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Mixing device for two gases/vapours (hereinafter gases) comprising: a) a plurality of tubes arranged in a bundle (1), each provided,
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(6) situated on the Inlet side of the tubes, and c¢) a second feeding system of the other gas comprising a second tubular body (7)

that envelopes in a gas-proof way the tube bundle (1) and at least a portion of the first tubular body (6); characterized in that: d) the
first feeding system of one of the gases comprises a plurality of fins (8), inside the first tubular body (6), which allow a uniform

distribution of the feeding gas to the single tubes.
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(57) Abstract: Mixing device for two
gases/vapours (hereinafter gases) comprising: a)
a plurality of tubes arranged in a bundle (1), each
provided, in its initial portion, with a plurality
of side holes (5); b) a first feeding system of one
of the two gases, comprising a first tubular body
(6) situated on the inlet side of the tubes, and ¢) a
second feeding system of the other gas comprising
a second tubular body (7) that envelopes in a
gas-proof way the tube bundle (1) and at least a
portion of the first tubular body (6); characterized
in that: d) the first feeding system of one of the
gases comprises a plurality of fins (8), inside
the first tubular body (6), which allow a uniform
distribution of the feeding gas to the single tubes.
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LOW-PRESSURE-DROP MIXING DEVICE AND USE THEREOF IN THE
MIXING OF TWO GASES/VAPOURS

The present invention relates to a low pressure drop
mixing device and the use thereof in the mixing of two
gases/vapours.

More specifically, the present invention relates to
a low-pressure-drop mixing device and the use thereof 1in
the mixing of ethylbenzene and steam at a high tempera-
ture in styrene production units.

As 1is known, styrene monomer 1s malnly produced by
the dehydrogenation of ethylbenzene at a high temperature
on a fixed bed of a solid catalyst based on iron oxides
mainly. Before entering the catalytic bed, the ethylben-
zene 1is mixed with steam at high temperature, 1n order
to improve the yield and reaction selectivity. The steam
has the purpose of moving the reaction equilibrium to-
wards styrene, heating the reagent mass and keeping the
catalyst clean from carbonaceous precipitates, by forming

water gas with the latter.
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For these reasons, it 1s of fundamental importance
that mixing between the two gases (ethylbenzene and
steam) 1s as complete as possible. A bad mixing, which
causes an inhomogeneous concentration and temperature 1in
the gaseous stream at the inlet of the reactor, reduces
the yield and process selectivity due to the formation of
undesired products and also accelerates the aging rate of
the catalyst.

Furthermore, 1in order to reduce the energy consump-
tion and investment costs of the upstream equipment, 1t
is required that the mixing between ethylbenzene and
steam takes place with a pressure drop which 1s as low as
possible.

Mixers for styrene monomer plants are normally
structured as follows. One of the two gases (A) 1s used
as main stream and passed into a chamber from whose walls
the second gas (B) is injected. The turbulence (often in-
creased by means of suitable promoters) and the elongated
form of the chamber allow the two gases to mix. At the
end of the chamber there is a static mixer to further en-
hance the homogeneity. It can be said that this mixing
method substantially exploits the turbulent diffusion on
the scale of the total diameter of the equipment.

Some mixing devices are known 1in literature -  see,

for example, international patent application WO 01/97960
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or European patents EP 303,438 and EP 1,180,393 - com-
prising perforated tube bundles, used for mixing fluids,
to be subsequently sent to a reaction area, for example a
catalytic bed. The types of mixers proposed, however, un-
der low-pressure-drop conditions inside the single tube,
do not assure uniform distribution of the flow between
the various tubes of the bundle and therefore do not al-
low a high mixing degree to be obtained, with low enerqgy
consumption.

The Applicant has now found a new type of mixer for
gases, which represents an alternative to the industrial
models used 1n styrene plants or those of the known art,
which allows a good mixing to be obtained, by means of a
more compact and economic solution, with very low pres-
sure-drops, without the necessity of availing of a static
mixer downstream. Therefore this new mixer is also easily
adaptable to the debottlenecking of existing plants,
where it 1is desirable to improve the mixing but there is

no large space available.

P

An object of the present invention therefore relates

to a mixing device for two gases comprising:
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a.a plurality of tubes arranged 1in a bundle, each

P
P

provided, 1n 1ts 1nitial portion, with a plurality of

side holes;

- =

b.a first feeding system of one of the two gases,

comprising a first tubular body situated on the 1inlet

p—

side of the tubes; and

P

c. a second feeding system of the other gas comprising a

P
Pl

second tubular body that envelopes 1n a gas-proof way

—

the tube bundle and at least a portion of the first

tubular body;

characterized 1n that:

g

d. the first feeding system of one of the gases comprises

a plurality of fins, 1nside the first tubular body,

which allow a uniform distribution of the feeding gas

to the single tubes;

e

and further characterised 1n that the tubes of the tube

bundle are conical, diverging from the inlet towards the
outlet.

According to the mixing device, object of the pre-
sent invention, the tubes of the bundle are made of steel
or another metal alloy, for example nickel alloy. They
are cylindrically shaped, or preferably conical, diverg-

ing from the inlet towards the outlet, their length

ranges from 0.5 to 3 meters and the average inner diame-
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ter ranges from 5 to 25 cm. The tubes of the bundle are
arranged parallel to each other or, preferably, diverging
towards the outlet of the bundle.

The initial part of each tube, for example from 10 to
50 % of its total length, contains a plurality of holes,
each ranging from 5 to 50 cm?, preferably from 10 to 30
cm’. The axis of the holes can be perpendicular to the

relative tube axis or can form an angle with the latter,

- 4 -
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preferably ranging from 30 to 60°.

The tube bundle is generally contained between two
perforated inlet and outlet tubesheets, preferably made
of the same material as the tube bundle. These tubesheets
can have a flat circular shape or be in the form of a
spherical cap, and each of the holes is suitable for con-
taining each.of the tubes of the bundle.

The first feeding system comprises a first tubular
body or element inside which one of the two gases to be
mixed is fed, which is coupled and seal-fixed to the
tubesheet at the inlet of the tube bundle.

The second feeding system comprises a second tubular
body or element, inside which the other of the two gases
to be mixed is fed, which envelopes 1n a gas proof way
the tube bundle, on the outlet tubesheet.

The two tubular bodies can be coaxial. In this case,
the second tubular body fully englobes both the tube bun-
dle and the first tubular body.

Alternatively, the axis of the first tubular element
can form an angle o with the axis of the second tubular
element, ranging from 0 to 90°, or from -350 to 0°, de-
pending on whether the projection on the horizontal plane
of the first tubular element 1s to the left or to the
right of the projection of the second tubular element. In

this case, the second tubular body completely englobes

-5~
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the tube bundle and only partially the first tubular
body.

The first feeding system of one of the two gases
guarantees a uniform flow of this gas between all the
bundle tubes, maintaining low pressure drops. This result
is obtained thanks to the presence of a plurality of
fins, suitably shaped, arranged on a transversal section,
inside the first tubular body.

The number of fins ranges from 4 to 15.

In particular, said fins consist of thin plates, arc-
shaped, with the centre angle 8 ranging from 0 to o+10°7,
when o ranges from 0 to 90°, or the symmetrical corre-
spondent, when o is between -90 and 0°. In this case, the
transversal section of the arrangement of the fins 1s
that which substantially passes through the point where
the two axes of the two tubular bodies meet.

When o is zero (the two tubular bodies are coaxial) f5
1s also equal to zero.

The second tubular body forms a closed casing which
envelopes in a gas proof way the tube bundle and the
two tubesheets and, at least partially, the first tubular
body. One of the two gases to be mixed with the other 1is
charged inside the closed casing through a feeding sec-
tion. The pressure inside the casing 1s maintained higher

than that present in the tubes so that the gas of the

-6 -
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casing flows inside the tubes through the side holes.
Thanks to this subdivision and recombination mecha-
nism, a sort of pre-mixing of the two gaseous streams 1S
created on a large scale, and this allows the mixing of
the two gases to be completed in chambers having reduced
dimensions. These reduced mixing chambers are the portion
of the tubes downstream of the perforated portions,
whexre, thanks to the turbulent diffusivity on the reduced
scale of the tube diameter, the close mixing of the two
gases 1s obtained and, thanks to the reduced length, to
the possible conical shape and to the orientation of the

holes, the pressure drops are very low.

e

A process for the mixing of two gases represents a

b

further object of the present invention, comprising:

-

1. arranging a bundle of tubes having a conical section

diverging from the inlet towards the outlet,

ﬁ

equipped wilith a plurality of side holes in their

lnitial part, 1In a sealed casing with a feeding

- -

section of one of the two gases;

__1

11. feedlng 1in continuous, inside each tube, the second

Jr—

of the two gases through a feeding system including

P

a tubular body and, in 1ts interior, a plurality of

directional fins which allow the uniform



CA 02681583 2014-07-15

P P

distribution of the stream of said second gas inside

the single tubes;

111. feeding 1n continuous said first gas inside the

closed casing through the feeding section; and

g—

1v. malntaining, inside the closed casing, a pressure of

the gas which 1s such as to allow said first gas to

flow 1nside said tubes, through the side holes.

According to the process, object of the present in-
vention, in the case of the production of styrene, one of
the gases consists of steam at a temperature ranging from
550 to 900°C, preferably from 650 to 850°C, and the other
gas 1s ethylbenzene, preheated to 400-600°C, preferably
between 450 and 550°C.

At the outlet of the mixing chambers, the two gases
perfectly mixed, are discharged directly into the dehy-
drogenation reactor which operates undexr conventional op-
erating conditions.

The present invention is now illustrated, for exem-
plifying and non-limiting purposes, through the following
embodiment which refers to the enclosed figure.

In the figure, (1) represents the tube bundle con-
sisting of a plurality of diverging tubes (2) kept assem-

bled by means of the two 1inlet (3) and outlet (4)
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tubesheets. Each tube has, 1in 1its 1nitial portion, a plu-
rality of holes (5).

The first tubular body (6) 1s connected to the
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tubesheets (3), whereas the second tubular body (7) enve-
lopes in a gas proof way the outlet tubesheets (4). The
axes of the bodies form an angle a of about 45°. The di-
rection fins (8) are situated on the transversal section
of the first tubular body, at the 1intersection of the two
axes.

The functioning of the mixing device, object of pre-
sent invention, 1is evident from the enclosed scheme and
the above description.

One gas is fed to the first tubular body (6), for
example steam at a high temperature, through the feeding
section A. Another gas is fed to the second tubular body
(7), for example ethylbenzene at a high temperature,

through the feeding section B.

The steam is uniformly distributed inside the mixing
tubes (2) thanks to the directional fins (8) which allow
a homogeneous distribution of steam in each tube of the
mixer.

Ethylbenzene is fed to the second tubular body, at a
pressure slightly higher than that of the steam feeding,
so that it penetrates inside the mixing tubes through the
holes (5). The ethylbenzene is entrained by the steam 1in-
side the tubes where, thanks to the turbulent diffusivity
on a reduced scale of the tube diameter, the close mixXing

of the two gases 1s obtained.

-9 -
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The gas mix is discharged through the exit section C
and fed to the reaction reactor (not shown).

EXAMPLE

A bundle of 100 tubes, each having a conical longi-
tudinal section (1), with a length of 1.2 m, an average
inner diameter of 10 cm, 1s inserted in a tubular body or
closed casing (7) of 8 m’. The initial portion of each
tube, 50 cm long, contains 10 holes (5), each 15 cm?, ho-
mogeneously distributed on the surface of the 1nitial
portion of the tube (2).

Water vapour is fed at 700°C 1inside the tubes by
means of the feeding section (A) of a tubular body (6)
situated on one side of the mixer. Ethylbenzene 1s
charged, at a temperature of 500°C, by means of a feeding
section (B) positioned on the casing (7), a pressure of
ethylbenzene of 0.08 MPa being maintained inside the cas-
1ng.

A gaseous mix 1is discharged at the outlet of the
tubes (C), which is directly fed to a dehydrogenation re-
actor operating under the following conditions:

Catalyst: iron oxides, potassium oxides;

Temperature: 600°C;

Pressure: 0.06 MPa;

Steam/ethylbenzene ratio: 1.45; LHSV: 0.95 h™".

A flow-rate of 23,500 kg/h of styrene with a selec-

-10-
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tivity of 95.3% is obtained at the outlet of the dehydro-
genation reactor.

The same flow-rates of steam and ethylbenzene, sub-
stantially under the same thermodynamic conditions men-
tioned above, are fed to a traditional mixer consisting
of a single tube, 1.5 m long, with an inner diameter of
200 cm equipped with a side 1nlet.

The steam 1s fed to the main 1nlet of the tube,
whereas ethylbenzene is fed from the side 1inlet.

At the end of the tube, is installed a static mixer
consisting of 4 mixing layers, each 0.60 m high (for a
total of 2.4 m) and with a diameter of 210 cm. The mix-
ture thus obtained is fed to the dehydrogenation reactor
which operates under the same conditions indicated above.

23,500 kg/h of styrene are obtained, with a selec-
tivity of 94.4% (with a higher consumption of ethylben-
zene of about 10 kg for each ton of styrene produced), or
with an alternative running condition, 1t 1s possible to
obtain 23,500 kg/h of styrene, with a selectivity of

95.3% but an additional steam consumption of about 5,000

kg/h.

-11 -
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WHAT IS CLAIMED |S:

1. A mixing device for two gases comprising:

a. a plurality of tubes arranged in a bundle, each provided, in its initial portion,
with a plurality of side holes;

b. a first feeding system of one of the two gases, comprising a first tubular
body situated on the inlet side of the tubes; and

c. a second feeding system of the other gas comprising a second tubular
body that envelopes in a gas-proof way the tube bundle and at least a
portion of the first tubular body;

characterized in that:

d. the first feeding system of one of the gases comprises a plurality of fins,
inside the first tubular body, which allow a uniform distribution of the
feeding gas to the single tubes;

and further characterised in that the tubes of the tube bundle are conical,

diverging from the inlet towards the outlet.

2. The device according to claim 1, wherein the plurality of holes Is present on the
Initial portion of each tube of the tube bundle, ranging from about 10 to 50% of the

total length.

3. The device according to claim 1 or 2, wherein all the holes of the tubes of the

tube bundle have surface ranging from 5 to 50 cm?.
4. The device according to claim 3, wherein the axis of the holes Is perpendicular

to the axis of the relative tube, or it forms an angle with the latter ranging from 30
to 60°.

12
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5. The device according to any one of claims 1 to 4, wherein the tube bundle is

contained between two inlet and outlet tubesheets.

6. The device according to any one of claims 1 to 5, wherein the first feeding
system comprises a first tubular body which is coupled and seal-fixed to the tube

sheet at the inlet of the tube bundle.

7. The device according to any one of claims 1 to 6, wherein the second feeding
system comprises a second tubular body which envelopes in a gas proof way the
tube bundle on the outlet tubesheet, so as to englobe said tube bundle and the

first tubular body.

8. The device according to any one of claims 1 to 7, wherein the first tubular body

and the second tubular body are coaxial.

9. The device according to any one of claims 1 to 7, wherein the axis of the first
tubular body forms with the axis of the second tubular body an angle a ranging
from O to 90°, or from -90 to 0°.

10. The device according to any one of claims 1 to 9, wherein the fins of the first

feeding system consist of thin arc-shaped plates, with a centre angle 3 ranging

from 0 to a + 10° when a ranges from 0 to 90°, or the symmetric correspondent,

when a ranges from -90 to 0°.

11. A process for the mixing of two gases, comprising:

.. arranging a bundle of tubes having a conical section diverging from the
inlet towards the outlet, equipped with a plurality of side holes in their initial

part, in a sealed casing with a feeding section of one of the two gases;

13



CA 02681583 2014-07-15

i. feeding In continuous, inside each tube, the second of the two gases
through a feeding system including a tubular body and, In its interior, a
plurality of directional fins which allow the uniform distribution of the stream
of said second gas inside the single tubes;

.  feeding in continuous said first gas inside the closed casing through the
feeding section; and

Iv. maintaining, Inside the closed casing, a pressure of the gas which is such

as to allow said first gas to flow inside said tubes, through the side holes.
12. The process according to claim 11, wherein one of the two gases is steam at

a temperature ranging from 550 to 900°C whereas the other gas is ethylbenzene
pre-heated to 400-600°C.

14
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