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RROCESS FOR THE PREPARATI ON OF METHACRYLATE ESTERS Thi s i nvegsion
relates to a continuous process for the preparation of nethacryl at ezsters,
wherein a mxture of C[err]-hydrocarbons is drawn off froma refinery
operation, a propyne streamis isolated fromsaid C3- nixture, and said
propyne streamis fed to a carbonylation unit and contacted therein with
carbon nonoxi de and an al cohol in the pre§éﬂc€ of a carbonyl ati on catal yst
to forma methacryl ate ester. Such a process, as descriledial SIN
EP- A- 392, 601, makes an econom c use of readily avail abl e propyne-contal ni ng
side streans fromlarge scale industrial operations in the energy or
petrochem cal sect PROGESS aBORNTBE cBREPARAVDON sOF NMEFHACRYLATE BETERBge
gquantities of waste materials, such as sul phuric acid, anmoni um bi sul phate

This invention relates to a continuous process for
the preparation of methacrylate esters, wherein a mixture
of C3-hydrocarbons is drawn off from a refinery
operation, a propyne stream is isolated from said C3-
mixture, and said propyne stream is fed to a
carbonylation unit and_cdntacted therein with carbon
monoxide and an alcohol in the presence of a
carbonylation catalyst to form a methacrylate ester. The
invention further relates to a storage facility for use
in this process.

" Such a process, as described in EP-A-392, 601, makes
an economic use of readily available propyne-containing
side streams from large scale industrial operations in
the energy or petrochemical sector, and advantageously
avoids the generation of large quantities of waste
_maferials, éuch as Sulphuric acid, ammonium bisulphate
and toxic HCN.

' These propyne-containing side streams will further -
contain propadiene, propane and propene as major
constituents, of which propadiene can be used in the
preparation of the methacrylates, as it is readily
isomerized to propyne. The propane and propene
components, however, will have to be removed, and are
conveniently redirected to the original refiﬁery
operation for further processing or use. Accordingly, it
is preferred that the methacrylate production is
conducted in the proximity of and linked to the refinery
operation providing the cheap propyne-containing side
stream.

In practice, the refinery operations providing
propyne-containing side streams involve multiple process
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and toxic HCON. These propyne-containing side streans will further
contai n propadi ene, propane and propene as major constituents, of which
propadi ene can be used in the preparation of the nethacrylates, as it is
teadily isonerized to propyne. The propane and propene conponents, however,
wi |l have to be renoved, and are conveniently redirected to the original
refinery operation for further processing & -use. Accordingly, it is
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has to be adapted to the rate of the supply of the
propyne-containing C3-mixture, and thus to a fluctuating
rate of propyne supply.

However, the design of a continuous carbonylation
process operating at fluctuating flow rate appeared to be
problematic'in view of, inter alia, the cooling
'requirements of the exothermic reaction. A conceivable
alternative solution of collecting the C3z-mixture in a
buffer container, from which a stream could continuously
be withdrawn at constant rate, was hampered by the
requirement of redirecting the propane and propene
components to the refinery operation and costs of the
excessively large storage equipment. On the other hand,
designing the buffer capacity to be placed after the step
of isolation of the propyne component allowing
undisturbed redirection of the propane and propene,
entails the hazards of handling pure acetylenes. In order
to comply with safety requirements, pure propyne should
be maintained at temperatures below 5 °C, whilst a
threatening calamity in case of an spontaneous
temperature or pressure rise, has to be averted by
discharge of the entire content of the storage container
in view of the strong exotherm associated with the
decomposition of propyne.

For overcoming the above problems, it is now
proposed that a continuous process as mentioned in the
preamble is conducted such, that at léast part of the
propyne stream and an alcohol feed stream is supplied to
a storage facility, from which a combined propyne/alcohol
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For benefiting by the advantages of the present
invention, it is sufficient that part of the stream of
isolated propyne is supplied to the storage facility,
whilst the remainder is fed directly to the carbonylation
unit, provided that the amount of propyne available in
the storage facility is sufficient for supplementing the
direct stream to the operational constant level at all
times. For exampie, if a minimum propyne supply rate can
be established for a given refinery operation, such a
stream can be directly fed to the carbonylation unit, and
any surplus be cut off and directed to the storage
facility, from which a second constant stream is drawn
off and supplied to the carbonylation unit. However, this
mode may require substantial control.

For benefiting by the advantages of the present
invention, it is sufficient that part of the alcohol feed
is supplied to the storage facility whilst the remainder
is fed directly to the carbonylation unit. This will
mitigate the required safety measures for handling the
buffer propyne. Alternatively, the entire alcohol feed
may be supplied to the storage facility, whereby the
maximum relief of safety measures is achieved. Again,



-3- feed is continuously withdrawn and introduced into the carbonyl ation
unit. The invention offers the advantages of rendering the production
of nethacrylate ester conpatible with the refinery operation by sinple
nméans obviating or at least mtigating the requirenents for handling pure
propyne. The buffer of propyne supply can be maintained at tenperatures up
to anbient with reduced chance of any develépnent of an exotherm Shoul d
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the storage facility in accordance with the stoichiometry
of the carbonylation reaction. In this way, a single feed
stream can be withdrawn from the storage facility and
supplied to the carbonylation unit at constant rate using
a minimum of control devices. In the present context,
"substantially equimolar"™ refers to molar ratios of
propyne and alcohol being close to 1:1, as consumed in
the overall process, notwithstanding a feed of minor
amounts of one of the reactants, for example of the
alcohol, as expedient in catalyst supply or recycle
streams entering the carbonylation unit. Typically,
"substantially equimolar" may represent ratios in the
range of from 0.8:1 to 1.2:1, more typically in the range
of from 0.9:1 to 1.1:1.

The volume of the storage fac111ty and the quantity
of the propyne/alcohol mixture contained therein, can
readily be chosen in relation to the scale of the process
and the anticipated fluctuations of a particular propyne
source. By way of example, for a process with a nominal
output of 4000 kg/h of methyl methacrylate, a feed of
averagely about 3032 kg/h of propyne/alcohol mixture is
required at an effective propyne conversion of 95%, and a
storage facility having a capacity of 72800 kg of an
equimolar mixture of propyne and methanol would normally
accommodate moderately high or low propyne supplies for a
period of about 72 hours, or severely high or low
supplies for a period of about 24 hours, as would seem to



any surplus be cut off and directed to the storage facility, fromwhich a
second constant streamis drawn off and supplied to the carbonylation unit.
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conditions. The pressure within the storage facility is
suitably maintained below 4.3 barabs, preferably below
3.7 barabs. To that end, the storage facility used in the
present process is preferably provided with pressure
release means operated to control the pressure to a
maximum of 4.3 barabs.

In the context of the present invention, a
"constant" rate is meant to define substantial constancy
of the rate over a substantial period of time. It is
intended to include both minor fluctuations of the rate
within the accuracy of the control means of the process,
and incidental or periodical adjustments of the actual
value of the constant rate, for example a controlled
increase or decrease of the rate, if the filling level of
the storage facility reaches maximum or minimum capacity.
Also, a "continuous" process is'meant to mean a process
proceeding without interruption over longer periods of
time irrespective of incidental or periodical shut downs,
e.g. for maintenance purposes.

Refinery operations particularly envisaged for
supplying propyne-containing Cz-mixtures, include ethene
crackers, i.e. a type of cracker in which ethene is
prepared from hydrocarbon fractions such as naphtha, gas
oil, LPG (preferably isobutane) or ethane by thermal
cracking; catalytic crackers, i.e. a type of cracker in
which hydrocarbons produced by the catalytic cracking of
hydrocarbon fractions such as heavy gas oil or vacuum
distillates; and LPG-dehydrogenation processes, i.e. a
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24 hours, as woykdi$8PEaEEd by selective scrubbing with a solvent,
suitably being carried out in a column under elevated
pressure (2-20, preferably 6-12 bar) using countercurrent
fldws of an organic solvent and the C3-mixture (e.g. the
bottom effluent of a propane/propene splitter), so that
typically a stream consisting essentially of propane and
propene (and < 0.2% of propyne/propadiene) is removed as
the overhead fraction. The solvent which absorbs propyne
and, at the elevated pressure employed, also propadiene,
suitably comprises a polar organic solvent, such as an
amide, e.g. dimethylformamide, dimethylacetamide or N-
methylpyrrolidone, a nitrile, a sulphone, such as
sulfolane, or a mixture thereof.

As propadiene tends to poison catalysts in the
carbonylation of propyne and an alcohol, it is
selectively removed, for instance by chemical means, such
as by isomerization, and/or by physical means such as by
distillation, preferably extractive distillation.
Preferably, the propadiene is removed by physical means,
and subsequently subjected to isomerization for partial
conversion into propyne and recycle to the physical
separation step. It will be appreciated that in this way
all of the propyne and propadiene in the original C3-
mixture can in principle be isolated as propyne and used
in the carbonylation reaction.



-5- be appropriate when using a conmon propyne source, such as an ethene
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-30 to 100 °C, preferably 0 to 40 °C, and a pressure in
the range of from 0.1 to 100 bar, preferably 1 to 20 bar,
in the presence of an isomerization catalyst, for example
a catalyst comprising an alkali metal or alkali metal
oxide deposited on alumina, or another isomerization
catalyst as described in Kirk-Othmer's Encyclopaédia of
Chemical Technology, 2nd ed., Volume Supplement (1971),
pages 547 to 556, and in US-A-3671605.

After selective removal of propadiene, substantially
pure propyne can be isolated from the remaining solution,
for example by stripping or flashing. The molar
concentration in the propyne stream obtained lies above
80%, preferably above 90%, and most preferably above 99%.
It is desirable that the molar ratio of propyne to
propadiene in the propyne stream is above 100, preferably
above 1000, and most preferably above 5000.

The carbonylation catalyst used in the process
according to the invention may be any catalyst having
activity for the carbonylation of propyne. It is
preferably a Group VIII metal catalyst, more preferably a
palladium catalyst. A preferred group of catalysts is
disclosed in EP~A-186228, EP-A-271144 and EP-A-386833,
and includes catalysts comprising a palladium compound, a
ligand (e.g. a monodentate or bidentate phosphine) and an
anion of a weakly or non-coordinating acid. Specific
examples of such catalysts include combinations of (a)
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substituents. The alcohol is preferably an alkanol
having up to 20, more preferably 1 to 4 carbon atoms.
Examples of alcohols are methanol, ethanol, propanol,
isopropanol, n-butanol, isobutanol, and tert-butanol.
Most preferably the alkanol is methanol, thus giving
methyl methacrylate as the product. |

The carbon monoxide reacted in the carbonylation
step of the present process, can be derived from any
source, and is preferably used in substantially pure
form. Minor amounts of inerts or hydrogen may be present,
but increase the need for bleed streams and purification
of the end product, and therefore decrease the total
yield of the present process, if present at too high
concentration.

The reaction between propyne, the alcohol and carbon
monoxide is preferably effected at a temperature in the
range of from 20 to 200 °C, more preferably 20 to 80 °C,
and at a pressure in the range of from 5 to 70 bar.
Though a separate solvent may be used, for ease of
purification it is preferably absent, since the alcohol
precursor and methacrylate ester product constitute
suitable liquid vehicles for the carbonylation reaction.

The reactants are preferably fed to the process in
substantial accordance with the reaction stoichiometry,
i.e. in substantially equimolar amounts apart from any
recycle streams. The catalyst system is suitably applied
at a concentration corresponding to its activity, for
example, to produce 25 kg or more of methyl methacrylate



suitably being carried out in a colum under elevated pressure (2-20,
preferably 6-12 bar) using countercurrent flows of an organic sol vent and
the Jerr]-mxture (e.g. the bottomeffluent of a propane/ propene
splitter), so that typically a streamconsisting essentially of propane and
propene (and < 0. 2% of propyne/ propadi ene) is renoved as the overhead
fraction. The sol vent which absorbs propymedand, at the elevated pressure
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amounts of propyne and an alkanol having 1-4 carbon
atoms. This storage facility can be a container of any
shape and magnitude, suitable for maintaining said liquid
composition in quantities and for periods matching the
design of the overall process. It will comprise inlets
for the propyne and the alkanol stream and an outlet for
the substantially equimolar mixture, and may further
comprise flow monitoring and control means for steering
the desired streams. Any construction material compatible
with propyne and alcohols and the applied pressures, for
example mild steel will be suitable.

As the propyne/alkanol mixture is preferably
maintained at a temperature in the range of from 0 to
+20 °C and a pressure below 4.3 barabs, the storage
facility will comprise corresponding temperature and
pressure control means, the latter preferably being a
pressure release means operated at a desired maximum
pressure, for example of 4.3 barabs.
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methacrylate ester, characterized in that at least part
of the propyne stream and an alcohol feed stream is
supplied to a storage facility, from which a combined
propyne/alcohol feed is continuously withdrawn and
introduced into the carbonylation unit.
2. A process as claimed in claim 1, wherein the entire
propyne stream and alcohol feed stream are supplied to
the storage facility.
3. A process as claimed in claim 1 or 2, wherein
substantially equimolar amounts of propyne and alcohol
are supplied to the storage facility.
4., A process as claimed in any one or more of claims 1-
3, wherein said storage facility is maintained at a
temperature in the range of from 0 to +20 °C, and a
pressure of below 4.3 barabs.
5. A process as claimed in any one or more of ciaims 1-
4, wherein the alcohol is'an alkanol having 1-4 carbon
atoms.
6. A process as claimed in any one or more of claims 1-
5, wherein the combined propyne/alcohol feed is withdrawn
from the storage facility at a constant rate.
7. A storage facility for use in the preparation of
methacrylate esters, which contains a liquid composition
consisting of substantially equimolar amounts of propyne

_
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preferably a Goup VIIl netal catalyst, nore preferably a palladi um
catalyst A preferred group of catalysts is disclosed in EP-A-186228,

EP- A- 271144 and EP- A- 386833, and includes catal ysts conprising a palladi um
conpound, a ligand (e.g. a nonodentate or bidentate phosphine) and an anion
of a weakly or non-coordinating acid. Specific exanpl es of such catal ysts

i ncl ude conbi nati ons of (a) - 8-

pal | adi um acet ) phi e e pyri dyl phosphi ne, or
di phenyl ( 6- netﬁﬁﬁd2&@ﬁ§%%%g$§nﬁosp ng 45 8 gg%mguenesulphonlc acid or
trifluoroaceti aC| 8. storagee facddidly ﬁ@a@tl@dmeﬁl tine cdadiorfyl athegieigt ep of

the present proges® CLHQuPE EOMpHY It Py - §§bééhEHiﬁth¥9rQcﬁéﬁﬁaraﬁﬁkéhlﬁay
or may not caray further substituents. Th | cohol is preferably an al kanol
having up to 20EPefaRee PErE6P9 9 @ #2@ai%on atoms. Exanpl es of al cohol s

are net hanol, e3hanal stblregenthuliw;gr eeaa,qh.lmedbuhamla,m Folytt @)0olwh iz
tert - butanol NbStgPreniﬂi Ythhe al kanol L S8 anol , thus giving nethyl
nethacrylateam%%t? Y&, PREZESUES bbh ﬁ%ﬁ%k?ﬁ%n?eacted in the
carbonyl ati on 10. A.storage facility as claimed in claim 9, wherein
the pressure release means are set to a maximum pressure

control of up to 4.3 barabs.
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step of the present process, can be derived fromany source, and is
preferably used in substantially pure form M nor anmounts of inerts or
hydrogen nay be present, but increase the need for bleed streans and
purification of the end product, and therefore decrease the total yield of
t he present process, if present at too high concentration. The reaction
bet ween propyne, the al cohol and carbon nonoxide is preferably effected at

a tenperature in the range of from20 to 200 [err]C, nore prehe?§§ﬁ/é¥hto

80 [err]C, and at a pressure in the range of from5 to 70 bar.

separate solvent may be used, for ease of purification it is preferably
absent, since the al cohol precursor gl greg g vt ag e ester product
constitute suitable Iiquid vehiclesTor the carpbonylation reaction. The
reactants are preferably fed to the process in substantial accordance with
t he reaction stoi CAROCESSYFOR. FHEI RREBARABNONaOFyMEGHACBRYAATENESFERSapar t
fromany recycle streans. The catal yst systemis suitably applied at a
concentration corresponding to its activity, for exanple, to produce 25 kg
or nore of nethyl nBadatnyémtion relates to a continuous process for

the preparation of methacrylate esters, wherein a mixture
of C3—hydrocafions is drawn off from an oil or gas
processing operation, a propyne stream is isolated from
said C3z-mixture, and said propyne stream is fed to a
carbonylation unit and contacted therein with carbon
monoxide and an alcohol in the presence of a
carbonylation catalyst to form a methacrylate ester,
wherein at least part of the propyne stream and an
alcohol feed stream is supplied to a storage facility,
from which a combined propyne/alcohol feed is
continuously withdrawn and introduced into the
carbonylation unit.

C15/T1221FF
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per gram of palladi um per hour. The design and operation of the g

car bonyl at T OR =k Exiash GERes WK up] equi pment is within the skills of a
chenical;tg@ﬁpongL§gpmggqﬂdgpémggghre uire further explanation. The
storage fagi [ty used.in:the presgnj, process can be a container of any
shape and pagnjtude, suitabl e  fQp nmaiptaining said liquid composition in
quantitiéspaﬁd_fgf”perjods”ﬁﬁiﬁﬁf g the desilgr of the overall process. It
will conirksé‘?ﬁfets‘for“fﬁe“pﬁ%ﬁ n& and the al kanol stream and an outl et

i

for the gubstantially %g%innlfr m xturl, and may further conprise flow

moni t or i g DHRE EBhEBESIEIRE ans FE--st eerf ng the desired streans. Any

construction mal er PROCESSTETR birfx: WHHPARK RN & B ME ALORS AT ES TR
be sultable. As tﬁe

applied pressures, for exanple mld steel wll
pr opyne/ al kanol m xture S preferably maintained at a tenperature in

the range of from OThds+20veatibd ardatdy assW cdtd OMdusd PAsabss Ebe

control means, T TARHLERLdr SR FEERERRy g e St s, nitel T Rlxture
of C3-hydrocarbons is drawn off from a refinery
operation, a propyne stream is isolated from said C3-
mixture, and said propyne stream is fed to a
carbonYlation unit and contacted therein with carbon
monoxide and an alcohol in the presence of a

carbonylation catalyst to form a methacrylate ester.

Such a process, as described in EP-A-392,601, makes
an economic use of readily available propyne-containing
side streams from large scale industrial operations in
the energy or petrochemical sector, and advantageously
avoids the generation of large quantities of waste
materials, such as sulphuric acid, ammonium bisulphate
and toxic HCN.

These propyne-containing side streams will further
contain propadiene, propane and propene as major

~constituents, of which propadiene can be used in the
preparation of the methacrylates, as it is readily
isomerized to propyne. The propane and propene
components, however, will have to be removed, and.are
conveniently redirected to the original refinery _
operation for further processing or use. Accordingly, it
is preferred that the methacrylate production is
conducted in the proximity of and linked to the refinery
operation providing the cheap propyne-containing side
stream.

In practice, the refinery operations providing
propyne-containing side streams involve multiple process

This is the replacement sheet
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pressure rel ease neans operated at a desired maxi num pressure, for exanple
of- 4. 3 bar abs. - 10 -
CLAI MS 1. A continuous process for ‘the preparation of nmethacrylate
esters, wherein a mixture of CJerr]-hydrocarbons is drawn off froman oil
or gas processing operation, a propyne-~sg~eamis isolated fromsaid
Cerr]-mxture, and said propyne streamis fed to a carbonylation unit and
contacted therein with carbon nonoxi de and an al cohol in the presence of a
car bonyl at i perxc@rdysef t paldediampdradrodat e ester, characterized in that
at | east part of the propyne stream and an al cohol feed streamis supplied
to a storage facility, fromwhich a conbi ned propyne/al cohol feed is
cont i nuousl y‘hw tdel by and |c11arm;nm| biit ¢ Hehecaxapdopyhatban wmit . a2d A
process as %l alt edrlvnvog"lkalt%leél\t@ﬁar L thies evr\]rtiltixln the skills of a
chemical technologist, and does not require further

explanation.

The storage facility used in the present process can
be a container. of any shape and magnitude, suitable
for maintaining said liguid composition in gquantities
and for periods matching the design of the overall
process. It will comprise inlets for the propyne and
the alkancl stream and an outlet for the substantially
equimolar mixture, and may further comprise flow
monitoring and contxol means for steering the desired
streams. Any construction material compatible with
propyne and alcohols and the applied pressures, for

example mild steel will be suitable.

As the propyne/alkanol mixture is preferably
maintained at a temperature in the range of from 0 to
+20 °C and a pressure below 4.3 barabs, the storage
facility will comprise corresponding temperature and
pressure control means, the latter preferably being a
pressure release.means operated at a desired maximum

pressure, for example of 4.3 barabs.
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propyne stream and al cohol feed streamare supplied to the storage
facility. 3. A process as clained in claim1 or 2, wherein substantially
equi nol ar anounts of propyne and al cohol are supplied to the storage
facility. 4. A process as clainmed in any one or nore of clainms 1- 3,
wherein said storage facility is maintained, at a tenperature in the range
of fromO to +20 [err]C, and a pressure of H€|6M/4.3 barabs. 5. A process
as claimed in any one or nore of clainms 1- 4, wherein the alcohol is an

al kanol having 1-4 carbon atons. 6. A process as clainmed in any one or nore
of claims 1- 5, wherein the conbined propyne/al cohol feed is w thdrawn from
the storage facility at a constant rat€ L A I M S 7. A process
according to any one of clains 1-6 wherein the storage facility

contains a liquid conposition consisting of substantially_ equinolar
1. A continuous process for the preparation of

methacrylate esters, wherein a mixture of C3~-hydrocarbons
is drawn off from an oil or gas processing operation, a
propyne stream is isolated from said C3-mixture, and said
propyne stream is fed to a carbonylation unit and
contacted therein with carbon monoxide and an alcohol in
the presence of a carbonylation catalyst to form a
methacrylate ester, characterized in that at least part
of the propyne stream and an alcohol feed stream is
supplied to a storage facility, from which a combined
propyne/alcohol feed is continuously withdrawn and
introduced into the carbonylation unit.
2. A process as claimed in claim 1, wherein the entire
. propyne stream and alcohol feed stream are supplied to
the storage facility.
3. A process as claimed in claim 1 or 2, wherein
substantially equimolar amounts of propyne and alcohol
are supplied to the storage facility.
4. A process as claimed in any one or more of claims 1-
3, wherein said storage facility is maintained at a
temperature in the range of from 0 to +20 °C, and a
pressure of below 4.3 barabs.
5. A process as claimed in any one or more of claims 1-
4, wherein the alcohol is an alkanol having 1-4 carbon
atoms.
6. A process as claimed in any one or more of claims 1-
5, wherein the combined propyne/alcohol feed is withdrawn
from the storage facility at a constant rate.
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anpunts of propyne and an al kanol having 1-4 carbon atons. 8. A process

as-clainmed in claim7, wherein said |iquid conposition is contained at. a
tenperature in the range of fromO to +20 [err]C 9. A process as
claimed in claim7 or 8 wherein the storage facility is provided with
pressure rel ease neans. 10. A procesgias clainmed in claim9, wherein the

pressure rel ease neans are set to a maxi num pressure control of up to 4.3

bar abs.
7. A process according to any one of claims 1-6 ,

wherein the  storage facility contains a liquid
composition consisting of substantially equimolar
amounts of propyne and an alkanol having 1-4 carbon

atoms.

8. A process as claimed in claim 7, wherein said
liguid composition is contained at a temperature in

the range of frxrom 0 to +20 °c.

9. A process as claimed in claim 7 or 8, wherein the
storage facility is provided with pressure release

means.

10. A process as claimed in «claim 9, wherein the
pregssure release means are set to a maximum pressure

control of up to 4.3 barabs.
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