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ABSTRACT OF THE DISCLOSURE

A method and compounds for inhibiting the formation of scale and
controlling corrosion is disclosed. The method is particularly effective at
inhibiting the formation and deposition of calcium scales in circulating
aqueous systems such as cooling waters systems, as well as inhibiting or
preventing corrosion of ferrous-based metals in contact with aqueous .

systems. The method comprises introducing into the aqueous system a
compound of the general formula:

R R
| |
R —fZ —C — C-O); Hs
| |
0=C C=0
| |
O O
| |
M M

wherein R is hydrogen, alkyl, aryl, substituted alky! or substituted aryl: R’
and R" are each independently hydrogen, C4.4 alkyi or C4.4 substituted
alkyl; Z is NH, NR, O or S where R is as described above; n is a positive
integer greater than 1; f is a positive integer; and M is H, a water soluble
cation (e.g., NHa4™, alkali metal), or a C4-C5 alkyl group.
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CONTROL OF SCALE FORMATION AND CORROSION
IN AQUEQUS SYSTEMS

FIELD OF THE INVENTION

The present invention relates to the treatment of water to inhibit
the formation of scale. More particularly, the present invention relates to
10 the use of a modified polyepoxysuccinic acid to inhibit scale formation
: and prevent corrosion of ferrous-based metals in contact with aqueous
systems.

BACKGROUND OF THE INVENTION
15 .

In industrial cooling systems, water such as from rivers, iakes,
ponds, etc., is employed as the cooling media for heat exchangers. Such
natural waters contain large amounts of suspended materials such as silt,

, clay, and organic wastes. The cooling water from heat exchangers is

20 typically passed through a cooling tower, spray pond or evaporative

é’* system prior to discharge or reuse. In these systems, the cooling effect is
achieved by evapOrating a portion of the water passing through the sys-
tem. Because of the evaporation which takes place during cooling,
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suspended materiais in the water become concentrated. Fouling materi-

- als from the feedwater or as a result of evaporative concentration can

settle in locations of low flow rate and cause corrosion and inefficient
heat transfer. Agglomerating agents such as polyacrylamides and poly-
acrylates have been used to agglomerate fine particles of mud and silt
into a loose floc for removal. However, these flocs tend to settle in cool-

ing tower basins and frequent cleaning is necessary to remove the settled
flocs from the tower basins.

The water employed in industrial cooling water systems also often
contains dissolved salts of caicium and magnesium, etc., which can lead
to scale and sludge deposits. One of the most common scale depoéits in
cooling water systems is calcium carbonate. it normally results from the
breakdown of calcium bicarbonate, a naturally occurring soluble salt.
Calcium carbonate has a relatively low solubility and its solubility de-
creases with increasing temperature and pH. Thus, the rate of calcium
carbonate deposition increases with increasing pH and temperature.

Deposit control agents such as phosphates, phosphonates and
polyacrylates are often used to inhibit calcium carbonate scale formation
in industrial cooling water systems. The use of polyacrylates alone is not
effective at high calcium concentrations because undesirable polyacry-
late-calcium precipitates are formed reducing efficiency.

“Although phosphonates are very effective at controlling calcium
carbonate scale formation, and certain phosphonates exhibit excellent
calcium tolerance, i.e. the ability to inhibit calcium carbonate scale in
water having a propensity toward scale deposition, they can produce
insoluble phosphonate-calcium complexes or calcium phosphate scale



10

15

20

25

30

2125223
3

upon degradation, especially in waters having high calcium concentra-
tions and pH. Further, current limits on total phosphorus discharge (as P)
due to environmental concerns limit the acceptability of the use of
phosphonates for water treatment.

In cooling systems, corrosion causes two basic problems. The first
and most obvious is the failure of equipment, resulting in replacement
costs and piant downtime. Also, decreased plant efficiency occurs due to
the loss of heat transfer. The accumulation of corrosion products causes
heat exchanger fouling, resulting in the loss of heat transfer.

Ferrous-based metals, e.g., iron metal and metal alloys containing
iron (mild steel), are routinely used in the construction of cooling systems
due to their jow cost and availability. As the system water passes over or
through these ferrous-based metal containing devices, they are subjected
to corrosion processes. Corrosion inhibitors are generally added as part
of a water treatment program in cooling systems to prevent and inhibit the
corrosion of ferrous-based metal containing devices.

Chromates, molybdates, zinc, phosphates or polyphosphates, and
phosphonates have been used to inhibit the corrosion of ferrous-basea
metals in contact with the system water of cooling systems. Each treat-
ment, however, presents certain drawbacks. Chromate is highly toxic and
presents handling and disposal problems. Phosphates, polyphosphates,
and phosphonates contribute to the eutrophication of the receiving water
upon discharge, leading to the restriction of their discharge by reguiatory
bodies. The discharge of cooling tower blowdown containing zinc, a heavy
metal, is also regulated due to its aquatic toxicity. Molybdate and tung-
state are not effective at low concentrations and generally are combined
with conventional inhibitors, such as phosphonates, to be cost effective.
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There exists a need, therefore, for a more environmentally accept-
able corrosion inhibitor of ferrous-based metals in contact with agqueous
systems. iIn particular, there is a need for a non-phosphorous containing
organic corrosion inhibitor.

Preventing the corrosion and scaling of industrial heat transfer
equipment is essential to the efficient and economical operation of a
cooling water system. Excessive scaling and/or corrosion of metatlic
surfaces can cause the premature failure of process equipment,
necessitating downtime for the replacement or repair of the equipment.
Additionally, the buildup of scale and corrosion products on the heat
transfer surface reduces efficiency, thereby limiting production or
requiring downtime for cleaning.

Scale can also cause rapid localized corrosion and subsequent
penetration of metallic surfaces through the formation of differential oxy-
gen concentration cells. The localized corrosion resuiting from differen-
tial oxygen cells originating from deposits is commonly referred to as
"underdeposit corrosion".

SUMMARY OF THE INVENTION

The present invention provides an effective method and novel
compounds for inhibiting scale formation as well as inhibiting and control-
ling corrosion of metals, particularly ferrous-based metals in contact with
aqueous systems. The present invention is effective at conditions of high
pH, higl'i calcium concentration and high M-alkalinity where conventional
treatments lose efficacy. The treatment of the present invention also
controls calcium scale formation without forming undesirable inhibitor-
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calcium precipitates. Also, the method of the present invention does not
require phospnorus, thereby reducing or eliminating the undesirable
discharge of phosphorus-containing compounds. The method of the
present invention allows industrial cooling water systems to operate at
higher cycles of concentration, acid feed for pH control can be reduced or
eliminated, and phosphorus limited systems can be treated effectively. In
addition to treating waters having high calcium levels, the present
invention is also effective at treating waters having low levels of calcium.

The method of the present invention comprises treating industrial
waters with a modified poly[epoxysuccinic acid] of the general formula:

R R
I
R —fZ — (C — C-O)y— His
|
0=C C=0
I
0O O
]
M M

wherein R, when present, is H, a substituted or non-substituted alkyl or
aryl moiety having a carbon chain up to the length where solubility in an
aqueous solution is lost, or a repeat unit obtained after polymerization of
an ethylenically unsaturated compound; R' and R" each independently
are hydrogen, C4.4 alkyl or Cy_4 substituted alkyl; Z is O, S, NH, or' NR,
where R is as described above; n is a positive integer greater than 1; f is
a positive integer; and M is hydrogen, a water soluble cation (e.g., NHs*,
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alkali metal), or a non-substituted lower alkyl group having from 1 to 3
carbon atoms. (When R is not present, Z may be MO3S, where M is as
described above).

In a preferred embodiment of the invention, R is a C4_og alkyi or
substituted alkyl moiety, or a C4.Cg aryl or substituted aryl moiety, R' and
R" are hydrogen, Z is NH, n is greater than 1, fis 1-2, and M is Na™.

in a particularly preferred embodiment of the invention, R is a
—CH,CgH4CHoy— moiety, R' and R" are hydrogen, £ is NH, n is greater
than 1, fis 2, and M is Na™. In another particularly preferred embodiment
of the invention, R is HOCH,(CHOH)3C(CO5H)-, R' and R" are hydrogen,
Z is -0-, n is greater than 1, fis 1, and M is Na*.

In the present invention, the modified poly[epoxysuccinic acids]
are added to the aqueous system at substoichiometric leveils to inhibit
scale formation. The method of the present invention provides effective
calcium carbonate deposition inhibition in waters having relatively high
L angelier saturation indexes. The method of the present invention pro-
vides such control at relatively low active treatment levels without the use
of phosphates or phosphonates.

The compositions of the present invention should be added to the
aqueous system for which corrosion inhibition activity of the ferrous-
based metal parts in contact with an aqueous system is desireq, in an
amount effective for the purpose. This amount will vary depending upon
the particular system for which treatment is desired and will be influenced
by factors such as the area subject to corrosion, pH, temperature, water
quantity and respective concentrations in the water of corrosive species.
For the most part, the present invention will be effective when used at
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levels of from about 25 parts per billion to 500 parts per million of water,
and preferably from about 50 parts per billion to 100 parts per million of
water contained in the aqueous system to be treated. The present
invention may be added directly to the desired water system in a fixed

5 quantity and in a state of an aqueous solution, continuously or
intermittently.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 The present invention pertains to a novel method of inhibiting the
formation of scale such as calcium scale from aqueous systems, e.q.,
cooling water, steam generating, gas scrubbing and pulp and papermak-
ing systems. The present invention also pertains to a novel method of
iInhibiting and controliing corrosion of ferrous-based metals in contact

15  with such aqueous systems. Specifically, the method of the present
iInvention comprises adding to an aqueous system a modified
poly[epoxysuccinic acid] of the general formula:

R! Rli
20 | |
R ~—1{Z — (C ~— C-O)y—— H}j
| |
0=C C=0
| |
25 O O
| |
M M

Formula |



e, el ey B S AN N, R "B AR NN S e B W . b e - AN &

- -

10

15

20

25

30

2125223

wherein R is H, a substituted or non-substituted alkyl or aryl moiety hav-
ing a carbon chain up to the length where solubility in an aqueous solu-
tion is lost, or a repeat unit obtained after polymerization of an ethyleni-
cally unsaturated compound, R' and R" are hydrogen, C4_4 alkyl or C4_4
substituted alkyl; Zis O, S, NH, or NR, where R is as described above; n
is a positive integer greater than 1; f is a positive integer; and M is hydro-
gen, a water soluble cation (e.g., NH,™, alkali metal), or a non-substituted
lower alkyl group having from 1 to 3 carbon atoms.

The compounds of the present invention can be prepared by in-
corporating reagents containing an a - hydroxycarboxylic acid (x HCA)
functionality into a poly[epoxysuccinic acid) (PESA) polymer matrix. The
« HCA compounds can be obtained by the ring opening reaction of a suit-
able reagent (R-[-Z-H]s with a salt or ester of epoxysuccinic acid (ESA).
The «HCA compound can be synthesized prior to the incorporation reac-
tion (Scheme A) or be generated in situ by conducting the polymerization
of ESA in the presence of a suitable ring-operating reagent (Scheme B).

Scheme A
Step 1: O R' R"
/\ b
R- [-ZH]f+ R-C - C-R"-->R-[-Z- C --C- OH}s
I |
O0=C C=0 0= C C=0
| | |
O O O O
L ]
M M M M
ESA HCA
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Step 2:
Rl Rli
\ |
R—+Z-C—-—C-0OH k+nESA-> R + ZCR' - CR"-0 j)7 Hj
l i | |
O=C C=0 CO-M CO-M
| |
O O
1 |
M M
Scheme B

R-[Z-H)+nESA->R-[Z+tCR — CR"-0 g HJ

| |
CO,M CO,M

For a general review of ring-opening reactions of epoxides to
prepare o HCA compounds, see March, "Advanced Organic Chemistry-
Reactions, Mechanisms, and Structures”, 2nd Edition, Chapter 10,
McGraw-Hill, New York, 1977

Methods for conducting the polymerization of ESA, Scheme A-
Step 2 and Scheme B, are described by Pearson et al., U.S. Patent
3,776,850 and Bush et al., U.S. Patent 4,654,159 .
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The reaction can be performed neat, or in aqueous or non-aque-
ous solvents. If the resulting product is non-aqueous it should be modi-
fied by traditional techniques known to those skilled in the art to yield a
water soluble product (e.g., hydrolysis of ester derivatives).

In a preferred embodiment of the invention, aqueous solutions of
the compounds of the present invention are prepared by reacting an
amine with an aqueous solution of disodium epoxysuccinate (ESA - Na,)
in the presence of calcium hydroxide. The reaction is typically conducted
under atmospheric conditions at about 30°C - 100°C, preferably from 80°
C to 100°C. The molar ratio of the ring opening reagent R1 Z - Hif to
ESA - Na,, relative to functionality (f) may fall within the range of about
1:2 to 1:1000, with a range of 1.5 to 1:100 being preferred. The molar
ratio of calcium hydroxide to ESA - Nay or ESA - Na, + «HCA may fall

within the range of 1:20 to 1:3, with a ratio of 1:10 being preferred.

It will be appreciated that certain by-products (e.g., disodium tar-
trate, PESA, and <HCA compounds) may be produced along with the
compounds of the present invention in the course of the above reaction
schemes. The desired reaction products can be readily recovered from
the reaction product by known methods; however, it is feasible and

economical to employ the compounds of the present invention as pro-
duced without separation or purification.

The treatment levels of compound added to an aqueous system
can range from about 25 parts per billion to 500 parts per million of water,
and preferably from about 50 parts per billion to 100 parts per million of

water contained in the aqueous system to be treated. The concentration

of compound necessary to provide effective calcium controt wiil, of
course, vary from system to system. The treatment level will vary, in
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part, with changes in temperatures and pH. However, in all cases, the
concentration of modified polyepoxysuccinic acid added to an aqueous
water system in accordance with the present invention is at substoichio-
metric concentrations. That is, the concentration of modified polyepoxy-
succinic acid added is much lower than the concentration of the scale
forming material in the system to be treated.

The concentration of compound necessary to provide effective
corrosion inhibition will also vary from system to system. The treatment

level will vary, in part, with changes in temperature and pH, water quan-
tity and respective concentrations in the water of corrosive species.

The compounds may be added directly into the desired water
system in a fixed quantity and in a state of an aqueous solution, continu-
ously or intermittently. As noted, the compounds of the present invention
are expected to exhibit scale inhibition, e.g., calcium carbonate, barium
sulfate, calcium oxalate, calcium sulfate and silica/silicate activity, as well
as corrosion inhibition activity. In addition, the compounds of the present
iInvention may also be used with topping agent components in order to
enhance the scale controlling and corrosion inhibition properties thereof.

Such topping components are readily known to those skilled in the art.
Details of such compounds are disclosed by Chen, U.S. Patent

4 659.481. Itis expected that the compounds of the present invention
may be used in conjunction with the polymers and topping components of

Chen ‘481 to provide treatment programs which effectively inhibit corrosion

and scale deposition in water systems.
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Suitable topping agents include polyacrylates, phosphoric acid
and water soluble salts thereof, phosphonic acids and water soluble salts

thereof, polyvalent metal salts, azole compounds, molybdate and tung-
state compounds and mixtures thereof.

A suitable polyacrylate is represented by the following formuia:

R R1
| |
+CHz-C Ix— [ CH2-C Jy
| |
C=0 CH2
l |
R2 O
I
R3
I
(XZ)a

‘wherein R1 is H or lower alky! (C4.3); R% is OH, OM or NHz; M is a water

soluble cation; R3 is a hydroxy substituted alkyl or alkylene radical having
from 1 to 6 carbon atoms or a non-substituted alkyl or alkylene radical
having from 1 to 6 carbon atoms; X, when present, is an anionic radical
selected from SO3, PO3, PO4 and COy; Z, when present, is H or any
water soluble cation or cations which together counterbalance the
valence of the anionic radical; a is 0 or 1, the molar ratio of xy of the
polymer being between 30:1 and 1:20.
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The phosphoric acid may be orthophosphoric acid or pyrophos-
phoric acid or a water soluble salt thereof. The phosphonic acid may be
1-hydroxyethane-1, 1-diphosphonic acid, 2-phosphonobutane-1, 2,4-
tricarboxylic acid or hydroxyphosphonoacetic acid. The polyvalent
metals may be Zn2*, Mn2*+, or Sn2*. The azole compound may be 1,2,3,-
tolyltriazole, benzotriazole or butylbenzotriazole. The molybdate com-
pound may be sodium molybdate or potassium molybdate. The tungstate
compound may be sodium or potassium tungstate.

The topping agents may be added to the system in an amount of
about 0.01 to 500 ppm of said system.

The invention wili now be further described with reference to a
number of specific examples which are to be regarded solely as illustra-
tive and not as restricting the scope of the present invention.

Example 1

Preparation of aspartic acid, 3-hydroxy, N-[2-ethanesulfonic acid]-
trisodium sait via Reaction Scheme A, Step 1.

A suitable reaction flask was equipped with a magnetic stirrer,
reflux condenser, nitrogen sparge, thermometer, and addition ports.
Taurine (99%, 12.64¢g, 0.1 mole) and 67 mi of deionized water were
charged to the flask and sparged with nitrogen. Aqueous sodium hydrox-
ide (50%, 8g, 0.1 mole) was then charged to the flask to yield a clear,
colorless liquid followed by ESA - Na, (90%, 20.54g, 0.105 mole) being
charged to the flask. The resuiting slurry was heated at 90 + 2°C for 16.5
hours under a nitrogen atmosphere. The resulting clear solution was
isolated and diluted to 130g with deionized water.
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The structure of the resulting aspartic acid, 3-hydroxy, N-[2-
ethanesulifonic acid]- trisodium salit, sample reference HCA(9), was

confirmed by 13C NMR spectroscopy. The product yield was estimated to
be 93.3 mole % via integration of the methine carbons of the 13C NMR
spectrum.

Example |l

- Preparation of poly[oxy(1,2-dicarboxylic acid -1, 2-ethanediyl)] -«
hydro-o- {(ethanesuifonic acid) 2-amino)-sodium salt via Reaction
Scheme A, Step 2.

To a reactor setup similar to that described in Example | was
charged aqueous aspartic acid, 3-hydroxy, N-[2-ethanesulfonic acid]-
trisodium sait (29.2%, 11.07g, 0.01 mole), 48 m! deionized water, and
ESA - Na, (90%, 37.16g, 0.19 mole). The solution was sparged with
nitrogen and adjusted to a pH of 10.8 with aqueous sodium hydroxide
(50%). Calcium hydroxide (98%, 1.51g, 0.02 mole) slurried in 20 ml of
deionized water was then charged to the flask and the mixture was
heated to 80 & 2°C for 15.5 hours. The resulting solution was then
filtered, diluted to 1309 with deionized water, and collected.

The structure of the product, Sample Reference 20, was verified
by 13C NMR spectroscopy. Residual 3-hydroxy, N-[2-ethanesulfonic

acid]-trisodium salt was also detected. Approximately 23.4 mole % of the
ESA - Na, hydrolyzed to disodium tartrate under these reaction

conditions.
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Example i

Preparation of poly[oxy(1,2-dicarboxylic acid-1,2-ethanediyl)] « -
hydro-o-[(ethanesulfonic acid)2-amino]-sodium salt via Reaction Scheme
B.

To a reactor setup similar to that described in Example | was
charged ESA - Naj (90%, 19.56¢, 0.1 mole), 27 mi deionized water, and
taurine (99%, 0.63g, 0.005 mole). The solution was sparged with nitro-
gen and adjusted to a pH of 10.1 with aqueous sodium hydroxide (50%).
Calcium hydroxide (98%, 0.76g, 0.01 mole) slurried in 10 mi of deionized
water was then charged to the flask and the mixture was heated at 80 +
2°C for 17 hours. The resulting solution was then filtered, diluted to 659

with deionized water, and collected.

The 13C NMR of the product, Sample Reference 23, was similar to
that of Example Il. No residual taurine was detected. Approximately 22.2
mole % of the ESA - Na, hydrolyzed to the disodium tartrate by-product

under these reaction conditions.

Using the above-described preparative techniques, several other
modified PESA analogs were prepared. The final products were typically
a mixture of the modified PESA analog, residual *<HCA, and unmodified
PESA (collectively considered the "actives" portion in testing), and
sodium tartrate by-product. The results of these preparations are set
forth in Table |. Several <HCA analogs (Formula |, n=1) were also pre-

| pared for evaluation. These compounds are also listed in Table | for

reference.
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[ TABLE |

| Modified PESA Synthesis Summary?@

5 R-[-Z-(-CR'— CR"-0-)n-Hls
| |

; COoM CO,M

R=R"'=H M=Na, n>1

| 10 CompositionP
| Mole Ratio WHL. % Actives:
! Sample ESA-Na,:R-[-Z-Hff Wt % TA- Na,
15 R304Hg—,z=-NH-,f=1
«HCAC(1) 1.0:1.0
1 20.0:1.0 79:.21
2 10.0:1.0 77:23
20 3 6.7:.1.0 82:18

R=C4Hg—,Z=-O-,f==1

<HCA(2) 1.0:1.0
25 4 20.0:1.0 82:18
5 10.0:1.0 84:16

6 6.7:.1.0 85:15
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Sample

« HCA(3)
7
8

9

« HCA(4)
10
11

«HCA(5)
12

<HCA(b)
13
14
15
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TABLE | {cont'd

CompositionP
Mole Ratio Wt. % Actives:

ESA-Na,: R-[-Z-Hlf Wt % TA- Nap

1.0:1.0
20.0:1.0 72:28
10.0:1.0 80:20
6.7:1.0 78:22
R = CgHg-CH»y-, £ = -NH-, f =1
1.0:1.0
20.0:.1.0 81:19
10.0:1.0 84:16
R = C6H5-CH2-, Z = -NH-, f=1
1.0:1.0
10.0:1.0 83:17
R= (HOCHchz)z—, Z= N-f=1
1.0:1.0
20.0:1.0 80:20
10.0:1.0 81:19

- 6.71.0 84.16
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TABLE | (cont'd)

CompositionP
Mole Ratio Wt. % Actives:

Sample ESA-Nay:R-[-Z-H}fy Wt % TA- Na,

R = (HOCH,)3C—, Z = -NH-, f = 1

~HCA(T) 1.0:1.0
16 10.0:1.0 81:19
L= NaO3S——
<HCA(8) 1.0:1.0
17 20.0:1.0 86:14
18 10.0:1.0 86:14
19 10.0:1.0 81:19

R = Na03S-CHoCHoy—, Z = -NH-, f = 1

< HCA(9) 1.0:1.0
20 | 20.0:1.0 76:24
21 10.0:1.0 79:21
22 | 6.7:1.0 83:17
23 20.0:1.0 78:22
24 10.0:1.0 81:19

25 6.7:1.0 84:16
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TABLE | (cont'd)

CompositionP
Mole Ratio Wt. % Actives:
5 Sample ESA-Nas: R-[-Z-H}y Wt % TA- Nay

R= HOCHZ(CHOH);:,C(COzH)—, Z= -0-,f=1

10 26 -~ 20.0:1.0 78:22
' 27 10.0:1.0 80:20
28 6.7:1.0 83:17
R = -C(CO5H)(CHOH),C(COsH)}—, Z= -O-,f=2
15 |
29 - 20.01.0 78.22
30 10.0:1.0 81.19
31 6.7:1.0 85.15
20 R= -(CGH12)—, L= -NH-, =2
~HCA(10) 1.0:1.0
32 20.0:1.0 80:20
33 10.0:1.0 83:17

25 34 6.7:1.0 85:15



TABLE | (cont'd)

CompositionP
Mole Ratio Wt. % Actives:
Sample ESA-Nay:R-[-Z-Hf Wt % TA- Nap
5 |
R = meta -CHoCgHy4-CHz-, £ = NH-, f=2
«HCA(11) 1.01.0
10 35 20.0:1.0 82:18
36 10.0:1.0 83:17
37 6.7:1.0 85:15
R = para -CH5-CgH4-CHo-, Z=-NH- f=2
15
~HCA(12) 1.0:1.0
38 20.0:1.0 79:21
39 10.0:1.0 84:16
40 6.7:1.0 8515
20
R = para FCH2~05H4-CH2~, Z=-8- f=2
< HCA(13) 1.0.1.0
41 6.7:1.0 87:13
25 '

a Mole ratio of Ca(OH), : ESA - Nap + <HCA (Scheme A) or
ESA - Na, (Scheme B) was 1:10 for all reactions.

b Reported as a weight percent of the organic solid content of
‘the product; TA - Na, stands for disodium tartrate.

30 C Corresponding ¥HCA analog, n = 1
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Example IV

Table Il summarizes the static calcium carbonate inhibition testing
of the compounds of the present invention compared to several prior art
5 calcium carbonate control agents. The tests were performed by adding
the treatment solution (sample) to a carbonate stock solution of the
described conditions.

A calcium stock solution was then added and the mixture was in-

10 cubated for 17 hours at 70°C. All treatments were adjusted to pH 9.0
prior to use and the treatment weights, expressed as the sodium salts,
accounted for the presence of disodium tartrate by-product. After cool-
ing, a measured portion of the mixture was filtered and the filtrate pH
adjusted to less than 1 with hydrochloric acid. The filtrate was then

15 diluted and pH adjusted to 12 with sodium hydroxide. A calcium indica-
tor, murexide, was then added and the solution titrated with a known
concentration of ethylenediaminetetraacetic acid (EDTA). From titrations
for the treated, stock and controi solutions, the percent inhibition was
calculated as follows:

% Inhibition = Mis EDTA(treated) - mis EDTA(control) x 100
mis EDTA(stock) - mis EDTA(control)

20

Typically, the test samples were evaluated twice referenced to a
25 sampie of PESA. The compounds of the present invention were in
general as effective as PESA, and more effective than HEDP and PBSAM
at 10 ppm actives regardless of the mole % of <HCA compound used in
the synthesns At 5 ppm actives a decrease in efficacy was observed with
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increasing «HCA content; however, at lower levels of *HCA the activity

of the compounds of the present invention generally exceeded PESA and
were equivalent to that of PBSAM.

The <HCA compounds alone did not exhibit any calcium carbon-
ate inhibition activity.

TABLE Ii
Static Calcium Carbonate % Inhibition Evaluation

Conditions: 1106 ppm Ca as CaCO, Stock Solutions pH = 9.0

20

295

1160 ppm CO4 as CaCO4 Temp. = 70°C .
538 ppm Na Duration = 17 hours
784 ppm Cl
518 ppm SOy,
Sample 9 ppm Actives ' 10 ppm Actives
<HCA(1) 2.3 0.7
1 81.8 896.9
2 82.9 97.1
3 60.5 95.1
< HCA(2) 1.4 4.4
4 67.9 85.7
5 70.5 85.2
6 61.8 83.5
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TABLE |l (Cont'd)

-- T ol — ST R N B . R I L e D - w

Sample -5 ppm Actives 10 ppm Actives
5  «HCA(3) 2.4 2.2
7 74.6 87.8
8 5.2 89.1
S 59.6 02.0
10 <HCA(4) - 0.0 0.0
10 75.5 87.8
11 70.1 87.7
13 55.0 65.5
15 14 60.9 712.4
16 58.6 76.1
« HCA(8) 4.4
20 17 56.6 86.3
18 60.0 85.4
19 74.3 76.8
<HCA(9) 5.1 3.7
25 20 77.1 01.3
21 61.5 89.8
22 44 8 83.0
23 79.6 96.5
24 58.9 93.2
30 25 46.6 83.6
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TABLE ll (Cont'd

10

15

20

25

Sample 5 ppm Actives 10 ppm Actives

26 66.5 | 80.6
27 52.7 80.4
28 43.2 78.8
29 70.1 82.8
30 59.0 77.9
31 443 77.9

<« HCA(10) 6.7 3.3
32 79.2 91.6
33 75.8 95.4
34 62.0 02.0

<« HCA(11) 0.0 8.3
35 75.9 91.3
36 80.7 96.5
37 81.0 08.2

<HCA(12) 1.3 0.9
38. 77.7 91.1
39 80.5 93.0
40 76.0 06.5
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TABLE Il (Cont'd)

Sample 5 ppm Actives 10 ppm Actives
PESAT 58.6 90.6
PBSAMZ 67.5 76.0
HEDP3 73.1 71.3
K-7524 78.8 84.0
K-7325 68.4 74.6
SCP-16 42 1 45.5
1 PESA = Poly[2,3-oxiranedicarboxylic acid), refer to Brown et al.,

U.S. Patent 5,062,962. Average of 12 tests.

2 PBSAM = 2-phosphonobutane - 1,2,4-tricarboxylic acid (Mobay
Chemical Co.). Average of 3 tests.

3 HEDP = 1-hydroxyethylidene-1,1-diphosphonic acid (Monsanto
Co.). Average of 5 tests.

4 K752 = Goodrite™ K-752, poly[acrylic acid] (B.F. Goodrich Co.)
5 K-732 = Goodrite K-732, poly[acrylic acid] (B.F. Goodrich Co.)
6 SCP-1 = Sulfonated copolymer; refer to Chen, U.S. Patent 4,654,159
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The corrosion inhibition activity of the present invention was
evaluated with a Beaker Corrosion Test Apparatus (BCTA). The BCTA is
composed of a 2 liter beaker equipped with an air/CO» sparge, 1010 LCS

coupon, 1010 LCS electrochemicai probe and magnetic stirrer. The test
solution volume is 1.9 liters.

Electrochemical corrosion rate data (EC) are obtained during the
test from potentiodynamic polarization resistance measurements. Addi-
tional corrosion data is obtained from the coupon and the electrochemical
probe by standard weight loss measurement techniques. All tests were
conducted under the following conditions unless otherwise noted:

250 mg/l Ca as CaCO4, pH 8.4
125 mg/l Mg as CaCOj, Temperature 120°F

10 mg/l SiO, 600 ppmv CO-, Air Sparge

300 mg/l Chloride 400 rpm stirring

200 mg/l Sulfate 40 hours duration

134 mg/l NaHCQOq, Nominal M alk 90 mgft as CaCO4,

Under these conditions, the test water is supersaturated with
respect to calcium carbonate. It is known in the art that a precipitated film
of calcium carbonate will inhibit corrosion, resulting in much lower corro-
sion rates than that resuiting from the inhibitors themselves. Therefore,
all tests were conducted with a base treatment to inhibit the precipitation
of calcium carbonate under the test conditions. The blank runs reported
for all tests include the addition of the base treatment.
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It was observed during the course of the testing that, on average,
the test coupons were more sensitive to the lack of an effective inhibitor
than was the test probe. Consequently, tests of inhibitors with slight to
moderate effectiveness exhibited higher corrosion rates for the coupon
weight loss data than for rates obtained for the electrochemical data or
test probe weight loss data. Such compounds are not judged to be in-
effective, but rather are less effective than compounds which produced
consistent and lower corrosion rates for coupon, probe and electro-
chemical test data.

In all tests, the blank corrosion rates are expressed in mils per
year (mpy). The corrosion rates for the inhibitor compounds are
expressed as a reduction in the corrosion rate relative to the blank
calculated according to the foilowing equation:

% Corrosion Inhibition = (MPYy Blank - mpy ireated) x 100
mpy Blank

For the purpose of this invention, a particularly effective corrosion
inhibitor will reduce the coupon weight loss corrosion rate by at least 80%
compared to the blank. Ail tests were conducted as parts per million of
the inhibitor molecule as the sodium salt. Compound xHCA(12) was
evaluated as ppm of the free acid.
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Table il illustrates the percent corrosion inhibition results for the

compounds of the present invention, and scme of their corresponding

«<HCA analogs. The base treatment is made up of a combination of 1
ppm of 1-hydroxyethane-1,1-diphosphonic acid (HEDP), 10 ppm acrylic
copolymer (see Chen, U.S. Patent 4,659,481) and 15 ppm molybdate as
MoO42-. The molybdate content of the base treatment is not sufficient to
provide adequate corrosion protection, as demonstrated by the high
corrosion rate for the blank. A sample of poly[epoxysuccinic acid]
(PESA) of similar molecular weight as the compounds of the present

invention was also evaluated and found to provide inadequate corrosion
protection.

These results demonstrate that, in general, the monofunctional
derivatives of PESA (Formula |, f = 1; n > 1)are significantly more
effective than the corresponding “HCA analogs. The difunctional
derivatives of PESA (Formula |, f = 2; n > 1) were comparable to the
corresponding <HCA analogs.

TABLE il
Percent Corrosion inhibition
Modified PESA Compounds with Molybdate

Example (25 ppm) - Coupon  Probe EC (avq)
Blank 624mpy 589 mpy 47.1 mpy
PESA" 37.3 -10.5 23.6

- ~«HCA(1) -22.6 52.5 63.3

1 69.7 93.2 83.8
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TABLE i (Cont'd)

Example (25 ppm) Coupon Probe
) *HCA(2) 48.3 88.1 73.5
S 73.6 86. 1 90.0
«HCA(3) -29.4 42.6 47.6
14 63.6 81.7 83.4

10

~HCA(4) 44.G -2 7.4
10 83.5 2 83.7
< HCA(5) 14.3 27.7 32.3
15 12 8S.1 82.3 86.8
<« HCA(6) 76.0 86.6 86.6
15 74.0 96.4 87.9
20 o HCA(7) 56.4 85.2 83.7
16 86.9 84.4 87.9
18 84.0 80.3 82.2
25 L HCA(9) 29.3 66.2 69.4
20 73.1 91.2 88.1
28 81.0 89.6 90.5
30 30 68. 1 87.1 88.8



TABLE Il (Cont'd)

10

15

Example (25 ppm) Coupon Probe EC (ava)
« HCA(10) 84.0 92.9 93.8

32 71.3 89.5 92.6
«HCA(11) 88.0 88.6 85.1

37 85.7 87.1 91.1
LHCA(12) 91.5 03.4 96.0
- 39 02.6 05.9 06.4
< HCA(13) 49 8 84.6 87.1

41 60.0 86.4 83.3

20

1 No HEDP was added with the blank.

‘ < Data not included because probe was not polished prior to use.

While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and modi-
fications of this invention will be obvious to those skilied in the art. The
appended claims in this invention generally should be construed to cover
all such obvious forms and modifications which are within the true spirit
and scope of the present invention.
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CLAIMS:

1. A method for controlling the formation and deposition of scale forming salts
in an aqueous system, comprising: introducing into said agueous system a
sufficient amount for the purpose of controlling the formation and deposition of
scale forming salts of a treatment comprising a modified polyepoxysuccinic acid

of the general formula:

wherein R is alkyl, aryl, substituted alkyl, substituted aryl or -CH,-C;H,-CH,-; R’
and R" are each independently hydrogen, C,, alkyl or substituted C,-C, alkyl; Z is
NH, NR, O or S; n is a positive integer greater than 1; f is a positive integer; and

M is H, a water soluble cation or a C,_, alkyl group.

2. The method as recited in claim 1, wherein said scale is calcium scale.

3. The method as recited in claim 2, wherein said calcium scale is calcium

carbonate.

4.  The method as recited in claim 1, 2 or 3, further comprising adding to said
aqueous system a topping agent selected from the group consisting of
polyacrylates, phosphoric acids and water soluble salts thereof, phosphonic acids
and water soluble salts thereof, polyvalent metal salts and azole compounds in an

amount sufficient to enhance the scale controlling properties thereof.
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5. The method as recited in claim 4, wherein said polyacrylate has the formula:

(XZ)a

wherein each R' is independently H or lower alkyl; R? is O.H, NH, or OM; Mis a
water soluble cation; R® is a hydroxy substituted alkyl or alkylene radical having
from 1 to 6 carbon atoms; X is SO;, PO,;, PO, or CO,; Z is H or a water soluble
cation or cations; the molar ratio of x:y is from about 30:1 to about 20:1; and ais O

or 1.
6. The method as recited in any one of claims 1 to 5, wherein R is C,-C,, alkyl.
7. The method as recited in any one of claims 1 to 5, wherein R is aryl.

8. The method as recited in any one of claims 1 to 5, wherein R is
‘CH2C6H4CH2‘ and f iS 2.

9. The method as recited in any one of claims 1 to 5, wherein R is
HOCH,(CHOH),C(CO,H)- and f is 1.

10. The method as recited in any one of claims 1 to 9, wherein M is Na®.
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11. The method as recited in any one of claims 1 to 9, wherein satd modified
polyepoxysuccinic acid is added to the aqueous system at active treatment levels

ranging from about 25 parts per billion to about 500 parts per million.

12. The method as recited in claim 11, wherein said modified polyepoxysuccinic

acid is added to the aqueous system at active treatment levels ranging from about

50 parts per billion to about 100 parts per million.

13. The method as recited in any one of claims 1 to 12, wherein said aqueous

system is a cooling water system.

14. The method as recited in any one of claims 1 to 12, wherein said aqueous

system is a steam generating system.

15. The method as recited in any one of claims 1 to 12, wherein said aqueous

system is a gas scrubbing system.

16. The method as recited in any one of claims 1 to 12, wherein said aqueous

system is a pulp and papermaking system.

17. A method for controlling the corrosion of ferrous-based metals in contact
with an aqueous system, comprising: introducing into said agqueous system a
sufficient amount for the purpose of controlling corrosion of a treatment

comprising a modified polyepoxysuccinic acid of the general formula:
R' R"
I
R {Z— (C C-Oys— Hs

O =0

S — 0 —O —

|
=C
|
O
|
M
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wherein R is alkyl, aryl, substituted alkyl, substituted aryl or -CH,C;H,CH,-; R' and
R" are each independently hydrogen, C,_ alkyl or substituted C,-C, alkyl; Z is NH,
NR, O or S; n is a positive integer greater than 1; f is a posttive integer; and M is

H, a water soluble cation or a C,_; alkyl group.

18. The method as recited in claim 17, further comprising adding to said
aqueous system a topping agent selected from the group consisting of
polyacrylates, phosphoric acids and water soluble salts thereof, phosphonic acids

and water soluble salts thereof, polyvalent metal salts and azole compounds in an

amount sufficient to enhance the corrosion inhibiting properties thereof.

19. The method as recited in claim 18, wherein said polyacrylate has the

formula:

l l
C=0 CH,
| l
R2 O

|

R

l

(XZ)a

wherein each R’ is independently H or lower alkyl; R? is OH, NH, or OM; M is a
water soluble cation; R® is a hydroxy substituted alkyl or alkylene radical having
from 1 to 6 carbon atoms; X is SO,, PO,, PO, or CO,; Z is H or a water soluble

cation or cations; the molar ratio of x:y is from about 30:1 to about 20:1: and a is
Oor1.
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20. The method as recited in claim 17, 18 or 19, wherein R is C,-C,, alkyl.

21. The method as recited in claim 17, 18 or 19, wherein R is aryl.

22. The method as recited in claim 17, 18 or 19, wherein R is -CH,C,H,CH,- and
fis 2.

23. The method as recited in claim 17, 18 or 19, wherein R is
HOCH,(CHOH),C(CO,H)- and fis 1.

24. The method as recited in any one of claims 17 to 23, wherein M is Na*.

25. The method as recited in any one of claims 17 to 24, wherein said modified
polyepoxysuccinic acid is added to the aqueous system at active treatment levels

ranging from about 0.025 to about 500 parts per million.

26. The method as recited in claim 25, wherein said modified polyepoxysuccinic
acid is added to the aqueous system at active treatment levels ranging from about

0.05 to about 100 parts per million.

27. The method as recited in any one of claims 17 to 26, wherein said aqueous

system is a cooling water system.

28. The method as recited in any one of claims 17 to 26, wherein said aqueous

system is a steam generating system.

29. The method as recited in any one of claims 17 to 26, wherein said aqueous

system Is a gas scrubbing system.

30. The method as recited in any one of claims 17 to 26, wherein said aqueous

system is a pulp and papermaking system.
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