| MPROVED PROCESS FOR HYDROGENATI NG UNSATURATED POLYMERS The present
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using a catalyst which is resistant to deactivation. The present invention
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processes have typically been performed as batch processes. However, batch processes

are economically inefficient and product consistency is more difficult to attain.

15 W099/64479 by Asahi discloses a method of hydrogenating vinyl aromatic-
conjugated diene block copolymers using a fixed-bed reactor packed with a
hydrogenation catalyst comprising a platinum group metal deposited on an inorganic
support. However, the catalyst used provides low hydrogenation rates, requiring long

reaction times.

20 Accordingly, it remains highly desirable to provide a continuous process of
hydrogenating unsaturated polymers at high hydrogenation rates using a catalyst which is

resistant to deactivation.

The present invention is a continuous process for hydrogenating an unsaturated

polymer comprising:

25 contacting the unsaturated polymer with a hydrogenating agent in a fixed bed
reactor, wherein the reactor is packed with a hydrogenation catalyst characterized in that
the hydrogenation catalyst comprises a Group VIII metal component and at least one

deactivation resistant component.



reactor, wherein the reactor is packed wth a hydrogenati on catal yst
characterized in that the hydrogenation catal yst conprises a Goup N II
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as m xed Ry LGRS EMlyqat al yst, characterized in that it conprises an
adm xture of at Ieast wo conmponents. The first conponent conprises any
metal which will increase the rate of hydrogenati on and includes nickel,
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of nitrile copolyners. Thé second conponent used in the m xed hydrogenation
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However, platinum is known to be a poor hydrogenation catalyst for nitriles, therefore,
platinum would not be preferred in the hydrogenation of nitrile copolymers. The second
component used in the mixed hydrogenation catalyst comprises a promoter which inhibits
deactivation of the Group VIII metal(s) upon exposure to polar materials, and is herein

20  referred to as the deactivation resistant component. Such components preferably comprise

thenium, molybdenum, tungsten, tantalum or niobium or mixtures thereof.

The amount of the deactivation resistant component is at least an amount which
significantly inhibits the deactivation of the Group VIII metal component when exposed
to polar impurities within a polymer composition, herein referred to as a deactivation

25  inhibiting amount. Deactivation of the Group VIII metal is evidenced by a significant
decrease in hydrogenation reaction rate. This is exemplified in comparisons of a mixed
or two component hydrogenation catalyst and a catalyst containing only a Group VIII
metal component under identical conditions in the presence of a polar impurity, wherein

the catalyst containing only a Group VIII metal component exhibits a hydrogenation



to polar inpurities within a polynmer conposition, herein referred to as a
deactivation inhibiting anount. Deactivation of the Goup NIl netal is
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measur ed USIng mercury porosinmetry. However, this method is only sufficient
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angstrons and that the pore
The pore size distribution is typically measured using mercury porosimetry.

15  However, this method is only sufficient for measuring pores of greater than 60
angstroms. Therefore, an additional method must be used to measure pores less than 60
angstroms. One such method is nitrogen desorption according to ASTM D-4641-87 for
pore diameters of less than about 600 angstroms. Therefore, narrow pore size
distribution is defined as the requirement that at least 98 percent of the pore volume is

20  defined by pores having pore diameters greater than 600 angstroms and that the pore
volume measured by nitrogen desorption for pores less than 600 angstroms, be less than
2 percent of the total pore volume measured by mercury porosimetry. It has been
surprisingly discovered that the use of supports having large pore diameters and narrow
pore size distribution as described, are particularly advantageous in the process of the

25  present invention.

The surface area can be measured according to ASTM D-3663-84. The surface
area 1s typically from 10, preferably from 15 and most preferably from 50 to 100,
preferably to' 90 and most preferably to 85 m*/g.
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15 desired surface area can vary from 45 to 85 m%/g and the desired average pore diameter

from 200 to 700 angstroms.

The shape of the support is not particularly limited and can include spherical or
cylindrical particles. Extrusion-molded supports with side cuts or ring-shaped supports
can also be used. The size of the catalyst, in the case of spherical particles, can be 0.2 to

20 10 mm in diameter; in the case of cylindrical particles, their diameters can be in the range

of 0.2 to 10 mm and their lengths in the range of 0.2 to 20 mm.

Methods of preparing such supports are well known by those skilled in the art.
Silica supports are preferred and can be made by combining potassium silicate in water
with a gelation agent, such as formamide, polymerizing and leaching as exemplified in
25  U.S. Patent No. 4,112,032. The silica is then hydrothermally calcined as in ller, R.X.,
The Chemistry of Silica, John Wiley and Sons, 1979, pp. 539-544, which generally
consists of heating the silica while passing a gas saturated with water over the silica for
about 2 hours or more, at temperatures from 600°C to 850°C. Hydrothermal calcining

results in a narrowing of the pore diameter distribution as well as increasing the average
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compound can be any compound containing a metal, as previously described, which will

produce a usable hydrogenation catalyst which is resistant to deactivation. These
compounds can be salts, coordination complexes, organometallic compounds or covalent

20  complexes.

Typically, the total metal content of the supported catalyst is from 0.1 to 10 wt.
percent based on the total weight of the supported catalyst. Preferable amounts are from

0.2 to 8 wt. percent, more preferably 0.5 to 5 wt. percent based on total catalyst weight.

Promoters, such as alkali, alkali earth or lanthanide containing compounds, can
25  also be used to aid in the dispersion of the metal component onto the support or

stabilization during the reaction, though their use is not preferred.

Polymers which can be hydrogenated by the process of the present invention,
include any unsaturated polymer containing olefinic or aromatic unsaturation. Such

polymers include hydrocarbon polymers produced from olefinic monomers, such as
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process of the present invention include any polyneric material containing
pendant aromatic functionality. Pendant aromatic functionality refers to a
structure wherein the aromatic group is a substituent on the pol yner
backbone and not enbedded therein. PreRerred aromatic groups are C6-20 aryl
grouHﬁ, especi ally phenyl. These aApﬂnékgcﬁglyners may al so contain ot her

ol efinmic groups in addition to aromatic groups. Preferably, the aromatic
polymer is derived froma nononmer of the formula: R Ar C=CH wherein Ris
hydrogen or al kyl, Ar is phenyl, hal ophenyl, alkyl phenyl, alkyl hal ophenyl,
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naphthyl, pyridinyl, or anthracenyl, wherein any alkyl group contains 1 to 6 carbon atoms
which may be mono- or multisubstituted with functional groups such as halo, nitro, amino,
15 cyano, carbonyl and carboxyl. More preferably Ar is phenyl or alkylphenyl with phenyl
being most preferred. Homopolymers may have any stereostructure including syndiotactic,
isotactic or atactic; however, atactic polymers are preferred. In addition, copolymers
containing these aromatic monomers including random, pseudo random, block, tapered
block, star and grafted copolymers may also be hydrogenated. For example, copolymers of
20 vinyl aromatic monomers and comonomers selected from nitriles, acrylates, acids, ethylene,
propylene, maleic anhydride, maleimides, vinyl acetate, and vinyl chloride may also be
used, such as styrene-acrylonitrile, styrene-alpha-methylstyrene and styrene-ethylene. Block
copolymers of vinyl aromatic monomers may also be used, such as styrene-alpha-
methylstyrene block copolymers, styrene-butadiene or styrene-isoprene block copolymers
25 and various multi-block copolymers thereof. Examples include styrene-butadiene, styrene-
isoprene, styrene-butadiene-styrene and styrene-isoprene-styrene block copolymers. Further
examples of block copolymers may be found in U.S. Patents 4,845,173, 4,096,203,
4,200,718, 4,201,729, 4,205,016, 3,652,516, 3,734,973, 3,390,207, 3,231,635, and
3,030,346. Blends of polymers including impact modified, grafted rubber containing

30  aromatic polymers may also be used.
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The fixed catalyst bed is typically operated at a temperature of 40 to 250°C,
preferably 50 to 200°C and especially preferably at 50 to 180°C. The reactor can be
operated adiabatically, that is, allowing the heat of reaction to be absorbed by the
reacting mixture, or it may be operated using any process for heat addition and removal

20  known in the art, including shell and tube reactors, multi-stage reactors with inter-stage

heating or cooling, and cold shot addition reactors.

The reaction is typically performed at a hydrogen pressure of 0.5 to 15 MPa,
preferably 1 to 20 MPa, and most preferably from 2 to 15 MPa, a hydrogen gas flow
rate/polymer solution flow rate ratio of 20 to 700 normal liters per liter (NI/1), preferably

25  from 20 to 500 NI/l and most preferably from 40 to 350 NI/1, and a liquid hourly space
velocity (LHSV) of 0.01 to 15 (I/hr), preferably 0.03 to 10 (V/hr) and most preferably
from 0.05 to 10 (/hr). LHSV is defined as the liquid feed rate in liters per hour divided

by the catalyst bed volume in liters.



The continuous process of the present invention utilizes a fixed bed
reactor wherein the catalyst is packed into the reactor and the pol yner
feed fl owsovtizwegh t he fixed catal yst bed. Any fixed bed perntsar2488y be
used, without any particular limtations. Milti-tube type reactors my be

used to effi ciEpiHyrdefiRih BRtion effiRnt WhiththadRdcBRiShe fah bl BREDgbARBht he
fi xed bed may be separated and recycled to the bed g?al n in order to nmake
nat

nor e ef f i8R bpsenasaedntq e hiyjuweer ges, srlvens, and hydeags pelyimer byt at ur e of
the reactor, JThe.fi.xed catalyst bed s typigcally gperated at a tenperature
of 40"t o Sbed Heudilf b ichitn S5teehd @t e PBRS e er abi v at B0 1o
180C. The reactor can be operated adiabatically, that is, allow ng the heat

of reaction torHeeydbspeniiash byctiones prefeibly Gotustedli€a h9drobirbbRYyolbent @per at ed
usi ng _any process for heat addition and renoval known in the art, including

shel | Sandvhieibthenebanesrs solnplp end whishevitlaws bigder the hiidiogenstios reggtomeat i ng or

[ i , ld shot addition reactors, The.reaction is typicall
SO0t or o R g 3R ER S skhBikd SR PRp o Bl BT Bl el C%1 Y 50 v
and nost c?mh@;staxm, ¥ydlb&uan, iethikyMoBexane di10g) Sthylyslohbile! @&ldeéae! yer
solution flowrate ratio of 20 to 700 normal liters per liter (N/1),

pr ef er abldjoxanerdigtbylene BlyoolNimgthsihetherptetrabydsoBurarh lisppéntams, 40 to 350 NI/ 1, and
a liquid hoyrly s vel oci HSV). of, 0. to 15.(1/hr referably 0.03
fo 10" ( L RAerRREReNT urBRie) RS Bl S Ik tite o mdsee R oot | ned as
t he ljpquiMixi@esof Ahexdnd, h-hbfthse BRI Wy dicibdBdcAyaldd s Rl @k well aped vol ume
in liters. The hydrogenation reaction effluent which has reached the target

hydr ogenanixoweswith lothetse fetnahy drafuiran, dioxhes, idjadinyderenslyed disghyletier, and

hydr ogen%ﬁ'eq?l ol‘%rrer bxq%ny met hod, including devolatilization and ot her
separ at i SIPYREhATETES #™MIE hydr ogenation reaction is preferably conducted
in a hydrocarbon solvent in which the polynmer is soluble and which wll not

hi nder the hydriRgeiahéiont@aalib®Will pefafly dBIMont Heo SOWERAL péréerd, Sat ur at ed
sol vent such as cycl opentane, cycl ohexane, cycl oheptane, cycl ooct ane,

net hyl cy direfeeselngomdeloaSi weiglttpaydentycl ohexane, dodecane,
15 The hydrogenation reaction is typically conducted in the absence of oxygen.
Typically, the reaction vessel is purged with an inert gas to remove oxygen from the
reaction area prior to start up. Inert gases include but are not limited to nitrogen, helium,

and argon, with nitrogen being preferred.

The hydrogenating agent can be any hydrogen producing compound which will
20  hydrogenate the unsaturated polymer. Hydrogenating agents include but are not limited
to hydrogen gas, hydrazine and sodium borohydride. In a preferred embodiment, the
hydrogenating agent is hydrogen gas.

Examples of fixed bed hydrogenations for low molecular weight polymers are

included in U.S. Patent No. 3,809,687.

25 In one embodiment, the fixed bed reactor comprises a vertical reaction column
packed with a granular hydrogenation catalyst. A composition comprising a block
copolymer is continuously passed through the column while contacted with a

hydrogenating agent. The direction of flow of the polymer solution and the hydrogen gas

-8-



di oxane, diethylene glycol dinethyl ether, tetrahydrofuran, isopentane,
decahydr onapht hal ene or m xtures thereof, wth cycl ohexane bei ng the nost
pr ef err edtwO M/2t6e6 es of n-hexane, n-heptane and ot her hydr pPCEUB@I8Ean al so
be used as well as m xtures with ethers, tetrahydrofuran, dioxane,

di et hyl enga@by/6osiké 5EHB ¥AmE i€ the ALARNALH mEhHEIsHroEraBl¥ N8R dirkhGorPst Y Mer
concentration will typically be from5 to 30 wei ght percent, preferably

from 5 t ¢hizglogeingyibe ppwermr downavardsdr ogenati on reaction is typically
conducted in the absence of oxygen. Typically, the reaction vessel is

purged with anninert renpve. fromthe reacti.on area jor to
Start up, | nor Tegiiu® By Bad aitis BuAREn s heBo kB boiBE RS RaRld anc
argon, Wthécathlysraged thepdgeRchditib@fandthe rdakds a8 arbneleRgie ?bly%?éi‘s ke any
hydrogen produci ng conpound which will hydrogenate the unsa ur at ed pol ymer.

Hy dr ogendeash§0 aereentof ithecoleidric bondseare hydrogénadd te giver hyyddogsgatiomlgse! ofydr azi ne
d di b drd d I f d enbodi t, t hyd ti agent

0 hyar ogse Bl R Byt s A st aio R ST LT DD g Biost Ul o

wei ght  padryfeRibly BI0Spdrétat UBSGhdlyindds Such RN stene shddBFe®ButadiBaOne

enbodi nent, the fixed bed reactor conprises a vertical reaction colum
packed wiaoholymgrsalymeal hyamaiigdrydtagenatoatis igyester thanddmeossint (vdreranigmaicsi ng a

B ok o e P T R RS S e W ot et
and tige ediafand SRSBEIREHIO BRAK HBind9 3 BGcaRMThiskih bt ReeRAmad bg! Tl ow

method i s preferable.” The direction of this flow may be upward or downwar d.
The anpurmeasfiriig/dedHé nbsarioance sf theyrdoentatedpolyinkeapbdopmmering ¢ thg

Py onenaled e SoL R oL RS DB B BeSRe, condl L et ang Lhegggaction
hydr ogengiegtnt Byddbgad PRI ENAH99. 9 R¥&nt Rss than the absorbance of the non-
hydrogenated polymer. For polymers such as poly alpha-methylstyrene, styrene-alpha-
15 methylstyrene copolymer and copolymers of a vinyl aromatic monomer and a
comonomer selected from the group consisting of a nitrile, acrylate, acid, ethylene,
propylene, maleic anhydride, maleimide, vinyl acetate and vinyl chloride, the level of
hydrogenation can be lower, and is dependent upon the polymer being hydrogenated.
Typically, at least 20 percent aromatic hydrogenation is achieved, preferably at least 30
20  percent, more preferably at least 50 percent and most preferably at least 90 percent

aromatic hydrogenation is achieved.

The amount of olefinic hydrogenation can be determined using Infrared
spectroscopy or proton NMR techniques. The amount of aromatic hydrogenation can be
measured using UV-VIS spectroscopy. Cyclohexane solutions of polystyrene give a very

25  distinct absorption band for the aromatic ring at about 260.5 nm. This band gives an
absorbance of 1.000 with a solution concentration of .004980 moles of aromatic per liter
ina 1 cm cell. The absorbance is dependent upon concentration. The hydrogenated

7 polymer products are typically measured at higher concentrations since they are not
diluted before the absorbance is measured. Since the reaction solution is 15 to 30 times

30  more concentrated than the standards, small amounts of residual unsaturation can be

accurately measured.



80 percent, preferably at |east 90 percent, nore preferably at |east 95
percent and nost preferably 100 percent. For polyners such as pol ystyrene
and styr eaneobertcali ene copol ynmers, a typical aronmatic hydr PORUS1/23889 S
greater than 80 percent (wherein greater than 80 percent of the aromatic

bonds are hydnaeasain8ediment, gheprabdsy of iR pr&ent At DY BRHESHconRBEngRr €
preferably greater than 99.5 percent. This can be determ ned by neasuring

t he UN alpobmperdess epinposiionypampgsingabléagong wasateraigd pohypaer iand at loast ee

bsorb f. 20n- hyd d dar.d. h he absorb
of " 96, SOHEIEBHESNYBY SSAEREt B apan i e Babo R L RP IR RES T han t he

absor banggdRfgehdtRonnaisd chsRbRESsH RAMMARY supb6rtedIeaTB; SropbitdlioAalBlsY
al pha- et hyl styrene, styrene-al phanet hyl styrene copol yner and copodl ynmers of

a vinyl aoowpaisescat dessioonsr Gratid Vdllovetalvomponget| andabltastagieactivatign olngbitogisi st i ng

of anitrile rylate cid, .ethylene, propylene | ei. ¢ anhydri de,

nal ei m dé?‘,m(\}lihﬁgfati??é{ %qee‘%ﬁﬁtava\%oﬂﬁsm%ﬂ%8?’%8%1?%{ ﬁ%e‘itee‘ggf’m& ® #YUP ogenat i on can
be | over ,coasstidgSofdaRemER) noBnkh SRR Bt ehRgd %ydyiﬁﬁ%aﬁ;)&%m.wpl cal l'y,
at | east 20 percent aromati c hydrogenation is achieved, preferably at |east
30 percent, nnrefpreferably at | east 50 percent and nost preferably at

| east 90 per cekle falowagicxamples arpesshfarbrio idusiretei thy présent aveatiouand soulsl ef i ni ¢

hydr ogenati pn can b eterm ned usi.ng I nfrar spect.rosco or proton NWR
tachnt quder B RS Rt TR s, 1 e Dl pRB e phe ek arel bs ng
UN-NIj§ SREGEERERPYthelyisé Rlagsaae sol utions of polystyrene give a very

di stinct absof tion band for the aromatic ring at about 260.5 nm This band

gi ves an absorbance of .000 with a solution concentration of .004980 nol es
of aromatic perhelamannt phargmatie hydregénatih is mensared aning E-\dS spentioncopypon

concentrati,on... The hydr at ed I .product s .are i cally.nmeasured at
e & A SBRripRd Pt R Ry Ry Lo B P BB P R el ponce i o
neasur ed.InfhRE8pddaBsdopgction solution is 1 to 30 times nore concentrated
than the standards, snmall anounts of residual unsaturation can be

Mn is an absolute molecular weight measured by gel permeation chromatography,

15  unless otherwise specified.
All polymer samples used in the examples have atactic stereostructure.

EXAMPLES

Example 1
A) Preparing the Silica Support

20 150 g of potassium silicate (Kasil #1, a product of PQ Corp.) and 10 g of water is
charged to a 250 milliliter (ml) beaker and stirred while 15 grams(g) of formamide is
added slowly such that no precipitation occurs. The mixture is continuously stirred for
about 5 minutes until a clear homogeneous solution is obtained. The mixture is then
placed in an 80°C oven for 5 hours and the silica polymerized. The silica is removed,

25  broken into pieces of less than 8 mesh, and washed with 500 ml of 1 M acetic acid, 500
ml of 1 M ammonium acetate and finally with 500 ml of 80°C 1 M ammonium acetate.

The washed silica is placed in a 1.0 inch O.D. quartz tube and a flow of air at room

-10-



accurately nmeasured. | n one enbodi nent, the process of the present invention
conprises contacting a polyner feed conposition conprising at |east one
unsat ur atved opaiegerer and at | east one polar inpurity, w thrargdragenati on
agent in the presence of a supported m xed hydrogenation catalyst, _

char act ewe&@&ahﬂe imértédfbevewﬁ@@ﬁ{ca.eq“h%m@&'tﬂax%heagaésta @mé&tﬁea_{ayst _conpri ses
at least one Goup NIl netal conponent and at | &ast eactivation

i nhi bi ti neplanaiont Thk fallowingprocederedeasetl) thakilioa iy leatesltfeom 26WrpodHeN€ asel ect ed

fromthe group, consi sti of I hepi | mol ybdenym tungsten, tantalum and
ni obi um p%%%%%? i Varr madhine S ipliss b eess ﬂ?rel_léihg PPl SERRE t ne
present | g ol ifRInc RO oBRinide APBSICURL cAiPinklidh & chhdnpaope. In the
exanpl es, all parts and percentages are by wel ght unless otherw se

i ndi cat edisothtenaAlydfun? hofirsaThesilice ishtyielr capdatbtoi 360°C svitheester sathratsd ag. UN- NI S
spectroscopy as described previously. The anount of olefinic hédrogenation

i s det er nVR@Hregeipg 3P0 the spfusirds Farvspynd s silicadncoplebiip drntowigl ar

wei ght e i t L\ :

Speci 1 odt N ERybN SotndIETAL LR AR URER AR SR Ga 88 Ol B e

st er eost r distribuon EXANLIES poxasimpétey. 1 A) Preparing the Silica Support 150 g

of potassiumsilicate (Kasil #1, a product of PQ Cof .) and 10 g of water

is charged to a 250 mlliliter (m) beaker and st)'rred while 15 granms(g) of

formanmide is abB¥EYAYBG y such that no preci prt &%8on occurs. The mixture is

continuously stirred for about 5 mnutes until a clear honogeneous sol ution

is obfained. The mixture is then placed in an, §0G oven for 5 hours and the
i 26iafps i

silica polymner ®Silica is renoved, b fnto pieces of less than
8 nesh, and washed with 500 ml of 1M acetic acid, 500

Median Pore Diameter (Volume) 3845 angstroms

Median Pore Diameter (area) 3672 angstroms

Average Pore Diameter (4V/A) 3817 angstroms

Three additional batches are prepared using the same procedure described above
15  and are shown in Table I. The surface area of Table I is measured according to ASTM

method D-3663-84.

TABLE 1
Sample PoreVolume | Avg. Pore Diam. | Surface Area
(cc/g) (4V/A) (m2/g)
(angstroms)
1 1.4 3800 14
2 1.6 3600 17
3 | 15 3900 15

However, mercury porosimetry should not be relied on alone to check pore size

20  distributions because it is not sensitive to pores of less than 60 angstroms. Nitrogen
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m of 1M ammoni um acetate and finally with 500 mM of 80C 1M ammoni um
acetate. The washed silica is placed in a 1.0 inch O D. quartz tube and a
fl ow of ave oxtose®©oONnt enperature is started over the silicaPCTeoigi4Bsoca t hen
under goes a hydrothermal calcination. The follow ng procedure is used, the
silica i sdcb@ptiesltcbh@fueiafedsared pofes dF 1eds thah 800hn u%gsm%in%&%ﬂeé’m', ihg
150C, the air is passed through a bubbler to saturate with water while the
heat i ng cd#reiagpeeparediin$8mple habayvgihes aguinvlative persrolumeih pasest dfdessahanyl or 2

h . The silica.is-th | ed. t o _350C with wat dajr. U
ronchi ng DEBEEEr Ao RIR s Puitlisk Jolivarige et o 18 e 2 Emdbos ¥ ar
fl ow ng a).013 @/@heid ci8Rsiafndpde WaNEE ih s Rs8 AR E00aH B8 oI T odRliccle! ow

shows the pore size distribution via mercury porosinetry. Pore Volume 1.37
cc/ g Pot alherespre, thesamulntive poregvalide & pPorsdeBitbaredGr angvodruss)ab8@451 angst r ons

Medi an Pare Di ter .ea) 3672 angstrons Average Pore D aneter (4V/IA)
5817 angJiTiss S umblF bekaelist reus Fral SR et e save

procedure descri bed above and are shown in Table I. The surface area of
Table | is nmeagbsLaiCaPtRNGtAEtASTM met hod D-3663-84. TABLE | However,

mercury porosinetry should not be relied on alone to check pore size
di stributions because it is not sensitive to pores of |less than 60

angstrons. Ni the¢aherestf.41] sramsdehhlfids6(E8S ane §. 190 reeef MilRagkds t han 600

angst r ons,. i ks techni que, .the silica, as prepar j n e..1 above
nae & curiarEdd bors s et e ople” spi Ll R PR G8 B TERE S 0. 006
cc/g,10a qUITUhaAtd § e 8y EndtRhLIECA) WHSH 8 $he@fail ARR dvRpligid2bhPRents &5 of 0. 013
cc/g and a cunul ative pore volune in pores of |ess t%an 600 angstrons of

0. 016 cc/ld0°Ghrearéiopasged bwercfomdD atinwvtes. pbinecaralysineretlocedio flosvihglsgirogemn 600
angstrons i ut 1.1 rcent of the cumul ative pore volunme for pores
gr gat er t& AEO"Z‘gﬁ%Aé}QpF Eﬂ%ggld a cata?yst ilaxgng 3 weight percer?t Pt and 2 weight percegt

Re on SiO,.

Example 1 Hydrogenation of Polystyrene

15 A vertical jacketed stainless steel tube (70 cm long and 1.57 cm diameter) is
loaded with a mixture of 50 grams (100mL) of 1.2 mm x 6 mm cylindrical silica
supported catalyst particles (3 wt. percent Pt and 2 wt. percent Re, with average pore size
of 600 Angstroms) and 60 grams (40 mL) of 60 to 80 mesh glass beads. The reactor is
operated at a temperature of 160 to 185 °C and 93 bar of hydrogen pressure. A polymer

20 solution of 15 parts by weight of polystyrene (Mn 50,000) dissolved in cyclohexane is
fed into the top of the reactor at a rate of 5 cc/min for a LHSV of 3.0 cc/(cc h)..
Hydrogen is fed into the tube at a rate of 752 normal cc/min. The resultant polymer has

an aromatic hydrogenation level of 99.8 percent.

Example 2 Hydrogenation of Styrene-Butadiene block copolymer

25 Example 1 is repeated with a symmetrical styrene-butadiene pentablock (SBSBS)
copolymer having a Mn of 60,000 (85 wt. percent styrene) dissolved as a 15 wt. percent
solution in cyclohexane. The liquid feed rate is 1.5 cc/min and the hydrogen flow is 226

cc/min. The reactor is operated at 170 to 185°C and 93 bar hydrogen pressure. Shortly
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Preparation of Pt/Re catalyst A solution of 0.41 1 grans (g) H2Ptd 6. 6(H
O and 0.147 g of NH ReOis dissolved in 15.55 granms of purified water.
Thi s sol woomn2d626 t hen added to 5.0 g of silica ( 1.2 mm XPEI/IRVIEB8INdri ca
silica) which is then air dried overnight, and further dried at 110C in an
ai r pur gegiep¥aRinaQhe RActt, T &snversith Sah@hniitatit portRAWEaL dopofyhRping hydrogen
at 150C for 1 hour to yield a catal yst having wei ght percént Pt and 2

wei ght peaneasnedie be ApBoKimatdy &R percentyAlftegnizduiroat thé sdpod geiditioanahe

oS AR L S RE i Rt  o S er) 1

silica supported catalyst particles (3 w. percent Pt and 2 wt. percent Re,

Wi th average pRh&s iSdeduipkisRO AN@YEica TR vaed e RKHARIdnd? cﬂiia%)oﬁnts@@s to 80
0

mesh gl ass beads. The reactor is operated at a tenperature 160 to 185 C
and 93 balesgibedyhgrevgdnusedeprooese proxugbyijmisimprsived.i the cablydtss penytresisigntwei ght

of pol ystyr.ene. 50, 000 issolved.in cl ohexane .is fed jnto.the top of
the r eact% deag Wéw%]tl}%dnocfongcgg}t i p?%tﬂeszfnﬁﬁwfgfe 5@ 18‘&3?5@”1’3’)?‘5 Iifefifay ogen i s
fed into tyfeal thsuritles dndl@detand maAedal RET AP0 S (I drobRBatl RS HAdiBAkatB @hy Mer  has
an aromati'c hydrogenation I evel of 99.8 percent.” Exanple 2 Hydrogenation of
St yr ene- Beadado ewenipleie komvepidny nerpuEikiesiybeally ireludepolar echtevialdsugh sy mmet r i cal

styrene- but adi. ene, pent abl ock . ( SBSBS) copol yner_ havi ng a M, of .60, 000 (85
at " per oaHmEs PEHOPRARC LR e T tepBghe P WA 78 ML AF IO FProycl ohexane.
The hipqui kSR nfedlafiol, ?s](_)% obahiGl: BhBrs30ch B ANAFRERR, QY dnd n%?cgeﬁcl mn. The

reactor is operated at 6 to 185C and 93 bar hydrogen pressur€.

Shor t | yafaoeraist@compeprdssuckasdmines.t he conversi on of the aromatic portion
of the copolyner is nmeasured to be approximately 99.5 percent. After 24
hours at the sanme conditions, the resultant polyner has an aromatic

hydr ogenation | evel of 99.6 percent. It has been suf risingly discovered
t hat when the conbi nati on of conponents, as
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described herein, is used, process productivity is inproved, the catalyst
is very resistant to deactivation upon contact with inpurities and

t her ef or avdam2m24 onger catalyst lifetine. Typical inpuritPeruUsoicl4grde any
mat eri al which slows the hydrogenation reaction rate and |eads to

i nconpl et gc@pyersion. Inpurities typically include polar nmaterials such as
aromatic and aliphatic alcohols used to term nate the pol ynerization
reaction, for exanple, nethanol, isopropanol; ethers such as

t et rahydrof urdn, esh eenfinugnshydrogengiion proatsaicoinpysiognpounds, such as

am nes. CLAIMS: 1. A continuous hydrogenation process conprising a)

continuously feedipg a o, sition conprising.at least one unsaturated
pol ymer i nto & rRaiesly PedEs 8 eohpisti s IR e L USOrIR wi c 1 a
hydr ogengolyiferagenitfited Hebgedefsesence of a hydrogenation catal yst, wherein
the catalyst is a m xed hydrogenation catalyst conprising a Goup NI
nmetal conponent and at | east one deactivation resistant conponent; and the
catal st is padukeatagiingihe composifigr tvithedhydsegenating dasniinribe prepingedf 2at al yst
bed. 2. ¥pﬁﬂpro £ss 0 Sglain11 wherein the Goup NIl netal conprises
platinunlg ERodl Uh 3> *The process of Claim1l wherein the deactivation
resi stant conponent is selected fromthe group consisting of a rhenium
mol ybdenum  t uiigséiethe datdlylisiindid hydaigehiicb@ARBRE B mpriinglH €irgypOCHES Of
Claim1l wherein the Goup NIl netal conprises platinumand the

deact i vateal qoariogenirand éblepy wan deacsivpliensiesistant spapnonapt; erdhtha/catelyot is

nol ybdenurycﬁe%[rr‘gﬁﬁ%%é ﬁ)?édliléla%ea%tccﬁg Oszéno&f%%ﬁ C(r%gﬁahsgg)lgéei n the ratio of the

y—

G oup Vi IFPONE conmponent to t tant conmponent is from
1:1 to 10: 1.
10 2. The process of Claim 1 wherein the Group VIII metal comprises platinum
or rhodium.

3. The process of Claim 1 wherein the deactivation resistant component is
selected from the group consisting of a rhenium, molybdenum, tungsten, tantalum and

niobium component.

15 4. The process of Claim 1 wherein the Group VIII metal comprises platinum
and the deactivation resistant component comprises a rhenium, tantalum or molybdenum

component.

5. The process of Claim 1 wherein the ratio of the Group VIII metal

component to the deactivation resistant component is from 1:1 to 10:1.

20 6. The process of Claim 1 wherein the catalyst additionally comprises a

support.

7. The process of Claim 6 wherein the support is characterized by having at
least 98 percent pore volume defined by pores having pore diameters greater than 600
angstroms, as measured using mercury porosimetry, and less than 2 percent pore volume
25  defined by pores having pore diameters of less than 600 angstroms, as measured by

nitrogen desorption, based on the total pore volume measured by mercury porosimetry.
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6. The process of Claim1l wherein the catalyst additionally conprises a
support. 7. The process of Caim6 wherein the support is characterized by
havi ng atwo ezast62®8 percent pore vol ume defined by pores hpeT/H§IIIRE

di aneters greater than 600 angstrons, as neasured using nercury
porosimetry, and | emg grbaRs &f ORIk e Whedslh ehershiiBatstefd1pBer diReesn havi ng
pore dianmeters of |less than 600 angstroms, as neasured by nitrogen desof
tion, basdefinpherthepalynet. pore vol une nmeasured by nercury porosinetry.8. The
process of C ai m 1 wher ein the unsatur ated pol ynmer conprises an olefinic

honmopol ymer. roc er ein e unsat ur at ed pol yner
conpri ses an %r oma %Cfré%%fé%?% 66%8 yl}pggtura?glp Wgerpcfo&?:p g%’? Caim9
wher ei n tah@ngtmp@u}@ﬁlem@wﬁmpmgpnprl ses a bl ock copol ynmer of a vinyl
aromati c polynmer and a conjugated di ene pol ymner.

5 10.  The process of Claim 9 wherein the unsaturated polymer comprises a

block copolymer of a vinyl aromatic polymer and a conjugated diene polymer.
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