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Abstract - As it was discovered that chlorofluorocarbons (CFCs) 
have a very high Ozone depletion potential, finding new 
alternatives to replace CFCs which have same performance 
values as CFCs has become a necessary and important task in the 
refrigeration and air conditioning field. In this work, research 
has been done to find out these new alternatives. Mixture of 
already existing well known refrigerants R134a and R600a is 
used for the required purpose.  R134a and R600a are mixed in 
different ratios to make the new blends. These new blends are 
then compared with R-12 in terms of performance values. The 
domestic refrigerator used for the experiments is a 2 hp (1.491 
kW), it operates at 400C condensing and -100C evaporating 
temperatures.  The conclusion of experiment shows that R134A 
and R600A blends can be used at the place of R-12 in home 
refrigerators, without any change in other major components or 
properties of refrigerator. 

Keywords: Refrigerants, new Blends, Comparison, COP, Global 
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I. INTRODUCTION 

Discovery of refrigerating properties of chlorofluorocarbons 
revolutionized the refrigeration and air conditioning 
industry. CFCs in refrigerators and air conditioners were the 
best option to produce the desired effect for long period of 
time. Above this, CFCs are corrosion free, are not 
flammable and are non-toxic, which make them even better 
and safer refrigerants. One more property of CFCs is that 
they are chemically very stable. This was considered the 
advantage of using CFCs. Later it was discovered that CFCs 
can deplete the ozone layer, which later, became one of the 
biggest environmental problem in the world, and still is. 

The main problem discovered with CFCs were it can react 
with ozone in stratosphere and convert the ozone into 
oxygen, thus depleting the ozone layer. The property of 
stability which was considered to be positive property of 
CFCs now became the main disadvantage of CFCs. 

As CFCs are very stable, they do not break until they reach 
stratosphere where only ultraviolet radiations can break 
them, after coming in contact with ultraviolet radiation 
CFCs breaks and release the chlorine ions in stratosphere, 
this chlorine ion reacts with ozone and breaks it into O2 and 

CLO-. As a result of this, from 1970’s till now, there 
occurred a 4% declination in total ozone in atmosphere. And 
especially at polar region there been a larger amount of 
ozone declination, this is called as the ozone hole. 

As a result of this there was a worldwide awakening about 
this major disadvantage of CFCs. And it was decided by 
United Nations in Montreal protocol (1987) that there must 
be phase out of CFCs and all other ozone layer depleting 
refrigerants. 

The main reason behind the depletion of ozone layer by 
Chlorofluorocarbons is that CFCs contain chlorine atoms. 
The most commonly used CFC is trichlorofluoromethane 
(CCL3F) which is also called as R-11. It has three chlorine 
atoms. So the next class of refrigerants discovered was 
hydrochlorofluorocarbons (HCFCs). HCFCs has lower 
ozone depletion potential than that of CFCs, because they 
have lesser chlorine atoms than CFCs. Ozone depletion 
potential of any refrigerant is a ratio of amount of ozone 
depleted by the some mass of that refrigerant to the ozone 
depleted by the equal mass of reference compound which is 
R-11. ODP of HCFCs were low, but still was considerable, 
so next task was to replace HCFCs also, so next class of 
refrigerants were Hydrofluorocarbons (HFCs). HFCs has no 
chlorine atoms and produce similar refrigerating effects as 
produced by CFCs. And because of no chlorine they had 
literally no ODP. But apart from ozone depletion, global 
warming is also a concern with refrigerants. Global warming 
of any refrigerant is measured by its Global Warming 
Potential (GWP). GWP is the ratio of amount of heat 
trapped by given mass of any gas in question to the amount 
of heat generated by same mass of carbon dioxide. Carbon 
dioxide has global warming potential equal to 1. GWP by 
any gas mainly depends on following two factors 

1.absorption of infra red radiations by the gas, and 
2.atmospheric lifetime of the gas 

Atmospheric lifetime of any gas is the average time that a 
molecule of that gas exists in atmosphere before it is 
removed through reacting chemically or any other process. 
CFCs have a very high atmospheric lifetime, R-11 has 
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atmospheric lifetime of approximately 55 years and R-12 
has even more atmospheric lifetime equal to 144 years 
average. Due this very high stability of CFCs in atmosphere 
makes them very tough to remove from atmosphere. GWP 
of CO2 is 1, whereas GWP of CFC-12 is 8,500 and that of 
CFC-11 is 5,000. This gives a clear idea how dangerous 
CFCs are for atmosphere. CFCs produce huge amount of 
global warming. On the other hand HCFCs have 
atmospheric lifetime of 13 years, this is because the extra 
hydrogen atom present in HCFCs reacts easily in 
atmosphere. They have a global warming potential from 93 
to 12,00. Due to high GWP and ODP, HCFCs are also 
considered very dangerous for atmosphere.  

HFCs has zero ODP and in terms of GWP, there are two 
kinds of HFCs, first low GWP HFCs and second high GWP 
HFCs. There are Continue efforts being made to get blends 
of HFCs with lowest possible GWP. 

One of the most commonly used HFC is R134a. It has 
atmospheric lifetime of 14 years and GWP equal to 1300. 
R134a is also known as 1,1,1,2-tetrafluoroethane, Suva 
134a, Forane 134a,  

, Florasol 134a, Genetron 134a, norflurane or HFC-134a. It 
has thermodynamic properties similar to R-12. Because it is 
a hydrofluorocarbon so it has zero ozone depletion potential 
as HFCs has co chlorine atoms. Formula of R134a is 
CH2FCF3. It has boiling point of −26.3 °C at atmospheric 
pressure. After the HFCs, the next generation of refrigerants 
is hydrocarbons. Hydrocarbons have zero ODP and very 
negligible GWP. But the main problem with hydrocarbons is 
that they are highly flammable. One of the commonly used 
hydrocarbon refrigerant is R600a. It is Iso-butane, also 
known as methylpropane. It is an isomer of butane. The zero 
ODP and low GWP have made R600a a commonly used 
refrigerant over the years. But R600a (iso-butane) is highly 
flammable and comes with a risk of explosion. So in this 
paper a trial is made to make such a blend of R134a and 
R600a which has similar properties as of R12 and is lesser 
flammable than pure r600a. 

II. PREVIOUS WORK 

Previously in search of more eco-freindly refrigerants, there 
has been a lot of research done with the blending of 
refrigerants. R134A is a second generation refrigerant 
developed by different researches, and R600a is a 4th 
generation refrigerant. By previous works by various 
researchers , it has been found that R134a and R600a are 
more eco-freindly than R-11, or R-12 as they have zero 
ODP. 

From previous researches it is also found that GWP of 
R600a is very low compared to R11. 

III. METHODOLOGY 

Blending is a process of mixing of two or more already 
existing refrigerants in particular proportions to get a new 
refrigerant which has the desired properties. The proportion 
of refrigerants in a blend can decide the desired properties of 
the blend, so we can get the desired properties by varying 
the proportions. 

The commonly used refrigerants R600a and R134a are 
mixed in two different proportions and the resulting new 
blend is given a new name (only for this research). 
Description of these blends is as follows:- 

1. 32% of R600a and 68% of  R134a by volume are 
mixed and the blend is given the name R-ef1 

2. 48% of R600a and 52% of  R134a by volume are 
mixed and the blend is given the name R-ef2 

Research has found that if we mix two refrigerants in 
different proportions, than the pressure of the blend will be 
closer to the pressure of refrigerant with high proportion, if 
both are mixed in equal proportions than the blend pressure 
will be in between the both refrigerant pressures, McMullian 
(2002). 

To compare these blends with R12, firstly the experimental 
rig is charged with R12, in different quantities, and at 
different time gap, the readings were taken. The condenser 
temperature Tc and evaporator temperature Te were 
measured. After this , with the help of steam tables the heat 
rejected at condenser Qc and heat absorbed at evaporator Qe 
was calculated through following equations:- 

Qe  = mass of refrigerant ( hevaporator exit - hevaporator inlet ) 

Qc = mass of refrigerant ( hcondensor exit - hcondensor inlet ) 

Compressor work was calculated as follows:- 

Compressor work= mass of refrigerant (hcompressor exit –
hcompressor inlet) 

After this the COP was calculated as:- 

COP = HEAT ABSORBED BY EVAPORATOR/WORK 
DONE BY COMPRESSOR= QE/WCOMPRESSOR 

Now the experimental rig is charged by various quantities of 
R-ef1, and same procedure as was done for R12 is done to 
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calculate the COP by the blend R-ef1. Then the COPs of this 
blend were compared with that of R12. 

After this the same procedure was repeated for R-ef2 blend 
and COP by it is calculated and compared to COP by R12. 

IV. RESULTS AND CONCLUSIONS 

When the ratio of COP by using R-ef1 to the COP by using 
R12 on the rig is calculated it was found to be equal to 0.95. 
This ratio was almost same for different charging quantities. 
And When the ratio of COP by using R-ef2 to the COP by 
using R12 on the rig is calculated it was found to be equal 
0.97. This ratio was almost same for different charging 
quantities. 

So by these results it can be said that R-ef1 and R-ef2 blends 
can be used at the place of R12 without any change in the 
compressor lubricating oil. 

As it is known that GWP of R600A is 3 and that of R134a is 
1300, it can be concluded that GWP of blend containing 
higher proportion of R600a will have lower GWP. As R-ef1 
have 32% and R-ef2 have 48% of R600a respectively, so R-
ef2 will have lower GWP. Because R600a is highly 
flammable, so the blend having more R600a proportion will 
be more flammable, so it can be concluded that R-ef2 will 
be more flammable, but even though it will be lesser 
flammable than pure r600a. 

V. FUTURE SCOPES 

As global warming is the biggest matter of concern to the 
environmentalists, the research done in this paper can be 
very useful to develop a low GWP and zero ODP 
refrigerant. 
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