WO 01/ 00902 PCT/ FROO/ 01760 1 CORROSI ON-1 NHI Bl TI NG COMPCOSI TI ONS FOR HEAT
TRANSFER FLUI DS The field of the invention is that of aqueous 5 |iquids
whi ch can be used as heat transfer fluids for cooling circuits, for
exanple cooling circuits of internal conbustion engines, the corrosiveness
of which is to be overcone. Water and aqueous solutions are very w dely

10 used as cwol ongobdo2ds in circuits constructed of peayFROS/0EV6dS,
copper, steel, alumnium cast iron and their alloys, which they attack as
soon as the <corrosion conditions are athieved. There are many corrosion
factors: presence of ions, high tenperatures., 15 pressure, flow of fluids
(cavitation coCORROSTON-INHIBITINGt COMBOSTTIGHS \FORHEAT | BRANSKRRIt i on nust
be paid to cavitation corrosion phenonena. The first consequence of
corrosion is the loss of material fEM@ID® walls of the circuits and 20
their perforation. In addition, corrosion products are forned, the
deposits of which disrupt transfer of heat between the fluid and the walls
of the circuit and bring about superheating on the hot walls, w th high
risks of failure of sefeftfiRldehdhiean AtSs thad Phe 2gHEQUSt s used

to lower the freezin oi nt
% lgquSés ghfbh 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 températﬁfes,
15 pressure, flow of fluids (cavitation corrosion),
coupling to welds. Very particular attention must be
paid to cavitation corrosion phenomena.
The 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
between 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



of water are a factor having a particularly serious effect on worsening
the corrosiveness of cooling 2 fluids. The use of saline brines, for the
aggressi veness of which, in particular towards welds and alum nium a
satisfactory solution has never really been found, has virtually been
dbandoned. Industry has 5 been won over,to organic antifreezes of the class
of the al cohols, nethanol, ethanol, 2-propanol, glycerol, ethylene

gl ycol, diethylene glycol, propylene glycol, ethylene glycol nethyl,

ethyl, propyk;1Q5qQut ¥heehBEror 800 ds BENRY - Zd¥ qpanol . Ethylene glycol is

by far the 10 nost wdely used antifreeze today. Neverthel ess, the problem

is still posgggebsBiobRebbngsfwRIGIEON IRt i GO MbwalrdaUieddked with
aqueous fluidS conprising or not conpri'sing organic antifreezes, of

devel opi ng gaaPAsuhiANEm)ha Clat IEfditoBPrdaIsitnd maseRvdRdiveaang, 15 if
possi ble, of fornulating antifreeze conpositions which are thenselves
corrosi on i nbebht fogndTherae ebnpeslly Geemrabdndaiad Indusped hiae
constraints relating to environnmental protection. It is forbidden, or in
any case hbi ghegni wadvosebl €0 ¢og@thic reoltuidergdwesphee e milbsist e, bor at es,
mol ybdates and amines in conbination with nitrites, which, in the prior
art, had al | thaeasapbobsenmeisampin detthanwl s drprogfangdi,clylyag¢rbéen wi dely
used. Phosphat es precifitate _
ethylene glycol, diethylene glycol, propylene glycol,
ethylene glycol methyl, ethyl, propyl or butyl ether,
and l-methoxy-2-propanol. Ethylene glycol 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, molybdates and
amines in combination with nitrites, which, in the
prior art, 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

25 concentration and activity decreases {(depletion). It is

possible to combat this, but at the price of an



on contact with hard water and, for this reason, their 25 concentration and
activity decreases (depletion). It is possible to conbat this, but at the
price of an 3 increase in the cost of the protection, by the use of
certain additives (JP-A-62205183). In addition, these phosphates are
harnful to the environnent (eutrophicagion of water). Am nes, when they
are used 5 in conbination with nitrites, lead to the. risk of formation of
nitrosam nes., which are highly toxic products. Discharges of fluids to

whi ch bor on 198£éé(§é'i’rgs% B SBlyRsRtaR, hve dirangaddpd aee dbogs harnful

and require treatnent ey are.r tO t he environnent.

Attention haée%@&iﬁfﬁadiéﬁﬁ%bf(JﬁﬁAL62¥U§¥§B§d Q%W%Hﬁitﬁbﬁertﬁégén'c
inhibitors, which has given rise to a great many publ i cations and a gr eat

many pat ent sphb&ishaied % rd HamxaiPt thd/erdRlong@hiton No. 819,321, cited
in 15 US 4, 59 864, concerning an antifreeze based on the conbination of

an al kyl benzoe@tf@pmhémlcai kyt betznat.e)amitids) ahel- €hedymamrecasbaxylic acid
(or carboxylate) and triazol, wth an anm nophosphonic acid derivative as

precipitabi ofni @dimkbima)h:mmdrnpﬂi yeidrnyilties ,adied 2@ o iy ads¥kl afe) as
stabilizer;. - US 4,647,392, for an antifreeze wwth C5-C16 nonocarboxylic
aci d (nonocafboratbore)Qf GeiCkesamines, which are highly toxic
products. Discharges of fluids to which boron
derivatives or molybdates have been added are also
harmful and require treatment 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 UsS 4,759,864, concerning an antifreeze based on the
combination of an alkylbenzoic acid (or alkylbenzoate)
with a Cg—C;2 monocarboxylic acid (or carboxylate) 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
Cs—-Ci¢ monocarboxylic acid (monocarboxylate), Cs—Cig
diacid (salt) and triazol derivative;

- US 4,657,689, for an antifreeze

25 comprising a Cs~Cj¢ carboxylic acid (carboxylate), a



diacid (salt) and triazol derivative; US 4,657,689, for an antifreeze 25
conprising a C5-Cl16 carboxylic acid (carboxylate), a 4 C5-C16 dicarboxylic
acid (or salt), a triazol derivative and an al kaline Cl10-C20 sul phonate; -
US 4,588,513, for antifreeze with dicarboxylic acid (or a salt), an

al kaline silicate and 5 a triazol deriyative; - US 2,832,742, for an

I nhibitor conprising a C7-Cl18 carboxylic acid and p-tert- butyl benzoic
acid; - US 4,759,864, for an antifreeze 10 conprising a C6-Cl2 acid or a

salt, an al kall des| ' r L I I igwat %@ s vahe
article by GéLr.@l%le?t Sékgﬁkgjﬁ? Oé%)rpgaﬁlgkcaé%o@r osﬁ %ﬁqlar?%?'b:d}éorl i}iﬁl?\%Ut ral

Sol utions”, pyBl bghatkkDing GOf,Les] FhlpHohata3, No. 8, 1997, NACE
International”, 15 pages 657-@67, reviews the problens encountered in

mul ti metal corrosion..-Howeygrs, 588 N3 Cady: driteFareeerPadithi ons do  not
provi de a satisfactory solution to the problemof cavitation corrosion,

whi ch remai ndiaapbpryl20 pedceompad i Sult)i N gPardlikaliae fsdlicanef aadurers of
aut onobi | e engi nes. The conpositions of the present invention provide an
answer t o5t hastpiabbingenhvati ves; -

~ US 2,832,742, for an inhibitor
comprising a C;-Cy3 carboxylic acid and p-tert-
butylbenzoic acid;

- US 4,759,864, for an antifreeze

10 comprising a C¢-Ciy 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 International”,

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



expressed in practice in their conformty to the requirenents of the
so-called "cavitation" test, at the 25 sane tine as those of the standard
tests for evaluating the inhibiting effectiveness under hot conditions
with 5 respect to various netals in an antifreeze liquid. The CEC

€ 05X-95 "cavitation" test is that mhicg provi des an eval uation of the
performance of an inhibiting conbination with regard to the corrosion of
steel and 5 of alum niumby cavitation of a possibly antifreeze fluid

circulating Lns8.Lpop,Updes oL andarfs f,0W L alf.; eI LIRERGLINGY ARl ePressure
%Eeg e |n1{he exan%%%%.

condi ti ons. e tests are descri e present

i nvention i s ap_ agpre ] ity +t :Callr 0Sion b
ckbab-pkx 9ahe§ﬁz§t%#{bﬁ tddWi A td 'Wﬂﬂéﬂqﬂfﬂvﬂa%s y

heat transfer fluids, r not these tlulds conprise an organic

conpound whi g LQUWRnLELIBE 6 CERe NG PR Han g arf ARHiPiTing | ntroduci ng,
into the said fluids, 3 to 6% by weight and preferably 3.8 to 5% of a

system of 15cemBankeibfihivbth OfSgL£ePas ethdfdorddds ipnt @fls%ely’ Wadght of at
| east one unsaturated nonocarboxylic acid conprising 10-18 carbon atons
or of oneb5of oift alamkalumney atavbtdtsioramhes 3ddsSibl vt hatdifireezei ng fromthe
group of nonoet hyl am ne, 20 diethylam ne or triethylam ne, or al kanol am ne
salts, the f@lkadotantnbabinaggid romadadre wrdap sdfandard flow rate,
temperature and pressure conditions. These tests are
described in the examples.
The preéent 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 one
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 alkanolamine being from the group of
monoethanolamine, diethanolamine, triethanolamine or
methyldiethanolamine;
- (II) 40 to 70% by weight of at least one

25 saturated carboxylic acid taken from the group

consisting of saturated monocarboxylic acids comprising



nmonoet hanol am ne, di et hanol am ne, triethanol am ne or nethyl di et hanol am ne;
(I'1') 40 to 70% by weight of at |east one 25 saturated carboxylic acid
taken fromthe group consisting of saturated nonocarboxylic acids
conprising 6 b5-16 carbon atons and saturated dicarboxylic acids
eonprising 4-12 carbon atons, or an alkali netal or am ne or al kanol am ne
salt of.these acids; (1l1l1) 20 to 40% by weight of a 5 tricarboxylic
derivative of 1,3,5-triazine corresponding to the formula: NHmt'N NHR Y

NYN ~NHR | ”5‘2?{3( a%?a}c:k%rm‘%@on% | Sh@ SA rﬁ%@:@:‘ S cathis 1&%”?&&8%”9 ~2-6 carbon

atons, or an or amne O e Sa this

derivative; & ris iR 40 q&o%% aﬂ%ﬁﬂ!ahbfﬁlte?en fromthe
group conS|stéﬁ% o? % %/ %Eﬂﬂ?%s of formnul
benzi m dazol gg; & &Pr&k#nolamine salt of these acids;
- {ITI) 20 to 40% by weight of a
5 tricarboxylic derivative of 1,3,5-triazine

corresponding to the formula:
NHIH/N\ NHR
T
N\T¢N
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

i Rz
R3



benzotri azoles of fornmula N R

11 5 (e) tetrahydrobenzotriazol e

R R2 K3 7 (c) triazoles of fornmula 11 1 "' N 'C N K3 K3 or (d)
(f)

thiazoles of formula N S R2 10 (g) benzothiazoles of formula RT N
15 (h) and the alkali metal salts of these azole derivatives, 8

(c)

(d)

5

(e)

(£)
10

(9)
15 (h)

7

triazoles of formula

-

N
1
L?/N
Ro

=2

|
Ra

or

benzotriazoles of formula

R@'”
1

N
'?,/

Ra

tetrahydrobenzotriazole

thiazoles of formula

(A

benzothiazoles of formula

S)]\Rz

and the alkali metal salts of these

azole derivatives,

S R



in which formulae R1 is a hydrogen atomor a nethyl radical R2 is a
hydrogen atomor a nercapto radical R3 is a hydrogen atomor a radical of
formula 5 --CH2--N R5 wth R4 and R5s which are identical or different,

representing a 2-ethyl hexyl or hydroxyal kyl radical, in particular an

et hanol residue. 10 In a preferred enbaogli nent of the process of the
invention, the ratio by weight of the constituents | and Il (I/1l1) wll be
between 5 and 15 and preferably between 8 and 12 and the rati o by wei ght
of the constifuas, ledhilde On the one hand, and 111 15 (I f [I/111) will

be between 1.5 and 3 and preferably between 1.9 and 2.2. For the salts of
the organic acids, the, pereaenyassgenehbh 68! AtRet®yl a4l fraction of
the salt concerned. 20 Preference’is given, anong saturated C5-Cl6

. nonocar boxyl i ¢ aci ds,Rit @s5Ca- GyAragkfSatbn PArsimet@dptd-tegxiasgi ¢ aci d,
hept anoi ¢ acid, n-octanoic acid and nonanoic acid. Preference is given,
anong al i phatic 25 di @ar hexyl hgdaeyda sooprosi #0rsatcsntefl £l chai ns,

5
—CH— N
Rs
with Ry and Rs, which are identical or different,
representing a 2-ethylhexyl or hydroxyalkyl radical, in
particular an ethanol residue.
10 In a preferred 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 preferably
between 8 and 12 and the ratio by weight of the
constituents I and II, on the one hand,-and ITI -

15 (I + II/III) will be between 1.5 and 3 and preferably
between 1.9 and 2.2.

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

20 Preference is given, among saturated Cs-Cig
-monocarboxylic acids, to Cs-Cyp acids, in particular
n-hexanoic acid, heptanoic acid, n-octancic acid and
nonanoic acid.

Preference is given, among aliphatic

25 dicarboxylic acids comprising saturated C;-C;; chains,



9 to 4-Clo acids, in particular suberic acid, azelaic acid and sebacic
acid. Preference is given, anong unsaturated Cl O C22 nonocarboxylic acids,
to undecylenic acid. 5 Wien a saturated nonocarboxylic acid and a
saturated di carboxylic acid are used together, it is advantageous to
conbine themin a diacid/ nonoacid ratiog by mass of 0.1:1 to 10:1,
preferably 0.6:1 to 5:1. The preferred ?ricarboxylic derivative of 10
1,3,5-triazine is the conpound of fornmula: HOOC-(CH2)5--NH\ ~.1

- NH-- (CHz) 5¢ GOEN aﬁllf’ %dé\'H%%:Et% r e A8} Aazﬁg :L'c,IS

trlethanolan1ne S of system according to t 15 invention

can be used heléqgggugegégigsacﬂath or wthout antifreeze, for cooling
circuits and in particular for cooling circuits of internal conbustion

engines. |t can be enpbpyeerdycdli 12 Vel NAmShE iHhaddddidy @, h-atks

conponents of the-inhibitor systeminto the transfer fluid. It is nore
conveni ent tRoREPABKORPLDErac @ Uti®nsndady dhiad ead@quleous sol utions

conprising from 10 to 60% by wei ght of the inhibitor system conposed of
5 When a saturated monocarboxylic acid and a
saturated dicarboxylic acid are used together, it is
advantageous to combine them in a diacid/monocacid ratio
by mass of 0.1:1 to 10:1, preferably 0.6:1 to 5:1.

The preferred tricarboxylic derivative of

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

HOQC—(CHp)s— H\E::iI,NH*{CHgy—COOH
P

NH—(CH,)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 various 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 components (I), (II), (III) and (IV) as described



I he conponents (r)y, (rr), (r1rr) and (1V) as described 10 above, the pH of
which will be adjusted by neutralization, for exanple wth sodi um
hydroxi de, in order to dissolve all the conmponents and so that the pH of
the transfer fluid will be in the range 7-9, 5 preferably 7.5-8.5. These
aqueous not her solutions are conpositiqgns of the invention. If it is
desired to sinultaneously obtain proté tion of the circuits against

corrosion and freezing, use will instead be 10 nade of inhibiting
antifreeze cqg?05|t|ons 0 bj e Séf tpe present invention,
conposed of : 3P9Vey, 1R %%% %Lf"g %%hégﬂﬁﬁ 6t conposi tion

descri bed above 99, 9W t of u / ho c solution
havi ng a fre%%??ﬁéiﬁﬁéﬁl?ﬂ’ t% g%éﬁgglﬁgaioﬁhﬁmée%h 10 and

- 40C, the aézcé&o' %e%lf '&%m%ﬁ‘éﬂtﬁ%gl o ”Qthc tﬁ%cg nol ,

et hanol , propano enie gl'yco ylene g

| | , | | ycgl methyl et her,
propyl ene glyg hetlt'hf%ﬁée}ﬁ%r 115 yl Raf :Lnettﬂ)é ¢8fge! ¥yC9, Mmetnhyl etnher

et hylene glyco ene gl ycol propyl et hef and et hyl ene

gl ycol bugyl ﬁgfggabj§tndgu535Uycol is preferred. The systemof inhibitors
accordi ng to t he

These aqueous mother solutions are
compositions of the invention. If it is desired to
simultaneously obtain protection of the circuits
against corrosion and freezing, use will instead be

10 made of inhibiting antifreeze compositions, also
subject-matters of the present invention, composed of:

- 0.1 to 10% by weight of the inhibiting
composition described above;

- 90 to 99.9% by weight of an

15 aqueous/alcoholic solution having a freezing point of
less than 0°C, preferably of between -10 and -40°C, the
alcohol being taken from the group consisting of
methanol, ethanol, 2-propanol, glycerol, ethylene
glycol, diethylene glycol, propylene glycol, l-methoxy-

20 2-propanol, ethylene glycol methyl ether, ethylene
glycol ethyl ether, ethylene glycol propyl ether and
ethylene glycol butyl ether. Ethylene glycol is
preferred. |

The system of inhibitors according to the

25 invention provides protection against multimetal

corrosion under cavitation corrosion conditions (high



25 invention provides protection against nultinmetal corrosion under
cavitation corrosion conditions (high 11 tenperature, high pressure), a
fortiori under mlder conditions of aggressiveness. The system of
inhibitors of the invention can be used in wi de ranges of applications
enploying nedia 5 of ferrous iron, 2& I ron, cuprous copper and al um ni um
type, in particular. Mention may be madé of surface treatnent, the working
of netals, paint strlpplng or lubrication. EXAMPLES 10 The exanples whi ch

follow wi |l H?ﬁ? Jg%{% und T r the results
of tests regu ?y carr| 3Hin t e)éu?bgg%%ﬁgQIlﬁ géfrﬁgym%?ch tests are
restated her@bnd1€Qoﬂ§“bf“%§d¥%§§l d.n glassware (ASTM 15 Standard D

1384: "Corrosion test for Engi ne Coolants in @ assware"), which nakes it

possible to monitor thehe Vrdidln S inhidIt@Hs off €hkf eheBhtMBhakan(copper,
sol der, brass, steel, cast 'steel, cast alumniun) after inmmersion for 336

hours (15 days)uséd SBC vide r%g@y o35 iapp 1d@atabasmeaipl By i Agwiedhaant i freeze
has been added; - b) Hot plate test (ASTM Standard D 4340: " Corrosion of
cast aIun$n|¢&nféifnﬁs|1rdﬁuydasﬂlﬂﬁomnt&uprous copper and
aluminium type, in particular. Mention may be made of
surface treatment, the working of metals, paint
stripping or lubrication.
EXAMPLES
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 aqueous 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



under Heat-rejecting Conditions"), by which the 25 variations in weight are
noni tored of a sanple made of cast alumnium sinmulating a piston, heated
at 135C 12 for 168 hours (7 days) and subjected to a pressure of 193 kPa
in a corrosive solution (0.165 g/|I of NaC) conprising 25% of antifreeze;
~ ¢) Cavitation test (CEC Standard G 03%95), 5 by which the variation in
mass is neasured of test bodies conposed of discs nade of cast steel and
cast alum nium subjected to the action of the circulating flow of a

corrosive so i a i T t%ﬂgﬁg 4 (N2 S 8 my/l,
NaCl : 165 ngﬂﬁ %QBHC%&%O??S Qﬁﬁ)/sl%\édjn er t%set@c%oz% I ons %ng#gti ng

differences 158 kpgalnSpessrAHsi ¢OCH 1 ¥ £S5 UM 138 g sxmgicayure  likely
to induce cavitation and corrosion phenonena. The tenperature of the test

i's 115C, thecbhpwibahg 263 bdheahtifsba3fl); 1/ h and the pressure 150 kPa. The
15 duration of the test is 72 hours. The tests take into consideration

three types of inhibitogp:Cayitotm@ntiedial (GEDrPRHdaROIMPOSX-ogns based
on nitrites, on borax or on sodium nol ybdate, 20 ii) organic or m xed
conposi ti dnsbpfwhbeh phéovaridt banpin sways Sebasaswaedd ofi itiestconposi ti ons
according to the invention.
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 (NaySO4: 148 mg/l, NaCl: 165 mg/l, NaHCO;:
10 138 mg/l) under test conditions generating differences
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



For all the test conpositions, the inhibitor conponents were dissolved in
et hyl ene glycol. The pH of 25 the concentrated solution was adjusted to
between 7 and 8 by addition of sodium hydroxi de. The al kaline reserve 13
(AR) of these conpositions, expressed in mllilitres of 0.1N hydrochloric
aecid, is determ ned according to ASTM §5andard D 1121-93. These
concentrated solutions constitute the antifreezes. The cooling |iquids are
5 obtained by dilution to 50%w th deionized water. The test solution is

gggggs?g gf ggoportlon 5%9§%&k%%iE on@hl%gf&%g%ﬁﬁsg gl%kgyﬁgﬁgagfbeen

applied, 2596¢U1N“ﬂ%g?béﬁybf§%TMC§Banqgr@e@e@%&geﬁraggéQ&Qn YrYOhytw for CEC

St andar d. C- 05X- 95 was nade, I n preparing the conpositrons given in

the exanpl es s@ndar&qptlairgm@:aaclele(s€7):oa%em&a%aabezsxht§oﬁ§' d of type
(I'), 15 - undecylenic acid (Cl1:1) as nonocarboxylic acid of type (1), -

the conpound daorgacian(te dHOGntiFrdebrsC Mae CbdI9ngRNE§RD84-Q2e4), as

tricarboxylic derivative of triazine, 20 - tolyltriazole (TTZ) as triazole
derivatived dbtAMRldd 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 volume, 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 (C;) as monocarboxylic acid
of type (I),

i5 - undecylenic acid (Cji;;) as monocarboxylic
acid of type (II),

- the compound Irgacor® 1190, sold by Ciba
(L190; 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 Vz, V3 and V¢ being outside the invention.



The foll ow ng conpositions were prepared as % by weight with respect to
the conposition in ethylene glycol, the conpositions V9 and V10 bei ng
preferred 25 conpositions according to the invention; the conpositions V2,
V3 and V6 being outside the invention. 14 COWPCOSI TI ON Conponent V2 V3 V6
v8 VO Vio C7 - 3322525 Cl1:1-4q4-0.20.30.3 L1902 -11115
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 ng with respect to copper, 5 ng with respect to
brass, 5 ng with respect to solder, 2.5 ng wth respect to steel, 4 ng
with respect to cast iron o amd—tO g W tirTespect o arummnrum - The
ASTM D4340 test (hot platle) is passed idoMEosTT@esw N weight is ljess than 1

ng/ cn2/ week. {The CEC CJOSX-95]test rsfregarnded 15 Jaccepted 1t he
variation in Wejdporehtbdt wezen {50yand | 1§56+30 nggfor] alygm hiyg gnd bet ween
-10 and +5 ng {for cast _T1fron.
' Cy - 3 3 2 2.5 2.5
Cii:1 - ~ - 0.2 0.3 0.3
L190 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 variation in weight is between -50 and
15 +10 mg for aluminium and between -10 and +5 mg for cast

iron.



15 TABLE 1 COWPCOSI T CN

Test Spec!- V2 V3 V6 V8 JV9 V10 fications ASTM D
1384 Copper - 5 ng -2.1 -0.1 -0.2 -0.4 -0.4 -0.2 Brass - 5ng -2.0 -0.1
-0.7 -0.5 -0.5-0.4 Solder - 5ny -6.0-4.0-9.3-44.4 -5.0 -5.0 Steel -
2ng -3.5-2.0-1.0-0.2-0.2-0.1 Cast - 4ng -4.7 -2.8 -1.0 -0.5 -0.5
-0.4 steel Cast - 10 ng -9.0 -8.0 -1.550.3 -0.4 -0.3 A . ASTM D 4340
Cast -1 ng/cn2/wk 1 -2.5-1.11-0.2-0.4-0.3-0.1 A. CEC C 05X 95 Cast
-50 +10 ng j -275 1 -240 1 -140 -55 -49.2 -45.0 Al . Cast -10 +5 ng T+65
1-14 J+12 +8 +0.9 +0.5 steel 5 It nqégggpgbserved that only the systens
possessi ng four inhibitor conponents ssessing these conponents

acc All +ha + ot o

RO i : o o PEe e Eee
B;ﬁ?:gufgs |L£1}2 of the cl ai mgé UUHHUJ.L.U.bbﬁﬁangrbN tHhe—test-s—
" 1 Test Speci- V2 V3 V6 V8 V9 V10
fications

ASTM D 1384
Copper | - 5 ng -2.1 |-0.1 |~-0.2 -0.4 |-0.4 |-0.2
Brass |- 5 mg -2.0 |1-0.1]-0.7 -0.5 [-0.5 }-0.4
Solder | - 5 mg -6.0 |-4.0 | -9.3 -44.4 |1 -5.0 |-5.0
Steel |- 2 mg -3.5 -2.0 1-1.0 -0.2 ~0.2 -0.1
Cast - 4 mg -4.7 -2.8 }-1.0 -0.5 -0.5 -0.4
steel
Cast - 10 mg -9.0 -8.0 {~-1.5 -0.3 -0.4 -0.3
Al.

ASTM D 4340
Cast [-1 mg/cm’/wk [-2.5 [-1.1 [-0.2 -0.4 [-0.3 [-0.1
Al.

CEC C-05X%-95 -
Cast -50 +10 mg -275 -240 | =140 -55 ~49.2 [ ~45.0
Al.
Cast -10 +5 mg +65 -14 +12 +8 +0.9 {+0.5
steel

5 It may be observed that only the systems

possessing four inhibitor components and possessing
these components within the limits of the claimed
compositions pass all the tests. In particular, it is
seen how difficult it is to pass the cavitation test.
10 EXAMPLE 2 (Comparative): compositions of the
prior art
These are organic (0) or organic/inorganic
(I) compositions, with diacids (adipic (H;C¢) and
sebacic (HzCip)), octanoic acid (Cg), sodium molybdate
15 (Molyb.), sodium nitrite (Nitrite) and tolyltriazole

(TTZ), comprising (as % by weight):



seen how difficult it is to pass the cavitation test. 10 EXAMPLE 2
(Comparative): conpositions of the prior art These are organic (0) or
organic/inorganic (1) conpositions, with diacids (adipic (H2C6) and
sebacic (H2C10) ) , octanoic acid (C$) , sodium nolybdate 15 (Ml yb.),
sodiumnitrite (Nitrite) and tolyltriazgde (TTZ), conprising (as % by

wei ght): 16 COWPGCSI TI ON Conponent 01 03 11 €82 - - - HC6 - 1- -
H2C10 1.5 3.5 4.25 4.5 Mlyb. - - - 0.25 Nitrite - - - 0.25 TT1Z2 0.1 0.1
0.25 0.1 The results oL_Lhe_LesLs_aLe_gLuen_Ln_IabLe_Z__beLamg_E_IA?LE 2
COMPOSI T Test Specil- 01 02 03 11 fiGOMBATIANTM D 1384 Copper {5 ny
-1.5 -2.2 -pCempanént 0l 02 03 Il

Cs 2 - - -

HzCG - 1 - -

HoCqo 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
Speci- 01 02 03 Il

Test 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 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 +5 mg +4 -20 +2.6 | +2.0
steel

10 Of all these formulae according to the prior

art, only the entirely inorganic composition passes all
the tests, but with banned or highly inadvisable
components. It may also be observed that the

composition 03 has an advantageous performance except,



Brass -5 ng -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 A. ASTMD 4340 Cast -1 mg/cm/wk 1-0.5 1-1.0 -0.1
T-0.2 Al. CEC C-05X-95 Cast +50 +10 ng -150 -275 -44 -48.0 Al . Cast -10
+5 gy +4 -20 +2.6 +2.0 steel 10 O all;4hese formulae according to the
prior art, only the entirely | norgani ¢ conposi tion passes all the tests,

b e Dane Rl 9B A8 S SOTBTPLE 4y TRV 8 S0y ghser v

however, in the ASTM D 1384 test for cast steel, where it Ieads to an
increase in Wi {BROS &6t 8RI1BFrEap8siR. WeFEht (HRFiRad ofh awdight) i s

contraindicated with respect to a pot enti al bl ockage of the circuits. 5 It
is well knowThie pecremseskhnl| wedghh ihecontraindicated with respect

to a potential blockage of the circuits.

5 It is well known to persons skilled in the
art that some additional additives can be.incorporated
in this type of formulation in order to introduce
specific properties. The commonest préducts include
antifoaming 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 (mixturé of a silicone
surfactant and of a PO-EO nonionic
{lacunal)

The dose for use of these products is

20 generally between 0.01 and 0.03% by weight with respect
to the total of the mother-solutions formulation.

Among sequestering agents, a product well
suited to the formulations is l-hydroxyethane-1,1-

diphosphonic acid and in particular the commercial



art that sone additional additives can be incorporated in this type of
formulation in order to introduce specific properties. The conmpnest
products include antifoam ng agents, sequestering agents and colorants. 10
Anmong conmerci al antifoam ng agents, the follow ng products are
particularly suited to the clained corrngi tion: - Wacker SEA47

(silicone-based surfactant) - Pl ur oni c 6100 from BASF (nonionic 15
surfactant) f a, sil surfactant and of a
PO EO noni oni é}ﬂcﬁ acunae}§ EI% 2((9[){' Q%UBf-at hiﬁéspi’ﬁ%‘&?g $’n20

general |y between.0.01 and 0.03% by WEI %ht with respect to the total of
the not her - sol L b rz?ﬁ & aﬁiﬁéﬁ@ YeWiiEBt ERPREChgERt SormoPpiaaiuct wel |
suited to the formulations is 1-hydroxyethane-1,1- di phosphonic acid and in
particul ar t h&Smmihdichl My meavdwet aDegddsst@end 6f othSobweiall Thi s
product can exhibit a degree of activity with respect to corrosion tests
whi ch may r equiompcsi tddjnustovendiaty tbethyeialént £onPOSi tion according to
the invention. IIINj 2121221011 1112112¢1. U(lll L MW 01/00902 19
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CLAIMS 1. Process for inhibiting ' o osion by heat transfer
fluids, whether or not these flI ULMILmﬁmﬁHmﬁmﬁ)rgam c conpound whi ch
| owers the 5 freezing point, which+*consitst® | m introducing, into the said
fluids, 3 to 6% by weight and preferably 3.8 to 5% of a system of organic

i-nhi bitors c . (1) 5 to 15% by weight of at |e e at ur at ed
nnnocarboxylﬁgpﬁi?gogéﬁprising 10- 18 carbon 10 at oms %ﬁ*iﬁé&§49 Its

al kali metal salts, amne salts, the am ne being fromthe group of
nonoet hyl am ne, diethylamne or triethylamne, or alkanolamne salts, the
al kanol am ne being fromthe group of CLAIMSt hanol am ne, di et hanol am ne,
triethanolam ne or 15 nethyldi ethanolamne; (11) 40 to 70% by wei ght of at
| east one saturated carboxProécessi fox akdriliituing e lgrimgtalconsi sting of

saturat ed nonocar boxylic acids conprising 5-16 carbon atons and saturated
di car boxyl i ccarrasion byrpeat|repusior chlkwigis atvBrethast am n@tkdbiesget al or

am ne or al kanol am ne salt of these acids; - (l11) 20 to 40% by wei ght of a
tricarboxyl i ELHéAPVEPRRELSE AN PXTIRIQAMPOWHE rEsidh diawg 1o thige f or mul a
Uilil 111%111 [1171111t1] 2112111 L Mr? , .. . X

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 alkanolamine being from the group of
monoethanolamine, diethanolamine, triethanolamine or

15 methyldiethanolamine;

- (II) 40 to 70% by weight 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



20 NH yNHR N ,. NNHR in mhlch arboxyalkyl group
conprising 2-6 carbon atons, mﬂ mtg@ am ne or al kari ol am ne
1 ¢0 H%n
(h) im
Rz

salt of this derivative; 5 - (I\O yswesr ght of an azole derivative
taken fromthe group consisting of: dazoles of formula N R 2 Ra
10 (i) benzim dazoles of fornmula Rt i
N11 N-~N--" N' N | | R3 R3 or 1520

NH NHR
2o

_N

K3 (j) triazoles of formula N

NHR

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

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

(h) imidazoles of formula
N
(A,
Ry

10 {1} benzimidazoles of formula

O
VR
Ra

{3y triazoles of formula

or

15



11211 2121 12" 23 2222 brivorr ol o Odd i azol es of fornula N

Rl NRa (1) tetrahydrobenzotriazo'“ll@‘mm}"ﬁ. ftes of formula N S R2
(n) benzothiazoles of fornula 10 Rt u(hy and the alkali nmetal salts
of these azole derivatives, 15 in which formulae Rl, is a hydrogen atom or
a nethyl radical R2 is a hydrogen atomor a nercapto radical R3 is a

hydr ogen atomor a radical of fornula f@illllllllljj 11121[tiLl Hi~ 1 N
22 - --CH2--N( RS with R4 and R5, which are identical or different,
representing a 2-ethyl hexyl or hydroxyal kyl radical, in

(k) Dbenzotriazoles of formula

N
w/

Ra

{1} tetrahydrobenzotriazole

5 (m) thiazoles of formula

LA

$7 R,

{n) benzothiazoles of formula

10

(h) and the alkali metal salts of these
azole derivatives,
15 in which formulae
R:1 is a hydrogen atom or a methyl radical
Rz is a hydrogen atom or a mercapto radical

Rz is a hydrogen atom or a radical of formula



particul ar an ethanol residue. 5 2. Process according to daiml,
characterized in that the /1] ratll , I ﬂmfet ween 5 and 15, and
preferably between 8 and 12, and t |1 i o by weight is between
1.5 and 3 and preferably betmeen 1.9 and 2 5 %0 "3. Process according to
ei.ther of Claims 1 and 2, in which the systemof organic inhibitors is
conposed of: 6 to 8% by meight of the caastituent (1); 15 - 55 to 65% by
wei ght of the constituent (I11) ; 25 to 35% by weight of the constituent
(rrr)y ; - 2to 3%of the constituent (1V). 20 4. Process according to one
of Claims 1 to 3, in which the saturated cagboxylic acid is n-hexanoic
acid, heptanoic acid, n-octanoic as+~QGHp L—4¢¢ksOIC acid. 5. Process
according to one of Clainms 1 to 3, in whic he di carboxylic acid is
suberic acid, 25 azelaic acid or sebacic acid. IltiilLli1l21111i11111i11 23

6. Process a%oardmgaha RUS Wi G B dadftichl GhatAeierked 1n that the

unsat ur at ed nonocarboxyl i C
representing a 2-ethylhexyl or hydroxyalkyl radical, in
particular an ethanol residue.

5 2. Process aqcording 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/III ratio by weight is between 1.5 and 3 and
preferably between 1.9 and 2.2.

10 3. Process according to either of Claims 1
and 2, in which the system of organic inhibitors is
composed of:

- 6 to 8% by weight of the constituent
(T):
15 - 55 to 65% by weight of the constituent

(II):;

25 to 35% by weight of the constituent

(IIT); |
- 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 nonanoic acid.

5. Process according to one of Claims 1 to
3, in which the dicarboxylic acid is suberic acid,

25 azelaic acid or sebacic acid.



acid is undecylenic acid. 7. Process, a¢c | g of laims 1 to 5 3,
in which the tricarboxylic derivati vaiﬁigm lﬂgl ne i s the conpound of
formula: HOOC--(CH2)5-NH), , 1 L NH( - S\ T NH- - (CHI - - COON 8.
Conposition which inhibits nultinmetal corrosion, conposed of an aqueous
solution assaying 10 from 10 to 60% by wei ght of an inhibitor system as
described in Caims 1 to 5. 9. AntifreeZd conposition which inhibits
mul ti metal corrosion, conprising: - 0.1 to 10% by wei ght of the inhibiting
15 conposition according to Caim8; 90 to 99.9% by wei ght of an
aqueous/ al cohol i c sol utgon hewddwk ddRazding R Pneobf Ceasmshant8C
preferably of between -10 and -40C, the al cohol being taken fromthe group
consi sti ng of 320ch®tieanetized hianadhat2-Hireopanieturgitede mohpcatrbykehéc gl ycol
di et hyl ene gl ycol, propylene glycol, 1-nethoxy-2-propanol, ethylene glycol
met hyl et her, acikd his emedegdylentietdyild.et her, et hyl ene glycol propyl ether
and et hyl ene glycol butyl ether. 11~~1~~1111211~fi~~~111~~~111 C 111111

7. Process according to one of Claims 1 to

5 3, in which the tricarboxylic derivative of
1,3,5~triazine is the compound of formula:
HOOC——(CHz)s——Nl-I\'/N\ NH--(CHj;)s—COOH
i
~N

NH—(CH,)s—COOH

§. Composition which inhibits multimetal

corrosion, composed of an aqueous solution assaying
10 from 10 to 60% by weight of an inhibitor system as
described in Claims 1 to 5.

9. Antifreeze composition which inhibits
multimetal corrosion, comprising:

- 0.1 to 10% by weight of the inhibiting

15 composition according to Claim 8;

- 90 to 99.9% by weight of an
aqueous/alcoholic solution having a freezing point of
less than 0°C, preferably of between -10 and -40°C, the
alcohol being taken from the group consisting of

20 methanol, ethahbl, 2-propanoi, glycerol, ethylene
glycol, dieth?lene glycol, propylene glycol,
l1-methoxy-2-propanol, ethylene glycol methyl ether,
ethylene glycol ethyl ether, ethylene glycol propyl

ether and ethylene glycol butyl ether.



24 10. Inhibiting antifreeze conpos !

of which is ethylene glycol. M

24

aim?7, the al cohol

10. Inhibiting antifreeze composition
according to Claim 7, the alcohol of which is ethylene

glycol.



