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Abstract — To suppress the conversion of ethylene into the ethylene dichloride (the last reaction), the
concentration of ethylene is maintained at about 4-6%, and the solution is heated by steam to the boiling
point. Next, agueous solution of ethylene chlorohydrin enters the second column, where it reacts with a
30% solution of calcium hydroxide at 100 °C:

2 OH-CH2CH2-Cl + Ca(OH)2 — 2 (CH2CH2)O + CaClz + H20
The produced ethylene oxide is purified by rectification. The chlorohydrin process allows to reach 95%
conversion of ethylene chlorohydrin. The yield of ethylene oxide is about 80% of the theoretical value; for

1ton of ethylene oxide, about 200 kg of ethylene dichloride is produced.
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INTRODUCTION (CH»CH,)O 200 °C, AlO3 CH5CHO

A series of polynomial heterocyclic compounds, known
as crown ethers, can be synthesized with ethylene
oxide. One method is the cationic cyclopolymerization
of ethylene oxide, limiting the size of the formed cycle:

The radical mechanism was proposed by Sidney W.
Benson to explain this reaction in the gas phase; it
comprises the following stages:

n (CH2CH2)O — (~CHsCH2-O-)n 1) (CH2CH32)O «» «CH2CH20+ — CH3CHO

* L] L]
To suppress the formation of other linear polymers the 2) CHsCHO® — CHa» + CHO

reaction is carried out in a highly dilute solution.
3) CH3CHO* + M — CH3CHO + M*
Reaction of ethylene oxide with sulfur dioxide in the

presence of caesium salts leads to the formation of an In reaction 3), M refers to the wall of the reaction
11-membered heterocyclic compound which has the  yessel or to a heterogeneous catalyst. The moiety
complexing properties of crown ethers: CH,CHO* represents a short-lived (lifetime of 107

seconds), activated molecule of acetaldehyde. Its
excess energy is about 355.6 kJ/mol, which exceeds

+ 3 E / E by 29.3 kJ/mol the binding energy of the C-C bond in

O, S acetaldehyde.
O "“O
O'

In absence of a catalyst, the thermal isomerization of

ethylene oxide is never selective and apart from

Isomerization acetaldehyde yields significant amount of by-products
(see section Thermal decomposition).

When ethylene oxide is heated to about 400 °C, or to

150-300 °C in the presence of a catalyst (Al,Os, Reduction Reaction

H3;PO,, etc.), it isomerizes into acetaldehyde:

Ethylene oxide can be hydrogenated into ethanol in

the presence of a catalyst, such as nickel, platinum,
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palladium, boranes, lithium aluminium hydride and
some other hydrides.

Conversely, with some other catalysts, ethylene oxide
may be reduced by hydrogen to ethylene with the yield
up to 70%. The reduction catalysts include mixtures of
zinc dust and acetic acid, of lithium aluminium hydride
with titanium trichloride (the reducing agent is actually
titanium dichloride, formed by the reaction between
LiAlH, and TiCl;) and of iron(lll) chloride with
butyllithium in tetrahydrofuran.

Oxidation

Ethylene oxide can further be oxidized, depending on
the conditions, to glycolic acid or carbon dioxide:

Deep gas-phase reactor oxidation of ethylene oxide at
800-1000 K and a pressure of 0.1-1 MPa yields a
complex mixture of products containing O,, H,, CO,
CO,, CH4 CoH,, CoHs CoHg, CsHg, CsHg and
CH3;CHO.

Dimerization

In the presence of acid catalysts, ethylene oxide can
be dimerized into dioxane:

The dimerization reaction is not selective, and there
are always by-products, such as acetaldehyde (due to
isomerization). The selectivity and speed of
dimerization can be increased by adding a catalyst,
such as platinum, platinum-palladium or iodine with
sulfolan; however, 2-methyl-1,3-dioxolane is formed as
a side product in the last case.

Polymerization

Liquid ethylene oxide can form polyethyleneglycols.
The polymerization can proceeds via radical and ionic
mechanisms, but only the latter has a wide practical
application. Cationic polymerization of ethylene oxide
is assisted by protonic acids (HCIO,4, HCI), Lewis acids
(SnCl,, BFs3, etc.), organometallic compounds or more
complex reagents:

REVIEW OF LITERATURE

The world production of ethylene oxide was 19 million
tonnes in 2008 and 18 million tonnes in 2007. This
places ethylene oxide 14th most produced organic
chemical, whereas the most produced one was
ethylene with 113 million tonnes. SRI Consulting
forecasted the growth of consumption of ethylene
oxide of 4.4% per year during 2008—-2013 and 3% from
2013 to 2018.

The world's largest producers of ethylene oxide are
Dow Chemical Company (3-3.5 million tonnes in
2006), Saudi Basic Industries (2000-2500 tonnes in
2006), Royal Dutch Shell (1.328 million tonnes in
2008-2009 BASF (1.175 million tonnes in 2008—2009),

China Petrochemical Corporation (~1 million tonnes in
2006), Formosa Plastics (~1 million tonnes in 2006)
and Ineos (0.92 million tonnes in 2008—-2009).

Ethylene oxide is one of the most important raw
materials used in the large-scale chemical production.
Most ethylene oxide is used for synthesis of ethylene
glycols, including diethylene glycol and triethylene
glycol, that accounts for up to 75% of global
consumption. Other important products include
ethylene glycol ethers, ethanolamines and ethoxylates.
Among glycols, ethylene glycol is used as antifreeze,
in the production of polyester and polyethylene
terephthalate (PET — raw material for plastic bottles),
liquid coolants and solvents. Polyethyleneglycols are
used in perfumes, cosmetics, pharmaceuticals,
lubricants, paint thinners and plasticizers. Ethylene
glycol ethers are part of brake fluids, detergents,
solvents, lacquers and paints. Other products of
ethylene oxide. Ethanolamines are used in the
manufacture of soap and detergents and for
purification of natural gas. Ethoxylates are reaction
products of ethylene oxide with higher alcohols, acids
or amines. They are used in the manufacture of
detergents, surfactants, emulsifiers and dispersants.

Whereas synthesis of ethylene glycols is the major
application of ethylene oxide, its percentage varies
greatly depending on the region: from 44% in the
Western Europe, 63% in Japan and 73% in North
America to 90% in the rest of Asia and 99% in Africa.

MATERIAL AND METHOD:

Dehydrochlorination  of and its

derivatives

ethylene

Dehydrochlorination of 2-chloroethanol, developed by
Wurtz back in 1859, still remains one of the most
common laboratory methods of producing ethylene
oxide and used here:

Cl-CH2CH2-OH + NaOH — (CH2CH2)O + NaCl + Hz20

The reaction was carried out at elevated temperature,
and beside sodium hydroxide or potassium hydroxide,
calcium hydroxide, barium hydroxide, magnesium
hydroxide or carbonates of alkali or alkaline earth
metals can be used.

Chloroethanol, in turn, is synthesized using one of the
following methods:

e By reacting ethylene glycol with hydrochloric
acid:

HO-CH2CH>-OH + HC1 - HO-CHxCH2>—C1 + H:O

e By reacting ethylene with hypochlorous acid:
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CHy=CH»> + HOCl - HO-CHxCH>-Cl1
e By chlorination of ethylene:
CH»>=CH; + Cl» + HO — HO-CH2CH»-CI + HC1

Another convenient and old method of ethylene oxide
synthesis is reaction of an alkali with chloroethyl
acetate:

CI-CH2CH>-OCOCH;3 + 2 KOH — (CH2CH2)O + KCI1 + CH3COOK + H20

With a high vyield (90%) ethylene oxide can be
produced by reacting calcium oxide with ethyl
hypochlorite; substituting calcium by other alkaline
earth metals reduces the reaction yield:

2 CH3CH2-0OCl + CaO — 2 (CH2CH2)O + CaClz + H20

In turn, ethylhypochlorite is synthesized as follows:
Clz + NaOH + CH3CH20H — CH3CH20Cl1 + NaCl + H20
Direct oxidation of ethylene by peroxy acids

Ethylene can be directly oxidized into ethylene oxide
using peroxy acids, for example, peroxybenzoic or
meta-chloro-peroxybenzoic acid:

O

o]
Cl .OH Cl
ﬁo + H,C=CH, —= N 7 o+ ]I;j).LOH
0

Oxidation by peroxy acids is efficient for higher
alkenes, but not for ethylene. The above reaction is
slow and has low yield, therefore it is not used in the
industry.

Other preparative methods

Other synthesis methods include reaction of diiodo
ethane with silver oxide:

I-CH>CH»-1 + Aggo — {CHQCHQ]O + 2 Agl

and decomposition of ethylene carbonate at 200-
210 °C in the presence of hexachloroethane:

\ / + CO,
O

.01
o 0O —*

hig

O

Large scale synthesis

Commercial production of ethylene oxide dates back
to 1914 when BASF built the first factory which used
the chlorohydrin process (reaction of ethylene
chlorohydrin with calcium hydroxide). The chlorohydrin
process was unattractive for several reasons, including
low efficiency and loss of valuable chlorine into
calcium chloride. More efficient direct oxidation of
ethylene by air was invented by Lefort in 1931 and in
1937 Union Carbide opened the first plant using this
process. It was further improved in 1958 by Shell Oil
Co. by replacing air with oxygen and using elevated
temperature of 200-300 °C and pressure (1-3 MPa).
This more efficient routine accounted for about half of
ethylene oxide production in the 1950s in the U.S.,

and after 1975 it completely replaced the previous

methods. Although the chlorohydrin process is almost

entirely superseded in the industry by the direct

oxidation of ethylene, the knowledge of this method is

still important for educational reasons and because it

is still used in the production of propylene oxide."®

The process consists of three major steps: synthesis

of ethylene chlorohydrin, dehydrochlorination of

ethylene chlorohydrin to ethylene oxide and

purification of ethylene oxide. Those steps are carried

continuously. In the first column, hypochlorination of

ethylene is carried out as follows:

Cl> + HO — HOCI + HC1
CH»=CH» + HOC1 — OH-CH»>CH2>-Cl1

CH»=CH> + Cls — CI-CH>CH»-Cl1

To suppress the conversion of ethylene into the
ethylene dichloride (the last reaction), the
concentration of ethylene is maintained at about 4—
6%, a[nd the solution is heated by steam to the boiling
point.

Next, aqueous solution of ethylene chlorohydrin
enters the second column, where it reacts with a 30%
solution of calcium hydroxide at 100 °C:

2 OH-CH2CH2-Cl + Ca(OH)2 — 2 (CH2CH2)O + CaClz + H20

The produced ethylene oxide is purified by
rectification. The chlorohydrin process allows to reach
95% conversion of ethylene chlorohydrin. The yield of
ethylene oxide is about 80% of the theoretical value;
for 1 ton of ethylene oxide, about 200 kg of ethylene
dichloride is produced.

Direct oxidation of ethylene
Usage in global industry

Direct oxidation of ethylene was patented by Lefort in
1931. This method was repeatedly modified for
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industrial use, and at least four major variations are
known. They all use oxidation by oxygen or air and a
silver-based catalyst, but differ in the technological
details and hardware implementations.®”

Union Carbide (currently a division of Dow Chemical
Company) was the first company to develop the direct
oxidation process. Since 1994, it uses the so-called
METEOR process (Most Effective Technology for
Ethylene Oxide Reactions) which is characterized by
high productivity, low initial capital investment and low
operating costs. The method is the exclusive property
of the company; it is used only at its own plants and
accounts for about 20% of the global ethylene oxide
production.

A similar production method was developed by
Scientific Design Co., but it received wider use
because of the licensing system — it accounts for 25%
of the world's production and for 75% of world's
licensed production of ethylene oxide. A proprietary
variation of this method is used by Japan Catalytic
Chemical Co., which adapted synthesis of both
ethylene oxide and ethylene glycol in a single
industrial complex.

A different modification was developed Shell
International Chemicals BV. Their method is rather
flexible with regard to the specific requirements of
specific industries; it is characterized by high selectivity
with respect to the ethylene oxide product and long
lifetime of the catalyst (3 years). It accounts for about
40% of global production.

Older factories typically use air for oxidation whereas
newer plants and processes, such as METEOR and
Japan Catalytic, favor oxygen.

Chemistry and kinetics of the direct oxidation
process

Formally, the direct oxidation process is expressed by
the following equation:

2CH,=CH, + 0, 2& 2(CH,CH,)O

However, significant yield of carbon dioxide and water
is observed in practice, which can be explained by the
complete oxidation of ethylene or ethylene oxide:

CH»=CH» + 3 Oy — 2 CQOs + 2 H20
2 (CH2CH3)O + 5 02 — 4 CO2 + 4 H20

The process of heterogeneous catalytic oxidation of
ethylene was studied by P. A. Kilty and W. M. H.
Sachtler, who suggested the following mechanism:

Oz + 4 Ag(adj) — 4 Ag + 2 O%-(ads)

O2 + Ag — Ag* + Oz

Oz (ads) + CH2=CH2 — (CH2CH2)O + O(ads)
6 O (ads) + CH2=CH2 — 2 CO2 + 2 H20

Here (ads) refers to particles adsorbed on the catalyst
surface and (adj) to particles of silver, directly adjacent
to the oxygen atoms.

Thus the overall reaction is expressed as

7 CH2=CH:z + 6 O2 — 6 (CH2CH2)O + 2 CO2 + 2 H20

and the maximum degree of conversion of ethylene to
ethylene oxide is 6/7 or 85.7%.

CONCLUSION:

The chlorohydrin process was unattractive for several
reasons, including low efficiency and loss of valuable
chlorine into calcium chloride. More efficient direct
oxidation of ethylene by air was invented by Lefort in
1931 and in 1937 Union Carbide opened the first
plant using this process. It was further improved in
1958 by Shell QOil Co. by replacing air with oxygen
and using elevated temperature of 200-300 °C and
pressure (1-3 MPa). This more efficient routine
accounted for about half of ethylene oxide production
in the 1950s in the U.S., and after 1975 it completely
replaced the previous methods. Although the
chlorohydrin process is almost entirely superseded in
the industry by the direct oxidation of ethylene, the
knowledge of this method is still important for
educational reasons and because it is still used in the
production of propylene oxide.®™ The process
consists of three major steps: synthesis of ethylene
chlorohydrin,  dehydrochlorination  of  ethylene
chlorohydrin to ethylene oxide and purification of
ethylene oxide. Those steps are carried continuously.
The catalyst for the reaction is metallic silver
deposited on various matrixes, including pumice,
silica gel, various silicates and aluminosilicates,
alumina and silicon carbide, and activated by certain
additives (antimony, bismuth, barium peroxide,
etc.).[65] The process temperature was optimized as
220-280 °C. Lower temperatures reduce the activity
of the catalyst, and higher temperatures promote the
complete oxidation of ethylene thereby reducing the
yield of ethylene oxide. Elevated pressure of 1-3 MPa
increases the productivity of the catalyst and
facilitates absorg)tion of ethylene oxide from the
reacting gases.[6 ]

Whereas oxidation by air is still being used, oxygen (>
95% purity) is preferred for several reasons, such as
higher molar yield of ethylene oxide (75-82% for
oxygen vs. 63-75% for air), higher reaction rate (no
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gas dilution) and no need of separating nitrogen in the
reaction products.
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