;?2@3e?, }<zz{|2|p|6|T,}(+0 9 J UL 2003 Work-up of pTHF pol yneri zation
catalysts 5 The present invention relates to a process for worki nfguj 3603

| east parti ated polynerization catalysts and to the use of the
wor ked- up Ammmnmmmgmmm%n catalysts It is known that sheet silicates such
as snectites, kaoljn and attapulgite can be used as 1 o polynerization
catal ysts for the polynerlzatlon of tetrahydrofuran (THF) to

pol yt etrahydrofuran (pTHF). This pol ynmeri zation can be carried out in the
presence of telogens. For exanple, nontnorillonite, which belongs to the
Snectite Trass, IS USed for the polymerization of THF in the presence of
acetic anhydride as telogen to form pTHF di acetate. Copol yneri zation of THF
wi th ethyl ene oxi de or Workpy ef el BKipolymdrimationaatilystd5 usi ng kaolin or
attapulgite as catal ysts, gives pol ybutyl ene-al kyl ene gl ycol ethers. As the
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of washing water which are contaminated by the extractant. The cleaning procedure
described is time-consuming and costly. The large amounts of solvent-containing washing
water have to be treated. The catalyst removed from the reactor is, even after this cleaning

30 procedure, generally still so contaminated with solvent that it does not meet the pollutant
thresholds prescribed in Germany for disposal of the catalyst in a landfill and therefore has
to be incinerated.

It is an object of the present invention to provide a process for working up exhausted
35 polymerization catalysts for the polymerization of THF which allows quick and
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10 'pol yneri zation catal yst can, in a second step, be disposed of [jeg ﬂ
| andfill, regenerated, used in another way or incinerated. The cl H L 2003
pol ymeri zation catal yst can al so be -iwsed, for exanple, for the

depol yneri zati on ‘of pTHF which is not within specification. The clean

pol ymeri zation catalyst is preferably regenerated. Preference is therefore
given 15 t. ast
Puo. ot ops. eI E ShRe i PR A8 LY BEE £ B LBR i B 60 o
catal yst ifrectof gotntante andiesdre ds sgbafuealmd@llz 0 (b) regenerating the clean
pol ymeri zation catalyst. The process of the present invention is used for
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catal ysts base n silicates. Polynerization catal ysts based on silicates
are naturally occurring or synthetic sheet silicates, for exanple naturally
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3 0 the specified tenperature and the specified pressure, hydrol;slnté)g 003
cl eavage of the polyner nolecules into | ow nol ecul ar wei ght unit B‘U?Q
and these can readily be | eached framthe polynerization catal yst and
transported away by neans of the steam In the case of polynerization
catal ysts cont amnated with pTHF di acetete, for exanple, hydrolysis wi th

el imnati cetic I d and sy uent dep ri zatl n of . pTHE, into THF
and THF 3 o?tl %8%?@1%@0%‘&“5@5 gﬂg?r%a PR L:%V e@mg'lltpz i on
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the catal yst can be in the formof granules, extrudat es, spheres or other
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present | neosaemedh, the cl ean polynerization catalyst is subsequently

di sposed of in a landfill. The | ow content of organi c constituents, 2 0 in

particul ar_sol u Ie organi c copnstituents such as,  THF, in fhe pol erEI’I zation

catal ysts Wefk@g efte wggthme@t? © PHRSRISLES thRPraseli Bwention ppiymerizatiny afalysts

i nstead of bdgl.ed/ ]pﬁghést s%l&atelcinﬂlﬁ{rﬁétﬁﬁ actd-eaivapd| mommiozidlohitd) witiakyestgdwbi ch
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preferably p specl |cat|on an as a no mass
di ff erent PQWWh‘&@“ﬂ@QTﬁ?ddlage@eO Hovvever the cl ean pol ynerization
catalyst is preferably regenerated in a second step (b).

25 In a first step of the process of the present invention, the polymerization catalyst is treated
‘ with steam at from 80 to 250°C, preferably from 100 to 200°C, and an absolute pressure of
from 0.5 to 40 bar, preferably from 1 to 16 bar. For this purpose, the exhausted
polymerization catalyst can be left in the polymerization reactor and, if appropriate after
blowing-off the reaction mixture, steam is introduced into the polymerization reactor. At

30 the specified temperature and the specified pressure, hydrolytic cleavage of the polymer
molecules into low molecular weight units occurs and these can readily be leached from

the polymerization catalyst and transported away by means of the steam. In the case of
polymerization catalysts contaminated with pTHF diacetete, for example, hydrolysis with
elimination of acetic acid and subsequent depolymerization of pTHF into THF and THF

35 oligomers occur. The hydrolytic cleavage and depolymerization of the highly viscous
pTHF restores the flow properties of the polymerization catalyst, so that this can be
removed from the polymerization reactor without problems. Any catalyst beds in any



The cl ean pol ynerization catalyst is regenerated by calcination in an
oxygen-cont ai ni ng at mosphere at >200C. C ean pol yneri zation cat al y&t%Jlilolitde
regenerated preferably have a contentq of organic constituents correspondi ng
to aloss onignition of the dry residue of 35 <5% by wei ght. The
calcination is preferably carried out at from400 to 800C, particularly
preferably from 450 to 600C. | i natipn tenperatures bel 00C. ar e
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fur ?acesl, sO&200 nigMb Thkutrendaes e it prefetabba kot 80 shoufhie J8! igdurgtwittn the
prefer y rri ces

C d_out. in rotary tube.fur r.t el,.calciners. Lt IS
Bl S0 povs Brampl g pring depaiicon 49 Size S M RRBY ald RaSraiidly Bl Hehie A o
react or 2 ® hetrswdhflargenontithiich smeafler.t he renoval and reinstallation of the
catal yst for the purposes of regeneration can be avoi ded. The cl ean
catalyst is preferably brought to the calcinatjion tenperature by neans of
preheat ed Hi progevodiment of theyornsess et thyy Prserr inkention. dhe glean grolngrization The
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pol yneri zat | e ran | rj.zati N L [ Si iy the
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presence O ogens s .as acetl | N r_1\_/en | .
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react or fogfafm/ogs)l\,%@ﬁhg@air@@igfthéré-llﬁatggf&@@)ﬂ?ﬂ.sence of acetic anhydride
to give pTHF diacetate, conprising a reaction tube having an internal

di anet®? of 15 cm the catal yst bed of activated alumna in the formof 2.5
mm t hi ck e¥he vldad pslymasization catalyst can also be used for the depolymerization of pTHF. The

latter is preferably pTHF which is not within specification and has a molar mass different
from that desired.

__30 However, the clean polymerization catalyst is preferably regenerated in a second step (b).

The clean polymerization catalyst is regenerated by calcination in an oxygen-containing
atmosphere at >200°C. Clean polymerization catalysts to be regenerated preferably have a
content of organic constituents corresponding to a loss on ignition of the dry residue of
35 <5% by weight. The calcination is preferably carried out at from 400 to 800°C, particularly
preferably from 450 to 600°C. Calcination temperatures below 200°C are generally not
sufficient to remove the organic constituents still present after steam treatment (step (a)).



0 9J UI 2003 -6 worked up as follows after an operating period 2& 9

nont hs. By neans of a steamline, steamat 5 bar absolute and |50 valiL 2003
i ntroduced from above into the catal yst bed. The mass flow was about 0.5
kg/h. After 69 hours, a very free-flow ng catal yst bed was obtai ned and
this could be renoved w thout probl ens by suction. The Ioss on ignition of
5 the cle catalyst was in the range from3 to 6% b contents
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copol yrer ie8tsi on of THF, whi ch conprises cl eaning the pol yneri zati on

catal yst by treatment with steamat from80 to 250C and an absol ute
pressure Q{ fro 0.5t 48 10 bar. 2. A process a hrred Ln clalm%(g

havi ng at 1M %o‘s ﬁ@ﬂ? iRHAY SXYReDppIiaing AfmQSp %rFeg e (RIEIRGOY £8P %t i on
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vor ki 43 usRBFIRET hEaT Tisr ten Ao ER ek ERSaneft Mifabe 3o fyrling
process asammhmtsrreﬂ oxpgeanyr afr tl he mpixedtints thier Imvdmklw ugxcpssivelye vigoaeuson
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in any of nmeri zatl on catal ysts

pol yher i zdpedbwverhcatBiporfithe catalysi ean vptied; hhe frtrogluctioy ek exieen oF inea) %Sens
6. A process adbantdgabtisblbé Eontdle®{iaGl tamperaturd MeSsubddhentor ki ng up

pol ymérl zation catalysts for the polynerization of THF in the presence of
aceti anhydrl de as telogen to give pTHF diacetate. 30 7. A process as

cl ai med i riltengalaidatiohaif the fblymertzatiod eataliysts cambs tayied ajt intdustomanyt ezi¢ination
organic co t Vi a Y, Iue
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and a TOC qa}plmqmg ”ghqjg@lgmgﬁorxzs)@rqu;ably g8ried out in rotary tube furnaces or tunnel

celciners. It is also possible to carry out an in-situ calcination in the polymerizaticn reactor

20 itself. In this way, the removal and reinstallation of the catalyst for the purposes of
regeneration can be avoided. The clean catalyst is preferably brought to the calcination
temperature by means of preheated nitrogen and is regenerated by metering in oxygen or
air.

25  The calcination restores the activity of the polymerization catalyst to the extent that it can
be reused for the polymerization or copolymerization of THF, preferably in the presence of
telogens. For this purpose, the regenerated polymerization catalyst is, if necessary,
reinstalled in the polymerization reactor and polymerization is carried out, if desired in the
presence of telogens such as acetic anhydride.

30
The invention is illustrated by the following example:

EXAMPLE

35 In a polymerization reactor for the polymerization of THF in the presence of acetic
anhydride to give pTHF diacetate, comprising a reaction tube having an internal diameter
of 15 cm, the catalyst bed of activated alumina in the form of 2.5 mm thick extrudates was
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the pol ynerization catalyst is regenerated in step (b) by calcinatpg U'J n
oxygen-cont ai ni ng at nosphere at >200C. 5 9. A process as clained in claim
8, wherein the polynerization catalyst is calcined at from400 to 800C for
from0.5 to 24 hours. 10. The use of a clean polynerization catalyst as is
obt ai nabl e in process as clained in cIa|n11 or in step (a) of the process
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5 1. A process for working up at least partially deactivated polymerization
catalysts for the polymerization or copolymerization of THF which are
contaminated with the products of the polymerization or copolymerization
of THF, which comprises cleaning the polymerization catalyst by treatment
with steam at from 80 to 250°C and an absolute pressure of from 0.5 to 40

10 bar.

2. A process as claimed in claim 1 having at least two steps, wherein

(a) in a first step, the polymerization catalyst is cleaned and
15 (b) in a second step, the clean polymerization catalyst is regenerated.

3. A process as claimed in claim 1 or 2 for working up polymerization
catalysts based on sheet silicates.

20 4. A process as claimed in any of claims 1 to 3 for working up polymerization
catalysts based on acid-activated montmorillonite.

5. A process as claimed in any of claims 1 to 4 for working up polymerization
catalysts for the polymerization or copolymerization of THF in the

25 presence of telogens.
6. A process as claimed in any of claims 1 to 5 for working up polymerization

catalysts for the polymerization of THF in the presence of acetic anhydride
as telogen to give pTHF diacetate.

30

7. A process as claimed in any of claims 1 to 6, wherein, in step (a), the

content of organic constituents in the polymerization catalysts is reduced to
a value corresponding to a loss on ignition of the dry residue of <10% by
weight and a TOC in the eluate of <200 mg/1.
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10.  The use of a clean polymerization catalyst as is obtainable in a process as
claimed in claim 1 or in step (a) of the process as claimed in any of claims
10 3 to 7 for the depolymerization of pTHF.



