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Technical Review of Calcium Nitrite
Corrosion Inhibitor in Concrete

NEAL S. BERKE AND ARNOLD ROSENBERG

Calcium nitrite has been used as a corrosion inhibitor against
chloride attack and as a set accelerator in concrete for more
than 20 years. Considerable data are available concerning its
effects on corrosion inhibition, setting times, freeze-thaw
resistance, strength, and other properties. Although much of
the data have been published in the open literature, a full-
scale review is not available. This paper reviews past and pres-
ent research on the properties of calcium nitrite in concrete.
While the bulk of the data have been generated by W.R. Grace
& Co., considerable information is available from outside
sources, including the U.S. Federal Highway Administration
(FHWA), departments of transportation, universities, and
independent test laboratories. It is shown that calcium nitrite
is an effective corrosion inhibitor for steel in concrete, based
upon extensive corrosion testing in laboratory and field con-
crete specimens. The effects of mix design and concrete cover
on corrosion resistance with calcium nitrite are also discussed.
Furthermore, in most cases, calcium nitrite improves the com-
pressive strength of the concrete mix and, with proper air
entrainment, is freeze-thaw durable. In conclusion, the data
generated in the last 20 years show that calcium nitrite is a
proven corrosion-inhibiting admixture to be used to protect
concrete structures in a chloride environment.

Steel-reinforced concrete is a widely used construction mate-
rial, The concrete provides 2 protective environment for the
steel, and the steel provides the concrete with tensile strength.
When reinforced concrete is subjected to chloride-containing
salt, however, corrosion of the steel reinforcement can occur.
The corrosion of the steel eventually leads to significant dete-
rioration of the reinforced concrete.

The effects of corrosion are staggering. Approximately half
of the 500,000-plus bridges in the U.S. highway system are
in need of repair (/). The Strategic Highway Research Pro-
gram pointed out that $450 to $500 million per year can be
saved by correcting corrosion problems in extant bridges (2).

Most bridge failures are due to deicing salts. However,
bridges in marinc cnvironments arc also susceptible to severe
corrosion due to chloride ingress. The severity of the marine
environment is such that damage may be evident in as little
as § years (3).

This paper reviews the development of calcium nitrite as a
corrosion inhibitor to protect steel in concrete from chloride-
induced corrosion. Additionally, the beneficial effects of cal-
cium nitrite on concrete, such as improved properties of
mechanics and durability, are discussed.

W. R. Grace and Company, 62 Whittemore Ave., Cambridge, Mass.
02140.

HISTORY OF DEVELOPMENT

In 1961 the need for a noncorrosive accelerator for concrete
became apparent. The main impetus was the definitive paper
by Monfore and Verbeck (4) in which they showed that admixed
calcium chloride caused the Regina, Saskatchewan, waterpipe
failure. This followed closely a similar study by Evans (5), in
which he found that chloride caused corrosion of steel in
prestressed concrete.

The most obvious approach seemed to be a salt that would
accelerate concrete’s setting time but also act as a corrosion
inhibitor. Treadaway and Russell (6) studied sodium nitrite
and sodium benzoate. Craig and Wood (7) studied potassium
chromate, sodium benzoate, and sodium nitrite. These papers
and others agreed that sodium nitrite offered the best pro-
tection for concrete from chioride-induced corrosion but that
the strength of the concrete was reduced when any of these
materials were used. Figure 1 shows the reduction of strength
with various inhibitors (7). Further, the risk of the alkali-
aggregate reaction was worsened by the addition of a sodium
salt.

Further studies revealed that to maintain or improve the
strength of the concrete, the cation system of concrete, namely
calcium, could not be changed. Thus, in 1964 a noncorrosive
accelerator based on calcium formate and a small amount of
sodium nitrite was introduced; it did not result in loss of
strength (8). The calcium formate/10 percent sodium nitrite
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FIGURE 1 Effects of some corrosion inhibitors on
compressive strength (7).
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accelerator gave good setting time acceleration with no loss
in compressive strength (9). The product had to be handled
as a dry powder, however. Ten years later the corrosion of
steel in concrete became a serious problem in the United
States, and a process for the manufacture of calcium nitrite
became available in Japan. The new corrosion threats to con-
crete placed in marine environments and the use of marine
sand, along with the fact that calcium nitrite could be prepared
as a 40 percent stable solution, encouraged further study of
calcium nitrite for use as an admixture in concrete.

First the mechanism of calcium nitrite’s protection of steel
in concrete was determined. Several experts were consulted,
and laboratory experiments were conducted to confirm the
mechanism. If corrosion was the dissolution of iron or

Fe® — Fe** + 2e~ (1)

a solid ferrous hydroxide (white) corrosion product would
form in concrete (pH = 12.5), preventing further dissolution
of iron, in the absence of chloride. In the absence of chloride,
the iron will convert to the ferric state. The resultant protec-
tive ferric oxide is less than 100 A thick.

When not protected by concrete, iron continues to corrode
because of available oxygen, carbon dioxide, moisture, and
changing temperatures. The initial ferrous ions change to the
more stable Fe,O; X H,O going through different interme-
diate stages, such as Fe,O,. In well-rusted iron, layers of the
various oxides of red and black rust are observed. The layers
of oxides prevent a strong, continuous passive film from pro-
tecting the iron from further corrosion.

Foley (10) has shown that iron forms soluble, light green
complexes with chloride ion. These have been observed in
concrete. These soluble forms of ferrous ions are able to
migrate away from the reinforcing bar, encouraging more iron
to dissolve. This prevents the passive layer from forming.
Thus, the corrosion process in concrete depends on chloride
ion, water, and oxygen content, as borne out by Hartt and
Rosenberg (17) who found the worst corrosion of marine-
exposed concrete at the intertidal zone.

TABLE 1 ACCELERATION WITH CALCIUM NITRITE
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It was determined that calcium nitrite does not react with
Fe® or Fe* * *. It does react with Fe* * according to the fol-
lowing:

2Fe** + 20H" + 2NO; — 2NO

+ Fe,O, + H,O )

Thus, if ferrous ions are produced in concrete, calcium nitrite
changes them to a stable passive layer, avoiding all the meta-
stable intermediate forms. Chloride ions and nitrite ions com-
pete for ferrous ions produced in concrete. The relative con-
centrations of chloride and nitrite determine the type of reaction
that takes place. If the nitrite ion concentration is large, then
nitrite reacts with ferrous ions to form a passive layer that
closes off the iron surface, stopping further reaction; as such,
the amount of nitrite reacting is very small (12-17).

There was concern about the production of NO gas in con-
crete, nitrite ions changing the size of the anode, and dan-
gerous cathodic reactions. If produced, NO gas changes to
NOj3 eventually in the presence of O, but only after cor-
rosion would have taken place and the concrete had been
destroyed. Nitrite does not enter the reactions involved in
producing the anode but reacts with the resulting products of
the anode. Thus, it cannot affect the size of the anode.

The dangerous cathodic (/8) reaction is

NO; + 6H°— NH, + OH~ + H,0 3)

which is a reaction that can take place only in an acid envi-
ronment. Therefore, the preceding concerns were unwar-
ranted.

More important than the theory is the actual performance
of calcium nitrite in concrete. Calcium nitrite meets the
requirements of ASTM C494, and Table | shows the effect
on setting time and compressive strengths.

In the early 1970s the use of the Partial Immersion Cor-
rosion Test to study corrosion in concrete was popular (12).
Open circuit potentials of steel in mortars exposed to chloride
using this method showed that calcium nitrite was a corrosion
inhibitor (12).

A-Day Compressive “ chanage
Cement Admixtire 2 by Weight Strength, psa Inmnitial Firal relat1ve
Brand of Cement CkPan Hmain. F:mir. to coniral
A none 1525 €105152 8: 45 12:221 =
A 1¥ calcium nmitrite 1568 (102311D 00 10: 20 21
A 1% calcium chloride 2151 1493312 q4: 20 ¥:=30 51
A 27 calcium nitrite 1924 13266 3305 Az 55 55
A 27 calcium chloride 2624 (18092) 2:10 4: 55 S
a none 1467 C1011S)> 8: 30 —————
B 172 calcium nitrite 1576 (108672 S: 249 2: 05 37
B 12 calcium chloraide 2220 C15307)> 3:16 S: 00 [P
B 24 calcium nitrite 2075 143072 3:12 S:42 632
B 27 calcium chloride 2562 (176652 2:15 3: <0 74
Water/TCement ratio wvas 0.56 to 0.57; slump was A.0 + 0.5 in. (100 + 12 mm2;

Bir content was 1.95 + 0.25 percent.
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In the late 1970s, the FHWA developed its own test for
steel-reinforced concrete. Small bridge decks were con-
structed with steel closely spaced to accelerate the test. Salting
was done daily, and potentials were measured over a long
period. Several publications discussing the results [rom these
tests can be tound 1n the literature (/3,/7,19).

At the end of 2 years of accelerated testing, the most dra-
matic results with the corrosion inhibitor were found in the
series where a water-reducing admixture was used. Here the
control showed serious corrosion at the end of 6 months,
whereas the protected deck was just beginning to show a slight
amount of corrosion at the end of 2 years of continuous salt-
ing. Thus, with calcium nitrite and a water-reducing agent,
the service life of a bridge deck under severe conditions will
be extended. A finite amount of calcium nitrite, however,
cannot protect against the unlimited addition of chloride. It
was, therefore, important to determine the chloride:nitrite
effectiveness ratio.

Concrete cylinders were cast with embedded rebar using
6-in. I.D. plastic pipe, 12 in. long, using ASTM C-185 mortar
with admixed sodium chloride and admixed calcium nitrite.
All the specimens with a C17/NOj ratio less than 2.0 per-
formed satisfactorily in the test without passing the —300 mV
vs. SCE level, while more than half the specimens with
Cl=/NO; between 2.5 and 3.0 failed. It is apparent that if
the chloride:nitrite ratio is below 2.0, or below 1.5 to be on
the safe side, corrosion will be controlled.

If salt is continually put on bridge decks, however, the
concentration of the salt will increase. Thus, it is important
to know how salt concentrations build up with time.

It is generally believed that 1 to 2 lb. of chloride ion/yd? of
concrete will start the corrosion of steel in concrete. If it is
assumed that 2 percent solids on cement by mass solids on
solids (s/s) calcium nitrite will protect steel in concrete where
661 Ib./yd® of cement is used, corrosion will not begin until
the chloride ion concentration reaches 12.8 1b./yd?.

Thus, in concrete unprotected with calcium nitrite, corro-
sion will begin when the level of chloride is 1 to 2 Ib./yd?,
although high-quality concrete will take longer to get to that
level (20). In the concrete protected with calcium nitrite, on
the other hand, the concentration must reach 12.8 Ib./yd?.

The time it takes concrete to reach that level depends on
the diffusion of chloride into the deck. Diffusion depends on
several factors. For example, Ost and Monfore (27) found it
to depend on the water:cement ratio, as shown in Table 2.

Stratfull et al. (22) examined chloride content in 16 bridges
that had failed because of corrosion. They found the average
chloride content of the steel to be 2.6 1b./yd?; the average age
of the decks was 13 years. If calcium nitrite had been used at
2 percent s/s, then corrosion would not have started until the

TABLE 2 PERMEABILITY OF CHLORIDE ION IN
CONCRETE (21)

< CaCl2 at 2 in. Depth

WsC After 12 Months Sonaking
N.61 5.3
n.4as 1.4
0.37 n.1
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chloride level reached 12.8 Ib./yd®. Because the chloride levels
at which corrosion occurs with calcium nitrite are substantially
higher than those in unprotected concrete, there has been a
recent switch to quantity of inhibitor added independent of
cement content. One gallon of 30 percent Ca(NO,), solution
provides approximately 2.27 1b. of uitiite. Chloiide:nitrite
ratios are now based upon the gallons per cubic yard of 30
percent calcium nitrite solution added.

RECENT CORROSION TESTING IN
CONCRETE

In recent years improved electrical measuring techniques have
been used to examine the effectiveness of calcium nitrite. New
studies examining the effectiveness of calcium nitrite as an
inhibitor in concrete are reported (23—30) in this section.
One of the most extensive studies of calcium nitrite involves
more than 1,200 samples, 15 mix designs, and 0, 3, and 6
gallons/yd® of 30 percent calcium nitrite solution; it is nearing
completion after 4 years of accelerated testing (23,24). Sam-
ples were partially submerged in a 3 percent sodium chloride
solution with 1.3 in. of concrete cover. This environment
provided strong chloride wicking into the concrete with good
access to oxygen—that is, an extremely severe exposure.
Corrosion rates were determined using the polarization
resistance technique, electrochemical impedance, and peri-
odic removal of specimens to permit the visual examination
of the reinforcing steel appearance. Corrosion currents
expressed as 1/R,, inverse polarization resistance (wmho/cm?),
were integrated over time to determine the total corrosion in
pmho/cm? months. (Note that R, is the polarization resis-
tance, and the corrosion current is equal to B/R, where B is
a constant. Figure 2 shows the latest data, which are 1.5 years
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TABLE 3 CORROSION INHIBITOR TEST RESULTS (26)
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Time to Corrosion and

Corrosion Current

Concrete Cover

1

Concrete Caover 2"

Time to Corrosion Current, Ua Time to Corrosion Current, Ua
HWater/Cement Sample Corrosion et e et e e S e COrrosion e e e e e et
Ratio Type CHeeks) 48 Heeks 116 Weeks Chleeks) <48 Weeks 116 Weeks
0.50 Control 6 245 > 54 o E 3
4 gals CN 21 30 2 €3¢ 0 o
6 gals CN 11 -3 Ed ¢ € a o
0.40 Control 128 3 €
4 gals CN 21 10 19 €€ 0 o
0.32 Control 2.5 110 2 €3¢
4 gals CN E 3 o o ¢ (2] o

¥ Sample failed
®¥» No corrosion activity after 116 weeks
%% Sample not made

CN — Calcium nitrite sample

Information Source:

1.
Report No. FHWAs7RD-86/193,

US Department of Tranmsportation

April 1987,

2.
September 1987
Wiss, Janney,

Elstner Associates, Inc.

more current than those published earlier (24). A total cor-
rosion measurement of 1,000 pmho-month/cm? is roughly
equivalent to 1 mil of average corrosion on the steel. This is
considered enough to cause rust staining or cracking of the
concrete. This was observed for several specimens that reached
that degree of corrosion.

This study showed that calcium nitrite delayed the onset of
corrosion, and in those cases where corrosion began, the rates
remained lower than in unprotected cases. Furthermore, the
benefits of calcium nitrite improved with lower water:cement
ratios.

The FHWA examined the effectiveness of calcium nitrite
in macrocell measurements made on minibridge decks, some
of which had admixed chlorides (25). Even though they used
a high (0.5) water:cement ratio and admixed chlorides in,
they concluded that “calcium nitrite can provide more than
an order of magnitude reduction in the corrosion rate.”

Another major study in which calcium nitrite was tested
was completed in 1987 (26). The macrocell corrosion rates of
minislabs were investigated in this study. The minislabs were
subjected to chloride ponding and severe drying for 48 weeks.

Protection Systems for New Prestressed and Substructure Concrete

Corrosion Protection Tests on Reinforced Concrete

Additional slabs with calcium nitrite in concrete with different
covers and water:cement ratios were added to the study, and
tests were extended from 48 to 116 weeks. A synopsis of
reported results and the additional results of the extended
test program are presented in Table 3.

The preceding study showed that as concrete quality improved
(w:c ratio decreased and cover increased), the benefits of
adding calcium nitrite corrosion inhibitor became greater.

The South Dakota Department of Transportation con-
ducted a study in which rebars were embedded in concrete
cylinders with and without admixed chloride (27). Steel in
cylinders with admixed chlorides without calcium nitrite went
into corrosion almost immediately, whereas samples contain-
ing calcium nitrite remained passive for months. For samples
without admixed chlorides, the benefits of calcium nitrite were
significant.

Some of the preceding samples were further analyzed. Results
of polarization resistance and electrochemical impedance tests
using methods described elsewhere (23) are presented in Table
4. The corrosion rate is proportional to 1/R, (R, is the polar-
ization resistance), and rates under 20 umho/cm? are consid-



TABLE 4 SOUTH DAKOTA LOLLIPOPS CORROSION RATES AT 3.5 YEARS (27)

Concrete Measured Polarization Corrmatoed

Mix Concrete Mix Ecorr, Resistance Resistance (Epl), CRPp, 1/Rp,

% CcfF = 5220 1bsyd3D cemd, SCE? (kohm—cm2> Cleohm—cm2 ) Clkcobun —cm Cumho /cm2Z2)

< 4.1 gal s yd3 —210 35 2=0 13" S

CadNDO2>»2
6 4.1 galsyd=2 —431 13 2.4 14. - 69
CadNO2Z2>2 +
27 lbssyd3 NaCl

19 27 1lbs/yd3 NarlCl —609 5.9 8.5 1.6 625

Concrete cylinder was cracked open by South Dakota DOT, which caused much higher corrosion rate. Note severe corrosion at 1/Rp s > 20 umho/cm2.
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ered passive (24). The corrosion rates were corrected for ohmic
resistance (37) and clearly show that calcium nitrite signifi-
cantly reduced corrosion.

After the corrosion rates were measured, the samples in
Table 4 were broken open. The samples without calcium nitrite
were severely corroded. Chloride and nitrite analyses were
performed; chloride levels ranged from 18 to 40 1b./yd® at the
rebar level, and at C1=/NO7 ratios of 1.6 to 2.2 calcium nitrite
prevented corrosion.

This study showed that calcium nitrite significantly reduced
corrosion of steel even when high chloride concentrations
were present. Furthermore, it showed that until corrosion
began there was no evidence of nitrite depletion at the rein-
forcement level.

Studies are now in progress examining the use of calcium
nitrite with silica fume (28,29). Early results (one in 2 years)
show that only the control samples without calcium nitrite or
silica fume are corroding. Of interest is the observation that
even though calcium nitrite increases the AASHTO T277
Rapid Chloride Permeability Coulombs value (see Table 5),
it either lowers or has no effect on the effective diffusion
coefficient for chloride. Thus, calcium nitrite is compatible
with silica fume and should protect the reinforcement when
chlorides reach it. This study also showed that calcium nitrite
increased compressive strength.

Recent testing showed that calcium nitrite also protects
galvanized steel and aluminum embedded in concrete (30).
This study involved alternate ponding of minibeams with 3
percent NaCl. Corrosion rates were measured by both polar-
ization resistance and macrocell corrosion. Visual observa-
tions were in good agreement with the electrochemical test
results shown in Table 6.

Also, the benefits of calcium nitrite in cracked concrete
have been demonstrated. Figure 3 shows the long-term total
corrosion, to alternate ponding with 3 percent NaCl, for rein-
forced notched minibeams (16 in. X 4 in. X 3 in.) with third-
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point loaded cracks that extend down to the reinforcing bar,
halfway to the bar, and not at all. Cracked samples with
calcium nitrite took longer to start corroding or are corroding
at substantially reduced rates. The uncracked samples are not
yet corroding because of the good-quality concrete employed,
as can be seen in Table 7. Cracks were less than 0.01 in. wide.
It was determined from this study that calcium nitrite is effec-
tive in the presence of cracks.

A recent study in Germany (32) showed that sodium nitrite
was also effective in reducing corrosion in cracked specimens,
even at much higher than recommended water:cement ratios
and a low dosage rate for the exposure conditions. This is not
surprising since two other studies showed that thin cracking
was not a significant factor in corrosion (33,34).

A small study was conducted looking at the benefits of
adding calcium nitrite to concrete containing fly ash. Figure 4
shows the long-term corrosion behavior of a control concrete
compared to concrete with fly ash or fly ash and calcium
nitrite. Calcium nitrite significantly improved corrosion resis-
tance, and fly ash by itself offered only minimal improvement.
Mix designs are given in Table 8.

IMPORTANCE OF MIX DESIGN

ACI 201 states that low water:cement ratios and good con-
crete cover should be employed when chloride exposures are
moderate to severe (35). Several of the studies mentioned
confirm the need for low water:cement ratio studies and ade-
quate cover (23,24,26,28,29). Furthermore, research (23,24,26)
clearly shows that calcium nitrite becomes more effective as
concrete quality improves. This is significant because the higher-
quality concretes outperform those of lesser quality; thus, the
improvements with calcium nitrite in good-quality concrete
are substantial.

ACI 201 also states the importance of air entrainment to

TABLE 5 EFFECTIVE CHLORIDE DIFFUSION COEFFICIENTS (D, ;) VS. AASHTO T277 COULOMBS (28)

Calcium off
Cement Factor Microsilica Nitraite ARASHTO T277

Mix kg/m3 Cpcy? 34 L/m3 (gpy? WoC Coulombs 1078 cm™2 /=
1 347 587> (8] 0.4a2 3663 11.0
2 343 (S80> o 20 4> 0. 498 4220 .0
5 350 <S91 D 15 a] D.4a8 198 8.7
6 359 607D 15 20 4> 0. <ag 253 (5 e
11 363 <H14)> 7.5 10 (2> D.43 380 0.8
13 338 CS?71D> a ] .38 3485 2.0
14 352 S595) a 20 <4 n. 38 1838 2.0
17 354 599> 15 o 0.38 = o.3
18 313 <S80 15 20 C<4> .38 119 D.3

Mote: D at 22°c «72%F>.

eFF
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TABLE 6 CORROSION CURRENTS OF METALS IN MINIBEAMS AFTER 24 MONTHS OF CYCLIC PONDING IN 3 PERCENT
NaCl

Cover

Type of Steel Cirm. 2

Black Steel 0.75

Galvanized Steel 0.75

Chromate Treated n.?vS
Galvanized Steel

Aluminum Conduit 1 3/8"

(14 Months)

Corrosion Current

Polarization Macrocell

Cale i Re&sistance Testing
Nitrite CuA/cm2) CuR/cm2)

] 1.575 0.831

2 0.026 0.005

4 26 2€ 2 0.001

s} 0.722 0.041

2 0.006 0.007, —0. 006

< n.ov72 (]

o 1.091 0.1035, —0. 25

2 0.325 0.00S

< 0.253 0.001

o 2.200 0.370

2 0.013 0. 008

49 0.011 0.011

% Negative wvalues are for corroding bottom bars.

% Not Available.

LEGEND:

no calcium nltrite protection
calclum nitrile protected
full-cracked to rebar
half-cracked to rebar
uncracked

3000 3.0

full:

half: full

2500

25
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TOTAL CORROSION
(months x umho /cm?2)

1000

500

15

TIME
(months)

FIGURE 3 Total corrosion vs. time for precracked
beams with and without calcium nitrite.

TOTAL CORROSION
(mils)

protect the concrete against freeze-thaw damage. Concretes
that are properly air entrained with calcium nitrite and high-
range water reducers are resistant to freeze-thaw cycles (28).

COMPATIBILITY WITH OTHER CORROSION
PROTECTION SYSTEMS

As already shown, calcium nitrite is very compatible with
concrete containing microsilica or fly ash to provide reduced
chloride permeability. Sealers or membranes would be bene-
ficial in reducing chloride ingress.

STUDIES TO CONFIRM ACTION OF CALCIUM
NITRITE

A major study examining the effects of calcium nitrite in
saturated calcium hydroxide solutions with and without sodium
chloride was conducted (36). This study showed that calcium
nitrite significantly increased the potential at which pitting
begins and also increased the protection potential below which
pitting and crevicing do not occur. This is indicative of the
behavior of an anodic inhibitor and is beneficial in that it
significantly broadens the range in which steel cannot severely
corrode in concrete. Subsequent, unpublished work by one
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TABLE 7 CONCRETE MIXTURE PROPORTIONS AND PROPERTIES OF SPECIMENS IN PRECRACK

Slump, < Plastic f*c (23 days?>,
Mix CFCpociyyX WA Cim. D Air psi
Control 20 0.39 26 5.3 6771
Calcium Nitrite 6589 0.<40 3.6 s &e28s

27 solids by

ma=ss of cement’

Note:

TOTAL CORROSION VS. MONTHS PONDED

1600 N Freree e

—
N
(=1
o

(months x umhoi/cm?)
-3
3

TOTAL CORROSION

400 F

TIME PONDED
(months)

CONTROL
-4 - FLY ASH
—B— FLY ASH + Ca (NO,),

FIGURE 4 Effect of fly ash and fly ash + calcium
nitrite on the total corrosion of concrete rebars ponded in
3 percent NaCl.

TABLE 8 BASIC MIXTURE PROPORTIONS FOR FLY ASH:
CALCIUM NITRITE STUDY

Mix EF

# 1bs/ oy Wsc Admixture

1 <1993 D.62 Control

2 <A06 0.7 CF/Fly Ash = 4Ad6/122 pcy

=1 <06 0.73 CadNO2>2 = 1.9 gpy
CF-sFlygy RAsh = QA06/122 pcy

of the authors in higher pH, sodium, and potassium hydroxide
solutions showed no significant effect other than the trans-
passive potential becoming more active, as would be expected
for the decomposition of water (37).

Furthermore, the study showed that even extremely low
concentrations of nitrite were beneficial. A recent study by
Briesemann (32) also showed that low concentrations of nitrites
are not detrimental in the high-pH environment of concrete.

Averages for 323 mixes each design.

Studies (36) were performed in solutions purged with oxy-
gen-free nitrogen. In the absence of oxygen the nitrite did
not participate in a detrimental cathodic reaction as found at
lower pHs by Cohen (I8).

In another unpublished laboratory study by one of the
authors, there was no loss of nitrite in concrete samples exposed
to fog room conditions for 5 years followed by 2 years of
drying. In the absence of corrosion, nitrite is not consumed
as shown by Cohen (I8), by analysis of concrete in the South
Dakota study (27), and by a 7-year-old Illinois bridge deck.
Thus, nitrite is stable in concrete.

HOW TO USE CALCIUM NITRITE

Corrosion data from several studies (13,25,27,36) and chlo-
ride analyses performed on the concretes tested (or known
from the solutions employed) were combined to develop a
graph of chloride:nitrite ratios at which corrosion occurs ver-
sus admixed 30 percent calcium nitrite solution. The graph is
provided in Figure 5. Based on Figure 5, Table 9 was devel-
oped as a guide on how much calcium nitrite is needed to
protect steel from a given chloride ingress.

If one can estimate the amount of chloride that will reach
the steel at the design life of a structure, an estimate of the
calcium nitrite needed to protect the structure can be given.
Chloride levels can be estimated from experience and con-
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FIGURE 5 Chloride:nitrite ratios at which corrosion
occurs based on testing in solutions and concrete.
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TABLE 9 CALCIUM NITRITE DOSAGE RATES VS.
CHLORIDE

Calcium MNMitrite Chlorides

(gallons/c.y-? (pounds/c.y.- 2

5.0
9.9
13.0
15.0
16.0

o A WN

crete properties, and several papers give methods and exam-
ples of predicting chloride levels (3,28-30,38).

CONCLUSIONS

Nitrites have been used in concrete for more than 30 years
in Europe. Calcium nitrite has been available in the United
States as a concrete admixture for more than § years. Exten-
sive testing shows that it

@ Protects steel against chloride-induced corrosion;

e Improves in efficiency as concrete quality improves;

e Improves compressive strength;

e [s beneficial to corrosion protection in higher quality con-
crete and lowers corrosion rates once corrosion begins; and

® Works in the presence of cracks.
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