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This invention relates to a method of prevent 
ing or retarding corrosion of steam systems. 

More specifically stated, the invention relates 
to a method of preventing, inhibiting, or retard 
ing corrosion of metallic surfaces coming in con 
tact with steam vapor or condensate in Such SyS 
tems. 
The deterioration of metallic Surfaces in a 

steam system is greatly accelerated by acidic 
conditions and/or the presence of oxygen. 
Acidic corrosion in the boiler is easily eliminated 
by alkali treatment of the boiler feed-water, but 
this does not insure the absence of acidic corro 
Sion in the condensate System which is caused by 
dissolved carbon dioxide. Carbon dioxide enters 
the system in several different ways. Since it is 
a constituent of air, any air entering the system 
brings with it a certain amount of carbon diox 
ide. Carbon dioxide is dissolved in the make-up 
Water which is added to the system. It is also a 
decomposition product of carbonates and bicar 
bonates present in the boiler Water. The Water 
employed in Steam Systems also often contains 
dissolved Oxygen. When the Water is heated to 
form steam, the dissolved oxygen is released from 
the Water and mixes with the steam. Oxygen 
also may enter steam systems by in-leakage 
when the internal pressure is less than that of 
the atmosphere. When the Steam contains a 
mixture of dissolved oxygen and carbon dioxide, 
this combination becomes extremely corrosive as 
the steam condenses on metal surfaces. 

Generally stated, an object of this invention is 
to provide a method of treatment whereby the 
steam may be permeated with a volatilized amine 
to render the steam condensate materially less 
corrosive than it would otherwise be, and under 
Optimum conditions to make Such condensate 
non-corrosive. 
More specifically, it is an object of this inven 

tion to provide a process whereby acid-reacting 
water soluble salts of certain amines may be in 
troduced at Some appropriate place into a steam 
system, preferably near the terminal of the con 
densate return line, or between such terminal 
and the boiler. 
Other objects of the invention and the man 

ner of practicing the same will be apparent from 
the following description taken in conjunction 
with the single figure in the drawing, in which a 
steam system is diagrammatically illustrated 
With legends to indicate the various parts 
tereof. 

It is common practice to treat boiler water 
with alkaline materials such as caustic soda, and 
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Consequently there is little likelihood of acidile 
corrosion in the boiler. However, the alkaline 
alkali-metal salts and hydroxides do not as a rule 
carry over with the steam if the boiler is oper 
ated efficiently. Therefore, that part of the sys 
ten which is in contact with condensate from 
the steam does not receive the benefit of the 
alkaline compound which has been added to the 
boiler and may be exposed to acidic conditions. 
Corrosion, accordingly, may occur in the steam 
line, the condenser, and the condensate return 
lines, unless preventive steps are taken. Dreyfus 
in U. S. Patent 2,053,024 discloses the use of cer 
tain Water-soluble alkaline volatile amines which 
have been found effective in preventing or reduc 
ing acidic corrosion by steam condensate in those 
parts of the System which have been mentioned. 
In practicing this invention, the amine is dis-, 
solved in the boiler water, volatilized with the 
steam and condensed with the condensate so 
that an alkaline environment is maintained in. 
all parts of the system. Upon leaving the boiler, 
the volatile amine reacts with carbon dioxide and 
carbonic acid to form both amine carbonates and 
amine bicarbonates. If a slight excess of amine 
beyond that amount required to neutralize the 
acidic compounds is carried into the condenser, 
some free amine in an uncombined state will flow 
through the system. 

Generally speaking, most of the commercially 
available volatile amines which are used in prac 
ticing the Dreyfus invention are relatively diffi 
cult to handle inasmuch as their vapors are ex 
tremely pungent and obnoxious, and if any of 
these particular amines come in contact with the 
human skin considerable irritation is observed, 
The storage and handling of the volatile amines 
are matters which require care since the mate 
rials are inflammable. The salts of the volatile 
amines, which I employ, are free-flowing solids 
rather than liquids, consequently they have very 
low vapor pressures and have practically no 
odor. In addition, they present no fire hazard, 
are easily handled, and if they should come in 
contact with the skin, no appreciable injury is 
done. 
In most cases, some part of the steam system 

between the terminal of the condensate return 
line and the boiler is open to the atmosphere. 
The condensate may discharge into an Open 
Sump or hot-well, or a de-aerating or Open feed 
water heater may be installed for the dual pur 
pose of removing air from the system and heat 
ing the feed-water before it enters the boiler. 
Since both the amine bicarbonate and amine car 
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bonate are fairly unstable, it is not unusual to 
find that in passing through a hot-well, Or de 
aerating heater they are decomposed into free 
amine and free carbon dioxide. A considerable 
portion of any uncombined amine may thereby 
escape from the system through such an opening 
under these conditions. Although it is extremely 
desirable to remove as much carbon dioxide from 
the system as possible, the loss of volatile amine 
is undesirable as it should be retained for re 
combination with additional carbon dioxide 
which subsequently enters the system. 
In accordance with the process of my inven 

tion, an acid-reacting amine Salt is added to the 
system at any convenient point between the ter 
minal of the condensate return line and the 
boiler. Where a de-aerating heater is installed 
ahead of the boiler, the addition should be made 
to the water as it enters the heater or at some 
convenient point in the condensate return line 
preceding the heater. Inasmuch as the pH values 
of the various amine Salts used in practicing this 
invention are within the range of from 1-6, it is 
desirable that these acid-reacting materials be 
added to the water as close to the heater as pos 
sible so that only a Small Section of the con 
densate return line is exposed to lowered pH 
values. To mitigate corrosion by the amine salts 
in this part of the steam system, any one of sev 
eral phosphates can be added in an amount rang 
ing from 1-10 P. P. M. as is well known in the 
art of water treating. If a heater is not in 
stalled in the system, addition of the amine salt 
can be made conveniently at the Sump or hot 
well into which the condensate return water is 
discharged. 
The single figure of the drawing with its legends 

illustrates the application of the process as above 
described. 
By using the amine salts, the amine is intro 

duced into the system and at the same time, since 
the salts are acid-reacting, they assist in the lib 
eration of carbon dioxide from the amine car 
bonates and amine bicarbonates in the conden 
sate. Although Salts at the upper end of the pH 
range 1-6 will notassist in liberating carbon di 
oxide as effectively as will the more acidic salts, 
smaller amounts of strong base would be required 
in the boiler to maintain proper alkalinity of the 
boiler water. In the table, I enumerate the vari 
Ous stages through which the amine passes in a 
steam system to which I have added certain 
amine Salts. 

1. Addition of amine salt at hot-well, sump, feed 
water heater, or other suitable place: 
Amine salt is added to the system, lowering 
the pH and facilitating loss of carbon di 
Oxide from the condensate. 

2. Boiler: 
Water vaporizes to steam. 
Bicarbonates and carbonates are hydrolyzed 
producing CO2 which passes off in steam 
leaving residual alkalinity in boiler water. 

Amine salt reacts with strong base present in 
boiler to produce free amine and alkali 
metal salt, thereby proportionately reduc 
ing the alkalinity of the boiler water. 
Amine is volatilized and mixes with steam 
while the alkali-metal salt remains in the 
bOiler. 

3. Steam line: 
Steam containing admixed carbon dioxide 
and amine passes to condensing unit. 
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4. 
4. Condensing zone: 

Steam Condenses to water. 
CO2 and amine dissolve in water, amine neu 

tralizing to the extent present the acidity 
produced by CO2. 

5. Further addition of amine salt as in step 1: 
Amine Salt has acid reaction thereby assists 

in liberation of CO2 from the amine car 
bonates and bicarbonates formed in the 
System. Also, as the salt is added, make-up 
of potential amine is provided to replenish 
what little amine is lost from the system. 

. In treating steam Systems with a volatile alka 
line amine to reduce acidic corrosion, it is gen 
eral practice to add sufficient amine to raise the 
pH value of the Condensate water to a range of 
from about 6.0 to about 8.3. Higher pH values 
may be maintained, if necessary, by adding in 
creased quantities of amine. The pH value may 
be determined by the use of phenolphthalein or 
some other suitable indicator added to samples of 
condensate. The greater the amount of acid-re 
acting amine salt added to the System and re 
acted with alkali in the boiler to liberate amine, 
the greater will be the pH value of the conden 
sate. 

Having introduced an amine Salt into the sys 
tem, subsequent additions of amine salt are re 
quired for a two-fold purpose: to assist in the lib 
eration of CO2 from the System and to replenish 
what amine may be lost from the system. The 
amount of annine Salt required will be governed 
by the concentration of free amine necessary for 
protection against corrosion in the condensing 
zone of the system. Since the amine carbonates 
and bicarbonates, which are formed in this zone 
when the free amine reacts with the carbonic 
acid and carbon dioxide present in the steam, are 
relatively unstable at feed-water heater tempera-. 
tures, Some amine and Some carbon dioxide will 
be lost to the atmosphere. If small amounts of 
the acid-reacting amine salt are added to re 
plenish the loss of amine, the pH of the conden 
sate will be lowered with a consequent increase 
in the partial pressure of the carbon dioxide to 
gether with a decrease in the partial pressure of 
the amine. 
The continuous feed of a very small amount 

of amine Salt solution prevents the loss of ex 
cessive amounts of free amine, promotes the 
liberation of carbon dioxide and continuously 
introduces a small amount of potential amine to 
maintain the desired pH value in the condensate. 
If the continuous feed of amine salt is not de 
sired, the salt may be fed intermittently when 
the concentration of amine in the condensing 
Zone becomes too low for effective corrosion 
protection. 
I may employ a water-soluble salt of any one 

of a large number of amines in practicing my 
invention. For effective inhibition of corrosion 
in the condensing Zone of the steam system the 
amine must be sufficiently alkaline to neutralize 
the acidity present and it must be sufficiently 
volatile So that it will not remain in the boiler 
but will pass over with the steam into the con 
densing Zone. A suitable measure of alkalinity 
is the dissociation constant. Amines having a 
constant of at least 1X0 are effective. 
The salt of any suitable alkaline amine may 

be used if that amine is made available to those 
parts of the system susceptible to corrosion by 
the condensing steam. At a temperature of 
100° C. prevailing in a boiler at atmospheric 
pressure, any amine boiling at 100° C. or less 
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would rapidly volatilize and pass out of the 
boiler. Salts of the following amines whose 
boiling points are less than 100° C. are typical 
of the compounds I may use: (figures indicate 
boiling points at atmospheric pressure) tri 
methylamine 3.5° C., isopropylamine 33° C., tri 
ethylamine 89.5° C., and isoamylamine 95° C. I. 
may also use salts of amines boiling at tempera 
tures of less than 0° C. 
Many amines having boiling points in exceSS 

of that of water at atmospheric pressure may 
be used to prevent corrosion in steam systems. 
A number of amines having a high boiling point 
exhibit a sufficient vapor pressure to distill with 
the steam so that salts of amines boiling even 
at temperatures greatly in excess of 100° C. may 
be used in practicing my invention. For exam 
ple, tripropylamine boils at 156° C., trimethyl 
enediamine at 135° C., morpholine at 128° C., 
cyclohexylamine at 134° C., and monoethanol 
amine at 171. C. The water-soluble salts of any 
of these amines may be employed in my process 
since the amines which are liberated from the 
salt by the alkalinity of the boiler will distill with 
the steam in effective amount and at a suff 
ciently rapid rate to protect the condenser and 
the condensate return lines from acidic corrosion. 

It should be understood that I may use the 
water-soluble salt of any alkaline amine which 
at the temperatures and pressures encountered 
will pass from the boiler to the condensing zone 
of the steam system in sufficient concentration 
to reduce or prevent acidic corrosion. I do not 
limit myself to salts of amines boiling in a speci 
fied range but include salts of amines which are 
effective under the conditions observed in the 
operation of a steam system. 
The sulfates, sulfites, bisulfates, bisulfites, 

phosphates, phosphites, nitrates, and hydrochlo 
rides are the preferred salts I employ in treating 
steam systems. By the term phosphates, I mean 
to include both the crystalline phosphates such 
as orthophosphates, pyrophosphates, and tri 
polyphosphates, and the amorphous phosphates 
commonly referred to as phosphate glasses. By 
reacting eduivalent weights of amine and acid, 
the salt is formed. It may be wise under certain 
conditions tan select a particular salt the anion 
of which has properties desirable in water treat 
ing. For example, an amine phosphate would 
assist in preventing scale formation while an 
amine nitrate would be useful in preventing en 
brittlement of the boiler steel. An amine sulfite 
would inhibit attack of the boiler by dissolved 
oxygen. In each of these instances, the amine 
would be liberated by the alkalinity of the boiler 
water and would pass over to the condensing zone 
of the System. 

Having thus described my invention, what II 
claim as new and desire to secure by Letters 
Patent is: 

1. In the process of preventing corrosion in the 
condensing Zone of a closed condensate return 
steam system provided with a boiler for supply 
ing steam thereto wherein a strong base substance 
is maintained, by means of a volatile alkaline 
amine, that step which comprises introducing 
into the system at a point between the terminal 
of the condensate return line and the boiler a 
water-soluble acid-reacting Salt of an amine 
which amine has a dissociation constant of at 
least 1X10-6, thereby promoting the liberation 
of carbon dioxide frem the return Condensate 
water and reducing the loss of free amine from 
the system. 
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2. The method of treating a steam system hav 

ing mechanical means by which gaseous sub 
stances in said system may be evolved to inhibit 
corrosion in the condensing zone thereof which 
comprises introducing into the system at any 
Suitable point between the condensing zone and 
the evaporating zone thereof a water-soluble, 
acid-reacting salt of a volatile amine, said amine 
having a dissociation constant of at least 
lX105 maintaining a strong base substance in 
the evaporating zone of the system, passing said 
acid-reacting salt into the evaporating zone 
where it reacts with said strong base to liberate 
the volatile amine, circulating said amine 
through the condensing zone of the system 
whereby carbonates and bicarbonates of the 
amine are formed, adding from time to time 
additional acid-reacting salt of the volatile 
anine whereby carbon dioxide is liberated and 
loss of the amine is minimized, and passing the 
acid-reacting amine salt to the evaporating 
ZOne. 

3. The method of treating a steam system hav 
ing mechanical means by which gaseous sub 
stances in said system may be evolved to inhibit 
corrosion in the condensing zone thereof which 
comprises introducing into the system at any 
Suitable point between the condensing zone and 
the evaporating zone thereof a water-soluble 
acid-reacting salt of a volatile alkaline amine, 
Said amine being sufficiently alkaline to reduce 
acidic corrosion in the condensing zone of the 
System maintaining a strong base substance in 
the evaporating zone of the system, passing said 
acid-reacting salt into the evaporating zone 
where it reacts with said strong base to liberate 
the volatile amine, circulating said amine 
through the condensing zone of the system 
Whereby carbonates and bicarbonates of the 
amine are formed, adding from time to time ad 
ditional acid-reacting salt of the volatile amine 
whereby carbon dioxide is liberated and loss of 
the amine is minimized and passing the acid-re 
acting amine salt to the evaporating zone. 

4. The method of inhibiting corrosion in the 
Condensing zone of a steam system having me 
chanical means by which gaseous substances in 
Sgid System may be evolved which comprises in 
troducing into the system at any suitable point 
between the condensing zone and the evaporat 
ing zone thereof a water-soluble sulfite of a vola 
tile alkaline amine, said amine having a disso 
ciation constant of at least 1X106 maintaining 
a strong base substance in the evaporating zone 
of the System, passing Said amine sulfite into the 
evaporating Zone where it reacts with said strong 
base to liberate the volatile amine, circulating 
said amine through the condensing zone of the 
System whereby carbonates and bicarbonates of 
the amine are formed, adding from time to time 
additional amine sulfite whereby carbon dioxide 
is liberated and loss of the amine is minimized 
and passing the amine sulfite to the evaporating 
2One. 

5. The method of inhibiting corrosion in the 
condensing zone of a steam system having me 
chanical means by which gaseous substances in 
said system may be evolved which comprises in 
troducing into the system at any suitable point 
between the condensing zone and the evapo 
rating zone thereof cyclohexylamine sulfite main 
taining a strong base substance in the evapo 
rating zone of the system, passing said cyclo 
hexylamine sulfite into the evaporating Zone 
where it reacts with said strong base to liberate 
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the volatile amine, circulating said amine 
through the condensing zone of the System 
whereby carbonates and bicarbonates of the 
amine are formed, adding from time to time ad 
ditional cyclohexylamine sulfite whereby carbon 
dioxide is liberated and loss of the amine is mini 
mized and passing the cyclohexylamine sulfite 
to the evaporating ZOne. 

6. As an improved method of introducing a 
water-soluble volatile alkaline amine into a 
steam system having mechanical means by 
which gaseous substances in Said System may be 
evolved whereby corrosion in the condensing Zone 
thereof is reduced, the addition to the System at 
an appropriate point between the condensing 
zone and the boiler of a water-soluble, acid 
reacting salt of the amine maintaining a strong 
base substance in the evaporating Zone of the 
system, passing said acid-reacting Salt into the 
evaporating zone where it reacts with said strong 
base to liberate the volatile amine, circulating 
said amine through the condensing zone of the 
system whereby carbonates and bicarbonates of 
the amine are formed, adding from time to time 
additional acid-reacting salt of the volatile 
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amine whereby carbon dioxide is liberated and 
loss of the amine is minimized and passing the 
acid-reacting amine salt to the evaporating zone. 

7. The method as described in claim 6 where 
the acid-reacting amine salt is a salt of cyclo 
hexylamine. 

8. The method as described in claim 6 where 
the acid-reacting salt is the sulfite of an amine. 

GEORGE B. HATCH. 
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