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10 The present invention furthermore relates to high molecular
weight polyamides, obtainable from aminonitriles and/or a mixture
of diamines with dinitriles, the use of the novel polyamides and
meldings obtainable therefrom.

{f 15 Us 2,245,129 describes the preparation of linear polyamides.
Here, an amincnitrile or an equimolar mixture of dinitriles and
diamines is converted in a first step, initially to low molecular
weight polyamides. In a subsequent second step, the low molecular
weight polyamides are subjected to thermal postcondensation by

20 removing ammonia and water at atmospheric pressure or reduced
pressure. The disadvantage of this process is, on the one hand,
the low polymerization rate in the postcondensation, which is
evident from only a slight increase in the relative viscosity of
the end product compared with the relative viscosity of the low

25 molecular weight polyamide in the case of long postcondensation
times. However, long postcondensation times increase the proba-
bility of damage to the polymer and lead to higher energy con-
sumption and to low space-time yields. On the other hand, the end
products have a ratio of terminal amino groups to terminal car-

(. 30 boxyl groups (TAG/TCG) substantially greater than 1, which

' adversely affects the melt stability (constancy of molecular
weight) during processing.

DE-A 35 34 817 describes the stepwise preparation of linear poly-

35 amides from omega—aminocalkanenitriles and excess water in the
presence of catalytic compounds. Spinnable polyamides are brought
to the desired higher degrees of polymerization in the melt in an
inert gas atmosphere, such as nitrogen, or at reduced pressure.
The polyamide thus obtained is then granulated, freed from mono-

40 mers and oligomers by extraction and then dried. Here too, the
achievable molecular weights are low, and the TAG/TCG ratio is
likewise substantially greater than 1.

EP-A 479 306 describes the preparation of polyamides starting

45 from omega~aminonitriles in the presence of water and with con-
tinucus addition of water, both steam and ammonia being removed
from the reaction mixture at above 240°C. After the addition of a
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or at reduc 28,185 descrlbes the preparation of high molecular weight
10 polyamides. In the process according to EP-A 129 195, a low
molecular weight prepolymer is first prepared from a mixture con-
sisting of diamines and dicarboxylic acids and is then subjected
to solid-phase postcondensation with superheated steam until the
desired molecular weight is obtained.

It is an object of the present invention to provide an improved
process for the preparation of high molecular weight polyamides
from aminonitriles or dinitriles and diamines and mixtures
thereof, which on the one hand leads to a faster increase in

20 molecular weight than in the past and which has a lower prcbha-~
bility of damage to the polymer in the postcondensation to give
high molecular weights and higher processing stability than that
according to known methods. In particular, the preparation of
yellowed and decarboxylated products should be avoided and the

25 TAG/TCG ratio should not be greater than 1.25.

Furthermore, the polycondensation should also be capable of being
carried out with acceptable space-time yields to give high
molecular weights even in the absence of a catalyst, which

- 30 remains in the polymer during polycondensation and hence consti-
tutes an impurity.

e

We have found that this object is achieved by a process for the
preparation of high molecular weight polyamides from cyano-

35 containing monomers by polymerization in a manner known per se to
give polyamides having a low molecular weight and subsequent
thermal aftertreatment to give high molecular weight polyamides,
which comprises

40 (a) polymerizing monomers selected from the group consisting of
aminonitriles of the general formula I

HaN=-{CHz)p—CN - I

45 and mixtures of diamines of the general formula IT

S NN
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where m, n and p are integers from two to twelve, in a molar
diamine/dinitrile ratio of from 0.98:1 to 1.02:1 in a manner
known per se, a relative viscosity from 1.4 to 2.0 (measured

10 at a concentration of 1 g of prepolymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being chosen for
the resulting prepolymers, to give a product capable of being
granulated,

( 15 (b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which

20 contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
23°C), the difference between the relative viscosity of the

25 resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (c) being at least 0.4.

We have also found high molecular weight polyamides, obtainable
from aminonitriles and/or from a mixture of diamines with
i 30 dinitriles, the use of the novel high molecular welight polyamides
E and moldings obtainable therefron.

Suitable processes for the preparation of the novel polyamides
are known to a person skilled in the art.
35
The batch process (batchwise preparation method) may be mentioned
as being preferred. Here, the aqueous monomer solution is heated
in an autoclave tc 220~330°C in the course of from 0.5 to 3 hours,
the resulting pressure of 15 to 50, in particular from 25 to 50,
40 bar being kept very constant for up to 8 hours by releasing
excess steam. The autoclave is then let down at constant tempera-
ture in the course of from 0.5 to 2 hours until a final pressure
of from 1 to 5 bar is reached. The polymer melt is then dis-
charged, cooled and granulated in the usual manner.
45 :

Another preferred process is continuous polycondensation.
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met hods. In particular, the preparation of
10 The relative viscosity (measured at a concentration of 1 g of

prepclymer per 100 ml in 96% strength sulfuric acid at 23°C) is
chosen, according to the invention, in the range of from 1.4 to
2.0, preferably from 1.5 to 1.8.

(" 15 The ratio of terminal amino groups to terminal carboxyl groups
(TAG/TCG) of the prepolymers from stage (a) is in general greater
than 2.0, preferably from 10 to 50.

According to the invention, monomers selected from the group con-
20 sisting of aminonitriles of the general formula I

HaN-({CH ) —CN I

where m is from 2 to 12, preferably from 5 to 12, such as

25 6—amino—l-cyanopentane (aminocapronitrile), 7—amino-l-cyano-
hexane, 8-amino-l-cyanoheptane, 9-amino—l-cyanoocctane,
10-amino-l-cyanocnonane, ll-amino—l-cyanodecane or l2-amino-
l-cyanoundecane (aminolauronitrile), particularly preferably
6—anino—-l-cyanopentane (aminocapronitrile),

30
and mixtures of diamines of the general formula II

HoN—(CH3 ) p—NH» II

35 where n is from 2 to 12, preferably from 4 to 12, such as tetra-
methylenediamine, pentamethylenediamine, hexamethylenediamine,
heptamethylenediamine, octamethylenediamine, nonamethylene-
diamine, decamethylenediamine, undecamethylenediamine or dodeca-
methylenediamine, particularly preferably hexamethylenediamine,

40
are reacted with dinitriles of the general formula III

NC—(CHz)p—CN IIT
45 where p is from 2 to 12, preferably from 4 to 10, such as 1,4-di-

cyanobutane (adiponitrile), 1,5-dicyanopentane, 1,6~dicyano-~
hexane, 1,7-dicyancheptane, 1,8-dicyancoctane, 1,9-~dicyanononane
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(a) polyneri zhgg pEN®y.s selected fromthe group consisting of

amnonitriles of the general fornula | H2N- (CH2) m CN | and m xtures
of diam nes Q&etggl eq%&g Aﬁinglto dinitrile is chosen, according to

the invention, in the range from 0.98:1 to 1.02:1, preferably
10 from 0.99:1 to 1.01:1.

Observations to date have shown that the aminonitriles of the
general formula I can be polymerized in any desired ratio with
the mixtures of diamines of the general formula II and dinitriles

f 15 of the general formula III or mixtures of diamines of the general
formula II and dinitriles of the general formula III may be used
alone, but preferably the aminonitriles of the general formula I
or mixtures of diamines II and dinitriles III alone are used.

20 If desired, monocarboxylic acids, such as propionic acid and
benzoic acid, monocamines, such as alkylamines, eg. methylamine,
ethylamine, propylamine or butylamine, or mononitriles, such as
acetonitrile, propionitrile, butyronitrile or benzonitrile, may
be used as chain regulators in an amount of from 0.01 to 0.5% by

25 weight, based on the monomers used.

The prepolymer from stage (a) is granulated according to the
invention, the prepolymer obtained preferably being passed in the
form of the melt through a discharge zone with simultaneous
7 30 removal of the residual water contained in the melt. Suitable
discharge zones are, for example, devolatization extruders. The
melt substantially freed from water in this manner is then
usually extruded and the extrudate is granulated by a
conventional method.
35
The novel granules usually have a length of from 1 to 10 mm, pre-
ferably from 3 to 8 mm.

The desired relative viscosity of the high molecular weight poly-
40 amide is established in stage (c) of the novel process. According

to the invention, this is done by subjecting the granules

obtained in stage (b) to solid-phase condensation in the presence

of an inert gas which contains at least 50% by volume of super-

heated steam, preferably pure superheated steam, continuously or
45 batchwise (cf. for example EP-A 284 968).
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to 180°C, very particularly preferably from 150 to 170 °C. The

residence time in the postcondensation depends essentially on the

type of polyamide, on the amount of any chain regulator used, on

the chosen temperature and on the desired final value of the

10 relative viscosity. It is as a rule from 2 to 48, preferably from
6 to 24, particularly preferably from 12 to 18, hours.

According to the invention, the heat required for the postcon-

densation is introduced into the system in the presence of super-
15 heated steam and a gas mixture consisting of an inert gas, such

as nitrecgen, carbon dioxide or argen, and at least 50% by volume

of superheated steam may be used for this purpose. Pure super-

heated steam having a pressure of less than 2 bar is preferably

used, the chosen steam:polyamide ratio preferably being more than
20 10 1 of superheated steam per kg of polyamide per hour.

Pomaey

According to the invention, the relative viscosity is adjusted so
that it is at least 0.4, preferably at least 0.7, unit higher
than the relative viscosity of the prepolymer from stage {(a), a
25 relative viscosity of from 2.3 to 5.0, preferably from 2.4 to 4.0
(measured at a concentration of 1 g of polymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being established.

For example, tumbling dryers may be used for the batchwise solid-

30 phase condensation and heating tubes for the continuous solid-
phase condensation, the continuous solid-phase condensation being
preferably used.

™

Preferred novel high molecular weight polyamides are essentially
35 composed of repeating units of the general formula IV

[-NH—-(CHz)n~C(0)~]x[-NH-(CH2) n~NH—]y[-C(0)—(CH2)p-C(0)~1]; v,

where 0<x<l, 0<y<l, 0<£2<l, and x:ysz is chosen in the range from
40 1:0:0 to 0:1:1, and y:z is chosen in the range from 0.98:1 to
1,02:1, and are obtainable by

(a) preparing a polyamide prepolymer by polymerization of a mix-
ture of aminonitriles of the general formula I

45
HoN—-({CH2 ) ~CN I
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a person skilled in the art. The batch process (batchw se preparation

nmet hod) may be nentioned as bei ferred. Here, aqueous nononer
solution is heated in an autocl %&ﬁ%gz)?z&-ESSO[err]C&lgﬁ the course of from

0.5 to 3 hours, the resulting pressure of 15 to 50, in particular from 25
to 50, where m, n and p are integers from two to twelve, with a

10 molar diamine/dinitrile ratio of from 0.98:1 to 1.02:1, a
relative viscosity of from 1.4 to 2.0 (measured at a con-
centration of 1 g of prepolymer per 100 ml in 96% strength by
weight sulfuric acid at 23°C) being chosen for the resulting
prepolymers, to give a product capable of being granulated,

15
(b) then granulating the prepolymer cbtained under (a) and

Py
AT

{c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
20 point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
25 23°Cc), the difference between the relative viscosity of the
resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (c) being at least 0.4,
with the proviso that the high molecular weight polyamides
cbtained have a ratio of terminal amino groups to terminal
(’ 30 carboxyl groups of less than 1.25,

Particularly preferred high molecular weight polyamides are those
which are essentially composed of repeating units of the general
formula V
35
{-NH-(CH2)5~C(0)-] v

obtainable by

40 (a) preparing a polyamide prepclymer by polymerization of amino-
nitriles of the general formula I

HpN- (CHz ) y~CN I

45 where m is an integer from two to twelve, in a manner known
per se, a relative viscosity of from 1.4 to 2.0 (measured at
a concentration of 1 g of prepolymer per 100 ml in 96%
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220-330[ err] C urffAd@58Aat nospheri c pressure (from5 to 100 bar) with
formation of a prepolyner in the course of from10 mnutes to 3 hours,
after which (e theassuaaulatin thewprepsbnedzry wbtainedomiderand)vapdr are
continuously separated, the vapor is rectified and any entrai ned di am nes
or nitrites fgfathen subjecting the granules obtained under (b) toc solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
10 contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
23°C), the difference between the relative viscosity of the
15 resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (c¢) being at least 0.4,
with the proviso that the high molecular weight pclyamides
obtained have a ratio of terminal amino groups to terminal
carboxyl groups of less than 1.25.

N

20
Other particularly preferred high-molecular weight polyamides are
those which are essentially composed of repeating units of the
general formula VI

25
[-NH-(CH2)n~NH—]a[-C(O)~(CHz2}p~C(0)~1p» VI,

where a:b is chosen in the range from 0.98:1 to 1.02:1,
are obtainable by

- 30
( (a) preparing a polyamide prepolymer by polymerization of a mix-
ture of diamines of the general formula II
HyoN-(CHjz ) q~NH; Iz
35

with dinitriles of the general formula III
NC—-(CHz)p—CN ITI

40 where n and p are integers from two to twelve, in a molar
diamine/dinitrile ratio of from 0.98:1 to 1.02:1, a relative
viscosity of from 1.4 to 2.0 (measured at a concentration of
1l g of prepolymer per 100 ml in 96% by weight sulfuric acid
at 23°C) being chosen for the resulting prepolymers, to give

45 a product capable of being granulated,
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A ——

TIHS Shee

T




recycl ed. ThBASFl aktiengeseddsthafheasurddP09? a conc@nbs a0PB50/851713g of
prepolynmer per 100 ml in 96% strength sulfuric acid at 23[err]C) is chosen,
according to the invention, in the range of froml1l.4 to 2.0, preferably
from1.5 to 1.8. The ratio of term nal @m no groups to term nal carboxyl

Than 2.0, pr oPS) 5Py PRty RS oxeB) phad Srcdinkd, Wl and OO P

sel ected fromthe group con- sisting of amnonitriles of the genergl

formula | H éF)] kbemrfihigoringnthe granules phiaingd undeh (D) (to golid-

preferably from phase IystsonHensaGicriatofion artopdfla@eelow the melting

(am nocapr @ni tri peint oRRhaOplepilyfer DEXEHE présente ®ilanyinebem=anahich

e 5 ayanCbabEied S TLHR: SOy 30001 o gk apuiedunaatl o8 g

6. am 0. 1- Cyanoprt Sl TEARFRoRA NGupE by Lyestae BRGLASY SeLkelVd VAR oy
of from 2.3 to 5.0 (measured’ at a concentration of 1 g of
polymer per 100 ml in 96% by weight sulfuric acid at 23°c),

10 the difference between the relative viscosity of the result-
ing prepolymer from stage (a) and that of the high molecular
weight polyamide from stage (c) being at least 0.4, with the
proviso that the high molecular weight polyamides obtained
have a ratic of terminal aminoc groups to terminal carboxyl
g 15 groups of less than 1.25.

In a subsequent compounding step, the conventional assistants and
additives, such as reinforcing fibers, mineral fillers,
tougheners, lubricants and mold release agents, heat stabilizers
20 and UV stabilizers, flameproofing agents, pigments, dyes and
nucleating agents, in amounts of up to 70% by weight, based on
the compounded product, may be added to the novel polyamides.

25 In the case of the continuocus polycondensation, the additives may
alternatively be mixed into the novel prepolymer with the aid of
a discharge extruder and then subjected to stage c).

The novel high molecular weight polyamides may be further pro-
30 cessed by conventional methods to give moldings, films and fi-
bers.

i
1)

Compared with known processes, the novel process has the advan-
tage that the increase in molecular weight takes place more

35 rapidly and the high molecular weight polyamides according to the
novel process exhibit less damage or no damage, in particular as
a result of yellowing or decarboxylation, and have a TAG/TCG
ratio of not more than 1.25.

40 Examples

The terminal carboxyl groups were determined by acidimetric
titration (double determination). For this purpose, a blank value
and a factor were first determined, after which the measurement

45 was repeated with the polyamide to be investigated and the ter-
minal group content was determined therefrom.
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Herr]N-(CH err]2)[err]-NH err] Il where nis from2 to 12,

preferably from4 to 12, such as tetra- nethyl enedi am ne,

pent anet hyl enedi am ne, hexanet hyl enedi ggi ne, hept anet hyl enedi am ne,
|

oct anet hyl enedi am ne, nona hy| ene- d I ne, gdega e | &M
undecanet hy|¥h&FarPHRS otrr}’egg’g@%g- v?r’e‘ﬁfylaj?ng‘gi %ﬂi esfﬁé’grgfli %'%Fu ;..1'1%}: BPL; abl y
hexamet hyl ermefieawefauxed £9re 46t BénYFeh on i PPFIR@YS WikR Hhe J""B‘Bf‘n‘ﬂig'a

111 NC (CH esome) pamss- B 1ling beads|and wadterpthe gddimiont of 16 drepef ef abl y
from4 to 10infk@hoas (90 ddlicf eyasebuiean@igadipadiin Sbep) of n—propanol
1,5-di Cya“é’g?.'ﬁ.gn%he% @iﬁaceéfanﬂath@mn%heldtﬂswg%@mﬁtm, (80 ml of

1, 8-di cyano (g: .tSa Meme%hgﬁgifé/ %%nggfun@ion/ 8%% !}\f"\gé%— r%panol made up to

2,000 ml with hexanol) until the color change (yellow-gray).

To determine the factor, the experiment was repeated, except that

10 0.015 g of AR salt was added to the benzyl alcochol. The factor
was calculated from the weight of AH salt: [consumption - blank
value: 131.2}.

For the sample determination, the experiment was repeated with
. 15 0.5 g of the polyamide to be investigated.

The content of terminal carboxyl groups, in mmol/kg, was then
calculated from [consumption — blank value] x factor: sample
weight.

20
The terminal amino groups were determined by acidimetric titra-
tion (double determination). For this purpose, a blank value and
a factor were first determined, after which the measurement was
repeated with the polyamide to be determined and the terminal

25 group content was determined therefrom.

7o determine the blank value, 25 ml of a solvent mixture (1,000 g
of phenol p.a./540 g of methanol p.a./l ml of 0.1 M methanol KOH
solution) were refluxed for 25 minutes at from 150 to 160°C using
30 a magnetic stirrer. After the mixture had been cooled to hand
heat, 2 drops of indicator (0.1 g of benzyl orange/10 ml of meth-
anol p.a. made up to 100 ml with ethylene glycol + 500 mg of me-
thylene blue/5 ml of methanol p.a. made up to 50 ml with ethylene
glycol) were added to the solvent mixture and titration was car-
35 ried out with the titrating solution (3.44 ml of 70% strength by
weight perchloric acid/200 ml of methanol p.a. made up to
2,000 ml1 with ethylene glycol) until the color change (green—

gray).

Lt
Siw
Y

40 To determine the factor, the experiment was repeated with 25 ml
of factor solution (0.16 g of dried AH salt dissolved in 500 ml
of solvent mixture) instead of the pure solvent mixture. The fac-
tor was then calculated from the weight of AH salt:

[consumption — blank value: 131.2].

45
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(adiponitrile) and 1,8-dicyanooctane. If desired, diamnes, dinitriles and
am nonitriles which are derived from branched al kyI enes or aryl enes or
atkyl aryl enes may al so be used. The nglyar ratio of diamine to dinitrile is

chosen, accordi to t t th
preferabl y %Blrﬁq% 5 gﬁodng%jlf'o%ﬁl gr%e eé:ﬁ:%ggm gﬂ’a %ggéaﬁgdlw%at t he
anmnonitril 8s503 Qﬁuiﬁﬁeﬁéiﬁﬁm¥4ﬁlﬁﬁlHeliQﬁﬁPqiSaﬁSFyﬁ%*q i8¢ fisifed

ratio with the swduemtemistudeam nes of the general formula Il and
dinitriles of the general formula I'll or m xtures of diamnes of the

gfegﬁre al bL ?,r a.:Arrl EI eéa}n@ndaﬁls tafrﬂiné N DRSS 1Yy ? wad tHeh kalused
e JQr

m xtures of Ra?%% °§y I[F°3rs13m%ﬁ£r)nnt ri ng&f q{al%lggng ggée%%egampé éde?sﬁhetd'

nonocar boxyl i ¢ acids, such as propionic acid and benzoic acid, nonoam nes,

such as al kyk ahrma%gn nEt the Ahepsing materials

10 Example A

2.5 mol of aminocapronitrile ACN (280 g; purity > 99.8%) were
initially taken with 10 mol of H20 (90 g) and 5 mmol of phos-
_ phorous acid as a catalyst in a 1 1 laboratory autoclave. Once
Gﬂ 15 again, the autoclave was evacuated 3 times and was filled with
nitrogen. Heating was then carried out at 220°c for 1 hour, the
pressure being kept constant after reaching 20 bar by releasing
superheated steam and ammonia. This temperature was maintained
for 2 hours, after which the temperature was increased to 270°C in
20 the course of 1 hour and the pressure was still kept at 20 bar.
The pressure was then let down to atmospheric pressure in the
course of 20 minutes, and the product was discharged, extruded,
cooled in water and granulated. Cylindrical granules having a
length of about 4 mm and a diameter of from 2 to 3 mm were
25 obtained.

Example B

30 As for A, but without a catalyst.

TN

Exanmple C

As for B, but with 5 mol of HO0.
35
2. Postcondensation

60 g/h of superheated steam at 170°C were passed at atmospheric
pressure through 2.5 g samples of the granules (loose bed) in a

40 glass tube of about 10 mm internal diameter, which was immersed
in an oil bath at 170°C. In comparative experiments, dry nitrogen
was also used or reduced pressure (oil pump, < 1 mbar) was ap-
plied, and the temperature was 170°C in each case.

45
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acetonitrile, propionitrile, butyronitrile or benzonitrile, may be used as

chain regulators in an anmount of from0.01 to 0.5% by wei ght, based on the

nononers used. The prepol yner fron1sta% § (a) is granulated according to the
el

I nvention, the al bt bly b
e el ¢t hr i SEGREEGPRRR AT PR TR Vafobr § Rle Hpb il 0
wat er cont ai hbayem “-‘Mi@kﬁéw aboyut 20Pemm) stthdhgebobher of & SP e?(%m‘[ﬂaé

devol ati zat i pPhasix timudar il Thetheltt 28003t aand 401 9/% rafdupecheskedstaam hi s

nmanner is thepsereyakieyeeyidseiedverdehderasidltidgtgelis. granul ated by a
conventiongl method. The novel granul es usually have a length of from1l to

10 b| f 3
T R TS T et o
process. Accé?@#ﬂf thefore” PoRAGRNISREAELPR ?"'se FhREN b3E KFARSELRPRY Pne

granul es
The values show that a more rapid increase in molecular weight

10 and a high final molecular weight are achieved only by solid-
phase postcondensation with steam. No industrially useful molecu-
lar weights are obtained using nitrogen or reduced pressure as
the heating medium, and a slow increase in molecular weight, yel-
lowing and decarboxylation (detectable from the decrease in the

15 TCG compared with the TAG) are observed as a result of treatment
of a polymer melt with superheated steam (in this case, the tem-
perature of the steam must of course be higher than the melting
point of the polyamide).

——

20 The relative viscosity (RV) was determined at a concentration of
1 g of polymer per 100 ml in 96% strength by weight sulfuric acid
at 23°c.

25

35
40

45
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obtained in stage (b) to solid-phase condensation in the presence of an

inert gas whi paspORktiehgeisel28sha¥€% by oqdose of soper- obseyegigBeam
preferably pure superheated steam continuously or batchw se (cf.

exanpl e EP-A 284 968).

f

or

6 The tenperature in the solid-phase condensati on

I s advant ageously chosen so that they arf3(5|c] fromb5 to 100[err]C

preferably from20 to B0[err1C helow.t nelting point of the
correspondi ng pojyam dg. In|tHe kasge |of| afi no apr bni t ,Iﬁfle thetér’rplerature
is preferably chpsenjin tihe|rdn rqm L300 tof210 grr ) grtajzl%rly
preferably from g0 {818 ﬂr]ﬁgg rﬁa&gic ar |y gf'.sa4;1l:h_:}/_'_'r"_I 150 to
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relative viscosity. It is as arule from2 to 48, preferably from6 to 24,

particularly gpgfe
requi red

t-he heat

pREsEnge

SEnidchasdd hayydsog7iccordong,toosbgasnysntion,
postcon- densation is introduced into the system

in the presence of super- heated steam and a gas ni xture consisting of an
inert gas, such as nitrogen, carbon dioxjge or argon, and at |east 50% by

vol ume of superheated steam npy be use ( this pyrpose Pure super-
heat ed st eam urp of |l eps |thpn |2 jbaf ils jpr ¢f er bl y] used, the
chosen st eam ilo préf g abl i bei ng nof e |t hian| 30 lj‘oq]; super heat ed
st eam per kg 3d& (B3l S A B 1 t?oﬂrgiﬂ‘ngrﬁagrmthe
relative viscpg celr 49 héE (13 | 2424 (B4R | D| B0 ppe prabl y at
| east 0.7, un Y EHE ETR ERLE I SR A L "T‘rg"b-ﬁp‘b ymer from
stage (a), af sipyjof] fgop 24 3itg 5{0,} preterably from2.4 to
4.0 (neasured € atcm—j ooty ner—rer—to0—t—h 96%
strength by weight qulfufiq akid P3[lerf1 ® ke nd esst &bl i $hed} For
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phase condemw ﬂRt&Eﬁ Baanaehasees fouém cont i g{eus wyo/@sm:ase
condensation, the contlnuous sol i d- phase condensati on being preferably

used. Preferred novel hi gh ol ecul ar wei ght pol yam des are essentially
conposed of repeating units of the general forrmula IV
[-NH-(CHerr])[err]-C(O-]1x[-NH(CH er}F)n-NH-}y[- (O - (CH err]) p- (O -] z
IV, where O<x<,l, O<y<l, O<z<l, and x:y:z is chosen in the range from1:0:0
to 0:1:1, aWe glaims- chosen in the range from0.98:1 to 1.02:1, and are
obt ai nabl e by (a) preparing a pol yam de prepol yner by pol ynerization of a
m x- ture ofy amangpbéddd &>rothé NerAatabn fof Milgh molBéblLHAeghN poly- |
7 and mxtures Qf; GLANGAGS cgans_heozggmeLcéﬂmiﬁgl honomers by polymer-
ization in a manner known per se to give polyamides having a
low molecular weight and subsequent thermal aftertreatment to
give high molecular weight polyamides, which comprises

10 (a) polymerizing monomers selected from the group consisting
of aminonitriles of the formula I

HoN- (CH2 ) n—CN I
{p 15 and mixtures of diamines of the formula II
HyN-{CH3) p~NH2 II

with dinitriles of the formula III
20
NC—{CH,)p~CN III

where m, n and p are integers from two to twelve, in a
molar diamine/dinitrile ratio of from 0.98:1 to 1.02:1 in
25 a manner known per se, a relative viscosity from 1.4 to

2.0 (measured at a concentration of 1 g of prepolymer per
100 ml in 96% strength by weight sulfuric acid at 23°c)
being chosen for the resulting prepolymers, to give a
procduct capable of being granulated,

(' 30

' (b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules cbtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melt-~
as ing point of the prepolymer in the presence of an inert
gas which contains at least 50% by volume of superheated
steam to give a high molecular weight polyamide having a
relative viscosity of from 2.3 to 5.0 (measured at a con-
centration of 1 g of polymer per 100 ml in 96% strength
40 by weight sulfuric acid at 23°C), the difference between
the relative viscosity of the resulting prepolymer from
stage (a) and that of the high molecular weight polyamide
from stage (c¢) being at least 0.4.

45 2. A high molecular weight polyamide essentially composed of
repeating unlts of the formula IV

) ) Y Tl’,mmﬁi,ﬁ”, I Im
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[11 NC(CH err])p-CN 1l where m n and p are integers fromtwo to
t-wel ve, with a nolar diamne/dinitrile ratio of from0.98:1 to 1.02:1, a
relative viscosity of fromi1.4 to 2.0 geasured at a con- centration of 1 g

gg[gisfggyﬁ{ngeéﬁﬁéP%@S%S % gﬁ‘e ollyﬂec 1 QFR/-e p?éduc‘t

capabl e of being granul ated, (b) then granul ati ng t he prepol ynmer obtai ned
under (a) and (ctyheﬁaarﬂ_snsbye&ﬂsig t0s@<y vy amnd S Yo Bt &8 neraanddn the ranasl i d-
phase postcondensgém Q00 tooon Ix 1,0 2h€] pez |13 lwhlosent e the tiangepbrow of the

prepol ymer gi n thg, ¢4 AS@RCE,02: AN drtfobtddsadidd Gy contains at | east 50% by
vol une of superheated steamto give a high m)l ecul ar wei ght pol yam de

having a rel ative viscosit, of fr ?surg atrla&l Qncentr at i on
of 1 g of pol ynef2heRFaRAFY @ngs/a%qeeg RO Ejh? lfﬂ"? ACT8e Bt &
mixture of aminonitriles of the formula

10 HoN-(CHa )~ I

and mixtures of diamines of the formula II

HoN—-{CH ) n—NH> 1T
g 15
B with dinitriles of the formula III
NC—(CH;)p~CN III
20 where m, n and p are integers from twoc to twelve, with a

molar diamine/dinitrile ratio of from 0.98:1 to 1.02:1, a
relative viscosity of from 1.4 to 2.0 (measured at a con-
centration of 1 g of prepolymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being chosen

25 for the resulting prepolymers, to give a product capable
of being granulated,

(b) then granulating the prepolymer cbtained under (a) and

30 (c) then subjecting the granules cbtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melt-
ing point of the prepolymer in the presence of an inert
gas which contains at least 50% by volume of superheated
steam to give a high molecular weight pclyamide having a

35 relative vigscosity of from 2.3 to 5.0 (measured at a con-
centration of 1 g of polymer per 100 ml in 96% strength
by weight sulfuric acid at 23°C), the difference between
the relative viscosity of the resulting prepolymer from
stage (a) and that of the high molecular weight polyamide

40 from stage (c) being at least 0.4, with the proviso that
the high molecular weight polyamides obtained have a
ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

Eame N

45 3. A high molecular weight polyamide essentially composed of
repeating units of the formula V
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prepol yner fromstage (a) and t
f-rom stage (c) being at least O
wei ght pol yam des obt ai ned have
term nal carboxyl groups of |es
nol ecul ar wei ght pol yam des are
repeating units of the general

obt ai nabl e by (apbprizablenyya p
amno- nitriles of the general

where misgan i ngggeprépingng

ere mi'ssan i niggepripan
of 14 of prepol ymer et Tle

hat of the high nol ecul ar wei ght pol yam de
.4, with the proviso that the high nol ecul ar
a ratiqgof termnal am no groups to

S, than 5. rticul@rly preferred high
{h%%e(c\h%?‘&hc(zr et]esse‘ﬁt I al on conposed gf

formula V[-NH(CHerr]2)mC(O 1] Vv

ol yam de prepol ynmer by pol yneri zati on of

formula | Herr]N(CH err])mCN I

EQlféﬁﬁ'&ée prefolyriEd Bg pDpMer patish PEr se
O dne? ebPm@1 d Feasured at a concentration

T ———

0

HoN—(CH2)n—CN
10 where m is an integer from two to twelve, in a manner
known per se, a relative viscosity of from 1.4 to 2.0
(measured at a concentration of 1 g of prepolymer per
100 ml in 96% strength by weight sulfuric acid at 23°C)
being chosen for the resulting prepolymers, to give a
15 product capable of being granulated,

(b) then granulating the prepolymer cbtained under (a) and

(c) then subjecting the granules obtained under (b) to solia-
phase postcondensation at from 5 to 100°C below the melt-
ing point of the prepolymer in the presence of an inert
gas which contains at least 50% by volume of superheated
steam to give a high molecular weight polyamide having a
relative viscosity of from 2.3 to 5.0 (measured at a con-
centration of 1 g of polymer per 100 ml in 96% strength
by weight sulfuric acid at 23°C), the difference between
the relative viscosity of the resulting prepolymer from
stage (a) and that of the high molecular weight polyamide
from stage (c) being at least 0.4, with the proviso that
the high molecular weight polyamides obtained have a
ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

20

25

30

4.
35

A high molecular weight polyamide essentially composed of
repeating units of the formula VI
[~NH-(CHz) n~NH-1a[-C(0)-(CH2)p~C(O0)~]1p VI
where a:b is chosen in the range from 0.98:1 to 1.02:1,
40 obtainable by
preparing a polyamide prepolymer by polymerization of a mix-
ture of diamines of the general formula II

(a)

H,N-(CH; ) n~NH; II

——.
e e
e ———
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bei ng cnosen for the resulting prepolyners, to give a product capabl e of
bei ng granul ated, (b) then granul ating the prepol ynmer obtained under (a)
arfid (c) then subjecting the granul es obfgi ned under (b) to solid- phase
ostcondensatL 00 C bel W th melting point of the

Brepol ymer ?ﬂe p’} tge?gg %? an inert *ga W éh&é%nt ains at | east 50% by
vol une of superheated steamto give a high nol ecul ar wei ght pol yam de
having a relative viscosity of fNeniGH23pt@N5. 0 (neasl¥led at a concentration
of 1 g of polyner per 100 m in 96% strength by weight sulfuric acid at 23
C), the di &f er engrebetneRa pharé eintdgé@sV ES6R St/ tof thliBvd ,eSW ki A8lar

prepol ymer from éié‘xgﬁxé/%)in&'ﬁgliéa}aﬁg bBeePofb.o8:1 to 1.02:1, a relative
viscosity of from 1.4 to 2.0 (measured at a concentration of
1 g of prepolymer per 100 ml in 96% by weight sulfuric acid
at 23°C) being chosen for the resulting prepolymers, to give
10 a product capable of being granulated,

(b) then granulating the prepolymer obtained under (a) and

{(c) then subjecting the granules obtained under (b) to solid-

15 phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of

20 polymer per 100 ml in 96% by weight sulfuric acid at 23°C),
the difference between the relative viscosity of the result-
ing prepolymer from stage (a) and that of the high molecular
weight polyamide from stage (c) being at least 0.4, with the
proviso that the high molecular weight polyamides obtained

25 have a ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

5. Use of a high molecular weight polyamide as claimed in
claim 2, 3 or 4 or prepared as claimed in claim 1 for the

;o 30 production of moldings, f£ilms or fibers.

6. A molding, film or fiber cbtainable by the use as claimed in
claim 5.

35

40

——
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mol ecul ar weBBAF pAbtiangeselisabattige (S48 %hg at Pekst 0058/4%1TB t he
provi so that the high nolecul ar wei ght pol yam des obtai ned have a ratio of
t'ermi nal amino groups to termnal carboxyl groups. of |ess than 1.25. O her
pdarticularly preferred high-nol ecul ar wei ght pol yam des are those which are
essentially conposed of repeating units of the general formula Vi

the range fr B0 bl balant Sebiiigerohiaingy s siagirehg o 00 1"

pol yam de prepol ymer by pol ynerization of a m x- ture of diamnes of the
gener al fornﬁgatIQU?{err]N—(CH[err])n-NH2 Il with dinitriles of the
general fosnmula Il NC (CH2)p-CN 1l where n and p are integers

fromtwo to {YghMufbldchlar MéefhtdipadlyvaR{dhdidrel pPepatdd Rbmf £9aNE- Hhdldr0
1.02:1, a regﬁiﬁagéontaining monomers by polymerization in a manner known per
se to give polyamides having a low molecular weight and subse-
quent thermal aftertreatment to give high meoclecular weight poly-
10 amides, by

(a) polymerizing monoi@rs selected from the group consisting of
aminonitriles of the general formula I

15 HoN—(CHj, ) n~CN I

and mixtures of diamines of the general formula II

HoN-({CHz),—NH2 11
20
with dinitriles of the general formula III
NC-(CHz)p~ III
25 where m, n and p are integers from two to twelve, in a molar
diamine/dinitrile ratio of from 0.98:1 to 1.02:1 in a manner
known per se, a relative viscosity from 1.4 to 2.0 (measured
at a concentration of 1 g of prepolymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being chosen for
30 the resulting prepclymers, to give a product capable of being

o

granulated,
(b) then granulating the prepolymer obtained under (a) and

35 (¢) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam tec give
a high molecular weight polyamide having a relative viscosity

40 of from 2.3 to 5.0 (measured at a concentration of 1 g of

polymer per 100 ml in 96% strength by weight sulfuric acid at

23°C), the difference between the relative viscosity of the
resulting prepolymer from stage (a) and that of the high

molecular weight polyamide from stage (¢) being at least 0.4.
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granulated, 9 (b) then granulating the prepol yner obtjijhed under (a) gand
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containing monomers by polymerization in a manner known per se to

give polyamides having a low molecular weight and subsequent

thermal aftertreatment to give high molecular weight polyamides.

The present invention furthermore relates to high molecular
weight polyamides, obtainable from aminonitriles and/or a mixture
of diamines with dinitriles, the use of the novel polyamides and
moldings obtainable therefrom.

US 2,245,129 describes the preparation of linear polyamides.
Here, an aminonitrile or an equimolar mixture of dinitriles and
diamines is converted in a first step, initially to low molecular
weight polyamides. In a subsequent second step, the low molecular
weight polyamides are subjected to thermal postcondensation by
removing ammonia and water at atmospheric pressure or reduced
pressure. The disadvantage of this process is, on the one hand,
the low polymerization rate in the postcondensation, which is
evident from only a slight increase in the relative viscosity of
the end product compared with the relative viscosity of the low
molecular weight polyamide in the case of long postcondensation
times. However, long postcondensation times increase the proba-
bility of damage to the polymer and lead to higher energy con-
sumption and to low space-time yields. On the other hand, the end
products have a ratio of terminal amino groups to terminal car-
boxyl groups (TAG/TCG) substantially greater than 1, which
adversely affects the melt stability (constancy of molecular
weight) during processing.

DE-A 35 34 817 describes the stepwise preparation of linear poly-
amides from omega—aminoalkanenitriles and excess water in the
presence of catalytic compounds. Spinnable polyamides are brought
to the desired higher degrees of polymerization in the melt in an
inert gas atmosphere, such as nitrogen, or at reduced pressure.
The polyamide thus obtained is then granulated, freed from mono-
mers and oligomers by extraction and then dried. Here too, the
achievable molecular weights are low, and the TAG/TCG ratio is
likewise substantially greater than 1.

EP-A 479 306 describes the preparation of polyamides starting
from omega—aminonitriles in the presence of water and with con-
tinuous addition of water, both steam and ammonia being removed
from the reaction mixture at above 240°C. After the addition of a

<
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ir;g prepol ymer fromstage (a) and that of the high nolecu weT gttt
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bers. and hence the space—time yield are not sufficiently high.

g

EP—-A 129 195 describes the preparation of high molecular weight
polyamides. In the process according to EP—A 129 195, a low
molecular weight prepolymer is first prepared from a mixture con-
sisting of diamines and dicarboxylic acids and is then subjected
to solid-phase postcondensation with superheated steam until the
desired molecular weight is obtained.

It is an object of the present invention to provide an improved
process for the preparation of high molecular weight polyamides
from aminonitriles or dinitriles and diamines and mixtures
thereof, which on the one hand leads to a faster increase in
molecular weight than in the past and which has a lower proba-
bility of damage to the polymer in the postcondensation to give
high molecular weights and higher processing stability than that
according to known methods. In particular, the preparation of
yellowed and decarboxylated products should be avoided and the
TAG/TCG ratio should not be greater than 1.25.

Furthermore, the polycondensation should also be capable of being
carried out with acceptable space-time yields to give high
molecular weights even in the absence of a catalyst, which
remains in the polymer during polycondensation and hence consti-
tutes an impurity.

We have found that this object is achieved by a process for the
preparation of high molecular weight polyamides from cyano—
containing monomers by polymerization in a manner known per se to
give polyamides having a low molecular weight and subsequent
thermal aftertreatment to give high molecular weight polyamides,
which comprises

(a) polymerizing monomers selected from the group consisting of
aminonitriles of the general formula I

HoN—-(CHz );n—CN I

and mixtures of diamines of the general formula II



Conmpared with known processes, the novel process has the @aver—tage {1 Ir
the increase in nol ecul ar wei ght takes place nore rapid )y REBLAGEME gﬁ'[h?
nol ecul ar wei ght pol yam des according to the novel proceds [Exhibit |ess
damage or no damage, in particular as a result of yell owing og4 JAN 97

decarboxyl ation, and have a TAG TCG ragi o of not nore than Exarrpl es
The term nal carboxyl groups wete,_ de d by amg#metrl Chot-+ '

(doubl e determ nation). For thi %uﬁ%g bl ank val ue d a factor were |
first determ ned, after which the maasurerrent was repeated Wth The '
pol yam de to beﬂlﬁbeéﬂlg%ﬁlé@sand e gegerali fedmuyeodpIlcont ent was
determ ned therefrom REPLACEMENT SHEET 10

NC-(CH,)p=CN IIT

where m, n and p are integers from two to twelve, in a molar
diamine/dinitrile ratio of from 0.98:1 to 1.02:1 in a manner
known per se, a relative viscosity from 1.4 to 2.0 (measured
at a concentration of 1 g of prepolymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being chosen for
the resulting prepolymers, to give a product capable of being
granulated,

(b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
23°C), the difference between the relative viscosity of the
resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (é) being at least 0.4.

We have also found high molecular weight polyamides, obtainable
from aminonitriles and/or from a mixture of diamines with
dinitriles, the use of the novel high molecular weight polyamides
and moldings obtainable therefrom.

Suitable processes for the preparation of the novel polyamides
are known to a person skilled in the art.

The batch process (batchwise preparation method) may be mentioned
as being preferred. Here, the agueous monomer solution is heated
in an autoclave to 220-330°C in the course of from 0.5 to 3 hours,
the resulting pressure of 15 to 50, in particular from 25 to 50,
bar being kept very constant for up to 8 hours by releasing
excess steam. The autoclave is then let down at constant tempera-
ture in the course of from 0.5 to 2 hours until a f£inal pressure
of from 1 to 5 bar is reached. The polymer melt is then dis-
charged, cooled and granulated in the usual manner.

Another preferred process is continuous polycondensation.
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The relative viscosity (measured at a concentration of 1 g of
prepolymer per 100 ml in 96% strength sulfuric acid at 23°C) is
chosen, according to the invention, in the range of from 1.4 to
2.0, preferably from 1.5 to 1.8.

The ratio of terminal amino groups to terminal carboxyl groups
(TAG/TCG) of the prepolymers from stage (a) is in general greater
than 2.0, preferably from 10 to 50.

According to the invention, monomers selected from the group con-
sisting of aminonitriles of the general formula I

H,N~-(CHj ) n—CN I

where m is from 2 to 12, preferably from 5 to 12, such as
6é—-amino—l-cyanopentane (aminocapronitrile)}, 7—-amino-l-cyano-
hexane, 8—amino-l-cyanoheptane, 9%9-amino-l-cyanooctane,
l0-amino—-l-cyanononane, ll-amino-l-cyanodecane or l2-—amino-
l-cyanoundecane (aminolauronitrile), particularly preferably
6—amino—-l-cyanopentane (aminocapronitrile),

and mixtures of diamines of the general formula II

H,N— (CHz ) ,—NH, II
where n is from 2 to 12, preferably from 4 to 12, such as tetra-
methylenediamine, pentamethylenediamine, hexamethylenediamine,
heptamethylenediamine, octamethylenediamine, nonamethylene-

diamine, decamethylenediamine, undecamethylenediamine or dodeca-
methylenediamine, particularly preferably hexamethylenediamine,

are reacted with dinitriles of the general formula III
NC-(CHz)p~CN III
where p is from 2 to 12, preferably from 4 to 10, such as 1,4-di-

cyanobutane (adiponitrile), 1,5-dicyanopentane, 1,6-dicyano-
hexane, 1,7-dicyanocheptane, 1,8-dicyanooctane, 1,9-dicyanononane
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tion (double determ nation). For this purpose, a blank v e—aire- 8
were first determ ned, after which the measurenent was r peatszeg wth the
pdl yam de to be determ ned and the term nal group content] wa edill ifHed
therefrom To determ ne the blank value, 25 m of a solvént, m xture (1.0
g of phenol p.a./540 g of nethanol p.a./l mM of 0.1 M neffhanol KOH
sol ution) were refluxed for 25 minutes®at from 150 to 16 Rg-
magnet i c st io&kr &r 10Aficyenphecanet pagthadl dxdan predéeabliyo LhAndi¢wanobuage ops
of indicatoraffpdnirrdfiehenzyll m-angeadfodtdanel. meth- anol p.a. nade up to
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p.a. made upet AN yl : I £.sql yent
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To determne the factor, the experinent was repeated with 25 ni

The molar ratio of diamine to dinitrile is chosen, according to

the invention, in the range from 0.98:1 to 1.02:1, preferably

from 0.99:1 to 1.01:1.

act
AT

Observations to date have shown that the aminonitriles of the
general formula I can be polymerized in any desired ratio with
the mixtures of diamines of the general formula II and dinitriles
of the general formula III or mixtures of diamines of the general
formula II and dinitriles of the general formula III may be used
alone, but preferably the aminonitriles of the general formula I
or mixtures of diamines II and dinitriles III alone are used.

If desired, monocarboxylic acids, such as propionic acid and
benzoic acid, monoamines, such as alkylamines, eg. methylamine,
ethylamine, propylamine or butylamine, or mononitriles, such as
acetonitrile, propionitrile, butyronitrile or benzonitrile, may
be used as chain regulators in an amount of from 0.0l to 0.5% by
weight, based on the monomers used.

The prepolymer from stage (a) is granulated according to the
invention, the prepolymer obtained preferably being passed in the
form of the melt through a discharge zone with simultaneous
removal of the residual water contained in the melt. Suitable
discharge zones are, for example, devolatization extruders. The
melt substantially freed from water in this manner is then
usually extruded and the extrudate is granulated by a
conventional method.

The novel granules usually have a length of from 1 to 10 mm, pre-
ferably from 3 to 8 mm.

The desired relative viscosity of the high molecular weight poly-
amide is established in stage (c) of the novel process. According
to the invention, this is done by subjecting the granules
obtained in stage (b) to solid-phase condensation in the presence
of an inert gas which contains at least 50% by volume of super-
heated steam, preferably pure superheated steam, continuously or
batchwise (cf. for example EP-A 284 968).



of factor solution (0.16 g of dried AH salt dissolved in 5300 mM of sol véni
m xture) instead of the pure solvent nixture. The fac- tlor] was} tjadriy9/
célculated fromthe weight of AH salt: [consunption - bljank val ue: 131.2]|
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In the case of aminocapronitrile, the temperature is preferably
chosen in the range from 130 to 210°c, particularly preferably
from 140 to 180°C, very particularly preferably from 150 to 170°C.
The residence time in the postcondensation depends essentially on
the type of polyamide, on the amount of any chain regulator used,
on the chosen temperature and on the desired final value of the
relative viscosity. It is as a rule from 2 to 48, preferably from
6 to 24, particularly preferably from 12 to 18, hours.

According to the invention, the heat required for the postcon-
densation is introduced into the system in the presence of super-
heated steam and a gas mixture consisting of an inert gas, such
as nitrogen, carbon dioxide or argon, and at least 50% by volume
of superheated steam may be used for this purpose. Pure super-

- heated steam having a pressure of less than 2 bar is preferably
used, the chosen steam:polyamide ratio preferably being more than
10 1 of superheated steam per kg of polyamide per hour.

According to the invention, the relative viscosity is adjusted so
that it is at least 0.4, preferably at least 0.7, unit higher
than the relative viscosity of the prepolymer from stage (a), a
relative viscosity of from 2.3 to 5.0, preferably from 2.4 to 4.0
(measured at a concentration of 1 g of polymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being established.

For example, tumbling dryers may be used for the batchwise solid-
phase condensation and heating tubes for the continuous solid-
phase condensation, the continuous solid-phase condensation being
preferably used.

Preferred novel high molecular weight polyamides are essentially
composed of repeating units of the general formula IV

[-NH-(CH2)n=C(0)=]x[~NH~(CHz ) n~NH~]y[~C(0)~(CH2)p=C(0)~]: Iv,
where 0<x<l, 0<y<l, 0<z<1l, and x:y:z is chosen in the range from
1:0:0 to 0:1:1, and y:z is chosen in the range from 0.98:1 to

1.02:1, and are obtainable by

(a) preparing a polyamide prepolymer by polymerization of a mix-
ture of aminonitriles of the general formula I

H,N—(CH5 ) n=CN I
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initially taken with 10 nmol of Herr]0 (90 g) and 5 mmol o hos orou
acid as a catalyst in a 1 1 |aboratory autoclave. Once again
was evacuated 3 tinmes and was filled with nitrogen. Heatin Nas then
carried out at 220 C for 1 hour, the pJ{'Eessure bei ng kept cénstant after
reaching 20 bar by rel easing superheat d steam and amoni a:—Jhi.s —
tenperat ure was2h@iMiEiures PErdlaninesrof Wiq denaArEHEQI@leefper at ure was
i ncreased to 270[err]C in the course of 1 hour and the pressure was still
kept at 20 bar, after which thegjeness gi-wne was i ngreased to 270[err]Cin
the course of 1 hour and the pressure was sti Il kept at 20 bar [sic]. The
pressure was then,d1 spheri c ssuge }C%the course of 20

0

minutes, and thé pro%lucﬁ%rﬁégsﬁaéﬁ ragﬂer tradea® led in water and

granul ated. Cylindrical granules having a Iength of about 4 nmand a
diameter of from2 to 3 mm wer eNohtCHzhgdEN Exanpl e BIAs for A, but w thout a
catal yst. Exanple C
where m, n and p are integers from two to twelve, with a
molar diamine/dinitrile ratioc of from 0.98:1 to 1.02:1, a
relative viscosity of from 1.4 to 2.0 (measured at a con-
centration of 1 g of prepolymer per 100 ml in 96% strength by
weight sulfuric acid at 23°C) being chosen for the resulting
prepolymers, to give a product capable of being granulated,

(b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
23°C), the difference between the relative viscosity of the
resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (c) being at least 0.4,
with the proviso that the high molecular weight polyamides
obtained have a ratio of terminal amino groups to terminal
carboxyl groups of less than 1.25.

Particularly preferred high molecular weight polyamides are those
which are essentially composed of repeating units of the general
formula V

[-NH-(CH2)n—C(0)—] v

obtainable by

(a) preparing a polyamide prepolymer by polymerization of amino-
nitriles of the general formula I

HoN~(CHy ) p—CN I
where m is an integer from two to twelve, in a manner known

per se per se [sic], a relative viscosity of from 1.4 to 2.0
measured at a concentration of 1 g of prepolymer per 100 ml
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case. REPLAGEM. %Et;xzﬁ% meaigfh‘dr L hf‘é rg_)%”R @tét}[/ %3

anpl e was nel ted aye c tto
goglpcal fisask iR a %Y’T rs#&tthngtpﬁ?ﬁﬁalém‘?f&' “hd&s alﬁmquc(%uﬁg feat e e st eam
(250 O were p&X€ded AT edresul ting nelt.

(b) then granulating the prepolymer obtained under {(a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
23°C), the difference between the relative viscosity of the
resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (c) being at least 0.4,
with the proviso that the high molecular weight polyamides
obtained have a ratio of terminal amino groups to terminal
carboxyl groups of less than 1.25.

Other particularly preferred high-molecular weight polyamides are
those which are essentially composed of repeating units of the
general formula VI

(~NH-(CH2)n~NH-]4[-C(0)—-(CH2)p—C(O)-]p VI,

where a:b is chosen in the range from 0.98:1 to 1.02:1,
are obtainable by

(a) preparing a polyamide prepolymer by polymerization of a mix-
ture of diamines of the general formula II

HoN—(CH, )—NH;3 II
with dinitriles of the general formula III
NC—(CH;)p—CN III

where n and p are integers from two to twelve, in a molar
diamine/dinitrile ratio of from 0.98:1 to 1.02:1, a relative
viscosity of from 1.4 to 2.0 (measured at a concentration of
1 g of prepolymer per 100 ml in 96% by weight sulfuric acid
at 23°C) being chosen for the resulting prepolymers, to give
a product capable of being granulated,
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contains at least

a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% by weight sulfuric acid at 23°C),
the difference between the relative viscosity of the result-
ing prepolymer from stage (a) and that of the high molecular
weight polyamide from stage (c) being at least 0.4, with the
proviso that the high molecular weight polyamides obtained
have a ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

n
I

In a subsequent compounding step, the conventional assistants and
additives, such as reinforcing fibers, mineral fillers,
tougheners, lubricants and mold release agents, heat stabilizers
and UV stabilizers, flameproofing agents, pigments, dyes and
nucleating agents, in amounts of up to 70% by weight, based on
the compounded product, may be added to the novel polyamides.

In the case of the continuous polycondensation, the additives may
alternatively be mixed into the novel prepolymer with the aid of
a discharge extruder and then subjected to stage c).

The novel high molecular weight polyamides may be further pro-
cessed by conventional methods to give moldings, films and fi-
bers.

Compared with known processes, the novel process has the advan-
tage that the increase in molecular weight takes place more
rapidly and the high molecular weight polyamides according to the
novel process exhibit less damage or no damage, in particular as
a result of yellowing or decarboxylation, and have a TAG/TCG
ratio of not more than 1.25.

Examples

The terminal carboxyl groups were determined by acidimetric
titration (double determination). For this purpose, a blank value
and a factor were first determined, after which the measurement
was repeated with the polyamide to be investigated and the ter-
minal group content was determined therefrom.
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TS determine the blank value, 30 ml of distilled benzyl alcohol
were refluxed for 15 minutes on a hot plate with the addition of
some glass boiling beads and, after the addition of 6 drops of
indicator (50 mg of cresol red dissolved in 50 ml of n—propanol
p-a., then titrated hot with the titrating solution (80 ml of
0.5 M methanolic KOH solution/860 ml of n-propanol made up to
2,000 ml with hexanol) until the color change (yellow-gray).

To determine the factor, the experiment was repeated, except that
0.015 g of AH salt was added to the benzyl alcohol. The factor
was calculated from the weight of AH salt: ([consumption - blank
value: 131.2].

For the sample determination, the experiment was repeated with
0.5 g of the polyamide to be investigated.

The content of terminal carboxyl groups, in mmol/kg, was then
calculated from [consumption - blank value] x factor: sample
weight.

The terminal amino groups were determined by acidimetric titra-
tion (double determination). For this purpose, a blank value and
a factor were first determined, after which the measurement was
repeated with the polyamide to be determined and the terminal
group content was determined therefrom.

To determine the blank value, 25 ml of a solvent mixture (1,000 g
of phenol p.a./540 g of methanol p.a./l1 ml of 0.1 M methanol KOH
solution) were refluxed for 25 minutes at from 150 to 160°C using
a magnetic stirrer. After the mixture had been cooled to hand
heat, 2 drops of indicator (0.1 g of benzyl orange/10 ml of meth-
anol p.a. made up to 100 ml with ethylene glycol + 500 mg of me-
thylene blue/5 ml of methanol p.a. made up to 50 ml with ethylene
glycol) were added to the solvent mixture and titration was car-
ried out with the titrating solution (3.44 ml of 70% strength by
weight perchloric acid/200 ml of methanol p.a. made up to

2,000 ml with ethylene glycol) until the color change (green—

gray).

To determine the factor, the experiment was repeated with 25 ml
of factor solution (0.16 g of dried AH salt dissolved in 500 ml
of solvent mixture) instead of the pure solvent mixture. The fac-
tor was then calculated from the weight of AH salt:

(consumption - blank value: 131.2].

!
}
!
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sel ected fromthe group consisting of amnonitriles of thejfornula I

Herr]N-J(CH err])[err]-CN -1 and m xtures of di an| nes—et—the—+errul’'a
Il Herr]N(CH err])[err]-NHerr] Il wth dinitrijes of the formula
[11 NC(CH er#])[err]-CN 111 Ykhere m n and p areTntegers from:

two to twel Fer the samplerdeftentinetdpmi tohid exparimenst wReoReRRTWAI wibh1. 02: 1
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a concentr ath®nsSifvebhtIm@krFLepol ymer per 100 ml in 96% strength by wei ght
sulfuric acid at 23[err]C) being chosen for the resulting prepolyners, to

gi ve a prodyct capabl e of bei.ng.granul ated, (b) the ranul ating the
pr epol ymer gg?aﬁ q}nagrtieﬁlégﬁdamlno groups, Qn mmo?/gg, was %heglca cu-
lated from [consumption - blank value] x factor: sample weight.

1. Preparation of the starting materials
Example A

2.5 mol of aminocapronitrile ACN (280 g; purity > 99.8%) were
initially taken with 10 mol of H;0 (90 g) and 5 mmol of phos-
phorous acid as a catalyst in a 1 1 laboratory autoclave. Once
again, the autoclave was evacuated 3 times and was filled with
nitrogen. Heating was then carried out at 220°C for 1 hour, the
pressure being kept constant after reaching 20 bar by releasing
superheated steam and ammonia. This temperature was maintained
for. 2 hours, after which the temperature was increased to 270°C in
the course of 1 hour and the pressure was still kept at 20 bar,
after which the temperature was increased to 270°C in the course
of 1 hour and the pressure was still kept at 20 bar [sic]. The
pressure was then let down to atmospheric pressure in the course
of 20 minutes, and the product was discharged, extruded, cooled
in water and granulated. Cylindrical granules having a length of
about 4 mm and a diameter of from 2 to 3 mm were cbtained.

Example B

As for A, but without a catalyst.

Example C

As for B, but with 5 mol of H,0.

2. Postcondensation

60 g/h of superheated steam at 170°C were passed at atmospheric
pressure through 2.5 g samples of the granules (loose bed) in a
glass tube of about 10 mm internal diameter, which was immersed
in an oil bath at 170°C. In comparative experiments, dry nitrogen

was also used or reduced pressure (oil pump, < 1 mbar) was ap-
plied, and the temperature was 170°C in each case.
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(250°C) were passed over the resulting melt.

The results are shown in the table. The values measured on the
samples before postcondensation are shown as experiment 0.

The values show that a more rapid increase in molecular weight
and a high final molecular weight are achieved only by solid-
phase postcondensation with steam. No industrially useful molecu-
lar weights are obtained using nitrogen or reduced pressure as
the heating medium, and a slow increase in molecular weight, yel-
lowing and decarboxylation (detectable from the decrease in the
TCG compared with the TAG) are observed as a result of treatment
of a polymer melt with superheated steam (in this case, the tem-
perature of the steam must of course be higher than the melting

point of the polyamide).

The relative viscosity (RV) was determined at a concentration of
1 g of polymer per 100 ml in 96% strength by weight sulfuric acid

at 23°C.
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repeating units

of the fornula V 17 [-NH-(CH err]) [ erfTz

obt ai nabl e by (a) preparing a pol yam de prepol yner by polyﬁk##@ghﬁ%kf%kET

aminonitriles of the formula | Herr]N-(CHerr])[err]-CN | where
is an integer fromtwo to twelve, in a manner known per $elped4sia $997] ,
relative viscosity of from1.4 to 2.0 ggeasured at a cong¢eptration of 1 (g

of prepo- Iyne¢
bei ng choseny
bei ng granulate

and
1.

2.

per 100 mM in 96% strength by wei ght sulfurftacro=at

& the_resulting prepolyners, to give a preduct capable of

b) then granul ating the prepol ymer obtai ned under (a)

A process for the preparation of high molecular weight poly-
amides from cyano— or amino—-containing monomers by polymer-
ization in a manner known per se to give polyamides having a
low molecular weight and subsequent thermal aftertreatment to
give high molecular weight polyamides, which comprises

(a) polymerizing monomers selected from the group consisting
of aminonitriles of the formula I

H,N—{CH, ) n—CN I

and mixtures of diamines of the formula II
HaN-(CHz)p~NH, - II

with dinitriles of the formul# III
NC-(CHz)p—CN III

where m, n and p are integers from two to twelve, in a
molar diamine/dinitrile ratio of from 0.98:1 to 1.02:1 in
a manner known per se, a relative viscosity from 1.4 to
2.0 (measured at a concentration of 1 g of prepolymer per
100 ml in 96% strength by weight sulfuric acid at 23°C)
being chosen for the resulting prepolymers, to give a
product capable of being granulated,

(b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melt-~
ing point of the prepolymer in the presence of an inert
gas which contains at least 50% by volume of superheated
steam to give a high molecular weight polyamide having a
relative viscosity of from 2.3 to 5.0 (measured at a con-
centration of 1 g of polymer per 100 ml in 96% strength
by weight sulfuric acid at 23°C), the difference between
the relative viscosity of the resulting prepolymer from
stage (a) and that of the high molecular weight polyamide
from stage (c) being at least 0.4.

A high molecular weight polyamide essentially composed of
repeating units of the formula IV

" "'\—\\_
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(cm). t hen subj ecting the granul es obtained under (b) to solijd{ phase
post condensation at from5 to 100[err]C below the nelt- in pog "P/IBh 3?99
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having a relative viscosity of from2.3 to 5.0 (nmeasured atf a con-
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resulting prepolynmer fromstage (a) and that of the high nol ecul ar wei ght
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its of the formula VI
[-NH-(CH err])[err]-NH-][err][-C(O-(CH2)[err]-C(O-]b VI
(a) preparing a polyamide prepolymer by polymerization of a
mixture of aminonitriles of the formula I

HoN=(CHj3 )y—CN I

and mixtures of diamines of the formula II
HoN- (CH, ) o—NH; II

with dinitriles of the formula III
NC—(CHz)p~CN III

where m, n and p are integers from two to twelve, with a
molar diamine/dinitrile ratio of from 0.98:1 to 1.02:1, a
relative viscosity of from 1.4 to 2.0 (measured at a con-
centration of 1 g of prepolymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being chosen
for the resulting prepolymers, to give a product capable
of being granulated,

(b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melt-
ing point of the prepolymer in the presence of an inert
gas which contains at least 50% by volume of superheated
steam to give a high molecular weight polyamide having a
relative viscosity of from 2.3 to 5.0 (measured at a con-
centration of 1 g of polymer per 100 ml in 96% strength
by weight sulfuric acid at 23°C), the difference between
the relative viscosity of the resulting prepolymer from
stage (a) and that of the high molecular weight polyamide
from stage (c) being at least 0.4, with the proviso that
the high molecular weight polyamides obtained have a
ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

3. A high molecular weight polyamide essentially composed of
repeating units of the formula Vv

R O A A
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§2b{® By ve a product capabl e of bei ng granul at ed,

(a) preparing a polyamide prepolymer by polymerization of
aminonitriles of the formula I

HyN-(CHp ) p=CN I

where m is an integer from two to twelve, in a manner
known per se per se [sic], a relative viscosity of from
1.4 to 2.0 (measured at a concentration of 1 g of prepo-
lymer per 100 ml in 96% strength by weight sulfuric acid
at 23°C) being chosen for the resulting prepolymers, to
give a product capable of being granulated,

(b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melt-
ing point of the prepolymer in the presence of an inert
gas which contains at least 50% by volume of superheated
steam to give a high molecular weight polyamide having a
relative viscosity of from 2.3 to 5.0 (measured at a con-
centration of 1 g of polymer per 100 ml in 96% strength
by weight sulfuric acid at 23°C), the difference between
the relative viscosity of the resulting prepolymer from
stage (a) and that of the high molecular weight polyamide
from stage (c) being at least 0.4, with the proviso that
the high molecular weight polyamides obtained have a
ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

A high molecular weight polyamide essentially composed of
repeating units of the formula VI

[=NE=(CH2)n=NH-]a[-C(0)—(CHz)p=C(O)~]p VI

where a:b is chosen in the range from 0.98:1 to 1.02:1,
obtainable by '

preparing a polyamide prepolymer by polymerization of a mix-
ture of diamines of the general formula II

H,N-(CH; ) n—NH, II

I
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(b) then granul ating the prepol yner obtained under (a) and (c) then
subj ecting the granul es obtained under (b) to solid- phase e nﬁ:‘c[m"'
at from5 to 100[err]C bel ow the melting point of the prepdl RERACEMENheHEET
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super heated steamto give a high nol ecul ar wei ght pol yam d
relative viscosity of from2.3 to 5.0 féreasured at a concerjtrtatTon

of polynmer per 100 ml in 96% by weight™Sulfuric acid_at 23 |Ol—the

di ff erence bet w¥disht Aén}etidesy et vikg gsneyasdf fermilaeddft- ing prepol yner
fromstage (a) and that of the high nol ecul ar wei ght pol yanrde—fromstage
(c) being at least 0.4, with thacp(omiygeckhat the high nol ecul ar wei ght
pol yam des obtai ned have a ratio of term nal am no groups to term nal

car boxyl groups vé?:fer egsax;c{'}na%' 2§'te5'er§5%r811;1 ohlt%htggi‘?%,u!i%r V\ﬁbﬂ )
pol yam de as clad:}rre I n. cl, |r,n§, 3 .c?r or lErepared a5 Claimed 1. ¢ aimil
for the product iGAMREALIHtEgLe F3 R Ofr TFPRefO8:l to 1.02:1, a relative

viscosity of from 1.4 to 2.0 (measured at a concentration of
1 g of prepolymer per 100 ml in 96% by weight sulfuric acid
at 23°C) being chosen for the resulting prepolymers, to give
a product capable of being granulated,

(b) then granulating the prepolymer obtained under (a) and

(c) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% by weight sulfuric acid at 23°C),
the difference between the relative wviscosity of the result-
ing prepolymer from stage (a) and that of the high molecular
weight polyamide from stage (c) being at least 0.4, with the
proviso that the high molecular weight polyamides obtained
have a ratio of terminal amino groups to terminal carboxyl
groups of less than 1.25.

5. Use of a high molecular weight polyamide as claimed in
claim 2, 3 or 4 or prepared as claimed in claim 1 for the
production of moldings, films or fibers.

6. A molding, film or fiber obtainable by the use as claimed in
claim S.
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6. A molding, filmor fiber obtainable by the use as clained Th claimb.
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“High molecular weight polyamides obtained from nitriles

Abstract

High molecular weight polyamides are prepared from cyano— and/or
amino—containing monomers by polymerization in a manner known per
se to give polyamides having a low molecular weight and subse-
guent thermal aftertreatment to give high molecular weight poly-
amides, by

(a) polymerizing monomers selected from the group consisting of
aminonitriles of the general formula I

HoN-(CHz )m—CN I

and mixtures of diamines of the general formula II
H,N—- (CH3 ) o—NH; II

with dinitriles of the general formula III
NC—(CH, ) p~CN I1I

where m, n and p are integers from two to twelve, in a molar
diamine/dinitrile ratio of from 0.98:1 to 1.02:1 in a manner
known per se, a relative viscosity from 1.4 to 2.0 (measured
at a concentration of 1 g of prepolymer per 100 ml in 96%
strength by weight sulfuric acid at 23°C) being chosen for
the resulting prepolymers, to give a product capable of being
granulated,

(b) then granulating the prepolymer obtained under (a) and

(¢) then subjecting the granules obtained under (b) to solid-
phase postcondensation at from 5 to 100°C below the melting
point of the prepolymer in the presence of an inert gas which
contains at least 50% by volume of superheated steam to give
a high molecular weight polyamide having a relative viscosity
of from 2.3 to 5.0 (measured at a concentration of 1 g of
polymer per 100 ml in 96% strength by weight sulfuric acid at
23°C), the difference between the relative viscosity of the
resulting prepolymer from stage (a) and that of the high
molecular weight polyamide from stage (c¢) being at least 0.4.



