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The present invention relates to prevention 
of corrosion of metal objects which normally 
Occurs in the presence of air (oxygen) and water 
vapor and/or aqueous condensates. More par 
ticularly, this invention relates to a method of 
inhibiting such corrosion of metal by providing 
an atmosphere containing one or more novel 
vapor-phase inhibitors in the immediate vicinity 
of metal objects, and/or by having immediate 
contact of the inhibitor with the metal. The 
invention also relates to novel compositions of 
matter formed by utilizing the present inhibitors 
with Suitable carriers in certain embodiments of 
the present invention. A vapor-phase inhibitor 
may be defined to comprise a compound which 
inhibits corrosion of metal because said com 
pound possesses corrosion-inhibiting properties 
and is capable of vaporization under conditions 
of use with resultant presence of the vapors of 
the inhibitor in the vicinity of the metal. A 
Vapor-phase oxidative-corrosion inhibitor is a 
Vapore-phase inhibitor which inhibits corrosion 
of metal in the presence of air (oxygen) and 
water vapor and/or liquid water. The metal 
may also be in partial contact. With the unvoia 
tilized form of the inhibitor. Our copending 
application, Serial No. 663,608, filed April 19, 1946, 
discloses and claims methods of inhibiting cor 
rosion by the introduction of certain organic 
base nitrites as vapor-phase inhibitors; the pres 
ent invention is particularly concerned with the 
introduction of organic N-heterocyclic nitrites as 
Vapor-phase inhibitors. 

During Storage, handling, transportation, oper 
ation, and use of objects having metal-contain 
ing surfaces. Such as tools, machines, moving 
metal parts, machined surfaces, sheets of metal, 
Steel cans, tanks, metal containers, shell-cases, 
fire-arms, rocket-heads, metal tubes, pipes, and 
conduit-enclosures, it is, often necessary, to pre 
Vent the corrosion of these metals caused by the 
inevitable or practically unavoidable presence of 
Water vapor and air (oxygen). In the past, 
protection against; such corrosion and concomi 
tant loss of the use of metal were not satisfactory. 
In many cases it was conventional to cover the 
Inetal Surfaces with a heavy oil or a grease which 
then had to be removed before the metal parts 
could be used as desired. The application and 
removal of Such a protective coating or others 
was difficult, time consuming, and wasteful of 
labor and wealth. Such a method as well as 
Various other methods tried heretofore to prevent 
the afore-mentioned corrosion were unsatisfac 
tory, because such methods did not adequately 
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2 
prevent the corrosion, were cumbersome, and/or 
required an excessive amount of labor and time. 

It is, therefore, an object of the present in 
vention to provide vapor-phase inhibitors which 
prevent corrosion of metal objects in presence of 
Water vapor and oxygen (as in air). A further 
object is to provide vapor-phase inhibitors which 
prevent such corrosion of metal present inside 
relatively impermeable, highly impermeable, Or 
completely impermeable container- or conduit 
Walls, or of a metal disposed under a covering 
material. It is also an object of this invention 
to provide vaporizable corrosion inhibitors, which, 
in the substantial vicinity of -a, metal, prevent 
corrosion of the surfaces of various corrodible 

It is a further object of this invention 
to provide volatile corrosion inhibitors, and 
methods. and means of applying same whereby 
an atmosphere containing said corrosion inhib 
itor vapors is provided so that corrosion of Sur 
faces of metal in contact thereWith and Water 
vapor is significantly inhibited or even prevented. 
It is still another object of this invention to pro 
vide a method for preventing corrosion of metal 
surfaces during storage, shipping, use, and the 
like. One of the primary objects of the invention 
is... to provide corrosion inhibitors - and means of 
utilizing same whereby an atmosphere substan 
tially saturated with corrosion inhibitor vapors 
is maintained around a metal object normally 
subject to corrosion when in the presence of air 
and moisture. Other objects, together with ad 
vantages derived therefrom, will become appar 
ent from the following description of the present 
invention. 

It has now been discovered that corrosion of 
the surfaces of a corrodible metal in the presence 
of water vapor and oxygen (as in air) is pre 
vented by the presence of the vapors of a salt 
of nitrous acid and an N-heterocyclic organic 
base, preferably by contact with vapors of one 
or more Salts formed by the addition of nitrous 
acid (HNO2) to a trivalent basic nitrogen atom 
of an N-heterocyclic organic amine. More par 
ticularly, it was found that such corrosion is 
prevented by an atmosphere, or other contacting 
material, containing vapors of the said N-heter 
Ocyclic Organic base nitrite Salts wherein dis 
persion of Such an atmosphere or contacting 
material in Water forms an aqeous phase having 
a pH value of at least about 5, and preferably 
above a pH of about 6. Preferably, the vapors 
of the nitrite salt of an N-heterocyclic organic 
amine which may be, for example, morpholinium 
nitric or piperidinium nitrite, should be at least 
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in part water-soluble, although the degree of 
water-solubility may be very low. In some cases 
a barely detectable or incipient Solution of vapors 
of an N-heterocyclic nitrite formed in an aque 
ous condensate on a metal Surface may be Suffi 
cient to prevent corrosion. It is not necessary 
for Visible aqueous condensates to be present, 
since the present invention also operates satis 
factorily in the presence of water vapor with 
out visible aqueous condensates present on metal 
Surfaces. It was found that the present vapor 
phase inhibitors preferably should have a Vapor 
pressure of at least 0.00002 mm. Hg at 21° C. 
Better results are obtained with inhibitors hav 
ing a vapor pressure greater than about 0.00001 
mm. Hg at 21° C. More rapid inhibition of cor 
rosion is obtainable with a vapor phase inhibitor 
having a vapor pressure greater than about 0.001 
Inn. Hg at 21 C. 
The term “N-heterocyclic organic amine,' as 

used herein, refers to a trivalent basic N-hetero 
cyclic nitrogen atom-containing compound, that 
is, a true N-heterocyclic organic amine, and not 
to a pentavalent basic N-heterocyclic quaternary 
ammonium compound. 
The N-heterocyclic base Which is reacted with 

nitrous acid, preferably in the presence of at least 
a slight excess of the base for the purpose of pre 
paring the substantially pure nitric salt, is a base 
which desirably has a basic dissociation constant 
at least approximately as high as the acidic disso 
ciation constant of nitrous acid. Preferably the 
basic dissociation constant of the N-heterocyclic 
base is higher than the acidic dissociation Con 
stant of nitrous acid. For example, morpholine 
has a basic dissociation constant greater than 
Kh=4)x104 at 18 C. as compared to the acidic 
dissociation Constant of nitrous acid, viz. 
Ka=4X10-4 at 18 C. 
Most preferably a secondary N-heterocyclic 

organic amine is reacted with nitrous acid to form 
a secondary N-heterocyclic organic amine nitrite 
Salt for the purposes of the present invention. 
The less preferred tertiary N-heterocyclic organic 
amine nitrite SaltS may also be used. Quaternary 
annonium N-heterocyclic base nitric salts may 
also be used as vapor phase corrosion inhibitors, 
out, in general, they are somewhat less economi 
cally practical or efficacious that the above-men 
tioned secondary or tertiary amine nitrites. 
A Suitable vapor phase inhibitor consisting of 

or comprising an N-heterocyclic organic amine 
nitrite Salt (which may be briefly expressed as an 
N-heterocyclic nitrite) may also be prepared from 
nitrous acid and an N-heterocyclic amine, the 
hydrocarbon radical substituents of which are 
different, or an N-heterocyclic amine containing 
a plurality of amino groups in the heterocycle, or 
additionally on a side chain. A compound em 
ployed as an N-heterocyclic nitric vapor phase 
inhibitor according to the present invention may 
contain an acyclic, alicyclic, or other heterocyclic 
structure. The hydrogen atom of the basic nitro 
gen atom of the Secondary N-heterocyclic amine, 
and/or one or more hydrogen atoms attached to 
the heterocyclic ring may be Substituted with 
other hydrocarbon radicals which may be hetero 
Cyclic, aromatic, acyclic, or alicyclic radicals. 
The substituents on the basic nitrogen atom may 
have aliphatic unsaturation or aromatic unsat 
uration or both. Nitrous acid may add to the 
aliphatic unsaturation or otherwise react with the 
organic basic structure in addition to adding to 

N a ' N the basic nitrogen atom so long as the nitrite salt 
of the N-heterocyclic basic nitrogen atom is 
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4. 
formed. The organic substituents forming part 
of the N-heterocyclic structure or attached there 
to may contain stable polar radicals, e.g., chloro, 
fluoro, bromo-ether, thio-ether, alcohol, free 
amino, ketone, ester, nitrite, cyanate, nitrile, or 
nitro groups. The ring containing the nitrogen 
atom (n) may be N-cycloaliphatic or may contain 
atoms other than carbon Such as one or more 
oxygen, sulfur, or other atoms which do not inter 
fere with the basic properties of the ring-nitrogen 
atom and its formation of nitrite salts. The N 
heterocyclic ring may be substituted With alkyl, 
alkenyl, naphthenic, cycloparafiinic, cyclo-ole 
finic, aralkyl, aromatic, and/or heterocyclic 
radicals. 
Some illustrative examples of the above types 

of suitable substituent organic radicals are: 
Alkyl groups: for example, C4H9-, C6H13-, 

C8H17-, C11H23-, C12H25-, C18H37-, etc. 
Alkenyl groups: for example, allyl, methallyl, 

crotyl, oleyl, pentenyl, hexenyl, octenyl, isobu 
tenyl, etc. 

Cycloalkyl or naphthenic: for example, cyclo 
hexyl, alkylated cyclohexyl, methylcyclopentyl, 
cyclopentyl, mixtures of naphthenic groups, e.g., 
those obtainable from petroleum, etc. 

Cyclo-olefinic: for example, cyclohexene, 
methyl cyclohexene, alkylated cyclopentenes, etc. 
Araky: for example, benzyl, alkylated benzyl, 

etc. 
Aromatic radicals: for example, phenyl, naph 

thyl, diphenyl, alkylated aryl groups, etc. 
Heterocyclic radicals: for example, oxazine, 

thiazoline, pyrazole, piperazine, piperidine, pyr 
rolidine, thiophane, furane, pyridine, thiophene 
quinoline, etc. 
Terpinyl radicals: for example, bornyl, fenchyl, 

etc. 
The organic cyclic structure, connected to the 

intra-cyclic basic nitrogen atom, may be either 
Saturated or unsaturated. Any of the nuclear 
Carbon atoms may be. Substituted with a suitable 
group as described above and hereinafter. The 
more preferred Substituents are alkyl groups hav 
ing less than twenty carbon atoms. 
Examples of Suitable N-heterocyclic nitrites 

applicable to the practice of the present invention 
include: 
Such N-heterocycloaliphatic nitrites as the 

nitrite salts of pyrrollidine, alkylated pyrrollidines, 
piperidine, alkylated piperidines, hydro-quino 
lines, piperazine, alkylated piperazines, imidaz 
oles, etc. 
Such N-heterocyclic nitrites as the nitric Salts 

of Oxazines, dioxazines, preferably hydro-oxa 
Zines, thia Zolines, preferably hydrothiazolines, 
thio-oxazines, pyrazoles, diazoles, imidazolines, 
alkylated forms of these heterocyclic amines, for 
example, 2,4,4,6-tetramethyl tetrahydro -1,3- 
Oxazine, 2,4,4,6-tetramethyl tetrahydro -1,3- 
thiazoline, also diazines, preferably hydro-diaz 
ines, and Similar compounds. 
In the Oxazines and Suitably substituted oxa 

Zines, the Oxygen atom and the amino nitrogen 
atom forming part of the organic ring, may be in 
any position relative to each other provided that 
there is at least one carbon atom intermediate be 
tween them. Such a structure insures that the 
ring nitrogen atom retains its basic ability and 
forms the required nitrite Salts. In the case of 
preferred six-membered heterocyclic rings, an 
Oxazine may be either a 13 or a 1,4 oxazine. 

Preferred oxazine nitrites are alkylated or un 
alkylated 1,4-oxazine nitrites, e.g., morpholinium 
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nitrite, or 1,3-oxazine nitrites, e.g. 2,4,4,6-tetra 
methyl tetrahydro-1,3-oxazine nitrite. 

N-heterocycloaromatic nitrites: Such as those 
derived from pyridine, picoline, quinoline, nico 
tine, and the C-alkylated and/or Crcyclo 
alkylated pyridines, picolines, quinolines, and 
the like are also applicable to the practice of the 
present invention. They are somewhat less 
preferable than the non-aromatic-N-heterocyclic 
type of nitrite salts. 
Quaternary N-heterocyclic ammonium base 

Salts of nitrous acid Suitable to the practice of 
the present invention include the following 
nitrite salts: N-dipropyl pyrrollidine nitrite, piper 
idine. N-diethyl nitrite, pyridine N-ethyl nitrite, 
pyridinium N-lauryl nitrite, piperazine. N-di 
methyl nitrite, quinolinium N-benzyl nitrite, and 
Various other nitrite salts of pyridinium and 
alkylated pyridinium or quinolinium quaternary 
annonium base COInpounds With or Without 
Suitable Substituents on the ring (S) and having 
an alkyl, Cycloalkyl, or aralkyl group On the 
quaternary nitrogen atom, including methyl, 
isoproyl, butyl, cyclohexyl, benzyl groups and like 
homologs or analogs. 
The N-heterocyclic nitrites applicable in the 

present invention may be prepared by a variety 
of methods. These organic nitriteS may be pre 
pared, for example, by Stoichiometric reaction be 
tWeen an N-heterocyclic amine and nitrous acid 
carried out in preferably an, at least slightly, 
alkaline media. Alternatively, Such N-hetero 
cyclic nitrites may be prepared by reacting the 
Salt of an inorganic acid, preferably the hy 
drochloride or Sulfate of an N-heterocyclic annine 
With SOdium nitrite in a media in Which the 
resultant N-heterocyclic nitrite is relatively in 
Soluble compared to the Sodium Salt produced by 
double decomposition. Thus, a Salt, e. g., Sodium 
chloride is left dissolved in the media. Whereas 
the N-heterocyclic nitrite precipitates. 

Compositions which are employed for the pur 
poses of the present invention consist of , or 
comprise, in general, the nitrite. Salts of Organic 
heterocyclic nitrogen bases Which contain. One or 
more amino nitrogen atoms as connecting men 
bers within one or more Such Organic hetero 
cycles, and which may or may not contain one 
or more hetero atoms, preferably an oxygen atom, 
less preferably a Sulfur atom, as members of the 
heterocyclic structure. For the sake of economical 
practicality and convenience, usually a nitrite Salt 
of a compound containing one heterocyclic nitro 
gen base nucleus is preferred. Polynitrite Salts 
of a compound containing tWO Or more hetero 
cyclic nitrogen base nuclei are also useful for the 
purposes of the present invention. The ring 
structure containing the One or more basic 
nitrogen atoms preferably should contain at 
least five atoms, a six-membered ring being the 
most preferred structure. The present nitrite 
salts may be expressed as having a general for 
mula, which contains the following essential 
nucleus: 

1-N D N4(No) 
N-N 

Wherein D represents the atoms, preferably car 
bon atoms, necessary to complete an organic 
heterocyclic nitrogen compound, and the two 
R’s are selected from the group consisting 
preferably of the hydrogen atoms, or from 
among such substitutents as the hydrogen atom, 
an alkyl, aralkyl, alkarylalkyl, alkenyl, aralkenyl, 
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6 
alicyclic, terpenic, or heterocyclic radical, any of 
which may contain substituent groups or ele 
ments. AS entities, the present N-heterocyclic 
nitriteS are chemically distinct from N-hetero 
cyclic nitroSamines. 
Although the proportion or amount of a pres 

ent vapor phase inhibitor which is maintained 
in the vicinity or partial contact with a metal 
part to prevent corrosion thereof may vary with 
in Wide limits, it is preferred to maintain: ap 
proximately the Smallest effective amount. It 
Will be appreciated that the required amount of 
a nitrite. Salt of an N-heterocyclic basic nitrogen 
atom employed as a vapor phase inhibitor varies 
depending on a number of variables, i.e. g., the 
Severity of conditions, temperature, degree of 
humidity, etc., under which it is employed, also 
the particular N-heterocyclic nitrite applied, and 
the mode in which it is applied. Usually the 
placing of a sheet of material, paper, or an absorb 
ent material impregnated with or coated with 
the Organic nitrite (of the defined class) in the 
proximity of the metal enclosed in a package or 
other housing or enclosure means, provides satis 
factory inhibition of corrosion where between 
about 0.1 gm. and about 5.0 gm., or preferably 
approximately between 1.0 gm, and 2.0 gms. of 
the inhibitor is present per square foot of the 
inner container surface. More particularly, 
Satisfactory results are attained when the in 
hibitor is present in Such an amount as to allow 
between about 1 gm. and about 15 gm. (for 
average conditions about 6 gm.) thereof for each 
Cubic foot of enclosed vapor space. 

Stability of the present N-heterocyclic basic 
nitrogen atom nitrites is adversely affected by an 
environment which on contact with or dispersion 
in Water, yields a Solution having a pH of less 
than about 6. In some instances the stability is 
also adversely affected by elevated temperatures, 
e.g., 120 F. or 150 F. Such and like factors 
Which may render any particular one or more 
of the Specified group of N-heterocyclic nitrites 
unstable, are greatly lessened or entirely ob 
viated by the presence of an alkaline or basic 
agent according to Our Copending patent appli 
cation Serial No. 668,016, filed May 7, 1946, now 
abondoned. An alkaline agent is a compound 
which reacts as a base in the presence of acidic 
reacting material and thereby neutralizes the 
acidic properties of the latter. 

In SOme cases a selected specific N-hetero 
cyclic amine nitrite may be in equilibrium with 
corresponding nitroSamine and Water which are 
formed from the nitrite, and the shift of the 
equilibrium toward the nitrosamine is often in 
creased at increasingly higher temperatures. 
This equilibrium may be stated as follows: 

Heat N 
R. NH-HNO R N-N=O + H2O 
N1 N-1 

wherein R, NH represents a N-heterocyclic amine 
structure or wherein the R. portion of the or 
ganic ring contains Such hetero atoms as oxygen 
and/or Sulfur, and/or more nitrogen atoms. Ac 
cording to the usual laws of equilibrium, an ex 
ceSS of either Water or nitrosamine or both above 
the chemically equivalent amounts indicated in 
the above equation tends to force the reaction 
toward increasing the concentration of the N 
heterocyclic amine nitrite. The presence of the 
nitrosamine is not Substantially detrimental to 
vapor phase inhibition of corrosion; in fact, Wal 
pors of the nitrosamine itself probably by the 
above reaction. With Water, are found to inhibit 
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the corrosion of metal in the presence of water 
vapor. However, in a number of cases, such 
vapors do not appear to be as effective for corro 
sion-inhibiting as vapors of the corresponding 
amine nitrite salt when the latter is substantially 
free of nitroSamine. 
The present vapor phase inhibitors compris 

ing Salts of nitrous acid and N-heterocyclic nitro 
gen bases can be applied either separately or in 
various mixtures of Specific different N-hetero 
cyclic nitrites, or in mixtures With other vapor 
phase inhibitors, for example, those disclosed in 
our copending patent application Serial No. 
663,608, filed April 19, 1946. 
The vapors of the present salts of nitrous acid 

and N-heterocyclic nitrogen bases are particu 
larly effective in preventing corrosion of ferrous 
metals, e. g. Steels, as Well as aluminum, nickel, 
chromium, and of alloys of these metals. 

For purposes of illustration, reference Will be 
had to the following specific examples, it being 
understood that there is no intention of being 
limited to the Specific conditions disclosed. 

EXAMPLE I 
Vapor pressure measurements on N-heterocyclic 

amine nitrites 
Vapor pressurel 

in unn. X03 
0.57 
3.00 
1.70 

Compound: 
Piperidinium nitrite-------------------- 
Morpholinium nitrite--------------- 2,4,4,6-tetramethyl-tetrahydro-3-oxazine 

1 These vapor pressures were measured by the dynamic method. 
applying an airflow rate of 0.007 cubic feet per hour. 
The preparation of morpholine nitrite is de 

Scribed in a Copending application, Serial No. 
525,321, filed March 6, 1944, now issued as U. S. 
Patent No. 2,484,395. 

EXAMPLE I 

A thoroughly cleaned Steel Specimen Was 
wrapped in kraft paper and then placed in an 
external metal foil paper envelope. In a dupli 
cate envelope, a duplicate Steel Specimen WaS 
Wrapped in the same kraft paper but impreg 
nated With 0.1 gram of morpholinium nitrite. 
The external metal foil paper envelopes were 
Sealed With a hot iron, and the resultant pack 
ages were then totally immersed in synthetic Sea, 
Water maintained at a temperature of approxi 
mately 30° C. for a period of 25 days. The Steel 
in the package without morpholinium nitrite 
was badly rusted, having rust generally distrib 
uted over the entire surface of the steel, but the 
Steel in the package containing the kraft paper 
impregnated with morpholinium nitrite was dis 
covered to have retained its original polished and 
unblennished appearance. In fact the morpho 
linium nitrite protected metal had no trace of 
corrosion. 

EXAMPLE III 

A Sample of piperazinium nitrite was tested as 
a vapor phase inhibitor of the corrosion of steel. 
The tests Were made by suspending a inch 
by 2 inch low carbon steel specimen from a fresh 
clean cork used to stopper a 4-ounce sample bot 
tle. One bottle contained upon its inner bottom 
Surface, one gram of piperazinium nitrite and one 
gram of distilled Water. The control bottle for 
the test contained only distilled water, air, and 
the Steel Specimen above the water. The steel 
Specimens were not in contact with the Walls, 
bottom, or materials contained within the sample 
bottles. Just before testing, the steel specimen 
was cleaned thoroughly by brushing vigorously. 
With a steel wire brush, then washed with acetone 
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8 
and dried. The two sample bottles with their 
experimental assemblies were tested by main 
taining them at a temperature of 50° C. for 24 
hours except that once during this time, they 
were chilled to -12 C. for one hour, then re 
heated to 50 C. and then maintained at this 
temperature. The changes in temperature were 
designed to simulate adverse conditions encoun 
tered in practice of Storing, shipping, or using 
Steel in industry. The control test made simul 
taneously With that on the specified N-hetero 
cyclic nitrite showed that the control specimen 
corroded in leSS than One hour after starting the 
initial heating. On the other hand, the steel 
Specimen Subjected to the vapors of the N-hetero 
cyclic nitrite Was completely protected from any 
noticeable corrosion during 24 hours of opera 
tion. This steel had retained its original pol 
ished and unblemished appearance, whereas the 
Steel in the control test was very badly rusted. 

EXAMPLE IV 

The stability of 2,2,4,6-tetramethyl-piperi 
dinium nitrite was tested by placing an accur 
ately Weighed quantity into a Pyrex test tube 
Which was then placed inside a larger test tube. 
A drop of Water was placed in the bottom of the 
latter tube (outside the small tube containing the 
piperdinium nitrite), and the tube was then 
maintained at 150°F. Under the 100% humidity 
of these conditions, 76% of the nitrite Salt re 
mained in that form after 50 hours. Presumably 
the other 24% had been converted to the corre 
Sponding nitrosamine. 

EXAMPLE W 

One-half by 2 inch specimens of steel were 
Suspended in the air-space above 0.5 gm. of 
2,2,4,6-tetramethyl-piperidinium nitrite and 0.5 
ml. Of Water contained in a 4-ounce glass-stop 
pered bottle which was then maintained at ap 
proximately 150 F. for 7 days. The metal thus 
Subjected to the vapors of the piperidinium ni 
trite was not corroded and had only a slight 
tarnished Surface appearance, no rust being evi 
dent. In a control test, the steel was very badly 
rusted. 
The present application is a continuation-in 

part of the Copending application Serial No. 
557,358, filed October 5, 1944, now abandoned. 
We claim as our invention: 
1. In a method for inhibiting corrosion of a 

ferrous metal normally corrodible by contact with 
Water vapor and oxygen, the steps of disposing 
Said metal in an enclosed space, and disposing, 
in Said Space, a minor amount sufficient to pro 
duce a corrosion-inhibiting concentration of the 
Vapors thereof of morpholine nitrite. 

2. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by contact 
With Water Vapor and oxygen, the step of main 
taining, in contact With Said metal, an atmos 
phere containing a corrosion-inhibiting concen 
tration of vapors of morpholine nitrite, said at 
mosphere, upon dispersion in water yielding a 
Solution having a pH value of at least about 6. 

3. in a method of inhibiting corrosion of a 
ferrous metal normally corrodible by contact with 
Water vapor and oxygen, the step of contacting 
Said metal. With an atmosphere containing a cor 
rosion-inhibiting concentration of vapors of 
morpholine nitrite, said atmosphere, upon dis 
persion in Water yielding a solution having a pH 
Value of at least about 6. 

4. In a method for inhibiting corrosion of a 
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ferrous metal normally corrodible by contact with 
water, vapor and oxygen, the step of disposing, 
said metal in an enclosed space, and disposing in 
said space, a minor amount Sufficient to produce 
a : corrosion-inhibiting concentration of the 
vapors. thereof of 2,2,4,6-tetramethyl-piper 
idinium nitrite. 

5. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by. Con 
tact with water vapor and oxygen, the step of 
maintaining, in contact with said metal, an at 
mosphere containing a corrosion-inhibiting, con 
centration of vapors of 2,2,4,6-tetramethyl 
piperidinium nitrite. 

6. In a method for inhibiting corrosion of a 
ferrous metal normally corrodible by contact with 
water vapor and oxygen, the step of forming, in 
the immediate vicinity of the metal, and subject 
ing said metal to an atmosphere containing a 
corrosion-inhibiting concentration of vapors of 
piperazinium nitrite. 

7. In a method for inhibiting corrosion of a 
ferrous metal normally corrodible by contact 
With Water vapor and oxygen, the step of form 
ing, in the immediate vicinity of Said metal, and 
subjecting said metal to an atmosphere contain 
ing a corrosion-inhibiting concentration of 
vapors of a nitrite salt of an N-heterocyclic or 
ganic amine, said heterocyclic amine having at 
least 5 atoms in the ring structure thereof, Said 
nitrite salt having a vapor pressure of at least 
about 0.0001 mm. Hg at 21° C., said atmosphere, 
upon dispersion in water, yielding a Solution 
having a pH value of at least about 6. 

8. In a method for inhibiting corrosion of a 
ferrous metal normally corrodible by contact 
with vapor and oxygen, the step of forming, in 
the immediate vicinity of said metal, and Sub 
jecting said metal to an atmosphere containing 
a corrosion-inhibiting concentration of VaporS 
of a nitrite Salt of an N-heterocyclic Organic base, 
said heterocyclic base having at least 5 atoms 
in the ring structure thereof, said nitrite Salt 
having a vapor pressure of at least 0.00002 nm. 
Hg at 21° C., said atmosphere, upon dispersion in 
water, yielding a solution having a pH value of at 
east about 6. 
9. In a method for inhibiting corrosion of a 

ferrous metal normally corrodible by contact with 
water vapor and oxygen, the step of forming, in 
the immediate vicinity of said metal, and Sub 
jecting said metal to an atmosphere containing 
a corrosion-inhibiting concentration of vapors 
of 2,4,4,6-tetramethyl-tetrahydro-3-oxazine ni 
trite. 

10. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by Con 
tact with water vapor and oxygen, the step of 
contacting said metal with an atmosphere con 
taining a corrosion-inhibiting concentration of 
vapors of the nitrite salt of an N-heterocyclic or 
ganic amine, said heterocyclic amine having at 
least 5 atoms in the ring structure thereof, Said 
nitrite salt having a vapor pressure of at least 
0.00002 mm. Hg at 21° C., said atmosphere, upon 
dispersion in water, yielding a Solution having a 
pH value of at least about 5. 

11. A method according to claim 1 wherein 
morpholine nitrite is present in an amount be 
tween 1 and 15 grams per cubic foot of the en 
closed Space. 

12. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by contact 
with water vapor and oxygen, the Step of COn 
tacting said metal with an atmosphere contain 
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10 
ing a corrosion-inhibiting concentration of 
Vapors of the nitrite salt of a tetrahydro 1,4- 
Oxazine, Said nitrite salt having a vapor pressure 
of at least 0.00002 mm. Hg at 21 C., said atmos 
phere, upon dispersion in water, yielding a solu 
tion having a pH value of at least about 5. 

13. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by contact 
With Water vapor and oxygen, the step of con 
tacting Said metal with an atmosphere containing 
a. corrosion-inhibiting concentration of vapors 
of the nitrite salt of a secondary N-heterocyclic 
Organic amine, Said heterocyclic amine having at 
least 5 atoms in the ring structure thereof, said 
nitrite Salt having a vapor pressure of at least 
0.00002 mm. Hg at 21 C., Said atmosphere, upon 
dispersion in water, yielding a solution having a 
pH value of at least about 5. 

14. In a method for inhibiting corrosion of a 
ferruginous metal normally COrrodible by con 
tact with water vapor and oxygen, the step of 
contacting Said metal With an atmosphere con 
taining a corrosion-inhibiting concentration of 
vapors of the nitrite Salt of a tetrahydro N 
heterocyclic azine, said azine containing no atoms 
other than C, H, O, and N, with any O and N 
atoms being in the heterocyclic ring and sepa 
rated by at least one C atom, Said nitrite Salt 
having a vapor preSSure of at least 0.00002 mm. 
Hg at 21 C., Said atmosphere, upon dispersion in 
Water, yielding a Solution having a pH value of 
at east about 5. 

15. In a method for inhibiting corrosion of a 
ferrous metal normally corrodible by contact With 
water vapor and oxygen, the Step of forming, in 
the immediate vicinity of Said metal, and Sub 
jecting said metal to an atmosphere containing a 
corrosion-inhibiting concentration of vapors of 
a nitrite salt of an N-heterocyclic Organic amine, 
Said heterocyclic amine having from 5 to 6 atoms 
in the ring structure thereof, said nitrite salt 
having a vapor pressure of at least about 
0.00001 mm. Hg at 21° C., said atmosphere, upon 
dispersion in water, yielding a solution having a 
pH value of at least about 6. 

16. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by con 
tact with Water vapor and Oxygen, the Step of 
contacting Said metal with an atmosphere con 
taining a corrosion-inhibiting concentration of 
vapors of a nitrite salt of N-heterocyclic organic 
base, Said heterocyclic base having at least 5 
atons in the ring structure thereof, said nitrite 
Salt having a vapor pressure of at least 
0.00002 mm. Hg at 21° C., said atmosphere, upon 
dispersion in water, yielding a Solution having a 
pH value of at least 5. 

17. In a method for inhibiting corrosion of a 
ferruginous metal normally corrodible by con 
tact with water vapor and oxygen, the step of 
contacting Said metal With an at InoSphere con 
taining a corrosion-inhibiting concentration of 
vapors of a nitrite salt of N-heterocyclic organic 
base, said heterocyclic base having at least 5 
atons in the ring Structure thereof, Said nitrite 
salt having a vapor pressure of at least 0.0001 mm. 
Hg at 21° C., said atmosphere, upon dispersion 
in water, yielding a solution having a pH value 
of at least 6. 

18. In a method for inhibiting corrosion of 
a ferruginous metal normally corrodible by con 
tact with water vapor and oxygen, the step of 
contacting Said metal with an atmosphere con 
taining a corrosion-inhibiting concentration of 
Vapors of the nitrite salt of an alkylated piper 
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idine, said nitrite salt having a vapor pressure 
of at least 0.00002 mm. Hg at 21 C., Said atmos 
phere, upon dispersion in water, yielding a Solu 
tion having a pH value of at least 5. 

AARON WACHTER, 
NATHAN STILLMIAN 
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