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METHOD OF AND COMPOSITION FOR INHIBITING CORROSION OF
TRON BASE METALS
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Background of the Invention

The presant invention relates to the inhibiting and

preventing corrosion of iron based metéls which are in
contact with aqueovs systems, such as cooling water
systems. |

Iron and iron metal containing alloys such as mild
steel are well known materials used in the construction of
apparatus in which aqueous systems circulate, contact the
iron based metal surface and may be concentrated, sucﬁ as
by eyaporation.of a portion of the water from the system.
Even though such metals are readily subject to corrosion
in such environments, they are used over other metals due
to the strength they have.

I+ is known that various materials which are naturally
or synthetically occurring in the aqueous systems,
especially such svstems formed from natural resources such
as seawater, rivers, lakes and the like, attack iron based
metals (the term "iron based metals" shall mean in the
present disclosure and the appended claims iron metal and
metal allovs containing iron therein). This is especially
true where the agueous system is a hard water i.e.
contains about 300 ppm or greater of calcium and mégnesium
therein.

Typical apparatus in which the iron metal parts are
subject to corrosion include evaporators, single and
multi-pass cooling towers and associated equipment and the
like. As the agueous system passes through or over the
apparatus a portion of the agueous system evaporates
causing a concentration of the materials contained in the
system. These dissolved materials approach and reach a
concentration at which they cause severe pitting and

corrosion which eventually requires replacement of the

metal parts. , )
Various corrosion inhibitors have been previously

used. These include inorganic nitrite or phosphate salts

and the like.
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effects and tend to decompose when used in environs such
as encountered in cooling towers, evaporators and similar
apparatus wherein the aqueous system is subjected to
elevated temperatures.

Copolymers such as described with respect to the
present invention have been found, when used alone, to
have substantially no corrosion inhibiting effect.

It is desired to have a composition and a method
capable of being easily worked which substantially
inhibits the corrosion of iron based metals. It is
desired to have a composition capable of substantially
inhibiting corrosion of iron base metals of apparatus in
contact with aqueous systems which tend to concentrate.
It is further desired to have a composition which is
capable of inhibiting corrosion when used at very low

dosages.

Summary of the Invention

The present invention is directed to a method of
inhibiting corrosion of iron based metals which are in
contact with aqueous systems by mixing with the aqueous
system a threshold guantity of an inorganic phosphate and
a water soluble organic copolymer formed from
acrylamido-sulfonic acid monomers and vinyl carboxylic

acid monomers.

Detailed Description of the Invention

According to the present invention it has been
surprisingly found that the desired corrosion inhibition
can be achieved by the use of a specific composition.

This composition is the combination of an inorganic -
phosphate and certain organic copolymers as described in
detail hereinbelnw. It has been found that the subject
combination of components results in a synergistic desired

effect. '

e
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Accordingly, tﬁe present invention provides a method
of inhibiting corrosion of iron base metals in contact
with an agueous system by incorporating into the aqueous
system'a water soluble inorganic phosphate compound e.g.
orthophosphoric acid, alkali metal phosphates, such as
sodium or potassium orthophosphates, sodium or potassium
pyrophosphates, sodium or potassium metaphosphates sodium
or potassium tripolyphosphate, sodium or potassium
hexametaphosphate and the like. The phosphate compound
should be water soluble. The preferred salts are the
sodium salts.

The copolymeric material reguired to be used in
combination with the inorganic phosphate described above
can be represented by the general'formula

ol I‘zz
_[CHZ— cl:—}: __‘[_— CHZ_ T—;LY
C‘ =0 . ? = Q0
e ;
CH3———C——-CHZSO3M A
R3

wherein Rl and R2 each independently represent

hyérogen or methyl; R3 represents hydrogen or'Cl-C12
straight or branch chain alkyl group, preferably a Cl to
C3 alkyl group, or a cycloalkyl group having up to six
carbon atoms or a phenyl group; M represents hydrogen or
an alkali metal cation or alkaline earth metal cation or
an ammonium cation or mixtures thereof selected from metal
or ammonium cations which present no adverse effect to the

polymef solubility in water, the preferred cations are

’
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selected from alkali metals, and ammonium cations with
sodium, potassium and ammonium being most preferred; Z
represents hydrogen or an alkali metal or ammonium cation
or mixtures thereof; x and y are integers such that the
ratio of x to y is from about 5:1 to 1:5 and the sum of
x + vy is such that the copolymef has a weight average

V molecular weight of between 1,000 and 100,000 and more
preferably between 1,000 and 10,000 and most preferably
between 4,000 and 6,000.

The preférred copolymérs are formed from acrylic acid
or methacrylic acid or their alkali metal salts in
combination with 2-acrylamido-2-methylpropane sulfonic
acid or its alkali metal or ammonium salts. The copolymer
can be partially or completely neutralized as the salt.
The molar ratio of the monomeric material is from 5:1 to
1:5 and preferably'from 2:1 to 1:2. ,

The copolymer required for use in the composition of
the subject invention may contain minor amounts of up to
about 5 mole percent of other monomeric units which are
inert with respect to the subject process such as lower
(Cl-CS) esters of acrylic or methacrylic acid,
acrylonitrile and the like.

The copolymer required for forming the composition
found useful in performing the subject process can be
formed by conventional vinyl polymerization techniques.
The monomers of 2-acrylamido-2-methylpropane sulfonic
acid, methacrylic acid and acrylic acid (as appropriate)
are each commercially available. The monomers are mixed
in appropriate molar ratios to form the desired product
and are ﬁolymerized using conventional redox or free
‘radical initiators. Formation of low molecular weight
copolymers may require the presence of chain terminators

~such as alcohols and the like in manners known in the art.
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In general the phosphaterand copolymer are used in
Qeight ratios of from 100:1 to 1:100 and more preferably
from 4:1 to 1l:4 and most preferably about 1:1.

The dosage of the composition of the present invention
depends, to some extent, on the nature of the agqueous
system in which it is to be incorporated. In general
however, it can be said that the concentration in the
agueous system can be from 1 to 200 ppm although much
lower dosages of from 1 to 100 ppm is normally sufficient
and even lower dosages of from 1 to 25 ppm substantially
inhibits corrosion. The exact amount required with '
respect to a particular agqueous system can be readily
determined in conventional manners.

The composition'may be added to the agqueous system
coming in contact with the metal surfaces of an apparatus
by any convenient mode, such as by first forming a
concentrated solution of the composition with water and
then feeding the concentrated solution to the agqueous
system at some convenient point in the operation.
Alternately, the above-described phosphate and copolymer
can be each separately added directly to the agueous
system to allbw the formation of the subject composition
to form in situ in the équeous sYstem. It is believed,‘
althouagh not made a llmltatlon of the instant invention,
that the copolymer and 1norganlc phosphate interact to
attain the achieved corrosion inhibition which results are
not attainable by use of each of the individual
componants. It is known that the phosphates disclosed
herein have only a fair degree of corrosion inhibiting
effect and that the copolymers described herein have
substantially no corrosion inhibiting effect. The two
components, when used in concert, causes and provides a

. substantial corrosion inhibiting effect.

Tt will be further appreciated that other ingredients

customarily employed in aquéous systems of the type

AOREAT™
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treated herein can be used in addition to the subject
composition. Such water treatment additives are, for
example, biocides, lignin derivatives and the like.

The following examples are given for iilustrative
purposes only and are not meant to be a limitation on the
subject invention except as made in the claims appended
hereto. All parts and percentages are by weight unless
otherwise indicated.

Example T

A series of tests were performed using a dynamic test
apparatus which simulates conditions encountered in a
recirculating cooling tower.

The apparatus comprises a vertical glass cylinder
having an eight kilowatt Eylindrical stainless steel
cartridge heater inside. The cylinder was closed with a

- ballcock at the top and was equipped with temperature
measurement probes at the inlet and outlet ports. The
cylinder further contained a chamber in which metal (mild
steel) sample coupons could be placed. An open plastic
vessel hav1ng a five liter capacity was used as the open
reservoir. This reservoir had an outlet tube connected to
a centrifical pump which fed (via a rotometer) into the
bottom inlet port of the cylinder. The outlet port is
connected to the reservoir to return the agueous fluid
thereto. The reservoir also contains a cooling coil to .
maintain the reservoir water at 130° F. and a water
make-up actuated by a diaphragm pump. The apparatus was =
maintained at a circulation rate of 1.5 gallon per minute
with an inlet temperature of 130° F., and a pH of
7.7 £o0.2. o

The agueous systems which circulated through the

dynamic test apparatus were synthetic hard water solutions

OMPI \
Do ViTPO .
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containing 635 ppm calcium sulfate heﬁihydrate, 518 ppm
magnesium sulfate heptahydraté, 136 ppm calcium chloride,
632 ppm sodium chloride, 816 ppm sodium sulfate, 64 ppm
sodium metasilicate and 185 ppm sodium bicarbonate. 1In
addition the aqueous systems were dosed with a copper
corrosion inhibitor (benzotriazole) and a phosphonate
sequestering agent (hydroxyethylidene-1, 1-diphosphonic

acid).
To each of the test solutions was added a composition

" comprising an inorganic water soluble phosphate component

in the form of 7.5 ppm activeH3PO4 and 8 ppm sodium
tripolyphosphate (6.3 ppm as H3PO4) and varying

amounts (see Table I below) of a copolymer (MWy = 5000) of
2-acrylamido-2-methylpropane sulfonic acid and methacrylic
acid (1:2) as the sodium salt. Duplicate clean mild steel
coupon specimens were weighed and placed in the coupon
specimen chamber to be subjected to a flow of the aqueous
system at a rate of 1.5 gallon per minute for a period of
10 days. At the end of the 10 day test period, the steel
specimens were removed, cleaned free of deposits, washed

‘and dried. The specimens were then weighed to determine

corrosion loss.

TABLE I
Phosphate
(as H3POy) Copolymer Corrosion Rate
ppm ppm milli-inch per vyear Improvement
13.8 - A7,4 -
13-8 405 M 5-8 22%
13.8 7.0 3.6 ‘51%
13.8 9.0 4.0 463
13.8 10.0 2.2 ' 70%

SUREZ i
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A control was conducteansé described above in which
the phosphate components were added to the aqueous system
without the addition of copolymer. The corrosion rate was
calculated to be 7.4 milli inch per year. It is known
that the subject copolymer does not exhibit corrosion
inhibition yet Table I shows that the subject combination
unexpectedly gives increased corrosion inhibition in
comparison to the use of just phosphates.

. Example II
Repeat series of the above tests are conducted in the

same manner as described in Example I above except that
the (a) copolymer is in the form of the free acidg, (b) the
copolymer is formed from sulfonic acid/carboxylic acid
monomer in 1l:1 mole ratio and (¢) an equivalent of sodium
hexametaphosphate is used in lieu of the phosphates used
above. '

While the invention has been described in connection
with certain preferred émbodiments, it is not intended to
limit the invention to the particular forms set forth,
but, on the contrary, it is intended to cover such
alternatives, modification and equivalents as defined by

the appended claims.

/N
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4 WHAT IS CLAIMED IS
# ' : 1. A composition for inhibiting the corrosion of iron

based metals in contact with aqueous systems comprising a
combination of (A) a water soluble inorganic phosphate and

(B) a copolymer having the general formula:

[\S]

L

T ]
feni e
C=0 - _ cl: = 0
t!IH o
CH——-&—CH SO_.M é
3 2773
3

wherein Rl and R2 each independently represent
-hydrogen or methyl; R3 represents hydrogen or C;-C,,
straight or branch chain alkyl group, or a cycloalkyl
group having up to six carbon atoms or.a phenyl group; M
represents hydrogen or an alkali metal cation or alkaline
earth metal cation or an ammonium cation or mixtures
thereof; 2 represents hydrogen or an alkali metal or
ammonium cation or mixtures thereof; x and y are integers
such that the ratio of x to y is from about 5:1 to 1l:5 and
the sum of x + y is such that the copolymer has a weight
average molecular weight of between 1,000 and 10,000; the
weight ratio of component (A) to (B) is from 100:1 to
* 1:100 weight.
| 2. The composition of Claim 1 wherein the water
soluble inorganic phosphate is selected from
orthophosphoric acid or an alkali metal phosphate.
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3. The composition of Claim 2 wherein the copolymer

1

has the structure wherein Rl is hydrogen, R2 is methyl
R3 is hydrogeﬁ oi a Cl-C3ralkyl, M is selected from
hydrogen, an alkali metal cation or ammonium cation.

4. The composition of Claim 3 wherein the copolymer
has a weight average molecular weight of from 4,000 to
6,000; the ratio of x to y is 2:1 to 1:2; and the weight
ratio of (A) to (B)»is 4:1 to 1l:4. -

5. The composition of Claim 3 wherein the copolymer
is formed from 2-acrylamido-2-methylpropane sulfonic acid
with a vinyl carboxylic acid selected from acrylic acid or
methacrylic acid; said acids are in the form of free acids
or at least partially neutralized with an alkali metal
cation or an- ammonium cation. '

6. A process of inhibiting the corrosion of iron
based metals in contact with aqueous systems comprising
incorporating into the aqueous system from 1 to 200 ppm
dosage of the composition of Claim 1, 2, 3, 4 or 5.

5
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