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PROCESS FOR THE ACETOXYLATION OF OLEFINS
‘The present invention relates in general to a fluid bed process for the
acetoxylation of olefins or diolefins and in particular to a fluid bed process for the
production of.vinyl acetate from ethylene, acetic acid and an oxygen - containing
gas in the présence of a fluid bed catalyst.

5 Fluid bed processes for the production of vinyl acetate from ethylene, acetic
acid and an oxygen - containing gas in the presence of a fluid bed catalyst are
known from, for example, EP-A-0685449, EP-A-0685451 and EP-A-0672453.

EP-A-0685449 discloses a process for manufacturing vinyl acetate in a fluid
bed reactor comprising feeding ethylene and acetic acid into the fluid bed reactor
10 through one or more inlets, feeding an oxygen - containing gas into the fluid bed
reactor through at least one further inlet, co-joining the oxygen - containing gas,
ethylene and acetic acid in the fluid bed reactor while in contact with a fiuid bed
catalyst material to enable the ethylene, acetic acid and oxygen to react to produce
vinyl acetate and recovering the vinyl acetate from the fluid bed reactor.
15 EP-A-0685451 discloses a method for the preparatio'n of fluidisable catalyst
~ R having the formula Pd-M-A where M compriseS Au, Ba, Cd, Bi, Cu, Mn, Fe, Co,
Ce, U or mixtures thereof, A coiﬁpriées an alkali metal or mixture thereof and M is
present in the rangé of from 0 to about 5 wt% and A is present in the range of
greater than 0 to about 10% by weight which is useful in the acetoxylation of
20 olefins and diolefins in a fluid bed reactor comprising:
(a) preparing a fixed bed catalyét precursor consisting primarily of Pd-M
supported on a fixed bed catalyst support, - £
(b) milling the fixed bed catalyst precursor with a ﬂl.lld bed catalyst bmder
to form a slurry,
25 (c) drying the slurry to form microspheroidal particles of solid fluid bed
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10 through one or nore inlets, feeding an oxygen - containing gas into
the fluidised bed reactor through at |east -one further inlet, co-joining
the oxygen - containing gas, ethylene and acetic acid.in the fluidised bed
reactor while in contact mnth a fluidise@ bed catalyst material to enable
the ethyl ene, acetic acid and oxygen to react to produce vinyl acetate and
recovering the vinyl acetate fromthe fluidised bed reactor. 15

EP- A- 0685451 gk rgxmgmh@@oﬁﬂ@rthe preparation of fluidisable catalyst

ggylﬂﬁoﬁhﬁiL?LP:s @5 H?magggﬁﬁﬂV?ggglIsﬁiPWiPPsﬁépgﬁwﬁchF&Wﬁrghthgfeof ’
and M is pregmaatursor witke arsalutjen of ad alkai ﬂetabsﬂtto.mrocﬁloma%m&dkatalyspr esent in
e, ange O 9 2 oA 47 R et sl VA kS pRbl 1 (1
conpri si né (caalyst epmprisige @ mixtuse obshstentiallyyrart wmawhgr@rdabmplgs having -
primarily of Poodvolume of between 0.2 to 0.7 cc/g, a surface area of between 100 to 200
m?/g and at least 50% of said particles are less than 100 microns.
The manufacture of vinyl acetate from ethylene, acetic acid and oxygen is
an exothermic reaction and it is therefore necessary to provide means to cool the
10 fluidised bed reactor to remove the heat liberated. Failure to do so would
eventually lead to thermal runaway and loss of temperature control of the reactor.
In addition to the safety implication of a thermal runaway there is the probability of
catalyst damage/deactivation as a result of the high temperatures involved. One
means of removing heat is described in the aforesaid EP-A-0685449, which is the
15 provision within the fluid bed reactor of cooling tubes/coils which facilitate the
transfer of heat from the reactor. However, using this method there is a physical
limit to the amount of heat removable which is imposed by the number and size of
the cooling tubes/coils that can be fitted in the reactor without affecting the
fluidisation characteristics. The problem to be solved therefore is that of removing
20 heat from the fluidised bed reactor without detrimentally affecting the operation of
the fluidised bed process. We have found that the solution to the problem is to
introduce a liquid into the fluidised bed reactor for the purpose of cooling the
fluidised bed reactor by evaporation of the liquid, thereby utilising the latent heat of
vaporisation of the liquid. '
25 The removal of reaction heat by injection of liquid acetic acid into the
fluidised bed reaction of acetylene and acetic acid in the presence of zinc acetate
supported on activated carbon to produce vinyl acetate is known from Soviet
Union Patent No. 384815. However, this process differs completely from the
process formmg the subject of the present invention pnnc1pally in the respect that
30 acetylene is used as a reactant rather than ethylene. Consequently the reaction
exotherms differ considerably; the ethylene route to vinyl acetate has approximately
®MHMMMdmmmdﬁmwmmmmFmMmmmmw%Mw
based process catalysts differ substantially in nature from acetylene-based process
catalysts their response to liquids in terms of wet quenching and defluidisation are
35 unpredictable. It is not and never has been the practice in the fixed bed ethylene-
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supported on a fixed bed catal yst support, (b) mlling the fixed bed

catal yst precursor with a fluidised bed catalyst binder to forma slurry,
25 (c) drying the slurry to form m crospheroidal particles of
solid fluidised bed REPLACEMENT SHEET32 cat al yst- precursor, and
optionally, (d) inpregnating the m crospheroidal particles of fluidised bed
catal yst precursor with a solution of an alkali metal salt to produce a

f1ui di sed bedpgzad Aduté to vinyl acetate to introduce the acetic acid reactant as a liquid to the
catalyst bed, the belief being that such a measure would lead to catalyst
deactivation.
Accordingly the present invention provides a process for the production of
-5 vinyl acetate by reacting at elevated temperature in a fluid bed reactor ethylene,
acetic acid and an oxygen - containing gas in the presence of a fluid bed catalyst
material characterised in that a liquid is introduced into the fluidised bed reactor for
the purpose of removing heat therefrom by evaporation of the liquid.
The process of the present invention is advantageous in that it can reduce
10 or eliminate altogether the number of cooling tubes/coils in the reactor, thereby
facilitating the use of a smaller reactor, both of which have cost benefit
implications. The process also allows the removal of a liquid vaporiser column and
gas pre-heat exchangers, thereby improving the economics of the process.
It is essential that the liquid should vaporise within the fluidised bed reactor
15 under the reaction conditions being employed for the production of vinyl acetate so
that the desired cooling effect is obtained and to avoid substantial accumulation of
liquid within the catalyst bed. Inevitably during start-up using catalysts having an
adsorbent component, for example silica, when the catalyst is "dry" it will adsorb a
certain amount of the liquid feed. However, under steady operating conditions
20 substantially all of the liquid introduced into the fluidised catalyst bed evaporates
therein such that any net accumulation of liquid within the fluidised catalyst bed is
less than the wet quenching limit of the fluidised catalyst bed.
The liquid introduced into the fluidised bed reactor may suitably be a
reactant, an inert liquid or a product of the reaction, or a mixture of any two or
25 more thereof. Thus, at least a part of the acetic acid reactant may be fed to the
fluidised bed reactor in liquid form. Alternatively, or in addition, at least some of
the ethylene and/or oxygen may be introduced into the reactor in the form of a
liquid, although in this case, to prevent damage to the catalyst, substantially all of
the liquid ethylene and/or oxygen should evaporate ( for example in a feed pipe or
30 heat exchanger) before coming into contact with the fluid bed catélyst.' o
Alternatively or in addition, an inert liquid, preferably one having a high latent heat
of evaporatlon may be employed. Suitable inert liquids include, for example
liquid hydrocarbons, such as pentane and hexane. Alternatively, or in addition, the
liquid may be a product of the reaction. A suitable product is water, which is
35  formedasa by-product of the reaction of ethylene, acetic acid and oxygén, because
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EP- A- 0672453 di scl oses a support for the manufacture of a vinyl acetate 5
catal yst conprising a mxture of substantially inert m crospheroidal
particles having a pore volume of between 0.2 to 0.7 cc/g, a surface area
of between 100 to 200 nferr]/g and at |edst 50% of said particles are |ess
than 100 m crons. The manufacture of vinyl acetate from ethyl ene, acetic
acid and oxygen is-an exothermc reaction and it is therefore necessary to

Ipr ng de geagsit flé% &ﬁiﬂtw&lb@ng‘lﬂateni heat of @@.ﬁoﬁlﬂdn r Wg‘l atethte pi-@dmv gnd/be heat
R TR R AT ARA S

i npl i cation che 8uidised bed reactvavay there is the probability of catalyst
garmel deact Vel Ofyétody s Vool QU ARSI CAR QUBlRE: e
the 15 Br owareanged injection menes. fA atnates@actmdma@amaarbeotse@ 6ot plvgalityi6Bs/ coi | s
whi ch faci | i tigfegtidd'eans may be arranged within the fluidised bed reactor. For introducing

liquid into the fluidised catalyst bed, the number of injection means used is that

number which is required to provide sufficient penetration and dispersion of liquid

at each injection means to achieve good dispersion of liquid across the fluidised

10 catalyst bed. A preferred injection means is a nozzle or a plurality of nozzles which
include gas-induced atomising nozzles in which a gas is used to assist in the

injection of the liquid, or liquid-only spray-type nozzles. Alternatively, liquid may

be introduced with the ethylene and/or oxygen-containing gas and/or recycIe gas

fed to the fluidised bed reactor suitably by bubbling the ethylene and/or oxygen-

15 containing gas and/or recycle gas through the liquid prior to its introduction into

the reactor. In a further alternative, liquid may be pumped into the area of the grid

plate forming an essential component of a fluid bed reactor where contact with

incoming ethylene and/or oxygen-containing gas and/or recycle gas would propel

the liquid upwards into the fluidised catalyst bed. In yet a further alternative, liquid

20 may be pumped into the reactor via a sparge bar or bars, optionally with one or

more of the gaseous feeds.

In a preferred embodiment the present invention comprises a continuous
process for the manufacture of vinyl acetate in a fluid bed reactor which

conriprises:-

25 (i) feeding ethylene, acetic acid and an oxygen-containing gas into the fluid bed
- reactor, co-joining the ethylene, acetic acid and oxygen-containing gas at
elevated temperature in the fluid bed reactor while in contact with a fluid bed
catalyst material to enable the ethylene, acetic acid and oxygen-containing
gas to react to produce vinyl acetate, normally liciuid by-product comprising
30 water and organic material and a gaseous by-product comprising carbon
dioxide,

(ii) removing from the reactor a gaseous effluent comprising unreacted ethylene,
acetic acid and oxygen-containing gas, product vinyl acetate, normally liquid
by-product and gaseous by-product,

35 (i) separating from the effluent removed from the reactor in (ii) a gaseous stream

4

This Sheet Has Been Replaced

T




transfer of heat fromthe reactor. However, using this method there is a
physical |imt to the anount of heat renovable which is inposed by the
nunber and size of the cooling tubes/coils that can be fitted in the
reactor without affecting the fluidisati@n characteristics. The.problemto
be solved therefore is that of renoving 20 heat fromthe fluidised bed
reactor without detrinentally affecting the operation of the fluidised bed

process. W& have dompitinighsthyléeCofpletticofaining das and pasebesby-protiactifitint aduce a
liquid into the fluidised bed r'e-ac{? r for yue. rRose f %%i n tuhe
f1uidised bed redti8M RMRIFHBHALTACHH 367G 4% n%ﬁﬂ%%,a?%@%‘%y o8P ng t he

| atent heat of vdjmid bppiaiucodnd reeycling)thiecepaated gaseous strefngortherfiuid bedf
reacti on heat by HeQ«i,tSFt ion of liquid acetic acid into the fluidised bed
reaction %f acetyl'ene’and acetic acid in the presence of zinc acetate
suppor t ed 2on @¢ i separating iy ensrertmONg OPeNatiens the lireant eAraRTISINGUNKPASHAd acetifm Sovi et

acid, vinyl acetate product and normally liquid by-product separated from the

reactor effluent in (iii) into a fraction comprising vinyl acetate product and
one or more fractions comprising unreacted acetic acid, vinyl acetate and
normally liquid by-product, and
10 (v) recovering vinyl acetate product and recycling a fraction comprising
unreacted acetic acid and optionally vinyl acetate and/or normally liquid by-
product to the fluid bed reactor, _
at least a part or all of one or more of (a) the acetic acid feed and (b) the recycled
fraction comprising unreacted acetic acid and optionally vinyl acetate and/or
15 normally liquid by-product being introduced as a liquid into the fluidised bed
reactor. ,

In the continuous process described hereinabove reference is made to a
normally liquid by-product, which is intended to define by-product which is a liquid
under conditions of normal pressure and temperature, as opposed to a gas under

20 such conditions. There is no intention to suggest that the by-product is removed
from the reactor in the form of a liquid. |

To maintain a controllable and constant reaction temperature it is necessary
to balance heat removal with heat generated. This can be done by adding enough
liquid to provide all the nett heat removal required ( i.e. over and above that

25 obtained by withdrawing product and introducing feeds and/or recycles from/to the
reactor). However, in practice it is recognised that this will be difficult to control
and could lead to excessive cooling of the liquids being fed to the reactor. ‘This
would lead to de-fluidisation and loss of reaction. This represents a safety hazard
as ethylene and oxygen could then be mixed to form an explosive mixture. To

30 overcome this pbtential problem it is desirable to use some cooling tubes/coils to
provide "fine tuning" of the heat removal. Typically about 70% of the heat
removal may be provided by liquid addition to the reactor. However, any
'ap'p'ro'priate pércentage between 100 'én'dmg're'ater than 0% of the heat removal may
be by means of liquid additions to the reactor without exceeding the safety margins

35 of the equipment operated. ' ' '
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Uni on Patent No. 384815. However, this process differs conpletely fromthe
process formng the subject of the present invention principally in the
respect that 30 acetylene is used as a _reactant rather than ethyl ene.
Consequently the reaction exotherns di ff8r consi derably; the ethylene route
to vinyl acetate has approxi mately double the heat of reaction of the
acetylene route. Furthernore, since ethylene- based process catal ysts

di ffer substanti allkjs recoghised tigat Vinghaceesé stipprsssdsahe ceaptiot et Thérefoysst s t heir

cspone, o o sl ot A MRENIOR RS L Ll ATHBTES 5
et hyl ene- tBe reactor. However in fluid bed operation because the bed is thoroughly mixed,
the impact of any vinyl acetate recycled to the reactor is less because vinyl acetate
5 s present throughout the bed by virtue of the mixing. Therefore, the separation
(iv) into a fraction comprising vinyl acetate product and one or more fractions
comprising unreacted acetic acid and normally liquid by-product (which is recycled
to the reactor) does not require to be so rigorous, thereby economising on
separation plant costs.
10 Ethylene, acetic acid and an oxygen-containing gas are fed to the fluid bed
reactor. Also fed to the reactor is a recycle gaseous stream comprising ethylene,
oxygen-containing gas and gaseous by-product which has been separated from the
effluent removed from the reactor and also a fraction comprising unreacted acetic
acid and optionally vinyl acetate and/or normally liquid by-product separated in
15 (iv). Atleast a part or all of one or more of (a) the acetic acid feed and (b) the
recycled fraction comprising unreacted acetic acid and optionally vinyl acetate
and/or normally liquid by-product, is introduced to the reactor in the form of a
liquid. The feed and recycle components may be introduced to the reactor by a
variety of different routes including the fluid bed reactor grid, sparge bars and
20 [fiquid/gas feed nozzles. The components may be fed separately or in combination.
Ethylene and acetic acid may be introduced to the reactor through one or more
inlets and oxygen introduced through at least one further inlet. As mentioned
hereinbefore liquid components may be introduced by gas-induced atomising
nozzles in which a gas is used to assist in the injection of the liquid, or liquid-only
25 spray type nozzles.
| A suitable gas-induced atomising nozzle for use in the process according to
the present invention comprises:- ' o
(a) at least one inlet for a pressurised liquid,
(b) at least one inlet for an atomising gas, -
30 (c) a mixing chamber to mix said liquid and gas, and
(d) at least one outlet through which said mixture is discharged.
The atomising gas may suitably be an inert gas, for example nitrogen or carbon
dioxide. Preferably the atomising gas is either ethylené or oXygén feed or récycle
gaseous stream or a mixture of two or more thereof. An advantage of using
35 oxygen feed as the atomising gas is that the reactant that causes the "heat source”

.
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based route to vinyl acetate to introduce the acetic acid reactant as a
liquid to the catalyst bed, the belief being that such a nmeasure would | ead
to catal yst deactivation. Accordingly the present invention provides a
process for the production of vinyl acet gte by reacting at el evated
tenperature in a fluidised bed reactor ethylene, acetic acid and an oxygen
- containing gas in the presence of a fluidised bed catal yst nateri al

char act eri sedsidslitdred withlthejituid which i used te trdmone thet Heat'{ i.elithe Bquid bed r eact or

wthin the 1kt iteRldds Bioit R afih Ried /ARRN ddbulhe ofling 0LC, ¢
advant ageous éxygehas thetatomisingegds isshatGt elimjnated theinaed foral sepajatetsprree Bar nunber
o LR U SRS i MBS pi At g e o 2
al so al | ows tIHPrPURS Hidisgton becayse therg afepsr interpaly Hths fgactor. o
' Alternatively, ethylene feed or a combination of ethylene feed and oxygen feed may
be used as the atomising gas.
Each nozzle may be provided with a piurality of outlets of suitable
configuration. The outlets may for example comprise circular holes, slots,
10 ellipsoids or other suitable configurations. Each nozzle may comprise a plurality of
outlets of varying configuration.
The size of the outlets is preferably such that there is little pressure drop
therethrough.
The outlets are preferably symmetrically arranged around the circumference
15 of each nozzle, but may also be arranged asymmetrically therein.
The atomising gas supply to each nozzle is maintained at a pressure
sufficient to break the liquid into small droplets and to prevent particle ingress from
the fluidised bed or particle blockage of the outlets of the nozzle.
The relative size of the mixing chamber is arranged to ensure optimum
20 atomisation. The volume of the mixing (atomising) chamber relative to the volume
of the liquid passing through the chamber expressed as:-
Volume of mixing chamber (in cc)/Liquid flowrate (cc/sec)
is suitably in the range from 5 x 10-3 to 5 x 10~! seconds.
The velocity of the liquid is preferably maintained at a velocity sufficient to
25 ensure that any -particles, for example fines, do not separate out of the liquid
stream. -
The weight ratio of atomising gas : liquid supplied to each nozzle is
typically in the rarige 1:99 to 25:75.
A gas-induced atomising nozzle suitable for use in the process of the
30 present invention is described and illustrated in WO-A-94/28032.
A single nozzle or a plurality of nozzles may be employed. Preferably there
is used a plurality of nozzles. The nozzle or nozzles may be located in the reactor
grid or in the reactor walls above the grid. R -
A suitable liquid-only spray nozzle for use in the process according to the
35 present invention comprises at least one inlet for pfeésuﬁéed liquid and at least one

7
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gas pre-heat exchangers, thereby inproving the economcs of the process. It
Is essential that the liquid should vaporise within the fl uidi sed bed
reactor 15 under the reaction conditiogns being enpl oyed for the
production of vinyl acetate so that the tesired cooling effect is obtained
and to avoi d substantial accumulation of liquid within the catal yst bed.

I nevitably during start-up using catal ysts having an adsor bent conponent,
for exanpl e siutlecfor saiﬂqmessﬂmised sipeidysiffigient liguigd'préssungibieingavantained withm ai n

amount of th itions 20
substanti al | 3*‘%1‘&2'?‘ §9re tﬁﬁ:‘iﬁé’ﬁﬁl g‘ﬁg\?’{ ﬁcﬁﬁg}lﬁ(ﬁﬂ% Fﬁgtﬁl se%&gat al yst bed
evapor at es t eoraenfuste nchlnm a@nymﬁétsmél@uﬁm penesation withi th hed he
fluidised catgdyst bed is Iess than the wet quenching i mt of the

fluidi sedscatal yst_bed. The,liquid, introduced into t% i di d be
reactor ndy suit abl R BEssyre drap ineach ngzzle can be reg ‘aﬂﬁeﬂ ﬁe "ea t"s%? t he
reaction, or restrittivedevioes suhyastvalvenr

The outlets may comprise similar configurations as deﬁned above for the
gas induced atoniiser nozzles, a preferred confi guration being circular holes.
Further information pertaining to liquid-only spray nozzles may be found in the

10 aforesaid WO-A-94/28032.

The introduction into the fluidised bed reactor of a liquid may be the sole
means of removing heat from the reactor, or it may be supplemented by one or
more other means of removing heat from the reactor. Suitable other means of
removing heat from the reactor include the provision within the reactor of cooling

15 tubes/coils and the passage of recycle gases and vapours from the reactor through
external cooling tubes/coils or heat - exchanger prior to its reintroduction to the
reactor. |

Alternatively, or in addition, the liquid may be cooled (e.g. using
refrigeration techniques) before being introduced into the reactor. This allows an

20 even greater cooling effect in the reactor than is provided by the liquid evaporative
effect alone. The further cooling of the liquid may be achieved by the use of
suitable cooling means, for example a simple heat exchanger or refrigerator.

Commercial ethylene and acetic acid may be used in the process of the
present invention with or without further purification. The oxygen - containing gas

25 may be a gas richer or poorer in molecular oxygen than air, but is preferably
substantially pure molecular oxygen In operating the prdcess regard must be had
to minimising the explosion risk associated with the use of an oxygen-containing
feed gas. _ .

_ Any fluid bed catalyst material active for the conversion of ethylene, acetic

30 acid and oxygen to vinyl acetate may be used in the process of the present

invention. Suitable fluid bed catalyst materials and methods for their preparation

are described, for example, in the aforesaid EP-A-Nos. 672453 and 685451. A

suitable catalyst comprises palladium and one or more promoters selected from
alkali metals, alkaline earth metals, transition metals and lanthanide metals

35 supported on a suitable support, for example silica. Ekamples of promoter metals
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25 nore thereof. Thus, at least a part of the acetic acid reactant may be
fed to the fluidised bed reactor in liquid-form Alternatively, or in
addition, at |east sonme of the ethylene and/ or oxygen may be introduced
into the reactor in the formof a quuid?-aLthough in this case, to prevent
damage to the catalyst, substantially all of the Iiquid ethyl ene and/or
oxygen shoul d evaporate ( for exanple in a feed pipe or 30 heat

exchanger) beddhide poaesiighn, isodian: 0aias, cadiniin,tda€imohyand kathaed. Tatal yst .

Alternatively or jn addition an inert |i.quid r&f erabl ayi_ng a high
fatent heat Sromoleu TR e oYLl sl Scaftalis SR b ARl o]
i ncl ude, for ezamplelcarbaxiylate silthtyipicallyrdsetates. Formostsprpmoteasdomexdmplexane.
Al ternativel . ddi t [ QL ' reaction.
A sul tabi g o SufaEiubtGAREs, SabHsholib hilfafhell 3l o BondanREA6H BlockiornteL [ 2O0L
reacti on of endpPaveightd6enithe eatplystand oxygen, because

In the fixed bed process for the production of vinyl acetate the acetic acid

feed is vaporised with the gaseous feed. The catalyst bed loses promoter, e.g.

potassium acetate, during the reaction.- Accordingly, in the operation of a fixed
bed process a small quantity of promoter solution is sprayed in to the inlet gas

10 stream to vaporise and replenish the promoter on the catalyst bed. This can be
difficult and can lead to uneven promoter distribution which in turn can give rise to
non-optimum catalyst performance. In the fluid bed process according to the
present invention it is preferred to dissolve the promoter in the liquid feed to the
bed. Because the bed is in motion, fluidised, the catalyst and promoter mix thereby

15 reaching a uniform promoter concentration throughout the bed. This is clearly an
improvement over fixed bed operation and should lead to improved productivity
and selectivity because promoter levels can more easily be controlled. Catalyst
samples can be removed from the reactor to monitor promoter levels and facilitate
the adjustment of promoter feed levels in the liquid feed stream to maintain the

20 appropriate level on the catalyst.

The ethylene, acetic acid and oxygen - containing gas are suitably reacted at

elevated temperature, suitably within the range 100 to 250°C, preferably within the
range from 135 to 195°C. The reaction is suitably accomplished at pressures,

within the range from 0 to 300 psig, preferably within the range from 75 to 150
25 ' '

psig. _
Gaseous feed concentrations of ethylene, acetic acid and oxygen may vary.
" Typically useful ranges in mole % are as follows:-
Ethylene - 30 to 70%, preferably 35 to 65%, most preferably 40
30 to 60%; .
Acetic Acid - 10 to 25%, preferably 12 to 22%, most preferably 15
to 20%: and '
Oxygen - 0 to 25%, preferably 4 to 16%
35 The balance of the feed (to make up to a total of 100 mol %) comprises
9
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4 it has a relatively high | atent heat of evaporation.

Vinyl acetate

product and/or acetal dehyde by-product may al so be recycled and i ntroduced

inliquid forminto the fluidised bed r ctor
into the fluidised-bed reactor by sui ta§1

single injection neans may be used or a pl ural ity of
arranged within the fluidised bed reactor.
f1ui di sed catgassmts iarts, eghearbamdioxidefethang and argonnipdhe gasseus resydédat nunber

which is req

liquid at eac
the fl uidi sed

10

For

L%%lreﬁﬂ 4nfl er%Q}éH%%HﬁMf fliqﬁi Q/ﬁﬂﬂ%g&ag: g” ?Qldogl E]Per sion of

The process of the present mventlon w1ll now be 1l ustrated by reference to
the following examples.
Example 1 _

By calculation it was found that if streams 1 and 2 from Table 1 were used
in the fluid bed production of vinyl acetate by the catalysed reaction of ethylene,
acetic acid and oxygen, and the streams were added to the fluid bed reactor in the
vapour phase at 8 barg and 155°C, then for the stoichiometric reactions given in

Table 2 reacting to the extents and conversions given in Table 3, about 8.7 MW of

heat would be liberated. (The extent of reaction is defined as the number of moles

_ generated for any component divided by the stoichiometric coefficient.)

15

If however stream 1 was added to the reactor at 155°C and stream 2 was
added such that 50% of the stream was in the liquid phase at 155°C, and the
reactor was to be maintained at 155°C, the heat liberated would be reduced to

- about 3.7 MW,

20

These two calculations demonstrate that some of the heat liberated in the
reaction is utilised to vaporise the liquid feed thereby reducing the overall heat
removal requirements by other means, for example cooling tubes/coils.

The liquid may be introduced
arranged i njection neans.
i nj ection nmeans may be
Introducing liquid into the

A

| iquid across

Table 1
Substream : Mixed Phase Streain 1 Stream 2
Components Flows : Kg/Hr
Nitrogen (N,) 99 0
Argon (Ar) 69 0
Oxygen (O,) 8567 0
Methane (CH,) 11 -0
Ethylene (CHy) 39282 0
Ethane (CHq) 25 0
Carbon Dioxide (CO,) 20796 0
Vinyl acetate 0 4252
Water (H,0) 0 10270
Acetic acid 0 29099
Total Flow : (Kg/hr) 68849 . 43621 .
10
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10 catal yst bed. A preferred injection neans is a nozzle or a plurality
of nozzl es which include gas-induced atom sing nozzles in which a gas is
used to assist in the injection of the liquid, or liquid-only spray-type
nozzles. Alternatively, liquid may be intlroduced with the ethyl ene and/ or
oxygen-contai ning gas and/or recycle gas fed to the fluidised bed reactor
sui tably by bubbling the ethylene and/ or oxygen- 15 cont ai ni ng gas and/ or
recycle gas through the liquid prior tpahies i ntroduction into the reactor.
In a farther alternative, |liquid nmay be punped into the area of the grid
plate form ng an essenti al conponent of a fluidised bed reactor where

contact wit h I ncor€yids etCyHleDe+dit0py GxHgbn-+MpDai ni ng gas and/ or recycle

gas woul d prq’_\oel t@e[{LLF '

rdsyd At 0 the fluidised catal yst bed. In yet
a further _al térnativéey | d‘.’?&%%ﬁag be punped into the reactor via a
sparge baP or3-bar sCzH@tHGn%A

0% ‘b@tﬂs@me or nore of the gaseous feeds.
4. CoHy + C3HgO, + .1/202 =2CsHgO, + HoO
5. CoHy + 2CoH407 + 1/ 09>CgH 104 + HO

10 Table 3
EXTENT REACTION 1 128.89
EXTENT REACTION 2 8.03
EXTENT REACTION 3 0.0593
EXTENT REACTION 4 0.0146
EXTENT REACTION 5 0.1204

Comparison Test _
A fluid bed vinyl acetate reactor was operated at 8 barg and a bed

15 temperature of 152°C with a gas hourly space velocity of 116hr -1 (at process
conditions). The catalyst had metal loadings of 0.44 Pd, 0.36 Auand 2.5K
(weight %). The total feed composition was ethylene: acetic acid: oxygen:
nitrogen, 52.9 :9.9 :7.6 :29.6 as mole % respectively. The acetic acid was
introduced to the reactor with the main gas inlet stream via a vaporiser at 150°C

20 through the bottom of the reactor. Bed temperatures are given in the
accompanying Table 4. o

An on-line oxygen analyser indicated that 45% of the oxygen had been
converted to products.
" This is not an example according to the present invention because none of

25 the components was introduced to the reactor in the form of a liquid. It is included

only for the purpose of comparison. |

Ekample 2 :
The Comparison Test was repeated except that the acetic acid was

introduced to the reactor as a liquid at room temperature through a sparge pipe

11
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In a preferred enbodi nent the present invention conprises a continuous
process for the manufacture of vinyl acetate in a fluidised bed reactor
whi ch conprises:- 25 (i) feeding ethylene, acetic acid and an
oxygen-contai ning gas into the fluidisedl%ed reactor, co-joining the

et hyl ene, acetic acid and oxygen-containing gas at elevated tenperature in
the fluid bed reactor while in contact with a fluidi sed bed catal yst

materi al to epmitioned bewaidbytednket ofthe réactornavithirathe catelygicbedc detdai ni ng gas to

react to pro L.nyl .ac t. nor.oally. | i-quid, by- product conprising 30
wat er and or&gﬁtﬁg%hg;éﬁ%ag%e n'gﬂé? a&ﬁé@%%%lngﬁ%ko%uct conprising carbon
dioxide, (ii) renBuiondineraxygenanalyserdndicated dat4idaof eheroxysen h Ri si ng

unreact ed et 'édn‘%@ﬁfd lfict® C irflis ABRMoAMERMA R bMpRTodAst MHdEEKdfiple/ NV
acet at e, rgorrrally I g . L . .
2 produced almost identical heats of reaction.

Examination of Table 4 shows the effect of introducing a cold liquid direct
to the catalyst bed on observed reaction exotherm. Redttion exotherm is taken as
the temperature difference of the heater coils or oil between the system when
operating with feed reagents without oxygen and the system when operating with

10 oxygen feed. When the acetic acid feed is vaporised a reaction exotherm is
observed throughout the_bed. When the acetic acid is introduced as a liquid the
reaction exotherm is substantially reduced in the bottom and middle sections of the
bed. These results demonstrate that the direct addition of liquids to the reactor bed
can remove some of the heat of reaction. The catalyst did not agglomerate and de-

15 fluidise.

20

25

30

35

12
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by- product and gaseous by-product, 35 . (iii) separating fromthe effluent
renoved fromthe reactor in (ii) a gaseous-stream REPLACEMENT SHEET 5
conpri sing ethyl ene, oxygen-containing gas and gaseous by-product from a
stream conpri sing unreacted acetic acid, vinyl acetate product and normally

i quid by-product and recycling the separated gaseous streamto .the
fluidised bed rea:tﬂr, 5 iv) deparaking {n jong o nFDre operfatilon the
st ream conpri silng| unfr eact ed jacgtifc
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acid, vinyl acetate product and normally |iquid by-product separated from
the reactor effluent in (iii) into a fraction conprising vinyl acetate
product and one or nore fractions conprising unreacted acetic acid, vinyl
acetate and normally |iquid by-product, and 10 (v) recovering vinyl
acetate product and recycling a fraction conprising unreacted acetic acid

and optlm—ky—w—ﬁyi—&ee{—a{—e and/or normally liquid by- product to the

fluidised | east a part or all of one or nore of (a) the
acetic acmmmmﬂlm Jut (' he recycled fraction conprising unreacted acetic
acid and. optl Y «» acetate and/or 15 normal l'y |iquid by-product
being introduced as a liquid into the fluidised bed reactor. In the

continuous process described herei nabove reference is nade to a

14

Claims:

1. - A process for the production of vinyl acetate by reacting at elevated
temperature in a fluid bed reactor ethylene, acetic acid and an oxygen-containing
gas in the presence of a fluid bed catalyst material characterised in that a liquid is
introduced into the fluidised reactor for the purpose of removing heat therefrom by
5" evaporation of the liquid. ‘

2. A process as claimed in claim 1 wherein the liquid introduced into the
reactor is a reactant, an inert quuiél, a product of the reaction or a mixture thereof.
3. A process as claimed in claim 2 wherein the liquid is liquid ethylene, liquid
oxygen, a liquid hydrocarbon, liquid acetic acid, water, vinyl acetate or

10 acetaldehyde. |
4, A process as claimed in any one of the preceding claims wherein the liquid
is introduced into the fluidised bed through injection means.
S. A process as claimed in claim 4 wherein the injection means is a gas-
induced atomising nozzle.

I5 6. A process as claimed in claim 5 wherein the atomising gas is nitrogen,
carbon dioxide, ethylene, oxygen feed, recycle gaseous stream or a mixture thereof.
7. A process as claimed in any one of the preceding claims wherein the
catalyst comprises palladium and one or more promoters selected from alkali
metals, alkaline earth metals, transition metals and lanthanide metals supported on

20 a support.
8. A process as claimed in claim 7 wherein the promoter is selected from
potassium, sodium, barium, cadmium, antimony and lanthanum.
9. A process as claimed in claim 7 or claim 8 wherein the plomofer
concentration is between 0.1 and 30 weight % on the catalyst.

25 100 A process as claimed in any one of claims 7 to 9 wherein the promoter is

14
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normal Iy liquid by-product, which is intended to define by-product which is
a Ilmllmmmjummmll ons of normal pressure and tenperature, as opposed to
a ga il conditions. There'is no intention to suggest that the
by- pr6dutt s Yerfov&d fromthe reactor i the formof a liquid. To maintain
a controll able and constant reaction tenperature it is necessary to bal ance

heat renoval with heat generated. This can be done by addi ng enough |iquid
to provide algssbRed ifihk ligeRtfeéemoval required ( i.e. over and above that 25

obt ai ned by t hdraw n rodyct .and intrqduci ng feeds and/.of recycles
fromto the \r,Yléact dfym%ﬁiq@eﬁiwwa?@ﬁog S RreqEgIng HPUBEd PWEAL 2 his wil |
be difficult tempeatire of fromd00a0280iCadl 4 pressueeoB0 1e3a0esig. ng of the |iquids
bei ng fed tol he Bgactor.- Thi.s

re

reaction. _Thi gg%ﬁfssasac@'gfiﬁijg‘"&é}?gr%gﬂ%gprg‘ieeﬁi?:gg%aglhg%&%%ytg ﬁ lcgﬁlstI hen
be nixed Po fethylknefeskeinositrasioniisfroma0 t3F0 mole %, acetic acid feed
concentration is 10 to 25 mole % and oxygen concentration is 0 to 25 mole %.
13. A process as claimed in claim I in which the process is continuous and
comprises (i) feeding ethylene, acetic acid and an oxygen-containing gas into the
fluid bed reactor, co-joining the ethylene, acetic acid and oxygen-containing gas at
10 elevated tempefature in the fluid bed reactor while in contact with a fluid bed
catalyst material to enable the ethylene, acetic acid and oxygen-containing gas to
react to produce vinyl acetate, normally liquid by-product comprising water and
organic material and a gaseous by-product comprising carbon dioxide; (ii)
removing from the reactor a gaseous effluent comprising unreacted ethylene, acetic
15 acid and oxygen-containing gas, product vinyl acetate, normally liquid by-product
and gaseous by-product; (iii) separating from the effluent removed from the reactor
in (i) a gaseous stream comprising ethylene, oxygen-containing gas and gaseous
by-product from a stream comprising unreacted acetic acid, vinyl acetate product
and normally liquid by-product and recycling the separated gaseous stream to the
20 fluid bed reactor, (iv) separating in one or more operations the stream comprising
unreacted acetic acid, vinyl acetate product and normally liquid by-product
separated from the reactor effluent in (iii) into a fraction comprising vinyl acetate
product and one or more fractions comprising unreacted acetic acid, vinly acetate
and normally liquid by-product, and (v) recovering vinyl acetate product and
25 recycling a fraction comprising unreacted acetic acid and 6ptionally vinyl acetate
and/or normally liquid by-product to the fluid bed reactor;
at least a part or all of (a) the acetic acid, and (b) the recycled fraction comprising
unreacted acetic acid and optionally viny! acetate and/or normally liquid by-product

being introduced as a liquid into the fluidised bed reactor.
30 _ :

35

15
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30 overcone this potential problemit is desirable to use sone cooling
tubes/coils to provide "fine tuning"™ of the heat renoval. Typically about
"70% of the heat renoval nmmy be provided by liquid addition to the reactor.
However, any appropriate percentage between 100 and greater than 0% of the
heat renoval nmay be by neans of liquid additions to the reactor w thout
exceedi ng the safety margins 35 of the equi pnent operated. 6 It is
recogni sed that vinyl acetate suppresses the reaction rate. Therefore, in
the fixed bed production of vinyl acetate little or no vinyl acetate is
returned to

16

ABSTRACT

PROCESS FOR THE ACETOXYLATION OF OLEFINS

A process for the production of vinyl acetate which comprises reacting at elevated
temperature in a fluid bed reactor ethylene, acetic acid and an oxygen-containing
gas in the presence of a fluid bed catalyst material wherein a liquid is introduced
into the fluidised bed reactor for the purpose of removing heat therefrom by
evaporation of the liquid.

_
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‘the reactor. However in fluidised bed operation because ng qls
thoroughly m xed, the inpact. of any vinyl acetate recycl QO the réactor
is |l ess because vinyl acetate 5 i s present throughout t'he | y virtue
of the mixing. Therefore, the separation (iv) into a fraétlon conpr|3|ng

vinyl acetate product and one or nore fracti ofis cgg?,[ T t—acet+e
acid and normally liquid by-product (which is ‘gn ME es orﬁﬁj@es
dto

not require to be so rigorous, thereby econon enpa?aﬂe -----
costs. 10 - Ethylene, acetic acid and M TﬂaﬁF @?fgeﬁr‘g-
fed to the fluidised bed reactor. Also fed to]t gage wdeypaged .. |

gaseous stream conpri sing et hyl ene, oxygen-co ‘AH?SFF@“gas Raged é@
by- product whi ch has been separated fromthe pffluent renmoved fr@
reactor and also a fraction conprising unreact d3AREeOFCRECEIPRN TP 0N
vinyl acetate and/or normally |iquid by-product separated Tn

1

PROCESS FOR THE ACETOXYLATION OF OLEFINS
The present invention relates in general to a fluid bed process for the
acetoxylation of olefins or diolefins and in particular to a fluid bed process for the
production of vinyl acetate from ethylene, acetic acid and an oxygen - containing
gas in the presence of a fluid bed catalyst.

5 Fluid bed processes for the production of vinyl acetate from ethylene, acetic
acid and an oxygen - containing gas in the presence of a fluid bed catalyst are
known from, for example, EP-A-0685449, EP-A-0685451 and EP-A-0672453.

EP-A-0685449 discloses a process for manufacturing vinyl acetate in a fluid
bed reactor comprising feeding ethylene and acetic acid into the fluid bed reactor
10 through one or more inlets, feeding an oxygen - containing gas into the fluid bed
reactor through at least one further inlet, co-joining the oxygen - containing gas,
ethylene and acetic acid in the fluid bed reactor while in contact with a fluid bed
catalyst material to enable the ethylene, acetic acid and oxygen to react to produce
vinyl acetate and recovering the vinyl acetate from the fluid bed reactor.
15 - EP-A-0685451 discloses a method for the preparation of fluidisable catalyst
- having the formula Pd-M-A where M comprises Au, Ba, Cd, Bi, Cu, Mn, Fe, Co,
Ce, U or mixtures thereof, A comprises an alkali metal or mixture thereof and M is
present in the range of from 0 to about 5 wt% and A is present in the range of
greater than 0 to about 10% by weight which is useful in the acetoxylation of
2_0 olefins and diolefins in a fluid bed reactor comprising:
(a) preparing a fixed bed catalyst precursor consisting primarily of Pd-M
supported on a fixed bed catalyst support. |
(b) milli'ng the fixed bed catalyst precursor with a fluid bed catalyst binder
to form a slurry, |

25 - (¢) drying the slurry to form microspheroidal particles of solid fluid bed
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15 (iv). At least a part or all of one or nore of (a) the acetic acid
feed and (b) the recycled fraction conprising unreacted acetic acid and
optionally vinyl acetate and/or normally2liquid by-product, is introduced
to the reactor in the formof a liquid. The feed and recycl e conponents nmay
be introduced to the reactor by a variety of different routes including the
fluid bed reac e .bars and 20 | i qui d/ gas feed nozzles. The

E r.grid ; sparg .
conponents maf a&gt g@&”é@béf‘g BHonall, i n conbi nation. Et hyl ene and acetic
acid may be introddyimbregnating the?ﬁwgluérbrd@}lmia%Muiﬂf_BédEcdtﬂ fts agdf oxygen
I ntroduced through at..l east,.one,further inlet. menti pne er el nbef or.e
liquid conpom&H ugsomthoaes ﬁ%tfqrbﬂqfd’@&kagfﬁfjgéﬁﬁﬁ?iﬁ@gﬂcﬁ?bmd&eﬁé’aﬁé’f&I esin .
which a gas is us&P-Ae06#453 Wdischosésdwesuppbr dér the nahufabrird buNidyl agétate

hogsl & g ety BBt nbGT sty er eI ar iy Raving?
- a pore volume of between 0.2 to 0.7 cc/g, a suiface area of between 100 to 200
m?/g and at least 50% of said particles are less than 100 microns.
The manufacture of vinyl acetate from ethylene, acetic acid and oxygenis
an exothermic reaction and it is therefore necessary to provide means to cool the

1.0 fluidised bed reactor to remove the heat liberated. Failure to do so would

eventually lead to thermal runaway and loss of temperature control of the reactor.

In addition to the safety implication of a thermal runaway there is the probability of
catalyst damage/deactivation as a result of the high temperatures involved. One '
means of removing heat is described in the aforesaid EP-A-0685449, which is the

15 provision within the fluid bed reactor of cooling tubes/coils which facilitate the

transfer of heat from the reactor. However, using this method there is a physical
limit to the amount of heat removable which-is imposed by the number and size of
the cooling tubes/coils that can be fitted in the reactor without affecting the
fluidisation characteristics. The problem to be solved therefore is that of removing

20 heat from the fluidised bed reactor without detrimentally affecting the operation of

the fluidised bed process. We have found that the solution to the problem is to
introduce a liquid into the fluidised bed reactor for the purpose of cooling the
fluidised bed reactor by evaporation of the liquid, thereby utilising the latent heat of
vaporisation of the liquid. _

25 The removal of reaction heat by injection of liquid acetic acid into the
fluidised bed reaction of acetylene and acetic acid in the presence of zinc acetate
supported on activated carbon to produce vinyl acetate is known from Soviet
Union Patent No. 384815. However, this process differs completely from the
process forming the subject of the present invention principally in the respect that
30 acetylene is used as a reactant rather than ethylene. Consequently the reaction
exotherms differ considerably; the ethylene route to vinyl acetate has approximately
double the heat of reaction of the acetylene route. Furthermore, since ethylene-
based procéss catalysts differ substantially in nature from acetylene-based process
catalysts their response to liquids in terms of wet quenching and defluidisation are

35 unpredictable.’ It is not and never has been the practice in the fixed bed ethylene- -
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the present invention conprises:- (a) at |least one inlet for a pressurised
liquid, (b) at |east one inlet for an atom sing gas, 30 . (c) a
m xing chamber to mx said liquid and gag, and (d) at |east one outlet
through which said mxture is discharged. The atonising gas may suitably
be an inert gas for exanple nitrogen or carbon dioxide. Preferably the
atom sing ,as is either ethylene or oxygen feed or recycle gaseous stream
or a m xt ur e bafed yteto yinylacetate todntroghice theaasetigreidbreagkhihas aBjuid todhgen f eed

as. the atom safiflys§Bed, the bAIRT bLiRS tHE S thedsIA WERE TEA th Ralylieat source”
deactivation. '
Accordingly the present invention provides a process for the production of
3 vinyl acetate by reacting at elevated temperature in a fluid bed reactor ethylene,
acetic acid and an oxygen - containing gas in the presence of a fluid bed catalyst
material characterised in that a liquid is introduced into the fluidised bed reactor for
the purpose of removing heat therefrom by evaporation of the liquid.
The process of the present invention is advantagedus in that it can reduce
10 or eliminate altogether the number of cooling tubes/coils in the reactor, thereby
facilitating the use of a smaller reactor, both of which have cost benefit
implications. The process also allows the removal of a liquid vaporiser column and
gas pre-heat exchangers, thereby improving the economics of the process.
It is essential that the liquid should vaporise within the fluidised bed reactor
15 under the reaction conditions being employed for the production of vinyl acetate so
that the desired cooling effect is obtained and to avoid substantial accumulation of
liquid within the catalyst bed. Inevitably during start-up using catalysts having an
adsorbent component, for example silica, when the catalyst is "dry*" it will adsorb a
certain amount of the liquid feed. However, under steady operating conditions
20 substantially all of the liquid introduced into the fluidised catalyst bed evaporates
therein such that any net accumulation of liquid within the fluidised catalyst bed is
less than the wet quenching limit of the fluidised catalyst bed.
The liquid introduced into the fluidised bed reactor may suitably be a
reactant, an inert liquid or a product of the reaction, or a mixture of any two or
25 more thereof. Thus, at least a part of the acetic acid reactant may be fed to the
fluidised bed reactor in liquid form. Alternatively, or in addition, at least some of
the ethylene and/or oxygen may be introduced into the reactor in the form of a
liquid, although in this case, to prevent damage to the catalyst, substantially all of
the liquid ethylene and/or oxygen should evaporate ( for example in a feed pipe or
heat exchanger) before coming into contact with the fluid bed catalyst. '
Alternatively or in addition, an inert liquid, preferably one having a high latent heat
of evaporation, may be employed. Suitable inert liquids include, for example,
liquid hydrocarbons, such as pentane and hexane. Alternatively, or in addition, the
liquid may be a product of the reaction. A suitable product is water, which is
formed as a by-product of the reaction of ethylene, acetic acid and oxygen, because
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7 is delivered wwth the liquid which is used to "renove the heat", i.e. the
liquid coolant is delivered to the point of maxi num need. Another advantage
of using oxygen as the atomsing gas is 4hat it elimnates the need for a
separate sparge bar in the reactor bed to introduce oxygen, thereby _
simplifying plant design and 5 I mproving fluidisation because there are

f i nt ' tor. ternatively, ethylene feed or a
conbi nat 1 on ot A AR NENTEGUAET At PE PO E AT SO SEPraBet VSR o si ng
gas. Each nozickrldshyddby-prodvcomdy itsd Be pecptled ald npodiceduh |i(fm@f&fn ifd table

configuratio he. out | et s y for exanple conprise circular holes, slots,
10 elli pso{}BEHBﬁ'SSﬁﬁ?ggr%@abl e configurations. Each nozzle may conprise

a plurality of outThsKquid magibyiingoduesd ingshatfiudiised-bed reactor by suitably
5 arranged injection means. A single injection meéms-may be used or a plurality of
injection means may be arranged within the fluidised bed reactor. For introddcing
liquid into the fluidised catalyst bed, the number of injection means used is that
number which is required to provide sufficient penetration and dispersion of liquid
- at each injection means to achieve good dispersion of liquid across the fluidised

10 catalyst bed. A preferred injection means is a nozzle or a plurality of nozzles which
include gas-induced atomising nozzles in which a gas is used to assist in the
injection of the liquid, or liquid-only spray-type nozzles. Alternatively, liquid may
be introduced with the ethylene and/or oxygen-containing gas and/or recycle gas
fed to the fluidised bed reactor suitably by bubbling the ethylene and/or oxygen-

15 containing gas and/or recycle gas through the liquid prior to its introduction into
the reactor. In a further alternative, liquid may be pumped into the area of the grid
plate forming an essential component of a fluid bed reactor where contact with
incoming ethylene and/or oxygen-containing gas and/or recycle gas would prope!
the liquid upwards into the fluidised catalyst bed. In yet a further alternative, liquid

20 ‘may be pumped into the reactor via a sparge bar or bars, optionally with one or
more of the gaseous feeds.

In a preferred embodiment the present invention comprises a continuous
process for the manufacture of vinyl acetate in a fluid bed reactor which
comprises:-

25 () feeding ethylene, acetic acid and an oxygen-containing gas into the fluid bed
~ reactor, co-joining the ethylene, acetic acid and oxygen-containing gas at
elevated temperature in the fluid bed reactor while in contact with a fluid bed
catalyst material to enable the ethylene, acetic acid and oxygen-containing
gas to react to produce vinyl acetate, normally liquid by-product comprising

30 water and organic material and a gaseous by-product comprising carbon
dioxide, _ ' ' _
(i) removing from the reactor a gaseous eftfluent comprising unreacted ethylene,
acetic acid and oxygen-containing gas, product vinyl acetate, normally liquid
by-product and gaseous by-product, '
35 (i) separating from the effluent removed from the reactor in (ii) a gaseous stream
This Sheet Has Been Replaced o ' THIS SHEET HAS BEEN
”" l ' ,l"" Im ,", This is the replacement sheet _ REPLACED ]




The size of the outlets is preferably such.that there is little pressure
drop therethrough. The outlets are preferably symetrically arranged around
the circunference 15 of each nozzle, bu may also.be arranged
asynmetrically therein. The atom sing gas supply to each nozzle is

mai ntai ned at a pressure sufficient to break the liquid into small droplets
and. to prevent particl]e ingress fromthe fluidised bed or partlcle bl ockage
of the outlets ofcomPé'Swgzeéi%éenerﬁévgeér%tayén&grEeanéfgaf:wels.’wmrcr@ct:framer is

arranged t o ensurstre@itdoffprisig unréHcRl azefid £id, vTrﬁ}#aé’é%ﬁtE od?fct dd¥endiinill ﬁ“
(atom sing) cha elative to, the volunme of l'iquid passin rough
t he chanber expr @ggixbyagmd“%‘l”lﬂf@cﬁtﬁmﬁiﬁSﬁaaféﬁérﬁ?é?m'(slsﬁe%,'&)qIbﬁ Idobeﬂl owr at e

(cc/sec) is suitabigtot,n the range from5 x 10[err] to 5 x 10-1 seconds.

3 (iv) ' separating in one or more operations the stream comprising unreacted acetic

acid, vinyl acetate product and normally liquid by-product separated from the
reactor effluent in (jii) into a fraction comprising vinyl acetate product and
one or more fractions comprising unreacted acefic acid, vinyl acetate and
normally liquid by-product, and '

10 (v) recovering vinyl acetate product and recycling a fraction comprising
unreacted acetic acid and optionally vmyl acetate and/or normally liquid by-
product to the fluid bed reactor, _

at least a part or all of one or more of (a) the acetic acid feed and (b) the recycled
- fraction comprising unreacted acetic acid and optionally vinyl acetate and/or

15 normally liquid by-product being introduced as a liquid into the fluidised bed

reactor. . _

In the continuous process described hereinabove reference is made to a
normally liquid by-product, which is mtended to define by-product which is a liquid
under conditions of normal pressure and temperature as opposed to a gas under
such conditions. There is no intention to suggest that the by-product is removed
from the reactor in the form of a liquid.

20

To maintain a controllable and constant reaction temperature it is necessary
to balance heat removal with heat generated. This can be done by adding enough
liquid to provide all the nett heat removal required ( i.e. over and above that

25 obtained by withdrawing product and introducing feeds and/or recycles from/to the
reactor). However, in practice it is recognised that this will be difficult to control
and could lead to excessive cooling of the liquids being fed to the reactor. This
would lead to de-fluidisation and loss of reaction. This represents a safety hazard
as ethylene and oxygen could then be mixed to form an explesive mixture. To

30 overcome this potential problem it is desirable to use some cooling tubes/coils to

| provide "fine tuning" of the heat removal. Typically about 70% of the heat

removal may be provided by liquid addition to the reactor. However, any
appropriate percentage between 100 and greater than 0% of the heat removal may
be by means of liquid additions to the reactor without exceeding the safety margins
of the equipment operated.

(73
N
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The velocity of the liquid is preferably maintained at a velocity
sufficient to 25 ensure that any particles, for exanple fines, do not
separate out of the liquid stream The V\?ai ght ratio of atom sing gas:
liquid supplied to each nozzle is typically in the range 1:99 to 25:75. A
gas-induced atom sing nozzle suitable for use in the process of the 30
present invention_is described and illustrated in WO- A-94/28032. A single
nozzl e or a pluralt tsyequgnﬁgcimaégmmwen@ée supplesses the reaetfanrralsl Vi herefors, i s used

~a plurality ﬂ{th@?&éﬁﬁédaa off &éxﬁnﬂﬁcé?&’ré?idfé%%yw F&Sﬁ%ﬁ Jaoanfzﬁ react or

grid or in t e reactor ove spray
nozzl e for udhe reacten erwswss ﬂatﬁicb@d @m@n@@)b@qa@segbe becb rSéb@rnugh pwxed, on

conpri ses at theSAphcOSny Wi adebdte RIGASHId (hE Hedcl Y Rs B ade Vi aletABE
5 js present throughout the bed by virtue of the mixing. Therefore, the separation
(iv) into a fraction comprising vinyl acetate product and one or more fractions
comprising unreacted acetic acid and normally liquid by-product (which is recycled
to the reactor) does not require to be so rigorous, thereby economising on
separation plant costs:

10 Ethylene, acetic acid and an oxygen-containing gas are fed to the fluid bed
reactor. Also fed to the reactor is a recycle ghseous stream comprising ethylene,'
oxygen-containing gas and gaseous by-product which has been separated from the
effluent removed from the reactor and also a fraction comprising unreacted acetic
acid and optionally vinyl acetate and/or normally liquid by-product separated in

15 (iv). At least a part or all of one or more of (a) the acetic acid feed and (b) the
recycled fraction comprising unreacted acetic acid and optionally vinyl acetate
and/or normally liquid by-product, is introduced to the reactor in the form of a
liquid. The feed and recycle components may be introduced to the reactor by a
variety of different routes including the fluid bed reactor grid, sparge bars and

20 liquid/gas feed nozzles. The components may be fed separately or in combination.
Ethylene and acetic acid may be introduced to the reactor through one or more
inlets and oxygen introduced through at least one further inlet. As mentioned
hereinbefore liquid components may be introduced by gas-induced atomising
nozzles in which a gas is used to assist in the injection of the 'liquid, or liquid-only

25 spray type nozzles. _

A suitable gas-induced at_omising nozzle for use in the process according to
the present invention comprises:-
(a) at least one inlet for a pressurised liquid,

-

(b) at least one inlet for an atomising gas,

30 (c) a mixing chamber to mix said liquid and gas, and
(d) at least one outlet through which said mixture is discharged.
The atomising gas may suitably be an-inert gas, for example nitrogen or carbon
dioxide. Preferably the atomising gas is either ethylene or oxygen feed or recycle
gaseous stream or a mixture of two or more thereof. An advantage of using
35

- oxygen feed as the atomising gas is that the reactant that causes the "heat source"
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outlet for said pressurised liquid, sufficient |liquid pressure being

mai ntained within the nozzle to ensure that the liquid energing fromthe
outl et has the desired nonentumto achi evke adequat e di spersion and
penetration within the fluidised bed reactor. 5 . The pressure drop
in each nozzle can be regulated, if desired, by the use of restrictive

def i ned abovds PEPEHENEIRTiilH aiichiEiesp “Frnspeke Reatigrrhdd ™' O"°
confi gur at i oncdoddntds déliveredao tlil@bﬁﬁt offhidximen nleétf OAfSthepadvaRtag@bNisiify t 0 -
| quid-only &% gxn A% Ze atomising (24 gas is t?xat 19 elllmmates the need for a separate sparge bar
in the reactor bed to introduce oxygen, thereby simplifying plant design and
3 improving fluidisation because there are fewer internals in the reactor.
Alternatively, ethylene feed or a combination of ethylene feed and oxygen feed may
be used as the atomising gas.

Each nozzle may be provided with a plurality of outlets of suitable
configuration. The outlets may for example comprise circular holes, slots,

10 ellipsoids or other suitable config igurations. Each nozzle may comprise a plurality of
outlets of varying configuration.

The size of the outlets is pref'erably such that there is little pressure drop
therethrough.

The outlets are preferably symmetrically arranged around the cn'cumference

15 of each nozzle, but may also be arranged asymmetrically therein.

The atomising gas supply to each nozzle is maintained at a pressure
sufficient to break the liquid into small droplets and to prevent particle ingress from
the fluidised bed or particle blockatre of the outlets of the nozzle.

The relative size of the mlxmg, s chamber is arranged to ensure optimum

20 atomisation. The volume of the mixing (atomising) chamber relative to the volume
of the liquid passing through the chamber expressed as:-

Volume of mixing chamber (in cc)/Liquid flowrate (cc/sec)
is suitably in the range from 5 x 10-3 to 5 x 10~! seconds.

The velocity of the liquid is preferably maintained at a velocity sufficient to

25 ensure that any particles, for example fines, do not separate out of the liquid
stream. _ -

The weight ratio of atomising gas : liquid supphed to each nozzle is
typically in the range 1:99 to 25:75.

A gas-induced atomising nozzle suitable for use in the process of the

30 present invention is described and illustrated in WO-A-94/28032.

A single nozzle or a plurality of nozzles may be employed. Preferably there
is used a plurality of nozzles. The nozzle or nozzles may be located in the reactor
grid or in the reactor walls above the grid.

A suitable liquid-only spray nozzle for use in the process according to the -

35 present invention comprises at least one inlet for pressurised liquid and at least one
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10 aforesaid WO A-94/28032. The introduction into the fluidised bed
reactor of a liquid may be the sol e neans of renoving heat fromthe
reactor, or it may be supplenmented by ong or nore other neans of renoving
heat” from the reactor. Suitable other neans of renoving heat fromthe
reactor include the provision within the reactor of cooling 15

he, r eact or

through ext eCHAF 68h REESEised AOB) SITBHEM BaRie DreRER BAG MAIKRERS WEH <

rei ntroducti ghe Adkzld® enS@eitRit-thé\idued Bakigif fYom e dufleflidithe @ddired he |1 qui d

Lot ho.  eaBRentimita aaipsadeaiiis gspeaipa ang P aROL HON i I PEELOR (he

reactor thanréagtgt ovi ded by the |iquid evaporative effect alone. The

further cpoling Ole;[ehperesls{u%uérgp rirr?gacgenogz .Q Icaenv-bGedregt){latteQﬁf Hess?reg,fby the use of
restrictive devices such.as valves. _ . |

The outlets may comprise similar configurations as defined above for the
gas induced atomiser nozzles, a preferred configuration being circular holes.

: Further information pertaining to liquid-only spray nozzles may be found in the
10 aforesaid WO-A-94/28032. -

The introduction into the fluidised bed reactor of a liquid may be the sole
means of removing heat from the reactor, or it may be supplemented by one or
more other means of removing heat from the reactor. Suitable other means of
removing heat from the reactor include the provision within the reactor of cooling

15 - tubes/coils and the passage of recycle gases and vapours from the reactor through
external cooling tubes/coils or heat - exchanger prior to its reintroduction to the
reactor. _

Alternatively, or in addition, the liquid may be cooled (e.g. using
refrigeration techniques) before being introduced into the reactor. ‘This allows an

20 even greater cooling effect in the reactor than is provided by the liquid evaporative
effect alone. The further cooling of the liquid may be achieved by the use of
suitable cooling means, for example a simple heat exchanger or refrigerator.

Commercial ethylene and acetic acid may be used in the process of the
present invention with or without further purification. The oxygen - containing gas

25 may be a gas richer or poorer in molecular oxygen than air, but is preferably
substantially pure molecular oxygen -In operating the process regard must be had
to minimising the explosion risk associated with the use of an oxygen-containing
feed gas. ' _

Any fluid bed catalyst material active for the conversion of ethylene, acetic

30 acid and oxygen to vinyl acetate may be used in the process of the preSent
invention. Suitable fluid bed catalyst materials and methods for their preparation
are described, for example, in the aforesaid EP-A-Nos. 672453 and 685451, A
suitable catalyst comprises palladium and one or more promoters selected from
alkali metals, alkaline earth metals, transition metals and lanthanide metals

35 supported on a suitable support, for example silica. Examples of promoter metals
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In the fixed bed process for the production of vmyl acetate the acetic acid
feed is vaporised with the gaseous feed. The catalyst bed loses promoter, e.g.
potassium acetate, during the reaction. Accordingly, in the operation of a fixed
bed process a small quantity of promoter solution is sprayed in to the inlet gas
stream to vaporise and replenish the promoter on the catalyst bed. This can be
difficult and can lead to uneven promoter distribution which in turn can give rise to
non-optimum catalyst performance. In the fluid bed process according to the
present invention it is preferred to dissolve the promoter in the liquid feed to the
bed. Because the bed is in motion, fluidised, the catalyst and promoter mix thereby
reaching a uniform promoter concentration throughout the bed. This is clearly an
improvement over fixed bed operation and should lead to improved productivity
and selectivity because promoter levels can more easily be controlled. Catalyst
samples can be removed from the reactor to monitor promoter levels and facilitate
the adjustment of promoter feed levels in the liquid feed stream to maintain the

- appropriate level on the catalyst.

The ethylene, acetic acid and oxygen - containing gas are suitably reacted at
elevated temperature, suitably within the range 100 to 250°C, 'preferably within the
range from 135 to 195°C. The reaction is suitably accomplished at pressures,
within the range from 0 to 300 psig, preferably within the range from 75 to 150
psig. _
‘Gaseous feed concentrations of ethylene, acetic acid and oxygen may vary.
Typically useful ranges in mole % are as follows:-

Ethylene - 30 to 70%, preferably 35 to 65%, most preferably 40
to 60%:;
Acetic Acid - 10 to 25%, preferably 12 to 22%, most preferably 15
' to 20%: and _
Oxygen - 0 to 25%, preferably 4 to 16%

- The balance of the feed (to make up to a total of 100 mol %) comprises
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al kali metals, alkaline earth nmetals, transition netals and | ant hani de
netal s 35 supported on a suitable support, for exanple silica. Exanples
of pronoter netals 9 include potassiuf sodium barium cadm um
“antinony and | anthanum The pronoters are generally enployed as sol utions
of suitable salts of the netals, for exanple carboxylate salts, typically

mai i ai ned B rons R b g nyor Mok e ARE sREL AR, tiFhEBRIRh iRy Sov € B
cat al yst. | nstraamfind etyded nprrodlydisuiddy-priodugsr oducti on of vinyl acetate the
acetic acid The process of the present invention will now be illustrated by reference to
the following examples.
Example 1
By calculation it was found that if streams | and 2 from Table 1 were used
in the fluid bed production of vinyl acetate by the catalysed reaction of ethylene,
acetic acid and oxygen, and the streams were added to the fluid bed reactor in the
vapour phase at 8 barg and 155°C, then for the stoichiometric reactions given in
10 Table 2 reacting to the extents and conversions given in Table 3, about 8.7 MW of
heat would be liberated. (The extent of reaction is defined as the number of moles
. generated for any component divided by the stoichiometric coefficient.)
If however stream 1 was added to the reactor at 155°C and stream 2 was
added such that 50% of the stream was in the liquid phase at 155°C, and the
15 reactor was to be maintained at 155°C, the heat liberated would be reduced to
- about 3.7 MW, _
These two calculations demonstrate that some of the heat liberated in the
reaction is utilised to vaporise the liquid feed thereby reducing the overall heat
removal requirements by other means, for example cooling tubes/coils.

20 : ~ Table 1
Substream : Mixed Phase Stream 1 Stream 2
Components Flows : Kg/Hr
Nitrogen (N,) ' 99 0
_Argon (Ar) _ 69 0
Oxygen (O,) _ 8567 0
Methane (CH;) : 11 0
Ethylene (C;Hy) 39282 0
Ethane (C;Hg) h 25 0
.Carbon Dioxide (CO,) | 20796 0
Vinyl acetate , 0 . 425
Water (H,0) 0 10270
Aceticacid | 0 29099
Total Flow : (Kg/hr) 68849 43621
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feed is vaporised wth the gaseous feed. The catal yst bed | oses pronoter,
e.g. potassium acetate, during the reaction. Accordingly, in the operation
of a fixed bed process a small quantity ldéf pronoter solution is sprayed in
to the inlet gas 10 streamto vaporise and replenish the pronoter on the
.catal yst bed. Thi.s can be difficult and can | ead to uneven pronoter
distribution which in turn can give,r%gg%%i non-opti mum cat al yst
performance. In the fluid bed process ding to the present invention it
is preferred to dissolve the pronoter in the liquid feed to the bed.

Because the bed i ] t<al yst and pronoter m x
t her eby 15 IP'r eac %mah@?)&% %@%HQ;@% g?osatlon t hr oughout the bed.
This is cleaRly aﬂ?ﬂ-ﬁpi‘@@gniﬁ@OQ\ﬂeZHiﬁ)xed bed operation and should lead to
| mproved gorogluct i eGl because pronoter |evels can nore
easily be coﬂtrol ﬁ@%%ﬁ‘@ % can be renmoved fromthe reactor to
moni t or pr ond} er Wﬁl-ngbI&Gzamllzﬂza-t)@5H302+H20

5. CoHy +2CoH405 + 11y 09->CgH 04 + H20

10 . Table 3
EXTENT REACTION 1 128.89
' 'EXTENT REACTION 2 8.03
EXTENT REACTION 3 0.0593
EXTENT REACTION 4 0.0146

EXTENT REACTION 5 - 0.1204

Comparison Test _
A fluid bed vinyl acetate reactor was operated at 8 barg and a bed
15 temperature of 152°C with a gas hourly space velocity of 116hr -1 (at process
conditions). The catalyst had metal loadings of 0.44 Pd, 0.36 Auand 2.5 K
- (weight %). The total feed composition was ethylene: acetic acid: oxygen:

nitrogen, 52.9 :9.9 :7.6 :29.6 as mole % respectively. The acetic acid was
introduced to the reactor with the main gas inlet stream via a vaporiser at 150°C
20 throdgh the bottom of the reactor. Bed iemperatures are given in the
accompanying Table 4.
- An on-line oxygen analysel indicated that 45% of the oxygen had been
converted to products.
This is not an example according to the present invention because none of
25 the components was introduced to the reactor in the form of a liquid. 1t is included
only for the purpose of comparison. | |
Example 2 .
The Comparison Test was repeated except that the acetic acid was
introduced to the reactor as a liquid at room temperature through a sparge pipe
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t he édj ustment of pronoter feed levels in the liquid feed streamto _
mai ntain the 20 appropriate level on the catalyst. The ethylene, acetic
aci d and oxygen - containing gas are suilZably reacted at el evated o
tenperature, suitably within the range 100 to 250[err] C, preferably within
t he range from 135 to 195[err] C. The reac_tion I's suitably accohrrpl [ sﬂed at
ressures, f: | thin the range
-1I‘Drom 75 to 1 0 lztgnéd"&‘mfa esnggmstq agg‘r@@ﬁ nge{l%ﬁ{&? >j%‘:l\elfyl ene, acetic
‘acid and oxyéwp%wrwygweym ﬁalalcgomwymg'ﬁ‘déhgdes in nole %are as
follows: - Ethyl enesn ondine oxygsd a%?lys%@%dx&'ie?jftﬂ%?@%&§ﬁ1& (Biygg( ﬁa

preferably 40 30
25% pr ef er alsPyvertedite ng%ctqm'ghls genadnstratss yhat she Companson Test and Example _

2 produced almost identical heats of reaction.

10 to

Examination of Table 4 shows the effect of introducing a cold liquid direct
to the catalyst bed on observed reaction exotherm. Reaction exotherm is taken as
the temperature difference of the heater coils or oil between the system when
operating with feed reagents without oxygen and the system when operating with

10 oxygen feed. When the acetic dcid feed is vaporised a reaction exotherm is
observed throughout the bed. When the acetic acid is introduced as a liquid the
reaction exotherm is substantially reduced in the bottom and middle sections of the
bed. These results demonstrate that the direct addition of liquids to the reactor bed

_ can remove some of the heat of reaction. The catalyst did not agglomerate and de-
I3 flidise.

20

25

30
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By calculation it was found that if streans | and 2 from T Table | were used
in the fluidised bed production of vinyl acetate by the catal ysed reaction
of ethylene, acetic acid and oxygen, and the streans were added to the
fluid bed reactor in the vapour phase at 8 barg and 155[err]C, then for the
stoichionetric reactions given in 10 Table 2 reacting to the extents and
conversions given in Table 3, about 8.7 MVWof heat would be |iberated. (The
extenumﬂlumim“umﬁefi ned as the nunber of noles generated for any
conpo e stoichionetric coefficient.) If however stream
was added to'th® rtactor at 155[err]C and stream 2 was added such that 50%
of the streamwas in the |iquid phase at 155[err]C, and the 15 react or
was to be maintained at 155[err]C, the heat |iberated would be reduced to
about 3.7 MW These two cal cul ati ons denonstrate that sonme of the heat

| iberated in the

14

Claims:

1. . A process for the production of 'vinyl acetate by reacting at elevated
temperature in a fluid bed reactor ethylene, acetic acid and an oxyoen-contammo
gas in the presence of a fluid bed catalyst material characterised in that a liquid is
introduced into the fluidised reactor for the purpose of removmg heat therefrom by
5 evaporatlon of the liquid.
2. A process as claimed in claim 1 wherein the liquid introduced into the
reactor is a reactant, an inert liquid, a product of the reaction or a mixture thereof.
3. A process as claimed in claim 2 wherein the liquid is liquid ethylene, liquid
oxygen, a liquid hydrocarbon, hqu:d acetic acnd water, vinyl acetate or
10 acetaldehyde.
4, A process as claimed in any one of the preceding claims wherein the liquid
is introduced into the fluidised bed through injection means.
5. A process as claimed in claim 4 wherein the injection means is a gas-
induced atomising nozzle.
15 e, A process as claimed in claim 5 wherein the atomising gas is nitrogen,
carbon dioxide, ethylene, oxygen feed, recycle gaSeous stream or a mixture thereof,
1. A process as claimed in any one of the preceding claims wherein the "
catalyst comprises palladium and one or more promoters selected from alkali
metals, alkaline earth metals, transition metals and Ianthanide metals supponed on
20 a support. i
8. A process as claimed in claim 7 whelem the promoter is selected from
potassium, sodium, barium, cadmium, antlmony and lanthanum.
9. A process as claxmed in claim 7 or claim 8 wherein the pxomotel
concentration is between 0.1 and 30 wenuht % on the catalyst
25 10. A process as claimed in any one of claims 7 to 9 wherein the promoter is
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'react—mvaporl se the |IC]UI d feed thereby redu0| ng the
o MR o = o oxter e S e e e

Phase * ¢ shrefimi Stream 2 Oorrponents Flows : Kg/H Nitrogen
(N err]) 99 0 Argon (Ar) 69
0 Oxygen (02), 8567 0 Methane (CHerr])

| dissolved inghetigwid éoed. ([ err]Herr]) 39282

?Cat Q?P]e) (Cerrl Hhe%rrog%ss as claimed in any 9ne of the preceding claims crriediolps P oxi de
temperature of from 100 to 250°C and a pressure of 0 to 300 psig.
12. A process as claimed in ény one of the preceding claims wherein the
5 ethylene feed concentration is from 30 to 70 mole %, acetic acid feed _
concentration is 10 to 25 mole % and oxygen concentration is 0 to 25 mole %.
13. A process as claimed in claim 1 in which the process is continuous and
comprises (i) feeding ethylene, acetic acid and an oxygen-containing gas into the
fluid bed reactor, co-joining the ethylene, acetic acid and oxygen-containing gas at
10 elevated temperature in the fluid bed reactor while in contact with a fluid bed
catalyst material to enable the ethylene, acetic acid and oxygen-containing gas to
react to produce vinyl acetate, normally liquid by-product comprising water and
organic material and a gaseous by-product comprising carbon dioxide; (ii)
removing from the reactor a gaseous effluent comprising unreacted ethylene, acetic
15 acidand oxygen-containing gas, product vinyl acetate, normally liquid by-product
and gaéeous by-product; (iii) separating from the effluent removed from the reactor
in (ii) a gaseous stream comprising ethylene, oxygen-containing gas and gaseous
by-product from a stream comprising unreacted acetic acid, vinyl acetate product
and normally liquid by-product and recycling the separated gaseous stream to the
20 fluid bed reactor, (iv) separating in one or more operations the stream comprising
unreacted acetic acid, vinyl acetate product and normally liquid by-product
- separated from the reactor eftluent in (iii) into a fraction éomprising vinyl acetate
product and one or more fractions comprising unreacted acetic acid, vinly acetate
and 'normally liquid by-product, and (v) recovering vinyl acetate product and
25 recycling a fraction comprising unreacted acetic acid and 6ptionally vinyl acetate
and/or normally liquid by-pfoduct to the fluid bed reactor;
at least a part or all of (a) the acetic acid, and (b) the recycled'fraction comprising
unreacted acetic acid and optionally vinyl acetate and/or normally liquid by-product
being mtroduced as a liquid into the fluidised bed reactor.
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Vinvl acetate 0 " 42-52 Water (Herr]O

0 o 10270 Acetic acid "~ i 0 29099
Total - Fl ow. (Kg/ hr) " 68849 _ 43621 11 Table 2 1.
Cerrf]Herr] + Jerr]JHerr]dJerr] + [err](err]-> Cerr]JHerr]derr] +
Herr]O 2. Cerr]Herr] + 3Jerr] -2CJerr] + 2H err] O 3.

Clerr]Herr]+ (Jerr]H]err]Jerr]->(err]Herr]Jerr]
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ABSTRACT

PROCESS FOR THE ACETOXYLATION OF OLEFINS -

A process for the production of vinyl acetate which comprises reacting at elevated
temperature in a fluid bed reactor ethylene, acetic acid and an oxygen-containing
gas in the presence of a fluid bed cataiyst material wherein a liquid is introduced
into the fluidised bed reactor for the purpose of removing heat therefrom by
evaporation of the liquid.
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8. 03 EXTENT REACTI ON 3 - 0. 0593 EXTENT REACTION 4 RIMPE (wpY.
0. 0146 EXTENT REACTION 5 0.1204 Conparison Test A fI ui di sed

bed vinyl acetate reactor was operated at 8 barg and a bed 15 tenperature
of 152[err]C with a gas hourly space vel ocity of 116hr-[ecrr]l (at process
conditions). The catalyst had netal |oadings of 0.44 Pdj AERACEMERDSHEETD

3 0 MAR 1999

PROCESS FOR THE ACETOXYLATION OF OLEFINS
The present invention relates in general to a fluidised bed process for the
acetoxylation of olefins or diolefins and in particular to a fluidised bed process for the

production of vinyl acetate from ethylene, acetic acid and an oxygen - containing
gas in the presence of a fluid bed catalyst.

5 Fluidised bed processes for the production of vinyl acetate from eéhylene, acetic
acid and an oxygen - containing gas in the presence of a fluid bed catalyst are
known from, for example, EP-A-0685449, EP-A-0685451 and EP-A-0672453.

EP-A-0685449 discloses a process for manufacturing vinyl acetate in a fluid
bed reactor comprising feeding ethylene and acetic acid into the fluidised bed reactor
10 through one or more inlets, feeding an oxygen - containing gas into the fluidised bed
reactor through at least one further inlet, co-joining the oxygen - containing gas,

. ethylene and acetic acid in the fluidised bed reactor while in contact with a fluidised bed
catalyst material to enable the ethylene, acetic acid and oxygen to react to produce
vinyl acetate and recovering the vinyl acetate from the fluidised bed reactor.

15 EP-A-0685451 discloses a method for the preparation of fluidisable catalyst

. having the formula Pd-M-A where M comprises Au, Ba, Cd, Bi, Cu, Mn, Fe, Co,
Ce, U or mixtures thereof, A comprises an alkali metal or mixture thereof and M is
present in the range of from 0 to about 5 wt% and A is present in the range of
greater than 0 to about 10% by weight which is useful in the acetoxylation of

20 olefins and diolefins in a fluidised bed reactor comprising:
(a) preparing a fixed bed catalyst precursor consisting primarily of Pd-M
supported on a fixed bed catalyst support,
(b) milling the fixed bed catalyst precursor with a fluidised bed catalyst binder
to form a slurry,
25 (c) drying the slurry to form microspheroidal particles of solid fluidised bed
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precursor with a solution of an alkali metal salt to produce a fluidised bed catalyst.

EP-A-0672453 discloses a support for the manufacture of a vinyl acetate

5 catalyst comprising a mixture of substantially inert microspheroidal

particles having

a pore volume of between 0.2 to 0.7 cc/g, a surface area of between 100 to 200

m2/g and at least 50% of said particles are less than 100 microns.
The manufacture of vinyl acetate from ethylene, acetic acid

and oxygen is

an exothermic reaction and it is therefore necessary to provide means to cool the

10 fluidised bed reactor to remove the heat liberated. Failure to do so
eventually lead to thermal runaway and loss of temperature control

would
of the reactor.

In addition to the safety implication of a thermal runaway there is the probability of

catalyst damage/deactivation as a result of the high temperatures involved. One
means of removing heat is described in the aforesaid EP-A-0685449, which is the
15 provision within the fluidised bed reactor of cooling tubes/coils which facilitate the

transfer of heat from the reactor. However, using this method there is a physical

limit to the amount of heat removable which is imposed by the number and size of

the cooling tubes/coils that can be fitted in the reactor without affecting the

fluidisation characteristics. The problem to be solved therefore is that of removing

20  heat from the fluidised bed reactor without detrimenfa“y affecting the operation of

the fluidised bed process. We have found that the solution to the problem is to

introduce a liquid into the fluidised bed reactor for the purpose of cooling the

fluidised bed reactor by evaporation of the liquid, thereby utilising the latent heat of

vaporisation of the liquid.

25 The removal of reaction heat by injection of liquid acetic acid into the

fluidised bed reaction of acetylene and acetic acid in the presence of zinc acetate

supported on activated carbon to produce vinyl acetate is known from Soviet

Union Patent No. 384815. However, this process differs completely from the

process forming the subject of the present invention principally in the respect that

30 acetylene is used as a reactant rather than ethylene. Consequently the reaction

exotherms differ considerably; the ethylene route to vinyl acetate has approximately

double the heat of reaction of the acetylene route. Furthermore, since ethylene-

based process catalysts difter substantially in nature from acetylene-based process

catalysts their response to liquids in terms of wet quenching and defluidisation are

unpredictable. It is not and never has been the practice in the fixed

bed ethylene-
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products. This denonstrates that the Cgnparison Test and anpl e 5
produced al nost identical heats of reaction. Exam nation jof —“Tabre=2—sto
the effect of introducing a cold liquid direct to the catlalyst bed on

observed r_eactA on exotherm Reaction exotherm i_g t aken as.. .
based route to vinyl acetate to introduce the acetic acid reactant as a liquid to the

catalyst bed, the belief being that such a measure would lead to catalyst
deactivation. '
Accordingly the present invention provides a process for the production of
3 vinyl acetate by reécting at elevated temperature in a fluidised bed reactor ethylene,
acetic acid and an oxygen - containing gas in the presence of afluidised bed catalyst
material characterised in that a liquid is introduced into the fluidised bed reactor for
the purpose of removing heat therefrom by evaporation of the liquid within'_ the fluidised bed reactor.
The process of the present invention is advantageous in that it can reduce
10 or eliminate altogether the number of cooling tubes/coils in the reactor, thereby
facilitating the use of a smaller reactor, both of which have cost benefit
implications. The process also allows the removal of a liquid vaporiser column and
gas pre-heat exchangers, thereby improving the economics of the process.
It is essential that the liquid should vaporise within the fluidised bed reactor
15 under the reaction conditions being employed for the production of vinyl acetate so
that the desired cooling effect is obtained and to avoid substantial accumulation of
liquid within the catalyst bed. Inevitably during start-up using catalysts having an
adsorbent component, for example silica, when the catalyst is "dry" it will adsorb a
certain amount of the liquid feed. However, under steady operating conditions
20 substantially all of the liquid introduced into the fluidised catalyst bed evaporates
therein such that any net accumulation of liquid within the fluidised catalyst bed is
less than the wet quenching limit of the fluidised catalyst bed.
The liquid introduced into the fluidised bed reactor may suitably be a
reactant, an inert liquid or a product of the reaction, or a mixture of any two or
25 more thereof. Thus, at least a part of the acetic acid reactant may be fed to the
fluidised bed reactor in liquid form. Alternatively, or in addition, at least some of
the ethylene and/or oxygen may be introduced into the reactor in the form of a
liquid, although in this case, to prevent damage to the catalyst, substantially all of
the liquid ethylene and/or oxygen should evaporate ( for example in a feed pipe or
30 heat exchanger) before coming into contact with the fluidised bed catalyst.
Alternatively or in addition, an inert liquid, preferably one having a high latent heat
of evaporation, may be employed. Suitable inert liquids include, for example,
liquid hydrocarbons, such as pentane and hexane. Alternatively, or in addition, the
liquid may be a product of'the reaction. A suitable product is water, which is

(V%
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formed as a by-product of the reaction of ethylene, acetic acid and oxygen, because
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acetaldehyde by-product may also be recycled and introduced in liquid form into
the fluidised bed reactor. _
The liquid may be introduced into the fluidised-bed reactor by suitably
5 arranged injection means. A single injection means may be used or a plurality of
injection means may be arranged within the fluidised bed reactor. For introducing
liquid into the fluidised catalyst bed, the number of injection means used is that
number which is required to provide sufficient penetration and dispersion of liquid
at each injection means to achieve good dispersion of liquid across the fluidised
10 catalyst bed. A preferred injection means is a nozzle or a plurality of nozzles which
include gas-induced atomising nozzles in which a gas is used to assist in the
injection of the liquid, or liquid-only spray-type nozzles. Alternatively, liquid may
be introduced with the ethylene and/or oxygen-containing gas and/or recycle gas
fed to the fluidised bed reactor suitably by bubbling the ethylene and/or oxygen-
15 containing gas and/or recycle gas through the liquid prior to its introduction into
the reactor. In a further alternative, liquid may be pumped into the area of the grid
plate forming an essential component of a fluidised bed reactor where contact with
incoming ethylene and/or oxygen-containing gas and/or recycle gas would propel
the liquid upwards into the fluidised catalyst bed. In yet a further alternative, liquid
20 may be pumped into the reactor via a sparge bar or bars, optionally with one or
more of the gaseous feeds. '
In a preferred embodiment the present invention comprises a continuous
process for the manufacture of vinyl acetate ina fluidised bed reactor which
comprises:- '
25 (i) feeding ethylene, acetic acid and an oxygen-containing gas into the fluidised bed
reactor, co-joining the ethylene, acetic acid and oxygen-containing gas at
elevated temperature in the fluid bed reactor while in contact with a fluidised bed
catalyst material to enable the ethylene, acetic acid and oxygen-containing
gas to react to produce vinyl acetate, normally liquid by-product comprising

30 water and organic material and a gaseous by-product comprising carbon
dioxide,

(i) removing from the reactor a gaseous eftluent comprising unreacted ethylene,
acetic acid and oxygen-containing gas, product vinyl acetate, normally liquid
by-product and gaseous by-product,

35

(iii) separating from the eftfluent removed from the reactor in (ii) a gaseous stream
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comprising ethylene, oxygen-containing gas and gaseous by-product from a
stream comprising unreacted acetic acid, vinyl acetate product and normally
liquid by-product and recycling the separated gaseous stream to the fluidised bed
reactor,

(iv) separating in one or more operations the stream comprising unreacted acetic
acid, vinyl acetate product and normally liquid by-product separated from the
reactor effluent in (iii) into a fraction comprising vinyl acetate product and
one or more fractions comprising unreacted acetic acid, vinyl acetate and
normally liquid by-product, and _

(v) recovering vinyl acetate product and recycling a fraction comprising
unreacted acetic acid and optionally vinyl acetate and/or normally liquid by-
product to the :fluidised bed reactor,

at least a part or all of one or more of (a) the acetic acid feed and (b) the recycled

fraction comprising unreacted acetic acid and optionally vinyl acetate and/or

normally liquid by-product being introduced as a liquid into the fluidised bed
reactor.

In the continuous process described hereinabove reference is made to a
normally liquid by-product, which is intended to define by-product which is a liquid
under conditions of normal pressure and temperature, as opposed to a gas under
such conditions. There is no intention to suggest that the by-product is removed
from the reactor in the form of a liquid.

To maintain a controllable and constant reaction temperature it is necessary
to balance heat removal with heat generated. This can be done by adding enough
liquid to provide all the nett heat removal required (i.e. over and above that
obtained by wifhdrawing product and introducing feeds and/or recycles from/to the
reactor). However, in practice it is recognised that this will be difficult to control
and could lead to excessive cooling of the liquids being fed to the reactor. This
would lead to de-fluidisation and loss of reaction. This represents a safety hazard
as ethylene and oxygen could then be mixed to form an explosive mixture. To
overcome this potential problem it is desirable to use some coaling tubes’coils to
provide "fine tuning" of the heat removal. Typically about 70% of the heat
removal may be provided by liquid addition to the reactor. However, any
appropriate percentage between 100 and greater than 0% of the heat removal may
be by means of liquid additions to the reactor without exceeding the safeiy margins

“of the equipment operated.
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the lmpact of any vmyl acetate recycled to the reactor is less because vinyl acetate

5 s present throughout the bed by virtue of the mixing. Therefore, the separation

(iv) into a fraction comprising vinyl acetate product and one or more fractions

comprising unreacted acetic acid and normally liquid by-product (which is recycled

to the reactor) does not require to be so rigorous, thereby economising on

separation plant costs.

10 Ethylene, acetic acid and an oxygen-containing gas are fed to the fluidised bed
reactor. Also fed to the reactor is a recycle gaseous stream compnsmg ethylene,
oxygen-containing gas and gaseous by-product which has been separated from the
effluent removed from the reactor and also a fraction comprising unreacted acetic
acid and optionally vinyl acetate and/or normally liquid by-product separated in
15 (iv). At least a part or all of one or more of (a) the acetic acid feed and (b) the

recycled fraction comprising unreacted acetic acid and optionally vinyl acetate
and/or normally liquid by-product, is introduced to the reactor in the form of a
liquid. The feed and recycle components may be introduced to the reactor by a
variety of different routes including the fluid bed reactor grid, sparge bars and
20 liquid/gas feed nozzles. The components may be fed separately or in combination.
Ethylene and acetic acid may be introduced to the reactor through one or more
inlets and oxygen introduced through at least one further inlet. As mentioned
hereinbefore liquid components may be introduced by gas-induced atomising
nozzles in which a gas is used to assist in the injection of the liquid, or liquid-only
25 spray type nozzles.
A suitable gas-induced atomising nozzle for use in the process according to
the present invention comprises:-
(a) at least one inlet for a pressurised liquid,
(b) at least one inlet for an atomising gas,

30 (c) a mixing chamber to mix said liquid and gas, and

(d) at least one outlet through which said mixture is discharged..
The atomising gas may suitably be an inert gas, for example nitrogen or carbon
dioxide. Preferably the atomising gas is either ethylene or oxygen feed or recyele
gaseous stream or a mixture of two or more thereof. An advantage of using

I
wh

oxygen feed as the atomising gas is that the reactant that causes the "heat source”
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5 Example 1
By calculation it was found that if streams 1 and 2 from Table 1 were used
in the fluidised bed production of vinyl acetate by the catalysed reaction of ethylene,
acetic acid and oxygen, and the streams were added to the fluid bed reactor in the
vapour phase at 8 barg and 155°C, then for the stoichiometric reactions given in
10 Table 2 reacting to the extents and conversions given in Table 3, about 8.7 MW of
heat would be liberated. (The extent of reaction is defined as the number of moles
generated for any component divided by the stoichiometric coefficient.)
If however stream | was added to the reactor at 155°C and stream 2 was
added such that 50% of the stream was in the liquid phase at 155°C, and the
15 reactor was to be maintained at 155°C, the heat liberated would be reduced to
about 3.7 MW.
These two calculations demonstrate that some of the heat liberated in the
reaction is utilised to vaporise the liquid feed thereby reducing the overall heat
removal requirements by other means, for example cooling tubes/conls

20 ' Table 1
Substream : Mixed Phase Stream 1 Stream 2
Components Flows : Kg/Hr .
Nitrogen (N,) 99 0
Argon (Ar) 69 0
Oxygen (0,) 8567 0
Methane (CH,) ' 11 0
Ethylene (C3H,) 39282 0
Ethane (CaH,) 25 0
Carbon Dioxide (CO,) 20796 0
Vinyl acetate 0 4252
Water (H.0) 0 10270
Acetic acid 0 29099
Total Flow : (Kg/hr) 68849 43621
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A process as
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| Ses (1)
the

feedi ng ethyl ene, acetic acid and an oxﬂ@&!&lont aining gas ir

1. - CgoHg+ CoHyO9 + 15095 C4HgO7 + Hy0
2. CyHy +307>2C09 +2H,0
5 3. CoHy + CoH402 2 C4HgO0y
4, CoHy + C3HgO, + 11509 >C5HgO, + HyO
5. CoHy +2CoH405 + 1/, 09>CH |04 + Hp0
10 Table 3

EXTENT REACTION 1 128.89
EXTENT REACTION 2 8.03
EXTENT REACTION 3 0.0593
EXTENT REACTION 4 0.0146
EXTENT REACTION 5 - 0.1204

Comparison Test

A fluidised bed vinyl acetate reactor was operated at 8 barg and a bed
15 temperature of 152°C with a gas hourly space velocity of 116hr -1 (at process
conditions). The catalyst had metal loadings 0f 0.44 Pd, 0.36 Auand 2.5K
(weight %). The total feed composition was ethylene: acetic acid: oxygen:

nitrogen, 52.9 :9.9 :7.6 :29.6 as mole % respectively. The acetic acid was

introduced to the reactor with the main gas inlet stream via a vaporiser at 150°C

20 through the bottom of the reactor. Bed temperatures are given in the

accompanying Table 4.

An on-line oxygen analyser mdlcated that 45% of the oxygen had been

converted to products.

This is not an example according to the present invention because none of

25 the components was introduced to the reactor in the form of a liquid. 1t is included

only for the purpose of comparison.
Example 2

The Comparison Test was repeated except that the acetic acid was

introduced to the reactor as a liquid at room temperature through a sparge pipe
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Claims:

L. A process for the production of vinyl acetate by reacting at elevated
temperature in a fluidised bed reactor ethylene, acetic acid and an oxygen-containing
gas in the presence of a fluidised bed catalyst material characterised in that a liquid is .
introduced into the fluidised reactor for the purpose of removing heat therefrom by
5 evaporation of the liquid within the fluidised bed reactor.

2. A process as claimed in claim | wherein the liquid introduced into the
reactor is a reactant, an inert liquid, a product of the reaction or a mixture thereof,
3. A process as claimed in claim 2 wherein the liquid is liquid ethylene, liquid
oxygen, a liquid hydrocarbon, liquid acetic acid, water, vinyl acetate or

10 acetaldehyde. e
4, A process as claimed in any one of the preceding claims wherein the liquid
is introduced into the fluidised bed through injection means.
5. A process as claimed in claim 4 wherein the injection maans is a gas-
induced atomising nozzle.

15 6 A process as claimed in claim 5 wherein the atomising gas is nitrogen,
carbon dioxide, ethylene, oxygen feed, recycle gaseous stream or a mixture thereof.
7. A process as claimed in any one of the preceding claims wherein the
catalyst comprises palladium and one or more promoters selected from alkali
metals, alkaline earth metals, transition metals and lanthanide metals supported on

20 a support.
8. A process as claimed in claim 7 wherein the promoter is selected from
potassium, sodium, barium, cadmium, antimony and lanthanum.
9. A process as claimed in claim 7 or claim 8 wherein the promoter '
concentration is between 0.1 and 30 weight % on the catalyst.

25 10.. A process as claimed in any one of claims 7 to 9 wherein the promoter is
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separate m effluent in (iii) into a fracti ¢n S-S

vinyl aceta WI one or nore fractions corrprl si ngjunpreact ed acet |
acid, vinly acetat' and ormal l'y liquid by product, “and (v} 1ecoDMARE999
V|nyI acetate product and 25 recycling a fraction conpri¢i fig unreact ed
acetic acid and optionally vinyl acetate and/or normally |ijfquid by-product

to the fluidised tor;.af least a part or all of (aj-the acetig
acid, and (b) disy BF%U&&‘F@’H“‘I‘VSE‘L on conprising unreacted acetic acid and

opti onal | y vinyl ac@bﬁﬁcﬁsmct{leﬁmedlﬁfmwni oFt |écddw:;mmdid‘éhrrilé@b09atlant roduced
as a liquidl rt]érgpérgt%ré lo}" hghlsl%‘a 390‘;(? an dt a pressure of5 0 to 300 psig.
12. A process as-claimed in any one of the preceding claims wherein the

5 ethylene feed concentration is from 30 to 70 mole %, acetic acid feed
concentration is 10 to 25 mole % and oxygen concentration is 0 to 25 mole %.
13. - A process as claimed in claim | in which the process is continuous and
comprises (i) feeding ethylene, acetic acid and an oxygen-containing gas into the
fluidised bed reactor, co-joining the ethylene, acetic acid and oxygeh-containing.gas at
elevated temperature in the fluidised bed reactor while in contact with a fluidised bed
catalyst material to enable the ethylene, acetic acid and oxygen-containing gas to

10

react to produce vinyl acetate, normally liquid by-product comprising water and

organic material and a gaseous by-product comprising carbon dioxide;, (i)

removing from the reactor a gaseous effluent comprising unreacted ethylene, acetic
15 acid and oxygen-containing gas, product vinyl acetate, normally liquid by-product
and gaseous by-product; (iii) separating from the eftluent removed from the reactor
in (ii) a gaseous stream comprising ethylene, oxygen-containing gas and gaseous
by-product from a stream comprising unreacted acetic acid, vinyl acetate product
and normally liquid by-product and recycling the separated gaseous stream to the
20 fluidised bed r'e.ecfor,. (iv) §e§amﬁng .in.one or fhore ei)eraﬁoﬂs the stream comprising
unreacted acetic acid, vinyl acetate product and normally liquid by-product
separated from the reactor effluent in (iii) into a fraction comprising vinyl acetate
product and one or more fractions comprising unreacted acetic acid, vinly acetate
and normally liquid by-product, and (v) recovering vinyl acetate product and
25 recycling a fraction comprising unreacted acetic acid and eptionally vinyl acetate
and/or normally liquid by-product to the fluidised bed reactor;
at least a part or all of (a) the acetic acid, and (b) the recycled fraction comprising
unreacted acetic acid and optionally vinyl acetate and/or normally liquid by-product

being introduced as a liquid into the fluidised bed reactor.
30
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ABSTRACT

PROCESS FOR THE ACETOXYLATION OF OLEFINS

A process for the production of vinyl acetate which comprises reacting at elevated
temperature in a fluidised bed reactor ethylene, acetic acid and an oxygen-containing
gas in the presence of a fluidised bed catalyst material wherein a liquid is introduced
into the fluidised bed reactor for the purpose of removing heat therefrom by
evaporation of the liquid.
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Claims; .
1. A process for the production of vinyl acetate by reaéting at elevated

temperature in a fluidised bed reactor ethylene, acetic acid and an oxygen-containing

- gas in the presence of a fluidised bed catalyst material characterised in that a liquid is .

introduced into the fluidised bed reactor for the purpose of removing heat therefrom

by evaporation of the liquid within the fluidised bed reactor -

2. A process as claimed in claim | wherein the liquid introduced into the
reactor is a reactant, an inert liquid, a product of the reaction or a mixture thereof.
3. A process as claimed in claim 2 wherein the liquid is liquid ethylene, liquid
oxygen, a liquid hyd‘rocarbon. liquid acetic acid, water, viny! acetate or
acetaldehyde. _ _

4. A process as claimed in any one of the preceding claims wherein the liquid
is introduced into the fluidised bed through injection means.

5. A process as claimed in claim 4 wherein the injection means is a gas-
induced atomising nozzle.

6. A process as claimed in claim 5 wherein the atomising gas is nitrogen,
carbon dioxide, ethylene, oxygen feed, recycle gaseous stream or a mixture thereof.
7. A process as claimed in any one of the preceding claims wherein the
catalyst comprises palladium and one or more promoters selected from alkali
metals, alkaline earth metals, transition metals and lanthanide metals supported on

- a support.

S. A process as claimed in claim 7-wherein the promoter is selected from

“potassium, sodium, barium, cadmium, antimony and lanthanum,

9. A process as claimed in claim 7 or claim 8 wherein the promoter
concentration is between 0.1 and 30 weight % on the catalyst.
10. - A process as claimed in any one of claims 7 to 9 wherein the promoier is



