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AND TETRAHYDROAZEPI NE 5 BACKGROUND COF THE | NVENTI ON
It is well known in the Nylon industry that

adi ponitrile C lytically
to produce Pi%%%%%ﬁ%%&%ﬁ'@ﬁ% ete
hy dr ogAREAMETHYLENERAWING RRONLAMIKTHRE GAMARISING
(ACN) HEXAMEMHYLENERIAMINE, 6rAMINGQGARRONITRILE AND
hydr ogenati on reactTETRAHYDROAZERINECONt ai NS
unreacted ADN and unwanted byproducts such as
tetrahydroazepi ne (THA). After hydrogenation, the

reaction producgadkStodep deftmedingmeerqy!ly by
nmet hods i nvol vimg fractional 15 distifriation, and HVD

and ACN nmustwebl skipeiat v fhomykearhindhetry |thas al so

K A ef i ni it i nv.ol v,
orPat {EhLe b a0 SRR AR L BRI e
it d B i 2x ayatiogyet opeant e deded m ing) cordpiee 29 CPI
ener al |ﬁ¥ distills wwth the ADN, and if the CPI/ADN
YEEPECHRT+ @y cPBdHACK §D ?%eéwm%%%ﬁ‘%?%tlfje]a%t HRCN)
theq Gilip cgp ﬁ&f@lﬂ@dﬁ&@é@r@é’{@&bw oYyicd Orpﬁ@%d@é‘ﬁ%@fém
which, if unseparated fromthe HVD, can cause inferior
Nyt oot 506 poodecharibso 280 sbh et Woreaoteh el PY oh@m i s
disclosed in US. . Pa s_6,.34 41.and_6, 462,
Rl TN S Rt e S T,
tefper ah i esqgan et kepl tiel oandBbotlegr&dudowavet , b&ione
of these patents_teach nethods, which allow

d?%?%??%ti%%“?Ba%%yp%Yf%ﬁFﬁﬁﬂfr%%W%&W%Rﬁwéﬁa??FQ%ﬁ%h
HMVD, can bes §8C0x8E efys ubist andy ahhyt fv€eseQirdt from

each other.

It is also known that if the refining conditions
involve too high a temperature, the unreacted ADN can
isomerize into CPI (2-cyanocyclopentylideneimine). The
CPI generally distills with the ADN, and if the CPI/ADN
mixture is recycled back to the hydrogenation reactor,
the CPI can form AMC (2-aminomethylcyclopentylamine),
which, if unseparated from the HMD, can cause inferior
Nylon 6,6 to be made.

A solution to the problem is disclosed in U.S.
Patents 6,346,641 and 6,462,220 that teach distillation
processes in which the column temperatures are kept
below 185 deg C. However, none of these patents teach
methods which allow distillation to be performed in a
manner in which HMD can be recovered substantially free
of THA.

U.S. Patent 6,300,497 Bl teaches a method for
reducing the THA content of a THA/HMD mixture by

distillation using column head pressures between 0.3
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WO 2004/ 080932 PCT/ US2004/ 006463 2 and 3.0 bar, as
wel |l as reducing the THA content of a THA/ ACN m xture

by distillation using colum head pressures between
0.ahdaritk 0. @& haras WS, 1 Ret erduip i e i1 200879023083
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m xture is one that is derived fromthe product that

.@rﬁ%@a@%do%*yw% Da? it AndhyUrodeiat i FHPBEYRDN, Petidher
P%&’é@é CONLRI DI NG WA eBCt et ADN, thale | Sofidpiabihe

bei ng isonerized into undesirable CPI if
dummiwm/m menpleratw edistpithed r%@ﬂ?ﬁ@ﬁg thei ACN and
out S SUMVARY OF THE | NVE
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5 S3BSYEET LIRS, elaleIpeipiunes sioie Ot dhar 5o

produced by the partial hydrogenation of ADN, such a
product containing unreacted ADN, that is capable of
being isomerized into undesirable CPI if distillation
temperatures in the refining train exceed about 195 deg
C.

SUMMARY OF THE TNVENTION

In accordance with the present invention, the ADN
hydrogenation reaction product is distilled in a way
that ADN is separated from ACN and HMD as early as
possible so that subsequent distillative separations
can be performed at temperatures above 195 deg C. It
has been found that distillation of ACN, HMD and THA
mixtures at column head pressures and column pressure
drops that cause column temperatures to exceed 195 deg
C drives THA into the bottoms and allows substantially
THA-free HMD to be recovered as a distillate.

The present invention is, therefore, a method for

recovering hexamethylenediamine (HMD) from a mixture



m xtures at colum head pressures and col unm pressure
drops that cause columm tenperatures to exceed 195 deg
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substantially THA-free HVM3to be recovered as a
distillate. The present invention is, therefore,

"B SRR DEAA L gt arige () from
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tetra ydroazepl ne (THA), and ADN conprising: ( ,

i nt r odd@d ngPERE ARG &hEnTld X4 UdRs PP gﬁStggﬁﬁﬁﬁon

CéB?Qhﬁ egp§%@@réklggpa§a%1%§oae theH tA@NHM@ angy
east a portion of "'the THA from tfhe

mandmap Agashe ai pomsiioravifoishef THAe TADN |thﬁoA©Nl, wand e
I,ntroduci the H ACN_a I t p i.0

of" )lpﬁrenlfﬁﬁg N lsgmetr i gtll onrC]%olfa‘brerng@a?\I a IJCo i fI and

separ at(bng 1thoHMBlﬁ1@OmhbhHMACNACN anch ad \A@yash:hat 10

t he THA separates alog%vvlth e_ACN.a net

s@ﬁéFé@Pn@fh§%§n§ﬁﬁyP @d.aﬁﬁﬁ&l&%@B}OPr&ﬁl&mﬁnfﬁﬁﬁgle

CREPLL3hRG thME 8 MMROGRRIORKES RCR QACMLcan@ way that
tetrahydroazep| ne (THA). Preferably step (b

actdn@rrp?lHlAs segabyta Srr@tllcmil@ wishe gimgr AENNRG: merthO@d d#eimng
ACN and at |l east. a orti [
GFERRTPSL o "o HagTrg AT Okd UhPasdulE g Tuptute®
| @@l r2GQ niFmHMD , a%ﬁa&u@b&&@&baldﬁdpe a@O0Y S atlde col um
of greater than 25 mmHg, wthdrawing 20 a distillate
@%ﬁflaéﬁyﬁéoﬁl\?@p&ﬁ’@ dt'Host a minor portion of the

e Y s
| NBENTLGNNngRef erring now to Figure 1, there is shown
introducing the HMD, ACN and at least a portion of

the THA into a distillation column having a head
pressure of at least 200 mm Hg and a pressure drop
across the column of greater than 25 mm Hg, withdrawing
a distillate comprising HMD and at most a minor portion
of the THA, and withdrawing a bottoms comprising ACN

and a major portion of the THA.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figure 1, there is shown
distillation apparatus 10 that incorporates the process
of the present invention.

A feed stream 12 containing ammonia, HMI
(hexamethyleneimine), HMD, THA, ACN, ADN, and HB (high
boilers) is fed into an ammonia flasher 14 in which
ammonia 16 is separated from the feed stream 12. The
ammonia flasher 14 preferably is one that operates at
atmospheric pressure. An ammonia-depleted feed stream
18 exiting the ammonia flasher 14 is fed into a first

distillation column 20 in which HMI, HMD, ACN, and THA
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THA, ACN, ADN, and HB (high boilers) is fed into an
ammoni a flasher 14 in mhich 30 ammonia 16 is separated

fromthe feed stream 12. ammoni a_fl asher 14
pPE¢ eFaBPyefsadne @hﬁ?l%béF%t%% apd BPNpspheiper portion
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e amoni a er 14 is fed into a first
dasé¢i bémodved eallnhozﬁoma ahi chreiferalpivp, caDNnnand TeAa

WD 2004/ 080932. PCT/ US2004/ 00 46 renoved. as
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tpeckesd shoeahoarny HBJ(bpehabek| etsdboatecoemmvayg Asad
a bottons 24. Preferablg colum 20 is a vacuum
dPEeFEREE onTRBI URR PRabOcBit AP nkeddr BEBEFBECS2FaeRPnge

(Hgéd598¥“#ﬁﬂﬂﬂn9pﬁ%@%g@ﬂ%%ﬁgggﬂ%e§9 mavhe Beadnn

pressure. e use o head pressure avoi ds the
néedmébersol ulths havtngsextebdrgehy ratgeleohdnnsted to

R RE b= bBOE =24 1t BHUEF &% B 6°Dar SR/ aBadt 166 abgo

18.C 1tt ikSimppetkant tbomARhBb@hNaabbotbass 224
t enper ature bel ow about 195 deg C in order to avoid

i seMBRF2EngeAPRLPHt 8bepk. 19RedBet EoiB 28d8FetPedVPAfo
33 376009, f,Shblyl ahtANCeal UFRe2BotRoihi o ACY 284 dnto a

m nor ort on of are renoved as distillate 28 and
thec&ﬁdnﬂpetlmaatnon oblADN aAdikBwhiehr AfBveddas minor

bot t ons stillation qu 26.preferably is
VBEHORP APt FRPaEFSN EBOURH ConPAR HhGSbEr Ad: HPeqtie
pﬁSBngpGB@EonSB@WRbNaaﬂdOHBrékéngeﬁbvédha@dbgke@&@f@O
of about 20 mm Hg. The use of a head pressure of only

201ﬁﬁﬂH¢aanp@w§02@mph86epﬁﬁéﬁéﬁbl§eaaratNéﬁuéﬂ ACN
9g£§9yaWEggogglumn containing structured packing (not

shown) and operating at a head pressure of about 20 mm
Hg. The use of a head pressure of only 20 mm Hg allows
the efficient separation of ACN from ADN without
causing undesirable high temperatures of the bottoms
30, which could result in the formation of CPI. The
bottoms 30 from the second distillation column 26 are
fed into a third distillation column 32 in which ADN is
removed as distillate 34 and HB (and a minor portion of
ADN) is removed as bottoms 36. Distillation column 32
is a vacuum distillation column having structure
packing (not shown) and operating at a head pressure of
about 20 mm Hg. Head pressures of higher than 20 mm Hg
would be expected to cause unwanted CPI formation. The
distillate 28 from the second distillation column 26 is
combined with the distillate from the first
distillation column 20 to form a feed stream 38 that is

fed into a fourth distillation column 40 in which the
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fed into a third distillati®n colum 32 in which ADN
Is 25 renoved as distillate 34 and HB (and a m nor
is r

D I g B A P Bl i [iracibien there

caldim damingg p&témw RrdRcdd N (NelsShvhin ang. Under
operating at head pressure of about 20 nm Hg. Head

prté‘s%ﬁlﬁ e%orts:fltmcg?fer Mﬂ;am B iR Boagdula e @k et iebn

T oy
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winteh) dthepaditsitar |aff eTHA amd heerfawest asdlmti’ddvrm ioh. The
20t rma stream 38 that i f
g T S bR, Sy 2 oy 2 g oA S @
20&%&@9%%1@%@@% padigaty Prasseierd$ @imp

| east 200 mMmm Hg and in which there is a colum

prieEsstid dyiop- 1o Y Sat |%tlr;zhaerrﬁrﬁngBtnyrﬁé%re tdfestdie column
|
Tg‘%dar?‘detorenlog\;gé asl\/g)@ét% ate 4 %%HJIJAEP déécggprs&gsures

e ko v o Gl d uon Zﬁo Tt }aj ea]rlexméldiﬁastdodrtet qmseﬂeﬂ.reﬁl’ctreally

fourthetcj%stll tion c urmlsa cuumdi s gjllatlon

c ol TV Ot it geT ral R et 1\lrg, SOUEEH TR E dunp
pagid g 1t d r@’%axﬂlﬁ‘g dteimal sdduddranint hes ok
is not critical. Operating columm 40 at head pressures
10 above about 200 nm Hg #AANELEHA to be
prefer i al :
P ovi i T2 ST | e T gy BT d e Taimed
armedin ofnd’He o@MELfenddd scexsmlienitdnpt rates the
invention as clainmed 15 hergtlg and is not intended to
be limting. FEED

The feed contained 1000 ppm THA, 39.3% HMD, 35.5

oP

ACN, 24.4 % ADN, but contained no CPI.
EQUIPMENT

Distillation column 20 was 2 inches in diameter,
vacuum jacketed, and consisted of 15 feet of Sulzer® BX
packing, with feed to a reboiler. Distillation column
40 was the same as column 20, except that an additional
10 feet of packing was added to the column to give 10

feet of stripping and 15 feet of rectification.
ANALYTICAL

Samples taken from the distillation columns were

analyzed by gas chromatography. Compositions were

o

determined by area % (no internal standards were used).

DISTILLATION COLUMN 20 OPERATION

The purpose of this column is to take most of the
HMD, low boilers, and ACN overhead, and obtain a
bottoms stream that contains the ADN and high boilers,
as well as some ACN. The column feed is into the

reboiler to maintain a reduced reboiler temperature and



The feed contained 1000 ppm THA, 39.3% HVD, 35.5 %

ACN, 24.4 % ADN, but contained no CPlI. EQUI PVMENT 20
we@iiosdoar i on col unn 20 was 2 i nches in di anetBCT/US2004/006463
vacuum j acket ed, and consi st ed of 15 feet of Sulzer(r)

BX packing, with feed to a reboiler. Distillation
colum, 40 was_the sane as c except _t hat
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to giveo WP 25vE £eLd Of o SEIVOPERE SperdDihgestfes, where
rectification. ANALYTICAL Sanples taken fromthe
d|stb$|b@tt@m%ot@ﬂm%r@kuﬁeam%ﬁyQ@QFE@ib%§ at 185 and 190

chr t gr i ons r d n
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t ake nost of the | ow boilers, and Al ver head

g obt PR 1S hSER h 1 P RErr L it SRRt S 28 P hel ADKEah Ot
hi gbuboklers; pAsiw laksrs e Ad¥oifing: colmavd agds i
into the 35 reboiler to maintain a reduced reboil er

t enpef hvur 80 hhEt 9D 200WNe80YB 20 PCTreIS20bArBo646310¢ed by a
m nj 0L 28 ét@f”@%ﬁ&éﬁ@erTh?o?96&8$31£°t £89 51 OWo1 -
rati oo was Var oper ating St at es? mhere

1dhew@aétOﬁBnﬁeﬁ@eraturEemaSecanyrbbWeﬁoaleﬂss(aadeiQOthat
deg C.. This was done to see the effect of bottons

ten%éGQFuP%S%ntﬁﬁﬂpg%cBC%rQeﬁﬁﬁdCﬁ?n %ﬂ%?ﬁtloﬁheTﬁ%ed was

Colwghggaéag%aio@ndg ngi 5t ed 9fndSpheetcobtean.
Sul zer (r) BX packi ng above the reboiler. There was a

reflux sphetcetumn vae oppratedhet col umn, Hgoheadedrpysure,

a heat C ?e e r oId
10 WA e?gggﬁgensego oﬁﬁe r%éggkgmﬁgm#b%%ﬁe?g %ﬂa?
lihaRethghtapaSSw&BrQéghath&bb&atEd cohdenseoildhe
f eed was
temperature was varied by changing the ratio of the
feed rate to the bottoms flow rate.

Column 20 operating data for the two states are as

follows:

20 State 1 State 2
Head Pressure 60 mm Hg 60 mm Hg
Column delta P 25 mm Hg 25 mm Hg
T at top 127 deg C 125 deg C

25 T at 5/ below top 147 deg C 147 deg C
T at 10’ below top 148 deg C 148 deg C
T at bottoms 185 deg C 190 deg C

30
Analysis of the distillate and bottoms streams
assocliated with the two operating states are shown

below:



WO b@4gtvat col umm pressure drop was 25 mm Hg. RGT/Bsio0u806463

preheated to 100 deg C with atnospheric steam The
columm was operated at 60 mm Hg head pressure, and

ratio was set at about 1. The reboiler tenperature
was varied by changing the ratio of the feed rate to

the bottons flow rate. Cokugpiﬂ) ggerati ng data for

the two states are as f State 1 State 2
Head Pressure 60 mmHg 60 nmHg Columm delta P 25 mm

Hg 25 mmHg T at top 127 deg C 125 de 25 T at 5
bel ow top 147 deg C 14 T at 16’%&&% top 148

deg C 148,deg,C T at bojimis 185 deg G4fP deg C 30
Anal ysi s of the distillate and bottons streans
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bel ow. \\D 2004/ 080932 P 2004/ 006463, 7 Distillate
Sae 1%5ke opm T 5100 3400 5 ochiD 555 5470
% ACN 43 5048 % ADN ND Nib ND = not detmnet abl e 10

Bottoms State 1 State 2 ppm THA 500 340 % HVD 2.0
1. D = not detectable

Bottoms
State 1 State 2
ppm THA 500 340
% HMD 2.0 1.7
% ACN 14.0 9.0
% ADN 82 87
% CPI 55 170

DISTILLATION COLUMN 40 OPERATION

Distillation column 40 takes the Distillation

column 20 distillate and separates it into HMD
distillate with less than 0.1% ACN, and a bottoms
stream which contains less than 100 ppm HMD. This
column must also be able to remove the THA from the
distillate and force most of it, if not all, into the
bottoms stream. This example shows that the THA
content of the distillate can be reduced by operating
at increased pressure.

The column configuration consisted of 10 feet of
packing below the feed point, and 15 feet of packing
above the feed point. The feed was preheated to 100
deg C, and the reflux ratio was approximately 2.0.

The distillate contained 0.25% ACN, and the
bottoms less than 100 ppm of HMD at all pressures. The



15 % ACN 14.0 9.0 %ADN 82 87 % CPI 55 170
DI STI LLATI ON COLUWN 40 OPERATION 20 Distillation

wa@oduosndd takes the Distillation colum 20 dpet/ubtoat/encdes3
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and separates it into HVD &listillate with |ess than
0.1% ACN, and a bottons stream which contains |ess

than 100 ppm HVD. This colum nust also be able to
renove the THA fromthe 25 distillate and force nost

of it, if not all, into the bottons stream This
exanpl e shows that the THA content of the distillate
cama beon edue edr bynopenat Hngt i al at Ocy£ased Pl €sSys Bumn
The col um configuration consisted of 10 feet of 30
PRERP AT e dW @hECFRed point, and 15 feet of packing
above the feed point. The feed was preheated to 100

deg C, and the reflux ratio was approximately 2.0. The
di sti |l Patescoat énmekdgp. 25% ACN, 1atd the Do®tons | e460
than 100 ppm of at all es es. The

2004/ 0ROBSEY HEr? b bo4? oUBHRS  BoTriA contahy of the 60
HVD distillate varied with colum pressure as

follows: Pressure (nmmHg) 100 200 400 5 THA in _
disis| paeBP{ppAJOBE0 T 6d A slexeapteedhomsly hap the
[ ] ed rly in.t el al :
a%%ﬁ%%hgé Eggg¥haFﬁ?saé§H%Fa?§h(Fﬁ?1?h£9r% i%?%3£$?3?nln
cahebecképingi thahnt oker Bbl geptnivi shidOtFherekaaplémits.

further shows_that by renovij ﬁﬁN early.in bge .
 BhEnPRTEr &l AUTCUBReRNGHE EOFbnRYoberaY-BisPREnepEly in
opgtated; abgyeckemper ahdsegueht abeutimd 86pdedt Condndan be
this in turn provides flexibility regarding col um
hepgrated above temperatures of about 185 deg C, and
this in turn provides flexibility regarding column head
pressures, ‘that, in turn, allows sufficiently high head
pressures to be used in Distillation column 40 so that
a substantially amount of THA can be forced into the

bottoms along with the ACN and that HMD, relatively

free of THA, can be recovered as distillate.
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head 15 pressures to be used in Distillation colum 40
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into the bottons along with the ACN and that HVD
relatively free of THA, can be recovered as

di s} hk{ate. WO 2004/ 080932 PCT/ US2004/ 006463 9 CLAI M5
1. hod for recovering hexanethyl ene diamne 5
(HVD) froma m xture conprising HVD, 6

am nocapronitrile (A t etrahydroazepine (T and
ADN congris:ﬁg$eFQ§dF%%FoHEEPﬁ rfﬂgz %?ﬂ?éh§ﬁ%8eaalamlne
di $fivbh aki-BR 2 1Rigehvanceapabkengf ngppasating as a

group the HVD, ACN and at |east a portion of the THA
frominheapnDNniGhile (AFN) nterhghvAECcRseREREZATHBN  oRNd

th DN | . and (b) introducing the HVD, ACN
anngtchgéﬁsgﬁé5 portion of the THA into a

distillation colum capable of separating the HVD

fromth \L_j : . h s .
Al ong wi Eh CRECRORE 38 TRE hefhest o T e ahTaR”
stepl(bn c2Pabbeppifsespairatioduesng theupiVbhe AANDandCN

at | eas ortion of , the THA i distillation_. .
coPBﬁna%a@?sﬁgaahggaglﬁpeggu eoghgt%Fggs%hﬁongﬁ1W@lle
angdigdipressyr endr 9poRerackessnt Be eakunnuofingeeaber and
than 25 mmHg, wthdrawing a distillate conprising

HVD and at nost a mnor portion of the THA, and 30
wi t hdr awing ;3 bahl 06 ;CoRRr LibNIatNaARdaR TBEQE
. T y IA a a a
portlon%%? %ﬁe %Ek. g
portion of the THA into a distillation column capable
of separating the HMD from the ACN in such a way that

the THA separates along with the ACN.

2. The method of Claim 1 in which step (b)

comprises:

introducing the HMD, ACN and at least a portion of
the THA into a distillation column having a head
pressure of at least 200 mm Hg and a pressure drop

across the column of greater than 25 mm Hg,

withdrawing a distillate comprising HMD and at

most a minor portion of the THA, and

withdrawing a bottoms comprising ACN and a major

portion of the THA.



