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{methylthio)propanal, and more particularly to a
10 continuous process for the direct manufacture of 3-
{methylthio)propanal in a gas/liquid reaction system.
3- (Methylthio)propanal (hereinafter "MMP") is
an intermediate for the manufacture of both 4,1-
methionine and 2-hydroxy-4- (methylthio)butanoic acid
15 ("HMBA") . Methionine is an essential amino acid in which
components of the animal feed compositions are commonly
deficient. HMBA provides a source of methionine, and is
widely used as a methionine supplement in animal feed
formulations. MMP relatively free of impurities is
20 typically reguired for the manufacture of HMBA or
methionine.
mMP is produced by reaction of acrolein with
methyl mercaptan. In a conventional process for the
preparation of MMP, ligquid acrolein and methyl mercaptan
25 are introduced into a reactor containing liquid phase MMP
product. Reaction takes place in the liquid phase. In
order to produce MMP of desired guality, refined acrolein
is used in the process, and/or the MMP product is
distilled before use in the manufacture of either HMBA or
30 methionine. '
. Acrolein is a highly toxic and flammable
material. It is conventionally prepared by vapor phase
oxidation of propylene over a solid phase catalyst,
prpducing a crude gaseous reaction product which contains
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compositions ar epco t. yThe refined liquid acrolein is stored for use

10 in the manufacture of MMP.

Storage of liquid acrolein involves significant
toxicity, fire and explosion hazards. High capital and
operating costs are consequently incurred in providing
for the gafe handling of this material. The cost of

15 handling acrolein could be substantially reduced if gas
phase acrolein were transferred directly and continuously
from the acrolein manufacturing process to the MMP
reactor without storage or condensation. However, since
the conventional commercial processes for the preparation

20 of MMP involve liquid phase reactions, the need to
condense the gaseous acrolein product has been considered
unavoidable. Moreover, because the conventional process
typically uses a batch reaction system, condensation and
in-process storage of liguid acrolein is necessary as a

25 surge buffer between operation of the acrolein process
and the MMP reactor.

Netherlands patent No. 6809647 describes a
process in which acrolein is produced by catalytic
oxidation of propylene and the acrolein-containing

30 reaction gas mixture is passed to a vertical reaction
column in which MMP is formed. MMP is circulated through
the reaction column and both the acrolein-containing gas
and methyl mercaptan are added near the bottom. MMP
exiting the column contains a separate aqueous phase

35 which is removed in a separator. MMP from the separator
ig partlially recycled to the reaction column. A sodium
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temperature is 0° to -5°C. The treated and cooled
acrolein gas stream is contacted with a stream of liquid
MMP in a countercurrent absorption tower, resulting in
absorption of acrolein in the MMP. The MMP liguid stream
containing dissolved acrolein is circulated to an MMP
reactor where methyl mercaptan is added. The process
proceeds by reaction of methyl mercaptan with MMP to form
the hemimercaptal of MMP, and the hemimercaptal in turn
reacts with acrolein in the liquid phase to produce
additional MMP. Thus, the process requires the presence
of up to 1% by weight of the hemimercaptal in the
reaction mixture. MMP product is withdrawn from the
system at a rate equivalent to MMP production in the
reactor, while the bulk of the MMP stream is recirculated
to the acrolein absorber.

To provide for quantitative absorption of
acrolein in MMP, the ‘516 patent requires cooling the
circulating MMP to a temperature 0° to -15°C before it
enters the absorber. The refrigeration required for
condensing water wvapor at 0° to -5°C and cooling MMP to
as low as -15°C contributes substantially to the capital
and operating expense of the ’516 patent process.
Moreover, because the reaction proceeds through formation
of the hemimercaptal, the kinetics of the conversion
reaction are relatively slow, resulting in less than
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PCT/ US96/ 10920 consegquence, acrolein ten to acculgu ate m &ﬂ%d
sol uti on i sl@uppihiase,t ohileh decredses ripeMd2iving force for mass
transfer. The high concentration of acrolein in MMP
liquid also increases the possibility of forming by-
products from reactions between acrolein and MMP.

Summary of the Ipvention

15 Among the several cbjects of the present
invention are the provision of an improved process for
the preparation of MMP; the provision of such a process
which can be operated in a continuous mode; the provision
of such a process which can be operated with high

20 productivity; the provision of such a process which can
be operated with a relatively crude acrolein raw
material; the provision of such a process which does not
rei;uire refrigeration for absorption or condensation of
acrolein; the provision of such a process which

25 eliminates the need for storage of liquid acrolein, in
particular, the provision of such a process which can be
operated using a gaseous acrolein feed obtained directly
from the continucus oxidation of propylene or other
suitable hydrocarbon; the provision of such a process

30 which can be operated without formation of a separate
aqueous phase in the MMP reaction mixture; and the
provision of such a process which can produce high
quality MMP for direct use in the preparation of
methionine or HMBA without the need for further

35 purification.



MP product renoved fromthe circulating reaction system Is distilled at
a pressure of 100 mrHg. U S. patent 4,225,516 describes a
- continuous 5 process for the manufacture of MW fromthe acrolein
product gas obtained in the catal ytic oxidation of propylene. In this
process, thwoxasoesss first treated for renoval of acrylparameé/thozd hen
cool ed to condense water vapor. To reduce the water vapor content to a
| evel 10 acceptable in the MW reaction, the final condensation
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streamis contacted with a streamof |iduid MVWP in a countercurrent
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.intermediate hemi (methylthio)acetal of MMP, to produce a

15 liquid reaction product containing MMP. Non-condengable
gas is separated from the liquid reaction product, the
reaction product is divided into a product fraction and a
circulating fraction, and the circulating fraction is
recycled to the gas/liquid contact zone. Acrolein and

20 methyl mercaptan react in the liguid medium in a reaction
zone that comprises the gas/liquid contact zone and a
circulation zone into which the ligquid reaction product
is discharged from the gas/liquid contact zone and
through which the circulating fraction is circulated back

25 to the gas/liquid contact zone. Methyl mercaptan is
introduced into the reaction zone at a location or
locations such that no excess of methyl mercaptan
prevails in any region of the reaction zone for time long
enough for substantial formation of the intermediate

3¢ hemi (methylthio)acetal.

The invention is further directed to a process
for the continuous preparation of MMP in which a liquid
reaction medium is contacted with gaseous acrolein feed
stream in a gas/liquid contact zone. The reaction medium

35 contains MMP, methyl mercaptan, and a catalyst for the
reaction between methyl mercaptan and acrolein. The
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4 desirable productivity and thus further adding to the cost of

- operation of the process. Al t hough sub- zero absorption
I ncreases acrolein recovery at equilibrium it also increases the
absor pti on Swoofedaspuriti es, such as acetal dehyde, in the Nd/yssersaszd .
Mor eover, since.the scrubber is separate fromthe reactor, acrolein
absorbed in the scrubber is not consuned i nrediately in the absorption
zone. As a consequence, acrolein tends to accunulate in the liquid 10
phase, which decreases the driving force $or mass transfer. The high
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wi thout the need for furtimie invention is also directed to a process for
is the coantinuous preparation of MMP in which a liquid
reaction product is contacted with a gaseous acrolein
feed stream in a gas/liquid contact zone, the reaction
medium containing MMP, methyl mercaptan and a catalyst
for the reaction between methyl mercaptan and acrolein.
20 The gaseous acrolein feed stream comprises acrolein
vapor, non-condensable gas, and water vapor. Acrolein is
transferred from the feed stream to the reaction medium
and reacts with methyl mercaptan in the medium to produce
the liquid reaction product containing MMP. The molar
25 ratio of water wvapor to acrolein in the acrolein feed
Stream is not greater than about 0.3. The non-
condensable gas is separated from the liquid reaction
product, the reaction product is divided into a product
fraction and a circulating fraction, and the circulating
30 fraction is recycled to the gas/liguid contact zone.
2lso contemplated by the invention is a process
for the continuous preparation of MMP in which a liquid
reaction medium is contacted with the gaseous acrolein
feed stream in a gas/liquid contact zone through which
35 the feed stream and the reaction medium are passed
countercurrently. The reaction medium contains MmPp,
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PCT/ US96/ 10920 Briefly, the invention is directed to a
process for the continuous preparation of MW in which a liquid
reaction nediumis contacted with a gaseous acrolein feed streamin a
gas/liquid cwovpoedssgone. The reaction nedium 5 contains WeRwusoetosso
nmercaptan and a catal yst for the reacti on between nethyl nercaptan and
acrolein. The gaseous acrol ein feed stream conprises acrol ein vapor and
non- condensabl e gas. The rel ative proportions of acrol ein and net hyl
mercaptan entering the contact zone 10 &te substantially
stoichionetrically equival ent. Acrolein is transferred fromthe feed

streamto.the MELREL MRKFIRIGPUNFRAR rEAAWYRE FO% (BReWFBRCHER PeEHe it an
in the medium wnetioyil medrspuan ahdf acneleim. ofTHeh@aseousnierobsiimt feed
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cont ai ni ng MVP. ﬁgﬁé%gnédén#\s%{geg %cggg%isﬁﬁg%%lsfﬁ a élg)q"f ?8%?%%@%##’
reacti on productWhegeby acrqiein éf E?mr#%f(ﬁr\ﬂnﬁé@ei feed astreatycto
fractiog and.r.ﬁ the;&:éékbt!:ﬁﬂ AEGHUACARA Nreddith }mmﬁétmbathéﬁcéhﬁtl?&ﬂiﬁ{‘ s
recycled to the 0 oney . in.,.an net hyl nmercapt an
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gas/ i quid cont agentdirinhd®pP. Thecligquidiheld-2undn vhe gphuntexdurzenfui d
reaction product gas/1idqsidlidodtaicgiedohe 0fs S\ Hiasidritqwiol egeatact zone and
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reacti on zod® atof tkeacymlein contained in the feed gas. The non-
condensable gas is separated from the liquid reaction
product, the reaction product is divided into a product
fraction and a circulating fraction and the circulating
fraction is recycled to the gas/liguid contact zone.

15 " The invention is also directed to a process for
the continuoug preparation of MMP in which a liquid
reaction medium is contacted with a gaseous acrolein feed
stream in a gas/liquid contact zone, the reaction medium
containing MMP, methyl mercaptan and a catalyst for the

20 reaction between methyl mercaptan and acrolein. The
gaseous acrolein feed stream comprises acrolein vapor and
non-condensable gas. Acrolein is transferred from the
feed stream to the reaction medium and acrolein and
methyl mexcaptan are reacted in the reaction medium in a

25 first reaction zone comprising the gas/liquid contact
zone, producing an intermediate liquid reaction product.
The non-condensable gas is separated from the
intermediate liguid reaction product, the intermediate
liquid reaction product is divided into an intermediate

30 product fractlon and a circulating fraction, and the
circulating fraction is recycled to the gas/liquid
contact zone. The first reaction zone comprises the
gas/liquid contact zone and a circulatiomn zone into which
the liquid reaction product is discharged from the

35 gas/ligquid contact zone and through which the circulating
fraction is circulated back to the gas/liquid contact
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region of the reaction zone for tinme |ong enough for substanti al
formation of the internmediate 30 hem (nethylthio)acetal.

The invention is further directed to a process for the continuous
preparati on whohddsss n which a liquid reaction nedi um ipeTESssriased W t h
gaseous acrolein feed streamin a gas/liquid contact zone. The
reaction nedium 35 contains MW, nethyl mercaptan, and a catal yst for the
reacti on between nethyl mercaptan and acrol ein. The WO 97/ 00858
PCT/ US96/ 10920 8 6 gaseous acrol ein
feed stream conpri ses rol.ein vapor non-condensabl e gas,. and wat er
vapor. Acrol ei n ¥%e- &%F@?Bﬂaf'? cﬁﬁqq\’é’%f EEBCELPBARP reaction
medi um and treah v plugefhpiv neactgt ao iconvertnedsidudab gorededa 5 a
liquid reaction M(}%&H&o%gbg%p_gnl\@@m@’e rati o of wat er vapor to
acrolein in the acrolein feed streamis such_that no substanti al

second |iquid phase is pr&8&kher contemplated &Y fheciBverrion dfu& as a

result of = 5 CorstReatica the veheinhous prepasadtioneam MiPnin Which a
condensabl e gas { t r | § Qui | P t, the
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gas/liquid &0nt ascrolsa - t e gasepua acrolein feed stream comprises
acrolein vapor, non-condensable gas and acrylic acid
vapor. Acrolein is transferred from the feed stream to
the liguid reaction medium and reacts with methyl
_mercaptan in the medium to produce a liquid reaction

15 product containing MMP. The molar ratio of acrylic acid
vapor to acrolein in the acrolein feed stream is not
greater than about 0.1, Non-condensable gas is separated
from the ligquid reaction product, the reaction product is
divided into a product fraction and a circulating

20 fraction, and the circulating fraction is recycled to the
gas/liguid contact zone.

The invention is also directed to a process for
the continuous preparation of MMP in which acrolein vapor
is produced by a vapor phase catalytic oxidation of a

25 hydrocarbon to produce a crude acrolein reaction product
stream. The crude acrolein reaction product stream is
cooled to condense water vapor and acrylic acid therefrom
and produce a cooled acrolein gas stream for conversion
to MMP, the feed stream comprising acrolein and non-

30 c¢ondensable gas. A liquid reaction medium is contacted
with a gaseous acrolein feed stream comprising said
cooled acrolein gas stream in a gas/liquid contact zone
in which the total pressure is not greater than about 3
atmospheres. The reaction medium contains MMP, methyl

35 mercaptan and a catalyst for the reaction between methyl

" mercaptan and acrolein. Acrolein is transferred from the
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o006/ 10920 raction, "BRAVINARLEAMIAL 1A $r8cE 808 19 o {dY f&%ﬁ teo g’ O

bet ween mer capt and € gaseous ac
stream conpri seg%ﬁfrlél%'i’# ¢apERcta PN - condensabl e gas, wher eby

acrolein is transferred fmhe ifwerdetsh Sig eurtherSdirédeed Qs’:&fd Proreasum and

et W Ty Sl e i Al

gas/ | i qui d ¥®nt Xeactdn P§°§B¢$|i¢%rﬁtﬁﬁ?~n&mw-n9d from the catalytlc
oxidation of a hydrocarbon is cooled, thereby producing a
cooled gas stream comprising acrolein and a condensate
comprising water, acrylic acid and a residual proportion
of acrolein. The condensate is separated from the cooled

15 gas stream and the condensate is fractionally distilled
to produce an overhead fraction comprising acrolein and a
bottoms fraction which is substantially free of acrolein.
The overhead fraction is mixed with the cooled gas stream
to produce a combined acrolein stream. A liguid reaction

20 medium is contacted with a gaseous acrolein feed stream
in a gas/liquid contact zone. The reaction medium
contains MMP, methyl mercaptan and a catalyst for the
reaction between methyl mercaptan and acrolein. The
gaseous acrolein feed stream comprises the combined

25 acrolein gas stream and contains acrolein, non-
condensable gas, and water vapor. Acrolein is
transferred from the feed stream to the reaction medium
and reacts with methyl mercaptan in the medium to produce
a liguid reaction product containing MMP. Non-

30 condensable gas is separated from the liquid reaction
product, the reaction product is divided into a product
fraction and a circulating fraction, and the circulating
fraction is recycled to the gas/liquid contact zone.

The present invention is also directed to a

35 process for the continuous preparation of 3-

{(methylthio)propanal. ‘The process comprises contact:’.hg a




“conversion in the gas/liquid contact zone of at |east 90% 10 of the

acrolein contained in the feed gas. The non- condensabl e gas is
.separated fromthe liquid reaction product, the reaction product is

di vided into a product fraction and a circulating fraction and the
circulating wootbdsgscti on is recycled to the gas/liquid contextssamnee 15

The invention is also directed to a process for t he conti nuous
preparation of MW in which a liquid reaction nediumis contacted with
a gaseous acrolein feed streamin a gas/liquid contact zone, the
reaction nmedi um .contai ning MMP, net h}tP nercaptan and a catal yst for the

20 reaction between nethyl nercaptan and acrolein. The | gaseous
acrol ein feed stidawidigaation meddpm With gagepus acrpdpincfeedsabl e gas.

Acrolein is trangtpsdedid rOgaldyaiquid E6RERS IRME Iof bheeseBibhogom@di um .

A T L
produci ng an i ntsereyll Merqaptand ABdchi satpkvfudfior the repetion-befwRaable °
gas is 3_ep?r 8t edméi‘f-._ﬂﬁl }[ng@:‘capg:taiﬂoﬁhﬁ; aaébtaésnl i fm.éj gra%?a’boac%’)d’é‘ftf%ﬁtee
|3(r)1t eg);rgdlugt ef raCFFB%aClgnc(Prﬁgezgﬁngu%&?nggﬁr%{‘:ﬁ%é&g%@ c%%ﬁeggabg%r%ﬁ.at I ng
fraction is recyZhedgasequre afrolieigufged streamiang thenceavhion| medium
reaction zone cogpei &ffsddi®o flowdas. bhsvbat P PugOtheas1 sl ation
zone into which the liquid,reactio gro t | dligh rg%gefron1the 35
gas/|iquid cont a?f’nion@‘é'?ﬂ?'% d8q rﬁﬂ?%ﬁ F L%H"bah:ftl (o] #PakRion is .
circul ated hack tbetiheactinn mpdismcentiareacts with mérhy2/ egt8ptan in
PCT/ US96/ 10920  tpe medium to produce a liquid redbtion product

containing MMP. Noncondensable gas is separated from the

liquid reaction product and the reaction product is

divided into a product fraction and a circilating

15 fraction. The circulating fraction is recycled to the

gas/liquid contact zone. The heat of reaction is removed

from the reaction zone by indirect transfer of heat from

said liguld reaction medium to another f£luid. The rate

of circulation of the liquid medium and the location from

20 which heat is removed from the reaction zone are such

that the temperature of the liguid reaction medium does

not vary more than about +5°F throughout said reaction

zone,

The present invention is further directed to a
25 process for the continuous preparation of .
3- (methylthio)propanal in which a gaseous acrolein feed
stream is contacted with a liquid reaction medium, the
reaction medium containing 3- (methylthio)propanal and a
catalyst for the reaction between methyl mercaptan and
30 acrolein. The gaseous acrolein feed stream comprises
acrolein vapor and non-condensable gas, whereby acrolein
from the feed stream is transferred to the liquid medium.
Methyl mercaptan is also introduced into the reaction
medium. Acrolein is reacted with methyl mercaptan in the
35 medium in a first reaction zone that comprises the
gas/liquid contact zome to produce a liquid reaction



“zone. The internediate product fraction is passed t hrough a plug flow

reactor to convert residual acrolein and net hyl nercaptan to MWP.

. Further contenplated by the invention is a.5 process for the continuous
preparation of MW in which a | rquid reaction product is contacted with
t he gaseous wo 988l ein feed streamin a gas/liquid cont adCTUSHAZDhe
reacti on nedi um contai ns MW, nethyl nercapt.an, and a catal yst for the
reaction between nmethyl nercaptan and 10 acrolein. The gaseous acrolein
feed stream conpri ses acrol ein vapor, non-condensable gas and acrylic
aci d vapor. Acrolein is transferred ffomthe feed streamto t he

liquid reaction di U reacts wth thyl ner capt .0, the medium
to produce a li q%n;‘:}cli r@a%%&ﬁ%%%ggpyo&‘ﬂ%{ﬁ%%i&) RFHS ! eﬂ‘ﬁeﬂrﬂﬂ ratio
of acrylic acid reactiggomedduncesibingithe ynaidiguaicn chabacttzamm i s not
greater than abogénihihinoRROREeasehAf &stut SISBRANRLEGH: acrdid¥R.t he
liquid reaction oduct, the reactjo roq.l;%c]t S dgvl ded i.nt,0 a product
fraction and a ¢ Fegqtipm gro FEC?F@H,t FiERt EePCHLRi AP ifetion is .
recycled to She passedddixcughi d sencadtreaxidon zone to converfheesiduwanti on
| s al so di rect edatforki GGRP hekByl meredbiaf WY www&ﬁagﬁﬁ i MP in

whi ch acrol ei n vapor I s produced by a vapor phase”ca oxI dati on
of a 25 hydr ocarbon to produce a crude acrolein reaction product

stream The crude acr ol ei Theedaviennipnolisicturttheeakdiirected to ool prbdeds
condense water v r SR H | ol ed
acrol ein gas st rgg%rf%] conv,ers_?gﬁﬁkgpé{?%fgl\r/l{\(&? t?he(n}eggglg{l?‘g%n%?i si ng
acrol ein and nonit3¥pick & ddauig) reggtion medipm 4 contaghed el thnthe
contacted 10 wyhbesus)aramleiac fekbdi stiemd =id @arasyIngiangomaiat

cool ed acrol ein gass H q,ﬁhcga‘s_{,%i ﬂ%lég %%ﬁogﬁe react%.ﬂ;ﬁmi ch the
total pressure is not greater than abou at'nmospheres. 'The reaction
medi um cont ai ns RRAELUREAYE Pagsed GRRREAYERrEantlY -c alfliey searbion meddsgct i on
bet ween nethyl contafis apt @ethyd theoPprOpanslc aldeian catallysosferred from

the reaction between methyl mercaptan and acrolein. The

15 gaseous acrolein feed stream comprises acrolein vapor and
non-condensable gas whereby acrolein is transferred from
the feed stream to the liquid reaction medium, the liquid
medium exiting the gas/liguid contact zone containing not
more than about 5% by weight acrolein. Methyl mexcaptan

20 is also introduced into the liquid reaction medium and
acrolein and methyl mercaptan are reacted in such medium
to produce a liquid reaction product containing 3-
{(methylthio}propanal.

Further contemplated by the invention is a

25 process for the continuous preparation of 3-
(methylthio)propanal in which a gaseous acrolein feed
stream is contacted with a liquid reaction medium, the
reaction medium containing 3-{(methylthio)propanal and a
catalyst for the reaction between methyl mercaptan and

30 acrolein, the gaseous acrolein feed stream comprising
acrolein vapor and non-condensable gas, whereby acrolein
from the feed stream is transferred to the liquid medium.
Methyl mercaptan is also introduced into the reaction
medium and acrolein is reacted with methyl mercaptan in

35 the medium in a first reaction zone comprising the
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9 feed streamto the reaction nmediumand reacts wth nethyl
. Mercaptan in the nediumto produce a liquid reaction product cont ai ni ng
MWP. Non- condensabl e gas is separated fromthe liquid reaction

product, theygeagebksson product is 5 divided into a product peposdsadszend a
circul ating fraction, and the circulating fraction is recycled to the

gas/liquid contact zone. The invention is further directed
to a process for the continuous preparation of MW in which a crude 10
reaction product gas stream obtained frokthe catal ytic oxi dation of a

hydr ocarbon is cool gd, thereb roduci ng a cool ed gas stream

conpri sing acr ol%ﬁ'm% ESH%%E"sa?‘E’e tb RSN Pnd 1o R (X SAREAAR ¢ aci d
and a residual poEudt eontaining BRcmetdiylthibe proparakat erties 19RpAIERL ed
fromthe cool ed : ;@,Eﬁ &&{l ek l,.onal

distilled t%éabcrtof' uc aﬁﬁgger eé%&erac %%%ﬁ%ﬁ‘ﬁr&?s%‘g&a‘%‘r cﬁaoé*% and a
bottons fracti orf¥iadms betwpshAkoudt G- 8% aadopbaukobtiky weightThe over head
fr ac][ ion is g xagbwmlj.hemeokeﬁcwgz YRRt £rom! aherﬂﬂtbc}e :.?ééh&i@med
acrol ein stream QUi o | LM, | ontacted with a gaseous
acrolein feed stzré(:""?i‘.im:LCL p%s:’s%aa%%ggsl’% c?uié?cgag gggcgﬁﬁé.g%ee G fHV di um
contai ns MVP, ne¥efddudds @spoaninamnd mekhyly Meregptaneto 3- reaction between

met hyl ner capt an{nethya®thdlod piropdiiel . gaseous acrolein feed stream
conprises the conbined 25 a | ream and_contains acrol ein, non-
condensabl e gas, and mteF’h\?a%{é‘?‘J?%’gﬁZﬁ n%ulrg?xer &FF%%%?eﬁ?@d%ﬁshe
feed stream®o t#er rthecGontipdans preparatidny ofcts (methylthio)propacadt an i n

g ge medi gm tOblpféWﬁsing o%nhhﬂtlia?b rtﬁlﬁ;cﬁ.ii 1 %ﬂé&i&ﬂﬁhﬁiﬂinﬂ&i“ﬂw? Non-
I R A T r—
circul ating fracihzaughywhichethertegditatigpam and the reaction medium are
passed countercurrently, the reaction medium containing
15 3- {methylthio)propanal in a catalyst for the reaction
between methyl mercaptan and acrolein, the gaseous
acrolein feed stream comprising acrolein, vapor, and non-
condensable gas, whereby acrolein is transferred from the
feed stream to the reaction medium. A primary methyl
20 mercaptan feed stream is introduced into the
countercurrent gas/liquid contact zome at a rate which
provides a supply of methyl mercaptan that is less than
stoichiometrically equivalent to the rate of introduction
of acrolein into the contact zone. Acrolein is reacted
25 with methyl mercaptan in a first reaction zone in which
acrolein is in stoichiometric excess with respect to
methyl mercaptan. The reaction medium exiting the first
reaction zone lg divided into an intermediate product
fraction and a circulating fraction. The circulating
30 fraction is recirculated to the countercurrent gas/liquid
contact zone and a secondary methyl mercaptan feed@ stream
is introduced into the intermediate product fraction.
The intermediate product fraction is introduced into a
second reaction zone where methyl mercaptan reacts to
35 convert residual acrolein in the intermediate fraction to
3- (methylthio)propanal. In an alternative to this



———

" fraction is recycled to the gas/liquid contact zone. The
present invention is also directed to a 35 process for the continuous

. preparation of 3- (et hyl t hi o) propanal . The process conprises
contacting a WO 97/ 00858
PCT/ US96/ 109itPe7/00858 10 | | prW/7OS96A09201 ON
medi um wi th a gaseous acrolein feed streamin a gas/liquid contact zone
of a reaction zone. The reacti on nedi um cont ai ns
3- (net hyl t hi 0) propanal , met hyl nmercaptan, and a catalyst for the
reaction between 5 nmet hyl nercaptan antBacrol ein. The gaseous acrolein
f eed stream conprises acrol ein vapor and noncondensabl e gas. The
gaseous acrol ei rﬁ‘ﬂ&@r’—e&#\ 5he P¥RCeSmc AoAnteamatiate TeRGEIOMNsed to

f1 ow co-current Iprdductghitbethasti¥ayixrbactionz @de, Asnd| £isedondarmynsf erred

from i he feed SUSAD helliapcklorlof e A Y03AA,ERC R Mot Y|

nmer capt an in roduce reacti on

cont ai ni ng MVP. Mmreagﬁéom é%%}?’e?rtapé‘&sﬁ-ﬂ@niipﬁecwntQQWQt
reaction progluct awhtdﬂﬁa eoathot BOMSlLCITHe intermdivatedréddtdoh product

fraction andaC|rc N |o ylati fraction.is
recycled to t he PTO “‘% ﬁgPa‘gﬁadc%ﬁlf 2& rEz °°é‘%ef ﬁ %&9? w&e[:q on is
r enoved f r owetthyd memmqwum@ﬂﬂet seﬁgnéarbffemhtstmam

said liquid rea%é@é‘tmmiaﬁai fwéréiém 4inlk@el aheememzme circul ation
of the liquid nediu and th gc?tlon L é‘ﬁ% &E‘FCh heat is noved from
the reaction zome™3f JEUHES era TERCHIRR | P r eacti on

medi um does10 exmﬂlngarb}lmmeeonﬁanemn [zome] Sjpediyidedringhaut sai d

reaction ZOBfoduct fraction and a circulating fraction; and the
circulating fraction is recirculated to the
countercurrent gas/liquid contact zone.

" The invention is further directed to the

15 process for the continuous preparation of 3-
(methylthio)propanal in which a liguid reaction medium is
contacted with a gaseous acrolein feed stream and a
gas/liquid contact zZone through which the feed steam and
the reaction medium are passed countercurrently. The

20 reaction medium contains 3- (methylthio}propanal and a
catalyst for the reaction between methylmercaptan and
acrolein, the gaseous acrolein feed stream comprising
acrolein, vapor, and non-condensable gas, whereby
acrolein is transferred fxrom the feed stream to the

25 reaction medium. The liquid medium exiting the
gas/liquid contact zone contains between about 0.8% and
about 5% by weight acrolein. Methyl mercaptan is
introduced into the reaction medium and acrolein is
reacted with methyl mercaptan in the medium to produce a

30 liquid reaction product containing 3-
{methylthio)propanal. Preferably, reaction of acrolein
with methyl mercaptan in the reaction medium occurs
within the gas/liguid contact zone to produce a reaction
product leaving the gas/liguid contact zone with an

35 acrolein content of between about 0.8% and about 5% by
weight,




The present invention is further directed to a 25 process for the

conti nuous preparation of 3- (nmethylthio)propanal in which a gaseous
acrolein feed streamis contacted with a liquid reaction nedium the
reacti on nmedi um containing 3-(nethylthio)propanal and a catal yst for

t he reacti orwthetosssn net hyl nercaptan and 30 acrolein. TaODUSHKYER0S
acrolein feed stream conpri ses acrol ein vapor and non-condensabl e gas,
wher eby acrol ein fromthe feed streamis transferred to the liquid
medi um Met hyl nercaptan is also introduced into the reaction

medi um Acrolein. is reacted wth nethyl ﬁercaptan in the 35 nmediumin a

first reaction zone that rls t s I qui.d.cC ct_zagne to
produce a liquid reaction 9@?959?Kﬁé§}u es%i11°8d" i part
PCT/ US96/ 10920 apparent and in part pointed out hereinaftproduct contai ni ng

3- (nmet hyl t hi o) propanal, the liquid reaction nediumexiting the
gas/liquid contact,zone cqntalnlno not -re t han about 5% by wei ght
acrol ei n. ThekdRa S MG 2114 : =t reaction zone is 5

passed t hrough a second r@ncg.l dn;soaescmematrimrﬁlom&uwa the gerades. and

met hyl mercagtang '1KJEH€?Qd:hi9quﬁfHEHH§ coqtlnqus Con?facJKEE of

i nvention is furt directe

rocess I nuous
preparation of 3M¥%E¥¥®Wt?n ﬁ&ﬁ&?“s acroleip nyednct; ghtained dnem
n’ed} :J!’n i _sdcont actre mﬁﬁhmftﬁlsl@:atagyﬁﬁou&:mﬁcm i eadpy 1éﬂaén aRd a
gas/liquid contact g r t he reaction
medi um ar e passed counterc entlgi'g QT%@ﬁreaé??Ji%%% tﬁ%H‘QE

preferred process of the invention in which MMP is

10 produced from methyl mercaptan and acrolein in a
turbulent gas lift reactor;

Flg. 3 is a schematic illustration of a gas
lift reactor adapted for operation at low pressure drop;

Fig. 4 is a schematic illustration of a draft

15 tube type gas lift reactor adapted for operation at low
pressure drop;

Fig. 5 is a schematic illustration of a tray
column reactor for conversion of methyl mercaptan and
acrolein to MMP;

20 Fig. 6 is a schematic illustration of a process
of the inveption utilizing a tray column reactor followed
by a plug flow reactor;

Fig. 7 is a schematic illustration of a process
of the invention in which crude acrolein reaction product

25 gas is treated for substantial removal of acrylic acid
before the gas is introduced into a co-current gas lift
reactor for reaction of acrolein with methyl mercaptan;

Fig. 8 is a schematic illustration of a process
of the invention in which crude acrolein reaction product

30 gas is treated for substantial removal of acrylic acid
before the gas is introduced into a countercurrent tray
column reactor for reaction of acrolein with methyl
mercaptan. .

: Fig. 9 is a schematic illustration of a process

35 of the invention in which the methyl mercaptan feed is



contai ns 3-(nethylthio)propanal and a catal yst for reacti on between
nmet hyl nmercaptan and acrol ein. The 15 gaseous acrolein feed stream
conpri ses acrol ein vapor and non- condensabl e gas whereby acrolein is
transferred from the feed streamto the liquid reaction nedium -the
l'iquid woeoosssexi ti ng the gas/liquid contact zone corRG/USIHHONDL
nore than about 5% by wei ght acrol ein. Methyl nercaptan 20 Is al so

i ntroduced into the liquid reaction nmedi um and acrol ein and net hyl
nmercaptan are reacted in such nmedi um to produce a liquid reaction
product containing 3- (et hyl t hi o) Popanal . Furt her

contenpl ated by .t.he._inv |on ' cess for the continuous
preparation of 9% iv§aed % Y?@ﬂf%ldfﬁioﬁgﬁaPe?ﬁm%ﬁ? Qﬂ' Ta4888s ¥Fol ein
feed st r eamesstiont medinm Weinga recduculated tiom mmlnuarcutment
reaction mediu Q?Ili‘l;ﬁh&gcént(é&t REneNiE@ LR’ ORANGKi @ UE &he secealdl yst for

the reaction befween neth¥ mer captan and 30. acrol ein, the gaseous
acrglein feed sEBSHAEBNEPPE ng acrol ei n vapor and non-condensabl e
gas, whereby acrolein fromthe feed streamis transferred-to the

l'iquid mediygm 313S Benth O ed into the reaction
medi um and acrof el ni s reac TEL NY ' aptan 1n 35 the nediumin a

first reaction zone corrpri@ﬁi‘fb“"l‘?‘l’@nce with tmwmgmnuon. MMP
PCT/ US96/ 10920 is produced from methyl mercaptan &2d a gasgaﬁélaﬁhbﬂeﬂﬁntaCt

zone to Produce fhs Gk dah®ai d Yha/1oRIR HEL COR 3N ;apmgu' Lyt hi o)

propanal . The i exi e |ng nt act
zone cont ai ﬁé%‘é{ﬂvm'ab%ta Sy 418 6eRt &0E b’;’PTWb| ghﬁ- quid phase

10 containing MMP and catalyst is contacted with methyl
mercaptan and a gas containing acrolein and non-
condensables. Acrolein is transferred from the gas phase
to the liquid phase, and reacts directly with methyl
mercaptan in the liquid phase to produce additional MMP.

15 Exothermic reaction heat is removed to a heat transfer
fluid flowing through heat transfer means, such as a
jacket or coil, in contact with the gas/liquid contact
zone, or in an MMP circulating loop between the liquid
exit and liquid inlet of the contact zone.

20 In the gas/liquid contact zone, high mass
transfer coefficients are provided by intimate gas/liquid
contact, and the driving force for mass transfer is
preferably maximized by maintaining substantially plug
flow in the gas phase. Intimate gas/liquid contact may

25 be realized by operating in a turbulent flow range, which
may be characterized, for example, by relatively high
superficial gas and ligquid velocities in a bubble flow
regime, wherein bubbles are actively cocalescing and
breaking up as a result of the turbulence. Such

30 turbulent conditions also promote high rates of heat
transfer from the gas/liguid contact zone to a jacket or
coil in heat transfer communication with the contact
zone. Alternatively, gas/liquid contact may be effected
by countercurrent flow of gas and liquid within the

35 contact zone. In the latter embodiment of the invention,




5 acrolein. The reaction product fromthe first reaction zone is
passed through a second reaction zone to convert resi dual acrolein and
- met hyl mercaptan to 3- (et hyl t hi o) pr opanal . The
invention is further directed to a process 10 for the continuous
prepar ati on Wb 9Beesssret hyl t hi o) propanal conpri si ng comCamspeiyazhe
liquid reaction nediumwi th a gaseous acrolein feed streamin a
gas/liquid contact zone t hrough which the feed stream and the reaction
medi um ar e passed countercurrently, the reaction nedi um containing 15
3- (nmethylthio)propanal in a catalyst f o6t he reaction bet ween net hyl .

nmer captan and acrolein. the Se [ in fe str.eam conprj si ng
acrol ei n, vapor, r3%§£ﬁ%%-meag%'§o%§s¥ﬁ§5%$§8\§§i§f W%;tg rgfje“?1 ng$g:|.1ng
transferred fronflhdd in gnekteEmpadnheattéxchangey dhroughuwhish prhemmye

met hyl 20 mer capiapt {68 hsdi @Ry sikbhifeeged into the countercurrent
gas/liquid contact zone at_a rate I,ch rovides a supgl y of nethyl

whi, !
mercaptan that is |ess thd¥ maintgigipg; ggest gLl AEuiEeiRF addiEROR at e
of introductison of methyhanetaiptannandt ferobeimaio atee refetbrimedbuhcact ed
25 with methyl ZBLAZPIAN f thd iehlicheBELLOM 79F Sals W sbBarane 1 AP 1 N
is in stoichiomefric_excess with respect to nmet hyl nercapt an. ™Me
reaction medi um 8XPLRRY- t RS 13 (cQnsequencey ckhY Moldnel mergaptad ERGit 0 an
i ntermedi at e prodoeblein rézacidivecatyg vocformidMMP ng Finee! thils défction

circulating 30 Ctl | I e reu s/liquid
cont act zone andPacRcie iy £dzrthBhobnl rbalf 9 UhlCh kG048

i ntroduced %% o ERECPGRFPBEIAEIR Sfoghet hephkehiopretal, threrane cPfredi ate
product fracti onreactfbnofgiCRcts 00 tames hiSREO Nthdreatato BLEQDNCe@NER G

met hyl mer capt a”g{cS@SL? O&P e iﬁ%ﬂé@%ﬁﬁéé%'tﬁ&r%fé ?aaEQnEf‘e At the

I nternmedi ate fracttion I O) propanal. n-an-al t'ér

to this regrbippordikes obtained in the novel process, the rate of
PCT/ US96/ 10920 conversion is limited by the rate of mass transfer of
15 acrolein from the gas phase to the liguid phase. '
However, it has been found that, when turbulent
conditions are maintained in accordance with the
preferred embodiments of the invention, high coefficients
of mass transfer are realized. Moreover, because of the
20 direct rapid reaction between acrolein and methyl
mercaptan in the liquid phase, acrolein entering the
ligquid phase is consumed immediately, thereby enhancing
the driving force for mass transfer. Thus, overall mass
transfer rates are high. The combined effect of direct
25 reaction and high mass transfer rates affords high
" productivity in the reaction system of the invention.
Referring to Fig. 1, acrolein is continuously
generated in an acrolein reactor 1 by catalytic oxidation
of propylene, propane or other suitable hydrocarbon
30 feedstock in the presence of steam and non-condensable
gas. Where the feedstock is propylene, the crude
acrolein product gas exiting the reactor comtains about
4% to about 10% by volume acrolein, between about 0.3%
and about 1.0% by volume acrylic acid, up to about 1.0%
35 by volume propylene, up to about 1.0% by volume propane,
up to about 0.5% by volume propionaldehyde, between about

13




13 enbodi nent of the process, an internediate reaction pr oduct
exits the first reaction zone, and a secondary nmet hyl nercaptan feed
.streamis introduced into the i nternedj ate reaction product outside the
countercurrent 5 gas/liquid contact zone. The internediate reaction
product is masswdsssnt o a second reaction zone where mepdyrUsssARA Pt an
I ntroduced in the secondary feed stream .reacts with residual acrolein
in.the internediate reaction product to produce MVWP. The reaction
medi um 10 exiting the second reaction zone is divided into a pr oduct
fraction and a circulating fraction; and?he ci rculating fraction is
recirculated to th C ntercaérent as/ll cont act zone

The invention i so‘ff?rtq?é’r cPe t}iyt 6‘5&9?*‘1’6?' 1308 RshYesTous
preparation of Zbout 3q%rramﬂyhbbtb)$n%)pm1aiomw/hacbravb.pﬁwi carreact i on

medtumis - GRLARECRHD oy 0P URiC 2P (EHnaLEGAM and a

gas/liquid contact zone throug eam and the reaction
medi um are passePRARAT Relyding oxygen, e adtrogene dFR¥RUD MANaxide
3- (et hyl t hi ®) praaphredrkand dioxide. Carmd Yatuded priddaceegasi Do thrdnveen

ot hyl er captan Adheeq o GhSbERAc LI QASEANS (G RELD (SSdL SLpa

conpri si ng acrol el n, vapor n-condensa
acrol ein is trarfdarki af"rlémcpﬁ'e‘ell%e@l%ﬁ%m Eyefrrably, r the texderedi um

The |iquid nedi ypredidd e theated bga@ddlagig dican! aat 1ﬁaﬂﬁe@@rﬁe%lﬁ1$ bet ween

about 0. 8% and 5% in re an is

i ntroduced into ?’ﬁ hﬁﬁ%{ cg'%aﬁu#ngp&%fﬁq P‘iel nol’u‘g% ¥yh °§’t05e qﬁ th

met hyl mer caBt arwatex @%Wﬂdﬁrmﬁ@m- I Mﬁh@ugbamﬁmqnmt
containing 3- watéfr&idwlﬁelme)eara@amé cd?ilﬁfr@r Fkia &aaﬁéa@rézeéhaafg‘éil ein

gas/ |1 qui i cont aut. Sipihe, LenbERELuEl MAETCEC Bipy pallt LRI e
gas/ | iquid cont Matepmr mqilaxs gewen wajien .n c@enbeneconopbeailon udssiit 0. 8%
and about 5% by condeM®itditn of acrylic acid and water in a heat
15 exchanger using ambient temperature water as the cooling .
medium provides a cooled acrolein feed gas stream
containing: between about 5% and about 25%, more commonly
between about 7% and about 15%, by volume acrolein; up to
about 0.1%, more preferably up to about 0.01%, by volume
20 acrylic acid; up to about 2.0% by volume propylene; up to
about 1.0% by volume propane; up to about 1.0% by volume
_propionaldehyde; up to about 0.5% by wvolume acetaldehyde;
between about 1 and about 8%, more preferably between
about 1% and about 3%, by volume water vapor; and between
25 = about 60% and about 80% by volume non-condensables.
Preferably, the molar ratio of water wvapor to acrolein in
the cooled gas stream is between about 0.05 and about
0.3, more preferably between about 0.05 and about 0.15,
and the molar ratio of acrylic acid to acrolein is
30 between 0 and about 0.0l1, more preferably between 0 énd
about 0.001. Optionally, acrylic acid may be initially
removed from the crude acrolein product gas by contacting
the gas with a conventional absorbing agent in a
countercurrent contacting unit, such as a packed tower.
35 Gas exiting the absorber may be further cooled for
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14 O her objects and features will be in part appar ent
-and in part pointed out hereinafter. Brief Description of the

Dr awi ngs Fig. 1 is a schematic flowsheet of the process 5

of the inverwoowpessd | ustrati ng conti nuous manufacture of  pcridsbsdondm a

crude gaseous acrol ein product obtained from the continuous catalytic

oxi dation of propyl ene; : Fig. 2 is a schematic illustration

of a preferred process of the invention in which MW is 10 produced

frommethyl nmercaptan and acrolein in a 18 turbulent gas lift reactor;
Fig. 3 i1s a schematjc illustration of agasb - |ift reactor adapted for
operation at | OV\F%?W% (5%; water vapor by pasigjing)the gasg Harmugh an
illustration of indiimfdt Meat exichahgpe downsdtrddant efcithe abapibsk f or
operation at |ow Presfld @odigh: acrolein feed gad Biredn! fadupgiemtic
illustration of a tra , col'um reag:?or I%Qr conver si on of "he

mer capt an and 1nt:§g¥+geg ATYe mvPeagpion medium, compyisgngsag schematic
il lustrationsof eiffuleASing streain bBeMMPY eiMl a0 gt inuduRY Faok§ Baa @RIt
reactor foll oweds tQr |

schematic illustTat i%en 0 a@plri%céskg%'égac%&l{ e %orﬂ}é'ﬁlgi aﬁcFﬁt\ll__\#]?cﬁz'helr 3d2
acrol ei n react i oRLFREAIEND IMP gontaing et eatalmsts fpst shei seaceimydf of
acrylic acid  mef9fOrrduptaasana aBreDEUCEd datlad yatCeasUbs eljdtied i ft
reactor for reac&'x?@irg;ouasﬁrymo?c' QnWe%iggénWJl.y rTa‘.’:i:r % %rghvenient location
10 in the loop. Methyl mercaptan is introduced into the MMP
circulating stream at any convenient point, but is '
preferably introduced together with the acrolein, or
slightly upstream of the point at which acrolein is
introduced. Thus, a two phase reactant mixture is
15 prepared, in which acrolein is @istributed between a
.liquid phase containing MMP and catalyst, and a gas phase
containing non-condensables. Methyl mercaptan may also
be distributed between the two phases, but is cbserved to
be substantially dissolved in the liquid phase. The
20 catalyst is typically an organic acid salt of an amine.
In the gas/liquid contact zone, which extends downstream
from the point of introduction of acrolein, acrolein is
progressively transferred from the gas phase to liguid
phase, and reacts directly and continuocusly with methyl
25 mercaptan in the liquid phase to produce MMP. To the
extent that methyl mercaptan is initially distributed
between the phases, it is also progressively transferred
to the ligquid for reaction with acrolein.
Water vapor contained in the acrolein feed gas
30 may also condense in the MMP stream in the gas/liquid
contact zone. By cooling the crude acralein reaction
product gas upstream of the reactor 5 to partially
condense water vapor, the molar ratio of water vapor to
acrolein is maintained low enough so that no substantial
35 second (aqueous) liquid phase is formed in the gas/liquid
contact zone; nor 1s any second liquid phase present in



Fig. 8 is a schematic illustration of a process of the invention in

whi ch crude acrolein reaction product 30 gas is treated for substanti al

‘renoval of acrylic acid before the gas is introduced into a

countercurrent tray colum reactor for reaction of acrolein with

met hyl WO DBEpssan. Fig. 9 is a schemati ®ecTiubasaveat i on of

a process 35 of the invention in which the nethyl nmercaptan feed is
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15 di vi ded between a flrst and second reaction zone, MVP reaction
medi um bei ng recircul ated to a countercu*?ent gas/llquid contact zone

fromthe exit of the se Qn eacti on zone scr ion of the
Preferred Enbodi‘thh quld contace 1 3P O &&%&d\/\f?ﬁcf'ﬁ ;ﬁ"'é’gé‘ﬁ?’
i nventi on, I\/I\/P due tzcs sepedatédnf of mmeidueouse pbageafiremdtke ¢gMFeoUs

acr ol ein eRch il MediuR Sagaherd! rt‘i’écﬁrbagt%ﬁt BPREQRPT 1 Sing
l'iquid MVP. a as/liquid cont act zone, phase_ 10 contai ni ng MP
and cat al yst | s %"%rft WA W@Pﬁf/lcm"'e%r"éa nCixauiating MR ai ni ng

acrol ei n andsnonmedium denaetsmbiesthsit raldorith 6%s byr wesght| eand riam t he gas
ISt |9 LI PSS hatecie it SECL Uy Wl o
reaction heat i sth%mqr@datﬁ@HFri“F‘b’Fﬁﬁ dor the gegrgienoh Jisaueses heat
transfer means, hewdirdselow, watpacke!tldse @idncentratibast ravding 11y
gas/liquid contaglggnived in the MMP phase. As noted above, the molar
10 ratio of water vapor to acrolein in the feed gas stream
is no greater than about 0.3. This ratio has been
determined to be sufficient to control the water content
of the MMP circulating medium at a concentration low
enough to avoid formation of a separate aqueous phase at
15 the temperatures prevailing at the liguid exit of the
gas/liquid contact zone.

The presence of excessive amounts of acrylic
acid in the MMP product is also avoided by cooling of the
crude acrolein reaction gas with ambient temperature

20 water. Condensation of acrylic acid from the crude gas
stream in the cooler provides a gaseous acrolein feed
stream to the MMP reactor in which the molar ratio of
acrylic acid to acrolein in the feed stream is not more
than about 0.01, preferably not more than about 0.001,

25 and the acrylic acid vapor concentration is not greater
than about 0.1%, preferably not more than about 0.01%.

Turbulent flow conditions are maintained in the
gas/liquid contact zone, preferably by establishing a two
phase flow velocity in the turbulent region, as defined

30 above. Reaction progresses rapidly to produce a two
phase reaction product mixture, comprising a liguid phase
containing MMP product and catalyst, and a gas phase
containing non-condensables. The reaction product
exiting the reactor is introduced into a separator 9

35 where the gas phase and liquid phase are allowed to
separate. The gas phase, which contains propane,



" zone, or in an MWP circul ating | oop between the liquid exit and liquid

i nl et of the contact zone. 20 In the gas/liquid contact zone,

. high mass transfer coefficients are provided by intimte gas/liquid
contact, and the driving force for mass transfer is preferably
maxi m zed bywowymesss ni ng substantially plug =~ flow in tReTgs96/92s¢e.
Intimate gas/liquid contact may 25 be realized by operating in a turbul ent
fl ow range, which may be characterized, for exanple, by relatively
hi gh superficial gas and liquid velocities in a bubble flow
regi me, wherein bubbles are actively coal@scing and breaking up as a
result of the turbul Such .30 ent_con o) a not e hi gh
rates of heat rP??E&ﬁPFhéegxg?ru ?ﬁ?#iéﬁﬂgggf ?Bﬁe8?835 j acket or

coil in heat tramper, ciﬂrrmuedt Eromithe seépaxatemdo an emisabons
Al ternatively, gééﬁkféli“d’e a%hcﬁa)isbéneiﬁéfﬁéﬁtor. ﬁKeEQ:Jg%xtégfé'ﬁEe”t

flow of gas and Ii I n ntact zone._ In the
embodi ment of th82 nV‘éWE?b"l‘? any subs %/W of unabsorbed

PCT/ US96/ 10980 acrolein or unreacted prcpylene, il6 may ber €sagibbeheat is

advant ageousl y t%gmggf%r%%(g%ncggl LRd ventf#r%g dcd n ?55?? #Qal heat

exchanger throug reactron at ed.
By mai ntai ni ng s@¥ifakien| rertay-noHERPeYaN; t Fom WWWI ofiehightm@sand
acrolein to the teagbfen fEtésiin the HaBYBIdeid cforddaetheshkhinacet al of MWP

S sumetent o Y s RUPLEEFY, Bt Al°RANERES SASBIML DRCRLAR 217,
faster thanfhe maéﬁpbﬂnmm ctheyreastdon system produces a vent gas
stream which typically contains between about 90% and
about 97% by volume non-condensables and only between
about 0.01% and about 0.03% by volume acrolein.
_ Typically, the vent gas also contains between about 1%

15 and about 2% propyleme, an amount suitable for fueling a
flare through which the non-condensables and residual
organic vapors can be purged Erom an integrated
acrolein/MMP manufacturing facility. Altermatively, a
portion of the vent gas stream may be recycled to provide

20 a source of water vapor and non-condensable gas to the
propylene oxidation reactor.

Net production of MMP is removed from the
separator via a product port 10, while the bulk of the
MMP is recirculated from the separator to the reactor.

25 The MMP product is substantially free of methyl
mercaptan, acrolein and the impurities contained in the
acrolein feed gas. Without need for further
purification, the MMP product may be used as an
intermediate in the manufacture of HMBA.

30 The reaction may be carried out at a
temperature between about 30°C and about 70°C, preferably
between about 40°C and about 50°C, and at a total
pressure of between about 1 and about 3 atmospheres,
preferably between about 1.5 and about 2 atmospheres.

35 Methyl mercaptan and acrolein are introduced into the
reaction medium in a mercaptan to acrolein molar ratio of



" 10 t hrough formation of the hem thioacetal, the rate of reaction is 3

to 10 tines higher than that obtained in a process of the type
described in the '516 patent. At the reaction rates obtained in the
novel process, the rate of conversion is limted by the rate of nmass
transfer ofwbmuoessgol ein fromthe gas phase to the |iqui d BOTams®6/10920
However, it has been found that, when turbul ent conditions are

mai nt ai ned in accordance with the preferred enbodi nents of the

i nvention, high coefficients of mass transfer are realized. Moreover,

because of the 20 direct rapid reacti o®ibetween acrol ein and net hyl
mercaptan in the |liquid phase, acrolein enterin ui d Ehase S

t he [
consured i nedi BEEVSER 3Rowh P -88haRE Agout 1t%e%}+q WIos& PGP%BI?B Ymass
transfer. Thus, beveeehl avass 1.00 ahdnabentr At 3. arzs hogled, TBheconbi ned

effect of directog8) ot £apld o0 ARd 000 BSEN LAON Sy LabesnBhEo58E B o

productivity in reac Toh SyS -
Referri ng to Fi g‘olmmeac%t%mm:&aéém pRtwWeSRyabout d"é‘néinét ajopR 3Rt akyol ei n
reactor 1 by cawalinbf QxteRsimn Mostobrafeﬂab:eﬁa:h@raaﬁmaiﬁr vapber

non- condensabl o 268 ghtenyiialnl bBcheBRCRESEE ol ol BBELECTEy g

acrolein producwoéweeﬂctﬂeﬁ-n ‘he reactor contains about 4% to about 10%
by vol ume acrol ein, betwegh AdupHidh &%nperaeﬁﬁleemowlaﬁ%zlaysvebumécr ylic

i O
201 0P {0 0L G a8 WISl R0 g AV glg] e
WO 97/ 008580 phases provides a particularly effeqidw mm@ggz@orce
17 for mass transfer to the ligquid phase, but at
temperatures significantly below 40°C a refrigerated
coolant fluid may be necessary, and the kinetics of
reaction may begin to limit productivity. Moreover, at
15 cooler reaction temperatures the eguilibrium distribution
of acetaldehyde between the gas and liguid phases also
becomes unfavorable, resulting in an increased
concentration of acetaldehyde in the product exiting the
separator. An especially preferred temperature for the
20 reaction is between about 40°C and about 45°C. In this
range, the reaction temperature can be readily controlled
by tranafer of heat from the reacting mixture to-cooling
tower water at up to 35°C flowing through a jacket
surrounding the gas/liquid contact zone. As the reaction
25 consumes dissolved acrolein, additionmal acrolein is
progressively transferred from the gas to the liquid
phase in response to the disequilibrium caused by the
acrolein consumption. Consequently, in most embodiments
of the present invention, refrigeration is not needed or
30 desired for either controlling the reaction temperature
or promoting transfer of acrolein from the gas to the
liquid phase.
Although high pressure also favors mass
transfer, rapid mass transfer is achieved at or near
35 atmospheric pressure in a turbulent gas/liguid contact
zone, so that the use of high pressure reactor vessels is



0.1% and about 0.4% by vol une acet al dehyde, and bet ween about 30% and
about 50% by vol une water vapor, and bet ween about 40% and about 55% by
. vol unme non- condensabl es, includi ng oxygen, nitrogen, carbon nonoxide 5
and carbon di oxide. The crude product gas is then treated to
subst anti al i d7adssee t he water vapor and acrylic acid porosssieeher eof .
Preferably, the crude product is treated by cooling it in an indirect
heat exchanger 3, causing condensation of acrylic acid and 10 water
fromthe crude gas product. Although refrigerated wat er nmay be used as
the cooling fluid in heat exchanger 22, anbient tenperature water, e.g.,
city water, well wat er or cooling tower water, can be econom caII

used. Conde &4t REFERFANIEr y MOTeRVER o RY PRIRFAIHOg e rfﬁc‘:@%‘cﬁfanger
usi ng anbi ent t eyaetaterSredire devele cohélmssurmminmgl dasthe cool ed

acrolein feed ga ai b and_about 25%
nore comonly roﬁﬁ%&no:gbﬁﬁ%%mt%ﬁ%%g%ﬁ%% ué#el%gcrol ein; up to
about 0.1% nor énprefiartbdy of the AAcxelednopredugt \Hﬁﬁjrié'ltm thecM¥Pi ¢ aci d;
up to about g. 0%@&:;59'#ﬂﬁx&i@mﬂee@@ew&okomecnanﬁ&utcohp@%saxoﬁobsrre

propane; up to about 1.0% by vol une propi onal dehyde; up to about 0.5%
by vol une acet al ?ﬁﬁ' bet ween about 1 and about 8% nore preferably
bet ween about 1% andWisblaitit3%s fpasdbliectomparatewithandgbet feed 25

about 60% and a%ﬂeaﬁ%f&ﬂn?’%ﬁ‘ RerdRi60 ABEAD| inging befuRled Abbie the

nol ar ratio of water v o acrolein in as streamis
bet ween about 0.5(?533'%3& Bht25% by yolumg,, th ﬁr%?‘%?zﬂﬁo %é’é‘ﬁ"s £68ui=0. 05

and about a5, enhanceddif heherfesd rgais coatains At ClessEtd abousicdokebp i s 30
between 0 and alyitn@. Qér pf&:{ %@b'&hh%ttﬁ&?&' G high anaQQ:%IQnQOl

Optionally, acrylic aci initia removed fromth cru
acrol ei n pr oductCFLELEyMRY %’E}r‘?ﬁf th a&ﬁ@‘@ﬁ%"%?ﬁ?aac‘rﬁ?n\?én
absor bi ng agent gas/diquid comtret czowesnandomapchavey a,tmatdves:s@heﬁfeatpacked

tower. 35 Gas &4 Hofl FHECAESP PeTadtin ErbhhtHe (R Shals? and yield
i5 of MMP based on acrolein. Further balancing the
immediate needs of the present process with factors
bearing on the operation of a typical acrolein reactor, a
feed gas concentration of between about 10% and about 15%
by volume acrolein may be considered optimal.
20 By establishing a very slight excess of
mercaptan in the reactant mixture, conversion of acrolein
. is maximized and the need for disposition of unreacted
acrolein is essentially cbviated. Where the molar ratio
of reactants is controlled in the range of between about
25 1.00 and about 1.02 moles methyl mercaptan per mole of
© acrolein, direct reaction between the mercaptan and
acrolein is effected in preference to formation of the
intermediate hemi (methylthio)acetal of MMP. As a
consequence, a high rate of reaction is realized, with
30 high productivity and relatively low capital and
operating expense of the reactor. The reactant ratio may
be controlled by various means known to the art.
Preferably, the circulating MMP stream is periodically
analyzed by gas chromatography downstream of the
as gas/ligquid contact zone, and any necessary adjustments
are made in the relative acrolein and methyl mercaptan
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18 condensati on of water vapor by passing the gas through an
.indirect heat exchanger downstream of the absorber. The
cool ed acrolein feed gas streamis then i ntroduced into a reaction
medi um conpwodtom@se 5 circulating streamof MVWP, in a corcrmssaasszsl ow
react or 5. Reactor 5 is provided with a cooling jacket 7. The
circulating MW contains a catalyst for the reaction of nmet hyl

mer capt an and acrolein. Catalyst can be injected conti nuously or
intermttently at any convenient |ocati o4 10 in the | oop. Methyl
mercaptan is introduced into the rcul ati nngt ream at any

MVP i
conveni ent poi ntEesslFates to makerepriain i"'ﬁPFoﬁ £cBTPRYEL TR OF t he
acrolein, or metdylg eryappatr tanmatntaiaedoand fbrmeitidvn aof albai n i s
i nt roduced. Thu ttﬂg, t meXLULQasl I | lsch
acrolein is di s?ﬁnglut e %&?ﬁsgeﬁsgfég&' %Eﬁdga gséﬁ%g%tgglér% \ggﬁd

catal yst, and a ¥RE Y& Purposec onE%¢eRt GUFdRdc BRaERYRb| BRe prRaess is

mer Capt an ey al ggerated e @i &bfztbu&@&h hejatee ﬂl”aﬁﬁny\_l\atééw ﬁ&aﬂw&ﬁa%éo
observed to e ti S in i e. e
catal yst is typi cf?@ﬁgl%&%pggﬁlg CX%%#.%L%}%%@.& g%.%uﬁgg gepc‘%f%r?ﬁ Eé’
gas/|iquid cont agtrad®ia cam b8 adiwserd davesseaidnrlly teorbmf tafke seonnasof

i ntroduction of gedfdeigtatacicoh@ibibts are aRhaeseasi vely transferred from

t he gas phase to liquid h ngl.r LIe and continuously
with nmethyl 25 nercaptan Wﬁgiﬁﬁgi%‘:ﬁﬁg%git g‘nSr §%{i§%yﬁw To the
extent that lfet hgoneanteaiisams saynbeiused foxsthepreagtion. pluckeen the
phases, it is al gL ETIIGE bl #16é Fdxéty of beghhfc! amiidk fich

reaction with acrol el n. ... VAter va ontaiped in the acrolein
foed gas 30  nay®Rt ctO% SHEERIS:| RYFHBLAR Rty SprEettapine, o
contact zone. Bytrietiyipmime.cr Qdganieieids exectypically jprokhdad gos

upstream of the ERREADY pollyhdRdzht@bhYof acrdl@IGKENSALRLE! Ff¥ARSBlamgiRe NI ar
rati o of water vapor t

subst anti al 35 s@c@ﬁﬂl‘fjﬁft}gb@asc)%rt% %LE%{:%}&L%?"%%%EWF?% gt&%ﬁt"?’%i 30
contact zone; noisimaintainath et begweenphat H-2sémd phout 1.0%,

preferably between about 0.35 and about 0.5%, by
continuous or periodic additions of catalyst to the
liquid phase. ’

20 The rate of MMP circulation is at least an
order of magnitude greater than the rate of production of
MMP, preferably between about 20 and about 50 times
greater, so that a co-current flow reactor of the type
illustrated in Fig. 1 is essentially backmixed in the

25 liquid phase. Any of a variety of two phase reactors may
be used in the reaction, e.g., a co-current flow pipeline
reactor, a stirred tamk reactor, or a countercurrent flow
reactor such as a wetted-wall column, a bubble columm, a
packed column or a tray column. To promote rapid mass

30 transfer, the gas phase 1s preferably in plug flow. 1In
plug flow an acrolein concentration gradient in the gas
phase is established and maintained along the reactant
flow path in the gas/liquid contact zone, thereby
providing an integrated average driving force for mass

35 transfer substantially greater than that which prevails
when the gas phase is backmixed. A gas lift reactor is
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19 the gas/liquid contact zone or liquid reaction product due to
-separation of an aqueous phase fromthe MW reacti on nedi um anywhere in
the reaction system Preferably, the water content of the circul ating
MWP 5 medi uwmos/oosss nore than about 6% by weight, and is PCI/usspieas |y

bet ween about 1% and about 6% by wei ght. At the preferred tenperatures
for the reaction, as discussed her ei nbel ow, water in these
concentrations remains fully di ssolved in the MW phase. As noted
above, the nolar 10 ratio of water vapor2%o acrolein in the feed gas

stream IS no great ﬁ{l fan ab . This rat i 0 rl?s been det er m ned
to be sufficient LAGHLADHY hLINPLEd dB §8Bng
nmedi um at a concghasat pdngl How, ami\dugiause &hei subsizaxtiain vmtlum&emar ate

aqueous phase at pglo_ JoB8eh8SREES 4 GShd 'k 'eh.ﬂg - fé\?\dlé&lgag“ paf the

gas/lqu|d cont act zone. presence excessl| ve anDunts

of acrylic Jaed itR PﬁW%rQRERtfqrs C&F§B1§\?b‘i’1%lé€¢ e 3R Adayddt he
crude acroleis r Qﬂﬁseoangasovpfdsumleafdemmemwm mixinAtier the

Condensati on of ac A cool er
provi des a gaseoﬁtgé%gcr()o%l ei ?ﬁ“ 3{8& rlrFeect{reamﬂ?&h?ﬁlc%}ﬁ/lf"l;reac,dt g’ra in’which
the nolar ratio dfuch as RENPE| QX RILLALPLEHLr diBephiminatrdfeed streamis not
nor e than aboterda@ivepysfrchintditurient tbaimabaiy ¥ Akd %5 and

e S e SRR, iiaafLhre apell ) PRl
condi tions at® maimimizedprassure drop through the gas/liquid CODtaCt
zone,

Illustrated in Fig. 2 is a loop type gas lift
reactor apparatus of the invention and its use in an
integrated process in which crude gas phase acrolein is

15 cooled and introduced directly into the MMP reactor. 1In
the integrated process as illustrated, propylene (or
other suitable hydrocarbon) is mixed with air and
introduced together with diluent steam and/or
noncondensable gases into a reactor 101 containing a

20 'catalyst suitable for the oxidation of the hydrocarbon to
acrolein. A reactor feed stream is prepared by mixing
air and propylene with diluents as noted, and this
mixture is preheated in an indirect heat exchanger 111 by
transfer of heat from the crude acrolein product gas. In

25 a countercurrent flow packed tower absorber 113, the
partially cooled product gas is contacted with a liquid
absorbing medium for removal of acrylic acid from the gas
stream. Gas exiting the absorber is passed through
another indirect heat exchanger 103 for further cooling

30 of the product gas and condemsation of acrylic acid and
water vapor therefrom. Optimally, and preferably,
acrylic ac¢id and excess water vapor are removed by
condensation alone, obviating the need for the acrylic
acid absorber and the pressure drop required for gas flow

35 through the absorber. The cooled acrolein product gas is
then introduced into the gas lift reactor 105.




gas/liquid contact zone, preferably by establishing a two phase fl ow
velocity in the turbulent region, as defined 30 above. Reaction

- progresses rapidly to produce a two phase reaction product m xture,
conprising a liquid phase cont ai ni ng MWP product and catal yst, and a
gas phase wo9mmess8ai ni ng non-condensabl es. The reacti on pPCIUSSH10920
exiting the reactor is introduced into a separator 9 35 where the gas

phase and |iquid phase are allowed to separate. The gas phase, which
cont ai ns propane, WO 97/ 00858

PCT/ US96/ 10920 25 20 propyl ene,

pr opi onal dehyde, acetal dehyde, and water . vapor, is_vented fromthe
separator to an emi ssion cLQR S CogRTLERS Ty wPYRTS, Lo cefuttr . where
t he vent gad "aphéaf hsithypsmhisiesshwidh anpackenflohaiismuighdwhichazxr ol ei n
or unreacted pr oaghehs eihidhaPbd ATMELE.  The FLIEE FulBRLEON Of the
vent gas to a propylenhe oXi dati on reactor. wever, the conbi nation of
hi gh nass {GORRELERS [ 3t QWL Qv CORFUAE; §IdewRbed B 11 highdis in

substanti al |y eqiuidl A1owdeodme et ity etehnthe dupbédihridigh GEHEEREMN t O

the reaction syst du \ &E@ s e ' ' y
contai ns bet vveenaog) 08?99000 1n ﬁj} a E%‘BSE)%?%% %%@é\@%&%&%sabl es
and only betweerFone. Bgbweer and,ighFilagduflowosopmynimtian adts| bhe.
Typical ly, the ugpergendsl 60 tlonttaicddast irca sépaiatldsr 1T0e. andwabegt 2%

bropyl ene, an angunt pSpkLADL Sof Ofa f Wild Wepdrator 1087 Eoddiiuyoh which the

non- condensabl esand res organit € vapors purged from an

i ntegrated 10  qonssiEpReMVyPClEeUEaiciaR 2egef dBi ¥high reactdom besweeng

portion of the \wRitolgdfi ahdcASLIFY okirdaptual Adyt ot Dviélatter the
reaction medium exits the gas/liquid contact zone. Thus
the reaction zone comprises both the gas/liquid contact
zone and the circulation zone. The rate of circulation

15 and the location of jacket 107 are such that the
temperature of the MMP liguid reaction medium does not

" vary more than about i 5°C throunghout the reaction zone,
preferably not more than about + 2°C in the upleg of the
reactor.

20 In a commercial unit, desired capacity may be
provided by the use of mmltiple reactor loops, in
combination with a single separator. Upleg 117 includes
a gas inlet 123 at the lower end thereof for introduction
of cooled acrolein feed gas, and downleg 119 has a fluid

25 inlet 125 for intro-duction of vapor or liguid methyl
mercaptan. Alternatively, the methyl mercaptan can be
introduced at or near the point of introduction of
acrolein feed gas. Catalyst can be injected continuously
or intermittently at any convenient point. Preferably,

30 the feed points of acrolein and methyl mercaptan are
sufficiently proximate so that, in whatever portion of
the reaction zone between the feed points in which the
MMP medium may contain an excess of methyl mercaptan, the
residence time of circulating MMP medium is not

35 sufficient for substantial formation of the hemimercaptal
at the ratio of methyl mercaptan to acrolein and absolute
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20 a source of water vapor and non-condensable gas to the propyl ene
oxi dati on reactor. Net production of MP is renoved fromthe
. separator via a product port 10, while the bulk of the MWP is
recirculated fromthe separator to the reactor. 25 The MWP product is
subst anti al iwodr/e0ssf net hyl mer captan, acrol ein and PABUSHIANIN | es
contained in the acrolein feed gas. Wthout need for further
purification, the MW product may be used as an intermediate in the
manuf acture of HVBA. 30 The reaction may be carried out at a
t enperature between about 30[err]C and aBbut 70C, preferably bet ween

about 40[err]C and .ahout 50[err]C, _and at,  a total essure of_ between
e%hy

R ¢
about 1 and abo 88, concen aeqze%lazigvgé}%gnéla%%ﬁnl 5
about 2 at nosphegas.l1if: ndsdvelr, nbhe aponeentiraticonolofi metinyl imareaphsst i nt o

the react i opnieghBaidesd BoLEPLE et ytlion BR! A6réBdi® Hfe
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21 bet ween iMStgnifipantly smalt ‘l?%,t%&h%rﬂgr‘%ﬁef‘e? St of Hh8 ween
about 1.00 asd abarge hréifircidatdhgdMMP hflow irnahel dioopt eethe anpbeqs bet ween
about 5% and abo o I g&ﬁ ' t . 7% and
about 15% by 5 Ev un%é,ya%lll'eolgéigég : g?ég?%%/%ra Iyeytaﬁg g%rp %élkgugv%po.r
feed stream cont BRdE B RRASS GV 19040 nthe IRbIES&lgy regime ., yhgrein
acrol ein. the gas is\dispesbednihecuiperfdmm of lddsevetdanibbDéerr] C, the

favorabl e acrol %Efﬁfﬁfiéiﬁﬂéﬁ'ﬁut%ﬁfs“ﬁgni&e?ﬁéwi $A04 988 dfrgiRhases

provides a particularly effective dri |n](? orc€ . . . .

10 between bubble flow and slug flow. Ligquid circulation
is induced by the liquid head differential resulting from
the lower density of the two phase fluid contained in the
upleg as compared to the liguid in the downleg. To

_ establish the preferred flow conditions, the superficial

15 gas velocity in the upleg is adjusted to between about
0.1 and about 0.5 m/sec. At such combination of gas
velocity and reactor height, the gas holdup in the upleg
is between about 5% and about 20%, and the superficial
liguid velocity in the upleg is between about 0.3 and

20 about 3.0 m/sec. To provide for the desired rate of
circulation, the height of the gas lift loop is
preferably between about 20 feet and about 30 feet,
requiring the gas pressure at the gaseous acrolein feed
inlet to the reactor to be between about 10 and about 15

25 psig, i.e., between about &7 and about 100 kPa gauge.
Optionally, a pump may be provided in bottom loop 121 to
asgist in circulation and lower the requisite height of
upleg 117.

Bspecially satisfactory mass transfer from the

30 gas to the liquid phase is achieved by controlling the
superficlal velocities of the gas and liquid phase in the
upleyg so that two phase flow is in the bubble flow '
regime. In bubble flow, the dispersion of the gas as
small bubbles in a continuous liquid phase provides

35 maximum area for mass transfer. Proper balancing of
liguid and gas wvelocities maintains a stable bubble flow



f or mass transfer to the liquid phase, but at t enper at ures
significantly below 40[err]C a refrigerated cool ant fluid my be
-necessary, and the kinetics of reaction may begin to limt
productivity. Mreover, at 15 cool er reaction tenperatures the

equi | i bri unwediesiopssbut i on of acetal dehyde between t he rgasisssmsosze qui d
phases al so becones unfavorable, resulting in an increased
concentration of acetal dehyde in the product exiting the separator. An
especially preferred tenperature for the 20 reaction is between about
40[err] C and about 45[err]C. In this 27 range, the reaction tenperature
can be readily contro]l ed by transfer of heat fromthe reacting

mxture to cool FABALItIOR, ARG gF gpalpseenas | f QUSBLESWARE t hr ough a

j acket sur sbugding. t fhegashigequotl velbaitigwrneffebtivhefotathion 25
consunes di ssol %ak ﬂg@:d_t‘ I oleln. | : Lyely
transferred froé\ﬁ?gselgéas. (r)bef e |1 ESIQQ with %%ésl%ﬂalﬁonler 855@%%%?%3%%‘2

di sequi | i bri um €Butkd Byingiples ildupbraradeofat myamnle, Consequear|gndin
nmost enbodi BENt Aziz, “The t¥Eow0ES CoinplaxeHikOilired efd iTGeal #0®ahsS not needed
or 30 desired | cont | the r L0 erature or
pronoting trans éghé%‘y(}?%ilne }(‘{T gg#&ﬁ@’gﬁ?f‘gg’t& ’quﬁf‘[p Fgﬁi d phase.

Al t hough hi gh peepsaially P { A% $ondds whichtibhigtaratesafidwnpatternsst er

is achieved at gg Aefing®ion WMBIRKAI VE1BEEESEE OF b Ari/Makubegysfansg! i quid
oAt ess BEncEOri 08 pd iR aBhelsO0n PEES Y (G ARAELAL ESSSISe!
22 notlOnecdé gmeyerspraeme iroufyinen exparimnentation aayt be zequired

for corroboration of the optimum velocities for a

particular system. It should be understood that the

process of the invention can alsoc be operated in a slug

flow regime, but mass transfer is maximized by operating

15 under turbulent bubble flow conditions.

To start up the reactor of Fig. 2, the
circulating loop is substantially filled with MMP, after
which introduction of acrolein feed gas and methyl
mercaptan can be immediately commenced. &Even at ambient

20 temperature, the reaction proceeds at a sufficiently
rapid rate so that exothermic heat of reaction rapidly
brings the reactant mixture to the preferred 40°C+
temperature at which steady state operations are
conducted.

25 Using a gas lift reactor, the process of the
invention can be operated to provide an acrolein recovery
of at least about 98%, a conversion of at least about
97%, and an acrolein yield of at least about 95%.
Recovery is defined as the proportion of acrolein

30 entering in the feed gas that is transferred to the
liguid phase; conversion is defined as the proportion of
entering acrolein which is consumed in the reaction; and
yield is defined as the proportion of the acrolein in the
feed gas which is converted to net product MMP.

35 When the process of the invention is operated
in tandem with a facility in which acrolein is produced
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noderat e pressure |evels, the pressure prevailing in the propyl ene

oxi dation reactor may be sufficient for I ntroduction of the acrolein

. product gas into the MW 5 reactor w thout the need for nechani cal

conpr essi on of t he gas. VWiile it is feasible to operate
Wi th a gas faedimosss Stream having an acrol ei n content rangiargseeiaeeen
about 5% and about 25% by volune, the rate of nmass transfer is 10
enhanced if the feed gas contains at |east about 10% by vol unme
acrolein. On the other hand, too high an acrolein content may overl oad
t he absorptive capaci ty of the gas/ | ?8ui d contact zone, and may have an
adver se effect t.h, recaqver of crolein fromt ase and
yield 15 of MBY b§§5ﬁf56fﬁ‘%1(9’9| Par PREPY: eomcﬁ"n np%gas in; B¥edi at e

needs of the prepeotiupt obmamatiidm c‘xaMrproduct m:nar@tdmnt s dpeuvatedn of
a typical acrol ebg Eegg%@_{ the g&%ﬁ@nﬂ@sof ép %il hgt ween about
VO ro con5| ere

10% and about 15 une a ern may I mal. 20
By establishing 2”-’9@'}3%?1 PHRORAREs &cgfaldehydy REARHO Hl;fd?eact ant
m Xture, CONEEr sioxygeh, acdxihen Monoxides &axbomzdacb:ama t him thedatpblein

di sposition of uqfreggcégg mué‘crt‘ilee?'}ohﬁegségﬁlt élé%nm‘:?&ggt Where the

nolar ratio acfants IS con In the range o ween about
25 1.00 and abdmtegrabedyridd an Wr%ﬁéam\hf%“%% fgeility gerol ein,
direct reacti on k&lodaethé heed®rfmaptcdhdendation @Erafdﬁﬂlénﬁ mﬁedcwn

preference o forgation oot e ceordll BEEALRH &0 (TRLIY PALQ) acoral

cofsedUence, 4 reaction
hi gh productli%i t ProseseeiaParticulayiyaplantedntpr use Gﬁ?atcé?ﬂ‘bﬁga@'(-pénse of
the reactor. The wieaChanactdlein Mhufactukéngopidcddsedbwhiahi He aRaas

Sor oo 1y " acreiesBLARAN, o nbtathy RN Y SRR
gas/liquid cont a¥@pPaZnan ame%ﬁaf&%?emlaams%%rﬁ@centra&#enﬁaeé in the
rel ative acrol ei wated: ¥apby|an®rexfirdt impurities.

15 Where a loop type gas lift reactor is used, the
back pressure resulting from pressure drop in the upleg
may tend to raise the pressure in the acrolein reactor to
a level higher than optimum. This back pressure is at
least partially offset by elimination of the acrolein

20 absorber used in the preparation of refined liquid
acrolein. Pressure drop across the absorber imposes back
pressure on the propylene or other hydrocarbon oxidation
reactor in a conventional acrolein process. Moreover,
any adverse effect of pressure drop in a gas lift reactor

25 may be avoided by any of a number of stratagems. For
example, a modest negative pressure may be imposed on the
separator ;09 by placing a compressor in the gas vent
line from the separator. Aas noted above, the requisite
height of the gas/liquid contact zone may be reduced by

30 mechanical circulation of the MMP reaction medium.

Illustrated in Fig. 3 is an alternative gas
l1ift reaction system which is adapted for cperation at
especially low gas pressure drop. Instead of introducing
acrolein gas near the bottom of the upleg, as in Fig. 2,

35 the gaseous acrolein feed stream is introduced through an
inlet 221 in downleg 219. Circulation in the gas lift
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23 feed rates to make certain that the proper excess of nmet hyl
mercaptan i s maintained and formation of the hem t hi oacetal avoi ded. An
i n-l"i ne anal yzer may be used for this purpose. Except during startup,

t he processwiom7Bosssoperated in a continuous recircul ati ng PIHsde10920at e
node. Accordingly, the addition ratio of nethyl nmercaptan to

acrolein can be adjusted to essentially to 1.0 as soon as steady state
conditions are achieved. Conventional catal ysts and catal yst
10 concentrations may be used for the2Pfeaction. Such cat aI ysts

i nclude a wide varie of organi g gs such for

pyri di ne, hexanﬁ’?ﬁ?ﬁ‘%‘% tglate Wr?té’c’mﬂpa?ﬂynént@@‘éﬁFéo%&fdé are

typically includedrtup gas |n1-irdmgh |anl ;tmsetmll dm afplegr attein. TMéere, for

le, 15 ;
i i af ned abrErRtta BEGHS SRa0RUE! tales U B0 dalt EORGRELY IO, |
about 0.35 and &B8ntthatgt b‘;Plet 22éonbummr§1 é‘}aYp&ei é@icétaﬁdﬂ’élw of
catal yst tostheas necédsuiy hase gaa loop so that THgudat ne@a M/R:he

circulation is e £ rate of
production of %’OLI\}%S%B re eraa[@'e %5&"\%%%@%%‘#&%% %%E ?ﬁgoﬁ&

greater, so thafadas- b%#?‘éﬁ%c‘?i}% r BAEREY he @rralfia feed FRE LRY ran ed in
F} g 1 i ?‘ essenmbtygmdﬁym uged |!Eer25tart|:upLUI Ongeagdrcuayioh &€ variety
of two phase re o V\?L¥i g., a co-current
fl ow pipeline e gagpa ctlon Irre %kf’?%écﬁ%g:r%tﬂlg%heaéount ercurrent

fl ow ddact dntzoduction %t&mm feed gas r@lblhﬁblcém@gngﬁﬂ a

packed col um ort}@ohgaymmwml T@uﬂ Qﬁekedﬁ@ima 'Bis%tag‘tupt gagsf er, the
gas phase is pr

ap_acro
concentration g t\{?‘h ?% éj%’z% as twopﬁgg.%el %%t Pgﬁ gr ?rg %t ai ned
al ong the react @3 tO inteb\Ratar apovie guswquummcﬂazohe t her eby

provi ding an i ntiegrobffed Vet abgy Hdnvicndchel 6140 RS at or near the
15 acrolein feed point, or through the start-up gas line.
Catalyst can be injected anywhere in the loop. The
gas/liquid contact zone comprises the portion of downleg
219 below inlet 221 plus the entire upleg 217. The
balance of the circulating loop comprises the circulation
20 zone, and the gas/liquid contact zone and circulation
zone together make up the reaction zone. Because the
component of twg phase zone in leg 217 is longer than
that in leg 219, downward flow of the two phase reactant
mixture is maintained in leg 219. The reactor then
25 continues to operate with a liquid head differential
determined by the liquid head above inlet 221. Where
that liquid head is modest, pressure drop is minimized.
If pressure drop limitations on permissible ligquid head
differential cause the superficial ligquid velocity to be
30 1less than optimum for effective mass transfer, this can
be compensated for by increasing the vertical dimension
below the gas entxry point to increase the residence time
for mass transfer.
In another alternative, a draft tube type gas
35° 1lift reactor may be used in which the acrolein feed gas
is introduced into the draft tube. Such a system is



35 transfer substantially greater than that which prevails when t he
gas phase is backm xed. A gas lift reactor is WO 97/ 00858

PCT/ US96/ 10920 ) 24 particularly
preferred because it may be operated in gas phase plug flow, and
because the wobsdosssti al vol une of non- condensabl es i n PUBUSSE10926I N gas
feed stream can be used to advantage both for circulation of the MW
liquid 5 phase and to produce excellent liquid mxing in the

reactor. Thus, the need for mechanical noving parts, such as punps or
agitators, is elimnated. Alternati®3ly, a countercurrent colum may

be used to rticul ar, advant age, especi all re therg is a heed to
10 nininize pr e@gﬁﬂsé:r&t&& fr gb%h the %E?s/zﬁat’f&%&mggﬁt gepprises A graft
Illustrated i n Rupe 319 radiadpyt gemtesi lid & cylindedcadrreggraiioai us of t he
I nvention and it i ' t | | e gas
phase acrol ein i‘?#’?ﬁ 3@83?38 gﬂ’éb’?% ro%u%%dw&%g% IbEi %{‘%&%‘h%{% reactor.
I'n t he i nt KASAEF PYSEETs 51| IRpWAs a@IipnopprwRen (@yalt tubs her
3!1: tabl e hydsocagipwmnd $he Xadivetva®l lroﬁiﬁdaa.ctqr websellucerpritgel ey W th
I luent steam a o | a .
Wil 37, 2T PAgRERED G MAke HhBslabl it beaion . 1,

containing a 20 alyst suita . the oXidation o ydr
acrol ei n. A reactBRHER] a5 (CAEGHLE STOF epirad abion Sf MMP. Gageoushd
propyl ene wi th didrtsitin Feddobedeannis tilitroducedihirotghi & @iElEgecd in an

2erol et product Sk 47 32 Sare bl N 2 A MITE Be RBBATRE S bs or ber
113, the 10 those skilled in the art, and noted in comnnection with
Fig. 3, methyl mercaptan and catalyst may be introduced '
at any convenient point in the loop. Circulation in the
gas 1lift reactor loop is initiated on startup by
introduction of a startup gas through an inlet 324 in
15 annular upleg 317. Though shown as a dip pipe with a
single outlet, iniet 324 is preferably a ring type
. sparger surrounding the draft tube, with outlets spaced
around its entire periphery. As in the reactor of Fig.
3, the elevation of the startup inlet is at least
20 slightly lower than that of inlet 321, and both may be
located at whatever elevations are necessary to minimize
_backpressure. Circulation is commenced in the same
manner as described above with respect to Flg. 3, after
which introduction of acrolein feed gas may be commenced
25 through inlet 321, and introduction of startup gas
terminated as soon as two phase flow extends from inlet
321 to imnlet 324. The longer two phase zone in the
annular leg 317 maintains downward flow of the two phase
reactant mixture in the draft tube. The reactor then
30 continues to operate with a ligquid head differential
determined by the liquid head above inlet 321. Without
significantly affecting the gas pressure drop, the
vertical dimension of the draft tube below the dip tube
outlet may be as large as necessary to provide adeqguate
35 residence time for mass transfer. Reaction heat may be
removed from the reactor of Fig. 3 via a jacket
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partially cool ed product gas is contacted with a liquid absor bi ng
medi um for renoval of acrylic acid fromthe gas stream Gas exiting
t he absorber is passed through anot her indirect heat exchanger 103 for
further cooling 30 of the product gas and condensation of acrylic acid
and watwooveyssy therefrom Optimally, and preferably, PCrusssaos2yl i c
acid and excess water vapor are renoved by condensati on al one,
obviating the need for the acrylic acid absorber and the pressure drop
required for gas flow 35 t hrough the absorber. The cool ed acrolein
product gas is then introduced into3the gas Iift react or 105.
WD 97/ 00858 / US96/ 10920
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reaction nedi um gxgts2the gas/liquid contact zone. Thus the reaction
zone conprises both the g ‘hggl a tlon
zone. The rate of circul a'?li-%;n Br%?.%ﬁ:?%& ?mbca I on o?g E f‘ﬁ‘l%%}: e such
that the 10 teifethiupteradied fa Mgk Bui din dAHS F‘Gﬁ?doé%e not

reaction is conducted in a tray column 405 through which
liquid MMP reaction medium is circulated. Liquid MMP is
introduced through a ligquid inlet 406 at the top of
_ column and acrolein feed gas is introduced through a gas
1s inlet 421 at the bottom. Methyl mercaptan is also
introduced at or near the bottom of the column,
preferably through the same inlet 421. The interior of
the column comprises a gas/liguid contact zone through
which the gas and liquid phases flow countercurrently to
20 each other, masgs transfer from the gas to the liquid
phase occurring primarily on the trays of the column.
Reaction takes place in the liquid phase on the trays,
the downcomers between trays, and in the circulation zone
comprising the sump at the bottom of the column and the
25 recirculation path to liquid inlet 406. As the gas flows
up the column, acrolein is progressively transferred to
the liquid phase, so that gas exiting the top of the
colunmn is substantially free of acrolein and is vented
through an incinerator, flare, or similar emissions
30 control device.

Unlike the essentially isothermal gas lift
reactors of Figs. 2-4, the tray column reactor itself
operates substantially adiabatically. Liquid reaction
product mixture exits the bottom of the column and is

35 Qdivided into a product fraction which is removed from the
process and a recirculating fraction which is cooled and
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vary nore than about [err] 5[err]C throughout the reaction zone,
preferably not nore than about 2[err]Cin the upleg of the reactor.

- 20 In a coormercial unit, desired capacity may be provi ded
by the use of nmultiple reactor |oops, in . conmbination with a single
separator. ahogooass/ i ncl udes a gas inlet 123 at the PomESIsaAn®ot her eof
for introduction of cooled acrolein feed gas, and downleg 119 has a
fluid 25 inlet 125 for intro-duction of vapor or liquid mnethyl
mercaptan. Alternatively, the nmethyl mercaptan can be i ntroduced at or
near the point of introduction of a¥?olein feed gas. Catalyst can be

I nj ected continuousl or intermttently at_any convenient poi,nt.
Preferably, 30 rectl‘lﬁle@e&"pﬁpﬁt%"]tﬁmh‘crcﬁ aﬁagném ?ﬁar@ﬁpf‘%ﬁ’%{ﬁe
sufficiently prcdomet dosorebatculatidmt evReaptionoheat is rendved &yction
zone between the. [LeaGHOLAL é?ﬁgiﬂ&“&méé‘% ter ig{'i\’g’nne”%?d%é@he%%”t aln _an

excess of nethyl nercaptan, resi dence circulating MwP
medi um i s not 3FExchapgercAli: B AXART 47 id@surer rarplerefahserption of

hem mercaptad  acrclledihdntat tBe OfiEid Whasy,C @BeaPetDedilliat i8ig) MMed
absol ut e exi 974&%0%5gxchan r 407 is prefgrabl t
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f | ei i 11 d he diluij f f th
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gas/ | i qui d t@nt acefrigeraned brinezedpionally,hat powbipmasfe ttheoWMEs in the
bubbl e flow regi fEactihi] @xdting cooler 407 may be recycled to port 422

at a tray in the lower portion of the column, e.g., the
6th or 8th actual tray in a 20 tray column. Although
partial recycle to the lower portion of the column alters

15 the column temperature profile, reaction occurs
throughout the column in both that embodiment and in the
embodiment wherein all circulating MMP reaction medium is
recycled to the top of the column.

Because of the substantially adiabatic

20 operation, a temperature gradient prevails within the
column: The ligquid stream within the column is
preferably heated from a temperature of about 0°C to
about 10°C at the top of the columm to.a temperature of
about 50°C to about 60°C at .the bottom. Because gas ]

25 exiting the column is contacted by MMP at low
temperature, a favorable equilibrium prevails and
acrolein recoveries >99% can be realized. To promote
reaction in the gas/liguid contact zone, the temperature
of the liquid medium at the liguid exit of the column is

30 preferably allowed to rise to at least about 40°C. The

' temperature rise of the liquid medium across the
gas/liquid contact zone is preferably between about 20°
and about 80°C. Because substantially the only gas
pressure drop occurs in passage of gas through the liquid

35. held by the trays, the tray column reactor may be



the gas is dispersed in the formof discrete bubbles within a
continuous liquid phase, or at the margin 10 bet ween bubble fl ow and sl ug

- fl ow. Liquid circulation is induced by the liquid head differenti al
resulting from the | ower density of the two phase fluid contained in
t he upVWQoLessonpared to the liquid in the dowl eg. TBCT/USS/M820abl i sh
the preferred flow conditions, the superficial 15 -gas velocity in the
upleg is adjusted to between about 0.1 and about 0.5 nfsec. At such
conmbi nati on of gas velocity and reactor height, the gas holdup in the
upl eg i s between about 5% and about320% and the superfici al

liquid velocity jn.d | e et vveen abo d_20 about 0 nisec.
To provide for tdhéeb (ﬁ%‘#% ggf’gl‘g Y roﬁ?ls t?’g‘ﬁﬂ PR S%éﬁegrﬁn 53‘9’[ he gas
lift loop is achyaleiay igagtbst ween about 20 feet and about 30 feet,

requiring the gas Pressur anathbhgySAse Qs Me,0ke Baf:ﬂggg mstééa% to the
reactor to be bet vveen about 10 an%.bout 15 25 gﬁ IB%S bet ween about

67 and about 100-18¥F FRg@rovide : apﬁ'ﬁ HrFARRES n
bottom | oop 421 hexween thesiges amdclirqnﬂlchtphmseand Howeverhea rtaq;y Ydwer

hei ght of mass
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upl eg so that tvicowdhasay bewvmosei sul et tshlchabneing and egidyeing Iwh:bmbbl e
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liquid phase pI’OVI maxi_mum ar ea mass transfer. oper bal anci ng

of i gl d SEAGRY FATsE FPES%‘FR%% ands reAcEipRp R iwgiher
WO 97/ 00858 may fail to provide sufficient liquB@ThoEdip 1921 1ow the

reaction to proceed substantially to completion in the
liquid phase within gas/liquid contact zone. Incomplete
reaction in the liquid phase also reduces the driving

15 force for mass transfer, thereby reducing the overall
rate of reaction in the gas/liquid contact zone and
increasing the residence time in the reaction zone
{comprising gas/liquid contact and circulating zones)
that is necessary to attain the desired conversion of

20 acrolein.

Preferably, the liquid holdup is sufficient to
provide an acrolein and methyl mercaptan conversiom in
the gas/liquid contact zone of at least about 95%, more
preferably at least 99%, most preferably at least about

25 99.5%. In certain instances, e.g., where a plug-flow
reactor is used to complete the reaction as discussed
hereinbelow, the conversion achieved in the initial
gas/liquid contact zone may be somewhat lower. Acrolein
conversions as low as 90% or even 85% can in fact be

30 tolerated, but operation under such conditions is not as
efficient as the preferred process since low acrolein
conversion reguires very low temperatures to be
maintained in the gas/liquid contact zone in order to
avoid excessive losses of acrolein. To provide the

35 preferred conversions, the holdup is preferably
sufficient to provide an effective residence time in the




27 condition, and avoi ds coal escence of bubbles and sl uggi ng. The
ranges of velocities effective for this purpose may be predicted with
- reasonabl e accuracy based on the principles’illustrated, for exanple,
by Govier and 5 Aziz, "The Flow of Conplex M xtures in Pipes,"” Van
Nostrand Reiwbetmohssgonpany, New York, 1972. See especi alPCyupems/toR84 t o
325 which illustrates flow patterns as a function of fluid velocities
for air/water systens. Since flow patterns depend on fluid properties
and pipe 10 dianeters, sonme routine experinentation nmay be required
for corroboration of the optinun1ve|ocit$%s for a particul ar system
It should be unders q he process of the jnvention can al so be
operated in a sI9”f GRPERGF n2ore) R i 2ahQr 2POTL ?nﬂﬁqﬁszeﬁ°ﬁ$
operating 15 prhﬁfdnaﬂmw ebbubuBbte dbat @omdursonhased on net

start up the rea&;ﬁ ﬁmt hern n tantlal |y
filled wwth MW uégiog ot nt ro on g*“hag'rfo e| néf?t gas and
net hyl ner c‘%ﬁﬂmrcén Wﬁ’ﬁéﬁi‘a‘c’%l%ﬁ @tﬂﬁﬁn?@ds E%%rf"%ltr%*-’@ﬁt 20

t enper at ur e, 5t heyiact llmqup.uonendﬁpapr@rﬁﬁﬁg &neetlt';!ctlve féidencet e so

t hat exothermc ]ﬂé%a%EQQ?Eaﬁﬁngxyabout 4b\%'\,ﬁ g% g %ga&%ﬁ%gp@n)é ure

to the preferred erature at
operations are to &Wﬁé’t agd @sthyl mercaptaasmgcangagtiwq qfeaetor, the

process of the reaﬁé‘:VQ:lHaanl&b@ﬁﬂ besewaieagh&:olar leiédmdﬁrpﬁfddﬂte' n

recovery of at |.east out a.conver si.on o hou
97% and an acr of EIFFAA% 4 BFF= eI 'é%g %[?‘t %6%?3" tt&é‘f’l ned
as the propdpti omo cfigrifdicant 3ddithosal r@amebémegaeedrm is
transferred to tHfovided liinlind Eﬁﬁéﬁla@%%&ieonfbi dehmped, amn iR

proportion of entering acro | consu nthe re | and
yield is defined %%u'?‘he“ﬂpg&fr i ShrS‘I‘ af‘tl"l’e“‘:"d ”Ea{"he 'h‘ 3&'5 gas
whi ch is convertztio ofeiths ddquidMwldgs volume ln thahsasllmquess of

the invention i scoRd@! 6fbne to the! FBERMY IV uthel 38 bhbYcifowlitgbracr ol ein
s produced zone is advantageously at least about 2, preferably at
least about 5, most preferébly at least about 15 or even
higher. As a practical matter, the residence time in the
circulating zone is mnegligibly small, as compéred to the
gas/liquid contact zone in the column. For effective

20 mass transfer and reaction heat removal, the rate of
circulation through the column and heat exchanger(s} is
generally at least several times the net rate of MMP
production. ‘Thus, it will be understood that the
residence time per pass, based on the ratio of liguid

25 holdup volume to circulation rate, need only be in the
range of about 0.5 to about 1 hour, even though the
effective residence time in the column based on the ratio
of ligquid holdup volume to net production rate is
preferably in the ranges noted above.

30 A further advantage of coperation in a
countercurrent tray column is the attainment of a high
rate of mase transfer at low gas pressure drop. It has
been found that satisfactory mass transfer rates can be
achieved with a pressure drop no greater than about 2 to

35 about 5 psi.
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28 by catal ytic oxidation of propylene, no increase in by- pr oduct
- formation or MW product degradation is incurred as a result of the

presence of inpurities such as propyl ene, propane, acetal dehyde,

pr opi onal dehwgermodsss oxygen, carbon nonoxi de, carbon di oxi deCTARS6/ 120

acrolein feed gas. Thus, the process can be economcally

integrated with an acrolein manufacturing facility to avoi d the need

for condensation of acrolein, purification of acrolein, or storage of

acrolein in liquid form The 10 proce%% is particularly adapted for use

I n conbi nati on wth acrole acturing _process in ch he
crude acrolein produ Bhfﬁrggk? 3QFUr 8 SERYBR & tsvapor
and i nert gases magnths rdpeg;altew ganscdoabhilie axdunik. Howemer, thepor and

organi ¢ i mpuri t'bﬁfeksé&e drop in a Mhssfe el %psuﬂééaﬁtﬁnf te&s
used, the ack pressuré resultin fromrfg essure drop |n upl eg

may tend to rai s’éhﬂxhe"-‘breé‘é'éﬁreal R\ P F1st ose £388Fe|
hi gher t han Bptivhere Melatisel yphegs wressurd drop 1Iseast:epaam:ual lay galsf set

by el mnati o of ;1% aialei SherePhapiRaiatlel BukNEuBhORAL | o1 O

refined liquid essure drop across t | nposes
back pr essugEeNLq Hd ﬁ#’@p?’?éﬁ‘é"ﬁruﬂt% hydr ocar bon oxi dati on
reactor in a conventional matdeatarpyoststerddd enbedinents Gh\tiadver se

effect of pressulgedifitdd) groldss bE! che oo IBL B AMCHIAh 3, 2Y of

a nunber of stra gative pressure may

be i nposed &8 thEJSB- 7 aphrbat oﬂnleéchy‘)%l@@ﬁﬁg DrefeRprEsBERCesrathe thes
vent l'ine fepadé fwcﬁmrnatreactﬂan ngie di phpeacedheor sabbtantSially

hei ght of the g %ﬁl%}%grea%%g Iggmg@&nbé%{ egc;_léced,htﬁ(F gss ; ni cal

circulation of t ated in Fig.
3 is an al ternat fybstpmtial recovery of essentially all acrolein. Fig. 7

illustrates the treatment process as applied in

15 conjunction with a gas lift type MMP reaction system,
while Fig. 8 illustrates the treatment process in
conjunction with a low pressure countercurrent tray
column MMP reactor.

In the process of Fig. 7, a mixture of

20 propylene or other suitable hydrocarbon, steam, oxygen
and non-condensables is passed over a suitable catalyst
in an acrolgin reactor 601 to produce a crude acrolein
reaction gas having the composition described above. The
feed mixture is preheated by transfer of heat from the

25 crude reaction gas in a feed preheater comprising an
indirect recuperative heat exchanger €11. The crude
product is treated by further cooling it in an indirect
heat exchanger 603, causing condensation of acrylic acid
and water from the crude gas product. The gas phase

30 exiting the cooler could be introduced directly into a
continuous MMP reactor 605. However, the condensate
formed in condenser 603 typically contains an amount of
acrolein sufficient to justify recovery. Accordingly, in
the process of Fig. 7, the condensate leaving the

35 condenser is distilled to recover residual acrolein
therefrom, producing a vapor phase that may be combined



"1ift reaction system which is adapted for operation at especially | ow

gas pressure drop. Instead of introducing acrol ein gas near the bottom
of the upleg, as in Fig. 2, 35 t he gaseous acrolein feed streamis

i ntroduced t hrough an inlet 221 in downleg 219. Circulation in the gas
lift wo dfooskg/ 00858 PCT/US96/10920

PCT/ US96/ 10920 ) 29 reactor loop is
initiated on startup by introduction of a startup gas through an inlet
224 in upleg 217. The el evation of the startup inlet is at |east
slightly | ower than that of inlet 22§ but both may be | ocated as high

5 as necessary.in the s |l.oo o th d head in the, | oop does

not create exceé%FVe d%ﬁ?é@?ﬁﬁb Pmtﬁg enser gRstihpF8qheeton.

Ei t her the acrobeiuhéerdagasrpmuﬁha.llquudephagascaugaﬂnangsadrybicstartup.

Once circul atio 0 R established, 10
Bc8h Fhat 4 d&%g may&gl End 9&&6@?‘

I ntroduction of acrolern renc through inlet 221,
and i ntroduct i oREFLISUARELY. g%% shown' dg, ﬁ?ﬁa@W&gscﬁ)ﬁ“&sW%ephase f1 ow
extends from i ngab/liquidZdtican rd:ﬁts%éndénebﬁveos Maidh\HlowBr eaphan can be

I ntroduced at a ve n o] the 15 craolein feed
poi nt, or throu%ﬁa%ﬁg g%?té?égg Qurtﬁér €%€E$§' an Bg ? ?
anywhere in theofobgatThe & CookﬁﬂﬂIfﬂéaﬂdiéoﬂt@@%lzk#ﬁidﬁa#bﬁl§b§shh€.
portion of downigg fFlashé#Orhetw igehdbs?dd R vepédh e Apllid 8epak8bo2l7. The

e Ol ' hALEAnbRen 08 AL B B Bt leRl, aflEnel ™Y
reacti on zove. gBscpheset fhowing aunsbschopef The ¢tndansageecibn |eg 217 is
| onger than directed to a fractionating column 629 provided with a
reboiler comprising an indirect heat exchanger 631 and a
condenser comprising an indirect heat exchanger 633. The
column typically comprises at least 2, preferably 4 to 6,
15 theoretical stages. Vapor exiting the top stage of the
column is partially condensed in heat exchangexr 633. The
condensate is refluxed to the column and the vapor phase
is mixed with the cooled acrolein gas phase leaving
flasher 627. Preferably, the fraction of wvapor condensed
20 in heat exchanger 633 is such that the column operatees at
molar reflux ratio of at least about 0.5, preferably
between about 1 and about 2. The bottoms stream from
column 629 contains about 3% to about 5% acrylic acid in
water, and has an acrolein content of less than 1% by
25 weight, preferably not greater than about 0.1% by weight.
Overheads from the column predominantly comprise
acrolein, typically in a proportion greater than 75 mole
%, more typically greater than about %0 mole %.
As illustrated in the drawing, overheads E£rom
30 column 629 are mixed with the gas phase exiting flasher
627 to provide the acrolein feed gas for reactor 605.
The acrolein feed gas has the composition generally
described above, but the acrylic acid content is
consistently below 200 ppm, more typically below about
35 100 ppm. Reactor 605 operates in the same way as reactor
105 of Fig. 2, and jacket 607, upleg 617, downleg 619,




that in leg 219, downward flow of the two phase reactant m xture is
mai ntained in leg 219. The reactor then 25 continues to operate with a
-liquid head differenti al determ ned by the liquid head above inl et

221. Were that liquid head is nodest, pressure drop is mnimzed.

| f pressurewyopposssm tati ons on perm ssible liquid head rcTmkebfesnenti al
cause the superficial liquid velocity to be 30 - less than optimum for
effective mass transfer, this can be conpensated for by increasing the
vertical dinmension bel ow the gas entry point to increase the residence
time for mass transfer. 37 In another alternative, a draft

tube type gas 35 lift reactor may bg used_in which the acrolein feed gas
is introduced i RPLEPRIWPRG2UuBETORGLR fead NQdRY $23, and methylH7/ 00858

PCT/ US96/ 10920 mercaptan supply 625 all have the sifke functhibusana@ted in Fig.

4. Th t ' §5,8 f I al in a
cyli ngrirgglc ?(raagg ?Sfri]emj':iesseI%QEgﬁaté’)&%‘g%grﬁ%e%ggﬁﬁggﬁgfﬁ Igas
lift r eact oCORPIRRRLS Ve theh FPRFEPEGPHFIEt Ween draft tube 5 319 and

the ‘i nside &l | of react orhe/qaselessOdp! FgS Mutilizes ad atFolens toget her

the draft tube r c [ | ati on of
MWP. (Gaseous %ggggfgl} Ggi'f elg%és%?'ro ga%alggfllé’% f%c?ﬁé‘e%&r tt %rxtgaéﬁgggdf%ﬂpiape
inlet 321 in dr &relenRnd RArtisl,copdseserpiiefion gergvalhofewakey ad i n
the art, and notesylflc CARIE®iAca te! Brude Fédfbtidbn Rid)Yh FRASASE ap-ANd

R R e

10 provide the same functions as reactor 601, heat exchanger
611, partial condenser 603, flasher 627 and acrylic acid
column 629, respectively, of Fig. 7. Operation of the
acrolein reaction and crude acrolein reaction gas
treatment system of Fig. 8 is also comparable to that of

i5 Pig. 7, except that the preferred operating pressure in
flasher 727 and fractionation column 729 of Fig. 8 is
significantly lower than the preferred operating pressure
in flasher 627 and column 629 of Fig. 7. For example,
the preferred operating pressure in the acrylic acid

20 removal circuit of Fig. 7 is between about 20 and about
30 psig, while the preferred operating pressure for the
corresponding circuit of Fig. 8 is only about 15 to about
20 psig. Lower pressure drop across tray column 705 than
across gas lift reactor 607 allows the lower pressure

25 operation of the acrylic acid removal circuit of Fig. 8.
Lower pressure operation allows even more efficient
removal of acrylic acid, so that the treated acrolein
feed gas entering reactor 705 typically contains <100
ppm, more typically <60 ppm acrylic acid. 3Again,

30 overheads from column 729 contain at least about 75 mole
¥, more commonly at least about 90 mole % acrolein. Tray
column reactor 705 operates in the same way as the
reactor of Fig. 5, and methyl mercaptan and acrolein
inlet 723, circulating pump 730, heat exchangers 707 and

35 708 and MMP liguid medium returns 706 and 722 have the
gsame function, and essentially the same construction, as




“introduction of a startup gas through an inlet 324 in 15 annul ar upleg

317. Though shown as a dip pipe with a single outlet, inlet 324 is

- preferably a ring type sparger surrounding the draft tube, with outlets
spaced around its entire periphery. As in the reactor of Fig. 3,
the el evati owoofmegdse startup inlet is at |east 20 slightl| ycrasssiosdean t hat
of inlet 321, and both may be | ocated at what ever el evations are
necessary to mnimnmze backpressure. G rculation is conmenced in the
sane manner as descri bed above with respect to Fig. 3, after

whi ch introduction of acrolein feed gas ¥y be commenced 25 through inlet

321, and introdyction of startu as termpnated as.soon as t phase
f1 ow extends frdmhS mog:[respondéﬁg ?Weé}tss?f.m e *FBfH é?nt%tﬁ‘hvé\% zone in

t he annul arfilgag 5317 nmi ntai ns downward fl ow of the two phase

reactant m xture in the dgaft gu m‘fé)cﬁ' ues to
operate with a liquid heagqgi'fFe?_g%%%%‘{gg g;élfrg?%gnégt%y t favlelni uid head
above inl et 321.”‘3‘)‘1"{#&\?@‘: of theghnyentiqn joymhdeh AgPareiakly oz

dr olo, t he bs \Wadi efilxedi ORSinGons tdurtdich Bystem Baho.*mtd&i@:?d&e _
outlet may be a n Y.t r e q r ence tine
for nmass transfzo .eqa%}g?%oo%%ﬁggﬁén%y%%&éﬂ& Fg'qn‘%vggggrg%rf ﬁ%%rteactor of
Fig. 3 via a jadiequired for %heoy] b conversion desired, and the

PCT/ US96g 30920 reac_tlion medr:llum .;.]eaving reactox} 50ilis pas§%tl; r&w&ﬂic??g_at E_e
the reactor. Exaipie fapv YedEheloBls for dfeRicR B8/ Ehr SPdRI BRbe! dence
time in 18 hoReagtam 5éds aghdil dustrptiefl Hand igi.f Gerompriges | Txayi ni ni zed
to avoi d excessiMSidiar kdaReo.€ BBwbPer AR Rig: of a plug flow
finishin¢ reactor is equally applicable to either the
circulating countercurrent gas/liquid flow reaction
. system of Figs. 5 or 8, or the gas lift reactor of Figs.
is5 2 or 7. 1In the process of Fig. 6, acrolein and methyl
mercaptan are fed through a gas inlet 521 at the bottom
of a tray column reactor 505 of reaction system 501, and
ligquid MMP reaction medium is circulated through that
system, entering at the top of the column through liquid
20 dnlet 506. Reaction heat is removed f£rom the circulating
MMP stream by transfer to cooling tower water in indirect
heat exchangexrs 507 and 508, A liquid reaction product
fraction containing residual acrolein and methyl
mercaptan is removed from the recirculating stream of
25 system 501 through port 509 and thereafter passed through
a plug flow reactor 511. Use of the plug flow reactor
operated at a temperature in the range of between about
30°C and about 70°C with a residence time in the range of
between about 0.1 and about 0.5 hours allows the
30 residence time in the circulating countercurrent
gas/liquid flow reaction system to be significantly lower
than ‘in the reaction system of Fig. 5. For example,
vhere the residence time in the back mixed reaction
system based on net outflow of product is only 0.2 to 1
35 hours {at a liguid holdup in a tray column reactor of 0.2
to 0.75 hour, e.g.), and the reaction product liquid



reactor, the preferred operating conditions for the reactor of Fig. 3

are substantially the sane as those in Fig. 2. Anot her
-preferred enbodi nent of -the invention 10 is illtustrated in Fig. 5. In this
enbodi nent, the reaction is conducted in a tray colum 405 through

whi ch | meppembodsP reaction nediumis circul ated. Liqui deduviBsoss0920

I ntroduced through a liquid inlet 406 at the top of col um and
acrolein feed gas is introduced through a gas 15 inlet 421 at the bottom
Met hyl nmercaptan is al so i ntroduced at or near the bottom of the

col um, - preferably through the sanme 3%l et 421. The interior of

t he colunn conprises a gas/|iguid,contact zone throu whi ch the gas
and 1iqui d phaseSRCHRP dﬁﬁ%%#hﬁuﬁ“ﬁﬁl SFSmZBhr°¥§Rﬁ§%ﬁqu§99 mass transfer
fromthe gas to tdomseggently contztase betseeni aboyt i ed¥ |and rbone nkays of

the col um. SRRAC b Bcka1Efn N eyl fiekLaith PNESA A &%scki

t he downconers between trays, circu r|S|ng
the sunp at the MBRFOFOFM%W%H@rPhE@B abowl ¢ A zﬁalf%‘nOSat h to
liquid inlet si06.ack®lehia g88 héthyl mercagfahhBay dbel Prodided %ltn the ex:.t

progressively tr e | t he
top of the Qﬁf%ﬁ%&lgléﬁb %JJ“%11 greg g$€§§r6$§i&é%§ﬁj IS vé t
through an inci n@la@gofloy| E?QCt%‘F af Iﬁqfﬂf“%‘m Shanp abot Q:-cﬁltWP-‘Sdew ce.

Unli ke the essentalalhoughsgeheratly Jassd idesirable | eelié Gffodsd @S b8. 4, the

tray col um reacto%rellaﬁ;ﬁﬁl Lo shiﬁt?ﬁ‘&f:%%% F Blg%%?é %fd‘{%até ﬁﬁ and is

Liquid reaction oduct ure exits he ¢
35 divi ded 19“()¥?ﬂﬁﬁ@§uc%anE£$¢cﬁﬁﬁ&nqg¢ perpbedn ceontent tafe the  process
and a recircul at ifgadrieat peoaubt Cli i QlafingNthe initial \YAsY1404848

PCT/ US96/ 10920 contact zone, and flowing forward to the second reactor,
can be as high as 5%, or even 7-9%. For example,
according to a feasible but less preferred option, the

15 methyl mercaptan feed can divided between the initial
contact zone and the plug-flow reactor, resulting in
incomplete acrolein conversion in the initial zone. 1In
this case, the balance of the methyl mercaptan should be
introduced upstream of the plug-flow reactor to assure

20 completion of conversion in the latter process step.
Except for the point from which the circulating MMP

. reaction medium stream is removed, such scheme is
generally comparable to that disclosed in Fig. 9 and
described hereinbelow.

25 In the preferred embodiments of the invention,
pilug flow reactor 511 operates substantially
adiabatically. However, a jacket 513 provides for supply
of heat or cooling as needed to maintain the temperature
in the desired range. If the process is operated with

30 relatively low conversion in the initial gas/liquid
contact zone, substantial exothermic heat may be
generated in the plug-flow reactor, in which case
adiabatic operation may not be an option. In the latter
case, provision may be needed for substantial cooling and

35 temperature control of the reaction ligquid flowing
through the plug flow reactor.
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32 returned to the colum. A punp 430 provides the notive force
for recircul ation. Reaction heat is renoved by transfer to cooling
tower water in an indirect heat exchanger 407. In order to assure
conpl ete absorption of 5 acrolein into the liquid phase, the
recircul ati rgo bivbisss exi ting heat exchanger 407 is preferabigsguaseed
t hrough a second i ndirect heat exchanger 408 where the
recirculating streamis cooled to about 10[err]C or | ower, preferably
about O to about 10[err]C, by transfer of heat to 10 refrigerated brine.
Optionally, a portion of the MW fréfttion exiting cooler 407 may be
recycled to port 422 a e | ower |on the colunn
e.g., the 6th or 8t ﬁ@tﬁ%ﬁc‘#/% Hrr?la cgopf?%‘g“ APFI‘?&&S
partial recycl e ifliduskhzatedein pgiigs o1 do whmayobunmsedtdmnecﬁiy fowethel um
t enper ature prof, [ Jo gt h

np P ;He?ar&&’i‘ﬁﬁ of £ ﬁ#%t"harlthiot)m el at :‘rﬂéa Y e hﬂi?p

t hat enbodi nent "and .1Ln ci.rcu
reacti on nmedi umdiStillatien £o% Fempvale ofofikhey aigh kpiding or
Because ‘of tdhe ddidtagt imphyiedkesbatTitisot onbyad;a\oase tthe eﬂmtalluaﬁd

radi ent prevail a t he
gol umm |sp o}%ﬁ‘ar g'gg é%%?%ed ?f:gl m a te%erg%ﬁirzljéf%ﬁ&g’oﬁuwo err Cto
about 10[err]C éft"ctlﬁé FBE vieldcloggemmineyisapiypeesifingfrom theyoyt
50[err] C to aboutorticden] 6f aaadiedidiail WighBbealess gixs &b Mt ting the. col um

Is contacted b VA [
prevails and g A\M%ﬁi g?ﬁhrecoﬁlﬁm% %ﬁgl@h%@)k%gfi&:ﬁ; lFoqpro
reaction int®he ﬂ@?&é/hei gupduced by treasdon 98 tha MR preduct wigh ( he I | qui d
trrredl ;Jml at thebl Iirbgen tyghidde CcI Widrn,S the mmmeéemars& \eoatiedtRd £6 r:jse
o at |east abo err] ra medi um
ngz? o g_con@%hmm&%%ﬁ Egiga[) b\r\‘gh&&lo g’tg (‘;15 .

across the (ARG zone s prere ano
and about 80[ er rfith ﬁ%@&ﬁ'é@ e hREhex imineradhacéd} y @hout pressure drop

occurs in passagiigfilgatibhr e0obrhée ddfitiihg3df EEtHebyridamtyr s thehe tray
col um reacfQr %I@,e the HMBN may be converted to HMBA which is suitable
for use as an animal feed supplement serving as a source
of methionine. MMP produced by the process of the
invention may be converted to HMBN as described above,
and the HMBN advantageously converted to EMBA by eitherx
20 the process described in Ruest et al. U.S. patent
4,524,077 or the process of Hermandez U.S. patent
4,912,257, In the process of the Ruest patent, HMBN is
hydrolyzed in sulfuric acid, the HMBA product extracted
from the hydrolyzate using a substantially water-
25 immiscible solvent, and the extract steam distilled to
produce an 85 to 90% by weight agueous solution of HMBA.
In the process of the Hernandez patent, the hydrolyzate
is neutralized with ammonia, causing it to separate into
two phases, the organic phase being evaporated to produce
30 an 85 to 90% aqueous solution of HMBA.

Illustrated in Fig. 9 is a still further
embodiment of the process of the invention in which the
methyl mercaptan feed stream is divided between a primary
feed port 821 at or near the lower end of a tray column

35 801 and a secondary feed port 831 on or adjacent to a
reactor 813 which also receives MMP reaction medium
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direction of flow of the MMP reaction medium, or vice

versa. The balance of the methyl mercaptan (the

15 secondary methyl mercaptan stream) is introduced into the
MMP reaction medium outside the countercurrent gas/liquid

contact zone after the reaction medium has exited

the

bottom of the columm. Fig. 9 shows introduction of the
secondary methyl mercaptan stream into the MMP reaction

20 medium in reactor 813, Reactor 813 preferably comprises
a flow'reactor, more preferably a plug flow reactor.

. Reaction medium exiting reactor 813 is divided
into a product stream, which is removed from the process,
and a recirculation stream which is cooled by passage

25 through a heat exchanger B07. Reaction medium exiting
heat exchanger 807 is further divided into two recycle

streams. The first recycle stream is introduced,

without

further cooling, into column 801 at a stage between the
top of the column and the point of introduction of

30 gaseous acrolein feed. The second recycle stream

is

mixed with makeup catalyst for the reaction, cooled to a
low temperature in the range of -15° to 10°C by transfer

of heat to chilled brine in a heat exchanger 808,

and

returned to column 801 at or near the top of the columm.
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conversion requires very |ow tenperatures to be mai ntai ned in the
gas/liquid contact zone in order to avoi d excessive | osses of

. acrolein. To provide the 35 preferred conversions, the holdup is
preferably sufficient to provide an effective residence tine in the
WO 97/ 00858 wo ¢7/00858 PCT/ US96/ pC#/R696/10920
34 gas/liquid contact zone of about.2 to about 5 hours, nore
preferably about 3 to about 4 hours, based on net production of MVP.
In a tray colum of conventi onal design, a conversion of at |east 99.5%
can be realized 5 with a liquid hol dup p#dviding an effective residence
time of not greater than gbout 4 hours._This corresp S to ., acrglein
and nethyl mercaptan concgﬁt PHFFﬁﬁgo‘?)foiﬁ € PTogras gﬂ?ﬂﬁﬁa‘%ﬁﬁg&ﬂ‘ &1 by
wei ght in the WP, m gbimary methyltmercai@eoafeedt béreamnci s oint odured
transfer limted 0 ARk | s qf | be
provided in the ié‘l‘éégu% ion g%%g?%?@g%g@qg?hfin%%&g%% ¥§J(l)+llr}ﬁh£?§%§ or a
circul ati ng MP Bt anfatenwilchpis less fhen stodrdipmetricadi¥dup vol une

in the gas/| 5qui gquivalesit! @et theneate obeinvwdduagival vieactoldin dinteul ation
5. most pref or abt Y aenerns drrsifth PR areall.®! afipleth anq nadBY 37
matter, the resivergadtamyeast: pAn a firah xanckdiong ze8geinswhieh i gi bl y
Teci 03 50 P mASHTiie 1n choabLG s wmsonounerny praimy o
gi rgﬁl :i;/?on throﬁﬁl‘f"’f‘?ﬁém?g §ﬁ§gﬁ%{>ﬂ$ %%:d%‘gﬁg%g?%‘%ifl g unr%%%teﬁnal ly at
| east sever dal tiaesokeig.nefTheafdrst mpmction zone preferably comprises
at least the portion of the countercurrent gas/liquid
contact zone below the point of introduction of the
primary methyl mercaptan stream, and more preferably
comprises most or all of the countercurrent gas/liguid
15 contact zone above the point of introduction of the
gaseous acrolein feed stream. Although an excess of
acrolein is introduced into the gas/liquid contact gzone
801, the acrolein content of the MMP medium leaving the
gas/liquid contact gzone, and of the intermediate reaction
20 product leaving the first reaction zone, is maintained at
not greater than about 5% by weight, typically between
about 0.8 and about 5% by weight, more typically betwee
about 1.0 and about 3.0% by weight. '
The secondary methyl mercaptan stream is
25 introduced into the intermediate reaction product and the
reaction is substantially completed by reaction of methyl
mercaptan with residual acrolein in a second reaction
zone that is separate from the gas/liquid contact zone.
In the process as illustrated, the second reaction zone
30 comprises reactor 831. The reaction medium exiting the
second reaction zone is divided into a product stream and
a recirculation stream and the remainder of the process
is as described hereinabove. Reaction medium exiting
reactor 831, and therefore the recycle streams returned
35 to gas/liguid contact zone 801, preferably contains less
than about 1%, preferably not more than about 0.5%, by




production. Thus, it will be understood that the resi dence tinme per
pass, based on the ratio of liquid 25 holdup volunme to circulation rate,

-need only be in the range of about 0.5 to about 1 hour, even though

t he effective residence tine in the colum based on the ratio of
| i qui d hol dupvO/%/09®8 t 0 net production rate is pr ef er RFHUSH/10936
ranges noted above. 30 A further advantage of operation in a
countercurrent tray colum is the attainment of a high rate of mass
transfer at | ow gas pressure drop. It has been found that satisfactory
mass transfer rates can be achieved®@ th a pressure drop no greater

}32:1a'? Ugg gf tl 0 S ) E) O %RighBP8E! e2tR&! ‘acrolein orV‘QvQZg%é’fé Sretny1 mexcapfan,

further alternat ilfe thigecoptestn 7 wild bes underayoed By &hedaysizabiebl e

col um. However, nic®yl meRE&HEaK einamaebnbathubbée zﬁé&wm m&csabahaahaal l'y
greater than I n,eLt her wher e

relatively high B}e&‘? g‘eﬁf‘%{ray oreggggggbggl "th W%Perfc%@?%*ml S

pref erred becﬁausé!eunthheacatblll ence created | n the reactor upleg.
Particularly preferred enbﬂﬂtﬂsﬁ'g}?@{e %cess bgtﬁggatgaq_gag,lggess of the
I nvention are illust ateg ﬂ e:}%t 0 % of, these
preferred proces?é’? e?:'?lﬁfé" &P& H FE&EtF ) 5‘3’5““?"5"% ggtugedo
substantially byeldimwibationyrhf chec imeé thyd nmeheapan hetiveenassprimgry
substantial reco 19 t%séﬁatb@éédfn Yr the’ ebeifin &hd a BecondhrVshppies
the treat rren{o pro S Eésécm.glo::'ea.ct::u:m zone geparate from the column.
Where the methyl mercaptan feed is divided, the primary
feed may —onstitute from 20% to 95% or more, more
typica” 30 to B0%, of the total methyl mercaptan feed,
whic* _ocal is preferably stoichiometrically equivalent
15 to .2 acrolein feed. Depending on the allocation of
me .nyl mercaptan feed, the MMP reaction medium exiting
the column {(and the intermediate reaction product) is
typically at a temperature of between about 40°C and
about 60°C. MMP reaction product leaves the secomnd
20 reaction zone at a temperature between about 65°C to
90°C, and the recirculation fraction is cooled to between
about 25°C and about 40°C in heat exchanger 807.

The following examples illustrate the
invention.

25 Example 1 :

MMP was prepared by reaction of methyl
mercaptan and acrolein in a gas 1ift reactor of the type
illustrated in Fig. 2. The height of the reactor was 3
feet (0.914 m) and the upleg bhad an inside diameter of

36 0.5 in. {1.27 cm.). Gas/liquid separator 109 comprised a
cylinder having an overflow port for MMP product, a
connection below the liquid surface for return of
circulating MMP to the downleg of the reactor loop, and a
vent at the top for release of non-condensable gases.

35 ©Prior to the introduction of reactants, the reactor loop
vas filled with MMP containing about 0.4% by weight



15 conjunction with a gas lift type MW reaction system while Fig. 8

Illustrates the treatnent process in conjuncti.on with a | ow pressure

- countercurrent tray colum MVP reactor. In the process
of Fig. 7, a mxture of 20 propylene or other suitable hydrocarbon, steam
oxygen WO gh/oosss- condensabl es is passed over a suitabl ercrUsisHos20 in
an acrolein reactor 601 to produce a crude acrolein reacti on gas
havi ng the conposition described above. The feed m xture is preheated
by transfer of heat fromthe 25 crude reaction gas in a feed preheater
conprising an |nd| rect recuperatlveé‘heat exchanger 611. The crude
product is treated, f.urther cooli in

SI rect heat gxchanger
603, causing coRYEASAPAYR BFeLRr§ §3 . 1r§H afaoRof MR dRtBPude gas
product. The gaseplctosr $8s csmnemced ihy cs(palr@ingoati.u bhrough edugaé"di rect |y

into a Contdy3yqis Wa&%@f&?x’i by g‘d‘% ‘A%F 158, Cg@?ﬁ%%ﬁ. LA for med

I n condenser 603 typically, contains an I ci ent

to justify recorPBFIeR:E6r dRRYES, °4~?F“latl°Ph8prBSe%Pof hot, yater wRs
condensat e |®avigagselde throughngacker 107 diosbrihgdthe teeOvkitingsvawako

acrolein t her 0 Hﬁb. o Rase that may be conbi ned
WD 97/ 00858 ¥ c%k‘i:?:@h.l@ﬁ : clreBE 4158 PCT/ US96/ 10920

36 with the gas phas® PYBEheHc mdenseroleinoRsreamwas axepared: o t he
;eactﬂl apd a |Hayding masemrgaéﬁtzlmmgsetcrfblﬁﬁ% in 'rr]'ashé iraf,aunl% b&%?\;i\gkd
ot 5 Badyt Uit romel HER Gl el Mkl R e
inlet 123. Methyl mercaptan vapor was introduced through
the same orifice. Acrolein and methyl mercaptan were
introduced through the sparger at a molar ratio of
approximately 1.0 to 1.02. The absolute rates of
introduction of the reactant streams is set forth in
15 Table 1. Also set forth in Table 1 are the superficial
gas velocity in the upleg, the reactor liquid volume, the’
residence time of liquid product in the reactor, the
recovery Of reactant feeds, the reactor yields, duration
of the continuous run, average supplemental catalyst feed
20 rate, and average rate of introduction of water in the
acrolein feed gas.

The sparger at inlet 123 dispersed the two
reactant feeds into the liguid in the upleg and created
an aerated column for this leg. As a consequence, liquid

25 in the non-aerated downleg was forced to flow downward
into the bottom of the upleg through the bottom U bend,
and continue to move upward through the dispersed gases
in the upleg.

Within the two-phase upleg, from the gas-

30 sparger at the bottom to the separator at the top, a
reactant mixture was formed which comprised a liquid
phase containing MMP, methyl mercaptan and catalyst and a
gas phase containing acrolein. The acrolein and methyl
mercaptan were absorbed rapidly into the liquid phase and

35 the two absorbed reactants reacted with each other to
form MMP product. The rate of reaction was very rapid,
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-flasher 627 where it is further cooled, e.g., by transfer of heat to a
cooling fluid in a coil inside the flasher. The flasher further serves
-as a vapor |iquid separator, - wi th condensate draining out the bottom

thereof, and the 10 gas phase flowing out the top. The condensate is
directed to wdommpdsgonati ng col uim 629 provided with a FOTINES04/E0920
conprising an indirect heat exchanger 631 and a .condenser conprising an
i ndi rect heat exchanger 633. The colum typically conprises at |east 2,
preferably 4 to 6, 15 theoretical stages. Vapor exiting the top stage of

t he colum is partially condensed in4%at exchanger 633. The

condensate is refluxed to, the colum and_the vapor phase Is mxed with

the cool ed acrol 8% §eRshiaed £hg xgre limieing Ster ofptbecPERress (¢ he
fraction of vapoisomentbmbiesi Atapor pheale exsbelgebdiikdrs theCAekbpéit he

bet ween about 1 309 Shecfedladild idclebubredl B cibrhcg of BTNV
contains about 3%pESLigeiA TORLRL IZOBSadRdthe upledwatetheamgantior s
AboLt 0. 156 by we e e o e R ot | 20
acrol ei n (;y%i caﬂ%yrfeﬁc‘éi%?cc)%%ﬁcfogﬁn& YRLEF ?:F‘I’é%“i%@?fgl rougﬂ gﬁ?c errp
typi cally greaterl0f7aan about 90 nmole % As illustrated in
B O e A T G R O I
‘(Ia'?(]lat :A(r:]?ol e?ﬁ fee&:wé’a?gﬁgg ?%tgwcmeﬁegx 8&%@?’%@% ga% i&ggcﬂ’sgﬁmabove, .
but the acryi@ c adithoubrmeebanical agitatdiodt enta yremirmiagdngppumpprehe
typically bel ow a3t e3Poop OfedtBr BRMGEVEAORE-&PEha &5Y FelBQeasgNBeVAY as
reactor 105 90 L0 Zredlihd P ¥kt 0L o U SO doMnLed 619
mercaptan) and virtually all the recovered reactants were
converted into the desired MMP product in the same
15 reactor loop. Composition of the product and the non-
condensable vent gas stream are also set forth in Table
1.
Despite the higher than usual feed impurities
(propylene, propane, acetaldehyde, propionaldehyde and
20 water) contained in the acrolein feed gas stream, little
or no by-product formation or product degradation was
experienced ag a result of the presence of these
impurities. In particular, this and other experiments
demonstrated that the reaction system is capable of
25 tolerating a water impurity content of more than 3% by
volume in the acrolein feed gas stream, and the resultant
>6% by weight water content that is reached in the
circulating liquid during operations at steady state.
As a result of the intense mixing provided by
30 turbulent flow in the gas/liquid contact zone, and rapid
circulation of MMP reaction medium, localized hot spots
or concentration imbalances are avoided. This in turn
inhibits formation of undesirable by-products.
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37 bottom | oop 621, acrolein feed point 623, and nethyl mer capt an
supply 625 all have the sane function and .essentially the sane

- construction as the correspondi ng conponents of the reactor of Fig. 2.
5 The process of Fig. 8 utilizes an acrolein reactor 701,
reacti on gaswboggessfs heat exchanger 711, a cool er anccrarsbé/aisze
condenser 703 for renoval of water d&d acrylic acid fromthe crude
reaction gas, a flasher 727 and an acrylic acid fractionating col um
729 which 10 provi de the same functions as reactor 601, heat exchanger
611, partial condenser 603, flasher 627 and acrylic acid col um 629,
respectively, of Fig. 7. Operation of the acrolein reaction and crude
acrolein reaction gas treatment systemof Fig. 8 is also conparable to
that of 15 Fig. 7, except that the preferred operating pressure in
flasher 727 and fractionation colum 729 of Fig. 8 is significantly
| ower than the preferred operating pressure in flasher 627 and col um
629 of Fig. 7. For exanple, the preferred operating pressure in the
acrylic acid 20 removal circuit of Fig. 7 is between about 20 and about
30 psig, while the preferred operating pressure for the correspondi ng
circuit of Fig. 8 is only about 15 to about 20 psig. Lower pressure
drop across tray colum 705 than across gas lift reactor 607 all ows
the | ower pressure 25 operation of the acrylic acid renoval circuit of
Fig. 8. Lower pressure operation all-pwss8Ve &6 & 8 1 Ci ent
renoval of acrylic acid, so that the tre@g‘cﬁ@cﬁ@}@@ﬁ’ggof&e@gas

entering reagtor 705 typi caI Iy cqul B Ao BRI Ed YREcal ly <60

ppm acrylic &cid. Again, ads P*9n1colunn 729 contairgat |east
about 75 nol % nDre como gggt %QQ ggmﬂgle Wbaqgoleln Tr ay
columm react@®r 705 operates in t N 1 i eact orwm of Flg 5,

and rnet hyl rcaptan and acrokegei ﬁ‘f§t°7.2%°‘8|75’u?§’i?r? Fanp= 730,
heat exchangr su707 and 35 ‘?f"q‘tlf’a"l?e‘al?lfﬁ?

9
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38 t he correspondi ng conponents of the reaction system of Fig. 5.
. Fig. 6 illustrates a further alternative enbodi ment of the invention in
which a partially or fully 5 back m xed conti nuous reaction system501 is
desi gned or wov/eqess ated to provide a residence tine | ess PaRSsdman20
required for the ultinmate conversion &&sired, and the reacti on nmedi um

| eavi ng reactor 501 is passed throRlpma@ples 25239 f| ow reactor 511 for
conpletion of the reactign., 10 . Reactor 501 % i.llustrated ipn Fig. 6
conprises a tray col ng.Lhe APPRRNL OL Fig- e %‘Fr%lﬁip’hg}' ow
fini shing reacteacted agith methpd| nestdptam tr preoduckeMMP.  (The (pidams

count er cur r ente9asddbgidd duleOWnT ERE ihlither geheth®TyOhefblfbed 4 8, Or the
gas lift reactor of_ Figs. 1 In%é%e rqocess of Fig 6, acrolein

L5 2,01, 7. .

and” met hyl > EXRRLELm byte vRciations gre % APePPSHALLAG t he bott om

of a tray col unemperaiture Séipletr ratid i ofh sapsilednS@Gd, matiyl mercaptizh NP
react i on medi ughd Sr&ddicll HRA, L BroHOl Widtumer ri® ShEMEeaALLAI0 dHlg L he ! OP
of the colum fthrough IQUI% 20" Tnlef 506. Reaction heat Ts removed from
the circul ati nderoleipmanqensirabion rithsthe a8 fo6d mixberRr ERRSe | n

i ndirect heabces hangritions 7and Ot 1od) Srildd Eord the@agiuh® o rexchngil
fraction co%a'ég%;gafgsé%@oﬁﬁr Qé%&fgé_mt hyl mercaptan i s reer?oved

g stream of 25

fromthe recrrculatin SyStem 501 through port 509 and
t hereafter passed thr ougiieasuregents ¥ |dgie@Haasioggivexganade (9fe pl ug
flow reactor supeppidxhikd=ai valbeipe| ainlet idtridleinasgecattimiimen about
30[err]C and a %& é{‘ﬁ% i a i j i r A0g
bet ween about 8%&%% S%o fgtbgﬁbuéié% %tcv\:c %éegitlrgtw&' ede(}.[ce

time, and feed ratio of acrolein to methyl mercaptan. A

15 statistical analysis was conducted to determine the effect

of the latter operating variables on productivity, acrolein

recovery, yield based on acrolein, acrolein concentration

in the liquid phase, and methyl mercaptan concentration in

the ligquid phase. The results are set forth in Table 3.




30 residence tinme in the circulating countercurrent gas/liquid flow

reaction systemto be significantly | ower than in the reaction system

of Fig. 5. For exanple, where the residence tine in the back m xed
isonly 0.2 to 1 35

reaction m based on net outfl ow of product
hours (at a Iiéﬁ‘rs’é’?%up in a tray colum reactor of 0.2 to 0.75
hour, e.g.), and the reaction product |iqé8d WO 97/ 05EEZS96/10920
PCT/ US96/ 10920 .39 fraction exiting
this systemthrough port 509 consequent |y contai ns between about 0.5%
a final reaction

and about 1% each of acrolein and nmethyl mercaptan,.

product containing not nore than about 0.3% each of 5 acrol ein and net hyl
of plug flow reactor 511 in a

mer capt an may be producedzat 'the exit
total residence tine in tfe plug flow reactor of not nore than about
0.5 hours. Al t hough @w@ly | ess desirgble, the process may be
operated to shift nore ofﬁhhsvténversi on to &he second 10 reactor, in

E t he moepction product |iquid |eaving

whi ch case the acrol el
oo ohbact” zmle,*gr}nglovm ng forward to the second
2 S g D%

the initial gas/lgquid, <

react or, canfbe @smiw & K8 o For exanpl e,

according to a fdfsi bbe“ﬁin"!@%bm;ef ggednepoi on, the 15 nethyl nercaptan

feed can divided bet WERANRE PP HEl ©© o aenbact zone and the plug-flow
i nconpl ete acrolein conversion in the initial

reactor, resulting in
In this case, @ he bal ance of the nethyl nercaptan should be
conpl eti on of

284
oVve

zone.
i ntroduced upstream of tﬁp pl ug-flow reactor to assure 20
conversion in the Iat@ergpf ss step. =
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Except for the point fromwhich the circul ati ng MW reacti on medi um

streamis renoved, such schene is general ly conparable to that
- disclosed in Fig. 9 and descri bed herei nbel ow. 25 In the
preferred enbodi nents of the invention, plug flow reactor 511 operates

subst ant i al Iwo97oosssdi abati'cal |y. HOWEVEI’ a jacket 513 pr ®CTAS6/F0R0 suppl y
of heat or cooling as needed to maintai %t he t enperat ure in the

desired range. If the process is operated with 30 relatively | ow

conversion in the initial gas/liquid contact zone, substanti al

exot herm ¢ heat may be generated in the plug-flow reactor, in which
case adi abatic operation nmay not be an option. In the latter

case, provision be needed for substantial cooling and 35 tenperature
control of the reagtlon liquid fl ow ng t hrough the plug fl ow reactor.
WD 97/ 00858 . PCT/ US96/ 10920

40 o E?#’r%actlon producE roduced in the processes
illustrated in %i g3 % nay be u§ directly for the preparation of

4- (nethylthlo)UBtyFGhPt r distillation for renoval of

ei ther highf boi 8i.ng RE; @&/\giﬁ bqgr;ﬂ;ﬁgogrfaurl ties. This not only saves the
capital an o‘:E)elrcaH«i B P eg fwﬁrtaw ding distillation, but also
ield Em

avoi ds the @55 @SRV t wesubtlng fromthe formation of
addi tional high boilers in an MW distillation colum.
4- (thhylthlo)butyﬁpnltrlIe (HVBN) 10 may be produced by reaction of the
MWP product with & hydrogen cyanide- In turn, the HVBN can be converted
to 2- hydr oxy- ﬁ-‘l"rm vl t hi obut anmﬁ acid (HI\/BA) by hydrol ysis
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m neral acid. Wthout distillation or other
refining of either the MW or the 15 HVBN, the HMBN nay be converted to
HVBA which is suitable for use as an aninal feed supplenent serving as
a source Qﬁ,ﬁﬁk&honine. MWP produced by the process of the
invention may be converted to HVBN as descri bed above, and t he HVBN
advant ageously converted to HVBA by either5®0 _ the process dRSE$9saen2p n

4,524,077 or the process of Hernandez U.S.

Ruest et al. U. S. patent
In the process of the Ruest patent, HVBN is

pat ent 4,912, 257.
hydrol yzed in sul furic acid, the HVBA product extracted fromthe
hydr ol yzate using a substantially water- 25 i mm sci bl e sol vent, and the
extract steam disti Iged to produce an 85 to 90% by wei ght aqueous
sol ution of HVBA I p the process of the Hernandez patent, the

Lis wt@ali zed with aEpDnia, causing it to separate into
se being evaporated to produce 30 an 85 to 90%

two phases, the @rg [
B..z.,lllustrated in Fig. 9is a still
the invention in which the

aqueous sol 4t i orof A é‘,p o0 do

further entodi &Rk T @[Nmﬁ e

met hyl ner cgpt arf. SHEAY Bt epyme s @R def] Pet ween a primary f eed port
801 and a secondary feed

821 at or rdar the saher;end rof dotd 2l um 35
Hsﬂﬁm ao@pceer 813 which al so recei ves MWP

port 831 on or adjacent to
reaction medium . WD 97/ 00858
PCT/ US96/ 10920 =]

8&&» Peef erably, both

bot t om of coluna
and the primry_ ne I:E} mer capt an
~

with sulfuric or other

hydr ol yzat e

41 flowing fromthe
t he gaseous acrolein feed stream
ed streamare introduced into the
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countercurrent gas/liquid contact zone at substantially 5 the same | ocation
within colum 801, i.e., at or near the | oner end thereof.

Al ternatively, the respective points of introduction of the primry

met hyl nercaptan supply and the gaseous acrolein feed stream may be
separ at ed byVW>¥mw 8t 0 several stages within the colum, e.gcrubibnsso

i ntroduci ng the gaseous acrolein feed stfleam at a poi nt upstream

above) the point of introduction of the primary nmet hyl nercaptan feed
streamw th respect to the downward direction of flow of the MW
reacti on nedium or vice versa. The bal ance of the nethyl nercaptan
(the 15 secondary nethyl nercaptan stream) is introduced into the MVP
reaction nedi um ougsi de the countercurrent gas/liquid contact zone
after the reaction§nediun1has exited the bottom of the colum. Fig. 9
shows i ntroductiongdf 4 Ye seconda met hyl nmercaptan streaminto the
MWP reaction 20y nBdu®ip reactor 81&, Reactor 813 preferably conprises

a fl-ow reactor, Snoe> @i aply,a glmg;ﬁl ow react or.

Reaction ngdi um,exLt#ng ©e&Ct or 13 8 & Qi vi ded into a product stream
which is refrovedd Homad e acdBE 2 m 3 Pand a recircul ation stream which is

cool ed by gassags 950 VT A Bedh dgat SRchanger 807. Reaction nedi um
h:%f’ BYL RN PP 980 P Ps®iuipter di vided into two recycle

exiting
streans. The first recycle streamis introduced, wthout further
cooling, into col ufn 801 at a stage between the top of the colum and
t he point of intrdﬁg;ti n of 30 gaseous acrolein feed. The second recycle
streamis lCwixg ®i®gh makeup cataﬁﬁit for the reaction, cooled to a
| ow tenper at ur g3i ri-‘H:§1§§ e of -15 t&&F0[err]C by transfer of heat to
chilled brine im ailleats Rangess & &% @And returned to colum 801 at
or near thel topofeide BT, nn o™ 5 E W 97/ 00858
PCT/US96/ 10020 T34 <0l am " 12388
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42 In operation of the process illustrated in Fig. 9, a
primary nmethyl mercaptan feed streamis introduced i nto-the .
countercurrent gas/liquid contact zone via port 821 at a rate which is
| ess than stoichionetrically 5 equivalent to the rate of introduction of
acrol ei n i ntwo9700888e gaseous acrolein feed stream Acr olreirusasrhoret hyl
mercaptan react in a first reaction zoned2n which acroleinis in
stoichionetric excess, thereby producing an internmedi ate reaction
product containing unreacted 10 acrolein. The first reaction zone
preferably conprises at | east the portion of the countercurrent
gas/liquid contact zone bel ow the point of introduction of the
primary methyl nmer,gaptan stream and nore preferably conpri ses nost or
all of the counterigurrent gas/liquid 15 contact zone above the point of
introduction of tHes © gaseous acrggedn feed stream Although an excess
of acrol eih | qﬁ‘ oduced into t9& gas/liquid contact zone 801,
the acrolein cht MVP nedj eavi ng the gas/liquid contact
zone, and gf the iA e?r[ég Pe redct Bopn 20 product |eaving the first
reaction zdne, 85 mggtgm‘gg atw<'r% :l_-} greater than about 5% by wei ght,

typically t WEED + < 8 ' 0.3%dR& about 5% by weight, nore typically
bet ween - alibutm B & W&)O@Q&n@bw wei ght . The
secondary nethyl nmercaptan streamis 25 introduced into the internedi ate
reaction product agd the reaction is substantially conpleted by
reaction of methylg nmercaptan with residual acrolein in a second
reaction né\ﬁhatvl s separ ate f!ﬁgn the gas/liquid contact zone.

In the process I-é‘lu the s @d reaction zone 30 conprises
react or 831. e H‘*@&Ct %mdl um e jwieng t he second reaction zone is
divided i ndp a ro'aucf'% o recirculation streamand the

r emai nder t B RSEED e |§%¢@§br| bed herei nabove. Reaction nmedi um
exi ting 4 reafiBns 8315 Andl ther§MONE the recycle streams returned 35

to gas/|igh d COMAST 2NN, BrerMeP&bly contains | ess t han about
1% preferably notynore than about 0.5% by
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43 wei ght of either acrolein or avail abl e nethyl nercaptan. I n
this econtext it will be understood that the avail able met hyl nercapt an
i ncl udes both free nethyl nercaptan and met hyl mercaptan that is

conbi ned wi t WOKI®0BS formthe 5 henit ghoacetal . PCT/USshORYIN the
process of Fig. 9 is not preferred, heat generation within the colum

is reduced by distribution of the nethyl nercaptan between a primary
supply to the bottom of the colum and a secondary supply 10 to a second
reaction zone separate fromthe col um. Where the nethyl nercaptan feed
is divided, the primary feed may constitute from20%to 95% or nore,
nor e typical 250 to 80% of the total nethyl mercaptan feed, whi ch
total is preferabIE stoichionetrically equivalent 15 to [err] acrolein
feed. Depending o*dgal | ocation ofﬁ [err] mercaptan feed, the MW
reaction nediuqbexﬁqgggagb the col ugn_(and the internediate reaction
mat

product) is Mt M a teﬂﬁéﬁéiure of between about 40C and
about 60[63r]C.:|\/|\)%cr§;%tdﬁr? profus & L&aves the second 20 reaction zone

at a tenperfat ur@cbSiiEal D&t BEBYECto 90C, and the recircul ation
fraction ig coakSSHTRBReh mo SRR 25[err] C and about 40[err]Cin
heat exchafger BoMNNOC©oma awdAfedol | owing exanples illustrate the
i nvention. 25 Exanple 1 MWP was
prepared by reacti@n of nethyl mercaptan and acrolein in a gas lift
reactor of the ty O illustrated in Fig. 2. The height of the reactor
was 3 feeto ( glaﬁgr) and the upl@ig had an inside di ameter of
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30 0.5in. (1.27 cm. Gas/liquid separator 109 conprised a cyl i nder
MVWP product, a connection below the liquid

havi ng an overfl ow port for
surface for return of circulating MMP to the downl eg of ‘the reactor
at the top for release of non-condensabl e gases. 35

| oop, and a W ?_y

Prior tothein? ion of reactants, the reactor |oop was filled

with MVP containi ng about 0.4% by wei ght 54 WO 97/ 00858 CT/US6/10920

PCT/ US96/ 10920 44 pyri di ni um acet at e
react or was commenced by sparging

catalyst. Circulation of MW in the
orifice at acrolein feed gas inlet 123. Wile air

air through a 1/16"
was sparged to induce circul ation of the MW, hot water was 5 passed
through jacket. 107 o bring the circulating MWP to a controlled
t enper at ure of 41[Qr E. A synthetic crude acrolein stream
was prepared v hay "1 & he conposition set forth in Table 1. This stream
was i ntroduced imt actor through the sparger at 10 inlet 123.

g§ ough the sane orifice.

=

Eg8%
Met hyl ner capt aly v@&r‘*@g Jtroduceq
Acrolein a ety ed gepran vver"é"";’f; troduced through the sparger at a
pebel 33 5D,DPL. 02. The absol ute rates of

nol ar ratiojof g Pt okl
i ntroducti of gt‘bg;ge\ac't%ﬁlést;;eﬁa@sﬂjics%et forth in 15 Table 1. Al so set
forth in Table 1 are the s¥ferire®mr~oo gas velocity in the upleg, the
reactor liquid volume, the residence time of liquid product in the
reactor, the rEcovery of reactant feeds, the reactor yields, duration
of the continuous verage suppl enental catalyst feed 20 rate, and

average rate of%i ngr‘ggngti on of waterg n the
H
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acrolein feed gas. The sparger at inlet 123 di spersed the

t wo reactant feeds into the liquid in the upleg and created an
"aerated colum for this leg. As a consequence, liquid 25 in the
non- aer at ed downl eg was forced to fl ow downward into the bottom of the
upl eg t hr ougMOPRe08sHt t om U bend, and continue to nove pamaBpehobir ough

t he di spersed gases in the upleg. 55 . Wt hin the two-phase
upleg, fromthe gas 30 sparger at the bottomto the separator at the top,
a reactant m xture was formed which conprised a liquid phase
cont ai ning MW, nethyl nercaptan and catal yst and a . gas phase

contai ning acrolein. The acrol ein and net hyl nmer capt an were absor bed
rapidly into the liquid phase and 35 the two absorbed reactants reacted

wi th each other to form MW product. The rate of reaction was very
rapid, WD 97/ 00858

PCT/ US96/ 10920 45 but constituted the
rate. limting step of the process. Sonme |imted vapor phase reaction
bet ween the acrol ein and the nercaptan al so occurred. The tenperature
of the gas/liquid cantact zone in the upleg of the reactor was 5
mai nt ai ned at about 4l1[err]F by renoving the exotherm c heat of
reaction to cooling water circul ated through jacket 107.

Due to the highly turbulent and well. di spersed two phase fl ow obtai ned
by the sinple gasgift system 10 w thout mechanical agitation or a
recircul ating pumg the single | oop reactor "achi eved nore than 95%
recovery of v o

J

2.276 LITER

19.476 VOL %
-1.573 VOL %

1.015 FT/SEC

39.00 DEG
792.00 ML
5.65 HRS
91.16 %

0.63
5.00 HRS

82.88 %
105.03 %
66.51 %
0.0 G/MIN
0.0 G/MIN

MOL ALDEHYDE/MOL ACROL FEED
MOL ALDEHYDE/MOL MESH FEED

WT ALDEHYDE/WT' (ACR+MESH) FEED
15 DURATION OF CONTINUOUS RUN

SUPER. GAS VEL, IN UPLEG BOT.,STP

GAS MIXTURE FLOW TO SPARGER, STP
REACTOR LIQUID VOLUME

5 ACROLEIN CONC. IN GAS MIXTURE IN

MOLAR FEED RATIO, ACRO./MESH

AVERAGE OPERATING TEMP
ACROLEIN CONC. IN OUTLET GASES

RESIDENCE TIME OF LIQUID PROD.
10 RECOVERY OF REACTANT FEEDS

AVERAGE CATALYST FEED RATE

AVERAGE WATER FEED RATE

REACTOR YIELDS:



the total reactant feeds (i.e., acrolein and nethyl mer capt an) and
virtually all the recovered reactants were converted into the desired
MWP product in the sanme’ 15 reactor | oop. Conposition of the product and
t he non- condensabl e vent gas streamare also set forth in Table

1. wo 97/0085®spi t e the higher than usual feed i npuriPCr&1S96/10920
(propyl ene, propane, acetal dehyde, projfi onal dehyde and 20 wat er)
contained in the acrolein feed gas stream little or no by-product
formati on or product degradation was experienced as a result of the
presence of these I mpurities. In particular, this and other
experinents . denonstrated that the reaction systemis capable of 25
tolerating a water! inpyrity content of nore than 3% by volune in the
acrolein feed gas !stream¢ an e su r >6% by wei ght wat er
content that is re:agr;dn{n t(r!i‘geg-h g-§ci I;{CE%&‘I ng liquid during operations at
st eady state. L oe DS aFEsuft Tof ‘the intense mixi ng provi ded by
30 turbulent flaow in;ithe gas/liquid contact zone, and rapid

circulation of MWP readtfion Bl ud 8 ofRi2Bd hot spots or
concentration ianlgng§5are<agpiq§g. s n turn inhibits formation
of undesirabl e Q%-prodqcts. WD 97/ 00858
PCT/ US96/ 10920 & ' N 46 [err]
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WD 97/ 00858 PCT/ US96/ 10920
47 Exanpl es 2-23 . Usi ng t he appar at us
-of Fig. 2, acrolein was reacted with nethyl nercaptan to produce MVP. The
process was carried out in the manner generally described in 5 Exanple 1,

but vari ati qpgoMgusss made in operating tenperature, nol ar PCRUSSS/D20
acrolein to nethyl nmercaptan in the reactor feed, overall volunetric gas
feed rate, and acrolein concentration in the gas feed m xture. These
process conditions and the yields for th87runs of exanples 10 2-23 are set
forth in Table 2. Measurenents or determ nations were nade of
superficial gas velocity, inlet acr ofXaERLieRdnt r at i on, reaction

tenperature, catal yst con ration. resi [ Q\EQ e i 0 of
acrolein to nethyl ner cap%ﬁ.}’gAg}%%?%qqss‘f%?c%&% 5?(5’%??% WeS %edflgltf{ct%tég‘to
determine the effec 50 houn kentimueys opur masngonducsdfeeitdh ai oductivity,
acrolein — recqy@fdreil FedaP3asdpromacdd® 1y atdqieliel Bxi@NordH g | on in
the liquid phase, and]eemat B}Qf rrﬁrcaﬁgan concentration in the |i qui d
phase. The resulRTORHERS AT g LAPPTREYR Fopctor. Tijg &8 Jouhg the
48 temperature of tRET¢ABIBIAOIRMDY eras] controlled at about
40°C and the acrolein to methyl mercaptan feed ratio was
constantly monitored by means of a discrete gas
chromatography analysis of a reactor liquid sample every
10 half hour. The final aldehyde product had the following

composition:

Acetaldehyde 0.11 wt. %
Methyl Mercaptan 0.88
Acrolein 0.07

15 Allyl Alcohol 0.29
Acetic Acid 0.35
Acrylic Acid 0.52
B-hydroxypropionaldehyde 0.27
Pyridine 0.19

20 MMP 85.02
By-product having MW = 190 0.18
Water 7.00

In a commercial operation in which water is controlled to
a more typical level, e.g., 2%, the MMP assay would be

25 greater than 94% The relatively high proportion of §-
hydroxypropionaldehyde was a result of the presence of
water at well above the level readily achievable by
cooling the acrolein feed gas in a commercial process.

. Exagple 25

30 Using a process of the type illustrated in Fig.
2, comparative tests were conducted on a wetted wall
reactor and a horizontal loop reactor. A synthetic
acrolein feed gas was used in these runs. During steady
state operation, liquid product samples were analyzed by

35 gas chromatography to determine aldehyde assay, residual
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acrolein, methyl mercaptan and by-product impurities.
Based on these analyses, calculations were made to
determine the percent acrolein recovery, product yield
and reactor material balance for each run. Average mass
5 transfer coefficient and reaction kinetic rate constants
were obtained by fitting experimental data to a two-phase
reactor model. Gas holdup and liquid recirculation rate
data were also measured and correlated.
Physical dimensions of the reactor systems are
10 set forth in Table 4, together with the temperature, gas
rate and liquid rate for each run. A comparison of
reaction conditions, feed rates, yields, and average mass
transfer coefficients is set forth in Table 5.
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acrolein feed gas

WO 97/ 00858

WO 97/ 00858
| oop was controll ed at

mercaptan feed ratio was

57
Usi ng a process of the type il |pciusssaod2e n Fi g.

[err]
[err]

55

56
tenperature of the gas lift

conti nuous run was conduct e@0w th an
t he
40[err] C and the acrolein to nethyl

produced by catalytic oxidation of 5 propylene in a |aboratory reactor.

During the run,

a 50 hour
about
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e

constantly nonitored by neans of a discrete gas chr omat ogr aphy anal ysi s
of a reactor liquid sanple every 10 half hour. The final al dehyde product

- had the foll ow ng conposi tion: Acet al dehyde
0.11 m. % Met hyl Mer capt an 0. 88
Acrolein  wos9700858 ' 0.07 15 PCTAISosrk09%d cohol
0. 29 Acetic Acid . 0. 35
Acrylic Acid 0.52
[ err] - hydroxypropi onal dehyde 69. 27 Pyri di ne
0.19 20 MVP 89. 02
By- product havi ng MV = 190 Example 26 Wat er
7.00 . In a conmercial operation in which water is controlled to

a nore typical level, e g t han
94% The rel ati veI y hi gh propos/%f%énﬁ% e@m 1 Eéé 15‘];‘%? opltg%gl dlehyde
was a result of Fi%ie Dr S&s&feetipn med “é?"l%l%ﬁl o¥BdtmeENE el readily
achi evabl e by mercamﬁin et batalyet els dofhged with &8NAEFEI&dn process.

Efafrpl e 25 g Yae%?r stream ﬁséngr%rpé&ﬁﬁﬁ? ﬁ%&%@ﬁﬁgpfo L?F%%%ratﬁd | n F' 9-

conpar atlve s Were conduc oh a wet
hori zontal | oopof etlee MMMP Keaghinetpedium emifiimgecaol et d4 §asinaseeraied n

these runs. Durtsothé aRsbtom porSicheoppiaticier. | GhifeRd POATT SENEHLS Were
anal yzed by 35 003, £V QIPOEE 2BNYabSedShE Tl BLIENYHEs 2558V ee dist J2
to the top of the columm. Stage cooling is provided by
10 indirect heat transfer from the liquid phase at the
bottom stage and at the Sth stage from the bottom. The
acrolein vapor stream is introduced into the bottom of
the column at a rate of 662.4 1lb. moles per hour, and
.contains 15% by volume acrolein, 0.28% by volume
15 acetaldehyde, 17% by volume water vapor, and 83% by
volume non-condemsables. Methyl mercaptan is introduced
into the bottom of the column at a rate of 100 1lb.
moles/hr.
MMP reaction medium is introduced into the top
20 of the columm at a rate of about 600 lb. moles/hr. An MMP
product stream containing 97.3% by weight MMP is removed
from the process in the column at a rate of about 110.4
1b. moles/hr.

Example 27

25 M (428.1 grams) produced in Example 24 was
charged to a 1,000 ml reactor provided with cooling
jacket and agitator. HCN (105.4 grams) was metered into
the same reactor over a period of 50 minutes, during
which temperature was maintained at between 35 and 40°C.

30 At the end of the HCN feed, temperature was raised to
45°C and the reaction was allowed to continue for an
additional 30 minutes to complete the conversion of MMP
to 2-hydroxy-4-methylthiobutyric acid (HMBN) (527.7
grams) vhich was analyzed and found to contain 90.8% HMEN

35 with the remainder mostly water, catalyst and some low
Jevel impurities.



——
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58 acrol ein, nmethyl nercaptan and by-product inpurities. Based on
- these anal yses, cal cul ations were nade to . det erm ne the percent
acrolein recovery, product yield and reactor material bal ance for each
run. Averagwowpees® transfer coefficient and reaction Kipoaises/1oa2ee
constants were obtained by fitting experinental data to a two-phase
reactor nodel. Gas holdup and liquid recirculation rate data were al so
measured and correl at ed. 62Physi cal dimensions of the reactor
systens are 10 set forth in Table 4; together with the tenperature, gas
rate and liquid rate for each run.%?gggﬁﬁggggon of reaction '
conditions, feed rates, yields, and average mass transfer coefficients
is set forth in Table 5. ‘ /
beT] US98, 16920 HMBN (515 Zr% Bired from Example 27 was

added to 6€5.9% by weight agqueous sulfuric acid sclution
{584.2 gramg) at 60°C over a period of 50-minutes in a

5 1,000 ml jacketed reactor provided with agitator. The
resulting mixture was allowed to react for an additional
10 minutes at 65°C to complete. the first hydrolysis
reaction which converts HMBN to the corresponding amide.
Then, hot water (378.5 grams) at 80°C was added to the

10 mixture in the reactor and the temperature of the mixture
was raised to 82°C to effect the second hydrolysis
reaction that converts amide to HMBA and by-product
ammonium bisulfate. The reaction was allowed to continue
for two and one half hours to finish the second

15 hydrolysis. Alternatively, the required reaction time
may be reduced by approximately 50% by increasing the
hydrolysis temperature to 90-100°C range. The final
hydrolyzate was analyzed and found to contain 32.1% HMBA
monomer, 0.11% HMBA dimer, and less than 0.02% each of

20 amide and nitrile, with the remainder being ammonium
bisulfate by-product and watex. The above hydrolyzate
was contacted with methyl iscbutyl ketone (MIBK) solvent
to extract HMBA product. The extract was evaporated to
separate the solvent from EMBA under vacuum at 70°C. The

25 bottom solvent-free product was analyzed and found to
contain 74.8% HMBA monomer and 7.0% HMBA dimer, the
remainder being mostly water and sulfate ion. This
product contains a slightly higher than normal water
content. The water content may be reduced to the normal

30 11-12% range by further evaporation.

Example 29

In accordance with the process illustrated in

Pig. 7, propylene is catalytically oxidized to produce a
crude acrolein reactlon product gas in catalytic reactor
35 601. A mixture of propylene, steam and air is fed to the
reactor through heat exchanger 611 where it is preheated
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Exanpl e 26 In accordance with the process illustrated in
Fig. 5 a raoveovimsessnedi um conprising MW and net hyl mepCHpSBwNoand
catalyst is contacted with an acrolein 5 vapor .streamin a tray colum
containing 20 trays. None of the MWP reaction medi um exiting cool er
407 is recycled to the bottom porti®n of the tower. Instead, all of

t he ci rcul ti ssed t hrough cool ef 408 d recycled to
the top of the g%ﬁ%’ég% gb% rft P ot e ﬁ{ “‘itnéIPPect heat
transfer fromt ﬁeaptqmwm@u;@t Has h@ coolbdtmmmgmlam candehgedtin st age
fromthe bOttorrmereexcnaﬁgéplwm t\ba?,%aa&éea%iﬁed NI RAERd E’b t&:%éﬁn

r

bot t om of um_at._a rat nol es per
contai ns 15% by o?um%:r%?‘e’f% °% 3%8‘90 gy V'S?g?mp t8e8ehyde, 17% by
vol yme wat ers vapgotrodwnced 3ty flashe\rolsaﬁewheme cmmmmﬁer bbbhed

mercaptan is | Nyhadeegarated i:{Ed)at%olith déﬁn Lqd rate of 100
| b. nol es/ hr.. ?ct lumi1s mflroguced |nto t he
t op acrolein (18.9% by welght nitrogen (71.1% by weight

oxygen (2.8% by weight)}, propane (2.1% by weight),
propylene (1.8% by weight), water vapor (0.9% by weight),

10 acrylic acid (8¢ ppm), acetaldehyde (0.2% by weight),
carbon monoxide (0.6% by weight), carbon dioxide (1.7% by
weight), and formalin (140 ppm), and a condensate stream
containing water (75.4% by weight), acrolein (20.0% by
weight), and acrylic acid (3.1% by weight). Both the

15 cooled gas stream and the condensate are at a temperature
of 23.2°C and an absolute pressure of 26 psi. The
condensate is introduced into fractionating column 629
where it is distilled at a head pressure of 23 psi.
Vapor exiting the top stage of the column is partially

20 condensed, and the condensate refluxed to the column at a
molar reflux ratio of 1. An agueous waste product is
produced at the bottom of the column which contains
acrylic acid (3.9% by weight) and acrolein (711 ppm).
The overhead product contains acrolein (84.2% by weight),

25 acetaldehyde (1.1% by weight), water vapor (4.6% by
weight), and less than 1 ppm acrylic acid. The overheads
from the fractionating column are mixed with the cooled
gas stream exiting the flasher to produce a combined
acrolein gas stream containing acrolein (24.6% by

30 weight), acetaldehyde (0.3% by weight), water vapor (1.2%
by weight}), propane (1.9% by weight}, propylene (1.6% by
weight}, and acrylic acid (76 ppm) at a temperature of
26.5°C and a total pressure of 23 pgia. This gas is
introduced together with methy! mercaptan via inlet 623

35 into circulating MMP reaction medium in the lower return
loop 621 of gas lift reactor 605. Acrolein absorption
and reaction occur in flow through the upleg yielding a
product which exits the upleg at the temperature of a0°C
and a pressure of 16 psia containing MMP (75.9% by



20 of the colum at a rate of about 600 |b. noles/hr. An MW pr oduct
stream contai ning 97. 3% by wei ght MW is renoved fromthe process in
the columm at a rate of about 110.4 | b. nol es/hr.

Exanple 27 25 MWP (428.1 grans) produced in Exanple 24 was
charged to woly#egssnl reactor provided with cooling | RACHAGR96/49PA0
agitator. HCN (105.4 grans) was netered into the sanme reactor over a
period of 50 mnutes, during whi ch tenperature was nai ntai ned at
between 35 and 40C. 30 At the end of tR& HON feed, tenperature was raised

20di ti onal 30 TTREERE 1 Poigy bRRcHREa 056 P vERBRLE el Al
2- hydr oxy- 4- met k9t 3%ipekaht) ac watervehy 5% 57 weight) , gPEABIBGN( R 1P¥as
anal yzed and f oppdwégieon! Propdieddo KOBHE Iy wiighthheniepogese(19mst |y
water catalyst and sO06 | Qe (Y8 by Weldid)2S acetalaenyad® 9490858
Exanpl e 28 5 by weight), fowBlip5155%rppm), maqydiedaridml BGrgpe 27 was
0L err]C ovel ELILES (PAERY" uadshty ) fandfuatid ed8 (028 2 L8 Doact o
provi ded Wi th aﬂ?iﬁ&b)ﬂ ‘H@"cmdteéfaﬁi?ﬁgaﬁ?ﬂ%a\,ﬁ&g §FPB{A£%q‘%8r%t f or
an additional reaction medium in gas/liguid separator 609 and the MMP
reaction medium is recirculated through the downleg and
10 the bottom loop for return to the upleg of the reactor
and mixing with further acrolein gas and methyl
mercaptan. MMP product is removed at a temperature of
40°C and 15 psi and contains MMP (97.4% by weight),
acetic acid {0.2% by weight), pyridine (0.2% by weight),
15 , methyl mercaptan (80 ppm), formalin (180 ppm),
acetaldehyde (520 ppm)}, acrylic acid (160 ppm), waterxr
(1.8% by weight), and acrolein (0.2% by weight).

Example 30
In accordance with the process illustrated in

20 Fig. 8, propylene is catalytically oxidized to produce a
crude acrolein reaction product gas in catalytic reactor
701. A mixture of propylene, steam and air is fed to the
reactor through heat exchanger 711 where it is preheated
by transfer of heat from the reaction product gas.

25 Reaction product gas is cooled and partially condensed in
heat exchanger 703 to produce a mixed liquid vapor stream
at a temperature of 37.8°C. This ptream is then

. introduced into flashexr 727 where it is further cooled
and separated into a cooled gas stream containing

30 acrolein (19.1% by weight), nitrogen (71.0% by weight),
oxygen (2.8% by weight), propylene (1.8% by weight),
propane (2.1% by weight), water vapor (0.9% by weight),
acrylic acid (40 ppm), acetaldehyde {0.2% by weight},

. carbon monoxide (0.6% by weight), carbon dioxide (1.7% by

35 weight), and formalin (140 ppm), and a condensate stream
containing water (75.8% by weight), acrolein (139.5% by
welght), acetaldehyde (0.5% by weight) and acrylic acig
(3.1% by weight). Both the cooled gas stream and the



10 mnutes at 65[err]C to conplete. the first hydrolysis reaction which

converts HVBN to the correspondi ng am de. Then, hot water (378.5 grans)
~at 80[err]C was added to the 10 mxture in the reactor and the tenperature
of the m xture was raised to 82[err]C to effect the second hydrolysis
reaction thwosyensssrts am de to HVBA and by- product armvissaneses ul f at e.
The reaction was allowed to continue . for two and one half hours to
finish the second 15 hydrolysis. Alternatively, the required reaction tine
may be reduced by approxi mately 50% by #Bcreasing the hydr ol ysi s

tenperature to rr].C rang The fi.nal y zate nal yzed
and found to co'?ﬁra% J?%el‘?rﬁl\/g a’ tenperidie &fli‘go‘%l\)% % t@i

than 0.02% eactpxgssgre ofi 3 asdl. ni The | eondengatehdsr émmed)émtg: ammnl um
bi sul fate by- pf@f&’é&&i&i %m?nrﬂevﬁ)%eefycirx;olmzaﬁnne&%%

wi th net hyl |sobut ket (M BK) sol ve to extract HVBA pro uct The
extract was evapd “%mi p§épar§§ [}éaaé’&nﬁeﬁpef F%Wtﬁﬁeﬁhﬁlacuum
at 70[err] G Tl“mnﬁnntmmamtaaﬂ.s’zpnceﬂqun Gohdc tthea soadehgatas! @i x@and to

contai n 74. 8% HYBA DR ad£ Qﬁ%ﬂ%@ ratiCor 1, TETAIQMEL, e NG
nostly water and s ate |on uct cont ai ns a SN y hi gher
than normal wat¥Rst e Prodgigte 4. PRRRuUGRd SRELRmy OB ethe ftRIaEnR o t he

normal 30 11- 1tﬂ%¢lan:gmda§ziﬁwat:hghevaa¢m a13 ®% by weight) and acrolein

Exanpl e 29 0.6% beg aﬁ:.ghlt'? aceRy gagsﬁ];e%ég; Gk’ 8 esséélﬁé '&@J&%%d in
tw

Fig. 7, progyl ene | s caI |y
acrol ein r&8cti &% ) m %‘a‘?%ﬂ' ?W%af@t Gl* 95 W’%Bﬂ._ht)A Wate¥ e of

propyl ene, st eavlaprm:l t8 169 Dy eweight) heand lessanianr 1t ppalgtrylcid saddi1anger
611 where it ispptebnalifbds from the fractionating column are mixed

with the coocled gas stream exiting the flasher to produce
a combined acrolein gas stream containing acrolein (24.5%

15 Dby weight), acetaldehyde (0.3% by weight), water vapor
{1.0% by weight), propane (1.9% by weight), propylene
(1.6% by weight), and acrylic acid (76 ppm} at a
temperature of 18.2°C and a total pressure of 16 psia.
This gas is introduced together with methyl mercaptan

20 into circulating MMP via inlet 723 at the bottom of tray
column reactor 705. Gas flows upwardly through the
column countercurrently to downwardly flowing MMP
reaction medium. Reaction medium comprising MMP {96.7%
by weight), acrolein (962 ppm), and methyl mercaptan

25 (0.14% by weight) enters the top of the column at a
temperature of 0°C. Reaction product exiting the column
at a temperature of 62°C contains methyl mercaptan (0.14%
by weight), acrolein (960 ppm), and MMP {96.8% by
weight}). The reaction product is circulated through heat

30 exchanger 707 where it is cooled to 32.2°C by indirect
heat transfer to cooling water. Slightly less than two-
thirds of the circulating stream is recycled from the
exit of heat exchanger 707 to a tray at about the mid-
point of reactor 705. The remaining portion of the

35 ecirculating reaction medium is mixed with catalyst and
passed through heat exchanger 708 where it is cooled to a
temperature of 0°C by indirect heat transfer to
refrigerated brine, The portion of the recirculating
mediunm exiting heat exchanger 708 is recycled via line
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63 by transfer of heat fromthe reaction product gas. -Reaction
- product gas is cooled and partially condensed in heat exchanger 603 to
produce a m xed |iquid/vapor stream at a tenperature of 37.8[err]C. '
Thi s streamwg ot/be8s 5 i ntroduced into flasher 627 where PCT/Us9$/t09%her
cool ed and separated into a cool ed gas stream contai ni ng acrol ein
(18.9% by weight), nitrogen (71.1% by wei ght), oxygen (2.8% by
wei ght), propane (2.1% by wei ght) ﬁﬁqopyl ene (1.8% by weight), water

apor (0.9%Db ' ht aci,d t al,d 0.2% b
\\//vePght§, g %g SXT"E%? tﬁybfql%%?gggétfbﬁ?%edl &(%&é’%?’f % by Y
wei ght), and forsts:lelam @&40e!mm€)d faran £heocdraudating MMEnreacticant ai ni ng

water (75. 4% by gy %&izﬁi rhét%fée%/%m boucomeéﬂfﬁaa dlael Yl ic acid

(3.1% by wei ght) Bot e 15 . coo stream and the condensate are
at a terrperatur(e'-ea"t°rof7°§3a¥}é'}¥? G’% heab) srebPaIRS i -of 26 psi. The
condensate is | rmrﬁaimaedvemyp tHe Qo ngycbbunacmed fromhaebe it is

distilled at a gﬁ% rg;s NS ..,07 %{gggér%él ngn;(_p% R t age of

the colum is par Iy 2 con ensed, condensate re to the
colum at a SHrasm F@PFG?(W&W% g6 P" Rar H&&SBEE VviBREhY I MerrapTEs
produced at the {widaaTpyf welighe)) A Wirdledant{asosppm) . acrhd ivatde d (3. 9%

b i ght d 1
agr\gleie?n %9?1”2%6%&%&&1”4‘% 13@5)”3 cmttpal yéﬁ:tg%ﬁr %@?M@Q&’ﬂ%ﬁ) \?\i/ad;e%rndvapor
(4.6% by 10 wentyihtx)ateaﬁa pel PXPRCT wda'ewﬂh éSa%Mlt tdr-heads

fromthe fractionating colum are mxed with the cool ed gas stream
exiting the flasher to produce a congj acrolein gas stream
containing acrolein (24.6% by 30. we t al dehyde (0. 3%by wei ght),
wat er vapor (1.2% by AaEpdedn géﬁdﬁéﬁé“{el Q%b}b%@rgmq t3ERA ene

(2 é- g% by c dwezgrsﬁ byo Weighe Yot Ca b Xbin/,6 tﬂhﬁf’fteﬁ&iﬁdéffwmi s t1fy .
togeE ﬁ;;] Wi ?E rre '%é)%taﬂ?%ce p?ﬁéevigéez%fa&s&gﬁ; ?gdggi? Cl rcuI a%ﬁ%
reacti on nmedPum Z‘h-'-t Rd/hgue tor Bagrhpttom qfh@) tEay ePlymR ¢oNg %téé’tﬁ &f 605.
Acrol ei n absorpti®neheoretical equilibrium stages, operating at
atmospheric pressure. A recirculated, cooled {4.4°C) MMP
product stream, 578 lb/hr, is introduced at the top of
the column as scrubbing liquid, together with 0.57 1b/hr
20 pyridinium acetate catalyst. Another recirculated,
cooled (32°C) MMP stream, 1012 lb/hr, is fed to Stage #10
for controlling temperature in the bottom section of the
column, where exothermic reaction between acrolein and
MeSH takes place. The maximum temperature in this
25 reaction region is maintained at €0°C. The bottom outlet
stream from the tray column containing by wesight 95.4%
MMP, 2.2% water, 0.5% catalyst and 1.7% acrolein, is
continuously sent to a finishing reactor, where
additional MeSH, 24.1 lb/hr, is also fed. The finishing
30 reactor, operated at 60°C, produces MMP product
containing 97% MMP, 2.2% water, 0.5% catalyst, and less
than 0.1% each of residual acrolein and MeSH, Part of
this product stream, is recirculated wvia a cooler and a
chiller to obtain the two above mentioned recirculation
35 liquid streams.



and reaction occur in flow through the upleg yielding a product which

exits the upleg at the tenperature of 40[err]C and a pressure of 16
- psia containing MWP (75.9% by WD 97/ 00858

PCT/ US96/ 10920 64 wei ght), nethyl

mer capt an ( Gv@9%vdwgssrei ght), acrol ein (0. 3% by wei ght) , PoRUS6/109205% by

wei ght), propane (0.5% by weight), propylene (0.5% by weight), nitrogen
(19.1% by weight), oxygen (0.8% by weight), acetal dehyde (0.1%5 by

weight), formalin (157 ppn), acrylic aci® (126 ppnm, pyridi ne (0.2% by
wei ght), and acetic acid (0.2% by wel ght |2 . Non-condensabl es are
separated fromliquid Mw reacti In gas/liquid separator 609

and the MW reacti on Weeliagrdleiregascmiatudet fraligi22shdbdduml ég and 10
the bottom | oop fe@¥ toehbhfe #$14,NquniRlL trel MaBR F68E! We.2 1b/82d 19 ¥eRI W Lh
further acrolein 935 .2 d Eet éi rc%pg_'gn. NI\/P'Stproduc IS remgved at a
tenperature of ©° ?0F>8F e %#&g‘; 2Fd FBEnBAPe L HNP o3 FRo 88 Bght )
acetic acid ¥ 0. ZsamplecBght The pyatadiyer (feed%dbyatet 81 )1b/Hxr. nEhleyifeed

mer captan (80 p fs | et g daingd p

acrylic acid (120@065 %%fgﬁ&%%?%% y. \%Elggﬁt?% a#d%?%ﬁggn%. 2% by
wei ght ) . liquid streams, are ungbanged.fygm Example 31. Homgver,
accordance wi th thee sprabbes 1iduist reitoad disn inGreagéd . td,801 Ayhenands

catalytically odill 1ee0aPhAlUtadbed ro HetiCaRlr QhIdLGACH T ON product -
gas in catalaltlc react Or . A mXxture of propylene steamand air is
fed to the 10  resaydatRaMEh Hemid fdiouh fepding g&m $10 8 gtcBBat ed
l1b/hxr and 37.8°C. The colder and increased scrubbing
liguid is needed to absorb an increased acrolein vapor
flow leaving the acrolein gas feed stage, where no MeSH
feed is introduced for reacting with the acrolein feed to
15 this stage. Similar to Example A, the column bottoms is
sent, together with MeSH at 24.1 1lb/hr, to a finishing
reactor where final MMP product is produced. The
operating conditions of the tray column and the finishing
reactor are the same as those used in Example 31.
20 The liquid compositions of the bottom outlet
stream from the tray colummn and the product stream from
the finishing reactor are approximately the same as those
obtained in Example 31.




by transfer of heat fromthe gas. 25 Reaction product gas
is cooled and partially condHiﬁ% mmln) t exchanger 703 to produce a
- mxed liquid vapor strea aerature of 37.8[err]C. This stream
i's then i ntroduced into flasher 727 where it is further cool ed

and separ at esow®T00838 cool ed gas stream contai ning 30 acr SCEUSIF19R20 1% by
wei ght), nitrogen (71.0% by wei ght), oxygen (2.8% by wei ght),

propyl ene (1.8% by wei ght), propane (2.1% by wei ght), water vapor
(0.9% by wei ght), acrylic acid (40 Sp?pn) , acet al dehyde (0. 2% by

wei ght), C nonoxi de (0.6% by wei ght), carbon dioxide (1.7% by 35
wei ght), and fo (140 ppm), and a condeinsate stream cont ai ni ng
wat er (75.8% by weight), acrolein (19.5% by wei ght), acet al dehyde

(0.5% by weight) and acryi] C@Cp:ﬁbcess fo? the hyon®istidus Beidarbbeosost ed
gas stream and tsh%meth 1thi )V\Q_g /.Q 85% risi
PCT/ US96/ 10920 Y io)propanal,” compris ngy condensate are at a

tenperature of 15.2[err]C and an absol ute pressure of 17 psi. The

condensate is i 'Hoh@déﬁfﬂg'é‘téhseousf ra%i*o‘l@@.ﬁt f@&i%’éx’e&a}n @%h“’&eflgqhid' S
distilled at a head

ssure of, 15 psi,. Va | eaving the top stage of
the 5 colum *§3f 5?‘9?61‘? A Fegrkt Pﬁemg r@%ﬂg'l"ﬁu;?ed to
the colum & a (nﬂlthylthidalmapanai @mdl a2 cAhabymiecfsr the wasictipmoduct is

produced at theb@%ﬁegﬁ‘ﬂétﬁﬁ r&é&.lé%{?]; anhaneg%ﬁgmal ea?ayéoguam d (3.9%

by weight) and acrolein g e over ct contains
acrol ein 10 RFTIERY I‘ﬂ‘}rea&‘bé’c% g RETLEIR fPd fgher
vapor (3.6% by mr@hh#abhedg&sa,savhémbyi agpolatnyfromsgaidl feed Bheeamer heads

fromthe fracti 5201188 &S i A quia Meafuhe cool ed gas stream

exiting the flas er to produce

10 introducing methyl mercaptan into said reaction medium;

reacting acrolein with methyl mercaptan in said medium in
a first reaction zone comprising said gas/liquid contact
zone to produce a liquid reaction product containing 3-
(methylthio)propanal, the liquid reaction medium exiting

15 gaid gas/liquid contact zone containing between about
0.8% and about 5% weight acrolein; and

passing the reaction product from said first reaction
zone through a second reacpion zone to convert residual
acrolein and methyl mercaptan to 3~ (methylthio)propanal.

2. A process as set forth in claim 1 wherein
the acrolein content of the reaction medium exiting said
gas/liquid contact zone is between about 1.0% and about
3.0% by weight.

3. A process as set forth in claim 1 wherein
said second reaction zone comprises a plug flow reactor.

4, A process as set forth in claim 1 wherein
methyl mercaptan is introduced into said reaction medium
in a proportion which is substantially stoichiometrically
equivalent to the acrolein introduced into said medium

5 and acrolein is reacted with methyl mercaptan in said



a conbi ned acrol ein gas stream n (24.5% 15 by weight),
acet al dehyde (0.3% by wei ght), ng\ﬂ“ﬂmﬂlmnll 0% by wei ght), propane
- (1.9% by weight), propyl ene c6%-by®wet ght ), d acrylic acid (76
ppm at a tenperature of 18.2[err]C and a total pressure of 16 psia.
Thi s gas i swomtpesssiced toget her with nmethyl nercaptan 20 PArmsseamwecul ati ng
MW via inlet 723 at the bottomof tray colum reactor 705. Gas fl ows

upwar dly through the col'um count ercurrent ly to downwardly flow ng MW
reacti on nedi um Reaction nmedi um corrprl ng MW (96. 7% by wei ght),

acrolein (962 p and yl rca n 25 0.14% ers the
top of the col tggu@ ‘?‘%ﬁﬂ 5%" Eg?fﬁgéétﬁné%xﬂ#ggﬁ%
exiting the colhm(methyathaolmmlatqfr é dmeshyéthiﬁmads twet hyl
mercaptan (0. 196oquce BY 146098 deadGc] @f&dﬁ%@%@ﬁﬂinﬁ@d VWP (96. 8% by

weight). The réactio uct is circulated through, heat” 30 a 707
where it is coolM&FaY 3“%2"2 Ty 5 et reagﬁ%%ﬂ 5%%?‘138 P'gol i ng
wat er. Slixzhtl wdmsgaslfariqumﬂ contactt lHomds thet meactianlmtadugptstreami s

r ecycl ed fromt ikt ?8% 1 £ ERAGE 2404 I:Gm?a:‘;::{ q.%, i’?g%%&&t t he
m d- poi nt r act or e remal ni.ng porti on t

circul ating rea?é? Ov& ardi bt &F ax %gﬂ gerolein passed t hrough
heat exchanger 708 where it is cooled to a terrperature of O[err]C by
i ndirect heat transfer t teee% hg, td he
recircul ating medi u% exil t?wé%e%g%x E&.p'ﬁﬁg I sapi('rﬁ([ac,yc e%r \}rtna l'i ne
WO 97/ 00858 the acrolein content of the reactionppediym exiigng said

66 706 to gde/Ligmid dohajct ko irseanﬁweeﬁoaboﬂtmmmwd abouftr eam i s
renoved fromthf r#l‘@etiigrag MP reaction medi um at a point between the
bottom of tray colu ) .

6. A process as get forth in claim 4 wherein
said second reaction zone comprises a plug flow reactor.

7. A process for the continuous preparation of
3- {methylthio}propanal, comprising:

contacting a liquid reaction medium with a gaseous
acrolein feed stream in a gas/ligquid contact zone through

5 which said feed stream and said reaction medium are
passed countercurrently, said reaction medium containing
3- {methylthio)propanal and a catalyst for the reaction
between methyl mercaptan and acrolein, said gaseous
acrolein feed stream comprising acrolein vapor and non-

10 condensable gas, whereby acrolein is transferred from
said feed stream to said reaction medium;

introducing a primary methyl mercaptan feed stream into
said countercurrent gas/liquid contact zone at a rate
which provides a supply of methyl mercaptan that is less
'15 than stoichiometrically equivalent to the rate of
introduction of acrolein into said contact zone;

reacting acrolein with methyl mercaptan in a first
reaction zone in which acrolein is in stoichiometric
excess with respect to methyl mercaptan, thereby

20 producing an intermediate reaction product;



B\

reactor 705 and the inlet to hea 5 Alternatively, the
product may be recovered fromt ll l lelther cool er 707 or cool er
708. The product stream con by wei ght), nethyl

mer capt an (0.24% by wei ght), and acr oI ei n (960 ppm) . The ratio

bet ween t he wadmosss MP reacti on nmediumrecircul ati on and 1BcTrusdeaoszat e of
net product withdrawal is about 15 to 1. . Exanpl e
31 Acrolein gas mxture, 229 Ib/hr, containing 24. 5% by
wei ght of acrolein, the renainder being I%stl i nert gases and water
vapor, is fed alon SH f 5 m

tray colum con%ﬁ(’)%{g?%é%fgwba se@%ﬂoﬁ?ﬁ%l L#i{tagxﬁ &S%}E Fggééén? "cfgé? ating
at at nospheaid intexnediate mbb&enapwu@u)m:@e. spddr] C) MW
product stream ogfréPéiFrendts %ﬂ{l@.@ﬁ&%@ﬁt&@@ ZdHy ;of t he columm as
scrubbing liquid, together wt .57 I b/ hr 20 pyri "di ni um acet ate

catal yst. Anot her recircul at ed, cooled (32[err]C MW stream 1012
| b/ hr, is fed tpaSsing #di3 mteﬁmdianet reattion tmrghrcat doneoi a sdemomdt t om

secti of the u r 4 J’ﬁ%&i A8 AC, in and
MeSH %kes pl aceeaﬁ'ﬁg&krmglshrr%m e nper at g?eﬁlé?\c‘ I'S Zig{t reg%tal oﬁ ér%‘?on S
mai nt ai ned at 68fEPRJRTY W%(ﬂ‘%’iﬂ%“bﬁ?ﬁéi‘s to capveidmuesdAvahcag | umm
cont ai ni ng by wihgthe 9bn¥éfmediatd\VReazt2énvpteduct) t¥oxat al yst and 1. 7%
acrolein, is ' t, to a finishing reactor, where

addi ti onal I\/ESH,‘%@#@#‘E@% al'do fed. The finishing 30 reactor,
operated at 60[err]C, produces MW product contai ning 97% MW, 2.2%
wat er, 0.5% cat ahysaingndhé efgaction tnbamuﬁ 46 e s&i& ticdudl réateienn and

MeSH. afart of ﬂz opé%{,g&u&t rﬁg_@c ﬁ&léc ttaé“ %g ?rg&g;dgﬁi and a

chiller to obtaln ove nentlone recircu I qui reamns.

recirculating the circulating fraction to said
countercurrent gas/liquid contact zone.

8. A process as set forth in claim 7 wherein
said second reaction zone comprises a plug flow reactor.

S. A process as set forth in claim 7 wherein
said first reaction zone comprises the portion of said
countercurrent gas/liquid contact zome that is downstream
of the point of introduction of methyl mercaptan with

5 respect to the flow of said medium,

10. A process as set forth in claim 7 wherein
acrolein is ir_ztroduced into the gas liquid/contact zone
at a point upstream or downstream of the point of
introduction of methyl mercaptan with respect to the

5 direction of flow of said medium.

11. A process as set forth in claim 7 wherein
the availadble methyl mercaptan content of the circulating
fraction is less than about 1% by weight at the point
that it is introduced into the countercurrent gas/ligquid

5 contact zone.
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'?n'7xt ure feed, 229 Ib/hr, is Examn“mmnumuuw whi | eT[]ﬁez_i(l\:/Eg:-lei‘ geg?s

48.2 Ib/hr is fed to the bottdm{Sttagd #12)" of the sane tray col um
used in 5 WoaWes8A. The catalyst feed is at 0.57 | b/ hr. PCOuAsSIsHeo

| ocations of the catalyst and the two recircul ati ng -MWP liquid
streans, are unchanged from Exanpl e 31. However, t he scrubber liquid
flowis increased to 801 |b/hr and 7#s tenperature reduced to O[err]C,
and the other 10 recirc te Lgurd flow feeding #10 is.at 801
| b/ hr and 37.8[err]C Thelgé%‘l dgr %ﬁg%%cé%a%%td%sogftg‘o | n8§£ﬁge7l‘f ?ﬁ‘%‘"?s
needed to absor bth@ aeEelkedsefonteptepf thporeaction meditwaexhgindmesakd ol ei n

gas feed stage, whghEerudadit gas/11888ai SortdtOHsmRd ikOpetPaEh Q¢ t h the

acrolein feed to,1 thig stage. Simlar to Exanple A the colum bottons
S sent, toaeéﬁe?n%%]%%g’at 24.1 I b/hr, to a finishing react or
where final MP product is produced. The operating conditions of the

tray colum and the finishifg reast € 1 h LN
Exapl e 31. 20 B e iyt

The | d
stream fromthe Fpﬁyaﬁﬁ?m'aﬁ%&t%ﬂgl Bf"ggﬂgtr%"’ﬁ% fegijm m?ﬂ%gf’?ﬂ%hi ng

reactor are appropunbtetyrydnt gasdliguifiosentact mneniisebetweén aapbwt 31.

WO 97/ 00858 1.0% and about 3.0%. PCT/ US96/ 10920
68 CLAI B

14. A process as set forth in claim 7 wherein
the total mercaptan gupply as provided in said primary
and secondary mercaptan feed streams is substantially
stoichiometrically equivalent to the acrolein contained

5 in said gaseous acrolein feed stream, and between about
20¥% and about 95% of said total methyl mercaptan supply
is provided in said primary mercaptan feed stream.

15. A process as set forth in claim 7 wherein
the total mercaptan supply as provided in said primary
and secondary mercaptan feed streams is substantially
stoichiometrically equivalent to the acrolein contained

5 ,in said gaseous acrolein feed stream, and between about
20% and about 80% of said total methyl mercaptan supply
is provided in said primary mercaptan feed stream.

16. A process for the continucus preparation
of 3- (methylthio)}propanal, comprising:

contacting a liquid reaction medium with a gaseous
acrolein feed stream in a gas/liquid contact zone through

5 which said feed stream and said reaction medium are
passed countercurrently, said reaction medium containing
3- {methylthio)propanal and a catalyst for the reaction
between methyl mercaptan and acrolein, said gaseous
acrolein feed stream comprising acrolein vapor and non-

10 condensable gas, vwhereby acrolein is transferred from
gaid feed stream to said reaction medium;



(1ﬁet ﬁyﬂ ﬁfg)szrgg(;n;re gg%l“ngﬂm“mmmlmmnlml ng a gaseous acrolein feed

streamwith a liquid react ron® me'di Um ®sai"d reaction nmedi um cont ai ni ng
3- 5 (et hyl t hi o) propanal and a cat aI yst for the reaction bet ween

met hyl mer capooamosssd acrol ein, sai d gaseous acrol ei n f BETUSISA092M
conprising acrol ein vapor and non- condensabl e gas, whereby acrol ein
fromsaid feed stream is transferred to said liquid medium 10

i ntroduci ng nethyl nmercaptan into said ri@action medi um reacting
acrolein with p I agiion zone
conpri sing sai gg'%g#??gilﬁg é%iﬁtﬁah‘@tﬂgg Mg}:égpﬁ’mc'}:1 éeéd a?g&%% %%%%t i on
product cont ai nPRgd3counteroRx TRt |gasy dLapitarontaet I#‘?ﬂﬁ @Y% @8a¥2F8n nedi um’

gx ;3 (t)/l ngd15b falwgheﬁs_ﬁicbmu@b lca)rﬁtfﬂilyéweméﬁﬁfﬁl!ﬁéféh:ftﬁin/\mtabéulessd t
. 0 abou o Wel croleln e _reactl on proauc
fromSaid first ES%C 1cme%1ndéal§1¥ Sﬂaﬁvﬁlgﬁioﬁﬁ%ﬁéﬁtﬁn one to

convert resi dualintroduat;xonemfl aonbledmhintoesabdt contact zone;

3- (et hyl t hi 0) propanal . 2. A process as set forth in claim
1 wherein the agrolein coptent of t e reaction rredlumelltlng said
gas/liquid cont ¥ACE3AE ACTOLleiR o thh BEENT L USLARPEH AR @ £irgtoo, by

wei ght . reaction Zone Alprwicieds agzsodelinf bstmlsta:icmzmn{btwther ein

said second rea zg f
%ﬂcQBFO Eh é&e%&\wg‘:ﬂg’i hietes rret'hyl mercaptan is

4. A process as set aim1
I ntroduced into said reaction rredl um In a proportion which is
substagnti al | y stdivddiagetheceedgtion megddumyvekébingosdaitk fiorsyl eeacthdbnoduced

into said medi Ugo s 13p8 26" ShEbihddidiRAGkBlubt | BrgBL{uA 4R GAPLan In said

circulating fraction;

recirculating the circulating fractiom to said
countercurrent gas/liquid contact zone;

25 introducing a secondary methyl mercaptan feed stream into
said intermediate product fraction; and

passing said intermediate product fraction into a second
reaction zone where methyl mercaptan reacts to convert
residual acrolein in the intermediate fraction to 3-

30 {methylthio)propanal.

17. A process as set forth in claim 16 wherein
said second reaction zone comprises a plug flow reactor.

18. A process as set forth in claim 17 wherein
said first reaction zone compri.ées the portion of said
countercurrent gas/liquid contact zone that is downstream
of the point of introduction of methyl mercaptan with

5 respect to the flow of said medium.

19, A process as set forth in claim 17 wherein
acrolein is introduced into the gas liquid/contact zome
at a point upstream or downstream of the point of
incroduction of methyl mercaptan with respect to the

5 direction of flow of said medium.
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69 medi um wi t hout sub‘j!lmmmllmagﬁim)n of the internediate
*hem (et hyl t hi o) acetal of 3-(net ) to produce a

|l iquid reaction product containing 3- (et hyl t hi o) propanal , said
first reacti OVO 9U8S8conpri si ng 10 said gas/liquid coREHUSENE, the
reacti on product exiting said gas/liquid contact zone containing
bet ween about 0.8% and about 5% by wei ght acrol ein.

5. A process as set forth in claim4 wheei n the acrol ein

content of the reaction .ungéigﬁéégssgkdset Sorth biﬁ\?"\é'{gﬁﬂbd"ﬁg%fﬁt

zone is between about 1.0% and ) ]
6. A process as $8e a¥pilable melkhyli mgreaptan content ofs fhe cdasudaréng@ti on

zone conprises afiyhedibhoie resis Ahan about 1% by weight at theAppiaeess for

t he ‘conti nuous pr, rati o . 3- t byl t.hi 0) pr.onanal QR L Si ng:
contacting a |i q&?’%%r g%c goﬁtﬁ%%?ﬁ%atggsg%‘hﬁs&réﬁr&% %g'gl/ gl"glaﬁaf eed
strgam¥ n a gas/ |[dojgRgtcaPR«ct zone t hrough 5 whi ch said feed stream
and said reaction nediumare passed countercurrently, said

reaction medi um containingy;  p proceba' T2t Uk AR RPWURTY ncBbehY St
the acrolein content of the reaction medium exiting said
countercurrent gas/liquid contact zone is between about

0.8% and about 5%.

22. A process as set forth in claim 21 wherein
the acrolein content of the reaction medium exiting said
countercurrent gas/liquid contact zone is between about
1.0% and about 3.0%.

23. A process as set forth in claim 17 wherein
the total mercaptan supply as provided in said primary
and secondary mercaptan feed streams is substantially
stoichiometrically equivalent to the acrolein contained

5 in said gaseous acrolein feed stream, and between about
20% and about 95% of said total methyl mercaptan supply
is provided in said primary mercaptan feed stream.

24, A process as get forth in claim 17 wherein
the total mercaptan supply as provided in said primary
and secondary mercaptan feed streams is substantially
stoichiometrically equivalent to the acrolein contained

5 in said gaseous acrolein feed stream, and between about
20% and about 80% of said total methyl mercaptan supply
is provided in said primary mercaptan feed stream.

25. A process for the continuous preparation
of 3- (methylthio)propanal, comprising:

contacting a liquid reaction medium with a gaseous

acrolein feed streanm in a gas/liquid contact zone through
5 which said feed stream and said reaction medium are

passed countercurrently, said reaction medium containing



bet ween net hyl mercaptan and acr i [ ous acrolein feed
stream conprising acrolein vap *ﬁhﬁjﬂ]ﬂ“ﬂlm‘ﬂm[ condensabl e gas,
‘whereby acrolein is transferre L m s w»=said feed streamto said
reacti on nedi um i ntroducing a primary nethyl nercaptan feed
streaminto wo9700858 said countercurrent gas/liquid contacRCr/ussetese a rat e
whi ch provides a supply of nethyl nercaptan that is |less 15 t han
stoichionetrically equivalent to the rate of dntroduction of

acrolein into said contact zone; 74 reacting acrolein with nethyl
mercaptan in a fir r kO oeinwh'c%c Lein_ is.in
stoichionetric 3 ?&ethyltgx)}ggggo%g%irggée%tc%tgl@th ogqéggaﬁFﬁﬁ,él?rher eby
20 pr oduchetwesn matdyie dexcaptancand mgnaihia,; said gaseous WO
97/ 00858 _ acrolein feed stream comprising Reldi1¢/ 48838 and non-

70 I nt roduci a secongaréPrret h¥l rrercasot an f%ed streaminto
sai d it er medi at §OPAERE FR54u¥PEEEPY; RRTUgiP 18 transIerped; Erem, r ent
gas/liquid cont asaidofesd stream to sapdszeactizai sheditsy, melizal bgouidct i on
product into a Sgegid Zciting saiBGhbN1GANE MARRUTEHRAK cBREAERIAD

I ntroduced in sajd sec%ndary#eed streamreacts to_conver
resi dual acr ol ei petween about; .8f.apd; abaih 5% P¥ &eignagsreleirito 3-
(et hyl t hi o) propanal ; .

introducing methyl mercaptan into said reaction medium;
15 and

reacting acrolein with methyl mercaptan in said medium to
produce a liquid reaction product containing 3-
(methylthio) propanal .

26. A process as set forth in claim 25 wherein
the acrolein content of the reaction medium exiting said
gas/liguid@ contact zone is between about 1.0% and about
3.0% by weight.

27. A process as set forth in claim 25 wherein
acrolein isg reacted with methyl mercaptan in said medium
within said gas/liquid contact zone;

non-condensable gas' is separated from said liquid
5 reaction product;

said reaction product is divided into a product fraction
and a circulating fraction; and

gaid circulating fraction is recirculated to said
gas/liquid contact zone.

28, A process as set forth in claim 27 wherein
the acrolein content of the reaction medium exiting said
gas/liquid contact zone is between about 1.0% and about
3.0% by weight.



dividing the reaction nmediumexiting said second reaction 30 zone

into a product fraction and a circulating fraction; and
recirculating the circulating fraction to said . countercurrent
gas/liquid contact zone. 8. A process as set forth
in claim7 wwapevasss sai d second reaction zone conpCT/s®/10920! ug

fl ow reactor. 9. A tfdbcess as set forth inclaim7?
wherein said first reaction zone conprises the portion of said
countercurrent gas/liquid contact zone that is downstream of the
poi nt of introduction of np§h23 mercaptan with 5 respect to the

fl ow of said nedium
claim7 wherein
|'i qui d/ contact zone

Huct i on

poi nt of FROPYVLERVED .
direction of medi um
set forth in claim7 whergin
content of the circulatin fracti
wei ght at the point / that it 1Sy
count ercurrent gas/liquif 5 cogﬂ
97/ 00858

1 A proc as set forth in
roleinis introdgzed int¢2?;%22ay' :
poi nt upgtream or downstream of the

met hyl tan with respect to the 5
+3—A Erocess as

ai | abl e net hyl nejcapt an
nis less than aboyt 1% by
ced into the
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71 12. A process as set forth in claim?7 wherein
the acrolein content of the reaction nmediumexiting said

tountercurrent gas/liquid contact zone is between about 0. 8% and
about 5% 13. A process as set forth in claim 12
wherein woo7ioedsse acrol ein. content of the reaction nedicimsssmudseng said
countercurrent gas/liquid contact zone is2bktween about 1. 0% and
about 3. 0% 14. A process as set forth in claim?7
wherein the total nercaptan supply as provided in said primary
and secondary nercaptan feed streans is substantially

stoichionetrically equivalent to thegacrolein contained 5 in said
gaseous acrolein feed stream and be en about 20% and about 95%
of said total nethyl nercaptan sup is provided in said primary
mer capt an feed stream 15. A procgss as set forth in
claim?7 wherein t he tota§§§s aptan supply a¥Mlprovided in said
primary and seandq§y me tegn feed eans\$s substantial l'y

stoi chi onetrically equi vRY en®y e a¥fLol ei R oﬁhalne 5 in said
gaseous acrolein feed st ream an be n abomt - 2Nk and about 80%
of said total hyl nergépta uppl W& ifs pr idedﬁ&n said primry
mer capt an feed ream 168. |A prgcess fjor the

conti nuous pre i 4 conpri si ng:
contacting a liguid r diumw th a gaseoys acrolein feed

streamin a gasgy i quid con[act;;ene—phpough—5——————-Th|ch sai d feed\ftream

rently, sai

and said reaction nedium are
reacti on nmedi um cont ai ni ng bt ‘ 3- (?éthylth prppanal and a t yst
for the reaction wee nethyL\nercapt %n? acrolein, s )
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acrolein feed stream conprising acrol ein vapor and non- 10

condensabl e gas, whereby acrolein is transferred from said feed
"streamto said reaction nedium WD 97/ 00858

PCT/ US96/ 10920 72

I nt roduci ng VOpTe0ass y net hyl nercaptan feed streaminto  PCT/US96riomai d
countercurrent gas/liquid contact zone at3/Z rate whi ch provides a
supply of nethyl nmercaptan that is |less 15 t han stoichionetrically
equivalent to the rate of i ntroduction of acrolein into said
contact zone; reacting acrolein with nethyl nercaptan in a
first reaction zone in which acrolein is in stoichionetric
excess with respect to nethyl nercaptan; 20 di viding the reaction
mediumexiting said first reaction zone into an internediate
protluct fraction and a circulating fraction;

recirculating the circulating fraction to said count ercurrent
gas/liquid contact zone; 25 i ntroduci ng a secondary net hyl

mer captan feed streaminto said internedi ate product fraction;
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passing said internedi ate product fraction into a second

reaction zone where nethyl nercaptan reacts to convert ) resi dua
acrolein in the internediate fraction to 3- 30 (et hyl t hi o)

pr opanal . 17. A process as set forth in claim16
wher ei n WO97/0838,3i d second reaction zone conprises a pl p@rdissaModagact or .
18. A process as set forth in claim17 wAéfein . said first
reaction zone conprises the portion of said count ercurrent
gas/liquid contact zone that is downstream of the point of

i ntroduction of nethyl nmercaptan with 5 respect to the flow of said
medi um 19. A process as set forth in claim17
wherein acrolein is introduced into the gas |iquid/contact zone
at a, point upstream or downstream of the point of i ntroduction
of nmethyl nercaptan with respect to the 5 direction of flow of
said nedi um WO 97/ 00858

PCT/ 1US96/ 10920 73 20. A
process as set forUfF?ﬁzza ééh]l? wher ei n t he avail abl e nmet hyl nercaptan
content of the circulating fraction is | ess than about 1% by wei ght at

t he point that it is introduged into the countercurrent gas/liquid

cont act zone. 50/ (Sdé
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21. A process as set forth in claim17 wherein t he acrolein content of

the reaction nediumexiting said countercurrent gas/liquid contact zone
*is between about 0. 8% and about 5% 22. A process as
set forth in claim2l1 wherein the acrolein content of the reaction
medi um exi t WS countercurrent gas/liquid contact PCRESI6RPEL Wween
about 1. 0% and about 3. 0% 5/7 23. A process as set forth
in claim17 wherein the total nercaptan-supply as provided in said
primary and secondary nercaptan feed streans is substantially
stoichionetrically equivalent to the acrol ein contained in said gaseous
acrolein feed stream and betwgen about 20% and about 95% of said total
met hyl nercaptan supply is ovided in said primary captan feed
stream 24. cess aspset Morth in cl a 17 wherein
the*total nercap sup vided ixxsaN} primary - and condary
nmer capt an feed s{®@eam:i ially N st |ch|orretr|c valent to
the acrolein cont’® med i d gaseoufp ag¢rolein feed s rear‘rh
bet ween about Z20% ang out \80% of sgi d fotal methyl rcap supply
is provided i ifd prinmgr a
process for the ntinuo prgparati on of ( thylth| o&ﬁl
conpri si ng: contjacting ai qui d reaction dijm wi t h
acrolein feed sgreamjin a gasAgi qui d contact zope through;\ sai d
feed stream and&o/d’reactl on e um are pAssed countd&cbrr QY. said
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74 3-(net hyl thi o) propanal and a catalyst for the reaction

"bet ween net hyl nercaptan and acrol ein, said gaseous acrolein
feed stream conprising acrol ein vapor and non- 10 condensabl e gas,
wher eby acr ow@ y/008sst r ansferred from sai d feed RATARIMAW2Gai d.
reaction nedium the liquid medi/@m exi ting said gas/liquid
contact zone cont ai ni ng bet ween about 0.8% and about 5% by

wei ght acrol ein; W i ntroduci ng nethyl mercaptan into said
reaction nmedium 15 W and 3: N reacting acrolein with nethyl
mercaptan in said nedi ‘ﬁo Q) produce a |iquid reaction product
cont ai ni ng 3- % thyl§hid?propa al . 26. A
process as set forth in.chaim25 y ein tﬁa crol ein content of
the*reacti on me§§ um exi Ry said gas/liquh§§ ntact zone is

bet ween about 18Y)9 0% by wei ght

27. A process & slet forth i | ai m¥25 whef\®i n

reacted with net ner capt &\j¢n sai d ndi

gas/liquid contac FF%C'4OPlpT4d Cn
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said reaction product is divided into a product fraction and a

circulating fraction; and said circulating fraction is
recirculated to said gas/liquid contact zone.

28. A process forth in claim27 wherein the acrol ein
content of the reactron nediumexiting said gas/ | i gy act
zone is between about 1.0% and about 7/7  3.0% by weight.n'g‘ygpﬂ’%0
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