
TITLE OF INVENTION 1,1 ,1
,2,2,4,5,5,5-NONAFLUORO^-(TRIFLUOROMETHYL)-SPENTANONE
REFRIGERANT COMPOSITIONS AND USES THEREOF CROSS
REFERENCEfS) TO RELATED APPLICATION(S) This
application claims the priority benefit of U.S.
Provisional Application 60/575,037, fiied May 26,
2004, and U.S. Provisional Application 60/584,785,
filed June 29, 2004. BACKGROUND OF THE INVENTION 1.
Field of the Invention. The present invention relates
to compositions for use in refrigeration and air
conditioning systems comprising 1,1 ,1 ,2,2,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-3-pentanone (PEIK) and
at least one chlorocarbon, alcohol, ketone, ether,
ester, N-(difluoromethyl)-N,Ndimethylamine, 1,1 , 1
,2,2-pentafluoro-2-[(pentafluoroethyl)thio]ethane or
mixtures thereof. Further, the present invention
relates to compositions for use in refrigeration and
air-conditioning systems employing a centrifugal
compressor comprising 1,1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-
pentanone (PEIK) and at least one chlorocarbon,
alcohol, ketone, ether, ester,
N-(difluoromethyl)-N,N-dimethylamine,
perfluoro-Nmethylmorpholine, 1,1 , 1
,2,2-pentafluoro-2-[(pentafluoroethyl)thio]ethane or
combinations thereof. The compositions of the present
invention may be azeotropic or near azeotropic and are
useful in processes for producing refrigeration or
heat or as heat transfer fluids. 2. Description of
Related Art. The refrigeration industry has been
working for the past few decades to find replacement
refrigerants for the ozone depleting
chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) being phased out as a
result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization
of hydrofluorocarbon (HFC) refrigerants. The new HFC
refrigerants, HFC- 134a being the most widely used at
this time, have zero ozone depletion potential and
thus are not affected by the current regulatory phase
out as a result of the Montreal Protocol.Further
environmental regulations may ultimately cause global
phase out of certain HFC refrigerants as well.
Currently, the automobile industry is facing
regulations relating to global warming potential for
refrigerants used in mobile air-conditioning.
Therefore, there is a great current need to identify
new refrigerants with reduced global warming potential
for the automobile air-conditioning market. Should the
regulations be more broadly applied in the future, an
even greater need will be felt for refrigerants that
can be used in all areas of the refrigeration and
air-conditioning industry. Currently proposed
replacement refrigerants for HFC-1 34a include HFC-1
52a, pure hydrocarbons such as butane or propane, or
"natural" refrigerants such as CO2 or ammonia. Many of
these suggested replacements are toxic, flammable,
and/or have low energy efficiency. Therefore, new
alternatives are constantly being sought. The object
of the present invention is to provide novel
refrigerant compositions and heat transfer fluids that
provide unique characteristics to meet the demands of
low or zero ozone depletion potential and lower global
warming potential as compared to current refrigerants.
BRIEF SUMMARY OF THE INVENTION The present invention
relates to compositions selected from the group
consisting of: 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1-dichloroethane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and trans-1 ,2-dichloroethylene; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and N- (difluoromethyl)-N,N-dimethylamine; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1,1
,2,2-pentafluoro-2-[(pentafluoroethyl)thio]ethane; 1,1
,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and acetone; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and diisopropyl ether; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,2-dimethoxyethane;1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and dimethoxymethane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1-dimethoxyethane; 1,1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and tert-butyl methyl ether; 1,1 , 1
d-nonafluoro^-^rifluoromethyO-S-pentanone and
methanol; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and ethanol; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and isopropanol; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and npropanol; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and ethyl formate; 1, 11,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and methyl acetate; and 1,1 , 1 S
-nonafluoro^trifluoromethyO-S-pentanone and methyl
formate. The present invention further relates to the
above listed compositions specifically for use in
refrigeration or air conditioning systems including
employing a centrifugal compressor. The present
invention further relates to the above listed
compositions specifically for use in refrigeration or
air conditioning systems employing a multistage or
2-stage centrifugal compressor. The present invention
further relates to the above listed compositions
specifically for use in refrigeration or air
conditioning systems employing a single pass/single
slab heat exchanger. The present invention further
relates to azeotropic or near azeotropic refrigerant
compositions. These compositions are useful in
refrigeration or air conditioning systems. The
compositions are also useful in refrigeration or air
conditioning systems employing a centrifugal
compressor. The present invention further relates to
processes for producing refrigeration, heat, and
transfer of heat from a heat source to a heat sink
using the present inventive compositions.DETAILED
DESCRIPTION OF THE INVENTION Applicants specifically
incorporate the entire contents of all cited
references in this disclosure. Further, when an
amount, concentration, or other value or parameter is
given as either a range, preferred range, or a list of
upper preferable values and lower preferable values,
this is to be understood as specifically disclosing
all ranges formed from any pair of any upper range
limit or preferred value and any lower range limit or
preferred value, regardless of whether ranges are
separately disclosed. Where a range of numerical
values is recited herein, unless otherwise stated, the
range is intended to include the endpoints thereof,
and all integers and fractions within the range. It is
not intended that the scope of the invention be
limited to the specific values recited when defining a
range. The refrigerant compositions of the present
invention comprising 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e (PEIK) and at least one chlorocarbon, alcohol,
ketone, ether, ester, N-
(difluoromethyl)-N,N-dimethylamine, 1,1 , 1
,2,2-pentafluoro-2- [(pentafluoroethyl)thio]ethane or
mixtures thereof. The refrigerant compositions of the
present invention may comprise a mixture of PEIK with
combinations of any of the listed components. The
refrigerant compositions of the present invention
comprise compounds selected from chlorocarbons,
alcohols, ethers, ketones, esters,
N-(difluoromethyl)-N,N-dimethylamine, or 1,1 ,1
,2,2-pentafluoro-2- [(pentafluoroethyl)thio]ethane.
Representative chlorocarbons, alcohols, ethers,
ketones, and esters are listed in Table 1.
Representative compounds that may be components of the
compositions of the present invention are listed in
Table 1. TABLE 1The compounds listed in Table 1 are
available commercially (from chemical supply houses
such as Aldrich, Milwaukee, Wisconsin) or may be
prepared by processes known in the art. 1,1 ,1
,2,2,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-3-pentanone (PEIK) is
commercially available from 3M(tm) (St. Paul,
Minnesota). Compositions of the present invention have
low or zero ozone depletion potential and low global
warming potential . For example, PEIK and the other
compounds of the present invention, alone or in
mixtures will have global warming potentials lower
than many HFC refrigerants currently in use. The
compositions of the present invention that are
mixtures may be prepared by any convenient method to
combine the desired amounts of the individual
components. A preferred method is to weigh the desired
component amounts and thereafter combine the
components in an appropriate vessel. Agitation may be
used, if desired. The refrigerant or heat transfer
compositions of the present invention include: 1, 1 ,1
d d-nonafluoro^trifluoromethyO-S-pentanone and 1,1 ,1
,2,2-pentafluoro-2-[(pentafluoroethyl)thio]ethane; 1,
1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and N-(difluoromethyl)-N,N-dimethylamine; 1, 1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1- dichloroethane;1,1 ,1 ,2,2,4,5,5,
5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
trans- 1,2-dichloroethylene; 1,1 ,1
,2,2,4,5,5,5-nonafiuoro-4-(trifluoromethyl)-3-pentanon
e and acetone; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and diisopropyl ether; 1,1 ,1 d S
d-nonafluoro^trifluoromethyiy-S-pentanone and 1,2-
dimethoxyethane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and dimethoxymethane; 1,1 ,1 d d
d-nonafluoro^trifluoromethyO-S-pentanone and 1,1-
dimethoxyethane; 1,1 ,1
,2,2,4,5,5,5-nonafIuoro-4-(trifluoromethyl)-3-pentanon
e and ethanol; 



1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and ethyl formate; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and isopropanol; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and methanol; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and methyl acetate; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and methyl formate; 1,1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and tertbutylmethyl ether; and 1, 1 ,1 ,2,2,4,5,5,
5-nonafiuoro-4-(trifluoromethyl)-3-pentanone and
npropanol. The refrigerant or heat transfer
compositions of the present invention may be
azeotropic or near azeotropic compositions. An
azeotropic composition is a liquid admixture of two or
more substances that has a constant boiling point that
may be above or below the boiling points of the
individual components. As such an azeotropic
composition will not fractionate within the
refrigeration or air conditioning system during
operation, which may reduce efficiency of the system.
Additionally, an azeotropic composition will not
fractionate upon leakage from the refrigeration or air
conditioning system. In the situation where one
component of a mixture is flammable, fractionation
during leakage couldlead to a flammable composition
either within the system or outside of the system. A
near azeotropic composition is a substantially
constant boiling, liquid admixture of two or more
substances that behaves essentially as a single
substance. One way to characterize a near azeotropic
composition is that the vapor produced by partial
evaporation or distillation of the liquid has
substantially the same composition as the liquid from
which it was evaporated or distilled, that is, the
admixture distills/refluxes without substantial
composition change. Another way to characterize a near
azeotropic composition is that the bubble point vapor
pressure and the dew point vapor pressure of the
composition at a particular temperature are
substantially the same. Herein, a composition is near
azeotropic if, after 50 weight percent of the
composition is removed, such as by evaporation or
boiling off, the difference in vapor pressure between
the original composition and the composition remaining
after 50 weight percent of the original composition
has been removed is less than about 10 percent. The
azeotropic refrigerant compositions of the present
invention are listed in Table 2. TABLE 2 Azeotrope
Azeotrope Component A Component B Concentration BP (0C
Wt% A Wt% B PEIK N(CH3) 2(CHF2) 70.2 29.8 38.1 PEIK
1,1-dichloroethane 78.7 2 1.3 38.2 PEIK t-DCE 72.0
28.0 3 1.8 PEIK diisopropyl ether 85.3 14.7 40.3 PEIK
1,2-dimethoxyethane 92.6 7.4 42.0 PEIK
dimethoxymethane 79.5 20.5 29.6 PEIK
1,1-dimethoxyethane 85.5 14.5 44.4 PEIK ethanol 96.8
3.2 44.7 PEIK ethyl formate 82.3 17.7 34.1 PEIK
isopropanol 96.7 3.3 45.6 PEIK methanol 97.0 3.0 43.5
PEIK methyl acetate 84.4 15.6 35.4 PEIK methyl formate
73.2 26.8 22.6 PEIK tert-butyl methyl ether 83.3 16.7
35.3 PEIK n-propanol 98.4 1.6 47.6The near azeotropic
refrigerant compositions and concentration ranges of
the present invention are listed in Table 3. TABLE 3
Near Azeotropic Concentration Range Compounds (AJB)
wt% A/wt% B PEIK/ N(CH3) 2(CHF2) 43-91/57-9 PEIK/
CF3CF2SCF2CF3 1-99/99-1 PEIK/1 ,1-dichloroethane
55-91/45-9 PEIK/t-DCE 48-87/52-12 PEIK/acetone
1-99/99-1 PEIK/diisopropyl ether 63-94/37-6 PEIK/1
,2-dimethoxyethane 73-96/27-4 PEIK/dimethoxymethane
60-92/40-8 PEIK/1 ,1-dimethoxyethane 61-99/39-1
PEIK/ethanol 87-99/13-1 PEIK/ethyl formate 61-92/39-8
PEIK/isopropanol 85-99/15-1 PEIK/methanol 91-99/9-1
PEIK/methyl acetate 63-93/37-7 PEIK/methyl formate
53-90/47-10 PEIK/tert-butyl methyl ether 63-92/37-8
PEIK/n-propanol 87-99/13-1 The compositions of the
present invention may further comprise about 0.01
weight percent to about 5 weight percent of a
stabilizer, free radical scavenger or antioxidant.
Such additives include but are not limited to,
nitromethane, hindered phenols, hydroxylamines,
thiols, phosphites, or lactones. Single additives or
combinations may be used. The compositions of the
present invention may further comprise about 0.01
weight percent to about 5 weight percent of a water
scavenger (drying compound). Such water scavengers may
comprise ortho esters such as trimethyl-, triethyl-,
or tripropylortho formate. The compositions of the
present invention may further comprise an ultra-violet
(UV) dye and optionally a solubilizing agent. The UV
dye is a useful component for detecting leaks of the
refrigerant composition by permitting one to observe
the fluorescence of the dye in the refrigerant or heat
transfer fluid composition at a leak point in or
thevicinity of refrigeration or air-conditioning
apparatus. One may observe the fluorosence of the dye
under an ultra-violet light. Solubilizing agents may
be needed due to poor solubility of such UV dyes in
some refrigerants. By "ultra-violet" dye is meant a UV
fluorescent composition that absorbs light in the
ultra-violet or "near" ultra-violet region of the
electromagnetic spectrum. The fluorescence produced by
the UV fluorescent dye under illumination by a UV
light that emits radiation with wavelength anywhere
from 10 nanometer to 750 nanometer may be detected.
Therefore, if refrigerant containing such a UV
fluorescent dye is leaking from a given point in a
refrigeration or air conditioning apparatus, the
fluorescence can be detected at the leak point. Such
UV fluorescent dyes include but are not limited to
naphthalimides, perylenes, coumarins, anthracenes,
phenanthracenes, xanthenes, thioxanthenes,
naphthoxanthenes, fluoresceins, and derivatives or
combinations thereof. Solubilizing agents of the
present invention comprise at least one compound
selected from the group consisting of hydrocarbons,
hydrocarbon ethers, polyoxyalkylene glycol ethers,
amides, nitriles, ketones, chlorocarbons, esters,
lactones, aryl ethers, fluoroethers and 1, 1
,1-trifluoroalkanes. Hydrocarbon solubilizing agents
of the present invention comprise hydrocarbons
including straight chained, branched chain or cyclic
alkanes or alkenes containing 5 or fewer carbon atoms
and only hydrogen with no other functional groups.
Representative hydrocarbon solubilizing agents
comprise propane, propylene, cyclopropane, n-butane,
isobutane, and n-pentane. It should be noted that if
the refrigerant is a hydrocarbon, then the
solubilizing agent may not be the same hydrocarbon.
Hydrocarbon ether solubilizing agents of the present
invention comprise ethers containing only carbon,
hydrogen and oxygen, such as dimethyl ether (DME).
Polyoxyalkylene glycol ether solubilizing agents of
the present invention are represented by the formula
R1[(OR2)xOR3]y, wherein: x is an integer from 1-3; y
is an integer from 1-4; R1 is selected from hydrogen
and aliphatic hydrocarbon radicals having 1 to 6
carbon atoms and y bonding sites; R2 is selected from
aliphatic hydrocarbylene radicals having from 2 to 4
carbon atoms; R3 is selected from hydrogen and
aliphatic andalicyclic hydrocarbon radicals having
from 1 to 6 carbon atoms; at least one of R1 and R3 is
said hydrocarbon radical; and wherein said
polyoxyalkylene glycol ethers have a molecular weight
of from about 100 to about 300 atomic mass units. In
the present polyoxyalkylene glycol ether solubilizing
agents represented by R1[(OR2)xOR3]y: x is preferably
1- 2; y is preferably 1; R1 and R3 are preferably
independently selected from hydrogen and aliphatic
hydrocarbon radicals having 1 to 4 carbon atoms; R2 is
preferably selected from aliphatic hydrocarbylene
radicals having from 2 or 3 carbon atoms, most
preferably 3 carbon atoms; the polyoxyalkylene glycol
ether molecular weight is preferably from about 100 to
about 250 atomic mass units, most preferably from
about 125 to about 250 atomic mass units. The R1 and
R3 hydrocarbon radicals having 1 to 6 carbon atoms may
be linear, branched or cyclic. Representative R1 and
R3 hydrocarbon radicals include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-huty\,
pentyl, isopentyl, neopentyl, ferf-pentyl,
cyclopentyl, and cyclohexyl. Where free hydroxyl
radicals on the present polyoxyalkylene glycol ether
solubilizing agents may be incompatible with certain
compression refrigeration apparatus materials of
construction (e.g. Mylar(r)), R1 and R3 are preferably
aliphatic hydrocarbon radicals having 1 to 4 carbon
atoms, most preferably 1 carbon atom. The R2 aliphatic
hydrocarbylene radicals having from 2 to 4 carbon
atoms form repeating oxyalkylene radicals - (OR2)X -
that include oxyethylene radicals, oxypropylene
radicals, and oxybutylene radicals. The oxyalkylene
radical comprising R2 in one polyoxyalkylene glycol
ether solubilizing agent molecule may be the same, or
one molecule may contain different R2 oxyalkylene
groups. The present polyoxyalkylene glycol ether
solubilizing agents preferably comprise at least one
oxypropylene radical. Where R1 is an aliphatic or
alicyclic hydrocarbon radical having 1 to 6 carbon
atoms and y bonding sites, the radical may be linear,
branched or cyclic. Representative R1 aliphatic
hydrocarbon radicals having two bonding sites include,
for example, an ethylene radical, a propylene radical,
a butylene 



radical, a pentylene radical, a hexylene radical, a
cyclopentylene radical and a cyclohexylene radical.
Representative R1 aliphatic hydrocarbon radicals
having three or four bonding sites include residues
derived from polyalcohols, such as trimethylolpropane,
glycerin, pentaerythritol, 1,2,3-
trihydroxycyclohexane and 1,3,5-trihydroxycyclohexane,
by removing their hydroxyl radicals.Representative
polyoxyalkylene glycol ether solubilizing agents
include but are not limited to: CH3OCH2CH(CH3)O(H or
CH3) (propylene glycol methyl (or dimethyl) ether),
CH3O[CH2CH(CH3)O]2(H or CH3) (dipropylene glycol
methyl (or dimethyl) ether), CH3O[CH2CH(CH3)O]3(H or
CH3) (tripropylene glycol methyl (or dimethyl) ether),
C2H5OCH2CH(CH3)O(H or C2H5) (propylene glycol ethyl
(or diethyl) ether), C2H5O[CH2CH(CH3)O]2(H or C2H5)
(dipropylene glycol ethyl (or diethyl) ether),
C2H5O[CH2CH(CH3)O]3(H or C2H5) (tripropylene glycol
ethyl (or diethyl) ether), C3H7OCH2CH(CH3)O(H or C3H7)
(propylene glycol n-propyl (or di-n-propyl) ether),
C3H7O[CH2CH(CH3)O]2(H or C3H7) (dipropylene glycol
n-propyl (or di-n-propyl) ether) ,
C3H7O[CH2CH(CH3)O]3(H or C3H7) (tripropylene glycol
n-propyl (or di-n-propyl) ether), 4HgOCH2CH(CH3)OH
(propylene glycol n-butyl ether),
C4H9O[CH2CH(CH3)O]2(H or C4H9) (dipropylene glycol
n-butyl (or di-n-butyl) ether), C4H9O[CH2CH(CH3)O]3(H
or C4H9) (tripropylene glycol n-butyl (or di-n-butyl)
ether), (CHS)3COCH 2CH(CH 3)OH (propylene glycol
t-butyl ether), (CHs)3CO[CH2CH(CH3)O]2(H or (CH3)3)
(dipropylene glycol t-butyl (or di-tbutyl) ether),
(CHs)3CO[CH2CH(CH3)O]3(H or (CH3 3) (tripropylene
glycol tbutyl (or di-t-butyl) ether),
C5H11OCH2CH(CH3)OH (propylene glycol npentyl ether),
C4H9OCH2CH(C2H5)OH (butylene glycol n-butyl ether),
C4H9O[CH2CH(C2H5)O]2H (dibutylene glycol n-butyl
ether), trimethylolpropane tri-n-butyl ether
(C2H5C(CH2O(CH2)3CH3)3) and trimethylolpropane
di-n-butyl ether (C2H5C(CH2OC(CH2)3CH3)2CH2OH). Amide
solubilizing agents of the present invention comprise
those represented by the formulae R1CONR2R3 and
cyclo-[R4CON(R5)-], wherein R1, R2, R3 and R5 are
independently selected from aliphatic and alicyclic
hydrocarbon radicals having from 1 to 12 carbon atoms;
R4 is selected from aliphatic hydrocarbylene radicals
having from 3 to 12 carbon atoms; and wherein said
amides have a molecular weight of from about 10O to
about 300 atomic mass units. The molecular weight of
said amides is preferably from about 160 to about 250
atomic mass units. R1, R2, R3 and R5 may optionally
include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents
selected from halogens (e.g., fluorine, chlorine) and
alkoxides (e.g. methoxy). R1, R2, R3 and R5 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (oxa-) or sulfur (thia-) in a
radical chain otherwise composed of carbon atoms.
Ingeneral, no more than three non-hydrocarbon
substituents and heteroatoms, and preferably no more
than one, will be present for each 10 carbon atoms in
R1 3, and the presence of any such non-hydrocarbon
substituents and heteroatoms must be considered in
applying the aforementioned molecular weight
limitations. Preferred amide solubilizing agents
consist of carbon, hydrogen, nitrogen and oxygen.
Representative R1, R2, R3 and R5 aliphatic and
alicyclic hydrocarbon radicals include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
ferf-butyl, pentyl, isopentyl, neopentyl, terf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers. A
preferred embodiment of amide solubilizing agents are
those wherein R4 in the aforementioned formula
cyclo-[R4CON(R5)-] may be represented by the
hydrocarbylene radical (CR6R7)n, in other words, the
formula: cyclo- [(CR6R7)nCON(R5)-] wherein: the
previously-stated values for molecular weight apply; n
is an integer from 3 to 5; R5 is a saturated
hydrocarbon radical containing 1 to 12 carbon atoms;
R6 and R7 are independently selected (for each n) by
the rules previously offered defining R1 3. In the
lactams represented by the formula:
cyclo-[(CR6R7)nCON(R5)-], all R6 and R7 are preferably
hydrogen, or contain a single saturated hydrocarbon
radical among the n methylene units, and R5 is a
saturated hydrocarbon radical containing 3 to 12
carbon atoms. For example, 1-(saturated hydrocarbon
radical)-5-methylpyrrolidin-2-ones. Representative
amide solubilizing agents include but are not limited
to: 1-octylpyrrolidin-2-one, 1-decylpyrrolidin-2-one
1-octyl-5- methylpyrrolidin-2-one, 1-butylcaprolactam,
1-cyclohexylpyrrolidin-2-one,
1-butyl-5-methylpiperid-2-one,
1-pentyl-5-methylpiperid-2-one, 1- hexylcaprolactam,
1-hexyl-5-methylpyrrolidin-2-one, 5-methyl-1-
pentylpiperid-2-one, 1,3-dimethylpiperid-2-one,
1-methylcaprolactam, 1- butyl-pyrrolidin-2-one,
1,5-dimethylpiperid-2-one, 1-decyl-5-
methylpyrrolidin-2-one, 1-dodecylpyrrolid-2-one,
N,N-dibutylformamide and N,N-diisopropylacetamide.
Ketone solubilizing agents of the present invention
comprise ketones represented by the formula R1COR2,
wherein R1 and R2 are independently selected from
aliphatic, alicyclic and aryl hydrocarbon radicals
having from 1 to 12 carbon atoms, and wherein said
ketones have a molecular weight of from about 70 to
about 300 atomic mass units. R1 and R2 in said ketones
are preferably independently selected fromaliphatic
and alicyclic hydrocarbon radicals having 1 to 9
carbon atoms. The molecular weight of said ketones is
preferably from about 100 to 200 atomic mass units. R1
and R2 may together form a hydrocarbylene radical
connected and forming a five, six, or seven-membered
ring cyclic ketone, for example, cyclopentanone,
cyclohexanone, and cycloheptanone. R1 and R2 may
optionally include substituted hydrocarbon radicals,
that is, radicals containing non-hydrocarbon
substituents selected from halogens (e.g., fluorine,
chlorine) and alkoxides (e.g. methoxy). R1 and R2 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (keto-, oxa-) or sulfur
(thia-) in a radical chain otherwise composed of
carbon atoms. In general, no more than three
non-hydrocarbon substituents and heteroatoms, and
preferably no more than one, will be present for each
10 carbon atoms in R1 and R2, and the presence of any
such nonhydrocarbon substituents and heteroatoms must
be considered in applying the aforementioned molecular
weight limitations. Representative R1 and R2
aliphatic, alicyclic and aryl hydrocarbon radicals in
the general formula R1COR2 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
fert-butyl, pentyl, isopentyl, neopentyl, fe/f-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers, as
well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl
and phenethyl. Representative ketone solubilizing
agents include but are not limited to: 2-butanone,
2-pentanone, acetophenone, butyrophenone,
hexanophenone, cyclohexanone, cycloheptanone,
2-heptanone, 3- heptanone, 5-methyl-2-hexanone,
2-octanone, 3-octanone, diisobutyl ketone,
4-ethylcyclohexanone, 2-nonanone, 5-nonanone,
2-decanone, 4- decanone, 2-decalone, 2-tridecanone,
dihexyl ketone and dicyclohexyl ketone. Nitrile
solubilizing agents of the present invention comprise
nitriles represented by the formula R1CN, wherein R1
is selected from aliphatic, alicyclic or aryl
hydrocarbon radicals having from 5 to 12 carbon atoms,
and wherein said nitriles have a molecular weight of
from about 90 to about 200 atomic mass units. R1 in
said nitrile solubilizing agents is preferably
selected from aliphatic and alicyclic hydrocarbon
radicals having 8 to 10 carbon atoms. The molecular
weight of said nitrile solubilizing agents is
preferably from about 120 to about 140 atomic
massunits. R1 may optionally include substituted
hydrocarbon radicals, that is, radicals containing
non-hydrocarbon substituents selected from halogens
(e.g., fluorine, chlorine) and alkoxides (e.g.
methoxy). R1 may optionally include
heteroatom-substituted hydrocarbon radicals, that is,
radicals, which contain the atoms nitrogen (aza-),
oxygen (keto-, oxa-) or sulfur (thia-) in a radical
chain otherwise composed of carbon atoms. In general,
no more than three non-hydrocarbon substituents and
heteroatoms, and preferably no more than one, will be
present for each 10 carbon atoms in R1, and the
presence of any such non-hydrocarbon substituents and
heteroatoms must be considered in applying the
aforementioned molecular weight limitations.
Representative R1 aliphatic, alicyclic and aryl
hydrocarbon radicals in the general formula R1CN
include pentyl, isopentyl, neopentyl, ferf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers, as
well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl
and phenethyl. Representative nitrile solubilizing
agents include but are not limited to: 1-
cyanopentane, 2,2-dimethyl-4-cyanopentane,
1-cyanohexane, 1- cyanoheptane, 1-cyanooctane,
2-cyanooctane, 1-cyanononane, 1- cyanodecane,
2-cyanodecane, 1-cyanoundecane and 1-cyanododecane.
Chlorocarbon solubilizing agents of the present
invention comprise chlorocarbons represented by the
formula RCIx, wherein; x is selected from the integers
1 or 2; R is selected from aliphatic and alicyclic
hydrocarbon radicals having 1 to 12 carbon atoms; and
wherein said chlorocarbons have a molecular weight of
from about 100 to about 200 atomic mass units. The
molecular weight of said chlorocarbon solubilizing
agents is preferably from about 120 to 150 atomic mass
units. Representative R aliphatic and alicyclic
hydrocarbon radicals in the general formula RCIx
include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, terf-butyl, pentyl, isopentyl,
neopentyl, terf-pentyl, cyclopentyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl and
their configurational isomers. Representative
chlorocarbon solubilizing agents include but are not
limited to: 3-(chloromethyl)pentane,
3-chloro-3-methylpentane, 1- chlorohexane,
1,6-dichlorohexane, 1-chloroheptane, 1-chlorooctane,
1- chlorononane, 1-chlorodecane, and
1,1,1-trichlorodecane. Ester solubilizing agents of
the present invention comprise esters represented by
the general formula R1CO2R2, wherein R1 and R2are
independently selected from linear and cyclic,
saturated and unsaturated, alkyl and aryl radicals.
Preferred esters consist essentially of the elements
C, H and O, have a molecular weight of from about 80
to about 550 atomic mass units. Representative esters
include but are not limited to:
(CH3)2CHCH2OOC(CH2)2-4OCOCH2CH(CH3)2 (diisobutyl
dibasic ester), ethyl hexanoate, ethyl heptanoate,
n-butyl propionate, n-propyl propionate, ethyl
benzoate, di-n-propyl phthalate, benzoic acid
ethoxyethyl ester, dipropyl carbonate, "Exxate 700" (a
commercial C7 alkyl acetate), "Exxate 800" (a
commercial C8 alkyl acetate), dibutyl phthalate, and
tert-butyl acetate. Lactone solubilizing agents of the
present invention comprise lactones represented by
structures [A], [B], and [C]: [A] [B] [C] 



These lactones contain the functional group -CO2- in a
ring of six (A), or preferably five atoms (B), wherein
for structures [A] and [B], R1 through R8 are
independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each R1 though R8 may be
connected forming a ring with another R1 through R8.
The lactone may have an exocyclic alkylidene group as
in structure [C], wherein R1 through R6 are
independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each Ri though R may be
connected forming a ring with another R1 through R6.
The lactone solubilizing agents have a molecular
weight range of from about 80 to about 300 atomic mass
units, preferred from about 80 to about 200 atomic
mass units. Representative lactone solubilizing agents
include but are not limited to the compounds listed in
Table 4. TABLE 4TITLE OF INVENTION 1,1 ,1
,2,2A5,5,5-NONAFLUORO-4-(TRIFLUOROMETHYL)-3- PENTANONE
COMPOSITIONS COMPRISING A HYDROFLUOROCARBON AND USES
THEREOF CROSS REFERENCE(S) TO RELATED APPLICATION(S)
This application claims the priority benefit of U.S.
Provisional Application 60/575,037, filed May 26,
2004, and U.S. Provisional Application 60/584,785,
filed June 29, 2004. BACKGROUND OF THE INVENTION 1.
Field of the Invention. The present invention relates
to compositions for use in refrigeration and air
conditioning systems comprising at least one
hydrofluorocarbon and 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-
pentanone (PEIK). Further, the present invention
relates to compositions for use in refrigeration and
air-conditioning systems employing a centrifugal
compressor comprising at least one hydrofluorocarbon
and 1,1 ,1 ,2,2,4,5,5,5-nonafluo
p>4-(trifluoromethyl)-3-pentanone. The compositions of
the present invention may be azeotropic or near
azeotropic and are useful in processes for producing
refrigeration or heat or as heat transfer fluids. 2.
Description of Related Art. The refrigeration industry
has been working for the past few decades to find
replacement refrigerants for the ozone depleting
chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) being phased out as a
result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization
of hydrofluorocarbon (HFC) refrigerants. The new HFC
refrigerants, HFC- 134a being the most widely used at
this time, have zero ozone depletion potential and
thus are not affected by the current regulatory phase
out as a result of the Montreal Protocol. Further
environmental regulations may ultimately cause global
phase out of certain HFC refrigerants as well.
Currently, the automobile industry is facing
regulations relating to global warming potential for
refrigerants used in mobile air-conditioning.
Therefore, there is a greatcurrent need to identify
new refrigerants with reduced global warming potential
for the automobile air-conditioning market. Should the
regulations be more broadly applied in the future, an
even greater need will be felt for refrigerants that
can be used in all areas of the refrigeration and
air-conditioning industry. Currently proposed
replacement refrigerants for HFC-134a include
HFC-152a, pure hydrocarbons such as butane or propane,
or "natural" refrigerants such as CO2 or ammonia. Many
of these suggested replacements are toxic, flammable,
and/or have low energy efficiency. Therefore, new
alternatives are constantly being sought. The object
of the present invention is to provide novel
refrigerant compositions and heat transfer fluids that
provide unique characteristics to meet the demands of
low or zero ozone depletion potential and lower global
warming potential as compared to current refrigerants.
BRIEF SUMMARY OF THE INVENTION The present invention
relates to compositions comprising: 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,3-trifluoropropane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,3-difluoropropane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,1 ,3,3-pentafluorobutane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1-,1-difluorobutane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,2-difluorobutane; 1,1 ,1 A S
.S-nonafluoro^-OrifluoromethyO-S-pentanone and
1,3-difluorobutane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,4-difluorobutane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,3-difluoro-2-methylpropane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,2-difluoro-2-methylpropane;1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2,3-difluorobutane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,1-trifluoropentane; 1,1 ,1 ,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
1,1 ,1-trifluoro-3-methylbutane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1-difluoropentane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,2-difluoropentane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2,2-difluoropentane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,1 ,2,2,3,4,5,5,5-decafluoropentane; 1,1,1
,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
1,1 ,1-trifluorohexane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,2,2-tetrafluorocyclobutane; and The present
invention further relates to the above listed
compositions specifically for use in refrigeration or
air conditioning systems employing a centrifugal
compressor. The present invention further relates to
the above listed compositions specifically for use in
refrigeration or air conditioning systems employing a
multi-stage or 2-stage centrifugal compressor. The
present invention further relates to the above listed
compositions specifically for use in refrigeration or
air conditioning systems employing a single
pass/single slab heat exchanger. The present invention
further relates to azeotropic or near azeotropic
refrigerant compositions. These compositions are
useful in refrigeration or air conditioning systems.
The compositions are also useful in refrigeration or
air conditioning systems employing a centrifugal
compressor. The present invention further relates to
processes for producing refrigeration, heat, and
transfer of heat from a heat source to a heat sink
using the present inventive compositions.DETAILED
DESCRIPTION OF THE INVENTION Applicants specifically
incorporate the entire contents of all cited
references in this disclosure. Further, when an
amount, concentration, or other value or parameter is
given as either a range, preferred range, or a list of
upper preferable values and lower preferable values,
this is to be understood as specifically disclosing
all ranges formed from any pair of any upper range
limit or preferred value and any lower range limit or
preferred value, regardless of whether ranges are
separately disclosed. Where a range of numerical
values is recited herein, unless otherwise stated, the
range is intended to include the endpoints thereof,
and all integers and fractions within the range. It is
not intended that the scope of the invention be
limited to the specific values recited when defining a
range. The refrigerant compositions of the present
invention comprise 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e (PEIK) and a hydrofluorocarbon (HFC). The
compositions of the present invention may comprise
mixtures of more than one HFC, wherein these mixtures
are then combined with 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-
pentanone (PEIK). The hydrofluorocarbons of the
present invention comprise compounds containing
hydrogen, fluorine and carbon. These
hydrofluorocarbons may be represented by the formula
CcH2x+2-yFy or CcH2x-yFy. In the formulas, x may equal
3 to 8 and y may equal 1-17. The hydrofluorocarbons
may be straight chain, branched chain or cyclic;
saturated or unsaturated compounds having from about 3
to 8 carbon atoms. Representative hydrofluorocarbons
are listed in Table 1. TABLE 1The compounds listed in
Table 1 are available commercially or may be prepared
by processes known in the prior art. 1, 1
,1,2,2,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-3-pentanone (PEIK) is
commercially available from 3M(tm) (St. Paul,
Minnesota). Compositions of the present invention have
low or zero ozone depletion potential and low global
warming potential . For example, lightly fluorinated
hydrofluorocarbons and PEIK, alone or in mixtures will
have global warming potentials lower than many HFC
refrigerants currently in use. The compositions of the
present invention may be prepared by any convenient
method to combine the desired amounts of the
individual components. A preferred method is to weigh
the desired component amounts and thereafter combine
the components in an appropriate vessel. Agitation may
be used, if desired.The refrigerant compositions of
the present invention include the following: 1, 1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,3- trifluoropropane; 5 1, 1 , 1 A d.d
d-nonafluoro^trifluoromethylJ-S-pentanone and 1,3-
difluoropropane; 1, 1 ,1 ,2,2,4,d
,d,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
1,1 ,1 ,3,3-pentafluorobutane; 1, 1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1- 



0 difluorobutane; 1,1 , 1
,2,2,4,d,d,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,2- difluorobutane; 1,1 ,1 d
d.d-nonafluoro^trifluoromethyO-S-pentanone and 1,3-
difluorobutane; 5 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,4- difluorobutane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,3- difluoro-2-methylpropane; 1, 1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,2- 0 difluoro-2-methylpropane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2,3- difluorobutane; 1,1 , 1
,2,2,4,d,5,d-nonafluoro-4-(trifluorornethyl)-3-pentano
ne and 1,1,1- trifluoropentane; d 1, 1 , 1
,2,2,4,5,5,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1,1- trifluoro-3-methylbutane; 1,1 ,1 A
d.d.d-nonafluoro^-OrifluoromethyO-S-pentanone and 1,1-
difluoropentane; 1,1 ,1 A
d.d.d-nonafluoro^trifluoromethyO-S-pentanone and 1,2-
0 difluoropentane; 1,1 ,1 A d.d
d-nonafluoro^trifluoromethyO-S-pentanone and 2,2-
difluoropentane; 1,1 ,1
,2,2,4,d,5,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 , 1 ,2,2,3,4,d,d,d-decafluoropentane; d 1,1
,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,1- trifluorohexane;1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,2,2- tetrafluorocyclobutane; and 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 3,3,4,4,5,5,6,6,6-nonafluoro-i-hexene. The
refrigerant or heat transfer compositions of the
present invention may be azeotropic or near azeotropic
compositions. An azeotropic composition is a liquid
admixture of two or more substances that has a
constant boiling point that may be above or below the
boiling points of the individual components. As such
an azeotropic composition will not fractionate within
the refrigeration or air conditioning system during
operation, which may reduce efficiency of the system.
Additionally, an azeotropic composition will not
fractionate upon leakage from the refrigeration or air
conditioning system. In the situation where one
component of a mixture is flammable, fractionation
during leakage could lead to a flammable composition
either within the system or outside of the system. A
near azeotropic composition is a substantially
constant boiling, liquid admixture of two or more
substances that behaves essentially as a single
substance. One way to characterize a near azeotropic
composition is that the vapor produced by partial
evaporation or distillation of the liquid has
substantially the same composition as the liquid from
which it was evaporated or distilled, that is, the
admixture distills/refluxes without substantial
composition change. Another way to characterize a near
azeotropic composition is that the bubble point vapor
pressure and the dew point vapor pressure of the
composition at a particular temperature are
substantially the same. Herein, a composition is near
azeotropic if, after 50 weight percent of the
composition is removed, such as by evaporation or
boiling off, the difference in vapor pressure between
the original composition and the composition remaining
after 50 weight percent of the original composition
has been removed is less than about 10 percent. The
azeotropic refrigerant compositions of the present
invention are listed in Table 2. TABLE 2Azeotrope
Azeotrope Component A Component B Concentration BP
(0C) Wt% A Wt% B PEIK HFC-263fa 78.4 2 1.6 46.0 PEIK
HFC-272fa 74.7 25.3 33.5 PEIK HFC-392p 50.6 49.4 37.6
PEIK HFC-392qe 78.4 2 1.6 37.2 PEIK HFC-392qfe 84.9
15.1 4 1.3 PEIK HFC-392qff 92.5 7.5 45.8 PEIK
HFC-392qqz 86.8 13.2 4 1.7 PEIK HFC-392qy 55.9 44.1 3
1.5 PEIK HFC-392see 75.0 25.0 36.0 PEIK HFC-4-10-3m
47.5 52.5 36.2 PEIK HFC-4-10-3mfsz 45.4 54.6 35.4 PEIK
HFC-4-1 1-2p 95.2 4.8 48.7 PEIK HFC-4-1 1-2qe 90.1 9.9
44.8 PEIK HFC-4-1 1-2sc 82.0 18.0 45.2 PEIK
HFC-43-10mee 73.6 26.4 46.0 PEIK HFC-5-12-3m 96.0 4.0
48.8 PEIK HFC-C354cc 73.2 26.8 48.7 The near
azeotropic refrigerant compositions and concentration
ranges of the present invention are listed in Table 3.
TABLE 3 Near Azeotropic Concentration Range Compounds
IAIB) wt% A/wt% B PEIK/HFC-263fa 1-99/99-1
PEIK/HFC-272fa 1-90/99-10 PEIK/HFC-365mfc 1-99/99-1
PEIK/HFC-392p 1-99/99-1 PEIK/HFC-392qe 54-91/46-9
PEIK/HFC-392qfe 65-95/35-5 PEIK/HFC-392qff 76-99/24-1
PEIK/HFC-392qqz 68-95/32-5 PEIK/HFC-392qy 1-84/99-16
PEIK/HFC-392see 48-90/52-10 PEIK/HFC-4-10-3m
1-86/99-14 PEIK/HFC-4-10-3mfsz 1-84/99-16 PEIK/HFC-4-1
1-2p 62-99/38-1 PEIK/HFC-4-1 1-2qe 72-99/28-1
PEIK/HFC-4-1 1-2sc 51-99/49-1 PEIK/HFC-43-10mee
1-99/99-1 PEIK/HFC-5-12-3m 65-99/35-1PEIK/HFC-C354cc
1-99/99-1 PEIK/PFBE 1-99/99-1 The compositions of the
present invention may further comprise about 0.01
weight percent to about 5 weight percent of a
stabilizer, free radical scavenger or antioxidant.
Such additives include but are not limited to,
nitromethane, hindered phenols, hydroxylamines,
thiols, phosphites, or lactones. Single additives or
combinations may be used. The compositions of the
present invention may further comprise about 0.01
weight percent to about 5 weight percent of a water
scavenger (drying compound). Such water scavengers may
comprise ortho esters such as trimethyl-, triethyl-,
or tripropylortho formate. The compositions of the
present invention may further comprise an ultra-violet
(UV) dye and optionally a solubilizing agent. The UV
dye is a useful component for detecting leaks of the
refrigerant composition by permitting one to observe
the fluorescence of the dye in the refrigerant or heat
transfer fluid composition at a leak point in or in
the vicinity of refrigeration or air-conditioning
apparatus. One may observe the fluorosence of the dye
under an ultra-violet light. Solubilizing agents may
be needed due to poor solubility of such UV dyes in
some refrigerants. By "ultra-violet" dye is meant a UV
fluorescent composition that absorbs light in the
ultra-violet or "near" ultra-violet region of the
electromagnetic spectrum. The fluorescence produced by
the UV fluorescent dye under illumination by a UV
light that emits radiation with wavelength anywhere
from 10 nanometer to 750 nanometer may be detected.
Therefore, if refrigerant containing such a UV
fluorescent dye is leaking from a given point in a
refrigeration or air conditioning apparatus, the
fluorescence can be detected at the leak point. Such
UV fluorescent dyes include but are not limited to
naphthalimides, perylenes, coumarins, anthracenes,
phenanthracenes, xanthenes, thioxanthenes,
naphthoxanthenes, fluoresceins, and derivatives or
combinations thereof. Solubilizing agents of the
present invention comprise at least one compound
selected from the group consisting of hydrocarbons,
hydrocarbon ethers, polyoxyalkylene glycol ethers,
amides, nitriles,ketones, chlorocarbons, esters,
lactones, aryl ethers, fluoroethers and 1, 1
,1-trifluoroalkanes. Hydrocarbon solubilizing agents
of the present invention comprise hydrocarbons
including straight chained, branched chain or cyclic
alkanes or alkenes containing 5 or fewer carbon atoms
and only hydrogen with no other functional groups.
Representative hydrocarbon solubilizing agents
comprise propane, propylene, cyclopropane, n-butane,
isobutane, and n-pentane. It should be noted that if
the refrigerant is a hydrocarbon, then the
solubilizing agent may not be the same hydrocarbon.
Hydrocarbon ether solubilizing agents of the present
invention comprise ethers containing only carbon,
hydrogen and oxygen, such as dimethyl ether (DME).
Polyoxyalkylene glycol ether solubilizing agents of
the present invention are represented by the formula
R1[(OR2)xOR3]y, wherein: x is an integer from 1-3; y
is an integer from 1-4; R1 is selected from hydrogen
and aliphatic hydrocarbon radicals having 1 to 6
carbon atoms and y bonding sites; R2 is selected from
aliphatic hydrocarbylene radicals having from 2 to 4
carbon atoms; R3 is selected from hydrogen and
aliphatic and alicyclic hydrocarbon radicals having
from 1 to 6 carbon atoms; at least one of R1 and R3 is
said hydrocarbon radical; and wherein said
polyoxyalkylene glycol ethers have a molecular weight
of from about 100 to about 300 atomic mass units. In
the present polyoxyalkylene glycol ether solubilizing
agents represented by R1[(OR2)xOR3]y: x is preferably
1- 2; y is preferably 1; R1 and R3 are preferably
independently selected from hydrogen and aliphatic
hydrocarbon radicals having 1 to 4 carbon atoms; R2 is
preferably selected from aliphatic hydrocarbylene
radicals having from 2 or 3 carbon atoms, most
preferably 3 carbon atoms; the 



polyoxyalkylene glycol ether molecular weight is
preferably from about 100 to about 250 atomic mass
units, most preferably from about 125 to about 250
atomic mass units. The R1 and R3 hydrocarbon radicals
having 1 to 6 carbon atoms may be linear, branched or
cyclic. Representative R1 and R3 hydrocarbon radicals
include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, terf-butyl, pentyl, isopentyl,
neopentyl, ferf-pentyl, cyclopentyl, and cyclohexyl.
Where free hydroxyl radicals on the present
polyoxyalkylene glycol ether solubilizing agents may
be incompatible with certain compression refrigeration
apparatus materials of construction (e.g.Mylar(r)), R1
and R3 are preferably aliphatic hydrocarbon radicals
having 1 to 4 carbon atoms, most preferably 1 carbon
atom. The R2 aliphatic hydrocarbylene radicals having
from 2 to 4 carbon atoms form repeating oxyalkylene
radicals - (OR2)X- that include oxyethylene radicals,
oxypropylene radicals, and oxybutylene radicals. The
oxyalkylene radical comprising R2 in one
polyoxyalkylene glycol ether solubilizing agent
molecule may be the same, or one molecule may contain
different R2 oxyalkylene groups. The present
polyoxyalkylene glycol ether solubilizing agents
preferably comprise at least one oxypropylene radical.
Where R1 is an aliphatic or alicyclic hydrocarbon
radical having 1 to 6 carbon atoms and y bonding
sites, the radical may be linear, branched or cyclic.
Representative R1 aliphatic hydrocarbon radicals
having two bonding sites include, for example, an
ethylene radical, a propylene radical, a butylene
radical, a pentylene radical, a hexylene radical, a
cyclopentylene radical and a cyclohexylene radical.
Representative R1 aliphatic hydrocarbon radicals
having three or four bonding sites include residues
derived from polyalcohols, such as trimethylolpropane,
glycerin, pentaerythritol, 1,2,3-
trihydroxycyclohexane and 1,3,5-trihydroxycyclohexane,
by removing their hydroxyl radicals. Representative
polyoxyalkylene glycol ether solubilizing agents
include but are not limited to: CH3OCH2CH(CH3)O(H or
CH3) (propylene glycol methyl (or dimethyl) ether),
CH3O[CH2CH(CH3)O]2(H or CH3) (dipropylene glycol
methyl (or dimethyl) ether), CH3O[CH2CH(CH3)O]3(H or
CH3) (tripropylene glycol methyl (or dimethyl) ether),
C2H5OCH2CH(CH3)O(H or C2H5) (propylene glycol ethyl
(or diethyl) ether), C2H5O[CH2CH(CH3)O]2(H or C2H5)
(dipropylene glycol ethyl (or diethyl) ether),
C2H5O[CH2CH(CH3)O]3(H or C2H5) (tripropylene glycol
ethyl (or diethyl) ether), C3H7OCH2CH(CH3)O(H or C3H7)
(propylene glycol n-propyl (or di-n-propyl) ether),
C3H7O[CH2CH(CH3)O]2(H or C3H7) (dipropylene glycol
n-propyl (or di-n-propyl) ether) ,
C3H7O[CH2CH(CH3)O]3(H or C3H7) (tripropylene glycol
n-propyl (or di-n-propyl) ether), C4H9OCH2CH(CH3)OH
(propylene glycol n-butyl ether),
C4H9O[CH2CH(CH3)O]2(H or C4H9) (dipropylene glycol
n-butyl (or di-n-butyl) ether), C4H9O[CH2CH(CH3)O]3(H
or C4H9) (tripropylene glycol n-butyl (or di-n-butyl)
ether), (CH3)3COCH2CH(CH3)OH (propylene glycol t-butyl
ether), (CH3)3CO[CH2CH(CH3)O]2(H or (CH3)3)
(dipropylene glycol t-butyl (or di-tbutyl) ether),
(CH3)3CO[CH2CH(CH3)O]3(H or (CH3)3) (tripropylene
glycol tbutyl (or di-t-butyl) ether), C5H1
1OCH2CH(CH3)OH (propylene glycol npentyl ether),
C4H9OCH2CH(C2H5)OH (butylene glycol n-butyl ether),
C4H9O[CH2CH(C2H5)O]2H (dibutylene glycol n-butyl
ether), trimethylolpropane tri-n-butyl ether
(C2H5C(CH2O(CH2)3CH3)3) and trimethylolpropane
di-n-butyl ether (C2H5C(CH2OC(CH2)3CH3)2CH2OH). Amide
solubilizing agents of the present invention comprise
those represented by the formulae R1CONR2R3 and
cyclo-[R4CON(R5)-], wherein R1, R2, R3 and R5 are
independently selected from aliphatic and alicyclic
hydrocarbon radicals having from 1 to 12 carbon atoms;
R4 is selected from aliphatic hydrocarbylene radicals
having from 3 to 12 carbon atoms; and wherein said
amides have a molecular weight of from about 100 to
about 300 atomic mass units. The molecular weight of
said amides is preferably from about 160 to about 250
atomic mass units. R1, R2, R3 and R5 may optionally
include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents
selected from halogens (e.g., fluorine, chlorine) and
alkoxides (e.g. methoxy). R1, R2, R3 and R5 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (oxa-) or sulfur (thia-) in a
radical chain otherwise composed of carbon atoms. In
general, no more than three non-hydrocarbon
substituents and heteroatoms, and preferably no more
than one, will be present for each 10 carbon atoms in
R1 3, and the presence of any such non-hydrocarbon
substituents and heteroatoms must be considered in
applying the aforementioned molecular weight
limitations. Preferred amide solubilizing agents
consist of carbon, hydrogen, nitrogen and oxygen.
Representative R1, R2, R3 and R5 aliphatic and
alicyclic hydrocarbon radicals include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
terf-butyl, pentyl, isopentyl, neopentyl, fert-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers. A
preferred embodiment of amide solubilizing agents are
those wherein R4 in the aforementioned formula
cyclo-[R4CON(R5)-] may be represented by the
hydrocarbylene radical (CR6R7 n, in other words, the
formula: cyclo- [(CR6R7 nCON(R5)-] wherein: the
previously-stated values for molecular weight apply; n
is an integer from 3 to 5; R5 is a saturated
hydrocarbon radical containing 1 to 12 carbon atoms;
R6 and R7 are independently selected (for each n) by
the rules previously offered defining R1 3. In the
lactams represented by the formula:
cyclo-[(CR6R7)nCON(R5)-], all R6 andR7 are preferably
hydrogen, or contain a single saturated hydrocarbon
radical among the n methylene units, and R5 is a
saturated hydrocarbon radical containing 3 to 12
carbon atoms. For example, 1-(saturated hydrocarbon
radical)-5-methylpyrrolidin-2-ones. Representative
amide solubilizing agents include but are not limited
to: 1-octylpyrrolidin-2-one, 1-decylpyrrolidin-2-one,
1-octyl-5- methylpyrrolidin-2-one, 1-butylcaprolactam,
1-cyclohexylpyrrolidin-2-one,
1-butyl-5-methylpiperid-2-one,
1-pentyl-d-methylpiperid^-one, 1- hexylcaprolactam,
1-hexyl-5-methylpyrrolidin-2-one, 5-methyl-1-
pentylpiperid-2-one, 1,3-dimethylpiperid-2-one,
1-methylcaprolactam, 1- butyl-pyrrolidin-2-one,
1,5-dimethylpiperid-2-one, 1-decyl-5-
methylpyrrolidin-2-one, 1-dodecylpyrrolid-2-one,
N,N-dibutylformamide and N.N-diisopropylacetamide.
Ketone solubilizing agents of the present invention
comprise ketones represented by the formula R1COR2,
wherein R1 and R2 are independently selected from
aliphatic, alicyclic and aryl hydrocarbon radicals
having from 1 to 12 carbon atoms, and wherein said
ketones have a molecular weight of from about 70 to
about 300 atomic mass units. R1 and R2 in said ketones
are preferably independently selected from aliphatic
and alicyclic hydrocarbon radicals having 1 to 9
carbon atoms. The molecular weight of said ketones is
preferably from about 100 to 200 atomic mass units. R1
and R2 may together form a hydrocarbylene radical
connected and forming a five, six, or seven-membered
ring cyclic ketone, for example, cyclopentanone,
cyclohexanone, and cycloheptanone. R1 and R2 may
optionally include substituted hydrocarbon radicals,
that is, radicals containing non-hydrocarbon
substituents selected from halogens (e.g., fluorine,
chlorine) and alkoxides (e.g. methoxy). R1 and R2 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (keto-, oxa-) or sulfur
(thia-) in a radical chain otherwise composed of
carbon atoms. In general, no more than three
non-hydrocarbon substituents and heteroatoms, and
preferably no more than one, will be present for each
10 carbon atoms in R1 and R2, and the presence of any
such nonhydrocarbon substituents and heteroatoms must
be considered in applying the aforementioned molecular
weight limitations. Representative R1 and R2
aliphatic, alicyclic and aryl hydrocarbon radicals in
the general formula R1COR2 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,te/
-butyl, pentyl, isopentyl, neopentyl, ferf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configu rational isomers,
as well as phenyl, benzyl, cumenyl, mesityl, tolyl,
xylyl and phenethyl. Representative ketone
solubilizing agents include but are not limited to:
2-butanone, 2-pentanone, acetophenone, butyrophenone,
hexanophenone, cyclohexanone, cycloheptanone,
2-heptanone, 3- heptanone, 5-methyl-2-hexanone,
2-octanone, 3-octanone, diisobutyl ketone,
4-ethylcyclohexanone, 2-nonanone, 5-nonanone,
2-decanone, Adecanone, 2-decalone, 2-tridecanone,
dihexyl ketone and dicyclohexyl ketone. Nitrile
solubilizing agents of the present invention comprise
nitrites represented by the formula R1CN, wherein R1
is selected from aliphatic, alicyclic or aryl
hydrocarbon radicals having from 5 to 12 carbon atoms,
and wherein said nitriles have a molecular weight of
from about 90 to about 200 atomic mass units. R1 in
said nitrile solubilizing agents is preferably
selected from aliphatic and alicyclic hydrocarbon
radicals having 8 to 10 carbon atoms. The molecular
weight of said nitrile solubilizing agents is
preferably from about 120 to about 140 atomic mass
units. R1 may optionally include substituted
hydrocarbon radicals, that is, radicals containing
non-hydrocarbon substituents selected from halogens
(e.g., fluorine, chlorine) and alkoxides (e.g.
methoxy). R1 may optionally include
heteroatom-substituted hydrocarbon radicals, that is,
radicals, which contain the atoms nitrogen (aza-),
oxygen (keto-, oxa-) or sulfur (thia-) in a radical
chain otherwise composed of carbon atoms. In general,
no more than three non-hydrocarbon substituents and
heteroatoms, and preferably no more than one, will be
present for each 10 carbon atoms in R1, and the
presence of any such non-hydrocarbon substituents and
heteroatoms must be considered in applying the
aforementioned molecular weight limitations.
Representative R1 aliphatic, alicyclic and aryl
hydrocarbon radicals in the general formula R1CN
include pentyl, isopentyl, neopentyl, terf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers, as
well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl
and phenethyl. Representative nitrile solubilizing
agents include but are not limited to: 1-
cyanopentane, 2,2-dimethyl-4-cyanopentane,
1-cyanohexane, 1-cyanoheptane, 1-cyanooctane,
2-cyanooctane, 1-cyanononane, 1- cyanodecane,
2-cyanodecane, 1-cyanoundecane and 1-cyanododecane.
Chlorocarbon solubilizing agents of the present
invention comprise chlorocarbons represented by the
formula RCIx, wherein; x is selected from the integers
1 or 2; R is selected from aliphatic and alicyclic
hydrocarbon radicals having 1 to 12 carbon atoms; and
wherein said chlorocarbons have a molecular weight of
from about 100 to about 200 atomic mass units. The
molecular weight of said chlorocarbon solubilizing
agents is preferably from about 120 to 150 atomic mass
units. Representative R aliphatic and alicyclic
hydrocarbon radicals in the 



general formula RCIx include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, fe/t-butyl,
pentyl, isopentyl, neopentyl, tert-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers.
Representative chlorocarbon solubilizing agents
include but are not limited to:
3-(chloromethyl)pentane, 3-chloro-3-methylpentane, 1-
chlorohexane, 1,6-dichlorohexane, 1-chloroheptane,
1-chlorooctane, 1- chlorononane, 1-chlorodecane, and
1,1 ,1-trichlorodecane. Ester solubilizing agents of
the present invention comprise esters represented by
the general formula R1CC R2, wherein R1 and R2 are
independently selected from linear and cyclic,
saturated and unsaturated, alkyl and aryl radicals.
Preferred esters consist essentially of the elements
C, H and O, have a molecular weight of from about 80
to about 550 atomic mass units. Representative esters
include but are not limited to:
(CH3)2CHCH2OOC(CH2)2-4OCOCH2CH(CH3)2 (diisobutyl
dibasic ester), ethyl hexanoate, ethyl heptanoate,
n-butyl propionate, n-propyl propionate, ethyl
benzoate, di-n-propyl phthalate, benzoic acid
ethoxyethyl ester, dipropyl carbonate, "Exxate 700" (a
commercial C7 alkyl acetate), "Exxate 800" (a
commercial C alkyl acetate), dibutyl phthalate, and
tert-butyl acetate. Lactone solubilizing agents of the
present invention comprise lactones represented by
structures [A], [B], and [C]:[A] [B] [C] These
lactones contain the functional group -CO2- in a ring
of six (A), or preferably five atoms (B), wherein for
structures [A] and [B], R1 through R8 are
independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each Ri though Ra may be
connected forming a ring with another R-i through R8.
The lactone may have an exocyclic alkylidene group as
in structure [C], wherein Ri through R are
independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each Ri though R may be
connected forming a ring with another Ri through Re.
The lactone solubilizing agents have a molecular
weight range of from about 80 to about 300 atomic mass
units, preferred from about 80 to about 200 atomic
mass units. Representative lactone solubilizing agents
include but are not limited to the compounds listed in
Table 4. TABLE 4TITLE OF INVENTION 1,1 , 1
,2,2,4,5,5,5-NONAFLUORO^-(TRIFLUOROMETHYL)-SPENTANONE
REFRIGERANT COMPOSITIONS COMPRISING A HYDROCARBON AND
USES THEREOF CROSS REFERENCE(S) TO RELATED
APPLICATION(S) This application claims the priority
benefit of U.S. Provisional Application 60/575,037,
filed May 26, 2004, and U.S. Provisional Application
60/584,785, filed June 29, 2004. BACKGROUND OF THE
INVENTION 1. Field of the Invention. The present
invention relates to compositions for use in
refrigeration and air conditioning systems comprising
1,1 ,1 ,2,2,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-3-pentanone (PEIK) and
at least one hydrocarbon. Further, the present
invention relates to compositions for use in
refrigeration and air-conditioning systems employing a
centrifugal compressor comprising at least one
hydrocarbon and 1,1 ,1 ,2,2,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-3-pentanone (PEIK). The
compositions of the present invention may be
azeotropic or near azeotropic and are useful in
processes for producing refrigeration or heat or as
heat transfer fluids. 2. Description of Related Art.
The refrigeration industry has been working for the
past few decades to find replacement refrigerants for
the ozone depleting chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) being phased out as a
result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization
of hydrofluorocarbon (HFC) refrigerants. The new HFC
refrigerants, HFC- 134a being the most widely used at
this time, have zero ozone depletion potential and
thus are not affected by the current regulatory phase
out as a result of the Montreal Protocol. Further
environmental regulations may ultimately cause global
phase out of certain HFC refrigerants as well.
Currently, the automobile industry is facing
regulations relating to global warming potential for
refrigerants used in mobile air-conditioning.
Therefore, there is a great current need to identify
new refrigerants with reduced global warmingpotential
for the automobile air-conditioning market. Should the
regulations be more broadly applied in the future, an
even greater need will be felt for refrigerants that
can be used in all areas of the refrigeration and
air-conditioning industry. Currently proposed
replacement refrigerants for HFC-134a include
HFC-152a, pure hydrocarbons such as butane or propane,
or "natural" refrigerants such as CO2 or ammonia. Many
of these suggested replacements are toxic, flammable,
and/or have low energy efficiency. Therefore, new
alternatives are constantly being sought. The object
of the present invention is to provide novel
refrigerant compositions and heat transfer fluids that
provide unique characteristics to meet the demands of
low or zero ozone depletion potential and lower global
warming potential as compared to current refrigerants.
BRIEF SUMMARY OF THE INVENTION The present invention
relates to compositions comprising: 1,1 ,1 ,2,2,4, d
-nonafluoro-^trifluoromethyO-S-pentanone and
2,2-dimethylbutane; 1,1 ,1
d-nonafluoro^trifluoromethyO-S-pentanone and
2,3-dimethylbutane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2,3-dimethylpentane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2- methylhexane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 3- methylhexane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2- methylpentane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 3- ethylpentane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 3- methylpentane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and cyclohexane; 1,1 , 1 ,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
cyclopentane;1,1 ,1
,2,2,4,5,5,5-nonaf!uoro-4-(trifluoromethyl)-3-pentanon
e and nheptane; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and methylcyclopentane; and 1,1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and npentane. The present invention further relates
to the above listed compositions specifically for use
in refrigeration or air conditioning systems including
employing a centrifugal compressor. The present
invention further relates to the above listed
compositions specifically for use in refrigeration or
air conditioning systems employing a multi-stage or
2-stage centrifugal compressor. The present invention
further relates to the above listed compositions
specifically for use in refrigeration or air
conditioning systems employing a single pass/single
slab heat exchanger. The present invention further
relates to azeotropic or near azeotropic refrigerant
compositions. These compositions are useful in
refrigeration or air conditioning systems. The
compositions are also useful in refrigeration or air
conditioning systems employing a centrifugal
compressor. The present invention further relates to
processes for producing refrigeration, heat, and
transfer of heat from a heat source to a heat sink
using the present inventive compositions. DETAILED
DESCRIPTION OF THE INVENTION Applicants specifically
incorporate the entire contents of all cited
references in this disclosure. Further, when an
amount, concentration, or other value or parameter is
given as either a range, preferred range, or a list of
upper preferable values and lower preferable values,
this is to be understood as specifically disclosing
all ranges formed from any pair of any upper range
limit or preferred value and any lower range limit or
preferred value, regardless of whether ranges are
separately disclosed. Where a range of numerical
values is recited herein, unless otherwise stated, the
range is intended to include the endpoints thereof,
and all integers and fractions within the range. It is
not intended that the scope of the invention be
limited to the specific values recited when defining a
range.The refrigerant compositions of the present
invention comprise 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e (PEIK) and at least one hydrocarbon. The refrigerant
compositions of the present invention may comprise a
mixture of hydrocarbons or a single hydrocarbon. The
hydrocarbons of the present invention comprise
compounds containing hydrogen and carbon. Such
hydrocarbons may be straight chain, branched chain or
cyclic compounds and have from about 5 to 10 carbon
atoms. Preferred hydrocarbons have from 5 to 7 carbon
atoms. Representative hydrocarbons of the present
invention are listed in Table 1. Representative
compounds that may be components of the compositions
of the present invention are listed in Table 1. TABLE
1The compounds listed in Table 1 are available
commercially or may be prepared by processes known in
the prior art or as described below. 1,1 ,1 d d
-nonafluoro- ftrifluoromethyiy-S-pentanone (PEIK) is
also commercially available from 3M(tm) (St. Paul,
Minnesota). Compositions of the present invention have
low or zero ozone depletion potential and low global
warming potential . For example, hydrocarbons and PEIK
alone or in mixtures will have global warming
potentials lower than many HFC refrigerants currently
in use. The compositions of the present invention may
be prepared by any convenient method to combine the
desired amounts of the individual components. A
preferred method is to weigh the desired component
amounts and thereafter combine the components in an
appropriate vessel. 



Agitation may be used, if desired. The refrigerant or
heat transfer compositions of the present invention
include 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-
pentanone and a hydrocarbon selected from the group
consisting of 2,2-dimethylbutane; 2,3-dimethylbutane;
2,3-dimethylpentane; 2-methylhexane; 3-methylhexane;
2-methylpentane; 3-ethylpentane; 3-methylpentane;
cyclohexane; cyclopentane; n-heptane;
methylcyclopentane; and n-pentane. The refrigerant or
heat transfer compositions of the present invention
may be azeotropic or near azeotropic compositions. An
azeotropic composition is a liquid admixture of two or
more substances that has a constant boiling point that
may be above or below the boiling points of the
individual components. As such an azeotropic
composition will not fractionate within the
refrigeration or air conditioning system during
operation, which may reduce efficiency of the system.
Additionally, an azeotropic composition will not
fractionate upon leakage from therefrigeration or air
conditioning system. In the situation where one
component of a mixture is flammable, fractionation
during leakage could lead to a flammable composition
either within the system or outside of the system. A
near azeotropic composition is a substantially
constant boiling, liquid admixture of two or more
substances that behaves essentially as a single
substance. One way to characterize a near azeotropic
composition is that the vapor produced by partial
evaporation or distillation of the liquid has
substantially the same composition as the liquid from
which it was evaporated or distilled, that is, the
admixture distills/refluxes without substantial
composition change. Another way to characterize a near
azeotropic composition is that the bubble point vapor
pressure and the dew point vapor pressure of the
composition at a particular temperature are
substantially the same. Herein, a composition is near
azeotropic if, after 50 weight percent of the
composition is removed, such as by evaporation or
boiling off, the difference in vapor pressure between
the original composition and the composition remaining
after 50 weight percent of the original composition
has been removed is less than about 10 percent. The
azeotropic refrigerant compositions of the present
invention are listed in Table 2. TABLE 2 Azeotrope
Azeotrope Component A Component B Concentration BP
(0C) Wt% A Wt% B PEIK 2,2-dimethylbutane 75.0 25.0
34.1 PEIK 2,3-dimethylbutane 8 1.4 18.6 37.2 PEIK
2,3-dimethylpentane 93.8 6.2 46.7 PEIK 2-methylhexane
93.2 6.8 46.4 PEIK 3-methylhexane 93.8 6.2 46.7 PEIK
2-methylpentane 82.4 17.6 39.5 PEIK 3-ethylpentane
96.2 3.8 48.2 PEIK 3-methylpentane 84.2 15.8 40.7 PEIK
cyclohexane 92.4 7.6 46.5 PEIK cyclopentane 75.7 24.3
36.8 PEIK n-heptane 96.4 3.6 48.0 PEIK
methylcyclopentane 88.9 11.1 44.7 PEIK n-pentane 64.3
35.7 26.6The near azeotropic refrigerant compositions
and concentration ranges of the present invention are
listed in Table 3. TABLE 3 Near Azeotropic
Concentration Range Compounds (PJB) wt% A/wt% B
PEIK/2,2-dimethylbutane 52-89/48-1 1
PEIK/2,3-dimethylbutane 60-92/40-8
PEIK/2,3-dimethylpentane 71-99/29-1
PEIK/2-methylhexane 70-99/30-1 PEIK/3-methylhexane
71-99/29-1 PEIK/2-methylpentane 60-93/40-7
PEIK/3-ethylpentane 72-99/28-1 PEIK/3-methylpentane
62-95/38-5 PEIK/cyclohexane 68-99/32-1
PEIK/cyclopentane 51-92/49-8 PEIK/n-heptane 73-99/27-1
PEIK/methylcyclopentane 65-99/35-1 PEIK/n-pentane
42-84/58-16 The compositions of the present invention
may further comprise about 0.01 weight percent to
about 5 weight percent of a stabilizer, free radical
scavenger or antioxidant. Such additives include but
are not limited to, nitromethane, hindered phenols,
hydroxylamines, thiols, phosphites, or lactones.
Single additives or combinations may be used. The
compositions of the present invention may further
comprise about 0.01 weight percent to about 5 weight
percent of a water scavenger (drying compound). Such
water scavengers may comprise ortho esters such as
trimethyl-, triethyl-, or tripropylorthoformate. The
compositions of the present invention may further
comprise an ultra-violet (UV) dye and optionally a
solubilizing agent. The UV dye is a useful component
for detecting leaks of the refrigerant composition by
permitting one to observe the fluorescence of the dye
in the refrigerant or heat transfer fluid composition
at a leak point in the vicinity of refrigeration or
air-conditioning apparatus. One may observe the
fluorescence of the dye under an ultra-violet light.
Solubilizing agentsmay be needed due to poor
solubility of such UV dyes in some refrigerants. By
"ultra-violet" dye is meant a UV fluorescent
composition that absorbs light in the ultra-violet or
"near" ultra-violet region of the electromagnetic
spectrum. The fluorescence produced by the UV
fluorescent dye under illumination by a UV light that
emits radiation with wavelength anywhere from 10
nanometer to 750 nanometer may be detected. Therefore,
if refrigerant containing such a UV fluorescent dye is
leaking from a given point in a refrigeration or air
conditioning apparatus, the fluorescence can be
detected at the leak point. Such UV fluorescent dyes
include but are not limited to naphthalimides,
perylenes, coumarins, anthracenes, phenanthracenes,
xanthenes, thioxanthenes, naphthoxanthenes,
fluoresceins, and derivatives or combinations thereof.
Solubilizing agents of the present invention comprise
at least one compound selected from the group
consisting of hydrocarbons, hydrocarbon ethers,
polyoxyalkylene glycol ethers, amides, nitriles,
ketones, chlorocarbons, esters, lactones, aryl ethers,
fluoroethers and 1,1 ,1 -trifluoroalkanes. Hydrocarbon
solubilizing agents of the present invention comprise
hydrocarbons including straight chained, branched
chain or cyclic alkanes or alkenes containing 5 or
fewer carbon atoms and only hydrogen with no other
functional groups. Representative hydrocarbon
solubilizing agents comprise propane, propylene,
cyclopropane, n-butane, isobutane, and n-pentane. It
should be noted that if the refrigerant is a
hydrocarbon, then the solubilizing agent may not be
the same hydrocarbon. And it should be noted that the
hydrocarbon containing refrigerant compositions may
not need a solubilizing agent, as the refrigerant may
well be soluble with the UV fluorescent. Hydrocarbon
ether solubilizing agents of the present invention
comprise ethers containing only carbon, hydrogen and
oxygen, such as dimethyl ether (DME). Polyoxyalkylene
glycol ether solubilizing agents of the present
invention are represented by the formula
R1[(OR2)xOR3]y, wherein: x is an integer from 1-3; y
is an integer from 1-4; R1 is selected from hydrogen
and aliphatic hydrocarbon radicals having 1 to 6
carbon atoms and y bonding sites; R2 is selected from
aliphatic hydrocarbylene radicals having from 2 to 4
carbon atoms; R3 is selected from hydrogen and
aliphatic andalicyclic hydrocarbon radicals having
from 1 to 6 carbon atoms; at least one of R1 and R3 is
said hydrocarbon radical; and wherein said
polyoxyalkylene glycol ethers have a molecular weight
of from about 100 to about 300 atomic mass units. In
the present polyoxyalkylene glycol ether solubilizing
agents represented by R1[(OR2)xOR3]y: x is preferably
1- 2; y is preferably 1; R1 and R3 are preferably
independently selected from hydrogen and aliphatic
hydrocarbon radicals having 1 to 4 carbon atoms; R2 is
preferably selected from aliphatic hydrocarbylene
radicals having from 2 or 3 carbon atoms, most
preferably 3 carbon atoms; the polyoxyalkylene glycol
ether molecular weight is preferably from about 100 to
about 250 atomic mass units, most preferably from
about 125 to about 250 atomic mass units. The R1 and
R3 hydrocarbon radicals having 1 to 6 carbon atoms may
be linear, branched or cyclic. Representative R1 and
R3 hydrocarbon radicals include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, neopentyl, ferf-pentyl,
cyclopentyl, and cyclohexyl. Where free hydroxyl
radicals on the present polyoxyalkylene glycol ether
solubilizing agents may be incompatible with certain
compression refrigeration apparatus materials of
construction (e.g. Mylar(r)), R1 and R3 are preferably
aliphatic hydrocarbon radicals having 1 to 4 carbon
atoms, most preferably 1 carbon atom. The R2 aliphatic
hydrocarbylene radicals having from 2 to 4 carbon
atoms form repeating oxyalkylene radicals - (OR2)X-
that include oxyethylene radicals, oxypropylene
radicals, and oxybutylene radicals. The oxyalkylene
radical comprising R2 in one polyoxyalkylene glycol
ether solubilizing agent molecule may be the same, or
one molecule may contain different R2 oxyalkylene
groups. The present polyoxyalkylene glycol ether
solubilizing agents preferably comprise at least one
oxypropylene radical. Where R1 is an aliphatic or
alicyclic hydrocarbon radical having 1 to 6 carbon
atoms and y bonding sites, the radical may be linear,
branched or cyclic. Representative R1 aliphatic
hydrocarbon radicals having two bonding sites include,
for example, an ethylene radical, a propylene radical,
a butylene 



radical, a pentylene radical, a hexylene radical, a
cyclopentylene radical and a cyclohexylene radical.
Representative R1 aliphatic hydrocarbon radicals
having three or four bonding sites include residues
derived from polyalcohols, such as trimethylolpropane,
glycerin, pentaerythritol, 1,2,3-
trihydroxycyclohexane and 1,3,5-trihydroxycyclohexane,
by removing their hydroxyl radicals.Representative
polyoxyalkylene glycol ether solubilizing agents
include but are not limited to: CH3OCH2CH(CH3)O(H or
CH3) (propylene glycol methyl (or dimethyl) ether),
CH3O[CH2CH(CH3)O]2(H or CH3) (dipropylene glycol
methyl (or dimethyl) ether), CH3O[CH2CH(CH3)O]3(H or
CH3) (tripropylene glycol methyl (or dimethyl) ether),
C2H5OCH2CH(CH3)O(H or C2H5) (propylene glycol ethyl
(or diethyl) ether), C2H5O[CH2CH(CH3)O]2(H or C2H5)
(dipropylene glycol ethyl (or diethyl) ether),
C2H5O[CH2CH(CH3)O]3(H or C2H5) (tripropylene glycol
ethyl (or diethyl) ether), C3H7OCH2CH(CH3)O(H or C3H7)
(propylene glycol n-propyl (or di-n-propyl) ether),
C3H7O[CH2CH(CH3)O]2(H or C3H7) (dipropylene glycol
n-propyl (or di-n-propyl) ether) ,
C3H7O[CH2CH(CH3)O]3(H or C3H7) (tripropylene glycol
n-propyl (or di-n-propyl) ether), C4H9OCH2CH(CH3)OH
(propylene glycol n-butyl ether),
C4H9O[CH2CH(CH3)O]2(H or C4H9) (dipropylene glycol
n-butyl (or di-n-butyl) ether), C4H9O[CH2CH(CH3)O]3(H
or C4H9) (tripropylene glycol n-butyl (or di-n-butyl)
ether), (CH3)3COCH2CH(CH3)OH (propylene glycol t-butyl
ether), (CHs)3CO[CH2CH(CH3)O]2(H or (CH3)3)
(dipropylene glycol t-butyl (or di-tbutyl) ether),
(CH3)3CO[CH2CH(CH3)O]3(H or (CH3)3) (tripropylene
glycol tbutyl (or di-t-butyl) ether), CSH1 1OCH 2CH(CH
3)OH (propylene glycol npentyl ether),
C4H9OCH2CH(C2H5)OH (butylene glycol n-butyl ether),
C4H9O[CH2CH(C2H5)O]2H (dibutylene glycol n-butyl
ether), trimethylolpropane tri-n-butyl ether
(C2H5C(CH2O(CH2)3CH3)3) and trimethylolpropane
di-n-butyl ether (C2H5C(CH2OC(CH2)3CH3)2CH2OH). Amide
solubilizing agents of the present invention comprise
those represented by the formulae R1CONR2R3 and
cyclo-[R4CON(R5)-], wherein R1, R2, R3 and R5 are
independently selected from aliphatic and alicyclic
hydrocarbon radicals having from 1 to 12 carbon atoms;
R4 is selected from aliphatic hydrocarbylene radicals
having from 3 to 12 carbon atoms; and wherein said
amides have a molecular weight of from about 100 to
about 300 atomic mass units. The molecular weight of
said amides is preferably from about 160 to about 250
atomic mass units. R1, R2, R3 and R5 may optionally
include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents
selected from halogens (e.g., fluorine, chlorine) and
alkoxides (e.g. methoxy). R1, R2, R3 and R5 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (oxa-) or sulfur (thia-) in a
radical chain otherwise composed of carbon atoms.
Ingeneral, no more than three non-hydrocarbon
substituents and heteroatoms, and preferably no more
than one, will be present for each 10 carbon atoms in
R1 3 , and the presence of any such non-hydrocarbon
substituents and heteroatoms must be considered in
applying the aforementioned molecular weight
limitations. Preferred amide solubilizing agents
consist of carbon, hydrogen, nitrogen and oxygen.
Representative R1, R2, R3 and R5 aliphatic and
alicyclic hydrocarbon radicals include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
te/f-butyl, pentyl, isopentyl, neopentyl, tert-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers. A
preferred embodiment of amide solubilizing agents are
those wherein R4 in the aforementioned formula
cyclo-[R4CON(R5)-] may be represented by the
hydrocarbylene radical (CR6R7)n, in other words, the
formula: cyclo- [(CR6R7 nCON(R5)-] wherein: the
previously-stated values for molecular weight apply; n
is an integer from 3 to 5; R5 is a saturated
hydrocarbon radical containing 1 to 12 carbon atoms;
R6 and R7 are independently selected (for each n) by
the rules previously offered defining R1 3. In the
lactams represented by the formula:
cyclo-[(CR6R7)nCON(R5)-], all R6 and R7 are preferably
hydrogen, or contain a single saturated hydrocarbon
radical among the n methylene units, and R5 is a
saturated hydrocarbon radical containing 3 to 12
carbon atoms. For example, 1-(saturated hydrocarbon
radical)-5-methylpyrrolidin-2-ones. Representative
amide solubilizing agents include but are not limited
to: 1-octylpyrrolidin-2-one, 1-decylpyrrolidin-2-one,
1-octyl-5- methylpyrrolidin-2-one, 1-butylcaprolactam,
1-cyclohexylpyrrolidin-2-one,
1-butyl-5-methylpiperid-2-one,
1-pentyl-5-methylpiperid-2-one, 1- hexylcaprolactam,
1-hexyl-5-methylpyrrolidin-2-one, 5-methyl-1-
pentylpiperid-2-one, 1,3-dimethylpiperid-2-one,
1-methylcaprolactam, 1- butyl-pyrrolidin-2-one,
1,5-dimethylpiperid-2-one, 1-decyl-5-
methylpyrrolidin-2-one, 1-dodecylpyrrolid-2-one,
N,N-dibutylformamide and N,N-diisopropylacetamide.
Ketone solubilizing agents of the present invention
comprise ketones represented by the formula R1COR2,
wherein R1 and R2 are independently selected from
aliphatic, alicyclic and aryl hydrocarbon radicals
having from 1 to 12 carbon atoms, and wherein said
ketones have a molecular weight of from about 70 to
about 300 atomic mass units. R1 and R2 in said ketones
are preferably independently selected fromaliphatic
and alicyclic hydrocarbon radicals having 1 to 9
carbon atoms. The molecular weight of said ketones is
preferably from about 100 to 200 atomic mass units. R1
and R2 may together form a hydrocarbylene radical
connected and forming a five, six, or seven-membered
ring cyclic ketone, for example, cyclopentanone,
cyclohexanone, and cycloheptanone. R1 and R2 may
optionally include substituted hydrocarbon radicals,
that is, radicals containing non-hydrocarbon
substituents selected from halogens (e.g., fluorine,
chlorine) and alkoxides (e.g. methoxy). R1 and R2 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (keto-, oxa-) or sulfur
(thia-) in a radical chain otherwise composed of
carbon atoms. In general, no more than three
non-hydrocarbon substituents and heteroatoms, and
preferably no more than one, will be present for each
10 carbon atoms in R1 and R2, and the presence of any
such nonhydrocarbon substituents and heteroatoms must
be considered in applying the aforementioned molecular
weight limitations. Representative R1 and R2
aliphatic, alicyclic and aryl hydrocarbon radicals in
the general formula R1COR2 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
terf-butyl, pentyl, isopentyl, neopentyl, te/f-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers, as
well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl
and phenethyl. Representative ketone solubilizing
agents include but are not limited to: 2-butanone,
2-pentanone, acetophenone, butyrophenone,
hexanophenone, cyclohexanone, cycloheptanone,
2-heptanone, 3- heptanone, 5-methyl-2-hexanone,
2-octanone, 3-octanone, diisobutyl ketone,
4-ethylcyclohexanone, 2-nonanone, 5-nonanone,
2-decanone, 4- decanone, 2-decalone, 2-tridecanone,
dihexyl ketone and dicyclohexyl ketone. Nitrile
solubilizing agents of the present invention comprise
nitriles represented by the formula R1CN, wherein R1
is selected from aliphatic, alicyclic or aryl
hydrocarbon radicals having from 5 to 12 carbon atoms,
and wherein said nitriles have a molecular weight of
from about 90 to about 200 atomic mass units. R1 in
said nitrile solubilizing agents is preferably
selected from aliphatic and alicyclic hydrocarbon
radicals having 8 to 10 carbon atoms. The molecular
weight of said nitrile solubilizing agents is
preferably from about 120 to about 140 atomic
massunits. R1 may optionally include substituted
hydrocarbon radicals, that is, radicals containing
non-hydrocarbon substituents selected from halogens
(e.g., fluorine, chlorine) and alkoxides (e.g.
methoxy). R1 may optionally include
heteroatom-substituted hydrocarbon radicals, that is,
radicals, which contain the atoms nitrogen (aza-),
oxygen (keto-, oxa-) or sulfur (thia-) in a radical
chain otherwise composed of carbon atoms. In general,
no more than three non-hydrocarbon substituents and
heteroatoms, and preferably no more than one, will be
present for each 10 carbon atoms in R1, and the
presence of any such non-hydrocarbon substituents and
heteroatoms must be considered in applying the
aforementioned molecular weight limitations.
Representative R1 aliphatic, alicyclic and aryl
hydrocarbon radicals in the general formula R1CN
include pentyl, isopentyl, neopentyl, te/f-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers, as
well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl
and phenethyl. Representative nitrile solubilizing
agents include but are not limited to: 1-
cyanopentane, 2,2-dimethyl-4-cyanopentane,
1-cyanohexane, 1- cyanoheptane, 1-cyanooctane,
2-cyanooctane, 1-cyanononane, 1- cyanodecane,
2-cyanodecane, 1-cyanoundecane and 1-cyanododecane.
Chlorocarbon solubilizing agents of the present
invention comprise chlorocarbons represented by the
formula RCIx, wherein; x is selected from the integers
1 or 2; R is selected from aliphatic and alicyclic
hydrocarbon radicals having 1 to 12 carbon atoms; and
wherein said chlorocarbons have a molecular weight of
from about 100 to about 200 atomic mass units. The
molecular weight of said chlorocarbon solubilizing
agents is preferably from about 120 to 150 atomic mass
units. Representative R aliphatic and alicyclic
hydrocarbon radicals in the general formula RCIx
include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, te/f-butyl, pentyl, isopentyl,
neopentyl, terf-pentyl, cyclopentyl, cyclohexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl and
their configurational isomers. Representative
chlorocarbon solubilizing agents include but are not
limited to: 3-(chloromethyl)pentane,
3-chloro-3-methylpentane, 1- chlorohexane,
1,6-dichlorohexane, 1-chloroheptane, 1-chlorooctane,
1- chlorononane, 1-chlorodecane, and 1, 1
,1-trichlorodecane. Ester solubilizing agents of the
present invention comprise esters represented by the
general formula R1Cq 2R2, wherein R1 and R2are
independently selected from linear and cyclic,
saturated and unsaturated, alkyl and aryl radicals.
Preferred esters consist essentially of the elements
C, H and O, have a molecular weight of from about 80
to about 550 atomic mass units. Representative esters
include but are not limited to:
(CH3)2CHCH2OOC(CH2)2-4OCOCH2CH(CH3)2 (diisobutyl
dibasic ester), ethyl hexanoate, ethyl heptanoate,
n-butyl propionate, n-propyl propionate, ethyl
benzoate, di-n-propyl phthalate, benzoic acid
ethoxyethyl ester, dipropyl carbonate, "Exxate 700" (a
commercial C7 alkyl acetate), "Exxate 800" (a
commercial C alkyl acetate), dibutyl phthalate, and
tert-butyl acetate. Lactone solubilizing agents of the
present invention comprise lactones represented by
structures [A], [B], and [C]: 



[A] [B] [C] These lactones contain the functional
group -CO - in a ring of six (A), or preferably five
atoms (B), wherein for structures [A] and [B], Ri
through R8 are independently selected from hydrogen or
linear, branched, cyclic, bicyclic, saturated and
unsaturated hydrocarbyl radicals. Each Ri though Re
may be connected forming a ring with another Ri
through R8. The lactone may have an exocyclic
alkylidene group as in structure [C], wherein Ri
through R are independently selected from hydrogen or
linear, branched, cyclic, bicyclic, saturated and
unsaturated hydrocarbyl radicals. Each Ri though R may
be connected forming a ring with another Ri through
R6. The lactone solubilizing agents have a molecular
weight range of from about 80 to about 300 atomic mass
units, preferred from about 80 to about 200 atomic
mass units. Representative lactone solubilizing agents
include but are not limited to the compounds listed in
Table 4. TABLE 4BUS CONTROLLER Background [0001] High
speed input/output (I/O) busses cause considerable
power to be consumed by I/O buffers in dynamic random
access memory (DRAM) chips. Lower power complimentary
metal oxide semiconductor (CMOS) busses have not
supported the high edge rates used at higher
frequencies, such as 400 MHz or 800 MHz data rates
currently in use. Such busses have been modified such
that they no longer switch rail to rail, causing an
increase in current drain, and hence heat generation.
Thevenin terminations on the I/O bus have been used to
maintain fast edge rates. Such terminations reference
the bus output to a low impedance, but cause excess
power draw when lower performance is expected from the
bus and memory chip. [0002] Prior methods of power
reduction have been suggested for thermal control in
memory devices. One simple method involves lowering
the speed of the synchronous or clocked bus. This
method does relieve thermal stress by lowering the
power consumption rate of the system, but it only acts
to delay the overall power consumption by delaying
fetches from the memory device. [0003] Another prior
method involves momentarily disabling the memory
device itself. This is referred to as bandwidth
throttling, and acts to periodically disable the
memory device in response to either sensed or
perceived high temperatures. Bandwidth throttling has
also been used in response to an activity detector
detecting too much traffic on the bus. Bandwidth
throttling reduces potential performance obtained from
the memory device. Brief Description of the Drawings
[0004] FIG. 1 is a block diagram of a system including
a high speed bus according to an example embodiment of
the invention. [0005] FIG. 2 is a more detailed block
diagram of a system including a high speed bus
according to an example embodiment of the
invention.[0006] FIG. 3 is a flowchart diagram of an
algorithm for placing a bus into a high power mode of
operation according to an example embodiment of the
invention. [0007] FIG. 4 is a flowchart diagram of an
algorithm for placing a bus into a low power mode of
operation according to an example embodiment of the
invention. Detailed Description [0008] In the
following description, reference is made to the
accompanying drawings that form a part hereof, and in
which is shown by way of illustration specific
embodiments in which the described subject matter may
be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art
to practice the described subject matter, and it is to
be understood that other embodiments may be utilized
and that structural, logical and electrical changes
may be made without departing from the scope of the
described subject matter. The following description
is, therefore, not to be taken in a limited sense, and
the scope of the present invention is defined by the
appended claims. [0009] The functions or algorithms
described herein are implemented in software or a
combination of software and human implemented
procedures in one embodiment. The software comprises
computer executable instructions stored on computer
readable media such as memory or other type of storage
devices. The term "computer readable media" is also
used to represent carrier waves on which the software
is transmitted. Further, such functions correspond to
modules, which are software, hardware, firmware or any
combination thereof. Multiple functions are performed
in one or more modules as desired, and the embodiments
described are merely examples. The software is
executed on a digital signal processor, ASIC,
microprocessor, or other type of processor operating
on a computer system, such as a personal computer,
server or other computer system. [0010] An optimal
power configuration is realized by selectively
decreasing the power consumed by the I/O of a high
speed bus device. The busmay be synchronous or
asynchronous. Short transfer times of high speed
busses, such as those operating in the gigahertz range
use aggressive edge rates. The output drive of a CMOS
gate is increased to drive a faster edge rate against
a parasitic capacitance (Cp) of the bus. Since the
conductor of the bus itself becomes inductive, the
high drive strength alone would cause signal quality
problems. Thevenin terminations may be used on the bus
itself to match the signal impedance and limit ringing
of the fast signals. [0011] FIG. 1 is a block diagram
of a system 100 including a synchronous bus 105
according to an example embodiment of the invention.
Bus 105, in one embodiment is a synchronous bus that
implements a SSTL (Series Stub Terminated Logic)
signaling method. Bus 105 has a variable value
termination resistor 110 coupled to it. Bus 105 is
used to transmit signals between a controller 115 and
a bus device 120. Bus device 120 comprises a driver
125, such as a CMOS dual gate FET. Multiple selectable
stages of the driver may be used to vary the output
power of the driver. The driver 125 is coupled to the
bus 105 via a variable drive resistor 130. [0012] A
variable clock 135 is coupled to the controller 115.
Clock 135 in one embodiment has two different
frequencies, which may be referred to as a high
setting and a low setting. The high setting provides a
higher frequency, such as 533 MHz, and the low setting
provides a lower frequency, such as 400 MHz. The
controller also controls the values of the variable
termination resistor 110 and the variable drive
resistor 130 depending on whether the frequency is
high or low. [0013] In the high setting, the signaling
on the bus utilizes high static power. Current is
continuously sourced to maintain a logic high or "1",
and constantly sunk to maintain a logic low or "0".
The current passed from a termination voltage 140,
referred to as VTT may be significant. Since some
busses are now 64 to 128 bits wide, the amount of
power used in output termination can create several
watts of power consumption. [0014] To reduce the power
consumption when lower performance may be appropriate,
the clock is set to the low frequency, resulting in a
decrease in the number of switching times on the bus.
This may be done by controller 115 in one embodiment
in response to user commands, or sensed or
expectedutilization of the bus. The output drive of
the bus device 120 may also be decreased to a lower
level. This decreases both the AC and DC drive current
on the bus. Optionally, the bus terminations
themselves are changed or even removed so as to remove
the DC load component. [0015] When the bus device is a
DRAM, during normal data reads, the DRAM device
outputs data to the memory controller in high power
mode. The clock is fast m low power mode, the memory
controller is slowed down by the clock, easing the
timing expectations on the bus. The DRAM output drive
can be decreased, and the termination loading reduced
or eliminated. [0016] In one embodiment, the bus is
bidirectional. During writes to DRAM, data flows from
the controller to the DRAM. The memory controller
drive current may also be reduced as long as the
clocking speed is slow. [0017] The lower power mode
may be dynamically and reversibly applied. Typical
stimulus for changing the power consumption of the bus
include a manual power conservation being asserted.
For example, in a notebook computer, the bus may be
set up for high power, high performance while coupled
to AC power. Lower performance may be utilized when
the notebook computer is operating off of battery
power. [0018] Power conservation may be applied in the
event that a computer system incorporating the bus and
multiple devices is detected as overheating. For
example, DRAM may be added to the bus in a fairly
dense manner, with little provision made for proper
conduction of heat. This may put an entire computer
system at risk. Temperature sensors may be used to
identify such risk, and apply power conservation by
implementing the low power mode. Power conservation
may also be applied when little bus traffic is
observed. [0019] FIG. 2 is a block diagram of an
example computer system 200 incorporating an
embodiment of the invention. System 200 has a central
processing unit CPU 205 coupled by a front side bus
210 to a bridge device 215. In one embodiment, bridge
device 215 is a North bridge, and interfaces a
controller 220, such as a memory controller to CPU
205. In some embodiments, the memory controller 220 is
integrated into the CPU itself. [0020] The controller
220 is coupled via an interface driver 225 and bus 230
to a bus device, such as dynamic random access memory
(DRAM) 235. Inone example embodiment, the DRAM 235 is
a Micron Inc. DDR-2 DRAM. The DDR-2 DRAM has "on die
termination," with 2 possible termination resistor
networks indicated at 240 and 245. Each resistor is
approximately 150 ohms in one embodiment. A pair of
switches indicated at 250 and 255, when closed,
provides a bus termination that is effectively 75 ohms
terminated to Vss (ground) and to VDDQ (the
operational voltage of the DRAM). When switches 250
and 255 are closed, the resistor network 240 is
coupled to the bus, effectively doubling the
termination resistance in one embodiment. In further
embodiments, the resistor values are other than equal.
[0021] The operating speed of the memory controller
220 is set by a clock 260 and third switch 265 to
either approximately 400mhz or 533mhz. These
frequencies may be significantly varied for different
types of devices and busses. Future busses are likely
to have even higher operating frequencies available.
The operating frequency is related to the speed of
switching utilized for high and low states on the bus.
Higher frequencies use faster switching. [0022] In
further embodiments, an algorithm 270 provides outputs
that are used to control the frequency selection
switch 265, and resistor network switches 250 and 255.
The algorithm may be implemented on many different
logic platforms, including CPU 205 or controller 220.
The algorithm may also be used to control a further
switch 273 that is used to include a second stage in
interface driver 225. [0023] A counter 275 may be used
to monitor bus traffic, and provide indications of the
amount of bus traffic to the algorithm for use in
determining an appropriate frequency of operation.
Further, a thermistor 280 is optionally placed
proximate the bus device 235 to monitor operating
temperatures and to potentially slow down the
operating frequency to reduce power consumption and 



correspondingly heat generation. The thermistor 280
provides information about the operating temperature
to the algorithm for use in determining the frequency
of operation if desired. A further input may be
provided externally to the algorithm for directly
selecting the frequency of operation, such as by
direct user input or other power management
algorithms. [0024] FIG. 3 is a flow chart example 310
of algorithm 270 configuring the system for a high
performance mode. At 320, the operating speed of
thememory controller 220 is at its fast setting.
Switch 265 is set to the fast clock speed of
approximately 533 MHz. At 330, the memory controller
interface driver 225 is enabled for the highest
possible output drive by closing switch 273 to engage
parallel transistors. At 340, the Thevenin termination
inside the DRAM 235 is set to the highest current
drive by closing switches 250 and 255. This may be
done in one embodiment by setting appropriate bits in
an extended mode register of the DRAM to obtain a
termination resistance of 75 ohms, or other value
depending on the values of resistors used. At 350, the
output drive of the DRAM may also be set to maximum by
setting a corresponding bit in the extended mode
register of the DRAM. [0025] FIG. 4 is a flow chart
400 showing operation of the algorithm 270 in
configuring the system 200 for low power mode. At 410,
switch 265 is set to the lower frequency, 400 MHz. At
420, switch 273 is opened, decreasing the output drive
of the interface driver 225 by removing one of the
parallel transistor stages. At 430, switches 250 and
255 are opened, increasing the termination source to a
150 ohm load in one embodiment. At 440, the DRAM
output drive is optionally set to low by removing one
or more of the drive stages. [0026] The low power mode
may be entered as a function of many different
factors. The device 235 temperatures may be too high.
Thermister 280 provides an indication, such as a
signal representative of temperature which may be used
to determine the device is at an unsafe temperature.
The algorithm 270 receives information from the
thermister 280 and configures the system 200 for low
power mode in accordance with the flow chart 400.
[0027] The amount of activity on the bus from the
device, such as DRAM 235 may be either very high or
very low. Counter 275 measures the amount of DRAM
activity over a duration. If the amount of activity is
very high, then DRAM overheating is suggested, and the
algorithm may determine to configure the system for
low power mode. If the amount of activity is very low,
the algorithm may determine that the system may
operate at lower than high performance. If so, the
algorithm may place the system in the low power mode
to lower performance. The system then becomes more
efficient in power consumption without sacrificing
overall system performance. This aspect of the
algorithm may be useful in large systems with multiple
bus devices that are allgenerating heat. If all such
devices were operating in high performance mode, more
heat may be generated than can be effectively handled
by the system. [0028] Various manual settings may
indicate a desire for a power conservation mode as
indicated at 285. Reasons may include detection of
battery versus AC line power, lower CPU speed
settings, acoustic requirements where less cooling fan
noise is desired, or detection of other manual power
conservation settings. [0029] hi some instances, the
algorithm 270 may decide that the system temperature
is very low and can "margin" the timing. When silicon
is cool, it will inherently operate faster. The
algorithm receives information, such as by reading the
thermistor 280 and determines that the termination
strength can be reduced -without reducing the speed-
of the memory controller. In other words, the
Algorithm may decide that the system has adequate
margin and may use something other than the high
output drive to work reliably. The algorithm will then
open switches 273 to decrease the drive, and open
switches 250 and 255 to decrease the termination
strength. The drive strength of the device may also be
decreased by the algorithm via the extended mode
register. The decrease may be accomplished in the same
manner as the decrease in drive strength of the
controller interface driver 225.CLAIMS 1. A system
comprising: a bus; a controller coupled to the bus; a
variable clock coupled to the controller, the variable
clock having different frequencies that are
selectively provided to the controller; and a variable
bus termination impedance coupled to the bus, wherein
the impedance is increased or decreased responsive to
the frequency being provided to the controller. 2. The
system of claim 1 and further comprising an adjustable
output driver coupled to the controller and to the
bus. 3. The system of claim 2 wherein the adjustable
driver has an output that is adjusted as a function of
the clock frequencies. 4. The system of claim 3
wherein the driver comprises a two stage complimentary
metal oxide semiconductor field-effect transistor
(CMOS FET) driver having a switch coupled thereto to
selectively uncouple one of the stages from the bus.
5. The system of claim 1 and further comprising a
device coupled to the bus. 6. The system of claim 5
and further comprising a thermistor for sensing
temperature. 7. The system of claim 1 and further
comprising a counter for detecting volume of bus
traffic. 8. The system of claim 1 and further
comprising a power management selection line for
receiving external power management instructions.9. A
device comprising: a controller; an adjustable output
driver coupled to the controller for driving signals
on a bus at different power levels; a variable clock
coupled to the controller, the variable clock having
different frequencies that are selectively provided to
the controller; and means for modifying a termination
impedance of the bus. 10. The device of claim 9
wherein the means for modifying the termination
impedance of the bus comprises an output that controls
a switch. 11. The device of claim 10 wherein the
switch controls a resistive termination network. 12.
The device of claim 9 wherein the means for modifying
the termination impedance of the bus comprises an
output for coupling to an extended mode register of a
device coupled to the bus. 13. The device of claim 9
wherein the means for modifying the termination
impedance of the bus comprises an algorithm that
controls the adjustable output driver, variable clock,
and termination impedance of the bus responsive to
selected modes of operation. 14. A method of modifying
power consumption, the method comprising: determining
that a bus should operate at a different power
consumption mode; modifying a termination impedance of
the bus; modifying a clock rate for the bus; and
modifying an output drive level. 15. The method of
claim 14 wherein the different power consumption mode
is a lower power consumption mode and the termination
impedance is increased, the clock rate is decreased,
and the output drive level is decreased.16. The method
of claim 14 wherein the different power consumption
mode is a higher power consumption mode and the
termination impedance is decreased, the clock rate is
increased, and the output drive level is increased.
17. The method of claim 14 wherein an output drive
level of each of multiple devices attached to the
device is modified. 18. The method of claim 14 wherein
power consumption is modified as a function of
detected temperature proximate the device. 19. The
method of claim 14 wherein power consumption is
modified as a function of detected volume of traffic
on the bus. 20. The method of claim 19 wherein power
consumption is reduced when a high volume of traffic
is detected. 21. The method of claim 19 wherein power
consumption is reduced when a low volume of traffic is
detected and performance is lower than high
performance.. 22. A computer readable medium having
instructions stored thereon for causing a computer to
implement a method of modifying power consumed, the
method comprising: determining that a bus should
operate at a different power consumption mode;
modifying a termination impedance of the bus;
modifying a clock rate for the bus; and modifying an
output drive level. 23. The computer readable medium
of claim 22 wherein the different power consumption
mode is a lower power consumption mode and the
terminationimpedance is increased, the clock rate is
decreased, and the output drive level is decreased.
24. A system comprising: a central processing unit; a
bus; a memory controller coupled to the bus and to the
central processing unit; a variable clock coupled to
the memory controller, the variable clock having
different frequencies that are selectively provided to
the controller; a memory device coupled to the bus
that sends and receives bus traffic to and from the
controller as a function of the variable clock
frequencies; an adjustable output driver coupled to
the bus; and a variable bus impedance coupled to the
bus, wherein the impedance is increased or decreased
responsive to the frequency being provided to the
controller. 25. The system of claim 24 wherein the
adjustable driver has an output that is adjusted as a
function of the clock frequencies. 26. The system of
claim 25 wherein the adjustable driver is coupled
between the memory controller and the bus. 27. The
system of claim 26 and further comprising an
adjustable driver coupled between the device and the
bus. 28. The system of claim 24 and further comprising
a thermistor for sensing temperature. 29. The system
of claim 24 and further comprising a counter for
detecting volume of bus traffic. 30. The system of
claim 24 and further comprising a power management
selection line for receiving external power management
instructions. 


