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Description

The present invention relates to new homogeneous
copolyamides based on hexamethylenediamine, adipic acid
and fatty acid dimers and to specific processes for ob-

taining them.

For some applications of plastics, there is a need

for polymers which have a whole range of chemical and
physical properties which can be found, in part, in poly-
amides. It.may be necessary to add flexibility proper-
ties to the chemical resistance and the toughness proper-
ties of conventional polyamides: good elongation and
hence good energy absorption. Many copolymers have been
proposed for this purpose; however, the whole range of
properties sought is rarely obtained, as any modification
to improve a particular property results in a deteriora-
tion of another property.

| A progress has been achieved with the provision
of flexible copolymer§ based on caprolactam, fatty acid
dimers and hexamethylenediamine, which comprise a.gbod
flexibility, a tensile strength greater than 5 daN/mm?

and a good water resistance: French Patent Application

no. 77/33,341.

For certain applications, there may be a need

for copolymers which have a better thermal behaviour and

‘therefore higher melting points. Various trials have

been carried out according to known processes in order to



obtain copoLyamides based on polyhexamethylenediamine
adipate and which have the properties sought; howgver,
they always ran into problem;_with homogeneity of the co-
polymers.

5 . Flexible and homogeneous copolyamides have now
been found, based on adipic acid, fatty acid dimers ob-
tained by fhe fractionétidn of polymerized fatty acids
and containing more than 95% by'weiéht of dimers and héxa—
mgthytenediamine, characterized in that, on the one hand,

10 the dimers originate from fatty acids obtained by the
.polymgfization of mixtures of C4g acids and, on the other
.hand, the molar ratio of adipic acid relative to the total
acids is between 0,5 and 0.99 and finally, the point qb-

"tained by plotting the molar fraction of adipic acid along

15 the abscissa.and thé melting point of.the copolyamide,
determined by differgntiat microcalorimetry with a tem-
perature change of 10%¢ per minute, along the ordinate is
within the area A B C D bLotted on the gfaph given in the
appendix. )

20 _ _Flekible copolyami&e'méans'a copolyamide, the
flexurat modulus of which will be substantially Llower
(for example by 1 to 10 times) tﬁan that of conventibnaL
poLyamides.such as polyhexamethylene adipamide or poly-

'caprolactam and will be of the order of or even lLess than

25 that of polyamides which are regarded as flexible, such

as, for example, polyundecanamide.

Homogeneous copolyamide means a copolymer which



~ 5
o
10
15
N
20
25

43

has only a single phase in the molfen state or in the
solid state, and can be observed, for e#amble, by scan-
ning electron microscopy, vispalizing any dispersed phase
by phosphotungstic acid fixation. |

A much simpler means to observe this homogeneity

consists in examining the state of transparency, on the

one hand, qf a molten mass with a thickness of approxi-
mately 0.2 to 0.5 cm, heated to a temperature at least
10%Cc above fts melting point and, on the other hand,- of
a film or rod obtained from this molten maés after rapid
cooling, for example, by imﬁersing in water at ambient

temperature. An absolutely transparent film or rod indi=

cates a perfect homogeneity of the polymer; a film or rod

which has cloudy areas or which is translucent is the

sign of a certain heterogeneity; a white film containing -

streaks or inclusions (for example knots) is the sign of
significant heterogeneity.
Another means for determining the homogeneity

which is based on melting points, as will be described

Later, was preferred to this visual examination, the

evaluation based on which is partly subjective.
The Cqg8 monomeric fatty acids mentioned above

are saturated or unsaturated aliphatic monoacids.

Polymeric fatty acids obtained by polymerization,

most frequently in the presence of peroxides or Lewis.

acids, may be fractionated. They_may also be hydrogénated

.in order to reduce their lLevel of unsaturation and thereby
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ing point will be obtained. Products with a molar frac-

reduce their colour.

The most commonly used starting products are com-
positions which originate from hydrogeqatéd oleic and
Linoleic acids and which contains

from 1 to 15% by weight of monobasic acid.

up to 98% by weight of dibasic acid and

from 1 to 25% by weight of tribasic acid or above.

In order to obtain the copblyémides according to
the invention, compositions with a dimeric acid fraction
greater than 95% are eﬁpLoyed. Dimeric acids of which a
monofunctional acid content is lLess than 0.5% by ueight.aﬁd
of which the coﬁtent of acid of functfdnaLity greater thén
2 is Less than 5% by weight will be preferred.

If it is desired to_obtain-copotymers which have
a high melting poﬁnt, the molar percentage of'adipﬁc acid
Eelative to the total quantity of acids, adipic acid plus
dimeric acids, will be greater_than 50%2. If it is desired
to maintain the fléxibility properties provided by the di-
meric acids, this percentage will be less than 99%. It )
is self-evident that within the range of copolymers ob-
tained by varying the adipic acid content from.99z to 50%,

products of variable flexibility and with variable melt-

tion of adipic acid between 0.95 and 0.80 are of particu-
Lar value becadse they have both a high melting point and .
a good flexibility.

In fact, it has been found that the melting points
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of the homogeneous copolyamides according to the inven-
tion were Located on a curve determined more or less accu-
rately, so as to take into account possible errors due to
the melting point determinétion mgthod_and.dhe to the very
nature of the copo[yamides,_within én area defined by the
curves representing an error of + 2°C relative to the mean
theoretical meLting-poiht curve. This area A B C D is

plotted on the figure attached.

The molar fraction of adipic acid is plotted along .

the abscissa and the melting point of the copolymer deter-

mined by differential microcalorimetry with a temperature

.change of 1o°c per minute along the ordinate.

The homogeneoué copolyamides according to the
invention héve_single melting points which are Located
within the area A B C D. The heterogengous copolyamides
differ from the former either in having a single melting
point which is, however, significantly higher than that
expected and therefore outside the area A B C D or in hav-
ing th melting points, one of which'is close to the melt-
ing point of polyhexamethylene adipamide.

Another subject'of the invention relates to pro-
cesses for obtaining flexible and homogeneous copolyamides
which have a molar ratio of adipic acid of befween_O.S_and
0.99% relative to the total acids employed.

In fact, neither the conventional processes for
the poLYcondensatioh'of polyamides nor the specific pro-

cess claimed in French Patent 2,395,076 for the preparation
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of copolyamide, based on-adipic écid (molar fraction Lless
than 0.5), dimeric écid and hexamethylenediamine, can be
applied in thé preparation of;thé copolyamides according
to our invention.

In fact, with these two types of processes, ﬁetero-
geneous copolymers with physical properties which can be
reproduéed with d{fficulty and which are unsuitable for
fibre extrusion or extrusion are obtained.

It has been found that it was possible to prepare
homogeneous copolyamides according to the invention by -

preparing, in a heterogeneous medium, prepolymers start-

ing with a mixture of adipic acid, dimeric acid and hexa-

methylenediamine or the cofrespbnding salts thereof, these
prepolymers being then homogenized under conditions such
that the equilibrium state of the amidification reactions
was not modified, and then by converting the homogeneous
prepolymers thereby obtained into h{gh molecular weight
polycondensates.

In a first hroﬁess, the reaction is ;arried-out
starting with composftioné'contéining-either adipic and
dimeric acids and hexamethylenediaminé, or the salt of
adipic acid and hexamethylenediamine and the salt of di-
meric acid and hexamethylenediamine, or one of_the salts
and the free state constituents of the other salt, the
quantities of the consfituents of the starting composi-
tion being such that the amino group and the carboxylic

group contents do not differ by more than 5% and preferably %
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by more than 1%.

If it is desired to ensure a perfect reLiabiLity
of the process, it is advisab}e to prepare stoichiometric
compositions as accurately as possibLe;

It has been found that in order to obtain the new
copolyamides with a high adipic acid content according to

the invention, it was indispensable to carry out a homo-

genization phase lasting approximately 30 min to 5 hours

at high temperature (of the order of 280°C), at a high
steam pressure (of the order of 20 bars).

The conditions under which the. homogenization
phase is carried out are critical. The parameters to be
considered are adipic acid contént, femperature, pressure
and the duration of this phase; these parameters are not |
independent.

For a given adipic acid content (which content
varies from 0.5 to 0.99 in molar fraﬁtion), the dyration
may vary from 30 minutes to approximately 5 hours and pre-
ferably from 1 hour to 4 hours. This duration depends on
the temperature and the pressure. This temperature is
between 270°C and 290°C. Steam presshre in ifseLf varies
between 13 and 25 bars, préférably between 15 and 20 bars.

The ranges claimed correspond to the conditions

which are industrially the most profitable; however, it

is self-evident that it is poésible to obtain a good homo-

genization by usihg a value for a parameter which is out-

side the values claimed and by compensating for the effect



o/ ' 5
10
15
<
o’
20
25

produced by varying another parameter.

During this phase, it is indispensable that there

"is no significant shift in thg equilibrium of the amidi-

fication reactions. This condition will be achieved by
preventing any loss of volatile product..

The procedure for implementing the process waL
comprise a number of successive stages which will be des-
cribed below in a non-Limjting uéy. |

The salt of the dimeric acid and hexamethylene-

diamine is not compatible with aqueous'solutians of hexa-

‘methylenediamine adipate. The initial stoichiometry be-

tween the dimeric acid and the hexamethytenediamine, wh{ch
stoichiometry is essential for obtaiﬁing high molecular |
weight polymers, may be achieved either by accurately |
weighing reagents of well known purity at the time of im-
plementation (which method is difficult to empLoy_on an
industrial scale) or by preparing the dimeric acid ;aLt

in an alcoholic solution, the pH of which may then be ad-

justed (which method leads to copolyémides which are more

.¢coloured).

A variant of this first process, which can easily
be applied on an industrial scale and which enables the
initial stoichiometry between adipic acid, the dimeric

acid and the hexamethylenediamine to be achieved consists

in preparing an emulsion of the salt of the dimeric acid

and the hexamethylenediamine in an aqueous solution of hexa-

methylenediamine adipate} the stoichiometry being monitored
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by determining the pH of sample solutions obtained by di-
luting the emulsion with an alcohol.

The composition of the starting products thus pre?
pared is placed in an inert atmosphere and then brought |
gradually unfformty to the state of chemical equilibfidm
corresponding to the initial stage of the following phase.
A particularly suitable method consists in heating the |
composition under self-generated pressure so as to bring
it to the pressure chosen for the homogenization phase
which follows. The temperature is then gradually brbﬁght
to that chosen for the homogenization phase by gradual
distillation of wéter. |

The next phase is the homogenization phasé des-
cribed above. _ |

. The final phasé enables the polycondensation to be
completed according to known processes.

For example, it is possible to carry out a gradual
decompression with simultaneous distillation of residual
water and, if required, a Lowering of'temperafure to that
chosen for the "cooking”, i.e. the thermal treatment Lead-
ing to the final polymer. The temperature corresponding
to this phase is generaLLy'betueen 260 and 290°C and pbe-
ferably between 275 and 285°C, The pressure may be atmos-
pheric pressure or a lower pressure. The copolyamide is
finally recovered by extrusion under an inert gas pressuré
of 1 to.5 bars. |

A second process which does not require the use
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of high pressure has'been developed; however, the use of
a certain pressure could be technologically advantageous.
The. choice of starting products is very open.

| The principle of this process consists in prepar-
ing, at high témperatdre; a prepolymer containing carboky-
Lic or amino end groups with a molar average molecular
mass lLess than 10,000 and breférabL}lless than 5,000.
This prepolymer thgn undergoes a homogenization phase be-
tween 2659C and 290°c, preferabty betueen 270°c and 285°c
for a period uhich depends on the temperature chosen and
the composition of the polymer, but which generally varies
from 10 min to approximately 2 h.

Tﬁe prepolymer obtained at the end of this phase
is maintained at a temperature between 260°C and 290°C-
during tﬁe gradual addition of the reaéent or of a mixture
of reagents in deficit until a copolycondensate with the
desired viscosity is obtained.

Although it is possible to prepare a prepolymer
containing end groups which are essentially of the amino
type, the preparation.of a prepolymer containing end groups
which are essentially of the carboxylic acid type; for
which the risks of branching due to secondary reactions are.
lower,'wilt be preferred. 1In the Latter case, during the
reaction of cdmpletion of the condensation, it is possible
to re;ch the stoichiometry or, dependfng on the case, to
obtain copolyamides containing a small proportion of acid

end groups, which is preferable, or even possibly exceed
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the stoich{ometry and reach copolyamides containing a

small proportion of amino end groups; however, the pro-
ducts obtained are chemically less stable.

This adjustment of-visoosity is advantageously
carried out by the in situ determination'of the Locad mo-
ment of ihe stirrer'of_the polymerizer. The'heXamethyQ
Lenediamine may be added either in the molten form or in
the form of an aqueous solution. However, in this case,
the addition must be very gradual and must be made so that
it does not cause a significaqt Lowering of tho tempera-
ture of the mass. |

As indicated above, one of the advantages of this
second process consists in the very open choice of the.
startfng'products.; | |

Thus, it is possible to start with a mixture of
adipic acid, dimeric acid and hexamethylenediamine, the
Latter product.being in o deficit of at Least 5% and ore-
ferably of opproximateLy 5 to 20% by weight rolative to
the quantity theoretically required to obtain the stoif
chiometry. |

It is also possible to start with the adipic acid

~salt of hexamethylenediamine, the dimeric acid and the

hexamethylenediomine in a deficit of at least 5% and pref—
erably of 5 to 20% by weight as above. |

A variant which is advantageous from a practical
point of view consists in preparing, in a first stage, a

dispersion of adipic acid in dimeric acid at a temperature
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between 130 and 150°C and then adding molten hexamethylene~-

diamine. A very well dispersed reaction mass is thus

- obtained.

It is also poS;ible to start with the composition
employed in the first process and which consists of an
emulsion of the salt of the dimeric acid and the hexa-
methylénediamine in an aqueous solution of hgkamethytene-
diamine.adipatei it is then essential to add to the com-
position an excess of adipic-acid or of dimeric acid so
as to achieve conditions which enable a prepolymer con-
faining carboxylic acid end gfoups to be obtained in a
first stage.

A third tYpe of process which consisgs in pre-

paring the prepolymer of the.copolyamide in a homogeneous

-phase at a temperature betueen'150 and 300°C and prefér-

ably between 190°C and 250°C has been developed. This
homogeneous phase condition may be achieved by adding a
solvent uhich:has a number of properties to the reaction
mixture. | | |

| According to this_process, it will be eﬁpecially
advantageous to start with a reaction mixture essentially
consisting of adipic acid, dimeric écid and hexamethy-
Lenediamine or of the corresponding salts'thereof, the
contents of the ahino-and the carboxylic acid groups not
being different by more than 5% and preferably by more
than 1%Z. |

The solvent employed must be inert towards the
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base reagents and towards the amidificatidn.reactions.
The physical properties thereof, especially the boiling
point thereof, must be compatible yith the high tempera-
ture coﬁditions required for.the amidification reactions.
Thus, this solvent will advantageously have a boiling
point between 170°C and'ZSOQC, ‘It has been found that
N-methylpyrrolidone Léd to particularly advantageous re-.
sults.  This is generally employed.

The prepolymer thus obtained is then converted by
heating to a temperature betwéen 200°c and 290°c, during
which the middle part of the solvent is removed by distil-
Lation.

The residual amounts 6f solvent may be removed
at the end.of this phase by subjecting tb vacuum. |

It is self-evident that in all the processes des-
cribed here,-according to the invention, the composition
of the starting reagents may also contain various addi-
tives which are commonly employed during the preparation
of conventional polyamides. These additives are, in par-
ticular, chaiﬁ-Limiting agents'such as, maiﬁty,.monocarb—
oxylic acids such as, for example, acetic acid,knucleating
agents and stabilizers of different types.

The use of compositions which contain, in addi-

tion to the. three essential constituents, minor quanti-

ties of other polyamide producing reagents, whether they
are diacids, diamines, amino acids or lLactams, will not

constitute a departure from the invention.
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The proceéses according to the invention enable
homogeneous copolyamides which have an improved flexibility, .
a high toughness related to a good resistance to hydroly-
sis and a good thermal behaviour at the same time to be
obtained. Being perfectly homogeneous, they have improved
transparency properties and ﬁay beﬂemployéd according to
conventional techniques of injection, extrusion or fibre
extrusion to give shaped objects: articles, films or
threads of very high uniformity.

The'foLLouing examples enable the invention to be

“illustrated.

Example 1
Preparation of the salt of the dimeric acid and the hexa-
methylenediamine as an emulsion in an aqueous solution of
hexamethylenediamine adipate.

A 3 Litre glass reactor .cquipped with a stirrer
and maintained swept with a slight'nitrogen current is
charged with:

crystalline hexamethylenediamine adipate (N salt):
834.6 g (3.185 moles); and

deionized water: 1150 g.

fhe'mixture is stirred at 25°C until the N salt
is completely dissolved. _ | |

The following are fhen introduced:

crystalline hexamethylenédiaminei 80.6 g (0.695

mole); and
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deionized water: 181 g.

The mixture is stirred at 25°C until the hexamethy-
lenediamine is completely dis;olved.

421.7 g of a dimeric acid soLd under the name
Empol 1010 (= 0.74 mole) and containing 0.05% by weight
of mcnomer.and 95.551 of dimer are introduced slowly, with
stirring. | |

The emulsion is stirred for 2 hours.

20 g of emulsion are withdrawn and diluted with

17.8 g of a water:isopropanol (21.9:78.1 w/w) ﬁixture.

- The pH of the sotdtion at 20%c is 7.63 f10% solution of

the dimeric acid salt in an 18.4:40.8:40.8 by weight mix-
ture of N salt:water:zisopropanol). |

- 14 g of a 30% aqueous solution of hexamethylene-
diamine are added, the mixture is s:irred for 1 hour and
the pH is'checked on a 20 g sample as before. The pH at
20% is 8.40 aﬁd corresponds, witﬁin + 0.1 pH unit, to the
pH at stoichiometry, determined under the same conditidns
of concentrations and solvent by pH me;surement. |

An emulsion which is relatively stable at 25°C,

with a dry extract content of 50%, containing a 62.2:37.8
by weight mixture of N salt and dimeric acid salt, which
can be used directly in the breparation of.the new copoly-

amides, is obtained.
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Exampie 2

Preparation of the new copolyamides

The general procequrq for obtainin§ these copoly-
amides fs as follows:

the reaction is carried out in a stainless steel
autoclave which ié stirred and equipped.fOr Aperating at
up to 300°C, at 25 bars.

The following reagents are added, in the cold
state, into the apparatus:

either (process a):

N salt in_fhe form of a 50% aqueous solution

+ hexamethylenediamine in the form of a 30% aque-

ous solution

+ dimeric acid uéighed acqordihg to stoichiometry

+ chain-lfmiting agent (either an excess of di-

meric acid or an aqueous solution of acetic acid)
of (process b}:

an emulsion of the type of that in example 1

+ if required, a 50% aquédus solution of N salt

adjustment of the copolymer compbsition

+ chain-limiting agent.

 The apparatus is purged with nitrogen and fhe tem-l

perature of the mass is raised to 225°C, maintaining the

self-generated pressure. A préssure of 20 bars is reached.

Water is distilled for 1 hour under pressure so as to

reach a high mass temperature of 86°C. The distillation

is stopped in order to carry out the homogenization phase
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lasting x minutes at 6°C mass temperature,lat a steam prés-
sure of P bars. |

The apparatus is decqmbressed to atmospheric pres-
sure over 30-90 minutes, maintaining the temperature at
8°c. |

The polyier, which has been kept stirred since
the time when the temperéture of the.mass exceeded 250°c,
is maintained stirred at_e°c, at atmospheric pressure, for
30 minutes, extruded'under nitrogen pressure (2-6 bars)
and granulated after cooling with water.

The properties of the polymers obtained are_coLf
lated in the table below.

The meiting pofnt (n.b.°c) and point of crystal-
Lization on cooling (c,p;°C)-uere determined by differ~
ential microcalorimetry (10%°C/minute under nitrogen).

The inherent viscosities were determined at 25°%
in a 0.5 g/1OO ml m-crésol éolution: |

1 t

Y inh. = =--~- Log =---~

: to

t = solution flow time

to = pure soLVeng flow time

C = concentration in g/dl_

The NHp grodp contents were determined'by the
analysis of a solution of the polymer in a phenol:water
(90:10) mixture, with glycolic potassium hydrox{de in the

presence of phenolphthalein.
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TABLE

COMPOSITION OF

CHAIN-LIMITING

CONDITIONS OF

PROPERTIES OF THE COPOLYAMIDE

COPOLYAMIDES AGENT HOMOGENIZATION
HOLAR RACTLON |1y | % comcens |—CHAE
IN THE ACID /mole of 0 [ 4 X Appearance mep.| cpe | Y inh COOH N“Z
" | mrxTure salts o bars | min= o o of L/g | meq/ | meG/
Ex. - utes kg kg
2 A 0.742 0 0 285 | 18 0 hgterogeneou:l 260,
2 B 0.87 0 0 275} 18 0 heterogeneous| 260 1.089
2 C 0.656 g 0 280 | 18 120 homogen'eousl 225 | 170 | 0.971 80 29
2 0.742 0 0 280 | 18 60 | heterogeneous| 250 | 195 80 |26
2 . [} 0 280 | 20 60 heterogeneous} 250 | 202 0.967 83.7 | 36
2 " 0 0 280 | 20 90 | almost (248 | 197 [0.997 | 0.2 | 53
homogeneous
2 " 0 0 280 | 20 120 homogeneous |236 | 184 | 0.987 70 56.8
2 H " 0 0 280 | 20 120 homogeneous |237 | 186 | 1.12 58.4 | 46.3
21 0.812 v} g 280 | 20 _ 120 homogeneoué 245 { 195 | 1.157 ?77.75| 37.8
2 J 0.842 0 .0 280 { 20 120 homogeneous | 247 | 198 | 1.054. 94.6 | 32.7
2 K " a 0 280 { 20 240 homogeneous {246 | 198 | 1.034 78.6 | 84.0
2 L 0.87 0 0 280 | 20 60 heterogeneous| 257 | 206 | 1.21 73 43.8
2 M " 0 0 280 |. 20 120:] homogeneous |248 | 200 | 1.09 75.7 | 56
2 N " di~- 0.05 280. 1 20 |- 120 homogeneous {247 | 201 | 1.1 63.3 | 64.3
meric ) . : .
20 " di=- 0.05 280 | 20 120 homogeneous {248 | 205 | 1.08 69.5 | 53.6
meric
0.92 o 0 280 | 20 90 | heterogenecus|254 | 211 | 1.13 70.4 | SO
" Q 0 280 | 18 120 heterogeneous{255 | 200 | 1.08 58 65.5
» 0 0 280 | 20 180 homogereous |[247 | 205 | 1.22 51.4 | 79.5
S 0.963 0 0 280 | 20 180 heterogeneousj254 | 205 | 1.22 58.9 | 79.3
T " 0 0 280 | 20 240 homogeneous |254 | 209 | 1.25 71.4 | 64.7
2 U 0.982 [} .0 280 | 20 240 homogeneous |257 | 211 | 1.21% 75.8§ 62.3
. i
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The COOH group contents Qere determined by the

analysis of a solution of the polymer in benzyl alcohol at

200°C, with glycolic potassium hydroxide in the presence.

of phenolphthalein.

These two contenfs are expressed in milliequiva-
Lents per kg (megq/kg).
Examples 2C, 2G, 2H, 21, 2J, 2K, 2M, 2N, 20, 2R,

2T and 2U illustrate the preparation and some properties

of the new copolyamides. It is observed that at a tem-

perature of.280°C and a steam pressure of 20 bars, the

duration of the homogenization phase must be increased

from approximately 2 hours to approximately 4 hours when
the molar fraﬁtion of adipic -acid passes from 0.65 to 0.98.

" Examples ZA:and ZB‘show that the polyémide 66 pro-
cess.does not enabie homogeneous copolyamides derived from
adipic acid and dimeric acid with a mo(ar'fraction of adi-
pic acid > 0.5 to be obtained. _

Examples 2D, 2E, 2F, 2L, 2P, 2@ and 2S5 show that
inadequ;te homogenization conditioﬁé also Lead to non-
homogeneous copoLyamideé with a moltar fraction of adipic

acid > 0.5.

.Exampte 3
Polycondensation starting with the base reagents operat-
ing by acidolysis
The reaction is carried out in a 1 Llitre stain-

less steel autoclave equipped with a stirrer which can
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rotate at 50 rpm and a aropping funnel thermbstafed at 80°%
which enables the remaining amount of hexamethylenediamine
to be introduced. |
Charges:  169.65 g (uhich is 1.161 moles) of pure adipic
acid ‘
253 g (which is 0.443 mole) of dimeric acid
167.55 g (which is 1.444 moles) of
| hexamethylenediamine |
which amounts to 90% of the theoreti-
cal quantity required.to obtain the
stoichiometry.
The adipic and the dimeric acids are charged, in
the cold state, iﬁto the autoclave. |
The contents are stirred at 15 rpm. The autoclave
is purged 6 times under a nitrogen pressure of 8 bars.
The mass is gradually heated to 150°c.
The contents are then stirred at 50.rpm and molten
hexamethylenediamine is added in the course of 20 min.

The reaction mass is then heated to 285°C in the

course of approximately 45 min and maintained at this tenm-

perature for 1'hour. 17 g of mélten hexamethylened{amine
(0.146 mole) are then introdﬁced in the course of 10 min.
The contents are stirred again for 1 hour at 2809C return-
ing thé rate of stirring to 10 rpm.' The copolyamide is
collected in cold water. It is perfectly transparent and
therefore homogeneous.

The properties of the product obtained were as
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m.p.: 239%
c.p.: 191%C
Yy inh: 1.02
.Acid content in meq/kg: 80.30 | .

Amine content in meq/kg: 32.5

Example 4
Polycondensation.starting with the base reagents by
acidoLysis |

The reaction is carried out by preparing, in a
first stage, a homogeneous prepolymer with.a 172 deficit

of diamine in a 1 Litre glass reactor equipped with a

scraping anchor type of stainless steel stirrer and for

heéting with a temperature controlled oil batﬁ.
Charges: hexamethylenediamine: 131 g (1.560 moLes)
adipic acid: 205.6 g (1.438 mole) _ é
dimeric acid: 280 g (0.4857 mole)
hexamethylenediamine for.adjustmént; 38.70 g
(0.334 mole)
181 g of hexamethylenediamine, 205.6 g of adipic
acid and 280 g of dimeric acid are charged into the reac-
tor at ambient temperature. The reactor is purged‘S time;
by creating vacuum and then introducing nitrogen. The

apparatus is then maintained under a-sLighf current of

‘nitrogen. The reactor is then immersed in an oil bath

breheated to 140°C. The contents are stirred and the
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bath temperature is increased to 280-285°C in the course

of 1 h 10 min. On stirring for 30 min at 280°C, the mass

-is perfectly homogeneous and not very viscous. 38.7 g of

molten hexamethylenediamine are then introduced in the
course of 30 min so as to re-establish stoichiometry.
The contents are stirred again for 1 hour at 280-285%.
The vi;cosity of the mass increases.: The copoLYamide
obtained is collected by pouring into cold water.
The properties of the copolymer are as folLowsf
product in the form of a 3 to 5 mm-diameter tube
is transpareht
inherent viscosity: 0.90.dllg
melting point determined by differential micro-
caLorimetr}: 235%

point of crystallization on cooling: 186°c.

Example Sl
Polycondensation in a.hombgeﬁeous medium
The reaction is cafrfed out in the presence of N--
methylbyrrolidone (NM#) which plays the.role of solvent and
enables a homogeneous medium to.be obtained rapidly when
the reagents are employed in stoichiometric quantities.

The following are charged into a 1 Litre glass

‘reactor equipped with a scraping anchor type of stainless

steel stirrer and for heating with a temperature con-
trolled oil bath: -

adipic acid: 205.6 g (1.408 mole)
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hexamethylenediamine: 219.7 g (1.894 mole)

dimeric acid: 280 g (0.486 mole)

NMP: 200 g |

The reagents are introduced at ambient tempera-
ture and tﬁe reactor is purged 5 times by creating vacuum
and then introducing nitrogen. The apparatus is then -
maintained under”a stight current of nitrogen. The tem-
perature is increased to 200°C, at which temperature the
homogeneity of the medium is obtained. The temperature
is maintained at a bLateau of 200-210°C for 30 min in
order to remove the major part of NMP. The temperature is
then increased to 275°C in the-cohrse of 1 hour and main-
tained at this Level for 1 hour. Vacuum is then created
in the course 6f 30-min.in order to remove the NMP. The
mass obtained at the end-of the reaction is very viscous.

The properties of the copolyamide are as follows:

m.p. determined by differéntial microcalorimetry:

248°¢ |

o

t. of crystallization on cooling: 214°%¢

inherent viscosity: _0.911 dl/g.
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Claims for the contracting States: BE CH DE GB IT LI

LU NL SE

1. Flexible and homogeneous copolyamides based on
adipic acid, fatty acid dimers obtained by the fraction-

ation of polymerized fatty acids and containing more than

95% by weight_of dimers:and hexamethylenediamine charac-—-
terized in that, on the one hand,.the dimers originate
from fatty acids obtained by the bolymerization of mix~-

tures of Cqg acids and, on the other hand, the molar

“ratio of adipic acid relative to the total acids is be-

tween 0.5 and 0.99 and finally, the point obtained by
plotting the molar fraction of adipic acid along the
abscissa and the melting point of the copolyamide, deter-

mined by differential microcalorimetry with a temperature

change of 10 per minute along the ordinate is within the

area A B C D plotted on the graph given in the appendix.
2. Copolyamides accordin§ to Claim 1, characterized
in_that.the fatty aéid dimer contains a monomer fraction
Less than 0.5%, the remaining amount being éf functional- "~
ity greater than 2.

3. Process for'obtaining cppolyamides according to
Claim 1, characterized by the preparation, in a hetero-
geneous medium? of prepolymers starting with a mixture of
adipic acid, dimeric acid and hexamethylenediamine or the
corresponding salts thereof, these prepolymers being then

homogenized under conditions such that the equilibrium
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state of thé amidification reactions is not modified, the
homogeneous prepolymers being finally converted into high
molecular weight polycondensates.

4. - Process according to Claim 3, characterized:

1 - by the use of a composition essentially con-

sisting of a mixture of adipic acid, dimeric acid and hexa-

methylenediamine or the corresponding salt thereof, such
that the amino group and the carboxylic group contents do
not dfffer by ﬁore than a maximum of 5% in absolute value,
which use consists in bringing thé composition gréduaLLy
and uniformly by heating to 270°C under a steam pressuré
between 13 and 25 bars, which is the chemical equilibriunm
state corresponding to the initial stage of
the following phase;

2 - by a homogenization phase Lasting for a period
. between 0.5 and 5 hours, at a temperature between 270°cC
and 290°C, at a water pressure between 13 and 25 bars,
during which the eduilibrium state of the amidification
reactions is not modified, follo;ed by a polycondensation
according to known processes. .
5. - Process according to Claim 4, characterized in
that the amino.group-and the'carboiylic group contents
do not differ by more fhan 1%.
6. Process according to Claim 4, characterized in
that the starting composition is an emulsion of the salt
of dimeric acid and hexamethylenediamine in an aquéous

solution of the salt of adipic acid and hexamethylene-
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'diamine #nd the stoichiometry of which is adjusted by pH
determination.

7. Process according to Claim 3, characterized:

1 - by the use of a composition essentially con-

sisfihg of a mixture ofiadipic acid, dimeric acid and hexa-
methylenediamine and/or the corresponding salts thereof,

éuch that the amino group and the carboxijc acid group _ |
contents do not differ by more than 5%, which use consists |
in Bringing the composition gradpaLLy and'uniformLy to a

temperature corresponding to the initial stage of the fol-

Lowing phase; |

2 - by a hcmogenization phase Lasting between 10

min and 2 hours at a temperature between 265°C and 290°c,

followed by the gradual addition of the reagent in-deficit._ : -E
at temperatures between 260°.and 290°C until the copoly-~ |
condensate of desired viscosity is obtained.
(J 8. Process according to Claim 7, characterized in
| ‘that the excess of one of the amino or the acid reagents 

.is.betueen 5 and 20 mol X%. |

9. Process according to CLaim'Y, characterized in

that the reagent in deficit is hexamethylenediamine.

10. | Process according to Claim 7, characterized in

that the hoﬁogenization phase is carried.out at a tempera-

ture between 270 and 285°C. ' o
1. Process for obtaining copolyamides according to

Claim 1, characterized by the direct preparation, at a

temperature between 150 and 300°C, in a homogeneohs medium,'
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of copolymers starting with a mixture of adipic acid, di-
meric acid and hexamethylenediamine, the medium béing made
homogeneous by the use of a third solvent for the mixture
of the three startihg-products or of tﬁe corresponding
salts and/or the oligomers of adipic acid.and hexamethy=-
Lenediaming, and of dimeric acid and hexamethylenediamine,
of thar mass lLess than 5,000, this éoLvent-being inert
towardé the reagents and the amidificatién reactions.

12. Process according to Claim 11, characterized in
that the solvent has a boiling point between 170° and
250°¢.

13. Process according tb Claim .12, characterized in
that the soLvent'is N-me;hylp}rrolidone.

14. Process according to claim 11, characterized in’
that the copolycondensation temperaiure is between 190°

and 280°c.
Claims for the contracting State: AT

1. Proﬁess for obtaining flexible and homogeneous
copolyamides based on adipic acid, fatty acid dimers ob-
tained by the fractionation of polymerized fatty acids
and containing more than 95% by weight of dimer§ and hexa-
methylenediamihe, cﬁaracterized in that: |

prepolymers are prepared, in a heterogeneous
medium, starting with a mixture of adipic acid, dimeric

acid originating from fatty acids obtained by the
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polymerization of mixtures of Cq4g acids and hexamethylene-
diamine -or the corresponding §alts thereof, the molar
ratio of adipiﬁlacid relativg to the total acids being
between 0.5 and 0.99," |

thesé-prepolymers are then homogénized under con-

ditions such that the equilibrium state of the amidifi-
cation reactions ié not modified, |

and finally, the homogeneous prepolymers thus
obtained are converted into high molecular ueight poly-
condensafes for which, the point obtained-by plotting the
molar fraction of adipic acid along the abscissa and the
melting point of the copolyamide obtained, determined by
differential microcalorimetry u{th a temperature change
of 1D°c per minute along the ordinate is within the area
ABCD plotted oh the graph given in the appeﬁdix.

2.  _ Process according to CLaim 1, characterized:

(1) - by the use of a composition~essgntiatly
cohsisfing of a mixture of adipic acid, dimeric adid and
hexamethylenediamine or the qorrespon&ing salts thereof,
such that the amino group and the carboxylic group con-
tents do not differ by more than a maximum of 5% in abso-
lute value, which use consists in Bringing the composi¥
tion gradually and uniformly'by heating to 270%c under
a steam pfessure between 13 and 25 bars, which is thé
‘chemical equilibrium state corresponding to the initial
stage of the following phase;

(2) - by a Homogenization phase lasting for a
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period between O.S_and 5 chrs, at a temperature between
270%c and 290%C at a water pressure between 13 and 25
bars, during which the equilibrium state of the amidifi-
cation reactions is not modified, followed -by a,poLycon-
'densatibn according to known processes.

3. Process according to Claim 2, characterized in
that the amino group and the carboxylic group contents do
not differ by more than 1X%.

4. - Process according to Claim 2, characterized iﬁ

, fhat the starting composition is an emulsion of the salt
of dimeric acid and hexamethylenediamiﬁe in an aqueous
solution of the salt of adipic acid and hexamethylene-
diamine and the stoichibmetry of whfch is'adjusted by pH
determination.

5. Process according to Claim 1, characterized:

(1) - by the use of a composition essentially con-
sisting of a mixture of adipic acid, dimeric acid and
hexamethylenediamine and/or the corresponding salts there-
of, such that the amino group and the carboxylic group
contents do not differ by more than 5%, which use consists
in bringing the composition gradually and uniformly to a
'temperature corresponding tq.ihe initial stage of the fol-~
Lowing phase; |

(2) - by a homogenization pﬁase lLasting between
10 min and 2 hours at a temperature between 265?C and
290°c, followed by.the gradual addition of the reagent in

deficit at temperatures between 260°C and 290°C until the
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copolycondensate bf desired viscosity is obtained.

6. Process according to Claim 5, characterized in
that the excess of one of the amine or the acid reagents
is between 5 and 20 mol Z%.

7. Process according to CLaim 5, characterized in
that the reagent in deficit is hexamethylenediamine.

8. Process according to Claim 5, characterized in
that the homogenization ﬁhase is carried out at a tempera-
ture between 270 and 285°%c.

9. | Process for obtaining flexible and homogeneous
copolyamides based on adipic acid, fatty acid dimers ob-
tained by the'fractionation of polymerized fatty acids and
containing mére than 95% by weight of dimers and hexamethy-
Lenediamine, characterized in that copolymers are prepared
directly at a temperature between 150 and 300°C, starting
with a mixture of adipic¢ acid, dimeric acid resulting from
fatty acids obtained by the polymerization of mixtures of
C18 acids and hexamethylenediamine, the molar ratio of
adipic acid relative to the total acids beihg between 0.5
and 0.99, the medium being made hdmogeneous by the use of
a tﬁird solvent for the mixture of the three starting pro-
ducts or.of the corresponding salts and/or the oligomers
of adipic acid and hexamethylenediamine, and of dimeric
acid and hexamethylenediamine, of molar mass lLess than
5,000; the said solvent being inert towards the reagents
and the amidification reactions, the copolymer thus ob;

tained having a point, obtained by plotting the molar
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fraction of adipic acid.along the abscissa and the melfing
point determined as mentioned in Claim 1 along the ordi-
nate, which is within the area ABCD ptétted in the graph
given in the appendix.

10. Process according to CLaim'9; characterized in
that the solvent has a boiling point.betueen 170°C and
250°¢c. |
11. Process according to CLajh 10, characterized in
that the solvent is N-methylpyrrolidone.

12. Process according to Claim é, characterized in

that the copolycondensation temperature is between 190°¢

and 280°%.
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Patentanspriche fiir die Vertragsstaaten: BE CH DE GB IT LI LU NL SE. (as prihted)

1. Flexible und homogene Copolyamide auf Basis von Adipinsdure, Fettsduredimeren, die durch
Fraktionierung von polymerisierten Fettsduren herstellbar sind und mehr als 95 Gew.-% Dimere ent-

. haiten, und von Hexamethylendiamin, dadurch gekennzeichnet, da8 einerseits die Dimeren von Fett-

sduren abgeleitet sind, die durch Polymerisation von Mischungen von C,,-Sduren herstellbar sind, und
daR anderseits das molare Verhaiitnis von Adipinsiure, bezogen auf die gesamten Sauren, 0,5.bis 0,99
betrdgt und daR schiieflich der Punkt, den man erhait, wenn man auf der Abszisse den molaren Anteil
an Adipinsdure und auf der Ordinate die Schmeiztemperatur des Copolyamids, bestimmt durch Dif-
ferentialmikrocalorimetrie mit einer Temperaturvariation von 10°C pro Minute, auftragt, innerhalb der,
auf der beiliegenden Zeichnung dargesteliten Flache ABCD liegt.

2. Copolyamide nach Anspruch 1, dadurch gekennzemhnet daf} das Fettsduredimere einen

. Monomeranteil von weniger ais 0 5% enthait, wobei der Rest eine Funktlonalstﬁt von mehr als 2 auf-

weist.
3. Verfahren zur Herstellung von Copolyamlden nach Anspruch 1, dadurch gekennzeichnet, da

‘man in heterogenem Milieu Pripolymere aus einer Mischung von Adnpmsaure. dimerer Saure und

Hexamethylendiamin oder ihren entsprechenden Salzen hersteiit, weiche Pripolymere anschlieRend
unter soichen Bedingungen homogenisiert werden, da der Gleichgewichtszustand der Amidifikations-
reaktionen nicht verandert wird, und daR die homogenen Prépolymere schiieilich in Polykondensate
mit hohem Molekulargewicht lberfihrt werden.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, da man

1 — eine Masse herstelit, die im wesentlichen aus einer Mischung von Adipinsdure, dimerer
Sadure und Hexamethylendiamin oder ihren entsprechenden Salzen besteht, wobei sich die Gehalte an
Amingruppen und Carbonsduregruppen um nicht mehr als maximal 5%, ausgedriickt in absoluten
Zahlen, unterscheiden, da man dazu die Masse fortschreitend und gleichmiRig durch Erhitzen auf
270°C bei einem Wasserdampfdruck zwischen 13 und 25 bar bringt, weiches der dem Begmn der fol-
genden Phase entsprechende chemische Gletchgewnchtszustand ist; -

2 — eine Homogenisationsphase mit einer Dauer von 0,5 bis 5 Stunden bei einer Temperatur
zwischen 270°C und 290°C unter einem Druck von 13 bis 25 bar durchfihrt, wahrend welcher der
Gleichgewichtszustand der Amidifikationsreaktionen nicht verdndert wird, und anschlie@end eine Poly-
kondensation nach bekannten Verfahren ausfiihrt.

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB sich die Gehaite an Amingruppen
und Carbonsduregruppen um nicht mehr als héchstens 1% unterscheiden.

6. Verfahren nach Anspruch 4, dadurch gekennzeschnet daB die Ausgangsmasse. eme Emulsion
des Salzes von dimerer Sdure und Hexamethylendiamin in der wisserigen Ldsung des Salzes von
Adulfmsiéure und Hexamethylendiamin ist, deren Stochiometrie durch Messung des pH-Werts einge-
stelit wird.

7. Verfahren nach Anspruch 3, dadurch gekennzelchnet dal man

1 < eine Masse herstellt, die im wesentlichen aus einer Mischung von Adipins3ure, dimerer
S&ure und Hexamethylendiamin und/oder ihren entsprechenden Salzen besteht, wobei sich die Ge-
haite an Amingruppen und Carbonséuregruppen um mehr als 5% unterscheiden, da@ man dazu die
Masse fortschreitend und gieichmaBig auf eine Temperatur entsprechend dem Beginn der folgenden
Phase, brmgt

2 — eine Homogenisationsphase mit: einer Dauer von 10 Minuten bis 2 Stunden bei einer Tem-
peratur zwischen 265°C und 290°C durchfiihrt, und anschlieBend fortschreitend fehiendes Reagens

bei Temperaturen zwischen 260°C und 290°C zusetzt, bis ein Copolykondensat mit der gewiinschten-
Viskositit hergestelit ist.

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB der Uberschu an einem der -
aminierten oder sauren Reagentien 5 bis 20 Mol% betridgt. .

9. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daf das fehlende Reagens Hexa-
methylendiamin ist.

"10. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daR die. Homogemsatlonsphase bei
einer Temperatur zwischen 270 und 285°C ausgefiihrt wird.

11. Verfahren zur Herstellung von Copolyamiden nach Anspruch 1, dadurch gekennzelchnet dal®
man bei einer Temperatur zwischen 150 und 300°C in homogenem Milieu direkt: Copolymere aus einer
Mischung von Adipinsdure, dimerer Sdure und Hexamethylendiamin herstellt, wobei das Milieu homo-
gen gemacht wird durch Verwendung eines Drittidsungsmittels fiir die Mischung der drei Ausgangs-
materialien oder von deren entsprechenden Salzen und/oder der Ohgomeren von Adipinsdure und
Hexamethylendiamin und dimerer Sdure und Hexamethylendiamin mit einer molekularen Masse kleiner
5000. weiches Losungsmittel inert gegeniiber den Reagenzien und Amidifikationsreaktionen ist.

12. Verfahren nach Anspruch 11, dadurch gekennzeichnet, daB} das Ldsungsmittel einen Siede-
punkt zwischen 170 und 250°C hat.

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB das Lésungsmittel N-Methyl-

pyrrolidon ist.-

14, Verfahren nach Anspruch 11, dadurch gekennzeichnet, daB die Copolykondensationstem-
peratur 190° bis 280°C betrigt. .
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Patentanspriiche fiir den Vertragsstaat: AT (as printed)

1. Verfahren zur Herstellung von flexiblen und homogenen Copolyamiden auf Basis von Adipin-
séure, Fettsduredimeren, die durch Fraktionierung von polymerisierten Fettsduren herstellbar sind und

mehr als 95 Gew.-% Dimere enthaiten, und Hexamethylendiamin, dadurch gekennzeichnet, da@ man’

—in heterogenem Milieu Pripolymere aus einer Mischung von Adipinsdure, dimerer Saure, die
von Fettsduren, hergestelit durch Polymerisation von Mischungen von C,g-Sduren, abgeleitet ist, und
Hexamethylendiamin oder ihren entsprechenden Salzen, wobei daz molare Verhiitnis an Adipinsdure

- zu dem Gesamtgehait an Sduren 0,5 bis 0,399 betrdgt, herstellt,

— dann diese Prapolymeren unter soichen Bedingungen homogenisiert, daR der Gleichgewichts-
zustand der Amidifikationsreaktionen nicht verdndert wird,

— schliellich die so erhaltenen homogenen Pripolymeren in Polykondensate mit hohem Mole-
kulargewicht umwandelt, die einen Punkt aufweisen, den man erhalt, wenn.man auf der Abszisse den
molaren Anteil an Adipinsdure und auf der Ordinate die Schmelztemperatur des erhaltenen Copoly-

" amids, bestimmt durch Differentialmikrocalorimetrie mit einer Temperaturvariation von 10°C pro

Minute, auftrdgt, innerhalb der auf der beiliegenden Zeichnung dargestieiten Fliche ABCD liegt. .
2. Verfahren nach Anspruch 1, gekennzsichnet durch:

{1} — die Herstellung einer Masse, die im wesentlichen aus einer Mischung von Adipinséure,
dimerer Sdure und Hexamethylendiamin oder ihren entsprechenden Salzen besteht, wobei sich die Ge-
halte an Amingruppen und Carbonsduregruppen um nicht mehr als maximal 5%, ausgedrickt in abso-
luten Zahlen, unterscheiden, wozu man die Masse fortschreitend und gleichmaBig durch Echitzen auf

270°C bei sinem Wasserdampfdruck von 13 bis 25 bar bringt, welches der dem Baginn der folgenden

Phase entsprechende chemische Gleichgewichtszustand ist;
von 270°C bis 290°C unter einem Wasserdruck von 13 bis 25 bar, wihrend welcher der Gleich-
gewichtszustand der Amidifikationsreaktionen nicht verindert wird, gefolgt von einer Polykonden-
sation nach bekannten Verfahren,

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB sich die Gehalte an Amingruppen
und Carbonsduregruppen um nicht mehr ais hdchstens 1% unterscheiden.

4. Verfahren nach Anspruch 2, dadurch gekennze:chnet dal die Ausgangsmasse aine Emulsion
des Sailzes von dimerer Siure und Hexamethylendiamin in der wéisserigen Lésung des Salzes von
Adipinsdure und Hexamethylendlamm ist, deren Stdchiometrie durch Messung des pH-Werts einge-
steilt wird.

5. Verfahren nach Anspruch 1, gekennzelchnet durch:

(1) — die Herstellung einer Masse, die im wesentlichen aus einer Mischung von Adipinsdure,

dimerer Sdure und Hexamethylendiamin und/oder ihren entsprechenden Salzen besteht, wobei sich die

Gehalte an Amingruppen und Carbons3uregruppen um mehr als 5% unterscheiden, wozu man die
Masse fortschreitend und gleichmiBig auf eine Temperatur, entsprechend dem Beginn der folgenden
Phase, bringt; _
(2) — eine Homogenisationsphase mit einer Dauer von 10 Minuten bis 2 Stunden bei einer Tem-
peratur zwischen 285°C und 290°C, gefolgt von der fortschreitenden Zugabe des fehlenden Reagens

bei Temperaturen zwischen 260°C und 290°C bis zur Herstellung des Copolykondensats mit der -

gewdnschten Viskositat.

6. Verfahren nach Anspruch 5.. dadurch gekennzeichnet, daR der Uberschul an einem der
aminierten oder sauren Reagentien 5 bis 20 ‘Mol% betrigt.

7. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB das fehlende Reagens
Hexamethylendiamin ist.

8. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dal die Homogemsnemngsphase bei
einer Temperatur zwischen 270 und 285°C ausgefiihrt wird.

9. Verfahren zur Herstellung von flexiblen und homogenen Copolyamiden auf Basis von Adipin-

sdure, Fettsduredimeren, die durch Fraktionierung von polymerisierten Fettsiuren herstelibar sind und -

mehr als 95 Gew.-% Dimere enthalten, und Hexamethylendiamin, dadurch gekennzeichnet, da@ man
bei einer Temperatur zwischen 150 und 300°C in homogenem Milieu direkt Copolymere aus einer Mis-
chung von Adipinsdure, dimerer Siure, die von Fettsduren, hergestslit durch Polymerisation von Mis-
chungen von C,,-Sduren, abigeleitet ist, und Hexamethylendiamin, wobei das molare Verhiltnis an Adi-
pinsdure zum Gesamtgehait an Sduren zwischen 0,5 und 0,99 liegt und das Milieu durch Verwendung
eines Drittldsungsmitteis fiir die Mischung der drei Ausgangsmaterialien oder. ihrer entsprechenden
Saize und/oder der Ohgomeren von Adipinsdure und Hexamethylendiamin und dimerer Siure und
Hexamethylendiamin mit einer molekularen Masse kleiner 5000 homogen gemacht wird, weiches
Losungsmittel inert gegeniber den Reagenzien und den Amidifikationsreaktionen ist, und wobei die so
erhaltenen Copolymeren eine Punkt aufweisen, den man erhiit, wenn man auf der Abszisse den
molaren Anteil an Adipinsdure und auf der Qrdinate die Schmelztemperatur, bestimmt wie im An-
spruch 1 angegeben, auftrigt, innerhalb der auf der beiliegenden Zeichnung dargestellten Flache ABCD
liegt.

10. Verfahren nach Anspruch 9, dadurch gekennze:chnet daG das Losungsmmel ginen Siede-

punkt zwischen 170°C und 250°C hat.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, da& das Ldsungsmitte! N-Methyi-

pyrrolidon ist.

12. Verfahren nach Anspruch 9, dadurch _gekennzeichnet, da die Polykondensationstemperatur ‘

zwischen 190°C und 280°C liegt.

(2} — eine Homogenisationsphase mit einer Dauer von 0,5 bis § Stunden bei einer Temperatur-
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Claims for the Contracting States: BE CH DE GB IT LI LU NL SE (as printed)

1. Flexible, hompgeneous copolyamides based on adipic acid and on dimers of fatty acids
obtained by fractionating polymerised fatty acids and containing more than 95% by weight of dimers
and of hexamethylenediamine, characterised in that, on the one hand, the dimers originate from fatty
acids obtained by polymerising mixtures of C,; acids and, on the other hand, the molar ratio of adipic

acid to the total acids is between 0.5 and 0.99 and finally the point obtaired by plotting the molar -

fraction of adipic acid as abscissa and the melting point of the copolyamide as ordinate, this temper-
ature bemg determined by.differential microcalorimetry with a temperature change of 10°C per minute,
is located in the region ABCD plotted on the attached graph.

2. Copolyamides according to Claim 1, characterised in that the fatty acid dimer contains a
_monomer fraction which is less than 0.5%, the remainder having a functionality greater than 2.

3. A process for obtaining copolyamides according to Claim 1, characterised by preparing, in a.

heterogeneous medium, prepolymers from a mixture of adipic acid, dimer acid and hexamethylene-
diamine or there corresponding saits, there prepolymers being then homogenised under ‘conditions
such that the state of equilibrium of the amide-forming reactions is unaitered, the homogeneous pre-
polymers being finally converted into polycondensates of high molecular weight.

4. A process according to Claim 3, characterised:

1 — by the use of a composition consisting substantially of a mixture of adlpnc acid, dimer acid

and h_examethylene diamine or of their corresponding salts, such that the contents of amino groups and.

of carboxyl groups do not differ by more than a maximum of 5% in absolute value, the use consisting in
bnngmg the composition by heatmg gradually and steadily up to 270°C under a steam pressure of
betwéen 13 and 25 bars, which is the'state of chemical equilibrium corresponding to the start of the
following stage;

- 2 — by a homogenisation stage with a duration of between 0.5 and 5 hours, at a temperature
between 270°C and 290°C under a steam pressure between 13 and 25 bars, during which the state of
equilibrium of the amide-forming reactions is unaltered, followed by a polycondensation according to
the known processes.

5. A process according to Claim 4, characterised in that the contents of amino groups and of

carboxyl groups do not differ by more than 1%,

6. A process according to Claim 4, characterised in that the starting composition is an emuision of
the sait of the dimer acid with hexamethylenediamine in the aqueous solution of the salt of adipic acid
with hexamethylenediamine and whose stoichiometry is adjusted by pH measurement

7. A process according to Claim 3, characterised:

1 — by using a: composition consisting substantially of a mixture of adipic acnd .dimer acid and
hexamethylenediamine and/or their corresponding salts, such that.the contents of amino groups and
carboxyl groups differ by more than 5%, the use consisting in bringing the composition gradually and
steadily to a temperature which corresponds to the start of the following stage;

2 — by a homogenisation stage with a duration of between 10 minutes and 2 hours at a
temperature between 265°C and 290°C followed by the gradual addition of the deficient reactant at
temperatures between 260° and 290°C until the copolycondensate having the desired viscosity is
obtained. .

8. A process according to Claim 7, ‘characterised in that the excess of one of the amine or acid
reactants is between 5 and 20 moi%.

9. A process according to Ciaim 7, characterised in that the deficient reactant is hexamethylene-

diamine.

10. A process according to Claim 7, characterised in that the homogenisation stage is carried out
at a temperature between 270 and 285°C.

11. A process for obtaining copolyamides accordmg to . Claim 1. characterised by direct
preparation, at a temperature between 150 and 300°C, in a homogeneous medium, of copolymers
from a mixture- of adipic acid, dimer acid and hexamethylenediamine,. the medium being made homo-
geneous by using a third solvent for the mixture of the three starting materials or the corresponding
salts and/or the oligomers of adipic acid with hexamethylenediamine and of dimer acid with
hexamethylenediamine, of molecular weight below 5,000, this solvent being unreactive in respect of
. the reactants and the- amide-forming reactions.

12. A process according to Claim 11, characterised in that the solvent has a boiling point between .

170° and 250°C. - ..
13. A process according to Claim 12, characterised in that the solvent is N-methylpyrrolidone.
14. A process according to Claim 11, characterised in that the temperature of copoly-
condensation is between 190° and 280°C.

.
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1. A process for obtammg flexible, homogeneous c0polyam|des based on adlpuc acld fatty acid
dimers obtained by fractionating polymerised fatty acids containing more than 95% by weight of
dimers and hexamethylenediamine, characterised by:

— preparing, in a heterogeneous medium, prepolymers from a mixture of adipic acid, the dimer
acid originating from fatty acids obtained by polymensmg mixtures of C,,; acids and hexamethylene-
diamine or their corresponding saits, the malar ratio of adipic acid to the total acids being between 0.5
and 0.99,

* — then homogenising these prepolymers under such conditions that the state of equilibrium of
the amide-forming reactions is unaitered, :

Claims for the CQntracting State: AT (as printed)

) — and finally convertmg the homogeneous prepolymers thus obtained into polycondensates of
high molecular weight in respect of which the point obtained by plotting the molar fraction of adipic

acid as abscissa and thé melting point of the copolyamide obtained as ordinate, this temperature being
determined by differential microcalorimetry with a temperature change of 10°C per minute, is located
in the region ABCD plotted on the attached graph.

2.A process accordmg to Claim 1, characterised:

(1) by using a composition consisting substantially of a mixture of adipic ac:d dimer acid and
hexamethylenediamine or their corresponding salts, such that the contents of amino groups and
carboxyi groups do not differ by more than a maximum of 5% in absoiute vaiue, the use consisting in
bringing the composition by heating gradually and steadily to 270°C under a steam pressure between
13 and 25 bars, which is the state of chemical equilibrium corresponding to the start of the following
stage;

{2) by a homogenisation stage with a duration of between 0.5 and 5 hours, at a temperature

between 270°C and 290°C under a steam pressure between 13 and 25 bars during which the state of

equilibrium of the amide-forming reactions is unaltered, followed by a polycondensatron according to

" the known processes. .
3. A process according to Claim 2, charactensed in that the contents of amino groups and of

carboxyl groups do not differ by more than 1%.

4. A process according to Claim 2, characterised in that the starting composition is an emulsion of
the salt of the dimer acid with hexamethylenediaminea in the aqueous solution of the salt of adipic acid
with hexamethylenediamine and whose stoichiometry .is adjusted by pH measurement.

5. A process according to Claim 1, characterised:

{1) by using a composition consisting substantially of a mixture of adtplc acid, dnmer acid and

hexamethylene diamine and/or their corresponding salts, such that the contents of amina groups and

carboxyl groups differ by more than 5%, the use consisting in bringing the composition gradually and
steadily to a temperature which corresponds to the start of the following stage;

{2) by a homogsenisation stage with a duration of between 10 minutes and 2 hours at a tem-
perature between 265°C and 290°C followed by the gradual addition of the deficient reactant at tem-

peratures between 260° and 280°C until the copolycondensate having the desired viscosity is

obtained.
6. A process according to Claim 5, characterised in that the excess of one of the amine or acid

_reactants is between 5 and 20 mol%.

7. A process according to Claim 5, characterised in that the deficient reactant is hexamethylene-

. diamine. )
8. A process according to Claim 5, characterised in that the homogemsatlon stage is carried out at

a temperature between 270 and 285°C.

9. A process for obtaining flexible, homogeneous qopolyamndes based on adizic acid, dimers of
fatty acids obtained by fractionating polymerised fatty acids containing more than 95% by weight of
dimers and hexamethylenediamine, charactarised by preparing directly, at a temperature between 150
and 300°C, in a homogeneous medium, copolymers from a mixture of adipic acid, dimer acid
originating from fatty acids obtained by polymerising mixtures of C,, acids with hexamethylene-
diamine, the moiar ratio of adipic acid to the total acids being between 0.5 and 0.99, the medium being
made homogeneous by using a third solvent for the mixture of the three starting materiais or the
corresponding salts and/or oligomers of adipic acid with hexamethylenediamine and the dimer acid
with hexamethylenediamine with a molecular weight of less than 5,000, the said solvent being
unreactive in respect of the reactants and the amide-forming reactions, the copolymer thus obtained
having a point, obtained by plomng the molar fraction of adlpnc acid as abscissa and the melting
point, determined as indicated in Claim 1, as ordinate, which is located in the region ABCD plotted on

the. attached graph.
10. A process according to Claim 9, characterised in that the solvent has a boiling point between

170°C and 250°C.
11. A process according to Claim 10, characterised in that the solvent is N-methylpyrrolidone.

12. A process according to Claim 9, characterised in that the temperature of copolycondensation _

is between 190°C and 280°C.



