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caprolactam as the starting material. A commercial
process typically involves heating caprolactam in a VK
tube at atmospheric pressure for 12 to 24 hours. This
process produces a nylon-6 product that contains 7 to
10 % caprolactam in the product. Excess caprolactam is
20 extracted using an 8 to 12 hour aqueous extraction
process. The extracted product is then dried for 8 to
12 hours producing a dry product containing 0.2 to 0.3%
caprolactam. While this process has met with
commercial success, it has a long reaction resgidence
25 time and a slow extraction/drying step.

U.S. Patent 6,201,096 discloses a process for
the production of a polyamide by reaction of an omega-
aminonitrile with water in a vertical multistage
reactor that is swept by steam. For example, this

30 process can convert 6-aminocapronitrile to nylon-6.

SUMMARY OF THE INVENTION

The present invention is a process for making
nylon-6, comprising:
35 (a) establishing a reactive distillation column
having a top and a bottom, the top having a temperature
of 150 to 200 degrees C and the bottom having a
temperature of 240 to 260 degreesg C, the column having

a plurality of spaced apart plates disposed therein,



pl ates, each stage being separately heated to a 5 predeterm ned
tenperature; (b) introducing caprolactamand water into a reaction zone
havi ng a wormmpaéastare of 200 to 250 degrees C and a pressiCa/ush2/20%2 t o 300
psia (0.69 to 2.07 MPa) to make a reaction product conprising 10
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15 (d) recovering nylon 6 from the bottom of the
column.

The process is expected to involve relatively
short holdup times for the conversion of caprolactam to
nylon-6. It is also expected to produce nylon-6 with

20 relatively low amounts of free caprolactam and/or other

low molecular weight compounds.

BRIEF DESCRIPTION OF THE DRAWING

Figures 1 and 3 are schematic views of apparatus

25 that can be used to carry out the present invention.
Figures 2 and 2A are plan views of plates
gseparating stages of the column reactor of the present
invention.
Figures 4 and 5 are elevational views of the
30 interior of stages in the column reactor of the present
invention. Figure 5 is a sectional view of a stage
taken along line V - V in Figure 6.
Figure 6 is a sectional view of the interior of a
stage taken along line VI - VI in Figure 5.
35
DETAILED DESCRIPTION OF INVENTION

The process of the present invention is a
continuous process for preparing nylon-6 by reaction of

caprolactam in a countercurrent multistage column



reactor. An aqueous solution of caprolactamis first reacted in a
pre-reactor under pressure to initiate (facilitate) ring opening reactions
to converwOa2502806 ti on of caprolactaminto |inear am nocapcoiusozzio®? The
m xture fromthe pre-reactor is continuously fed to a countercurrent

mul ti st age reactaromhére acheeqweacialort ion xdiureamositdatues 10 fiagt via both
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internal capfBractamTecydH,Es 3¢ B&ET i g g L Caprot act am 25
and water 26mar @dliy-stddidaicire drestctalamaatted ficemper gialneanitiea pre-react or
200 to pyg@du t i | TR 14 Ngar; A pasanr Qg acid.
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and 250 degreesam anduiihe d@@&%ﬂ&lﬂxserﬁquw £H0 Qnd 300, R & 69 to
2.07 MPa), preferably between 150 and 200 psia (1.03 to 1.38 MPa). A plug
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reactors due to the counter-current steam stripping and
subsequent internal caprolactam recycle.
20 Referring now to Figure 1, caprolactam 25 and
water 26 are first reacted at elevated temperature in a
pre-reactor 200 to produce a product 28 that contains
some linear aminocaproic acid. The mole ratio of
caprolactam to water is not critical, but preferably is
25 about 0.4 to 0.6. The pre-reactor temperature is
maintained between 200 and 250 degrees C and the
pressure is between 100 and 300 psia (0.69 to 2.07
MPa) , preferably between 150 and 200 psia (1.03 to 1.38
MPa). A plug flow type reactor is preferred to achieve
30 a narrow residence time distribution. For this purpose
a tubular reactor or a column reactor can be used.
Preferably the column reactor igs an up-flow packed
reactor. Hold-up time for the pre-reactor is between
20 to 40 minutes, preferably 30 minutes.
35 The pre-reactor reaction product 28 is fed
continuously near the top of a multistage column
reactor 100. Standard distillation columns are
suitable for use in the process of the current

invention if the residence times in the stages are



invention if the residence tines in the stages are - 3 WD 02/102876
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requi red.wohe/10mgui red |iquid residence tine in the reactPom/uss2/bwrneen
four hours and eight hours to 5 achieve the average nol ecul ar wei ghts
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interior of the multistage reactor 10 di'vided into discrete stages 1

to 12 using peaterated ﬂlé‘ttt?ss i3 t® ?33 @é’t@/\ééh AR P tesFeFd lvhé Ipl at es,
shown in Fi guiotpZiEand B awter2ALa, andhyde s, | pe feyiatiary 36 (36')
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configuration ie pre stages wher e % 4&Cion is
enpl oyed to @@rﬁv@@et@@@da{ﬁa@w@%mw rﬁneomsé@m%mesﬁe@ fofhe shaft 31B

for the agit aiatechl vl ades pRGshauluhasio 106 (b ough she concentric

downconers 37. Stages wheré_no agitation is required can _be any type of
tray cont? gudafiedn espIesjed vh 1nditds HieateTo Paguifméde, cdéfmas” f | ooded or
weir trays, wealctpreferably with arrangerrents shown in Figures 4, 5 35 and

6 to mnimze anyAgiq%ﬁ %ratég %”%u&% 1, p%he interior of the

multistage reactor 100 is divided into discrete stages
1 to 12 using perforated plates 13 to 23 between the

20 stages. The plates, shown in Figure 2 (and Figure 2A),
include small perforations 36 (36’) which allow vapor
to flow upward from stage to stage, and a larger
downcomer tube (or tubes) 37 (37’) which leads from
each stage into and below the surface of the reaction

25 mixture in the stage below, allowing the liquid to flow
downward from stage to stage. A flooded tray
configuration is preferred in the bottom stages where
agitation is employed to achieve good mixing and
improved mass transfer. The shaft 31B for the agitator

30 blades 31C should easily extend through the concentric
downcomers 37. Stages where no agitation is required
can be any type of tray configuration employed in
distillation equipment, such as flooded or weir trays,
but preferably with arrangements shown in Figures 4, 5

35 and 6 to minimize any liquid back flow due to vapor
traffic in the column and to provide adequate mixing of
the incoming liquid into each stage reaction mass. The

number of stages is chosen to achieve a high rate, per



traffic in the colum and to provide adequate m xing of the incom ng
liquid into each stage reaction mass. The nunber of stages is chosen to
achi eve awbiogho2saé e, per - 4 WD 02/102876 PCT/ US02/21072CTarsor21wf2 1i quid
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usi ng, for exanple 5 reac y i ncl udes
means to sep&ﬂ@@@ta@d Wﬁéﬁ@hnoﬁosuﬁéré@ﬁﬁﬂﬁ §ﬁ?a@apW@técﬁa@ewhe@heﬁeaves

the top partrebnt Beice gs%féa»r@dvaaobr%xa%oanu%&%n&@en%ﬁe hegilitg One such
nmeans is a partial condenser 39 at the top of the colum. By neans of

mani pul a3 ng TEREIEETERGWYARS ihe kPEr XERFE OBt aT@ﬁoFFﬁ&WWPéld into 32 and out
of 33 the coaht@gdsiced ahtbhéhpakbhalkogondenser a3%eibhe reopdenser is

mai ntai ned afpacteupgrayuLe sYf Lelent,t 9 gAgNee gNg et urn most of the

approximately equal to the weight flow rate of the pre-
reactor feed. A vapor stream 34 is removed from the

20 top of the column. The stream 34 will contain steam
and some caprolactam. The caprolactam can be further
separated and recycled to the column reactor 100.
Polyamide product 24 is continuously removed from the
bottom stage 1 using, for example, pump 38. The column

25 reactor 100 preferably includes means to separate and
return to the column any caprolactam which leaves the
top part of the column as a vapor or as an entrained
liquid. One such means is a partial condenser 39 at
the top of the column. By means of manipulating the

30 flow and temperature of a cooling fluid into 32 and out
of 33 the cooling side of the partial condenser 39, the
condenser is maintained at a temperature sufficient to
condense and return most of the caprolactam to the
column while allowing steam to be removed in vapor

35 stream 34. The use of the partial condenser can
control the temperature of the top stage 12 of the
column reactor 100. Further control of the temperature
can be achieved by manipulation of the flow rate of

water stream 26 to the pre-reactor. Additionally, one



colum while allowi ng steamto be renoved in vapor 35 stream 34. The use
of the partial condenser can control the tenperature of the top stage 12
of the cwbwanozseact or 100. Further control of the tenper CHMAS2/ZEM be
achi eved by manipulation of the flowrate of water stream 26 to the
pre-react or. cAddictrieomdlages are beb added) 2/0l @287 G RTMUSKEHRAIDT Zbdre NOr e
stages can b d t cal r t.Qr \V; d , d a
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mai ntai ned  ghiiGieeMd i ah i@, the reaction mxture does not freeze.
The tenperature at _the top stage 12 of the_ columm is nmaintained at_a | ower

tenperature than the F6™R A& e O SRcstgy e mepid-aiged

t enper at ure suf frimiirnailye tiath ahtae;tTrtefeawa?ttiM mliscthir@h cﬁjaﬁflgibril:t o keep
the reactionnxture,.in | iquid state, .an condense st t he
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The 15 tenperatlwma dfs madntegnsdage ef lowerc damperaganteort KO0 tishoul d be
bet ween 150 and,204.dedr ees the Motldm !%‘Elsd%'eblle Ao CEHHE LA of

upper stage 12 “tenperature and a partial —condenser 39 to nimze outflow
of caprol act &f "PRELEARSEr ature teMPsFatym2 Gt hattage hiich sdjawsteda o be kept

suf fi ci ent | y xabpverheeai®lidieaineiie h the ipRlivamkded 0 keep the reaction
mxture in aliquid state, hut as |ow %%ﬁpos& le.to mnimze the

regeneration® R5FoMeStamtandtc FaPK EREY 1th oGy i aR e vdrsem
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Wth o P e CEABPR Rt B Ent R GAPP o [ SR Ehas Aer gl 1 bri um
concentr at i oshdegends betwieencdimdl anidve 030 ddiofireerseice Bét visen t he renoval
of caprolact aEsbhefet B8 use a combination of upper stage 12
temperature and a partial condenser 39 to minimize
outflow of caprolactam. The temperature of bottom
20 stage 1 is adjusted to be kept sufficiently above the
melting point of the polyamide to keep the reaction
mixture in a liquid state, but as low as possible to
minimize the regeneration of caprolactam and cyclic
dimer through a reverse polyaddition reaction. The
25 temperature of the bottom stage should be between 240
| and 260 degrees C.

The ability to achieve a nylon-6 product with a
free caprolactam content significantly lower than the
equilibrium concentration depends on the cumulative

30 difference between the removal of caprolactam from the
reaction mixture by steam stripping and the generation
of caprolactam by reverse reaction. This ability
requires that the average temperature in the stages not
exceed a value above which the regeneration rate of

35 caprolactam becomes higher than the stripping rate by
steam. Averaging over the bottom half of the reactor,
this temperature is approximately between 240 to 260
degrees C.



reaction mxture by steam stripping and the generation of caprol actam by
reverse reaction. This ability requires that the average tenperature in
t he st agewometiozsexceed a val ue above which the regenerati @OTABIE2O2 35
caprol actam becones hi gher than the stripping rate by steam Averaging
over the bottom hadfeafrine neactorFiguts 3t afperat unest Sstappsoxi ned el y

bet ween 240 t degrees A / 7 / %%ggg ferring
now to Fi gur elcbs,%q% I "or nos lggteg %lﬁlgf_o&lq%?a@ee%ge@% y eé}ﬁ%gted W th
means for i nd&pErEntot demrenatoire erursateantrothiss degtol is best 5

acconpl i shed diags ifhas 8 ddOWNG IHSWI ) hipatg 11asd efededi um passing
t hrough jackets, coils, or " other, heat-transfer devices 40 to 48 which can
be used for BRI IFEaMSH UhPITOMh S PIHE stafiriryr Vi@t tbe $F ocess, heat

needs to be Milmddetbamsairdierd0piafiddie 4eans ors twhidh neait Nes n@aed i on

m xture to ttkeord Si reg1 retacti on C%\g erature, and the exotherm c reaction
heat has to be rer?o% G- 1 FENeT° 'S to prevent excessive

t enper at ures | eadilng & ctdndgwet Eudbhd mpnonasapr dexdt amddvels.bd n t he
present 3§ | MR 0kas8ald RDlo£ Qld NG J A TSl S,d LS. hatigm one
third of the reactor are mnirmal. at required for pro act an s?rlppl ng
i s appr oxi matE¥Funsaltendde adinatk taEmt igenh dreasr PFpreacidheBot t om

stage 1 to 5hMRnaliy esLak it Kot nld ad e a-2hwidation Qfer
superheat of the injected steam 30 and the heating coils 46 to 48. Hi ghest

heat |oad inZRES && BRTVERE IBHIRE TR ECRSFFEI R ol PHRS 5 heat
required to \‘apidrZediigniddicantcaminic ofm dapralact am dHeomAdmdteact i on
m'xtureslSSta e t%nperathurets. are 25 controlled.b thei__ mani pyl ati on of the

heating nedi um’ tenmperatire ard T oWTare A5 HEohet St a 10 to 12 of
t he col umm r éadtteom 0@ tieatd mdedshd ordee reeneeed mitrgmedi Nt &antt he desired

stage tenper gidif 8S-e P AW Wprolactam stripping is approximately '

balanced with the heat generated by reaction. Bottom
stage 1 to 5 temperatures can be controlled by a

20 combination of superheat of the injected steam 30 and
the heating coils 46 to 48. Highest heat load in the
column is in the middle stages 6 to 9 due to heat
required to vaporize significant amount of caprolactam
from the reaction mixtures. Stage temperatures are

25 controlled by the manipulation of the heating medium
temperature and flow rate. In the upper stages 10 to
12 of the column reactor 100, heat needs to be removed
to maintain the desired stage temperatures. A large
portion of the caprolactam in the vapor stream within

30 the column reactor is condensed into the reaction
mixtures in the upper stages liberating the associated
heat of condensation. The column stages in the upper
one third of the column are optionally equipped with
means for water injection 29 for temperature control.

35 The column is operated at atmospheric or sub-
atmospheric pressure, preferably less than 15 psia
(0.10 MPa), more preferably between 6 and 8 psia (0.041
to 0.055 MPa) to achieve the desired low level of

caprolactam in the product stream 24. The product



portion of the caprolactamin the vapor streamw thin 30 the colum reactor
is condensed into the reaction mxtures in the upper stages |iberating the
associ at a0 opaers7©f condensation. The col umm stages in th@&cugpser2ioehe third
of the colum are optionally equipped with neans for water injection 29
for tenperat wheuldnprelfer3hlihecnlaim liessopélat ad atmoattnq;ﬁﬁ‘f@rﬂaeal@r sub-

at nospheric ress feer apl n i 0.
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preferably ess than 5% 5y wej ght freé caprolactamto mnim.ze
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i ke annular_s acuum_j et,s or acuum p , Pres e control valve 35
i s conti nuousit § Tu faé S Gvary 9 jl\?élﬁﬁlésotré’&ﬁﬁ Sn
response to btme;ffreazsmfedrapb& Ertessur S4i rint hesp@sm tolhhemmica sadednt age of
the procggs %fre fhe ar q_%er;:thef lvréh%rétll on is expected to be that the

n

countercurre opératio € colum will result in continual stripping
of caprol actam f r et e inowsivagdregs off the DEFocsisemeir &det greseinth hi gh

conversi on, %dfeh%lgelnq%n%x@@ctlefd %fo 1€ YRRk HRAIRn LWy yconver si on,
so that a nylon-6 product Wi th_low free caprolactamcontent is achieved.

Steam is i nj 8BE&E PR Ath&NeaSor WEPa dE Liln Rl t26 s Cogdd nusrlef er abl y by use

of a gas di sigtidigpamnd of @@@jx@a&c@aumffx@wnt@lesubm ot sStoEFa ihleS
preferabi%/ |%ected m% t he z_ﬁd zone in the bottom sta 1to
he

mexi i ze S PaREFOr o PP S PRAMRES Shag@nd Th € hdrPpdng

acconpl i shed ity at-hé&hes epgle ra pgas 25 wditdt ol conwshrisdlonhasohitdglatpruessur e

drop nOZZ|eSn&%on—6 product with low free caprolactam content is

achieved.
Steam is injected into the vapor space in the

20 stages, preferably by use of a gas distributor to
achieve a uniform distribution. Steam is preferably
injected into the liquid zone in the bottom stage 1 to
maximize the mass transfer efficiency in this stage.
This can be accomplished by the use of a gas

25 distributor which has high pressure drop nozzles to
avoid nozzle pluggage and provide uniform gas
distribution.

In the upper stages of the column, the viscosity

of the reaction mixture should be low enough that with

30 appropriate design of the perforated barriers 13 to 23
gas bubbles from the steam vapor result in effective
mixing in the reaction mixture. At the bottom of the
column, where the viscosity is highest, a mixer
assembly 31 isg preferably used in one or more of the

35 bottom-most stages in the reactor. 1In the reactor
shown in Figure 1, mechanical mixing is provided in the
bottom four stages by use of agitator blades 31C.

Preferably, mixing within each stage is achieved

by either proper arrangement of heating coils 46 to 48
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the column reactor 100 to reduce axial mixing.

Referring now to Figure 4, there is shown the

internal arrangement of a stage such as stage 9 of the

20 column reactor 100. The stage contains a continuous
liguid portion 60 (from the bottom of the stage to the
level indicated by reference numeral 61) and a
continuous vapor portion 62. There is also shown coils
45 for heating or cooling the stage. The arrow

25 indicated as “B” shows the movement of the liquid
around the coils 45 caused by the bubbles 52. The
stage contains a circular central downcomer 50, which
preferably has a bi-conical attachment 51 at the bottom
to (1) deflect the gas bubbles 52 away from the

30 downcomer, (2) prevent gas bubbles entering the
downcomer, and (3) deflect the liquid exiting the
downcomer (shown by the arrow indicated as “A”). The
gap between the attachment 51 and the bottom of the
downcomer 50 is needed to minimize liquid backflow in

35 the downcomer induced by the pressure field created by
the gas bubbles travelling near the downcomer exit.
The gap is adjusted such that the pressure drop created
by the liquid flow is between 0.5 to 1.0 inches of
liquid. At the bottom of the stage are downcomers 55
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trays to all bw aghdgiveatomaghalim 8iBing pdsdcitmoyudgh tthe dowgeoners (not
illTustrated) to aﬁ?%%erably the reactor stages are configured as
flooded trays to allow an agitator shaft 31B to pass
through the downcomers (not illustrated) to avoid
20 sealing the rotating shaft against liquid. Typically,
mechanical mixing is required at the bottom four stages
of the reactor to minimize liquid by-pass. In these
stages mixing induced by gas traffic (as indicated by
the flow arrows in Figure 4) may not be sufficient to
25 achieve the desired quality of mixing at higher
viscosities. Even though weir trays can be employed
above the agitated stages, flooded trays are still
preferred, because they allow reactor level control to
be achieved by measurement at the uppermost stage where
30 it is most convenient.
The polyamide product 24 removed from the bottom
of the column is expected to generally have a number
average molecular weight between 13,000 and 17,000 and
a relative viscosgity (RV) between about 35 and 55. The
35 polyamide product is expected to contain water
extractable compounds, such as caprolactam, at less
than 1% by weight and cyclic dimer less than 0.5% by
weight. The polyamide product 24 is continuously

removed from the bottom of the reactor by means of a
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is required at the bottomfour stages of the reactor to mnimze |liquid
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can be pepl eldaed HSNG SIS, KW heddifAldue SUELAS I rand casti ng.
The follow ng exanpl e was generated by e use o a mathemati cal nodel
of the processTrigHic i nAruddsi tity trecassi@ave ridss dasd maverlgw bal ances,

al ong Wi th reagldign o Kidgtd£s ML LGW 1did &11888 ddRpsferegnd tray ,
hydraul i cs. One of the advantages of the count'er- current columm process is
expected to BEieqnsw ofo M8&S ddediier | eVEISS itraned g3 GFCCIRIET 0 st eam

stripping. Adisalidudgt tthaohicrslittiomesinad ow 1euals wisdirgetabl es is
directly related.to t ef ficien of ss transfer. Mass transfer
effici en%it’/ i ﬁ—ﬁ\ﬁg"s't q’%ﬁ]&eer’ B (G ereeftﬂlr%qricé’ui}@%/ﬁ?&&i ty 15 is
hi gh. Hence, memssirtedanst er leflf iagpenet Usasvibde thargdsyir ed davsd Hials appar at us
with the hig%ﬁﬂé%ﬁgatéfﬁ%he bottom stage of the column. A two
stage 4 inch diameter glass column apparatus has been
utilized to measure the mass transfer coefficients with
20 steam stripping. Polyamide 6 pellets of number average
molecular weight approximately 16,000 were melted in
the apparatus, and steam was injected into the liquid
in the bottom stage using various gas distributors.
Polymer was melted with steam injection at different
25 steam-to-polymer ratios, including no steam injection,
to confirm the extractables regeneration rates. Polymer
and condensate samples were collected at regular
intervals and analyzed for extractables content to
determine the mass transfer coefficients. Mass transfer
30 coefficients and kinetic rates determined with those
lab experiments were included in the mathematical

models to generate the example presented below.

EXAMPLE
35
A counter-current column with 12 stages was
simulated using the mathematical model, with a pre-
reactor operating at 150 psia (1.03 MPa) and 220

degrees C. A caprolactam solution containing 17% water
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entering the partial condenser at a rate of 126 lb/hr.

This vapor is predicted to contain 22% by weight

caprolactam and 78% by weight steam. A polymer product

20 from the bottom of the reactor is predicted to be

produced at a rate of 125 lb/hr, and to have a number

average molecular weight of 17700 (55 RV). The polymer

product is predicted to contain 0.3% caprolactam, 0.27%

cyclic dimer and 0.2% water. Total residence time in

25 the column reactor is predicted to be six hours.
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15 is controlled at 7.5 psia (0.052 MPa). A vapor is expected to | eave the
top stage entering the partial condenser at a rate of 126 | b/hr. This
vapor is woediewsed to contain 22% by wei ght caprol act am &ad/Uk82219y2 wei ght
steam A polyner product 20 fromthe bottomof the reactor is predicted to
be produced at a rate of 125 Ib/hr, and to have a nunber average

mol ecul ar weipghty Qfs {449 . The polynmer product is predicted to
contain O. 3%‘571’}37‘01%171’##%0\9 cyclic dimer and 0.2% water. Tot al
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WO 02/ 102876 1PCT/ WSQRIREQE2 £ MHAL WiSICAMMED S confrks #der 0cess for making
nyl on 6, conpri si n%B (a) estagblishing areactive distillation _colum

having a top and d2bot FHRAUASHIEY Ravisis t Vite fgetdidrd 18t B0 b 200
degrees C anthatfiegbet tem havd Bg bt tHoapenat woe ofavd4y to t2eddegraes C, the
col um havi ng 1 lural ity of spaced rt .plates.di sposed therein,

t hereby def i %.%35? %Purzgﬁoit Gt Z?S@gzda%i*@hb%tt%@ NN IR defi ned by the
col um vol umteppemacmradjcdcedd tpl 2weds degaetessiCageHeeicng weparaatieloy heat ed
to a predeterm t r ; i O r Ci r-pl and wat er
into a ?(Zacta"l Eﬁgg%grﬁﬁg\?ﬁlébgctejgsnﬁ%%ttu%éag %Zgg‘%tpg)%%gg t%%térge?élés C and a
pressure of Ibereby3defssiiag e 63 uwreliryopivedpdes melesha stémsti on product

conprising ¢aphe! aelraMed By RhAMJIERP K1 GnRC b taRd Wl B2 (C)
introducing the reaction product into the reactive distillation colum at
or near the PIRTEF t RECTHLGRT WFNE SFPAGGGE1g Peedsd &° & near the
bottom of t heedekteiminadd tethoeretawer;i ng nylon 6 fromthe bottom of the
25 colu 2. The RrOCES of ciai m 1 vvhgéei n_the rea(éti on_zone has a

|
pressure-df 150 td ﬁoolﬁléiréjdflf 09 GProIgey) and water in

reaction zone having a temperature of 200 to 250
degrees C and a pressure of 100 to 300 psia (0.69 to
2.07 MPa) to make a reaction product comprising
caprolactam, linear aminocaproic acid and water;

20 (c) 1introducing the reaction product into the
reactive distillation column at or near the top of the
column while introducing steam at or near the bottom of
the column; and

(d) recovering nylon 6 from the bottom of the

25 column.

2. The process of claim 1 wherein the reaction zone
has a pressure of 150 to 200 psia (1.03 to 1.38 MPa).

30 3. The process of claim 2 wherein a pressure control
valve is used to maintain a higher pressure in the

reactive zone than in the reactive distillation column.
4. The process of claim 3 wherein the reactive

35 distillation column is operated at a pressure not

exceeding atmospheric pressure.
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30 3. The process of claim2 wherein a pressure control valve is used to
mai ntain a higher pressure in the reactive zone than in the reactive

di still atwom2aedsasem. 4. The process of claim 3 wherein tRETASATLIvE 35
distillation colum is operated at a pressure not exceeding atnospheric
pressure. - B3 WDHe?/ oA RPET/AISAR 21 rdan e preagasisreof claim 4

wherein the r N -ist'llmi lym. d r a ssure of |ess
than 15 psi adE %(\t%(}\i%lge{)%n 5061. gL%p(r% cess o agiogs} %H%%vﬁierreeioﬁ‘;t & 1| ow of
steam is att L53@ie ot YPeMBent. of the flow of the reaction product.

10 7. Thegprocess of claim6 wherein each plate contains: a plurality of

perforations which all ow vapor _caqontained in the reactive distillation
colum to fl 8w upW&r @9ERSoRE §tlade o “artsditadditt Lot S¢S at | east

one downconerst ahe 1whiseh 3al hewsht girdergortfivirg iliow REE neRct i ve

distillation_cal um to fldow downward from one stage to an adj acent stage.
- 14 reaction product.

10 7. The process of claim 6 wherein each plate
contaings:
a plurality of perforations which allow vapor
contained in the reactive distillation column to flow
. upward from one stage to an adjacent stage, and
15 at least one downcomer tube which allows liguid
contained in the reactive distillation column to flow

downward from one stage to an adjacent stage.
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