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SELF- LEVELI NG COVPOUNDS FI ELD OF | NVENTI ON The present invention rel ates
to the useoebosuger pl asticizing additives for concrete ardTashsro145
cenentitious materials that substantially increase the initial workability
of the cenmentitious mxes, to maintain the workability for |onger 5 periods
than those corresponding to the traditional superplasticizers, and to

al l ow an easy placing of the cenmentitious materials. More specifically,
this invention relates to the use of a co- or ter-polynmer of a carboxylic
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Prior art on polyacrylate superplasticizers for concrete a I catlons have

been devel o@Eaid,ipeigsphericragsichaad potyethysenaglydolmtinoallylestérsuifate mer i ods and
[ the t ] f ' f | . di Wt t furth

et amper s ng CRIBERLS bLOER rRBREIAT A s brirtt el il Gl AR abO o based

on -1 WQo03/¢i3peies BeMsIF82had8 hétadverse effect on the mechanical properties of the

materials.

BACKGROUND OF THE INVENTION
The construction industry uses various superplasticizers for producing

15 strong concrete and other cementitious materials (e.g., self-leveling compounds,
self-compacting concrete, anhydrite floor screeds, etc). Polyacrylate
superplasticizers are the premium products for producing high compressive
strength concrete with longer workability. Polyacrylate superplasticizers are
more effective products than conventional superplasticizers, such as

20 naphthalene, lignin, and melamine sulfonates, since they have less slump loss
(better pumpability/workability for 90 minutes), low air entraining effect, and
higher water reducing capacity. They also do not contain formaldehyde, which is

a hazardous material.

25 Prior art on polyacrylate superplasticizers for concrete applications have
been developed capable to maintain the same fluidity for longer periods and
allow the transport of fresh concrete for long distances without further

retempering the concrete at the placing-site. These new additives are based on



crosslinked hydrophilic acrylic polyners, which hydrolyze in the strong

al kaline nmedium of cenentitious mxes to produce |inear polyner chains,
whi ch r edwoas/o8tses sl unp | oss effect. 5 US patent 5,362, 322Cdsowbkeius et al)
descri bes terpolynmers of (nmeth)acrylic acid and

pol yet hyl enegisgtidiechbydsapbilig retyie Polyreens) which hydsolszel in the strong alkaline

pat ot Beonso P SenieTEHOLS (oo WS Pk L She RRb RO
Ltd.) di scl treeslusipioksieffeeichnol ogy to that of Cerulli et al using di epoxy

based crosslinking agent. io Takenbto Ol & Fat Co., also patented in Japan
(JP 22675, and 212152) acrylic acid terpolyners with sodi um

met hal | y§ sul f onap)g ghy nf@f3@92@243‘gé‘@ﬁi@t’|a9’b%scﬁbé(§%r?@ﬁ@?@bhﬁﬁ%@?&ﬁlié or

super pl astici zer applications. pat ent 6, 139, 62 rmn e scl oses
an admi xt ur acidansosdlyéthyleneglycohmanameghdethies{metdjacytdbe podyner and

def oam ng agent for use as.a cgncre superplasti.ci zer.. The co | yer
descrtbed | HoOpRr et R drEtDarRldle Bt idnARi e Aiceion HBRelte
attached cepsei268ChiHakatt P AfHEPU4ETTY Bi qNipHonShakibap ey td/)] 81861086 Oups.
The oxyal kyl ene groups were obtained from Jaffam ne M 2070, which is a

copol ymer osinpilar jeghnplegictoghahgl Cawillbgt &l aising diepoxypbasas grassiinkingagentet hy |
group as,th 1 Al ) B, Yy i scloses
Qompos: 17 on' BFEBI 8 LERES: o2 BALAR i1 HEn 12 2087 8k a2l st AR
napht hal eneasidl ttqpoiyraeanditio sodiugnmethallylsutfondte sl whethoxygonethyldne
bet a- gypsum stucco and Port]| antc(i) cenent as. bi nde[i. .25 WD 99/08978 (Yu et
al) di scl os8YEREMEBRAEENFGYRGfor SlipeRiasticizer BBRICAIONS, nul ati on cont ai ni ng
di spersants such as napht hal ene sul fonate and or lignin sulfonate. 30 None
of the above prior art discloses the instant invention; there still
remai ns a need i W patent 6,1881623 Slaveinpeteal) discloses ahadnhiature spmposiionl ui di ty
gBM%ISFS ??e@c %Prpoﬂm%%%%e}ﬁgd ce;érfn Cp'o )%er ér%d ‘é‘%%o%gr’r’nr‘?& %agr‘:’t oﬂ]/sg Sa(%Zg cz;gnchl"gte
superplasticizer. The comb polymer described in this patent has a carbon-
containing backbone to which are attached cement-anchoring molecules (acrylic
acid) and oxyalkylene groups. The oxyalkylene groups were obtained from
Jaffamine M-2070, which is a copolymer of polyethylene-propylene oxide with

20 primary amine and methyl group as the terminal groups.

US patent 5,858,083 (Stav et al) discloses composition of self-leveling
flow compound composition containing naphthalene sulfonate and/or lignin
sulfonate as dispersant and beta-gypsum stucco and Portland cement as binder.

25

WO 99/08978 (Yu et al) disclose the composition of gypsum wall board

formulation containing dispersants such as naphthalene sulfonate and or lignin

sulfonate.

30 None of the above prior art discloses the instant invention; there still
remains a need in the art for a superplasticizer that has improved fluidity and yet

is economical and efficient.



The present invention is directed to a building material conposition
conprising: 5 a) a co- or ter-polyner of (1) a material selected fromthe
group cowseimstBrsgs of carboxylic acid, sulfonic acid, phospoarisozaausl, am de

formthereof or m xtures thereof an | | east one pol yet hyl enegl ycol
nonoal kyl ether sulfate and @UMN&%%%@ ﬁ\“?%NTLQNeCt ed fromthe group
consi sting of gygsum 10 and cenent. This invention is also related to a

met hod for produdh@dgresedntimdntipn ig dineeted ito adouildinginateriah temipakitioonpr i si ng

pol ymeri zi ng @ nlgirﬁgmar m xture of a co- or ter- polynmer of a carboxylic
aci d, sul f oRP'CPHES ; or phosphonic acid or amde 15 formthereof or

m xturessthereof apnd p@oy ek kBt mingakyofll) apimedialBeleté® froftiheaireupf or a
sufficient tinme and tenperature for produci ng a pol,almar of the nonomers
Bnie as1d,

and addi ng the pol yneforgstingehgarbexylis asidyisy inhgsebiprinasid, @npdeduce
the fluidity control *drﬂ&h%%df‘gr?ﬁx@é§gie?%ofeﬁﬁ@ﬁﬁe‘a@o SCRI PTI ON OF THE
ound that 1

| NVENTION It has been surprisingly S possible to nake a
buil ding material thpolyets/lendglgiol slomoplkyLether shifate agxicessi ve aerati on by

using a superplasticizer,of a,co-, or ter- polyner of a carboxylic acid,
sul fonic acid, oP’ ph8 R9 matery s[ql%éteqi ﬁ@ﬁh&é@'&“ﬂ&l"?%‘?ﬁw Qﬁéljﬂ’WI
monoal | y) ester sulfaggd cémegrpnoner. Superpl asticizer The present

i nvention pertains to the use of novel water-soluble or water- dispersible
pol ymers, which contain pendant functional groups as additives for 30

ovent i onare. copBityneyaast st BERE aneteg BReedERer oy "ror mi a 1.
-3 WO 03/ 0336l eg bUiIRg 29:téhal domiprising polRinerizingtd nfdndmér mikturé of a co-
or ter- polymer of a carboxylic acid, sulfonic acid, or phosphonic acid or amide
15 form thereof or mixtures thereof and polyethyleneglycol monoallyl ester sulfate
for a sufficient time and temperature for producing a polymer of the monomers
and adding the polymer to a cementitious mixture of ingredients to produce the

fluidity controlling building material.

20 DETAILED DESCRIPTION OF THE INVENTION
It has been surprisingly found that it is possible to make a building
material that has a high slump but without excessive aeration by using a
superplasticizer of a co- or ter- polymer of a carboxylic acid, sulfonic acid, or
phosphonic acid that includes a polyethyleneglycol monoallyl ester sulfate

25 monomer.

Superplasticizer
The present invention pertains to the use of novel water-soluble or water-
dispersible polymers, which contain pendant functional groups as additives for
30 concrete and other cementitious materials. The polymers of the present

invention are copolymers or terpolymers having the structure of Formula .
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an ethylenically wunsaturated conpound;

sul f oni ¢ woiosip3ipésosphoni ¢  acid, or amd
R, is Hor lower (C1-C4) alkyl. Giois
CH2- CH2- G3-n or + CH2- CHCH3-(03- n where

about 1 to 100, preferably about 1 to Frmwiails an ani oni c radical

fromthe group consisting of SG3, P03, o
sol ubl e cationic nmoiety which counterbal
anioni c radical X, including but not lin
present, is a repeat unit having the str
R4& * CH2 ?H2I O RS T XZ _{me 3/ 031
and Z are the sane as in Fornul c R4 T[s
hydroxy substituted al kyl or al kyl ene h4g
atons. 5 Wth respect to E of Formula 1,

obtai ned after polynerization of a carbg
phosphonic acid, or am de formthereof

conpounds include, but are not limted

t remaining after polynerization of
preferably, a carboxylic acid,

e formthereof orpPaTASW/®™I4x her eof .
-CH2- or -CHCH3-; R2 is +

nis an integer that ranges from

sel ected

r COO Z is hydrogen or any water

ances the 15 val ence of the

+—+ed to ., K, Ca, or NH4. F, when

ucture f‘ForrruIaII 20 Fornmula I1

36, PCT U 2/291;1_ Forrmla I, X
r ealkyl. R5 is

vi ng frgm about 1to 6 car bon

it maylconprise the repeating unit

xylic aéid, sulfonic acid,
or nixtﬁ? s thereof. Exenplary
to, the peating unit remaining

after polynerization of acrylic acid, n
met hacrylsam de, N-nethyl acrylam de, N,

N-i sopropyl acryl am de, maleic acid or an

et hacry)(zc qacid, acryl am de,
N i o di nethyl acryl am de,
hydri de, fumaric

wherein E is the repeat unit remaining after polymerization of an ethylenically

unsaturated compound; preferably, a ¢

arboxylic acid, sulfonic acid, phosphonic

acid, or amide form thereof or mixtures thereof. R is H or lower (C4-C4) alkyl. G

10

an integer that ranges from about 1 to

X is an anionic radical selected from th
Z is hydrogen or any water soluble cati

15

is -CHa- or -CHCHas-; Rz is -& CH2-CH2-O} or  CH,-CHCH3-O), where n is

100, preferably about 1 to 20.

e group consisting of SO3, PO3, or COO;

ionic moiety which counterbalances the

valence of the anionic radical X, including but not limited to Na, K, Ca, or NH,.

F, when present, is a repeat unit having the structure of Formula II.

20
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acid, itaconic acid, styrene sulfonic acid, vinyl sulfonic acid,

| sopropenyl phosphoni ¢ acid, vinyl phosphonic acid, vinylidene

di - phosphwaios/ozsed, 2- acryl am do-2-net hyl propane sul f onPcTasdzi2%#d t he

| i ke and m xtures thereof. Water-soluble salt fornms of these acids are

al so within the poaforewaH, XMdJZSam’é@eaame aséa‘ancmulal\}’brFQ ishhor pwert(@pe of

t t th t t .
ohone! s o5ty BEIPORERY ahPahien ARUHThoRnd BEoP For bnaliEber
repeating urUatrboﬁI'a@nﬁ@t o is not critical to the present invention

providing that the 20 resulting copolyner is water-soluble or
wat er - di spersi bl e. Subscripts ¢ and d are positive integers while subscri pt

e is a nqQn-negati ' e rs,.of 1.or nore
whi e e an be 0. Vin rEREElo ETlorkdla § B s B iz

i nvention, tdtdined afiee pelyenctizdtioh of a&am»ylhcecm;Bdﬁ@ﬂb)ﬁ@t&ﬂh@@ﬁlﬂéﬂﬂ@@bld
nonoal | yl ether sulfate of %he struct ure of Fornula I1l. -5 WO 03/031365

PCT/ US02/ 29 4Simigg form Iherepf er mpgures thereof. Fpermplary eompoipds inghude, but  Grp |
H2. n S03 about 1
T o 2o arf noblitiies § W8 bBestRRy LiiPfBrRRIG aktdr bohMlerdfiohidrapnica O,

io Mol ar rataard o'nethaalrygesaCfd @cnidamide, mmethadrylapnidé eNabéthyl acbrglanmdarNrNtl o of
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1 t
the pr esdn SRTNAARHIFTBRSy NoRRBroP YRR R SERIBIe BT FRbFare, fimaric
wat er - sol “bleﬁ?ld),rlta\d@h@rac@ls‘iﬂ@hé's@lf@nlc acid, vinyl sulfonic acid, isopropenyl

phosphonic acid, vinyl phosphonic acid, vinylidene di-phosphonic acid, 2-
acrylamido-2-methylpropane sulfonic acid and the like and mixtures thereof.
Water—soluble salt forms of these acids are also within the purview of the

15 present invention. More than one type of monomer unit E may be present in the

polymer of the present invention.

Subscripts ¢, d, and e in Formula | are the molar ratio of the monomer
repeating unit. The ratio is not critical to the present invention providing that the
20  resulting copolymer is water-soluble or water-dispersible. Subscripts ¢ and d are
positive integers while subscript e is a non-negative integer. That is, c and d are

integers of 1 or more while e can be 0, 1, 2, etc.

A preferred copolymer of the present invention, that is where e = 0, is
25 acrylic acid/polyethyleneglycol monoallyl ether sulfate of the structure of Formula
.



15 A preferred terpolymer of the present invention, that is where e is a
positive integer, is acrylic acid/polyethyleneglycol nonoallyl ether

sul f at e/ w@b3d/gsiasy- 2- hydr oxypropyl - 3-sul foni ¢ acid of thecEpUsaM™WSe Of
Formula I'V. Formula IV 20 -C4-6-CH * * CH2 CFi * * CH2 Chi 0=C2 Z C-O
OCHCH 22 HOCHODNS sod e S03 _ d-6 W 03/031365 PCT/ US02/ 29145
Wherein n ranges from about 1-100, prafmeuladlly about 1-20. Z is hydrogen or
a water-soluble cation such as, Na, K, Ca or NH4. Z may be the sane or 5

different in c, d and e. The nole ratio of c:d.,e.is not ¢critical so |long as
the terpolymer is water-sol ybl Q. IS ihl 'CI-IlDr ferably the nole
ratio c:d:e ranges from about 28: 20: % . 1: 20.7" Fhe ool yjreri zation of the
copol ymer and/or terpolynmer of |the(Qm=€sen iolinventi y proceed in
accordance with solution, emul §ion, nilcelf e or| disperlsi‘on| pol ynerization

techni ques. Conventional polymgrizati iaitiajors such as persul fates,
peroxi des, and azo type initiators may be used| Poly i zjati on may al so be
initiated by radiation or ultraviolet nechanis Chgi r? tfransfer agents
such as isopropanol, allyl alcohol, hypophosphijtes, afhhes| is or nercapto
conpounds may be used to regul ate the nol ecul aj wei ght' of [the polyner.
Branchi ng agents such as net hyl ene bi sacryl am dle, or rvet hyl ene gl ycol
diacrylate and other nmultifunctional crosslinking agemjs y be added. The
resulting polyner nay be isolated by precipitation or othed well-known

5

Wherein n ranges from about 1t0100, preferably about 1to 20. Z is

hydrogen or a water-soluble cation such as Na, K, Ca or NH,.

10 Molar ratio c:d ranges from 30:1 to 1:20. Preferably, the molar ratio of c:d
ranges from about 15:1 to 1:10. The ratio of ¢ to d is not critical to the present
invention providing that the resulting polymer is water-soluble or water-

dispersible.

15 A preferred terpolymer of the present invention, that is where e is a positive
integer, is acrylic acid/polyethyleneglycol monoallyl ether sulfate/1-allyloxy-2-

hydroxypropyl-3-sulfonic acid of the structure of Formula IV.

Formula IV
20
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techniques. If polynerization is in an aqueous solution, the pol yner may
sinply 20 be used in the aqueous solution form The wei ght average

nol ecul arwoes/ghiseY M) of the water-soluble copolynmer of Pormsbm2oi4i s not
critical but preferably falls within the range Mv lower limt of about
1,000 Daltons and upper |imt of about 1,000,000 Daltons. 25 More
preferably, the upper limt is about 50,000 Daltons and the lower Iimt is

25,000 Dal t ons. WHAE T EaaT b o EA Y00 W i aBRE grad” 418 RydtOgeN

wat er - sol ublge eowatertselublelcatien s.udsﬂ as, 89, rauﬁ:h@r NH M2 ﬁfayatbétrﬁysarh@bkdl ng
material" reference i s made the class of construction

material § exdfgENt ingg do?“Q:SnJrh@t'@gPecralt'e Qf@r?eﬂﬂssn‘atrﬁf't'&ah%%IWSaS ther oj ecti on
pl asters, s BRI C

nortars, rratgggbﬂén%g‘%%gp%@rﬁt ar sr ﬁﬁ%&er e?'ecoélygr%tséﬁl thé‘?ﬁ(ﬂlé rgir@ég?i ®crack
-7 WD 03/ 031a6§eitomUusout 201151 toi1l1:20s, f I oor screeds, and adhesi ve
nortars. These nmaterials are essentially Portland cenents, Plaster of

Paris or vinyl c oI rs cont ai pi ng functi ona addltlves to inpart
characteristics ?ﬁ’tf»‘u ef'é?“%??@ﬁsco@&'i’é’ﬂ?ﬁﬁﬁ Iemtesplynenpf tiespresent

Cont rol Ijong éﬁ\'f%t?ﬁﬂtrﬁé ,E,’?‘Sféé-d ih: corda*h%e%tmfolﬁﬁo%n%'lsi%t hiideedgtP! | cation
properties are obtalned, in these materials is 'therefore of great

i nport ance. dlspmsmasacﬂ)ymet'ﬁattdmetepherhees e onsertionsdl pofyonerization dnitiatocs t he
water ratio in, buil |ﬁ% mat er | % é/l’(i % non- ID ic cel bul gse et hers have
been given 5 Qq,soqqa(su gs,t;hegyx ﬁﬁr% a {y(ﬂ,e 'Pg CHFIF%W ﬁé[llsg eristics and
ot her physi qdiyReapeidn ﬁ\‘éylal’s&tiéfhlﬂétew bidtiohYor uteablet FizelanierRn ti ne,
tack, bl eeding, adhesion, set tineg, air entrainnment. In accordance

with the prdshkaip trawéaﬁtag@nts $Uh @w@pmmmoi @llybalcolels hyrophasghites, amines
ter-pol y@er cPrf fcaut oeﬁrﬁ ﬁ(dé‘ﬁ!% Y @ée‘qdﬁ pﬂfé?é M&@@MW&@W fARga! yeol
i s nonoal | yl er- su e i npar s exce wor kabi 11 con ency,

appear ance, pmyfnen r Beamchéentt agerds sath aasnettijlese drisdovylamideliorgoiytieylead s
whi |l e reduci

gq)gcov\%|acrylagee.erarr‘\aé1 gther multifunctional crosslinking agents may be added.
The resulting polymer may be isolated by precipitation or other well-known
techniques. If polymerization is in an aqueous solution, the polymer may simply

20 be used in the aqueous solution form.

The weight average molecular weight (Mw) of the water-soluble
copolymer of Formula | is not critical but preferably falls within the range Mw
lower limit of about 1,000 Daltons and upper limit of about 1,000,000 Daltons.

25 More preferably, the upper limit is about 50,000 Daitons and the lower limit is
about 1,500 Daltons. Even more preferably, and the upper limit is about 25,000
Daltons. The essential criterion is that the polymer be water-soluble or water-

dispersible.

30  Building Materials
By “building material” reference is made to members of the class of
construction materials exemplified by concrete, tile cements and adhesives,
projection plasters, stuccos based on cement and synthetic binders, ready mixed

mortars, manually applied mortars, underwater concrete, joint cement, crack

-7-



The building material conposition of the present invention includes, based
20 on the total solids phase of the dry conposition, fromabout 2 to about
99 wt % wb oan3iBeast one hydraulic or synthetic binder, upCrwselmu#s 95 wt.
% of at |least one filler, and fromabout 0.05 to about 5 wt. % of at |east
one of the ﬂtlarﬁerflpbascﬂeedseam afihesive prostaesit Thase materials Bhe gssentidile used

| ] h hal | £
andlor 1 i gnino0aM Saedte. $yadtef Bt AE VIR e e BRsBRE 1
Prepar at i on gfdithesytbiimpAsi dHardsteRsticsredhired W'\Mﬁbh@ébnét?@tloﬁ%ﬁpﬁbﬁtlons

Copol yner 30 A suitable reaction flask was equi pped with a nechani cal
agitator, aCem &"ﬂﬁmﬁteewatea ratig, ligx the paih séwhich eptimemeapplichtian araperties

a0 o0 1 Sek el 6 1l e AOAGRIERTEC B8 HiSiee e | 2k ves
al 'yl pol yet hoxy( 10) sulfate. Wile -8 WO 03/ 031365 PCT/ US02/ 29145

sparging with nitrogen, the gol ut| S heate?ﬁto 85C. An initiator,
sol ution cont ai g Waoge o ezpr? e, maderals frrfondiol Bgdhe warer iRl idr i de

(Vako V-50, bk Whieiaf T84y n&wmﬁ@xénmss% ?mwﬁgﬁ%tag BheapRtofer ten

m nutes. The inrtiator solution and crylic aci'd were
added graduadd tyleymnprm/%waMcreﬂeohom k:banacters(ucaandroélmerl‘physmmpramamééal | owi ng
t he addition he sol u heatedt ldfo 60 m nytes. The
reacti on' vvassutchear? ‘888@&5?3{ é’olnﬁﬁé $CY HB(?‘P g?f% glﬁ?% S'QBI ﬁ?rwmewas
added until ZiieaipEntramgned 8-9. The reaction was heat ed to 95C for one
hour to renove ammoni a. 10 EXAMPLE 2 Preparation of Acrylic Acid/ Amonium
Al l'yl pol yethoxy (10) sulfate Copolyner Uilizing the appar atus as

described in Exa V&tiaho
dei oni zed wat er gﬁﬁ%gérq??\cé‘?@ﬁﬁfh% %géﬁlﬁgm@uﬁ% Bla‘é’h 'Z%ai;lsgig%)
sul f at e. V\hldretespallymeng)f‘ethylemcallwgmtumtmi soinotriers awdsa ;btﬂyeteglleheglycol
15 monoallyl ester sulfate imparts excellent workability, consistency, appearance,
and air content, as well as adhesion to building materials while reducing water

demand.

The building material composition of the present invention includes, based
20 on the total solids phase of the dry composition, from about 2 to about 99 wt %
of at least one hydraulic or synthetic binder, up to about 95 wt. % of at least one
filler, and from about 0.05 to about 5 wt. % of at least one of the
superplasticizers of the present invention. They may be used alone or in
combination with cellulose ethers, naphthalene sulfonate and/or lignin sulfonate

25  as building material additives.

EXAMPLE 1

Preparation of Acrylic Acid/ Ammonium Allylpolyethoxy (10) sulfate
Copolymer

30
A suitable reaction flask was equipped with a mechanical agitator, a

thermometer, a reflux condenser, a nitrogen inlet and two addition inlets for the
initiator and monomer solutions. The flask was charged with 73.5 g of deionized
water and 58.5 g (0.1 mol) of ammonium allyl polyethoxy(10) sulfate. While

-8-



85C. An initiator solution containing 1.9 g. of sodiumpersulfate in D
water was sparged with nitrogen for ten mnutes. The initiator solution
and 21. 6 w0 04/031365 nol ) of acrylic acid were added gradual PgTMUSOY/19e47 eact i on
flask over a two hour 20 period. A solution containing 0.88 g. of sodium
hypophosphi tsparging wjth nitrogen ethe sodigionl was hedted toB5°Be Anl mstiatovgolutiord0

el for 60 NS 248 of 25 A Ol HRprobBnE iy e erdsr takn Vool and

50% caust i ¢ fash Wake Ohiedl Bshpaih ) wadepdrged WESHIfrS @f& teﬁhﬁnh@%ctvﬁe was
heated to 95C for one hour to renobve 25 ammoni a. EXA 3-10 Additional

copol yner s iBitigtgssepdicaand2 k6w (aavel) wf errvia @cgiewefeaadd%bg radoatyte theas

descri be t he
monoer s and Aol b Oy el bl HEfd, Baf BB IRE RLBBh St B s |
sulrmar i zesf thmtecd)lt)m%‘a@ 'andi\oew%r]’;ﬁm:rmﬁsi pTlopezdctien wds ml@abw@_lwtg IE%T
olyners o a s e ecu s were obtaine a

gl zg Excl usﬁEﬁn@ gr?é\do%&{ﬁwsﬁ?lé? PR WSS ?@Ve%d-?’vgg?eyp*"dnﬁﬁlﬂeg&%t ih@ard.
5 TABLE 1 PqbybRin W%%%'téd fU‘Q&%CSer'o‘ﬁ% h\6u$‘€6’?éﬂ1b$v<§é fia{ MONONEr 1l e
ratio) %Actives s 1 60 pH Mv 1 AA/ APES (3/1) cps 6.1 15,300 2

AA/ APES (4/1) 26.0 12.0 cps 5.6 5,960 3 AA/APES (6/1) 25.1 12.0 cps 5.6
6. 450 410AA/ APES 3/1 26.9 23.0 cps 6.EXABPIE2 5 AA/ APES 3/1 24.6 43.0 cps

5.7 69.800 6 AA APES.3/1.24. 8.13 Q fRS 5. 9 10, AP 21.
13.8 cps 8.5 17, 1&RArat0 W%fé!"ﬁz\%df § ’%‘B’QESWGA@/W Eﬁﬁ(si‘ifla&%o 9
AA/ APES 3/1 37.4 80.5 cps 6.0 19, 600 990 NDES 3/1 25.2 15.9 cps 6.0

16,700 AA = acrylic acid
Utilizing the apparatus as described in Example 1, a reaction flask was

15 charged with 73.5 g of deionized water and 58.5 g (0.1 mol) of ammonium allyl
polyethoxy(10) sulfate. While sparging with nitrogen, the solution was heated to
85°C. An initiator solution containing 1.9 g. of sodium persulfate in DI water was
sparged with nitrogen for ten minutes. The initiator solution and 21.6 g. (0.3
mol) of acrylic acid were added gradually to the reaction flask over a two hour

20  period. A solution containing 0.88 g. of sodium hypophosphite in 5 g. of water
was also added to the flask over a 90 minute period. Following the addition, the
solution was heated to 95°C and held for 60 minutes. The reaction was then
cooled to lower than 60°C and 50% caustic solution was added until the pH
measured 8-9. The reaction was heated to 95°C for one hour to remove

25 ammonia.
EXAMPLES 3-10

Additional copolymers were prepared in accordance with the general
30 procedure as described in Examples 1 and 2 with varying co-monomer mole

ratios of the monomers and molecular weights.
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e

from Bi max
1-al | yl oxyead3hsidsoxypr opyl - 3-sul foni ¢ aci d,
Evaluation for Self Leveling Pro
for the bl ends ofTabﬂﬁﬂlwmmnathe@w

I nc.

erty

10 AHPS =

Japan; Lonarg 8jzeExuiygibh @heomatodrasmasnallsio tisFigp sty i@hci@as Aanddrd.
AA/ AHPS and AA/ AE- 10 pol yacryl ate di spersant from Bet zDear born

f rom Bet zDear POTWSOI2MMPLE 11
15 A self-leveling flow test was run
ositinns@nkphysgical propértias of the co-

TR RAERLE! el PeEft- T FigenutORBIGpI B ebiEiRoe o,

Di vi si on of

Hercul es I ncorporated, WI mngton, Delaware, were used as control sanples.
Fromthi$ fl ow measurenent, the sanpl eBABEEsbersi ng power, water reducing
capacity, gmd Tt ow SeabLiidrtfitET QU ols il T MUlRS iG] € qonparef—25—+t
was found t|Hasmelpe :gpyoylg;e,;,ﬁeé?o)t he i Kbxgod;is@n, sgﬂs\f@ﬁz exae@H ent | Mw
super pl asti|Ci ZI Ng_el AgApES3/ 0T L ar_Cepsiy T or mul Aty §RR and ¢qt MeT | 15300
cenenti tioys 2m xes| AAMKPES@POl YNErs redgiged The Wakekps0EMAnGE Of T higgocement
m x and gegnepated gaadapesid/nal Tl ow, [and mai ntailnedcgset enfsison of 6.450
wor kabi lity. 410 WO| Q3/A¥%$36A» PCT/ US02L29145 The 2poedsi M naty evakisabi on
data of Por|t]l and cemanArArEa@d) and addi te#€ m xes aneosglkown [is1 Tab| esso? - |4
and fl ow eval Gat i on| adtARES(3(13 describedddfter TabBecpd. 5 |FABLE PR1GHIONV
PROPERTY OR_CENENT/ SANAREE T3/ WARI QUS SRPERPLASTI CLZERS Fl|dWw of c&waent / sand
wi th vari ous_Super pl AMARESARPS (@5 wi %-8uper pl astld.Bipter hdded onlhen
Initial flouw Rlow afASARESCH nut es_g,é};?J_e W C n&0Peps(i ngleds) (| Hk498s) | No
Additives 0.5W 2 75| AA/APES(3/1) 25. 15.9 cps 6.0 16,700 ~
AA =acrylic acid
APES = ammonium allylpolyethoxy(10) sulphate,with10 moles of ethylene oxide, DVP-010, from Bimax
Inc.
10  AHPS = l-allyloxy-2-hydroxypropyl-3-sulfonic acid, from BetzDearborn
EXAMPLE 11
Evaluation for Self Leveling Property
15
A self-leveling flow test was run for the blends of Portland cement/sand
and water with various superplasticizers. Commercial superplasticizers:
Mapefluid® X404 polyacrylate from Mapei Co., Japan, Malialim® polyacrylate
from Nopco, Japan; Lomar® D naphthalene sulfonate from GEO Chemical Co.
20 and AA/AHPS and AA/AE-10 polyacrylate dispersant from BetzDearborn
Division of Hercules Incorporated, Wilmington, Delaware, were used as control
samples. From this flow measurement, the samples’ dispersing power, water
reducing capacity, and flow stability after aging 90 minutes were compared.
25 It was found that the copolymers of the invention, showed excellent

superplasticizing effect on mortar cement formulations and other cementitious

mixes. The copolymers reduced the water demand of the cement mix and

generated good initial flow, and maintained retention of workability.

-10 -



AA/ AHPS 0.48 3.25 0 AA/AE-10 0.48 2.5 0 AA/AHPS/ AE- 0.48 2.75 0 10 1
0.48 >5 0 1 0.52>54.4 20.48 >0 20.52>3.75 30.48 >5 0 3 0.52
>5 3.25 WOAABES is acrylic acid/allyl hydroxypropyl sub€Dustx2setsher
copol ymer, Mv about 15,000. 10 ** AA/AE-10 is acrylic

aci d/ pol yet hyl enelji§ BE! iminaryyaduation data of E’ﬁét&ndd@gmgmt}'gandeambaddltlw about
30, 000 *** 5P, e I r Q

et her/ pol yeﬁﬁ{)ﬁ%enae%ﬁﬁg% 'hsrf%? é 1%@6 g{)ﬁ% %prégorﬁlé%'g)? gﬁeﬁ:r %cﬁ%?ér
about 25, 000Tablé®LE 3 Effect of concentration of flow property of

superpl astici zer Flow data of the blend of Portland cenent and sand (1/ 2)
with various anounts of superplasticizer 50 grans P.C., 100 grans sand, 20
grams D. water WC=0.4 Exanple 1 (% Initial flow Based on Cenent (inches)
0.05 0 0.10 2.5 0.15 3.8 0.20 4.8 TABL®¥>03/031365 PCT/US02/29145

FLOW PROPERTY OF CEMENT/SAND WITH VARIOUS SUPERPLASTICIZERS

Flow of cement/sand with various superplasticizers
0.15 wt% superplasticizer based on cement
Initial flow Flow after 90 minutes
Example WIC ratio (inches) (inches)
No Additives 0.54 2.75 0
AA/AHPS 0.48 3.25 0
AA/AE-10 0.48 2.5 0
AA/AHPS/AE- 0.48 2.75 0
10
1 0.48 >5 0
1 0.52 >5 4.4
2 0.48 >5 0
2 0.52 >5 3.75
3 0.48 >5 0
3 0.52 >5 3.25
*  AAJAHPS is acrylic acid/allyl hydroxypropyl sulfonate ether copolymer, Mw about
15,000.
10
**  AAJAE-10 is acrylic acid/polyethyleneglycol (10 moles of ethyleneoxide) allyl ether,
Mw about 30,000
* AA/AHPS/AE-10 is acrylic acid/allyl hydroxypropyl suifonate ether/polyethyleneglycol
15 (10 moles of ethyleneoxide) allyl ether, Mw about 25,000.
TABLE 3
Effect of concentration of flow property of
20 superplasticizer

Flow data of the blend of Portland cement and sand (1/2) with
various amounts of superplasticizer

50 grams P.C., 100 grams sand, 20 grams D. water (W/C=0.4)

Example 1 (%) Initial flow

Based on Cement (inches)
0.05 0
0.10 2.5
0.15 3.8
0.20 4.8

-11 -



TABLE 4 Fl ow property cenent/sand with various su er |lasticizers Flow data
of the blend of Portland cenent and sand (1/2) with various su per

pl astici za03w813%5 I nitial flow Flow after 90 Su er | asti ®Czarso¥#dies/ cenent
ratio (inches) mnutes (inches) ExanE_IA% 1 0.15%0.44 >5 Exanple 1 0.15%
0.40 3.25 0 Example 1 0.15%0.52 >5 4! '-lf_v&pei' fluid 0.15%0.44 3.5 0
Mapei fluid Q_15% oFlow propery of gement/sandwith vayipus superplasticizersir ry

spreadability (self-leveli nﬂcz:’é’@ﬁ‘l ahe BendefiRestipnd cemenyr ans of dei oni zed

wat er (W C=0[4)—were_addedandgagd {1/wthyari egplasticizers 50. gr any of cenent

were charged| to thee t¥#ss cup oyer 1/0 seconds | arltial flew cenfm:ﬂft?rﬁﬁe wat er
Ja) nche, i i e

was stirred for GHBeY iger Sﬁﬂéﬂmmw&[g one
mnute to fo rrE?:an?p:lﬁ.;rﬁpf p971$°/ﬁ 4 Thg'44‘nm:\nf past P ywas ktirred with
spat ul a vi go nF,&qngpIef}v 109-88% 0onls 5048he cement 3{?§th JsAa_s_p_o_g_r_ed_o_n][o a
5" x 5" gl asp_fr#tRe t hiou®Md%4 flinnel QAfch wag post¥ioned at &48-inch
hei ght abovel| t Mapeifiuig g G1%%&s hl ate: Ofhe cake didPeter| size 8n the gl ass
plate was thenMapsifvideq. 945%. |f theO96Ake di anetet5sizel was stfaller ffhan 3
i nches, the expépitigbnt |was0%r epeated @P2h addilti on¥¥ watler untPl the
di aneter of the cake was about 3 inches. 7. The initial and final set
tinmes were neasured with GlInore needles and recorded in a | aboratory
not ebook. This was the control d%ia.__ZO 8.. The above experinment was
repeat ed® wi t h 20C@MeRSBBITY 5Pre %BMW@I‘”%’S"UQ) syalyation methedhnt i on.
EXAMPLE 12 Eval uation of Cenent Mortars with various superplasticizers 25 A
cenent nortar flowtest with a flow table according to ASTM C230 was

1. 20 grams of deionized water (W/C=0.4) were added into a 250 ml glass cup.

2. 50-grams of cement were charged to the glass cup over 10 seconds and the
cement in the water was stirred for one minute.

10 3. The mixture was allowed to stand for one minute to form a cement paste.

4. The cement paste was stirred with a spatula vigorously for 10 seconds.

5. The cement paste was poured onto a 5" x 5" glass plate through a funnel
which was positioned at a 3-inch height above the 5” x 5"-glass plate; the
cake diameter size on the glass plate was then measured.

15 6. If the cake diameter size was smaller than 3 inches, the experiment was
repeated with additional water until the diameter of the cake was about 3
inches.

7. The initial and final set times were measured with Gillmore needles and
recorded in a laboratory notebook. This was the control data.

20 8. The above experiment was repeated with 20g of water and the polymer

solution of this invention.

EXAMPLE 12
Evaluation of Cement Mortars with various superplasticizers
25 A cement mortar flow test with a flow table according to ASTM C230 was
run and the density (ASTM C185/C91) and set time (ASTM C266) of the cement
mortars were measured based on samples of commercial products and

experimental polymers of the present invention. These data are related to slump

-12-



run and the density (ASTM C185/C91) and set time (ASTM C266) of the cenent

nortars were neasured based on sanples of commercial products and

experi nenwalo3paisgsrers of the present invention. These dat @caresoz/ediased to

slump -12 WO 03/ 0:%%6,5 PCT/ US02/ 29145 | oss, v%or kability, and water

reduci ng caleggi vorkgollitheand wates rac4ging sapagity;of the sppewlastisizer fartqonseste

Commer ci al It t | r; i r PS1232

products me?@ﬂﬁ:?gghisbrggﬁn%gﬁ@onh%%lé 'i‘%’?ﬂ n@ﬂ’@ﬁﬁﬁbm\/?n ab?éé 5 and 6.

5 -13 WO 03P83233 prodiivts)a@2¢ 28éd as ddnPariso@ (heMeSultsd he\Vbiadwn in TEbIES G co

fl- 't p. CU,' OO0CII- LL) * MLOOO L LOL() L() L[) CoO N(DL() 0 CO
t

vcit d) e898h o) ~cAM 0CAa0 OL() N Vr ~~r L() I Q NM~CV m
wWOC LPoO U C~, . LO1- 000o- mad CNNN NNE
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OO0Op0OOOOC d" Op* xOLL QLJ -. (NOMcc Px codacoCxcu
C4awwJwQa; NCO W 03/031365 PCT/US02/29145 Set tinme neasurenment
was neasuwed3oni3as G | | nore needl e penetroneter (ASTM C 4@8)r/usbe/esiednt ent
of wet rmrtgr?,was nmeasur ed %@vol ume 8nd \Ag,lg’g(t) 5 measurenent (ASTM

Cl 85/ C91) anf! iBRFPeISYrement Wasgnrastisd oA (rilkporernpediapapetiemeter: 87.
EXAMPLE 13 E\/@Ma@j‘;@ggof new pol ynmers as superpl asticizer for concrete 10
The sl unp property, nsity, and conpressive strength of concrete sanples
wer e nmeasured using various superplasticizers. The foll ow ng concrete

formul ati on (Table 6 s.mxed in a 5-qgallon lab. m xer for. m nut es and
a slunp test \Naé"rWht%&gPNcﬁ)%H@Ork%sﬂ@ﬁ\?ﬂeﬁﬁlg.edé?yu%u@%aé‘%w?'@% 90 ni nut es
was 15 obt apreedufdrashtt (AS TWP TIBBIE91 VAHE Compresiiveestrdrifth Washeadped I est ed
for 75 mnutes and again m xed for 5 mnutes before nmeasuring its slunp

val ue. Confollewig/ASIM ergf-h of the 10-inch cylinder was nmeasured according
to ASTM C-39 after drying for 7 days. 20 Table 6 Concrete fornulation with
0.15 wt % Superpl asticizer Wight Concentration (%9 Coments Portl and
Cenent 1 2940 16.3 Water/cenent=0. 4 EXGAMPLE ¢8 sand 5556 30.7
Aggr egat e/ cenent =BvZkuiation of new polymers as superplasticizer for concrete
10
The slump property, density, and compressive strength of concrete

samples were measured using various superplasticizers. The following concrete
formulation (Table 6) was mixed in a 5-gallon lab. mixer for 10 minutes and a
slump test was run according to ASTM C143. Slump data after 90 minutes was
15  obtained from the concrete, which was mixed for 10 minutes, rested for 75
minutes and again mixed for 5 minutes before measuring its slump value.
Compressive strength of the 10-inch cylinder was measdred according to ASTM

C-39 after drying for 7 days.

20 Table 6
Concrete formulation with 0.15 wt % Superplasticizer

Weight (g) Concentration (%) | Comments
Portiand Cement 1 2940 16.3 Water/cement=0.4
Saturated sand 5556 30.7 Aggregate/cement=4.74
Gravel (3/4 inch) 8390 46.4
Water 1170 6.5
Example 10 17.6 0.1 (0.15 % based on cement)
Total 18073.6 100

The evaluation data is summarized in Table 7. As expected from the
mortar data, the copolymers of the invention as the sodium or calcium salt
25 worked well in the slump test. Their initial densities are comparable to the
densities of the commercial samples. This density data indicates that the
copolymer does not generate excessive air in a low-speed concrete mixing

process.
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G avel
on cenent)

(3/4 inch) 8390 46.4 Water

1170 6.5 Exanple 10 17.6 0.1 0. 15 % based

Total 18073.6 100 The evaluation data is sumuarized in Table 7.

As expectwo oBosersst he nortar data, the copol yners of the iporarsvz/en4dms t he
sodiumor calciumsalt 25 worked wel | t?e slunp test. Their initial
densities are corrparabl e o the de (7 6' I3 cormerm al sarrpl es. This
density data indi csé‘f'ﬁ'%v? mPr@nt—O 6 ! q WeEReessi ve air
in a Iovv-sp-aefé—gm%—@m.. =4 45
Table 7 Slupp a cg%s(b/ge gt'(t,w Swﬁﬂ ogf0 HUtcre
Pl asticizers Wter/(Ce A, Oerrent Se;r,\ egre f e
Pol ymer 1| ni W‘gm nuf €S ghsday§ ary. /day A - T TH16 | unp
density Conpicgsstac [ I"U:{\ﬁS) /cr§5755tr¢,ngtg5( pSI) Exggpi € [ 01330825 ¢
2.38 3154 Gy of=153h 19 273973200 A AHRPS 020 hsd o - P 47
3250 ADVA CibAD\)Ad.&t 5 0'1§‘ 5§'3g ADVACast— 015 2"3495 2—F— 'P33§§.232 D. 15
8.25 7.5 2. BGRAIF Not gy Tzgddgit & F{om G189 dat a0 EXAVMPEE 14

. ADVAICast . |07 dTFE dgih & ¢ R ad .
Eval uati on 'ﬁmyu. yred 55 as au%t'zg’w apt chgersfor THnerere apﬁlﬁcati n
The concr et et et Z@ohB stk 8 was hixed——a—stx—cubrefeet—+o
commercial concrete m xer for m nutes. The slunp properties, air
contents, set tine and conpressive strength of the concrete sanples with
vari ous EXAMPLE 14

Evaluation of new polymers as superplasticizers for concrete application
The concrete formulation in Table 8 was mixed in a six cubic feet
10 commercial concrete mixer for 5 minutes. The slump properties, air contents, set

15

20

time and compressive strength of the concrete samples with various
superplasticizers is summarized in Table 9. Slump retention data was obtained
after 30 minutes of mixing. Compressive strength of the 30 inch cylinder was
measured according to ASTM C39 after drying for 7 days (Table 10). The
concrete samples with various superplasticizers were filtered with a metal screen
to obtain cement-sand slurry for measuring the set time. Set time of cement
slurry was measured according to ASTM C403. Daracem® product is a
naphthalene sulfonate marketed by W.R. Grace.

Table 8
Concrete formulation (water/cement ratio=0.4)
| Ingredients Wt (ib) Wt %

Portland Cement | 144.4 16.3

Sand 2724 30.8

Gravel (<3/4 inch) 411.6 46.4

Water 52.7 6.5

Total 885.6 100

Superplasticzer 4 - 6 oz/cwt 0.04 -0.06 wt % of cement
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superplasticizers is sunmarized in Table 9. Slunp retention data was

obtained after 30 m nutes of m xing. Conpressive strength of the 30 inch

cyl i nder wax3/oasasured according to ASTM C39 after dryi ngpicarusez/eays ( Tabl e

10). The is concrete sanples with vari.g | siperpl asticizers were filtered
2

wth a netal scree 0 obtain_cenent - g? Iurr% for neasuring the set
time. Set time of imange,pf GONGECtAS YU ¥ariguE suResplasticiesri c103.

Dar acen(r) —p+roduct—is—a—naphthalene—sylfonate nmprketed hy WR G ace. 20
Tabl e 8 CopR¥BRI& ¢ or myt at i on—{water oo dEXeCol BX. 8 [ F8123% [ Datachgm | 1)
) ditiop.,. .QWfL 144 A 463 A Con e 2s) 4on ol b~ & o 2'nr-h\

W A) POI’t glu\r p\ﬁHCIIL I I==. + 1U. 9 Jdl UI .4 \SU O 625(4 \.6| L\ J7 75II\JIII
411. 6 46. 4 NatEtigfme 0 0 fotat—885; Q'ZQG_O jime ﬁiti\z@'ﬁ% 4 S OZF€
0.04 -0. 06[#ha GRIent =16~ WO 03 03 H3RS PCHLES0Rs 39t %;32Tabi §;4
Per f or manc g7 gl s CHH Comprasiel Strelaih (098 | 2886 T Pi[375d T FS o3P e TNRAt To
7 Ex. 8 PSIZgidaybaias b6 hpre SR kLAY h (psif 927 CWU) [0 4 6 4 T2 Srump, [inch 1o
6.5 6.25 6.5 8. 75 Tnitial Setting tine 4. 20 5:01 4729 4727 45T Fin

Setting sime 6:08 7:26 6:23 6:32 6:43 7 days cured Conpressive strength
(psi) 2600 2750 NMr 2777 NV 28 days Tabled0Conpressive strength (psi) 5

Table 10 Sl unp rsfuipiretendiinndata sfoderidrete Withvaridud stperplastitizeld ci zers
Exanpl e Control Exanple 7 Advafl ow PS1232

Example Control Example 7 Advaflow | PS1232
Addition , (oz/cwt) 0 6 4 6
Initial Slump inch 2.75 8 75 8.75
Slump after 30 mins Inch - 5.75 5.25 6.5
Initial Air Content(%) 5.5 8.9 11.5 9.2
Air after 30 mins mixing(%) - 13 13 17

10

Example 15

Evaluation of the polymer for self-leveling compound was carried out with
the following basic mixture. The composition is shown in Table 11. The
copolymer of the invention and the commercial superplasticizer Melflux 1641F,

15 from SKW were evaluated for flowability, self healing, density, strength value, pot
life and setting behavior; these properties are summarized in Table 12.

Table 11

Composition of self leveling compound basic mix.
20
| Ingredient Wt (%)

Portland cement 18.5
Calcium Alumina cement 11.5
Calcium sulfate 6.5
Quartz sand 41
Limestone powder 19.40
Redispersible PVA powder 2.0
Retarder (K-Na tatrate) 0.4
Accelerator 0.1
Defoamer 0.15
Stabilizer (Cellulose ether) 0.05
Natrosol 250GXR
Total 100
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Addition , (oz/cw) 0 6 4 6 Initial Slunmp inch 2.75 8 7.5 8.75 Slunp after
30 rains Inch - 5.75 5.25 6.5 Initial Air Content %5.5 8.9 11.5 9.2 Air
after 30 worms/ogizksn % - 13 13 17 10 Exanpl e 15 Eval uati orcafushbvesipdl yrer

for self-leveling conmpound was carri e&?@lﬁ% ﬁt h the follow ng basic
e¥aling c

m xture. The corrpgiligtlon is shown |n . The copol yner of the
i nvention and the ﬁfﬁﬁl(ﬂrﬁpeﬂﬁﬁﬁtﬁ%{ g comPounds with variots f r om SKw
were eval uated for flowability, selSMPeERIastgZer$ensity,. strength val ue, pot
life and spPrdpegtiesehavi or: thelsA propert|Bs are sunfarized i pnDTable 12.
Tabl e 11 CoPyreslastieiaerof sel f I&/%Wi(;f;ge coppouwn® basiB.1mit% 200LRngr%di ent W
Portland cenent 18.5 Cal ci um|Al G Re 1\F’I‘f‘u"ll. 5 | Gxpeplefh syMelie1®15
artz sang-—41 Hrestone—powder 1940 —Retli-spersi-ble PVA powder 2.0
SeJt arder (KVREIEIQ, or ey o 4 029 erator| 824  pDofohPd$ 0 15 |8hi1i sor]
r d Vﬂmﬁcl Nat v ,-.,-.-.1 ‘Ofn:nr\vn T 9-5.-.| 100 19;97 \AD N2 Zo.pl 265

(Qi" | ul ose - #U VP ¥ Nt 05012 USRI @15 100 153" S
PCT/ US02/ 2035 S ARE—2 1% 11,2 1123, 2

Density - - 2.05 2.05

Flex strength - - 22 24

1 day(N/mm2)

Flex strength - - 44 3.7

7 days(N/mm2)

Compressive strength, 1 day | - - 74 7.7

{N/mm2)

Compressive - - 13.4 13.1

Strength, 7 days

(N/mm2)

Pot life(min) - - 60 53

* superplasticzer wt % based on basic mix.
5  *Knife-cuts were conducted every 10 minutes.

1; cut heals, completely, invisible
2; cut heals, but visible
3;cut heals, but visible edges
4;cut heals, but well visible edges

10 5;cut heals but visible scar
6;cut heals. but well visible scar
7;cut does not heal

15 Example 16
The copolymer of the invention and a commercial product, Lomar® D,
were evaluated as superplasticizers for gypsum wall board application. The
gypsum wall board formulation in Table 13 was mixed in a 1 gallon Hobart mixer
and casted into one foot square (1/2 inch thickness) paper envelop in a vertical
20 mold. The solidified wallboard sample was dried in the oven at 375°F and 250°F.

The gypsum wall board properties were summarized in Table 13.
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Physi cal properties of self-leveling conpounds with various su er

| asticzers Properties A B CD Superplasticizer* 0.3 w %0.3 WM %0.1 w %
0.2 wt %wboanpizes 9 Mel flux Exanple 9 Mel flux 1641 F 1641 PCWatsez/291aii o 0. 22
0.22 0.18 0.18 Spreadi ng vaI ue 190 19‘5b}9%§200 Knife cut** 1,1,2,6

1,1,1,2 1, 1,2,&3 1,2,2,3 Den5| ai 5 2.05 Flex strength - - 2.2
2.4 1 da N me lationswith twe difierenbsupesplasticizers
strength, 1 day |- - 7.4 7.7 (N/rmﬁ Cwﬁﬁiﬁé@gi‘*ve - - ¥Exampl3. 1 Strength, 7
days (N mR) PottiFetmr) 60153 gper-phastezer—w—O6-based on
basic mx. 5 "Kni %’é’;l yf; te§f€4/are condyct e180 8’?‘?/ 1) m nuttBR grams. i Theal s,
conpletely, invi £ 'eﬂ 25 cut—heals1—but r sﬁ%sb! & bt hnﬂ' s—but—yisible
edges 4;cut heaa'%,p BGt" wel | vi si blle lend0 b cut %“iégt Vi $i bl e scar
6; cut heals. but| well visible scar | 7; ¢l néiges ot heaf‘ Ry arrpl ¢ 16 The
copol yner of the RIFgEFrTOM and a cqmmercral pr ct, tomar{r) D5

(Polyacrylic acid) 0.8 grams 0

(0.008 wt% based
on gypsum)

Accelerator 1.40 grams 1.40 grams

Oxidized Starch 5 grams 5 grams

Water 492 grams 492 grams

Foaming agent 10 grams 10 grams

(5% in water)

Foam volume 1260 ml 1260 ml

Total water 830 ml 830 ml

Y4 Gill set time 4.75 minutes 5.5 minutes

Board density 0.60g/cm3 0.608 g/cm3

(dry)

Nail pull strength (BF) 56.5 59.6

Compressive strength (psi) 199+/-8 204+/-7

Paper adhesion Good Good

While this invention has been described with respect to specific
5 embodiments, it should be understood that these embodiments are not intended
to be limiting and that many variations and modifications can be made without
departing from the spirit and scope of the invention, and therefore, only such
limitations should be imposed as are indicated by the appended claims.
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wer e eval uated as superpl asticizers for gypsumwall board application. The
gypsum wal | board fornulation in Table 13 was mxed in a 1 gallon Hobart
m xer anwooasBsdsinto one foot square (1/2 inch thickneserTsozeenvel op

in a vertic olidified wal |l board sanple was dried in the
oven at 375@”3/%% goégﬁlMEEﬁéggypsum wal | board properties were summarized in
Table 13. -18 WD 03/031365 PCT/ US02/ 29145 Table 13 Gypsum wal | board

fornul ati ons wit h- t woAdUildingemetesial epmpasitips iceapsisingont r ol  sanpl e Exanpl e

Gypsum stucco 1000 grans 10 g ersa m 1.2
grans Napt hal ene Exanpl e 7%9su% ona[(é_g;gt' %{5’{(?))?%%@%@ ,é&teadcﬁaﬁt%
grams 0 5(0.008 wt % bagesumoomyistinggf carbetydicaict, stiféRicEchiThhbspRomicans

Oxi di zed Starch 5 granms 5 grans, Water 492 grans 492 grans _Foam ng agent
10 grams 10 grams (5%AcH. \ﬂﬁi'@ﬁorﬁbmﬁ’f?ﬂ% 'Xw%%thﬁrequﬁmﬂi ateashPnaat er

830 M 830 m '/4 GI , Board density
0. 60g/cnB 0.608 g/cnB th ﬂ%duﬁdnsdtyrﬂ ngtﬁ %ﬂgtéléé% 59.6 Conpressive

strength (psi) 199+/-8 204+lo) 7 a binding material comprised of cement or gypsum.

10 2. The building material composition of claim 1, wherein the binding

material is Portland cement.

3. The building material composition of claim 2, wherein the cement is
selected from the group consisting of concrete, tile cements and adhesives,
15  projection plasters, stuccos based on cement and synthetic binders, ready mixed
mortars, manually applied mortars, underwater concrete, joint cement, crack

fillers, floor screeds, and adhesive mortars.

4. The building material composition of claim 1, wherein the gypsum is

20 plaster of Paris.

5. The building material of claim 1, wherein the material of a)i) is
selected from the group consisting of acrylic acid, methacrylic acid, acrylamide,
methacrylamide, N-methyl acrylamide, N, N-dimethyl acrylamide, N-

25 isopropylacrylamide, maleic acid or anhydride, fumaric acid, itaconic acid,
styrene, sulfonic acid, vinyl sulfonic acid, isopropenyl phosphonic acid, vinyl
phosphonic acid, vinylidene di-phosphonic acid, 2-acrylamido-2-methylpropane

sulfonic acid and mixtures thereof.
30 6. The building material of claim 1, wherein the weight average

molecular weight (Mw) of the co- or ter-polymer has a lower limit of 1000

Daltons.
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Paper adhesi on Good Good Wiile this invention has been described with
respect to specific 5 enbodi nents, it should be understood that these
enbodi mrew@ 0oxnexa36sot i ntended to be |imting and that nmanpCcwasezdi4ns and

nodi ficati ons can, be e Wthout . departing fromthe spirit and scope of
the invention, a:}d tﬂ-ggi%ad@g Wﬁfeﬁ’agﬁg‘ﬁa'”lqﬁnwgﬁf‘?”&#%e weidht @ve@genposed as
ar e i ndi cat qeolB¥ulaP RIS ThetsTor tei-PolMEAHR3 RierRih 9145 VAT
IS CLAIMED IS: 1. A buil Spﬂ\g mat er 1 al c?)-%p‘(?ﬁti on conprrﬁﬁ;{ng a 0:_1 co- or
ter - pol yner Qdltonis) a material selected fromthe 5 group consisting of
carboxylic acid, sulfonic acid, phosphonic acid, am de formthereof or

m xtures thereof and (ii) at |east one polyethyl eneglycol nonoallyl ether

sul fate and b) a@)i nthedulging' hateriePobelaped, Whefdend walgll¥Rekige 10 2. The
buil ding material conposition of claiml1l, wherein the binding "material is

Port| and cer@plecular weight gMw)@f te rert @riespolysngrdias amupeer limisphii HO0VHKEY ei n
the cenent i lta | ected fromthe group consisting of concrete, tile cenents
and adhesives, 1S projection plasters, stuccos based on cenent and
synthetic binders, ready mxed nortars, manually applied nortars,

underwat er concrete, _joint cenent, crack. fillers, floor screeds, and
adhesi ve m)rtars%' .ﬂi"ﬁé)uﬂginlgdf‘ﬁ f'ﬁﬁ?ﬁﬁﬁﬁm%w Bp theweght avarager, wher ein
the gypsgm inﬁole@@lap(/v@fqrﬁrl\/m dfdié Eo- or tef R8Iy Hseh OBH& lirdk oP50 081 M 1,
wherein the material o (SI)i )) iIs select eJcEIb fy}rw(‘))émthe ggg%p congf)st’lgng of
acrylic aci dal@eshacrylic acid, acrylam de, nethacrylande, N nethyl
acrylam de, N, N-dinethyl acrylam de, N 25 isopropylacrylam de, maleic acid
or anhydride, fumaric acid, itaconic acid, styrene, sulfonic acid, vinyl
sul foni c acid, is0prgpemuildpgonatesial of claingl 1, whadin tihesMeaveragel d,

vi nyl i dene di - phosphoni ¢ aci d, 2-acrylam do-2-nethyl propane sulfonic acid
and m xt ur esn@lgeylapweight (Mw) of the co- or ter-polymer has an upper limit of 25,000

15 Daltons.

11. The building material composition of claim 1, wherein a)(i) is acrylic

acid.

20 12. The building material composition of claim 11, wherein a)(ii) is
ammonium allylpolyethoxy (10) sulphate.

13. The building material composition of claim 12, wherein a)(ii) also

includes 1-allyloxy-2-hydroxypropyl-3-sulfonic acid.

25
14. The building material composition of claim 1, wherein a)(i) is a
mixture of acrylic acid and methacrylic acid and a)(ii) is ammonium
allylpolyethoxy (10) sulphate.
30 15. The building material composition of claim 1, wherein a)(i) is a

mixture of acrylic acid and 2-acrylamido-2-methylpropane sulfonic acid.
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30 6. The building material of claim1, wherein the weight average
nol ecul ar weight (Mv) of the co- or ter-polyner has a lower |imt of 1000
Dal t ons. wQ@03/M¥D3&3/ 031365 PCT/ US02/ 29145 7. The bui |l di ngrenwsed/mi4sof cl aim

1, wherein the weight average nol ecul ar wej.ght (Mv) of the co- or
ter- pol ylrrer has Q?G?OEXQF\&UF@K%Q rB?geI'S’BﬁomEﬁ?'t'g?le <(,|§| .THM@%@FI%("W nat eri al
of claiml, %@bgeﬂqéﬂ,e(mﬂ)ggép@{g.r age nolecular weight (My of the co- or

t er - pol yner n upper mt of 1,000,000 Daltons. 9. The building
material of claim1l1, wherein the weight average io nol ecul ar weight (Mw) of

the co- or ter-pgly as .an upper lLimit .of 5 00 | tons. ,.10. The

bui | di ng mat er i aIq 70;1?@?&\”@9':?9 nﬂﬁ%?'@' #)rﬂhésﬁgril QE.{:"%HU(QI' re'Htﬂ)@i'El ar wei ght
(My) of the magthaerylit ecidraid/ aRT) ib_@?nmﬁniwﬁp@ﬂyld)dﬂ%ﬂwo&%(?@)_ fPhaté> Dal tons.
11. The building material conmposition of claima1l, erein a)(i) is acrylic
acid. 20 12. The building nmaterial conposition of claim1l, wherein a)(ii)
is amoni um al | ylgpol ; p Tthe, bui l di ng materi al
conposi tion of c?ﬁa8i' m%@'lgmm%?%?aé)%yhﬂ&{gﬁggl)ﬁi]pnr;cglmfﬂjes

1-al | yl oxy- 2- hydr oxypropyl -3-sulfonic acid. 25 14. The building materi al
conposition of claim1, wherein a)(i) is a mxture of acrylic acid and
net hacrylic acid (ggnd a8 ("i‘ﬁtﬁr'?%!“bo!ﬁrpgrﬁq}ﬁf d'éP?Eﬁ'%%IWB‘fWé t%é‘?m@ﬂ?phat e. 30
15. The jpuil ding material conposition of claim1, wherein a)(i) is a

m xture of acrylic acid and 2-acryl am do- 2-net hyl propane sul fonic acid.
-21 WD 03/031365 PCT/ US02/ 29145 R1

e —ch;

|§"3—O_O_O_

wherein E is the repeating unit remaining after polymerization of an ethylenically
unsaturated compound; R4 is H or lower (C4-C4) alkyl; G is -CHz-or -CHCH; -; R,
15 is

£ CH2-CH2-0 }nor + CHa-CHCH3-O Y

wherein n ranges from about 1 t0100; X is SO3, POz or COO; Z is H, or a water

20 soluble cationic moiety; F is a repeating unit of the formula:

4 |

I
S

X=g—0O—O—0O—7D0

INU‘I
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16. The building material conposition of claim11l, wherein a)(ii) is

al l yl pol yet hoxy (10) phosphate. 17. The building naterial conposition of
claiml1, wwesmesmmesa) (i) is 5 methacrylic acid and a)(ii) PETASHIIVILEM

al Iyl pol yet hoxy (10) sul phate. 18. A building nmaterial conposition
conprising (a) a water-soluble or water dispersible polyner of the formula:

10 Rl *+E+yRorbi 1§ is 1 bFF?vg“é*r (C5-Cu) QK9 R¥is h?d@d’smﬁfj%@ aﬁ(ggﬁf %,'W'e”e

repeating unit remalning after polynerization of "an et eni

unsat ur at ed havingdtem;1 ®R16 carbancatomsne @ndcl ae4posiliveyintegers;sandieits amonCHCH3

-; R 15is -Et.\%-Q-CHZ-O -r, or - CH2-CHCH3-0O 3-r,; wherein n ranges from
about 1 to ﬂ@@?' I@eg\%?n 03 or COO, Zis H or a water 20 soluble

cationi csnoi ety; (b) i S adbih@Pgahateialcorhpaéed bﬁcérﬁéﬁwr%jldgﬁm.* CH2 C ?H21 O
R T Xz -22 03/ 031365 PCT/ US02/ 29145 wherein is Hor |ower
(C1-A4) alkyl, R5 is hydroxy substituted al kyl or al kylene having from1

to 6 carbon atomyg CTRAGHdMGEMBRAE ENRpbStEIBF Braifi8, HeFeift SRR

ethylenically unsaturated compound is one or more of members selected from
the group consisting of carboxylic acid, sulfonic acid, phosphonic acid, amide

10  form thereof, and mixtures thereof.

20. The building material of claim 19, wherein said ethylenically
unsaturated compound is one or more of members selected from the group
consisting of acrylic acid, methacrylic acid, acrylamide, methacrylamide, N-

15 methyl acrylamide, N, N-dimethyl acrylamide, N-isopropyl acrylamide, maleic
acid or anhydride, fumaric acid, itaconic acid, styrene sulfonic acid, vinyl sulfonic
acid, isopropenyl phosphonic acid, vinyl phosphonic acid, vinylidene

diphosphonic acid, 2-acrylamido-2-methylpropane sulfonic acid and mixtures

thereof.
20
21. The building material composition of claim 18, wherein said water-
soluble cationic moiety is selected from the group consisting of Na, K, Ca and
NHs.
25 22. The building material composition of claim 18, wherein the weight
average molecular weight (Mw) ranges from 1,000-1,000,000.
23. The building material composition of claim 18, wherein the weight
average molecular weight (Mw) ranges from about 1,000 to about 50,000.
30

24. The building material composition of claim 18, wherein the weight

average molecular weight (Mw) ranges from about 1,500 to 25,000.
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negative integer, and 5 (b) a binding material conprised of cenent or
gypsum 19. The building material conposition of claim 18, wherein said
et hyl eni ombbyozisssat ur at ed conpound is one or nore of nmenbecsUse&/meised from

t he group consistjng.of carpboxyljc acid sulfonic acid, phosphonic acid,

am de 16 form t Fér ehe Biilding Betsiel Combpalion 03618, ereinite AL of
claim 19, whgrgbdfrém shitD0: fh ¢ghl20unsat urated conpound is one or nore
of menbers selected fromthe group consisting of acrylic acid, methacrylic

acid, acrylam de, nmethacrylam de, N 15 nethyl acrylam de, N, N-dinethyl

2612 T acon o 2k’ b BACbATR BBhGuof B et A BRie G s B e
i sopropeny!l théestrogidTangésifrodi aydut300s havow ©Beod, vinylidene

di phosphoni ¢ acid, 2-acryl am do-2-net hyl propane sul fonic acid and m xtures
thereof. 20 21. The building material conposition of claim18, wherein said

water- soluble c '.ggh%%b@grf\%%riﬁ%%ésgti{)ﬁ%W:Falﬂ'ﬁﬂ%r, Wﬁ%r&ﬂéﬁs%ﬁﬁeg&oﬁ Na,

K, Ca and NH4. I'ng materiral conpositron o

wher ei n t he abeughtto 28ver age nol ecul ar wei ght (Mv) ranges from

1, 000-1, 000, 000. 23. The building nmaterial conposition of claim18, wherein
the wei ght average nol ecul ar weight (Mv) ranges from about 1,000 to about

50,000. 30 24. Theg byhkdiudingehsterial c&ApBSiEbA bPBIafth 18 WH@l'éliﬁ’thé"B@h%ingithe
wei ght average nol ecul ar weight (My) ranges from about 1,500 to 25, 60.
-23 WD 03/ osggazsedatcwmgzgrggmgnﬂstlnghfsccmnretﬁ, tite camentsandcanhesivesi on of

The. bui | di nd werie BRsldhnBubers fout O EPmenBohGR el bt dBadUMITS (e
ration c:d maovts, fapoaipapplietDmbrtacs, aipdetwdte? Boncrete, joint cement, crack
fillers, floor screeds, and adhesive mortars.
15
29. The building material composition of claim 18, wherein the gypsum

is plaster of Paris.

30. A building material composition comprising (a) a water-soluble or

20 water dispersible polymer of the formula:

[ CHz—GH——+ +——CH;—CH—
0=( CH,
LT S
CH,
|
i
<
S0,z
L —_id

wherein n ranges from about 1-100, Z is hydrogen or a water-soluble cation, and

25  (b) a binding material of cement or gypsum.
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27. The building material conposition of claim18, wherein n ranges from
about 1 to 20. 10 28. The building material conposition of claiml1l18,
wherein tweoseites®t is selected fromthe group consistingrof/usemonst e, tile

cenents and adhesj yve rol ection. plasters, stuccos based on cenent and
synt hetic bi nder§1'rjﬁ\?y&mmafﬁfpﬁ)ﬁ?@,poﬁiﬂﬂﬁtfp '@p}g’i"@@rﬁ'ﬁrﬁaﬁyf‘ter

under vat er GRNWIkation N SbleSRATDIM thd §UP ddrisisting of NP K, éé%rr\?-@ﬁ'%ndand
adhesive nortars. 15 29. The building material conposition of clalim 18,
wher ei n t he rgixpaamthereopl aster of Paris. 30. A building naterial
conposition conprising (a) a water-soluble or 20 water dispersible polyner
of the formula: * CH2 CH ---CH2 -CH- | O=C?H21 OZ C0 CH2 CH2 to s03z

d wherei 3 n ranges.f Mow Mhlding rhalddidl c@mipssitipd lod @RIM®B0, VHErEIAthE PhtidL@
cation, and 25 (g) a bindi I’_l? material of cenment or gypsum -24 WO
03/ 031365 PCENgRDIPIVabeut )T torgRoW, i 2@i ng naterial conposition of claim

30, wherein said water soluble cation is selected formthe group consisting
of Na, K, Ca, NH4, and mxtures thereof. 5 32. The building materi al
conposi tion of cl3d. mTee,buildingeinatariat corpobsition af claam@Bss whesemadhe mol&8ular t o

about 1:20. 33., .The buildin ter] 0 ition of claim30, wherein the
ol ecul ar gt Ve aega0% ABRTLLB00 T TR 008T. 000 000 " 10
10
34. The building material composition of claim 30, wherein the molecular

weight Mw ranges from about 1,000 to 50,000.

35. The building material composition of claim 30, wherein the

15 molecular weight Mw ranges from about 1,000 to 25,000.

36. The building material composition of claim 30, wherein n ranges
from about 1 to 20.

20 37. The building material composition of claim 30, wherein the cement is
selected from the group consisting of concrete, tile cements and adhesives,
projection plasters, stuccos based on cement and synthetic binders, ready mixed
mortars, manually applied mortars, underwater concrete, joint cement, crack
fillers, floor screeds, and adhesive mortars.

25

38. The building material composition of claim 30, wherein the gypsum
is plaster of Paris.
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34. The building material conposition of claim30, wherein the nol ecul ar

wei ght Mwv ranges from about 1,000 to 50, 000. 35. The building materi al
conposi t iwa o®h318ésai m 30, wherein the 15 nol ecul ar wei ght péVUSexyess from
about 1,000 to 25,000. 36. The building material caonposition of claim 30,
wherei n n ranges 3% r o} Builing Mmaterigicomnpsition qamaphiging da)w) wateresaluble or
conposition I \w% i nt is selected fromthe group
consi sting Ov?étggb]%k)gtsi’r?eﬁ II e %Ie%htggo and adhesives, projection plasters,
stuccos based on cenent and synthetic binders, ready m xed nortars,

manual |y applied nortars, underwater concrete, joint cenent, crack

fillers, floor screeds, and, adhdSive nortjars. . —hhe buil ding materi al
conposi tion of clai , eT‘r‘QHFQ]’mUm GHpt of Paris. -25 WD
03/ 031365 PCT/ US02/ 29]6;& 3P. Aflbuil dj mat ¢ri al osi tion conprising
(a) a water-sol uble or watef digpersiQ pol ymer o e formula * CH2 CH
cH CH* * g-12 CH| CF~ OZ' 1 e , 000 QF~ e SO? d 5 wherein n
ranges from about 1-100, and z i|s hy ggn o sol uble cation, and
(b) a binding material of cenentl or g um 40. Th ilding materi al
conposi tion of claim39, wherein saidCHgatler |lH@eCHabl e cation is sel ected
fromthe group consisting of Na,| K , NH4, [and ] Xflures thereof. 41. The
bui l di ng materi al conposition off clai-dp-89, erein eration

L,

wherein n ranges from about 1-100, and z is hydrogen or a water-soluble cation,

and (b) a binding material of cement or gypsum.

40. The building material composition of claim 39, wherein said water
10 soluable cation is selected from the group consisting of Na, K, Ca, NH,4, and

mixtures thereof.

41. The building material composition of claim 39, wherein the ration
c:d:e ranges from about 20:10:1 to about 1:1:20.
15
42. The building material composition of claim 39, wherein the
molecular weight Mw ranges from about 1,000 to 1,000,000.

43. The building material composition of claim 39, wherein the
20  molecular weight Mw ranges from about 1,000 to 50,000.

44. The building material composition of claim 39, wherein the

molecular weight Mw ranges from about 1,000 to 25,000.

25 45.  The building material composition of claim 39, wherein n ranges
from about 1 to 20.

-26-



c:d:e ranges from about 20:10:1 to about 1:1:20. 15 42. The buil ding

mat eri al conposition of claim 39, wherein the nolecular weight Mwv ranges
from abowo 03/€a8s5t o 1, 000, 000. 43. The building materi al ponpeEIWiI4N Of
claim39, wherein the 20 nolecular weight Mv ranges from about 1,000 to
50, 000. 44. The building material conposition of claim39, wherein the

nol ecul ar wei ght I ; . L di ng
mat eri al conposi tl%%(l)'vn of C giﬁrﬁo%?&%g?ﬁpﬁgﬁobgﬁgg%&%f%&%@‘l}pg%%%bg - 26
WO 03/ 031365dRected)Bom il dioupteonsisting uf cdncreterdilee cembentsoanrbadiiésivesyf ¢l ai m

39, wherein the cenent .is selected fromthe grqu onsi sting of concrete,
tile cement ProieligRRlAsterss stuc ?%ﬁ’@%‘? 8A Cﬁmgpa,";@gﬁ'@é'@&nﬁgé&@ﬁ neiEEent

and synt ket i 5oRhRAekahuallg adplied més,rmfde@wgtler%ne@téxoﬁpe&n%ﬂt rgadiar s,

underwater concrete, joint cenent, crack fillers, fl'oor screeds, and
adhesi ve norfillers floor screiedspband adhesiveimartass. conposition of clai m 39,
wherein the gypsum is plaster of Paris. -27

47.  The building material composition of claim 39, wherein the gypsum

is plaster of Paris.
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