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FIELD OF THE.INVENTION

This invention relates to additives for cement compositions for the purpose of

inhibiting corrosion, and to cement compositions containing such additives.

BACKGROUND OF THE INVENTION

Alkali and alkaline earth metal nitrites are well known as corrosion inhibiting
hydraulic cement additives for protecting steel embedded in cement compositions.
Calcium nitrite in particular is a well known anodic corrosion inhibitor and is widely
used in concrete for preventing corrosion of the steel reinforcing. For example, US.
Patent No. 3,427,175 discioses the addition of about 0.1 to 10 percent calcium nitrite to
Portland cement as an acceleratof and as a corrosion inhibitor. Similarly, U.S. Patent
No. 4,466,834 discloses the addition to Portland cement of stable, single phase aqueous
solutions consisting essentially of water and, as solutes, a major amount by weight of
calcium nitrite and a minor amount by weight of corn syrup, a hydroxycarboxylic acid,
or an alkali metal or alkaline earth metal salt of hydroxycarboxylic acid. The addition
of such ac'lueous solutions to the cement provides the corrosion inhibition of calcium
nitrite without the corresponding set acceleration.

-_ While other nitrites such as sodium nitrite can be used to inhibit corrosion,
calcium nitrite is preferred inasmuch as it provides effective corrosion inhibition
without many of the disadvantages encountered with other nitrites, such as reduction
in compressive strength or efflorescence on brick work.
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SUMMARY OF THE INVENTION

The present invention relates to corrosion inhibitors for use in hydraulic cement,
cdmprising a) a first component consisting of an amount of alkali or alkaline earth metal
nitrite sufficient to inhibit anodic corrosion; and b) a second component comprising an
agent that acts to increases the anodic corrosion performance of the first component;
wherein said first and second components are present in a weight ratio of from about
1:01to1:1. An EO/PO superplasticizer can also be incorporated where the weight
ratio of the first component, i.e., nitrite, to EO/PO superplasticizer is from about
1:0.005 to 1 : 0.25, with the surprising benefit of increased protection against cathodic
corrosion without harming the level of anodic corrosion inhibition.

BRIEF DESCRIPTION OF THE DRAWINGS

- Figure 1 is a diagram of a mortar ‘lollipop’ used to test corrosion resistance of
steel reinforcements embedded in mortar prepared in accordance with the present

invention.

Figure 2 is a cross-sectional view of the mortar ‘lollipop’ illustrated in Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

The cement components in the cement compositions of the present invention are
- hydraulic cements. The term “hydraulic cements” is used herein in its ordinary and
well accepted sense, and thus refers to any cement which, when made into a paste with
water, sets and hardens as a result of chemical reactions between the water and the

. cement. Portland cement is.the most familiar example of a hydraylic cement and as the,
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The amount of the first component of the corrosion inhibitor, i.e., alkali or
alkaline earth metal nitrite, present in the cement compositions of the present invention
will vary according to the requirements of the application, such as the corrosion
resistance requirements. Generally, the amount of such nitrite is at least about 0.5% of
the dry weight of cement in the composition, preferably from about 1.0% to about 5.0%,
more preferably from about 2.0% to about 4.0%. The corresponding amount of
admixture added to a cement composition to obtain the benefits of the invention will
follow from these data. Mixtures of alkali or alkaline earth metal nitrites may be used.

The second component of the corrosion inhibitor comprises an agent that acts to
increase the anodic corrosion performance of the first component, i.e., the level of
chloride ion that a givén amount of alkali or alkaline earth metal nitrite protects against
is increased. The second component is advantageously an ether having the formula
R10(AO}H wherein A is a C>-C4 alkylene group or a combination of C>-C; alkylene
groups, n is 1-10, and R is an alkyl or cycloalkyl group having 1 to 10 carbon atoms. Ri
may be, e.g., methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl,
isopenty], cyclopentyl, and cyclohexyl. Examples of compounds conforming with the

above formula are dipropylene glycol mono t-butyl ether and tripropylene glycol mono
t-butyl ether.

Said second component may also comprise certain lower alkylene glycols
represented by the formula HOBOH, wherein B is a C3-Cyo alkylene group, preferably
Cs-Cs alkylene group. Examples of such lower alkylene glycols are 1,4-butanediol,
1,3-butanediol, 1,5-pentanediol, 1,4-pentanediol, 2-methyl-2,4 pentanediol; 4-methyl-2,4
pentanediol; and di #-butyl glycerin. Mixtures of the aforementioned second

components may be used.

The second component is present in admixture with the alkali or alkaline earth

mnetal nitrite component inva ratio of from about 1: 0.1 to 1: 1. We have found that



cat hodi ¢ corrosi on wt heu{ harm' ng the | evel of anodic corrosion

i.nhi bi tion. sent I nvention thus provides a corrosion-

r addition to hydraulic 5 cenment to
i mpar t enhanced odic corrosion i nhibition, the
adm xture conprl a) a first conponent consisting of an
anount of alkall or alkaline earth netal nitrite
effective to inhibit anodic corrosion; b) a second conponent

Comt 14, 0 AR v g AL o btte
onen
whi ch secocndusumrpon:emcej edcahoetolﬁeht giop@gomponent in Comblmh%‘f’ﬁﬁlaﬁaﬁ(ar’r‘por

R[ er r]QAA Lﬁfx L k8 i8S 1§u§ 1y hRHATRs He Peformance of the nitrfle fifegrient
err Y( oup, His

is a err fromlto 10,
and R[err}nqr@Saﬁtmlqhiﬂﬂféﬁ 8@9‘6h@@?ﬂ(§¢ PfOteCtS agamst group of 1 to 10

carbon atons; or the second ne t 1s an a | ene gl |
of the fornmul aAnEO/PO superplasticizepmay %%4%%%3? frur CO@‘%‘?I}E]M@% r] al Eylyg(ne

group or gdafixture/ cement compﬁ!sﬂﬁbblf gt Ed&ﬁie@ﬁfsurwmglyﬁoﬁm tHatrintaddittbrsiectbrd
conponents _ ar %”Rr esen

1T and. BuitifyiRg Brogsytes urpHted oy ide sEHR e bn SRBPAECHPap st Fktnd
super pl astenbhrces theeffartinonesstof eid sittitey as well25 itself provxdmg cathqdi¢ pratecti®hodi ¢
;?;;gﬁlt OPr’]\f;g)e/\@ n\}équlasﬁcxitt:r is herein defined to xfn@%q aﬁ? Waq%rCOOS : gefzﬁné’r" i€

The | nventdompdumdtthetrfupmwajm dispersdehehydmulic cement su@g;ﬁi@%wctzgr,@n
conprisin

Corrosi ongél Hﬁp gsgg gﬂ%agﬁx%krﬁﬂ%gﬁﬁg x’nﬁle?fgi‘?@rb) gglgmé}ic@i'@é cha@thdiétfes, wherein

ent 1 nvention and a nethod
of produciaeng of ssigmrnd b) polyraeripowietiesis ﬁmlwﬁh%ﬁﬂ@ﬁé’etﬁnéﬁ%‘i’@ehﬁ& fthodi c

corrosion polyether moiety formed by polymerization of ethylenically-unsaturated monomers.
("Water-soluble” means that the EO/ PO superplasticizers should be soluble or
dispersible in a 100% water medium, or a medium principally comprised of water, e.g.,
an aqueous alcohol medium containing a minor percentage of alcohol. The pH of the
medium may be adjusted as necessary to cause or optimize polymer solubility.) The
amount of EO/ PO superplasticizer is such that the weight ratio of the first component,
i.e., nitrite, to EO/ PO superplasticizer is from about 1 : 0.005 to 1: 0.25, advantageously
1:0.02 to 1 : 0.15, more advantageously 1:0.02 to 1: 0.09. '

As used herein, "polyether moiety" means any homopolymer or copolymer
having repeating units linked by carbon-oxygen ether linkages, which is capable of
having ethylenically-unsaturated monomer or polymer side chains attached to the
backbone; alternately, such polyethers may be attached to a backbone formed by
polymerization of ethylenically-unsaturated monomers. The polyether moiety thus has
repeating units of the formula —(—O—R~)— wherein R is an organic moiety
containing a carbon atom linked to the oxygen through a single covalent bond. The
polyether moiety may contain two or more different repeating units with different R
moieties.

When the polyether moiety is the backbone of the EO/PO superplasticizers, one
or more of the repeating ether units may contain one or more carbon atoms which can
function as side-chain attachment sites, e.g., by undergoing hydrogen or halogen
abstraction. ltis generally preferred that such side-chain attachment occur in the R
moieties, although such sites may additionally or alternatively be prov:ded by other

groups or atoms which may be present in the p(:ly(_tiu:; moiety.



resi stance, which nmethod conprises adding to a hydraulic cenent

birnder a corrosion-inhibiting adm xture of the present invention.
Preferably, in such conpositions the

- 2b- amount of nitrite in the gement conposition is at |east
about 0.5% of the dry weight of cenent in the cenent conposi tion.

The invention yet further provides use of a 5 corrosion-inhibiting

adm xture of RheaypbeseatyleAygRSUMR.g., phcnywu,gghaﬂqedccmtrvolséromer;ﬁsjn&hamce in
a hydraulic cengent,. . BRI EF SCRI PTI ON OF .THE DRAW NGS

Fi gur e 1MoLty iineiagkbare af theRalymer GisReEBS". YBEHBIOYPS or MOIEUS TE GYSE! on
resi st anpethefpodyraet whitinpryvddeeileschhih attsinpestdattes;re. grpa tinvalgnt afigdagi i n
accordance wt 21is a

th t. i ti . Fi
cross- seBtdUEny eViHEW%P f f}hegglgif{]aé of afoms %Ir]%ﬂlﬁeldpt&)the PFY%‘?I{’ ?%’gd in Figure
1. DETAI I | ON T Th
cement conponents in thﬁbggﬁ[ﬁéggﬁﬁsﬁ%ﬂggﬁ(%w@‘@@m i nveﬁt i on
hvd . . ) by, . . e
"o oF ol ARl RRiCarllf e Pl ohex i A T AEABE Lisardi B SRS 11
whi ch, orunsubstitredeliphaticgrgapt e with water, sets and hardens as a 20

result of chem cal reactions Qetween the water and the
Saturated aliphatic groups are preferred R groups, particularly alkylene groups

such as ethylene, propylene, butylene, isopropylene, or isobutylene. The preferred
polyethers for use in the EO/PO superplasticizers (as either backbone or side chain
polymer moieties) are accordingly pelyoxyalkylene, e.g., polyoxyethylene
homopolymers, polyoxypropylene homopolymers, and oxypropylene/oxyethylene
copolymers. Polyoxyalkylenes are well known and a variety of such polymers are
commercially available. Commercial polyoxyalkylenes which may be used in this
invention include those sold under the PLURACOL, TETRONIC, and PLURONIC
tradenames by BASF Wyandotte Corporation and under the JEFFAMINE and
THANOL tradenames by Huntsman Chemical. The polyether moiety may include
reactive groups, e.g., amino, carboxyl, or hydroxyl groups, positioned at the end of the
polymer {when the polyether moiety is the backbone of the EO/PO superplasticizers)
or at intermediate points along the polymer chain. When the polyether moiety is the
backbone of the polymer dispersant, these groups may be derivatized before or after
attachment of the side chains, if desired. Preferred polyoxyalkylene backbones, for
example, include terminal hydroxyl groups arising from polymerization of the
corresponding alkylene oxide. These hydroxyl groups may remain unreacted or may
be derivatized before or after attaching the side chain(s) to provide, for example,
urethane or ester derivatives.

A preferred number average molecular weight range, as determined by ge.l
permeation chromatography, of the polyether backbone is preferably from about 200 to
30,000, and more preferably is in the range of about 500 to 10,000.

Where the backbone is a relatively hydrophobic polyether material, such that it
has low water dispersibility or solubility, an appropriate non-polyether side chain
moiety which imparts the desired solubility or dispersibility is attached to the |
polyether. Non-polyether side chain moieties used for this purpose should accordingly
be more hydrophilic than the polyether backbone. Preferred non-polyether side chain

.. moieties, from the standpoint of promoting water dispersibility and solubility, are those .. -
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corrosion inhibtq dth{2HRA 1I§ s Rr 298 Mok dMiles LT id Bre EO/PO superplasticizers
are polymerizable monomers characterized by the presence therein of at least one
polymerizable ethylenic unsaturated group of the structure >C=C<. When the
backbone of the EO/ PO superplasticizers comprises a polyether moiety, such
monormers which can be attached to the polyether to provide a EO/PO
superplasticizers having a greater plasticizing capability than the polyether, and which
permits water dispersibility or solubility of the EO/PO superplasticizers, can be used in
this invention. The monomers can be used singly or in combination to produce
homopolymer or copolymer side chains. Examples of ethylenically unsaturated
monomers which can be used are the a, B-ethylenically unsaturated acids, e.g., acrylic
acid, methacrylic acid, and itaconic acid; the a, $-ethylenically unsaturated acid esters,
e.g., methyl acrylate, methylmethacrylate, ethylacrylate, 2-hydroxypropylacrylate, 2-
hydroxypropylmethacrylate, 2-hydroxyethylmethacrylate, 2-hydroxyethylacrylate, 2-
sulfoethylmethacrylate, 3-sulfopropylethacrylate, bis(3-sulfopropyl)itaconate, 2-
phenoxyethlacrylate, tetrahydrofurfurylacrylate, cyclohexylmethacrylate, polyethylene
glycol monomethacrylate, polypropylene glycol monoacrylate, and caprolactone
acrylate monomers such as Tone M-100 monomer of Union Carbide Corp., the a, B-
ethylenically unsaturated acid amides, e.g., acrylamide, methacrylamide, diacetone-
acrylamide, dimethylaminopropylmethacrylamide, and 2-acrylamido-2-methylpropane

sulfonic acid; ethylenically unsaturated acids and acid esters of the formula
R, R,
bl
CH,=C—(C), — COOR, (1)
l
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chl ori de lenitsl mbjbecuinte attarhed ¢d ¢hod sackbane sin particular, monomers conforming to the
above formula (I) may attach in this manner. Accordingly, as used herein, the term
"side chain" and "side chain polymer" broadly include and refer to attached moieties
comprised of a single monomeric unit. Similarly, reference herein to the
polymerization of ethylenically unsaturated monomers broadly includes the grafting of
single monomeric units onto the polyether backbone.

Exemplary EO/PO superplasticizers comprising a polyether backbone which
may be used are graft copolymer plasticizers like those described in U.S. Patent No.
4,814,014, the disclosure of which is incorporated herein by reference. Such graft
copolymer plasticizers comprise a polyether backbone polymer having an average
molecular weight of about 200 to 30,000 and grafted side chain polymers prepared by
polymerization of an ethylenically unsaturated monomer, wherein the graft copolymer
plasticizer contains about 2% to 40% by weight of the side chain polymers.

9

" When the EO/PO superplasticizers of the invention comprises a non-polyether
moiety backbone, the backbone may be produced from the ethylenically-unsaturated
monomers described hereinabove. The backbone may comprise a homopolymer or
copolymer of said monomers. In certain preferred EO/PO superplasticizers comprising
a non-polyether moiety backbone, i.e., as described in U.S. Patent No. 4,946,904, the
disclosure of which is incorporated herein by reference, the backbone is derived by
copolymerization of a polyether, which is terminated at one end with a polymerizable
ethylenically-unsaturated group, e.g., allyl or methacrylate, with a suitable comonomer.
Particularly preferred comonomers are maleic acid, maleic anhydride, and acrylic acid.
Furthermore, the same considerations applied to selecting the noh-polyether moiety
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m)|etythus repeating unit erein Ris

an organi ¢ *’mﬁ(’é‘mﬁunds oféb%farmlﬁgh@n@h%%r? aderiNg. 50843 arq ﬁ@db@@?g?éﬁ)’ ic
through a sdipgi &%b%eEQRgreoﬂ_hﬁhe Eolgrr&@'c)(ﬁb@ %Fgr@!%rﬁéd/ biele §QREAI N two

or nore dlffel’f‘ repeating units wit i fferent noletiés. 30
Wien the p8FP¥fher noiety is the backbone of the EQ PO superpl asti ci zers,

one or re of the repea%png ether units contain one or nore
carbon atons which can gnctlon as side-chapn atﬁachnent sites, e.g.
by under90|nd hydr ogen or hal dge abstraction. It is generally

preferred th& -S¥chlsi de- chki®-affachsent occub--CnCEhE-RCH:--]c npi et i es,
al t hough sucH sites may additijonally or alternatjvely|be provided by other

COCA CONHR' Oo=C C=0

R R

I I

[--CH;--C-CH,-C--CHy~-14

| |

0=C C=0

wherein each R independently represents a hydrogen atom or a methyl (CHs-)
group; A represents hydrogen atom, a Ci-Cio alkyl group, R' or an alkali metal cation or
a mixture thereof; R represents a hydrogen atom or a C;-Cio oxyalkylene group
represented by (BO)AR" in which O represents an oxyaeh atom, B represents a Co-Cio

atkylene. ymup R” re prc.qt_nts a Ci-Canalkyl and nrepresents an integer of from 1-200,



35 groups or atons which may be present in the polyether noiety.

5- R may be an aryl ene group, e.g., phenylene, provided that when the
pol yether noiety is the backbone of the polyner di spersant, other groups or
noieties are present in the polymer which provide side-chain attachnent
sites; e.g., a divalent alkylaryl group wherein one of the al kyl carbon

atons is Iinkedtothe oxygen, eg [err] a saturated
cyclic group, e.g., cycl ohexyl ene; a saturat ed or unsaturat ed,
substituted or uur£1§ bsi it ut ed iaI 9 g} ‘ol . at ed ]al phatic
groups ar & PrafErt e ® eyt oufds’ ‘Fa tl‘(':rtﬁ“l FRGRY kg lsnE pdrﬁ bé‘* dUEH" as

et hyl ene, pereepydgernd thipolyinent, stiusopecpyh éwe;s D8 vabmbdmw)ené) tr)‘Vﬁet}mrse’rrer)f ed
pol yet hers | f&Fs L58ubk b h%?n 19 RYRELR § Fvsﬁ&% Q %Eﬁrg i?@?é%%%e?r

side chain F yner nol et are accor yal k
pol yoxyet plueres [hholsot 9r*n§¥ pol yoxypr opyI ene hormpol ymers, and

oxypropyl ene/ ox%/et hyl ene copol ynmers. Pol yal kyl enes are well known and a
variety of suchtipseyeretly agvantagaeus \oiasdd é‘ea@aw P EOMPBREREP £9ggkher in the

pol yoxyal kyhRioea siMpl€ Addiivethd/8ech Adudolls SoluB¥RNH W even Gl Helgrelhawe sol d
under the PLURACOL,” TET IC a d PL RQ\I[C trade r‘r&; b BASF V\yandotte
Cor por at i Gﬁma{m*e{]ﬁdé?yf’ EARIENE2RAT BARAIGPRT A X d sﬁg@ewqqem%m

Cheg1 ca: m&ebe il a/ef)hpbwﬂlat &iryn oBitdiCkvith evdtenet fora ag[lilﬁstllsmxﬁ 1gis, prafEied,
car boxy

t dat t d
The pol yethertiar aterE BhBRaleRian A1Re chbeptAseroagiony Bo BRed e S6F o
i nt er medi algeepas censerglsbnyy titee with vhiremi>civaten or Whedditives pothgeddeady faxineddy i s

the slurry composition.

Other components may be added to the compositions of the present invention in
the manner and amounts well known to those skilled in the art, as long as such addition
is not detrimental to the advantageous properties of our invention. Such components
may include, for example, water reducing agents, air entraining agents, air detraining
agents, pozzolanic materials and retarders.

The following examples are given for illustrative purposes only and are not

- meant to be of limiting effect. The term “DCI” (Grace Construction Products) used
herein refers to a 30% (by weight) aqueous solution of calcium nitrite. The term “AA-1"
refers to a 40% (by weight) aqueous solution of a graft copolymer made in accordance
with U. S. Patent No. 4,814,014. The term “PAJ” refers to an imidized copolymer made
i-n accordance with Example 1 of U. S. Patent No. 5,393,343. The term “Malialim”
{Nippon Oils and Fats, Co., Inc., Japan) refers to polymers made in accordance with
U. S. Patent No. 4,946,904. The term “PPG” refers to a polypropylene glycol having a
nurrriber average molecular weight of about 425.

The following examples are given for illustrative purposes only.and are not
meant to be a limitation on the claims appended hereto. All parts and percentages are
by weight unless otherwise indicated.

EXAMPLE 1

Mortar "lollipops" (2" x 4" specimens) with 3" No. 3 rebar embedded therein were
prepared from mortar Eylinders as shown in Figures T and 2. Figure 1 shows lollipop 1
comprising mortar 2 and #3 rebar 3. Figure 2 shows the lollipop in cross-sectional view
where rebar 3 is shown substantially embedded (3") in the mortar. A portion (17) 4 of

rebar 3 is taped to prevent rebar contact with ambient air and surrounding maortar, and



backbone of the pol yner dispersant, these groups may be derivatized before
or after attachnment of the side chains, if desired. Preferred

pol yoxyal kyl ene backbones, for exanple, include term nal hydroxyl groups
arising from pol ynerization of the correspondi ng al kyl ene oxi de. These
hydr oxyl groups may remain unreacted arn nay be derivatized before or after
attaching the side chain(s) to provide, for exanple, urethane or ester
derivati ves. A preferred nunber aver age nol ecul ar wei ght range, as

det er m n?h %/rugnu {r{re r? § glgrg 1r< prr{'tyxlt mlhtl{I b{u¥?:[ibﬁrunq,?;ﬁckrpfﬁe s

pr ef er abl'y* 760 A and”ore hge of
about 500.inw6 FGIGAGs the kvel at WiNely l@lm;brqo basohbncrecai N d\ercelcatm\re'ldyohyldr ophobi c
pol yet her, ol”%toﬁrfbf“le'stxﬁ ch that it has |low water dispersibility or

sol ubi I|ty, an appropriate non-pol yether side chain noiety which inparts

the desired Sfrkﬁé%ét'ewlpcrtesdeh%%mr&h{al roybéﬁefeﬁéreﬁaa%menﬁmrwﬂoyt% RBbdic

Non- pol yet her sid hali n noi eties used _for this purpose uld accordi ngly
be nore wyerpé@mqfrreb%rﬁaﬁlheﬁéeem arkdr Tbaék@@rpé arpﬂ@riémxéra“fmﬁv;f@rrmher

si de chaiadIyei:esdRBgratia@ohs etheleleRRigBropbrisRot i Ng water di spersibility
and solubility, are those 6

whi ch contain salt-fornbagl:gFA®s. Thet6gg) t -form ng groups may be provided
by honopol yneri zi ng or copol i Zi ng | eni cal |y unsaturated nononers
suEntg yﬁ%@y

contai ning an acid group, s acr acid, nethacrylic acid, or
2-sul f oet hyl et hacryl at e, toCﬂBBnrtheAEBQe chain. Alternatively, nononers
may be used which contain progifsSi s 7o4 g
Cement: 6% g
water/cement
ratio (“W/C"): 0.50
9 Ib of CI- (NaCl)/ yd? cement were added to each mortar sample prepared (each
semple was prepared in duplicate.) The exposed area of the rebar is 15 cm®. The
samples are cured for 3 days at 100% RH, immersed in a solution saturated with
calcium hydroxide to within half an inch of the top surface for 24 hours, and kept ata
potential of +100 mV vs. a saturated calomel electrode (SCE) for 24 hours. The resulting
current is measured at regular intervals and the average current density is calculated at
the end of the test.

The effectiveness of the admixtures'is determined directly from the magnitude of
the calculated average current density. When chloride is present the admixture is
inhibiting (anodically) if the value of [1 - (i/i Cl)] is between 0.8 and 1 (where “i” is the
average current density of the Cl- -containing cement with admixture; and “i Cl-” is the
average current density of the cement containing only Cl- ion (i.e., no admixture)). Itis
preferred that the the value of [1 - (i/i ClI7)] be as close to 1.0 as possible.

Data obtained as above with various formulations of calcium nitrite are shown in
Table 1. From these data, viz.,, admixtures 3 and 16, it can be seen that addition of an
admixture of the invention comprising the three components of the admixture (nitrite,
the nitrite performance-enhancing agent, and the EO/PO superplasticizer) provides
much better protection against corrosion than admixtures comprising first and third
components, or first and second components. Similar resuits are obtained with di ¢-

butyl glycerin, as can be seen in Table 2, viz,, admixture 4



whi ch can be reacted after attachnent to the pol yether backbone to provide

a salt- form ng group,
si de chain and subsequently hydrolyzed to the acid form

e.g.,

mal ei ¢ anhydri de may be incorporated into the

n general, after

attachnment the acid group is converted to its salt formby neutralization
The salt-form ng groups Iy al so be provided by nononers
contai ning a quaternary anmoni um group or an am ne group which can be
guat erni zed after polynerization.
nmononers used in the EQ PO superpl as
characterized by the presence therei

with a base.

The ethylenically unsaturated
ers, are pol yneri zabl e nononers
—ajt Jeast one pol ymeri zabl e

ICI

et hyl eni ¢ unsaturated group of t hq,ogr{t%gaq e[e>s%‘C< When t he backbone of
t he EQ PO super pl a§5t| Ci zuers q l g@ SYGR mononers
whi ch can be attaclietto .~=" , ARY PO
super pl asti cizers having a gr eatelr ol LT Pz g ’égpéfbl ity th Qi/%{l‘?
pol yether, and which permts water, “di sqser5| bility orDsoI ubi | | y'© !the
EQ PO superptastictizers, cam beyused|TIT_tiis_TyemntT o Tie mononers —can be
used singlly 8#b¢lm%‘(§ﬂfb¢ﬂﬁat| on t¢ 353 oflude Horfdpollymertédr cqpol ymer side
chai ns. jlee 8o gkmixpiel | enj cal |y 5 289 At ilch can bhe used
are the [€rf ‘bfyésﬂﬁl et hyI eni cal I‘lfs 1s%£urat° 3 dci dsi'te. g.|, acr9f4c acid,
met hacr yli-c{a 3 £ u..\, aephten fe {err}) et hy!en:cc"é'y
unsat ur at e g%f épé é{glymol rreg yl Wl aot3§ met h{f net Hacr yl % e,
et hyl acr y+at °“yl agfyiate —2 gxyprppy-ngthactyiate;
2- hydroxye rylg?wg’(%abgﬁ/l?%%e 1J2 hy d%séx‘ e&nﬁlyl a“d’s\él gt e, gy ' 5%
sul f oet hy'l-sﬂ‘f'fgggz]@;% 3% st Fonrgpyirethagryhats; 28.0 0.40
bi s(3-sul foprdpyl)i Caconat e, 2- Iphgnoxygt haceyl gte,
t et rahydrofqmf w/ydgwyg@g ceF&ICi oRgXYI It Hacyiare,  Bet yethylengsgl ycol
nononet hacr yl ate; pol yprogyl ene |ghycol ggonoaef yljate, and claprol act one
acryl ate Tm‘rgrggyﬁdswmsgil yeQBE 2G0T EBONET 49T [Uni ol sCar by de Coip., the
[err], [err] yl eni cal l'y unsdt guatjeciac] d seanmijdes, e.qg.,| acryl am de,
met hacr yl agn|deal/dacacet emerr@cr yllanede, i net hyl am noproopyl pret haesgl am de,
and 2-acryl gm do-2-nethyl pro pdneéssyl fishijc awi d, ethylenigcally unsaturated
aci ds and @adi3gGapsdes+6% pPBe forjmeBa ([ ewr]| 51 485 -0.04
37 60 46
10 | 3 gal/yd®*DCI + 4% AA-1 3.7 141 73 368 0.21
5% PPG + 5% glycerol 1.2 0.35 0.61
11 { 3 gal/yd®DCI + 4% AA-1 03 140 62 73.5 -0.57
50% PPG + 5% glycerol 6.2 154 85
12 | 3 gal/yd*DCI + 4% AA-1 037 | 0.07 0.13 8.6 0.82
5% PPG + 30% glycerol 11 14 17
13 | 3 gal/yd®DCI + 4% AA-1 0.5 28 19 113 0.76
. | 50% PPG +30% glycerol 097 | 25 35
14 | 3 gal/yd>DCI + 9% AA-1 0.58 33 15.6 8.1 0.83
: 5% PPG + 5% glycerol 1.6 | 033 0.58
15 | 3 gal/yd*DCI + 9% AA-1 17 19 26 14.1 0.70
50% PPG + 5% glycerol 0.6 11 21
16 | 3 gal/yd?*DCI + 9% AA-1 073 | 99 34 19 0.96
5% PPG + 30% glycerol 077 | 0.19 0.36
17 | 3 gal/yd3DCI + 9% AA-1 0.81 4 5.8 53 0.89
50% PPG + 30% glycerol 0.73 | 081 48
18 | 3 gal/yd*DCI + 6.5% AA-1+ 0.8 10 34 14.2 0.70
27.5% PPG + 17.5% glycerol 0.73 34 25

laverage of duplicate values from column C.

1In all tables, amounts of admixture components other than Ca(NOy): are weight percentages of
component based on the weight of Ca(NO); in the volume of DCI admixture added to the cement.



7 wherein [err] [err], and R err] are each independently hydrogen or
atlkyl, and nis 1 to 20; vinyl esters such as vinyl acetate; vinyl ethers;
vi nyl ketones; vinyl aromatic nononers such as styrene and styrene sulfonic
acid; N-vinylpyrrolidone; polynerizable acid anhydrides such as naleic
anhydrlde and itaconi c anhydride; am noal kyl acryl ate and net hacryl at es,

e.g., dimethylani noethyl acrylate and ¥ et hyl am noet hyl nethacryl ate;
bet ai nes such a N- ( 3-sul fopropyl ) - N-net hacryl oxyet hyl - N, N- di net hyl amoni um
bet ai ne; and cationi c quaternary ammoni um nononers such as the quaternized
am noal kyl acryl ates and nethacrylatﬁs.p !g Eerr] [err]-ethylenically
unsaturated acids are preferred non “use in this invention.

Wien the backbone of the EQ PO supgiph@sdthGt #84s 1S a polyether noiety, it
shoul d be under s§ ogl LAk qa§GRRAMIDE OB (), NP1 A VoL, SierdTRARREs Singl e
mononeri c units Ay DECOMMe attacneqd,tg gguw‘uw,ugqg okl partrcutar,

nononers conformng to the above {grnqﬁa, may attach in thiggsepper .
Accordi ngly, as used herein, the Uernt"glde Ghai n" angl "side chatn pol ymer"

broadly imcljude_and refer 1o atgacheq noi efres nprised of a singre
nonomer i ¢ luni®te Cydicementy ref eae?‘?c‘*e heteip 37 the p#imer| zation of
et hyl eni call : 25pdof¥i il i 31y i
nononer i ¢ 2ur 9tl§/)'8n(t”3tghléy‘f)&c§et te‘t"3soacl§§o 0.8

Pal i a

n
super pl aoxsi € 9le/ya3d‘$§%a!%§rb§"?l UTé?V[ ) 3172 ErRgone 1in1| W’%Sn’& be \diK\k; af-e
- .7 Lo .
U

graft copolygg& PL& . 5cri be Pat ent”
4,814, 014 -tifig, gﬁaﬁ’u& A SEMIES P%?rﬂ by Tefgpence:
Such graft deRflay gk 1?? LGz erso sPphhse! agpp! yet het backbone pol ymer
havi ng an avq&age nD l'ar wei ght off aboug 200 o 30,000 and grafted side
chain pol ymers prepared by polynerization of an ethyl enically unsaturated

nmononer, wherein the graft copol ymgrxpl a8PilcEzer contains about 2% to 40%
by wei ght of the side chain polyners.

Cyclic polarization tests were performed to evaluate the performance of

S

corrosion inhibitors in conditions promoting pitting in environments that simulate
those found in concrete pore water. The tests were carried out in saturated calcium
hydroxide solutions containing chloride ions. A metal sample (steel cylinder 9 mm
diameter and 13 mm long) was immersed in a saturated calcium hydroxide solution
containing chloride ions and anodically polarized from -800 mV vs. SCE at a scan rate of
5 mV/s until the current reached 255 pA/cm? at which point the direction of the scan
was reversed. The scan ended at -700 mV vs. SCE. The resulting current was measured
throughout the scan.

The results are shown in Table 3. Two important data are tabulated:

E; - pitting or protection potential: potential below which pitting cannot occur
- I - current density at-700 mV v.SCE

In general, if an admixture-containing cement has a measured E;, value about
200mYV higher than the E;, value for a cement containing only Cl-, the admixture is
deemed as providing acceptable anodic corrosion properties. Also, as Ep approaches
the E, value of a cement containing only Cl-, i.e., more negative, the less effective the
anodic corrosion inhibitor. In other words, the more positive E; is, the better. The
magnitude of the current density I at 700 mV v SCE gives a relative indication of the
effectiveness of cathodic inhibition; this number should be as close to zero as possible,
but for practical purposes should be as close as possible to the I value for the cement

containing only ¢}



When the EQ PO superpl asticizers of the invention conprises a non-polyether
noi ety backbone, the backbone nay be produced fromthe

et hyl eni cal | y-unsat urat ed nononers descri bed herei nabove. The backbone nmay
conprise a honopol yner or copol yner of said nononmers. In certain preferred
EQ PO superpl asticizers conprising a non-pol yether noiety backbone, i.e
as described in U S. Patent No. 4,946,594, the disclosure of whichis

i ncorporated herein by reference, the backbone is derived by

copol yneri zati.on of a pol yether, ich is termnated at one end with a

ol et zabte BrrglehpEainrerineseliPatBunG s g candr T G IBERATH O at e,
wi th a suirasiblie (dpropyde glyBsimhomat-Batyy efieebgritseld (aimimame s s5) g dethiph@itsl

id, maleg hydrid | h .
Cons! dor ol SHE gl LeFE

' i d. Furt t

158 R Hegt LE PLPRECE, el 5 W Prprefsrgne,
pendent oadaiyioley2tdrdrinimg enly GaKhindi¢weeer, dipropyldneglyaol m@dGbutyl

| 3L : iR g P .
e o oS RN gAY, DS 80 PRR0D g b
sol ubi | i t hodfacceptablerapodinaret gathedic inbibitionaaseardprpiegnii the isgrevarment infe

: _ h . . . _

appropri a%gd:}?%%@& é&ﬂnﬁﬂf&e Alhd. 1RehYBehay fﬁ??héITBr%es%Sg%a‘Wﬁé Eh?n&ﬂét‘?%b%o

attached to the non-polyether backbone. orenent| one )

super pl asiteite ghesnigrite pesformansprenigncing agetomnd theiOMPQ enpapiastiorentireh i s
Ilnfolrpfr ah_ﬁﬂﬁf’c@xg@@}i?)f)rbﬁ{d&re?_@ﬁ%e&mmd ?cﬁ_@iﬁqiﬁ@%ﬂ'%@lﬁlfnﬁigv@;anodg f .
allyl-term nated pol yoxyal kyl ene and mal ei c acid or anhydride. Preferre
EQ PO supé"ﬁ*ﬁg’é’é’ﬂc@ﬁiﬁ?esgag?m%}ﬁ“?‘??g@?or use in the present invention are
avai |l abl e under the name MALIALIM (N ppon Gl and Fats Co., Ltd.).

TABLE 3
CYCLIC POLARIZATION DATA
E, (mV vs. SCE) I

1 } 0.5MNaCl 481 34.0
2 " 1 0.5 M Ca(NOy)z -122 92.0
3 [ 0.5M Ca(NO9), +3% PAJ -119 45
4 |33 g/L dipropylene glycol mono t-butyl ether -479 77
5 | 66 g/L dipropylene glycol mono t-butyl ether 592 54
6 1 0.5M Ca{NOyp); + 10% dipropylene glycol -218 73

mono t-butyl ether (s/s Ca(NOz)a) -
7 { 0.5M Ca(NO3), + 50% dipropylene glycol -136 92

mono t-butyl ether {s/s Ca(NO2))
8 | 0.5 M Ca(NO5), + 100% dipropylene glycol -130 72

mono t-butyl ether (s/s Ca{NO2))
9 | 0.5M Ca(NO3y); + 10% dipropylene glycol -143 38

. { mono t-butyl ether (s/s Ca(NO:)) +4% AA-1

10 | 0.5 M Ca(NOp), + 50% dipropylene glycol -156 72

mono t-butyl ether (s/s Ca(NOz)2) +4% AA-1
11 | 0.5 M Ca(NO9), + 3% Malialim 0531 -127 61
12 | 0.5 M Ca{NO4), + 3% Malialim 1511 -182 49




Q her™ exenpl ary ' shér BMRRLAR, ICI zers are described in U S Patent No.
5,393, 343, and pe ent Applications filed June 21,1995
(Attorney Docket Hl m&&a% t he entlummmﬂ,m whi.ch are

i ncor porated here The ’ enentioned U S.

Pat ent No. 5, 393, 343 are |md| zed acry |c pol yrrers dr &opdtlyners thereof.
The pol yner can be represented by the general fornmula [err]

wher ei n eachCRAINBependent|y represents a hydrogen atom or a net hyl
(CHerr]-) group; A represents hydrogen atom a Cerr]-Cferr] alkyl group,
R or an alkali nmetal cation or a mxture thereof; R represents a

hydrogen atoq{or 4 Sotrosi err%18f¥f$§y;§hlxéﬁé%”gultable for addition

to hydraulic cement to impart enhanced anodic and cathodic
corrosion inhibition, the admixture comprising

a) a first component consisting of an amount of
alkali or alkaline earth metal nitrite effective
to inhibit anodic corrosion;

b) a second component comprising an agent operative
to enhance the anodic corrosion inhibition
effectiveness of the first component; wherein the
first and second components are present in a
weight ratio of from 1:01 to 1:1; and

c) a third component consgisting of an EO/PO
superplasticizer in a weight ratio to the first

component of from 1: 0.005 to 1: 0.25.

2. An admixture according to claim 1 wherein the second
component is selected from dipropylene glycol mono t-butyl
ether; tripropylene glycol mono t-butyl ether; 1,4-
butanediol; 1,3-butanediol; 1,5—pentanediol;'1,4—
pentanediocl; 2-methyl-2,4 pentanediol; 4-methyl-2,4

pentanediol; and di t-butyl glycerin.

3. An admixture according to claim 1 or 2 wherein the
EO/PO superplasticizer is a graft copolymer comprising a
polyether backbone polymer having an average molecular

weight from 200 to 30,000 and side-chain polymers



represented by GBO3nektefas B&n Reglacdli ch O represents an oxygen ato

represents a C[e MHH!!”! yl ene group, Wmllmﬂnﬁﬁlﬁml[ err] - C[err]
al kyl and n repr a er of fron11

9 or mxtures t : nd d are nunerlcaf val ues
representing, nolar percentage of the Eolyner s structure such that a is a

val ue of about 50 to 70; the sumof ¢ + d is a value of fromabout 2 to the
nureri cal vabkteaibtaflrody woLymend zZetilonaofenti AEBY1¢AEUBLEY-[100 - (a + ¢ +

d]. It is e(fralrﬁl advanta oushto adg t he agm' Xxture conponents
t oget her in PR T ire ¥ lnvé Cafg255 SRPGYUBBHSCIR U TThH.
However , S T y a nposi tion

separ at el y e c%dmatn conp s?'{ée‘%%& rg% gglenggggn Boﬁ.gﬁg%gf ormor m xed
with water to forma plastic mXx. |s preferred to add the additives of

the invention to the cenent in connectl on with preparation of an aqueous
cenent slurry, i.gn,adhixedie ddoord@igy tor casiaddi birveswhertbe @hs eady
formed slurry composition. Q her conponents may be added to the
conpositi onsE@]thmpeasmntmmm iien a kopd ymernef andaaipliats wel | known
to those skilled in the art, as long as such addition is not detrinental to
t he advant agé%ml%?'b%rﬁ¢b@}mawlqn$\/ém &n coggaresngeheat sdnéyomncl ude,

for exanpl e, ter redyci agent alr entrajnin ents, alr det r ai ni ng
agents, pozz‘B‘T’l hic #at 'rl‘?ﬂ%s dnigers and acr 132%5c3a

5. An admixture according to claim 4 wherein the EO/PO
superplasticizer compr.ises a copolymer of maleic anhydride
and an allyl ether having the formula CH,=CHCH,0 (C,H,0),CH,
and having a number average molecular weight of from 5,000

to 25,000.

6. An admixture according to claim 1 or 2 wherein the
EO/PO superplasticizer is an imidized acrylic polymer

represented by the structure:

R : R R R
(S | I !
[--C--CH,--1, [--C--CH,--], [--C-CH,-C--CH,~-1,
] j ! |
COOA CONHR’ 0=C c=0
' \ /
N
!
R’
R R

! ‘I
{~~CH,~~-C~CH,-C- ~-CHy~~1 4

| |
O=C C=0
A
N

I

R’



The f'ol | ow ng exanpl es a Sl ¥@hcddor illustrative purposes only and are not

meant to be of |iHj eII he term"DCl" (G ac ction
Products) used hera ﬂ Im‘II“ 30% ( by vve““l III Mution of
calciumnitrite. T ' refers to all® aqueous

solution of a graft copolyner made iréccordance with U S. Patent No.
4,814,014. The term"PAJ" refers to an imdized copolynmer nmade in

accor dance wwhRrExanphehlRofisths, sfee eyt Nf £e5,6303 2848 . i sThedrenyean or
"Malialinmt (N ppon Ols and Fats, Co., Inc,, Japan) refers to polyners nade
in accordancé“"‘%l?‘i’ﬂ"Ufaa‘:"sI1 Ppat&nthrpsame gup differgt @didntsPPGCirefers to a

I I I | _havi m A I I Loght .of .gbout 425.
e Tol | ow ng ingFesba B gf ai At DELAk OESON paeet Bl QR0 ar e

100 oeant {gaHe B bBLEAR ghatbe MIE IR RAENERd B! hgaifhcRar s and

per cent ages are wel g unl ess oth i cat €d.

EXAMPLE 1 group Merkadkmulal (BOPRE" ifi2whXch BSPECA NENY), , W1y 1¥ndN0. 3
rebar enbeddéd therein were prepared fromnortar cyll nders as shown in

Figures 1 andrdub gudeeachhilisid ald peimel orc diffifietieng amet ag 2,-argd #3 rebar
3. Figure 2 shows the lollipop in cross-sectional view where rebar 3 is
shown subst artlikylll,y nediseddednt8yeri ironel noe t200, Apbrai dn (d'andd bfarer ebar
3 is taped to prevent rebar contact with anbient air and surrounding
nortar, and numerical values representing molar percentage of fge

polymer’s structure such that a is from 50 to 70; the sum

of ¢ + d is from 2 to (100-a); and b is the remainder [100

- {fa +c + d].

7. An admixture according to any one of the preceding

claims wherein the second component is an ether of the

formula R,0(A0)_H wherein each A is the same or different

and is a C,-C, alkylene group, n is from 1 to 10, and R, is

an alkyl or cycloalkyl group of 1 to 10 carbon atoms; or

the second component is an alkylene glycol of the formula
" HOBOH, wherein B is a C,-C,, alkylene group or a mixture

thereof.

8. A hardened cement composition comprising embedded
steel; hydraulic cement binder; and corrosion-inhibiting

admixture as defined in any one of claims 1 to 7.

9. A cement composition according to claim 8 wherein the
amount of nitrite in the cement composition is at least

about 0.5% of the dry weight of cement in the cement



the r'emai ni ng B L@ RasBf RdBBAr 3 in direct contact with the nortar is

| eft untaped (2 cates the Ieve op 1is

i mersed in thelﬂ“&ﬂ%ﬂmu Ei de solution f lm“mmlm" ‘mmm This test
eval uates the d eneficial effec admxtures to the anodic

corrosion of rebars enbedded in nDrtﬂr. The sanples are made with Type V
cenent and four sand, radatlons in thé foll ow ng proportions:

Sand: FA 95 COMPOsyf C 109 418 g
C 185 418 g Wite 10 794 g
Cenent : 696 ¢ wat er / cenent

ratio ("WC'31s. AGn@fhod of pébd&hfﬂb‘g celatl Lowgd3s¢erBAt hypifgadded to

each nortar sanpl'e prepared (each sanpl e was prepared in duplicate.) The
exposed ar eacfhahbedrenedit Sadd @fiRydilc ctieosabhnl eesakeandepdwhoch3 days
at 100% RH, imersed in a solution saturated with cal ci um hydroxide to

wi t hi n hal f aathodhcohpthees cpdding dace o tryd24uldor semantl képteataa
potential of +100 nV vs. a saturated calonmel electrode (SCV) for 24 hours.
The resul ti ngorueséar-isbiebsinerdnizteyd as defdred dnanayt heeavtrage
current den5|t is calculated at the end of the test. The

ef fectivenesSiB8#™Bhe BQnfxtures is deternined directl y from the magnitude
of the cal cul ated average current density. Wen chloride is present the
adm xture is inhibiting (anodically) if the value of -[1 - (i/i d-)] is
between 0.8 and 1x(Wheh8a hecdsaill @Y 1aGs G WeRledaNhkY afbuhbeof -

-containing cenent wwth adm xture;” and “I O -" is the average current
density of theteenenhdgeat e6nthd Wildeis |aQn lelas®. abdAtadnext gfethe It is
preferred that the,the value of [1 - (i/ i C-)] be as close to 1.0 as
possi bl e. dry weifghtaobbtemearsd as tdboweompdditdani.ous formnmul ati ons of
calciumnitrite are shown in Table 1. Fromthese data, viz., adm xtures 3
and 16, it can be seen that addition of an adm xture of the invention

conpri sing the t hree caonponents of the adm xture (nitrite,
. Use of a corrosion-inhibiting admixture as defined in

any one of claims 1 to 7 to enhance corrosion resistance in

a hydraulic cement.



the nitrite PerhiOsHIR PeERLiRaNeINg agent, and the EQ PO superpl asti ci zer)
provi des nuch on agai nst corrosion than adm xtures
conprising fi rsﬂMEﬂ!ﬂlﬂHﬂ nponents, or first and second conponents.
Simlar results ith di &8 butyl glycerin, as can be seen in
Table 2, viz. adm xture 4

TABLE 1 Potentiostatic Tests

3 day cure, 1 day in lime water, +100nV v. SCE for 24 hours
Average current density ([err]A/cnferr])

1 hr 24 hNITRITE-BASED CORROSION INHIBITAORS jWiTHCIIMHROVED ANODIC AND

A B C ﬂew E 1 91b d-/yd[err] cenent
22.4 51 2CATHRPI¢ INHIBITING BERFORMANCE - (i.e., no admixture)
9.5 85.9 51 2 3 Ib/yd[err][)(;{BSTRACT 0.35 0.6 0. 89

11. 4 0.76 —_— 11

32
3 3 gal/yd3 DA ,+ 49 =l s 0,77 0.17 0.32 . .
0.99 10% PP& f%fé%églgﬁ?céf%ﬁblgmg agiifture gittable for pddition
8aggyd[err] ol 2W1AS- Lement tg-§ﬁpart0eﬁhancéhzgnodic &hB cathodic

corrosion inhibition, the admixture comprising

22

a) a first component consisting of an amount of
alkali or alkaline earth metal nitrite effective
to inhibit anodic corrosion;

b) a second component comprising an agent operative
to eghance the anodic corrosion inhibition
effectiveness of the first component; wherein the
first and second components are present in a
weight ratio of from 1:01 to 1:1; and

c} a third component consisting of an EQ/PO
superplasticizer in a weight ratio to the first
component of from 1: 0.005 to 1: 0.25;

a cement composition containing the admixture and method of
producing a cement composition using the admixture. The
admixture provides the surprising benefit of increased
protection against cathodic corrosion without harming the

level of anodic corrosion inhibition.

FIG. 2



0.97 0.24 0.39 5 3 gal/yd3DCl + 4% AA-1 1.1 63 25
28.0 0. 40 4.8 46
31 6 3 gal /ydﬁls@@etftas%%m yeerol 5.9 23 16 23.5
0.50 15 40 31 7 3 gal/yd3
DCl + 5% gl ycero 24.5 0. 48
0.4 21 6 8 + 50% PPG 18 24 27
72.0 - 0 54 6.5 157
117 9 3 gal/yd3 DCl + 5% PPG 17128 47 51 48. 5
-0.04 37 60 46 10 3
gal /yd3DCl + 4% AA-1 3.7 141 73 36.8
0.21 5% PPG + 5% gl ycer ol 1.2 035 0.61 11 3 gal/yd[err]
DCl + 4% AA-1 0.3 140 62 73.5 -0.57 50%
PPG + 5% gl ycer ol 6.2 154 85 12 3 gal/yd[err] DO + 4%
AA- 1 0.37 0.07 13 8.6 0. 82 5% PPG + 30%
gl ycer ol 11 17 3 3 gally rr]DCl + 4% AA-1
0.5 28 19 \ 6 0% PPG + 30% gl ycer ol
0.97 2.5 3 i err]DCI + 0% AR  0.58 33 15.6
8.1 0 G + 5% gl yce s 1033 0. 58
15 3 gal/yd[err] 1.7 4.1
0.70 50% PP ge] 0. 2.1 16 3
gal /yd[err] DCl +}9%5% 2752330. 73 9.9
. 96 5% PPCEESRBa - eard| 0. 3
gal lydlerr] DCl + PRRRASIEaies 0 81 4 i
0. 89 50% PP :&:;:j&ﬁg@;g}yg._ o 8 18 3
gal /yd[err] I 0. .
0.70 27%)0% PP = ég age of duplicate
val ues from colu 3oF: “amou r esconponent s
ot her than Ca(NJ :H:t:-él:f} wei ght perc conpo based on
t he wei ght of Ca( =i n the volu % ure adde® to the
cenment. 25 By
, “_‘ﬂff | 55 < 3:5@%
A““"': ‘:E ;:";:{ f EIEE
= t::s::g o SRS
[ —
[_r.j' , ( )L—r<j - 2~
G-t efran
4§ 85 ¢ 4 4 § k% Iy
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CLAI M5 - 1. A corrosion-inhibiting adm xture suitabl e forfiose¢ s
addition to hydraulic cenent to inpart enhanced anodic 5 and cat hodi c

corrosion inhibition, the adm xture conpri si ng a) a
first conponent consisting of an anmount of ~al kali or

al kaline earth netal nitrite effective topm
corrosion; 10 b) a second conponent conpri sing

operative to enhance the anodic corr9§&on

effectiveness of the first conmponent, whijc 1997
conponent is an ether of the fornula R e erXA(»[err?
wherein each Ais the 15 sanme or different I
Cerr]-Cerr] alkylene , his from

is an al kyl or cycl oal k \ gqoup of 1 to 10 carbon atois

t he second conponent is | kyl ene gl
HOBOH, wherein B is a CdSQ(g é

t hereof; wherein t he T|' af'w~econd conponents are
present in a_meight‘rat1\ 1:01 to 1:1; and
c) a third conponent consisting o

2\
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‘3.'

superpyast10|zer

s£Or r osivon .wher ei
presént; .i-n-a wei

2. A igdnixtur e accgr di e%o cl
is s Ieét%g “Fromt drpfogﬁt’éﬁg e

e ——y

|n anmanﬂuntJeIfective to 25

n the RAN
ght.

W20~
i nhi bi t *&at hodi ¢

and third conponents are
ratio of from1l: 0.005 to 1: O0.25.
aim1l wherein the second 30

conponent
tripropyl ene

for

| nono t- "4~ butyl ethyl
| ycbl 0 awl, 4- but anedi 1, 3- but anedi ol ;
15k Qﬂﬁpg%ﬁgcéz B GALC Rt SRde SO ORaRy (L P s aRsmRRiblon the
4- net hyl - foPRAtaBAdofla %BQSQWetTQHhV|nQWW%B&@Qal surfac
- 15- 3. An adm xture according to claim1l1l or 2 wherein the

EQ PO superplastF€F£@§1P§ &ISF§F$1@@poI§ﬁéP°@Gﬁpﬂm§Mﬂ}Q@rs are poigthdwer
backbone pol yner « hgui Bg gghggg&@gewgqb%puh%r

30,000 and si de-
et hyl eni cal Py-

10

15

20

25

30

35

chai n obtalnable

mer s
1nh1bgﬁs§¥

%‘#y v I MAA0 Lo

nerlzatlon of an

&r &ﬁéaoﬁéﬁoﬁ@@ctm@r eﬁhnc&h@cg:oatptammlmr
conprises from 2%6,58; 402 R¥c18EIBL ofF $hdenRann

In v1@QJ Y¥Fthe specific

properties that anodic and cathodic inhibitors each

provide,

anodic and cathodic inhibition

it would be highly desirable to obtain both

in cement compositions.

However, this is not a simple proposition, as addition of

some cathodic inhibitors actually reduced the anodic

protection of calcium nitrite.

US-A-4,946,506 discloses additives for hydraulic

cement compositions which provide corrosion inhibition

and set acceleration in combination with a high level of

fluidity and retention of fluidity over a desirable

period of time.
alkali or alkaline earth metal

nitrite, and a graft copolymer

The additive combination comprises an

nitrite, such as calcium

plasticizer comprising a

polyether backbone and side chains formed by

polymerization of ethylenically unsaturated monomers.

EP-A-0,554,046 discloses set-accelerating admixtures

for hydraulic cement compositions which incorporate known

set accelerators such as calcium nitrate
nitrite and certain low molecular weight

are said to be surprisingly effective in

initial set time of cements,

mortars and

and calcium
glycols. These
decreasing the

concretes and

are advantageous as reduced-temperature set-accelerators.

It is an object of the present invention to

the effects of anodic and cathodic corrosion inhib:

RN W
(SR A DN L

*ion

in cement compositions to achieve the benefits of each.
SUMMARY OF THE INVENTION

The present invention relates to corrosion

inhibitors for use in hydraulic cement with the

surprising bernef

v of increased protection against
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28pEC 998 | |




10 4. An adm xture according to claiml or 2 whereln:th
rsuperpl asticizer is a copolynmer of an allyl- term)
pol yoxyal kyl ene and a conononer sel ected from
anhydri de, and acrylic acid. 15 5. An adm xture |
wherein the EQ PO super pl astici zer comg@ises a copol yner of naleic
anhydride and an allyl ether having the fornula [ ~aFreh—!

havi ng a nunber CRAYSHE RAQR G Withewlt harping (ighe sleoel tof 2801080 20
6. An adm xture A dNG A il@dp 1l or 2 wherein the EQ PO

superplasticizer is an imdized acrylic polyner represented by the
structure: The ppyesent inventiorR thus provides aRgorr@sion-

[err] : nhibj i i o &l ' :
hydrogen  of TR LA | Sl b RETo R adud CESA T MPakuLic,
al kyl group, R cemeat dikdnipanst dnhemdaeh;aredic Rnd scatikeodic ceanesbon

oy Pt e | e oo AT YU EEsn§  0roup of formila
a)

cleerding.to cldim 4

err ene
a first component consisting of an amount of

alkali or alkaline earth metal nitrite
effective to inhibit anodic corrosion;

10 b) a second component comprising an agent
operative to enhance the anodic corrosion
inhibition effectiveness of the first component
which second component is an ether of the
formula R,0(AO)_ H wherein each A is the same or

15 different and is a C,-C, alkylene group, n is
from 1 to 10, and R, is an alkyl or cycloalkyl
group of 1 to 10 carbon atoms; or the second
component is an alkylene glycol of the formula
HOBOH, wherein B is a C;-C,, alkylene group or a

20 mixture thereof; wherein the first and second
components are present in a weight ratio of
from 1:01 to 1:1; and

c) a third component consisting of an EOG/PO
superplasticizer in an amount effective to

25 inhibit cathodic corrosion wherein the first
and third components are present in a weight
rat:1o of from 1: 0.005 to 1: 0.25.

The invention further provides a hardened cement
composit: 1 comprising embedded steel, hydraulic cement

30 binder, and the corrosion-inhibiting admixture of the

present invention and a method of producing a cement
composition having enhanced anodic and cathodic corrosion
resistance, which method comprises adding to a hydraulic
cement binde:r a corrosion-inhibiting admixture of the

Il present invention. f:ceferably, in such compositions the



group and each R' is the sane or different and is (Jerr] al kyl, nis
ran integer from1l to 200, and a, b, ¢ and d are nunerical val ues
representing nolar percentage of the polymer's structure such that a
is from50 to 70; the sum 10 of c +dis from2 to (100-a); and b is the
remai nder [100 - (a + c + d]. -Zkh- A hardened cenent

conposi tion conprising enbedded steel; hydraulic cenment binder; and
corrosi on-i nhi biamegntsof ailkrktar énashdetemedti gomppsahéoonf isl aitnd ehsito 6.
8. A cenent co L& @neaccer di ng L7 i . he anpunt of
nitrite in the gg%%%% @b%%oé?t?%% ?g9a§E§bHE ngg%ﬁgﬁgu%“oFgﬁ)SFmﬁﬁé dry
wei ght of cenentcémpesttPOn. cenent conposition. 9. A nethod of
produci ng a cenent c skt i hanced .anodi ¢ and _cat hodi c
corrosi on resistance?ﬁﬁﬁi%ﬁbgﬁtpgxnggﬁoauggﬂggigggvégﬁfnﬂs?oo Rydraul i ¢
cement bi nder a @rrosbonosnbibinbndi sdmgxadrexdlr ehaspdebenedinReaty opne

of cl ai ns nmet hod according Eggcla&019 wherein the
S

0 10.. A
amount of #‘r?é@?%ﬂ%e%ofﬁo?h%nbfﬁﬁé?t?gcﬁtlPe faylacsoementhe 30
dry weight of cement in the BRIPPSDESORIPTION OF THE DRBRINGsa

corrosion-inhibiting ﬁdnixtU{e.as defi ned £ in an¥ ene of claims 1 to 6
to enhance corrosion ftgure 1s a diagram of a morta lollipop’ used to

test corrosion resistance of steel reinforcements
10 embedded in mortar prepared in accordance with the
present invention.
Figure 2 is a cross-sectional view of the mortar
‘lollipop’ illustrated in Figure 1. '
DETAILED DESCRIPTION OF THE INVENTION

15 The cement components in the cement compositions of
the present invention are hydraulic cements. The term
“hydraulic cements” is used herein in its ordinary and
well accepted sense, and thus refers to any cement which,
when made into a paste with water, sets and hardens as a

20 result of chemical reactions between the water and the
cement. Portland cement is the most familiar example of

hydraulic cement and is the
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resistance in a hydraulic cenment. 35 15
sobt ai nabl e by pol ynerization of an ethylenically- unsaturated nononer,
wherein the graft copol yner conprises from2%to 40% by wei ght of

si de-chai n pol yners. 4. An adm xture_gccording to claim1l or 2 wherein
the EQ PO superplasticizer is a copolyner of an allyl- term nated

pol yoxyal kyl ene and a conononer selected from nmaleic acid, naleic

anhydri de, an%&/‘é&ﬁﬂd iratedfat fbr use irbthe céiler@@BinpbiifionsT CRY Fretht irvehlih. "Dther
her el the EL) B UBSLAL BRI AShicGOB 25 g FRBRIMIELn iR, Srens,
well as gy psum and magnesium oxychloride based materials, and mixtures thercof.
These cements are well known in the art and are conventionally manufactured by
s calcining a mixture of limestone and clay to form a clinker, and then grinding the
clinker to a fine powder. The cement compositions of the invention include concrete
compositions comprising hydraulic cement, water, sand and coarse aggregate; cement
pastes, comprising hydraulic cement and water, and mortars, comprising hydraulic

cement, sand and water.

0 The amount of the first component of the corrosion inhibitor, i.e., alkali or
alkaline earth metal nitrite, present in the cement compositions of the present invention
will vary according to the requirements of the application, such as the corrosion
resistance requirements. Generally, the amount of such nitrite is at least about 0.5% of
the dry weight of cement in the composition, preferably from about 1.0% to about 5.0%,

s more preferably from about 2.0% to about 4.0%. The corresponding amount of
admixture added to a cement composition to obtain the benefits of the invention will

follow from these data. Mixtures of altkali or alkaline earth metal nitrites may be used.

The second component of the corrosion inhibitor comprises an agent that acts to

increase the anodic corrosion performance of the first component, i.e., the level of

20 chloride ion that a given amount of alkali or alkaline earth metal nitrite protects against
is increased. The second component is in one cmt;odi;ent an ether having the formula
R10(AO)H wherein A is a C2-Cy alkylene group or a combination of C>-Cy alkylene
groups, nis 1-10, and Ri is an alkyl or cycloalkyl group having 1 to 10 carbon atoms. R,
may be, e.g., methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl,

25  isopentyl, cyclopentyl, and cyclohexyl. Examples of compounds conforming with the
above formula are dipropylene glycol mono t-butyl ether and tripropylene glycol mono
t-butyl ether. '

Ina seéogd embodiment, the second component may comprise certain lower alkylene glycols
represented by the formula HOBOH, wherein B is a C3-Cyo alkylene group, preferably
3o Gs5-Cg alkylene group. Examples of such lower alkylene glycols are 1,4-butanediol,
1,3-butanediol, 1,5-pentanediol, 1,4-pentanediol, 2-methyl-2,4 pentanediol, 4-methyl-2.4
pentanediol; and di {-butyl glycerin. Mixtures of the aforementioned sccond

components may be used.

The second component is present in admixture with the alkali or alkaline earth

35 metal nitrite component in a ratio of from about 1: 0.1 to 1: 1. We have found that
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and an allyl ether having the fornula .
CHerr]=CH err]CHerr]O(err]Herr]O)[err]CH err] and having a nunber

average nol ecul ar wei ght of from5,000 to 25,000. 6. An adm xture
according to claim1 or 2 wherein the % PO superplasticizer is an

I mdized acrylic polynmer represented by the structure: R R
R R

while addition of the second component alone to cement actually decreases anodic
corrosion resistance, addition of the second component in combination with alkali or
alkaline earth metal nitrite surprisingly augments the performance of the nitrite, 1¢, 11 .

increases the chloride level the nitrite protects against.

s An EO/PO superplasticizer is added as a third component of the
admixture/cement composition. It has been surprisingly found that, in addition to the
fluidifying properties imparted by these chemicals, the EO/ PO superplasticizer further
enhances the effectiveness of the nitrite, as well as itself providing cathodic protection.
“EO/ PO superplasticizer” is herein defined to mean any water-soluble polymeric

1o compound that functions as a dispersant or hydraulic cement superplasticizer, and
comprises a) polymeric backbone moiety and b) polymeric side chain moieties, wherein
one of said a) and b) polymeric moieties is a polyether moiety, and the other is a non-
polyether moiety formed by polymerization of ethylenically-unsaturated monomers.
("Water-soluble” means that the EO/PO superplasticizers should be soluble or

is  dispersible in a 100% water medium, or a medium principally comprised of water, e.g.,
an aqueous alcohol medium containing a minor percentage of alcohol. The pH of the
medium may be adjusted as necessary to cause or optimize polymer solubility.) The
amount of EO/PO superplasticizer is such that the weight ratio of the first component,
Le., nitrite, to EO/PO superplasticizer is from about 1:0.005 to 1 : 0.25, advantageously

20 1:0.02to1:0.15, more advantageously 1:0.02 to 1:0.09.

As used herein, "polyether moiety* means any homopolymer or copolymer
having repeating units linked by carbon-oxygen ether linkages, which is capable of
having ethylenically-unsaturated monomer or polymer side chains attached to the
backbone; alternately, such polyethers may be attached to a backbone formed by

23 polymerization of ethylenically-unsaturated monomers. The polyether moiety thus has
repeating units of the formula —(—O—R—)— wherein R is an organic moiety
containing a carbon atom linked to the oxygen through a single covalent bond. The
polyether moiety may contain two or more different repeating units with different R

moieties.

30 When the polyether moiety is the backbone of the EO/ PO superplasticizers, one
or more of the repeating ether units may contain one or more carbon atoms which can
functiun as side-chain attachment sites, e.g., by undergoing hydrogen or halogen
abstraction. It is generally preferred that such side-chain attachment occur in the R
inoieties, although such sites may additionally or alternatively be provided by other

3 groups or atoms which may be present in the polyether moiety.
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[err] . 16 wherein each Ris the sane or
©different and is hydrogen or nethyl; each Ais the same or different and
is a (Jerr]-Clerr] alkyl group, R or an alkali netal cation; each Ris
the same or different and is hydrogen or a (ferr] oxyal kyl ene group of
formula (BO[err| ' “ ml llls a (Jerr] -al4kyl ene group and each R is
the sane or difflmum m m r]-Clerr] alkyl, nis an integer froml
to 200, and a, b,*c fnd dMar® Thunerical ¢alAIMs representing nol ar
percentage of the polynmer's structure such that a is fromb50 to 70; the

sum of ¢ + dis from2 to (100-a); and b is the remai nder [100
1. A corrosion-inhibiting admixture suitable for

addition to hydraulic cement to impart enhanced anodic

5 and cathodic corrosion inhibition, the admixture
comprising
a) a first component consisting of an amount of

alkali or alkaline earth metal nitrite
effective to inhibit anodic corrosion;

10 b} a second component comprising an agent
operative to enhance the anodic corrosion
inhibition effectiveness of the first
component, which second component is an ether
of the formula R,0{(AO) H wherein each A is the

15 same or different and is a C,-C, alkylene
group, n is from 1 to 10, and R, is an alkyl or
cycloalkyl group of 1 to 10 carbon atoms; or
the second component is an alkylene glycol of
the formula HOBOH, wherein B is ' a C;-Cy,

20 alkylene group or a mixture thereof; wherein
the first and second components are present in
a weight ratio of from 1:01 to 1:1; and

c) a third component consisting of an EO/PO
superplasticizer in an amount effective to

25 inhibit cathodic corrosion wherein the first
and third components are present in a weight

ratio of from 1: 0.005 to 1: 0.25.

2. An aarixture according to claim 1 wherein the Second
30 component s selected from dipropylene glycol mono t-
butyl eti.-r; tripropylene glycol mono t-butyl ether; 1,4-
butanedi- :; 1, 3-butanediol; 1,5-pentanediol; 1,4-
pentaned: !; 2-methyl-2,4 pentanediol; 4-methyl-2,4

pentaned. .; and di -butyl glycerin. -REPLACEMENI?H%?F
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- (a+c +d]. t according to any one of the preceding
‘cl ai s wherein theﬂmumnuﬁ llr“jm is an ether of the formla
Rlerr](AO [err]H wher®it edch®A s the same or different and is a

Cerr]-Cerr] alkylene group, nis froml tgléo, and Rerr] is an alkyl or
cycl oal kyl group of 1 to 10 carbon atons; or-“tThe second conponent is an

al kyl ene glycol of the fornmul HOBCH, erein Biig a (err]-Clerr] .
al kyl ene group o?'a HSQtﬁpglxgﬁéfeSFFOrgggg toAcﬁgﬁHbﬂe&rbghgﬁéﬁﬁﬁﬁxﬁﬁ?|on
conprising enbedéedpOosseperphydtaclizercesent ghafdecopal§mer comprising a

lon-inhibiti dm xt defined {n any one of clains 1 to
52T O coment carpbLetRSR BntkPanhoPooYRRS: hhe e Pd: AveRe ey MakRC AL

nitrite in the ceatght cOPPASR000B0i 30aD0beast side-chain polymers
5 obtainable by polymerization of an ethylenically-
unsaturated monomer, wherein the graft copolymer

comprises from 2% to 40% by weight of side-chain

polymers.

10 4. An admixture according to claim 1 or 2 wherein the
EO/PO superplasticizer is a copolymer of an allyl-
terminated polyoxyalkylene and a comonomer selected from

maleic acid, maleic anhydride, and acrylic acid.

15 5. An admixture according to claim 4 wherein the EO/PO
superplasticizer comprises a copolymer of maleic
anhydride and an allyl ether having the formula
CH,=CHCH,0(C,H,0) ,CH; and having a number average molecular
weight of from 5,000 to 25,000.

20
6. An admixture according to claim 1 or 2 wherein the
EO/PO superplasticizer is‘:an imidized acrylic polymer
represented by the structure:
R R R R
25 ! l | 1
[--C--CH,- -], [--C--cH,--}, {--C-CH,-C--CH,- -],
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about 0. 5% of th muﬁmtement in the cement
;17 conposition. f producing a cement conposition having

enhanced anodic cauhodlc corrosion resistance, which nethod conprises
adding to a hydraulic cenent binder a corrosion-inhibiting adm xture as
defined in any one of <clains 1 to 7. 1416- A nethod according to claim
10 wherein the amount of nitrite added to the binder is at |east about
0.5% of the dryheeeghteathcRniatthe shmecompdiffeornt and is hydrogen

or methyl; each A is the same or different and is a C,;-C,,
alkyl group, R' or an alkali metal cation; each R' is the
same or different and is hydrogen or a C,-C. oxyalkylene

5 group of formula (BO),R” in which B is a C.-C.. alkylene
group and each R" is the same or different and is C,;-C;.
alkyl, n is an integer from 1 to 200, and a, b, c and d
are numerical values representing molar percentage of the
polymer's structure such that a is from 50 to 70; the sum

10 of ¢ + d is from 2 to (100-a); and b is the remainder

(100 - (a + c + d]}.

7. A hardened cement composition comprising embedded
steel; hydraulic cement binder; and corrosion-inhibiting

15 admixture as defined in any one of claims 1 to 6.

8. A cement composition according to claim 7 wherein
the amount of nitrite in the cement composition is at
least about 0.5% of the dry weight of cement in the

20 cenent composition.

9. A method of producing a cement composition having

enhanced anodic and cathodic corrosion resistance, which

method comprises adding to a hydraulic cement binder a
25 corrosion-inhibiting admixture as defined in any one of

claims 1 to 6.

10. A method according to c¢laim 9 wherein the amount of
nitrite added to the binder is at least at i+ 0.5% of the

30 dry weight of cement in the composition.

11. Use of a corrosion-inhibiting admix‘:..:.- as defined

in any one of claims 1 to 6 to enhance corrosion

resistance in a hydraulic cement. REPLA{}&%ENI‘SHEET
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12. Use of a corrosion-inhibiting adm xture as defined in any one of
‘claims 1 to 7 to enhance corrosion resistance in a hydraulic cenent.

17

NITRITE-BASED CORROSION INHIBITORS WITH IMPROVED ANODIC AND

CATHODIC INHIBITING PERFORMANCE

ABSTRACT
A corrosion-inhibiting admixture suitable for addition
to hydraulic cement to impart enhanced anodic and cathodic
corrosion inhibition, the admixture comprising

a) a first component consisting of an amount of
alkali or alkaline earth metal nitrite effective
to inhibit anodic corrosion;

b) a second component comprising an agent operative
to enhance the anodic corrosion inhibition
effectiveness of the first component; wherein the
first and second components are present in a
weight ratio of from 1:01 to 1:1; and

c) a third component consisting of an EO/PO
superplasticizer in a weight ratio to the first
component of f£rom 1: 0.005 to 1: 0.25;

a cement composition containing the admixture and method of
producing a cement composition using the admixture. The
admixture provides the surprising benefit of increased
protection against cathodic corrosion without harming the

level of anodic corrosion inhibition.

FIG. 2




