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Sinopsis: Los Aditivos Organicos Inhibidores de la Corrosién (OCIA) se estan estableciendo |
rapidamente como un método efectivo para inhibir la corrosion del acero en el concrefo

reforzado. Este trabajo presenta un amplio resumen de los sistemas para inhibir

corrosién del concreto reforzado, incluyendo los Aditivos Organicos Inhibidores de
Corrosién.

NEW DEVELOPMENTS IN CORROSION INHIBITING
ADMIXTURE SYSTEMS FOR REINFORCED CONCRETE

By

Will Secre and George Zollos

!M’ﬁ Organic Corrosion Inhibiting Admixtures (OCIA) are rapidly becomin
Sestablished as an effective method of inhibiting corrosion in steel reinforced concrete :
' The paper presents a comprehensive summary of corrosion inhibiting systems %or

s | reinforced concrete, including Organic Corrosion Inhibiting Admixtures

I3

i(:]n:ezsc?; 1302 functions‘ by way of a dual protective mechanism which inhibits the
gress of chlorides and moisture into the concrete, and forms a protective barrier film on

Uno de tales OCIA funciona por medio de un mecanismo protector doble, el cud the reinforcing steel.

inhibe el ingreso de cloruros y humedad en el concreto y forma una delgada barrers

protectora en el acero de refuerzo.

El trabajo detalla los procedimientos de ensaye Y resultados de una prueb:
independiente del tiempo necesario para la corrosién llevado a cabo sobre este OCIA, en §
particular, el cual indica que su comportamiento es igual o mejor que 2, 4 y hastab}

galones de nitrito de calcio, otro conocido inhibidor de la corrosion.

Palabras clave: Corrosién, inhibidor de la corrosién, sistema inhibidor de la corrosion
evaluacion, aditivo organico inhibidor de la corrosién, OCIA, ensaye de corrosion a vig#
preagrietadas, tiempo necesario para la corrosién, ensaye de corrosién a vigas
agrietadas.
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he paper details the test procedures and results of independent time-to-corrosion tests

:ger;c};nmded on tréis particular OC!A, which indicate that it performs as well or better than
., up to 6 gallons of calcium nitrite, another known corrosion inhibitor
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INTRODUCTION E

"Our infrastructure is crumbling!" These words are being heard with incres
regularity, and refer to the devastating effects of corrosion on the massive quantifiet
concrete and steel that support our nation’s buildings, bridges, and other Structis
Indeed, corrosion has become the number one enemy in our struggle to maximize

useful life of these structures.

The cost of corrosion in terms of loss of use and cost of repairs is staggein.
Approximately 42 percent of all bridges in the United States are classified as structwj

deficient or functionally obsolete by the Federal Highway Administration (1). More i

130,000 of the nations 575,600 bridges restrict the weight of trucks passing overt
and about 5,000 have been closed (2).

The cost to repair the bridges alone is estimated at about $90 billion (2). Add fof
the cost of repairing the multitude of buildings, highways, parking garages, and ﬂff
structures damaged by corrosion and the estimate reaches $258 billion, almost 6% 0/

national debt.’

In reinforced concrete, corrosion occurs when moisture, oxygen, and chloridesw;.
their way through the concrete cover to react with the reinforcing steel. This reas
causes the reinforcing steel to deteriorate, and causes ferric oxide to build up withins
concrete. As the volume of ferric oxide increases, it creates intense outward pressutg

the concrete causing it to crack and spall.

Once the reinforcing steel begins to corrode, the process accelerates. The crackifﬂﬂi :
nfoofS

spilling allow even greater quantities of chlorides and moisture to reach the rei
steel. In addition, the portions of reinforcing steel under the most stress corrodﬂi
rapidly, and stress concentrations increase as the reinforcing steel deteriorates- “§

unrepaired, the load bearing capacities of the concrete and reinforcing steel will ever |

be reduced, making them susceptible to further damage from the effects of structurd

and heavy traffic.

'National Association of Corrosion Engineers, 1993.
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CORROSION INHIBITING SYSTEMS

Due to .the grov_ving costs resulting from corrosion damage, more attention is being paid
to the design of _relnfor.ced concrete structures exposed to moisture and chlorides, as well
as to the materials being used to build them. :

ACI 116R-85 defines a corrosion inhibitor as, "a chemical compound, either liquid or
powder, that effe;:]twely decreases corrosion of steel reinforcement before being embedded
in concrete, or in hardened concrete if introduced, usually i i

: “ ‘ y in very small
Ty y concentrations, as

: _The Natior:al Association qf Corrosion Engineers (NACE) further defines corrosion
inhibitors as, "a sm_Jbstance which, when added to an environment, decreases the rate of
attack by the environment on a metal (3)."

The reinforcing steel in portland cement concrete is protected by a passive iron oxide
!ayer_ that fqrms because of the high pH of the concrete. As long as there are no breaks
m-thls passwe layer, corrosion will not occur. Thus, most corrosion inhibitors work b
reinforcing the passive layer or preventing outside agents from reacting with it d

There are several systems currently used to combat corrosion. These systems work
at thye_e'dafferent levels: a) at the exposed surface of the concrete by closing the pores and
prohibiting the penetration of moisture, oxygen and chlorides into the concrete; b) within
the concrete by making the it denser, thus making it more difficult for the m(;isture an'd
chllorlde. to reach the reinforcing steel; c) at the reinforcing steel level by insulati h
reinforcing steel from chlorides and moisture. it

Th;\;ﬂg?‘zra;nes;isgii sehalers are surface methods commonly used to combat corrosion.
AL anpé) e odt e _concrete surface to seal the pores and prevent the entrance of
e, orides into the cgncrgte. Membranes, which may be urethanes,

S, or epoxies, are usually built up in multiple layers. Membranes can be extremely

effective, but must be prot i ;
4 ected : 2 )
S P from being damaged in service, and are typically quite

effl?:t?\{riri;zrr‘g:ci frlc_)fm Iirfasa:]ed oil to silanes and siloxanes. For penetrating sealers to be
e life of the structure, they must be reapplied periodi -
Exposure to abrasion and weathering. i igally. duig {0 thair

insagf[’;‘\ft'r‘::ar:gf;?qf0r0|ng steel bars are a corrosion inhibiting system that works to
v b R cing steel from corrosnop causing agents. This system consists of
0 ars protec{ed with a coating of powdered epoxy that is fusion-bonded
occur during handii_ssembly line process. However, damage to the epoxy coating may
G i o o Oén% and placement (especially when the reinforcing steel is bent)
(Bachion: The effgct:, area o? the steel where the phlor:de ions can initiate the corrosion
being increasingly QUeZ':ii;Seg. FROIY, £RAIR AfPL LR R SIS L AL ER dezat0, s
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There are various methods available that work within the concrete to inhibit corrosion, §
These include low water/cement ration, increased cement content, no-slump concretg, |
silica fume, and corrosion inhibiting admixtures. These methods work in distinct waysand |

provide varying degrees of protection.

Cathodic protection can also be used to inhibit corrosion. However, due t0 the high |
cost of this system, it is typically used only in small areas of new construction or for |

preventing further corrosion of an existing structure in need of repair.

Good concrete practices including a low water-cement ratio, adequate cover over the |
reinforcing steel, sufficient curing, and the use of post-tensioning to minimize cracking are |
essential in any effort to minimize or eliminate corrosion. Unfortunately, while good |
concreting practices are essential, they alone will not prevent corrosion. !

No-slump concrete is concrete proportioned with a very low water-cementratio (usually |
0.35 or below, containing about 800 Ibs/ yd® of cement) and is a low cost corrosion
inhibition approach. No-slump concrete’s effectiveness as a corrosion inhibitor is based
upon its relative impermeability, and
extremely difficult to place and has limited applications.

Silica fume is an effective pozzolanic material that reacts with calcium hydroxiden
hydrated portland cement to form additional cementitious material. Silica fume particles

are many times smaller than those of cement.
between the cement particles making the concrete significantly denser and less permeable.

Due to the increased density, special attention must be given to the curing and finishing &

stages of placement. While the cost of silica fume concrete is in the medium range, i
performance is good to excellent in delaying or preventing the corrosion process.

Cathodic protection applies an external source of direct current to the reinforcing steg
in the concrete, thus "short circuiting” the corrosion process and controlling corrosion

In cathodic protection, a metallic anode is embedded in the concrete and an electric current &
is applied. The introduction of the electric current forces the entire structure to becormé §

cathodic. Since corrosion takes place only at anodic locations, the corrosion process 5
stopped. Cathodic protection has high initial costs, but low to medium operating costs

It is viewed as a complicated process because of its preinstallation engineering and post

installation monitoring. However, it provides excellent corrosion protection.

Until the introduction of Organic Corrosion Inhibiting Admixtures, calcium nitrite wé
the only corrosion inhibiting admixture available. Calcium nitrite is an inorganic corrosio’ 8

inhibitor which reacts with ferrous ions from the reinforcing steel to reinforce t
layer. In this reaction the nitrite ions compete with any chloride ions present to react W

the free ferrous ions.

The relative amounts of chloride and nitrite available at the reinforcing st
whether the ferrous ions react with the chlorides or the nitrites.

its performance is fair to good. However, itis f

The silica fume particles fill the spaces §

he passi &

cel determirt 8
If there are more chlorides
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present than nitrite, the ferrous ions will react with the i i
us chloride and begin the corrosi
process. If there are more nitrites than chlorides, the passive layer willgbe reinf(?rc:gzlon

For calcium nitrite to be effective, the dos i itri

e tive, age of calcium nitrite must be i
based upon the an_tlplpa'Fed _chlonde loading of the structure over its expected(tji?et:rrr?llr"fed
Accurately determining lifetime chioride levels is difficult and subject to many vaf'i?ablése'

ORGANIC CORROSION INHIBITING ADMIXTURES

Qrgfmc Corrosn%nclnhribiting Admixtures are the most recent development in the battl
agalnSfqurrosuon. IA’s ha_a\.fg rapidly become established as an extremely effective :
cost efficient method of inhibiting corrosion in steel reinforced concrete 5%

5 2 : -
mgpzrf}léﬁ?a?gg Ais;‘ L?n;iaoter_b:wd organic admlxtqre consisting of amines and esters
R Jepcintur ns through a d_ual protective mechanism to inhibit corrosion ir;
g 1000 con _estrgctures. The first protective mechanism functions by inhibiti

g of chloride ions into the concrete. This "screening” effect inhibits corros:gg

by reducing the amount of moist i
; ure and
einforcing steel: chlorides that are able to reach and react with the

The sec i i i [
Wpes O?r;dbr;e_chaf_nlsm through whlqh this particular OCIA inhibits corrosion is the
rrier film on the reinforcing steel. Components of the OCIA bond to th
e

. p | r [ [

EVALUATIONS

The effecti i
tiveness of this OCIA, as well as its compatibility in concrete have been

proven through inde i
pendent testing. Accelerat i
S . edc
compatibility tests were used in the evaluation A S Sk

An indepen i
e pr%pe(:fiz; (I;tﬁ;aéoafp\w?ﬁ commlssioned to thoroughly evaluate the corrosion
0 - Three time-to-corrosion test proced
; ures were :
am, Precracked Beam, and ASTM G-109. Concrete mixes con?;:iﬁ:;moer?é

gall yd of the OCIA
were tested again i : 5
gallons/ yd® of calcium i gainst a control mix and mixes containing 2, 4, and 6

Uncr,
acked Beam Corrosion Tests- Procedure

The Uncracked B
of reinforcin
of a steel re

e i i

L ina(?;rflcorrosmn testis an acceler_ated test that evaluates the corrosion

5 e rete over a 48 week period. The test simulates the exposure
crete structure to chlorides, in an accelerated time frame
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Concrete slabs measuring 12 x 12 x 7 in. are cast containing six (6), 1/2 in. (No.4‘;:

reinforcing steel bars. Two of the reinforcing bars are placed near the top of the slab wij}

1 inch of concrete cover. The remaining four bars are placed one inch from the bottont
of the test slab. The top bars act as an anode and are where the corrosion takes plac

In order to accelerate the corrosion of the reinforcing steel, chloride ingress is facilitated*
by the use of moderate to low quality air entrained concrete, a w/c of 0.5, limited curing
and a nominal compressive strength of 5,000 psi at 28 days.

After the slabs are moist cured for 3 days, and air dried for 21, a Lucite dike is attachg -

to the top and the slabs are coated with an epoxy sealer. A 10-ohm resistor is connect
between the top and bottom bars.

The corrosion testing begins when the slabs are 28 days old. The slabs are pondedifu
4 days with a 15 percent sodium chloride solution at 60 to 80 F. The solution is thes
vacuumed off and the slabs are air dried at 100 F for three days. This weekly pondin
drying cycle continues for 48 weeks.

As the test progresses, moisture and chlorides from the salt solution eventually cons
in contact with the top reinforcing bars and the corrosion process begins. The corrosiif

of these bars is monitored by measuring electrical potentials at the top reinforcing bas
and the macro-cell corrosion currents generated between the top (anodic) and botton
(cathodic) reinforcing bars.

Corrosion currents are used to measure of the amount of corrosion occurring on i
reinforcing steel. The greater the current, the greater the amount of corrosion that’s

occurring.

Electrical potentials are another measure of corrosion activity. Researchers for the
Federal Highway Administration have determined that, "...corrosion activity starts até
half-cell potential of about -0.24 volts... Active corrosion occurred at half-cell potentias§
as low as -0.20 to -0.25 volts and that significant corrosion current developed in
"uncertain range," i.e. -0.25 to -0.35 volts, as discussed in ASTM C876 (6).”

In addition to measuring corrosion current and half-cell potentials, the chloride cont_em
of each slab is measured at the upper reinforcing steel level when corrosion is firs
initiated, and again after the 48 week test is completed.

ncracked Beam Corrosion Tests- Results

Uncracked Beam Corrosion Tests- Results

Results from the Uncracked Beam Corrosion tests show that the OCIA most effective‘!'

inhibited corrosion as compared to the control mixes and those mixes containing up tof

gal/ yd® of calcium nitrite. The results of the Uncracked Beam Corrosion tests aré show' &

in Table 1.
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Figure 1 shows that on average specimens containing the OCIA were the last of the
mixes toinitiate corrosion (at about 19 weeks). The macro cell corrosion current was also
the lowest in specimens containing the OCIA. This indicates that the OCIA effectively
reduced the rate of corrosion once it was initiated.

The test specimens of control concrete as well as those containing calcium nitrite at
2 gall yd? initiated corrosion between 7 and 12 weeks. Specimens containing
4 gall yd® of calcium nitrite began corroding at 8 and 26 weeks. One slab containin
calcium nitrite at' 6 gal/ yd® initiated corrosion in the 19th week of testing. In ong
specimen containing the OCIA at 1 gal/ yd®, corrosion was not initiated until -the ,22nd
week of the test. By the end of the 48 week test period, the companion slabs for the
QCIA at 1 gal/ yd® and calcium nitrite at 6 gal/ yd® had not yet started to corrode.

The corrosion cqrrent generated by each specimen was monitored throughout the test
The average corrosion current of the control mixes and those containing calcium nitriteua’é
2 gal/ yd? 9xceeded that of the calcium nitrite at 4 gal/ yd® at approximately 10 weeks
The corrosion current generated by the single specimens treated with the OCIA at 1 gal.;'
yd® and calcium nitrite at 6 gal/ yd® remained very low throughout the test, and was
significantly lower than the other specimens. :

At Fhe end of the 48 week test period, each specimen was vertically sawcut
appm).ﬁmgtely 1 in. from the edge of the top bars to identify any corrosion induced
delarqlqatlons. The control specimens showed delaminations 9 and 4 in. long. Slabs
cont{asnlng 2 gal/ yd?® of calcium nitrite both contained delaminations. Howev.er on-e of the
specimens was d&_!maged before the delamination could be measured. The délamination
ondtTe o'ther specnmfen was‘4 in. long. Of the slabs containing 4 gal/ yd®, one contained
: ezmmatqgn of_6‘|n., while the other showed none. Finally, none of the OCIA slabs

or the calcium nitrite slabs at 6 gal/ yd® contained any delaminations. ,

Ien;t:e;ft:: Ir;:aral vertical sawcut, the top concrete cover was removed to reveal the

ST T ‘;wo rtO&‘-lon_that had ta_ken glace, and the overall condition of the reinforcing

e op pleces_of re_mforcmg steeilwere examined from each specimen,

e ur pieces of reinforcing steel per mix. The average corroded length of the
Pieces of reinforcing steel for each mix is shown below.

Avg. corrosion
length Severity

Mix
1 gal OCIA 1.1 in. Very light to minor
Control 5.6 in. Severe

2 gal calcium nitrite 6.1 in.

Moderate to severe

4 gal calcium nitrite 2N Very light to severe

6 gal calcium nitrite 1.1in. Very light to moderate

riie e e e et gty R
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The reinforcing steel removed from the concrete specimens containing 1 gal/ yd? of i
OCIA were shown to contain only very light to minor scale- Evidence that only miy
corrosion activity had occurred. In the control specimen, severe pitting was evidenceg;
all of the reinforcing steel. The length of corrosion in the control mix ranged from 3¢
in. to 9in.. Moderate to severe pitting was also evidentin all of the reinforcing steel tal
from the specimens containing calcium nitrite at 2 gal/ yd®. The length of corrosion frm:.:.
these specimens ranged from 4 to 7.25 in. ‘

In the slabs containing 4 gal/ yd® of calcium nitrite, the reinforcing steel shows
moderate to severe pitting in two pieces of reinforcing steel, and minor to light scale inmf
remaining pieces. Moderate pitting was observed in one reinforcing steel specimen fip:
slabs containing calcium nitrite at 6 gal/ yd* A second specimen contained moderatey)
severe scale, while the remaining two pieces of reinforcing steel were determined to hae
very light to minor scale. The length of corrosion and overall reinforcing steel condiiix

are summarized in Table 2.

Precracked Beam Tests- Procedure

The precracked beam corrosion test measures the effectiveness of corrosion inhibitos

in cracked concrete. While the specimens for this test were cast using the same concré
mix as was used in the standard Uncracked Beam Corrosion test, the Precracked Be#
Corrosion test is more severe since chlorides and moisture have direct access to

reinforcing steel.

In this test method, 4x5x16 in. specimens were cast with one No.3 reinforcing steai
bar placed near the top the specimen, and two No. 3 reinforcing bars placed near fi§
bottom surface. The cover for the top and bottom reinforcing steel is 1 in. '

The test slabs were moist cured for 7 days, then air dried for 14 days. The specimesf
were then stressed under center point flexure to induce a stress crack with a widthatt

top of the specimen of approximately 0.010 in. Steel plates were attached to the SilesR
of the slabs to prevent the crack from closing. After the cracking procedure had ez

completed, the final surface crack width was verified to be between 0.008 to 0.0108

Once again, Lucite dikes were attached to the top of the test specimens, and a 10018

pondﬁéﬂf

resistor was connected between the top and bottom reinforcing steel.
Corrosion testing began when the slabs were 28 daysold. The specimens were

for 4 days with a 6 percent sodium chloride/ water solution at 60 to 80 F.

The solution was then vacuumed off, and the slabs dried for 3 days at 60 to 80 F.

This cycle continued for 23 weeks.

Precracked Beam Tests- Results o
At the conclusion of the test period, only one specimen out of six containing Fhe 0 f
at 1 gal/ yd® exceeded 100 uA of current. All of the specimens of the control miX; anos
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calcium nitrite at 2 gal/ yd® and 6 gal/ yd*® showed corrosion current in excess of 100 uA

Four of the six reinforcing steels from the specimens containi i i
tainin
yd® exceeded 100 uA. g calcium nitrite at 4 gal/

In analyzing the test results, the control specimens and specimens containin

2 gal/ yd? o_f calcium nitrite had the highest average corrosion currents. The arsogh d th

most negative ha_lf_-cell potentials. The test slabs containing the OCIA at 1y al/ d2 t i
the_ longest to !nltrate corrosion, and had the lowest corrosion currents du?in \:h ttOOt
pgr{od. Corrosion currents from the specimens containing 4 and 6 gal/ yd? (?f c:e; .

nitrite were Ies_s than the control mix, but greater than those containing trme OCIAa C'ilyhm
average corrosion cur(ent in the specimens containing calcium nitrite at - :
6 gal/ yd® increased significantly after 20 weeks, and was equivalent to thos

from the specimens containing 2 gal/ yd?® of calcium nitrite. e

OC:‘!esults from the‘hglf-ceil potential readings were similar. Specimens containing the
A and calcium nitrite at 6 gal/ yd® had similar readings which were less negative than
any of the other mixes. The control mix and the mix containing

2 gal/ yd® of calcium nitrite had the most negative half-cell potential readings.

remﬁ;;rtc?:gc;r;cllusion of ;he 23 week test period, the test slabs were sawcut and the
el removed. Most all of the bars had corrosion

ee . close to the crack, and
several had pitting at the point where the crack met the reinforcing steel. The length of

corrosion was then measured, and the av i :
Blow. average corrosion length and the severity are shown

Avg. corrosion
length

2.8 in.
8.1 in.
11-3in,
8.5 in.
6.8 in.

Mix
1 gal OCIA

Control

Severity

No corrosion to severe

Severe

2 gal calcium nitrite Severe

4 gal calcium nitrite Severe

6 gal Ca|CIl||H “. H. ra re I I

The rei i
ol sr?éf:it;;cugg s;\?ef removed frpm the concrete specimens containing 1 gal/ yd? of the
e Segzlﬁ;el corrosion Iength approximately 65% less than the control
The e 5% less than the specimens containing calcium nitrite at 6 gal/ yd3.
corrosion in the OCIA treated specimens ranged from 0.0 to 7.5 in

Inthe control s
SEVere on all spe

taken f[om the s
from th

pecimen, the length of corrosion ranged from 5 to 11 in.. Corrosion was
;;r:ic::; Severg gorrosiop was a'Iso evident in all of the reinforcing steel
o s containing calcium mtrnte at 2 gal/ yd® The length of corrosion

ens ranged from 5.0 to 15.0in.. In the slabs containing 4 gal/ yd?® of




