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PROCESS FOR THE CATALYTIC VAPOUR PHASE
OXIDATION OF ETHYLENE

The present invention relates to a process for the
catalytic vapour phase oxidation of ethylene with a
molecular'oxygen-containing gas. Such reactions are
highly exothermic. They are generally performed in a -

vertical shell-and-tube exchanger type reactor comprising

a multitude of reaction tubes, each containing a solid
particulate catalyst and surrounded by a heat-exchange
fluid. Such reactors contain several thousands of
reaction tubes, each 6-15 m long and having an inside
diameter of between 20-50 mm.

In the case of ethylene oxidation the catalyst is
generally based on silver supported on an inert carrier
material, to which promoters and co-promoters may be
added.

The heat-exchange fluid can be a hydrocarbon or a
mixture of hydrocarbons such as n-octane, n-nonane,
kerosine, ISOPAR, MORILTHERM or DOWTHERM (ISOPAR,
MOBILTHERM and DOWNTHERM are Trade Marks), or it can be
water. The heat-exchange fluid generally enters the
reactor in liquid form and leaves the reactor in vapour
fornm.

Whereas the desired product of the oxidation of
ethylene is ethylene oxide (EQ), complete oxidation to
carbon dioxide and water and isomerisation of ethylene
oxide to acetaldehyde are undesired side-reactions of
major concern. Less emphasis has been placed so far on
the directly competing oxidation of ethylene to
formaldehyde.

The loss of selectivity due to complete ethylene
oxidation is greatly reduced by using modern highly
selective EO catalysts such as those of EP-B-266015,
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which discloses catalysts comprising in addition to
silver promoting amounts of rhenium and at least one
further metal promoter, optionally with a rhenium co-
promoter, on a support having a surface area of less than
20 m?/g.

As to reactor design the prior art has been
traditionally concerned with preventing the isomerisation.
of ethylene oxide to acetaldehyde, by rapidly cooling the
effluent gas after the ethylene oxidation reaction. To
that end several reactor designs have been disclosed, all
having in common that the shell-and-tube reactor is
transversely divided by at least one intermediate tube
sheet into at least two separated chambers (an upstream
reaction zone and a downstream cooling zone) in which the
heat-exchange fluid or fluids is separately circulated.

In US-A 3,147,084 the principle of the transversely
positioned intermediate partition tube sheet and the two
separated chambers is disclosed for the first time, the
declared object being to 'cool the reacted stream rapidly
after the reaction is completed' in order to 'suppress
side reactions in the reaction stream'. In US-A 4,061,659
the same principle is utilised for the object of
‘minimizing isomerisation of ethylene oxide to acetal-
dehyde in conventional processes for direct oxidation of
ethylene to ethylene oxide', the added feature being the
use of inert rather than catalytic packing material
having a surface area of 0.1 m2/g or less to fill the
tubes in the cooling zone. In US-A 4,376,209 the packing
material used to fill the tubes in the cooling zone,
rather than being inert, contains a substance capable of
inhibiting the isomerisation of ethylene oxide to
acetaldehyde, carrying at least one metal selected from
the group of calcium, strontium or barium. And in
US-A 4,921,681 a coolant distribution 2one is added
downstream to the cooling zone, in order to promote the
uniform cooling of the multiple tubes.
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It will be immediately appreciated that the common
feature which is already present in Us-A 3,147,084 and
which is maintained in the subsequent documents is the
presence of at least two zones inside the multitube
reactor, which zones are separated by at least one
transversely placed tube sheet, and that this common
feature places a considerable burden on the reactor
design. Further features added according to the
subsequent documents only add to this burden.

It is an object of the present invention to reduce
the amount of aldehyde, especially formaldehyde, which is
an undesired by-product of the oxidation of ethylene to
ethylene oxide. Whereas the isomerisation of EO to
acetaldehyde is by definition subsequent to the oxidation
of ethylene to EO, the oxidation of ethylene to
formaldehyde can proceed concurrently with the production
of EO. Therefore, post-reaction cooling of the effluent
gas mixture, as is taught in the above cited documents,
could not be expected to substantially influence the
production of formaldehyde. '

It has now been found that the amount of formaldehyde
as well as that of acetaldehyde present in the ethylene

- oxidation product can be very substantially reduced by

maintaining in the downstream part of the effective
reaction column a temperature which is somewhat lower
than the temperature in the upstream part thereof.
Surprisingly, this reduction of aldehyde production has
been found to be achieved without the overall efficiency
of the ethylene oxidation reaction being sacrificed - in
other words) the rate of the ethylene oxidation is
maintained while its selectivity to EO is enhanced. It
has further been found that in order to achieve this end,
no substantial changes in the traditional design of the
tube-and-sheet reactor are necessary, and in particular
no intermediate tube sheet needs to be placed.

In the traditional upright tube-and-sheet ethylene
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oxidation reactor, the heat-exchange fluid can be
introduced either at the upper (upstream in relation to
the reactant gas stream) end of the reactor or at its
lower (downstream) end. In both cases the heat-exchange
fluid is removed from the reactor at its upper (upstream)
end. In both cases an evaporating rather than a
circulating fluid is preferred as the cooling principle,
the heat-exchange fluid entering the reactor in liquiad
form at about the boiling temperature of that particular
heat~exchange fluid under the pressure employed, in order
to take maximal advantage of the high heat of evaporation
of the liquid and of the high heat transfer coefficient
of boiling liquid. In both cases the heat-exchange fluid
leaves the reactor in vapour form (actually, the wvapour
contains entrained liquid), to be condensed outside the
reactor and recirculated.

According to N. Piccini and G. Levy in The Canad. J.
of Chem. Engin. 82 1984 541-546, optimum selectivity
could only be obtained by keeping the coolant temperature
difference between the reactor outlet and inlet within
4-5 °C. This publication alsc expresses a preference to a
single-hydrocarbon coolant such as n-nonane over a
hydrocarbon mixture such as DOWTHERM because the latter
has a wider evaporation range.

The present invention departs from the traditional
operation in that at least part of the heat-exchange
fluid is introduced at the lower end of the reactor, and
that part is introduced at a temperature which is at
least 20 °C below the temperature the heat-exchange fluid
has on leaving the reactor. Due to the colder liquid
heat-exchange fluid remaining on the bottom of the
reactor before it starts boiling, the most downstream
portions of the multiple reaction tubes are cooled more
than their main portions, which has the surprising result

‘that the production of both formaldehyde and acetaldehyde

is reduced without the overall reaction efficiency being
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adversely effected.

The present invention therefore provides a process
for the catalytic vapour-phase oxidation of ethylene with
a molecular oxygen-containing gas, in a single-
compartment reactor comprising a multitude of reaction
tubes containing a supported silver catalyst and
surrounded by a heat-exchange fluid which enters the
reactor in liquid form and leaves the reactor in vapour
form, characterized in that between 5 and 100 wt® of the

‘1iquid heat-exchange fluid is introduced to the reactor

at its downstream end, at a temperature which is at least
20 °C below the temperature of the heat-exchange fluid on
leaving the reactor. A single-compartment reactor is one
that is not transversely divided into separate chambers.

Preferably, said temperature is at least 40 °C, more
preferably at least 80 °C, below the temperature of the
heat-exchange fluid on leaving the reactor.

It will be appreciated that since the temperature of

‘the heat-exchange fluid on leaving the reactor is about

equal to its boiling temperature at the pressure
employed, the temperature at which the heét-exchange
fluid is introduced to the downstream end of the reactor:
is also at least about 20 °C below the boiling
temperature thereof at the pressure employed. It will be
also appreciated that the temperature of the heat- '
exchange fluid on leaving the reactor closely corresponds
to the temperature of the catalyst inside the main body
of the reactor tubes. '

The portion of the heat-exchange fluid which is
introduced to the downstream end of the reactor according
to the invention has the stated upper temperature limit
of 20 °C below the temperature of the heat-exchange fluid
on leaving the reactor. It will be appreciated that a
lower temperature limit does not have to be stated and
that in order to achieve the same lowering effect on the
temperature of the downstream portions of the reaction
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tubes and on the amounts of aldehydes produced, either or
both of increasing the amount of heat-exchange fluid
introduced at the downstream end of the reactor and
lowering its temperature may be used effectively.

The invention as herein defined is applicable in
principle with any of the conventionally used heat-
exchange fluids. Preferably the heat-exchange fluid is a
mixture of hﬁdrocarbons. in particular branched alkanes
such as ISOPAR, having a wide boiling range. More
preferably the boiling range, measured at atmospheric
pressure and conveniently expressed as the difference in
degrees centigrade between the Initial Boiling Point
(IBP) and the Final Boiling Point (FBP), will be at least
10 °C and most preferably at least 40 °C. The auto-
ignition temperature (if any) of the heat-exchange fluid
should preferably be higher than the operating
temperature, preferably at least 40 °C higher.

The process of the present invention performs
particularly well when the ethylene oxidation catalyst
used comprises silver and promoting amounts of rhenium
and at least one further metal promoter, optionally with
a rhenium co-promoter, on a support having a surface area
of less than 20 m2/g, as is disclosed in EP-B-266015.

It has been found that in the process of the present
invention the outlet temperature of the effluent reaction
gas stream is from 5 to 30 °C lower than the temperature
of the catalyst in the main portion of the reaction
tubes. This has been found to be sufficient to decrease
the molar amount of formaldehyde produced by 30-90%.

For 2 better understanding of the invention reference
is made by way of example to the accompanying simplified
drawings, of which Figure 1 is a diagram showing a
process for the production of EQO from which the invention.
departs and Figure 2 shows a similar process according to
the invention.

In Figure 1, not according to the invention, reaction
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gas containing ethylene and oxygen is fed via conduit 1
to the top of tube-and-sheet reactor A and the product
gas leaves the reactor via conduit 2, to be processed and
recirculated (not shown). The heat exchange fluid vapour
(containing entrained liquid) which leaves reactor A via
conduit 3 is partly condensed in separator B, the rest
being forwarded to condenser C, collected as a liquid in
vessel D and returned via conduit 7 and pump E to
separator B. From B, liquid heat exchange fluid enters
the top of reactor A via conduit 4, and/or its bottom via
conduit 8.

Figure 2 is according to the invention and differs
from the foregoing in that part or all of the ligquid heat
exchange fluid of conduit 7 is led not to B but to heat
exchanger F, wherein it is further cooled to at least
20 °C below the temperature inside conduit 3. From F, the
cold liquid heat exchange fluid enters the bottom of
reactor A via conduit 9.

The processes for the production of ethylene oxide by
the vapour-phase catalytic oxidation of ethylene with
molecular oxygen are broadly divided according to the
source of oxygen into those using pure oxygen and those
using air, but the differences are not fundamental and
the present invention can be applied in both cases.
Whether pure oxygen or air is used in the oxidation of
ethylene the reactant gas mixture comprises, beside
ethylene and oxygen, an excess of diluents such as carbon
dioxide, nitrogen, argon, methane, and a small guantity
of a halide reaction moderator such as ethyl chloride,
vinyl chloride or dichloroethane. For example, the
reaction gas may contain by volume 1-40% of ethylene,
3-12% of oxygen, 0-3% of ethane, 0.3-50 ppm chlorohydro-
carbon moderator and balance argon and/or nitrogen and/or
methane.

The inlet reaction gas pressure is in the range of
from atmospheric to 4000, preferably from 1000 to
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3000 kPa. The reaction (catalyst) temperature is in the
range of 150 to 350, preferably from 220 to 300 °C. The
Volume Hourly Space Velocity (VHSV) of the reaction gas
mixture is in the range of from 1000 to 10000 and

~preferably from 2000 to 8000 volumes per volume of packed

catalyst, measured at standard temperature and pressure
conditions. The Op conversion level is 10-60% and the EO
production (work rate) 30-400 kg/m3 catalyst/hr.

The pressure of the hydrocarbon heat-exchange fluid
is generally between 100 and 1500, preferably between 200
and 800, more preferably between 200 and 600 kPa. When
the heat-exchange fluid is water, the pressure used is
between 1500 and 8000 kPa. The temperature of the heat~-
exchange fluid on leaving the reactor is generally
between 200 and 350 °C, preferably between 220 and
300 °C. The amount of heat-exchange fluid is generally
between 0.5 and 50 ton per ton EO produced.

In addition to reducing the production of aldehydes,
the invention has also the advantage of allowing the use
of a higher concentration of oxygen in the reaction gas
mixture.

It is known that a higher oxygen concentration
promotes the selectivity of the reaction towards EO, but
that the risk of explosion also grows with the oxygen
concentration. Thus the risk of explosion limits the
concentration of oxygen which can be used in the reaction
gas mixture. It is also known that the maximum allowable
oxygen concentration {conveniently termed herein ‘oxygen
flammable limit') depends on several factors, in
particular it has a direct relation to the temperature,
pressure, and volume of the gas mixture and an inverse
relation to its thermal capacity and flow rate. It will
be clear that, all other factors remaining the same, the
oxygen flammable limit will increase as the temperature
decreases. Since in normal'operation the gas mixture is
hottest at the bottom of the reactor, decreasing the
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temperature at that point will raise the oxygen flammable
limit in the effluent gas mixture. And since the effluent
gas mixture is recirculated, after removing the product
EO and excess carbon dioxide and diluents, as reactant
gas to the top of the reactor - the above means that the
concentration of oxygen in the entire system can be
raised, with the advantage of added selectivity to EO.

The following Example is a series of plant trials’
which will illustrate the invention.

EXAMPLE

The trials were performed in a commercial plant, in a
reactor containing 65 m3 of packed catalyst and operating
at a constant EO production of 13 t/hr (i.e. 200 kg/m3 of
catalyst/hr).

The composition by volume of the reaction . gas mixture
entering the reactor was 30% ethylene, 5.9% oxygen, 10%
argon, 3.7% CO2, 0.5% nitrogen, 4.0 ppm ethyl chloride,
3.7 ppm vinyl chloride and balance methane. The VHSV of
the reaction gas mixture through the reactor was 4700 and
it was introduced at an inlet temperature of 142 °C.

The catalyst used was aged 5-880, a commercial Shell
catalyst as disclosed in EP-B-266015.

The heat-exchange fluid was aged ISOPAR a
commercially available blend of branched alkanes having
an IBP and FBP of 173 °C and 233 °C respectively. The
coolant pressure was 470 kPa.

The five trials were performed successively, each
during two days.

Trials I and II were performed for comparison, and
were characterized in that all of the ISOPAR was
introduced to the reactor at its boiling point (a
temperature of 276 °C), at the top and at the bottom of
the reactor respectively.

Trials III, IV and V were according to the invention
and were characterized in that part of the ISOPAR was

introduced to the reactor at its bottom, at a temperature
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much below its boiling point.

During the five trials, the temperature of the
catalyst at a point 1 m above the outlet, of the reaction
gas at its outlet, and of the heat exchange fluid at its
outlet were measured. The amounts of formaldehyde and
acetaldehyde produced per hour were determined by HPLC
analysis of samples of the product. Oxygen conversion and
selectivity to EO (expressed as mol% of the ethylene
consumed) were noted. The flammability limit of the
oxygen in the effluent gas was calculated from its
temperature, considering that the (measured) flammability
limit under the reaction conditions was 4 vol® of 0y at
292 °C (Trials I and II) and that it was raised by
0.03 vol% of Oy per degree centigrade by which the
temperature of the effluent gas was reduced.

The experimental conditions and the results of the
five trials are summarised in the following Table.



TABLE
Trial ISOPAR Temperature °C Ooxygen Production 02
No. inflow ISOPAR at Cata- | Reac- IS0~ |conver- | For- |Acet- | Select- | Flamma-
t/hr Inlet lyst tion PAR |[sion § |mal- |alde- |ivity |[bility
gas at |at de-. hyde towards | limit
Top |Bot- | Top Bot~- outlet |out- hyde |kg/hr |EO % %
tom tom let kg/hr
1 0 |]160 - 276 294 292 278 50 58 35 80.0 4.0
I1 160 0 276 - 294 292 276 50 58 35 80.0 4.0
I1X 10 66 |278 180 294 284 278 48 32 17 80.2 4.2
1v 12 | 53 |278 57 294 270 278 45 10 5 80.4 4.5
\'/ 0 80 278 180 294 278 278 47 20 10 80.3 4.35
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From these results it is apparent, that the invention
is effective in reducing the production of both

formaldehyde and acetaldehyde, in raising the selectivity
to EO and in raising the 02 flammability limit.
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CLAIMS

1. A process for the catalytic vapour-phase oxidation of
ethylene with a molecular oxygen-containing gas, in a
single-compartment reactor comprising a multitude of
reaction tubes containing a supported silver catalyst and
surrounded by a heat-exchange fluid which enters the
reactor in liquid form and leaves the reactor in wvapour
form, characterized in that between 5 and 100 wtd of the
liquid heat-exchange fluid is introduced to the reactor
at its downstream end, at a temperature which is at least
20 °C below the temperature of the heat-exchange fluid on
leaving the reactor. |

2. A process according to claim 1, characterized in that
said temperature is at least 40 °C below the temperature
of the heat-exchange fluid on leaving the reactor.

3. A process according to claim 1 or 2, characterized in
that the amount of the heat-exchange fluid used is
between 0.5 and 50 ton per ton ethylene oxide produced.
4. A process according to any one of claims 1-3,
characterized in that the temperature of the heat-
exchange fluid on leaving the reactor is between 220 and
300 °C.

5. A process according to any one of claims 1-4,
characterized in that the heat-exchange fluid used is a
mixture of branched alkanes.

6. A process according to claim 5, characterized in that
the mixture has a boiling range, measured as the
difference between IBP and FBP, of at least 10 °C.

7. A process according to claim 5 or 6, characterized in
that the pressure of the heat-exchange fluid is between
200 and 800 kPa. |

8. A process according to any one of claims 1-4,
characterized in that the heat-exchange fluid used is

* c L ] s . *
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water.

9. A process according to any one of claims 1-8,
characterized in that the ethylene oxidation catalyst
used comprises silver and promoting amounts of rhenium
and at least one further metal promoter, optionally with
a rhenium co-promoter, on a support having a surface area
of less than 20 m?/g.

* c L M S *



