WO 967/ 26003 -1 - : PCT/EP95/01874 Description :
Apparatus and i ts-use for oxychl gri-hRator—beserpt+on " Oxychl ori nat.i op*~s—

taken to nmean the reaction of 5 et hyl ene with hydrogen chloride and

oxygen or an oxygen- containing gas, 1,2-dichloroethane (Eg%% belng7forned
. The hydrogWO 96003 de used in this case is customarily

—1-

Beschreibung
5 Vorrichtung und ihre Verwendung zur Oxichlorierung

Beschreibung

10 Unter "Oxichlorierung® wird die Umsetzung von Ethylen
mit Chlorwasserstoff und Sauerstoff oder einem
sauerstoffhaltigen Gas verstanden, wobei
1,2-Dichlorethan (EDC) entsteht. Als Chlorwasserstoff
wird hierbei @iblicherweise der bei der thermischen

15 Spaltung von EDC zu Vinylchlorid anfallende
Chlorwasserstoff genutzt.

Far die Oxichloriertng werden unter anderem
Katalysatoren eingesetzt, die auf staubfeinen Tragern

20 wie Aluminiumoxid Metallhalogenide, vorzugsweise
- Kupferchlorid, enthalten. Die Katalysatorteilchen haben
hierbei einen mittleren Durchmesser von etwa 50 pm und
bilden ein FlieBbett aus, das entweder nur von den
Reaktionsgasstrémen, gegebenenfalls mit '

25 Inertgasanteilen, oder zusatzlich von einem
Kreislaufgasstrom getragen wird. Bei diesem Verfahren
wird die Reaktionswidrme im FlieBbett verteilt und an
Kihlfldchen abgefihrt, wodurch eine gleichmiBige
Temperaturverteilung im FlieBbettreaktor erreicht wird.

30 Hierbei missen die Katalysatorteilchen eine hohe
Abriebfestigkeit besitzen. Diese Eigenschaft wird im
wesentlichen durch das Trigermaterial gegeben, wofar
neben dem bereits genannten Aluminiumoxid auch
Kieselsdure, Kieselgur oder Bimsstein eingesetzt
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t.he hydrogen chloride produced in-the thermal.-c~acking of EDC to give
vi nyl chl ori de. 10 For the oxychlorination use i-s made, inter alia, of
cata- lysts which contain netal halides, preferably copper chloride, on
dust-fine supP@9868dch as al unina. The catal yst particles inP

have a nean di aneter of about 50 [err]mand forma fluid bed, which is
ei ther 15 supported only by the reac%ion gas streans, if

werden. Bei ungeniigender Abriebfestigkeit werden die
Katalysatorteilchen zerrieben, insbesondere durch die
Gasstrahlen der Gaseinleitungévorrichtung, und der so
auftretende Katalysatortrigerstaub wird vom

$ aufwartsgerichteten Gasstrom aus dem
Oxichlorierungsreaktor ausgetragen. Hierdurch wird
nicht nur ein Katalysatorverlust bewirkt} sondern auch
eine erhdhte Abrasion in der Apparatur erzéugt.

10 Die Verwendung eines abriebfesten Trigermaterials
bringt andererseits einen verstiarkten Verschleif der
Gaseinleitvorrichtungen mit sich, der zu deren haufigem
Auswechseln fihrt, was einen erheblichen Aufwand und

zusdtzliche Xosten durch die Produktionsunterbrechung
15 bedeutet.

Neben der erforderlichen Abwagung zw;schen der
Stabilitdt der Katalysatorteilchen und der dadurch
bedingten Abrasion muf auch noch darauf geachtet

20 werden, da8 die Katalysatorteilchen nicht
agglomerieren, da hierdurch bedingte Verklumpungen zur
Stérung des FlieBbettes filhren. Die Folgen wiren eine
ungleichmdBige Temperaturverteilung im Flie8bett mit
entsprechend ungﬁnstigerer Reaktionsfithrung sowie

25 gegebenenfalls Verstopfﬁnggn an Engstellen in der
Apparatur, beispielsweise in Zyklonen zur
Staubabscheidung oberhalb des FlieSbettes oder in
Fallrohren zur Riackfihrung des Staubes aus diesen
Zyklonen in das FlieBbett. Diese Vg{klumpungsneigung

30 hdngt neben der Beschaffenheit des Katalysators und
seiner Verteilung auf dem Katalysatortriager
insbesondere von der Konzentration der Reaktionsgase im
FlieBSbett ab. |
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appropriate with portions of inert gas, or is additionally support ed

by -a—et++eut at ed -gas—st+eam—t n- +his—process, the neat of reaction is . P

distributed in the fluid bed and renoved at cooling surfaces, which
achi eves 20 a uniform tenperature distributionin the -
“reactor. IWOPHR0¥ase, the catal yst particles nust have a W&@ggi on
resi stance. This property is given essentially by the support material, for
whi ch, in ' 4 '

Aus WO 94/19099 ist eine Vorrichtung zur Oxichlorierung
bekannt, die gekennzeichnet ist durch einen Reaktor 1,
eine untere Begrenzung 2 fir einen FlieSbett-
Katalysator 3, eine Gaseinleitung (Verteilerrohr) 4,

5 die Disen 5 enthidlt, wobei die Disen 5 in Rohre 6
minden, die dem austretenden Gasstrom eine horizontale
Komponente in der Strémungsrichtung verleihen, und eine
Gaseinleitung 5 unterhaldb der Begrenzung 2.

10 Bevorzugte Ausfihrungsformen richten sich darauf, das
die genannten Rohre, in die die Disen minden, am Ende
Lenkvorrichtungen mit Austrittsdffnungen enthalten,
oder daf diese Rohre schriag nach oben oder in
horizontaler Richtung oder schrig nach unten 2eigen und

15 diese Rohre frei im Katalysétprbett enden, oder daB
diese Rohre beziehungsweisé die Austrittséffnungen
benachbarter Rohre so angeordnet sind, das die
ausstrémenden Gasstrahlen nicht frontal. ,
aufeinandertreffen und/oder nicht ein benachbartes Rohr

20 treffen. Weitere bevorzugte Ausfihrungsformen richten
-sich darauf, da8 durch die Begrenzung Rohre
hindurchgefihrt werden, in denen Disen unterhalb der
Begrenzung, aber oberhalb dem unteren Ende der
durchgefihrten Rohre angecrdnet sind, wobei

25 vorzugsweise diese Disen unterhalb der halben Lange der
betreffenden Rohre angebracht sind, insbesondere in der
Entfernung von etwa einem Durchmesser des Rohres vom
unteren Ende.

.

30 Es wurde nun gefunden, daf diese bekannte Vorrichtung
bei langem Betfieb und hohen Durchsidtzen, also hohen
Gasgeschwindigkeiten, in den Gaseinleitungsvorrichtungen
einen gewissen Abrieb aufweisen. Uberraschenderweise
wurde weiterhin gefunden, daB8 dieser Abrieb nicht oder
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addition t.o .,the alumna already nentioned, siligca, 25 ki esel guhr .or
“pumice are also used. |f the abrasion resistance is inadequate, the

catal yst ‘particles are crushed, in particular by the gas jets of the gas

i nl et appar at ugg 9eslod he catalyst support dust thus arising i cliEreersged
fromthe oxychlorination reactor by the 30 upwar ds-di rected gas stream
This not only causes a catal yst |oss, but also produces increased abrasion
in , -4 -

nur in erheblich verringertem Umfang auftritt, wenn die

~ Rohre, in welche die Diisen miinden, den austretenden
Gasstrom im wesentlichen entgegen dem Gasstrom fihren,
der den Katalysator in Form eines FlieBbettes h&lt.

Die Erfindung betrifft somit eine Vorrichtung zur

Oxichlorierung, gekennzeichnet durch

- einen Reaktor 1,

- eine untere Begrenzung 2 fir ein Katalysator-

10 FlieSbett 3, '

- oberhalb der Begrenzung'z und innerhald des
Katalysator-FlieBSbettes 3 eine Gaseinleitung
(Verteilerrohre) 4, die Gber den gesamten Querschnitt
des Reaktors 1 verteilt Disen 5 enthilt,

15 - wobel die Disen 5 in Rohre 6 minden, die den
austretenden Gasstrom im wesentlichen im Gegenstrom
zu dem Gasstrom fihren, der den xatalysator
fluidisiert und

- eine Gaseinleitung 7 unterhalb der Begrenzung 2.

20 ' :

Vorteilhaft wird die erfindungsgemdfe Vorrichtung so

ausgestaltet, daf der Anzahl von Rohren 8 die gleiche

Anzahl von Rohren 6 gleichmdfig iiber den Querschnitt

eines Reaktors 1 verteilt gegeniiber angeordnet ist.

25 Durch das Fluchten jeweils eines der Rohre 8 und 6 ist

.~ eine Zuordnung der Mengen miteinander reagierender Gase
aus den Rohren 8 und 6 in besonderem MaBe gegeben.

In einer anderen Ausfilhrungsform der erfindungsgemafen
30 Vorrichtung liegen sich eine gleiche anzahl von
Rohren 8 und 6 versetzt gegeniilber. Diese Geometrie
bewirkt eine méglichst geringe Erosion der Rohre 6
durch den aus den Rohren 8 aufsteigenden Gasstrom.

Weiters erreicht man mit dieser Anordnung, das8 die aus
35 '



the apparatus. The use of an abrasion-resistant support material; on the

ot he+—hard—s—acecorpant ed-by anr—irereaset—mear—of—ttre—2—gas" i nl et
apparatuses, which leads to their frequent

WO 96/26003 ' PCT/EP95/01874
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den Rohren 8 und 6 in das Katalysator-~FliefSbett 3
eintretenden Reaktanden sofort einem innigen Kontakt
nit dem Katalysator ausgesetzt sind. Dadurch wird die
gewinschte Reaktion in Richtung Bildung von EDC
beginstigt und Nebenreaktionen, wie zum Beispiel die
Verbrennung des Ethylens mit dem Sauerstoff,
zurickgedrangt. '

Eine weitere Ausfihrungsform dieser Vorrichtung last
fiir ihre Auslegung und Konstruktion grdBere Freiriume
zu. Hierbei ist die Anzahl der Rohre 6 von der Anzahl
der Rohre 8 verschieden. Wichtig ist aber auch hier die
méglichst gleichmisige Verteilung dieser Rohre iber den
Querschnitt des Reaktors 1. Diese Form ergibt die

.Méglichkeit, die Anzahl der Rohre 6 in einem

vorhandenen Reaktor zu veridndern, ohne zugleich die

Rohre 8 anzupassen, was einen hohen Aufwand bedeuten -
wirde.

Die Erfindung wird in dem folgenden Beispiel noch ndher

'erléutert.

Beispiel

Es wird eine Apparatur gemds Figur 1 verwendet. In
einen Reaktor 1 von 2,8 m Durchmesser und 26 m Hdhe
werden die auf 160 °C vorgewidrmten Reaktanden gasférmig
eingeleitet. Eine Mischung aus 5974 kg/h
Chlorwasserstoff und 1417 kg/h Sauerstoff strémt durch
die Gaseinleitung 4 dber die Disen 5 und die Rohre 6 in
das Katalysator-FlieSbett 3. Die Diisen 5 besitzen
verschiedene Durchmesser, damit eine méglichst
gleichmapige Gasverteiiung auf alle Disen 5 und somit

- e —————
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exchange, - t:his signifying considerable outlay—- and additional costs
owing to the interruption in production. In addition to the necessary

bal ance between the stabi- 5 lity of the catalyst particles and the
abrasi on causwbesmsoesby, it nust al so be further ensured that POTEPISNIE?4

| yst particles do not agglonerate, since agglonerates caused by this | ead
to di sturbance of the fluid bed. The consequences woul d be a nonuniform
tenperature distri- . -6 -

‘dber den Querschnitt des Reaktors 1 erreicht wird. Der
Durchmesser der Disen 5 vergrofert sich stromabwirts
der Gaseinleitung 4 von 8,6 mm auf 9,3 mm und weiter
auf 10 mm, um die verschiedenen Druckverluste entlang

5 der Gaseinleitung bis 2u den jeweiligen Diisen 5 zu
kompensieren. Die Rohre 6 mit einem Innendurchmesser
von 40 mm haben eine Linge von 300 mm. 2380 kg/h
Ethylen flieBen Gber die Gaseinleitung 7 und die
Rohre 8 mit den Disen 9 durch die untere Begrenzung 2.

10 Im Reaktor 1 befindet sich als Katalysator '
Kupfer-(II)-chlorid auf einem Aluminiumoxid-Trager in
der Form eines Katalysator-FlieSbettes 3. In dieses
FlieSbett werden die obengenannten Reaktanden
eingefihrt. 2ur Fluidisierung des FlieSbettes stromt

15 zusdtzlich ein Kreisgasstroh von 8780 kg/h Gber die
Gaseinleitung 7 und die Rohre 8 durch die untere
Begrenzung 2 in den Reaktor 1. Die oberen Enden der
Rohre 8 sind bindig mit der unteren Begrenzung 2. Der
Abstand zwischen dieser unteren Begrenzung und. den

20 unteren Enden der Rohre 6 betrdgt 400 mm. In diesem
Abschnitt werden die Reaktanden iber den
Reaktorguerschnitt verteilt, und es bilden sich
nischungszonen zwischen den einzelnen Reaktanden und
den Katalysator.'Ethylen und Kreisgas strémen im

25 Reaktor von unten nach oben. Auf diesenm Weg treffen sie
auf den Chlorwasserstoff und Sauerstoff und reagieren
unter Mitwirkung des vorhandenen Katalysators zu EDC
und Wasser. Die dabei auftretende Reaktionswarme von
238,5 kJ/mol wird tber das Katalysator-FlieBbett 3 an

30 die Kihlschlange 12 abgefithrt, in der Wasser bei 183 °C
verdampft. Die Reaktionstemperatur betridagt 225 °C bei
einem Uberdruck von 3,2 bar im Reaktor. Der Gasstrom am
Reaktorkopf, bestehend aus den Reaktionsprodukten und

dem Kreisgas, verldst den Reaktor 1 Gber drei Zykleone
35



10 butlon in the fluid bed with a correspondingly-less favorabl-e rfeaction
C OUL$8y—sie—POSSi-bly-—bl-eckages—at—pornts—of—comstriction in the .

apparatus, for exanple in cyclones for dust separation above the fluid bed
or in descender pipes for returning the dust fromthese 15 clones to
the fluid bW@96ME8 tendency to aggl oneration depends, in pﬁ?? ¥4 on
the concentration of the reaction gases in the fluid bed, in addition to

t he
-7-

zur weiteren Verarbeitung (nicht in der Figur

dargestellt). Die drei in Reihe geschalteten Zyklone

dienen zur Abscheidung des mitgerissenen

Katalysatorstaubes aus dem Gasstrom am Reaktorkopf
5 oberhaldb des Katalysator-FlieBbettes.
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properties of the catalyst and its distributi.on on the_natalyst,support; 20
EP- A-0 .,446 379 discloses a reactor for preparing [err]-[err]-_ unsaturated
nitriles, in the |Iower part of which there is provided a horizontally

arranged gas weewhesssct for an olefin or tertiary butyl al coh®CIEPS0ISTS
multiplicity of nozzles being arranged on the underside of the gas feed 25
duct, and also a further feed duct for an oxygen-contain

-8 -
Anspriiche

1. Vorfibhtung zur Oxichlorierung, gekennzeichnet durch
S - einen Reaktor (1),

- eine untere Begrenzung (2) fir ein Katalysator-
FlieBbett (3),

- oberhalb der Begrenzung (2) und innerhalb des
Katalysator-FlieBbettes (3) eine Gaseinleitung

10 (Verteilerrohre) (4), die Gber den gesamten .
Querschnitt des Reaktors (1) verteilt Disen (5)
enthdlt,

- wobei die Dasen (5) in Rohre (6) minden, die den
austretenden Gasstrom im wesentlichen im
15 Gegenstrom zu den éasstrom fihren, der den
Katalysator fluidisiert und "
- eine Gaseinleitung (7) unterhalb der
Begrenzung (2). '

20 2. Vorrichtung nach Anspruch 1, gekennzeichnet durch
durch die Begrenzung (2) hindurchgefiihrte Rohre (8),
in denen Diisen (9) unterhalb der Begrenzung (2},
aber cberhalb dem unteren Ende von (8) angeordnet
sind. 1

25 |

3. Vorrichtung nach Anspruch 2, dadurch gekennzeichnet,

dag die Dusen (9) in einem so grofen Abstand vom
oberen Ende der Rohre (8) angebracht sind, daB sich
die nach oben gerichtete Strémungsgeschwindigkeit

30 der Gasstrahlen aus den Disen (9) bis zum oberen
Ende der Rohre (8) Uber den jeweiligen Querschnitt
eines Rohres (8) vergleichmdfigt hat.

35
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ing gas which is arranged bel ow and parallel to the other gas feed"duct,

f he di stance betweepn the tw gas_feed ducis—beiag—25—t6 300 nm A di starce——
which is too short can |ead to damage of the gas feed ducts by nelting

owing to an unusual reaction, while If the distance is too 30 great the
olefin or wbeskéwsi ary butyl alcohol is not mixed suffici cPEIEPIHOIEM4t he
oxygen-cont ai ni.ng gas, which reduces the yield of nitrile.

-9-

4. Vorrichtung nach Anspruch 3, dadurch gekennzeichnet,
dad die Disen (9) in der Entfernung von etwa einem
Durchmesser der Rohre (8) vom unteren Ende der
Rohre (8) angebracht sind. |

5. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet,
daB die Linge der Rohre (6) so grec ist, daB sich
die nach unten gerichtete Strdmungsgeschwindigkeit
der Gasstrahlen aus den Disen (5) bis zum unteren

10 Ende der Rohre (6) iiber den jeweiligen Querschnitt
eines Rohres (6) vergleichmdsigt hat.

6. Vorrichtungen nach den Anspriichen 1 und 5,'dadurch
gekennzeichnet, das die Diisen (5) unterschiedliche
15 Durchmesser haben, damit die tber die
' Gaseinleitung (4) gefiilhrte Gasmenge gleichmidgig fiber
den Querschnitt des Reaktors (1) verteilt wird.

7. Vorrichtungen nach den Anspriichen 1 bis 6, dadurch
20 gekennzeichnet, daB der Raum zwischen den oberen
" Enden der Rohre (8) und den unteren Enden der
Rohre (6) eine Mischzone bildet, die so gro8
bemessen ist, daB einerseits die Vermischung der
Reaktanden mit dem Katalysator hier bereits
25 stattfinden kann und dad andererseits eine hohe
gegenseitige erosive Beanspruchung der
Rohre (4, 6, 8) sowie der unteren Begrenzung (2)
nicht mehr gegeben ist.

30 8. Verwendung der Vorrichtungen nach den Ansprichen 1
bis 7 fiir die Umsetzung von Ethylen mit
Chlorwasserstoff und Sauerstoff oder einem
sauerstoffhaltigen Gas 2zu 1,2-Dichlorethan.

35
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:3- GB-A-1 265. 770 discloses a reactor for fluid-bed reac- tions having a
distriputor plate in the lower part of the reactor; under the distributor
plate there is provided a gas feed duct and in the outer region next to the

WO 96/26003

react or
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- -1C-
GEANDERTE ANSPRUCHE

[beim Internationalen Biiro am 4. Dezember 1995 (4.12.95)

eingegangen urspriingliche Anspriche 1 und 7 gedndert;
alle weiteren Anspriche unverdndert (2 seiten)]

1. Vorrichtung zur Oxichlorierung, gekennzeichnet durch

einen Reaktor (1),

eine untere Begrenzung (2) fir ein Katalysator-
FlieSbett (3), ' |

oberhalb der Begrenzung (2) und innerhalb des
Katalysator-FlieBbettes (3) eine Gaseinleitung
(Verteilerrohre) (4), die iber den gesamten
Querschnitt des Reaktors (1) verteilt Disen (5)
enthilt, _

wobei die Disen (5) in Rohre (6) minden, die den
austretenden Gasstrom im wesentlichen im
Gegenstrom zu dem Gasstrom fihren, der den
Katalysator fluidisiert,

eine Gaseinleitung (7) unterhalb der

Begrenzung (2) und

durch die Begrénzung (2) hindurchgefihrte

Rohre (8), | _

wobei der Raum 2zwischen den oberen Enden der
Rohre (8) und den unteren Enden der Rohre (6) eine -
Mischzone bildet; die so grof bemessen ist, das
die Vermischung der jeweils aus diesen Rohren
austretenden Reaktanden mit dem Katalysator hier
bereits stattfinden kann.

Vorrichtung nach Anspruch 1, gekennzeichnet durch
durch die Begrenzung (2) hindurchgefihrte Rohre (8),
in denen Diisen (9) unterhalb der Begrenzung (2),
aber oberhalb dem unteren Ende von (8) angeordnet
sind.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet,
daB die Disen (9) in einem so groBen Abstand vom
oberen Ende der Rohre (8) angebracht sind, daB sich
die nach oben gerichtete Strémungsgeschwindigkeit
der Gasstrahlen aus den Disen (9) bis zum oberen

GEANDERTES BLATT {ARTIXEL 19)
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) housi ng above and adjacént to the distributor plate there is-pfovided a

f ur ther—gas—feed duct This further gas—f-eed-dueti—prevents the catal yst . —_—

fromsettling in the outer region. This precaution serves, in particular,
to prevent the catalyst frombeing reduced. Wthin the fluid bed there can

be provi dedvesgéngsbher gas feed duct which 10 I S ar r ange®CI/EPYSIEISI OV
part of the reactor so as to give good m xing of the reactants at the base
of the - -11- :

Ende der Rohre (8) dber den_jeweiligen Querschnitt
eines Rohres (8) vergleichmaBigt hat.

4. Vorrichtung nach Anspruch 3, dadurch gekennzeichnet,
da8 die Diisen (9) in der Entfernung von etwa einem
Durchmesser der Rohre (8) vom unteren Ende der

5 Rohre (8) angebracht sind.

5. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet,
das die Linge der Rohre (6) so grof ist, dag sich
‘die nach unten gerichtete Strémungsgeschwindigkeit
10 der Gasstrahlen aus den Disen (5) bis zum unteren
Ende der Rohre (6) iber den jeweiligen Querschnitt
eines Rohres (6) vergleichmafigt hat.

6. Vorrichtungen nach den Anspriichen 1 und 5, dadurch
15 gekennzeichnet; das die Disen (5) unterschiedliche
Durchmesser haben, d;mit die dber die
Gaseinleitung (4) gefiihrte Gasmenge gleichmisig {ber
den Querschnitt des Reaktors (1) verteilt wird.

20 7. Vorrichtungen nach den Anspriichen 1 bis 6, dadurch
' gekennzeichnet, dag der Raum zwischen den oberen
Enden der Rohre (8) und den unteren Enden der
Rohre (6) so bemessen ist,'daa eine hohe
gegenseitige erosive Beanspruchung der
25 Rohre (4, 6, 8) sowie der unteren Begrenzung (2)
nicht gegeben ist.

8. Verwendung der Vbrrichtunqen nach den Ansprichen 1
bis 7 fiir die Umsetzung von Ethylen mit’
30 . Chlorwasserstoff und Sauerstoff oder einem
sauerstoffhaltigen Gas zu 1,2-Dichlorethan.
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f1 t-d—bed-W0-04/,10009—di-sc| 0Ses—ahR—appaimdi-st=f-ar—oxychl or i nation.--15
whi ch cenpri.ses a reactor 1, a Iovveq deli-m tiation 2 for a fluid-bed

catalyst 3, a gas inlet (distributor tube) 4 whi ch contains nozzles 5, the
nozzles 5 WSIW26003i nt o t ubes 6 which inmpart a horizontal cE®CFERSQISIA t he

direction of flowto the exiting gas stream and a gas inlet .9 beneath the
delimtation 2.

_kig. 1

r 3N RN RS MENS TRACCLN CLRERE RGP
A ;w~ ” ~:”., m. m: Y
A bR BE OB M : P
: Elll: :z-/E .:f‘ ismay r-;: /-/ j
A EE AL A § il
T8 s :
1 ’
’ ‘
’ 4
y ‘ /
s -
s
-
’
]
‘
1l
\
\/

o" =
G
~

¢




20 Preferred enbodi ment's are focused on said tubes, into which the nozzles
open out, containing at the end guidi ng "apparatuses having outlet orifices,
or these tubes.pointing at an angle upwards or in a horizont d| rectlon 25
ior at-an angle %&MQM g 03nd t hese tubes ®nHing open’in tﬁ'GT &d,
‘or these tubes or the outlet orifices of adjacent tubes being arranged I n
such a way that the Description

Apparatus and its use for oxychlorination
~Description

"Oxychlorination™ is taken to mean the reaction of

5 ethylene with hydrogen chloride and oxygen or an oxygen-
containing gas, 1,2-dich§|.oroethane (EDC) being formed.
The hydrogen chloride used in this case is customarily
the hydrogen chloride produced in the thermal cracking of
EDC to give vinylchloride.

10 For the oxychlorination use is made, intei‘ alia, of cata-
lysts which contain metal halides, preferably copper
chloride, on dust-fine supports such as alumina. The
catalyst particles in this case have a mean diameter of
about 50 um and form a fluid bed, - which is either

15 suppcrted only by the reaction gas streams, if
appropriate with portions of inert gas, or is
addiﬁionally supported by a circulated gas stream. In
this process, the heat of reaction is distributed in the
fluid bed and removed at cooling surfaces, which achieves

20 a uniform temperature distribution in the fluid-bed
- reactor. In this case, the catalyst particles must have
a high abrasion resistance. This property is given
essentially by the support material, for which, in
addition to the alumina already mentioned, silica,

25 kieselguhr or pumice are also used. If the abrasion
resistance is inadequate, the catalyst particles are
crushed, in particular by the gas jets of the gas inlet .
apparatus, and the catalyst support dust thus arising is
discharged from the oxychlorination reactor by the

30 upwards-directed gas stream. This not only causes a
catalyst loss, but also produces increased abrasion in
the apparatus. S )

The use of an abras:Lon res:.stant support mater:Lal. on the
other hand, is accompanied by an increased .wear of t:he :



‘REPLACED

-gas inlet apparatuses, which leads to their 'frequent

effl uent W et one another frontally and/or do not neet an
adj acent tu rred enbodi nents are focused on t
e e | 2 SR g

exchange, this signifying considerable outlay and
additional costs owing to the interrﬁption in production.

In addition to the necessary balance between the stabi-
5 lity of the catalyst particles and the abrasion caused
thereby, it must also be further ensured that the cata-
.lyst 'particles do not aggibmerate, since agglomerates
caused by this lead to disturbance of the fluid bed. The
-consequences would be a nonuniform temperature distri-
10 bution in the fluid bed with a correspondingly less
favorable reaction course, and, possibly, blockages at
points of conmstriction in the apparatus, for example in
cyclones for dust 'separat'ion .above the fluid bed or in
' descender pipes for returning the dust £from these
15 cyclones to the fluid bed. This tendency to agglomeration -
depends, in particular, on the concentration of the
re_aci';ion gases in the fluid bed, in addition to the
properties of the catalyst and its distribution on the
catalyst support. '

20 WO 94/19099 discloses an apparatus for oxychlorination
which comprises a reactor 1, ‘a lower delimitation 2 for
a fluid-bed catalyst 3, a gas inlet (distributor tube) 4
which contains nozzles 5, the nozzles 5 opening into
tubes 6 which impart a horizontal component in the

25 direction of flow to i:he exiting gas stream, and a gas
inlet 9 beneath the delimitation 2.

Preferred embodiments are focused on said tubes, into
which the nozzles open out, containing at the end guiding
apparatuses having outlet orifices, or these tubes
30 pointing at an angle upwards or in a horizontal direction
or at an angle downwards and these tubes ending open in
the catalyst bed, or these tubes or the outlet orifices
of adj a.cent_ tubes b_eiﬁg arranged in such a way that the
effluent gas jets do not meet ome another frontfally'
'35 and/or do not meet an adjacent tube. Other ‘preferred
embodiments are focused on tubes being run through the




deI|n1tath epl 5%5 nozzl es are arranged eneath t cet1 .
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nozzl es pr installed in the lower half of thd tube BEPIAGHDes -

5 tion, in particular at a distance of abdul one tube di aneter Trom the

lower end. |t .h nowb n found at s_known, apparatus, in rm.
operation and wi ol ?htﬁ3¥°F§“3fz%?§ re arfangeé}LéLeat

the del:mltatlon, but above the lower end of the tubes
which have been run through, these nozzles preferably
being installed in the lower half of the tubes in ques-

5 tion, in particular at a distance of about one tube
diameter from the lower end.

It has now been found that this known appératus, in long-
term operation and with high throughputs, that is at high
gas velocities, exhibits a certain abrasion in the gas
10 inlet apparatuses. Surprisingly, it has further been
found that this abrasion does not occur, or occurs only
to a conéiderably reduced extent, if the tubes into which
the nozzles open conduct the exiting gas stream essen-
tially in the oppdsite direction to the gas stream which
15 keeps the catalyst in the form of a fluid bed. '

The invention thus relates to an apparatus for oxy-
chlorination, which comprisés
-  a reactor 1,
-  a lower delimitation 2 for a catalyst fluid bed 3,
.20 - a gas inlet (distributor tubes) 4 above the delimi-
tation 2 and within the catalyst fluid bed 3, which
gas inlet contains nozzles 5 distributed over the
entire cross section of the reactor 1,
- the nozzles 5 opening into tubes 6§ which conduct the
25 - exiting gas stream essenti&lly in countercurrent to
the gas stream which fluidizes the catalyst, and
-  a gas inlet 7 beneath the delimitation 2.

The apparatus of the invention is advantageously designed
so that there are arranged opposite the number of tubes
30 8 the same number of tubes 6, uniformly distributed over
the cross section of a reactor 1. The alignment of the
respective tubes 8 and 6 gives particularly a correspon-
~ dence of the amounts of gases reacting with one another -
from the tubes 8 and 6.

35 In another embodiment of the apparatus of the invention,
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t ubes into which the nozzles open conduct™ the exiting gas dir earf
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apparatus for oxjte each other in a staggered manner. This geometry
‘ | produces the lowest possible erosion of the tubes 6 due
to the gas stream ascending from the tubes 8. Further-

5 more, this arrangement enables the reactants entering
- into the catalyst fluid bed 3 from the tubes 8 and 6 to

be immediately exposed to an intimate contact with the

catalyst. By this means, the desired reaction in the

direction of the formation of EDC is promoted, and side

10 ieactions, for example the -combustion of ethylene with

oxygen, are suppressed. ' . '

A further embodiment of this apparatus permits greater
freedom for its design and construction. In this case,
the number of tubes 6 is different from the number of
15 tubes 8. However, in this case also, the most uniform
distribution possible of these tubes over the cross
section of the reactor 1 is important. This form makes it
possible to change the number of tubes 6 in an existing
reactor, without at the same time adapting the tubes 8,
20 which would signify a high expenditure.

The invention is described in more. detail in the
following example. ' '

Example

An apparatus according to Figure 1 is used. The reactants
25 preheated to 160°C are introduced in the gaseous astate
into a reactor 1 of diameter 2.8 m and height 26 m. A
mixture of 5974 kg/h of hydrogen chloride and 1417 kg/h
of oxygen flows through the gas inlet 4 via the nozzles
5 and the tubes GIinto the catalyst fluid bed 3. The
30 nozzles 5 have different diameters, so that as uniform a
‘gas distribution as possible is achieved at all nozzles
5 and thus over the cross section of the reactor 1. The
diameter of the nozzles 5 increases in the downstream
direction of the gas inlet 4 from 8.6 mm to 9.3 mm and



chl ori nation, which conprises - a reactor 1, - ca | quer e
for.a catalyst fluid bed 3, 20 - a gas inlet (distriloTHIBrSHERSY
above the delim- tation 2 and within the catalyst fluid¥ ' ¢
inlet- contains nozzles 5-distributed over the entire crosk
reactor 1, - £ DEn007EL ofo SudPoLh "Grbl} %l U083p Snt b E" 282 EHE v fous

pressure drops along the gas inlet up to the individual

nozzles 5. The tubes 6 of an internal diameter of 40 mm

have a length of 300 mm. 2380 kg/h of ethylene £flow

5 through the lower delimitation 2 via the gas inlet 7 and
the tubes 8 containing the nozzles 9. In the reactor 1,
there is situated as catalyst copper (II) chloride on an
alumina support in the form of a catalyst fluid bed 3.

The abovementioned reactants are introduced into this

10 fluid bed. To fluidize the fluid bed, a circulated gas
stream of 8780 kg/h additionally flows via the gas inlet

7 and the tubes 8 through the lower delimitation 2 into

the reactor 1. The upper ends of the tubes 8 are flush
with the lower delimitation 2. The distance between this

15 lower delimitation and the -lower ends of the tubes 6 is
400 mm. In this section, the reactants are distributed
over the reactor cross section, and mixing zones between

" the individual reactants and the catalyst form. Ethylene
and circulated gas flow from bottom to top in the reac-

20 tor. On this path, they meet the hydrogen chloride and
oxygen and react with interaction of the catalyst present

to form EDC and water. The heat of reaction of 238.5
kJ/mol arising in this case is .taken off via the catalyst
fluid bed 3 to the cooling coil - 12 in which water vapor-

25 _izeé at 183°C. The reaction temperature is 225°C at a
gauge pressure of 3.2 bar in the reactor. The gas stream

at the reactor top, comprising the reaction products and

the circulated gas, leaves the reactor 1 via three
cyclones for further processing (not depicted in the

30 figure). The three cyclones connected in series serve for
separating off the entrained catalyst dust from the gas
stream at the reactor top above the catalyst fluid bed.

This Sheet Has Been Rerlaced '
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25" exiting ga HM| ally in countercurrentTHi§ SHEETQMS BEEN '

stream which fluidiz and - a gas inlet] 7 beRERLACEDE =

delimtation 2. The apparatus of the i‘nvention is.advant : :
25094, 7E935(9

so that there opposite the nufber of tubes
nunber of tubes 6, uniformy distribut eg over the cross section of a
reactor 1. The alignnment of the respecti es 8 and 6 gives particularly
a correspon- ' ' '

1. An apparatus for_oxychlorinaﬁion, which comprises
- a reactor (1), .
- a lower delimitation (2) for a catalyst fluid bed
5 (3),
- a gas inlet (distributor tubes) (4) above the
delimitation (2) and within the catalyst f£luid
bed (3), which gaS'inlet contains nozzles (5)
distributed over the entire cross section of the
10 reactor (1),

' - the nozzles (5) opening 1nto tubes (6) which con-
duct the exltlng gas stream essentially in coun-
tercurrent to the gas stream which fluidizes the
catalyst, and |

15 a gas inlet (7) beneath the delimitation (2).

2. The apparatus as claimed in claim 1, which comprises
tubes (8) leading through the delimitation (2), in
which tubes nozzles (9) are arranged beneath the
delimitation. (2), but above the lower end of (8).

- 20 3. The apparatus as claimed in claim 2, wherein the
nozzles (9) are installed at such a distance from
the upper end of the tubes (8) that the upwards-

- directed flow velocity of the gas jets from the

nozzles (9) has become uniform over the respective

25 : cross section of a tube (8) by the upper end of the
tubes (8). '

4. The apparatus as claimed in claim 3, wherein the
~‘nozzles (9) are installed at a distance of about one
diameter of the tubes (8) from the lower end of the

30 tubes (8). |

- 5. The apparatus as claimed in claim 1, wherein the
length of the tubes (6) is such that the downwards-
directed flow velocity of the gas jets from the
nozzles (5) has become uniform over the respective

.
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aed gases reacting W|th one anot her fr;
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cross section of a tube (6) by the lower end of the
tubes (6).

The apparatus as claimed in claims 1 and 5, wherein
the nozzles (5) have different diameters, so that
the gas conducted via the gas inlet (4) is uniformly
distributed over the cross section of the reactor
(1).

The apparatus as claimed in ciaims 1 to 6, wherein
the space between the upper ends of the tubes (8)
and the lower ends of the tubes (6) forms a mixing
zone which is dimensioned so large that, on the one
hand, the mixing of thé reaétaﬁts with the catalyst
can occur as early as- here and ‘that, on the other
hand, a high mutual erosive stress of the tubes (4,
6, 8) and of the lower delimitation (2) no longer
results. '

Use of the apparatuses as claimed in claims 1 to 7
for the reaction of ethylene with hydrogen chloride
and oxygen or an oxygen-containing gas to'give 1,2~
dichloroethane.

* [+ L L] S *
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5 1. An apparatus for oxychlorination, which comprises
- a reactor (1),
"« a lower delimitation (2) for a catalyst f£luid bed
(3),
- a gas inlet (diStribetor tubes) (4) above the
10 delimitation  (2) and within the catalyst f£luid
bed (3), which gas inlet contains nozzles (5)
distributed over the entire cross section of the
reactor (1), . ' |
_ - the nozzles (5) opeﬁi:_:.g into tubes (6) which con-
15 ' duct the exiting gas - stream essgentially in
countercurrent to the gas stream which fluidizes
the catalyst, - _ .
- a gas inlet (7) beneath the delimitation (2) and
-~ tubes (8) leading through the delimitation (2),
20 - ~ the space between the upper ends of the tubes (8)
and the lower ends of . the tubes (6) forming a
m1x1ng zone which is dimensioned so large. that
the mixing of the reactants each exiting from
these tubes with the catalyst can occur as early
25" as here. - “

2. The apparatus as claimed in cleim 1, which comprises
tubes (8) leading through the delimitation (2), in
which tubes nozzles (9) are arranged beneath the
delimitation (2), but above the lower end of (8).

30 3. The apparatus as claimed in claim 2, wherein the
'nozzles (9) are installed at such a distance from
the upper end of the tubes (8) that the upwards-
directed flow velocity of the gas jets from the
nozzles (9) has become uniform over the respective
35 cross section of a tube (8) by the upper end of the

~ AMENDED SHEET (ARTICLE 19)
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10 reactlons'rhlsf&iubet e conbustlon of ethylene with oxygen, are

suppressed. A f nt of this apparatus permts_greater freedom._
for its desi gn n. In this case, the nunber OTHIS%TEHA§BEEN
di fferent fromthe nurrber of 15 tubes 8.9H0vvever, in thifs CaSREP‘ﬁGEDt e

nost uni formdi stribution possi ble of these tubes over thé—e+ess S ot
the reactor 1 is i mjoRemt{8his formnakes it

4. The apparatus as claimed in claim 3, wherein the
nozzles (9) are installed at a distance of about one
. diameter of the tubes (8) from the lower end of the

5 - tubes (8).

5. The apparatus as claimed in élaim.l, wherein . the

. length of the tubes (6) is such that the downwards-

directed flow velocity of the gas jets from the

nozzles (5) has become uniform over the respective

- 10 cross section of a tube (6) by the lower end of the
tubes (6).

5. The apparatué as claimed in claims 1 and 5, wherein
the nozzles (5) have different diameters, so that
the gas conducted via the gas inlet (4) is uniformly

15 distributed over the cross section of the reactor

(1).

7. The apparatus.as ¢laimed in claims 1 to 6, wherein
the space between the upper ends of the tubes (8)
and the lower ends of the tubes (6) is dimensioned

200 so that a high mutual erosive stress of the tubes
(4, 6, 8) and of the lower delimitation (2) does not
result. '

8. Use of the apparatuses as claimed in claims 1 to 7

for the reaction of ethylene with hydrogen chloride

25 : and oxygen or an oxygen-containing gas to give 1,2-
dichloroethane. '

|

AMENDED SHEET . (ARTICLE 19)
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expendi ture. The invention is described in nore detail in

the sanme time adapting the tubes. 8,. 20+ = whi-gh, woul d si gniffpHIg Q]L?I? HAS BEEN
t he
exanpl e. Exanpl98/&h S82par at us according to Figure 1 is us Thn r ants

25 preheated to 160[err] C are introduced in the gaseous state
Abstract

Apparatus and its use for oxychlorination

The preparation of 1,2-dichloroethane from ethylene,
hydrogen chloride and oxygen or an oxygen-containing gas
(oxychlorination) advantageously proceeds in a reactor
having a lower delimitation for a catalyst f£luid bed, a
first gas inlet (distributor tubes) being arranged above
the delimitation and within the catalyst fluid bed, which
gas inlet contains nozzles distributed over the entire
cross section of the reactor, these nozzles opening into
tubes which conduct the exiting gas stream essentially in -
the opposite direction to the gas stream which fluidizes
the catalyst, this gas stream being fed through a second
gas inlet beneath the delimitation.

Sheet Has Been Reﬂlaced
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of ;hydrogen chloride and 1417 kg/h gof:swoxygen:flows through the gas inlet 4
via the nozzles 5 and the tubes 6 into the catalyst fluid bed 3. The 30
nozzles 5 have different dianeters, so tﬁﬁﬁ as uniforma gas distribution
as possible is achieved at all nozzles 5 ‘and thus over the cross section of
the reactor 1. The diameter of the nozzles 5 increases |££]!Ei2i§n‘tream
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o 9 mm and -6- further to 10

S &L % ong the’gas

s 6 of an internal diangter

t 4 from 8. 6.h
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tiengese

di rection*of the gas in
mm. in order tozgggyﬁﬁ
inlet up to t he o &5

of 40 mm’ Hoechst

- 283 -

Beschrelbungsnachtrag (aufzunehmen zwischen Seite 2 und
Seite 3)

Aus der EP-A-0 446 379 ist ein Reaktor zur Herstellung
a-B-ungesdttigter Nitrile bekannt, in dessen unterem Teil
eine waagrecht angeordnete Gaszufithrung f£ir ein Olefin

10 oder tertidren Butylalkohol vorgesehen ist, wobei an der
Unterseite der Gaszufilhrung eine Vielzahl von Diisen
angeordnet ist, sowie eine weitere Zufihrung far ein
Sauerstoff enthaltendes Gas, die unterhalb und parallel zu
der anderen Gaszufihrung angeordnet ist, wobei der Abstand

15 zwischen den beiden Gaszufilhrungen 25 bis 300 mm betragt.
Ein zu kurzer Abstand kXann zu einer Beschadigung der
Gaszufithrungen durch Schmelzen aufgrund einer
ungewohnlichen Reaktion fithren, wdhrend bei zu langen
Abstanden das Olefin beziehungsweise der tertidre

20 Butylalkohol nicht ausreichend mit dem Sauerstoff
enthaltenden Gas gemischt wird, was die Ausbeute an Nitril
verringert. '

Aus der GB-A-1 265 770 ist ein Reaktor far

25 FlieBbettreaktionen mit einer Verteilerplatte im unteren
Teil des Reaktors bekannt, unter der eine Gaszufihrung und
im Randbereich des Reaktorgehduses oberhalb und benachbart
zu der Verteilerplatte eine weitere Gaszufihrung
vorgesehen ist. Diese weitere Gaszufihrung bewirkt, dag

30 sich im Randbereich der Katalysator nicht absetzt. Diese
Vorkehrung dient insbesondere dazu, daB der Katalysator
nicht'reduziert'wird._Innerhalb des Fliefbetts kann eine
weitere Gaszufihrung vorgesehen sein, die im unteren Teil
des Reaktors angeordnet ist, damit eine gute Durchmischung

35 der Reaktanden an der Basis des FlieBbetts erfolgt.
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9. tn the reactOﬁoéchgheggthgnébgggggghggtcataIyst copper(ll) chloride on
an alum na support in the formof a catalyst fluid bed 3. The

abovenenti oned reactants are introduced into this 10 fluid bed. To
fluidize the fluid bed, a circulated gas stream of 8780 kg/h additionally
flows via the gaﬂeuékePatentanspruch 1 .

1. Vorrichtung zur Oxichlorierung, gekennzeichnet durch
- einen Reaktor (1), ‘
- eine untere Begrenzung (2) fir ein Katalysator-
FlieBbett (3),

5 - oberhalb der Begrenzung (2) und innerhalb des
Katalysator-FlieBbettes (3) eine Gaseinleitung
(Verteilerrohre) (4), die uber den gesamten
Querschnitt des Reaktors (1) vertellt Dlasen (5)
enthalt, _

10 - wobei die Disen (5) in Rohre (6) minden, die den
;austretenden Gasstrom im wesentlichen im
Gegenstrom zu dem Gasstrom fihren, der den
Katalysator fluidisiert,

- eine Gaseinleitung (7) unterhalb der
15 Begrenzung (2) und
- durch die Begrenzung (2) hinduréhgefﬁhrte'
Rohre (8),
- wobel der Raum zwischen den oberen Enden der durch
die Begrenzung (2) hindurchgefiihrten Rohre (8) und

20 den unteren Enden der Rohre (6), in die die
Disen (5) minden, eine Mischzone bildet, die so
groB bemessen ist, daf die Vermischﬁng der aus
diesen Rohren austretenden Reaktanden mit dem
Katalysator hier bereits stattfinden kann, wobei

25 : eine Mischzone von 25 bis 300 mm ausgeschlossen
ist.

30

35
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1. Vorrichtung zur Oxichlorierung, gekennzeichnet durch
- einen Reaktor (1),
- eine untere Begrenzung (2) fir ein Katalysator-
FlieBbett (3), |
5 - oberhalb der Begrenzung (2) und innerhalb des
Katalysator-FlieBbettes (3) eine Gaseinleitung
(Verteilerrohre) (4), die iliber den gesamten
Querschnitt des Reaktors (1) verteilt Disen (5)
enthalt,
10 - wobei die Disen (5) in Rohre (6) miinden, die den
' austretenden Gasstrom im wesentlichen im
Gégenstrom zu dem Gasstrom fihren, der den
Katalysator fluidisiert,
= eine Gaseinleitung (7) unterhalb der

15 Begrenzung (2) und
- durch die Begrenzung (2) hindurchgefihrte
Rohre (8),

- wobei der Raum zwischen den oberen Enden der
Rohre (8) und den unteren Enden der Rohre (6) eine
20 Mischzone bildet, die so grof bemessen ist, das
die Vermischung der jeweils aus diesen Rohren
austretenden Reaktanden mit dem Katalysator hier
bereits stattfinden kann.

. 25 2. Vorrichtung nach Anspruch 1, gekennzeichnet durch
durch die Begrenzung (2) hindurchgefithrte Rohre (8),
in denen Disen (9) unterhalb der Begrenzung (2),
aber cberhalb dem unteren Ende von (8) angeordnet
sind.
30
3. Vorrichtung nach Anspruch 2, dadurch gekennzeichnet,
daB die Disen (9) in einem so groSen Abstand vom
oberen Ende der Rohre (8) angebracht sind, daB sich
_ die nach oben gerichtete Strémungsgeschwindigkeit
35 der Gasstrahlen aus den Disen (9) bis zum oberen

AMENDED SHEET



207 tor.eOn this path, ey neet the hydrogep .chlorid nd oxygen and

react wth interaction . the catalyst present to form and water. The
heat of reaction of 238.5 kJ/nol ari-sing in this case is taken off via the
catalyst fluid bed 3 to the cooling coil 12 in which water vapor- 25 I zes

at 183[err]C. The reaction tenperature =i% 225[err]C at. a gauge pressure of
3.2 bar in the reactor. The gas streamat the reactor top, conprising the
reaction products and

Ende der Rohre (8) uber den jeweiligen Querschnitt
eines Rohres (8) vergleichmdBigt hat.

4. Vorrichtung nach Anspruch 3, dadurch gekennzeichnét,
daB die Disen (9) in der Entfernung von etwa einem
Durchmesser der Rohre (8) vom unteren Ende der

5 Rohre (8) angebracht sind.

5. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet,
daB die Lange der Rohre (6) so gro8 ist, das sich
die nach unten gerichtete Strémungsgeschwindigkeit

10 der Gasstrahlen aus den Disen (5) bis zum unteren
Ende der Rohre (6) dber den jeweiligen Querschnitt
eines Rohres (6) vergleichmdgigt hat.

6. Vorrichtungen nach den Ansprichen 1 und 5, dadurch
15 gekennzeichnet, daB die Disen (5) unterschiedliche
Durchmesser haben, damit die Uber die
Gaseinleitung (4) gefiihrte Gasmenge gleichméBig tber .
den Querschnitt des Reaktors (1) verteilt wird.

20 7. Vorrichfungen nach den Anspriichen 1 bis 6, dadurch
gekennzeichnet, daB der Raum zwischen den oberen
Enden der Rohre (8) und den unteren Enden der
Rohre (6) so bemessen ist, dag eine hohe
gegenseitige erosive Beanspruchung der

25 Rohre (4, 6, 8) sowie der unteren Begrenzung (2)
nicht gegeben ist.

8. Verwendung der Vorrichtungen nach den Anspriichen 1
bis 7 far die Umsetzung von Ethylen mit.
30 " Chlorwasserstoff und Sauerstoff oder einem
sauerstoffhaltigen Gas zu 1,2-Dichlorethan.

° AMENDED SHEET



the circulated gas, leaves the reactor 1 via three cyclones for further
proceSS|ng (not depicted in the 30 flgure) The three cyclones. co

in’series serve_for separating off the entrained catalyst WSHEEWHNSQBW '
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5 1. An apparatus for oxychlorination, wh:.ch compr:.ses
- a reactor (1),
- a lower delimitation (2) for a catalyst £luid bed

(3).,
- a gas inlet (d:.str:.butor tubes) (4) above the
10 delimitation (2) and within the catalyst fluid

bed (3), which gas inlet contains noizles (5)
distributed over the entire cross section of the
reactor (1),
‘= the nozzles (5) opening into tubes (6) which con-
15 duct the exiting gas stream essentially in .-co_un-
tercurrent to the gas stream which fluidizes. the
catalyst,
- a gas inlet (7) beneath the del:.m:.tat:.on (2) and
- tubes (8) leading through the delimitation (2),
20 _ - the space between the upper ends of the tubes (8)
leading f:hrough the delimitation (2) and the
lower ends of the tubes (6) into which the
nozzles (5) open forming a miﬁ:ing zone which is
_ dimensioned so large that the mixing of the
25 - reactants each exiting from these tubes with the
catalyst can occur as eaf:ly as here.

-
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1.

An apparatus for oxych_lorination, which comprises

a reactor (1),

a lower delimitation (2) for a catalyst fluid bed
(3), | | |

a gas inlet (distributor tubes) (4) above the
delimitation (2) and within the catalyst fluid
bed (3), which gas inlet contains nézzles (5)
distributed over the entire cross section of the
reactor (1), '

the nozzles (5) ‘opening into tubes (6) which con-
duct the exiting gas stream essentially in coun-

tercurrent to the gas stream which fluidizes the

catalyst, . .
a gas inlet (7) beneath the delimitation (2) and
tubes (8) leading through the delimitation (2), '
the space between the upper ends of the tubes (8) .
leading through the delimitation (2) and the
lower ends of the tubes (6) into which the
nozzles (5) open forming a mixing zone which is
dimensioned so large that. the mixing of the
reactants ex:i.ti_hg from these tubes with the
catalyst can occur as early as here, a mixing
zone of 25 to 300 mm being excluded.

—_—
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bed (3),

over the entire cross secti.on of the reactor (1), - the nozzl es (5)

opening into tubes (6) which conduct the exiting .gas stgea |||C§
‘countercurrent to the gas stream which fluidizes 15 Sl'l&"7|J HA@QEEN

catal yst,
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a gas inlet (7) beneath the delimtation 2) arﬁfPLACED
Annex 2 to our letter of 01.04.1997 T
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Supplement to description (to be incorporated between
page 2 and 3)

EP-A-0 446 379 discloses a reactor for preparing a-f-
unsaturated nitriles, in the lower part of which there is
provided a horizontally arranged gas feed duct for an
olefin or tertiary butyl alcoheol, a multiplicity of
nozzles being arranged on the underside of the gas feed
duct, and also a further feed duct for an oxygen-contain-
ing gas which is arranged below and parallel to the other
gas feed duct, the distance between the two gas feed
ducts being 25 to 300 mm. A distance which is too short
can lead to damage of -the-gas feed ducts by melting owing
to ‘an unusual reaction, while if the distance is too
great the olefin or the tertiary butyl alcohol is not
mixed sufficiently with the oxygen-containing gas, which
reduces the yield of nitrile.

GB-A-1 265 770 discloses a reactor for fluid-bed. reac-
tions having a distributor plate in the lower part of the
reactor; under the distributor plate there is provided a
gas feed duct and in the outer region next to the reactor
housing_aboxfe and adjacent to the distributor plate there

is provided a further gas feed duct. This further gas -

feed duct prevents the catalyst from settling in the
outer region. This precaution serves, in particular, to

prevent the catalyst from being reduced. Within the fluid -

bed there can be provided a further gas feed duct which
is arranged in the lower part of the reactor so as to
give good mixing of the reactants at the base of the
fluid bed. '

This Sheet Has Been RTlaced e

whi ch gas inlet contains nozzles (5) 10 di stributed
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- tubes (8) leading through the delimtation (2), - t he spét25¥%?ﬂé§ﬁ{f

the'upﬁer ends of the tubes (8) |eading through the delimtation (2) FP?gg
t he 20 | ower ends of the tubes- (6) ,into which the

nozzles (5) open form ng a mxing zone which i_s di mensi oned so | ar ge t hat
the mxing of the reactants exiting fromthese tubes with the catalyst can

occur as early as Q@é €inPet XpPSratuses, which leads to their frequent

exchange, this signifying- considerable outiay and

additional costs owing to the interruption in production.

In addition to the necessary balance between the stabi-

§ 1lity of the catalyst particles and the abrasion caused
thereby, it must also be further ensured that che cata-

lyst particles do not agglomerate, since agglomerates
caused by this lead to disturbance of the fluid bed. The

_ consequences would be a nonuniform temperature distri-

10 bution in the fluid bed with a correspondinély less
favorable reaction course, and, possibly, blockages at
points of constriction in the apparatus, for example in -
cycloﬁe;s for dust separation above the fluid bed or in
descender pipes for returning the dust from these

15 cyclones to the fluid bed. This tendency to agglomeration
depends, in particular, on the conceatration of the
reaction gases in the fluid bed, in addition to the

properties of the catalyst and its distribution on the

catalyst support.

20  Ep-a-0 446 379 discloses a reactor for preparing «-f-
unsaturated nitriles, in the lower part of which there is
provided a horizontally arranged gas feed duct for an
olefin or tertiary Sutyl alcohol, a amultiplicity of
nozzles being arranged on the underside of the gas feed

25 duct, and also a further feed duct for an-oxygea-contain.
ing gas which is arranged below and parallel to the other
gas feed duct, the distanée between the two gas fe‘ed
ducts being 25 to 300 mm. A distance which is too sliort
can lead to damage of the gas feed ducts by melting owing
to an unusual reaction, while }f the distance is too

30 great the olefiﬁ or the tertiary butyl alcohol is not
mixed sufficiently with the oxygen-containing gas, which-

reduces the yield of nitrile.
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25 zone of 25 to 300 mm bei ng excl uded. 2. The apparatus as
claimed in claim1, which conprises tubes (8) |eading through the
delimtation (2), in which tubes nozzles (9) are arranged beneath the 30
delimtation (2), but above the |ower end of, (8). 3. The apparatus as
claimed in claim2, wherein the nozzles (-9)@ are installed at such a

di stance fromthe
GB-A-1 265 770 discloses a reactor for fluid-bed reac-

tions having a distributor plate in the lower part of the
reactor; under the distributor plate there is provided a

gas feed duct and in the outer region next to the reactor

- 5 housing above and adjace;t to the distributor. plate £here
is provided a further gas feed duct. This further gas

feed duct prevents the catalyst from settling in the
outer region. This precaution serves, in particular, to
prevent the eatalyst from being reduced. Within the fluid

bed there can be prov:.ded a further gas feed duct which

10 is arranged in the lower part of the reactor so as to
give good mixing of the reactants at the basée of the

fluid bed:

WO 94/19099 discloses an apparatus for oxychlorination
15 ‘which comprises a reactor 1, a lower delimitation 2 for
a fluid-bed catalyst 3, a gas inlet (distributor tube) &
which contains nozzles 5, the nozzles 5 opgning into
tubes 6 which impart a horizontal component in the
direction of flow to the exiting gas stream, and a gas

inlet 9 beneath the delimitatiom 2.

20

Preferred embodiments are focused on said tubes, into
which the nozzles open out, containing at the end guiding
apparatuses having outlet orifices,” "er these tubes
pointing at an angle upwards or in a horizontal direction
" or at an angle downwards and these tubes ending open in

the catalyst bed, or these tubes or the outlet orifices

-

25

of adjacent tubes being arranged in such a way that the

effluent gas jets do not meet one another frontally

and/or do not meet an adjacent tube. Other preferred

embodiments are focused on tubes being run through the
30

REPLACEMENT SHEET
t9 Jui 2008




-8- upper end of the tubes (8) that the upwards-directed flow v i o
the gas jets fromthe nozzles (9) has beconme uniformover the r sEPLA MENT SHEE
cross section of a tube (8) by the upper end of the tubes (8). _
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delimitation, in which tubes nozzles are arranged peneath .

the delimitation, but above the lower end of the tubes |
which have been run through, these nozzles preferably

being installed in the lower half of the tubes in ques-

5 tion, in particular at a distance of about one tube

diameter from the lower end.

It has now been found that this known apparatus, in long-
term operation and with high throughputs, that is at high
- gas velocities, ékhibits a certain abrasion in the gas
10 inlet apparatuses. Surprisingly, it has further been
found that this abrasion does not occur, or occurs only
to a considerably reduced extent, if the tubes into which
the nozzles open conduct the exiting gas stream essen-
tially in the opposite direction to the gas stream which
is keeps the catalyst in the form of a £luid bed.

The invention thus relates..to an appzratus - for oxy-
chlorination, which comprises
- a reactor 1,
- a lower delimitation 2 for a catalyst £fluid bed 3,
20 - a gas inlet (distributor tubes) 4 above the delimi-
tation 2 and within the catalyst fluid bed 3, which
gas inlet contains nozzles 5 distributed over the
entire cross section of the reacter-i,
- the nozzles 5 opening into tubes 6 which conduct the
25 & exiting gas stream essentially in countercurrent to
the gas stream which fluidizes the catalyst, and
- a gas inlet 7 beneath the delimitation 2.

The apparatus of the invention is advantageously designed
so that there are arranged opposite the number of tubes
30 8 the same number of tubes 6, uniformly distributed over
the cross section of a reactor 1. The alignment of the
respective tubes 8 and 6 gives particularly a correspon-
dence of the amounts of gases reacting with one another

from the tubes 8 and 6.

35 In another embodiment of the apparatus of the invention,



4. The apparatus as clainmed in claim3, wherein the nozzles (9) REP{ACEMENT q‘
A Ko

instal I'ed at a di stance of about one diameter of the tubes (8) frdmpire

| ower end of the tubes (8). 10 5. The apparatus as clained in cljaijm 1
ctle§ Jut 200

wherein the length of the tubes.(6) is such that the downwards- dijrg
flow velocity of the gas jets fromthe - 5-

an identical number of tubes 8 and 6 are situated bopo- =
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site each other in a staggered manner. This geometry
produces the lowest possible erosion of the tubes 6 due
to the gas stream aécending from the tubes 8. Further-
more, this ;rrangement enables the reactaqt&—entering
into the catalyst fluid bed 3 from the tubes 8 and 6 to
be immediately exposed to an intimateé contact with the
catalyst. By this means, the desired reaction in the
direction of the formation of EDC is promoted, and side

. reactions, for example the combustion of .ethylene with

oxygen, are suppressed.

A further embodiment of this apparatus permits greater .

freedom for its design and construction. In this case,
the number of tubes 6 is different from the number of
tubes 8. However, in this case also; the most uniform
distribution possible of these tubes over the cross
section of the reactor 1 is important. This form makes it
possible to éhangé.the number of tubes 6§ in an existing
reactor, without at the same time adapting the tubes 8,

which would signify a high expenditure.

The invention is described in more detail in the

following example.

5Example

An apparatus according to Figure 1 is used. The reactants
preheated to 160°C are introduced in the gaseous state
into a reactor 1 of diameter 2.8 m and height 26 m. A
mixture of 5974 kg/h of hydrogen chloride and 1417 kg/h
of oxygen flows through the gas inlet 4 wvia the nozzles
5 and the tubes 6 into the catalyst fluid bed 3. The
nozzles 5 have different diameters, so that as uniform a
gas distribution as possible is achieved at all nozzles
5 and thus over the cross section of the reactor 1. The
diameter of the nozzles § increaseé in the downstream
direction of the gas inlet 4 from 8.6 mm to 9.3 mm and

—



nozzl es (5) has becone uniform over the respective 15

of a tube (6) by the lower end of the tubes (6). 6. The apparatus as
claimed in claims 1 and 5, wherein the nozzles (5) have different
di aneters, so that the 20 _ gas conducted via the gas inlet (4)

uniformy distributed over the cross sectionéof the reactor (1). 7. The

apparatus as clained in clains 1 to 6, wherein the

5
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further to 10'mm, in order to comperisate for the various
pressure drops along the gas inlet up to the individual
nozzles 5. The tubes 6 of an internal diameter of 40 mm
have a length of 300 mm. 2380 kg/h of ethylene flow
through the lower delimitation 2 via the gas—inlet 7 and
the tubes 8 containing the nozzles 9. In the reactor 1,
there is situated as catalyst copper(II) chloride on an
alumina support in the form of a catalyst fluid bed 3.
The abovementioned reactants are introduced into this
fluid bed. To fluidize the fluid bed, a circulated gas
stream of 8780 kg/h additionally flows via the gas inlet
7 and the tubes 8 through the lower delimitation 2 into

the reactor 1. The upper ends of .the tubes 8 are flush -

with the lower delimitation 2. The distance between this
lower delimitation and the lower ends of the tubes 6 is
400 mm. In this section, the reactants are distributed
over the reactor cross section, and mixing zones between
the individual reactants and the catalyst form. Ethylene
and circulated gas flow from bottom to top in the reac-
tor. On this path, they meet the hydrogen chloride and
oxygen and react with interaction of the catalyst present
to form EDC and water. The heat of reaction of 238.5
kJ/mol arising in this case is taken off wvia the catalyst
fluid bed 3 to the cooling coil 12 in which water vapor-
izes at 183°C. The reaction temperature is 225°C at a
gauge pressure of 3.2 bar in the reactor. The gas stream
¥at the reactor top, comprising the reaction products and
the circulated gas, leaves the reactor 1 via three
cyclones for further processing (not depicted in the
figure) . The three cyclones connected in series serve for
gseparating off the entrained catalyst dust from the gas
stream at the reactor top above the catalyst fluid bed.

TREPLACEMENT SHEET
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space between the upper ends of the tubes (8) and the 25 | ower

ends of the tubes (6) is dinensioned so that a high nutual

of the tubes (4,6,8) and of the lower delimtation (2) does not result.
Use of the apparatuses as clainmed in clainms 1 to 7 for 30 t he
reaction of ethylene wth hydrogen chloride7and oxygen or an

oxygen-cont ai ni ng g
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as to give 1, 2- dichloroethane.
LAIMS

An apparatus for oxychlorination, which comprises

- a reactor (1),

- a lower delimitation (2) for a.—catalyst f1luid
bed (3),

- a- gas inlet (distributor tubes) (4) above the
delimitation (2} and within the catalyst fluid
bed k3), which gas inlet contains nozzles (5)
distributed over the entire cross section of the
reactor (1),

- the nozzles (5) opening into tubes (6) which
conduct the exiting gas stream essentially in
countercurrent to the gas stream which fluidizes
the catalyst,

- a gas inlet (7) beneath the delimitation (2} and

- tubes (8) leading through the delimitation (2),

- the space between the upper ends of the tubes
{8) leading through the delimitation (2) and the
lower ends of the tubes (6) into which the
nozzles (S5) open forming a mixing zone which is
dimensioned so large that pgq‘kmixing of the
reactants exiting from these tubes with the
catalyst can occur as early as here, a mixing

zone of 25 to 300 mm being excluded.

The apparatus as claimed in claim 1, which comprises
tubes (8) 1leading through the delimitation (2), in
which tubes nozzles (9) are arranged beneath the

delimitation (2), but above the lower end of (8).

The apparatus as claimed in claim 2, wherein the

nozzles (9) are installed at such a distance from the

TEPLAGEMENT SHEET
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upper end of the tubes (8) that the upwards-directed
flow velocity of the gas jets from the nozzles (9) has
become uniform over the respective cross section of a
tube (8) by the upper end of the tubes (8).
The apparatus as claimed in claim 3, wherein the
nozzles (9) are installed at a distance of about one
diameter of the tubes (8) from the lower end of the
tubes (8).:

' The apparatus as claimed in claim 1, wherein the

length of the tubes (6) is such that the downwards-
directed flow wvelocity of the gas jets from the
nozzles (5) has become uniform over the respective

cross section of a tube (6) by the lower end of the

tubes (6).

The apparatus as claimed in claims 1 and 5, wherein
the nozzles (5) have different diameters, so that the
gas conducted via the gas inlet (4) is uniformly

distributed over the cross section of the reactor (1).

The apparatus as claimed in claims 1: o 6, wherein the
space between the upper ends of the tubes (8) and the
lower ends of the tubes (6) is dimensioned so that a
high mutual erosive stress of the tubes (4,6,8) and of

the lower delimitation (2) does not result.

Use of the apparatuses as claimed in claims 1 to 7 for
the reaction of ethylene with hydrogen chloride and
oxygen or an oxygen-containing gas to give 1,2-

dichloroethane.

REPLACEMENT SHEET|
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Apparatus and its use for oxychlorination

Abstract

The preparation of 1,2-dichloroethane from ethylene,
hydrogen chloride and oxygen or an oxygen-containing gas
(oxychlorination) advantageously prodeeds in a reactor
.ﬁaving a lower delimitation for a catalyst £luid bed, a
first gas inlet (distributor tubes) being arranged above

. the delimitatioﬂ and within the catalyst f£fluid bed, which
gas inlet contains nozzles distributed over the entire
cross section of the reactor, these nozzles opening into
tubes which conduct the exiting gas stream essentially in
the opposite direction to the gas stream which fluidizes
the catalyst, this gas stream being fed through a second
gas inlet beneath the delimitation.

”.
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(54) Title: DEVICE AND USE THEREOF FOR OXI-CHLORINATION .
(54) Bezeichnung: VORRICHTUNG UND IHRE VERWENDUNG ZURéﬂCHLORIERUNG

(57) Abstract

The production of 1,2-dichlorocthane “from ethylene, hydrogen
chloride and oxygen or an oxygen-containing gas (oxi-chlorination) is done
advantageously in a reactor with a lower boundary for a catalyst-fluidised

*d, 8 first gas inlet duet (distributor pipes) (4) being provided above the
~oundary within the catalyst-fluid bed. The first gas inlet duct is provided
with nozzles (5) distributed over the entire cross-section of the reactor;
these nozzles open out into pipes (6) which conduct the emerging gas
stream in a direction essentially opposed to that of the gas stream which
fluidises the catalyst after entering via a second gas inlet duct (7) below
the boundary.

(57) Zusammenfassung

Die Herstellung von 1,2-Dichlorethan aus Ethylen, Chlorwasserstoff
und Sauerstoff beziehungsweise einem sauerstoffhaltigen Gas (Oxichlo-
rierung) erfolgt vorteilhaft in einem Reaktor mit einer unteren Begrenzung
fur ein Katalysator-FlieSbett, wobei oberhalb der Begrenzung und inner-
halb des Katalysator-FlieBbettes eine erste Gaseinleitung (Veneilerrohre)
{4) angeordnet ist, die Gber den gesamten Querschnitt des Reaktors verteilt
Diisen (5) enthilt, wobei diese Dlsen (5) in Rohre (6) minden, die den
austretenden Gasstrom im wesentlichen entgegen dem Gasstrom fithren,
der den Katalysator fluidisiert, wobei dieser Gasstrom durch eine zweite
Gaseinleitung (7) unterhalb der Begrenzung zugefihrt wird.




