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present, together with a support conprisiing alum n& The catal ysts have a
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polyners is @tiea@y known. DE-AS 1 |31 885 describes the hydrogenation of
pol ystyrene 1 n the presence of catalysts and solvents. Aliphatic and
cycl oal i phati c hydrocarbons, ethers, alcohols and aromatic hydrocarbons are

menti oned aspsolvents. A f . I i
tated to bell wrEn Byenfh Elabded nfdkss RIUERRIGHAH DETIRRE SRS ¢
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which relates to the hydrogenati on of polyners using rutheniumor palladium
talysts in which the active netal is deposited on a porous support,
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00/ 46259 -2 E@ﬁ%ﬁg%y%ggf gduppoer ed hydroléenati onlcat zglbssts (WO _96;,34896)
enabl es yhat ajesnéitivnsd ircgemptagtbat thephegeschemaal stoudere shunéadieootwiesdribad.
reducti on of about 20 % in nolecular weights. These catal ysts conprise a
speci al pore size distribution of the silica, which is characterised in
that 98 % of t,he -p9re, vol t r ISR Slntlv At @R ottichan
500 - Sai dERArARge (s ReHibes dhe ARBARAS, & InRCLR BT flpy iRl
average por epglyaiehf ebed®f 08800n38RMIkxaneD htirs oh usiytems-bakedpopylgigr eise i n
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hydr ogenat edhyfirogenséssr actie presaegraf JudErgepsiiogr@alysts aphiplumty(ystpafiptic han
0 % 10, The exanpl.e Lbed in I Syt bifieate a
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pol ynmer concentrations less than 2 % In general, a reduction in nolecular
weight results in a deterioration in the mechanical properties of a

hydr ogenat ed Dol 96 2¢83hé ER5ATHE 8¥hparhiah setatescinibedyidipepnstegy alpasmersy

whi ch a commerci al avail a .5 R AL20 i al k -
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and i ndi cat egofdie shipef, dasekib¥d thy hPdrogghaBib 6T lefifienipable boadpaf mlymersh a
silica-supported catalyst. 20 Surprisingly, it has now been found that

aromat i c2pol yners can be conpletely hydrogenated w thout a significant

reduction in nol ecul ar weight, by using special, catal ysts J

catal yst is d\%PinﬁBﬂrqgﬁPr{Sﬁé"th%%%ﬁ'tea%g?ss anifgs%p% dgln\ggpﬂﬁlez%;ﬁ%g ep%ln?e s to
a pore di ametgr,:b 550k R 690akdur 2194, THe dhdfee P salvEtagRotReitiealdi amet er
greater thanr‘@%’gghggnﬁﬁé sp%ciufi c surface greater than 3 n2/g, and
conprises a 25 defined pore size distribution. The present invention
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used as a cata and the pore Vvolune corresponding to the pore
di ameter of t(he0-660 A)yasid begavspeiflOo@fas (100-600 m™g), san mewyumecHRPIEY cur y

porosinmetry, is generally 100, - % WO 00/ 46259 -3 PCT/ EPOO/ 00576
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Wi th respect to the total pore volune as nmeasured by nercury porosinetry.
The aver iameter, as determ ned by nercury porosinetry, is greater
than 5 ]{@ﬁmﬂmmmmger the nercury nethod is only satisfactory for pores
whi ch ar n 60 to. Pore dianeters smaller than 600 A are

t her ef ore déf®P{i ned by nitrogen sorption as described by Barret, Joyner
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hydrogenation to be achieved with a reduction of about 20 % in molecular weights.
These catalysts comprise a special pore size distribution of the silica, which is
characterised in that 98 % of the pore volume corresponds to a pore diameter larger
5  than 600 A. Said catalysts have specific surfaces between 14-17 m?*/g and average
pore diameters of 3800-3900 A. Dilute solutions of polystyrene in cyclohexane, with a
concentration ranging from 1% to a maximum of 8 %, are hydrogenated with degrees

of hydrogenation greater than 98 % and less than 100 %.

‘ 10 The examples described in the documents cited above indicate a reduction in the
absolute molecular weight of hydrogenated polystyrene at polymer concentrations less
than 2 %. In general, a reduction in molecular weight results in a deterioration in the

mechanical properties of a hydrogenated polystyrene.

15 The comparative example in WO 96/34896, in which a commercially available 5 %
RW/ALO;3 catalyst is used (Engelhard Corp., Beachwood, Ohio, USA) results in a
degree of hydrogenation of 7 % and indicates the lower activity of an alumina support

compared with a silica-supported catalyst.

. 20 Surprisingly, it has now been found that aromatic polymers can be completely
hydrogenated without a significant reduction in molecular weight, by using special
catalysts, wherein the catalyst is defined in that 10 % at most of its pore volume
corresponds to a pore diameter less than 600 A, and it has an average pore diameter
greater than 1000 A and a specific surface greater than 3 m?/g, and comprises a

25  defined pore size distribution.

The present invention relates to a process for the hydrogenation of aromatic polymers
in the presence of catalysts, wherein a metal or a mixture of metals of subgroup VIII
of the periodic table, together with a support comprising alumina, is used as a catalyst,
30  and the pore volume corresponding to the pore diameter of the catalyst between 1000

and 10,000 A, as measured by mercury porosimetry, is generally 100 - 15 %,
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(Tabl e 2) which was characterised in that 98 % of the pore vol une
corresponded to a pore dianeter greater-8han 600 ~ did not conpletely
hydr ogenat e pol ystyrene after 110 m nutes at 150C (98.4 % conparative
exanple 1 ). atyiohy t _:(aetoc VN GartieulEARTD ke 36 90 fwitlSrebpdat 61 2
422 resul te&r?fﬁ%lg%’dgérejgs}gmggﬁa{%%ﬁult%m 0 %Ozifl%t’ ae nol e%ul ar we/?ght Mv. A
decr ease in Rheol Poreailght as eeadural bynmpnty mudsmeiry a reduction of the
average nol ecul ar weight Mv (US-A 5 612 422). Surprisingly, hydrogenation
according to the 10 invention in the presence of the alum na catal yst
resulted in LRI | i SEetérhhi ¢ OnBYirB 6ty ik it@hthav,
even at el evgﬁeegvegg%qp (?%Pjﬂ?rggﬁ%%r%é%rﬁl%%bg?ﬁiw?he rant?e ofgm?ccur acy of
t he neasuy enpotiosA. t he absol ut e average nol ecul ar wei ght Mwv of the
hydr ogenat ed product corresponded to that of the pol ystyrene used. 15
Conmpared with conparative exanple 1, the special alumna catalyst of the
present inveptian r i Qg’r@,g : ! ahidhOodte 1430ér thad 60
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catal yst is distinguished by a wei ght of ﬁﬁblei netal which is less by a
ctor of 10desatibastbyBartats oyner aad HalendaiPEN 00 ld8liction in raw materi al
&sts and whi ch thus inproves the econom cs of the hydrogenation process.
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10 2. A process according to claim1l, wherein the pore volune is 90 to 20 %
with respgct to the total pore volune. 3. A process according to claim 2,
wherein the pore volune is 80 to % Wi t et Cl..t q;,a,lﬂ
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15 sulphides, polyaryl ether ketones, aromatic polysulphones aromatic polyether

sulphones, aromatic polyimides and mixtures thereof, and optionally copolymers with

aliphatic compounds also.

Suitable substituents in the phenyl ring include C;-C4 alkyl groups, such as methyl or
. 20  ethyl, C;-C4 alkoxy groups such as methoxy or ethoxy, and aromatic entities which are

condensed thereon and which are bonded to the phenyl ring via a carbon atom or via

two carbon atoms, comprising phenyl, biphenyl and naphthyl.

Suitable substituents on the vinyl group include Ci-Cq alkyl groups such as methyl,

25  ethyl, or n- or iso-propyl, particularly methyl in the a-position.

Suitable olefinic comonomers include ethylene, propylene, isoprene, isobutylene,
butadiene, cyclohexadiene, cyclohexene, cyclopentadiene, norbornenes which are
optionally substituted, dicyclopentadienes which are optionally substituted,

30 tetracyclododecenes which are optionally substituted, and dihydrocyclopentadienes

which are substituted,
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15 methacrylate, maleic anhydride and olefines such as ethylene and propylene for

o

7>
7
7

7
7;
7

example. Examples of suitable copolymers include those formed from acrylonitrile,
butadiene and styrene, copolymers of acrylic esters, styrene and acrylonitrile,
copolymers of styrene and o-methylstyrene, and copolymers of propylene, diene and

styrene.

20

The aromatic polymers generally have (weight average) molecular weights Mw from
1000 to 10,000,000, preferably from 60,000 to 1,000,000, most preferably from
70,000 to 600,000, particularly from 100,000 to 480,000, as determined by light

scattering.

25

The polymers can have a linear chain structure or can have branching locations due to
co-units (e.g. graft copolymers). The branching centres may comprise star-shaped or
branched polymers, or may comprise other geometric forms of the primary, secondary,
tertiary or optionally of the quaternary polymer structure.

30

The copolymers may exist as random copolymers or alternatively may exist as block

copolymers.
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to have to carry out an additional, costly catalyst reduction step as in WO 96/34 896.
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standard corresponded to the absolute molecular weights which were determined for

' 10  the polystyrene used.

Examples 1 and 2

The catalysts used in the examples are characterised in Table 1.

15
A 1 litre autoclave was flushed with inert gas. The polymer solution and optionally the
unreduced catalyst were added (Table 2). After closing the autoclave, it was
repeatedly pressurised with a protective gas and then with hydrogen. After releasing
the pressure, the respective hydrogen pressure was set and the batch was heated with
. 20  stirring to the cotresponding reaction temperature. After the consumption of hydrogen

had commenced, the reaction pressure was held constant.

The time of reaction was the time from heating up the batch until complete
hydrogenation was effected of the polystyrene, or was the time until the consumption

25  of hydrogen tended towards its saturation value.

After the reaction was complete, the polymer solution was filtered. The product was
precipitated in methanol and dried. The isolated product had the physical properties
listed in the Table.
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Physical characterisation of the catalysts used
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molecular weight Mw (US-A 5 612 422). Surprisingly, hydrogenation according to the
' 10 invention in the presence of the alumina catalyst resulted in no significant decrease in

the absolute molecular weight Mw, even at elevated temperatures of reaction.

Within the range of accuracy of the measurements, the absolute average molecular
weight-l\-/iw of the hydrogenated product corresponded to that of the polystyrene used.
15

Compared with comparative example 1, the special alumina catalyst of the present
invention resulted in a comparable time of reaction, but with complete hydrogenation
being achieved at the same time, using a polystyrene of higher molecular weight and
at a higher polymer concentration.

‘ 20
The catalyst is distinguished by a weight of noble metal which is less by a factor of
10, which results in a significant reduction in raw material costs and which thus

improves the economics of the hydrogenation process.
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catalysts have a pore volume, as measured by nitrogen sorption, of less than 10

% for pore diameters less than 600 A.

6. A process according to one or more of the preceding claims, wherein the
25 metals are selected from nickel, platinum, ruthenium, rhodium and palladium.
7. A process according to one or more of the preceding claims, wherein the

process is conducted in the presence of solvents which can be used for

hydrogenation reactions.
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8. A process according to one or more the preceding claims, wherein the catalyst

has a specific surface greater than 5 m?/g.



