MULTI COVPONENT CEMENT SUPERPLASTI CI ZER Background of the Invention The
present invention is directed to a cement adm xture capable of greatly
ifcreasing the-fluidrty or slunp characteristictics of portland cenent

conpositions 5 and of retaining the increased filuidity over t end -
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gypsum pl aster, are categorized according to their chem cal conposition and
application. For exanple, Portland cengnts "have high silicate content and
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Commonly known classes of cements, such as portland
10 'cements, high-alumina cements and gypsum plaster, are
cétegofized according to their chemical composition and
application. FPor example, Portland cements have high
silicate conténg and are used in structural applications.
Alumina cements contain constituents high in alumina
' 15 content and are used in specialized applications as a
refractory cement. Gypsum plaster or plaster of Paris
cénSiSts'essentially of calcium sulfate hemihydrate and is
often used in forming interior walls or for taking:
impressions of objects. Because of their chemical and
- 20 application differences, the materials are treated as
distirict materials by those skilled in the art. The
present invention relates to compositions useful in
modifying the properties of portland or high silicate
content cements. ' '
25  Pportland cement compositions are brought into a

' workéble’form'by mixing the solid componeﬁts with an
amount of water which is greater than that required to
hydrate the cement components therein. The mixed mineral
binder composition is poured into a form and allowed to

30 harden at atmospheric temperature. During the hardening,

- some of the excess water remains, leaving cavities in tne
formed structural unit and, thus, reduces the mechanical
strength of the resultant unit. It is well known that the
compressive strength of the resultant structure generally

35 bear an inverse relationship to the water-cement ratio of
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During the hardening, sone of the excess water remains;

conpressive strength of the resultant structure generally 35 bear amga

i nverse relationship to the water-cenent ratio of -2- the starting m x.

The desire to use snmaller quantities of water is limted by the required
flow and workability properties of the fresh mxture. It is desired in many
applications to use unset cenent 5  @mpositions which are of | ow
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forming a set cement of high compressive strength (via low
water-cement ratio). In structural-cement compositions,
for example, it is highly desirable to maintain very low
water content in order to achieve high strength in the

- final product. On the other hand, it is desirable that

the unset composition have fluid properties to enhance
mixing to cause uniform distribution of the 11qui¢ (water)
in the solid components, pumpability to permit the unset
cément composition to be carried to the needed structural
site and flowability to permit the unset cement.
composition to be readily shaped into the desired form.
Cement admixtures (The term "admixture™ as used herein
and in the appended claims is a term of art referring to
éompounds and compositions added to cement mixtures or
compositions to alter their properties. The term does not
imply that the components of an admixture do or do not
interact to cause the desired result.) capable of causing
the above-described viscosity redhcing characteristics are
known. These materials are generally categorized as
"water-reducing agents®" if they are capable of modifying
viscosity to a limited degree or as *high range
water-reducing agents® or "superplasticizers®” if they have
the ability to permit latge water cuts in the cement
mixture while maintaining'fluidity or cause large
increases in fluidity at constant water content. Lignin
sulfonates and polysaccharides are known water reducing
agents while sulfite modified condensation products of
melamine-formaldehyde or sulfonate modified condensation
products of naphthalene-formaldehyde are commerciélly |

o
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m Xtures or conpositions to alter ‘their properties.. The termdoes not inply
t hat. the eonponents of an admi xture do or do not interact to cause the
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characteristics are 25 . known. "These nmaterials are generally categorized
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and superplasticizers including sulfonated

melamine-formaldehyde condensates, sulfonated

10 naphthalene-formaldehyde condensates, lignin-sulfonates
and polystyrene sulfonates. The study concludes that very
high dosages of any of the studied admixtures are needed
to appreciably increase the flow of cement compositions
yet, such dosages enhance the rate of slump loss and tend

15  to retard or prevent set.

Polyacrylstes, normally of high molecular weight, have
been considered a poor candidate as a superplasticizer as
_ they have been found to cause flocculation of cement
slurries. o o .

20 a It is_highlyﬂdesired to have supe:plasticizer
admixture compositions which can impart a high'degree of
fluidity to cement compositions, can cause retention of

~ the fluidity over extended time and can achieve these
| results at 1ow dosages and without adverse effect of set
25 retardation.

Summary of the Invention
The present invention is directed to a
superblasticize: cement admixture composition capable of
ptoviding a high degree of. fluidity to cement
30 compositions. The subject admixtures are further capable
of providing extanded time of fluidity and workability to
the_cement compositions. The desired properties of
fluidity and extended workability time are obtained
without causing substantial set retardation of the cement
35  composition. | |
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time are obtajMR&line earth metal polynaphthalene sulfonate-

10 formaldehyde condensate and an alkali or alkaline earth
metal li.gnin sulfonate.
Detailed Description of the Invention

It has been found that an unexpectedly high degree
of fluld:l.ty and extended workab:.l:.ty time of unset cement

15 composit:.ons can be achieved by having the compositions
contain small dosages of the cement superplasticizer
admixture of the present invention.

@mprmquoﬂ lam &ldspldn@zext ended wor kabi | i ty

Cement compos:.t:.ons capable of be:.ng modified by the

subject adm:.xture are conventional cement-based
20 compositions formed by mixing standard:.zed amour_xts of
required components, i.e. a portland cement, water, sand

and aggregate, as is applicable for the particu.‘l.ar material

being formed. _
The cement compositions in which the present

25 admixture has beer; found us'eful include cement pastes, that

is, mixtures composed of a portland cement and water:
mortars composed of portland cement, water and sand in
standard amounts: and concrete compositions composed of
portland cement, water, sand, and aggregate, each in

30 standard amounts and size. The present invention is
particularly useful in concretes used to form structural

units. In each of the above-descr:.bed cement compositions,
it is desirable to have low water to cement ratios, such as

from 0.2 to 0.6, in order to form a set composition of
suitable strength. The amount of water present is
inversely proportional to the strength of the set cement

composition and, therefore, lowering the ratio is desirable.



wi t hout .causi ng substantial set retardation of the cenent 35 conpositi
The cenent superpl asticizer conposition of the present invention conpri
fXom5 tqQ 95 pergcent “by weight of ‘an alkali metal polyacrylate having a
wei ght* aver age nol ecul ar wei ght of from 500 to 25,000 in conbination wt
frgm5 to .95 percent by weight of (a) an alkali or alkaline earth netal

pol ynaphthal ene sul fonate- formal dehyde condensate or (b) a mxture in any
proporti-on of an alkali or alkaline earth nmetal polynaphthal ene sul fonate-

10 Rornmal dehyde condensate and an al kali or alkaline earth nmetal lignin

sul fonate. Detail’ed Description of the Invention It has been found that an
unexpectedly high degree of fluidity a ext ended workability tinme of unset
cenment 15. conpositions can be achi evéd by having the conpositions contain -
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I nvention. Cenent_.,coiqposi tions capabl erng nodi ec

admi xture are co SMEe apdeAPPeRded g fatens ke Pastes HPORERFRg

standar di zed anmowpas cohcrete E6fpssIPIoRS} sas i déscribed @bvve TOXmEH, wikher
sand and aggregate, as.is agPILg |l e Ifr-lhe articul ar nhterhal bei n
_ a portland gh silicate content cement. These cements

rormed 5 _ate conventionally known and are manufactured by calcining
a mixture of limestone and clay to form a clinker, and by
grinding the élinket to a fine powder. The major
compounds found in portland cement are tricalcium
silicate, dicalcium silicate, tricalcium aluminate, and .
10 tetracalcium aluminoferrite. The tricalcium and dicalcium
'~ silicates are thought to be the principal bonding
constituents in the portland cement, Tricalcium silicate,
‘when mixed with water, forms a calcium silicate hydrate
known as tobermorite gel and calcium hydroxide. The
15 Qicalcium silicate, when contacted with water, forms
similar products, but at a much slower rate of reaction.
The tricalcium silicate, having the greater rate of
reaction, determines to a large extent the rate of set of
 the cement. To brovide materials which are suitable for
20 gifferent uses, portland cements having a range of
' ptoperties have been made commercially available. Four
genetal'types-of portland cements, varying principally in
the relative quantities of tricalcium silicate and
dicalcium silicate present therein, are commonly
25 ' produced. The proportions of the principal compounds
'present.in three of these cements are tabulated
hereinbelow. - '



nt conpositions in which the present 25 adm xture has been,found
use i nclude cenent pastes, that is, mxtures conposed of a portland”
cemerit and water; nortars conposed of portland cenent, water and sand in
.standard anounts; and concrete conpositions conposed of portland cenent,.
wat er, sand, and aggregate, each in 30 standard anmounts and si ze. Th§
present invention is particularly useful in concretes used to form -~
structural units. In each of the above-described cenent conpositions, it
is desirable to have | ow water to cenent ratios, such as from0.2 to 0.6\_/
in order to forma set conposition of suitable strength. The anount of
water present is inversely proportional to the strength of the set cenent.
conposition and, therefore, |owerisng the ratio is desirable. The term
"cenment conposition” as used in the present disclosure and appended cl ai s
refers to pastes, nortars and concrete conpositions, as described above
formed wtha—portland ar high silicate content cenenf. . These cenents 5
are cbnventkonghl dkgowm and are manufactured by calcining a mxture of
| i mest one ah8® 36 t 58P8RFn TYR® i mkere, carrd by gri Adi ngt h&Xclinker ¥8La fine
powder . The-mafet—ecorpotitas—ietht—tR—petit-ahra—cehbht—aie-tii-cal-clim
silicate, dieahﬁéﬁgl?ahic?ee,-é{&" Liumalum nate, and- 10 tetracal ci um
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alum noferrite. dicalciumsilicates are thought to be

the principal bepgéaBeium silicate., . . . « . . 53 47 58
Dicalcium silicate . . . « « . . 24 32 16

5 Tricalcium aluminate . . . . . . 8 -3 8

e« o B 12 8

Tetracalcium aluminoferrite.

The water to cement ratio of a particuiar-composition
will determine, to a large extent, the strength of the
resultant set material. As discussed above, the amount of

10 water required to form a uniform cbmposition is in excess
of that needed to react with the cement components.
Reduction of the water to cement ratio while maintaining
or increasing the fluidity of the mixture is highly.
desired. When using the'presentiy described admixture,

15 one has greater capability of forming a uniform mixture,
of.holding'the cement composition into desired shapes, of
causing the composition to be substantially Self-leveling
and of causing the cured cement composition to exhibit
higher compressive strength than normally attainable for

20 the same amount of cement. One further gains an extended
workability time without proportionally extending the set
time of the resultant cement composition.

"Fluidity," "slump®™ and 'wo:kability' are
interrelated terms. Slump is a term of art'télating to a

25 standard test for determining the ease of movement of an
unset cement composition. The slump test measures the
amount of settlement or flow a shaped cement charge has
once under unsupported conditions. A cement composition
is workable, i.e. moldable, shapable, etc. while the

30 cement exhibits some degree of slump or flow
characteristics.
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constituents'in the portldand cement. Tricalciumsilicate, when m xed with (:E>
water, forns a calciumsilicate hydrate known as tobernorite gel and
caIC|un1hydrOXkde The 15 dicalciumsilicate, when contacted with water,

fornms sinttar products, but at a nmuch slower rate of-reaction. The
trkcaIC|Hga5|I|cate having the greater rate of reaction, determnes to a

| arge extent the rate of set of the cenent. To provide materials which are
suitabl e for 20 different uses, portland cenents having a range of

properti es have been made commerci al | y_ayaLl abl e. Four general types of
portland cements, varying principally in the relative quantities-of
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produced. The proggr%éons of $&:n0| al cggpounds pr esent hr e 8
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water to cenent théiwa®ératdacément AFativam,l whierd bpplepeiatas, the a
large extent, the géégggth o %gker-reduczng or superplasticizer cement
admxxture. The initial strength S, of a cement

: composition may be, for example, such that the slump is

10 from about 6 to 10 inches (15 to 25cm). The strength

" increases with time causing a corresponding decrease in
fluidity or slump until it reaches a strength 52 at time

-T where it exhi 1ts substantially no fluidity (slump of
less than 2 1ncheﬁﬁ and is therefore no longer movable.

15 The cement composition must be placed in its desired
position before it attains strength sz. At a time T3 the
cement reaches a strength 53 where it can sustain a weight
(such as a man walking on it) but can be trowelled and
finished. Strength S, has low penetration test values

20 (ASTM C~-403) of about 500 psi (3.5 MPa). The cement
compositiOn reaches a strength's4 at T4 at which point it .
has a high penetration test value of about 4,000 psi
(27.6 MPa)and no further work can be done to productively

alter its form. _

25 Figure 1 contains three curves showing the
relationship of strength to time for cement compositions
" formed from a particular mixture of solids (cement, sand,
aggregate) with water and no admixture (Composition 1
.repfesented by curve 1); with a substantial reduction in

30 water content and with a conventional superplasticizer
(Composition 2 represented by curve 2); and with the same

. substantial reduction in water content as CQmposition 2
and with an equivalent amount of a superplasticizer of the
present invention (Composition 3 represented by curve 3).



|tant set material. As discussed above, the amount of 10 water.required
tg florm a uni form conposition is in excess of that needed to react with the
cemgnt conponents. Reduction of the water to'cenent ratio-while maintaining
'ncreaS|ng the fluidity of the nmixture is highly desired. Wen using the
“Présently described adnmi xture, 15 one has greater capability of formng a
uni form m xture, of nolding the cenent conposition into desired shapés’ of
causi ng the conposition to be substantially self-leveling and of causing

the cured cenent conposition to exhibit higher conpressive strength than,_y

normal |y attainable for 20 the sane anpunt of cenent. One further gains an
ext ended mnrkablllty tlne W t hout prbﬁbrtlonally extending the set tinme of

the resultant ce osition. "Fluidity," "slunp™ and "workability" are
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than composition 1 which has more water to provide the
same initial slump or fluidity. Composition 2 which
contains a conventional superplasticizer loses fluidity
(gains stréngth) more rapidly than composition 1 and
10 thereby reaches strength 5, at a time Tzz which is
significantly less than the time rzl.:equired for
composition 1 to reach ssrength 8,. Thus, composition 2
containing a conventional superplasticizer has less
fluidity and workability than composition 1 over times
1S from Tl to Tz. The gain in water reduction achieved
in composition 2 is countered by the detrimental effect of
acceleration in loss of workability. A further comparison
of cement composition 2 containing a conventional
superplasticizer with cement composition 1 shows that the
20 set strength s4 is slightly retarded for composition 2,'
i.e. T42 is slightly greater than T41. This
allows for slight increase in available finishing time.
While addition of a conventional superplasticizer permits
decrease in water-cement ratio it causes the disadvantage
25 of early slump loss and ﬁherefore-éarly loss of
wotkability time for the treated cement composition.

Curve 3 of Figure 1 illustrates the strength-time
relationship of cement compositions formed with the
superplasticizer of the instant invention. Composition 3

30 can have an initial strength s1 with the use of a
substantial reduction in water content in the same manner
as attainable with conventional superplasticizers. The
slump loss or loss of workability is significantly slower

than that of composition 2. Time'T23 is
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ref atii onshi p'of the strength of cenent ‘conpositions with respect to tine
supsequent to initial formation (inclusion of water). The initial stiffness
or*strength form a 5 particular soli'd conponent cenent m xture is determ ned
by the water to cenent ratio and, where appropriate, the presence of a
maﬂe!-re@gping or superplasticizer cenent adm xture. The-initial strength
[err] of a cenent conposition nmay be, for exanple, such that the slunp is
10 firom about 6 to -10 inches (15 to 25cm . The strength increases with tinme
caus™Ag correspondi ng decrease in fluiglily or slunmp until it reaches a
strength [err] at time T where it exhibits substantially no fluirdity (slunp

of less than 2 Ligheriddifkip tdmjed ehanneihengc? aRyaht aag befhe cenent
conposli tron nust e,
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at [err] ag whTgh $oiffach sk stoengthpSpetration test val ue of about
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10 superplasticizer or, alternately, can permit substantial
reduction in water to cement ratio without loss to
fluidity.' Further, the present superplasticizer:
composition imparts greater fluidity'ovet an extended
period of time in comparison to conventional
15 superplasticizer admixtures. Finally, cement compositions
containing the present superplasticizer compositions
attain set streﬁgth.SQ ﬁith;n-snitable time.
It has been presently unexpectedly found that a
superplasticizer cement admixture can be formed which
20 imparts the desired properties of increased £luidity at
 low dosaggé and retention of fluidity over extended period
of time without substantially increasing the set time of
the cement composition.
The subject superplasticizer cement admixture is formed from
25  an alkali metal/polyacrylate in combination with an alkali
metal or alkaline earth metal naphthalene sulfonate-formaldehyde
condensate alone or in admixture with an alkali or alkaline earth
lignin sulfonate, as fully described hereinbelow. |
The term 'polyacrylic acid”, as used in the present
30 disclosure and appended claims, shall mean homopolyﬁets
and copolymers of acrylic acid and/or methacrylic acid in
‘which the carboxylic acid groups have not been converted
into metal salts. The terms 'polyac:ylate* or “alkali
metal polyacrylate*, as used in the present disclosure and

c



Yat er . content. and with a conventi.onal superplasticizer .(Conposi tion 2
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W lg" .enable themto form5 final products having greater strength W,
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tPengt - S2. Of JEEVIUR Al ARAZOE APLRAFFELLS amishrin GHRACHS BScAomes: | o\ zor
has | ess fl uviadipogtdon ofr thei carboxphic cacihd gtoups Jtlmmrint iar@sS a5 ther om
count er e by CEm 9F S18812 RBeRE SR1EET IS AU G DA SR i 11,
A furthet cofpereforess thenpalyagrylates diﬁ#lbbr&'hlﬁhmg’t&wvent i onal
superpIaStICduQEﬂNibh ﬁeyeilseoaﬁﬁﬁhiﬁCﬁhilrﬂlwﬁhﬂéﬁﬂof'ﬂi to about 30
percent and preferably up to about 20 percent by weight of
comonomeric units of cl_-c3 alkyl esters or amides of
acrylic or methacrylic acid.
10 The alkali metal polyacrylates suitable for use as a
component of the present suﬁe:plasticizer admixture is
formed from a polymer of actylic acid or methacrylic acid
or mixture thereof, prefetably from acrylic acid. The
amount of any ester or amide comonomer present in tae
15 polyacrylate must be less than an amount causing the
polymer to be insoluble in water. The polyacrylic acid
used to form the polyacrylate should have a low weight
average molecular weight of from 500 to 25,000, preferably
from 1,000 to 10,000. The polyacrylate component of the
20 present superplasticizer can be repreSénted by the general
formula:

_Ecnz'ﬁ: "E'CHZ"II:JT ~fes,- I}

wherein each R is individually selected from hydrogen or methyl;
R'isselecteafmac,-csam;yor_m'z;uism'ananmm.
25 preferably sodium; x, y and z are integers such that z is from 0
mlessthan0.3cfthetctalofx+y+z;andthesunofx-#-y
+ 2 is such that the ﬁanuﬂa.regnanmmsa:;n&yna:havinga:mohanﬂar
weight of from 500 to 25,000, preferably fram 1,000 to 10,000.

bl



- 20 set. strength [err] is slightly retarded for conposition 2, i.e. [err]
S sllghtly greater than [err]. This allows for slight increase in
avail abl e flnrshlng time. Wile addition of a conventional superplasticizer
permts decrease in water-cenent ratio it causes the disadvantage 25 of
edarly slunp loss and therefore early | oss of workability time for the
“treat ed™€enent conposition. Curve 3 of Figure 1 illustrates the
strengti-h-tinme relationship of cenment conpositions fornmed with the.

superpl asticizer of the instant invention. Conposition 3 30 can have an
initial strength S1 with the use of a Ibstantial reduction in water
content in the same nmanner as attainable with conventi onal

super pl astici zers. TiDhesllowpmodecudar| weight polyadriylic acidicpmpoineatt | v

‘sl ower than that aq'I %ﬁeﬁ' 99 3onJeH€ia-n§l'éechnﬁtﬁﬁmridvﬁ@@o' ¥hbgeger

than tinme [err] qgqual to or even_ greater hat, of the

conposi tion 1. 'Hﬁ EQG:ﬂ@a§§elHrﬁoPRth‘?|H¥ ?499(?9 %¥¥%ﬂ
wi t hout any det KNERIN dredradical polgmdpizatiom of nthed lﬁmome'E ort 0 reach

el Strendts S asiigesTH Eobalbrbd 1 ECISRASL X BRSO gk
conposi tion havwsq}weqtanmudapartnaaea° C. undet ptessure as disclosed in
: German patent application 2,757, 329 filed December 22,
1977. The free carboxylic acid groups of the polyacrylic
acid is formed into an alkali metal salt with an alkali
10  metal hydroxide or the like in sufficient amount to cause
a resultant aqueous solution of the polymer to have a pH
of from at least about 6 to about 10 and preferably from
about 7 to 8. :
' " 7he alkali metal and alkaline earth metal naphthalene
15 sulfonate-formaldehyde condensation products suitable for
| use in the present superplasticizer cement admixture are
commetcially available prbducts; These products are
conventionally formed by reacting formaldehyde with
naphthalene sulfonic acid in ratios ranging from about
20 0.75 to about 1.35 at temperatures of from about 90° C. to
120° C. When the ratio is in the order of 0.75 the
reaction time is short i.e. about 4-6 hours while when the
‘ratio is high the reaction time is longer i.e. about 8-12
hours. The molecular weight of the condehsation product
25 can be from about 1, 000 to about 200,000. The molecular
weight is dependent on the ratio of reactants, the
reaction time and the reaction temperature as is well
known to those skilled in the art. The resultant
condensation product is formed into the metal salt by
30 reacting the product with an alkali metal or alkaline
eaith metal hydroxide or its equivelent, the metal is
preferably sodium or calcium, in sufficient amount to form
an aqueous solution of the'p:oduct having a pH of from
about 7 to 10.




. :ternatelyj-can permit substantial reduction in water to cenent rati
ithout loss to fluidity. Further ,the present superplasticizer conpositi

nt ratio. over.the.sane conpositions having no 10  superpl asticizer:

(0]
on »

_imparts greater fluidity over an extended period of tine in conparison to

conventional 15 superpl asticizer adm xtures. Finally, cenent v
conpositions containing the present superplasticizer conpositions at tfn
set strength 84 within suitable tine. It has been presently unexpectedly
foug? that a superplasticizer cenent adm xture can be formed which 20

i mparts the desired properties of increased fluidity at | ow dosages and
retention of fluidity over extendee p@r#od of tine wthout substantially
i ncreasing the set tinme of the cement conposition. The subject
superpl asti ci zer Thechigninisulfanate componentonfothe pregent| i

met al / pol yacgypet S1i8t fOI%e N addnhtiiddmixtutiekdsi anBbanepialip! i ne earth
net al napt hal en

f t e- f.orm dehyd d al i dm xt
W th an al KaPvactatle prodict and HaBred, cPOALEEr 2o urar) Moty i bed
her ei nbel ow watet eredi@ing cagerdt foxcickinents compdsitiohs.presenligiin
di scl ' I I f
qcryl i o aci e any CRRLEy, Coek Fea A4 YR odRER B Ui a1 B WAk ERY Y e
have not becRreen§Ees cipivhirhwoad chips argccpekpad updef -pressuke in

"al kali nmetah palpacoys cdeid sEluivh. NThee resaiedhtdaiRADE Uh€t#D and
alkaline earth metal-lignin sulfonates are formed by
neutralization of the cooking liquor and, when desired,

10 the metal can be exchanged by'the'addition of sulfates of
other metal cations. For example, sodium lignin sulfonate
is normally formed by precipitationh of calcium lignin
sulfonate with sodium sulfate. Calcium and sodium salts
are the preferred lignin sulfonates in the subject

15 superplasticizer. _

The present cement superplasticizer admixture is
required to be composed of qh”alkali metal polyacrylate,
in combination with an alkali metal naphthalene sulfonate-
formaldehyde condensate alone or in admixture with an alkali

20 metal or an alkaline earth metal lignin sulfonate.

The polyacrylié acid metal salt muét be present

in from at least 5 percent to 95 peréent and preferably
from 15 to 85 percent and most preferably from 20 to 85
percent by weight of the total combination.

25 The superplasticizer can be in the form of a |
composition.having from about S percent to 95 percent by
weight of an alkali metal polyacrylate with the remaining
95 to 5 percen£ by weight composed of an alkali metalor
alkaline earth metal naphthalene sulfonate-formaldehyde

30 condensate, with the alkali metal being preferred.

o/

’



-10- appended clains shall refer to honopol ymers and copol yners of acrylicy

acid and/or nethacrylic acid in which ‘at |east a portion of the carboxyli c@
acid groups therein are in the formof alkali netal salts. The polyacrylic '
aci-ds and,. 5 therefore, the polyacrylates useful in the present

i ngention sy al so contain small amountg % up to about. 30 percent and
preferab™ up to about 20 percent by wei g of conononeric units of [err] .

al ké/ esters or %mcégezshagi &Y oauﬁawfsmefz@fé (%rel@ormed £rERe taokal i

pol yacryl at es I'tab he present

e as onent -
super pl asti ci zer m&&cmsiﬁi rm‘? 2t rta (8 pergest by
nmet hacrylic aci dmgnupumyabhy),aaé preferably from acryl ic.acid. The

t of . t d {
mist be | ot han an THBURESE HEPRSEERS REPeHAATId ey catiitl Splidizes
The polyacryli 8 eofi dthespuesentoinven'eiqml rmmm @ leembinatdeniei ght
aver age nol ecul an\?ﬁlllg_n&n faiio'ﬂhf’gg &8‘%‘52%‘% &féﬁﬂa &ﬂ&\ﬂn J.i. gooarno

10, 000. The pol yacryl ate Conponent of esent super pl dsticizer can

be represented bpcENdatencRanaPRialenersnlfonats AnA & digRin. | Theyi valy
sel ected from hy%mme&oﬁehhuud%ﬁtsﬁ:eﬁm 5 reon 95 | Prfdferiatslyy from

Lert] 5,0 oLkas BB B n68 REGLBARALrRLY iogl 20 s wiinlt WiBiRy,
sumof x + y 10 of the polyacrylate described above. The preferred
superplasticizer is further composed of an alkali metal
naphthaiene sulfonate~formaldehyde and an alkali or
alkaline earth metal (preferably sodium or calcium of a
mixture thereof) lignin sulfonate in weight ratio of
15 from 0.1:99.9 to 99.9:0.1, preferably from 90:10 to
10:90. The most preferred superplasticizer admixtures
would be composed of at least about 15 percent by weight
alkali metal polyacrylate at least about 10 percent by
weight of a naphthalene sulfonate-formaldehyde and at
20 least about 10 percent by weight of a lignin sulfonate
based on the total weight of solids of the admixture.
The amount of the present superplasticizer cement
. admixture required in a cement composition should be an
_ effective amount to substantially reduce the water content
25 (by about 10 percent or greater) while retaining
' equivalent slump of a blank cement composition or an
effective amount to increase the slump while maintaining
the water to cement ratio, whichever is desired. It has
been unexpectedly found that the combinations of
30 components used in th'e"proportions described hereinabove
achieve greater amount of slump than is expected
additively from each componént. The specific amount of
' the present superplasticizer cement admixture can be
readily determined and will depend upon the cement



Y

s such that the formula represents a polyner having a nol ecul ar wei ght
jom 500 to 25,000, preferably from 1,000 to 10, 000. -11- The | ow
cul ar wei ght polyacrylic acid conponent can be forned-by cpnvent1onal
. tethni ques known to. those skilled in the art such as by solution
pol yneri zation in which free radical polynerization of the monomer or 5
mononers is conducted in isopropanol or isopropanol-water solvent at 20 t o
[er€]: under pressure as disclosed in German patent application 2,757,329
fil Decenber 22, 1977. The free carboxylic acid groups of the polyacrykag
acid is formed into an alkali netal ﬁgl_t with.an alkali 10 netal hydroxide
or the like in sufficient anount to ‘Cause a resultant aqueous sol ution of

t he pol yner H east t t 10 and

prefgraﬁly fror'#gé ?OB R& H‘% *i?f %ﬁ %(f qﬂeﬁl I'ne earth netal -
napht hal ene EQNP°§GF#BHateG¢G¢ﬁ§1 Shee ampundh stidiloranged g0 sbputibl e for
use i nblt he ploessntosnpepabﬂai?jm;tzeo pwqms aéigﬁt % forwned rCIrglalc%/. g
avail abl e prag roducts are ven |ona

f or mal dehyde %ﬁhgnggh?ﬁ& gﬁ%‘% |‘1"%‘?ﬁ‘%‘§'c{]9i‘w n &F " ABRYPLE PA¥APROOUt 20
0. 75 t o3abouused bBtasenanblﬁiwte%nnnedessazyuhd achiielet chpedebirdlien the
ratio is in thgydegder of 0.75 the reaction time is short i.e. about 4-6

hours while when tne superplasticize: cement admixture of the present
invention can be added to cement compositions in any
conventional manner. For example, the components can be
10 added to the cement eompositions substantially
simultaneously such as by previously mixing the _
componenﬁs, either in a dry state or as an aqueous
solution and adding the formed composition to the cement
composition. JI: is preferred that the present
15 superplasticizer be introduced into a cement composition
as aqﬁeous solution either simultaneously with, as part of
or subsequent to the addition of water used to form the
wet cement compositions such as just prior to utilization
of the cement composition. The subject superplasticizer
20 cement admixture should be substantially uniformly mixed
with the cement composition to permit interaction between
the present admixture and the hydraulic cement of the
cement composition as well as interaction of the admixture
components (the exact nature of the interaction is unknown
25 and not meant to be a limitation pn the present invention)
causing unexpected increased initiel flnidity and
retention of fluidity over time.
The cement composition may contain other conventional
cement admixtures added in amounts and in manners known in
30 the art. For example, the cement composition containing
the superplasticizer described herein'may also contain air
entraining agents such as resin soaps, alkyl benzene
sulfonates and the like or retarders such as gluconates,
sugars and the like as well as other admixtures.



ratio is high the reaction tine is longer i.e. about 8-12 hours. The

nol ecul ar wei ght of the condensati on pToduct 25 can be from about 1, 00

t ¢ about 200, 000, The nol ecul ar wei ght is dependent on the ratio of
reactants,.-the reaction tinme and the reaction tenperature as .is well known
to\those skilled in the art. The resultant condensation product is forned
into the“metal salt by 30 reacting the product with.an alkali metal or

al kal i pe earth netal hydroxide or its equivalent, the metal is preferably
sodi or calcium in sufficient anount to form an aqueous sol utioh of the
product having a pH of from about 7 to 10. -12- The lignin sulfonate
conponent of the present superplasticizejgcenent admi xture is a :
comrerci al ly avail abl e product and has been considered useful as a

wﬁzer-rgdUCIQQbagent The ¢egRltaftBenent Oderudtind, Qﬂi&o@ghﬁf@?h&ﬁLkYom

obt ai ned as y u rgcesses in .- chi.ps. are
cooked under pre g °ﬁm§n§uF$ﬂP§ﬁgE%%?de Ve 9ﬂ%§tr§§ﬁﬂﬁgg¥ ﬁPﬁaIi
met al and alkalumgtsaﬂeﬁ MémalOflgbuhdttw:cﬁﬁuaﬁstnusﬂumenaf Bpcreased
neutralization ofgely 3ﬂg@ﬁok' @ﬁik'ﬂb‘%sﬁ@é’zaﬂ%ﬁ’ e, a%% h@iz?‘ibib whgnbe

exchanged by_t he I t1on of sulfates er cati1ons. For “exanple,
sodi um ligni® sulth$nsemens ﬁ&FHﬁFP&ef%Pn%dBEW“ wal, QQﬂﬂ§ﬁ$eoF°€EPEFBH?

lignin o The following examples are g;vgn for illustrative
purposes only and are not meant to be a limitation on the
subject invention except as defined in the claims appended
~ hereto. All parts and percentages are by weight unless
10 . otherwise indicated. o

. Example I
A. A se:ieé of cement compositions in tne form of
cement pastes were formed from a commercially available
Type 11 portiand'cement and water in a water to cement
15 ratio of 0.45. Bach of the samples was mixed with varying
amounts of a commercially available sodium naphthalene
. sulfonate-fo:maldehyde condensation product (DAxAD-19 of
W. R. Grace and -Co.) or varying amounts of sodium
polyacrylate salt formed substantially from acrylic acid
20 monomer via polyacrylic acid having a weight average
‘molecular weight of 2,000 or from mixtures of the two
materials. When mixtures of polyacrylic acid salt and
naphthalene sulfonic acid salt-formaldehyde condensate
were used in Varging proportions, the total amount of
25 additives were considered as the dosage level., Tne
samples containihg one additive were used as comparative
- samples. ' '
_ Each of the samples was measured for fluidity by a
standard minislump test procedure described in Kantro,
30 B. L., "Influence of Water-Reducing Admixtures on
Properties of Cement Pastes - A Miniature siump Test,"
Cement, Concrete and Aggregates, Vol. 2, No. 2 Winter
1980, pp. 95-102. Samples containing no additive were
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o] eywith sodium sul fate. Calciumand sodiumsalts are the pr ef er,red
. i fonates in the subject 15superplasticizer. The present cenent
pe Sticizer adm xture is required to be conposed of -an -al kali netal .
ol yacrylate, in conbination with an al kali netal - napht hal ene sul f onat e-
f or mal dehyde condensate alone or in adm xturewith an al kali 20netal \or_ an .,
al kaline earth netal lignin sulfonate. The polyacrylic acid netal saM™™ nust
be present in fromat |east 5 percent to 95 percent and preferably from 15
to 85 percent and nost preferably from 20 to 85 percent by wei ght of the\o/
total conbination. 25 The superpl asticizer can be in the formof a
conposition having fromabout 5 percent to 95 percent by wei ght of an
al kali metal polyacrylate with the'réﬁarning 95 to 5 percent by wei ght
conposed of an_ al kali netal or al kaline earth netal naphthal ene -
sul f onat e- f or¥BAUHRRREB AL dndtandasd anpdnexhibited @ minislung flov
preferred. of 1g5 minkee[heortalsty r@feodtisunetptngt rcmimsn%’rgﬁﬁgéhmﬁzfé om two
conmponent co ont_aiaNi r 1.0 per cent ] ght
pol yacryl at er@&iééﬁh'gésqs ‘]%‘r eq‘%a%rlr egggﬁﬁg%ﬁgé%rcgggraﬁﬁn%ﬁ?p #ﬂi&r es 5 of
the present idepinteth ln Figwreed.f r SdgureoRbshavsothabreementng all three
conmponentss degmpdiftt FIHY Gortainidg sodium polyacrylate in from 10 to
95 percent with the remainder being sodium naphthalene
sulfohate-fo;maldehyde exhibits exceptionally high degree
of fluidization. For example, at 0.25 percent solid
superplasticizer dosage based on total solids added, the
10 paste showed exceptionally high flow values (curve A) over
what would be expected as additive effect by drawing a ' e
straight line (curve B) between flow values for each
individual component. The enhanced flow for a 0.25
percent s/s dosage is the value of distance C.




acrylate a. napht hal ene-sul fonate and a lignin. The conbination shoul d <
contain from5 to 95, preferably from 15 to 85 and nost preferably fron12d4 1
t;0 85 wei ght percent- 10 of the pol yacryl ate descri bed above. The preferhed
superpl asticizer is further conposed of an al kali netal naphthal ene
'sq%jonate f ormal dehyde and ‘an al kali or alkaline earth netal (preferably
sodi umd# calciumor a mxture thereof) lignin sulfonate in weight ratio of
15 from0.1:99.9 to 99.9:0.1, preferably from90:10 to 10:90. The nost
praferred superplast|0|zer adm xtures woul d be conposed of at |east about

15 percent by weight al kali metal polyacrylate, at |east about 10 percent

by wei ght of a naphthal ene sul f onat e-fornal dehyde and at 20 .l east about 10
percent by weight of a lignin sulfonate based on the total weight of SO|IdS'
~of the admixture. The anount of the present superplasticizer cenent

adm xture required in a cenent conposition should be an effective anount to
substantial ly reduce the water content $5<by about 10 percent or greater)
whil e retaining equivalent slunp of a bl ank cenment conposition or an
effective anount to increase the slu |nta|n|ng the water to

cenent ratio, whekidsvadded desired. It has been deme found that the
conbi nat i ohs of‘%(?eégﬂ?g[;ﬂint Ya pdyagryiate pPolfiome FB ‘&@%ﬂ?'ﬂﬁ’éd Hé‘?’eﬁlr’f&aove
achi eve greater

conponent. The spggigf i ¢ anmount of the present superpiast|0|zer cenﬁgg
adm xture can be roeqdl ly determ ned ﬁmd Wil | depend]_w)on t he ceneniye

. 25 75 108
50 - 50 126

. 75 25 . 134

10 . 100 0 120
0.25 - 0 100 118

' : 25 75 ' 133

50 - ' 50 154

. _ 75 25 153

15 _ 100 0 142
0.30 0 : 100 120

25 . 75 154

50 50 _ 170

. 75 25 ' 159

20 100 : 0 149
0.40 0 100 | 135

' 25 - 75 167

50 _ . .50 | 168

75 25 162

25 100 o 156

B. A series of cement compositions were formed in

the same manner as described above at 0.25 percent s/s
total dosage except that the sodium polyacrylate was
substituted with sodium polyacrylate of 2,000 and 5,000

- 30 molecular weight and'by a copolymer formed from acrylic
acid and acrylamide monomeric units. Each mate:i&l was
tested sepa:ately and in combination (1:1) for minislump
as described above. The results are given in Table Ia
below: '




cconposition and the ratio of conponents of the conmposition. GCenerally
amount wi Il range fromabout 0.05 to'2, preferably 0.1 to 0.5 weight
) ent of total solids of the cement conposition. Geater anobunts nay be
used but generally are unnecessary to achieve the desired results. The
"superpl asticizer cenent adm xture of the pr esent invention can be adgled to
cenent conpositions in any conventional manner. For exanple, the conpefients
can-be 10 added to the cenent conpositions substantially simnultaneously
such as by previously mxing the conponents, either in a dry state or as @y
aqueous sol ution and adding the formed conposition to the cenent
conposition. It is preferred that thel®resent 15 superpl astici zer be
introduced into a cenent conposition as aqueous solution either
simul taneously with, gs parj} of or subsequent to the addition of water used --
to formthe wet cement corrpasiti ons such as just prior to utilization of
the cenent conposition. g el subj ect superpl asticizer 20 cenment adm xture
shoul d be substantiall yH ormy mxed with the cenent conposition to
permt interaction be he present adm xture and t'he hydraulic cenent
of the cement conposi$§ 5 Bl @ aRinteraction of the admi xture
conponents (the exactg b of rhe mnteraction i s unknown
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25 and not-neant to be a limtation on the present invention) caugimg
unexpected increased initial fluidity and retention of fluidity ove

The cenent’ conpositi on may contain® ot her ‘conventional cenent adm xt Mg
added in amounts and in manners known in 30 the art. For exanple, the
celent conposition containing the superplasticizer described herein may .

al so con®in air entraining agents such as resin soaps, alkyl benzene

sul fonates and the like or retarders such as gluconates, sugars and the

| i ke—as wel |l as ot her adm xtures. The resultant cenment structure, .
al though formed froma wet cenent conposition exhibiting great fluidity and
extended time of fluidity, is a structure of increased strength. This is
especially inportant add desirable when 5= h® cenent structure.is a
structural concrete formation. The foll oy EE’ 42yl es are given for
I'llustrative purposes only and are. not , alimtation on the

subj ect invention excépment samples were kormed iR iPgcAAmE Mappey ang |

Pagts 2nd percenFeaQStafesbueVﬁaegiiamsf&ﬁsdH%c&ﬁb@GWHaezkadbmatz@a)Exsaaée

: series of genent gonposiiions .,n tn r,/m. 0 S were

formed from a coffftgr ¥PEF eggi‘?lé%'lpe el%/pfeeﬁﬁ%éﬂg:ri?f'akaiggeng%?ggﬁé water in a

water to cefrent ¢Blorimpterimeasutenentish ax described by GasCni Rdwands hand

varying . P. L. Angstadt, in J. Appl. Chem. 16,166 (1966). The
results are 'given in Table II below.

TABLE II
Solids Added o
.10 as § of Total : " Time of Set
Solids (s/s) 3 nNapal 3 NaNSF2 (hrs.)
o - e 8.25
0.20 | 25 75 . . 9.0
s0 50 . 9.5
15 : - o 75 25 '10.5
0.25 | 20 80 8.75
0.30 33 66 . 9.5
. _ 50 50 | 11,25
0.40 25 15 9.75
20 1. NﬁPA = gsodium polyacrylate wa = 2000

2. NaNSF = sodium naphthalene sulfonate-formaldehyde

It is seen that each of the samples tested exhibited
acceptable set time in relation compared to the blank
inserted here for comparison.

‘25 : ' - Example III
Standard slump tests (ASTM C-143) were performed on
concrete samples formed from a mixture. of 4000 parts Type
II portland cement, 6000 parts sand, 11,000 parts aggregate
(5/8 and 1 1/4 inch or 16 and 32 mm: 50:50 mix) and 2000
30 parts water (0.5 w/c ratio) for blank or 1,700 parts water -




\ts of a coomercially avail abl e sodlun1naphthalene

gnat e- f or mal dehyde condensation product (DAXAD-19 of W R G ace and

~J- or varying anounts of sodium polyacrylate salt formed substantially
fron1acryI|c acid 20 nmononer via polyacrylic acid having a wei ght aver age
“nol ecul ar wei ght of 2,000 or frommixtures of the two materials. Vhen

m xt ures of polyacrylic acid salt and napht hal ene sulfonic acid N
sal t - formal dehyde condensate were used im varying proportions, the total
amount of 25 additives were considered as the dosage |evel. Tne sanpl es_/

cont ai ning one additive were used as conparative sanples. Each of the
sanpl es was neasured for quidity by standard m ni slunp test procedure
descri.bed in Kantro, 30 B. L., InflT € of Water-Reduci ng Adm xtures on

Agor egat o5, VA ST N TR T
addi ti ve wer esamplds- wede;cfdmdebyadndtiuanyamdxang théi dry esbkids rard unp
Taal'e’| hororpafcadstin the ard) iuisel SRR BRELASIIPLESNP R ilirl"s! |1
shows that cehest, S‘GGWSQWWIP&‘G&*FéFRFnQdEMF\&ﬁ?pol%rmkﬂsn from
10 to 9% per cinéludéd Blenk &itHctdve (aonadmidture)ipedhetébe
containing only 0.2 percent s/s sodium polyacrylate salt
or 0.2 percent s/s sodium naphthalene -
sulfonate-formaldehyde as used in Example I above (as
comparative samples) and concrete containing 0.2 percent
10 s/s of a 50:50 mixture of sodium polyacrylate and sodium
naphthalene sulfonate-formaldehyde. The results shown in
Table III below Vefify that the combination is an
extremely good cement Supe:plasticizer for concrete
compositions and achieves unexpectedly higher slump than
15 would be assumed achievable by additive effects of the
combination of components. '



For exanple, at 0.25 percent solid superplasticizer dosage based on total
solids added, the 10-paste showed exceptionally high flow values (curve A)
over what woul d be expected as additive effect by drawing a straight |ine
(curve B) ;between flow val ues for gi\c_h I ndi vi dual conponent. The enhanced

sul f onat,e-f or mal dehyde exhi bits exceptionally high degree of fluidizati on.CL{/ﬁé

fl ow forxa 0.25 percgnt s/s dosagehl Sad he val ue of distance C -17-
TABLE | (A) Solids added e o Na Napht hal ene as percent
of .\DMNa pol yacryl ate [Sul fonat e- Epr'ggalﬁehyde M ni sl unp Total Solids
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25 75 154 50 50

///”?6%75 25 159 20 100
ﬁ. 149 0. 40 - 0 - 100 :
139 25 75 167 50 - .50

168 75 25 162 25 -100

> 156 B. A series of cement conpositions were formed i nethe =~
sar& manner as described above at 0,25 percent s/s total dosage except that
t he sodi um pol yacryl ate was substit&fed with sodi um pol yacryl ate of 2, 00Q_/
and 5,000 30 nol ecul ar wei ght and by a copol yner fornmed from-acrylic acid
and acrylam de nononeric units. Each material was .tested separately and in

conbination (1:1) for mnisl um_@#gsw bed above. The results are given
in Table | a bel ow [err] - - anple Il Cenment sanples were forned -

in the same manner and _ _
A series of samples of cement compositions in the

form of cement pastes were formed using a commercial
Type II portlamlcement (Whitehall). The sodium
polyacrylate was formed from polyacrylic acid

5 homopolymer of acrylic acid with a molecular

- weight of 2,000, the sodium naphthalene sulfonate-
formaldehyde was a commercial product (Daxad 19)
and the sodium lignin sulfonate was a commercial
product (Zewapulver). The water was initially

10 mixed with the dry cement and the admixture materials
were added as an aqueous 'solution, in ratios indicated
in Table. IV .below, to the wet cement paste
approximately 9 minutes after addition of the
water. The water/cement ratio was 0.45.

15 The minislump flow was tested at 0.5 hour .
intervals after addition of the admixture material(s).
Comparative samples containing only one admixture
component or without an admixture (w/c ratio was 0.5)
or with a combination of lignin sulfonate and

20 naphthalene sulfonate were also prepared.
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f r omt-he—sanme—mat-eri al-s—-as--desc+i bed .i n-"Exanple | (B) above and were tested
for set retardation using standard 5 =~ calorineter neasurenents as
described by G. C Edwards and P. L. Angstadt, in J. Appl. Chem 16, 166
(1966). The results are given in Table Il below TABLE Il Solids Added 10
as & of Jotal ) a Time of Set Solids (s/s)

%lerr] ™ 9% NaNSF2 (hrs.) O

8.25 0. 20 25 75 _ 9.0 50 50
9.5 't§ 75 25 . '10.5 0.25

20 : 80 - 8.75°0.30 - - 33 . 66
9.5 50 - 50 11.25 0. 40 25 ' 75
9.75 20 . 1. NaPA = sodium pol yacrylate [err] - 2000 2. NaNSF = sodi um

napht hal ene sul f onat e-formal dehyde It is 2@®m that each of the sanples
tested exhibited acceptable set tinme in relation conpared to the bl ank

inserted here for conpari gon,, Exanple |11 Standard slunp tests (ASTM C 143)
were perforned on congrdt nmples formed froma mxture of 4000 parts Type
Il portland cenent, 6005' alYs sand, 11,000 parts aggregate (5/8 and 1 1/4
inch or 16 and 32 mm 5(: 0y @ and 2000 3@ . parts waper (0.5 wc ratio)
for blank or 1,700 partd pafr 3 § § 1 S § § § 1 &
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yhed by initially mxing the dry solids and then addi ng water and, where
ppropriate, after a slunp test, adding a superplasticizer adm xture. The ,
les 5 i ncl uded bl ank concrete (no adm xture), concrete containing

nly 0.2 percent s/s sodium polyacrylate salt or 0.2 percent s/s sodium ;d

napht hal ene sul fonat e-for mal dehyde as used in Exanple | above (as ="
cocgarative sanpl es) and concrete containing 0.2 percent 10 s/s of a
50M50 m xture of sodi um pol yacryl ate and .sodi um napht hal ene </

sul fonat e-f ormal dehyde. The results shown in Table 111 below.verify that
the conbination is an extrenely good sgnent superpl asticizer for concrete
conposi tions and achi eves unexpectedly "hi gher slunp than 15 woul d be

assumed achi evabl eney reddiltsvebehinedsshéw t tivaE ofid nald @F @& sioglenents. -
-21- [err] component admixture of sodium naphthalene
sulfonate-formaldehyde or of sodium lignin sulfonate
accelerates the rate of decrease in fluidity with time.
5 These samples had attained a strength (s2 of Figure 1)
where they were substantially nonflowable in less than 1
hour. Combinations of sodium naphthalene
sulfonate-formaldehyde and sodium lignin.sulfonaté also
exhibited this accelerated decrease in fluidity. The
10 sample containing only sodium polyacrylate shoﬁed good
fluidity over the time of the test but the set time for
the sample was severely retarded. The combinations of
components forming the present admixtures (samples 5 to
9) imparted all of the desired properties of initial
15 increase in slump over that expected from its components,
retention of fluidity'over extended time and acceptable
set time.

Example V
The procedure described in Example IVabove was

20 tepeated'except that the dosages of each of the admixtures
(and thereby their components) was increased to a total
dosage level of 0.20 percent s8/s. The results are shown
in Table V. These results confirm that the present
superplasticizer admixtures (Samples 5-1?) impart

25 unexpected and improved results to cement compositions.
The flow values for comparative samples 2-4 are much lower
than those for samples 5-9 at 1 hour and 1.5 hour time
intervals., Sample 1,'a1£hough showing good flow, had
undesirable set times.



-22- _Example. 1V A series._af. sanpl es.of. cenent conpositions in the form of
cenent pastes were forned using a commercial Type |l portland cenent
(Wiitehall). The sodi um pol yacrylate was formed from polyacrylic acid 5
honnpolyner of acrylic acid-with a nolecul ar weight of 2,000, the sodium
ht hal ene sul f onat e- formal dehyde was a conmmerci al product (Daxad 19) a
the'sodPun1I|gn|n sul fonate was a commerci al product (Zewapul ver). The
wat er 2?8 initially 10 mxed with the dry cenment and the adm xture
mat\eri &L s were added as an aqueous solution, in ratios indicated in Tahle
|V below, to the wet cenent paste approximately 9 minutes after addition of
the water. The water/cenent ratio was 0.45. 15 The m ni slunp fl ow was
tested at 0.5 hour intervals after addit R8n=of the adnmi xture material (s).
Conpar ati ve sanpl es containing only one adm xture conponent or w thout an
adm xture (wc ratio was 0.5) or wth a conbination of |lignin sulfonate and

20 napht hal ene sul fonate were jal sogprepared. =~ -23- .[err] O
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4 -- ~The-  r-esu-t-s--ebt ai-red--shew-t-hat the use of.a single conponent
w<ﬁxture of sodi um napht hal ene sul f onat e-f or nal dehyde or of sodiumli gnin
‘onate accelerates the rate of decrease in fluidity with time. 5 -
ése sanples had attained a strength [err] of Figure 1) where they were
substantially nonflowable i'n less than 1 hour. Conbinations of sodiunm
napht hal ene sul f onat e-f or mal dehyde and sodium lignin sulfonate al SO _
exhfhited this accelerated decrease in fluidity. The 10 sanpl e contai ning -
onl y" sodi um pol yacryl ate showed good fluidity over the tinme of the test hut,
the set tine for the sanple was severely retarded. The conbi nati ons of
conponents formng the present adm xtures (sanples 5 to 9) inparted all of
the desired properties of initial 15 < 28cTease in sl unp over that expected
fromits conponents, retention of fl gkdinbYeOVer extended tine and -

bl & S el BhEnts WSl Earand, e Hogh" B baSHRRL faL Voo0e
t her eby t hei poctipoderenpniialWwhitekalblll, 14500 ipardis ¢andgbavingl nof 0. 20
percent s /siathe & guh it Barbfifles andod zf,gmlﬂm g esults confirm
that the_present supérplasticlzer adnm xtures anpl es 5- 9) inpart
5 (w/c ratio = 0.45). Samples were formed by adding, with
the water forming the wet mortar, the admixture components
and compositions as listed in Table IV above in amounts
indicated for a total dosage of 0.125% s/s and also at
double quantities for a total dosage of 0.25% s/s.
10 samples 5 to 9 represent samplés containing admixtures of
the present invention. Time to attain initial set
strength (s3 of Figure 1) (Ti) and fingl_set strength
(s4 of Figure 1) (Tf) was determined by Proctor test
(ASTM C 403) except that initial sieving was eliminated
15 due to the absence of large particles of aggregate. Final
set was also done calorimetrically as described above.
The results are given in Table VI below. These results
show that acceptable set times are achieved with
compoéitiqns containing the superplasticizer admixtures of
20 the present invention similar to those attainable with
commercial superplasticizer admixtures.



25..unexpected and inproved results. to.cenent.conmpaosi.ti.ons. The flow val ues
for conparative sanples 2-4 are nuch |ower than those for sanples 5-9 at 1
heur and 1.5 hour. tifre intervals. Sanple |, although showi ng good flow, had
undesi‘tabl & set tines. - 25 - Jerr] - 26 - Exanple VI Cenent nortars
mengforned from 2000 parts Type I portland cement (Whitehall), 4500 parts
sand ha&?ﬁg no |l arge aggregate particles and 900 parts water 5 (wc
ratjo 0745). Sanples were formed by adding, with the water formng the
wet Nwor¥ar, the adm xture conponents and conpositions as listed in Table IV
above in ampbunts indicated for a total -d2dage of 0.125% s/s and al so at

doubl e quantities for a{tetad dosage of O. 25% s/s. 10 Sanples 5 to 9
repr esent. sanpl es cont aijni ng, aghikt Wi & the psegend nvention. Tine to
attain initial set st dlerd] wofe Food e © [Srd angd final set strength
[err] of Figure 1) [egr Mag dexekrn;ne}@ P@ct}r§§t\(ASTMC403) except
that initial sieving m’ I I .
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—~—15—due to the absence of large particles of aggregate. Final set, was al so
done calorinetrically as described above: The results are given in Table WV
gw. These results show that acceptable set tines are achieved with

posi tions containing the superplasticizer adm xtures of 20 " the present

ention simlar to those attainable with conmercial superplasticizer.

adm xt ures. - 27 - [err] - 28 - Exanple VIl Concrete sanpl es wes&
prdpared from 4000 parts Type | portland cement (Martin Marietta), 6000
parts sand, 11,000 parts aggregate (5/8 to 1 1/4 inch or 16 5 to 32 nm. \/
size) and water to forma waterotyg cenent ratio of 0.45. Additional

sanples were nade with a 10 percent water cut but with 0.2 percent s/s
dosage of commercial napht hal egampléefwrat e- f or mal dehyde superpl astici zer

Bl poses or v th Saonegesel Bafiplfs 4RPb rraRiERd I Adlo BNl o each
at a total d8¥R§eIopogtiapdr cement/ (MartincMadiesta) o600 paxted to each
sanpl e sand, 11,000 parts aggregate (5/8 to 1 1/4 inch or 16
5 to 32 mm size) and water to form a water to cement ratio
of _0.45. Additional samples were made with a 10 percent
water cut but with 0.2 percent s/s dosage of commercial
naphthalene sulfonate-formaldehyde superplasticizer and
a commercial sodium lignin sulfonate (Zewapulver) for
10 camparative purposes or with superplasticizer admixtures
of the present invention, each at a total dosage of 0.2
percent s/s. The admixtures were added to each sample
at approximately ten minutes after formation. :
Each sample was tested for slump upon formation
15 and at intervals thereafter. The samples containing
admixture were tested for slump prior to and upon

addition of the admixture. The results are shown in Table
VII below. |
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at approximately ten mnutes after formati on. Each sanple was tested for
slunmp upon formation 15 and at intervals thereafter. The sanpl es contai ni
adm xture ‘were tested for slunp prior to and upon addition of the

adm xt-ure.. The results are shown in Table VII bel ow 29 [err] - 30-
Ttke_/resul' t3 show that initial slunp or fluidity was greater (even with 10
pertent S€ss water content) for each of the concrete sanples containing the
present adm xtures and equal to or better 2han conmercial sodi um

napathal ene 5 sul fonat e superpl asticizer or comercial sodiumlignin _
sul fonate water reducer. Further, the refentfon of Muiditly is much greater
for concretes containing conposfions ofth& presentinvefion than .
obt ai nabl e via the conmmercial pHoducts. LigPe 111 Gaphishlly conmpares 10

l oss of slunp (decrease in flui itﬁ) -pf Sanmgf es havirhg jno™adm xture (curve
1), of sanples having comer ct stpet plcasticti zer?! of* 0.2 percent s/s sodium
napht hal ene sul fonate-formal d yde,(cur\% 2)s Of ganpl @s having 0.2 ' '
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3 ent . s/.s tatal of comrercial sodiumlignin sul fonate 15 (curve 3); of

Qapht hal ene sul fonat e-f or mal dehyde (curve 5). Figure Il clearly shows that

al'l sanples had substantially the sane 20 initial slunp even though ..

sanmpl es of curves 4 and 5 contained 10 percent |ess water. Sanples Ofwes

curwes 2 and 3 lose fluidity nore rapidly than the blank of curve 1 while
A%Ies of curves 4 and 5 retain essentially the same or greater fluiditw_/

conpared to the bl ank sanple 25 (curve 1). The word "DAXAD! is a

regi stered Trade Mark. -31- CLAIMg g A cenent superplast|C|zer

conposition conprising from5 to 95 percent by weight of an alkali netal

pol yacryl ate havi nthe sedulitis ahowagharoinduial sbumptonf £Iuidd PGas 25, 000 -

i nbi nat i 5, f 5 t
grkgfin;ngaL? r%&ﬁéﬁ &f*%%ﬂgiﬁ?ﬁlﬁ ﬁggég o%g¥ g?%dﬁ%né condéﬁ%%ﬁe or
(b) a mixturePfnrt W.w Fsaﬁ%FR&FF-“Srth?kEW#@ aadmmraas

- pol ynapht hal egrfa segdain aice drobettéen ttanl BomRedo s Rt Sodi\h avapH tid liend/

alkallnesgarth f@néﬂte superplasticizer or commercial sodium lignin
sulfonate water reducer. Further, the retention of
fluidity is much greater for concretes containing
compositions of the present invention than obtainable via
the commercial products. Figure III graphically compares
10 1loss of slump (decrease in fluidity) of samples having no
admixture (curve 1), of samples having commercial
superplasticizer of 0.2 percent s/s sodium naphthalene
sulfonate-fcrmaldehydé (curve 2); of samples having 0.2
percent s/s total of commercial sodium lignin sulfonate
15 (curve 3); of samples having 0.33/0.33/0.33 ratio at 0.2
percent s/s .of each of the three components (curve 4) and
samples having 50:50 sodium polyacrylate/sodium
naphthalene sulfonate-formaldehyde (curve 5). Figure III
clearly shows that all samples had subétantially the same
20 jinitial slump even though samples of curves 4 and 5
contained 10 percent less water. Samples of curves 2 and
3 lose fluidity more rapidly than the blank of curve 1
while samples of curves 4 and 5 retain essentially the
same Or greater fluxdity compated to the blank sample
25 (curve 1).
The word "DAXAD"™ is a registered Trade Mark.



lignin sulfonate. 2. A superplasticizer according to Claim1 conprising
from5 to 95 percent by weight of the :alkali netal polyacrylate having a
wei ght ~average. 15 notecul ar wei ght*of from 1,000 to 10,000 with 5 to 95
percent by wei ght of a conbination of an alkali netal napht hal ene
suLDona fornaldehyde condensation product and an alkali or alkaline earth
netal i'ghin-sul fonate in a weight ratio of 0.1:99.9 to 99.9:0.1. 20

A uperplast|C|zer according to Claim2, wherein the polyacrylate S
pre%efn’t in from15 to 85 percent by wet @k =the napt hal ene
sul fonat e-formal dehyde and lignin sulfonate arein a weight ratio of from
-32- 90:10 to 10:90: and the pol yacry/CBAIMSs formed from a honopol yner of
acrylic acid or nethacrylic acid or a.copolyner of acrylic acid and
met hacrylic acid. 4. A sup rpI | er_ accord| o Cla|n11 or 5
3, wherein the pol yacryl at ha aiﬂﬁé§ ﬁiﬁi
represents hydro NG r&pr i RE B e
represents a [ergﬁpg?i%%égéﬂrr &gr%bﬁ X g{r#dgfgrgeglﬂﬁt egera{gé J.i

greater; z is a“mé@alf&and M&%M@@w&i@%ﬂ ave2agl ﬁoi@cﬁi‘.ﬂrsum X +

y + z is | ess than O e sum of. X +
weight of from 500 to 25 OOO in camb:nation with

5 from 5 to 95 percent by weight of (a) an alkali

or alkaline earth metal polynaphthalene sulfonate-
formaldehyde condensate or (b) a mixture in
any proportion of an alkali or alkaline earth
metal §olynapht'ha1ene sulfonate-formaldehyde
10 condensate and an alkali or alkaline earth metal
lignin sulfonate.
_ 2. A sﬁperplaSticizer according to Claim 1
comprising frah's to 95 percent by weight of the
alkali metal polyacrylate having a weight average
15 molecular weight of from 1,60’0 to 10,000 with 5 to 95
pexrcent by yeight of a combination of an alkali metal
naphthalene sulfdnate-fotmaldghyde cbndengation
- product and an alkali'o? alkaline earth metal lignin
sulfonate in a weight ratio of 0.1:99.9 to 99.9:0.1.
20' . 3. A superplasticzzer accordxng to Claim 2,
wherein the polyacrylate is present in from 15 to 85
percent by'weight: the napthalene sulfonate~formaldehyde
| ané iignin.aﬁlfanate aré in a weight ratio of from |

_—

A 0



sych that the above formula represents a.polymer having-a nol ecul ar,

ynt of from 500 to 25,000. 5. A superpl astici zer according to Caimi4

vherein Mis sodium z is zero; and the sumof x + y is such that the 3

formula in claim 4 represents a pol ymer of wei ght average nol ecul ar wei ght

of from1,000 to 10,000. 6. A superplasticizer according to Cdaim1l ,k ™~ "

substantial |y as described in any one of the foregoing 20 Exanpl es. 7=A
mlpt conposition conprising a silicate -33- based cenent and a

supetrpl asticizer as clainmed in any one of clains 1 to 6 present in the said/

cenment conposition in a proportion of fromO0.05 to 2 weight percent of the

solid superplasticizer based on the tet 3R & solids of the cenent

conposi tion. 8. A conposition according to claim?7 wherein the cement
conposi ti on i 908l@otark@99prand ﬂl&)tﬁ@l&@dm 8 Lormese FEORN S, -

aggregate and water and the super Iast|C| zer pr esent roportion of
10 fromO0. 1 tbwmm"%eﬁmf 3‘%’ &Hr%% a®cenent -

structure which ¢ ris mX| nt co 0Siti g a silicate-
based cerrenF°_88_£%\ft VREERY g‘ﬁ ¥E %t]g% g%égnght percent s/s
of a superplasticizer Cﬂmoﬁ'éﬁﬂ&ﬁfasticzzer according to Claim 1,2, or

5 3,whereinthe polyacrylate has. a general formula:
.o+ T (1

it -Ecaz-T-}g- -Ecaz-T'}:

cocH coom cor?t

wherein R represents hydrogen or methyl: M represe‘nts an
alkali metal:; rt ,reprege_nj:s- a cl_-C'-3 alkoxy or NH,
group; x and y are integers of 1 or greater:_ z is an
10 integer including zero: the ratio of z to the sum
X +y + 2z is less than 0.3; andthe'smnbfx+y+z
is such that the above _formula represents a polymer having
a molecular weight of from 500 to 25,000. |
S5« A _superj:lasticizer_ according to Claim 4
15 wherein M is sodium; z is zero; and the sum of x + y
is such _that the formula J.n clairﬁ 4 represents a polymer
of weight average molecular weight of from_ 1,000 to 10,000.
6. A superplasticizér according to Claim 1
substantially as described in any one of the foregoing
20 Examples.
7. A cement composition comprising a silicate

/
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15 clained i.-n any one of clains 1 to 6 to cause the superplasticizer and

t he "Aydfauli'c "cerent thereéin to interact and inpart fluidity to said cement/ -
conposktiadn: forpng said fluidized cenent conposition into a desired.
shape:- and curing said cenent conposition. 20 10. A net hod
aogprdlng'to Claim9 wherein the cement conposition is concrete forned fro
a silicaté- based cenment, sand, aggregate and water and the

super plgastici zer is present in fromO0.1 to 0.5 weight percent s/s. 25
11\~/C5§ent structures produced by t he met hod of claim9 or 10.
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~ based cement and a euperplasticizer as claiﬁed in any
one of claims 1 to 6 present in the said cement
composition in a proportion of from 0.05 to 2 weight
pércent of the solid superplasticizer based on the total

5 solids of the_cemeng composition.
8. A composition according to claim 7

wherein the ceﬁent composition is a concrete formed
from a silicateébased cement,sand; aggregate and water
and the superplasficizer is present in a proportion of

10 from 0.1 to 0.5 weight percent s/s.

9. A method of forming a cement structure which
eombrises.mixing a cement composition having a silicate-
‘based  cement base with water and with from 0.05 to
2 weight percent s/s of a superplasticizer cemposition as

15 claimed in any one of claims 1 to 6 to cause the

 superplasticizer and the hydraulic cement therein to.
interact and impart fluidity to said cement composition:
formzng said fluzdized cement composition into a
desired shape; and curing said cement composition.

20 10. A method according to Claim 9 wherein the
cement composition is concrete fcrméd from a silicgte-
based ce@ent,sand, aggregate and wEter and the
superplasticizer_is'p&esént in from 0.1l to 0.5 weight
percent s/s. _

25 1l. Cement structures produced by the method

of claim 9 or 10. -
I —
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