WD 01/ 30755 PCT/ EPOO/ 10509 PROCESS FOR THE PRODUCTI ON OF N- METHYL
PYRROLI DONE USI NG GAMVA BUTYROLACTONE AND. M XED METHYLAM NES AS STARTI NG
MATERI ALS BACKGROUND The present invention relates to the production of N

net hyl pyrgeldidpRs (NWP). In particular, it relates to &.:ltr‘l n? )
ganmma- but yro actone (G&BL) and m xed rret hyl am nes as std Hg&ﬁ% erials, in
such a way that the product is obtained by a continuous process in )
optimal purity and yitelds. It is known fromthe prior art that there exist
several processes for the synthesis. of N-methyl pyrrolidone, using GBL
and one net hyl am ne, rmnorret hyl ani ne as startl ng materials. In J.
Am Chem SocEROGEES.HFQ BTHVE 7 BYRROLIDONE] g

Synthetic Straiagy el sbrs %%ggﬁﬂuwwwﬁzﬁiﬂa%é‘“élgw as
starting nmatertrars rmat expl with a
doubl e ‘ampuntSTARTING MATERFALS) conparison with his stoichionetric val ue.
After 4 hours of reaction at 280C, NWP was recovered by distillation with
a 90-93%yield. in 1936 Spath and Lunder (Berichte 69, pag. 2727)
described a simlar process whereigacrcRoUge excess of nmethylamne (4 nols
per nol of GBL) was fed to a discontinuous reactor, wth an approxi mately
90% 1 CONFI RVATI ON COPY

The present invention relates to the production of N-

methyl pyrrolidone (NMP). In particular, it relates to
the use of gamma-butyrolactone (GBL) and mixed
methylamines as starting materials, in such a way that
the product is obtained by a continuous process in

optimal purity and yields.

It is known from the prior art that there exist several
processes for the synthesis of N-methyl pyrrolidone,
using GBL and one nmethylamine, monomethylamine (MMA},

as starting materials.

In J. ABm. Chem. Soc., March 1949, pag. 897, Elvain and
Vozza described a synthetic strategy aimed at the
production of NMP with GBL and MMA as starting
materials that exploited a discontinuous process, and
with a double amount of the latter in comparison with
his stoichiometric value. -

After 4 hours of reaction at 280°C, NMP was recovered
by distillation with a %0-93% yield.

In 1936 Spath and Lunder (Berichte 69, pag. 2727)
described & similar process wherein a large excess of
methylamine (4 mols per mol of GBL) was fed to a

discontinuous reactor, with an approximately 90%
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WO 01/ 30755 PCT/ EPOO/ 10509 conversion after 3 hours. NWP product
purification involved conplex dissolution processes, to be carried out in
the ether fromthe effluent of the reaction and the ensuing distillations.
In several PRYAYSS (Jp 7 221 420; JP 7400259; JP 7 420 FEIEPIAF9642 107)
M t subi shi Chem cal Industries Co. Ltd. of Japan described continuous
processes for the synthesis of NVMP using GBL and MVA as starting
materials. These are characterised by reactions with high nolar ratios

bet ween water and GBL (typically ranging between 3 and 4 nols of water for
each nol of GBijversdohyafberps esairge of great anounts of MVA (typically
with nolar ratj rangi ng between 1.4 and 3 nols of MVA per nol of GBL).
The processes iB’ﬁ%‘g“cﬁy MEsiGasApn, daupived penplexkadiapebydows in terns

of the high costscddueslvad M@Ff&aﬁc.@?a&egaﬁatiinon\%rpé HQ%&?CEE‘QPW%@”C’ its

recovery and with the separation of the water tTorwarded t0 the Treaction
to whi ch synt he&flendt ef tlielsresrtioneand| thef ensatep fbstibdtimms.of reacted

GBL). To avoi dpf socl w,th t ' tipuaus, . reaction in
t he presence o %&%@ﬁ%égﬁ% \g‘/g%g%é'l t%rgﬁa??vggmd ogiue‘lgohave been
proposed and ¥HeseTRare $8%el0Dn NitsubiphdyOrahi ©f] chidytsties l0d.Cer man

ed by .M nthesis wwth GBL, MMVA in the

Pat ent n. 2,13%%5809@ sb”%egsl a ,SYJO th

presence of 1 ype YT i BESTEIRRSS CFISGUOPR BEPREASPAL €RE 4103, 527

owned by AKZO syntdiestibesbS NMP using GBL and MMA as starting
materials. These are characterised by reactions with
high molar ratios between water and GBL {typically
ranging between 3 and 4 mols of water for each mol of
GBL) and by the presence of great amounts of MMA
(typically with molar ratios ranging between 1.4 and 3
mols of MMA per mol of GBL).
The processes designed by Mitsubishi result to be
disadvantageous in terms of the high costs involved
with the separation of unreacted MMA and its recovery
and with the separation of the water forwarded to the
reaction to which synthesis water adds up {(one mol of
water for each mol of reacted GBL).
To avoid the drawbacks associated with the
discontinuous reaction in the presence of excess MMA
and water, alternative methodologies have been proposed
and these are based on the employment of catalysts.
In German Patent n. 2,159,858 owned by Mobil 0il a
synthesis with GBL, MMA in the presence of 13X type
zeolites is described. '
In German Patent 4,203,527 owned by AKZO, z synthesis
involving GBL, MMA and steam in the gas phase and at

temperature of 275°C, on an NaX type =zeolite is
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I nvol ving GBL, MVA and steamin the gas phase and at tenperature of 275C,
on an NaX type zeolite is 2 This Sheet Has Been Replaced. 1!11111110 WD

01/ 30755 PCT/ E1l' 00/ 10509 described. The above processes did not succeed in.
bei ng applWwedi3arssdustrial ly, as the enpl oynent of a cat apgFipgodékgsect to
regenerations is disadvantageous in terns of the econom c bal ance of the
process as conpared with non catalytic processes. The aim of the present :
invention is that of proposing a process taking place in a continuous
fashion wherein no catalysts are enployed and where the feedstocks are,

besi des GBL, dﬁiﬁgi uge of nethylam nes. The above feature gives way to the
producti on of at |l ow investnent costs, using cheaper raw materials and
i nferior utHﬂhglahnmaJ @n&ge&xﬁﬁﬂunﬂtmﬁu©c¢mm in ebkanbogprpdied the

previous art. I.P E INV known.in the a nmoni a and
met hanol , rea gel Igy a%Fan1nat| %h#péF 6&3LESk ﬁi%?ﬁ? of nono,
di and tri rretthyl psgassrdtddhs DM, dIyaaivafftmgem;:sarml @erafs té® mBEhYl am nes
i nvol ves a conpl ex sggﬁence of 4 to 5 fractionators requiring significant

i nvest ment  arftFCHH e CEorRfunits o?l§°ceﬁ'?e HsTPPIFeA WetRy PSR ne pl ant
can be drivendiawatdc phscesogyiction of one nethylam ne only by recycling

to

The aim of the present invention is that of proposing a
process taking place in a continuous fashion wherein no
catalysts are empldyed and where the feedstocks are,
besides GBL, a mixture of methylamines.

The above feature gives way to the production of NMP at
low investment costs, using cheaper raw materials and
inferior utility consumptions, compared with the

technologies of the previous art. i
DESCRIPTION OF THE INVENTION

As known in the art, ammonia and Jﬁethanol, reacting
over an amination catalyst, produce a mixture of mono,
di and trimethylamines (MMA, DMA, TMA).

The separation of the methylamines involves a complex
sequence of 4 to 5 fractionators requiring significant
investment and high energy consumptions.

The design of a methylamine plant can be driven toward
the production of one methylamine only by recycling to
the amination reactor the remaining unwanted
methylamines.

This practice, however, requires additional investments

and more heavy energy consumptions. Due to the above
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the am nation reactor the remaining unwanted nethylam nes. This practice,
however, requires additional investnents and nore heavy energy
consunptionﬁ, Ege to the above 3 This Sheet Has Been Replaced 1 1111111
111111 181 VPO wo 01/ 30755 PCT/ EPO0/ 10509 cont r ai ntRETEPMYWEScer of
NMP using GBL and MVA as feedstocks woul d produce MMVA only in case he can
econom cal ly di spose the coproducts DVA and TMA. The maj or innovation of
the process of this invention is the possibility of using m xtures of

met hylam nes in place of MVA in the production of NMP, making possible to
estabilish a diaretaihitek depwedncar NYP piMNnt uainh aGBRetdnd aMMBesspl ant of

cheaper design, The synthesis, of NVP from GBL and m xed am nes foll ows
basically the %ea‘?fg%ﬁlc#ci‘ﬁ?‘é]sd oPTPARC]Y sPE%’ro’rﬁ GBESCant MHR Whi |l e one

nol e of GBL ressdridh@culilih @hspdBd enef cdpfoddaisrmmangnaohen of NVP and one
nmol e of water, the reaction of one nole of GBL with one nole of DMA or

with one nole of TMA forns, besides one nole of NWMP, respectively one or

two ol es of in%;e{an%gﬁr %%%ﬁealetbﬁepgggegés Oéft@ﬁjfigﬁrgtféﬂ&{l&g N

contain, bes non converted amn wat er, ne l'i ght
and heavy by prodinet poshbbhbitty cfhdshng sxierdsedfamehbylamaps dined from

the effluent ﬁfadée%%tﬂﬂﬁ’i%ﬁkkeb§r£§§é€¥o%do ON&B? gg}{ggiﬁggsible
to estabilish a direct link between a NMP plant and a
methylamines plant of cheaper design.

The synthesis of NMP from GBL and mixed amines follows
basically the same principles of the synthesis from GBL
and MMA.

While one mole of GBL reacting with one mole of MMA
forms one mole of NMP and one mole of water, the
reaction of one mole of GBL with one mole ¢©f DMA or
with one mole of TMA forms, besides one mole of NMP,
respectively one or two moles of methanol.

Consequently the product of the reaction will contain,
besides NMP, non converted amines, water, methanol plus
light and heavy by products.

Methanol and non converted amines, separated from the
effluent of reaction, will be recycled to the amination
reactor where, in presence of ammonia and of additional

methanol, will be converted into mixed methylamines.

The production of NMP from GBL and mixed methylamines
in the process of this invention is characterized in
that the synthesis is carried out by a continuous non
catalytic process in the liquid phase, wvia distinct

reaction stages, preferably, but not limited to, three



reactor where, in presence of ammonia and of additional nethanol, wll be
converted into m xed net hyl am nes. The production of NMP.from GBL and

m xed nmethylam nes in the process of this invention is characterized in
that the "géﬂl’ﬂ‘é%q s is carried out by a continuous non RGEEFPHES9 process in
the liquid phase, via distinct reaction stages, preferably, but not
limted to, three 4 WO 01/ 30755 PCT/ EPOQO 10509 connected in sertes. -
According to the present invention three stages of the reaction leading to
the production of NWP are characterised by what follows: | stage of

reacti on Ancoesect®i imlseriest.io = between 1.05 and 1.5 Tenperature
(reactor outlet) = between 150 and 220C Residence tinme = between 10 and 40
mnutes |l stage of reaction Tenperature = between 220 and 270C Resi dence
tinme = bet waeaotdang Bohohe SprdddntStid@entliohethiéONsHLFPET 8 UEge = bet ween
250 and 310C Residence tinme = between 0.5 and 2.0 hours In the three
reactors t h&€SpFE4Slr e lLPARERE bEPWeARS40 PrOJYCEBONATRE sdTMB t dT&eep t he

reactants ippbbabterisdtivl, RAAZE foibwseactors are of the adiabatic type
and preferably

I stage of reaction

between 1.05 and 1.5
between 150 and 220°C
between 10 and 40

Amines: GBL molar ratio

i

Temperature (reactor outlet)

Residence time

minutes

II stage of reaction

Temperature = between 220 and 270°C

Residence time = between 1 and 3 hours

III stage of reaction

Temperature = between 250 and 310°C
Residence time = between 0.5 and 2.0
hours

In the three reactors the pressure ranges between 40
and 100 ATE, so as to keep the reactants in their
liquid phase.

All reactors are of the adiabatic type and preferably
tubular in shape.

Adequate reactors are also vessels subdivided into
compartments by means of separation septs that avoid

the reaction products to mix again as the reaction
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tubul ar in shape. Adequate reactors are al so vessels subdivided into
conpartments by neans of separation septs that avoid the reaction products
to mx agaLﬁ.%azﬁgg reaction 5 This Sheet Has Been Replaced X111111 111111
Ll 1] P / 30735 PCT/ EPOO 10509 progresses. | n RAEPPYIOES  cact or
GBL exothermally reacts with the amnes to afford production of

hydr oxybutyram de (NMH). In the follow ng reactor NVH cyclisation reaction
is triggered with formation of water, nmethanol and NMP. In the final

stage, the NWP formation reaction goes to conpletion at high tenperature.
The successi orpnﬁgrtetsaesubsequent reaction stages as they are described in

the present pragense | 2% (0 RrdcoUus! LO0ch0ctFL AL MUY qantonia 1 {he

reaction effluén b necesSsary con ucing high
purity NW (99axﬁ%en§ o FE ved ghtgductibn mﬂdg&iﬂmmybnngramw& {NMHery cl ose
to that of MW. (202C uld not be sep tedfro dlstlllatlon
Duri ng dlstlll%ﬁltﬁﬁ Qﬁﬁﬂ%lfﬁﬁﬁFQﬁ) o?¥°%ﬁﬁﬁ °ny MR and GEL

that woul d contaigdeated Wi‘@hpf@ﬂ%lonbéﬁaﬁéﬁeﬂptm&@@ﬁbﬁbéﬁd mscm PTI ON OF
THE PROCESS The features of the process of this invention will be nore

readi |y appar et §heorfifigd FE5RBEwW Bee FBER rfpympsAcpf reaction goes to

completion at high temperature.

The succession of the subsequent reaction stages as
they are described in the present process leads toc a
reduction in GBL and NMH contents in the xreaction
effluents, which is a necessary condition for producing
high purity NMP (99.5% minimum weight}.

GBL, whose boiling point is very close to that of MMP
(202°C) would not Dbe separated from NMP Dby
distillation.

During distillation, NMH would tend to go off again
yielding MMA and GBL that would contaminate the product

because not separable.
DESCRIPTION OF THE PROCESS

The features of the process of this invention will be
more readily apparent from the following description of
the preferred embodiments of the invention with
reference to the accompanying drawings in which the

process schemes are shown. In the drawings:

FIG. 1 shows a schematic representation of a process
object of this invention for producing NMP from GBL and

mixed methylamines.



the preferred enbodi nents of the invention with reference to the
acconpanyi ng drawi ngs in which the process schenes are shown. In the

dr awi NgSye fidpssl shows a schematic representation of a process object of
this invention for producing NMP from GBL and ni xed MEPPUHF¥®es. 6 WO
01/30755 - - PCI/EPOO 10509 FIG 2 shows a schematic representation of a
process for producing m xed nethylamnes --integrated with the NW .
process object of this invention. Wth reference to Fig.1l, m xed am nes
(l'ine 1) mx with----. water (line 2) and with GBL (line 3) in static

m xer 4 wWER- aZn@haevsr & | IFhsmaiicutrepresenbat heRn OffetthyPIeffiSfes and GBL.

The m xi nggget ip‘f%HGEifogn%Qth QR hy1 hR2RLL O-Efx‘é‘é&?a-técﬁ?r FRELON Y ’S\'g/"' Thi's

reaction i s exotherm nd-once gone to conpletion- takes the ma

t enper at ur BMBppxeces 19bjee0Cof THei sddiveingioneact i ons -go to conpletion in
reactor 5 wthin about 20 mnutes. The liquid streamfromthe reactor
(1-ine 6) is heated -- up further in exchanger--7, by nmeans of hot oil, and
its tenpewWathreeferdradecntoufigol 2Mixed amAhieer (phabedn) impx with l.i.quid (Iine

5) phect SRELOLRith i PSR! iRl HSCLERFLG S I o 2
appr oxi nmat @k ¥yh2ahisladheat BRGOradontofl . phe bebuwkan hyPeyr1ahiiisaM se it is a
and GBL.
The mixing activates the addition ™~ reaction with
formation of NMH.
This reaction is exothermal and once gone to completion-
takes the mass temperature up to about-180°C.
The addition reactions 'go to completion in reactor 5
within about 20 minutes.
The liquid stream from the feactor (line 6) is heated
up further in exchanger--7, by means of hot oil, and its
temperature is taken up to 2530°C.
After preheating, the liquid (line 8) feeds reactors 9
where NMH starts to cyclise, while water and methanol
are formed at the same time. .-
Residence time in reactor 9 is approximately 2 hrs.
The reactor is of the tubular type, otherwise it is a
vessel subdivided into compartments by separation septs
that have the function of keeping the reaction products
from mixing again.
The effluents from reactor--9 (line 10) feed heater 11
where temperature is raised to 280°C by thermal -
exchange with hot oil.
After the second preheating, the liquid (line 12) feeds

reactor 13 where conversion of- NMH to NMP goes to



vessel subdivided into conpartnents by separation septs that have the
function of keeping the-reaction products fromm xing again. The effluents
f-romreactg&--%(lline 10) feed heater 11 - - where tenperature is raised to
280C by th 0755exchange with hot oil. After the seconBCHERMA®H0? ng-, the
liquid (line 12)--feeds reactor 13 where conversion of- NVH to NWP goes to
- 7 WD 01130755 PCT/ EPOO/ 10509 conpletion with an approx. 1.5 hr. of
residence tinme. Through valve 15, the effluent pressure is reduced
producing a liquid phase in separator 16 (line 17), and a vapour phase
(line 18) whi compbeticreed thr ant aRERE- oA - Sclot uraf r@sideree nbineonvert ed

nmet hyl am nes d th arat e S r.ecy t he
amnation re f%’?&} n%ggjgene%ﬁyl gﬁn? n§¥§F§§€g( P?%gs%%) 3'%Thgé otéiagm pr oduct
of colum 19 peedscirg re 126Ghid spiiseqiantepatator 26, (WMseelh) atartche t op

reaction water separates (ljne 2 ile light organic roducts are

obt ai ned too £l VAROSR)PhagR eﬁ&f’?o@b%ﬁ% ]?%%Cd“l%&%n ffc?%grd%t:(?q ne 24)
fracti onati oncgDhmimMm 25Haler oAt cdfir rfeeHt A8t IEpani ney- apioduthsndlr e di sposed
(l'ine 26) whereas at the top (line 27) purified NVP separates, After CC

anal ysi s’ NVP peRafate t eveehansis| epdd Rre omirlego Wy, Bye welgfRtiSf th a water
content |ower .£han, 0. Qp%n bye¥fi tiineFb¥ant SIS 1805¢hemati ¢

representation of a process
The bottom product of column 18 feeds (line 20)

subsequent column 21, wherein at the top reaction water
separates {line 22} while light organic byproducts are
obtained too (line 23}.

The bottom product in column 21 feeds (line 24)
fractionation column 25 where at the bottom heavy by-
products are disposed (line 26) whereas at the top
{line 27) purified NMP separates.

After GC analysis NMP results to be no less pure than
99.5% by weight, with a water content lower than 0.05%

by weight.

FIG. 2 shows a schematic representation of a process
for producing mixed methylamines integrated with the
NMP process object of this invention.

Non converted amines and methanol stream from the NMP
plant (line 100) join make up ammonia (line 101), make
up methanol {line 102) and a recycling ammonia rich
stream (line 116}.

The mixture (line 104) after preheating (105) flows
(line 106) to the amination reactor 107.

The reactor effluent ({line 108) preheats the reactor

feed in 105 and, following the preheater, (line 109) is



for producing m xed nethylam nes integrated wwth the NWP process object of
this invention. Non converted am nes and net hanol stream fromthe NW

pl ant (Iirqg.D 4 oin make up amonia (line 101), nmake up nethanol (line
102) and a Pe&yting ammonia rich stream (line 116). T BOP/IASE (1 i ne
104) after preheating (105) flows (line 106) to the am nation reactor 107.
The reactor effluent (line 108) preheats the reactor feed in 105 and, *
following the preheater, (line 109) is 8 WO 01/30755 PCT/ EPOO/ 10509
condensed in coaler 1D.é%$§.coRgﬁnsate flows (line 111) to separator 112,
where gases “CBABRPRT M & oxi de and hydrogen are - separated (line
113). The congengsh@endons filowde (1ide ipicaldimephkateki th2, separat es
overheads (line 116) . an ammonia- trinethyl am ne stream which is recycled
(line 116). 9B8EEoNECRF2IHINGM CBFBOR| oBPRIFifle 1 BPF t BYEEPERM 1A% whi ch

separates at JRRLL9PE4Walfle G 3he di sposed (line 119) and overheads a
stream of m xed nethylamnes which flows to the NW plant (line 1). 9 WO

01/ 30755 PCT/IEROG/orGBOSatep flpws~| (Lire CLIMIVBto1 cohuphoddds ¥iskch he
production of, JABLOy! - BYLLRLLEON® QREALNEd 0¥, reach] on gl gayam

but yr ol act one
trimethylamine stream, which is recycled (line 116).

Bottoms of column 115 fliow (line 117) to c¢olumn 118
which separates at bottoms water to be disposed (line
119) and overheads a stream of mixed methylamines which

flows to the NMP plant (line 1).



and m xed net hyl am nes, consisting of a mxture of nono, di and
trimethylam ne or any conbinatr0ﬁ~eL_th_‘ggg¥§E§3tioned met hyl am nes,
characterised in that the synt arrie t by a continuous non
catalytic YWPIESS in the |iqui m‘m#ﬂgm es of reacvERO0/1I08®NNECt ed
in series. 2. A process according te racterlsed in that the
stages of reaction are three with the foIISmAhg characteristics: a) the
first stage of the reaction operates at a tenperature rangi ng between 150C
and 220C at the reactor outlet, with a residence tinme ranging between 10
and 40 m nutes; b) the second stage crarike reacti on operates at a

t enperature rangi ng between 220C and 270C at the reactor inlet, with a
residence tinme ranging between 1 and 3 hrs; c¢) the third stage of the
reacti on operagtes aj aprbegper akyr e {@@glﬂgogqgg%gn %’iOC Q\%,QC at the
reactor inlet, with a residence tine ranging between 0,5 and hrs.
process accorGWﬁqOﬁéd@m%J¢h$%ED&ﬁdb2 r%#ﬁ%%ﬂ@t@ﬁl§éﬁm¥nb¥¢&ﬁ°%4ﬂ§oﬂﬁrst stage
of the reacti atu t wee a 200C at
t he reactor o% eﬁpﬁﬁ%i EE%& q‘eelrflés %E%@%qﬂ&gcgﬁ oo defe RE
1111111111111 bhd1 1811 BhH malﬁétﬂﬁmﬂ&nﬁixmlhﬁyIddmhinhtﬁbh il rthel |

PCT/EP00/10509pr%mggélé£éé methylamines, characterised in that the

synthesis is carried out by a continuous non catalytic
process in the liquid phase, via stages of reaction
connected in series. -

2. A process according to claim 1 characterised in
that the stages of reaction are three with the
following characteristics:

a) the first stage of the reaction operates at a
temperature ranging between 150°C and 220°C at the
reactor outlet, with a residence time ranging
between 10 and 40 minutes;

b) the second stage of the reaction operates at a
temperature ranging between 220°C and 270°C at the
reactor inlet, with a residence time ranging between
1 and 3 hrs;

c) the third stage of the reaction operates at a
temperature ranging between 250°C and 310°C at the
reactor inlet, with a residence time ranging between
0,5 and 2 hrs.

3. A process according to claims 1 and 2
characterised in that the first stage of the reaction
operates at temperature ranging between 170°C and 200°C

at the reactor outlet.

-_
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4. A process according to clainms 1 and 2, <characterised in that the first
stage of the reaction operat—es~w+h—-r—es4—denee—t| me rangi ng between 15 and

25 m nut process acc clainms 1 an aracterised in
t hat at tﬁgo%‘Z’é'%’r%d stage of t nﬂ!ﬂmgi E" gjm,rey dence(i’?%'[ﬁ'é'“?"&ﬁ‘ﬁes bet ween
1.5 and 2.5 hrs. 6. A proces aims 1 and 2, characterised
in that at the third stage of the reactiaon the residencetirre ranges
between 1.0 and 1.5 hours. 7. A process according to clains 1 and 2

characterised in that in the reaction systemt?e nol ar rati o het ween m xed

met hyl ani nes® and RjamRaBEEST ol ASCBREINY an Bt3Eeh 1105 3 1%5. 8. A

process accogkh Fctidr ided Mn/ m&rzmeerﬁl&@@ istageh@df ithd heed@3ehi on system
the nolar ratio between m xed nethy|am nes and ganmabut )érol act one ranges

between 1.1 @PRFAter Witharesidense himerHRMYLAD Retaieww 15 2nd32and 7
characterisegijpdhat the reactants are kept in the 1liquid phase by
operating the reaction systemat pressure ranging between 40 and 100 ATE.
11 This Sheet Has Been Replaced 111111 IN 1111111 WO 01/30755 Thi s Sheet

Has Been Re p_l; ac ech PC}S’:%BQQS 105a0c9co¢|d|i§|g to claims 1 and 2
characterised in that at the second stage of the
reaction the residence time ranges between 1.5 and 2.5

hrs.

6. A process according to claims 1 and 2,
characterised in that at the third stage of the
reaction the residence time ranges between 1.0 and 1.5

hours.

7. A process according to claims 1 and 2
characterised in that in the reaction system the molar
ratio between mixed methylamines and gammabutyrolactone

ranges between 1.05 and 1.5.

8. A process according to claim 7 characterised in
that in the xreaction system the molar ratio between
mixed methylamines and gammabutyrolactone  ranges

'between 1.1 and 1.3.

g. A ‘process according to claims 1, 2, 3 and 7
characterised in that the reactants are kept in the
liguid phase by operating the reaction system at

pressure ranging between 40 and 100 ATE.

11
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El EEEl E~EE~
reacti on syst
A process
each of th§ﬁ§
presence of

fl ow t hrough
rem xing. 12.
of the reacti

according to
Wi th a proces

characteri zedrhygihg BedecnNadd &he gomTEQNVerted nethyl am nes and

10. A process according to claim9, characterised in

that the

en i s-operated at pr.essure rangling between 60 and 80 ATE. 11.

e

Lng to any of preeediG.g.a) erein the reactors of
%@?ﬁ e C%ar act ePFHERIOZY509 he

'on stages cons g ' ;
septs with the funct hh Emlﬂr' g a piston type reactant
separate reaction conpart I ch keep the products from

A process according to claim 1l wherein the reactors of each
on stages consist of vessels characterised by being of the
tubul ar type. 103. A process darordiegprodudiion Sf dNamethytisqyriml i done

Aamorthiagprodudaion of & B |
Bhrtr "EoRe TRARHOED] o OrThotRyl BPRESST | A | RESBPATT on bei ng

met hanol , recovered fromthe effluent of the synthesis of

N- et hyl - pyrr

presence of ammonig apd

m xed net hyl

olidone is recycled to the am nation reactor where,

: Hdce s
amnes. iti |
wherein the reactors of each of the reaction stages

consist of vessels characterised by the presence of
septs with the function of creating a piston type
reactant flow through separate reaction compartments

which keep the products from remixing.

12. A process according to claim 11 wherein the
reactors of each of the reaction stages consist of

vessels characterised by being of the tubular type.

13. A process for the production of N-methyl-
pyrrolidone according to all the preceding claims
wherein said process is integrated with a process for
the production of methylamines, the integration being
characterized by the fact that the non converted
methylamines and methanol, recovered from the effluent
of the synthesis of N-methyl-pyrrolidone is recycled to
the amination reactor where, in presence of ammonia and
of additional methanol, will be converted intoc mixed

methylamines.
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