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The use of a composition with low corrosive properties

FIELD OF INVENTION
The invention relates to use according to claim 1.

The invention relates to the use of freezing point depressant compositions which
are especially adapted for applications where the biodegradation and low BOD,
anti-corrosion and non-scaling as well as biostatic properties are highly required
for fluids. These used freezing point depressant compositions are fluids or solu-
tions, which are prepared by mixing solvent to said fluids. Preferably the present
invention relates to the use of environmentally benign freezing point depressant
compositions for deicing surfaces and for preventing ice formation (anti-icing) on
surfaces or within the compositions itself.

BACKGROUND OF INVENTION

Freezing point depressant compositions are used widespreadly for variety of pur-
poses, especially for lowering the freezing point of an agueous system so that ice
cannot be formed on surfaces or within the aqueous systems or for melting ice
formed in those agueous systems.

The effectiveness of the freezing point depressant compositions depends on the
molar freezing point lowering effect, the number of ionic species that are made
available and to the degree to which the compositions can be dispersed in the lig-
uid phase. Water is the most common liquid phase in which the formation of ice is
to be precluded or ice to be melted. Most freezing point depressant compositions
are either based on salts such as sodium chloride or potassium formate or alco-
hols such as glycols and methanol.

Oil based hydraulic and heat transfer fluids have negative environment impact and
they also form a favorable growth environment for microbes, from which there re-
sults formation of precipitates, and corrosion. The mineral and vegetable oils (bio
oils) as well as biodegradable and non-toxic propylene glycol based fluids have
the disadvantage that their viscosities increase to detrimentally high values at low
temperatures e.g. for the most hydraulic and heat transfer oils the typical operating
temperature is only -10 °C. Both ethylene and propylene glycol can operate at
lower temperatures, even down to -30 °C, but especially in case of propylene gly-
col the pumping costs increase remarkably because of the poor heat and power



10

15

20

29

30

39

CA 02788065 2012-07-25

WO 2011/089322 PCT/FI12011/050057

transfter properties. The viscosity of hydraulic and metal cutting fluids should be
within range of 10-50 mPas or even higher. The viscosity should not be too low. It
the viscosity is very low, for example in order of 1 mPas, simple o-ring seals have
to be abandoned in hydraulic equipment and other more expensive options must
be used. The low viscosity of metal cutting fluid will cause weakening of the metal
surface quality in case of metal cutting. Bio oils and mineral oils are very sensitive
to moisture (typically maximum ca. 0.1 wt-%) and high temperatures. Oils are not
water soluble, thus water containing acidic and corrosive compounds from oil will
concentrate at the bottom of equipment and cause extremely corrosive environ-
ment. Separate phases of oil and water will cause pumping problems also. High
temperatures will cause danger for fire.

Alkali and alkali-earth metal salts of carboxylic acid such as potassium formate,
sodium formate, potassium acetate and sodium acetate have found increasing use
in the area of heat transfer and power transfer (hydraulic) and deicing mainly due
to their low environment impact and low viscosity at minus temperatures. When
using these formate and acetate based alkali and alkali-earth metal salts as heat
transfer fluids, they can operate even at -40°C without noticeable increase in the
pumping costs. Corrosion is the drawback of these fluids. High electrical conduc-
tivity, over 200 mS/cm, and the tendency to form precipitates are the main reasons
for the increased corrosion. Besides corrosion, the alkali and alkali-earth metal
salts of carboxylic acid are prone to salting out and precipitate formation. Salt crys-
tals formed at the cleavage of the pumps, on the inner surfaces of the nozzles may
cause the whole heat transfer, hydraulic system or NOx catalyst system to col-
lapse. Pumps start leaking or the nozzles simply clog and thus the fluid cannot
pass through. And, the corrosion underneath the crystal precipitates is very se-
vere.

The deicing and anti-icing fluids and these fluid containing compositions, which are
used in the airports, have been traditionally formulated from ethylene glycol, pro-
pylene glycol, and urea. Ethylene glycols are toxic and thus require expensive
treatment and disposal. More safer fluid such as propylene glycol and urea biode-
grade too rapidly imposing excess oxygen demand on the environment or the se-
wage treatment plant. As a consequence, airports were forced to switch to deicers
such as compositions comprising fluids based on potassium formate and potas-
sium acetate to reduce biological and chemical oxygen demand. However, a num-
ber of airports and air line companies have reported severe corrosion problems
with these compositions. Catalytic oxidation (corrosion) of aircraft carbon-carbon
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composite brakes resulting from potassium formate and potassium acetate has
become a major safety issue. Existing literature data has demonstrated that po-
tassium, sodium, and calcium cations are responsible for the catalytic oxidation of
carbon, not the formate or acetate anion itself. Furthermore, because potassium
formate and potassium acetate have high electrical conductivities and they are
prone to salting out i.e. to the salt precipitation over the metal surfaces they have
detrimental corrosion effects on electrical connections within the air plane e.g. in
the metal plates such as cadmium plated landing gear parts. In 2005 when, when
one European airport switched from products based on urea and ethylene glycol to
potassium formate based products, corrosion of zinc coated steel occurred on
flight structures, as well as on maintenance and ground operation vehicles [ACRP
Synthesis, Impact of Airport Pavement Deicing Products on Aircraft and Airfield In-
frastructure, 7.1.2009, ISSN 1935-9187, ISBN 978-0-309-09799-4, 2008 Transpor-
tation Research Board].

Moreover, the synergistic generation of residue when aircraft anti-icing composi-
tion or fluid based on glycols is splattered with potassium formate or acetate runa-
way deicing fluid presents serious concerns about residue gel hydration and re-
freezing in flight and has produced potential dangerous rough residues on leading
edge surfaces on aircraft. This can negatively affect in-flight handling of the aircratft
If deposits occur on or near control surfaces or linkages. Initial research has
shown that the thickener used in the aircraft deicer fluids will separate due to the
contact with potassium formate or potassium acetate based runaway deicing flu-
ids. [Hille, J., “Deicing and Anti-icing Fluid Residues,” Boeing Aero Magazine, 1°
quarter, 2007, pp. 15-21].

In spite of the environmental advantages over the formulae such as urea and gly-
cols, alkali-metal-salt based runaway deicer compositions such as compositions
based on potassium formate and potassium acetate present potential problems
both in deicing airplanes or airfield infrastructures and also in using to heat transfer
as well.

Heat storage chemicals are typically based on hydrated fluoride-, chloride-, sul-
fate-, and nitrate salts or salt combination. These salts are quite harmful to envi-
ronment and corrosive especially to light metals such as aluminum and magne-
sium used In modern auto industry or heat storage plants (e.g. solar heating and
electrical heating on low tariff hours) that are areas that can benefits from non cor-
rosive heat storage chemicals.
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Other prior art freezing point depressants, such as ethanol and methanol, have
toxic effects and high volatility. They are also a cause of offensive smell and fire
danger.

US patent 6,835,323 discloses an alkali metal, an alkaline-earth metal salt or an
ammonium salt of formic acid for the device which hydrostatically transmit power.

US patent 7,201,982 relates to a method for cooling an electrical system comopris-
ing circulating in a cooling system of the electrical system a mixture comprising a
heat transfer fluid and one or more carboxylic acid salts thereof. The carboxylic aid
Is C5-C1s mono or di-carboxylic acid. The carboxylic acid salt (0.001 to 10 wt-%) is
dissolved in a water soluble liquid alcohol freezing point depressant such as glycol
(90 to 99 wt-%).

US patent 7,306,750 describes the application of one or a mixture of anhydrous
salts, selected from the group consisting of the alkali metal salts, alkali-earth met-
als salts, amine salts and ammonium salts of Cs-C1s mono or di-carboxylic acid for
storing the thermal energy where in the temperature range of the thermal energy
source is 20 to 180°C.

WO patent 2005/042662 discloses the process for producing a deicing/anti-icing
fluid that produces monoalkyl esters of long chain fatty acids. The stream includes
water, glycerol, and an alkali containing compounds.

US patent 2003/0015685 discloses low corrosive potassium acetate deicing and
anti-icing compositions based on the use of Cs-C+e aliphatic monobasic acid or the
alkali metal, ammonium or amine salt of monobasic acid as a corrosion inhibitor.

US patent 7,452,480 relates to carboxylate salts of amines that are used as com-
ponents of heat exchange fluids. Fluid contains amine carboxylates, preferably tri-
ethanolamine formate from 15 to 80 wt-%, and potassium formate up to 50 wt-%.

it would be represent a notable advance in the state of art if one could develop a
freezing point depressant which is environmentally benign, but in spite of that bios-
tatic also, non-corrosive and practically immune to salting out and to precipitate
formation.

The ideal freezing point depressant composition for airfield pavement deicing, air-
craft deicing and anti-icing, heat storage and heat transfer, metal cutting, NOx re-
moval and hydraulic fluid use:
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- should be free of corrosive halides such as chlorides,

- should be free of alkali and alkali-earth metals such as potassium, sodium
and calcium,

- should not form precipitates on metal surfaces,

- should have low toxicity,

- should have relatively low biological (BOD) and chemical oxygen demand
(COD),

- should have reduced electrical conductivity, preferably below 200 mS/cm,
most preferably below 100 mS/cm,

- should be inexpensive to obtain,

- and naturally should be effective at low temperatures, i.e. it should have low
viscosity and low freezing point, as well as high specific heat capacity and
thermal conductivity.

GENERAL DESCRIPTION OF THE INVENTION

The present inventors have surprisingly found that a liquid or water-soluble organic
ammonium carboxylate having the formula (1):

INR'R°R°R]* [R°(COO).]™, (1),

in which R', R®, and R° are selected from the group comprising hydrogen, substi-
tuted and unsubstituted alkyls containing 1-6 carbon atoms, R*is a substituted or
unsubstituted alkyl containing 1—6 carbon atoms, R®is hydrogen, a substituted or
unsubstituted hydrocarbon containing 1—6 carbon atoms and n is an integral 1-6
and the viscosity of 0.1— 10,000 Mpas, electrical conductivity in a range of 1.0—
200 mPas preferably 1.0 -100 mPas are ideal freezing point depressant composi-
tions which can be used for deicing or anti-icing with low corrosive properties.

Organic ammonium carboxylate stands for a salt or a complex formed of an am-
monium cation and a carboxylic anion. Hence one or more ammonium ions of the
salt or complex may be primary (RNH3"), secondary (RoNH>"), tertiary (RsNH™) or
quaternary (RsN™). The carboxylate ion of the salt or complex may be monovalent
(RCOQ) or polyvalent (R(COO)n-1), and in that case it may also comprise unneu-
tralised carboxyl groups (-COOH). In the latter case, R® is defined as being substi-
tuted with carboxyl.

Group R® in formula (1) is preferably hydrogen, substituted alkyl containing 1-6
carbon atoms or unsubstituted alkyl containing 1—6 carbon atoms, more advanta-
geously hydrogen, and substituted alkyl containing 14 carbon atoms or unsubsti-
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tuted alkyl containing 1-4 carbon atoms. The terms "substituted" and "unsubsti-
tuted" refer basically to groups containing heteroatoms. Preferable these groups
contain as a heteroatom oxygen or nitrogen (e.g. -OH, -NH,, -COOQOH).

Since the group R® is associated with a carboxylate group, the ammonium carbox-
ylate of formula (1) is preferably based on a lower organic carboxylic acid and it
can be prepared from such an acid or its salt. Lower organic acids include lower
fatty acids such as formic acid, acetic acid, propionic acid, n- and i-butyric acid,
and n- and i-pentanic acid. Useful acids also include benzoic acid and oxycarbox-
ylic acids such as glycolic acid and lactic acid. Lower dicarboxylic acids such as
oxalic acid, malonic acid, succinic acid and glutaric acid are also applicable.

Group R of formula (1) is most advantageously hydrogen, methyl or ethyl. In for-
mula (1), n is preferably 1 or 2, most advantageously 1. Consequently, the most
advantageous organic ammonium carboxylate used in the method of the invention
IS based on lower fatty acids.

As mentioned above, the ammonium ion of formula (1) may be primary (RNH3™),
secondary (RoNH>"), tertiary (RsNH™) or quaternary (RsN™), and then R is typically
a substituted or unsubstituted alkyl containing 1—6 carbon atoms. Typical ammo-
nium ions containing unsubstituted alkyls have been formed from water-soluble
amines such as methylamine (g), dimethylamine, trimethylamine, ethylamine, die-
thylamine, etc.

Ammonium ions containing substituted alkyls have typically been formed from wa-
ter-soluble amines, whose alkyl(s) have been substituted with one or more hy-
droxyl groups. In formula (1), R+ is preferably hydrogen and R. and R3 have pre-
ferably been selected from the group comprising hydrogen and C1-Cg-alkyls subs-
tituted with a hydroxyl group, preferably from the group comprising hydrogen and
C1-Cs-alkyls substituted with a hydroxyl group. R4 is preferably a C+-Ces-alkyl subs-
tituted with a hydroxyl group, most advantageously a C1-Cs-alkyl substituted with a
hydroxyl group.

Organic ammonium carboxylates formed of lower alkanolamines are hence partic-
ularly useful. Among lower alkanolamines we may cite monoethanolamine, dietha-
nolamine, triethanolamine, monoisopropanolamine, di-isopropanolamine, tri-iso-
propanolamine, mono-sek-butanolamine, di-sek-butanolamine and tri-sek-butanol-
amine.
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One important group of useful alkanolamines comprises lower alkyl alkanol-
amines, such as methyl ethanolamine, dimethylethanolamine, diethylethanola-
mine, butylethanolamine, methyldiethanolamine and ethyldiethanolamine. Addi-
tional information about useful alkanolamines can be found in the book Kirk-
Othmer, Encyclopedia of Chemical Technology 3rd Ed., Vol. 1, p. 944, which is in-
corporated in this disclosure.

It is particularly recommendable that R+ is hydrogen, Ro and Rj3 are selected from
the group comprising of hydrogen and ethyl substituted with a hydroxyl group, pre-
ferably from the group comprising of hydrogen and 2-hydroxy ethyl, and Ry is ethyl
substituted with a hydroxyl group, preferably 2-hydroxy ethyl. Consequently, the
ammonium carboxylate in accordance with the invention is preferably based on
ordinary mono, di or triethanolamine.

In the most advantageous embodiment, the organic ammonium carboxylate of
formula (l) is selected from the group comprising of a salt or a complex of formic
acid and/or lactic acid and monoethanolamine and/or triethanolamine preferably in
the weight ratio 80:20—-20:80.

In the practice, ammonium carboxylate of formula (1) is prepared e.g. by mixing an
ammonium cation source and a carboxyl anion source in the desired molar ratio,
either without a medium or by using an appropriate solvent such as water as a
medium. When the starting materials are an amine and an aciq, they are simply
mixed during gentle heating, if necessary. When the starting materials consist of
salts, they are typically dissolved separately in water, and then the solutions are
combined. If a salt or a complex thus formed is hydrophobic, it will separate from
the water phase as an unctuous or paste-like deposit or a wax-like precipitate, and
it can be separated from the water phase by any known methods. When both the
starting materials and the formed product are hydrophobic, the preparation can be
carried out in an organic solvent instead of water. The freezing point depressant
composition used in the invention comprises either fluid composing of ammonium
carboxylate of formula (1) without solvent or ammonium carboxylate of formula (1)
with appropriate solvent. Preferably solvent is an aqueous solution or a dispersion.
Chemical stability: Preliminary results indicate that for instance a fluid pair: ethyl-
ene amide — formic acid could under special circumstances react and form amid
when no solvent is present. Increasing the temperature favours amid formation.
Nearly no esters are formed.
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The organic ammonium carboxylates of formula (1) as well as compositions and
fluids obtained from these carboxylates protect wood material against micro-orga-
nisms. We refer here for PCT FI20006-00007 for Granula Itd, where we have
demonstrated efficiency of ammonium carboxylates of formula () against micro-
organisms including several fungi.

The composition with low corrosive effect and low freezing point is prepared by
mixing an ammonium cation source with a carboxyl anion source In an appropriate
molar or weight ratio, either without a medium or by using an appropriate medium
for obtaining liquid or water-soluble organic ammonium carboxylate of formula (1):

INR'R°R°R**» [R(COO).]™, (1),

in which R', R®, and R° are selected from the group comprising hydrogen, substi-
tuted and unsubstituted alkyls containing 1-6 carbon atoms, R*is a substituted or
unsubstituted alkyl containing 1—6 carbon atoms, R®is hydrogen, a substituted or
unsubstituted hydrocarbon containing 1—6 carbon atoms and n is an integral 1-6
and thereafter adding possible solvent and at the same time keeping alkali or al-
kali-earth metal content of the composition in a range of 0.001-30 wt-%, preferably
in a range of 0.001-30 wt-% and most preferably in a range of 0.001-1.0 wt-%
and halide content in a range of 0.001-1 wt-% most preferably in a range of
0.001-0.1 wt-%.

The used compositions have low freezing point, low corrosivity, high bacterial re-
sistance and they are environmentally benign and safe to use.

The used freezing point depressant compositions are typically in the form of an
aqueous solution or dispersion containing 0.5-100% by weight of the ammonium
carboxylate of formula (1), more advantageously 5—70% by weight.

The fluid solutions in water could possess many of the desired properties. For ex-
ample no ready made emulsions would be needed.

The freezing point depressant composition containing ammonium carboxylate of
formula (1) either without a medium or by using an appropriate solvent together
with auxiliary substances and possible compatible carboxylates are selected so,
that the composition:

- has a low freezing point themselves and will also lower freezing point of an
aqueous system in intended application,
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- may include alkali or alkali-earth metals in amount of 0.001-30 wt-%, preferably
0.001-30 wt-% and most preferably 0.001-1.0 wt-% and

- may include halides in amount of 0.001-1 wt-% most preferably 0.001-0.1 wt-%
and further

- compositions for deicing or anti-icing applications should have viscosity of 0.1-
10,000 mpas and electrical conductivity of 1.0-100 mS/cm,

- compositions for heat transfer applications should have viscosity of 0.1-500
Mpas and electrical conductivity of 1.0-100 mS/cm,

- compositions which are used as hydraulic fluids should have viscosity of 5.0—
10,000 Mpas and electrical conductivity of 1.0-100 mS/cm.

- grease-like compositions should have viscosity of 100-50,000 Mpas and elec-
trical conductivity of 0.05—100 mS/cm (for example metal cutting fluids).

Because metal corrosion is an electrochemical process, fluids of high conductivity
may facilitate corrosion more than low conductivity fluids, and they can have addi-
tional detrimental effects on electrical connections within the light fixtures them-
selves. All compositions used in the invention have a low electrical conductivity
(under 200 mS/cm preterably under 100 mS/cm) which lowers their corrosive in-
fluence. The low electrical conductivity (below 100 mS/cm) and the lack of halides,
alkali and alkali-earth metals makes the fluid non corrosive and immune to precipi-
tate formation. To further facilitative anti-corrosive properties of the composition
comprising fluid according to formula () and possible solvent, it may be advanta-
geous to strip oxygen from composition by flowing gas (for example nitrogen)
through the liquid composition.

Preferably compositions do not contain environmentally questionable chemicals
such as oils and are safe to handle also.

The freezing point depressant composition intended for deicing or anti-icing appli-
cations, contains preferably 40—-60% by weight of ammonium carboxylate of for-
mula (1), most preferably 45-55% by weight. When using a composition for these
applications the good properties would be anti freezing, appropriate heat capacity
and heat transfer properties, environmental friendliness, anti microbial activity, anti
corrosion activity, low evaporation, etc. Some amid formation in the fluid formula-
tion could be an advantage. Compared with other products no solid crystals are
formed (here we refer for instance fluid ethylene amine — formic acid presented In
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table 2 below) no corrosion of carbon fibre brakes, environmental friendliness,
economical and good properties against many micro-organisms (see above). One
advantageous method of using composition targeted for de-icing surfaces is to
heat compositions prior use. Compositions can be heated by using conventional
liquid-heating-techniques or by pressing the composition through a microwave
nozzle. A suitable composition for this kind of use may be the fluid according to
formula | mixed with solvent comprising 1,3-propane diol. One important anti icing
application is the prevention of ice formation onto an aircraft wings and onto an
airstrip. Specially for anti icing of aircraft wings the composition should have suit-
able viscosity and surface tension. Viscosity should on the one hand be so high
that it will prevent removal of composition from wings and on the other hand the
surface tension should be such, that there is no bubble-formation from composi-
tion. One can vary the viscosity and surface tension of the freezing point depres-
sant composition considerably, as can be seen example from tables 1 -4, by using
different quantities of solvent and by choosing appropriate fluid.

Present heat transfer fluids are complex emulsions of special oils, water, corrosion
inhibitors, amides, emulsifiers, anti microbial additives etc. There are many prob-
lems due to microbial contamination, evaporation of organics, stability etc. These
problems can be solved with the The freezing point depressant composition ac-
cording to formula (I) which is intended for heat transfer applications. The freezing
point depressant composition intended for heat transfer applications contains pre-
ferably 5—70% by weight of ammonium carboxylate of formula (1), most preferably
20—-40% by weight. From a good heat transfer fluid one requires following proper-
ties: a good heat capacity and heat transfer ability, lubrication, environmental
friendliness, anti microbial activity, anti corrosiveness activity, low evaporation, etc.
Some amid formation in the fluid formulation could also be of advantage. As stated
above the compositions targeted to heat transfer applications have low electrical
conductivity, 0-100 mS/cm and they contains low level of halides and alkali or al-
kali-earth metals and therefore their corrosive influence are slight. These composi-
tions fulfills also other requirements for a good heat transter fluid, for example as
to anti microbial activity (see discussion above). Heat capacities for fluids and di-
luted fluid solutions were found to be high enough for using these compositions as
heat transfer fluids. When compared to other common heat transfer fluids one big
advantage of using compositions according to invention is, that no solid crystals
will be formed.
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One special use as a heat transfer fluid of a composition according to formula (1),
IS the use in connection with heat producing processes, for cooling and transfer-
ring heat of a reaction arousen inside a reactor. This kind of use may be, for ex-
ample, the use as a primary heat transfer fluid which circulates around a reactor
where endo- or exothermic chemical reaction or a cold fusion takes place (=the
primary heat transfer circulation). The cold fusion reactor may be such as de-
scribed in WO2009/125444. The fluid in primary heat transfer circulation is usually
in direct contact with chemical or cold fusion reactor or at least functionally con-
tacted thereof. The composition according to formula (1) may also be used as a
secondary heat transfer fluid which cools the primary heat transfer fluid (=the sec-
ondary heat transter circulation). The secondary heat transfer circulation is usually
only functionally contacted with the primary heat transfer circulation, for example
via one or more metal layers. By using the compositions according to formula (1)
In a primary or secondary heat transfer circulation for transferring heat away from
a chemical or cold fusion reactor, one can enlarge the potential operation tempera-
ture of a heat transfer fluid. The heat can be transferred in a temperature of range
-40..+150 °C. Since the composition of formula (1) has a lowered freezing point
this will additionally prevent harmful freezing of heat a transfer fluid during down
times of a reactor. When used to cool or to transfer heat away from a metal reactor
where a cold fusion process takes place, one can use the liquid or water-soluble
organic ammonium carboxylate of the formula (1) in combination with an appropri-
ate radiation capturing substance. For this reason 0.1 -10 wt-% boric containing
substance (boric acid, sodium tetraborate etc) or 1 -50 wt-% heavy water can be
added into the ammonium carboxylate of formula (1) when the latter is used as a
primary heat transfer fluid in connection with a reactor wherein a cold fusion
process takes place. When ammonium carboxylate of formula (1) is used in a pri-
mary or secondary circulation of chemical or cold fusion reactor for cooling men-
tioned reactor it can be a homogenous liquid or a heterogeneous dispersion. The
heterogeneous dispersion may include solid particles which may also be nano-
sized particles.

The freezing point depressant composition to be used as a hydraulic fluid or metal
cutting fluid contains preferably 5—70% by weight of ammonium carboxylate of
formula (1), most preferably 20—70% by weight.

The freezing point depressant composition used in the invention as a grease pre-
ferably contains 70-100% by weight of ammonium carboxylate of formula (1),
most preferably 80—-100% by weight.
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The freezing point depressant composition can be used as a freezing point addi-
tive for the urea and water or urea, water and ammonium formate based NO, —
removal-compositions. In this use the composition preferably contains 0.5-50 %
by weight of ammonium carboxylate of formula (1), more preferably 1-10 % by
weight and most preferably 1-5 % by weight. of ammonium carboxylate of formula

(1).

Noyx-removal compositions are used Iin diesel engines which can be found in ships,
automobiles, and gas turbines. When these compositions are used In diesel en-
gines of automobiles they are usually injected on a catalyst where Noyx-removal
process takes place.

A suitable general composition to be used for Noyx-removal consists of at least fol-
lowing components (A):

-urea or urea and water (known components)
-a composition according to formula (1) and possibly
-a supply of ammonium ions.

An alternative general Nos-removal composition may be include at least the follow-
INg components (B):

-an lower carboxylic acid adduct of urea (mono- or dicarboxylic acid adduct) and a
supply of ammonium cation of formula [NR'R°R°R"]*,. Wherein R4, Rs, Rs and Ry
have the same meaning as in formula (1) above and

-a possible supply of ammonium ions.

The function of additional ammonium ion supply in general compositions (A) and
(B) is to adjust pH and to remove NOx.

Preferably the amount of NHj-equivalents in Nox-removal compositions is the
same as NHy- moieties which 32,5 wt-% aqueous urea solution contains. For this
reason the compositions (A) and (B) preferably contains 0.5-50 % by weight of
ammonium carboxylate of formula (1).

Some preferable Nox-compositions contain at least following components:

(1)

-urea or urea in water
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-monoethanolamine + ammonium acetate or ammonium formiate or monoethano-
lamine and acetic acid or formic acid

-an ammonium supply for example NH3; or NH3 in water

the mono- or dicarboxylic acid salt of urea is preferably a lower carboxylic acid salt
of urea and even more preferable mono- or diacetate or mono- or diformiate of
urea.

(2)
-monoethanolamine + lower organic acid adduct of urea

-an ammonium supply, for example NHs or NH3 in water

Lower organic acid adduct of urea can be lower mono- or dicarboxylic acid adduct
of urea, for example mono- or diacetate of urea or mono- or diformiate of urea.

(3)

-lower organic acid adduct of urea
-a possible ammonium supply.

Lower organic acid adduct of urea can be lower mono- or dicarboxylic acid adduct
of urea, for example mono- or diacetate of urea or mono- or diformiate of urea.

With the Noy-removal composition according to invention the NOx-removal can be
optimized in a combustion process.

The freezing point depressant composition is compatible with alkali metal, an alka-
i- earth metal or an ammonium salts of C-Ce monocarboxylic acids or carbox-
ylates of urea or ethylene glycol or propylene glycol, or glycerol or a mixture the-
reof and we include in the invention the combinations of the ammonium carbox-
ylate of formula (1) with alkali metal, an alkaline earth metal or an ammonium salts
of C1-Ce monocarboxylic acids or urea or ethylene glycol or propylene glycol, or
glycerol or a mixture thereof carboxylates. By using freezing point depressant
composition with urea for de-icing or anti icing applications one can lower oxygen
demand on the environment or at the sewage treatment plant.

The freezing point depressant compositions containing ammonium carboxylate of
formula (1) may contain auxiliary substances as well. Typical auxiliary substances
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comprise such as additional corrosion inhibitors, biocides, coloring agents, surfac-
tants, and viscosity intensifiers.

Fluids prepared according to the method of the invention can also be substitutes
for glycol ethers. Glycol ethers are a group of solvents based on alkyl ethers of
ethylene glycol. Glycol ethers are commonly used in paints. These solvents typi-
cally have high boiling point, together with the favourable solvent properties of
lower molecular weight ethers. Glycol ethers can be also derived of diethylene gly-
col. Acetates of glycols are a similar kind of potent solvents. Overexposure to gly-
col ethers can cause anemia (a shortage of red blood cells), intoxication similar to
the effects of alcohol, and irritation of the eyes, nose, or skin. In laboratory ani-
mals, low-level exposure to certain glycol ethers can cause birth defects and can
damage a male's sperm and testicles. By binding glycol ethers, fluids according to
invention can be used in many application which require freezing point depression
and at the same time also binding hazardous glycol ethers from environment.

One important aspect of the freezing point depressant composition is its reuse.
The reuse of freezing point depressant composition is possible especially when
recovered from targets where this composition has been used as anti-icing or de-
icing fluid or solution for melting ice away or preventing ice formation. This kind of
application is for example anti-icing of wings, but also from other applications
freezing point depressant can be recovered either in pure form or with some addi-
tional material such as dirt (for example when de-icing or anti-icing of an airstrip).
By purifying and reprocessing composition it can be reused in number of applica-
tions. Also without puritying the composition may be reused if it is collected as
substantially pure or it the reuse target is such, that it do not require using pure
composition. Exemplary applications are; as in additive for metal cutting or oil drill-
ing fluids (0.5 -30 wt-% if the olil drilling fluid is an alkali or an alkali-earth metal
formiate or Ce-formiate), for controlling dust (that is dust binding, evaporation pre-
venting, hygroscopicity control), re-icing of ice tracks, esterification or etherification
of material for energy production. One important application is to reuse freezing
point depressant compositions for wood treatment; for this application we refer our
PCT FI20006-00007 for Granula.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

The invention is described below in greater details with the help of examples. Per-
son skilled in the art will recognize that the properties of the compositions studied
are such that they will make ideal freezing point depressant fluid for application
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such as airfield pavement deicing, aircraft deicing and anti-icing, heat storage and
heat transfer, metal cutting, NO, removal and hydraulic fluid uses.

In the following non-restricting examples we have presented some specific appli-
cations and properties of compositions (fluids and diluted solutions) as well as me-
thod(s) for preparation of these compositions (products). These examples are In
no way intended to limit the compositions or their use.

Example 1

A deicing and an anti-icing fluid were prepared by mixing 1 mole of formic acid
(99%) with 1 mole of monoethanolamine (99%). Distilled water was added to the
fluid mixture in order to made 60% by weight solution in water.

The freezing point of the solution was below -20°C, the electrical conductivity of
the fluid was 61 mS/cm at 26°C, and pH of the fluid was 7.55 (measured directly
from the solution).

Example 2

A heat transfer fluid was prepared by mixing 1 mole of formic acid (99%) with 1
mole of monoethanolamine (99%). Distilled water was added to the fluid mixture in
order to made 40% by weight solution in water.

The freezing point of the solution was below -20°C, the Brookfield DV-| viscosity
(20 rpm) was 10 mPas at -20°C, 10 mPas at -10°C, 10 mPas at 0°C, and Bohlin
VOR viscosity (shear rate 23.1 1/s) was 4 mPas at 10°C, 3 mPas at 20°C, 2 mPas
at 40°C, and 1.5 mPas at 60°C. The electrical conductivity of the fluid was 65
mS/cm at 26 °C, and pH of the fluid was 7.54 (measured directly from the solution).

Example 3

A hydraulic fluid was prepared by mixing 1 mole of acetic acid (99%) with 1 mole
of monoethanolamine (99%). Distilled water was added to the fluid mixture in order
to made 60% by weight solution in water.

The freezing point of the solution was below -20°C, the Brookfield DV-| viscosity
(20 rpm) was 80 mPas at -20°C, 60 mPas at -10°C, 40 mPas at 0°C, and Bohlin
VOR viscosity (shear rate 23.1 1/s) was 23 mPas at 10°C, 15 mPas at 20°C,
8 mPas at 40°C, and 5 mPas at 60°C. The electrical conductivity of the fluid was
25.9 mS/cm at 26°C, and pH of the fluid was 7.34 (measured directly from the so-
lution).
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Example 4

A metal cutting fluid was prepared by mixing 1 mole of lactic acid (99%) with 1
mole of monoethanolamine (99%). Distilled water was added to the fluid mixture in
order to made 90% by weight solution in water.

The freezing point of the solution was below -20°C, the Brookfield DV-| viscosity
(20 rpm) was 4000 mPas at -20°C, 2050 mPas at -10°C, 1970 mPas at 0°C, and
Bohlin VOR viscosity (shear rate 23.1 1/s) was 511 mPas at 10°C, 250 mPas at
20°C, 73 mPas at 40°C, and 30 mPas at 60°C. The electrical conductivity of the
fluid was 2.31 mS/cm at 23°C, and pH of the solution was 8.6 (measured directly
from the solution).

Example 5

A metal cutting fluid concentrate (= fluid without water) could substantially reduce
the logistic costs. Interest is specially in fluids which include the ethanolamine and
lactic acid. Contact angle between formulate and metal should be further de-
creased. This can be made with a small addition of surfactant. From these metal
cutting fluid is an example a highly effective grease product (e.g. for the surface
protection at low temperatures) which is an example of the product or products of
the invention has the following composition and properties.

A metal cutting fluid as a grease was prepared by mixing 1 mole of lactic acid
(99%) with 1 mole of triethanolamine (99%). No distilled water was added to the
mixture.

The grease was not frozen and clear (no crystals or precipitates) at -20°C, the
Brookfield DV-| viscosity (20 rpm) was over 20,000 mPas at -20°C, over 20,000
mPas at -10°C, 24,300 mPas at 0°C, and Bohlin VOR viscosity (shear rate 23.1
1/s) was 10,760 mPas at 10°C, 3955 mPas at 20°C, 736 mPas at 40°C, and 240
mPas at 60°C. The electrical conductivity of the grease was 0.207 mS/cm at 25°C,
and pH of the fluid was 7.33 (measured directly from the solution).

Fluids and solutions in examples 6—23 have been made in the same way as pre-
sented in examples 1-5, that is, by mixing 1 mole of an ammonium cation source
and 1 mole of a carboxyl anion source (unless otherwise shown) together for ob-
taining a concentrated fluid and then adding distilled water to the concentrated flu-
id, for obtaining diluted solutions.
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As can be seen from table 4 the viscosity of compositions varies considerably de-
pending on the quality of the fluid in a composition and fluid — solvent proportion

- (w/w). For example instead of using formic acid and monoethanolamine (at least

40 wt-% aqueous solvent) as demonstrated in example 2 one could also use mo-
noethanolamine and acetic acid (at least 40 wt-% aqueous solvent) or monoetha-
nolamine and lactic acid (at least 20 wt-% aqueous solvent) as an heat transfer
composition. No solid crystals will be formed for instance if one uses combination
ethanol amine / formic acid as a heat transfer fluid (compare table 2 above).
Avoiding solid crystals is also a beneficial property for instance for an anti- freezing
and a de-icing fluid.

Heat capacities for fluids and diluted fluid solutions in examples 1-23 were found
to be between (2100-2500) J/kgK. As can be seen from table 4 their REDOX po-
tential varied from ca -300 mV to +200 mV depending on fluid and water content of
a composition. This gives interesting possibilities to choose pH and redox-
potential. Some specific properties like heat transfer, anti corrosion, anti microbial
activity, wetting, contact angle, power to disperse, chemical stability should be as-
sessed for the final formulations.

Example batch operated apparatus assembly and their use have been described
above. The following clauses setup some of the combinations of features envis-
aged by the present disclosure. '

1. A method for preparing a composition with low corrosive effect and low freez-
ing point, by mixing an ammonium cation source with a carboxyl anion source In
an appropriate molar or weight ratio, either without a medium or by using an ap-
propriate medium for obtaining liquid or water-soluble organic ammonium carbox-
ylate of formula (1):

[NR'R°R°R",, [R*(COO)]™", (1),

in which R', R?, and R® are selected from the group comprising hydrogen, substi-

tuted and unsubstituted alkyls containing 1—6 carbon atoms, R*is a substituted or
unsubstituted alkyl containing 1-6 carbon atoms, R’ is hydrogen, a substituted or
unsubstituted hydrocarbon containing 1—6 carbon atoms and n is an integral 1-6
and |

thereafter adding possible solvent and at the same time keeping alkali or alkali-
earth metal content of the composition in a range of 0.001-30 wt-%, preferably in

SUBSTITUTE SHEET (Rule 26)
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a range of 0.001-30 wt-% and most preferably in a range of 0.001-1.0 wt-% and

halide content in a range of 0.001—1 wt-% most preferably in a range of 0.001-0.1
wt-%. |

2. The method as defined in clause 1, characterized in that R® is hydrogen, a
substituted or unsubstituted alkyl containing 1—6 carbon atoms, preferably hydro-
gen, a substituted or unsubstituted alkyl containing 1—4 carbon atoms, and n is 1
or 2, preferably 1.

3. The method as defined in clause 2, characterized in that R® is hydrogen,
methyl or ethyl.

4. The method as defined in clause 2, characterized in that R' is hydrogen, R
and R’ are selected from the group comprising hydrogen and C4-C; alkyls substi-
tuted with a hydroxyl group, preferably in the group comprising hydrogen and Cs-
Cs-alkyls substituted with a hydroxyl group, and Ry is a C1-Ce-alkyl substituted with
a hydroxyl group, preferably a C41-C4-alkyl substituted with a hydroxyl group.

5. The method as defined in clause 4, characterized in that Ry is hydrogen, R;
and R; are selected from the group comprising hydrogen and ethyl substituted '
with a hydroxyl group, preferably in the group comprising hydrogen and 2-hydroxy-
ethyl, and R, is an ethyl substituted with a hydroxyl group, preferably 2-hydroxy
ethyl.

6. The method as defined in clause 1, characterized in that the organic ammo-
nium carboxylate of formula (1) is a salt of formic acid and monoethanolamine
and/or triethanolamine or a salt of lactic acid and monoethanolamine and/or tri-
ethanolamine.

7. The method as defined in clause 6, characterized in that the organic am-
monium carboxylate of formula (1) is a mixture of a salt of formic acid or lactic acid
and monoethanolamine, preferably in the weight ratio 80:20-20:80.

8. The method as defined in clause 1, characterized in that the organic ammo-
nium carboxylate of formula (1) is prepared in the form of an aqueous solution pre-
ferably with water, in which the ammonium carboxyiate concentration is in the
range 0.5-100% wt-%, preferably 5—-70% wt-% while the freezing point of the
composition is kept in the range of -5 to -50 °C.
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0. The method as defined in clause 8, characterized in that the prepared
aqueous solution of organic ammonium carboxylate of formula (1) contains organ-
ic ammonium carboxylate of formula (1) and water in a weight ratio in the range
1:20-20:1, preferably in the range 1:6—-1:1.

10. The method as defined in any of clauses 1 to 9, characterized in that into
liquid or water-soluble organic ammonium carboxylate of formula (1) and possible
solvent is additionally mixed an alkali metal, an alkaline earth metal or an ammo-
nium salts of C4-Cg monocarboxylic acids or urea or ethylene glycol or propylene
glycol, or glycerol or a mixture thereof so that the composition contains 5to 97.5
wt-% of water or alkali metal, an alkaline earth metal or an ammonium salts of C;-
Cs monocarboxylic acids or urea or ethylene glycol or propylene glycol, or glycerol
or a mixture thereof provided that alkali or alkali-earth metal content is kept in a
range of 0.001-30 wt-%. |

11. The method as defined in any of clauses 1 to 10, characterized in that into
the composition is included auxiliary substances such as additional corrosion inhi-
bitors, biocides, coloring agents, surfactants, and viscosity intensifiers from 0.001
to 10 wt-%.

12. The use of composition comprising liquid or water-soluble organic ammonium
carboxylate of formula (1):

[NR'R*R®R",, [R%(COO),™, (1),

in which R'. R?, and R® are selected from the group comprising hydrogen, substi-
tuted and unsubstituted alkyls containing 1—6 carbon atoms, R*is a substituted or
unsubstituted alkyl containing 1-6 carbon atoms, R° is hydrogen, a substituted or
unsubstituted hydrocarbon containing 1-6 carbon atoms and n is an integral 1-6
either without a medium or by using an appropriate medium, as a freezing point
depressant.

13. The use defined in clause 12, wherein R’ is hydrogen, a substituted or un-
substituted alkyl containing 1—6 carbon atoms, preferably hydrogen, a substituted
or unsubstituted alkyl containing 1—4 carbon atoms, and nis 1 or 2, preferably 1.

14. The use as defined in clause 13 wherein R® is hydrogen, methyl or ethyl.

15. The use defined in clause 14, wherein R' is hydrogen, R? and R’ are selected
from the group comprising hydrogen and C4-Cg alkyls substituted with a hydroxyl
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group, preferably in the group comprising hydrogen and C;-Cs-alkyls substituted
with a hydroxyl group, and R, is a C¢-Cg-alkyl substituted with a hydroxyl group,
preferably a C41-C4-alkyl substituted with a hydroxyl group.

16. The use defined in clause 15, wherein R¢ is hydrogen, R; and Rj3 are se-
lected from the group comprising hydrogen and ethyl substituted with a hydroxy!
group, preferably in the group comprising hydrogen and 2-hydroxyethyl, and R4 is
an ethyl substituted with a hydroxyl group, preferably 2-hydroxy ethyl.

17. The use defined in clause 12, wherein the organic ammonium carboxylate of
formula (1) is a salt of formic acid and monoethanolamine and/or triethanolamine
or a salt of lactic acid and monoethanolamine and/or triethanolamine.

18. The use defined in clause 17, wherein the organic ammonium carboxylate of
formula (1) is a mixture of a salt of formic acid or lactic acid and monoethanola-
mine, preferably in the weight ratio 80:20-20:80.

19. The use as defined in clause 12, wherein the organic ammonium carboxylate
of formula (1) is prepared in the form of an aqueous solution preferably with water,
in which the ammonium carboxylate concentration is in the range 0.5-100% wt-%,
preferably 5-70% wt-% while the freezing point of the compdsition is kept in the
range of -5 to -50°C.

20. The use as defined in clause 19, wherein the prepared aqueous solution of
organic ammonium carboxylate of formula (1) contains organic ammonium car-
boxylate of formula (1) and water in a weight ratio in the range 1:20-20:1, prefera-
bly in the range 1:6-1:1. .

21. The use as defined in any of clauses 12 to 20, wherein into liquid or water-
soluble organic ammonium carboxylate of formula (1) and possible solvent is addi-
tionally mixed an alkali metal, an alkaline earth metal or an ammonium salts of Cs-
Cs monocarboxylic acids or urea or ethylene glycol or propylene glycol, or glycerol
or a mixture thereof so that the composition contains 5 to 97.5 wt-% of water or al-
kali metal, an alkaline earth metal or an ammonium salts of C1-Cg monocarboxylic
acids or urea or ethylene glycol or propylene glycol, or glycerol or a mixture the-
reof provided that alkali or alkali-earth metal content is kept in amount of 0.001-30
wt-%.
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22. The use as defined in any of clauses 12 to 21, wherein into the composition
is included auxiliary substances such as additional corrosion inhibitors, biocides,
coloring agents, surfactants, and viscosity intensifiers from 0.001 to 10 wt-%.

23. The use defined in clause 12 wherein the composition is additionally used
for deicing or anti-icing, heat storage or heat transfer, metal cutting, grease, NOXx
removal or as a hydraulic fluid.

24. The use defined in clause 23, wherein the composition has a viscosity of 0.1-
10,000 Mpas, its electrical conductivity is in a range of 1.0-100 mPas and said
composition is used for lowering freezing point of an aqueous system and addi-
tionally for deicing or anti-icing.

25. The use defined in clause 24 for airfield pavement deicing or aircraft deicing
and anti-icing.

26. The use defined in clause 12 wherein the composition has viscosity of 0.1-
500 mpas and electrical conductivity of 1.0-100 mS/cm and the composition is
additionally used for a heat transfer application.

27. The use according to clause 26 wherein the composition contains formic ac-
id, acetic acid or lactic acid and monoethanolamine.

28. The use defined in clause 12 whereih the composition Is a grease-like com-
position with viscosity of 100—50,000 mpas and electrical conductivity of 0.05-100
mS/cm.

29. The use defined in clause 12 wherein the composition has viscosity of 5.0—
10,000 mpas and electrical conductivity of 1.0-100 mS/cm and the composition Is
used as a hydraulic composition.

30. The use defined in clause 12 wherein the composition is additionally used
for binding glycol ethers.

31. The reuse of the composition defined in clause 1 after it has been used for
any of the uses defined in claims 12 -30.

32. The reuse of the composition defined in clause 31 for treating wood material,
dust controlling, additive for metal cutting or oil drilling, re-icing of ice tracks, es-
terification or etherification of material for energy production.
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CLAIMS

1. The use of composition comprising liquid or water-soluble organic ammonium
carboxylate of formula (1):

INR'R?RRT", [R¥(COO)]", (1),

in which R’ is hydrogen R? and R® are selected from the group comprising

hydrogen, unsubstituted alkyls containing 1-4 carbon atoms or Cy-Cs-alkyls
substituted with a hydroxyl group, R%is preferably a Ci-Cy-alkyl substituted with a

hydroxy!l group, R* is a substituted alky! containing 1-6 carbon atoms or
unsubstituted alkyl containing 1-6 carbon atoms and substituted with a hydroxyl
group, preferably a C-Cy-alkyl substituted with a hydroxyl group, R® is hydrogen, a
substituted or unsubstituted alkyl containing,1-6 carbon atoms, preferably a

substituted or unsubstituted alkyl containing 1—4 carbon atoms more preferably

hydrogen, methyl or ethyl, and nis 1 or 2, preferably 1 and the viscosity of 0.1~
50, 000 Mpas, electrical conductivity in a range of 0.05-100 mS/cm preferably in
a range of 1.0 -100 mS/cm in deicing or anti-icing or as a freezing point
depressant with low corrosive properties provided that when R® means hydrogen
NR'R’R’R?* do not mean together triethanolamine.

2. The use defined in claim 1, wherein the organic ammonium carboxylate of
formula (1) is such that when R’ means hydrogen, R* and R® are selected from the
group comprising hydrogen and ethyl substituted with a hydroxyl group, preferably
in the group comprising hydrogen and 2-hydroxyethyl, and R* is an ethyl
substituted with a hydroxyl group, preferably 2-hydroxy ethyi.

3. The use defined in claim 1, wherein the mgjanic; ammonium carboxylate of
formula (1) is a salt of formic acid and monoethanolamine and triethanolamine or &

salt of lactic acid and monoethanolamine and/or tristhanolamine.

4. The use defined in claim 3, wherein the organic ammonium carboxylate of

formula {1) is a midure of a salt of formic acid or lactic acid and

5. The use as defined in claim 1, wherein the organic ammonium carpoxylate of
formula (1) is prepared in the form of an aqueous solution preferably with water, in

which the ammonium carboxylate concentration is in the range 0.5-100% wt-%,

preferably 5-70% wit-% while the freezing point of the composition is kept in the
range of -5 to -50°C.
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8. The use as defined in claim 7, wherein the prepared aqueocus solution of
organic ammonium carboxylate of formula (1) confains organic ammonium
carboxylate of formula (1) and water in a weight ratio in the range 1:20-20:1,
preferably in the range 1.6~1:1.

7. The use as defined in claim 1 wherein the the organic ammonium
carboxylate of formula (1) contains formic acid, acetic acid or lactic acid and
monoethanolamine.

8. The use as defined in any of claims 1 to 7, wherein into liquid or water-
soiuble organic ammonium carboxylate of formula (1) and possible solvent is
additionally mixed an ammonium salts of C-Cs monocarboxylic acids or urea or
ethylene glycol or propylene glycol, or glycerol or a mixture thereof so that the
composition contains 5to 897.5 wt-% of water or an ammonium salts of C+-Cg
monocarboxylic acids or urea or ethylene glycol or propylene glycol, or glycerol or
lower alkanol, preferably methanol or ethanol or a mixture thereof.

9. The use as defined in any of claims 1 to 8, wherein into the composition is
ncluded auxiliary substances such as additional corrosion inhibitors, biocides,
coloring agents, surfactants, and viscosity intensifiers from 0.001 to 10 wit-%.

10. The use defined in any of the previous claims wherein the organic
ammonium carboxyiate of formuia (1) is used for airfieid pavement deicing or
aircraft deicing and anti-icing.

11. The use defined in any of the claims 1 — 11 wherein the composition is
additionally used for heat storage or heat transfer, or as a metal cutlting grease, for

NOx removal or as a hydraulic fluid.

12. The use defined in claim 11 wherein the composition has viscosity of 0.1—
50,000 mpas and electrical conductivity of 1.0-100 mS/ecm and the compasition is
additionally used for a heat transfer application.

13. The use defined in claim 12 wherein the composition is used in a primary or

chemical reaction or a cold fusion reaction takes place.

14. The use defined in claim 13 wherein the composition is used in a primary

takes place.
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10,000 mpas and electrical conductivity of 1.0-100 mS/cm and the composition is
used as a hydraulic composition.

18. The use defined in claim 13 wherein the composition is a grease-lke
composition with viscosity of 100-50,000 mPas and electrical conductivity of 0.05~
160 mSiem,

17. The use defined in claim 1 wherein the composition is additionally used for
binding glycol ethers.
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