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bt ai ni ng caprol actam by depol yneri zati on of nolten -pol ycaprol ac- tam

5: The present mﬂ‘aﬁw gn relates to processes for obtaining caprecT/EPesEEURM
from m xtures contain polyners or thernopl astic nol di ng materials

having the repeating unit . -[-N(H)-(CH2)5-C(O-]- 10
(a) by depolynerization at el evated tenperatures in the presence of a
base under reduced pressure or é %mln t he resence of wate
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for recycling p&Rcaprol actam cont ai ni ng wastes. Appl. P. Sci. 22
(1978), 361-368 describes the depol yneri zati on of polycaprolactanl(PA 6)
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presence of acids. Fbwever in these cases too, the
_ -[-N(H) - (CHz)5=C(0) =]~

10 .
(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
15 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
20 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
25 yields 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
30 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.

35
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

40 " —[-N(H)- (CHp)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,
by using a mixture essentially comprising
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25'yi el ds of 89 and 69 % respectively, are too unsat}sfactorylfor .
economical use. Moreover, only the depol ynerization o e _po
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caprol%%?%ﬂﬂ‘?% descri bed. 1t is an object of the pr
provide a process for 30 obtaining caprolactam from polyners and
t her mopl asti ¢ nmol di ng na- teriaRs which gives high yields of

capr ol &m0l toi 89l Jo in- by weidbt of pwiyteraoprof esthefrmoblagkes i t”
possible to utilize pol y ¢ apireo med Bangy anet e 21N Bawikd Gthd\VitiepBa€ ORg ai N
inorganic fillers ‘to give @y ol actam without having to accept reduced
yields. 35 We have found that this object |hs ac{n eved Iby a procetsrs]eﬁor
ob- tai ni ng caprol acta t,u ﬁlggc contain po yrrers or -
nopl asst i ¢ nol gl ng - rrat eri aIrP kﬁﬁéln n%ﬁ’c) 8?8 ting unit 40

-[-N(H) - (CH2) 5- C( g (a). by depol yneri zation. at el evat ed t enper at ures
in the fFoms@nteto b a base %wﬁghéd@@aﬂ%teysareelect(dd) frnmthhepresence

of water, by using a m xtigmupseensisting ofnpnosgargict Tillers, oMO
96/ 18614 ganic and inorganic pigmécl 5'?1%%12&3 43
2 36rom50 to 99.9 % by wei ght of. a polyner or of a thernoplas:
from 0 to 10 % by weight of organic and/or morgan_:.c agé-
from 0 to 40 % by weight of non-polyam1de—conta1n1ng
15 ' polymers and
from 0 to 20 $ by weight of polyamides, with the excep-

tion of polycaprolactam and copolyamides

- prepared from caprolac_tam,
20 : .
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 & by we:.ght, or carrylng out the depoly-
merization in the presence of water without the addition of acid
25 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 recyclmg
30 polycaprolactam—contauu.ng wast:es.

Accord:.ng to the :anentlon, the starting materlals used are mix-
tures cons1st1ng essent:l.ally of

35 from 50 to 99.9, preferably from 60 to 99.9, % by weiéht of
a polymer or of a thermoplastlc mold:.ng
material hav:.ng the repeat:.ng unit

-[-N(H)- (CH2)5-C(0)=]-
40 . _
from 0.1 to 50, preferably from 0.1 to 40, % by weight of
' additives selected from the group consist-
ing of 1norgan1c fillers, orgam.c and in-

_ organic pigments and dyes,
45



tic molding material having the repeating uni t

5 . -N(H) - (CH2)5-C(0)-)- - fromO0.1 to 50 % by
wei ght of addi{jo/ignsen ected fromthe PCI/EPH5/04743
consisting of inorganic fillers, or- gani ¢ and

i norgani ¢ pi gnents and dyes 10 fromO t® 10 % by wei ght of

organi ¢ and/ or | nor tigy r -
to 40 % \?\inctﬁtl%df non- pol ygreggr%%‘#%} from 0 i%dé /8% weight 'FNo?
pol yners and from 0 to 20 % "89 S%?ﬁ%rﬁqgé?wﬁnsth t he

excep- tion of pol ycaprol actam and copol yam des
prepared from cépoml @atam0,20 and paefgrablofiromhe tepyfebyzweidht af

the presence a&f a base under r-educadnppéiganitie-icoatadming polyeetrsdnd he
&nxtrre used be- |ng not nmore than 0.01 % by weight, or carrying out the
epol y- mer i atlo e presence oyt a d
25 or base at f 6%“2 (?tOQSO C and apre lé?%ﬁ:lr:%}[’!iztgﬂ ta?ﬁ? ﬁdw Q@igﬁt%

or thernoplastic nolding nmaterial of qeﬁo ?:ltﬁ’aaeaﬁ.pp a&?émm

time of |ess than 3 hours. Ve hav@rQI'-'-é'é’f-‘!“!’aLFHH1 CRROL¥amifdes IPé'eRBF%
process for rcycling 30 pol ycaprol actcaprodaceami ng wast es. According to

the invention, the starting materials used are m x-

' 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-

15 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.

20 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

.25 adipic acid and hexamethylenedlamme) , 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-
30 ple algo 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,

35 C4-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-
40 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,
45 and whose carboxyl groups are not adjacent, such as terephthalic

acid, isophthalic acid and naphthalene-2,6-dicarboxylic acid,



tures consisting essenti al 'Iy'of 35 from50 to 99.9, preferably from

60 to0_99.9, % by wei ght of ol yner or of a

t her SV 2648614 m%l di ng . materi % Br ;
repeating unit -(-N (H-(CH2)5-C(0) -] from
0.1 to 50, preferably from®@.1 to 40, % by wei ght of o
addi t i vesuldflodsbphitlialin hhddganmunusomsﬁstm and 11th1um salts, and i ng “of
i nor gamhiethireset herégfaang and i n- - organl c

pi gnents and dyes, 45 WO 96/ 18614 ., f 0 ‘o 10 :
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prefera IyF?Pgﬁ?61?%9%7c1Wcﬁjzygﬁﬁfﬁfcﬁfb?ﬁyl1c acids, such a gani ¢

and/ o ¥ ﬁoPQ‘BﬁFezj&l‘&%ﬁjﬁc\%é am4cpeaea®=medlpr°m°nb¢ é%bl y fromO to
% By dvPigRraginedibutyric ac1d .1,4-piperazinsdipenyancile-amid andi ng ;
poI ynerls, dapdperazinedit@xano20, acid. - preferably fromO to 15, % by
wei ght of - polyami des, with the exception of
pO'YCEVCOrrespondlng cqpolyamldes are known to a person skilled in the
10 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 talc, which are'uSually used in the
15 compoundlng of polyamides may be employed as inorganlc 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,.whlch are usually

used for coloring polyamides, and the conventional spinning dyes,

- 20 such as chromium complexes Or,copper complexes.

COnventlonal stabllzzers and antloxldants, heat stablllzers and
UV stabilizers, antistatic agents and flameproofzng agents may be
used as organic and inorganic add1t1ves.
25
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 cqpper(I) iodide and
30 copper (II) acetate.

Examples of uv stablllzers are substltuted resorc1nols, sallcy-

lates, benzotrlazoles, benzophenones and compounds of the HALS

(hindered amine light stabilizer) type, and manganese(II) com-
35 pounds are also suitable for this purpose.

‘The conventlonal substances, for example poly(alkylene oxides)
and derivatives thereof, may be used as antistatic agents.

40 The conventional 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 hexachlorocYclopentadlene and

45 1,5-cyclooctadiene and commercially available under the name
Dechlorane®), may be used as flameprooflng agents.




prol act am and copol yam des prepared from 10
caprol act am A preferably used polyner is polycaprol actam having a

rel ative %,2 y of, preferably, from1.5 to 5.0, particulgrigrosnsisr -
ably from2.0to d(rreasured at a concentration of 1 g of poly- 15 ner
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pol ycapr ol act a®é. polyamise @éﬁvéﬁ@eﬁpﬁmd@aﬂﬁol actam by the novel process,
for exam 30 ple also a pol ycaprol actam which was prepared in the presence
of noNo- 19 pee€afHEX Vdtdrtdaginatérilis'aze pbiydaprolagsan vtith egntains
tors, for exa”ﬁhﬁr&&ﬁié %ﬁci'e‘}s PEARER icAGkdgl 886 Ziers(! shd *'ﬁ(to be dis-
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undecanedi oi c CaPEP; @I‘:t% g&l B;gceascq@gaﬁgeﬁ?ﬁmp i £ilms
C5- C8- cycl oal k@mednieetiny Molded; 5, extrudessPayes otk ghaped utllltY ar-
15 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-

20 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.
. 25 _
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-
30 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
35 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-

40 mer used, for exainple 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.
45



40 1, 3-di carboxylic acid, cyclohexane-1, 4-dicarboxylic acid and m Xt ures

t here enzene- and napht hal enedi carboxylic acids which may carry up
to O{VW&?"PO groups, including the corresponding al kaﬁv‘\?}’ﬁ&sfﬂfy‘@al ts, 45
and whose carboxyl groups are not jacent, such as terephthalic aci d,

i sophthalic acid and napht hal ene-2,%-di carboxylic acid, W 96/ 18614
PCT/ EP9Ep(VAziant (b), the mixture used is heated witth up Sosal 20+£okdt hal ic °

aci d anextess afdwateante |310+350 € al preferathly 280-330%esat herawigo aed
1, 4- pi peseyipretier@Gbl@of romk A0editoal DO XkPd C thel #Eight!Fatd® of water to
b pyppenmne dmasth it shok BL0S MG BE DA bt Khom 317 <o
- | re - 4 U,

1, 4- BFB‘Z‘S% %f%gkué%%i%%ﬁd.l td P(?Ibp'f’r &Sondi %@;éo?folwéﬁi h@%n%rqéi‘knom to
a person skilled in the 10 art and can be prepared by processes which are
descri bed, for ex- ample, in WO 93/25736, DE-A 14 95 198 and DE-A 25 58
480. Thexraactionohime olsl asvahdy ef xdmwn 26had %) Ipfdfdrably Steh (B7syl ass
fibers,ted d,utioaasbonate and talc, which are usually used in the 15
conpgondi ng of pol yam des may be enpl oyed as inorganic fillers.

-After the depolymerization, the reaction mixture can be wbrked up

in the usual manner, for example by filtering off or decanting

the insoluble components, such as glass fibers, pigments, etc.,

and obtaining caprolactam from the filtrate, preferably by dis-

15 tillation. : - : o '

The caprolactam obtained according to the invention is preferably
fed to a purification stage for caprolactam which is used in the
preparation of caprolactam. Further possibilities for, if de-

20 sired, purifying the caprolactam obtained according to the inven-
tion are disclosed, for example, 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.

25 The novel process can be used for reéyCling 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
30 the depolymerization yields of up to 93 &, short:reSidénce times
and smaller amounts of wastes requiring treatment and disposal.

'Examples
35 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

40 acid at 25°C), having a residual moisture content of 0.0l % 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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Observations to date have shown that suitable inorganic and or- ~ganic
pignents and dyes are all pignents and dyes, such as.tita- ni um di oxi de,

|ron_oxides aqgo Qﬁg bl acks, which are usually used for colpervErgs04743
pol yam des, and the conventional spinning dyes, 20 such as chrom um

conpl exes or copper conpl exes." Convent imonal stabilizers and
anti oxi dants, heat stabilizers and WV stabilizers, antistatic agents and
f I amepr oofi ng agents nay be used as organic and inorganic additives. 25

Anti oxi dants anB*¥ekess@abPl Pzers are, for exanple, sterically hindered
phenol s, hydroqui nones, phosphites and derivatives and substituted
menbers of thi sygrisiys aad 6rtshtaming polipmers were spbjiectsed a0 vhel atlkaline
copper conpougdgepsiiaierd®at28RCE{nhi1arAd €6 Bbdhpi@ AQPPRE (hixtuiest A& and
Exanpl es 'of W E%ggé:{élﬁﬁr 3r@' En S %gg {esorcinols, salicy- |'at es,

benzotri azol es, “benZophenones and conpounds of the HALS (hi ndered am ne
light stabilizer) type, and manganese(ll) com 35 pounds are also suitable
for this purpose. The conventional substances, for exanple

pol y(al kyl ene oxi des) and derivatives thereof, may be used as antistatic
agents. 40 1be conventional chlorine- and nitrogen-containi hg conpounds,
such as nel am ne cyanurate and al um num hydr oxi de as wel |l as '
1,2,3,4,7,8,9, 10, 13, 13, 14, 14- dodecachl oro-1, 4, 4a, 5, 6, 6a, 7, -

10, 104, 11, 12, 12a- dodecahydro-1, 4: 7, 10- di net hanodi benzo[ a, e] cycl o- oct ene
(Di el s- Al der product of hexachl orocycl opentadi ene and 45 1, 5-cycl ooct adi ene
and commercially avail abl e under .t he nane Dechl orane[err]), nmay be used
as flameprooftbng agents. - '

20
25
30
35
40
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The tenperature in the nelt is chosen as a rule in the range from 240 to
350[err]C, preferablly 250 to 310[err]C 25 " -According to the invention,

t he base use géi@pound sel ect ed fromthe group consi stiperEossiiaal i
nmetal oxide, alkalt nmetal hy- droxi de, alkali metal carbonate, alkali
nmet al al cohol ate, al ka- line earth netal oxide, .al kaline earth netal
hydr oxi de and al ka- 30 line earth netal carbonate, such as sodi um oxi de,
pot assi um ox- i de, magnesium oxi de, cal ci um oxi de, sodi um hydroxi de,

pot assi um hyE¥as®Pl@e10cal ¢t 'Um hydr oxi de, sodi um carbonate, potassium

car bon- ate, sodium net hyl ate, cal cium.carbonate or nagnesi um carbonate,

pref erabl y sodizsmahyudiozueieclaves,adsi gnoh plyeinddeos ¢Ultremid® 85 860 sarklam
hydr oxi de ands NOhAS 41 4BbEYEY Xi20Q) were Hatd@OUB! 30odIGendEPE Y Of water for
essentially on f@n%aggg'§%p£81 &m an&aé@&o%faeeogé%ﬁ%ra £he8 Qembvied

100, preferabl %%ﬁ - *ﬁﬁfgﬁ@aﬁ#&}gg gcapr | acta
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Various PA 6-containing polymers were subjected to the hydrolytic
depolymerization similarly to Example 10. The mixtures_ used and
15 the yields are shown in Table 2. : :
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In variant (b),

the m xture used is
excess of water to 270-350 C, preferably

heated with up to a 20-fold
280-330[ er r] C gty
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30 the depolymerization yields of up to 93 % short residence tines and
smal | er anounts of wastes requiring treatnent and di sposal. Exanpl es

35 Exanple 1 wo,};,ml 1 autoclave, 250 g of polyam de 6 (Ul tr ®oikres0474BS
400 (BASF), relative viscosity = 2.4 (rreasured at a concentration of

1 g of polyner per 100 ml in’ 96 % strengthqly wei ght sulfuric 40 acid at
25[err] C), having a resi dual noisture content of 0.01 % by wei ght) - and
5.0 g of sodium_h xi de e_heat ed to 28 C at 20 kPa. After a
reaction time of¥ é’“ﬂgﬁrjsg %I’ odype ghe’ osPRYLAS 86494 ned from the
reaction mxture by dlstlllatlon Yleld 93 % 45 WO 96/ 18614

PCT/ EP95/ 04743 In a 1 1 autoclave, 250 g of polyamide 6 (UEtzapid® BSt7003 rela-

Various PA 6- gogigenviscguiltymer 3. Merverdheateadtd @451e #ikRl 1S gdbof 85 %
depol ymeri zat i o $bAkt Ry weld gh¥ 3PhbsphoriacilX st Hette@th 360°C was then
passed through the resulting melt. A 25 % strength by weight ca-
prolactam solution was obtained, the caprolactam y:.eld being
222.6 g (89 %).
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1. A prodess for obtaining caprolactam frcmxmdxtures which con-
5 tain polymers or thermoplastlc moldlng materzals hav;ng the
' repeating unit

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

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 mater1a1 hav;ng 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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metal alcéhqlate, alkaline earth metal oxide, alkaline earth
metal hyd¥oxide and alkaline earth metal carbonate.

Use of a process as claimed in claim 1 for recycllng
polycaprolactam—contalnlng wastes.
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ofi water for 1.5 hours.
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I. Basis of the report

1. This report has been drawn up on the basis of (Replacement sheets which have been furnished to the receiving
Office in response to an invitation under Article 14 are referred to in this report as "originally filed" and are
not annexed to the report since they do not contain amendments.):

[ 1 the international application as originally filed.

[x%] the description, pages 1-11 , @ originally filed,
| pages ; filed with the demand,
pages , filed with the letter of '
pages ; filed with the letter of ,
[x] the claims, Nos. , a8 originally filed,
Nos. , as amended under Article 19,
Nos. , filed with the demand,
Nos, 1~2 _ , filed with the letter of 07.11.96,
Nos. : , Eiled with the letter of .
[ ] the drawings, sheets/fig _ ; as originally filed,
sheets/fig , filed with the demand,
sheets/figq , filed with the letter of '

sheets/fig , filed with the letter of

2. The amendments have resulted in the cancellation of:

[ ] the description, pages .
{ ] the claims, Nos. : . .
[ ] the drawings, sheets/fig .

3. [ ] This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

4. Additional observations, if necessary:
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1. STATEMENT
Novelty (N) : Claigs 1-2 YES
Clains L
Inventive Step (IS) Claims Yﬁs
' Claiss 1-2 NO
Industrial Applicabiiity (IA) Clains 1-2 ' YES

Claims L

2. CITATIONS AND EXPLANATIONS

1. The following documents have been considered for the
purposes of this report:

D1 = EP-A-0 529 470 |
D2 = J. Appl. P. Sci.,22 (1978),361-368
D3 = Database WPI, AN 75-53048w & JP-A-50035183

. D4 = DE-C-851 194
D5 = US-A-5 359 061
D6 = EP-A-0 568 882

2. Novelty
After the deletion from claim 1 of variant a) of the
process, the subject-matter of claim 1 and claim 2 ap-
pears to be novel re D1 to D4 (Article 33 (2) PCT).

3. Inventive step '
The problem underlying the present application appears
to be the provision of a depolymeri’zatioﬁ' process which
allows to obtain high yields of caprolactam by
depolymerization of polycaprolactams.

* Forn PC/IPEA/409 (sheet 2) (Jamuary 1994)
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With regard to variant b), which does not employ a base,
it appears that lower yields of caprolactam may be ob-
tained (see table 2 on page 10; yields vary from 67 to
75.5 %). According to the present application (see page
11, lines 19-20, the yields of caprolactams must be
higher than 90.5% for large-scale industrial and eco-
nomical use.

Therefore, since variant b) does not appear to solve the
problem underlying the present application, the claimed
matter does not appear to involve an inventive step (Ar-
ticle 33 (3) PCT). '
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&ﬁ W claim 1. A process for -obt ai ni ng caprolactan1ﬁﬁémnﬁﬁﬁgdﬁ&ﬁﬁ
ich

lich co ol yners or thernoplastic nDIdlng naterla ng
t he IN'PEBEQF‘;[ﬁgA&nB IMINARY EXAMINATION REPORTY ). 7:5 Of‘y 3
1Q

ence of sefund reduce pr.essu V|n the—presence of
wat er, mzwgﬁ %ﬁ.%ﬁ“émﬁFéFﬂﬁ gﬁéﬁhilally com prising 15

from 50 tﬁ"gg—g—gﬁ——'b'y% gllL of—& pUlj/llr;l*Ul‘Ul a—thero-

p! atst I c Rl 10 Rhseivitidns Biite Qﬂiﬁ‘t bt Eh%_&ajx %jption, g4 dravings or on the quest 13 WettBO¢he
clains are fully supported by the d%cnptlon, are made:

1. The description is not harmonized with the new claims.

2. The depolymerization reaction of Example 19 is carried
out with the addition of phosphoric acid. It is queried
whether the process has been carried out for cbmparative
purposes.

Forn PCT/IPEA/409 (sheet 4) (January 1994)
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Y : '
from0. ¥ to 50 ROS0/54#0ght of additives sel ect |
group c’onS| sting of inorganic fillers, R%PLA@EMENT SHEET organj'c, -»
and Lnorganl c pl gnents and dyes, 25 fromO tjo |10 % by i} ght 'of--- 12
origani ¢ or i;norgani c addi - : 12 O 7tNO¥I996 |1 rfrom =’
0tio" 40 % by wei ght of non-pol yam de-contai f§i jg
polymers and 30 we claimtromO to 20 % - by weilght of pol'yamdes} with-
the excep- ti on of pdlycaprolactam and
copol yam des par.ed from caprol actam_ . 35

and carrying -outtthd ®EHGP ﬁe?‘?%a&k?%’rnF'ﬂgt‘FPé’r&lé%?fEef’éﬂm Fixtures which con-
under reduced Pressi3n PReYRATRrOL Shechepbistifenpiqing eaterials juasingeFhg

not nore than 0.01 %dpeamenghtnitor carryi ng out t he depol yneri zati on
in the presence of water without the addition of amj m

from 270 to 350 C and a wei ght 40_[_N(ﬁ?¢'(9_lzqg_@\ﬁ5)e.r]_to pol mml ﬂ “m“lll l“"l
t her mopl astic nol di ng materi al : I 1§ atredctd orr
time of |ess an 3 proces in claim1,
Whorern the: il s s ?Yadwfm%ﬁﬁbaﬂoa%a?sm‘adffrea'metrﬁéugswaﬁhe-pres—
consi sting of al kal iSAferaf—a—base—pdegerediqadPrRBFIFIARITSY 48, the paRpence
nmetal carbonate, allkefl water, which compr:.ses using a mixture essentlally 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(OQ)~]~

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 add:.—

tives,

from 0 to 40 % by weight of non—polyam:.de—contalnlng
polymers and

30
from 0 to 20 % by we:.ght of polyamides, with the excep-

tion of polycaprolactam and copolyamides
prepared from caprolactam,

35 and Ea-fa%ng—eu&-ehe—depe%ﬁnerf%xe&-m—ehe—presenee-eﬁ—a-
&sed—-be&ng-ne&-mre—éhaa—%@i—%—hy—we&gh&-eri 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—preeess—-as—c}&xmed—tn—c1-&tm—l——wheretn—the—bas e—used—ia—a—

45 compound-selected-from-the-group-consisting—eof-alkali—metal-
-oxide—alkali—metal-hydroxide—altkali-metal—carbonate;—atkatt
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13 met al al cohol ate, al kaline earth netal M‘“Hm@'@ﬂ,ﬂa‘ga” h

nmetal hydroxide and al kaline earth netal carbonater a process -
as claimed in claiml for recycling 5 @3l ycaprol act am contai ni ng*> ** -

wast es. ' Hetal-aldbéholater—alkaline—ecarth-metal-oxide—alkaline-earth-
f ' -meeaé—hyé*eaaée—aad—a&kal—rne—ea*&h—me&a—l——earbena&e—

2 2~ Use of a process as claimed in claim 1 for recycling
5 polycaprolactam~-containing wastes.
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