
;PQRSe3el6Tz t ~uH :oot  PROCESS FOR HYDROGENATING A CONJUGATED DIENE
POLYMER Technical Field This invention relates to a process for
hydrogenating a conjugated diene polymer S 10 and more particularly, to a
process for hydrogenating the unsaturated double bonds of said polymer
selectively in an effort to improve some durability and oxidation
resistance of a copolymer used as a modifier, wherein it comprises; to
selectively hydrogenate the unsaturated double bonds of said polymer, a
highly active lithium hydride(LiH) prepared in solution is contacted with a
novel homogeneous organo titanium catalyst having high activity and thus,
the hydrogenated block copolymer, so obtained from such selective
hydrogenation, can have very high yield of hydrogenation rate with
excellent hydrogenation reproducibility. . Background Art A polymer of
conjugated diene monomer such as 1,3-butadiene or isoprene, or a 15
copolymer with a vinyl aromatic monomer such as styrene that may be
copolymerized with the conjugated diene monomer, have been widely used as
an elastomer. With the double bonds within internal polymer chain, these
polymers may be vulcanized but their durability and oxidation resistances
are poor. Meantime, some block copolymers prepared from conjugated dime
monomer and 20 vinyl aromatic monomer so-called a thermoplastic elastomer
have been used as a modifier to improve an impact resistance for
transparent resin or polyolefin and polystyrene resin, without
vulcanization. These polymers containing olefinic unsaturated double bonds
may be -    2 7 J U N 2002 f":,; WO 00I08069 PCT/ICR98/00440 advantageously
utilized due to their easy cross-linking reaction, while their double bonds
are responsible for some stability problems such as thermal resistance,
oxidation resistance and weatherability. Under such circumstances, these
polymers have been applied within the restricted '' S range, which is an
only in-house uses. In general, in an effort to improve the durability and
oxidation resistance of a polymer having unsaturated double bonds, the
unsaturated double bonds may be partially or completely saturated by the
addition of hydrogen in a polymer. Various methods to hydrogenate some
polymers having olefinic unsaturated 10 double bonds have been reported but
they could be classified into two main methods. The first method is to use
a heterogeneous catalyst, while the second one is to use Ziegler catalyst
or a homogeneous catalyst belonging to organometallic compounds such 



as rhodium or titanium. From the two methods, the hydrogenation based on a
heterogeneous catalyst is 15 performed in such a manner that a polymer of
unsaturated double bonds dissolved in a suitable solvent is contacted with
hydrogen in the presence of a heterogeneous catalyst. However, this method
has recognized several disadvantages in that: a) A contact between
reactants and catalyst is not easily made due to the fact that the steric
hindrance of a polymer is large and its relative viscosity is higher; 20 b)
In addition due to the strong physical adsorption of a polymer to the
surface of a catalyst, it is very difficult to detach the already
hydrogenated polymer from the catalyst, thus it makes other unsaturated
polymers hard to reach the active site of a catalyst; therefore, for the
complete hydrogenation of the unsaturated double bonds of a      2 ~ JUN
2002 WO 00I08069 PCTIICR98/00440 polymer, a large amount of catalyst is
required with severe reaction conditions such as a higher temperature and
pressure and as a result, the decomposition and gelation of a polymer may
sometimes occur; c) In particular, the selective hydrogenation of olefinic
polymer in a copolymer containing conjugated diene monomer and vinyl
aromatic monomer under such severe reaction conditions is extremely
diffcult, since the unsaturated double bonds of an aromatic compound could
be simultaneously hydrogenated; d) In addition, the physical separation of
a catalyst contained in a hydrogenated polymer solution is extremely
difficult; a certain heterogeneous catalyst is strongly 10 attached to a
polymer so that its complete removal is impossible. By contrast, the
hydrogenation based on a homogeneous catalyst has the following advantages
in that: a) The activity is much higher than the one of a heterogeneous
catalyst and with a small amount of catalyst, a higher yield of final
product may be expected under a mild 1~ condition such as a low temperature
and pressure; b) Further, under the mild hydrogenation conditions, the
selective hydrogenation of unsaturated olefinic double bonds could be
performed in a copolymer chain containing vinyl aromatic monomer and
conjugated diene without the hydrognation of unsaturated aromatic double
bonds. 20 Nonetheless, the process for hydrogenating the unsaturated double
bonds of a conjugated diene polymer in the presence of a homogeneous
catalyst has some drawbacks in that a) the stability of a catalyst itself
is low, and b) the separation of a decomposed catalyst from the
hydrogenated polymer is extremely difficult.    



2 Z JUN 2002 WO 00I08069 PCT/ICR98100440 Meantime, several methods of
hydrogenating or selectively hydrogenating the unsaturated double bonds of
a conjugated diene polymer has been reported; for example, the U.S. Patent
No. 3,494,942, No: 3,670,04 and No. 3,700,633. These patents have described
the methods of using some catalysts containing some 5 metals belonging to
the groups of 8, 9 and 10, being published in the prior art or their
precursors, in an effort to hydrogenate or selectively hydrogenate the
ethylenic unsaturated double bonds of a polymer and copolymer containing
aromatic and ethylenic unsaturated double bonds. According to the process
of the aforementioned patent, a catalyst was prepared 10 using some metals
belonging to the groups of 9 and 10, especially nickel or cobalt compound,
with a suitable reducing agent such as alkyl aluminum. Other suitable
reducing agent described in the prior art include some metals belonging to
the groups of I, 2 and 13, especially lithium, magnesium and aluminum
alkyls or hydrides according to the prior art. Hence, some metals belonging
to the groups of 1, 2 and 13 and other 1 ~ metals belonging to the groups
of 8, 9 and 10 are mixed in the molar ratio of 0.1:1 to 20:1, more
preferably in the molar ratio of 1:1 to 10:1. The U.S. Patent No. 4,~01,8~7
has disclosed that the selective hydrogenation of unsaturated double bonds
in a conjugated diene polymer resulting from its polymerization may be
effected in the presence of at least one bis(cyclopentadienyl) titanium
compound 20 or at least one organo lithium compound. Further, the U.S.
Patent No. 4,980,421 has disclosed that a polymer may have a similar
hydrogenation activity using an alkoxy lithium compound directly or a
reaction mixture between an organo lithium compound and alcohol or phenol,
or its combined compound 4   2 Z JUN 2002 WO 00l08069 PCT/KR98/00440 with
bis(cyclopentadienyl) titanium compound. It describes that even though a
small amount of catalyst is used, the catalyst is effectively active, while
any washing process to remove the residual catalyst is not necessary. The
U.S. Patent No. 4,673,714 has disclosed that bis(cyclopentadienyl) titanium
compound can preferably hydrogenate unsaturated double bonds in a
conjugated diene in the absence of alkyl lithium; The detailed example of
such titanium compound included bis(cyclopentadienyl) titanium diaryl
compound, and the most advantage of this catalyst system is that a
hydrocarbon lithium compound as a reducing agent is not used. Also, the
U.S. Patent No. ,039,7>j has disclosed a process for the hydrogenation 10
of conjugated diene polymer which comprises polymerizing or copolymerizing
one conjugated diene monomer with an organo alkali metal polymerization
initiator in a suitable solvent thereby forming a living polymer,
terminating the polymerization by the addition of hydrogen; The selective
hydrogenation of unsaturated double bonds in the 



conjugated diene units of the aforementioned terminated polymer was
conducted in the l~ presence of (C5H5):TiR; (R is an arylalkyl group
catalyst. The U.S. Patent No. a243,986 has disclosed that the double bonds
of conjugated diene units of a styrene-butadiene-isoprene copolymer may be
selectively hydrogenated using a specific titanocene compound and reducing
agent. Further, the U.S. Patent No. 5,321,175has disclosed a process of
hydrogenating 20 a conjugated diene polymer in the presence of homogeneous
catalysts which contain Cp,Ti(PhOR)2, (where, Cp is a cyclopentadienyl
group; OR is an alkoxy compound containing 1 to 4 carbon atoms) or Cp2TiR,
(where, R is a CH,PPh,). Also, another process of hvdroaenating an olefmic
monomer using a mixture of    2 Z JUN 2002 WO 00I08069   PCT/KR98/00440
Cp,TiCl2 or (C6H,o(p-CH;OC6H4)CSH4),TiCh as a catalyst and a high-activity
alkali metal hydride(MH) prepared in solution has been disclosed [ref.:
Journal of Organometallic Chemistry, 3 82 ( 1990} 69-76].  However, the
aforementioned homogeneous catalyst has recognized some 5 disadvantages in
that a) in general, since it is extremely sensitive to an environment, the
catalyst is easily inactivated in the air or in the presence of moisture,
and b) the hydrogenation activity is neatly affected by the reducing state
of the catalyst. Since there is trend that the reproducibility of
hydrogenation is reduced in the long run, the prior art has found it
difficult to obtain a hydrogenated polymer with a high hydrogenation rate
and 10 reproducibility simultaneously. In addition, there is another trends
that the active ingredients of the catalyst are easily converted to
inactive ones, when the reaction proceeds. This may result in reducing the
hydrogenation yield, thus being responsible for poor reaction
reproducibility. Such trend will badly affect the hydrogenation of a
polymer designed to improve the durability 15 and oxidation resistance of a
polymer. Furthermore,, the hydrogenation rate of the homogeneous catalyst
is much affected depending on its stability during the hydrogenation. As
noted in the above, it is prerequisite to overcome these drawbacks in
adequately applying such homogeneous catalysts to the hydrogenation of a
polymer in the 20 industrial level. Thus, there is need to develop a highly
active hydrogenation catalyst with  better stability and reproducibility.
Disclosure of Invention To cope with various problems encountered doting
the hydrogenation of 6 w  



2 ~ ~~N 2002 wo ooiosos9 PCT/KR98/00440 unsaturated double bonds of a
conjugated diene polymer using the above homogeneous catalysts, an object
of this invention is to provide a process of hydrogenation using a novel
catalyst and lithium hydride so as to prepare a hydrogenated polymer with a
high hydrogenation yield and reproducibility without any problems the
general homogeneous hydrogenation catalysts have faced. To meet the above
mentioned object, the process for hydrogenating a conjugated diene polymer
according to this invention is designed to selectively hydrogenate the
unsaturated double bonds of conjugated diene units of a conjugated dime
polymer or a copolymer containing the conjugated diene monomer and aromatic
vinyl monomer, 10 wherein it comprises: 1 ) polymerizing at least one
conjugated diene monomer or copolymerizing said monomer with a vinyl
aromatic monomer using an organo alkali metal as an initiator thereby
forming a living polymer; 2) inactivating the terminal of said living
polymer using an equimolar amount of 1~ the terminating agent,.and 3)
hydrogenating the unsaturated double bonds in the conjugated dime units of
the polymer by the addition of lithium hydride (LiH) and
monocyclopentadienyl titanium compound represented by the following formula
I, together with hydrogen, to the polymer having an inactivated terminal.
20 Formula I 7   2 ~ JUN 2QQ2 WO 00/08069 PCT/IQt98/00440 R Cp- I i.Rl O 2
R3 0 Where, Cp is a cyclopentadienyl group(CSHS); R, and R, are the same or
different and are selected from halogen atom; R3 and 124 are the same or
different and are selected from hydrogen atoms, alkyl 10 or alloxy group
containing 1 to 12 carbon atoms, aryl or aryloxy groups containing 6 to 20
carbon atoms and cycloalkyl groups containing 6 to 20 carbon atoms. Best
Mode for Carrying out the Invention This invention is explained in more
detail as set forth hereunder. The catalyst used for the hydrogenation of
this invention is prepared by mixing 1 ~ a monocyclopentadienyl titanium
compound and lithium hydride(LiH), so formed in solution of between organo
lithium compound and hydrogen. As for the catalyst represented by the
formula I, the detailed examples of monocyclopentadienyl titanium compound
include the following group for a single use or in the mixed form:
monocyclopentadienyl(2-t-butyl phenoxy)titanium difluoride, 20
monocyclopentadienyl(2-t-butyl phenoxy)titanium dichloride, 



monocyclopentadienyl(?-t-butyl phenoxy)titanium dibromide,
monocyclopentadienyl(?-t-butyl phenoxy)titanium diiodide,
monocyclopentadienyl(2.6-di-t-butyl 4-methyl phenoxy)titanium difluoride, 8
2 ~ JUN 2002 WO 00/08069 ;;. .. PCT/KR98/00440 ~.~~' ```''#=S ~;.
monocyclopentadienyl(2,6-di-t-butyl 4-methyl phenoxy)titanium dichloride,
monocyclopentadienyl(2,6-di-t-butyl 4-methyl phenoxy)titanium dibromide,
monocyclopentadienyl(2,6-di-t-butyl 4-methyl phenoxy)titanium diiodide,
monocyclopentadienyl(2,6-di-t-butyl 4-methoxy phenoxy)titanium difluoride,
5 monocyclopentadienyl(2,6-di-t-butyl 4-methoxy phenoxy)titanium
dichloride, rnonocyclopentadienyl(2,6-di-t-butyl 4-methoxy phenoxy)titanium
dibromide, monocyclopentadienyl(2,6-di-t-butyl 4-methoxy phenoxy)titanium
diiodide, monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium difluoride,
monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium dichloride, 10
monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium dibromide,
monocyclopentadienyl(2,6-di-t-butyl phenoxy)titanium diiodide,
monocyclopentadienyl(2,4,6-tri-t-butyl phenoxy)titanium difluoride,
monocyclopentadienyl(2,4,6-tri-t-butyl phenoxy)titanium dichloride,
monocyclopentadienyl(2,4,6-tri-t-butyl phenoxy)titanium dibromide and 15
monocyclopentadienyl(2,4,6-tri-t-butyl phenoxy)titanium diiodide. It is
preferred that the amount of the hydrogenation catalyst is in the range of
0.01 to 20rnmol per 100g of polymer, more preferably in the range of 0.0~
to 2mmol per 100g of polymer. Using the above mentioned hydrogenation
catalysts, it is possible to add hydrogen 20 to the unsaturated double
bonds of conjugated diene units of a conjugated diene polymer or a
copolymer with a vinyl aromatic monomer, which may be a random,tapered or
block copolymer, having a molecular weight of between Q00 to 1,000,000. As
have been known widely, a polymer containing ethylenic unsaturated double
WO 00/08069 2 7 JUN c''OOZ ~~..: ~' PCT/IQt98100440 bonds and optional
aromatic unsaturated double bonds may be prepared polymerization with one
or more polyolefin, especially diolefin or via copolymerization of one or
more alkenyl aromatic hydrocarbon monomers. The copolymer may be a random,
tapered, block one or its combination as well as a linear, star-shaped or
radial copolymer. The copolymer containing ethylenic unsaturated double
bonds or both aromatic and ethylenic unsaturated double bond may be
prepared using an organo lithium compound as an anionic initiator or
Ziegler-Natta catalysts. The method of manufacturing the polymer may be
applied by a common method such as bulls or solution 



10 polymerization. Hence) the conjugated diene, which could be anionically
polymerized, includes conjugated diene compounds containing 4 to 12 carbon
atoms such as 1,3-butadiene, isoprene, piperylene, phenylbutadiene,
3,4-di-methyl-1,3-hexadiene and 4,~-diethyl-1,3-octadiene; it is preferred
to use a conjugated diolefin containing 4 to 9 1 ~ carbon atoms. Further,
copolyrnerization-available vinyl aromatic hydrocarbon with the conjujated
diene compounds includes vinyl aryl compounds such as styrene, styrene
substituted with various alkyl groups, styrene substituted with alkoxy
groups, 2-vinyl pyridine, 4-vi-nyi pyridine, vinyl naphthalene and vinyl
naphthalene substituted with alkyl 20 groups. A living polymer may be
created by polymerizing or copolymerizing at least one conjugated diene
compound or vinyl aromatic compound, which may be copolymerized with the
conjugated diene compound, with an organo allali metal initiator. a 10   WO
00I08069 2 7 JUN 2002 .:..=.:.~" PCT/KR98/00440 ~'~~~ ~""~~ Hence, it is
preferred that the aromatic vinyl monomer and conjugated diene monomer is
mixed in the ratio of 1:9 to 9:1. Further, an organo alkali metal initiator
includes an organo lithium compound; the detailed example includes n-butyl
lithium or sec-butyl lithium. The next step is to inactivate the terminal
of said living polymer using a terminating agent in an equimolar amount
ratio; hence, the terminating agent includes amines, alcohols, esters,
ketones and halogenated compounds. The detailed examples include benzyl
chloride, benzyl bromide, benzyl iodide, methyl chloride, methyl bromide,
methyl iodide, ethyl chloride, ethyl bromide, ethyl 10 iodide, butyl
chloride, butyl bromide, butyl iodide, acetone, methyl isobutyl ketone,
diphenyl ketone, methanol, ethanol, isopropyl alcohol, butanol, phenol,
cresol, 2,6-di-t-butyl 4-methyl phenol, ethylacetate, butylacetate,
trimethylsilyl fluoride, trimethylsilyl chloride, trimethylsilyl bromide,
trimethyisilyl iodide, triethylsilyl fluoride, triethylsilyl chloride,
triethylsilyl bromide, triethylsilyl iodide, tributylsilyl fluoride, 15
tributylsilyl chloride, tributylsilyl bromide, tributylsilyl iodide,
triphenylsilylfluoride, triphenylsilyl chloride, triphenylsilyl bromide and
triphenylsilyl iodide For performing the hydrogenation process, lithium
hydride prepared in solution from the reaction of an organo lithium
compound and hydrogen and a monocyclopentadienyl titanium compound
represented by the formula I are added to the 20 inactivated polymer,
together with hydrogen. Hence, it is preferred that the amount of lithium
hydride is added to a monocyclopentadienyl titanium compound represented by
the formula I in the molar ratio of 2 to 30; the lithium hydride is
prepared in solution from the reaction of an or~ano 11 



2 ~ JUN 2002 WO 00/08069 PC'T/ICR98/00440 lithium compound and gaseous
hydrogen. The hydrogenation using the polymer of this invention is
performed in an inert solvent; the inert solvent means a solvent that is
not reacted with any reactants of polymerization or hydrogenation. The
suitable solvent may be selected from the following 5 group for a single
use or in the mixed form: aliphatic hydrocarbons such as n-pentane,
n-hexane, n-heptane and n-octane; aliphatic cyclic hydrocarbons such as
cyclohexane and cycloheptane; and ethers such as diethylether and
tetrahydrofuran. Also, aromatic hydrocarbons (e.g., benzene, toluene,
xylene and ethylbenzene) may be employed if they are not hydrogenated,
under a given hydrogenation conditions. 10 Further, the concentration of
polymer is in the range of I to ~0% by weight to a solvent; it is
preferrred to be in the range of ~ to 25% by weight. Meantime, the
hydrogenation of this invention is performed in such a manner that a
polymer solution is maintained at a certain temperature under the
atmosphere of hydrogen or inert gas; a hydrogenation catalyst represented
by the formula I is added to 15 the stirred or unstirred solution; and, a
hydrogen gas is charged under a constant pressure. The inert gas includes
helium, nitrogen and argon, which represents a gaseous atmosphere in which
such gas is not reacted with any reactants derived from the hydrogenation.
It is rather undesirable to use air or oxygen, which serves to induce
reduced activity of a catalyst due to oxidation or degradation. 20 In
general, the hydrogenation is performed at the temperature of between 0 to
1 ~0C. If the hydrogenation temperature is lower than 0C, the reduced
activity of catalyst and slow hydrogenation rate result in requiring a lot
of catalysts, which is uneconomical. Furthermore, the insolubility of
hydrogenated polymer may easily precipitate a polymer. 12   2 Z JUN 2002 WO
0U/08069 PCT/ICR98/00440 By contrast, if the reaction temperature is hiker
than 1 ~0C, there are trends that a) the activity of a catalyst is reduced,
b) the gelation or the decomposition of a polymer may easily occur, and c)
the selectivity for the addition of hydrogen is liable to be reduced due to
easy hydrogenation of aromatic double bonds. It is preferred that the
reaction temperature is maintained in the range of between 50 to140C.
Further, a hydrogen pressure in the hydrogenation is suitably maintained in
the range of between 1 to 1 OOkg/cm2, even if not specially limited; if the
hydrogen pressure is less than 1 kg/cm'-, the hydrogenation rate becomes
slow but in case of exceeding 100kg/cm'-, a gelation will follow as a side
reaction. It is more preferred to maintain the 10 hydrogen pressure in the
range of between 2 to 30 kg/cm'-. Since an optimum hydrogen pressure is
determined in consideration of hydrogenation conditions such as a catalyst
amount. In actual, it is preferred that when the amount of a hydrogenation
catalyst is 



small, a higher hydrogen pressure is needed. Further, the hydrogenation
time of this invention is generally in the range of 1 ~ between several
minutes to 1440 minutes. It is more preferred to maintain in the range of
between 30 minutes to 360 minutes. Either batch or continuous operation may
be applied for the hydrogenation of this invention. The progress of the
hydrogenation could be traced through the total amounts of hydrogen
consumed. 20 When the hydrogenation is performed according to the processes
of this invention, a hydrogenated polymer with the hydrogenation of more
than ~0% among the unsaturated double bonds of conjugated diene units of a
polymer, preferably more than 90%. Further, when a copolymer containing a
conjugated diene and vinyl-substituted aromatic 13   ~~. ~u~ Zooz WO
00I08069 PCT/ICR98/00440 ' hydrocarbon, the hydrogenation rate of
unsaturated double bonds of conjugated diene units is more than 90%, while
that of aromatic double bonds is less than 5% at the same time. Thus, a
copolymer with selectively hydrogenated unsaturated double bands of
conjugated diene units only may be obtained. As described in the above,
when a conjugated diene polymer is hydrogenated using a high-activity novel
catalyst, the hydrogenation may be performed under a mild condition. In
particular, when a copolymer containing a conjugated diene and
vinyl-substituted aromatic hydrocarbon, the unsaturated double bonds of
conj ugated dime units are selectively hydrogenated. According to this
invention, the fact that a conjugated 10 diene polymer is used as a base
material has the following advantages in that a) a following hydrogenation
is available in a same reactor, b) since a small amount of catalyst could
e:chibit extremely high activity, it is quite economical, and c) its
industrial application may be available due to easier process. The
invention herein is explained in more detail by the following examples. 15
These examples, cited by way of illustration, are not meant to limit the
present invention in any sense. Manufacturing e~cample 1: Synthesis of
monocyclopentadiettyl(2,6-di-t-butyl 4-methyl phenoxy)titanium chloride
catalyst Both lOmmol (2.2g) of monocyclopentadienyl titanium
chloride(CpTiCI;) and 20 100m1 of toluene were added to a 200m1 Schlen);
reactor in the inert atmosphere. Then, l0mmol of 2.6-di-t-butyl 4-methyl
phenoxy lithium, so obtained tom the reaction between ?,6-di-t-butyl
~-methyl phenol and n-butyl lithium, was slowly added to the mixture. The
reactional solution was stirred at room temperature and stood for 1 hour.
14   ~ 7 ~uN 2ooz WO 00I08069 PCT/KR98/00440 After 1 hour, some portions of
the mixture were collected and were analyzed by'H-NMR 



spectroscopy to ascertain the reaction results. Yield: 95% '
'H-NMR(CDCl3)b(ppm): 7.024(C6H,, 2H, s), 6.673{C;HS, 5H, s), 2.319 (CH3,
3H, s), 1.417(C(CH3)3, 18H, s) Manufacturing example 2: Synthesis of
monocyclopentadienyl(2,6-di-t-butyl 4-methoay pheno.~cy)titanium chloride
catalyst Both lOmmol (2.2g) of monocyclopentadienyl titanium
chloride(CpTiCl3) and 100m1 of toluene were added to a 200m1 Schlenk
reactor in the atmosphere of inert gas. 10 Then, lOmmol of 2,6-di-t-butyl
4-methoxy phenoxy lithium, so obtained tom the reaction between
2,6-di-t-butyl 4-methoxy phenol and n-butyl lithium, was slowly added to
the mixture. The reactional solution was stirred at room temperature and
stood for 1 hour. After 1 hour, some mixture was collected and was analyzed
by iH-NMR spectroscopy to ascertain the reaction results. 1~ Yield:95%
'H-NMR(CDCI,)b (ppm): 6.776(C6H~, 2H, s), 6.670(CSH;, 5H, s), 3.824 (OCH3,
3H, s), 1.428(C(CH3)3, 18H, s) iYlanufacturing example 3: Synthesis of
monocyclopentadienyl(2,4,6-tri-t-butyl phenoxy)titanium chloride catalyst
20 Both lOmmol (2.2g) of monocyclopentadienyl titanium chloride(CpTiCI;)
and 100m1 of toluene were added to a 200m1 Schlenk reactor in the
atmosphere of inert gas. Then, l Ommol of 2.4,6-tri-t-butyl phenoxy
lithium, so obtained iiom the reaction between 2,4,6-tri-t-butyl phenol and
n-butyl lithium, was slowly added to the mixture. The 1~   2 ~ JUN 2002 WO
00/08069 PCT/KR98/00440 reactional solution was stirred at room temperature
and stood for 1 hour. After 1 hour, some mixture was collected and was
analyzed by `H-1V'MR spectroscopy to ascertain the reaction results. Yield:
96% 5 `H-NMR(CDCI;)b(ppm): 7.226(C6H~, 2H, s), 6.679(CsHs, SH, s), 1.431
(C(CH3);, l8H,s), 1.322(C(CH3),, 9H, s) Manufacturing example 4: Synthesis
of monocyelopentadieayl(2,6-di-t-butyl phenoay)titanium chloride catalyst
Both l Ommol (2.2g) of monocyclopentadienyl titanium chloride(CpTiCl3) and
10 100m1 of toluene were added to a 200m1 Schlenk reactor in the atmosphere
of inert gas. Then, 1 Ommol of 2,6-di-t-butyl phenoxy lithium) so obtained
from the reaction between 2,6-di-t-butyl phenol and n-butyl lithium, was
slowly added to the mixture. The rea~ctional solution was stirred at room
temperature and stood for 1 hour. After 1 hour, some mixture was collected
and was analyzed by 1H-IVY spectroscopy to ascertain the reaction results.
15 Yield: 95% `H-NMR(CDCI;)s(ppm): 7.269(m-C6H~ 2H, d), 6.930(p-C6H,, 1H,
t) 6.67 (CSHs, ~H, s), 1.430(C(CH;)3, 18H, s) 



Manufacturing example 5: Synthesis of lithium hydride(LiH) 3.~L of alkyl
lithium solution (0.2M cyclohexane solution) was added to a ~L 20 autoclave
reactor in the atmosphere of inert gas, followed by the addition of ~OOg of
tetrahydrofuran. The reactor was placed at room temperature, stirred at
~OOrpm using a stirrer and with the addition of gaseous hydrogen, stood for
1 hour, while maintaining the pressure of 10 kJcm'-. A.fcer 1 hour, the
solution was turned to a milk-like suspension. 16   2 7 JUN ~00~ WO
00/08069 PC'T/ICR98/00440 Hence, the reaction was completed, when some
proportions of the solution were reacted with a styrene monomer and it was
confirmed that there was no change in the color of the mixture by a
macroscopical observation. Thus, it was verified that alkyl lithium did no
longer exist in the solution Manufacturing example 6: Synthesis of
styrene-butadiene-styrene block copolymer treated with benzylchloride
4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by
the addition of 1 lg of tetrahydrofuran, 124g of styrene monomer and lbmmol
of n-butyl lithium. The mixture was polymerized for 30 minutes and then
552a of 1,3-butadiene 10 monomer was further added to a reactor for I-hour
polymerization. Finally, 124g of styrene monomer was added to the mixture
and polymerized for 30 minutes. With the addition of 2.0g of
benzylchloride, the terminal of a polymer was inactivated. The polymer, so
obtained, was a styrene-butadiene-styrene block copolymer with the
following characteristics: Bound styrene content: 31.0%(block styrene
content: 15 30.0%), a bound 1,2 vinyl content of butadiene units:
38.5%(26.6% based on the total of polymer), and number-average molecular
weight: about 50,000. Manufacturing example 7: Synthesis of
styrene-butadiene-styrene block copolymer treated with t-butyl chloride
4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by
the 20 addition of 11 g of tetrahydrofuran, 12:1 of styrene monomer and
l6mmol of n-butyl lithium. The mixture was polymerized for 30 minutes and
then >j2~ of 1,3-butadiene monomer was further added to a reactor for
1-hour polymerization. Finally, 124g of styrene monomer was added to the
mixture and polymerized for 30 minutes. With the I7   2 ~ JUN 2002 WO
00I08069 PGTIKR98/00440 addition of 1.5g of t-butyl chloride, the terminal
of a polymer was inactivated. The polymer, so obtained) was a
styrene-butadiene-styrene block copolymer with the following
characteristics: Bound styrene content: 31.0%(block styrene content:
30.0%), a bound l,? vinyl content of butadiene units: 38.5%(26.6% based on
the total of polymer), and number-average molecular weight: about 50,000.
Manufacturing example 8: Synthesis of styrene-butadiene-styrene block
copolymer 



treated with isopropyl alcohol 4,800g of cyclohexane was added to a 10L
autoclave reactor, and followed by the addition of 11 g of tetrahydrofuran,
124g of styrene monomer and 16mmo1 of n-butyl 10 lithium. The mixture was
polymerized for 30 minutes and then 552g of 1,3-butadiene monomer was
further added to a reactor for 1-hour polymerization. Finally, 124g of
styrene monomer was added to the mixture and polymerized for 30 minutes.
With the addition of 1.0g of isopropyl alcohol, the terminal of a polymer
was inactivated. The polymer, so obtained, was a styrene-butadiene-styrene
block copolymer with 1 ~ the following characteristics: Bound styrene
content: ~ 1.0%(block styrene content: 30.0%), a boundl,2-vinyl content of
butadiene units: 38.5%(26.6% based on the total of polymer), and
number-average molecular weight: about 50,000. Manufacturing example 9:
Synthesis of styrene-butadiene-styrene block copolymer treated with acetone
20 4,800g of cyclohexane was added to a 10L autoclave reactor) and followed
by the addition of 11 g of tetrahydrofuran, 124 of styrene monomer and
16mmol of n-butyl lithium. The mixture was polymerized for 30 minutes and
the >j2~ of 1,3-butadiene monomer were fuzther added to a reactor for
1-hour pol~~merization. Finally, 12=lg of 18   2 7 JUN 2002 WO 00/08069
PCT/ICR98/00440 ' I styrene monomer was added to the mixture and
polymerized for 30 minutes. With the addition of 0.9g of acetone, the
terminal of a polymer was inactivated. The polymer, so obtained, was a
styrene-butadiene-styrene block copolymer with the following
characteristics: Bound styrene content: 31.0%(block styrene content:
30.0%), a boundl,2-vinyl content of butadiene units: 38.5%(26.6% based on
the total of polymer), and number-average molecular weight: about 50,000.
Manufacturing example 10: Synthesis of styrene-butadiene-styrene block
copolymer treated with allyl chloride 4,800g of cyclohexane was added to a
10L autoclave reactor, and followed by the 10 addition of 11 g of
tetrahydrofuran, 124g of styrene monomer and l6mmol of n-butyl lithium. The
mixture was polymerized for 30 minutes and then 52g of 1,3-butadiene
monomer was further added to a reactor for 1-hour polymerization. Finally,
I24g of styrene monomer were added to the mixture and polymerized for 3 0
minutes. With the addition of 1.2g of allyl chloride, the terminal of a
polymer was inactivated. 1 ~ The polymer, so'obtained, was a
styrene-butadiene-styrene block copolymer with the following
characteristics: Bound styrene content: 31.0%(block styrene content:
30.0%), a boundl,2-vinyl content of butadiene units: 38.i%(26.6% based on
the total of polymer), and number-average molecular weight: about Q0,000.
Manufacturing example 11: Synthesis of styrene-butadiene-styrene block
copolymer 20 treated with trimethylsilyl chloride =1,800a of cyclohexane
was added to a 10L autoclave reactor, and followed by the addition of 11 g
of tetrahydrofuran, 12:1g of styrene monomer and 16mmo1 of n-butyl lithium.
The mixture was polymerized for 30 minutes and then 2g of 1,3-butadiene 



19 ..   2 ~ JUN 2002 WO 00I08069 PCT/ICR98/00440 monomer was further added
to a reactor for 1-hour polymerization. Finally, 124g of styrene monomer
was added to the mixture and polymerized for 30 minutes. With the addition
of 1.2g of benzyl chloride, the terminal of a polymer was inactivated. The
polymer) so obtained, was a styrene-butadiene-styrene block copolymer with
the following characteristics: Bound styrene content: 31.0%(block styrene
content: 30.0%), a boundl,2-vinyl content of butadiene units: 38.i%(26.6%
based on the total of polymer), and number-average molecular weight: about
Q0,000. Manufacturing example 12: Synthesis of styrene-butadiene-styrene
block copolymer treated with methyl bromide 10 4,800g of cyclohexane was
added to a l OL autoclave reactor, and followed by the addition of 11 g of
tetrahydrofuran, 124g of styrene monomer and l6mmol of n-butyl lithium: The
mixture was polymerized for 30 minutes and then 2g of 1,3-butadiene monomer
was further added to a reactor for 1-hour polymerization. Finally) 124g of
styrene monomer was added to the mixture and polymerized for 30 minutes.
With the 1 ~ addition of 1.5g of methyl bromide, the terminal of a polymer
was inactivated. The polymer, so obtained, was a styrene-butadiene-styrene
block copolymer with the following characteristics: Bound styrene content:
31.0%(block styrene content: 30.0%), a boundl,2-vinyl content of butadiene
units: 38.i%(?6.6% based on the total of polymer), and number- average
molecular weight: about Q0,000. 20 ll~Ianufacturing example 13: Synthesis
of styrene-Isoprene-styrene block copolymer treated with t-butyl chloride
4,800g of cyclohexane was added to a 10L autoclave reactor, and followed by
the addition of 11Q of tetrahydrofuran, 1?4Q of styrene monomer and l6mcnol
of n-butyl 20   2 7 JUN 2002 WO 00I08069 PCT/KR98/00440 lithium. The
mixture was polymerized for 30 minutes and then 52g of isoprene monomer was
further added to a reactor for 1-hour polymerization. Finally, 124g of
styrene monomer was added to the mixture and polymerized for 30 minutes.
With the '' ' addition of 1.9g of benzyl chloride, the terminal of a
polymer was inactivated. 5 The polymer, so obtained, was a
styrene-butadiene-styrene block copolymer with the following
characteristics: Bound styrene content: 31.0%(hlock styrene content:
30.0%), a boundl,2-vinyl content of butadiene units: 38.i/`o(26.6% based on
the total of polymer), and number-average molecular weight: about 50,000.
Manufacturing example 14: Synthesis of styrene-butadiene random copolymer
10 treated with t-butyl chloride ~,OOOg of cyclohexane was added to a 1 OL
autoclave reactor, and followed by the 



addition of 100g of tetrahydrofuran, 130g of styrene monomer and 870g of
butadiene monomer. With the addition of l Otnmol of n-butyl lithium, the
mixture was polymerized for 1 hour and then 0.9g of t-butyl chloride was
further added to a reactor to deactivate 1 ~ the terminal of a polyrtier.
The polymer, so obtained, was a styrene-butadiene random copolymer with the
following characteristics: Bound styrene content: 13%, a bound 1,2-vinyl
content of butadiene units: ~7%, and number-average molecular weight: about
100,000. Manufacturing example 1~: Synthesis of butadiene polymer treated
with t-butyl 20 chloride ~,OOOg of cyclohexane was added to a 10L autoclave
reactor, and followed by the addition of 1,000g of butadiene monomer. With
the addition of 1 Ommol of n-butyl lithium, the mixture was polymerized for
? hours and then 0.9~ of t-butyl chloride was ?1   2 7 JUN 2002 W O
00!08069 further added to a reactor to deactivate the terminal of a
polymer. PC'TJICR98l00440 The polymer, so obtained, was a butadiene polymer
with the following characteristics: a bound 1,2 vinyl content of butadiene
units: ~7%, bound cis content: 3~% and number-average molecular weight:
about 100,000. Manufacturing example 16: Synthesis of isoprene polymer
treated with t-butyl chloride 5,000g of cyclohexane was added to a 10L
autoclave reactor, and followed by the addition of 1,000g of isoprene
monomer. With the addition of IOmmol of n-butyl lithium, the mixture was
polymerized for 2 hours and then 0.9g of t-butyl chloride was 10 further
added to a reactor to deactivate the terminal of a polymer. The polymer, so
obtained, was a isoprene polymer with the following characteristics: a
bound 1,2-vinyl content of butadiene units: 10% and number-average
molecular weight: about 100,000. . Example 1-7 1 ~ 2,800g of a polymer
solution containing 400g of a polymer) so obtained from Manufacturing
Examples 6-12, was put in a SL autoclave reactor, stirred at 400rpm and
heated at 60C. Then, 32 mmol of LiH and l.6mmo1 of a catalyst, so obtained
from Nianufactuting Examples ~ and 1, respectively, were added to the
polymer solution. The reactor was 20 . pressurized with hydrogen at
lOkgflcm'- to continue the hydrogenation for 180 minutes. After the
reaction was completed, the reactor was cooled with the pressure lowered to
atmospheric pressure. The reaction mixture was added to methanol to
precipitate the polymer.   WO 00I08069 2 7 JUN 2002 PCT/KR98/00440 The
'H-NMR results on the hydrogenated polymer such as the hydrogenation 



yield of butadiene units and styrene units were shown in the following
table 1. Table 1. Example1234567Manufacturing
example(polymer)6789101112Hydrogenation yield of butadiene
units(%)99999897999998Hydrogenation yield of styrene units(%)<1<1<1<1<1<1<1
Example 8-13 10 The hydrogenation was performed in the same manner as
Example 1 except for using the polymers and catalysts, so obtained from
Manufacturing Examples 6-12 and Manufacturing Examples 2-4, respectively.
The results were shown in the following table 2. 15 20 Table 2.
Example8910111213Manufacturing exarriple(catalyst)223344Manufacturing
example(polymer)678101112Hydrogenation yield of butadiene
units(%)999899999999Hydrogenation yield of Styrene units(/a)< l< 1< 1< 1<
1< 1 Example 1=t-17 The hydrogenation was performed in the same manner as
Example 1 e:ccept for using the polymers and catalysts, so obtained from
Manufacturing Examples 13-1 b and Manufacturing Example 2) respectively.
The results were shown in the following table 2~ 3. 23   2 7 JUN 20Q2 WO
00I08069 PCT/ICR98/00440 Table 3. Example141 ~1617Manufacturing
example(catalyst)2222Manufacturing example(polymer)13141 ~16Hydrogenation
yield of butadiene units(%)97989~9~Hydrogenation yield of styrene
units(%)<1<1-- Example 18-22 ,800g of a polymer solution containing 400g of
a polymer, so obtained from 10 Manufacturin' Examples 1 l, was put in a ~L
autoclave reactor, stirred at 400rpm and heated at 60C. Then, the amount of
LiH and a catalyst, so obtained tom Manufacturing Examples ~ and 1,
respectively, was adjusted and added to the polymer solution. The reactor
was pressurized with hydrogen at 10-20kgflcm-' to continue the
hydrogenation for 180 minutes. After the reaction was completed, the
reactor was cooled with the pressure 15 lowered to atmospheric pressure.
The reaction mixture was added to methanol to precipitate the polymer: The
'H-NMR results on the hydrogenated polymer such as the hydrogenation yields
of butadiene units and styrene units were shown in the following table 4.
Table 4. 20 Example1819202122Manufacturing example(polymer)111111111
lPressure of hydrogen (k?f/cm'-)201 ~1 ~1010Amount of catalyst(mIvUpolymer
of 100a)0.10.1 ~0.20.30.8Molar ratio of LiH and catalyst1 ~1 ~10106 24
'11 JUN 200 WO 00/08069 PCT/ICR98/00440 Hydrogenation yield of butadiene
units(%)9?97999999Hydrogenation yield of styrene units(%)< 1< 1< 1< 1< 1 As
mentioned above in more detail, a novel catalyst of this invention prepared
from a mixture of monocyclopentadienyl titanium compound and lithium
hydride formed in solution of organo lithium and hydrogen has recognized
some advantages in that a) when a conjugated diene polymer is hydrogenated
using a highly active novel catalyst, the hydrogenation may be performed
under a mild condition, and b) in particular, when a copolymer containing a
conjugated diene and vinyl-substituted aromatic hydrocarbon, 10 the
unsaturated double bonds of conjugated diene units are selectively
hydrogenated. Industrial Application 



According to this invention, the fact that a conjugated diene polymer is
used as a base material has the following advantages in that a) a following
hydrogenation is available in a same reactor, b) since a small amount of
catalyst could exhibit extremely 1 ~ high activity, it is quite economical,
and c) its industrial application may be available due to easier process.
20 25   2 ~ .lUN 2Q2 WO OOI080G9 ~ PCT/KR98100440 WHAT IS CLAI11~IED IS 1.
Process for hydrogenating a conjugated diene polymer, wherein it comprises:
polymerizing at least orie conjugated diene monomer or copolymerizing said
monomer with a vinyl aromatic monomer using an organo allcali metal as an
initiator 5 thereby forming a living polymer; deactivating the terminal of
said living polymer using a terminating agent in an equimolar amount; and
hydrogenating the unsaturated double bonds in the conjugated diene units of
the polymer by the addition of lithium hydride (LiH) and
monocyclopentadienyl titanium 10 compound represented by the following
formula I, together with hydrogen, to the polymer having an inactivated
terminal. Formula I Cp-Ti~ R~ 1~ Where, Cp is a cyclopentadienyl
group(CsHj); 20 R, and R, are the same or different and are selected from
halogen atom; R; and R~ are the same or different and are selected from
hydrogen atoms, alkyl or alloxy soup containin' 1 to 1? carbon atoms, aryl
or aryloxy groups containing 6 to 30 carbon atoms and cycloalkyl Groups
containing 6 to ?0 carbon atoms. ,. 26    2 7 JUt~ 2002 WO 00/08069
PCT/KR98/00440 2. The process of claim 1, wherein said conjugated diene
monomer includes isoprene or butadiene. 3. The process of claim 1) wherein
said vinyl aromatic monomer includes styrene or alphamethyl styrene. 4. The
process of claim 1, wherein said conjugated diene monomer and vinyl
aromatic monomer are mixed in the weight ratio of 1:9 to 9:1. The process
of claim 1, wherein said organo alkali metal initiator includes an organo
lithium compound. 6. The process of claim ~ ) wherein said organo lithium
compound includes n-butyl 10 lithium or sec-butyl lithium. 7. The process
of claim 1, wherein said terminating agent is employed $om one or more
compounds selected tiom the group consisting of amines, alcohols, esters,
ketones and haloeenated compounds. 8. The process of claim 1 or 7, wherein
said terminating agent is selected from the 1 ~ following group: benzyI
chloride, benzyl bromide, benzyl iodide, methyl chloride, methyl bromide,
methyl iodide) ethyl chloride, ethyl bromide, ethyl iodide, butyl chloride,
butyl 



bromide) butyl iodide, acetone, methyl isobutyl ketone, diphenyl ketone,
methanol, ethanol, isopropyl alcohol, butanol, phenol, cresol,
2,6-di-t-butyl ~-methyl phenol, ethylacetate, butylacetate, trimethylsilyl
fluoride, trimethylsilyl chloride) trimethylsilyl 20 bromide,
trimethylsilyl iodide, ttiethyisilyl fluoride, triethyisilyl chloride,
triethylsilyl bromide, triethylsilyl iodide, tributylsilyl fluoride,
tributylsilyl chloride) tributylsilyl bromide, tributylsilyl iodide,
triphenylsilyl fluoride, triphenylsilyl chloride, triphenylsilyl bromide
and triphenylsiiyl iodide. 27   2 ~ J U N 2002 ,.,ru WO 00I08069
PCT/KR98/00440 9. The process of claim l ) wherein said lithium hydride
compound comparing to . monocyclopentadienyl titanium compound is
excessively used in the molar ratio of 2 to 30. s 10. The process of claim
1 or 9) where said lithium hydride is prepared in solution 5 of an organo
lithium compound and hydrogen gas. 11. The process of claim l, wherein said
monocyclopentadienyl titanium compound is selected from the following group
for a single use or in the mixed form: monocyclopentadienyl(2-t-butyl
phenoxy)titanium difluoride, monocyclopentadienyl(2-t-butyl
phenoxy)titanium dichloride) 10 monocyclopentadienyl(2-t-butyl
phenoxy)titanium dibromide, monocyclopentadienyl(2-t-butyl phenoxy)titanium
diiodide, monocyclopentadienyl(2,6-di-t-butyl 4-methyl phenoxy)titanium
difluoride, monocyclopentadienyl(2,6-di-t-butyl 4-methyl phenoxy)titanium
dichloride, monocyclopentadienyl(2,6-di-t-butyl ~-methyl phenoxy)titanium
dibromide, 1 ~ monocyclopentadienyl(2,6-di-t-butyl 4-methyl
phenoxy)titanium diiodide, monocyclopentadienyl(2,6-di-t-butyl 4-methoxy
phenoxy)titanium difluoride, monocyclopentadienyl(2,6-di-t-butyl 4-methoxy
phenoxy)titanitun dichloride, monocyclopentadienyl(2,6-di-t-butyl 4-methoxy
phenoxy)titanitirn dibromide, monocyclopentadienyl(2,6-di-t-butyl 4-methoxy
phenoxy)titanium diiodide, 20 monocyclopentadienyl(2,6-di-t-butyl
phenoxy)titanium difluoride, ' monocyclopentadienyl(2,6-di-t-butyl
phenoxy)titanium dichloride, monocyclopentadienyl(2,6-di-t-butyl
phenoxy)titanium dibromide, monocyclopentadienyl(2,6-di-t-butyl
phenoxy)titanium diiodide, 28 ..   2 ~ ~ a N 2ooz WO 00I08069
monocyclopentadienyl(2.4,6-tri-t-butyl phenoxy)titanium difluoride,
monocyclopentadienyl(?,4,6-tri-t-bury 1 phenoxy)titanium dichloride,
PCT/KR98/00440 monocyclopentadienyl(2,=l,6-tri-t-butyl phenoxy)titanium
dibromide and monocyclopentadienyt(2,4,6-tri-t-butyl phenoxy)titanium
diiodide. 



12. The process of claim l, wherein said hydrogenation is performed under
the following reaction conditions: temperature from 0 to 150C, pressure
from 1 to 100kgf/cm'-, amount of catalyst from 0.01 to 20mM/100g polymer
and time froml5 to 1440 minutes. 13. The process of claim 1 or 12, wherein
said hydrogenation is performed under the 10 following reaction conditions:
temperature(50 to l40C), pressure(5 to 20kgf/cm2), amount of catalyst(0.05
to 2mM/100g polymer) and time(30 to 360 minutes). 14. The process of claim
1, wherein said polymer has a number-average molecular weight of between
500 to 1,000,000. 15. The process of claim 1, wherein said hydrogenation is
performed in such a 15 manner that the unsaturated double bonds are
hydrogenated having more than 95% conjugated diene units and less than 5%
vinyl aromatic units. 16. The process of claim 1, wherein the concentration
of said polymer is in the range of 1 to 50wt% in a solvent. 20 29
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