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1 
This invention relates to corrosion inhibition. 

More speci?cally, this invention relates to novel 
vapor-phase inhibitors, particularly compositions 
containing such inhibitors, and techniques of 
utilization thereof. 
A vapor-phase corroson inhibitor is a mate 

rial, preferably solid at room temperature, the 
gaseous form of which will inhibit corrosion, par 
ticularly oxidative corrosion, of metals, especially 
these metals normally corroded or oxidized by the 
presence of water vapor in air. 
The problems involved in atmospheric cor 

rosion of metals, especially ferruginous metals, 
by atmospheres containing water vapor and oxy 
gen, e. g., moist or humid air, are well known 
to manufacturers, handlers, and users of such 
metals. Prior to the discovery of vapor-phase 
corrosion inhibitors, the only methods for com 
bating such corrosion were either to separate 
the metals from the corrosive atmosphere with 
a coating, such as a paint, oil, or grease, or to 
extract one or more of the corrosive elements 
from the atmosphere, such as by the use of a 
dehydrating agent to dry the air. These methods 
are, in general, either too time-consuming or too 
ineffective to be completely satisfactory. How 
ever, under proper circumstances, as described 
more fully below, the use of vapor-phase cor 
rosion inhibitors provides a simple and very satis 
factory solution to the problems of corrosion. 

It is, therefore, an object of this invention to 
provide novel and effective vapor-phase corro 
sion inhibitors and compositions. It is another 
object of the present invention to provide new 
methods utilizing, and combinations including, 
such inhibitors and compositions. Additional 

. objects will be obvious from the description here 

inafter. 
It has now been found that certain amine salts 

of carboxylic acids are e?ective vapor-phase 
corrosion inhibitors. Particularly e?ective are 
those salts formed by the interaction of a non 
aromatic amine and a weak carboxylic organic 
acid. Preferred compounds for use in accordance 
with this invention are the salts of non-aromatic 
amines having not more than 25 carbon atoms per 
molecule and carboxylic acids having a dissocia 
tion constant between about 10"3 and 10-8. 
The organic bases, salts of which are suitable 

for use according to this invention, are for ex 
ample, those disclosed in the copending applica 
tions Serial No. 663,608, ?led April 19, 1946, Serial 
No. 668,015, ?led May 7, 1946, Serial No. 706,098, 
?led October 28, 1946, Serial No. 668,016, ?led 
'May 7, 1946, now abandoned, Serial No. 681,768, 
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now Patent No. 2,577,219, ?led July 6, 1946, and 
Serial No. 673,886, ?led June 1, 1946, of which 
applications the present application is a con 
tinuation-in-part, and which applications were 
in turn continuations-in-part of application Se 
rial No. 557,358, ?led October 5, 1944, now aban 
doned, which latter application was a continua 
tion-in-part of application Serial No. 492,640, 
?led June 28, 1943, now issued as United States 
Patent No. 2,419,327, dated April 22, 1947, and in 
the application Serial No. 782,047, ?led October 
24, 1947, of which application the present appli 
cation is also a continuation-in-part. The only 
limitation which need be placed upon the non 
aromatic amines which are useful for forming 
vapor-phase corrosion inhibitor salts is one per 
taining to the size of the molecule. For some 
reason not altogether clear, salts formed from 
bases having too high a molecular weight are not 
effective inhibitors. Consequently, the bases 
should contain not more than about 35 carbon 
atoms, and preferably not more than about 20 
or 26 carbon atoms. 
Although the salts formed from the above 

amines with any carboxylic acids are effective 
vapor-phase corrosion inhibitors, better results 
are obtained with the organic base salts of the 
weak acids, particularly organic carboxylic acids 
having a dissociation constant between about 10-1 
and about 10*“, and preferably between about 
10-3 and 104. Thus, the carboxylic acids all 
are capable of producing e?‘ective vapor-phase 
corrosion inhibitors as salts of organic bases. 
As stated hereinbefore, the salts of this inven 

tion are the amine (ammonium) salts, of car 
boxylic acids, such as, the fatty acids, e. g., lauric, 
palmitic, stearic, n-butyric, etc.; unsaturated 
acids such as oleic, maleic, and the like; dibasic 
acids such as carbonic, phthalic, oxalic, malonic, 
succinic, glutaric, adipic, pimelic, etc.; aromatic 
acids such as benzoic, salicylic, and the like. 
The metals which are protected by the inhibi 

tors of this invention are those metals which are 
normally corroded by the water vapor in air. 
Included in such metals are the ferrous metals 
such as Armco iron, plain carbon steels of high, 
low and medium carbon content and cast irons, 
ferruginous alloys, including high alloy content 
steels, ferritic and austenitic steels, and the like. 
Also protected by the inhibitors of this invention 
are various non-ferrous metals such as copper, 
aluminum, magnesium, etc., and the non-ferrous 
alloys of such. Thus, in general, those metals, 
the oxides of which are spontaneously formed 
under ordinary temperature and pressure condi 
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tions, are protected according to this invention. 
Protection also has been achieved for couples 
of dissimilar metals, such as couples of steel with 
copper, aluminum, nickel and chromium, and 
alloys of these metals. 
Various techniques are effective in the utili 

zation of :the present salts as ‘vapor-phase cor 
rosion inhibitors. Within any enclosing means 
or container, corrosion of metal surfaces by mois 
ture is prevented by the presence, in the enclosed 
gaseous atmosphere, of very small amounts of the 
above compounds. These compounds may be 
orginally introduced into thevenclosure as a~solid, 
liquid, or vapor, in a solution, .or as an emulsion 
or a dispersion, etc., just so long as the inhibitor 
vapors may diffuse throughout the atmosphere 
in contact with the metal within the enclosure. 
Thus, a metal article may be placed in a con 
tainer together with the inhibitors as crystals 
or as a powder; or there may be introduced into 
the‘enclosure-tor:container :a solid material, pref - 
erabl-y an absorbent .or ?brous material, coated 
or impregnated with ‘the present salts. 
In apreferred embodiment of the instant .in 

.vention, the present vapor-phase inhibitors vare 

.coatedlupon, oriimpregnated within, a solid sheet 
packaging or wrapping material, such as paper, 
cardboard, cloth -.or various textile materials, 
metal foil, plastic ?lms orsheets, and the like, 
which may be used for packaging metallic ob 
jects. Laminates ‘of the above materials, only 
parts of which are impregnated with, or other~ 
wise contain, the above inhibitors, are also useful. 
In the case of the latter type of packaging .ma 
terial, the ‘metal is preferably wrapped so that ; 
theinhibitor-containing side of the wrapping is 
toward the metal. Thesalts may be impregnated 
inthe-wrappingsby various means, such .as, .e. g., 
dissolving .them (the inhibitors) in .a relatively 
volatile solvent therefor, such as acetone, alco- , 
holl, or :water soaking the wrapping in the re 
sultingsolutionand allowing the solvent to evap 
orate. Or the salts may be impregnated in the 
carrier by successive treatments with solutions of 
reactants for forming the salts within the car 
rier. 

various-materials,..such as‘by means of a suspen 
sion in an adhesive starchor the like. 
.Afterp-roviding the containers with the inhibi 

tors inany of the .above .or equivalent forms, ‘the , 
containers may then be'closed or sealed. The re 
.sultant container or package need not be com 
pletely airtight, ‘but only has to be closed to the 
extent that a corrosion-inhibiting concentration 
of vapors isretained .or maintained within the 
package. 
Incases wherein free circulation :of air is pre 

vented around metal articles in storage, the in 
hibitors are also e?ec'tively utilized by introduc 
ing ‘them as vapors around vthe metal articles. 
‘Corrosion by circulation of air 'over metal sur 
faces can be prevented by partially or substan 
tially saturating the introduced air with vapors 
o’f'th‘e ‘inhibitors. Metal ‘parts can be effectively 
corrosion-proofed by ‘coating v‘them ‘with the ‘in 
'h'ibitors by depositing the latter ‘from a solution 
or a dispersion, or from heated vapors contact 
ing a cooler metal‘, or by incorporating the in 
"hibitors .in relatively non-volatile coating .ma 
‘terials which remain on .the metal. 

'The metal walls or moving parts within ma 
chinery or instruments vmay be prevented from 
corroding either by enclosing the inhibitors, or 
by otherwise making the inhibitors available, 
Within vapor spaces "therein. 

The .inhibitorsmay also be coated on the ' 
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Aerosols are also effective for distributing the 
inhibitors. In such a case, the inhibitor is dis 
solved in a lique?ed normally-gaseous solvent 
which is under suflicient pressure in a vessel to 
maintain the solvent in a liquid state. The so 
lution .of the inhibitor thus prepared is released 
through a restricted ori?ce in the vessel, thereby 
distributing the inhibitor in a state of minute 
subdivision. 
A particularly advantageous characteristic of 

the vapor-phase corrosion inhibitors stems from 
the facts that .the inhibitors are e?ective in ex 
tremely low concentrations in the vapor phase 
and that, under ordinary atmospheric conditions 
of temperature and pressure, they are relatively 
stable solids having very low volatilities. Thus, 
the condensed inhibitor acts as a reservoir to re 
place inhibitor vapors which escape from the en 
closure are used up, or are otherwise removed 
from the corrosion-inhibiting atmosphere. 
From the above, it is obvious that the dura 

tion, but not the degree, .of corrosion protection 
is dependent upon the amounts of ‘solid'salts'use‘d 
in accordance with this invention, with the ob— 
vious reservation that ‘the initial supply must ‘be 
suf?cient to build up a corrosion-inhibiting con— 
centration, but minute amounts of inhibitor will 
usually satisfy this latter requirement. Conse 
quently, the amount to be used in any particular 
application .will depend upon such things as the 
length of ‘time for which protection is ‘required 
and upon the rate at which ‘the inhibitor is ‘al 
lowed to escape, and will vary ‘with the individual 
applications. In general, satisfactory results are 
attained when the inhibitor is present in an 
‘amount of'between about 0.01 gm. and about '15 
gm. (for average conditions, about 1 to 4 gm‘), 
per cubic foot of enclosed vapor space. In the 
case of Wrapping, or packaging materials, 'be 
tween about 0.01 gm. and about 5 gm. ‘of in 
hibitor per ‘square foot of sheet material is gen 
erally satisfactory. It should be obvious, ‘how 
ever, that extreme conditions may require much 
greater or much smaller amounts ‘than those 
stated. 
Even though the ‘present inhibitors ‘will give 

very effective corrosion inhibition when used ‘in; 
dividually, it may often be advantageous "to use 
a combination of two or more inhibitors. ‘For 
example, under ‘conditions such as might ‘be-en 
countered in arctic climates, it has been found 
that a mixture of 3 parts of an‘ami‘ne'n'itrite‘salt 
and 1 part of an amine carboxylate saltgives un 
usually good results. 
Although not necessary for ‘the complete un 

derstanding and successful practice of this’inverr 
tion, the following examples ‘are presented ‘to 
show the surprising results which may be at 
tained by the use of the present vapor-phase cor~ 
ro-sion inhibitors. It is emphasized that these ex 
amples are merely illustrative, and the invention 
should in no ‘way be construed as limited ‘thereby. 

Example 
vClean air at a controlled rate of 1201-20 ‘cc. 

(S. T. P.) per ‘minute was bubbled through ‘1% 
sodium chloride solution and ‘then successively 
passed through 4 glass tubes, each .6 inches long 
and 31 mm. inside diameter. The ?rst two tubes 
served as spray ‘traps ‘for entrained water. 'The 
third tube was‘ lined with vpaper impregnated with 
a vapor-phase corrosion inhibitor at a concen 
tration of ‘1 grampersquare foot of paper. ‘The 
fourth tube contained a polished specimen of 
‘SAE .1045 steel mounted in Bakelite so that only 
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one plane surface was exposed to the moist air 
stream. The equipment was maintained in an 
oven at 150° F.:t5° F., and the air was approxi 
mately the same temperature. Results obtained 
after a 24-hour test were as follows: 

Percent of 
Specimen 

Vapor-Phase Corrosion-Inhibitor Surface Covered 
with Rust 

Control 1 (unimpregnated paper) _____________________ -. 15 
cyclohexylammonium benzoate ______________________ _. 0 
his (cyclohexylammonium) phtha1ate___ . 5 
cyclohexylammoniurn laurate ........ . . . 0 

cyclohe'xylammonium oleate ______________ __ _ 1 
3,3,5-trimethylcylohexylammonium benzoat . Trace 
cyclohexylammonium p-tertiary butyl benzoate ..... ._ O 
cyclohexylammonium phenylacetate ...... __‘_ ________ ,_ l 

1 Average of seven control samples; one run with each of the tabu 

ated inhibitors. ‘ 

The invention claimed is: 
1. A corrosion-inhibiting wrapping material 

comprising paper having physically incorporated 
therewith an effective vapor phase corrosion 
inhibiting amount of cyclohexylammonium lau 
rate. 

2. A substantially solid inactive material hav 
ing physically incorporated therewith an effective 
vapor phase corrosion inhibiting amount of 
cyclohexylammonium laurate. 

3. The combination comprising a metal article 
normally corrodible by contact with water vapor 
and air, an effective vapor phase corrosion in 
hibiting amount of solid cyclohexylammonium 
laurate, and an enclosing container for the metal 
article and. the solid cyclohexylammonium lau 
rate, said metal article and said solid cyclohexyl 
ammonium laurate being in positions relative to 
each other such that the surface of said metal 
article is contacted by a corrosion inhibiting con 
centration of the vapors of said solid cyclohexyl 
ammonium laurate. 

4. A method for inhibiting corrosion of a metal 
surface normally corrodible by contact with 
water vapor and air, which includes the step of 
placing said metal surface and solid cyclohexyl 
ammonium laurate in locations relative to each 
other such that the metal surface is contacted by 
a corrosion inhibiting concentration of the vapors 
of said solid cyclohexylammonium laurate. 

5. A substantially solid inactive material hav 
ing physically incorporated therewith an effective 
vapor phase corrosion-inhibiting amount of a 
non-aromatic amine salt of a carboxylic acid, the 
amine portion of said salt having not greater than 
about 35 carbon atoms therein. 

6. The material of claim 5 in which the amine 
portion of the salt has not greater than about 
25 carbon atoms therein, and in which the car 
boxylic acid has a dissociation constant between 
about 10-3 and 10-8. 
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7. The material of claim 6 in which the sub- . 
stantially solid inactive material is paper. 

8. The material of claim 7 in which the non 
aromatic amine is an aliphatic amine. 

9. The material of claim 7 in which the non 
aromatic amine is a cycloaliphatic amine. 

5 

6 
10. The material of claim 7 in which the non 

aromatic amine is cyclohexylamine. 
11. The material of claim 9 in which the car 

boxylic acid is phthalic acid. 
12. The material of claim 9 in which the car 

boxylic acid is oleic acid. 
13. The material of claim 9 in which the car 

boxylic acid is benzoic acid. 
14. The material of claim 9 in which the car 

boxylic acid is lauric acid. 
15. A method for inhibiting corrosion of a 

metal surface normally corrodible by contact 
with water vapor and air, which includes the step 
of placing said metal surface and a solid salt of 
a carboxylic acid and of a non-aromatic amine, 
said amine having not greater than about 35 car 
bon atoms therein, in locations relative to each. 
other such that the metal surface is contacted 
by a corrosion-inhibiting concentration of th? 
vapors of said solid salt. 

16. The method of claim 15 in which the car 
boxylic acid has a dissociation constant between 
about 10-3 and 10-8, and in which the non-aro 
matic amine has not greater than about 25 car 
bon atoms therein. 

17. The method of claim 16 in which the non 
aromatic amine is a cycloaliphatic amine. 

18. The combination comprising a metal article 
normally corrodible by contact with water vapor 
and air, a solid salt of a carboxylic acid and of a 
non-aromatic amine, said amine having not 
greater than about 35 carbon atoms therein, and 
an enclosing container for the metal article and 
the salt, said metal article and said salt being in 
positions relative to each other such that the 
metal surface is contacted by a corrosion 
inhibiting concentration of the vapors of said 
solid salt. 

19. The combination of claim 18 in which the 
carboxylic acid has a dissociation constant be 
tween about 10-3 and 10-8, and in which the 
non-aromatic amine has not greater than about 
25 carbon atoms therein. 

20. The combination of claim 19 in which the 
non-aromatic amine is a cycloaliphatic amine. 
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