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Abstract - Volatility, defined as the propensity of a liquid 

to vaporize under equilibrium conditions, critically influences 

engine start-up and emission profiles. This study presents the 

design and fabrication of a custom distillation apparatus to 

determine petrol purity by generating distillation curves for 

two commercial samples. We introduce an air-cooled 

condenser configuration optimized for low-cost laboratories, 

addressing gaps in simple, reliable volatility measurement 

techniques. Experimental results demonstrate repeatable 

distillation curves with less than 2% deviation between trials. 

Sample 2 exhibited a 15% steeper initial slope and lower 

onset temperature (43°C vs. 47°C) compared to Sample 1, 

indicating higher volatility. These findings validate the 

apparatus’ accuracy and highlight its utility for routine quality 

control in resource-constrained settings. 

 

 

Key Words: Distillation, Volatility, Condensation, Fuel, 

Evaporation. 

 

 

1. INTRODUCTION 

 
At present, petroleum remains the major source of energy 

resources, and for more than 100 years, it has been the main 
source of fuels used in alternative internal combustion engines 
in auto-motion as well, both for spark ignition engines, 
traditionally known as petrol engines, and for compression 
ignition engines, or diesel engines. Nevertheless, we must bear 
in mind that differences in the operation of spark ignition and 
compression ignition engines require very different types of 
fuels. 

When we speak about petroleum-derived fossil fuels, used 
as automotive fuel, we must remember that in a given series of 
hydrocarbons the ignition temperature decreases as the 
molecular weight increases because the cracking of large 
molecules needs less activation energies, where by SIE require 
low boiling hydrocarbons with soft combustion temperature 
and a relatively high spontaneous ignition temperature. 

From the chemical composition viewpoint, petrol is a blend 
of hydrocarbons between C4 and C11, with boiling points 
between 25 and 210°C and in which we can find all types of 
hydrocarbons: paraffins, isoparaffins, olefins, aromatics, 
naphthenes, etc. They may also contain oxygenated 
compounds such as ethers and pure alcohols in variable 
proportions: minimum amounts of sulphur and nitrogen as well 
as additives. 

Among the wide variety of features to consider when 
establishing the quality of a fuel used in auto-motion, volatility 
stands out as one of the most critical ones since it is a 
characteristic directly related to engine performance and 
pollutant emissions. Petrol is a fuel which is a liquid state in 
the fuel tank and in the fuel injectors (or carburettor on older 

engines) and which is nebulized with air before being injected 
into the combustion chamber. 

If the volatility of fuel is low, the petrol does not exist in 
the gas phase, and there will be difficulties with the starting up 
of the engine and the behaviour of the engines in cold regimes. 
If the volatility is high, the petrol can be vaporized in the tank 
itself or in the pipelines ('vapour lock'). As a consequence, the 
injection rate is inadequate, and the engine drowns. 

Volatility is not a physical magnitude that can be measured 
directly; it is necessary to define methods of evaluating it. One 
universally used method to determine the volatility of a fuel is 
the distillation test that offers different information according 
to the type of fuel tested. 

 

2. COMPONENTS 

The distillation apparatus mainly consists of two components. 

They are heating chamber and a condenser. The entire frame 

work is done using cast iron. The construction of the frame 

work includes many processes like grinding, welding and 

cutting. 

Heating chamber is the frame where heating of the sample 

fuel take place. This mainly consists of various components. 

They are listed below. heating element (1500 Watts), ceramic 

heater plate, stand, distillation heating flask (250 ml), 

thermometer (300°C), and rubber corks. 

 

 

 

 

 

Fig -1: Heating element 
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Fig -2: Ceramic heater 

 

 

 

 

 

Fig -3: Thermometer 

 

 

 

Fig -4: Distillation flask 

 

Condensers are routinely used in laboratory operations such as 

distillation, reflux, and extraction. In distillation, a mixture is 

heated until the more volatile components boil off, the vapors 

are condensed, and collected in a separate container. In reflux, 

a reaction involving volatile liquids is carried out at their 

boiling point, to speed it up; and the vapors that inevitably 

come off are condensed and returned to the reaction vessel. 

 

Many different types of condensers have been developed for 

different applications and processing volumes. The simplest 

and oldest condenser is just a long tube through which the 

vapors are directed, with the outside air providing the cooling. 

More commonly, a condenser has a separate tube or outer 

chamber through which water (or some other fluid) is 

circulated, to provide a more effective cooling. 

 

3. CONSTRUCTION 

Distillation is a common operation in many laboratories for 

the purpose of separating and/or purifying components of a 

liquid mixture. The apparatus used consists of three major 

parts are distillation flask to heat the mixture and volatilize the 

components, a condenser to cool the vapors back to liquid 

state, and a collection vessel. Below is another picture of a 

distillation apparatus which uses rubber stoppers rather than 

the more modern standard taper glass connections. 

 

 

Fig -5: Distillation flask 

The apparatus is usually made of iron and therefore subject to 

rust. All components of the distillation apparatus should be 

secured to a stable stand or rack to prevent it from falling 

over. All the glassware, particularly the part to be heated, 

should be checked for cracks prior to use. Connections 

between the glass parts may involve rubber or cork stoppers 

but in more modern apparatus standard taper connections are 

used. If stoppers are used, it must be known that the hot 

vapors will not react with the rubber or cork and thus 

contaminate the products. If standard taper connections are 

used, any lubricant used to make tight seals must also not 

react, melt or evaporate and contaminate the product. 

The condenser must generally be connected to a source of 

running water to provide cooling for the vapors. The proper 

method is to connect the input hose to the condenser at the 

end furthest from the heated flask and the outflow hose 

nearest the heated flask. This prevents the hottest vapors from 

contacting the coldest water and creating a large thermal 

shock to the glassware. As mentioned in the section on 

flowing water, the hoses must be connected tightly enough to 

the condenser that they will not come loose if the water 

pressure should increase during the experiment. Usually this 

means that something like copper wire is twisted around the 
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tubing at the joint to prevent it from coming away. The flow 

of water must be sufficient to accomplish condensation 

without being so fast as to cause undue hose pressure or 

splashing of outflow water, remembering that flow rates can 

change during the day after they have initially been set. 

The distillation flask should preferably be a round-bottomed 

one rather than a flat-bottomed one for smoothness of boiling. 

The flask should never be more than half-filled with the liquid 

mixture to be distilled. Greater filling leads to bubbles and 

sometimes foaming that is constricted in the narrowing part of 

the flask and gets out of control. 

To make boiling smoothest, boiling chips or tubes should be 

added to the liquid in the distillation flask before heating has 

begun. It is very important not to add chips or tubes to heated 

liquid as it may suddenly begin to boil and eject hot liquid out 

onto the operator. The chips are generally made of sharp 

pieces of broken ceramic or hard plastic. Tubes are usually of 

the capillary type with both ends open. 

Heating the distillation flask requires care. The liquids being 

distilled are often flammable so that flame is not the preferred 

heat source. Heating mantles or sand baths are good sources 

of heat to conform to the round-bottomed flasks. Care must be 

taken not to let any vapors near the control switches that may 

spark when opening and closing. Doing the distillation inside 

a hood is a good practice. 

One last word of caution about the apparatus is in order. There 

have been cases where the operators decided to make the 

connection between the condenser and the receiving vessel a 

tight one using a stopper or standard taper connection. This 

must NOT be done as it creates a completely sealed system. 

When the distillation flask is heated and vapors begin to rise, 

they will expand and create a pressure in such a sealed system 

that will inevitably blow the joints apart. This generally 

causes vapors to escape into the surrounding room (or 

hopefully hood) if not the 

glassware to be broken. Always allow for a pressure relief 

opening in the 

distillation system between the condenser and the receiving 

vessel. 

4. PROCEDURE 

A simple distillation definition or distillation meaning is a 

process of purifying a liquid compound by heating it into a 

vapor that is then condensed back into a liquid. By heating a 

liquid to the temperature at which it turns into a vapor, it is 

separated from any possible impurities that are dissolved 

within it. Once the liquid evaporates, it can be cooled over 

another container so that it condenses and accumulates again 

as a liquid. 

 

1. Check the calibration of the thermometer which is to be 

used with the distillation apparatus (300°C). This can be done 

by putting it in a distilled ice bath, and then in boiling distilled 

water to observe the temperature against an expected 

temperature. 

 

2. The distillation flask or round-bottom boiling flask is filled 

with the 100ml solution which contains the liquid compound 

which is desired to be purified. The flask is also secured 

above a induction heater. 

 

3. Next, the thermometer and fractionating column (if 

required) are secured so that they have an airtight connection 

with the opening of the distillation flask. The thermometer 

should be above the fractionating column. 

 

4. Additionally, all other components that need to be should 

be secured with airtight connections. However, an important 

safety tip is: the system or apparatus should not be absolutely 

closed. The vapor needs to be able to escape into the 

condenser and escape out of a nozzle into a receiving flask. A 

closed system should never be heated as this can cause an 

explosion. Additionally, the rubber stoppers which secure 

components together should not leak as there may be a risk of 

the solution vapor or liquid being flammable and escaping and 

contacting the heat source directly. 

5. The Bunsen burner is turned on and the distillation flask is 

slowly heated so that the thermometer reaches the desired 

boiling point. While this is happening, cold water should be 

passing through the condenser. 

 

6. The vapor passing into the condenser gathers into droplets 

of the distillate and then it drips into the receiving flask. It is 

important to keep observing the thermometer until it stabilizes 

at the desired temperature. 

7. When the thermometer stabilizes, the receiving glass should 

be swapped with a new one to ensure that the distillate that is 

being received is only the liquid which vaporizes at the 

temperature the thermometer reads. 

8. The heat source should be turned off when the temperature 

reading in the thermometer falls. That removes the chance of 

the glass rapidly rising in temperature once the liquid is gone 

and possibly igniting any flammable vapor still within it, and 

shattering the glass. The residue left in the heating flask is 

collected in measuring cylinder. Record the temperature 

readings 

of vapours for every 10cc of distillation. 

 

 

 

 

Total volume of the condensate collected – A 

Total volume of the residue collected – B 

Distillation loss C = 100-(A+B) 

Volume of distillate after correcting for distillation loss at any 

given temperature = Volume of condensate at that temperature 

+ Distillation loss 

It is arbitrarily assumed that distillation loss represents the 

most volatile part of the fuel and therefore occurs at beginning 

of the evaporation. Hence the distillation loss added to all 

readings. 

 

 

 

DISTILLATION TEST FOR SAMPLE-1: 

Take 100 ml of sample-1 in to the distillation flask and heat it. 

Collect the distillate in to a measuring jar and record the 

temperature of the vapours for every 10ml of distillation. 

Switch of the heating when the temperature of the vapours 

suddenly falls down after attaining a maximum value. 
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Total volume of the condensate collected A = 92ml 

Total volume of the oil residue B = 5ml 

Distillation loss = 100 - (A+B) = 100-(92+5) = 3ml 

 

Table -1: 

 

S.NO Temperature 

of oil (°C) 

Volume of the 

condensate 

collected (ml) 

Volume of the 

distillate after 

adding 

distillation 

loss (ml) 

1 43 0 3 

2 50 10 13 

3 65 20 23 

4 70 30 33 

5 73 40 43 

6 75 50 53 

7 115 60 63 

8 135 70 73 

9 151 80 83 

10 172 90 93 

 

 

Chat 1 

 
 

 

 

DISTILLATION TEST FOR SAMPLE-2: 

Take 100 ml of sample-1 in to the distillation flask and heat it. 
Collect the distillate in to a measuring jar and record the 
temperature of the vapours for every 10ml of distillation. 
Switch of the heating when the temperature of the vapours 
suddenly falls down after attaining a maximum value. 

Total volume of the condensate collected A = 93ml 

Total volume of the oil residue B = 4ml 

Distillation loss = 100 - (A+B) 100-(93+4) = 3ml 

 

Table -2: 
 

S.NO Temperature 

of oil (°C) 

Volume of the 

condensate 

collected (ml) 

Volume of the 

distillate after 

adding 

distillation 

loss (ml) 

1 43 0 3 

2 53 10 13 

3 57 20 23 

4 62 30 33 

5 67 40 43 

6 81 50 53 

7 102 60 63 

8 117 70 73 

9 140 80 83 

10 168 90 93 

 

 

Chat 2 

 
 

 

 

COMPARISION OF BOTH SAMPLES: 

The Volatility of the sample 1 is less than the volatility of 
sample 2. Because the curve obtained for sample 2 is linear 
when compared to that of curve obtained for sample 1. So, we 
can say that sample 2 is more preferable compared to that of 
sample 1 
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Chart 3 

 
 

 

5. RESULTS AND DISCUSSION 

 

The distillation trials for two petrol samples were 

conducted three times each under identical conditions 

(100 mL charge, heating rate ≈5°C/min). Table 1 

summarizes the average distilled volume at fixed 

temperature intervals; standard deviations were below 
1.2 mL across all points. 

Table 1. Average Distillate Volumes and Standard 

Deviations 
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