1 2118159 THE TREATMENT OF AQUEQUS SYSTEMS The present invention relates to
the Lreatment of aqueous systens and, nore partlcularly to reduci ng or.

i hating corrosion in aqueous. systens. 5 Many dlfferent 4
gé of material have been enployed to prevent corrosion in aqueous
éns. These include inorganic salts such as nitrites and chromates, _
I norgani ¢ nono- and pol yphosphates and certai n water-sol ubl e pol yners f
i ncludi ng naturally 10 occurring materials such as |ignins and T
starches as well as synthetic materials such as polyacrylates. Particul ar
probl ens arise in cooling systens whixh-are subject to internittent
operation or periodic shut-down. This is because the majority rLosion.
15 inhibitors and the like only function effectively vvhenéthiogicg
systemis in notion. Indeed, the only materials which have so far proved to
be at all effective f@HE TREATMENT OF i AQUERUS oSYSTEMSt - down are the
nitrites and, to a less extent, the chromates. Unfortunately, 20

however, while nitrites are effective they have to be used
The present invention relates to the

treatment of aqueous systems and, more particularly,
‘to reducing or eliminating corrosion in aqueous
systems.

5 Many differenﬁ types of material have been
employed to prevent corrosion in aqueous systems. These
include inorganic salts such as nitrifes and chromates,
inorganic mono- and polyphosphates and
certain water-soluble polymers including naturally

10 occurring materials Such as lignins and starches
as well as synthetic materials such as polyacrylates.

Particular.problems arise in cooling systems
which are subject to intermittent operation or periodic
shut-down. This is because the majority of corrosion

15 inhibitors aﬁd the like only function effectively when
the cooling system is in motién. Indeed, the only
materials which have so far proved to be at all effective
for systems involving periodic shut-down are the nitrites
and, to a less extent, the chromates. Unfortunately,

20 however, while nitrites are efféctive they have to be used
in quite high concentrations; amounts as much as

1000 ppm are not uncommon. Such amounts present disposal



.
in quite high concentrations; anounts as much as 1000 ppm are not unconmon./’
Such ampunts present di sposal 2 problens because these inorganic
itrites are quite toxic. Thus the maxi mum nitrogen content permtted by
the Vrld Health Organisation in drinking water is equivalent to only 45
ng/ | of sodiumnitrite. 5 - However, such quantities of nitrite are

i fef.fect'i ve for use as a corrosion inhibitor in cooling systens subject to
!Hférn]ttent operation. It has now been found, according to the present
invention, that it is possible to obtain_e fective 10 '~ corrosion
inhibition if aninorganic nitrite even™ifi "non-toxic " anounts, that is

to say less than 4ﬁb§%55r#%€§§§% 5?5 ng#gghsgg IHl?PEEé% g¥gr§99£é|ons and

concentrations WP Rona

synergistic effegt, has s r'%hQQHXXEEER h@@?ggenléontentn¥erm1tteé@C0rd'ng

to the present |nvent I'on ere 1's provide hod of co ling |
inhibition in aQEﬁo%ﬁeSW%&QEﬁHﬂﬁlQﬂ @Q&th%ﬁ&laﬂdhﬁgdkﬂnkhﬁgaQHEQﬂslsysten\

at
equlvalent to only 45 mg/l of sodium nitrite.

5 waever, such quantltles of nitrite are ineffective for
use as a.corrOSLOn inhibitor in coollng systems subject
to intermittent operation;

It_hae now heen found.-according to the present
invention, that it is pessible to obtain effective

10 corrosion inhibition if en inorganic'nitrite; even in
"non-to#ic" amouhts, that is to say less than 45 ppm, is
used in combination in specific proportions and concentretions
with a.particular.class of phosphonate. .in fact, a.
synerglstlc effect has surprisingly been found.

15 ‘ According to the present invention there is
provided a method of controlling inhibition in aqueous
systems-whichlcomprises adding to the- aqueous system at
least one water soluble inorganic nitrite and at least one
phosphonate as defined below, the concentration of phosphonate

20 exceed:l.ng 5 ppm (wt/volume e.g. 5 mg/l:Ltre) and the weight ratio

nitrite to phosphonate belng from 90:10 to 5.95, in general
from 80: 20 to 10:90. o |
- Preferred ratlos are between 5:1 to 2:1, espec1al*y
4.5:1 to 3:1. and most espec1ally about 4:1.
25 This combination is particularly useful where

very corrosive conditions exist in the cooling system, for



| east one water soluble inorganic nitrite and at | east.one phosphonate as
defi ned bel ow, the concentration of phosphonate 20 exceeding 5 ppm
w,/volume e.g. 5 ng/litre) and the weight ratio c nitrite to phosphonate
g from90:10 to 5:95, in general from80:20 to 10:90. Preferred rattos
between 5:1 to 2:1, especially 4.5:1 to 3:1, and nost especially about

corrosive conditions exist in the cooling system for -3- exanple in
.base exchanged water and very | ow water hardness systens. The phosphonat es
for use in the present invention q;q_those whi ch contain at |east 2 acid
groups which are 5 car boxyl it "and phosphoni ¢ acid groups, such that

at | east [ U dS QHld { 4, | east one acid
group i S & %gp%b%lgc acél)g:}garrgﬁoé) at 1"g'ag';}t&it Sﬁ%yga%%ﬁggaa%% -groups bei ng
attached, 4 Qafed Py At The preferred phosphonates possess the general 10
f ormul a: - - : ' o

The phosphpnates for use in the present invention
are those which confain at least 2 écid groups'which are

5 carboxylic and phbsphonic'adid groups, such that at
least one acid group is é carboxylic acid grdué aﬁd at
least one acid group is a phosphonié acid group, at least
the said 2 acid groups being attached to carbon atoms.

The preferred phosphonates possess the general

10 formula: _
0 ‘R
(HO),p — C —— COOH

CH, —— COOH

2
wherein R is hydrogen, alkyl, alkenyl or alkynyl having
up to 4 carbon atoms; phenyl: cycloalkyl having 3 to 6
carbon atoms; benzyl: phenéthyl or '

x ge

l I :
15 ~—— CH —— CH —— R''!

wherein R' is hydrogen, alkyl hévihg.l to 4 éarbon atoms
or carboxyl, R" is hydrogen or methyl and R!''!' is carboxyl
or phosphonate. 2-Phosphonobutanehl,2,4—tricarboxylic acid,
a commercially available.material, is particularly

20 preferred. Another preferred material is 2.4—diphosphano-
butane-1,2-dicarboxylic acid. ThéSe phosphonateé can be

obtained by processes well known in the art, for example

»

1. 25 . This conbination is particularly useful.where very:: 



[err] wherein Ris hydrogen, alkyl, alkenyl or alkynyl having up to 4 _ '.5
carbon at.ons; phenyl; cycloal kyl having 3 to 6 carbon atons; benzyl: &
phenet hyl "-or [err] wherein R .is hydrogen, alkyl .having | to 4 carbon ato

or carboxyl, R is hydrogen or nethyl and R'' is carboxyl or phosphonate.
2- Phosphonobut ane-1, 2, 4-tricarboxylic acid, a comrercially avail able

terial, is particularly 20 preferred. Another preferred material is
2, &- di phosphono- but ane- 1, 2-di carboxylic acid. These phosphonates can be
obt ai ned by processes well known in the ar4,-for exanple -4- as

described in British Specification No 1 282 078. Wiile it is possible to
~add the nateri al sssdeacanikéq in Britiskeripecificetion Neonke282m780

i ncorporate themtogether in the formof a conposition. 5 _
Accordingly, the present iWRdheidbh b erpiihlecto addnphreinakersadsable for

addition to water to reduce,or prevent corrosjion which conprises at |east
one wat er separately it will generally be more convenient to

incorpqrate them together in the form of a coﬁposition.

5 Accotdingly, the present invention also provides a |
composition suitable-fOr addition to water to reduce
or pfevent corrosion which comprises at least one water
sblubie inorganic nitrite and at least one phosphonate
as defined abp&e, £he weight ratio of nitrite to

10 phosphonate being froﬁ 90&10 to 5:95, with the proviso

| fhat if the said ratio is from 90:10 to 5:1 the

composition also contéins at least 6ne'other Water
treatment additive.

Typically, the water-soluble nitrite is

15 sodium nitrite but other alkali metal nitrites and:also
calcium nitrite are also suitable.

As indicated above, by incorporating the
speéified phosphonate with the inorganic_nitrite in the
specified amounts it is possible .to obtain effective

20 . corrosion inhibition even though the concentration of
nitrité'is_less than 45 ppm. Indeed, amounts as little
as 10 ppm have been féﬁnd to be effe¢tive. Preferably,
the nitrite is present in the systeﬁ in an amount from"10
to 45 ppm-espeéially 30 to ‘45 ppm, and most preferably

25 about 45 ppm. It will be appreéiated. thoggh, that in

situations where health is not a factor concentrations

>
-~



al.-kal i

i ndi cat ed above, by incorporating the specified phosphonate with the

| ubl e inorganic nitrite and at | east one phosphonate as defined above,
weight ratio of nitrite to 10 . phosphonate being from90:10 to
5 with the proviso that if the said ratiro is. from90:10 to 5:1 the
mposi tion also contains at |east one other water treatnent additive.
pically, the water-soluble nitrite is 15 sodiumnitrite but other

nmetal nitrites and also calciumnitrite are also suitable. As ”

inorganic nitrite in the specified amunts it is possible to obtain
effective 20 corrosion inhiki-tg an even though the concentration of
nitrite is less than 45 ppm Indeed, anounts as little as 10 ppm have been.
found t odfe upf frectsov @pnPioaf @haln,y salyi)e 100t biohe clah Bece@aieyln the systemin
an anount from 10 to 45 ppmespecially 30 to 45 ppm and nost preferably 25
about 45 Tiygmamointwidfl phesphpnatieatsed widlghenelral 1yl besSilkgat i ons wher e
health is not a factor concentrations . -5- '

10

15

20

than that of the nitrite in order to keep costs down and,
in general, amounts above 5 up tq.50 ppm, particularly

up to 30 ppm are suitable, amounts from 10 to 15 ppm,
especially about 12 ppm. being préferred, thereby keeping
down the phosphorus'conteht in the water so as to reduce
disposal problems. .Amounts in e#cess of aboﬁt 30 ppm

are generally commerciaily-unviéble.'

Phésphonates other than those of formula (I),
in general, do not provide advantaéeous results and
should, therefore, generally noﬁ be used iﬁ the system.

It has further been found that the presence of
a water-soluble organic polymer in the system can further
inhibit corrosion and, indéed, in certain cases an
additional synergistic effect is found.

In general, the polymers suitable for use in the
present invention are viﬁyl addition products possessing

recurring units of the general formula:

om

R
1
l.
Cc
|
X

| -

-
wherein Rl represents hydrogen or alkyl of 1 to 4
carbon atoms, X represents COOH and Z represents hydrogen

or COOH or X and Z together represent -CO-0-CO-.

P



of up to 50 ppmor even, say, 100 ppm can be useful . The amount of

phosphonate used w | | generally be less than that of the nitrite in or der
k0 keep costs . dowi and, in general, anpbunts above 5 up to 50 ppm
partieutarly 5 up to 30 ppmare suitable, anmounts from 10 to 15 ppm

especi-ally about 12 ppm being preferred, thereby keeping down the
phosphorus content in the water so as to reduce disposal problens. Anpunts
~inTéxcess of about 30 ppmare generally comercially unviable. 10

- Phosphonat es other than those of fornmula-(é)+~ in general, do not provide
advant ageous results and should, therefore, generally not be used in the
system It has f‘miéhpreﬂeﬁﬂedcpusmmém% ate thesense néthageybic sacidl e
organi c polyner in the systemcan further 15 i nhibit corrosion and,

i ndeed, in cert alnecaskerarr dis thethayl symergi b3 ikydroan @@ﬁf%ﬁ#&ﬂl¢rﬁCld
general the polyners suitable for use in the present invention are viny

addi ti on product3-peos¥eese iy rardrf i ¥e UPPER %Yd¥q>@ergene¥ra|a%+m% P}PSthoI”l
£ggglesg‘gfge' L A S, AR A e’ dH 1Y s LAL M Xan
s be obtained by polymerisation of’(meth)acryllc acid with :
hypo—phosphorous acid. 1In general, the molecular weight of.
" the polymers is from 500 to 100 000 and the preferred
'poiymethacrylic acid has a molecular-ﬁeight of about
_5 000 and the preferred polyacrylic acid a molecular weight
10 of about 1.000. It will, of course, be appreciated that
the polymers used may be copolymers containing recurring
units derived from other vinyl monomers.
-th'gnly_does the presence of polymer further
reduce corrosion but since the polymers are, in general,
1s ~ less expensive than the phosphéna&es-used.'by_incorporating
polymer and, in pafticular, by replacing some of the
phosphonate by polymer it is possible further to reduce
the cost of the_additiVes. Of course, the polymer can
be added to the system seﬁérately but it will, in general,
20 be incorporated in-a'cdmposition with the nitrite and
'phosphonate. |
Although the formulae of the phosphonate and
pdlymer have been given in terms of the free acid it is
to be understood that these materials can be used in fhe'
25 form of an inorganic or ofgénic salt,-iﬁ partiailar an

alkali metal salt such as sodium or potassium, ammonium or



or _COOH or X and Z together represent -CO 0-CO. The preferred pol ymers-
Qe those of nmethacrylic acid i.e. where Ris nethyl and Z is hydrogen and
rylic acid i.e. where RlL and Z are both hydrogen. In addition, >
phosphi nopoly -acrylates and net hacryl ates can be used; these materials” can

: be obt ai ned by polynerisation of (nmeth)acrylic acid with -

hypo-phosphorous acid. In general, the nolecular weight of the polyners 45;’

from 500 to 100 000 and the preferred pol ymet hacrylic acid has a nol ecul ar

wei ght of about 5 000 and the preferred polyacrylic acid a nol ecul ar wei-ght

10 of about 1 000. It will, 2f course, be appreciated that the

pol ymers used may be copol ynmers co taining recurring units derived from

other viavhoIBROURG Ao MILL00LY.d98SaLNE RESRNGENEL DRl vger thrther reduce

corrosion gut Since € polynmers are, I'n gene | ess expensive

than the aR@sRRONAbGEveE€denBY usBCOEPQIRLL NOmERAY NBA188d i N particul ar, by
replacrng some” of ‘the phosphonate by polyner it is possible further to

reduce tpeegeskedl. the additives. O course, the polynmer can be added to
the system separately but it will, in general,

Typically, the polymer is used in an amount

5 from 0.5 to 50 ppm, the preferred.amount being from
2 to 10 ppm. _ _

It will be appreciated that other low tbxie
matefiale conventionally used in water treatment can be
added to the system and/or the compositioneincluding

10 silicates, inorgénic phosphates and polyphosphates and
lignin derivatives as well-as_heterecyclic compounds for
corrosion inhibition of yellow mefals, such as benzo-
triazole, tolyltriazole and mercaptobenzothiazole.

The compositions of the present inverition will

1s normally be in the form of an agqueous solution but other
possible forms include powders and briquettes.

Typically the solutions will contain 20 to 50
weight percent, especially 25 to 35 weight percent, nitrite,
2.5 to 20 weight percent, especially 5 to 10 weight percent,

20 phosphonate and, optionally, 1l to 10 weight percent,
especial;y 1.5 to 3 weiéht percent, polymer. Cbncehtrations
of other additives, such as benzotriazole, which cén_be
present, are suitably from 0.1 to 5 weight percent,
especieliy 0.5 to 1.5 weight percent; in order to bring

25 the benzetriazole into solution the pH should Ee increased

to, say., 12 to 12.5 with caustic soda. A particularly



_iO be i ncorporated in a conposition with the.nltrlte and phospuonat-
Al t hough' the fornul ae of the phosphonate and pol ymer have been given in
. er ng~ of ‘the freeacid it is to be understood that these materials can bé

~used tn the 25 formof an |norgan|c or organic salt, in particular an-.
al kal i fetal salt such as sodium or” pot assi um ammoni um or -7- .a lower
ne salt ‘as well as zinc or other saltsg ln general, however, the use of
al¥kali netal salts is preferred. Typlcally, t he polyner is used in an

armount 5 -
ppm 1t will b@rﬁgﬁfésaaggﬁggﬁggf%?th%% %ﬁﬁ{g;lf@ nateri a ﬁbs d%nvwegm gntalol ;1/0
used i n water EE%QE?F ?aﬂeP @dgeﬂ_ﬁﬁb§§ﬁbﬁa§ﬂfggéuIsz4iﬁyidaygwyylhbon

i ncl udi ng .10 nor gani ¢ phosphates and pol yphosphates and
l'ignin derivat 'a‘é‘i% QSo\e/ehl:tNeheieéocacdaer,gmnvmmdaxé Qfcidy rowedght $

i nhi bition of yellow netals, such as: benzo-
: polyacrylic acid (33% active) i.e. 1 2/3 weight % of
5 poljacrflic acid.and 1 weight % benzotriazole with
suffieient caustic soda.to bring the pH of the aqueous
selution to 12 to 12.5. Naturaily the amount of the
formulation used will depend upon the nature of the system
'and of the water but with this specific_fermulation
ld amounts from 100 to 200, espeeially 150 to 200,ppm are |
generally suitable.
The folloﬁing examples.further illustrate the
present-invention. In these examplee two different types
of tests were employed, namely a circulatory test and a
15 test to simulate intermittent flow_operations. |
| In the circulatory test a laboratory test
apparatus was used. in which water is circulated etc by
means of a pump from a reservoir maintained at a
temperature of 54°C with a heater and thermostat. The
20 water passes through a glass.tube aSsembly holding the
metal test specimens (flow rate 2 ft/sec; 0.61 m/sec) and
then is returned to the reservoir entraining air as it
does so in order to keep the water saturated with oxygen
as it would be in a typical open recirculating cooling
25 system. |
.Water lostlby evaporation (concentration factor
1.7) is replaced from an elevated tank through a float

control to maintain a constant volume in the system.
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triazole, tolyltriazole and nercapt obenzot hi azol e. The conpositions of the

pre§ent invention wll 15 ~ normally be.in the formof an aqueous

jl iti on but other possible forns include powders and briquettes. Typically »

the solutions will contain 20 to 50 wei ght percent, especially 25 to 35~

- wei ght percent, nitrite, 2.5 to 20 wei ght percent, especially 5 to 10 g

~wei ght percent, 20 phosphonate and, optionally, 1 to 10 wei ght 'uf{-
percent, especially 1.5 to 3 weight percent, polyner. Concentrations of
other additives, such as benzotriazole, which can be present, are suitably

- from0.1 to 5 weight percent, especially 0.5 to 1.5 weight percent; in '

order to bring 25 t he benzdtﬁ?é?o]e into solution the pH should be

i ncreased to, say, t i i:C " tg.cul arly - 8-

preferred formul aﬁ‘%ﬁe%%n%sﬁ%%%%%aﬁ%}g’g’gﬁlﬁ I%Iat[ rélht(i:leé,e 16 wei ght %

2- phosph = s - rd gar i i % j s ' wei ght % of
phosp %i'}\ge@m%l glﬁnta]_ab /O?dpo(‘;s]é 2SR NONAG A SRR HaA)idJate the

the acid, . yacrylic acid (33%active) “i.e. 1 2/3 weight %of 5
pol yacr ¥id a1 il theRididr P IiaditdP 2@ &hd tldbrmal dose for

the remainder of the test._'EécH test is for a minimum of
‘5 3 days, the test speoimehs being cleaned beforé'and‘after
each run to find the weight loss which is then calculated
to show the average_corrosion rate io_mils (0.025 mm) per
year. S .
The water used in ﬁhe tests was Widhes mains
10 water, 75 ppm calcium hardness. 90 ppm. M. alkalinity.
In the following tests the combined dosage of
additives in the éysteﬁ was 30 ppm. "In line" or
"High flow" répresents the corrosion rate in the tube
while "low flow/static areas" represents the corrosion
15 rate in the body of the reservoi:.
The results clearly show that the chosen
phosphonates in combination with the nitrite do exhibit

synergism.



12.5. Naturally the anount of the fornulation used will depend upon the
pature ofrthe systemand of -the water but with this specific forrmulatio ).
amounts from 100 to 200, especially 150 to 200, ppm are general |y suitabl e.
‘The follow ng exanples further illustrateldohe present invention. In these
'é&ggples two different types of tests were enployed, nanmely a circul atory
and a 15 -test to sinmulate internittent flow operations. In the

circulatory test a |laboratory test apparatus was used in which water is
circulated etc by neans of a punp froma reservoir maintained at a

Sufficient caustic soda to bri ng the pH of the aqueous solution to 12 to
. 1]

tenperature of 5§ CTWIh a heajer and thernostat. The 20 watef passes
through a glass fube asgenbly RHolding the netal test specinen (flow rate 2
ft/sec; 0.61 ms¢c) and{then ig returned to the reservoir entfaining air as
it does so in orfler to kedp thd water saturated with oxygen ap it would be
in a typical ope recir:ukatig cooling 25 system Water |ost|by
evaporation (cong¢entrat| om f agtjor~1.7) is replaced f@§n1an el evat ed tank
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-9- In each test treatnment is applied at three tinmes nornmal dose for 24

OQyYs in order to passivate the nmetals; then the water is diluted to the

np | dose for the remai nder of the test. Each.test is for a nininﬁn1oi 5 =
-days, the test specinens being cleaned before and after each run to find
t wei ght 1 oss which is then calculated to show the average corrosion rate
ln mls (0.025 mm per year. The water used in the tests was Wdnes nains-
- 10 wat er, 75 ppm cal ci um hardness, 90 ppm M alkalinity. In the
following tests the conbi ned dosage of additives in the systemwas 30 ppm
“In line” or "H gh flow' represents the corrosion rate in the tube while

"l ow flow static areas" represents the:corrosion 15 rate in the body

of the reservoir. plg &S WdstLhWAd atQud bafe bl e €laagAn sphosphonat es in
conbination with the nitrite do exhibit synergism

manmner, with the following results:
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Further tests were carried out

follow ng results:
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10-
gontrol li'ag corrosion in an
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| east

| east one wat er
| east the said two acid.

phosphonat e whi ch cont ai ns

| east one 5
| east one acid group is a carboxylic acid group and at

ous system whi ch conprises adding to the system at
east two acid groups which are carboxylic and phosphoni'c acid gFoups

ble inorganic nitrite and at

h that at
one-acid group is a phosphonic acid group,
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éxchanged water or a water of very | ow water hardness. - 15 - 7. A

met hod according to any one of the preceding clai Ln_whi ch the

ghosphonat'e has the general farmula: 0 " R [er??\;ﬁEFETﬁ‘R‘rS~h¥g£ogen

al kyl ;: < al kenyl or alkynyl having up 5 to 4 car bon ]% IQaI kyl
Rl

aV|ng 3 to 6 carbon atons; benzyl: phenethyl or [
h rogen, alkyl having 1 to 4 carbon atoms or carboxyl® gen or
>tfiyl and R "' is carboxyl or phosphonate. 10 A et hod
accordlng to daim?7 in which the phosphonate is
2- phosphonobut ane-1, 2, 4-tri carboxylic acid or

2, 4- dlphosphonobutane 1, 2-di carboxyl i c=ad#d=or a salt  thereof. 9. A
met hod according to any.one of the 15 preceding clains in which the
concentration of nitrite is CLAIMS .

1. A meﬁhod of controlling corrqsion in an
agueous system whiéh comprises adding to the system at
least one water.soluble-inorganic nitrite and at leést'one

'5 phosphonate which contains at least two acid groups which
are carboxylic and phbsphdnic acid groups such that at
least one acid group is a carboxylié acid group and at
least one acid group is a phosphonic acid group, at least
the said two acid groups being attached to carbon atoms,

10 the concentration of phosphonate.exceeding 5 ppm weight
per volume and the weight ratioléf nitrite to phosphonate
being from 90:10 to 5:95. | |

2. A method a:cofding-to Claim 1 in which ﬁhe
weight ratio of nitrite to phosphonate is from 4.5:1 to

15 15:85. | | |

3. A method according to Claim 1 in which the
weight ratio of nitrite to phosphbnate-is from 80:20 to
10:90. o |

4. A method according £6 C1aim 1 in which the

20 weight ratio of nitrite to phosphonété is from 5:1 to 2:1.

5. A method-aCCordiné to Claim 1 in which the
weight ratio of nitrite to phosphonate is from 4.5:1 to
3:1. | _

6. A method-accotding_po any one of the

25_ preceding claims”in whigh:the agueous system is a base

exchanged water or a water of very low water hardness.



w

vol une. 10. A net hod accordi-ng to aim9 in

he co i on of n|tr|te is from10 to I ess than 45 ppm 11. A
accor m I@[fﬂ f-the - 16 « preceding clains in whi'ch the =

concentrati ons is from10 to 15 ppm wei ght per vol une. 12.

A met hod accordi ng to any one of the preceding clainms which conprises

addi ng al so a wat er sol ubl e organi c pol yner. 13. A net hod accordi ng-

to Caim12 in which the organi ¢ pol yner possesses recurring units of the~

general formula: [err] wherein [err] represents hydrogen or alkyl of 1 to 4

carbon | oatons, X represents COOH and Z represents hydrogen or COOH or X

and Z together represent -CO OLQsg J4. A nethod according to Caiml13 in
whi ch the polyner is a polynmer of acryllc or nethacrylic acid. 15. A

met hod according 490 O ai Mdehdd dddddding to any one of the

preceding claims in which the phosphonate has the general
formula: '

R
|
L, — coon

wherein R is hydrogen,-alkyl, alkenyi or alkynyl having up
5 to 4 carbon atoms; phenyl; cycloelkyl having 3 to 6 carbon

atoms; benzyl; phenethyl or

R' Rl'l

CH _clzn — R’

wherein R' is hydrogen, alkyl having 1 to 4 carbon atoms
or carboxyl, R" is hydrogen'of methyl and R''' is carboxyl
or phosphohate. | |
10 8. A method according to Claim 7 in which the
phosphonate is 24phosphondbutane-1;2,4-tricarboxy1ic acid
or 2,4-diphosphonobutane-1,2~dicarboxylic acid or a salt
thereof.
9, A method'accerding to any one of the
15 preceding claims in which the concentration of nitrite is
less than 45 ppm weight per volume.
10. A method according to Claim 9 in which the
concentration of nitrite is ffom'lo'to less than 45 éPm.

11. A method according to any one of the



15 the organic polyner is a phosphlnopolyacrngLg_gL,nELhaery1ate. 16. (?E%P
has a

met hod acgcording to.any one of Clainms 12 to 15 in which th r
wol ecul ar* wei ght from 500 to 100 000. 20 “\ \““ﬂﬁ _
according to any one of Clainms 12 to 16 in which \t\‘“‘g s added in an
annunt_fron10.5 - - 17 - to 50 ppm wei ght- per vol tine: 18. A method
agcording to Claim17 in.which the polyner is added in an anbunt from2 to -
10%ppm wei ght per volune. 5 - 19. - A nmethod according to any one
of the preceding clains in which the agueous systemis a cooling water
- system 20. A nmet hod according to daiml substantially as herei nbefore
described. 10 A net hod g%cﬁrding'to Claim1 substantially

21.
d [ ' - _
as descri bed '%r%@%d?%% 83£§§2 Le3h§q£Otgeaggnégngpaéfbn.of phosphonate

is from 10 to 15 ppm weight per volume.
12, A.methéd according to any one of the .
preceding claims whigh comprises adding also a water
‘5  soluble organic polymer. | |
13. A method according to Claim 12 in which
the orgahic'polymer possesses recﬁrring units of the

general formula;

p . -1
: Rl
B l
—_1 c . C | ——
X
L -

whérein R1 répresents hydrogen . or alkyl of 1 to 4 carbon
1oatoms; X repfesents'COOH and 2 represents hydrogen or COOH
or X and 2 together represent -CO-O-CO-.
14. A method acCo;ding to Claim 13 in which
the polymer is a polymer.of acrylic_or methacrylic acid.
| 15. A method according to Claim 12 in which
15 -the organic polymer is a_phosphinOpolyacrylgte or
methacrylate. -
| .16. A method according to any one of Claims 12
to 15 in which the polymer has a mole@ular weight from 500
to 100 000. |
20 17. .A method according to any one pf Claims 12

to léﬁin which the polymer is added in an amount from 0.5



A conposition suitable for addltlon to water which conprlses at | east
er solmllm "l"jmﬁmm nitrite and at | east one phosphonate as
dind (Jnf'ratlo of nitrite.to phosphonate bei ng from
90:T0 to 5:95, with“th® ptoviso that if the said ratio is from90:10 to-5 :
<+ the conposition also contains at |east one other water treatnent

ob N

additive. 20 23. A conposition according to aim22 in whic{i,/
the said other water treatnent additive is a silicate, inorganic phosphate
or pol yphosphate, a lignin derivative or a heterocyclic conpound. 24. A

conposition according to Claim22 or 23 25 which is in the formof an
aqueous sol ution which contains-207to 50 wei ght percent of nitrite and 2.5

to 20 wei ght - 18 - percent of phosphonate. 25. A conposition
accordi'sg 50 fbmiwe2ghvhpet wonuméns 25 to 35 wei ght ‘percent of nitrite and
5 to 10 wei ght percent of phosphonate. 5 26. A conposi tion

according to any b&e ofA method accordlng to Claim 17 in which
the polymer is added in an amount from 2 to 10 ppm weight
per volume. _ |

5 19. A method according to any one of the
preceding claims in which thé'aqueous system is a cooling
water system. |

20. A method accordiné to Claim 1
substantially as hereinbefore described..

10 21. A method according to Claim 1
substantially as described in any one of Egamples 3 to 8
and 10 to 14.

22, A C6mposition suitable for addition to
water-which comprises at least one water soluble inorganic

15 nitrite and at least one phosphonate as defined in Claim
1, the weight ratio of nitrite to phosphonate being from
90:10 to 5:95, with the proviso that if the said ratio is
from 90:10 to 5 : 1 the composition also contains at least
one other water treatment additive.

20 23. A composition according to Claim 22 in
which the said-other water treatﬁent_additive is a
silicate, inorganic phosphate or polyphosphate, a lignin
derivative or a heterocyciic cémpbund.

24, A comp§sitioﬂ according to Claim 22 or 23

25 which is in the form of an aqueous solu;ioﬁ which contains

20 to 50 weight percent of nitrite and 2.5 to 20 weight

-



3 . . . -
Cains 22 to 25 in which the weight ratio of nitrite to phosphenate is as
defined in any one of Clains 3 to 5. 27. A conposition accordi to any{
‘bne of C<ims 22 to 25 in which the weight ratio m‘“ﬂm‘ ‘3&““‘\ SR
.-phosphonate is as defined in aim2. 28. A cona ] I4g to any
one of “Ctainms 22 to 27 in which the phosphonate is &s “defined in Caim7 or
8. 29.. A conposition according to any one of 15 Cdains 22 to 28 which

al™sb contains a water sol uble or gani ¢ pol yner. 30. A conposition '
according to aim29 in which the organic polynmer is as defined in any one
of Clainms 13 to 15. 20 : 31. A conposition according to Caim 29

or ‘30 which contains 1 to 10 wei ght perdént= of pol yner. 32. A conposi tion
according to Caim31 which contains 1.5 to 3 weight percent of polyner.
33. A conposPeresntcRbrRhegphranatifs one of 25 dains 22 to 32 which

COMprises 30 wei ght percf??_scﬁ“égﬂﬁgéféfé% éiég?dqg% %%rE?QEm 24 which

.coﬁtains 25 to 35 weight percent of nitrite and 5 to 10
weight percent of'phosbhbnate. |

5 . 26, A cémposition_according to any one of
Claims 22 to 25 in which the weight ratio of nitrite to
phosphonate is as defined in ény one of Claims 3 to 5.

27. A composition according to any one of
Claims 22 to 25 in which the weight ratio of nitrite to

10 phosphonate is as defined in Claim 2.-

28. A composition according to any one of
Claims 22 to 27 in which the phosphonate is as defined in
Claim 7 or 8.
| - 29. A composiﬁion according to any one of

15 Claims 22 to 28 which also contains a water soluble
,organic polymer.

30. A composition according to Claim 29 in
which the organic polymef is as defined in any one of
Claims 13 to 15. |

20 " 31. A composition according to Claim 29 or 30
which contains 1 to 10 weight percent of polymer.
_ 32. A compbsition acéording to Claim 31 which
contains 1.5 to 3 weight percent of bolymer.
33. A composiiion according to any one of
25 Claims 22 to 32IWhich comprises 30 weight percent'sédium

nitrite, 8 weight percent



M S - 19 - Z- phosphonobutanemi¢2,4atricarboxyLLc act d;-. 1. 2/.3

c acid and 1 wei ght percent benzotriazole, the
mtﬂl“lnullmllgml H“&d to.a pHof 12 to 12.5 with caustic soda. 5
34. A conposilti ®n according to Caim?22 substantially as hereinbefore =
descri bed.

- 19 -
2-phosphonobutanef1,2,4-tricarboxylic acid, 1 2/3 weight
percent polyacrylic acid and l'weight_percént
benzotriazole, the composition being adjusted tb a pH of
12 to 12.5 with caustic soda. |

5 | 34. A compositlon accordlng to Claim 22

substantially as hereinbefore described.

- . e N
-



