| NTEGRALLY WATERPROOFED CONCRETE I nventors: Antonio J. Al dykiew cz, Jr.,
Arnon Bentur, Neal S. Berke, and Chia-Chih Qu Field of the Invention The
present iwoeandd/oamopertains to additives and adm xtures fPor/usgasasabl e
cenmentitious conpositions, and nore particularly to additives and

adm xtures for inparting water repellant properties to cenentitious

conposi tions. Background of the Invention It is known to incorporate water
repel lant materials into hydratable cementitious materials such as cenent
pastes, masonry cenents, nortars, and concrete to achieve a degree of

noi sture inpermeability. A cementitious composition which is inmpermeable to
wat er and danpness, 1YdHGCRALEY, WAVTERBRROOQEED LONGRERG | on of external ly
appl i ed noisture barriers such as bltunlnous coatings or waterproofing
menbrane | aminates. In US Patent 6 peantqigs B2 (i ssued July 13, 2004), Lu

di scl gsed an 4nvhiviJodldviiewizuire Arovn Beptwrt Nend SnBerie, alabélzdaaﬁﬂih;moperti es to
cenents. The adm xture conprised a polyner, a surfactant, and hydrophobic
material in the form of organi Fiedioftle hiveatiopphati ¢ carboxylic acid. The
pol ymer was preferably a | atex polymer (e.g., styrene butadi ene copol yner

| at ex) . The surHeagtsdgit Geehitbni Peltdiske tanyddsiiiret afidantimeamedl for dydesmatisi f yi ng
t he hydrophobi.¢c material, and nost preferably was_an ethoxyl at ed

nony| pherfsmentitiousn eesrposisipen apd pomenpartipdardyn ip spdditetes ngnsh GPMBEES Rt er i al

nto the SRARRIIGUS MRS aHbilRYe Rl dighsi bute Tt throughout the

cenentitious nmatrix as well ‘as over iIts surface This purportedly prevented
wat er fromentering and eX|thgﬂg LRY 5f 68T RS dtdnouUs structures such as

\

bl ocks, pavers, and retaining walt umts {S€€ Col. 4, 11. 17-24).
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materials such as cement pastes, masonry cements, mortars, and concrete to achieve a

degree of moisture impermeability. A cementitious composition which is impermeable to
15 water and dampness, ideally, may not require the application of externally applied

moisture barriers such as bituminous coatings or waterproofing membrane laminates.

In US Patent 6,761,765 B2 (issued July 13, 2004), Lu disclosed an emulsion

admixture for imparting water repellant properties to cements. The admixture comprised

a polymer, a surfactant, and hydrophobic material in the form of organic esters of

20  aliphatic carboxylic acid. The polymer was preferably a latex polymer (e.g., styrene
butadiene copolymer latex). The surfactant could include any surfactant capable of
emulsifying the hydrophobic material, and most preferably was an ethoxylated
nonylphenol. Lu theorized that mixing the emulsified hydrophobic material into the
cementitious composition would evenly distribute it throughout the cementitious matrix

25 as well as over its surface. This purportedly prevented water from entering and exiting

porous cementitious structures such as blocks, pavers, and retaining wall units (See Col.

4,11. 17-24).

Emulsified hydrophobic materials, however, were long known and used

previously. For example, US Patents 3,865,601 and 3,885,985 disclosed additives

30  comprising oil-in-water emulsions that contained a water-insoluble, water-repelling acid
component (e.g., tall oil, an emulsifier (e.g., a salt of such an acid)) and a setting time

retarding agent (e.g., sucrose). As explained in the background of US Patent 5,108,511,



previ ously. For exanple, US Patents 3,865,601 and 3, 885, 985 di scl osed
additives conprising oil-in-water enul sions that contained a

wat er - i nswbubdeas1aeat er -repel | i ng aci d conponent (e.g., talriusesnsj3aal

enul sifier (e.g., a salt of such an acid)) and a setting tinme retarding
agent (e.g., sucrose). As explained in the background of US Patent
5,108,511,this additive was dispersible in water formso that the risk of
overdosi ng could be mnimzed. Further, the additive was provided in a form
that all owed additional, optional conmponents, such as air-entrainjng agents,
to be i ncitifaadfitive, Wesmsipeethle i "G noFH o ek thegisly O Gverlogng rPOEE g%t ent
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stabilizer, as is now well known, prevents oil-in-water enulsions from
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i ncreasi NgMREKYY 3,168/51 1Pdt36k kM X, YinesPNdoard life in nortar cenment,
W egl and proposed an additive that conprised a salt of stearic acid (e.g.,

cal ci um st ear afyeyysapHe: N 1S4 Aar@iegland dbe&hed Bld Hl-MOvAST BARKILETRre AN
ethyl eni ¢ glycol selected ffom nonc-, di-, tri-, and tetraethylene glycols,
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i ndustry flastusiorent ilomy teAn thentab cgulinpa s, foRtier expese lphigposy ofinbansdsg , added
during the infergrndi.ng process for nmaking ce rom clinker, i.s
cormerci aMPHLE PESHES R B2 o RO St WIS RIOPessd B Paivus,
under t heiht sslanaRB HERROPHEBR( hdid (AgS bkl @hRa), AlBniBSPROAON a 2 OVi ded
in the formof finely ground cal ciumstearate powler, dispersed in an
aqueous ctardigg  cargohydrate, an ethylenic glycol selected from mono-, di-, tri-, and

15  tetraethylene glycols, and cellulose ether. The stearic salt was saponified by heating the

stearic acid and lime powder.

The use of oil-in-water emulsions and saponified metal salts (e.g., calcium
stearate) has been commercialized in the industry for some time. An emulsion-based,
water-repellancy enhancer, added during the intergrinding process for making cement

20 from clinker, is commercially available from Grace Construction Products, Cambridge
USA, under the tradename HYDROPHOBE®. A calcium stearate suspension, provided
in the form of finely ground calcium stearate powder, dispersed in an aqueous carrier, is

commercially available from Grace under the tradename DARAPEL®.

To improve upon the prior art water repellency technology, the present inventors

25  propose to avoid the use of aqueous emulsions or aqueous solvents.



commercially available from G ace under the tradename DARAPEL(r). To

i nprove upon the prior art water repellency technol ogy, the present

i nvent or swpro@oaes98o avoi d the use of aqueous enul si ons POT/IBQWSOBH31

sol vents. Sunmary of the Invention The present invention provides a novel
conposition for enhancing water repellency in cenent, nmasonry cenent,
concrete, and other cenentitious materials. In many cases, it is hoped that
the noisture perneability in such cenmentitious materials can be |lowered to
the point at which an externally-applied waterproofing coating or nmenbrane
is elimnated, thereby achieving a reduction of materials and | abor
expense. Novel conpositions of the invention may be conbined with a cenent

or cementitious material suchSummayefthednventiomer as an additive (e.g.,
during intergrinding of clinker to produce cement) or adm xture (e.g., to
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in a cemepbinht A di é%lﬁd’té@'ther&%’ ééhﬁ@ingta%cﬁi%ﬁo§foﬁ%hal@%hdﬂgtb&r&%gﬁe in said
conposition in a ratio of to 5: sai d solute and sol vent portions

bei ng m xed uni§ay néo)al QEBhN&r h8 bentoR’ AP b cORBRRUERHE S Qbmibi0Br OF N
the formof an emul sion wherein water Is present as a non-conti nuous phase.
It is pr eé@nensﬁoumatemeﬂ@uﬂy@brmmm clthmtaeam addithee (sen-daring énengending gf and

non- saponi.fied ause caupos n ed to
achieig ﬂPﬁFﬁﬁﬂﬁ?lmegﬁﬁ? ?gﬁghm%ﬁg (e hé??%%éxﬁﬁb&ﬁ gﬁﬁbgﬁémhgézggn t he
form of nengeueEensité Brin0 EhiofaveiutQiraasontieiable) verifiable dsagr @s@mts. onl y as
a non-continuous phase, the use of surfactants can be avoi ded. Surfactants

of ten entrain Egonglagheodipositiba ofl fedinkentizar doaipsisengl sclatcp@ties havihg hough a

certain anount of air, when distributed as fine nlch bubbl es, can
least one hydrophobic material operative to enhance water repellency m a cerentitious

material; and a non-aqueous solvent portion having at least one glycol ether, which is
15  preferably operative to inhibit drying shrinkage in a cementitious material; said solute
and solvent being present in said composition in a ratio of 95:5 to 5:95; said solute and
solvent portions being mixed uniformly together in the form of a nonaqueous solution or
in the form of an emulsion wherein water is present as a non-continuous phase. It is

preferred that the hydrophobic material be non-air-entraining and non-saponified.

20 Because compositions of the invention are not intended to achieve oil-in-water
emulsions, but rather are intended to be used in the form of nonaqueous solutions or
emulsions wherein water is present only as a non-continuous phase, the use of surfactants
can be avoided. Surfactants often entrain too much air when used in mortars and
concretes. Although a certain amount of air, when distributed as fine micro-bubbles, can

25  bestow freeze-thaw durability to mortars and concretes, air levels which are too high may
lead to passageways by which moisture can penetrate. It is believed that the present
invention provides better air level management in cementitious materials without

requiring that defoamers be added.



bestow freeze-thaw durability to nortars and concretes, air |evels which
are too high may | ead to passageways by which noi sture can penetrate. It is
bel i eved wbaboddaesopr esent i nvention provi des better air pCewskoosap@genent in
cenentitious materials without requiring that defoamers be added. The
present invention allows certain conventional hydrophobic materials to be
enpl oyed for use in nodifying cenentitious conpositions, and these would
include materials that are preferably non-air-entraining in nature. This
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exenpl ary hydrophobic materials believed to be suitable for use in the
present i§i0&heEs Sl paEIrthgedissssadinsFRRater car boxyl i ¢ acid or salt or ester
thereof, a fatty acid or salt or the ester thereof, a natural or synthetic
wax, a naturalTl5¢ eopmbinasioncobjsolute and| mepagueospwlt wsuis) dhet d&igfbund, a
si | oxane s o I 3 n i n
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i ncl ude di (oxypropyl ene) gl ycol -t -butyl. ether. (DRTB),, . .
di (oxypropyl e (3rge%‘9§16’ %f‘%ﬂiﬁ%fy h@?ﬁ%ﬁa{b(’bﬁ% ?lsé)gﬁgve)% 10 5 FBIHS fOL 3P e
sol vent may pasdittin@meibh Yncluie! andipBatiOxxr FoxlyHE btidlor ghly 60 stahbredd a fatty

di (oxypropyl ene) gl ycol (DPG, di(oxyethylene)glycol (D.EG, or mxture
t h((ar eg? _ a?c)l[d or sgltg o1>/ the estgr the%eof, a natur%l or gyntheti)c gwa);(, a natural or)synt etic oil, a

silicone compound, a silane compound, a siloxane compound, a naphthalene compound,
15 a melamine compound, a dicarboxylic acid or the salt thereof, or a mixture of any of the

foregoing.

Especially preferred hydrophobic materials (solute) contemplated for use in the
invention include fatty acids such as butyl stearate, butyl oleate, or a mixture thereof;
while preferred glycol ethers (solvent) include di(oxypropylene)glycol-t-butyl ether

20 (DPTB), di(oxypropylene)glycol-n-butyl ether (DPNB), or a mixture thereof. The
solvent may additionally include a low molecular glycol such as di(oxypropylene)glycol

(DPQ@), di(oxyethylene)glycol (DIEG), or mixture thereof.

A further detailed description of exemplary solutes (hydrophobic materials) and

solvents (such as glycol ethers) is provided hereinafter.

25 By avoiding the use of a large water portion, the compositions of the invention
will realize several advantages. First, manufacturers can avoid the additional step
required for making the aqueous emulsion or dispersion as well as the costs of surfactants
and stabilizers. Further, the cost of shipping water that constitutes the bulk of the aqueous

emulsion or suspension will be decreased. Furthermore, with little or no water content,



A further detail ed description of exenplary solutes (hydrophobic material s)
and solvents (such as glycol ethers) is provided hereinafter. By avoi ding
t he use oVoaodemg®swat er portion, the conpositions of tireTiusz@soBo31 Wi | |
reali ze several advantages. First, manufacturers can avoid the additional
step required for making the aqueous enul sion or dispersion as well as the
costs of surfactants and stabilizers. Further, the cost of shipping water
that constitutes the bul k of the aqueous enul sion or suspension wll be
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pastes (or slurries), nortars, and grouts, such as oil well cenenting
grouts, shotcrete, and concrete conpositions conprising a hydraulic cenent
bi nder. TWe 2@vm¥se9$paste”, "nortar” and "concrete" are Premrrms2@5/034981 pastes
are m xtures conposed of a hydratable (or hydraulic) cenent binder

(usual l'y, but not exclusively, Portland cenent, Masonry cenent, Mortar
cenent, and/or gypsum and may al so include |inmestone, hydrated |ine,

pozzol ans such as fly ash and/or granul ated bl ast furnace slag, netakaolin,
rice hull ash, and silica funme or other materials comonly included in such
cenents) and water; "nortars" are pastes additionally including fine
aggregate (e.g., sand), and "concretes" are nortars additionally including
coarse aggregate (e.gletailedDeseriptipnof dixemplay Bmbadimentsientiti ous nmateri al s
described in this invention are fornmed by m xing required_anmounts of

certai n mat eriBiesinventiye comphsitiensuefi the watian, apareiouslindesetlivd, andreil coar se
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and pozzofhfehanging yeafer xenellPniydny ve. The water-to-cement (WC) ratio used
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as adm xt r LEyi t . et r |t »
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general ly descri bed as non o
pozzolans such as fly ash and/or granulated blast furnace slag, metakaolin, rice hull ash,

15 and silica fume or other materials commonly included in such cements) and water;
“mortars” are pastes additionally including fine aggregate (e.g., sand), and “concretes”
are mortars additionally including coarse aggregate (e.g., crushed rock or gravel). The
cementitious materials described in this invention are formed by mixing required
amounts of certain materials, e.g., a hydraulic cement, water, and fine and/or coarse

20  aggregate, as may be required for making a particular cementitious composition.

In addition, the term “cement” may also include and refer to calcium aluminate
cement, hydratable alumina, hydratable aluminum oxide, colloidal silica, silicon oxide,

magnesia, in addition to Portland cement and pozzolans as just mentioned above.

The water-to-cement (W/C) ratio used in making cast or spray-applied

25  cementitious mixtures is not believed to be critical to achieving optimal water repellency
properties, although a suitable W/C ratio could be from about 0.25 to about 0.60. It is
desirable to minimize the amount of water needed so as to consolidate, and to avoid

deformities in, the structure formed by the cementitious mixture.



aqueous sol utions having at |east one solute and a non-aqueous sol vent
present in a ratio of 95:5 to 5:95, and, nore preferably, 70:30 to 30:70.

Pr ef er ablwo 200v48698ut € and sol vent portions are m xed urcTaseéog/oBoget her to
forma non-emulsion liquid solution. Mire preferably, the solute nay be
present in the conposition in an ampount of 70 to 30 percent based on total
dry weight solids in the conposition; while the solvent nmay be present in
an amount of 30 to 70 percent based on total weight of the conposition.
Exenpl ary hydrophobic materials contenplated for use in the invention
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tall oil fatty acid), laurate, palmtate, nyristic ester, linoleic ester,
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15 or the ester thereof, a natural or synthetic wax, a natural or synthetic oil, a silicone

compound (silane, siloxane), a naphthalene compound, a melamine compound, a
dicarboxylic acid or the salt thereof, or a mixture thereof. The most preferred
hydrophobic materials which are by themselves non-air-entraining when incorporated
into hydratable cementitous compositions. =~ Where the hydrophobic material is
20  incorporated into the solvent in solid form, it is preferable to ground the material as finely

as possible to facilitate dissolving of the solute into the solution.

Among the preferred hydrophobic materials, therefore, are aliphatic carboxylic
acids, salts, or esters thereof, and in particular the organic (e.g., aliphatic) esters of these
carboxylic acids or salts. Preferably, the organic ester of an aliphatic carboxylic acid is

25  represented by the general formula Rj-R,, wherein R; is Ci»-Cig aliphatic carboxylic acid
ester, and Ry is a linear or branched C;-Cjo alkyl. Preferred aliphatic carboxylic acid
esters include, but are not limited to, stearate, oleate, naturally occurring oils (e.g.,
coconut oil, castor oil, tall oil faity acid), laurate, palmitate, myristic ester, linoleic ester,

and salts and/or mixtures thereof.



formul a CH3(CH2) 7=(CH2) 7COCR4, wherein R3 and R4 are each independently a

| inear or branched Cl to GO alkyl. A preferred stearate is butyl stearate,
and a prevenned+ndogate is butyl oleate. In particul arlypPpraiSesusmso3l

non-ai r-entraining hydrophobic materials, both butyl ol eate and butyl
Stearate are used together. Mre generally speaking, exenplary conpositions
of the invention conprise at |east one hydrophobic material such as a
stearate, an oleate, a laurate, a palmtate, a nyristic ester, a linoleic
ester, a coconut oil, a castor oi], tall oil fatty acid, or sal t  t hereof,

or a nixture Prefereast hydoprirbicaprierialscicigelr Bl s |n@ #ﬁ%l'@iilta:l a]1k§1 stearate
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cenment nortars concr étes Prefera C material is an al kyl
st ear at e hes ﬂ’&l‘genﬁ'ﬂl flkyle (OFEaCOORtaar thoorgamix teumeoft dveglest hasvibe geparelf er abI 2

mxtur e Pt CERG ol e RS i) pa b gL AR R

nore gr efb@aﬁﬁsﬁéd’& tJ‘C? ll@ﬂl Q\ fefred ste@rafe id bubMdtcardtes bind s efefereddl gleatt is a rat io
of 3:1to 1: ar rophobic materials nmay_ als mcludF ﬁDBty aci ds
S

as wel | sty m':lwe san tp@mcvilﬁr YeB@éf?ﬁle@ OB CATFH N BY PRHObi TAfeRE ate my

be used, | abl bot h wd f f
Norac || (A gleRERRa 8L COMELE ?%P*‘)g%*‘?*fitti b (TOrRy whichi e O

available fro n Ccli m , he
tradenane RX- %%a%gg% gé{/akhh%drgop@o%?c ?sélPl al s %ggﬁgenggﬁ\lcgcpﬂgiagnatural
wax eﬁ suedst age m«imf)]ﬁdbild mgml sg@r es i rvteacatg, aanclediees Waxate,Ex @aintitatey a
synthetic waxes nay 0. be use Fo u iall
o L Syl e e farBh o P o B A € BT S5

hydr ophohbhgedBbes hitkiireBitcdd. Faefetbldrh hadrdpBddiy mareidl ¥ Inbg-amdn&a{nﬁlg
coconut oil, castor oil), sone_of these being already noted above, .as well

as synt hevha BicpmoratydnBito eLRRItAYS TH?E‘F%%K%BP d’eﬁ’ﬁfﬁefnroé'iarsg and CYGEDnes,
si | anes, ﬁ@férfbﬁyl, %fb%ﬁoblg Qhaterial is an alkyl stearate ester, an alkyl oleate ester, or

mixture thereof. More preferably, the hydrophobic material is butyl oleate (BO), butyl

15 . stearate (BS), or a mixture of these two, which may be used in a ratio (BO:BS) of 5:1 to

1:5; more preferably, in a ratio of 4:1 to 1:2; and, most preferably, in a ratio of 3:1 to 1:1.

Exemplary hydrophobic materials may also include fatty acids as well as their

" salts. For example, calcium stearate and zinc stearate may be used, and these are

commercially available (both in powder form) from NORAC, Inc. Another example is

20 tall oil fatty acid (TOFA) which is available from Grace Construction Chemicals,
Cambridge, USA, under the tradename RX-901.

Exemplary hydrophobic materials may also include natural waxes, such as
paraffinic wax, ceresin wax, and beeswax. Exemplary synthetic waxes may also be used.
For example, such waxes are commercially available from Dow Chemicals under the

25  tradename Carbowax®.

Exemplary hydrophobic materials may also include naturally occurring oils (e.g.,

coconut oil, castor oil), some of these being already noted above, as well as synthetic oils.

Other exemplary hydrophobic materials are silicones, silanes, and siloxanes. For

example, butyltrimethoxysilane and other silanes are commercially available from Dow



exanpl e, butyltrinethoxysilane and other silanes are commercially avail able
from DowCorning. A wi de range of organosilicon conpounds are avail abl e as
wel | fromvDawedaneysng. Still further exenpl ary hydr opholpce/usatsnsabs
believed to be suitable for purposes of the invention include naphthal ene
conpounds (e.g., bis isoproponyl naphthal ene, cal ci um di (napht hal ene)

sul fonate), and al so nel am ne conpounds. Anot her exenpl ary hydrophobic
material is a dicarboxylic acid or t he salt thereof. Such materials wll

have the chemi cal fornmula RROOC- C(R1XH) - is a Cl2
to Cl al 6pmiBg. &) Ryifie gy rOéL?ﬁganRﬂBﬁ‘al ﬁ@%ﬁ’%ﬂ % @Véﬁ @ F a3 "&%ﬁfB’P?FﬁPWg. ,

sodi um RU-AS tum lithium zinc, butyl), and "n" is an integer from1l to
g. A grgfeare di carboxylic salt is di-sodiumsalt of tetrapropenyl

ut andedi odi c ayln

1%J1§/d£ a1 S R AGD PERFNAU for GhpRsddO Na+

For exanpl e, S?gégﬁhmlu?n n (ﬁﬁgﬁ' car éxy Fc sal t ("DSSPI cansbe m xed
into a( \g/gVIhOYCthé iRtdneibn Sndlvdn hadshal ael mmpoun&»@/o(@E’]’$ls #608pDRG, n@%]@&se, and 8%
wat er erein " ents (joxypr o Ien col -t-butyl ether and
bD:DG 5r§ {Sg’gﬁ %ﬂ@dﬁ%}@%}t PaRe "81%}%0%& p)r9131/‘¥gl ycol ether solvents
elieved to be suitable for e in the | ven r.i.se
oxyal kyl ene glAno#er e}fqmglargrhygggpg?h@wgﬁga caglff’ ﬁf ?Oﬁwgﬁ%légr}%ﬁ()f gl ycol ,
or gl ycerS%Jchnﬁ'ierfalslwmh’avmhétcﬁélﬁwm@ﬁﬁﬂa Exerml ary oxyal kyl ene glycols
whi ch are believed to be suitable for use in the present invention can be

represented by 2bQﬁ;f@&ﬁg )ﬂttmﬁ@reln A represents a C2 -C4 al kyl ene
group (such as ethylene ropylene butyl enes, and the like, along with

m xtures $neheed ’1s\ﬁ‘élg tc?bhgy Alﬁi}%raaﬁlgllﬁfeoﬁb{ﬁﬁqe AR R"isgarm§§ro@ér?f)ﬁé 8§bn O
represents an oxygen n represents an integer of from1 to about
30, amd reme spdmfrermtﬂsgaum- Bthithezin® ortpipand fnaispar mieggt fengl yedl Aol ecul e
nay

preferred dicarboxylic salt is di-sodium salt of tetrapropenyl butandediodic acid, having

the formula
Na" " 00C—C(Cy2H 23)(H) —CH,—COO™ Na*

For example, a 20% solution of this dicarboxylic salt (“DSS”) can be mixed into a glycol

15  ether solvent as follows: 45% DPTB, 450% DPG, 2% DSS, and 8% water (wherein
“DPTB” represents di(oxypropylene)glycol-t-butyl ether and “DPG” represents
di(oxypropylene)glycol.

Exemplary glycol ether solvents believed to be suitable for use in the invention

comprise (i) an oxyalkylene glycol; (ii) an oxyalkylene ether adduct of an alcohol, glycol,

20  or glycerol; or (iii) a mixture thereof. Exemplary oxyalkylene glycols which are believed
to be suitable for use in the present invention can be represented by the formula
HO(AO),H wherein: A represents a C; -Cy4 alkylene group (such as ethylene, propylene,
butylenes, and the like, along with mixtures thereof, with ethylene and propylene being
most preferred); O represents an oxygen atom, and n represents an integer of from 1 to

25  about 30, and more preferably 1-3. The AO groups in a particular glycol molecule may
be the same or may be different. Examples of such glycols include diethylene glycol,
dipropylene glycol, tripropylene glycol, di(ethoxy)(di(propoxy)glycol and the like.
Further glycols may include polyalkylene glycols (poly(oxyalkylene)glycols) having
molecular weights up to about 1200. The AO groups forming the chain of such glycols



be the same or may be different. Exanples of such glycols include

di ethyl ene glycol, dipropylene glycol, tripropylene glycol,

di (et hoxywoOadn¢qpropPexy) gl ycol and the |ike. Further glycelcs/usagsiosdBude

pol yal kyl ene gl ycol s (pol y(oxyal kyl ene) gl ycol s) havi ng nol ecul ar wei ghts up
to about 1200. The AO groups fornming the chain of such glycolsmy contain a
single type of alkylene ether group or a mxture of alkylene ether groups
whi ch may be in block or random arrangenent. Exanples of the oxyal kyl ene

gl ycol s are pol ypropyl ene glycol, polyethylene glycol

pol y( oxysrhygber®) g srglsrtops/9 eioylent Zaop eemixtie, of plieisne £theT SIMRFky | ene

adducts Qi RARALANGE m&rgllag@{r{%ﬁg@r%&ﬁy@%ﬁl D8t ol AllfedflydiiCartcn the

i nvention"can be represente ormul a AO) JH Wwherein is a

hydr ocar pelgp@pelepe gheoh pmtyethyEhe @lycal, kyoly(oxyeahyGsefioxyyrepBenckslycdrasdp; A
represents C2-C4 al kyl ene group, O represents an oxygen atom and m
reFLefenﬂfﬁ l'intege{ of fron11|to about 10. Exanpl es of such R groups are
met hyl , ethy pro , 1sopro n-butyl, isohutyl.. t-buty -
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various enbodi nents of the invention, is preferred_that the R groups be the

sare. I A iisa b}édi?zc;@tir{(gwm,éumsw GeCrakylr ey selpecygloalip! SouRA 2P SRS Pene,
propyl en the |i ! f i i

Mt eger | St ity St Rybab Gl LRRSSATE FIA o 888 1T onts,
t he sol venubds 100 (Bxapnplepyl sk Rybwopd ateemethyly wthiyly tpyopydit iseprogyl DRbRLY),,

di (oxypropyl ene) gl ycol - n-putyl ether ("DPNB" i

opt | ol PP SR oRyER S b PiriestenpLrselope e Bisine uk BREEL,

(DEI G, & ofupl BfeeCl-bshBET suchR by, GopRDYi, ti-angl, ebutyhend theeliitel olm
therefore conprise at | east one_hydrophobi.c nﬁzerial ich could include a
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mixtures thereof in the same chain, and m is an integer of from 1 to about 10, preferably

15 2or3.

In preferred embodiments, the solvent is di(oxypropylene)glycol-tertiary-butyl
ether (“DPTB”), di(oxypropylene)glycol-n-butyl ether (“DPNB”), or a mixture thereof,
optionally with di(oxypropylene)glycol (“DPG”), di(oxyethylene)glycol (DEIG), or .

mixture thereof.

20 Exemplary compositions of the invention therefore comprise at least one
hydrophobic material which could include a stearate, an oleate, a naturally occurring oil,
a laurate, a palmitate, a myristic ester, a linoleic ester, or a salt thereof, or a mixture
thereof; and a glycol ether solvent which could include (i) an oxyalkylene glycol; (ii) an
oxyalkylene ether adduct of an alcohol, glycol, or glycerol; or (iii) a mixture thereof. In
25  most preferred compositions, the at least one hydrophobic material comprises butyl oleate
and butyl stearate, and the glycol ether solvent is DPTB, DPNB, or a mixture thereof,
optionally with low molecular weight DPG or DIEG. These solvents are especially
preferred because they have excellent shrinkage and air detraining capabilities when
incorporated into hydratable cementitious mixtures. Hence, preferred solvents are

30  operative to detrain air in cementitious materials.

10



t hereof; and a glycol ether solvent which could include (i) an oxyal kyl ene
glycol; (ii) an oxyal kyl ene et her adduct of an al cohol, glycol, or

gl ycer ol ;wonoga/d4igesa m xture thereof. In nost preferredprcomsesisisoss, the
at | east one hydrophobic nmaterial conprises butyl ol eate and butyl
stearate, and the glycol ether solvent is DPTB, DPNB, or a m xture thereof,
optionally with | ow nol ecul ar wei ght DPG or DI EG These solvents are
especially preferred because they have excellent shrinkage and air

detrai ning capabilities when incorporated into hydratable cenentitious
T xt ur s HencIHE SF Rl CCBPORAYS of e SBEER Y CERIRE ALICHY S CTHD

cementiti W%Bﬁu?élipﬂsﬁcigw bhednventRER yRikd O THRARdUs9 Ner Bhprbligg iphikedity, on may
conprise at | east one comb pol ynmer superpl asticizer, as conventionally used

in the i ngasebYity. f sd/emplrowi my TEyaBe idesited.  Wlestapyeferred  arari@dr PSVI®H as nmay
be desire . f . o u l.astici . i

pendant p%ﬂ? d%%g'éﬁlgﬁéﬁgg 5@%§.g23§ﬁ5% g?%c%@é&é'i%%ﬁgéﬁg%ggﬁi ﬁomn. A
sui t abf e genpmllylkastvnciAzeritable sopmplesticizat is gomwmrdialhl avaflaeiGmaGecemadier t he
tradenanme  ADVA(T). rplasticjzers can .be incorpqrated intg co sitions
of the- 1 nPEREReTe,RERE B e L e P By A G R T e

t hor oughl jhvtmR! PRferabl§ adttr MERbIRE()and sé19end ArPRieaMhorbagRd tpRiteNti@bn Wei ght
of the conposition. Poly(oxyal kyl ene supe%glast|0|zers may contain_a snall

anount of ameyms of 340 0rrsseant dased pa Aefall weiekrridhe pempasitiany rRolypykdene) it i s
r ef er abl -1 t I u e o1 | ume of
p &rﬁe{%g&ﬁ,g&%rs Akl gt?féb%mgﬁ NRGE oP‘%%at/é?Xé% :?‘}'es%ﬁ é\]/ig?ﬁntnﬂltaﬁ{;n 6P

conpositio nore pre not exceed 5% by tota une o
conpog t i oanufvtafee dieyer, titis poferplds ithait thedotal amhért iof weter notrexaeasl 30% by

substanti al | evoi d of surfactants, or.other ,surfac ctive agents, as
vou o nor A of srpRthot Sty eRbBrhoHrt AR b i MR oY e
use of a pmhpdsitalt (e.g., sodium potassium lithiunm) of a fatty acid or

tall oil fatty acid is less preferred due to the tendency of such netal

salts to entrapRfaibly, Mg doRpesiAcHsaE the NindetRAE R lslisstmtiaRY eddvalds ofand
thus, if certain netal salts are used as hydrophobic materials, it nmay be
advi sabl esqrg.\c‘@ﬁg; 8y oflsr syrfacy ectivg #geAY, as would normally be otherwise required to

15 form emulsion systems. Thus, the use of a metal salt (e.g., sodium, potassium, lithium)
of a fatty acid or tall oil fatty acid is less preferred due to the tendency of such metal salts
to entrain air when incorporated into cementitious materials; and thus, if certain metal
salts are used as hydrophobic materials, it may be advisable to employ an air-detraining

agent.

20 Exemplary methods of the invention therefore include modifying a cementitious
material by introducing to a hydratable cementitious material the above-described water
repellency enhancing compositions. As previously mentioned, these can be incorporated
as additives during the manufacture of cement from clinker, or as admixtures

incorporated into the finished cement, mortar, concrete, or other cementitious mixture.

25 The following examples are provided for illustrative purposes.

Example 1
Several solutions of the invention were produced by dissolving an organic ester of

an aliphatic acid, or an aliphatic carboxylic acid, into glycol ether. These resulted in
transparent solutions as confirmed by shining a laser through the liquid. (According to

30 Tyndall, a solution will not scatter the laser beam, whereas an emulsion or dispersion

11



agent. Exenplary nethods of the invention therefore include nodifying a
cenentitious material by introducing to a hydratable cenentitious materi al
t he abovewdesavisb®d wat er repell ency enhanci ng conposi t iPQmAIS208s/0ps98Y i ousl y
menti oned, these can be incorporated as additives during the manufacture of
cenent fromclinker, or as adm xtures incorporated into the finished
cenent, nortar, concrete, or other cenentitious m xture. The foll ow ng
exanpl es are provided for illustrative purposes. Exanple 1 Several
solutions of the invention were produced by dissolving an ni c ter of
an al i phatills Halike ergilsigns dhesp H%JPE@“S%? Bkl it %hgéita}m?r%%e eﬂo {ﬁg grest frer .
These resplitefl JoPert tARSBRABALIF SRH RS ARIGANG RS rRdreSiHd B taser
through the Itquid. (According to Tyndall, a solutiion will not scatter the
| aser beadditisheviecsitizn atlow timperapuresirs pealshademithd 330 ehkbiitedoematdsidos, t hese

solutions are stable a 1 gh tenperatuyre.of .46 _degree ] revert
to a sol RYEH§ I@a%‘h&aﬁ%agwg’g% % % a |eo(ri128? éﬁﬁé?sggtﬁgelﬁa#&)%ﬁgl ?éel!&‘!v I'n

addi tison, Sa\ﬁ'tqﬂfi Dgﬂdfv@setﬁe Bénekiowf ﬁsﬁirng]Bh PNBuUhE Dcli)&]“? re@lck thefrespinchein D50bwil
criterion needed for punping with standard adm xture punps. The data is

pr esent edlfgie GHH éaqdwy]ﬁﬁarggﬁﬁ%)éleg ows t he benefilto g? usi ng DPNB and
DPG to reduce the freezing point of butyl oleate ("BO') and butyl stearate
("BS") blends. Table 1 % Conponent s Yabl&l oc 50C 460C * HS=Honpgeneous
solid/gel; **HL=Horpgemgaugs ! i qui d sol ut poxrc DPNB=dr@r opyl eng°@l ycol n
butyl ether; DPG=diprorylene glycol BO=butyl oleate; BS=butyl stearate

Exanpl e 2| Ammgxenping y BRIdi tBO/e | ofBSt HeFdirmy e iViskas |, Foyhg \ascosita | yade pphobi ¢
materi al was di $sol ved Bn |a gl y¢col etlher shritikgge rgdut¢Phg|sol vent to
obtain thé_addifive s ghown (cP)

1 38 21 20.5 205 | HS* - HL** 21 HL

2 38 21 273 13.7 HL 23.8 HL 20.1 HL

3 38 21 | 3075 [ 1025 | HL 237 | HL 20.5 HL

4 0 0 67 33 HS HL

5 295 1295 205 20.5 HS | HL HL

6 295 295 ] 273 27.7 HL HL HL

7 33 33 17 17 | HL HL HL

8 33 33 | 227 11,3 HL HL HL

10 *HS=Homogeneous solid/gel; **HL=Homogeneous liquid solution;

DPNB=dipropylene glycol n butyl ether; DPG=dipropylene glycol
BO=butyl oleate; BS=butyl stearate

Example 2
15 An exemplary additive of the invention, wherein a hydrophobic material was

dissolved in a glycol ether shrinkage reducing solvent to obtain the additive, was shown
to enhance moisture impermeability of concrete samples. This enhanced impermeability
was confirmed in terms of reducing water absorption, shrinkage, and electrical

conductivity, in comparison to concrete samples not containing the additive.

20 The improvements are seen in concretes having high water-to-cement ratios (w/c)
as well as lower w/c ratios which are typical of less permeable concretes. Table 2 shows
typical improvements in the British Absorption Test (BS 1881 Part 122) for composition
1, 2 and 3 from Table 1 denoted as “IWC1,” “IWC2,” and “TWC3.” This is a key test for
evaluating admixtures for achieving integral waterproofing of cementitious compositions,

25 and numbers of about 1% or less are considered excellent.

The data suggests that TWC mixes had better workability with lower
superplasticizer levels than shrinkage reducing admixture (SRA) used alone (Mixture

12



to enhance noisture inperneability of concrete sanples. This enhanced
inperneability was confirnmed in terns of reducing water absorption,

shri nkagewoanes/@i@stri cal conductivity, in conparison t@ectarsessinessanpl es
not containing the additive. The inprovenents are seen in concretes having
hi gh water-to-cenent ratios (wc) as well as lower wc ratios which are
typical of |ess perneable concretes. Table 2 shows typical inprovenents in
the British Absorption Test (BS 1881 Part 122) for conposition 1, 2 and 3
fromTable 1 denoted as "IWJ , " " WC3." This is key test for

eval uat i ng)-@afibed radegedabsorpton E\YPlﬁtheHP@@P%IFd M%Ams%?l% ag s ftitious
conposi tigps;.. ]%g\%et(m%_tg faahRId. 1% or | ess are considered excellent. The
data suggests LS? at | m xels had&%etter wor kability with | ower

superpl astici zer levels than shrinkage reduci ng adm xture (SRA) used al one
(M xturel0), and had reduced absor pt-Il ﬁfwevel s when conpared to SRA used

al one,. and showed a 25% i rrproverrent -thirds dosage. Table 2 *T7ie

pol ycar boxytate—Superptas Z Gace Corstr ugtionm Pr oaucr s Dbrjand
avai | abl e Qinder the trade rﬁ'fr@ E:{;}' E )- **Slugfds |an indip g&of

wor kabi ity andyj, asure dlp §{rqu/g)darq gjfunmmlgk@) Aq,g , and
val ues shol Y”CC\'MOFOW¢U ty uéag,ween TEGJTEY WH N S T g rgble for
normal congy ElER ORERE T f+oor g ang W?Q4I : ppu)d,dtl OBy, CXKampE 3

Properties m%,ﬁ}y; MXes pl6UUU(.,EL ugi, gk, S»HAISS@HG dgggaogT qQof i ng
materi al s :éuﬁlb‘tﬁ?é é:p‘jy' ui-st eou6dL e—ernul §1,0M \uyzg,e ggBel Mod@md), butyl
ol eat e, ang¢ Y by ot ate Theg danp- pT li(gl g IR e a 5:7‘§nowe Foopg mar  ef f ect

H la [ 4
PRI 006 ol £ s e il
vat er abs ORI iy 0o T RiseST Syper gy Y3 ST Hdssd Yl Y
g-J d/@%éplyllu L 11T 1I%ul UPIILUI l17||ﬁl. Tl ?. I 1581 0.9338
9. INC3/0@0.75gpy 6.5 1.7 6.50 158.2 0.9715
10. 50%DPNB/
50%DPG@0.75gpy 12 24 4.00 156.4 1.2618

*The polycarboxylate Superplasticizer was Grace Construction Products brand available under the

tradename Adva®

“*Slumyp is an indication of workability and is measured using the standard slump cone technique,

and values shown were found to be between 4 and 8 inches which is desirable for normal concretes
10 used in flooring and wall applications.

Example 3

Properties for various mixes produced using IWC1, SRA, and damp-proofing

15  materials such as calcium stearate emulsion (Grace Darapel® brand), butyl oleate, and
butyl stearate. The damp-proofing materials have a minor effect on drying shrinkage. As
shown in Example 2 above, the SRA does not reduce water absorption as well as the

IWC samples.

Synergy was surprisingly discovered by dissolving the hydrophobic material or
20  materials in a shrinkage reducing admixture (SRA) solvent before addition to cement or
concrete, because the combined additive allowed for lower overall component dosages in

comparison to separate use of hydrophobic material and separate use of the SRA.

Furthermore, less air was created in the concrete than was the case with separately

added damp-proofing components. This is beneficial for interior flooring applications.

13



materials in a shrinkage reduci ng adm xture (SRA) sol vent before addition
to cenent or concrete, because the conbined additive allowed for | ower
overal | ocwoposwnaicydosages i n conpari son to separate usePprafi/usgasopi»ebi c
material and separate use of the SRA. Furthernore, less air was created in
the concrete than was the case wth separately added danp-proofing
conponents. This is beneficial for interior flooring

applications. Perneability of concrete sanples was neasured using

met hodol ogy simlar to that described in ASTM C 1202. Current, across the
ends of a cyl Peudabiity of conerplesamples Pas seannps wingmethgdology simdar Bithatet er by
12-inch len I ( fleer - I

cur ront s (6o PALIEASTREC A28, Ehubhl e e L B A P e RS

NDi St ur e sathpleihavingtaedlirich alianteetiini dyintchdengtlt et ceasmed ptabld Yobs Diheftgoncr et e
fromO0.5 to Q.4 had a major effect, .and the additi.opn of cal.ciumstearate b
i tsel f sRBGAENYE-t Fgher W&We??é‘i’?’??onﬁc}ﬂé%‘ir,e % aew%hlgﬂ%rtpgnﬁ?a?ﬁ%g E[ s a%eé[vi ng t hg
I WC addi Ly &idire! s hoty@ Mat RAuSHE WRAw R eBdctibnt 126ia R tHl Rcretd frv@$. Stound t hat
al t hough the hydrophobic material or the shrinkage reducing adnj xtures

(SRA), wheh had admesp afisetelapd thewdditivat dhcabpumxdedte sSHhEsdf Shaeedglidlei ties of
the IWC samples af dd éﬂ?iﬁ%@%*x&@te rﬁ-tzﬁlrés\@&vﬁgfﬁpé CYISHVEESShOMSER

materi al "aR0 achieve avorabl e redluctl ons i'n absorption, perneability, and
shri nkagehawéd asigaiRanthdxopodr sdas fokBlEhad althowghl the hydohkebih puitwighobihe sol ut e

materi al s, that can provjde exc nt_.properties e napht ene . 9.,
Ruet asol ¥ ,agﬁﬁF@l‘f%}gsa‘i’ﬂ‘éﬁﬁes, &é’féﬁtﬂ% e‘%’gﬁi SBP"E?t?fyné’?‘ﬂ@ I%%}%ylo)r-e?‘gﬁ%) . \Wen
addedjat sdm@ draheqdalities 50WedWIT emybesof Gley@otntion e W @ shapleda8ddipr opy| ene
glycol, the naphthal ene forned a clear solution as confirned Jf%hl aser |ight
test, andveal metspak auhachievadefayerably eeduptiqnpcy plserrtien, peiaeability gy ¢ 1)
Properti . s made using these materials, conpared to

cont rol ggnnp agéf&ﬂ%?@&it&%&%r?n Tabl e 4. Reducing the water-to-cenent (w c)
ratio slightly inproved initial capillary absorption (Si) as neasured using
ASTM C 1585. However, there was a significant reduction in Si

TABLE 3
15
ASTM C157
Drying ]
Shrinkage 28 Current (mA)
days drying 1- (Modified ASTM
day cure in | Air |C1202) at 12 days
Mix # Mixture BSI Abs. mold (%) wet curing
04353-1 Control 0.5w/c 2.83 0.0675 2.5 69.2
04353-2 Control 0.4w/c 1.84 2.4 453
04353-3 |Control 0.4w/c 1.0galDarapel 0.96 0.0465 2.7 43.6
04353-4 |Control 0.4w/c_1.5galDarapel 0.73 0.0535 2.9 44.1
04353-5 IWCl@.5gpy 1.08 0.042 1.9 37.245
04353-6 IWC1@.75gpy 0.98 0.040 1.5 37.455
04353-7 IWCl@lgpy 0.90 0.036 1.5 34.68
04353-8 | DPNB/DPG50/50)@lgpy 1.20 0.0315 1.9 38.94
04353-9 50/50BO/BS@0.5gpy 0.82 0.0515 1.7 37.535
Example 4

Other hydrophobic solute materials that can provide excellent properties are

20  naphthalenes, e.g., Ruetasolv DI, which is CisHao, Naphthalene, bis(1-methylethyl)-(9Cl).
When added at 1:2 to 2:1 to 50% dipropylene glycol t-butyl ether/50% dipropylene
glycol, the naphthalene formed a clear solution as confirmed by laser light test, and was

also found to be soluble in IWC2 (See Formula 2 in Table 1). Properties of concrete

14



when additives of the invention were enployed, as well as a significant

decrease in shrinkage (in conparison to sanples wherein wc ratio was

nmer el y | omerea)o416pabl e 4 Exanpl e 5 Stabl e non-oil -i n- watrer/tseaos®B3085 Wer e
made using glycol ether to provide a continuous |iquid phase and a

napht hal enesul foni c acid as the hydrophobic material. An exenplary

hydr ophobi ¢ material was NaCorr(r) which is a tradenane for

napht hal enesul foni ¢ acid, dinonyl-calciumsalt (C2 H44Q3S-1zZI Ca)). This

addi tive, when enployed in a concrete sanple, provided benefjts in ternms of

][ educ: ng sashplenade using thepsmptstiplsrpompatsdrio cppFal sprgles, ase OV HBd Ot t hese
or mul at i - e 51 0 ' 8ast: 1 ohatio to

the gl yooauRe e e D () i e o - 5

to +46 degi) aemetatred usng SRTMNRAGRS. aHdwabgothptd was adsipeifiodnt sedvpliesing¥int ai ni ng

t he hydrophobi g. agent. jn.a glycol ether shrinkage reduction nt. {( SRA),

usi ng an“%%aéi@%‘%%tﬁ’&éf“? e @v“aggrecﬂﬂglf’?’?ﬁc]taiso‘ﬁg}gla%&u%glghﬁar%éi% &‘(% He radZaname
ECLI PSE( IshriiaBe EHPBRIphARE tb Shnif)es Wihéig wietaey. wabaldrely3dwéredyal | concrete at
0.45 wc. *3-1inch x 3-inch cylinders dried at 70 C, cooled to 21 C, and

placed in water at 21 C. Exanple 6 #kapiede range of formulations of the
i nvention was tested to denonstrate that forned stable solutions or

non- oi | - i NT g fRlaued Ul STONY ol & @fn-PHOYI JEGs-dalNe GONbOuMak (S, |whi ch are
provided for illustrative |purpgoses only |anfniapseafent] (Malifies ASEMOT al |
potential comnbinations redlizable from the doysasastt |dCBOPas2days ar e
identifiedlin Table 6 belqw._Table 6 Conposuing €e) 0 wet curing
1. Control 1 0.5 30.5 0.0335 55.6
2. Control 2 0.4 26.5 0.0245 33.9
3.25%DPTB/ 25% 0.4 10.5 0.0075 343
DPG/
50%Ruetasolv
4. 66.7%DPNB/ 0.4 10.0 0.0145 316
33.3%RUETASOLV
Example 5

Stable non-oil-in-water emulsions were made using glycol ether to provide a

10  continuous liquid phase and a naphthalenesulfonic acid as the hydrophobic material. An
exemplary hydrophobic material was NaCorr® which is a tradename for
naphthalenesulfonic acid, dinonyl-calcium salt (C28H44038.1/2Ca)). This additive, when
employed in a concrete sample, provided benefits in terms of reducing shrinkage and
absorption. Laser light tests confirmed that these formulations are emulsions in at least a

15 range of 1:2 to 2:1 mass ratio to the glycol ether. They did not freeze or separate at
temperatures from —5 to +46 degrees Celcius. Shrinkage and absorption data of samples
containing the hydrophobic agent in a glycol ether shrinkage reduction agent (SRA),
using an SRA available from Grace Construction Products under the tradename

ECLIPSE® are summarized in the table below.

20
Table 5
Formulation Shrinkage at 28 days (7- Capillary
day wet cure) Absorption*
% Cay (g/m"s")
1. Control 0.029 13.3
2. Eclipse (1.5 gpy) 0.014 10.8
3. 25%DPTB/25%DPG/50%NaCorr 0.0165 8.93

15



Stearic Stable Solution (S) Fornula DPNB DPG BO BS DPTB Ruet asol v NaCorr
Acid or Emulsion (E) 1 33.3 33.3 33.4 E 2 16.7 16.7 66.6 E 3 25 25 50 E 4
16. 7 16. W6RG/B14825 25 50 S 6 33.3 33.3 33.4 S 7 66. 6 PL®/US2008/0349%1 8 66. 7
30 3.3 S9382120.520.5S510382127.313.7S11382130.7510.25
S12 3821410 S 13 34.2 18.9 24.6 12.3 10 S 14 34.2 18.9 24.6 12.3 10 S
15 34.2 18.9 18.45 18.45 10 S 16 46.75 46.75 6.5 S 17 47.5 23.75 23.75 5 S
Exanpl e 7 Further exenplary hydrophobic materials were into DPTB and DPG
These hydr ophabi cEmat eri alg included tall oil fatty acid (TOFA), a netal
salt of a fatt) & o~ POl yet hyl ene
gl ycol , about éh fnglécd Iaifrswee:a 7% Cea({?glEj O)azg)lcg '% %Cégaﬂlowa({ tg}nccg ;s Y
CARBONAX) . TOFA (50% was bl ended Wi th DPTB(25% and DPG (25% forned a
stabl g m xture at room tenperature, percentages based on weight). Zinc
stearate (5.6% was blended with DPTB (47.2% and DPG (47.2% and

Example 6
A wide range of formulations of the invention was tested to demonstrate that
formed stable solutions or non-oil-in-water emulsions could be provided. The
10  combinations, which are provided for illustrative purposes only and are not inclusive of
all potential combinations realizable from the present disclosure, are identified in Table 6

below.

15 Table 6

Components (%)
Stearic  Stable Solution (S)

Formula DPNB DPG BO BS DPTB Ruetasolv NaCorr  Acid or Emulsion (E)

1 33.3 33.3 334 E
2 16.7 16.7 66.6 E
3 25 25 50 E
4 16.7 16.7 66.6 S
5 25 25 50 S
6 33.3 33.3 334 S
7 66.6 16.7 16.7 S
8 66.7 30 3.3 S
9 38 21 205 205 S
10 38 21 273 137 S
11 38 21 30.75 10.25 S
12 38 21 41 0 S
13 34.2 189 246 123 10 S
14 34.2 189 246 123 10 S
15 34.2 189 1845 1845 10 S
16 46.75 46.75 6.5 S
17 47.5 23.75 23.75 5 S
Example 7
20 Further exemplary hydrophobic materials were into DPTB and DPG. These

hydrophobic materials included tall oil fatty acid (TOFA), a metal salt of a fatty acid
(e.g., zinc stearate), and a wax (e.g., polyethylene glycol, about 200 molecular weight,

available from Dow Chemical as CARBOWAX). TOFA (50%) was blended with DPTB

16



al so provided a stable m xture at roomtenperature. The wax (33.4% was

bl ended with DPTB and DPG each at 33.3% and provided a stable m xture at
room t enpeoavawveicoExanpl e 8 A further exenplary stabl e eolruscas/osfost he

i nventi on was nmade by conbi ning a hydrophobic material, polyethylene glycol
(PEG having approxi mately 1000 nol ecul ar weight, in

di (oxypropyl ene) gl ycol -t-butyl ether (DPTB) and di (oxypropyl ene)gl ycol
(DPG), in the following ratio: 47.15% DPTP5 47.15% DPG, and 5. 7% PEG The
PEG was commercially avail abl e from DOW under the tradenanme CAPyBOMX1000.
Exanpl e ©3%6)sarid PPE (R 5% foreed mpTtahls mattis| 4 apn (RRSFABIE, PHECTIEFEREEN was

made by d| i a_.209 i | j b I
but andud e A e o P R {ES PR R RS A B 2R, 000
i nt o DPTBlsapebvidRG,a sabtdimisttate at tront femperagwe.ut Therwira@314e Wal tladedgith

conponent s; . 45% B, ,45% % D and, 8% H20, . Anot her ution was
nmade an dtD?ﬂT arf‘%%% e aﬁé% Bt%ﬁfl‘i Proé(ﬁcs?dta ﬁpﬂgleﬁglgf HF?': & PgFy t%wef{ét%%:eo nponent s:
35% DPTB, 35% DPG 6% DSS, and 24%iEH20. I { is believed that increasing the
amount® of the hydrophobic nmaterial &% t using the aqueous solution (so

that no water woul d be introduced . into e.sol ution), | d al k.
Exgrrplbe 10 A 4y furfhey %%%?W&@i%ﬁ‘&?‘}o”s?é\%‘ls Ameegiion iwcﬁ% ‘%ﬂghec%%ﬁwgn was
made by i ] . } i i Do
e o R N e s R P ey
29. 4% DP@eigtd it Hi@xyptop AsadglyTalitdubyd nethere (PRI aad disypioprlendehyedlm

t enper at he fo 0l.n xanpl.es e 'omﬁ;@ ovi ded
for ill .JPPs %{“‘pffr S 3%, BT A AR G SR IR o eAPEIat the
i nventoi ORwds cominferdidlbi availabld frod DOMPasiet therrademmer CARBOWAXSI0t e porti on

havi ng at | east one
Example 9

A still further exemplary stable solution of the invention was made by dissolving

a 20% solution of di-sodium salt of tetrapropenyl butandediodic acid, having the formula

Na" "00C—C(C12H 23)(H) —CH,—COO Na* into DPTB and DPG, such that the final

15  solution had the following components: 45% DPTB, 45% DPG, 2% DSS, and 8% HO.
Another solution was made and also found to be stable, and this had the following
components: 35% DPTB, 35% DPG, 6% DSS, and 24% HO. It is believed that
increasing the amount of the hydrophobic material, without using the aqueous solution

(so that no water would be introduced into the solution), would also work.

20 Example 10

A still further exemplary stable solution of the invention was made by
incorporating a silane (e.g., i-butyltrimethoxysilane from Dow Corning under the
tradename Z-2306) in solvent, as follows: 29.4% DPTB, 29.4% DPG, and 41.2% Z-

2306. This rendered a clear solution at room temperature

25 The foregoing examples and exemplary embodiments are provided for illustrative

purposes and are not intended to limit the scope of the invention.
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hydr ophobi ¢ material operative to enhance water repellency in a
cenentitious material; and a non-aqueous solvent portion having at | east
one gl ycovoavtwmi@perative to inhibit drying shrinkage iPoTa/Sc@s®BiBt i ous
material; said solute and solvent being present in said conposition in a
ratio of 95:5 to 5:95; said solute and sol vent portions being m xed
uniformy together in the formof a nonaqueous solution or in the form of
an emrul sion wherein water is present as a non-continuous phase. 2. The
conposithn of claim1l wherein said hydrophobic material is

non- ai r ent!fS§i#Heg: when i ncorporated into a hydratabl e cementitious
conposition. 3. The conposition of claim1l wherein said hydrophobic
material i s nohsapchi $QMERPSILON, TIRESHEOST tSOBYS GfOTEPR | hﬁvapgc@ﬁpﬁa%i ABC wat er
in an anount of 0-3Q% i.d ihL00. 5. The
conposition of cIa?ﬁ?%&ﬁgggi%ﬂggﬁgq%§%%g§r§1g%hégkdgéggggﬁ?Hﬁgpeyf %. The
conposi tion of cl aiceméntifresenaiesdj shdsohot-equends sabant portion fmvegeattledsh sai d
conposjition in a ratio.of .70Q:30 t0.30:70...7. . The conposition of claim1l
wher eién sai d at | edSF S¥E TS SBRBHYS oniRpibrt %Wl%oﬁ%ﬁ'f‘ 288t F%‘E%“tiglﬁus

al i phatic carboxyl ifiatagdldsd selatd add@ieatf beifg pFALnICRMTRAAS béhpstitRfh &l /1 m 7
wherein said at |east one h droghobiq mat eri al, sol ute conprises an

al i phatic ester of Talip &fj %ﬁigtq"c Qe Bk yIofute gafl gsobyent gortiqngebeieg miged The
conposi tion of cl aiygd-WRaneiherSa il L)?m%&;a@odws%%n LE HIBLEE LAl 1S an
organi c ester of an aliphatTc carboxylic aci epresented by the general
formul a R1-R2, wherasiemukion wh@ed-wGit§ inpiepindns znomchuypbuscphasd.d ester, and
R2 is a linear or branched Cl to Cl10 al kyl.10. The conposition of claim9
wher eith said ad. | edlte compobifidn opbleinm ¢ wietedr saad hpdrbphiabicmateriblsie somast ear at e,

an oleate, a naturally. occurri.ng oil, . .a laurate . a . ..
enltermg Wwhen 1n<9)rporat’ed nto a Hygratable cementitious composition.

3. The composition of claim 1 wherein said hydrophobic material is non-
saponified.
4. The composition of claim 1 comprising water in an amount of 0-30%
15 based on total volume of said composition.
5. The composition of claim 1 wherein said composition is devoid of water.
6. The composition of claim 1 wherein said solute and solvent is present in

said composition in a ratio of 70:30 to 30:70.

7. The composition of claim 1 wherein said at least one hydrophobic material
20 solute comprises an aliphatic carboxylic acid or salt thereof.
8. The composition of claim 7 wherein said at least one hydrophobic material

solute comprises an aliphatic ester of an aliphatic carboxylic acid or salt

thereof.

9. The composition of claim 1 wherein said at least one hydrophobic material
25 is an organic ester of an aliphatic carboxylic acid represented by the
general formula Ri-Rj, wherein R; is Ci2-Cig aliphatic carboxylic acid

ester, and R, is a linear or branched C; to Cyo alkyl.

18



pal mtate, a nyristic ester, a linoleic ester, coconut oil, castor oil, or
a salt or a mxture thereof. 11. The conposition of claim9 wherein said at
| east onewbydocoginedbi c mat eri al sol ute conprises an al kylpcolusados/oe®B8er, an
al kyl stearate ester, or mxture thereof. 12. The conposition of claim?9
wherein said at | east one hydrophobic material solute conprises butyl

ol eate, butyl stearate, or a mxture thereof. 13. The conposition of claim
12 wherein said solute conprises a butyl oleate and a butyl stearate. 14.

The conposition of claim 13 wherein said buty] ?Ieate and butyl stearate
are present inlGai dhesopwesitipnal slaimsh WA TRId A W@%@#ﬁﬁ@ﬁm @ﬂﬁngﬁﬁ and in
an anmount no great %h&ggae}nﬁ%epsg&ﬁg{e, Qf”‘él@&le,%a‘i'ﬁrﬁll L@hfing Qf allagikl fs i n

sai d conposition. conposition of claiml erein sai'd at |east one
hydr ophobi ¢ nat er i glalmitatpra medsticansteg|ai [ptodi¢ estoracdrony ¢ib cagorpibor s &tlt or
ester thereof, a fatty acid.or salt or the ester thereof, a natural or
synthetic wax, a néF&FQﬁgg?ﬂ§§W?hetic oil, a silicone conpound, a silane

conpound, a si|.oxane conpound, napht hal ene. ound, |.am ne conpound,
a di cat boxyl i c1 bei disreonipesitigp o gRE Q&“?‘?feglrsabdc IS pRIPISRS meriaky o
conposi tion of cl aiggte WoRpRcR afallel] GleteOdstee! HLAIkSDIANE LRAPTImREur{i ) an
oxyal kyl ene glycol; (ii) an oxyal kyl ene et her adduct of an al cohol, glycol,

or glycerol; or (iithyreef nmi xture thereof. 17. The conposition of claim 16
wherein said glycol ether solvent conprises (

di (propyl ene) gl%col Theeoripasijion of glpine? Wé?lje_ifbﬁa(qa%tdw? eredygraphiebic magial |
ether, or a m xtur et Ret&Qhrise8 Byl dibdie, Haly1 SfadaleY oflh kPRI REYENE) 9l yeol ,

10 13.  The composition of claim 12 wherein said solute comprises a butyl oleate

and a butyl stearate.

14.  The composition of claim 13 wherein said butyl oleate and butyl stearate
are present in said composition in an amount no less than 30 percent and
in an amount no greater than 50 percent based on dry weight total solids in

15 said composition.

15.  The composition of claim 1 wherein said at least one hydrophobic material
comprises: an aliphatic carboxylic acid or salt or ester thereof, a fatty acid
or salt or the ester thereof, a natural or synthetic wax, a natural or synthetic
oil, a silicone compound, a silane compound, a siloxane compound, a

20 naphthalene compound, a melamine compound, a dicarboxylic acid or the

salt thereof, or a mixture thereof.

16. The composition of claim 1 wherein said glycol ether solvent comprises
(i) an oxyalkylene glycol; (ii) an oxyalkylene ether adduct of an alcohol,
glycol, or glycerol; or (iii) a mixture thereof.

25 17.  The composition of claim 16 wherein said glycol ether solvent comprises
(1) di(propylene)glycol-tertiary-butyl ether, di(propylene)glycol-n-butyl
ether, or a mixture thereof; and (ii) optionally di(oxypropylene)glycol,
di(oxyethylene)glycol, or mixture thereof.
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di (oxyet hyl ene)glycol, or mxture thereof.18. The conposition of claiml
wherein said at | east one hydrophobic material solute conprises a stearate,
an ol eat eyvoaosvat4uval | y occurring oil, a laurate, a pal mPCatUS2008/084981 St i C
ester, alinoleic ester, or a salt or a mxture thereof; and said glycol
et her solvent conprises (i) an oxyal kyl ene glycol; (ii) an oxyal kyl ene

et her adduct of an al cohol, glycol, or glycerol; or (iii) mxture thereof.
19. The conposition of claim1 wherein sai d at | east one hydrophobic

mat eri al conprjses hut steara ol eate, and said at |east one
gl ycol ether st venf ec,%ﬁttﬂoﬁ’g%% 0%‘?1? ?(Ng‘ S?B’rﬁﬁ”yq‘té??éﬁ eReygropbobig materid her |

di (oxypropyl ene) gl yealte Udrﬁlbﬂiéé!; a§fel5&%fe1 ar?()legtena Xt fl fo@&h%?é oil, %ﬂgurgﬁtéonal l'y
(ii) optionally di(oxypropyl ene) gl ycol , (oxyet hy?/ene Yglycol, or mxture
thereof. 20. The carbosite] dmygsticessirm llBOlsmeasml,mrsaasaﬂt (atam@ﬁlsmetbweof

hydr ophobi ¢ mat erl [ or.sal t_hav mul a
R2OOC. C( RLXH) - 0 Sl IR LN A RRLGER bl R C"% milf“%yl ene
group;s R2 and R3 ar@(ybﬂt(}‘lreﬂgeﬂhemddact(lﬁfan@h:ph@l[lglycél o1l @ydioli dﬁt(ﬁgemxfmem 1to
6. 21. The conposit f claiml wherein said at | east one solvent is

operative to detrai erﬁ? in hydratable cementitious conpositions. 22 The
conposition of claim1 further conprising at _|east one conb poly

super pl asti ci zE+-. 2Bue @H@Oé@ﬁ%ag?lﬁ%h‘”@?re& %‘F@ﬁté?sﬁm}é’ldwpélali’lﬂ nb’[’ttef}aéast one

conb pol ymer super A e , d said
conb pol ymer supergélastlsggllglgir}1 Sgéc%fn%?ses %%&Q?%@gﬁagﬁgﬁo o@y&ﬁ e{)H%fby

total volunme of saiwleohpogiomposes 1) di(oxypropylene)glycol-t-butyl ether,
10 di(oxypropylene)glycol-n-butyl ether, or a mixture thereof; and optionally

(ii) optionally di(oxypropylene)glycol, di(oxyethylene)glycol, or mixture
thereof.

20.  The composition of claim 15 wherein said at least one hydrophobic
material is a dicarboxylic acid or salt having the formula R?00C—
15 C(RY(H)—(CH),—COOR? wherein R is a Cj3 to Ci3 alkyl or alkylene
group; R? and R? are hydrogen or a cation, and “n” is an integer from 1 to
6.

21.  The composition of claim 1 wherein said at least one solvent is operative

to detrain air in hydratable cementitious compositions.

20 22.  The composition of claim 1 further comprising at least one comb polymer
superplasticizer.
23.  The composition of claim 22 wherein said at least one comb polymer

superplasticizer comprises poly(oxyalkylene) groups, and said comb
polymer superplasticizer comprises water in an amount of 0-30% by total

25 volume of said composition.

24.  The composition of claim 1 further comprising water in an amount not

exceeding 5% by total volume of said composition.

25.  The composition of claim 1 which is devoid of a surfactant.

20



24. The conposition of claim1l further conprising water in an anmount not
exceedi ng 5% by total volune of said conposition. 25. The conposition of
claim 1l wochiai@evoi d of a surfactant.26. The conposi PCosedsosazm 1
which is devoid of an air entraining netal fatty acid. 27. Method for

nodi fying a cenentitious material conprising conbining with a hydratable
cenentitious binder the conposition of claim1. 28. A cenentitious nateri al
cont ai ning the conposition of claiml.

26.  The composition of claim 1 which is devoid of an air entraining metal
fatty acid.
27.  Method for modifying a cementitious material comprising combining with

a hydratable cementitious binder the composition of claim 1.

5 28. A cementitious material containing the composition of claim 1.

10
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