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The present invention relates to phosphinic acid-
containing polymers for preventing the formation of scale and
corrosion on metal surfaces in contact with corrosive and/or

scale forming industrial process waters.

The utilization of water which contains certain inorganic
'h’ impurities, and the production and processing of crude oil
water mixtures containing such impurities, is plagued by the
precipitation of these impurities with subsequent scale
formation. In the case of water which contains these
contaminants the harmful effects of scale formation are
generally confined to the reduction of the capacity or bore of
receptacles gnd conduits employed to store and convey the

contaminated water. 1In the case of conduits, the impedance of

flow is an obvious consequence. However, a number of equally
consequential problems are realized in specific utilizations of
i contaminated water. For example, scale formed upon the
surfaces of storage vessels and conveying lines for process
water may break loose and these large masses of deposit are
entrained in and conveyed by the process water to damage and
clog equipment through which the water is passéd, e.g., tubes,
valves, filters and screens. In addition, these crystalline

deposits may appear in, and detract from, the final product

which is derived from the process, e.g., paper formed from an
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water is involved in a heat exchange process, as either the

"hot" or "cold" medium, scale will be formed upon the heat
exchange surfaces which are contacted by the water. Such scale
formation forms an insulating or thermal cpacifying barrier
which impairs heat transfer efficiency as well as impeding flow
through the system.

While calcium sulfate and calcium carbonate are primary
contributors to scale formation, other salts of alkaline-earth
metals and the aluminum silicates are also offenders, e.q.,

magnesium carbonate, barium sulfate, the aluminum silicates

provided by silts of the bentonitic, illitiec, kaolinitic, etc.,
types.

Many other industrial waters, while not being scale
forming, tend to be corrosive. Such waters, when in contact

with a variety of metal surfaces such as ferrous metals,

|
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aluminum, copper and its alloys, tend to corrode one or more of

B

such metals or alloys. A variety of compounds have been

Suggested to alleviate these problems. Such materials are low

fﬁ molecular weight polyacrylic acid polymers. Corrosive waters

©f this type are usually acidic in pH and are commonly found in
Closed recirculating systems. .

Numerous compounds have been added to these industrial
Waters in an attempt to prevent or reduce scale and corrosion.

One such class of materials are the well known

A
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organophosphonates which are illustrated by the compounds
hydroxyethylidene diphosphonic acid (HEDP} and phosphdhobutane
tricarboxylic acid (PBTC). Another group of active scale and
corrosion inhibitors are the monosodium phosphinicobis
{succinic acids) which are described in US-2A-4,088,678.

The present invention relates to preventing scale and
corrosion of metal surfaces in contact with scale forming or
corrosive industrial process waters with low molecular weight

acrylamide polymers, acrylic acid polymers and co-polymers of

RN

acrylic acid with acrylamide which have been modified to

O

incorporate within their structure pendent Cz-C6 amidoalkyl-
phosphinic acid groups and the alkali metal, ammonia and :
amine salts thereof.

THE AMINOALKYLPHOSPHINATES USED TO PREPARE

THE PHOSPHINATE POLYMERS

R N e At o

As indicated, these compounds contain C,-Cs alkyl groups
which may be_either straight or branched chain. 1In a preferred
empoqiment these compounds contain a hydroxyl gfoup in the
alpha position. —.

Illustrative of such compounds are alpha-hydroxy-beta-
aminoethylphosphinic acid, alpha-hydroxy-beta-
aminoisopropylphosphinic acid and aminopropylphosphinic acid.
Also included are their alkali metal, (e.g., sodium), ammonium

4nd amine salts such as the trimethyl amine salt. They are

Capable of being used to introduce phosphinic acid and
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gbntributors to scale formation, other salts of alkaline-earth netals and
the faluminumsilicates are al so of fenders, e.g. nagnesrunrcafbonatem___
barium sul fate, the al umi num silicates provi ded by si I'phggg;eﬂt{;}% n| tic,
illitic, kaollnltlc etc., types. Many ot her |ndustr|al Hot
bei ng scal e forn1ng, tend to be corrosivd” Such wat er s,
with a variety of netal surfaces such as ferrous netals pper
and its-all-oyss tend to.corrode ong or nore of such netals or aIons A
variety of conpounds have been suggested to all eviate these probl-ens. Sueh
materials are | ow nol ecul ar wei ght polyacrylic acid polyners. Corrosive
wat er s phosphinic acid salt groups into acrylic acid or acrylamide

polymers.

The alpha-hydroxy-beta-aminoalkylphosphinic acids are
conveniently prepared by the reaction of a haloalkyl-hydroxy-
phosphinic acid with ammonia. The starting haloalkyl-hydroxy-
phosphinic acids are described along with their method of
preparation in US-A-4,598,092, the disclosure of which is

lﬂi’ incorporated herein by reference. This patent teaches that

alpha-hydroxy-beta-halcethylphosphinic acid can be produced by
reacting a haloacetaldehyde or its dialkyl acetals with agueous
phosphinic acid in the presence of an acid catalyst (e.gq,
hydrochloric acid, sulfuric acid), usually at a temperature of
| 10 to 100° C. for 1 to 24 hours. The amount of the phosphinic
acid may be 1.0 to 10 egquivalents to the haloacetaldehyde or

its dialkylacetal. This reaction produces the compound

2 P
[ 1
XCH, -C~-P~-

2 ? ? OM
OH H

where M is H, alkali metal, ammonia or amine, X'is Cl or Br and

R is H or a lower alkyl group such as CH;, C,Hs, etc.

—

P These compounds are then reacted with agqueous concentrated

-

solutions of ammonium hydroxide (e.g., about ;0%), which are
added to a chilled polar sclvent solution of alpha-hydroxy-
beta-haloalkylphosphinic acids and then heated to about 30-
70° ¢c. for about 2-10 hours. To illustrate this preparation

the following is given by way of example.



feC|rcuIat|ng systenms. Numerous conpounds have been added to these
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EXAMPLEAl
7
A solut;on of Cl—CHz—CH—gH (98.55g theoretical) in water
OH OH
(165g) was cooled to 0°C and 30% aqueous ammonia (442 ml) was
added dropwise over 20 minutes. The mixture was then heated to
55°C for five hours.

Using the above described preparative techniques, the
following compounds were prepared: alpha-hydroxy-
beta-amincethylphosphinic acid and alpha-hydroxy-
beta-aminoisopropylphosphinic acid. Structures of these
compounds were confirmed by NMR.

In the case of aminopropylphosphinic acid, this compound
is prepared by reacting allylamine with an alkali metal
hypophosphite in the presence of a free radical catalyst. The
reaction of olefinic groups with alkali metal hypophosphites to
produce alkyl phosphinate salts is well known and is described
in US-2-4,590,014, the disclosure of which is ihcorporated
‘herein by reference. The patent does not disclose the reaction
of allylamine with alkali metal hypophosphites to produce
aminopropyl(alkali metal)phosphinates. When the acid form of
these salts is desired they can be prepared by treatment with
dilute mineral acids or by the use of acid form cation exchange
resins. The preparation of this compound is shown below in

Example 2.
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EXAMPLEA2
Allylamine (30g), sodium hypophosphite (50.95g) and
azobisisobutyronitrile (AIBN, 2.16g) in 50% agueous methanol
{(200ml) were heated to 80°C with vigorous stirring. Additional

AIBN (2.16g) was added portionwise over 5 minutes and the

." reaction was maintained at 80°C for 6 hours.

THE STARTING ACRYLAMIDE AND ACRYLIC ACID POLYMERS
AND CO-POLYMERS OF ACRYLIC ACID WITH ACRYLAMIDE
Homopolymers of acrylamide, acrylic acid and co-polymers
of acrylic acid with acrylamide which are modified with the

aminoalkylphosphinates should have a weight average molecular

weight within the range of 1,000-100,000, preferably 1,000-

40,000 or 50,000, and most preferably 1,000-20,000. They are utilized in
the reactions described hereafter in the form of agqueous
solutions, typically having concentrations between 5%-40% by
weight. When the starting polymers are acrylic acid and
acrylamide co-polymers, the mole ratios may vary between 5-95

to 95-5 mole percent. Typically, however, these co-polymers

will contain between 5-50 mole percent of acrylamide. The
polymers may contain up to 15 mole percent of diluent monomers
such as acrylonitrile, vinyl acetate, vinyl chloride and

styrene.
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MODIFICATION OF THE POLYMERS WITH THE
AMINO(C,-Cq JALKYL PHOSPHINIC ACID COMPOUNDS

The reaction of the aminoalkylphosphinic acids, or their
salts, converts the carboxylic acid groups of the acrylic acid
polymer into the corresponding amido groups by means of a
simple amidation reaction. When the polymers contain
acrylamide groups, the aminoalkylphosphinic acids or their
salts undergo a transamidation reaction whereby the amine is
substituted for the amide nitrogen in the acrylamide polymer.

The amount of substitution of the amino groups may be as
little as 1 mole percent up to about as much as 30 mole
percent; typically the substitution will be between 3-20 mole
percent. The reaction using the conditions described hereéfter

results in about a 50% conversion based on the

aminoalkylphosphinic acids charged to the
amidoalkylphosphinates.

The reaction conditions used to either amidate the
carboxylic acid or transamidate the amide groups are described
in US-A-4,678,840. This patent is primarily directed_to
transamidation reactions of aminocalkylphosphonates with
Acrylamide polymeric moieties contained in acrylic acid co-
Polymers. US—A—4,604;431 discloses reaction conditions for
Converting acrylic acid groups into amide groups by reacting
them with aminosulfonic acid groups. The reaction conditions

described in this patent are used to convert a portion of the



fjphosphlnlc acid salt groups into acrylic acid or acrylani.de polymers. The
3 pha- hydr oxy- bet a- am noal kyl phosphi nic acids are convenlently prepa“ﬁ by
We reaction of a hal oal kyl -hydroxy- phosphinic acid w th dhivBieertas Bhg Rﬁ]mmd
& ar-ting hanaIkyI hydr oxy- phosphinicgaci ds are descri bed

gt hod of preparation in UsS- A- 4, 588 092, the discl osurjmﬂ I,m [f
ighcorporated herein by reference. This patent teaches that

# pha-hydr oxy- bet a- haloethylphosphlnlc -aci.d can be produced by reactlng a
¥l oacet al dehyde or its dialkyl acetals w th aqueous

acrylic acid groups in the homo- or co-polymers of acrylic acid
into amidoalkylphosphinic acid groups or their salts. These
patents are incorporated herein by reference.

In conducting the reactions described above, it is
beneficial that the pH of the system be within the range of 3
to 11. A pH of 4 to 7 is preferred. Typical‘reaction
temperatures and times are illustrated hereafter in Table 1.

A preferred method for introducing amidopropylphosphinic
groups into the acrylic acid polymers or co-polymers thereof
with acrylamide is to react these polymers with allylamine to
produce the corresponding allylamides. These polymers
containing the allylamide groups are then reacted with alkali
metal hypophosphites in accordance with U.S. 4,590,014.

The preparation of the phosphinate modified polymers is

illustrated in Table 1.

L ' EXAMPLE P1

In Table 1 PAA and AA are polyacrylic acid and acrylic
acid, respectively, AAm is acrylamide, MAA is méthacrylic acid

-and VAc is vinyl acetate. RXN means "reaction®.
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A "for about 2-10 hours. To illustrate this preparation the following is
len by way of exanpl e. S5 EXAMPLE Al A solution of [err] (98.55¢
joretical) in water (165g) was cooled to O[err] and Se%raqueous—aﬁﬂnnfa

2 m) was added dropw se over 20 m nutes. The nixturqawg gdto
gerr] for five hours. Using the aboveddescribed prepar ﬂ“ q&ﬁ

USE OF THE AMIDOALKYLPHOSPHINATE POLYMERS

TO INHIBIT SCALE AND CORROSION

EXAMPLEP2
When modified polymers of the type shown above are used as
scale and corrosion inhibitors, the dosage on'an active polymer
.D basis may be within the range of one part per million up to as
much as several hundred parts per million by weight of polymer.
A typical dosage range would be 3-50 ppm. Optimum dosages can

be determined by routine experimentation.

Backbone Polymers

SAMPLE POLYMER

NUMBER COMPOSITION MW % POLYMER
001 100% aA 4500 32.5

oo8 100% AA 5400 35

009 50/50 AA/AAm 2500 35

POLYMERS MODIFIED WITH ALPHA-HYDROXY-BETA-~AMINOETHYLPHOSPHINIC-

ACID

‘(C - C)'
i _
0=C-NH~CH, ~C(OH)-P(0) (0H)H
[

H
BACKBONE PHOSPHINATE % REACTION
POLYMER CHARGE (MOLES) POLY pH
001 5 28.1 9.0
001 10 24.9 9.8
001 15 22.4 10.0
001 15 18.6 6.3
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sclose the reactiqon of allylamne with alkali netal
BACKBONE

flice SAMPLE PHOSPHINATE CHARGE

In the case olethhB@ PhORY

NUMBER POLYMER (MOLE %)

027 008 10

031-A (OXIDIZED 027)
031-B 008 25

033 (OXIDIZED 031-B)
028 - 009 10

032-A (OXIDIZED 028)
032-B 009 25

034 (OXIDIZED 032-B)

POLYMERS MODIFIED WITH ALPHA-HYDROXY-BETA-

AMINOISOPROPYLPHOSPHINIC ACID

POLYMERS MODIFIED WITH ALLYL AMINE,

-(C - C)—
|
0=C-NH~CH, -C(OH)-P(0) (OH)H
t
CH,
SAMPLE BACKBONE PHOSPHINATE CHARGE
NUMBER POLYMER (MOLE %)
039 008 10
035 (OXIDIZED 039)
045 008 25
036 (OXIDIZED 045)
040 009 10
037 (OXIDIZED 040)
046 009 25 .
038 (OXIDIZED 046)

$ POLYMER

33

30

34.
32.
33.
30.

 POLYMER

33.
32.
33.
30.

34.
2.
33.
30.

—_—

THEN NaH,PO,, AIBN

-(C - c)-

0=C-NH-CH, -CH, -CH, -P(0) (OH)H

SAMPLE BACKBONE AMINE CHARGE
NUMBER POLYMER (MOLE %)
334 008 10
02; (OXIDIZED 014)
008 25
029

(OXIDIZED 025)

% POLYMER

21.
21.
21.
20.
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gpropyl (al kali netal ) phosphi nates. Wen the acid formof these salts is
ed they can be prepared by treatment with dilute nrne%a%—acrdS‘GT*b_—'
BWuse- of acid formcation exchange resins. The preparat 18& Q@énReimmd
ygound i s shown bel ow in Exanple 2. 6 EXAMPLEA2 AIIy

i#um hypophosphite (50.95g) and azobi sikbbutyronitrile ( ﬁﬁﬂm!‘

@ aqueous net hanol

.o~ a—

015 009 10 21.9
028 (OXIDIZED 015) 21.3
026 009 25 21.6
030 (OXIDIZED 026) 20.2
EXAMPLE 3
Table 2: Benchtop Screening Test for Calcium Carbonate

Scale Inhibition of Several Aminocalkylphosphinic

Acid-Modified Polymers

Water Chemistry/Conditions:

360 ppm Ca/200 ppm Mg/500 ppm HCO, (as CaC0,)
Temperature: 60°C, Stir rate: 300 rpm
Titrant: 0.10 Normal NaOH

Dosage: 5, 10 and 15 ppm actives

Standard Deviation of Saturation Ratio: +/-6.6

Saturation ratio of blank: 3.0

* Saturation Ratio
SAMPLE POLYMER DOSAGE
NUMBER 5 ppm 10 _ppm 15 _ppm
alpha-hydroxy-beta-aminoethylphosphinic acid-modified—polymers:
84 74.8 107.5 130.7
85 80.0 107.5 - 122.9
93 ' 56.6 113.7 114.9
85 56.6 85.4 119.9
Backbone Polymer 88.8 119.9 131.9

027 85.6 121.8 142.6




were heated to 800C with vigorous stirring. Addit+onal AIBN_(2.16g)
: ed portionwi se over 5 minutes and the reaction was_pmintained at
.for 6 hours. THE STARTI NG ACRYLAM DE AND ACRYLI C A eplagesl
EYMERS 'OF ACRYLIC ACID W TH ACRYLAM DE Honopol yners of . ,
fc acid and co-polyners of acryli d3&eid with acryl am [ f
ted with the am noal kyl phosphi nates shoul d have a wei ght average
lar weight within the range.of 1,000-100,000, preferably 1,000- . -
D or” 50,000, and nost preferably 1,000-20,000. They aré utilized in
gcactions described hereafter in the form of aqueous sol utions,
¢al | y having concentrations between 5% 40% by

031-B 93.9 121.8 130.9
028 ' 53.7 46.4 99.5
032-B 533.9 39.8 34.0

alpha-hydroxy-beta-aminoisopropylphosphinic acid modified

Eolzgers:
039 76.8 112.3 130.9
045 62.3 109.2 130.9
040 46.4 53.9 93.9
046 43.0 31.4 50.0

Polymers modified with allylamine, then NaH,PQ,:

014 82.3 118.6 142.6

025 39.8 53.9 24.6

015 39.8 36.8 36.8

026 17.5 22.5 —. 19.1



g, \Wen the starting polyners are acrylic acid and acryl am de
co- pokiyners, the nole ratios may vary*between 5-95 to 95-5 nol e percent.

Typi c8l 1y, however, these co-polymers will contain betweén 5-50 nol e
percent of acrylanmide. The polynmers may g¢gntain up to 15 nmls@hREnES8de Replaced
di l uent nonomers such as acrylonitrile, vinyl acetate, viny|[EiIHEE .
styrene. 7 MODI FI CATI ON OF THE POLYMERS W TH THE ) "m“m

EXAMPLE P4 _
Table 3: Benchtop Screening Test for Calcium Carbonate Scale
Inhibition of Several Aminoalkylphosphinic Acid
Modified Polymers
Stir and Settle Test

Wwater Chemistry/Conditions:

360 ppm Ca / 200 ppm Mg / 500 HCO, (as CaCQ,;)

Temperature: 60°C, Stir Rate: 250 rpm
Titrant: 0.10 Normal NaOH, pH: 9.0 for two hours

Blank: 0.6% inhibition, 1.3% dispersancy

Inhibitor 5 _ppm 10 ppm 15 ppm

alpha-hydroxy-beta-aminocethylphosphinic acid modified polymer:

84: % inhibition: 33.5% 49.5% 52.9%

% dispersancy: 33.5% 47.6% 56.1%

031-B: % inhibition: 46.4% 51.2% 62.0%

% dispersancy: 39.3% 46.5% 74.0%
EXAMPLEFPS

Electrochemical Screening Test for Mild Steel Corrosion
Inhibition of Several Aminoalkylphosphinic Acid Modified
Polymers

Water Chemistry/Conditions:

360 ppm Ca / 200 ppm Mg / 440 HCO, (as CaC0,)
Temperature: 120°F, pH: uncontrolled, air agitation,
Unpolished Mild Steel specimen, 30 minute delay time, 500 rpm

Standard deviation of corrosion rate: +/- 0.345 mpy




rr])ALKYL PHOSPHI NI C ACI D COVWPOUNDS The reacti on—of the
BEkyl phosphinic acids, or their.salts, converts the carboxyllc aci d
Ef.of the acrylic acid polyner into the correspondin tﬂ [ &wm@mgﬁ
g sof a sinple amdation reaction. vw the polyners c e
t he am noal kyl phosphi ni ¢ aci ds ortheir salts und m
m dati on reaction whereby the amne is substituted for the a
lgen in the acryl'am de polyner. The amount. of .substitution of. the anino
B my be as little as 1 nole percent up to about as nuch as 30 nol e’
gnt; typically the substitution wll be between 3-20 nole percent. The
ion using the conditions describfgbﬁgrgafter

Inhibitor combination:

(A). 20 ppm inhibitor, O ppm PBTC, 15 ppm sulfonated acrylate

polymer
{(B). 10 ppm inhibitor, 10 ppm PBTC, 15 ppm sulfonated acrylate

polymer
(C). 10 ppm inhibitor, 10 ppm PBTC, 15 ppm substituted

acrylamide, (PBTC - phosphonobutanetricarboxylic acid)

Corrosion Rate {(mpy)

Inhibitor (a) (B) (c)
Blank 8.63 .975 1.92

alpha-hydroxy-beta-amincethylphosphinic acid-modified polymers:

84 1.49% .783 2.37
(1.14)

85 3.96 1.40 XXXX

027 XXXX .961 - XXXX

028 XXXX 1.29 _XXXX

alpha-hydroxy-beta-aminoisopropylphosphinic aci§ modified

polymers:

039 XXXX .715 XXXX

040 XXXX 1.65 XXXX



Qul-ts in about a 50% conversion based on the ami noal kyl phosphini.c acids
%fged to the am doal kyl phosphi nates. The reaction conditions used
id@her . ani date the carboxylic aci‘d or transam date the &fis

! é toluced
'_,C“ bed in US-A-4,678,840. This patent is primarily dli ﬁi‘\m \ﬁ

blynmeric noieties contained in acrylic acid co- polyners. US-A-4,604, 431
¢cl oses reaction conditions for converting acrylic aci.d groups.into amde
;ups by~ reacting then1mnth ani nosul foni ¢ aci d groups. The’ ‘Teaction -

EXAMPLE Ps

Polymer modified with allyl amine, then NaH,PQ, AIBN per

Example 2:

014 XXXX .887 XXXX
The test methods used to generate the above data are set forth
below.

Saturation Ratio Test

A test solution was prepared by adding calcium, magnesium,
inhibitor and bicarbonate to deionized water. Initial
concentrations of the salts should be: 360 ppm Ca*2, 200 ppm
Mg+2, 500 ppm HCO,- {as CaCO,) and 5, 10, or 15 ppm of
inhibitor as actives/solids. The temperature was maintained at -
140°F (60°C), the solution was stirred at all times, and the pH
was continuously monitored. The solution was titrated with
dilute NaOH at a constant rate. With the addition of NaOH, the
pH of the test solution slowly increased, then decreased
slightly, and increased again. The maximum pH prior to the
slight decrease at supersaturation was the breakéoint pH. A
mineral solubility computer program was then used to calculate
the calcium carbonate supersaturation ration based on test
conditions at the breakpoint pH. This supersaturation ratio is
related to the calcium carbonate inhibition performance. The
test procedure was repeated for different inhibitor solutioms
and dosages. All precipitated calcium carbonate must be

removed from the test apparatus with dilute HCl prior to the

next test run.
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_ lic acid groups in the hono- or co-polyners of acrylic acid into
jal kyl phosphi nic acid groups or their salts. These patents are

rporated herein by reference. In conducting the reactyjyhset HaSei Repticed

g, It is beneficial that the pH of e, System be wi t hi 3
®1. ApHof 4to 7 is preferred. Typi'cal reaction terrp%ﬂ mes
#illustrated hereafter in Table 1. A preferred nethod I n
'oprobyl phosphinic B ST e . : .

roauci ng

Bencatop Calcium Carbonate Inhibition Test

Calcium, magnesium, inhibitor and bicarbonate were added
to deionized w==ter to prepare a test solution with 360 ppm
Ca+t?, 200 ppm Mg*2, 500 ppm HCO,- (as CaCO;)} and 5, 10 or 15
ppm inhibitor =2s actives/sclids. An initial sample of the test
water was col _=cted for calcium analysis by atomic absorption.
The test tempe=rature was maintained at 140¢F (60°C). Using
dilute NaOH, —he pH of the solution was slowly increased to
9.0, and mair—=ined during the two hour duration of the test.
At the conclu=sion of the test, a small sample of the solution
was filtered °0.45 um} and the calcium concentration was
determine by =tomic absorption. The remainder of the
unfiltered sazmple was allowed to settle, undisturbed for 24
hours, at rocar temperature. Water was then collected from the
top of the fi_—'e.sk after 24 hours and analyzed for calcium. The
% inhibition =md % dispersancy are calculated in the following
manner:

% inhib=—=ion = ppm Ca*2? filtered

ppm Ca*2 initial

% dispe—sancy = ppm ca*z unfiltered, settled

ppm Ca*? initial

Electrochemical Test

Both tke Tafel plots and linear polarization resistance

tests were ——mducted in the same water chemistry and



ps into the acrylic acid polyners or co-polyners thereof with
iyl amde is to react these polynmers with al | yl ami-ne—toproduce t he

I§ espondi ng al | yl ani des. These pol'yners contalnHFgS&ﬂﬁhéh&Mh. céf groups

¢l then redcted with al kali netal hypophosphites u. S.
4,590, 014. The preparation of the phospﬂ#hate nDdlfﬂ S
illdustrated in Table 1. EXAMPLE P1 In Table 1 PAA a acrylic
ac and acrylic acid, respectively, AAmis acrylamde, MAA is nethacrylic

acﬁd and VAc is vinyl acetate. RXN nmeans "reacfion".

conditions. The test solution for the electrochemical
corrosion cell was prepared by adding calcium, magnesium,
various inhibitors and bicarbonate to deionized water to obtain
360 ppm Ca*2, 200 ppm Mg*2?, 400 ppm HCO,- {as CaCO;).
Temperature was maintained at 120°F and the solution was
aerated throughout the test period. pH was uncontrolled. A
standard three electrode cell was assembled for the
polarization studies. Pre-polished mild steel specimens were
used as the rotating working electrode, at a speed of 500 rpm.
All potential measurements were made against a saturated
calomel reference electrode. Two graphite rods were‘used as
the counter electrode. Polarization resistance measurements
were conducted within +/- 20 mV of the corrosion potential at a
scan rate of 0.1 mV/sec. Tafel plots were performed by
polarizing the mild steel specimen at 250 mV cathodically and

anodically from the corrosion potential.
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- I This éheet Has Been Re}ilaced ‘

L Ilrl 1. mm mnu mn um u lll!

1. A method of inhibiting scale and corrosion of metal

CLAIMS

surfaces in contact with scale forming and/or corrosive
industrial process waters which comprises treating such
waters with at least one part per million of an acrylamide
homopolymer and acrylic acid homopolymer or co-polymer of
‘. acrylic acid with acrylamide having a molecular weight
within the range of 1,000-100,000 which have been modified
 to contain up to about 30 mole percent of amido(C,-Cs
alkyl)phosphinic acid groups or the alkali metal,

ammonium and amine salts thereof.

2. The method of inhibiting scale and corrosion of metal
surfaces.in contact with scale forming and corrosive
industrial process waters of Claim 1 where the amido (C,-
“’ Ce¢ alkyl) phosphinic acid groups are alpha-hydroxy-
beta—amidoethylphosphinic acid, alpha-hydroxy-beta-
amidoisopropylphosphinic acid or amidopropylphosphinic

acid.

3. The method of Claim 2 where the amido (C,-C4 alkyl)
phosphinic acid group is alpha-hydroxy-beta-

amidoethylphosphinic acid.




Whel nodi fi ed poly shown above are used as scal e and :

cor#bsi on i nhi bi toﬂmmmmmﬁwm an active pol yner bas% S aRee Vo L i N

§range of one patt pert mH [son+=up’ 16 as much as severa aged

fsmllion by weight of polynmer. A typbﬁal dosage range ppm
a

Opt i num dosages can be deternined by rolfine-experinentation. E]W

Pol ymers SAMRLE The ffdcfMeR MNBER m 2 wher EMEESLIALEY (c, -
Mv . - % POYMER 001. . . 100% AA . . ) (CﬂSSQ 32.5
008 alkyP0Po My sphinic acid group £408pha-hp&r8R9-beta- " 50#50
AA/ AAm 256% 35 P

amidoisopropylphosphinic acid.

5. The method of claim 2 where the amido (C,-C;

5 alkyl) phosphinic acid group is amidopropyl-phosphinic
acid.
6. A polymer which is an acrylamide or acrylic acid
" homopolymer or a copolymer of acrylic acid with

acrylamide, the homopolymer or copolymer having up to 30
10 mole percent of pendent amido (C,-C, alkyl) phosphinic
acid groups or an alkali metal, ammonium or amine salt

thereof.

7. A polymer according to claim 6 wherein the
phosphinié acid group is alpha-hydroxy-beta-
15 amidoethylphosphinic acid, alpha-hydroxy-beta-
'l' amidoisopropylphosphinic acid or amidopropylphosphinic

acid.

8. A polymer according to claim 6 or claim 7 having

3 to 20 mole percent of the said groups.

9. A polymer according to any one of claims 6 to 8
having a weight average molecular weight of 1,000 to

40, 000.

e
Y
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10.001 A polymer accdyalng to claim 9 lthdrein the 6.3

— - -

weight average molecular weight is 1,000 to 20,000. "
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ABSTRACT

Acrylamide, acrylic acid, polymers and
5 copolymers containing up to 30% pendent (C,-C, alkyl)
phosphinate groups are disclosed, as well as methods
using them to inhibit scale and corrosion caused by

!‘ metal surfaces contacting industrial waters.

B
mag 4 meo.
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USE IN PREVENTING SCALE AND CORROSION

The present invention relates to phosphinic acid-
containing polymers for preventing the formation of scale ang
corresion on metal surfaces in contact with corrosive and/or

scale forming industrial process waters.

The utilization of water which contains certain inorganic
impurities, and the production and processing of crude oil
water mixtures containing such impurities, is plagued by the
precipitation of these impurities with subsequent scale
formation. 1In the case of water which contains these
contaminants the harmful effects of scale formation are
generally confined to the reduction of the capacity or bofe of
receptacles and conduits employed to store and convey the
contaminated water. In the case of conduits, the iﬁpedance of
flow is an obvious consequence. However, a number of egqually
consequential problems are realized in specific utilizations of
contaminated water. Foriexample, scale formed upon the
surfaces of storage vessels and conveying lines for process
water may break loose and these large masses of deposit are
entrained in and conveyed by the process water to damage and
clog equipment through which the water is paségd, e.g., tubes,
valves, filters and screens. In addition, these crystalline
deposits may appear in, and detract from, the final product

which is derived from the process, e.qg., paper~formed from:an
~

-

35
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rr] SAMPLE
BACKBONE AM NE CHARGE NUVBER POL REE q E %
% POLYMER 014 008 10 CE%HQWFS T 21.9
027 (OXI DI ZED 014) 21.3 P2
008 25 2 21.7 0p9
(OXI DI ZED 025) 20.3 12

aqueous suspension of pulp.  Furthermore, when the contaminated
water is involved in a heat exchange process, as either the
“"hot" or "cold" medium, scale will be formed upon the heat
exchange surfaces which are contacted by the water. Such scale
formation forms an insulating or thermal opacifying barrier
which impairs heat transfer efficiency as well as impeding flow
through the system.

While calcium sulfate and calcium carﬁonate are primary
contributors to scale formation, other salts of alkaline-earth
metals and the aluminum silicates are also offenders, e.g.,
magnesium carbonate, barium sulfate, the aluminum silicates
provided by silts of the bentonitic, illitic, kaolinitic, etc.,
types.

Many other industrial waters, while not being scale
forming, tend to be corraosive. such waters, when in contact
with a variety of metal surfaces such as ferrous metals,
-aluminum, copper and its alloys, tend to corrode one Or more of
such metals or alloys. A variety of compounds have been
suggested to alleviate these problems. Such materials are low
molecular weight polyacrylic acid polymers. Corrosive waters
of this type are usually acidic in pH and are commonly found in
closed recirculating systems.

Numerous compounds have been added to these industrial
waters in an attempt to prevent or reduce scale and corrosion.

One such class of materials are the well known



015 009 10 R 21.9 028

(OXI DI ZED 015) 21.3 026 009 25

21.6 030 (OXI DI ZED 02& CEMENT EXAMPLE
P3 Table 2: Bencht op Screening Test for Ch?EPLA Hon cal e

I nhibition of Several Am noal kyl phosphimc Acid di fied Pol ynefys| Vat er
Cheni stry/ Condi ti ons: 360 ppm Ca/ 200 ppm My/ 500{ ppbm@ &FEB ©8% [lerlr])

Tenper at ur e: 60[err], Stir rate: 300 rpm Titrang. 0. 10 Norrmalf NaCH

organophosphonates which are illustrated by the compounds

hydroxyethylidene diphosphonic acid (HEDP) and phosphonobutane

tricarboxylic acid (PBTC). Another group of active scale and

corrosion inhibitors are the monosodium phosphinicobis

(succinic acids) which are described in UsS-2-4,088,678.

The present invention relates to preventing scale and

corrosion of metal surfaces in contact with scale forming or

corrosive industrial process waters with low molecular weight

acrylamide polymers, acrylic acid polymers and co-polymers of

acrylic acid with acrylamide which have been modified to

incorporate within their structure pendent CZ-C6 amidoalkyl-

phosphinic acid groups and the alkali metal, ammonia and 5

amine salts thereof.
THE AMINOALKYLPHOSPHINATES USED TQO PREPARE
THE PHOSPHINATE POLYMERS

As indicated, these compounds contain C,-C4 alkyl groups

which may be either straight or branched chain. In a preferred

embodiment these compounds contain a hydroxyl group in the

alpha position.

Illustrative of such compounds are alpha-hydroxy-beta-

aminoethylphosphinic acid, alpha-hydroxy-beta-

aminoisopropylphosphinic acid and aminopropylphosphinic acid.

Also included are their alkali metal, (e.g., sodium), ammonium

and amine salts such as the trimethyl amine salt. They are

capable of being used to introduce phosphinic acid and



Dosage: 5, 10 and 15 ppm actives Standard Deviation of Saturation Ratio:

+/-6.6 Saturation ratio of blank: 3.0 Saturation RICI SANMRE-E

POLYMER DOSAGE NUMBER 5 ppm ﬁEptACENﬁ%ﬁbSHEET
ppm al pha- hydr oxy- bet a- am noet hyl phosphi ni ¢ aci d- fodi f1 184
74.8 107.5 130.7 85 0.

107. 5 122.9 93 4 . 566 | 2OFEB 199?13 7
114.9 95 56. 6 8514 119 9
Backbone Pol yner 88. 8 119.9 131.9

phosphinic acid salt groups into acrylic acid or acrylamide
polymers.

The alpha-hydroxy-beta-aminocalkylphosphinic acids are
conveniently prepared by the reaction of a haloalkyl-hydroxy-
phosphinic acid with ammonia. The starting haloalkyl-hydroxy-
phosphinic acids are described along with their method of
preparation in US-A-4,598,092, the disclosure of which is
incorporated herein by reference. This patent teaches that
alpha-hydroxy-beta-haloethylphosphinic acid can be produced by
reacting a haloacetaldehyde or its dialkyl acetals with aquecus
phosphinic acid in the presence of an acid catalyst (e.g,
hydrochloric acid, sulfuzic acid), usually at a temperature of
10° to 100° C. for 1 to 24 hours. The amount of the phosphinic
acid may be 1.0 to 10 eguivalents to the haloacetaldehyde or

its dialkylacetal. This reaction produces the compound

R g
[} {
XCH, -C--P-0OM
OH H

where M is H, alkali metal, ammonia or amine, X is Cl or Br and
R is H or a lower alkyl group such as CH,, C,Hs;, etc.

These comg?unds are then reacted with agqueous concentrated
solutions o?uaﬁmonium hydroxide (e.g., about 20%), which are
added to a chilled polar solvent solution of alpha-hydroxy-
beta-haloalkylphosphinic acids and then heated to about 30-
70° C. for about 2-10 hours. To illustrate this preparation

the following is given by way of example.

15



027 95.6 121.8 142. 6 13 031-B
93.9 121. 8 130.9 028 h3. .7

46. 4 99.5 032-B 53, ilEPLACEI\&FNI Qﬁﬁ?gﬁ/
34. 0 al pha- hydr oxy- bet a- am noi sopr opyl phosphi ni c} aEtd motH--+ee--H01 iy Mer s:
039 76. 8 5112. 3 .9 045
62. 3 109. 2 130. 9 26 FEB 197
EXAMPLEAL
O
A solution of Cl- CHZ—CH-PH (98.55g theoretical) in water
OH OH

(165g) was cooled to 0°C and 30% aqueous ammonia (442 ml) was
added dropwise over 20 minutes. The mixture was then heated to )
559C for five hours.

Using the above described preparative techniques, the
following compounds were prepared: alpha-hydroxy-
beta-amincethylphosphinic acid and alpha-hydroxy-
beta-aminoisopropylphosphinic acid. Structures of these
compounds were confirmed by NMR.

In the case of aminopropylphosphinic acid, this compound
is prepared by reacting allylamine with an alkali metal
hypophosphite in the presence of a free radical catalyst. The
reaction of olefinic groups with alkali metal hypophosphites to
produce alkyl phosphinate salts is well known and is described
in US-A-4,590,014, the disclosure of which is incorporated
herein by reference. The patent does not disclose the reaction
of allylamine with alkali metal hypophosphites to produce
aminopropyl(alkali metal)phosphinates. When the acid form of
these salts is desired they can be prepared by treatment with
dilute mineral acids or by the use of acid form cation exchange
resins. The preparation of this compound is shown below in

Example 2.



040 46. 4 53.9 93.9 046

43.0 31. 4 50.0 Polyners nodified with allylam ne,
then [err]: 014 82.3 86 142. 6
025 39. 8 53.9 |REPLACEMENT SHGES
39.8 36.8 36.8 026 17.%
22.5 19.1 1 4 EXAVPLE P4 26 FEB 1997

EXAMPLEA2

Allylamine (30g), sodium hypophosphite (50.95g) and
azobisisobutyronitrile (AIBN, 2.16g) in 50% agueous methanol
(200ml) were heated to 80°C with vigorous stirring. Additional
AIBN (2.16g) was added portionwise over S minutes and the

reaction was maintained at 80°C for 6 hours.

THE STARTING ACRYLAMIDE AND ACRYLIC ACID POLYMERS
AND CO-POLYMERS OF ACRYLIC ACID WITH ACRYLAMIDE

Homopolymers of acrylamide, acrylic acid and co-polymers
.of acrylic acid with acrylamide which are modified with the
aminoalkylphosphinates should have a weight average molecular
weight within the range of 1,000-100,000, preferably 1,000-
40,000 or 50,000, and most preferably 1,000-20,000. They are utilized in
the reactions described hereafter in the form of agueous
solutions, typically having concentrations between 5%-40% by
weight. When the starting polymers are acrylic acid and
acrylamide co-polymers, the mole ratios may vary between 5-95
to 95-5 mole percent. Typically, however, these co-polymers
will contain between 5-50 mole percent of acrylamide. The
polymers may contain up to 15 mole percent of diluent monomers
such as acrylonitrile, vinyl acetate, vinyl chloride and

styrene.



Tabl e 3: Benchtop Screening Test for Cal cium Carbonate Scal e | nhibition of
Several Am noal kyl phosphinic Acid Mdified Pol ywess—St1 g1n) tle Test
wat er Chem stry/ Conditions: 360 ppm Ca / 200 p%ﬁﬂﬁﬁ“ﬂﬂﬂiﬁﬂ%gigﬁT
Tenperature: 60[err], Stir Rate: 250 rpm Titrapt[~0.710 Nor nal N%OH, pH
for two hours Blank: 0.6% i nhibition, 1JB@6disae's%p8¥tbn@§pitor

5 ppm 10 ppm 15 ppm
al pha- hydr oxy- bet a- am noet hyl phosphi ni ¢ aci d mpdif-+eed—potymer— 84: %
i nhi bition: 33.5% 49. 5% 52. 9%

MODIFICATION OF THE POLYMERS WITH THE
AMINO(C,~Cq JALKYL, PHOSPHINIC ACID COMPOUNDS

The reaction of the aminoalkylphosphinic acids, or their
salts, converts the carboxylic acid groups of the acrylic acid
polymer into the corresponding amido groups by means of a
simple amidation reaction. When the polymers contain
acrylamide groups, the aminocalkylphosphinic acids or their
salts undergo a transamidation reaction whereby the amine is
substituted for the amide nitrogen in the acrylamide polymer.

The amount of substitution of the amino groups may be as
little as 1 mole percent up to about as much as 30 mole

percent; typically the substitution will be between 3-20 mole

percent. The reaction using the conditions described hereafter

results in about a 50% conversion based on the
aminoalkylphosphinic acids chéféed to the
amidoalkylphosphinates.

The reaction conditions used to either amidate the
carboxylic acid or transamidate the amide groups are described
in US-A-4,678,840. This patent is primarily directed to
transamidation reactions of aminoalkylphosphonates with
acrylamide polymeric moieties contained in acrylic acid co-
polymers. US-A-4,604,431 discloses reaction conditions for
converting acrylic acid groups into amide groups by reacting
them with aminosulfonic acid groups. The reaction conditions

described in this patent are used to convert a portion of the

(as [err])

9.0



% di spersancy: 33.5% 47. 6%

I nhi bition: 46. 4% 51. 2% 29 ‘. speYisancy:

39. 3% 46. 5% 74. 0% EXAVMPLE PR gaiveenenl.o Scr eeni ng
Test for MId Steel Corrosion Inhibition of Seve posphi ni c
Acid Modified Polymers water Chem stry/ Gonditi¢ns: g ﬁﬁ@a 200 ppm My

[ 440 [err] (as [err]) Tenperature: 120F, pH:
Unpolished MId Stee] specinen, 30 mnute dela
deviation of corrosion rate: +/- 0.345 npy

'nio golled, ¥ @gitation
t - rpm St andar d
acrylic acid grodps in the homo~ or co-polymers of acrylic acid
into amidoalkylphosphinic acid groﬁps or their salts. These.
patents are incorporated herein by reference.

In conducting the reactions descrxbed above, it is
benef1c1al that the pH of the system be wzthln the range of 3
to 11. A pH of 4 to 7 is preferred. Typical reaction
iemperatures and times are illustrated hereafter in Table 1.

A preferred method for introducing amidopropylphosphinic
groups into the acrylic acid polymers or co-polymers thereof
with acrylamide is to react these polymers with allylamine to
produce the corresponding allylamides. These polymers
containing the allylamide groups are then reacted with alkali
metal hypophosphites in accordance with U.S. 4,590,014.

The preparation of the phosphinate modified polymers is
illustrated in Table 1::

' EXAMPLE P1

In Table 1 PAA and AA are polyacrylic acid and acrylic

acid, respectively, AAm is acrylamide, MAA is methacrylic acid

and VAc is vinyl acetate. RXN means "reaction”.
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Corrosi on Rate (npy) Inhibitor (A = (B)

(O Blank 8.63 . 975 1.92

al pha- hydr oxy- bet a- am noet hyl phosphi ni ¢ aci d- nodi fi ed

1. 49 . 793 2.37 (1.14) 85 NT SHERT|96
1.40 Xxxx 027 XXXX .

XXxx 028 XXXX 10 1.29 26FEB°§§€;?

al pha- hydr oxy- bet a- am noi sopropyl phosohi ni c aci d nodiffifed pol yner

XXX X . 715 XXX X

USE OF THE AMIDOALKYLPHOSPHINATE POLYMERS

TO INHIBIT SCALE AND CORROSION

EXAMPLEP2
When modified polymers of the type shown above are used as
scale and corrosion inhibitors, the dosage on.an active polymer
basis may be within the range of one part per million up to as
much as several hundred parts per million by weight of polymer.
A typical dosage range would be 3-50 ppm. Optimum dosages can

be determined by routine experimentation.

Backbone Polymers

'SAMPLE POLYMER

NUMBER © COMPOSITION MW % POLYMER
001 1008 AA 4500 32.5

008 100% AA 5400 35

009 50/50 AA/AAm 2500 35

POLYMERS MODIFIED WITH ALPHA-HYDROXY-BETA-AMINOETHYLPHOSPHINIC-

ACID
-(C - ¢)-
i
O=C-NH—CH2-C(9H)-P(O)(OH)H
.
H
SAMPLE BACKBONE PHOSPHINATE % REACTION
NUMBER POLYMER CHARGE (MOLE%) POLY pH
85 co1 5 28.1 S.0
84 001 10 24.9 5.8
93 001 15 22.4 10.0
g5 001 15 18.6 6.3
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XXXX . 887 xxxx The test nethods us togenerare 1
above data are set forth bel ow Saturatll(l)n Rati o Test 2 6 FEB 1997
SAMPLE BACXBONE PHOSPHINATE CHARGE .
NUMBER POLYMER (MOLE %) % POLYMER
027 008 10 ' 33.7
031-A (OXIDIZED 027) 32.3
031-B oos8 25 33.0
033 : (OXIDIZED 031-B) 30.4
028 - 008 10 - 34.1
032-A (OXIDIZED 028) . 32.7
032-B 009 25 33.1
034 (OXIDIZED 032-B) 30.5

POLYMERS MODIFIED WITH ALPHA-HYDROXY-BETA-
AMINOISOPROPYLPHOSPHINIC ACID

‘(C - c)_
¢
O=C-NH-CH,-C(OH)-P(0) (CH)H

1
CH;

SAMPLE BACKBONE PHOSPHINATE CHARGE

NUMBER POLYMER (MOLE %) $ POLYMER
039 008 10 33.9
035 (OXIDIZED 039) 32.6
045 008 25 33.4
036 (OXIDIZED 045) 30.8
040 009 10 34.3
037 {OXIDIZED 040) 32.9
046 009 25 33.5
038 (OXIDIZED 046) 30.9

POLYMERS MODIFIED WITH ALLYL AMINE, THEN NaH,PO,, AIBN

-(C - C)-
1

SAMPLE BACKBONE AMINE CHARGE

NUMBER POLYMER (MOLE %) $ POLYMER
014 008 10 21.9
027 (OXIDIZED 014) 21.3
025 008 25 21.7

029 (OXIDIZED 025) 20.3



bi carbonate to deionized water. Initial concentratio .
be: 360 ppm Ca[err], 200 ppm[err], 500 ppm [err] (ay‘f-etiLENENT SH
15 ppmof inhibitor as actives/solids. The tenperaturjejwas nalntam

140[err] (60[err]), the solution was stirred at all f§ifresy gqu p
continuously nonitored. The solution wadZitrated wi{h{dilute a
constant rate. Wth the addition of NaOH, the pH of [hé™ '
slowy increased, then decreased slightly, and increéf
pH prior to the slight decrease at supersaturation was the
m neral solubility conputer programwas then used to calcul ate

Q15 ¢a9 10 21.9

028 (OXIDIZED 015) 21.3

026 009 25 21.6

030 (OXIDIZED 026) 20.2
EXAMPLEf3

Table 2: Benchtop Screening Test for Calcium Carbonate

Scale Inhibition of Several Aminoalkylphosphinic

Acid-Modified Polymers

Water Chemistry/Conditions:

360 ppm C2/200 ppm Mg/500 ppm HCO, (as CaCO,)
Temperature: 60°C, Stir rate: 300 rpm
Titrant: 0.10 Normal NaOH

Dosage: 5, 10 and 15 ppm actives

Standard Deviation of Saturation Ratio: +/-6.6

Saturation ratio of blank: 3.0

Saturation Ratio

SAMPLE POLYMER DOSAGE
NUMBER S pom 10 pom 15 ppm

alpha-hydroxy-beta-amincethylphosphinic acid-modified polymers:

84 74.8 107.5 130.7
85 80.0 107.5 122.9
93 56.6 113.7 114.9
95 56.6 BS.4 119.9
Backbone Polymer 88.8 119.9 131.9

027 85.6 121.8 142.6



t he breakpoi nt pH This supersaturation ratio i s ks ljci um
carbonate inhibition performnce. The test proceddvai flor
different inhibitor solutions and dosages. Al priec |tated q
carbonate nust be renpved fromthe test apparatus tti(mlf’l’:ﬁt l grior to

the next test run. 17 Benchtop Cal ci um Carbonat e} | nhi bi t]
13

031-B 93.9 121.8 130.9
028 53.7 46.4 $9.5
032-B 53.9 39.8 34.0

alpha-hydroxy-beta-aminoisopropylphosphinic acid modified

polymers:
039 76.8 112.3 130.9
045 62.3 109.2 130.9
040 46 .4 53.% 93.9
046 43.0 31.4 50.0

Polymers modified with allylamine, then NaH,PO,:

014 82.3 118.6 142.6
025 39.8 53.9 24.6
015 39.8 36.8 36.8

026 17.5 22.5 1.1



Cal ci um magnesi um inhibitor and bi carbonate were added to deionized water

to prepare a test solution with 360 ppmJ[err] 200 ppm/[err], 500 ppm|[err]
. piti |

(as [err]) and 5, 10 or 15 ppminhibitor as actives/ sol

sanple of the test water was collected for calciun1ana.&BR§A" qu §i

absorption. The test tenperature was maintained at 140 efri=t
Using dilute NaOH, the pH of the solutidh was slowy incre§§eg é
mai nt ai ned during the two hour duration of the test. At & 66

0-9.0
1887 o

the test, a small sanple of the solution was filtered S.um_.and tHe

cal cium concentration was determ ne by atom c absorptijon. The renai nder

the unfiltered sanple was allowed to settle, undi sturbed—for—24

EXAMPLE P4

Table 3: Benchtop Screening Test for Calcium Carbonate

Scale

Inhibition of Several Amincalkylphosphinic Acid

Modified Polymers
Stir and Settle Test

wWater Chemistry/Conditions:

360 pom Ca / 200 ppm Mg / 500 HCO, (as CaCO,;)

Temperature: 60°C, Stir Rate: 250 rpm
Titrant: 0.10 Normal NaOH, pH: 9.0 for two hours

Blank: 0.6% inhibition, 1.3% dispersancy

Inhibitor S ppm 10 ppm

15 ppm

52.9%
56.1%
62.0%

74.0%

alpha~hydroxy-beta-aminocethylphosphinic acid modified polymer:
84: % inhibition: 33.5% 49.5%
% dispersancy: 33.5% 47.6%
031-B: % inhibition: 46.4% 51.2%
% dispersancy: 39.3% 46.5%
EXAMPLEPS

Electrochemical Screening Test for Mild Steel Corrosion

Inhibition of Several Aminoalkylphosphinic Acid Modified

Polymers

Water Chemistry/Conditions:

360 ppm Ca / 200 ppm Mg / 440 HCO, (as CaCO,)

Temperature: 120°F, pH: uncontrolled, air agitation,

Unpolished Mild Steel specimen, 30 minute delay time, 500 rpm

Standard deviation of corrosion rate: +/- 0.345 mpy



hours, at roomtenperature. Water was then collected fromthe top of the
frask after 24 hours and analyzed for calcium The % inhibition and %

di spersancy are calculated in the follow ng manner: % | Al =

[err] filtered X 100 ppm[err] initial @6dispersancy'}gnpﬁigg%gﬁ@ﬁﬁ%ﬁ?tred,
settled X 100 ppm[err] initial Electroghem cal Test{Bpth the Tafel jpliots
and linear polarization resistance 2 6 FEB 1997

Table 4

Inhibitor combination:

(A). 20 ppm inhibitor, O ppm PBTC, 15 ppm sulfonated acrylate
polymer

(8). 10 ppm inhibitor, 10 ppm PBTC, 15 ppm sulfonated acrylate

polymer

(C). 10 ppm inhibitor, 10 ppm PBTC, 15 ppm substituted

acrylamide, (PBTC - phosphonobutanetricarboxylic acid)

Corrosion Rate (mpy)

Inhibitor (A) (B) (C)
Blank 8.63 .975 .92

alpha-hydroxy-beta-amincethylphosphinic acid-modified polymers:

84 .1.49 .793 2.37
(1.14)

85 3.96 1.40 XXXX

Q27 XXXX .961 XXXX

028 XXXX 1.29 XXXxX

alpha-hydroxy-beta-aminoisoprooylphosphinic acid modified
polymers:
033 XXXX .715 XXXX

040 XXXX 1.65 XXXx




tests were conducted in the same water chenmistry and conditions. The
test solution for the electrochem cal corrosion cell was_prepared by adding
cal cium magnesi um various inhibitors and bicarbonate qggﬂm i

to obtain 360 ppmJ[err], 200 ppm[err], 400 ppm|[err] Lvrr E?q}
Tenper ature was nalntalned at 120[err]t6and the sol utioh aerated

t hroughout the test period. pH was uncontrolled. A stahd rcﬁbﬁﬁ&e’f‘?&Vec

cell was assenbled for the polarization studies. Pre-pbli{shed ml|d ste
speci nens were

-

ode

(o o
-

EXAMPLE Ps

Polvmer modified with allyl amine, then NaH,P0, AIBN per

Example 2:

014 XXXX .887 XXXX
The test methods used to generate the above data are set forth
below.

Saturation Ratio Test

A test solution was prepared by adding calcium, magnesium,
inhibitor and bicarbonate to deicnized water. Initial
concentrations of the salts should be: 360 ppm Ca*?, 200 ppm
Mg*2, 500 ppm HCO,- {(as CaCO;) and 5, 10, or 15 pom of
inhibitor as actives/solids. The temperature was maintained at
140°F (60°C), the solution was stirred at all times, and the pH
was continuously monitored. The solution was titrated with
dilute NaOH at a constant rate. With the additien of NaOH, the
pH of the test solution slowly increased, then decreased
slightly, and increased again. The maximum pH prior to the
slight decrease at supersaturation was the breakpoint pH. A
mineral solubility computer program was then used to calculate
the calcium carbonate supersaturation ration based on test
conditions at the breakpoint pH. This supersaturation ratio is
related to the calcium carbonate inhibition performance. The
test procedure was repeated for different inhibitor solutions
and dosages. All precipitated calcium carbonate must be
removed from the test apparatus with dilute HC1 prior to the

next test run.



used as the rotating working el ectrode, at a speed of 500 rpm All

potenti al neasurements were made agai nst a saturated eﬂgﬁﬁﬁﬁﬁfr; e

el ectrode. Two graphite rods were used as the counteri€t NI SHEET

Pol ari zati on resi stance neasurenents me&? conducted w thin +/- 20 off the
corrosion potential at a scan rate of 0.1 nmV/sec. Tqfgl RIGKFEBVRGE
performed by polarizing the mld steel specinen at 250 [nV cat hodi cal ljy jand
anodically fromthe corrosion potential. 19

Benchtop Calcium Carbonate Inhibition Test

Calcium, magnesium, inhibitor and bicarbonate were added

to deionized water to prepare a test solution with 360 ppm

Ca+?, 200 ppm Mg*2, 500 ppm HCO;- {as CaCO,) and 5, 10 or 15

ppm inhibitor as actives/solids. An initial sample of the test

water was collected for calcium analysis by atomic absorption.
The test temperature was maintained at 140°F (60°C). Using
dilute NaOH, the pH of the solution was slowly increased to
9.0, and maintained during the two hour duration of the test.
At the conclusion of the test, a small sample of the solution
was filtered (0.45 um) and the calcium concentration was
determine by atomic absorption. The remainder of the
unfiltered sample was allowed to settle, undisturbed for 24
hours, at room temperature. wﬁter was then collected from the
top of the flask after 24 hours and analyzed for calcium. The
% inhibition and % dispersancy are calculated in the following
manner:;

% inhibition = ppm Ca*? filtered

ppm Cat*? initial

% dispersancy = ppm Ca*2 unfiltered, settled

ppm Ca*? initial

Electrochemical Test

Both the Tafel plots and linear polarization resistance

tests were conducted in the same water chemistry and



CLAI M5 1. A nmethod of inhibiting scale and corrosion of netal surfaces in
contact with scale form ng and/or corrosive industrial {gk ! .ﬁngﬂﬂlch
conprises treating such waters with at | east one part

acryl am de honopol yner and acrylic acid honopol yner or
acrylic acid with acrylam de having a nol ecul ar wei ght
1, 000- 50, 000 which have been nodified {$ contain fro
of ami do([err] alkyl)phosphinic acid groups and the alfk
and am ne salts thereof. 2. The net hod of i nhibiting
of nmetal surfaces in contact with scale form ng and corrosiVve

conditions. The test solution for the electrochemical
corrosion cell was prepared by adding calcium, magnesium,
various inhibitors and bicarbonate to deionized water to obtain
360 ppm Ca*2, 200 ppm Mg*2, 400 ppm HCO,~ (as CaCO;).
Temperature was maintained at 120°F and the solution was
aerated throughout the test period. pH was uncontrolled. A
standard three electrode cell was assembled for the
polarization studies. Pre-polished mild steel specimens were
used as the rotating working electrode, at a speed of 300 rpm.
All potential measurements were made against a saturated
calomel reference electrode. Two graphite rods were used as
the counter electrode. Polarization resistance measurements
were conducted within +/- 20 mV of the corrosion potential at a
scan rate of 0.1 mV/sec. Tafel plots were performed by
polarizing the mild steel épécimen at 250 mv cathodically and

anodically from the corrosion potential.



process waters of claim1l where the amdo ([err] al,yl) phosphi nic acid
groups are fromthe group consisting of al pha- eakhsB%mRe

hydr oxy- bet a- am doet hyl - phosphi ni ¢ aci d, al pha-hy rox Immd
am doi sopr opyl - phosphi ni c acid and am dopr opyl pho ph| The
met hod of claim2 where the am do ([err] al kyl) ,p osphlnl gr oup

S al pha- hydr oxy- bet a- an1doethy|phosph|n|c aci d. 4. The nethod of
claim2 where the amdo ([err] al kyl) phosphinic

al pha- hydr oxy- bet a- am doi sopr opyl phosphi ni ¢ aci d. AfﬁhﬂﬁﬁESHEEm f clalm
2 where the amdo ([err] alkyl) phosphinic acid ggoyp T3

o s st < g

?

1. A method of inhibiting scale and corrosion of metal
surfaces in contact with scale forming and/or corrosive
industrial process waters which comprises treating such
waters with at least one part per million of an acrylamide
homapolymer and acrylic acid homopolymer or co-polymer of
acrylic acid with acrylamide having a molecular weight
within the range of 1,000-100,000 which have been modified
to contain up to about 30 mole percent of amido(C,;-Cs
alkyl)phosphinic acid groups or the alkali metal,

ammonium and amine salts thereof.

2. The method of inhibiting scale and corrosion of metal
surfaces in contact with scale forming and corrosive
industrial process waters of Claim 1 where the amido (C,-
Cs alkyl) phosphinic acid groups are alpha-hydroxy-
beta-amidoethylphosphinic acid, alpha-~hydroxy-beta-
amidoisopropylphosphinic acid or amidopropylphosphinic

acid.

3. The method of Claim 2 where the amido (C,-C, alkyl)
phosphinic acid group is alpha-hydroxy-beta-

amidoethylphosphinic acid.



4. The net hodi

fp

-

group i s al pha-hydirt

)

Qﬁgﬁgmgg Fi@'"the amido ([err] alkyl) phosphinitcacid

nmet hod of claim 2
am dopr opyl - phosp
acrylic acid honoppol

r

i c2asFHB 1897 A pol ymer which i
Mer or a copq

ch c sopropylphosphinic

e the am do {([jerr] al kyl) phosphl I ulﬁﬂr!& ns.
e *0r

ymer of acrylic acid mnth acryl am de,

t he honopol yner or} copol yner havingiup to 30

20

4.

The method of claim 2 where the amido (C,-C,

alkyl)} phosphinic acid group is alpha-hydroxy-beta-

amidoisopropylphosphinic acid.

5.

The method of claim 2 where the amido (C,-C;

alkyl) phosphinic acid group is amidopropylehosphinic

acid.

6.

A polymer which is an acrylamide or acrylic acid

homopolymer or a copolymer of acrylic acid with

acrylamide, the homopolymer or copolymer having up to 30

mole percent of pendent amido (C,-C, alkyl) phosphinic

acid groups or an alkali metal, ammonium or amine salt

thereof.

7.

A polymer according to claim 6 wherein the

phosphinic acid group is alpha-hydroxy-beta-

amidoethylphosphinic acid, alpha-hydroxy-beta-

amidoisopropylphosphinic acid or amidopropylphosphinic

acid.

8.

A polymer according to claim 6 or claim 7 having

3 to 20 mole percent of the said groups.

9.

A polymer according to any one of claims 6 to 8

having a weight average molecular weight of 1,000 to

40, 000.

This Sheet Has Been

T



nol e percent of pend Pmm e@ | kyl ) phosphinic acid groups or an
al kali netal, ammoni g tiher eof . 7. A pol ynmer accordi T

to claim6 wherein the phosphinic agid group is al phalmlmwﬂ/mﬁﬂmuml

am doet hyl phosphi ni ¢ i @6 BEBhgghygr dxy- bet a- am doi (o
acid or am dopropyl sphi ni c acid. |8. A pol ymer &dccbrdind*td cl*aim 6
or claim?7 having 3 nty of the said groups. 9. A

pol ymer according t ane. . of claing 6 to 8 having a wei ght average
nol ecul ar wei ght of 1, 000 to 21 '

10. A polymer according to claim 9 wherein the

weight average molecular weight is 1,000 to 20, 000.

- __\

This Sheet Has Been R
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40, 000. This Sheet Has Been Repl aced 21 10. A pol yner according to
claim9 wherein the wei| | ecul ar melght—ls 1, 006—t0 20, 000.

PLACEMENT SHEET heet Has Been Replaced
26 FEB 1997 “ m\
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PHOSPHINIC ACID-CONTAINING POLYMERS AND THEIR

USE IN PREVENTING SCALE AND CORROSION
ABSTRACT

Acrylamide, acrylic acid, polymers and
copolymers containing up to 30% pendent (C,-C, alkyl)
phosphinate groups are disclosed, as well as mgthods
using them to inhibit scale and corrosion caused by

metal surfaces contacting industrial waters.
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CLAIMS

1. A method of inhibiting scale and corrosion of metal
gurfaces 1in contact with scale forming and/or corrosive
industrial process waters which comprises treating such waters
with at least one part per million of an acrylamide homopolymer
and acrylic acid homopolymer or co-polymer of acrylic acid with
acrylamide having a molecular weight within the range of 1,000-
50,000 which have been modified to contain from 1 to 30 mole
percent of amido(C,-C; alkyl)phosphinic acid groups and the

alkali metal, ammonium and amine salts thereof.

2. The method of inhibiting gcale and corrosion of metal
gurfaces in contact with scale forming and corrosive industrial
process waters of claim 1 where the amido (C,-Cs alkyl)
phosphinic acid groups are from the group consisting of alpha-
hydroxy-beta-amidoethyl-phosphinic acid, alpha-hydroxy-beta-

amidoisopropyl-phosphinic acid and amidopropylphosphinic acid.

3. The method of claim 2 where the amido (C,-C; alkyl)
phosphinic acid group is alpha-hydroxy-beta-
amidoethylphosphinic acid.

4. The method of claim 2 where the amido (C,-Cs alkyl)
phosphinic acid group is alpha-hydroxy-beta-

amidoisopropylphosphinic acid.

5. The method of claim 2 where the amido {(C,-C¢ alkyl)

phosphinic acid group is amidopropylphosphinic acid.
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PHOSPHINIC ACID-CONTAINING POLYMERS-AND THEIR

USE IN PREVENTING SCALE AND CORROSION

ABSTRACT

Acrylamide, acrylic acid, polymers and
copolymers containing up to 30% pendent (C,-C, alkyl)
phosphinate groups are disclosed, as well as methods
using them to inhibit scale and corrosion caused by

metal surfaces contacting industrial waters.
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