2 0 MAY 2004 1 METHOD FOR THE PRODUCTI ON OF POLYAM DES 5 The present,,

I nvention relates to a process for preparing pol yam des from am noniztﬁMh‘é;ﬂm‘
and water. The reaction of aminonitrilestwith water to prepare pol yani des
is knowmn for exanple from DE-A-197 09 390, where water - amnonitrile
reaction mxtures are reacted in a nultistep 10 process at high
tenperatures and pressures in the presence of heterogeneous netal oxide
fixed bed catal ysts. The catal yst used i nproves the viscosity buildup and

i ncreases the carboxyl end group nunber in the polyam de. The catal yst can
be separated.fromthe reaction product, so that the product properties are
not adversely aff ecMBETHOD FORFHEPRODECTION OFPOLYSMPOEYET 1 Zed from
caprol actamin a conventiomat—manmet—the—ecarbexyl—end group nunber of a
pol yam de prepared from am nocapronitrile (ACN) is frequently

si gni f i TaniThy presesrinvérmion Geliatek @a pb ceachion. i xture resi dence
times are  frequently needed to o tda%ieﬁg %PB%E%%%&QWSF? ﬁ'f’ﬂ]aatmlga’ﬁ' gs and
pell eti zed, Xtracted and dried. As a result of this and because of the

| ar ge nunber of reaction stages, the process is not 20 al ways econom cally

advant ageo J: ciated w.th relatively high capital expenditure
costs. | tqﬁﬁ% 9%#@%?@%&“8@?%5 Wb‘&’e‘gﬂﬁrttoiﬂﬁ%m P@hﬁm@ebfsdmom far eapgpds fofror
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i nvention &béie dAHOERES dudib | am,.de froman amnonitrile

and water b tB*geéjléoglga%Li nge{ ﬁ’i%ﬁ@ﬁﬁ“ﬁ‘fﬁg‘% Wé%aﬁy%ﬁaﬂﬁcafepﬂ%ﬁ ?@G‘ ths

350C and s\EH'A PPELd iodhptihe produstpippertiesane 80t advers@ly aliiacted bgtt. a gaseous

phase is present as well as a liquid phase, in a first reaction stage, (2)
in the first reaction stage via an

cvaporat or RS Ry b8 eHGrd Hom ferraliciom e convensonsmanEr 160 A
second r eatrban] c38 gouyepmhadof 3)paipsiide PHEARIA SolNahiiecREAMe (RS QN
stage at fi"rélﬂ]eﬁtl)l si@ﬂﬁfca}lﬂy Yob@" Ina%itfid’n? rl%nzg?’t(())tal trt?ac%g:? %iixtu:re residence times are
frequently needed to obtain a prepolymer melt that can be pelletized, extracted and dried.
As a result of this and because of the large number of reaction stages, the process is not

20  always economically advantageous or is associated with relatively high capital expenditure
costs.

It is an object of the present invention to provide a process for preparing polyamides from
aminonitriles and water that requires fewer reaction stages and has an improved space-time

25 yield. The process may also preferably lead to an increased carboxyl end group content in
the product.

We have found that this object is achieved according to the invention by the process for
preparing a pglyamide from an aminonitrile and water by
30 (1) reacting the aminonitrile with water at from 180 to 350°C and such a pressure in
the range from 30 to 120 bar that a gaseous phase is present as well as a liquid
phase, in a first reaction stage, ‘
(2) expanding the reaction mixture obtained in the first reaction stage via an evaporator
zone or adiabatically with removal of water and ammonia into a second reaction
35 stage, and

(3) postcondensing in the second reaction stage at from 0.1 mbar to 5 bar and from 230
to 320°C.




2 J MAY 2004 -2 In one enbodi nent of the invention, the reacting in i@%%Y?%ﬂ
first reaction stage is effected in the , presence of a heterogeneous HE
catalyst. 5 In a further enbodi nent of'f%é'invention, the reaction in the
first recation stage is carried out wthout catalyst and instead the
reaction mixture ,ohtained in the first reaction_stage is reacted in the

presence df °&¢ fEPediIBahRighe mysntgr, the rgpcting dnthedirst rgaciion ctag és effssteddnthe at

whi ch t he pr&eadd efa hdterbguneonsScaplggent as a single liquid phase in a further
reaction stage between the first reaction stage and the expanding step. 10
The enbodi nents thus conprise 2 or 3 process stages, which can be operated
cont i neioudhy fugherbanidivnes. ofIthe irsentdonytie teactimmtin thd first mdradomeaps is daatied i N a
first pro : L.N@AL LI il 3 it L-n react or
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i ncl ude known het erogenegus catalysis 20 net Xl des, such as zirconium
oxi de, al gHWRsmtesdiereaptigindage anddhe epandiag M oxi de, | ant hanum oxi de and
prefetigbly titani umdi oxi de and al so beta-zeolites and sheet-silicates.

Particul ar_preference s given to tjtani umdioxide in the anatase for

Pref er abl yTHEFEORIRE (e BPBRTSH? Pis> BEOCPSS ALages YN Coeiemeratsstsantipupusty y
pr ef er abl ywréatcheast 90% by wei ght, especially essentially conpletely, in
t he anatase form W have further found that silica 25 gel, zeolites and

doped netal oxides, doped with ruthenium copper or fluoride for exanple,
di sti nct | yit isyperomentthebatk dbe embodiinentsethab dotaafits pregess otagel. anwehitriles are
catal y5!s @icfed O8haPYEr if'a RAId: b Xorkdtfs RYaOGhaL! SNLY LT0RNEPHAE e and
having a large specific surtface area. According to the invention, the

het er ogend8F&iop HI¥IWA gnd that thepampesavpeicthe gasphagrean herseptyated dioanibediquid
renmoval ofphhfeviRalcyh@in. melt from the catalyst, for exanple by 30 neans of
sieves or filters. For exanple, the catalyst can be used in extrudate
pellet formor in the formof a coating on packing elenments. The two
enbodi mentldsefif]l datadyspy f8 ¢d purpuysstafale Wivehtiohoinclude nown hatekdgenb@rs! datalysis

descr EBed mé’yiait &i{ie@: Sfc%na%ezj}cf?ni%lrrﬁeoxq(riéa}%urﬁ%hur\ﬁm oei\cri(?e,-ma%gesium oxide, cerium oxide,
lanthanum oxide and preferably titanium dioxide and also beta-zeolites and sheet-silicates.
Particular preference is given to titanium dioxide in the anatase form. Preferably the
titanium dioxide is at least 70% by weight, particularly preferably at least 90% by weight,
especially essentially completely, in the anatase form. We have further found that silica

25  gel, zeolites and doped metal oxides, doped with ruthenium, copper or fluoride for
example, distinctly improve the reaction of the reactants mentioned. Useful catalysts are
notable in particular for being slightly Bronsted acidic and having a large specific surface

area. According to the invention, the heterogeneous catalyst has a macroscopic form
permitting mechanical removal of the polymer melt from the catalyst, for example by

30  means of sieves or filters. For example, the catalyst can be used in extrudate pellet form or

in the form of a coating on packing elements.

The two embodiments of the present invention will now be more particularly described
with reference to the drawing, where

figure 1 and figure 2 are schematics illustrating the two embodiments of the invention. The

reference numerals have the following meanings:

l: amnonitrile feed



figure 1 and figure 2 are schematics illustrating the two enbodi nents of
the invention. The reference nunerals have the follow ng nmeanings: 213 MAY 200¢
amnonitrile feed - 3 2: water feed 37 ¥itst reaction stage 4: colum
5,6: interpals ggategywith the catalyst 5 7: evaporator zone 8:

pol ycondensation stage 9: columm 10: punp 11: polyam de exit stream 10
12: punp 1B8: sdish@astionctagsn st age Two- stage embodi nent (see figure 1) 2 $
MAY 2004 1p Thegnpgess of the invention is characterized by various
reaction zpnes., The reactjion Qf amnonitrile with water (1) takes place in
a first reﬁ@ti dﬁteﬂ%@ﬂ{@)mﬁﬁﬁaﬁlmo to 350C, preferably at 230 to 290C.
The pressur.e che@péraios zémech that, as well as a liquid phase, there is a
gaseous phase which i.ncl udes especially amoni a and water and can be
renoved Vita a ROYERACTEAONBAZS i cularly preferably the pressure is adjusted
in such a %ay tdohimmhe 20 water content of the reaction m xture renains
const ant aﬂ)d Vgélﬁ‘nﬂ arge anounts of ammonia can be withdrawn fromthe gas
phase. In a'preterred enbodi ment, the reaction mxture in the reaction
stage is clonti rmedysshide sxipptréapd with water (2) and continuously dewatered
via the ggs p or the colum (4). The reaction stage therefore has high
pressures I1n the ‘range from 30 to 120 bar. 25 According to the invention,
the reactiln voﬂea?fﬁlféwtoaisﬁ%eheterogeneous nmetal oxide catalysts or
internals (5, 6) coated with the nmetal oxide catalyst. If desired, the

reaction ones thrqugh which water flows continuously are spatially
separ at ed f‘?"&' %69@)0%&!&%@# H@‘B‘ﬁe‘é whi ch contain the catal yst material.

15  The process of the invention is characterized by various reaction zones. The reaction of
aminonitrile with water (1) takes place in a first reaction stage (3) at from 180 to 350°C,
preferably at 230 to 290°C. The pressure chosen is such that, as well as a liquid phase,
there is a gaseous phase which includes especially ammonia and water and can be removed
via a column (4). Particularly preferably the pressure is adjusted in such a way that the

20 water content of the reaction mixture remains constant and very large amounts of ammonia
can be withdrawn from the gas phase. In a preferred embodiment, the reaction mixture in
the reaction stage is continuously supplied with water (2) and continuously dewatered via
the gas phase or the column (4). The reaction stage therefore has high pressures in the
range from 30 to 120 bar.

25
According to the invention, the reaction volume contains heterogeneous metal oxide
catalysts or internals (5, 6) coated with the metal oxide catalyst. If desired, the reaction
zones through which water flows continuously are spatially separated from those reaction
zones which contain the catalyst material.

30

Transfer from the high pressure into the low pressure stage (separator or
polycondensation stage)

The pressurized reaction mixture is subsequently expanded into a polycondensation stage

35 (8)either adiabatically or via an evaporator Zone.

Adiabatic expansion



30 Transfer fromthe high pressure into the | ow pressure stage (sepazrﬁa{%rmm
or polycondensation stage) The pressurized reaction mxture is o
subsequent |y expanded into a pol ycondens tion stage 35 (8) either

adi abat i caAdiybaic épansieh &VpRENAIOWHERNRe WABHr ABAfehC oPARIREIA RiQudNY 18004 -
4 Adiabatic eﬁﬁﬁﬂf/t%n S refe bIe en the water content of the reaction
b BY pRetl s O

m xture i SAHEL Mgi¥sed on the total mass. The
expansi on resul ts | n a fl ash evaporatl on of the vvater still present in the
pol ymer | 0 f .the heat of oL ent

previ ous| y 7?}) Slo ?ﬁ"nletspol V FefRPTaiOR %fo&'f’r%@ laDT%SSH\/ghﬁTegﬁ%Wmer
evapor at i dhromghmﬂleatmmnofathtrelmat ek cduatigre or suti'rhkweprewbusljs stare @s $hebpndymer
preci pi tatd@i‘%m%ﬁ@as‘?‘ﬁf& ch-f&é?lﬁBHaq vﬁwr%tﬂo%eéf g %P%eataﬁé%ﬁ%r@g%uééé Ces to

take place fromt mer natri course o vapor At |
Foul i ng du@ppéﬁlblerfgramrﬁelpumlqm@mgahﬁat exnhangasisurfa¢es and iotheawppates stnfaces to

addi ti on, t&ﬁ@gl@@@ﬁoﬁ?ﬁﬁ EmbdE iRMRE BSdrsd Bf 'ag'lagh re@&ﬁdré(tldht 'Flohﬁﬁéj dbO%o

wat er evaporation, yielding a further energy and cost ‘savi ng eover,

i s desirafi"8AoPr {nﬁgga,ngagrpq:laﬁatmnﬁtxw\@uiqgl EbdditRathe Bqaheeéease@\er the pregees

t enperat urig diecdly amlffzéd tfbe wm@éry@\e@deﬁsm yieMigO Al hirlhet eikde® Ad¥e c8dt dRvRg. t he
hi gher nol.,ecul ar gh Eﬁ%i\ h The.wat er, vapor lgl eased. in the cou&se of
héFe SRIB1° i r ¢

t he expans! 8ot Hel! CEFASHIT MUK L9, SRk OWRy SBVE tlPFERgd RO er
and ol i gorremper®mee will slaftltbmpdﬂyccmdendaunmemﬁ)xbﬂtﬁnammetmadamfe;ﬁe higheemoleeulahe

wat er Vapé)r:']t éﬁt%&&?t%esivg%% 2@% gélg{sgg Y£l éo“?sc%fqgg )g;f‘;ag? af lirtlclll.l(fcl-:t Q/oiart]%)

process I nto Ion s Ia an
Wien the rC@a&fml‘th Ayt & amingnijelej mpreyaercand ¢lreometr hBecge‘memn bplayedwuar{8hat i on

stage;Bas @n blg'LQQd YR teghovehE %&er(vﬁﬂ&(yﬁbﬁﬁ the Eﬂi.?érﬁ and réé?@lque %&aﬁi&@%ﬁél@t or

zone (7) wll be advantageous. The volatile, | ow nolecdlar wel
conponent SMQIBEHPOEERat er and anmonia in the reaction mixture can transfer
into the gas phase there. In addition, the evaporation zone ensures a

sufficient heat th reaction m xiure to conpensate the
ool i ng. " Ty endhesSEphg eohilion faesdPEph BBSHATZBRE The Tenmper at ur es i n
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t han
high water content (>10% by weight), the use of an evaporator zone (7) will be

advantageous. The volatile, low molecular weight components such as water and ammonia

in the reaction mixture can transfer into the gas phase there. In addition, the evaporation

zone ensures a sufficient input of heat into the reaction mixture to compensate the cooling
25  of the mixture due to water evaporation. '

The temperatures in the evaporator zone range from 230 to 350°C, preferably from 250 to
290°C, and the residence time is customarily less than 5 minutes, preferably less than 60
seconds. The evaporator zone is advantageously configured as a tube bundle (7) in which
30  the tubes, if desired, possess cross-sectional constrictions that recur periodically in the

axial drrection.

Below the evaporator zone the reaction mixture is preferably routed into a mass transfer
zone where the pressure and temperature conditions of the evaporation zone are retained.
35 The mass transfer between the liquid and gaseous phase can be continued here and the
ammonia separation improved. The tubular mass transfer zone contains internals, for
example packing elements such as Raschig rings, metal rings and wire gauze packings in

order that a large surface area may be provided. The mass transfer zone used may also take



seconds. The evaporator zone is advantageously configured as a tube Zbéjn‘ﬂ ﬁ]{]&
(7) in which 30 the tubes, if desired, possess cross-sectional '
constrictions that recur periodically inthe axial direction. Belowthe
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evapor at or guxtix  exanpl e filntruders or circular disc reactors. According
to the invention, the packings or packing elenents are coated with the 5
abovenentigned catal yst components, or catalyst pellet is used directly as
packing el Bagpendensationjeci sj vel y i nproves the conversion of nitrile and

am de gy oups |n the reaction mxture. Postcondensation 10 The product
obtai ned a after the_evaporating i.n the evaporator
zone is EE Bt GG g ipan 0B SEaEIe FeRert slgﬁ&g@am@r?ﬂ@ is
sepalr at or mqumidymcmdms ahd subseqienp fractidr sthpd (R ecie Sepaadt of Polybeidehag@AcOoUS
catal ysts,

appropri at %ta% hr ﬁlg w‘é C%?ag%% h&%roége’geroﬂé?%tlﬁ&g\ﬁm&ﬁhﬁﬁegsg)ggfs’g%ojy'ﬁ“ﬁnggsur e
inthis seplarfamdcnsalamnelf i apprppnigtealider iraduche pressgre, fas qer Gndwnb@mpcdssess Thar |,
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into the ga@f&Qﬁ?%oﬁ{240@029013@e;sirﬁcmrﬁﬁE:feMme%%hh@zvmrs fromthe
evaporation and nass transfer zone in"a colum (9). The col unmm can be

operated for exanple under the same pressure conditions as the evaporator
zone. The Adeaitageoady dvamppnais reledsed herapito sheogas phhficmﬂé &\Miﬁed tdgbehei @jthof
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be fed (babkppémted fohexample unddr th¢ sanerpressure conditions as the evaporator zone. The
rectified ammonia and water vapors are withdrawn at the top of the column and condensed.
The water obtained and also the low molecular weight constituents or oligomers deposited
at the base of the column can be fed (back} into the reactant stream.
25

Three-stage embodiment (see figure 2)

The aminonitrile-water mixture is reacted similarly to the two-stage embodiment in a first
stage (3) that conforms to the preceding description. However, in the three-stage
30 embodiment, this stage is preferably operated without the use of a catalyst bed.
The catalyst bed is situated in a downstream second reaction stage (13), for example a tube
reactor, where the pressure is set so that the reaction mixture is present as a single liquid
phase. It is advantageous to use a pump (12) to introduce the reaction mixture into the tube
35  reactor in order that the single-phase nature of the system may be ensured. The
temperatures in the tube reactor range from 200 to 320°C, preferably from 210 to 290°C,
particularly preferably from 220 to 260°C.



25 Three-stage enbodi nent (see figure 2) The am nonitril e-water m'xtj[J,tEw 00
reacted simlarly to the two-stage enbodinent in a first stage (3) 'ﬁt‘
confornms to the preceding description. “H8wever, in the three-stage 30
embodi ment i hi-Siet 89%hd SecBh&fsRiab t | yst
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to use a punp to introduce the reaction mxture into the tube 35
reactor in order that t he singl e-phase nature of the system may be ensured.
The tenpepdditives I N the tube reactor range from 200 to 320C, preferably
from 210 to 290C, particularly preferably from220 to 260C. 23 MAY 2004 6
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reacti on zones which contain heterogeneous catalysts. - 7 Further

processi ng 26 MAY 2004 The polyner (11) obtained according to the invention
can then be further -processed 5 according to customary processes, for
exanpl e by converting it by customary nethods into piece formby it being
extruded in the formof nolten profiles, subsequently passed



through a water bath for cooling and then pelletized. The pellet cag0 ?
be extracted in a conventional manner and subsequently or sinultan sl ﬂ/mt'
converted into high nolecular weight po? yl actam The extraction can be
effected for exanple with water or aqueous 10 caprolactarn sol ution.

Anot her EI | i ty i s gas phase extraction as described for exanple in
EP- A—0284 erINOCeRENi& ed vi scosity nunber for the end product is
generally in t he range from 120 to 350 nl/g and can be adj usted in a
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100' C under ur
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inal | auhgeclrend203633Ginl/graad essbsidigeed ini adonpéivadl @nmdtt er the
reactants have been introduced, the autoclave is scaled, vented and
repeatedly purged with nitrogen. After heating to the desired reaction

t enper at urker fudther fidlarst monompd mixmres,icgtatyststand woukips, swipE-i4etioW0? BOGat er
through the discharge opening of the vessel 2 3 MAY 2004 - 8 with the aid
of a piston purrp A val ve on the vapor |line regulates the internal vessel
pressure. eecxaspdes pareinbglow Hlustratgcthe onvensionnandj demenstraiedthap tae prvsoties

stage (posieganisitraépa®ilon of polyamides of high viscosity.

Examples
20
Analysis

The relative viscosity (RV) of the extracted product is determined as a measure of the
molecular weight buildup and degree of polymerization in 1% by weight of solution in
25 96% sulfuric acid at 25°C using an Ubbelohde viscometer.

For extraction, 100 parts by weight of water of polymer are stirred with 400 parts by
weight of completely ion-free water at 100°C for 32 hours under reflux and, after removal

of the water, dried gently, ie. without postcondensation, at 100°C under reduced pressure
30  for 20 hours.

Batchwise embodiments of example processes

Process examples 1, 2, 3 and 4 were carried out batchwise in a 1 | autoclave.

I st process stage (high pressure)

After the reactants have been introduced, the autoclave is sealed, vented and repeatedly

purged with nitrogen. After heating to the desired reaction temperature. the reaction

mixture 1s continuously supplied with water through the discharge opening of the vessel



S5 On expiry of the reaction tinme in the first stage the water supply,isg v 0
interrupted and the pressure and tenperature in the reactor are Iovxze?é@ %[iﬂ
adj usted over 30-60 mnutes to the val‘u%s'requi red for postcondensati on.

After the pah\EORRESSatHiQN e A hﬁnvqunyﬂa%rvagg} line G8RUIREs et fnltksiﬁéi vl @

water bath, pelletized and drjied. 10 The pol yierization exanples 1 n the
presence Olpre%ufq. 8 UBRST FeH ol theseacion vohrmg @éﬁﬁﬁ‘i’- using catalyst pellet 4
mmin dianeter and from5 to 20 mmin length prepared fromFinnti type S
150titani%lradioxi itaniumdioxide is in the anatase formand is

de. The t
i mobi | i zet'S HOCPREER RSP epar ated fromthe exit stream using
sieves5 15 The conposition of the reactant m xtures, the process conditions
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' - " ~00000OUEssENNNMINIRerature in g rejctorare fowered or adjusted over 30-60 minutes to the
values required for postcondensation. After the polycondensation phase the polymer melt

can be extruded into a water bath, pelletized and dried.

10
The polymerization examples in the presence of a fixed bed catalyst are carried out using
catalyst pellet 4 mm in diameter and from 5 to 20 mm in length prepared from Finnti type
S150 titanium dioxide. The titanium dioxide is in the anatase form and is immobilized in
the autoclave and separated from the exit stream using sieves.

15

The composition of the reactant mixtures, the process conditions and the relative

viscosities of the polyamides obtained are listed below in Table 1.
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Ea) a) 2 3 MAY 2004 10 W claim 1. The two-stage process for prefpa Mhigis
pol yam de froman amnonitrile and water by reacting said amnonitrile
with water at from 180 to 350C and suchpa pressure in the range from30 to
120 bar that a gaseous phase is present as well as a liquid phase, in a
first reaction stage, expanding the reaction mxture obtained in said first
reaction stage via an evaporator zone or adiabatically with renoval of

wat er and ammonia into a second

We claim:

1. The two-stage process for preparing a polyamide from an aminonitrile and water by
reacting said aminonitrile with water at from 180 to 350°C and such a pressure in
the range from 30 to 120 bar that a gaseous phase is present as well as a liquid
phase, in a first reaction stage,
expanding the reaction mixture obtained in said first reaction stage via an
evaporator zone or adiabatically with removal of water and ammonia into a second
reaction stage, and ,
postcondensing in said second reaction stage at from 0.1 mbar to 5 bar and from
230 to 320°C.

2. The process of claim 1, wherein said reacting in said first reaction stage is effected
in the presence of a heterogeneous catalyst.

3. The three-stage process for preparing a polyamide from an aminonitrile and water
by reacting said aminonitrile with water in the absence of a catalyst at from 180 to
350°C and such a pressure in the range from 30 to 120 bar that a gaseous phase 1s
present as well as a liquid phase, in a first reaction stage,
reacting said reaction mixture obtained in said first reaction stage the presence of a
heterogeneous catalyst at from 200 to 320° C and a pressure at which said reaction
mixture 1S present as a single liquid phase,
expanding the reaction mixture obtained in said first reaction stage via an
evaporator zone or adiabatically with removal of water and ammonia into a second
reaction stage, and

postcondensing in said second reaction stage at from 0.1 mbar to 5 bar and from
230 to 320°C.

4, The process of any of claims 1 to 3, wherein said catalyst is selected from the group
consisting of zirconium oxide, aluminum oxide, magnesium oxide, cerium oxide,
lanthanum oxide, titanium dioxide, B-zeolites and sheet-silicates, which may be
doped.

5. The process of claim 4, wherein said catalyst is a titanium dioxide that is at least
70% by weight in the anatase form.
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6. The process of any of clains 1 to 5, wherein anmonia and water are
renmoved via a colum in said first reaction stage. 7. The process of claim
6, wherein the water and ammoni a obtained in the last reaction zone are
also fed into said colum. 8. The process of any of clainms | to 7, wherein
said first reaction stage is continuously supplied with water.




