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HEAT TRANSFER FLUID
The present invention relates to new formulations for heat transfer fluids.

Heat transfer fluids have a wide range of applications in industrial, commercial or domestic
settings. For example, heat transfer fluids are used in solar thermal collectors (also known as
solar panels) or ground source heat pumps (also known as geothermal heat pumps).

Formulations for heat transfer fluids must overcome a range of practical constraints. For
example, water based heat transfer fluids may give rise to corrosion in the system in which they
are employed. Therefore reducing corrosion is a necessary goal in the formulation of heat
transfer fluids. Also, the high viscosity of heat transfer fluids which comprise, for example,
glycerine (in particular at low temperatures) can cause difficulties in the circulation of the heat
transfer fluid through the relevant system. In addition, heat transfer fluids are often required to
function through a wide range of temperatures, for example from below the freezing point of water
(for example -25°C or colder) to temperatures considerably higher than the boiling point of water
(for example around 250 to 300°C, or even higher).

Relevant background knowledge of the skilled person would include industry guidance. For
example the Domestic Water Treatment Association (DWTA) was established in the UK in 2004
with an objective to introduce and promote product and installation quality standards for the
chemical water treatment sector. DWTA industry standard procedures for the water treatment
and assays for, inter alia, corrosion studies would be familiar to the person skilled in the art. See
in particular the "DWTA Industry Standard Specification for the Performance of Chemical
Inhibitors for Use in Domestic Hot Water Central Heating Systems” published in August 2006.

Water-based heat transfer fluids are known which comprise aqueous mixtures of ethylene glycol,
propylene glycol and ethanol. Ethylene glycol is one of the best known heat transfer fluids, and it
Is used in particular in the automobile industry. However, the use of ethylene glycol has
disadvantages in that the substance is toxic and is not very environment-friendly. Propylene glycol
Is often used instead of ethylene glycol in applications in which less toxic properties are required.
Although propylene glycol is relatively non-toxic, it is, nevertheless, a substance which pollutes
the environment. One disadvantage of propylene glycol is the great increase in its viscosity at low

temperatures; this increases the required pump power.

Heat transfer fluids comprising mixtures of water and glycerine (also known as glycerol) are
already known in the art. The use of glycerine in such fluids is desirable for a number of reasons,
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including the high heat capacity of glycerine, its very low freezing point, its ready availability and
low cost, along with its safety from a biological and environmental perspective.

However, there are particular draw backs for heat transfer fluids comprising water and glycerine,
in particular the high viscosity of glycerine at low temperatures (as might be encountered in a
solar thermal collection system, or ground source heat pump system at night or during cold
weather) would tend to restrict the flow of fluid and decrease the efficiency of heat transfer. In
addition, water/glycerine systems are not compatibie with certain well known corrosion inhibitor

formulations.

The present inventors have identified new formulations for heat transfer fluids which comprise a
surfactant for reducing the viscosity of the fluid and also have advantageous characteristics for
corrosion inhibition, a high thermal capacity and help to protect the fluid from degradation at high
temperatures.

It is an objective of the present invention to provide, overcome or at least mitigate some of the
problems associated with prior art heat transfer fluids and to provide an improved heat transfer
fluid, or to provide a commercially viable alternative to known compositions.

SUMMARY OF THE INVENTION

According to a first aspect, the present invention provides a heat transfer fluid comprising water,
glycerine (also known as glycerol), and a surfactant. The present inventors have developed heat
transfer fluid formulations with superior characteristics for heat transfer, corrosion inhibition, low
viscosity and high temperature stability. They are particularly well suited for use in ground source
heat pumps or solar thermal collectors.

The present inventors have surprisingly found that their formulations, in particular their choice of
surfactants, leads to greater compatibility between water/glycerine mixtures and other additives
(such as corrosion or scaling inhibitors) than would otherwise be expected. Furthermore, the
formulations have a number of the benefits associated with glycol-containing formulations without
requiring the inclusion of this environmentally disadvantageous compound.

Glycerine has a low freezing point and its presence in water based heat transfer fluids helps to
prevent freezing at low and very low temperatures. Glycerine also has a high heat capacity, is
cheap and readily available, and is safe biologically and environmentally.
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However, glycerine also has a high viscosity and its presence in heat transfer fluids would tend to
increase their viscosity accordingly. When glycerine is present in excess of 60%(w/w) the
viscosity is too high for most applications. In addition, water/glycerine mixtures were known to be
incompatible with many existing anti-corrosion or anti-scaling additives used in other heat transfer
fluids. Thus, despite its ready availability and low cost, the high viscosity of glycerine along with
its incompatibility with known corrosion inhibitors has not encouraged its use in prior art heat
transfer fluids.

The presence of the surfactant in the formulation of the invention assists in reducing the viscosity
of the fluid to an acceptable level. The specific surfactants and quantities of surfactants used
have the advantage of providing a particularly low viscosity and also advantageous characteristics
with regard to the inhibition of corrosion and the stability of the heat transfer fluids of the invention,
in particular thermal stability. They also permit the use of known anti-corrosion and anti-scaling

additives.

The heat transfer fluid preferably comprises a corrosion inhibitor, or a thermal stabiliser, or a

combination of two or more thereof.

Corrosion inhibitors are preferably selected from tolyl triazole, benzotriazole, aspartic acid,
sebacic acid, borax, molybdic oxide, sodium molybdate dihydrate, morpholine, or a combination
of two or more thereof. Sodium molybdate dihydrate is an advantageous additive in aluminium
(Al) containing systems since it works especially well as an Al corrosion inhibitor. The total
amount of corrosion inhibitor in the heat transfer fluid is preferably from 0.01 to 0.5% (w/w).

Thermal stabilisers are preferably selected from tetra (2-hydroxypropyl) ethylenediamine (also
known as quadrol polyol), polyethyleneglycol, pentaerythritol or a combination of two or more
thereof. The total amount of thermal stabiliser in the heat transfer fluid is preferably from 0.1 to
1% (w/w). Sodium hydroxide may also be added as a stabiliser in an amount of less than 0.05%
(w/w), although this is in addition to any thermal stabiliser that may be present. Sodium hydroxide
serves to stabilise the glycerine component of the composition and is preferably present in an
amount of at least 0.01% (w/w).

Some of the above preferred thermal stabilisers and corrosion inhibitors perform secondary
functions in the fluid. However, the primary function of the additives is key in determining their
purpose in the present composition. Of note, tetra (2-hydroxypropyl) ethylenediamine also helps
to maintain the pH.
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The heat transfer fluid as disclosed herein is described in relation to the % (w/w) of each of the
components added. It will be appreciated that the balance of these components is preferably
water. During manufacture, some unavoidable impurities may be introduced into the fluid as well.
Preferably such unavoidable impurities should be less than 5% (w/w), preferably less than 1%
(w/w), more preferably less than 0.1% (w/w) and most preferably less than 0.01% (w/w). Ideally

there are no unavoidable impurities present.

The heat transfer fluild may further comprises one or more of:

(1) a pH stabiliser or buffer, such as triilsopropanol amine or borax;

(1) an antiscaling additive, such as sodium polyacrylate polymer; and

(111} a biocide, such as nipacide.
Biocides include acticides, such as nipacide (available e.g. from Clanant UK Ltd. or Thor Group
Ltd) which serve to kill algae. The heat transfer fluid may also comprise mono-propylene glycol
(MPG) as a solvent in place of some of the water in the composition. Preferably there is less than
10% (w/w) MPG in the fluid.

Preferably the surfactant is present in a quantity of from 0.01% (w/w) to 1.0% (w/w). In a
particularly preferred embodiment the quantity of surfactant is from 0.01% (w/w) to 0.5% (w/w). In
a still more preferred embodiment the quantity of surfactant is from 0.01% (w/w) to 0.35% (w/w).

At these levels, very good viscosity and corrosion inhibition characteristics may be achieved.

The surfactant preferably comprises:
(1) a polyoxyethylene (n) lauryl ether, wherein n is from 6 to 12;
(i) triethanolamine and/or
(ii)) a glycerol ethoxylate.

The polyoxyethylene (n) lauryl ether preferably have a value of n of 8, 9 or 10. In particularly
preferred embodiments the surfactant comprises decaethylene glycol monododecyl ether which is
when n is 10. This compound is also known as polyoxyethylene (10) lauryl ether.

In another preferred embodiment the surfactant comprises an ethoxylated glycerine. These are

also known as glycerol ethoxylates and are of the formula:
H(OCH,CH,),OCH,CHO((CH,CH,0),H)CH,O(CH,CH,0),H

Preferably the value of n is independently selected in the above formulation from 1 to 10, more

preferably from 1 to 6, and most preferably from 1 to 4. More commonly, glycerol ethoxylates are

sold by molecular weight. Preferably the molecular weight of the glycerol ethoxylate used in the

present invention is from 320 to 800, and most preferably from 320 to 450. As the molecular

weight increases the viscosity of the surfactant increases.



10

15

20

25

30

35

CA 02752482 2011-08-12
WO 2010/092360 PCT/GB2010/000268

These surfactants, in particular, decaethylene glycol monododecyl ether, show excellent
characteristics in the reduction of viscosity and aiso the inhibition of corrosion. Decaethylene
glycol monododecyl ether also has secondary thermal stabiliser and corrosion inhibitor properties
and so, advantageously may be used In place or in addition to other compounds which provide
such functionalities. When determining the total amount of thermal stabiliser and/or corrosion
inhibitor in the composition, however, the amount of surfactant having such secondary properties
IS not counted.

In a preferred embodiment the amount of glycerine is from 30% (w/w) to 60% (w/w). In a more
preferred embodiment the amount of glycerine is from 35% (w/w) to 50% (w/w). In a still more
preferred embodiment the amount of glycerine is from 40% (w/w) to 50% (w/w). In a still more
preferred embodiment the amount of glycerine is from 43% (w/w) to 47% (w/w). |n the most
preferred embodiments the amount of glycerine is 45% (w/w). These amounts of glycerine
provide a suitable viscosity combined with an appropriate heat capacity for the fluid. They also

help to reduce corrosion.

Typical ranges for components of the heat transfer fluid are provided below. Where a value of
0.0% is given it indicates that component may be entirely absent. The glycerine is present in an
amount of from 35.0% (w/w) to 50.0% (w/w). The water is present in an amount of from 43.15% to
59.45 % (w/w) and preferably provides the balance of the composition, together with any
unavoidable impurities.

surfactants:
decaethylene glycol monododecyl ether from 0.0% (w/w) to 0.5% (w/w)
more preferably from 0.01% (w/w) to 0.5% (w/w)
triethanolamine from 0.0% (w/w) to 0.1% (w/w)
more preferably from 0.01% (w/w) t0 0.1% (w/w)
Glycerol ethoxylate from 0.0% (w/w) to 1% (w/w)
more preferably from 0.01% (w/w) to 0.5% (w/w)

Preferably the glycerol ethoxylate has n values from 4-5.

thermal stabilisers:

tetra (2-hydroxypropyl) ethylenediamine from 0.0% (w/w) to 1% (w/w)
more preferably from 0.2% (w/w) to 1.0% (w/w)
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polyethyleneglycol from 0.0% (w/w) to 1% (w/w)
more preferably from 0.02% (w/w) to 1.0% (w/w)
5 pentaerythritol ~ from 0.0% (w/w) to 0.1% (w/w)
more preferably from 0.01% (w/w) to 0.1% (w/w)

corrosion inhibitors:

tolyl triazole from 0.0% (w/w) to 1.5% (w/w)
10 more preferably from 0.2% (w/w) to 1.5% (w/w)
benzotriazole from 0.0% (w/w) to 0.5% (w/w)
more preferably from 0.01% (w/w) to 0.5% (w/w)
15 aspartic acid from 0.0% (w/w) to 0.25% (w/w)
more preferably from 0.01% (wNv) to 0.25% (wiw)
sebacic acid from 0.0% (w/w) to 0.5% (w/w)
more preferably from 0.01% (w/w) to 0.5% (w/w)
20
molybdic oxide from 0.0% (w/w) to 0.3% (w/w)
more preferably from 0.01% (w/w) to 0.3% (w/w)
sodium molybdate dihydrate from 0.0% (w/w) to 0.1% (w/w)
25 more preferably from 0.01% (w/w) to 0.1% (w/w)
morpholine from 0.0% (w/w) to 0.1% (w/w)
more preferably from 0.01% (w/w) to 0.1% (w/w)
30 borax from 0.0% (w/w) to 1.0% (w/w)
more preferably from 0.01% (w/w) to 1.0% (w/w)
others:
sodium hydroxide from 0.0% (w/w) to 0.1% (w/w)
35 more preferably from 0.01% (w/w) to 0.1% (w/w)
mono-propylene glycol from 0.0% (w/w) to 10% (w/w)

more preferably from 0.01% (w/w) to 10% (w/w)
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sodium polyacrylate polymer (antiprex) from 0.0% (w/w) to 0.5% (w/w)
more preferably from 0.05% (w/w) to 0.5% (w/w)
triisopropanol amine from 0.0% (w/w) to 0.5% (w/w)
more preferably from 0.01% (w/w) to 0.5% (w/w)
biocide (e.g. nipacide or acticide) from 0.0% (w/w) to 1.5% (w/w)
more preferably from 0.01% (w/w) to1.5% (w/w)

As discussed above, unavoidable impurities may also be present. It is especially preferred that
the above preferred ranges are used in combination with each other.

Preferably the heat transfer fluid comprises:
a) from 35.0% (w/w) to 50.0% (w/w) glycerine,
b) and 39.5% (w/w) to 59.97% (w/w) water.
at least one of:
c1) from 0.01% (w/w) to 0.5% (w/w) a polyoxyethylene (n) lauryl ether,
wherein n is from 6 to 12,
c2) from 0.01% (w/w) to 0.1% (w/w) triethanolamine,
c3) from 0.01% (w/w) to 1% glycerol ethoxylate,
at least one of:
d1) from 0.2% (w/w) to 1.0% (w/w) tetra (2-hydroxypropyl!) ethylenediamine,
d2) from 0.02% (w/w) to 1.0% (w/w) polyethyleneglycol,
d3) from 0.01% (w/w) to 0.1% (w/w) pentaerythritol,
at least one of:
e1) from 0.2% (w/w) to 1.5% (w/w) tolyl tniazole,
e2) from 0.01% (w/w) to 0.5% (w/w) benzotriazole
ed) from 0.01% (w/w) to 0.25% (w/w) aspartic acid,
e4) from 0.01% (w/w) to 0.5% (w/w) sebacic acid
ed) from 0.01% (w/w) to 0.1% (w/w) sodium molybdate dihydrate
eb) from 0.01% (w/w) to 0.1% (w/w) morpholine,
e’) from 0.01% (w/w) to 0.3% (w/w) molybdic oxide,
e8) from 0.01% (w/w) to 1.0% (w/w) borax,
and optionally one or more of,
f) from 0.05% (w/w) to 0.5% (w/w) sodium polyacrylate polymer
g) from 0.01% (w/w) to 0.5% (w/w) trilsopropanol amine,
h) from 0.01% (w/w) to 0.05% (w/w) sodium hydroxide,
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from 0.01 % (w/w) to 1.5% (w/w) of a biocide,
from 0.01 to 10% (w/w) mono-propylene glycol.

More preferably the composition comprises:

at least one of:

and:

and:

and,

a)
D)

c1)
c2)
c3)

d1)
d2)
d3)

el)
e3)
eb)
er)
e8)

f)
g)

from 40.0% (w/w) to 50.0% (w/w) glycerine,
and 40.65% (w/w) to 59.44% (w/w) water.

from 0.01% (w/w) to 0.5% (w/w) decaethylene glycol monododecyl ether,
from 0.01% (w/w) to 0.1% (w/w) triethanolamine,
from 0.01% (w/w) to 1% glycerol ethoxylate,

from 0.2% (w/w) to 1.0% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
from 0.02% (w/w) to 1.0% (w/w) polyethyleneglycol,
from 0.01% (w/w) to 0.1% (w/w) pentaerythritol,

from 0.2% (w/w) to 1.5% (w/w) tolyl triazole,
from 0.01% (w/w) to 0.25% (w/w) aspartic acid,
from 0.01% (w/w) to 0.1% (w/w) morpholine,
from 0.01% (w/w) to 0.3% (w/w) molybdic oxide,
from 0.01% (w/w) to 1.0% (w/w) borax,

from 0.05% (w/w) to 0.5% (w/w) sodium polyacrylate polymer
from 0.01% (w/w) to 0.5% (w/w) triisopropanol amine,

and optionally one or more of,

h)
)

J)

from 0.01% (w/w) to 0.05% (w/w) sodium hydroxide,
from 0.01 % (w/w) to 1.5% (w/w) of a biocide.
from 0.01 to 10% (w/w) mono-propylene glycol

According to a specific embodiment, the heat transfer fluid may comprise:

a)

b)

c1)
c2)
d1)
d2)
d3)
e1)
e3)

43-47% (wiw) glycerine,

50.24% (w/w) to 55.50% (w/w) water,

0.075-0.125% (w/w) decathylene glycol monododecyl ether,
0.25-0.35% (w/w) triethanolamine;

0.25-0.75% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
0.075-0.125% (w/w) polyethyleneglycol

0.025-0.075% (w/w) pentaerythritol;

0.25-0.35% (w/w) tolyltriazole,

0.025-0.075% (w/w) aspartic acid,

PCT/GB2010/000268
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eb) 0.04-0.08% (w/w) morpholine,
e’/) 0.01-0.03% (w/w) molybdic oxide;
e8) 0.35-0.55% (w/w) borax,
f) 0.075-0.125% (w/w) sodium polyacrylate polymer; and
q) 0.075-0.125% (w/w) trilsopropanol amine.

More preferably, the fluid comprises 45% (w/w) glycerine; the surfactants 0.1% (w/w) decathylene
glycol monododecyl ether and 0.3% (w/w) triethanolamine; the corrosion inhibitors 0.3% (w/w)
tolyltriazole, 0.05% (w/w) aspartic acid, 0.45% (w/w) borax, 0.06% (w/w) morpholine and 0.02%
(w/w) molybdic oxide; the thermal stabilisers 0.5% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
0.1% (w/w) polyethyleneglycol, 0.05% (w/w) pentaerythritol; 0.1% (w/w) sodium polyacrylate
polymer; 0.1% (w/w) triisopropanol amine; and the balance water and unavoidable impurities.
This is the formulation referred to as BIC73.

In another embodiment, the heat transfer fluid comprises:

a) 43-47% (w/w) glycerine;

b) 52.765% (w/w) to 56.875% (w/w) water,

C2) 0.01-0.02% (w/w) triethanolamine;

el) 0.01-0.02% (w/w) tolyitriazole,

ed) 0.01-0.02% (w/w) sebacic acid

e’) 0.01-0.02% (w/w) molybdic oxide;

f) 0.075-0.125% (w/w) sodium polyacrylate polymer; and

)

0.01-0.03% (w/w) of the biocide nipacide.

More preferably, the fluid comprises 45% (w/w) glycerine; the surfactant 0.01% (w/w)
triethanolamine; the corrosion inhibitors 0.013% (w/w) tolyltriazole, 0.01% (w/w) sebacic acid and
0.01% (w/w) molybdic oxide; 0.1% (w/w) sodium polyacrylate polymer; 0.02% (w/w) nipacide; and
the balance water and unavoidable impurities. This is the formulation referred to as A6.

In a further embodiment, the heat transfer fluid comprises:

a) 37.5-42.5% (w/w) glycerine;

b) 46.1% (w/w) to 56.945%(w/w) water,

c2) 0.01-0.02% (w/w) triethanolamine,

c3) 0.25-0.75% (w/w) glycerol ethoxylate,

d1) 0.1-0.25% (w/w) tetra (2-hydroxypropyl) ethylenediamine
d3) 0.075-0.125% (w/w) pentaerythritol

el) 0.075-0.125% (w/w) tolyltriazole

ed) 0.01-0.05% (w/w) sodium molybdate dihydrate,;

g) 0.025-0.075% (w/w) triisopropanol amine;

h) 0.01-0.05% (w/w) sodium hydroxide
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i) 5-10% (w/w) mono-propylene glycol;
More preferably, the fluid comprises 40% (w/w) glycerine; the surfactants 0.5% (w/w) glycerol
ethoxylate and 0.01% (w/w) triethanolamine; the corrosion inhibitors 0.034% (w/w) sodium
molybdate dihydrate and 0.1% (w/w) tolyltriazole; the thermal stabilisers 0.175% (w/w) tetra (2-
hydroxypropyl) ethylenediamine and 0.1% (w/w) pentaerythritol; 8% (w/w) mono-propylene glycol;
0.05% (w/w) triisopropanol amine; 0.035% (w/w) sodium hydroxide; and the balance water and
unavoidable impurities. This formulation is referred to herein as N1. The N1 formulation is
especially preferred since it provides comparable heat-transfer performance as the S1, while
avoiding the use of environmentally hazardous glycols.

The present invention further provides a solar panel system, comprising a heat transfer fluid
according to the invention. The present invention yet further provides ground source heat pump

system comprising a heat transfer fluid according to the invention.

Still further provided is use of a heat transfer fluid comprising water, glycerine and a surfactant in

a solar panel system or a ground source heat pump system.

In preferred embodiments the heat transfer fluid further comprises a corrosion inhibitor and/or a
thermal stabiliser for improved corrosion inhibition and/or thermal stability of the fluid in use. In
particularly preferred embodiments, the heat transfer fluid is as defined in any of the other aspects
of the invention and has the advantages described above.

BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described by way of exemplification only and with reference to the
accompanying figures, in which:

Figure 1 shows that formulations according to the present invention (BIC73 and A6) give
rise to rapid heat transfer, with peak heat transfer occurring after approximately 14 minutes.
Performance is comparable to a known prior art formulation Solar S1 (available from Fernox).

Fiqure 2 shows the comparative viscosity of the heat
transfer fluids according to the present invention (BIC73 and A6) and a known prior art
formulation Solar S1 (available from Fernox).

Fiqure 3 shows the results of thermal stability experiments carried out for formulation
BIC73. The infra red spectrum of untreated fluid was compared to that obtained after heating in
copper pipe at 270°C for three hours, or after thermal cycling from -25°C to 140°C for three days
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(20 cycles). The similarity of the spectrum obtained fdr control fluid and for heat treated fluids

indicates minimal degradation of the fluid at high temperature or during thermal cycling.

Figure 4

shows the results of corrosion studies using formulations comprising, water and

glycerine and the indicated percentages of decaethylene glycol monododecyl ether, tetra (2-

hydroxypropyl) ethylenediamine and polyethylene glycol. The level of corrosion is measured in

mm/yr. The duration of the study was 14 days and the study was conducted according to

standard DWTA procedures.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides numerous formulations for superior heat transfer fluids. Table 1

below provides details for the composition of two particularly preferred formulations. BIC73 is

preferred in particular for solar applications and A6 for ground source heat pump applications.

Unavoidable impurities may be present in these formulations.

Table 1

Component (% (w/w))

Formulation

| BIC73 A6
' tetra (2-hydroxypropyl)Ethylenediamine 0.5
polyethyleneglycol ) 0.1
tolyl triazole o 0.3
| benzotriazole - 1 0.013
acticide (nipacide) - B 1 0.02
triisopropanol amine 0.1
| aspartic?acid ' - [005 -
| sebacic acid | o001
| borax 0.45 )
sodium polyacrylate polymer (antiprex) 0.1 0.1
molybdic oxide 002 | 0.01
triethanolamine - 1 0.3 | 0.01
morpholine - 0.06 I
pentaerythritol o ' 0.05
| decaethylene glycol monododecyl ether ‘—|‘0.01 |
glycerine o - 45 45
l:;gf? ‘ - - | balance | balance
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Prior art heat transfer fluids were also used for comparison. These included Solar S1 (Fernox)
and Tyfocor LS (TLS). TLS is a propylene glycol-water based fluid available from Tyforop
Chemie GmbH.

Examples
Example 1 - Rapid heat transfer

Heat transfer studies were carried out in a custom built jacketed glass vessel with a digital
thermometer attached. The fluid whose heat transfer capacity is to be measured was poured in
the outer jar while the inner jar was filled with boiling water. The whole setup was kept in a
thermally insulated box. Heat transfer capacity was measured as the maximum temperature
obtained by the fluid in the outer vessel and the time taken to reach the maximum temperature.

Good heat transfer characteristics were observed for all formulations according to the invention.
Heat transfer rates were comparable to those of prior art heat transfer fluids.

Results for formulations BIC73 and A6 are shown in figure 1, and compared to the prior art
formulation Solar S1 (formulation F19.8 commercialised in 2008 and available from Fernox).

Example 2 - Comparative viscosity

Kinetic viscosity of the fluids is measured using Brookefield viscometer at different temperatures.

The results are shown in figure 2.

As anticipated, lower viscosity was observed for all formulations at higher temperatures. Viscosity
Increased at lower temperatures. Formulations TLS (prior art competitor product, not shown) and
Solar S1 (formulation F19.8 commercialized in 2008) performed with roughly equivalent viscosity
values. BIC73 and A6 showed lower viscosity at temperatures of approximately -10°C. This

30 superior, lower, viscosity would also be anticipated to be observed at even lower temperatures on
the basis of the 'viscosity curve' seen in Figure 2.

Example 3 - Thermal stability

35 1. High temperature stability:

10 ml of the test solution was placed in a 25¢cm copper pipe sealed with brass compression caps
and placed at 270°C for 3 hours. Initial and final pH and IR spectra of the test solution were
compared to detect whether degradation had occurred.
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2. Thermal cycling:

10 ml of the test solution was placed in a 25cm copper pipe sealed with brass compression caps
and cycled between -25°C and 140°C for 3 days (20 cycles). Initial and final pH and IR spectra of
the test solution were compared to detect degradation.

The results are shown in figure 3. The initial pH was 7.12. The pH after 3 hours at 270°C was
6.71, the pH after thermal cycling as described was 6.81.

The similarity of the IR spectra and pH values obtained for untreated heat transfer fluid, and fluid
which had been subjected to high temperatures, or thermal cycling between low and high
temperature indicates that little degradation occurred and that the fluid is stable under these
conditions.

Example 4 - Corrosion studies

Corrosion values were obtained using DWTA procedure as outlined in "DWTA Industry Standard
Specification for the Performance of Chemical Inhibitors for Use in Domestic Hot Water Central
Heating Systems”.

In brief, metallic test coupons (copper, brass, aluminium) were rotated in a test solution at 200rpm
+/- 20rpm for 14 days with thermal cycling between 25 deg C and 80 deg C. Following this, the

test coupons were cleaned and mass loss calculated.

The corrosion rate C, expressed in mm/year is given by the equation:

C =10M x 369
pPA 30
= 260.7M
pPA

Where

A Is the surface area of the coupon (cm2);
M is the corrected mass loss (Q);
p Is the density of the metal (g/cm3)
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The values of A and p are given in Table 3 below.

| .

Table 3
Metal Buﬁace Area, A (cm2) | Density, p (g/cm3) B
Copper 26.0 i 8.90
- Aluminium 1 26.0 2.70 B
Brass | 26.0 8.55 )

5  The results are shown in figure 4.

Corrosion values obtained using the heat transfer fluid formulations of the invention may be: for
copper, 0.0033mm/yr, for brass, 0.0029mm/yr and for aluminium 0.0628 mm/yr. Corrosion data
was obtained by mass loss experiments conducted according to standard DWTA procedure (i.e.
10  as specified in "DWTA Industry Standard Specification for the Performance of Chemical Inhibitors
for Use in Domestic Hot Water Central Heating Systems" of August 2006). The test was
conducted for 14 days with thermal cycling between 25°C and 80°C. |

Optimisation studies carried out by the inventors identified that the effect of tetra (2-

15 hydroxypropyi) ethylenediamine on the inhibition of corrosion could mask the beneficial effect of
polyethylene glycol and surfactants from the group of polyoxyethylene (n) lauryl ethers, for
example decaethylene glycol monododecyl ether.

Thus the technical results obtained by the inventors so far seem to indicate that lower quantities

20  (for example from 0.2%(w/w) to 1.0%(w/w), or more preferably from 0.3%(w/w) to 0.5%(w/w)) of
tetra (2-hydroxypropyl) ethylenediamine (also known as quadrol polyol) are preferred from the
perspective of inhibition of corrosion. Under these conditions (i.e. using lower quantities of
quadrol polyol), higher quantities of polyethylene glycol (for example 0.02%(w/w) to 1.0%(w/w) or
more preferably 0.1%(w/w) to 0.5%(w/w)), and to a lesser extent, decaethylene glycol

25 monododecyl ether (for example 0.01%(w/w) to 0.5%(w/w), or more preferably, from 0.01 to
0.05%(w/w)) provided better results.

In addition, the formulations of the present invention (particularly, N1, A6 and BIC/73) show
advantageous thermal stability. The formulations of the invention are stable when held at high
30 temperature or cycled between high and low temperatures. Without wishing to be bound by

theory, the present inventors speculate that the presence of the surfactant also protects the fluid
from thermal degradation.
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Claims:

1. A heat transfer fluid comprising water, glycerine, and a surfactant.

2. A heat transfer fluid according to claim 1, wherein the fluid further comprises a corrosion
inhibitor.

3. A heat transfer fluid according to claim 2, wherein the corrosion inhibitor is selected from
tolyl triazole, benzotriazole, aspartic acid, sebacic acid, borax, molybdic oxide, triethanolamine,

sodium molybdate dihydrate, morpholine, or a combination of two or more thereof.

4. A heat transfer fluid according to any of the preceding claims, wherein the fluid further
comprises a thermal stabiliser. '

. A heat transfer fluid according to claim 4, wherein the thermal stabiliser is selected from

tetra (2-hydroxypropyl) ethylenediamine, polyethyleneglycol, pentaerythritol or a combination of
two or more thereof.

6. A heat transfer fluid according to any of the preceding claims, wherein the fluid further
comprises one or more of:

(1) a pH stabiliser or buffer, such as trilsopropanol amine or borax;

(1) an antiscaling additive, such as sodium polyacrylate polymer; and

(1) a biocide, such as nipacide.

7. A heat transfer fluid according to any of the preceding claims, further comprising sodium
hydroxide.
8. A heat transfer fluid according to any of the preceding claims, wherein the surfactant is

present in a quantity of from 0.01% (w/w) to 1.0% (w/w).

9. A heat transfer fluid according to any one of the preceding claims, wherein the surfactant
comprises:

(1) a polyoxyethylene (n) lauryl ether, wherein n is from 6 to 12,
(i1) triethanolamine; and/or

(1) a glycerol ethoxylate.

10. A heat transfer fluid according to claim 9, wherein the surfactant comprises decaethylene
glycol monododecyl ether.
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A heat transfer fluid according to any of the preceding claims, wherein the glycerine is

present in an amount of from 30% (w/w) to 60% (w/w).

12.

at least one of:

at least one of:

at least one of:

A heat transfer fluid according to any of claims 1-11, comprising:

a)
b)

c1)

c2)
c3)

d1)
d2)
d3)

el)
e2)
e3)
e4)
ed)
eb)
e’)
ed)

from 35.0% (w/w) to 50.0% (w/w) glycerine,
and 39.5% (w/w) to 59.97% (w/w) water,

from 0.01% (w/w) to 0.5% (w/w) a polyoxyethylene (n) lauryl ether,

wherein n is from 6 to 12,

from 0.01% (w/w) to 0.1% (w/w) triethanolamine,

from 0.01% (w/w) to 1% glycerol ethoxylate,

from 0.2% (w/w) to 1.0% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
from 0.02% (w/w) to 1.0% (w/w) polyethyleneglycol,
from 0.01% (w/w) to 0.1% (w/w) pentaerythritol,

from 0.2% (w/w) to 1.5% (w/w) tolyl| triazole,

from 0.01% (w/w) to 0.5% (w/w) benzotriazole,

from 0.01% (w/w) to 0.25% (w/w) aspartic acid,

from 0.01% (w/w) to 0.5% (w/w) sebacic acid,

from 0.01% (w/w) to 0.1% (w/w) sodium molybdate d i hydrate,
from 0.01% (w/w) to 0.1% (w/w) morpholine,

from 0.01% (w/w) to 0.3% (w/w) molybdic oxide,

from 0.01% (w/w) to 1.0% (w/w) borax,

and optionally one or more of,

13.

at least one of:

f)

9)
h)

)

J)

from 0.05% (w/w) to 0.5% (w/w) sodium polyacrylate polymer,
from 0.01% (w/w) to 0.5% (w/w) triisopropanol amine,

from 0.01% (w/w) to 0.05% (w/w) sodium hydroxide,

from 0.01 % (w/w) to 1.5% (w/w) of a biocide,

from 0.01 to 10% (w/w) mono-propylene glycol.

A heat transfer fluid according to claim 12, comprising:

a)
b)

c1)
c2)

from 40.0% (w/w) to 50.0% (w/w) glycerine,
and 40.65% (w/w) to 59.44% (w/w) water,

from 0.01% (w/w) to 0.5% (w/w) decaethylene glycol monododecyl ether,
from 0.01% (w/w) to 0.1% (w/w) triethanolamine,
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c3) from 0.01% (w/w) to 1% glycerol ethoxylate,
and:
d1) from 0.2% (w/w) to 1.0% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
d2) from 0.02% (w/w) to 1.0% (w/w) polyethyleneglycol,
d3) from 0.01% (w/w) to 0.1% (w/w) pentaerythritol,
and:
e1) from 0.2% (w/w) to 1.5% (w/w) tolyl triazole,
e3) from 0.01% (w/w) to 0.25% (w/w) aspartic acid,
eb) from 0.01% (w/w) to 0.1% (w/w) morpholine,
e’) from 0.01% (w/w) to 0.3% (w/w) molybdic oxide,
e8) from 0.01% (w/w) to 1.0% (w/w) borax,
and.
f) from 0.05% (w/w) to 0.56% (w/w) sodium polyacrylate polymer,
q) from 0.01% (w/w) to 0.5% (w/w) triisopropanol amine,

and optionally one or more of,

14.

15.

h)
i)
j)

from 0.01% (w/w) to 0.05% (w/w) sodium hydroxide,
from 0.01 % (w/w) to 1.5% (w/w) of a biocide,
from 0.01 to 10% (w/w) mono-propylene glycol.

A heat transfer fluid according to claim 12 or 13, comprising:

a)

b}

c1)
c2)
d1)
d2)
d3)
e1)
e3)
eb)
e’)
e8)

f)
g)

43-47% (w/w) glycerine,

50.24% (w/w) to 55.50% (w/w) water,

0.075-0.125% (w/w) decathylene glycol monododecyl ether,
0.25-0.35% (w/w) triethanolamine,

0.25-0.75% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
0.075-0.125% (w/w) polyethyleneglycol

0.025-0.075% (w/w) pentaerythritol,

0.25-0.35% (w/w) tolyltriazole,

0.025-0.075% (w/w) aspartic acid,

0.04-0.08% (w/w) morpholine,

0.01-0.03% (w/w) molybdic oxide,

0.35-0.55% (w/w) borax,

0.075-0.125% (w/w) sodium polyacrylate polymer, and
0.075-0.125% (w/w) triisopropanol amine.

A heat transfer fluid according to claim 12, comprising:

a)
b)

43-47% (wiw) glycerine,
52.765% (w/w) to 56.875% (w/w) water,

PCT/GB2010/000268
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c2) 0.01-0.02% (w/w) triethanolamine,
el) 0.01-0.02% (w/w) tolyltriazole,

ed) 0.01-0.02% (w/w) sebacic acid,
e’) 0.01-0.02% (w/w) molybdic oxide,

5 f) 0.075-0.125% (w/w) sodium polyacrylate polymer, and
1) 0.01-0.03% (w/w) of the biocide nipacide.
16. A heat transfer fluid according to claim 12, comprising:
a) 37.5-42.5% (w/w) glycerine,
10 b) 46.1% (w/w) to 56.945%(w/w) water,

c2) 0.01-0.02% (w/w) triethanolamine,
c3) 0.25-0.75% (w/w) glycerol ethoxylate,
d1) 0.1-0.25% (w/w) tetra (2-hydroxypropyl) ethylenediamine,
d3) 0.075-0.125% (w/w) pentaerythritol,
15 el) 0.075-0.125% (w/w) tolyltriazole,
ed) 0.01-0.05% (w/w) sodium molybdate dihydrate,
q) 0.025-0.075% (w/w) triisopropanol amine,
h) 0.01-0.05% (w/w) sodium hydroxide,

) 5-10% (w/w) mono-propylene glycol.
20
17. A solar panel system comprising a heat transfer fluid according to any one of claims 1 to
16.
18. A ground source heat pump system comprising a heat transfer fluid according to any one

25 of claims 1 to 16.

19. Use of a heat transfer fluid according to any of claims 1 to 16, in a solar panel system or a

ground source heat pump system.

30
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