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subject to local depletion of chromate, much lower concentrations 
may be employed. 
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SODIUM nitrite i s  a good corrosion inhibitor for water and under 
many conditions can completely suppress the corrosion 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. 
Corrosion of many of the common ferrous and nonferrous metals i s  
either inhibited or not adversely affected b y  the presence of nitrite. 

It i s  also effective on steel which is covered with rust scale.\ 

ODIUM nitrite is ahighly effective corrosion inhibitor capable 
of preventing corrosion of steel by water and oxygen under S many conditions. Although the mechanism by which sodium 

nitrite functions as an inhibitor is not known with certainty, evi- 
dence (3) indicates that i t  acts as an oxidizing agent to  produce a 
very thin tenacious 6lm 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 (1,  9) 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 mucilaginous-base 

1 Based on disaussion by the author at the Symposium on Corrosion 
Inhibitom, prerentad in the preceding pages. 

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-enhanc- 
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 0.06% 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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Figure 1. Influence of Sodium Nitrite Concehtrstion on Corrosion 

Figure 2. Minimum Concentrations of Sodium Nitrite for Pre- 
of Steel by Some Waters 

venting Corrosion of Steel by  Sodium Chloride Solutions 

Condition9 for Fi ures 1 and P: Sandblasled low-carbon steel strip 3 / 8  by'5 I / i  
inches i n  1 PO-m?. bottle containing PO ml. aqueous solution of s o d i h  nitrite and 
sodiud chloride 70 ml. gasoline, end 30 ml. air space. Boltlc rotated end over end 
at 60 r.p.m. lo; 14 days at room temperature (approximately 25' C.1. Fresh air 

introduced into air space every second day. 

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

Sodium nitrite requirements increased markedly as sodium 
chloride concentration increased. For example, although 0 . 0 0 5 ~ 0  
and 0.2% sodium nitrite sufficed to prevent corrosion in distilled 
water and in 0.5% sodium chloride solution, respectively, at 
least 4% sodium nitrite was needed to  prevent rusting under 
these conditions in 3% sodium chloride. I t  should be kept in 
mind that less severe corrosive conditions would require lower 
concentrations of sodium nitrite and correspondingly more severe 
condit#ions would require higher concentrations. 

INFLUENCE O F  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 1. Efficacy 01 Inhibitors with Slightly Rusted Steel 
Preconditioning eriod A: Sandblasted,SAE 1,615 steel rods ( I / (  by 6 

inches), were rustexequally by. alternate dipping in 0.05% NaCl solution 
immersion for about 20 hours in gasoline, and hanging in air for about f 
hours; tho cycle was repeated several times over a period of 5 days. 

Period E :  Rusted rod pre ared as in A fastened in a 4-ounce bottle con- 
taining 20 ml. of inhibitor sorution (PH 9.b 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 
l4-dau e w t .  Aqueous Soln. 7-day expt.b 

Water : ;p NazCrOd 
o NaNOz 

. .  

8 . 8  f 0 .5  9 . 1  * 0 . 3  
4 . 2  * 0 .2d  3 . 0  * 0 . 3  

0 .9  * 0 . 3  0 .7  * 0 . 6  

Average values during period B and average deviation from mean. 
b Each solution tested in triplicate. From 3 rods average weight of rus t  

formed during period .4 was 161 * 18 mg. and average weight loss of steel 
was 110 * 12 mg., corresponding Po a corrosion rate of 15 mils/year. 

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

d 1.0% NasCiO4 solution used in this experiment. 

Table II. Effects of Sodium Nitrite with Different Metals 
Conditions: Metal strip 3/s hy 51/2 inches fastened in a 120-ml. bottle 

containing 25 ml. of aqueohs solution (in disthled water). Bottle rotated 
end over end a t  60 r.p.m. for 14 days at room temperature (about 23O C,) .  
Air in hottle re lenished every second day. Corrosion rates calculated from 
weinht. loss of c7eaned specimen&. 

Metal 
Low-carbon ateel 
Tin-plated steel 
13Y0 chromium steel 
18-8 stainless steel 
Aluminum (52-5) 
Muntz metal (60 Cu 40 Zn) 
Admiralty brass (70 'cu 29 Zn, 
Red brass (85 Cu, 15 Z x b  
70 CODDer-30 nickel 

1 8 n )  

Corrosion Rate, Mils/Year 
0.05% NaCl 0 0 5 7  NaCl q- 

soln. o.i%  NO^ soin. 
17.6  
.5.0" 
0 . 2  
0.00 
5 . 5  
0 . 3  
0.3 
0 . 5  
0.1 
0 .0  
0.0 

* Attacked principally on steel a t  exposed edges. 
b Slight effects on plate. 

d Bright. unaffected. 
Slight tarnish. 

0.0 
0.2b 
0.0 
0.Od 
0 . 2  
0 . 3  
0.1 
0 .3  
0.1 
0 . 0  
0 . 0  

1 
5 6 7 8 9 1 0 1 1  

I N I T I A L  pil OF SOLUTIONS 

Figure 3. influence of pH on inhibition 
with Sodium Nitrite 

Conditions; Polished low-carbon steel strip 3 / 4  
b y  3 incher, in 190-ml. bottle containing 5 0  ml. 
aqueous solution, PO ml. gmoline, and 50 ml. air 
space. Each aqueous solution contained 0.09% 
b y  weight of (I buffer mixture consisting of HiPO % 

end ov;r end at 60 r h n .  for 16 days st room 
temperature. Fresh air introduced into air space 

every second day. 

H ~ B O ~  CH .COOH NIOH. Bottles rotated 

from a series of experiments with nitrite-containing water itt dif- 
ferent pH values, obtained by a low concentration of a buffering 
mixture. The buffered wat,er 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 has a 
marked influence on corrosion in the range 6 to  10 when insuf- 
ficient nitrite is present, gives only slight inhibition a t  6 t o  8, 
and provides complete inhibition a t  9 and 10. When ample 
s$ium 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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INHIBl l lON O F  A L C O H O L  SOLUTIONS rub~titritially ecru. 
juditim nitrite is nclrieved in definitely alkalinc xoluiiorrs. 

In gpnerd, mwxir&m alfertivenesa of t,he 

.4lthoegh wdium iiitrite iS n fairly strong oxidizing agsnt, ap- 
parcntly it min be u u d  sniely in the presence of many organic 
eompoutids in ~ 8 t e r .  For exrunpie, an aqueous solution oi 
sodium nitrite i s  suocessiully used in gasoline pipe lines in eontset 
with about two hundred thousand times iLs volume of gasoline. 
Many references to its us(! as a corro9im inhibitor in alcohol rind 

EFFICACY WITH VARIOUS METALS 

lrlhibitors arc often applied i n  rquiyment which has itireally 
rusted.  abl le I mmmwizrs enjwrimenis to test t,hc behavior of 
sodium nitrite OD rusted s t w l ;  xinrked ri!duciion (of corrosion, 

Rsure 4. Corrosion Inhibition of M&lr in Iropropanoi Solution (Table V) 

superior to thit  obtsined with mdium chromate, w m  schieved. 
Nitrite is effective on rusted steel probably because it has little 
or no depolarization effect st cathodio m&p. 

Prelimiosry experiments with different met+ indicate thst 
d i u m  nitrite protects several from cormion by water. Results 
with different solutions me summeriaed in Tables 11, ItI, and 
IV, and with an isopropanol solution in Tsble V .  Althouzh 
nitrite had no mark& effeot with various brasses at room tun- 
perature, significant reduction of sttSok occurred st rlevnted 
Wnp*ret.ures. Rasults of the same nature were obscrved with 
Monel. Sdium nitrite a h  aohieved markkd reductionof attack 
on aluminum. Although measuremen@ have not been made 
with zinc or gslvanieed iron, it is believed from observations in 
other experimcnts thst zinc would not be protected by aodium 
nitrite and that attack miEht w e n  he somewhat increne*d. 

Table 111. Effects of Sodium Nitrlte with Different Metrlr 
Conditioos: Polished strips '/.by 3 inch-. immsmed in 1500 ml. ol tap 

C o r r ~ ~ o n  water solutiom. stirred, expasid to sir st 5 0 . C .  for 7 deya. 
r a t a  csleulated from weight I- of oleaned bpecmms. 

Cornmion Rats, Mila/Yea~,  
we* + 0.1% 

Metal Water NaNO. 
.Admiralty brruu 1.5  0 . 8  
Red bra= 1 . 7  0.8 
70 aopper-30 Riotel 0.7 0.4 
M o d  4.5 0.1 

Table IV. Efhcts d Sodium Nihite with Different Metria 

Cornasion Rate. M ~ l s / Y e a ~  

soh. 0.1% &NO, +. 0.1% NsCl 0.17 NaCl + T".p 
Metal 

Lur-Emrbon a t n l  Room 11.2 * 0 . 8  0 S * 0.1 
80 372 * 1.1 8.7 t 0 7 

Red br- RC=.=l 1 . 8  * 0.1 2 . 0  * 0.1 
80 12 3 a 0 . 2  8.a - 0 . 5  

Nlonei Room 0 9 - 0 . 1  0 . 2  - 0.0  
80 10.0 I 0 . 4  0.5  * 0.1 

glycol antifreeze oompositioiis are found in petent litemture. 
Tables V and VI summarize results of experiments with sodium 
nitrite in aqueous solutions oi isopropyl and methyl alcohols. 
Figure 4 shows the appearmee oi the metal specimens st the 
terminstion of the experiment in isipiopanol sdlution. Sadium 
nitrite effeotively inhibits oorrosion of steel and als3 tends to pro- 
tect other met& in these solutions. 
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Table V. Conorion Inhibition of Irop~opanol Solvtion 

Cormion Rats. MildYcar 
30% isopro rnol 

go% by ryt. in watar + 8.037 
~~~propaaol NnNO. + 0.015% 

M e i d  in "stax oleic mid 
Low-oarbon steel 32.0 0.03 

0.4 0.04 
0.W Aluminum (SZS) 

0.6 
0.07 B r m  (70 Cy. 30 2") 

SO lead--50 tm %older 0.07 

Tsble VI. Sodium Nibih Inhibition of M&ath.nol Solution 

3.1 
0.1 
0. I 


