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This invention relates to the art of treating
water in boilers, steam generators, evaporators
and the like, and the treatment of the steam and
the condensate produced therefrom to reduce or
prevent the corrosion of steam lines, traps, con-
densers and other pieces of equipment carrying
the steam and the condensate. The invention
also relates to the preparation of new and im-
proved water treating compositions.

It is known that certain amines may be added
to -boiler water from which they will volatilize
with the steam and condense and dissolve in the
condensed steam to inhibit corrosion occurring
in the condensate lines. These amines may also
be added directly to the steam lines. The amines
proposed for this purpose are liquids boiling with-
in the range from 0 degrees C. to 171 degrees C.
at atmospheric pressure. These liquid amines
are, in general, highly caustic and present a seri-
ous hazard in their handling. Furthermore, they
are quite volatile even undér ordinary tempera-
ture conditions and the toxicity of their fumes
in high concentrations presents a further hazard
in their use. Moreover, the addition of liquids
to a boiler or to the steam lines is attended with
many mechahical and practical difficulties.

An object of the present invention is to provide
a composition for the treatment of boiler water,
steam and steam condensates which compos1t10n

isina substantxally dry form that is readily solu- :

ble or d1spers1b1e in water, and from which suit-
able aimines are liberated by the action of alkaline
boiler water. )

Another object of the invention is to prepare
corrosion inhibiting composition of the type de-
scribed in the form of briquettes which are grad-

ually and uniformly dissolved in the feed water to
a steam boiler, evaporator or the like. Other ob-

Jects will appear hereinafter.

In accomplishing these objects in accordance d

with the invention it has been found that cor-
rosion inhibition in steam generating systems can
be obtained by incorporating with the boiler feed
water certain crystalline non-hygroscopic water
soluble polyamine salts.. These polyamine salts
are solids which are capable of liberating the free
amines when added to the feed water.of a steam
boiler containing sufficient alkali to decompose
the amine salts into free amines at steam gen-
erating temperatures. These amine salts can alsc
be incorporated with other water treating chem-
icals either by mixing them’ together to produce
a dry, free flowing powder or by briquetting them
with a suitable binder, preferably one which is
water:soluble. The preferred compositions con-
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sist of the amine salts briquetted with other wa-
ter treating chemicals, e. g., tannins, lignin sul-
fonates, sodium sulfite, or the like, by means of
binders such as dextrines.

Assuming that the alkali added. to the boiler
water is sodium hydroxide, the general reaction
which occurs between the amine salt and the al-
kali with the liberation of the amine may be de-
seribed by the following equation:

Amine salt+NaOH (boiler water)—
Ami_ne,(volatile) +Na-salt (boiler water)

Generally speaking, the quantities of amine salt
required for the purpose of the invention are so
small that the quantities of alkali employed in
the boiler water will be sufficient to react with
the amine salt and liberate the free amine while
still maintaining .an alkaline condition in - the
boiler water. "' In some cases, however, where the
amine salt is made up with an excess of acid or
acid salt, it may be ‘desirable to-add larger
damounts of alkali to the boiler feed water to com-
pensate for the alkali which is utilized in the
reaction with the amine salt. - The quantity of
alkali required for this purpose can readily be
calculated by any one skilled in the art.

The polyamines which are useful for the prepa-
ration of amine salts in accordance with the
practice of the invention should possess the fol-
lowing properties:

1. The polyamine should distill or volatilize
with steam in appreciable quantities in the boiler
pressure range. of superatmospheric pressures
from 5 to 250 pounds per square inch or at higher
pressures if such pressures are employed.

2. The polyamine should not cause foammg

and carryover.
3. It should not decompose appreciably under

boiler conditions of alkalinity, pH, pressure and
temperature.

" 4, The boiling point of the polyamine should
preferably be above 100 degrees C. so that ap-

-preciable amounts of the amine are not lost in

venting or preheating of the feed water and so
most of the amine will be in the. liquid phase in
the portions of the system handling hot conden-
sate. It should be pointed out that boiling point
alone is not the factor which determines the

relative volatility of the amine with steam, as

the tendency to form: stable hydrates and other

-factors also influence this behavior.

5.-The polyamine should not form stable car-
bonic acid addition products which will not de-
compose to the amine and carbon d1ox1de at pre-
heater temperatures
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6. The carbonic acid addition products of the-

polyamine should be reasonahly water soluble.

7. The polyamine should have a low equiva-
lent weight. The lower the weight of the amine
for each neutrahzmg amino group the less the
quantity of the” -amine required to mhlbit corro-
ston in theé steam system.

8. The polyamine should preferably be of a
type which forms a protective film on the steat -
and condensate lines that will ;inhibit- ~oxygen-

corrosion.
9. The polyamine should preferab‘y have such
vapor pressure characterrstrcs that 4in borling di-

lute aqueous solutions litfle change occurs in -
the water to amine ratio thus providing nearly

constant alkalinity in the boiling water: and the
steam condensate, R

[

Specrﬁc illustrations of suitable amines -for

ost steam systems are ethylenediamine &, D
116 degrees. C.) _and vdiethylenetriamine . p.
206 degrees’ Rl amii h
.water n‘alp ,nortiOns

“The polyaniine salts of ,minera.
ganic carboxylic and/or sulforic” “a¢1ds can - be
Preparéd by dissolving the acid. ina solvent e. 8.
water, diethyl ether or ‘iethanol; and adding the
equivalent quantlty of’ polyamme with stirrmg
at a rate such as to avord overheatmg "‘Cool-
ing may be resorted to, i some ‘éages. " The salt

evanoratmn .In cases Where the correspondmg
amide is water insoluble care must be taken in
‘the preparation of the Falt to avoid dehydra-
tion to the smide.’ Another way in which: the
polyamine salts may be conveniently prevared
consisty in conducting the néutralization or pat-
tial neutrallzation of the polyamina in the pres-
ence” of .4 'solid material capsble. of  dabsorbing
the water of reaction; thereby yiélding'a-dry an-

‘pearing - prodict without - actually’ drying rby

evaporation. An. éxample of this:.procedure is:to
niix the polyamine with:.4 large excess of so-
dium acid sulfate either with or without:the ad-
dition of anhydrous.sodium sulfate.’" The amine
“Wwill then be converted to a.riixed amine salt,
namely, sodiitm "amine  sulfate; and ‘the “wdter
will be. absorbed by ‘the exXcess - of salt:or- salts
producing a diy app°armg powder.-.

“The following bolyamine salts.or mrxed salts
have been prepared and have: been: found to-be
su1tab1e for the practice of the invention:” *

A, Theé hydrochloride, the hydrobromide, the
nitrate ‘the sulfate; the orthophosphate, the py-
‘Foohosrhate, the acetate and the 2 naphthalerie
sulfonate of ethylenediamme in the Yorm of the
neutral salts (i."e.; with both~ amino groups neu-
tralized).

" B. Thé acid nitrate (one amiro group rfeu-
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tiglized) ‘and the acid oxalate:of . ethylene di-
60

amine.

C. The fitrate, the hydroehloride the sulfate
the orthophosphate the aéetate’ the pHenyl ace-
tate and 'thé 2-napht‘halene su“lfonate of diethyl-
enetriamine as the fieutra] salts.” o

D. The mixed alkali metal aminé fieutial salts |
of ethylenedlamme ‘monosodium orthophosphate,
and the mixed’ neutral ‘salts of ethﬂenedlamme
lignin sulfomc acrd and sulfunc ac1d Foenere

S v

‘tially non-hygroscoprc ‘solid water ‘SolublE” saIts
but it will be understood that not all’ polyamme
‘salts’ have satrsfactory propertles for ‘the purpose
‘of the inventlon even though the ‘amine “ifself
“may be suitable in other respects for inhibiting

corrosion in a steam systent.” Thus, ‘the phenyl &5 preduct havifig the followiiig analysis:

65

Y Water
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acetate of ethylenediamine was too hygroscopie
to be isolated.

The following examples are given to show
methods of preparing polyamine salts suitable
for the practice of the invention and zlso fo il-

Tustrate’ the™ Dréparation “of™ compdsitions con-
‘taining such salts, it being understood, however,

that these examples are not intended to limit

“the scope of the invention.

P C T Ezample 1
Ten (10) parts by weight of diethylenetri-

. “amine’and- 90 parts by weight of nitre cake were
- fhoroughly ‘miked n a putty chaser type of mixer
-{intil-only slightly damp. Upon standing a short

~time this-slightly damp mass further reacted to

specome dry, whereupon it was ground to give a

powder, readily water soluble, and containing
10% aniine in the form of the sodium and di-
ethylenetriamine mrxed sulfate

iy

In-a putty chaser 35 parts by -weight. of: :the
monohydrate -ef.rmonosodium - -orthophosphate
and 5 parts by weight: of diethylenetriamine  were
thoroughly mixed after-which 10 parts of-dex-
trin-and about 1 -part of water: (parts by weight)
were added-and the mixture briquetted. - The bri-
quettes were dry and non-sticky,-and-readily.dis-
solved in water: - The amine-salt formed-was- the
sodlum and dlethylenetriamine mixed phesphate

Ea;ampleIII M,; o

In a putty chaser-24 parts-of- monohydrate of
monosodium orthophosphate -11:5. parts ground
nitre cake;-and 7.5 parts-of- dlethylenetnamme
were-theroughly mixed after.which 5. parts dex-
trin and-2 parts-water were.added-and.the-mix-
ture brigquetted.. The -resulting - briquettes -“WETe
very hard and-dry,-and. readily. wa,ter soluble.
The amine -salts were a- mixture ‘of the. salts
whichoecurinExamplesIandII B

E:cample v ool

Fifty (50) parts of . monohydrate of monos -
dium orthophosphate 24 parts of sodium’ blsul-
fite, and. 15 parts of diethylenetriamine were
mixed after which 7 parts of dextrin and 4 parts
of ‘water were added and the mixture briquetted.
The amine salt formed was mamly ‘the sodlum
and diethylenetriamine mixed phosphate. ..
.~ In the following examples, V.to VII, inclusive,
the procedure of mixing was substantially .the
same as in the Examples I to IV, inclusive, The
materials. shown were made. mto bnquettes

Rarat]

E.mmple v :
‘ h Parts by weight

Monosodium orthophosphate, anhydr _____ 18
Drethylenetrlamme - - : 375
Dextrin ... . - . 225
Water ... 20

Example VI

s Ch e e T
E g I

Pe_r cent
Monohydrate of monosodium orthophos-” i
" phate . Z
Sodium bisulﬁte ——— .
Dextrin ... _
Drethylenetriamme il

: E:cample VII o~
A dry powder was made up from lignin sulfonic
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: C Per cent
Sulfate of ethylenediamine__..________._.. 455
Sulfonate of the diamine_ .. .o cceoaooo 4.6
Total 8Os content 6.1
Lignin organic matter . . ____ 429

This neutral salt material -was then used in a
steam system to inhibit steam corrosion.

As previously stated, in order to introduce the
amine salt into the steam system it is preferable
to prepare it in the form of a briquette with other
water treating chemicals and. to cause it to be
‘dissolved uniformly and gradually by the feed
water to the boiler. This is conveniently accom-
plished by preparing the briquette and intro-
ducing it into a by-pass feeder which is connected
in the boiler feed water line.- The boiler feed wa-
ter circulates through the feeder gradually dis-
solving the briquette and carrying the amine salt
into the boiler where the amine is liberated by
the action of the heat and inorganic alkali pres-
ent. The liberated gmine is then preferably vola-
tilized at a uniform rate such that little change
occurs in the water to amine ratio. The manner
in which the amine volatilizes will, of course, de-
pend upon the chemical and physical character-
istics of the amine. The volatilized amine should
serve to provide a nearly constant alkalinity in
the boiling water and should redissolve in the
steam condensate to provide the desired alkalinity
in the latter at the point where condensation
occurs.

The quantity of the amine salt initially added
to the water from which the steam is generated
should preferably be approximately 0.015 pound
for each neutralizing amino group per grain of
methyl orange alkalinity per thousand gallons of
water. This means that if the methyl orange
alkalinity of the feed water were 10 the quantity
of amine salt would be that quantity capable of
liberating 0.15 pound of said amine per thousand
gallons of feed water. If the methyl orange
alkalinity were 20 the recommended dosage of
amine salt would be the equivalent of 0.30 pound

of said amine per thousand gallons of water. In

a similar manner the dosage can be calculated for
waters of different alkalinities. These dosages
are based upon a pressure of 250 p. s. i. and the
corresponding steam temperatures with ade-
‘quate venting of the preheater.

The dosage ean alsc be established by observa-
tion of the pH obtained in the condensate. In
general, it is preferable to maintain a pH in the
steam condensate of about 7.0, although it has

been observed that substantial corrosion protec~ :

tion has been obtained at a lower pH, as low as
6.3. The preferred pH range in the steam con-
densate is about 6.5 to about 7.5.

The treatment described herein can be em-
ployed in steam generation where the steam gen-
erators are operated at operating pressures from
a high vacuum to rather high superatmospheric
pressures. It will be understood, however, that of
the amines suggested some would be better than
others for different pressure operations.

Having thus described the invention, what I
claim as new and desire to secure by Letters Pat-
ent of the Unifed States is:

1. In a process of generating steam, the method
which comprises generating steam from an alka-
line boiler water while incorporating into the
feed. water to the boiler a quantity of a poly-
amine salt from the group consisting of the neu-
tral hydrochloride, hydrobromide, nitrate, ortho-
phosphate, pyrophosphate, acetate, and 2-naph-
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6
thalene ‘sulfonate of ethylenediamine, the-acid
nitrate and acid oxalate of ethylenediamine, the

-mixed alkali metal amine neutral salts of -ethyl-

enediamine monosodium orthophosphate, the
mixed neutral salts of ethylenediamine lignin
sulfonic acid and sulfuric acid, the nitrate; the

‘sulfate, the orthophosphate, the hydrochloride,

the acetate, the phenyl acetate and the 2-naph-
thalene -sulfonate of diethylenetriamine as the.
neutral salts, the quantity of alkali in the alkaline
boiler water being in excess of the amount re-

-quired to hydrolyze said salt and the quantity of

the salt being effective ‘to liberate a corrosion -
inhibiting: quantity of the polyamine upon said

-hydrolysis and being equivalent to approximately
'0.015 pound for each neutralizing amino group
“in the amine per grain of methyl orange alkalin-

ity per thousand gallons of water.

2. In a process of generating steam, the method
which comprises generating steam from an alka-
line boiler water while incorporating into the
feed water to the boiler a quantity of a poly-
amine salt from the group consisting of the neu-
tral hydrochloride, hydrobromide, nitrate, ortho-
phosphate, pyrophosphate, acetate, and 2-naph-
thalene sulfonate of ethylenediamine, the acid
nitrate and acid oxalate of ethylenediamine, the
mixed alkali metal amine neutral salts of ethyl-
enediamine monosodium orthophosphate, the
mixed neutral salts of ethylenediamine lignin
sulfonic acid and sulfuric acid, the nitrate, the
sulfate, the orthophosphate, the hydrochloride,
the acetate, the phenyl acetate and the 2-naph-
thalene sulfonate of diethylenetriamine as the
neutral salts, the quantity of alkali in the alkaline
boiler water being in excess of the amount re-
quired to hydrolyze said salt and the quantity
of the salt being effective to liberate a corrosion
inhibiting quantity of the polyamine upon said
hydrolysis and to maintain a pH in the con-
densate of at least 6.3.

3. In a process of generating steam, the method
which comprises generating steam from an alka-
line boiler water while incorporating into the
feed water to the boiler a quantity of a poly-
amine salt from the group consisting of the neu-
tral hydrochloride, hydrobromide, nitrate, ortho-
phosphate, pyrophosphate, acetate, and 2-naph-
thalene sulfonate of ethylenediamine, the acid
nitrate and acid oxalate of ethylenediamine, the
mixed alkali metal amine neutral salts of ethyl-
enediamine monosodium orthophosphate, the
mixed neutral salts of ethylehediamine lignin
sulfonic acid and sulfuric acid, the nitrate, the
sulfate, the orthophosphate, the hydrochloride,
the acetate, the phenyl acefate and the 2-naph-
thalene sulfonate of diethylenetriamine as the
neutral salts, the quantity of alkali in the alka-
line boiler water being in excess of the amount
required to hydrolyze said salt and the quantity
of the salt being effective to liberate a corrosion
inhibiting quantity of the polyamine upon said
hydrolysis and to produce a pH in the steam
condensate within the range of about 6.5 to
about 7.5.

4. In a process of generafing steam and of
condensing the stéam so as to protect against
corrosion metal parts of the system where the
steam is condensed, the method which comprises
incorporating into boiler feed water from which
the steam is generated and which contains an
alkali, a quantity of a neutral sulfate of diethyl-
enetriamine, the quantity of alkali in said boiler
water being in excess of the amount required to

5 hydrolyze said sulfate to free the diethylenetri-
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dminetand:the iquantity of sald--gulfate-being ‘produce a pH in the stea.m condensa.te of at
-effective: to liberate &-corrosion inhibiting quan- leastSSL e T Y el :
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