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PROCESS FOR THE RECOVERY OF CAPROLACTAM FROM WASTE CONTAI NI NG NYLON BY 5

EXTRACTI ON W TH ALKYL PHENOLS BACKGROUND OF THE

| NVENTI ON 1. Field of the Invention 10 The present

I nvention relates to a process for the recovery of capr om
nyl on- cont ai WAJ703048 55t e whi ch has been converted to depo?{‘]%% on
products. After depolynerization, caprolactamis extracted from
depol yneri zed products with use of al kyl 451 phenolic type sol vents.

2. Descrintion of Related Art Nyl on cont ai ni ng waste, -
especially waste carpet sinultaneously represents not only an 20
envi ronnent al pr BRACERS thE THE RECAVERYt G CAPROLACTAM RO WASTE CONTATMINGT NYLOMN fBY|

materials can soeEFRABTAONITH ALKYL (PHENEYS exanpl e, nuch waste car pet

contains significant anmounts of nylon, and in particular, nylon 6 or
pol ycaprol actam Processes for depolynerization of the 25 waste nylon 6 to

its val uabl e nononer, capr ol actBARKGROUNR,QE BERMNENIIONed. | nprovenents in

such processes,  however, are still needed. Nyl on 6
depol yneri zation | s ysyal lor ¢hECGh68ntion
10 The present invention relates to a process

for the recovery of caprolactam from nylon-containing

waste which has been converted to depolymerization

products. After depolymerization, caprolactam is

extracted from depolymerized products with use of alkyl
15 phenolic type solvents.

2. Degcription of Related Art
Nylon containing waste, especially waste

carpet simultaneously represents not only an

20 envirommental problem but alsoc a potential source of
value if useful materials can be recovered from it. For
example, much waste carpet contains significant amounts
of nylon, and in particular, nylon 6 or
polycaprolactam. Processes for depolymerization of the

25 waste nylon 6 to its valuable monomer, caprolactam, '
have been developed. Improvements in such processes,
however, are still needed.

Nylon 6 depolymerization is usually effected

in the presence of water. Although caprolactam is

30 formed by depolymeriiation, the depolymerization
reaction is an equilibrium reaction and at least some,
and often significant, amounts of cyclic and linear
caprolactam oligomers also form. Pure caprolactam,
however, is ultimately desirable, but purification

35 processes to separate the oligomers from the monomer
can be cumbersome and expensive. Once separated from
monomer, caprolactam oligomers can be recycled for
further depolymerization. Therefore, despite the
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-2- utility of known nylon 6 depol ynerizati on and caprol act am

purification processesity B RRATBYIEASs depoBferitalionessed to make such
processes economi cal l%%{'t ota at t rgggé\a/g%gllldg%éé/“ecsqr@lm Egvgélnrlré%agt on of
one or 5 nore purfIHTHAGTHESSS* P BT e ) acti on
is a method to sem#eits&till nesgiedokachake IR RAAHesSes rReonemicaddy ti ng

from nyl on 6 yeeifetdonrg WaRal1p! | eompTote @1lidnhit38nt 8F Wne or
effective, the solubilities ,of the differ 4E¥Hﬂs 10 nust be

. ent _co
careful |y consPder®Qfe purification steps 1%,6&%%{? €-5,359, 062 di scl oses
t hat . nyl on 6 can be deEdtpmetizedisna tmethodIensepatatat er and

al kal i metal hydr%yﬁi&sgnﬁlﬂoﬁlaesabmamxms resulki 89 "B ot HY1@ddi N9
aqueous sol utions. Follow n . . .

6 waste dé%olymerzzatlon. For extraction to be

effective, the solubilities of the different components

10 must be carefully considered.

C.S. Patent No. 5,359,062 discloses that
nylon 6 can be depolymerized in the presence of water
and alkali metal hydroxide to yield caprolactam— and
oligomer—containing aqueous solutions. Pollowing

15 depolymerization, caprolactam can be separated by
distillation or extraction. In order to have an
economically attractive process it is essential to
.separate the oligomer f£rom monomeric caprolactam and to
recycle the oligomers.

20 The distillation route, however, suffers from
the drawback that the distillation residue may not be
readily recyclable because of tar formation. Other
circumstances hindering the recycling of the residue
include repolymerization and solidifictaion of the

25 oligomers. The extraction route suffers from, among
other things, the need for large amounts of extraction
agent. For example, more than twice the amount of _
extraction agent compared to the amount of caprolactam—
containing agqueous solution may be needed. Moreover,

30 although this patent disclosure mentions oligomer
formation and separation, it does not disclose or
suggest solutions to the particular problem of removing
cyclic or linear oligomers from caprolactam. The
extraction agents disclosed in U.S. Patent No.

35 5,359,062 include benzene, toluene, and xylene, all of
which are relatively low-boiling solvents compared to
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al so cyclic caprola
distillations are still required to obtain the pure

caprolactam.

10 U.S. Patent No. 4,013,640 discloses an amide
purification process which includes purification of
caprolactam. This patent, however, also fails to
address the problem of removing oligomers, and in
particular, cyclic oligomers from caprolactam.

15 lMorecover, this patent publication also fails to
disclose caprolactam purification processes which
follow depolymerization of nylon 6. Rather, it
discloses extraction of caprolactam from unspecified
industrial waste waters. The disclosed impurities in

20 these wastes are not impurities of similar chemical
character as the amide to be purified. Extraction is
effected with use of alkyl phenolic type solvents
having boiling points higher than caprolactam. The
extraction step is followed by vacuum distillation of

25 the extract to obtain caprolactam. This distillation
may be hampered by the presence of oligomers. U.S.
Patent No. 4,013,640, however, neither suggests nor
discloses that alkyl phenolic extraction agents would
be useful to separate caprolactam oligomers from

30 caprolactam.

SUMMARY OF THE INVENTION
Objects of the present invention include
improving the efficiency of the caprolactam
35 purification procedure following depolymerization of
nylon, and in particular, nylon 6.



oligoners. After extraction, these solvents can be renoved fromthe
caprolactan1by distillation. An 5 additional distillation step, however,

i s then needed to separate caprolactamfromthe cyclic oligoners.
Hence, follow ng the caprol actamextraction step, two distillations
are still required to obtain the pure caprolactam 10 u. S
Pat ent No. 4, ®W0376%sdi scl oses an ani de purification pPSE@EQ“%Hﬁbh

i ncl udes purification of caprol actam —=THi s patent, however, also fails
to address the problem of renoving oligoners, and in particular,
cyclic oligoners fromcaprolactam 15 -Mdreover, this patent publication
also fails to di scl ose caprol actam purification processes which

fol I ow depol ynerization of g %d‘ithﬁhﬁ!eéb dét is tdlimplres@SeRtracti on of
caprol actam from unspeci fi ed i nd u rlaﬁ é@f wat ers. The di scl osed

i npurities in 20 ?hb%%ﬁﬁwﬁﬂeﬁ?ﬂéF@tﬁoP ﬁﬂﬂ???l 0, CaPERLRGFaRReni cal
character as the anide to benrplardd‘ittednaExbbja@étors ito improeéfenéed with use

of al kyl phenolic éggﬁbﬁ %mste °Q§§5Fgf%§¥w? Jpoints higher than

caprol actam The rac | on st vacuum di stillation of
25 the extracts to obt a| n caﬁﬂﬂﬂeaépénP“FﬁFsmaJ%ﬁ# |85E @fghievednhy ae
hanpered by the prpsetess cfomprigdmey $helclmbinatidinioEnistbps 4£013, 640,

however, neither suggests nqyy treatih; cgo§g§s$ xgﬂr%ykogﬁeggk#g ﬁ?% ction

agents mould be useful to separa e ca actanlm
caprol actam 6 with water at a teuRREpSUER BefveeqyeRPPEN200°C and
bj ects of the presboit i 4070 iten yiedkdudesecondimhximtengombeistihgci ency of

the caprol act gy 354 %iﬁ&ﬂﬁéﬁ‘ ng’l%eﬂuéﬁmﬁ%ém NQieRehY FRE! 8864048 Of
nylon, and in'partic
mixture conta1ns caprolactam at a concentration between

about 5 wt.% and about 35 wt.%;
b) optionally, separating insoluble material

_ from the second mixture;

15 c) extracting the second mixture with an
extraction agent to vield an agueous raffimate third
mixture and an organic phase fourth mixture comprising
caprolactam and the extraction'agent, wherein the
extraction agent is an alkyl phenol having a boiling

20 point higher than that of the caprolactam;

d) recovering caprolactam from the organic
phase fourth mixture by distillation;

e) recycling the aqueous raffinate third
mixture to step (a).

25 Advantages of the present inventions include
improved efficiency in the caprolactam purification
process, particularly with respect to separation of
oligomers from the caprolactam.

30 DETAILED DESCRIPTION OF THE I IO
The present invention is effective in
treating waste mixtures comprising nylon 6. In addition
to nylon 6, other types of polymers, nylons, and
polyamides which can be in the waste mixture include
35 polyproplene, polyethyleneterephtalate, jute, SBR,
wool, cotton, nylon 66. The composition of the waste
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- 4- An additional object is to inprove the ability
to separate oligoners from caprol actam An addi tional object
is to inprove the econonm cs of waste carpet recycling. 5

These and ot her objects are achieved by a process conprisin @n&

conbi nati on OVOSTRIG4E of : a) treating a fi r st PG ‘Wfﬁ"

conpri sing nyl on 6 with water at a tenp8rature between about 200[err]C
and about 400[err]Cto yield a second m xture conprising 10

depol yneri zed nyl on 6 conponents, wherein the second m xture contains
caprol actam at a concentration between about 5 wt. % and about 35 wt.%
b) optionally, sepgiathig 1§Sﬁ3tu@t%1@%&9rn%1tea sJ rmagt Qg gpeond mxture;
15 c) extractin qéﬁ second™m xt ur th extraction
agent. to yield an ¥ lﬁ%%"c%g"’rsgf e PERSPRL 1nve‘?ﬁ’>&’h|‘:€na|]?& afhbPYe%i ¢ phase

fourth m xture con'pheswanj:e mixtoaenolfect enemptie { lvame e aelavavelent

wherein the eKBﬁ@&éﬂ&fh@Qﬁ”hét%r%@eﬁbBMé pﬂ?%ﬂrtﬂ%\(ﬂlﬁg aghei ling 20
poi nt* hi gher than that” of the ecovering

capr ol act am f r o tﬁﬁeﬁ?ﬁ%rﬁ‘bventmnﬁh&?@ g]ﬁu?‘??\d Mk RFCES5F d%‘g’t‘FFF%\?]r on;
e) recycling the agndopssy-sfdriawmes ichrpet wasten Xthe earpest ép (a). 25

Advant ages of the pg §§@£§n1ﬂ%§t0%maﬁhude mechadl'&rlq\{reﬁ ef gbgiency in
t he caprolactam purification articul ar Wi th [espect to

separ ation of e%pPRtferdr #44iﬂ4) %ERBFBBaCY%ﬁﬁlng' or CUttlng by

means of knives and/or shears. The greater part of the
10 non-polyamide components of the carpet can contain, for
example, unfilled latex, latex filled with CaC0,;, jute,
and polypropylene. Such non-polyamide components can be
separated from the polyamide or nylon 6 component of
the carpet in one or more separation steps before
15 depolymerization treatment at elevated temperatures.
Alternatively, carpet pieces also can be sﬁpplied
- directly to the reactor for depolymerization.

The inventions yield good results with

between about 5 wt.% and about 50 wt.% of polyamide in
20 the reactor besides other components (as earlier
mentioned).

The nylon 6 containing waste mixture is
treated with water at elevated temperature and, if
desired, at elevated pressure to effect

25 depolymerization of nylon 6.

In general, depolymerization is effected with
a quantity of water so that, after depolymerization, an
agueous solution is obtained containing between about 5
wt.% to about 35 wt.%, and preferably, less than about

30 25 wt.% Oof caprolactam relative to the amount of water.
. The temperature at which the depolymerization
process can be performed is not particularly limited,
. but is in general, between about 200°C and about 400°C,
and preferably, between about 250°C and about 350°C.
3s The depolymerization pressure also is not
particularly limited but can be, in general, less than
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be used to prOCGSSabBﬂESRODaﬂJar, and Pt dFeThbI9NSIESS KR ebo@steo Bae.

xanpl e, “gri ndi hg. TBRoBEIMGLe T RIHRRTel SX ol EBRECHTECSE B ARBug, 100 ves
and/ or shears. Thebgreaoerlﬁmﬂkaiﬂ aﬂugbop& 3ﬁ§hcpolyanide conponents of the
carpet can contain, for WESR g1 zgegoha:{@xcaha_{[éa( Jdut! legd Wi th
CaC33, jute, hy opyl uch non an1 e QO qents can be
separated. fromPhe? SBPg gﬁug u?éh%nf ﬁfbﬁﬁﬂ Tﬁ@ carpet in one
or nore separationeguépibbiimrbs ﬂQaChkﬂmahyﬂethea¢amnn1an§amnsnplagoeeevated
tenperat ures. rAki 8" 13t fyRbYa1 GATNRIutPI48ECBy ArSLgI0 TR ¥Rkt 6N,

however, also contemplates amounts of oligomers up to

35 wt.% with respect to caprolactam. The amounts of

10 oligomer formation make recycling essential for
economic reasons.

Depolymerization is preferably carried out
without a catalyst or accelerator. In order to control
the reaction rate and the selectivity, however,

15 depolymerization catalysts or accelerators can also be
used if desired. Suitable catalysts include Lewis acids
such as, for example, Al,0,, Si0,; and Breznsted acids
such as, for example, H,PO,, paratoluene sulfonic acid,
formic acid, HyBO,;, or salts thereof like, for example,

20 ammonium salts. Base catalysts can also be used such
as, for example, NaOH, XKOH or Na,C0;. These compounds
are optionally present in an amount of about 0.1 wt.%
to about 20 wt.%, and preferably, between about 0.1
wt.% to about 5 wt.% relative to the polyamide.

25 Following depolymerization, a mixture
comprising caprolactam and other depolymeriéed products
such as linear and cyclic oligomers is formed. The
mixture will usually contain insoluble material,
although alternatively, no substantial amounts of

30 insoluble material will be present in some cases if
insoluble materials were removed before
depolymerization. Imsoluble material includes jute,

CaC0O,;, polypropylene.

Before the extraction step, measures are

35 preferably taken so that virtually no solid,

~undissolved waste is present in the aqueous solution.
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I n general, depolynerization is effected wrt# - a quantity of water so
that, after depolynerization, an aqueous solution is obtained
cont ai ni ng between about 5 w.%to about 35 wt.% and preferably,

| ess than about 30 25 w.% of caprolactamrelative to the anount of water.

The tenperature at aﬂ?l céﬁ‘% pfe %%%Q'e%grw%é&f)%d? knmﬂ{ %8€§ﬁo§ Ns¥f flled
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about 200 bar, Sand2pfefel atfiis meass: hhat sAeRelymRr zation stepofa ket e,
pressures are contgepapdeibwfstapyb)l68n be sdparaty o0 siiadtamdéowdout

300[err] C steps. When depol ynmerization is carried out for

The caprolacéam extraction step is effected
with an alkyl phenolic type extraction agent. The

10 amount of alkyl phenocl is not particularly limited
provided that the advantages of the present invention
can be achieved. The upper limit, for example, is not
believed critical but depends on process economy. In
general, the amount of alkyl phenol will be less than

15 about 1% times the volume amount of agqueous solution.
By preference, about 5 to about 100 vol.% of alkyl
phenol relative to the amount of agueous solution is
used. Very good results are achieved if about 30 to
about 80 vol.% of alkyl phenol relative to the amount

20 of aqueous solution is used.

The extraction agent can be an alkyl phenol
having a boiling point higher than the boiling point of
caprolactam, which is 272°C at 1 bar. Alkyl phenols
have a high boiling point at atmospheric pressure.

25 Therefore, boiling points are advantageously compared
at reduced pressures of, for example, 1.3 kPa (10 mm
Hg). Caprolactam has a boiling ‘point of 140°C at 10 mm
Hg, while dodecyl phenol, for example, has a boiling
point of 180°C at that pressure. By preference, the

30 boiling point of the alkyl phenol is more than about
5¢C, and in particular, more than about 15°C higher
than the caprolactam boiling point at'1.3 kPa (10 mm -

, Hg). The upper limit to the boiling point of the alkyl
phenol is about 400°C, The alkyl phenol preferably is

35 non-azeotropic with caprolactam. Mixtures of alkyl
phenol can be used.



5. abput 1 hour under these conditions, a virtual equilibriumis

reached, and the caprolactam: oligoner ratio is generally about 4:1
by melght. The inventi on, however, al so contenpl ates amounts of
oligonmers up to 35 wt. % with respect to caprolactam The anmounts of 10
ol i gonmer formation nmake recycling essential for economn c reasons.
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accelerator. In order to control the re8&ction rate and the
selectivity, however, 15 depolynerization catalysts or accelerators can
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as, for exanple, Herr]P(J er t I Of £ C
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salts. Base cataly £ eXaplfe AsCem gutﬁ qBFﬂI'efgﬁple, NaOH, KOH
or Na[err] CJ err] . pféeeralthinpauddsC;, alkqﬂecomponamtl Alrerpatti vedyantasount

of about 0.1 w.% 1t &, 2 3] I e 0.1
.%o about 5w ETLIG ’ﬁkedﬂgtnt Q:a\ﬁt cé %g B é’%q’t} horl EW%F@F%
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depol yneri zed prOdall:kﬁl compcient @&elflemebﬂ.yaﬂdnﬁi@ﬂs (bfohmgam?pﬁatScf@f med.

The m xture I [ I I hough -
alternatively, nom%t%m%@f? %%’dra%%tﬁﬁk:;ﬁ o?ﬁe SQ ?n{sﬁlﬁ{) 3, a ?L\t?\n Il be
present in sone caBgdre¢arbon. Exazples e°ﬁa§E?Ft§%F\ﬂ%&?lr@hﬂvéalﬁefore
depol.yneri zation. tofpbude rfa:tlexrdealdoidaewdpﬁeilw £,octyl phehbler fidnyl

poI ypr opyI ene %h?% Jf n ]%ex | eregoﬁ ZeZtéPféamXit gﬂlevggasyres are 35

preferably taken S waste is

butyl phenol, 2 4, 6—tr1—tert—buty1 phenol, and mixtures
of any thereof. U.S. Patent No. 4,013,640 discloses
additional alkyl phenols, the complete disclosure of

15 which is hereby incorporated by reference.

The extraction step is, in general, carried
out at a temperature which is higher than the melting
point of the alkyl phenol. The temperature of
extraction can be generally between about 50°C and

20 about 220°C, and preferably, between about 70°C and
about 170°C. Generally, the extraction temperature is
selected so that the maximum amount of solid non-nylon
products can be separated out. If, for example, waste
polypropylene is present in the mixture to be

25 extracted, the temperature is preferably lower than the
melting point of the waste polypropylene. Therefore, -in
this case, the extraction temperature is preferably
lower than about 130°C.

The pressure during the extraction step is

30 not generally critical and can be, for example, between
about 1 bar and about 20 bar, and preferably, between
about 1 bar and about 5 bar.

The extraction step yields a caprolactam-
containing organic phase which, in general, contains up

35 to 50 wt.% caprolactam and between about 0 and about 15
wt.% water.
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-7- C This can be achi eved by net hods known to those skilled I n
the art including filtration or centrifugation. Al ternatively,
separation can be effected by separating out the aqueous solution with
caprolactamas an 5 aerosol. This neans that depol ynerization s}g (a)
and sepWasTRMM4St ep (b) can be separate or si mul t aneou®CT ps.
The caprol actam extraction step is effected 9 — with an al kyl phenolic
type extraction agent. The 10 anount of al kyl phenol is not particularly
limted provi ded that the advantages of the present invention can
be achieved. The upper limt, for exanple, is not believed critical
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20 of  aqueous solution is u%§>. e extraction agenht’ can be
an al kyl phenol® 2andRRatRrably,ilesgythar byl ak+t he boiling point
of caprol actam which iXEt2£2[extrh€tadn labdrrendivall ofihehel s have a

hi gh boiling poi nteﬂx@émwéz&,pra%s§aﬁeous Zéa@ﬁa%feogan?:ﬁ?U;:Qﬂa | nts

are advant ageousl y_conpar ed at reduced pressures o or exanple, 1.3
kPa (10 mm HOF VSRR A R T8t T L BPPERY BiThe SRPESIPEFRR 10 mm
Hg, whil e dodecyl péemodxtfartakangl,cholvagen, bthé iagpeocus spdubionfstill
Lo0rerr] C at (1Al pEREsine sdite RaB:B13BEm. |1 gdifbdid,! ikl point of the
al kyl phenol i's nore an about

concentration of remaining caprolactam is less than

about 2 wt.%, and preferably, less than about 1 wt.%.

After extraction, the agqueous solution in addition

still contains caprolactam oligomers, including mainly

15 1linear oligomers, scluble polymers, or mixtures
thereof. Oligomers and polymers of caprolactam may
partially precipitate during extraction of caprolactam
resulting in slurry formation. If desired, additional
water can be added to the slurry in order to form a

20 solution again. The aqueous solution or slurry is
recycled to depolymerization step (a). If the raffinate
still contalns insoluble solid, non-nylon waste, that
waste will preferably will be separated out beforehand
by means of filtration.

25 After extraction, caprolactam and residual
water can be distilled out of the organic phase. After
this distillation, the alkyl phenol containing cyclic
oligomers can be used again in other extraction
operations, if required after purification of the

30 .extraction agent. In this distillation step, the
reguired purification of caprolactam is partially
achieved directly because all heavy components remain

. behind in the alkyl phenol.
The liquid caprolactam, after distillation

35 out of the alkyl phenol, which contains between about 5
to about 50 wt.% water is subsequently further purified
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t he boiling point of the alkyl phenol is about 400[err]C. The al kyl
phenol preferably is 35 non-azeotropic with caprolactam M xtures of al kyl
phenol can be used. WO 97/ 03048

PCT/ NL96/ 0028%0 97/03048 The al kyl conponent of th&®CANLEIEOBENo
can be, for exanple, a (Jerr]-Cerr] al RPl —conponent, and

preferably, a C(ferr]-Cferr] alkyl conponent. Alternatively, the al kyl
conponent can consist of one or nore al kyl groups 5 which together contain
6 or nore carbon atons. The al kyl conponent preferably consists of an

al i phatic or n(a:yg,%l tkgu Pg;ha

hydr ocar bon. Exanples’o %82%? ?gangy Tﬁﬁﬂﬁggﬁg%% 16 %%%%%%% nclude
dodecyl phenol , ocﬁ?@-&ﬁ@hGpatn6ﬁyF°§BP‘?Pkﬁuﬂlthntﬁékfoﬁﬁ%ﬁﬂﬂn
2,-4-di i sobutyl phen@lprodactam. nethyl-4,6-di-tert-butyl phenol,

Sethyl 460 tert " eovohl oR0oobeotrdh Saliayheht PLhY pl1g e 180
addi ti onal al kyP piEnéibe, e@‘ﬁéaééﬁﬁl 2pd diatilded éaBF°1§Ct%|er§sﬁéreby

I ncor porated by refiecf®dlowing steps- The extraction step is, in
general, carried %& cBa gperature whi ch is higher than the
mel ting poi nt Jf th %& ? enol . The tenperature of

2) hydrogena ion

3) distilling out water and other light components

10 4) distilling out caprolactam.

The order of the ion exchange step (1) and
hydrogenation step (2) can be reversed if desired. This
'purification procedure results in caprolactam of very
good quality. '

15. In a2 second preferred embodiment, the
purification of the distilled caprolactam is achieved
by crystallization in a process of concentrating. The
crystallized caprolactam resulting from concentrating
is generally sufficiently pure to.be used directly.

20 After crystallization, it may be necessary to purify
the mother liquor by, for example, recycling it to the
agueous solution before the extraction with the alkyl

. phenol. The mother liquor can be purified for example
by means of destillation,

25 The inventions will now be elucidated by
neans of the following non-restrictive examples.

EXAMPLES
Example 1 )

30 46.4 kg of ﬁater phase was added to 16.8 kg
of carpet pieces having a size of about 1-5 cm? (38
wt.% nylon 6) to yield a heterogeneous mixture. The
water phase was obtained from the extraction (the
raffinate mixture) and contained about 3.4 wt.% of

35 1linear oligomers of nylon 6. Depolymerization of nylon
6 was carried out in a depolymerization reactor at a



extraction can be generally between about 50[err]C and 20 about 220[err]C,

and preferably, between about 70[err]C and about 170[err]C Generally,
the extraction tenperature is sel ected so that the nmaxi num anount of
solid non-nyl on products can be separated out. If, for exanple, waste
pol ypropyl ene is present in the mxture to be 25 extracted t he
tenperature | WOH@BMBably | ower than the mel ti ng point PEA/NLAGOOIES. ¢ o
pol ypropyl ene. Therefore, in this case,lxhe extraction tenperature is
preferably | ower than about 130[err]C, The pressure
during the extraction step is 30 not generally critical and can be, for
exanpl e, between about 1 bar and about 20 bar, and preferably, between

about 1 bar and abQHﬁPérgéﬁre of 300°C and atT§e¢f3Eé&%E'd%”1%beﬂa¥'€$931a

capr ol act am contal ni ng .or gani.c g Rase I'n general, contalns up
35 to- 50 wt. % capr BPREL 5o Bl D é{bBbl‘t‘Gr%nthéoéﬁsuHing S1BELY); wat er .
WO 97/ 03048 was cooled and depressurized, sdEHatl par@08383the water

-9- g#gggg faaGWC! i C [ he ni c
phase extract is enera??p ess tﬁgﬁ gbo%tbg% QHak& €§ﬂ§ SB%ggferab
| ess than about®5 ﬁﬁrﬁﬁcé. §e ZeBeNedof rom th?.#kﬁﬂrmmbwgSﬁ% zation 4

generally | ess thaa tbmpérdtuwde %f 108°a@ndopyébd abloiltetred: hartabeut 0.1
W . % 7hi 6l ek Y AL IBeANdph EORYR ey F1%kg of GEELAST! O

agent, an aqueous m xtu
. 6.3 kg of caprolactam and 1.6 kg of caprolactam

oligomers. The oligomers were 1.44 kg linear oligomers

10 and 0.16 kg cyclic oligomers.

This mixture was extracted with 25 kg of
dodecyl phenol at 100°C so that virtually all
caprolactam and cyclic oligomers and 1.3 kg of water
were present in the resultant organic phase mixture.

15 The remaining raffinate mixture was fed back to the
hydrolysis section of the depolymerization reactor.
This raffinate contained the linear oligomers that were
present in the water phase after depoclymerization and
extraction.

20 Caprolactam and water were distilled out of
the dodecyl phenol which resulted in a caprolactam flow
containing 18 wt.% of water. This flow (1 bar, 55°C)
was treated with an ion exchanger and then subjected to
hydrogenation. The water and light components were

25 distilled out at 0.2 bar and 56°C, after which pure
caprolactam was recovered through distillation at 5
mbar and 116°C.

While the present invention has been
illustrated by means of several preferred embodiments,

30 one of ordinary skill in the art will recognize that

N changes, modifications, and improvements can be made
while still remaining within the scope and spirit of
v the present invention. .

All references disclosed herein are hereby
35 incorporated by reference.



Even after the greater anmount of the caprol actam has been extracted
out, however, the aqueous solution still 10 contains sone caprolactam In
general, the concentration of remaining caprolactamis |ess than
about 2 wt.% and preferably, |less than about 1 wt.% Af ter
extraction, the aqueous solution in addition still contains
caprol act am owogooasd®, | ncl uding mainly 15 |inear oligoner§€“§BFWBF3

pol ymers, or m xtures thereof. digonerd2and pol yners of caprol actam
may partially precipitate during extraction of caprolactam .
resulting in slurry formation. If desired, additional wmﬁsmwuaﬂBbamThmd

added to the slurry in order to forma 20 solution again. T _
solution or slurry is recycled to depol ynerization stephE

raffinate still contains insoluble gglid, nog-nylon wast €, ‘that =~
waste will preferably will be separated and by neans of
fi-ltration. 25 After extraction, caprolactam and residua

water can be distihled gubehst BSr bR HeeoR2§Cor AbdSFolactan B8 waste
distillation, the alkyl ﬁhenol contalnlﬂg cyclic ol i goners can be used
again in other ®xtracti YALCR COBRRIVR WD % P¥equired after purification
of the 30 extraction agént.tteatimg.alifirisit! mikxburetemmpitising wastequired

purification of caprolactam ,f;PR'ébmddidees ny18ahbeweth didiqrt by Recause all
heavy conponents remain behi nd I'n

he alkyl phenol ,
The 1iquid caprol actam afteFeﬂP§¥???Eﬁ}9§§we§§ 588°§fa?4m9Q£°EyF°pﬁéﬁB¢,
whi ch contai ns between abouta5second mixtalzeucospriwsifg wepnlymerdakdequent|y
further purifigg nylon 6 components,

b) optionally, separating the second mixture

from any insoluble (carpet) waste that is
present,
c) subjecting said second mixture to an
15 extraction with an organic extraction agent
to yield an aqueous raffinate third mixture
and an organic phase fourth mixture
comprising caprolactam and said extraction
agent,
20 a) recovering the caprolactam from said organic
phase fourth mixture by distillation,
e) recycling said aqueous raffinate third
mixture to step (a),
characterized in that the concentration of
25 caprolactam in second mixture is 5-35 wt.% and
that the extraction agent used is an alkyl phenol
having a boiling point which is higher than that
of caprolactam.

2. Process according to claim 1, characterized in

30 that step (a) is carried out at such a pressure
that the system is in the liquid phase.

3. Process according to any one of claims 1-2,
characterized in that caprolactam is extracted
with 5-100 vol.% of alkyl phenol relative to the

35 amount of said second mixture.
4. Process according to any one of claims 1-3,

* [+ L L] S *
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WD 97/ 03048 PCT/ NLgﬁhﬂelmiasBeenR laced
- 10 - and/ or concentrated. This results in capr
quality that is conparable with that of virgin capr ol
In one preferred enbodi ment, the purification 5 of the extracted an

distilled caprol actam conpri ses the foll ow ng steps: E

exchange WQ97/03048y dr ogenat i on 3) distilling out &R %t her

| i ght conmponents 10 4) distilling out tddr ol actam The
order of the ion exchange step (1) and hydr ogenati on step (2) can be
reversed if desired. This purification procedure results in

caprol actam of very good quality. 15. In a second
preferred embodi ment, th@racter PrEafl ifatAan éae‘trfatmshs,ué;& et ray ol actamis
achi eved by crystal |1 zation in a process of concentratl n The

crystal Iized caprol act 5% r‘é et PPR ¥ r D BRREA UL 8 PRGSO~ gad@m?r ally

sufficiently pure to bepresedrdi ofcl+30 b#X. After crystalli zat ion, it may
be necessary to pyi fyprocesghg?gg;:g |ﬁ<glg}{ R¥e Ber‘fﬁﬁ(ﬁﬂ@ recycl ing it

to the aqueous sol ution ore t e extraction_w
phienol . The noPher |i qfdereghepdzpd,iniehpl dibspRiping Pmmb;ané'é’t‘Ps of
destillation. 25 alkyl plbrol n¥entoxehard 15r0vnhbghet wnatntea@d by

means of the follow ng S [
EXAMPLES Exanpl e fnﬂgd'rn% b&iﬁ{: oF g‘ﬁ kaecsca]m w‘éit]ér3 1fala}se(lo was added to

16. 8 kg of carpet B¥deces having a size of about 1-5 cn{ err] (38
wt. %.nylon 6) to \é.el dExdeeser ageardimg ntxtame .onéhef claims 1-5,

10 characterized in that the alkyl component of the
alkyl phenol contains 6-25 carbon atoms.

7. Process according to claim 6, characterized in
that the alkyl component of the alkyl phenol
contains 9-15 carbon atoms.

i5 8. Process accoxrding to claim 6 or 7, characterized
in that the alkyl phenol used is dodecyl phenol,
octyl pheneol, nonyl phenol, n-hexyl phenol, 2,4~
diisobutyl phenol, 2-methyl-4,6-di-tert-butyl
phenol, 3—ethyl-4,6-di—tert-butyl phenol, 2,4,6—
20 tri-tert-butyl phenol, or a mixture thereof.

9. Process according to any one of claims 1-8,
characterized in that the distillation in said
recovery step (d) is a distillation of
caprolactam, water and light components out of the

25 organic phase to yield a £ifth mixture comprising
caprolactams, said fifth mixture being subjected
to
(i) ion exchange and hydrogenation, or

_ hydrogenation and ion exchange and

30 subsequently

(ii) distilling out the light components and
(iii) finally recovering caprolactam by

, distillation.
10. Process according to any one of claims 1-8,
35 characterized in that the distillation in said

recovery step (d) is a distillation of

‘N O 0




wat er, phase was obtained fromthe extraction (the r affié $Haét BladBosh Ré
and contai ned about 3.4 wt.%of 35 |I|inear oligoners of n;‘ ﬂmHHHM

Depol yneri zati on of nyl on 6 was carried out in a depol

reactor at a WD 97/ 03048

PCT/ NL96/ 00283 - 11 - ure of
300[ err] C andweno7/8388 essure of 100 bar for 1 hour to y?ﬂw{ﬂry

m xture. The resulting slurry was coot et and depressurized, so that
part of the water was evaporated (100[err]C, 1 bar). After this, solid
5 particles were renoved fromthe slurry by filtration at a
tenperature of 100[err]C to yield a filtered mxture. This m xture

cont ai ned appr oxi mat el YCgﬂr:thd%fanWa%'i:er and ﬁl&ﬁkg: oﬁ%ﬁ&@' gatagrand 1.6
kg of caprol actam %orrers ol i g { yere g | i near
Rt d et paner Lo vierd 3 Eirch mighpeor

oligoners 10 and 0. 16 P&eni xture was
extracted with 25 kg ofcomprisiodecpprplesbamat sdD[firfthCrdmtubet beingual |y

al| capr ol act am andofyglifatdld QB”EEEeé@dcﬂys?tﬁQ% t48hChe  were

present in the resulta ani ase m xtur e remal ni ng
raffinate nixtde was f%%IPB%&F finally  peparatdngeoptokh8f t he

depol yneri zati on react ocrystallfﬂuds ca@frbllaatamcont ained the |inear

oligomers that verg;, pri&sPiils dhobianthelyPRasG: MeliadeRg! ymeri zation
“iafeRg ezl on.

and extractio
specification and the example.
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20 ., Caprol act am and wat er were dlstllled out of t he dodecyl
phenol “which resulted in a caprolactan1flom/~r_ containing 18 wt. % of
water. This flow (1 bar, 55[err]C was treated with an ion exchanger

and then subjected to Bé/drogenatlon The water and |ight conponents
were 25 diBnglosurent.ht BCP/War9@A0Z¥Ferr]C, after mh@g

caprol actam was recovered through distillation at 5 nmbar and

116[err] C Wi |l e the present invention has been
“illustrated by means of several pHEﬂéEE@ngﬁSBéiﬂﬁnts 30 one of ordlnary

skill in the art will recognize that changes, nodifications, and
|nprovenents can mei ni n the

e th| e.-and
spirit of . ké??ﬁ%%%n?°¥nﬁ%ﬁtf%ﬂovery of caprofﬁg% %ﬁé? %ggs
di scl osed hereln wiibxchecebyaifi® nyhonr@aobnt ed by reference.

NEW SET OF CLAI M5
whi ch cont ai ns rwﬁanG 595?98&8& £9£?£hﬁ%ﬁggpge§gm§{1§§Q§ﬁ*ﬂg€%g%é{gﬁ}gaste

wast e whi ch c@npzises myl@n & wit:h vREeFr 2t 3 teRPRFatwFe

bet ween 200[err] C and ﬂQQ&@éﬁ]EbéQCYéﬁad4@0SGCQGdyﬂéX&Uéesecond mixture
conpri sing depol ynerized nylon

tional
separating the second ﬁ?ﬂ?ﬁ%éngoﬁ?Snymerlzegnﬁy}ﬂ%o§u5$ ?E%?%%t) wast e
that is present, b) 6ptioRablect sepasatingetbadsecandreixbune Exomacti on

any insoluble (carpet) waste that is present,

c) subjecting said second mixture to an extraction
with an organic extraction agent to yiefd an
aqueous raffinate third mixture and an organic
phase fourth mixture comprising caprolactam and
said extractlon agent,

d) recoverlng the caprolactam from said organlc
phase fourth mixture by distillation,

e) recycling said aqueous raffinate third mixture to
step (a), -

characterized in that the eoncentration of caprolactam

in second mixture is 5-35 wt.% and that the extraction

agent used is an alkyl phenol haﬁing a boiling point
which is higher than that of caprolactam.

2. Process according to claim 1, characterized in that
step (a) is'carried out at such a pressure that the
system is in the liquid phase.

3.. Process according to any one of claims 1-2,
characterized in that caprolactam is extracted with 5-
100 vol.% of alkyl phenol relative to the amount of
said second mixture.

4. Process according to any one of claims 1-3,
characterized in that extraction step (c) is carried

- out at a temperature of 50-220°C and a pressure of 1-

20 bar.

* c L L] S *



W t-h an organic-extraction agent to yield an ' aqueous raffinate
third mxture and an organi c phase fourth m xture conprising
caprolactan1and said extraction agent, d) recovering the

caprolactamfromsaid fr hase fourth m xture b v
dlstlIIat|odi———ggu%ﬁ———gec§€?/ﬂﬁ %§/B°%§aeous raffinate $A#+WOM xture to

step (a), characterized in that the concentration of caprol actam

in second m xture is 5-35 ny AR aFo | e ti 0 agent used is
an al kyl phenol having a bw.éﬁﬁ-u?’?thﬂﬁ—% %gmu%ddher t han that of
caprolabtan1 2. Process according to claim1, characterized in that

step (a) is 533”']?Po@é'ésa&céb‘falg?pﬁgséh'%eoﬁ@aéft faims 1S{Stem I's in the
| i qui d- phase : Process_ accor one o f
characterized in ?mé&a%E%FBFﬁétbﬂ1F%aéxth%c¥@61hﬁghpglnt of 4he abkyls of

al kyl phenol rel aéhéfﬁololéhﬁoﬁ@tlﬁénoisw mgaéfi SRR NENE1 Kb YI Bng dpoint
Process according fo an%%fne of gL 1 chagacterlzed I n that
b

extraction step (¥ FRPLAr2Fbam tk%? 61O MPHA ure of 50-220[err]C

and a pressufe ofPdecess a@fobding to any one of claims 1-5, NEW SET OF

CLAI M5 (conti nue e r g n c

characterized irf%??%éﬁﬁerg |§€ g%%ﬁtgﬁ %gyf {oﬁ%@héﬁt $€'Qﬁe afkyl
phenol contalns 6—25 carbon atoms.

7. Process according to claim 6, characterized in that
the alkyl component of the alkyl phenol contains 9-15
carbon atoms.

8. Process according to claim 6 or 7, characterized in
that the alkyl phenol used is dodecyl phenol, octyl
phenol, nonyl phenol, n-hexyl phenol, 2,4-diisobutyl
phenol, 2-methyl-4,6-di-tert-butyl phenol, 3-ethyl-
4,6-di-tert—butyl phenol, 2,4,6-tri-tert—butyl phenol,
or a mixture thereof. | '

9, Process according to any one of claims 1-8,
characterized in that the distillation in said
recovery step (d) is a distillation of caproiactam,
water and light components out of tﬁe organic phase to
yvyield a fifth mixture comprising’caprolaétams, said
fifth mixture being subjected to
(i) ion exchange and hydrogenation, or hydrogenation

and ion exéhange and subsequently |
(ii) distilling out the light components and
(iii) finally redovering caprolactam by distillation.

10. Process according to any one of claims 1-8, '
characterized in that the disﬁillation in said
recovery step (d) is a distillation of caprolactam,
water and light components out of said organic phase
to yield a fifth mixture comprising caprolactam, said
fifth mixture being concentrated to effect
crystallization of caprolactam and flnally separatlng
out the crystalllzed caprolactam.

) BN D EDER S
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phgnol_.i*s" nor® than 15[ err] C higher than the boiling point of

caprolactamat 1.3 kPa (10 mm Hg). 6. Process according to any one of
clainms 1-5, characterized in that the al kyl conponent of the alkyl
phenol contains 6-25 carbon atons. 7. Process according to clgies 6,

characterized in that ~ the al kyl conponent of the alkyl ph “uuv"% ai ns

9-15 car-bon PCTs. 8. PORLD PERTY ORGANIZETON 6 or 7,

char act et | 2o o YRBlsch N i B e 3l 3P 455 B0 T

phenol , {2, 4e@pdoandert - butyl phenol, [A1| or a m xture thereof.

2- met hy|| {51) InterGatickial BaguitiClalsifitagién Gchenol , {3-e thnnermhonnlﬂblﬁﬁdiNM&I but WO 97/03048
Process {according to any one of clai 1} 3 Internationg} PyblictionDages, o WW%W‘?‘]‘?&”

distilldgfton 1n sard recover]y ste |sad|st|IIat|on of
capr o4 ad@xipternational Apglication Nymbery | ght %‘@Wgﬂg—lt@) sﬁﬁhg ng’%ﬁ“"’l’m

yield-a f(bfﬂmbmmoﬂﬂfngnﬁ@fm“ S 11 GlayCi9d8 (12 oRxe) ams

bei ng: SLbjeCted to (i) ion exchange gnd hydrogenatlon

hydr o'ger .0 and i on exchange ari,qm%gpsequent |y (i)

di still I%@w i ghtmg,pmgg)@mbg and np | Wilh intebriaddidl dedbchir@@GHVET | NQ
caprol aqtam by distillation. Process jaccording to any one of clains
1-8, ch ed [lation in said recovery step
(d) is g a&%"m&ﬁ,{} e J]S'ag' ﬂ%}%ﬁgﬂb wat er and |ight conponents out

of saidjorganic phase to yield a flfth m xture conprising caprol actam

said - m)f'P‘F!‘?P’ ﬁ( e[y grated to effect crystallization
of caprcl(@(ﬂ' é@p@g ﬂs%ﬂo('m.) out the crystallized

caprol agt am TmJERT Marcellmus. Plechelmus, Gerhardus [NL/NL];
Heggenhof 7, NL-6132 SP Sittard (NL). ZWART, Rudolf,
Lambertus {NL/NL];, Mairestraat 4, NL-6151 GZ Mun-

stergeleen (NL).

(74) Agent: GEERTS, Johanna, Adriana, Maria; Octrooiburean
DSM, P.O. Box 9, NL-6160 MA Geleen (NL).

(54) Title: PROCESS FOR THE RECOVERY OF CAPROLACTAM FROM WASTE CONTAINING NYLON BY EXTRACTION WITH
ALKYL PHENOLS

(57) Abstract

A process for depolymerizing nylon (6) and rwoverlng caprolactam from the depolymerized products by extraction with alkyl phenolic
compounds. Pmoessstepsmcmde(a)mﬁngaﬁrstmixmeompnsmgnylon (6)W|mwaneratawmperamtebetweenaboutzoo°cm
about 400 °C to yield a second mixture comprising depolymerized nylon (6) components, wherein the second mixture contains caprolactam
at a concentration between about 5 wt.% and about 35 wt.%; (b) optionally, scparating insoluble material from the second mixture; (¢}
extracting the second mixture with an extraction agent fo yield an aqueous raffinate third mixture and an organic phase fourth mixwmre
cnmpﬂsing caprolactam and the extraction agent, wherein meemactionagennsanalkylphenol having a boiling point higher than that of

the caprolactam; (d) recovering caprolactam from the organic phase fourth mixture by distillation; (e) recycling the aqueous raffinate third
mixture to step (a).




