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Compogition for water treatment

ABSTRACT

Disclosed 1s a composition for water treatment and for
alkaline cleaning, which contains polyaspartic acid or a
derivative thereof and a phosphonic acid. The composition 1s
used for inhibiting the formation of scale or corrosion in
water, such as cooling water or as a sequestrant or encrustation
inhibitor in an alkaline cleaning solution, such as, for food

processing equipment.
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The 1nvention relates to a composition for water treat-
ment and for alkaline cleaning and to a process for water
treatment using this composition and to a process for

alkaline cleaning using this composition.

When natural waters are used for industrial purposes,
e.g. as cooling water or in industrial cleaning methods,
the water used is purposefully or unintentionally physi-
cally and/or chemically altered. Thus, e.g. in open
circulation cooling systems, temperature changes, con-
centration and a pH increase, which is produced by the
carbon dioxide discharge in the cooling tower, are
unavoidable. In industrial cleaning, e.g. in the food
industry, in many applications the use of alkali, usually

sodium hydroxide solution, 1is necessary in the cleanser
solutions.

Both as a result of concentration and pH increase via CO,
discharge and also as a result of addition of sodium
hydroxide solution, the concentration of hardness-forming
salts, 1in particular calcium ions and carbonate ions,
increases. If the natural waters were in equilibrium
(lime/carbonic acid equilibrium) before use, the increase
in concentration of the hardness-forming salts leads to
a supersaturation. To prevent limescale deposits
(encrustations, scale), e.g. on heat exchange surfaces or

on the material to be cleaned, the addition of additives
("scale inhibitors") is necessary.

Le A 29 998 - 1 -
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The situation 1s similar 1n secondary recovery in the

mineral o1l sector:

The injected waters used must be treated, in some cases,
by additives in order to prevent precipitation of inor-
ganic salts such as calcium carbonate and calcium sulph-
ate, strontium sulphate and barium sulphate in the

formation and an impact on of the oil flow resulting
therefrom.

A further, sometimes even the chief, purpose of the
additive use 1in water treatment is the protection of
metallic materials from corrosion. For example, when
unalloyed carbon steels are used in open circulation
cooling systems, sufficient corrosion inhibition is
desired since conditions (oxygen saturation, salt enrich-
ment) prevailing in such systems lead to an acceleration
of corrosion.

The water treatment compositions and alkaline cleansers

used according to the prior art are in need of further
improvements:

Polyphosphates have only a limited solubility, so that
the preparation of highly concentrated formulations is
restricted and, moreover, they are hydrolytically un-

stable. Furthermore, their relatively high phosphorus
content is criticised.

Le A 29 998 - 2 -
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Phosphonates of the type nitrilo-tris-methylenephosphonic
acid and 1l-hydroxy-ethane-1,1-diphosphonic acid are
technically advanced products in comparison with poly-
phosphates. They show a good hydrolysis stability and
good efficacy as scale inhibitors, but have a relatively
high phosphoric content.

2-Phosphono-butane-1,2,4-tricarboxylic -a"cid, in com-
parison with the other phosphonates, exhibit a further
improved scale-inhibiting effectivity with considerably
improved stability with respect to hypochlorite and
hypobromite or chlorine and bromine, which are used as
biocides and disinfectants. The phosphorus content of
this product is considerably reduced in comparison with
the other phosphonates.

Polyvacrylates, copolymers based on acrylic acid and other
analogous polycarboxylic acids having C-C chains are
usually phosphorus-free products, but have the disadvan-
tage of a corrosion-inhibiting and scale-inhibiting
action which is unsatisfactory for many applications.

All the organic compounds mentioned hitherto share only
a slight biodegradability. This is frequently a precondi-
tion for their use, e.g., the use of easily biodegradable
additives in open circulation cooling systems, because of
the conditions prevailing in such systems, would lead to
the degradation of the additives even in the system. In
other applications, e.g. having very low residence times

Le A 29 998 - 3 -
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in the system, in contrast, an easy biodegradability

could have a less interfering effect.

An easy biodegradability 1s in any case advantageous when
the additives pass 1into the outfall - which occurs
frequently - after use.

Therefore, the development of easily dr more easily
biodegradable additives for water treatment and use 1in
alkaline cleansers 1is a technically and ecologically
expedient aim.

A first step for this has been made by the development of
the polycarboxylic acid polyaspartic acid (PAA) which
shows biodegradability. However, the effects of PAA as a
scale~- and corrosion-inhibitor are insufficient.

The present invention relates to a composition for water
treatment, and for use in alkaline cleansers, containing
polyaspartic acid or a derivative thereof and a phos-
phonic acid. In a preferred embodiment, the polyaspartic
acid or derivative thereof and the phosphonic acid are
present in a weight ratio of 10:90 to 90:10. The polvyas-
partic acid 1s preferably used as a salt, in particular
as a sodium salt or potassium salt. However, it is also
possible to use a derivative of polyaspartic acid, for
example the anhydride of polyaspartic acid, viz poly-
succinimide. This can convert into polyvaspartic acid as
a result of hydrolysis under suitable conditions during
use. The phosphonic acid can be used as free acid or as

Le A 29 998 - 4 -
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salt, 1in particular as sodium salt or potassium salt. For

the purposes of the present invention, polyaspartic acid and

phosphonic acid are also taken to mean salts of these acids.

The preparation and use of polyaspartic acid (PAA)

5 and derivatives thereof has been for a long time subject-

matter of numerous publications and patents.

Thus the preparation can be carried out by thermal

polycondensation of aspartic acid (Kovacs, J. et al.

Chemical Studies of Polyaspartic Acid J. Org. Chem. 26, 1084
10 (1961)).

US Patent 4 839 461, issued June 13, 1989
(= EP 0 256 366 Bl, issued December 11, 1991) describes the
preparation of polyaspartic acid from maleic anhydride,
water and ammonia. Maleic anhydride is converted into the

15 monoammonium salt in agueous medium with addition of

concentrated ammonia solution.

In a preferred embodiment, the polyaspartic acid

1s prepared in that the monocammonium salt of maleic acid is

subjected to a thermal, if required continuous,

20 polymerization, preferably at 150 to 180°C in a reactor with
a residence time of 5 to 300 minutes and the resulting

polysuccinimide is converted by hydrolysis to polyaspartic

acid or a salt thereof.

The polyaspartic acid essentially contains, in a

25 preferred embodiment, repeating units of the following

structure:
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a)
~CNH—CH-COY-
(:3H2 (a-Form)
COOH
and
b)
-CNH=CH-CH;~CO~  (5.Form)
COOH

The proportion of the B-form is generally more than 50%,
in particular more than 70% by mol.

In addition to the repeating polyaspartic acid units a)
and b), other repeating units can also be contained

‘therein, e.qg.:

c) malic acid units of the formula

—éo—gg-—co}- —£0~CH-CH;~CO)-
2

1
COOH

d) maleic acid units of the formula

Le A 29 998 - 6 -
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CH=CH

—£co  co)

e) fumaric acid units of the formula

de51red to be low, de81rably not more than 10% by mol
1n total.

Preference is given to polymers having a molecular weight

according to gel-permeation chromatographic analysis of

from 500 to 10,000, preferably 1,000 to 5,000, partic-
5 ularly preferably 2,000 to 4,000.

Preferred phosphonic acids are phosphonocarboxylic acids,
in particular phosphonocarboxylic acids having 2 to 10 C
atoms. Particularly preferred phosphonocarboxylic acids
of this type are phosphonosuccinic acid, phosphonopropio-
10 nic acid and especially 2-phosphonobutane-1,2,4-tricar-
boxylic acid, abbreviated below as PBTC. PBTC 1is the
active compound in the product Bayhibit® AM produced by
Bayer AG. Other suitable phosphonic acids are, for
example, those which have an amino or hydroxyl function,
15 in particular nitrilo-tris-methylenephosphonic acid and
the higher analogs, such as ethylenediaminetetrakis-
(methylenephosphonic acid) and diethylenetriaminepen-

Le A 29 998 - 7 -
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takis (methylenephosphonic acid) and N-oxides thereof;
1-hydroxyethane-1, 1-diphosphonic acid, hydroxyphosphono-

acetic acid.

The compositions according to the invention can also be
used in this case with one or more substances which have
proved to be useful for the respective application.
Examples of such further components are:

Zzinc salts, molybdates, borates, silicates, azoles (e.q.
tolyltriazole or benzotriazole), other phosphonic acids,
polymers and copolymers based on acrylic acid, methacry-
lic--acid or maleic acid, 1ligninsulphonates, tannins,
phosphates, complexing agents, citric acid, tartaric
acid, gluconic acid, surfactants, biocides and disinfec-
tants. It 1s obvious to those skilled in the art that
instead of acids (e.g. "phosphonic acids") their salts
("phosphonates") can alternatively be used and vice
versa.

The compositions according to the invention can be used
in many ways, for example as scale inhibitors and as
corrosion 1nhibitors. Areas of application of such
compositions can be, e.g.: water treatment (e.q.
treatment of cooling waters, process waters, gas scrubb-
ing waters, 1injection waters in secondary oil recovery
and water treatment in mining) and industrial and in-
stitutional cleaning applications (e.g. cleaning of
vessels and equipment 1in the food industry, bottle

Le A 29 998 - 8 -
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washing, for institutional dishwashers and washing

agents).

The present 1i1nvention further relates to a process for
water treatment, which 1s characterized 1n that the
composition according to the invention i1s introduced into
the water to be treated.

The present invention further relates to a process for
alkaline cleaning, characterized in that the composition
according to the invention 1s used as an encrustation
inhibitor/sequestrant.

- -—
-

The process for water treatment is to be described below
on the basis of examples:

e.g. the compositions according to the invention are
added to the feed water in concentrations between about
0.1 and 10 mg/l of active compound to prevent encrusta-
tions and scale during use in cooling systems with fresh
water cooling.

In the cooling circuits, the metering of the additives to
prevent scale and/or corrosion 1s frequently rate-depen-
dent based on the make-up water. The concentrations are

between about 1 and 50 mg/l of active compounds in the
circulating cooling water.

In sea water desalination by distillation in MSF (mul-

tistage flash) and VP (vapour compression) plants,
encrustations on the heat exchange surfaces are prevented

Le A 29 998 - 9 -
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by additive additions of about 1 to 5 mg/l of active

compounds to the feed sea water.

The dosages required in RO (reverse osmosis) plants are

generally markedly lower because of the process-related
lower maximum temperatures.

The process for using the compositions according to the

invention in alkaline cleaning will be described as
follows:

The active compound concentrations used in alkaline
cleaning to inhibit encrustation and for sequestration
depend, 1in particular, on the technical and physical

conditions, such as pHs, residence times, temperatures
and water hardness.

Whereas active compound concentrations significantly
below 100 mg/l, generally 5 to 80 mg/l, are frequently
satisfactory in the weak alkaline range (pH to about 10)
at temperatures below 60°C and with relatively short
residence times, at higher alkali concentrations and

temperatures rates of over 100 mg/l to 300 mg/l are
occasionally required.

In the following examples, a polyaspartic acid (PAA)
having a molecular weight of approximately 3000 and a R-
share of approx. 70 % is used (as sodium salt).

Le A 29 998 - 10 -



Determination of the threshold effect
(inhibition of the crystallization of calcium carbonate
from supersaturated aqueous solutions)

5 1. Parameters of the synthetic tap water used

Water parameter

Ca** 100
Mg?* 12
Ion--Concentration Na* 145
10 (mg/1l) HCO,~ 195
SO,*" 197
Cl- 177
Water hardness | 300

(calculated as ppm
15 of CaCo0,)

The pH is adjusted to 11 by addition of sodium hydroxide
solution.

The experimental temperature is 60°C.
2. Experimental procedure
20 The inhibitors are added at a defined concentration (e.g.

50 mg/l) to the abovementioned water. The solutions are
poured into glass bottles each having a volume of 1 litre

Le A 29 998 - 11 -
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and one glass rod per bottle is further added in each

case. The bottles are then sealed and stored at the

abovementioned temperature for 24 h.

After the end of the experiment the glass rod is examined

for possible encrustations and the bottle bottom 1is
examined for deposit (sludge).

Finally, the solution is filtered throﬁgh a 0.45 ym
membrane filter and then titrated with EDTA solution for
determining the residual hardness. The residual hardness

(%) 1s calculated via the following equation:

T Rx-Ro
Stabilized residual hardness (%)=100. ——
Ra-'Ro

R, = residual hardness of sample X
R, = 1nitial hardness
R, = residual hardness of the blank sample.

o

The optical evaluation of tne formation of encrustations

and/or sludge 1s performed as follows:

-: no encrustation or sludge

O: encrustation X: sludge
Indices
1: weak 2: medium 3: strong

Le A 29 998 - 12 -
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These are listed 1in the table. They

conditions as occur, e.q.

bottle washing,

Table 1

Inhibitor

Blank sample
PBTC
PBTC: PAA

3 1
PBTC: PAA

1 : 3
PAA

Example 2

show that under

, 1n the rinsing section in the

mixtures having a synergistic activity
are obtainable by combination of PBTC and PAA.

Concentra-
tion of

Appearance
of the sol-

active com- ution after

pound (mg/

50

50

50
50

1) 24 h

Inhibition of corrosion of carbon steel

1. For parameters of the water used,

Le A 29 998

- 13 -

Stabilized
residual

hardness (%)

O
78.9

80.7

86.7
23.5

see Example 1
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Experimental procedure

4 Pickled steel pipe rings of ST 35 (diameter 35 mm,
length 40 mm, weight approximately 70 g) are at-
tached in each case to a plastic stirrer and agita-
ted at a velocity of 0.6 m/s at room temperature in
an aquarium (24 cm high, 30 cm 1long, 22 cm wide)
having a volume of 12 litres of cooling water.

At the beginning of the experiment, the aquarium
vessels are filled with cooling water which contains
twice the respective indicated inhibitor concentra-

-tion.

During the experiment, cooling water having the
inhibitor concentration indicated is then continuou-
sly pumped through the aquaria at a rate of 0.5 1/h.

After 4 days, the pipe rings are again pickled and
the weight losses are determined.

Pickling of the pipe rings:
1. Before the experiment
a) the pipe rings are washed with dichloro-
ethane and acetone,

b) pickled for approximately 1 min in 10%
strength HC1l at 80°C,
C) washed with tap water, demineralized

water and 2 x with acetone,

Le A 29 998 - 14 -
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d) dried 1n a warm air stream (hair-dryer)

stored 1n a desiccator and weighed

2. After the experiment,

a) the pipe rings are washed well with tap
5 water,
b) pickled for 30 s in 10% strength HCl at
80°C |
C) as 1. c)
ad) as 1. d)
10 Corrosion rate:

.--1) in g/m?/d: (weight loss (g) - 0.0037) x 27.02

[ e d L R

3. Experimental results in water from Example 1
Inhibitor Total con- Erosion
centration (mm/a & g/m?/d)
15 of active
compounds
(mg/1)
PBTC 20 0.23 4.6
PBTC : PAA
20 80 : 20 20 0.21 4.2
60 : 40 20 0.14 2.9
40 : 60 20 0.92 18.7
PAA 20 0.69 14.1
(without approx. approx.
25 inhibitor) - 0.7-1.0 14-20
Le A 29 998 - 15 -
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times the salt concentration of Example 1

Inhibitor

PBTC
PBTC : PAA

(without

inhibitor)

Le A 29 998

Total con-
centration
of active
compounds
(mg/1)

20

20
20
20
20

Erosion

(mm/a 2 g/m?/d)

. 087
. 079
.28
.26

O O O O

approx.
0.25-0.5

- 16 -

i v
N 3 O @

approx.
5-10
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1. A composition for water treatment, and for use in
alkaline cleansers, comprising polyvaspartic acid and
phosphonobutanetricarboxylic acid, saild polyaspartic acid and
said phosphonobutanetricarboxylic acid present in a weight
ratio of polvyaspartic acid:phosphonobutanetricarboxylic acid

of 3:1 to 1l:4.

2. The composition according to claim 1, wherein the
polyaspartic acid is a P-polyaspartic acid having a

molecular weight of from 1,000 to 10,000.

3. The composition according to claim 1 or 2, wherein
the phosphonobutanetricarboxylic acid is 2-phosphonobutane-

1,2,4-tricarboxylic acid.

4. A composition for water treatment, and for use in
alkaline cleansers, comprising: (i) a salt of polyaspartic
acid or an anhydride of polyaspartic acid; and (ii)
phosphonobutanetricarboxylic acid, wherein the weight ratio

of (1):(i1) 1is 3:1 to 1:4.

5. The composition according to claim 4, wherein said
composition comprises: (i) a salt of polyaspartic acid; and
(1i) phosphonobutanetricarboxylic acid, wherein the weilght

ratio of (i1):(i1i) is 3:1 to 1:4.

6. The composition according to claim 5, wherein the

salt of polyaspartic acid is a sodium salt or a potassium

salt.

7. The composition according to claim 5 or 6, wherein
the composition comprises from 25-75% by weight of said
phosphonobutanetricarboxylic acid and from 75-25% by weight

of said salt of polyaspartic acid.

17
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8 . The composition according to claim 5 or 6, wherein
the composition comprises from 60-80% by weight of said
phosphonobutanetricarboxylic acid and from 20-40% by weight

of said salt of polyaspartic acid.

9. The composition according to claim 4, wherein said
composition comprises: (1) an anhydride of polyaspartic
acid; and (i1i) phosphonobutanetricarboxylic acid, wherein

the weight ratio of (1) :(1i) is 3:1 to 1:4.

10. The composition according to claim 9, wherein the

anhydride of polyaspartic acid is polysuccinimide.

11. The composition according to any one of claims 1
to 10, further comprising one or more of a zinc salt, a
molybdate, a borate, a silicate, an azole, a further
phosphonic acid or a salt thereof, a ligninsulphonate, a
tannin, a phosphate, a complexing agent, citric acid,
tartaric acid, gluconic acid, a surfactant, a biocide or a

disinfectant.

12. The composition according to claim 11, wherein the

azole 1s tolyltriazole or benzotriazole.

13. A process for cleaning in an alkaline environment,

comprising adding a composition according to any one of
claims 1 to 12 to water to form a cleaning solution and then
contacting the cleaning solution with a vessel or piece of

equipment from the food or beverage industry.

14 . The process according to claim 13, wherein the

cleaning solution is used in a dishwasher.

15. The process according to claim 13 or 14, wherein

the alkaline environment has a pH of at least 10.

18
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16. The process according to claim 15, whereiln the

alkaline environment has a pH of at least 11.

17. A process for cleaning in an alkaline environment,
comprising adding a composition according to any one of
claims 1 to 12 to water to form a c¢leaning solution and then

contacting the cleaning solution with at least one bottle.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA
PATENT AGENTS

19
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