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RECLAIMING £-CAPROLACTAM FROM CARPET WASTE

The invention relates to the reclamation of £-
caprolactam from carpet waste, and more particularly to a
method of pﬁrifying contaminated e—caprolactam dissolved
in water, in which the contaminated g—caprolactam has been

~obtained by means of depolymerisation of nylon-6

originating from carpet waste.

Such a method is disclosed in US-A-5169870. Said
patent specification describes a method in which nylon-6
from carpet made from nylon-6 fibers is depolymerised in
the presence of phosphoric acid and steam. The phosphoric
acid serves as depolymerisation catalyst. The carpet is
traditionally composed of nylon-6 tufts and of a, for _
example, jute, polypropylene or latex backing. Also, the
latex may contain fillers. The post—consumer carpet will
also contain various sorts of dirt. These materials are
present during depolymerlzatlon, .due to the dlfflculty of
fully separating the nylon-6 from the non-nylon-6
material, according to US-A-5169870. This non—nylon-6
material will result in impurities which have to be
removed from the es-caprolactam in order to obtain e-
caprolactam reusable for making nylon-6. According to US-
A~-5169870 this so-called "carpet" e—caprolacfam should be
purified in the following manner. The volatile components
and added steam, which are released during |
depolymerisation, are condensed and fractionated to
separate some non—aqueous contamination from this crude
mixture containing water and e-caprolactam.. This crude
water—-g—-caprolactam mixture is then further purified by
adding potassium permanganate for an oxidative treatment
in order to oxidize the impurities which are not removed
by the fractionation.

The addition of potassium permanganate is
disadvantageous because solid hanganese dioxide (MnO,) is
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RECLAI M NG EPSI LON- CAPROLACTAM FROM CARPET WASTE Description [0001] The

i nvention relates to the reclanmation of [err]-caprolactam from car pet

waste, and nore particularly to a nmethod of purifying contam nated

[ferr] -caprol actam di ssol ved in water, in-which the contam naggdy763
[err]-caprol actam has been obtai ned by nmeans of depol ynerisation of nylon-6
originating fromcarpet waste. [0002] Such a nethod is disclosed in

611 om car pet Pheseh AR He EBir 12 Leatiam i S8 thnneRgtBeE8ence o
phosphori c acidicaridiesthesamtolibe plemyedr by aeacssefvefoasedemplleneri sation
catalyst. The saqitgle sioh | il eieRlally oEORATEARAE BYlgTal iy ts and of a,
for exanple, jute, polypropyl ene or 1 atex cking. Al'so, the latex may
contai n fill etFoutiessme,- parddeadacdypdn @ clonklagousnpipeess. A
5 further disadvantage is that manganese dioxide is a
valueless by-product which causes environmental pollution.
The object of this invention is to provide a
method of purifying contaminated e-caprolactam obtained
from carpet waste in which the quality of the final
10 product, es-caprolactam, is at least as good as that of the
ge—caprolactam obtained by the known method described above
but which method does not result in the production of
solid manganese dioxide.
This object is achieved in that the mixture of
15 water and the contaminated g-caprolactam is hydrogenated
| in the presence of hydrogen and a hydrogenation catalyst.
It has been found that, if the contaminated
g—caprolactam is purified by the method according to the
invention, the final product has the same or better
20 quality features as e—caprolactam obtained by the method
described in US-A-5169870. These quality features are for
example °Hazen (ISO 8112), PM number, Abs 290 (ISO 7059),
Alkalinity V1 bases (ISO 8661) and PAN (ISO 8660).
An additional advantage of the process according
25 to the invention is that hydrogen is easier to obtain and
‘to process than potassium permanganate. The method
according to the invention therefore also offers an
economically and also envirqnmentally attractive process
for reclaiming s-caprolactam from carpet waste.
30 Another advantage of the process according to
the invention will be elucidated below. When starting from
. different types of nylon—-6 containing carpets, it appeared
that e—caprolactam obtained from some carpets and purified
with KMnO, according to US-A-5169870 shows a visual
35 turbidity (hazy shine in contrast with the normally

observed water clear solution) when dissolved in water.
T T
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various sorts of dirt. These materials are present during depolynerization,
due to the difficulty of fully separating the nylon-6 fromthe non-nyl on-6
material, according to US-A-5169870. This non-nylon-6 material wll result
i i npurities which have to be renoved from the [err]-caprol gptafggn order
to obtain [err]-caprolactamreusable for making nylon-6. Ac- cording to

US- A-5169870 this so-called "carpet” [err]-caprolactam should be purified

in the foll ow nner....the .vol.atile conponents and added steam which are
rel eased durixyiégkﬂﬁﬁﬁQ#EXﬂHQAicﬁﬁ%§(ﬁﬁﬂi? S &ﬁdcﬁrgegﬁb% edto sep-
arate sone norcarqeE@ct am matniswitabld rfon thurt herudeusiex in makdngai ni ng
wat er and [err 210l ' . - [err] «caprol.actam m xture is
then further ég}l%?fe% %3} addi #}%&%&gﬁi&%ga#aéﬁgalﬁatf§%f 8%a§‘|? Sxi dati ve-
treat nent in dmpessibleite measwre hmhe iextds bilenclata2@Onom eecorddnigy tohe

fractionatson1dd)GQ3o . ThgmeadH ilgian o Y ﬁ:ﬁﬁiﬂi@il%g]%“% Al 1S the
di sadvant ageous becausefyaﬁﬁ% Wan%gnqse di oxi de ( _FIerrL I S produced
during the puB ESERGSHPT it LAY MRS OLINOBBY RS 6t 0 be renoved by

means of , for matarilad /danpouatdsopresent in the carpet (waste), for
example lubricants, anti-statics, dye stuffs, anti-stain
compounds, flame retardants and backing material. Because

10 some carpets give rise to this turbidity and others do
not, and because it is desirable to process all post
consumer nylon-6 containing carpets with one process, the
turbidity problem may arise randomly when purifying e-
caprolactam obtained from these nylon-6 containing

15 'carpets. This turbidity problem does not occur when the &-
caprolactam is hydrogenated according to the invention (a
water clear solution is obtained). Thus with the process
according to the invention all nylon-6 containing carpets
can be used as nylon-6 source without such a turbidity

20 problem.

It is known per se to purify mixtures containing
water and e-caprolactam by means of hydrogenation. EP-A-
411455, CS-A-160312 and J-Stresinka and J. Mokry,
PetraChemia, 20 No. 5-~6, 171-177 (1970), describe for

25 instance a purification by means of hydrogenation of an e-
caprolactam/water mixture. The e-caprolactam as described
in these references is however obtained vié the Beckmann
rearrangement of cyclohexanone oxime in fuming sulphonic
acid (hereafter called "rearrangement" e—caprolactam).

30 Hydrogenation as a purification method of &-
caprolactam obtained by depolymerizatidn of nylon-6 fibres
was never considered as a suitable method for
purification. This'consideration was based on the fact
that this e-caprolactam will contain another kind of

35 contamination due to the additives present in nylon-6
fibers (such as the earlier mentioned lubricants, anti-

_stggiggL_ggzizitiiﬂ_compounds, dye stuffs and flame
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The renoval of manganese dioxide is trouble some, particularly in _
acontinuous process. A further disadvantage is that manganese dioxide is
aval uel ess by-product which causes environnmental pollution. [0004] In

Gheni ef asern/ Textilindustrie 42,497(1992)_ dgpol yneri zati on ofggny-@% 6
contai ning carpets has been dis- closed. Purification of the _
[err]-caprolactamis done by nmeans of oxidation. [0005] The object of this

obt ai ned 11 om SaFRETSHED) oo baf cobeel 4 Fefsr el nin (i A A LG0T
[err]-caprolaogamtheg aeas@aswhﬂsmgmadeqntaMEmatﬁomr&s[presentuﬁnﬂa£t?m
ekl e SoEEe 5tk dpaeh OF abotimott L6k (aipvthd e, 10
i sachi eved in TFRATIINIGNERYT cEDFAREREACEAT 191 cbeeansar the ed '
[err]-capr gl acdépolpméyELgeoRt £4, | ds tAer PIES BRI t Y HOIRTGREW 2
hydrogenati on géﬁggég%ures compared to the temperature of the
rearrangement reaction. Higher temperature results in more
side reactions of the g-caprolactam resulting in a higher
degree of contamination. Especially "carpet" es-caprolactam
10 will contain even more contaminants due to the non-nylon-6
materials (additives and backing) and dirt present in the,
as a rule used, carpets. Because of the presence of these
contaminations until now "carpet" e-caprolactam is
purified with an oxidizing agent, preferable with KMnO,, a
15 purification method described for example in JP-A-52108991
and JP-A-52111585 for e-caprolactam from nylon-6. This is
also clear from DE-C-851195, which teaches that -
caprolactam obtained from heavily contaminated nylon-6
sources will have to be purified with KMnO,. It is
20 therefore surprising that hydrogenation can be used
advantageously as described above for treating "carpet"
caprolactam.
The hydrogenation by the method according to the
invention can be carried out in any way known to the
25 person skilled in the art. As a rule the hydrogenation is
carried out in the presence of a heterogeneous
hydrogenation catalyst. The heterogeneous catalyst can be
contacted with the hydrogen-containing reaction mixture in
various ways. Hydrogenation may for example take place in
30 a stirred tank in which the catalyst particles are
suspended in the mixture to be purified (slurry phase
process). A drawback of the slurry phase process is that
the catalyst particles and the purified mixture must be
separated in an additional process step after the
35 hydrogenation reaction. Such a separation step, for
example by means of filtration, is cumbersome. Therefore,
the hydrogenation is more preferably effected in a fixed-
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[0007] It has been found that if the contamnated [err]-caprolactamis
purified by the nethod according to the invention, the final product has
the sane or better quality features as [err]-caprol actam obtai ned by the
et hod described in US-A- 5169870. These-q@aldty features arggfonggxanple
[err]Hazen (1SO 8112), PM nunber, Abs 290(1SO 7059), Alkalinity VI bases
(1SO 8661) and PAN (1SO 8660). [0008] An additional advantage of the

to .o 6? n and

t i,er
Do brocess  nte bt St R oHi) deva 1, RO FLaeh B3° (3G %l
i nventi on t herss drhatalthe Edd&itsi enale aheprifiod |separd tdlago osfn\tlheomatmlazlsity
attractive pr %%éﬂtf&?'ﬂ){?% [&d ]b&aéirsgﬂ s é%{ngnfl

[0009]. Anot her advantage rocess acco t |nvent| n\Jﬁﬁ ‘be

el uci dat ed belaowowpé?i%tfaﬁedfdoqc} drﬁaﬂ#qrerleawtth%/préslcfkflww resatfmni ng
carpets itsappeared that'l't[@ﬁﬂdf@ﬁrﬁ%rﬁ@&@l iteGhaly’ B8 U keRRet S and

purified with KI\%%% acc oUS-A- ég?O shovxs V|s%al turbldlty
(hazy shlnellP?: 9 Examples such
catalysts are ruthenlum on alumln;um oxide, rhodium on
aluminum oxide, platinum on carbon, palladium ob carbon,
Raney nickel or nickel on silicone oxide. Preferably, the
10 hydrogenation catalyst contains nickel.

Suitable nickel catalysts with a support usually
have a nickel content between 5 and 80 wt.%. The catalyst
may contain in addition to nickel some activators such as
Zr, Mn, Cu or Cr. The activator content is generally

15 between 1 and 20 wt.%.

If palladium—containing heterogeneous catalysts
are used, the palladium content will generally be between
0.01 and 10 wt.%.

If a fixed-bed reactor is used, catalysts are

20 employed in which an active metal is on the external
surface of a support. Such catalysts can be prepared using
the method in which a pre-formed support (for instance
pellets, spheres or ribbons) is contacted with an aqueous
solution of a metal salt (for example the metal nitrate)

25 dried, and subsequently calcined.

‘The size of the pre-formed support that is
chosen will be as small as possible without the pressure
drop across the fixed bed becoming unacceptable. For
example the average particle diameter of pellets for a

30 support is usually between 1 and 5 mm.

Catalyst activation, if applied, can be effected
in any known manner. In Example 3 of EP-A-411455, for
instance, the catalyst is activated by passing gaseous
hydrogen over the catalyst for 8 hours while increasing

35 the température stepwise from 80 to 200°C. The activation
can also be carried out in situ at a temperature of 70-
100°C in which the catalyst is contacted with water (or a
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wat er cl ear solution) when dissolved in water. This turbidity indicates

i mpurities which make the [err]-caprolactamnot suitable for further reuse
in making nylon-6 fibres. The turbidity nakes itforexanple inpossible to
neasure the extiction at 290 nm accordi ng-tg 1 SO 7059. The omegnpgaf the
turbidity is found in the presence of different m xtures of non-nylon- 6
mat eri al / conpounds present in the carpet (waste), for exanple lubricants,

anti-statics, d uffs ti-stain com. pounds, .flane retardants and
backi ng mat er i‘é%.e%%%é%%%ré‘g%t%'&rrb’e’fgub?Q/eu?i%éicftb qg’s"qqﬁ bitity and

ot hers do not,dissiobeedusthe tadsivesiomlpressune owgs balbetpossn dvis amed

nyl on-6 cont ai iy ngpgarpets with one process, the turbidity problem may

ari se random y when purifging err]-caprol actam obtai ned fromthese nylon-6

cont ai ni ng carpets. Thi sTR@rBY¢Fegenabirn | &es iRrrco diing dapanis amhdhe
Lo L1753 Gruemhaa, S e ek for oS deuiy At anIemaE £l
ZF: u';llylognl-g gg‘iﬁ tgﬂrﬁnﬁg)vz:ja'-fl-lbﬁ%&%%e’bea?fgeﬁ’%swqﬁﬁﬁﬁﬁ%“ﬁﬂw%“E hout such a
turbidity probtixture. If a reactor is chosen in which the catalyst is

fixed in the reactor (fixed-bed reactor), the residence

time is generally more than 10 seconds, and in particular

10 more than 30 seconds, and in general the residence time is

less than 10 minutes and in particular less than 7

minutes. '

The required amount of heterogeneous
hydrogenation catalyst in case a slurry phase process is

15 used can easily be determined by the person skilled in the
art and is as a rule between 0.01 and 5% by weight of the
total reaction mixture. | '

The amount of e—caprolactam in the mixture to be
purified may vary between 10 and 95% by weight.

20 Preferably, this concentration is between 30 and 75% by
weight of the constituents of depolymerised material.
' During the hydrdgenation, the hydrogen pressure
is between 0.1 and 10 MPa and is preferably between 0.2
and 2 MPa. During the hydrogenation, the temperature is as
25 a rule between 20 and 160°C.

Optionally, the mixture could be hydrogenated by
first saturating the mixture with hydrogen and then
bringing the saturated mixture into contact with the
hydrogenation catalyst under hydrogenation conditions. The

30 catalyst is preferably a metal on a heterogeneous support
as described above. The reactor is preferably a packed-bed
reactor over which dontinuously the with hydrogen
saturated s—captolactam/Water mixture is led. Under
reaction conditions the degree to which the hydrogenation

35 reaction mixture is saturated with hydrogen is generally

50-100%. Preferably, the degree of saturation of the
reaction mixture is 80-100%. T
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[.0010] It is known per se to purify m xtures containing water and
[err]-caprolactam by nmeans of hydrogenation. EP-A- 411455, EP-A-138241,
JP- B-42011958, DE-B-1253716, Can. J. Chem Engi neer 60,319 (1982),

CS- A-160312 and J-Stresinka and J. Mkry._ BetraChem a, 20. 5gf, 7363-177
(1970), describe for instance a purification by neans of hydrogenati on of
an [err]-caprolactaniwater m xture. The [err]-caprolactam as described in

t hese references is ho er ohtained vi.a .the Becknmann rearrangenent  of
cycl ohexanone oxinme in f rﬁ#lﬂﬂ{ﬁiﬁﬂqyﬁﬁﬂkPqiﬁ%%ﬂfﬁt??§&9 P@% 'F@aF%e

rangenent " [emqocaaawaqnnnﬂﬁng[ﬁuxtueIinﬁan%iuﬁigywﬁ?tmalp?rbbF@gkga?FEres
ethod of Len aeaie e el sl PR iAs SRt 11 °
consi der at i on RRAYRFeRI] ane t e taxcton mytl arhiés angr flildepso/likeaaliclium
contai n angt hedardiat@f, CAMAENPHyHE Y Taqéﬁﬂ%xﬁﬂ%&tiid\é‘?sm%e%ﬁton'—%
nylon-6 fibers (such as the earlier nentione
carpet waste may be industrial nylon-6 carpet waste
obtained as waste in the production of the nylon-6
containing carpets. The process according to the invention
is particularly suitable for post consumer nylon-6 carpet
10 waste as explained above. Mixture of industrial- and post
consumer nylon-6 containing carpet waste may be used. The
mixture of carpet waste may also contain small amounts of
polyethylene terephthalate (PET), nylon-6.6, woll, cotton
and other materials which are used for face fibre
15 applications in carpets due to imperfection of the sorting
procedure when collecting post consumer carpets.

The carpets can be pretreated mechanically
reducing the carpet to a smaller size. A large portion of
any non-nylon-6 materials, including the above mentioned

20 backing materia;s, may be removed in a separator. Examples
of suitable mechanical separators are supplied by the
- Schirp Corporation as Type 75, Type 38CIII, Type 58, Type
38CII, Type 66, Type 71, Type 66-L, Type 57, Type 67S600,
Type 64 and Type 62C. After this pretreatment, the
25 fraction mainly containing nylon-6 material can be fed to
the depolymerization._

The depolymerization reaction can be carried out
with or withoﬁt.a catalyst. In JP-A-53143585, for example,
an uncatalysed depolymerisation is described, in which

30 nylon-6 is depolymerised in the presence of superheated
steam. As a rule, the depolymerisation is carried out in
the presence of a catalyst. Examples of catalysed
depolymerisations are also described in JP-A-53132585.
Suitable catalysts are for example inorganic acids for

35 example phosphoric acid and boric acid or organic acids
for example benzenesulphonic acid, phthalic acid, adipic
acid, and acetic acid. Phosphoric acid is in practice the

This Sheet Has Been Replaced

LT




10

15

20

25

30

35

-8 - EE 7763

most preferred.

The depolymerisation is as a rule carried out at
a temperature of 230-325°C and preferably between 250-
280°C. The superheated steam is preferably fed to the
reactor at a temperature of 250-500°C. The steam is
preferably supplied from the beginning of the
depolymerisation in order to take up the volatile
e—caprolactam formed so as to obtain a'condensate
containing from 1 to 40% by weight of e-caprolactam. The
content of phosphoric acid in the depolymeriéation reactor
is as a rule between 0.1-10 wt.% and, preferably, between
2-7 wt.%, based on the total nylon-6 fed to the reactor.

The mixture of water and crude g-caprolactam,
obtained after the depolymerisation, can be submitted
immediately to the hydrogenatioh step. According to the
invention, preferably one or more additional purification
steps are carried out before or after the crude water-
ge—caprolactam mixture is purified by hydrogenation. A
possible additional purification step which can be carried
out before the hydrogenation is a distillation in which
by-products released or formed during thé depolymerisation
can be removed, as is described in US-A-5169870. Another
additional purification step is a purificétion via an ion
exchanger, as for example described in JP-A-52108991 and
by J. Stresinka and J. Mokry,.PetraChemia, 20 No. 5-6,
171-177 (1970). Other purification steps known to the
person skilled in the art, such as, for example,
extraction and/or absorption over active carbon can also
be applied. ,

~ As a final purification step, the e—caproléctam

is recovered by separating it from the water, the final,
purified e-caprolactam being obtained. This separation can
be carried out in any way known to the person skilled in
the art. The g-caprolactam may, for example, be recovered
by means of crystallisation or hot melt crystallisation.
Another known method is distillation or concentration by
evaporation, optionally in the presence of a small amount
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l.ubricants, antistatics, anti-stain conpounds, dye stuffs and flame

retardants) as, for exanple, described in JP-A- 52108991.
Depol yneri zation of nylon-6 fibers, textiles, solid nylon-6 waste is al so
known from DE- A- 194956, DE- A- - 9 — 2440243, U | gmrnn7g3

Encycl opedia at Industrial Chem styr, Vol. AS, VCH Weinheim p. 42-43,
(1986), JP—A—50059382 Int. Polynmer Science and Technol

1, (1974) & C‘rlffr][ sdd4i d?&dl?o%lé;qu&ﬂp@ CS- A-143252 & C. A 77:1272216

(1972). None S descrl es hydrogenatlon as purification
met hod. Anot her reason wHy hat deemifiound that a purificatijomasihdeh s

present in E-capinided am pbtad ra&ﬁwctdfd&plwm{ Ia?:ﬁtdz%:ﬁwl%ﬂto {2) a
rearrangement err|-capr ol act am I s be-

depol yner i zat iR¥fisgenat ion pceording e dhe W‘@T@rlqne'nﬂ@r)atalﬂ é§I\:orrpar ed
to the tenper adtultamje trediadnt and (4) a final distillation will

result in e-caprolactam which can be directly reused in
making nylon-6 suitable for making carpet fibres or any
other application. Preferably the purification is
conducted in the above given sequence.

10 The extraction can be conducted in the same
manner as in the purification for "rearrangement g-
caprolactam”. Suitable extraction organic solvents are
practically immiscible with water. Examples of these
solvents are ethers, for example ethyl-, n-propyl-,

15 Dbutylether, dioxane; aromatic solvents for example
benzene, toluene, xylene, cumene and ethylbenzene;
aliphatic solvents for example cyclohexane,
isopropylcyclohexane and ethylcyclohexane; chloroalkanes,
for example chloroform, mono-, di-, tri-, tetrachloro-

20 ethane.

The ion exchange treatment can be conducted in
the same manner as in the purification for "rearrangement"
g-caprolactam as described in for example the above
mentioned references. Preferably first a cationic ion

25 exchanger is used and subsequently an anionic ion
exchanger is used.

The final distillation can be conducted in the
same manner as in the purification for "rearrangement" e-
caprolactam.

30 The invention is explained further by reference
to the following, non-restrictive examples.

The ’permangatate number’ (=PM number)'is
defined as the number of éeconds elapsing after the
addition of 1.00 ml of potassium permanganate 0.0020 Mol/1l

35 to 100 ml of caprolactam solution (3.00 g/100 ml) of 293 K
(=20°C) until the moment at which the colour of this
solution becomes equal to the colour of a standard ==~ ==
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rangenent reaction. H ghertenperature results in nore side reactions of t he

[err]-caprolactamresulting in a higher degree at

contam nation. Fibre Chem stry. 1986, 229-241 describes hydrogenation as a
purification method. There is no indi- - 10 - . cat ggn7hesever

t hat hydrogenati on woul d bea suitable nehtod to purify "carpet"”
[err]-caprolactam Especially "carpet" [err]- caprol act am

will contain even .nore nt arp_nant sy due .t.a the n-nyl an- terial
(additives and é’c%"r{b‘) d sgaﬂa‘ihd s6lution co%%m&?éeg’gn?o{@ we,%fais a

rul e used, carqubed trBdoatee (o (NG )pr 6Bghrand Ihawr afomahassiumns unti |
now "car pet" [ o | 5 o I ' n

oxi di zi ng ageﬁ;éﬂprre erée)gb]]ne lvvilt FYWCI eTrhﬁ ,PNa pur |.fti ?g&?gﬁl:égﬁ&%%gzmi bed
for exanpl e i Forpcomparison purposes Qf5thsgdixpesiqmentspand) Exagples as
[err]-capresl ademdrfivya Bd1ow.6. This is also clear from DE-C- 851195, which

t eaches ~ that e-caprol act'am obtai ned from heavily
contam nated nylon-6 sources will have to be purified with KMnJerr]. It is
t her e- Example I fore surprising that hydrogenation can be used

dvant I d ' t] g s I
[0012] “The hytr ogenat i o B A S ed ol A o & e 5 e oo, e

carried out | MAATRYARhAATRES Maste, mechanically separated from
10 industrial carpet waste (carpet waste: nylon-6 face fibre,

latex adhesive, polypropylene backing and CaCO,;), were
depolymerised in a Hastalloy C steel reactor in the
presence of 21 ml of 85 wt.% aqueous phosphoric acid.
Superheated steam was passed through the mixture for 120'
15 min and the temperature was held at 280-290°C during the
reaction. 3800 g of distillate were collected and weére
composed of 15% by weight of e-caprolactam, most of the
remainder being composed of water. The mixture was
concentrated by evaporation to a lactam concentration of
20  30%. -
300 g of this éoncentrated mixture (the mixture
to be purified) #ere introduced into a 0.5 1 stirred
autoclave together with 0.4 g of Raney nickel catalyst
slurry (50% by weight Raney Ni in water). The mixture was
25 hydrogenated for 1 hour under a hydrogen pressure of
0.5 MPa at 90°C and 900 rpm.

Most of the catalyst was then removed by means
of decantation and the very slight amount of residual
catalyst was removed by means of filtration through a

30 fluted filter.

5 ml of 50% by weight sodium hydroxide solution
was then added to the mixture which had been freed of
catalyst. This mixture was then distilled by reducing the
pressure in steps. Lactam was distilled at approximately

35 0.13-0.2 Kpa. The specifications of the distilled
g—caprolactam are reported in Table 1.
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person skilled irr the art. As a rule the hydrogenation is carried out in

the presence at a heterogeneous hydrogenation cat al yst.
The het erogeneous catal yst can be contacted with the hydrogen-cont ai ni ng
.feaction mxture in various ways. - 11 - Hydr ogeies i7pg3may for
exanpl e take place in a stirred tank in which the catal yst particles are
suspended in the m xture ~ to be purified. (slurry phase process). A

drawback of thg. éyé y ghg§ oPiAS §sA|s that the catal yst particles and the
purified m x Tﬂ?é%ﬁﬁé‘%krsegarageg—rn an additional process step after the
hydr ogenati on reaction. TBachixtuepatatpenpurified from Exampke ch wasgr

exanpl e by nﬁéﬂﬁu@édftbtéaiS%Oﬂy #éléﬂﬂbééﬁﬁﬂﬁonTh@ﬁﬁfﬁréf tWEes mixture
hydr ogenation is

referab g fected in ﬂ@ylxed bed
reactor with Vﬁ%ec%FéF€§§ Befn3 f?k%dt?ﬂeYh%rr%%E?o?3 & HF tPGt3% Y addt i onal -
step for Sepay@ight pét&belﬁﬂtpéyﬁénganate solution at ad0l°C esud i ®NpHiaf ure

can be di spen n_exa f ,a,_possi Ie fixed:bed reactor is the
trickle- phase§rgaw¢%? pé‘was QB usted tg 3 L1 eg 3&5 n % on cat al yst

may be any knommd@tienogehhoﬂhehqﬂdogénht0om salphysic Exaig! €Bhat such
catalyst are 15&'% &E‘éb'g‘l {ii‘c&)@i&@ )gﬁéiﬁnec{ R YRS AnbUdd Brii The

pl ati num on ca un1oﬂ caf
reactlon product by means of a pressure filtration. The

10 filtration time was 35 min. The dried filter cake,
predominantly composed of manganese dioxide, weighed
1.7 g.
The g-caprolactam-containing mixture was then
distilled in the same way as described in Example 1. The
15 specifications of the e-caprolactam formed in this way are
reported in Table 1.

Comparative experiment B
333 g of the mixture to be purified from Example

20 I were immediately distilled in the same way as in Example
I. The specifications of the g-caprolactam purified in
this way are reported in Table 1.

TABLE 1
25 ' I A B
° Hazen (V)
(ISO 8112) 1 1 26
PM number (2} © >10,000 >10,000 177
Abs 290 (3 .
30 (ISO 70859) 0.04 0.51 3.32
Alkalinity 4 0.01 0.04 0.50
V1l bases (% 0.08 0.38 0.61
(ISO 8661)
35 (1 ° Hazen is a measure of the colour; a lower
nunber implies a better product.
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Raney nickel or nickel on silicone oxide. Preferably the hydrogenenation

cat al yst contai ns nickel . [ 0014] Suitabl e nickel
catalysts with a support usually have a nickel content between 5 and 80
w.% The catalyst ' may T®ntain in additi oBEt 376Bckel
sonme activators such as Zr, M1, Cu or G . The activator content is
general |y between [err] and 20 wt.

[0015] If pall@gi um cont t&ﬂﬁgg I 3@%5&y§

pal | adi um content wil | glge}%g#&ﬁ b@ get vveaen i % glfeaalrjl %

[0016] If a fixed-bed re%*&cﬁﬂg&?ktla]ﬂeﬁwvst% highesnmushar iindiqadiesan
active metal is on the etif¥ NBdss W Bfizd¥1 A contamination is préewedt. Such

catal ysts can he prepared us t he nmethod i.n whic e-for port
(for instance pZI | ets, r7e£°q is the absorbance, 3t %ﬂ ng rf‘[a “ted
with an aggeous sol utlonst‘rfemgmtsdhﬂaidr( fim aexaargu e:d\i‘ea:ua?,tai livterat e)
.dr'ed; and subsequent |y number implies a béﬂ éf“%%oduct.

4) Alkalinity/acidity: (meq/kg) measured by
titration.
(5) V1 bases: volatile bases (meq/kg) [volatile
10 components which can be liberated with hydroxide

solution].

Example II
400 g of nylon-6 industrial carpet fibre waste

15 were depolymerised in a Hastalloy C steel reactor in the
presence of 14.7 g of 85 wt.% aqueous phosphoric acid.
Superheated steam was passed through the mixture for 155
min and the temperature was held at 280-295°C duting the
reaction. 4360 g of distillate were collected. The

20 distillate was composed of 8% by weight of g-caprolactam,
most of the remainder being water. The mixture was
concentrated by evaporation to a lactam concentration of
33 wt.%. (The mixture to be purified.)

300 g of this concentrated mixture were

25 introduced into a 0.5 1 stirred reactor together with 1.0
g of Raney nickel catalyst slurry (50% by weight Raney Ni
in water). The mixture was hydrogenated for 1 hour under a
hydrogen pressure of 0.1 MPa at 90°C and 900 rpm.

Most of the catalyst was then removed by means

30 of decantation and the very slight amount of residual
catalyst was removed by means of filtration through a
fluted filter.

5 ml of 1.5 N sodium hydroxide solution was then
added to the mixture which had been freed of catalyst.

35 This mixture was then distilled by reducing the pressure

' in steps. Lactam was distilled at approximately 0.13-0.2

KPa. The specifications of the distilled e-caprolactam are
ect Has Been Reﬁaced
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[0017] The size of the pre-formed support that is chosen will be as snal

as possible without the pressure drop across the fixed bed
becom ng unaccept abl e. For exanple the average-particle dianmeter of pellets
f.or a support is usually - pgtuween 1 and 5 Mggr 7763

[0018] Catal yst activation, if applied, can be effected in any known
manner. | n Exanple 3 of EP-A-411455, for in- stance, the
catal yst is activat.ed, b I ng, gaseous hydrogen over the catalyst for 8
hours while i fciRENSY ’%lrhglaqsérﬁgz' peratura stepwi se from 80
to 200[err]C. The activation can also be carried out in situ at a

tenperature(ﬁcéégégggfvé]é;éé}ig%nt % whi ch the catal ysts

contacted with ] -caprol actam m xture) in which
hydrogen is dissol ved. THe mixture to be purifiedyifirem Fxamplee Ifayase

between 0.§ ansbridbritated by evaporation [t EO]70TRa .y HA&IdN.0n 40ey dence
catal yat vt h dhy e PR FORR ey o it hoHekiGRe v 433
reactor i s chapef i3% By ofeidit eajudoisd potdssdanh ipernianganate solution
at 40°C and a pH of 7.0. The pH was kept at 7.0 during the
oxidation with the aid of 1.0 N sulphuric acid. The
10 manganese dioxide (MnO,) formed was then removed from the
reaction product by means of a pressure filtration. The
filtration time was 60 min. The dried filter cake,

predominantly composed of manganese dioxide, weighed 2 g.
The g-caprolactam—containing mixture was then -
15 distilled in the same way as described in Example 1. The
specifications of the e-caprolactam formed in this way are
reported in Table 2.

IABLE 2
20
Il o}
° Hazen (ISO 8112) 4 53
PM number ' 2700 900
25 Abs 290 _ _
(ISO 7059) 0.98 n.m, 2
PAN (ISO 8660) 8.3 9.5
Turbidity ¥ no yes
30 PAN number is a measure for the amount of
oxidizable contamination in the g-caprolactam. A
low number indicates a low amount of these
contamination
(2 ' n.m. = not measurable due to turbidity according
35 to ISO 7059
3 measured by visual observation

_
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reactor (fixed-bed reactor), the residence tine is generally nore than 10
seconds, and in particular nore than 30 seconds; and in
general the residence tinme is less than 10 mnutes and in particular |ess
than 7 m nutes. [ 0020] =Thé required anount EBf 7763

het er ogeneous hydrogenati on catalyst in case a slurry phase process is used
can easily be determ ned by the person skilled in the art

and is as a rgifnped veen 0. 01 and 5% by weight of the total reaction

m xt ure. [0021] The .anmpunt of [er2%§caprolaqt min the

m xture to be purified 42§ Q/aHA PRIV P @ ARPT0h 'ﬁ/\é’rad:rﬂr.laar)eﬁ;r ably,

this concent rilicn+6 St itvievegpost) conbuidd My Men-Bhicortdid mpedngatent s of
022 t.he hydr Qgenati on

he hydr ogen MRS P TRt ARg, £5Pm Laterr it P TR Hh e, et A
0.2 5 carpets) atahtiammumrsgpyn&mem;akmiatasnmoamherﬁmmture
e e SRIE A A LI i mer 0o, i 9 mastlUPH Wil 1
hydr ogen and G9RGte¥ iiR)itthf presence of 15.2 g of 85 wt.% aqueous
phosphoric acid. Superheated steam was passed through the
mixture for 170 min and the temperature was held at 280-

10 300°C during the reaction. 5060 g of distillate were
collected. The distillate was composed of 6 wt.% of
ge—caprolactam, most of the remainder being water. The
mixture was concentrated to a g—caprolactam concentration
of 33 wt.%. (The mixture to be purified.)

15 300 g of this concentrated mixture was
introduced into a 1.0 1 stirred reactor together with 150

- g benzene. The resulting mixture was stirred for 15
minutes and subsequently two phases, a "water—-phase" and a
"benzene phase" formed, which were separated by phase

20 separation.

The watet—phase was again introduced in the
reactor together with fresh benzene (50 g benzene/100 g
water—phase). The mixture was again stirred for 15 minutes
and subsequently separated into two phases.

25 This extraction with benzene was repeated another two
times. The resulting "four benzene phases" were mixed with
fresh water (25 g/100 g benzene phase). This mixture was
stirred for 15 minutes and subsequently separated into two
phases.

30 This water extraction was repeated another two
times. The resulting water—phases from the benzene
extraction and the water—-phases obtained from the water
extraction were mixed together. The resulting mixture was

_ concentrated by evaporation to a lactam concentration of

35 33 wt.%. o

This resulting mixture was hydrogenated in the

. . N —_——-—_—_—__—_——
same manner as described in Example I. After the
' ' eet Has Been Replace
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the saturated m xture into contact with the hydrogenatlon cat al yst under
hydr ogenati on conditions. The catalyst is

. - 15 - EE 7763

separation of the hydrogenation catalyst the mixture was
contacted with a cationic ion exchanger (DOWEX 50) and
subsequently with an anionic ion exchanger (DOWEX 21K), 1
ml of ion exchanger per 10 ml water/e—caprolactam mixture
5 is used. The ion exchanger was placed in a column and the
water/s—caprolactam mixture was passed over this packed-
bed.
The resulting mixture was distilled in the same
manner as described in Example I. The specifications of
10 the distilled e-caprolactam are reported in Table 3.
The eg—caprolactam was of a quality that it could be reused
directly in the manufacture of nylon-6 fibers or other
nylon—-6 products in which it was not needed to blend the
g—caprolactam thus obtained with virgin e-caprolactam
15 obtained by a beckmann rearrangement or any other known
synthetic method of preparation.

Comgarative Experiment D _
The mixture to be purified from Example III was

20 concentrated by evaporation to a-lactam concentration of
70 wt.%.

70 g of this mixture was stirred for 15 min
together with 9.3 g of 3% by weight aqueous potassium
permanganate solution at 40°C and a pH of 7.0. The pH was

25 kept at 7.0 dufing the oxidation with the aid of 1.0 N
sulphuric acid. The manganese dioxide (MnO,) formed was
then removed from the reaction product by means of a
pressure filtration. The filtration time was 60 min. The
filter cake, composed of dry manganese dioxide, weighed

30 1.7 g.

3.5 m1 of 1.5 N aqueous sodium hydroxide
solution was then added to the mixture. This mixture was
then distilled by reducing the pressure in steps. Lactam
was distilled at approximately 1-1.5 mm Hg. The

35 specifications of the distilled e-caprolactam are reported

in Table 3. -
eet Has Been Re‘laced

"



preferably a metal on a heterogeneous support as descri bed above. The
reactor is preferably a packed-bed reactor over which continuously the with
hydrogen saturated [err]-caprolactaniwater mxture is |led. Under reaction
conditions the degree to which the hydrogeaation reacti on m HEBIEZE3s
saturated with hydrogen is generally 50-100% Preferably, the degree of
saturation of the reaction mxture is 80-100% [0024] The nyl on-6
cont ai ni ng carpet waste used in the pro @cgording to the invention is
normal |y conposed of nylon-6 tuft on a g%%%%ng'of for exanple jute,

pol ypropyl ene, latex or nylon-6 and fillers |like cal ciumcarbonate, clay

ITI D
° Hazen (ISO 8112) 2 5
5 PM number > 10.000 2000
Abs 290 (ISO 7059) 0.16 2.5
Alkalinity 0.04 -
V1 bases (ISO 8661) 0.38 -
PAN (ISO 8660) 3.6 8.5
10
T



and hydrated al um num oxi de. The nylon-6 carpet waste nmay be industri al

nyl on-6 carpet waste obtained as waste in the production of the nylon-6
contai ning carpets. The process according to the invention is particularly
suitabl e for post consumer nylon-6 carpet waste as expl ai necegbprgs M xture -
of indu ' consuner nyl on-6 containing carpet waste nmay be

used. Tmllmmm_mnjwu !lpet waste may al so contain small anmounts of

pol yet hyFenge ttler ephts ate (PET), nyl g 6,6 |, cotton and ot her

materials which are used for face fib§e—aﬁn¥+@g§ions in carpets due to

| nperfection of the sorting procedure when collecting post consuner

carpets. [002§L Thﬁe%%ﬁ%% Pﬁ?&9mae%ﬁ%a@qngesaa@-ea{o{:mag@uﬁ' ng the

carpet to a smaller size. tion O mat eri al s,
i ncl udi ng t he abov@lﬁéﬁﬂv8ﬁednbgéﬁﬁﬁg ﬁ&t@PFSPS hﬁa9°BEaFéHB§€€ in a

separ at or gxanpl es seﬁa@ubuabltamrrﬁahabltaahleaea?rﬁbgfsls ?_fe sugpcl : ed by the
Schirp Cbrporation e 75..T Ey e
Type 71, Type 66- LOCPoRERE a5 aERG kg oy Al BE 1S nat {FicTESk cATRF (i
pretreatnment, the WastEhonhauantyrlzed in that the mixture of water and

- the contaminated e¢-caprolactam is hydrogenated in the

presence of hydrogen and a hydrogenation catalyst.

10 2. Method according to claim 1, characterized in that
the amount of s-caprolactam in the mixture is between
10 and 95% by weight.

3. Method according to any one of claims 1-2,
characterized in that the mixture is first saturated

15 : with hydrogen and subsequently contacted with a
heterogeneous hydrogenation catalyst.

4. Method of purifying contaminated e-caprolactam
dissolved in water obtained by means of
depolymerisation of nylon-6 briginating from carpet

20 waste, characterized in that the purification
includes the following purification steps: an
extraction with an organic solvent, a hydrogenation
according to any one of claims 1-3, an ion exchange
treatment and a final destillation.

25 5, Method of reclaiming e-caprolactam from nylon—-6
containing carpet, characterized in that the nylon—-6
material is mechanically separated from a large
portion of the non-nylon-6 material, the nylon-6 is
depolymerized, the &-caprolactam obtained is

30 dissolved in water and purified according to a method
according to any one of claims 1-4,

6. Method according to claim 5, characterized in that
the depolymerisation of nylon-6 is carried out in the
presence of phosphoric acid.

35 7. Method according to any one of claims 5 and 6,
characterized in that the nylon-6 containing carpet

is post consumer nylon-6 containing carpet.
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gontaining nylon-6 material can be fed to the depol ynerization. [0026] The
depol ynerization reaction can be carried out wwth or without a catalyst. In
JP- A- 53143585, for exanple, an uncatal yseddepol ynerisation is described, in
whi ch nylon-6 is depolynerised in the preseggce of superheat edgrsyggm As a
rule, the depolynerisation is carried out in the presence of a catal yst.
Exanpl es of catal ysed depol ynerisations are al so described in
JP- A-53132585. Suitable catalysts aneqdf @ Ie&aliplce,ri norgani ¢ aci ds for
exanpl e phosphoric acid and boric acréiur—urganrc—acids for exanple
benzenesul phonic acid, phthalic acid, adipic acid, and acetic acid. Phos-
phoric acid is in practimf tis,dMsSioPr: : 0 I i.sat i on
is as a rule carried _out at a te eratﬁ??%%df%gs?gtgpﬁgﬁ%&%re erably
bet ween 250- 280]%ART A ackam sq}b&qrgﬁtyé‘!frs’t%qfs qf é\Y%\OA’O‘IGy ord@ing timg
reactor at5a tfamguercenpet ofatibGrieidfiar e mika e dP isS-caipricaadtlan awep! i ed
O e g et Afs RN 'SPV oLl S i gdR WG W T e
hydrogenation catalyst. The amount of t-caprolactam in the

‘mixture can be between 10 and 95% by weight.

10

-
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;SO0 asto T S ISate @Nnaunngfromj.to %HMHS SG
[e;_r'r]gfli?o géﬁ gb e cont en hosphoric a | m“og%& élf'“
r eact|Bf [eseription :pag gtwé 110 wt % and, pre e%nﬂ : p@
basedCHime)t or:2P8 n 1P4EE ‘he react or . eLHe " da'?'"
and drayisgts) - a Iacf‘h?ﬁgeﬁbt ai'med after th Sg? """ ARBE,
submi |l ebsiraste- ‘diegrdelf-- fOPaBRE Ty ogena i on stle d| ng % ‘th o' pagéd ..
i nve

)ATE QF RECEIPTY...one...or...noe..4ddi Ti naI p r|f|cat|on ste Efarrl ed
out "before or arter the crude water-[err]-capr IdbA’EE(anREGE Flli-ed

by hydrogenati on. Ai' %@iﬁiﬁﬁéc@é"iﬁ&h%ﬁ f#% '&%P%B%Aﬁ}fh can be
carried out before ' h by- products

rel eased or formed during the depol ymerisation can be renoved, as is

described in US- A-516¥§50m6\eat;h36f1 aédartbeneb enel &be%fnaelsheef' $-A
purification via an ion_exc or exang described 1 n

JP- A- 521089%APERHR D, fSPF‘egP%RS’taﬁasff}e r VBRAy MOPg: Patkdri&ardy RS, as- 6,

171-177 f} 19O ho& ber padi EGiagt contanepatkdowhchprbhacpamnsai ssoikledd in the
art, suc

in water, in which the contaminated g-caprolactam has been
obtained by means of depolymerisation of nylon-6
originating from carpet waste.

_ Such a method is disclosed in US-A-5169870. Said
patent specification describes a method in which nylon-6
from carpet made from nylon-6 fibers is depolymerised in
the presence of phosphoric acid and steam. The phosphoric
acid serves as depolymerisation cafalyst. The carpet is
traditionally composed of nylon-6 tufts and of a, for
example, jute, polypfopylene or latex backing. Also, the
latex may contain fillers. The post-consumer carpet will
also contain various sorts of dirt. These materials are
present during depolymerization, due to the difficulty of
‘fully separating the nylon—-6 from the non-nylon-6
matefial, according to US-A-5169870. This non—-nylon-6
material will result in impurities which have to be
removed from the g-caprolactam in order to obtain &-
caprolactam reusable for making nylon-6. According to Us—-
A-5169870 this so-called "carpet" tg-caprolactam should be
purified'in the following manner. The volatile components
and added steam, which are released during
depolymerisation, are condensed and fractionated to
separéte some non—agqueous contamination f£rom this crude
mixture containing water and g—caprolactam. This crude
water—g—caprolactam mixture is then further purified by
adding potassium permanganate for an oxidative treatment
in order to oxidize the impurities which are ﬁot removed
by the fractionation.

The addition of potassium permanganate is

disadvantageous because solid manganese dioxide (MnO,) is

-_

i




.as, for exanple, extraction and/or absorption over active carbon can al so
be applied. [0029] As a final purification step, the [err]-caprolactamis
recovered by separating it fromthe wateg,_the final, purified :
[err]-caprol actam bei ng obtai ned. This séparation can be carried out in any
way known to the person skilled in the art. The [err]-caprol actam may, for
exanpl e, be recovered by neans of crystallisation or hot nelt
crystal l'i sapi ofucédofibeingnbhe perhfdcpsignst Thigt sohidr mapgeamseati on by

evaporation }%?}%%nﬁ%% gbanhgﬁasgggng9 ﬂgaﬁssgglIfggngg?mg&esodlum

hydr oxi de s as_been found that _ a puri ation which
i ncl udes (1§1hhrekapaet¢bﬁ FRPAVAA Sﬁg§ﬁP€a§8F§eﬁﬂ°xeéf &Shydrogen- ation

accordi ng tQ:&ﬁ'SléEMﬁat'Bartﬁahlalﬁlyoﬁnehcbahg&n'ub&@t pebteaed @4) a final
distillation wll resu

t errl. an .be.directly reused
in maki ng n§?6ﬁhBrSGFFQSV€nF% %& ga?%@?gbwgfegl8flgﬁylgtﬁer |
appl|cat|onvaPueiessbby—phedputlﬁhaahlGnusgsc@wducpamenmaﬂh@qﬂmmniqpNen

sequence. The object of this invention is to provide a
| method of purifying contaminated e-caprolactam obtained
from carpet waste in which the quality of the final
product, s—caproléctam. is at least as good as that of the
g-caprolactam obtained by the_known-method described above
- but which method does not result in the prbduction of
solid manganese dioxide.

This object is achieved in that the mixture of
water and the contaminated s—capfolactam is hydrogenated
in the presence of hydrogen and a hydrogenation catalyst.

. It has been found that, if the contaminated
g-caprolactam is purified by the method according to the
invention, the final product has the same or better
quality features as e-caprolactam obtained by the method

" descrlbed in US-A-5169870. These quality features are for
example °Hazen (ISO 8112), PM number, Abs 290 (ISO 7059).
Alkalinity V1 bases (ISO 8661) and PAN (ISO 8660).

' An additional advantage of the process according
to the invention is that hydiogen is easier to obtain and
to process than potassium permanganate. The method
according to the invention therefore also offers an
economically and also environmentally attractive process
for reclaiming e-caprolactam from carpet waste.

Another advantage of the process according to
the invention will be elucidated below. When starting from
different types of nylon-6 containing carpets, it appeared
that e-caprolactam obtained from some carpets and purlfled
with KMnO, according to US-A-5169870 shows a visual
turbidity (bazy shine in contrast with the normally
observed water clear solution) when dissolved in water.
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5[ 0031] The extraction can be conducted in the sane
purification for rearrangenent e-caprolactani. Suitfa
solvents are practically immscible with water. Ex

REFLACEMIENT Srobl
nner as in the

| e4 @MARCIOFDN forfgani c

Ies of these doljvents

are ethers,

sol vent s for exanpl e benzene, toluene, xylene, cunepe and ethyl benzene;

for exanple ethyl-, n-propy -3 innyleth ~—teh-OxarTeT—arongt i C

al i phatic solvents for exanple cyclohexane |soprop 'CyCl ohexane and
ethylcyclohexane chIo g? for exanﬁle chl pr.of or

tri-, tetradRiidr S

RS | PIPRNE

in the sanecﬁ@ﬁmmadtamlndﬂmsunhaﬁiemtmrnfdrkhéreaemamgnnemaklng

Lerr]- caprolggtames. dsaar | b | 0la 19 Tl Eod et 200V ColBRb] gnoC

ref erences

erab |rst I'oni ¢ 1on exchanger d and

subsequent | ymmm ¢a meaasmw@ée ¢>St{1‘é’éd°n[@t)33?0m &tparding to

dlstlllatlo

SR 0 Corw;‘é@&fm éfletﬁén&ﬂ@ﬂaffyawﬁoﬁﬂé Pﬂrtﬁécat ion for

rearrangenent [err -ca

acta
presence of different mlxtures of non-nylon-6

material /compounds present in the carpet (waste), for
example lubricants, anti-statics, dye stuffs, anti-stain
compounds, flame retardants and backing material. Because
some carpets give rise to this turbidity and others do
not, and because it is desirable to process all post
consumer nylon—-6 containing carpets with one process, the
turbidity problem may arise randomly when purifying &-
caprolactam obtained from these nylon-6 containing
carpets. This turbidity problem does not occur when the e-
caprolactam is hydrogenated according to the invention (a

‘water clear solution is obtained). Thus with the proéess

according to the invention all nylon-6 containing carpets
can be used as nylon—ﬁ source without such a turb1d1ty
problem. _ '

It is known per se to purify mixtures containing
water and es-caprolactam by means of hydrogenatioh. EP-A-
411455, CS-A-160312 and J-Stresinka and J. Mokry,
PetraChemia, 20 No. 5-6, 171-177 (1970), describe for
instance a purification by means of hydiogenation of an &-
caprolactam/water mixture. The s-caprolactam as described
in these references is however obtained via the Beckmann
rearrangement of cyclohexanone oxime in fuming sulphonic
acid (hereafter called "rearrangement" e-caprolactam).

Hydrogenation as a purification method of e-
caprolactam obtained by depolymerization of nylon-6 fibres
was never considered as a suitable method for
purification. This consideration was based on the fact
that this e—-caprolactam will contain another kind of
contamination due to the additives present in nylon-6
fibers (such as the earlier mentioned lubricants, anti-

statics, anti-stain compounds, dye stuffs and flame
R
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,[ 0034]

The invention is expl ai ned furt her by ref MEME\VEeSHF T W ng,

non-restrictive exanples. [0035] The 'permanganate} nunber’ (=PM puprber )

defined as.the nunber of seconds el apsing after {hg addMAR01997

-4 -

rétardants) as, for example, described in JP-A-521089091.
Another reason why more contamination is present in &-
caprolactam obtéined by depolymerization compared to
"rearrangement" e—caprolactam is because the
depolymerization is, as a rule, conducted at higher
temperatures compared to the temperature of the
rearrangement reaction. Higher temperature results in more
side reactions of the e-caprolactam resulting in a higher

- degree of contamination. Especially "carpet" g~caprolactam

will contain even more contaminants due to the non-nylon-6
materials (additives and backing) and dirt present in the,
as a rule used, carpets. Because of the presence of these
contaminations until now "carpet" g-caprolactam is
purified with an oxidizing agent, preferable with KMnO,, a
purification method described for example in JP-A-52108991
and JP-A-52111585 for e-caprolactam from nylon-6. This is
also clear from DE-C-851195, which teaches that &- '
caprolactam obtained from heavily contaminated nylon-6
sources will have to be purified with KMnO,. It is
thereéfore surprising that hydrogenation can be used
advantageously as described above for treating "carpet"”
caprolactam.

The hydrogenation by the method according to the
invention can be carried out in any way known to the
person skilled in the art. As a rule the hydrogenation is
carried out in thé presence of a heterogeneous
hydrogenation catalyst. The heterogeneous catalyst can be
contacted with the hydrogen-containing reaction mixture in
various ways. Hydrogenatioh may for example take place in
a stirred tank in which the catalyst particles are
suspended in the mixture to be purified (slurry phase
process). A drawback of the slurry phase process is that
the catalyst particles and the purified mixture must be
separated in an additional process step after the
hydrogenation reaction. Such a separation step, for
example by means of filtration, is cumbersome. Therefore,
the hydrogenation is more preferably effected in a fixed-
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b MENT. SHE)
s-4- of 1.00 m of potassium pernmanganate O.OOZ(RF Lﬁggﬁéﬁgkgh .T f
caprolactam solution (3.00 g/100 m) of 293 K (F2Q[err] O _until {t he nonent
~at which the colour of this solution becones eqyal} tbOt dhul ¢f a
standard sol ution. The standard sol uti en5censi stis jof 3000 ng of
cobaltnitrate (Co(NJ err])[err].6Herr]O and 134 ng Of potassium di chromate
in 11 water. The PM nunber may only be used fori_conparison.purpoeges of the

Experi ment s,addr Ex@ppteqith €88Cehkadya®l ®WingP¥aMRle ih the reactor,
so that the additional step for separation of the catalyst
and reaction mixture can be dispensed with. An example of

a possible fixed-bed reactor is the trickle-phase reactor.

The hydrogenation catalyst may be any known
heterogeneous hydrogenation catalyst. Examples of such
catalysts are ruthenium on aluminium oxide, rhodium on
aluminum oxide, platinum on carbon, palladium ob carbon,
Raney nickel or nickel on silicone oxide. Preferably, the
hydrogenation catalyst contains nickel.

Suitable nickel catalysts with a support usually
have a nickel content between 5 and 80 wt.%. The catalyst
may contain in addition to nickel some activators such as
Zr, Mn, Cu or Cr. The activator content is generally
between 1 and 20 wt.%. _

If palladium-containing heterogeneous catalysts
are used, the palladium content will generally be between
0.01 and 10 wt.%. _ |

If a fixed-bed reactor is used, catalysts are
employed in which an active metal is on the external
surface of a support. Such catalysts can be prepared using
‘the method in which a pre-formed support (for instance _
pellets, spheres or ribbons) is contacted with an agueous
solution of a metal salt (for example the metal nitrate)
dried, and subsequently calcined.

The size of the pre-formed support that is
chosen will be as small as possible without the pressure
drop across the fixed bed becoming unacceptable. For
example the average particle diameter of pellets for a
support is usually between 1 and 5 mm.

Catalyst activétion, if applied, can be effected
in any known manner. In Example 3 of EP-A-411455, for
instance, the catalyst is activated by passing gaseous
hydrogen over the catalyst for 8 hours while increasing
the temperature stepwise from 80 to 200°C. The activation
can also be carried out in situ at a temperature of 70-
100°C in which the catalyst is contacted with water (or a

This Sheet Has Been Reﬂlaced
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s NT SHEET
[0036] A mixture of 570 g of nylon-6 fibre and 3 £ﬂ§LE‘£‘* Car pet
waste, nmechanically separated fromindustrial cafpet maste‘&g? et] wast e:
nylon-6 face fibre, |atex adhesive, polypropylen adil MAR Cd8), were
depolynerised in a Hastalloy C steel reacgor in fhe presence of 2l ml of 85
Wt . % aqueous phosphoric acid. Superheated steam jvas passed through the
m xture for 120 m n and .the tenperature was hel diat._280-290Lerr]-Ciduri ng
t he reactlo coll nposed of 15%
by wei ght ofﬁenr - éﬁ ?%%%£A$Q&?x?§£€) ﬁé §g%§ﬂn§gsr§§53 ggorrposed of
wat er. The Mbase Q@m %bﬂc@ﬁt%ﬁﬁéuobypéeﬁﬁbFatméﬁ be hetueeanﬂ 1 and
concentrati gy Qipa30% [0037] 300 g of this concentrated m xture (the
m xture to be purlfleq% |ntrodgced into 04 a 0.5 | stirred _autoclave
together with 0.4 g of TRANBYIRPERBRLLGRAFHEL §Pﬁ?r§1PSOQ@B?nﬂélQﬁttR&ney Ni
in mater).'ﬁuthndtth&tmﬁs thdsegefiat edohbactihguthentdetegohrdeagsan

pressure Ofé%é%fg?&aéigg[ﬁ§5¥gbgﬂdaggotﬁgnbater—s—caprolactam

mixture. If a reactor is chosen in which the catalyst is

fixed in the reactor (fixed-bed reactor), the residence
time is generally more than 10 seconds, and in particular
more than 30 seconds, and in general the residence time is
less than 10 minutes and in particular less than 7
minutes.

The required amount of heterogeneous
hydrogenation catalyst in case a slurry phase process is
used can easily be determined by the person skilled in the
art and is as a rule between 0.01 and 5% by weight of the
total reaction mixture.

The amount of g-caprolactam in the mixture to be
purified may wvary between 10 and 95% by weight.
Preferably, this concentration is between 30 and 75% by
weight of the cpnstituents of depolymerised material.

During the hydrogenation} the hydrogen pressﬁre
is between 0.1 and 10 MPa and is preferably between 0.2
and 2 MPa. During'the hydrogenation, the temperature is as
a rule between 20 and 160°C.

Optionally; the mixture could be hydrogenated by
first saturating the mixture with hydrogen and then
bringing the saturated mixture into contact with the
hydrogenation catalyst under hydrogenation conditions. The
catalyst is preferably a metal on a heterogeneous support
as described above. The reactor is preferably a packed-bed
reactor over whiCh continuously the with hydrogen
saturated g—caprolactam/water mixture is led. Under
reaction conditions the degree to which the hydrogenation
reaction mixture is saturated with hydrogen is generally
50-100%. Preferably, the degree of saturation of the

reaction mixture is 80-100%.
Il Tﬂﬁlﬁm
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[ 0038] Mbst of the catal yst was then renoved by &E&5§?¥§§E;§ﬂ§”rn and
the very slight anount of residual catalyst was r npved by neaps jof
filtration through a fluted filter. [0039] 5 m o SO%HbMARépaﬁt di um
hydr oxi de sol ution was then added to thesmxture ch had been fyeled of
catalyst. This m xture was then distilled by redugi fG-The pressure §n
steps. Lactamwas distilled at apprOxinater 0.13{0.2 Kpa. The

speci fications of thedist roI cta AL Je Qrted d ]g%p
Conpar at i ve experi nent x{%&b]é 'f{?él %1 stﬁoe‘bs‘?éj rpl‘:tx |l e I
was dil ut edptr@caesks%dgom@lttcscﬂlm |Jarve18313arg icf ndﬂmlrﬁy(tqm!pmé afirred
for 30 mn a6 Bhcd i myo | t | per manganat e

sol ution at %er;%]r (?Maénﬂ(; o H of 71%/% gt %ﬁanﬁﬁié’sﬁlﬂ’én

- polypropylene, latex or nylon-6 and fillers like calcium
carbonate, clay and hydrated aluminum oxide. The nylon-6

carpet waste may be industrial nylon-6 carpet waste

obtained as waste in the production of the nylon-6

: containing carpets. The process according to the invention
is particularly suitable for post consumer nylon-6 carpet
waste as explained above. Mixture of industrial- and post
consumer nylon—-6 containing carpet waste may be used. The
mixture of carpet waste may also contain small amounts of
polyethylene terephthalate (PET), nylon-6.6, woll, cotton
and other materials which are used for face fibre
applications in carpets due to imperfection of the sorting
procedure when collecting post consumer carpets.

The carpets can be pretreated mechanically
reducing the carpet to a smaller size. A large pértion of
any non-nylon-6 materials, including the above mentioned
backing materials, may be removed in a separator. Examples
of suitable mechanical separators are supplied by the
Schirp Corporation as Type 75, Type 38CIII, Type 58, Type
38CII, Type 66; Type 71, Type 66-L, Type 57, Type 678600,
Type 64 and Type 62C. After this pretreatment, the
fraction mainly containing nylon-6 material can be fed to
the depolymerization.

The depolymerization reaction can be carried out
with or without a catalyst. In JP-A-53143585, for example,
an uncatalysed depolymerisation is described, in which
nylon-6 is depolymerised in the presence of superheated
steam. As a rule, the depolymerisation is carried out in
the presence of a catalyst. Examples of catalysed

- depolymerisations are also described in JP-A-53132585.
Suitable catalysts are for example inorganic acids for
example phosphoric acid and boric acid or organic acids
for example benzenesulphonic acid, phfhalic acid, adipic
acid, and acetic acid. Phosphoric acid is in practice the
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_pH was adjusted to a pH of 7.0 during the oxidathaEWAﬂ¥EEm§é¥ﬂTﬂ} 1.0 N
sul phuric acid. The manganese di oxide (M err]) fofred-weas tnen r gnoved
fromthe reaction product by nmeans of a pressure fi fiItration.
time was 35 mn. The dried filter cake'-pgedonlna1t Mgose nanganese
di oxi de, weighed 1.7 g. [0041] The [err]-caprol acta -x.ure was
then distilled in the sane way as descri-bed in Ex nple . The
speci ficati caprol actam forned in | ported in
Tabl e 1. %E% zﬁlégééﬁ%%llnent B [0042] 333 g of the mixture to be -

purified fron1Exanple5¥hQW#QP¢¥HmQFE&@¢yOG|S$|¢$e§ fuleheassiednaptasti n
Exanpl e |. gah é@f&éﬁ&@él@ﬂsz@é -3deobesha- fARELLABLFMbEYLLEReEshn this way

are repofte °C. The superheated steam is preferably fed to the
reactor at a temperature of 250-500°C. The steam is
preferably supplied from the beginning of the
depolymerisation in order to take up the volatile
ge-caprolactam formed so as to obtain a condensate
containing from 1 to 40% by weight of g-caprolactam. The
content of phosphoric acid in the depolymerisation reactor
is as a rule between 0.1-10 wt.% and, preferably, between
2-7 wt.%, based on the total nylon-6 fed to the reactor.

The mixture of water and crude e-caprolactam,
obtained after the depolymerisation, can be submitted
immediately to the hydrogenation step. According to the
invention, preferably one or more additional purification

- steps are carried out before or after the crude water-—
g—caprolactam mixture is purified by hydrogenation. A
possible additional purification step which can be carried
out before the hydrogenation is a distillation ih which
by—-products released or formed during the depolymerisation
can be removed, as is described in US-A-5169870. Another
additional purification step is a purification via an ion
exchanger, as for example described in JP-A-52108991 and
by J. Stresinka and J. Mokry, PetraChemia, 20 No. 5-6,
171-177 (1970). Other purification steps known to the
person skilled in the art, such as, for example,
extraction and/or absorption over active carbon can also
be applied.

As a final purification step, the g—-caprolactam
is recovered by separating it from the water, the final,
purified s-caprolactam being obtained. This separation can

- be carried out in any way known to the person skilled in
the art. The e—-caprolactam may, for example, be recovered
by means of crystallisation or hot melt crystallisation.
Another known method is distillation or concentration by
evaporation, optionally in the presence of a small amount
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: TABLE 1 e _ﬁ_gh T CEERT
A B [err] szeny'p: A e o 3 e

1 1 26 | u r
>10, 000 >10, 000 A7y - ; 10MABSJ$§ 0”?
7059) 0.04 0.51 3.32

Al kalinity (4) 2625 3 0. g4ﬂ8 :
0.50 5

0.38 of SOdd‘ugi\ﬁY E; iisdé g?—é&tlogé a measure of the colour a |ow

(1S0

nunber inplies a bettéﬂ;ﬂ%ﬁhhﬂen fyndM hawberpdpef ieaghont ehbonber) is a
measure of theioded zabyj | idy. eﬁﬂ&@%n WIPR ah "Gt GRAAEE L8NV hESS(2) a

oxi di zabl e cogtan1nat|on i's present

rogenation according to the invention, (3) an ion
exchange treatment and (4) a final distillation will
result in e-caprolactam which can be directly reused in
making nylon-6 suitable for making carpet fibres or any
other application. Preferably the purification is
conducted in the above given seguence.

The extraction can be conducted in the same
manner as in the purification for "rearrangement &-—~
caprolactam". Suitable extraction organic solvents are
practically immiscible with water. Examples of these
solvents are ethers, for example ethyl-, n-propyl-,
butylether, dioxane; aromatic solvents for example
benzene, toluene, xylene, cumene and ethylbenzene;
aliphatic solvents for example cyclohexane,
isopropylcyclohexane and ethyleycLohexane; chloroalkanes,
for example chloroform, mono-, di;, tri-, tetrachloro-
ethane. ' '

The ion exchange treatment can be conducted in
the same manner as in the purlflcatlon for "rearrangement"

—caprolactam as described in for example the above
mentioned references. Preferably first a cationic ion
exchanger is used and subsequently an anionic ion
exchanger is used.

The final distillation can be conducted in the
same manner as in the purification for "reerrangement" -
caprolactam. _

The invention is explained further by reference
to the following, non-restrictive examples.

The ’'permangatate number’ (=PM number) is
defined as the number of seconds elapsing after the
addition of 1.00 ml of potassium permanganate 0.0020 Mol/1l
to 100 ml of caprolactam solution (3.00 g/100 ml) of 293 K
(=20°C) until the moment at which the colour of this

solution becomes equal to the colour of a standard
o ot wEever et e s

i



. (3) Abs 290 is the absorbance at 290 nm of a 509
cuvette: a |lower nunber inplies a better product
(meq/ kg) neasured by titration. (5) VI bases: vol
[vol atil e conponents which can be |iberaled-w th}hydroxi de_saliuiéoR].
Exampl e 11 [0043] 400 g of nylon-6 industrial carpet fibre wast e jwer e
depol ynerised in a Hastalloy C steel reactor in t .7 g of

85 wt. % aqu sp &E?B ugh t he
m xtureofgrg%g'glt%b’(r%l ‘an ét eﬁerrpe ure \Axggccﬁﬂig a%mfné Il?% during
t he reacti ogobeddmig ratali (€0 (NQwe- \ﬁ/ﬁn@) cehdel? g qhep@tassivmte was

conposed Of o8 YpPomidin Of :I[Qiéﬂef?apﬂ%aéﬁatmmﬁ’@ﬁtmﬁ Sy NsERLEElgr being

wat er. The m xture was, concentrated g
for comparison purposes of the Experiments and Examples as

described below.

Example T
A mixture of 570 g of nylon-6 fibre and 30 g

non—nylon—s carpet waste, mechanically separated from
industrial carpet waste (carpet waste: nylon-6 face fibre,
latex adhesive, polypropylene backing and CaCO;), were
depolymerised in a Hastalloy C steel reactor in the
presence of 21 ml of 85 wt.% agueous phosphoric acid.
Superheated steam was passed through the mixture for 120
min and the temperature was held at 280-290°C during the
reaction. 3800 g of distillate were collected and were
composed of 15% by weight of e-caprolactam, most of the
remainder being composed of water. The mixture was
concentrated by evaporation to a lactam concentration of
30%. _

300 g of this concentrated mixture (the mixture -
to be purified) were introduced into a 0.5 1 stirred
autoclave together with 0.4 g of Raney nickel catalyst
'slurry (50% by weight Raney Ni in water). The mixture was
hydrogenated for 1 hour under a hydrogen pressure of
0.5 MPa at 90°C and 900 rpm.

Most of the catalyst was then removed by means
of decantation and the very slight amount of residual
catalyst was removed by means of filtration through a
fluted filter. _

5 ml of 50% by weight sodium hydroxide solution
was then added to the mixture which had been freed of

' catalyst. This mixture was then distilled by reducing the
pressure in steps. Lactam was distilled at approximately
0.13-0.2 Kpa. The specifications of the distilled
e-caprolactam are reported in Table 1.

\
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Comparative experiment A
The mixture to be purified from Example I was
diluted to a 15% by weight solution. 333 g of this mixture
were stirred for 30 min together with 33.6 g of 3% by
weight potassium permanganate solution at 40°C and a pH of
7.0. The pH was adjusted to a pH of 7.0 during the
oxidation with the aid of 1.0 N sulphuric acid. The
manganese dioxide (MnO,) formed was then removed from the
reactibn product by means of a pressure filtration. The
filtration time was 35 min. The dried filter cake,
predominantly composed of manganese dioxide, weighed
1.7 g. '

- The e-caprolactam-containing mixture was then
distilled in the same way as described in Example 1. The
specificationé of the e—caprolactam formed in this way are
reported in Table 1.

Comparative experiment B

333 g of the mixture to be purified from Example
I were immediately distilled in the same way as in Example
I. The specifications of the eg—caprolactam purified in
this way are reported in Table 1.

TABLE 1
L A B
° Hazen (¥

(ISO 8112) o1 1 26
PM number (2 >10,000 >10,000 177
Abs 290 ¢ '

(IS0 7059) 0.04 0.51 3.32
Alkalinity 9 0.01 0.04 0.50
V1l bases (5? 0.08 0.38 0.61

(ISO 8661)

(1} ° Hazen is a measure of the colour; a lower

number implies a better product. ____ ——

"l



i"\"‘ H

evaporation to a | actam concentration of 33 w. %\ ﬁéﬂ;{?ﬂiuggé?‘ be
purified.) [0044] 300 g of this concentrated miture were introduded into a
0.5 | stirred reactor together with 1.0 g of Rarey nif QMARCEFAI yist! slurry
(50% by weight Raney Ni in water). Thejim xture s| hydrogenated {fdr 1 hour
under a hydrogen pressure of 0.1 MPa at 90 C and} 9 - Mpst of

the catal yst was then rennved by nmeans of decanthtion and the very slight
Amount, of st dual oghehigbelobEIRLSHRRYoTEAARSR] LEL b bRl cRUO" @
added to the n1xturethbloh;ﬂadabeémtyneadhogheatauybe: Indicates
that less oxidizable contamination is present.
(3) Abs 290 is the absorbance at 290 nm of a 50%—
strength solution in a2 4 cm cuvette; a lower
number implies a better product.

L Alkalinity/acidity: (meg/kg) measured by
_ titration.
(s) V1l bases: volatile bases (meqg/kg) [volatile

components which can be liberated with hydroxide
solution].

Example II

400 g of nylon—-6 industrial carpet fibre waste
were depolymerised in a Hastalloy C steel reactor in the
presence of 14.7 g of 85 wt.% agueous phosphoric acid.
Superheated steam was passed through the mixture for 155
min and the temperature was held at 280-295°C during the
reaction. 4360 g of distillate were collected. The
distillate was composed of 8% by weight of ts-caprolactam,
most of the remainder being water. The mixture was
concentrated by evaporation to a lactam concentration of
33 wt.%. (The mixture to be purified.)

300 g of this concentrated mixture were
introduced into a 0.5 1 stirred reactor together with 1.0
g of Raney nickel catalyst slurry (50% by ﬁeight Raney Ni
in water). The mixture was hydrogenated for 1 hour under a
hydrogen pressure of 0.1 MPa at 90°C and 900 rpm.

Most of the catalyst was then removed by means
of decantation and the very slight amount of residual
catalyst was removed by means of filtration through a
fluted filter.

5 ml of 1.5 N sodium hydroxide solution was then
added to the mixture which had been freed of catalyst.
This mixture was then distilled by reducing the pressure
in steps. Lactam was distilled at approximately 0.13-0.2
KPa. The specifications of the distilled e-caprolactam are

ecet Has Been Replaced
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.mxture was then distilled by redu0|ng the pressure in steps.. Lactan1mas

distilled [err]- caprolactan1are reported in Table 2. (
experinment C [0047] The m xture to be pgrlfled from B
concentrated by evaporation to a 70 w . Solution. 140 gio 1 %ﬁﬂpgqjug
were stirred for 15 mn together with 13.3 g of 3% by Jeilg aqueous
pot assi um per manganat e sol ution at 40[err] C and a pH of *Dwulhemphhaﬁé
kept at 7.0 *®RATHPYI W2 J@RERi%Hn with the aid of 1.0 Nisul phuric acid. Tﬁe
manganese di oxide (Mh(Jerr]) fornmed was then renoved fromrtire-TeacttTon

' i i n 0 mn.
The dri ed” 1 et drd ARk fagat 1€ nposed of manganese di oxi de, el ghed
2 g. : The mixture to be purified from Example II was
' concentrated by evaporation to a 70 wt.% solution. 140 g
~of this mixture were stirred for 15 min together with 13.3
g of 3% by weight aqueous potassium permanganate solution
at 40°C and a pH of 7.0. The pH was kept at 7.0 durlng the
oxidation with the aid of 1.0 N sulphuric acid. The
manganese dioxide (MnO,) formed was then removed from the
- reaction product by means of a pressure filtration. The
filtration time was 60 min. The dried filter cake,
predominantly’ composed of manganese dioxide, weighed 2 g.

The g-caprolactam—containing mixture was then
distilled in the same way as described in Example 1. The
specificatioﬁs of the e-caprolactam formed in this way are
reported in Table 2.

TABLE 2
iI [o]
° Hazen (ISO 8112) ' 4 53
PM number 2700 900
Abs 290 .
(ISO 7059) . 0.98 n.m. (2
PAN (ISO 8660) (1) 8.3 9.5
Turbidity (3! no yes
1) PAN number is a measure for the amount of
oxidizable contamination in the g-caprolactam. A
low number indicates a low amount of these
contamination
(2) n.m. = not measurable due to turbidity according
to ISO 7059
3 measured by visual observation —T—T  —i—n @ .
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. [0648] The [err]-caprol actam contai.ni ng m xture was Rppnygwgfhﬁlépgﬁﬁ t he

same way as described in Exanple I. The specificati png—et—tne
[err]-caprolactamforned in this way are reported inp Tab

TABLE 2 - 14 - (?M%R 997 I
C [err] Hazen (1SO 8112)

53 PM nunber ) _ 270D
8088 Example T1fbs 290 (1 SO 1058}

400 g (of whch 32 g non—nylon—-6 material) of
nylon-6 fibre (post consumer nylon-6 containing carpet
waste orginating from latex-jute, polypropylene containing
carpets) mechanically separated as well as possible from
carpet waste, were depolymerised in a Hastalloy C steel

-reactor in the presence of 15.2 g of 85 wt.% aqQueous

phosphoric acid. Superheated steam was passed through the
mixture for 170 min and the temperature was held at 280-
300°C during the reaction. 5060 g of distillate were
collected. The distillate was composed of 6 wt.% of
g—-caprolactam, most of the remainder being water. The
mixture was concentrated to a ege—-caprolactam concentration
of 33 wt.%. (The mixture to be purified.)

300 g of this concentrated mixture was
ihtroduced into a 1.0 1 stirred reactor together with 150
g benzene. The resulting mixture was stirred for 15
mlnutes and subsequently two phases, a "water-phase" and a
"benzene phase" formed, which were separated by phase
separation.

The water—phase was again introduced in the
reactor together with fresh benzene (50 g benzene/100 g
water-phase). The mixture was again stirred for 15 minutes
and subsequently separated into two phases.

This extraction with benzene was repeated another two
times. The resulting "four benzene phases" were mixed with
fresh water (25 g/100 g benzene phase). This mixture was
stirred for 15 minutes and subsequently separated into two
phases.

' This water extraction was repeated another two
times. The resulting water—-phases from the benzene
extraction and the water—phases obtained from the water
extraction were mixed together. The resulting mixture was
concentrated by evaporation to a lactam concentration of
33 wt.%. '

This resulting mixture was hydrogenated in the
same manner as described in Example I. After the

This Sheet Has Been RTi
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. Rirs . . 2o
. PAN (1SO 8660) [err] 8.3 ﬁq£ﬁf2144f*“9f'““

5.‘
Turbidity (3) no ' - 1} PAN
nunber is a neasure for the anpbunt of oxidizable cortamhgtﬁ%qﬁ?t e}
[err]-caprolactam A low nunber indicatgg a | ow anount] of these

contam nati on (2) n.m = not measurable due to turjbidity according fo | SO
7059 (3) neasured by visual observation Exanpl e—11d 06491460 ¢

g;}c O‘r’]"f”GCEO%Zea irla?;g{og-glro {t%%?{@ﬁc%gnfgiﬂ | LA PG RO PO SET
contacted with a cationic ion exchanger. (DOWEX 50) and
subsequently with an anionic ion exchanger (DOWEX 21K), 1
ml of ion exchanger per 10 ml water/e—caprolactam mixture
is used. The ion exchanger was placed in a column and the
water/e—-caprolactam mixture was passed over this packed-
bed.

The resulting mixture was distilled in the same
manner as described in Example I. The specifiéations of
the distilled es—-caprolactam are reported in Table 3.

The eg—caprolactam was of a quality that it could bé reused
directly in the manufacture of nylon-6 fibers or other
nylon—-6 products in which it was not needed to blend the
ge~caprolactam thus obtained with virgin e-caprolactam
obtained by a beckmann rearrangement or any other known
synthetic method of preparationm.

Comparative Experiment D _

The mixture to be purified from Example III was
concentrated by evaporation to a lactam concentration of
70 wt.%.

70 g of this mixture was stirred for 15 min
together with 9.3 g of 3% by weight aqueous potassium
permanganate solution at.40°c and a pH of 7.0. The pH was
kept at 7.0 during the oxidation with the aid of 1.0 N
sulphuric acid. The manganese dioxide (MnO,) formed was
then removed from the reaction product by means of a
pressure filtration. The filtration time was 60 min. The
filter cake, composed of dry manganese dioxide, weighed
1.7 g.

3.5 ml of 1.5 N agueous sodium hydroxide:
solution was then added to the mixture. This mixture.was

- then distilled by reducing the pressure in steps. Lactam
was distilled at approximately 1-1.5 mm Hg. The
specifications of the distilled e—caprolactam are reported
in Table 3.
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.orginating froml atex-jute, polypropylene containing carpets) nmechanically
separated as well as possible from car pet waste, were depolynerised in a
Hastal l oy C steel reactor in the presence of 15.2 g of 85 wt. % aqueous
phosphoric aci d. Superheated steam was passed through the m xture for 170
mn and the tenperature was held at 280-300[err]C during the reaction.
5060 g of distillate were collected. The distilate was conposed of 6 w.%
of [err]-caprol actam nost of the rengigigers being water. The m xture was
concentrated to a [err]- caprolactanlcoﬁ‘ﬁﬁTTarlon of 33 wt.% (The m xture
to be purified.) [ 0050] 300 g of this concentrated mi xture was introduced
intoa l1l.01 stirred reactor together y¢th 150 gpbenzene. The resul ting
m xture was stlrred f ut es and ubsequent y two phases, a

"wat er-phase Hagen "Miﬁ%}nase rmsd, whiTh were separated by phase
separation. PM @¥mblerThe wat er - phase wnslagamﬂ'immmwduced in the

reactortogeta%%\ﬁé&1{f§5ﬂy&§g¥ene (509 pepgene/ 109 g water -

Alkalinity 0.04 -
V1l bases (ISO 8661) 0.38 -
PAN (ISO B8660) 3.6 8.5
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.phase). The m xture was again stirred for 15 m nutes and subsequently
separated into two phases. This extraction W th benzene was repeated
another two tines. The resulting "four benzene phases" wer

eedwith
freshmuummuuﬂﬂw g benzene,ghase). This mixture was RJ.,D}AQE‘ O,
m nut y separateé Into two phases. [ 005 ]'Tﬁrs“mater
extractlon was Peptat®d another two times. The resulting
t he benzene extrac- tion agg t he wat er - phases obt ai ned fjr
extraction were m xed togeth L lting m xture was |c trate
by evaporation to a lactam concentration of 33 w. % [0 53] ThIS
resul ting u S n I n_the. sane na |
Exanpl e | ﬂnﬁ‘ioé ‘#@7 sep%ﬁgs &nga'fu?%geﬂyﬁ—‘bﬁ%ﬁ ?%‘?F‘Eat aI yst the mxture
was cont actiszEalved ainafd el ¢ inrwhichabber coBtMEME0d and subsequent |y
wth an a _qu 6%%hp§g@5tg%§c1ﬁ@nﬁ_log1 of ion exchanger per 10 m

water/[err]- ol actam m xture is use he i on exchanger was placed in
a col um SRt 21 IRR 19 BBk oRatt afiaineivg wEEomagREHebYer this

paCKEd-bGQaste, characterized in that the mixture of water and
the contaminated e~caprolactam is hydrogenated in the
presence of hydrogen and a hydrogenation catalyst.

Method according to claim 1, characferizéd in that
the amount of es-caprolactam in the mixture is between
10 and 95% by weight. '
Method according to any one of clalms 1i-2,
characterized in that the mixture is first séturated
with.hydrogen and subsequently contacted with a
heterogeneous hydrogenation catalyst. '
Method of purifying contaminated £—caprolactam
dissolved in water obtained by means of
depolymerisation of nylon-6 originating from carpet
waste, characterized in that the purification
includes the following purification steps: an
extraction with an organic solbent, a hydrogenation
according to any. one of claims 1-3, an ion exchange
treatment and a final destillation.
Method of reclaiming e-caproladtam from nylon-6
contalnlng carpet, characterized in that the nylon-6
material is mechanically separated from a large
portion of the non-nylon-6 materlal, the nylon-6 is
depolymerized, the g-caprolactam obtained is
dissolved in water and purified according to a method
according to any one of claims 1-4.
Method according to claim é; characterized in that
the depolymerisation of nylon-6 is carried out in the
presence of phosphoric acid. _
Method according to any one of claims 5 and 6,
characterized in that the nylon-6 containing carpet
is post consumer nylon-6 containing carpet. __ ————
Sheet Has Been Reﬁaced
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RECLAIMING ¢-CAPROLACTAM FROM CARPET WASTE

ABSTRACT

The invention relates to a method of preparing
g—caprolactam by depolymerisation of nylon-6 originating
from carpet wate wherein the mixture of e-caprolactam and
water is hydrogenated in the presénce of hydrogen and a
hydrogenation catalyst. The amount of g-caprolactam in the
mixture can be between 10 and 95% by weight.
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in Exanple | & The specifications of t ] - caprol actam are

reported in
be reused di

9

cthy 11T

ﬁﬁgﬂﬁ“ﬁ%ﬂﬂ$¥§ﬂﬁﬂf capr ol act am was of* a quallty that it could

- 17 -
2 6 MAY 1999

THIS SHEET HAS BEEN

CLAIMS 'REPLACED

Method of purifying contaminated g—-caprolactam
dissolved in water, in which the contaminated
g-caprolactam is obtained by means of
depolymerisation of nylon-6 originating from carpet
waste, characterized in that the mixture of water and
the contaminated &-caprolactam is hydrogenated in the
presence of hydrogen and a hydrogenation catalyst.
Method according to claim 1, characterized in that
the amount of s-caproiactam in the mixture is between
10 and 95% by weight.

Method according to any one of claims 1-2,
characterized in that the mixture is first saturated
with hydrogen and subsequently contacted with a
heterogeneous hydrogenation catalyst.

Method of purifying contaminated s-caprolactam
dissolved in water obtained by means of
depolymerisation of nylon-6 originating from carpet
waste, characterized in that the purification
includes the following purification steps: an
extraction with an organic solvent, a hydrogenation
according to any one of claims 1-3, an ion exchange
treatment and a final destillation.

Method of reclaiming g-caprolactam from nylon-6
containing carpet, characterized in that the nylon-6
material is mechanically separated from a large
portion of the non-nylon-6 material, the nylon—6 is
depolymerized, the s-caprolactam obtained is
dissolved in water and purified according to a method
according to any one of claims 1-4.

Method according to claim 5, characterized in that
the depolymerisation of nylon—-6 is carried out in the
presence of phosphoric acid.

Method according to any one of claims 5 and 6,
characterized in that the nylon-6 containing carpet

- " " /
is post consumer nylon-6 containing carpet.
heet Has Been Replaced
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R ' B o Bpisza ot
the nanufacture of nylon 6 flbers or. other nylon 6 products I n which it mas

wnot needed to blend. the [err]-caprol act am't'’hus obt ai ned wi-th virgin _
Lerr]- caprol act am-obt.ai ned’ by a beckmann . rearrangemant or” any other kno‘vvn

synthetic method of preparation. Oorrpar ative Experinent D /&%ﬁ%\; %r
m xture to be purified from Exarrple II was concentratedRE?L i on to

‘a lactam concentration.of 70 wt. % ﬁgMOf this mxture was stirred
f or 15 nin toget her WRERLAIMING ERSI )QH%P SRO0M SARPELMASTE um per man-
ganat e sBpagtiton at 40[err]C and a pH of 7.0. The pH waskept at. T. during -
t he OX|dat|on with the aid of 1.0 N sul phuric

[0001] Theinvention relates to the reclamation of e-caprolactam from carpet waste, and more particularly toa method
..ot purifying contaminated e-capratactam dissolved in watar, in which the contaminated e-caprolactam has been cbtained
by means of depolymaerisation of nylon-8 ariginating from carpet waste.

[0002] Sucha method is disclosed in US-A-5169870. Said patent specification describes a methad in which nylon-

& from carpet made from nylon-6 fibers is depolymerised in the presence of phosphoric acid and steam. The phosphoric

acid serves as depolymerisation catalyst. The carpet is traditionally camposed of nylon-8 tuits and of a, for axample,

jute, polypropylane or latex backing. Also, the latex may cantain fillers. The post-consumer carpst will also contain

- various sorts of dirt. Thase materials are present during depolymerization, due to the difficulty of fully separating the
nylon-8 from the non-nylon-8 material, according to US-A-5169870. This non-nylon-6 material will result in impurities
which have to be removed from the e-caprolactam in order to obtain g-caprolactam rausable for making. nylon-6. Ac-

_cording to US-A-5169870 this so-called "camet" e-caprolactam should be purified in the following manner. The volatile

- components and added steam, which are released during depolymerisation, are condensed.and. fractionated to sep-
arate some non-aqueous contamination from this crudae mixture containing water and e-caprolactam. This crude water-
e-caprolactam mixture is then further purified by adding potassium petmanganate for an oxxdatlve treatment in order

- to oxidize the impurities which are not removed by the fractionation. :
{0003] The addition of potassiumy permanganate is disadvantageous because sclid manganese dicxide MnQy) is
preducaed during the purification. This solid manganese dioxide has to be removed by means of, for example;, filtration.
The removal of manganese dioxide is troublesome, particularly in a continuous procass. A further disadvantage is that

- manganese-dicxide is a valueless by-product which causes environmental pollution.

[C004]; 1n Chemiefasern/Textilindustria 42, 497 (1992) depolymerization af nylon-6 containing carpets has been dis-
clesed. Purification of the e-caprolactam is done by means of oxidation. -

[0005] The. cbject of this invention is to provide-a method of purifying contaminated e-caprolactam obtained from
carpet. wasta in which the:quality of the. final product, e-caprolactam, is at least as good asthat of the e-caprolactam
obtained by the known method.described:above but which methoddoes not result inthe-production-of solid manganese
dicxide. -

[Cec6}. This ob;ect lsachlevact ie that themixture of watar and the contammated e-caprolactant is hyd:cgenated ir
the presence of hydrogen and ahydragenation catalyst.

. [0007} Ithasbeenfoundthat, fthecantaminated e-caprolactantis purifiec by the method according to theinvention,
thefinal product has the:samesor better, quality features as e-caprolactant cbtained by the method described: irUS-A~
5169870 These quality featuresarafor example: *Hazen (1SO. 8112),. PM:number; Abs 29@(!80 7089, "Alkalinity: VI
bases (ISO 8651) and:PAN: (1SC:-8660)..

T0008] Am additional advantage:of theprocess. accordmg-to theinvention is that hydrcgen e eas:e:tccbtam andto
precess.than potassium permanganate:. The.method according ta the invention therefore also offers-an-e¢onomically
anc alss environmentally attractive process.for reclaiming e-caprolactam frony carpet waste. .-

[0009} Ancther advantage of. the process: according to the invention will be elucidated below: When- starting from
different types of nylon-8 containing:carpets; it appeared that e-caprolactam cbtained from some carpets and purified
with KMnO, according. to. US-A-5169870 shows a visual turbidity (hazy shine in contrast with the- normally observed
water clear solution) when: dissoived it water. This turbidity indicates impurities which make the e-caprolactam not
suitable forfurther reuse in making nylon-&fibres. The turbidity makes it for example impossible to measure the extiction
at 290 nm according to SO 7058. The origin of the turbidity is found in the presencs of different mixtures of non-nylon-
€ material/compounds. present in the carpet (waste), for exarnpie lubricants, anti-statics, dye stuifs, anti-stain com-
pounds, flame retardants and backing material. Because some carpets give rise to this turbidity and others do not, and
becauss it is desirable to process-all post consumer nylon-8 containing carpets with one process, the turbidity problem
may arise randomly when puritying e-caprolactam obtained from these nylon-6 containing carpets. This turbidity prob-
lem does not occur when the e-caprolactam is hydragenated according to the invention (a water clear solution is ob-
tained). Thus with the process according to the invention all nylon-6 containing carpets can be used as nylon-6 source
without such a turbidity problem.

{001Q] it is known per se to purify mixtures containing water and g-caprolactam by means of hydrogenation. EP-A-
411455, EP-A-138241, JP-B-42011958, DE-B-12537186, Can. J. Chem. Engineer 60, 319 (1982), CS-A-160312and
J-Stresinka and J. Mokry, PetraChemia, 20. §-6, 171-177 (1970), describe for instance a purification by means of
hydrogenation of an e-caprolactam/water mixture. The e-caprolactam as described in thesa references is however
obtained via the Beckmann rearrangement of cyclohexanone oxime in fuming sulphcmc acid (hereafter called "rear-
rangement® e-caprolactam).

[0011] Hydrogenation as a purification method of e-caprolactam obtamed by depolymenzanon of nylon-6 fibres was
never considered as a suitable method for purification ; e g fact that this e-caprolactam

will contain another kind of contamipation mmﬂmp&ﬁﬁ?ﬁyu on-61ars (sukh as the earlier mentioned
Description : paged ... to paged®.... - :
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aci d The manganese d| OXI de (th err]) forrred was- then rermve@FM) .
Feaction product by means of -a pressure filtration. TheRE’PiLPEF— n. t| ne was
60 mn. The filter cake; corrposed of dry manganese di oxide, wei ghed 1. 79.
[0057]. 3.5 nm of 1.5 N: aqueous sodi um hydr oxi de sol ution was - then. added to
the m xture. This. mixture was then di stlléed by reducn ng the. pressure in-
st eps. Lact am was:. di stllied at approximatély 1-1.5 nm Hg. The

‘speci fi Catubl‘ilgrﬁs. %ﬂs{ang a%—sﬁcr{ éotnﬁ&n&seWe]stuﬁgmd%g o %rﬂ EE i8¢ Q%% i% JPeA-
A-

TABLE 3  52108991. Depalymerization of nylon-6 fibers, textiles, sciid nylon-6 DE-A-
5 - 2440243, Ulimann's Encyclopedia of industrial  Chemistyr, Vol. A5, VCH Welnhelm p. 42-43, (1986), JP-A-50059382 :
' Int. Polymar Science and Technol, 1, (1974) & Chem. Prumysl. 24, 394 (1974), CS-A-143252 & C.A. 77:1272216
(1972). None.of these documents describes hydrogenation as purification method. Another reason why more contam-
ination is present in E-caprolactam abtained by depolymerization compared to ‘rearrangement® e-caprolactam is be-
. cause the depalymerization is, as a rule, canducted at higher temperatures comparsd to the temperature of the rear-
rangement reaction. Higher temperature resuitsin more sids reactions of the e-caprolactam resulting in a higher degree
of contamination. Fibre Chemistry. 1986, 229-241 describes hydrogenatior as a purification methed. There is no indi-
catiorr hawever that hydrogenation would be a suitable mehtod to purify *carpet® s-caprolactam. Especially “carpet® e-.
caprolactam will contain aven more contaminants due ta the nan-nylon-6 materials (additives and: backing) and dirt
present in the; as a rule used, carpets. Because of the presence:of these contaminations until now “carpet®*e-caprol-
- actam is purified with an oxidizing agent; preferable-with KMnQ,, a purification method described far example in JP-
A-52108991 and JP-A-52111585 for e-caprolactam frony nylon-6. This is also clear from DE-C-851195, which teaches.
that e-caprolactam obtained from heavily contaminated nylon-8 sources will have to be purified witht KMnO,, Itis there-
- fore surprising that hydrogenatior can be used: advantagecusly-as described above for treating "carpet” caprolactam.
[0012] The hydrogenation by the method according to the invention can be carried out'in any way known to the
person skillectirr the-art. As & rule the hydrogenation is carried out irr the presence of  heterogeneous hydregenation
catalyst. The-heterogeneous:catalystcam be contacted withr the hydrogen-containing reaction mixturs irr various ways.
Hydrogenation may for example:take placein-a stirred tank in-which the- catalyst particles are suspended in the mixture
to:be-purified:. (slurry phase process). A drawback of the- slurry. phase process. is: that the catalyst particles and the
purified mixture must be: separated iir arr additional process:step. after the hydrogenation reaction. Such a separation.
stap, for example by means of filtration, is cumbersome. Thersfore; the hydrogenatici is:more: preferably. sffected. i
afixed-bed-reactor wittrthe:catalyst being fixed irr the reactor; sathat the additional step for separation of the catalyst
and:-reaction mixture: carr be dispensed-withy. Arrexampleufapo&[ble fixed-bed reactor is:the trickle-phase reactor.
- [0at3]:.. The-hydrogenation catalyst may berany known heterogeniecus. hydragenatiorr catalyst: Examples of such
- catalystsares rutheniunrarr aluminium: oxide: rhodiunromr aliminunr oxide: plannumorrcarbon. palhdmm orrcarbor, |
Raneynickel or nickel omsiliconeroxider Prefarabiy: the hydrcgenatlorreatalystcomamsmcket
{0814} Suitabie nickel catalysts withr a: support usually: have a: nickel:content betweem Eandrao:m%. The catalyst
maycontaisr lrraddmo:rtcmcketsomeactwators sucl'rasZ'" Kiey; Cieor Cie Theactivamroontenr agenerally between
tanct 20wk %
[oatsE: - If'pa!lad:um—contalmng hetarcgenecuseatalysts‘- are*usad:. the palladlurrr cantent wnlltgenerall;c be betweemrr
G0k and 1wt %
-[CateT - if afixed- bed*reactoris:used"catalystsrars employectlrr whichramactivemetatison meextemal‘ surface ofa-
. suppast: Such catalysts.can baprepared-using themethod in whnctrapre-fonnsdsupporr(formstance pellets; spheres
orribbons).is.contactedwithran aqueoussoluﬂorrofametal salt (for example-themetal mtrate) dried; andsubsequenﬂy
calcined.
[00t7T Thesizeof the pre-formed support thatis chosenwillberas smaltas posslble without the pressurs drop across
‘the:fixed bed becoming unacceptable: For exampie the average-particle dlameter of pellets for a support is usually
between-tandSmm. .
{0018} Catalyst activation, if applred can be- eftected in any known manner. in Example 3 of EP-A-411485, for in-
stance, the catalyst is activated by passing gaseous hydrogen over the catalyst tor 8 hours while increasing the tem-
perature stepwise from 80 to 200°C. The activation can also be carried out in situ at a temperature of 70-100°C in
whichr the catalyst is contacted with water (or a water/e-caprolactam mixture) in which hydrogen is dissolved. The
activation pressure may be between 0.1 and 10 MPa.
[0019] The hydrogenation residence time depends on the method that is chosen for contacting the heterogeneous
catalyst with hydrogen and the water-e-caprolactam mixture. If a reactor is chosen in which the catalyst is fixad in the
reactor (fixed-bed reactor), the residence time is generally more than 10 seconds, and in particular more than 30
seconds, and in general the residence time is less than 10 minutes and in particular less than 7 minutes.
[0020] The required amount of heteragenecus hydrogenation catalyst in case a slurry phase process is used can
easily be determined by the person skilledinthe artandisas a rute between 0.01 and 5% by weight of the total reaction
mixture,
{0021] Theamount of e-caprolactam in the mixture to be purified may vary between 10 and 95% by weight. Preferably,
this concentration is betwéen 30 and 75% by weight of the constituents of depolymerised material.
(0022] During the hydrogenation, the hydrogen pressure is baetween 0.1 and 10 MPa and is preferably between 0.2
ana 2 MPa. During the hydrogenation, the temperature is as a rule betwesn 20 and 160°C.
[0023] Optionally, the mixture could be hydrogenated by first saturating the mixture with hydrogen and then bringing
the saturated mixture into contact with the hydrogenation catalyst under hydrogenation conditions. The catalyst is
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preferably a metal on a heterogeneous support as dascribed above. The raactor is pretefably a packed-bed reactor
- over which continuously the with hydrogen saturated e-caprolactam/water mixture is led. Under reaction conditions the -
degreae to which the hydrogenation reaction mixture is saturated with hydrogen is generally 50-100%. Preferably. the
degrae of saturation of the raaction mixtura is 80-100%.
[0024] The nylon-6 containing carpet waste used in the process according ta the invention is normally composed of
nylon-6 tuft on a backing of for example jute, polypropylens, latex or nyion-6 and fillers like calcium carbonate, clay
and hydrated aluminum oxide. The nylon-6 carpat waste may be industrial nylon-6 carpet waste obtained as waste in
the production of the nylon-& containing carpets. The procass according to the invention is particularly suitable for post
- consumer nylon-8 carpet waste as explained above. Mixtura of industrial- and post consumer nylon-6 containing carpet
- waste may be used. The mixtures of carpet waste may also contain small amounts of polyethyiene terephthalate (PET),
- nylen-6.6, wool, cotton and other materials which are used for face fibre apphcanons in carpets due to lmperfecnon of
the sorting procedure when collecting post consumer carpets. )
[0025] The carpets can be pretreated mechanically reducing the’ carpettoa smaller size. A large portion of any non-
" nylon-6 materials, including the above menticned backing materials, may be removed in a separator. Examples of
suitable mechanical separaters are supplied by the Schirp Corporation as Type 75, Type 38CIiH, Type 58, Type 38ClI,
Type 66, Type 71, Type 66-L, Type 57, Type 67S600, Type 64 and Type 62C. After this pretreatment, the fraction mainly
containing nylon-6 material can be fed to the depolymerization. _ _
[0026] The depolymerization reaction can be carried out with or without a catalyst. In JP-A-53143585, for example,
an uncatalysed depolymerisation is described, in which nylon-6 is depolymerised in the presence of superheated steam.
As a rule, the depolymerisation is carried out in the presence of a catalyst. Examples of catalysed depolymerisations
are aiso described in JP-A-53132585. Suitable catalysts are for example inorganic acids for example phosphoric acid
and boric acid or organic acids for aexample benzenesulphomc acid, phthalic acid, adipic acid, and acatic acid. Phos-
phoric acid is in practice the most preferred. :
[0027] The depolymerisation is as a rule carried out at a temperature of 230-325°C and preferably between
280-280°C. The superheated steam is preferably fed to the reactor at a temperature of 250-500°C. The steam is
preferably supplied from the beginning of the depolymerisation in order to take up the volatile E-caprolactam formed
80 as to obtain a condensate containing from 1 to 40% by weight of e-caprolactam. The content of phasphoric acid in
the depolymerisation reactor is as a rule between 0.1-10 wt.% and, preferabiy, between 207 wt. %, based on the total
nylon-6 fed to the reactor.
[0028] The mixture of water and crude e-caprolactam cbtained after the depoiymensatlon. can be submitted imme-
diately to the hydrogenation stap. According to the invention, preferably one or more additional purification steps ars
carried out before or after the crude water- e-caprolactam mixture is purified by hydrogenation. A possible additional
purification step which can be carried out before the hydrogenation is 3 distillation in which by-products released or
formed during the depolymerisation can be removed, as is described in US-A-5169870. Another additional purification
step is a purification via an ion exchanger, as for exampie described in JP-A-52108991 and by J. Stresinka and J.
Mokry, PstraChemia, 20 No. 5-6, 171-177 (1970). Other purification steps known to the person skilled in the art, such
as, for example, extraction and/or absorption over active carbon can aiso be applied.
[0029] As a final purification step, the e-caprolactam is recoverad by separating it from the water, the final, purified
e-caprolactam being obtained. This separation can be carried out in any way known to the persom skilled in the art.
The e-caprolactam may, for example, be recovered by means of crystallisation or hot meit crystallisation. Another
known method is distillation or concantratlon by evaporation, optionally in the presence of a small amount of sodium
hydroxide solution.
[0030] Iithas been found thata punﬁeatlon which includes (1) an extraction with an organic solvent, (2) a hydrogen-
ation according to the invention, (3) an ion exchange treatment and (4) a final distillation will result in e-caprolactam
which can be directly reused in making nylon-6 suitable for making carpet fibres or any other application. Preferably
the purification is conducted in the above given sequence.
{0031] The axtraction can be conducted in the same manner as in the purification for "rearrangement e-caprolactam”.
Suitable extraction organic solvents are practicaily immiscible with water. Examples of these solvents are ethers, for
~example ethyl-, n-propyi-, butylether, dioxane; aromatic solvents for example benzene, toiuene, xylene, cumene and
athylbenzene,; aliphatic solvents for axample cyclohexane, isopropylcycichexane and ethylcyclohexane chloroal-
kanes, for example chloroform, mono-, di-, tri-, tetrachloroethane.
[0032] The ion exchange treatment can be conducted in the sama manner as in the purification for *rearrangement®
g-caprolactam as described in for example the above mentioned references. Praferably first a cationic ion exchanger
is used and subsequently an anionic ion exchanger is used.
[0033] The final distillation can be conducted in the same manner as in the punfcanon for “rearrangement” e-capro-
lactam.
[0Q34] The unvenuon is explained further by reference to the followmg. non-restrictive examples.
[0035] The ‘permanganate number' (=PM number) is defined as the number of saconds elapsing after the addition
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ot 1.00 mt of potassiurn permangatite 0.0020 Mol to 100 il of caprolactar $éfition (3.00 ¢/100 mi) of 263 K (=20°C)
until the moment at which the colour ot this solution bacomes equal to the colour of a standard solution. The standard

solution consists of 3000 mg of cobaltnitrate (Co(NQ4),.6H,0) and 12 mg of potassium dichromate in1 | water. The
PM number may cnily be used for comparison purposes of the Experiments and Examples as described l_:elow.

Example |

[0036] A mixture of 570 g of nylon-6 fibre and 30 g non-nylon-6 carpet waste, mechanically separated from industrial
carpet waste (carpet waste: nylon-6 face fibre, latex adhesive, polypropylene backing and CaCQs), were depolymerised
in a Hastalloy C steel reactor in the presencs of 21 mi of 85 wt.% aqueous phospharic acid. Superheated steam was
passed through the mixture for 120 min and the temperaturs.was held at 280-290°C during the reaction. 3800 g of
distillate were collectad and were composed of 15% by weight of e-caprolactam, most of tha remainder being composed
of water. The mixtura was concsntrated by evaporation to a lactam corncentration ot 30%. '

{0037] - 300 g.of this concentrated mixture (the mixture to be purified) were introduced into a 0.5 | stirred autoclave
together with 0.4 g of Raney nickel catalyst sturry (50% by weight Raney Ni in water). The mixture was hydrogenated
for 1 hour under a hydragen pressure of 0.5 MPa at 90°C and 800 pm. o '
[0038] Mostof the cataiyst was then removed by means of decantation and the very slight amount of residual catatyst -

' was removed by means of filtration through a fluted filter; ' :

[0039] S ml of 50% by weight sodium hydroxide solution was then added te the mixture which had been freed of
catalyst. This mixture was- then distilled. by reducing the. pressure in steps. Lactam was distilled at approximately
0.13-0.2 Kpa. The specifications of the distilled e-caprolactam are reported in Table 1. ' :

o Comparative experiment A

[0040] The mixture to be purified from Example | was diluted to a 15% by weight solution. 333 g of this mixture were
stirred for 30 min together with 33.6 g of 3% by weight potassium permanganate solution at 40°C and a pH of 7.0. The
pH was adjusted to a pH of 7.0 during the oxidatior with the aid of 1.0 N sulphuric acid. The manganese dicxide (MnGy)
formed was then removed from the reaction product by means of a pressure filtration. The filtration time was 35 min.
The dried filter cake, predominantly composed of manganese dioxide, weighed 1.7 g.

{0041 The e-caprolactam-containing. mixture was then distilled irr the same way as described in Example |. The
specifications of the e-caprolactam formed in this way are reported in Table 1.

". . Comparative expariment B

. [0042] 333 g of the mixture to be purified from Exampla | were immediately distilled in the same way as:ir Example:

. The specifications of the e-caprolactam purified in this way are reported in Table 1.

" TABLE 1
) ! A B
*Hazen M (ISO 8112) - 1 _ 1 26
PM number (@ »>10,000 >10,000 177
Abs 290 ® (1SO 7058) 0.04 0.51 3.32
Alkalinity 4 : 0.01 0.04 0.50
V1 bases ) (1ISO 8661) . 0.08 0.38 0.61

{1)* Hazen is a meaaure of the colour: a lower number implies a better product,

(2) oM number (permanganate number) is a measure of the oxidizability. A higher number indicates that less oxidizable contamination is present.
(3) Abs 290 is the absorbancae at 290 nm of a 50%-strength solution in a 4 ¢m cuvette: a lower number implies a better product.

(%) Atkalinity/acidity: (meqkg) measured by titration, _

(S)-vi bases: volatils bases (meq/kg) [volatile components which can be liberated with hydroxide solution].

Example |1

[0043] 400 g of nylon-6 industrial carpet fibre waste were depolymerised in a Hastalloy C steel reactor in the presence
of 14.7 g of 85 wt.% aqueous phosphoric acid. Superheated steam was passed through the mixture for 155 min and
the temperature was held at 280-295°C during the reaction. 4360 g of distiliate were collected. The distillate was
composed of 8% by weight of e-capralactam, most of the remainder being water. The mixture was concantrated by
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1. Method of purifying contaninated [err]-caprol actam dissol ved in .

~

C aPdvalorfidrasa ladtant ddRceRtialidrlol 8 wit%. (164 itiaers tobe puined.) ' o
[0044] 300 g of this concentrated mixture were introduced into a 0.5 | stirred reactor together with 1.0 got Raney
nickel catalyst slurry (50% by weight Raney Ni in water). Tha mixture was hydrogenated for 1 hour under a hydrogen

pressure of 0.1 MPa at 90°C and 900 pm.

" [0045] Mostotthe catalyst was then removed by means of decantation and the very slight amount of resndual catalyst

was removed by means of filtration through a fluted filter.

f0046] 5 miof 1.5N sodium hydroxida solution was then added to the mixtura which had been freed of catalyst This -

mixture was then distilled by reducing the prassure in steps. Lactam was distilled at approximately O. 13-0 2 KPa. The
spec;ﬂcatlons of the distilled z—eaprolactam are reported in Table 2.

Comparative menment (*}

[0047] The mnxture o be punﬁed from Example Il was ooncentrated by-evaporation to a70 wt.% solution. 140 g of
this mixture wera stirred for 15 min together with 13.3 g of 3% by weight aqueous potassium permanganate solution
at40°C and apht of 7.0. The pH was kept at 7.0 during the oxidation with the aidof 1.GN sulphuric acid. The manganese
diaxide (MnQO,) farmed was then removed fram the reaction product by means of a pressure fi filtration. The ﬂltranon

~ time was 60 min. The-dried filter cake, predominantly composed of manganese dioxide, weighed 2.g. ,
{0048] The e-caprolactam-containing mixture was then distilled in the same way as described in Example I. The

specifications of the e-caprolactam formed in this way are reported in Table 2

TABLE 2
il C
~ *Hazen (ISO 8112). ) 4 53
PM number 2700. 9qQ0 -
Abs 290 ' '
(ISO 7058) e 0.98 n.m. @
PAN-(ISO 8860) () . . 8.3 85 .
Turbidity © no ' yes

(1) PAN-number is a measure for the amount of oxidizable contamination In the e-caprofactam. A-low number indicates a low amaunt of these:
contamination:

" {2) n.. = not measurable: due-to urbidity according to 1507058
() measured by visual cbservation

. Example Il

[0049]. 400 g (of which 32 g non-nylon-6 matenal) of nylon-6 fibre (post consumer nylon-6 containing carpet waste
orginating from latex-jute, polypropylene containing carpets) mechanically separated as well as possible from carpet

wasts, were depolymerised in a Hastalloy C steel reactor in the presence of 15.2 g of 85 wt.% aqueous phosphoric.

acid. Superheated steam was passed through the mixture for 170 min and the temperature was held at 280-300°C
during the reaction. 5060 g of distillate were collected. The distillate was composed of 6 wt.% of e-caprolactam, most
of the remainder being water. The mixture was concentrated to a e-caprolactam concentration of 33 wt.%. (The mixture
to be purified.) .

[0050] 300 g of this concentrated mixture was introduced into a 1.0 | stirred reactor together with 150 g benzene.
The resulting mixture was stirred for 15 minutes and subsequently two phases, a “water-phase” and a *benzene phase”
formed, which wers separated by phase separation.

[0051] The water-phase was again introduced in the reactar together with fresh benzene {50 g benzene/10Q g water-
phase). The mixture was again stirred for 15 minutes and subsequently separated into two phases. This extraction
with benzene was repeated another two times. The resulting “four benzene phases" were mixed with fresh water (25
g/100 g benzene phase). This mixture was stirred for 15 minutes and subsequently separated into two phases.
[0052] This water extraction was repeated ancther two times. The resulting water-phases from the benzene extrac-
tion and the water-phases cbtained from the water extraction were mixed together. The resulting mixture was concen-
trated by evaporation to a lactam concentration of 33 wt.%.

{0053] This resulting mixture was hydrogenated in the same manner as described in Example l. After the saparation
of the hydragenation catalyst the mixture was contacted with a cationic ion exchanger (DOWEX 50) and subsequently
with an anionic ion exchanger (DOWEX 21K), 1 mi of jon exchanger per 10 ml water/e-caprolactam mixture is used.
The ion exchanger was placed in a column and the water/e-caprolactam mixture was passed over this packed-bed.
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wat.er, in which the contam nateed [err]-caprolactamis ~ obtained by neans.
of - depol yneri sation of" nylon- 6 ori gi nating from carpet ‘wast e aE& rized..
in that the mixture of ‘water and the cont ani nat ed pt$©%ﬁg$o actami s
hydrogenated in the presence of. hydrogen nd ahydrogenatlon © -catal yst -
2.. Method according to-claim:1,. charactéflzed in that the anDunt of



9596by melght 3. N@thod accordlng to any one of cIalns 1-2, :
characterized in that the mixture is first saturated with hydrogen and
subsequently contacted with a heterogeneous hydrogenatlon catalyst- 4,,

Met hod of purlfylng cont ani nat ed [err]- caprolactan1d|ssolve§w :
obt ai ned .by neans of depolynerlsatlon of _..hylon-6 ¢EP§A ?ng from _
carpet waste, characterized in that the. purlflcatlon I ncl udes the follomﬁng
purification steps: ~-an extractlon with an organlc sol vent; a. :

hydr ogenati on according to any one of - clalns 1- 3 ~an ion exchange treatm.
ment and a f|naI destillation.

{C054] The resuiting mnxture was distilled in the sama manner as described in Example I. Tha specrﬁcatlons of the

distilled e-caprolactam ara_repcrted in Table 3. The e-caprolactam was of a quality that it could be reused directly in

the manutacture of nylon-6 fibers. or othar nylon-§ products in which it was not needed ta blend the e-caprolactam thus -
" obtained with virgin e-caprolactar obtamed by a beckmann rearrangament or any cther known synthetic method of

preparatxon
Comgratwe Exnerimem D

[0055] The-mixture to be punﬁed fromr Example III was concamrated by avaporatlon taa lactam concamratxon ot 70
wt.%.

[00S&]. 7Q g of this mixture: was stirred-for 15 min together witlr 3:3 g of 3% by weight aqueous potassiunt perman- -
ganate: solution at 40°C and-a pH of 7.0. The pH was kept at 7.0 during the oxidatiorr with the aic of 1.0 N: sulphuric
acid: The manganese- dioxide (MnQO,) formed was. ther removed from the reaction® product by means of a pressure
filtration. The-fiitration time was 6Q min. The filter cake; composed of dry manganesedicxide, weighed 1.7'g.

[0087T 3.5 miof 1.5 N aqueous. sodiunt hydroxide solution was then added to the mixture. This mixture: was then
distillec by reducing the pressure in steps. Lactam was. d:snllectat approximately 1-1.5 mm Hg. The specifications of
the distilled e-caprolactam are-reported in Table. 3:

-TABLEZ

1] o
*Hazerr (1ISO 8112) | 2 .5
PM number >-10.000 | 2000
Abs 290 (ISO 7059) g.16 25
Alkalinity - {004 -
V1 bases (ISO 8661) | 0.38 -
PAN (1SO 8680) - 3.6 8.5
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5. Met hod “of recI ai m ng [err] caprol act am f rom nyI on- 6 cont ai ni ng car pet

characteri-zed in-that the nylon-6 material is - . mechanically separated
.fromalarge portion of. the non- nylon6nater|al the nylon6|s .
.. depol'ymerized, -the [err]- - caprolactam obt ai ned i's dissol ved vvat er

and purified aﬁmmMS\mde accorgyng to any By MEN . 6.
Met hod. accordi nﬁ'to clarm acterized in t hat the epol ymeri- satlon of

nylon-6 is.carr ﬂm“ esence of phosphorl c acid. 7. Method "
according to ,a mNm Mk and 6, characterized in that the nylon-6

cont ai ni ng car pet |s b os’t consumer . nylon-6 cont_al_nl ng car pet.
Claims | |

1. Method of purifying ccntaminated'e-ceprclactam dissoived in-water. in whiclr the. contaminated eceprolactam is
cbtained by means of depolymerisation of nylon-6 originating from camet wasts, characterized in that the mixture
.of water and the contaminatad e-ceprelactam is hydrogenated in the presence of hydrogen and’ ahydragenatxon
] walyst: _

- Methcctaccerdlng to clalm 1. charactenzed in that the amount ot e-caprolactam in the mixture is: betweerr 10and .
95%-by-weight. : S _ :

3. Methectaccordtng to any one of claims 1-2, characterized in that the mixture is first saturated with hydrogen and
subsequently contacted witlr a heterogeneous hydrogenation catalyst.

4. Method of puritying contaminated e-caprolactam dissoived in water abtained by means of depolymerisation of
nylon-6 originating from carpet waste, characterized in that the purification includes the following purification steps:
an extraction with an organic solvent, a hydrogenatlon according to any one of claims 1-3, anion exchange treat-
ment and a final destxllanon

8. Method of reclaiming e-caprolactam frony nylon-6 containing carpet, characterized in that the nylon-6 material is
mechamca_lly separated from a large portion of the non-nylon-6 material, the nylon-6 is depolymerized, the e
_ caprolactam cbtained.is dissalved in water and purified according to a methad according to any one of ¢claims 1-4.

8.  Method according to claim 5, charactenzed in that the depolymensancn of nylon-§'is carned out in the presence
of phosphoric acid.

7. Method according to any one of claims 5 and 6, characterized in that the nylon-6 containing carpet is post consumer
nylon-8 containing carpet.
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Assrnac:r o

RECLAIMING EPSILON—CAPROLACTAM FROM CARPET WESTE

The invention-reiate;'tq a method of preparing
'a—caprolaﬁtam by depolymerisation of nylon-6 originating .
from carpet wate wherein the mixture of e-caprolactam and
water is hydrogenated in the presence'cf hydrogen and a
hydrogenation catalyst. The amount of e-caprolactam in the
_mixtﬁ:e can be betﬁeen 10 and 95% by weight.
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