1 : 2157281 ADM XTURE FOR HYDRAULI C CE | . TI ONS
This i nventlon relates to adm xtures for hydraulic cemntﬁr&%ﬁl ons and
more particularly to water-reduci ng adm xtures -whi ch provide ‘i mproved-® sl unmp
and slunp retention in hydraul Ic cenent 5 conpositions with relatively.

m ni mal increases in initial:and flnal settln times. The use of various (\
wat er - r educi n&MNNTURE (s RAW ¥ ' DY sitions, e.g., nortars,
grouts, and concrete, is vel | knovvn These adm xtures al | ow the use of

| esser Aoy iALHBLR" réfdted toeyGmPeclihesIfF HHRABLAR! iyt OF wor kabi [ ty.

The adm xture al so provid I gher conpressive’'strengths 1 n the cenent
CONPOSddni i BbAET ars@ trhé A padtit ubd dipeto twtePeradiecinl ba8MTxMereRN wihich he m x
or to a nore conplete dispersion of the cenment particles in the plastic
cementprovideyimgrovadn slumg.and $lump retefhtichy Oh Rydbhenit acssetritat ed with the
use of conventional water-reducing adm xtures is that the |length of tine
dubi ngompositibhe withi xélativdlg mbiinal dnereades in dndidsl ced firgh setvirg of .
plasticity or workability in the cenent mx is relatively short, lasting an
aver agimes. 25 to 45 mi.nutes after addition of the admixture. In nmost job 20
situations, this generally requires that the adm xture be added just prior

~to pl acenelhhe use of yariows patersineducing sadmiyturendnt hydeguligprement
delivery trucks with specially designed di spensing equi pnent. In addition
to thec"@)&%srﬂﬁ'enassﬁ}a-at geriansh gReu $rs2ae SPPﬁrrFtSrnd'srr&'e kRW®e of this
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compressive strengths in the cement composition after setting, due

either to the use of less water in the mix or to a more complete
dispersion of the cement particles in the plastié cemént_miak by the
admixture... - |

15 A haj;or __broblem associated with the use of conventional : -

: wa:e.r.-reducing admixtures is that the length of time during which the
admixture is able to maintain a desired high level of plasticity or
workability in the cement mix. is relatively sﬁort,- lasting an average of
25 to 45 minutes after addition of the admixture. In most job _ B (

- 20 situations, th.is generally requires that the admixturé be added just
prior to placement, i.e., at the job site, thus requiring the equipping
of delivery trucks with specially designed dispensing equipment. In
addition to the expense associated with the installation and maintenance
of this equipment, its uée can be problemmatic where local work

25 specifications or conditions prohibit on site addition of admixtures. In
addition, the relatively short duration of increased plasticity limits the
amount of time the applicator has to place and work the mixture. This
can pe a particuiariy troubiesome constraint under difficult placement or

job conditions.



tcan be a particularly troubl esome constraint under difficult placenment or

j ob conditions. 2 The problemof a relatively short duration of

i ncreased plaSticity can sonetimes be | essened by a high dosage of the

wat er - r edyci ng admi xture. However, this tends to provide too fluid a mx

i mregi-ately follow ng addition and generally2results in excessive set
retakdation. 5 This latter disadvantage, in turn, can delay strength gain

n the art to deuERBpPHAIRLPER FRAThER, SIRRE Al of JERPIATRY Wheelibin
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agai n wit hOUtfoHBdmaé%%Ei_%ﬁ §hé %qé}@n&hlﬁeﬁﬁﬂ iingei&%%iveﬂ}%t Hetgtdfidy. Of a

hydraul i c cement ture is nor y evaluated 1 y slunmp neasurenent,
e.g., in nccoridNftey dishiditadd 3. inTher ¢ah dslapeasiengthyaihi id ithg a

truncated cone with the m xture, renoving -the cone, and neasuring the drop
i n hei ght of deientnaupprdtércdetinglire. As a neasure of the decrease in
plasticity of the m xture over tinme, slunp neasurenents are nade on the
aging mxture 20 Theate dpsazdrdinglyi ateantiuwingTHesite cine tibe raytptoasievelopy new
thus quantified as the decrease in slunmp with tine. A |esser decrease in
slunp with tiwater-eadudingradmixtuse eqmpasitions omhichndar proyide g ddgbrdegree -
ability on the ' .
of plasticity to hydraulic cement compositions wit_hout undue adverse
~ 10 effect on the cement setting time. There is, furthermore, 2 continuing
. desire to develop such admixtures which are also capable of maintaining
the plasticity for more extended periods of times, again without undue
adverse effect on the setting time.
: The plasticity of a hydraulic cement mixture is normally evaluated
15 by slump measurement, e.g., in accordance with ASTM C143, The
KJ slump is measured by filling a truncated, cone with the mixture,
removing the cone, and measuring the drop in height of the
unsupported mixture. As a measure of the decrease in plasticity of the
o mixture over time, slump measuréments are made on the aging mixture
20 at spaced time intervals. The decreasing plasticity is thus quantified
as the decrease in slump with time. A lesser decrease in sl_ump with
time i.e., increased slump retention, indicates a greater ability on t_hg

part of a water-reducing admixture to impati_73§§!5'sed plasticity to the

: “X.M}é’

cement mixture for a longer duration.. .



part of a water-reducing adm xture to inpart increased plasticity,to the ¥
cement mxture for a | onger duration. 3 SUMVARY OF THE | NVENTI ON The
present invention is directed to cenent adm xture comnpositions which are . é
capabl e of providing significant water reduction in hydraulic cenent -

conposi tions w thout excessive increages in set ret ardation. 5 These 7
adm xtures are effective water-reducinhg agents at relatively | ow dosagé's‘di n
hydraulic cements and the ability to utilize these materials at such | ow
dosage | evel s provides syuhahARlY DF COREr NVERTION M zing the set | '
retardati on associ at ed wrtiruse—of—theadmxtures. The present invention is
accor di ngl ¥ngi pReded ineRBn it rdGedCaiMRemehi (AEMMIRLEE wABYsifieng borate
ester of a polyhydroxy conpound. The borate ester.is generally prepared by
react ivpmychf ak@rcbgaaré Sf Vprdvidthe Sighiffedntowledry Reduotivn Cionpedrgune sal t
thereof. It has been found that, in general, the esterification or

conpl expfenncethpéditiops! wthduexexesspa itcrdalsts tile s&preta mdait iiny.
‘substantially reduces the set 15 retardati on associated with the use of the
pol Sy hythesey admiturms ar@réféctive waterawmdecing cfjerits at ngthtindiy closenment ni x,
while providing a | evel of water-reduction which conpares favorably with

that asagesdnubiydgautic qemeritgdand \theoapditydtaluthldize These msteriadsl adni xt ure
conpositions of this invention, which can 20 - provide |evels of water

r eductsiush (gw cdosage tevels providesg)subistantialhgertnel dvi mvimigingo the reetonal
wat er -reduci ng agents and, in addition, provide substantially increased
| evel sesardatiom asspeigted withrusgafnthe gdmixtures.

The present invention is accordingly directed to admixture | " o
10 compositions which cdrhbrise a borate ester of a pcslllyh.ydroxy compognd.
The !;orate ester is genérélly brepared by reaction of boric ac_id with an
esterifying polyhydroxy_"compound or sait lthereof. It hqs beetr found
that, in general, the esterification or complex'atio_n of the potyhydrdxy
compound with the boron moiety substantially reduces the set

15 retardation associated with the use of the polyhydrbxy combound alone

i.e., not esterified, in a hydraulic cement mix, while providing a level -/
of water-reduction which compares favorably with that.obtained using
the polyhydroxy compound alone. Q

" The preferred admi_xture compbsitions of this invention, which can

20 provide levels of waterlreduction _which are at Iéast as great as those
provided by conventional watef-—_reducing agents and, in addition, |
_provide substantially intréa'sed levels of slump retention, are blends or
mixtures_comt:risihg a borate ester of a pblyhydroxy compound and.al
hydraulic cement water-reducing agént. A particular advantage of

25 these preferred.admixtures is that they can be formulated to provide
_significant and -subst_antial increases in slump retention with only -
relatively minimal increases in the initial and final setting times of the

cementitious mix.



7 M xtures conprising a borate ester of a pol yhydroxy conpound and a

hydraul i c cenment water-reducing agent. A particul ar advantage of 25 these
preferred adf xtures is that they can be fornulated to provide significant

“and suhstantial increases in slunmp retention with only relatively m ninal

increases in the initial and final setting t#mes of the cenentitious mx.
4 These preferred adm xture conpositions can conprise the borate ester

.conponent in conbination with a single water-reducing agent or, preferably,

i n conbi nation wi tThasgoPcefefibed agmixtunegompagitighsntan cpmeriser the borate
wat er -reduci ng agents for use in these adni xtures are 5 aromatic sulfonic
aci d- al dehyde €8taTdepRRPRERY (7 Logbination yyith 1 finglgcvatersreducingsigent or,

ferably, both,of.th ferred -redugi i
Phe adi xt ur o PrOETERDY i (PTBIBRUED At PoiePr TREE MALALT'PE SN PORY St cach
f the adm xt . - -
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formul ati ng the adm xture can al so be used to conpensate r variations in
reactivity of sditbf eyt sraTerdSlyl Obddhe ofidhe¥é PreferkedSwhtgr-rbdliting aGents
significantly increased by the use of two or nore different water-reducing
agents in theaedrpresane inlthe admbiure wwgether wdth ahef botate vesiter - r educi ng
agents to each other, as well as to the borate ester, can be adjusted.
Thus, a wider variTehe refativer queatitymf, eadh lof theoadmibytundi componentaidan r ange

of properties in hydraulic cenent m xes, can be provided. .
vary over a wide range such that a.variety of admixture formulations

-~ 10 can be provided to meet different requirements of slump retention or
set retardation. This flexibility in 'formulating the admixture can also
be used to compensate for variations in reactivity of different cements
to the adrﬁixture. This flexibility is significantly increased by the use
of twd or more different water-reducing agents in the admixture,

15  inasmuch as.,the ratio of the water-reducing agents to each other, as

well as to the borate estér, can be adjusted. Thus, a wider variety of

formulations, with a correspondingly broader range of properties in
hydraulic cement mixes, can be prbVided. o |
U - In the admixtures of the present invention, it is preferred to

20 employ amine salts of the borate esters, inasmuch as these salts can
provide especially favorable early compressive strengths in the set
ée;r;e-r\—t ;roduct. These amine salts ma_\) also provide less retardation
than that provided by the corresponding ester eithef existing in its
free acid form or neutralized with a metal catioﬁ.

25 The .admixtures of this invention can be provided and used as neat




In the adm xtures of the present invention, it is preferred to 20 enploy "4
am ne salts of the borate esters, inasnuch as these salts can prOV|de
especi al |y favorabl e early conpressive strengths in the set ceneflt * product .
These amine salts may al so provide | ess retardation than that provided- by
the corresponding ester either existing-in its free acid formor

z ¥

neutralized wth a nmetal cation. 25 The adm xtures of this invent Nﬂ
can be provi ded and used as neat forrul ations in the formof a dry powder
or preferably as aqueous-based solutions, i.e., the adm xture conponent s

.can be di Sﬁ"NeVEFEéthaHvéﬂﬁéﬁ% RatRsk %We‘é@éﬁ to hydraliie @drfstRnt invention is
further directed to hydraulic cenent conpositions conprising the adm xture

CONPOSktdmpdritiohs tddmpriging NthieoadmiRilfd lcbipbESioRks Fofl EsGnvéhitiohN\WENTI ON As

~used herein, the term"hydraulic cenent conposition" Is 5 i ntended to
refer to any conposition containing a hydraulic cenent. binder, e.g., an
ASTM Type |, 11, LLI V. or V Portland cenent, inclusive of both dry

cement corrpostRE.Iéi E E ! | EHEQIN HAN | ncluded within the

termare concretes, grouts, nortars, cenent pastes, and the |ike. The
adm xtures of this invention-are 10 particularly useful in Portland

cerment CONAelEs: rapHineSBRC Lol YnyBrb@i el GmBaLitARdscement concret e

preparations ere the concrete prepare X1 ng pFant and
t r 3spmiteRded Qot Fe¥ef QB Sy omPositioRd chretafing 4 NS/draGITE "delenilYy dr oxy

compound” refers to diols and polyhydrlc conmpounds, i.e. conpounds
cont ai hindgrpoe.g.t. hem ASTM Type |, {1, I, IV, or V Portland cement,

inclusive of both dry cement compositidns ar';d_ wet._ cement slurries or o \J
pastes. Included within the term are concrete's, grouts, mortars,
cement pastes, and the like. The admixtures of this fnyéntion are

10 particularly useful‘in 'Portlénd cement coﬁcretes, and éspecially in
larger scale Portiand cement concrete preparation$ where the concrete is
prepared at a mixing plant and {ransported to the job site... ‘

As used herein'. the term "polyhydroxy compound" refers to “c.:!iols

and polyhy_dric compounds, t.e., compounds containing more than two | u_

15 hydroxy groups. The polyhydfoxy compouhd can be an 'a.romatic
compound, such as a catechol, or an aliphatic compou.nd, with thé latter -
being preferred from the standpoint of attaining lower levels of set . el
retardatioﬁ. The aliphatic polyhydroxy compound can be an ali'phétic
diol such as ethylene glycol, 1,2-propanediol, or 1,3-propanediol; an

20 aliphatic ﬁolyhydric-alcohol such as glycerol, glucose, or mannose; an N
allphatlc diol carboxyhc acid such as 2,3-dihydroxypropionic acid or
tartar:c acid; or, most preferably, an ahphatic polyhydric carboxylic
acid such as a glucaric acid. Partnculariy preferred ahphatnc |
p_blyhydric ca'rbo'xyll.ic' acids are the glyconic acids, with gluconic acid

25 and glucoheptonic acid being especially preferred. The stereospecificity



‘15 hydroxy groups. The pol yhydroxy conpound can be an aromatic conpound,
such as a catechol, or an aliphatic conpound, with the latter being
cpreferred fromthe standpoint of attaining | ower |evels of set retardation.
"The ali phatic pol yhydroxy conmpound can be ap aliphatic diol such as

et hyl'ene glycol, 1,2-propanediol, or 1,3-propanediol; an 20 al i phatic

pol YhRydri ¢ al cohol suchy, as glycerol, glucose, or mannose; an aliphatic diol
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esterifying conpound nmust, of course, be such as to permt formation of
the cyclic bokmowrest &h. eaiyg sthigiyeob ezl Subjeadlie providéd iy UerBodsekeal at i ng
to borate ester formation are well known. An early study of this subject is
provi ded by JAB@ecekdn, Corbohivdnate LhemiStmholy di88t210CH&MMBLry, 4, 189-210
(1949). The borate esters present in the adm xtures of this invention are
cyclic esters whi chheaberate pstess Rresent dnyvthec aapixtuaes of this ipnentigndrea

compound S0 a€VEHC RSt WYER recbrited & inveivBoremelextieh ory Bhantng ot a
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\..« 10 used herein are believed to be mono-esters involving the COmplexatioh : '
or bonding of one molecule of esterifying compound to one boron |
moiety, with the third valence position of the boron moiety occupied by
“:Ca hydroxy group. However, althouéh the mono-ester is believed to be
the species generally used herein, the present invention broa‘dly
"i5 contemplates 1_:he employment of bis esters, involving cbmplexation or

- bonding of two polyhydroxy compounds to one boron moiety. The

.’.’- \
~ hydroxy group of the mono-esters of this invention can be neutralized
with a cation, as discussed hereinafter.
The borate esters of the invention can be prepared by known
- - -

20 methods. Thus, boric acid can be reacted with the esterifying
compound in an aqueous medium, ..using mild heating to facilitate
completion of the reaction. Where the esterifying cpmpound is not
readily reacti\)e with boric acid, it may prove desirable to employ an -
anhydrous polar reaction solvent, e.g., -tetrahydrofuran, or higher.

25 reaction temperatures in order to promote~este
| AR Ny

[ formation. An |
esterifying polyhydroxy carboxyliq_ acndac:d

acidic form,.é.g_., gluconic acid gan be.



t he species generally used herein, the present invention broadly 15
contenpl ates the enpl oynent of bIS esters, involving conpl exatign or o
bondi ng of two pol yhydroxy conpounds to one boron noiety. The hydroxy group . ..
of the nono-esters of this invention can be neutralized with a catien; as

di scussed hereinafter. The borate estlers of the invention can be preparg

by known 20 nethods. Thus, boric acid can be reacted with the esterlfy*ﬂh
conmpound i.n an aqueous nedlu u3|n m. | d heaiﬁgg to faC|I|5ate conpl etion

of thePriovide a(')‘nesWer%' thaaysberf ?fb 'Bdﬁ]‘b P& 9 efFHFY™ eact i ve
th b blL.e h |
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pol yhydroxy carboxy c acl aC| Its free acidic form e.g.,

gl UcorHsQeﬁW#-g EaMpHEnd e%CbEda }ﬂﬂehuri&r Idctone dnlad also/b@TAAVIisY @9 ester, or
it may be reacted in its salt form e.g., calciumgluconate may be reacted

W tHh L lestertfydng Orddgentde t he correspondl ngly neutralized cal ci um

bor ogl uconate. A precursor to the carboxylic acid esterifying conpound,
"e.g, a preAftesoformatioonef theesieéso abbasa imayzbe addesi do theteri fyi ng reagent.
After formation of the ester, a base nmay be added to the reaction solution
to neU’tetaat'PEeSQ'ﬂEOEsloePeﬁﬁfaé@ed@!ﬁ psters of asadegned doRfAON However, the pH

of the solution should b t |ess t H 10-11, .and preferably
| ess t agg6ut qyer; pt ?&p‘ios BHon gehoy 8t%§l"@'§ﬁ'ﬂ?‘?cﬁ¥ whi ch can be

St Oreqegsorthgétplqdﬁpl?e” 2 %referably less than about pH 8,-in order to .

10 provide a stable solution which can be stored for: extended periods. d
Preparation of the mono-ester is normally facilitated by reacting
. approximately eﬁuimolar amounts o_f boron and the esterifying compound.
However, the mono-eSter: inay ‘also be prepared using a molar excess of _
the "esterifying compoﬁnd, as 'may-prove'n'ecessar'y where Steréospeciﬁc
15 or steric factors hamper the reaction of the\e_sterifying compound. with
the boron moiety. éonversely,’ where the esterifying compound is
readily reacted with the boron moiety, bis esters may be formed using a
molar excess of the esterifying compound and the present invention
broadly comtemplates the use of bis borate esters as well. o
20 The borate esters may be prepared and used in the free acid
form, i.e. with _an'-OH group on- the boron and -COOH group on an
esterifying carboxylic acid compound. However, the salt form of the
ester can provide less set retardation in concrete formulations and is
thus generally preferred for use herein. Where the esterifying
25 polyhydrox.y compound is a polyhydroxy alcohol, the sait :for.m-
incorporates a c'a'tion,lwhich displaces the hydrogen of the remaining

hydroxyl group on the boron moiety. Where the esterifying



“Preparation of the nono-ester is normally facilitated by reacting
appr oxi nat el y, equi nol ar anpunts of boron and the esterifying conpound.
;However; the ‘mono- est er may al so be prepare@ using a nolar excess of the
esterlfylng conpound, as may prove necessary where stereospecific 15 or
steric, factors hanper the reaction of the esterifying conpound wth the

bor ORADi et YolPRYEPESP! domphiekd ishe mgﬁpawwgcmmwadaé i8, " aadi dalt repmt ed

with the boron noi ety, bis esters may formed using a nolar excess of the

esterifying ipeppsordesns chbsenpamteunw&m ithe &yreRkyY GlpE)! éf @Ret he use
of bis borate esters as well The borate esters may be prepared and

used in the dstesifamigl dommna endw dptiemaiyH ageatipn onhidre displagesirde- COOH
group on an esterlfyl ng carboxylic acid compound. However, the salt form of

the ester caygrogerdef|ties remaininganygdteoyi gnogpnar ahe Iburromlrratrems Thd | s
thus generally preferred for use herein. Were the esterifying 25

pol yhydr Bxy aasigrogad be an @bkaihymetaky eagcolm:ldlulnher sm'jtasslolﬂm oncan prbkaalirezs a
cation which displaces the hydrogen of the renalnln hydr oxyl .group on the
boron noi et yeartheanetal hee.@st eediciumpr magoesivs oy Yindigwever, the

pol yhydroxy carboxylic acid, .this salt formi ncorporat es a cation

associ at ed fatien e @& BEiRe Cgﬁ@&pﬂ‘;hoﬂs fReVE; | ?W@"@Bﬁﬁﬂ%ﬂ&ﬂnd
optionally, ces the hydroge e re nlng ‘hydr oxyl

whj ch di
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di éthan nmoni um
result ln admixtures whlch prowde lesser increases in initial and final

setting tlmes as compared, for example, ‘to similar admixtures compr_lsmg
alkali'rie earth ester salts. A particularly preferred borate ester salt
comprlses a mixture of alkanolamines as a cationic grouping. and more
15 particularly a mlxture of dlethanolammomum, and trlethanolammonium
cations. Monoethanolammonium cation may also be included in this
U mixture. | | | o . |
| The esters may also be' prepared by reaction of a borate salt su.ch
_ as zinc borate or calcium borate with the esterifying compound, e.9., )
20  as described in U. S. Patent No. 3,053,674, | |
The borate esters "pres"ent' i"n_th'e'admlxtures of this in\éeﬁtion can
provide sig‘nificaht water reduction in-'hydr'a"ulic cement compositions
when used at a relatively low dosage. Thus, for example, when added

to Portland cement co_ncretes in an ameunt of less than 0.075%

25 weight, based on the weight of Portland  cement blnder in the concrete,
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tri et hanol anmmoni um or m xtures of the sanme. Uilization of 10 , T4
al kanol ammoni um borate ester salts in particular has been found to result
in admi xtures which provide | esser increases in initial and final® setting
times as conpared, for exanple, to simlar adm xtures conprising al kal t ne
earth ester salts. A particularly Breferred borate ester 'salt conprises a
m xture of al kanol am nes as a cationic grouping, and nore 15.. particulé&#y
a mxture of dlethanolannonluni and tri et hanol anmoni um cati ons.

I\/brYb%tFﬁaFle%ﬁiﬂﬂn?%?ﬁ‘Eat i 8&5%?3*&'353‘5%?‘%”8&6% ?ﬁeta}i?h%""?ﬁ"?ﬂﬁ'iéb The esters
calea%?ntaoiaﬁir Gieheb bR pror e Boaineast er?t”%5’°%§§zg‘fe1§‘a?ic)_[)géei n U
th.s oh-E8tor Pen "ealyhyRibre SEmBRT FHCadId B T 3Bt FoRTHieRytr aul | ¢ corent

Jépnfh%arﬁﬁqoﬁtaéocﬁlt% 'Mﬁhytﬂevastoafan gesset% orEX2TPI &, when

o Port cenent concre I’ n an anou an 0.7075% 25

swel ibferalgSebritfchfly "RisiNingH 1R3t 'ds3BEat e MnDLBESST R the concrete, the

borate es can pr ctive water reduction generally at a |evel
Wﬂle‘ﬁ'ﬂnirﬁleﬁ‘ﬁédm&uﬁﬂbftmmh-é&%ﬁé@g:&%&ﬂ%ﬁﬁ émpoundE Por 9
wat er - reduci hg agent. These water ction l-evel s are approxi mately equal

t 0 Bxampileqi sy théabdveodosgge \levels, btheainitisli setting time wft tid t he
non-esterified pol yhydroxy conpound added to the sane concrete. However,

"t heoneretedis inormadlyo cetargitdrapbut Hd 2ubeunftot Rel iohauesam er is 5 generally

10

15

20

significantly less than that associated with use of an .~
_compared to the initiai settmg time of the same concrete without the '

admixture added. The eariy compresswe strengths of the concretes ~
containing the adm:xtu_re at,,_the_se dosage |evels, e.g., 1 day and 7 day
strengths as determined in 'accordan_ce with.'_' ASTM C1§2 , .__g'enerally equal
or exceed those' of the same concrete.without the admixture present.

;s indicated above the preferred admlxtures of this ‘invention
comprise a hydrauiic cement water-reduclng agent in combmation w:th a
borate ester of a polyhydroxy compound These preferred admnxtures \J
provide a longer siump life, i.e., increased slump retention, in
hydrauiic cement compositions. For many' larger scale_appiication_s
using Portland cement concrete, the increased slump r'etention permits | . e
addition of the admixture to the concrete at the mixing plant rather
than at the. job site._ Thls option can be advantageous where locai work

specifications or conditions prohibit on site addition of admixtures



> equi val ent_anmount. of the non-esterified pol yhydroxy conpound. For Exanple,
at the above&d.osage |l evels, the initial setting tine of the concrete is
hormal I'y retarded about 1/2 hour to 2 1/2 hours as conpared to the initial
‘setting time of the same concrete without the 10 adni xture added. The
early~conpressi ve strengths of the concretedlcontaining the adm xture at .
the§e/dosage- | evels, e.qg., 1 day and 7 day strengths as determ ned in
-accordance with ASTM C192, generally equal or exceed-those of the sane
concret e w t hMareavar,aidnfacilitagep mixng dusing rtdanspardatioovte, thengolprsitecandd
adm xtures of this invention 15 conprise a hydraulic cenent water-reducing
agent in combPReYIFER Gfeaker fiexibilidy cisy termg of thel tlimpdrilowed SAp R iInghese
preferred adm ture's-F'rovi de. a | onge ncreased, sl u

. | ljfe,. i.e., | _ .
r et Ient i on, | nPHRFIBUR gl warking &y E‘F??tgg& t"“tSPbln%{%r I gf?ﬁ&l?’egcéf'éce the
nti ol e ) a .
porm ta 20 ot Prunehicange SETOlasPd ) Brficbothd HiersBBeq Al Rr g BPl e
rather than a&vhhgecdt&t?né'o rﬂrtg %ﬁtﬂ%kﬁﬁirﬁﬁgl t?ﬁcn%%é‘ghaﬂ?eoﬂﬁtwgs&?nﬁh cal

wor k speci fications or I oNs pro It on site addition o xTures.

10- Moreover, timef, a@dsd E&ab_sﬁedlvj For@xdmpld)dté ][tﬁasiP:‘i’MIaEéthhé Rimd'@bkatRedi t €
0

and provides greater flexibility in terns of the time all’owed for pouring,

pl aci ng, and withkanéprivieartivmac veiterariedulting @geAt) ehe HBMRART mixs iwillegéridrally
adm xtures can. be fornulated to provide the increased slunp retention 5
whi | e causi ngtheriegfterrsdtaupviel sufficientiitimer o eeeranit thehapplidatoritosgaini ng
time, (as conpared, for exanple, to the initial setting time obtained with
a convent i onaPcarss eanteethreicagereiend tfindish diewithin thei time gomstrdings of the
- 10 average work day. '
An additional uhexpected advantage provided by the preferred
~ admixtures is the generally excellent finishing characteristics imparted
to hydraulic cement composition's, whereby fhe composition assumes a' _
smooth, creamy consistency, for an extended duration, without
15  stickiness, and thus can be surfaee" finished easily and with highly

satisfactory results. The borate esters used in the preferfed

' admixtures of this invention are believed to provide the improved
finishing characteristics and slunip retention which have been observed
v : in hydraulic cement compositions containing the preferred admixtures.

20 Any of' the knowh hy'draulic cement water-reducing.agents., can be
used in fhe preferred admi*tures. It is preferred to use as the
water-reducing agent component either an aromatic sulfonic |

_ atid-aldehyde cendehsate salt or a lignesulfonic acid salt. Most
preferably, the admixture comprises both of fhese preferred

25  water-reducing ag'ents.' The aromatic sulifonic acid-.al‘dehyde condensate

salt which can be used in the preferred admixtqgeﬁ "";a'______'

e v 3 v"\

polymeric condensate which meets the ASTM Chgy stands




thereafter set up in sufficient tine to permit the applicator to gain
access onto the concrete and finish it within the tinme constraints of the
10 average work day. An additional unexpected advantage provi ded" by the

. preferred adm xtures is the generally4gxcellent finishing characteristics

I nparted to hydraulic cenent conpositions, whereby the conposition assur@
a snooth, creany consistency, for an extended duration, wthout 15 ;
sti cki e, Tepd Fhwistecaredheesur fSasrh tondemsatesasid yheirduse tag hi ghly
satisfactory results. The borate esters used in the preferred adm xtures of
this i disprrsentsios Ueterevedueel'Sp'rm\hydb'auHe damards caref difcidsedy for
characteristics and sl ug& retention which have been observed in hydraulic

CﬁmeEt exampifyi i dhs oRakMi Ngst l’?e1gle5lﬁﬁrr7eégﬁcﬁﬁ5xt%w3ég 2253 . ﬁny of
brer or Seneddh 2l was SRE " 4, i"lrf??e'é W Qéstggaamgrfj fgdulzlnn% agent
Fhoou EXEnbEY. SPadfdigue REh o'l ﬁLgsed""‘nﬁﬁﬁgd%@?%l‘F% S both of
these ?%rﬁ%r‘e %‘iie%%\eny’latforl f.ed Qbé?'ﬁ% %c:dTh | h ﬁtal:fd SP‘\ERQ'

aci d- aI condensat e salt |ch can use e prieferred adm xtures -
can beniHlla(mﬁ'léthmlehWI |rfathﬁ§|I%ﬁ§atrﬁ‘et\Wlﬁa”pﬁm1éhet be Imthivbéef! standard for
a Type - 11 A or Type F water-reducer. Such condensates and their use as

di sper smhtdesar Whieeccondehsate spalymhrydnmlcontaionaersinghr eramatid aeety f or
exanple, in U S. . Patent Nos. 2, 141,569; 2,690,975; 3,359, 225; 3, 582 375:
4,125, ,o[otwm oggmomslnffanenmaz;qmatjdanonetles in the polymer cham.

10 The aldehyde used in preparation of the condensate is an - \J
alkylaldehyde, e.g. acetaidehyde, or preferably formaldehyde. The
formaldehyde condensates are partlcularly well known water—reducmg
agents and are generally preferred from an avanlabxlity. cost and

performance standpolnt

15 The condensates can be prepared by react:on of an aromatnc
sulfomc acid wnth an aldehyde to form a condensation polymer followed —
by neutralizatlon __wnth a baslc material, e.g., sodium hydroxide, or v
they'can be prepared by. COndensation' of an aromatic compound_ .with the
aldehyde followed by sulfonation of the condensation product and'. U

20 neutralization of the sulfonated material. Processes for preparing the
condensates are disclosed in U. S. Patent Nos. 2, 141 .589; 3,067,243;
3,193,575; 3,277, 162; and 4 125 410.

The condensates used in the preferr.ed. admixtures are in the salt
form, so las to possess desired water solubility, and can comprise, as

25 the salt formmg catlon sodlum potasslum calcmm zinc, aluminum,
magnesium, manganese ferrous ferrnc or ammonium cations.
Alkylammomum or alkanola_mmomum catnons can also be used such as
methylammonium, dimethylammonium, ethanolammonium or |

diethanolammonium cations.



¢ 5 Exenpl ary aromatic noieties which can be present in the condensate
polymer are phenyl, tolyl, xylyl, benzoic acid, phthalic acid, phenol,
mel am ne, di phenyl, naphthalene nethylnaphthalene or ant hracene nvieties.
The condensate polyner may contain a singleqgromatic noiety or two or nore
different aromatic noieties in the polymer chain. 10 The al dehyde
uset4 n preparation of the condensate I s an al kyl al dehyde, e.qg.

acet aI dehyde, mﬁﬂh?bgfeﬁ'egm%n;cog M‘i‘&eh {bectaﬂ gﬁgﬂghggi? |§ﬁ'h egﬁé”\‘%?isedar €

particul arly nown wat er-reducing agents an are genera erred

froman avail %thbﬁyateceak,meanfbrpegé QR "EHIC B refe?PER U dHixtures of tmsThe
condensates can be prepared by reaction of an aromatic sulfonic acid with

an al dehyde tan{entiv. coOAdetambrcial Paplthdlenésiifonie hdiy-faembrdehiydat i on with
a basic material, e.g., sodium hydroxide, or they can be prepared by

condensat i on a@bndensatenwhiah basypmaend fourid nahacalai'éylymfﬁblim thhvedinyventive
sul fonation of the condensation product and 20 neutralization of the '
sul f onat e® maRdmixturesy iscthatesoldounger shei trgdemaric JINRPAaI Y bar W. dRs cGeared
in U S Patent Nos._ 2.141 589; 3,6067,243; 3,193,575; 3,277,162; and .
4,125, 410. Thé Eﬁnde%?ﬂggﬁséﬁaﬁsﬁcmﬁetﬁ?eferred admi xtures are in the salt

(R 5o SRR B B SR SR
e 8 i TR RSB AT
di met hyl anmonigyfe rigl WHIER REVS H&ﬁrusiﬁei?WEm%'cH{B %@Eh?ﬂ?plésticizers,
N\, 10 and set-retarding agents in Portland cement compositions. |
Lignosulfonates are commonly obtained as water-soluble salt derivatives
of conventional sulfite wood-pulping processes. These deri-vative's. may
be subsequently treated to provide "desugarized" 'Iig'nosulfonates and
these desugarized materials are preferred for use herein. The |
15 lignosulfonate used herein can be a salt of any alkali metal such as
. | sodium or potassium or any alkaline earth metal such as calcium or
magnesium, .
As previously indicated, the relative quantity of each cor:npoheht'in
the preferred admixtures can be ‘varied as appropriate to meet different
20 requirements of slump retention or set retardation or to compensate for-
variations in reactivity of different ceme'nts to the admixture.
Accordingly, any ratio.of the aforementioned components can be
employed, as necessa.ry for particular applications. In general, it is
preferred to ‘employ less than about 30% by weight of the borate ester

25 component, based on.the total weight of admixture components, in order

to minin‘iize any set retardation impérted by the-3a



12 Napht hal enesul foni ¢ aci d-f or mal dehyde condensate salt is the preferred
condensate polyner for use in the preferred adm xtures of this invention.

A cormmer ci al napht hal enesul foni ¢ aci d-f or mal dehyde condensate which has
"~ been found particularly useful in theg4snventive 5 adm xtures is that-sold
under the trademark "WRDA-19" by W R Gace 5 Co., Canbridge, C
Massachusetts. Wth respect to the the use of a |ignosul fonate conponent™n
the preferr qtheadst retdrefation GROSUH thsdl®s usaSof the asceferred Wel | known
mat eri al s" whi ch have been used as water-reduci ng agents, plasticizers, 10
and set admixtuttes gcamgeet modalaled tHyaradjestmanit - i vipe Teldtovs propgrisnldfonat es
are commonly obtained as water-soluble salt derivatives of conventi onal
sul fit ethwddrpte ester ¢ dbesadmixtlihesavithera Jawern @sopestivre ganesaldyent | y
treated to provide "desugarized" |ignosulfonates and these desugarized
mat er i aresWiidgpinfefesser fdrgngscohsebirgtardasions by| ysmhasd adivstmented herein
can be a f .any alkali nmetal such as, sodi um or potassium or any

't af. .
al k31 i nBf 2BEL FEIAMIVE PRARORtIGE oiaPcsehnT Btar Al NAtERTreRUCING RISTL  y | ndli cat ed,
th | ati tidv of h t i, th ef d.adm.xt b
vari ca B upiRiRRulipafty BRCYSERFTATfEYY hefumiited Rdfaedigiedeq, o5 ©" P
varied _ eel™T PPARRELS S .
O Gt § ST adfontuih 2 iRy faihdiliu? AITRARSTEminBhiut et dlfied Bokgc! ! V! 1Y

af or emegéiePs ebneing P Svida N eldSes TogPEES of SSetNPORFASYINN ftPanpar ti cul ar
applications. In general, it is preferred to enploy |ess than about 30% by

wei ght afkalinmelkslr sahe@ AARsKne Farth aetab teutralhrte Bordtet Bster9i aindweiyght of
adm xture conponents, in order to mnimze any set retardation inparted by,
t hdOadnddiustment of the concentration or “dosage" of the admixture in the e
cementitious mix. |
. The initial slump and the slump retention obtained by use of the
preferred admixtures can be modulated by adjustment in the relative
propor;ion of the borate ester, with a higher proportion generally

15  providing a higher initial slump and increased siump retention; and by

adjustment of the dosage of admixture in the cementitious mix. -

For most applications, it will be desired to obtain a maximal
increase . in slump retention with minimal set retardation. Any of the
above methods of modulating set retardation and slump retention may be -

20 used, either inaividually or in combination, to obtain the desired
performance. In general, optimal combinations of slump retention and
set retardation are most readily obtained utilizing the preferred

. admixtures of this invention comprising both the naphthalene suifonic
- acid-formaldehyde condensate polymer salt and lignosuifonic acid salt.

25 Most preferably, from the standpdint of minimizing set retardation,
these preferred admixtures should comprise as the borate ester
component an ammonium, alkylammonium, or alkanolammonium neutralized

borate ester,



“ 13 The set, retardatlon encountered by use of the preferred adm xtures can
be modul at ed MHYy adjustnent in the relative proportion of the borate ester
aln the‘adnfxture, with a | ower proportion generally resulting in a | esser
degree of« set retardation; by use and adjustnment 5 of the relative
proporiti on of a set retarding water-reduci ng agent, e.g., Ilgnosulfonate
' by of differently neutralized borate esters, with ammoni um
al kyl ammoni um and al kanol anmoni um neutralized borate esters tending to

provi de | esser dagiRHfit IStadrairangapieferi-Bantcafb@hi at@ithl @a&ﬂnéhlr-al $d'@s
earth nmetal neutralized borate esters; and by 10 adj ust rent of the

concentrati ofp provities adgrimalf sétheetai-mxiour eformsbhe HEPldEtidisQUsubh Xas He
initial slunp and the slunp retent.ion obt ai ned by use of the preferred

adm xt ures oweathernapplicatiohsy aagrestencdegree pficseteratbrdatipn apay tbe desirdche
borate ester, with a higher proportion generally 15 provi di ng a higher
initial slumnduadjustmentsecars|hergrade: imithenadmixtury fatrudatientornidoshge, as
dosage of admixture in the cenentitious mx. For nost applications, it wll
be desi Ped tdessiwiked aboygxi itaordee toameet this megdr et ention with nini mal set
retardation. Any of the above nethods of nodul ating set retardation and
slunp retention fapandcylariy Rre QT’T%P"MW%GEIWS dpventien epmREISES, to
obtain the desired ierfor mance. | n general, optinmal conbinations of sl unp

retention amP el FEtRPESENENDY, Height Pladn RIS IR AUATINLG RCite
f d f th oth th t hal
DUt ont o ac TRGHAR RRpaEnEahAend Enpﬁg\/”pﬁé#%é&gcﬂa/mﬂﬁhﬂ?ﬁ*] fni ¢ aci d

fgL;r dgtSi Onl\fblsgtnooéﬁfe g})lcyécfrom &Ige,: %nqptyo ‘lSO]cpenI]cnelnniﬂ:I Zb geelgeht of borate

10  ester, where.the percentage is of tha total weight of the three
components. A more preferred admixture formulation comprises 50 to 70
pereent by .weight of the coqdensete, 25 - to 45 percent by weight of"
the lignosulfonate, and 3 to 10 percent by weight of the borate
ester.  In general, it is desirable to employ less than about 10 percent
L by weight of the borate ester in the admixture compositions containing
U both the condensate and lignosulfonic acid salt in order to provide
desirably low levels of set retardation, aithough higher proportions of
the borate ester may be empioyed where the admixture is to be used at
a low concentration in the cementitious mix. " |

. 20 The admixture -compositions of'thie invention may be provided in
dry powder .form. generally by simple evaporation of the reaction =~
solvent used in preparation of the admixture. Preferably, for purposes
of 'facilitating addition to hydraulic cement compositions the admixture is
provided in aqueous solution, i.e., the-admixtere is dissolved in an

"25 aqueous-based solvent. The admixture solution can be prepared at any

suitable concentration, either by re-dissolving &t y powder form of the




these preferred adm xtures should conprise as the borate ester conponent an
ammoni um al kyl ammoni um or al kanol ammoni um neutral i zed borate ester. 14
Although it is generally preferred to fornulate the admixture so as to-
provide mniml set retardation, for sonme applications, such as hot weather
applications, a greater degree of setSretardation may be desired and .Q;;
adj ustnents can be nade in the adm xture fornul ati on or dosage, as 5 -
descri bed above, in order to neet this need. A particularly preferred
adni atmixtuwfe sbiwidnsy eantaininmphoudetd? 30 akowW07Peremeipht wdi tie of an
aromatic: sulfonic acid- aldehyde condensate, 15 to 80 percent by wei ght- of
a | i baoatel estercaneiuseshiin thandnyensions pEhecadmixtunei spiution shewlide 10
ester, where the percentage is of the total weight of the three conponents.
A nobavpr ef 8hr 8 defisctihan fR nlif a®Fohleorpri 8eFesP S empipley ckagsby wei ght
of ..the condensate, 25 to 45 percent by weight of the |ignosul fonate, and 3

to 1thapbout BliSwdngRrder tonRrowids: & ¢ solytion axhich ,%a'l"'tb?s desirabl e
to enpl oy, |ess th-aa ébout, éo percent 15 by wei ght of the borate ester in
t Re ég?ﬁeﬂ fore ex3rnded (PRe9%vnt ai ni ng both the condensate and Iignosul fonic
acid salt.,in order t rovj de desitably | | eve of set.retardatian,
21t hougn T REEYErrssh ABr{XkiNE"5F ahiK ity Rtlon i e peBEladeb S8R viner o ¢ he
admi re | e ratl [ Nt [sf:{,0ous m x. .20
The Sk Bohef TniiubE et the BrofYineRneREl ciyithirits B8: SERIEHIL SR, " Cier
For Meo I ERA'pokkY W eSsyRISpENSING Mt Refbnt Brm@stiony), is provided in

-an aqueous solution, generally at a concentration of 30 to 50 percent by - u
10 weight of the admixture, based on.the total weight of the solution.

The admixture can be dissolved in water at these concentration levels at

a pH ranging between 3 to'1D"to pfovi@e a stable, -homggeneous

solution.

The bre_ferred admix-_tures_ of this im)ention can be used as either

15 low range water-reducing agents, as defined by ASTM Cu94, Type A,

~~
or as high range water-reducers, defined by A_S-TM C494, Type F or g
Typé G. In general, the functioning of the admixture as a low range |

or high range water-reducer is dependent on the dosage level, although

performance in this regard may also be dependent on the particular

20 admixture formulatiqn- and hydraulic cement type. As a general guide
for Portland cement concfetes » the admixture will function as a low
range water-reducer at dosage levels of less than 0.2_0% solids of
the admixture, based on the weight of Portland cement binder in the
concrete, and as a high range water-reducer at dosage Ie\}els

25 above 0.20%, similarly based. It is generally preferred to employ
the admixture as a high range water-reducer in Portland cement

concretes utilizing dosage levels in the range of about 0.20% to 0.50%.

&
-



isol vent used in preparation of the admixture. Preferably, for purposes of
facilitating addition to hydraulic cenent conpositions the adm xture is
Jprovided i n-afueous solution i.e., the adnixgure is dissolved in an 25
aqueous-.bgsed sol vent. The adm xture solution can be prepared at any
suitabl e concentration either by re-dissolving a dry powder form of the

admi Xidir e or Abythadk Usl et the pradessst udaiixtdves' Bace i theers Fbuhd Ofd pPHORICT
obtained in preparation of the adm xture. As a general rule. 15

admi xt ure sojnitiapBiumpstini theHalted rafdfet of appudxinddteby swed giot irafheshé2d to 25 cm)
borate ester are used in this invention. The adm xture sol ution should have

a pH of | ess(ASAM 143D and Ibhpraved nsfumpprefentidn \(akegsantifiedaivodhe[err],

in order to provide a stable solution which can be 5 stored for extended

peri ods. . Thefqllowfingr Edamphésit, uwbseoretantding rinitiali setting tirepbwi ded as a

dry powder m xture of the aforenmentioned conponents but preferably, for.

pur poses Sof aWpKoximetelysi Y hawrote drbeurs AsrePaPREed | to theyipitialegeliting an
aqueous sol ution, _generally at a concentration of 30 to 50 percent by, 10

wei ght of t himggef gbar%am%ﬁe&fsw caataiging cpmAgRebls dpszs ot saventinal

angi ng. bet MNRTRTSVEUGIOG A9BRLH AACTOCHGTE: 4, THG0 AR SOoF(HRClE Bragided

bt er 1 oduc NG ERERIRs, 8 Sirbl 30F BRaEE ks plR ' BHRdraliy cpBiblefBh©
wat ertreduce%ét'ﬁfahgie%ew R HhishU@withih thePBinfe cbAsBFRTRd ofldie
functioni ng { adm™X Lﬁe-as a l'ow range j .

10 typical work day. E - : '

~ The admixtures of the invention inay' be added to the dry
cementitious mixture or to the wet cement slurry. In general, the
admixture will be added in its dry powder form to a dry cementitious
mix while an aqueous solution of the admixture is used in:the cése of
: 15- addition to a wet cement slu.rry. Whiié the admixture may be dissolved
in the mix water used to préparg the cement slurry, it preferably. is
'L) added as a separate solution following preparation of the slurry, After
addition,' sufficient mixing should be provided to assure a substantially -
uniform distribution of the admixture throughout the cement .
composition.
Consistent with the foregoing, the present invention is further

directed toward hydraulic cement compositions comprising a hydraulic

cement binder and a borate ester of a polyhydroxy compound. The

total amount of the borate ester in the cement composition is:

25




or high range water-reducer is dependent on the dosage |evel, although
performance in this regard may al so be dependent on the partlcular 20

adm xture formul ati on and hydraulic cenent type. As a general gU|de for
Portl and cenent concretes, the adn1¥}ure will function as a | ow range- mater
reducer at dosage |evels of less thin 0.20%solids of the adm xt ure, ba

on the meight of Portland cenent binder in the concrete, .and as a hi gh-®

rangg REFa I;'?rle';‘cIclé er dpééalpeYLeﬁq?h%mggm XROV%eQ: ZrOfV S trj arI y based. |t

prefe’rred o- enpl o {'Gr-& %as 'a

?ﬁhéﬁheﬁgﬂﬁoutéc@"@%} PR EHE T SLESEERRRLY by égfi?éedﬁ%ﬁ %Lféﬂzg' nthe
o TESWerS SO [or g et ALY ToPhey Fhie! Btdtefted (IR} FORAPS o0 LM
S' UEBmpRkAKAL b (e th&h%a&&:&é% fﬁarkﬁwunee.ﬁéam,ﬁaér. \Mr he retarding

initral setting times - approximately 1/2 hour to 2 hours as conpared

50 bbecdlide abgﬁé?éié‘Grtéd’Qtﬁﬁ'\ai RRIGIREBréd M bR preseHtnimgneonparabl e
dosages -of conventional water-reducing agents. Accordingly, a high slunp

COoNgHedstive ﬁr@&htdedmpbsmbﬁsat ains its slunp for Ionger durations but is
general |y capabl e of setting and being surface finished within the tine

constri cTherpresent ihVention tsiifurthidr disectétctowhridk pireferretd t he i nventi on
may be added to the dry cenmentitious mxture or to the wet cenment slurry.
I n deydraalic cérpenticorpesitions icomprisidgdai hydcaulic cementcbindernand a dry

cementitious mx while an aqueous sol ution of the adm xture is used in the
casghefpreferred admixtures of this invention. - In these cement

10  compositions, the total amount of the admixture components is v
- preferably D 05% teo O. 50 by weight, based on the weight of
hydraulic cement bmder, These_ preferred cement ;ompoéition_s’ cén be
in an essentially dry, free-flowing powder forh or a _w_:et__slurr_y form.
The cement compbsit_ién can Se formed by in_dl_vi_d_u'al addition of

15 each of the admixture compoh_ents to the hydraqlic cement bindér or by
addition the multicomponent admixture, either in dry form, or, — \ot
preferab_ly,_ in solu'_cion. The preferred hydra_ulic cement binder is

Portland cement and the inventive cement compositions may comprise

| additional materials such as fine or course aggregate or additional - ~

20 admixture materials. Consistent with the foregoing, in preferred .
Portland cement concretes the admixture components, in-total, will
generélly be present in a weight concentration of_D.SD%-_ to
0.20%, based on the weight of Portland cement binder, where

- performance of the admixture as a low range water-reducer is desired

25 and in a weight éoncentratidn of p,zo% io 0.50%, where

performance as a high range water-reducér is desired. |
The preferred admixtures of this l;ﬁ\./en_tion can be prepared by

mixing the respective components in drY'form or, preferably, by

.
4



*15 addition to a wet cement slurry. Wiile the admi xture may be dissol ved
wat er used to prepare the cenent slurry, it preferably is added
,aS a separate solution followi ng preparation of the slurry. After addition,
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Consistent with the foregoing, the present invention is further directed
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flowi ng powder formor a wet slurry form
EXAMPLE 1

Preparatfon ;of; calcium borogluconate solution:

| 860.5 gréms of calcium gluconate monohydrate and 244 grams of
technical grade borfc acid were added to 1100 grams of water at room .
temperature. The resultant mixture was stirred and wérmed to a
témperature Q'f about' 50°C until a dark b_rown solution was obtained.
The solution was allowed to cool to room temperature. The solution can
be used as is or the water can be evaporated to provide the calcium .
borogluconate as a brownish solid..

EXAMPLE 2 .

Prepara_tibn of calcium borogluconate solution:
28 grams of calcium oxide were added to water to form a thick.
slu'rry. This slurry was slowly added with stirring to 392 grams of a

50% aqueous solution of technical grade gluconic acid. - After all of the

slurry was added the resultant mixture was cooled and 61.8 grams of.

gsEelugipn tte D xiesjresk conegntyatipiobyywakdrght |
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The cement conposition can be forned by individual addition of 15  each of ‘
the adm xture conponents to the hydraulic cenment binder or by addition the
mul ti conponent admi xture, either in dry form or, preferably, in solution.
The preferred hydraulic cenent binder é'.s Portl and cenent and the inventive -
cenment conpositions may conprise addillonal materials such as fine or 7

course aggregate or additional Z(Ex ggﬂ étyre materials. Consistent wt h\l‘ﬁe

foregoing, in preferred Portl and ncretes the adm xture conponents,

In--total, s rafl ' ' ' concentration of 0.50%to
0.20% baseyéoé\ar?(h?@ﬁv\gf gsﬁ?p'g? m@?ﬁfgggggonﬁ% |“F'| 'girq,' wher e performance of
the adm xt UrEs,gSqPah® B! RIRHPiAL PFadecBUER! atid WPk IRIdedOsloviy fon a Wei ght
concentration of 0.20%to 0.50% where performance as a high range

wat er - reducgrams ofesiIs@daquevrispseiutionedf adomeicet gra@é doddiigmi nvention can be
prepared by m xi ng the respective conponents in dry formor, preferably, by
- 18 - gluenbéptpnatiricoThesmixtuirenwasfstinredr at peoni teeperatioreennsii faol | oned by
adj ust rent of the blended solution to a desired concentration by water

“addi ti o#rrk Browe syiutionewasinbtrined. ow, 8 to 14 further describe and 5
illustrate the present -invention whilst_1 to 7 are included for reference.
The Exanples are illustrative onGXMMAL -not intended to limt the
present | Vel 2atlon. AF YRR SSoiammeniia BorogitdRats Soliss: are by velaht

unl ess ot he

35.6 grams of gluconolactone and 12,2 grams of technical grade
10 boric acid were added to 50 ml. lof. wéter at room temperature. Thé U
resultant mixture was stirred and heated at about 50°C. for about 4
hours and the water allowed to 'evaporat.e to reduce the mixture véiume
to about 45 ml, "I;he l'ﬁiicture was then cooled to .r:oom temberature 'and
28 grams of triethanolamine were added with sfirrf;wg; |
15 " : " EXAMPLE 5 |
2584 grams of a 35% solids aqueous solution of technical grade
sodium glucoheptonate were adjusted to about pH 6 by addition of 20.5 o
grams of an 88% formic acid solution. 226 grams of technical grade
boric acid were then added to the pH adjusted .sdlﬁtioh- and the
20 reéultant mixture stirred overnight at room temperature. 476 grams of N/
.a mixture of monoéthanolamine, diethanolamine, and triethanolamine were
then added with stirring, bringing the pH of the resultant solution to
pH 8. The alkanol amine mixture was reported by the supplier to -
contain .0'15% monoethanolamine, 13-45% diethanolamine, 55-76%
25 triethanolamine, and 0-5% of other materials.
The borate ester prepared m this _Example. is hereinafter referred:
to as -.so;iium—mi--xed alkanolamine boroglucoheptonate and is believed to -
comprise a 'mixtu_l""e_- bf both the"s'odium and alkanolamine borate ester

salts.



2 10 Preparation of cal ci um borogl uconate sol ution: 860.5 grans of
caIC|unlquconate nonohydr at e and 244 grans of technical grade boric acid
JMere added to' 1100 grans of water at roomtenperature. The resultant
“ffi xture.was stirred and warmed to a tenperature of -about [err] until a dark
brown-sol uti on was obtained. 15 The soluti#h was allowed to cool to room
tenpgrature. The solution can be used as is or the water can be evaporated
to provide the. cal ci um borogluconate as a browni sh solid. EXAMPLE 2
Preparation of cal ci um borogl uconate sol EXAMPLEDH 28 grams of

cal ci um oxi de were added a.thick s This. slurry was
ol y maded w th sPremiTabop oSt alnglaming goR g A0 i S EToB o

techni cal grade glu 0 S S

resultant mxture ng&gfroﬁlgﬁaﬂﬁf %%lgg{g]‘Jrnaerén%pgtséi#l‘?égrﬁg%%gq?%o C aC| d
added. The boric acidlwéreCBddet itb F000RI K of ateP aAANtHd reduItdht\mixtabé ai ned
and t hen adj usted by addition to provide a 40% solids solution. 19
EXAVPLE 3 PrEkpastitrah anli wachednunoil cgldaek tapwon adiationl was @btaibed. 7 Tgreans of
techni cal grade boric acid were added slowy to 1417 granms of a 35% aqueous

sol ution of techeliution wesiteoleddtaimean tgmperatupe Anet 418 pramsi oft thee was

stirred at roomtenperature until z% dark brown saol ution was, obt al_ﬂ‘ed
EXAMPLE 4 alkanolamine mixture of xample 5 were added w1th cooling.

resultant solution was diluted with water to a total weight of 1980.'4
”g'rams. to provide a 50% solids solutign of the mixed alkanolamine
) 10  borogluconate.
| - | EXAMPLE 7
The followmg admixtures were prepared by blending a uo% solids
" adueous solutlon of naphthalene sulfomc acud-formaldehyde condensate
salt ("WRDA-19", available from W. R. Grace & Co., Cambridge,
15  Massachusetts), a 50% solids a_qdeous solution of sodium lignosulfonate,
and an aqueous'soluﬁon of a borate ester, as indicate'd be'low. The
LJ ) weight ratios given below are solids weight ratios of the condensatei
Iignoeulfonate: borate eater'. The resuitant blends were adjus’ted to0.a

concentration of 40% solids by addition of water to pr"o\Iide a final

(7 20 admixture solution.
Admixture Weight Ratio o Borate Ester _
A o 6’5:252:10 Mlxed alkanolamtne borogluconate (Example 6)
B ' §5:25:10°  Calcium borogluconate | |
C 65:30:5 - Mlxed alkanolamme bor___ Iuconate (Example 6)
25 D 65:30:5 | '

E 65:30:5 Calcnum borogluconate

F 65:30:7 Mixed alkanolam e b;rgglﬁqona’e' xample 6)
G 65:30:7 Triethanolammon um boroglut:e }% A Example &)
H 15:80:5 Mixed alkanolamme{bomglucgne (Example 6)



Preparation of triethanol anmoni um borogl uconate solution: 35.6 graps of

gl uconol actone and 12.2 grans of technical grade 10 boric acid were added
to 50 m. of water at roomtenperature. The resultant m xture was'stirred
and heated at about [err].  for about 4 hours and the water allowed to-
evaporate to reduce the mxture voadlune to about 45 m. The m xture was then
cooled to roomtenperature and 28 grans of triethanol am ne were added wt
stirring. 15 _ _ EXAMPLE 5 2584 grans of a 35%
sol i ds aqueous sol ution of tedfAMBLEgRade sodi um gl ucoheptonate were -

adj usted to about pH 6 by addition of 20.5 grans of an 88%formc acid
solution. 226 grans of ‘technical grade boric acid were then added to the pH

adjusted solution and the 20 resultant m xture stirred.overnight at room
t enper atM'@!xt&‘TGS-gga%dg$ werg 2oged i indivddrabRatehesef &i et hanol ami ne,

o :iéﬁiﬁh?;qc’rkfa%ﬂ%e%@ba GPPETREE e W hIEDBR% SR BrRHEr L e Ed by 1o
' i.n.0-15% ] - 13:A45% d| m ne, 55-76%

25 B et/ Mol B 886 SRR Tkl L B R0 38, 07 o7 Spar e

5N BT AP Re | SrllKGHO2 THe BREGRE G bAmBARAAhUGRA et kanolamine -
glrucohept onate and 1S bel'ieve O conprise a mxture of both the sodi um

2 SRR RO 16 TG loles 15U TPt of et
weight of solid admixture components expressed as a percentage of the
weight of Portland cement binder present in the concrete. formulation,
hereinafter termed "percent solids on solids”" (% s/s). In fhis Example,
10 each of the admixture solutions Was added to the individual concrete
batches in an'.atﬁount.'sufficiént..to provi_de an admixture concentration df
0.40% s/s; | | | | |
The E:ohcrete.of this Example and the concretes of the fbllowing
Examples 9-13 were prepared at 2 cement factor of 611 lbs/yd.(362.5g/m’) .
15 - To provide a referenée sample, an individual px;rt'ion of the \-J
concrete was also .admixed with WRDA-19 alone at a concentration of |
0.40% s/s. This commercial material has been widely used as a high - -
range water-reducer. |
Slump measurements were carried out on the concrete before and
20 after addition of the admixtUrés in accordance With ASTM C1u3.. The
measured slumps. are prgse_nfed in Table I. The times given in Table |
and in the following Exa_mpleﬁ aré the times at which'sl_ump
' measﬁrements were=m_alld_e and denote the total mixing time of the
concrete. As noted above, the admixtures were added at about 11

25 minutes into the mix cycle.



]

500 grans of gluconol actone and 173.6 grans of technical grade boric acid
were added to 500 m . of water and the resultant mxture 5 stirred and

war med -until *a dark brown sol uti on was obtai ned. The sol ution was cooled to
toom t-emperature and 418 grans of the al kanol amine m xture of Exanple 5
were added with cooling. The resultant §olution was diluted with water to a
totgpzmeight of 1980.4 grans to provid@ a 50% solids solution of the m xed
al kanol am ne 10 borogl uconate. EXAMPLE 7 The foll owi ng adm xtures were
prepared by blending a 40% solids aq@abis I1sol uti on of napht hal ene sul fonic
aci.d-f or nal dehyde condensate salt ("WRDA-19", available fromW R Gace &
Co., Canbridge, 15 Massachusetts), a 50% solids aqueous sol ution of sodium
| i gnosul f onat e, and an aqueous solution of a borate ester, as indicated

bel ow. The REHIUFSti os gi ven bel owSHEP Anehps)wkamght rat.jos of the

condensate: |ignosul fonate; rate ester. T esul tant ] ends re . '
adj usted to a concentrati M40%§0M b;l’i’aﬁéﬂ-‘ti on?'-g-tﬁilht er Eﬁgﬂﬁ}-‘ovi de a
final 20 ' e solutiyo 16t [ ti _ ate
Estor A TRUTSRRGE, S01 U uCEg (AT 06 B TSN | 835 (B 2255) %
65:25:10 al ci um bor ogl heODA) §0C50 (26.7) 8695 ED 7,25 (Blayedy, 5o (11.4)

al kanol am ne bor luconate (Exanple 6) 25 D - 65:30:5

Sodi um m xed aBka bor ogl ucahep(ioBatie.2@a)| .25 (£2.2) 7.50 @5.030: 5,50 (14.0) -

Cal ci um bor ogl uconate F 65: 30: 7 M xed al kanol am ne
bor ogl uconate Exanple 6) G - 65:30:7 . T riethanol anmoni um
bor ogl uconate (Exanple 4) H 15:80:5 . M xed al kanol am ne
bor ogl uconate (Exanple 6) S ' :

*u»

The results presented in Table | indicate approximately equai :
initial (15 Min.) slumps among the three samples and substantially
improved slump retention in the samples. containing the admixtures of

10 this invention.
The concretes of this Examplie and of the following Examples were
oo also measured for air content (ASTM C231), initial and final seiting
N,

times (ASTM' C403), and compressive strength (ASTM C192) at 1, 7,
and 28 days (average of t:wo cylinders). These measurements on the

15 concretes of this Example are presented in Table 'II.




21 EXAMPLE 8 Adm xtures A and B were added to individual batches of a Type >
11 Portland cement concrete slurry which had been prepared with a

wat er/ cement ratio of 0.49 and nixed for about 11 ninutés prior foo5 -
addition of the adm xture. The aftbunt of admixture added to the cenent- in

this and the followi ng Exanples is given in terms of the total weight of
solid adm xture conponents expressed as a percentage of the wei ght of J
Portl and cenent bi nder present in the concrete formul ati on, hereinafter
termed "percent solids on &oli 0'5 (Oo;s/s) In this Exanple, 10 each of
the adni xture sol utions wal add®d toet he individual concrete batches in an
anmount sufficient to prq |3e ancadmgture concentration of 0.40%s/s. The
concrete of this Exanplgtand the congretes of the followi ng Exanpl es 9-13
were prepared at a ce@ gact of gl1 |bs/yd.(362.5kg/[err]) 15 To
provi de a reference 5@% ef an ~nnd| vidual portion of the concrete was al so
admi xed with WRDA-19 agljone_at a.concgntration of 0.40%s/s. This comerci al
mat eri al has been w degly Bed a& a hggh range water-reducer. Slunp
measurenents were car($ed @ut o] thefRconcrete before and 20 after addition
of the adm xtures.in qg:corﬂanceDvmthJSTM Cl143. The neasured slunps are
presented in Table 1.'3 il mesngl veg in Table I and in the foll ow ng

Exanples are the tine Rhi chsl u nmeasurenents were nade and denote the
total mixing tinme of tBE'cdnerete. noted above, the adm xtures were

~ ~
added at about 11 ol -8 - -
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«25 mnutes into the mx cycle. 22 Table 1 Adm xture

Slurrp(lnches) (cnms) 9 Mn. 15 Mn. 30 M n. 45 Mn. © 60 Mn.
.eference - 4.25 (10.8) 10.00 (25.4) 8.25 (21.0) 5.25 (13.3) 3.25
(8 3) A, _ 4.00(10.2) 10.50(26.7) 8.75 (22.2) 7.25 (18.4) 4.50
(11.4). B 4.25(10.8) 10.25 (26.0) 8.75 (22.2) 7.50 (19.0) 5.50
(1410¥ The results presented in Table | indi2&te approxi mately equal

initl aI (15 Mn.) slunps anong the three sanples and substantially |nproved
slunp retention in the sanples containing the adm xtures of 10 this

i nvention. The contatieed utdicaties theagpheraiivi obfervesl fresuldvbhipsEraripkesaseasr e
al so neasured for air content (ASTM C231), initial and final setting tines
(ASTM C403), dMELHREr BEe vbese rtéﬁglpwa(tﬁsqawwgzqet&fa&zedi W'é‘th"QS days
(average of t s onth ncr et es of

t hi s Exanpl e - \;%?‘éarfvﬂj!ﬁ'gﬂ\‘eﬁr ZQA?%P"GIQEEEF S’%rtﬁgsgg"“?e?’? ]a“fﬁﬂﬁ eF% ]"f‘e[t%'rr]

(Admixture B).

EXAMPLE 9

Admixture solutions A and C were added to individual batches of a
Type 1/11 Portland cement concrete slurry in amounts sufficient to
provide admixture solids concentrations of 0.40% s/s, 0.33% s/s, and
0.25% s/s. The concrete was prepared with a water/cement ratio of
<~/ 1-0 0.48 and the admixtures were added at 1i minutes as in Example 8.
| | Reference samples were prepared by addition of WRDA-19 alone at
the three different concentration levels. Measurements were taken as in

Example 8 and are presented in Tables 111 and IV,




[err] [err] [err] [err] [err] [err] [err] err] [err] 24 Table 11
i ndi cates the generally observed result of |esser increases in sgtting tine
where the borate ester is neutralized with an al kanolam ne (Adm xt'ure "A)

- ~rather than an al kaline earth netal (Adm xture B). EXAMPLE 9 Adm xture

solutions A and C were added to individual batches of a Type 1/11 Portlan
cenent concrete slurry in anmountg, sufficient to provide adm xture sol i ds”
concentrations of 0.40%s/s, 0.33%s/s, and 0.25% s/s. The concrete was
prepared with a water/cenent ratio of 10 0.48 and the adm xtures were
added at 11 mnutes as in Exanple 8. Reference sanples were prepared by
addition of WRDA-19 alone at the three different concentration |evels.

Measurements werg taken asdn Exguple@ and.are presented in Tables 111 and
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[err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] ¢
[err] [err] [err] [err] [err] 27 The results presented in Tables Il and
|V indicate increased slunp retention over the reference at all adim xtare - .
“concentration | evels. Conpressive strengths and air content are cl ose to '
those of the reference sanples at &l admi xture concentration l'evels. The
increases in 5 initial and final setting tines resulting fromuse of the

i Uh AdnT ReUFE RS Prssenbed i £ Phggyﬁ‘)“g”'éoi%?%t?ﬁ“g%%s*%%ﬂ%:%Q?etn'cge
retention over the reference at all admaxture concentratxon !evels
Compressive strengths and air content are close to those of the
reference samples at all admixture concentratnon lev_els. The increases in
5 initial and final setting times resulting ftom use of the ad?nixtures
decreases with decreasing concentration, with the setting time with

Admixture A at 0.25% s/s being about equa! to that of the reference.

EXAMPLE 10 © ,

Admixtures solutions C and D were each added to batches. of two
10 concrefes which respectively contaihed .Typ_e i and T_ype'.ll Portland
cement binders, respectively designated as Concretes | and I:I.'
Admixture concentration was 0.33% s/s for ail batches and t_he-admfxtures
were added at 11 minutes into the mix.cycle. The concretes were each
prepared at a water/cement ratio of 0.57, ' \d‘
15 | For comparison, reference samples were prepared as in .Examples 8
and 9 (WRDA-19 alone) at an admixture concentration of 0.33% s/s
("Reference 1"}, In addition, a second referehce ("Reference 2") was
prepared in which WRDA-19 was added at 11 minutes into the mix cycle
to Concretes | and Il which contained 0.1% s/s of a commercial
20 low range water-reducer sold under the tradename "Hycol" by W. R.
‘Grace § Co. The combined concentratidn of the wéter-reducérs was thus
0.43% s/s, |
Slump r'neasure_ments:were conducted as. in Exémples 8 and 9 and are

presented in Tablé A\



*EXAMPLE 10 Adnmixtures solutions C and D were each added to batches of two
10 concretes V\/m ch respectively contained Type 1/11 and Type Il Portl and
sgement _bi nder's, respectiwvely designated as Concretes | and Il. Adm xture
concentration was 0.33%s/s for all batches and the admi xtures were added
at 11 mnutes into the mx cycle. The concretes were each prepared at a
wat er¥cenent ratio of 0.57. 15 For conparison, reference sanples were
‘prepared as in Exanples 8- and 9 (WRDA-19 al one) at an admi xture
concentration of 0.33%s/s ("Reference 128). In addition, a second
reference ("Reference 2") wasS prepared in which WRDA-19 was added at 11
mnutes into the mx cycle to Concretebadleawd |t which contained 0.1%s/s
~of a commercial 20 | ow range water-reducer. sol d under the tradenane " Hycol "
by W R 0.43%s/s. Slunp neasurenents were conducted as in Exanples 8 and
9 and are presented in Table V. 2@1vmp| @nehea i kpms) i ncnes) (Cms)

.Concrete Admiexd |Admixture M n. 15 Min, 15 B4 #in. a5 Mim () |\ rf8_ML
45 M n - 60 Mn. | Ref erence 1 2.25(5.7) 8. 50(21.. 6)

5.50(14.0) 1  3pe2&¢8e 8)  2.253.125(5.87P(20.68)  SA¥MePencS-P8.3)  2.25(5.D)
5.75(14.6) 1 10. 00¢aBe d)  5.7FOFB( 10100(25.6) 47 7BIRD. 1) 4.75(14.1D5( 19BEP- "P

C 1 3.50(8€9) IBOBON 24, B)so(2s.1) 8, 0B0HP-B)  6.B(g.9D5( 1453007).4)
4.50(11.4) 11 - p D 3.50(8.9)  3.950(28-8D) . 8.00(2033)75( 2%42561p.9)  4.50(11.4)
8. 00( 20. 3) 6. 25(15..9) 4.50(11.4) 11 Ref erence 1-
2.00(5.1) 11 5. Bdérinde @) - 2.8(550( 8. 3)s0(14.0)  235W0.8) 35) 2.503I550( G- Bjé-3)
11 Reference 2 2.50(6.3) 8.00(20.3) 3.50(8.9) 2.75(7.0) - 2.50(6.3)
: 11 C 1.75(4.4) 7.50(19.0) 3.50(8.9) 2.7_5(7.0) 2.00(5.1)
'\ﬂ/ 11 (1] 2.25(5.7) 6.75(17.1) - 8.25(10.8) 3.25(8.3) 2.75(7.0) -

The results of Table V indicate improved slump retention over -
Reference | in both concretes'by both admixtures. The slump retention
'provilded by both admixtures is comparabie to or better tnan that
\/ provided by Reference 2 notwithstanding the higher_tot_all concentration
of water-reducers in Reference 2, with this result being more
pronounced in Concrete |. . | _
L ' The air content, setting times, and cornpresswe strengths of the

concretes were measured as in Example 8 and are provided in Table VI,




I Ref erence 2 2.50(6. 3) 8. 00(20. 3) 3.50(8.9) , T

2.75(7.0) . 2.50(6.3) |1 C 1. 75( 4. 4)

7.50( 19. 0) ~3.50(8.9) 2.75(7.0) 2.00(5.1) Il ‘D
“2.25(5.7) 6. 75(17. 1) 4. 25(10. 3) 3.25(8.3) 2.75(7.0) The

results of Table V indicate inprgved slunp retenti on over Reference-l. in |

both concretes by both adnmi xtures. The slunp retention provided by both . -
.adm xtures is conparable to or better than that provided by Reference 2
not wi t hst andi ng the hi gher total concentration of water-reducers in

Reference 2, with this result being nore prongunced in Concrete 1. The air
content, setting te®nes, wndl C r€ssi ve &8st n%hs—-of the concretes were .
. - ~N . &
nmeasured as in Exarpl e 8 ndgarg prigvi ded fn gable ) 29 [err] [err]
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s [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] 30 Exanpl e
1l Admi xtures E, F, and G were added to concrete batches at a concentration
of 0.40%s/$ at 11 minutes. into the mix cycle. The concrete was prepared
-using the Type I/Il Portland cenment binder of Exanple 9 at "a water/cenent
rati o of about 0.48. Slunp retention nmeasurenents are presented in Table

VIN/Table VII Slunp (inches) (cns. )mAdm' xture. 9 mn. 15 mn.
30 mn. 45 m n. 60 min. E 3.00(7.6) 10.00(25.4)
8.50(21. 6) 7.00(17.8) 5.25 (13.3) F 3.50(8.9) 10.25(26.0)
8.50(21.6)  6.75(17.1) 4.75 (1Exgmpte Il 3.50(8.9) 9.75(24.8)

8.75(22.2) 7.75(19.7) 5.00 (12.7) Measurenment of air content, setting
tinmes, and conpressive strengths are given in Table Vil.

Admixtures E, F, and G were added to concrete baiches, at a
concentration of 0.40;& s/s at 11 minutes into thé mix cycle. ;I'he'
concrete was -prepared using the Type /1l Portland cement bindgr of
Example 9 at a water/cement ratio of about 0.48. Slump retention

measurements are presented in Table ViI,

p—y

Table Vil
Slump (inches) (cms.)
_, Admixture 9 min. 15 _min. 30_min. 45 min. 60 min,
E 3.00(7.6) 10.00(25.4) 8.50(21.6) .7.00(17.8) -5.25 (13.3)
. 3.50(8.9) 10.25(26.0) 8.50(21.6) 6.75(17.1) 4.75 (12.1)

G . 3.50(-8.9) 9.75(24.8) 8.75(22.2') 7.75(19.7) 5.00 (12.7)

- Measurement of air content, setting times, and compressive

strengths are given in Table VIII.




31 [err] [err] [err] [err] [err] [err] [err] [err] [err] - 32 As'shomn in

Table VIII, setting tinmes are |less using the m xed al kanol.am ne,
bor ogl uconate (Adm xture F) rather than cal ci um borog] uconat e (Admi‘xtur'e
~'E), notwithstanding the higher dosage of the borogl ucomat€ conponent-+in

Adni xture F. Admixture F also provides 5 |l ower setting tines than AdnlxtQ‘g
G which is consistent with a generally observed-trend of |ower setting

times using a borate ester neutkalized with the al kanol am ne m xture,- as
opposed to a borate ester neutralized solely with triethanol am ne. However,
the setting times provided with Adnixture G are still approxi mately equal

to those 10 prOV|ded\Mgr1/mgnxtq;e E, notw thstandi ng a hi gher dosage of
t he borogluconate conpoignt . : ' :

6499(44
7106(489

2}
-]
-]
™~

6801(4

Compressive
Strength (psi) (kPa)
7 day - '

2699(18610)  (5542(38210)
2513(17330) 4828(33290)

4736*(32650) 5430(37440)
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« Exanple 12 In order to denonstrate a water-reducing capability at |ow
dosage, adm xtures C and H were each added to concrete slurry batches in 15

) co centratichs of 0.1 9?5\ and 0.16% s/s. The adm xtures were added with

© m X wat er used t« par e the slurries and sl unp neasurenents were

: taken at 9 nmindtes into the ‘m x .cycle. The2concrete was prepared using the
Type 1/ 11 Portl and cenent’ bl nder of Exarrpl e 9 at a water/cenent ratio of
““about 0.49. .20 The ex concretes were conpared against a

batch with no adrr%&tsuhr"& Ef?b(’e 'éﬂk'sféwagaf"ﬂa% @net st LRI vkt mé’é"c%d t he
S it e o eyt FRCEFEE Groat, [APMSUR FLFEE Bef Blemibone
[Eégp}ol oS 2 © 8 i g?ﬁ [‘5?% i% e_”F)[e”T;E%th.ﬁgrlhé W.éd.er[ Yokdge of the
borogluconate component inl Admixture F. Admixture F also provides
5 lower setting times than Admixture G, whiéh is consistent with a
éenerally observed trend of lower setting times using a borate ester
heutralized with the alkanolamine mixture, as opposed to a borate ester
..'neut.ralized solely with triethanolamine. However, the setting times
provided with Admixture G are still. approximately equal to those

L 10 provided with Admixture E, notwithstanding a higher dosage of the

borogluconate component.

Examgle 12

In order to demonstrate a water-reducing eapability at low dosaée,

admixtures C and H were each added to concrete slurry batches in

~ 15 concentrations of 0.10% s/s and 0.16% s/s. The admixtures were added
'with the mix water used to prepafe the slurries and slunp measurements
L; were taken at 9 minutes into the mix cycle. The concrete was prepared ‘

using the Type 1/11 Portland cement binder of Example 9 at a
water/cement ratio of about 0_‘.49.

20 The experimet;faI-'_t_.:o::lc_reteé_ were compared against a batch with no
admi'xture.added ("Blank")and a batch to which were added the same
_dosages of the commercial low range water-reducing agent "Hycol". The

9 minute slumps and results of similar.measurements as in the above

Examples are provided in Table 123




[err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] ., 34 As *

shown by Table IX, significant water reduction was provided by both

Adm xtures C and H The.increases in setting tine ow@n»the bl ank sanple e -~
““were |east with Adm xture C and greatest with the Hycbl gsanples. Exampte 13

5 Two 40% sol ids adm xture solutig?s of this invention were preparg_’

by bl endi ng WRDA-19 and an aqueous sol Uti on of cal ci um borogl uconate at

VRDA- 19: cal ci um bor ogl uconate solids weight ratios of 50:50 and 75: 25 and

adjusting the final concentration with water. These adm xtures were added

to concrete batches at 11 minutes into the nix 10 cycle at a dosage of 0.2%

s/s and conpared against a reference concrete dosed with 0.2%s/s WRDA-19

al one. The concretes were prepared using the Type Il Portland cement binder

of Exanples8.pat a water/cenent ratio of 0.51. Slunp retention neasurenents
and air coﬁ&ﬁpt, setting tines, . .
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.~ and conpressive strengths are provided in Tables X and XI. Table X Sl unp

- (inches) (cns.) Adm xture 9 mn. 15 mn. 30 mn. 45 m n.

60 min. Reference . 3.00(7.6) 6.25(15.9) 4.00(10.2) 3.00(7.6)

"2.25(5.7& 75: 25 . .50(6.3) 8.50(21.6 5.00(12.7") 4.00(10.2)
3.00(7.6) 50:50 4.00(10.2) 8.00(20.3) 5.25(13.3) 4.00(10.2)

2.4567.0) 35 [err] [err] [err] [err] [err] [err] [err] 36 EXAMPLE 14
"~ A 69% by wei ght aqueous sol ution of the al kanol anmi ne bor ogl uconat e of
Exanpl e 6 was added to two concretes3gontaining different Type | Portland
cenent binders, respectively designated Concretes | and-ll. 5 The m xed
al kanol am ne borogl uconate was added with the mx water in an. appunt of
about 0.07% by Vs §hewnplyckriie Xhesigeifigrntopates, fqdiicyion was provided by

both Admixtures C and H. The increases in setting time over the blank

sample were least with Admixture C and greatest with the Hycol sam_ples.

Examgie 13

5 Two 40% solids admixture solutions of this invention were prepared
by blending WRDA-19 and an aqueous solution of calcium borogluconate
at WRDA-19: Calcium borogluconate solids 'weight ratios of 50:50 and
75:25 and adjusting the final concentration with water. These
admixtures were added to concrete batches at 11 minutes into the mix

10 éycle at a dosage of '0;2% s/s and comparéd against a .referencé concrete
dosed with 0.2% s/s WRDA-19 alone. The concretes were preparea using
the Type |l Portiand cement binder of Example 8 at a water/cement ratio
of 0.51. ' Slump retention measurements and air content, setting times,

Lo and compressive strengths are provided in Tables X and XI.

Table X

Sluhp (inches) (cms.) .

. Admixture 9 min. 15 min. 30 min. 45 min. 60 min.

Reference 3.00(7.6)  6.25(15.9) /""';_ﬁioq,§'1'olij | 3.00(7.6)  2.25(5.7)

75:25 2.50(6.3)  8.50(21.6§#/5.00(12.7)  4.90(10.2) 3.00(7.6)

50:50 © 4.00(10.2) 8.00(20.3%5| 5.25(13.3) . 4.00(10.2) 2.75(7.0)
\< et



cenent binder. Also added to separate batches of Concret es | and 11 was a

58. 7% aqueous sol ution of a non-neutralized boroglucgnate ester prepared by

10 reaction of approxi mately equi nol ar anounts of gl yconol actone and

“technical grade boric acid in water at anbient tenperature. The L.

non-neutral i zed borogl uconate #&s added with the m x water in an ‘anpunt c&;

about .044% by .wei ght, based on the weight of the Portland cenent bi nder. e

15 The ‘above respective weight concentrations of 0.07% and 0.044%
provi ded approxi#atelgy egqui gal ent nol ar -anount$ of the m xed al kanol ani ne
bor ogl uconate angd norgneqitrg@ i zed borogluconate in the concretes. For

pur poses of cal cul%t ig Ehi € nol ar quantity, the mixed al kanol ani ne

bor ogl uconate was Hs$ndgd t® be neutralized with a 50:50 20 mixture of

di et hanol am ne a®&it 13 etBan8l anine so as to arrive at an assumed nol ecul ar
wei ght of 351. The anmount of m xed al kanol am ne bor oyl uconate used in this
Exanpl e (5.98 grgns & tdHe @ xed al kanol ami ne borogl uconate were added to
concrete contairgng &oud 8800 grans of Portland cenent binder) was thus
assuned to be . & rr;ﬁ_eé’%‘ 2% Each of the above concretes was prepared
at a water/ceneffl ®fa oéf &.58 and with a cenent factor of 517 1bs./yd.
(307 kg/[err]) QH gm@ur’rrents of the resultant concrete slurries were

“nmade at about 9 ¥n nutes after addition of the adm xtures in accordance wth

ASTM C143. The d‘bncrg es~Weke al'so neasure air content (ASTM 37
C231), initial ghd fEhal® sgRting times (ASTM-C403), and conpressive
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<"~ strength (ASTM C192) at 1; 7, and 28 days (average of two cylinders). The
above concretes were conpared agai nst batches of the same concretes without

- any adm xture added and Fgainst bat ches of the sanme 5 concretes to which’
wer e.-gdded about es of, respectivegsy, boric acid, gl uconi ¢ acid,

t he al-kanolani ne n1x ure used.to prepare t e m xed alkanolan1ne

. boikggl uconate, this being the sane al Eag gr-_rg ne m xture as described in
Exanple 5 but assuned to be a 50:50 m i et hanol am ne and

tri et hanol ani ne, and boric acid and gl uconic acid 10 (.017 nol es of each)
added separately to the sanme concrete. Slunp, air content, initial and

final setting tingsgeeaRy ﬁgfawte éﬁ%sféc{uﬁﬂ%h& He %h&rﬁ%ﬂé%éﬁb@l@ﬁ?ﬁi@t es

wer e nmeasured as above e results o measurenents nmade on the vari ous
Concretes | agdekimple 6Phes dlded tortwaldoperetet comdainling ,diffespecTiypel V.

38 [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
: Portland cenent binders, respectively designated Concretes | and I,

5 The mixed alkanol amine borogluconate was added with the mix water in
an amount of about 0.07%-by weight, based on the wlesght of Portland
cement binder. - . o |

Also added to separate batches of Concretes I.and Il was a 58.7%
_ aqueous solution of a non-neutralized borogluconate estev." prepare.c.l by.
10 reaction of approximately equimolar amounts of gIUconolactone and

| technical grade boric acid in water at ambient temperature. The
non-neutralized borogluconate was added with the mix water in an
amount of about .044% by weight, based on the weight of the Portiand
cement binder. |

15 The above respective weight concentrations of 0.07% and 0.044%
provided approximately equfvalent molar amounts of the mixed
alkanolamine borogluconate and non-neutralized bo'rogl.uconate in .the
concretes. 'For purpcses of calculating this molar quantity, the mixed
alkanolamine borogluconate"was aasumed to be neutralized with a 50:50

20 mixture of diefhanolamine and triethanolamine so as to arrive at an
assumed molecular weight of 351. The amount of mixed alkanolamine
borogluconate used in this Example (5.98 grams of the mixed
alkanolamine borogluconate were added to concrete containing about 8600
grams of Portiand cement binder) was thus assumed to be .017 moles.

25 Each of the above concretes was prepared at a waterlcement ratio
of 0.58 and with a cement factor of 517 Ibs./yd. (307 kg/m.’)

L
lurr;es were made at

Slump measu_remehts of the resultant concrete
about 9 minutes after addition of the admixturég n accordance wnth

ASTM C143, The concretes were also measured _for alféﬁgment (ASTM



[err]
[err]
._[err]

10

“measurements made on the various Concretes | and !l are presented in

[err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
39 [err] [err] [err].[err] [err] [err] [err] [err] [err]'_.[__.err]# o
. .

37

C231), ‘initial and .ﬁnal setting times (ASTM C403), and compressive
strength (ASTM C192) at .1', 7, and 28 days (average of two cylinders]).

The above concretes were compared against batches of the same

. concretes without any édmixture added and against batches of the same

concretes to which were added about .017 moles of, res_pec__:tively,- boric
acid, g!uconic acid_. the alkanolamine mixture. uséd_ to prepare the mixed
alka.nol'am.ine borogluconate, this being the same alkanolamine mixture as
described in Example 5 but ass-u_m_edlto_ be a 50:50 mixtbre;of
diethanola.rhine and triethénolamin_e,.and boric acid and gluconic acid
(.017 moles of each) added separately to the same concrete. | Slump, air
content, initial and final settinq times, and compressive strengths of the

comparativé_ concretes were measured as above. The results of all

Tables X!l and Xill, respectively.



.- [err] [err] [err] [err] [err] [err] [err] [err] [err] 40 As shown in
Tables XIt and Xl Il, the m xed al kanol am ne bor ogl uconate adm xture
provided the best conbinatjon of slunp and set retardation in both
Concretes | and 11. Significant increases in slunp over the concretes
contai ning no adm xture were observed, with initial and 5 final setting
tine/increases of 2:24 and 2: 26, respectively, in Concrete | and 1:08 and
1: 17, respectfully, in Concrete Il. The3fi xed al kanol ani ne bor ogl uconat e
contai ning sanples exhibited | ess set retardation than the concretes
containing either the gluconic acid alone or the boric acid and gl uconic
acid mxture, whije providing slunp increases approximately 10 equal to or
greater than t8acS provided in these conparative concretes. Wile the boric
acid and m xedSafkanol ami ne sanpl es had |ower setting tines than the m xed
al kanol am ne hfr®gl uconate sanpl es, the borogl uconate sanpl es exhi bited
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increases in slunp over the concretes containing no adm xture, with initial
and final setting tine increases of 2:35 and 2:52, respectively, in
Concrete | and 1:22 and 1:39, respectively, in Concrefe Il. The sét -
“retardation provided by the non-neutralized borogl uconate was greater, than
20 that provided by the nmixed al kanol ar#%he borogl uconate or gl uconic acid,
but was | ess than that provided by an equival ent nolar anmount -of gl uconi ctw=
acid aloene. The results provided.-in the above Exanpl es shoul d be taken as
“exenplifying the performance whi ch can be obtained enpl oying the 25

adm xtures of this invention. As previously indicated, the adm xture
performance wll vary as a function of adm xture conposition and the

vari abl es associated with fornul ation of the cenentitious mx such as
cenent type and source, water/cenment ratio,and anount. CLAIMS 1. A

hydr aul EcSicenment conposition as herei nbefore defined conprising a hydraulic
cenent idder and | ess than 0.075% by wei ght, based on the wei ght of said
hydr eul cEjcement bi nder, of a borate ester of a pol yhydroxy conpound as

her ei nbafdre defined. 5 2., A conposition of'Claim1 wherein

sai d hy83rdiul Ec Befend & nder & Portignd genpng § gAghydsaulic cement
conposidi=ein eomwpr ~sivagva kwydraulic c nt Jigdg gn@ a amgpni um or am ne
< = )

salt of a borate ester of a polyhydroxy cenpousd.<16s

4. A
conposi g gn according to any one of. '
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“Claims 1 to 3 wherein said borate ester is a salt conprising an amoni um
al kyl ammohi um or al kanol ammoni um cation. 5. A hydraulic cenent

_wat er-reduci*ng  admi xtureg"15 conposition conprising a hydraulic cenent

wat er -reduci ng agent, and a borate ester of a polyhydroxy conpound. 6. A
conposi tion of Cla|n15 wherein the sajgl borate ester is a salt conprising
an—af kali cation, alkaline earth netal cation, ammoni um cati on,

al kyl anmoni um 29 ¢ewinoih Tabied Xanahanxmn] ure o&&benalkznoaammeconposi tion of
Claim5 or 6 wherein said hydraulic cenent water-reducing agent conprises a
sal t- of anbmoglmdnetesaﬂﬁmme’aIﬂOMidﬂddehg/@QStcnmbh'@aloe posiump aod set
Ilgnosulfonlc acid salt. A conposition of Claimb5, 6 or

conpri si ngretagdatipd | both r%‘i‘ﬂfé’FTﬁj h@eht Heomieniirent df‘”f'"é‘é%‘t i‘?v&ﬂ“'ﬂ?f f er ent
Compr i si ngrots SEhGiete HFRrBLRE smRiur P St S s Bl e
ne of o1 aing! BeGRRCHTT eredies o B i 2:fs L UM o T O, | gra™
borate estefs SsadiDN respectRiifl, WECORErett he THe aslided! sikanolamine
boroglu.conate containing samples exhibited less set retardation than the
concretes containing either the gluconic acid alone or the boric acid and
'gluconio acid mixture, while prm)idin‘g slump inereases eoproximately _
10 equal to or greater than those provided in -these comparative concretes.
While the boric acid and mixed alkanolamine samples had lower setting
times than the mixed alkanolamine borogluconate samples, the
borogluconate samples exhublted hlgher slumps. with this tendency being
more pronounced in Concrete l.
15 ‘ The non-neutralized borogluconate also provided significant
increases in slump over the concretes containing no 'adm'ixture, with initial
and final setting time increases of 2:35 and 2:52, respectively, in
Concrete | and 1:'22.and 1:39, resoectively, .in Concrete . The Set
retardation provided by the non-neutralized oorogluconate was greater than
20 that provided by the mixed alkanolamine borogluconate or gluconic.
acid, but was less than that pro\)ided by an equivalent molar amount of
gluconic acid alone. ” |
The results provided in the above Examples should be taken as
exemplifying the performance which can Be obtained employing the
25 admixtures of this invention. As previously indic'ated,'the admixture
performance will vary as a funcfion of admixture composition and the

variables associated with formulation of the cementjz.ious,_mix such as

cement type and source, water/cement ratlo

amount.



11. A conposition of Caim9 conprising about 30 to 90% by wei ght of said K
condensate pol yner, about 15 to 80% by wei ght of‘sard—#+gnosuLLgﬂLgﬁaC|d _
salt, and about 1 to 15% by wei ght of said borate ased on the total ve
15 vvei ght of said condensate polyner, Iignosulfon l@w H”Hm bor at e
ester. 12. A hydraulic cenent conposition conprising ment

bi nder, a hydraulic cenent wate#lreduci ng agent, and Iess than .07 075% by
meight, based on the 20wei ght of said hydraulic cenent binder, of a borate
~ester of a polyhydroxy conpound. 13. A cenent conposition of Caim1l2

wherein the total anmpunt of sEL8&IMS&t er reduci ng agent and said borate ester

I s about ‘0.05%to t 43 al hydraullc
cenment bi nder. 2 Aoiﬁge(%rgynﬁcvﬁg%sfpl on o?&b al m@%ﬂbg?ﬁ g‘}nee%n sai-d

wat ePmRTagERg raghag%fmlleoman§e%1rwe§aamd desarthanoleR 758 uiWedght, aci d- -al dehyde

congensnbRr fR NBEEhARE Said B?@ﬁ«h’lﬁ@rﬁé&'eﬁi?'ﬁn%éi-t ofBQa orate 15 A cenent

conp05|t|on substantially as describ in-any onhe of anp es 8.to 14, but
excPeRATnE tﬁep@&msqlt‘?’@hsc%fﬂib?'é'adféﬁ Bempan Plf@é‘eorderfelffﬁcéﬂce pur poses.
85 2. A composition of Claim 1 wherein said '

hydraulic cement binder is Portland cement.

3. A hydraulic cement composition compt1sing a
hydraulic cement binder and an ammonium or amlne salt of a
borate ester of a polyhydroxy compound.

10 4. A composztzqn.according to any one of
Claims 1 to 3 wherein said borate ester is a salt
comprising an ammonium, alkylammonium, or alkanolammonium
cation. . o |

5. A hydraulic cement water-reducing admixture
15 composition comprising a hydraulic cement water-reducing
agent and a borate ester of a polyhydroxy compound.
_ 6. A composition of Claim 5 wherein the said
borate ester is a salt comprising an alkali cation, o .
alkaline earth metal cation, ammonium cation, alkylammon1um o
20 cation, or alkanolammonium cation.
7. . A composition of Claim 5 or 6 whe:ein said
hydraulic cement water-reducing agent comprises a salt of
an aromatic sulfonic acidfaldehyde condensate polyﬁet or a
lignosulfonic acid salt. |
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‘8. a oomposi:ion of Claim 5 6 or 7
comprising, as the watef-reducing agent component, at least
'two'different‘hydtaulic cement water-reducing agents.
9. A composition of Claim 8 comprising a salt
5 of an atomat1c sulfonlc acid-aldehyde condensate polymer
and a lignosulfonic acid salt.
10. A composition according to any one of
Claxms 5 to 9 comprising less than about 30% by weight of
said borate ester, based on the total weight of the

P lOadmlxture.

s 1l1. a composition of Claim 9 comprising about
30 to 90% by weight of said condensate polymer, about 15 to
80% by weight of saidllignosulfonic acid salt, and about 1
to 15% by weight of said borate ester, based on the total

15weight of said condensate polymer, 1ignosulfon1c acid salt,
and bo:ate ester.

12. A hydraulic cement composition comprising a
hydraulic cement binder, a hydraulic cement water-reducing
agent, and less than .0.075% by weight, based on the

20weight of said hydraulic cement binder, of a borate ester
of a polyhydroxy compound. |

13. A cement composition of Claim 12 wherein the
total amount of said water reducing agent and said borate
ester is about 0.05% to 0.50% by weight, based on the -

25weight of said hydraulic cement binder. :

14. A cement composition of Claim 12 or 13
wherein said water-reducing agent comprises a salt of an
aromatic sulfonic acid-aldehyde condensate polymer and a
lignosulfonic acid salt.

30 1s5. A cement composition substantially as
described in any one of Examples 8 to 14, but excluding the

compositions quoted for comparative”op;refEhence'purposes.
. e e B : ._r""f-\-\:-.




