
; e3eF<C  !\%Z&;6;T<9w-1 11 August 2004 TAPERED BLOCk COPOLYMERS OF
HONOVINYLARENES AND CONJUGATED DiENES Field of the Invention This invention
relates to tapered block copolymers of monovinylarees and conjugated dienes
and methods of preparation of these tapered block copolymers. Background of
the Invention There has developed in the polymer field, and especially in
the packaging and related industries) a need for thermoplastic polymers
that can be formed into colorless, transparent articles having good impact
strength and ductility. There are needs for polymers which are useful as
single components as well as for use in blends with other commonly used
polymers to make articles with improved properties. The polymers satisfying
these needs should be suitable for use with conventional extrusion,
injection and. blow molding equipment and also suitable for use in other
methods of forming plastics into containers, tubes, films, fibers, and the
like. Polystyrene, high impact polystyrene, branched block copolymers, and
the like have been developed to meet these criteria with various degrees of
satisfaction.   -2= 11 August 2004 Much effort he's been directed to the
preparation of substantially transparent block copolymer resins with a
variety of block structures produced by a variety of monomer addition
sequences end a variety of coupling agents. Desirable properties and an
economic advantage can be obtained by blending some
monovinylaromatic-conjugated dieue copolymers with polystryene polymers.
However, because blueness of blends of monovinylaromatic-conjugated diene
copolymers with polystyrene polymers cannot be predicted by rule of
mixtures behaviors, getting a desirable combination of properties can be a
complicated task. Sometimes relatively colorless
monovinylaromatic-conjugated diene i copolymers give blends with high
blueness when blended with colorless general purpose polystyrene. Blueness
of articles formed from various copolymers and blends of copolymers with
other polymers is a longstanding problem in . applications where colorless
materials which also have good impact . strength and ductility are
desirable. Specific examples include materials for water and food
containers. The present invention provides novel resinous ~`~- tapered
block copolymers of vinyl-substituted aromatic hydrocarbons and conjugated
dimes from which can be made articles with low blueness and acceptable
impact strength and' ductility, which are suitable for use in .blends with
polymers of styrene, particularly blends from which' can be made articles
11 August 2004 that exhibit low bluenesa and acceptable impact strength
and/or ductility, or which can be used in smaller amounts than some of the
other commonly used resinous polymodal monovinyl substituted
aromatic-conjugated dieae block copolymers in blends with polymers of
styrene to achieve similarly low blueness levels and good impact strength
and/or ductility in articles made from the blends. The invention also deals
with novel processes for making resinous tapered block monovinyla
romatic/conjugated diene copolymers, including copolymers suitable for use
in blends. In one embodiment of the process of the invention, copolymers
are prepared under solution polymerization conditions in a reaction zone
by: (a) charging a monovinylaromatic monomer and as initiator in the
presence of a randomizer and allowing polymerization to occur until
essentially no free monomer is present; thereafter 4b) charging a
monovinylaromatic monomer and an initiator and allowing polymerization to
occur until essentially no free monomer is present; thereafter (c) charging
a mixture of monovinylaromatic monomer and conjugated diene monomer and
allowing polymerization to occur until essentially no free monomer is
present; and thereafter (d) charging the reaction mixture with a coupling
agent. In another embodiment of the process of the y invention, copolymers
are prepared in the same manner as those of the first embodiment, except
that additionally. after step (c) and proceeding step (d), a second
separate charge of a mixture of monovinylaromatic monomer and conjugated
-4- 11 August 2004 diene monomer is made and allowed to polymerise until
essentially no , free monomer is present before charging the reaction
mixture with a coupling agent. we have discovered novel
monovinylaromatic/conjugated diene tapered block copolymers which can be
used neat or blended with polymers of styrene to produce resins which can
be formed into articles with low blueness and advantageous impact
properties and/or ductility. The polymers of this invention are
characterized as resinous non-rubbery block copolymers of at least one
conjugated diene with at least one monovinylarene, having at least one
random-tapered block and are prepared so that, when the choice of coupling
agent permits, st least a portion of the final product is of a branched,
coupled character. The polymers prepared according to this invention
contain from about 55 to about 95, preferably from about 60 to shout 90)
more preferably from about 65 to about 85, weight percent of copolymerized
monovinyl aromatic mociomer based on the weight of total monomers employed.
Correspondingly, the inventive copolymers contain fron about 45 to about 5,
preferably from about 40 to about 10, and more preferably from about 35 to
about 15 weight percent copolymerized conjugated diene monomer based on the
total weight of monomers in the copolymer. The coupled portions of the
resinous polymodal block copolymers of this"'invention have terminal
polymonovinylarene blocks on the extending arms of 'each linear or radial
copolymer molecule, and further contain at least one internal tapered block
of monovinylarene   -5- 11 August 2004 end conjugated diene. .The resinous
copolymeric polymodal products also contain portions of linear uncoupled
block copolymers of poly(monovinylarene)-poly(conjugated diene); the linear
uncoupled block copolymer content is considered to be an important portion
of the resinous product with respect to its overall properties. Components
The process of this invention can be carried out using as as initiator any
of the organomonoalkali metal compounds of the formula RH wherein R is an
alkyl, cycloalkyl or arylcarbanion containing 4 to 8 carbon atoms and H is
an alkyl metal cation. mixtures of organoalkali I metal compounds can be
used. The presently preferred initiators are alkylmonolithium compounds)
especially n-butyllithium or sac-butyllithium. The conjugated dieae
monomers which can be used contain 4. to 6 carbon atoms and include
1,3-butadiene, 2-methy'1-1,3-butadiene, 2-ethyl-1,3-butadiene)
2,3-dimethyl-1,3-,butadiene and I,3-pentadiene and mixtures thereof. Each
of the charges containing conjugated diene in the same sequence of charges
may be the same, but is not necessarily the same, conjugated diene monomer
or mixture of conjugated diene monomers. 



The presently preferred conjugated diene monomer is 1,3-butadiene. The
monovinylaromatic monomers which can be used contain 8 to 12 carbon atoms
and include styrene, alpha-mathylstyrene, 4-methylstyreae, 3-methylstyrene,
2-methylstyrene, 4-ethylstyrena, 3-ethylstyrene, 2-ethylstyrene,
4-tert-butylstyrene,, 2,4-dimethylstyrene and condensed aromatics such as
vinyl napthalene and mixtures thereof. Each of the charges containing
monovinylaromatic monomer in the same   -6- 11 August 2004 sequence of
charges may be the same, but is not necessarily the same, monovinylaromatlc
monomer or mixture of monovinylaromatic monomers. The presently preferred
monovinylaromatic monomer is styrene. Examples of polar compounds which can
be advantageously employed as randomizers are ethers, thioethers (sulfides)
and tertiary amines. It is usually preferred to use ethers and sulfides in
which the radicals attached to the oxygen or sulfur atoms are hydrocarbon
redicals. Specific examples of such polar materials include dimethyl ether,
diethyl ether, ethyl methyl ether, ethyl propyl ether, di-n-propyl ether,
di-n-octyl ether, anisole, dioxane, 1,2-dimethoxyethane, dibenzyl ether)
diphenyl ether, 1,2-dimethoxybenzene, tetramethylena oxide
(tetrahydrofuran), dimethyl sulfide, diethyl sulfide, di-n-propyl sulfide,
di-n-butyl sulfide, methyl ethyl sulfide, dimethylethylamine)
tri-n-ethylamine, tri-n-propylamine, tri-n-butylamine, trimethylamina,
triethylamine,tetramethylethylenediamine, tetraethylethylenediamine,
N,N-di-methylaniline, N-methyl-N-athylaniline, N-mathylmorpholine, and the
like. It is to be understood also that mixtures of these polar compounds
can be employed in the practice of the present invention. The polar
compounds are generally used in admixture with the hydrocarbon diluent.
Presently preferred are either tetrahydrofuran or diethyl ether. Among the
suitable coupling agents era the di- or multivinylaromatic compounds, di-
or multiepoxides, di- or multiisocyanates, di- or multiimines, di- or
multialdehydes, di- or multiketones, alkoxytin compounds, di- or
multihalides) particularly silicon halides and halosilanes, coupling agents
comprising mono-, di-) or multianhydridea, mono-,    11 August 2004 di-, or
multiesters, preferably the esters of monoalcohols with polycarboxyllc
acids, diesters which are esters of monohydric alcohols with dicarboxylic
acids) lactones) and the like, including compounds containing two or more
groups and mixtures of two or more compounds. Examples of suitable
vinylaromatic coupling agents include, but are not limited to,
divinylbenzene, 1,2,4-trivinylbenzene, 1,3-divinylnaphthalene,
1,3,5-trivinylnaphthalene, 2,4-divinylbiphenyl, p-diisopropenylbenzene, and
the like. Of these, the divinylaromatic hydrocarbons are preferred,
particularly divinylbeazene in_ either its ortho, mete; or pare isomer.
Commercial divinylbenzene which is a mixture of the three isomers and other
compounds is satisfactory. Epoxidized hydrocarbon polymers such as
epoxidized liquid polybutadiene and epoxy compounds such as 1,2; 5,6;
9,10-triepoxydecane, and the like, can be used as coupling agents.
Organoalkyl phosphates and arylalkyl phosphates era considered useful as
coupling agents in this invention. Examples of suitable multiisocyanato
coupling agents include benzene-1,2,4-triisocyanate,
naphthalene-1,2,5,7-tetraisocyanate) and the like. Commercially available
products known as PAPI-1) a polyarylpolyisocyanate having an average of 3
isocyanate groups par molecule and an average molecular weight of about 380
are suitable. The multiimines, also known as multiaziridinyl compounds,
such as those containing 3 or more aziridine rings per nolecule, are useful
as coupling agents. Other compounds useful as coupling agents include
tetrevinyl silane, trivinyl phosphine, the trieziridinyl phosphine oxides
or sulfides such as tri(1-aziridinyl)phssphine oxide,   _g_ 11 August 2004
tri(2-methyl-1-aziridinyl)phosphine ozlda)
tri(2-ethyl-3-decyl-1-aziridinyl)phosphine sulfide, and the like. The
multialdehyde coupling agents are represented by compounds such as
1,4,7-naphtbalenetricarboxyaldehyde, 1,7,9-anthracenetricarboxyaldehyda)
1,3,5-pentanatricarboxyeldehyda, and similar multialdahyde-containing
aliphatic and aromatic compounds. The multiketones are represented by
compounds such as 1,4,9,10-anthracenetetrone) 2,3-diacetonylcyclohexanona,
and the like. Examples of the multianhydrides include pyromellitic
dianhydride, styrene-maleic anhydride copolymers, and the like. Examples of
the , f multiesters include diethyladipate, triethylcitrate,
1,3,5-benzenetricarboxylic acid) triethyl ester,, and the like. Among the
multihalida coupling agents era the silicon tetrahalides such as silicon
tetrachloride, silicon tetrabromide, and silicon tetreiodide; the
trihalosilanes such as trichlorosilane, trichloroetbylsilana,
tribromobenzylsilane, and the like; and the multihalogen-substituted
hydrocarbons, sych as 1,3,5-tri(bromomethyl)benzene,
2,5,6,9-tetrachloro-3,7-decadiene) and the like, in which the halogen is
attached to a carbon atom which is alpha to an activating group such as an
ether linkage) a carbonyl group) or a carbon-to-carbon double bond.
Substituents inert With respect to lithium atoms in the terminally reactive
polymer can also be present in the active halogen-containing compounds.
Alternatively, other suitable reactive groups different from the halogens
as described above can ba present. Other metal multihalides, particularly
those of tin, lead, or germanium, can be employed as coupling and branching
agents. Silicon or I   _y_ 11 August 2004 other metal multielkoxides, such
as silicon tetraethoxide, are also suitable coupling agents. Examples of
compounds containing more than one type of functional group include
1,3-dichloro-Z-propanone, 2,2-dibromo-3-decanone, 2,4-dibromo-3-pentanone,
1,2; 4,5-diepoxy-3-pentanone, 1,2; 4,5-diepoxy-3-hexanone, 1,2;
11,12-diepoxy-8-pentadecanone, 1,2;1g,19-diepoxy-7,14-eicosanediona, and
the like: Useful multifunctional coupling agents include epoxidized
vegetable oils such as epoxidized soybean oil, epoxidized linseed oil and
the, like or mixtures thereof: The presently preferred coupling agent is
eooxidized vegetable oil. Presently preferred is epoxidized soybean oil.
Process The unique polymodal tapered block character of the polymer and low
blueness and good impact strength and/or ductility of articles made from
the polymer or blends of the polymer of the first embodiment of the process
of the invention are produced by the unique sequence of an initial charge
of monovinylaromatic monomer and initiator and a subsequent addition of a
second charge of monovinylaromatic monomer and initiator, followed by a
separate charge of a mixture of monovinylaromatic monomer and cotijugated
diene, and a subsequent coupling step. The unique polymodal tapered block
character of the polymer and low blueness and gmod impact strength and/or
ductility of articles made from the polymer or blends of the polymer of the
second embodiment of this invention are produced by the process of the
first embodiment with the addition of a second separate charge of a mixture
of monovinyl   -lo 11 August 2004 aromatic and conjugated diene monomers
next proceeding the coupling step. In each of the two embodiments of this
invention the first 



initiator charge produces active living monovinyl aromatic component
polymer blocks with alkali metal atoms (from the initiator) on at least ono
end to form active reaction sites. Each subsequent monomer charge adds
monomer to the living polymer chain at the alkali metal reaction site. At
each stage of charging, polymerization is allowed to continua until
essentially no free monomer is present. With each subsequent charge which
includes initiator a new polymer-alkali metal species will be produced) and
each subsequent monomer charge has an opportunity for polymerization of
part of the charge with each of the existing polymar-alkali metal species.
Each of the active living polymer chains will be terminated on both ends
with monovinyl aromatic blocks after polymerization of each monomer charge
containing monovinyl aromatic. When mixtures of monovinyl aromatic monomer
and conjugated diem are charged,. the polymer chains w111 be terminated
with the monovinyl aromatic rich ends of the tapered blocks prior to
coupling. After virtually complete polymerization of the final monomer
charge, the active living linear block copolymers are charged with a
difunctional or polyfunctional coupling agent to allow coupling of each of
the living species with each of the other living species or with others of
the same living species to form the desired polymodal tapered block
copolymers. If the coupling agent is not 100 percent efficient and/or if
less or more than a stoichiometric amount of coupling agent is used, there
can be some uncoupled terminated polymer chains of each of the species in
the final reaction mixture.   -11 11 August 2004 Use of difunctional
coupling agents will produce predominantly linear polymer chains. Depending
upon functionality) various degrees and kinds of branching may be
accomplished with polyfunctional coupling agents. Variations in the amount
of a particular polyfunctional coupling agent also can be used to
manipulate the degree and kind of branching at the coupling sites. The
charging sequences of this invention and the resulting polymers at each
stage are. exemplified using a selected monovinylaromatic monomer)
conjugated diene and polyfunctional coupling agent in the following Tables
1 and 2.     -12  TABLE 1 Invention Charging Sequence (First Embodiment) 11
August 2004 Charge Contents of Charge Resulting Polymer Chains (a) `
randomizer, initiator, and styrene, (b) initiatorx and styrene= (c)
butadienex and styren a (d) coupling agent S1-Li, Si_Sx-Lii Sx-Lix
SI-Sx-Hx/Sx-Lix Sx-Bi/SyLix polymodal tapered block copolymers with styrene
terminal blocks where S = styrene B = butadiene H/S = tapered block Li =
residue from a monoalkali metal initiator remaining on the end of the
polymerization chain or reaction site prior to termination or coupling.
subscripts = designation of the numerical order in which that particular
component was charged or 'formed. s   -13 11 August 2004 TABLE 2 _Invention
Charring Seguence (Second Embodiment) Charge Contents of Charge Resulting
Polymer Chains (a) ` randomizer) initiator) and styrene) (b) initiator= and
styrene= (c) butadiene) and styrenea (d) butadiene= and styrene (e)
coupling agent where S = styrene B = butadiene B/S = tapered block Sa_Lii S
a-Sx_L.i i S1-Li= S1-S=-B1/SJ-L31 S=-Hl/Sa-Li= S1-S=-H1/SWHa/SWLiy
S:-Bi/Ss-H:/Ss-Li= polymodal tapered block copolymers with styrene.
terminal-blocks Li = residue from a monoalkali metal initiator remaining on
the end of the polymerization chain or reaction site prior to termination
or coupling. subscripts = designation of the numerical order in which that
particular component was charged or formed. The randomizer is usually added
with the diluent initially charged to the reactor. each of the charges
which has two monomers may be either a mixture of_the tyo monomers or
simultaneous charging 'of two separate monomers.   -14 11 August 2004 As
can be seen from the intermediate ,products listed in the charging sequence
tables above, in two embodiments of the invention there are at least two
distinct species of polymer chains before coupling. Thus, polymodal tapered
block copolymers comprising relatively high and low molecular weight
species can be produced. Tapered blocks in each of the growing polymer
chains are produced by simultaneously charging with at least two monomers
as shown in the preceeding tables of the inventive charging sequences. The
randomizer regulates tapering or random polymerization of the
monovinylaromatic monomer and the conjugated dune in a mixed monomer
charge. Choice.of-randomizar can be used to manipulate the direction of
taper in blocks resulting from charges of mixtures of monomers. The taper
can be either a graduation from conjugated diene rich chain to
monovinylaromatic rich chain or a graduation from a monovinylaromatic rich
chain to conjugated diem rich chain according to which monomer enters the
chain faster. For example, when tetrahydrofuran is used as a randomizer)
the diene enters into the chain faster than the monovinyl substituted
aromatic; therefore, when both the monovinylaromatic monomer and the
conjugated diene are present) the block tapers gradually from an
essentially polybutadiene block to an essentially monovinyl substituted
aromatic polymer block. The weight ratio of monovinyl substituted aromatic
monomer to conjugated diene monomer in each of the tapered blocks is
typically from about 1:0.63 to about 1:2, p=eferably from about 1:0.67 to
about 1:1.8, and more preferably from about 1:0.8 to about 1:'1.5. The
weight ratios of -monovinyl substituted aromatic monomer to conjugated
diene monomer in   -ls 11 August 2004 each of the tapered blocks in the
same polymer chain do not have to ba the same. Sea Exempla VII. Generally
each of the two tapered blocks made in steps (c) and (d) of the second
embodiment of this invention can ba of equal size; however, actual sizes of
the two tapered blocks can vary within the same copolymer depending upon
the amounts of monomers charged in each of the third and fourth monomer
charges. Sea run 13 In Example VII. 



Prior to coupling, a11 of the living polymer chains have monovinylaroroatic
terminal blocks on one end because of the initial monovinylaromatic charge
(a) and charge (b) made with initiator; the w living ends of the chains
w111 have tapered blocks prior to coupling because of the charge containing
both monovinylaroroatic and conjugated diene monomers made next precaeding
the coupling step. In addition to the sequence of additions of the monomers
and of the initiator, it is important to control the amount of each monomer
and initiator addition at each stage or increment so that a suitable
proportion of block sizes and proportion of polyroodality is obtained.
Generally in a presently preferred first embodiment of this invention, if a
polymer which is about 7s weight percent monovinylaromatic, based on total
monomer weight, is used, from about 27 to about 80 weight percent of the
total monovinylaromatic monomer is charged in step (a), from about 5 to
about 21 weight percent of the total monovinylaromatic monomer is charged
in step (b), and from about 20 to about 60 weight percent of the total
monovinylaroroatic monomer is charged in step (c)Generally more preferably,
from about 40 to about 70 weight percent of the total roonovinylaroroatic
monomer is charged in step (a), from about 8 to about 19 weight percent of
the total    -16- 11 August 2004 monovinylarometlc monomer is charged in
step (b), and. from about 27, to about 40 weight percent of the total
monovinylaromatic monomer is charged in step (c), Generally presently most
preferably, from about 47 to about 60 weight percent of the total'
monovinylaronatic monomer is charged in step (a), from about 11 to about 16
weight percent of the total- monovinylaromatic monomer is charged in step
(b), and from about 29to about 37 weight percent of thetotal
monovinylarometic monomer is charged in step (c). Generally, the
monovinylaromatic monomer charged in step (a) is from about 20 to about 60
parts by weight per .. 100 parts by weight of total monomers charged, the
monovinylaromatic monomer charged is step (b) is from about4 to about 16
parts by weight per 100 parts byweightof total monomers charged, and the
monovinylaromatic monomer charged in step (c) is from about 5 to about 45
parts per 100 parts by weight of total monomers charged. Preferably, the
sonovinylaromatic monomer charged in step ~(a) is from about 30 to about 50
parts by weight per 100 parts by weight of total r monomers charged, the
monovinylaromatic monomer charged in step (b) is from about 6 to about 14
parts by weight per 100 parts by weight of total monomers charged, and the
monovinylaromatic monomer charged in step (c) is from about 20 to about 30
parts by weight per l00 parts by weight of total monomers charged. More
preferably, the monovinylaromatic monomer charged in~step (a) is from about
35 to about 45 parts by weight per 1D0 parts by weight of total monomers
charged, the 7 monovinylaromatic monomer charged in step (b) is from about
8 to about 12 parts by weight per 100 parts by weight of total monomers
charged, sad the monovinylaromatic monomer charged in step (c) is from
about 22 to about 28 parts by weight per 100 parts by weight of total
monomers charged.   -17 11 August 2004 Generally in a presently preferred
second embodiment of this invention, if a polymer which is about 75 weight
percent monovinylaromatic, based on total monomer weight, is used, from
about 27 to about 80 weight percent of the total eonovinylaromatic nonomer
is charged in step (e), from about S to about 21 weight percent of the
total monovinylaromatic monomer is charged in step (b), from about 3 to
about 19 weight percent of the total monovinylaromatic monomer is charged
in step (c), and from about 13 to about 36 weight percent of the total
monovinylaromatic monomer is charged in step (d). Generally more
preferably, from about 40 to about 67 weight percent of the total
monovinylaromatic monomer is charged in step (e)) from about 8 to about 19
weight percent of the total monovinylaromatic monomer is charged in step
(b), from about 5 to about 19 weight percent of the total monovinylaromatic
monomer is charged in step (c), and from about 16 to about 32 weight
percent of the total monovinylaromatic monomer is charged in step (d).
Generally presently most preferably, from about 47 to about 60 weight
percent of the total monovinylaromatic monomer is charged in step (a), from
about 11 to about 16 weight percent of the total monovinylaromatic monomer
is charged in step (b), from about 8 to about 13 weight percent of the
total monovinylaronatic monower is charged in step (c), and from about 20
to about 2S weight percent of the total monovinylaromatic monomer is
charged in step (d). ,   _lg_ 11 August 2004 Generally, the
monovinylaromatic monomer charged in step(a) ie from about 2D to about 60
parts by weight per 100 parts by weight of total monomers charged, the
monovinylaromatic monomer charged in step (b) ie from about 4 to about 16
parts by weight per 100 parts by weight of total monomers charged) the
monovinylaromatic monomer charged in step (c) is from about 2 to about 14
parts by weight per l00 parts by weight of total monomers charged, and the
monovinylaromatic monomer charged in step (d) is from about 10 to about. 27
parts by Weight per 100 parts by .. weight of total monomers charged.
Preferably, the monovinylaromatic monomer charged in step (a) is from about
30 to about 50 parts by weight per 100 parts by weight of total monomers
charged, the monovinylaromatic monomer charged in step (b) is from about 6
to about 14 parts by weight per 100 parts by weight of total monomers
charged, the monovinylaromatic monomer charged in step (c) is from about 4
to about 12 parts by weight per 100 parts by weight of total
monomerscharged) and the monovinylaromaticaonomer charged in step (d)is
from about 12 to about 24 parts by weight per 100 parts by weight of total
monomers charged. ~MOre preferably) the monovinylaromatic monomer charged
in step (a) is from about 35 to . about 45 parts by weight per 100 parts by
weight of total monomers charged, the monovinylaromatic monomer charged in
step (b) is from about 8 to about 12 parts by weight per 100 parts by
weight of total monomers charged) the monovinylaromatic monomer charged in
step (c) is from about 6 to about 10 parts by weight per l00 parts by
weight of total monomers charged, and the monovinylaromatic monomer charged
in step (d) is from about 25 to about 19 parts by weight per 100 parts by
weight of total monomers charged.   -19 11 August 2004 In either of the two
embodiments of this invention it is feasible to stretch out over an
interval of time the addition of ane or more of the increments of
initiator, thus spreading (increasing) further the polymodality of the
resulting product upon coupling. The polymerization process is carried out
in a hydrocarbon diluent at any suitable temperature in a range of about
-10 to about 150C, preferably in the range of about 0 to about 110C) at
pressures sufficient to maintain the reaction mixture substantially in the
liquid phase. Temperatures and pressures will peak during polyerization of
each monomer charge and than decrease when essentially no free monomer is
left to react. Appropriate hydrocarbon diluents include linear and
cycloparaffins such as butane) pentane) hexane) octane) cyclohexane,
cyclopentane and mixtures thereof. Presently preferred is cyclohexana.
6enarally the choice of hydrocarbon or hydrocarbon mixture and the
temperature is such that the resulting polymer is in solution. Small
amounts of polar compounds are used to improve the effectiveness of
alkylmonoalkali metal initiators each as n-butyllithium; dissociation of
the alkylmonoalkali metal initiators affects the rate of initiation and
polymerization. The polar compounds also effect partial randomization of
the vinylarena/conjugated diene so as to increase the random portion of the
tapered block. The polar compounds are generally used in admixture with the
hydrocarbon diluent. The amounts of polar compounds used as randomizers and
promoters of effectiveness of initiators in this invention w311 vary
-2p-. according to the reactivity and effectiveness of the particular
randomizer used. For example, 1,2-dimethoxyethane, 11 August 2004
tetramethylethylenediamlne and 1,2-dimethoxybenzene are much more efficient
randomizers than most of tha others listed above when used with the
particular initiators and monomers used in the invention runs described
below. However) tetrahydrofuran is often used because the reaction will go
nearer to completion in a shorter time after the initial reaction in the
monomer rich environment. Also, there are dramatic variations in the
amounts of each of these most efficient randomizers which w111 be needed.
For example, for polymerizations such as those shown in the examples of
invention runs in Example I of this application, about three and a half
times as much tetrahydrofuran as 1,2-dimethoxyethane would be needed. The
amounts of polar compounds used as randomizers will also vary according to
the desired molecular structure of the portions of tapered blocks which
result from conjugated diene addition. For example, when using
tetrahydrofuran; and 1,4 addition in excess of 1,2 addition is desired,
smaller amounts of the tetrabydzofuran would be used. In this example, when
it is desirable that the tapered blocks of the polymer have more nearly
equal amounts of 1,4 addition of butadiene and 1,2 addition of butadiene or
only a little more 1,4 addition than 1,2 addition of butadiena, more of the
tetrahydrofuran can be used. When polymers with higher vinyl character
resulting from 1,2 addition in excess of l,4 addition are desired, then the
useful amounts of tetrahydrofuran needed would be larger. However, use of
too much n randomizer can result in excessive polymer-lithium termination
during polymerization and/or poor stability of the polymer and/or undesired
-21 11 AugusC 2004 side reactions, depending upon choice of randomizer. Use
of too little randomizer would result in inefficient initiator use,
compositional variations and broader molecular weight distribution. The
initial monovinylaromatic charge is made with the randomizer present for
the additional effect of causing the monovinylaromatic component resulting
from each initiator charge to be of relatively narrow molecular weight
distribution. In the two embodiments of this invention, by varying the
amounts of initiator in each of the two charges having initiator, the
differences in molecular weights of the monovinylaromatic components
resulting from each of the two charges can be increased. In each of the two
embodiments of the invention, amounts of initiator employed era those which
will produce resins with desirable melt flow which can be used in blends to
make articles with a good balance of properties. including minimal
blueness, and good impact strength and/or ductility. Presently preferred
when making invention polymers to be used in blends are amounts of
initiator in each of the' two initiator charges sufficient to obtain a
block copolymer having a melt flow in the range from about Z to about 50
g/10 minutes, more preferably from about 4 to about 30 g/10 minutes, and
most preferably from about 7 to about 20 g/10 minutes, as determined by
ASTIi D1238-73) condition 200/5.0. The amounts of initiator contemplated as
useful in each of the two charges having initiator are shown in Tables 3
and 4. 



Use of too small an amount of initiator would result in high molecular
weight polymers. Conversely, use of too large an amount of initiator would
result in polymers having short chain polymeric species and low molecular
weight.   -22 11 August 2004 The weight ratio of the amounts of initiator
in each of the charges having initiator can be represented as 1:0.25-300.
Lil ': Li, :: 1 : 0.2S-300 wherein Lil = initiator in the first charge Lil
= initiator in the second charge ?lore preferably for most applications,
the amount of initiator in the second charge of initiator is from about 0.3
to about 10 times, based on weight, as much as the amount of initiator in
the first initiator charge. Generally, presently most preferably, the
amounts of initiators are selected such that the amount in the second
charge is at . least equal to or larger than that employed in the first
charge. Varying the weight ratios of amounts of the initiator charges will
result in variations of the proportionate amounts of species present in the
copolymer. Other factors affecting the proportionate amounts of species
present in the copolymer include presence of impurities and/or scavengers
Yn the reactor, effectiveness of the polar randomizer as a promoter and
choice of coupling agent(s). The polymerization is carried out in a
substantial absence of oxygen and water, preferably under an inert gas
atmosphere. Prior to the coupling step, the reaction mass contains a very
high 'percentage of molecules (polymer chains) in which an alkali metal
cation is positioned at one end of each polymer chain. Impurities in the
feed such as water or alcohol reduce the amounts of monoalkali metal
polymer in the , reaction mass.   -2311 August 2004 After essentially
complete polymerization of the final charge added- to the polymer, one or
mare suitable difunctional or polyfunctional coupling agents is added. As
used here, the tern "coupling" means the bringing together and joining, by
means of one or more central coupling atoms or coupling moieties) two or
more of the living monoalkali metal-terminated polymer chains.. A wide
variety of compounds for such purposes can be employed. Any effective
amount of the coupling agent can be employed While the amount is not
believed to ba particularly critical, a stoichiomatric amount relative to
the active polymer-alkali metal tends to promote maximum coupling as a
generality. Presently preferred is an amount of coupling agent slightly
greater than stoichiometric relative to the active polymer-alkali metal.
However) less than stoicbiometrie amounts can be used for higher degrees of
coupling where desired for particular products of broadened molecular
weight distribution. Typically; in each of the embodiments of this
invention, the total amount of coupling agent is in the range of about
0.005 to 10 phm (pmts per l00 parts of total monomers employed in the
polymerization). Preferred when most combinations of monomers and coupling
agents are used to practice this invention is about 0.2 to about 0.6 phm of
coupling agent, depending on amounts of initiator used. Presently moat
preferred is about 0.3 to about 0.5 phm, depending upon amounts of
initiator used. Use of an amount of a reasonably highly efficient coupling
agent within these ranges provides polymers with a moderately broad
molecular weight distribution that has proven useful to custom 7 molders.
Use of an insufficient amount of coupling agent will result in less
complete coupling of the living polymer chains and, depending upon   -24-
11 August 2004 choice of coupling agent, more branching; use of an
excessive amount' of coupling agent u111 also result in more uncoupled
chains. At the conclusion of the coupling process, the coupled polymer may
still contain bound polymeric alkali metal alkoxidas depending on the type
of coupling agent employed. The system is treated with an active compound
such as water) alcohol; phenols, carbon dioxide or linear saturated
aliphatic mono- and dicarboxylic acids to remove any remaining alkali metal
from the copolymer chain. While the polymer product is, still in solution
stabilization agents can be added. Additional stabilizers could ba added
during finishing before palletizing. This treatment will provide oxidative
stability for the polymer during processing and handling and subsequent
long term use by the customer. Commonly used stabilization processes can
use a combination of compounds which include) but era not limited to) a
hindered phenol and an organophosphite, particular examples of which are
octadecyl 3-(3',5'-di-t-butyl-4'-hydroxyphenyl) propionate and
tris-nonplphenylphosphita. After stabilization) the hydrocarbon diluent is
than flashed from the polymer solution to increase the solids content. The
polymer cement, i.e., the polymer in the polymerization solvent, usually
contains about 10 to 40, more usually 20 to 35, weight percent solids, the
balance solvent. Preferably) but not necassaYily, the polymer cement is
flashed to remove by evaporation a portion of the solvent so as to reduce
the solvent content to a concentration of about 0 to 50, n more usually
about 0 to 10, weight percent (corresponding to a solids   -25 11 August
2004 content of about 100 to 50, mars usually about 100 to 90, weight
percent). Fleshing of the polymer cement may be followed by desolventizing
extrusion with vacuum in commercial production or by other vacuuming
processes to achieve consistent solvent content of less than 0.3 weight
percent. The resinous copolymeric products can be, and normally are,
compounded with anti-oxidants, anti-blocking agents) release agents and
other additives, as known in the compounding arts. Typical charging
sequences and useful ranges of amounts of the - charges for each of the two
embodiments of this invention era given in Tables 3 and 4. )   m p m ,0.' V
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August 2004 After coupling at least the coupled and uncoupled polymeric
species shown in Tables 5 and 6 are present in the polymodal polymers of
the first and second embodiments, respectively, of this invention. TABLb 5
Polvmaric Species Included in First Embodiment S1-Ss'Bi/S~-z'S~/B~'S:'Si
S1_S=_g1/S~_z_g~/gl_Sx Ss'Bi/S~-z-S~/Bmsi Sx_Bi/S~ S1_S=_Bi/S' , S =
monovinylaromatic block , B = conjugated diene black B/S = tapered block z
= residual coupling agent or coupling site subscripts = indications of the
charges which were the source of the polymer blocks. 7   -29 11 August 2004
TAHLfi 6 Polymeric Species Included in Second Embodiment Si-Sz-Bi/S~-Bz/SW
x'Sv/Bz-S~/Bi'Sz'Sz Si_Sz_Bi/S~_Bz/Sv_x_Sv/Bz_S~/Bi_Sz
Sz-Bz/Sz'Bz/Sa'x'Sv/BWS~/Bt-Sx Sz'Bi/SW Bz/Si Si'Sz'Bt/Sz'Bz/Sv S =
monovinylaromatic block H = conjugated diene block B/S = tapered block x =
residual coupling agent or coupling site subscripts = indications of the
charges which Were the source of the polymer blocks. In each of the
embodiments depending upon choice and amount of coupling agent or agents
and whether coupling agents are charged as a mixture or incrementally,
there car. be present other polymeric species with varying degrees of
branching. Blends The resinous polymodal copolymer products of this
invention can be blended with other polymers such as
acrylonitrile-butadiene-styrene copolymers (ABS), styrene-acrylonitrile
copolymers (SAN), and other styrene copolymers. Nhen less transparency is
desired or transparency is not necessary, the invention copolymers can ba
blended with polyolefins and/or olefin copolymers.   -30 11 August 2004
Blends of the invention polymers with polymers of styrene are particularly
useful applications for the improved tapered block copolymers of this
invention. Articles made from these blends have surprisingly low blueness
end advantageous impact strength and/or ductility. For example, articles
made from styrene homopolymer and either of the two embodiments of this
invention typically have Hunter negative b blueness values of less than 20)
most often less than 18. Thus, less of the invention copolymer is needed to
achieve low blueness in articles made from blends with styrene homopolymers
than would be needed of other comparative polymodal
monovinylaromatic-conjugated diene block copolymers. The presently
preferred polymers of styrene employed in the blends of this invention are
usually (a) homopolymera of styrene; or (b) copolymers of styrene as a
major component with a minor amount, e.g., uP to 20 weight percent, of any
other copolymerizable monovinyl arowatic compound other than styrene, such
as alpha-methylstyrene, vinyltoluene or pare-tertiary-butyl styrene. A
minor amount) e.g., up to 20 weight , percent, of other monomers such as
methyl acrylate, methyl methacrylate) acrylonitrile and the like can be
copolymerized with the styrene. The invention copolymers can be blended
with styrene resias made in bulk polymerization. These resins are commonly
prepared by heating styrene and any comonomer at temperatures in the range
of 100 to 200C with application of pressure, if necessary) to combine the
monomers. The polymerization can also be carried out at lower temperatures
by the addition of free-radical generating perozidic catalysts such as
benzoylyperoxide) acetyl peroxide, di-t-butyl peroxide and the like.
Alternatively, the polymerization can be carried out in   -31 11 August
2004 suspension to yield a dry powder or in esulsion, usually resulting in
a latex of polystyrene which can be coagulated to yield the solid powdery
polystyrene. The polymerization can also be carried out in solution with
precipitation of the product; if desired. Solvent can ba removed by
standard techniques such as steamstripping or solvent evaporation. High
impact polystryena (HIPS) also can be successfully employed in blends with
the invention copolymers. Suitable high impact 



polystyrenes can be prepared by polymerizing styrene in the presence of an
elastomer, typically polybutadiene rubber. In these resins the styrene
forms a continuous phase throughout which the rubber particles ~- are
dispersed. The blends of this invention can be prepared by any suitable
means including blending, tumbling and extrusion. Examples of these methods
include) but era not limited to, dry mixing in the form of a powder or
pellets, wet mining in the form of a solution or slurry) end malt extrusion
compounding. The polymers and any other ingredients or additives may be
mechanically blended together in the desired proportions with the aid of
any suitable mixing device conveniently used for mixing rubbers or
plastics) such as) for example) a-differential roll mill) a Banbury mixer,
or an extruder. In these types of blending methods the polymers and any
other components and additives used can be in any form, such as) for
example) fluff, powder) granulate, pellet, solution) slurry, and/or
emulsion. Any additive can be combined with the polymers according to any
method known in the art... Examples ~f incorporation methods include, but
ere   -32 11 August 2004 not limited to, dry mixing in the fore of a powder
and wet wining in) the form of a solution or slurry. Helt extrusion
compounding can ba carried out using any suitable method such as in single
screw or twin screw extruders or other melt extruders at temperatures above
the melting point or glass transition temperature of the polymers. The
presently preferred method comprises blending_the polymers in powder or
granulate form and extruding the blend in sheet form to feed a
thermoforming or direct feed to an injection or blow molder. In order to
facilitate thorough mixing of the polymers and to develop the desired
combination of physical properties, pellets are generally metered by
loss-in-weight feeders or by screw feeders at a temperature low enough to
avoid softening the pellets. The metered pellets are dropped into an
extruder which melts and blends the components to provide a homogenous
melt. be used. Alternatively, solution blending methods known in the art
may The ranges of amounts of polymers useful in blends varies according to
the properties and economics required.. For example, when an invention
copolymer is blended with a polymer of styrene, practical ranges include
using amounts such as from about l0 to about 70 weight percent polymer of
styrene, more usually from about 20 to about 65 weight percent polymer of
styrene, and most preferably from about 30 to about 60 weight percent
polymer of styrene with the balance being one or more of the polymodal
resinous copolymer products of this invention. For a more particular
example, when the invention copolymers are blended with general purpose
polystyrene, broad ranges include using amounts   -33 11 August 2004 such
es from about 10 to about 70 weight percent polystyrene, more usually from
about 20 to about 65 weight percent polystyrene, and host preferably from
about 30 to about 60 weight percent polystyrene with the balance being one
or more of the polymodal resinous copolymer products of this invention.
Generally, use of too much of the invention copolymers In a blend would
result in good properties but loss of economic advantage. Use of too little
of the invention copolymers in a blend would result in loss of impact
resistance. These blends can be economical ways of gaining the desirable
attributes of both polystyrene and the invention polymers while maintaining
low blueness in articles made from the blends. The compositions of this
invention or blends thereof can be extruded) thermoformed, injection
molded, blow molded, or made into films or sheets. Articles made from the
compositions of this invention are transparent with low blueness, have good
impact strength and have other physical properties within acceptable ranges
for such applications as drinking cups, lids, bottles) other food
containers) medical drainage units, shrink wrap and over wrap. Articles
made from blends of the copolymers of this invention can economically
provide advantageous properties for similar applications. Test Procedures
The blend blueness values were determined on a Hunter Lab colormeter Hodel
D 25 using the Hunter Lab procedure. Blueness values are expressed as -b,
where larger absolute numbers indicate more blueness.   -34 1 ~ Aug~st 2004
Other properties were tested using ASTH procedures as s own n Table 7.
TABLE 7 - Test Procedures Used  Property Flow rate, g/10 min Condition
200/5.0 Haze, X Transmittance, X Shore D hardness Tensile strength at yield
and break, HPa Elongation at yield and break, X Flexural nodulus, HPa Izod
impact strength, notched, J/m Vicat softening point, C , Total energy dart
drop, J Examples ASTH Hethod D 1238-88 D 1003-61 (1990) D I003-61 (1990) D
2240-91 D 638-91 at 50 mm/min Type I test specimens D 638-91 at 50 mm/min D
790-86 D 2S6-88 D 152S-91 D 4272-85 The following examples will describe in
more detail the experimental process used and the polymodai tapered block
copolymers with vinylarene terminal blocks obtained as a result of the
process and blends made with the invention copolymers. These examples
should be taken as illustrative and not restrictive. 7   -35-, 11 August
2004 Styrene and butadiene were chosen as monomers to exemplify the
invention, and randomizer, lnitiator, coupling agent and diluent
appropriate for these monomers were used. Quantities of reagents are
usually expressed in parts per hundred monomer (phm) based on the total
weight of inonovinylarene and conjugated diene employed. Example I This
example describes four invention polymerization runs (1) 2) 3, 4) that were
carried out to produce resinous polymodal, coupled, tapered block
styrene-butadiene copolymers with resinous terminal blocks. These runs
exemplify the first embodiment of the invention. Styrene (from Stirling
Chemical) and 1,3-butadiene (from Texas E1 Paso) were dried by passage over
activated alumina (Kaiser A-201), and then copolymerized and coupled in a
4-stage process using n-butyllithium initiator (from Lithium Corporation of
America). 



Polymerization runs were carried out under nitrogen in a stirred, jacketed)
stainless steel.7:6-liter reactor employing essentially anhydrous reactants
and conditions. The anhydrous mixtures were stirred continuously during the
polymerization process. The cyclohexane diluent) which contained 0.04 phm
tetrahydrofuran (THF) in each polymerization in this example, was preheated
to about SOC before monomers were charged to the reactor. The
n-butyllithiuro was charged as a 2 weight percent solution in cpclohexane.
In the polymerization step in which both butadiene and styrene were
charged, they were. charged simultaneously as a mixture. In the coupling
step) the Vikoflez 7170 coupling agent used was an epoxidized vegetable oil
commercially available from Viking   -36 11 August 2004 Chemical Company.
In the terminating step, carbon dioxide From a pressurized container was
admitted to provide about 0.4 phm carbon dioxide to the reactor. Water was
also added in an amount slightly in stoichiometric excess of the initiator
to separate the lithium residues from the polymer chains. The antioxidant
mixture added in the stabilizing step contained a hindered phenol
(octadecyl 3-(3',S'-di-t-butyl-4'-hydroxyphenyl) propionate, commercially
available as Irganox 1076 from Ciba-Geigy] and an organic phosphite
(trisnonylphenyl phosphite, available as TNPP from GE Specislty Chemicals).
Each stabilizer was dissolved separately in cyclohexane and ' mixed
together. Enough of -the mixture was added to the reactor to provide 0.25
phm hindered phenol and 1 phm organic phosphite. In Runs 1 and 2 a
microcrystalline wax (BE Square 195) was also added as an antiblocking
agent. After each addition of monomer, initiator or additive, the feed
lines were rinsed with approximately 10-20 phm cyclohexane solvent end
cleared with a nitrogen sparge. Following the stabilization step, each
copolymer solution was flashed at 178-180C to remove a portion of the
diluent. Substantially a11 of the remaining diluent was removed in a vacuum
oven by drying nt 90C for one hour. The resulting polymer was chopped in a
granulator into crumb size and then dried for an additional hour in a
vacuum oven. In each of the four runs (1, 2, 3) and 4), 1500 g total
monomers (butadiene and styrene) were used. About 76 weight percent of the
total amount of cycloh,e~xane diluent (3130 g.) was charged initially. The
remaining cyclohexane diluent was added during the run as a diluent   -37
11 August 2004 or flush for the various reactants added in subsequent
steps. In these four polymerizations, the weight ratio of total monomers
charged was 75/25 styzene/butadiene. The charges and the results of the
runs are summarized in Table 8. Tapered butadiene/styrene blocks were
formed in step 3 by charging both butadiene and styrene monomers. The
charging sequence used was i, S1, i, S=, H1/S " coupling agent. The monomer
ratios corresponding to the S1, S=, H,/S, sequence were 40) 10) 25/25.
Keight ratios of amounts of initiator used in the first two steps of each
of the four runs was kept constant at 1:1, but the amounts were_decreased
from 0.08 phm in run 1 to 0.05S phm in run 4 to provide a series of
decreasing melt flow resins. The devolatilized copolymers from runs 1, 2,
3) and 4 ware designated invention copolymers 1, 2, 3 and 4) and had melt
flows of 39.1 g/10 min, 19:0 g/10 min, 9.0 g/10 min and 4.8 g/10 min,
respectively. The differences in melt flows were attributable to
differences in amounts of initiator used in each of the four runs.  a   -38
TABLE 11 August 2004 Invention Runs - First Embodiment Componentsa Run 1
Run 2 Run 3 Run 4 Step 1,Cyclohezane, phm .14514514514STetrahydrofuran)
phm0.04. 0.040.040 04n-Butyllithium initiator,phm 0.080.070.06.
0.055Styrene, phm40404040Polymerization Time, min1212'12 Peak
Polymerization12Temperature, C8281SSgSStep 2n-Butyllithium initiator,phm
0,080.070.06O.OSSStyrene, phm10101010Polymerization Time, min121212 Peak
Polymerization12Temperature, C6770717pStep 3'Butadiene, phm2S25252SStyrene,
pbm25252525Polymerization Time, min16161616Peak PolymerizationTemperature,
C122122122116Step 4 (Coupling)Vikoflex 7170, phm0.40.40.40.4Time,
min16161616Temperature, C94 .9g '9093Step S (TerminatinR~Hater,
phm0.20.20.20.2Carbon Dioxide, phm0.40.40.40 4Time, min2S2S2S.
25Temperature, C80938781Step 6 (Stabilizing)Stabilizer lfixture,
phm1.2S1:25l.251.2SBE Square wax0.1S0.1S0.150.15Time, minSSSSTemperature,
Cn.a.n:a84.n.a. ,   -39 11 August 2004 TABLb 8 (Continued) Invention Runs -
FirstEmbodiment ComponentsaRun 1Run ZRun 3Run 4Recovered ResinHalt Flow,
g(10 min39.119.d9.04.8Hw/Hn) thousands105/63108/53128/6S143/91Heterogeneity
Index1.672.051.971.57 gAfter each addition of monomer) initiator or
additive, the feed lines were rinsed with approximately 5-20 phm
cyciohexane diluent and cleared with nitrogen. BzaWOle II Three more
polymerization runs were carried out according to  the first embodiment of
the present invention to demonstrate the effects of varying the weight
ratio of amounts of initiator in each of the two initiator charges. The
charges and results of the runs era shown in Table 9. Again, the weight
ratio of styrene to butadiene charged was 75 to 25. Samples were made with
i, S1, i, Sy, B1/S~ addition sequence followed by coupling; monomer ratios
of 40, 10, 25/25 were used. In each of the three runs of this example) 0.03
phm initiator  was charged in the first step. The amount of initiator
charged in the second step was varied from 0.08 phm (run 5) to 0.095 phn
(run 7) for a range of ratios of amount of initiator in first step to
amount in second step from 1:2.7 (run 5) to 1:3.2 (run 7). Copolymers from
runs 5, 6 end 7 were devolatilized to fore invention copolymers 5, 6 and 7,
which had melt flows of 5.0 g/10 ain) 5.4 g/10 min, and 7.1 g/10 min,
respectively.    -40 11 August 2004  InventionTABLE 9 



Runs - First EmbodimentComponentsaRun 5Run 6Run 7Step 1 - 145 14S
145Cyclohexane, phro04 00.040.04Tetrahydrofuran.03
00'03n-Butpllithium0.03initiator, phm 40Styrene,- phm404012Polymerization
Time) min1212Peak Polymerization 76Temperature, C7779Peak
PolymerizationPressure, psiStep 2 0 08 0.085 0.09Sn-Butyllithium.initiator)
phro - 10 10Styrene, phro101212Polymerization Time, min12Peak
Polymerization 65Temperature, C6471Step 3 25 25 25Butadiene,
phm2525Styxene, phm251616Polymerization Time, min16Peak Polymerization
111Temperature) C117121Step 4 <Coupllng) 4 ' 0 0.4Vikoflex 7170,
phm0.4.16Time, inin161689Temperature, C8887Step 5 (Terminating) 0 2hater,
phm0.20.2. 0 4Carbon Dioxide, phm0.40.4. 25Time, min25' 2584Temperature,
C8282 ,   -41 11 August 2004  TABLE 9 (Continued) Invention Runs - First
Embodiment Componentsa Run 5 Run 6 Run 7 Step 6 (Stabilizing) Stabilizer
Hixtura, phm 1.25 1.25 1.25 HE Squara'wex 0.1S 0.15 0.15 Time, min 5 5 5
Recovered Resin Halt Flow, g/10 min 5.0 5.4 7.1 Hw/Hn, thousands 181/114
177/111 138/93 Heterogeneity Index 1.6 1.6 1.69 BAfter each addition of
monomer, initiator or additive) the feed lines were rinsed with
approximately S-20 phm cyclohexane diluent and cleared with nitrogen.
Exaaple III To demonstrate the second embodiment of this invention, three
more polymerization runs were carried out according to the procedures
described in Example I) with the exception that the sequences and amounts
of charges were as shown tn Table 10. Tapered butadiene/styrane blocks were
formed in the third and fourth steps by charging a Fixture of butadiene and
styrene monomers. The monomer addition sequence was i, S1) i, Sl, H1/S "
B=/S, followed by coupling; the monomer weight ratios were 40, 10,
12.5/12.5, 12.5/I2.5, respectively. The polymers were 75 percent styrene
and 25 percent butadiene. In each of the three runs of this example the
weight ratio of amount of initiator in the first step to the amount in the
second step was kept constant at 1:1 With the absolute amount varied from
0.05 phm (nm 9) to 0.06 phm (nm 8).   -4211 August 2004 The copolymers
produced in the three runs were designated invention copolymers 8) 9, and
10, and had melt flows of 14.3, 6.40 and 10.8 respectively. It is believed
that lower melt flows era attributable to lower amounts of initiator. The
polymerizations of invention runs 8,~9 and 10 are shown in Table 10. TABLfi
10 Invention Runs - Second embodiment Componentsa Run 8 Run 9 Run 10 Step 1
Cyclohexane, phm Tetrahydrofuran, phm n-Butyllithium initiator, phm
Styrene, phm Polymerization Time, min Peak Polymerization Temperature, C
Step 2 n-Butyllithium initiator, phm Styrene, phm Polymerization Time) min
Peak Polymerization Temperature) C Step 3 Butadiene, phm Styrene, phm
Polymerization Time, min Peak Polymerization Temperature, C Step 4
Butadiene, phm Styrene, phm Polymerization Time) min Peak Polymerization ,
Temperature, C
1451451450.040.040.040.06o.050.0554040401212.128582840.060.050.055tototo12
'. 12126969` 7012.512.512.512.S12.512.516161684838412.512.512.512.5
'12.512.516161696102102 a   -43 11 August 2004 TABLE 10 (Continued)
Invention Runs - Second Embodiment ComponentsaRun 8Run 9Run 10Step S
(Coupling)Vikoflex 7170, phm0.40.40.4Time, min w161616Temperature,
C828989Step 6 (Terminating)Water, phm0.20.20.2Carbon Dioxide, phm0.4.
0.40.4Time, min252525Temperature, C808282Step 7 (Stabilizing)Stabilizer
Hixture) phm1.251.251.25Antiblocking agent, phm0.150.150.15Time,
min55STemperature, C80n.a.81 Recovered Resin Helt Flow, g/10 min 14.3 6.4
10.8 Hw/Hn, thousands 154/104 173/115 147/91 Heterogeneity Index 1.48 1.50
1.62 aAfter each addition of monomer, initiator or additive, the feed .
lines were rinsed with approximately S-20 phm cyclohezane diluent and
cleared with nitrogen. Ezaaple IV Two comparative polymers were used for
comparisons of physical properties of blends made with polystyrene.
Comparative polymer 11 was a resinous styrene-butadiene copolymer with a
melt flow of 8.4 g/10 nin. Polymer 11 was polymodal from multiple initiator
and monomer charges (S, i, i, S, H, i) S, B) end coupled with an epoxidized
vegetable oil coupling agent. Polymer 11 contained nominally 75 wt X
styrene and 25 wt X butadiene with n6 styrehe/butadiene tapered blocks.
Polymer ll forms S0:50 by weight blends with polystyrene that have high
blueness and modest physical properties. L   



-4411 August 2004 Comparative polymer 12 was a styrene-butadiene copolymer
with no tapered block segments. Polymer 12 contained nominally 7S wt X
styrene and 25 wt X butadiene and had a melt flow of 8.8 g/10 min. It had a
polymodal molecular weight from multiple initiator and monomer charges (S,
Y, i,S, B) and was coupled with a~ epoxidized vegetable oil coupling agent.
Polymer 12 formed 50:50 blends by weight with polystyrene that have low
blueness and modest impact properties. Example V A series of blends of the
invention polymers from Examples I and II was prepared with Novacor 55S
general purpose polystyrene to demonstrate the properties of blends of
copolymers containing a single tapered block (invention embodiment 1).
Polymer 5 was not included in the blend series since it had a melt flow
essentially the same as that of polymer 4. Polymers ll and 12 were also
blended with polystyrene for comparison. The blends were 50:50 by weight
and ware prepared by solution blending in cyclohexane in a reactor at 100C
with stirring for one hour. Each solution was flashed to remove the solvent
and the polymer was dried, chopped in a granulator, and dried again. The
dry polymer was processed on a roll mill and chopped again before injection
molding on an Arburg model 90 injection molder with zones 1, 2) 3, and
nozzle at 210C, 210C) 220C, and 210C, respectively, to make specimens to
test for properties. For convenient reference, blends era designated as
blends with the corresponding polymer number and a prime. For example, a
blend prepared from polymer 3 and polystyrene is blend 1' and a blend
prepared from polymer 2 and polystyrene is designated blend 2'.   -45 11
August 2004 The blend test results are shown in Table 11. Test specimens
made from the first four blends had less blueness than test specimens made
from the comparative polymers. Specimens made from blends 6' and 7' had
essentially the same blueness as specimens made from blend 12': Test
specimens made from blends 1', Z', 3'~,..1,', and 6' had Izod impact values
higher than those made from comparative blends 11' end 12'. Test specimens
made from blend 7' had lower Izod impact value than those made from the
other blends: It is possible that the high level of initiator in step two
of the polymerization of polymer 7 and the resulting higher melt flow of
the final resin prevented improvement in the Izod impact value of Arburg
test specimens made from blends polymer 7. Test specimens made from blends
1', 2', and 3' had higher haze values and specimens made from blends 1' and
2' had higher melt flows than those made from the other blends. s   -46 11
August 2004 N N N m a H a p m C-ynromn)b vte7 nH a NN. nm .w .H.~nNbmttm.N
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VI i l August 2004 A series of blends of double tapered block invention
polymers (second invention embodiment) with polystyrene was prepared to
demonstrate the properties of articles made from the blends. Copolymers 8,
9, and 10~~from Example III were blended as described in Example V in S0:50
by weight mixtures with general purpose polystyrene to form blends 8', 9',
and 10'. Test specimens were injection molded from the blends as described
in Example Y. The results (Table 12) show that articles made from blends of
invention polymers 8, 9, and 10 had better Izod impact values .than those
made from comparative blends 11' and 12' (shown in Table 11). Articles made
from blends of the invention polymers also have less blueness than those
made from comparative blend 11'.  s    -48 11 August 2004 TABL& 12 Physical
Properties of Polymer Blends With Polystyrenes
InventionInventionInventionComparativeBlendBlendBlendBlendProperty
~8~9'10'11'Styrene-butadienecopolymer891011Blend meltflow, g/10
min14.812.014.816.8Haze, X4.14.05.14.3Hunter blueness,
b-17.9-18.5-17.9-20.3Shore D hardness76777677Notched Izodimpact,
J/m14.917.119.212.3Vicat softening) C89.390.590.585.3Tensile Strength'yield
NPs43.243.942.537.8break HPa28.628.728.728.0Elongation,yield, X6.46.56.54.8
.break, X17.916.713.632.0Flexuralmodulus) NPs1988194919861979 a50:50
Styrene-butadiene copolymer: polystyrene Ezacpls VII Three more invention
copolymers were prepared on a larger scale to demonstrate further the
effect of two butadiene/styrene tapered blocks in improving impact
properties of articles made from blends of the invention copolymers with
polystyrene. These polymerizations varied a   -49 11 August 2004 the size
of the two tapered blocks and the weight ratios of Initiator charges. The
polymerizations were carried out in a 380 L reactor. The polymer
polymerization recipes are shown in Table 13. Each polymer was prepared
with the sequence i,S,i,S,B/S,B/S. Polyner 13 hed monomer charge weight
ratios of 40, 10, 6.9/7.8, 18.1/17.2. Polymer 14 had monomer charge weight
ratios of 40) 10, 5.9/10, 19.1/14.4. Polymer 15 had monomer charge ratios
of 40, 10, 5.9/10) 19.1/14.4. Honomer charge ratios for polymers 14 and 15
do not add up to 100 phm because of charge irregularities; actual phm
charged is indicated here. The initiator weight ratios for steps 1:2 in
polymerizations 13, 14, and 15 were 1:0.79, 1:0.92, and 1:0.89,
respectively. Flow rates for the three polymers were 7.0, 11.5, and 13.7
g/10 min.  



-50 11 August 2004 TAHLfi 13 Invention Runs - Second Embodiment Run 13 Run
14 Run 15 _ Step 1 Cyclohexane, phm Tetrahydrofuran, phm n-Butyllithium
initiator, phm Styrene, phm Cyclohexane, phm Peak Polymerization
Temperature, C Peak Polymerization Pressure, psi Step 2 n-Butyllithium
initiator, phm Styrene, phm Cyclohexane, phm Peak Polymerization
Temperature, C Peak Polymerization Pressure, psi Step 3 Butadiene, phm
Styrene, phm Cyclohexane) phm Peak Polymerization Temperature) C Peak
Polymerization Pressure, psi Step 4 Butadiene, phm Styrene, phm
Cyclohexane, phm Peak Polymerization Temperature, C Peak Polymerization
Pressure, psi 168.9168.9168.9.04.040.040.0b10.06T
~0.0654040401.11.11.1838383313230
0.0480.0560.0581010101.11.11.18182823537346.95.95.97.810101.11.11.1110109,
10957585518.119.119.117.2, 14.4I4.41.11.11.195989752 ~54SO    -51 11 August
2004 TABLE 13 (Continued) Invention Runs - Second Embodiment Run 13 Run 14
Run 15 Polymer Analysis (prior to coupinR) Hu/Hn, thousandsa b (GPC area
composition) Peak 1 104/99 (64) 100/95 (63) 95/90 (64) Peak 2 50/4b (36)
47/44 (37) 46/43 (36) Step 5 (Coupling) 4 0 0.4Vikoflez 7170, phro0.4.0
55Cyclohexane, phmd.550.55.Temperature) C888688Pressure, psi505248Step 6
(Terminating)fater, phro13~ 1313 ~Carbon Dioxide, phro0.10.10.1Temperature)
C878787Pressure, psiSO50 , ,50Step 7 (Stabilizinx) 25 1Stabilizer Hixtura,
phro1.2S1.25..Antiblocking agent, phm0.3.0.30.3Recovered ResinHelt Flow)
g/10 min - .7.011.S13.7 aPolystyrene equivalent Hw/Hm. Hw/Hn of polystyrene
with the same hydrodynamic volume as the polymer peak. bResponse of a
dielectric detector in an Applied Automation process control GPC. Eaample
VIII Two comparative polymers (16 and 17) were prepared for comparison with
the invention polymers from Example YII. Polymer 16 was a coupled polymodal
styrene/butadiene copolymer containing 75 wt X styrene and 25 wt X
butadiene. Polymer 16 was prepared with the   -52 11 AugusE 2L184 sequence
i,S,i,S,B/S,i,S,B using monomer charge weight ratios of 37) 19, 7.5/5, 14,
17.5, respectively. , polymer 17 was a coupled polymodal styrene/butadiene
copolymer containing 70 wt X styrene and 30 wt X butadiene. roiyoer
prepared with the sequence i,S,i,S,B,i,S,B using monomer charge weight
ratios of 37, 19, 9) 14, 21, respectively. These comparative polymers were
prepared in a 380 L reactor according to the procedure in Table 14. Polymer
16 yielded blends with polystyrene which were made into test specimens that
had low blueness and modest physical properties. Polymer 17 formed blends
with polystyrene which were made into 'test specimens that had high
blueness and good physical properties. The flow rates for polymers 16 and
17 were 8.2 and 8.6 g/10 min, respectively. a    -53 11 August 2004 TABLE
14 Invention Runs - SecondEmbodimentComponentsaRun 16Run 17Step
1Cyclohexane; phm168168Tetrahydrofuran, phm0.020.02n-Butyllithiuminitiator,
phm0..034, 0.031Styrene, phm3737Peak PolymerizationTemperature,
C8887Peak.PolymerizationPressure,psi3736Step
2n-Butyllithium0.0480.0S3initiator, phmStyrene, phm1919Peak
PolymerizationTemperature, C8685Peak PolymerizationPressure,psi3332Step
3Butadiene, phm7Styrene, phm.50Peak PolymerizationTemperature, C82. 83Peak
PolymerizationPressure)psi3736Step 4_ n-Butyllithium initiator,
phm~0.0850.110Styrene, phm14~, 14Peak PolymerizationTemperature) C8785Peak
PolymerizationPressure)psi4140Step 5' Butadiene17.521Peak
PolymerizationTemperature) C101107Peak PolymerizationPressure,C5458Step 6
(Coupling)Vikoflex 7170, phm0.40.4Temperature, C8995Pressure) psiS154 n
-54 11 August 2004 TABLE 14 (Continued) Invention Runs - Second Embodiment
Componentsa Run 16 Run 17 Step 7 (Terminating) water, phm 13 13 Carbon
Dioxide) phm 0.1 0.1 Temperature, C 87 87 Pressure) psi SO 50 Step 8
(StabillzinJt) Stabilizer Mixture, phm 1.25 1.25 Antiblocking agent, phm
0.3 0.3 Recovered Resin Belt Flow, g/10 min 8.2 8.6 BAfter each addition of
monomer, initiator or additive, the feed lines were rinsed with
approximately 5-20 phm cyclohexane diluent and cleared with nitrogen.
fizaaple IX Polymers from Examples VII and VIII were blended with Novacoz
55S general purpose polystyrene to produce blends 13', 14', 15') 16', and
17' for evaluation. The resulting blend was extruded on an 8.9 cm diameter
extruder and sheet line. A11 blends were 50:S0 by weight except for blend
16', which was a 60:40 copolymer:polystyrena by weight blend. A 0.51 mro
die gap opening was used for the preparation of a 0.38 mm thick extruded
sheet for evaluation. 



The extruded sheet samples were evaluated and the results are shown in
Table 15. The fold test involves bending the sheet on itself in the machine
direction (HD) to induce a transverse directional (TD) break. The sheet is
folded at two different rates to allow a differentiation between brittle
sheet samples. In addition, the   -55 11 August 2004 ' behavior of the
sheet in response to a tear in machine and transverse directions was
determined. Sheets made From invention blends 13', 14' and 15' a11 had less
blueness than sheets made from comparative blend 17') but more blueness
than sheets made from comparative blend 16'. Sheets made from blend 13' had
the highest total energy dart drop value of sheets from this set of blends.
Sheets made from blends 14' and 15' had low total energy dart drop values
similar to the values of sheets made from blend 16'. Sheets made from
comparative blend 16' had the lowest blueness value of any in the group,
but had a low total energy dart drop value and brittle fold test. Sheets
made from comparative blend 17' had the highest blueness value and better
ductility than invention blends 14' and 15'.     -56 11 August 2004 Table
15 Physical Properties of Polymer Blends With Polystyrene Invention
Invention Invention Comparative Comparative property Blend Blend Blend
Hlend Blend 13' . 14' 15' 16' 17' Styrene-butadiene copolymer 13 14 IS 16
17 Copolymer: Styrene blend ratio 50:50 50:50 S0:50 60:40 50:50 Hunter
blueness b -8.0 -10.0 -10.1 -5.7 -13.5 Haze, X 2.46 2.4B 2.97 1.63 3.60
Transmission, X 89.6 89.3 89.2 89.8 88.8 Total energy dart drop, 3 3.17
0.80 1.11 0.95 1.61 Transverse direction Folds (fast/slow) D/D H/D H/D B/H
D/D Hachina direction Tears ~ D D 19 D D Transver8e direction Tear D D D D
D aD=ductile, B=brittle. ~ These results show that either of the
embodiments of the invention can be used in blends with polymers of styrene
to produce resins from which can be made articles having low blueness and
other properties comparable to or better than the properties of articles
made from blends of polymers of styrene with other
monovinylaromatic/conjugated diene copolymers. Nore particularly, a
comparison of the 50:50 (copolymer styrene) invention blends 13', 14'   -57
1 l ..August 2004 r and 15' with the 60:40 (copolymer: styrene) comparative
blend 16' shows that a smaller amount of invention copolymer than
comparative copolymer can be used to show comparable improvements in
reduction of blueness. Other surprising blend properties are demonstrated
by these runs. For exempla, invention blend 13' which had a total of about
75 wt X total styrene in the blend composition had total energy dart drop
of 3.17 J compared to a total energy dart drop of 1.61 J for comparative
bleed 17' which had only about 70 wt X total styrene in the blend
composition. While the polymers and methods of this invention have been
described in detail for the purpose of illustzation, the inventive polymers
and methods are not to be construed es limited thereby. This patent is
intended to cover a11 changes and modifications within the spirit and scope
thereof. s   5$ _ 11 August 2004 CLAIMS ' 1. A method of preparing a
blended polymer which comprises preparing a moaovinylaroaratic( cor;jugated
dione copolymer under solution polymerwatioa conditions in a reaction zone
by amethod which comprisos: (a) charging a moaovinylaromatic monomer and an
initiator sad in the presence of a randomizer, allowing lymerization to
occur until essentially no free monomer is present; (b) charging a
nronovinylammafic monomer and an initiator; and ~sllowing polymerization to
occur until essentially no free monomer is present ; thereat:er (c)
charging a mixture of monovinylaromatic monomer and conjugated dime
monomer, and allowing polymerization to occur until essentiallyno firoe
monomer is present; th~afber (d) charging a mixture of monovinylammatic
monomer and conjugated thane monomer, and allowing polymerization to oeaur
until essentially no fieo monomer is present; and (e) charging with a
coupling aged and subsequ~tly blending said monovinylaromatic/conjugated
thane copolymor with a polymer of styrene wficrcin said polymer of styrene
is blended in an amount in the range from 10 to 70 weight percent basal on
the total weight of said blend. 2 .The method according to claim 1 wherein
each said monovinylammatic monomer contains 8 to 12 carbon atoms and each
said conjugated dIene contains 4 to 6 carbon atoms, said monomers beLrg
added is a ratio of 55 to 95 weight percent monovinylaromatio monomer and 5
to 45 weight percent conjugated titans monomer, thus giving a resinous
tapered block copolymer. 3. The method according to any one of claims I-2
wherein the weight ratio of the amounts of said monovinylaramatic monomer
and said conjucated dierro monomer in each of steps (c) and (d) is within
the range of 1:0.63 to 1:2. 4 .The method of nay of the preceding claims
wherein said monovinylaromatic monomer charged in step (a) is from 27 to 80
weight percent of the total monovinylaromatic monomer charged in said
method and wherein said moaoviaylaromatia manomor is step (b) is from 5 to
21, woight percent of the total moaovinylaromatic monomer c)sarged in said
method. 5. The method of eayprccadiag claim wherein said monovinyhrromatlc
monomer charged in step (c) is fi~om 3 to 19 weight percent of the total
monovinylammatic monomer charged is said method 6. The method of any
preceding claim wherein said monoviaylaromatie monomer charged in (d) is
from 13 to 36 weight percent of the total monovittylaromatic monomer
charged in said method.    I I August 2004 7, The method of any preceding
claim wherein in step (a) and (b) 0.005 to 1,5 parts by weight per 100
parts by weight of total monomers each of initiator era empibyed, 8 .The
method of any of the preceding claims wherein each said conjugated diene
monomer is I,3-butadiene) each said monovinylaromatic monomer is styrene,
said initiator is an organomonoalkali metal which is is n-butyllithium)
said randomizer is tetrahydrofuran or diethyl ether, and said coupiiag
agent is epoxidized vegetable ail. 9. The method of any of the preceding
claims wherein polymerization is carried out in a hydrocarbon diluent; in a
substantial absence of oxygen and water at temperatures ranging from -10 to
I50 DBG C; wherein) after said coupling agent reacts with products'of said
polymerization, coupled copolymer chains thus produced are treated with a
temtinating agent and a stabilizer; and wherein, after termination with
said terminating agents) any remaining hydrocarbon dilent is flashed off 10
. A polymer blend which comprises I) a polymodsl coupled resinous block
copolymer of a monovinyl aromatic compound and a conjugated diene) said
copolymer having polymer chains which result from coupling SS-B/S-B/S-Li
S-B/S-B/S-Li wherein S ~ monovinylaromatic block B = conjugated dime block
B/S ~ tapered block Li = hvmg polymer sue or coupling site, end 2) a
polymer of styrene wherein said polymer of styrene is present in an amount
in the range from 10 to 70 weight percent based on total weight of said
blend. 11. A polymer blend according to claim 10, said polymodal coupled
resinous block copolymer having from 55 to 95 weight percent polymerized
monovinylnromatic monomer based an total weight of meaomers in said
copolymer,   -60 i l August 2004 12. A polymer blend according to claim 10)
said polymodal coupled resinous block copolymer having from 65 to 85 weight
percent polymerized monovinylaromatic monomer based on total weight of
monomers in said copolymer. /N'/N/NgL/N 0 /N'/Ng/NJD/Ng,  /N'/N@JLZ/NJ
/Ng0G/Nd0$/N-@/Ngz/N]:/Ng-/NcJ/Ng/Nf-/N-/NGG/Nc-/Ng/NL-/Nd/NL,/N-/N-/Ng/NJg
/N-/Ngg/N@-,/NYg/NJd/Ng/NJI/N\-/N<g/N*/NJ,/NJf  /N&Jf/N`J
/Ni/N-/NJd/N\Jz/N0J/N#J/ND'/NJ/NYJc/NJI/NJc:/N&@/NPJ/NS]M/N6-i`B
23OPUegl!MQ`  * + 
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10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*tX8+)vZvZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX wW;+)vZvZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-**/KSX XvZ
10%W$&'()-*x\<+)vZvZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*tX<+)vZvZ 10%W$&'()-*vZ 10%W$&'()-*/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*W;+)vZvZ 10%W$&'()-**/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*tD+)vZvZ /KSX vZ
10%W$&'()-* vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*pT+)vZvZ /KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*x\<+)vZvZ 10%W$&'()-*vZ 



10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX w[?+)vZvZ
10%W$&'()-*vZ 10%W$&'()-**vZ 10%W$&'()-**vZ 10%W$&'()-**/KSX XvZ
10%W$&'()-*sW7+)vvZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*sW;+)vvZ 10%W$&'()-*vZ 10%W$&'()-*/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*X<+)vvZ 10%W$&'()-*/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*l<+)v/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-* lL0)vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-* !%&(*+tT80)vvZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX +,01679x\<0)vvZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*9:;ABCDx\@0)vvZ
10%W$&'()-*vZ 10%W$&'()-*/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*DEFHIJL\<0)vvZ 10%W$&'()-*/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*LNSTUYZg70)v/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*(vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*Z[]^_`apT0)v/KSX vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*abcdijmx\<0)v/vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 



10%W$&'()-*/KSX mopqrvwwW;0)v/vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*(/KSX XvZ 10%W$&'()-*wz~sW70)vvZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*|`D0)vvZvZ 10%W$&'()-* vZ
10%W$&'()-* /KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*[?0)vvZ
10%W$&'()-*(/KSX XvZ 10%W$&'()-*vZ 10%W$&'()-*(vZ 10%W$&'()-*(vZ
10%W$&'()-*l<0)v/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*tX0)v/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*xX<0)vvZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX xX<0)vvZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX &vZ 10%W$&'()-*vZ
10%W$&'()-*c30)/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*pP0)/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-* vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*x\<0)/KvZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX
wW70)/vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*(/KSX XvZ
10%W$&'()-*|`D0)/vZvZ 10%W$&'()-*vZ 10%W$&'()-*/KSX vZ 10%W$&'()-*vZ 



10%W$&'()-*vZ 10%W$&'()-*c30)/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*pP0)/KSX vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*
x\<0)/KvZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*/KSX |\@0)/KvZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*/KSX vZ 10%W$&'()-*xX<0)/KvZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*/KSX vZ 10%W$&'()-*vZ 10%W$&'()-*"$&')+cC0)/KvvZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*+,.3569tX80)/vZ 10%W$&'()-*vZ 10%W$&'()-*%vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*%/KSX 9;<=>?@[?0)/vZ 10%W$&'()-*/KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*XvZ 10%W$&'()-*@ABCDEFtD0)//KSX vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*FGHJKLMpT0)//KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*MNPQSUVtT80)/vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX VWYZ\]_x\<0)/vZ
10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*/KSX vZ 10%W$&'()-*vZ
10%W$&'()-*_bceijlS70)/vZ 10%W$&'()-*/KSX 0vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 



10%W$&'()-*lmopqrsp@0)/vZ /KSX vZ 10%W$&'()-*vZ 10%W$&'()-*vZ 10%W$&'()-*vZ
10%W$&'()-*vZ 10%W$&'()-*stuvw||[:/ L %10%$&'()-6 [#z10%$&'()-w 3"10%$&'()-
$ I,10%$&'()-10W$10W$10W$vZ 10%W$&'()-*oS7:/ 610%$&'()-&& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&toS7:/
610%$&'()-&& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&pT8oS7:/ 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM
i9tX<:/ 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&pT8tX<:/ 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-&tX<:/ 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&tX<tX<:/ 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-& 610%$&'()-&tX<:/ 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&S3tX<: 610%$&'()-&SDeM i9(
610%$&'()-&( 610%$&'()-&( 610%$&'()-&tX<: 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&4tX<:SDeM i9&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&tX<:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 



610%$&'()-&ptX<:S 610%$&'()-& 610%$&'( 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&pT4tX<: 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9tT8: 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&tT8tT8: 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-& cG8: 610% 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&K/G8: 610%$&'()-&SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& "$%)+cC8: 610%$& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&+0578:<cC8:
610%$& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&<?@BFHoO/C8: 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-&HJLPTVY_?8: 610 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&Y[^abdK/?8: 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-&dgjkmsxcC8: 610%$& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&x{}_C8: 610%$& 610%$&'(
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&pP0C8: 



610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9hH,: 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&& 610%$&'()-& 610%$&'()-&
610%$&'()-&oO3hH,: 6 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-&kK+: 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<kK+: 610% 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-& 610%$&'()-&tX8: 6 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&gK+: 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&( 610%$&'()-&pT8gK+: 6
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9pP4: 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&tX<pP4: 6 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-&tT4: 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&kO/tT4: 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-&tX<: 6 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 



610%$&'()-& 610%$&'()-& 0tX<:SDeM i9 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&  pT8:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&hH8:S 610% 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& !#$%pT8H8:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9%&'()*,/tT4:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&/13457kO/tT4: 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-&789:;<=>tX<: 6 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&>@DFHI+tX<:SDeM i90 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&IJKLMNOPtX<:SDeM  610%$&'()-&
610%$&'()-& 610%$&'()-&% 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&PQSWXZhtX<:SDeM  610%$&'()-& 610% 610%$&'()-& 610%$&'()-&&
610%$&'()-& 610%$&'()-& 610%$&'()-&Z[\]^_tX<tX<:SDeM  610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9_`abceimpP0:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&mopqrsoS7pP0:S 



610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9( 610%$&'()-&stuvwxz{tT8:S
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&{|}~tX<tT8:S 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-&tX<:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&O3tX<:S 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<:S 6 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&/tX<:SSDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&tX<:SSDe 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&dtX<:SSDe
610%$&'()-& 610 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&tX<tX<:SSDe 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM
i9tT8:SS 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&oS7tT8:SS 610%$&'()-&& 610%$&'()-& 610%$&'()-&(SDeM
i9( 610%$&'()-&tT4:SS 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&kO3tT4:SS 610%$&'()-& 610%$&'()-&SDeM i9



610%$&'()-& 610%$&'()-&tX8:SS 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&O/tX8:S 610%$&'()-&SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-&tX<:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&8tX<:SSDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&kK/:S 610%$&'()-&9
610%$&'()-& 610%$&'()-& 610%$&'()-&( 610%$&'()-&( 610%$&'()-& 610%$&'()-&
pkK/:S 610%$&'()-&9 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& tX<kK/:S 610% 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&!#&oO/pP0:S 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9( 610%$&'()-&&')*+,/1pP0:S 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&123457X8pP0:S
610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-& 610%$&'()-&79;=?CF_?0:S
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&FHJMNOg?0:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 



610%$&'()-& 610%$&'()-&OPQUX[pP0?0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9[_fjlnr_?0:S 61 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&rtuvy}oO/?0:S 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&}_?0:S 610 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&+?0:SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&hH0:SDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&gK0:SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&lL,K0:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM
i9pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX8pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9
610%$&'()-&pT8:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&kpT8:S 610%$&'()-& 610%$&'( 610%$&'()-&
610%$&'()-&& 610%$&'()-& 610%$&'()-&( 610%$&'()-&tX<pT8:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9tX<:S 610%$&'()-& 610%$&'()-& 



610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&pP4tX<:S
610%$&'()-&& 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&oO3:S 610%$&'()-&&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
K/oO3:S 610%$&'()-&SDeM i9& 610%$&'()-& 610%$&'()-& 610%$&'()-& tX<:S 610%
610%$&'()-&e 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&+tX<:SDeM i90 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
!"#$%tX<:SDeM  610%$&'()-& 610%$&'()-& 610%$&'()-&% 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&%&',.0htX<:SDeM  610%$&'()-& 610% 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&012345tX<tX<:SDeM
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i956789;=?pP0:S
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&?ABCDEoS7pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9(
610%$&'()-&EFGHIJLPtT4:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&PSUVWXkO3tT4:S 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-& 



610%$&'()-&XYZ[\]^_tX<:S 6 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&_cdfghO3tX<:S 610%$&'()-&SDeM i9
610%$&'()-& 610%$&'()-&( 610%$&'()-&hijklmnotX<:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&opvxz{0tX<:SSDeM
i9 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&{|}~tX<:SSD 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&dtX<:SSD 610%$&'()-& 610 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<tX<:SSD 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&oS7pP0:S 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9( 610%$&'()-&tT4:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&pT8tT4:S 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&tX8:S 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&O3tX8:S
610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-& 610%$&'()-&tX<:S 6 



610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&8tX<:SSDeM i9 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&tX<:SS 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&ltX<:SS 610%$&'()-& 610%$& 610%$&'()-&&
610%$&'()-&& 610%$&'()-& 610%$&'()-& 610%$&'()-&pT8tX<:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9pT8:S 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&tX<pT8:S
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&tX8:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
oS3tX8:S 610%$&'()-& 610%$&'()-&(SDeM i9( 610%$&'()-&( 610%$&'()-&pP0:S
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&!"$P4pP0:S 610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&
610%$&'()-&$&(*.36_?0:S 610 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&6<>?ACEcC0:S 610 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&EHJLNR_C0:S 610 



610%$&'( 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&RSUX]apP0C0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9acehjmo_?0:S 61 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&ouy{_?0:S 61 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&hH0:S 61 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&+H0:SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&dD0:SDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&_?0:SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&tT8?0:SDe 610%$&'()-& 610%$&'()-& 610%$&'()-&% 610%$&'()-&SDeM
i9lL0:S 610%$&'()-&& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&oO3lL0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9(
610%$&'()-&oO/:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&( 610%$&'()-&K/oO/:S 610%$&'()-&SDeM i9& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX8:S 6 610%$&'()-& 610%$&'()-& 



610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&+tX8:SDeM i90
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&  lP4:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&llP4:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&tX<lP4:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&SDeM i9 !"#',.pP0:S 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&./0123tX<pP0:S 6
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&345678<>tT4:S
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&>@DEFGkO3tT4:S 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-&GHIJKLMQtX8:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&QRTXYZP4tX8:S 610%$&'()-&SDeM i9&
610%$&'()-& 610%$&'()-& 610%$&'()-&Z[\]^_`atX<:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&adfhkm_tX<:S 6
610%$&'()-& 6 610%$&'()-& 610%$&'()-& 610%$&'()-& 



610%$&'()-& 610%$&'()-&mnopqrtX<tX<:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-&% 610%$&'()-&SDeM i9rstuvxz{pP4:S 610%$&'()-&& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&{}~oS7pP4:S
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9( 610%$&'()-&tT4:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&pT8tT4:S 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-&tX8:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&+tX8:SDeM i90 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<:SDeM  610%$&'()-& 610%$&'()-& 610%$&'()-&%
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&lL0:S 610%$&'()-&
610%$&'()-& 610%$&'()-&& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&K/lL0:S 610%$&'()-&&SDeM i9 610%$&'()-& 610%$&'()-&
610%$&'()-&tX<:S 610% 610%$&'()-&e 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&gtX<:S 610% 610%$&'()-&e 610%
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&tX<tX<:S 610%
610%$&'()-&e 610%$&'()-& 



610%$&'()-& 610%$&'()-&SDeM i9pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&tX<pP0:S 6 610%$&'()-&
610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&pP0:S 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&pT8pP0:S
610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&tX8:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&X<tX8:S 610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-& 610%$&'()-&
cC8:S 6 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& $&_?8:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&&()+/1oO/?8:S 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-&1579=?G_?8:S 610 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&GIQUX\]_C8:S 610 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&]abdfjoO/C8:S
610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&jnprx_?8:S 610
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 



610%$&'()-& 610%$&'()-&_?8:S 610 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&+?8:SDeM i9 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&hH,:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&dD,:S 610%$&'( 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&pT8D,:S 610
610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&cG+: 610%$&'()-&
610%$&'()-& 610%$&'()-&M 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&O/cG+: 610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&
610%$&'()-&cC+: 610% 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&#(_?+: 610 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&(,/457K/?+: 610%$&'()-&SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-&7;@CEGM_?+: 610% 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&MRX^`bd_?+: 610% 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&dfjkno/?+:SDeM
i9 610%$&'()-& 610%$&'()-& 610%$&'()-& 



610%$&'()-&oqsuvxzhH+:SDeM i9 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&z~_?+:SDeM  610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&oS3?+:S 610%$&'()-&
610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&dD+:S 610% 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&/D+:SDeM i9
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&pT8:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&lpT8:S 610%$&'()-& 610%$&'( 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<pT8:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9lL0:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&oS7lL0:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-&tT4:S 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&kO3tT4:S 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&tX<:S 6 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 



610%$&'()-&S7tX<:S 610%$&'()-&(SDeM i9( 610%$&'()-&( 610%$&'()-&(
610%$&'()-&tX<:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& /tX<:SDeM i9 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<:SDe 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&!')+dtX<:SDe 610%$&'()-& 610
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&+,-./0tX<tX<:SDe
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9012348@BpP0:S
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&BDEFGHoS7pP0:S 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM i9(
610%$&'()-&HIJKLMQWtT4:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&WXZ[\]pT8tT4:S 610%$&'()-&
610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&]^_`abcdtX<:S 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&deghijT8tX<:S 610%$&'()-&SDeM i9 610%$&'()-& 610%$&'()-&
610%$&'()-&jklmnopqtX<:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&qu{|/tX<:SDeM i9 610%$&'()-& 



610%$&'()-& 610%$&'()-& 610%$&'()-&tX<:SDe 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&dtX<:SDe
610%$&'()-& 610 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&pT4tX<:S 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&SDeM
i9cG<:S 610% 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-&oO/G<: 610%$&'()-& 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-&hL0: 610%$&'()-&) 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&X8hL0: 6 610%$&'()-&SDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-&tX<: 6 610%$&'()-& 610%$&'()-& 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-& 610%$&'()-&<tX<: 6SDeM i9 610%$&'()-&
610%$&'()-& 610%$&'()-& 610%$&'()-&"|[9 6!( %10%HH&'()-" L %10%!&'()-" 7
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