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(57) ABSTRACT 

An apparatus and method wherein potential OZone layer 
damaging chlorodifluoromethane (Refrigerant R-22) is Sub 
Stituted with a mix of less environmentally damaging refrig 
erants pentafluoroethane and tetrafluoroethane in 
chlorodifluoromethane-based air-cooling Systems mainly in 
residential cooling. While leSS environmentally damaging 
than chlorodifluoromethane, the Substitute refrigerant has a 
temperature-pressure relationship Similar to that of chlorodi 
fluoromethane, making the Substitute refrigerant Suitable for 
use with chlorodifluoromethane-based air-cooling Systems. 
In this event, it is mixed with a relatively Small percentage 
of a lubricating oil which is compatible with both the unit 
refrigerant and typical R-22 system design. 
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REFRIGERANT WITH LUBRICATING OIL FOR 
REPLACEMENT OF R22 REFRIGERANT 

RELATED APPLICATION 

0001. This application claims priority to and the benefit 
of provisional application, Ser. No. 60/501,049 filed Sep. 8, 
2003. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to the replacement of 
Refrigerant R-22 (chlorodifluoromethane) refrigerant with a 
blend refrigerant that is less damaging to the OZone layer in 
Systems designed to use Refrigerant R-22 (chlorodifluo 
romethane). More particularly the present invention relates 
to an improved refrigerant composition, method and appa 
ratus for refrigeration wherein two non-Refrigerant R-22 
refrigerants are mixed in a defined ratio Such that the 
temperature-pressure relationship of the mix approximates 
that of Refrigerant R-22 (chlorodifluoromethane). The mix 
ture is compatible with Refrigerant R-22 (chlorodifluo 
romethane) So that it can be added to Supplement and replace 
Refrigerant R-22 (chlorodifluoromethane). A further par 
ticularity of the instant invention relates to an improved 
method and apparatus for refrigeration wherein refrigerant 
mixture is mixed with a soluble lubricating oil to provide 
lubrication to the apparatus. The lubricant is soluble in both 
the mixture of the invention and Refrigerant R-22 (chlo 
rodifluoromethane) refrigerant. 
0004 2. General Background 
0005. Until recently, R-22 refrigerant chlorodifluo 
romethane (hereinafter sometimes called "Refrigerant R-22 
(chlorodifluoromethane)”) was the major, if not sole refrig 
erant, used in residential air-conditioners, refrigerators, 
freezers and window air-conditioning units. Refrigerant 
R-22 (chlorodifluoromethane) is a trademark of E. I. du Pont 
de Nemours & Co. Inc. for chlorodifluoromethane. Herein 
after, "Refrigerant R-22 (chlorodifluoromethane)" is used in 
this specification to denote chlorodifluoromethane, regard 
less of the Source. 

0006 Recently, however, Refrigerant R-22 (chlorodif 
luoromethane) has come under attack both nationally and 
internationally as an OZone layer-damaging chemical. In 
recent years, both the national and international Scientific 
communities have linked Refrigerant R-22 (chlorodifluo 
romethane) with damage to the earth's protective ozone 
layer. Air-conditioners, refrigerator/freezers and window 
air-conditioning units containing R-22 are believed to be a 
global Source of OZone-damaging material. 
0007. In response to scientific concern and a national and 
global outcry over the use of Refrigerant R-22 (chlorodif 
luoromethane) in air-conditioning, the United States Con 
greSS has acted to first reduce and then ban the use of 
Refrigerant R-22 (chlorodifluoromethane) in air-condition 
ing units. 
0008. As a first step toward phasing out the use of 
Refrigerant R-22 (chlorodifluoromethane) in air-condition 
ing units, CongreSS is phasing out the use of Refrigerant 
R-22 (chlorodifluoromethane) in new equipment effective 
Jan. 1, 2015 and has banned the sale of Refrigerant R-22 
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(chlorodifluoromethane) in any size container as of Jan. 1. 
2020. One of the first areas in which the use of Refrigerant 
R-22 (chlorodifluoromethane) is to be phased out is in the 
Bakery industry under the Bakery Partnership Program. 
Another Step in phasing out the use of R-22 is the import 
restrictions that begin in 2003, limiting the amount of R-22 
that can be imported into the United States. 
0009. At the time of this application, the vast majority of 
residential, window units and freezers in use in the United 
States contain Refrigerant R-22 (chlorodifluoromethane). 
0010 Prior to banning the sale of quantities of Refriger 
ant R-22 (chlorodifluoromethane), owners of equipment 
with Refrigerant R-22 (chlorodifluoromethane)-based air 
conditioning units are able to purchase the level of refrig 
erant in their equipment with only the need of a refrigerants 
license as required by the Clean Air Act. Millions of units 
containing refrigerant R-22 (chlorodifluoromethane) were 
sold in the United States prior to the start of mandatory 
phase out Set forth by CongreSS and the international com 
munity. 

0011 Refrigerant R-22 (chlorodifluoromethane) recharg 
ing typically involves 30 lb. cans or cylinders typically used 
in the HVAC/R industry. The cylinders are fitted with a 
dispensing outlet compatible with a commercially available 
refrigeration manifold. In order to recharge an air-condition 
ing System, a customer need to only fit the can or cylinder 
to the manifold and discharge, or "add to the refrigerant 
charge directly into the air conditioning System. 
0012 Following Congress's ban on the sale of Refriger 
ant R-22 (chlorodifluoromethane) millions of equipment 
owners with Refrigerant R-22 (chlorodifluoromethane)- 
based air-conditioning units will be left with no choice other 
than to Seek replacement refrigerants to Service these units. 
Intentionally mixing of refrigerants is currently illegal by 
standards set forth by the Clean Air Act. An example would 
be for this application is that current R-22 units could not be 
mixed with this invention intentionally. 
0013 In response to Congress's ban on the use of Refrig 
erant R-22 (chlorodifluoromethane) in air-conditioning, Ser 
Vice dealers have began to retrofit existing Refrigerant R-22 
(chlorodifluoromethane)-based air-conditioning units with 
new, non-R-22 refrigerants, such as R410A (a 50/50 mixture 
of difluoromethane and pentafluoroethane), R417 (a 46/50/4 
mixture of pentafluoroethane, 1,1,1,2-tetrafluoroethane, and 
butane) or R407C (a 23/25/52 mixture of difluoromethane, 
pentafluoroethane, and 1,1,1,2-tetrafluoroethane). None of 
these replacements contain a lubricant when produced. 
0014. The refrigerants that will be authorized by the 
Environmental Protection Agency (EPA) to replace Refrig 
erant R-22 (chlorodifluoromethane) in air conditioners is 
currently under review and will evolve to require a envi 
ronmentally Safe refrigerant, with a 0 odp factor like the one 
of the present invention described herein. Unfortunately, 
most replacements for R-22 have a markedly different 
temperature-pressure relationship at most operating tem 
peratures than Refrigerant R-22 (chlorodifluoromethane). 
0015. Because of this difference in the temperature-pres 
sure relationship of Refrigerant R-22 (chlorodifluo 
romethane) and current replacement refrigerants, existing 
Refrigerant R-22 (chlorodifluoromethane)-based systems 
cannot typically be interchanged. Hence, non-retrofitted, 
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Refrigerant R-22 (chlorodifluoromethane)-based units have 
a need for a refrigerant that will fulfill the requirements of 
the System design while also meeting the requirements of the 
EPA and the international community. 
0016 Simply mixing refrigerants with existing Refriger 
ant R-22 (chlorodifluoromethane) in order to replenish, or 
“toping off the level is against the law and not feasible. 
When other refrigerants are mixed with Refrigerant R-22 
(chlorodifluoromethane), the mixture can take on the pres 
Sure characteristics of a Substance that could be harmful to 
either the equipment or the operator. The temperature 
preSSure relationship becomes markedly different from that 
of Refrigerant R-22 (chlorodifluoromethane) at tempera 
tures within the normal refrigerant operating temperature 
range and typical use of R-22. 

0017 Hence, in the absence of Refrigerant R-22 (chlo 
rodifluoromethane) owners of equipment with Refrigerant 
R-22 (chlorodifluoromethane)-based air conditioners face 
but one choice when the level of their air-conditioning 
coolant is low: professional Service-at a significant cost 
to remove the existing Refrigerant R-22 (chlorodifluo 
romethane), and retrofit the System compatible with Some 
kind of refrigerant gas. 
0.018 R-22 refrigerants were developed to replace the 
prior, now banned R-12 refrigerant, or dichlorodifluo 
romethane. R-12 is sometimes referred to as FREON 120E, 
which is a trademark of E.I. du Pont de Nemours & Co. for 
dichlorodifluoromethane. 

0019. Thomas et al. (U.S. Pat. No. 5,254,280) discloses a 
lubricant developed for use with a refrigerant known as 
R134a (1,1,1,2-tetrafluoroethane) and the combination of 
that lubricant with a refrigerant, which is a replacement for 
R-12. The lubricant contains polyoxyalkylene glycol, which 
is hydrophilic and could damage the System as discussed 
below. 

0020 Wilczek (U.S. Pat. No. 5,384,057), Gorski (U.S. 
Pat. No. 4,971,712), and Anton of DuPont (U.S. Pat. No. 
5,145.594) disclose other R-12 replacements in the form of 
a blend of certain synthetic lubricants in various R134a and 
R134a/R125 refrigerant systems. The DuPont patents dis 
cuss a gas known as R125 (pentafluoroethane). R125 is five 
fluorine atoms bonded to an ethane molecule. This is a very 
large molecule for a refrigerant. It is currently being pro 
duced for refrigeration only. Anton discloses the use of a 
lubricant comprising at least one cyanocarbon compound. 
Wilczek discloses a fluorosiloxane as a lubricant. Gorski 
discloses a polyakylene glycol as a lubricant. 
0021 Systems that contain R-22, or R-12 replacements, 
are Still being produced today. These older Systems have 
common components: R-22, R-22 mineral oil lubricant, and 
water that is sequestered into the dryer. If R134a (1,1,1,2- 
tetrafluroethane) were added to the System, it would damage 
the system as follows: (1) if no lubricant is added to the 
R134a (as in U.S. Pat. No. 4,953,312 to Tamura et al.), then 
the R-22 system would be starved for lubricant, since the 
R134a gas is not miscible with the mineral oil lubricant; (2) 
if a synthetic lubricant is added to the R134a (as in Thomas 
et al.), then there is a different problem-that of moisture. 
Older Systems can have water trapped in their dryers. The 
Synthetic lubricants (such as polyglycol- or polysiloxane 
based lubricants) are hydrophilic. Thus, they are not only 
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miscible with R-22 and R134a; they are also partially or 
completely miscible with water. Thus, if they are introduced 
into an R-22 system, they will pull this water out of the dryer 
into the refrigerant flow, initiating corrosion and damage to 
pressure Switches and the TX valve and possible other 
system components. This is why Elf Atochem and DuPont, 
to name a few publish elaborate flushing procedures and 
high efficiency dryer change-outs to prevent damage to the 
cooling System. 

0022 Weber (U.S. Pat. No. 5,942,149) discloses yet 
another R-12 replacement consisting of a blend of chlorodi 
fluoroethane, tetrafluoroethane and a napthenic lubricating 
oil. 

SUMMARY OF THE PRESENT DISCLOSURE 

0023 The present disclosure is of a method and apparatus 
that are environmentally Sound alternatives to the use of 
Refrigerant R-22 (chlorodifluoromethane) as a refrigerant. 
More particularly, the invention provides a mixture of at 
least two refrigerants that are miscible with each other, and 
compatible with Refrigerant R-22 (chlorodifluoromethane) 
while at the same time possessing a temperature-pressure 
profile that approximates that of Refrigerant R-22 (chlorodi 
fluoromethane) over the operating range of ambient tem 
peratures usually encountered by air conditioning units or 
other apparatus utilizing Refrigerant R-22 (chlorodifluo 
romethane) as a refrigerant. The invention also provides a 
lubricant, that is compatible with both the environmentally 
sound refrigerant of the invention and with Refrigerant R-22 
(chlorodifluoromethane), so that mixtures of the refrigerant 
according to the invention and Refrigerant R-22 (chlorodi 
fluoromethane) may be utilized with this lubricant in the 
refrigeration Systems without deleterious effect upon mov 
ing parts of the refrigerating apparatus that require lubrica 
tion from the refrigerant. 
0024 More particularly, the refrigerant and method dis 
closed herein involves a mixture of pentafluoroethane and 
tetrafluoroethane in Specific proportions that provide a tem 
perature-pressure relationship that approximates that of 
Refrigerant R-22 (chlorodifluoromethane) over the range of 
ambient temperature operating conditions in which Refrig 
erant R-22 (chlorodifluoromethane) is a useful refrigerant. 
The pentafluoroethane/tetrafluoroethane refrigerant blend 
disclosed herein is compatible with both synthetic and 
mineral oils. The tetrafluoroethane can be either 1,1,1,2- 
tetafluoroethane or 1,1,2,2-tetrafluoroethane. In an exem 
plary embodiment, the refrigerant according to the invention 
comprises a ratio of from about 40 to about 45 weight 
percent pentafluoroethane to about 55 to about 60 percent 
1,1,1,2-tetrafluoroethane, based upon the total weight of 
pentafluoroethane and 1,1,1,2-tetrafluoroethane. In a further 
exemplary embodiment, the refrigerant includes the ratio of 
about 42 weight percent pentafluoroethane to about 58 
weight percent 1,1,1,2-tetrafluoroethane. 
0025. In addition, the refrigerant according to the inven 
tion also includes from about 0 to about 20 weight percent 
(based on the combined weight of pentafluoroethane and 
1,1,1,2-tetrafluoroethane) of a lubricating oil that is Soluble 
in chlorodifluoromethane, pentafluoroethane, and 1,1,1,2- 
tetrafluoroethane. In a preferred embodiment the lubricating 
oil is present in the range of from about 0.5 to about 2% by 
weight of the refrigerant mixture. 
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0026. In an exemplary embodiment, the lubricating oil is 
a napthenic or paraffinic based lubricating oil. In a further 
exemplary embodiment, the lubricant is Selected from those 
lubricants sold by Anderol, Inc., East Hanover, N.J., an 
affiliate of Royal Lubricants Company, under the trademark 
ROYCO(E) 2302. ROYCO(E) 2302 is a napthenic oil lubricant 
having the following composition: 
0027 65-85% hydrotreated light napthenic distillate, 
0028 10-20% solvent refined light napthenic distillate 
petroleum, 
0029) <0.5% butylated triphenyl phosphate, and 
0030) <2% minor additive. 
0031. In another exemplary embodiment, the lubricating 
oil can be a Synthetic lubricating oil, or a mixture of oils, that 
is soluble in the mixture of the chlorodifluoroethane and 
tetrafluoroethane. A Suitable Synthetic lubricant is a man 
made, Synthetic alkyl aromatic lubricant. Suitable Synthetic 
lubricants include alkylated benzene lubricants. 
0.032 The lubricant can be either a synthetic alkyl aro 
matic lubricant, Such as alkylbenzene, alone, or a mixture of 
a Synthetic alkyl aromatic lubricant and mineral oil or a 
mixture of a Synthetic alkyl aromatic lubricant and polyol 
ester (POE). When so mixed, it is preferred, but not required, 
that a minor portion of the mixture be mineral oil or POE. 
By minor portion, we mean less than 50% by weight of the 
blended refrigerants. Alternatively, either mineral oil or 
polyol ester (POE) can be used alone. 
0.033 While it is intended that the Substitute refrigerant 
according to the invention may be utilized to replace Refrig 
erant R-22 (chlorodifluoromethane) that has escaped from 
apparatus, the Substitute refrigerant of the invention may 
also be utilized to completely refill apparatus that have been 
designed for use with Refrigerant R-22 (chlorodifluo 
romethane), since the refrigerant has a temperature-pressure 
profile that closely approximates that of Refrigerant R-22 
(chlorodifluoromethane). Thus, when the refrigerant is used 
as a complete replacement for Refrigerant R-22 (chlorodi 
fluoromethane), it is no longer necessary that the lubricant 
be compatible with chlorodifluoromethane but only that it 
should be compatible with 1,1,1,2-tetrafluoroethane and 
pentafluoroethane. 

0034) Further, whereas the substitute refrigerant of the 
invention is less damaging to the OZone layer than Refrig 
erant R-22 (chlorodifluoromethane) and is useful in air 
conditioning units, and in particular residential type air 
conditioning units, it is not So limited in its use. Indeed, the 
refrigerant may be utilized as a Substitute or replacement for 
Refrigerant R-22 (chlorodifluoromethane) in virtually any 
application, thereby eliminating the use of OZone layer 
damaging Refrigerant R-22 (chlorodifluoromethane). 
0035) In further specifics, the invention provides a can 
ister containing a mixture of tetrafluoroethane and pen 
tafluoroethane with a napthenic oil that may be fitted with an 
outlet manifold that is compatible with a Refrigerant R-22 
(chlorodifluoromethane) recharging manifold that is typi 
cally used to recharge an apparatus with the latter refriger 
ant. Refrigerant may then be allowed to flow from the 
container through the manifold and into the apparatus to 
replace Refrigerant R-22 (chlorodifluoromethane) refriger 
ant that has been lost from the refrigeration System. 
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0036 When mixing the components of the refrigerant 
blend of the present invention, one should first mix the 
lubricant with the tetrafluoroethane, then mix that mixture 
with the pentafluoroethane in the proportions afore men 
tioned. Otherwise, the product does not mix properly. 

0037. In an exemplary form, the lubricant has a viscosity 
of 5 to 500 centistokes, more preferably 5 to 100 centistokes, 
even more preferably 5 to 50 centistokes, and most prefer 
ably 5 to 10 centistokes. The lubricant having a viscosity of 
5 to 10 centistokes is preferred. 

0038. In an exemplary embodiment, the percentage by 
weight of lubricant in the refrigerant blend is 0-20%, pref 
erably 0.5-2%, more preferably 1-2%, even more preferably 
1.25-2%, and most preferably 1.5-1.75%. The percentage by 
weight of lubricant in the refrigerant blend is, for example, 
1.75.--0.0.05%. 

0039. A suitable lubricant is severely hydro treated 
napthenic/paraffinic lubricant, Such as the aforementioned 
ROYCO(E) 2302. Other suitable lubricants include Sunpar 
R2280 (a paraffinic based lubricant), Lubrizol 403, Sunthene 
200 (a napthenic based lubricant) and L30 or L35 from 
Shrieve Chemical Company, The Woodlands, Tex., or Zerol 
150 from Nu-Calgon Wholesale, Inc., St. Louis, Mo., or 
AB150 from Virginia KMP Corporation, Dallas, Tex. (alky 
lbenzene synthetic lubricants). Mobil One 5-weight syn 
thetic oil (it is hydrophobic) could also work as a lubricant, 
but it is relatively expensive. 

0040. In order for the parts of the refrigerant system to 
function best, 0.5-20% of total weight of refrigerant should 
be lubricant. When adding the refrigerant blend to a refrig 
erant System, one should leave the lubricant in the System if 
one for Some reason takes out the Refrigerant R-22. 

0041. The lubricating of the present system is miscible 
with the pentafluoroethane and tetrafluorethane blend and 
with R-22 refrigerant. This allows for mixing of residual 
R-22 refrigerant and the refrigerant of the present invention, 
without the release of Significant amounts of residual water 
in the dryer and Subsequent System damage (as will happen 
if the synthetic lubricants disclosed in Thomas et al. and the 
DuPont patents are used). While alkylbenzene alone is 
considered not miscible with tetrafluoroethane (in particular 
R134a), it is sufficiently soluble in the present tetrafluoro 
ethane/chlorodifluoroethane mixture. This solubility allows 
the replacement refrigerant blend to lubricate the System, 
preventing damage to the compressor and component parts 
of the System. 

0042. Various optional additives can be included in the 
lubricant. A corrosion inhibitor can be included. (otherwise 
corrosion will probably occur within 6 months). An exem 
plary corrosion inhibitor is one for anhydrous Systems (Such 
corrosion inhibitors comprise calcium, or phosphate Salts). 
The corrosion inhibitor can be bonded to the lubricant. 
Additionally, a Surfactant and/or a foaming agent can be 
included. 

0043. The present refrigerant blend is designed to be 
utilized as a R-22 replacement in refrigeration Systems. It is 
designed as a replacement, in which little or no modifica 
tions including parts are used to adapt the System for the 
refrigerant of the present invention. 
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0044) The present refrigerant blend can be used as a 
replacement for R-22 refrigerant, typically deminimus with 
out retrofitting the air conditioning System or flushing it out. 
It is recommended that a full vacuum be obtained before 
adding the refrigerant to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.045. Many aspects of the disclosure can be better under 
stood with reference to the following drawings. 
0.046 FIG. 1 illustrates pressure versus temperature pro 
files for various blends of the present disclosure in compari 
Son to R-22. 

0047 FIG. 2 compares the temperature versus enthalpy 
profile of an exemplary embodiment of the present disclo 
Sure to R-22. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0.048. The present disclosure provides a mixture of non 
Refrigerant 22 refrigerants that are less damaging to the 
Earth's ozone layer and that are approved by the U.S. 
Environmental Protection Agency for use in air-condition 
ers. The invention mixture is compatible with Refrigerant 
R-22 (chlorodifluoromethane) and can be used to replace 
existing Refrigerant R-22 (chlorodifluoromethane)-in R-22 
based refrigeration Systems. It is expected that the present 
invention will gradually replace Refrigerant R-22 (chlorodi 
fluoromethane) in Refrigerant R-22 (chlorodifluo 
romethane)-based air-cooling Systems, without the need to 
retrofit existing Refrigerant R-22 (chlorodifluoromethane)- 
based Systems for non-Refrigerant 22 replacement refriger 
antS. 

0049 Specifically, the present refrigerant blend includes 
a mixture of pentafluoroethane and tetrafluorethane pack 
aged with a compatible lubricating oil, provided under 
preSSure in a can or cylinder equipped with an outlet 
compatible with existing Refrigerant R-22 (chlorodifluo 
romethane) recharging kit manifolds, so that the refrigerant 
and lubricant mixture can be added to existing Refrigerant 
R-22 (chlorodifluoromethane) based coolant Systems. Also, 
the invention provides the possibility of using new refrig 
erant Systems, originally designed for "Refrigerant R-22 
(chlorodifluoromethane), by Supplying an EPA-approved 
refrigerant So that retrofitting to new equipment use is not 
required. 
0050. In an exemplary embodiment, the invention pro 
vides an cylinder can like the standard 25 or 30 lb. can 
formerly used for containing "Refrigerant R-22 (chlorodif 
luoromethane),” but containing about 58% by weight 1,1, 
1,2-tetrafluorethane and about 42% by weight pentafluoro 
ethane. The can also contains the preferred lubricant, 
ROYCO(E) 2302 in Solution with the coolant mixture at a 
percent by weight of between 0.5% and 2%. 
0051 Existing Refrigerant R-22 (chlorodifluo 
romethane)-based air-conditioning Systems use an amount 
of a vegetable or hydrocarbon mineral oil to lubricate the 
compressor. This oil has a very low vapor pressure, and is 
not Soluble with pure tetrafluoroethane, particularly 1,1,1, 
2-tetrafluoroethane. Hence, adding tetrafluoroethane to 
replace Refrigerant R-22 (chlorodifluoromethane) in exist 
ing Refrigerant R-22 (chlorodifluoromethane)-based air 
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conditioning Systems leads to compressor breakdown from 
lack of sufficient lubrication. The invention provides lubri 
cants that are compatible with the invention mixture of 
tetrafluoroethane and pentafluoroethane, and with "Refrig 
erant R-22 (chlorodifluoromethane),” and that are suitable 
for lubricating refrigerant compressors and other air-condi 
tioner component parts. The lubricants disclosed herein, on 
the other hand, are Soluble in a tetrafluoroethane/pentafluo 
roethane mixture. This solubility allows the replacement 
refrigerant blend to lubricate the air-conditioning System, 
preventing damage to the compressor and component parts 
of the System. 

EXAMPLE 1. 

0052 Table 1 summarizes the results of solubility tests of 
a 2% by weight solution of ROYCO(E) 2302 oil lubricant in 
an 58/42% by weight mixture of 1,1,1,2-tetrafluoroethane 
and pentafluoroethane refrigerants. ROYCOOR 2302 oil 
(available from ANDEROL(R), Inc., an affiliate of Royal 
Lubricants Co.), was added to a clear Fisher-Porter pressure 
burette and a mixture of 1,1,1,2-tetrafluoroethane/pentafluo 
roethane in an 58/42 ratio by weight was introduced under 
preSSure to maintain the liquid State. 

TABLE 1. 

Full Burette 
2/3 Full Burette 
A Full Burette 
A Full Burette 
Almost Empty Burette 

clear no separation 
clear no separation 
clear no separation 
clear no separation 
clear no separation 

Note: 
The color of the fluid remained the same as the burette was emptied. The 
expelled gas deposited the oil onto a test panel. 

0053) Note: The color of the fluid remained the same as 
the burette was emptied. The expelled gas deposited the oil 
onto a test panel. 

EXAMPLE 2 

0054) 1,1,1,2-tetrafluoroethane and pentafluoroethane are 
mixed with the napthenic oil lubricant at Set ratioS Such that 
the temperature-pressure profile of the mixture is similar to 
that of Refrigerant R-22 (chlorodifluoromethane), over the 
normal operating range of air-conditioners. Table 2 Summa 
rizes the results of tests of the temperature-pressure profiles 
of various mixes of 1,1,1,2-tetrafluoroethane and pentafluo 
roethane Over the range of normal air-conditioner working 
temperatures, from -60 degree. F. to 160. degree. F. 

0055 For Table 2, different percentages of 1,1,1,2-tet 
rafluoroethane and pentafluoroethane-by weight-were 
mixed with the lubricant to show the pressure temperature 
relationships of the various invention combinations. 

0056 FIG. 1 shows Pressure (liquid) vs. Temperature 
profiles for R-22 and blends of 60/40, 55/45 and 58/42 of 
tetrafluoroethane and pentafluoroethane, respectively. 

0057 FIG. 2 shows Temperature vs. Enthalpy profiles 
comparing a blend of 60/40 tetrafluoroethane and pentafluo 
roethane to R-22. 

Exhibit 1016 
Page 6 of 9



US 2005/0O8251.0 A1 

0.058. The blend of refrigerants tetrafluoroethane and 
pentafluoroethane of the present disclosure shows the fol 
lowing properties of interest: 

0059) Dew Point (a)-32 F. 
0060 Bubble Point (a)-41.5 F. 
0061 Glide (a 9.5 F. 
0.062 An exemplary blend of refrigerants is about 42% 
by weight pentafluoroethane and about 58% by weight 
1,1,1,2-tetrafluoroethane. This is the ratio of pentafluoroet 
hane to 1,1,1,2-tetrafluoroethane with the lubricant where 
the mixture of the invention shows the greatest Similarity to 
"Refrigerant R-22 (chlorodifluoromethane)”, over most 
operating temperatures. 

0.063. The apparatus and method of the preferred embodi 
ment encompass the use of a mixture of 1,1,1,2-tetrafluo 
roethane and pentafluoroethane at the ranges, as discussed 
above, with a lubricating oil at ranges, as discussed above of 
about 0.5% to about 2% by weight in the operation of an 
air-conditioning System, wherein the coolant-oil mixture 
replaces Refrigerant R-22 (chlorodifluoromethane) in a 
Refrigerant R-22 (chlorodifluoromethane)-based refrigera 
tion System. 
0064. The method and apparatus in the preferred embodi 
ment further details providing the above described mix of 
pentafluoroethane/1,1,1,2-tetrafluoroethane and lubricating 
oil in 30 lb. cylinders, where the cylinders are pressure 
Sealed and fitted with an outlet compatible for existing 
Refrigerant 22-type refrigeration manifolds typically /4 inch 
male flare. 

0065. Further, it was noted that the systems tested ran 
more Smoothly and the compressor Showed leSS Vibration 
during the test period, as the mixture of the invention was 
added. It is theorized that the lubricating oil, being soluble 
in the refrigerant gasses, was better able to lubricate the 
compressor and reciprocating parts than the existing Refrig 
erant R-22 (chlorodifluoromethane) lubricant used by itself. 
In Some applications a reduction in power consumption 
maybe also noted. 
0.066 The refrigerant of the present invention can also be 
used as a replacement refrigerant for the new R-22 air 
conditioning Systems, Such as the Systems used in today's 
HFC-free units 

0067. The ROYCO(E) 2302 napthenic oil lubricant of the 
present disclosure has a flash point of more than 150 degrees 
F. Pure refrigerant 1,1,1,2-tetrafluoroethane is not miscible 
with a napthenic lubricant like mineral oil or mineral Seal oil 
(both of which could be used as the lubricants of the present 
invention). Pentafluoroethane is miscible with most 
napthenic lubricants, including mineral oils. The presence of 
the pentafluoroethane allows the use of mineral oils in the 
refrigerant blend and System of the present invention (a 
translucent, partially miscible blend is formed). The lubri 
cant can advantageously be partially polymerized into 
longer chain molecules to allow it to function at very low 
percentage levels. The lubricant can be hydrotreated or 
polymerized for Stability and wear resistance. 

0068 Phosphated additives add corrosion resistance in 
the presence of acids and Salts and increase wear resistance. 
Calcium additives help the lubricant resist rust and the 
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effects of corrosion; calcium Salts reduce the corrosive 
effects of hydrochloric acid that is formed in the presence of 
water and the chlorinated gases present in the refrigerant 
Systems of the present invention. 
0069. The ROYCO(E) lubricants mentioned above contain 
the corrosion inhibitors mentioned above and can also 
contain acrylic polymer. It is believed that the function of the 
acrylic polymer is to increase wear resistance under Severe 
conditions. Acrylics can help film formation, and the ability 
of the lubricant to coat metal and Soft parts and Stay in place. 
0070 The lubricant of the present invention is miscible 
with R-22, the R-22 lubricant, and the blend of the refrig 
erant gases of the present invention. 
0071. It should be understood that variations and modi 
fications may be made of the invention herein taught, and 
that those are within the Scope and Spirit of the invention as 
taught above and claimed here below. 

TABLE 2 

Temp (F) P (60-40) P (58-42) P(55-45) P(R-22) 
-60 8.982 8.81 8.552 8.836 
-55 10.36 1016 9.87 10.19 
-50 11.9 11.68 11:35 11.7 
-45 13.62 13.37 12.99 13.39 
-40 15.52 15.24 14.82 15.26 
-35 17.63 17.32 16.84 17.34 
-30 1996 1961 19.08 1962 
-25 22.52 22.13 21.54 22.14 
-20 25.33 24.9 24.25 24.91 
-15 28.41 27.93 27.2 27.93 
-10 31.76 31.23 30.44 31.23 
-5 35.42 34.83 33.96 34.82 
O 39.39 38.74 37.79 38.73 
5 43.69 42.98 41.94 42.96 
1O 48.34 47.57 46.43 47.54 
15 53.36 52.52 51.27 52.48 
2O 58.76 57.85 56.5 57.79 
25 64.57 63.58 62.1 63.51 
3O 70.8 69.73 68.14 69.65 
35 77.48 76.33 74.6 76.22 
40 84.62 83.38 81.52 83.26 
45 92.25 90.9 88.9 90.76 
50 100.4 98.93 96.79 98.76 
55 109 107.5 105.2 107.3 
60 118.2 116.6 114.1 116.3 
65 128 126.2 123.6 125.9 
70 138.4 136.5 133.6 136. 
75 149.3 147.3 144.3 146.9 
8O 1609 158.8 155.6 158.3 
85 173.2 170.9 167.5 1704 
90 1861 183.7 1801 183. 
95 1998 197.2 1933 196.5 
1OO 214.2 211.4 2O7.3 210.6 
105 229.3 226.4 222.1 225.5 
110 245.3 242.2 237.6 241. 
115 262 258.7 253.9 257.5 
12O 279.6 276.1 271 274.7 
125 298.1 2.94.4 289 292.7 
130 317.5 313.6 3O7.8 311.6 
135 337.8 333.7 327.6 331.4 
140 359.1 354.8 3483 352. 
145 3814 376.8 370.1 373.7 
150 404.8 400 392.8 396.4 
155 429.3 424.2 416.7 42O 
160 454.9 449.5 441.6 444.7 

1. In an apparatus designed for use with chlorodifluo 
romethane refrigerant, the improvement comprising Substi 
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tuting the chlorodifluoromethane with a substitute blend 
refrigerant containing a lubricant, 

Said Substitute refrigerant consisting of: 
about 40% to about 45% by weight pentafluoroethane; 
about 55% to about 60% by weight tetrafluoroethane; and 
Said Substitute refrigerant packaged with about 0% to 

about 20% by weight of the refrigerant with a lubri 
cating oil that is Soluble in chlorodifluoromethane, 
pentafluoroethane and tetrafluoroethane. 

2. The invention according to claim 1, the lubricating oil 
having the following components: 

65-88% hydrotreated light napthenic distillate, and 
10-20% solvent refined light napthenic distillate petro 

leum. 
3. The invention according to claim 1 wherein in the 

Substitute refrigerant Said pentafluoroethane is present in the 
ratio of about 40% by weight to said tetrafluoroethane 
present in an amount of about 60% by weight. 

4. The invention according to claim 1 wherein in the 
Substitute refrigerant Said pentafluoroethane is present in the 
ratio of about 42% by weight to said tetrafluoroethane 
present in an amount of about 58% by weight. 

5. The invention according to claim 1 wherein in the 
Substitute refrigerant Said pentafluoroethane is present in the 
ratio of about 45% by weight to said tetrafluoroethane 
present in an amount of about 55% by weight. 

6. A method for refilling an apparatus designed for use 
with chlorodifluoromethane refrigerant, the method com 
prising: 

(1) Supplying a Substitute refrigerant under pressure, in a 
cylinder can fitted with an outlet compatible with a 
chlorodifluoromethane recharging manifold of the 
apparatus, and 

(2) adding to said apparatus via the manifold a Substitute 
refrigerant for chlorodifluoromethane, Said Substitute 
refrigerant consisting of: 
about 40% to about 45% by weight pentafluoroethane; 
about 55% to about 60% by weight tetrafluoroethane; 

and 

Said Substitute refrigerant packaged with about 0% to 
about 20% by weight of the refrigerant of a lubri 
cating oil that is Soluble in chlorodifluoromethane, 
pentafluoroethane and tetrafluoroethane. 

7. The method according to claim 6, the lubricating oil 
having the following components: 

65-85% hydrotreated light napthenic distillate, and 
10-20% solvent refined light napthenic distillate petro 

leum. 
8. The method according to claim 6 wherein in the 

Substitute refrigerant Said pentafluoroethane is present in the 
ratio of about 40% by weight to said tetrafluoroethane 
present in an amount of about 60% by weight. 

9. The method according to claim 6 wherein in the 
Substitute refrigerant Said pentafluoroethane is present in the 
ratio of about 42% by weight to said tetrafluoroethane 
present in an amount of about 58% by weight. 

10. The method according to claim 6 wherein in the 
Substitute refrigerant Said pentafluoroethane is present in the 
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ratio of about 45% by weight to said tetrafluoroethane 
present in an amount of about 55% by weight. 

11-20. (canceled) 
21. A refrigerant consisting of: 

about 40% to about 45% by weight pentafluoroethane; 

about 55% to about 60% by weight tetrafluoroethane; 
said refrigerant packaged with about 0% to about 20% by 

weight of the refrigerant of a lubricating oil that is 
Soluble in chlorodifluoromethane, pentafluoroethane 
and tetrafluoroethane. 

22. The invention according to claim 21, the lubricating 
oil having the following components: 

65-85% hydrotreated light napthenic distillate, and 

10-20% solvent refined light napthenic distillate petro 
leum. 

23. A refrigerant according to claim 21 wherein Said 
pentafluoroethane is present in the ratio of about 40% by 
weight to Said tetrafluoroethane present in an amount of 
about 60% by weight. 

24. A refrigerant according to claim 21 wherein Said 
pentafluoroethane is present in the ratio of about 45% by 
weight to Said tetrafluoroethane present in an amount of 
about 55% by weight with a napthenic lubricant. 

25. A refrigerant according to claim 21 wherein Said 
pentafluoroethane is present in the ratio of about 40% by 
weight to Said tetrafluoroethane present in an amount of 
about 60% by weight with a napthenic lubricant. 

26. (canceled) 
27. The refrigerant according to claim 21, wherein the 

lubricating oil further includes an acrylic polymer or a 
corrosion inhibitor or both. 

28. The refrigerant according to claim 21, wherein the 
lubricating oil is Selected from the group consisting of 
napthenic based lubricants, paraffinic based lubricants and 
mixtures thereof, Synthetic alkyl aromatic lubricants, Syn 
thetic alkyl aromatic lubricants mixed with mineral oil, 
Synthetic alkyl aromatic lubricants mixed with polyol ester, 
mineral oil, and polyol ester. 

29. The refrigerant according to claim 21, wherein the 
lubricating oil is an alkylbenzene-based lubricating oil. 

30. The invention according to claim 1, wherein the 
apparatus is Selected from the group consisting of refrigera 
tion equipment, air-conditioning equipment, and HVAC 
equipment. 

31. The invention according to claim 1, wherein the 
lubricating oil includes an additive Selected from the group 
consisting of acrylic polymer, a corrosion inhibitor and 
mixtures thereof. 

32. The invention according to claim 1, wherein the 
lubricating oil is Selected from the group consisting of 
napthenic based lubricants, paraffinic based lubricants and 
mixtures thereof, Synthetic alkyl aromatic lubricants, Syn 
thetic alkyl aromatic lubricants mixed with mineral oil, 
Synthetic alkyl aromatic lubricants mixed with polyol ester, 
mineral oil, and polyol ester. 

33. The invention according to claim 1, wherein the 
lubricating oil is an alkylbenzene-based lubricating oil. 

34. The method according to claim 6, wherein the appa 
ratus is Selected from the group consisting of refrigeration 
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equipment, air-conditioning equipment, and HVAC equip 
ment. 

35. The method according to claim 6, wherein the lubri 
cating oil includes an additive Selected from the group 
consisting of acrylic polymer, a corrosion inhibitor and 
mixtures thereof. 

36. The method according to claim 6, wherein the lubri 
cating oil is Selected from the group consisting of napthenic 
based lubricants, paraffinic based lubricants and mixtures 
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thereof, Synthetic alkyl aromatic lubricants, Synthetic alkyl 
aromatic lubricants mixed with mineral oil, Synthetic alkyl 
aromatic lubricants mixed with polyol ester, mineral oil, and 
polyol ester. 

37. The method according to claim 6, wherein the lubri 
cating oil is an alkylbenzene-based lubricating oil. 
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