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" The present invention relates to a method for manufactunng one
or more chemical products including a chemical reaction that is performed
inside a tube. The present invention also provides apparatus constituted by

5 afumace for implementing the method. '
It is known that chemical reactions can be performed at high
temperature by methods that consist in causing the reagents to flow along a
tube maintained at high temperature and disposed inside a radiation zone of
a furnace. More particularly, for manufacturing olefins, in particular ethylene,
10  propylene, or isobutene, it is known that a steam cracking reaction of liquid
or gaseous hydrocarbons can be performed in furnaces having an outlet
temperature generally lying in the range 750°C to 880°C. In that method
known as "steam pyrolysis" or "steam cracking”, a mixture of hydrocarbons
and steam flows along a cracking tube so disposed in the form of a coil in a
15 furnace as to pass through a radiation zone of the furnace. All of these
chemical reactions are usually performed in modern furnaces that generally
comprise a heater device constituted by burners disposed on the baseplate
and/or on the inside walls of the fumace. The thermal heating power of the
burners is advantageously distributed along the tube so that the reagents of
20 the reactions are subjected to a temperature that increases along the tube
from a temperature at the inlet to the radiation zone to a temperature at the
outlet from said zone.
When the tube is maintained at high temperature, it is important
to monitor accurately the temperature of its outside surface, referred to as
25 the "skin temperature”. Given the thermal stresses on the tube and given
~ that it is generally desirable to avoid premature ageing of the tube, the
thermal heating power of the burners is adjusted so that the skin )
temperature as measured at any point on the tube is always less than a
limiting skin temperature.
30 The limiting skin temperature is a technical characteristic of the
~ tube and depends greatly on the desired lifetime for the tube and on the
nature of the metal or the alloy from which the tube is made. When
hydrocarbons are being subjected to a steam cracking reaction, the limiting
skin temperature generally lies in the range 1050°C to 1110°C.
35 ' Most chemical reactions performed in a tube suffer from the
major drawback of generating by-products that are deposited on the inside

This Sheet Has Been Replace




ol efl ns, in parti cul ar ét hyI ene,. propyl ene, .or- i sobutene, it s known t hat
'a steam’ crackl ng react.ion of. liqui-d or- gaseous hydr.ecarbons  cafr be - S
performed in furnaces having an outlet tenperature general ly lying in the

. range 750[err]Cto 880[err]C ‘I'n that method known as "steam pyrolysis" or

"§t'eam cracking", a mxture of hydrocar bo? and steam flows al ong a
cracki ng . t ube so di sposed in the form of coil in a furnace as to pass

t hrough a radi ati on zone of the furnace. Al of these chemical reactions
are usual Iy perforned in.nmodern furnaces that generally conprise a heater
devi ce constit maildofo'ghebﬁubneﬂ'buau wbds mrfonnmgestsasbpnaﬁk@gmmdmmm,

advant ageous! y oS CheNcE; § Rin, Rrang TfbeRiuiens iy Bfgfer! <
reactions are %‘ﬂ?ﬁ‘\e&"? %”% '{%@Hﬁef? 'thﬁteq ﬁﬁ%@%@%&&ﬁfﬁ@ff’ﬂ& from
a tenperature @n thednsideasf the oidibklri ﬂm iand thizhecdups dn fspitae:famenturbatem he
Ot ot 25 e e ofiphabohdabel el PePhBR ol rblvaspe .
out si de sur f ac particfariy toublesamet slacé shey signifieardlyulimit. thei tramsfeh ef theat nal
through the wall of the tube. Thus, in order to maintain a constant reaction
temperature, it is observed that it is necessary to increase the heating
power delivered by the burners as the thickness of the layer of by-products
10 . increases, thereby increasing the energy consumed by the furnace. In
addition, because of the increase in the heat power delivered by the
burners, the skin temperature of the tube is observed to increase.
~ This phenomenon is particularly detrimental since the more the
deposits of by-products increase, the more difficult, or even impossible it
15 becomes to keep to a skin temperature below the limiting skin temperature,
if it is desired to perform the reaction with yield and efficiency that are
sufficient. Under such conditions, it is necessary to stop the reaction on a
regular basis in order to remove the deposits of by-products. In the
particular case of a steam cracking reaction, such removal is performed by
20 a decoking operation on the cracking tube. This operation consists in
causing a mixture of air and steam to flow inside the cracking tube while the
tube is kept at a temperature that is high enough to make it possible to bum
off and remove all the coke that is present. In practice, it is observed that a
decoking operation takes a relatively long period of time, with the total time
25 required being close to 24 hours, and that it is nevertheless desirable to
decoke a tube at a high frequency, usually close to once every two or three
months.

Given that the chemical reactions are generally performed in
installations of large size, the stops required for removing the layers of by-
30 products from the inside of a tube give rise to a significant loss of
production. Thus, numerous studies have been performed over the years
both on laboratory scale and on an industrial scale for the purpose of finding
a method that makes it possible to limit the deposition of by—products on
the inside wall of the tube.
35 A method is known from US patent 4 368 677 enabling the
deposition of the by—products from a combustion reaction to be pbrevented
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témperature’is.a technical characteristic4of the tube and depends greatly

" on the desired lifetime for the tube and on the nature of the netal or the

| alloy fromwhich the tube is nmade. Wien hydrocarbons. are being subjected to
a steam cracking reaction, the limting skin t enperat ure %o nerally lies in
the range 1050p8rthe guts;de_wﬂj[oéart}qat exchanger tube disposed in a boiler with water

flowing inside the tube. According to-that method, a plurality of pulsed gas
flows are used which deliver into the boiler, a hot gas, heat and
soundwaves. In particular, a first pulsed gas flow is used to produce a fuel
5 constituted by particles of uniform size. In addition, a second gas flow is
directed against the outside wall of the heat exchanger, and preferably
parallel to the tubes constituting the heat exchanger, so as to avoid
vibration thereof.” Consequently, that method cannot be used to limit the
deposition of by-products on the inside wall of a tube in which a chemical

10 ~ reaction is being performed. |

A method of manufacture has now been found that enables a

chemical reaction to be performed inside a tube disposed in the radiation
“enclosure of a furnace while avoiding the above-mentioned drawbacks. In
particular, it enables the deposition of by—products on the inside wall of the

15 tube to'be limited sufficiently to avoid the need to stop the chemical reaction

‘and without changing its efficiency and/or its yield. In addition, the method
of the invention can easily be adapted to industrial installations that .are
already in existence. : -

Firstly, the present invention provides a method of manufacturing

20 one or more chemical products in which a chemical reaction is performed by
causing one or more reagents to flow inside a tube disposed in a radiation
zone of a fumnace, the method being characterized in that at least a portion
of the tube is subjected to vibration, for the purpose of limiting the
deposition of reaction by—products on the inside wall of the tube.

25 In the method of the invention, it is essential to subject the tube
to vibration if it is desired to limit the deposition of by—products on its inside
wall. To do this, the tube is vibrated as a general rule at a frequency lying in
the range 50 Hz to 2000 Hz, and preferably lying in the range 100 Hz to
1000 Hz. :

30 ~In addition, the best results are obtained when vibration is

~ generated transversely in the tube. The transverse vibration of the tube can
be such that at least one point of the tube vibrates with an amplitude (i.e. .
the displacement of said point between its two extreme positions) greater
than 10~6 and preferably greater than 104 times the inside diameter of the

35 tube. However, it is preferable for the vibration amplitude of all of the points

of the tube to be not too great in order to avoid premature reduction in the
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delivered by § he formatioh {ha? |nc| det en}% rt?c}nurn% es taP whncpn the displacement
amplltude is zero and vibration antinodes at which the amplitude is at
maximum. The positions of the nodes and of the antinodes can be changed
several times during the method by selecting vibration at different resonant
frequencies.

10 In the method of the invention, the deposition of by—products on
the inside wall of the tube can partially or totally avoid by-products being
deposited or can partially or totally eliminate deposits that already exist. The
tube can be vibrated at isolated moments in time or intermittently. Under
such circumstances, the method is adapted more to eliminating existing

15 deposits. The tube can also be vibrated continuously, in which case the
method is adapted more to avoiding deposition.

" The tube can be caused to vibrate by any means. In particular, it
can be caused to vibrate by a source of mechanical vibrations. In addition,
given that the radiation zone generally does not operate in a vacuum, and

20 that it therefore contains a mixture of gases, the tube can also be caused to
vibrate by a pressure wave outside the tube. The wave can propagate in
any direction. In particular, it can propagate in a direction parallel or
substantially parallel to the tube or in a direction perpendicular to the tube.
Furthermore, the pressure wave can be a standing pressure wave

25 established outside the tube in the radiation zone. The standing wave is
characterized by the fact that pressure nodes and antinodes are formed in
the radiation zone having positions that depend on the wavelength of the
standing wave. Advantageously, when the direction of the standing wave is
perpendicular to the direction of the tube, a wavelength is selected such

30 that a pressure antinode lies in the vicinity of the tube, thereby significantly
increasing the efficiency of the method. :

Given that the radiation enclosure of the furnace is provided with
burners, the gas mixture contained in said enclosure comes, in part, from
the combustion gases from the various burners. With certain dispositions of

35 the burners on the walls of the radiation enclosure and/or with certain
compositions of the fuel feeding the burners, the invention also provides for
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of the chemical reaction, and in particular its efficiency. Surprisingly, it has
also been observed that the tube can be vibrated with practically no
premature ageing thereof, and in particular with practically no premature
reduction in its mechanical properties. The advantage of the method lies
10 essentially in a major reduction in the frequency at which operations need to
‘be performed to eliminate deposits of by—-products using means other than
those implemented in the method of the invention.
By virtue of the method of the invention, any chemical reaction
normally performed in a tube can be performed. The reaction can be
15  performed in the liquid phase or in the gaseous phase and the reagents can
flow inside the tube with a laminar flow or with a turbulent flow, and the flow
is generally continuous. The reaction temperature can lie, in particular, in
the range 100°C to 900°C, and more particularly it can lie in the range 500°C
to 850°C. .

20 - The chemical reaction can be a thermal cracking reaction
performed on various organic substances, and in particular on dicholoro-1,2
ethane for the purpose of obtaining vinyl chioride.

The method is particularly adapted to cracking a mixture of water
~ and hydrocarbons, i.e. to a so-called "steam cracking" reaction, as

25 performed in a cracking tube disposed in the reaction zone of a cracking
furnace. Under such circumstances to perform the method, the cracking
temperature increases along the cracking tube from its point of entry into
the radiation zone of the furnace up to its point of exit therefrom, i.e. in the
flow direction of the reaction mixture. In particular, the cracking temperature

30 of the mixture of hydrocarbons and steam lies in the range 500°C to 700°C
and preferably in the range 550°C to 660°C at the inlet to the radiation zone
of the furnace, while at the outlet therefrom it lies in the range 800°C to
880°C, and preferably in the range 810°C to 860°C, with the increase in the
cracking temperature along the tube being of any kind, e.g. uniform, or else

35 as described in French Patents FR-A-2 600 665 and FR-A-2 600 667.
Furthermore, the mixture of hydrocarbons and steam is generally subjected
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to preheating prior to being admitted into the radiation zone of the furnace.
Said preheating being performed by any known means, in particular in a
~ convection heating zone of the furnace. The mean transit time of the
hydrocarbon and steam mixture flowing along the tube between its entry
5 into and exit from the radiation zone generally lies in the range 300 to 1800
ms, and preferably in the range 400 ms to 1400 ms. The composition of the
hydrocarbon and steam mixture is such that the ratio by weight of the
quantity of hydrocarbons to the quantity of steam lies in the range 1 to 10,

and preferably in the range 2to 6.
10 In the steam cracking method, it is equally possible to make use
. of liquid hydrocarbons or of gaseous hydrocarbons. The liquid hydrocarbons
can be selected from naphtha which is made up of hydrocarbons having
about 5 to 10 carbon atoms; light gasolines made up of hydrocarbons
having about 5 to 6 atoms of carbon, gas oil constituted by hydrocarbons
15 . having about 8 to 15 atoms .of carbon, and mixtures thereof. They can also
be used in mixtures with saturated and unsaturated hydrocarbons having 3
to 6 atoms of carbon. The gaseous hydrocarbons can be alkanes having 2
to 4 atoms of carbon and/or methane and/or alkanes having 5 or 6 atoms of
carbon. In particular, it is possible to perform a steam cracking method on
"~ 20 natural gas, on liquefied petroleum gas (LPG) or on ethane which is a
secondary product derived from the steam cracking of liquid hydrocarbons

such as naphtha or gas oil.

The present invention also provides a device for implementing
the above-described method. This device is constituted by a furnace

25 comprising a radiation thermal enclosure fitted with heater means
constituted by burners and through which at least one tube passes, the
device being characterized in that it is provided with at least one excitation
means suitable for generating vibration in at least a portion of the tube in
order to limit the deposition on its inside wall of by—products obtained during

30 achemical reaction performed inside the tube.

The device of the invention should be constituted by a furnace
including at least one tube disposed in its radiation thermal enclosure. The
mean inside diameter of the tube generally lies in the range 20 mm to 200
mm and preferably lies in the range 30 mm to 150 mm, the tube having a

35 wall thickness lying in the 'range 3 mm to 15 mm and generally being
constituted by a straight segment or by a plurality of straight segments that -
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application vertical coil. The cracking tube generally has a ratio of length to mean inside
' diameter lying in the range 30 to 1500, and preferably lying in the range 300
to 1000. In particular, the mean inside diameter of the cracking tube is
preferably equal to or greater than 100 mm, such that the mean transit time

10  of the reaction mixture in the cracking tube can be relatively large and such
that the head losses in the mixture flowing along the cracking tube can be
small. Nevertheless, the mean inside diameter and the length of the tube
should remain within ranges of values that are compatible with the thermal |
and mechanical constraints to which the materials constituting the cracking

15 tube are subjected. In particular, the mean inside diameter of the cracking
tube cannot exceed about 250 mm. Advantageously, the cracking tube can
have an inside diameter that varies along its length as described in French
Patents FR-A-2 600 677 and FR-A-2 600 641. In practice, the cracking
tube is disposed in the form of a coil constituted by a succession of straight

20 line segments interconnected by bends.

The means for exciting the device of the invention can be a
mechanical vibration generator disposed inside or outside the radiation zone
of the furnace and connected to the tube by means of a mechanical link.
The source of vibrations can be a vibrating machine.

25 The excitation means can alternatively be a pressure wave
generator, and in particular a soundwave generator. When standing
pressure waves are generated, the walls of the radiation zone serve to
reflect waves. The pressure wave generator can be a vibrating membrane,
such as that of a loudspeaker, a siren or a foghorn. The excitation means

30 can also be constituted by one or more burners, with each burner being
equipped with means for generating pulses in the flow of fuel feeding it. This
pulse generator means can be a periodically-operating shutter, serving to
shut the fuel feed outlet and actuated means by a vibrating pot.

Figures 1 and 2 are diagrams showing two different sections of a

35 steam cracking furnace.
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ections 2 to g i'navmgca I'noerénbn\ffside diameter of 108 mm. The entry and
the exit of the cracking tube into and from the radiation thermal enclosure
are respectively referenced 10 and 11. This steam cracking fumace
comprises a radiation themrmal enclosure provided with heating means
constituted by burners disposed in rows on the walls of the enclosure. The
disposition, adjustment, and/or size of the burners inside the thermal
enclosure are such that the vibrations of the flames of the bumers produce
a system of pressure waves inside the radiation thermal enclosure.

Figure 2 is a diagram showing the radiation enclosure 1 of a
steam cracking furnace in a cross-section containing burners. Each of the
walls 12 and 13 is fitted with five rows of burners 14. The figure shows only
one bumner per row.

The following example illustrates the present invention.

EXAMPLE 1 |

Operation takes place in a steam cracking fumace such as that
shown diagrammatically in Figure 1, which furnace comprises a radiation
thermal enclosure 1 made of fire bricks, in the form of a rectangular
parallelépiped having inside dimensions of 9.75 meters (m) in length, 1.70
m in width, and 4.85 m in height. A cracking tube made of refractory steel
based on nickel and chromium having an inside diameter of 108 mm, and a
wall thickness of 8 mm is placed inside the enclosure 1, and given the size
of the enclosure and the thermal stresses of the furnace, the tube has a
total length of 80 meters between its entry into the enclosure and its exit
therefrom. The cracking tube is disposed in the form of a coil comprising
eight equal length horizontal straight segments which are interconnected by
bends. The inside diameter of the straight segments is constant and equal
to 108 mm. . '

The radiation thermal enclosure of the steam cracking furnace is
provided with the burners disposed on the walls of the enclosure in five
horizontal rows and situated at equal distances apart. The heating power of
the set of burmers is distributed uniformly between said five rows.

eaction is
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o4 products on .t he insi de wal | of the tube, the method bei ng-characteri zed
- in'that said vibratien-is transverse, and i-n that said tube is disposed

i nsi de a-radi ati on zone of a furnace. : In the method of the invention,
, It is'essential to subject the .tube to vibration if it is desired to'limt
-~ the deposition of by- products on its ingde wall. To do this, the tube is
vibrated as a general rule at a frequency lying in the range 50 Hz to 2000
Hz, and preferably lying in the range 100 Hz to 1000 Hz. ‘The..

transverse vibration of the tube may be such that at |east '
: All of the burners are fed firstly at a substantially constant flow

rate of 1750 kg/hour of fuel made up of a gaseous mixture comprising 90%
by volume methane, and 10% by volume hydrogen, togethér with air
preheated to 100°C and in sufficient quantity to ensure good combustion of
5 the gaseous mixture.
A mixture of liquid hydrocarbons and steam is caused to flow
along this cracking tube. The liquid hydrocarbons are constituted by a
naphtha having a relative density of 0.717, having an ASTM distillation gap
of 44/165°C, and having the following composition by weight: 32.74% linear
10 paraffins, 30.95% branching paraffins, 28.80% cycloparaffin compounds,
and 7.51% aromatic compounds. The composition of the mixture of naphtha
to the quantity of steam is four. Thus, naphtha is injected into the cracking
tube at a flow rate of 3700 kg/h while steam is injected therein at a rate of
925 kg/h.
15 The cracking temperature of the mixture of naphtha and steam is
570°C at the entry to the radiation zone of the furnace and rises to 810°C at
~the exit therefrom. At the outlet from the furnace, the pressure of the
mixture is 170 kPa. The mean transit time of the mixture of naphtha and
steam flowing along the cracking tube between the entry to and the exit
20 from the radiation zone of the fumace is 900 ms. '
Under such conditions, the following quantltles of various
substances are produced per hour: 752 kg of ethylene; 598 kg of propylene; -
102 kg of isobutene; 157 kg of butadine; and 186 kg of ethane, and the
maximum skin temperature to be measured is 990°C.
25 For two days, the feed to the bumers was modified so as to feed
them with 1750 kg/hour of a new mixture of gases comprising, by volume,
75% methane and 25% hydrogen. Under the new conditions, the yield and
the efficiency of the furnace were not changed and it was observed that the
cracking tube vibrated due to the waves generated by the vibrations of the
30 flames of the burners. Such vibration of the cracking tube removes a
fraction of the coke that has previously been deposited on its inside wall,
and at the end of the two days this was manifested by new maximum skin
temperatures lower than before and of the order of 950°C.
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one point of the.tube vibrates with an anplitude (i.e. the displacenent of
. sai d point between its two extrene positions) greater than-10[err]- and
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vibration, for the purpose of limiting the deposition of reaction by—products
on the inside wall of the tube.

2. Method according to claim 1, characterized in that the tube is
10 vibrated at a frequency lying in the range 50 Hz to 2000 Hz.
3. Method according to claim 1, characterized in that the vibration
of the tube is transverse.
4, Method according to claim 1, characterized in that the vibration
of the tube is caused by a mechanical vibration source.
15 &. Method according to claim 1, characterized in that the vibration
of the tube is caused by a pressure wave. ' .
6. Method according to claim 1, characterized in that the chemical
reaction is a thermal cracking reaction of dicholoro-1,2 ethane.
7. Method according to claim 1, characterized in that the chemical
20 reaction is a cracking reaction performed on a mixture of hydrocarbons and
steam. '
8. Apparatus for performing the method according to any one of

claims 1 to 7, the apparatus being constituted by furnace comprising a
radiation thermal enclosure provided with heater means constituted by
25 burners, the enclosure having at least one tube passing therethrough, the
apparatus being characterized in that it is provided with at least one
excitation means capable of generating vibration in at least a portion of the

tube.

9. Apparatus according to claim 8, characterized in that the
30 excitation means is a mechanical vibration generator linked to the tube.

10. Apparatus according to claim 8, characterized in that the

excitation means is a pressure wave generator. _

11. Apparatus according to claim 8, characterized in that the furnace

is a steam cracking furnace.

ized
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dep05|ts t hat - already eX|st The tube may be V|brated at_ .isol ated noments.
in‘time or internittently. Under 'such ‘circunstances, the nethod is adapted _
nore to ellnlnatlng exi sting deposits.. The tube nay also be vibrated.

- continuously; ‘in which case the nmethod is. adapted. nore to av0|d|ng _

~ deposi ti.on. The tube may be caused to vibrate by any neans. In
paiticular, it may be caused to vibrate by a source of nechanica

vibrations. In addition, given that the radiation zone generally does not
operate in a vacuum and that it therefore contains a mxture of gases, the
~tube may al so be caused to vibrate by a pressure wave outside the tube.

10 ABSTRACT

The present invention relates to a method of manufacturing one or more
chemical products in which a chemical reaction is performed by causing

15 one or more reagents to flow along the inside of a tube disposed in a
radiation zone of a furnace. In the method, at least a portion of the tube is
subjected to vibration, for the purpose of limiting the deposition of reaction
by-products on the inside wall of the tube. More particularly, the tube can
be vibrated at a frequency lying in the range 50 Hz to 2000 Hz. The

20 invention also provides apparatus for performing the method of the
invention, which apparatus comprises a furnace including a radiation
thermal enclosure through which at least one tube passes, which tube is
provided with at least one excitation means suitable for generating tube
vibration.
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propagate in a direction parallel or substantially parallel fojthe tube
in a direction perpendicular or substantially perpendicular }o
Furthernore, the pressure wave may be a standing pressure wapejestablish

outside the tube in the radiation zoné.- The standi ng wave is charac_téri zed

by the fact that pressure nodes and anti nodes are forned in
. zohe having positions that depend on the wavel ength of the standi ng wave.

Advant ageously, when the direction of the standjng wave is perpendicular to

the directi on METHRD Qi MANURACIURING GHEMIGAL BUGTS hat a pressure

antinode |ies in the vike préaéneinvefifiori réiatesitbel Aathad for hanufatiwingrunecasi ng

the efficiency_of the

(he el el ency, ot g e iR & A A B

encl osur e conessidera fube. Therpresertdnventionsalso propddes appanatusheonstituted dy
burners. Wth 5 fymace for implementing the method.

It is known that chemical reactions can be performed at high
temperature by methods that consist in causing the reagents to flow along a
tube maintained at high temperature and disposed inside a radiation zone of
a furnace. More particularly, for manufacturing olefins, in particular ethylene,
propylene, or isobutene, it is known that a steam cracking reaction of liquid
or gaseous hydrocarbons can be performed in fumaces having an outlet
temperature generally lying in the range 750°C to 880°C. In that method
known as “steam pyrolysis" or “steam cracking”, a mixture of hydrocarbons
and steam flows along a cracking tube so disposed in the form of a coil ina
fumace as to pass through a radiation zone of the furnace. All of these
chemical reactions are usually performed in modern furnaces that generally
comprise a heater device constituted by burners disposed on the baseplate
and/or on the inside walls of the fumace. The thermal heating power of the
burners is advantageously distributed along the tube so that the reagents of
the reactions are subjected to a temperature that increases along the tube
from a temperature at the inlet to the radiation zone to a temperature at the
outlet from said zone.

When the tube is maintained at high temperature, it is importan
to monitor accurately the temperature of its outside surface, referred to
the "skin temperature”. Given the thermal stresses on the tube given
that it is generally desirable to avoid premature ageing of the tube, the
thermal heating power of the burners is adjusted so that the skin
temperature as measured at any point on the tube is always less than a
limiting skin temperature,

The limiting skin temperature is a technical characteristic of the
tube and depends greatly on the desired lifetime for the tube and on the
nature of the metal or the alloy from which the tube is made. When
hydrocarbons are being subjected to a steam cracking reaction, the limiting
skin temperature generally lies in the range 1050°C to 1110°C.

Most chemical reactions performed in a tube suffer from the

major drawback of generating by—products that are deposited on the inside
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certain dispositions of the burners on the walls of the radi aﬁEPLACEME TSHE .

and/or with certain conpositions of the fuel feeding the bugngrs, the

i nvention also provides for the vibrations of the flanes of |sqi o 8 NG\ 1996
generating pressure waves to be sufficient for vibrating thg tjube so as to
limt the deposition of by-products. : The present invedtion is based
on the surprising discovery that vibration2of the tube maked.ii _passible—te—
considerably limt the deposition of by-products on its inside wall wthout

ot herwi se changing the conditions of the chenical reaction and in

particular its Ghf of i Gibe. SFHLBr WIIP?%OHLH‘ §&aﬁﬁ eha DRiryGatbdAst the

tube can be vi brat ed wth pract thereo

a
particul ar w t Hhgreisiqbsgryed, rP@th‘GF@“ '@jﬁ‘@F 6‘9 tF%‘ URR [s-Righ @QF‘%"
properties. Thewn@h'mﬁmekmﬁ tubeigfed G high yates tenformiativn iof aday® sficoke

educt on o HERAEAC B KDL Wk B B AR (B .

in the known nefidwodithe mixtureBf hydrdcaebarfs aridesteatrh &epuisits lof byapraductsrareany

Chem cal react! SukEGaAT toliichd Hiike' thef SighficaAtl M 8id HeBflr offeat
through the wall of the tube. Thus, in order to maintain a constant reaction
temperature, it is observed that it is necessary to increase the heating
power delivered by the bumers as the thickness of the layer of by—products
increases, thereby increasing the energy consumed by the furnace. In
addition, because of the increase in the heat power delivered by the
burners, the skin temperature of the tube is observed to increase.

This phenomenon is particularly detrimental since the more the
deposits of by—products increase, the more difficult, or even impossible it
becomes to keep to a skin temperature below the limiting skin temperature,
if it is desired to perform the reaction with yield and efficiency that are
sufficient. Under such conditions, it is necessary to stop the reaction on a
regular basis in order to remove the deposits of by-products. In the
particular case of a steam cracking reaction, such removal is performed by
a decoking operation on the cracking tube. This operation consists in
causing a mixture of air and steam to flow inside the cracking tube while the
tube is kept at a temperature that is high enough to make it possible to bum
off and remove all the coke that is present. In practice, it is observed that a
decoking operation takes a relatively long period of time, with the total time
required being close to 24 hours, and that it is nevertheless desirable to
decoke a tube at a high frequency, usually close to once every two or three
months.

Given that the chemical reactions are generally performed in
installations of large size, the stops required for removing the layers of by-
products from the inside of a tube give rise to a significant loss of
production. Thus, numerous studies have been performed over the years
both on laboratory scale and on an industrial scale for the purpose of finding
a method that makes it possible to limit the deposition of by-products on
the inside wall of the tube. :
A method is known from US patent 4 368 677 enabling the
deposition of the by-products from a combustion reaction tq_bs_m':eyanted____*_
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performed in the liquid phase or in the gaseous phase and the
| ow, and t he

flowinside the tube with a lamnar flow or with a turbul ent
flowis generally continuous. The reaction 18 NOV 1996
6 - tenperature may lie, in particular, in the range 100[er] ¢_to
900[err]C, and nore particularly it may- lig in the range 50Q0[err]Cto
850[err] C The chem cal reaction may” be a thernmal crackisg—teaction |

on the outside wall of a heat exchanger tube disposed in a boiler with water
flowing inside the tube. According to that method, a plurality of pulsed gas
flows are used which deliver into the boiler, a hot gas, heat and
soundwaves. In particular, a first pulsed gas flow is used to produce a fuel
constituted by particles of uniform size. In addition, a second gas flow is
directed against the outside wall of the heat exchanger, and preferably
parallel to the tubes constituting the heat exchanger, so as to avoid
vibration thereof. Consequently, that method cannot be used to limit the
deposition of by—products on the inside wall of a tube in which a chemical
reaction is being performed.

A method of manufacture has now been found that enables a
chemical reaction to be performed inside a tube disposed in the radiation
enclosure of a furnace while avoiding the above-mentioned drawbacks. In
particular, it enables the deposition of by-products on the inside wall of the
tube to be limited sufficiently to avoid the need to stop the chemical reaction
and without changing its efficiency and/or its yield. In addition, the method
of the invention can easily be adapted to industrial installations that are
already in existence.

Firstly, the present invention provides a method of manufacturing
one or more chemical products in which a chemical reaction is performed by
causing one or more reagents to flow inside a tube disposed in a radiation
zone of a fumace, the method being characterized in that at least a portion
of the tube is ‘subjected to vibration, for the purpose of limiting the
deposition of reaction by-products on the inside wall of the tube.

In the method of the invention, it is essential to subject the tube
to vibration if it is desired to limit the deposition of by—products on its inside
wall. To do this, the tube is vibrated as a general rule at a frequency lying in
the range 50 Hz to 2000 Hz, and preferably lying in the range 100 Hz to
1000 Hz.

In addition, the best results are obtained when vibration is
generated transversely in the tube. The transverse vibration of the tube can
be such that at least one point of the tube vibrates with an amplitude (i.e.
the displacement of said point between its two extreme positions) greater
than 10~6 and preferably greater than 10—4 times the inside diameter of the
tube. However, it is preferable for the vibration amplitude of all of the points
of the tube to be not too great in order to avoid premature reduction in the
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performed on various organi c substances, and in particular ¢nfdicholoro-1, 2

et hane for the purpose of obtaining vinyl chloride. The ]
particularly adapt ed to cracki ng a m xture of water and hydtog¢a HB{)%;!{PV 1996

to a so-called "steam cracking" reaction; as perforned in ajcreaeking—tube
di sposed in the reaction zone of a cracklgg furnace. Under such
circunstances, to performthe nethod, the cracking terrperature I NCreases
al ong the cr acki ng tube fromits point of entry |nto the radi ati on zone of
the furnace up to its point of exit therefrom i in the flow direction

of . t he re?c}] i gmenhamlnalepropamparqfutm:tlme whigh K’:Qﬁvﬁd‘s@éﬁﬁﬁ? ube bregking,
mi xt
nng B{Zf grab%’y&ﬁ’tﬁ/ﬁ ﬁf"f@r fidiA sﬁgﬁ(mdr g adtifio hh@iert?ér%@eﬁd@{llbfatﬂoﬁdf@héﬁideerr] C

Ctoﬁ_{‘J h@rgelnltto@
radi ati on zoneCan Q%@Wﬁ@geatvﬁuﬂe{éoﬁﬁnt 2qeR t°t \"P%‘m nder; 34 ) ¢t he
range 800[ err]&réd?n&&ﬁ&@é rir@ tranévasefsﬂb@ﬁbn ofh thé duberig ectragterizéd hyo

bei g of any KAREMTElG et rioFkes, vBrain. dogsscpr pankhy vl Hdpe0amet S

FR-A-2 600 665amwt@- 5 2ef) @nd6vibrationt ha’nmnﬂes at iwehiei ther amplitudedisoatir bons

and steamis ggneialiy TREYHCERIRE df thé hG8&8hhA 9t Bid Shtinodes can be changed
several times during the method by selecting vibration at different resonant
_frequencies.

In the method of the invention, the deposition of by—products on
the inside wall of the tube can partially or totally avoid by-products being
deposited or can partially or totally eliminate deposits that already exist. The
tube can be vibrated at isolated moments in time or intermittently. Under
such circumstances, the method is adapted more to eliminating existing
deposits. The tube can also be vibrated continuously, in which case the
method is adapted more to avoiding deposition.

The tube can be caused to vibrate by any means. In particular, it
can be caused to vibrate by a source of mechanical vibrations. In addition,
given that the radiation zone generally does not operate in a vacuum, and
that it therefore contains a mixture of gases, the tube can also be caused to
vibrate by a pressure wave outside the tube. The wave can propagate in
any direction. In particular, it can propagate in a direction parallel or
substantially parallel to the tube or in a direction perpendicular to the tube.
Furthermore, the pressure wave can be a standing pressure wave
established outside the tube in the radiation zone. The standing wave is
characterized by the fact that pressure nodes and antinodes are formed in
the radiation zone having positions that depend on the wavelength of the
standing wave. Advantageously, when the direction of the standing wave is
perpendicular to the direction of the tube, a wavelength is selected such
that a pressure antinode lies in the vicinity of the tube, thereby significantly
increasing the efficiency of the method.

Given that the radiation enclosure of the furnace is provided with
burners, the gas mixture contained in said enclosure comes, in part, from
the combustion gases from the various burners. With certain dispositions of
the burners on the walls of the radiation enclosure and/or with certain
compositions of the fuel feeding the burners, the invention also provides for
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to being admtted into the radiation zone of the furnace, s iﬂgpteiE:*?niNtTi ggEET
being performed by any known neans, in particular in a convedtign tJ
zone of the furnace. The nean transit tinme of the hydrocarbon aag g&@ ‘hgg
m xture flow ng along the tube between its entry into and it_fromithe
radi ati on zone generally lies in the rangg 300 mlliseconds (ns) to 1800
ns, and preferably lies in the range 400 s to 1400 ns. The-e bt

t he hydrocarbon and steam m xture is such that the ratio by wei ght of the
gquantity of hydrocarbons to the quantity of steamlies in the range 1 to
10, hagd pr ef erthielvjbriatiess ohthetflamesofssaid i/)umars generating pressure Waves'a 08 ng
methoed, it is | rcb@r_p of
gaseous hydrocar %hé&#&eﬁ?ﬁﬂﬂhg%%%g%?ggﬁ?irrr‘g%tgg,sghgﬁe%ft d ﬁ‘%’rﬁ ht ha
Which T made up of hyThepreseshinventipngs bsed on he SUPHSINSAISERVERE Rt gh(

gasol i nes mad e\gﬁﬁﬁhydgxﬁé R PaREs fPdsambieRrstndidéraby Irhietre Gépositidrosl, gas

orl constitut e'the by-proc:EuC::(t:sa E:n ?tgsinshlgg Iwna withot o%hérevisleSCﬁatmogrlrr?g ﬂ%ce 3&“&?&3 and
of the chemical reaction, and in particular its efficiency. Surprisingly, it has
also been observed that the tube can be vibrated with practically no
premature ageing thereof, and in particular with practically no premature
reduction in its mechanical properties. The advantage of the method lies
essentially in a major reduction in the frequency at which operations need to

be performed to eliminate deposits of by—products using means other than
those implemented in the method of the invention.

By virtue of the method of the invention, any chemical reaction
normally performed in a tube can be performed. The reaction can be
performed in the liquid phase or in the gaseous phase and the reagents can
flow inside the tube with a laminar flow or with a turbulent flow, and the flow
is generally continuous. The reaction temperature can lie, in particular, in
the range 100°C to 900°C, and more particularly it can lie in the range 500°C
to 850°C.

" The chemical reaction can be a thermal cracking reaction
performed on various organic substances, and in particular on dicholoro-1,2
ethane for the purpose of obtaining vinyl chloride. '

The method is particularly adapted to cracking a mixture of water
and hydrocarbons, i.e. to a so-called "steam cracking" reaction, as
performed in a cracking tube disposed in the reaction zone of a cracking
furnace. Under such circumstances to perform the method, the cracking
temperature increases along the cracking tube from its point of entry into
the radiation zone of the furnace up to its point of exit therefrom, i.e. in the
flow direction of the reaction mixture. In particular, the cracking temperature
of the mixture of hydrocarbons and steam lies in the range 500°C to 700°C
and preferably in the range 550°C to 660°C at the inlet to the radiation zone
of the furnace, while at the outlet therefrom it lies in the range 800°C to
880°C, and preferably in the range 810°C to 860°C, with the increase in the
cracking temperature along the tube being of any kind, e.g. uniform, or else
as described in French Patents FR-A-2 600 665 and FR-A-2 600 667.
Furthermore, the mixture of hydrocarbons and steam is generally subjected
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7 mxtures thereof. They may also be used in mxtures withjs ‘

‘unsat urated hydrocarbons having 3 to 6 atons of carbon. The
hydr ocar bons nay be al kanes having 2 to 4 atoms of carbon and/
and/ or al kanes having 5 or 6 atons of carbon. In particular, {i
to performa steam cracking nethod on natural gas, on Ilquefled petrol eum
gas (LPG or on ethane which is a secondagy product derived
cracki ng of |iquid hydrocarbons such as naphtha or gas oil. The
present invention also provides apparatus for inplenenting

- to preheating prior to being admitted into the radiation zone of the furnace.

Said preheating being performed by any known means, in particular in a
convection heating zone of the fumace. The mean transit time of the
hydrocarbon and steam mixture flowing along the tube between its entry
into and exit from the radiation zone generally lies.in the range 300 to 1800
ms, and preferably in the range 400 ms to 1400 ms. The composition of the
hydrocarbon and steam mixture is such that the ratio by weight of the
quantity of hydrocarbons to the quantity of steam lies in the range 1 to 10,
and preferably in the range 210 6.

In the steam cracking method, it is equally possible to make use
of liquid hydrocarbons or of gaseous hydrocarbons. The liquid hydrocarbons
can be selected from naphtha which is made up of hydrocarbons having
about 5 to 10 carbon atoms; light gasolines made up of hydrocarbons
having about 5 to 6 atoms of carbon, gas oil constituted by hydrocarbons
having about 8 to 15 atoms of carbon, and mixtures thereof. They can also
be used in mixtures with saturated and unsaturated hydrocarbons having 3
to 6 atoms of carbon. The gaseous hydrocarbons can be alkanes having 2
to 4 atoms of carbon and/or methane and/or-alkanes having 5 or 6 atoms of
carbon. In particular, it is possible to perform a steam cracking method on
natural gas, on liquefied petroleum gas (LPG) or on ethane which is a
secondary product derived from the steam cracking of liquid hydrocarbons
such as naphtha or gas oil.

The present invention also provides a device for implementing
the above-described method. This device is constituted by a fumnace
comprising a radiation thermal enclosure fitted with heater means
constituted by burners and through which at least one tube passes, the
device being characterized in that it is provided with at least one excitation
means suitable for generating vibration in at least a portion of the tube in
order to limit the deposition on its inside wall of by—products obtained during
a chemical reaction performed inside the tube.

The device of the invention should be constituted by a fumace
including at least one tube disposed in its radiation thermal enclosure. The
mean inside diameter of the tube generally lies in the range 20 mm to 200
mm and preferably lies in the range 30 mm to 150 mm, the tube having a
wall thickness lying in the range 3 mm to 15 mm and generally being
constituted by a straight segment or by a plurality of straight segments that
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t he above-described nethod. This apparatus is constituted by g rornace

conprising a radiation thermal enclosure fitted with heater

constituted by burners and through which at | east one tube pga sei%QYé%e ;
or -nore reagents flow, the apparatus being characterized in |t
conprises a nechanical vibration source copnect ed to the tulde by neans of a
mechani cal |ink, or by nmeans of a pressure soundwave est abl i'stred—outsrde-
the tube and directed in a direction substantially perpendicular to the
tube so as to cause a transverse vibration in at |least a portion of the

tube in order tagelinerconnestadionariiananby ineadsndhadumace isiadapted dadbes

obt ai ned duri ngranfibdMeagtion Piro hﬁédpﬂ'i f hiﬂiﬂhr' WHetethe endthbe is used foThe

apparatus of the nvent I on onst ted furnace jncl udin

| east one tube R§ ﬁtﬁré F'Z?& Ing; 5 QB rFBg &5@?‘\"%@ U Be s I’ISI de

di ameter of theré @mcelwuschlmpﬁséém ragligtion?2 themmet @namﬁurentbmdgh

Phi ckness. | yi ng i tcieadf e raikb wba pites Bt Bin] & of ol o ca

by a straight segicahcoihrThe/crackingrtabe generfally hasiagiatio of iangth to mean inside

| nter connect ed,qid ReRAihG W fHe range 30 to 1500, and preferably lying in the range 300
to 1000. In particular, the mean inside diameter of the Cracking tube is
preferably equal to or greater than 100 mm, such that the mean transit time
of the reaction mixture in the cracking tube can be relatively large and such
that the head losses in the mixture flowing along the cracking tube can be
small. Nevertheless, the mean inside diameter and the length of the tube
should remain within ranges of values that are compatible with the thermal
and mechanical constraints to which the materials constituting the cracking
tube are subjected. In particular, the mean inside diameter of the cracking
tube cannot exceed about 250 mm. Advantageously, the cracking tube can
have an inside diameter that varies along its length as described in French
Patents FR-A-2 600 677 and FR-A-2 600 641. In practice, the cracking
tube is disposed in the form of a coil constituted by a succession of straight
line segments interconnected by bends. '

The means for exciting the device of the invention can be a
mechanical vibration generator disposed inside or outside the radiation zone
of the furnace and connected to the tube by means of a mechanical fink.
The source of vibrations can be a vibrating machine.

The excitation means can alternatively be a pressure wave
generator, and in particular a soundwave generator. When standing
pressure waves are generated, the walls of the radiation zone serve to
reflect waves. The pressure wave generator can be a vibrating membrane,
such as that of a loudspeaker, a siren or a foghorn. The excitation means
can also be constituted by one or more burners, with each burner being
equipped with means for generating pulses in the flow of fuel feeding it. This
pulse generator means can be a periodically-operating shutter, serving to
shut the fuel feed outlet and actuated means by a vibrating pot.

Figures 1 and 2 are diagrams showing two dlfferent sectionsof a
steam cracking furnace.
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by bends. The furnace is adapted to the chem cal reaction pgrf[orned. T
when the nethod is used for performng a steamg
reaction, the furnace nust be a steam cracki ng furnace which
radi ati on thermal encl osure through which at |east one cracHi

particul ar,
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in the formof a horizontal or vertical cgil. The cracking tlube generally

has a ratio of length to nean inside dianeter lying in the range—30~t0U
1500, and preferably lying in the range 300 to 1000. In particular, the
mean i nsi de di anmeter of the cracking tube is preferably equal

to or greater

than 100 mm such t hatFigue feds ar longtudinahdiagrampatic.;sestion saughedi n t he

cracki ng

horizontal steam cracking fumace comprising a radiation thermal enclosure
1 through which a cracking tube passes, being disposed in the form of a coil
made up of eight horizontal straight segments interconnected by bends, the
sections 2 to 9 having a mean inside diameter of 108 mm. The entry and
the exit of the cracking tube into and from the radiation thermal enclosure
are respectively referenced 10 and 11. This steam cracking furnace
comprises a radiation thermal enclosure provided with heating means
constituted by burners disposed in rows on the walls of the enclosure. The
disposition, adjustment, and/or size of the bumners inside the thermal
enclosure are such that the vibrations of the flames of the bumers produce
a system of pressure waves inside the radiation thermal enclosure.

Figure 2 is a diagram showing the radiation enclosure 1 of a

steam cracking furnace in a cross—section containing burners. Each of the
walls 12 and 13 is fitted with five rows of burners 14. The figure shows only
one burner per row. B
- The following example illustrates the present invention.
EXAMPLE 1

Operation takes place in a steam cracking fumace such as that .
- shown diagrammatically in Figure 1, which furnace comprises a radiation

thermal enclosure 1 made of fire bricks, in the form of a rectangular
parallelepiped having inside dimensions of 9.75 meters (m) in length, 1.70
m in width, and 4.85 m in height. A cracking tube made of refractory steel
based on nickel and chromium having an inside diameter of 108 mm, and a
wall thickness of 8 mm is placed inside the enclosure 1, and given the size
of the enclosure and the thermal stresses of the furnace, the tube has a
total length of 80 meters between its entry into the enclosure and its exit
therefrom. The cracking tube is disposed in the form of a coil comprising
eight equal length horizontal straight segments which are interconnected by
bends. The inside diameter of the straight segments is constant and equal
to 108 mm. |

The radiation thermal enclosure of the steam cracking furnace is
provided with the burners disposed on the walls of the enclosure in five
horizontal rows and situated at equal distances apart. The heating power of
the set of burners is distributed uniformly between said five rows.
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8 tube can be relatively large and such that the head | ossep pm=ttEe

njxture flow ng al ong the cracking tube can be small. Neverthpe esl hid&e 6
nean inside dianeter and the |l ength of the tube should renaif 'vitiﬁ a??'ges

of values that are conpatible with the thermal and nechani cal tanstrairt-g—-
to which the materials constituting the cracking tube are subjected. In '
particul ar, the mean inside diameter of t%e cracking tube car

about 250 mm Advant ageously, the cracking tube may have an inside dianeter
that varies along its length as described in French patents FR-A-2 600 677

and FR A-2 600 641 | naPGRHE Blmerd'aré 1éd ity atasubstaitianp eofistant flow f or m

of a coil constituted b succession: o ht |1 ne seghents
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"~ the gaseous mixture. _
A mixture of liquid hydrocarbons and steam is caused to flow

along this cracking tube. The liquid hydrocarbons are constituted by a
naphtha having a relative density of 0.717, having an ASTM distillation gap -
of 44/165°C, and having the following composition by weight: 32.74% linear
paraffins, 30.95% branching paraffins, 28.80% cycloparaffin compounds,
and 7.51% aromatic compounds. The composition of the mixture of naphtha
to the quantity of steam is four. Thus, naphtha is injected into the cracking
tube at a flow rate of 3700 kg/h while steam is injected therein at a rate of
925 kg/h.

‘The cracking temperature of the mixture of naphtha and steam is
570°C at the entry to the radiation zone of the furnace and rises to 810°C at
the exit therefrom. At the outlet from the furnace, the pressure of the
mixture is 170 kPa. The mean transit time of the mixture of naphtha and
steam flowing along the cracking tube between the entry to and the exit
from the radiation zone of the furnace is 900 ms. |

Under such conditions, the following quantities of various
substances are produced per hour: 752 kg of ethylene; 598 kg of propylene;
102 kg of isobutene; 157 kg of butadine; and 186 kg of ethane, and the
maximum skin temperature to be measured is 880°C.

For two days, the feed to the bumers was modified so as to feed
them with 1750 kg/hour of a new mixture of gases comprising, by volume,
75% methane and 25% hydrogen. Under the new conditions, the yield and
the efficiency of the furnace were not changed and it was observed that the
cracking tube vibrated due to the waves generated by the vibrations of the
flames of the burners. Such vibration of the cracking tube removes a
fraction of the coke that has previously been deposited on its inside wall,
and at the end of the two days this was manifested by new maximum skin
temperatures lower than before and of the order of 950°C.
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pressure wave generator may he a V|brat|n menbr ane, such a$

mechani cal |ink. The source of vibrations may be a vibrati n%
\
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t hat of a

| oudspeaker, a siren, or a fo hor The &Qcitati on nmeans may
constltut ed by t[“zllgmlm'ﬁ E

means for. gener

generator neans may be a periodic
the fuel feed outlet and actuated by neans of a vibrating pot.

d.l oOU uc

flow of fuel feeding it. This pul se

mta wi t h each burner being equi pped with
| ly- cPAIMS Ng shutter, serving to shut

Figures 1 and 2 are diagrans showi ng two different sections of a steam
cracking furngce. Metﬁbaudsﬁ' nﬁamﬁaetuhnmgprtwd:rnmoreild@moalapmdlmtlnon

t hrough a hori tal st ea r Ckl n Ak er mal
encl osure 1 tH¥ Z"Ha& %ﬁ@@y%ﬁ%bﬂg O?élﬁgr%oseg&ﬁ{ﬁtt?h
formof a coi |ﬂdmd'slde)aoﬁube|®bposw irz arradiationrzangnhof geémqes the method
being characterized in that at least a portion of the tube is subjected to
vibration, for the purpose of limiting the deposition of reaction by-products

on the inside wall of the tube.

2. Method according to claim 1, characterized in that the tube is
vibrated at a frequency lying in the range 50 Hz to 2000 Hz.

3. Method according to claim 1, characterized in that the vibration
of the tube is transverse.

4. Method according to claim 1, characterized in that the vibration
of the tube is caused by a mechanical vibration source.

5. Method according to claim 1, characterized in that the vibration
of the tube is caused by a pressure wave. '

6. Method according to claim 1, characterized in that the chemical
reaction is a thermal cracking reaction of dicholoro—-1,2 ethane.

7. Method according to claim 1, characterized in that the chemical
reaction is a cracking reaction performed on a mixture of hydrocarbons and
steam. _ :

8. Apparatus for performing the method according to any one of

claims 1 to 7, the apparatus being constituted by furnace comprising a
radiation thermal enclosure provided with heater means constituted by
burners, the enclosure having at least one tube passing therethrough, the
apparatus being characterized in that it is provided with at least one
excitation means capable of generating vibration in at least a portion of the

tube. :

9. Apparatus according to claim 8, characterized in that the
excitation means is a mechanical vibration generator linked to the tube.

10. Apparatus according to claim 8, characterized in that the
excitation means is a pressure wave generator.

11. Apparatus according to claim 8, characterized in that the furace

is a steam cracking furnace.

T]ns Sheet Has Been Replaced

e




B

- ' - REPLACEMENT SHEET
i nterconnected by bends, the sections 2 to 9 having a nean ingi ge~dramreter—
ot 108 mm The entry and the exit of 't he ‘Eracki ng tube into and fr,i) rﬁé\?
radi ati on thermal encl osure are respectively referenced 10 and 11 Ey~ 1996
- steam cracki ng furnace conprises a radiation thernmal enclosure

]

provi ded with heating means constituted- b]édburners di sposed i rows on the
wal | s of the enclosure. The disposition, j ust nent —

METHOD OF MANUFACTURING CHEMICAIL PRODUCTS

ABSTRACT

The present invention relates to a method of manufacturing one or more
chemical products in which a chemical reaction is performed by causing
one or more reagents to flow along the inside of a tube disposed in a
radiation zone of a furnace. In the method, at least a portion of the tube is
subjected to vibration, for the purpose of limiting the deposition of reaction
by-products on the inside wall of the tube. More particularly, the tube can
be vibrated at a frequency lying in the range 50 Hz to 2000 Hz. The
invention also provides apparatus for performing the method of the
invention, which apparatus comprises a furnace including a radiation
thermal enclosure through which at least one tube passes, which tube is

‘ provided with at least one excitation means suitable for generating tube
vibration.

"™ . This Sheet Has Been Replaced
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and/ Or size of the burners inside the thermal enclosure are suc EPLAGEMENT SHEE

VI brations of the flames of the burners produce a system of prefs WaveS

i nside the radiation thermal enclosure. Figure 2 is a diapr 61%
the radiation enclosure 1 of a steamcracking furnace in a crosg- : ?h?# %
contai ning burners. Each of the walls 12 d 13 is fitted with [ikewows—of
burners 14. The figure shows only one burner per row. The foI I ovm ng

exanpl e i || ushrysTaEeD tAND me'ms anamnmcmmc CHEBKAME| ERODUCTS
takes place in a s agﬁ%%‘ [ATO TR AT Lol c Qﬁgd glgom}m@lh@gfragg%bcal ly

in Figure 1. which nprises ara ermal enclosure 1 nade
of fire bricker mmetﬂemﬁmhpobdla:tsm@ngmga# MF%I”&BFM BBat &§ i nsi de

di rensi ons Of pJnrbinBR iGksad ) chee.! Oft presentOiBenbish dhbo pRBdidesSS Min

hei ght. A cral I'ng tube made of refrac st eel based on_nic and
chrom um havi R@%Wﬁﬁﬁéﬁcﬁuéﬂ%tbé'rao?“ﬁ%g FAF impdementipe ty B ﬁ’@gs of 8 nm
is placed inside the ﬂlﬁh&ﬁutﬁaﬂchﬁﬁtagl pedctites Taneopetfeneddwbige and

the thermal siresses of the (UGS dSiIéRR 08 1R 'BhbedsRth hoohdP

along a tube malntalned at high temperature and disposed inside a

radiation zone of a furnace. More particularly, for manufacturing

. olefins, in particular ethylene, propylene, or isobutene, it is known
that a steam cracking reaction of liquid or gaseous hydrocarbons can
be performed in furnaces having an outlet temperature generally lying
in the range 750°C to 880°C. In that method known as "steam
pyrolysis;'or "steam cracking”", a mixture of hydrocarboqs and steam
flows aloﬁg a cracking tube so disposed in the form of a coil in a
furnace as to pass through a radiation zone of the furnace. All of
these chemical reactions are usually performed in modern furnaces
that generally comprise a heater device constituted by burners
disposed on the baseplate and/or on the inside walls of the furnace.
The thermal heating power of the burners is advantageously
distributed along the tube so that the reagents of the reactions are
subjected to a temperature that increases along the tube from a
temperature at the inlet to the'radiation zone to a temperature at
the outlet from said zone.

When the tube is maintained at high temperature, it is
importéht to monitor accurately the temperature of its outside
surface, referred to as.the "skin temperature". Given the thermal
stresses on the tube and given that it is generally desirable to
avoid premature aging of the tube, the thermal heating:bower of the
burners is adjusted so that the skin temperature as measured at any
point on the tube is always less than a limiting skin temperature.

The limiting skin temperature is a technical characteristic of
the tube and depends greatly on the desired lifetime for the tube and
on the nature of the metal or the alloy frem which the tube is made.
When hydrocarbons are being subjected to a steam cracking reaction,
the limiting skin temperature generally lies in the range 1050°C to
1110°C.
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meters between its entry into the enclosure and its exit thefe

gracking tube is disposed in the formof a coil conprising eijgiit acqual

| engt h horizontal straight segnments which are interconnectedj}b g%ﬂd€t81ﬁﬁ3
10 . 108 mm
IS provided

i nside dianeter of the straight segnents is constant and equdl
The radiation thermal encl osure of the ste&am cracki ng=furnac
with burners disposed on the walls of the enclosure in five
gnd si t uat eg at egmhtcﬁlﬁhames-eapabhs pEr€oimedt ima pobesubfen |feom dheof
urners is distri ed uni fQr 1,.SAk i r : : t he
burners are f&RPY ?gé”ﬂg‘i/“é‘t Og 5?&%‘5%3%’%?39‘%%%&3% %‘%v(\l/e?%?g egf&ll%g%
kg/ hour of fuensideleoalb off the JubeouThus x white PeRfANmIng ¢ tean,IRackie AR
methane, and HQ-Sdanihd!Tenbi! B0GkertNIC plRY1 U i yaukierd kR QeOR1rgd
100[err]C and I'n SJF Iclent quantity to ensure good comqusjion_ of th '
gaseous mi xt urtemperature gAsphigh,apd(Rt hefithe I‘F;F&Fg:t'?ﬁr GBRR 1§n%e‘§ta§a?nhil caused
to flow al ong fafes theafddmadidn!be. a Waget icfutokeparthpaihside of echeoersicking ed

by tube, and this occurs in spite of the turbulent flow of the mixture

of hydrocarbons and steam. Deposits of by-products are particularly
troublesome since they significantly limit the transfer of heat
through the wall of the tube. Thus, in order to maintain a constant
reaction temperature, it is observed that it is necessary to increase
the heating power delivered by the burners as the thickness of the
layer of.by-products increases, thereby_increasing the energy
consumed'b& the furnace. In addition, because of the increase in the
heat power delivered by the burneré. the skin temperature of the tube
is observed to increase.

This phenomenon is particularly detrimental since the more the
deposits of by-products increase, the more difficult or even
impossible it becomes to keep to a skin temperature below the
limiting skin temperature, if it is desired to perform the reaction
with yield and efficiency that are sufficient. Under such
conditions, it is necessary to stop the reaction on a regular basis
in order to remove the deposits of by-products. In the particular
case of a steam cracking reaction, such removal is performed by a
decoking operation on the cracking tube. This operation consists in
'causiné-a mixture'of air and steam to flow inside the cracking tube
while the tube is kept at a temperature that is high enough to make
it possible to burn off and remove all of the coke that is present.
In practice, it is observed that a decoking operation fhkes a
relatively long period of time, with the total time required being
close to 24 hours, and that it is nevertheless desirable to decoke a
tube at a high frequency, usually close to once every two or three
months. |

Given that the chemical reactions are generally performed in
installations of large size, the stops required for removing the
layers of by-products from the inside of a tube give rise to a

significant loss of production. Thus, numerous studies have been



10 a naphtha having a relative density of 0.717, having an gEIBLACEMENT SHEET :
distillation gap of 44/165[err]C, and having the followi ng c osition b
wei ght: 32.74% | inear paraffins, 30.95% branching paraffins, g &% FEB ¥993
cycl oparaffin conpounds, and 7.51% aronati c conpounds. The c sition of
the m xture of naphtha and steam as used 3s such that-the ratf o By wei ght
of the quantity of naphtha to the quantity of steamis four. {[hus, naphtha.

i s injected i pepfdrmed crverkthe]yearse bath anf & dwbordtoryfs@ii6Candybh #hi |l e st eam

is inj eCted tl}ﬁ&&ﬂé@i@i é%aiéuf%roéhe purpose of finding a method that makes it
possible to limit the deposition of by-products on the inside wall of
the tube. .

A method is known from US patent 4 368 677 enabling the
deposition of the by-products from a combustion reaction to be
prevented on the outside wall of a heat exchanger tube disposed in a
boiler with water flowing'inside the tube. According to that method,
a plurality of pulsed gas flows are used which deliver into the
boiler, a hot gas, heat, and soundwaves. In particular, a first
pulsed gas flow is used to produce a fuel constituted by particles of
uniform size. In addition, a second gas flow is directed against the
outside-wall of the heat exchanger, and preferably parallel to the

' tubes coﬁétituting the heat exchanger, so as to avoid vibration
thereof. ~Consequently, that method cannot be used to limit the
deposition of by-products on the inside wall of a tube in which a
chemical reaction is being performed.

In addition, document US-A-3819740 describes a method of
thermally cracking hydrocarbons in which ultrasound vibrations of
frequency.1 kHz - 800 kHz are applied to a mixture of hydrocarbons
and superheated steam flowing in a reaction chamber; the application
of the ultrasound vibrations serve to reduce the formation of coke
and increase the yield of the reaction.

A method of manufacture has now been found that enables a
chemical reaction to be'performed inside a tube disposed in the
radiation enclosure of a furnace while avoiding the above-mentioned
drawbacks. In'particular, it enables the deposition of by-products
on the inside wall of the tube to be limited, sufficiently to avoid
the need to stop the chemical reaction and without chaﬁging its
efficiency and/or its yield. In addition, the method of the
invention can easily be adapted to industrial installations that are
already in existence.

Firstly, the present invention provides a method of
manufacturing one or more chemical products in which a chemical
reaction is performed by causing one or more reagents to flow inside
a tube in which at least a portion of the tube is subjected to
vibration, for the purpose of limiting the deposition of reaction by-
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925 kg/ h. The cracking tenperature of the m xture of nppphtha and
steamis 570[err]C at the entry to the radiation zone of the f Q?Cq:r@@bgﬂ
rises to 810[err]C at the exit therefrom At the outlet fro ur

the pressure of the mxture is 170 kPa. The nean transit ti of—i-he
m xture of naphtha and steam fl owi ng al ong the cracking tubel between the

-

entry to and the exit fromthe radiation zone of the furnace 15 900 5.
Under such conpitdductss ont the finsidewwall gf@arhe tukes ohe wethed deinhst ances are

produced per 73%5&{&525& (Qf t§£@¥h§g¢%bégﬁo§gl§ftrm%¥§@npand1:92 th8t @hig

| sobut ene; but adi et hane, and the maxi mum skin
t enper at ur e totuh? h%dbé?@ﬁﬁdl Sng@G[%rqﬂF@ti°n zonergf %\fﬂ“%%ﬁ?s, the feed to

the burners was nodif icgd m°e.Q;h6§ d£0 the aeviMaBh W 1t id TSf3ekeid10us smb;acmne

m xture of gases conprisin vol une, . 75% and 25% [ th
condi tions, th&bg EP d’laﬁﬁt"?’ﬁe %flltl 15 e t? mf‘ﬁr'ﬁ‘&cg Rlél;g ge‘??'anggdnew

and it was obsgrodadtd lbatitshensideckallg t Ddelovtlipisat eise dube tiz vilratedes a
generated by the viPratkolts a%frdfindy dYBSe Qb L rRM8ESH, BUCIbOS 15 2h8" OF
preferably lying in the range 100 Hz to 1000 Hz.

The transverse vibration of the tube may be such that at least
one point of the tube vibrates with an amplitude (i.e. the .
displacement of said point between its two extreme positions) greater
than 10°% and preferably greater than 10“‘timeé the inside diameter
of the fube. However, it is preferable for the vibration amplitude
of all oé'the points of the tube to be not too great in order to
avoid premature reduction in the mechanical properties of the tube
which could give rise to the tube breaking or to its fixings
breéking. In addition, the transverse vibration of the tube may be
performed at a resonant frequency of the tube. Under such
circumstances, the transverse vibration of the tube is characterized
by deformation that includes vibration nodes at which the
displacement amplitude is zero and vibration antinodes at which the
amplitude is at a maximum. The positions of the nodes and of the
antinodes may be changed several times during the method by selecting
vibration at different resonant frequencies.

In the method of the invention, the deposition of by-products
on the.inside wall of the tube may partially or totally avoid by-
products being deposited. or may partially of totally eliminate
deposits that already exist. The tube may be vibrated at isolated
moments in time or intermittently. Under such circumgfances, the
method is adapted more to eliminating existing deposits. The tube
may also be vibrated continuousl&, in which case the method is
adapted more to avoiding deposition.

The tube may be caused to vibrate by any means. In particular,
it may be caused to vibrate by a source of mechanical vibrations. In
addition, given that the radiation zone generally does not operate in
a vacuum, and that it therefore contains a mixture of gases, the tube

may also be caused to vibrate by a pressure wave outside the tube.
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t he cracking tube renoves a fraction of the coke that has preyipusly been
deposited on its inside wall, and at the end of the two days fh s(]vgasfﬁ]g-‘m
mani f ested by new maxi num skin tenperatures | ower than beforejaphd of the
order of 950[err]C. 1 —tAtNM—t—
A met hod of manufacturing one or nore chémical products in whjch a-

The wave may propagate in any direction. In particular, it may
propagate in a direction parallel or substantially parallel to the

‘ tube or in a direction perpendicular or substantially perpendicular
to the tube. Furthermore, the pressure wave may be a standing
pressure wave established outside the tube in the radiation zone.
The standing wave is characterized by the fact that pressure nodes
and antinodes are formed in the radiation zone having positions that
depend on the wavelength of the standing wave. Advantageously, when
the direction of the standing wave is perpendicular to the direction
of the tube, a wavelength is selected such that a pressure antinode
lies in the vicinity of the tube, thereby significantly increasing
the efficiency of the method. '

Given that the radiation enclosure of the furnace is provided

" with burhérs. the gas mixture contained in said enclosure comes, in
part, from the combustion gases from the various burners. With
certain dispositions of the burners on the walls of the radiation
enclosure and/or with certain compositions of the fuel feeding the
burners, the invention also provides for the vibrations of the flames
of said burners generating pressure waves to be sufficient for .
vibrating -the tube so as to limit the deposition of by-products.

The present invention is based on the surprising discovery that
vibration of the tube makes it possible to considerably limit the
deposition of by-products on its inside wall without otherwise
changing the conditions of the chemical reaction, and in particular
its efficiency. Surprisingly, it has also been observed that the
tube can be vibrated with practically no premature aging thereof, and
in particular with practically no premature reduction in its
mechanical properties. The advantage of the method lies essentially
in a major reduction in the frequency at which operatiéns need to be
performed to eliminate'deposits of by-products using means other than
those implemented in the known methods.

By virtue of the method of the invention, any chemical reaction
normaliy performed in a tube can be performed. The reaction may be
performed in the liquid phase or in the gaseous phase and the
reagents may flow inside the tube with a laminar flow or with a
turbulent flow, and the flow is generally continuous. The reaction
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chem cal reaction is performed by causing one or nore reagents
inside a tube in which at | east a portion of the tube is set intg
transverse vibration for the purpose of limting the deposition ¢f Or%aﬁrﬁﬂdg%
by- products on the inside wall of the tuge, t he met hod bei ng chalacterized
in that said vibration is transverse, and in that said tube isjdi sposed in

a radi ation zone of-a furnace. 2/ A method according to cl ai fads—i-a—whi-eh—
sai d transver sempérhtuaie eay ilie¢ ains partiyubmnnsn ofhearangeh 00 ‘Cako 067 @t iand

source connec / e.by of ag} | gHgecOr by nmeans of
a pressure sohﬁ%\/\g\%&r&g{‘%@i %Eemtfgg%{%ilget%hggt?%bgb&% §%’%ﬁmgt hod accordi ng
~toclaiml or 2, cHes sbeeidaletedatiommayabe lactherugl mpacktie spagtient ube is
‘vibrated at apifRAHEdGh viiiddsidrghhfc sabdnels Hankd 0’ BRftidalar on

dicholoro-1,2 ethane for the purpose of obtaining vinyl chloride.

The method is particularly adapted to cracking a mixture of
water and hydrocarbons, i.e. to a so~called "steam cracking"
reaction, as performed in a cracking tube disposed in the reaction
zone of a cracking furnace. Under such circumstances, to perform the
method, the cracking temperature increases along the cracking tube
from its point of entry into the radiation zone of the furnace up to
its point of exit therefrom, i.e. in the flow direction of the
reactioﬁ mixture. In particular, the cracking temperature of the
mixture of"hydrocarbons and steam lies in the range 500°C to 700°C
and preferably in the range 550°C to 660°C at the inlet to the
radiation zone of the furnace, while at the outlet therefrom it lies
in the range 800°C to 880°C, and preferably.in the range 810°C to
860°C, with the increase in the cracking temperature along the tube
being of any kind, e.g. uniform, or else as described in French
patents FR~A-2 600 665 and FR-A-2 600 667. Furthermore, the mixture
of hydrocarbons and steam is generally subjected to preheating prior
to being admitted into the radiation zone of the furnace, said
preheating being performed by any known means, in particular in a
convection heating zone of the furnace. The mean transit time of the
hydrocarbon and steam mixture flowing along the tube between its
entry into and exit from the radiation zone generally lies in the
range 300 milliseconds (ms) to 1800 ms, and preferably lies in the
range 400 ms to 1400 ms. The composition of the hydrocarbon and
steam mixture is such that the ratio by weight of the dﬁantity of
hydrocarbons to the quantity of steam lies in the range 1 to 10, and
preferably lies in the range 2 to 6.

In the steam cracking method, it is equally possible to make
use of liquid hydrocarbons or of gaseous hydrocarbons. The liquid
hydrocarbons may be selected from naphtha which is made up of
hydrocarbons having about 5 to 10 carbon atoms; light gasolines made
up of hydrocarbons having about § to 6 atoms of carbon, gas oil

constituted by hydrocarbons having about 8 to 15 atoms of carbon, and
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4/ A method according to any one of clains 1 to 3, characteri +—ttrat

t;he transverse vibration is a deformati on of the tube that indl yd n

and anti nodes whose positions are changed several tinmes durin thgfge?%EQBBS
5/ A nmethod according to claim2, characterized in that the chanical

vi bration source is disposed outside the #adiation zone of thg furnace.

6/ A nmethod according to claim2, characterized in that the pr
i s propagat ed mirtwresi theoebdHn Thins mant alsol be peed cind méxtunest Withhsaturgsed 7/

A met hod accorgdlng, b euflidl Myar8larbons Hafik & £5! dtBnd B chdi®n. The
gaseous hydrocarbons may be alkanes having 2 to 4 atoms of carbon
and/or methane and/or alkanes having 5 or 6 atoms of carbon. In

particular, it is possible to perform a steam cracking method on
natural gas, on liquefied petroleum gas (LPG) or on ethane which is a
secondary product derived from the steam cracking of liguid
hydrocarbons such as naphtha or gas-oil.

The present invention alsoc provides apparatus for implementing
the above-described method. This apparatus is constituted by a
furnace comprising a radiation thermal enclosure fitted with heater
means constituted by burners and through which at least one tube
passes Qhere one or more reagents flow, the apparatus being
charactefized in that it comprises a mechanical vibration source
connected to the tube by means of a mechanical link, or by means of a
pressure soundwave established outside the tube and directed in a
direction substantially perpendicular to the tube so as to cause a
transverse vibration in at least a portion of the tube in order to
limit the deposition on its inside wall of by-products obtained
during a chemical reaction performed inside the tube.

The apparatus of the invention may be constituted by a furnace
including at least one tube disposed in its radiation thermal
enclosure. The mean inside diameter of the tube generally lies in
the range 20 mm to 200 mm and preferably lies in the range 30 mm to
150 mm, the tube having a wall thickness lying in the range 3 mm to
15 mm and generally being constituted by a straight segment or by a
plurality of straight segments that are interconnected, in particular
by bends. The furnace is adapted to the chemical reaction performed.
In particular, when the method is used for performing é'steam
cracking reaction, the furnace must be a stean cracking furnace which
comprises a radiation thermal enclosure through which at least one
cracking tube passes in the form of a horizontal or vertical coil.
The cracking tube generally has a ratio of lenéth to mean inside
diameter lying in the range 30 to 1500, and preferably lying in the
range 300 to 1000. In particular, the mean inside diameter of the '
cracking tube is preferably equal to or greater than 100 mm, such
that the mean transit time of the reaction mixture in the cracking
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pressure wave is generated by the vibration of the flanes of ners

di sposed in the radiation zone of the furnace. 120€

met hod according to claim7, characterized in that the burners|jafe"f (f@/ises
o, VAT - V-

means of a fuel capabl e of causi ng the fl'ames of said burners
' 8 _ -

tube can be relatively large and such that the head losses in the
mixture flowing along the cracking tube can be small. Nevertheless,
the mean inside diameter and the length of the tube should remain
within ranges of values that are compatible with the thermal and
mechanical constraints to which the materials constituting the
cracking tube are subjected. In particular, the mean inside diameter
of the cracking tube cannot exceed about 250 mm. Advantageously, the
cracking tube may have an inside diameter that varies along its
length as described in French patents FR-A-2 600 677 and

FR-A-2 600 641. In practice, the cracking tube is disposed in the
form of a coil constituted by a succession of straight line segments
interconnected by bends.

The.means for exciting the apparatus of the invention may be a
mechanicﬁl'vibration generator disposed inside or outside the

. radiation zone of the furnace and connected to the tube by means of a
mechanical link. The source of vibrations may be a vibrating E
machine.

The excitation means may alternatively be a pressure wave
generator, and in particular a soundwave generator. When standing
pressure waves are generated, the walls of the radiation zone serve
to reflect waves. The pressure wave generator may be a vibrating
membrane, such as that of a loudspeaker, a siren, or a foghorn. The
excitation means may also be constituted by one or more burners, with
each burner being equipped with means for generating pulses in the
flow of fuel feeding it.  This pulse generator means may be a
periodiéally-operating shutter, serving to shut the fuel feed outlet
and actuated_by means of a vibrating pot.

Figures 1 and 2 are diagrams showing two different sections of
a steam cracking furnace. -

Figure.l is a longitudinal diagrammatic section through a
horizontal steam cracking furnace comprising a radiation thermal
enclosure 1 through which a cracking tube passes, being disposed in
the form of a coil made up of eight horizontal straight segments
interconnected by bends, the sections 2 to 9 having a mean inside
diameter of 108 mm. The ehtry and the exit of the cracking tube into
and from the radiation thermal enclosure are respectively referenced

10 and 11. This steam cracking furnace comprises a radiation thermal
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9/ A nethod according to claim7, characterized in that vibrat
f.l ames of the burners is obtained by pulses in the flow of fue egcﬁ ngérﬁgs
bur ners. 10/ A nmethod according to claim9, characterized injtha

A

fuel feed outlet of the burners is periodically closed. 11/ thaod
according to any one of clainms 1 to 10, cHaracterized'in that pt |east a
portion of the tube is vibrated at isolated nonents in tinme of ; o

intermttent| yenclobdte provideadwhCRé4Hing dicundNgon3BEtedChbyibubndrst didfbsed

ggﬁ{ ?ﬁLngslzgd O'&xg rz:[o?n? J:,Péla hé ewaai&s %f‘p gtru;f Ie(r)un:lgsfurtehe ’Ithgbgislp%s:}./tl:i rn?t a?c%ustment.
and/or size of the burners inside the thermal enclosure are such that
the vibrations of the flames of the burners produce a system of
pressure waves inside the radiation thermal enclosure.

Figure 2 is a diagram showing the radiation enclosure 1 of a
steam cracking furnace in a cross-section containing burners. Each
of the walls 12 and 13 is fitted with five rows of burners 14. The
figﬁre shows only one burner per row.

The following example illustrates the present invention.

EXAMPLE 1 '

Operation takes place in a steam cracking furnace such as that '
shown diggrammatically in Figure 1, which furnace comprises a
radiation thermal enclosure 1 made of fire bricks, in the form of a
rectanguihr parallelepiped having inside dimensions of 9-75 meters
(m) in length, 1-70 m in width, and 4-85 m in height. A cracking
tube made of refractory steel based on nickel and chromium having an
inside diameter of 108 mm, and a wall thickness of 8 mm is placed
inside the enclosure 1, and given the size of the enclosure and the
thermal stresses of the furnace, the tube has a total length of 80
meters between its entry into the enclosure and its exit therefrom.
The cracking tube is disposed in the form of a coil comprising eight
equal length horizontal straight segments which are interconnected by
bends. The inside diameter of the straight segments is constant and
equal to 108 mm. '

The radiation thermal enclosure of the steam cracking furnace
is provided with burners disposed on the walls of the enclosure in
five horizontal rows and situated at equal distances apart. The
heating power of the set of burners is distributed uniformly between
said five rows.

All of the burners are fed firstly at a substantially constant
flow rate of 1750 kg/hour of fuel made up of a gaseous mixture
comprising 90% by volume methane, and 10% by volume hydrogen,
together with air preheated to 100°C and in sufficient quantity to
ensure good combustion of the gaseous mixture.

A mixture of liquid hydrocarbons and steam is caused to flow
along this cracking tube. The liquid hydrocarbons are constituted by
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' weight: 32-74% linear paraffins, 30-95% branching paraffins, 28-80%

cycloparaffin compounds, and 7-51% aromatic compounds. The

composition of the mixture of naphtha and steam as used is such that
the ratio by weight of the quantity of naphtha to the quantity of
steam is four. Thus, naphtha is injected into the'cracking tube at a
flow rate of 3700 kg/h while steam is injected therein at a rate of
925 kg/h.

The cracking temperature of the mixture of naphtha and steam is
570°C at the entry to the radiation zone of the furnace and rises to
810°C at the exit therefrom. At the outlet ffom the furnace, the
pressure_pf the mixture is 170 kPa. The mean transit time of the
mixture 6? naphtha and steam flowing along the cracking tube between
the entr§'to and the exit from the radiation zone of the furnace is
900 ms. '

Under such conditions, the following quantities of various
substances are produced per hour: 725 kg of ethylene; 598 kg of
propylene; 102 kg of isobutene; 157 kg of butadine; and 186 kg of
ethane, and the maximum skin temperaturé'to be measured is 990°C.

For two days, the feed to the burners was modified so as to
feed them with 1750 kg/hour of a new mixture of gases comprising, by
volume, 75% and 25% hydrogen. Under the new conditions, the yield
and the efficiency of the furnace were not changed and it was
observed that the cracking tube vibrated due to the waves generated
by the';ibrations of the flames of the burners. Such vibration of
the cracking tube removes a fraction of the coke that has previously
been deposited on its inside wall, and at the end of the two days
this was manifested by new maximum skin temperatures lbﬁer than
before and of the order of 950°C.
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CLAIMS _

1/ A method of manufacturing one or more chemical products in which a
chemical reaction is performed by causing one or more reagents to
flow inside a tube in which at least a portion of the tube is set
into transverse vibration for the purpose of limiting the deposition
of reaction by-products on the. inside wall of the tube, the method
being characterized in that said vibration is transverse, and in that

said tube is disposed in a radiation zone of a furnace.

2/ A method according to claim 1, in which said transverse vibration
is caused by means of a mechanical vibration source connected to the
tube by means of a mechanical link, or by means of a pressure

soundwabe_established outside the tube.

3/ A method according to claim 1 or 2, characterized in that at least
a portion of the tube is vibrated at a frequency lying in the range
50 Hz to 2000 Hz.

4/ A method according to any one of claims 1 to 3, characterized in
that the transverse vibration is a deformation of the tube that
includes nodes and antinodes whose positions are changed several

times during the method.

5/ A method according to claim 2, characterized in that the
mechanical vibration source is disposed outside the radiation zone of

the furnace.

6/ A method according to claim 2, characterized in that the pressure
wave is propagated in a direction substantially perpendicular to the
tube.

7/ A method according to claim 2 or 6, characterized in that the
pressure wave is. generated by the vibration of the flames of burners

disposed in the radiation zone of the furnace.
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the flames of the burners is obtained by pulses in the flow of fuel

feeding the burners.

10/ A method according to claim 9, characterized in that the fuel

feed outlet of the burners is periodically closed.

11/ A method according to any one of claims 1 to 10, characterized in
that at least a portion of the tube is vibrated at isolated moments

in time or intermittently.

12/ A method according to any one of claims 1 to 10, characterized in

that at least a portion of the tube is vibrated continuously over

time.

13/ A method according to any one of claims 1 to 12, characterized in

that the chemical reaction is a cracking reaction of dicholoro-1,2

ethane.

14/ A method according to any one of claims 1 to 12, characterized in

that the chemical reaction is a cracking reaction performed on a

mixture of hydrocarbons and stean.

15/ A method according to any one of claims 1 to 14, characterized in

that the tube is vibrated transversely so that at least

one point of

the tube vibrates with an amplitude greater than 10~ times the

inside diameter of the tube.

16/ A method according to any one of claims 1 to 15, characterized in

that the tube is vibrated transversely at a frequency lying in the

: range 100 Hz to 1000 Hz.
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18/ Apparatus for manufacturing one or more chemical products, the
apparatus being constituted by a furnace coﬁprising a radiation
thermal enclosure provided with heater means constituted by burners,
the enclosure having at least one tﬁbe passing therethrough where one
or more reagents flow, the apparatus being characterized in that it
comprises a mechanical vibration source connected to the tube by
means of a mechanical link, or by means of a pressure soundwave
established outside the tube and directed in a difection_
substaniially perpendicular to the tube s0o as to cause transverse
_vibratioﬂ;in at least a portion of the tube and thus limit deposits
on the inside wall of the tube.

19/ Apparatus according to claim 18, characterized in that the tube
is a cracking tube have a mean inside diameter lying in the range
100 mm to 250 mm.

20/ Apparatus according to claim 18 or 19, characterized in that the
mechanical vibration source is disposed outside the radiation thermal

enclosure.

21/ Apparatus according to any one of claims 18 to 20, characterized

in that the mechanical vibration source is a vibrating machine.

22/ Apparatus according to claim 18 or 19, characterized in that the

pressure wave is generated by a vibrating membrane.

23/ Apparatus according to claim 18 or 19, characterized in that the
pressure wave is generated by one or more burners of the radiation
thermal chamber.

24/ Apparatus according to claim 23, characterized in that the
burner(s) is/are fitted with means designed to generate pulses in the
flow of fuel feeding the burners.
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25/ Apparatus according to claim 24, characterized in that the pulse
generator means is a periodically-operating shutter, serving to shut

the fuel feed outlet of the burners.

26/ Apparatus according to any one of claims 18 to 25, characterized
in that the furnace is a steam cracking furnace designed to crack a

mixture of hydrocarbons and stean.

27/ Apparatus according to any one of claims 18 to 25, characterized
in that the furnace is a thermal cracking furnace for dicholoro-1,2

ethane.
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A METHOD AND APPARATUS FOR MANUFACTURING CHEMICAL PRODUCTS

ABSTRACT

The present invention relates to a method of manufacturing one or more
chemical products in which a chemical reaction is performed by causing
one or more reagents to flow along the inside of a tube disposed in a
radiation zone of a furnace. In the method, at least a portion of the tube is
subjected to vibration, for the purpose of limiting the deposition of reaction
by-products on the inside wall of the tube. More particularly, the tube can
be vibrated at a frequency lying in the range 50 Hz to 2000 Hz. The
invention also provides apparatus for performing the method of the
invention, which apparatus comprises a furnace including a radiation
thermal enclosure through which at least one tube passes, which tube is

provided with at least one excitation means su_itable for generating tube
vibration. '



