Ti,tl e: CORROSI ON | NHI BI TI NG COMPCSI TI ONS FOR HEAT TRANSFER FLUI DS Abstract :

The invention concerns conposi tions for inhibiting cprro§7gﬂm?&mggﬁddgus
-metal s by heat transfer fluids consisting of a conbination of an _
unsat ur at ed nonocar boxylic acid, a saturated nonocarboxylic or dicarboxylic
acid, a 1,3,5-triazine tricarboxylic derivative and an azol e conpound
derivative. Said conpositions inhibit corrosion by cavitation in

“parti cul ar .wo 271 Regsawer 2003 WO 01/ 00902 PCT/ FROO/_OJLZLSP FROO 01760
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CORROSION-INHIBITING COMPOSITIONS FOR HEAT TRANSFER

FLUIDS

The field of the invention is that of agqueous
5 1liquids 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



~.circuits of internal conbustion engines, the corr05|veness 0
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The use of saline brines, for the aggressiveness of mhlc in particular
towards wekte alcohols, methanol, ethanol, 2-propanocl, glycerol,
ethylene glycol, diethylené 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 reiating 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 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



and alum nium a satisfactory solution has never really been found, has
virtually been abandoned. Industry has 5 been won over t i
.antifreezes of the class of the alcohols, nethanol, eth%%%%?gﬁggﬁgggnol,
gl ycerol, ethylene glycol, diethylene glycol, propylene glycol, ethylene
gl ycol methyl, ethyl, propyl or butyl ether, and 1-nethocy-2-propanol.

Et hyl ene glycol is by far the 10 nost wdely used antifreeze today.
“Neverthel ess, the problemis still poSed of protecting from corrosion
cooling circuits fed with aqueous fluids conprising or not conprising

organic an&h%g’%%%%siépofthge %:sgc!oio%g ﬁhge?%%z{etétoinosn Vw}%f’?eélkeg%gérrtpo orrosion in

such nedi aan possi i hg ant i itions

which are LBgAReLYeaaRLLAY QuD MIYAJNGs) ToRe LAMASIL! Qisae burdened

by specific constraints relating to environnental protection.” 1t is

forbi dden, pAbsphB taBY a¢@S Bahh@hy tiagd $8R} & ordfrd0 | ncl ude phosphates,
nitrites, Eora?es, nol ybdates and amnes in conbination with nitrites,

which, in tbatrpphetadibn b&dwallehhe rsamk HeamdreaamEEngded auh some of
whi ch' had been w dely used. Phosphates precipitate on contact with hard

wat er - asd, ifioeotbiiaateanonithheiit ra%esGoneent s it andlagid vity decreases
(depletion). It is possible to conbat this, but at the price of an 27
Decenber 2008m3tinor edseiitmosheicest, ofhiidhe gueotieicflilon tdxyid he use of
certain additives (JP-A-62205183). In addition, these phosphates are
har nf ul t oprhdughei.r Bagsherges 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



(eutrophication of water). Am nes, when they are used 5 in conbination
wWth nitrites, lead to the risk of formation of nitrosa i are
-highly toxic products. Discharges of fluids to which bo@oﬁsée et\'r‘%}vég’tei'sves or
nol ybdat es have been added are also harnful and,require treatnment before
they are returned 10 to the environnent. Attention has therefore been
firmy directed towards other organic inhibitors, which has given rise to
“a great nmany publications and a great “many patents, including, for

exanmpl e: - US Application No. 819,321, cited in 15 US 4,759, 864,
concerning .an_antifreeze )gftsed on, the cg i nation, of ?n al kyl benzoic acid

(or al kyl béRz5a & AT E £B-F nbMocs? boky | # cLRLFHCT ofCEAYBb.YRat ) and
tri I, W i \ i i.d,derivati i pitation,
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4,647,392, for an antjfre i 16 n I C 1 d
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(car boxyl at el) a, a)g‘}?hDecerrber@ZOOB 4 CS)I-’C%G d?ca?%%/l?{cpgé%{gé(%ggsal t), a
triazol sler watiiawe 1aridt @R, Al kad i ne C10- C20 sul phonate; US 4,588,513, for

antifreeze with dicarboxylic acid (or a salt), an alkaline silicate and

- Us 2,832,742, for an inhibitor
comprising a C;-Cjg carboxyiic acid and p-tert-
butylbenzoic acid;

-, Uus 4’759f864’ for an antifreeze

10 comprising a Cg-Ci» acid or a salt, an alkaline
derivative of boron and a triazel derivative.

The article by G.T..Heftér 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
inve?tion 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



5 a triazol derivative; US 2,832,742, for an inhibitor conprising a

C-7-Cl$ carboxylic acid and p-tert- butyl benzoic acid; - for an
antifreeze 10 conprising a C6-Cl2 acid or a salt, an alggiﬁﬁé§%%§$#$gtive
of boron and a triazol derivative. The article by GT..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 problens encountered in midl ti metal corrosion. However, in any
case, these conpositions do not provide a,satisfactory solution to the
probl em of _ cavitation carrosion, which remains_a nq%q{izo_greoccupation,
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The CEC C-05X-95 "cavitation™ test i1s tl \ ~provides an eval uation
of the per g MANGE Bundlby Maiiidd g £ Wi Natd o0 Wi § hadegardeto the

corrosion of steel and of alum nium by cavitation of a possibly

antifreezefluid 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
monq?thanolamine, diethanolamine, triethanolamine or
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



fluid circulating in a | oop under standard flow rate, - tenperature and
pressure conditions. These tests are described in the exppal&sner B3

* present invention is that of a process 10 for inhibiting rmultinetal
corrosion by heat transfer fluids, whether or not these fluids conprise an
organi ¢ conpound which |lowers the freezing point, which consists in
introducing, into the said fluids, 3 t066@6 by weight and preferably 3.8 to
5% of a system of 15 organic inhibitors conposed of: (I) 5 to 15% by wei ght
of at |east one unsaturated nonocarboxylic acid conprising 10-18 carbon

atons or of ;oRe of il leﬁﬁg'éHg | :%:%§§%j§3#$k§§%§f%$é%he am ne bei ng

fromthe group of nonoethylamne, Am ne, or

| kanol am Ness@ltiSin i ing. f f
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nonoet hanol am ne, di et hanol am ne, trie nol am ne or ne _ _
- (1) 40 tamf@¥ by waikeHo1ehide LAY e rassaiii@ded carboxylic acid

taken fromthe group consisting of saturated nonocarboxylic acids

conprising 27 Decenber 2003 1G19- 2§ &y E}ilp%iaﬁ{:k sod i ated di carboxylic
acids conprising 4-12 carbon atons, or an alkali” netal or amne or

al kanol asi nersahtrbokytiesecadivdsivel o) 123 ,t9-40% harei ght of a 5
tricarboxylic derivative of 1,3,5-triazine corresponding to the fornul a:
corresponding to the formula:

NH N NHR
YT

in which formula R is a carboxyalkyl group comprising
2-6 carbon atoms, or an alkali metal or amine or
10 alkancolamine 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
R
r{éé é' $/JL\R2



NHR, NNHR NHR in which formula R is a carboxyal kyl group conprising 2-6

carbon atons, or an alkali netal or am ne or 10 al kanol ap pgcsabdr 20bst hi s
+-derivative; (1V) 1 to 5%by weight of an azole derivative taken fromthe

group consisting of: (a) imdazoles of fornmula 15 (b) benzi m dazol es of
formula ~~N R2 27 Decenber 2003 7 (c) triazoles of formula NNE 1 N 11 N
N NR3 R3 or (d) benzotriazoles of formula NR N { R35 (e)

t et rahydrobenzotri azole (f) thiazoles of formula

(c) trizzeoles 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,



10 (g) benzothiazoles of formula R R2 15 (h) and the alkali netal salts of
t hese azol e derivatives, 27 Decenber 2003 8 in which forgybggééﬁkrédﬁ3a
hydrogen atomor a nmethyl- radical R2 is a hydrogen atomor a nercapto
radical R3 is a hydrogeri atomora radical of formula 5 CH2 R4 -R5 with
1--and R5, which are identical or different, representing a 2-ethyihexyl

or hydroxyal kyl radical, in particular a hydroxyethyl teskc .ue . 10 In a
preferred enbodi nent of the process X the invéntion, the ratio by weight
of the constituents | and [1I1(lI/Il) wl§ be between 5 and 15 and preferably
bet-w en- & mnghiaehapdrkiiegeati o by weight e~ tkc stitu~.nts and Il, on the
one hand, and I'IT ((I -+ 11)/11l) will be 15 between 1.5 and 3 and _
preferably between 1.8, atsl 2. Bydirbgent Beomabls s0fmeth@l OFganLg1aci ds, the
percentages by weight relate to the acid fraction of the salt concerned.:
Preference is given, Bsobg sahudabgdnCatbhbor a mercapto radical

R; is a hydrogen atom or a radical of formula

5
L Re
~—CHo—N{
. Ry
with R and Rs, which are identical or different,
_representigg a 2-ethylbhexyl or hydroxyalkyl radical, in
particular a hydroxyetnyl residue. ‘ '
i0 _ 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 acidé, 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



20. monocar boxylic acids, to C5-Cl10 acids, in particular n--hexaoic acid,
hept anoi ¢ acid, n-octanoic acid and nonarsoic acid. Prej: ven,
B PHEDG dr 208k

- ‘anong al i phatic dicarbo cylic acids conprising saturat char ns,
25 27 Decenber 2003 9 5 to C4-Cl0_acids, in particular suberic acid,
azelaic acid and sebacic acid. Preference is given, anong unsaturated
L£10-C22 nonocarboxylic acids, to undecyl enic acid. When a saturated
nonocar boxylic acid and a saturated dicarboxylic acid are used together,
it is advantageous to conbine themin a diacid/nonoacid ratio by mass of’
0.1:1 to 10td, Cprefematby,0i6: patreaiTular Bibgyiaf exded, taispihoxylic
derivative of 10 1,3,5-triazine is the conpound of fornmula: HOOC
-(CH2) r, - - Neklkd andNdeba@CH2pEi@O0ON T Noml NH---(CH2)5--COON RN = _
80584-91-4 or its triethanolam ne salt. The inhibitor system according-to
the 15 invention canPﬁefasedcenlaqge@@$,fqung wigdtwrated theuCs,
antifreeze, for coolln% circuits and in

monocarboxylic acids, 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.

The preferred tricarboxylic derivative of

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

HOOC—(CHy)s—NH NH—(CH;)s—COQH

YY

=N

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



particular for cooling circuits of internal conmbustion engines. It can be
enpl oyed by directly introducing 20 the various conponents of the-inhihjtor
systeminto the transfer fluid. It is nore convenient to enploy. nother - .
sol utions, which are aqueous sol utions conprising framDeé&mber 0% by wei ght
of the inhibitor system conposed of thg conponents (I),.(11), (Ill) and
(1V) as described 27 Decenber 2003 10 above, the pH of which.will be |

adj usted by neutralization, for exanple with sodi um hydroxide, in order -
to dissol ve al PPPHer d&PpBHert svhdmtl €bll st atfvestpdd bof the transfer fluid
will be in the,ranas 7-9. ferably 7..5-8.5. These aqueous. nother .
sol utions are Ié%rrposﬁ%ag%gébgoert 8% %;eer‘i"tlign.so%ﬂg“ ngﬁg’r‘?ﬁ' i“fhi bitors.
according to thedet nveAibosl v QUldese HRBaLLON ARRIASELMUI L Btal 10
corrosion under cavitation corrosion conditions (high. 27 Decenber 2003 11
tenperature, hPHhEl éssnrEyr fHlufigr vibk ibeundetheritadee 7ewnditions of -
aggr essi Vengss, fl%a@i t em of g nhibitors: of the invention can be used in-
wi de ranges of  applications enploying nedi-a 5 -of ferrous iron, cast iron,
CUPFOUS copper and Thase agueaus. mother Sqlutions are compogitions of

the invention.
The system of inhibitors according to the
invention provides protection against multimetal

10 corrosion under cavitation corrosion conditions (high



al.um niumtype, in particular. Mention may be made of - surface treatnent,

the working of netals, paint stripping or Iubrication.Ag%ﬁ%ﬁ%ﬁﬁ%réﬁyg
- .exanpl es which follow w1 nmake the invention better understood. ey
require the results of tests regularly carried out in the autonobile

i ndustry, which tests are restated here: - a) The corrosion test in
gl assware (ASTM 15 Standard D 1384: "Qg[rosion test for Engine Coolants in
‘A assware"), which nmakes it possible to nonitor the wvariations in weight
of different netals (copper, solder, brass, steel, cast steel, cast

al um ni um i r sy f ur d ) ..at, 88C.i.n_a 20
corrosive é%%@%%%a%gggun#?%hmﬁﬁ%ggaﬁgrfr%egé§ﬁ§§¥§egﬁde§d8&&gey- b) Hot
plate test {ASIM i dagd L ven rosion of cast alum niumalloys in
Engi ne Cool ants ﬁ% er@{b% -?%?%%Y?%égébnditions"), by which the 25 L

variations in weight fie gPoiiQref ofnep$RBPLE oHRER 0N nvEaAs o3l WEN um
sinmulating a piston, heated at 135C 21 Decenber 2003 12 for 168 hours (7

days) and sidjesd@did ovpddressges Of apPf3ikRaibRsach@nbsnyemaaliyt i on
(0.165 g/l of NaC) conprising 25%of antifreeze; - c) Cavitation test

(CEC St andarfl £2 050095 ron5 bystwhi gbnf heupashat copper BRES i s measured of
test bodies conposed of discs nmade of cast steel and cast
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



al um ni um subj ected to the action of the circulating f|OM/Of a corrosive

solution according to ASTM Standard D 1384 (Na2SO4. 148 QQ. 165
- mg/ 1, NaHCO3: 10 138 ng/1) under test conditions generatlng CFT rences
| ocal speed and | ocal pressure and in tenperature |ikely to induce

cavitation and corrosi on phenonena. The tenperature of the test is 115C
the flowrate of the fluid 300 1/h and the pressure 150 kPa. The 15
duration of the test is 72 hours. The #ésts take into consideration three
types of inhibitors: i) conventional inorganic conpositions based on
nitrites,on _borax or on sodium nol ybdate, 20 ii) organic or m xed
conp05|t|on§°6f1§ﬁehOBFﬁoK7aﬂﬁY@énﬂPﬁ%ﬁM@]ﬁﬂﬁﬁg(iQMﬁ(PIQSSQr%owbositions

according t he_inyention. For all the test c osjtions, the |nh|b|tor
conponent s ﬁ%& ﬁaPséaléeﬂoFﬁoéﬂH§léﬁéuﬁPfﬁoNO ﬁﬁgnﬂ4%ﬁ°€2¥?Q#k

concentrated sol ution 2?§ a?jus% g to between 7 and 8 by addition of
sodi um hydr 5XT0E*°THE 4PRaPFnénfé éFSéez 7 Decenber 2003 13 (AR) of these

ot 67 m ned accor di ng. Lo ASTRY S hiIRr §oBtr 17FL08 ANl AU S ed
solutions cgpsphiuhechle,apiLlieazes. mla'asz. 390kl Ad Il gs @rg S obtal ned

by dilutio delonlze wat er TEESUESS Gt oSS conposed of

8 COr 051 V5@l 51 Ofnp@scthbeNat Bhs £AQLI BY Lhawi dehas hegn @dded in a

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

In



proportion of 33% by volune, if ASTM Standard D 1384 is applied, 25% by
vol ume for ASTM Standard D 4340 or 20% 10 by vol une for £FG.tapsiaings

" C-05X-95. Use was nmde, in preparing the conpositions given in the
exanpl es, of: heptanoic acid (C7) as nonocarboxylic acid of type (1), Is -
undecylenic acid (J.,:,) as nonocarboxylic acid of type (I11), - the
conpound Irgacor(b L190, sold by G ba. __(L190; RN=80584-91-4), as
tricarboxylic derivative of triazine, 130 - tol yltriazole (TTZ) as triazole
derivative. EXAMPLE 1: The foll ow ng conpositions were prepared as % by
wei ght with E"%Sper%t &70 t he conpgsi.tion in ethylene glycol, the
conposi ti on$ 2hd YES S EPREOFR-ER-EFSad SXPF St iTons- Belorer ift o t he
i nvention; éhf %%%?éﬁl ons V2. V3 .an%?t[y%wtge%%out side the invention. 27
Decenber 209314 PEON B6ifondit RPCETIED. 52 A TH .
Ollf1"'0'thggdgrhl%o%1%}l§3$'Tﬂgég'%%ﬂ%%ﬂ%%é%%&lgéEQQ¥%g§5U|ts in the
various tests according to
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:
N - 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.



the standards referred to below are given in Table 1. 5 -
(corrosion in glassware),

For ASTM D1384
the test is successfully passgfpbiehiis Jo88s i N

- 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 ngy
Wi th respect to cast iron 10 and 10 ng with respect to alumnium - The

ASTM D4340 test (hot plate)
‘ng/ c2/ week. - The CEC C-05X-95 test i%4regarded is
variation in weight
-10 and +5 ng for cast
Cast™

Sol der

10

15

If the loss in weight is less than 1
accepted if the
15 +10 ng for al um nium and between

IS passed

is between -50 and

iron.; a 21. Decenber 2003 .15 TABLE 1 V2 V37 5
steel ; Cast . Al.' 5ng- 2- ng - 4ng -2.1-2.0
COMPOSITION

Component IV2 V3 Vo VB Vo V10
Cr - 3 3 2 2.5 2.5
Cirna - - - 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.

- 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
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
+10 mg for aluminium and between -10 and +5 mg for cast

iron.;



-6.0 -3.5 -0.

VS -0.4 -0.5

Cast’” Al. -1
il

5

10

15

It may be observed that only the -,'syé_tems-
possessing four inhibitor compo'nents 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.

EXAMPLIE 2 (Comparative): 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
(Molyb )., sodz.um nitrite (NltI‘ltE) and teolyltriazole

(TTZ), comprising (as % by Welght)‘.

~1. 0.

-0.1 --4.0 -2.0 COMPCSITION . V6 -0.2 -0.7 -9.3 -1.0
0 2 -0. 5 Cast 10. My -9.0 -6.0 -1.5 -0.3 Al. . ASTMO 434Q
rTg/C m /W -50+Z!.Omg -25-02_ _ . ST
S 27 December 2003-
15
IRBLE 1 .
N . COMPOSITION
Test |Speci- . . - |wv2 v3 V6 V8 BRE vio o
T .-} fications - s -
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.¢
Solder | — 5. mg -6.0 {-4.8-1-9.3 . . -53.0 {=-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" |~
. o ASTM D 4340
Cast |-l mg/cm’/wk[-2.5 [-1.1 [-0.2 -0.4 [-0.3 -[-0.1.
: CEC C-05X~95 -
Cast -50 +10 mg . | -275 =240  -140 ~-55 -49.2 | ~45.0 .
1 Cast -10 +5 mg . | +65 -14 1 +12 +3 +0.9. 1 +0.5
steel ' ' : ;



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-.0_5:0 -0.2-0.1 -0.5-0_4 -0. 4-0. 327 Dederfbdr- 2003
©--49, 2-45-0- x-0.9.+0.5 1t rmaybe observed that only the .'systens.
possessing four inhibitor conponents and possessing these conponents wthin
the limts -of the clained conpositions pass all the ' tests . In
particular, it is seen hom/dlfflcult it is to pass the cavitation'test. 10
"EXAMPLE 22 (Conparative)-: conpositions®of the prior art These are organic
(0) or organic/inorganic (I) conpositions, with diacids (adipic (H2C6) and
sebacic (fl Cl10)) , octanoic acid -(Ce) , sodiumnolybdate 1.5 (Ml yb.)

sodium. nitrite (Nitfite) and tolyltri@aepesItION), conprising (as Wbby
wei ght) . : | component 01 02 03 Tl

Csg 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/cnﬁ/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,



27. Decenber 2003 16 COMPCSI TI ON Conponent 01020311 co2--- H2C6- 1--

H2C101. 53. 54. 254.5 Molyb.---0.25 Nitrite---0.25 TTZ0. 10. 4Pp3&&mBerpdpe! ow.

- The results of the tests are given in Table 2 TABLE 2 COWCSI Tl ON

Test Speci - 020311 fications ASTM D 1384 Copper-5 ng-1.5-2.2-2.2-2.0 Brass-5
ng-1.7-2.0-1.8-1.5 Sol der-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 1]70 ng-5.0-7.1-3.2-3.0 Al.

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



ASTM D 4340 Cast -1 ng/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 ng+4-20+2. 6+2. 0 stebbcdiibdd208B!

- these fornul ae according to the prior art, only the entirely inorganic
conposition passes all the tests, but with banned or highly inadvisable
conponents. It 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 ledds to an increase in wei ght (instead
of aloss). This increase in weight is contraindicated with respect to a
potenti al blpockhye: dleqursttid@Ll tirom Setutsa weThiknpwaduet peesons skil | ed
inthe art that sone additional additives can be incorporated in this
type of formadmwbian 4 dayser 4O ddd edigerispecespecpr opecbressidhe
commonest products include antifoam ng agents, sequestering agents and
colorants. }QADRGCHTRFiadqantd fOAMIuSEREES, oF Nehe overall

compoesition according to the invention.



foll ow ng products are particularly suited to the clainmed conposition: -
Wacker SE47 (silicone-based surfactant) - Pluronic PE619PDECHBIBAGH3
“.(nonionic 15 surfactant) ‘Utra M5 455-3A (m xture of a silicone surfactant
and of a PO-EO nonionic [lacuna]) The dose for use of these products is 20
gen.rally between 0.01 and 0.03% by weight with respect to the total of

t he not her-sol utions fornmul ati on. Anbng sequestering agents, a product well
'suited to tWe F0R902ions is 1-hydroxyethane-1,1- di PEIIPFREOGI/O1FIE0d and in
particular the commercial 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 amafgst ment of the overal

conposition according to the inventi©m 27 Decenber 2003 WO 01/00902 19

PCT/ FROO/ 01760 CLAIMB, . 1. fkocess £or inhibiting muhkimetah corrosion by
heat transfer fluids, whether or not these fluids conprise an organic

compound wWhidhrd ovet Soy hee St ft 2074 AEr pPLBLdsWhivEBtBBRSbEt SoknthBkeoduci ng,
into the said fluids, 3 to 6% by weight and preferably 3.8 to 5%
fluids comprise an organic compound which lowers the
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
tricarngylic derivative of 1,3,5-triazine

corresponding to the formula



of- a system of organic inhibitors conposed of: (1) 5 to 15% by wei ght of at
| east one unsaturated nonocarboxylic acid conprising 10-2BDeashpsr 2008 at ons
~.or of one of its alkali netal salts, amne salts, the am ne being fromthe
group of nonoet hyl am ne, diethylamne or triethylamne, or al kanol am ne
salts, the al kanol am ne being fromthe group of nonoethanol am ne,

di et hanol am ne, triethanol am._ne or 15 nethyldi ethanolamne; - (11) 40 to
‘70% by wei ght of at |east one saturatZdd carboxylic acid taken fromthe
group consisting of saturated nonocarboxylic acids conprising 5-16 carbon
atons and saturated di carboxylic acids 20 conprising 4-12 carbon atoms, or
an alkali netal or “~amne or alkgapol anj ne sgiyr of these acids; - (111) 20
to 40% by wei ght of a trlcarboxyl ative of 1,3,5-triazine :
corresponding to the formula 27 Dec 003 20 NHNHR Y N~ ~N NHR in
which formula Ris a carboxyal kyl gr nprising 2-6 carbon atons, or an
al kali nmetal or am ne or al kanolamne(salt of this derivative; 5 - (1V) J.
to 5% by weight of an azole derivativeHRaken fromthe group consisting of:

dery

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



(h) imdazoles of formula UNN

\/~NR2 KS (j) triazoles of fornula -

-.benzotriazoles of formula NR N (1) tetrahydrobenzotriazole 5 (m
thi azoles of formula NS -R2 benzothiazoles of formula 10 Rl -N R2

R2 R3 10 (i) benzim dazoles of formula R
R3 R3 or 15 27 DecerjeDeddRr200% k)

21

{k) benzotriazoles of formula

(1) tetrahydrobenzotriazole

5 {m) thiazoles of formula

(L

7 R,

{n) . benzothiazoles of formula

10

(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



(h) and the alkali nmetal salts of these azole derivatives, 15 in which
formulae Rz is a hydrogen atomor a nethyl radical Rz2 igjae&yﬂmgggo3aton1
or a nercapto radical R3 is a hydrogen atomor a radical of formula 27
Decenber 2003 22 -CH2 R4 R5 with Rg and R$, which are identical or
different, representing a.2--ethylhexyl or hydroxyal kyl radical, in 5
particul ar a hydroxyethyl,.residue. 2. 'Process according. to Caim1l,
characterized in that the I/1Z ratio by_weight is between 5 and 15, and

preferably between 8 and 12, and the (I32+ [1) /111 ratio by weight is
between 1.5 and 3 and 10 preferably between 1.9 and 2.2. 3. Process
according to either of Clains 1 and 2, in ich the system of organic

inhibitors is conposed of: 15 20 {lgp, Epnf % by wei ght of the .
constituent(l); (I11);-55 to 65% by wei'ght tRsthe constituent 25 to 35% by
wei ght of the constituent -2 to 3% of the constituent.(I1V). 4.Process
according to one of Clains 1 to 3,. '

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-octancic acid or nonancic agid.
5. . Process according to one of Claims 1 to 3,

in which the dicarboxylic acid is suberic acid, azelaic

25 acid oxr sebacic acid.



in which the saturated carboxylic acid is n-hexanoic acid, heptanoic acid,
n-octanoic acid or norianoic acid.' 5. Process according to one of Cains 1

to 3, in.which the dicarboxylic acid is suberic acid, azelaic 25 aC|d or
sebaci c ‘acid. 21 Decenber 2003 -23- . 6. -Process aceqrili g kPR

Clains | 'to 3, characterized in that the unsaturate nnnocar%oxyllc aci-d
i s undecyl enic acid. 7. Process accordéng to one of dains.] to 3, 5 in
Which the tricarboxylig. d |vat|ve of 5-triazine is the conpound of
formul a: HOOC-(CH2 5 N L #%@diﬁ‘?mm@ QLaipe (P B5- COON 8.

Conposi ti on WHICH SERRTBF 59Qnimﬁtnﬁh%1unaaymm@se@rmonnnﬁmbSEfUiﬁ A gaquUeous
'sol ution assabs ngideceoiedd: Heike 60. % by wei ght of an inhibitor systen1as
.described in Caims 1;to

5

%Tocess according to one of Claims 1 to 3,
in which the tricarboxylic. derivative of 1,3,5-triazine is
the compound of formula:

_ HOOC~—~(CHz)s-——NH\"'/.kl/NH-—(CHg)s—-COOI.-I
. ’ N.__-N -

NH—({CH,)s—COOH

8. Composition which iphibits ' multimetal
COrrosion, composed of an aqueous scolution aséaylhg from 10-

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





