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subject to local depletion of chromate, much lower concentrations
may be employed.
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Sodium Nitrite as Corrasion
Jnhibitor for Waler

A. WACHTER

Shell Development Company, Emeryville, Calif.

SODIUM nitrite is a good corrosion inhibitor for water and under
many conditions can completely suppress the comrosion of steel.
The concentrations of nitrite needed for pronounced inhibition
vary with the severity of conditions and the pH and composition of
the water. Sodium nitrite can completely prevent corrosive attack
on steel in sodium chloride solutions and in aqueous alcohol solu-
tions. It is also effective on steel which is covered with rust scale.\
Corrosion of many of the common ferrous and nonferrous metals is
<ither inhibited or not adversely affected by the presence of nitrite.

of preventing corrosion of steel by water and oxygen under

many conditions, Although the mechanism by which sodium
nitrite functions as an inhibitor is not known with certainty, evi-
dence (38) indicates that it acts as an oxidizing agent to produce a
very thin tenacious film of ferric oxide on anodic areas, and does
not remove oxygen in the manner of sodium sulfite. Many
references to this substance are found in patents, but there are
remarkably few discussions in scientific literature. An earlier
paper (3) described characteristics of sodium nitrite as an in-
hibitor with particular regard to its application for preventing
internal corrosion by water in pipe lines for gasoline and other
petroleum products. This application (I, 2) has proved singu-
larly effective, and at present such inhibition is being employed
in over 32% of the total gasoline pipe line mileage in the United
States, Sodium nitrite, incorporated into a muecilaginous-base

1 Based on discussion by the suthor at the Symposium on Corrosion
Inhibitors, presented in the preceding pages.

SODIUM nitrite is a highly effective corrosion inhibitor capable

coating composition (4), also provides efficient protection against
corrosion by moisture in steel drums containing gasoline. Since
many other practical applications are probably possible, it is
considered worth while to present data here which may be of
general interest.

INHIBITION OF AQUEOUS SODIUM CHLORIDE SOLUTIONS

Sodium chloride may be taken as a common corrosion-enhanec-
ing constituent in water. Experiments have been made to deter-
mine the corrosion inhibiting behavior with respect to steel of
sodium nitrite in sodium chloride solutions. The method was
described previously (3). Figure 1 shows typical results for low
chloride concentrations. Concentrations of nitrite needed to
completely suppress corrosion under these conditions are ex-
tremely low; 0.005% suffices for distilled water, 0.03% for a
0.05% sodium chloride solution, and 0.069%, for a water sample
from a gasoline pipe line.

Figure 2 indicates the minimum concentrations of sodium ni-
trite needed to prevent corrosion of steel by solutions containing
up to 10% of sodium chloride. The corrosion rates for the so-
dium chloride solutions with no added nitrite under these condi-
tions were about the same within the limits of experimental un-
certainty, the average value being 6.7 mils per year with maxi-
mum deviations of =0,4, No attempt was made to control the
hydrogen ion concentration; however, pH measurements were
made before and after each experiment. Initial pH values of the
nitrite-chloride solutions were between 6.2 and 7.2, usually
slightly below 7. Final pH values were as high as 9 to 11 in ex-
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Table 1. Efficacy of Inhibitors with Slightly Rusted Steel

__ Preconditioning period A: Sandblasted SAE 1015 steel rods (/4 by &
inches) were rusted equally by alternate dipping in 0.05% NaCl solution,
immersion for about 20 hours in gasoline, and hanging in air for about §
hours; the cycle was repeated several times over a period of 5 days.

Period B: "Rusted rod prepared as in 4, fastened in 2 4-ounce bottle con-
taining 20 ml, of inhibitor solution (pH 9.0 to 9.5) or water, 70 ml. of gaso-
line, and 30 ml, of air space. Bottle rotated end over end at 60 r.p.m. and
room temperature. Fresh air introduced into air space every second day.
Corrosion rates calculated from weight loss of cleaned specimens. )

Corrosion Rate?, Mils/Year
Aqueous Soln. 7-day expt.b 14-day expt.°

Water 8.8 = 0.5 9.1 = 0.3
1.2% Na:CrOq 4.2 = 0.2 3.0 = 0.3
% = 0.3

1.29% NaNO; 0.7 = 0.6 0.9

¢ Average values during period B and average deviation from mean.

b Each solution tgsted in triplicate. From 3 rods average weight of rust
formed during period 4 was 161 = 18 mg, and average weight loss of steel
was 110 = 12 mg., corresponding to a corrosion rate of 15 mila/year.

¢ Each solution tested in quadruplicate. Average weight loss of 4 rods in
period 4 was 128 = 11 mg.

4 1.0% N=2:CrOq solution used in this experiment.

: =
A
/|

\

>
.
X

NO CORROSION

o

-

CORROSION

CONCENTRATIOR OF NaHO,, % BY WEIGHT
L
N

n

1 / FIGORE 2 ——
Is] t/ | |

0 1 2 4 5 6 7 a 9 10
CONCENTRATION OF NaCl, % BY WEICHT

Figure 1. Influence of Sodium Nitrite Concentration on Corrosion
of Steel by Some Waters

Figure 2. Minimum Concentrations of Sodium Nitrite for Pre-
venting Corrosion of Steel by Sodium Chloride Solutions

Conditions for Figures 1 and 2: Sandblasted low-carbon steel strip, 3/s by 5 1/;

inches, in 120-ml, bottle taining 20 ml. aq tution of sodium nitrite and

sodlum chloride, 70 ml. gasoline, and 30 ml, air space, Bottle rotated end over end

at 60 r.p.m. for 14 days at room temperature (approximately 25° C.). Fresh air
introduced into air space evety second day.

periments with less than completely inhibiting concentrations of
nitrite but were only slightly over 7 when no corrosion oceurred.
In these experiments it was judged that no corrosion occurred
when the rate of attack was less than 0.1 mil per yvear; the speci-
men appeared bright and the liquid was clear.

Sodium nitrite requirements increased markedly as sodium
chloride concentration increased. For example, although 0.005%,
and 0.2%, sodium nitrite sufficed to prevent corrosion in distilled
water and in 0.5% sodium chloride solution, respectively, at
least 49 sodium nitrite was needed to prevent rusting under
these conditions in 39 sodium chloride. It should be kept in
mind that less severe corrosive conditions would require lower
concentrations of sodium nitrite and correspondingly more severe
conditions would require higher concentrations.

INFLUEN'CE OF pH

On several occasions it has been observed that sodium nitrite
does not inhibit corrosion in acidic water. For example, a pH of
at least 6 is required for 0.06% sodium nitrite to be effective for
water in a particular gasoline pipe line (3). Figure 3 gives results

Table il. Effects of Sodium Nitrite with Different Metals

Conditions: Metal strip, 3/s by 5!/2 inches, fastened in a 120-ml. bottle
containing 25 ml. of aqueous solution (in distilled water). Bottle rotated
end over end at 60 r.p.m. for 14 days at room temperature (about 23° C.).
Air in bottle replenished every second day. Corrosion rates calculated from
weight loss of cleaned specimens,

Corrosion Rate, Mils/Year

0.05¢, NaCl 0.056% NaCl +
Metal socln. 0.29, %aNOz soln,
Low-carbon steel 17.6 0.0
Tin-plated steel 5.0v 20

139, chromium steel

18-8 stainless steel

Aluminum (52-8)

Muntz metal (60 Cu, 40 Zn)
Admiralty brass (70 Cu, 29 Zn, 1 Sn)
Red brass (85 Cu, 15 Zn)

70 copper—30 nickel

Monel

Nickel

¢ Attacked principally on steel at exposed edges.
b Blight effects on plate.

¢ Blight tarnish.

é Bright, unaffected.

°

ooooooHmos
COHCLIWHON
cooooDo000
OO—W»—-WM%

c% NaNO,

\\N
o .ols%l NaNO, 3
!

0.036% NaNOy

CORROSION RATE, MILS/YEAR
=

5 € 7 8 9 10 11

INITIAL pH OF SOLUTIONS

Figure 3. Influence of pH on Inhibition
with Sodium Nitrite

Conditions: Polished low-carbon steel stip, 3/4
by 3 inches, in 120-mi, bottle containing 50 ml,
aqueous solution, 20 ml, gascline, and 50 ml. air
space, Each aq solution tained 0.02%
by weight of a buffer mixture consisting of H;PO
H3BO;, CHy.COOH, NaOH. Botties rotated
end over end at 60 r.p.m. for 16 days at room
temperature, Fresh air introduced into air space
every second day. .

from a series of experiments with nitrite-containing water at dif-
ferent pH values, obtained by a low concentration of a buffering
mixture. The buffered water without nitrite is only mildly cor-
rosive under the test conditions; a corrosion rate of 1.3 mils
per year is found with water of pH 7. It is evident that pH hasa
marked influence on corrosion in the range 6 to 10 when insuf-
ficient nitrite is present, gives only slight inhibition at 6 to 8,
and provides complete inhibition at 9 and 10. When ample
sodium nitrite was present (0.036% for this water), pH changes
had little or no effect in the range 6 to 10, all corrosion rates being
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substantially serc. In general, maximum effectiveness of the
sodium nitrite is achieved in definitely alkaline solutions.
EFFICACY. WiTH VARIOUS METALS

Inhibitors are often applied in equipment which has already
rusted. Table I summarizes experiments to test the behavior of
sodium nitrite on rusted steel; marked reduction of eorrosion,

lsasropanc] Solution
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INRHIBITION OF ALCOHOL SOLUTIONS

Although sodium nitrite is a fuirly strong oxidizing agent, ap-
parently it ean be used safely in the presence of many organic
compounds in water. For exsmple, an agueous solution of
sodium nitrite is successiuily used in gasoline pipe lines in contact
with about two hundred thousand times its volume of gascline.
Many references to its use as a corrosion inhibitor in alcohol and

inhibited Isopropanci Solution

Figure 4. Corrosion Inhibition of Metals in Isopropanol Solution (Table V)

superior to that obiained with sodium chromate, was achieved.
Nitrite is effective on rusted steel probably because it has little
or no depolarization effect at cathodin areas,

Preliminary experiments with different metals indicate that
sodium nitrite protects several from corrogion by water, Hesults
with different solutions are summarized in Tables IT, 11T, and
IV, and with an isopropanol solution in Tsble V. Although
nitrite had no marked effect with various brasses at room tem-
persture, significani reduction of attack occurred at elevated
temperatures, Results of the same nature were observed with
Maonel.  Sodium nitrite also achieved marked reduction of attack
on alumipum, Although measuremenis have not been made
with zine or galvanized iron, it ig believed from observations in
other experiments that zine would not be protected by sodium
nitrite and that attack might even be somewhat increased.

giveol antifreeze compositions are found in patent literature.
Tables V and VI swnmarize results of experiments with sodinm
nitrite in agqueoys solutions of isopropyl and methyl aleohols.
Figure 4 shows the appearance of the metal specimens at the
termination of the experiment in isopropanel solution. Sodium
nitrite effectively inhibits corrosion of steel and also tends to pro-
tect other metals in these solutions.
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Table 1.  Effects of Sodium Nitrite with Different Metals

Conditions: Polished strips, /s by 3 inches, immersed in 1504 ml of tap
water solutionsa, stirred, exposed to air at 50° C. for 7 davs, Corrosion
rates caleulated from weight losa of cieaned specimens.

Corrosion Rate, Mils/Year

Water + 0.1%
NaNO;

Metal Water 8
Admiralty brass .5 0.8
Ted brass £.7 0.8
10 copper-30 nickel 0.7 0.4
Monsl 4.5 0.1

Table IV. Effects of Sodium Mitrite with Different Metals

Cenditiona: Polished utri&.\e. '/« by 3 inches, immersed in_ 1500 mi of
aslts in diatilied water, stirred, exposed to air for 48 hours; pH of-aclutions
adjusted to 8.1 with NaOH, 2 strips of ench metal and 4 of steel in each
solution. Corrosion rates caleulated from weight loss of cleaned specimens.

Corrosion Rate, Mils/Year

Temp., 0.19% NaCl 0.1% Nall +
Metal ° é) soln, 0.1% Rea N0y aole.

Low-carbon steel Room 11.2 = 0.6 8.5 = 0.1
80 37.2 = 1.1 8.7 = 0.7

Red brass Room 1.8 e 0.} 20 =01
8¢ 12.3 = 0.2 6.6 = 0.5

Monel Room 0.9 = 0.} 8.2 = 0.9
80 10.0 = 0.4 0.5 = 0.1

Table V. Corrosion Inhibition of isopropano! Solution

Conditions: Metal strips, ench /¢ by 3 inches except solder, immerned
in 750 ml. agueous solution nerated bg blowing air through an immersed
percus thimble, at room teraperature for 112 hours, Corrasion rates cal-
cutased from weight loss of cleansd specimeny.

Corrosion Rate, Mila/Year

30% isoprogn(.)rac:;

30% by wt. in water +
isopropanol NaNOs + 8.015%
Metal in water oleic acid
Low-carhon steel 32.0 0.93
Alaminum (523) 0.4 .04
Brass (70 Cu, 30 Zn) 0.5 .00
50 lead--50 tin aolder ¢.07 097

Table V1. Sodium Nitsite Inhibition of Methsnol Solution

Conditions: Polished SAE IG15 steel rod, /s by 6 inches, fastened in &
120-ml. bottle containing 20 ml. of & 67% by weight squeons solution of
raethanol, 70 ml. of gosoline, and 30 ml, of air spacs. Rotated end over end
at 80 r.p.m. for 15 days at room temperature.

Corroaion Rate,

Salts in Aqueous Methanol Soln, Mils/Year
0.06% NaCl 3.1
0.03% NaNOs + 0.06% NaCl 8.1
0555 NaNOJ + 0.08% NaGi 8.1




