer is used, it is present in the proportion of from 0.01 to 10%, preferably from

in free acid oF~satt orm
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0.1 o 3% by weight on cement. When a plasticizer or superplasticizer is present, the

proportion of admixture preferably does not exceed 5% by weight on cement.

In use, the waterproofing agent and water retention agent are added to a cementitious
composition prior to end-use, usually (and preferably) at the mixing stage. The water
retention agent and the waterproofing agent may be added to the mix consecutively in any
order or concurrently, or, preferably, they may be pre-blended to form a curing admixture
as hereinabove defined and added in this form. Similarly, the plasticizer or superplasticizer,

when present, may be added combined or separately, again preferably at the mixing stage.

The invention is applicable to any cementitious composition, but is especially useful to
those which need to be applied in consecutive layers which must bond to each. other, be
it mortar, concrete or grout. It can be used with normal concrete, repair concrete or wet

or dry spraying concrete, but it is especially applicable to wet spraying.

It has been found that cementitious compositions used in accordance with this invention,
perform outstandingly well. Not only is there no longer a necessity to apply and remove
curing agent, but also shrinkage and cracking are reduced (in some cases completely
eliminated), and cement hydration, bonding between layers of cementitious composition and
28-day strength are all enhanced. -

In addition to waterproofing agent, water retention agent and plasticizer or superplasticizer,
other art-recognized admixtures may be added in known quantities. One particularly useful

admixture is accelerator, used when the cementitious composition is to be sprayed.

The method of this invention may be used in conjunction with the method described in
PCT Published Application WO 94/02428, the contents whereof are incorporated herein by
reference to give a spraying cementitious composition of outstanding applicability and final
properties. The invention therefore provides a process of applying 2 cementitious

composition to a substrate, comprising the steps of
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a) preparing a cementitious composition which comprises an admixture as
hereinabove described, which admixture comprises a styrene-maleic anhydride
copolymer superplasticizer (preferably as hereinabove defined), and sufficient
water to provide suitable fluidity;

b) conveying this composition to a point of application at which point there is
added B-naphthalene sulfonate-formaldehyde condensate; and

c) applying the composition to the substrate.

The amount of fluidity required and the achievement thereof will vary depending on the
individual circumstances and requirements, but the skilled person will readily be able fo

achieve the necessary fluidity.

This process works especially well when the application method is spraying and BNS is
added to the composition at a spray nozzle. The invention further provides a slump control
system for a cementitious composition, comprising an admixture as hereinabove defined

and BNS together with instructions for their use.

The combination of SMA and BNS is described in PCT Published Application

WO 94/02428. It permits the regulation of the slump of a cementitious composition.
Slump, as measured by ASTM Ci43, is the oldest and most widely used measure of the
workability of cementitious compositions. It has been found that a combination of SMA,
BNS and concrete waterproofing agent gives good slump control. The performance is
further enhanced by

(a) the use the curing admixture as hereinabove defined, that is, by including a water

retention agent as hereinabove defined, and

(b) the use with the BNS of known accelerators. Especially efficacious types of
accelerators are aluminates and silicates, particularly sodium silicate ("water glass”).
The above-mentioned copending application describes a preferred BNS/water glass

combination which works well in this invention.
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The invention is further described with reference to the following examples in which all

parts are expressed by weight.

Example

Use of the invention in shotcrete spraying.

A spraying concrete mix is prepared by mixing the following ingredients:

Portland cement 450 parts
microsilica : 22 parts
styrene-maleic anhydride copolymer ! 6.75 parts
PEO/paraffin blend? 8 parts
sand (0-8mm) 1590 parts
steel fibers (EE length 25-40 mm, 60 parts

diameter 0.5-0.6mm)
! As prepared in Example 1 of French Published Application 2 671 090
2 A 50/50 volume blend of "Tecol" BC 60/40 aqueous paraffin emulsion (ex Triib

Emulsions Chemie AG) and an aqueous poly(alkylene oxide) solution of the

following constitution

WSR-301 (ex Union Carbide) 1.0% by weight
MPEG-500 (ex Hoechst) 2.0% by weight
water 97.0% by weight

This mixture is mixed, the order of mixing being, firstly, cement, microsilica sand and steel
fibers, secondly styrene-maleic anhydride copolymer and finally the PEO/paraffin blend,
and sufficient water is then added to give a water:cement ratio of 0.45. The slump of this

mixture as measured by the method of ASTM C413 is 21cm. The mixture is sprayed on
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to a substrate through a spray nozzle, there being injected into the mixture at the nozzle

a solution of the following constitution

BNS sodium salt (40% aqueous solution) 3% by weight on solids
sodium silicate (36% solution) 30.6% by weight on solids
water . to 100%

The injection rate is such that there is supplied 4% solution by weight of cement.
The sprayed concrete is allowed to harden and a further layer sprayed thereon.
For comparison, there is sprayed out the same composition with the following changes:

(a) the PEOf/paraffin blend is omitted and the sand content is raised 8 parts;
(b) the 6.75 parts of SMA is replaced by 7.5 parts of BNS

The same water:cement ratio (0.45) is used, giving a slump of just over 20 cm. When
sprayed, there is injécted 4% on cement of an aqueous solution of a commercially-available

silicate activator.

Two sprayings are carried out, one being subsequently covered by a curing agent ("Protect
Weiss" ex Master Builders Technologies, applied at a rate of 0.4 kg. solids/M?), the other
being left uncured. A further layer is then applied to both, the curing agent being cleaned

from that substrate which is coated thereon.

The interlayer bonding, density and 28 day compressive strength are measured and the

results are as follows: -
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Bond strength Density Compres.;;ive
{MPa) strength (MPa)
Composition according to the | >2.0 233 4143
invention
Extemnally-cured composition | 0.7-1.2 2.28 38-40
Uncured composition <0.7 2.27 37
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‘'The claims defining this invention are as follows:

1.  An admixture for use in curing cementitious composition, which comprises at least

one concrete waterproofing agent which is free from fatty acid esters of sucrose and

at least one water retention agent.

2. An admixture according to claim 1, wherein the water retention agent is a water-

soluble poly(alkylene oxide) of molecular weight from 100,000 to 8,000,000

3. An admixture according to claim 1 or claim 2, wherein the concrete waterproofing

agent and the water retention agent are physically blended prior to use.

4.  An admixture according to any one of claims 1-3, wherein the admixture additionally

comprises a plasticizer or superplasticizer which is free from a B-naphthalene

sulfonate-formaldehyde condensate.

5.  An admixture according to claim 4, wherein the plasticizer or superplasticizer

comprises at least one styrene-maleic anhydride-derived copolymer in free acid or salt

form and having the following types and numbers of monomer units:

BRI

m

in which R is an C,alkylene radical
R, is a C,jalkyl-, C¢ocycloalkyl- or phenyl group,
X, y and z are numbers from 0.01 to 100

m is a number from ! to 100 and
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n is a number from 10 to 100

with the provisos, that
i) the ratio of x to (y + z) is from 1:10 to 10:1 inclusive,
ii) the ratio of zy is from 3:1 to 100:1 and
i) m+n=15-100

and those having the following types and numbers of monomer unit:

— CH—CHg~ —CIZH—?H— ——?H—-?H—
A ¢ || g o
S~ OH 9 OH (? ]
_ Mo (R-O)ZR,
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in which M is hydrogen or the residue of a hydrophobic polyalkylene glycol or
polysiloxane,
R,, m and n are as hereinabove defined
X, y and z are numbers from 1 to 100
with the proviso that
iy the ratio of x to (y +2) if from 1:10 to 10:1 inclusive,
ii) the ratio of z:y is from 5:1 to 100:1 and
- 1if) m+ n = 15-100.

6. A fluid cementitious composition, comprising an admixture according to any one of

claims 1-5.

7. A method for the application of a cementitious composition comprising the
preparation of a concrete mix and its placement in concecutive layers, characterized

in that the composition comprises an admixture according to any one of claims 1-5.
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8 A process of applying a cementitious composition to a substrate, comprising the

steps of

a) preparing a cementitious composition which comprises an admixture according
to claim 1, which admixture comprises a styrene-maleic anhydride copolymer
superplasticizer, and sufficient water to provide suitable fluidity;

b} conveying this composition to a point of application at which point there is
added B-naphthalene sulfonate-formaldehyde condensate; and

c) applying the composition to the substrate.

9. A method of providing a solid mass of cementitious material by preparing a fluid

cementitious composition comprising an admixture according to any one of claims

1-5, placing it and causing it to harden.

Dated this 26th day of August , 1996

SANDOZ LTD.

by its patent attomeys Davies, Collison, Cave




