(19 DANMARK (100 DK/EP 3209636 T3
12) Oversaettelse af
europaeisk patentskrift
Patent- og
Varemeerkestyrelsen
(51) Int.Cl.: C 07 C 69/63 (2006.01) C 09 K 5/04 (2006.01) C 10 M 105/54 (2006.01)
(45) Overseettelsen bekendtgjort den: 2024-07-15
(80) Dato for Den Europaciske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2024-05-22
(86) Europaeisk ansggning nr.: 15797372.8
(86) Europaeisk indleveringsdag: 2015-10-21
(87) Den europeeiske ansggnings publiceringsdag: 2017-08-30
(86) International ansggning nr.: GB2015053148
(87) Internationalt publikationsnr.: WO2016063056
(30) Prioritet: 2014-10-21 GB 201418709
(84) Designerede stater;: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR
(73) Patenthaver: Mexichem Fluor S_A. de C.V., Eje 106 (sin nimero), Zona Industrial, San Luis Potosi, C.P. 78395,
S.L.P., Mexico
(72) Opfinder: SHARRATT, Andrew Paul, Mexichem UK Limited, The Heath Business&Technical Park, Runcorn,
Cheshire WA7 4QX, Storbritannien
LOW, Robert Elliott, Mexichem UK Limited, The Heath Business & Technical Park, Runcorn, Cheshire WA7
4QX, Storbritannien
HODGSON, Emma Jane, Mexichem UK Limited, The Heath Business & Technical Park, Runcorn, Cheshire WA7
4QX, Storbritannien
(74) Fuldmaegtig i Danmark: Potter Clarkson A/S, Havnegade 39, 1058 Kobenhavn K, Danmark
(54) Benaevnelse: FLUORINATED DIESTER COMPOUNDS AND THEIR USE IN HEAT TRANSFER SYSTEM
(56) Fremdragne publikationer:

EP-A1- 0 440 069

EP-A2- 0 536 940

WO-A1-00/65002

CN-A- 102 732 357

SU-A1-533 131

P. D. FAUROTE ET AL: "Partially Fluorinated Esters and Ethers as Temperature-Stable Liquids", INDUSTRIAL &
ENGINEERING CHEMISTRY, vol. 48, no. 3, 1 March 1956 (1956-03-01), pages 445-454, XP055003173, ISSN:
0019-7866, DOI: 10.1021/ie51398a030

Robert Filler ET AL: "Properties of Fluorine-Containing Diesters - Correlative Studies", Industrial and
Engineering Chemistry, 1954, 46, 1 January 1954 (1954-01-01), pages 544-547, XP055241015, Retrieved from the
Internet: URL:http:/pubs.acs.org/doi/pdf/10.1021/ie 50531a041 [retrieved on 2016-01-13]

Robert Filler ET AL: "DIESTERS OF CARBOXYLIC ACIDS WITH FLUORINATED ALCOHOLS AND GLYCOLS",
J.A.C.S. 1953, 75, 5 June 1953 (1953-06-05), pages 2693-2695, XP055241021, Retrieved from the Internet:

Fortsaettes ...



DK/EP 3209636 T3

URL:http:/pubs.acs.org/doi/pdf/10.1021/ja 01107a042 [retrieved on 2016-01-13]

YOUBI-IDRISSI ET AL: "The effect of oil in refrigeration: Current research issues and critical review of
thermodynamic aspects”, INTERNATIONAL JOURNAL OF REFRIGERATION, ELSEVIER, PARIS, FR, vol. 31, no.
2, 26 February 2008 (2008-02-26), pages 165-179, XP022499044, ISSN: 0140-7007, DOI:
10.1016/J.IVREFRIG.2007.09.006

KENNETH N. MARSH ET AL: "Review of thermodynamic properties of refrigerants + lubricant oils", FLUID
PHASE EQUILIBRIA, vol. 199, no. 1-2, 1 June 2002 (2002-06-01), pages 319-334, XP055241281, AMSTERDAM,
NL ISSN: 0378-3812, DOI: 10.1016/S0378-3812(02)00025-0



DK/EP 3209636 T3

DESCRIPTION

Description

[0001] The present invention relates to diester compounds and to the their use.

[0002] Fluorocarbon-based compounds are currently used in a large number of commercial
and industrial applications, such as propellants, blowing agents and heat transfer fluids. The
interest in and use of fluorine-based compounds, particularly (hydro)fluoroolefins, as heat
transfer fluids has increased as new refrigerants are sought.

[0003] Dichlorodifluoromethane (refrigerant R-12) possessed a suitable combination of
refrigerant properties and was for many years the most widely used refrigerant. Due to
international concern that fully and partially halogenated chlorofluorocarbons, such as
dichlorodifluoromethane and chlorodifluoromethane, were damaging the earth's protective
ozone layer, there was general agreement that their manufacture and use should be severely
restricted and eventually phased out completely. The use of dichlorodifluoromethane was
phased out in the 1990's.

[0004] Chlorodifluoromethane (R-22) was introduced as a replacement for R-12 because of its
lower ozone depletion potential. Following concerns that R-22 is a potent greenhouse gas, its
use is also being phased out. R-410A and R-407 (including R-407A, R-407B and R-407C)
have been introduced as a replacement refrigerant for R-22. However, R-22, R-410A and the
R-407 refrigerants all have a high global warming potential (GWP, also known as greenhouse
warming potential).

[0005] 1,1,1,2-tetrafluoroethane (refrigerant R-134a) was introduced as a replacement
refrigerant for R-12. However, despite having a low ozone depletion potential, R-134a has a
GWP of 1430. It would be desirable to find replacements for R-134a that have a lower GWP.

[0006] R-152a (1,1-difluoroethane) has been identified as an alternative to R-134a. It is
somewhat more efficient than R-134a and has a greenhouse warming potential of 120.
However the flammability of R-152a is judged too high, for example to permit its safe use in
mobile air conditioning systems. In particular its lower flammable limit in air is too low, its flame
speeds are too high, and its ignition energy is too low.

[0007] (Hydro)fluoroolefins, particularly tetrafluoropropenes, have been proposed as a
possible refrigerants for use in a variety of heat transfer devices.

[0008] Heat transfer fluids are often used in combination with lubricants, such as in heating
and refrigeration systems. Such lubricants are included in heat transfer compositions to ensure
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continued smooth operation of the heat transfer system, see in particular patent CN102732357
and EP0536940, which disclose heat transfer fluid composition comprising a non-fluorinated
diester as lubricant.

[0009] It is necessary that lubricants used in heat transfer compositions are compatible with
the refrigerants in the compositions. The compatibility of the lubricant and the refrigerant is
predicated on a number of factors, such as a desire for at least partial miscibility at part of the
operating temperature range, a low tendency to degrade or react in use and appropriate
viscosities for the application.

[0010] There is therefore a need for lubricants that can be used in conjunction with heat
transfer fluids, both those currently used and those proposed as replacement compositions. In
particular, lubricants are desired that are miscible with a wide range of heat transfer fluids,
possess an appropriate viscosity, do not reduce the performance of heat transfer fluids and
have low flammability; all in addition to successfully functioning as a lubricant.

[0011] Lubricants with low flammability are particularly important for heat transfer fluids that
are used in automobile air-conditioning, as such compositions are in danger of coming into
contact with hot metal surfaces of the engine.

[0012] P.D. Faurote et al., Industrial and Engineering Chemistry, 1956, 48, 445-454 describes
partially fluorinated esters and ethers as temperature-stable liquids.

[0013] SU 533131 discloses compositions for the production of flexible foams by the physical
foaming method based on polyvinyl chloride used in various industries, for example as a carpet
underlay or as an upholstery for walls and ceilings.

[0014] WO 00/650002 describes novel non-symmetric, partially fluorinated compositions and
method of manufacture which are useful as lubricants or as additives to lubricant formulations
involving the molecular structure: R1f-F'-R2-F"-R3h where R1f represents a wholly or partially
fluorinated organic residue end group, F' and F" represent functional linkages which may be
alike or different, R2 represents the backbone and R3h represents a non-fluorinated organic
residue end group.

[0015] R. Filler et al., Industrial and Engineering Chemistry, 1954, 46, 544-547 describes the
properties of various fluorine-containing diesters.

[0016] R. Filler et al., J. Am. Chem. Soc., 1953, 75, 2693-2695 describes the preparation of a
series of ester and diesters of carboxylic acids with 1,1-dihydroperfluoro alcohols, a secondary
alcohol and an a,a,w,w-tetrahydroperfluoro diol.

[0017] The subject invention addresses the above and other deficiencies by the provision of a
composition comprising a heat transfer fluid, together with one or more compounds of formula

():
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W Y
X
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X o O X "oy

Formula (I)
wherein, W is independently selected from the group consisting of H or F; X is independently

selected from the group consisting of H or F; Y is independently is F; Z is independently
selected from the group consisting of H or F; n is an integer from 1 to 8; and n' is an integer
from 1 to 12; wherein the heat transfer fluid comprises one or more compounds selected from
the group of (hydro)fluoroolefins (HFOs), hydrofluorocarbons (HFCs), chlorofluorocarbons
(CFCs), and hydrocarbons.

[0018] Also described is a method of preparing a compound comprising reacting a compound
of formula (A) with a compound of formula (B):

Formula (A)

0 ]
W
V v
W “n
Formula (B)
wherein

W is independently selected from the group consisting of H, F, CI, Br, and I,
Xis independently selected from the group consisting of H, F, CI, Br, and I,
Y is independently selected from the group consisting of F, Cl, Br, and I;

Z is independently selected from the group consisting of H, F, Cl, Br, and [;
V is independently selected from the group consisting of Cl and OH,;

nis an integer from 1 to §;

and n'is an integer from 1 to 12.

Compounds of formula ()
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[0019] The invention, as defined in claim 1, describes one or more compounds of formula (I):

Y Y
Y X X
Y
z Y Y z
Y n n oy
Formufa (1)
wherein

W is independently selected from the group consisting of H, or F;
Xis independently selected from the group consisting of H, or F;
Yis F;

Z is independently selected from the group consisting of H, or F;
nis an integer from 1 to §;

and n'is an integer from 1 to 12.

[0020] Advantageously, n is an integer from 1 to 5, for example, an integer from 2 to 5.
Preferably, n' is an integer from 1 to 10, for example, an integer from 2 to 8, e.g. 3,4, 5 or 6.

[0021] Further described is a compound of formula (I1):

F F
F H H
9] 0] F
F F 4 F F
F L o o H I F
Formula (1)

[0022] Further described is a compound of formula ()

F
H
o 0 F
g F F
0 o} H 1

Formula (1)

[0023] Further described is a compound of formula (1V)

T I
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Formula (1V)

[0024] In an embodiment of the invention, there is a provided a composition comprising at
least two different compounds of formula (I).

[0025] In an embodiment, the value of n is the same for the at least two compounds of formula
(). Alternatively, the values of n for the at least two compounds of formula () are different. In
an embodiment, the value of n' is the same for the at least two compounds of formula ().
Alternatively, the values of n' for the at least two compounds of formula () are different, such
as one value of n' being twice that of the other.

[0026] In an embodiment, the identity of X, Y or Z may be the same or different for the at least
two compounds of formula (I). Preferably, the identity of Z may both be H, both be F, or may be
H for one of the compounds of formula (I) and F for another compound of Formula (I).

[0027] In a further embodiment, there is a provided a composition comprising at least two
compounds of formula (), wherein at least one compound of formula (I) is a compound of
formula (V) and at least one compound of formula (1) is a compound of formula (VI).

F F
F H H
o el F
H F 4 F H
F 3 H 0 ) H 3 F

Formula (V)

F
H
o o F
8 F H
o o H 3 F

Formula (VI)

[0028] The compounds of formula (I) are less flammable than polyalkylene glycol (PAG) and/or
polyol ester (POE) based lubricants. Preferably, the compounds of formula (I) have a lowest
temperature of ignition of about 500 °C or greater, such as 510 °C, 520 °C, 530 °C, 540 °C,
550 °C, 560 °C, 570 °C, 580 °C, 590 °C, preferably about 600 °C or greater, for example 610
°C, 620 °C, 630 °C or 640 °C.

[0029] Advantageously, the compounds of formula (I) have a high degree of miscibility with
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heat transfer fluids, particularly fluorine-based heat transfer fluids.

[0030] Preferably, the compounds of formula (I) will have a melting point of from about -20 °C
to about -70 °C, such as from about -25 °C to about -60 °C, preferably from about -30 °C to
about -50 °C.

[0031] Preferably, the compounds of formula (I) will have a viscosity appropriate for use with
heat transfer fluids, such as in refrigeration or air-conditioning devices. Conveniently,
compounds of formula (I) will have a viscosity of from about 20 to about 70 cSt, such as from
25 to about 65 cSt, from about 30 to about 60 cSt or from about 35 to about 55 ¢St. Preferably,
the compounds of formula (I) will have a viscosity of from about 40 to about 50 cSt.

[0032] The compounds of formula (I) may be further used as heat transfer agents.

Compositions of the Invention

[0033] In an aspect, the invention provides a composition comprising a heat transfer fluid,
together with one or more compounds of formula (I) wherein the heat transfer fluid comprises
one or more compounds selected from the group of (hydro)fluoroolefins (HFOs),
hydrofluorocarbons (HFCs), chlorofluorocarbons (CFCs), and hydrocarbons.

[0034] In an embodiment, the composition may comprise a heat transfer fluid, wherein the
heat transfer fluid comprises one or more compounds selected from the group of
(hydro)fluoroolefins (HFOs), hydrofluorocarbons (HFCs), chlorofluorocarbons (CFCs), and
hydrocarbons, and one or more compounds of formula (II), (lll) or (IV). Alternatively or
additionally the composition may comprise at least two compounds of formula (), for example,
wherein at least one compound of formula (I) is a compound of formula (V) and at least one
compound of formula () is a compound of formula (VI).

[0035] In an alternative embodiment, the composition may comprise a heat transfer fluid and a
compound of formula (VII).

Formula (VII)
wherein the heat transfer fluid comprises one or more compounds selected from the group of

(hydro)fluoroolefins (HFOs), hydrofluorocarbons (HFCs), chlorofluorocarbons (CFCs), and
hydrocarbons.

[0036] The heat transfer fluid comprises one or more compounds selected from the group of
(hydro)fluoroolefins (HFOs), hydrofluorocarbons (HFCs), chlorofluorocarbons (CFCs), and
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hydrocarbons.

[0037] Advantageously, the heat transfer fluid may comprise one or more compounds selected
from the group of 1,3,3,3-tetrafluoropropene (R-1234ze), 2,3,3,3-tetrafluoropropene (R-
1234yfj, 3,3,3-trifluoropropene (R-1243zf), 1,1,1-trifluoro-2-chloropropene (R-1233xf), 1,1,1-
trifluoro-3-chloropropene (R-1233zd), 1,1,1,2-tetrafluoroethane (R-134a), 1,1-difluoroethane
(R-152a), difluoromethane (R-32), fluoroethane (R-161), pentafluoroethane (R-125), 1,1,2,2-
tetrafluoroethane (R-134), propane, propylene, carbon dioxide, 1,1,1,3,3-pentafluoropropane
(R-245fa), 1,1,1,3,3,3-hexofluoropropane (R-236fa), 1,1,1,2,3,3,3-heptafluoropropane (R-
227ea), 1,1,1-trifluoroethane (R-143a), n-butane, iso-butane and 1,1,1,3,3-pentafluorobutane
(R-365mfc), such as R-1234ze, R-1234yf, R-1243zf, R-134a, R-152a and R-32.

[0038] For the avoidance of doubt, it is to be understood that where a compound may exist as
one of two configurational isomers, e.g. ¢is and trans isomers around a double bond, the use
of the term without an isomer designation (e.g. R-1234ze or R-1233zd) is to refer to either
isomer.

[0039] In some embodiments, the heat transfer fluid comprises tetrafluoropropenes.
Preferably, the heat transfer fluid comprises R-1234ze, even more preferably the heat transfer
fluid comprises R-1234ze(E). Advantageously, the heat transfer composition comprises R-
1234yf.

[0040] Advantageously, compositions of the invention are less flammable than a composition
comprising the same heat transfer fluid combined with a polyalkylene glycol (PAG) and/or a
polyol ester (POE) based lubricant.

[0041] Preferably, the compositions of the invention are less flammable than the heat transfer
fluid alone.

[0042] Preferably, the composition of the invention has a lowest temperature of ignition of
about 500 °C or greater, such as 510 °C, 520 °C, 530 °C, 540 °C, 550 °C, 560 °C, 570 °C, 580
°C, 590 °C, preferably about 600 °C or greater, for example 610 °C, 620 °C, 630 °C or 640 °C.

[0043] In an embodiment, the composition of the invention may be non-flammable.

[0044] Flammability may be determined in accordance with ASHRAE Standard 34
incorporating the ASTM Standard E-681 with test methodology as per Addendum 34p dated
2004.

[0045] Conveniently, the Global Warming Potential (GWP) of the compositions of the invention
may be less than about 3500, 3000, 2500 or 2000. For instance, the GWP may be less than
2500, 2400, 2300, 2200, 2100, 2000, 1900, 1800, 1700, 1600 or 1500. The GWP of the
compositions of the invention preferably is less than 1400, 1300, 1200, 1100, 1000, 900, 800,
700, 600 or 500.
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[0046] Preferably, the compositions of the invention have zero or near zero ozone depletion.

[0047] In an embodiment, the compositions of the invention have improved heat transfer
properties than the heat transfer fluid alone.

[0048] Without wishing to be bound by theory, it is believed that compounds of formula (I) may
further act as heat transfer agents and therefore increase the heat transfer properties of the
compositions of the invention.

[0049] Advantageously, the composition further comprises a stabiliser.

[0050] Preferably the stabiliser is selected from group consisting of diene-based compounds,
phosphates, phenol compounds and epoxides, and mixtures thereof.

[0051] Conveniently, the composition further comprises an additional flame retardant.

[0052] Preferably, the flame retardant is selected from the group consisting of tri-(2-
chloroethyl)-phosphate, (chloropropyl) phosphate, tri-(2,3-dibromopropyl)-phosphate, tri-(1,3-
dichloropropyl)-phosphate, diammonium phosphate, various halogenated aromatic
compounds, antimony oxide, aluminium trihydrate, polyvinyl chloride, a fluorinated iodocarbon,
a fluorinated bromocarbon, trifluoro iodomethane, perfluoroalkyl amines, bromo-fluoroalkyl
amines and mixtures thereof.

[0053] The invention also provides a heat transfer device containing a composition of the
invention and/or the use of a composition of the invention in a heat transfer device.

[0054] In an embodiment, the heat transfer device is a refrigeration device.

[0055] Conveniently, the heat transfer device is selected from the group consisting of
automotive air conditioning systems, residential air conditioning systems, commercial air
conditioning systems, residential refrigerator systems, residential freezer systems, commercial
refrigerator systems, commercial freezer systems, chiller air conditioning systems, chiller
refrigeration systems, and commercial or residential heat pump systems.

[0056] Preferably, the heat transfer device contains a compressor.

[0057] The composition of the invention may be also used in a a method of cooling an article,
which comprises condensing a composition of the invention and thereafter evaporating the
composition in the vicinity of the article to be cooled.

[0058] The composition of the invention may be further used in a method for heating an article,
which comprises condensing a composition of the invention in the vicinity of the article to be
heated and thereafter evaporating the composition.
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[0059] The composition of the invention may be used in a mechanical power generation device
containing a composition of the invention.

[0060] Preferably, the mechanical power generating device is adapted to use a Rankine Cycle
or modification thereof to generate work from heat.

[0061] According to an another aspect of the invention, there is provided a method of
retrofitting a heat transfer device comprising the step of removing an existing heat transfer fluid
and introducing a composition of the invention. Preferably, the heat transfer device is a
refrigeration device. Advantageously, the heat transfer device is an air-conditioning system.

Methods of Preparation of Compounds of formula (I) and Methods of Preparation of
Compositions of the Invention

[0062] A method of preparing a compound of formula (I) comprises reacting a compound of
formula (A) with a compound of formula (B):

Y
Y X
OH
z Y
Y n X
Formula (A)
O O
W
\Y \
W "n
Formula (B)
wherein

W is independently selected from the group consisting of H, or F;
Xis independently selected from the group consisting of H, or F;
Yis F;

Z is independently selected from the group consisting of H, or F;

V is independently selected from the group consisting of Cl and OH,;
nis an integer from 1 to §;

and n'is an integer from 1 to 12.
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[0063] Conveniently, V is Cl. Advantageously, n is an integer from 1 to 5. Preferably, n' is an
integer from 1 to 10, e.g. an integer from 2 to 8 such as 3,4, 5 or6..

[0064] Preferably, the molar ratio of compound of formula (A) to compound of formula (B) is at
least 2:1.

[0065] Compositions of the invention may be prepared by the method of mixing one or more
compounds of formula (I) to (VI) with a heat transfer fluid wherein the heat transfer fluid
comprises one or more compounds selected from the group of (hydro)fluoroolefins (HFOs),
hydrofluorocarbons (HFCs), chlorofluorocarbons (CFCs), and hydrocarbons.

[0066] Advantageously, the heat transfer fluid comprises one or more compounds selected
from the group of R-1234ze, R-1234yf, R-1233xf, R-1233zd, R-1243zf, R-134a, R-152a, R-32,
R-161, R-125, R-134, propane, propylene, carbon dioxide, R-245fa, R-236fa, R-227ea, R-
143a, n-butane, iso-butane and R-365mfc.

[0067] Conveniently, wherein the heat transfer fluid comprises one or more compounds
selected from the group of R-1234ze, R-1234yf, R-1233xf, R1233zd, R-1243zf, R-134a, R-
152a and R-32.

[0068] Preferably, the heat transfer fluid comprises R-1234ze.

[0069] Preferably, the heat transfer fluid comprises R-1234yf.

Examples

Synthesis of Compound of Formula (ll)

[0070]

0 0 H 1 F
Formula (1)

[0071] 2,2,3,3,3-pentafluoropropan-1-ol (110 g, 0.73 mol) was charged to a 250 mL round
bottom flask fitted with a condenser and dropping funnel. The alcohol was stirred and heated
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to 40°C. Adipoyl chloride (44.6 g, 0.24 mol) was charged to a dropping funnel and added
slowly to the alcohol. The mixture was stirred at 40°C for approximately 4 to 5 hours, allowed
to cool to room temperature and then the excess alcohol was removed under vacuum. The
remaining clear oil was filtered to remove particulates and then dried over activated molecular
sieves. The reaction gave 78.5 g (78.5% yield) of a compound of Formula (I1).

TH NMR (DMSO): & 4.74 - 4.83 (t CHy), 5 2.41 - 2.47 (m CyHy), 5 1.53 - 1.62 (m C,Hy) 13C
NMR (DMSO): & 171.21 (s OC=0), & 120.05 (t CF,), & 116.26 (t CFy), & 115.39 - 112.02 (m
CF3), 557.79 - 58.71 (t CH,0), & 32.35 - 32.51 (d CH,C=0), 5 23.28 - 23.62 (d CH,)

19F NMR (DMSO): & -6.17 - -5.49 (s 6F), 5 -47.37 - -45.47 (s 4F)

IR: 1764 cm™! (OC=0), 1197 cm™! (C-0), 1137 cm™! (C-F)

TGA: One mass loss is seen giving a boiling range of 240 - 260°C. No impurities

Density: 1.42 g/ml

Viscosity: 7.06 cP

RPM Centipoise (cP) Torque (%)
<10 Out of Range Out of Range
10 6.6 11

12 6.6 13.2

20 6.78 22.6

30 6.94 34.7

50 7.02 58.5

60 7.06 70.6

100 Out of Range Out of Range

Synthesis of Compound of Formula (lll)

[0072]

O O
Formula (i)
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[0073] 2,2,3,3,3-pentafluoropropan-1-ol (96.6 g, 0.64 mol) was charged to a 250 mL round
bottom flask fitted with a condenser and dropping funnel. The alcohol was stirred and heated
to 40°C. Sebacoyl chloride (51.3 g, 0.21 mol) was charged to a dropping funnel and added
slowly to the alcohol. The mixture was stirred at 40°C for approximately 4 to 5 hours, allowed
to cool to room temperature and then the excess alcohol was removed under vacuum. The
remaining clear oil was filtered to remove particulates and then dried over activated molecular
sieves. The reaction gave 40.9 g (40.9% vyield) of a compound of Formula (lll). The yield is
lower than expected due to inadvertent loss of product before weighing.

1H NMR (DMSO): 5 4.73 - 4.82 (t CHy), 5 2.37 - 2.42 (t CoHy), 5 1.50 - 1.55 (m CoHy), 5 1.24
(s C4Hg)

13C NMR (DMSO): 5 171.43 (s OC=0), 5 120.06 (t CF,), 5 108.69 - 116.27 (m CF3), 5 57.74 -
58.46 (t CH,0), 5 32.77 (s CH,C=0), 5 27.97 - 28.44 (m C,Hy), 5 24.02 - 24.36 (d CoHy)

19F NMR (DMSO): & -8.98 - -8.29 (s 6F), 5 -48.29 (s 4F)
IR: 1764 cm™ (OC=0), 1197 cm™! (C-0), 1149 cm™! (C-F)
TGA: One mass loss is seen giving a boiling range of 280 - 310 °C. No impurities

Density: 1.31 g/ml

Viscosity: 10.51 cP

RPM Centipoise (cP) Torque (%)
<10 Out of Range Out of Range
10 10.08 16.8

12 10.10 20.2

20 10.26 34.2

30 10.40 52.0

50 10.51 87.6

60 Out of Range Out of Range

Synthesis of Compound of Formula (V)

[0074]
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Formula (1V)
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[0075] 2,2,3,3-tetrafluoropropan-1-ol (82.88 g, 0.63 mol) was charged to a 250 mL round
bottom flask fitted with a condenser and dropping funnel. The alcohol was stirred and heated
to 40°C. Sebacoyl chloride (50.05 g, 0.21 mol) was charged to a dropping funnel and added
slowly to the alcohol. The mixture was stirred at 40°C for approximately 4 to 5 hours, allowed
to cool to room temperature and then the excess alcohol was removed under vacuum. The
remaining clear oil was filtered to remove particulates and then dried over activated molecular
sieves. The reaction gave 60 g (67% yield) of a compound of Formula (IV).

TH NMR (DMSO): 5 6.38 - 6.77 (tt, CFoH), 5 4.53 - 4.63 (t CHy), 5 2.37 - 2.42 (t CoHy), 5 1.51 -

1.56 (M CoHy), 8 1.

25 (s C4Hg)

13C NMR (DMSO): & 171.77 (s OC=0), & 117.81 (t CFp), 5 114.15 - 114.86 (t CF,), 5 105.46 -
112.92 (m CF»), 5 58.55 - 59.26 (t CH,0), & 32.87 (s CH,C=0), 5 28.10 - 28.34 (m CoHy), B

24.10 (s CoHy)

19F NMR (DMSO): & -50.20 - -50.17 (s 4F), 5 -64.40 - -64.36 (s 4F)

IR: 1756 cm™! (OC=0), 1108 cm™! (C-F)

TGA: One mass loss is seen giving a boiling range of 330 - 350 °C.

Density: 1.28g/ml

Viscosity: 26.33 cP

RPM Centipoise (cP) Torque (%)
2 Out of Range Out of Range
3 25.4 12.7

4 25.6 17.1

5 25.7 21.4

6 25.7 25.7

10 26.09 43.5

12 26.09 52.2

20 26.33 87.8

30 Out of Range Out of Range

Synthesis of 1:1 Combination of Compounds of Formula (V) and (VI)
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[0077] Sebacoyl chloride (32.66 g, 0.14 mol) and adipoyl chloride (25.00 g, 0.14 mol) were
charged to a 250mL round bottom flask fitted with a condenser and dropping funnel. The acid
chloride mixture was stirred at room temperature. 1H, 1H, 5H-Octafluoropentan-1-ol (133.31 g,
0.55 mol) was charged to a dropping funnel and added slowly to the mixture. The mixture was
stirred at 40°C for approximately 7 hours, allowed to cool to room temperature and then the
reaction mixture was worked up. The remaining clear oil was filtered to remove particulates
and then dried over activated molecular sieves. The reaction gave 123 g of compounds of
Formula (V) and (VI).

TH NMR (DMSO): 5 6.85 - 7.23 (it, CFoH), 5 4.73 - 4.83 (t CH,), 5 2.38 - 2.47 (m CHy), 5 1.51
- 1.59 (M CyHy), 8 1.24 (s C4Hs)

13C NMR (DMSO): & 171.54 (s OC=0), & 171.32 (s OC=0), & 118.06 - 117.65 (m CF,), b
115.09 - 113.53 (m CFy), & 111.59 - 110.05 (m CF»), 5 109.64 - 107.45 (m CF,), 5 104.11 -
104.92 (m CF») 5 58.16 - 58.86 (m CH,0), 8 32.39 - 33.13 (s x2 CH,C=0), 5 28.01 - 28.27 (d
CoHg), 524.07 (s CoHy), 8 23.32 (s CoHy)

19F NMR (DMSO): & -43.64 - -43.54 (s 4F), 5 -49.62 - -49.37 (s 4F), 5 -54.46 - -54.19 (s 4F),
-63.09 - -62.90 (s 4F)

IR: 1759 cm™! (OC=0), 1126 cm™! (C-F)
TGA: One mass loss is seen giving a boiling range of 320 to 365°C. No impurities
Density: 1.49g/mL

Viscosity: 41.04 cP
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RPM Centipoise (cP) Torque (%)
<2 Out of Range Out of Range
2 39.9 13.3

3 40.6 20.3

4 40.6 271

5 40.6 33.8

6 40.5 40.5

10 41.03 68.4

12 41.04 82.1

20 Out of Range Out of Range

[0078] The individually made oils (compounds of Formula (V) and (VI)) were then mixed
together in 3 different molar ratios: 1:1, 1:2 and 2:1 respectively. Viscosity and density

measurements were then performed on all mixtures.

Oil mixture Viscosity Density (g/ml)
RPM Centipoise (cP) Torque (%)
1:1 2 36.0 12.0 1.49
3 36.6 18.3
4 36.4 243
5 36.6 30.5
6 36.9 36.9
10 37.12 62.0
12 37.74 747
1.2 2 354 11.8 1.47
3 37.2 18.6
4 36.9 246
5 37.2 31.0
6 37.3 37.3
10 37.37 62.3
12 37.19 74.4
2:1 2 354 11.8 1.51
3 35.8 17.9
4 37.0 24.7
5 36.6 30.5
6 37.0 37.0
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Oil mixture Viscosity Density (g/ml)
RPM Centipoise (cP) Torque (%)
10 37.13 61.9
12 37.19 74.4
Flammability

[0079] Selected fluorinated fluids of the invention were tested to assess their flammability
and/or combustibility alone and mixed with fluorocarbon refrigerant compositions. It was found
that the fluorinated species exhibited elevated combustion temperature compared to
commercially available polyalkylene glycol (PAG) and polyol ester (POE) lubricant materials.

Experimental method - hot manifold testing

[0080] An assessment was made of the ease of ignition of the fluids when in contact with a hot
metal surface, using the test apparatus and test method as described in ISO Standard SO
20823:2003. In this test droplets of the fluid were allowed to fall vertically downwards onto an
internally heated, cylindrical hot surface, inclined at a shallow angle to the horizontal, and
which was additionally fitted with a horizontal gutter to trap liquid at one side of the cylindrical
body. (The surface is hereinafter described as the "manifold").

[0081] The temperature of the manifold was increased stepwise until ignition was observed.
Observations on the character and vigour of ignition were also recorded during each test. Five
fluids of the invention, two PAG type lubricants (Nippon Denso ND12 and Daphne FD46XG)
and one POE lubricant (Emkarate RL68H) were tested. A perfluorinated lubricant material

(DuPont Krytox
tabulated below:

™

GPL150) was also tested as a comparative example. The results are

Fluid Highest Lowest Observations
temperature temperature
without ignition {with ignition
(°C) (°C)
Formula (V) 633 643 Immediate ignition
Formula (VI) 608 615 Immediate ignition
Formula (VII) 604 615 Immediate
Compound of formula ;626 635 30s delay before
(IV) ignition
2:1 Combination of {636 643 28s delay before
compounds of ignition
Formula (V) and (VI)
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Fluid Highest Lowest Observations
temperature temperature
without ignition {with ignition
(°C) (°C)
ND12 (PAG) 438 443 Immediate ignition;
burning liquid collected
FD46XG (PAG) 462 467 Immediate ignition;
burning liquid collected
RL68H (POE) 628 633 Immediate ignition; gas
above tray also ignited
by droplets
Krytox GPL150 770 None observed {Smoke but no flame
in range 600-
770°C

[0082] It is evident that the fluids of formula (I) require significantly higher surface
temperatures to initiate combustion than those of the PAG fluids. Two of the fluids tested also
have ignition temperatures comparable or higher to that of the POE fluid tested. Both of these
fluids exhibit significantly delayed and less vigorous combustion than the POE fluid.

Experimental method - testing in refrigerant mixtures

[0083] The combustion behaviour of a composition of the invention, comprising mixtures of
one of the fluids (2:1 combination of compounds of Formula (V) and (VI)) with the refrigerant
fluid 2,3,3,3-tetrafluoropropene (R-1234yf), when in contact with a hot metal surface was
investigated. Refrigerant R1234yf is proposed as a suitable fluid for automotive air-conditioning
systems, where a leak from the system could result in a spray of refrigerant/oil mixture
contacting hot engine surfaces.

[0084] The apparatus used comprised an enclosed cubical test chamber, 30cm on a side, with
transparent side and front faces and steel back, top and bottom faces. The two side faces
were hinged to provide a means of pressure relief in the event of an ignition.

[0085] A horizontal, hollow, steel cylinder with closed front face, diameter ca 75 mm and length
ca 70 mm, was mounted onto the steel back face of the chamber with its centre point
approximately 160 mm above the base plate. This cylinder was heated on its inside surfaces
from outside the test cell by using an oxy-acetylene torch whose flame jet was aimed into the
cylinder. Thermocouples were spot-welded into the top and bottom of the cylinder and the
heating torch gas rates were adjusted until the temperatures indicated on each thermocouple
were steady and within 10 K of each other. Additional thermocouples were used to monitor the
air temperature at top, middle and bottom of the test chamber. Once the hot surface was at
steady state, a liquid mixture of refrigerant and lubricant was injected to the test chamber,
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using a short pipe section of Swagelok tubing (6 mm external diameter) as an injection point.
The tube was centrally mounted in the base of the test chamber and protruded about 10 mm
into the test chamber. This resulted in a vertical spray of droplets and vaporised refrigerant
entering the chamber, where its momentum ensured rapid mixing into the chamber
atmosphere. A sketch of the test cell is shown in Figure 1 to illustrate the geometry used.

[0086] For each experiment a constant quantity (~20 grams) of the refrigerant/oil mixture was
placed in a feed reservoir vessel, isolated from the chamber by a solenoid valve and initially at
lab ambient temperature (typically from 18 to 20 °C). A standard concentration of 3% by weight
oil in refrigerant was used. This is typical of the oil content in refrigerant circulating in
automotive air conditioning systems.

[0087] Video cameras were used to film the release and any subsequent ignition events. WWhen
the solenoid valve was opened the pressure inside the feed cylinder was monitored as an
indication of whether the release had finished. The apparatus was monitored for 5 minutes
after each injection for evidence of flame (visual and by observing the thermocouple readings).
After each injection event an air purge was used to flush the feed lines and the test chamber
before the next injection.

[0088] The temperature of the hot surface was progressively increased until an ignition event
was observed. For each temperature where no ignition was observed at least one repeat test
was carried out as a check on reproducibility.

[0089] It was found that the highest hot surface temperature at which no ignition was observed
was 818 °C for the combination of R-1234yf with the combination of compounds of Formula (V)
and (V1) fluid. The lowest temperature at which ignition was observed was 822°C.

[0090] A comparative test was made using R-1234yf with PAG lubricant ND12 (a lubricant
intended for use with R-1234yf refrigerant). It was found that the highest hot surface
temperature at which no ignition was observed with this mixture was 795 °C. The lowest

temperature at which ignition was observed was 802 °C.

[0091] The fluorinated fluid of the invention thus retarded the onset of ignition in this test as
compared to the PAG fluid at an equal mass loading in the refrigerant.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not



DK/EP 3209636 T3

form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o ONIDZTIZ35T7 IGG0E]
o EPQSIG040A [8008]
o SUB33131 100131

o WOD0GS00OZA [0814]

Non-patent literature cited in the description

» PD. FAUROTE et al.Industrial and Engineering Chemistry, 1956, vol. 48, 445-
454 (460131

e R.FILLER et al.Industrial and Engineering Chemistry, 1954, vol. 46, 544-547 [$§18]

* R.FILLER et al.J. Am. Chem. Soc., 1953, vol. 75, 2693-2695 [§{ 1§}



DK/EP 3209636 T3

FLUOREREDE DIESTERFORBINDELSER OG DERES ANVENDELSE |
VARMEOVERFQRSELSSYSTEM

Patentkrav

1. En sammenseetning, der omfatter en varmeoverfarselsvaeske med én eller flere forbindelser med
formlen (I):

Formel (1)

hvor

W er uatheengigt valgt fra gruppen bestaende af H eller F,

X er uafheengigt valgt fra gruppen bestaende af H eller F,

Y uafhaengigt er F,

Z er uafhaengigt valgt fra gruppen bestaende af H eller F,

n er et heltal fra 1 til 8,

og n’ er et heltal fra 1 til 12,

hvor varmeoverfarselsvaesken omfatter én eller flere forbindelser, der er valgt fra gruppen
bestaende af (hydro)fluorolefiner (HFO'er), hydrofluorcarboner (HFC'er),
chlorfluorcarboner (CFC'er) og carbonhydrider.

2. Sammenszetningen ifalge et hvilket som helst af de foregaende krav, hvor:

WerH,

XerH,

Y erF, og

Z er uafhaengigt valgt fra gruppen bestaende af H eller F.

3. Sammenseaetningen ifalge et hvilket som helst af de foregaende krav, hvor n er et heltal fra 1 til 5,
og/eller hvor n' er et heltal fra 1 til 10.

4. Sammenseaetningen ifglge krav 1, hvor forbindelsen med formlen (1) er en forbindelse med
formlen (I1):

Formel (I1)

, eller

hvor forbindelsen med formlen (1) er en forbindelse med formlen (lIl):

Formel (l11)
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, eller

hvor forbindelsen med formlen (1) er en forbindelse med formlen (IV):

Formel (1V)

5. Sammensaetningen ifglge krav 1, der omfatter mindst to forskellige forbindelser med
formlen (1), hvor mindst én forbindelse med formlen () er en forbindelse med
formlen (V), og mindst én forbindelse med formlen (I) er en forbindelse med
formlen (VI):

Formel (V1)

Sammensaetningen ifslge krav 1, hvor varmeoverfarselsveesken omfatter én eller flere
forbindelser, der er valgt fra gruppen bestaende af 1,3,3,3-tetrafluorpropen (R-1234ze),
2,3,3,3-tetrafluorpropen (R-1234yf), 1,1,1-trifluor-2-chlorpropen (R-1233xf), 1,1,1-tri-
fluor-3-chlorpropen (R-1233zd),  3,3,3-trifluorpropen (R-1243zf), 1,1,1,2-tetrafluor-
ethan (R-134a), 1,1-difluorethan (R-152a), difluormethan (R-32), fluorethan (R-161),
pentafluorethan (R-125), 1,1,2,2-tetrafluorethan (R-134), propan, propylen, carbon-
dioxid, 1,1,1,3,3-pentafluorpropan (R-245fa), 1,1,1,3,3,3-hexofluorpropan (R-236fa),
1,1,1,2,3,3,3-heptafluorpropan (R-227ea), 1,1,1-trifluorethan (R-143a), n-butan, iso-
butan og 1,1,1,3,3-pentafluorbutan (R-365mfc), fortrinsvis hvor varmeoverfarsels-
vaesken omfatter én eller flere forbindelser, der er valgt fra gruppen bestdende af
1,3,3,3-tetrafluorpropen (R-1234ze), 2,3,3,3-tetrafluorpropen (R-1234yf), 1,1,1-trifluor-
2-chlorpropen (R-1233xf), 1,1,1-trifluor-3-chlorpropen (R-1233zd), 3,3, 3-trifluor-
propen (R-1243zf), 1,1,1,2-tetrafluorethan (R-134a), 1,1-difluorethan (R-152a) og
difluormethan (R-32), mest fortrinsvist hvor varmeoverfarselsvaesken omfatter 1,3,3,3-
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tetrafluorpropen (R-1234ze), 2,3,3,3-tetrafluorpropen (R-1234yf).

Sammensaetningen ifalge et hvilket som helst af kravene 1 til 6, der endvidere omfatter
en stabilisator, hvilken stabilisator er valgt blandt dienbaserede forbindelser,
phosphater, phenolforbindelser og epoxider samt blandinger deraf.

Sammenseaetningen ifalge krav 7, der omfatter et yderligere brandhaemmende middel,
fortrinsvis hvor det brandhezemmende middel er valgt fra gruppen bestaende af tri-(2-
chlorethyl)-phosphat, (chlorpropyl)phosphat, tri-(2,3-dibrompropyl)-phosphat, tri-(1,3-
dichlorpropyl)-phosphat, diammoniumphosphat, forskellige halogenerede aromatiske
forbindelser, antimonoxid, aluminiumtrihydrat, polyvinylchlorid, et fluoreret iodcarbon,
et fluoreret bromcarbon, trifluoriodmethan, perfluoralkylaminer, bromfluoralkylaminer
og blandinger deraf.

En varmeoverfgrselsindretning, der indeholder en sammensaetning som defineret i et
hvilket som helst af kravene 1 til 8.

Varmeoverfarselsindretningen ifglge krav 9, der er en kaleindretning.

Varmeoverfgrselsindretningen ifalge krav 10, der er valgt fra gruppen bestaende
af luftkonditioneringssystemer til karetgjer, luftkonditioneringssystemer til boliger,
luftkonditioneringssystemer til erhverv, kgleskabssystemer til boliger, fryse-
systemer til boliger, kaleskabssystemer til erhverv, frysesystemer til erhverv,
chiller-luftkonditioneringssystemer,  chiller-kalesystemer og varmepumpe-
systemer til erhverv eller boliger.

En fremgangsmade til eftermontering af en varmeoverfgrselsindretning, hvilken
fremgangsmade omfatter et trin til fiernelse af en eksisterende varmeoverfarsels-
vaeske og indfaring af en sammensaetning som defineret i krav 1 til 8, eventuelt
hvor varmeoverfarselsindretningen er en kgleindretning, fortrinsvis hvor varme-
overfgrselsindretningen er et luftkonditioneringssystem.



DK/EP 3209636 T3

DRAWINGS

Drawing

Figure 1
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