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Obtaining caprolactam by depolymerization of molten:polycaprolac-
tam

The present invention relates to processes for obtaining capro-
lactam from mixtures which contain polymers or thermoplastic
molding materials having the repeating unit

-[-N{(H)~-(CH2)5=-C(0) -]}~

(a) by depolymerization at elevated temperatures in the presence
of a base under reduced pressure or (b) in the presence of water.

The present invention furthermore relates to the use of the novel
process for recycling polycaprolactam—-containing wastes.

J. 2ppl. P. Sci. 22 (1978), 361-368 describes the
depolymerization of polycaprolactam (PA 6) in the presence of
bases under reduced pressure. However, the yield of 90.5 % is
insufficient for large-scale industrial and economical use.

Furthermore, for example, JP 50131979 and JP 551002 disclose pro-
cesses for depolymerizing PA 6 which operate under reduced pres-
sure in the presence of acids. However, in these cases too, the
vields of 89 and 69 %, respectively, are too unsatisfactory for
economical use. Moreover, only the depolymerization of pure poly-
caprolactam is described.

It is an object of the present invention to provide a process for
obtaining caprolactam from polymers and thermoplastic molding ma-
terials which gives high yields of caprolactam. It is also in-
tended to provide a process which makes it possible to utilize
polycaprolactam-containing wastes which contain inorganic fillers
to give caprolactam, without having to accept reduced yields.

We have found that this object is achieved by a process for ob-
taining caprolactam from mixtures which contain polymers or ther-
moplastic molding materials having the repeating unit

~[-N(H) - (CH) 5-C (O} =] -
{a) by depolymerization at elevated temperatures in the presence

of a base under reduced pressure or (b) in the presence of water,
by using a mixture essentially comprising
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from 50 to 99.9 % by weight of a polymer or of a thermoplas-
tlc moldzng mater1a1 having the repeatlng
unlt

-[-N(H)—(Cﬁz)s—C(O)-]-
from 0.1 to 50 & by weight of additives selected from the

‘'group consisting of inorganic fillers, or-
ganic and inorganic pigments and dyes,

from 0 to 10 % by weight of organic and/or inorganic agé-

ditives,

from 0 to 40 % by WEIth of non-polyam;de—contalnlng
' polymers and

from 0 to 20 % by weight of polyamides, with the excep-
tion of polycaprolactam and copolyamldes
~ prepared from caprolactam,

and carrying out the depolymerization in the presence of a base
under reduced pressure, the water content of the mixture used be-
ing not more than 0.01 & hy welght, or carrylng out the depoly-
merization in the presence of water without the addition of acid
or base at from 270 to 350°C and a weight ratio of water to poly-
mer or thermoplastic molding material of from 1:1 to 20:1 and in

a reaction time of less than 3 hours.

We have also found the use of the novel process for recycllng
polycaprolactamrconta1n1ng wastes.

Accordlng to the 1nventlon, the starting materlals used are mix-
tures cons1st1ng essentlally of

from 50 to 99.9, preferably from 60 to 99.9, $ by weiéht of
a polymer or of a thermoplastlc moldlng
material hav;ng the repeat1ng unit
-[-N(H)-(CH3)5-C(0)-]-
from 0.1 to 50, preferably from 0.1 to 40, & by weight of

addltlves selected from the group consist-
ing of 1norgan1c fillers, organlc and in-
organlc pigments and dyes,
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3
from 0 to 10, preferably from 0 to 5, % by weight of or-
ganic and/or inorganic additives,

from 0 to 40, preferably from 0 to 20, % by weight of
: : non-polyamide-containing polymers and

from 0 to 20, preferably from 0 to 15, % by weight of
polyamides, with the exception of polyca-
prolactam and copolyamides prepared from
caprolactam.

A preferably used polymer is polycaprolactam having a relative
viscosity of, preferably, from 1.5 to 5.0, particularly prefer-
ably from 2.0 to 4.0 (measured at a concentration of 1 g of poly-
mer per 100 ml in 96 & strength by weight sulfuric acid at 25°C).
It is of course also possible to use polycaprolactam which con-
tains oligomers in an amount of from 0.01 to 10, preferably from .
0.05 to 0.5, % by weight, based on the total amount.

It is also possible to use copolyamides obtained from caprolactam
and other polyamide-forming monomers, for examples salts formed
from a dicarboxylic acid, such as adipic acid, sebacic acid and
terephthalic acid, and a diamine, such as hexamethylenediamine
and tetramethylenediamine, preferably AH salt (obtained from
adipic acid and hexamethylenediamine), and lactams, such as
laurolactam. : '

Observations to date have shown that all known polycaprolactams
can be converted into caprolactam by the novel process, for exam-
ple also a polycaprolactam which was prepared in the presence of
mono- or dicarboxylic acids or amines, which act as chain regula-
tors, for example acetic acid, propionic acid, benzoic acid, hex-
amethylenediamine, :

Cs-Cio-alkanedicarboxylic acids, such as adipic acid, pimelic
acid, suberic acid, azelaic.acid, sebacic acid, undecanedioic
acid, dodecanedioic acid and mixtures thereof,

Cs—ca-cyc1oa1kanedicarboxylic acids, such as cyclopentane-
1,3-dicarboxylic acid, cyclohexane-1,4-dicarboxylic acid and
mixtures thereof,

benzene- and naphthalenedicarboxylic acids which may carry up to
two sulfo groups, including the corresponding alkali metal salts,
and whose carboxyl groups are not adjacent, such as terephthalic
acid, isophthalic acid and naphthalene-2,6-dicarboxylic acid,
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5—su1fOisophthalic acid and its sodium and 1ith1um salts, and
mixtures thereof, and

1,4—piperazinedi-c1—Cs-alkanedicarboxylic acids, such as
1,4-piperazinediacetic acid, 1, 4ﬁpiperazinedipropionic aciq,
1,4—piperazinedibutyric acid, 1 4-pipera21ned1pentanoic acid and
1,4~-piperazinedihexanoic ac1d.

'Cor:esponding copolyamides are known to a person skilled in the

art and can be prepared by proceSses_which are described, for ex-
ample, in WO 93/25736, DE-A 14 95 198 and DE-A 25 58 480.

Observations to date have shown that all fillers, such as glass
fibers, calcium carbonate and taic,_which are usually used in the
compounding of polyamides may be employed as inorganic fillers.
Observations to date have shown that suitable inorganic and or-
ganic pigments and dyes are all pigments and dyes, such as tita-
nium dioxide, iron oxides and carbon blacks,.which are usually
used for coloring polyamides, and the conventional spinning dyes,
such as chromium complexes Or,copper complexes.

COnventional stabilizers and antioxidants, heat stabllizers and
UV stabilizers, antistatic agents and flameproofing agents may be
used as organic and inorganic additives.

Antioxidants and heat stabilizers are, for example, sterically.
hindered phenols, hydroquinones, phosphites and derivatives and
substituted members of this group and mixtures of these com-
pounds, as well as copper compounds, such as copper(I) iodide and
copper (II) acetate.

Examples of uv stabilizers are substituted resorCinols, salicy-
lates, benzotriazoles, benzophenones and compounds of the HALS
(hindered amine light stabilizer) type, and manganese(II) com-
pounds are also suitable for this purpose.

'The conventional substances, for example poly (alkylene oxides)

and derivatives thereof, may be used as antistatic agents.

The conventiocnal chlorine- and nitrogen-containing compounds,
such as melamine cyanurate and aluminum hydroxide as well as
1,2,3,4,7,8,9,10,13,13,14, 14-dodecachloro-1,4,42,5,6,6a, 7, -
10,10a,11,12,12a-dodecahydro-1,4:7,10-dimethanodibenzo(a,elcyclo-
octene (Diels-Alder product of hexachlorocYclopentadiene and
1,5-cyclooctadiene and commercially available under the name
Dechlorane®), may be used as flameproofing agents.
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The conventional thermoplastic engineering polymers, such as

polymers based’ on ethylene, propylene and styrene, and copolymers
thereof with butadiene may be used as non-polyamide-containing
polymers.

Suitable polyamides with the exception of polycaprolactam and co-
polyamides prepared from caprolactam are, for example, polyamide
66, polyamide 610 and polyamide 46.

Preferred starting materials are polycaprolactam which contains
inorganic fillers, in particular glass fibers, and is to be dis-
posed of or wastes which are obtained in the production of poly-
caprolactam'and the processing thereof to give filaments, films
or injection molded or extruded parts, and shaped utility ar-
ticles, such as films, packaging, fabric, carpet fibers, carpet-
ing, filaments and extruded parts, which are to be disposed of.

According to the invention, the depolymerization in variant (a)
is carried out in the presence of a base at from 0.01 to 10, pre-
ferably from 0.1 to 2.5, kPa, the water content of the mixture
used being not more than 0.01 $ by weight.

The temperature in the melt is chosen as a rule in the range from
240 to 350°C, preferably 250 to 310°C.

According to the invention, the base used is a compound selected
from the group consisting of alkali metal oxide, alkali metal hy-
droxide, alkali metal carbonate, alkali metal alcoholate, alka-
line earth metal oxide, alkaline earth metal hydroxide and alka-
line earth metal carbonate, such as sodium oxide, potassium ox-
ide, magnesium oxide, calcium oxide, sodium hydroxide, potassium
hydroxide, calcium hydroxide, sodium carbonate, potassium carbon-
ate, sodium methylate, calcium carbonate or magnesium carbonate,
preferably sodium hydroxide, potassium hydroxide or a mixture of
sodium hydroxide and potassium hydroxide.

The amount of base depengs essentially on the basicity of the
base to be used and is from 0.1 to 100, preferably from 0.5 to
30, g per kg of polycaprolactam or polycaprolactam-donating poly-
mer used, for example when sodium hydroxide and potassium hydrox-
ide are employed.

In the procedure in an autoclave, the reaction time is usually
from 0.25 to 6, preferably from 0.5 to 3, hours.
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6
In variant (b}, the mixture used is heated with up to a 20-fold
excess of water to 270-350° C, preferably 280-330°C at from 80 to
150, preferably from 100 to 120 kPa, the WEIth ratio of water to
polymer in the mixture used being chosen in the range from 1:1 to
20:1, preferably from 7:1 to 10:1, and no acid or base ‘being add-
ed.

The reaction time is usually from 0.25 to 5, preferably from 0.75
to 1 5 hours. .

in the usual manner, for example by filtering off or decanting
the insoluble components, such as glass fibers, pigments, etc.,
and obtaining caprolactam frcm the filtrate, preferably by dls-
tillation.

The caprolactam obtained according to the’in&ention'is preferably
fed to a purification stage for caprolactam which is used in the
préparation of caprolactam. Further possibilities for, if de-

sired, purifying the caprolactam obtained according to the inven-

tion are disclosed, for exanmple, in EP-A 568,882 and 570,843. The
purified caprolactam is then available in general for further

use, in particular for the preparation of PA 6._

The novel process can be used for reCyCling pOIYCaprolactam-con-
taining wastes, such as used carpets, carpet offcuts, plastics

parts, fibers, aqueous extracts and oligomers.

The advantages of the novel process over prior art processes are

‘the depolymerization yields of up to 93 $, short residence times

and smaller amounts of wastes requiring treatment and disposal.
'Examples
Example 1

In a 1 1 autoclave, 250 g of polyamide 6 (Ultramid® BS 400
(BASF), relative viscosity = 2.4 (measured at a concentration of
1 g of polymer per 100 ml in 96 & strength by weight ‘sulfuric
acid -at 25°C), having a residual moisture content of 0. 01 % by
weight) and 5.0 g of sodium hydroxide were heated to 280°C at

20 kPa. After a reaction time of 2 hours, 231.9 g of caprolactam
were obtained from the reaction mixture by distillation. Yield:
93 %.
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Examples 2 to 9

Various PA 6-containing polymers were subjected to the alkaline
depolymerization similarly to Example 1. The mixtures used and
the yields are shown in Table 1.



Table 1: Alkaline depolymerization

Example Substance used Caprolactam |Yield
(g} [¢]
1 Polycaprolactam containing 36 % by weight of glass fibers 144.3 90
(Ultramid® B3G7 (BASF), relative viscosity = 2.7)
2 Polycaprolactam containing Dechlorane® as fireproofing agent 137.6 79
and containing 30 % by weight of talc (Ultramid® B3 UM6 (BASF),
relative viscosity = 2.7)
3 Polycaprolactam containing 30.2 % by weight of glass fibers 158.8 91
- (Ultramid® RC 6000 (BASF), relative viscosity = 2.7) : : _
4 Polycaprolactam concentrate obtained from carpeting (containlng 171.6 92
{75 % by weight of polycaprolactam)l)
5 Copolyamide 6/66 (prepared from 85 & by we1ght of caprolactam 195.4 92
and 15 % by weight of AH salt. Ultramid® c 35, relative
viscosity = 3.25)
6 Blend ‘of PA 6 and PA 66 (in weight ratio of 80:20; 182.2 91
! relative viscosity = 2.7 in each case) : ’
7 Polycaprolactam (propionic acid-regulated; Ultramldm BS 400 ' 231.9 93
(BASF), relative viscdsity = 2.4) , . :
8 Polycaprolactam (proplonlc ac1d-regu1ated UltramlaB BS 700 232.6 93
, (BASF), relative v1scosity 2.7) o .
{Comparison) Polycaprolactam (Ultramld BS 3300 (BASF), relative viscdsity 232.8 93
9 3.3)

1) The carpetings were f;eed from polyamide-free components unt11 the amount of polycaprolactam was
75 % by welght based on the m1xture

P1981/96 OM
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Example 10 - i

In a 1 1 autoclave, 40 g of polyamide 6 (Ultramid® BS 400, rela-
tive viscosity = 2.4) were heated to 310°C with 400 g of water for
1.5 hours. Caprolactam and aminocaproic acid were then removed
from the reaction mixture by distillation. The yield of capro-
lactam was 74 %, that of aminocaproic acid was 8 % and that of
oligomers was 2 %.

Examples 11 to 18

Various PA 6-containing polymers were subjected to the hydrolytic
depolymerization similarly to Example 10. The m:.xtures used and
the yields are shown in Table 2.



Table 2: Hydrolytic depolymerization

'Example Substance used - Caprolactam {Yield
[g] (%]
10 Polycaprolactam containing 36 % by weight of glass fibers 18.9 74
(Ultramid® B3G@7 (BASF), relative viscosity = 2.7)
11 Polycaprolactam containing Dechloranéuﬁas f1reproof1ng agent 18.7 67
and containing 30 % by weight of talc (Ultramid® B3 UM6 (BASF),
relative viscosity = 2.7)
12 Polycaprolactam containing 30.2 § by weight of glass f1bers 21.0 75
(Ultramid® RC 6000 (BASF), relative viscosity = 2.7) _
13 Polycaprolactam concentrate obtained from carpeting (containing §21.7 72
75 $ by weight of polycaprolactam)l) '
14 Copolyamide 6/66 (prepared from 85 § by weight of caprolactam 25.6 75
and 15 % by weight of AH salt, Ultramid® C 35, relative-
{viscosity = 3.25) '
15 Blend of PA 6 and PA 66 (in weight ratio of 80:20; 22.9 72
relative viscosity = 2.7 in each case) '
16 Polycaprolactam (propionic acid-regulated; Ultram:.aU BS 400 30.2 75.5
(BASF), relative viscosity = 2.4)
17 Polycaprolactam (propionic acid-regulated; UltramldarBS 700 29.7 74
(BASF), relative viscosity = 2.7) : :
(Comparison) Polycaprolactam (UltramldaiBs 3300 (BASF). relative v1scosity 29.9 75
18 3.3)

1) The carpetings were freed from polyamide-free components until the amount of polycaprolactam was
75 % by weight, based on the mixture.

0T
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11
Example 19 (depolymerization with phosphoric acid)

In a 1 1 autoclave, 250 g of polyamide 6 (Ultramid® BS 700, rela-
tive viscosity = 2.7) were heated to 265°C with 12.5 g of 85 &
strength by weight phosphoric- acid. Steam heated to 360°C was then
passed through the resulting melt. A 25 % strength by weight ca-
prolactam solution was obtained, the caprolactam yield being
222.6 g (89 %). '
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i. A prodess for obtaining caprolactam frch\mdxtures which con-
5 tain polymers or thermoplastic molding materials having the

repeating unit
-[HN‘H,-(CH2)5°C(°)-]“
10 (a) by depolymerization at elevated temperatures in the pres-

ence of a base under reduced pressure or (b) in the presence
of water, which comprises using a mixture essentially com-

prising
15 from 50 to 99.9 $ = by weight of a polymer or of a thermo-
plastic molding material having the re-
peating unit '
-[-N(H)~(CH3)5~-C (0O} -]~

20 -

from 0.1 to 50 & by weight of additives selected from the
group consisting of inorganic fillers,
organic and inorganic pigments and dyes,

25 from 0 to 10 & by weight of organic or inorganic addi-

tives,
from 0 to 40 & by weight of non-polyamide-containing
polymers and

30 _
from 0 to 20 & by weight of polyamides, with the excep-

tion of polycaprolactam and copolyamides
prepared from caprolactam,

35 and carrying out the depolymerization in the presence of a
base under reduced pressure, the water content of the mixture
used being not more than 0.01 % by weight, or carrying out.
the depolymerization in the presence of water without the
addition of acid or base at from 270 to 350°C and a weight

40 ratio of water to polymer or thermoplastic molding material
of from 1:1 to 20:1 and in a reaction time of less than 3
hours. ) ' :

_2. A process as claimed in claim 1, wherein the base used is a
45 compound selected from the group consisting of alkali metal
oxide, alkali metal hydroxide, alkali metal carbonate, alkali
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PR 13
metal alcoholate, alkaline earth metal oxide, alkaline earth
metal hydrox;de and alkaline earth metal carbonate.

PCT/EP95/04743

Use of a process as claimed in claim 1 for recycllng
polycaprolactam—contalnlng wastes.
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