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{57) Abstract: A method for separating a mixture of hexamethylenediamine, aminocapronitile and polarographicaily reducible im-
purities using fractional distillation in which the temperature in the rectifying zone of 2 distillation column varies sigmoidally along
its length to force a major portion of the PRI to co-disiil] with the aminocapronitrile. '




. Abstract: A nethod for separating a m xture of hexanethyl enedi am ne,

am nocaproni tile and pol arographically reducible purities thﬁ_g

fracti ona{3 (!??tl | lation in which the tenperature in the recti ng zone of
a distill 3B um varies signoidally al ong its lengt H’Cffﬁjqf’ﬁ%(’éé a maj or
portion of the PRI to co-distill with the am nocapronitrile. 21 April 2005
WO 02/ 36541 PCT/US01/ 26132 TITLE 5 - RECOVERY OF HEXAMETHYLENEDI AM NE
(HVD) W TH LOW POLAROGRAPHI CALLY REDUCI BLE | MPURI TI'-ES (PRI) FROM M XTURES,
OF HM ), AM NOCAPRONI TRI LE AND PRI BACKGROUND OF. THE I NVENTION 10 Nyl on
6,6 is produced fromtwo chem cal i ngrﬂ' §pts, hexanet hyl enedi am ne ( FI ND)
and adipic acid (AA). The HviD is, i , produced by the hydrogenation
of adiponiifrile (ADmDCMRYGFHEMMEHJMEDmNm (HVIm)| e cont ai ni ng

6 carbon atorTR 5@2 e conversion of ADN t , ior internmedi ate .
formed is ani i &@WWLMQ@&@PHWW%@DHG{BM MPERIIBES (BREX one
end of the nol eCFh@)MQ@}]}@T‘UﬂEm |I;i?|lermed| ate
that is formed is tetr dr oazi pane ETﬁ%hIﬁ%A?}lﬂ@@?ﬁ%dﬁﬁ?t e addition
of one nolecul e of hydrogen to ACN foll" owed by cyclization and
elimnation of ammonia. THA g - IS igomers with other

mol ecul-es present in the sy AL

THA and i1 ol i gonEYdnics 12%r&ﬂbécﬁﬁém\fﬁb)éhéxﬁm@lﬁﬁ@x@dfeﬁtsas
" pol arographi cal | yr educibl e inpurities' (PRI), Since analysis for the

mxture is dolff@iawﬂﬁl pdippoled andeadirde pad (A44).nGhadMBppiingim,mer cury

causes the nyroRiEaEY s Bladadhaldh (el R AP ADRT: SuingR iR o
produced . by @ﬂagﬂcﬁmaﬂycﬁmamré QETESHRb0E, ewh@y&rx@ma&ﬂmmamnmt of the

THA is 25 hydrogenated to hexanetliylerieiniine which is easil y
renoved from BRET Miymediztedornsd i aniipsaponirils Whmhﬂqas ehdtileexpat s in the

crude HM3s 4t grie end of the molecule and an amine group at the other. Another intermediate

d this m xture of

that 1s formed is tetrahydroaz1pme (THA), which is formed by the addition of one
molecule of hydrogen to ACN, Tolidwed by cyclization and elimination of
ammonia. THA also exists as various oﬁgdmefé with other molecules present in
the system, such as HMD and ACN, and this mixture of THA and its oligomers is
20 collectively referred to as “pbla’iégrapﬁieally'rcduciBIc impurities” (PRI), since
| analysis for the mixture is done by electrochemical reduction using a dropping
niercury electrode. The preseiic’é- of PRI in the HMD is undesirable, because it
- causes the Nylon 6,6 polymeff"f_o‘ be of inferior quélity. ‘When HMD is produced
by completely or nearly qomplﬁély hydrogenating ADN, mbst of the THA 1s
25  hydrogenated to hcxameﬂiyleriﬁhiiné (HMI), which 1s easily removed from the
- HMD by distillation. The amount of PRI that exists in the crude HMD
immediately following hydro genatxon 15 less than 50 ppm, and can be controlled
to acceptable levels in the reﬁned I—IMD by normal distillation.
Itis possuble to produce Nylon 6 using ACN as the monomer. The ACN
30  can, in turn, be manufactured using the sdme equipment used to produce HMD.
The only required change in processing is to partially hydrogenate, rather than
completely hydrogenate, the ADN to produce a mixture of ACN and HMD,
together with some unreacted{ADN 'When this is done, there is a greater than 30
fold increase in the level of PRI in the crude hydrogenation product. Thisis
35 because under partia} hydrooenanon conditions a much smailer portion of the PRI
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i medi ately follow ng hydrogenation is |l ess than 50 ppm and can be
controlled to acceptable levels in the refined HVD by normal distillation.
It is possible to produce Nylon 6 using ACN as the nononer. TQFAﬁggomgo
can, in tam be manufactured using the sane equi pnent used to prB uce” HWD.
The only required change in processing is to partially hydrogenate, rather
than conpletely hydrogenate, the ADN to produce a m xture of ACN and HWVD,
together with some unreacted' ADN. Wien this is done, there is a greater
than 30 fold increase jn the level of PRI in the c e hy enation
product. Thi 3@?g§§35é%§@geﬂﬂﬂﬁ%?°%EW%*%WCmﬁﬂ?ﬁéggﬁg#ﬂ%ﬂmégﬁggﬁ?ons a nuch
srrgl | er pOI’tniec?@saf}iftofréiﬁwl?mePlerBﬂ;éaé(l&rﬂrddua@.gﬁs 596N yEh egedad fdodess M . I n
order to manuf act 0 r grade. HYD.and ACN, it isS necessary to renove
the PRI froﬁ%ﬂ%ﬁ&@%ﬂb‘%@ﬁu@%@?@ﬁg@@gﬂ%g’ P& a process for renoving
PRI from AC:\II usi a@oxrdexagfiév@pdicsminleﬂcany @d&epi&ﬁld@p@addﬁ{oic&prddﬂce@gﬁ/ﬁfer *g@ddjE\éE| op
a commercia accept.abl e process. to co-produce r_grade. HVD ACN,
it is necess@?ﬁ} SGAF N isge Wta?’%my&qfrﬁﬁselna%ﬁpaﬁdﬁl%ﬁ@?w-de%ﬁ%thgﬂ%ti X
with the AGKN,ReHs BYodpERESHIMD Wat Mt AedptabRIevalofPRE EPheaddk 6 nbadyhbrefite, PRI .
There is a need, therefore, for distillatjiqn process that all he
recovery of ot oz alforedhs IWW?%@?M%}S SRy o or3Rbaud

subst ant i al hicklchused subftentRiRY all 6f tEPREtSEJ-dibtilMviiht RENACN.  SUMVARY OF THE

| NVENTI ON The present invention provides a process for separating
hexanet hyl ene diamne (HVD) froma mxture conprising HVD,

am nocapronitrile (ACN) and pg@ﬁmggggnnitHEhwvymadgmibIe inpurities (PRl),
sai d process conprising;. (a), intrqoducing the feed mxture into a
distillation col J%P%fe%am%@anmw REEE S wswﬁawgihmmr@wylew%lwaw ng from
a distill at eqwirh) mdrevvaixp®doMprisih®@ B dmaleyeodithit (AeBY afiGioliographicdiiyst i | | at e
whi ch conpri ses. QND, and which further conprises a snmall portion of the

PR that is ™ uePEdmpRicy(Ft) FIGRPH CHIPHYAZI n the feed nixture, the
| ocations of the feed point and the distillate w thdrawal point defining a

{a) introducing the feed mixture into a distillation column at a feed point located

therein;

(b) withdrawing from a distillate withdrawal point, located above the feed point, a
distillate which comprises HMD, and which further comprises a small portion
of the PRI that is fed to the distillation colummn in the feed mixture, the
locations of the feed point and the distillate withdrawal point defining a
rectifying zone of the distillation column having a length which extends
between the feed point and the distillate withdrawal point and a temperature

which varies along the length; and

(c) withdrawing from the bottoms withdrawal point, located below the feed point,
a bottoms which comprises ACN, substantially free of HMD, and which
further comprises a major portion of the PRI fed to the column in the feed

mixture;

said process characterized in that one or more theoretical stages are added to the
rectifying zone of the distillation column in excess of the minimum number of required stages
for any degree of HIMD/ACN separation so that the temperature in the rectifying zone of the

column varies sigmoidally along the length of the rectifying zone.



rectifying zone of the distillation colum having a | ength which extends
between the feed point and the distillate withdrawal point and a
tenperature which varies along the length; and (c) mﬁthdramﬁ??Afﬁﬂﬂbghe
bottons wi thdrawal point, |ocated below the feed point, a bo OHE WhT ch
conprises ACN, substantially free of HVD, and which further conprises a
maj or portion of the PRI fed to the colum in the feed mxture; said
process characterized in that one or nore theoretical stages are added to
the rectifying ne.of the distillation colu in.excess, of the m.ni mum
number of requt r ArodsRissd heresy i aryocis PP TR B ABRP IR T BB R t he
t enper at ur e HMD,IAEN BRCERIf Midigokaenfisihhe col um varies signoidal ly al ong
the length of the rectifying zone. 21 April 2005 Al so disclosed herein, is a
process for separating HVD froma feed m xture conprising HVD, ACN and
PRI, said processa. conpghirdiutif thd feell MiXt0@ub A@istilioh eaBmihvd fdedepoind lo@atad
distillation colum at, a feed point |located therein; b. withdrawing froma
distillate wi thdrawal P8fHt, | ocated above the feed point, a distillate
whi ch conpri ses HVD, and which further conprises at nbst a minor portion
of the PRI which is fed. o the col .in the feed m xture, the_.locations
of the feed point and YHdragigirqm %&é%t‘i‘ﬁ’&?déw& ni‘ffatﬁ%‘\%wﬁ tﬂ‘@fe QP‘&’&H?fyi ng
zoge hof fj he _c?): um h@éﬁiﬁ@e&h{cﬁﬂ&hﬁﬁ%@}m ; ,axd ﬁﬂdﬁﬁhﬁéﬂ@ﬁpﬁieﬁa rﬁ@_eﬁlmnm}- nt
and the istillate withdra int and a tenperature ich varies_.al ong
The T ongth: - and c. wHCHEPIFERT pBich & 56RO HA R BB e Heaists oq
ﬂﬁ'o ow tge WL eeﬂ ]E)Oi nL , of thelT@ddtpoiiantith€ MistREFitHALS aﬁﬁfﬂn dﬁﬁlbﬁgPRafilFé?ﬁf?hgyoﬁel’h ee of
, an iC urther _ conprises a mjor portiop of t ed tg the
columm in the feed ni ﬁwégﬁwiwa%aﬂc?ﬁgﬁ”hﬁﬁéxtﬁ?%&s@?mr@eéesf‘wl%ﬁﬂs&ie whi | e
the tenperature in thelid@st withdRgal30R@all a tbiiferatGRWHIGA WiAks :&g Shegemttglal | y

along the length of the rectifying zone. 21 April 2005 WD 02/36541
PCT/ USOL/ 26132 and

c. withdrawing from a bottoms withdrawal point, located below the feed point, a
bottoms which comprises ACN, substantially free of HMD, and which further

comprises a major portion of the PRI fed to the column in the feed mixture;

provided that the process is carried out while the temperature in the rectifying zone of the

column varies sigmoidally along the length of the rectifying zone.
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~graph sh E!‘?Q(égnperature versus theoretical stage for a h

BRI EF DESCRI PTI'ON OF THE DRAW NG The dr aw ng consists of two figures.

Figure 1 |s a graph showing two 5 curves. Curve 1 is a corrpblfﬁ{)] 1gl%@rated
et cal
col um op for a desired degree of HVD ACN separ at PFERUSBHNE 2 shows
tenperature versus theoretical stage for. the sanme colum when the nunber
of theoretical stages in its rectifying zone is increased to force PRI to
co-distill with ACN as bottoms 10 F| ure 2 is arafh showi ng two curves,
both characterizing a hBBHLRLE G KB BRAWINGher of theoreti cal
stages in its recfifilng.zone twft%ascqgﬁﬁ Ofpiglbatic L ALtk i@ desi red
degree of HVD/ ACN gepar at’i on. s Curve ?’n 1‘%nhter%f)e urSe vegsus t heoreti cal
stage fob t kervesl Lﬁmveop&rzad:cenbﬂer—ganmatudmaﬁﬂ@owm’gmen@emturé\@btsum t he

distillate. Curve 2 sho r at versus.t i cal stage for the
col umm oper St Hea TR pRIPBH L st PP WPH RO  DETAI LED

- DESCRI PTI ONHDJAEN ﬁ%ﬁ&%ﬁv@&hb‘&?t ﬁﬁﬂ%}ﬁﬁﬂé'v@ﬁué’me}ﬁre‘dw efgtCN can be

separated by feeding m xture. 1nto an appropriately desi gn fractional

distillati orﬂiﬂ:@lmmlummdfhmmengmbmoﬂk@mueai lnmgek mntsrrecalfdnngtzmhd mte

wi t hdrawal poi nt at e, d froma bottons w thdrawal
poi nt as boﬁcd??ﬁe‘?%nggﬁpé%ﬂdplc ’(déﬁa@[ W&WWAB%%%OEI St11ation col um will
contai nia mul ti plEgmenhes crdﬁghaemﬁl@l:&eslcﬁﬁe%%twﬁiac%gesah ShRudggree of
HVD/ ACN separ at i on will bé dependent on t he nunber of theor etical stages

enpl oyed. Tnelumnglwernewem@roééleefensépmgasuoufsret:ﬂm"emg@asmexchsczfs nunmber of .
t heoreti cal e.r unn for .a.desired degree
of HVD/ ACN gga%g‘%a thﬁorhacgeglr? r@f‘jﬁmw%ﬁa I?Iﬁeg}mtell QPwétages in the

-so-cal l-ed r e@ﬁpefraﬂmwrem;nelmfmticmesta@%ﬂme coldheh Rirdtbd inihbe deol uMm bet ween

the-feed point and the distillate wi t hdrawal point) and the m ni nrum nunber

of stages i ﬁmPH’ét oA |ir te distilatsi Gigvad sheicpperac yesinerteRealpor ti on of
the col yim BELYGEM (fubeel.aRln) ﬁﬁ*@éjP%'f'ﬁ) QLR ACHLRBoRO) Nt

required to p oVl |re per cent age o going in ‘B the

. distillate, and the desired percentage of HVD going into the bottons. A

graph show ng terrperatEure (or _ACN c osition) versus theoretical
TAHLED DESCRIP ION OF THE INVENTION

A mixture containing only HMD and ACN can be separated by feedmg the

- mixture into an appropriately designed fractional distillation column, and taking
20 HMD overhead from a distillate withdrawal point as distillate, and taking ACN
- from a bottoms withdrawal point as bottoms. An appropriately designed
'dietillation column will contain a multiple number of so-called theoretical stages.
The degree of HMD/ACN separation will be dependent on the number of
theoretical stages employed. The higher the degree of separatlon the greater the
25  number of theoretical stages are required.

An optlm;zed columm for a desired degree of HMD/ACN separation has
the minimum number of theoretical stages in the so-called rectifying zone of the
column (the portion of the column between the feed point and the distillate

- withdrawal point) and the minimum number of stages in the so-called stripping
30- zone of the column (the portion of the colurmmn between the feed point and the
bottoms withdrawal point) required to provide the desired percentage of ACN
gomg into the distiltate, and the desired percentage of HMD going into the
bottoms. A graph showing temperature (or ACN composition) versus theoretical
~ stage for such a column would show steep temperature and composition gradients

35 mmmediately above and below the thec_)reticalr stage associated with the feed point.
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stage for such a colum would show steep tenperature and conposition
gradients 35 i nmedi ately above and bel ow the theoreti cal stagg @3?%; at ed
with the {‘,%qgmg)q nt. -3 21 April 2005 WD 02/36541 PCT/ USQ/ % one
were to use sarre columm to separate a nmixture or nviu ShYRUEHHat al so
cont ai ns PRI, the PRI would distribute in such a way that the |evel of PRI
in the HVD Hio&¢ Meratodisabng s@nmoumtr@épm@b;a yghe OBHMeamesWaﬂ nventi on

i nvol ves t he ve t.i the
rectfiying zé%%§o J%R%tlﬁ?%iw%ﬂggﬁi :Pﬁu 3@§%%%tP%§ ﬁ%ﬁﬁ required
for any desiihedMBgtiasiaef wHliDbAGhEGeRasIathian, and the colum is oper at ed
in a manner that keeps the HVD and ACN conpositions of both the distillate
and bottons the sHePTasent Regntigninyclles thadiscessryithat ithepretival sidgss msm- 10
nunber of th I Qne he desired degree
o e Ak SREE I B LA BRE AL BB LS 306! BE v BB [ o
content of tiequiredifet kb ddsered :{&;,eem@mmmjm@eﬁaoﬁta@ﬁ&ﬁe &oiehn ke nore than

one, and prefer %sz nore than five. and operating the colum in
this manner W& mt%m%ﬁ@a&b‘?ﬁﬁééh@tw ﬁg]sfé@gf ogjtions pfhodlethext r a st ages
in the reCt'&léﬁ% & ZRNSotloRhs (AL Yareasqh S;Vw&dl{i%@ﬁﬁé{ iﬁﬂﬂ&ﬁqﬂ@%% %‘16 ich | ower

t enperature gradi ent over these exce ages pserved for a
col um Wi0t h rombber bhitheoteticahstmgps tindibe ranﬁf}q@ﬁglefoxftthe dtdireddizgice el degree of
of column. tenperature versus_ theoretical stage (in

epar at i on.
\?\/ﬂ!oc h t Ihe t c@‘ﬂg%/ %@2\’ %?PaEaH@nvdEﬂSlPﬁFFﬂP]% totigufeaglygsivac the PRheomient gakihg) for a
colum W th £408&S THERMMt 6PxceStRRS nlu al:fe'}ﬁﬁ eqﬁéﬂ cgﬁ'é ngiér%fé?ab perating 20

properly for PRI renoval, shows a si"gnoi i ke the
letter "S" )m®mthweﬁ@ed3¢scgmr(g‘mﬂt@emnaglthmﬂnmm 1m@1§rhmﬂeemmsesathure of the

rectifying z . Tur.ning now to ure 1, there s shown a graph of

t enper at ur e @Qﬁézﬁ?pf)ﬂgfﬁl g?SP‘&lé‘EEdé"flgb'geﬁ’ec?ﬁt%s@SFW WFI%F%@%P g@ﬂ"%’dem red
HVD/ ACN 1Sepafnif sty aﬁlldrc\éﬁse%)a mlﬂEQE)@eﬂ Bm Erﬁﬁlré Eﬂ WinfoBiradle Ofcebenper at ure
versus theoretical sta a col u has excess theoretical

stages in t Hégesten g b&@imrvadldomaﬁhnm smbmi)athecmmumﬁmmmbmf to
o di st I AR V&taggs %o@%eAﬂue@ dég@ge fo s:[e%)z?r 011( A I;g\r/a%hzc)f colunm temperature versus

theoretical stage (in which the top stage of the column is at the 0 point of the x-

D}

axis) for a column with excess theoretical stages in the rectifying zone, operating
20  properly for PRI removal, shows a sigmoidal shape (i.e., shaped like the letter
“S”) in the section of the graph depictiilg the temperature of the rectifying zone.
Turning now to Figure 1, there is shown a graph of temperature versus
theoretical stage for a column optimized for a desired HMD/ACN separation
{curve 1). There is also shown a graph of temperature versus theoretical stage for
25  acolumn which has excess theoretical stages in the rectifying zone and which is
| operated to force PRI to co-distill with the ACN in the bottoms (curve 2). The
. ACN composition profiles for these two columns (not shown in Figures 1 and 2) -
have a similar shape, with the concentration of ACN incréasihg from top to
bottom of the column. Without wishing to be bound by any paIticuiar theory of
30  operation, it is believed that when a distillation column is designed to have excess
theoretical stages in its rectifying zone over the murnber required for a desired
degree of HMD/ACN separation, and the columm is operated in a manner to
~provide a sigmoidal temperature versus theoretical stage profile in its rectifying
-zone, there is an increase in the level of ACN at the stages above the feed point,

35  and this additional ACN acts as an extracting agent to wash the PRI down the

4.



ACN conposition profiles for these two colums (not shown in Figures 1 and
2) have a simlar shape, with the concentration of ACN i ncrgpﬁbﬁgzow omtop
to bottomof the colum. Wthout wi shing to be bound by any particul ar
theory ofW8d2df¥ation,, it is believed that when a disti PCAUSBM26S! umm i s
designed 'to have excess theoretical stages in its rectifying zone over the

nunber requi ¢dginfi@nd acdies iHeeghontegriaa 10 tnddVEL AN sRaE afddBvecanst (hbe col um
is operated in a manner to provide a signoidal terrperature ver sus
t heoreti cal BP&yel siemn opesafion mgcpadrnceyyiythe prsant imteatien papsestbp ner ease in

the |evel of s\ AtaibdiEinSheBes AROYCal A% SR AR Mhen 32 A0S rgwa;pﬁdd' tional

ACN acts as an extracting agent to was ril 2005
" NAO 02/53651218_’[%%&18@ L/ 26132 col um and reduce the anmount of PEA in the.
aistillate. thus, IS beIIeveathat t he. node of columm operation in

accordance with tﬁfé’nﬁrué%gé?rﬁo YRy BV g thesg is @ dropphsr ofibrpreter SRERSANIRE t he f eed
f H VI D. -
to act as anekt Otébll%)fﬁ Vﬁ&%@%ﬂﬁl@%ﬁlﬂﬁ nhﬁ%grgf;?él%%gléﬁiu?éfo?% rom

If one uses a colum iIn ere 1s-anu 1 cal %tagesm
the rectifydenigeddomred of ENIYASC Nspparatibg 1 Ipo Aol el oeeste dfe cohmges> requi red

for any de3|red ree of%ﬁwj@ aration, it is possible to operate

‘the col um- "8RSy Qg%re?ﬁ gmwmﬁpg%aﬁeéleq Hhunp o oEFeoper at e t he
col um ti9 f qhePRI® EQBisBiRwilins ACH Rltht bottdrhd) the ACN in the bottons. |
Tufning now to Figure 2, there is shown two tenperature versus theoretical

stage gr aphs f or Burdingtrion tthigure 2 olhememis dwmﬁwaﬁgmpe:rammeersmpar ation of HWD
from ACN. terizing the col peratedto'

achi eve a ni nlo%th?algtﬁg%% ﬁﬁ%ﬁﬁb“?ﬁﬂtﬁi} GOl QPERuRg ?ﬁeegep%ﬁ‘?%o is a

gr aph .15 charvet £6inzA 08, tigve plswiapH cﬂa}adt&zﬁpﬁﬂhékglqnﬁIQfﬁ%&Yﬁed gduced
levels of PRI_in the distillate (force the PRI to co-distill with the ACN

in the bott GRBipye @mm@@n%mtrat@nmfﬁ@éabth@ digtdlatee fiumge Dis a dveplt enper at ure
Phe t eod” porHERetiakdind Fluft s bRt P et el eah i g e e
st age-i n- t hehsmma (Eytica greZRRIE0 G6-ARA1IViEL Sie QUON GiatheTREPRSY. QCHHE 2ehows |
a noticeable flattening of the temperafure profile just above the feed point
(reduction of the slope of the curve at the feed point), which gives a temperature
versus theoretical stage-in-the-rectifying-zone graph the sigmoidal shape required
20 for PRI removal from the HMD distillate.
To achieve minimum ACN in the distillate of the columa operation |
_ characterized by curve 1 of Figure 2, one would bontrol the rate of distillate
withdrawal to maintain stage 20 at a temperature of 160 C. To achieve minimum
PRI in the distillate of the column operation characterized by curve 2 of Figure 2,
25 one would control the rate of distillate withdrawal to maintain stage 9 ata
temperature of 160 C or stage 20 at 172. When the sigmoidal temperature profile
is established, as depictediin curve 2, the temperature of any stage in the column
is increased relative to what it would be when the sigmoidal shape is absent. This
increase In temperature corresponds to an increase in ACN concentration on a
30 - given stage.
Thus, by varying the rate of distillate withdrawal from the colurin to
obtain a sigmoidal temperature variation along the length of the rectifying zone, it
is possible to reduce significantly the amount of PRI in the distillate relative to the
removal that can be achieved when a sigmoidal temperature profile does not exist

35  intherectifying zone.
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20 for PRI renoval fromthe BIMD distillate. To achieve mninum ACN in the
distillate of the columm operation characterized by curve 1 sz\ xIi:liz%ge 2,
one woul dyeontrgl the rate of distillate withdrawal to mai n%a R st age 20
at a tenperaturé of 160 C. To achieve minimum PR in theP§T&Mi48% of the
col unul operation characterized by curve 2 of Figure 2, 25 one would
control the rate of distillate wiwthdrawal to maintain stage 9 at a

tenperature of 16 - 0 at..172. Wen the signpidal tenperature
brorile 'Ts est antiohdin SO A n R S o e R T SR VR BT any

- stage in thecogluitimmodding neihe asticdmoahabiivard Brwiapurbbsa/oudntisles when the

si gnoi dal_ shape is absent. This increase in tenperature corresponds to an
“increase i n DS Hede ithowadsmagk 3HSHENES pAseadechmiegies, Bye.vEatyi ng t he
rate of distg Wt bl r . t bt ai n si gnoi dal

t enperature g%é%a?gfgﬁkbn aggg%@?\ﬁ}é’ Qg}% jt en%%hlg’ @ﬁ’%&j{? 3 nagcoz%lﬁjé%a}qf]g is

- possi bl e to thedhimensi goibecaithdoyeticabstagm dnt a @dsilBRYeirBe bHEMI/AIGN | at e
relative to the .renopval that can be achieved when a signoidal tenperature
profile doesSCRYEL%italns g5 pepoppdhe exppesiioneZbateed pptonslithe vaes WO

.02/ 365." 1 P%QM/O%.% oﬁgﬂtgmhé Téetd?ﬂle ei]thB{ rapé’, gglhﬁﬁ'h%gﬁi %%Es&é esent

i nvention can be designed by conputer’ nodeling using wWelTfknowi software
for thi siQurpesere &up peagageheics Tho tomputer-salethteddaiont dae therdsanediked ASPEN'
(Aspen Technol o |§§ Inc., Ten -Cana P%r k, Canbridge, MA USA). Generally,
one may desi GriPECICOPE AR HFERAERE: the REmRenAtisAsinsberess in theassidyingal st ages

for a desiregndeQhesolarkit t‘ﬂg}llbe ﬁ%‘eﬁlgtﬁyréc@&’thé RKIRGIBTG ﬁ? unt the

conposition of the feed material, apor pressures of e conmponents in

the feed, tmompetitior) okthe yanwisuordtzabistpgessisonghoud thepobssmr Oneeap per
stage, etc. .The..co ter-qgenerated desi-gn can then be nodifie by
speci fyi ng algeri%& ?g%ﬁgm{aﬁ g&ﬁgﬂﬂ%ﬁlﬁg @%P%%(?P@Eﬁ“&%@@%‘g@sfoﬁr lﬁg%alﬁe
rectifyilsg penge tHhRqEREd Wah6idaREmpBRAIL Srdfieth ho rRueHhE baodherenper at ure.
(or ACN conposition) of the various theoretical stages Throughout the
col um. One ‘@&wuter@snerafed calupar design|can theol hemseditesiogstrient dun acte@tcobfmmper at i ng
condi tions far. ity that. - ey o :
h ing het % ired number of theoretical stages by using either trays (generally
1.5 trays per theoretical stage) or using other construction such as packing, in
- which case the so-called HHETP (height equivalént to a theoretical plate) must be
20 determined (generally available from manufacturers of packing materials).
Whatever particular column is constructed, it must be operated to achieve the
required sigmoidal temperature profile in its rectifyingzone. The required profile
can be achieved empirically by using a series of thermocouples disposed at
- various points along the length of the column and Vai‘ying the distillate withdrawal
25 rate until the temperature readings of the various thermocouples throughout the

rectifying zone show the required profile. Alternatively, one can use computer-

generated temperature versus-theoretical-stage-graphs-to-predict-the-temperature
- . that exists at a preselected stage in the rectifying zone when the required
sigmoidal proﬁle is present.. Then, one can operate the actual colummn by varying
30  the distilliate withdrawal rate while monitoring the temperature at a point in the
rectifying zone of the column corresponding to the preselected stage to achieve

the computer-predicted temperature.



15 produce the required signoidal tenperature profile in the rectifying
zone. The conputer-generated colunm design can-then be used # ]%QB%;ruct
~an actual colum having the required nunber of theoretical Sta y using
ei ther t 982 Géherally 1.5 trays per theoretical stage)PGFUEI2AG20t her
construction such as packing, in which case the so-called HETP (hei ght

equi val ent to a tHRGERbWRnoRliRlEk: &H&%Qﬁn%&ﬂ%@ﬁf&&@qw@e%ﬁral Ly
avai |l abl e from nanufacturérs of packing material s) VWhat ever particular
colum, is constructed, it.must be operated to achleve the required

signDidaI tenperature profile in itgrrecﬁining zone. The required profile
can be achieved enpirically by usin X es of thernocoupl es disposed at

various poi nts al0RgpiAeolRRALY BlunthRas@led iMyoatibuy Biyim@y.t he distillate
wi t hdrawal 25 rate unt|I the tenperature readlngs of the 'various

t her mocoupl édienhecsuigles itere leeated ecthe fopi quh*?@ﬂi’emgmv\mmel(}s qund 88 @ﬂof ile.

Alternati vel. n ut.er ra t ed eatuevers

Cheor ot car B ssofar TSR BT ot e CFhficind FREAV BhEPE IREREE . 4
presel ect ed fiinagsp tobotths oTekd ¢&M9Feda¢elm@%rdlbeaté@mayedo i, gipi dal
profile is present.. Then, one can og rate the actual column b varying 30

the distillabe EAPEHREBRATere mnaissall fredaoitidocaens, app & gadrlsedit a poi nt

th ted
L7he, J0SC Hol 1A AOnEe Ot ASe SOL IR, SAFESRLALERy byl B BageCt of
02/ 36541 PCHéhinihitti263f3he biighd tedyk onihegolved. i Imalli ofgliex sfudicesthe tdflust r at e the

present invention. Exanple 1 5 A 55 plate O _dershaw coI umm_was_used
t hr oughout tr?ﬁl%wg%@algﬂtameﬁrféﬁrﬁaé@%@é@lwlaﬁaﬂ@é%% i pe HgpThs t he

col um, on ‘it 2inaNdyORsdo, hont e oL AU i B i brls 2 Lhe top

of the colum, an e tray nunber’s incredse romto ttom of the
col um. Feed poi rinﬁlevrhscelsstmmabce)d tat tdmﬁ&s‘sag&’ms 13&J toaiedcnlﬁ& sikglper i nents were

run usi all three feed | ocat d for each feed 10 point
ocattons + kutBlitmerianparal T SrsrhraeialSots o eatiRdsT | no t he

control . tenpgsati gaff 10Re 19 coiben LEANS tHif sthBe cGRhiMBD37 HoRlitaiOf these
studies, the reflux Tatio was nmaintained at 3.0, and the col um head

pressure.at steges.-mm Hg. The
In this first example the feed was to tray 25. In RUN 1 (not in accordance

with the present invention) the temperature of tray 35 was controlled at 175 C.

.20 This kept the temperature pioﬁle low in the column, and corresponds to Curve 1
of Figure 2. In RUN 2 (in accordance with the present invention), the teraperature
of tray 10 was controlled at 153 C, which gave a sigmoidal temperature profile
above the fed poiﬁt, corresponding to Curve 2 of Figure‘Z. The tray temperatures

and PRI contents of the distillate for these two cases are given in Table 1 below:

25
 Table1
Eifect of Column Temperature Profile on PRI Coﬁtent of Distillate
Tray Temperatures (C) PRI in Distillate (ppm)
30 RUN 110 25 . T35
1 148 - 168 175 118
2 153 176 188 - - 15

- Example 1 shows that when the temperature profile is shifted up the

35 column fo provide a sigmoidal temperature profile above the feed tray, it is

-7-



feed conposition was 17% HVD, 73% ACN, 10 % ADN, and 1500 ppm PRI. In the
di scussi on above, the term"stage" is used-to describe a si ngiﬁ 05

equi l i bri\k]?ﬁ% _t4ll*|eoreti cal stage. One theoretical stage is egw Ball en? to-
1.5 O dershad trays. Thus the colum used in this study cBRTARHEHIZY
theoretical stages. In this first exanple the feed was to tray 25. In RUN
1 (not in aceopraanced bjid hattheaprasendn inmhe iiil @ohtehhet the mpapahsingiedf tray
35 was controlled at,175 C. 2? Thi's kept the tenperature profile lowin the
col um, and %aél?eﬁ%g‘ﬁ%% Of FOBUHAPPH ¥ B%ure 2. In RUN 2 (in accordance
with the present invention), the tenperature of tray 10 was controll ed at
153 C, which gave a signoidal tenperature profile above the fed point,
corresportding to Curve 2 of Figure Xxdfimefray tenperatures and PRI

_contents of the distil]ate.f these.two.cases gre given jn.Table 1 bel ow
25 30 Table 1 Ef (bt eié%“@%ﬁ%%%”ﬁ“@ﬁ%@r’f’ﬁﬂ% Ak e Biptiomrbetim i kst

Distillate ThaYeclonpewatays 16 RUARI (ha i@laﬁédrhé:@%%ﬁpﬂaskrégbimmﬁ)%

1148168175118 215317618815 Exanpl e 1 shows that when the tenperatdure

profile is shefiemperapre pkragsscwsiamntrpledoatoli0de. whishdrapi tel tempempbrrat ur e

profile abov e f L1t is.7 21 April, 20 0 : '

PCT/ USO1/ 261 gﬁ%c%:og?rrpqgnﬁhég%%m% %lfné}ﬁ]i' %‘? cc;ﬁl’e %Bh%?%%qn%ﬁ@gﬁ% Q:l?)nt ent of
- the HM I10di sdcbdidahes, withaieprscat f@tttdn) ofe id@rBrdth st 5 b aRroled Exanpl e
2 This exanple is identical to Exanple 1, with the exception that in this

case the fe&bdds: Mool gyentie sigumdnl Eopsetuerpraflsorhexndbe Fedipaitie present

i nventi on)

» similar to Curve 2 of Figure 2. The fray temperatures and distillate PRI contents

- are g_iven in Table 2;

15 S . Table 2
Effect of Column Temperature Pi‘ofiie on PRI Content of Distillate

Tray T;mperamres ) ‘ , ‘PRI in Distillafi(ppm}'
RUN  TI0 ° 125 135 |

20 1 146 151 170 105
2 147 157 181 20

As in Example 1, shifting the temperature profile up the column creates
the desired sigmoidal temperature profile above the feed point which reduces the
- 25 PRI content of the HMD distillate. Adding 10 trays above the feed point in
Example 2 gives no further reductiog in PRI level of the distillate, but it does
allow the ACN content of the distilla_te to be significantly reduced.

Example 3
30 - . This example is identical to Example 1, except that the feed point was

moved to tray 10. With this limited number of trays above the feed point it is
impossible to develop the necessary sigmoidal temperature profile above the feed
'point. Thus, it is impossible to obtain distillate with the requisite low level of
PRI Table 3 shows the results for two temperature profiles.

35 '
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the tenperature of tray 35. was controlled at 170 C,_ which kept the
tenperature profile lowin the colum, simlar to Curve 1 'Q i 085

RUN 2 (in_10 accordance with the present invention), the tenperg e of
tray. 25 WAS %¢Sftol led at 157 C, which gives the signoi dRFTVISHPEIEt ure.
profile above the feed point, simlar to Curve 2 of Figure 2. The tray
‘tenperatures and distillate PR cont enpdde sare given in Table 2: 15 Table 2
Ef fect of Col um 'Ierrperature Profile on PRI Content of Distillate Tray
Tenper at ures ( C)Efgget (plnmn Tempepaiure Rrofile pn PR Gontamigl Distillate 46 151 170
105 2 147 157 181 20 As in Exarrple 1, shifting the tenperature profile up
the columm creates the desired signoidal tenperature profile above the
feed poi nt whi ch TeglzepetdiereECPRI cont ent of RBlein [MiktilBiaipgtail | | at e. Addi ng
10 trays above th eed ﬁém |n anple 2 gives no further reduction in
PRI level of the till but L does allow the ACN content of the
distillate to be pjgnifigagtly r ced. Exanple 3 3G4This exanple is
identical to Exanple 1, except that the feed point was noved to tray 10.
‘Wth this |intedl4lunber 188 trayb8%bove the feed poiG®t it is inpossible to
devel op the necessary signoidal tenperature profile above the feed point.
Thus, it is inpossible to obtain distillate with the requisite |ow | evel of
PRI . Tabjee 3 shovis #diig of @sddb basel Ohe h¥RsdaBREfdldAl %npffeeiﬁxﬂe%ﬁoﬁlé%bgae Apri |
2005 WD 02/365 41 PCT/ US01/26132 5 Table 3 Effect of Col unm Tenperature
Profil e on PRE feashpant didf nadiexist,| dndtthe level of PRI was higher than that obtained -

‘when the desired profile exists.




14118318960 10 In both of these cases, the necessary signoidal tenperature
profile above the feed point did not exist, and the |evel of,PEL ;%85

hi gher than that obtained when the desired profile exists. 21 ril 2005
CLAI MS: 1. A process for separating hexanet hyl ene diamne (HVD) froma

m xture conprising HVD, am nocapronitrile (ACN) and pol arographically
reduci ble inpurities (PRI), said process conprising: a. introducing the
feed m xtureCLi ,adistillation colum at a feed point |ocated therein;

b. vvithdra\/\rn'éﬂ;!&o' Sma distillate withdrawal point, |ocated above the feed
point, a distillate which conprises B41), and which further conprises a
small portign of the PR which.is fed.to.the distill ation co in the
Feed mxturd ¢ nd s DortogiearRmaRhe gt e MM Rl PR b

wi t hdrawal piNiDandefchpronitgilea ACDY tand yolargeraphivellpfedidide thiystititd @RI osaid pradessnm

havi ng a Ieré%h.svnvlni_ch ext ends between the feed point and the distillate

wi t hdr awal por}l)ﬂ &nd a tenperature which varies along the length; and c.

wi t hdrawi ng fromat he babtheing the febitmawad inpod didtillatimcatuech b e feewpoindodaedd
point, a bottomt;he\loé?ril_ch conprises ACN, substantially free of HVD, and which
further conprises a’major portion of the PRI fed to the colum in the feed
m xture; said process characterized in that one or nore theoretical stages
are added to the, rectifyin one of..the.disti.llation | U in.excess of
the m i mum nunb8r  of el PO Bt Ry vl Qe BT RBEERT ot on
so that the tenpdistlian ehichncdnpeis¢sdDS anid wghichdméheodoniphises acsodall portivapt tbs

st gmoi dal Iy al ong{ be: | 809 B 1 aidiiGicnShbitl 89 7%8 Witure, the locations of the feed
point and the distillate withdrawal point defining a rectifying zone of the distillation
column having a length which extends between the feed point and the distillate

withdrawal point and a temperature which varies along the length; and

c. withdrawing from the bottoms withdrawal point, located below the feed point,
a bottoms which comprises ACN, substantially free of HMD, and which further

comprises a major portion of the PRI fed to the column in the feed mixture;

said process characterized in that one or more theoretical stages are added to the
rectifying zone of the distillation column in excess of the minimum number of required stages
for any degree of HMD/ACN separation so that the temperature in the rectifying zone of the

column varies sigmoidally along the Iength of the rectifying zone,
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