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CORROSI ON- 1 NHI BI TI NG COMPCOSI TI ONS FOR HEAT TRANSFER FLUI DS The field of

the invention is that of aqueous 5 |iquids which can beszﬁﬂeﬁﬁ ﬁﬁﬁ%
-transfer fluids for cooling circuits, for exanple copllng_C|rCU|?s 0
i nternal conbustion engines, the corrosiveness of which is to be overcone.

Water and aqueous sol-utions are very widely 10 used as cooling fluids in
circuits constructed of various netals, copper, steel, alumnium cast

‘iron and tyeid1pddsws. which they attack as soon as ﬁ#ﬁlrrs'ﬁé)dpjrde)@e%@e of

conditions are achieved. There are many corrosion fac : _
ions, high tenperatures, 15 pressure, flow of fluids (cavitation _
corrosion),  coupling to welds. Very particular attention nust be paidto

cavi tation cOCORROSIONHENRIBIRINGhEOMPOSITEORSE HORN &R0 TeQiWseEiRON IS the
| oss of materia romthe walTs o0 € ClIrcuits _ per f oration.
I'n addition, corrosion products are FuuImsl, the deposits of which disrupt
transfer of heat between the fluidand the walls-of the circuit and bring

about superheating on the hot walls, with high risks of failure of _
sensitive nechani cal conponents. 25 The products used to | ower the freezing

point of water are dMeadtimldhad che jpaventcidarly skatoos aghéect on

morsenigg t he corrosiveness of cooling 21 Decenber 2003 2
liquids which can be used as heat transfer fluids for

‘cooling circuits, for example cooling circuits of
internal combustion engines, the corrosiveness of which
is to be overcome. |
Water and aqueous solutions are very widely
10 used as cooling fluids in circuits constructed of
various metals, copper, steel, aluminium, cast iron and
their alloys, which they attack as soon as the
corrosion conditions are achieved. There are many
corrosion factors: presence of ions, high temperatures,
15 pressure, flow of fluids (cavitation corrosion),
coupling to welds. Very particular attention must be
paid to cavitation corrosion phenomena.
Thg first consequence of corrosion is the
loss of ‘material from the walls of the circuits and
20 their perforation. In addition, corrosion products are
formed, the deposits of which disrupt transfer of heat
betw;én the fluid and the walls of the circuit and
bring about superheating on the hot walls, with high
risks of failure of sensitive mechanical components.
25 The products used to lower the freezing point
of water are a factor having a particularly serious

effect on worsening the corrosiveness of cooling



fluids. The use of saline bri nes, for the aggressiveness of which, in

particul ar towards welds and alum nium a satisfactory |~ AL ] qii)never
-.really been found, has virtually been abandoned. Indust?iEE%EQgebeeﬁ won

over to organic antifreezes of the class of the alcohols, nethanol,

et hanol , 2-propanol, glycerol, ethylene glycol, diethylene glycol,

propyl ene glycol, ethylene glycol nethyl, ethyl, propyl or butyl ether,
“and 1- et hocy-2-propanol. Ethylene gly€ol is by far the 10 nost w dely used
antifreeze today. Nevertheless, the problemis still posed of protecting
fromcorrosd coql.ing circuits fed with aqueous fluids conprising or not
conpri si ng (r?lr&éjnsi 'c%g}ﬁ iq‘fsreee ss,ajojfn%et?/’éjr%%’?nggoEoFr{‘)ﬁsi tions which inhibit
corrosion i Rdl 5 i.f possible, of formulatin tifreeze
conposi ti or?%g%%%l]sclh aregsstahrbgfm% VY cbf g B%C?Lﬂfbﬁ?'f’ﬂﬁés Tﬁ%i‘ascorrposi tions

burd 144 I ad | at i ng. [ t al tection.
o for e e o PRy ROt o R $20E tRe Ble "

phosphat es peRint i, BRYIANES:+ Il Wpda L gesy | igation with
nitrites, which, in the prior artl,w)ha al %1%8@%% %%‘glﬁggg?oﬁ%%nded and

some of swhbelknhabrbesp Midelordiatih SROSHNALASs PEECLRE L@ 855 0fscontact with

hard water and, for this reason, their 25. concentration and activity
decr eases ¢Hepbaidodn)ls,| ndthanylssiddmarddl cobgtobhst, yiyad-4he price of
an 27 Decenber 2003 3 _
ethylene glycol, diethylene glycol, propylene glycol,
ethylene glycol methyl, ethyl, propyl or butyl éther,
and l-methoxy-2-propancl. Ethylene glyéol is by far the
10 most widely used antifreeze today. Nevertheless, the
problem is still posed of protecting from corrosion
cooling circuits fed with aqueous fluids comprising or
not comprising organic antifreezes, of developing
compositions which inhibit corrosion in such media and, -
15 if possible, of formulating antifreeze compositions
which are themselves corrosion inhibiting.

These compositions are burdened by specific
constraints relating to environmental protection. It is
'forbidden, or in any case highly inadvisable, to

20 include phosphates, nitrites, borates, molybdateé and
amines in combination with nitrites, which, in the
prioE Frt, had all the same been recommended and some
of which-had been widely used. Phosphates precipitate
on contact with hard water and, for this reason, their

23. -concentration and activity decreases (depletion). It is

possible to combat this, but at the price of an



increase in the cost of the protection, by the use of - certain additives

(JP-A-62205183). In addition, these phosphates are har ni—pbe&g}mg%ezo 3
. environment (eutrophication of water). Am nes, when they are use Q in
conmbination with nitrites, lead to the risk of formation of nitrosam nes,
which are highly toxic products. Di scharges of fluids to which boron
derivatives or nol ybdates have been adged are also harnful and,require
“treatment before they are returned 10 To the environnent. Attention has
therefore been firmy directed towards other organic inhibitors, which has

iven rise. r.e | i Lon eat n atent s,
igncl udi ng, l%lgfgg%gngﬁje%gyﬁ%%%p&%?étak}l er{ac}%geca%]%'ﬂﬁy r%?%é%el P+ 15 Us
4,759, 864, ni : tifpeeze Hass nt i pat i of an

al kyl benzoi(:%ggll%lg?il ggllg I‘(J%:gbe(r?;%g\t e) wt ﬂa' (%ﬁ %ﬁ%n%dartg%xsﬁ ic acid (or

car boxyl at ghoapHatklsi a%@l nahich 127 APHRORKASHNML@ci d derivative as
precipitation, inhibitor and polyacrylic acid 20 (pol yacryl ate) as

stabilizer(elBrépbd 6a393n bEr wareant. rEeZS WiiHeChHeLP dnegaipoxylic acid
(rmonocar boxyl ate), C5-C16 |. | diacid (salt) and triazol derivative; US

4,657, 689, ifiocoabiaatibhee@ieh2nieeipdssi NG -Gk wanbeeyl i c acid
(carboxylate) , a 27 Decenber 2003 4

formation of nitrosamines, which are highly toxic
products. Discharges of fluids to which boron
derivatives or molybdates haye been added are also
harmful and require treatmént before they are returned

10 to the environment. Attention has therefore been firmly
directed towards other organic inhibitors, which has
given rise to a great many publications and a great
many patents, including, for example:

~  US Application No. 819,321, cited in

15 US 4,759,864, concerning an antifreeze based on the
combination of an alkylbenzoic acid (or alkylbenzoate)
with a Cg—C;; monocarboxylic acid (or carboxyléte) and
triazol, with an aminophosphonic acid derivative as
‘precipitation inhibitor and polyacrylic acid

20 (polyacrylate)} as stabilizer;

- US 4,647,392, for an antifreeze with

Cg—C? monocarboxylic acid (monocarboxylate), Cs-Cie
diacié (salt) and triazol derivative;

- US 4,657,689, for an antifreeze

25 comprising a Cs;—Ci¢ carboxylic acid {carboxylate), a



C5- C16 dicarboxylic acid (or salt), a triazol derivative and an al kaline

C10- C20 sul phonat e;

US 4,588,513, for antifreeze with dig pb%%g)éé??egl d (or

.a salt), an alkaline silicate and 5 a triazol derivativ

for an i nhibitor

conprising a G 7-Cl$ carboxylic acid and p-tert-

but yl benzoi c acid; US 4,759,864, for an antifreeze 10 conprising a C6-Cl2
acid or a salt, an alkaline derivative of boron and a triazol derivative.

"The article by GT..Hefter et al., "Oganic Corrosion Inhibitor in Neutral
Sol uti ons", publ ished in "Corrosion, Vol. 53, No. 8, 1997, NACE
I nternati ona p ages 657- 667 i robl ens_ encountered in
mul ti net al éoFi‘% (fjo ‘?‘hd ﬁ?frc%%Jet) th sEr%%ﬁ‘B%sﬁj?Fb‘ﬁ@tHBe not

provi de a, %%td séf acath{ayjz%o e1|82 iPp utlhﬁnoe{ bl em of cavitation corrosion,

whi ch remains a maj or

aut onpbi | e engi nes.

e]o'artl cul ar for manufacturers of

The comopidd one o $0e Bheseple L ryeption provide an

answer to this problem which‘is ‘expres practice 1Tn their conformty

to the requid-emRLaQf 418 SEs ;Caé|§:§1t)cavér}a£i19£'llﬂ§ﬁ§él}%%lEQeagg sanme

time as those of the standard tests

rtrng

or’ 'eval uating

ef fectivengss ARGy hptricandidd,ons with 27 Decenber 2003 5

- Us 2,832,742, for an inhibitor

comprising a C;-Cjg carboxyiic acid and p-tert-

butylbenzoic acid;

-, US 4,759,864, for an antifreeze

10 comprising a Cg-Ci» acid or a salt, an alkaline

derivative of boron and a triazol derivative.

The article by G.T. Hefter et al., “Organic

Corrosion Inhibitor in Neutral Solutions”, published in

“Corrosion, Vol. 53, No.- 8, 1997, NACE Internaticnal”,

15 pages 657-667, reviews the problems encountered in

multimetal corrosion.

However, in any case, these compositions do

not provide a satisfactory solution to the problem of

‘cavitation corrosion, which remains a major

20 preoccupation, in particular for manufacturers of

automobile engines. The compositions of the present

invention provide an answer to this problem, which is
. _

expressed in practice in their conformity to the

requirements of the so-called “cavitation" test, at the

25 same time as those of the standard tests for evaluating

the inhibiting effectiveness under hot conditions with



respect to various netals in an antifreeze liquid. The CEC C-05X-95
“cavitation” test is that which provides an evaluation &f D%ng_lggxgo%gnance
or 'S

of an inhibiting conbination with regard to the corrosion eel~and 5
of alum nium by cavitation of a possibly antifreeze fluid circulating in a
| oop under standard flow rate, tenperature and pressure conditions. These
tests are described in the exanples. The present invention is that of a
“process 10 for inhibiting nultinetal 2or r osi on by heat transfer fluids,
whet her or not these fluids conprise an organic conpound which |owers the
freezing paint, i,ch_ cansists irﬁosin,troducin ,.into the said fluids, 3 to
6% by wei JFEFSTT fref@asiy® 936 59 A2 aa%‘g%ﬁé‘?ﬁ%‘? EMWtdant &S nhi bitors
conposed of.. (1) az_ 8% _hy. i.ght, of at ] east one unsaturated
nonocar boxﬁalc((: C)acq% 8905:rLrprci""sviylntga 28 %eag'bohs a@i‘%‘f‘rs‘%ﬁ'&?)fplé%‘él%?si ts al kal'i
nmetal salts, ay "otrﬁ 1 hel f he .
s} %?1 'of .
nonoet hyl am ne, agg'l I"et yc1 atf]t‘ll?%e%orgr Orl%}g rgc% acgngnrgelfi %I?}g%ﬁiglno am ne salts,
t he al kanol-apii6, 8id J'rtgnmrteﬁ;% Qup i {@8%@ ' “di gt hanol ani ne,
triet hanol am ne or net hy]1 I et tanol am ne; "~ - EI% 4 tonéfg%a/%be wei ght of at
| east onme 2F satididlieh G RXMIdG 12 b %%b§£%‘ir%h£ﬂgiﬂ@ezéons' sting of
satur at ed nonocar boxylic "acids conpri sing Decenber 2003 6
fluid circulating in a loop under standard flow rate,
temperature and pressure conditions. These tests are
described in the examples.
The present invention is that of a process
10 for inhibiting multimetal corrosion by heat transfer
fluids, whether or not these fluids comprise an organic
compound which lowers the freezing point, which
consists in introducing, into the said fluids, 3 to 6%
by weight and preferably 3.8 to 5% of a system of
15 organic inhibitors composed of:
- (I) 5 to 15% by weight of at least ocne
unsaturated monocarboxylic acid comprising 10-18 carbon
atoms or of one of its alkali metal salts, amine salts,
"the amine being from the group of monoethylamine,
20 diethylamine or triethylamine, or alkanolamine salts,
the alkanclamine being from the group of
moncethanolamine, diethanolamine, triethanolamine or
E N
methyldiethanolamine;
- (IT) 40 to 70% by weight of at least one

25 saturated carboxylic acid taken from the group

consisting of saturated monocarboxylic acids comprising



5-16 carbon atonms and saturated di carboxylic acids conprising 4-12 carbon
atons, or an alkali nmetal or am ne or al kanol am ne salt rds
*(111) 20 to 40% by weight- of a 5 tricarboxylic derlvatlvzﬁbfgaﬁggg&@rla2|ne
corresponding to the forrmula: NHR NNHR NHR in which fornmula Ris a

car boxyal kyl group conprising 2-6 carbon atons, or an alkali netal or

am ne or 10 al kanol am ne salt_of this derivative; (I1V) 1 to 5% by wei ght of
an azol e derivative taken fromthe group consisting of: (a) imdazoles of
formula 15 (b) benzi m dazoles of fornula ~~N R2 27 Decenber 2003 7 (c)

triazoles O% H%r@gf%éﬁygtdkguéﬁhIgatuggég%Fgacaré Qypqgégg{éa20|es of

formul a
comprising 4-12 carbon atoms, or an alkali metal or

amine or alkanolamine salt of these acids}
- (IIT) 20 to 40% by weight of a
5 tricarboxylic derivative of 1,3,5~triazine
corresponding to the formula:

NH I' Ny NHR

NYN
NHR
in which formula R is a carboxyalkyl group comprising
2-6 carbon atoms, or an alkali metal or amine or
10 alkanolamine salt of this derivative;
- (IV) 1 to 5% by weight of an azole
derivative taken from the group consisting of:

(a) imidazoles of formula

15

(b) benzimidazoles of formula

N

" A

R
Ra



NR N { R35 (e) tetrahydrobenzotriazole (f) thiazoles of fornula 10 (g)
benzot hi azoles of formula RI R2 15 (h) and the al kali meiahesahits 20h3t hese
+-azol e derivatives, 27 Decenber 2003 8 in which fornmulae Ra, Is a hydrogen
atomor a nethyl radical R2 is a hydrogen atomor a nmercapto radical R3
is a hydrogeri atomora radical of formula 5 CH2 R4 -R5 wth 1- and RS,
Which are identical or different, representing a 2-ethyihexyl or

hydr oxyal kyl radical, in particular a hydroxyethyl teskc .ue . 10 In a
preferred enbodi nent of the process (X the invention, the ratio by weight

of the constituents | (@nd ¢, i.,01es of formula

N N
Q, H‘,

Rs R3

or

(d) benzotriazoles of formula

, R w
_ 1
. pr’N

l

Ra
5
(e) - tetrahydrobenzotriazole
(f} thiazoles of formula
:: /jix
7 Ry
10
(g} benzothiazoles of formula
? R1 iiiji:: /Jr\
s~ R,
15 (h}) and the alkali metal salts of these

azole derivatives,



[1(1/11) wll be between 5 and 15 and preferably bet-w en- 8 and 12 and the
rati o by weight e~ tkc stitu~.nts and I, on the one han logok! +
[1)/111) will be 15 between 1.5 and 3 and preferably be?&ggﬁggﬁé- g 2.2
:For the salts of. the organic acids, the percentages by weight relate to
the acid fraction of the salt concerned. Preference is gi ven, anong
saturated Cs-Cl6 20 nonocarboxylic acids, to C5-Cl0 acids, in particular
n- - hexaoi ¢ aci d, heptanoic acid, n-octanoic acid and . nonarsoic acid.
Preference is given, anong allphatlc dgcarbo cylic aC|ds conpri sing
saturated G GiRiehakAsmu1de 27 Decenber 2003 9 5 to ‘C4-C10 _acids, in
particul ar suberic acid, azelaic acid and sebacic acid. Preference IS

gi ven, anong unsat ur akedi €18- ﬁ%aro?eﬁoeabaow i2C ratiils1 faquedecylenic
aci d. Wien a saturated nonocarboxylic acid and a saturated di carboxylic

acid are used toget heR; i$ &ashyddwgahageens o0 xCemhideptoefutincal

di aci d/ nonpacid ratio by mass of 0.1:1 to 10:1, preferably 0.6:1 to 5:1.

The preferred tr|carbﬁxyi$cadbydvagemea@bmlﬁria3ﬁhdxwailoé Eerihdaconpound
of formfia: HOOC - (CH2)r, --NH

o

with Ry and Rs, which are identical-or different,

representlng a 2-ethylbexyl or hydroxyalkyl radlcal in
pthlbular a hydroxyetnyl residue. '

iQ In a preferréd embodiment of the process of the
invention, the ratio by weight of the constituents I and
II(I/II) will be between 5 and 15 and preferalty between
8 and 12 and the ratic by weight of thc constituents I
and II, on the one hand, and III ((I + II)/I11) will be
15 bpetween 1.5 and 3 and preferably between 1.9 and 2.2.

- For the salts of the organic acids, the
percentages by weight relate to the acid fraction of the
salt concerned. -

Preference is given, among saturated C;—Cy
20 mnmonocarboxylic acide, to Cs-Cyy acids, in particular
" n-hexanoic acid, heptanoic acid, n~octanoic acid and
nonanoic acid.
Preference is given, among aliphatic

dicarboxylic acids comprising saturated C4—~Ci; chains,

25

-



K, _,NH--(CH2)5-COON T Noml NH--(CH2)5--COON RN = 80584-91-4 or its
triethanolamne salt. The inhibitor system according to Zt?hge e]rr";’oér%?@“ on
- ‘can be used in aqueous fluids, with or wthout antifreeze, ?or cool 1 ng
circuits and in particular for cooling circuits of internal conbustion
engines. It can be enployed by directly introducing 20 the various
Lonponents of the-inhibitor systemintogthe transfer fluid. It is nore
convenient to enploy nother solutions, which are aqueous sol utions
conprising from 10 to 60% by wei ght of the inhibitor system conposed of
t he conponehbsC+¥i0. Gklifs, (hhl baatnd 1y asistasics i et 27 Recender 2003 10
above, the pH of which.will be adjusted by neutralization, for exanple
wi t h sodi unehydr exiddecbiericorded.t o di ssolve all the conponents and so that
the pH of the transfer fluid will be in the range 7-9, 5 preferably '
7.5-8.5. These aqueou&refierharesadbugioes arewunposidtiwnstead Clhphes;
invention. The system of inhibitors. according to the invention provides
prot ecti on BYBPRIELRYVELFeBERds, to undecylenic acid.

5 When a saturated monocarboxylic acid and a
saturated dicarboxylic acid are used together, it is
advantageous to combine them in a diacid/moncacid ratio
by mass of 0.1:1 to 10:1, preferably 0.6:1 to 5:1.

?he preferred tricarboxylic derivative of

10 1,3,5-triazine is the compound of formula:

HOQC—(CHy)s—NH NH—(CH,)s—COOH

\("k

N.__2N

NH—(CHz)s—COOH
RN = 80584-91-4

or its triethanolamine salt.
The inhibitor system according to the
15 invention can be used in aqueous fluids, with or
- without antifreeze, for cooling circuits and in
particular for cooling circuits of internal combustion
engines.
It can be employed by directly introducing
20 the#Var;Qus components of the ‘inhibitor system into the
transfer fluid. It is more convenient to employ mother
solutions, which are aqueous solutions comprising from
10 to 60% by weight of the inhibitor system composed of

the_gpmponents (I}, (II), (III} and (IV) as described



10 corrosion under cavitation corrosion conditions (high. 27 Decenber 2003
11 tenperature, high pressure), a fortiori under mlder conditions of ,
aggressi veness. The system of inhibitors: of the invent ion can  be used in
wi de ranges of applications enpl oyi ng. media 5 of femméaemb@moogast iron,
cuprous copper and 10 al um niumtype, iR particul ar. Mention may be nade of
surface treatment, the working of netals, paint stripping or Iubrlcatlon
EXAMPLES The exarrpl es.which follow will nake the invention better

under st ood. Thé?oY%qﬁhreePﬂh‘éf résght 8illofoet ediwstebidvar |y carried out in the

aut onobi | e tests are restate The corrosion.
test in gl assvxggtz{%%lﬁ%@%gg’&%%dar g9 38 Bfg S?fl'fr%é’iyﬁlﬁo’f‘%%et fidr Engine
Cool ants in Ghassyaredissohichimakes ddnppassid id Qo”Pﬁ'éE ?
variations in wei%}ht of different nmetals (copper, solder, ra , Steel,

cast steel, caSt EumrAraR§r fluded wi Khiresiionthorr3e6 hedy s (15 days) at 88C
in a 20 corrosiye u ium t0 which antifreeze has been added; -- b}
Hot plate test™ (/ %%i}?azdgfécjf D 4340: "Corrosi-on of cast al uminium all oys

[ n Engi ne Cool ants These aqueous. mother solutions are compositions of
the invention.
The system of inhibitors according to £he
invention provides protection against multimetal

10 corrosion under cavitation corrosion conditions (high



under Heat-rejecting Conditions"), by which the 25 variations in weight are
noni tored of a sanple made of cast alumnium sinmulatin eat ed
-.at 135C 21 Decenber 2003 12 for 168 hours (7 days) and S%Lﬁgg%égéﬂggoa
pressure of 193 kPa in a corrosive solution (0.165 g/l of Nad)

conprising 25% of antifreeze; - c) Cavitation test (CEC Standard C-05X-95),
5 by which the variation in mass is neasured of test bodies conposed of

‘di scs nmade of cast steel and cast alum nium subjected to the action of the
circulating flow of a corrosive solution according to ASTM Standard D

ggﬁg|§rgﬁ§q§%dg? E€£é6i$$é%é%€%§§u?% focN?Hgggg é%%5n84£%¢§223£et2a5 in
tenperatuerddfﬁﬁghgo fnggqﬁi%gy%%gé%?p and corr05|on phenonena. The

tenperature o e test is owrate of the fluid 300 1/h and "
the pressure 150 kPa. TH@esl}ét&Hr@flpﬁh%ﬁB@st B3t th% Z%v%t& ion Hag tests

take into consideration three types i nhi bitors: conventi ona

i norgani ¢ gapeséd i DNSw DAS ean§os NbE ral%lsh@at@@hgx eﬁblggligdtn@@ﬂaol ybdat e,
20 ii) organic or m xed conmpositions of the prior art conprising sebacic

acid, ii3) abnpostdi9NSraecotdsNgi tonf heuppyast tepperFahdal | the test
conpositions, the inhibitor
aluminium type, in particular. Mention may be made of
surface treatment, the working of metals, paint
stripping or lubrication.
E LES
10 The examples which follow will make the
invention better understood. They require the results
.of tests regularly carried out in the automobile
industry, which tests are restated here:
- a) The corrosion test in glassware (ASTM
15 Standard D 1384: "Corrosion test for Engine Coolants in
Glassware"”), which makes it possible to monitor the
variations in weight of different metals (copper,
solder, brass, steel, cast steel, cast aluminium) after
" immersion for 336 hours (15 days) at 88°C in a
20 corrosive agqueous medium to which antifreeze has been
added;
-~ b) Hot plate test (ASTM Standard D 4340:
"Corrosion of cast aluminium alloys in Engine Coolants
under Heat-rejecting Conditions"), by which the

25 wvariations in weight are monitored of a sample made of

cast aluminium, simulating a piston, heated at 135°C



conmponents were dissolved in ethylene glycol. The pH of 2-5 the

concentrated solution was adjusted to between 7 and 8 bylggg%ﬁgaq?ﬁé
- sodi um hydroxi de. The al kali ne reserve 2-7 Decenber 2003 1 o) hese

conpositions, expressed in mllilitres of 0.1N hydrochloric acid, is
determ ned according to ASTM Standard D 1121-93. These concentrated
solutions constitute the antifreezes. The cooling liquids are 5 obtained
by dilution to 50% with deioni zed watef2 The test solution is conposed of
a corrosive solution to which this cooling Iiquid has been added in a
proportion of 33% by volune, if ASTM Standard D 1384 is applied, 25% by
vol ume for QE?NF@?a%EIaFH H74dagsdr apdosrbiprhest e & drrCECUSt anidar d

C- 05X- 95. s made, in preparing_the conmpositions given in the

exanpl es, t§§3ﬁg8?ah8i€ SEFEOLEYF 88 1N5AGEarBoxAT /dcidk MaCllype (1), Is -
undecyl eni c acid.%c%.,'5; a? monocar boxylic acid of type (Il), - the
conpound | r GAEBF 1B 19982 sBEd2ByIEFFEZS7 (L190; RN=80584- 91-4), as

Loy car boxyl e derl vatvg, obcpb ELRELAS o209 ckf) NI 28] £ (L oo 111 azol e
5 by which the variation in mass is measured of test
bodies composed of discs made of cast steel and cast
aluminium subjected to the action of the circulating
flow of a corrosive solution according to ASTM Standard
D 1384 (Na:80,: 148 mg/l, NaCl: 165 mg/l, NaHCO;:

10 138 mg/l) under test conditions generating diffefences
in local speed and local pressure and in temperature
likely to induce cavitation and corrosion phenomena.
The temperature of the test is 115°C, the flow rate of
the fluid 300 1/h and the pressure 150 kPa. The

15 duration of the test is 72 hours.

The tests take into consideration three types
of inhibitors:
i} conventional inorganic compositions based
" on nitrites, on borax or on sodium molybdate,

20 . ii) organic or mixed compositions of the
prior art comprising sebacic acid,

iii) compositions according to the invention.
For all the test compositions, the inhibitor
components were dissolved in ethylene glycol. The pH of

25 the concentrated solution was adjusted to between 7 and

8 by addition of sodium hydroxide; The alkaline reserve



by weight with respect to the conposition in ethylene glycol, the

conposi tions V9 and V10 being preferred 2-5 conpositi onsyppeodHb&Pobe t he
“invention; the conpositions V2, V3 and V6 being outside the invention. 27
Decenber 2003 14 COVPCSI TI ON Conponent V2V3V6V8VI9V10 C7-3322.52.5
011:1---0.20.30.3 L1902-1111. 5. TTZO0.10. 20.20.10.10.1 The results in the
various tests according to the standards referred to below are given in
Table 1. 5 - For ASTM D1384 (corrosionlﬁn gl assware), the test is
successfully passed if the loss in weight is less than 5 ng with respect

t o copper, with respect to hrass, 5 ng wWith respect to solder, 2.5 ng
with Pgspec?Agg SfedPesg FHTRPER tAO8Sec CXRF S3R8S | ¥ itttk 195 Ry wi t h

P L e DL Y
bR R B T L NER A R
2003 constitute the antifreezes. The cooling liquids are
5 obtained by dilution to 50% with deionized water. The
test solution is composed of a corrosive solution to
which this cooling liquid has been added in a
proportion of 33% by wvolume, if ASTM Standard D 1384 is
applied, 25% by volume for ASTM Standard D 4340 or 20%
10 by volume for CEC Standard C-05X~95.
Use was made, in preparing the compositions
given in the examples, of:
? - heptanoic acid (Cy) as monocarboxylic acid
of type (I),
15 - undecylenic acid (Ci;.1) as monocarboxylic
acid of type (II),
- the compound Irgacor® 1190, sold by Ciba
(L130; RN=80584-91-4), as tricarboxylic derivative of
' triazine,
20 - tolyltriazole (TTZ) as triazole derivative.
EXAMPLE 1:
. The following compositions were prepared as %
by weight with respect to the composition in ethylene
glycol, the compositions V9 and V10 being preferred

25 compositions according to the invention; the

compositions V;, V3 and Vg being outside the invention.



5 TABLE 1 V2 V37 5 Sol der Cast steel , Cast .Al." 5ng - 2- ng - 4 ny

I
2.1-2.0-6.0-3.5-0.1-0.1--4.0-2.0 COWGCSITION . V637 Bedermniber 2003 3
1.0 -~1.0. '

) 14
COMPOSITION
Component IV2 V3 Vo VB Vo V10
Cq - 3 3 2 2.5 2.5
Ciia - - - 0.2 0.3 0.3
L1920 2 - | 1 1 1 1.5.
TTZ 0.1 0.2 | 0.2 0.1 0.1 0.1

The results in the various tests according to
the standards referred to below are given in Table 1.

5 - For ASTM D1384 ({(corrosion in glassware),
the test is successfully passed if the loss in weight
is less than 5 mg with respect to copper, 5 mg with
respect to brass, 5 mg with respect to solder, 2.5 mg
with respect to steel, 4 mg with respect to cast iron

10 and 10 mg with respect to aluminium.
- The ASTM D4340 test (hot plate) is passed
if the loss in weight is less than 1 mg/cm?/week.
- The CEC C-05X-95 test is regarded is
accepted if the wvariation in weight is between -50 and
15 +10 mg for aluminium and between -10 and +5 mg for cast

iron.;



r

VS -0.4 -0.5 -0.2 -0.5 Cast 10. My -9.0 -6.0 -1.5 -0.3 Al. . ASTM 0 4340
Cast A. -1 my/cm/Wt -5-0 +10 ng -2.5 -.0.2 CEC C-0.5X-95 -0.4 -275.
-240 -140 -.55 +65 -14 +12 +8 Cast steel -10 +5 ing V.g. -0.5 vzo

.--5-.%;5:0'-0.2-0.1 -0.5-0_4 .. - . - Z?DecemberZOOB
15
TRBLE 1
N - COMPOSITION
Test |[Speci- . - |wv2 v3 L |ve- Ve 1w [vio
I .-} fications - e : -
ASTM D 1384
JCopper |~ 5'mg T =2.1 -0.1 {-0.2 -0.4 4-0.4 .1~0.2
Brass {~ 5 mg -2.0 -0.1 {-0.7 -0.5 1-0.5 |-g.¢
‘1 Saldex | - S.mg -6.0 {-4.0-]1-9.3 . . —-5.0 {=5.0
Steel - 2 mg - -3.5 |-2.0]-1.0 -0.2 -0.2 {-0.1
Cast ~ 4 mg +-4.7 |-2.8 =170 |-0.5 |-0.5 |-0.2
.| steel | - ; - : ) R
“[cast -. 10 mg -9.0 |-8.0 {-1.5 -0.3 [-0.4 |-0.3" |~
Jal. ' . - 1 -
) - ASTM D 4340
Cast -1 mg/cw’/wk [-2.5 |-1.1 | 0.2 -0.4 [-0.3 -}-0.1.
Al." . ’ L )
: CEC C-05X~95 -
Cast -50 +10 mg . | -275 =240  -140 ~-55 -49.2 | ~45.0 .
Al. ' . : . .
1 Cast -10 +5 mg . | +65 -14 1 +12 +3 +0.9. 1 +0.5
steel ' ' ' b
5 It may be observed that only the systems.

possessing four inhibitor components and possessing
these components within the limits .of thé_claimed_
compositions pass all the tests. In_particuiar, it.is
~ seen how difficult it is to pass the cavitation test.
.10 EXAMPLE 2 (CQmparative}: compositions of the
Prior art .
-These are organic (0) or organic/inorganic
(I) compositions, with diacids {adipic (HzCg) and
sebacic (H;Ci9)), octanoic ac;d -(Cg), sodium molybdate
is (Molyb ). sodlum nitrite (Nltrlte) and teolyltriazole

(TTZ), comprising (as % by Welght)u



-0.4-0.3 -0.3-0_1. --49, 2-45-0- x-0.9.+0.5 It maybe observed that only the
. ' systens. possessing four inhibitor conponents and possgpbeBEmbacER3
-.conponents within the lints -of the clainmed conpositions pass all the '
tests . In particular, it is seen howdifficult it is to pass the
cavitation test. 10 EXAMPLE 22 (Conparative)-: conpositions of the prior
art These are organic (0) or organic/inorganic (l) conpositions, wth

‘di aci ds (adi pic (H2C8) and sebacic (f1®Cl10)) , octanoic acid -(Ce) ,

sodi um nol ybdate 1.5 (Ml yb.) , sodium. nitrite (Nitrite) and
tolyltriazole (TTZ), conprising (as % by weight).: 27 Decenber 2003 16

COVPOSI TI ON Conponent 1020311 co2--- H2@oMRosIERGE01. 53. 54. 254. 5

Mol yb. - - - Q.2 Adnd ef - - 0. g2 TTZQ. I0. 1§k 250. 1 5 belzow. T1
Cs 2 - .- -
HyCsq - 1 - -
H,Cqg 1.5 3.5 4.25 ' 4.5
Molyb. ' - - - 0.25
Nitrite - - - - 0.25
TTZ 0.1 0.1 0.25 0.1

The results of the tests are given in Table 2

below.
5
TABLE 2
COMPOSITION
Test S?eCiT 01l 02 03 11
fications

ASTM D 1384
Copper -5 mg -1.5 -2.2 -2.2 }-2.0
Brass -5 mg -1.7 -2.0 -1.8 |-1.5
Solder -5 mg -10.2 -15 -2.1 |[-4.2
Steel -2 g -0.5 -0.4 -0.2 [-0.1
Cast ~4 mg -0.9 -0.7 +0.5 [ -0.5
steel
Cast -} =10 mg -5.0 -7.1 -3.2 | -3.0
Al.

ASTM D 4340
Cast -1 mg/cm*/wk | -0.5 -1.0 |=-0.1 {-0.2
Al, :

) CEC C-05X-95

Cast +50 +10 mg ~-150 -275 -44 -48.0
Al.
Cast -10 45 mg +4 -20 +2.6 [+2.0
steel

10 L Of all these formulae according to the prior
art, oniy the entirely inorganic composition passes all
the tests, but with banned or highly inadvisable
compenents. It may also be observed that the

composition 03 has an advantageous performance except,



The results of the tests are given in Table 2 TABLE 2 COVWPOSI TI ON

Test Speci - 020311 fications ASTM D 1384 Copper-5 ng- 1. 5- 27 Bederdbet- 0Br ass-5
-mg-1.7-2.0-1.8-1.5 Solder-5 ng-10.2-15-2.1-4.2 Steel-2 ng-0.5-0.4-0.2-0.1
Cast -4 ng-0.9-0.7+0.5-0.5 steel Cast -10 ng-5.0-7.1-3.2-3.0 Al. ASTM D
4340 Cast -1 nmg/cm/wk-0.5 -1.0-0.1-0.2 Al. CEC C05X-95 Cast +50 +10

ng- 150- 275-44-48.0 Al. Cast -10 +5 n‘g+%:720+2. 6+2. 0 steel

however, in the ASTM D 1384 test for cast steel, where
it leads‘to an increase in weight (instéad of a ioss).
This increase in weight 1s contraindicated with respect
to a potential blockage of the circuits.’

5 It is well known to persons skilled in the
art that some additicnal a@ditives can be incorporated
in this type of formulation in order to introduce
specific properties. The commonest products include
antifoaminé agents, sequestering agents and colorants.

10 Among commercial antifoaming agents, the
following products are particularly suited to the
claimed composition:‘

- Wacker SE47 (silicone-based surfactant)
- Pluronic PE6100 from BASF (nonionic
15 : surfactant)
- Ultra MS 455-3a (mixtufe of a silicone
| surfactant and of a PO-EQ nonionic
[lacunal)
The dose for use of these products is

20 gengrally between 0.01 and 0.03% by weight with respect

to the-total of the mother-solutions forﬁulation.
Among sequestering agents, a product well
suited to the formulations is l-hydroxyethane-1,1-

diphosphonic acid and in particular the commercial



100 O all these fornul ae according to the prior art, only the entirely

i norgani c conposition passes all the tests, but w th bazgnpdcétibdri2goby

- inadvisabl e conponents. 1t may al so be observed that the conposition 03
has an advant ageous perfornmance except, 27 Decenber 2003 17 however, in the
ASTM D 1384 test for cast steel, where it leads to an increase in weight
(instead of a loss). This increase in weight is contraindicated with
‘respect to a potential blockage of thet&ircuits.' 51t is well known to
persons skilled in the art that some additional additives can be

i ncor por at egprdaduathiBequeget A0¥GrindrmatSohutiie orBerstproduebdoge specific
properties. The commonest products include antifoam ng agents, :
sequest eri ngagesitts Andk e orantsct ikl Aponpticoraepecal tantbtvasinag agents,
the follow ng products are particularly suited to the clained '

CoNposi ti oN:g g MAGKET 1R, (Sddut Lanesd SthEREL 8Pt he- oPLEEONI ¢ PE6100
from BASF (nonionic 15 surfactant) Utra 455-3A (m xture of a silicone

oroduct o | s HTGEE TR y HROMEE 0Dt TR 0 OB% By wel ght w i h respect




to-the total of the nother-solutions fornulation. Arong sequestering
agents, a product well suited to the forrmulations is 1-#ydeexygirkaos-1, 1-
~.di phosphoni ¢ acid and in ‘particular the comrercial 27 Decenber 2003 18
product Dequest 2010 from Solutia. This product can exhibit a- degree of
activity with respect to corrosion tests which may require an adj ust nent

of the overall conposition according to the invention. 27 Decenber 2003 WO
'01/ 00902 1HPAIARIPD1760 CLAIMS 1. IProcess for i nhiPGTY/ERGO@1Ti60et al
corrosion by heat transfer fluids, whether or not these fluids conprise an
organi ¢ conpound which |owers the 5 freezing point, which consists in
introducing, into the said fluids, @if®% by wei ght and preferably 3.8 to
5% of a system of organic inhibitors composed of: (1) 5 to 15% by wei ght

of at |east one unsatyr at egl-dERHOSAF HLXYhhELAEE HgCRANRELMERG110- 18 carbon 10
atonms or of one of its alkali nmetal salts, amné salts, the am ne being

fromthe grer&fidwnNeet iy ant fens teet hyhadkpewhetheirebRyhatl RReser
al kanol am ne salts, the al kanol am ne being fromthe group of
nonoet hanol&lminds chmyd hiosw| 2 segahi ¢ etbapohadi whieh ldkers the
met hyl di et hanol am ne;
5 freezing point, which consists in introducing, into the
said fluids, 3 to 6% by weight and preferably 3!8 to 5%
of a system of organic inhibitors composed of:
- {I) 5 to 15% by weight of at least one
unsaturated’monocarboxylic acid comprising 10~18 carbon
10 atoms or of one of its alkali metal salts, amine salts,
.the amine being from the group of monoethylamine,
diethylamine or triethylamine, or alkanolamine salts,
the alkanclamine being from the group of
monoethanolamine, diethanolamine, triethanolamine or
15 methyldiethanolamine;
- (IT} 40 to 70% by welght of at least one
saturated carboxylic acid taken from the group
( consisting of saturated monocarboxylic acids comprising
5-16 carbon atoms and saturated dicarboxylic acids
20 comprising 4-12 carbon atoms, or an alkali metal or
amine or alkanolamine salt of these acids;
- (ITI} 20 to 40% by weight of a

tricarboxylic derivative of 1,3,5-triazine

corresponding to the formula



- (Il) 40 to 70% by wei ght of at |east one saturated carboxylic acid taken
fromthe group consisting of saturated nonocarboxylic agr dsceapgagssng
~.5-16 carbon atons and saturated dicarboxylic acids 20 conprising 4-12
carbon atons, or an alkali netal or am ne or al kanol am ne salt of these
acids; - (I11l) 20 to 40% by weight of a tricarboxylic derivative of
1,3,5-triazine corresponding to the fornmula 27 Decenber 2003 20 NH NHR Y
‘N~ ~N NHR in which formula Ris a cardbxyal kyl group conprising 2-6
carbon atons, or an alkali nmetal or am ne or al kanolam ne salt of this
derivative;, 5 - (IV) J. to 5%by weight of an azole derivative taken from

the group consisting of: (h) innpk oleﬁKof feprula U NN R2 R3 10 (i)

benzi m dazol es of fornula R \/~N€R2R( Y :
] :
N._ =N

NHR

in which formula R is a carboxyélkyl group comprising
2-6 carbon atoms, or an alkali metal or amine or
alkanolamine salt of this &erivative;

5 - (IV) 1 to 5% by weight of an azole
derivative taken from the group consisting of:

{h) imidazoles of formula

10 (1) benzimidazoles of formula

N
R
SWH

(j) triazoles of formula

or

15



KS (j) triazoles of fornmula R3 R3 or 15 27 Decenber 2003 21 (k)
benzotriazoles of formula NR N R3 (1) tetrahydrobenztibésstster 2608 M
~.thiazoles of formula N S -R2 benzot hiazoles of formula 10 RI -N R2 (h) and
the alkali netal salts of these azole derivatives, 15 in which fornmulae Rz
is a hydrogen atomor a nmethyl radical R2 is a hydrogen atom or a nercapto
radical R3 is a hydrogen atamor a radical of formula 27 Decenber 2003

{k) benzotriazoles of formula

(1) tetrahydrobenzotriazole

5 {m) thiazoles of formula
:: /ji\
s Ry
{n) . benzothiazoles of formula
10
N
" A
S Ro

(h} and the alkali metal salts of these
azole derivatives,
15 in which formulae
R; is a hydrogen atom or a methyl radical
R; is a hydrogen atom or a mercapto radical

R; is a hydrogen atom or a radical of formula



22 -CH2 R4 R5 with Rq and R$, which are identical or different,
representing a.2--ethyl hexyl or hydroxyal kyl radical, |rQ§D§@aﬁmﬁumag a
hydr oxyet hyl , . residue. 2.” 'Process according. to C|a|n11 characterized in
that the I/1Z ratio by weight is between 5 and 15, and preferably between
8 and 12, and the (I. + 11) /11l ratio by weight is between 1.5 and 3 and
10 preferably between 1.9 and 2.2. 3. Process according to either of Cains
1 and 2, in which the system of organié%inhibitors is conposed of: 15 20
(I1); 6 to 8% by weight of the constituent(l); (111);-55 to 65% by wei ght
of the constituent 25 to 35% by wei ght of the constituent -2 to 3% of the
constituent. (1V). 4.Process according to one,of Clains 1 to 3,. in which
the saturated carboxylic acid is n;hg noing~"“aci d, heptanoic aC|d
n--octanoi ¢ acid or norianoic acid.' 5. “ProCeRg accordlng to one of Caims 1
to 3, in which the dicarboxylic acid is suberic acid, azelalc 25 acid or
sebacic acid. 21 Decenber 2003

with R; and R;, which are identical or different,
representing a 2-ethylhexyl or hydroxyalkyl radical, in
5 particular a hydroxyethyl .residue.

2. 'Process according to Claim 1,
characterized in that the I/II ratio by weight is between
5 and 15, and preferably between 8 and 12, and the (I +
II)/IITI ratio by welght ls between 1.5 and 3 aad

10 preferably between 1.9 and 2.2.

3. Process according to either of Claims 1
and 2, in which the gystem of organic inhibitors is
gomposed of:

- & to 8% by weight of the constituent(Il};

15 - 55 to 65% by weight of the constituent
(I
- 25 to 35% by weight of the constituent
(III):
- 2 to 3% of the constituent. (IV).
20 4. Process according to one of Claims 1 to 3,

in which the saturated carboxylic acid is n-hexanoic

acid, heptanoic acid, n-octanoic acid or nonancic acid.
5. . Process according to one of Claims 1 to 3,

in which the dicarboxylic acid is suberic acid, azelaic

25 acid oxr sebacic acid.



-23- . 6. -Process according to one' of Clainms | '"to 3, characterized in
that the unsaturated nonocarboxylic acid is undecylenic acid. 7.. Process
according.to one of Clains | to 3, 5 in which the tricarboxylic.

derivative of 1, 3, 5-triazine is the conpound of feypilan :,(CHZSNH
) L NH. (CH2)5-COON 11 Y NN NH(C F )5-COON 8. Corrp?s%tlmoa%ﬂlch -
inhibits nultimetal corrosion, corrposéa- of an aqueous sol ution assayi ng

from 10 10 to 60.% by wei gr};m%gsgnaéggu i tor stem as described in dains
1to S. rding to ne of Claims 1 to 3, T

characterized in that the unsaturated moncecarboxylic acid
is undecylenic acid.
7. Process according to one of Claims 1 to 3,
5 in which the tricarboxylic. derivative of 1,3,5-triazine is
the compound of formula:

HOOC~—~(CHz)s-—NH\]/Kl/NH-—(CHg)s—-COOH

=N

NH—(CH,)s—COOH

8. Composition which iphibits ' multimetal

COrrosion, cbmposed of an agueous solution aséaylhg from 10-

10 to 60% by weight of an inhibitor system as described in
Claims 1 to 5.



