Properties of Natural Gas

Natural gas is formed by decaying plant and animal matter the same as oil. Many times oil and natural gas are found together. However, natural gas may be found without the presence of oil and in rather large quantities. 

Natural gas is a mixture of four primary gases and up to six other gases in minute quantities. 

The primary gas in the natural gas mixture is methane. Methane makes up 87 to 98 percent of the natural gas mixture. Methane specific gravity is 0.554. This means it is much lighter than air (specific gravity of 1.0). The heating value is 985 BTU’s per cubic foot. 

NOTE:  A BTU (British Thermal Unit) is the amount of heat required to raise one pound of water one degree Fahrenheit. In practical terms the approximate amount of heat given off by the burning of a wooden match head.

The second gas in the natural gas mixture is ethane. Ethane typically makes up 1.5 to 5 percent if the mixture. Ethane’s specific gravity is 1.049. (almost the same as air). The heat value of ethane is 1,783 BTUs per cubic foot.  Ethane is called the “tag gas”.  Ethane only exists in natural gas formed deep in the earth under pressure.  Natural gas formed shallow (land fill gas) does not contain ethane. If a gas source can not be determined, a sample may be tested. If ethane exists it is coming from a pipe and not naturally occurring. 
The third gas in the natural gas mixture is propane. Propane has a commercial value and is normally stripped from the natural for resale. Typically the amount remaining in natural gas is 0.1 to 1.5 percent. Propane’s specific gravity is 1.572, much heavier than air. The heating value is 2,504 BTUs per cubic foot.
The fourth gas in the natural gas mixture is butane. Butane also has commercial value and is normally stripped from the natural gas mixture for resale. The amount remaining is typically 0.1 to 0.3 percent. Butane’s specific gravity is 2.067, twice as heavy as air. The heating value of butane is 3,184.

The remaining gases in the mixture are:

Pentane
trace to 0.14%

Hexane
trace to 0.6  %

Nitrogen
   0.7 to 5     %

CO2

   0.1 to 1.0  %

Oxygen
 0.01 to 0.1  %

Hydrogen
trace to 0.02%

Depending on the mixture the specific gravity of natural gas is 0.57 to 0.62. Normally the specific gravity of natural gas is expressed as .60.

Sulphur is stripped from the natural gas mixture. It is a commercial value product and is also harmful to the natural gas distribution system. The typical sulphur content of natural gas is 0.286 pounds per million cubic feet.

The ignition temperature of natural gas ranges from 1,100 to 1,200 degrees Fahrenheit
Natural gas also has the following characteristics:

1. odorless (may have a slight sweet oily smell)

2. colorless

3. tasteless

4. nontoxic

As with any other gas, natural gas will take the shape of what ever container it is placed in and will fill the container equally. Since it’s molecules are so widely spread compared to liquids and solids, natural gas is highly compressible. Applying pressure will reduce the volume of the gas. Conversely, reducing the pressure will allow the volume to increase. The pressure volume relationship is said to be inversely proportional. As one increases the other decreases, This can be mathematically expressed as P1 X V1 = P2 X V2.  Where P1 is initial pressure and V1 is initial volume , P2 is the new pressure and V2 is the new volume. This relationship is known as Boyles Law. 
Natural gas volumes are also affected by temperature changes.  As temperature increases, volume increases. Conversely, as temperature decreases volume decreases. The temperature volume relationship is said to be directly proportional. As one increases the other increases and as one decrease the other decreases.  This can be expressed mathematically as V1/T1 = V2/T2.  Where V1 equals initial volume, T1 equals initial temperature and V2 equals the new volume and T2 equals the new temperature. This relationship is known as Charles Law. 

Boyles Law and Charles Law can be combined into a single formula. P1 X V1/T1 = P2 X V2/ T2.  This combined formula is known as the Ideal Gas Law.

Natural gas is lighter than air and if released to the atmosphere it will rise and disperse quickly.

Natural gas will burn when mixed with air in a very narrow range of mixture.  The lowest mixture that will typically burn is 4% gas in air. This termed the Lower Explosive Limit (LEL) of natural gas. At this mixture the combustion is incomplete. The flame is yellow and gives off soot. In this range one of the byproducts is carbon monoxide.

The highest range of mixture that will burn is 16% gas in air mixture. This is termed the Upper Explosive Limit (UEL) of natural gas. As in the LEL, the combustion at the UEL is incomplete and has the same characteristics as the LEL combustion.

Natural gas combustion is best between 8 and 12 percent gas in air mixture. The combustion is complete. The flame is blue and the by products are carbon dioxide and water vapor.

The current known gas supply in North America will last 100 years at the current rate of use. Natural gas associated with shale oil deposits has the potential to double the known supply.   
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