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COVPCSI Tl ON Background of the

I nventi on The present invention is direct ﬁ@%ﬁ" ment
adm xture corrpos%?l on capabl e of causing the coﬁg‘lrn é%'?ects
of inhibiting drying shrinkage of cenent conpositions while

provi di ng enhanced workability to the treated-unset 5
conposition. The present adm xture provides a synergistic effect of

enhanced slunmp or ability to dramatically reduce the water to
cenent ratio to provide a + cenent structure of high conpressive
strength. Specifically, the presentC ' SITION - directed to a

cenment adm xture conposed of a synergistic conbination of certain
nonoal kyl ether al kyl ene oxi de adducts and certain organocyclic materials,

as fully 10 descri bed her eBadkgréinid of the Invention Hydraul i ¢ cenent
conpositions, such as nortar (cenent, small aggregate, e.g.

sand, and water), or concrete (cenent, small aggregate, |arge aggregate,

e.g. crushed mtn%uo@f&hi’%ﬁ@ a cBRYR ﬁﬂﬁitﬁllerboﬂ'{pggﬁH kapablehi ch

substantially effect durability hese properties

i s shrinkage whokeausiog ks ¢ombined effectsofinhibiting dngngshrinkage1df cement  cenent
conposi tion. compositions while pmg?tﬁﬂf%aﬁéﬁlwor}x&g@tytt?ﬁlﬁ%w cotrrp03| tions

di spl ay a decrease 1Tn volune ng of the

cast coﬁr}of)m ti Oﬁmﬂﬁshhnugfhetﬂmam:mﬂq:roﬁdéd’ESynﬁ}m r:‘.ffectkof enhanced FGCF ease
is normally sma xtre rtance. This shrinkage results in
cracks and ot hell “ﬂ@@é@*’i‘ MV '?r}ﬁ'é‘%r%"&‘e ‘oisemept ratio to BOVSia ity of
the 20 r Géint Stficnsr (08 Gigh! OmMpFdasive sdiigh, PSREIfkAIy ﬁ@ﬁr@s&:@fnv@iﬁoﬁ@

penetrate into the structure, ronoting carbonation of
cenent and cor réigecid tofa hmwvemmsd a2 W&‘S‘Sﬂc combination Oﬁm ned

through. the. st roSPaiREn RF AyROWIE aBiean eftin kbl BRRRAhORAYT
t hr oughQ Qescnbe}irbemnl!dMW cycling pressures exerted on the cerrent -
cerent ahi oh exhi biYdRlie et shprstions T s hoxt (RS Skl aBirSRihe 8
deterioration edaheCind water)fer cohtrerk@gnem, sindl spgregate largeCigptegns, e.g. crushed
stone, and water), have-certain properties which substantially effect their durability.
One of these properties is shrinkage which normally occurs during drying of the
15 cement composition.

Conventional hydraulic cement compositions display a decrease in volume with
setting and drying of the cast composition. Although the magnitude of the volume
decrease is normally small, it is of extreme importance. This shrinkage resuilts in
cracks and other defects which lower the serviceability and durability of the

20 resultant structure. The cracks provide a path for air to penetrate into the structure,
promoting carbonation of the cement and corrosion of the metal reinforcing bars
contained therein. Further, the cracks provide a means for water to seep into and
through the structure. Such water entry further deteriorates the structure through
freeze-thaw cycling pressures exerted on the cement structure over its life. It is

25 highly desired to provide a cement which exhibits high strength and is not subject

) to deterioration effects due to shrinkage and freeze-thaw cycling.
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Vari ous attenpts have been nade to avoid the cracki ng phenonenon caused by
drying shri hese include providing joints in the ce ture to
concentrate tq’g&sﬁ‘?e of crack formation at the joint and, Fﬁg'&%%&“&g\ nimze
such formation at other portions of the structure. Such joints
are expensive to install; are 5 net2 applicable to certain
structures such as vertical walls, pillars and the |ike; and .

nmerely concentrate the area of cracking but do not alleviate them

O her attenpts include varying the conposition of the cenent, varying the

met hods of manuf @¢rivus atémpis havebeen made a0 dvoidithe drackidpepieabmésdn daBdedtiyal
used in ) fQrmng, the resultant cancrete structure. None of these
attenpts have m%lﬁl?’é"g‘a% ‘?EB_““"I“dSe Pm@%‘ﬂgé?lﬁ'ét‘%#? SHeH #BRIER  exanpl e,
cements have RgfdnfriteThe sitest chck YoRdtRR St ¥R joint and, thereby, AffRimZe ek | N

'S

attenpts to counter the shrinkage of the concrete. However, it

difficult to deunationgtothrrportionscef thersimeturef Sushnigints ate expenisive te dnstalicater ed t o
count . b stildbur KS%&??MJI‘E Ilmg? X such
materﬁil S thern(%a péllc%'/%lgrt‘?ée &% 0 un%rlg&“g’ta %a‘g&;gﬁﬂﬁg’gﬁ

Wth respect tmerelyeoneeniratg thdareal of cracking butrdoowpe aliéviste thnd. conposi ti ons,

such , concrete ositipns, the |literature teaches that
various oxyal kyl e‘fﬁl@eﬁmf&ﬁ%mﬁﬁ‘@‘%mﬁem’ thop ol the gempent, Yagyme theose. For
exanple, U S Mﬁmn&nméfﬁﬁ%ﬁﬂgm@%ml_%mebﬂlwmﬁﬁgﬁ@a ihhe use
of conpounds of the general formula RO(AQ [err in which R may

be a Jerr] afgngtheaesiitant eaperetsstppture: Jpref these atfpmpls beyeresplied| iny ene
radicg s and @aﬁs?ac@dtxjy 4Btution. For M&, g%enﬁﬁdv@@&?f&ﬁ:%fdd%ﬂ?%aﬁﬁ%?s for

cenment. Simlarly, S. Patent suggests termnally
al kyl et heri 1i edmixturss kn/attesapts tof Goyuten theshtipkage of fhsl opnerete. ddownvef, il is

5. 60003 GEHFAS et e it Wi FRARER o GOLRe PERure T B bllee,

cenment can be thedying sheinkagebyhich develops. The usehsf sucltlmatepialsttherelst givetise

conpounds whi¢ch are_ al jphatic, alicyclic or organocyclic 25 group
t erm nat ed OX)’%WF@H@L " oxypropyl ene repeating chain conpounds.

Theserpxyal kyl enewqtidisgpest 8 dvarebmiigthd aRridg ¥hrihkdde of icemeritcofiposifiods) suchr eat ed
cenent to any degree except that, as |iquid _adm xture
materials, thdy ceRATetsSompTiviens; the literpture: teaches that various,pxyallyleng adducts agi o

bei ng used t0 gGHMIER thidPubpdsd.| Ror SAMPR! UN FRRAL3,683,251 and 4,547,223.
suggest the use of compounds of the general formula RO(AO),H in which R may
be a C,, alkyl or C,, cycloalkyl radical, A may be C,, alkylene radicals and n is 1-
20 10, as shrinkage reducing additives for cement. Similarly, U.S. Patent 5,147,820
suggests terminally alkyletherified or alkylesterified oxyalkylene polymers as useful
for shrinkage reduction. Still further, Japanese Patent Application 58-60293
provides the suggestion that shrinkage reduction of cement can be accomplished by

the addition thereto of compounds which are aliphatic, alicyclic or organocyclic

25 group terminated oxyethylene and/or oxypropylene repeating chain compounds.
These oxyalkylene adducts do not enhance the flow properties of the treated cement
to any degree except that, as liquid admixture materials, they can be counted as part
of the total liquid being used to produce the initial cement composition.
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Cement conpositions, particularly nortars and concretes, have been treated
Wi th convent i‘gag&,z*@# er reducing agents. Such agents have beggrisRiids®

enhance |l owability (increase slunp) of a treat ed cenment
conposition at a fixed water-to- cenent ratio to provide a
conposi ti on which can be readily punped andF&-is 5 essentially

self-leveling. Alternately, such agents have been used to permt normal
wor kability of a treated cenment conposition while reducing the water to
cenent ratio. It is known that a reduction in the water to
cenent ratio of a dIPrednt compasitioms, particularly mortars ambeosictetesnhave begre tredtéd
provide a resulta ﬁl; str tpﬂre haV| enhanc

P enah R conift e et e TR el RER b B, weer o ctapes, . 1,
can be 10 ﬂo%bih@/gdcrbase lshtﬂp)bfﬂgreiﬁﬂ%ﬁxbﬁt coftipusition atfa fivedhwagent s and

wat er -t o- cenent rati o. ghly ggsw dtohve an
adni xture which cF@e@aB%mrewdF mﬁomppwngnm Ay ily pumped and/efis; nkage

of cemenf corrpoweh@ﬂ@/seme veliflg. P AR¢hTAfe1y] rsﬁél?&deﬁtsfﬂaw BlehdiskPfb p@mitiofrnal

cenment conposition and/or provi de a resultant” cenent corrp03|t|0n structure
whi ch workability off artreated compmtoogipesition whilg reducing tis water to cement

i et od Lo a cAin: 1 if Ko P s edueion in e whf e feRAR o D el chpene,

i ncor porated t heompositiviiresipestill provide 4 eesnltzng sucturenhaving enlanoshd¢ompressive
structural conposition, mhlch |s apabl e

fJnhlbltl drvi ng shr,i nkage
whi | e - strength. ot e iz syl SOPESSHRSS SR can P
permt ggasting h&ﬁéﬁafbyat&ﬂ{zﬁfg s%@clﬁc amounts of SUtAARENS nd Watef- R nRAS 460, It
strength of the resultant structure. The adm xture - conprises a

- synergi stic ni xiuhighlyrdegiredstoyhave pn eﬁ@lmrnévhl%'a&wbimf inhibiting the,drying,
(1), RAAQ[err %H-AMQEE 6 Berfibrt %oﬁ?& ‘136 Eﬁﬂg&ﬁ%{d}angtﬁrﬁdxdlﬂdﬁﬁlt@'ﬁﬁseﬁr oups,

n has a val ue err]-Cerr] alkyl
Cerr]-Clerr] cyementldogriposjtion pnd/orrpromdb arresultant cament composition structure which

sul f onat ed orga%agx&lah&d%sﬁ !s?i'v?:ﬁ&%ﬁpesc“ bed bel ow.

15 Summary of the Invention

The present invention is directed to a cement admixture, a cement having the
admixture incorporated therein and a method of forming an improved cement
structural composition, which is capable of inhibiting drying shrinkage while
pfoviding a high slump to the unset composition to permit casting thereof and/or

20 enhancing the compressive strength of the resultant structure. The admixture
comprises a synergistic mixture of an oxyalkylene ether adduct having the Formula
(1), RO(AO),H wherein A is selected from C,-C, alkylene groups, n has a value of
1 to 5 and R is a C,-C, alkyl or C,-C, cycloalkyl group; in combination with certain

sulfonated organocyclic materials, as described below.
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Det ai | ed Description It has been unexpectedly found that
when the specifjc conbination of oxyal kyl ene

certain su%ﬁ%?ﬁﬁ" organocyclic materials are used, one %%tgaoﬁ&dattai ns

the desired conbination of inhibition of drying shrinkage of the treated 5
cenment structure while providing an unexpegted hi gh slunp and/ or

conpressi ve strength. The present invention is
specifically directed to a conbination of certain alkyl et her
oxyal kyl ene adducts and certain sul fonated organocyclic materials sel ected
from napht hal ene sul fonate fornmal dp&ulial Destdipeioat €s, -nel am ne for mal dehyde
10 condensate. The term"or gana&gcl Ic" as used herein and in the

appended cl ai ns It has been unexpegtedly fqugd that) when thssipeeitic sembingtion of nenber
(carbon at om ' ; ) | ed ring
Syalhiyae dadicls @R, sulfonated org BiofyTh: s HlPhee LRI 87

contai ning co rat onds

associ at ed wi atteinsithe desingd combination ofcinhibitipn of dnying Shrinkage of the itegatedy| and

the | gke. 15 ' Th | ' re L res .the use of

an al Kyl et he?e"be%ww & r\"émewahf% “ﬁe}% ﬁ’%@ﬁ%ﬁ%@%@"ﬁ%“’?or mul a

RO(AO [err] H stfepgthiil @ 1) wherein R represents a Cerr]-Cerr]

ar oup.  Exanp! o6 he biesesk SVent ts ey paea o8 R PpRon Al Tin ey

i sopropyl, n- QH&deyaﬁc?EHé' h¥ductstadd ckridiy silfdndted organocyclic materiAlsR@REXH .

i sopentyl, cyclopentyl, cycl oheg_yl and the like. The preferred R groups 20
o

are d err] - C Sem|nap ne lfopatg formaldebyde qondensates; melamipe formaldehyder y| |

| sopgptyl and K " Th ty gﬂgﬂg e R
grougg of but‘):/ Qgr}é{gyghghtg%lgm%ogy%%n&@ihﬁfmﬁ%e n tﬁd?@éve
formul a repr eshalitisclade ¢omypoundsimavinigasix inebber (chrbah Ripeorcagbon-mitregenh as, for

exanpl e, atomL)extirrlé or condensed ring containing compounds having three unsaturated
double bonds associated with the ring, such as benzenyl, naphthaleny), triazinyl and
 the like.
15 The subject cement admixture requires the use of an alkyl ether oxyalkylene

adduct represented by the formula: RO(AO),H (Formula I) wherein R represents a.
C,-C, alkyl or a C,-C, cycloalkyl, preferably a C,-C; alkyl group. Examples of
such R groups are methy), ethyl, propyl, isopropyl, n-butyl, isobuty}, tertiary butyl,
n-pentyl, isopentyl, cyclopentyl, cyclohexyl and the like. The preferred R groups

20 are C,-C, alkyl, such as propyl, isopropyl, n-butyl, t-butyl, isopenty] and the like.
The most preferred adducts have R groups of buty! or cyclohexyl. The symbol A
in the above formula represents at least one C,-C, alkylene group such as, for

example,
— CH,CH, —, — CH,CH,CH; —, — C‘f{CH2 —_,
25 CH;
%
— CH,CH,CH,CH, —, — C'HCH2CH2 —_— Cll — CH; —

CH, CH,
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represents an oxygen atom n represents an integer of 1 to 5.

The preferre adducts are those having an R which
PCT/US96/01438
represents a%%‘%ﬁ“q err] alkyl, nost preferably a butyl group, A which

represents an ethylene or propylene and wherein nis 2 or 3.
The nost preferred adduct is 5 di propgl-ene gl ycol nono-t-butyl ether
and tripropyl ene glycol nono-t-butyl ether. A wide variety

of materials are known to act as fluidizing agents for cenent
conpositions. These can be categorized as water reducing agents of the

organocyclic Coﬁﬁwm&dﬂ&&i’imnﬁmw Oegepickentseaeoxyger atont; @ representscrhy de
condensat e, nelam ne sul fan e ondensat.e and | Ln sul fonate
and 10 t fpteger RE 149 %iéﬁ'gﬁéf‘@ﬂ Bﬁp‘gﬁ"ﬁd? g ]gg’?’b“}?yal kyl ene
or pol yoxyal ky!l % -C; al CﬂB&t r@feﬁﬁl PRPLGEep, 2 WhithSepresehts dn)
Japanese Pat ent Sflt(s:gt(l:3ons a‘; e . 285140/ 88 _and

163108/ 90 and comleyqprprqwlemydnd) emmrmsﬁh@réa The most praferrgd gdduct is

mal ei ¢ gnhydri dg. or | h §|Pg_r é'ﬂﬁ@ | BSksht-biltyl Lker.,
4,471,100 or ﬁnpropytlen% %C%Ferl ?@g‘y? elc ?ﬁgeg]géglrrgne copoll ymers,
such as discl osed |m“hhé5varii=ty15f3mﬁlﬁﬁalshfeknowntoaﬂasﬁmdlzineaamsvéorc-‘snpwnds
and others are known . to péﬁ\ﬁ/l de eqehanced ement

| t .
conposi ti ons. TSOMPPsitins. fategp u%ﬁ“%ﬁ%ﬁ? a&SW‘f)Sé i on

requires the unggsmnb@dliésompéunkd Fastifly, ok @€ fiaphthalehe s@lfondtti formddehyde of hi gh
water to cenent ratios 1 n conbination with s ch, ad t|ves Bot h

of these met hodgongdensate, melamine sulfonstecforpaldehyde cons nsateand 1gnms A peen

unexpecisedl y fo ﬁbﬁn g,g!g,[ Kyhae of %ﬁﬂ 1

I n com?)l}onat on W ?]ﬁﬁés]ﬁt‘?gmnat e’g&organo cl %b%g{?ggril als’in ce(ritdal n aslt)ye%r:ef e
rati os, one containing comipoandss asdistiasedrin Jmmd’ﬂ@m/\ﬂilh!ﬁamﬂeaﬁ%ébl

i nhi biting dryi unp not
attributabl e toggﬁ%@y@#?gw&&?d 8??89‘&' O?i’mytdeﬂﬁn&g& Xllﬁhﬂ@r éldrrbl ned
COWpogent s. The niiléi6 afliydeidsior deir sahs a:tmeslte:cralrsuﬂealzsmmdbseﬂ ihbiS. 4471500 olr

provi de a cenent conpos | on IS se evel i n

punped to “‘&I?‘ mﬁ'&é’? & Fapelygers, 5\‘F gf V\'ﬁﬁ esi %?lghtgé?re nt
ratio rgduced t%lﬁoyﬁkkbbwébm ds and others €RIMON O pRoVide dmmeﬂrshmcto of

enhanced conpressive strength. Because of the v degree

h
of fluidity i|npaement dpmpopitions: eg%mmaﬁﬁﬁﬁhéﬁl““@rﬁ’c%ﬁ?‘q“em?‘?‘qﬁpart
requires the undesired use of large dosages of these additives or of high water to

cement ratios in combination with such additives. Both of these methods are
unacceptable.

20 It has been unexpectedly found that when one uses the above described adduct
in combination with sulfonated organocyclic materials in certain specific ratios, one
attains admixture products which are capable of inhibiting drying shrinkage while
imparting very high slump not attributable to either component or expected from
the combined components. The present combination thus can be used either to

25 provide a cement composition which is self-leveling and can be readily pumped to
an application site or can have its water-to-cement ratio reduced to a very high
degree to provide a product of enhanced compressive strength. Because of the very
high degree of fluidity imparted by the present combination, one can readily impart
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both fluidity to the unset conposition while reducing the water to cenent

ratio to WO 96/27564 enhance the conpressive strength of ﬁwﬁr al

pr educt . The sul fonated organocyclic mat e used
I n conbination with the adduct descri bed above are napht hal ene
sul fonat e fornmal dehyde condensate, or 5 -6- mel am ne sul fonate

f or mal dehyde condensate. Although each of these materials is a
known wat er reducer for cenents, when used with the present adduct, the
conbi nation provides dramatically enhanced fl ow properties.

The subj e|C_t Chotk fluidigto the nesesdummposi | _ﬁﬁﬂm:bﬁecﬂﬂﬂgh (tl_ie(vﬁtfeﬁ:c:d émﬁmﬂima , ,
or ganocyclic material jn.a weight ratjo of fromabout 0.7 to 7,
preferably frebaagsdhe cqmpreggvezstren °f%'°5m'%w§lc?§?fjé‘ﬁ't adm xt ure conponents
may be added to The sQfdRRE o?ﬁﬁﬂf‘:fclié%rﬁiSQE%e'\@ed.in combination with&hé Or M of

neat material's or as aqueous solutions. Alternate m Xt ure

conponent s caasdduet WM-MYWMWQM@%M@%&R%QC@MWWM a neat
m xt uge of ad . AN [ riaf. neous
corrpoéi tion c%%ﬁ%’é'?ef %‘rﬁiﬁg%}; g%@bﬂ%%ﬁg%u%%u% gﬁgi%g%f'%ggggﬁgr 15
sul fonat ed orlgwacwatetr reducer dor cemenis] ivhamadet! withothe presért addacaitheit 0.1 to 1%
based . on soli.d oyganpcycli.c terial of, a carboxylic acid
derivative sufomhination pravj :%%mncal\fy enfianced fg‘ﬁ’ﬂmﬁctyl sul f osucci nat e
and the like. Thenoemject cahibf adfitnilc $h6uld COMEIR AdHEA to sulfonated organbéyclic
preferably formed by Subjecting the materials to shear m xing or the |ike

f or matesaionta weightggtio of fromyboutif2 tp Isprefezably frami shout b5dad- be
diby t ey el ! . o
et er0%t  hyar LY Ssient Sughidforg Somponents 3P il ' chfieft VAl ftally) 10

conposi tion. the form of neat materialsTdreas aguéons solutionsmpAdtetnately, thé adrhixtype esent
i nvention may_be us

d wth . hydraul i ¢ nts Ltabl e for
structural apﬁ@@&?ﬁﬁﬁ@éﬁgwgg"&?aihﬁyﬁ ﬂf%‘f(@pog'%(’ com S%doﬁg ni ng and
moder at e- heat mpiire| of addwot aid sl fonhted lorganodvicia matesiall t Suchld ubhogeneonsce 25
slag cenment and thg like t hese,, portl and ,c nts, of.the ordinary and
qui k- Somposiion, Ak be Seped puiais e SR FAHT 50 SUid B R oo
readijky used gffohftedorfatbidycRé hidferihl with small amount$ {froif abor|0. TRTPAR Wased
The inproved cenent of the present invention i s _conposed_ of a substantially

uni form mi xt uPRsid erepraeyelis material of grcahonylic\acid derjvative nufpetant. soEk 8%t ure. The
sodium dioctyl sulfosuccinate and the like. The neat stable admixture composition .

is preferably formed by subjecting the materials to shear mixing or the like for
short periods of time. The resultant admixture can be readily transported to the

20 application site and mixed with the water of hydration or directly applied to the
unset wet cement composition.

The admixture composition of the present invention may be used with
hydraulic cements suitable for structural application, such as ordinary, quick-
hardening and moderate-heat portland cements, high alumina cements, blast-furnace

25 slag cement and the like. Of these, portland cements of the ordinary and guick-
hardening types are particularly desired and most readily used to form architectural
structural members.

The improved cement of the present invention is composed of a substantially

uniform mixture of a hydraulic cement and the subject cement admixture. The
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i rproved cenent may be formed at any stage of the cemeht' s formation or.
use, such as by applying the adm xture to cenent %r i ng
t he bl endi ng qugﬂer dry materials to preparea E’Pﬂ#:

type of cenent. Although small anounts of wat er may be present
during the bl ending, the amount of water wild7be insufficient 5 to
cause substantial hydration of the cenent. Alternately, an

| nproved cenent conposition can be fornmed in situ during the
course of preparing a cenent conposition such as a nortar mx or a

concrete. The  improved cememChithy be! fitmed BPAS étage of I cdifent'd d6ithatioh 0L Lse,
separately (either as, separate conponents .or as a neat

conposi tion) or 6hahpy applyingdhesdraixtuss togement poyier gipeng thy blending with gther
adm xture 15 1 ddodi 0%l 6f pre S45R4: 554 Bt bétiens ! DOMRUCImALhSHs 6 LN

sol ution shoul d cal cul at'ed” as part . he total content of the
cement watermay be iprésent during the blending, the amoting of waten wilh deviinsufficiens f

t he presgnt inventjon £ es i he cenent _ '
conpositton suchREe @E%%EB@&I'@&}L? bout 0.5 to about 4,
preferably about 1 Alternately, antimprbved tenzenveompdsitivhrcan e fomedcinaitu dagingveieg ht
of cenment content of the cenen osition being treate The

t .. CO
sul fonat ed or garfRSUgRe|9f Preparing p gement somposition,sych as @ mortar mix or a congrefe, ohhe
about 0. 35 0 1, oGBiRfl dbhoshioR War B0 Wdddd chkCscPare (el as Bt ot based

on the weight of cenent content of the_cenment conposition. The quantity of
wat er components of ass@ pedt ¢oMPOSition) oF 8% pard pH S| water pfdwdratign.y Whenhi n

i e £ O Sk e o o o o 600k Sl e 1

preferably 0. 3: ggregate, s gravel
sand, pumi ce or sdolutipd sheulll ibe @alcalated ag part of thentatal vatee cpitentad thexcement
conventional amounts...As stated above, the water to cenent ratio.can be
dramatical |y redPER*HABn using the present adnixture to provide a fluid
cenent Thé Pérfidrit iaBmixtip DB it présett inveritiof Ghbiild be pestpsitda the/eement

erent . ot npertionghbl
opt i onal iy uised. commotion much et e SaGT 35t abany O3 91 A5 aretbpbBcabomt L

are: copyenti ongly dhghtdr Weiplit péredt Bhsli UnSthe Vefkht of cement content BRI ceitnor | des,
such as cal cium chloride and sodi um chl oride, netal sulfates, such

as sodi um sul f atesmpesition beingitreaterti T sulfiengted oreanoeydiis seaterial seould bepresgny - -
2 er Idﬁlmog g; rei nfigrfé?%ga!’é%t?é {??r‘ ngésflﬁljcﬂ)lr)]ﬁsfr&ﬁ %9&9 o tosdfgiﬁr%ent%y%ﬁﬁh hed
on the weight of cement content of the cement composition. The quantity of water
used for setting the cement composition can vary within the weight ratios of water

20 to cement of from 0.25:1 to 0.7:1, preferably 0.3:1 to 0.5:1. Aggregate, such as
pebble, gravel, sand, pumice or fired perlite, as required, may be employed in
conventional amounts. As stated above, the water to cement ratio can be
dramatically reduced when using the present admixture to provide a fluid cement
composition capable of attaining high compressive strength.

25 Various conventional ingredients may be optionally used. Among the
optionally employable ingredients are: conventional hardening accelerators, e.g.
metal chlorides, such as calcium chloride and sodium chloride, metal sulfates, such
as sodium sulfate, and organic amines such as triethanolamine; brdinary hardening

retarders, such as alcohols, sugars, starch and cellulose; reinforcing-steel corrosion
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inhibitors, such as a sodiumnitrate and calciumnitrite; air entraining
agents, such as tall oil fatty acids and their esters, gum
resins and VWRRIS64sul fite |iquors; and the | i RRETAISI6RAI® ur es
t her eof . The treated cenent conposition having the cenent
adm xture of the present 5 i nventign may be applied in

coriventi onal ways. For exanple, it may be cast and trowel ed,

filled in fornms, applied by spraying, or the |like. Hardening or curing of
the concrete and the |i ke nay be acconplished by any of the air drying, wet
air, s b e LGl b Oiritd Y {dn‘???ﬁug ) ring
t echni ques. Ifmﬁlgge;rs’e ,cﬁ?gv\gr}}g?ﬁ ﬁhﬁtﬂﬁ&]c"ks"rmre st%::%'o echniq stshﬁf/éube
conbi ned. The asdalp oil tfatiroacids andctheiv astérs, guns rasing ahd rasins, sulfite liqubws; aminhe as i n
t he past. . . _ addition of the cenent adm xture conposition
of the presentlﬂfena\flgr{ﬁxgﬁest%'yg& cement will nmarkedly reduce the
dryi ng shrinkage The trbated ceamint corgpasition aving the cement admiRtipe 6f theGieset 0.
nmort ar_and concrete) conpare {th that of untreated .
conposTtions AA¥eRfiopm r@&?&ﬂf*&%ﬁ%ﬂ&%ﬂdwm FQEFWIEWQPXIHE)%M can be
15 r edugiekiiy filledas fdi'ﬂlspippli&!?b%‘\@ﬁrﬁﬁné,%r(iﬁ‘é*ﬁm. Haldbding Or Birfhgl e 2
resultant set structure . of ‘enhanced conpressive strength. The
conbi nat i on ofthe aeresete and therlikenay be accomplished by eny pEtheiairedryingewet #ir,can be
readi ly achi ey, the. IR ViR idelad8 - . . i ng
exanpl es are g‘igé\%lﬁé%dol%g} ﬁsﬁ%ta R%tte%n?/’e puPS’g’seet%') 8"rﬂn>$ tg%h(rj“qélrg% Info‘i%?edt Bho "
meant to be a moneisuch iechniquestriay bencombinedn He rdspectivectuting comditidnsineay Beppended
to this 20 specification. Al parts and percentages are by wei ght
unl es!éot herW@%%%ﬁ%éﬁM’- The term"S/'S" neans wei ght of
E;(ﬂ i dl ad(ii tive bayheéladditioiofithé cérberi\adininthre (kompositi(:cn of thf pfb%édﬂtﬁ@veﬁtion to a

anpl e ) ncrete mxes were fornmulated with a m x
design of fi né‘&{‘}@?%’{:}h{"éﬂ@ﬁuafgﬁ)‘!c& ‘}2‘5&'}'“‘8 nkage 0 the [SHIBRECERENt cubi ¢ yard
West Sand, 18%::%&5%9&{()&%%%%&&6@ &IMgardd with that of untreate§” Ushed Stone
(ASTM c-cc Grade 67), 517 pounds  per cubic yard of_ Portland
cenent and a vRommositigns gus will pravide apmpesition efyvery high #ump whichcan be ent
(raﬁt Irgll“ﬁ:_ﬁ]g) agern uc{eg bgg%rg%ééaw@% sl B AR s St

of enhanced compressive strength. The combination of enhanced slump and

compressive strength can be readily achieved by the present invention.
The following examples are given for illustrative purposes only and are not
meant to be a limitation on the invention as defined by the claims appended to this

20 specification. All parts and percentages are by weight unless otherwise indicated.
The term "S/S" means weight of solid additive based on weight of hydraulic
cement.

Example 1

Concrete mixes were formulated with a mix design of fine aggregate equal to
25 1330 pounds per cubic yard West Sand, 1850 pounds per cubic yard Wrentham
Crushed Stone (ASTM c-cc Grade 67), 517 pounds per cubic yard of Portland
cement and a water (or water and indicated liquid additives) to cement ratio (L/C)
of 0.44. The concrete mixes contained an air entraining agent (a commercial tall
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oi | based product, Darex Il 0.4 0z/100 | bs of cement sold by W R Gace &
Co.) ' unts to nmaintain the air content substa‘;&t

const ant. Thewc%#@ e m xtures wer e proportioned by lm

vol unetric nethod according to Anerican Concrete I nsti tute'

gui delines. Sanples were formed with adduct aPene or NSF alone as well 5

as with a mxture of adduct and NSF as part of the water of hydration. The
concrete was m xed according to ASTM G192 ("Maki ng and Curing Concrete

Speci nens in the Laboratory"). Plastic concrete tests of slunp was neasured
accordi ng to ASTéil baséd product, Darex II 0.4 oﬂlomllbesécaﬁmolsdﬂ byeWe Rl Grave & CGv.)show
the effect the present adm xtuye has on sl of the . treated

conposi tion. ThellralQyntssto mpaintajn he, air r?°q‘§’3l %‘b‘FmE’ép?S\an‘ concrete mixtures

TABLE | were propRtished byAHE VelhineRic method adoBRMto American Cdatiete 28
Day Slu Adduct/ NSF
Rati o Conpr elgnngg: guidelipes: h§amples were formed with adduct alone or NSF alone as wellg) S)

Strengt hg(pst) 0.44 -
5530 5 ? \gtth a mxxturé of addém anhLCYESF ﬁ:}f’é} R&\l—'e water o? h?éx%}lén 4The 0. 44
5445 cancrete Was mixed accordin®r BST]\DD@tQim/Mahhgghqﬂuﬁng Oouncretel

al cohol adduct F = naphi,hal enes fonat for mal dehyde
condensat e (WRDASREgimens in the ﬁl%o“m%ﬁsrﬁ“gﬁl cp g, waz gpe lid
wei ght of hydra%cgrdmmsmrmqwnt The data in Table |
shows that the subject adm xture illustrated by Sanple 2 rovi des

nor e than a twof ol d“?ﬁ?rsé'éﬁ@s“ﬁf%f%'ﬁﬁd toshewicte effeqt e BResRos pdmixtre hagemst ant
20 biquid tg Rﬂﬁi'&fﬂ:@h‘e&e& xfeébl %FH?’ wh ifi FabR! Ibelldv.0nl ¥

t he conventlonal e ter- reduci ng il%% 5 +<h%own that DPTB does
not enhance slunp to cenent conp05|t|ons__.ﬂ_ Furt her concrete

m xes were formed in the same manner as descr| bed above except that
the m x desi grj=e& = ==t : 8 Ho =G art

crushed stone } equtmteo 17
equal to 658 ounds pefr cubi c yar of Adduct/NSF Compressive
i (%5/S) Strength
‘ (psi)
| 1 NSF 0.0/0.4 0.44 5530 28
H 2 DPTB/NSF 1.4/04 0.44 5445 55
15 DPTB = Dipropylene glycol-t-butyl aicohol adduct

NSF = naphthalenesulfonate-formaldehyde condensate (WRDA-19)
S/S = solids additives based on solid weight of hydraulic cement component.

The data in Table I shows that the subject admixture illustrated by Sample 2
provides more than a twofold increase in slump to a concrete composition at constant
20 liquid to cement ratio in comparison to Sample 1 containing only the conventional water-
reducing NSF. It is known that DPTB does not enhance slump to cement compositions.
Further concrete mixes were formed in the same manner as described above except
that the mix design of fine aggregate equal to 1242 pounds per cubic yard, crushed stone
equal to 1750 pounds per cubic yard, portland cement equal to 658 pounds per cubic yard
25 and water (or water plus indicated liquid additives) to cement at a ration (L/C) adjusted,
as indicated, to attain a substantial uniform compressive strength concrete. The results,



25 ' and water (or water plus indicated liquid additives) to cenent at a

ration (L/C) adjusted, as indicated, tao_attain a substanti al

uni form conpressive strength concrete. The results, WO
96/ 27564
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given in Table Il bel ow, show that NSF al one (Sanple 4) permtted a
reduction in water to achi eve the ionpressive strength while
causing only a small deviation in slunp with respect to the bl ank

(Sanple 3). The presence of only al kyl ether oxyal kyl ene adduct,
DPTB, did not enhance slunp (Sanple 5). Sanple 6 which contained the

subject 5 gwen inCTuble Icbelow) show cmmrem:& (Sainplet4) petmitted 4 Gedutio®in Watet!S ed
in Sanpl e 4, ow&\%daverg hslu tLIa| which stil]
at t ai ned tﬁ@aﬁ COBPFSEve styrnsth whi ﬂ?"j flevition in slump Withy)| es.
TABLE 11 resp§|ct to the biagkPSAnple 350 Th bié&é?xce of only [BA§R Sfber oxyalkyl #% . 28

Da
Ra%/i o QOIRB}B,ded dwot enhapeesiymp (Sample 5). Sample 6 which contained the subject -

(()O/fg Sk Spmbination of oomp@&eﬁﬁrlg%ththe }8w L1C ratio, g dsed in Sample 4, “Provided a very

-10.4 Chigls slump matbidl which still attained .thie highest compressn&*slrenglh of the(poip of

1.2/- P 6650 5.0 DPTB/ NSF
1.2/0.4 s’“"é’eﬁ 6795 10.0 * cont ai ned 03% S/'S
di propyl ene glycol cenent additive TABLE 11
Exanpl e 2 A series of mcro-concrete sanples were prepared
to determ
Adduct/NSF
(%S/S)
10
* contained 0.3% S/S dipropylene glycol cement additive
15 Example 2

A series of micro-concrete samples were prepared to determine the effect on slump
by the subject cement admixture as well as, for comparison, the use of an alkyl ether
oxyalkylene adduct alone and naphthalene sulfonate formaldehyde condensate alone.

The micro-concrete was formed by blending 800 parts Type I portland cement with a

20 mixture of the following ASTM graded aggregates: 475 parts F-95 sand, 432 parts of
C-109 sand, 432 parts of C-185 sand, and 821 parts of 15-S sand. The dry blending was
conducted in a Hobart mixer for about two minutes to attain a uniform blend having an
aggregate to cement ratio of 2.7. To the blend was added 320 parts of water (or water
plus. liquid admixture materials) indicated below. The water and cement ratio was



by t.he subject cenent adm xture as well as, for conparison, the use of an

al kyl et her oxyal kyl ene adduct_alone—and--napht hal ene swoenate—

f or mal dehyde condensat e al one. The m cro-concrete was forned
by bl endi ng Type | portland cenment with a 20 péHvdddofasef the
fol |l ow ng AS%&Q?&%‘; aggregates: 475 parts F-95 sand, 432 parts of :
C- 109 sand, 432 parts of C-185 sand, and 821 parts of 15-S sand. The dry

bl endi ng was conducted in a Hobart- hixer for about two minutes to
attain a uniformblend having an aggregate to cenent ratio of 2.7.
To the bl end was added 320 parts of water (or water plus |iquid
adm xture materials) indicated bel ow The water and cenent ratio was

WD 96/ 27564 adjusted to provide a constant total liquid to cement ratio in all samples. The slump was
PCT/ US96/ 01438 . . - -

adj usted to pseMErd fr gashdriplicats st of sammles apeprding IR ARTM G143 fod te Iresg%srlrp Ces.

The skunp WaSgiven in TabléHRBHloR¢ for each triplicate set of sanples according

to ASTM C- 143 and the results are given in Table |1l bel ow
TABLE I'll 5 Sampl e Adm xt ure wcC
L/ C Sl unp NPABLE miDPTB '
(cm 7 - - T 0.4 0.4

8 8 - 1.2 0. 387 0.4

5 5 i N4

0 10

4 1. :

4 4.4 % 0. 60 1.2 :

4 9. The above re¢sylts show|that tHhe

onbi nation o L andNSETWit-hin—t-he va 0 o8

QOOOorOO

0.387

0.4 10 JI

10 0.4 12 ||
0.4 44 H
0.4 9.7

The above results show that the combination of adduct and NSF within the
ratio taught by the present invention provides a unique and unexpected high slump
15 not attainable by either material alone or expected by additive effect. The resultant
material would provide a self-leveling type of concrete. Further, one could reduce
the wi/c ratio to attain increased compressive strength while still retaining a highly

fluid composition.
Example 3

20 Samples were formed in the same manner as described in Example 2 except
that melamine sulfonate formaldehyde condensate (MSFC) (Melment) was used
instead of NSF of Example 2. The results given in Table IV below show that when

one uses the subject adduct in combination with MSFC in the prescribed ratio one
achieves unexpected high fluidity.



rati o taught by the present invention provides a unique and unexpeét ed high

slunp 15 not attainable by either material alone or expected by
additive effect. The resultant mat eri al woul d provide a
self-leveli %ﬁ/zg of concrete. Further, one could reduce

wc-ratio t i ncreased conpressive strength while sECFUSPMNE8,; g o
hi ghl y fluid conposition.

Exanpl e 3 20 Sanpl es were f¢2red in the sane manner as
descri bed in Exanpl e 2 except : t hat nel am ne sul fonate

f or mal dehyde condensate (MSFC) (Mel nent) was used I nstead of

NSF of Exanple 2. The results given in Table IV bel ow show t hat when

one uses the subject adduct in conbi naré%mg}ﬂ:' h MSFC in the prescribed

rati o one achi eves unexpecte Igh fluidity. W)
96/ 27564
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TABLE |V Sample
L/ C Sl u
(cm 8
0.4 08 45 8 _ - 0.4 1.3 o4 387
0.4 0} = 43 4 Bl
0.4 3 1§48 — 14 12. 0.8 0387 - 0.4 050. 4
0.4 1 46 -8 2 Br38F
0.4 sl 14 0.8 — ' 0.4 0.4 3.0

15 04 1.2 0.387 0.4 1.6

16 0.8 12 0.387 04 8.4

10 Example 4

For comparative purposes, a series of micro-concrete samples were prepared in
the same manner as described in Example 2 above except that other commercially
available water-reducing agents, lignin sulfonate (WRDA-79 of W. R. Grace & Co.)
or an alkyl terminated alkoxy allyl ether/maleic anhydride copolymer (AKM-0531

15 of Nippon Oil & Fat Co.) was used instead of NSF of Example 2. The materials
were used in both low and high weight ratio ranges with respect to the adduct.
None of these combinations provided the high slumps achieved by the presently
described combination. In certain instances, a lower slump was obtained. The
results attained with lignin sulfonate are shown in Table V below and attained with
20 the oxygenated copolymer are shown in Table VI below.
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10

Admixture

Ligunin

yqll er m nat ed

results attained with

t he

Admixture

Sample _ Slump
Copolymer DPTB {em)
% %
7 — — 0.4 0.4 0.8
8 — 12 0.387 0.4 0.5
21 0.07 — 0.4 0.4 12
0.4 13
0.4 4.9

04




204 0.60 1.2 | | 0. 387 T
3.8 10 TABLE MHIS SHEET Ha

S BEEN

Sanpl e Adni xt ur e W C L/ REPLACED
I
(Sct;)rrp WO 96127564 - Copol ymer ) DPTB PCT/USI6/)1438
. 0.8 8 -
0. 387 0.4 0.5 15 -14 21 T
0.3 4 5, ’ MBI
0. 387 0.4 1.3 23 0.14
0.4 0.4 4.9 24 0.14 1.
0. 387 Whadt.i¢ Claimed js:2. 9 WD 96/-27564
PCT/ US96/ 01438 - 14 -
What is Clained is: 1. A cenent adm xture capabl e of

i nhi bi ting drying, shy icelast hdaibeuleBapatlé Bfinhibiting drying shiinkabé Bnd! fiigaftingOf

flowability to a cenment conposition conprising a mXxture of (a) ‘at
| east one al kglhigh degreenfiflowabilityto a geraent compesitiongomprisipgtaaixtue ofi (a) at

RO(AO [err]H %\:,P&ip Eﬁﬂh ES!EF& 0
oxygen, Ris ?eaﬁ[ogrera]lk er r}’fy ﬁi‘eor%%ﬁ E*f&%%‘ﬁg%d@%)@?cl oal Ik)S/I
groups and n wheam Aris edB¢C, cﬂkﬁlmm&cﬂpOﬁs oaygtn,( R)is a G, fatkyd be €,-C,
organocyclic cyc sal I grc'mr;]), and' 1sqan mrteagte:I- of R'om Ito § anz (b) a sulfonated

organocyclic material in a weight ratio of 0.7 to 7.

2. The admixture of Claim 1 wherein component (b) is selected from the
group consisting of naphthalene sulfonate formaldehyde condensate or melamine
10 sulfonate formaldehyde condensate.

3. The admixture of Claim 2 wherein the components (a) to (b) are present in
a weight ratio of 1.5 to 3.

4. The admixture of Claim 2 wherein R represents a butyl group and n
represents an integer of 2 or 3 and component (b) is naphthalene sulfonate
15 : formaldehyde condensate.

5. The admixture of Claim 2 wherein R represents a butyl group and n
represents an integer of 2 or 3 and component (b) is melamine sulfonate

formaldehyde condensate.

6. The admixture of Claim 2 which further contains at least one conventional
20 | cement additive.

" This Sheet Has Been Rep
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2. The adm xture of Claim1 wherein conponent (b) is selecte papym)
group consisting of naphthal ene sulfonate—foramddehyde-conder ﬂ"g QHEE‘T‘ HAS BEEN.|.

nel am ne 10 suI fonate fornal dehyde condensat e. EPLACEDS

The admi Xt ur gy m 2 wherein the conponents (a) to (b) a

a weight ratio %?lgf t03 2
wherein R represents a butyl group and n repr

of 2 or 3 and conponent (b) is naphthal ene=-ddlfonate 15 Dim.l &m'ﬂmﬁﬁm

condensat e. 5. The adm xture of Claim

represents a butyl group and n represents an integer of 2 or
and conponent (b) is nelam ne sul fonate f ormal dehyde
condensat e. 7. The admixture of Claine2 sdereint the admixt@e ds mhomapénehus’ ur t her

\c/\%ntgg} 2?522 | eacsc;[mp%gx oft %Qr\llllexr)]s:[c'd 3 negtomixture of a&&%E Igﬁlfcf?}x(gt(:iiac.ito'ré’:a.enocychc material

sCT{I_ rl]JS9 63 01438 and i]:roncl:I about 0.1 to 1 percent bg we%ht of a carboxylic acﬁd derivative surfactani5 -
: e adm xture o aim2 ee t he adm xture is onopgeneous
conposi ti on conpfgeben e weightg '-{'ﬁ i‘ﬂi??‘é’%f"@ﬂ?ﬁ?& ““é‘fr‘g]onat ed organocyclic
mat eri al and fromabout 0.1 to 1 percent by weight of a '
carboxylic acid derivative surfactant based on the wei ght of

t he sul $onated or g8nduyimprevedeaementgompositign comprising a mortar gompgsitiospr oved

cement ComoS! {abobBIBE HRE ERELE USRI, conget, composibfi PO O
conposed of hydeomposad ofthrirdulic cament, $and glargegppregate and mdtenakhereimther ei n t he
improvement comprises the employment of a hydraulic cement having from 0.5 to
4 weight percent of component (a) and from 0.35 to 1 weight percent of component
10 (b) from the admixture of Claim 1, 2, 3, 4, 5, 6, 7 or 8, based on the weight of

hydraulic cement.

9. The cement composition of Claim 8 which is a concrete composed of
hydraulic cement, sand, aggregate and water and said water to cement ratio is from
0.25 to 0.7.

15 10. A method of inhibiting .drying shrinkage of a cast hydraulic cement
structure while attaining high plastic slump the initially treated unset composition
and/or high compressive strength to the resﬁltant structure comprising introducing
into an unset cemént composition comprising a mixture of (a) from about 0.5 to 4
weight percent based on the cement content of the composition of at least one alkyl

20 ether oxyalkylene adduct represented by the formula RO(AO),H wherein A is a C;-

' 'C, alkylene radical, O is oxygen, R is a C,-C, alkyl or C,-C, cycloalkyl group, and
n is an integer of from 1 to 5; and (b) from about 0.5 to 1 weight percent based on
the weight of the cement content of the composition of a sulfonated organocyclic
. material, said component (a) and (b) being in a weight ratio of 0.7 to 7; casting the
25 treated cement composition into a desired shape; and permitting said composition to

cure.
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i nprovenent conprises the enploynent of a hydraulic cenment having fromO0.5

to 4 wei ght _percent of caonponent (a) and fromO0.35 to 1 weight
per cent of conponent 10 (b) fromthe adm xture of daim1l, 2, 3, 4,
5, 6, 7 or 8, based on the weight of hydraul i Colft
9. The cenﬂ?’@%m tion of Claim8 which is a concrete—comp

hydraulic cenent, sand, aggregate and water and said tio
st 803 e i TR
i nhi biting drying shr| nkage of a cast hydraulic cement s H s o«
structure while attaining high plastic slunmp the |n|t|aIIy treated unset
conposition and/ or hi gh conpressi ve st rength to the resultant
structure conpri i NOrHethéthél'6f ORim 10 wherein compdie 1m&etedcmmeﬂie

conposi tion conprising a mxture of (a) from %gout 0

wei ght per cengrovpseusissingtof maphthalene sulfpmats, fo hyde g Pbﬂ‘elﬂ“‘%ﬁ | east

one al kyl 20 fgg Hﬁ e adduct represented by the formula
RO(AO)[err]HWH&"@Fn |é°gé%:ierrh- ) : C4 al kylene radical, Ois

oxygen, Ris a (Jerr]-(err] alkyl or (Jerr]-Cerr] cycloal kyl group, and
nis an integer of froml1l to 5; and (b) fromabout 0.5 to |I weight percent

based on the wei ght of the cenent content of the conposition of
a sul fonat ed organocyclic material, said conponent (a) and (b)
being in a weight ratio of 0.7 to 7; casting the 25 treated cenent

conposition into a desired shape; and permtting said conposition to
cure. WO 96/ 27564
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11. The method of C aim 10 wherein corrponent (b) is selected fromthe
group consi sting of naphthal ene sul fonate fornal dehyde condensate or
nmel am ne sul fonat e fornmal dehyde condensat e.
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