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Ethylene Glycol is also known as 1,2-Ethanediol or simply glycol.  There

are many applications for its consumption.  One of the major uses for glycol is as

brine.  Brine is any liquid cooled by a refrigerant and circulated as a heat transfer

fluid.  There are many processes in which to make ethylene glycol.  The major of

these is to use ethylene oxide, water, and four process units to produce the

desired glycol.  The ethylene-oxide model and reactive distillation method are

two alternative means of creating ethylene glycol.

The most common application of a brine is antifreeze for automobiles.

Until 1950, the chemical used most as antifreeze was methanol (Munro).   The

perfect antifreeze should have these properties:

1. Low Molecular Weight.

2. Low Cost.

3. Low volatility.

4. Good Heat Conductance.

5. High Specific Heat.

6. Chemical Stability.

7. Completely Miscible in Water.

8. Low Viscosity at Low Temperatures.

9. Noncorrosive to Metals.

10. Inert Towards Rubber Connections.

11. Nonfoaming.

12. Harmless to the Car Finish.

13. Have no Tendency to Leak or “Creep.”



14. Liquid or Vapors Should be Nontoxic.

15. Vapor Should not Form Explosive Mixtures With Air.

Ethylene Glycol has since become the basis for most types of antifreeze because

of the extreme volatility of methanol.  Glycol also lowers the vapor pressure of

water, therefore less evaporation of water occurs when mixed with antifreeze

than if water alone were used (Munro).  It is at times used as refrigeration service

for process cooling at lower temperatures (Perry’s).  Ethylene glycol also finds

wide spread application in pharmacology and the cosmetics industry.  Amazingly

enough it does not exist in living organisms (Liu).

58% of the ethylene oxide produced is used in the formation of ethylene

glycol (Coombs).  Ethylene oxide is reacted with water to give the desired

product of ethylene glycol.

C2H4O + H2O à C2H6O2     (1)

There is also a side reaction between the ethylene glycol produced and

the  ethylene oxide that has not yet reacted to yield diethylene glycol.  This is a

waste byproduct.

C2H6O2 + C2H4O à C4H10O3  (2)

The rates of reaction are given by:

r1=3.255*1012exp(-9547.7/T)xeo,xw ,V (mol/s) (3)

r2=5.93*1012exp(-9547.7/T)xeo,xeg,V (mol/s) (4)

where r1 is the rate in which ethylene glycol is produced in equation 1, r2 is

the rate in which diethylene glycol is produced in equation 2, xeo is the mole



fraction of ethylene oxide, xw  the mole fraction of water, xeg the mole fraction of

ethylene glycol, T is the temperature, and V the volume (m3) (Kumar).

Generally, a reactor, two separation units, and a distillation column can

describe the process.  The reactor is used to make the ethylene glycol and the by

waste products using water and ethylene oxide.  Water is then evaporated from

the mixture and recycled back into the system.  The second separation unit is a

stripper where light impurities and any remaining water are removed.  Afterward

the water free glycols are put through a distillation column.  Here the desired

product, ethylene glycol, is removed from the unwanted diethylene glycol and

any other waste glycols (Alfa).
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Samsung General Chemicals' Seosan complex recently increased their

production of ethylene glycol from a design capacity of 80,000 megatons per

year to 100,000 megatons per year.  This 125% increase in capacity was due to

an increase in the supply of oxygen to the plant and debottlenecking certain other

processes within their plant.  This alternative process uses ethylene and oxygen

as its raw materials.  Changing the process from an air separation unit to provide

the oxygen to a liquid oxygen vaporization system allowed for the increase of

oxygen to the system.  This was one of the requirements to attain the goal of

125% amplification in capacity (Jung).  After which certain process units were



debottlenecked.  The ethylene oxide-absorbing unit was one of these

bottlenecks.  In this scrubber water is used.  During the hot summer months,

efficiency of the reactor can decrease by up to 5%.  Therefore a refrigeration unit

was put into place.  A possible deterrent from this type of process is finding a

pump for the liquid oxygen vaporization system.  If the correct pump is not

chosen vapor lock can surely occur.

Another process alternative for the production of ethylene glycol is with the

use of a reactive distillation column.  The main difference between this type of

column and that of a classical column is the pressure.  In the classic distillation

column models have assumptions of well-mixed liquid and vapor phases and

little or no vapor hold up.  Therefore, one can assume the pressure is fairly close

to constant throughout the column, especially at lower pressures.  This is not

necessarily true for the reactive distillation column; the temperature and pressure

varies at each stage and can be very high.  Here sets of coupled differential

algebraic equations for each stage in the column are used (Kumar).  Using this

kind of process enables for a higher conversion and selectivity than one would

achieve using the classic model.  This is because in the reactive distillation

process one achieves continuous separation of the product from the reactants.

This enables the reactants to have an enhanced conversion.  The main difficulty

with this process is designing controllers to handle the non-minimum phase

behavior at higher purities (Kumar).

 The ethylene-oxygen and reactive distillation models are two process

alternatives contrary to the classic model.  The first alternative synthesized



ethylene glycol from the raw materials of ethylene and oxygen.  This process is

efficient since the middle stage of formation of ethylene oxide is omitted.  The

second alternative used a reactive distillation column to acquire the desired

product.  Like the classic model the column uses ethylene oxide and water to

produce the desired ethylene glycol.  This process has the potential for higher

yields than existing processes, but unfortunately no control parameters are yet in

place for this complicated system.
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