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Methyl methacrylate is prepared in industry mainly by
the so-called acetone cyanohydrin process. This process
presents disadvantages in that large quantities of waste
sulphuric acid and ammonium bisulphate are produced,
which have to be discharged or worked up for reuse, and
in that another waste material, HCN, is highly toxic and
pressures against its storage and transportation are
increasing (cf. T. Haeberle and G. Emig in Chem. Eng.
Technol. 11, 6 (1988) 392-402). As concerns about the
environment have increased, considerable research has
been devoted to finding alternative processes which do
not present these disadvantages.

One possible alternative process described in 1964 by
Y. Sakakibira in Bull. Chem. Soc. Japan 37, 11 (1964)
1601-1609, comprises the reaction of propyne with carbon
monoxide and an alkanol in the presence of a carbonyl-
ation catalyst. Although this process has now been known
for a long time, and has attracted a considerable amount
of interest, it has never been commercialised.

A factor inhibiting the commercial exploitation of
the carbonylation process has been the unavailability of
large quantities of a suitable low-priced propyne feed,
and only recently a process for overcoming this drawback
was proposed in EP-A-392601, according to which a propyne
feed is used which has been obtained by selectively
removing propadiene from a Cz-mixture comprising a
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investnent in d€$ignodn economically viable process, the present
inventors encountered a problem specific to acetyleni-
cally unsaturated compounds relating to their thermally
instable and therefore hazardous nature. It was initially
contemplated having the reaction to proceed in a reactor
to about 70% conversion per pass of the acetylenically
unsaturated compound in order to maintain an acceptably
high space velocity. It appeared, however, that the
intended recycle of unreacted acetylenically unsaturated
compound required a too high investment in terms of
equipment for the lay-out to be economically viable,
since a straightforward compression of the effluent gases
appeared to be precluded by heat evolution and according
safety restrictions.

Upon extensive further study and thought the
inventors conceived and effected an unexpected solution
to the problem indicated.

Accordingly the present invention provides a process
according to the preamble of this specification, which
process comprises the steps of:

a) charging said carbonylation catalyst to a reaction
zone;

b) supplying a fresh feed containing said acetylenically
unsaturated compound, said nucleophilic compound as well
as carbon monoxide to said reaction zone;

¢) passing the feed through the reaction zone under
carbonylating conditions of pressure and temperature such
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Surprisingly, it was found that in the process
according to the invention improved overall conversions
of the acetylenically unsaturated compouhd into the
desired carbonylation product above 90%, even above 95%
can be obtained with lower net costs of equipment and/or
utilities than when conducting the process either at
moderate conversion per pass and large recycle, or at
high conversion without recycle.

The acetylenically unsaturated compounds to be
carbonylated in the present process include alkynes, in
particular l-alkynes, which may be substituted or
unsubstituted and may comprise up to 6 carbon atoms, in
particular alkynes which are separated from the reactor
effluent in gaseous form, for example ethyne, chloro-
ethyne, propyne, 3,3,3-trifluoropropyne, and l-butyne.
Propyne is preferred.

Suitable nucleophilic compounds having a mobile
hydrogen atom include hydroxy compounds, such as water,
alcohols and carboxylic acids, amines and thiols, which
may be aliphatic, cycloaliphatic or aromatic, preferably
contain not more than 20 carbon atoms, and may have more
than one mobile hydrogen atom. Examples of suitable
alcohols include methanol, ethanol, propanol, iso-
propanol, isobutanol, n-butanol, t-butanol, stearyl
alcohol, phenol, ethylene glycol and glycerol. Examples
of suitable carboxylic acids include acetic acid and
propionic acid. Examples of suitable amines include



compound content of said separated streamto the reaction zone.
Surprisingly, it was found that in the process according to the invention
Tnproved overal | conversions of the acetylenically unsaturated conmpound
into the desired carbonyl ation product above 90% even above 95% can be
pbtained with lower net costs of equipnent and/or utilities than when
coggyctlng the process either at noderateanversion per pass and |arge
recycle, or at high conversion wthout recycle. The acetylenically

unsaturated capRIyRgs ahd BRHGAYIAMNG! CExaiplRS RIfeBRltaAIRC At IRE] Ude
al kynes, in parficular I-alkyné€s, which nay be sybstituted or unsubstituted
and may conprﬂ@@luﬂet@t@a@§¢§dﬁlaﬁ&ﬁ&11H¥QEQQﬁﬁ§£é;°eukynes whi ch are
iﬁ}og: gt edt Lr om t hereeashadl fg:ht%ep;rleis@n&amsfsorﬂﬁ used eBoanprepeE i,

- ethyne, pr ne, .3,3,3-trifluoropropyn ng 1- r ne is
preferred. Su?PaBIlg‘%uE‘l qiﬁl@t@dnﬁé’ﬁgﬁ?éﬁéﬁ%ﬁﬁa%ﬁ#ﬁ%%ﬂﬂ%& dgert at om
i ncl ude hédrﬁ?mlammuraﬁ‘s;:mpymeas am tadrkansi1c ginal canhpre manoxidde. aci ds,
am nes and thiols i -3l i ' - | 5i | mati c,
preferably contai Ehggfg%%tlﬁg%%%o@é}%t}?ﬁtgﬁg 1§ﬁ n%$ft%%eg§€rpr e than

otnﬁ/rmlbi le hydcogadiagho Eheninsensiion mabike AnhABIRY RAVIRD hanol |
CEShel . BhenRtilc = W damiepdhenel of dibeyBinidaiayanol, ot ary
unsaturated compounds, é%a/may bel%gﬂg%ogeneous or
homogeneous.

Preferably, the carbonylation catalyst is based on a
composition of a Group VIII (e.g. palladium) compound, a
ligand (e.g. a phosphine), and an anion of a Broensted
acid (from a salt, ester anhydride or acid, and
preferably weakly or non-coordinating). A particularly
preferred example of such a catalyst is based on a
composition of a palladium (II) compound, an organic
phosphine of formula PR3 in which each R independently
stands for an optionally substituted hydrocarbyl or
heterocyclic group, and a non-hydrohalogenic Broensted
acid having a pKa < 2. '

A hydrocarbyl group in an optionally substituted
hydrocarbyl group is preferably an alkyl group, for
example a C1-¢ alkyl group, such as methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl or t-butyl, a
cycloalkyl group, e.g. cyclohexyl, or an aryl group such
as phenyl or naphthyl. Two R-groups may alternatively
represent an optionally substituted alkylene chain.

A heterocyclic group in an optionally substituted
heterocyclic group is preferably an aromatic group having
an imino nitrogen, for example a pyridyl, pyrazinyl,
quinolyl, isoquinolyl, pyrimidinyl, pyridazinyl,
cinnolinyl, triazinyl, quinoxalinyl or quinazolinyl
group. An imino nitrogen atom in an aromatic group having
an imino nitrogen is preferably connected to phosphorus



of suitable carboxylic acids include acetic acid and propionic acid.
Exanpl es of suitable am nes include -4- aniline and n-butyl am ne.
Exampl es of suitable thiols include ethanethiol and 1-propanethiol.
Preferably, the present process is used for preparing an al kyl
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as benzenephosphonic acid; a carboxylic acid such as
trifluoroacetic acid, a perhalic acid such as perchloric
acid, fluorosilicic acid, HBF4, HPFg or HSbFg.

Examples of such catalysts are mentioned in
EP-A-186228 and EP-A-271144, e.g. combinations of (a)
palladium acetate, (b) triphenylphosphine or diphenyl-2-
pyridylphosphine, and (c) p-toluenesulphonic or
trifluoroacetic acid. When the catalyst is a Group VIII
metal catalyst, it is preferred that the catalyst has a
conversion activity of at least 1000, more preferably at
least 10,000 mol of acetylenically unsaturated
compound/gram atom of catalytic metal/hour.

The carbonylation step of the present process is
effected in a reaction zone in which carbonylating
conditions of temperature and pressure prevail. Preferred
temperatures are in the range of from 20 to 200 °C, more
preferably 20 to 80 °C. Preferred pressures are in the
range of from 5 to 70 bar.

The technological features of the present process
will be further described with reference to propyne as
the preferred acetylenically unsaturated compound feed
and methanol as the preferred mobile hydrogen-comprising
nucleophilic compound feed.

The reaction zone may be constituted by a single
pressure container, which is operated at a LHSV (Liquid
Hour Space Velocity) appropriate for effecting a degree
of conversion of propyne of 80% or higher. However, this
set-up may not be preferred, since at economic catalyst
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perchloric mixture and controlling the generation of heat during the
reaction. Preferably, the reaction zone is constituted by
a plurality, say three, of consecutive pressure
containers. By passing the reaction mixture through the
consecutive containers with optional additional supply of
carbon monoxide and/or catalyst composition, high
reaction rates in at least the first and second container
can be maintained, whereas the effluent of the last
container will comprise low proportions of the pre-

cursors. Thus, degrees of conversion of at least 80%,
more preferably of at least 90%, can be readily achieved.
The individual pressure containers can be of any known,
optionally modified, design, for example provided with
stirring means or with a packing, depending on the use of
homogeneous or heterogeneous catalyst, and be equipped
with any required inlet or outlet and control means,
within the skills of the relevant technologist.

The carbonylation catalyst is charged to the reaction
zone either continuously together with the feed, and
accordingly continuously withdrawn, for example, when
being a homogeneous catalyst, or in advance for fixed
residence in the reaction zone, for example, when being a
heterogeneous catalyst. For regeneration or replacement
purposes, the heterogeneous catalyst packing may be
removed entirely at intervals or continuously in part.
When the catalyst is a homogeneous catalyst, it is
conveniently dissolved in one of the precursors, for.
example methanol, and brought together with the liquid -



acid, fluorosilicic acid, HBF[err], HPF[err] or HSbF[err]. Exanples of such
catal ysts are nmentioned in EP-A-186228 and EP-A-271144, e.g. conbinations
of (a) palladiumacetate, (b) triphenyl phosphi ne or diphenyl-2-

pyri dyl phosphi ne, and (c) p-toluenesul phonic or trifluoroacetic acid. Wen
the catalyst is a Goup VIIl netal catalyst, it is preferred that the

catal yst has a conversion activity of at least 1000, nore preferably at

| east 10, 000 nol of acetylenically unsaturated conmpound/ gram at om of

c?]g al %/t idC_ et abé&wtahtsThﬁat@a!abﬁ%!mﬁi a@vgwol ahd hhepr €een tintoofanms is
effected in a_reaction zone | carbonyl ati | .
temperature anf? %&Q&F&nﬁreb‘g’ﬁ cabpdyst, 8‘8&( §ﬁp3%gf%%g>$9aaf%sﬁlﬁ He Fhange
of from 20 t opdetipasy,] Cormexamplef doalthe Z@verall pressute Rosftadinars
pressures are | of . f.r 0 c jal features
of the presenFO%F%ggggi%%FF %gafﬁgkﬁé%% é?c??%ghzafgﬁﬁig%g%g'éﬂéto propyne

as the prefer cotipebenyisenisteh psutde: Jigaad cadi/@mdhee&roanstad aeis as
the preferred b faly HeOdedr G REEIONE NWdataRMNd Iih e aeuttiead. The
reaEtlon zone nmay be_constituted by_a _single _pressure contaiper, which is
operated at aZPRSy Whid& FheoGrogphdd e 'at]y)c"HW"é’;Sfi]aSt 2448 of fect ng a
degree of contegeitherowithophes filest0Pewd Rifgitie 1Hepekrreddtiantses - up may
not be preferre ’Tign%%o%gngp%%%ﬁh%t%%%@ly%%ntained in the fresh feed

to the reaction zone, irrespective of any recycle

streams, will approximately be consumed according to the

reaction stoichiometry, which is equimolar for the

present carbonylation reaction. It is therefore preferred

that the fresh feed comprises propyne and methanol in

substantial equimolar ratio, thus avoiding the discharge

of any substantial waste stream of excess propyne or

methanol from the process. Preferably, the molar ratio of

the acetylenically unsaturated compound, such as propyne,

to the nucleophilic compound having a mobile hydrogen

atom, such as methanol, is between 0.8 : 1 and 1 : 0.8,

more preferably between 0.9 : 1 and 1 : 0.9,

The carbon monoxide may be fed to the reaction zone

separately or together with the liquid feed. Being

gaseous, it should be supplied under a pressure at least

equal to the pressure prevailing in the reaction zone.

The effluent of the reaction zone will comprise

methyl methacrylate product, unreacted propyne, methanol

and carbon monoxide, the catalyst residue and minor

amounts of side product such as dimethylketone and methyl

crotonate. It is a feature of the invention that at least

part of the residual propyne is separated from the

effluent and recycled to the reaction zone, despite the

fact that the carbonylation reaction is driven to near

completion. Any method suitable for separating the

propyne from the reaction effluent, such as selective



-6- concentrations and noderate tenperature and pressure conditions
relatively low LHSV's are required for the higher order carbonylation
reaction to proceed to conversions of at |east 80% Alternatively, the
reaction zone may be constituted by a plug flow reactor, which allows for

ki gh conversion at higher LHSV's, but provides limted facilities for
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invention, the reaction effluent is flashed and stripped
of unreacted gases to provide a gas stream and a liquid
stream. The gas stream is chilled (to about - 20 °C) to
condense part of the propyne for return to the liquid
feed.

According to a second useful embodiment of the
invention, the liquid stream obtained after flashing is
fed to a distillation column as a first step of the
purification procedure for the methyl methacrylate
product, and thellight ends of this distillation column
are compressed and combined with the gas stream of the
reactor flash for further condensation and recycle to the
liquid feed.

According to a third useful embodiment of the
invention, the gaseous remainder after separation of the
condensable components for recycle to the liquid feed, is
compressed from the reactor flash pressure to the
reaction pressure for recycle of additional propyne
values in gaseous form to the reaction zone. The
compression is effected stepwise with intermittent
cooling for discharging the evolving heat in view of the
thermal instability of the propyne.

Each of the above embodiments surprisingly appeared
to be advantageous in that the expenditure of the recycle
of small propyne waste streams is outweighed by an
increase of methyl methacrylate product yield.



The carbonyl ation catalyst is charged to the reaction zone either
continuously together with the feed, and accordingly continuously

wi t hdrawn, for exanple, when being a honbgeneous catal yst, or in advance
for fixed residence in the reaction zone, for exanple, when being a

lhet erogeneous catal yst. For regeneration or replacenment purposes, the
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in gaseous form. Moreover, dilution with the carbon

monoxide feed renders the propyne partial pressure

attractively low for safety considerations.

In this preferred embodiment, the reactor effluent

can be fed to a stripping zone, for example constituted

by a stripping column provided with a packing, trays or

the like, for contacting with the fresh carbon monoxide

feed. Preferably, the reactor effluent is contacted

countercurrently with the carbon monoxide stream. The

pressure and temperature for operation of the stripping

zone are not critical. It is preferred, that the

stripping zone is operated at the pressure of the carbon

monoxide feed, more preferably at a pressure in the range

of from 5 to 20 bar. Thus, optimum benefits of the

invention are achieved. The temperature of the stripping

zone is conveniently controlled by the temperatures of

the reactor effluent and the carbon monoxide feed. A

carbon monoxide feed of ambient temperature may thus be

preheated. However, external temperature control by

heating or cooling means is not excluded. Preferred

temperatures for operation of the stripping zone are in

the range of from 20 to 100 °C. By stripping with the

carbon monoxide feed about 40 to 70% of the unreacted

propyne contained in the reactor effluent may be

separated for recycling. As a rule, lower pressures and

higher temperatures in the stripping zone will tend to



that the fresh feed conprises propyne and nethanol in substantial equinolar
ratio, thus avoiding the discharge of any substantial waste stream of
excess propyne or nethanol fromthe process. Preferably, the nolar ratio of
the acetylenically unsaturated conpound, such as propyne, to the
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contains light ends, product, catalyst residues, and
heavy ends is typically sent to a distillation section
for rectification. The distillation section may comprise
a plurality of distillatibn units and any conducts,
compressors and/or condensers required for handling the
various streams generated. Further constructional
details, such as valves, metering devices, temperature
controls, and the like may be present as will be
appreciated by the skilled man.

In the distillation section, various streams are
generated which include a purified product stream, and
light and heavy ends bleed streams containing the low
boiling and high boiling impurities removed. The heavy
ends bleed stream will usually comprise the catalyst
residue, and may be disposed of in a responsible way,
optionally after additional methyl methacrylate recovery
using a heavy ends stripper. The light ends bleed stream,
being depleted of propyne in accordance with the
invention to a desired extent, may be flared or disposed
of in any other acceptable way. Any propyne-containing
streams generated in the distillation section and
intended for recycle to the reaction zone, may be gaseous
or liquid. Liquid recycle streams can readily be brought
to a higher pressure for combination with the reaction
liquid or any of the liquid feed streams. Gaseous recycle
streams will have to be compressed to at least the
reaction pressure, using a plurality of compression
cycles, if necessary, for restricting the compression



within the scope of the invention. It should be borne in m nd, however,
that the reaction zone is operated at el evated pressure. Therefore, for
recycling the propyne contained in the recycle stream should be either
conpressed as a gas or be condensed to the liquid state, and pressurised to
the sane or higher pressure in order to enable resupply to the reaction
zoe: According to a first useful enbodinght —of the invention, the reaction
effluent is flashed and stripped of unreacted gases to provide a gas stream

andda l'i qui dt Sﬁéf@?émpéﬁecﬁ@ﬁe ?iﬁ%&%ﬁ[&é{ﬁ@yfé@@%@?’fagi@ﬁs[era 10 to
condense part 0 e propyne for return to, the_Ijqui eed. Accordi 0 a
second usef ul ?é‘?ﬁ %?Y P ‘??Rfir#?%nflwyya%iﬁrgﬁ’mﬁﬂﬁﬁ?%?‘ nggm&f ter
flashing i s feafhdaouws Gistedmsy i OH dedimedas a first step of the
purification proc or.t h pr , | L ght
- ends of this dist ??IL%%%% %o%ﬁ%%?%r@%%%%’ c@ﬁ%%e%‘%&g?%ggﬁeégas
stream of the azaatropd] abor fexanple hef methrhspethacenbatecyrde to the
liquid feed. | t i ' t + Of [ Lon, the
%@&Bsn SOHARA, (4hd id ﬁldef@féo %yef@%i(@@ 8 thé rediefbh

gaseous renai ter separatlon e condensabl e conponents far
recycle to thezanguithizetills @brressed IMRFRTRctheLYeFatl a¥hepde@iure

to the reacti GietHy¥E Shéhd Oyl £y hodicBddbrorver PronIee yBbsady sbate

gaseous for”"tébéﬁﬁ%fﬁ%“%éﬁﬁ&%fﬁﬁ% JPethe present continuous process,
this will increase the molar ratio between methanol and
propyne present in the reaction zone to above the
approximately equimolar ratio in the fresh feed. As a
result, depletion of the methanol reaction component in
the higher order carbonylation reaction is attenuated, so
that the required degree of conversion of 80% can more
readily be achieved.

The invention will now be illustrated in more detail

by the following Examples. Example 1 illustrates a
process in which the effluent of the reaction zone is
stripped with the fresh carbon monoxide feed according to .
the schematic flow scheme of the attached Figure. In this
Figure, line 1 supplies propyne and methanol, line 2
catalyst composition, and line 3 carbon monoxide to the
process. The liquid streams through the lines 1 and 2 are
mixed in a mixing device 4, and forwarded through line 5
to a reaction zone 6, which may be constituted by a
plurality of individual reactors. The effluent of the
reaction zone 6 is forwarded through line 7 to a.
stripping zone 9. A line 8 provides for a bleed of the
gaseous content of the reaction zone for removing gaseous
inerts from the process. In the stripping zone 9, the
reaction effluent is countercurrently contacted with the
fresh carbon monoxide feed supplied through line 3. The _
carbon monoxide feed-containing propyne stripped from the
reaction effluent, leaves the stripping zone 9 through




conpression is effected stepwise wth intermttent cooling for discharging
the evolving heat in view of the thermal instability of the propyne. Each
of the above enbodi ments surprisingly appeared to be advantageous in that
the expenditure of the recycle of small piropyne waste streans i s outwei ghed
by an increase of nethyl nethacrylate product yield. -9- According to a
foqL;h enbodi nent of the invention, mhighl's_preferred, at | east part of
the propyne is separated for recycling by Stripping the effluent of the

reaction zonewi.th.at | : fs fr r ﬂﬂyyﬁq f to the
process. Thi sl\gh’tgo&?ﬁer??ﬁlsé'sg%{ukpghegﬁf ﬁ\%rﬂ%%gg&s int ;gt% artﬁgérjessure

drop as occur st¥dpriesh efifdsentg is foxwargied thyoueh lime drdoFmhe recover ed

can directly BesiqQyaitadn’ Sdtedntad!,i Whith thaly) HEATRRIS ftdited By epver,

dilution with the carbon nonoxide feed renders th ropyne .partjal pressure
attractively PIWrRddtyard giskidilation amdts Ii‘hie{'%"pepr‘ﬁf%ﬁﬁt?térﬂfbdi ment ,

the reactor ekllctdoh a2) hhe etripped vdautitgn zffludny iaxanpl e
FOTSt Ut €0 D AR DR S TR LR PR MG ST A
react or ef f | uazeotsopentodc tmethyl methacrylate and methanol leaving
| through line 14, methyl methacrylate product leaving
through line 15, and heavy ends leaving through line 16.
The methyl methacrylate/methanol azeotrope is recycled
through line 14 to the mixing device 4.

Example 2 illustrates a process which is similar to
the process of the Figure, but additionally comprises the
feature of propyne recovery from the light ends leaving
through line 13 by including a condensation zone 18
(represented by dashes), and recycling of condensed
propyne through (dashed) line 17 to the mixing device 4.
Example 3 illustrates a process in which the
carbonylation reaction is conducted to a degree of
propyne conversion per pass of about 70 $§ and large
streams of unreacted precursors have to be recycled for
achieving an acceptable rate of consumption of the
precursors. Example 3 is outside the scope of the
invention.

Example 1

A fresh feed consisting of 2003 kg/hr propyne,

1755 kg/hr methanol and a catalyst composition comprising
palladium acetate, diphenyl (6-methyl-2-pyridyl)phosphine
and p-toluenesulphonic acid in a concentration of

0.01 gram atom Pd/mol propyne is continuously introduced
into the mixing device of a process illustrated in the
Figure. The reaction zone comprises three consecutive
pressure containers and is operated at a temperature of
45 °C and a pressure of 11 barabs. The liquid reaction
phase passes the pressure containers with a LHSV of about



countercurrently with the carbon nonoxi de stream The pressure and
tenperature for operation of the stripping zone are not critical. It is
preferred, that the stripping zone is operated at the pressure of the
carbon nonoxi de feed, nore preferably at a pressure in the range of fromb5
to 20 bar. Thus, optinmum benefits of the invention are achieved. The
tegperature of the stripping zone is convgmiently controlled by the
tenperatures of the reactor effluent and the carbon nonoxi de feed. A carbon

nonoxi de feed @f22AM Efir ! SFRGH 3R EgaARYcAP USE DEnET EASEL SHessRVEVET,
external tenperature control by heati or .cooling neans,is no& ﬁxgazggd.

Preferred temfRARRIRer 13 TeRcheX i 97S FLeed Stredhi rPRbheinge?t ange
of from 20 to dspymee,) | 58. Bykgllit pearigom hdndibdear boh ky/hxi vetharndlabout

o . :
separated for TEbyars iio s HERHPE SPERELATFatd REIASE HiGHES PURBLAE Ly oo
in the strippimbtzegen vand hydcdogen, is lolednfromsthelpreaessof separation
rene ae “any. of TS PRI SEARNE, Hidey bempeens Blof rpipRCH
combi nati on f RrRFINANCoRYREERD 018 hEorwarded tecycpbripping column
and countercurrently stripped therein with a carbon
monoxide feed of 1451 kg/hr at a temperature of 55 °C and
a pressure of 12 barabs. The carbon monoxide stream
containing stripped-off propyne is introduced into the
liquid phase of the reaction. The liquid effluent of the
stripping column is flashed and fed to a first distilla-
tion column to separate a gaseous light ends bleed stream
over the top of the column comprising 46.0 kg/hr propyne,
19.1 kg/hr carbon monoxide, 188.5 kg/hr methanol and
69.0 kg/hr methyl methacrylate, besides side products
such as dimethylketone, which are bled from the process.
A methyl methacrylate/methanol azeotrope, comprising
impurities as water, ethanol and dimethoxypropane is
separated as a liquid stream also over the top of this
column and fed to a second distillation column to remove
the impurities over the bottom, also comprising
49.8 kg/hr methyl methacrylate and 0.3 kg/hr methanol.
The liquid methyl methacrylate/methanol azeotrope is
recycled to the mixing device.
The liquid bottom stream of the first distillation
column is fed to a third distillation column. Over the
top of the third distillation column a product stream of
4707 kg/hr pure methyl methacrylate is obtained. A heavy
ends bottom stream comprising 19.0 kg/hr methyl metha-
crylate, 38.5 kg/hr methyl crotonate besides catalyst
residues and remaining heavy ends, is bled from the
process.



of unreacted propyne. The liquid fraction of the reactor effluent, which
contains light ends, product, catalyst residues, -and heavy ends is
typically sent to a distillation section for rectification. The
distillation section may conprise a plurality of distillation units and any
conducts, conpressors and/or condensers required for handling the various
st(eens generated Further constructional jdetails, such as valves, netering
devices, tenperature controls, and the Ilﬁe may be present as will be

appreci ated by th@ﬁldd&%l@%ﬂ%ﬁé&%ﬂ“&f I p RN :LS:?CEHé)rprd/@ééQUﬁs

streans are generated wh | ncl u urified product trean]%ﬁgd l'i ght

and heavy end¥bi&%d and ShDt @ Lhe r@t%lﬂeu}‘b IRRYDS gL S PV ERESDi | i ng
inpurities renmesdme 1he@e@hm43@qsk@du@@nmfl1mak¢yofmhyb t he

catal yst residu and he dispos bl Vi ORE1 Onal 1y
after additi or%ﬁ% W%t 'Vﬁm gdq %/af gﬁiéhegé\;/\@e%%sgét ripper.
The i ght ends:atﬁhmd msincecide tmid1g4Qj£ﬁ)Ileg emf ctethapyhea¥e besor dance with
the inventiond,q,a 068 et adEWr (HY Pfedd HEredhs 4t @%Fédofofn any

ot her accepta e way. “Any propyne-contal ni ng streans rated 1n the
distillation sdthdrawald 9 tkﬁﬁkﬁﬁﬁcﬁ1¢QKB¥94¥Q%§t%ﬁﬂr%%%ﬁlﬁﬁtione may be
gaseous or |i qpddhqdd$ui d recycle streans can readily be brought to a
hi gher pressure for. conbination with the reaction liquid or any of the
liquid feed stEX3BRLE Eseous recycl e

In this Example, a feed of 2003 kg/hr propyne,

1575 kg/hr methanol and 1451 kg/hr carbon monoxide is
processed in essentially the same way as described in
Example 1 with the difference that the light ends bleed
stream of 330.3 kg/hr at a pressure of 0.4 barabs is
partially condensed at 0 °C in a first condenser. The
obtained condensate, comprising 13% of the propyne and
96.5% of the methanol contained in the light ends bleed
stream is recycled to the mixing device, whereas the
gaseous remainder is bled as a depleted light ends
stream, comprising 42.9 kg/hr propyne, 18.8 kg/hr carbon
monoxide, 6.5 kg/hr methanol and 2.2 kg/hr methyl metha-
crylate.

In this Example, the reactor gas bleed stream
comprises 2.4 kg/hr propyne, 56.2 kg/hr carbon monoxide,
2.1 kg/hr methanol and 2.5 kg/hr methyl methacrylate. The
bottom stream of the second distillation column comprises
0.3 kg/hr methanol, 50.6 kg/hr methyl methacrylate
besides impurities as water, ethanol and dimethoxy-
propane.

A product stream of 4779 kg/hr pure propyne is
obtained, while the heavy ends bottom stream comprises
19.0 kg/hr of methyl methacrylate, 38.6 kg/hr of methyl
crotonate, besides catalyst residues and remaining heavy
ends.
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streans will have to be conpressed to at |east the reaction pressure, using
a plurality of conpression cycles, if necessary, for restricting the

‘conpr essi on ratio per cycle in view of safety considerations. Condensers
may be used for liquifying propyne values from gaseous streans, if desired.
A further stream may be generated, which conprises an azeotrope, for
exegple of methyl nethacrylate and nethgngb,_and Is preferably recycled to
thé“reaction zone. This will, of course, Ifrprove the overall yield of

met hyl met hacryl a r Od%g&&nwn%\f%%nu?ef?‘%ﬁ?vﬁ e PSAddd % s

condi tions of the e t1nuous proces: | 1 ncrease the nol ar
rati o bet ween 9fettanandb Fomihdhe akanting mropde 1o FRHREE above

the appr oxi malscley ST HetiRidiyidtd Harddiest. fmesl. 1050 g estil etiighl et i on

of the methandl Teaction conponent iIn e higher order r | afi on
reaction i s ameihasrtlats RERAUGYe q'e{] G R R IRE O Jg%hicg]%i%% of 80%
can nore readidardth asdticiedt ath® 1./ ety iofh méethamoly dxeeildsiSirated in nore

detail by the iollgmﬁgg Exanpl es. Exanple 1 illustrates a process in which
the effl uent ction zone is stripped with the fresh carbon

monoxi de feed accar direph Eadtk oftRO0R kg prepwes ot40% kg B caagbon

Figure. In thiIﬁ.sonoxide and 1663 kg/hr methanol, together with the same
catalyst activity as in Example 1 is introduced into a
singlé pressure container. Liquid and gaseous propyne-
containing recycle streams to be discussed hereinafter
are also introduced into the pressure container. The
reaction mixture passes the reactor at a LHSV of about
0.62 1/1/hr and is withdrawn in the form of a reactor
effluent comprising 28.6% of the propyne unconverted.

The reactor effluent is flashed to 1.7 barabs and the
resulting liquid stream is fed to a first distillation
column to remove the remaining light ends from a bottom
stream mainly comprising methyl methacrylate and the
excess of methanol. The light ends over the top of the
first distillation column are partially condensed at
-18 °C in a first condenser. The first condenser liquid
stream comprising 10.5 kg/hr propyne, 118.2 kg/hr
methanol, 33.6 kg/hr methyl methacrylate and components
as dimethylketone is bled. The first condenser vapour
stream is compressed to 1.7 barabs in a first compressor
and combined with the vapour stream from the reactor
effluent flash. The combined vapour streams are
compressed to 2.9 barabs in a second compressor, and
partially condensed at =18 °C in a second condenser. The
second condenser liquid stream comprising 534.6 kg/hr
propyne, 162.8 kg/hr methanol, 39.2 kg/hr methyl
methacrylate and 34.9 kg/hr carbon monoxide, is recycled
to the reaction container. The second condenser vapour
stream is partially bled, comprising 61.3 kg/hr propyne



Figure, line 1 supplies propyne and nethanol, line 2 catal yst conposition,
and line 3 carbon nonoxide to the process. The liquid streams through the
T'ines 1 and 2 are mxed in a mxing device 4, and forwarded through line 5
to a reaction zone 6, which may be constituted by a plurality of individual
reactors. The effluent of the reaction zone 6 is forwarded through line 7
to,a stripping zone 9. Aline 8 provides fqg_g bl eed of the gaseous content
of “the reaction zone for renovi ng gaseous ‘inerts fromthe process. In the

stripping zone 9 r |.O ' 0 r coutacted with
the fresh carB%de%ggai§€F$%e%a§%%%ﬁ?e O%%?%U;ﬁé$%§§§3gﬂé Escggbon nonoxi de
f eed- cont ai ni myl progsmeand rhygregen onThecsecondi eAndeRsQENVaPPREY EETEAB

stripping zone - &2 b1 Jad i -
pping cé%%£%§g?§|165.é_kg7hfep yA8Udahd §999hlﬁi/h9 thebbAaact i on

zone 6. The str ( luent _is forwarded throygh,|] 1t .
distillation seere¥ider ignpehthatage EGHEF?FE?éngghggﬁ EF889?§n8fuP

d}?}illationfuaétﬁz ﬁar%B§ ﬂhs?ithﬂiﬁoﬁoﬁpféésarlandthecgtlédptd thecti on

e uent is fractippated ipto light ends |eaving through line 13, an
azeotrope of nEERY 1ﬂ%tﬁ3ﬁf§fﬂfﬁ’and met hanol | eaving through line 14,

met hyl met hacryl at Bherbotitom| stveany ofir thghfirat dbstihahdenycesusn| égvi ng

through line 18ed to a second distillation column, from which the
vapour stream over the top is recycled to the first
distillation column, a liquid azeotrope stream comprising
methyl methacrylate and methanol, is recycled to the
reaction container and a crude methyl methacrylate bottom
stream is fed to a third distillation column.

A pure methyl methacrylate stream of 4728 kg/hr is
produced over the top of the third distillation column.
The heavy ends bottom stream is bled, comprising
17.5 kg/hr methyl methacrylate, 35.4 kg/hr methyl
crotonate, catalyst residues and remaining heavy ends.

The overall conversion of propyne in the process is
96.4%, and 94.9% of the starting propyne is converted
into methyl methacrylate product. Per 1000 kg of methyl
methacrylate product, 15.1 kg propyne, 10.9 kg carbon
monoxide and 25.0 kg methanol are lost.

It is seen that in the process of Example 3 outside
the scope of the invention, a consumption of the
precursors almost as efficient as in the Examples 1 and 2
according to the invention, can only be achieved when
using a complicated recycle system comprising two
condensers and three compressors. Apart from the
investment costs for this equipment, it is will be
appreciated that the large volumes of the recycle streams
further adds utility costs.



TEe et hyl gethacrylate/nethanol azeotrope i s recycl edt—throughtine 14 to
the m xing device 4. Exanple 2 illustrates a process whi ' | W |
‘the process of the Figure, but additionally conprises t hgmutulmmu)m””"l
propyne recovery fromthe |ight ends |eaving through l.i ne*13°¢ by*- i fcl ddi g a
condensation zone 18 (represented by dashes), and recycling of condensed
propyne through (dashed) line 17 to the_my%ing device 4. Exanple 3

il Mdstrates a process in which the carbonylation reaction is conducted to a
degree of propyne conversion per pass of about 70 % and | ar gersi7£8n810f
unreacted precursors have to be recycled for achieving an acceptable rate
of consunption of the precursors. Exanple 3 is outside the scope of the

i nvention. Exanple 1 A fresh feed consista ng fs 2003 kg/ hr propyne, 1755
kg/ hr et hanol and a catal yst conposiTron conprising palladium acetate,

di phenyl (6- met hyl - 2- pyri dyl ) phosphi ne and p-tol uenesul phonic acid in a
PO?CG?Lr ationif @ Qibrﬁ:fi?mcmsorpﬂaﬂeuﬁ fooghe ¢arlonylatior|gfianr oduced
into e mxin evi ce 0 ' S ' ' .wiflg reaction
zone conpri se?%eﬂ:riéee%cf%le@ﬁﬁl{ @%%%é%#eééﬁcﬁgq%gi %\%é'?gﬁlgp‘é}g?ed at a

t enper at ur e ofcaibdremdroxirde ant s amelegphil iar¢empound RawlRg Reacti on

phase passes (NG I LINHFFH AR Hn VRS Préd&cdfofb@Uéarbonylation
catalyst, which process comprises the steps of:
a) charging said carbonylation catalyst to a reaction

zone;

b) supplying a fresh feed containing said acetylenically
unsaturated compound, said nucleophilic compound as well
as carbon monoxide to said reaction zone;

'c) passing the feed through the reaction zone under
carbonylating conditiohs of pressure and temperature such
that a degree of conversion, based on the acetylenically
unsaturated compound, of at least 80% is effected;

d) separating a stream containing unreacted
acetylenically unsaturated compound from the effluent of
the reaction zone; and

e) recycling the unreacted acetylenically unsaturated
compound content of said separated stream to the reaction
zone. |

2. A process according to claim 1, wherein the nucleo-
philic compound having a mobile hydrogen atom is a
hydroxy compound.

3. A process according to claim 1 or 2, wherein an alkyl
methacrylate is prepared by reaction of propyne with
carbon monoxide and an alkanol.

4, A process according to any one or more of claims 1-3,
comprising the further step of:

f) separating a stream containing unreacted nucleophilic
compound having a mobile hydrogen atom from the effluent
of the reaction zone for recycling to the reaction zone.
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-13- 0.27 I/l /hr. Fromthe gas cap of the last press react or
gas bl eed stream conprising 2.3 kg/hr propyne, 58.1 kg m‘Eﬁm
2.1 kg/ hr nmethanol and 2.6 kg/ hr nmethyl nethacrylate:b “ga “mn as
ni trogen and hydrogen, is bled fromthe process. The |iqui decreact off

product conprising 4.9% of the propyne unconverted, is forwarded to a

st{ipping colum and countercurrently strihgped therein with a carbon
nonoxi de feed of 1451 kg/hr at a tenperature of 55[err]C and a pressure of

12 barabs. The Ca@p%wlé&&t&l P R B ¢t e bpfdlPimpynesd) s
i ntroduced into the™ iqui hase_of the reaction. The liquid effluent of

the strippi ng Whanah |% Q%qﬁed’%rﬁ?r?‘é%rﬂ?%’ f388d O F7e ACCTERERET um t o
separate a gaseausy hirgditerdsed] esbaun@ADBVEL 1dest @0V is hackbeven

conprising 46. [ hr_pr ne,_19.1 kg/ hr carbon nonoxi de, 188.5 kg/ hr
met hanol and @@&q}%/%ﬁ W 2MGhacryl ate, besides side products such as

di met hyl ket oneg. mmm®$lmdngmmwm oF rre¥g| o claims 1-5,
TeLNACTY, ate! AR AREUILEP rAOIPTOE g RULE L @R g er | et hano
a as a

and di et hoxypr ne 1S Separa stre so over the top of
this col um amnhsaturated mmlmstw$%\%¢oﬁhu‘éb¢%1¥bcr€m@u{‘ﬂels

I mpurities ovqge&g@elpoét@rq plspacpnprosgng 49.8 kg/ hr nethyl nethacrylate
and 0.3 kg/hr'?Ftha%&ocess according to claim 6, wherein said ratio is
between 0.2 : 1 and 1 : 0.9.
8. A process according to any one or more of claims 1-7,
wherein step d) is effected by stripping the effluent of
the reaction zone with fresh carbon monoxide feed to the
process.
9. A process according to claim 8, wherein said
stripping is effected in a stripping zone operated at the
pressure of the fresh carbon monoxide feed, preferably a
pressure in the range of 5 - 20 barabs.
10. A process according to any one or more of claims 8-9,
wherein said stripping is effected at a temperature in
the range of 20 - 100 °C.
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The liquid nethyl nethacryl ate/ met hanol azeotrope is recycled to the mxing
device. The liquid bottomstreamof the first distillation colum is fed to
athird distillation columm. Over the top of the third distillation colum
a prioduct stream of 4707 kg/ hr pure nmethyl nethacrylate is obtained. A
heavy ends bottom stream conprising 19.0 kg/ hr nethyl netha- crylate, 38.5
kghbr met hyl crotonate besides catal yst residues and renmi ni ng heavy ends,
i.s bled fromthe process. -14- The overall conversion of propyne in.the
process is 97.6% apd 94.0p6 of the starting proghne is convertedjinto

met hyl net hacryl at . Per 1000 kg of netHgl nethacryl ate Pproduct,
10. 3 kg of propyne,]16.4 kp of 5 carbon nonoxipde and 40.6 kg o net hanol
are lost,; primarigfyfbecausp of the bleed streansfrequired for w Jhdrawal of
inerts, side prodecfys and fatal ysts residues. Expnple 2 10 nthis
Exanpl e, a feed of % hr propyne, 1575 k{fhf net hanol anggh 51 kg/ hr
carbon nonoxi de i Lo _essent t ke fane way as descfi bed in
Exanple 1 with thg :
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st™®ani of 330. 3 kg/ hr at a pressure of 0.4 barabs is 15 partially condensed
~7at 0 [err]Cin a first condenser. The obtai ned condensate, conprising 13%
of the propyne and 96.5% of the nethanol contained in the |ight ends bl eed
streamis recycled to the m xi ng device, whereas the gaseous renai nder is
bl ed as a depleted light ends 20 stream conprising 42.9 kg/hr propyne,
1848 /kg/ hr carbon nonoxi de, 6.5 kg/hr nethanol and 2.2 kg/hr nethyl metha-
crylate. In this Exanple, the reactor gas bl eed stream conprises 2.4 kg/hr
propyne, 56.2 kg/hr carbon nonoxide, 25 2.1 kg/hr nethanol aTdlZ4% Isghhr
met hyl nethacrylate. The bottom stream of the second distillation colum
conprises 0.3 kg/hr nethanol, 50.6 kg/hr nethyl nethacryl ate besi des

impurities as water, ethanol and di -R e. 30 A product stream of
4779 kg/hr pure nethyl nethacrylate is obtained whil e the heavy ends
bottom stream co rlses 19. 0 kag/ hr of nethyl thacrvl ate, _38.6 k /hr of
met hyl cr ot onat oé?%rsﬁ %lﬁ%&%ﬁﬁp Wlflgo %T

-15- The overall convers!on of propyne in the process is 97.7% and 95 5%

of the starting pr?ﬁgnfn%gnEEQXGEEEQtes to a continuous process for the
carbonylation of an acetylenically unsaturated compound
by reaction with carbon monoxide and a nucleophilic
compound having a mobile hydrogen atom in the presence of
a carbonylation catalyst, which process comprises the
steps of: charging said carbonylation catalyst to a
reaction zone; supplying a fresh feed containing said
acetylenically unsaturated compound, said nucleophilic
compound as well as carbon monoxide to said reaction
zone; passing the feed through the reaction zone under
carbonylating conditions of pressure and temperature such
that a degree of conversion, based on the acetylenically
unsaturated compound, of at least 80% is effected:
separating a stream containing unreacted acetylenically
unsaturated compound from the effluent of the reaqtion
zone; and recycling the'unreacted'acetylenically
unsaturated compound content of said separated stream to
the reaction zone.
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~Per 1000 kg of nethyl nethacryl ate
product, 9.5 kg g of carbon nonoxide and 1.9 kg of

nmet hanol are | ost. sh feed of 2003 kg/ hr propyne, 1402 kg/hr
carbon nonoxi de .n netlhanol , together with the same catal yst
oduced into a Subgtituter stisstr-e30 Julya i1 996
aijni ng #=_cycle streans to be discussed
herei nafter are jl so introduced iffto the pressure container. The reaction
m Xt ure passes t ISV of about 0.62 L/I/hr and is w thdrawn
in the formof a rg actor effluent conprising 2@ 6% of the propyge
unconverted. The #Meactor®effluent is flashed tqQ 1.7 barabs and § he
resulting liquid dfreamils fed to.a first distifllation colum tp renove the
remai ning |ight(&ds frorpa bottom stream mai nlfy conpri sing nethyl

nmet hacryl ate and the excqss of nethanol. The lijght ends over, fhg top of the
first distillationgcolu are partlally conddNded at -18 [erﬁé ina first
condenser. The fj audanse daglacanttdnpri sing 10.5 kgf hr propyne,
118. 2 kg/ hr net hpNpl, 35%6 kg/ hr nethyl et hacryl at gngand conpongnt s as

di met hyl ketone.ip pled. The first condspger vagour s+eamis cofpressed to
1.7 barabs in a st corfpressor and c®migi ned th t e vapour sfream from
the reactor efflpept flagh. The : S bmaiminbonmpmamng, cONPr essed to
2.9 barabs in a pepONnd cg

i nt’o' met hyl nethh yr-art-e

Li qui-d and gaseous
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partially condensed at -18 [err]C in _a second condenser. The second
condenser liquid streamco nqp; A\ A3 G r propyne, 162.8 kg/hr

met hanol , 39.2 kg/ hr et hyl| e 34 9 kg/ hr carbon _nonoxi de
recycled to the reaction cantfai ner. The sedodd 8H§%F @%b0§9~§4vé5$9$s
partially bled, conprising J6: 33ngJ 199%6opyne -16- and 51.2 kg/hr carbon
nOROXIi de, besi des inerts ag |trogen and hydnogen. The 'second condenser
vapour stream conprising 1 5 6 kg/hr propyne .and 138.4 kg/ hr carbon
nonoxi de, is nultistage co , cooling up to 1Z B4 ST a
third conpressor and recycl éd to the reactlon contai ner. The bottom stream

of the first distillation colum |§ Eeg éo a sgcgnd distillation colum,
from whi ch the vapour stream. over A | ed to the first
distillation colum, a’liquid azeotrope strean1conpr|3|ng net hyl . -
met hacryl ate a%§§¥¥ﬁﬁaﬁ§’ t d a
crude net hyl nethacrylate Pﬁ@%%?ﬁ@%ﬁ%admf@ &#ﬁm' ‘on

colum. A pure methyl nethacrylate strean1oL 4728 kg/hr is produced over
e o eIk o
ylatlon of an acetylenlcally unsaturated compound

by reaction with carbon monoxide and a nucleophilic
compound having a mobile hydrogen atom in the presence of
a carbonylation catalyst, which process comprises the
steps of: charging said carbonylation catalyst to a
reaction zone; supplying a fresh feed containing said
acetylenically unsaturated compound, said nucleophilic
compound as well as carbon monoxide to said reaction
zone; passing the feed through the reaction zone under
carbonylating conditions of pressure and temperature such .
that a degree of conversion, based on the acetylenically
unsaturated compound, of at least 80% is effected;
separating a stream containing unreacted acetylenically
unsaturated compound from the effluent of the reactlon
zone; and recycllng the unreacted acetylenically
unsaturated compcund content of said separated stream to
the reaction zone.

n

(Figure 1)
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crotonaté, cat al yst e ni ng heavy ends. The overal
conveérsi on of propyhn ] S 96.4% and 94. 9% of the starting
propyne is convertefl {nto net h%‘;l)almeth_cryl ate product. Per 1000 kg of

met hyl net hacryl at e| pf oduzAPR kb bropyne, ]%bgstﬁﬂtecgﬁg@g?- E‘jgﬁ%'}ig?gggd

25.0 kg met hanol arg ost.” It is sefn| that in the process
outsi.de the scope of the Inventron, consunption of the precursors al nost
as efficient as in i 2 atCording to the invention, can -

only be achieved n “Si”g§§o§§5qg'§¥%5¢?F2§?¥%3533¥ﬁt6H30 PREESE NPs t WO

condénsers and thr ecSXﬁF art ) I nvestment _cosgs.,for this
. equiprent, it i99-%8l | apd 98pPBCoRiENR (HATLIRG PEPRYNGOrEnES EEI AR ecycl e
streams furthernaddmetthivli h¥tka6iylate pkbduct.L PArl 10D68 kg Afcmethylious

Peact on wi th BSEBBRTNIALR RECSNEn T Ashs Brobye L e e P obi | o
hydr ogen afom icarboa pososide atd A sh@lamedRanalaryst 1o%ki ch process
conprises the $4ep3refly Bhcallde WAkNAIKLY ketvhaki paqaatedysérto a
reaction Zone;-withdrawal of inerts, side products and catalysts '
résidues.
Example 2 : _
10 In this Example, a feed of 2003 kg/hr propyne,
1575 kg/hr methanol and 1451 kg/hr carbon monoxide is
processed in essentially the same way as described in
Example 1 with the difference that the light ends bleed
stream of 330.3 kg/hr at a pressure of 0.4 barabs is
15 partially condensed at 0 °C in a first condenser. The
obtained condensate, comprising 13% of the propyne and
96.5% of the methanol contained in the light ends bleed
stream is recycled to the mixing device, whereas the
gaseous remainder is bled as a depleted light gnds
20 stream, comprising 42.9 kg/hr propyne, 18.8 kg/hr carbon
monoxide, 6.5 kg/hr methanol and 2.2 kg/hr methyl metha-
crylate.
In this Example, the reactor gas bleed stream _
comprises 2.4 kg/hr propyne, 56.2 kg/hr carbon monoxide,
25 2.1 kg/hr methanol and 2.5 kg/hr methyl methacrylate. The
bottom stream of the second distillation column comprises
0.3 kg/hr methanol, 50.6 kg/hr methyl methacrylate
besides impurities as water, ethanol and dimethoxy-
propane.

30 A product stream of 4779 kg/hr pure methyl methacrylate is
obtained, while the heavy ends bottom stream comprises

19.0 kg/hr of methyl methacrylate, 38.6 kg/hr of methyl
crotonate, besides catalyst residues and remaining heavy
ends.
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b) supplying a fresh § {Emﬂaq IQMFEgYi d acetylenically 10 unsaturated
conpound, said nucl eg \ Egs wel | as carbon nonoxide to said

reaction zone; c) pasjijn h ed tHrqugh the reaction zone under
“or i 8

car bonyl ati ng condi tifors e jarid tenpergiydiRufd'chedt2b12a PR 8980f
conver’'si on, based on jt He_anpunt of 13 4qcetylenically unsaturated conpound

copverted into carbonylation products th of, of at |east 80% per pass is
effected; d) separ at)Ag—a—si+ream-contalning unreacted acetylenically

rat e conpound\?ron1the ef f | uept eaction zone; and 20 e)
recycling the unreacted acetyl eni cal ted conpound content of said
separated streamto the reaction zone. 2. A process according to claim1l,

wherein the nycl eq- cBRtbhGoGPRAEEs M NG Mabbay Y ggegealgmis a 25
hydr oxy conpound. 3. A grgcess according to claiml-or 2, erel n an al kyl
met hacryl at e BSSSYEFRAERLLY PRSRbURALed SAmRRHRE Bt FeRSERBR WbkBxi de and an

al kanol . 4. carpoacmssoatder andga tmucleopinid ief compomadlhdyviRgconpri si ng
the furthery s 9L raf 1 ng: ai.pi ng .

nucl eophi | i ?%%g&ngyﬁg%ﬁﬁ géér%%ir?eé%/ r_ogs(eé%r&%t g% ? r S%P%ﬁlgﬁé?ﬁ%nt of
the reaction EéﬁélVSF'rﬁéyﬁgi?EPQQﬁ§rﬁ?ﬂﬁﬁ%ﬁﬁsoﬁhfoﬁéﬁPs of:

a) charging said carbonylation catalyst to a reaction
zone;
b) supplying a fresh feed containing said acetylenically
10 unsaturated compound, said nucleophilic compound as well
as carbon monoxide to said reaction zone; .
c) passing the feed through the reaction zone under
carbonylating conditions of pressure and temperature such
_ that a degree of conversion, based on the amount of
15 acetylenically unsaturated compound ¢onverted into carbonylation.
products thereof, of at least 80% pér pass is effected; '

d) separating a stream containing'unreacted
acetylenically unsaturated compound from the effluent of
the reaction zone; and

20 e) recycling the unreacted acetylenically unsaturated
compound content of said separated stream to the reaction
zone. '
2. A process according to claim 1, wherein the nucleo-

philic ¢ompound having a mokile hydrogen atom is a
25 hydroxy compound.

3. A process according to claim 1 or 2, wherein an alkyl

methacrylate is prepared by reaction of propyne with

carbon monoxide and an alkanol. '

4. A process according to any one of claims 1-3,
30comprising the further step of: )

f) separating a stream containing unreacted nucleophilic

compound having a mobile hydrogen atom from the effluent

of the reaction zone for recycling to the reaction zone.
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- 18 -'5° A proces CRORME one of claims 1-4, wherein a degree
of conversion, base}ﬂﬂa'tns U cal ly unsaturated conpound, of at

| east 90% i s achieved i&ﬁi&é r&ﬁgti nf zone. 5 6. A process according to
any one of clainms 15 RP%Ge | ar ratios%sdt’?ﬁit&'sﬁﬁéf ylzangﬁl heos
unsat urated conpounfl [0 said nucle i 1ic conpound 1s between 0.8 : 1 and 1
: 0.8. 7. A process}according to claijm6, wherein said ratio is 10 between
0.9 1 and 1 : 0.9-8 A-process.dceoddi mg to any one of claims 1-7,

wherein step d) is efFécted By strjpping the effluent_of the reaction zone
with fresh ca|5)bon Po RERCEE ST §§9°‘E‘61‘F£é:°pr36’é’e§§.e ?g §.£a%mf>r£'cqé‘ss accor di ng
to claim8, whalcddirba deyireePpiENgohteesion;) ashsed arstuheppicegylend-oper at ed
Al he b essu s iy AR GaR AU RRBo BRI £ % ol PRI ok egS oL © 11
the range of 5 - ar aps. 0. rocess according to any one of clains
8-9, 20wherei insdihe eAGHIORgZPBeeffected at a tenperature in the range of

20.- 100 C5 6. A process according to any one of claims 1-5,
wherein the molar ratio of said acetylenically
= unsaturated compound to said-nucleophilic compound is
between 0.8 : 1 and 1 : 0.8.
7. A process according to claim 6, wherein said ratio is
10 between 0.9 : 1 and 1 : 0.9.
8. A process according to any one of claims 1-7,
wherein step d) is effected by stripping the effluent of
the reaction zone with fresh carbon monoxide feed to the
process.
15 9. A process according to claim 8, wherein said
stripping is effected in a stripping zone operated at the
pressure of- the fresh carbon monoxide feed, preferably a
pressure in the range of 5 - 20 barabs.
10. A process according to any one of claims 8-9,
— sowherein said stripping is effected at a temperature'in
the range of 20 - 100 °C. '
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