;e3e,dd6Trx 1 Title: A method of treatnent of hal ogenous. organic waste n
mat er i aII“IIIIIImInIIIIIIIIIﬁIIII Field 22 JAN 2003 The present invention relates #d ditl 2603
met hod c treatnment of hal ogenous) organic waste material, in

parti cul ar *h@begenous pl astic waste such as PVC (polyvinyl 5 chloride). By
the nmethod the waste material is transfermed to different fractions which

are all environnentally safe and/or which can be recycled in an

envi r onnment-g I> 'hr eat manta i s,economcally

advant ageots—d v GRS Q@é—%%%%%?—@‘—éﬁ% ounds obt ai ned as
deconposition products. 10 Background Art The di sposal of hal ogenous,
organic waste material, including in particul ar hal ogenous plastics such as
mat eri al s Techrd¢adiBigidpol yvi nyl chloride (PVC)) pol yvinylidene chloride,

pol yvi nyl fluoride) polyvinylidene fluoride or polytetrafluoroethylene
(PTFE), is a difficult task usually causing environnental 15 problens. Thus

th nmb | f hal , ' t terjal I in - ,
noxi ous. CoFBRSFFAL BPUHER Solalsa dars AR 0f B CCt, JeRTERhok BalgRenase

di oxi ns, i.ch: g iC

aci ds, sug@%@%t y@%ééag’ﬁggggﬁy% IlglﬁgpoI |s?ga§ﬂ%; ﬁgg%ﬁgﬁygénﬁnveﬁwgﬁgnﬁgy
cause s§ri ehloride)TER)e thed nicfifode thel WS mdteredl ¥ Uankforfredrosdifferent Fradods/ 29118
(NKT) discloses a nethod of dry pyrolysis treatnent of PVC-contain ing

mat eri al , whickhiaré aleenvirenmertaliyy safelcanslfposwhichn can ebe i ecyelatiedn i an a
reaction zone in a closed systemw.thqut addition of water to a tenperature
bet ween 158NVAFRIMEntallyc saie o manget.y egmgre | the teaimepte d&n, geonpmigally

;hal ogen-re ' I g | i I [ al i ne
ar th et O HESGRORRE Y B8 FERilaHEBRa R ok iR Tomblhl ol e o et e
car bonat esdéidghpBsition prodhéigr eof so as to establish 2272 ~r,~~—~r~~3 2 a
control | abl e aut ogenous pressure substantially above at nbspheric pressure)
in a sufficiently long reaction time to convert essentially all hal ogen
present in_the waste material to alkali netal halide or alkaline earth

net al AQl i Backezaund Arbsed system preferably al so conprising a condensation
zone, where water vapour and volatile 5 conpounds |iberated fromthe water
mat eri al are condensed. The residue obtained in the deconposition step is
vashed wi tpiedigposafiUF YareAMD! Groafid Wase! uhhaidtarhaaing! i pafbaup are
separated. By the nmethod the hal ogen 1s renoved fromthe Wwaste nmateri al

Wi t hout cahadlogenouscphisticd | sudh eas gaaterialef comtainaipalpolyvinyld chiorideh€PVC),
environment. WO 96/ 29118 does not deseri be how the pyrolysis can be

per f or med Ppolyvinylideness chlorides urpolyviny! t Aeoddeonpelbyvigydidens tfhworide or

on ot A L5, BT Mo 2l

15 problems. Thus the combustion of halogenous, organic waste materials results in

noxious combustion products. Under unfavourable combustion conditions dioxins,
which are very toxic, may be generated, and usually hydrohalic acids, such as HCI,
are released which pollute the environment and may cause serious damage to the

equipment used due to corrosion.

20 WO 96/29118 (NKT) discloses a method of dry pyrolysis treatment of PVC-contain-
ing material, in which the material in a decomposition step is heated in a reaction
zone in a closed system without addition of water to a temperature between 150 and
750°C, preferably 250-350°, in the presence of a halogen-reactive compound
selected among alkali metal hydroxides, alkaline earth metal hydroxides, alkali metal

25 carbonates and alkaline earth metal carbonates and mixtures thereof so as to establish

A
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at normal anbient conditions and which in a conventional manner can be
separated to a nunber of useful desirable products. US-P-5.324. 817 EZS?I Ep, "
et al.) discloses a process for dehydrochlorinating PVC by 15 heatirg*t e 2003
PVC i n deoxygenated |iquid water at tenperatures fromabout 200 Cup to

the critical tenperature) at which the ter can be maintained as a liquid
phase. This process is not particularlyeffective, as only a nmaxi mum of

about 90 %Db i of the chlorine is, rempved from PVC.. The treatnent is
preferably acwygg%&ut?g@@s g{esgurﬁﬁutl}ﬁtapgﬁ% a&?]"zft atmoSphETiopresyrg; i dange,
t he use of t G i . i b i Thi

publicati oﬁﬁg%%%ﬂtﬁ?%) ﬁé?ﬁ}cg?flgfl sc (I;t;soéﬁt gs%glpgﬁ ?@Hﬁ@g%gﬁgg%ﬁxgtﬁe waste

chl ori ne- f meRe9dlo@NAIRalE GARELRA YT hikalife o ahéthl BAlidR, QaRBSSlosed system
US-P-5.386.055 (Lee et al.) describes a F. process for depol yneri'sing

pol ymer s bypreferably hlsoxiosgirising atcosdersation zons| whereneater Sagmerr amidt valatile
conditiaons for water. By the process the p ;Iﬂymer is preferably rapidly

br ought > o SOMPEHPEY fi‘f"?f?éde{g%é{‘? I‘i‘@t‘?!'rmﬁe&‘éf srondepsef o e gesigue phtained3740)
by directl n ing.th o) ne reri g cal tar. hus
raisingt hén g% ”%%(ﬁé{p[%?l 0853“&11‘8%\’%@%4\%@‘@ é}? ﬁr%ds&ﬁ%§&3RWI 19261{%1% parts

| NSt ant aneQge/redifietré SeApdte@IBY AR meiodthe AllogdN® EhRAEAFUm itife GakE! €d

out for a period of time ranging fromthree seconds to about one hour, thus
prevent i ngnsat¢mal withoRt , causinga BireGntBolthda emissioke cofirysdiréhabic @eidsi tg the
formation of CO2 and_H20, the object being to deconpose polyners to the

ori gi nal mSAVEERIIEAte WO6/291 1,doesnos descaibs hosy theinyrelysiscan Beasriormed s)

R d ol d. Lf th I ' bj f
the pr d%esdo i FhEamuE Yo, Bieo BEGHEinqeltion,oF ) cHifiinst ek ok pivin TG ur e

3) 54) 7 } : MChFH}!Pé- ! a| Watal : : At I
bZ)i | nzg ch?lgtgfﬁg%gergaﬂ%? %Zlégtggtﬁls I ncl udi nfééﬂi%?ﬁ'ﬁl grcgfgipﬁg?%ﬁglfncghfég#@g?ﬁ;ne?w

di chl or oet hanerntdl inthiet! cohdiionp ané wiiich i £podvedtion] épaingt canbekeparatedbl e
hal ogen-free organi c _conpounds is not suggested. r ~ ~ US-P-5.315. 055 and
US- P- 5. 728 ®aaupber of asgfubdesirablesprioduetsa net hod for 10 depol yneri sing
polynmeric material by alkali fusion, wherein a nolten reaction mxture is
prepared conprising a basic material, a copper source and said polyneric

material , gﬁ%@kﬂ&%ﬁ‘?i@ﬁeﬁ?g ?ﬂgE#ﬁ%g@é%@%cﬁs@for%éi%%ﬁﬁl%%&efPfV.fd gyent to

reflux said nolten m xture time to ol'ynmeri se” sai d

pol ymeriisc hgit@ig the PVID s déuxggesded B?Lﬂﬁﬁrvf'ﬁémdelﬂpex@hﬁ‘%ﬁbﬂfdbbummﬁp and
wi t hout addition of process water, 15 the- process being carri-ed out in a
mel t. The $athe griticahtemperamioe, ativdvichn e watep bambe nirditeiped -2 adiquid pbassosi t i on

products hagying a |large quantity of_val uable organi¢c co nds. 8/ 08880
(3710" i scIBEbaragesmolsnin BROGURIYSFRYS  RatiNG: BAROGPOHoASHE SOuRePLby an
aqueous e i . } i i i 20 and
Chen_ heat edf Tt 95 e qffruie HRERB0 R B PCTHE frekivich: § oferfoiy BN 20, 3
(I's descri baela ¥ apae!Ty Wafis iPtheidee rdrge Othenak Wiatiduwhksistant e%n mleasthubat t he
pol ymer backbone is not deconposed by such treatnment bel ow 10 C . Thus
t he mat28r i heingsequiréd.sBhis pablicitiomatoesmdt eitheradisdlaseuthe formatidnuehyauaeani c
conpounds ich are liquid at nornal ambi ent conditions. 25 JP published
pat ent app%ﬁ@é‘t“F%FFWgaB’G compYgds ﬁﬁli‘qn&fpg)Poa§t@é‘lR5§%"§streat ment of PVC at
160 - 300C in a basic aqueous solution exenplified by heating 22g PVC,

US-P-5.386.055 (Lee et al.) describes a process for depolymerising polymers by

partial oxidation at supercritical or near supercritical conditions for water. By the

process the polymer is preferably rapidly brought to a temperature above the critical

25 temperature of water (374°C) by directly contacting the polymer with supercritical
water and thus raising the temperature of the treated mixture substantially

instantaneously and eliminating char formation. The reatment is carried out for a

period of time ranging from three seconds to about one hour, thus preventing a too



16 g NaOH, 400 Ml water and 5 m 70 % aqueous et hyl am ne sol ution at? 306"‘“’(5‘393
in 22 .< <~ "da-~~ 4 one hour. By this treatnent the dechlorinated
polymer material will not be deconposed to give a high yield of a m xture
of val uabl e organi ¢ conmpounds which are liquid at normal anbient
conditions. US 3 826 789 (Yokokawa) diséloses heat treatment of PVCin a
basi ¢ aqueous 5 solution. The tenperature is stated to be fromabout 180 C
to about 3@Rastic detongositioni exysing fopination4f COpemd6H;08) thehebjpéeheing ag
reaction conditions are heating at 190 to 250 Cin 30 mnutes to about 5
hours . Yokiskempostopelymsrs s threstigingl mpnpomers forrenyaling.i Bhss, ita o eewaint o
obt ai n val uabl e organi c conpounds which are |iquid notr mal anhien

condi ti ons SXHdt P%ﬁmﬁ%?m e liggmess, are progycpd, Aféﬂermiayr&%r @Mo‘&’?nat ed
materi al i [ ' . . 4 ' . US 5
005 136 ( VOLTATEF e oGS B F K] AleolBbBARSS oy et B Sillres 1, ot
PVC. Thes t iqgar niiat 8 iif appédrs QRatOHGt Slyavibgl ahloriley bt Gifsot BHRENBWUBEIIINE t he
range 300 to 600 C and the dechlorinated pyrolysis product includes heavy
conpounds whlarinagsl Inyairoterbomsninelnding dighlormthylend, chiiOethads GickHorbettangcl ed
to the pyrolysis step) an oil fraction which is used as fuel and .

f ur t her nor @ndpdehlonapropanes argy prepakedt Psepasatiens ofyvaluabler halogen-Eghiorgania an
exhaust gascotreatgent Qnit ifﬁdburned with a burner for post-treatnent

(col urm 22 COHPRERAS 13 nOt SUELESIS iy 43 and 44, Experinents 98 and 99, .r and
Tabl e 7). Thus both high nol ecul ar wei ght conpounds and | ow nol ecul ar

wei ght 20 gaseous conpounds occurs in the pyrolysis product which therefore
has to be fUS-PrEB151056t andalSP-5128 905 t(Bdtchas) dpfieadiscldseor tnhethed ofoe
Several approaches, have been made to dispose of hal ogenous, organic waste
mat er i al0 s @eRolymeriving polymesigy materish rbfyaalE@h Aosiop: aheseinad TBPliehdeagHoRunber

t hereof involves.a treatnent wth heat itgritaf;e resence

of .a 2(& tiasi C
conpound afgd* MM RREPRieH COmPriSHS apl?aégcerﬂg PRFT SOBECRAPS Sl RQIYMEHS ¢ he
known met hegigedif) %n&"?ﬁa‘?nﬁhiﬁyfﬁx% Iﬁgftér‘g% | d@?ém}ﬁ%&tu&é asﬁgfci)tglﬁﬁ? tb'}%flﬁfi" ogen

content into environnenta accepta es t y are conpli cat ed

and expensisid raditen miktre forsufficiéfittdme to@8polyrherisesaldysulymeric flatstistt Thigr e
environnental |y safe or can be recycled in an environnentally safe manner.
process is performed at atmospheric pressure and without addition of process water,

15 the process being carried out in a melt. The said patents do not show how to obtain
halogen-free decomposition products having a’large quantity of valuable organic

compounds.’

- WO 98/08880 (3M) discloses a method of dehydrofluorinating a fluoropolymer
whereby an aqueous emulsion of the fluoropolymer is mixed with a basic compound

20 and then heated to 40 - 100°C in 3 minutes to 100 hours. The resulting material is
described as a dehydrofluorinated fluoropolymer which indicates that the polymer

backbone is not decomposed by such treatment below 100°C. Thus the material is

in itself a polymer and not a mixture of valuable organic compounds which are liquid

at normal ambient conditions.

25 JP published patent application No. 50 109 991 (Fujikura) discloses treatment of
PVC at 160 - 300°C in a basic aqueous solution exemplified by heating 22g PVC,
16 g NaOH, 400 ml water and 5 ml 70% aqueous ethylamine solution at 200°C in
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It has now surprisingly been found that if a hydrolytic treatnent of the
waste material is carried out within relatively narrow ranges of the
reaction conditions the non 5 hal ogen resi due of waste naterial can be
deconposed to obtain a m xture of val uable and useful hal ogen-free organic
conpounds which are easy to handl e and deparate fromthe reaction nmedi um
and to fractionate into valuabl e recycl abl e products because the major part
thereof arenenhédte By ot theafrfieritt theodeatloridie® PolpandihaeAsl willahol Deat
anbi ent tenperature (for exanple 10 - 30C) and atnhospheric pressure. 10
Accor di ngl ydecomposedjte givend higheyi¢ld ef @ mhixiture efitvalmablesorganip compdands whichod of
treatment of hal ogenous, organic waste material) in which the waste
material iS¢ hﬂ“‘ﬁlf%mal@nglem @AMERHONSE act i ons which are al |
environnmental |y safe or can be recycled in an environnentally safe nmanner,
in which the hal ogen content in the waste material is efficiently
transforne § g | : f QERGFL } i,0 I
neutrali segj%\ngt ﬁfgﬁggsmﬁéé%gé‘?’%eaﬁf’lg Stﬁée ecg%ﬁﬁyp%bm%ngtﬁ%%@%gﬁe%g
ensur ed 50n sbhutichaJhe tefmpeainuebisstdied ¢y ds-fromeabougd80eCoorgboundgoedimitned as
deconposi tion products. Brief Description of the Invention This object is
achi eved byceordingstornpdumn dodisics § -t& thepreferred reaptionwonditions laye heating at

t r eat ment al.agenqu oy gani c ste mategial, in which 1 part by wei ght
of the wast OprﬂtzgaiQllnﬁgiw&%@ﬁé‘béﬁ@éd‘eﬁlwgkﬂ?ﬂﬁ“@ad%é%S‘il&gpf‘ﬁt-tfoa ustt s by
wei ght of | I Nyt L S .

ver ot o, s BOMEAUS, EGHAP) ol IEERENAEuE bRl SuRIFAR A%
mater in |ingpi6l ahdiéhtl esndtio®r afdl whichi cid def fécgtied! R wmeNARiitary the
substantially all the organically bound hal ogen present to 25 inorganic

hal i deslO0 dechlorinated materialds Gufedriniacambistiontfhmaogdefdlcphinen 4y Haendht under
t he above gﬁndi tions according to the invention a surprisingly high anmount
of the org&fAtc part of the PVC-nol ecules are not only freed fromthe toxic

hal ogen but al so transformed into organi c conpounds which are easy to
handl e and recover as val uabl e conpounds and/or conpositions 5 due to the

surpri si ngUs 54080136 Aifacdawsét Al) disdissebal xﬂgmﬂdfdﬁﬁrﬁfyﬁ% e@o%gﬂﬁﬁﬂﬂ@i"
obtained are liquid at normal anbi ent conditions. useful enbodi ment of

t he presenPVQWER treatnfent is dagried outvatrayretativebi high atmpéracirh ah dperange 860
organi ¢ conpqunds involves the treatnent of hal ogenous, organic waste

material t & 8@Qdrpad thesdachlosinategdyselysis profust énclpdesdeayy epmpoundsiicki ng

t he steps f (). h ol yti.c heatin uspensi of . 1 part .by wei ght of
the wadbe e B chpdentéd R abhlife 200, 357 458 SRy B 0 pRPhie b
aqueous Medj1yRdidnWIRCR 1EIRAGR ] Ad Tafferhtord abSHPRY fir By BRlgHeoP 2 Zaf- 280
C at a pressure sufficient to maintain the water in tiquid state for a
period of whieh aftéf clearing ih @ncexhuest tgas wteatmeitivlid is Birhed athld bormparfocal |y
bound hal ogen present to inorganic_halides, (ll) separation of the

thydr ol ysedPa#ttesatment (colwmn 23 lingei 1 3 98 calympydanddd, Expermpnts 98 and 08, a
50l i d ph i[qui h ] t-heat | th i h . th
Pydr ol ysat B8 B0 TaT s bl ER maecet Tagbiastsngd il iob b beRer NEiRhy
It . N i
Ferper avur Barr A 8RRE doEI 3 e oIS pRRlct RGPl G AP RIS fR0RL
i nventi on &ppgadsed amdtreitedf ol | owi ng detail ed description. It should,
however) be understood that the detail ed description and the specific

exanples are nerely included to illustrate the preferred enbodi nents, and
that varioys alterations, an rmdifigﬁtions within the scope of roteftion

will be ob{FotRPEAE ST LR AROVE SFYS @k PRFORFRES AR Ve ReGTh 035810 disPoieh @
detailed d LPtj. 0 i rd R . i 2 ~ ~1
o 2LLE CREOE RS Broat RprE BB bRV i R LRlEAy afechienle T
i's used tonfaphBYend1ah ddibet HRRATiBRSIVEs Nah@ndiivaE Akat inthe prdskaied 6ff a and
here exenplified by the renoval of chlorine fromPVC ) while generating

i nor gadSc hadic dempeumdh and withdiruwmitiodut die preserse Bésvatess Hongevescaldiyagh theat
energy al so the consunption of the base is a substantial cost of the
process. | kKnownmptRodsiipameng oriess gEHGieH mAnRST ehgarsorh e iGORRbt only

to ensure that the hal ogen is ned .in.an_enviyonnment al af e in
formot haitiagntraenaiy aciebSf tiiatelaBl pihosh SRRz ol BrBniPeaR,
invention - that the remaining part of the PVC nolecules is transformed to
val uabl e organi ¢ conpounds, 10 which are easy to handl e and separate into a
nunber of high val ue conpounds and products. This feature is obtained by
the present invention due to the surprising fact that al nost




all the hal ogen-free organi c substances - which can be obtained and? 2 JAM 2003
isolated fromthe hydrolysate resulting fromthe treatnment - has such a

nol ecul ar wei ght that the 15 conpounds are in the liquid state at normal

anbi ent conditions. Thus an organic ' hal ogen-free fraction is obtainable,
which fraction surprisingly is free of Sonpounds which are in the gaseous
state at normal anbient conditions and only a very small E- ,, portion is
solid at naovall trbreastior pasthictsone. erbdiohnsataltis safe! dr ba) Be a2€ytled fin @n

resi due of carbon and some inorgani c conpounds 20 including heavy netals

and al so t len¥iroewentally safe mannegcycl ed in an environnental |y safe way such

as by the Carbogrit process or as a useful ingredient for the preparation

of mneral wool. In the Carbogrit process the waste water sludge is

conpost ed, t i iy . u hi ng_and .

COmOSt o0, 11kl ot RS BRSSP WA i
known et hqglgairibaobti @ H:'lé%iv)éﬁl RarRbwRhSesY§f theOfeabtidiP BERAHSHL wast e
material s such as PVC the present nmethod I's superior due ~2 .I,~~I :"u03

8 to thé f dmalogehatsidue of waswe materiabcambesddrampotal tocobtainfausixade ofivalnakeul d
| ead to pollution of the atnosphere and none of the resulting materials
have to be aadyseiul dglogendregnrganigicoppoundswhich asp easietonhandde and sepaspisg t o

t he i nventi.on the hal . ogenou or i ste material.js S treated .n

ot mut oo f00ta; 88 BECER pRsin HEC R GraiBihde Bio” M redy R Sadufis
max. 3 mm = : i i ﬁgmg i . ile
be;(ng sti r?"eég‘n??;ﬂ(‘ﬁ%@f’} iﬁgfggﬁn-%ﬁgﬂg%q\{l%@%fdﬁe nmust gieglltj |(§|{18iri¥;t1’l to
Jrai nt ai n t higatNe @Hambizne mperaterd (foaexdnysief10rr30r QYadad dtmosplsesiel preskusé.at e

during the entire treatment process. Thus at least 1 part by weight,
preferably at |least 2 parts by 10 weight and usually 4-10 parts by weight,

water 1 GAGopdngd. bl bt ot redei: itrbtoR s Poxide ety el
f d - . i o t
ol ntar ot of GBEASS, bfpanflt LG AtokiAInWAER BREPHERTH & SHLIUED, O
t he hydr ol vsfferehe faetiohs whicthatd dilbénvadonhragillylsafe 280canChe Pcyidial @i aar hand

hi gher tenperatures such as 300 C would lead to a strong pyrolysis giving
bot h a f ur eheironmgntally safedmenneppin whish the balogémgontentgjiaghe wasteamaterial  and a

hi gher amount .of the residye conprisi .nore saqlids, n¢luydj.ng el epentary
Catbon. - TheChciSuy, Taframed ooy GHEATG dalfoh &, oract P iabalic 2stas, REme

val uabl& h Az Fal I ' 0, ' e T) wbi ent
condi ti%ns?llegg%gr‘g orget i‘? %éﬁ%ﬁ’d‘?}éﬁ%ﬁ%e‘?@é’%&n@#@%‘?&# (gc%? ngn !:%\%}gtrzti on
shoul d be ¢ bhdl§ of Uahblerhilopaiffret Wi gani® comipgtieds dbraihed H3@echimpbsitiahl y at
255 - 26SC. The hydrolytic treatnment tinme is to be sufficient to ensure
conpl et e denedusgenati on of the organic conponents and is usually at |east

30 min. , preferably at |least 4S mnutes. Usually a hydrolytic treatnent of
@ duration of S hours, preferably 25 maxi mum about 2 hours, is sufficient.

Preferably B?iew‘%s&l'iﬁigﬁ of i VEMog | e Of

This object is achieved by the method according to the invention for hydrolytic
20 treatment of halogenous, organic waste material, in which 1 part by weight of the
waste material being suspended in comminuted state in 1-10 parts by weight of an
aqueous medium in the presence of a base is heated to a temperature between 250-
280°C at a pressure sufficient to maintain the water in liquid state for a period of
time sufficient to convert substantially all the organically bound halogen present to

25 1inorganic halides.



2?2 4~ ~"1 ~"~13 9 between 50 and 90 m nutes, such as about 1 hoarzi \M 2003

adequate. In order to avoid oxidising conditions during the treatnent, it

i s advantageous to blow an inert gas through the material prior to
initiation of the treatnent. If present in the hydrolysis reactor oxygen
may cause sone of the C H- groups of thegpolyner 5 to react with the oxygen
under the formation of carbon di oxide, thus preventing these CHgroups to

be expl oi teg égﬁnngéﬁ;]gp@}gi% iﬂmﬁﬂlﬁﬁéﬁéﬁﬁgﬁ%‘nﬂwgﬁiag&ﬂmﬂ'lg‘t‘asthe The

inert gas u e be nitrogen or c e or ‘othér inert
gases or vetiies alshepridigly High agbestéfane ofginkepitae ISPYC-oltBhlca k| Cal
to the invention, but for economc 10 reasons the base is usually chosen

f r om anongnel ¢ndy ifreed tfedm hiyeltoxid bidogen biltkaddo mansfermed intst agahigchompotals f or
exanpl e sodi um hydr oxi de, potassi um hydroxi de or cal ¢ci um hydroxide, in
parti cul ar WaHd 48 435H ﬁ%%ﬁﬂrﬁe &nd 7geQver; a5 Nplwable; cpEpoprds pRd/ET FAIPREILGER] i n

Phe ey or 0e Shet episioh, b s Ahesc IR pBlogtn-PERIERSE BhmolBitlea by
the 15 reagbiafifedré liqhliPathial #nbfenfbtifitio®sul ting from the hydrolysis -
wi |l be bound to the ‘organic conpounds present in the reactor. In this way

a substantial portion of the |liquid val uabl e organi c conpounds obt ai ned by
the hydrolytic treatment will be specially val uabl e al cohol s. Exanpl es of

al cohol s whi Bstfelembedinannted thy presentrinvestiondeniln meovery: plesaidvahiabln 20
ot anol o 1 HUPBH-HES Stean fommacand invelys tetfefbentbshabRendRconednic Wik

.assunme? topfafdr B I%}a i HaldpeRGUsS id Yadts el in@ thE5epS
skilled in tEer arlfi‘?1 ﬁ%‘ts p gé‘t ?‘rg}%r@ é% ydrg% yse éifnt gmgﬁ(%g%otﬁs oﬁ t he

| i ke cqopoofids under the conditions of the nmethod and thus in any
circunstances are converted and isolated in an environnentally 25 i nnoxi ous

manner . Ho(leidyolytio rheating &l sispensiothal/d part by beeighop they wastatpatepabiiessi ng

PVC, that .i \VC j,Ni | asti Ci . A di it d
PUre PV Lt Y SO0 SRS Bl 6L 8 PR TR LS gosuned
2 ~J r~| a%ﬁé’é §> J&q{gﬂggﬁgé‘ﬁ@mféﬁﬁ ZSIG%OQC% qgﬁﬁgflf@ﬁﬁﬁﬁﬁﬂt o inQindiR iR | C

conmpounds. e anbun ase use s to be clent to ensure that the

hal ogen cowagstiniliquit 8@ $érea pertied of timeMuffibienstoyshivettysubstaiidallyy all algen
halide, will be neutralised to water soluble halide salts. Thus at | east
one nollé- eqrganitalytbound bakgen presentvio inorganicdpdides,

(II) separation of the hydrolysed material (i.e. the hydrol?sate) obtained in step (I)

into a solid phase and a liquid phase,
(II) post-heating the solid phase of the hydrolysate obtained in step (II) to liberate
organic compounds-having melting point below room temperature and boiling point

20 above room temperature from said solid phase.

The extent of applicability of the invention appears from the following detailed
description. It should, however, be understood that the detailed description and the
specific examples are merely included to illustrate the preferred embodiments, and that
various alterations and modifications within the scope of protection will be obvious to

25 persons skilled in the art on the basis of the detailed description.

Detailed Description of the Invention



5 preferably a small excess is used. The typical ampunt of base is Belwseh 2003
1 and 2 nol e-equi val ents, preferably between 1 and 1.3 nol e-equivalents )
nore preferred 1.05 to 1.15 such as about 1.1 nol e-equival ents. Wen
determ ning the anmount of base necessary the purity of the hal ogenous,
organic waste material to be treated is7of course also to be taken into
consideration. 10 Typical PYC-containing waste materials ordinarily contain
40- 60 % by Theifrbiene inveMon ivbased anpheidraabit DGOy dBlyaiitis ué¥d @ rehitie
hydrol ytic treatnment the hydrol ysate obtai ned can be separated into sone
val uabl e udelogen rfaomnertganicawastamiatprialg intpartiewlar and hererexeraplifiechdynthes s
materials -:4 i inpl e_an Sy nner using wel| known physical and/or
cheni cal nmE¢REYR OIf mﬁpﬁgl’ﬁad M}q@s%ﬁr@rat@gfmﬁa@an%wdas SFD 3% AMi qui d
aqueous so%gg%gp and a solid phase by a conventional separation nethod,
preferably &ntional filtration. The obtained two phases of the
hydr ol ysate can al so be terned the |liquid hydrol ysate phase and the solid
hydr ol ysat e phase, respectively. The solid hydrol ysate phase is usually in
t he for s oBesilesthe/sdogsdaty Beatpneigycilss thehconbumption @f Yhe basedparsabstasitialm t he
l'iquid 20 hydrol ysate phase by filtration. The solid hydrol ysate phase,
pr ef er abl y cP$t afithe pracesseflt ishusetal in theanedgd acegsdinigiedheinvgndompetr@nlpnal
filtration of the olysate, can easily bhe pro sed. by a postheati.ng,
br ef e abl y 1S EnstE Ak thd pERaR 3s SARTRNAR CovFolhoiiaTe et Hamhel ih qarma of
| i ber at ed, : t a Ju par AR th est
nol ecul es. hQﬁgQ%?lgs}’:JiE %éf] ;gr@ es gﬁ?{/?‘fahngfevgf a?i t e%ﬁtcﬁalg?aﬂ{og bghdtt?%lgt ed in
the post-h eahhmmdgﬁmom& IPVC Rioletuley idgansfersssd towaluabr &gﬂi& @binpalndsyount
of the liquid hydrol ysate phase adhering to the solid hydrol ysate phase
such asl0a Mhdch are easy o handlatand separatedniooa Bumber of Righ, vabipeampoungds apdut
1:1. 5 By the,post-heating this wet filter cake is heated at substantially
atnospheri@nﬁpgg%ure at a gradually increasing tenperature up to an end
tenperature of 450 - 600 Cin a reactor provided with an outlet at the top
| eading to a condenser connected with a receiver. Preferably said reactor
i s a convermhipfealuréissdbtdined By Gé\preseaninventidied odh@ddrprifigg fici ehaehlrhdre wet
filter cake can be carried out by constant supply of 10 heat energy heating
t he mat eri all tmhalpgén-free atganic substapesservehioh earphe adingined @od isglared from the om 30
tes to 90 m nutes, fort%ﬁgnple

mnutes to,2 _hqurs, preferably from45 mnu
"1 about o BEAFRIGSAEe pulting HRPY theoTeAmERt [ MES SURHL ABPleRIa Aedly| dha

hal ogengd r j ¢ C i bera . sy SOl r te
phase 81;/5 sggﬁnﬁéa |o%ea®gﬁgﬁ[®€%g{3?ea%l %%mélﬁgg%%érﬂer%c({ngg@]g‘t Iel‘b%gcog %@? after
cooling. - h4loken-FreFr2eohi816thinA8le! Which fRicieh sWrRigtpis’ fréflofdmptunds
conventional distillation. It is however believed that the heating rate is
of some i npdiichnarceinahe gakeous istats Aondrthah ambient tconditiopk and onty 8 arey srhall he
conmpounds probably are bound to each qther either chemcally or physically
such as by PaBi istsold ab nopmal Amphienhfoadiionsys have to be desorbed and/ or
further deconposed. However, it is believed that the first heating 20
period up to 100C does not require such slower heating rate. The exact
conposi ti oBaRf sdiftR Wil bé gi’éé@ﬁtoixﬂé dsBuRhGYSEarBen ahd isdmehaigafié enigduntibe
hydrolysis and filtration is not known yet, but the inportant and

sur pri D0ng iddlwding Geawy trietdls tixkalso shis hesiduencandbe tecysled ah an ehyidonhentale phase
at atnospheric pressure carried out essentially as a conventjon

distillati&Hel wayssuch as \r fhenCgrbogrie| RFOSESS hal é@eﬂwme@é iasreéregé?fjpﬁ the

ds, _whi ch. wh t | ukl . i d whi b
ecovered' PraRraliah Pl quntreh ol o heeCpmett® Plodest MM olt sirle R, ™
yield of  cgnfosted, mefted i€ 3otary furnace, granulated by quenching and pulverised to

obtain a sand-blasting material

25 In comparison with the known methods involving hydrolysis or pyrolysis of

halogenous organic waste materials such as PVC the present method is superior due



12 hal ogen-free organi c conpounds being very close to the quantitatﬂvg JAN 2003
yi el d of the nonhal ogen part of the PVC-nolecules. As a further surprising
advant age the essential portion of these organic conpounds - sone of which
may be used as m xtures - are val uable and easy to handle as they are
liquid at normal anbient conditions. 5 8y the experinents made to eval uate
the present invention the hal ogen-free fraction of val uable organic
conmpounds tr r to
Gemonst rat 1 Fleapel UFES pREnRrAlalt M D b R et ATl Mol dgR

cal cul at edpeltuticsl aftthe atnissphéxe dnidamine tof dd tegulag ananetiale hyvetobodeposited

hal ogen-free hydrocarbon resi due of the PVC nol ecul es. When carrying out

t he i nvent ah&wastedispesal pitgr acti ce 10 wel | known met hods can be used to
separate the obtained m xture of organic conpounds into the pure conpounds
and/ or useful commercial m xtures including but not limted to conmerci al

arber) . AP S iSSEE ong RE 3o P ERbBodeS SRB A DB o
I N sonescaggsed uffco}ﬁmﬁﬁtﬂélﬁghﬁé ﬁ&lﬁaﬂy‘&hh?aﬁi@é §ig@bf Exﬁxﬁﬁurﬁ Bemhabyéféfa%lyor gani ¢

conmpounds a residue Is I'h the'reactor. This residue w conpri'se sone

i nor gani ¢ marpdumasuch ak uﬂomgl-lzemnym&memﬂnpswpéﬁd@mm Whﬁ:ﬂv&nlﬂbt@ig anmount
of carbon. This residue can be used in an environnental safe manner for
exanpl e i nstitxed ytgog@uslxedT@eramm of pyasercused musinbe sufficiernt dognaintgin e or

oot - 1 eat NBE SFSERGaH el 8 Hoentoreh NG a3 RE s e dpe 68 el ow -

obtain Sds%ﬁ%f%eﬁpi’?‘?%ag-m?“a1e%‘af?%ﬁ‘er Py BB, AR Y e

and/ or 10hewelit endvBéiillysd- 10l perteby seighgimest sreferied 3 Re7 paPBy aleight sach
m neral wool. By the preparation of mneral wool a certain proportion of

heavy net atsabaut 6@mwrt5ﬁwe1ghno§mraag&%l pevelypart Y aveighidyf wHtpmasesial. i n t he
raw materials used, but i t her cases additi f heavy netals is
necessary afld trRafrent, is p %‘ff‘lf @n{’qu?éurﬁo%eﬁéaﬁ Y AR ﬁﬂ%’,_gﬁ?o‘{shgr%?‘ﬁage can
be ut i || Zeghepptladiopg m%n%%wamshggmeswe ) [iti T == 13 In some

cases the heavy rret s can rese I'n the resi due and/or the sludge in
rel ative high concentration in which case the heavy netal can be recovered
as such in an economcal attractive manner) The |liquid hydrol ysate phase in
form of t hEofensureaa sufﬁbieat decbriposition the Ihyrdenlysis taphperaieire shoudd bk yas st

Cormouds ST 130 theatt Hama SR osmDSraEr VG A 300 oo Wauld 8P 8 SuerEn |

| | . d
can bo | SoPER a%ﬂ‘é%fﬁ%#@éhniﬂrﬂﬂ Bote O USmpgHlin SRR f sBicOut BB ?9
The renmai niffiPa eermédiﬁ dfi thieliresityd Ehpssing xﬂmssblﬁarmaﬁdﬁlgraément@noc essed

in an environnmental ly safe manner.
carbon. Thus, such higher temperatures gives a lesser amount of the valuable

_)

halogen-free organic compounds which are liquid at normal ambient conditions.

20 Therefore the hydrolytic treatment of the present invention should be carried out at
a temperature not higher than 280°C, preferably at 255 - 265°C.

The hydrolytic treatment time is to be sufficient to ensure complete dehalogenation
of the organic components and is usually at least 30 min., preferably at least 45
minutes. Usually a hydrolytic treatment of a duration of 5 hours, preferably

25 maximum about 2 hours, is sufficient. Preferably a hydrolytic treatment t.me of



10 Further details will appear below in the general procedure. GeneZal JA!l 2003
procedure The procedure described below is a general enbodi nent of the
invention for treatment of 1000 kg mi xed PVC waste material. 4 Treatnent of
PVC waste prior to the hydrolysis 15 A representative m xture of products
contai ning PVC typically conprises PVC tgubes, cable refuse, artificial

| eat her, plastic filnms, car parts, floor coverings, toys, disposable

articles a ' . t fekri ' rt nd cl eaned nmanual |y by
washi ng of ﬁéﬁg&e@ Fﬁ%gétﬁmﬁgﬁt @cﬁ?ﬁ&?ogisl lalll\slgl ac%ﬁaﬁgm | . Furthernore
metal is renoved. If possible, it is advant ageous al so to renove ot her
types of plastic. Such 20 plastic types are not harnful to the process, but

it is consildesrder enuvoidrordisinig conditione|during the arvatthem| lityistaivanageds @arry
out an al kal i ne hydrol ysis of non-hal ogenous plastic types. The sorted and

cl eaned PvOlousndneriigas throygh bgimatedadpriornte inviasion uf the tedtgient.df pRyO)t | s
9" 212 i TS nPdblysts Gagiof gxizente s SpTER iﬁrbq Cmmwsotbe pelymerr ~ -
vater. PYC RSl wiBUl biydiiSidel tad IGimARATE Lhibol dfplile, iVl [ggs% s

thus possib 0 renove i on of non- con arnrng natertar 1
ski mm ng t FC-H-gfdupshebé erplefied & usefidl ahdl aldblRAMrie-Red Hifafic donffbunds.a
m xing tank a small excess of sodi um hydroxide 5 is added, for exanple

i nst ance 1.Thezingrtogasnused-may foméxample besnittpgen hy darwndiioxide airi otkert metthe
assuned chl ori ne cont ent_ of éhe PVC waste, for exanple in formof about
1, SO0 kg 0f82888 QREerss theseat.o| ysi s The suspension is transferred to a
:Cl osed pressure tank and heated to 250-280 C, 10 typically about 260 C,
for about 30 minutes to 5 hours, typically about 1 hour. The operation

pressure i STHey§dlectidnyoPiife BiRR ds@@ 19910@@hhcalﬁ%pﬂl"e%k'@ﬂh&f | Bult 'f8F ie@BdorideON

conmpl etion of the hydrolysis treatment, the material (the hydrolysate) is
separ at Hil irnasona the hasedisfusaally ohosen(frmna!mrrg dlkac tmemal hyairekide alp| atkdline
filtration. Th|s IS filtration is preferably carried out by neans of a
coarse fil t@Fthymetl ﬂl}’ﬁgoﬁﬁ%equa?xamﬁl‘h sodiugn Bydraxides eqé%l‘%dib@f@x‘éi Qm

calcium hydroxide, in particular sodium hydroxide or calcium hydroxide. The base
may be used in pure form or in form of a mixture. By the use of a hydroxide as the
base the major or entire amount of the hydroxide groups - which are liberated by the

15 reaction with the hydrohalic acids resulting from the hydrolysis - will bg bound to the
organic compounds present in the reactor. In this way a substantial portion of the
liquid valuable organic compounds obtained by the hydrolytic treatment will be
specially valuable alcohols.

Examples of alcohols which can be formed by the method according to the invention
20 are: n-butanol, benzyl alcohol, c-methyl benzyl alcohol and various octanols
including 2-ethylhexanol. Some of the aromatic alcohols are assume? to originate
from plasticizers, as it is obvious for a person skilled in the art that plasticizers are
hydrolysed into alcohols or the like compounds under the conditions of the method
and thus in any circumstances are converted and isolated in an environmentally
25 innoxious manner. However, aromatic alcohols have also been observed when
processing pure PVC, that is PVC containing no plasticizer. Accordingly it is

assumed that hydrolysis of the long carbon chains generates short chained molecules



’ N
The filtration is preferably carried out while maintaining the opeQaéi%%N 20n3
pressure of 5-9 MPa. Post-heating 20 The filter cake is then post-heated
at anbi ent pressure at gradually increasing tenperature reaching an end
tenperature of 450 - 600 Cin the reactor. The increase of the tenperature
shoul d not be too fast. Typically the gpd tenperature is not ~ 2?2 hlrl~!
2003 15 reached before a post-heating period of about one hour. Preferably

the fil terwﬁ%eargggg\ﬁ]egaa}ave Ei+' Hﬁt%d‘ﬂﬁ%ra‘go%?ﬁ% Ejéllnbglﬁmﬁake had been dried

before the post-he ser yi el uabl e hal ogen-free
l'i quid organic conmpounds. Typically the wet filter cake should have a
noi sture content of about 50 % by weight prior to 5 the post-heating.
Pr ef er abl yThe:amousnt ofbaseinsed isstodwrsufficient o easure thasrthehalogeratomenttinlthé ng

process in_a conventional distilli I pnent .. . The_val uabl e hal ogen-free
T qui d or QHAME TR HICTLIs EYGERISAdn Badrdea halide. wilkhesnentralisebioruater | nt o

pure conpo Fent relal. m e ri ng. ystilling
process an%BigglF ?Fl ?/i/ dgysalftg/ur Wv%%ﬁ? ofg‘lécﬂgﬁﬁﬁ?g%éﬁ éﬁ)gs# fg!]bglv%[}&ihg}o(’ggﬁ on
techni ggespreferablus siaflexch® RUstd."ERE typical Atcufie b ¥Ssel 18 HelRedrPRGLAT2 af t er
t he post-heating contains carbon and sone inorganic matter 1ncluding heavy
met al conpmolsequivaleiis Cl prafedatilip GetweEni lsamd §i3dmelersguividents omesspréferethe or
conmbi ned with other fractions containing heavy netals ) such as 15
fractions bodPdeld sych araboutilsl mole-egnivalertie aqueous hydrolysis filtrate
as further described below i Liquid hydrolyate_phase The liquid

hydr ol ysat e phase obtained by the filtration, i.e. the filtrate) conprises

ater, al cvhﬁhscaetexgﬁgﬁ{ tHe\BifolinfRY YaSS neked tfhéoé;ﬁri 0% Y ;;16 el 2

“hessi an back 20 an rcg% ot her grgani C rrrlat e?ii&zl S i ttke&rwamgt% g salsis from
heavy mnet abrganicdvastelimateridl ito be drearedds ehiyoursealiss to/be sakeh tiitolepfsideraden. The

i nherent al cohols may be isolated in the followng manner. The filtrate is

fed thiBughypicgr BYEueantaiging: wasfe vaatorials oxdiparilshcortain# @68 %r by iveeightdot ed
; Ir g;nht Pgn\li?{le' ggbgga?ﬁﬁgraggﬁ&%%%wgfgﬁio' 5 MPa (2-5 bar) and into a first
After the hydrolytic treatment the hydrolysate obtained can be sepérated into some
valuable useful raw materials and products and environmentally harmless materials
in a simple and easy manner using well known physical and/or chemical rrl&hods.
15 Thus the hydrolysate is first separated into a liquid aqueous solution and a solid phase
by a conventional separation method, preferably conventional filtration. The obtained
two phases of the hydrolysate can also be termed the liquid hydrolysate phase and the
solid hydrolysate phase, respectively. The solid hydrolysate phase is usually in the
form of relatively large particles which are easy to separate form the liquid

20 hydrolysate phase by filtration.

The solid hydrolysate phase, preferably in the form of the wet filter cake obtained
by a conventional filtration of the hydrolysate, can easily be processed by a post-
heating, preferably at ambient pressure, whereby various organic compounds are

liberated, probably after a minor degree of decomposition of the largest molecules.



in which water, al cohols and anmoni a evaporate spontaneously and ar@é 2 JAN 2003
separated froma solid-containing residue conprising gypsum and ot her

i norganic materials including sodiumchloride, sodi um hydroxide and

conpounds contai ning heavy netals. The vaporous phase obtained in the first
flash tank is fed through a heat 5 exchanger and cooled prior to being |ed

t hough a pressure-reduci ng valve and into a second flash tank. The

tenperature, before the second.flash tank . s, slightly above the bojling

poi nt of m&gg&r&ly IﬂFFeWE'rﬁ %Qaéceitﬂ%pﬁgea e Ppgtsl??a l%ﬁt)eptmh %Blcéb\)’ Phe

boi I'i ng poi Nes, i d . . .
Do, Do ghbschlwidh st bl 8 MGl DL AR g B soig v o
about 105 h?d}olyéatel@;a@& FRIPRY i@ tsolidTatid 6f ff8inU.81 1'8P: i ,rhsPéﬁaﬁf flash
tank. In an alternative enbodi nent a vacuumis provided in the second flash
tank. In tHelsecond flash tank water containing the ammonia present is

evaporated, while al cohols and ot her useful organic conpounds are left as
resi due fromwhich they can be purified by conventional purification

nmet hods Ssu cti-onal. di stil| at] r.eparative.l S chromat ography and
The ike  EteBF pbfeFalipy B BhChien kd RheaflBR A lantiEny, -elpBrm; pRSHE)
distilled aff ghicaly hRcrtRGAY ridestind 8P ko AR¥PRrilics REREGE #0 1 BOGTT |

envi ronnent al IgEI safg manner knoé/vn pereﬁs]e. Thré rgg?egue fgfomthe irg%aflash
tank may f oeactorspraviiedbeith aarontler atetile top keading toca tamdenssrdcormsdred with &
water. It is advantageous to use the distillate fromthe second L_ .. 20
flash tank Teeeivest Brefexphlyisaid seactords @ con¥entional distilling eguipsnent. and ammoni a
residues. In this washing process salts including the majority of the heavy
‘setal conpounds are redissolved , Subsequent to being washed in the mxing
tank, any i i i i P 1 ! ith
wat er and @gg?ﬁ‘?lgﬁlgﬁ‘eg& gggfglgeidggtlﬁl%el\ég%@mt eérc?ir:ig(ziit8 ﬁ%?]fgg}sg%n{ gﬁ]%mgro (Ya“ any

remai niy0y hemsnesgyieatnp tichmattriabintd 3t @uslgsat teipenstire'®04506-60000 Widsed. The
filtrate fromthe mxing tank is fed to a heavy netal precipitation plant,

in which t fomadwinmies 40 2 henes preferabis from 43 mimsepiody] pinuese domgxample's of

pr eci pi t ot FoADBR ABe U Dipid i BouBeRRg aubr ph veSaRls FUPRITES o
, | . o el

pr b to-t SLEaRe colppafs s eRIR BorP e R RBOSRT RS L Spblishich

cont ai ni ng ahé/y evapsratioh Sndesliéckd il the réceiwerafietebolingli gh concentration of
heavy nmetal s that the sludge cake can be processed for the extracti-en of

heavy metals which 5 thus can be recycled. After precipitation the process
wat er ed be led to a biological waste water treat t plant or. be
‘i nt r oduc A ROS-MeRANS % M-Qier WYTdHEATFIER G 25 4 CopyeRuTAL AistilaRon, 1is

| ant r emai,Ri i i i ances
Do br ot prDwBlerSARRLE dpl ohd AOGRD Bels BF OB IRBOnAMe AiAheER ot ot 1
dehydr at edbango hithisifet tseméasfahé bbpsindshrobably ArsboarTitoléhchwiheti difher ent

‘pur poses. An exanpl e of an environnental I'y advantageous di sposal nethod of
wast e wat echerhicdly drphysically-sueh kety @Ghsdrption tor adserption and thias bave teebéast e

g SUUBE b ol e e P s
e i, B R P MR 2 2 T

of a m xture of

—

The exact composition of the solid hydrolysate phase as it is obtained after the
hydrolysis and filtration is not known yet, but the important and surprising finding
is that the post-heating of this solid hydrolysate phase at atmospheric pressure carried
out essentially as a conventional distillation leads to a very high yield of halogen-free
25 organic compounds, which when some water soluble organic compounds, which can

be recovered from the liquid hydrolysate phase is included, gives a total yield of



commerci al PVC products including wire insulation and others and codprilditingt0d

fillers, colourings, plasticizers etc. and al so other plast types. The ECVM

standard contains 40.7 % by wei ght of PVC, 29.6 % by wei ght of

pl astici zers, the balance 20 being fillers and other m nor conponents. Its

TOC (total organic carbon) has been detﬁjm' ned to 41.1 g per 100 g. The

standard PVC-waste is provided in commtuted state with a maxi mum particle
This standard ¢ osition r nbl es, t he PVC wast e

i f 2 -
Syt ool 1y DalEaEreePrRant GUBBOIIS DEMETEE SRe (bt quaptita eatisid f CRMIT € he

di fferent ] t [ ' t, } r . 25 100 f the standard
ECVM PVC vva%)é?)g%ggﬁ ";f ‘h\j\g? e@g:g,ﬁoggqug% A aof'ﬂ%h%g ?‘?‘p??%ng vantage the ?SSQH%E' ~J3 18
NaOH sol ut ipgRicoHesEthBeA6REnicLoripothds - Soré bl whictlmay BELRS ARk Ak GRR- f r ee
conditi onslp(pur ging w t%dni trgg)en) In a | aboratory” aut og? ave pr geéi%gg W th
a nmagnet i c vahiableeandeagady ite handie as khey dre digaidoatuiorab ambient bendifiéngi nut es.
After cooling to anbient tenperature the content of the autoclave was
filtered; the autoclave was rinsed with 5 600 nlL water. Hereby 1.02 kg

Filtor oaicle Caberibon Sipoe o Vit e Bt 154 gR BF hpESt-trsadiacti 1 o

condi ti ons ' : : er and
100 i of S Sy R RRC cdmdolthd ek becAQLEHARE & mRUl S feral Clindouifl
aut ocl ave \m tobder @0dembnstete A Kepfy hight yiekl bELEReEH abmpeuddd! arkUstithiged 60

m nutes. After cooling to anbient tenperature the content of the autoclave
was filt er ealculatpd innelatiormipghevhsonetipalstobtainabls yiEldof hadogan-fratlaydroedrtionas

0.94 kg filtrat d ) f t . Il ow filt ke.
Biaml o 3 TdeofBe PV molfyles. SYHn kR Ror aionle Broress it Pesvder

Pl el | _
ol y o < "o KEPRbARaS can B Lok AP SUGurdE B opRIRA RN B B o

Tests 1 andoﬂmemms iBes frerpiRe compbuiidivardVér Wefllidmrabrsdl iixaaes inrthsdigy t hat
the al cohols tTormed do not originate fromplasticizers. 20 Tests 3, 4 and

5 were perbut met lisnited sot bemmierciflVedlvwerys eansla aptidmocking agents 4i.¢.y agetsown

conposition. The test conditions and results appears fromthe foll ow ng
table ~ 3ocreasing the ocfang mymbes). 5

After the post-heating of the wet filter cake with evaporation and in some cases

15 probably also with sublimation of the valuable organic compounds a residue is lef;
in the reactor. This residue will comprise some inorganic compounds including heavy
metal compounds and also a minor amount of carbon. This residue can be used in an
O environmental safe manner for example in the so-called Carbogrit process, in which
residue - alone or together with a composted waste water sludge obtained by the
20 post-treatment of the liquid hydrolysate phase as further described below - is melted
in a rotary furnace, granulated by quenching and pulverised to obtain a sand-blasting
material. Another example is the use of the residué and/or the waste water sludge as
an ingredient by the preparation of mineral wool. By the preparation of mineral wool
a certain proportion of heavy metals is required - in some cases they are already
25 present in the raw materials used, but in other cases addition of heavy metals is
necessary and here the residue from the post-heating and/or the sludge can be utilized

and disposed of in the same time.



TesthcmaterNaCHTineTenp.AlcohoICXganichb.(n1)27.7@&n1n)(C)totaI'schlopknq%v 1
1100 g raw700300602802- 4none2100 g raw/7003008052652- 4none3100 ¢ R
wast €e600200502404- 7nonemat eri al 4100 g wast e6002001302654- 8nonemat eri al 5100

g wast e600200652804- 8nonenaterial 1) In the tests part of the al cohol was
adsorbed on the solid phase. By extraction fromthe |iquid hydrolysate

phase obtained in test 1 the presence ofl310 n- but anol , benzyl al cohol,

a- met hyl benzyl al cohol and 2-nethyl benzyl al cohol was detected. Test 2

reveal ed t hin porae enses thé heavyumatadd garbbe presentoiin theeetidueand/ar ther siaigolol s By

extraction fromthe |iquid phase obtained in tests 3, 4 and 5 the presence
of - but anolelaiiVs ek coueentiatianan whichgase ﬂ}fghz&vxtwﬁlh@aabroxecamemaﬁ Skch

anounts of Qe ' | -nmet hyl benzyl al cohol was detected. ;.
, An infrar@oﬁé%éggpgég%%k)@é@ﬁgl@@ﬁseg( FTIR) of a sanple of the material from
test No. 1 was perfornmed) partly on the extracted material (A) and partly
on a nethylene chlorine extract (B). A (cm1l): 3440 (-OH, 3019 (-CH,

aronmati c riTh¢ liqRidAydrelgkite phase inHfarmaef, the &ftBate @b(aikddby tei fillation of tHb96
(may ori gi nate froman organi c acid group), 1635 (nmay originate from
cycl i zat Ponbydrolysed magrial whiet s ligwid pauequsphasp wiheresn the ipergasirchalpgep |

1448 (-CH2-, aliphati 1 38Q. (- 106 .C-0O fr, t her.), 964

3, A <(51J fJ~9%*%Q‘IEiBFk§|S:“§%) i@%%é&ﬁgéa%%ﬁf, C%Fgﬂr{%@a)y“hg‘?%’%ﬁff ity g"rﬂhi%’), B
1): 344Q, 44 2 . f ' j , - 2925

(G2 al g sbmspaler Niphje afchols) SR ACHIS A vohuable and Sl e bl

or gani ¢ aci by greatnpsel)knb®ato(the peson skilled lin chdmbhry( ThelZemainiddpdrt Of Gd3- ) |

‘970 ( aliphatic double 5 bond) and 702 (benzene ring). Exanple 4

(‘Post - Heat i lgpid hydrolyyate phase ¢dn hedurtberkprocessedrinmauanyironmentadly Baferparamer. wer e
conbi ne The conbi ned t filter cak 321, 6 corresponding to 146 g dry
matt er ggco W?e(ga ol %?@?Ié\ggwﬁé‘éﬁ% e@?é’d@%ﬁ"ﬁ“ﬁnder oxygen-free
conditions within a period of one hour to an end 10 tenperature of ca. 550
- 600 C at atnospheric pressure in a reactor equipped with a cooling
condenser) @ehétal\gocddireed With a receiving container. The first heating

period up to 100 C need not to be carried out slowy, but thereafter
relatively slow heating is required. At about 360 C a decrease of the

tenperature_occurred indicating .that renainin ol.yneri onpounds re
cracked. Twbi§ rﬂ‘?‘i’%“’&“ﬁ? é‘ei‘?}'ﬁiﬂag‘agwyﬁr 3 grgetl n%ﬁg‘i"im‘}/'k% O}e'g‘@i 'Vﬁ%u%\ﬁgrai ner;
a wat er pha&gaﬁ%gt&yé@nggﬁgégdgg &/aﬁpﬁ?ﬂeriﬁt the end of the heat

treatnment, a residue In'the reactor.” The two |iquid phases were
separated and 168.2 g water phase and 66,3 g viscous organi c phase were
obt ai ned. The residue (79.7 g), which remained in the reactor after

post - heat i nfreafmenteof\RV Cowaste prior to the hydrolysis

- 15 Arepresentative mixture of products containing PVC typically comprises PVC tubes,
cable refuse, artificial leather, plastic films, car parts, floor coverings, toys,
disposable articles and the like. The waste material is sorted and cleaned manually
by washing off any extraneous matter such as gravel and soil. Furthermore metal is
removed. If possible, it is advantageous also to remove other types of plastic. Such

20 plastic types are not harmful to the process, but it is considered environmentally as
well as economically unsound to carry out an alkaline hydrolysis of non-halogenous

plastic types.

The sorted and cleaned PVC waste, which typically contains 40-60% by weight of

PVC, is granulated to a particle size of maximum 3 mm and suspended in 5,000 to



20 fillier cake obtained fromthe hydrolysis contained 32.1 g of calsznJAN 2003
7.0 g of Nad and 40.6 g of other inorganic matter. The water phase Shad
obt ai ned after the post-heating was anal ysed and was found to contain 17,4

g water soluble organic matter including a nunber of val uabl e al kohol s.

Thus, the total anmount of chlorine-freey4iquid organic conpounds obtained
fromthe ~ ~ "~ a-,~~3 21 conbined filter cakes is 17,4 g + 66,3 ¢

2 '? .
= 83,7 4. ﬁ%ggﬂ éf&'é%ﬂrfblﬂéi&xig% M35t 6. gtﬂgrwwmqgv%gsg@%@pﬂghg %0“5 as

in exanple ns wer'e carri out eac ime usin andard

ECVM PVC wagiter spOifie gravigy tmdwiep afitl iofs @ug podsibleNoQenfoveld FrabiomMdrch

were heated up to 260 C in the autoclave within 30 m nutes and kept at

t hi s t enpenantfV¥Cicontafning meaterédl by skimesng ffis off the shspegsibn. anbi ent
tenperature the content of the autoclave was filtered and rinsed with 500
mL water to obtain from0.907 to 1.030 kg filtrate (average 0.991 kg) and a

, f.i | ke ,l. he. f f f 152.3 {. 95, 2. f
PPl ber cadothe Plpépsian belog S5y if'a miging R € el B8 o Eodibmayesaefle oo
by pool isngid Waded, foP@xifhpld hﬁs%ceqkf@.@%%g@ghgﬁwmwfodmxﬁragr&&ixiagd 7

runs of post-heating treatnments of these po portions were carried out
sim | ar torelzavptrethe. asdimed cliloriae gantent oft the IRV C Iteg fof exansie iplfagr of 369 g
organi ¢ phase and 453. 6 resi due. 15 These 1376 g of water phase was

pool ed vvitﬁb@lﬁel’iqﬂkgqurzgt"é% N#foHi ned by the above runs of hydrolysis. This
aqueous portion, which did not contain detectable organic hal ogen
conpounds) contained 169.4 g of hal ogen-free organi c conpounds. Neither did
.The obt ai n(f__g[g?ﬂg%igi c phase contain any detectable organic hal ogen conpounds
Thus the tofra unt of val uabl e hal ogen-free organi c conpounds 20

obt ai ned from 1400 g PVC waste containing 40.7 % by weight of PVC 1i.e.
S69.8 g) was 538.4 g. O course a part of this yield is likely to originate
from pl ast iThiesuspensmucisriginserred @ & blosed pressuraltynk and heated 4o 266-280R€ai ned

S b2 Gy B P e N
conpounds) o B AAEEredS iftcAlly'9 MPRSO90 ba.| (1 = = GU-3

Separation (filtration)

Upon completion of the hydrolysis treatment, the material (the hydrolysate) is
separated into a liquid fraction and a solid fraction, preferably by filtration. This
15 filtration is preferably carried out by means of a coarse filter retaining material with

a particle size above 0.01 mm.

The filtration is preferably carried out while maintaining the operation pressure of

5-9 MPa. -

Post-heating

20 The filter cake is then post-heated at ambient pressure at gradually increasing
temperature reaching an end temperature of 450 - 600°C in the reactor. The increase

of the temperature should not be too fast. Typically the end temperature is not



22 of other inorganic conpounds. The nmjor conponents of the residdel JAN 2003
appears to be linme, quarts, talc and kaolin originating fromfillers. This
residue is considered as very useful as starting material for the Carbogrit
production or other nelting processes. 5 Based on TOC (total organic

carbon} analysis follow ng mass bal ancejgan be made: TOC g PVC

wast e4l. 1conbi ned wat er phases6. 2organi ¢ phasel9. 2r esi due9. 810

C020. 2| oss | f . i@y d i.c.coppounds which
can be recg(\alaé1 %{%%?’68 a)ﬁ’ %Eﬂ@b@lﬁh%%?E%B?gﬁe% P?{fg@ﬁ’mb& I d that
the runs agCaedhdexpihéfts WRieHe B take HABHRek affeu%f&gtmégo&wﬁ%ﬁn

| aboratory conditions with inevitable | oss of material; for exanple §
recogni sed ghvss lessaryield bf dieevalodble halogdn-free tiquidkarganie coempoands @ypiaAlllyr om
the filter paper to the post heating reactor. \Wen the nethod has been
further opthenvesdilter calenshould hayeq mpisiure gpatestel aboyt 5@ %y wweightpriardeer

| oss is.contenmplated. Fol |l owi ng hal ogen-free organi c conpounds were found
in the éongfen%r%t%&?tél?g'phases 20 and t he organi c phase: conmpound water
phases organi ¢ phase anbunt m anpunt mtotal nC al kanoi c aci d1489not

anal ysed1489aromati c aci ds6880not anal ysed6880C al kanol s554not anal ysed554
2 2 ~ ~ ~~Preferably the podt-Heating s i died toud s laysaiieRcad fadtilling process in a
hydrocar bons193336533384st yrenel, 61681116813benzal dehyde8, 808, 82- et hyl hexan
ol 84142251 40uamdiansl sistibing| apup@entendhe 2valpaige 2 halogeméres liquid organic
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be consliodekaewa segatatidbn afd buffitithm reldiqueafl the invention, and all such
nodi fi cati ons which are obvious to persons skilled in 15 the art are al so

to be considered conprised by the scope of the succeeding clains. 4

Residue from the post-heatin

The residue in the reactor after the post-heating contains carbon and some ihc;rganic
matter including heavy metal compounds and NaCl and NaOH. This residue may be
procesééd alone or combined with other fractions containing heavy metals, such as
15 fractions obtained by the purification of the aqueous hydrolysis filtrate as further

described below.

Liguid hydrolysate phase

The liqnid hydrolysate phase obtained by the filtration, i.e. the filtrate, comprises
water, alcohols, ammonia (which may originate from flooring having a hessian back
20 and from other organic materials in the waste), salts from heavy metals and sodium
chloride and any excessive sodium hydroxide. The inherent alcohols may be isolated

in the following manner.

The filtrate is fed through a pressure reducing valve, in which the pressure is reduced

from the working pressure to about 0.2-0.5 MPa (2-5 bar) and into a first flash tank,



2 2,~l,r~~~~.~ 24 clainms 1. A nethod of treatnent of hal ogenous,zozgjafﬁi €003
waste material to deconpose said hal ogenous, organic waste materi al
conprising the steps of (1) hydrolytic heating a suspension of 1 part by

wei ght of the waste material in 5 commnuted state in 1-10 parts by wei ght

of an aqueous nediumin the presence of ;@ base to a tenperature between
250-280 C at a pressure sufficient to maintain the water in liquid state

s £ S S AR SHhant SN e s o

the hydrol ysghe &hi@&mﬂmghﬁésﬂne (Comnpridiy g@tﬁm anPBARE ifdtgamic! hatidis10

phase, (l111) post-heating the solid phase he hydrol ysate obtained in

step (I1) tincludingr sadiumr cidoride,csodnmanisirbride randacompoundy ¢ontaihingeheawyr oom
tenperature and a boiling point above roomtenperature fromsaid solid

phase. 2. Angialshddiearporelisrphase obtainad in thgHarsk flash kankaigufed ubravghi aiheatn st ep
1) 15 taips 1-3 bly 1.1-2. | e- equi val . of | at i
o hal ogon SRR A Boaledgiorp baieded diigh Pt i Todicing KR 880 dBor i ng
to oraigt . o L ast'e ARl f
bor 1 0a of 1 ESRE sk By R Rekbliinde BHicR0 e scBbf® gl pnk 1€ S atille, (7

claim3 , whebeilingt peinhyfliatertdtthé paéssog instheasetortiflash adl, bor bélomwetheod of
time between 50 minutes and 90 minutes. 5. A nethod according to any one of
t he precediboiling pping ofvthe dewestdilingaf thenglcahols paessrt. dBhe tenkpeiratiee dwst h

25 6. A metHBEacHBIAoDn bR 100 At diR"C: 4B ErRRpla sbosk EG ot by
post he?é ! Q?mbé@eﬁ@l g&sa{}ésﬁ rﬂgin%c{%g R 3@5@6@] Ha @ SHE P b )ar@knative
ally a gra

subst ant nmospheric pressure a ually T ncreasing tenperature up

to an end tepitimbnt £vauuAbil ppo¥ied in the séeondt el tawie Ih dhé)gecbAd Elash fink or 6,
wherein the solid phase of the hydrolysate fromstep (Il) is a wet filter

cake havi ngvateneingaining the anmcniapressnt 0evipbiateds ivgilte al@ohols ansl dtber wsefidr di ng
to any one of the clains, 1, 6 _qr 7, ereln the . .po heat i in ste 1]
i s ca)r/ri ed BERUE nc%nPMo?mpk%R/iaﬂe‘@\g%“Fh am Hﬁl’&éf’}‘%)f qaﬁgggcﬁyrﬁﬂ B&(ji ng)
" q ) . . . .

0 3 condensRlaRRNAP uffhellibh, AEBAE! Btn & AcBHICHARERNL ehhfly one

of the clains wherern the post Ing I'n
carri ediputchybrhhtopiaphly laadane/fikér acti onation of the |iberated

The residu;e‘ from the first flash tank and the water fraction distilled off from the

second flash tank may be disposed of in an environmentally safe manner known per

se. The residue from the first flash tank may for instance be transferred to a mixing

L tank and washed with water. It is advantageou§ \to use the distillate from the second
20 flash tank as water, said distillate also containing alcohol and ammonia residues. In

this washing process salts including the majority of the heavy metal compounds are

redissolved. Subsequent to being washed in the mixing tank, any undissolved

material is filtered off and optionally mixed with water and led through a biological

waste water treatment plant, where any remaining amounts of COD (chemical

25 oxygen demand) may be decomposed.

The filtrate from the mixing tank is fed to a heavy metal precipitation plant, in which
the heavy metals dissolved as salts are precipitated by means of for instance NaS or

NaOH or in a corresponding conventional manner. The precipitation of heavy metals
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organi ¢ conpounds. , 10. A nethod according to any one of the claln521 6‘ 083
7, 8 or 9, wherein the 15 hydrolytic heating step (1) is carried out under
oxygen-free conditions. 11. A nethod according to any one of the clains 1,
6, 7, 8, 9 or 10, wherein the post-heating in step (lI1l) is carried out
under oxygen free conditions. 12. A nmetfyod according to any of the
precedlng clains, wherein the waste material is PVC
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state with a maximum particle size of 2 - 3 mm. This standard composition resembles

the PVC waste typically found in PVC processing plants and is used for comparison

of the different experiments being carried out in Europe.

25 100 g of the standard ECVM PVC waste, 500 g water and 100 ml of a 27,7 %
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stirrer and kept at this temperature for further 60 minutes. After cooling to ambient
temperature the content of the autoclave was filtered; the autoclave was rinsed with
5 600 ml water. Hereby 1.02 kg filtrate and a porous, yellow/grey filter cake were

obtained. The wet filter cake had a weight of 191.8 g.
Example 2 (Hydrolysis)

Under similar conditions as in example 1 100 g of the standard PVC waste, 600 g
water and 100 ml of a 27,7 % NaOH solution were heated up to 250 °C in the

10 autoclave within 30 minutes and kept at this temperature for further 60 minutes.
After cooling to ambient temperature the content of the autoclave was filtered; the
autoclave was rinsed with 500 ml water. The yield was 0.94 kg filtrate and 182.5 g
of a wet porous, yellow/grey filter cake.

Example 3
15 A number of laboratory tests have been carried out under conditions corresponding
to the above general procedure for the hydrolysis step followed by an extraction of

the liquid hydrolysate phase.

Tests 1 and 2 were performed with raw PVC without plasticizer to show that the

alcohols formed do not originate from plasticizers. -

20 Tests 3, 4 and 5 were performed with authentic PVC waste samples of a partially

unknown composition.

The test conditions and results appears from the following table
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5 |3 100 g waste | 600 200 50 240 4-7 none
material
4 100 g waste | 600 200 130 265 4-8 none
material
5 100 g waste | 600 200 65 280 4-8 none
material
.

1) In the tests part of the alcohol was adsorbed on the solid phase.

By extraction from the liquid hydrolysate phase obtained in test 1 the presence of
10 n-butanol, benzyl alcohol, c-methyl benzyl alcohol and 2-methyl benzyl alcohol was
detected. Test 2 revealed the presence of n-butanol, but not of the three latter

... alcohols.
By extraction from the liquid phase obtained in tests 3, 4 and 5 the presence of
n-butanol and various octanols including 2-ethylhexanol and minor amounts of benzyl

15 alcohol and «-methyl benzyl alcohol was detected.

An infrared spectroscopy analysis (FTIR) of a sample of the material from test No.
1 was performed, partly on the extracted material (A) and partly on a methylene

“chlorine extract (B).

A (cm™): 3440 (-OH), 3019 (-CH-, aromatic ring), 2925 (-CH,-, aliphatic), 2858
20 (-CH,- aliphatic), 1696 (may originate from an organic acid group), 1635 (may
originate from cyclization), 1568 (may originate from the backbone of a benzene

ring) , 1448 (-CH,-, aliphatic), 1380 (-CH,), 1065 (may be C-O from ether), 964
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Example 4 (Post-Heating)

The wet filter cakes from Example 1 and Example 2 were combined. The combined
wet filter cake (321,6 g corresponding to 146 g dry matter according to analysis) was
heated gradually under oxygen-free conditions within a period of one hour to an end
10 temperature of ca. 550 - 600°C at atmospheric pressure in a reactor equipped with
a cooling condenser, which was fitted with a receiving container. The first heating
period up to 100°C need not to be carried out slowly, but thereafter relatively slow
heating is required. At about 360°C a decrease of the temperature occurred
indicating that remaining polymeric compounds were cracked. Two immiscible
15 phases were obtained in the receiving container; a water phase and a viscous, organic
phase. At the end of the heat treatment, a residue remained in the reactor. The two
liquid phases were separated and 168.2 g water phase and 66,3 g viscous organic

phase were obtained.

The residue (79.7 g), which remained in the reactor after post-heating of the yellow
20 iiier cake obtained from the hydrolysis contained 32.1 g of carbon, 7.0 g of NaCl

and 40.6 g of other inorganic matter.

The water phase obtained after the post-heating was analysed and was found to

contain 17,4 g water soluble organic matter including a number of valuable alkohols.

Thus, the total amount of chlorine-free liquid organic compounds obtained from the
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temperature the content of the autoclave was filtered and rinsed with 500 ml water
to obtain from 0.907 to 1.030 kg filtrate (average 0.991 kg) and a porous,
yellow/grey filter cake in the form of from 152.3 to 195.2 g of wet filter cake

10 (average 166.0 g).

7 portions of wet filter cake each made by pooling two of the 14 filter cakes obtained
above were prepared and 7 runs of post-heating treatments of these pooled portions
were carried out similar to example 4. These runs gave totally 1376 g of water

phase 369 g organic phase and 453.6 g residue.

15 These 1376 g of water phase was pooled with the 14 filtrates obtained by the above
runs of hydrolysis. This aqueous portion, which did not contain detectable organic

halogen compounds, contained 169.4 g of halogen-free organic compounds.

Neither did the obtained organic phase contain any detectable organic halogen
compuunds. Thus the total amount of valuable halogen-free organic compounds
20 obtained from 1400 g PVC waste containing 40.7 % by weight of PVC, i.e. 569.8

g, was 538.4 g. Of course a part of this yield is likely to originate from plasticizers.

According to a chemical analysis the residue contained about 15 % by weight of
Si0,, 55.6 % by weight of Ca0, 9.5 % by weight of TiO,, 4.7 % by weight loss on

ignition (950°C; carbonised organic compounds) the balance being minor amounts
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PVC waste 41.1
“ combined water phases 6.2
organic phase 19.2

residue 0.8

10 CoO, 0.2

loss 5.7

Yield of valuable halogen-free liquid organic compounds which can be recovered:
100x (6.2 + 19.2) / 41.1 = 61.8 %
It should be noted that the runs according to the present example were carried out
15 under laboratory conditions with inevitable loss of material; for example a recognised
loss occurred when the wet filter cakes were transferred from the filter paper to the
- post-heating reactor. When the method has been further optimized in connection with

future scaling-up work a far lower loss is contemplated.

Following halogen-free organic compounds were found in the combined water phases

20 and the organic phase:

compound water phases organic phase
amount (mg) amount (mg) total (mg)
C,, alkanoic acid 1489 not analysed 1489
aromatic acids 6880 not analysed 6880
C, . alkanols 554 not analysed 554
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said halogenous, organic waste material comprising the steps of
(D hydrolytic heating a suspension of 1 part by weight of the waste material in
5 comminuted state in 1-10 parts by weight of an aqueous medium in the presence of
a base to a temperature between 250-280°C at a pressure sufficient to maintain the
water in liquid state for a period of time sufficient to convert substantially all the
organically bound halogen present to inorganic halides,
(II) separation of the hydrolysate obtained in step (I) into a solid phase and a liquid
10 phase,
(III) post-heating the solid phase of the hydrolysate obtained in step (II) to liberate
organic compounds having a melting point below room temperature and a boiling

point above room temperature from said solid phase.

2. A method according to claim 1, wherein the aqueous medium in step (I)
15 contains 1-3, preferably 1.1-2.0 mole-equivalents of base relative to halogen in the

halogenous, organic waste material.

3. A method according to claim 1, wherein the hydrolytic heating in step (I) is

carried out for a period of time between 30 minutes and 5 hours.

4, A method according to claim 3, wherein the hydrolytic heating is carried out

20 for a period of time between 50 minutes and 90 minutes.

5. A method according to any one of the preceding claims, wherein an alkali
metal hydroxide, alkaline earth metal hydroxide or a mixture thereof is used as the

base.
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8. A method according to any one of the claims 1, 6 or 7, wherein the post-
heating in step (III) is carried out in a reactor provided with an outlet at the top

10 leading to a condenser connected with a receiver.

9. A method according to any one of the claims 1, 6, 7 or 8, wherein the post-
heating in step (III) is carried out with simultaneous fractionation of the liberated
organic compounds.

10. A method according to any one of the claims 1, 6, 7, 8 or 9, wherein the

15 Thydrolytic heating step (I) is carried out under oxygen-free conditions.

11. A method according to any one of the claims 1, 6, 7, 8, 9 or 10, wherein the

post-heating in step (III) is carried out under oxygen-free conditions.

12. A method according to any of the preceding claims, wherein the waste

material is PVC.



