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Description

Background of the invention

The invention relates to refrigerant compositions for cooling and heating applications, and specifically
relates to ternary and higher blends of halocarbons.

Concern over the ozone depletion potential of certain halocarbons has resulted in a search for alternative
compounds having lower ozons depletion potentials. Dichiorodifluoromethane is the most widely used refriger-
ant and is expected to be subject to reduced usage because of its high ozone depletion potential.

In refrigeration applications, and more specifically in automobile air conditioning systems, refrigerant is
often lost through leaks during operation, such as through shaft seals, hose connections and solder joints. In
addition, refrigerant may be released to the atmosphere during maintenance procedures performed on refri-
geration equipment. ’

Most commercial refrigerants which are now used are pure fluids or azeotropes; many of these refrigerants
have ozone depietion potential when released to the atmosphere. Some nonazeotropic mixtures of refrigerants

_ may also be used but they have the disadvantage of changing composition when 2 portion of the refrigerant

charge is leaked or discharged to the atmosphere. Should these mixtures containa fammable component, they
could also become flammable due to the change in composition which occurs during the leakagée of vapor from
refrigeration eguipment. Refrigeration equipment operation could also be adversely affected due to this change
in composition and vapor pressure which results from fractionation.

What is needed, therefore, are substitute refrigerants which maintain important refrigerant properties of
vapor pressure and nonflammability over 8 wide range of compositions, while also having reduced ozone dep-
lstion potential.

Summary of the invention

What has besan discovered is a unique refrigerant comprising about 10 to 60 weight percent of a first
halocarbon having a boiling point at atmospheric pressure in the range of about -50°C to about -30°C, about
10 to 80 weight percent of a second halocarbon having a boiling point at atmospheric pressure in the range of
about -30°C to about .5°C, and about 10 to 75 weight pesrcent of a third halocarbon having a boiling point at
atmospheric pressure in the range of about -1 §°C to about 30°C; said second halocarbon being higher boiling
than said first halocarbon and said third halocarbon being higher boiling than said second halocarbon; said
halocarbons containing atleast one fiuorine atom; atleastone of said halocarbons containing a hydrogen atom;
said first and third halocarbons being nonflammable; said first, sacond and third halocarbons and their propor-
tions being chosen such that the resulting refrigerant is nonflammable and has a vapor pressure substantially
equal to the vapor pressure of dichlorodifluoromethane over the temperature range of about 0°C to about 100°C;
said refrigerant having substantially lower ozone depletion potential than the ozone depletion potential of
dichlorodifiuoromethane.

Preferably, the components of the new refrigerant will have normal boiling points in the range aof -50°C to0
10°C. Preferably too, at least two of the halocarbons will bear hydrogen and fiucrine atoms on the-same carbon
atom. Further, when only one of the halocarbons bears hydrogen and fiuorine on e sama cdrbon atom, it will
preferably be the intermediate boiling compound. Thare may be more tr_;awoﬁe chrbon atom bearing hydrogen
and fluorine atoms In the same molecule, as in CHF;CHF 2 (FC-134). - }

it will be appreciated that each of said “first halocarbon®, "second halocarbon"” and "third halocarbon™ may
consist of more than one halocarbon boiling in the stated range.

Also provided by this invention is a method for pr_{fduclng cooling that includes condensing the refrigerant
of the instant invention and thereafter evaporafiﬁg "1 a heat exchange reiationship with a body to be cooled.

Finally, there is provided & method for producing heating that involves condensing the refrigerant in a heat
exchange relationship with a body to be heated and thereafter evaporating it. i

Detailed Description of the invention

By refrigeration is meant the utilization of physical change in a substance to produce 8 cooling or heating
effect. The physical change can be, for example, a change from the solid state to the liquid state or a change
from the liquid state to the vapor state or the reverse order.

By refrigerant is meant the substance which undergoes physical change in refrigeration.

By ozone depletion potential is meant the ratio of the calculated ozone depletion in the stratosphere result-
ing from the amission of a compound compared to the ozone depletion potential resulting from the same rate
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of emission of FC-11 which s set at 1.0, A method of calculating ozone depletion potential is described in "The
Relative Efficiency of 8 Number of Halocarbons for Desfroying Stratospheric Ozone", by D. J. Wuebbies, Lawr-
ence Livermore Laboratory report UCID-18924, January, 1981, and “Chiorocarbon Emission Scenarios: Poten-
tial Impact on Stratospheric Ozone®, by D. J. Wuebbles, Journal Geophysics Research, 88, 1433-1443, 1983.

By nonflammable 18 meant a gas mixture in air will not burn when subjected o a spark igniter as described
in "Limits of Flammability of Gases and vapours,” Bulletin 503, H. F. Coward et al,, Washington, U.S. Bureau
of Mines, 1952.

By "vapor pressure substantially equal to the vapor pressure of dichlorodiﬂUororneﬂ-nano' (FC-12}is meant
a vapor pressure which ia plus of minus twenty-five percent of the vapor pressure FC-12 at the same tempera-
ture over the temperature range of about 0°C to about 100°C. The vapor pressure of FC-12is described in
*Handbook of Chemistry and Physics”, 50th Edition, page D-163.

By substantially lower ozone depletion potential than the ozone depletion of dichiorodifiuvoromethane is
meant an ozone depletion potential at least fitty percent less than the ozone depletion potential of dichiorodif-

The refrigerant of the present invention contains at {east three hydrocarbons and is useful in compression
cycle applications including air conditioner and heat pump systems and Is useful for producing poth cooling
and heating. The refrigerant of the present invention can be used in refrigeration appiications as described in
U.S. Patent No. 4,482,465 to Gray, which patent is incorporated herein by reference.

it has been found that at least one of the halocarbons of the instand invention should contain a hydrogen
atom. One reason for this is that if the halocarbon contains chlorine, inclusion of a hydrogen atom will cause
that halocarbon to break down in the atmosphere so that ozone depletion is reduced.

As mentioned above, when a refrigerant composition contains 8 flammable component, the possibility of
aither the discharged vapor of the remaining refrigerant upon jeakage becoming fiammable, constitutes a highly
undesirable safety hazard. The present compositioncan be so formulated that the lowest boiling and the highest
boiling halocarbons are nonflammable 80 that even when the intermediate boiling component(s) is fiammable,
not only is the original composition nonflammable, but additionally, neither the leaking vapor nof the remaining
refrigerant becomes fiamemabie. : ,

The present invention provides ternary and higher blends of halocarbons which surprisingly have & vapor
pressureltemperatura relation substantially equal to that of the refrigerant FC-12; in addition, certain blends of
the instant invention retain the clase match to the FC-12 vapor pressure!temperature relation even after sub-
stantial evaporation josses, e.g., up to 50% of the original refrigerant charge of move. A vapor pres
perature relation similar to that of the refrigerant FC-12 is particularly desirable since existing refrigeration
equipment which has been designed to use FC-12 can aiso be used with the present refrigerant with litle OF
no modification. The refrigerant of the instant invention can include or exciude FC-12as a component.

In addition, it has been discovered that the present refrigerant can be easiy formulated to contain a flamm-
able component as the secord halocarbon such that the refrigerant will not become flammable throughout
evaporation of the entire refrigerant.

Finally the refrigerant has ozone depletion potential significantly below that of FC-12.

it has been discovered that three of more halocarbons can be blended in such proportions that the resuiting
vapor pressuraltemperaturo relation is su bstantially equai to that of FC-12 over the normail refrigerant operating
range of 0°C to 100°C and even after substantial evaporation of a refrigerant charge.

The components of the refrigerant aré chosen from halocarbons which have a boiling point range at atmos~
pheric pressure of about -50°C to about +30°C. The useful halocarbons include fluorinated carbon compounds
of from one to four carbon atoms and may also contain hydrogen, chiorine and bromine atoms. The preferred
halocarbons are listed in the Table. included inthe Table are data for FC-12 primarily for comparison purposes.
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JABLE
‘Ozone
Refrigerant Chemical Boiling Depletion
No. formyla Point 'C  Potential
FC-32 CH2F? -51.7 0
FC-125 CHF2CF3 -48.5 0
FC-143a CF3CH3 -47.6 0
FC-22 CHC1F2 -40.8 0.05
FC-218 - CF3CF2CF3 -39 0
FC-115 CCI1F2CF3 -38.7 0.3
FC-12 CC12F2 -29.8 0.9
FC-134a CF3CH2F -26.5 0
FC-152a CHF2CH3 -24.7 0
FC-134 CHF2CHF? -19.7 0
FC-22B1 CHBrF? -15 -
FC-124 CHCIFCF3 -12 0.05
FC-124a CHF2CCIF2 -10 0.05
FC-142b CC1F2CH3 -9.2 0.05
FC-C318 CafFg -6.1 0
FC-114 CCIF2CCIF2 3.6 0.6
FC-114a CC12FCF3 3 -
FC-143 CHF2CH2F 5 0

The blends of the instant invention are typically made up using at least three compounds from the Table.
The important concept is that the blends are made up of a low boiling compound (boiling point range of about
-50°C to about -30°C), an intermediate boiling compound (boiling point range of about -30°C to about -5°C),
and a high boiling compound {boiling point range of about -15°C to about 30°C), "

Depending on the degree of interaction among the components of the blends, we have found that the vapor
pressurefternperature relation of the blends is relatively unchanged over a wide range . of compositions that
occur when vapor is allowed to leak from a suitable container holding the liquic'-blend and aquilibrium vapor.
As eartier stated, this is an important finding, as this indicates that a refrigerant charge of a ternary (or higher)
biend can retain the close vapor pressure match to FC-12 even though-a substantial ameount, e.g., 50% of the
charge is lost via a vapor feak. This results in an important advantage over binary blends which could have a
greater change in vapor pressure for a simitar ioss of weight. Zn example of a blend that exhibits this type of
behaviour is a blend of FC-22, FC-152a and FC-114 with.initi*! liquid weight percent values of 40%, 20% and
40%, respectively. ‘ i

There is an additional advantage of a ternary (or higher) blend of the present concept in that a blend con-
taining a flammable compound as an intermediate boiling halocarbon can continue to be nonflammable during
composition changes caused by vapor leaks. The intermadiate boiling halocarbon of the above ternary blend
i8 FC-152a, a flammable compound. Blends of FC-22 and FC-152a are lammable above a FC-152a concen-
tration of 25%. Blends of FC-114 and FC-152a are flammable above a FC-152a concentration of 30%. For the
above temary blend, we found that the blend never reached the flammable concentration of FC-1 52a, even
when the vapar above the liquid was allowed to leak to complete liquid evaporation. This illustrates another
surprising finding for the ternary biend: if the blend is chosen such that the lammable component is the inter-
mediate boller, then the compositions can be adjusted so that the biend will not become flammabie during vapor
loss. This is because the initial vapor teaking is rich in the low boiling, nonflammable component, and the vapor
leaking subsequently is rich in the high boiling, nonflammabie component. Binary blends containing flammable
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components could aventually become flammable during 8 continuing vapor jeak. Again, this behaviour allows
the ternary (of higher) plends to have advantages over binary blends for commercial refrigaration applications.
The above temary biend also provides B 70% reduction in ozone depletion potential as compared to that
of FC-12. This is based on a simple weight ratio of the component ozone depletion potential values. This reduc-
tion is highly significant, as the industry is gearching for alternative fivorocarbon compounds that will have leas
potential adverse effect on the ozone layer.

The preferred blend of the present jnvention is about a0 - 40 wt. percent FC-22, mbout 15 - 25 wt. percent

C-114. Themore prefen'ed blend is about 40 wt. percent FC-22, about

FC-152a, and about 30 - 40 wi. percent F
20 wt. percent FC-152a, and about 40 wt. percent FC-114. The most preferred piend is about 36 wt. percent

FC-22, about 24 wt. percent FC-152a, and about 40 wt. parcent FC-114.
igher blends having these desirable characteristics that could be formulated

by those skilled in the art from the halocarbons defined and exemplified herein.
For example, other blends that may be formulated for the purposes of this invention are:

Respective Liquid

.___JujuuLSxmmnnsnxs_,_

FC-125, FC-134a, FC-124 20, 40, 40
Fc-125, FC-1523, FC-318 25, 20, 55
fCc-22, FC-134, FC-318 35, 25, 40
fC-115, FC-134, FC-318 50, 30, 20
FC-115, FC-1522, FC-143 50, 20, 30
pc-22, FC-1523, FC-143 40, 20, 40
fc-22, FC-142b, FC-114 40, 25, 35

in addition, more than one halocarbon can be gelected from each of the temperature ranges. The objective
trate our discovery of the

of this description i8 not to identify every possible biend composition, but to Hus

unexpected properties that the ternary (or higher) blends can take on. depending on the components, the

interaction batween the components, and the chosen compositions.

The refrigerant of the instant invention can be prepared by a simple mixing process a8 is well known 10

those skiiled in the art.
specific examples of the present invention will now pe set forth. Unless otherwise stated, all percentages
e and in no way are to be inter-

are by weight. itis to be understood that these examples are merely fllustrativ
preted as timiting the scope of the invention.

EXAMPLE 1

centrations of 40% FC-22, 20% FC-152a, and 40% FC-1 14.

The ozone depiation potential of the blend was calculated to be 0.26, a 70% reduction compared with FC-12
having an ozone depietion potential of 0.9. The vapar pressure of the blend was within 15% of the vapor press-

ure of FC-12 over the temperature range of 0 - 100°C. At 23.5°C, the plend had a vapor pressure of 98 psia

compared with & vapor pressure of 90 psia for FC-12.
To ilustrate the surprisingly small change in vapor pressure with compositional changes that occul during
vapor leaks, vapor was allowed to leak from a suitable container holding the liguid biend and squilibrium vapor.

After 53% of the initia! blend charge had been lost via the vapor jeak, the liquid composition had changed to
20% FC-22, 19% FC-152a, and 42% FC-1 14. The vapor pressure had decreased 10 87 psia at 22.8°C, being

within 3% of the FC-12 vapor pressure.
To ilustrate the nonfiammablity ofth

A blend was prepared consisting of Jiquid con

@ blend, fiquid and vapor samples were analyzed during the vapor leak

tests at blend charge weightlosses of 10, 25, 50, 75, and 98%. The highest FC-152e concentration was 23.3%

in the vapor at 75% weight loss. At this point, the total vapor content was 33.3% FC-22, 23.3% FC-1528, and
43.4% FC-114. The lower fiammability limit at this composition of FC-22, FC-152a and FC-1141s 30% FC-152a;

therefore, with only 23.3% FC-152a, the mixture was nonflammable.
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EXAMPLE 2

Another blend was prepared consisting of liquid concentrations of 32.4% FC-22, 13.2% FC-152, ane
54.4% FC-114. The ozone depletion potential was calculated to be 0.34, The vapor pressure of the bleng
91 psia at 24°C, matching that of FC-12. After 50% of the initial blend charge was lost via a vapor loak, by
liquid composition had changed to 18.8% FC-22, 9.9% FC-152a, and 71.3% FC-114. The highest FC-152q con.
centration was 16.7% in the vapor at 50% weight loss, again being a nonflammable blend.

EXAMPLE 3

More than three halocarbons can be combined to create a blend having the important properties describeg
In this invention. A blend was prepared consisting of liquid concentrations of 50% FC-22, 15% FC-152a, 15%,
FC-142b, and 20% FC-114. The ozone depletion potential of the blend was calculated to be 0.15, an 83% reduc.
tion in czone depietion potential when compared to that of FC-12. At 22.8°C, the blend vapor pressure was
100 psia which compares to a vapor pressure of 90 psia for FC-12 at the same temperature. After 60% of the
initial blend charge had been lost via the vapor leak, the liquid composition had changed to 32.2% FC-22, 15.6%
FC-152a, 21% FC-142b, and 31.2% FC-114. The vapor preasure had decreased to 87 psia at 24.0°C, within

" 4% of the vapor pressure of FC-12 at that temperaturs which is 91 psia.

EXAMPLE 4

Another blend was prepared consisting of liquid concentrations of 54.2% FC-22, 9.6% FC-152a, and 36.2%
FC-124. The ozone depietion potential of the blend was calculated to be 0.04, a 96% reduction in ozone dep-
letion potential compared to that of FC-12. The blend vapor pressure was 93 psia at 20.8°C which compares
to a vapor pressure of 86 psia for FC-12 at the same temperature. After 68% of the initial blend charge was
lost via a vapor leak, the vapor pressure had decreased to 84 psia at 22.8°C, within 7% of the FC-12 vapor
pressure of 90 psia.

EXAMPLE 5§

Another blend was prepared consisting of liquid concentrations of 37.0% FC-22, 23.9% FC-142b and
39.1% FC-114. The ozone depletion potential of the blend was calculated to be 0.26, a 71% reduction in 0zone
depietion potential compared to FC-12. The blend vapor pressure was 87.7 psia at 22.5°C which compares to
& vapor pressure of 88.2 psia for FC-12 at the same temperature,

Claims -

1. A refrigerant comprising 10 to 60 weight percent of a first halocarbon havirfg jboiling point at atmospheric
pressure in the range of -50°C to -30°C, 10 to 60 weight percent of a sacq!'id halocarbon having a boiling point
at atmospheric pressure in the range of -30°C to -5°C, and 10 to 75 weight percent of a third halocarbon having
a boiling point at atmospheric pressure in the range of -15°C to 30°C; said second halocarbon being higher
boiling than said first hatocarbon and said third haiocarton being higher bolling than said second halocarbon;
said halocarbons containing at least one fluorine atom; at lsast one of said halocarbons containing a hydrogen
atom; said first and third halocarbons being nonflammuble; said first, second and third halocarbons and their
proportions being chosen such that the resulting refrigerant is nonflammable and has & vapor pressure which

'is plus or minus twenty-five percent of the vapor pressure of dichlorodifluoromethane over the temperature

range of 0°C to 100°C; said refrigerant having an lower ozone depletion potential at least fifty percent less than
the ozone depletion potential of dichlorodifluoromethane, said refrigerant excluding dichlorodifiuoromethane.

2. A refrigerant according to claim 1 wherein at least two of said halocarbons contain both fiuorine and hyd-
rogen atoms on the same carbon atom.

3. A refrigerant according to claim 1 or claim 2 wherein the second halocarbon is & halocarbon containing
both fluorine and hydrogen atoms on the same carbon atom.

4. A refrigerant according to any one of the preceding claims wherein at least one halocarbon is selected
from the group consisting of CH;F;, CHF,CF,, CFyCH,, CHCIF,, CF5CF,CF, and CCIF,CFy; at least one
halocarbon is selected from the group consisting of CFyCH,F, CHF,CH,, CHF ,CHF,, CHBIF,, CHCIFCF, CHF.
2CCIF,, CCIF,CH, and C,Fy; and at least one halocarbon is selected from the group consisting of CHB'F_"
CHCIFCF3, CHF,CCIF,, CCIF,CH,, C4Fy, CCIF;CCIF,, CCLFCF, and CHF,CH,F, the highest and iowest boi-
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ing point halocarbons being nonflammable, and at jeast three different halocarbons being selected.

5. A refrigerant according to any one of the praceding claims wherein the first halocarbon is present in an
amount of 20 to 50%, the second in an amount of from 20 to 40% and the third in an amount of 20 to 55% by
weight of the refrigerant.

5 6. A refrigerant according to claim 1 wherein the first halocarbon comprises FC-22 (CHCIF ), the second
halocarben comprises FC-152a (CHF,CHj), and the third halocarbon comprises FC-114 (CCIF,CCIF;), and
wherein said halocarbons are present in the refrigerant in the refative proportions by weight of 30 to 40:15 to
25:30 to 40 respectively.

7. A refrigerant according to claim 8 wherein said first, second and third halocarbons are present in said

10 refrigerantin the proportions of about 40%, about 20% and about 40%, respectively, by waeight of the total ref-

3 rigerant.

3 8. A refrigerant according to claim 6 wherein the first, second and third halocarbons are present in said

: refrigerant in the proportions of about 3§%, about 24%, and about 40%, respectively, by weight of the total ref-
rigerant.

15 9. A method of effecting cooling which comprises condensing the refrigerant of any one of the praceding
claims and thereafter evaporating said refrigerant in a heat exchange relationship with a body to be cooled.

10. A method of effecting heating which comprises condensing the refrigerant of any one of the preceding
claims in a heat exchange relationship with a body to be heated and thereafter evaporating said refrigerant.

Patentanspriche

1. Kihimittel, weiches 10 bis 80 Gew.-% eines ersten Halogenkohlenstoffs mit einem Siedepunkt bel
Atmospharendruck im Bereich von .50°C bis -30°C, 10 bis 60 Gew.-% eines zweiten Halogenkohlenstoffs mit
2  einem Siedepunkt bei Atmospharendruck im Beraich von -30°C bis -5°C und 10 bis 75 Gew.-% eines dritten
Halogenkohienstoffs mit einem Siedepunkt bei Atmosphérendruck im Bereich von -15°C bis 30°C umfafl,
wobei der zwelte Halogenkohlenstoff hdhersiedend Ist als der erste Halogenkohtenstoff und der dritte Halo-
genkohlenstoff h&her siedend als der zweite Halogenkohlenstoff ist, die Halogenkohlenstoffe wenigstens ein
Fluoratom enthaiten, wenigstens einer der Halogenkohle nstoffe ein Wasserstoffatom enthdit, der erste und der
» dritte Halogenkohlenstoff nicht entziindlich sind, der erste, zweite und dritte Halogenkohlenstoff wie ihre Anteile
so gewdhit sind, dal das resultierende Kilhimittet nicht entziindlich ist und einen Dampfdruck von plus oder
minus 25 % des Dampfdrucks von Dichlordiflucrmethan iiber den Temperaturbersich von 0°C bis 100°C auf-
weist, das Khimittel ein Ozon-Abreicherungspotential aufweist, das um wenigstens 50 % kieiner ist als das
Ozon-Abreicherungspotential von Dichlordifluormethan, und das Kahimittel Dichlordifiuormethan ausschiiefit.
x 2. Kohimittel nach Anspruch 1, worin wenigstens zwei der Halogenkohlenstoffe sowohl Fluor- als auch
Wasserstoffatome am gleichen Kohlenstoffatom enthaiten. _
3. Kihimitte! nach Anapruch 1 oder 2, worin der zweite Halogenkohlenstoff ein Halogenkohlenstoff ist, der
sowohl Fluor- als auch Wasserstoffatome am gleichen Kohlenstotfatom enthait.
4. Kdhimittel nach einem der vorstehenden Anspriiche, worin wenigstens ein Hatogenkohlenstoff aus der
$ ws CHQFQ_. CHF,CFy, CF;CH:;, CHCIF,, CF;CFQCF; und CC'FzCFg bestehenden Gruppe ausgewll‘il ist,
wnigstens ein Halogenkohtenstoff aus der aus CF,CHoF, CHF;CH;, CHF,CHF, CHBrF,, CHCIFCF,, CHF.
LCIF,, CCIF,CH, und C,Fy bestehenden Gruppe ausgewshit ist und wenigstens ein Halogenkohlenstolf aus
ter aus CHBIF,, CHCIFCFs, CHF ,CCIF, CCIF,CHs, C,Fs, CCIF,CCIF3, CCI,FCF4 und CHF,CH,F bestehen-
tan Gruppe ausgewdhit ist, und wobei die Halogenkohlenstoffe mit dem hichsten und dem niedrigsten Sie-
% tyunkt nicht entzindlich sind und wenigstens drei verschiedene Halogenkchlenstoffe ausgewdihit werden.
5. Kiihimittel nach einem der vorstehenden Anspriiche, worin der erste Hatogenkohlenstoff in einer Meange
wn2) bis 50 %, der zweite in einer Menge von 20 bis 40 % und der dritte in einer Menge von 20 bis 55 %,
mch Gewicht des Kihimittels, zugegen ist.
$. Kiihimittel nach Anspruch 1, worin der erste Halogenkohlenstoff FC-22 {CHCIF,), der zweite Halogen-

®  ohonsionf FC-152a (CHF,CH,) und der dritte Halogenkohienstoff FC-114 (CCIF,CCIF2) umfait und worin die
:ﬂenkohlenstoffe im KGhimittel in den relativen Gewichtsanteilen von jeweils 30-40:15-25:30-40 zugegen

T KiNMmitte! nach Anspruch 6, worin der ersts, zweite und dritte Halogenkohlenstoff im Kihimittel in Antel-

- 180 vor jewsiis etwa 40 %, etwa 20 % und etwa 40 % nach Gewicht des gesamten Kiihimitteis zugegen sind.

8. Kiihimiie) nach Anspruch 6, worin der erste, zweite und dritte Kohlenwasserstoff im Kiihimittel in Antellen
voN jewsils etwa 36 %, etwa 24 % und etwa 40 % nachGewicht des gesamten Kilhimittels zugegen sind.

§. Kihiverfahren, weiches das Kondensieren des Kiihimittels nach einem der vorstehenden Anspriiche und
®nachiiefiend das Verdampfen des Kihimitteis in einer warmeaustauscheranordnung mit einem zu kithienden

7
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K3rper umfalit.
10. Kihiverfahren, welches das Kondensieren des Kiihimittels nach einem der vorstehenden Anspriiche

in einer Warmetauscheranordnung mit einem zu erhitzenden Kérper und anschiiefend das Verdampfen des
Kihimittels umfat.

Revendications

1. Un agent réfrigérant comprenant 10 & 60 pour cent en poids d’un premier halogénocarbure ayant un
point d'ébullition a la pression atmosphérique compris dans ['intervalle de -50°C & -30°C, 10 & 60 pour cent en
poids d'un deuxiéme halogénocarbure ayant un point d'ébullition & la pression atmosphérique compris dans
I'intervalle de -30°C & -5°C, et 10 & 75 pour cent en poids d'un troisiéme halogénocarbure ayant un point d’ébul-
lition & la pression atmosphérigue compris dans I'intervalle de -15°C & 30°C ; ledit deuxiéme halogénocarbure
ayant un point d'ébullition supérieur & celui du premier halogénocarbure et ledit troisiéme halogénocarbure
ayant un point d'ébullition supérieur & celui du deuxiéme halogénocarbure ; lesdits halogénocarbures conte-
nant au moins un atome de fluor ; au moins l'un desdits halogénocarbures contenant un atome d'hydrogéne ;
lesdits premier et troisidme halogénocarbures étant ininflammables ; lesdits premier, deuxidme et troisiéme
halogénocarbures et leurs proportions étant choisis de tefie maniére que 'agent réfrigérant résuitant soit inin-
flammabie et ait une pression de vapaur qui se situe dans l'intervalle de la pression de vapeur du dichlorodi-
fiuiorométhane plus ou moins vingt-cing pour cent sur l'intervalle de température de 0°C & 100°C ; ledit agent
réfrigérant ayant un potentiel d'épuisement d'ozone inférieur d'au moins cinquante pour cent au potentiel
d'épuisement d'ozone du dichlorodifiuorométhane, ledit agent réfrigérant ne contenant pas de dichlorodiftuo-
rométhane.

2. Un agent réfrigérant selon la revendication 1, dans lequel au moins deux desdits halogénocarbures
contiennient A la fois des atomes de fluor et d’hydrogéne sur ls méme atome de carbone.

3. Un agent réfrigérant selon Ia revendication 1 ou la revendication 2, dans lequel ie deuxiéme halogéno-
carbure est un halogénocarbure contenant & la fois des atomes de fluor et d’hydrogéne sur le méme atome de
carbone.

4. Un agent réfrigérant selon I'une quelconque des revendications précédentes, dans lequel au moins un
halogénocarbure est choisi dans le groupe formé par CH,F;, CHF,CF, , CFyCH; , CHCIF, , CF;CF,CF; et
CCIF,CF 3; au moins un halogénocarbure est choisi dans le groupe formé par CFCH,F, CHF,CHy , CHF;CHF; ,
CHBrF,, CHCIFCF, , CHF,CCIF,, CCIF,CH, et C, Fy ; ot au moins un halogénocarbure est choisi dans le
groupe formé par CHBrF,, CHCIFCF,, CHF,CCIF, , CCIF,CH,, C, Fs, CCIF, CCIF;, CCIFCF, et CHF,CH,F,
les halogénocarbures de pius haut et de plus bas points d'ébuliition étant mmﬂammabies et au moins trois halo-
génocarbures différents étant choisis.

5. Un agent réfrigérant selon l'une quelconque des revendications précédentes, dans lequel le premier
halogénocarbure est présent en une proportion de 20 4 50 %, le deuxiéme en une proportion de 20 a 40 % ot
{e troisiame an une proportion de 20 & 55 % en poids de l'agent réfrigérant.

6. Un agent réfrigérant selon la revendication 1, dans lequel le pramier halogénocarbure consiste’en FC-22
(CHCIF,), le deuxiéme halogénocarbure consiste en FC-152a (CHF;CH,) et le sidme halGgénocarbure
consiste en FC-114 (CCIF,CCIFy), et dans lequei lesdits halogénocarbures sont prédents dans I'agent réfrigé-
rant dans les proportions relatives en poids de 30 & 40:15 a 25:30 & 40, re‘spemvement.

7. Un agent réfrigérant seion la revendication 6, dans lequel lesdits premier, deuxidme et troisidme halo-
génocarbures sont présents dans ledit agent réfrigérant dans les proportions respectives d'environ 40 %, envi-
ron 20 % et environ 40 % en poids de I'agent réfrigérant total.

8. Un agent réfrigérant selon ia revendication 6, dans«dequel les premier, deuxjéme et troisidéme halogéno-
carbures sont présents dans iedit agent réfrigérant dans ies proportions respectives d'environ 36 %, environ
24 % et environ 40 % en poids de I'agent réfrigérant total. ]

9. Un procédé pour effectuer un refroidissement, qui consiste & condenser I'agent réfrigérant de I'une quel-
conque des revendications précédentes, puis & évaporer ledit agent réfrigérant en une relation d'échange de
chaleur avec un corps & refroidir,

10. Un procédé pour effectuer un chauffage, qui consiste 4 condenser I'agent réfrigérant de I'une queicon-
que des revendications précédentes en une relation d'échange de chaleur avec un corps & chauffer, puis &
évaporer laedit agent réfrigérant.



~n

TIMED: 28/05/92 16:04:36
PAGE: 1

REGISTER ENTRY FOR EP0299614 /
European Application No EP88305135.1 filing date 06.06.1988
Priorities claimed:
09.06.1987 in United States of America - doc: 60077
05.02.1988 in United States of America - doc: 152799
Designated States BE CH DE ES FR GB GR IT LI LU NL SE AT
Title HALOCARBON BLENDS FOR REFRIGERANT USE.
Applicant /Proprietor

E.I. DU PONT DE NEMOURS AND COMPANY, Legal Department 1007 Market Street,
Wilmington Delaware 19898, United States of America [ADP No. 50576693001]

Inventors
DONALD BERNARD BIVENS, 210 West Locust Lane, Kennett Square Pennsylvania
19348, United States of America [ADP No. 56281538001]

HELEN ANN CONNON, 2712 Bodine Drive, Wilmington Delaware 19810, United
States of America [ADP No. 56281546001]

Classified to
Co9K

Address for Service
DAVID CHARLES WOODCRAFT, BROOKES & MARTIN High Holborn House 52/54 High
Holborn, London, WC1lV 65E, United Kingdom [ADP No. 50906130001]

EPO Representative
DAVID CHARLES WOODCRAFT, BROOKES & MARTIN High Holborn House 52/54 High
Holborn, London, WC1V 65E, United Kingdom [ADP No. 50906130001]

Publication No EP0299614 dated 18.01.1989
Publication in English

Examination requested 03.07.1990

7
Patent Granted with effect from 29.04.1992 (Section 25(1)) with title
HALOQARBON BLENDS FOR REFRIGERANT USE.

o

31.07.1989 Notification from EPO of change of Applicant/Proprietor details
from
E.I. DU PONT DE NEMOURS AND COMPANY, Legal Department 1007 Market
Street, Wilmington Delaware 19898, United States of America
[ADP No. 50576693001]

to
E.I. DU PONT DE NEMOURS AND COMPANY, 1007 Market S5treet, Wilmington
Delaware 19898, United States of America [ADP No. 50576693002]

Entry Type 25.14 Staff ID. RDG6 Auth ID. EPT

21.12.1989 EPO: Search report published on 24.01.1990
Entry Type 25.11 Staff ID. Auth ID. EPT




TIMED: 28/05/92 16:04:36

REGISTER ERTRY FOR EP0299614 (Cont.) PAGE: 2

™

' 30,03.1992 Notification from EPO of change of Applicant/Proprietor details
from
E.I. DU PONT DE NEMOURS AND COMPANY, 1007 Market Street, Wilmington
Delaware 19898, United States of America [ADP No. 50576693002]
to
E.I. DU PONT DE NEMOURS AND COMPANY, 1007 Market Street, Wilmington
Delaware 19898, United States of America [ADP No. 50576693002}

Entry Type 25.14 Staff ID. RDC6 Auth ID. EPT

*%%% END OF REGISTER ENTRY #ww*




0A80-01 OPTICS - PATENTS 2810592 16:08:15
EP PAGE: 1

RENEWAL DETAILS

PUBLICATION NUMBER EP0299614 .~
PROPRIETOR(S)

/‘
E.I. DU PONT DE NEMOURS AND COMPANY, 1007 Market Street, Wilmington
Delaware 19898, United States of America

DATE FILED 06.06.1988 ~
DATE GRANTED zg.oa.1992(/,f
DATE NEXT RENEWAL DUE 06.06.1993

DATE NOT IN FORCE

DATE OF LAST RENEWAL 08.05.1992

YEAR OF LAST RENEWAL 05

STATUS PATENT IN FORCE



