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CARBORYLATES FOR USE AS FREEZI NG PO NT DEPRESSANTS AND CORROSI ON

| NHI BI TORS | N HEAT TRANSFER FLUI DS FlI ELD OF THE | NVENTI ON The present

i nvention relates to aqueous heat transfer fluids particularly antifreeze
cool ant swiyipgqger al cooling fluids that provide both frost protection and
corrosion protection by use of synergistic conbinati onBCHEP bxylic
acids. The heat transfer fluids of this invention are non-toxic,
environmental ly friendly and provide '"inproved heat-transfer properties,
conpar ed 11 gl ycol ool ants and heat-transfer fluids.
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wi t hout pamtdepllaely whtefrbasedcodientes f hkhegederil acésﬂ%%rﬂ‘&{&é fluid
to transport heat _away from heat produci ng surfaces can expressed in

terms oftN@tePTREEAE | RO {roghdrYPlgtlon and corrosion protection by
use of synergistic combinations of carboxylic acids. The heat

fluiads of

n 1n I’I%.

transfer this invention are non-toxic,

environmentally friendly and provide "improved heat-transfer
properties, compared to traditional glycol based coolants and
heat-transfer fluids. Improved corrosion protection is
obtained compared to formate and acetate based heat transfer
fluids using conventional corrosion inhibitors. The heat
transfer fluids of the present invention can be used in any
heat -exchange application including industrial heat -exchangers,
refrigeration- and cooling systems, cooling towers, open and
closed heat exchangers and for cooling internal combustion
engines. The fluids protect the equipment from frost and

corrosion damage.

R OF THE INVENTION

Effective Heat Exchange

Heat transfer fluids, whether used for heat-transfer in
industrial or automotive applications have been, almost without
water-based.

exception, The efficiency of a heat transfer

fluid to transport heat away from neat producing surfaces can
be expressed in terms of the specific heat and thermal

conductivity of the fluid. Specific heat of a substance is the




conductivity of the fluid- Specific heat of a substance is the 1 9 NOvV 2003
WO 01/ 09906 -2 PCT/ EP0O0O/ 05661 ratio of its thermal capacity to thaty MOV 2003
water. The thermal capacity is the quantity of heat necessary to produce
unit change of tenperature in unit nmass. Thermal conductivity of a

subst ancggigsndshe tine rate of transfer of heat by conduction through a
mass of unit thickness, across a unit area for a unit YTHYFIPHEL of
tenperature. Viscosity of the heat transfer fluid is also a factor in
eval uating the overall heat exchange2wefficiency - a better fluidity will
contri bu]{“_=l {0 aqn .eé‘fetcl_}ive heat transport. Conpared to nost other
heat - t ranstrer 1 ui'ds, " "SHPer CARECEHE WP ghRRt ehatatiere hdlre thesmalghest

t her mal cauiust i vd t ynanguh/ve FS |t ' t i nos
effective hea;t@t ransfer %r‘ui d,%tagogggﬁo%ﬁgr@g%ﬁ% t e%rggaiﬁlcr e(‘:fm%r eezing
and cor rganse pfoteepebatury day iungt Poiss . - Dbpresd anéndiead i itansites fl ui ds

and engi nt.s, gre known _that contain. high _concentrations of
i norgani%ﬁ)sa%t%g%t é'%dgpl)lreeis%mfehéa ?e%gi ﬁan?ﬁﬁ%tc’% &aat by Gergrgdors an
exanpl e wWirdugh sanass usetntie thidnddy,Paseossi Kenthgtel A0 G 82l ts used

for froﬁ. rotection, it is extrenely corrosive and corrosion cannot be
adequat Jyff%‘r!@\’i'é’t‘ﬁé?)f byeTRHT i ULS-s. Wenordtwichduleet heat ot rasatér cool ant s

is that el t Les solubilit f. inorganic salts is
r educed.ﬂ?ﬁ\ggéﬁd%g a‘%%@gﬂu% ﬁt %‘éﬂt}gaet ln %ﬁo‘?‘éﬁﬁ%ﬁ feetsexehange i ng

poi nt degfifdssancy inalisdtarer Betuiolepmianoduat 5: st AankeEsEPLye Nave al so
been us%d I n,_ heat - exchange and, cool i ng systens as a total replacenent for
eat transport. Compared to most other heat-transfer fluids,
water has the highest specific heat, the highest thermal
conductivity and lowest viscosity. Whilst water is a most
effective heat transfer fluid, it does not provide the required

freezing and corrosion protection.

Freezing Point Depressant

Heat transfer fluids and engine coolants are known that contain
high concentrations of inorganic salts to depress the freezing
point. Calcium chloride is an example of the salts used to
that purpose. Like other inorganic salts used for frost
protection, it is extremely corrosive and corrosion cannot be
adequately prevented by inhibitors. Another disadvantage of
such coolants is that at very low temperatures, the solubility
of inorganic salts is reduced. These drawbacks limit the use

of inorganic salts as freezing point depressants in water.

Petroleum products, such as kerosene, have also been used in
heat -exchange and cooling systems as a total replacement for
water, but their adverse effect on rubber hoses, poor heat-
transfer, and flammability has made their use impractical.
Organic hydroxy compounds were found more reliable and ethylene

glycol came into widespread use. Other heat transfer fluid




wat er, but their adverse effect on rubber hoses, poor heat- transfer, and
flammability has nade their use inpractical. O ganic hydroxy corrpouﬁ(ﬂsNUV 1003
were found nore reliable and ethylene glycol cane into w despread use.

O her heat transfer fluid 19 NOV 7003 WD 01/ 05906 -3 PCT/ EP09/ 05661 bases

I ncl udedwpleyses®! , the | ower boiling point alcohols su%%lhanol , and
propyl ene glycol. O these only propylene glycol is sti active

consi deration because of its | ow togégi ty conpared to ethylene glycol. In
general, water/glycol mxtures are u5Sed today because they are chenmically

stable a oy, | e elastoners and plastics_used_in heat-
exchangeggigtgerrs. L%dr%lcg gﬁ:?(’i’%!ﬂ't e'§/slp°rW igglgbgg RFftcpdRPPOLF eB55hg and

boi | i ng promethanal andndaprbpylenaubdiest W tbr tRbEDI 68Ty Leopyauide the

required gor rfsi on ,rﬁ;ection. However, ethylene glycol” i's preferred as a
heat trafsYE?" f1%i ¥ oA 2G5 VBT CoRSidRNsT Uoni beagupei of el Fdwash poi nt

conpar edtok®c w&.@gh‘g},, ¢l Lhewe{, Vi;scos] t better flujdit and | ow
cost conpar edﬂ?% propyl ene gﬁ yé%le_ \Iﬁo%éﬁle'nefgl e&%lra{ls wﬁ%ee{i}éjjryégl
appl i cat PéREuTRR AT e uBsdet oda isdapsies tHegi amblatemTbal 1 peat 2180 hange

capacity { freezing point depressant solutions Is reduced with
increasiﬁg ér‘%elgl;’éng&ﬁ%l nf:gaepﬁ']?s% TScAterRlagiycs ieged imndiest-a better

heat traeséieingd Usyktaamar et t 2daiWiod XnE L QoA | LN %rfi‘?:ri(%%l ene
gl ycol. A conprom se between the requiredfreezing prot edtion ahd heat

exchangef¥8$3 12 myd hailing hprapeet igyuendscghybel footmulaeesd kave hi gher
vi scosi t{ QRi e dUPHNEE gﬂaﬁ’&@id& ORgant {-gétlernesd éoggééfcgnf lplgoq:ietc¥ion.
However,'ethylene glycol is preferred as a heat transfer fluid
base because of its high boiling point and flash point compared
to methyl alcohol, its lower viscosity (better fluidity) and
low cost compared to propylene glycol. Propylene glycol is
used in applications where a lower toxicity is desirable. The
heat-exchange capacity of water/freezing point depressant
solutions is reduced with increasing freezing point depressant

content.

Pure water remains a better heat transfer fluid compared to any
mixture of ethylene- or propylene glycel. A compromise between
the required freezing protection and heat exchange efficiency
has to be made. Aqueous glycol solutions have higher
viscosities at higher glycol concentrations. A better fluidity
is thus obtained in solutions containing less freezing point
depressant. Alkali salts of low molecular organic acids such
as alkali metal acetate and alkali metal formate can also
provide frost protection when dissolved in water. Compared to
glycol, acetate and formate solutions have improved heat-
transfer properties and lower viscosities, for a same level of
frost protection. They are also more environmentally friendly

than glycols. Pormate and acetate based fluids have found



I's thus obtained in solutions containing | ess freezing point depreszad;bﬁ
Al kali salts of | ow nolecular organic acids such as alkali netal acet Qav 2003
and al kali metal formate can also provide frost protection when dissol ved
in water. Conpared to glycol, acetate and fornmate sol uti ons have i nproved
heat - t repet/fdsedr operties and |ower viscosities, for a same |evel of frost
protection. They are also nore environnental ly friendl m‘ycol S-
Format e and acetate based fluids have found 19 Nov 2003 WD 01/ 05996 -4

PCT/ EPOO/ 05661 applicati ons as heat -'e%(change fluid and airport runway

dei ci ng i . tlent 5 104, 562 _describes a cool ant conposition
cont ai niaéélgcgg%gggi E%If% trfff‘é:glﬁlﬁlgepgf‘é% i 2dEPAre. TumaYo SEGALPE Ot ect i on

Cor r osi diluidisheatrsexratenges, and, 8891 88:CPMd NG HRhenR \@iolmho bay§,two main
effects: deterioration of the netal conponent either by u |Formwastage or

| ocal i sEPAPLELRI( Bi PPERATSiwR difrmatec opdoppomsiwmaceiatpr oduct i on of
I nsol ubl e corrosion products that will tend to bl ock heat-exchangers,
t hernostat valves, filters and other conponents and to inpede heat

t r ansf elCoxyosdenoBrotert on heat exchange surfaces. Regardl ess of the

conposi td' on of the freezi n% goi nt depressant, corrosion inhibitors are
needed {6XFEIUCE ARd NEahr FSFPEBPR0sRBA BRIiMe coeling $ystwwe actlith the

fluid BRa9el R E ci.of, the invention is that
specific aque@(?Es%%u%%éﬁ%%ﬁ%gaggﬁo%ﬂ alt’eesm%#‘u% YEPEPIRE freezing

poi nts &dthextl uing fogmpesstagmeri lecabiongibat t 460 S(pTitkedg) Nesdiglve
corrosion}), and the production of insoluble corrosion products
that will tend to block heat -exchangers, thermostat valves,
filters and other components and to impede heat transfer by
deposition on heat exchange surfaces. Regardless of the
composition of the freezing point depressant, corrosion
inhibitors are needed to reduce and control corrosion of the

metals in contact with the fluid.

DISCIQOSURE OF THE INVENTION

One aspect of the invention is that specific aqueous solutions
of organic carboxylates show very low freezing points at
eutectic compositions i.e. compositions mixed in such
proportions that the freezing-point is a minimum, the
constituents freezing simultaneously. This is very important,
as the total organic salt content can be significantly reduced
compared with conventional monocarbon carboxylates {formate or
acetate) systems offering the same frost protection. The
advantage is not only in improved economics but also, in better
beat-transfer due to a higher specific heat and improved
fividity resulting from the higher water content at the same
frost protection. In particular, it has been found that

solutions of low carbon (C,-C,) carboxylic acid salts, in




proportions that the freezing-point is a mninum the constituents 19 NOV. 2003
freezing sinmultaneously. This is very inportant, as the total organic salz
content can be significantly reduced conpared with conventional nobnocarbon
carboxylates (formate or acetate) systens offering the sane frost

protectiwpebies advantage is not only in inproved ecoggﬂ ﬁs but al so, in

better heat-transfer due to a higher specific heat and T fluidity
resulting fromthe higher water content at the sane frost protection. In
particular, it has been found that ol utions of |ow carbon (Cl-C2)

car boxyl d5GudGad 153l I Q. NOV_ 2003 1/ 05996 canbi natj on_wi th higher
car bon (éC3- Cgi)aqéa%?lbgé){}fli gléc?la %%2?%? }/(\gr—g:?/{l d& ﬁdicstaicédf gt s,

pr ot ect imrovider yyeéteidt ive feusePrctkcthave hren, berpd: {08 Ligcc9phi nation
of the alkal k}ﬁ;al%s of a Cl. carboxylic acid (methanoic- or formc acid)
and a Cglaé‘ Pl teund &oF LB opRminat isn g obherilkaddi éprltAnof e, aspect of
t he presei¥hdxpient i [ L apr n kstic. frqst otection and
corrosi on prg?gc%}i %ﬁﬂli sﬁr%etgl&}%éd y %#@nﬁﬁngégé)sfn& &r = ﬁf‘si’&‘y S Cl12

car boxyldaidadipdopraneitasor mpepibaundathd) . hi gher carbon carboxyl at es
(C12-C16) also increase the corrosion protection, but their solubility in
the salt solutions is very limted. Optionally the addition of
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been found that higher carbon carboxylates (Cy2-Cy) also

increase the corrosion protection, but their solubility in the

salt solutions is very limited. Optionally the addition of

hydrocarbyl triazoles or thiazoles can further improve the

corrosion protection.

DETAILED DESCRIPTION AND EXAMPLES

Synergistic Frost Protection in Solutions of Lower Carbon (C,-

C;) and Higher Carbon (C3-CS5) Carboxylic Acid Salts

The freezing point of carboxylate mixtures according to this
invention are much lower than expected in comparison to
freezing point reduction as determined separately for each
component. Preferred ratios are from 3:1 to 1:3, preferably
1:1. This may be demonstrated by experimental data on agueous
mixtures of potassium formate {C,) and sodium propanocate (C,).
Table 1 shows the results of freezing point determinations for

different solutions of the C, and C, carboxylates.




i nvention are much | ower than expected in conparison to freezing poihf NOV 2003
reduction as determ ned separately for each conponent. Preferred ratios
are from3:1 to 1:3, preferably 1:1. This nmay be denonstrated by
experinmental data on aqueous m xtures of potassiumformate (Cl) and sodi um
propanocaweoi/ossnsé Table 1 shows the results of freezi n% L0t

determ nations for different solutions of the Cl1 and ,éﬁﬁﬁ%MBﬁﬂ ates. 19
NOV 2003 WD 01105906 -6 TABLE 1 PCTL§P00/5661 Wi ght Rati oFreezi ng
Tenper at ure Potassium Formate (Cl):cc Sodi um Propanoate (C3) Water 100

40: 0- 36 §é%§23§ 30: 10-42 20:20-48 25:15-45 0:40-32 The pure sol ution of
potassiumtornate (40:0) in water has a freezing point of -36C. The sane
concentration of sodium propanoate (40:0) in water has a freezing point of
-32C. In mxtures of the two conponents a freezing point below-48C is

found at a ratio Wtic, Raliieh is rengrkabl yréoygly tieapetdeurgxpect ed
m d- poi nt of_-34C.cal cul ated using the addition rule.  The [aws of
mol ecul ar f rEEARG U Bof RT™ESr Esdion dre apparent!y °C
Sodium Propanoate (C;)
Water 100

40:0 -36

35:5 -38

30:10 -42

20:20 -48

25:15 -45

0:40 ~-32

The pure solution of potassium formate (40:0) in water has a
freezing point of -36°C. The same concentration of sodium
propanocate {40:0) in water has a freezing point of -32°C. 1In
mixtures of the two components a freezing point below -48°C is
found at a ratio 20:20, which is remarkably lower than the
expected mid-point of -34°C calculated using the addition rule.
The laws of molecular freezing point depression are apparently
no longer valid for this type of solution. The combination of
the added organic salts seem to interfere with the
solidification of water to ice crystals in a way that it
inhibits the possibility to obtain a regular crystal structure
in the water molecules. Without being bound by theory, it is
also believed that the selected cations play an important role
in the synergistic freezing point depression. Substitution of
the sodium by potassium in the propancate does not yield as
great a frost protection effect. Thus a most preferred system
is the combination of a C, potassium carboxylate salt and a C,

sodium carboxylate salt.




no longer valid for this type of solution. The combination of the addefoy 2003
organic salts seemto interfere with the solidification of water to Ice
crystals in a way that it inhibits the possibility to obtain a regular
crystal structure in the water nol ecules. Wthout bei ng bound by theory,

it is oawpRmeetcved that the selected cations play an %ortant role in

the synergistic freezing point depression. Substitutio Sodi um by
potassiumin the propanoate does not )él eld as great a frost protection
effect- Thus a nost pref erred system I's the conbination of a Cl potassium

car boxyl nd a m car boxyl ate salt. 1 9 N OV 2003 WO
(r)1/ 059?61(&?%5 /‘§§é§1 ‘% SRAE, W et Gt | ¥hes { eembining f other when
conbi ni n@galtdtdonss 6F Ul PR6r Dg didriRn Pagmﬁéfbé)gg maz}ﬁ%u‘; gux?ﬁygguéf m xtures
of acetate salts and SE)utyr ate salts ( Further I'nproved

C2) .
Syner gi sﬁct?tPFﬁsPaI(bFﬁt £€ti gmdahut vortossaits cho)t ection upon Addition one or
nmore Cr-C, Carboxylic Acids t Aqueous Solutions of L o w Carbon (Cl-C2)
and Hi gher Carbon ( C C) ~Carboxylic Acid Salts The use of C6-Cl2

car boxyl b 5016 RassbeeRot édVA '&?&eéoffb@fﬁb:‘ous
sol ution Iow car bon ( Cl C2) and hi gher car on carboxylic acid

conventimleougréumgﬁn% 8!0%@%9?6&)(5 ibengfi&% ghm);' éa_gﬁg ;ggnggn'”i tes
are currently used Wt ydr ocar by n £ ion in

acet at e SaabpuyihccAcid tSaltiait i ons. Sone of these inhibitors are toxic and

har nf ul t‘.l‘?)et ngeegfllésoegegzt-xrboxylates as corrosion inhibitors has been
investigated in aqueous solutions of low carbon {C,-C;) and
higher carbon {C,-C.;) carboxylic acid salts used as freezing
point depressants. Different combinations of conventional
inhibitors such as borax, benzoates, molybdates and nitrites
are currently used with hydrocarbyl triazole for corrosion
protection in acetate and formate salt solutions. Some of
these inhibitors are toxic and harmful to the environment.
Others are not very stable in organic salts solutions and may
precipitate out of solution under conditions of high
temperatures or severe frost. By using C¢-C,, carboxylate
inhibitors in C,-C; carboxylate freezing point depressant
solutions at from 1 to 10%, it has been found that these
problems may be resolved. Overall stability of the product is
improved. A further synergistic improvement of the frost
protection properties was found. On their own, C¢-C,
carboxylates are poor freezing point depressants. The addition
of small amounts of C.-C,, acids to the combination of acids
further improves the frost properties, significantly far beyond
what could be expected. Table 2 shows the freezing point

depression gained by the addition of 5% sodium heptanoate (C,).




QG hers are not very stable in organic salts solutions and may precip{ga0¢ 2003
out of solution under conditions of high tenperatures or severe frost. By
usi ng C6-Cl2 carboxylate inhibitors in Cl-C5 carboxylate freezing point
depressant solutions at from1l to 10% it has been found that these

probl ensyigRN ol ' €S0 ved. Overal |l stability of the product is inproved. A
further synergistic inprovenent of the frost protecti TOHeY61 os was
found. On their own, C6-Cl2 carboxylates are poor freezing point
depressants. The addition of small afsunts of C6-Cl2 acids to the

conbi nat %aci ds further inproves the frost properties, significantly
far beyo coul d be expected. Table 2 shows the freezing point
depressi on gai nedé%é he_addi ti on of 3% sodi um heptanoate (C,). 19 NOV 2003
wo 01/ 059A6 PCTY/ BF08P05881198 TABLE 1 Vei ghtes&inco FeaeeratuTenper at ur e

Pot assi um Forghesf i) FoRkariodiym Propanoate (C3): Spdi um Heptanoate (C,)
Water 100 40: 0:5-42 35:5:5-46 30:10: 5449 20:20:5n.d. * 25:15:5-S0

0: 40: 5n. d. * SRAEBRPB¥PR#IPAE Wkh:t he [corrosi on protection of different |ow

car bon cont aiégdigmp&ﬁ%@iaﬁog%d(ée}' ts golutions with traditional

Water 100
40:0:5 -42
35:5:5 -46
30:10:5 -49
20:20:5 n.d.*
25:15:5 -50
0:40:5 n.gd.»

A comparison between the corrosion protection of different low
carbon containing organic acid salts solutions with traditional
inhibitor packages and the newly developed synergistic
combinations of carboxylate based solutions shows that there is

a significant improvement in corrosion protection.

The present invention will be described with reference to the
following non-limiting examples. Tables 3 and 4 show the

resulte of corrosion tests.

Comparative Example A (Traditional Formate-Based Formulation)

One litre of an agueous antifreeze formulation was prepared
comprising of 320 g potassium hydroxide, 275 ml formic acid

{98%), 15 g sodium benzoate and 2 g tolyltriazole pH = 8.8.

: not determined {(freezing point is below -50°C)




I nhi bitor packages and the newly devel oped synergistic conbinations g 2063
carboxyl ate based solutions shows that there is a significant i rrprO\) n%uryt

in corrosion protection. The present invention will be described with
reference to the following non-limting exanples. Tables 3 and 4 show t he
resul ts @fo fikdegsi on tests. EXAMPLES Conparative Exanple A éTr adi ti onal

For mat e- Based Formul ation) One litre of an aqueous antP§F brnul ati on
was prepared conprising of 320 g potassium hydroxide, 275 m formc acid
(98% . 15 g sodium benzoate and 2 g t8tyltriazole pH = 8.8. : not

det er m nﬁd H‘E gezi ng poi nt_ i s below -50C) 19 NOv 2003 WO 01/05906 -9
PCTI EP09 4 mke doanple 1 One litre of an aqueous formul ation was

pr epar ed ogenpi ¢ 8¢ HF @ 008 [ ydroxide, 275 m formc acid

(98t), 13 g 2- ethyl hexgﬁgig Eégfg, agms?e ggfgcpra%??fe‘g.qé’"@rf‘ﬁlli}ﬂt?# azol e

and 4 g338dBurPhyds by deydaeiidet, e @ 750 MHEDrmli BV @BE HONoE¥ AN, £ % ine litre
i SI 115 g

of an aq | freeze fornul atj on was prepared conprising o
pot assi u#?ﬁggl?%%t' e c fﬁfc{ﬂ % §r ﬁFbaﬁt?dac’(‘@B%-,a FEod ydbdianebe opahoat e,

16.2 g 24eghybdpxanoydraaGiad, adjdbt8dsEhaat @ acid, 1.0 g tolyltriazole and
4 g sodium hydroxide, adjusted to pH 9. "Conparative Exanple B (Traditional
Acet at e- Based Fornulation) One litre of an aqueous antifreeze fornul ation

was prepi‘ﬁ@@ntf&%ﬁi ng gf 400 g potassi um hydroxi de, 60 m formc acid
One litre of an aqueous antifreeze formulation was prepared
comprising of 115 g potassium hydroxide, 110 ml formic acid
(S8%), 200 g sodium propancate, 16.2 g 2-ethylhexancic acid,
1.26 g sebacic acid, 1.0 g tolyltriazole and 4 g sodium
hydroxide, adjusted to pH 9.

Comparative Example B {Traditional Acetate-Based Formulation)

One litre of an agueous antifreeze formulation was prepared

comprising of 400 g potassium hydroxide, 60 ml formic acid
{98%), 360 ml acetic acid (99.5%), 800 ml water, 5 g sodium

benzoate and 1 g benzotriazole.

Invention Example_ 3

One litre of an aqueous antifreeze formulation was prepared
comprising 400 g potassium formate, 16.2 g 2-ethylhexanoic
acid, 1.26 g sebacic acid, 1.0 g tolyltriazole and 4 g sodium
hydroxide, adjusted to pH B.8.

Invention Example 4

One litre of an aqueous formulation was prepared comprising of
115 g potassium hydroxide, 110 ml formic acid (98%), 200 g
sodium propancate, 13 g 2-ethylhexanocic acid, 1 g sebacic acid,
0.8 g tolyltriazole and 4 g sodium hydroxide, adjusted to pH
8.2.




T ...

(98%, 360 mM acetic acid (99.5%, 800 m water, 5 g sodium benzoate and i
g benzotriazole. Invention Exanple 3 One litre of an aqueous antifreeg@NOV 7003
formul ati on was prepared conprising 400 g potassiumformate, 16.2 g

2- et hyl hexaanoic acid, 1.26 g sebacic acid, 1.0 g tolyltriazole and 4 g
sodi um lwlsimxeede, adj usted to pH B.B. Invention Exanple 4 One litre of an
aqueous formul ati on was prepared conprising of 115 g pBtHEEW®MSHydr oxi de,
110 M formc acid (98%, 200 g sodi {4 propanoate, 13 g 2-ethyl hexanoic
acid, 1 g sebacic acid, 0.8 g tolyl ¥ azol e and 4 g sodi um hydr oxi de,

adj ustedrhappHs 8.2. 19 NOV 2003 wo 61/95906 -10 PCT/ EP09/ 05906 TABLE 3

@ assware Corrosion Tests - 336 Hours - simlar to ASTM D1384 Wi ght

| ose( ny/ Edapewaredimarinlae TBsase St 26 | KA UMisHind ThCoBPRE R | N 4=}
A9.9115. 41.24.0174.5-0.1 (Invention)Ex. 12.988.22.838.696.3-3.2
(I'nvention)Ex. 23.079.82.512.439. 8 TABiktsnd 14/ uRd/Réugsly Hot Cor rosi on Test
Simlar to ASTM D4340 FOI’WII of, el ght 1 oss_on al um ni um coupon

(nmg/ cng/ vveek) (I nventl on) 10.51 Humiaiun
omparatiwve) L 9 115.4 1.2 4.0 174.5 -0.1
{Invention} Ex. I 2.9 88.2 2.8 38.6 9€.3 -3.2
{Inventiom) Ex. 2 3.0 79.8 2.5 12.4 15.8
TABLE 4

Aluminium Hot Corrosion Test Similar to ASTM D4340

Formulation Weight loss on

aluminium coupon

(mg/cm? /week)
(Invention) Ex. 1 0.51
- {(Comparative) Ex. B 7.01
{Invention) Ex. 3 1.54
{(Invention) Ex. 4 1.47

It is seen that the examples according to the present invention
show a reduction in weight loss of many metals, e.g. copper,
solder and 'iron. The weight loss on aluminium coupons (Table

4) is significant as aluminium is a major component of

antomotive engines.




(Comparative)Ex. B7.01 (lnvention)Ex. 31.54 (lnvention)Ex. 41.47 It i@ KRR
that the exanples according to the present invention _show a reduction in
“wei ght | oss of many netals, e.g. copper, solder and ﬂon The wei ght | oss
on al um ni um coupons (Table 4) is significant as alumniumis a mjor
conponent of autonotive engines. 19 NOV 2003 CLAIMS 1. A heat transfer
fluid conposition conprising a mxturejj.of a Cl-C2 carboxylic acid salt, a
C3-CS carboxylic acid salt and a C6-C2 2 carboxylate. 2. A conposition as
clai meg.Adrmmvgl aiml or Caim?2 further conprising a hydrocarbyl thiazole or
a hydrocarbyl triazole. 3. A conposition as clained in any preceding claim
wherein the ratio of Cl1-C2 carboxylic acid salt to C3-C5 carboxylic acid

is from3:1to 1:3 - siLi as clained in eceding claim
wherein the ratio %fﬁ%iécgggggb%)éy | cia%cqéﬁsoragl%t“]toon %‘Sérrb%fyﬂl *%U;f& d
salt iof & L,-8, dacbappliiti enidssallai, nedCi+C.angrposgedicngcdldaisml twaerdeian

t he C%_Cg c%%br%(c%l}lri%@ci d salt is potassium 6. A conposition as clainmed in
any précedi ng- ¢ o Wherein the C3-C5 car boxylic acid salt is sodium 7.
A conposition as clained in any preceding claim wherein the C6-Cl2
carboxylate_is present in solution at from1l t 10 wt % _8.. A_cgnposition

- as ciaimed-in anf PPEREEFRGCEI AF T2 URRF i SF gt H ik OFr £16R ™6t ASEFDRY
f or mtempyadiHy Pi OpPaLeE8rBRY thiazole or & hydrocarbyl triazole.

3. A composition as claimed in any preceding claim
wherein the ratio of C,-C, carboxylic acid salt to C,-C; carboxylic

acid is from 3:1 to 1:3.

4. A composition as claimed in any preceding claim
wherein the ratio of C,-C, carboxylic acid salt to C,-C; carboxylic

acid salt is 1:1.

5. A composition as claimed in any preceding claim

wherein the C,-C, carboxylic acid salt is potassium.

6. A composition as claimed in any preceding  claim

" wherein the C,-C; carboxylic acid salt is sodium.

7. A composition as claimed in any preceding claim
wherein the C¢-C,, carboxylate is present in solution at from 1 to

10 wt %.
B. A composition -as claimed in any preceding claim
comprising a mixture of potassium formate, sodium propancate and

sodium heptanoate.

o. A composition as claimed in Claim 8 in a ratio of

20:20:5 respectively.

AMENDED SHEET
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sodi um hept anoate. A conposition as claimed in Caim8 in a ratio of

20:20: 5 respectively. AVENDED SHEET 19 NOV 2003 -12 10_ A conpositionl SN0V 2003
claimed in any preceding claim having a pH of fromS to 9.5. 11. The use

of a conposition as clainmed in any preceding claimas a cool ant

conposition. 12. The use of a conposition conprising a m xture of a Cl1-C2
carboxylic acid salt and a C3-C5 carboxyljbc acid salt as a cool ant
conposition in autonotive engines. 13. The use as clained in Caim12

wherein the CDﬂpOSItIOnuf@HHpaSﬁngHI§§s a h%ggog b I
hydr ocar,b triazole. 14. The use as claimed in C gfmgllﬁ g)%é%ﬁnglflam

wher ei n h%mﬁp9af|BH pictrem dartsoxdiic acid salt to C3-C5 carboxylic acid
is from3:1to 1:3. 35. The use as clained in any one of Clains 12°'to 14
wherein the ratio of C -C2 carboxylic acid salt to C -C5 carboxylic acid
salt is 1:1. 18- The (& aselaf redcdmpest e of Caaimed L tahyd Hr el Shd

the C - yli salt is.patassium 17. The use as clained in any
G%é%ﬁtg% 1. 8R§f£aﬁ éom qﬁ#% is sodi um

one of Clalns erel Eacs carboxylic acid salt
18. The use as clalned in any one of Clains 12 to 17 wherein the pH of the
conposition |§2fron18 &B ANENDED SHEET
= use ©L a composition comprising a mixture of a
C,-C; carboxylic acid salt and a C,-C. carboxylic acid salt as a

coolant composition in automotive engines.

i3. The wuse as claimed in Claim 12 wherein the
composition further comprises a hydrocarbyl thiazole or hydrocarbyl

triazole.

1a. The use as claimed in Claim 12 or Claim 13 wherein
the ratio of C,-C, carboxylic acid salt to C;-Cs carboxylic acid is
from 3:1 to 1:3.

15. The use as claimed in any one of Claims 12 to 14
wherein the ratio of C,-C, carboxylic acid salt to C,-C, carboxyllc

acid sealt is 1:1.

i6. The use as claimed in any one of Claims 12 to 15

wherein the C,;-C, carboxylic acid salt is potassium.

i7. The use as claimed in any one of Claims 12 to 16

wherein the C;-C; carboxylic acid salt is sodium.

18. The use as claimed in any one of Claims 12 to 17

wherein the pH of the composition is from 8 to 9.5.

AMENDED SHEET




