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20 second reaction zone at a pressure in the range from 5*105 to
40*10> Pa in the entry zone of the reaction zone and at a
temperature above the melting point of polymer (VII) to a
conversion, based on the molar amount of lactam (I), of at least
80% to form a polymer (VII),

25
then reacting polymer (V) and polymer (VII) with each other in a
third reaction zone at a pressure in the range from
1*10° to 1.5*105 Pa in the entry zone of the reaction zone at
temperatures above the melting point of polymer (VIII) to form a

30 polymer (VIII), said polymer (VIII) having a 95°C water
extractables content, based on lactam (I), diamine (II)} and
dicarboxylic acid (III), of not more than 10% by weight, and

then extracting the polymer (VIII) with water to obtain the
35 copolyamide.

The present invention further relates to copolyamides obtainable
by this process, to their use for producing fibers, sheetlike
structures and shaped articles, and to fibers, sheetlike

40 structures and shaped articles based on the copolyamides.

Processes for continuous production of copolyamides from lactams,
such as caprolactam, and equimolar amounts of diamines and
dicarboxylic acids, such as hexamethylene adipate ({”66 salt”),

45 are common knowledge.
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aqueous di maluxe, and the water is distilled off at the same time. The

continuously removed melt is further condensed at atmospheric
pressure in a conventional manner. This process likewise has the
disadvantage of the maintenance of a constant temperature in the

30 face of the evaporation of the water of reaction. In addition,
the precondensation gives rise to losses of diamine, so that a
consistent high product quality is difficult to achieve in this
process too.

35 EP-A-0 393 546 discloses a process wherein an aqueous solution of
equimolar amounts of a diamine and of a dicarboxylic acid is
passed through a tubular reactor at slightly elevated pressure
and with concurrent evaporation of water to form a vapor phase
and a prepolymer. The prepolymer melt is subsequently mixed with

40 molten caprolactam and passed downwardly through a VK tube to
form a copolyamide. The vapors formed at the entrance to the VK
tube are separated in a distillation column by removing water
vapor via the top of the column and recycling an aqueous diamine
solution into the polymerization. One disadvantage with this

45 process is the low flexibility with regard to the production of
copolyamides of different morphologies, ie. the distribution of
units based on caprolactam and of units based on diamine and
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Preferred aminocarboxylic acids are omega-aminocarboxylic acids,

25 especially omega-aminocarboxylic acids having 4 to 12 carbon
atoms, more preferably 4 to 9 carbon atoms, in the alkyl moiety,
or an aminoalkylaryl carboxylic acid having 8 to 13 carbon atoms
in the alkyl moiety, in which case preference is given to those
which have an alkylene group of at least one carbon atom between

30 the aromatic unit and the amino and carboxyl group. Especially
preferred aminoalkylarylcarboxylic acids are those which have the
amino group and carboxyl group in the 1,4 position relative to
each other.

35 Any omega-aminocarboxylic acid used is more preferably a linear
omega-aminocarboxylic acid in which the alkylene moiety (-CH;-)
preferably contains 4 to 14, more preferably 4 to 9, carbon
atoms, such as 4-amino-l-butanecarboxylic acid,
5-amino-l-pentanecarboxylic acid, 6-amino-l-pentanecarboxylic

40 acid (6~-aminocaproic acid), 7-amino~l-hexanecarboxylic acid,
8-amino-1l-heptanecarboxylic acid, 9-amino-l-octanecarboxylic
acid, l0-amino-l-nonanecarboxylic acid, particularly preferably
6-aminocaproic acid.

45 Where such aminocarboxylic acids are capable of forming lactams
through formation of a cyclic, preferably internal, amide, the
use of such lactams is an advantageous option, more preference
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al pha, onega- al kyl enedi ami nes having 3 to 14 carbon atoms, nore preferably
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which the adianlinee 1®] einy cofpBund having at least two amino groups, such
as aromatic amines, for example 1,4-phenylenediamine or
4,4’'-diaminodiphenylpropane, or aliphatic¢ amines. Preferred
aliphatic amines are the alpha,omega-diamines, especially
25 alpha,omega-alkylenediamines having 3 to 14 carbon atoms, more
preferably 3 to 10 carbon atoms, in the alkylene moiety, or
alkylaryldiamines having 9 to 14 carbon atoms in the alkyl
moiety, preferred alkylaryldiamines being alkylaryldiamines which
have an alkylene group of at least one carbon atom between the
30 aromatic unit and the two amino groups, such as p-xylylenediamine
or preferably m-xylylenediamine.

The alpha,omega-diamines used are preferably linear
alpha,omega-diamines in which the alkylene moiety (-CHz-)

35 preferably contains 3 to 14, more preferably 3 to 10, carbon
atoms, such as 1,3-diaminopropane, l,4-diaminobutane,
1,5-diaminopentane, 1,6-diaminohexane (hexamethylenediamine,
HMD), 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane,
1,10-diaminodecane, particularly preferably hexamethylenediamine.

40
Hexamethylenediamine is obtainable in a conventional manner by
double catalytic hydrogenation of the nitrile groups of
adiponitrile.

45 It will be appreciated that it is also possible to use mixtures
of a plurality of diamines.
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butane-1,4-dicarboxylic acid (adipic acid),

pentane-1,5-dicarboxylic acid (pimelic acid),

hexane-1, 6-dicarboxylic acid (suberic acid),

heptane-1,7-dicarboxylic acid (azelaic acid),

25 octane-1,8-dicarboxylic acid (sebacic acid),
nonane-1,9-dicarboxylic acid, decane-1,10-dicarboxylic acid,
particularly preferably adipic acid.

Adipic acid is obtainable in a conventional manner by oxidation
30 of cyclohexane.

It will be appreciated that it is also possible to use mixtures
of a plurality of dicarboxylic acids.

35 If desired, it is also possible to use dicarboxylic acids derived
from branched alkylene- or arylene- or alkylarylenes.

The molecular ratio of diamine and dicarboxylic acid in mixture
(IV), mixture (VI), insofar as mixture (VI) includes diamine (II)

40 and dicarboxylic acid (III), and the copolyamide obtainable
according to the invention - the quantitative statements which
follow taking diamine to be the sum total of diamine (II) and any
diamine equivalents, ie. compounds which react like a diamine
under the process conditions of the invention, used and taking

45 dicarboxylic acid to be the sum total of dicarboxylic acid (III)
and any dicarboxylic acid equivalents, ie. compounds which react
like a dicarboxylic acid under the process conditions of the



It will be appreciated that it is also possible to use m xtures f
plurality of dicarboxylic acids. 35 If desired, it is al so possi bI e %M&%éﬂm
di carboxylic acids derived from branched al kyl ene- or aryl ene- or
al kyl aryl enes. The nol ecular ratio of diam ne and dicarboxylic acid in
m xture (1V), mxture (VI) insofar ag mxture (VI) includes diamne (I1I)
40 and di car (1 ng t.ne.copoly t ainabl e _according
to the i nvg'ntg%ﬂég‘t ﬂ[%E% P g‘ ?é’i Hin J’ttrtlgngntsq(ﬁr!i'iqgha%%ﬁﬁﬁqﬂ"é% ¥ng® dtam ne
to be the &hf FRREE %Tmrbll aﬁl he {13') PxRdenahly fizom Re%eqt? Viel%nt s, ie.
conpounds BRrthcubarty Inrefegablaninnm OuABeto thd2preqessobamidi tions of the
I nvention, used and taking 45 dicarboxylic acid to be the sumtotal of

SIO ca(r) Bﬁé? |A%c§§ﬁﬂné l4d )theaﬁﬁvéﬂylc&i C?ﬂ!](.ki?iﬁ’é' FII Clﬁlcsgaé ag RNlaRink®(11)
cogrd)l tions OP Fh&ﬁgaqbci\%i%ligogﬁg% &rﬁaé%?l on lam%lgs ‘g&%L &Olﬁ Fﬁ?i‘%]slc
shoul d adv&ftdebtitly Rrdnonusehle tagss FForﬁr{Ff@rtrédlc?“bW@P&bel from
0.95 to 1. Glsamlmrt%lulaalﬁil silpmebceﬂdbicyam@mnlmatrs the Zqmgdmatdbas Jof 5
Accor di ng hexthethyleridianinagl with adib¥s adid ud@ssaldjamne (I1) and a
di car boxiyl hexaméth lédéﬁaaﬁhhedwfﬂﬂ RePathié)adfl %bﬁéﬁ@fﬁ@déﬂédl@ﬁigé widd)
bei ng usabligopBRATIAI ook’ AL GOTRLALLENR ofiefl SILOISLLE 20tk oo

di car boxyl | ¢ 1 ONS Q iam ne W th
adi pi ¢ aci & %hE ][’)c afédhelﬂa’%]tyﬁﬁng R e ER Pﬂlg’e%aﬂﬁkd'aEFﬁ erably
hexanet hyl é‘ﬁééﬁ‘%‘?ﬁﬂ@f\ﬁidtlﬁmm%d'p?ﬁlh&ldllﬁl‘ac@@d -hexaret hyl enedi anine with

i sophthalic acid and terephthalic acid, mxylylenediamne with adipic

aci d, pnesf arabtyindaarathyhesaadica) RexbiEd @diypig Q&léi;ue%sAssQﬁQié}g t0

th t I t
i car boxyl Lo, SLie (R0 Xﬁ%ggﬁ%%%;}!ﬁ” éﬁlj%ﬁ”t fiﬁr ag}g%y rﬁns%t
S d be in

di am ne (| and carb XX C aci

the range frtof S’O'It e78es B’;'/E’V\fe‘ivdhtsméé‘ﬂetl‘? din Fher 5IBD ftr6’m6 S B9 1R ght .
20 M xtur eb¥INgighfy fespeadallndingteS8 tackdmbyl Fesahtect to the proviso
t hat theonol ar anmount of lactam (lI) in the mxture (IV) is less than the

nol ar amoupixird aatvgMmal) chitHdie iRbXhaé & (Mc)tam Ay ah Q%Qu%ythéﬂ xt Ure
I(l V) i nCll Uggévf% 1 at0 %8V | %Imouﬁf ??%Q:J ¥IE rga; %‘i?&é“@' ’
aCtan]( ) ?i%ss 'ﬂJF % urﬁbla afmoun %‘lac am’ (I) 1n t e mlxture )
| act am (I ) € anourit
Advantageously, mlxture (IV) includes up to 20% by weight,
25 especially up to 15% by weight, of lactam (I) based on mixture
(IV).

as

Mixture (VI) includes water as well as lactam (I). The amount of
water should advantageously be from 0.5 to 10% by weight,
30 especially from 2 to 7% by weight, based on mixture (VI).

Mixture (VI) may further include a diamine (II) and a
dicarboxylic acid (III) subject to the proviso that the molar
amount of diamine (II) and dicarboxylic acid (III) in the mixture

35 (IV) is less than the molar amount of diamine (II) and
dicarboxylic acid (III) in the mixture (VI). Advantageously
mixture (VI) includes up to 15% by weight, especially up to 10%
by weight, in total of diamine (II) and dicarboxylic acid (III)
based on mixture (VI). Particularly preferably, mixture (VI) does

40 not additionally include a diamine (II) and a dicarboxylic acid
(III).

It is particularly advantagecus for mixture (IV) to additionally
include lactam (I) while mixture (VI) does not additionally
45 include diamine (II) and dicarboxylic acid (III).



wat er shoul d advant ageously be fromO0.5 to 10% by wei ght, 30 especi -L%‘IAY 210
from2 to 7% by weight, based on m xture (VI). Mxture (VI) may furthi
include a diamne (I1) and a dicarboxylic acid (111) subject to the
proviso that the nolar anount of diamne (lI1) and dicarboxylic acid (111)
in the mxture 35 (IV) is less than the nolar anmount of diamne (I1) and

I t .V t. | m xt ure (VI)
"ol udes” ultes ogfgﬁ‘é 1 i 1%’*‘1’3'&?1‘2“'”8 Miee o oo Sy SHErYhiaF P total of
di ami ne (1 IBFe53858i t r‘fj’lﬁ( aPé’eaEWi“ (A-BH1L0% e &t 53R Ofi 5@ urRse€erably from
Particul arl 3§Fé9%r‘e€blly5*rlﬂitﬁﬁne ipVEje demtsrat@entt tlbieli tdamtdbhyzome lamde a
di am ne (|13t andempeli otardzoxpbive €itd teltlihy) poirt icF @@&Wéﬂ' (&f)' ¥n the
Xkt o (o CEu 280 f0) Yoot FEQELLEERy phom 235166 9 B&}: o, .cﬁfktiw ¢
;nc?(fjuzlel I() C)of gg %Q Otﬂaq'% gc%lr“%llmoé}L a“["ﬁ'égfn l&ﬂm(‘%\ ﬂt i s
react ed at d&‘caﬁ}’%%lu’r% 45+d; KETF bin faltoﬂr?‘}s‘?,*al% FéPEC'Salth qﬁatop @’f erably

from 1.354109 £bryt srepy$ipa, zome+ he entrance to the reacti on zone and at
a tenperature above the nelting point of polynmer (V) in the 5 range from

250 to Bﬁﬁ@hepfés..eeﬁﬂ % ie8MEavid AddntagdSily BN ﬁrfﬁ{r}zang;gsﬁﬂorﬁ% he
nol ar amount,s dg}" (I'1) and dicarboxylic aci at least
80% espeC|aIIy 8 6% in a first reaction zone. 10 The reaction tines
shoul d advant a eousl be in the range from40 to 600 seconds. To this end,
m xture (IVpP #Bys b@‘%e&@ﬂ‘ééﬁ n{ F'Ba@ayr be krepatede i nseeadtorr spdinpwer pexatseons,
pr ef er abl y fiogbpb bymeasizaitapss, Ifrefieerabiy ctutallaar @eacseesd i ons of the tubul ar
reactorssmy be round or periodically recurringly round and sl ot-shaped.

Cotonce, ST SRS co0pe R ALl WS008 e
;sﬁ'?ernal s %r P%%secp Y f57 %ﬁ%fg‘t‘%‘% r;!‘m 38?; g?)%‘?fi‘ Mg 2cELreritmes
Raschig ri r’r&ssu%ﬁeaﬂtﬁﬁ 3% FSi9g i Ri‘)‘?/"e‘-ﬁ“fla‘b'r fEom 4Ggo AR8fesemids.from
wire net. Such packings may be used to enlarge the internal surface area
of the r2@achertuldblatheecneasts aayl cHRSaim FHKAngEACEOFS dWMBbrHapee® 1 n
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elements, Raschig rings, Pall rings, especially woven fabric

rings preferably from wire net. Such packings may be used to

enlarge the internal surface area of the reactor.

25
The reaction times in such reactors may range in particular from
180 to 600 seconds.

Generally the first reaction zone produces a two-phase mixture of

30 a liquid phase comprising polymer (V) and a gas phase comprising
water. The gas phase is advantageously separated from the liquid
phase downstream of the first reaction zone.

Generally the gas phase, as well as water, will include

35 unconverted starting compounds and polymer aerosols. After
condensation of the gas phase, preferably after subsequent
concentrating of the thusly obtained liquid phase in water and a
solution of the starting compounds in a conventional manner, for
example by extraction, preferably distillation, advantageously in

40 columns, such as packed columns, bubble cap plate columns or
sieve plate columns, the columns advantageously having 5 to 15
theoretical plates, the solution which includes the starting
compounds may be reused for preparing polymers, for example by
recycling into the first or second reaction zone of the process

45 according to the invention.
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packi ng el enments, for exanple Raschig rings, balls or Pall rings.
The tubular reactors may advantageously contain ordered mixing
elements, such as Sulzer packings, or random mixing elements,
25 such as packing elements, for example Raschig rings, balls or
Pall rings.

The temperature of the reaction mixture should advantageously be
such that the reaction mixture forms a single liquid phase during

30 the reaction. At the point of entry of mixture (VI) into the
second reaction zone the temperature is advantageously in the
range from 230 to 310°C, especially from 240 to 290°C.

The usually exothermic reaction of mixture (VI) to form the
35 polymer (VII) may raise the temperature of the reaction mixture,
contemplated temperature increases ranging from 10 to 50°C.

The reaction mixture leaving the second reaction zone may then
with advantage be adiabatically decompressed, advantageously to a

40 final pressure from 1*105 Pa to 1.5*105 Pa, preferably from
1.05*105 Pa to 1.1*105 Pa.

This adiabatic decompression is generally accompanied by the
evaporation of the water present in the reaction mixture. This
45 will cool the reaction mixture. The temperature of the reaction
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not more than 10% by weight.
25

The reaction times should advantageously be in the range from 3

to 8 hours, preferably from 5 to 6 hours.

The temperatures should advantageously be in the range from 240
30 to 285°C, preferably from 250 to 280°C.

Advantageously polymer (V) and polymer (VII) are intensively
mixed with each other in a conventional manner, such as by
stirring, prior to the reaction.
35
The reaction of polymer (V) with polymer (VII) to form polymer
(VIII) may be carried out in reactors known per se for
polymerizations, preferably tubular reactors, in which case the
tubular reactor is preferably disposed vertically. In this case,
40 the mixture of polymer (V) with polymer (VII) may be fed at the
bottom, preferably at the top end of the reactor.

The polymer (VIII) obtained downstream of the third reaction zone
has a relative viscosity, determined in 1% solution in 96%

45 sulfuric acid at 23°C, of preferably from 2.0 to 3.0. The amount
of 95°C water extractables is from 3.5 to 10% by weight,
preferably from 5 to 8% by weight, based on polymer (VIII). The
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It is likewise advantageous to add lactam (I) during the
extraction of polymer (VIII). This can improve the extraction

25 performance. It is advantageous for the ratio of added amount of
lactam to pure extract to be in the range from 0.1 to 4,
preferably from 0.5 to 1, based on the extract. Such a process is
described in DE-A-25 01 348 for example.

30 The solution obtained in the extraction may (preferably after
concentrating) subsequently be used for polymerization, for
example by recycling into the first or second reaction zone of
the process according to the invention.

35 The copolyamide obtained after the extraction is then generally
dried in a conventional manner.

Advantageously this may be accomplished using inert gases, such
as nitrogen or superheated steam, as heat media, for example in

40 countercurrent. In the process, the desired viscosity, determined
in 1% solution in 96% sulfuric acid at 23°C, may be obtained by
heat treatment at elevated temperature, preferably at from 150 to
185°C.

45 Furthermore, the process of the invention may also include a step
of chain extension, chain regulation or a branching or a
combination of two or three such measures. To this end,
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composition.

The process of the invention is notable for high flexibility and
a good space-time yield and permits the controlled production of

30 copolyamides having different morphologies, the copolyamides of
the invention combining good transparency and a high DSC melting
point with an equimolar end group content, ie. an equal molar
number of acid and amino end groups.

35 Particular preference is given to such copolyamides containing
from 70 to 95% by weight, especially from 80 toc 90% by weight,
based on copolyamide, of nylon-6 units.

These copolyamides are useful for producing fibers,

40 monofilaments, sheetlike structures, such as films, or shaped
articles. The shaped articles are obtainable for example by
injection molding or extrusion.

45
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said mixture (VI) further comprising a diamine (II) and a

dicarboxylic acid (III) subject to the proviso that the molar

amount of diamine (II) and dicarboxylic acid (III) in said

mixture (IV) is less than the molar amount of diamine (II)

25 and dicarboxylic acid (III) in said mixture (VI), in a second

reaction zone at a pressure in the range from 5*105 to 40%*105

Pa and at a temperature above the melting point of polymer

(VII} to a conversion, based on the molar amount of lactam

(I), of at least 80% to form a polymer (VII),

30
then reacting polymer (V) and polymer (VII) with each other
in a third reaction zone at a pressure in the range from
1*10% to 1.5*105 Pa in the entry zone of the reaction zone at
temperatures above the melting point of polymer (VIII) to

35 form a polymer (VIII), said polymer (VIII) having a 95°C
water extractables content, based on lactam (I), diamine (II)
and dicarboxylic acid (III), of not more than 10% by weight,
and

40 then extracting the polymer (VIII) with water to obtain the
copolyamide.

2. A process as claimed in claim 1, wherein lactam (I) is
caprolactam.
45



Pa and at a tenperature above the nelting point of polyner (VIl) to a
conversion, based on the nolar anpbunt of lactam (l), of at |east 80be g 1004
forma polynmer (VI1), 30 then reacting polyner (V) and polyner (VII) with
each other in a third reaction zone at a pressure in the range from 1*105
to 1.5*105 Pa in the entry zone of thggreaction zone at tenperatures above

the nelting poiyn I LAGVLLE) ta 35 forma polyner (VII1]), said,

pol ymer (VI%I'I ) %ggﬁéegg %%%?a\(k& celrlréx‘iq]’ad'g‘t Elb?’és'?t R éh%’é’d"%rlilléc%%m
(1), dianine (PFFa™g negdig®iPei c acid (111), of not nore than 10% by

wei ght, and 40 then extracting the polynmer (VIII) with water to obtain the
copol yam dd.. 2A procesess alathedndsl dny elfabnains Whebehn {Retam (1) is
capr ol actsam 4%;33rBény N4 o343 £1Pf QGESa;BSc Claidred inclaim1 or 2,

wherein diamine (I1) is hexamethyl enedi am he. 4.A’process as clained in any
of cl ains 35 to_3, wherein 5di carboxylic acid (I1l) is adipic acid. A
process as>cl aPnBICTTESAP GLaimed it RI¥o08 Clidiseiln tai Ani WeerRin K ambme

di carboxyl i c aéf@) (314 )digagbesei¢ raadui #DI hramnmsets in16qifmdA@r25 30 35 40
45 amounts.
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