; dee3ey9Hy 6l R6TH*7 * WD 00/ 06540 1 LACTAM DEHYDRATI ON PROCESS 23 Sept enber
2002 PCT/ FR99/ 017 invention relates to a rocess for
separating the vva ‘Mﬂﬂmmmmlgqueous | actam 5 sol ut i on23Septambers002or e
particularly resulting fromthe reaction between an
amnonitrile and wat er'%®hi s reaction also being called cyclizing
hydr ol ysi s)wo 1} fé5ia@g the cyclizing fiydrol ysis of @#ap aigwomiitsil € in order
to forma |actam one nol ecul e of ammni a per nol ecule of lactamis al so
formed. At the end of theLicaghi DEHYDRM TOBAGROQRSAT Xt ure therefore contains
at | east the |actam produced, the excess water 15 and ammonia . It may
contain | esser anobunts of am nonitrile that has not reacted, or possible

by-products of the reaction. It may also conprise a solvent possibly used
20 in the cycl i zi ng I’W’&r BP—”?§P§tr Eaeenbipn W?éaéfél it2i AgPRYEFDF ysi s may be

carried out vapour gui d phase. ? rocess of the

i nventi on n%&r att& rgi‘t?’és%ﬁ‘i’q‘ ABIRCERe *8F C8Fher of these

nmet hods ({; ARa At t| on. 25 For the description of the various processes for
prepari ng a lact am by cyclizing hydrolysis of an aninonitrile, reference

may be made, for exampl @ppl@cFahepé Fr#rdhiGa9y74b armiQchpbernational
Pat ent 23 Sept enber 882 2 Application WO A- 96/22974 or to International

Pat ent Appliteatliingy Do 8hel14664t a0 O5/Wedaban Eménani aohiéranes used for
preparing lactans are nore particularly amnonitriles having from4 to 12 5
car bon at ome3tew eftdrisbirpakithenr abso bpairdeark ldlddleacilé zaninonitril es.

hydrolysis) .

10 During the cyclizing hydrolysis of an
aminonitrile in order to form a lactam, one molecule of
ammonia per molecule of lactam is also formed. At the
end of the reaction, the reaction mixture therefore
contains at least the lactam produced, the excess water

15 and ammonia.

It may contain lesser amounts of aminonitrile
that has not reacted, or possible by-products of the
reaction.

It may also comprise a solvent possibly used

20 in the cyclizing hydrolysis reaction.

The cyclizing hydrolysis may be carried out
in vapour phase or in liquid phase. The process of the
invention may apply to mixtures resulting from one or
other of these methods of preparation.'

25 For the description of the wvarious processes
for preparing a lactam by cyclizing hydrolysis of an
aminonitrile, reference may be made, for example, to

Patent EP-A-0,659,741 or to International Patent

(URI0GAI W

*G00002*



.As exanpl es of such amnonitriles, nention may be nmade of those which
derive fromthe hydrogenation of one of the two nitrile functional 10
groups of dinitriles, such as adiponitrile, nethylglut23Segdtember 2002

et hyl succinonitrile, dinethylsuccinonitrile, succinonitrile, glutaronitrile
and dodecanedinitrile, into a primary anmine functional group. 15 Anong the
solutions resulting fromthe cyclizing, hydrolysis of an amnonitrile into a
| actam those which correspond to theq%reparation of caprol actam from

6- ami nocapr QoL §LLe; BRCyEl 56 A RSt ThUBORABNnd 1 060 Atk d ndust i al

st andpoi nt , nce t sai d caprol actam upon polynerization, |eads to

nylon-6. Theppneegssort wiheaigwernideuw and bsyhesgéore relate nore
particularly to the distillation of the water from aqueous sol utions of

caprol actam but thisTRE ahtidditatiiles mpdalfes bpeepsairsgpasattdn® aqueous
solutions of other lactans. It is necessary beforehand to have separat ed,
general |y byrei serkl perbhculdmelumminioniteided havihe fre Sam dither 2002 3
reaction. One nmethod of separating the water that g%% be envi saged consi sts

in distildiSGTPAB REPEF  RTRERRARY Jressdr 87 (PEdRChFAA bPRAfiA to 20 nbar.

absol ut e, for.examglei SO as not to exceed 145C at the bottom of the
1NIoNiCtrlies

col unmm_ Such™ process Thnvol ves condensing the water thus distilled, by

circulating a fluid (ggchgé%y@g &9 s@fc}ﬁa?n%ﬁ@ﬁ&éﬂ'i@spfmé&é?or% han or equal
to 15C. By way of exanple, this requires the presence of a refrigeration

unit havi ngraypdeehatl apptxéaniteloh Hezifegawait Shén order to treat the
order of 8 tonnes/hour of an aqueous |actam solution having a sol utes
concentr at i dwydobgapptognnaf ebrye 6RO Hhe WaicghtitrThe Swihfetdénaf the present
invention is a process for separating the water (which process may al so be
cal | ed dehy@ratPsnif foni bl tefpieciict && afieonritrdhe. which process is nore

econom cal bot romthe standpoint of the investnent necessary for its
inplenentatFﬁﬁggaggPFﬁﬁ??hﬁr%f%hdﬁﬁpﬁﬁuﬁFlPﬁElEﬁérgy consuned.y

dimethylsuccinonitrile, succinonitrile, glutaronitrile
and dodecanedinitrile, into a primary amine functional
group.

15 Among the solutions resulting from the
cyclizing hydrolysis of an aminonitrile into a lactam,
those which correspond to the preparation of
caprolactam from 6-aminocapronitrile and water are the
most important from an industrial standpoint, since the

20 said caprolactam, upon polymerization, leads to
nylon-6.

The process of the invention will therefore
relate more particularly to the distillation of the
water from agqueous solutions of caprolactam, but this

25 distillation may also be transposed to agueous
solutions of other lactams.

It is necessary beforehand to have separated,

generally by distillation, the ammonia formed in the



More specifically, it consists of a process for separating the water from
an aqueous | actam sol ution, which process conprises: - distilling the water
inafirst distillation colum by maintaining a tenperaksSep@mbdi2ohpt t om
of the columm of |less than or equal to 160C and 23 Septenper 2002 4 -
preferably | ess than or equal to 145C, and an absol ute pressure of 50
mllibars to 200 mllibars, and cond§nsing the distillate at a tenperature
of 30C to 60C using a coolant; - subjecting the lactamremaining at the
bottom of the fifst colum to distillation in a second distillation colum
by maintaining a tenperature at the bottom of the colum |ess than or equal
to 160C and preferalpe kRsholihan Qépgﬁbléhnéotﬁé%téﬂdtﬁaé”ﬁ&?ure of 10 to
45 mllbars, and - recovering the water containing traces of Tactam

di still ed ne driiid ssee@Ndonelisig, ihndibeiivinyothe¥apaverasra tenperature
greater than or equal to 70C. By operating the process according to the

i nventi on,redudesl motessares Jdepst bhhaveraegeéli gera0imbaunit for condensi ng
the water at the top of the first . colum. The water, containing traces of
| act am diastisdlack,i farhexaepdrd eol aanmnos poebecabliylistydtedtait o t he
first distillation colum. This recycling may be carried out after

condensi ngodtdomaiferchat colemar.essure of the second colum, either between
10 and 45 mllibars absolute, corresponding to a tenperature of 5C to 30C.
However, such a variSaeh enlpyocegsai iegodveef rpydensing thetwhaging a power
of approximately 100 23 Septenber 2002 5 to 200 tines | ess than that of
the refri gétud iBPidiltedahitdh chsGrdarane pebhuhdcésyahyasnwakertont ext of a
distillation using a single colum. According to another enbodi ment of the
5 inventi Gt & Hemparatugenrdi AeRg§ £havesropaladt hen 181G+t iBY &Y n the second
colum may be conpressed by

of example, this requires the presence of a
refrigeration unit having a power of approximately
1.2 megawatts in order to treat the order of

8 tonnes/hour of an aqueous lactam solution having a
solutes concentration of approximately 60% by weight.

The subject of the present invention is a
process for separating the water (which process may
also be called dehydration) from an aqueous lactam
solution, which process is more economical both from
the standpoint of the investment necessary for its
implementation and from the standpoint of the energy
consumed.

More specifically, it consists of a process
for separating the water from an aqueous lactam
solution, which process comprises:

- distilling the water in a first

distillation column by maintaining a temperature at the

bottom of the column of less than or equal to 160°C and



means of a steamejector to a pressure allowng it to condense at a
tenperature greater than 15C, using a standard cool ant such as the

at nospheric air or water 10 at roomtenperature. |n thied Septamberi2802e| i very-
pressure of the steamejectors nust be at |east equal to the pressure of
the first columm, advantageously between 25 millibars absolute and 50 to
200 mllibars absolute the pressure of the first colum. In this 15

enbodi ment, the refrigeration units gre omtted. Overall, the present
process is characterized, for the sane capacity of distillation of an
aqueous | actam sol ution, by a much | ower total energy consunption which can
be broken down into an 20 electricity consunption which is 100 to 200 tines
| ess, as indicated previously, and an additional energy consunption in the
f or m of s@é%ﬁ?r@QlﬁrH%$StBhﬁ@a?rtﬁ@uéécéﬁdléélGwnanﬂhﬁéhapéﬁﬂé§@nts only

| ess tha e e gl r y Y 25 The
wator rocByoreattrom the o BT o Lrot "ealieaTrY Ahadeaaed ISt Ehe
pressure ofietdisttblabm, at.a. téepaeehubd oifl BOBAr scand *200sinll abar s
correspondlaf p.a tenperature of between 35 and 60C, 23 Septenber 2002 6
conpatlbl% ¥Rt frost cool ant s general ly used, such as atnospheric air or
river water or- W@lﬁl@jeétﬂﬂﬂgcﬁﬁéll]gctgweféma]fhﬁnhjﬁber thecpyeess Hromthe top
of the 5 second colunm may be partially condensed at approxi mately 70C

bef ore beflg Ebﬁ%¥e@@l?m%oﬁ@eﬁ§§ﬁlhhét%ﬁ@nlﬂeﬁuﬁﬁéénﬂod@ﬁélﬂﬂﬁ§@®éolunn
This arr I t u e 0 be
condenseg&9 b ?%ﬁ#élggg d?t?%n ekggh%ﬁe?gfggg @%t?%mr %uéggthe anount
of energyc@b@mssheysfbhanamryquabutothse OpendtpmefeBabmyelébss condensed
water is recycled int the flrst colunn it m advant ageous to add a
certain a tObfeWsR brtPntdr der #8Yr 8IBEESPHE 18 c%BrBPaégan1concentration
and to prevembats, fa@m precipitating. Furthernore, despite the need for an

addi tional colum, the i nvest nent necessary, for the
~ recovering the water containing traces of lactam,

distilled in the second column, in the form of vapour at a

temperature greater than or equal to 70°C.

By operating the process according to the
invention, it is not necessary to have a refrigeration
unit for condensing the water at the top of the first
column.

The water, containing traces of lactam,
distilled in the second column is preferably recycled
into the first distillation column. This recycling may
be carried out after condensing the water at the
pressure of the second column, either between 10 and

45 millibars absolute, corresponding to a temperature
of 5°C to 30°C. However, such a variant only requires a

refrigeration unit having a power of approximately 100



.sanme production, is also less in the process according 20 to the invention
than in a process carried out using a single colum, on account of the
considerable refrigerating capacity needed in this |at23rSeptember200Zhe
aqueous | actam sol ution, preferably caprolactam from which the ammoni a has
been renoved, 25 has a | actam concentration which varies w dely dependi ng
on the conditions under which the said |lactamis prepared, especially the
initial water/am nonitrile nolar ratio and whether or not an organic
solvent is o2300epigibeleL004 a0 HR%ERE. thBerd aci AR LONGERY LT on may
generally vary from5%to 800 by weight with respect to the total weight of
t he sol uti oghiandwpned ehiabd ybodaroMea2@Ushay7 2o Shaceorntwxtvaifera t o be
distilled has physical properties that are very different fromthe | actam
from whi ch idismidfabeos epsred e, siirtglies codtimnecessary to use distillation
colums having a very |arge nunber of theoretical trays. Columms,

particul arly packed cdfeeFdingith apothegsempasinerloreditdi® trays are very

suitable for, inplenentjng the process of the_ invention. Columms having a
nunber of° t HEYFELTER! F?%y%a?%#tﬁ?ﬂfQﬁW&ngtFSCiﬁ yIaG ¥ exanpl e, be used.

The packing yyseqd; By bg Ole tOe- 4 RP%01RAG '“‘E?Z% Q5 ASL S NRGk) Ng type, as

proposed by the various nmanufacturers and according to the rules of

the art. It peainal 6@ 9%;@&&5%%&&@ tPlugReswht8 f1aMsif tthessanme
efficiency, although this is | ess advantageous fromthe standpoint of head

| osses_ The preeass a8t &heehpwetiQn Heaserotngxclirde LRengogsi bility of
separating the water fromthe aqueous | actam solution using nore than two

col ums. Howewekarincg8nghal stidh Sad THENRREBSPAEY: Nngli r fdi thalgyore, the
econon ¢ advant ages provi ded by the process described above woul d be fewer

if the mMunbert abodi stimpéadtwre cainimis swekeet othe deriwased significantly.
The present invention also provides a |actam solution which is
subst ant i al Presprseopfnkhersteowre maatogist abasdbbyat hkegttocsssldescri bed

above. The exanples which follow illustrate the invention. 23 Sept enber
2002 8 EXAMPCEPe BreffvFat?bntif th ko COOPIims2 PRI Yer at i ng at

different pressures..Di stil)ation of epHs | act.am_sal uti on having
t he foIIomﬁ%ﬁﬁggﬁﬁog?twb%il%éysvéh%ﬁ%y%%0§§§y9§eF§ﬂfﬁé)éé%%ﬁ)%ﬁgtanl 60% by

wei ght. The ghanaeker tabi Sseffutdef ivhet rdi-sti Ebalhon &0l are as
fol lows: - number of distillation stages (theoretical 10 trays): 4

15 embodiment, the refrigeration units are omitted.
Overall, the present process 1is

characterized, for the same capacity of distillation of
an agqueous lactam solution, by a much lower total
energy consumption which can be broken down into an

20 electricity consumption which is 100 to 200 times less,
as indicated previously, and an additional energy
consumption in the form of steam, in order to heat the
second column, which represents only less than
approximately 15% of the electrical energy saving made.

25 The water recovered from the top of the first
column is condensed at the pressure of this column,

i.e. between 50 millibars and 200 millibars

corresponding to a temperature of between 35 and 60°C,



- reflux ratio: 0.1 - absolute operating pressure at the top of the colum:
0.13 bar - tenperature at the top:, 50C-15 - tenperature at the bottom 135C
- heat load of the boiler: 3.9 CGcal/h - heat |oad of t[23 Septeinberc20023. 6

Gcal /h. The characteristics of the second 20 distillation colum are as
follows: - nunber of distillation stages (theoretical trays ) : 3 - '
absol ute operating pressure at the tog of the colum: 0.02S bar 25 - top
tenperature: 130C - bottomtenperature: 145C - heat | oad of the boiler

0. 08 Ceal / heomgde S61d el 2232 Ro1ahest gbrady pfy hthed/0Gupdgrat ed parti al

condenser: 0.02 Gcal/h - heat |oad of the condenser for the water to be
recycl ed i nkembighéristaiooldammyiverOZatesl 6h batePpoireim coasumegd by the
refrigeration unit in order to condense the water at the top of the second
colum: 10 kbywewsth condensation at 35C. The caprolactam stripped of its
wat er, which was obtained in this exanple has the follow ng 10 conpositi on:
- water: 0.010 by weifR watSprecaveart 59°0mobke Hyrrwiiglithie COVPARATI VE

TEST: Conventional djstillation usin 15 refrigeration unit at the top of
the col un BPSEPTI SR 1B G5 B S &R AAY: G R T5I4towi ng Conposi tion: -

water: 40% by wei ght - c d’o| ctam 60% by weight. 20 Tge characteristics
of the di stF‘%Pﬁ?i‘g’ﬂaE%]r%?]ﬁ gr Eeggr?o??ﬂ%:cqm a¥ GPRFPRERTI 28F on st ages:
4 - reflux tio; 0.1 - bos Iutef.os%rag ng prgssure at tehe top of 25 the
colum: 0.0 eBaFegujf%‘?T%g? aﬁiﬁee d‘t‘pt h& ?813“ 1@8 gement
makes it possible to limit the amount of water to be
condensed under particular conditions and therefore to
10 reduce the amount of energy necessary for carrying out
this operation.
Before this condensed water is recycled into
the first column, it may be advantageous to add a
certain amount of water in order to reduce the
15 caprolactam concentration and to prevent it from
precipitating.
Furthermore, despite the need for an
additional column, the investment necessary, for the
same production, is also less in the process according
20 to the invention than in a process carried out using a
single column, on account of the considerable
refrigerating capacity needed in this latter process.
The aqueous lactam solution, preferably
caprolactam, from which the ammonia has been removed,
25 has a lactam concentration which varies widely
depending on the conditions under which the said lactam
is prepared, especially the initial water/aminonitrile

molar ratio and whether or not an organic solvent is



.- tenperature at the bottom 140C 23 Septenber 2002 to - heat |oad of the
boiler: 3.6 Gcal/h - heat |oad of the condenser: 3.4 Ccal/h - power
consuned by the refrigeration unit: 1200 kW w t h conde3Ssptembet 2002C. 5
The caprolactam stripped of its water, which was obtained in the )
conparative test has the follow ng7conposition: - water: 0.004% by wei ght -
caprol actam 99. 9960 by wei ght. 23 Septenber 2002 11 CLAIMS 1. A process
f or separatésaptt-h8healeetdn ormraensgaebes tactagmresal Uy iy whi ch process
conprises; (a) distilling the water in a first 5 distillation colum by

mai nt ai ni FEPR TerfPePfure “Riahte bRt BRFRICH € EBPURPE®Y 1ess than or equal
to 160C d. t f ] 14 L4 t 0 1.1 b , d
0 an %gt gﬁs%hr’%l g?g&x?sosn“r Qnd 815&&461'8)1‘0%%%% ?%sg e'g"c%% I bars, an

condensi n‘@’ef I'stl at d tenperature usi'ng a cool ant;
10 (b) subjecting thacbaghamdFrai8i P8 @ stihaBohkompfsida said first
colum to distillation in a second distillation colum by maintaining a

t enper at upeopdrttilees bbatoarefvddye di6faneant eSont han diacegudromo 160C and a
pressure of 10 millibars to 45 mllibars; and 15 (c) recovering the water
cont ai ni nght¢lacds myFt| Bet aeRarditedi | LediF Methaesgrgasecehdscol uim, in the

f or m of vgg)our t_.a tenperat greater than or e al to 70C. 2. A process.

a re
accordi ng S(’)tlcliléal%oil, “WheT st ﬂ‘afd fné Yeé%eraarlgﬁrg A ht%i ned at the bottom

of the fifpgloS;WIN ksal§SSs than or equal to 145C. 3. A process according
toclaiml1 or claim 23 Septenber 2002 12 2, wherein the tenperature

mai nt ai ned at the koltuns ofpddid cadaohy padikad coduiness witdn aer equal to
145C. 4. A process according to any one of clains 1 to 3 wherein the |actam
i s caprol Aedatmtwe Shearpt beels S raycor e ngehd avhyabhe &frclains 1 to 4 which
further cong{i ses .r ecxgl i ng:. into_the

implementing ep ess of the invention. Columns
having a number of theoretical trays ranging from 2 to
10 may, for example, be used. The packing used may be
of the loose packing or ordered packing type, as
proposed by the various manufacturers and sized
according to the rules of the art. It is alsoc possible
to use columns with trays of the same efficiency,
although this is less advantageous from the standpoint
of head losses.

The process of the invention does not exclude
the possibility of separating the water from the
aqueous lactam solution using more than two columns.

However, in general this is unnecessary and,
furthermore, the economic advantages provided by the
process described above would be fewer if the number of
distillation columns were to be increased
significantly.

The present invention also provides a lactam solution

which is substantially free of water, whenever obtained by

the process described above.

The examples which follow illustrate the invention.



first colum, the water containing traces of lactamdistilled in the second
colum. 6. A process according to Caim5 wherein 10 the water is recycled
after being condensed at a tenperature of 5C to 30C an@3$8eptamber200@f 10 to-
45 mllibars. 7. A process according to claim5, which conprises recycling
the water containing traces of 15 lactans after conpressing the distilled

water at a pressure at nost equal to the pressure in the first colum and

condensing at a tenperature greater than 15C. 8. A process according to any

one of clai O @ 10 ﬁsmilgg\%%t Qgghcg@réﬁg%nn%gq&ge\g@ggr to the water

containing traces of lactam Ich 1s disti e second col um,

before recyghéfskidg idt Qiitftfgrtehngsfjrggg@f@g, 23 Septenber 2002 13 9. A
process according to any one of clains 1 to 8 Wierein the first

distillation colum arigtiheaséeandfdastadilahisorapaloleetaach has at | east
two theoretical trays, and preferably from2 to 10 5 theoretical trays. 10.
A process ascbetdiom hayviamgy tdwee fofl lowangscdmpasidigmer ei n the distillation
colums are packed colums. 11. A |actam solution which is substantially 10
free of W®ater, wheneve™adisidi A8 BY Wepdltess as defined in any one of

clains 1 to 10. .AuyR A . AA9. AA . Ah . AR, . A 9R A&) . AU. A, A. AE"
* <Ki/@\ERef 78Uf { vl ;%]_X]d r@i]ac?&]aglé] %8?c c"é%etc'a] cal cai ca] ca] ca] ca] ca] ca] c

a ca] ca] ca] ca] ca] ca] calsahcabeathoal ehal 52l Gal G @it LRI GZEQMIV| wr mhch V)

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cTa] ca] ca] cal ca] ca] ca] ca]

cal] ca] ca] catsahed] £ed G 1LIRBQs s T . X N
}xsnid_Z]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lca]lca]lca]lcalcalcalcalcalcalc
a] ca] ca] ca] ca] ca] ca] cajreajes] of] dakFillat#®n "sfde@sy,(theoretical
10 trays): 4
- reflux ratio: 0.1
- absolute operating pressure at the top of

the column: 0.13 bar

- temperature at the top: 50°C

15 - temperature at the bottom: 135°C

- heat load of the boiler: 3.9 Gcal/h

heat load of the condenser: 3.6 Gcal/h.

The characteristics of the second
20 distillation column are as follows:
- number of distillation stages (theoretical
trays): 3
- absolute operating pressure at the top of

the column: 0.025 bar
25 - top temperature: 130°C

- bottom temperature: 145°C

- heat load of the boiler: 0.08 Gcal/h



\
| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! - 0O<f t MFOabbcn] w mhc’28 $eptémbbe2g02a] cal ca -
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] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal,ca] ca] ca] ca] ca! $&XxQ R6ksK| wr mhc”Y] ] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cd] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca
#1 ]5l 7¥ E! Ll g¥ | 1 %xr ]nhcl‘ e@aﬁ cl éaféaf%‘éu]%a] Eﬁjd@a]acﬁjiﬁfﬁ‘aﬁa] ca] ca] ca] ca] ca
] ca] ca] ca] ca]) %ca cal alJcalcalcalcalcalllgtstttiit” " $$19R29%80V
&X&f &&' }' ?? % )a[%%/ﬁ 6@]&] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca

ca] ca] ca] ca] ca] ca] ca c ca O* L*y***xx*
]+++]+$ ] ., ] . ] - ] ] sz?e\gt al]o% @\% %&é‘%&@%x‘: oC}ta] cal catieca%éa] cal ca] ca]
ca] c”a] ca] CBLC@&@?&:F@& Cﬁilt(‘ca]t%l %al:ge] eathea] C@]G?za]d‘c%h%] cajcajcal... Q" x//
[11171/0=00000MLN11$29%24252=2r 25222| 333zupkf a\ VU] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca] ca] cajsca] ca] ca] ca]<ajxalrcadneahed] ba] chd cad fiajaaldion aalicaliaa) cal cal cal
333D4[ 4\ 4f 49g44445#5Mb55555%6&6T6666B7C7Z77777{vql ga\ Vzupkf a\ VU] ca] cal] ca] ca
] ca] ca] ca] catflen] talferxidreU|tdg] wattadk chltd cedre & fc dljec alglcoad] cal] ca] ca] ca]
ca] ca] ca] caU] ca] ca7888y9f 4g44445#5Mb55555%6&6T6666B7C7Z77777{vql ga\ Vzupkf a\
VU] ca] cal] capéuina) t&]kih] cvilc apodeheathealhtal TEY cal cay] ca] ca] cal) cal] ca
U caU] ca] ca]ca]ca]ca]]ca] calcal]ca *<Kvi K-F 10% o0& ()- s10% o& ()-f
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Y10% o& () - BPFd a*a&zpe-)g 1@3@ R (9L PHRDE () - |
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COMPARATIVE TEST: Conventional distillation using a

15 refrigeration unit at the top of the column

Distillation of a product having the
following composition:

- water: 40% by weight

- caprolactam: 60% by weight.

20 The characteristics of the distillation

column are as follows:

- number of distillation stages: 4

- reflux ratio: 0.1

- absolute operating pressure at the top of

25 the column: 0.015 bar
- temperature at the top: 13°C

- temperature at the bottom: 140°C
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5 The caprolactam, stripped of its water, which
was obtained in the comparative test has the following
composition:

- water: 0.004% by weight

- caprolactam: 99.996% by weight.
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5 distillation column by maintaining a temperature at the
bottom of the column of less than or equal to 160°C and
an absolute pressure of 50 millibars to 200 millibars,
and condensing the distillate at a temperature of 30°C
to 60°C using a coolant;
10 ({b) subjecting the lactam remaining at the
bottom of the said first column to distillation in a
second distillation column by maintaining a temperature
at the bottom of the column less than or equal to 160°C
and a pressure of 10 millibars to 45 millibars; and
15 (c) recovering the water containing traces
of lactam, distilled in the said second column, in the
form of vapour at a temperature greater than or equal
to 70°C.
2. A process according to claim 1, wherein
20 the temperature maintained at the bottom of the first

column is less than or equal to 145°C.

3. A process according to claim 1 or claim
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4. A process according to any one of claims
1 to 3 wherein the lactam is caprolactam.

5 5. A process according to any one of claims
1l to 4 which further comprises recycling, into the
first column, the water containing traces of lactam
distilled in the second column.

6. A process according to Claim 5 wherein
10 the water is recycled after being condensed at a
temperature of 5°C to 30°C and a pressure of 10 to 45
millibars.
7. A process according to claim 5, which
comprises recycling the water containing traces of
15 lactams after compressing the distilled water at a
pressure at most equal to the pressure in the first
column and condensing at a temperature greater than
15°C.
8. A procesas according to any one of claims
20 5 to 7 which further comprises adding water to the
water containing traces of lactam, which is distilled
in the second column, before recycling it into the

first column.
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5 theoretical trays.
10. A process according to any one of claims
1 to 9 wherein the distillation columns are packed
columns.
11. A lactam solution which is substantially

10 free of water, whenever obtained by a process as

defined in any one of claims 1 to 10.



