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The "material recycling"™ of polyarylene sulfide waste for
reuse has hitherto been limited to the melting of pure-
grade, uncontaminated production waste or off-specifica-
tion batches. In this case it is possible to use only
polyarylene sulfide waste of identical or similar
composition, in particular with identical additions and
filler contents, since otherwise an alteration in the
properties of the polymer material must be accepted.
Repeated thermal stressing in the course of reuse lead in
general to a loss of quality in the polymer material.

DE-C-34 33 978 reports that the repeated thermal stress-
ing of polyarylene sulfide produces deficient or exces-
sive crosslinking, which in linear polyarylene sulfide
starting materials signifies an impairment of the flow
properties and viscoelastic properties. |

In general, a large number of fillers in plastics, such
as glass fibers or mineral substances, are damaged when
processed a subsequent time. In the case of fiber-rein-
forced plastics, for example, repeated extrusion in the
course, for example, of an injection molding process
severely reduces the average fiber length of reinforcing
fibers, so that the mechanical properties of a plastic
worsen with each processing step (so-called downgrading).

EP 0 461 655 Al describes how polyarylene sulfide
particles having a low content of oligomer and ash are ’
obtained from a liquid reaction mixture which comprises
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The invention provides a process for obtaining poly-
arylene sulfide from polyarylene sulfide-containing
material, in which the polyarylene sulfide-containing
material is treated with a solvent, the polyarylene
15 sulfide dissolving and being subsequently precipitated.

The invention also provides for the purification of
polyarylene sulfide-containing material, where the
polyarylene sulfide-containing material is dissolved,
undissolved polyarylene sulfide oxidation products,

20 polyarylené sulfide ageing products, degradation
products, composition 'products, additives or fillers are
éeparated off, and the polyarylene sulfide is preci-
pitated from the resulting solution.

The polyarylene sulfide is precipitated by cooling the

25 polyarylene sulfide solution, spontaneously evaporating
the solvent (flashing) or, preferably, by mixing with a
liquid medium. The term liquid medium refers here to
water and/or an organic or inorganic solvent in which

- polyarylene sulfide has little or no solubility. It is

30 advantageous if the liquid medium dissoclves oligomers
and/or other impurities. Solvents suitable for this
purpose are those having an aldehyde or keto group, such

as acetone, or aromatic solvents such as toluene. A
liquid medium which is miscible with water, for example

35 acetone, can contain water. It is advantageous i_f the
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constituents or impurities are, for example, unconverted

reactants in the preparation of PAS, soluble oligomers

formed during the preparation, soluble additives, amine
15 compounds and sulfide compounds.

The dissolution of the polyarylene sulfide-containing
materials or of polyarylene sulfide can be carried out
either in a solvent a) with heating or b) with heating
under pressure.

- 20 If the polyarylene sulfide material employed in the
process according to the invention is provided with
fillers, these insoluble constituents are separated off
after the dissolution process. This separation can be
carried out by filtration, sedimentation, centrifugation

25 or other mei:hods familiar to the person skilled in the
art. Undissolved constituents are advantageously
separated off by filtration at the dissolution tempera-
ture. An example of the filter devices which can be
employed comprises single-rail filters. If the poly-

30 arylene sulfide material contains other substances which
are not dissolved in the dissolution procedure, these can
likewise be removed by filtration.

Examples of insoluble constituents are metals, insoluble
polymers such as PTFE, oxidation products of the PAS,
35 aging products, and nom_netals, such as ceramic materials. .
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med;um, followed by drying.

By varying the precipitation conditions, the form and
morphology of the particles obtained can be influenced.
For example, dropwise addition of the polymer solution
with vigorous stirring leads to flocculent structures.
If, on the other hand, the solution is added dropwise to
a stationary, i.e. not agitated, medium, the result is a
spherical form of polyarylene sulfide particles.

Solvents for PAS which can be employed in the process
according to the invention are in gemeral high-boiling
with boiling points of up to 400°C. Suitable solvents for
PAS are mono- or polycyclic organic compounds having 6 to
25 carbon atoms, which are unsubstituted or are substi-
tuted with halogen, preferably chlorine or bromine, with
alkoxy groups having 1 to 4 carbon atoms in the alkyl
radical, or with aryl groups. These compounds can also
carry phenolic OH groups. Examples of suitable solvents
are triphenylmethane, tetraphenylmethane, the wvarious
mono-, di- .and trichlorobenzenes, N-methylpyrrolidone,
1,2,3-tripﬁeny1benzene, 2- and 4-phenylphenol, 2,6-di-
phenylphenol, 2,4,6-trichlorophencl, 1l- or 2-chloro-
naphthalene, l-bromonaphthalene, 1- and 2-methoxy-
naphthalene, 1l-ethoxynaphthalene, 2,6- and 2,7-di-
methoxynaphthalene, 1l-phenylnaphthalene, benzophenone,
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are not dissolved in the .dissolution procedure, these can | i kewi se be
renmoved by filtration. Exanpl es of insoluble constituents are

netal s, insoluble pol yners such as PTFE, oxidation products of the
PAE, 35 aging loroducts and nonnetal s, such as ceranmic nmaterial s.

- - 4 he digsgol f desirgd. e
separation #e% & Saorved coné'zil t%ﬁrﬂ{ e po alf{/i‘i%:}]% Al gul :ltge
present in pikenylbenzaphencae.ai rard byahpaci faPEolactam,; | Ji-methyl-

Ir ﬁP[ Ieg : IO'yt afdr?%dﬁ?t@‘c?“ qw-@ewildaiaroﬁf&dmuIcﬂ;fnolmﬁbprmséqumdmaed
, I

er abl 1:5 t
1: 10, as an®®ces}- %&%%ahwp %'PY:BB?}&F?FEne xR, f‘F ?ﬁg ?/(,9;# eg%lb?tat |Oon
can be csirr:saivents Qiisted.hePaztitalpeilyt upeefbek:evl/ rsohvenhperater e,
i.e. 0..30C, h
d| ssol ution ‘;{ @r#p"enr r?tq‘al % m%tq: P?) ag’ht%gr}%e};oebgﬁéb%%o;‘%olﬁfl on
into the i qm:dmidd;mrwhﬁm hdisgelgssogt |irﬂr ifRETie °“For‘"é'>?hn]b?%tiq$e

preci pi tatiog 1s'%3ﬁ+]éﬁi?dvb¥i§nﬁ' Y- and anfdcDe ok ehlobéBaszenashi ng
procedure w

|qU| medi ym,_ fol | oned by
varyi ng t he Yieiti eRIAF IS it oﬁ?rrt"ﬁg f 8P aﬁgtg gexh‘bﬁﬂho\"%‘éﬁrof t he
particlms OtﬂﬂMéDfifdiadlﬁtki&mm:Lant b) For exanpl e, dropw se addition
of the polyner solution with vigorous stirring |leads to floccul ent

struct ures. If, on the other hand, the solution is added dropw se to
It is advantageous to use solvents in which impurities of

the PAS employed remain dissolved. By means of this
effect, it is possible to achieve purification when
cooling and precipitating the PAS. Purification can also

15 be achieved on spontaneocus evaporation of the solvent,
for example by removing evaporable impurities.

The polyarylene sulfide-containing material is treated
with the solvents at temperatures of from 150°C to 360°C,
preferably from 180°C to 260°C, with dissolution taking
20 place. The resulting solution is of low viscosity.
Dissolution is generally carried out under atmospheric
pressure. However, the polyarylene sulfide material can
also be dissolved under elevated pressure. In the latter
procedure, . precipitation in a liquid medium can be
25 dispensed with if the solution is depressurized via a
nozzle, for example in a heated spray tower, to produce
fine particles of polyarylene sulfide powder. If the
solution contains solid constituents, these can be
removed by pressure filtration prior to apray drying. If
30 the procedure is carried out under pressure and - the
solution is introduced into a heated spray tower, the
solvent can be removed via the top and condensed. The
heat capacity of the solution is sufficient for complete
evaporation of chlorobenzerie, for example, so that
35 additional drying is still necassary only undar certain
conditions. .
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the solvent and the polymer concentration in the solu-
15 tion, to influence, for example, the morphology, the
crystalline content, the molecular weight distribution,
the average molecular weight and, as already mentioped,
the morphology of the product. At this point, reference
is made to German Patent Application P 44 38 447.2 filed
20 on October 26, 1994 with the title: "Polyarylene sulfide
parts of high specific surface area and process for their
preparation”, in which these alterations to properties
are discussed in detail. In general, the specific surface
area of the resulting particles and the .'amorphous frac-
25 tion in the resulting polyarylene sulfide material are
increased. ' - S

PAS particles having a high specific surface area can be
prepared .- by the process according to the invention. A
high specific surface area of PAS particles is particu-
30 larly advantageous for filter material or adsorbent
applications in the removal of ozone and NO,, for
example. The use of PAS as ozone filter material is
described 'in the German Application bearing the file
reference P 43 14 734.8 of May 4, 1993 with the title:
35 "Filter material é.nd method of removing ozone from géses

and liquids", to which reference is hereby made.
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conditions. _.ea of around 180 m’/g, for example.

Characterization methods used are differential scanning

15 calorimetrjr' (DSC), time sweep (time swp.) and frequency
sweep (freq. swp.) rheological analysis, thermogravimetry
(TG), settling temperature, BET surface area, GC/MS
analysis and X-ray diffractometry (XRD).

Examples of polyarylene sulfide containing material which
20 is suitable for use in the process according to the
invention are so-called recyclate, i.e. waste from the
processing of polyarylene sulfide, and polyarylene
sulfide material which has been collected for recovery,
for example used parts of appliances which no longer
25 function, and other processed polyarylene sulfide shaped
parts. This can be of pure polymer or of polymer blended
with fillers and/or reinforcing agents. '

Polyarylene sulfides which are sent for recovery are '
linear or branched polyarylene compounds containing the

30 repeating unit of the formula (I) which comprise at least
one arylene thiocether group,
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PAS particl esons pidtlosr, Ihe | @i ymadeantcapmons . fimnt:f:.nhlaé.r garoapss| or
adsorben_{s examples being alkyl radicals, halogens, or sulfo, amino,
' nitro, c¢cyano, hydroxyl or carboxyl groups. It is also
possible to employ block copolymers comprising units of

the formula (I).

A preferred polyarylene sulfide is polyphenylene sulfide

20 (PPS), with the repeating wunit -CH,-8-, which are
described in "Ullmann’s Encyclopedia of Industrial
Chemistry", Volume A21, B. Elvers, S. Hawkins and
G. Schultz. (Eds.), VCH, Weinheim-New York 1992, p. 463,
énd to which reference is made. The synthesis of poly-

25 @ arylene sulfides containing sulfone groups is described
in Chimia 28(9), (1974) 567.

Polyphenylene sulfide generally contains 1,4-linked

aromatic units. It may also comprise, in a proportion of

up to 50 mol%, 1,2- and/or 1,3-linkages of the aromatic
30 units.

Suitable polyarylene sulfides are generally those having

an average molecular weight M, of from 4000 to 200,000,

preferably'fram 10,000 to 150,000 and, in pafticular,

from 25,000 to 100,000, as determined by gel permeation
35 chromatography.



applications in the renoval of ozone and NJerr], for exanpl e.
The -use of PAS as ozone filter material is described in the German
Application bearing the file reference P 43 14 734.8 of May 4, 1993
with the title: “Filter material™ @&d nethod of renovi ng ozone from
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area of arou err or exa teri Zati on net hods
used are d.fPEPéHFF&|a§eaﬁﬁia§1!sly e Pgﬁrﬁh§#9 POLYSTYLERE Shdfides ne

swp.) apd freHYERCYan comgmsa cheffica3lp- klIEESHOGt'Caheﬁi}Ghy&r&a.ene

th tr ttl t GCl Ms
anal yor's anduRbFa, oF PRFER: SREFPYE dnf hich have 851uBYi1y"cRatle

teristics which are different from those of the poly-
arylene sulfides. The polyarylene sulfide degradation
products can be of higher or lower solubility in the

15 organic solvents than the unaltered polyarYlene sulfides,
as a result of which separation is posﬁible.

The recovered polyarylene sulfide can be used again as an
engineering piastic without any losses in quality in
terms of properties relative to the material obtained

20 from the synthesis. Because of the increase in the
specific surface area, the recovered polyarylene sulfide
is suitable, for example, as a material for pollutant
filters or adsorbents.

The process for recovering PAS can be carried out a
25 number of times without a loss in quality.

Examples

1) 30 g of polyphenylene sulfide powder (PPS for short)
having an average particle size of 1 mm, prepared accord-
ing to US-A-3,354,129, are introduced into 300 ml of

30 l-chloronaphthalene and the mixture is heated to 235°C in
an apparatus fitted with stirrer, thermometer and
condenser, during which the PPS material dissolves
completely. The solution is heated at the dis_solut:ion
temperature for a further 45 minutes.



Exanpl es of pol yaryl ene sulfide containing material which 20 Is suitable

for use in the process according to the I nvention are so-called
recyclate, i.e. waste fromthe -p{Ofﬁsging of polyaryl ene sul fide, and
pol yaryl ene sul fide material which™has been collected for recovery,

for exanple jused paLt E# ee ' nq d 0p48642% i and
ot her proceé%%h’po ?a??%%nggg |de§g a%egn parts %ﬁ?&“&an gt%f pure

pol ymer or otigergwersbizming to 3 ljafh.coqled acetene (A% Abensi AChgents.

Pol yaryl ene %éipgﬁ,g\@iﬁhtaegoﬁmt for recovery are | i near or
branched pol yaryl ene conpounds containing the 30 repeating unit of the
formula (1) which conprise at |east one aryl ene thioether group,

'-A\[ EAr_[ ]e; r]) [x6Y{ - hleerpdlyrér [ eolutien | id] pddowed Ad enp]a}l-][ o | rip{n]er r]-[(
rierr err] - - ° : :
Arferr] J Ar [%#Agﬁi&e \((‘%%th,z 5i r?&épé‘na%%%*%mg%ﬁiﬁgﬁﬁ gﬁ?&%gﬁz are

i denti cal orisli fpemedt:. The polymes solutign s jtakeniup in, 3y pEyre
integers zergnetonéd a® 2bom tempbrdtirsWitd vigsroussithershgl cane 2.
Arferr], Arferr], Ar errl and 5 Arferr] in the fornyla,(l) are sinple

aryl ene syst ¢r breclpilptps é%gignﬁeﬁﬁﬁfﬁpﬁggt&FPQCtIy para-, neta- or

ort ho- | i nked, having 6 to 18 carbon atons. W X, Y and Z are
o er%y 9 o TR Ry, o3, 28, B paigpred,
and - N erro£f ghoopsh aisuckicm £¥iter with sidikfilter element and
then washed intensely with acetone and water. Resuspen-
sion in aéetone followed by renewed €£filtration with
suction and washing domplete_the purification procedure.
Drying is carried out at 70°C under reduced pressure to

15 constant weight.

The yields.and properties of the products compared with
the untreated PPS material employed are listed in
Table 1.

2) Example 1 was repeated using l-methoxynaphthalene as
20 solvent. The yields and properties of the products are
listed in Table 1.
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A21, B. Elve

York 1992, p.
poly- 25

in Chima 28
contains 1, 4-

proportion o
30 units

: tecy Suitabl ef{pol yaryl gne sulfides ar
an aver age neteett-or—wetghttverr—o fFGﬂTLGGG—Fe—

pref erablsy f
100, 000, as
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15
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25
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roups having 1 to 6 carbon atons. According to their
ucture, the aryl systens of the formula (1) can
conprise, independently of " one another, one or nore

i onal groups, 15 exanplesl%elng al kyl radlcals hal ogens,
nitro, cyano, hydroxyl or carboxyl groups. It is also

enp]by]block copol yners conprising units of the formula.

A preferred polyaryl ene sulfide is pol yphenyl ene sul fide
t he repeatln uni t -:[err]H[err% S which are
"U | mann' s Encycditepeifigal of BrRéeck P

20

al Prefustietry", Vol une

rs, S. Hawki ns qrmaterial | G Bedrple A (Edp. ), BA@MP14\@ nhei m New

463, and to which rgferenc S Tad%. Th synthe5|s of
arylene sulfideg containl oné arolps fs
(%).,u( §%74) 567 - Pei;y:phbnyéseae 5 Ul g, gle ;

I'I nke omatic ufits. may al o conpr , ina

f Melting pHintO 5( nod 7% 1L2-27and or 274 3-| i nk&xges

r 8m90£000 to 130, GU0anl, -34asphr +BE a
dekgsval DG thyn ggfl perneation 3p chr ofrat ogr aphy.
(a/gl

Specific surface 30.3 134.1 84.5 178.2 59.2
area [m‘/g]

Table 1 shows that the melting points of the products are
increased relative to the starting material, which
increase can be attributed to an elevation of the degree
of purity. The change in the specific surface area of the
recovered products is striking. The ratio of amorphous to
crystalline component in the products was determined
qualitatively using an X-ray diffractometer. The
evaluation indicated an increase in the amorphous
component in comparison with the starting material
employed, especially if the reprecipitation is carried

‘out at maximum dissolution temperature. At room

temperature, the ratio of amorphous to crystalline
component 1is comparable with that of the starting
material. Viscosity analyses of the unprecipitated
material indicated no additional crosslinking through the
temperature treatment during dissolution of the PPS. The
average molecular weight remained constant or showéd a
slight decrease. The reduction in the average molecular
weight 1is probably the result of the separation of
oligomeric components in the PPS employed, during the
process. ' : '

of 2téhe aromatic
| y those having

f r-dm®5, 000 tO



-9 - Pol yaryl ene sul fide oxidation products are polyaryl ene
sul.fides whose sul fur bridges (-S-) have been partially or conpletely
converted to sulfoxide (-SO) or.sulfoRg . (-SJerr]-) groups and which
are no |l onger soluble in organic 5 sol'vents for pol yaryl ene sul fi des.

Exanpl es of 3§0l y2 g of2hyhk@bgcliutlel &% Eg.b%&-l%reﬁ.diﬂiﬁ:e&f PHY q&&}m&eﬂ

pol yners Wmch re no | onger s ] n or I
pol yaryl ene 93@88 ¢& e?’olc;?%tﬁg’é:n gu% Iﬁco‘ﬁo Ver}ﬁf ["F'se%r e
(olatively Segaein O Ceed, uhoas mm@“‘““"’*‘m‘? aionids o Wi ch
e | o] r
mr@ﬂ:{gg &é’g? % Eﬁ '1 3 f‘ bag I C

have sol ubil i CS are d| erent romt ose of the
poly-. 5 a2doses guefsepsrathenpuayacgreiaedswt|teﬁai%g%:a I heated

products Ca; 3§ A élem%{t @Iadi%\gefa %C.*inaiéuta»yéﬂ £ ekb. THEFESISOE vent s

than the un | ene sSul fi

tered p ult of
separation F‘?Epd’sﬂi?’?ﬂdp itated 1ip ?‘%%B%FeﬁtpSSygry&Ene'aﬁrl“f%e %a‘ﬁpbe used
again as anand dHfdeREtiked f6tdeseribedt :.nn;:xlampem 1.n Thalvalues

Synihesi s iRen seistondest dp FbEs. 08 EHLIAReS hebt bR,

recoverdd pdtakdie/llene sul fide I's suitable, for exanple, as a materi al
for poll utant filters or adsorbents. The process for recovering
PAS can be carried out a 25 nunber of ti mas vvrt out a Ioi? qgallty
Exanpl es 4a) The PPS material from Example la) reprec p:.tate

room temperature was treated again in accordance with

Example la). The properties of the product were no

different from those of the products from Example 1
15 (treated once). '

4b) Repeated precipitation of the product from Examp:r.e 4
showed unchanged properties.

5) Recyclate of unfilled PPS was treated with chloro-
benzene in an autoclave. The vapor preséure of chloroben-
20 zene which developed at the tempefatures indicated in
Table 2 was in the range from 9x10° to 1.4x10° Pa. At a
. residence t_::i.me- of 20 minutes at the dissolution tempera-
tures stated, the concentrations indicated in Table 2
were obtained. The subsequent spontaneocus depressuriza-
25 tion of the highest concentration mentioned, via a nozzle
into a heated spray tower, gave a finely particulate PPS
powder. The soclvent was taken off wvia the top and
condensed. .The results of analysis by DSC, time sweep and
frequency sweep showed no differences in dissolution
30 temperatures in comparison with the starting material.



1) 30 g of polyphenyl ene sulfide powder (PPS for short) havi ng an

"average particle size of 1 mm prepared accord- ing to US-A-3, 354, 129,
are introduced into 300 m of 30 1-chlgronaphthal ene and the m xture is
heated to 235[err]Cin an appar at fitted with stirrer, thernoneter
and coq_d?%riseer during which the PPS material dissolves

conpl etely. e solution is heated at the dissolution t enperat ure f.or
a further 45 m nutes. - 10 - | a):
The hot polynmer solution is added dropwi se with vigorous stirring to 3
1 of cool ed acet orRemparatune @k r] Q) ( hBPSr eppeensrakiosn) .

1b): The polymer solution is allowed to cool to rpemey wtiEnperature (about
25[err]C). A_gelatinous polynmer solution is formed The polyner
solution is taken up in g3% of acetone at roomtepgperature with
vigorous stirring. The pol ymer precipitates (cold_reprecipitation).

The reprecipitated produ3§9f romla) or 1b) is fil tere#?10 off t hrough a
suctionsfilter with silk2&glter el enment and t herdgvashed intensely with
acetone and water. Resus?ig- sion in acetone fol}owed by renewed
filtration with sucfi"on and washing conplete the purification

pr ocedure. Dryihg i @56arried out at 70[err] C und®® reduced pressure to
15 constant weight. 260 60

6) Properties of PPS (M, 90,000)

10 The pore volume and the filter characteristics with
respect to ozone of various PPS samples with different
specific surface areas were determined.

The specific surface area was determined in accordance
with the BET method by nitrogen adsorption using an

15 instfument from Fisons Inst.

Gas supply parameters for ozone capacity analyses of PPS:

Ozone concentration: 10 g/m®

Oxygen flow: ' 100 1/h

Residence time: 0.5 - 1 second .
20 Mass flow O,: . 1 g/h

Weight of PPS sample: 6.2 g

PPS sample 6.1 (Table 3) consists of PPS ' powder
(sample 7.2) stored at 250°C for 2 hours.

PPS sample 6.2 (Table 3) is untreated PPS powder
25 (M, 90,000) having a particle size of 0.2 to 1 mm.

PPS sample 6.3 (Table 3) consists of PPS which was
subjected to hot reprecipitation in l-chloronaphthalene.



&

The yields and propert]es of the products conpared with the untreated

PPS material enployed are listed in Tabl e 1. 2) Exanple 1 was
repeat ed usi ng 1-nmet hoxynapht hal ene as ._? _ solvent. The yields and
properties of the products are listed in Table 1. Table 1

ft arti ngxanpﬁS)dHShpQL 6.4 og1&f 3) conszstsl of PP nﬁ;lﬁrdfl wasExarrpI e
Yield [0 8Subjected to ¢pld repreripitation i%mstht’manle!:hﬁhgnsm nt

273 275 274 280 279 5 Heat of -37.9 -34.8
-36.7 le 451 ' crystallization (J/ 9] Specific
surface 33? 134.1 84.5 178. 2 59.2 area [nferr]/g]
Sample Spec. Pore Loading
surface volume/ capacity
area/m’/g cm’/g : /%
5 6.1 2.72 0.058 no filter
action
6.2 30.3 0.301 16.3
6.3 84.5 0.764 21.5

6.4 178.2 . 1.045 not determined




10 Table 1 shows that the mel ting points of the products are  increased
relative to the starting material, which I ncrease can be attributed to

an el evati org@fgé pe16leer €€ of puritys The change i&#?ﬁpgg Qg

surface area of the recovered products is strikin e ratio o
anor phous t cpaPENEIasSAPMSE ne component in the product fTHISSHELEHASBEEN
qualitatively wusing an X-ray diffractonmeter. The mlAB@bi on

i ndi cated an increase in the anorphous conponent “-A—eerpar+son—uith

the startinglimat eai process efgu opbtaiedperi pblyar{lehe rayX£Ldei texicndn i S

carried 20 out B4 i ut | £ r [Es_ 1At 100
tenperature, the %Jf]r%@%*ggg%ors %ﬁﬁg 5! °%T%yas:tngilr?fn§;%egia%dnp%%e ?iic?
conparabl e with t¥ee opolyarylenei ngulfidermantaidining scoateyiadal yises of
the unprgci pit at egreated "8i%H ah | §¢i¢ahe] NhddPichyaRal1 xS Bl Piided

t hrough the 25 tg er t:tll’e treatment duying disSolution of the PPS. The
average nol ecul ar %‘bﬁf RE g cheindspuRee %ﬁiﬁ(e?rﬁ"lpitas‘ﬁ‘bht
decrease. The reduction in the average nol ecul ar wei ght is probably
;PrSI {);Zgl tdaérT ;g %%p%&%[c%%%cgfgg cla:‘?xhlegori%“ glgggpof,entw%elzneitx?e t%F;S_ 12 -
3) 2 g of a recywotyaryléneesulfidéorcntabrtngamatigrial employed iser
content of 40% byryefciicdCif ivid AR dor go?&@escr,pgger biflpe ) a%ff% 1h)

1- chl oronapht hal ene I nto an apparatus a n anpl e
and heat®d to 5 mf%rﬂtdmgﬁ?ﬁtWBﬁtR/as carried out using an
oi | - heat ed -

3. The process as claimed in claim 1 or 2, wherein the
solvent is a mono- or peolycyclic organic compound
having 6 to 25 carbon atoms which is unsubstituted
or substituted.

15 4. The process as claimed in claim 3, wherein the
compound is substituted with halogen, preferably
chlorine or bromine, with alkoxy groups having 1 to
4 carbon atoms in the alkyl radical, or with aryl
groups.

20 5. The process as claimed in one or more of claims 1 to
4, wherein the material is dissolved at a tempera-

ture of from 150°C to 360°C, preferably from 180°C
to 260°C.

6. The process as claimed in claim 5, wherein the
25 material is dissolved under elevated pressure.

7. The process as claimed in one or more of claims 1 to
6, wherein for precipitation the solution is intro-
duced into a solvent which is acetone, toluene or
water, '

30 8. The process as claimed in one or more of claims 1 to
7, wherein the 1liquid medium is introduced

This Sheet Has Been Replaced
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filter element having a single-layer filter. The broduct —"'
reprecipitated in acetone at 25[err]C. It was worked up THIS! SHEET HAS BEEN
characterized as described in Exanpl e 4. The val ues obf ai nechEPLACEQ

)

corresponded to those of the values described in 10 Tabl e*%

The PPS material jhieMaBagpl ad da  G¥SQ Pidet Sholl 1:1  RRPMLATREr at ur e
n in accqQrdgnce wt anple la). The properties -of
pi?&r}era%&é'l %&@“’em’%]rtiﬂn:‘tﬂi'e of the products from Exanple
4b) Repeated precipitation of the product

4 ugeh reperipe 5 ecycl.ate of
8- as Thec B0t A T IReH 28°6B0"5x more of Ypliy Hu Tre
vapor, pressure of.chwbespin- palyphenyleme cisuddidepdd cempleyednme at ur es
polgalrS1antP SulEilde, range from 9x105 to 1.4x10[err]Pa. At

was treated agai
t he product were
1 15 (treated once).

from Exanpl
unfilled PP

i ndi cat ¢d i

n

a residence tinme O0f 20 mnutes at the dissolution tenpera-

stated, the concentrations indicated in Table 2 . .
subsequent 3pqQnt TheopTrodepscaslutladmedSin bh@oPimdhe Jf HREEmL ANGRNt rati on

nenti oned, via a,no0z

particul ate PPS
condensed. The r &dwnt sspfataredgmi tebpebsturei be masdpuandissolutieguency
sweep showed no

' f,i_nel
SNo%lotn, bR S ke AR,

with the starting mat

10
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11.

12.

13.
14.
15.

1s.

d;iegpeer Jgn dissolution 30 tenperatures in conparison’
erl ai :

The process as claimed in one or more of claims 1 to
11, wherein the dissolved material is freed from
insoluble solids prior to precipitation.

A method of purifying poiyérylene sulfide-containing
material, which comprises separating off polyarylene
sulfide oxidation products, polyarylene sulfide
aging products, degradation products, additives or
fillers. '

Polyphenylene sulfide particles having a specific
surface area of at least 80 m?’/g.

The use of polyarylene sulfide particles as claimed
in claim 13 as adsorbent or filter material.

The use of a process as claimed in one or more of
claims 1 to 11 for recycling.

The use of a product of a process as claimed in one

or more of claims 1 to 11 as an engineering plastic.

_— —_— :
\
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wer e obtai ned. The



- 13 - Table 2 Tenperature [ (] PPS concentration

[ % by wt.] 235 10

239 94/F 315K 20 5 . 242

30 245 40 250
50 Abstract 260 60 6) Properties
of PPS (Merr] 90, 000) 10 The pore volune and the filter )
characteristics with respect to ozone of various PPS sanples with
~different ProcepeciEpirc regyrddag,pradyanyienttaykfides The specific
surface area was determ ned in accordance wi th the BET net hod by

SUpPLy. par aRBECPESRORtoIBNEREIR, Ml aR o8 Frasass Tor Roipining

concentrati pelyarylenel Gu)/fijcs rfrom poDyugglehleowulfide-containindg00 1/h

el ience UlBoriagr ger e, bk 0l pifictiot daidice.
containing material is treated with a soclvent in which it
dissolves, and is subsequently reprecipitated. The
invention also relates to the purification of polyarylene
sulfide-containing material by separating off extraneous
substances, to polyphenylene sulfide particles having a
specific surface area of at least 80 m’/g and to their
use as filter material. '



PPS sanple 6.1
250[err]C foq
powder 25

(Tabl e 3) consists of PPS powder (sanple 7.2) stored at
lm;“ “I"(HIJI) III PPS sanple 6.2 (Table 3) is untreated PPS
ving a patsi<le size of OpeTpe/¥ BUS K

PPS sanmple 6.3 (fabte 8) %Torfsists of PPS which was sbiected to hot
repr eci pi t atg QAad ) dr£fthor ONapht hal ene. THlS SHEET HAS BEEN
PPS sarrp*e 6. 4 (Tabl e 3) consists of PPS whi ch VREPLACED

subj ect ed to co
Sanpl e 1.5p
vol unme/

/% 5

action _
6.3 5 84.

10

15

20

25

| d reprecipitation in nethoxynapht hal en€. Tabte—3
eQ-\ process Regae recyclind—%@l lene sulfide fromU'face

;Poalcyaélylezmizsulfide soagglm.n %HH?‘F? epater:.grlr] '
inh which the3faBerial is0ti@®hted with a a6l%ent at

S from 159"7@% 360°C, the Zi:biyarylene sulfide being
brought into solution and subsequently precipitated.

The process as claimed in claim 1, wherein the

recyclate comprises processing waste or is in the

form of parts collected for recovery, the recyclate

employed being pure polymer or polymer blended with
'+ fillers and/or reinforcing agents.

The process as claimed in claim 1 or 2, wherein the
solvent is a mono- or polycyclic organic compound
having 6 to 25 carbon atoms which is unsubstituted
or substituted.

The process as claimed in c¢laim 3, wherein the

compound is substituted with halogen, preferably

chlorine or bromine, with alkoxy groups having 1 to

4 carbon atoms in the alkyl radical, or with aryl .
groups. ' '

The process as claimed in one or more of claims 1 to
4, wherein the material is dissolved at from 80 to
260°C.

The process as claimed in one or more of claims 1 i:o
5, wherein the material is dissolved under elevated
pressure. '

The process as claimed in one or more of claims 1 to

6, wherein the liquid medium is acetone or toluene.

—_—
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6.4 178. 2

. not determ ned .
s . i - l THS SPEEL 1A BEeN |
Obtlgl ni ng IOOI yar MHMJ“IE@!“)EL P‘ATEM' Clr;é: I>\//§ryl ene 5111 i de- %Eﬁ%&éj%g ESEN

material, in which t he pol yaryl ene sul fide-containing material 13
5 tredted FR® REQIASAEAS c%ﬂ#@eﬂvau-yapyneeﬁs orei g€ claims 1 to
di ssol ving and bej ngviselHs Uené | ya®LeCidi #2080l :1 to 12100, SaPe@CEES as
claimed in claiml vvherfl n_ the pol yaryl ene sul fide-contai ni ng
material enpl oyedP¢iyarylene "f‘%%?%?‘ate in the formof powder, granules,
shaped 10 parts and deformati on waste. 3. The process as
claimed in ¢ ai Myngr :?océ’%?raeﬂ L1ldimed in on 39'% Bk bg 818P48"
pol ycyclic organic CCP % E? carbon atons Ych is
unsubstifuted 8. WhQ?rei%bEPﬂ-nPQEYlenES sulfidenday m&sysé c®8ined in
claim 3, wherein péByarylene s6€PFP@Nd is substituted w th hal ogen,
preferably chlorine or bromne, wth al koxy groups having 1 to
4 carbon atons in the alkyl radical, or with aryl gr oups.

10. The process as claimed in one or more of claims 1 to

9, wherein the solution in the case of reprecipita-
tion is at room temperature to maximum dissolution
10 temperature.

11. The precees as claimed in one or more of claims 1 to
10, wherein the solution is freed from insoluble
solids prior to precipitation.

12. The process as claimed in claim 11, wherein poly-
15 aryleﬁe sulfide oxidation products, polyarylene
sulfide aging products, degradation products,
fillers or other insoluble substances are separated
off.

13. The process as claimed in claim 8, wherein the ratio
20 is from 1:5 to 1:10.

14. The use of polyarylene sulfide particles having a
specific surface area of at least 80 m’/g as
adsorbent or filter material.

15. The use of a product prepared by 'the process as
25 claimed in one or more of claims 1 to 13 as an
engineering plastic.

_a_____*_~____~_~"
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20 5. The process as clained in one or nmore of clains 1 to

V\/nereln
150[err]C to 36

di ss-cl)-lh\e/egrﬂm “

I's dissolved at a tenpera-

ferably from 180[err]C REPLACEM;FMB@F C.
ﬁ!&g\jﬂ‘mn claim5, wherein the 2 mat er1 ar ifs

ressure. -15.- The progcess dling one
or nore of cl al mn 1to 6, wherein for preci |”tat“fwcs)nﬁftqﬁ‘()a%:J lfutfi on
S |ntro- duced into a solvent which is aceto
wat er . tTéEéﬁEocess as clainmed in one or e of claims 1 to
7, V\/nerelnthe FI médi um i s introduced rnrtrarty, in

aratioof from1:1 to 1:100,

preferably froml 5 to 1:10.

9. The process as, cl ai ned i.n.one o 0 I
wher ei n pol ypheny| 2 REOCEH P?%am@g&?&ag?} sé?k‘gél &W&VM@F@W
10. The process awﬁﬂ%ﬂr&@ne or nore of clainms 1 to

a. dissolving the polyarylene sulfide component of said polyarylene
sulfide-containing material in a solvent, said polyarylene sulfide-containing
material further containing a material insoluble in said solvent, an impurity,
a contaminant, or a combination thereof, until a solution containing said
polyarylene sulfide component is obtained,

b. separating off said insoluble material, impurity, contamination or
combination thereof from said solution,

c. precipitating the polyarylene sulfide component from said solution, and
d. recovering polyarylene sulfide particles having sufficient purity for

recompounding.

The process as claimed in claim 1, wherein the recyclate comprises processing
waste or is in the form of parts collected for recovery, the recyclate employed
being pure polymer or polymer blended with fillers and/or reinforcing agents.

The process ae claimed in claim 1 or 2, wherein the solvent is a mono- or
polycyclic organic compound having 6 to 25 carbon atoms which is
unsubstituted or substituted. '

The process as claimed in claim 3, wherein the compound is substituted with
halogen, preferably chlorine or bromine, with alkoxy groups having 1 to 4
carbon atoms in the alkyl radical, or with aryl groups.

The process as claimed in one or more of claims 1 to 4, wherein the material
is dissolved at from 80 to 260°C.

de.



_9, wherein the sotutiomin rhe case of reprecipita- RFPLACHMFN’@ S}Eﬁa’f

~roomtenperature to \ ution t enpgr p-tH-e- .
The process as C|El ‘E“ﬂﬂ re of clainms 1 to re n
t he di ssol ved nat mﬁﬂ rom i nsol ublje|sol M@%ﬁqg’? o]

preci pi tation. A nethod of pd6+fying pol yatryllene
sul fi de-contgi nin teri.al , which ¢ [i-s rati of f .
ol yaryi one. 95 %heprgfef%asofg& g1 e OF i, o, ams €

agi ng products, Qihdef SRVtEE predélgt t | ves or fillers.

13. Polyphenylene sul e particles RaV|ng a specific surface
area of at |east 80 n[err]/g 20 The use of polyarylene sulfide

particles as clal a|m13 as prbent or filte terial.
e The useTor o 10 dressss s claim fShe bR pf fes §o ¢ wherein The b, ' |

to 11 for recycli gebdium is acetobf-or WWRentse of a product of a process as
clainmed in one 25 or nore of clains 1 to 11 as an engi neering

pl asti c.

8. The process as claimed in one or more of claims 1 to 7, wherein the ratio is
from 1:1 to 1:100, based on polyarylene sulfide.

9. The process as claimed in one or more of claims 1 to 8, wherein

polyphenylene sulfide is employed as polyarylene sulfide.

10.  The process as claimed in one or more of claims 1 to 9, wherein the solution
in the case of reprecipitation is at room temperature to maximum dissolution
temperature.

11.  The process as claimed in one or more of claims 1 to 10, wherein the solution

is freed from insoluble solids prior to precipitation.

12.  The process as claimed in claim 11, wherein polyarylene sulfide oxidation
products, polyarylene sulfide aging products, degradation products, fillers or
other insoluble substances are separated off.

13.  The process as claimed in claim 8, wherein the ratio is from 1:5 to 1:10.

14.  The use of polyarylene sulfide particles having a specific surface area of at
least 80 m*/g as adsorbent or filter material.

15.  The use of a product prepared by the process as claimed in one or more of

clalmslto 13 as an engineering plastic.



