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Ethylen oxide (EtO) production process:-  buS gl ol dclia

Introduction:

Ethylene oxide (EtO)
\_/
O Ethylene oxide
Ll (s
Oxirane and Epoxyethane

It is the world second most important ethylene derived chemical.
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Since it’s used in the synthesis of many organic end products
EtO has also become the most important intermediate compound.

The major use for EtO is the manufacture of ethylene glycol which is mainly
used as a raw material for producing of polyethylene terephthalate.
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EtO is generally available as a liquid under pressure. It is very reactive and
toxic, as a result the large consumers, generally, located within pipelining
distances. It has a normal boiling point of 10.5°C.
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(EtO) production based on direct oxidation.
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Reaction chemistry and mechanism:

EtO is selectively produced by the direct vapour- phase oxidation of ethylene
gas over a silver catalyst supported on alumina at 10 to 20 kg\ cm? pressure and
200 to 300°c.
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The alpha-alumina supported silver-cesium catalyst.
The main reaction: dilassti e sl
CH2=CH2 + 4 02 — CH2-CH20 (%) (AH =-106,7 kJ/mol)
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Ethylene is totally oxidized to form carbon dioxide and water.
CH2=CH2 + 302 — 2C02 + 2H20 (AH = -1323 kJ/mol)
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Ethylene oxide is further oxidized to form carbon dioxide and water.
CH2CH20 +5/2 02— 2CO2 + 2H20 (AH = -1323 kJ/mol)
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The typical yield of this reaction is up to 80 — 90% of EtO.
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CO,and H,0 are the only by products formed, acetaldehyde also produced in
less than 0.1% of EtO production and trace amounts of formaldehyde. The
equations for these reactions are:

CH2=CH2 + CH2CH20O -----mmmeem- CH3-CHO + CH20
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Ethylene Oxide Production by Nippon Shokubai Process:
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The process essentially consists of oxidizing high-purity ethylene gas with
oxygen in the presence of an inert gas like nitrogen, argon, carbon dioxide and
ethane are generally also present in the process system.
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Oxidation conditions are: (230-270°C) at 15-25 atm. The alpha-alumina
supported silver-cesium catalyst is of a proprietary design.
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Maximum selectivity to EtO is about 83%.
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EtO separation from the reactor effluent gases is executed by absorbing it in
water, followed by stripping from the aqueous solution. Final purification is
done in a set of distillation columns.
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Carbon dioxide is the major by-product which is eliminated from the process
system . Overall EO vyield is around 80% (per our designed

Mechanism: ZUY) Ail<is

The mechanism was studied and believed to be that the function of silver
catalyst in oxidation reaction is the activated adsorption of O, on its surface.
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The most acceptable theory is the adsorbed O, is in a molecular, ionized form
(O, ) known as “super oxide “.

Ethylene reacts selectively with superoxide to form EtO and atomic oxygen
Oy -----mmmmmeee- (O,) + O Atomic oxygen.
(O;) + CH2=CH2 ------------ CH2CH20.



Superoxide.

The adsorbed oxygen atoms are believed to react with ethylene to produce CO,
and water.
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The addition of Cl, (in control amounts) inhibits adsorption of atomic oxygen
while permitting superoxide to be adsorbed, and thus improves the selectivity to
ethylene oxide.
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EtO produced by two companies:

1- Halcon SD group New York.
2- Shell company (have five plants three in Europe and two in U.S.A. with
projects in Japan and India , Spain .
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The Halcon SD group produce EtO only
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while shell produce high purity EtO which used in high purity. Ethylene
glycols monoethylene glycols (MEGS), and diethylene glycols (DEGS) and
triethylene glycols (TEGS).
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However, both companies depend on the oxidation of CH,=CH, gas by O,
but Halcon use oxygen from two sources

1- Pure oxygen:
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2- Air based oxygen:
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Which lead to special design for the plants for each above source of oxygen
and different from Shell design on the other hand.
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Shell Company use pure oxygen only so the design criteria is special according
to this source of oxygen.
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Air—based EO reaction
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Oz—pased EO reaction
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