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transfer fluids of 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.

BACKGROUND OF THE INVENTION

Effective Heat Exchange.
‘Heat transfer fluids, whether used for heat-transfer in

industrial or automotive applications have been, almost without
exception, water-based. The efficiency of a heat transfer
fluid to transport heat away from heat 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 WD 01105906
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of tenperature 1n unit mass. Thermal conductivity of a ‘substance is the
time rate of transfer of heat by condugtion through a mass of unit
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products, such as kerosene, have al so been used In
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 alsc 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
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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 glycol. 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. Formate and acetate based fluids have found
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heat - exchange- and engi ne cooling systens will have two nmain effects:
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conposition of the freezing point depressant, corrosion inhibitors are
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speci fic aqueous sol uti ons
that will tend to block heat-exchangers, thermostat valves,

filters and other components and to impede heat transfer by
deposition on heat exchange surfaces. Regardléess 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.

DISCLOSURE 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
heat-transfer due to a higher specific heat and improved
fluidity 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
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increase the corrosion protection, but their solubility in the

salt solutions is very limited. Optionally the addition of
hydrocarbyl triazoles or t_hiazoles can further improve the

corrosion protection.
DETAILED DESCRIPTION AND EXAMPLES

ergistic Frost Prot ion in Solutions of Lower Carbon (C,-
C.) and Higher Carbon (C3-C5) 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 aqueous
mixtures of potassium formate (C,) and sodium propanoate (C,).
Table 1 shows the results of freezing point determinations for

different solutions of the C, and C; carboxylates.
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35:5 -38
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20:20 -48
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The pure solution of potassium formate (40:0) in water has a
freezing point of -36°C. The same concentration of sodium
propanoate (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 cowbination 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.



expected m d-point of -34C calculated using the addition rule. The |aws of
nol ecul ar freezing point depression are apparently no longer valid for
this typwoeinsed uti on. The conbi nation of the added orpggipso/dsedit S seemto
interfere with the solidification of water to ice crystals in a way that
it inhibits the possibility to obtaip_a regular crystal structure in the
wat er nol ecul es. Wthout being bound by theory, it is also believed that
the sel egliad1eat iAeRligrian éﬂfré%tsa@rer fund WHH SRS Hing '&cﬁé@eZ' ng
poi nt depression. Substitution of the sodium by potassiumin the

pr opanoats®lysdenfoet ydif fening weaxkonanumber ?Hsbt agueonsehixturesfis a nost.

pref erre t C f t assi um car boxyl ate salt and
ot Ebatte (3R B AR S P Eroo) 05661 - 7S m 1 ar
synerg| StIC effects are found when conbining other solutions of differing

carbon ny e.q_a uequs mxtures of acetate salts (C2) and butyrate '
salts (C; ur ; 5 fale

Protect i @&d&@l&;aﬂdu%wmﬂel% Bﬁ%eolcﬁn&e %p&&b&é@}é%&.@ds eous
Sol utions of Low Carbon (C C)an H gher rbon rboxylic Acid
Sal t s Th&quegusts 2f Hlooy ) and didhenri Garbor (€3sCleen
|nvest|gzga<§:q)05c gueQls S I ons of Iow carbon (Cl-C2) and higher carbon
(C3-ChH) mm%—w#‘g—%% used as freezing point depressants.

Dffer ent'rheonbienaficmclptarbnxghatmaﬂs cofthodidrorinhibéboss Bhas Been

nzoat es, tes.and nitrites. are currently used V\nthhdrocarbl
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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,-Cs carboxylate freezxng 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 synmergistic 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,, ac:tds to the combination of acids
further improves the frost properties, significantly far beyond
what could be expected. Table 2 shdws the freezing point

depression gained by the addition of 5% sodium heptanoate (C,).
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be expected. Tabl.e 2 shows the freezing| point depression gained by the
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TABLE 2 Wi ght d&adigh Bepezhbgtdepmeratuye Potassium Formate (CL) : ('

Sodi um Propanoate (C3): Sodi um Heptanojpte (C7) Water 100 40:0:5 -42
35:5:5 -46 30:10:5 -WeFrer@d090:5 n.d. * | 25:15:5 -50

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.d.*

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

results of corrosion tests.

EXAMPLES

Comparative Example A (Traditional Formate-Based Formulation)

One litre of an aqueous 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)



0:40:5 n.d.* A conparison between the corrosion protectjon of different

| ow carbon containing organic acid salts solutions with traditional
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car boxyl ate based sol utions shows that there is a significant inprovenent
in corrosion protection. The present_dnvention will be described wth
reference to the followng non-limting exanples. Tables 3 and 4 show t he

resul ts 9hveRE{SSI gt §. EXAWPLES Conparative Exanple A (Traditional
For mat e- Based Formulation One litre of an aqueous antifreeze fornul ation
was prepﬁnedll@tﬁrp*ﬁ snmowcwaasenmmmmmd céﬁiﬁriﬁiﬁg)rorfi c acid .
(989 , 2 o] riazole :
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conprising of 320 ot assi um_hydroxide, 275 mM formc acid (98%, 13 g 2Z-
et hyl hex&nSi 8O%ET HYEroxidsa peidgted &P ®Hy Stol yI triazole and 4 g sodium

hydr oxi de, adj usted to pH 9. Invention Exanple One litre of an aqueous
antifreeze fornulati on was prepared conprising of 115 g potassi um

hydr oxi dénvention Exemple 2cid (98%, 200 g sodi um propanoate, 16.2 g
Codt oy "EEANSLErachE . an aBeBuB RAELEr8ELE" eoriuthesOn \ld FapR 207 4 O
comprising of 115 g potassium hydroxide, 110 ml formic acid
(98%), 200 g sodium propancate, 16.2 g 2-ethylhexanoic acid,
1.26 g sebacic acid, 1.0 g tolyltriazole and 4 g sodium
hydroxide, adjusted to pEH 9.

Comparative Example B aditional Ac -Base ormulation
One litre of an aqueous 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 E e

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 8.8.

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 propanocate, 13 g 2-ethylhexanoic acid, 1 g sebacic acid,
0.8 g tolyltriazole and 4 g sodium hydroxide, adjusted to pH
8.2.



Conpar ative Exanple B (Traditional Acetate-Based Fornul ation) One litre of
an aqueous antifreeze fornul ati on was prepared conprising of 400

pot assi um\wjd{,@g&ﬁe 60 M formc acid (98%, 360 m acsd.d (&, &r} (99 5%,
800 m water, 5 g sodium benzoate and 1 g benzotriazol e."Tnvention Exanple
3 One litre of an aqueous antifreeze fiymul ation was prepared conprising
400 g potassiumformate, 16.2 g 2- ethllhexan0|c acid, 1.26 g sebacic acid,
1.0 g tol yirrmzol e and 4 g sodi um hydroxide adjusted to pH B. S

| nvent i on Exanpl ¢ e 4 O1e litre of an aqueous for 'l at| on was prepared
conpri si Ng==A e _gorreaten  Paste B B ¥ eIEAE
sodi um pr opanoat e, 13 g 2- ethylhexan0|c aC|d 1lg sebaC|c acid, 0.8g
tolyltriazole and 4 g sodi um hydr oxi de,¥e&8f u%sFe‘dng‘b'PﬂH 8.2. WD 01/ 05906
PCT/ EPOOC0O5661 - 10- TABLEca,pQ ASSNAIrE £RES 0S| fell €St Sron 336 dRMES -
si'mlar to ASTM D1384 i Ioss (mg/ coupon) Copper Sol der Brass Steel
Iron Al umi nfUm =~ C&nparali 36’) Ex. YA%.9%F15.4 12 4.0%*1%3.5 -9*1

(I'nventi on)tIrExnn@Z O 8812229 8 3886296. 3.8-3. 2 3{.knvenksnan) EBExa.22 3.0 79.8
2.5 12.4 19,8 FARLE 4 LA um,nj um Hyp  Corgpqsion Jest Sinpjlar to ASTM D4340
Formul ati on Weight | oss on

TAB 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

automotive engines.
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al um ni um coupons (Table 4) is signijhi.cant as alumniumis a major
conponent of autonotive engines. WO 01/05906 11111111 liii 1121121111 1|1
1111 PCT/CER®ME05661 -11 CLAIMS 1. An aqueous-fluid conposition for use as
a heat transfer fluid conprising a mxture of a Cl1-C2 carboxylic acid salt
and a C3-C5 carboxylic acid salt. 2. A conposition as clainmed in daim1l
further @onpri ghngndeodd£31d L abhBS¥ Bishn & /ﬁs%OgBOé' hesl arfdfied 1N
Claim1 or Claim2 further conprising a hyé}ocar yl "thrazol'e or

hydr ocar Byluidr i eompmising A wirpese ifon €s G| earteskylicanyifresbediag claim
wherein _the_kfatl] -C2.carboxylic acid salt to C3-C5 carboxylic acid
salt to farg?né‘: %B?gg%).,%c 5?“5(?%%66& tion wherein the ratio of Cl-C2
carboxylic acid salt to C3-C5 carboxylic acid salt is 1:1. 6. A

conposi tion wherein the Cl-C2 carboxylic acid salt is
2. A composition as claimed in Claim 1 further comprising a

Cs-C,» carboxylate.

3. A composition as claimed in Claim 1 or Claim 2 further

comprising a hydrocarbyl thiazole or hydrocarbyl triazole.

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

salt to from 3:1 to 1:3.

5. A composition wherein the ratio of C,-C, carboxylic acid

salt to C;-C; carboxylic acid salt is 1:1.

6. . A composition wherein the C,-C, carboxylic acid salt is

potassium.

7. A composition wherein the C,-C; carboxylic acid salt is

sodium.

8. A composition as claimed in any one of Claims 2 to 7
wherein the C¢-C,, carboxylate is present in solution at from 1

to 10 wt %.
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potassium 7. A conposition wherein the C3-C5 carboxylic acid salt is
sodium 8. A conposition as clained in any one of Clains 2 to 7 wherein

t he C6- Clawoardseosyl ate is present in solution at from 1 pdepbblossks % Thi s
Sheet Has Been Replaced 1111 1L EELE 2ZH I 11T WO 01/ 05906

PCT/ EPOO/ 05661 -12 9. A conposition agsz2clained in any one of Clains 2 to 8
conprising a mxture of potassiumformate, sodi um propanoate and sodi um
hept anoat €.9.10. A composition s «lsimed im Hyaionel ®f nchaimd iD ©f §20: 20: 5
respectively. 11..A conppsition as clained in any preceding claimhaving a
pH of from%mpislﬁ?%g 3 MIRHE Y & FPERSESHP oEPTTITE a S ammBaropanaate
precedi ng sgldabbBiae Hept@loakk conposition. 13. The use of a conposition as
a cool ant conposition in autonotive engines. 1il111111111111112111I1ti111111

CL MThis Sheet Has Been Replaced 111111111121212122 I[I [T1lii
10. A composition as claimed in Claim 10 in a ratio of

20:20:5 respectively.

11. A composition as claimed in any preceding claim having a

PH of from 8 to 9.5,

12. The use of a composition as claimed in any preceding

claims as a coolant composition.

13, The use of a composition as a coolant composition in

automotive engines.
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