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COVPCSI Tl ON This application is a Continuation in

' Par't applicatigon of U S. Application Serial No. 08/ 398. 719
filed March 6,WQ8¥%ses WMd of
the I nvention The present invention is directed to a
cenment adm xture conposition capable 5 of causing the conbi ned
effects of inhibiting drying shrinkage of .qenment ' conpositions

while permtting substantial air entrainnent to be inparted thereto.
The present invention further provides an inproved cenent conposition
struct ural product and a nethod of form ng sane.

Specifically, the present inventi OQEME & [COMPOSITIONCENENt adm xture 10
. conposed of a synergistic conbination of certalrn nonoal kyl ether al kyl ene
" oxi de adducts and al kyl ene gl ycols, as fuIIy descri bed

~ herei nbel ow. This %plpllcat{on is BN Hnittdibn %‘E*E%pﬁi lgogsA%pigl':g@ofs

nortar (cenent, small

concr et e (cenmentSerighdbl Oﬂw'é@aﬁledec!gé, 095r egate e g

crushed stone and water), have certain properties which substantially

affect their 15 durability. These properties include shrinkage which
normal Iy occurs during drying Background ®f thénveatigiit conposition and the
anpunt of air entrained in the resultant cast cenment

conposition's structure. Conventional hydraulic cenent-

conposi tions display 4 ﬂoiﬁé‘sbﬁéiﬁ@eduﬂ ¥OhireRed to t dmmemoﬁgioahaﬂ !
drying of the cast corrf)3 sition Alltlhou?h thearfaelgnﬁtlltaude of th l ci?ﬁb‘ﬁe

vol une decr ease of cavsingthielcpmbingd [effe¢ts o mhdﬁmwdrymhnnWepﬁmntThu S
shri nkage S r t he
serviceability anﬁ'Pau“S \Pfuieypérﬂ?ht&ﬁfg\iﬁw alf %g resu ant\Q@k"";l {l’g}r{égg The

cracks provide dlquréseﬁmnvmtmntfunhmrmvidﬁsanumpmvb&leement composition sthuctuedlur e,
pronoting carbonatjon OJ e(t:h%e t and corr05| on of the netal
prod ct and a method o

Speclfically, the present invention is directed to a cement. admixture
10 composed of a synergistic combination of certain monoalkyl ether alkylene oxide
adducts and alkylene glycols, as fully described hereinbelow. '
Hydraulic cement compositions, such as mortar (cement, small aggregate,
e.g. sand, and water), or concrete (cement, small aggregate, large aggregate, e.g.
crushed stone and water), have certain properties which substantially affect their
15 durability. These properties include shrinkage which normally occurs during drying
of the cement composition and the amount of air entrained in the resultant cast
cement composition’s structure.
Conventional hydraulic cement-compositions display a decrease in volume
with setting and drying of the cast composition. Although the magnitude of the
20 volume decrease is normally small, it is of extreme importance. This shrinkage
results in cracks and other defects which lower the serviceabilitj and durability of
the resultant structure. The cracks provide a path for air to penetrate into the
structure, promoting carbonation of the cement and corrosion of the metal
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reinforcing bars contained therein. Further, the cracks provi degegpimggns for
wat ér to seep into and through the structure. ! ‘
further detW¥PPHH%s the structure through freBSHUSHA30R | | ng
‘pressures exerted on the cenent structure over its life. It is
highly desired to provide a cenment which exhibits high strength and is 5
not subject to deterioration effects duepto shrinkage and freeze-thaw

cycling. Various attenpts have been nmade to avoid the
-cracki ng phenonenon caused by drying shrinkage. These i ncl ude
‘providing joints in the cenent structure to ©concentrate the

site of crack rdifforditg Bits 8bnthif&d tietell. Puitther,!the ERBRS proliae Binns £t Rvater to
formation at other portions of the structure. Such joints are expensive to

install; are 3¢p intoand through the seiuree Susheatersnhry Junthes detedorates dhe as

vertical wall o ?égsur ate
the area of cracking bﬁ%’?ﬁg ngﬁa aF@\’}FZ’ %s exerted on the%é’anféﬂﬁé‘?ﬁ]
attenpts incl itsdifeaktyis hgghlyhksmdrprmohﬂma cementiwehiche edhibits high strengtht dnd is -

nmet.hods of manufa ng vgr?/ Ilas mat eri al
used gn not su ]ec{g)ré)ﬂ“?’fﬁ”? qtf%gtaldpgﬁq gftﬁ% (ot lf‘&)ne of these
attenpts have resuMafifus dttefn vebeenmﬁdanosévamtmwraaﬁhglbhmmeﬁai chasedpl e,
cenents have been forml ate ansi adm xtures in

attenpts to cBYsrdpg shnkags. i Ik%ﬁsén etﬂ‘i%“é'@ﬁé?‘é‘ﬁé““ﬁcﬁﬁﬁ\’r’é‘rwpf‘??

difficult to r I d quired to
count or | CORRREPR 6 TeRL AR Mo IHPAR KRy Hibatbe o

materi al s t hefermatign ateothexsp,omons of the structure; Bugly jointsara igkpensive (¢ installp are

Wth foespect I n e 'ﬂ?m %EQF 93 ns,
such as concrrg&e&i’\c{’on%gﬁ %5#5}‘ e ‘{;i%f'erégl ure eaclfi@%ﬁ%%dz@gﬁl g’uasddo

oxyal kyl ene  merely concemratamesoﬁemmg' butlidoenokt allevidte dt. pur pose. For
exanple, U S. pat eg)ts 3,66 223 suggest. t he use

of conpounds of th ﬂb"éﬁ&?’&l’fsfﬁi‘l‘ﬁl aryipg ey comppsition ?fthe cement, ng s ch R
may be a ( er ijetti)dé VF ntufabRfd of c"onedeeahixyalndr\aﬁym@ﬂm bAllae ynatepialsed ih

al kyl ene 25 . radicals and nis 1-10, as shrlnka e reducin addltlves
for cement. Simﬂyrewl@tconcmm Noneof; these altempts hayq,

termgpal ly al gae{éﬁc sélluﬁ“ n oPeNaHIpRS b&hértd me%&ﬂfdfmhﬁ% with.

expansive
pol ymers as u age reduction. Still further Japanese Pat ent
adm1xtures in attempts to counter the shrinkage of the concrete. However, it is

difficult to determine the proper amount of expansive admixture required to counter
the drying shrinkage which develops. The use of such materials thereby give rise
to unpredictable results.

20 . With respect to overcoming the drying shrinkage of cement compositions,
such as concrete compositions, the literature teaches that various oxyalkylene
adducts are suitable for this purpose. For example, U.S. patents 3,663,251 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

25 radicals and n is 1-10, 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
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Application 58-60293 provides the suggestion that shrinkage reduction of

cerrent n be acconplished by the addition there
conpounds whi cvﬁogﬁrlzeﬁgﬁai phati c, alicyclic or aron’gﬁ'@%‘%‘ﬁ'ﬁ

- term nat ed oxyet hyl ene and/ or oxypropyl ene repeating chain
conmpounds. 5 The freeze-thaw pressures encountered by
conventional hydraulic cenent -Xtructures on a mcro-scale
(i ncluding crack phenonenon) is due to seepage of water into

the porous cenent structure where it resides to exert deteriorating
pressure under freeze-thaw conditions. In order to prevent the |oss of

durability Application 6860298 providepthe saggstich that shiifik4pe Fomittibh of bérhdht t O
I ncorporate small anounts ‘of &g .. agents capabl e of causi % t he
“entrai nnent of f¥f gecomplithed ; ﬁdf%@dl‘%"dgﬁ"é@ of compounds which phatie. cenent
- conposi tion strugicyelc briromanié ERup ithimARNé:5efl leﬁéaﬁ&w%@% i

oy g Kyeflly l;ogﬂéﬁg?egﬁ%tﬁ%

air voids (normally 3-10, preferably 4-8 volung percent
space for chain compaundsisi ve ice crystals to grow into relieving the

pressuresof water exppgs WRe ssure - g@ Itions. 15
Whi'l e oxyal kyl ene conpoufrﬁgdf{shprovf’ﬁe as(fgaor“é’teer%dfﬂéﬁoﬁl&%ﬁi? Vlfy;?ﬁ#]“%lctcfﬁlﬁnlto
cement struct ur estructunesyorha microeseale kincluding @rack phenomeie)dik idué td Sepape of
conventional air . entraining agents ang, therefore, cause such
treated cement s%{%?&w&%mw here & m'g?f&@ﬁ?réée%waﬂ%ree of
ai r entrainment presshed uridef! fre¢z8-thaw Sénditivnd N 16l OFRI® revedE the loss of durabilityagent
(whi ch has many |stgﬁgigr&ages froma practical and econom c standpoint). It

20 is kn FROMEIOR-AI} HROMMON; Prgetice te éncorpozatel small pmownts of ng t he
cast cepgnt agents capablf&f;fhgx%]igéﬁxeté}nfﬁirﬁ&ﬁ{ 8Ffind AP vGIAL R §3 Hafillnéx PaNS! ON

f orces encount er ed. T_he a - ox1 de adduc cri1 bed above
do not pernmit t heydsauligeenent composition stivcture i(Airtentraining agents or AE agents). These

cntr el aTent, = ERS Rl 8 blho 10 e nSoRE ey L)
life. For 25 expansivecice bpyistals tbl gfow Ritb eelievihgGhie pitbshresbfowater E¥patsioi tider i Ve
Feduct i on of t neEPUAY FoOHBR provided by the o T o cement being
treatedisv th an agentWhil'Beyutithlée cdiipbindd pi6Videca liighetosf shiikddaShhibition to
cement structures, they have been known to cause a deactivation of conventional air -
entraining agents and, therefore, cause such treated cement structures to have an
undesired low degree of air entrainment and/or require a very high dosage of AE
agent (which has many disadvantages from a practical and economic standpoint). It
20 is known that air entrainment is desired to aid in permitting the cast cement
structure to withstand the compression/expansion forces encountered. The alkylene
oxide adducts described above do not permit the structure to have sufficient air
entrainment, as required, to provide a structure capable of withstanding
compressive/expansive forces and, thereby, extend the structure’s useful life. For
25 example, U.S. Patent 3,663,251 shows, by comparative examples, that the inclusion
of a polypropylene glycol causes a reduction of the air entrainment provided by the
cement being treated with an agent composed of sulfite waste liquor. Further,
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Canadi an Patent 967,321 suggests that pol yoxyal kyl ene glycols as well as
their esters, ethers and m xture cause a reduction in foam ng
in cenenti t NOPE2TS6S conposi ti ons. ' PCTIUSR6/2009 i gh| y
desired to provide a cenent adm xture which is capable of 5

i nhibiting drying shrinkage of structural cenent conpositions wthout

causing a reduction in the apility of conventional air
entraining agents to inpart sufficient air t her et 0.

Summary of the Invention The present invention is
directed to a cenment adm xture, a cenent having 10 : the adm xture

i ncor por at ed {4l : ' | QeI thei
structural conposi ﬁgﬁ%ﬁ??ﬁi ngkgg‘%gﬁgmgpg%%ﬁggﬁlﬁgﬁkyl ng s'ﬂerlf nkage
wi t hout esters, ethexstand snikie ¢ausma raducticni ini fogming i gémentitionsal | y nai nt ai n

air void cont %ghpg;iﬁ(}r{;e treated structure. The adm xture
conprises a synergrstrc mxture of oxyal kyl ene et her adduct
havi ng t he For mul aIt is)highROgesiDed ¢o plovidetacsemient dilmituseivhich dsicdpablenof

o ls L er ] dinigne gind AR o R4 B o BoSablS ok ™", ' © °
conbi nati on WirbdhcG6n irpthe abilit6f cotivknt onMaif bxttabnifiP R tb HApdre surikbRn dit ) .
HOBOH wherein Bis a (Jerr]-Cerr] al kyl ene group.

Detail ed Descﬂh%ﬁpon It has been unexpectedly found
t hat when the specific conbination of 20 oxyal kyl ene adducts and
al kyl ene diols are used, one attains the desired

Summary of the Invention

The present invention is directed to a cement admixture, a cement having
10 the admixture incorporated therein and a method of forming an improved cement
| structural composition, which is capable of inhibiting drying shrinkage without

detracting from the ability to substantially maintain air void content of the treated
structure. The admixture comprises a synergistic mixture of oxyalkylene ether
adduct having the Formula (I); RO(AO) H wherein A is selected from C,~C,

15 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 higher alkylene diols having the Formula (II),
HOBOH wherein B is a C,-C,, alkylene group.

Detailed Description

It has been unexpectedly found that when the specific combination of
20 oxyalkylene adducts and alkylene diols are used, one attains the desired
combination of enhanced inhibition of drying shrinkage of the treated cement
structure while providing the ability to impart air entrainment using known AE
agents thereto.
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specifically directed to a conbination of certain al kyl et her
oxyal kyl ene adducts and certain higher alkylene diols as fully described
her ei nbel ow. The subjed-cenment adm xture requires the
use of an al kyl ether oxyal kyl ene 5 adduct represented by the

formula RO(AO[err]H (Formula |I) wherein R represents a
Cerr]-Cerr] alkyl or a (Jerr]-Cferr] cycloal kyl, preferably a

q eL r} -d eL r} al kyl gl’lmm'eseﬁt(hﬂvaitﬁa lﬁﬁpe(:lﬁcally dll;ecttedl m%;&h;ﬂﬁ.ﬁbﬁgwt%mwﬁ
met hyl , et hyl, yl n- but i sobuty ertiary bu
n-pentyl, isoperfl %ﬁ &"5@%‘&% addE‘EFE gsrtain higherialiyl qr*l@@sﬁlﬁﬂbr&mheéd

adduct s herembélléwe R groups of CJerr]-Cerr] alkyl, such as propyl,
i sopropyl, n-butyl, t-but i sopentyl 10 and the |ike. The most
preferred adducts hav’@‘eﬁﬂélemem admaixtpre requirescthe hisexgfl an alkyl ether oxyalkylenep.

The synmbol Ain Jdﬁﬁctq'géﬂgen{ea l:[g”th la egi%ﬁ e(Fon?tﬁ& I)O\;\}ﬁereclkq{ erreCsLt?t% rélrr]

al Kyl ene

15 _ C,-Cpalkiyltora C;-@ec)wlnilkyi,mrefeﬂblyt ahes-E!Qﬁncnybﬁ]W E&Qﬂbl%s ?ﬂ q

oxygen atom n reprgsents an er o e preferre

conpounds of thésggh $T2PPs 375 methyl, aelﬂéyl’t?fBB-‘é ﬁ%& ‘2’(9‘“3’i 150%“‘?#2 eigneburl o

butyl group, A nepentsieisbpentyleéyeiopemsl, eyclsmwéxﬂrtﬁe fiRdl Thé Pre?er&rd adducts

The nost pref erred idduct fs L pr.opyl ene gl ycol nono-t-b et her and

tripropyl ene groups of C,-C, alkyl, such as propyl, isopropyl, n-butyl t-butyl, isopentyl
10 and the like. The most preferred adducts have R groups of butyl or cyclohexyl

group. The symbol A in the above formula represents at least one C,-C, alkylene

group such as, for example,

— CH,CH, —, — CH,CH,CH, —, — CHCH, —
CH,
15 CH,§
— CH,CH,CH,CH, —, — CHCH,CH, —, — C — CH, —
CH, CH,

and the like and mixtures thereof; O represents an oxygen atom; n represents an
integer of 1 to 5. The preferred compounds of these ether adducts are those having
20 R represent a butyl group, A represent an ethylene or propylene and n is 2 or 3.
The most preferred adduct is dipropylene glycol mono-t-butyl ether and tripropylene
glycol mono-t-butyl ether.
It has now been found that certain higher alkylene diols, described below,
when used in combination with the alkyl ether oxyalkylene adduct described above,
25 frees the resultant admixture from inhibiting air entrainment to be established in the
treated cement composition while providing enhanced shrinkage reduction to the
treated cement structure.



gl yeol nono-t-butyl ether. It has now been found that
certain higher alkyl ene—diols,. described bel ow, when used in
comhi nation with the al kyl ether oxyal kyl ene adduct described above, 25

frees the resultant adm xture frominhibiting air entrainnent to be

est abl i shedVPRVERES treated cement conposition ¥HRVP¥6RIR di ng
enhanced shrinkage reduction to the treated cenent structure.
WD 96/ 27565

PCT/ US96/ 02009 : -6- - 6 -

The al kyl ene diols found useful in providing the synergistic conbination of
the present invention are represented by Fornmula Il bel ow

HOBCH I wherein B represents-a CJerr] - (err]

strai ght or branchgge alitglefe aiol%yfoﬁﬁtﬂu&ﬁﬂ!iﬁ pfoVidingthe syRergistic combi{ln_ﬁfon@fa”m te
e. e presen

pentyl ene, hexyl ene, octy|ene and the |i
uni que combi nthei Rspseat invertion @FRirepregentedeby Fomula H bejovan al kyl ene
glycol, represented by the fornula HOpdgdgfornul a Iy where B

represents a C&gr] - (err] alkylene group, preferably a CJerr] - Cerr]

al kyl ene gr oupherein B represents@x@npCgstreighterchranghed chain alkglefie ropp stictnai ol |

1, 4- pent anedi @l , . 2- et -2 4 anedi ol , 1, 7- hept anedi ol ,

2, 6- hgpt anedi g‘*r egﬁxgﬂ? thlég’ h?#genﬁ’r %‘ft%lﬂee%%s{ﬁge'ar e secondary

?Rd/ or tertiar yf di ’ﬁhdpﬁxgdt[ ufiiqae t&:gbmﬁdnrdﬂmﬁipbﬁmqmsqhe ﬁgeeRoﬂ@pr esent ed by
e ornmula [err erein _eac represents

hydr ogen at onfil¥lee e{ygpl, Fléséﬁ'tﬂ %&ﬂ»@yﬁm\% }Qﬁ‘hﬂﬂ ormla ﬁ%é‘f#&e B

Clerr]-Clerr] rephdsdts ar@,%rcn,gmky&né grodp, bﬂfe@ﬂ%{ a, -, Ukyfene Prsup0St preferred

conpound is thyl -2,"4- pent anedi ol . . The
subj ect cenmenExamaples efisush glyep i Srpeotapediel, & SrpentanedielnZoreathyl-264-

10 pentanediol, 1,7-heptanediol, 2,6-heptanediol and the like. The preferred diols are
secondary and/or tertiary dihydroxyl C, - C, alkanes which are represented by the
formula

R R
/ /7
R— i': —(CH), — ? —R I
15 OH OH

wherein each R represents hydrogen atom or a C,-C, alkyl and each R’ represents a
C,-C, alkyl group and n is an integer of 1 or 2. The most preferred compound is
2-methyl-2.4-pentanediol. '
The subject cement admixture composition should contain component of
20 Formula I to component of Formula II or preferably Formula III in a weight ratio
of from 1:1 to 5:1 and preferably from 2:1 to 4:1. The cement admixture may be
neat or be composed of an aqueous solution of the admixture composition. An
aqueous admixture composition preferably contains a combination of components in
high concentrations of about 50 volume percent or greater although lesser
25 concentrations may be suitable in certain instances.
The admixture composition of the present invention may be used with
hydraulic cements suitable for structural application, such as ordinary, quick--



20 . Formula | to conponent of Formula Il or preferably Formula |11
in a ' ' 3 : ; :
4:1. The cenent adm xture may be neat or be conposed of an

aqueous sol uti e adm xture conposition. An

adm xture corrp‘g'g?ﬁ-’g&ng]preferabl y contains a conbination of coﬁ%‘gﬁ%ﬁ@éw?n
hi gh concentrati ons of about 50 volune percent or greater although |esser
25 concentrations may be suitable in certain instances.

The adm xture conposition of the present i-iention may be used with
hydraulic cenents suitable for structural application, such as ordinary,
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har deni ng and nobiedering iminoderateheathortinnd ebments)ikigh alumifaemeapbias,furnace

bl ast - furnace I C t and the |ike. t hese, rtl.and
cenents of the ol Fﬂ??tmaﬁﬂﬁ‘fke&e se, portland “W?&Fﬁﬂ‘ﬁg’lﬁ!%?ﬁgﬂ'@ck'

particul arly deshdr@éhi parRGatly desiRl ah@® nidRf fEadilyCiNell 86 FoHrPhrchitectural
structural nenbers. The inproved cenment of the present
i nvention is confiowtal membessihst anti al |y uni formm xture of a

hydraul i & cenent and | WT ' ﬂ%{ﬁ’ e . o Of
at '| eastgone conmponent o Foreraruq:}é%l1 W t El(aign?(‘ieas !@ﬁgggglgg%ﬁeorﬁta %P@é'ralr!r{ul a
W wnifopmahixtuxé of/ a lhydraulicaicenient antbthe rsubject ceinentcadniiksare comippsat]
cenent may be fo n tage qf fhe cenent's for .on or
use, such as by (;af;%ﬁmget%oglpgggﬂtﬁﬁpgn%ﬁm& at('-ieas{ °’&°e‘??é?&°n5‘8\&§e‘“?’"8”§‘f“ilﬂg
the bl endi ng wi tér meferablydFormuld HI, debctibed absvep TR impfdved icérmeént may be formed

type of cenent. Although || ampupts of water nmay be present durjing the
bl endi ng, the anfd@W S °\R/§H§r°°m°¥‘ $ ton, o1 yse; wch a3 By applxiwe he)admixture to

hydrati gg of cement powdekr [¥8rifE MR Blending with other dry materials fﬂlgl%bﬁ'@ra@pﬁfﬁiﬂcgn

i nproved cenent conposition can be formed in sitd during ]
course of preparipgoficemandnAlthownghosmall amountscof waser-mapnbe present during the

Coparatol y or adnine M pRACE Walte GATRR Shdurtfenk B et RS vy or

adm xture is in thaeethentm of an aqueous sol ution, the water

content of the solutign shquld be cal,cul ated as ,part o he t ot al {er
content of the ﬁmqaxe%mpl‘gm{lq composifjon can be fitied & St

cenment ¥§im xt ur ethekolhrbeoPprepaitg 4 et tafipdsition!stclbss HhRH@ init Or 4 Eortrete.
The admixture composition can be added either separately or as part of the water of
hydration. When the admixture is in the form of an aqueous solution, the water
content of the solution should be calculated as part of the total water content of the

cement composition.

20 The cement admixture of the present invention should be present in from
about 0.1 to about 5, preferably about 0.5 to about 3 and most preferably from
about 1 to about 3 weight percent based on the weight of the cement content of the
above described improved cement or of the cement content of the cement
composition ultimately being treated. The quantity of water used for setting the

25 cement composition can vary within the weight ratios of water 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.



about 0.1 to about 5, preferably about 0.5 to about -3 and nost preferably
from about 1-to about 3 weight percent based on the weight of
the cement content of the above descri bed inproved cenent or of
t he ‘cenent content of the cenent conposition ultinmately being
treated. ThYOPEBAM®Pty of water used for setting the 25 Pcr’“ﬁ%ﬂ’é%?
conposition can vary within the weight ratios of water to cenent of from
0.25:1to 0.7:1, preferably 0.3:1 to 0.5:1. Aggregate, such as pebble,

gravel, sand, pum ce or fireg.perlite, as required, may be
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may be optionally used. Anong the optionally enpl oyabl e

i ngredi ents are: CeRMend toyvedtional idgrelishts HtdyHeCoplibRAIS used. 9 Among the
metal chlorides such as calciumchloride and sodi umchloride, "netal
sul f ates, sucloptionally employablgdngredientsarer ponyentionahbardeningaceelemators .8 uch as

L1 et hanol am e b 0B Yoch s ABADeniGtide ang sodiam SGHLCh Sl Sulfles2hERNO S

sugars, starch an or ci ng-steel corroston
i nhi bi tors suabsadiuma sslfale;mdnorgani¢ aminesisuch|as ittiethanolaniines ordindre thardeningi ng

agent such s,lignosul f oni i,ds and. their salts. and
derivatives, ATHFdRTSyfierd liné?@” F%&%anﬁ&gﬁulose, reinforcing=yiee!, LATOSG- 1y as
hydroxyl at ed GaHibigory bich 3G Sivanflitrateind caRhin® nite, WaBsRdLERg REME Slich

of -napht hal enesul fonj c acids and formalin, sulfonated nel am ne .
pol ycondensat ia§Hignepulfonic acids apd; their salts, and derivatives; ard high saneg ayaey deducing

al kanol am Nes ogiidl sl aORfUrGxybitd Sardifiic dds and their salts, cdtdkAAS pRAGRPNAL €S,

chiorides and Rrtrat es; super plasticrzers; and the |ike. The )
quantity of sofmnaphthalencswfomic scidsrandifommalio; sulfogatedi melaming polyeondensgtian 05- 6%
by wejht f . i v i

[ ngreio(?ents alpg’drlr'ﬁtéea%%re? L%fq@ﬁ;@ﬁﬁvwmgg%,ﬁﬂo@%p%ts%ﬁ# t he
wei ght rati o dbratdsephaspltesy thloridesfang ajtradsyi supeb plastivizetsyend ths like. The

ti onal di ent be from.0.01.1 to 100: 1. .
The cement - coBRITY PGMShSR SRiSc) RERiEdtay Brspal 03 6% et

| east of the &ifent.OWheri ke OtiopslndeRdinitiond] ifgedibite arimadeljait dfithe ai r
entrainnent to the resultant . ] 0gerrent structure. Such ai
entraini ng agdfmixtusescompopition, 3he, Wsight rafe of the combynation of (a) plus (S} 0.0th8% ¢ al |

oil fegty aci Watlo Wé&@hﬁy be Yt 691 1S0200:17 0Si ns, sulfite liquors 20

and the like. The air entraining agent can be_ used in anmpbunts sufficient to
i mpart The cement compositions of the present invention preferably contain at least .

one compound or composition capable of imparting air entrainment to the resultant
cement structure. Such air entraining agents are well known and include, for
example, tall oil fatty acids and their esters, gum resins and rosins, sulfite liquors

20 and the like. The air entraining agent can be used in amounts sufficient to impart
from about 4 to 10 volume percent air voids in the resultant cement structure.
Normally, the dosage may be from about 25 to 75 x 10 j)ercent by weight based
on the cement content of the treated composition. The exact dosage needed for a
particular agent to attain a particular degree of air can be readily determined. It has

25 been unexpectedly found that the present cement admixture does not cause a

' substantial deactivation of conventional air entraining additive.



fromabout 4 to 10 volunme percent air voids in the resultant cenent

st ruct tre—— —Not-fra-y—the—desage—rray—be—frem about 25—te—6—x

10[err] percent by wei ght based on the cenment content of the
treated corrposwb he exact dosage needed for a BT:Eﬂa,rticul ar
agent to attain 59’87 i cul ar degree of air can be readily det FR6{P200p ¢
has 25 been unexpectedly found that the present cenent adm xture
does not cause a substanti al deactivation of conventional air
entraining additive. WO 9BL 27565
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The treated cenent conposition having the cenent adm xture according to
the invention may be applied in conventional ways. For exanple, it nay be

trowel ed, filled in fThemeatatbsimentcdixpdsition iavitlg e cenitin® drRilnidd adD
caul ki ng den| . or curing of the concrete and t e I|ke

may be by any Ofthpﬁgveggpnngy appli ﬁo%en veays. Fopexampla it mexnbe assi st ed
(steam aut ocl av@ewéled; filledh forthst Sﬁﬂgﬁa%x in ormected b rhéang%?hrcgﬂkingm or
ne The g Se

nore such techni ques nay be conbi ct| e cu
~condi tions may bgum: hﬂargamgascmgtrfe;hpamcrete and the like may be by any Jfhhe aitdi ti on

of the cgnent ad sen vent

to‘a cerrent Wi | I%k% W@@gﬂc@dﬁﬁa P%”%?ﬁéaéﬁw ﬁ"&ﬁ&g oefc ﬁ‘&“ﬁge‘s‘ih"f‘mﬁ@
cement 10 Ifdasqndstwo onmote fich Wechhiquesaisy bObembing). TRIRBpRAve \biirihgt hat
of untreated ositions or those utilizing only one of the

conmponents. The %?(Tmtﬂ?f'fjf‘?ycberme same as in the-past. (i ng to the invention further

does not inhibit the TiRMddRioA of tRdbdnidnY adrRixBitE tahposition of the p rere.emw ntion
The follow ng exanples are given for illustrative purposes on are not

15 meant 'O gEneat Wi hﬂamm%dmﬂm threresmit;ug bemerite
ber cont ag6s. are SHeStion (e, moter and cRCk) b B it BB [
"S/'S" means wei giompositions ontthaseditilizing dndi enk ofthecomponents. mﬁrﬁuhxmre
cement. according to the invention further does not inhibit the concrete s%‘b% to entrain
air.
The following examples are given for illustrative purpbses only and are not
15 meant to be a limitation on the invention as defined by the claims appended to this
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

20 A series of micro-concrete samples were prepared to determine the effect on
air content by the subject cement admixture composed of a mixture of a monoalky!
ether alkylene oxide adduct (dipropylene glycol t-butyl ether) and an alkylene diol
(2-methyl-2,4-pentanediol) in comparison to the use of each material alone.

The micro-concrete was formed by blending 800 parts Type I portland
25 cement with a mixture of the following ASTM graded aggregates: 475 parts F-95



20 . A series of mcro-concrete sanples were prepared to
determ ne the effect.-on al-L content by the subject cenent

adm xture conposed of a mi xture of a nonoal kyl et her al kyl ene
oxi de adduct (di propylene glycol t-butyl ether) and an al kyl ene di ol

(2- et hyl -?,ng ##%nediol ) in conparison to the use of eac?vF'?'r'ﬁ al one.
The m cro-concrete was forned by bl ending 800 parts Type | portland 25
cement with a mxture of the follow ng ASTM graded aggregates: 475 parts

F- 95 WD 96/ 27565 -10 -
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sand, 432 parts of C 109 sand, 432 pats of C 185 sand, and 821 parts of
15- S sand. The dry bl ending was conducted in a Hobart m xer for

about two mn S t @ cfl I¢] i 3 regate
S8 izgpﬁ{s d'cl109 sqnd, 432 e\%sséf &1 Q4 Qx‘.«?g%’l dﬁ%*f&‘é”?; rs%ggo eg

to cenent ratio O . /. To the nc ]
wat er cont ai nTheydeynblendingwas condicted inya Hiobart mixer 401 aboirt twocaninptes 3o attdin

ester (Darex |1).. Th er. to ce tio Q . Ah Lend was m xed
o the! oo & ubifork] Bl hiVind 8 SR, ekn Rl 8 47 5 fhe Rl

m cr o-c?nﬁrgt &dded 400partspfwaterd tr:]ontami]i' 5 an alreritainkig a"g_elit&iil taceell é%ﬂoﬁwﬁ at_tihaEI_ E)Ihe I
wat er _of hydrati on contained the ] erjals indicatedq,i abl e
bel'ow® The  r at$t& @“ﬁ"gbalﬂl‘q Wetertor ymeat fafie "(“E?%)t7 v@?ﬁm" wasxmx_eg “_Prglent ai ned
const ant. Theygahat Hixe? foVRiost ld\lﬁﬁm{t%qlg(bg(lq,i&é)a &8N bherber the liquid 10

adm xture. The air content and initia unp were neasured according to

ASTM C- The @@ ve s Apeated except thatothe avater \of |hydration contained the
materials indicated in Table I below. The ratio of total liquid to cement (L/C) was

maintained constant. The amount of water was reduced to account for the liquid
10 admixture. The air content and initial slump were measured according to ASTM C-
185 and ASTM C-143, respectively.
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The above FESSWPg&gﬁg%/that cement ni xes whi ch contai ned convERTPE¥A009

dosages of AE agent (Sanple 1) provide the desired 10% air. A second bl ank
havi ng the hi gher dosage of AE used in the remaining sanples provided 14.2%
air. When DPTB is added, the adk content drops to 8.4% (a 45%
decrease). The 5 conbi nati on of adduct and glycol provides the
desired 10% air content val ue.

Exanpl e 2 Concrete m xes were fornulated with a m x design
of fine aggregate equal to 1330 pounds per cubic yard West

Sand, 1850 pounds per cubic y§ra vvengmogm =1 Crushed Stone (ASTM
c-cc Grade 67), 517 pounds pe ' 10 cenent
factor and a water (or water § tives) to cenent
‘ratio of 0.44. Co wei ght based on

cenment of a naphthal ene pduci ng agent
(WBDA-19). The concrete m xtu

TABLE

DPTRB = dipropylene glycol t-butyt ether adduct

2MPD = 2-methyl-2,4-pentanediol

*

5
10



proportioned by the volunetric nethod according to American Concrete

Institute gui-delines. The-concrete was m xed according to ASTM
C- 192 (" Making and 15 Curing Concrete Specinmens in the Laboratory").
The anount of AE agent added was sufficient to nmaintain air

content at NOAEEMetially constant value for all fornmed  PCT/US96/02009
sanples. Plastic concrete tests included slunp according to ASTM C-143; and
plastic air according to ASTM C- 231. Sanmpl es were forned
with only an air entraining agent (a gumhasin product 20 sol d under
the trademark Daravair M with air entraining agent and either t-butyl

et her di propyl ene glycol adduct ("Adduct") or 2-nethyl-2, 4-petanedi ol
("Diol"™) or both. The plastic air content -was nmeasured for each

sanpl e and the abil4 i@ Al T . agent. Was
determ ned by the f'gﬁl%ﬁvﬂq'ﬁéeméc%gﬁwoﬁmta |.?i‘%h|”?1ets ks teh &m’é wggeé’}:lg%t t he
dosage of AE adesagescofdAE lagem i{Sanmile ¢F prowide ahpdebirad 1 0%nair. h& sbdond kdank5

wi t hout any aggnt.. The.gir .efficjenc f the AE agent used ,cul at ed
'n a RV, e diches dfper f Alcdkedin e Senmiolad FRPIES Prosiel dF 2%k v e
was attained bWheh©FEB istadded, the air content drops\& 8286 ¢ 4% decrease). The '
PCT/ US96/ 02009 - 13 -

in whi eh the ntefabination ofadduet and glycolprayides,the desirsd 10%k-air sentent valiep| e ni nus
2 (the ‘percent age of a sanple having no AE or other agent)
di vi ded by the dosage of AE agent used and the denom nator is

the air content value of the blank mi nksample2 di vi ded by the
dosage of AE age 0t mul.tipl.ie ne ndred. 5
Shri nkage was detn%?&%f‘eﬁgelgm %ngb%%g%r&Wﬂéﬁ&%gg%ﬂ gtc.iﬁlxen%?ﬁgge ?qlugpm

The [esults ar wmmmdt _sper'limbicqah:“hsdmd, Rﬁamhds't)pey‘ogbic@mcﬂt Wi-emml ai nic.,ng
agen | r e i as on val yes o
Sanmpl es A whi cﬁ“ﬁ?‘ﬂfﬁ'ﬂf‘np%grﬂ ¢-cc Mﬁ%ﬁﬂ%ﬁ Pope (ﬂ?ﬁﬁ'ﬁ”‘b?’a’g Qﬁﬁﬁm%anpl e B
shows 1ghat t hecenseént Elctordad Gt watth A€ tndicated liquid additives) 16l tatié O

I mpart air andagrow ded only 45%air efficiency. Sanples and D 10

show t hat the 9k@4hs Goneretegogtained;(:4% by weight based on cemant of 4 maphthalene es t he

AE agent Ifonate Wilert@diitRCAgeREWRDAYR) 2 Mhe WBhcrett intidiates Wepd commer ci al
use. sutfona I'n contrastg, Sampl es % ang F showlt hat when adduct and

gl ycol are us eproportioned by the volumetric method according to American Concrete Institute
guidelines. The concrete was mixed according to ASTM C-192 ("Making and
15 Curing Concrete Specimens in the Laboratory”). The amount of AE agent added

was sufficient to maintain air content at a substantially constant value for all formed
samples. Plastic concrete tests included slump according to ASTM C-143; and
plastic air according to ASTM C-231.
Samples were formed with only an air entraining agent (a gum rosin product
20 sold under the trademark Daravair M; with air entraining agent and either t-butyl
ether dipropylene glycol adduct ("Adduct") or 2-methyl-2,4-petanediol ("Diol") or
both. The plastic air content was measured for each sample and the ability to
impart air by the AE agent was determined by the following equation taking into
account the dosage of AE agent and the amount of entrapped air in the blanks
25 without any agent. The air efficiency of the AE agent used was calculated in a

manner to normalize the results. The air efficiency value was attained by the ratio



conbi nation, as required by the present invention, one synergistically

achi evet wett+—=—cont r ol | ed—a-ﬁ'—ef-f-r-cr-enty-—l—ﬁ—conbl natt+ofr—wth———
. substantially no shrinkage of the 15 treated concrete.
. TABLE 1|1 Sanmpl e Adduct Di ol AE Agent
AT WO 96127565 (% (02/100 | be n@ﬁ#{‘}‘w’”
"Efficiency Shrinkage
() 28 days A - :
6 100 0. 045 20 -B - 1.5 - ' 3.00
5 7.5 45 0. 006 C - 0.5 0. 27
75 4.5 233 0. 016 D - 0.3 0.50
25 7.0 250 0. 027 E 1.0 " 0.5 1.05
0 64 105 in whicl)theGriwherator is the air content vhlue of tht.tested saniple3minus 2 (tHe 6
0O 6.8 75

gokkaowg

: 0,.0014 . WO 96 565
. PCT/ US96/ 02009 percentage of a sample having no AE or other agenlg t{ivzlged by the dosage of AE 4 .

. Wat is C ai med dggnt used and the denominator is thé airABnieHP¥MEESE t6E BRRK nitflad Xt ur e
. capabl e of inhibjting drying shrinkage whil e substantially

mai nt ai ni ng ai r dided by, Hednsagsro t%agﬂmnmwrm@@hw one hundred.
Cebresertad 5 StiiRagt wsidetctninc T cqih S o Rerbfipa B XMICH. 2P 2UCEL
- (err] alkylene fl&dltmlt,s a@shewnmy@'ebig [Rbelow. The ab111ty of an m@{:mnihgagéi[ter r]

70 T R o e B 72

f f)rk n}n a HOBOH co:c:ittam an adduchri]t&r dioh Sarnple seém%qchtmieoﬁe Q:fG&dﬁct hione §h )
a ene grou ereln the wel onent tO
corr%;onent g( b) P ofthe AF 3ot o imppe ai. a%gtp&‘f! o only 45% air cfficiency. Samples C end D

10 show that the use of diol alone with the AE agent used therein causes the AE agent
to be super sensitive and not suitable for commercial use.
In contrast, Samples E and F show that when adduct and glycol are used in
combination, as required by the present invention, one synergistically achieved

well-controlled air efficiency in combination with substantially no shrinkage of the

15 treated concrete.
' TABLE II
=m‘
AE Agent | Slump Air
% (%) (027100 Ibs | (inch) | Air | Efficiency | Shrinkage
’ % 28 days
%

1.00 3 6 100 0.045
3.00 55 7.5 45 0.006
0.27 4.75 45 233 0.016
0.50 4.25 70 250 0.027
1.05 6.0 6.4 105 0.0014

20

1.6 50 {68)] 75 0.0014
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or tertiary hydroxy groups or mxtures * n s thereo REPLACED

3. The adm xture of Claim| wherein R represents a butyl S

represents HNOXEMWE propyl ene or mixtures thereof and n ré’EFE@WEP’Z or
15 : 4. The adm xture of Claim2 wherein R represents a butyl
group, Ais sel ected from ethyl ene, propylene or m xtures
thereof, and n represents 2 or 3. -14 - 5. The adm xture of
Claim 2 wherein conponent (b) is a (ferr] al kanedi ol havi ng
secondary or tertiary hydroxyl groups or m xtures thereof

6. The adm xture of Cl aim 3 wherein conponent (b) is a (err] al kanedi ol 20

havi ng secondaxyhdai'is mi&ar-i hydr oxyl groups or m xtures thereof.
WD 96/ 27565
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0.1 1o B el ght - pbr ca EABBAR] tonfbhs SO LR dPBHL i ERugR" | O
8. The cenent whﬂpaﬁshnﬂdlyimﬁtahmgﬁrmhﬂcdonfeutbﬁheuemadmmtmpﬁtﬁﬂilve

amount of 2 Copetl il s Sk & GPur i8Sl bod DT HRE oRatkiE bR ek
-5 by the formula RO(AO),H wherein A is a C, - C, alkylene radical, O is oxygen, R
isa C, - C, alkyl or C; - C, cycloalkyl group, and n is an integer of 1 to 5; in
combination with (b) an alkylene diol represented by the formula HOBOH
wherein B is selected from a C; - C,, alkylene group and wherein the weight ratio

component (a) to component (b) of the mixture is 1:1 to 1:5.

10 2. The admixture of Claim 1 wherein component (b) is selected from
C; - C; alkylene diols having secondary or tertiary hydroxy groups or mixtures
thereof.

3. The admixture of Claim 1 wherein R represents a butyl group, A
represents ethylene, propylene or mixtures thereof and n represents 2 or 3.

15 4. The admixture of Claim 2 wherein R represents a butyl group, A is
selected from ethylene, propylene or mixtures thereof, and n represents 2 or 3.

5. The admixture of Claim 2 wherein component (b) is a C, alkanediol
having secondary or tertiary hydroxy! groups or mixtures thereof.

6. The admixture of Claim 3 wherein component (b) is a C, alkanediol
20 having secondary or tertiary hydroxyl groups or mixtures thereof.

; This Sheet Has Been Rei
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hydraul i c cenent, sand, aggregate and Wat® REQLAGED
met hod of i I’lhl§ %{6&?& drying shrinkage of a cast hydraul i c f‘ﬁ'%
$96/02000

structure whiY aining high air content therein conpris mng an
unset 10 cenment conposition according to Caim?7, i nt roduci ng a
cenment air entraining agent in an effective anount to provide
at | ast about 3 volume percent air in theis.- cured conposition;

casting the treated cenment conposition into a desired shape;
and permtting said conposition to cure.
Thi s Sheet Has Been Repl aced

7. An improved cement composition comprising a hydraulic cement and from
0.1 to 5 weight percent of the admixture of Claim 1, 2, 3, 4, 5 or 6.

8. The cement composition of Claim 7 which further contains an effective
amount of a cement air entraining agent to cause at least about 3 volume percent

. 5 air in a treated and cured cement composition.

9. The cement composition of Claim 8 which is a concrete composed of
hydraulic cement, sand, aggregate and water.

10. A method of inhibiting drying shrinkage of a cast hydraulic cement
structure while maintaining high air content therein comprising forming an unset

10 cement composition according to Claim 7, introducing a cement air entraining
agent in an effective amount to provide at last about 3 volume percent air in the
cured composition; casting the treated cement composition into a desired shape; -

and permitting said composition to cure.
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