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COMPOSITIONS

The present invention relates to a refrigerant compaosition and more particularly o a refrigerant
compaosition comprising 1, 1-diffluorcethylene (R-1132a), difiucromethane (R-32) and 2,3,3,3-
tetrafluoropropene (R-1234yf) that is useful in mobile or automotive thermal management
systems, such as heat pump and air-conditioning systems, especially systems for electric

vehicles.

The listing or discussion of a prior-published docurment or any background in the specification
should not necessarily be taken as an acknowledgement that a document or background is

part of the state of the art or is common general knowledge.

Unless otherwise stated, it is to be understood that the term “electric vehicle” as used herein
refers to both purely electric vehicles as well as vehicles which use electricity as one of several

means of propuision, such as hybrid vehicles.

Cars fitted with internal combustion engines (ICEs) as primary propuision systems ofien aiso
have air-conditioning systems {o provide passenger comfort by cooling and dehumidifying air.
Such cars provide passenger heating in low-temperature environments by using waste heat

from the engine to heat cabin air.

In contrast, electric vehicles (EVs) have no high-temperature source of heat in sufficient
guantity to provide similar cabin heating. Insiead, passenger heating must be achieved either
by using battery energy in a resistive heating system or by recycling and upgrading heat from
other sources using a heat pump. As EV passengers alsc require cocling in warm
femperatures, a common strategy is to use the air conditioning system in reverse as a heat
pump o provide some or all of the required heat at the appropriate temperature {o the cabin
air. Although the use of a heat pump architeciure is more expensive, it can heip reduce the

overall power draw for passenger heating.

Despite this, it is known that passenger thermal comfort requirements can significantly reduce
the effective driving range of EVs both in winter (from providing heating) and in summer (from
providing air conditioning). Thus, improving energy efficiency of heating and air-conditioning

of the vehicie would help reduce so-called "range amdely” amongst EY users.

The existing refrigerants used for mobile air conditioning are: 1,1,1,2-tetrafluorcethane (R-
134a), 2,3,3,3-tetrafluoropropene (R-1234yf) and carbon dioxide (CO,, R-744).
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R-134a has a Global Warming Potential (GWP) of 1430 and is gradually being phased out in
favour of R-1234yf (GWP of about 1) in order to meet new EU F-Gas regulations, which
mandate that new mobile air-conditioning (MAC) systems should use a refrigerant with GWP
less than 150. Although both R-134az and R-1234yf offer good and energy efficient
performance in air conditioning systems (whether for ICE or EV vehicles), they are limited in

their ability to work in a “heat pump mode” for EVs,

Ambient air temperature can be as low as -25°C to ~-30°C. The use of R-134a and/or R-
1234yf can be advantageous if the ambient temperature is above about ~10°C; however,
below this temperature their relatively low vapour pressure reduces the capacity of the system

and aiso reduces the energy efficiency of the heat pump.

Carbon dioxide is only used in a few ICE vehicles at present because it requires high-pressure
equipment (leading to higher cost than that for system componenis using R-1234yf) and it

offers poor energy efficiency in air-conditioning operation at higher ambient temperatures.

The use of highly flammable refrigerants such as 1,1-diftluorosthane (R-152a) or propane,
coupled with a “secondary loop” architecture to provide passenger safely has also been
advocated. Whilst this technology is conceptually suited to some EV thermal management
systems where a chiller moves heat between reservoirs of hot and cold liguid (said liquids then
being used to perform cabin air heating or air conditioning), it is not likely to be universally
adopted in EVs or ICE vehicles.

Car manufacturers anticipate rapid growth in electric vehicles but a continued presence of
significant numbers of ICE vehicles for the next 10 fo 15 years. Thus, the use of a single
refrigerant composition across all platforms would offer production benefits and simpler

manufacturing and maintenance operations.

Therefore, there is a need to provide a refrigerant composition that offers the following

characteristics:

{a) acceptable performance (ideally betler than that of R-1234yf) in both air-conditioning

and heat pump modes;

{b) flarmmability characteristics similar to those of R-1234yf,
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{c) a GWP of below about 150

At the same time, such compositions preferably should achieve satisfactory performance when
operating in a heat pump mode at ambient temperatures as low as from about -25°C to about
-30°C.

The present invention addresses the above and other deficiencies, and the above nesads, by
the provision of a composition comprising 1, 1-difluoreethylens (R-1132z), difluoromethane (R-
32y and 2,3,3,3-tetraflucropropene (R-1234yf) in particular amounts. Such compositions are

referred to hereinafier as “the compositions of the (present) invention”.

The present inventors have found that the compositions disclosed herein offer improved
performance relative fo R-1234yf both in air-conditioning and heat pump modes of operation.
This renders these fluids suitable for use in the air-conditioning systems of conventional ICE

platforms and also in the thermal management systems of EV platforms.

This finding is unexpecied at least because the critical temperatures of these compositions are
lower than those of R-1234yf. It is known that the efficiency of a vapour compression air-
conditioning cycle reduces as the condensation temperature approaches the crifical
temperature. One might therefore anticipate that the performance of these compositions would
be worse when compared to R-1234yf, especially at higher condensing temperatures which
are required when operating the car in hot climates. However, it has been found that the
compaositions of the invention offer improved efficiencies in equipment as compared to R-
1234yt Consequently, the obtained performance is higher in both cooling capacity and energy
efficiency {described as “"Coefficient of Performance”, which is the ratio of useful cooling power

to work input to the system).

Furthermoere, the compositions of the invention have higher vapour pressures than that of R-
1234yf and hence allow operation at lower external ambient temperatures in a heat pump
mode. Thus, the compositions offer improved energy consumption and heating capacity in

heating mode as well as cooling mode.

A further benefit of the compositions is that they are zeotropic and exhibit moderate

“temperature glides”.

The compositions of the invention will now be described in detall.
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The compositions of the present invention typically comprise from about 8 {o about 18 weight
% R-1132a, from about 5 to about 35 weight % R-32 and from about 47 to about 89 weight %
R-1234yf.

Conveniently, such compositions comprise from about 6 to about 15 weight % R-1132a, such

as from about 7 to about 12 weight %, for example from about 7 to about 10 weight %.

Typically, the compositions of the present invention comprise from about § to about 30 weight
% R-32, such as from about 7 to about 20 weight %, for example from about 8 to about 15

weight %, preferably from about 8 1o about 13 weight %.

Advantageously, such compositions comprise from about 55 to about 88 weight % R-1234vf,
such as from about 60 to about 87 weight %, for example from about 75 to about 85 weight %,

preferably from about 78 to about 84 weight %.

The compositions of the present invention conveniently comprise from about 6 {o about 10

weight % R-1132a, such as from 6 to about 7 weight %.

Preferably, such compositions comprise from about 6 to less than about 30 weight % R-32,

such as from about 7 fo less than about 30 weight %.

Typically, the compositions of the invention comprise from about 55 to about 87 weight % R-
1234vf, such as from about 60 o about 84 weight %, preferably from about 75 {0 about 84
weight %.

For example, one of the preferred compositions of the present invention comprises about 8
weight % R-1132a, about 11 weight % R-32 and about 81 weight % R-1234yf.

Alternatively, the compositions of the invention may comprise from about & to about § weight

% R-1132a, such as from about & to about 8 weight %.

Advantageously, the compositions of the invention may contain from about 7 {o about 28
weight % R-32, such as from about 10 to about 25 weight %, for example from about 12 to
about 23 weight %, preferably from about 14 to about 21 weight %, even more preferably from

about 15 to about 18 weight %.
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Typically, the compositions of the present invention may comprise from about 83 o about 85
weight % R-1234yf, for example from about 67 to about 83 weight %, preferably from about 69

fo about 82 weight %, even more preferably from about 72 to about 81 weight %.

For example, one of the preferred compositions of the present invention may comprise about
8 weight % R-1132a, about 20 weight % R-32 and about 74 weight % R-1234yfn.

Preferably, the tolerances (preferably manufacturing tolerances) for the compositions of the
present invention are about 0.5 weight % for R-1132a, about +1 weight % for R-32 and about
1.5 weight % for R-1234yf.

in one embodiment, the compositions of the present invention consist essentially of the stated
components. By the term “consist essentially of, we include the meaning that the
compositions of the invention contain substantially no other components, particularly no further
{hydro)(fluoreicompounds {e.g. (hydro){fluorc)alkanes or (hydro)(fluocro)alkenes)) known to be
used in heat transfer compositions. The term “consist of” is included within the meaning of

“consist essentially of.

In one embodiment, the compositions of the invention are substantially free of any component
that has heat transfer properties (other than the components specified). For instance, the
compositions of the invention may be subsiantialiy free of any other hydrofiuorocarbon

compound.

By “substantiaily no” and “substantially free of” we include the meaning that the compositions
of the invention contain 0.5% by weight or less of the stated component, preferably 0.4%,

0.3%, 0.2%, 0.1% or less, based on the total weight of the compositions.

As used herein, all % amounts mentioned in the compositions herein, including in the claims,

are by weight based on the total weight of the composition, uniess otherwise stated.

By the term "about”, as used in connection with numerical values of amounts of component in

% by weight, we include the meaning of £ 0.5 weight %, for exampie = 0.2 weight %.

For the avoidance of doubt, it is to be understood that the stated upper and lower values for
ranges of amount of components in the compositions of the invention described herein may
be interchanged in any way, provided that the resulting ranges fall within the broadest scope

of the invention.
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The compositions of the present invention have zero ozone depletion potential.

Conveniently, the compositions of the invention have a Global Warming Potential (GWP) of
less than about 400, such as less than about 150, preferably iess than about 140 or less than

about 125,

Typically, the compositions of the invention are of reduced flammability hazard when compared
fo R-1132a.

Flammability may be determined in accordance with ASHRAE Standard 34 (e.g. ASHRAE
Standard 34:2019) incorporating the ASTM Standard E-681, the entire content of which is

incorporated herein by reference.

in one aspect, the compositions have one or more of (a) a higher lower flammabile limit; (b) a
higher ignition energy (¢} a higher auto-ignition temperature; or {d} a lower burning velocity

compared to R-11323 alone.

Preferably, the compositions of the invention are less flammable compared to R-1132a in one
or more of the following respects: lower flammable limit at 23°C; lower flammable limit at 80°C;
breadth of flammable range at 23°C or 60°C; auto-ignition temperature (thermal decomposition
temperature); minimum ignition energy in dry air or burning velocity. The flammable limits and
burning velocity being determined according to the methods specified in ASHRAE-34 and the
auto-ignition temperature being determined in a 500mi glass flask by the method of ASTM
E859-78.

Conveniently, the compositions of the present invention have a burning velocity of iess than
about 10 cm/s as determined in accordance with ASHRAE Standard 34:2019, such as less

than about © cirv/s, for example less than about B cm/s.

in one embodiment, the compositions of the invention are classified as weakly flammable
{(“class 217) as determined in accordance with ASHRAE Standard 34:2019.

ft is believed that the compositions of the invention exhibit a completely unexpecied
combination of low/non-flammability, low GWP, improved lubricant miscibility and improved
performance properties when used in heat pump and/or air-conditioning systems of vehicles,

especially electric vehicies. Some of these properties are explained in more detail below.
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For example, the compositions of the present invention have a temperature glide in an
evaporator or condenser of less than about 12K, such as less than about 10K, for example

less than about 5K

Advantageously, the compositions of the present invention can operate in a heat pump mode
at a temperature of less than about —15°C, such as less than about —20°C, preferably whilst
still having an evaporation pressure and compressor suclion pressure above atmospheric

pressure

Typically, the compositions of the invention have heating capacity which is greater than or
about equal o that of R-1234yf.

Conveniently, the compositions of the present invention have a volumelric cooling capacity

which is greater than or about equal to that of R-1234yf.

Advantageously, the compositions of the present invention have a cycle efficiency (coefficient

of performance (COP)) which is greater than or about equal to that of R-1234yf.

Typically, the compositions of the present invention evaporate at a temperature of below about
-30°C when in operation. This enables heat pump operation at ambient air temperatures as

low as —-25°C to -30°C.

Conveniently, the compositions of the present invention condense at a temperature of above
about 40°C when in operation. This is particularly desirable, since passenger air flow from the

vent into the cabin is ideally heated to a temperature of from about 40°C 1o about 50°C.

Typically, the compressor discharge temperature of the compositions of the present invention
is within about 15K of the existing refrigerant fluid (such as R-1234yT) they are replacing,
preferably within about 10K or about 5K

The compositions of the invention are iypically suitable for use in existing designs of equipment
and are compatible with all classes of iubricant currently used with established HFC
refrigerants. They may be oplionally stabilized or compatibilized with mineral oils by the use

of appropriate additives.
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Preferably, when used in a heat fransfer equipment, the composition of the present invention

is combined with a lubricant.

Conveniently, the lubricant is selected from the group consisting of mineral oil, silicone oil,
polyatkyl benzenes (PABs), polvol esters (POESs), polyalkviens glycols (PAGS), polyaikylene
glvcol esters (PAG esters), polyvinyl ethers (PVEs), poly (alpha-olefins) and combinations
thereof, such as wherein the lubricant is selected from the group consisting of polyol esters

(POESs), polvalkylene glycols (PAGs) and combinations thereof.

in one embodiment, the compositions of the invention contain substantially no

frifluorciodomethane (CFal).

All the chemicals described hersin are commercially available. For example, fluorochemicals

may be obtained from Apollo Scientific (UK).

The compositions of the invention may be prepared by simply mixing R-1132a, R-32 and R-
1234yf (and optional components, such as a lubricant} in the desired proportions. The
compositions can then be added to a heat transfer device or used in any cother way as

describad herein.

According to another aspect of the present invention, there is provided a use of a composition
of the invention as a working fluid in a heat pump system of a vehicle {such as an electric
vehicle).

in another aspect of the invention, there is provided a use of a composition of the present

invention as a working fluid in an air-conditioning system of a vehicle (e.g. an electric vehicle).
In a further aspect of the present invention, there is provided a use of a compositions of the
invention as a replacement for an existing heat transfer fluid in a refrigeration or air-conditioning

system, preferably wherein the existing fluid is R-407C or R-22.

According to a further aspect of the invention, there is provided a heat transfer device

comprising a composition according to the present invention.

Conveniently, the heat transfer device is a refrigeration device or an air-conditioning device.
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in one embodiment, the heat transfer device comprises a residential or commercial air
conditioning system, an air-conditioning system for a train or bus, a heat pump or a commercial

or industrial refrigeration system.

According to another aspect of the invention, there is provided a method for cooling an article
which comprises condensing a composition of the present invention and thereafter evaporating

said composition in the vicinity of the article to be cooled.

According to another aspect of the invention, there is provided a method for heating an article
which comprises condensing a composition according to the present invention in the vicinity

of the article to be heated and thereafter evaporating said composition.

The present invention is llustrated by the following non-limiting examples.

EXAMPLES

A thermodynamic model of the R-1132a/R-32/R-1234yf fluid system was buiit using the Span-
Wagner equation of state as implemented in NiST REFPROP9.1 software. A pure fluid model
for R-1132a was derived by measuring its vapour pressure from boiling point to critical point,
determining the critical poini, measuring compressed liquid and vapour densities and
measuring enthalpy content and heat capacity of the fluid in liquid and vapour states. Next,
the vapour-liguid equilibrium behaviour of the binary mixtures of R-1132a with R-32 and R-
1234vf was measured using constant-volume apparatus o measure the vapour pressure of a
series of binary compositions over a range of temperatures and pressures from about -50°C
to +70°C. These data were then regressed to provide binary interaction parameters suitable
for use in modsiling performance of ternary mixiures as refrigerants using standard cycle

modelling techniques.

Subsequently, a refrigeration/heat pump cycle was constructed in Microsoft Excel, linked to
the REFPROP software o provide thermodynamic property data for the mixiures. This model
was used to estimate the performance of R-1234yf in air-conditioning mode and heat pump
mode. The model was then used to estimate the performance of the fiuids of the invention at

the same delivered cooling or heating capacities.

Example 1: Cooling mode performance
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The compositions of the invention were modelied in cooling mode with R-1234yf as a

reference. The cycle conditions used were as follows:

Target cooling capacity KW 4]
Compressor displacement m3/hr 11.35
Mean condenser temperature °C 45.0
Mean evaporator temperature °C 5.0
Condenser subcooling K 3.0
Evaporator superheat K 1.0
Evaporator pressure drop bar 0.40
Suction line pressure drop bar 0.20
Condenser pressure drop bar 0.20
Compressor suction superheat K 10.0
isentropic efficiency 65.0%

Table 1. Cycle modelling conditions (Cooling Mods)

The performance of selected compositions of the invention in cooling mode is given in Tables
1 to 8 below. In the modelling, the anticipated pressure drops in the componenis for the
compositions was estimated by reference 1o the specified pressure drops for R-1234yf. The
compressor displacement required to deliver the stated cooling capacity was calculated for

each fluid and compared to R-1234yf.

it can be seen from the performance data that the compositions of the invention offer the

following:

{(a) Improved energy efficiency {expressed as Coefficient of Performance) as compared to
that of R-1234vf,

{b} Higher volumetric cooling capacity than that of R-1234yf. This makes it possible to
either use a smaller displacement of compressor (thus saving weight and/or space) or use a
compressor running at a lower speed. The ability {0 run air-conditioning with a low compressor
speed is an important benefit for BV systems, because lower compressor speeds transiate {o
lower transmitted noise of the air-conditioning system in the passenger cabin, thereby further
improving the passengers’ comfort;

N

(9] Moderate temperature glide in an evaporator and condenser.

10
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Example 2: Heating Mode Performance

The model was then used {o simulate performance of selected compaositions of the invention

using the following cycle input conditions

Target heating capacity ] ' kKW 5 v
Compressor displacement m3/hr 20.38
Mean condenser temperature °C 55.0
Mean evaporator temperature °C -15.0
Condenser subcooling K 3.0
Evaporator superheat K 1.0
Evaporator pressure drop bar 0.50
Suction line pressure drop bar 0.30
Condenser pressure drop bar 0.30
Compressor suction superheat K 10.0
isentropic efficiency 65.0%

Table 2: Cycle modeliing conditions (Heating Mode)

The chosen evaporator and condenser temperatures correspond o operation with external

ambient air at about -10°C and a desired air delivery temperature for the cabin of about 50°C.

The performance of selected compaositions of the invention in heating mode is shown in Tables
9 {c 16 below.

it can be seen from the performance data that the compositions of the invention offer the

following benefits:

(a) Much higher heating capacities than that of R-1234yf;

{b) Improved energy efficiency {expressed as COP) as compared to that of R-1234yf;

(<) Higher suction pressures, thereby making it possible to operate the heat pump at lower
ambient temperatures than is feasible/practicable with R-1234yf;

(d) Moderate temperature glides {(generally less than about 10K).

Example 3: Experimental testing

11
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A composition comprising 8 weight % R-1132a, 11 weight % R-32 and 81 weight % R-1234yf
was tested in the air-conditioner/heat pump system of a Nissan Leaf electric vehicle over a
range of cooling mode and heating mode conditions. This system has been designed for use
with R-1234yf The testing was conducted according o the SAE J2765 standard for evaluation
of performance of mobile air-conditioning systems. Testing was run for the blend in two states:
firstly, with the same compressor speed as used for R-1234yf, secondly, with the compressor

speed adjusted so that the blend gave equivalent cooling or heating capacity.

The performance in codling and heating modes is shown in Figures 1 and 2. The legend
notation shows the compressor speed (ldie/Medium/High) and the ambient temperature for
each test point. Ambient temperatures in cooling mode were from 25°C to 80°C; in heating

mode from ~20°C to 0°C.
it can be seen that the blend gave significantly increased energy efficiency in cooling mode

and significantly increased heating capacity at low ambient temperatures in heating mode, in

line with the modelled resulis from Examples 1 and 2,

12
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