;e3e ]1.66l T>ED 20 Decenber 2002 SUPPORTED CARBONI C ACI D ESTERS USEFUL AS
SET ACCELERATORS AND THI XOTROPI C AGENTS I N CEMENT 5 Field of the Invention
The present inven s to the use of esters of carbonic acid as 10
set accel erat ors \mm mﬂ \mopi c agents in cenentitious com¥d3eaenties 2005 e
particul arly, Ion pertains to dry) flowable cenent adm xtures
wher ei n such esters $PR23dsor bed on a solid particul ate support which is
non-reactive toward the ester. The invention also pertains to nethods of
synergistically increasing the viscosity of a cenentitious conposition by
the addition of both silica fume and a carbonic acid ester. Background of
the I nvention Organic esters of carbonic acid, particularly cyclic al kyl ene
15 20 25 car bonat SURRORTED SCARBOMIE ACIDESTERS USEFULYASBETar bonat es)

are known hydraul ACCELERATORS AREETRIROTROPICAGENTPSAN GaRENT decr ease
the tine necessary to harden a cenentitious conposition conprised of water,

hydraulic cement, and other optional conponents such as aggregate. The use
of carbgﬂ c ig!eﬁlerﬁ for! such purpose is described in detail in JP
5813516 YeQuon v . 100, No. 2, 1983, Abstract No. 11845p),
JP 61- 247648 (Cheniga re%@ﬁttlh@@r‘itﬁ)n réMtes i&&e@&éo?@steﬂ@@ﬁearﬁ@ﬁ%ra%ﬁ abo.

181621d), and U. S. Patent . 5,453, 123. The fast naned patent additionally
t eaches t hat sﬁé@l@@ﬁﬁtat@@amdetbtmtrgpmnt%m @@nemltm&mpoaﬂwsW@sel n

o Toot 1 11 nobBenati 1 iny Sl Ban G Pnb. of FabR e L Bt BbE ey ©

carboni ¢ aci dviesiedt sucheerretare @HSofbéﬁlbﬁ% solid pwmﬂétewp‘@@iﬂ wWhRicRQs whi ch
hydrol yze rapidly when placed in contact with water in a hig % acidic or
P

basi c eWlir orﬂ\%rhfeaqt'Ner?ﬁWVde‘r"i‘G eseragpei 'B&@“%awfﬁ'“gﬁ@tﬁ'ﬂe de@icrete
| oadi at oty nensrasfilly iitridang BROfGh o) G ShiilRle SRSt By tiL !
CONFI RVATI ON ddation of BéthRdlivarfhate 2002 carbanibauid eatdrd est er

set-accel eratjng agent, together with the water at the tine of mxing is
technical |y p%%&ﬁ@%él—%&%ﬂmﬁﬂaﬂgﬂed because of the problens associ ated
with securing and @’?d?ﬁc‘?' B4t BofSCRABGHE SHERP! ﬁaﬂlcﬁlﬁﬁycﬁygﬁn'ﬂgﬁ%gt ester

and addi ng the correct dosage to the cenentlti ous conposition.
end- usets of ¢mpgrates avehtappupylene aabanates andeethylener earboadteso anendl e

l'iquid or mel tin rgani c .adm xt YL es: Prenj xi t he carboni c id ester
w th the dry KEmHa R SE ink Rl cgls: S ade R Hebfhste

cement, whi chirhé naicg5daty ke hbfddnna eBaeHitiOls cBmpJsitith EOmpaa Yo waltde
premature deco osition” of the carbonic acid ester during the tinme the 10
bagged cementhysirauligicementsang elher pationalcamponentsisicheaagredate.ekidsed to
noi sture). C woul d
be in the fo?‘jnsjél oéfe({:agﬁézﬁe'%g (r;lat egag fﬁé%@ﬂuﬂpﬂg ?ttl)gngetgﬁﬁ st‘eqéglg%ﬂ"sgﬁh\ﬁﬁ

coul d t2®En bmwlﬁﬁl(%én\gmalmtishacw WcﬁeTm}]tN@,hrm Wﬁaemtmtratchblocdgsuﬁp);t |hon
site. However ar ic acid esters such a y carbonat e have
15 limted sof%g?r#?ﬁ%n(db&fwa' %tﬁ@%tﬁn}/ﬁg E‘f‘g %f @f.&hﬁmﬂ

carboni ¢ aci ‘1'183F(§2@|d21 Whiing St PAGG TR 5l433 P di ﬁ*h'ecﬁét naWEER b4t the
| nventi on The present 1nvention provides' a dry, flowable cenent a mxture
conpri sed of additienally tdachas bthait ccarbiodicaadich estérisd faatidne wsathixstoppior t
which 20 is nop.teactive t ds said..ester eferred epbodi nent, t
Cenent adm x SHRNES 1o GEIATEHRUS FoGReRbNs ekt YATBANE 445 SO pAVE by
vei ght 26 a Cé’ﬂ*uk@tr@;b:&éffé@?ufﬁﬁéé?ﬁﬂ?étédFiﬁfo A0Rixaretst pdragiobément aag fume.

The invention al so furnishes a cenentitious conpositi'on conprised of (a)
hydraul i c cenwater(e.g., Portland cement) and (b) the aforedescribed 25 dry,

f I owabl ] Th Iy b
[ ovabl e et g by Bopl Sad BUERS e AT B s Y o
be used) the Wﬁlﬁﬁ'h&ﬂfdlﬂésraﬁidmﬂﬁéﬁ Ippabedsnraowbt\wtrhwa@érﬂﬁ aanghgmim@d usi ng

conventi onal techni ques e viscosity of a mxture conprised of hydraulic
cenent and wa@lebasis Q;wlr@nm%th clal W}aﬂyneﬂéawdabpll@l%dw@ Bt grosit |Qrca f ume

and a 44 boni on%?éte r%% ?, ¢cement is sold in dry, bagged form and simply mixed with

he

water immediately before use at the construction or repair site. Adding the

[
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.20 Decenber 2002 3 A nethod of accelerating the set of a cenentitious
conposition is also provided by the present invention wherein the

af oredescri bed dry, flowable cenment adm xture is adm xed with hydraulic
cenent, water, and (optionally) aggregate to formthe cenen@Dtdeseamber 2002
conposition, the amount of the cenent adm xture being effective to reduce
the cenentitious conposition set tine obtained in the absence of the cenent
adm xture Surprisingly, adsorbing the cardonic acid ester onto a solid
particul ate support prior to mxing with hydraulic cenment and water does

Rocel r at o nEADRNG 20 BSlarsel aBr bR RRARER Mot WS i wefbr b b
the carbonic @ﬁhﬂxiagtigtedﬂﬂ@@l_rys%@@sib@, batHbl tavoeed Beeduss oMidBrobidgs t

when the adm xture s nmxed wth water and cenent such that the setting
charact eri st i agsegiatedevitfeaecuing a0d nainigbung B serardevipplsehihearbenichose

obtained if the e j e e fr reove t he
use of such saglgo%tgéaggr%%%ﬁéj gie g@'ﬁ%@éﬁsgﬁﬁ‘gggf’@@@@é%&@ S&dr?ent
formul at sons Moshereeesagast pagheapbemient gradudengeedot aurmenty phepiged tonl y be
m xed with water prjior to use at the construction or building site In

addi tion, cer handlediguiderdappaelting grapnicadmixiugess P iemaixingrtbe cagiagic acid

t edl _ P . . .
char act er i st 1 Sl 46y GURERPhEl B8 b rBHRAGRIC e o His Btk Bt the
desirabl e thi xetverj it astsighly basle addhtractsr, Anagr thnag té cataiptdighe aspect

of the present invention there,.. s.&r@‘vi deg a, cemcalati tious conposition
conpri sed of PEMAELEGAMBRRERD nlfie garbgnigr gCidreyRaILENgdRettMadhe xt ur e

conpris of ofetcll i ; i i t t

Wi eh § 40n0n- PAERHKern AR f Serdh BRuBuany IO B SeRBRT 1
present i nvenmasturdlerAn akemabive deethad of hendlirg thescarbopwsadid @sterovqurid sed of
(a) Portland cenent b) .a dr f] owabl e cenpnt adm xture conprised of

i1 o fume. aPBIn Ml GoReH el Stiirous Saos O YePrEsiaRsyTis ot bona o
per 100 partstipnh Wel &ithbivied with tHERIrAeEmepl aPEAABREE the cdRstRRGRMDG e, 2002
3a According to again anot her aspect” of the present invention there is

provi ded a celrigweverogambrpaxInic aeid eaters suah afs peopyigng garbonateheve) (b)

wat er, si kica f . a . LG.acl ik

silica %‘g’)rre arqfan?ttgges é’@l|g§?%§\/§1%r Mﬁﬁ@@@@éta‘g?%ggééﬁ%'%gegféﬂg&?#%%% %ér]r(gunt
effective to syte@rdliriig statage hixgs slas detdifficuitscosity of the cenentitious
conposi tion in unhardened form According to yet another aspect of the
present i nvenSWAMayof the Ipventioay a met hod of accel erating the set and

i ncreasing the thi : Fﬂ%cﬁ" (P C [y 1.5

conbi ni ng an esterx'gier gg%%%ﬁi @ng' h!r(%\h@a go?&g%%%b?%ﬁﬁgfgg{tsau%ggg?utrGMi ch
i s non-reacti cenprisedds sseesteeof earbbaicf anidraad drsolidfiastiabiate sugperitwizidi xt ur e

d admixing the dry, flowabl t i Xt it h drau] | t and
e 164 of it RROTEAEHET EGISS SaRINGE | 1R PIRICT e R Er e GhOter

aspect of the id 1 i i nmd% q;‘eq@,{ ating
the set and i r@@zgjl?ﬁéé ?ﬁ@%ﬁ%&o‘%@{a‘% fgﬁ]e;é@%ﬁgﬁgﬂ??ous con%g)sli ti orﬁQ{f
conpri si ng fr acyclicalkpengaattsornte\per §i00 partscbycwelght silicayfueree car bonat e
with 100 parts by i ght s'{.l i c.? frrre. bo forma q%ﬁ\ fl owab\hs cenent

admi xture and adm x| MyINVRBYAP RIS fLRIsHPS A LSTRARIUOMS; SAMIPRSHIPR FOTPRGAT aul i ¢
cenent, aggr ey g) APGralfit eméht(@dN PBRIaRAERMENt) hREIDY HEPARIréd&y2riblg! ai | ed
Description of the Tnvention Preférably, the ester of carbonic acid which

i s cont &ed idryt Howablecementiddmixture. | Jhet ceampstitipus t ¢empgsiien ubayE i n

Car boni ¢ aci d.SCstBRA Be iamtfind B 85hiEbalE (S84 SANN 9BVaD ol B NBREET o
particul arly wehlensigati9do b ussd ahe cemetitiibus esmpositiireismisedctittawatdri qui ds

at roomtenperature or which nelt only slightly above roomtenperature
(e.g. havi ng antklapipligd psing asmveptivoal fesbaigues: Hag viseasityceind mixtire

surprisingly high lLevel s,of such substances i r i t he
cenent _adni xt (ARG ok tRrai RMERL 300 ekl o in¢RYE BictRardt by
propertigp of Adiing®doth sHikafeme A BePIERE adliekstér. support. Preferred
esters of carbonic acid are unsubstituted or substituted aliphatic esters,
whi ch nmay have either an open chain or a cyclic structure. Specially

preferred esters include cyclic aliphatic diesters such as al kyl ene 5
carbonates. Specific exanples of such preferred cyclic aliphatic diesters



. include propyl ene carbonate (4-nethyl-1, 3-di oxol an-2-one), ethylene
carbonate (1, 3-di oxol an-2-one) and m xtures thereof. The support sel ected
for use in conbination with the aforedescri bed carbonic acid ester is a
solid substance which is in the formof discrete 10 parti cl28Decdhibee20d2e
preci se size, shape or surface area of such particles is not critical, it
is preferred to enploy a support h8ving a relatively high surface area in
order to increase the maxi mum anmount of the carbonic acid ester that can be
| oaded ont o AheethuaRAEEcelbiatim@Yhabsotheceasititaikechiiositn Ak cal
properties (e.g., particle size and shape, density) of the support be 15

si m | arPrewideddy &e pipsceldaventigpavbpedie shopfaiedps aitvedhdry cBonsableadn xt ure

L Lo AT SAPRRL oM 9ol GRENE" D e

shoul d fipfregateabyfaanafic CERMCHHIGE: CEMPOsHIBAOMROSbURNCheMehgint €acti on of
the ester. For this 20 reason, the surface of the support should be

essent iamixtyredeeing)effedive tnerduns the epingnileiugi eorpesitieyRetibasi c. The
SUPPOT {188 40 3hs LAShcBioPthd BEwERf BARG AL d ester irreversibly; when the
cement Hdm Xture TS conbrned wth cement and wat er) the carbonic acid ester
must be abl eStiprisingdy, ladsbbirdpther advhenis elcidaestet aitata sutid padidutatsot r opi ¢

effects to the resulti.n c&g&r&i tious 25 congé%i tion. The support should
addi t i GHRPOT BEOSHY BEYEY W Adhgcemesandtai e RPiiRtatae not
adver sglim ﬁa%@ﬁﬁty%ﬂh@%a&ﬂbﬁi@%b B Rb %ﬁ@cﬁ?ﬁ?{g%e@ﬁe%%ﬂhﬁéh?”s

conposi tion such as conpressive strength, alr entrain
shri nkafdtie sestlhiag|ldekeent@iols campomstiors fhpbst thewtabbyic abdés estdsl e subst ance

I N
conventyignalagir! bRAN cBRfEnt S4d@SIthhC e MBERAhgaLhSRRIRBES HOMHQT DY
pyrolysis of rice hulls and the like, silica fune is predom nantly

conpr i semeititsius campdiibrn dere( tgpisallayto Bese obtBngdifdeateshy inei ght ) .

Feadi 1 g Bt Atk e e SRR MFsB ORI hi® b Rl SRR o

5, 571, Jehirtided, fEnibSStdlibe steackihysteal cateah fareulations porbéed herein by
reference in their entirety). It has heen unexpectedly di scovered that when

bot h sifAckagdediAadant @ Eurtiaged fgen aiush epedraly hicaBegt With walcenent paste
compr | g 96 Relhaild Lok SARMbARIURIRG <ithNAn ARAS, obrlhin bBRgPaste is 10
i ncreased nmuch nore than woul d have been expected fromthe effects of each
addi t i seppbds, guattidulaylyi t#ied f fun@e hdwaveuunekpectedippbees foundude materi al s

such as funed silica, (a || as other silicas) alum nas, clays,

ver ni CEW‘?‘&S%H VFHEaPﬁgﬁe\qﬁéﬁP‘é\gi%ﬁ@S}e %Féd’?c?ﬁ)é’"%‘ip?éﬁl ected shoul d
not be yait@utkiterelifgMith tWetdedid®IC iR fic afbetsasttseich abitlag rel ative
ratios of the ,carbonic acid ester and the solid particul ate support may be
varied within a wi de range; depending upon the anmount of ester which is
desired in thecordingto anotanaispeéd f theanpessit inventionttheredsipmvisied@n capacity of

t he support (i.e. . the nmaxi num anount off este hi ch can be conbined with
the support VSMEHEPEY FORISHIOR AR e c,(é)n{%"(f[fa sereoddbyra dydry,

fl owa STAR-INE ' jt -and,c Qni ¢.acid
ester?tll y%?{::al I y,ﬂ} hg\%ggg&?eqtoﬂgg&%%n%femw%?gb(gugzgja%lec 6£rlae2rﬁ{dgfa f(?lbcﬁl 1 to 100
parts pytivelaghiuppant bentle isacodrestier tqyend Za@lespar t s by wei ght support. The
met hod by which the carbonic acid ester and support are conbined is not

t hought to be particularly critical. For exanple, these 25 conponents nmay
be sinply cpo&irdiag tafurthat agpaceofdnel prlagat ioadntiyn exed diyvid@abas such as
stirring, mlling, grinding or the like. Alternatively) the ester may be
added i ncr enecdnaddeitions dohgpositippocdmpiscdeoni(a)i Agetiali ssadaak Nh)os diiy| uting t he
ester in a suitable solvent such as water_or the |ike and then ggpl ying the

ester ¥rahle sgmest Pﬁ@”&tﬂﬁ’pﬁ?‘f‘?ﬂéﬁ@f éﬂme{?ﬂqcoﬁ%ﬂ framy rle hdPP arrsoby echni ques
may a'&&ggg ghIaek G ledeOLABBRAE pHiClbd PRECYALERRe siRE ALY SRE (o) 20

Decenber
aggregate.



. may be renoved by drying or sinply left in the adm xture if the adm xture
containing the solvent is sufficiently dry that clunping or aggregation is
avoided. If the solvent is to be renoved by drying, the SO'HSPt sglgﬁi d
shoul d be one which is nore volatile than the carbonic aci ¢ eSC&E o that 5
| osses of the ester during drying aje mnimzed. The aforedescribed

adm xture is added to a m xture which contains a hydraulic cenent, wherein
the m xture nmay al so contain further conponents such as water, aggregate

and/ or ot hexccadfiid fo\Rgin aHother FRPE: oPihetﬂﬂgsén@}fﬁBH.o\hemé@% iSﬁHfa%drael ative to
e

hydraulic cenment may be readily varied 10 to achieve the desired effect on

the set or CW@W@@.ﬁﬁbbﬁﬁoﬂﬁoAGSm&,H@&i OFQWQBHU!ILQ%IHEQW. ichglc Accordi ng
to a preferred enbodinent, the adm xture is dtilized in such an’ unt that
0.1 tostigvduye gad ¢} apfesichof carlinms acidcindicesin ahe issicarfumeduwdetic dsased on t he

wei ght qr I . present. 15 The adm xture conposition of the
pres en?%%@%ﬁ% ?%lﬂ a%%%&gle‘? rg‘gtglgtmwg? ATPQH Ccfgbcf‘ﬁ‘é t%w&%‘ls'i‘@ﬁé'éﬂg%?%e @it abl e
for constssugtaraic epmbiGRddsibmFostbim Sdrdaley. fofti Ck- har deni ng and
noderate heat Portland cenents, high alum na cenents, blast furnace slag
cement and the like. O these, Portland cenents of the ordinary and

qui ck- har deni p@cédinglo FbarRBidriagpba ol thelBrededk RnticAthéxayis piovidee a
conventional aggregate nmaterials may be used together with the inventive
admi xt ure, i naladtidh@f fhoeelextinpl the sendpdgimredsing rdis hedks of pgbbl es,
pum ce, fir. erlite.and the .|ike. The type and quantity of aggregate

sel ect i Cv'xl,ihﬁfqu dETUNE I CIRP YRS (RTbipg 2 ateppl catbonigaridi Wittle 2 el exanyl e,
i f utipacdadact Bugpdil Afictd RPhdE Adac | y h I aggregat e
conbi nﬂed with the adm xture. Thegg%g;n‘{{iﬁ%%g?pﬁeﬁobﬁg{é‘dffl% tg%“tg%l%g t he
cenentdemieatigdreto sind iadmixiogphé ded fifwathe cemvenid mixtad widt ahpdaaie hydr aul i ¢

Fr om seseq PRl Yotk 10 B 1 ARG hA Lol 5" 7 Comont i 11 ous

conposition nmay additionally conprise any of the 20 Decenber 2002 7
addi ti ves kno in the cenept art. ,Such additive be i ncorporated into
the inventi vewgm'%tﬁ%tﬁlta@ﬁg}eﬁéﬁp%t f)ﬁt?‘ﬁ?ée%egi Bu%ri?t@ﬁg%{?ra 'Ség'ioé'?je‘?ﬁr ovi ded t he
addi ti ve does.  nqQt cause t[}e tgﬂre turC re ctéon.or ec&HnPgs(i)ti o} %f t he
carboni ¢ aci d™&8108r PI KRR E0F hE 3l "N The "HYHFRY i €

cenment 5

and/ Olce Ml @oudSESEpSRAVE RbinpRBlngMBbROdSto PO@ TRk el axagml 86 aotydisch
addi tional additives include plasticizers (also known as water-reduci ng

agent slkylengpeathbrase vty dPQ faaissly Ryragll slicah fughe tafgenwadey - flegableng
t t T di t dditional _thi ' di ti onal
298 Shine i S SR RO B B AL R BRI ARSI B0 o2

or 10&&&&,%@@:’%&& AN hiey €5 fortd did t@nalitdddichbinpesitioh. t hese types are
well -known in the art and are discussed in nore detail in U S. Patent No.

5,453,123. (incorporated herein by reference in its entirety). The anmounts
of sugﬂ addi,tional. addi tfit eﬁ in the final cenmentitious conposition may be
inth 10 ntioned patent. 15 According to one

embodi ment %_féf&%é},ntﬁ%nég@%ft B&HoERLId fRAMsX EHRBIdSR] @idRd to the
m xture containing the hydraulic cenent, water, and (optionally) aggregate,

ei t hernvenmterddmindu@ds iat & asbipaatialyr salablenn xiatey. pttoz ester exdaynbéhe conveyor
I cadiinBs 8l of Gartaulic arb "gRonRES A roats ac, or £Sak e O PPLLed
a monoester of carbonic acid. This invention is particularly well-suited for
esters or mixtures of esters which are liquids at room temperature or which
melt only slightly above room temperature (e.g. having a melting point of
40°C or less). [t has been found that surprsingly high levels of such
substances may be incarporated into the cement admixture while

maintaining the flowable (e.g., non-clumping) properties of the particulate



. 20, performed using m xing tubes or other m xing devices to ensure that it
is uniformy dispersed throughout the mass of the resulting cementitious
conposition. In an alternative enbodi nent, the adm xture is_conbined with
dry hydraulic cenment and (optionally) aggregate and the restll PeeRgRer ¢002

m xture 25 maintained in suitable storage containers such as bags until
ready to be used. The dry m xture is then renoved fromthe storage
containers, mxed with water, and then applied and used as needed for the
particul ar application desired. The adm Xtures of the present invention are
suitable for use in any 30 nunber of applications where cenentitious
conposi tions %ﬁﬁ“ﬁbnnnnly 20 Decenber 2002 8 enpl oyed) including) for

exanpl e, nortars aIBF{ef@Fr%Hteélé dot Badblo b& 5&8}5#'aaé%tﬁmédrsro@upét.ﬁr@dthe

i ke, nortar and concrete use on roo er - pr oof

mortars and vaiphatiprestérscwhichahag hasedither anidpdnnghain ot eyotis ,stnumdﬁewat er
(antiwashout)_applj cations, renote access 5 aR pl.ications and nol di ng
)

menbers of bupP ﬁ@épreé%rr%s%erwqrmcmlcee&a t'ﬁ&'wersc%r@h@mlwe
conposi tg ons e bHd sShSEeFr'ﬁEténgn 14 srgﬁa»r%rie%gyamc énrp'hfar.e%.&éter ;mn;‘;

or injecting t oug KIng ¢ heor

be acconpl i shadldai)e nErpy|evie acaibanartet l{ddnethybr 8- drorxolnmﬁerrﬁq rretﬂyleme
conprised of ce ﬁg rdz at e he 10|nven¥‘|ve adm xture is mxed with
water at the & OBPtea g ‘g‘ r%ne e&ndimtyesdnetstd. cenenti ti ous
composit]on can DeTREANEbALCKRIANIAILe ¥Rk AN Hib BfrBlbstinddd
curing, danp curing, erwater curing, heat-facilitated curing (e.qg.,

st eam curi ng cartbbord avid ester isgh, sadid subgtadd ahias & of thd fdrer efitdisaetods.

Ex | e I 1-G . T trate t ffectli { f
The b oXne 1 BGRtERo TVBe fi Riecierape. SHARS O SHITECamiSa of SHER dasiars iy -
adm xtures | &gl ﬁ@@b#é?@r‘réd)fbsemBlo?%rétﬁ)?)o?tfhéwﬁ@ﬂtrelﬁﬂ%l?%|grE§r§f'?$’éé§S 1,3

and 5) were 20 prepared usi ng an adm Xxture conpri sed ica fume and
ARCONATE HP paf@gyincordes to bwaase the mrawwn ooy theeoarbonicCanigagster The

Mg in o of Bhaer Sk HHS heGheot o 0BT HRbnfa Nrieb Il
Port | and cerremysb@eﬂ?fr@p@%@ge gorﬁalrtmvédsme tahdvmra@e. dEﬁért\ngﬁﬁé auppertig poses,

25 anot her series o enent pastes npl es was prepared
wher ei n1® he p?‘Ubl)alré‘héh%taqf%%&?@e\ﬁ)éﬁaﬁicff%wﬂh Mﬂ%th%CWQF agatiguee wélf ng

conbi ned wit hg nt and silica fume. The rel ative anmounts of
t he conponent s\yél}?g§[?¥%bg%??@ﬁ y wei ght are shown in Table |I. 30 20
Decenber 2002 The support must be non-reactive with the carbonic acid ester during

normal storage conditions. That is, the support should not catalyze or

otherwise cause decomposition or other reaction of the ester. For this

20 reason, the surface of the support should be essentially neutral, i.e., neither

highly acidic nor highly basic. The support should also not bind the carbonic

acid ester irreversibly; when the cement admixture is combined with cement

and water, the carbonic acid ester must be able to impart the desirable set

acceleration and thixotropic effects to the resulting cementitious

25 composition. The support should additionally be selected from among those

materials which will not adversely affect any of the desired properties of the

cementitious composition such as compressive strength, slump, air
entrainment, shrinkage, or the like.

Silica fume is a particularly, desirable substance to employ as at least

30 a portion of the solid, particulate support. An amorphous by-product



-9 TABLE | 5 10 Exanpl e123456Port| and Cenent, pbwe0

860. 857. 657. 654. 454. 4\Wat er, pbw33. 9833. 9833. 9833. 9833. 9833. 98Pr opyl ene
Car bonat e, pbw0. 830. 960. 960. 961. 060. 96Si | i ca Fune,

pbw@. 33. 26. 46. 49. 59. 6\t er | (Cenent + Si | i ca 20 December 2002
Furne) 0. 5310. 5310. 5310. 5310. 5310. 531Si |l i ca Funel (Cenment+ Silica
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sec. 12. 60. 265e§tér alhich is desired in the final cementitious composition, the adsorption
capacity of the support (i.e., the maximum amount of ester which can be
combined with the support while still maintaining the cement admixture as
20 a dry, flowable material), and the identity of the support and carbonic acid
ester. Typically, however, this range will be on the order of from 1 to 100

parts by weight carbonic acid ester per 100 parts by weight support.
The method by which the carbonic acid ester and support are
combined is not thought to be particularly critical. For example, these
25 components may be simply combined all at once and physically mixed by
means such as stirring, milling, grinding or the like. Alternatively, the ester
may be added incrementally to the support while mixing. Dissolving or
diluting the ester in a suitable solvent such as water or the like and then
applying the ester solution to the support using conventional impregnation

30 techniques may also be practiced. Following such impregnation, the solvent
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cements of the ordinary and quick-hardening types are particularly preferred.

20 Any of the conventional aggregate materials may be used together
with the inventive admixture, including, for example, sand, gravel, crushed
stone, pebbles, pumice, fired perlite and the like. The type and quantity of
aggregate selected will depend on the ultimate end-use of the admixture.

For example, if utilized in a grout application, fine sand may be the only

25 aggregate combined with the admixture.

‘ The quantity of water used for setting the cementitious composition
comprised of the inventive admixture and hydraulic cement can vary within
the weight ratios of water to hydraulic cement of from 0.2:1 to 0.7:1,
preferably 0.3:1 to 0.6:1.

30 The cementitious composition may additionally comprise any of the
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additional additives in the final cementitious composition may be in the

ranges taught in the aforementioned patent.

16 According to one embodiment of the invention, the inventive
admixture is added to the mixture containing the hydraulic cement, water,
and (optionally) aggregate, either in a mixing device, or after the mixing
procedure in the conveyor line or pipeline, or at the point the mixture is being
poured or applied. In each case, the introduction of the admixture is

20 performed using mixing tubes or other mixing devices to ensure that it is
uniformly dispersed throughout the mass of the resuiting cementitious
composition.

In an alternative embodiment, the admixture is combined with dry
hydraulic cement and (optionally) aggregate and the resulting dry mixture

25 maintained in suitable storage containers such as bags until ready to be
used. The dry mixture is then removed from the storage containers, mixed
with water, and then applied and used as needed for the particular
application desired.

The admixtures of the present invention are suitable for use in any

30 number of applications where cementitious compositions are commonly
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applying the cementitious compositions include shot-creting, troweling,
spraying, filling of formwork or injecting through a caulking gun or the like.
Spraying, for example, may be accomplished by means of a dry method,
wherein a powdered mixture comprised of cement, aggregate and the
10 inventive admixture is mixed with water at the top of a spray nozzle. Curing
of the cementitious composition can be conducted using any known method
such as air-drying curing, damp curing, underwater curing, heat-facilitated

curing (e.g., steam curing, autoclave curing), or sequential use of different

methods.
15 Examples
Examples 1-6

To demonstrate the effectiveness of the admixtures of the present
invention as thickening, thixotropic and set-accelerating admixtures in
cement appilications, a series of cement pastes (Examples 1,3 and 5) were

20 prepared using an admixture comprised of silica fume and ARCONATE HP
propylene carbonate (a product of ARCO Chemical Company). The
propylene carbonate was wet onto the silica fume using high intensity mixing
in a blender. The resulting admixture was then dry-blended with Portiand
cement before being combined with water. For comparative purposes,

25 another series of cement pastes (Examples 2, 4 and 6) was prepared
wherein the propylene carbonate was first diluted in water before being
combined with the Portland cement and silica fume. The relative amounts

of the components used in parts by weight are shown in Table 1.

30
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) Water/(Cement+ Silica 0.53 0.531 0.531 0.531 0.531 0.531
Fume)
Silica Fume/(Cement+ 0.05 0.05 0.10 0.10 0.15 0.15
10 Silica Fume)
Propylene Carbonate/ 0.013 0015 0.015 0.015 0.017 0.015
(Cement + Silica Fume)
The viscosity of each cement paste was monitared over time at a
16 constant shear rate of 50 per second (measured at 20° C using a TA
Instrument CSL2 with parallel plate geometry and a 1000 micron gap). No
significant differences were observed in the flow curves of the cement
pastes prepared by the different blending procedures for a given formulation.
That is, at a given composition, the flow curve of a cement paste prepared
20 using an admixture of the invention (i.e., propylene carbonate and silica
fume in dry precombined form) was remarkably similar to the flow curve of
a cement paste prepared using an aqueous solution of propylene carbonate.
This result was unexpected, as it was believed that pre-combining the
propylene carbonate with the silica fume would affect the thickening,
25 thixotropic and set-accelerating characteristics of the propylene carbonate.
Examples 7-9
These examples demonstrate the combination of propylene
carbonate and silica fume has a synergistic effect on the viscosity of a
cement paste. That is, although each additive separately increases cement
30 paste viscosity (compare Examples 8 and 9 in Table Il with Example 7), a

greater than additional increase in viscosity is observed when both are used

together (Example 6). Furthermore, silica fume does not interfere with the
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desired thixotropic effect of the propylene carbonate. The viscosity

measurements were made at the times shown on Table Il and were

measured subsequent to loading the cement paste sample onto rheometer

geometry (shear rate = 50/sec; temperature = 20°C).

5
Table |l
Example 6

Portland Cement, pbw 54.4 64.0 54.4 64.0
Water, pbw 33.98 33.98 33.98 33.98

10 Propylene Carbonate, 0.96 0 0 0.96
pbw
Silica Fume, pbw 9.6 0 9.6 0
Water/(Cement + 0.531 0.531 0.531 0.531
Silica Fume)

15 Silica Fume/(Cement 0.15 - 0.15 -
& Silica Fume)
Propylene 0.016 -- - 0.015
Carbonate/(Cement &
Silica Fume)

20 Viscosity, Pa s
5 sec. 33.5 0.36 5.9 2.3
10 sec. 248 0.31 5.4 1.6
20 sec. 18.4 0.29 5.1 1.3
50 sec. 12.6 0.26 5.1 1.5

25




S 10% &
028 () -
30% 9

-

'10% & () -
S 10% &

10% & () -
10% & () -

1P

()-5W1P S 10% & ()- S 10% & ()- S 10% & ()- S

KKKKKKKeFbC S 10% S 10% & ()- S 10% & ()- S 10% & () - 55%4%6

‘()- S 10% & ()-KKKL L%A*LrS4bC S 10% & ()-S' S 10% & () -
S S10%& ()-5W1P S 10% & ()-*L/LALIL>L?LTLNADC 2 DU
()- S 10%& ()- S 10% & ()- S 10% & ()= Thkleglowl -LLLe'FbC'-S 1
S 10% & ()- S 10% & ()- S 10% & ()- S 30%& ()- 'S¢

LLLLLM@NgP/ bC 10%& ()- f Y"1110‘V$&' ()-" P10%B&()-1"S 10% &'
CLAIMS
1. A cementitious composition comprised of (a) hydraulic cement and (b) a dry,

flowable cement admixture comprised of an ester of carbonic acid and a solid

particulate support which is non-reactive toward said ester.

2. A cementitious composition according to claim 1, wherein said solid

particulate support is silica fume.

3. A cementitious composition according to claim 1 or 2, wherein from 1 to 100
parts by weight of said ester of carbonic acid are present per 100 parts by weight of
the solid particulate support.

4. A cementitious composition comprised of (a) Portland cement, (b) a dry,
flowable cement admixture comprised of silica fume and from 1 to 100 parts by
weight of cyclic alkylene carbonate per 100 parts by weight silica fume and (c)
aggregate.

5. A cementitious composition comprised of (a) hydraulic cement, (b) water, (c)
silica fume and (d) an ester of carbonic acid, wherein the silica fume and the ester
of carbonic acid are each present in an amount effective to synergistically increase the

viscosity of the cementitious composition in unhardened form.

6. A cementitious composition according to any preceding claim, wherein the

‘ester of carbonic acid is a cyclic alkylene carbonate.

7. A cementitious composition according to claim 6 wherein the cyclic alkylene
carbonate is comprised of propylene carbonate.

8. A method of accelerating the set and increasing the thixotropy of a
cementitious composition comprising combining an ester of carbonic acid with a solid
particulate support which is non-reactive towards said ester to form a dry, flowable

cement admixture and admixing the dry, flowable cement admixture with a hydraulic
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14, A method according to claim 11 wherein the cyclic alkylene carbonate is

comprised of propylene carbonate.
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