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ABSTRACT OF THE DISCLOSURE, 
Improved method of cleaning a ferrous metal surface 

having a hardness deposit by contacting it with an aque 
ous alkaline cleaning solution containing about 0.1 to 40 
weight percent of an ammoniated polycarboxylic acid 
complexing agent. The improvement involves including 
with the solution in an amount of from 0.0005 to 0.1 
weight percent a corrosion inhibiting compound of the 
formula: 

O OH ( : " HYE / Y R- -o-g-g-gy-N-(CH-CH-NH b 

wherein R is an alkyl or alkenyl group containing from 
12 to 18 carbon atoms, a is 1 or 2 and b is 1-5. 

The use of aqueous alkaline solutions of ammoniated 
polycarboxylic acid complexing agents for the cleaning 
of closed ferrous metal systems, e.g. steam boilers, is 
known. Among the complexing agents which are useful 
in such a process are the mono or polysubstituted ammo 
nium salts of ethylenediamine tetraacetic acid, diethylene 
triaminepentacetic acid, nitrilotriacetic acid and citric 
acid. 
The cleaning operation is normally carried out at ele 

vated temperatures, i.e. 90° to 400 F. and preferably 
at about 300 F., thus making the use of a corrosion in 
hibitor desirable. 

It is an object of the present invention to provide a 
method for inhibiting corrosion in the above-described 
cleaning operation. 
An additional object is to provide such a method which 

employs inhibitors which are stable to decomposition at 
temperatures of up to about 400 F. and above. 
An additional object is to provide a method of inhibit 

ing corrosion which does not interfere with the removal 
of hardness scale from the ferrous metal Surface being 
cleaned. 
The invention is based upon the discovery that an aque 

ous alkaline solution of an ammoniated polycarboxylic 
acid complexing agent is effectively inhibited against at 
tack on a ferrous metal surface at temperatures of up 
to about 400 F. by incorporating into the solution from 
about 0.0005 to about 0.1 percent by weight an inhibitor 
compound having the formula: 

O OE i. ?. 32) ?on-on-Y- Avii i?, in Vila-vi-'7, 
In the above formula R is alkyl or alkenyl containing 
from 12 to 18 carbon atoms, a is 1 or 2 and b is 1-5. 

In carrying out cleaning with the present inhibited 
cleaning solution, the solution is adjusted to a preselected 
alkaline pH normally in the range of from about 7.3 to 
9.3 and the system to be cleaned is filled or otherwise 
contacted with the cleaning solution. The solution is then 
heated to a temperature of at least about 90° F. and 
preferably to a temperature of from 250° to 300 F. 
Temperatures as high as about 400 F. may be used. The 
hot cleaning solution is then maintained in contact with 
the ferrous metal surface for the requisite period of time 
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to dissolve the hardness deposit. Most any ferrous metal 
surface can be cleaned by the method, especially cast 
iron, ductile iron, mild steel and austenitic, martensitic 
or ferritic stainless steel. 

In general, the inhibitor compounds are prepared by 
reacting a long chain fatty acid with epichlorohydrin or 
diglycidyl ether at moderately elevated temperatures to 
form the corresponding monoepoxyester. In this reac 
tion, sufficient base is used to neutralize the byproduct 
HCl when epichlorohydrin is used and NaOH added to 
epoxidize the ester product. The intermediate monoepoxy 
ester will have the formula: 

O E. o R-5-0--04 Sch 
H. H. B 

when epichlorohydrin is reacted and: 

B OE B B O 
R-8-0-8-6-8-0-6-c1 NCH 

H. E. E. H. H. 

when diglycidyl ether is employed. 
After preparation of the monoepoxyester any excess 

epichlorohydrin or diglycidyl ether is removed by distill 
lation, extraction or other means to a residual level of 
less than 5 percent and the ester reacted with an ethyl 
ene polyamine of the formula: 

where b is an integer from 1 to 5. This process is more 
fully described in U.S. Pat. 3,467,684. 
The corrosion inhibtors are viscous liquids which can 

be dispersed in water or in the concentrated cleaning solu 
tion. The inhibitor is dispersed in an amount sufficent to 
provide from 0.0005 to 0.1 weight percent of the final solu 
tion with 0.001 to 0.005 weight percent being the preferred 
concentration range. 
The inhibitors are effective when used alone. It has 

been discovered that a strong synergistic action is demon 
strated when certain sulfur containing compounds, i.e. 
thioethylamine, sodium mercaptobenzthiazole, bisethyl 
amine bisulfide or thiazolidine, are added to the inhibited 
cleaning solution. These compounds are normally em 
ployed in an amount sufficient to provide from 0.01 to 
0.1 weight precent of the solution. 
The invention is further illustrated by the following 

examples: 
EXAMPLE I 

Inhibitor compounds were prepared as described above 
from the reactants set out in Table I. The usefulness of 
each inhibitor was determined by placing two polished, 
mild steel, 1’ x 3' x A6' coupons along with a mill 
scaled (about .65 gm. Fe3O4) coupon in a beaker con 
taining a 3.8% solution of ammoniated EDTA contain 
ing the amount of inhibitor indicated. The beakers were 
placed in a pressure vessel and heated to 250 F. for 16 
hours. At the end of the heating period the coupons, 
which were weighed before being placed in the beaker, 
were reweighed and the corrosion rate determined by the 
weight loss. A control specimen was used with no inhibi 
tor present upon which corrosion rates were determined 
intermittently during the 16 hour period. After the testing 
period all of the coupons were clean with no evidence of 
black deposits being observed. 

Table I sets out the inhibitor, its concentration and the 
corrosion rate for each of 18 runs. 
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7. The process of claim 6 wherein the sulfur containing 3,072,502 1/1963 Alfano --------------- 134-3 
compound is added in an amount sufficient to provide 3,248,269 4/1966 Bell ---------------- 134-2X 
from 0.01 to 0.1 weight percent of the solution. 3,447,965 6/1969 Teumac -------------- 134-2 
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