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Esta invencion se refiere a composiciones refrigerantes que no tienen
ningtin efecto adverso sobre el ozono estratosférico y a composiciones que son
para su uso en sistemas de refrigeracion y aire acondicionado disefiados para
usar Sustancias Agotadoras de la Capa de Ozono (ODS), CFC12
(diclorodifiuorometano), CFC502 (azeotropo de cloropentaflucrometano y
clorodifluorometano) y HCFC22 (clorodifluorometano) y adicionalmente en
nuevos equipos. Estas nuevas composiciones refrigerantes son compatibles
con lubricantes que se encuentran cominmente en sistemas de refrigeracion y
aire acondicionado.

Las composiciones también pueden usarse en equipos para sustancias
no agotadoras de la capa de ozono.

Se sabe bien que los clorofluorocarburos (CFC) tales como CFC12 y
CFC502 e hidroclorofluorocarburos tales como HCFC22, aunque son eficaces
con respecto a la energia, no inflamables y de baja toxicidad, migran a la
estratosfera, donde se descomponen por la luz ultravioleta para atacar a la
capa de ozono. Estas Sustancias Agotadoras de la Capa de Ozono estan en
proceso de reemplazo por sustancias alternativas no agotadoras de la capa de
ozono tales como hidrofluorocarburos (HFC) que también son no inflamables,
eficaces y de baja toxicidad. Existen seis HFC principales, llamados HFC134a,
HFC32, HFC125, HFC143a, HFC227ea y HFC152a, que individuaimente o
mezclados pueden reemplazar a los CFC y HCFC. Aunque pueden usarse
HFC134a, HFC227ea y HFC152a para reemplazar directamente a las ODS,
HFC32, HFC143a y HFC125 se encuentran generalmente en mezclas como
reemplazamientos de ODS. Sin embargo, los HFC no tienen una solubilidad
adecuada en lubricantes tradicionales tales como aceites minerales y de
alquilbenceno, asi que se han introducido lubricantes sintéticos que contienen
oxigeno especificamente para los equipos nuevos. Estos nuevos lubncantes
son costosos e higroscépicos.

Las mezclas refrigerantes tales como R404A, R507, R410A, R407C y
otras se han comercializado como reemplazamientos de los CFC y HCFC pero,
debido a que estas composiciones sélo contienen componentes HFC, no
pueden usarse con los lubricantes tradicionales que se encuentran
comunmente en uso con los CFC y HCFC. Si estas mezclas van a usarse para
reemplazar a los CFC y HCFC en los equipos existentes, los principales
fabricantes quimicos recomiendan que no se mantenga mas de un 5% del
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lubricante tradicional en el sistema de manera que se requiera un cambio
completo virtual del lubricante a un lubricante sintético que contenga oxigeno
que provoque una actualizacion total del disefio, que normalmente es costosa y
técnicamente no satisfactoria.

Aunque los fabricantes de equipos han adaptado sus unidades para que
funcionen con mezclas de HFC, no siempre encuentran tan satisfactorios los
productos disponibles en el mercado como los CFC y HCFC a los que
reemplazan estos nuevos refrigerantes En particular, para garantizar una
recirculacion adecuada del aceite, los lubricantes de hidrocarburo, tales como
acete mineral, se han reemplazado por lubricantes que contienen oxigeno,
particularmente poliolésteres y polialquilenglicoles. Desafortunadamente, estos
maternales son propensos a absorber la humedad atmosférica, especialmente
durante el mantenimiento, que pueden contribuir a una corrosién excesiva y
desgaste en los equipos reduciendo de esta manera su fiabilidad. Un objetivo
clave de esta patente es proporcionar mezclas de HFC/hidrocarburos que
permitan el uso continuado de aceites de hidrocarburo en equipos existentes y
€N equIpos Nuevos.

Ademas, algunos refrigerantes, tales como RO7C, tienen amphas
variaciones de temperatura (>4°C) en el evaporador y el condensador, mientras
que los fabricantes de equipos, basandose en su experiencia con fluidos
simples de CFC/HCFC o azeétropos, prefieren refrigerantes con bajas
variaciones Un objetivo clave adicional de esta invencién, por lo tanto, es
proporcionar mezclas de HFC/hidrocarburos que puedan sustituir a CFC 12,
HCFC 22 y azeotropo 502 (CFC 115/HCFC 22), pemmitiendo tanto el uso
continuado de lubricantes de hidrocarburo en los equipos y minimizando las
variaciones de temperatura en los intercambiadores de calor.

La presente invencién se refiere a composiciones refrigerantes, que son
no Iinflamables en todas las condiciones de fraccionamiento como se define en
la Norma ASHRAE 34, y que pueden usarse para reemplazar a las ODS en
una unidad existente sin necesidad de cambiar el lubricante o realizar ningan
cambio significativo en el hardware del sistema En los equipos nuevos, las
composiciones refrigerantes permiten el uso continuado de aceites de
hidrocarburo, aunque los fabricantes pueden tener la oportunidad de modificar
sus unidades para optimizar las funciones de los nuevos refrigerantes, por
ejemplo seleccionando las longitudes mas apropiadas de los tubos de
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capilaridad. Cuando se experimenta acceso de humedad u otros problemas
con aceites que contienen oxigeno, las nuevas composiciones permiten que
dichos aceites se reemplacen por aceites de hidrocarburo

Se conoce en la técnica que la adicion de una pequena cantidad de
hidrocarburo a una composicién refrigerante que contiene HFC o mezclas de
HFC puede provocar que el hidrocarburo suficiente que se disuelve en el
lubricante se transporte por el sistema para que se mantenga en todo momento
la lubricacion del compresor. Es evidente que cuanto mayor es el contenido de
hidrocarburo de la composicién, mayor es la capacidad del refrigerante para
transportar de nuevo el lubricante al compresor Sin embargo, un contenido
demasiado elevado de hidrocarburo puede conducir a mezclas inflamables.
Aunque los refrigerantes inflamables son aceptables en algunas aplicaciones,
esta invencidn se refiere a composiciones no inflamables para su uso en
equipos en los que se prohiben refrnigerantes inflamables Sin embargo, no se
entiende bien c¢cdmo alcanzar composiciones no inflamables en todas las
condiciones, incluyendo fraccionamiento de las composiciones refrigerantes
que puede producirse durante una filtracion del refrigerante del sistema o
durante el almacenamiento

No todos los HFC son no inflamables como se define por la Norma
ASHRAE 34 HFC143a y HFC32 no han recibido la calificacion de no
inflamables por ASHRAE. Esta invencidn se refiere a composiciones de
refrigerantes que no soélo cubren mezclas de HFC no inflamables con
hidrocarburos, sino también mezclas de HFC inflamables, HFC no inflamables
e hidrocarburos en proporciones seleccionadas de tal forma que dichas
composiciones son no inflamables durante el fraccionamiento a la vez que
proporcionan efectos refrigerantes similares y un rendimiento termodinamico
como el de las ODS a las que reemplazan, denominadas CFC12, CFC502 y
HCFC22.

Aunque esta invencién se refilere a composiciones refrigerantes gue
pueden usarse con lubricantes tradicionales tales como aceites minerales y de
alquilbenceno, también son adecuadas para su uso con lubricantes sintéticos
que contienen oxigeno

En la formulacién de mezclas de HFC/hidrocarburo para reemplazar a
CFC 12, CFC 502 y HCFC 22 en aplicaciones especificas, generalmente es
necesario usar uno 0 mas HFC con un punto de ebullicién inferior, con uno o
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mas HFC con un punto de ebulliciSn mayor. En este contexto, los HFC con un
punto de ebullicién inferior son HFC 32, HFC 143a y HFC 125, y los HFC con
un punto de ebullicion mayor son HFC 134a, HFC 134, HFC 227ea y HFC
152a.

Pare evitar la inflamabilidad en la mezcla, o en una fraccion generada
por una filtracién, por ejemplo como se define por la Norma ASHRAE 34, |la
cantidad total de hidrocarburo debe minimizarse Al mismo tiempo, la cantidad
de la mezcla de hidrocarburo disuelta en el aceite necesita maximizarse para
una buena recirculacién del aceite, especialmente en los lugares del circuito en
los que el aceite tiene su maxima viscosidad, por ejemplo en el evaporador. Un
hidrocarburo con punto de ebullicibn mayor, tal como pentano o rso-pentano,
sin duda alguna mostraria una solubilldad superior en el aceite que un
hidrocarburo con punto de ebullicidn inferior Sin embargo, como resultado de
una filtracién, por ejemplo desde un cilindro, un hidrocarburo con punto de
ebullicibn mayor se concentrara en la fase liquida. La cantidad de hidrocarburo,
por tanto, necesitara limitarse para evitar que se genere una mezcla inflamable
hacia el final de la filtracion

Este problema podria evitarse usando unicamente un hidrocarburo con
punto de ebullicién bajo tal como propano o iso-butano Sin embargo, esto tiene
2 desventajas. En primer lugar, los hidrocarburos con punto de ebullicion
inferior son menos solubles que los hidrocarburos con punto de ebullicion
mayor en lubricantes de hidrocarburos en el evaporador cuando estan
presentes en % en peso similares formulados en la mezcla. Por consiguiente,
son menos eficaces a la hora de garantizar una buena recirculacion del aceite.
En segundo lugar, debido a su superior volatiidad, tienden a concentrarse en la
fase de vapor de una mezcla. Por lo tanto, su concentracion necesita
restringirse para evitar que se generen mezclas inflamables al principio de la
filtracion. Este problema empeora s1 uno o mas de los HFC con punto de
ebullicion inferior también es inflamable.

Sorprendentemente, se ha descubierto que la mejor manera de formular
mezclas refrigerantes de HFC/HC es usar combinaciones de dos y
preferiblemente tres hidrocarburos con puntos de ebullicion diferentes. Esto
permite que el nimero total de hidrocarburos de la mezcla se reduzca mientras
que se aumenta simultaneamente la cantidad disuelta en el aceite del
evaporador.
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Esta invencidn tiene la siguiente wventaja. Los componentes de
hidrocarburo faciitan la recirculacibn del aceite, pero, debido a su
inflamabilidad, restringen los pesos de los HFC inflamables, particularmente
HFC 143a que puede incluirse. La inclusién de estos fluidos puede ser valiosa
para alcanzar el equilibrio necesaro de propiedades termodinamicas, asi que
minimizando las cantidades de hidrocarburo presentes se permite un mayor
alcance en la formulacion de mezclas prefernidas

Se conoce bien el mezclado de HFC para alcanzar el equilibrio deseado
de propiedades fisicas apropiadas para diversas aplicaciones de refrigeracion y
esta disponible en el mercado una diversidad de productos, por ejemplo
R407C, R410A y R410B. Aunque éstos se han seleccionado para aplicaciones
especificas junto con Ilubncantes sintéticos que contienen oxigeno,
simplemente afiadiendo 2 ¢ 3 componentes de hidrocarburo a estos productos,
no se obtienen los productos preferidos para su uso con lubncantes de
hidrocarburo. En primer lugar, los componentes de hidrocarburo contribuyen a
las propiedades termodinamicas globales de la mezcla, asi que afectaran a las
relaciones preferidas de los HFC. En segundo lugar, es necesario seleccionar
la relacion de HFC inflamables a no inflamables para garantizar la no
inflamabilidad, por ejemplo, requenda por la Norma ASHRAE 34.

Las mezclas de HFC125, HFC134a, HFC143a, HFC227ea se prefieren
particularmente como reemplazamientos de los CFC y HCFC HFC125
(pentafluoroetano) y R227ea son no inflamables en todas las condiciones de
funcionamiento y ademas son supresores de llama, una aplicacién para [a que
se han desarrollado por la industria contra incendios La presencia de
HFC227ea proporciona una ventaja doble de reduccion de la inflamabilidad de
la composicion y ademas mejora la recirculacion del aceite al compresor debido
al emulsionado del lubricante en presencia de un hidrocarburo.

Se ha descubierto que las mezclas de HFC134a, HFC227ea, HFC125 y
mezclas de aditivos de hidrocarburo seleccionados son los reemplazamientos
preferidos para CFC12 en refrigeradores centrifugos Se ha descubierto que la
interaccién de aditivos de hidrocarburo en dichas mezclas facilita las mezclas
no Inflamables en todas las condiciones de filtracion durante el fraccionamiento
de modo que puede alcanzarse la no inflamabilidad de acuerdo con la Norma
ASHRAE 34. La presencia de hidrocarburos produce que el lubricante vuelva al
compresor. La presencia de R227ea permite que el peso molecular requerido
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de la mezcla coincida con el de CFC12 y adicionalmente facilita la no
inflamabilidad debido a sus propiedades ignifugas. La presencia de R125
aumenta la capacidad de la mezcla. Las mezclas resultantes son una
coincidencia cercana a CFC12 en cuanto al rendimiento termodinamico y del
sistema.

Sorprendentemente, se ha descubierto que dado el mismo contenido en
porcentaje de aditivo de hidrocarburo en la composicidn refrigerante,
aumentando el contenido de HFC125 de la composiciéon se producen mezclas
inflamables que se crean durante el fraccionamiento. Esto es muy sorprendente
porque parece evidente que cuanto mayor sea la cantidad de HFC125 en la
composicién, menor sera la probabilidad de generar una mezcla inflamable
durante el fraccionamiento. Las razones de esta anomalia aparente estan
relacionadas con la relacién de presion/temperatura entre las cantidades de
HFC125 y HFC134a de la mezcla y la cantidad y tipo de hidrocarburo y/o
mezcla de hidrocarburos Las siguientes composiciones refrigerantes se
prepararon y se filtraron hasta que el cilindro estuvo casi sin liquido de acuerdo
con la Norma ASHRAE 34

%

Mezcla 1 Mezcla 2
R134a 48,0 21,0
R125 49,0 76,0
butano 2,7 2,5
Isopentano 0,3 0,5

Se descubri6 que la Mezcla 2 con el contenido considerablemente mayor
de HFC125 creaba una composicion inflamable durante el fraccionamiento,
mientras que la Mezcla 1 con un contenido menor de HFC125 seguia siendo no
infamable a lo largo del fraccionamiento.

En el documento GC2727427 N A Roberts muestra que, si se usa un
hidrocarburo con al menos cuatro atomos de carbono distinto de metilpropano
(1sobutano), sorprendentemente la inflamabilidad de la composicion fraccionada
se reduce enormemente Sorprendentemente, ahora se ha descubierto que la
inclusion de isobutano con hidrocarburos elegidos apropiadamente no produce
composiciones inflamables durante el fraccionamiento . Se ha descubierto que
la seleccion del aditivo de hidrocarburo o mezclas de los mismos con los
componentes de HFC es critica para alcanzar la no inflamabilidad en todas las
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condiciones de funcionamiento y como se define por la Norma ASHRAE 34.

En el documento US 5.800 730 se indica que es necesario afiadir HFC
134a a las mezclas de HFC125 y HFC143a como un reemplazamiento de
CFC502 para evitar una mezcla inflamable (ejemplo 3). Sorprendentemente, se
ha descubierto que excluyendo HFC134a, cambiando la proporcion de HFC125
a HFC143a y afadiendo una variedad seleccionada de hidrocarburos se
produce una composicidn que es no inflamable durante el fraccionamiento y
una coincidencia exacta para R502 con respecto al rendimiento termodinamico.

En el documento US 5211867, se rewvindican composiciones
azeotropicas de R125 y R143a. Es una caracteristica clave de esta invencién
que esté presente un hidrocarburo seleccionado especialmente o mezclas de
hidrocarburos para facilitar la recirculacibn del aceite al compresor
Sorprendentemente, se ha descubierto que, a pesar de la inflamabilidad de
HFC143a, la seleccién de un hidrocarburo o mezclas de hidrocarburos permite
que las composiciones sean no inflamables durante el fraccionamento La
combinacion de un hidrocarburo con punto de ebullicion elevado tal como
isopentano (P.E 27°C) con butano (P.E -0,5°C) e isobutano (P E -11,5°C)
evita el aumento del contenido de hidrocarburos en la fase liquida durante una
filtracibn mientras que el isobutano mas volatil se contrarresta en la fase de
vapor por el supresor de llama HFC125 debido a la mayor presion de vapor del
dltimo y al menor punto de ebullicidn (P.E. -45°C). Para que la composicion sea
no inflamable, el contenido de HFC125 de la composicion es superior al de la
composicién azeotrépica, de manera que se reduce el contenido de HFC143a
pero sin afectar al rendimiento refrigerante de la composicion como
reemplazamiento para CFC502

Aunque la adiciéon de hidrocarburos a HFC se ha descrito previamente,
no se ha apreciado anteriormente que es necesario que las volatiidades de los
hidrocarburos coincidan con la aplicacion para la que se desea el refrigerante.
Por ejemplo, se emplea R12 como refrigerante en congeladores domésticos
con temperaturas de evaporacidon de ~-22°C, en frigorificos domésticos con
temperaturas de evaporacion de ~-5°C, y en aire acondicionado portatl con
temperaturas de evaporacion de ~5°C. Un aspecto importante de esta
invencion es formular mezclas de HFC/HC que garanticen una buena
recirculacion del aceite en estas aplicaciones dispares garantizando al mismo
tiempo que la mezcla refrigerante siga siendo no inflamable de acuerdo con el
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criterio elegido Para aplicaciones con evaporadores que funcionan a
temperaturas superiores a -5°C, se prefieren hidrocarburos con punto de
ebullcion mayor Se prefiere especialmente isopentano, solo ¢ mezclado con
butano Para aplicaciones con evaporadores que funcionan en el intervalo de -
20°C a -5°C, se prefieren mezclas de hidrocarburos que contienen un
componente con punto de ebullicion mayor, intermedio e inferior. Se prefieren
especialmente mezclas que contienen isopentano, butano e isobutano. Para
evaporadores que funcionan por debajo de -20°C, se prefieren mezclas de HC
que contienen iscbutano y butano, opcionalmente con una pequefia cantidad
de isopentano.

De acuerdo con la presente invencién, una composicion refrigerante esta
constituida esencialmente por una combinacibn de un componente
hidrofluorocarburo constituido por una combinacién seleccionada entre las
siguientes mezclas.

(1) R134ayR125;

(2) R134a, R125y R143a

(3) R125yR143a

(4) R134a, R227eay R125
y un componente hidrocarburo que esta constituido esencialmente por una
combinacion seleccionada entre las siguientes mezclas.

(5) 1sopentano y butano

(6) isopentano, butano e isgbutano

(7) butano e isobutano.

En realizaciones preferidas, la composicién esta constituida por una
mezcla de un componente hidrofluorocarburo y un componente hidrocarburo de
manera que no esta presente una cantidad sustancial de ningun otro
componente u otro gas.

En una primera realizacion preferida, el hidrocarburo esta presente en
una cantidad del 0,6 al 4% y donde la composicién es no inflamable cuando
esta completamente en fase de vapor.

En una segunda realizacién preferida, el hidrocarburo esta presente en
una cantidad del 0,6 al 4% y cuando la composicidn estd en un recipiente
donde esta presente tanto vapor como liquido, ni la fase de vapor ni la fase
liquida son inflamables.

En una tercera realizacion preferida, el hidrocarburo estd presente en

12
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una cantidad del 0,6 al 4% y donde, en cualquier momento durante una
filtracion del espacio de vapor del recipiente, ni 1a fase liquida ni la fase de
vapor es inflamable. '

En una cuarta realizacion preferida, el hidrocarburo esta presente en una
cantidad del 0,6 al 4% y donde, en cualquier momento durante una filtracion del
espacio de liquido del recipiente, ni la fase liquida ni la fase de vapor es
inflamable

De acuerdo con una quinta realizacién preferida, el hidrocarburo esta
presente en una cantidad del 0,6 al 4% y donde la proporcién de hidrocarburo a
hidrofluorocarburo en la fase de vapor no difiere de la proporcidn equivalente
en la fase liquida en mas de un 40%, mas preferiblemente en no mas del 30%,
adn mas preferiblemente en no mas del 20% en equilibrio a 25°C.

En una sexta realizacion preferida, el hidrocarburo esta presente en una
cantidad del 0,6 al 4% y donde la proporcibn de hidrocarburo a
hidrofluorocarburo en la fase de vapor no difiere de la composicion formulada
en mas del 40%, preferiblemente en no mas del 30%, mas preferiblemente en
no mas del 20% en equilibrio a 25°C

En composiciones particularmente preferidas de acuerdo con la quinta o
sexta composiciones preferidas anteriores, durante una filtracion del espacio de
vapor o del espacio de liquido de un recipiente, la proporcién de hidrocarburo a
hidroflucrocarburo en la fase de vapor o en la fase liquida no difiere de la
composicion formulada en mas del 40%, mas preferiblemente en no mas del
30%, aun mas preferiblemente en no mas del 20% en equilibric a 25°C.

Las composiciones preferidas de acuerdo con esta invencién satisfacen
dos o mas cntenos de la realizacion preferida.

En un primer aspecto de esta invencién, el componente hidrocarburo
esta constituido por una mezcla de isopentano, butano e isobutano.

La cantidad de 1sopentano es preferiblemente de aproximadamente el
0.6 al 2% o mas preferiblemente de aproximadamente el 0,6 al 1%

La cantidad de butano es preferiblemente de aproximadamente el 0,6 al
5%, mas preferblemente de aproximadamente el 0,6 al 3%, ain mas
preferiblemente de aproximadamente el 0,6 al 2%.

La cantidad de isobutano es preferiblemente de aproximadamente el 0,6
al 5%, mas preferiblemente de aproximadamente el 0,6 al 2%, ain mas
preferiblemente de aproximadamente el 0,6 al 1%.
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En un segundo aspecto preferido, el componente hidrocarburo esta
constituido por una mezcla de isopentano y butano

El isopentano puede estar presente en una cantidad del 0,6 al 1%,
preferiblemente de aproximadamente el 0,6%. La cantidad de butano es
preferiblemente de aproximadamente el 1,3 al 2,5%, mas preferiblemente de
aproximadamente el 1,4%

En un tercer aspecto preferido de la invencién, el componente
hidrocarburo esta constituido por una mezcla de butano e isobutano. La
cantidad de butano es preferiblemente de aproximadamente el 0,6 al 5% y la
cantidad de isobutano es preferiblemente de aproximadamente 0,6 al 5%.

Una primera composicidén refrigerante preferda que puede encontrar
aplicacibn como reemplazamiento o sustituto para R12 esta constituida
esencialmente por:

R134a del 93,1 al 81,5%
R125 5-15%
Isopentano del 0,6 al 1%
butano del 1,3 al 2,5%

Una composicion particularmente preferida esta  constituida
esencialmente por.

R134a 93%
R125 5%
isopentano 0,6%
butano 1,4%

Una segunda composicién refrigerante que puede encontrar aplicacion
como reemplazamiento o sustituto para R12 esta constituida esencialmente

por.

R134a del 93,2 al 80%
R125 del 5 al 16%
Isopentano del 0.6 al 1%
butano del 0,6 al 3%
isobutano del 0,6 al 1%

Una composicion particularmente prefenda estd constituida
esencialmente por.
R134a 93%
R125 5%
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isopentano 0,6%
butano 0,8%
isobutano 0,6%

Una composicion refrigerante preferida que puede encontrar aplicacion
como reemplazamiento o sustituto para R22 esta constituida esencialmente

por.
R134a del 53,2 al 39%
R125 del 45 al 55%
Isopentano del 0,6 al 1%
butano 0,63%
isobutano 0,62%

Una composicion particularmente preferida esta constituida
esencialmente por:

R134a 47,5%
R125 50%
isopentano 0.6%
butano 1%
Isobutano 0,9%

Una composicion refrigerante adicional que puede encontrar aplicacion
como reemplazamiento o sustituto para R22 estad constituida esencialmente

por
R134a del 10 al 30%
R125 del 80 al 40%
R143a del 10 al 30%
isopentano del 0,6 al 2%
butano del 0,6 al 5%
isobutano del 0,6 al 5%

Una composicion parbcularmente preferida estda constituida
esencialmente por:

R134a 16,5%
R125 60%
R143a 21%
isopentano 0,6%
butano 0,9%

isobutano 1%

(5
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Una composicion refrigerante preferida que puede encontrar aplicacién
como reemplazamiento o sustituto para R502 esta constituida esencialmente

por
R125 del 75 al 55%
R143a del 25 al 45%
butano del 0,6 al 5%

Una composicion particular preferida esta constituida esencialmente por:
R125 60,5%

R143a 37%
butano 1%
isobutano 1,5%

Una composicion preferida adicional esta constituida esencialmente por:
R125 60,5%

R143a 37%
butano 0,9%
isobutano 1%

isopentano 0,6%

Una composicion refrigerante alternativa que puede encontrar uso como
reemplazamiento o sustituto para R12 en refrigeradores centrifugos y
dispositivos similares esta constituida esencialmente por.

R134a del 58,2 al 36%
R227ea del 35 al 50%
R125 del 5 al 8%
isopentano del 0,6 al 2%
butano del 0,6 al 2%
Isobutano del 0,6 al 2%

Una composicidon particularmente preferida esta constituida
esencialmente por:

R134a 51%
R227ea 41%
R125 6%

Isopentano 0,6%
butano 0,8%
isobutano 0,6%

Los porcentajes y otras proporciones indicadas en esta memoria

(4
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descriptiva estan en peso a menos que se indique otra cosa y se seleccionan al
100% total dentro de los intervalos descritos

La invencion se describe adicionalmente por medio de los ejemplos pero
no en sentido imitante.

Reemplazamientos para R22 en Aire Acondicionado de Interior

EJEMPLO 1

Mezclas que comprenden fluidos seleccionados entre R125, R143a, 134a,
600, 600a y 601a.

El rendimiento de diversas mezclas se evalué en un ciclo de aire acondicionado
estatico tipico usando el programa NIST CYCLE D. Las condiciones de
modelado se dan a continuacion.

POTENCIA DE REFRIGERACION LIBERADA 10 kW
EVAPORADOR

Temperatura media para la evaporacion del fluido 7,0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succién (en temperatura 1,5°C
saturada)

CONDENSADOR

Temperatura media de condensacién del fluido 45°C
Sub-refrigeracién 5,0°C
Pérdda de presibn en la tuberia de descarga (en 1,5°C

temperatura saturada)
INTERCAMBIADOR DE CALOR ENTRE LA TUBERIA DE
LIQUIDO/TUBERIA DE SUCCION

Eficacia 0,3
COMPRESOR

Eficacia del motor eléctrico 0,85
Eficacia isentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82
POTENCIA RESIDUAL

Ventilador interno 0,3 kW
Ventilador externo 0,4 kW

Controles 0,1 kW
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Los resultados del analisis de los rendimientos en una unidad de aire
acondicionado usando estas condiciones de funcionamiento se muestran en las
Tablas 1a y 1b. Por comparacién, también se muestran los rendimientos de

R22 y R407C
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Tabla 1a
Refrigerante R22 TR407C |1 2 3 4 5 6 7 8 9 10
R125 % en peso 33 33 38 50 60 33 38 50 60 63
R143a % en peso 35 38 40 23 23 40 40 33 23 23
R134a % en peso 30 27 20 25 15 25 20 15 15 12
R600 1 1 1 1 1 13 13 13 13 13
R600a 1 1 1 1 1
R607Ta 07 07 07 07 07
Presién de descarga (bar) (x100kPa)y [ 17911930 [1800| 185019011864 (198019211867 (1928 (1942|1985
Temperatura de descarga (°C) 10471925 796 (793 |[788 [781 [768 [790 [795 [784 |[776 |754
COP (sistema) 249 247 245 244 [243 [244 (241 [242 (244 [242 [242 [239
Capacidad (kW/m>) 3067 3172 [2870 [ 2933 [2995 [2938 [ 3072 | 3005 | 2944 | 3008 | 3015 [ 3019
Vanacion en el evaporador (°C) |0 48 24 22 20 24 19 30 32 31 32 38
Vanacién en el condensador 0 47 21 20 18 21 17 25 27 26 27 31

(°C)




Tabla 1b

Refngerante R22 [R407CJ1 2 3 4 5 6 7 8
R125 % en peso 30 33 35 38 39 60 50 40
R143a % en peso 23 25 28 30 34 23 30 35
R134a % en peso 45 40 35 30 25 15 18 23
R600 13 13 13 13 13

R600a 07 07 07 07 07 13 13 13
R601a 07 07 07
Presion de descarga (bar) (x100kPa) [ 17791 [1930 [ 1654 (1701|1749 (1799 | 1848|1966 | 1921 | 1861
Temperatura de descarga (°C) 1047925 802 [799 [796 [792 [790 [773 [782 [792
COP (sistema) 249 (247 248 [247 [246 [245 [244 [241 [242 [244
Capacidad (kW/m®) 3067 [3172 [2678 [ 2740 [ 2802 | 2865 |2928 | 3043 [2998 |[2933
Varniacion en el evaporador (°C) 0 48 27 27 26 25 23 28 28 29
Variacion en el condensador (°C) 0 47 25 25 24 23 21 23 23 25

20

o
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Tabla 3

Refrnigerante R12 | R134a 1 2 3 4 5 6 7
R125 % en peso 1 3 5 5 7 9 12
R134a % en peso 97 945 93 925 91 89 86
R600 % en peso 14 16 14 16 14 14 14
R601a % en peso 06 09 06 09 06 06 06
Presion de descarga (bar) (x100kPa) | 1572 | 1742 | 1729 | 1738 | 17768 | 17758 | 1788 | 1808 | 18 39
Temperatura de descarga (°C) 884 844 839 839 839 838 838 838 837
COP (sistema) 245 238 237 | 237 | 236 | 236 | 236 | 235 | 234
Capacidad (kWW/m3) 1754 | 1771 1754 | 1759 | 1783 | 1773 | 1798 | 1813 | 1835
Varacion en el evaporador (°C) 0 0 03 06 06 08 08 09 11
Variacion en el condensador (°C) 0 0 04 08 08 10 10 12 14
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Reemplazamientos para R12

EJEMPLO 2

Mezclas que comprenden fluidos seleccionados entre R125, R134a, R600,
R600a y R601a

Los rendimientos de las mezclas se evaluaron en un ciclo de aire
acondicionado abierto tipico tal como aire acondicionado portatil (MAC) usando
el programa NIST CYCLE D. Las condiciones de modelado se dan a
continuacién

POTENCIA DE REFRIGERACION LIBERADA 10 kW
EVAPORADOR .

Temperatura media para la evaporacion del fluido 7,0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succion (en temperatura 1.6°C
saturada)

CONDENSADOR

Temperatura media de condensacién del fluido 60,0°C
Sub-refrigeracion 5,0°C
Pérdida de presibn en la tuberia de descarga (en 1,5°C
temperatura saturada)

COMPRESOR

Eficacia 1sentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82
POTENCIA RESIDUAL

Ventilador externo 0,4 kW

Los resultados del analisis de los rendimientos en una unidad de are
acondicionado usando estas condiciones de funcionamiento se muestran en la
Tabla 2. Por comparacion, también se muestran los rendimientos de R12 y
R134a
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Refrigerante

R12

R134a

R125, % en
peso

10

12

15

R134a, % en
peso

92,9

90,9

87.9

85,9

82,9

R600, % en
peso

0,7

0.7

0,7

0.7

0,7

R600a, % en
peso

0,7

0,7

0,7

0,7

0.7

R601a, % en
peso

0,7

0.7

0,7

0.7

0,7

Presién de
descarga
(bar) (x100
kPa)

19,72

17,42

17,77

17,97

18,27

18,48

18,80

Temperatura
de descarga
(°C)

88,4

844

83,9

83,9

83,8

83,8

83,7

COP
(sistema)

2,45

2,38

2,36

2,35

2,35

2,34

2,33

Capacidad
(kW/m?)

1754

1771

1789

1804

1826

1841

1863

Vanacion en
el
evaporador
(°C)

0.7

0.9

1.1

1.2

1.4

Variacion en
el
condensador

(°C)

0.9

1,1

1.3

1,5

1.7

22T
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EJEMPLO 3

Mezclas que comprenden fluidos seleccionados entre R125, R134a, R600
y R601a

Los rendimentos de diversas mezclas se evaluaron en un ciclo de aire
acondicionado abierto tipico usando el programa NIST CYCLE D. Las
condiciones de modelado se dan a continuacion.

POTENCIA DE REFRIGERACION LIBERADA 10 kW
EVAPORADOR
Temperatura media para la evaporacion del fludo 7,0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succion (en 1,6°C
temperatura saturada) )
CONDENSADOR
Temperatura media de condensacion del fluido 60,0°C
Sub-refrigeracion 5,0°C
Pérdda de presibn en la tuberia de descarga (en 1,5°C
temperatura saturada)
COMPRESOR
Eficacia isentrépica del compresor 0,7
Eficacia volumétrica del compresor 0,82
POTENCIA RESIDUAL
Ventilador externo . 0.4 kW

Los resultados del analisis de los rendimientos en una unidad de aire
acondicionado usando estas condiciones de funcionamiento se muestran en la
Tabla 3 Por comparacion, también se muestran los rendimientos de R12 y
R134a.
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Tabla 3

Refrnigerante R12 | R134a 1 2 3 4 5 6 7
R125 % en peso 1 3 5 5 7 9 12
R134a % en peso 97 945 93 925 91 89 86
R600 % en peso 14 16 14 16 14 14 14
R601a % en peso 06 09 06 09 06 06 06
Presion de descarga (bar) (x100kPa) | 1572 | 1742 | 1729 | 1738 | 17768 | 17758 | 1788 | 1808 | 18 39
Temperatura de descarga (°C) 884 844 839 839 839 838 838 838 837
COP (sistema) 245 238 237 | 237 | 236 | 236 | 236 | 235 | 234
Capacidad (kWW/m3) 1754 | 1771 1754 | 1759 | 1783 | 1773 | 1798 | 1813 | 1835
Varacion en el evaporador (°C) 0 0 03 06 06 08 08 09 11
Variacion en el condensador (°C) 0 0 04 08 08 10 10 12 14
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EJEMPLO 4

Mezclas que comprenden fluidos seleccionados entre R125, R134a,
R227ea, R600, R600a y R601a

Los rendimientos de diversas mezclas se evaluaron en un ciclo de refnigeracion
hermético tipico del usado en un frigorifico-congelador doméstico usando el
programa NIST CYCLE D. Las condiciones de modelado se dan a
continuacion.

POTENCIA DE REFRIGERACION LIBERADA 1 kW
EVAPORADOR
Temperatura media para la evaporacion del fluido -25°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succion (en 1,5°C
temperatura saturada)
CONDENSADOR
Temperatura media de condensacion del fluido 50,0°C
Sub-refrigeracion 5,0°C
Pérdida de presiobn en la tuberia de descarga (en 1,5°C
temperatura saturada)
COMPRESOR
Eficacia isentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82
Eficacia del motor eléctrico 0,85
POTENCIA RESIDUAL
Controles 0,01 kW

Los resultados del analisis de los rendimientos en un frgorifico-congelador
usando estas condiciones de funcionamiento se muestran en la Tabla 4. Por
comparacion, también se muestran los rendimientos de R12 y R134a
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Tabla 4
Refngerante R12 [R134a |1 2 3 4 5
R125, % en peso 5 6 8 6 6
R134a, % en peso 93 92 90 92 92
R227ea 57 57
R600, % en peso 0,6 0,7 0,7 0,6
R601a, % en peso 0,7 0,6 0,6 0,6
R600a, % en peso 0,7 0,7 0,7 0,7 0,7
Presion de descarga 12,50 [ 13,68 | 13,97 | 14,09 | 14,22 | 14,25 | 14,37
(bar) (x100 kPa)
Temperatura de 96,7 | 90,5 894 (89,3 |[89,2 (874 [87,2
descarga (°C)
COP (sistema) 1,56 1,50 149 (148 148 [147 [1,47
Capacidad (kW/m") 568 (508 |515 |[518 |522 |517 |523
Vanacién en el 0 0 0,6 0,7 0,8 0,8 0,6
evaporador (°C)
Variacion en el 0 0 0,9 1.0 1,3 1,2 0,9

condensador (°C)
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EJEMPLO 5

Mezclas que comprenden fluidos seleccionados entre R125, R134a,
R227ea, R600, R600a y R601a

Los rendimientos de diversas mezclas se evaluaron en un ciclo abierto tipico
del usado en un congelador centrifugo usando el programa NIST CYCLE D.
Las condiciones de modelado se dan a continuacién

POTENCIA DE REFRIGERACION LIBERADA 1mwW
EVAPORADOR
Temperatura media para la evaporacién del fluido 0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succidn (en 1,6°C
temperatura saturada)
CONDENSADOR
Temperatura media de condensacién del fluido 45,0°C
Sub-refrigeracion 5,0°C
Pérdida de presion en la tuberia de descarga (en 1,6°C
temperatura saturada)
COMPRESOR
Eficacia isentrépica del compresor 0,7
POTENCIA RESIDUAL 0,07 mW

Los resultados del andlisis de los rendimientos en la unidad frigorifico-
congelador usando estas condiciones de funcionamiento se muestran en la
Tabla 5 Por comparacion, también se muestran los rendimientos de R12 y
R134a
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Tabla 5

Refrigerante R12 [ R134a 1 2 3 4

R134a, % en peso 60 55 59 55 55

R227ea, % en peso 38 43 34 38,6 38
[ R125, % en peso 5 5 5

R601a, % en peso 0,6 0,6 0,7

R600, % en peso 0,7 0,7 0,7 0,7
 R600a, % en peso 0,7 07 | 13 {1 07 | 13

Presion de descarga (bar)| 11,21 11,42 [ 11,29 11,96 | 11,97 | 12,01

(x100 kPa)

Temperaturade descarga (°C) | 84,8 | 725 | 715 | 731 | 721 [ 721

COP (sistema) 1950 | 1820 | 1792 | 1902 | 1896 | 1903

Capacidad (kW/m3) 256 | 2951 | 251|251 250 [ 2,50

Reemplazamientos para R 502 en Refrigeracién a Baja Temperatura -

EJEMPLO 6

Mezclas que comprenden fluidos seleccionados entre R125, R143a,

R134a, R227ea, R600a, R600 y R600a

Los rendimientos de diversas mezclas se evaluaron en un ciclo de refrigeracion
hermético tipico del usado en camaras congeladoras usando el programa NIST
CYCLE D. Las condiciones de modelado se dan a continuacion.
POTENCIA DE REFRIGERACION LIBERADA

EVAPORADOR

Temperatura media para la evaporacion del fluido

Supercalentamiento

Pérdida de presion en la tuberia de succion (en temperatura

saturada)
CONDENSADOR

Temperatura media de condensacion del fluido

Sub-refrnigeracion

Pérdda de presibn en I[a tuberia de descarga (en

temperatura saturada)

INTERCAMBIADOR DE CALOR ENTRE TUBERIA DE

LIQUIDO/TUBERIA DE SUCCION
Eficacia

10 kW

-35°C
5,0°C
1,6°C

35,0°C
5,0°C
1,5°C

0,3

z8



COMPRESOR

Eficacia del motor eléctrico
Eficacia isentrépica del compresor
Eficacia volumétrica del compresor

POTENCIA RESIDUAL
Interna y descongelacion
Ventilador externo
Controles

26

0.85
0.7
0,82

0,3 kW
0,4 kW
0,1 kW

Los resultados del analisis de los rendimientos en la unidad frigorifico-
congelador usando estas condiciones de funcionamiento se muestran en la
Tabla 6. Por comparacién, también se muestran los rendimientos de R12 y

R134a.

Tabla 6

Refrigerante R502 | R22

R125, % en peso 65 55 60 50
R143a, % en peso 33 43 334 | 434
R134a, % en peso 5 5
R601a, % en peso 0,6 0,6 0,9 0,9
R600, % en peso 0.7 0,7

R600a, % en peso 0,7 0,7 0.7 0,7
Presion de descarga (bar) | 15,46 | 14,07 | 16,71 16,71 16,25 16,13
(x100 kPa)

Temperatura de descarga | 78,8 | 1203 | 69,3 | 69,3 712 | 72,8
(°C)

COP (sistema) 1,56 1,67 144 | 1,44 144 | 1,46
Capacidad (kW/m3) 839 839 774 | 774 746 | 752
Variacion en el 0,1 0 1.4 14 1,9 1,9
evaporador (°C)

Varacién en el 0,0 0 1,7 1,7 2.1 2,0
condensador (°C)
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Reemplazamientos para R12 en Aire Acondicionado Portatil

EJEMPLO 7

Mezclas que comprenden fluidos seleccionados entre R134a, R125, 600,
600a y 601a.

Los rendimientos de diversas mezclas se évaluaron en un ciclo de aire
acondicionado estatico tipico usando el programa NIST CYCLE D. Las
condiciones de modelado se dan a continuacién.

POTENCIA DE REFRIGERACION LIBERADA 10 KW
EVAPORADOR

Temperatura media para la evaporacién del fluido 7,0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succiéon (en temperatura 1,5°C
saturada)

CONDENSADOR

Temperatura media de condensacion del fluido 60,0°C
Sub-refrigeracion 5,0°C
Pérdida de presion en la tuberia de descarga (en 1,5°C
temperatura saturada)

COMPRESOR

Eficacia isentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82

Los resultados del analisis de los rendimientos en la unidad de aire
acondicionado usando estas condiciones de funcionamiento se muestran en la
Tabla 7 Por comparacion, también se muestran los rendimientos de R12 y
R134a
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Tabla7 Reemplazamientos de CFC12 en Aire Acondicionado Portatil
Refrigerante R12 R134a 1 2 3 4 5 6 7
R134 % en peso 85 87 91 922 93 90 92
R125 % en peso 12 108 69 55 5 78 6 |
| R601a % en peso 06 08 07 06 07 09 06
R600 % en peso 18 07 07 07 06 13 14
R600a % en peso 06 06 (1 1 07
Presién de descarga (bar) (x100 kPa) 157 174 184 183 180 179 178 179 178
Temperatura de descarga (°C) 884 844 835 | 938 | 830 | 838 | 839 | 839 | 839 |
COP (sistema) 245 238 234 234 235 236 | 236 236 236
Capacidad 1754 1771 1834 [ 1825 | 1803 | 1798 | 1790 | 1786 | 1791
(kW/m*)
anacion en el evaporador (°C) 0 0 12 12 09 07 07 10 07
anacion en el condensador (°C) 0 0 15 15 10 09 09 12 09
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Reemplazamientos para R12 en Equipos de Refrigeracién Herméticos
EJEMPLO 8

Mezclas que comprenden fluidos seleccionados entre R134a, R125, 600,
600a y 601a.

Los rendimientos de diversas mezclas se evaluaron en un ciclo de aire
acondicionado estatico tipico usando el programa NIST CYCLE D. Las
condiciones de modelado se dan a continuacién.

POTENCIA DE REFRIGERACION LIBERADA 10 kW
EVAPORADOR

Temperatura media para la evaporacién del fluido -20,0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succién (en temperatura 1,5°C
saturada)

CONDENSADOR

Temperatura media de condensacion del fluido 45,0°C
Sub-refrigeracion 5,0°C
Pérdida de presibn en la tuberia de descarga (en 1,6°C

temperatura saturada)
INTERCAMBIADOR DE CALOR ENTRE LA TUBERIA DE

LIQUIDO/TUBERIA DE SUCCION

Eficacia 0,3
COMPRESOR

Eficacia del motor eléctrico 0,85
Eficacia isentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82
POTENCIA RESIDUAL

Ventilador interno 0,3 kw
Ventilador externo 0,4 kW
Controles 0,1 kW

Los resultados del analisis de los rendimientos en la unidad de aire
acondicionado usando estas condiciones de funcionamiento se muestran en la
Tabla 8. Por comparacion, también se muestran los rendimientos de R12 y
R134a.
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Tabla8 Reemplazamientos de CFC12 en Aire Acondicionado Portiatil

Retrigerante R12 R134a 1 2 3 4 5 6 7
R134 % en peso 86 909 825 846 864 90 925
R125 % en peso 11 7 14 12 11 7 5
R601a % en peso 09 07 09 086 06 08 1
R600 % en peso 21 14 2 21 14 14 07
'R600a % en peso 06 07 06 08 | 08
Presion de descarga (bar) 1121 1206 1261 | 1239 | 1288 | 1280 | 1276 | 1243 | 1228
Temperatura de descarga (°C) 1276 | 1182 1150 | 1160 | 1142 | 1145 | 1161 | 1156 | 1162
COP (sistema) 136 134 133 134 133 133 133 134 134
Capacidad (kW/m®) 698 653 682 670 6596 693 690 673 664
Vanacion en el evaporador (°C) 1) 0 13 09 16 13 12 10 10
anacion en el condensador (°C) 1) 0 18 12 21 17 16 13 12
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Reemplazamientos para R22 en Aire Acondicionado Interior

EJEMPLO 9

Mezclas que comprenden fluidos seleccionados entre R134a, R125, 600,
600a y 601a

Los rendimientos de diversas mezclas se evaluaron en un ciclo de aire
acondicionado estatico tlpico usando el programa NIST CYCLE D. Las
condiciones de modelado se dan a continuacion.

POTENCIA DE REFRIGERACION LIBERADA 10 kW
EVAPORADOR

Temperatura media para la evaporacion del fluido 7,0°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succidon (en temperatura 1,5°C
saturada)

CONDENSADOR

Temperatura media de condensacion del fluido 45,0°C
Sub-refnigeracion 5,0°C
Pérdida de presibn en la tuberia de descarga (en 1,6°C

temperatura saturada)
INTERCAMBIADOR DE CALOR ENTRE LA TUBERIA DE
LIQUIDO/TUBERIA DE SUCCION

Eficacia 0,3
COMPRESOR

Eficacia del motor eléctrico 0,85
Eficacia isentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82
POTENCIA RESIDUAL

Ventilador interno 0,3 kW
Ventilador externo 0,4 kW
Controles 0,1 kW

Los resultados del andlisis de los rendimientos en la unidad de aire
acondicionado usando estas condiciones de funcionamiento se muestran en la
Tabla 9. Por comparacién, también se muestran los rendimientos de R22 y
R407C.
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Refrnigerante

R-22

R407C

1

3

4

5

R134a, % en
peso

42,2

44 3

46,3

47,8

49,3

R125, % en
peso

55

53

51

49

48

R601a

0,8

0,9

0,6

0,8

R600

0,8

14

1,5

R600a

1,2

0,8

0,7

0,9

0,7

Presion de
descarga
(bar) (x100
kPa)

17,91

19,30

16,05

15,78

15,64

15,37

15,27

Temperatura
de descarga
(°C)

104,7

92,5

78,3

78,6

78,7

78,9

79,1

COP
(sistema)

2,49

2,47

2,48

2,48

249

2,49

2,49

Capacidad
(kW/m®)

3067

3172

2671

2635

2619

2580

2566

Varnacion en
el
evaporador
°C)

4,8

4,0

41

3,7

3,9

41

Variacion en
el
condensador
(°C)

4,7

3,8

3.9

3,7

3.9

4,0
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Reemplazamientos para R 502 en Refrigeracidon a Baja Temperatura
EJEMPLO 10

Mezclas que comprenden fluidos seleccionados entre R125, R143a,
R134a, R600a, R600 y R600a

Los rendimientos de diversas mezclas se evaluaron en un ciclo de refrigeracion
hermético tipico del usado en algunas camaras congeladoras usando el
programa NIST CYCLE D. Las condiciones de modelado se dan a
continuacion.

POTENCIA DE REFRIGERACION LIBERADA 10 kW
EVAPORADOR

Temperatura media para la evaporacion del fluido -35°C
Supercalentamiento 5,0°C
Pérdida de presion en la tuberia de succion (en temperatura 1,5°C
saturada)

CONDENSADOR

Temperatura media de condensacion del fluido 35,0°C
Sub-refrigeracion 5,0°C
Pérdida de presibn en la tuberia de descarga (en 1,5°C

temperatura saturada)
INTERCAMBIADOR DE CALOR ENTRE LA TUBERIA DE

LIQUIDO/TUBERIA DE SUCCION

Eficacia 0.3
COMPRESOR

Eficacia del motor eléctrico 0,85
Eficacia isentropica del compresor 0,7
Eficacia volumétrica del compresor 0,82
POTENCIA RESIDUAL

Ventilador interno y descongelacion 0,3 kW
Ventilador externo 0,4 kW
Controles 0,1 kW

Los resultados del analisis de los rendimientos en la unidad frigorifico-
congelador usando estas condiciones de funcionamiento se muestran en la
Tabla 10 Por comparacién, también se muestran los rendimientos de R12 y
R134a
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Tabla 10
Refrigerante R502 | R22 1 2 3 4 5 6 7 8
R125 % en peso 65 55 605 | 639 605 | 624 60 50
R143a % en peso 33 43 37 34 37 35 334 | 434
R134a % en peso 5 5
R60G1a % en peso 06 | 06 06 06 09 09
m en peso 07 07 1 12 1 13

R600a % en peso 07 07 15 09 09 07 07 | 07
Presion de descarga (bar) (x100kPa) | 1546 | 1407 | 1671 | 1671 | 1676 | 1690 | 1650 | 1646 | 1625 | 16 13
Temperatura de descarga (°C) 788 [ 1203 | 693 | 693 | 1054 [ 1047 [ 1073 | 1071 | 712 | 728
COP (sistema) 156 | 167 144 144 | 109 109 108 108 144 | 146
Capacidad (kW/m®) 839 839 774 774 675 | 679 651 647 | 746 752

anacion en el evaporador (°C) 01 1) 14 14 09 08 27 29 19 19
Variacion en el condensador (°C) 00 0 17 17 09 08 19 20 21 20
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REIVINDICACIONES

1. Una composicion refrigerante que estd constituida esencialmente por
una combinacidon de un componente hidrofluorocarburo constituido por una
combinacion seleccionada entre las siguientes mezclas.

(1) R134ayR125;

(2) R134a, R125yR143a

(3) R125yR143a

(4) R134a, R227eay R125
y un componente hidrocarburo que esta constituido esencialmente por una
combinacion seleccionada entre fas siguientes mezclas.

() isopentano y butano

(6) isopentano, butano e isobutano

(7) butano e isobutano.

2. Una composicibn de acuerdo con la reivindicacion 1, que esta
constituida por una mezcla de uno de los componentes hidrofluorocarburo (1) a
(4) y uno de los componentes hidrocarburo (5) a (7).

3 Una composicién de acuerdo con la reivindicacion 1 6 2, en la que el
hidrocarburo esta presente en una cantidad del 0,6 al 4% y en la que dicha
composicion es no inflamable cuando esta completamente en fase de vapor.

4, Una composicion de acuerdo con cualquier revindicaciéon anterior, en la
que el hidrocarburo esta presente en una cantidad del 0,6 al 4% y en la que
cuando la composicion esta en un recipiente en el que estan presentes vapor y
liquido, ni la fase de vapor ni la liquida son inflamables.

5. Una composicion de acuerdo ¢on cualquier reivindicacién anterior, en la
que el hidrocarburo esta presente en una cantidad del 0,6 al 4% y en la que en
cualquier momento durante una filtracién del espacio de vapor en un recipiente,
ni la fase liquida ni la fase de vapor son inflamables

6. Una composicién de acuerdo con cualquier reivindicacidn anterior, en la
que el hidrocarburo esta presente en una cantidad del 0,6 al 4% y en la que en
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cualquier momento durante una filtracidon del espacio de liquido de un
recipiente, ni la fase liquida ni la fase de vapor son inflamables

7. Una composicion de acuerdo con cualquier reivindicacion anterior, en la
que el hidrocarburo esta presente en una cantidad del 0,6 al 4% y en la que la
proporcion de hidrocarburo a hidrofluocrocarburo en la fase de vapor no difiere
de la proporcidén equivalente en la fase liquida en mas de un 40% en equilibrio
a 25°C.

8. Una composicién de acuerdo con la reivindicacion 7, en la que la
proporcién no difiere en mas del 30%.

9. Una composicién de acuerdo con la reivindicacién 8, en la que dicha
composicion no difiere en mas del 20%.

10. Una composicion de acuerdo con cualquier reivindicacion anterior, en la
que el hidrocarburo estad presente en una cantidad del 0,6 al 4% y en la que la
proporcion de hidrocarbure a hidrofluocrocarburo en la fase de vapor no difiere
de la composicion formulada en mas del 40% en equilibrio a 25°C

11.  Una composicién de acuerdo con la reivindicacién 10, en la que la
proporcién no difiere en mas del 30%.

12. Una composicion de acuerdo con la reivindicacion 11, en la que la
proporcién no difiere en mas del 20%.

13  Una composicidon de acuerdo con cualquier reivindicacion anterior, en la
que durante una filtracién del espacio de vapor o del espacio de liquido de un
recipiente, la proporcidn de hidrocarburo a hidrofluorocarburo en la fase de
vapor o en |a fase liquida no difiere de la composicidn formulada en mas del
40% en equlibrio a 25°C

14. Una composicion de acuerdo con la reivindicacion 13, en la que la
proporcién no difiere en mas del 40%.

34
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16 Una composicion de acuerdo con la reivindicacion 14, en la que la
proporcion no difiere en mas del 20%.

16. Una composiciéon de acuerdo con cualquier reivindicacion anterior, en la
que el componente hidrocarburo estd consttuido por una mezcla de
isopentano, butano e isobuteno

17  Una composicién de acuerdo con la rewvindicacion 16, en la que la
cantidad de isopentano es del 0,6 al 2%

18  Una composicion de acuerdo con la reivindicacion 17, en la que la
cantidad de isopentano es del 0,6 al 1%.

19.  Una composicion de acuerdo con cualquiera de las reivindicaciones 16 a
18, en la que la cantidad de butano es del 0,6 al 5%.

20. Una composicibn de acuerdo con la reivindicacion 19, en la que Ia
cantidad de butano es del 0,6 al 3%

21.  Una composicidon de acuerdo con la reivindicacion 20, en la que la
cantidad de butano es del 0,6 al 2%.

22  Una composicion de acuerdo con cualquiera de las reivindicaciones 16 a
21, en la que la cantidad de butano es del 0,6 al 5%.

23. Una composicion de acuerdo con la reivindicacion 22, en la que la
cantidad de butano es del 0,6 al 2%.

24, Una composicion de acuerdo con la reivindicacion 23, en la que la
cantidad de butano es del 0,6 al 1%.

25. Una composicion de acuerdo con cualquiera de las reivindicaciones 1 a
15, en la que el componente hidrocarburo esta constituido por una mezcla de
isopentano y butano

a0
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26 Una composicion de acuerdo con la reivindicacién 25, en la que la
cantidad de i1sopentano es del 0,6 al 1% )

27. Una composicion de acuerdo con la reivindicacion 25 6 26, en la que la
cantidad de butano es del 1,3 al 2,5%.

28 Una composicion de acuerdo con la rewindicacion 27, en la que la
cantidad de butano es de aproximadamente el 1,4%.

29  Una composicién de acuerdo con cualquiera de las reivindicaciones 1 a
15, en la que el componente hidrocarburo esta constituido por butano e
Isobutano

30. Una composicidn de acuerdo con la reivindicacién 29, en la que la
cantidad de butano es del 0,6 al 5%.

31 Una composicion de acuerdo con la reivindicacién 29 ¢ 30, en la que la
cantidad de isobutano es del 0,6 al 5%

32 Una composicién refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esenciaimente por

R134a del 93,1 al 81,5%
R125 5-15%
i1sopentano del 0,6 al 1%
butano del 1,3 al 2,5%

33. Una composicion refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esencialmente por’
R134a 83%

R125 5%
isopentano 0,6%
butano 1,4%

34. Una composicidn refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esencialmente por:
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R134a del 93,2 al 80%
R125 del 5 al 15%
isopentano del 0,6 al 1%
butano del 0,6 al 3%
isobutano del 0,6 al 1%

35 Una composicidn refrnigerante de acuerdo con cualquiera de las
rewvindicaciones 1-13 que esta constituida esencialmente por
R134a 93%

R125 5%

Isopentano 0,6%
butano 0,8%
iIsobutano 0,6%

36 Una composicion refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esencialmente por:

R134a del 53,2 al 39%
R125 del 45 al 55%
isopentano del 0,6 al 1%
butano 0,63%
Isobutano 0,62%

37 Una composicién refrigerante de acuerdo con cualquiera de las
rewvindicaciones 1-13 que esta constituida esencialmente por:
R134a 47.5%

R125 50%
isopentano 0,6%
butano 1%

isobutano 0,9%

38. Una composicion refrigerante de acuerdo con cualquiera de las
rewindicaciones 1-13 que esta constituida esencialmente por

R134a del 10 al 30%

R125 del 80 al 40%

R143a del 10 al 30%

4z
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isopentano
butano
Isobutano

40

del 0,6 al 2%
del 0,6 al 5%
del 0,6 al 5%

39 Una composicion refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esenciaimente por:

R134a
R125
R143a
Isopentano
butano
isobutano

16,5%
60%
21%
0.6%
0.9%
1%

40. Una composicion refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esencialmente por:

R125
R143a
butano

del 75 al 55%
del 25 al 45%
del 0,6 al 5%

41. Una composicion refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esencialmente por:

R125
R143a
butano
isobutano

60,5%
37%
1%
1,5%

42. Una composicion refrigerante de acuerdo con cualquiera de las
rewvindicaciones 1-13 que esta constituida esencialmente por:

R125
R143a
butano
isobutano
isopentano

60,5%
37%
0,9%
1%
0,6%

43. Una composicion refrigerante de acuerdo con cualquiera de las

43
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reivindicaciones 1-13 que esta constituida esencialmente por:

R134a del 58,2 al 36%
R227ea del 35 al 50%
R125 del 5 al 8%
isopentano del 0,6 al 2%
butano del 0,6 al 2%
isobutano del 0,6 al 2%

44  Una composicion refrigerante de acuerdo con cualquiera de las
reivindicaciones 1-13 que esta constituida esencialmente por.
R134a 51%

R227ea 41%
R125 6%
isopentano 0,6%
butano 0,8%

Isobutano 0,6%
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Resumen:

Una composicién refrigerante esta constituida esencialmente por una
combinacién de un componente hidrofluorocarburo que esta constituido por una
combinacion seleccionada entre las siguientes mezclas. (a) R134a y R125; (b)
R134a, R125 y R143a; (¢) R125 y R143a; (d) R134a, R227ea y R125 y un
componente  hidrocarburo que estd constituido esencialmente por una
combinacidon seleccionada entre las siguientes mezclas. (e) isopentano y
butano; (f) isopentano, butano e isobutano; (g) butano e Isobutano.
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REFRIGERANT COMPOSITION

This invention relates to refrigerant compositions which have no adverse effect on
stratospheric ozone and to compasitions which are for use both in refrigeration and air
conditioning systems designed to use Ozone Depleting Substances (ODS) CFC12
(dichlorodiflucromethane), CFC502 (azeotrope of chioropentafluoromethane and
chlorodifluoromethans)) and HCFC22 (chlorodiflucromethane) and additionally m
new equipment. These new refrigerant compositions are compatible with lubricants
commonly found in refrigeration and air conditioning systems.

1t is well known that chlorofluorocarbons (CFCs) such as CFC12 and CFC502 and
hydrochloroflucrocarbons such as HCFC22 while being energy efficient, non
flammable and of low toxicity migrate to the stratosphere where they are broken
down by ultra violet light to attack the ozone layer. These Ozone Depleting
Substances are in the process of being replaced by non ozone depleting alternatives
such as hydrofluorocarbons (HFCs) which are also non flammable, efficient and of
low toxicity. There are six main HFCs, namely HFC134a, HFC32, HFC125,
HFC143a, HFC227ca and HFC152a, which either individualiy or blended into
mixtures can replace CFCs and HCFCs. While HFC134a, HFC227ea and HFC152a
can be used to replace ODS directly, HFC32, HFC143a, and HFC125 are generally
found in blends as replacements for ODS.However, HFCs do not have adequate
solubility in traditional lubricants such as mineral and alkylbenzene oils so that
synthetic oxygen containing lubricants have been introduced specifically for new
equipment. These new lubricants are expensive and hygroscopic.

Refrigerant blends such as R404A, R507, R410A, R407C and others have been
commervialised as replacements for CFCs and HCFCs but, because these
compositions contain only HFC components, they cannot be used with the traditional
lubricants commonly found in use with CFCs and HCFCs. If these blends are to be
used to replace CFCs and HCFCs in existing equipment, the major chemical
manufacturers recommend that no more than 5% of the traditional lubricant in the
system be retained so that a virtual complete change of lubricant to a synthetic oxygen
containing ubricant resulting in a full retrofit is required, which is often costly and
technically unsatisfactory..

Although equipment manufacturers have adapted their units to operate

with HFC blends, they do not always find the commercially available

products as satisfactory as the CFCs and HCFCa that these new refrigerants are
replacing. In particular to ensure adequate oil return, hydrocarbon lubricants, such as
mineral oil, have been replaced by oxygen containing lbricants, notably polyol esters
and polyalkylene glycols. Unfortunately these materials are liable to absorb
atmospheric moisture, especially during maintenance, which can contribute to
excessive corrosion and wear in equipment thus reducing its reliability. A key
objective of this patent is to provide HFC/hydrocarbon blends that enable the
continued use of hydrocarbon oils in both existing and new equipment.

Additionally some refrigerants, such as RO7C, have wide temperature glides(> 4°C) in
the evaporetor and condenser, whereas equipment manufacturers, based on their
experience with CFC/HCFC single flnids or azeotropes, prefer refrigerants with low
glides. A further key objective of this invention, therefors, is to provide




HFC/hydrocarbon blends that can substitute for CFC 12, HCFC 22 and azotrope 502
(CFC 115/HCFC 22) both allowing the continued use of hydrocarbon lubricants in
equipment and minimising the temperature glides in the heat exchangers.

The present invention relates to refrigerant compositions, which are non flammable
under all conditions of fractionation as defined under ASHRAE Standard 34, and
which can be used to replace ODS in an existing unit without the need to change the
lubriceant or make any significant change to the system hardware. In new equipment
the refrigerant compositions allow the continued use of hydrocarbon oils, although the
manufacturers may take the opportunity to modify their units to optimise the
performances of the new refrigerants, for example by selecting the most appropriate
lengths of capillery tubes. Where the ingress of moisture or other problems are being
experienced with oxygen containing oils the new compositions allow such oils to be
replaced by hydrocarbon oils

It is known in the art that the addition of a small amount of hydrocarbon to a
refrigerant composition containing an HFC or HFC mixtures can result in sufficient
hydrocarbon being dissolved in the lubricant to be transported around the system so
that lubrication of the compressor is maintained at all times. It is obvious that the
greater the hydrocarbon content of the composition the greater the ability of the
refrigerant to transport the lubricant back to the compressor. However, too high a
hydrocarbon content can lead to flammable mixtures. Although flammable
refrigerants are acceptable in some applications, this invention relates to non
flammable compositions for use in equipment where flammable refrigerants are
prohibited, However, it is not well understood how to achieve non flammable
cornpositions under all conditions including fractionation of the refrigerant
cornpositions which can take place duning a leak of the refnngerant from the system or
during storage.

Not all HFCs are non flammable as defined under ASHRAE Standard 34. HFC143a
and HFC32 have not received a non flammable rating by ASHRAE. This invention
relates to compositions of refrigerants which not only covers blends of non flammable
HFCs with hydrocarbons but also blends of flammable HFCs, non flammable HFCs
and hydrocarbons in selected proportions such that all such compositions are non
flammable during fractionation while providing similar refrigerating effects and
thermodynamic performances as the ODS they replace, namely CFC12, CFC502 and
HCFC22.

While this invention relates to refrigerant compositions which can be used with
traditional iubricants such as mineral and alkylbenzene oils, they are also suitable for
use with synthetic oxygen containing lubricants.

In formulating HFC/hydrocarbon blends to replace CFC 12, CFC 502 and HCFC 22
in specific applications it is generally necessary to use one or more lower boiling
HFCs, with one or more higher boiling HFCs. In this context preferred lower boiling
HFCs are HFC 32, HFC 143a and HFC 125, and higher boiling HFCs are HFC 134a,
HFC 134, HFC 227ea and HFC 152a.

To avoid flammability in the blend, or in a fraction generated by a leak, for example
as defined by ASHRAE Standard 34, the total amount of hydrocarbon should be




minimised. At the same time the quantity of the hydrocarbon mixture dissolved in the
oil needs to be maximised for good oil return, especially at those locations in the
circuit where the oil is at its most viscous, for example the evaporator. A single higher
boiling hydrocarbon, such as pentane or iso-pentane, would certainty show higher
solubility in the oil than a lower boiling hydrocarbon. However, as the result of a leak,
for example from a cylinder, a higher boiling hydrocarbon will concentrate in the
liqmd phase. The amount of hydrocarbon will, therefore, need to be limited in order to
avoid generating a flammable mixture towards the end of the leak.

This problem could be avoided by using only a low boiling hydrocarbon such as
propane or iso-butane. However, this has 2 disadvantages. Firstly, lower boiling
hydrocarbons are less soluble than higher boiling hydrocarbons in hydrocarbon
lubricants in the evaporator when present at similar weights % as formulated in the
blend. Consequently they are less effective at ensuring good oil return. Secondly,
because of their higher volatility they tend to concentrate in the vapour phase of a
blend. Their concentration therefore needs to be restricted to avoid generating
flammable mixtures at the beginning of a leak. This problem is exacerbated if the one
or more of the lower beiling HFCs is also flammable.

Surprisingly we have found that the best approach to formulating HFC/HC refrigerant
blends is to nuse combinations of 2 and preferably 3 hydrocarbons with different
boiling points. This allows the total amount of hydrocarbon of the blend to be reduced
while simultaneously the amount dissolved in the oil in the evaporator is increased.

This approach has the following advantage. Hydrocarbon components facilitate oil
return, but, because of their flammability, restrict the weights of flammable HFCs,
notably HFC 32 and HFC 143a that can be included. Inclusion of these fluids can be
valuable in achieving the required balance of thermodynamic properties, so
minimising the amounts of hydrocarbon present allows more scope in formulating
preferred blends.

The blending of HFCs to achieve the desired balance of physical properties
appropriate to various cooling applications is well known and a vanety of products
are available commercially, for example R407C, R410A and R410B. Although these
have been selected for specific applications in combination with oxygen containing
synthetic lubricants, simply adding 2 or 3 hydrocarbon components to these products
does not achieve the preferred products for use with hydrocarbon lubricants. Firstly,
the hydrocarbon components contribute to the overall thermodynamic properties of
the blend so will affect the preferred ratios of the HFCs. Secondly, the ratio of
flammable to non-flammable HFCs will need to selected to ensure non-flammability,
for example, as required by the ASHRAE 34 Standard.

Blends of HFC125, HFC134a, HFC143a, HFC32, HFC227¢a and optionally carbon
dioxide, are particularly preferred as replacements for CFCs and HCFCs. Both
HFC125 (pentafluoroethane) and R227ea are non flammable under al! operating
conditions and in addition are fire suppressants, an application for which they have
been developed by the fire fighting industry. The presence of HFC227¢a provides a
twofold advantage of reducing the flammability of the composition and also enhances
oil return to the compressor due to emulsification of the lubricant in the presence of a
hydrocarbon.




Blends of HFC134a, HFC227ea, HFC125 and mixtures of selected hydrocarbon
additives have been found to be preferred replacements for CFC12 in centrifiugal
chitlers. It has been found that the interaction of hydrocarbon additives in such
mixtures facilitates non flammable mixtures during all conditions of leakage during
fractionation so that non flammability can be achieved according to ASHRAE
Standard 34. The presence of hydrocarbons results in the }ubricant being returned to
the compressor. The presence of R227ea enables the requisite molecular weight of the
blend to match that of CFC12 and additionally facilitates non flammability due to its
fire retardant properties. The presence of R125 increases the capacity of the blend.
The resulting mixtures are a close match for CFC12 in thermodynamic and system
performance.

Surprisingly it has been found that given the same percentage content of hydrocarbon
additive in the refrigerant composition, increasing the HFC125 content of the
composition results in flammable mixtures being created during fractionation. This is
very surprising since it would seem obvious that the greater the amount of HFC125 in
the composition the less would be the likelihood to generate a flammable mixture
during fractionation The reasons for this apparent anomaly relate to the
pressure/temperature relationship between the quantities of HFC125 and HFC134a in
the mixture and the amount and type of hydrocarbon and/or hydrocarbon mixture. The
following refrigerant compositions were made up and leaked away until the cylinder
was almost liquid empty according to ASHRAR Standard 34:

%
Blend 1 Blend 2
R134a 48.0 21.0
R125 49.0 76.0
Butane 2.7 25
Isopentane 03 0.5

Blend 2 with the considerably higher HFC125 content was found to create a
flammable composition during fractionation, while Blend 1 with a lower HFC125
content remained non flammable throughout fractionation.

In GC 2727427 N A Roberts teaches that, if a hydrocarbon with at least four carbon
atoms other than methyl propane (isobutane) 1s used, surprisingly the flammability of
the fractionated composition is greatly reduced. Surprisingly, we have now found that
the inclusion of isobutane with appropriately chosen hydrocarbons does not result in
flammable compositions during fractionation. It has been found that the selection of
the hydrocarbon additive or mixtures thereof with the HFC components is critical to
achieving non flammability under ali operating conditions and as defined under
ASHRARE Standard 34,

In US5,800,730 it is stated that HFC 134a needs to be added to blends of HFC125 and
HFC143a as a replacement for CFC502 in order to avoid a flammable mixture
(example 3). Surprisingly we have found that by excluding HFC134a, changing the
proportion of HFC125 to HFC1432 and adding a selected range of hydrocarbons
results in a composition which is non flammable during fractionation and a close
match for R502 with regard to thermodynamic performance. Compositions of
HFC125, HFC143a, HFC134a and a hydrocarbon or mixtures of hydrocarbons can be
formulated to ahicve non flammable mixtures during fractionation.
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In US5,211.867, azeotropic compositions are claimed of R125 and R143a. It is a key
feature of this invention that a specially selected hydrocarbon or mixtures of
hydrocarbons are present in order to facilitate oil return to the compressor.
Surprisingly it has been found that, despite the flammability of HFC143a, the
selection of a hydrocarbon or mixtures of hydrocarbons enables the compositions to
be non flammable during fractionation. The combination of a high boiling
hydrocarbon such as isopentane (BP 27°C) with butane (BP -0.5°C) and isobutane
(BP -11.5°C) avoids build up of hydrocarbon content in the liquid phase during a
leakage while the more volatile isobutane is countered in the vapour phase by the fire
suppressant HFC125 due to the latter's higher vapour pressure and lower boiling point
(BP -45°C). In order for the composition to be non flammable, the HFC125 content of
the composition is above the azeotropic composition so that the content of HFC143a
is reduced but without affecting the refrigerating performance of the composition as a
replacement for CFC502,

It has also been found that a refrigerant composition comprising HFC134a, carbon.
dioxide and a hydrocarbon additive boiling between -15°C and +35°C matches the
thermodynamic performance of HCFC22 and is also compatible with the traditional
lubricants commonly found in use with HCPC22. Further, this composition has &
lower direct Greenhouse Warming Potential (GWP) than all other non flammable
HFC refrigerant blends intended to replace HCFC22..

Although the addition of hydrocarbons to HFCs has been previously described, it has
not been previously appreciated that the volatilities of the hydrocarbons need to be
matched to the application for which the refrigerant is intended. For example R12 is
employed as the refrigerant in domestic freezers with evaporating temperatures of ~-
22 degC, in domestic fridges with evaporating temperatures of ~-5 degC, and in
mobile air conditioning with evaporating temperatures of ~5 degC. An important
aspect of this invention is to formulate HFC/HC blends that ensure good oil return in
these disparate applications while also ensuring that the refrigerant blend remains
non-flammable according to the chosen criterion. For applications with evaporators
operating at temperatures above -5 degC the higher boiling hydrocarbons are
preferred. Specially preferred are isopentane, alone or mixed with butane. For
applications with the evaporators operating in the range -20 degC to -5 degC mixtures
of hydrocarbons containing a higher, an intermediate and a lower boiling point
component are preferred. Especially preferred are blends containing isopentane,
butane and isobutane. For evaporators operating below -20 degC HC mixtures
containing isobutane and butane are preferred with optionally some isopentane.

According to the present invention, a refrigerant composition consists of one or more
oft

(a)  Carbon dioxide 1-15%
R134a 95-85%
R125 5-15%

or a mixture thereof, wherein the aforesaid percentages are of the total
composition of (a), (b) and (c),
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(b) one or more of:
R134a 1.55%
R125 90-5%
Rl143a 10-49%
.R32 15-30
R227ea 1-55

or a mixture thereof, wherein the aforesaid percentages are of the total
composition of (a), (b) and (c),

(c) ahydrocarbon component selected from butane, n-pentane, 2-methylpropane,
2-methylbutane, propane and mixtures thereof in an amount from 0.1 to 4%.

Where R134a is present as component (1) and component (2) the amount of R134a
will be from 45% to 99% by weight.

Where R125 is present as component (1) and component (2) the amount of R125 will
be from 5% to 90% by weight.

Component (3) will be present in an amount from a trace to 4% by weight.
Component (1) will be present from an amount 1% to 95% by weight.

Component (2) will be present from an amount 1% to 90%.

Where R134a alone or R134a and R125 are present as replacements for R12,
component (3) will be a mixture of pentane and n-butane or isopentane and n-butane

or isopentane, butane and isobutane.

As a replacement for CFC12, the preferred weights of R125 and R134a are in the
ranges:

R125 5-15%
Rl34a 95-85%
A more preferred range is:

R125 5-12%
R134a 95-88%
A most preferred range is:

R125 5-10%
R134a 95-90%

As a replacement for CFC12 in centrifugal chillers , the preferred weights of R134a,
R227ea and R125 are in the ranges:

55
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R134a 67-35%
R227¢a 30-55%
R125 3-10%
A more preferred range is:
Rl34a 62-42%
R227ea 35-50%
R125 3-8%
A most preferred range is:
R134a 61-48%
R227ea 37-45%
R125 2-7%

As a replacement for HCFC22, the preferred weights for carbon dioxide and R134a
are:

Carbon dioxide 5-15%
R134a 95-85%
A more preferred range is:

Carbon dioxide 5-12%
Rl134a 95-88%
A most preferred range is:

Carbon dioxide 5-10%
Rl134a 95-90%

As a replacement for HCFC22, the preferred weights of R125 and R134a are:

R125 45-90%
R134a 55-10%
A more preferred range is:

R125 45-85%
R134a 55-15%
A most preferred range is:

RI25 45-80%
R134a 55-20%

As a replacement for HCFC22, the preferred weights of R125, R134a and R143a are:

56
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R125 80-40%
R134a 10-30%
R143a 10-30%
A more preferred range is:

R125 76-40%
R134a 12-30%
Rl43a 12-30%
A most preferred range is:

R125 70-50%
Ri34a 15-25%
Rl143a 15-25%

As a replacement for HCFC22, the preferred weights of R125, R134a and R32 are

R125 20-35%
R134a 65-45%
R32 15-30%
A more preferred range is:

R125 20-35%
R134a 65-40%
R132 15-25%
A maost preferred range is:

R125 20-35%
R134a 65-44%
R32 15-21%

As a replacement for CFC502, the preferred weights of R125 and R134a are:

R125 80-95%
Rl134a 20-5%
A more preferred range is:

R125 83-95%
R134a 17-5%
A most preferred range is:

RI125 85-93%

R134a 15-7%

54



As a replacement for CFC502, the preferred weights of R125 and R143a are:

R125 75-55%
Rl43a 25-45%
A more preferred range is:

R125 70-55%
R143a 30-45%

A most preferred range is:

R125 70-60%
R143a 30-40%

As a replacement for CFC502, the preferred weights of R125, R143a and R134a are:

R125 75-50%
Rl43a 15-49%
R134a 10-1%
A more preferred range is:

R125 70-50%
Rl43a 27-43%
R134a 3-7%

A most preferred range is:

R125 65-50%
R143a 32-43%
R134a 3-7%

As a replacement for CFC502, the preferred weights of R125, R143a and R227ea are:

R125 75-50%
R143a 15-49%
R227ea 10-1%
A more preferred range is:

R125 70-50%
R143a 27-43%
R227ea 3-7%
A most preferred range is:

R125 65-50%

R143a 32-43%

48
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R227ea 3-7%

Preferred hydrocarbon additives are selected from the group consisting of: 2-
methylbutane (isopentane), propane, n-pentane, 2-methylpropane (isobutane) and
butane or mixtures thereof. The hydrocarbon additive preferably hes a boiling point in
the range -15°C to +35°C. Use of isopentane, butane, isobutane or mixtures thereof is
especially preferred.

Relative proportions of isopentane and butane components, and isopentane, butane
and isobutane components may be selected to give a total hydrocarbon content from a
trace to 4% of the composition, preferably 0.1% to 4% and most preferably 0.3% to
3% be weight.

Percentages and other quantities in the specification are by weight unless indicated
otherwise and are selected to total of 100%.

The invention is further described by means of examples but not in any limitative
sense,

59



EXAMPLE 1
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Blends comprising flulds selected from R125, R143a, 134a, 600, 600a and 801a.
The performances of various blends were evalusted in & typical siatic air conditioning cycle using the
NIST CYCLE D program. The modelling conditions are given below.

COOLING DUTY DELIVERED
EVAPORATOR

Midpoint fiuid evaporation temperature
Superheating

Suction line pressure drop (In saiurated temperature)

CONDENSER

Midpoint fluid condensing temperature
Subcooling

Discharge line pressure drop (in saturated temperatura)

LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficlency

COMPRESSOR

Electric motor efficiency
Compressor Isentropic efficiency
Compressor volumetric efficisncy
PARASITIC POWER

Indoor fan
Outdoor fan
Controls

10 kW

70°C
5.0°C
1.5°C

45.0°C
5.0°C
15°

0.3

0.85
07
0.82

0.3 kW
04 kW
0.1 kW

The rasults of analysing the performances In an air-conditioning unit using these operating conditions
are shown In Tables 1a and 1b. For comparison the performances of R22 and R407C are also shown.
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Table 1a
Refgerant | R22| Re | 1 2 3 | 4| s 6 |7 8 9 10
R125 wt% 33 33 38 50 60 33 38 50 60 63
R143a wt /6 35 38 40 23 23 40 40 33 23 23
R134a wt% 30 27 20 25 15 25 20 15 15 12
R600 1 1 1 1 1 13 | 13 13 13 13
R600a 1 1 1 1 1
R601a 07 (07 07 07 07
Discharge 179 18
pressure (bar) 1 1930| 1800| 1850 | 1901| 1864 1980 1921 67 1928 1942 | 1985
Discharge 104 79
temperature 7 925| 796 | 793 | 788 | 781 | 768 | 790 5 784 776 | 754
(C)
COP (system) | 249| 247 | 245 | 244 | 243 | 244 241 | 242 244 242 242 | 239
Capacity 29
(KW/m3) 3067| 3172| 2870 | 2933 | 2995| 2938 ( 3072 | 3005 4 3008 3015 | 3019
Ghde in
evaporator (°C) 0 48 24 22 20 24 19 30 | 32 31 32 38
Ghde in
condenser (°C) 0 47 21 20 18 21 17 25 27 26 27 31

10A

Gl




Table 1b

Refnigerant R 22| R407C 1 2 3 4 5 6 7 8
R125 wt/ 30 3 35 38 39 60 50 40
R143a Wy 2 25 28 30 34 23 30 35
R134a wt% 45 40 35 30 25 15 18 23
R600 13 13 13 13 13

R600a 07 07 07 07 07 13 13 13
R601a 07 07 07
E::g’;:g‘zbar) 1791| 1930 | 1654 | 1701 | 1748 | 1799 | 1848 | 1966 | 1921 | 1861
tl:e":\?:r;gusxre oy | 1047| 925 | so2 | 709 | 796 | 792 | 70 | 73 | 782 | 782
COP (system) 249 | 247 | 248 | 247 | 246 | 245 | 244 | 241 | 242 | 24
mfmcg 3067 | 3172 | 2678 | 2740 | 2802 | 2865 | 2928 | 3043 | 2008 | 2038
g’g;“'"avap‘”a"” 0 48 27 27 28 25 23 28 28 29
(%:‘:‘;e‘"“""e"se’ 0 47 25 25 24 23 21 23 23 25
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EXAMPLE 2

Blends comprising flulds selected from R32, R125, 134a, 800, and 600a.
The performances of varlous biends were evaluated in a typical static alr conditioning cycle using the
NIST CYCLE D programn, The modslling conditions are given helow.,

COOLING DUTY DELIVERED 10 kW
EVAPORATOR

Midpoint fluid evaporation temperature 70°C
Superhesting 50°C
Suctlon line pressure drop (in saturated temperature)  1.5°C
CONDENSER

Midpoint fluid condensing temperature 450°C
Subcooling 50°C

Discharge line pressure drop (in seturated temperature) 1.5 °C
LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency 0.3
COMPRESSOR

Electric motor efficlency 0.85
Compressar Iseniropic efficlency 0.7
Compresear volumatric efficlency 0.82
PARASITIC POWER

Indoor fan 0.3 kw
Outdoor fan 0.4 kW
Caontrals 0.1 kw

The results of analysing the parformances in an alrconditioning unit using these operating conditions
are shown In Table 2. For comparison the performances of R22 and R407C are also shown.

10B
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Tabl 2

Refrigerant R-22 | R407C 1 2
Ra2 wi% 23 20 20
R125 wi%h 25 21 23
R134a wi% 52 57 55
R600 wi% 3 )
RE600a wt% 1 1
Crocra ey | 1791 | 1930 | 1813 | 1850
Pc;;?;?hire ¢cy| 1047 | 925 | 900 | 906
COP (system) 2.49 247 2.49 2.48
o 3067 | 3t72 | 2085 | 3045
S\:]lf':oirnator (°C) 0 48 4.9 4.8
S;]:gel:ser (°c) 0 4.7 5.0 4.9
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EXAMPLE 3

Blends comprising flulds selected from R125, R143a, R227ea, 800, 600a and 601a
The performances of various blends were evaluated In a typloal statlc air conditioning cycle using the
NIST CYCLE D program, The modelling conditions are given below.

COOLING DUTY DELIVERED 10 kw
EVAPORATOR

Midpoint fluld eveporation temperature 7.0°C
Superheating 5.0°C
Suction line pressure drop (In saturated temperature) 1.5°C
CONDENSER

Midpoint fluld condansing temperature 45.0°C
Subcooling 5.0°

Discharge line pressure drop (in saturated temperature) 1.5°C
LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency 0.3
COMPRESSOR

Electnc motor efficlency 0.85
Compressor Isentrople efficlency 0.7
Compressor volumstric efficiency 0.82
PARASITIC POWER

Indoor fan 0.3 kW
Qutdoor fan 0.4 kW
Controls 0.1 kW

The results of analysing the psrformances In an air-conditioning unit using these operating conditions
are shown In Table 3. For comparison the performances of R22 and R407C are also shown.

10C
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Table 3
Refrigerant R-22 R407C 1 2 3 4 5 6 7
R126 wi% 55 45 40 39 38 55 55
R1432 wi% 33 38 38 34 40 23 33
R227ea wi% 10 15 20 25 20 20 10
R600 wi% 13 1 13 13
R600a wi% 0.7 0.7 0.7 07 1 0.7 0.7
RE01a wi% 13 13 13
g::::ﬁr’ge(w) 1701 | 1930 | 1987 | 1923 | 1865 | 1845 | 19:03 | 1920 | 2025
gﬁ‘g‘;ﬁ:w ccy| 147 | 925 | ve7 | 7es | 767 | 750 | 757 | 760 | 755
COP (system) 240 | 247 | 238 | 240 | 241 | 242 | 241 | 241 | 239
g;b’fn‘:g 3067 | 3172 | 3024 | 2045 | 2867 | 2854 | 2941 | 2041 | 3097
Sﬁ’:;;mr ) 0 4.8 44 4.6 5.4 37 3.0 33 2.1
e or cc) 0 4.7 32 3.6 4.1 3.3 26 2.9 18
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EXAMPLE 4

Blends comprising fiuids selocted from R134a, R744, 600, 600a and 601a.
The performances of various blends were evaluated in a typlcal static alr conditioning cycle using the
NIST CYCLE D program. The modelling conditions are given below.

COOLING DUTY DELIVERED
EVAPORATOR

Midpoint fluld eveporation temperature
Superheating

Suction line pressure drop (In saturated temperatura)

CONDENSER

Midpolnt fluld condensing temperature
Subcogoling

Diacharge [ine pressure drop (In saturated temperature)

LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efflclency

COMPRESSOR

Electric motor efficlency
Compressor isenfroplc efficiency
Compressor volumetric efficiency
PARASITIC POWER

indoor fan
Qutdoor fan
Controls

10 kW

7.0°C
50°C
15°C

45.0°C
50°C
1.5°C

0.3

0.85
0.7
0.82

0.3 kw
0.4 kW
0.1 kW

The results of analysing the performances in an alr-condrtioning unit using these operating condltions
are shown In Table 4. For compariscen the performances of R22 and R407C are also shown.
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Table 4

Refrigerant R-22 | R407C 1 2 3 4 5 6
R134a wt% 93 20 87 90 90 20
R744 wi% 5 8 11 a 8 8
RG00 2 2 2 1 06 1
R600a 07 1
R601a 1 0.7

Discharge

pressure (bar) 17.91 19.30 15 32 17 44 19.52 17.02 17.78 17.63
Discharge

tomperaturs (°C) 104.7 92.5 80.1 83.4 96.3 927 0929 93.1
COP (system) 249 247 251 249 248 2.49 249 249
Capacily

(KW/m3) 3067 3172 2505 2831 3155 2911 2887 2883
Glida in

evaparator (°C) 0 4.8 8.2 12.0 15.3 10.6 10 113
Glide in
condenser (’C) 0 4.7 133 18.2 218 16.3 169 17.4

10D
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EXAMPLE §

Blends comprising flulds selected from R125, R134a, R600, R 600a and R601a
The performances of blends were avaluated In a typical open, air condltioning cycle such as mobile air
conditioning (MAC} using the NIST CYCLE D program. The modsliing conditions are glven below.

CQOOLING DUTY DELIVERED 10 kw
EVAPORATOR

Midpoint fluld evaporation temperature 7.0°C
Superheating 5.0°C
Suction line prassure drop (In saturated temperature) 1.5°C
CONDENSER

Midpoint fluid condensing temperature 60.0°C
Subcoohing 50°C
Discharge line pressure drop (In saturated temperature) 1.5 °C
COMPRESSOR

Compressor isentropic efficiency 0.7
Comprassor volumetric efficiency 0.82
PARASITIC POWER

QOutside fan 0.4 W

The results of analysing the performances In an ar-conditioning unit using thess operating conditions
are shown In Table 5. For companson the performances of R12 and 134a are also shown.

10E
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Table 5

Refrigerant R12 R134a 1 2 3 4 5
R125 wi% 5 7 10 12 16
R1348 wi% 020 | 909 | 879 | 858 | 820
R600 wi% 07 07 07 0.7 07
R600a wi% 07 07 07 0.7 07
RG01a Wit 07 07 0.7 0.7 07
E::::S:g?ba p | 1572| r42 | 1mmr | oarer | ezr | 1848 | 1880
g;"n‘;:fr’g{:re ccy| 94 | B4a | 839 | e3s | sas | 838 | 837
COP {system) 2.45 2.38 236 235 2.35 234 233
?,;",?n‘:g‘)’ 1754 | 1771 | 1783 | 1804 | 1826 | 1841 | 1863
S\',fgo'gt or €C) 0 0 0.7 0.9 11 12 14
e o cc) 0 0 0.8 1.1 13 15 17
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EXAMPLE 6

Blends comprising flulds selected from R125, R134a, R600 and R601a
The performiances of various blends were evaluated in a typical open alr-conditioning cycle using the
NIST CYCLE D program. The modeiiing conditions are glven bealow.

COOLING DUTY DELIVERED 10 kW
EVAPORATOR

Midpoint fluld evaporation temperature 70°C
Superheating 50°C
Suction line pressure drop (In saturated temperature) 1.5°C
CONDENSER

Midpolnt fluld condensing temperature 600°C
Subcooling 50°C
Discharge line pressure drop (In saturated temperature) 1.5 °C
COMPRESSOR

Compressor Isentroplc efficlency 0.7
Comprassoar valumetric efficlency 0.82
PARASITIC POWER

Outslde fan 0.4 kW

The resuits of analysing the performances in an air-conditioning unit using these operating conditions
are shown In Table 6. For comparison the performances of R12 and 134a are also shown.
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Table 6

Refrigerant R12 R134a 1 2 3 4 5 ] 7 8
R125 Wty 1 3 5 5 7 9 12 12
R134a wt¥ 97 945 93 925 91 89 86 86
RB00 wt/ 14 16 14 16 14 14 14 11
R601a wi% 06 09 06 09 06 06 06 09
D‘“ha’gsbaﬂ 1572 | 1742 | 1720 | 1738 | 1768 | 1758 | 41788 | 1808 | 1839 [ 1832
Discharge
tormmeranre °C) | 884 844 839 839 839 838 838 838 837 838
COP (system) 245 238 237 237 236 236 236 235 234 234
Capacity
dWim3) 1754 | 1771 1754 | 1759 | 4783 | 1773 | 17e8 | 1813 | 1835 | 1828
Glide in

tor ( C) 0 0 03 06 06 08 08 09 11 13
Ghde in
cordenser CC) 0 0 04 08 08 10 10 12 14 16
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EXAMPLE 7

Blends comprising fiulds selected from R125, R134a, R227ea, R600, R 600a and R601a
The performances of various blends were evaluated in an hermetic refrigeration cycle typical of that
used in a domestic fridge-freezer using the NIST CYCLE D program. The modalling condltions are
glven below.

COOLING DUTY DELIVERED 1kw
EVAPORATOR

Midpoint fluid evaporation temperature -25°C
Superheating 50°C
Suction line pressure drop (in saturaied temperature) 1.5°C
CONDENSER

Midpoint fluid condensing temperature §0.0°C
Subcooting 5.0°C
Dischargs line pressure drop (in saturated temperature) 1.5 °C
COMPRESSOR

Comprassor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
Etectric motor efficiency 0.85
PARASITIC POWER

Controls 001 kW

The results of analysing the performances In fridge-freezer unit using these operating conditions are
shown in Table 7. For companson the performances of R12 and 134a are also shown,

10G




Table 7

Refrigerant R12 R134a 1 2 3 4 5
R125 wt% 5 8 8 6 8
R134a wit% 83 g2 80 92 92
R227sa 5.7 57
R6E00 wi% 0.6 0.7 0.7 0.6
R601a wi% 0.7 0.6 0.6 0.6

R800a wi% 0.7 0.7 0.7 0.7 0.7
Discherge

pressure {ber) 12.58 13.68 13.97 14.09 14 22 1425 1437
Discharge

temperature (°C) 96.7 80.5 894 89.3 89.2 874 87.2
COP (systemn) 1.56 1.80 1.49 1.48 1.48 1.47 147
Capaclty

(kW/m3) 568 508 515 518 522 517 523
Glide In

Bvaporator (GC) 0 0 0.6 0.7 0.8 0.8 U-G
Glide In

condenser (°C) 0 0 0.8 1.0 13 1.2 0.9

10G
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EXAMPLE 8

Blends comprising fluids selected from R125, R134a, R227ea, R600, R 600a and R601a
The performances of vatious blends were evaluatad in an apen cycle typlcal of that used In a
centrifugal chitler using the NIST CYCLE D pregram. The modelling conditions are given below.

COOLING DUTY DELIVERED 1 mw
EVAPORATOR

Midpoint fluld evaporation iemperature 0°C
Superheating 5.0°C
Suction {line pressure drop {In saturated temperature} 1.5°C
CONDENSER

Midpoint fluid condensing temperature 45.0°C
Subcooling 5.0°C
Discharge line pressure drop (in saturatad temperatura) 1.5°C
COMPRESSOR

Compressor iseniropic efficiency 0.7
PARASITIC POWER 0.07 mw

The resulls of analysing the performancas in fridge-freezer unit using these operating conditions are
shown in Table 8, For comparison the performances of R12 and 134a are also shown.




Table 8
Refrigarant R12 R134a 1 2 3 4
R134a wi% 60 55 59 55 55
R227ea wi% a8 43 34 38.8 38
R125 wi% 5 5 5
R&601a wi% oe 0.6 0.7
R600 wi% 0.7 0.7 0.7 0.7
R600a wi% 0.7 0.7 1.3 0.7 13
Discharge
pressure (bar) 11.21 1142 11.29 11.96 11.97 12.01
Discharge
temperature (°C) 84 8 72.6 71.5 73.1 721 721
COP (system) 1950 1820 1762 1902 1896 1903
Capacity
(kWim3) 2.56 251 251 2.51 2.60 2.50

10H
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EXAMPLE 9

Blends comprising flulds selected from R125, R143a, R134a, R227ea, R600a, R600 and

R600a
“The performances of various blends were evaluated in hermetic refrigeration cycle typical of that used
in some frozen cabinets using the NIST CYCLE D program The modalling condltions are given below.

COOLING DUTY DELIVERED 10 kW
EVAPORATOR

Midpoint fluld evaporation temperature -35°C
Superheating 50°C
Suction line pressure drop (In saturated temperature) 1.5°C
CONDENSER

Midpoint fluld condensing temperature 35.0°C
Subcooling 5.0°C

Discharge line pressure drop {in saturated temperature) 1.5°C
LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficlency 03
COMPRESSOR

‘Electric motor efficiency 0.85
Compraessor isentropic efficiency 0.7
Compressor volumatne efficiency 0.82
PARASITIC POWER

Internal and defrost 0.3 kW
External fan 0.4 kW
Controls 0.1 kW

The results of analysing the performances In fridge-freezer unit using these operating conditions are
shown In Table 8. For comparison tha performances of R12 and 134a are also shown.
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Tabl 9
Refrigerant R502
R125 wi% 80 B85 90
R134awi% 17 12 7
RB00 wt% 1 1 1
Discharge
pressure (bar) 1546 | 1569 | 1613 | 1670
Discharge
temperature (°C) 122.1 109.3 | 103.0 90.4
COP (system) 1.12 109 1.08 1.08
Capaclty
(KW/m3) 671 507 620 643
Glide in
Glide in
condenser (°C) 0.0 25 21 1.7
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EXAMPLE 10

Blends comprising flulds selected from R125, R134a, 600a and R600

The performances of various biends were evaluated in an open refrigeration cycle typical of that used
in some indusina! refrigeration using the NIST CYCLE D program. The modelling conditions are given
below.

COOLING DUTY DELIVERED 1mw
EVAPORATOR

Midpeint fluld evaporation temperature -35°C
Superheating 50°C
Suctlon line pressure drop (In saturated temperature) 1.5°C
CONDENSER

Midpoint fluid condensing tempaerature 35.0°C
Subcooling 5.0°
Discharpe line pressure drop (in saturated temperature) 1.5°C
COMPRESSOR

Compressor lseniropic efficlency 07

The results of analysing the performances in the industrial refrigeration unit using these operating

conditions are shown In Table 1G, For comparison the performances of R12 and 134a are also shawn.

10J
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Table 10

Refrigerant R502 R22

R125 wi% 85 55 80 60 50
R143a wi% 33 43 | 334 | 334 | 434
R1342 wt% 5 5
R227ea with 5

R601a wi% 0.6 0.6 08 | os 0.8
R600 wi% 0.7 07

R6002 wi% 0.7 0.7 07 07 07
g:&“:ﬁr’g?bm) 1548 | 1407 | 1671 | 1871 | 1830 | 1625 | 1613
g;‘g‘:rgﬁm ccy| 788 | 1203 | o3 | 3 | ems | 72| 728
COP (system) 156 | 167 | 144 | 144 | 143 | 144 | 146
&3,,"7;‘;‘)’ 83g | 83 | 774 | 74 | 734 | 748 | 752
S\',f:o'r’;t ey | O 0 14 14 2.0 1.9 1.9
emser () | 00 0 17 | 17 | 23| 21 | 20

10J
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CLAIMS

(1) A refrigerant composition consisting of components (a), (b) and (c):

(a) one or more of:

Carbon dioxide 1-15%
Rl134a 95-85%
R125 5-15%

or a mixture thereof, wherein the aforesaid percentages are of the total
composition of (a), (b) and (c),

(b) one or more of:

R134a 1-55%
R125 90-5%
R143a 10-49%
R32 15-30
R227ea 1-55

or a mixture thereof, wherein the aforesaid percentages are of the total
composition of (a), (b) and (¢),

(¢) a hydrocarbon component selected from butane, n-pentane, 2-methylpropane,
2-methylbutane, propane and mixtures thereof in an amount from 0.1 to 4%.

(2) A refrigerant composition according to claim (1) which replaces R12 wherein the

weights are in the range:
R134a 98.8-97.5%
Isopentane 0.6-0.7%
Butane 0.6-1.8%
(3) A refrigerant composition according to claim (2) wherein the weights ere in the
Tange:
R134a 98.8-97.7%
Isopentane 0.6%
Butane 0.6-1.7%
(4) A refrigerant composition according to claim (1) which repiaces R12 wherein the
_ __ Weights are in the range:
R134a 98.2-96.5%
Isopentane 0.6-0.7%
Butane ) 0.6-1.8%

Isobutane 0.6-1%

6L
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(5) A refrigerant composition according to claim (4) R12 wherein the weights are in

the range:

R134a 98.2-96.8%
Isopentane 0.6%
Butane 0.6-1.7%
Isobutane 0.6-0.9%

(6) A refrigerant composition according to claim (1) which replaces R12 wherein the
weights are in the range:

R125 5-15%
R134a 95-85%
(7) A refrigerant composition according to claim (6) wherein the weights are in the
range:
R125 5-12%
Ri34a 95-88%

(8) A refrigerant composition according to claim (7) wherein the weights are in the

range:
RI125 5-10%
R134a 95-90%

(9) A refrigerant composition according to claim (1) which replaces R12 in
centrifugal chillers wherein the weights are in the range

R134a 67-35%
R227ea 30-55%
R125 3-10%

(10) A refrigerant composition according to claim (9) wherein the weights are in
the range
R134a 62-42%
R227ea 35-50%
R125 3-8%

(11) A refrigerant composition according to claim (10) wherein the weights are in
the range
R134a 61-48%

. - - ~-- -R227ea "37-45%

R125 2-7%

(12) A refrigerant composition according to claim (1) which replaces R22 wherein
the weights are in the range:.
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Carbon dioxide 5-15%
Rl134a 95-85%

(13) A refrigerant composition according to claim (12) wherein the weights are in
the range:

Carbon dioxide 5-12%
Rl134a 95-88%

(14) A refrigerant composition according to claim (13) wherein the weights are in
the range:

Carbon dioxide 5-10%
Ri34a 95-90%

(15) A refrigerant composition according to claim (1) which replaces R22 wherein
the weights are in the range:.

R125 45-90%
R134a 55-10%

(16) A refrigerant composition according to claim (15) wherein the weights are in
the range

R125 45-85%
R134a 55-15%

(17) A refrigerant composition according to claim (16) wherein the weights are in
the range:

RI125 45-80%
R134a 55-20%

(18) A refrigerant composition according to claim (1) which replaces R502 wherein
the weights are in the range:.
R125 80-95%
R134a 20-5%

(19) A refrigerant composition according to claim (18) wherein the weights are in
the range: ’ :

R125 83-95%
R134a ' 17-5%

(20) A refrigerant composition according to claim (I9) whérein the weights are in
the range: i

R125 85-93%
R134a 15-7%
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(21) A refrigerant composition according to claim (1) which replaces R22 wherein
the weights are in the range:.

R125 80-40%
R134a 10-30%
R143a 10-30%.

(22) A refrigerant composition according to claim (21) wherein the weights are in
the range:

R125 76-40%
Rl134a 12-30%
R143a 12-30%

(23) A refrigerant composition according to claim (22) wherein the weights are in
the range:

R125 70-50%
R134a 15-25%
R143a 15-25%

(24) A refrigerant composition according to claim'(l) which replaces R502 wherein
the weights are in the range:.

R125 75-55%
R143a 25-45%

(25) A refrigerant composition according to claim (24) wherein the weights are in
the range.

R125 70-55%
R143a 30-45%
(26) A refrigerant composition according to claim (25) wherein the weights are in
the range.. -
R125 70-60%
Rl143a 30-40%

(27) A refrigerant composition according to claim (1) which replaces R502 wherein
the weights are in the range:.

R125 ‘ 75-50%
R143a 15-49%
R134a - 10-1%

(28) A refrigerant composition according to claim (27) wherein the weights are in
the range. -

R125 70-50%
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R143a 27-43%
R134a 3-7%

(29) A refrigerant composition according to claim (28) wherein the weights are in
the range..

R125 65-50%
Rl43a 32-43%
Rl134a 3-7%

(30) A refrigerant composition according to claim (1) which replaces R502 wherein
the weights are in the range:.

R125 75-50%
R143a 15-49% -
R227ea 10-1%

(31) A refrigerant composition according to claim (30) wherein the weights are in
the range.

R125 70-50%
R143a 27-43%
R227ea 3-7%

(32) Arefrigerant composition according to claim (31) wherein the weights are in
the range..

R125 65-50%
Rl43a 32-43%
R227ea 3-7% .

(33) A refrigerant composition as in any one of the preceding claims in which
component (c) is n-pentane.

(34) A refrigerant composition according to claim (1) which replaces R22 wherein
the weights are in the range:.

R125 20-35%
Ri34a 65-45%
R32 15-30%.

(35) A refrigerant composition according to claim (34) wherein the weights are in
the range:

R125 20-35%
R134a 65-40%
R32 15-25%

(36) A refrigerant composition according to claim (35) wherein the weights are in
the range:
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R125 20-35%
R134a 65-44%
R32 15-21%

(37) A refrigerant composition according to claims (34), (35) and (36) wherein the
component R125 is present at a minimum ratio to R32 of 1.05:1

(38) A refrigerant composition according to claim (6) in which component (c) is n-
pentane in the range 1% to 2.5%

(39) A refrigerant composition according to claim (6) in which component (c) is a
mixture of butane and isopentane in the range:

Butane 0.3-1.8%
. Isopentane 0.3-0.7%

(40) A refrigerant composition according to claim (39) m which component (c) is a
mixture of butane and isopentane in the range:

Butane 0.6-1.7%
Isopentane 0.6%

(41) A refrigerant composition according to cleim (6) in which isobutane is present
optionally in the range 0.3 to 1%.

(42) A refrigerant composition according to claim (41) in which isobutane is
present optionally in the range 0.6 to 0.9

(43) A refrigerant composition according to claim (12) in which component (c) is
butane in the range 0.6% to 5%.

(44) A refrigerant composition according to claim (43) in which component (¢) is
. butane in the range 1% to 4%.

(45) A refrigerant composition according to claim (44) in which component (c) is
butane in the range 1% to 3%..

(46) A refrigerant composition claim according to (12) in which component (c) is
isobutane in the range 0.6% to 5%.

(47) A refrigerant composition claim (46) in which component (c) is isobutane in
the range 1% to 4%.

(48) A refrigerant composition claim (47) in which component (¢) is isobutane in
the range 1% to 3%..
-+ —— -——(49)" Acrefrigerant composrtior according i claim (12) in W'h-ithcsl-ﬁbc;;;ni (c-j-ié a
mixture of butane and isobutane in the range:

Butane 0.6-4%
Isobutane 0.64%
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(50) A refrigerant composition according to claim (49)in which component (¢) is a
mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(51) A refrigerant composition according to claim (50 )in which component (c) is &
mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(52) A refrigerant composition according to claim (12) in which component (c) is a
mixture of butane, isopentane and isobutane in the range:

Butane 0.6-4%
Isobutane 0.6-4%
Isopentane 0.6-2

(53) A refrigerant composition according to claim (52) in which component (c) is a
mixture of butane, isopentane and isobutane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1.5

(54) A refrigerant composition according to claim (53) in which component (c) is
a mixture of butane, isopentane and isobutane in the range:

Butane 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1.4

(55) Arefrigerant composition according to claim (15) in which component (c) is a
mixture of butane and isobutane in the range:
Butane 0.34%
Isobutane 0.3-4%

(56) A refrigerant composition according to claim (55 )in which component (c) is a
mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(57) A refrigerant compositiomr according to claind (56) ifn"which component (c) is a
mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

8%
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(58) A refrigerant composition according to claim (15) in which component (c) is a
mixture of butane, isopentane and isobutane in the range:

Butane 0.3-4%
Isobutane 0.3-4%
Isopentane 0.3-2

(59) A refrigerant composition according to claim (58) in which component (c) is a
mixture of butane, isopentane and isobutane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1.5

(60) A refrigerant composition according to claim (59) in which component (c) is
a mixture of butane, isopentane and isobutane in the range:

Butane 0.6-2%
Iscbutane 0.6-2%
Isopentane 0.6-1.4

61) A reﬁ-igcfant composition according to claim (9) in which component (¢) is a
mixture of butane and isopentane in the range:

Butane 0.3-4%
Isopentane 0.3-2%

(62) A refrigerant composition according to claim (61) in which component (c) 1s 2
mixture of butane and isopentane in the range:

Butane 0.6-3%
Isopentane 0.6-1.5%

(63) A refrigerant composition according to claim (62) in which component (c) is a
mixture of butane and isopentane in the range:
Butane 0.6-2.5%
Isopentane 0.6-1.4%

(64) A refrigerant composition according to claim (9) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 0.3-5%
Isobutane 0.3-5%

(65) A refrigerant composition according to claim'(64) ifi which component (c) is a
mixture of butane and isobutane in the range:

-

Butane 1-4%
Isobutane 1-4%




19

(66) A refrigerant composition according to claim (65) in which component {c) is &
mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(67) A refrigerant composition according to claim (9)n which component (c) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.34%
Isopentane 0.3-2%

(68) A refrigerant composition according to claim (67) in which component (¢) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1.5%

(69) A refrigerant composition according to claim (68) in which component (c) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1.4%

(70) A refrigerant composition according to claim (18) in which component (c) is
butane in the range from 0.3% to 5%.

(71) A refrigerant composition according to claim (70) in which component (c) is
butane in the range from 0.6% to 4%

(72) A refrigerant composition according to claim (71) in which component (c) is
butane in the range from 0.6% to 3%.

(73) A refrigerant composition according to claim (18) in which component (c) is
isobutane m the range from 0.3% to 5%.

(74) A refrigerant composition according to claim (73) in which component (c) is
isobutane in the range from 0.6% to 4%

(75) A refrigerant composition according to claim (74) in which component (c) is
isobutane in the range from 0.6% to 3%.

(76) A refrigerant composition according to claifd (18) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 0.3-5%
Isobutane 0.3-5%

o



20

(77) A refrigerant composition according to claim (76) in which component (c} is a
mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(78) A refrigerant composition according to claim (77) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(79) A refrigerant composition according to claim (18) in which component (¢) is a
mixture of butane and jsopentane the range:

Butane 0.3-4%
Isopentane 0.3-2%

(80) A refrigerant composition according to claim (79) in which component (c) is a
mixture of butane and isopentane the range:

Butane 0.6-3%
Isopentane 0.6-1.5%

(81) A refrigerant composition according to claim (80) in which component (c) is a
mixture of butane and isopentane the range:

Butane 0.6-2.5%
Isopentane 0.6-1.4%

(82) A refrigerant composition according to claim (18) in which component (c)is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.3-4%
Isopentane 0.3-2%

(83) . Arefrigerant composition according to claim (82) in which component (c) is
a mixture of butane, isobutane and isopentane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1,5%

(84) . A refrigerant composition according to claim (83) in which component (c) is
a mixture of butane, isobutane and isopentane in the range:
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Butane 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1,4%

(85) A refrigerant composition according to claim (21) in which component (c) is
butane in the range from 0.3% to 5%.

(86) A refrigerant composition according to claim (85) in which component (c) is
butane in the range from 0.6% to 4%

(87) A refrigerant composition according to claim (86) in which component (c) is
butane in the range from 0.6% to 3%.

(88) A refrigerant composition according to claim (21) in which component (c) is
isobutane in the range from 0.3% to 5%.

(89) A refrigerant composition according to claim (88) in which component (c) is
isobutane in the range from 0.6% to 4%

(90) A refrigerant composition according to claim (89) in which component (c) is
1sobutane in the range from 0.6% to 3%.

(91) A refrigerant composition according to claim {21) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 0.3-5%
Isobutane 0.3-5%

(92) A refrigerant composition according to claim (91) in which component (c) is a
mixture of butane and isobutane in the range:

Butene 1-4%
Isobutane 1-4%

(93) A refrigerant composition according to claim (92) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(94) A refrigerant composition according to claim (21) in which component (c) is a
mixture of butane and isopentane the range:

Butane 0.3-4%
Isopentane 0.3-2%

(95) A refrigerant composition according to claiin (94) in which cémponent (c) is'a
mixture of butane and isopentane the range:

Butane 0.6-3%
Isopentane 0.6-1.5%
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(96) A refrigerant composition according to claim (95) in which component (c) is a
mixture of butane and isopentane the range:

Butane 0.6-2.5%
Isopentane 0.6-1.4%

(97) A refrigerant composition according to claim (21) in which component (c) is a
mixture of butane, 1sobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.3-4%
Isopentane 0.3-2%

(98) A refrigerant composition according to claim (97) in which component (c} is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1,5%

(99) A refrigerant composition according to claim (98) in which component (c)is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1,4%

(100) A refrigerant composition according to claim (24) in which component (¢) is
butane in the range from 0.3% to 5%.

(101) A refrigerant composition according to claim (100) in which component (c) is
butane in the range from 0.6% to 4%

(102) A refrigerant composition according to claim (101) in which cornponent (c) is
butane in the range from 0.6% to 3%.
(103) A refrigerant composition according to claim (24) in which component (c) 15

isobutane in the range from 0.3% to 5%.

(104) A refrigerant composition according to claim (103) in which component (c) is
1sobutane in the range from 0.6% to 4%

(105) A refrigerant composition according to claim (104) in which component (c) is
1sobutane in the range from 0.6% to 3%.

(106) A refrigerant composition according to claim (24) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 0.3-5%
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Isobutane 0.3-5%

(107) A refrigerant composition according to claim (106) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(108) A refrigerant composition according to claim (107) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(109) A refrigerant composition according to claim (24) in which component (c) is a
mixture of butane and isopentane the range:

Butane 0.34%
Isopentane 0.3-2%

(110) A refrigerant composition according to claim (109) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-3%
Isopentane 0.6-1.5%

(111) A refrigerant composition according to claim (110) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-2.5%
Isopentane 0.6-1.4%

(112) A refrigerant composition according to claim (24) in which component (c) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.3-4%
Ysopentane 0.3-2%

(113) . A refrigerant composition according to claim (112) in whick component (c)
is a mixture of butane, isobutane and isopentane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentanc 0.6-1,5%

(114) A refrigerant composition according to claim (113) in which component (c) is
a mixture of butane, isobutane and isopentane in the range:
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Butane - 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1,4%

(115) . A refrigerant composition according to claim (27) n which component (¢) is
butane in the range from 0.3 to 5%.

(116) A refrigerant composition according to claim (115) in which component (c) is
butane in the range from 0.6% to 4%

(117) A refrigerant composition according to claim (116) in which component {(c) is
butane in the range from 0.6% to 3%.

(118) A refngerant composition according to claim (27) in which component (c) is
isobutane in the range from 0.3% to 5%.

(119) A refrigerant composition according to claim (118) in which component (c) is
isobutane in the range from 0.6% to 4%

(120) A refrigerant composition according to claim (119) in which component (c) is
isobutane in the range from 0.6% to 3%.

(121) A refrigerant composition according to claim (27) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 0.3-5%
Isobutane 0.3-5%

(122) A refrigerant composition according to claim (121) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(123) A refrigerant composition according to claim (122) in which component (c) is
a mixture of butane and isobutane in the range.

Butane 1-3%
Isobutane 1-3%

(124) A refrigerant composition according to claim (27) in which component (c} is a
mixture of butane and isopentane the range:

Butane 0.3-4%
Isopentane 0.3-2%

(125) A refrigerant composition according to claim (124) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-3%
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Isopentane 0.6-1.5%

(126) A refrigerant composition according to claim (125) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-2.5%
Isopentane 0.6-1.4%

(127) A refrigerant composition according to claim (27) in which component (c) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.3-4%
Isopentane 0.3-2%

(128) . A refrigerant composition according to claim (127) in which component (c)
is a mixture of butane, isobutane and isopentane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1,5%

(129) A refrigerant composition according to claim (128) in which component (c}) 18
a mixture of butane, isobutane and isopentane in the range:

Butane 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1,4%

(130) . A refrigerant composition according to claim (30) in which component (c) is
butane in the range from 0.3 to 5%.

(131) A refrigerant composition according to claim (131) in which component (c) is
butane in the range from 0.6% to 4%

(132) A refrigerant composition according to claim (132) in which component (c) is
butane in the range from 0.6% to 3%.

(133) A refrigerant composition according to claim (30) in which component (c) is
isobutane in the range from 0.3% to 5%.

(134) A refrigerant composition according to claim (133) in which component (c) is
isobutane in the range from 0.6% to 4%

(135) A refrigerant composition according to claim (134) in which component (c)is
isobutane in the range front 0.6% to 3%.

(136) A refrigerant composition according to claim (30) in which component (c) is a
mixture of butane and isobutane in the range:
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Butane 0.3-5%
Isobutane 0.3-5%

(137) A refrigerant composition according to claim (136) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(138) A refrigerant composition according to claim (137) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(139) A refrigerant composition according to claim (30) in which component (c)is a
mixture of butane and isopentane the range:

Butane 0.3-4%
Isopentane 0.3-2%

(140) A refrigerant composition according to claim (139) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-3%
Isopentane 0.6-1.5%

(141) A refrigerant composition according to claim (140) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-2.5%
Isopentane 0.6-1.4%

(142) A refrigerant composition according to claim (30) in which component (c) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.3-4%
Isopentane 0.3-2%

(143) . A refrigerant composition according to claim (142) in which component (c)
is a mixture of butane, isobutene and isopentane in the range:

Butane 0.6-3%
Ispbutane 0.6-3%
Isopentane 0.6-1,5%

(144) A refrigerant composition according to claim (143) in which component {c) is
a mixture of butane, isobutane and isopentane in the range:
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Butane - 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1,4%

(145) A refrigerant composition according to claim (34) in which component (c) is
butane in the range from 0.3 to 5%.

(146) A refrigerant composition according to claim (145) in which component (c) is
butane in the range from 0.6% to 4%

(147) A refrigerant composition according to claim (146) in which component (c) is
butane in the range from 0.6% to 3%.

(148) A refrigerant composition according to claim (34) in which component (c) is
isobutane in the range from 0.3% to 5%.

(149) A refrigerant composition according to claim (148) in which component (c) is
isobutane in the range from 0.6% to 4%

* (150) A refrigerant composition according to claim (149) in which component (c) is
isobutane in the range from 0.6% to 3%.

(151) A refrigerant composition according to claim (34) in which component (c) is a
mixture of butane and isobutane in the range:

Butane 0.3-5%
Isobutane 0.3-5%

(152) A refrigerant composition according to claim (151) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-4%
Isobutane 1-4%

(153) A refrigerant composition according to claim (152) in which component (c) is
a mixture of butane and isobutane in the range:

Butane 1-3%
Isobutane 1-3%

(154) A refrigerant composition according to claim (34) in which component (c)isa
mixture of butene and isopentane the range:

Butane 0.3-4%
Isopentane 0.3-2%

(155) A refrigerant composition according to claim (154) in which component (c) is
a mixture of butane and isopentane the range:
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Butane 0.6-3%
Isopentane 0.6-1.5%

(156) A refrigerant composition according to claim (155) in which component (c) is
a mixture of butane and isopentane the range:

Butane 0.6-2.5%
Isopentane 0.6-1.4%

(157) A refrigerant composition according to claim (34) i which component (c) is a
mixture of butane, isobutane and isopentane in the range:

Butane 0.3-4%
Isobutane 0.34%
Isopentane 0.3-2%

(158) . Arefrigerant composition according to claim (157) in which component (c)
is & mixture of butane, isobutane and isopentane in the range:

Butane 0.6-3%
Isobutane 0.6-3%
Isopentane 0.6-1,5%

(159) A refrigerant composition according to claim (158) in which component (c) is
a mixture of butane, isobutane and isopentane in the range:

Butane 0.6-2%
Isobutane 0.6-2%
Isopentane 0.6-1,4%

(160) A refrigerant composition as in any one of the preceding claums for use in
refrigeration and air conditioning equipment.
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ABSTRACT
A composition consisting of :
(a) one or more of:
Carbon dioxide 1-15%
R134a 95-85%
R125 5-15%

or a mixture thereof, wherein the aforesaid percentages are of the total
composition of (a), (b) and (c).

(b) one or more of:

R134a 1-55%
RI125 90-5%
R143a 10-49%
R32 15-30
R227ca 1-55

or a mixture thereof, wherein the aforesaid percentages are of the total
composition of (a), (b) and (c).

(c) ahydrocarbon component selected from butane, n-pentane, 2-methylpropane,
2-methylbutane, propane and mixtures thereof in an amount from 0.1 to 4%.
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REFRIGERANT COMPOSITION

This invention relates to refrigerant compositions which have no adverse effect on
stratospheric ozone and to compositions which are for use both in refrigeration and air
conditioning systems designed to use Ozone Depleting Substances (ODS) CFC12
(dichlorodifluoromethane), CFC502 (azeotrope of chloropentafluoromethane and
chlorodifluoromethane)) and HCFC22 (chlorodifluoromethane) and additionally in
new equipment. These new refrigerant compositions are compatible with lubricants

commonly found in refrigeration and air conditioning systems.

The compositions may also be used in equipment designed for non ozone depleting

substances.

1t is well known that chlorofluorocarbons (CFCs) such as CFC12 and CFC502 and
hydrochlorofluorocarbons such as HCFC22 while being energy efficient, non
flammable and of low toxicity migrate to the stratosphere where they are broken down
by ultra violet light to attack the ozone layer. These Ozone Depleting Substances are
in the process of being replaced by non ozone depleting alternatives such as
hydrofluorocarbons (HFCs) which are also non flammable, efficient and of low
toxicity. There are six main HFCs, namely HFC134a, HFC32, HFC125, HFC143a,
HFC227ea and HFC152a, which either individually or blended into mixtures can
replace CFCs and HCFCs. While HFC134a, HFC227¢a and HFC152a can be used to
replace ODS directly, HFC32, HFC143a, and HFC125 are generally found in blends
a8 replacements for ODS.However, HFCs do not have adequate solubility in
traditional lubricants such as mineral and alkylbenzene oils so that synthetic oxygen
containing lubricants have been introduced specifically for new equipment. These

new lubricants are expensive and hygroscopic.

(&
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Refrigerant blends such as R404A, R507, R410A, R407 C and others h;we been
commercialised as replacements for CFCs and HCFCs but, because these
compositions contain only HFC components, they cannot be used with the traditional
lubricants commonly found in use with CFCs and HCFCs. If these blends are to be
used to replace CFCs and HCFCs in existing equipment, the major chemical
manufacturers recommend that no more than 5% of the traditional lubricant in the
system be retamned so that a virtual complete change of Rubricant to a synthetic oxygen
containing lubricant resulting in a full retrofit is requirec], which is often costly and
techmcally unsatisfactory..

Although equipment manufacturers have adapted their vanits to operate with HFC
blends, they do not always find the commercially availa’ble products as satisfactory as
the CFCs and HCFCs that these new refrigerants are repylacing. In particular to ensure
adequate oil return, hydrocarbon lubricants, such as mimeral oil, have been replaced
by oxygen containing lubricants, notably polyol esters aund polyalkylene glycols.
Unfortunately these materials are liable to absorb atmos pheric moisture, especially
during maintenance, which can contribute to excessive corrosion and wear 10
equipment thus reducing its reliability. A key objective ©f this patent is to provide
HFC/hydrocarbon blends that enable the continued use ©f hydrocarbon oils in both
existing and new equipment.

Additionally some refrigerants, such as RO7C, have wide temperature glides (> 4°C)
in the evaporator and condenser, whereas equipment manufacturers, based on their
experience with CFC/HCFC single fluids or azeotropes,. prefer refrigerants with low
glides. A further key objective of this invention, therefore, is to provide
HFC/hydrocarbon blends that can substitute for CFC 12, HCFC 22 and azotrope 502
(CFC 115/HCFC 22) both allowing the continued use of hydrocarbon Iubricants in
equipment and minimising the temperature glides in the heat exchangers.

\BT
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The present invention relates to refrigerant compositions, which are non flammable
under all conditions of fractionation as defined under ASHRAE Standard 34, and
which can be used to replace ODS in an existing unit without the need to change the
lubricant or make any significant change to the system hardware. In new equipment
the refrigerant compositions allow the continued use of hydrocarbon oils, although the
manufacturers may take the opportunity to modify their units to optimise the
performances of the new refrigerants, for example by selecting the most appropriate
lengthbs of capillary tubes. Where the ingress of moisture or other problems are being
experienced with oxygen containing oils the new compositions allow such oils to be
replaced by hydrocarbon oils

It is known in the art that the addition of a small amount of hydrocarbon to a
refrigerant composition containing an HFC or HFC mixtures can result in sufficient
hydrocarbon being dissolved in the lubricant to be transported around the system so
that lubrication of the compressor is maintained at all times. It is obvious that the
greater the hydrocarbon content of the composition the greater the ability of the
refrigerant to transport the lnbricant back to the compressor. However, too high a
hydrocarbon content can lead to flammable mixtures. Although flammable
refrigerants are acceptable in some applications, this invention relates to non
flammable compositions for use in equipment where flammable refrigerants are
prohibited. However, it is not well understood how to achieve non flammable
compositions under all conditions including fractionation of the refrigerant
compositions which can take place during a leak of the refrigerant from the system or
during storage.

Not all HFCs are non flammable as defined under ASHRAR Standard 34. HFC143a
and HFC32 bave not received a non flammable rating by ASHRAE, This invention
relates to compositions of refrigerants which not only covers blends of non flammable
HFCs with hydrocarbons but also blends of flammable HFCs, non flammable HFCs
and hydrocarbons in selected proportions such that all such compositions are non

L@
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flammable during fractionation while providing similar refriger-ating effects and
thermodynamic performances as the ODS they replace, namely- CFC12, CFC502 and
HCFC22.

‘While this invention relates to refrigerant compositions which <an be used with
traditional lubricants such as mineral and alkylbenzene oils, they are also suitable for

use with synthetic oxygen containing lubricants.

In formulating HFC/hydrocarbon blends to replace CFC 12, CEFC 502 and HCFC 22
in specific applications it is generally necessary to use one or maore lower boiling
HFCs, with one or more higher boiling HFCs. In this context pxeferred lower boiling
HFCs are HFC 32, HFC 143a and HFC 125, and higher boilingg HFCs are HFC 134a,
HFC 134, HFC 227ea and HFC 152a,

To avoid flammability in the blend, or in a fraction genemted by a leak, for example
as defined by ASHRAE Standard 34, the total amount of hydrocarbon should be
minimised. At the same time the quantity of the hydrocarbon maixture dissolved in the
oil needs to be maximised for good oil return, especially at those locations in the
circuit where the oil is at its moat viscous, for example the eveporator. A single higher
boiling hydrocarbon, such as pentane or iso-pentane, would certainty show higher
solubility in the oil than a lower boiling hydrocarbon. However, as the result of a leak,
for example from a cylinder, a higher boiling hydrocarbon will concentrate in the
liquid phase. The amount of hydrocarbon will, therefore, need to be limited in order to
avoid generating a flammable mixture towards the end of the leak.

This problem could be avoided by using only a low boiling hycrocarbon such as
propane or iso-butane. However, this has 2 disadvantages. Firstly, lower boiling
hydrocarbons are less soluble than higher boiling hydrocarbons in hydrocarbon
lubricants in the evaporator when present at similar weights % as formulated in the
blend. Consequently they are less effective at ensuring good oil return. Secondly,
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because of their higher volatility they tend to concentrate in the vapour phase of a
blend. Their concentration therefore needs to be restricted to avoid generating
flammable mixtures at the beginning of a leak. This problem 15 exacerbated if the one

or more of the lower boiling HFCs is also flammable.

Surprisingly we have found that the best approach to formulating HFC/HC refrigerant
blends is to use combinations of two and preferably three hydrocarbons with different
boiling points. This allows the total amount of hydrocarbon of the blend to be reduced

while simultaneously the amount dissolved in the oil in the evaporator is increased.

This invention has the following advantage. Hydrocarbon components facilitate oil
return, but, because of their flammability, restrict the weights of flammable HFCs,
notably HFC 143a that can be included. Inclusion of these fluids can be valuable in
achieving the required balance of thermodynamic properties, so minimising the
amounts of hydrocarbon present allows more scope in formulating preferred blends.

The blending of HFCs to achieve the desired balance of physical properties
appropriate to various cooling applications is well known and a variety of products are
available commerciaily, for example R407C, R410A and R410B. Although these have
been selected for specific applications in combination with oxygen containing
synthetic lubricants, simply adding 2 or 3 hydrocarbon components to these products
does not achieve the preferred products for use with hydrocarbon lubricants. Firstly,
the hydrocarbon components contribute to the overall thermodynamic properties of
the blend so will affect the preferred ratios of the HFCs. Secondly, the ratio of
flammable to non-flammable HFCs will need to selected to ensure non-flammability,
for example, as required by the ASHRAE 34 Standard.

Blends of HFC125, HFC134a, HFC143a, HFC227ea are particularly preferred as
replacements for CFCs and HCFCs. Both HFC125 (pentaflucroethane) and R227ea
are non flammable under all operating conditions and in addition are fire suppressants,
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an application for which they have been developed by the fire fighting industry. The
presence of HFC227ea provides a twofold advantage of reducing the flammability of
the composition and also enhances oil return to the compressor due to emulsification

of the lubricant in the presence of a hydrocarbon.

Blends of HFC134a, HFC227ea, HFC125 and muxtures of selected hydrocarbon
additives have been found to be preferred replacements for CFC12 in centrifugal
chillers. It has been found that the interaction of hydrocarbon additives in such
mixtures facilitates non flammable mixtures during all conditions of leakage during
fractionation so that non flammability can be achieved according to ASHRAE
Standard 34. The presence of hydrocarbons results in the lubricant being returned to
the compressor. The presence of R227ea enables the requisite molecular weight of the
blend to match that of CFC12 and additionally facilitates non flammability due to its
fire retardant properties. The presence of R125 increases the capacity of the blend.
The resulting mixtures are a close match for CFC12 in thermodynamic and system

performance.

Surprisingly it has been found that given the same percentage content of hydrocarbon
additive in the refrigerant composition, increasing the HFC125 content of the
composition results in flammable mixtures being created during fractionation. This is
very surprising since it would seem obvious that the greater the amount of HFC125 in
the composition the less would be the likelihood to generate a flammable mixture
during fractionation The reasons for this apparent anomaly relate to the
pressure/temperature relationship between the quantities of HFC125 and HFC134a in
the mixture and the amount and type of hydrocarbon and/or hydrocarbon mixture. The
following refrigerant compositions were made up and leaked away until the cylinder
was almost liquid empty according to ASHRAE Standard 34:
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R134a
R125
butane

isopentane

Blend 1

438.0

49.0

2.7

0.3

%

Blend 2

21.0

76.0

25

0.5
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Blend 2 with the considerably higher HFC125 content was found to create a
flammable composition during fractionation, while Blend 1 with a lower HFC125
content remained non flammable throughout fractionation,

In GC 2727427 N A Roberts teaches that, if a hydrocarbon with at least four carbon
atoms other than methyl propane (isobutane) is used, surprisingly the flammability of

the fractionated composition is greatly reduced. Surprisingly, we have now found that

the inclusion of isobutane with appropriately chosen hydrocarbons does not result in

flammable compositions during fractionation. It has been found that the selection of
the hydrocarbon additive or mixtures thereof with the HFC components is critical to
achieving non flammability under all operating conditions and as defined under

ASHRAE Standard 34.

In US5,800,730 it is stated that HFC 134a needs to be added to blends of HFC125 and
HFC143a as a replacement for CFC502 in order to avoid a flammable mixture
(example 3). Surprisingly we have found that by excluding HFC134a, changing the
proportion of HFC125 to HFC143a and adding a selected range of hydrocarbons

results in a composition which is non flammable during fractionation and a close

match for R502 with regard to thermodynamic performance.
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In USS5,211.867, azeotropic compositions are claimed of R125 and R143a. Itisa key
feature of this invention that a specially selected hydrocarbon or mixtures of
hydrocarbons are present in order to facilitate oil return to the compressor.
Surprisingly it has been found that, despite the flammability of HFC143a, the
selection of a hydrocarbon or mixtures of hydrocarbons enables the compositions to
be non flammable during fractionation. The combination of a high boiling
hydrocarbon such as isopentane (BP 27°C) with butane (BP -0.5°C) and isobutane (BP
-11.5°C) avoids build up of hydrocarbon content in the liquid phase dunng a leakage
while the more volatile isobutane is countered in the vapour phase by the fire
suppressant HFC125 due to the latter's higher vapour pressure and lower boiling point
(BP -45°C). In order for the composition to be non flammable, the HFC125 content of
the compeosition is above the azeotropic composition so that the content of HFC143a
is reduced but without affecting the refrigerating performance of the composition as a
replacement for CFC502.

Although the addition of hydrocarbons to HFCs has been previously described, it has
not been previously appreciated that the volatilities of the hydrocarbons need to be
matched to the application for which the refrigerant is intended. For example R12 is
employed as the refrigerant in domestic freezers with evaporating temperatures of —
22°C, in domestic fridges with evaporating temperatures of ~-5°C, and in mobile air
conditioning with evaporating temperatures of ~5°C, An important aspect of this
invention is to formulate HFC/HC blends that ensure good oil return in these disparate
applications while also ensuring that the refrigerant blend remains non-flammable
according to the chosen criterion. For applications with evaporators operating at
temperatures above -5°C the higher boiling hydrocarbons are preferred. Specially
preferred are isopentane, alone or mixed with butane. For applications with the
evaporators operating in the range -20°C to -5°C mixtures of hydrocarbons containing
a higher, an intermediate and a lower boiling point component are preferred.
Especially preferred are blends containing isopentane, butane and isobutane. For
evaporators operating below -20°C HC mixtures containing isobutane and butane are
preferred with optionelly some isopentane.

9%
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According to the present invention a refrigerant composition consists essentially of
combination of a hydroflurecarbon component consisting of a combination selected

from the following mixtures:

(1) Rl134aand R125;

(2) Rl134a,R125 and R143a
(3) Rl25andR1432

(4) Rl134a, R227ea and R125

and a hydrocarbon component consisting essentially of a combination selected from

the following mixtures:
(5) isopentane and butane
(6) isopentane, butane and isobuttane

(7)  butane and isobutane.

In preferred embodiments the composition consists of a mixfure of one
hydrofluorocarbon component and one hydrocarbon component so that no substantial

amount of any other components or other gases are present.

In a first preferred embodiment the hydrocarbon is present in an amount of 0.6 to 4%
and wherein the composition is non-flammable when completely in the vapour phase.

In a second preferred embodiment the hydrocarbon is present in an amount of 0.6 to
4% and wherein when the composition is in a container both vapour and liquid

present, neither vapour nor liquid phase is flammable.

i
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In a third preferred embodiment the hydrocarbon is present 1n an amount of 0.6 to 4%
and wherein at any time during a leak from a vapour space in a container neither the

liquid phase nor the vapour phase 1s flammable.

In a fourth preferred embodiment the hydrocarbon is present in amount of 0.6 to 4%
and wherein at any time during a leak from a liquid space in a container neither the

liquid phase nor vapour phase is flammable.

According to a fifth preferred embodiment the hydrocarbon is present in an amount of
0.6 to 4% and wherein the proportion of hydrocarbon to hydrofluorocarbon 1n the
vapour phase does not differ from the equivalent proportion in the hiquid phase by
more than 40%, more preferably not by more than 30%, most preferably not by more
than 20% at equilibrium at 25°C.

In a sixth preferred embodiment hydrocarbon is present in amount of 0.6 to 4% and
wherein the proportion of hydrocarbon to hydrofluorocarbon in the vapour phase does
not differ from the formulated composition by nxore than 40%, preferably by not more
than 30%, most preferably by not more than 20% at equilibrium at 25°C.

In particularly preferred compositions in accordance with either the fifth or sixth
preferred compositions above, during a leak from the vapour space or liquid space in a
container, the proportion of hydrocarbon to hydroflucrocarbon in either of the vapour
phase or the liquid phase does not differ from the formulated composition by more
than 40%, more preferably by not more than 30%, most preferably by not more than
20% at equilibrium at 25°C.
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Preferred compositions in accordance with this invention meet two or more of the

criteria of the preferred embodiment.

In a first aspect of this invention the hydrocarbon component consists of a mixture of

1

isopentane, butane and isobutane.

The amount of isopentane is preferably about 0.6 to 2% or more preferably about 0.6
to 1%.

The amount of butane is preferably about 0.6 to 5%, more preferably about 0.6 to 3%,
most preferably about 0.6 to 2%,

The amount of isobutane is preferably about 0.6 to 5%, more preferably about 0.6 to
2%, most preferably about 0.6 to 1%.

In a second preferred aspect the hydrocarbon component consists of a mixture of
isopentane and butane.

The isopentane may be present in an amount of 0.6 to 1%, preferably about 0.6%. The
amount of butane is preferably about 1.3 to 2.5%, more preferably about 1.4%.

In a third preferred aspect of the invention the hydrocarbon component consists of a
mixture of butane and isobutane. The amount of butane is preferably about 0.6 to 5%
and the amount of isobutane is about 0.6 to 5%.

p
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A first preferred refrigerant composition which may find application as a replacement
or substitute for R12 consists essentially of:

R134a 93.1 to 81.5%
R125 5-15%
isopentane 0.6 to 1%
butane 1.3t02.5%

A particularly preferred composition consists essentially of:

R134a 93%
R125 5%

isopentane  0.6%
butane 1.4%

A second refrigerant composition which may find application as a replacement or
substitute for R12 consists essentially of:

R134a 93.2 to 80%
R125 5to15%
isopentane 0.6 to 1%
butane 0.6t03%

isobutane 0.6to 1%

A particularly preferred composition consists essentially of:
R134a 93%

R125 5%
isopentane  0.6%
butane 0.8%

isobutane 0.6%
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A preferred refrigerant composition which may find application as a replacement or
substitute for R22 consists essentially of:

R134a

R125
isopentane
butane

isobutane

A particularly preferred composition consists essentially of:

R134a
R125
isopentane
butane

isobutane

53.2t039%

45 to 55%
0.6t0 1%
0.63%
0.62%

47.5%
50%
0.6%
1%
0.9%

A further refrigerant composition which may find application as a replacement or

substitute for R22 consists essentially of:

R134a

R125
R143a
isopentane
butane
isobutane

10 to 30%

80 to 40%
10 to 30%
0.6 to 2%
0.6 to 5%
0.6 to 5%

T,
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A particularly preferred composition consists essentially of:

R134a 16.5%
R125 60%
R143a 21%

isopentane  0.6%
butane 0.9%

isobutane 1%

A preferred refrigerant composition which may find application as a replacement or
substitute for R502 consists essentially of:

R125 75 to 55%
R143a 25 to 45%
butane 0.6t0 5%

In a particular preferred composition consists essentially of:

R125 60.5%
Ri143a 37%
butane 1%

isobutane 1.5%

A further preferred composition consists essentially of:

R125 60.5%
Rl143a 37%
butane 0.9%

isobutane 1%

isopentane  0.6%
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A alternative refrigerant composition which may find use as a replacement or

substitute for R12 in centrifugal chillers and simular devices consists essentially of:

Rl34a 58.2 to 36%
R227ea 35to 50%
R125 5 to 8%

isopentane 0.6 to 2%
butane 0.6 to 2%
isobutane 0.6 to 2%

A particularly preferred composition consists essentially of:

R134a 51%
R227ea 41%
R125 6%

isopentane 0.6%
butane 0.8%
isobutane 0.6%

Percentages and other proportions referred to in this specification are by weight unless
indicated otherwise and are selected to total 100% from within the ranges disclosed.

The invention is further described by means of example but not in a limitative sense.

5
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Replacements for R22 In Room Alr Conditioning

EXAMPLE 1

Blends comprising flulds selected from R125, R143a, 134a, 600, 600a
and 601a.

The performances of various blends were evaluated in a typical static air conditioning
cycle using the NIST CYCLE D program. The modelling conditions are given below.

COOLING DUTY DELIVERED 10 kW
EVAPORATOR
Midpoint fluid evaporation temperature 7.0°C
Superheating

50°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER
Midpoint fluid condensing temperature

45.0°C
Subcooling

50°C
Discharge line pressure drop (in saturated temperature) 1.5°C
LIQUID LINE/SUCTION LINE HEAT EXCHANGER
Efficiency

0.3
COMPRESSOR
Electric motor efficiency

0.85
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency

0.82
PARASITIC POWER
Indoor fan

0.3 kW
Qutdoor fan

0.4 kW
Controls

0.1 kW

The results of analysing the performances in an air-conditioning unit using
these operating conditions are shown in Tables 1a and 1b. For comparison
the performances of R22 and R407C are also shown.

16



Table ia
Refrigerant R22 | R40O7C| 1 2 3 4 5 6 7 8 9 10
RI25 wi% 33 33 38 50 60 33 38 50 60 63
R143a wi% 35 38 40 23 23 40 40 33 23 23
R134a wi% 30 27 20 25 15 25 20 15 15 12
R600 1 1 1 1 1 1.3 13 13 13 13
R600a 1 11 1 1
R601a 0.7 0.7 0.7 0.7 0.7
Discharge 1791 | 1930 | 18.00 | 1850 | 1901 | 18.64 | 1980 | 1921 | 18.67 | 1928 | 19.42 | 19.85
pressure (bar)
Discharge
teraperature 1047 925 | 796 | 793 | 788 | 781 | 768 | 790 | 795 | 784 | 776 | 754
(4]
COP (system) | 249 | 247 | 245 | 244 | 243 | 244 | 241 | 242 | 244 | 242 | 242 | 239
Capacity
(W 3067 | 3172 | 2870 | 2933 | 2995 | 2938 | 3072 | 3005 | 2944 | 3008 | 3015 | 3019
Glidein 0 48 | 24 | 22| 20| 24| 19| 30| 32| 31| 32| 338
evaporator (°C)
Glide m 0 47 21 20 18 21 17 25 27 26 27 31
[ Q)
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Table 1b

Refrigerant R 22 | R407C 1 2 3 4 5 6 7 8
R125 wt¥ 30 33 35 38 39 60 50 40
R143awt/ 23 25 28 30 34 23 30 35
Ri34awt/ 45 40 35 30 25 15 18 23
R600 13 13 13 13 13
R600a 07 07 07 07 07 13 13 13
R601a 07 07 07
Discharge

ressure (bar) 1791 1930 16 54 1701 17 49 1799 1848 19 66 1921 18 61
Daischarge
temperature 1047 925 802 799 796 792 790 773 782 792
(C)
COP (system) 249 247 248 247 246 245 244 241 242 244
Capacity
&KW/m3) 3067 3172 2678 2740 2802 2865 2928 3043 2998 2933
Ghde m o | as | 27| 27| 26| 25| 23| 28| 28| 29
evaporator ( C)
Glde m o | 47| 25| 25| 24| 23| 21| 23| 23| 25

condenser ( C)

/18
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Replacements for R12
EXAMPLE 2
Blends comprising flulds selected from R125, R134a, R600, R 600a and
R601a

The performances-of blends were evaluated in a typical open, air conditioning cycle
such as mobile air conditioning (MAC) using the NIST CYCLE D program. The
modelling conditions are given below.

COOLING DUTY DELIVERED 10 kW
EVAPORATOR
Midpoint fluid evaporation temperature 7.0°C
Superheating

5.0°C
Suction line pressure drop (in saturated temperature) 15°C
CONDENSER
Midpoint fluid condensing temperature

60.0 °C
Subcooling

5.0°C
Discharge line pressure drop (in saturated temperature) 1.5°C
COMPRESSOR
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER
Outside fan 0.4 kW

The results of analysing the performances in an air-conditioning unit using these
operating conditions are shown in Table 2. For comparison the performances of R12
and 134a are also shown.
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Table 2
Refrigerant RIZ | R134a| 1 2 3 4 5
R125 wi% 5 7 10 12 15
R134a wt% 929 | %09 | 879 | 859 | 829
R600 wi% . 07 | 071 07 | o7 | o7
R600a Wt% 07 | 07| 07 | 07| o7
R601a Wt% 071 07| o7 | 07| o7
Discharge 572 | 1742 | 17277 | 1797 1827 | 1848 18380
pressure (bar)
Discharge
temperature 884 | 844 | 839 | 839 | 838 ) 838 | 837
(°C)
COP(system) | 245 | 238 | 236 | 235 | 235 | 234 | 233
Capacity
s 175 | 1771 | 1789 | 1804 | 1826 | 1841 | 1863
Glide in
ooavomtor ()| © 0 07 ] 09 | 11 12 | 14
Glide in
condaner () | © 0 00 | 11 13 15 | 17
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EXAMPLE 3
Blends comprising fluids selected from R125, R134a, R600 and R601a

The performances of various blends were evaluated in a typical open air-conditioning
cycle using the NIST CYCLE D program. The modelling conditions are given below.

COOLING DUTY DELIVERED 10kwW
EVAPORATOR
Midpoint fluid evaporation temperature 7.0°C
Superheating 50°C
Suction hne pressure drop (in saturated temperature) 1.5°C
CONDENSER
Midpoint fluid condensing temperature 60.0 °C
Subcooling 5.0°C
Discharge line pressure &rop (in saturated temperature) 1.5°C
COMPRESSOR
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER.
Outside fan 0.4 kW

The results of analysing the performances in an air-conditioning unit using these
operating conditions are shown in Table 3. For comparison the performances of R12
and 134a are also shown.

i



Table 3
Refrigerant R12 | Ri34a 1 2 3 4 5 6 7
R125 wt% 1 3 5 5 7 9 12
R134a wi% 97 94.5 93 9.5 91 89 86
R600 wi% 14 1.6 14 1.6 14 14 14
R601a w2 0.6 0.9 0.6 0.9 0.6 0.6 0.6
1572 | 1742 | 17291 1738 | 17.68 | 1758 | 17.88 | 18.08 | 18.39
sure (bar)
Discharge
temperature 88.4 84.4 83.9 839 839 83.8 838 838 83.7
€0
CQP (systen) 2.45 238 2.37 237 236 236 2.36 235 234
Capacity
Wim3) 1754 | 1771 1754 | 1759 | 1783 1773 1798 | 1813 1835
Glide in
evaporator (°C) 0 0 03 0.6 0.6 0.8 0.8 09 1.1
Glide in
cond €O 0 0 04 038 0.8 1.0 1.0 1.2 14

—
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EXAMPLE 4
Blends comprising fiulds selected from R125, R134a, R227ea, R600, R
600a and R601a

The performances of various blends were evaluated in an hermetic refrigeration cycle
typical of that used in a domestic fridge-freezer using the NIST CYCLE D program.
The modelling conditions are given below.

COOLING DUTY DELIVERED 1kW
EVAPORATOR
Midpoint fluid evaporation temperature -25°C
Superheating 5.0°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER
Midpoint fluid condensing temperature 50.0°C
Subcooling 5.0°C
Discharge line pressure drop (in saturated temperature) 1.5°C
COMPRESSOR
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
Electric motor efficiency 0.85
PARASITIC POWER
Controls 001 kW

The results of analysing the performances in fridge-freezer unit using these operating
conditions are shown in Table 4. For comparison the performances of R12 and 134a
are also shown. -

1,07



1M

WO 2005/083028 PCT/GB2005/000737
24

Table 4
Refrigerant R12 | Rl34a 1 2 3 4 5
R125 wi% 5 6 8 6 6
R134a wt% 93 92 90 92 92
R227ea 57 57
R600 wt% 0.6 0.7 0.7 0.6
R601a wi% 0.7 0.6 0.6 0.6
R600a wi% 0.7 0.7 0.7 0.7 0.7
Discharge 1259 | 13.68 | 13.97 | 1409 | 1422 | 1425| 1437
pressure (bar)
Discharge
temperature 967 | 905 | 89.4 | 893 | 892 | 874 | 872
(°C)
COP(system) | 156 | 150 | 1.49 | 148 | 148 | 147 | 147
Capacity
W/ 568 | s08 | 515 518 522 517 523
Glide in
ovaporator °C) | © 0 0.6 0.7 0.8 0.8 0.6
Glide in
condensez (°C) 0 0 0.9 1.0 1.3 1.2 0.9
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EXAMPLE 5
Blends comprlising flulds selected from R"125, R134a, R227ea, R600, R
600a and R601a

The performances of various blends were evaluated in an open cycle typical of that
used in a centrifugal chiller using the NIST CYCLE D program. The modelling
conditions are given below.

COOLING DUTY DELIVERED 1 mW
EVAPORATOR
Midpoint fluid evaporation temperature 0°C
Superheating 5.0°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER
Midpoint fluid condensing temperature 45.0°C
Subcooling 5.0°C
Discharge line pressure drop (in saturated temperature) 1.5°C
COMPRESSOR
Compressor isentropic efficiency 0.7
PARASITIC POWER 0.07 mW

The results of analysing the performances in fridge-freezer unit using these operating
conditions are shown in Table 5. For comparison the performances of R12 and 134a
are also shown.
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Table 5
Refrigerant R12 | Rl34a 1 2 3 4
R134a wt% 60 55 59 55 55
R227ea wt% 338 43 34 38.6 38
R125 wt% 5 5 5
R601a wi% 0.6 0.6 0.7
R600 wi%e 0.7 0.7 0.7 0.7
R600a wt% 0.7 0.7 1.3 0.7 1.3
Discharge 1121 | 142 | 1120 | 11.96 | 1197 1201
pressure (bar)
Discharge
temperature 84.8 72.5 71.5 73.1 72.1 72.1
(°C)
COP (system) 1950 1820 1792 1902 1896 1903
Capacity
(KW/m3) 2.56 2.51 2.51 2.51 2.50 2.50
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Replacements for R 502 In Low Temperature Refrigeration

EXAMPLE 6

Blends comprising fluids selected from R125, R143a, R134a, R227ea,
R600a, R600 and R600a

The performances of various blends were evaluated in hermetic refrigeration cycle
typical of that used in some frozen cabinets using the NIST CYCLE D program. The
modelling conditions are given below.

COOLING DUTY DELIVERED 10 kW

EVAPORATOR

Midpoint fluid evaporation temperature -35°C

Superheating 50°C

Suction line pressure drop (in saturated temperature) 1.5°%C

CONDENSER

Midpoint fluid condensing temperature 35.0°C

Subcooling 50°C

Discharge line pressure drop (in saturated temperature) 1.5°C

LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency 03

COMPRESSOR

Electric motor efficiency 0.85

Compressor isentropic efficiency 0.7

Compressor volumetric efficiency 0.82

PARASITIC POWER

Internal and defrost 03 kw

External fan 0.4 kW
Controls 0.1 kW

The results of analysing the performances in fridge-freezer unit using these operating
conditions are shown in Table 6. For comparison the performances of R12 and 134a
are also shown.
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Table 6
Refrigerant R502 R22
R125 wt% 65 55 60 50
R143a wt% 33 43 33.4 434
Rl134a wit% 5 5
R6018 wi% 0.6 0.6 0.9 0.9
R600 wt% 0.7 0.7
R600a wi% 0.7 0.7 0.7 0.7
Discharge 1546 | 1407 | 1671 | 1671 1625 | 16.13
pressure (bar)
Discharge
temperature 78.8 120.3 69.3 69.3 71.2 72.8
(C)
COP (system) 1.56 1.67 1.44 1.44 1.44 1.46
Capacity
(W/m3) 839 839 774 774 746 752
Glide in
evaporator (°C) 0.1 0 14 1.4 1.9 1.9
Glide in
candenser (°C) 0.0 0 1.7 1.7 2.1 2.0
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Replacements for R12 In Mobile Air Conditioning

EXAMPLE 7

Blends comprising fluids selected from R134a, R125, 600, 600a and
601a,

The performances of various blends were evaluated in a typical static air conditioning
cycle using the NIST CYCLE D program. The modelling conditions are given below.

COOLING DUTY DELIVERED 10 kW
EVAPORATOR

Midpoint fluid evaporation temperature 7.0°C
Superheating 50°C

Suction line pressure drop (in saturated temperature) 1.5 °C

CONDENSER

Midpoint fluid condensing temperature 60.0 °C
Subcooling 50°C
Discharge line pressure drop (in saturated temperature) 1.5 °C
COMPRESSOR

Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82

The results of analysing the performances in an air-conditioning unit using
these operating conditions are shown in Table 7. For comparison the
performances of R12 and R134a are also shown.



Table 7 - CFC12 Replacements in Mobile Air Conditioning

Refrigerant Ri2 | R134a 1 2 3 4 5 6 7
R134wt% 85 87 91 92.2 93 90 92
R125 wt%a 12 10.8 69 55 5 78 6
R601a wt% 0.6 09 0.7 0.6 0.7 0.9 0.6
R600 wt¥%s 1.8 0.7 0.7 0.7 0.6 13 1.4
R600a wt% 0.6 0.6 0.7 1 0.7
Discharge 17.4 3 1 17 17.8

sure (bar) 15.7 K 184 18. 18.0 17.9 7.8 9 .
Discharge
temperature 88.4 844 835 83.8 83.9 83.8 83.9 839 83.9

C)
COP (system) 245 2.38 234 2.34 235 2.36 236 2.36 2.36
Capacity
(kW/ m3) 1754 1771 1834 1825 1803 1798 1790 1796 1791
Glide in
0 0 . 1.2 . 0. 0.7 1.0 0.7

evap 1 °C) 1.2 0.9 7
@Glide in

enser (°C) 0 0 15 1.5 1.0 0.9 0.9 1.2 0.9

I
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Replacements for R12 in Hermetic Refrigeration Equipment

EXAMPLE 8

Blends comprising flulds selected from R134a, R125, 600, 600a and

601a.

COOLING DUTY DELIVERED
EVAPORATOR

Midpoint fluid evaporation temperature
Superheating

Suction line pressure drop (in saturated temperature)
CONDENSER

Midpoint fluid condensing temperature

Subcooling

Discharge line pressure drop (in saturated temperature)
LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency

COMPRESSOR

Electric motor efficiency
Compressor isentropic efficiency
Compressor volumetric efficiency
PARASITIC POWER

Intemal fan
External fan
Controls

The performances of various blends were evaluated in a typical static air conditioning
cycle using the NIST CYCLE D program. The modelling conditions are given below.

10 kW

-20.0°C
5.0°C
1.5°C

45.0°C
50°C
1.5°C

03

0.85
0.7
0.82

0.3 kW
0.4 kW
0.1 kW

The results of analysing the performances in an air-conditioning unit using
these operating conditions are shown in Tables 8. For comparison the

performances of R12 and R134a are also shown.



Table 8 - CFC12 Replacements in Mobile Air Conditioning

Refrigerant R12 | Ri134a 1 2 3 4 5 6 7
R134wt% 86 90.9 82.5 84.6 86.4 90 925
R125 wi% 11 7 14 12 i1 7 5
R601a wt% 0.9 0.7 0.9 0.6 0.6 0.8 1
R600 wi% 21 14 2 2.1 14 14 0.7
R600a wt% 0.6 0.7 9.6 0.8 0.8
Discharge

1121 | 12.06 .61 | 1239 . 280 | 12, 1243 | 122
pressure (bar) 12.6 12.88 | 12.8 76 8
Discharge
temperature 1276 | 1182 | 1150 | 116.0 | 1142 | 1145 | 1151 | 115.6 | 1162
o
COP (system) 1.36 134 1.33 1.34 133 133 133 1.34 1.34
Capacity
(kW/m3) 698 653 682 670 696 693 690 673 664
Glide in
evap CO) 0 0 13 09 16 1.3 12 1.0 1.0
Glide in
condenser (°C) 0 0 1.8 12 2.1 1.7 1.6 13 12

43
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Replacements for R22 in Room Air Conditioning

EXAMPLE 9

Blends comprising flulds selected from R134a, R125, 600, 600a and
601a.

The performances of various blends were evaluated in a typical static air conditioning
cycle using the NIST CYCLE D program. The modelling conditions are given below.

COOLING DUTY DELIVERED 10 kW
EVAPORATOR

Midpoint fluid evaporation temperature 7.0°C
Superheating 50°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER

Midpoint fluid condensing temperature 45.0°C
Subcooling 50°C
Discbarge line pressure drop (in saturated temperature) 1.5°C
LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency 0.3
COMPRESSOR

Electric motor efficiency 0.85
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER

Indoor fan 0.3 kW
Outdoor fan 0.4 kW
Controls 0.1 kW

The results of analysing the performances in an sir-conditioning unit using
these operating conditions are shown in Tables 9. For comparison the
performances of R22 and R407C are also shown.
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Table 9 - Replacements for R22 especially in fixed orifice expansion units

Refrigerant R-22 | R407C 1 2 3 4 5
R13da wi% 422 | 443 | 463 | 478 | 493
R125 wi% ss | s3 | st ] 49 | a8
R601a 08 | 09 | o6 | o8 1
R600 08 1 14 | 15 1
R600a 12 | o8 | 07 | o9 | o7
Discharge 1791 | 1930 | 1605 | 1578 | 1564 | 1537 | 1527
pressure (bar)

Discharge

temperature 10471 925 | 783 78.6 78.7 78.9 79.1
)
COP (system) 2.49 247 | 248 2.48 2.49 2.49 2.49

Capacity

(KW/m3) 3067 ( 3172 | 2671 | 2635 | 2619 | 2580 ( 2566
Glide in

evaporator (°C) 0 4.8 4.0 4.1 3.7 3.9 4.1
Glide n

condenser (°C)




‘WO 2005/083028

35

Replacements for R 502 in Low Temperature Refrigeration

EXAMPLE 10

PCT/GB2005/000737

Blends comprising flulds selected from R125, R143a, R134a, R600a,

R600 and R800a

The performances of various blends were evaluated in hermetic refrigeration cycle
typical of that used in some frozen cabinets using the NIST CYCLE D program. The
modelling conditions are given below.

Controls

COOLING DUTY DELIVERED
10kW

EVAPORATOR

Midpoint fluid evaporation temperature
Superheating

Suction line pressure drop (in saturated temperature)
CONDENSER

Midpoint fluid condensing temperature

Subcooling

Discharge line pressure drop (in saturated temperature)
LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency
COMPRESSOR

Electric motor efficiency
Compressor isentropic efficiency
Compressor volumetric efficiency
PARASITIC POWER

Internal fan and defrost
External fan

-35°C
50°C
1.5°C

35.0°C
50°C
1.5°C

0.3

0.85
0.7
0.82

0.3 kW
0.4 kW
0.1 kW

The results of analysing the performances in fridge-freezer unit using these operating
conditions are shown in Table 9. For compariton the performances of R12 and 134a
are also shown.

435



Refrigermt R502 | R22 1 2 3 4 5 6 7 8
R125 wt% 65 55 | 605 | 639 | 605 | 624 60 50
R143a wt% 33 43 37 34 37 35 334 434
R134a wt% 5 5
R601a wi% 0.6 0.6 0.6 06 09 0.9
R600 wi% 0.7 0.7 1 12 1 1.3
R600a wt%o 0.7 0.7 1.5 0.9 0.9 0.7 0.7 0.7
Discharge 1546 | 1407 1671 | 1671 | 1676 | 1690 | 1650 | 1646 | 1625 16.13
pressure (bar)

Discharge

temperature 788 | 1203| 693 | 693 | 1054 | 1047 | 1073 | 1071} 712 | 728

o)

COP (systerm) | 1.56 | 1.67 | 144 | 144 | 109 | 100 | 108 | 1.08 [ 144 | 146

Capacity

W) 839 | 839 | 774 | 774 | 675 | 679 | 651 | 647 746 | 752

Glide in

ovep co| ™ 0 1.4 14 | 09 0.8 27 29 19 19

Glidein. .

condemser °C) | 9 0 1.7 17 | 09 0.8 1.9 2.0 2.1 20
Table 10

9€

8T0£80/500T OM

LELO00/S00TAD/LDd



WO 2005/083028 PCT/GB2005/000737
37

CLAIMS

1. A refrigerant composition consisting essentially of a combination of a
hydroflurocarbon component consisting of a combination selected from the

following rmuxtures:
(1) Rl34aand R125;
(2) Rl134a,R125and R143a
(3) RI25and R143a
(49) R134a,R227ea and R125

and a hydrocarbon component consisting essentially of a combination selected from
the following mixtures:

(5)  isopentane and butane
(6) isopentane, butane and ispoentane

(7)  butane and iscbutene,

2. A composition as claimed in claim 1 consisting of a mixture of one of
hydroflurocarbon components (1) to (4) and one of hydrocarbon components (5)
to (7).

3. A composition as claimed in claim 1 or 2 wherein the hydrocarbon is present in an
amount of 0.6 to 4% and wherein the composition is non-flammable when

completely in the vapour phase,

4, A composition as claimed in any preceding claim wherein the hydrocarbon is

present in an amount of 0.6 to 4% and wherein when the composition is in a

77
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container with both vapour and liquid present, neither vapour nor liquid phase is

flammable,

5. A composition as claimed in any preceding claim wherein the hydrocarbon is
present in an amount of 0.6 to 4% and wherein at any time duning a leak from a
vapour space 1n a container neither the liquid phase nor the vapour phase is

flammable.

6. A composition as claimed in any preceding claim wherein the hydrocarbon is
present in amount of 0.6 to 4% and wherein at any time during a leak from a

liquid space in a container neither the liquid phase nor vapour phase is flammable.

7. A composition as claimed in any preceding claim wherein the hydrocarbon is
present in an amount of 0.6 to 4% and wherein the proportion of hydrocarbon to
bydrofluorocarbon in the vapour phase does not differ from the equivalent
proportion in the liquid phase by more than 40% at equilibrium at 25°C.

8. A composition as claimed in claim 7 wherein the proportion does not differ by

more than 30%.

9. A composition was claimed in claim 8 wherein the composition does not differ by
more than 20%.

10. A composition as claimed in any preceding claim wherein the hydrocarbon is
present in an amount of 0.6 to 4% and wherein the proportion of hydrocarbon to
hydrofluorocarbon in the vapour phase does not differ from the formulated
composition by more than 40% at equilibrium at 25°C.
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11, A composition as claimed 1n claim 10 wherein the proportion does not duffer by
more than 30%.

12. A composition as claimed in claim 11 wherein the proportion does not differ by
more than 20%.

13. A composition as claimed in any preceding claim wherein during a leak from the
vapour space or liquid space a container, the proportion of hydrocarbon to
hydrofluorocarbon in either of the varpour phase or liquid phase does not differ
from the formulated composition by more than 40% at equilibrium at 25°C.

14, A composition as claimed in claimn 13 wherein the proportion does not differ by

more than 40%.

15. A composition as claimed in claim 14 wherein the proportion does not differ by

more than 20%.

16. A composition as claimed in any preceding claim wherein the hydrocarbon
component consists of a mixture of isopentane, butane and isobutene.

17. A composition was claimed in claim 16 wherein the amount of isopentane is 0.6 to
2%.

18. A composition as claimed in claim 17 wherein the amount of isopentane is 0.6 to

1%.
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19. A composition as claimed 1n any of claims 16 to 18 wherein the amount of butane
is 0.6 to 5%e.

20. A composition as claimed in claim 19 wherein the amount of butane is 0.6 to 3%.

21. A composition as claimed in claim 20 wherein the amount of butane is 0.6 to 2%.

22. A composition was claimed in any of claims 16 to 21 wherein the amount of
butane 18 0.6 to 5%.

23. A composition as claimed in claim 22 wherein the amount of butane is 0.6 to 2%.

24, A composition as claimed in claim 23 wherein the amount of butane is 0.6 to 1%.

25. A composition was claimed in any of claims 1 to 15 wherein the hydrocarbon

component consists of a mixture if isopentane and butane.

26. A composition as claimed in claim 25 wherein the amount of isopentane is 0.6 to
1%.

27. A composition as claimed in claims 25 or 26 wherein the amount of butane is 1.3
to 2.5%.

[40
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28. A composition as claimed in claim 27 wherein the amount of butane is about
1.4%.

29. A composition as claimed in any of claims 1 to 15 wherein the hydrocarbon

component consists of butane and isobutane.

30. A composition as claimed in claim 29 wherein the amount of butane is 0.6 to 5%.

31. A composition as claimed in claim 29 or 30 wherein the amount of isobutane is
0.6 to 5%.

32. A refrigerant composition as claimed in any of claims 1-13 consisting essentiaily
of:

R134a 93.1 to 81.5%
R125 5-15%
isopentane  0.6to 1%

butane 1.3t02.5%

33, A refrigerant composition as claimed in any of claims 1-13 consisting essentially
of:

R134a 83%
R125 5%

isopentane  0.6%
butane 1.4%

34. A refrigerant composition as claimed in any of claims 1-13 consisting essentially
of:

14
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93.2 to 80%
5t0 15%
0.6t01%
0.6 to 3%
0610 1%

35. A refrigerant composition as claimed in any of claims 1-13 consisting essentially

of:
R134a

R125
isopentane
butane

isobutane

93%

5%

0.6%
08%
0.6%

36. A refrigerant composition as claimed in any of claims 1-13 consisting essentially

of:
R134a

R125
isopentane
butane

isobutane

33.2t039%

45 to 55%
0.6t0 1%
0.63%
0.62%

37. A refrigerant composition as claimed in any of claims 1-13 congisting essentially

of:
R134a
R125
isopentane
butane

47.5%
50%
0.6%
1%
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isobutane 0.9%

38. A refrigerant composition as claimed in any of claysms 1-13 consisting essentially

of:

Rl34a 10 to 30%
R125 80 to 40%
R143a 10 to 30%

isopentane 0.6 to 2%
butane 0.6 to 5%
isobutane 0.6 to 5%

39. A refrigerant composition as claimed in any of claims 1-13 consisting essentially
of:

R134a 16.5%
RI25 60%
R143a 21%

isopentane  0.6%
butane 0.9%
isobutane 1%

40. A refrigerant composition as claimed in any of claims 1-13 consisting essentially
of:

R125 75 to 55%
R143a 25 t0 45%
butane 0.6 10 5%

41. A refrigerant composition as claimed in any of claims 1-13 consisting essentially
of:

RI25 60.5%

£31
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37%
1%
1.5%

42. A refrigerant composition as claimed in any of claims 1-13 consisting essentially

of:
R125
R143a
butane
isobutane

isopeniane

60.5%
3%
0.9%
1%
0.6%

43, A refrigerant composition as claimed in any of claims 1-13 consisting essentially

of:

Rl134a
R227ea
R125
1sopentane
butane

isobutane

58.2 to 36%
35 to 50%
5t0 8%

0.6 to 2%
0.6 to 2%
0.6 to 2%

44, A refrigerant composition as claimed in any of claims 1-13 consisting essentially

of:
R134a
R227ea
R125
isopentane
butane
isobutane

51%
41%
6%

0.6%
0.8%
0.6%
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