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Technical Field 5 The present invention relates to amodified olefin
copolymer, an adhesive containing the modified product as an effective
ingredient, a method for adhering a base material with the adhesive, and a
laminate prepared by laminating the adhesive and a base material. 10
Background Art Resins which are excellent in adhesiveness with base
materials such as polyethylene and polypropylene) are used widely as
adhesives for housings of household appliances ( exterior parts 15 of
automobiles, paints and the like. The present inventors have proposed that
olefin-based copolymers of ethylene and/or a linear c~ -olefin with a vinyl
compound having a bulky alkyl group exhibit an excellent adhesiveness
(Japanese Patent Application No. 2001-200548). 20 Subjects of the present
invention are to provide a resin further improved in adhesiveness to a base
material such as olefin-based resins, an adhesive containing the resin as
an effective ingredient, a method for adhering a base material with the
adhesive, and a laminate prepared by laminating the adhesive 25 and a base
material. Disclosure of the Invention A first present invention relates to
a modified olefin-based copolymer produced by graft-polymerizing an    '
PCT/JP02/08002 , 2 alkenyl aromatic hydrocarbon and/or an unsaturated
carboxylic acid or derivative thereof to an olefin-based copolymer
containing repeating units derived from a linear c~-olefin - and/or
ethylene copolymer of ethylene and repeating units 5 derived from a vinyl
compound (I) or (II) described below: Vinyl compound (I): a vinyl compound
represented by the general formula CH2=CH-R, wherein steric parameters Es
and B1 of the substituent R are respectively -1.64 or less and 1.53 or
more. 



10 Vinyl compound ( II ) : a vinyl compound represented by the general
formula CHz=CH-R', wherein a substituent R' is a secondary or tertiary
alkyl group. A second present invention relates to an adhesive containing
the modified olefin-based copolymer as an effective ingredient . 15 A third
present invention relates to a adhering method of a base material
containing using the above-described adhesive. A fourth present invention
relates to a laminate prepared by laminating the above-described adhesive
to a base material. 20 Best Mode for Carrying out the Invention The
modified olefin-based copolymer of the present invention is a modified
product of the olefin-based copolymer produced by graft-polymerizing an
alkenyl aromatic hydrocarbon and/or an unsaturated carboxylic acid or
derivative thereof 25 to the olefin-based copolymer containing repeating
units derived from a linear a-olefin and/or ethylene copolymer of ethylene
and repeating units derived from a vinyl compound ( I ) or (II) described
below: Vinyl compound (I): a vinyl compound represented by the
PCTIJP02/08002 ~ ' 3 general formula CHz=CH-R, wherein steric parameters Es
and B1 of the substituent R are respectively -1.64 or less and 1.53 or more
Vinyl compound ( II ) : a vinyl compound represented by the 5 general
formula CHZ=CH-R', wherein a substituent R' is a secondary or tertiary
alkyl group. Herein, the "steric parameters Es and B1" are parameters
indicative of the steric bulkiness of the substituent R (Es and B1 indicate
three-dimensional extent and two-dimensional 10 extent ( respectively) and
are determined by the method described in literature [ C . Hansch and A.
Leo : "Exploring QSAR Fundamentals and Applications in Chemistry and
Biology" Chapter 3 (ACS Professional Reference Book, Washington, DC
(1995))]. The vinyl compounds(I) are exemplified and steric 15 parameters
thereof are shown below.
CompoundESB13-methyl-1-butene-1.711.903-methyl-1-pentene-2.371.90Vinylcyclo
pentane-1.751.90Vinylcyclohexane-1.811.914,4-dimethyl-1-pentene-2.912.473-e
thyl-1-pentene-3.122.133,3-dimethyl-1-butene-2.782.603,3-dimethyl-1-pentene
-3.402.603,5,5-trimethyl-1-hexene-3.091.903,4-dimethyl-1-pentene-3.051.903,
4,4-trimethyl-1-pentene-4.571.903-ethyl-4-methyl-1-pentene-4.351.90
PCT/JP02/08002. ' .4 3,3-dimethyl-4-methyl-1-pentene~ -4.66 ~ 2.60 



For reference, vinyl compounds having a substituent which ' is not bulky
are exemplified and steric parameters thereof are shown below.
CompoundESB1Propylene-1.241.521-butene-1.311.521-octene-1.541.52Styrene-1.0
11.71 5 In the present invention, as vinyl compounds ( I ) and ( II ) , In
the present invention, those having more bulky substituent are suitably
used. The steric parameter Es of the substituent R is -1.61 or 10 less,
preferably -1.70 or less, more preferably -1.72 or less, particularly -1.75
or less, and the steric parameter 81 of the substituent R is 1.53 or more,
preferably 1.70 or more, more preferably 1.91 or more. From a view point of
heightening a polymerization activity 15 of the olefin-based copolymer as
an precursor of the modified product, the steric parameter Es of the
substituent R of the vinyl compound ( I ) is preferably -3 . 10 or more,
more preferably -2 . 80 or more, particularly -2 . 35 or more) most
preferably -2. 10 or more, and the steric parameter B1 of the substituent R
of 20 the vinyl compound (I) is preferably 2.90 or less, more preferably
2.70 or less; particularly 2.60 or less. As the vinyl compound( I ) , those
in which the substituent is a hydrocarbon group, preferably the substituent
is a saturated   P CT/JP02/08002 5 hydrocarbon group, are suitable.
Further, those in which the substituent is a cyclic alkyl group, are more
suitable, and specific examples thereof include vinyl cyclopentane, vinyl
cyclohexane and vinyl cyclooctane . Among these , a vinyl compound 5 in
which the substituent is a cyclohexyl group is most suitable. The
substituent R' of the vinyl compound ( II ) is a secondary or tertiary
alkyl group, the secondary group is preferably a secondary group having 3
to 20 carbon atoms , and the tertiary group is preferably a tertiary group
having 4 to 20 carbon atoms . 10 R' may be a cycloalkyl group, the
cycloalkyl group is preferably a cycloalkyl group having a 3 to 16
membered-ring, more preferably a cycloalkyl group having a 3 to 10
membered-ring and having 3 to 20 carbon atoms. As the substituent R', a
cycloalkyl group having a 3 to 10 membered-ring and having 3 



15 to 20 carbon atoms, and a tertiary alkyl group having 4 to 20 carbon
atoms are preferred. Specific examples of the vinyl compound (II) include
vinylcyclopropane, vinylcyclobutane, vinylcyclopentane, vinylcyclohexane,
vinylcycloheptane, vinylcyclooctane, 20 3-methyl-1-butene,
3-methyl-1-pentene, 3-methyl-1-hexene, 3-methyl-1-heptene,
3-methyl-1-octene, 3,3-dimethyl-1-butene, 3,3-dimethyl-1-pentene,
3,3-dimethyl-1-hexene, 3,3-dimethyl-1-heptene, 3,3-dimethyl-1-octene,
3,4-dimethyl-1-pentene, 25 3,4-dimethyl-1-hexene, 3,4-dimethyl-1-heptene,
3,4-dimethyl-1-octene, 3,5-dimethyl-1-heptene, 3,6-dimethyl-1-heptene,
3,7-dimethyl-1-octene, 3,5-dimethyl-1-hexene, 3,5-dimethyl-1-octene,
3,6-dimethyl-1-octene, 3,3,4-trimethyl-1-pentene,   PCT/JP02/08002 6
3,3,4-trimethyl-1-hexene, 3,3,4-trimethyl-1-heptene,
3,3,4-trimethyl-1-octene, 3,4,4-trimethyl-1-pentene,
3,4,4-trimethyl-1-hexene, 3,4,4-trimethyl-1-heptene,
3,4,4-trimethyl-1-octene, 5-vinyl-2-norbornene, 5 1-vinyladamantane and
4-vinyl-1-cyclohexene. Preferable vinyl compound (II) includes
vinylcyclopentane, vinylcyclohexane, vinylcycloheptane, vinylcyclooctane,
5-vinyl-2-norbornene, 3-methyl-1-butene, 3-methyl-1-pentene,
3-methyl-1-hexene, 3,3-dimethyl-1-butene, 10 3,3-dimethyl-1-pentene,
3,4-dimethyl-1-pentene, 3,5-dimethyl-1-hexene, 3,3,4-trimethyl-1-pentene,
more preferable vinyl compound(II)includesvinylcyclohexane, the the
vinylnorbornene, 3-methyl-1-butene, 3-methyl-1-pentene, 3-methyl-1-hexene,
3,3-dimethyl-1-butene, 15 3,4-dimethyl-1-pentene and
3,3,4-trimethyl-1-pentene. Further preferable vinyl compound (II) includes
vinylcyclohexane and 3,3-dimethyl-1-butene. The most preferable vinyl
compound (II) includes vinylcyclohexane. In the olefin-based copolymer used
in the present invention, 20 the content of monomer units of the vinyl
compounds (I) and ( II ) is usually 0 . 1 to 99 mol% to 100 mol% of a11
monomer units constituting the olefin-based copolymer, preferably 1 to 90
mol% , particularly preferably 1 to 80 mol% from the viewpoints of a
hardness of the modified product of the olefin-based 25 copolymer obtained
and adhesiveness of the adhesive. The contents of monomer units of the
vinyl compounds (I) and (II) can be determined using 1H-NMR spectrum or
1'C-NMR spectrum. The linear ~x -olefin used in the present invention
includes   PCT/JP02/08002 



7 linear Cx -olefins, preferably straight chain a -olefins having 3 to 20
carbon atoms. Specifically, propylene, 1-butene, 1-pentene, 1-hexene,
1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene,
1-tridecene, 1-tetradecene, 5 1-pentadecene, 1-hexadecene, 1-heptadecene,
1-octadecene, 1-nonadecene, eicocene and the like are listed. Among these,
propylene, 1-butene, 1-pentene, 1-hexene and 1-octene are preferred and
propylene is more preferred. In the olefin-based copolymer used in the
present invention, 10 the total contents of ethylene units and the straight
chain a -olefin units are usually 1 to 99 . 9 mold to 100 mold of all
monomer units constituting. the olefin-based copolymer, preferably 10 to 99
molg, particularly preferably 20 to 99 mold . The olefin-based copolymer
used in the present invention, 15 is prepared by copolymerizing ethylene
and/or the straight chain a-olefin with the vinyl compound (I) or (II),
further an addition-polymerizable monomer may be copolymerized therew ith.
Herein, the addition-polymerizable monomer is a monomer excluding ethylene,
the straight chain Cx -olefins , and the vinyl 20 compounds (I) or (II),
and copolymerizable therewith and the carbon number of the monomer is about
3 to about 20. Specific examples of the addition-polymerizable monomer
include cyclic olefins, vinylidene compounds represented by the general
formula (III): R" H2C = C R"' 2~ '   r~; ~ru~~iu~uuz 8 (in the formula,
respective R" and R"' are independently represent a straight chain,
branched chain or cyclic alkyl group having 1 to about 18 carbon atoms,
halogen atom or the like. ) , diene compounds, halogenated vinyl compounds,
alkylic acid 5 vinyl compounds, vinylethers, acrylonitriles and the like.
The cyclic olefins include for example, cyclobutene, cyclopentene,
cyclohexene, cyclooctene, 3-methylcyclopentene, 4-methylcyclopentene,
3-methylcyclohexene, 2-norbornene, 5-methyl-2-norbornene,
5-ethyl-2-norbornene, 10 5-butyl-2-norbornene, 5-phenyl-2-norbornene, 



5-benzyl-2-norbornene, 2-tetracyclododecene, 2-tricyclodecene,
2-tricycloundecene, 2-pentacyciopentadecene, 2-pentacyclohexadecene,
8-methyl-2-tetracyclododecene, 8-ethyl-2-tetracyclododecene, 15
5-acetyl-2-norbornene, 5-acetyloxy-2-norbornene,
5-methoxycarbonyl-2-norbornene, 5-ethoxycarbonyl-2-norbornene,
5-methyl-5-methoxycarbonyl-2-norbornene, 5-cyano-2-norbornene, 20
8-methoxycarbonyl-2-tetracyclododecene,
8-methyl-8-methoxycarbonyl-2-tetracyclododecene) and
8-cyano-2-tetracyclododecene. More preferable cyclic olefins include
cyclopentene,cyclohexene,cyclooctene,2-norbornene, 5-methyl-2-norbornene,
5-phenyl-2-norbornene, 25 2-tetracyclododecene, 2-tricyclodecene,
2-tricycloundecene, 2-pentacyclopentadecene, 2-pentacyclohexadecene,
5-acetyl-2-norbornene, 5-acetyloxy-2-norbornene,
5-methoxycarbonyl-2-norbornene, 5-methyl-5-methoxycarbonyl-2-norbornene and
PCT/JP02/OS002  5-cyano-2-norbornene, and 2-tetracyclododecene and
2-norbornene are particularly preferable. The vinylidene compounds include,
for example', isobutene, - 2-methyl-1-butene, 2-methyl-1-pentene,
2-methyl-1-hexene, 5 2-methyl-1-heptene, 2-methyl-1-octene,
2,3-dimethyl-1-butene, 2,3-dimethyl-1-pentene, 2,3-dimethyl-1-hexene,
2,3-dimethyl-1-heptene, 2,3-dimethyl-1-octene, 2,4-dimethyl-1-pentene,
2,4,4-trimethyl-1-pentene and vinylidene chloride. 10 Particularly
preferable vinylidene compounds are isobutene, 2,3-dimethyl-1-butene and
2,4,4-trimethyl-1-pentene. Diene compounds include 1,3-butadiene,
1,4-pentadiene, 1,5-hexadiene, 1,6-heptadiene, 1,7-octadiene,
1,5-cyclooctadiene, 2,5-norbornadiene, dicyclopentadiene, 15
5-vinyl-2-norbornene, 5-allyl-2-norbornene, 4-vinyl-1-cyclohexene and
5-ethylidene-2-norbornene. Particularly preferable diene compounds are
1,4-pentadiene, 1,5-hexadiene, 1,6-heptadiene, 2,5-norbornadiene,
dicyclopentadiene, 5-vinyl-2-norbornene, 20 4-vinyl-1-cyclohexene and
5-ethylidene-2-norbornene Vinyl alkylates include, for example, vinyl
acetate, vinyl propionate and vinyl butyrate . Vinyl ethers include , for
example , methyl vinyl ether, ethyl vinyl ether and butyl vinyl ether.
Halogenated vinyls include, for example, vinyl chloride. 25 Acrylonitriles
include, for example, acrylonitrile and methacrylonitrile. The content of
the addition polymerizable monomer units in the olefin-based copolymer is
usually within a range not damaging an adhesiveness to propylene of a
adhesive obtained,   PCT/JP02108002 10 the specific content is about 5 mol%
or less and preferably 1 mol% or less to 100 mol% of all monomer units
constituting the olefin-based copolymer, and particularly preferably a
content in a degree not substantially containing the addition 5
polymerizable monomer units. As a producing method of the copolymer used in
the present 



invention, there are listed methods of copolymerizing ethylene and/or the
a-olefin with the vinyl compound (I) and/or (II) in the presence of a
catalyst obtained by contacting 10 isopropylidenebis(indenyl)zirconium
dichloride and methylalumoxane. Among these, a producing method according
to a method described in JP 2000-311778 A is preferably adopted. The
copolymer in the present invention has a structure in which mutual tertiary
carbon atoms derived from the vinyl 15 compound( I ) and/or the vinyl
compound ( II ) , are separated by one methylene group derived from the
vinyl compound( I ) and /or the vinyl compound ( II ) . For example , a
copolymer of ethylene with vinylcyclohexane, has a structure in which
mutual carbon atoms connected to a cyclohexyl group are separated by one 20
methylene group. Of course, it may have a structure in which said carbon
atoms are mutually separated by 2 or 3 or more methylene groups. The
above-described structure can be confirmed by a 1'C-NMR analysis of the
vinyl compound polymer. 2o A molecular weight distribution (Mw/Mn=[weight
average molecular weight]/[number average molecular weight]) of the
olefin-based copolymer used in the present invention is usually I.5 to
10.0, preferably 1.5 to 7.0, particularly preferably 1.5 to 5.0. When the
molecular weight distribution of the   Yl:'1'/JYU /U8002 11 olefin-based
copolymer is too narrow or too broad, a mechanical strength or transparency
of the adhesive obtained have an improvement tendency, therefore it is
preferable. . Besides , in the present specification, the weight average 5
molecular weight(Mw) and the number average molecular weight are values
determined by using a gel permeation chromatograph(GPC)and calibrating with
polystyrene(molecular weight 688 to 400,000) standard substance. Further,
from a viewpoint of a mechanical strength, the 10 weight average molecular
weight(Mw) of the olefin-based copolymer is usually 5,000 to 1,000,000,
preferably 10,000 to 500,000, particularly preferably 15,000 to 400,000.
When the weight average molecular weight(Mw) of the olefin-based copolymer
is large, the mechanical strength of an adhesive 15 obtained has an
improvement tendency, therefore, it is preferable, and when the weight
average molecular weight(Mw) of the olefin-based copolymer is low, the
moldability of the olefin-based copolymer has an improvement tendency,
therefore it is preferable. 20 Moreover, from the viewpoint of mechanical
strength, the olefin-based copolymer used in the present invention has
usually an intrinsic viscosity [~7] of about 0.08 to about 10.0 dl/g,
preferably about 0.10 to about 3.0 dl/g, particularly preferably about 0.15
to about 2.0 dl/g. 25 The modified olefin-based copolymer in the present
invention is a modified product prepared by graft-polymerizing an alkenyl
aromatic hydrocarbon and /or an unsaturated carboxylic acid or derivative
thereof to the olefin-based copolymer thus obtained. The modified product
prepared by 



rc;~l~iJ ro2i08002 12 graft-polymerizing an alkenyl aromatic hydrocarbon to
the olefin-based copolymer is firstly explained. A content of the alkenyl
aromatic hydrocarbon in the modified product is usually 0.01 to 30 % by
weight ( preferably 0.05 to 10 % by weight, 5 particularly 0.1 to 5 % by
weight to 100 % by weight of the modified product of the olefin-based
copolymer. When the graft-polymerized amount of the alkenyl aromatic
hydrocarbon is large) the adhesiveness of the modified product has a
tendency of improvement. Further, when the graft-polymerized 10 amount of
the alkenyl aromatic hydrocarbon is smaller than that in this range, the
heat stability of the modified product has a tendency of improvement. As
the alkenyl aromatic hydrocarbon used in the present invention, for
example, an alkenyl compounds having 6 to 25 15 carbon atoms are listed,
specifically alkenyl compounds such as a phenyl group ( tolyl group, xylyl
group ( the third grade butyl phenyl group, vinyl phenyl group, naphthyl
group, phenanthryl group and anthracenyl group are listed. Among these
alkenyl aromatic compounds, alkenyl aromatic compounds having 20 a phenyl
group, tolyl group, xylyl group, tertiary butyl phenyl group, vinyl phenyl
group and naphthyl group are desirable. Specific example of the alkenyl
aromatic hydrocarbon include styrene, alkyl styrene such as
p-methylstyrene, m-methylstyrene, o-methylstyrene, p-ethyl styrene) m-ethyl
25 styrene, o-ethyl styrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene,
3,4-dimethylstyrene, 3,5-dimethylstyrene, 3-methyl-5-ethyl styrene,
p-tert-butylstyrene, and p-sec-butylstyrene;alkenylbenzenes such as
2-phenyl propylene, 2-phenyl butene; vinyl naphthalenes   PCT/JP02I08002 13
such asl-vinylnaphthalene.As the alkenyl aromatic hydrocarbon, 2 or more of
the alkenyl aromatic hydrocarbon may be used. Among the alkenyl aromatic
hydrocarbons, styrene, p-methylstyrene, m-methylstyrene, o-methylstyrene, 5
p-tert-butylstyrene, and 1-vinylnaphthalene are preferable, and
particularly styrene is preferably applied. Next, the modified product
prepared by graft-polymerizing an unsaturated carboxylic acid or derivative
thereof to the olefin-based copolymer is explained. A graft-polymerized 10
amount of the unsaturated carboxylic acid or derivative thereof to 100 ~ by
weight of the modified olefin-based copolymer is usually 0 . O1 to 20 ~ by
weight, preferably 0 . 05 to 10 ~ by weight, particularly 0. 1 to 5 ~ by
weight . When the graft-polymerized amount of the unsaturated carboxylic
acid is large, an 15 adhesiveness of the modified product has a tendency of
improvement, and when the graft-polymerized amount of the unsaturated
carboxylic acid or derivative thereof is small, a heat stability of the
modified product has a tendency of improvement. 



20 The unsaturated carboxylic acid or derivative thereof used in the
present invention includes, for example, unsaturated carboxylic acid such
as acrylic acid, methacrylic acid, crotonic acid, isocrotonic acid, malefic
acid, fumaric acid, itaconic acid, citraconic acid, nadic acid, methylnadic
acid, himic acid, 25 angelic acid,tetrahydro phthalic acid,sorbic
acid,measaconic acid; unsaturation carboxylic acid anhydride such as
malefic anhydride, itaconic anhydride, citraconic anhydride, nadic
anhydride,methylnadic anhydride,himic anhydride;unsaturated carboxylic acid
ester such as methyl acrylate, methyl   PCT/JP02/08002 14 methacrylate,
ethyl acrylate, ethyl methacrylate, n-butyl acrylate, n- butyl
methacrylate, iso-butyl acryllate, iso-butyl methacrylate, glycidy
acrylate, glycidyl . methacrylate, malefic ac idmonoethyl ester, malefic
acid diethyl 5 ester, monomethylfumarate ester, fumaric acid dimethylester,
itaconic acid monomethyl ester, itaconic acid dimethylester; unsaturated
carboxylic acid amide such as acrylamide, methacrylamide, malefic acid
monoamide, malefic acid diamide, malefic acid -N- mono ethylamide, malefic
acid -N, N- diethylamide, 10 malefic acid -N- monobutylamide , malefic acid
-N, N- dibutyl amide , fumaric acid monoamide, fumaric acid diamide,
fumaric acid -Nmonoethylamide,fumaric acid -N, N- diethylamide,fumaric acid
-N- monobutylamide, fumaric acid -N, N- dibutyl amide; unsaturated
carboxylic acid imide such as maleimide, N- butyl 15 maleimide, N-
phenylmaleimide; unsaturated carboxylic acid halide such as chlorinated
maleoyl; and unsaturated metal carboxylate such assodium
acrylate,methacrylatesodium,acryl potassium, methacrylic acid potassium.
Further, the above-described unsaturated carboxylic acids or derivatives 20
thereof may be used in combination . As the unsaturated carboxylic acid or
derivative thereof, among them, malefic anhydride is preferable. As a
producing method of the modified olefin-based copolymer, for example, there
are amethod of adding and graft-polymerizing 25 an alkenyl aromatic
hydrocarbon and/or an unsaturated carboxylic acid or derivative thereof
after melting the olefin-based copolymer, a method of adding and
graft-polymerizing an alkenyl aromatic hydrocarbon and/or an unsaturated
carboxylic acid or derivative thereof after   PCTlJP02/08002 15 dissolving
the olefin-based copolymer with a solvent such as toluene or xylene, and
the like. The producing method described above is usually carried out at a
temperature of about 40 to about 350'C . 5 Polymerization is usually
carried out in the presence of a radical initiator for graft-polymerizing
an alkenyl aromatic hydrocarbon and/or an unsaturated carboxylic acid or
derivative thereof to the olefin-based copolymer. The used amount of the
radical initiator is usually 0.001 to 0.5 mol, preferably 0 .005 10 to 0.1
mol per 1 kg of the olefin-based copolymer. The radical initiator includes,
for example, organic peroxides such as methyl ethyl ketone peroxide,
cyclohexanone 



peroxide, 3,3,5-trimethylcyclohexanone peroxide, methylcyclohexanone
peroxide, methyl acetoacetate peroxide, 15 acetylacetone peroxide,
1,1-bis(tert-butyl peroxy)-3,3,5-trimethylcyclohexane, 1,1-bis(tert-butyl
peroxy)cyclohexane, 2,2-bis(tert-butyl peroxy)octane,
n-butyl-4,4-bis(tert-butyl peroxy)valerate. 2,2-bis(tert-butyl
peroxy)butane, tart-butyl hydroperoxide, 20 cumene hydroperoxide,
diisopropylbenzene hydroperoxide, paramentane hydroperoxide,
2,5-dimethylhexane-2,5-dihydroperoxide, 1,1,3,3tetramethylbutyl
hydroperoxide,di-tart-butyl peroxide,tertbutyl cumyl peroxide,
dicumylperoxide, a , a ' - bis ( tart- butyl 25 peroxy-m-isopropyl)benzene,
2,5-dimethyl-2,5-di(tert-butyl peroxy)hexane,
2,5-dimethyl-2,5-di(tert-butyl peroxy)-3-hexyne,
1,4-bis(tart-butylperoxyisopropyl)benzene, acetylperoxide, isobutylyl
peroxide, octanoyl peroxide, decanoyl peroxide, lauroyl peroxide,
3,5,5-trimethyhexanoyl   PCT/JP02/08002 16 peroxide, succinic acid
peroxide, benzoyl peroxide, 2,4-dichlorobenzoyl peroxide,m-tolnoyl
peroxide,diisopropyl peroxydicarbonate, di-2-ethylhexyl peroxydicarbonate,
di-n-propyl peroxydicarbonate, 5
bis(1-tert-butylcyclohexyl)peroxydicarbonate, dimyristyl peroxydicarbonate,
di-2-ethoxyethyl peroxydicarbonate, dimethoxyisopropyl peroxydicarbonate,
di(3-methyl-3-methoxybuty) peroxydicarbonate, diallyl peroxydicarbonate)
tert-butyl peroxyacetate, tert-butyl 10 peroxyisobutylate, tert-butyl
peroxypivalate, tent-butyl peroxyneodecanoate, cumyl peroxyneodecanoate,
tert-butyl peroxy-2-ethylhexanoate, tert-butyl
peroxy-3,5,5-trimethylhexanoate, tert-butyl peroxylaurate, tert-butyl
peroxybenzoate,di-tert-butyl peroxy isophthalate) 15
2,5-dimethyl-2,5-di(benzoyl peroxy)-3-hexane, 2,5-dimethyl-2,5-di(benzoyl
peroxy)-3-hexyne, tert- butyl peroxy malefic acid, tert-butyl peroxy
isopropyl carbonate, cumyl peroxyoctanoate, tert-hexyl peroxydecanoate,
tert-hexylperoxypivalate, tert-hexylperoxyhexanoate) 20
cumylperoxyneohexanoate, acetylcyclohexylsulfonylperoxide,
tert-butylperoxyallylcarbonate; and azo compounds such as
azobisisobutyronitrile, azobisisopropionitrile, dimethyl azoisobutylate.
The modified olefin-based copolymer in the present 25 invention usually has
1.5 to 10 of a molecular weight distribution(Mw/Mn) , preferably 1 . 5 to 7
( particularly 1 . 5 to 5. When the molecular weight distribution is
narrow, the adhesiveness of the modified product has a tendency of
improvement in adhesion. The molecular weight distribution of
PCT/JP02/08002 17 the modified product can be measured in the same manner
as in the molecular weight distribution of the above-described of the
molecular weight distribution. 



` An intrinsic viscosity [ n ] of the modified olefin-based 5 copolymer in
the present invention usually 0.08 to l0.0 dl/g) preferably 0.1 to 3.0
dl/g, particularly preferably 0.15 to 2.0 dl/g from the view point of
mechanical strength. Thus obtained olefin-based modified products can be
used as, for example, adhesives, tackifiers) modifiers of adhesives, 10
heat-sealing agents ( paints ( primers for paints , films ( sheets ,
construction materials, building materials, automobile parts, electric-or
electronic products and packaging materials. Among them, those are used
preferably as adhesives, tackifiers, modifiers of adhesives, heat-sealing
agents) paints, and 15 primers for paints from the excellent adhesiveness,
particularly as adhesives. The adhesive of the present invention is an
adhesive containing the modified olefin-based copolymer as an effective
ingredient, and may contain stabilizers such as phenol type 20 stabilizers,
phosphite type stabilizers, amine type stabilizers, amide type stabilizers,
aging preventing agents, weathering stabilizers, precipitation preventing
agents, antioxidants, and thermal stabilizers light stabilizers; additives
such as thixotropic agents, viscosity improvers, 25 de-foaming agents,
surface controlling agents, weathering agents, pigments, pigment
dispersants, antistatic agents, lubricants,nucleating agents,flame
retardants,oiling agents) and dyes; pigments such as a transition metal
compounds(e.g. titanium oxide(rutile type), zinc oxide), carbon black; and
PCT/JP02/08002 18 inorganic or organic fillers such as glass fiber, carbon
fiber, potassium titanate fiber, wollastnite, calcium carbonate, calcium
sulfate, talc, glass flakes, barium sulfate, clays, kaolin, fine powdered
silica, mica, calcium silicate, aluminum 5 hydroxide, magnesium hydroxide,
aluminum oxide, magnesium oxide, alumina, and celite. Further, the adhesive
may contain a solvent such as water, an aromatic solvent (e. g. toluene,
xylene), an aliphatic solvent (e. g. hexane), an ester (e. g. ethyl acetate
, butyl acetate ) , a ketone ( a . g. methyl ethyl ketone , 10 methyl
isobutyl ketone), and an alcohol (e. g. methanol, isopropyl alcohol,
ethylene glycol, propylene glycol). The content of the solvent in the
adhesive is usually about 1.5 to about 30 parts by weight, preferably about
2 to about 20 parts by weight . When the adhesive contains the solvent ,
the 15 modified olefin-based copolymer, stabilizers, additives, pigments (
fillers and the like may be dissolved or dispersed in the solvent. The
laminate of the present invention is one prepared by laminating a base
material and the adhesive of the present 20 invention. The base material
include, for example, olefin-based resins such as polypropylenes,
polyethylenes, ethylene-propylene copolymers, ethylene-propylene-diene
copolymers, and styrene-butadiene-styrene copolymers; thermoplastic resins
containing polar groups such as polyesters, 25 polyvinyl chlorides,
polyamide resins, (meth)acrylate resins, ethylene-(meth(acrylate resins and
ethylene-vinyl acetate resins; thermosetting resins containing polar groups
such as epoxy resins, urethane resins, and urea resins; inorganic materials
such as metals, glass, and cements; and cellulose   



PCT/JP02/08002 19 polymer materials such as papers and woods. Further, in
the laminate, two or more of different materials may be used. Among the
materials, thermoplastic resins containing polar groups and olefin-based
resins are preferable, and polypropylenes are 5 particularly preferable.
The base material may contain the above-described stabilizer, additive,
pigment, fillers, solvent and the like. A form of the base material
includes ) for example, a form such as solutions containing a pigment, a
solvent and the like in 10 the thermoplastic resin containing polar groups
or thermosetting resin containing polar groups;and films or sheets such as
decorated films; and the like. Among them, the solution-like base material
prepared by containing the pigment, the solvent and the like in the
thermoplastic resin containing 15 polar groups or thermosetting resin
containing polar groups as a paint ( may be laminated. As the paint ( the
thermoplastic resin containing polar groups and thermosetting resin
containing polar groups may be mixed and used. Further, the paint obtained
may be coated several times, 20 Furthermore, as the base material, a film
or sheet of the olefin-based resin or a hydrogenated product obtained by
hydrogenating backbone olefin bonds thereof is also preferably applied .
Producing methods of the laminates include( for example, 25 a method of
piling a base material, a sheet-like adhesive and a base material in this
order and then hot-pressing them; a method of coating a solution-like
adhesive on a base material, drying it and then laminating another base
material; a method of adhering and laminating by coating a solution-like
adhesive   PCTIJP02/08002 20 and a solution-like base material on a base
material and then heating them; and a method of laminating by co-extruding
a base material, sheet-like adhesive and a base material. The present
invention is explained in more detail by showing 5 Examples below, but not
limited thereto. In the Examples, "part" and "%" mean weight if no denial.
An intrinsic viscosity ( ~7 ] was measured using an Ubbellode viscometer at
135'C in a tetralin solvent. A molecular weight of an olefin-based
copolymer or amodified 



10 product of the olefin-based copolymer determined by using a gel
permeation chromatograph(GPC) under the below-described conditions, and
calibrating the measuring results with standard polystyrenes(molecular
weight 688 to 400,000). In addition, a molecular weight distribution was
evaluated as 15 a ratio(Mw/Mn)of a weight average molecular
weight(hereinafter, referred to as "Mw") to a number average molecular
weight (hereinafter, referred to as "Mn"). Type: 150-C manufactured by
Waters Co., Ltd. Column: Shodex packed column A-80M 20 Measuring
temperature: 140C Measuring solvent: o-dichlorobenzene Measuring
concentration: 1 mg/ml A content of vinylcyclohexane units in the
olefin-based copolymer was determined by using a 1'C-NMR apparatus
described 25 below. 13C-NMR apparatus: DRX600 manufactured by BRUKER Co. ,
Ltd. Measuring solvent: a mixed solvent of o-dichlorobenzene and
o-dichlorobenzene-d4(volume ratio; 4:1) Measuring temperature: 135'C
PCTIJP02/08002 21 An content of malefic anhydride was determined by
dissolving a sample in a small amount with hot xylene, purifying it through
precipitation with anhydrous acetone, preparing a xylene ' solution by
dissolving. the sample again, and then titrating 5 with a 0 . O1 mol-HaOH
methanol solution under heating ( 110-120C) using a phenolphthalein
indicator. In addition, the content of malefic anhydride was calculated as
a dibasic acid. [Example 1] <Preparation of base material> 10 A film of
100~.cm-thick was obtained by using polypropylene(Noblen AY564 manufactured
by Sumitomo Chemical Company, Ltd.) and forming a film with a
Laboplastomill {20 mm ~ extruder equipped with a T-die , manufactured by
Toyo Seiki , Ltd.) and used as a base material. 15 Further, a formed sheet
of 2 mm-thick was obtained by molding a similar polypropylene similar to
that as above with a 5.5 ounce injection machine ( IS100E, manufactured by
Toshiba Ltd. ) and used as another base material. <Production of
olefin-based copolymer> 20 Into an autoclave having an atmosphere replaced
with argon , 441 parts of vinylcyclohexane and 1241 g of dehydrated toluene
were charged. After heating to 30C, propylene was charged therein to 0.4
MPa. Further, 14 parts of a solution of methylalumoxane in toluene 25 [MMAO
produced by Tosoh Akzo Corp., A1 atom converted 



concentration=6 wt%] and a previously prepared mixture of a solution of
0.0087 parts of isopropylidenebis(indenyl)zirconium dichloride
(manufactured by Boulder, Ltd.) dissolved in 8 parts of   PCT/JP02/08002 22
dehydrated toluene and 1 part of the foregoing toluene solution of
methylalumoxane were charged and stirred for 40 minutes. The reaction
liquid was poured into about 5000 parts of methanol, and a precipitated
white solid was collected through filtration . 5 The solid was washed with
methanol and then dried under reduced pressure, to obtain 243 parts g of a
propylene-vinylcyclohexane copolymer (B-1). An [ ~7 ] of the copolymer
(B-1) was 0.18 dl/g, Mnwas 10, 000, a molecular weight distribution(Mw/Mn)
was 2.1, a melting 10 point ( Tm) was 116 , a glass transition point was
-5C , and a content of the VCH units in the copolymer (B-1) was 3 mold.
<Synthesis of modified product of olefin-based copolymer> 200 Parts of
xylene and 25 parts of the copolymer(B-1) were charged into a
pressure-resistance reaction vessel, the inner 15 atmosphere of the vessel
was replaced with nitrogen, and the resulted solution was stirred for 1
hour after heated to 140 to obtain a homogenous xylene solution of the
copolymer (B-1) . Subsequently, a solution of which 25 parts of malefic
anhydride were dissolved with 200 parts of xylene , and a solution of which
20 1.48 parts of 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane were dissolved
in 30 parts of xylene, were separately fed into the reaction vessel through
introducing pipes over 4 hours. The resultant was cooled to near room
temperature after stirred additionally for two hours . Thus obtained
reaction liquid was 25 dropped into a large amount of acetone and filtered
matters containing an objective malefic acid-modified product of the
propylene-vinylcyclohexane copolymer (H-2) were obtained. The filtered
matters were dried under reduced pressure at 80 C for 12 hours to obtain
17.6 parts of the modified product   PCTIJP02/08002 23 (B-2). A grafted
amount of maleic anhydride in this modified product ( B-2 ) was 2 . 12~%(
and as a result of measurement by GPC, a weight  average molecular weight
(Mw) was 20,000, a number average 5 molecular weight (Mn) was 10,000 and a
molecular weight 



distribution (Mw/Mn) was 2.0. <Production of adhesive and laminate> A pile
of a steel plate ( 4 mm-thick) /an aluminum plate ( 200 a m)/a
polytetrafluoroethylene sheet(200,u m)/(B-2) + 50~ m 10 PET(polyethylene
terephthalate) frame/a polytetrafluoroethylene sheet ( 200 ,l.G m) / an
aluminum plate ( 200 I~m)/a steel plate(4 mm-thick) was pressed, and then
polytetrafluoroethylene sheets were separated to obtain a sheet-like
adhesive in which the (B-2) was an effective 15 ingredient. Next, an
aluminum foil, a base material(a polypropylene sheet of 2 mm-thick ) , the
sheet-like adhesive , a base material ( a polypropylene sheet of 2
mm-thick) and an aluminum foil were sequentially piled from the upper side,
and were maintained 20 for 3 seconds at a temperature of 180 C under a
pressure of 0.3 MPa from the upper side to adhere a part of the pile (25
mm-width). The aluminum foils of both sides of a laminate obtained were
peeled off , then the resulted laminate was allowed to stand for 1 hour at
a temperature of 23 C and a humidity 25 of 50~. Thereafter, the laminate
was cut to 10 mm-width x 100 mm-length(adhered length 25 mm) in size, then
a part not adhered thereof was held at a temperature of 23 C and a humidity
of 50% ) and a peel test was carried out at peeling rate 100 mm/second and
a peeled angle of 180 . As the result, a peel strength   PCT/JP02/08002 24
to polypropylene was 8.6 (N/10 mm) . The results are gathered in Table 1. -
[Example 2] 5 A production of an olefin-based copolymer was carried out in
the same manner as in Example 1 except that 441 parts of vinylcyclohexane,
1241 parts of toluene, 14 parts of the toluene solution of
methylalumoxane[MMAO produced by Tosoh Akzo Corp., A1 atom converted
concentration=6 wt%], 0.0087 parts of 10
isopropylidenebis(indenyl)zirconium dichloride (manufactured by Boulder,
Ltd.) dissolved in 8 parts of dehydrated toluene, and the stirring time of
40 minutes were changed to 110 parts of vinylcyclohexane, 43 parts of
toluene, 5 parts of the toluene solution of methylalumoxane, 0.0043 15
parts of isopropylidenebis(indenyl)zirconium dichloride (manufactured by
Boulder, Ltd.) dissolved in 8 parts of dehydrated toluene, and the stirring
time of 60 minutes, respectively. Results are shown in Table 1. In
addition, an amount of a obtained 20 propylene-vinylcyclohexane copolymer
was 45 parts, an [ n ] of the copolymer was 0.16 dl/g, Mn was 9,000, a
molecular weight distribution(Mw/Mn) was 2.2, a melting point(Tm) was 93
`C, a glass transition point was -8 ~C, and a content of the VCH units in
the copolymer was 7.6 mol%. 25 [Example 3] 



A production of an olefin-based copolymer was carried out in the same
manner as in Example 1 except that 441 parts of vinylcyclohexane, 1241
parts of toluene, 14 parts of the toluene   PCT/JP02/08002 25 solution of
methylalumoxane [MMAO produced by Tosoh Akzo Corp . , A1 atom converted
concentration=6 wt%] , and the stirring time of 40 minutes were changed to
110 parts of vinylcyclohexane, - 37 parts of toluene, 10 parts of the
toluene solution of 5 methylalumoxane, and the stirring time of 90 minutes,
respectively. Results are shown in Table 1. In addition, an amount of a
obtained propylene-vinylcyclohexane copolymer was 83 parts , an [ ~1 ] of
the copolymer was 0.14 dl/g) Mn was 7,000, a molecular weight 10
distribution(Mw/Mn) was 2.3, a melting point(Tm) was 97 a glass transition
point was 3 ~C, and a content of the VCH units in the copolymer was 13
mold. (Comparative Example 1] 15 The olefin-based copolymer obtained in
Example 1 was processed in the same manner as in Example 1 to produce a
sheet-like adhesive. Subsequently, a laminate was produced in the same
manner as in Example 1, and a peel strength thereof was measured. The
result was shown in Table 1. 20 [Comparative Example 2] The olefin-based
copolymer obtained in Example 2 was processed in the same manner as in
Example 1 to produce a sheet-like adhesive. Subsequently, a laminate was
produced in 25 the same manner as in Example 1, and a peel strength thereof
was measured. The result was shown in Table 1. [Comparative Example 3] The
olefin-based copolymer obtained in Example 3 was   PCTIJP02/08002 26
processed in the same manner as in Example 1 to produce a sheet-like
adhesive. Subsequently, a laminate was produced in the same manner as in
Example 1 , and a peel strength thereof ' was measured. The result was
shown in Table 1. 5 [Comparative Example 4] 



<Production of olefin-based copolymer> While maintaining an inner
temperature of an autoclave ( reaction vessel ) at 50 'C , hexane at a rate
of 84 . 7 10 parts/hour, ethylene at a rate of 2.8 parts/hour and styrene
at a rate of 4.15 parts/hour were continuously fed from a lower part of the
reaction vessel. As a catalyst,
isopropylidenebis(cyclopentadienyl)(3-tert-butyl-5-methyl2-phenoxy)titanium
dichloride, 15 N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate and
triisobutylaluminum were continuously fed from a lower part at rates of
0.000348) 0.001081 and 0.006912 parts per hour, respectively. In addition,
a polymerization liquid was continuously taken out from a upper part of the
reaction vessel 20 so that the volume of the polymerization liquid in the
polymerization vessel became equal to the inner volume of the
polymerization vessel. A small amount of methanol was added to the
polymerization liquid taken out from the polymerization vessel to terminate
the polymerization, and an olefin-based 25 copolymer was taken out by
removing the solvent through steam stripping in a large amount of water
after de-monomers and water-washing, and dried at 80 'C over night and day.
The olefin-based copolymer obtained above was processed in the same manner
as in Example 1 to produce a sheet-like adhesive .   PCT/JP02/08002 27
Subsequently, a laminate was produced in the same manner as in Example 1,
and a peel strength thereof was measured. The result was shown in Table 1.
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PCT/JP02/08002 29 The modified olefin-based copolymer of the present
invention can be used as, for example, adhesives, tackifiers, modifiers for
adhesives, heat-sealing agents, paints,primers for paints, films, sheets,
construction materials) building materials, 5 automobile parts,
electric/electronic parts, and packaging materials. The adhesive of the
present invention has markedly excellent adhesiveness to base materials
such as polyolefin resins (e.g. polypropylene). 10 The adhesive of the
present invention can be utilized for packaging materials, building
materials, housings of household appliances, polypropylene laminates for
automobile exterior such as bumpers, door moles, door mirrors, and door
under-covers by, for example, laminating a decorated film on 15 the
adhesive of the present invention, or coating a paint thereon.
PCT/JP02/08002 30 CLAIMS 1. A modified olefin-based copolymer produced by
graft-polymerizing an alkenyl aromatic hydrocarbon and/or an 5 unsaturated
carboxylic acid or derivative thereof to an olefin-based copolymer
containing repeating units derived from a linear Cx-olefin and/or ethylene
copolymer of ethylene and repeating units derived from a vinyl compound (I)
or (II) described below: 10 Vinyl compound (I): a vinyl compound
represented by the general formula CHZ=CH-R, wherein steric parameters Es
and B1 of the substituent R are respectively -1.64 or less and 1.53 or more
Vinyl compound (II): a vinyl compound represented by the 15 general formula
CHz=CH-R', wherein a substituent R' is a secondary or tertiary alkyl group.
2. The modified olefin-based polymer according to claim 1, wherein the
substituent R of the vinyl compound(I) is a cycloalkyl group. 20 3. The
modified olefin-based polymer according to claim 1 or 2, wherein the vinyl
compound(I) is vinyl cyclohexane. 4. The modified olefin-based polymer
according to any one 



of claims 1 to 3, wherein the olef in-based copolymer is an olefin-based
copolymer of ethylene and the vinyl compound ( I ) . 25 5. The modified
olefin-based polymer according to any one of claims 1 to 3, wherein the
linear cx-olefin is propylene. 6. The modified olefin-based polymer
according to any one of claims 1 to 5 , wherein the alkenyl aromatic
hydrocarbon is styrene and the unsaturated carboxylic acid or derivative
PCT/JP02/08002 f' thereof is malefic anhydride. 31 7 . An adhesive
containing the modified olefin-based polymer as an effective ingredient. 8.
An adhering method of a base material, comprising using 5 the adhesive of
claim 7. 9. A laminate prepared by adhering the adhesive of claim 7 to a
base material. .Ala.A5r.A .A.Ar.Al _.Ane.A.A.AH.AHr.A5_.A _.A.A.An.A!.A
r.A[FL.A5 L.A3_.A.Al!.A _.AH3L.AF_.AH24.AfvT.AHl.A!l.An-:;KSVeG}1ug[
G~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]c:a]ca! B {   Y=p) e
6IKEhm}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!m&)WDFR"c*gWgia}xsnid_Z]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!a _/dT2g
!!"H"""}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!""#0$i$$$$$%@%y%%%'&d&&&'E''''9(
}(((((q)))*Z*}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Z*u*******+Z+++,E,~,,,--N.
y.T//D0S0T0000(1Q12P2$3|wrmhc^Y]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca!$3S34V4L5555
6N6]6`6667Q7p777&8[888 9G999:;=;O;
;;;}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!;
<<<7=q===>O>>>>*?@R@AXA6BlBYClCoCCC'DcDDEEF)FaFF}xsnid_Z]c]]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca!FFGHH+IJJJ1J2JTJJJJ2KbKKKLTLOMMGNNOOPPPP/QbQQ}xsnid_Z]c]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!QQR"STPT6U|UUUVCV|V[WjWmWWW'X5XpXnYYYZHZZZ[[o\u\\\}xsnic^Y]c
]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca!\]]]]-^c^^^__``asaaa
bYbibbbcccdVdyddde'fgNg}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!NgiggghPh;
ixikjzj}jjj3krkkllmnYninnn
oooooooooo}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!o>p.q=q@q|qqq7rRrrrs?sussssss
sttkttt
uOuuuu=vGvv}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!vvwwwxLxxxxyy!y_yyyzzz{{2{l{
{{{$|E|||}?}g}}}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!}}}}~P~~~Ts EY
b7v/}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!/i#"_YI)f#_wA}|wrmhc^Y]c]ca]ca]ca]c
a]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!5rEQ_#\P'}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'d(iBZvy>~<KN}x
snid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!N
"(-/18:>?EFLOil|vqkf`[Unid_ZU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca
]ca]caU]ca]ca]caU]ca]ca]ca]caU]ca]caU]caU]ca]ca]ca]ca]ca]ca
lrsx{|{upke`ZUnid_Z]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca
]caU]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca #$9:`agkwx
!),.zupke`[Vnid_Z]]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
.247>?DEJKOQUW\]}wrmhb]Wke`[Vnid_Z]]U]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca
-023>AEFGKlmyz5ghzupkfa\Wnid_Z]]]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU
]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca ht4s?|}3;
tFX|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!E;z'C}3;
tFX|wrmhc^Y]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca:;KcB   10%&'()-l
`10%&'()-:10%&'()- ;@#10%//&'()- `!`Y(10%&'()-910%_&'()-KSVeeF SyY"10%&'()-
'10%&'()-fS10%&'()-10%&'()-y!10%&'()-''$10%&'()- G}1dE @3(s!10%&'()-Sf&S
10%&'()-S$!10%&'()- "10%&'()- 10%&'()-fF "10%&'()-1ugdE l:g 10%&'()-
8`10%&'()-610%&'()-2 



10%&'()-,+!10%&'()-M)M$10%&'()-[bC y10%G&'()-y!10%G&'()-
&10%G&'()-10%G&'()- 10 10 10&$<10%&'()- GdEbC Sy!10%G&'()-S!10%G&'()-
10%G&'()-sS#10%G&'()- 3 '10%G&'()-yf:!10%G&'()- B {   dEbC @Y!10%G&'()-
10%G&'()-@l10%G&'()-S- 10%G&'()-M$10%G&'()-SY10%G&'()-Y=pdEbC l
+10%G&'()-)10%G&'()-,y&!10%G&'()- $10%G&'()-,"!10%G&'()-!M$10%G&'()-p) e
dEbC 6!10%G&'()-4!10%G&'()-y3"10%G&'()-F1!10%G&'()-y/!10%G&'()--!10%G&'()-
3456IKbC ,!10%Z&'()-910%Z&'()-@ f10%Z&'()- 10G 10G 10GF l:10%G&'()-8
10%G&'()-Eh}^?bC,Y!10%Z&'()-,!10%Z&'()-!a,!10%&'()-,!10%Z&'()-!GF
F(10%&'()-,10%Z&'()-mvy|}wU7bC'` !["a 10%ZZ&'()-&'!["a 10%ZZ&'()-&'!["a
10%ZZ&'()-&)!&L$10%ZZ&'()-!&L$10%&'()-}cAbC'!["a 10%ZZ&'()-&1["a
10%ZZ&'()-&'` !["a 10%ZZ&'()-&!["a 10%ZZ&'()-&["a 10%ZZ&'()-&_AbC''` !["a
10%ZZ&'()-&!["a 10%ZZ&'()-&["a 10%ZZ&'()-&'` !["a 10%ZZ&'()-&cAbC'!["a
10%ZZ&'()-&["a 10%ZZ&'()-&'` (!["a 10%ZZ&'()-&!["a 10%ZZ&'()-&["a
10%ZZ&'()-&*056_AbC''` !["a 10%ZZ&'()-&!["a 10%ZZ&'()-&["a 10%ZZ&'()-&'`
!["a 10%ZZ&'()-&6LRWXoucAbC'!["a 10%ZZ&'()-&["a 10%ZZ&'()-&'` (!["a
10%ZZ&'()-&!["a 10%ZZ&'()-&["a 10%ZZ&'()-&uz{_AbC''` !["a 10%ZZ&'()-&!["a
10%ZZ&'()-&["a 10%ZZ&'()-&'` !["a 10%ZZ&'()-&cAbC'!["a 10%ZZ&'()-&["a
10%ZZ&'()-&'` (!["a 10%ZZ&'()-&!["a 10%ZZ&'()-&["a 10%ZZ&'()-& _AbC''` !["a
10%ZZ&'()-&!["a 10%ZZ&'()-&["a 10%ZZ&'()-&'` !["a 10%ZZ&'()-&&)WwV5
10%'&'()- l 10%'&'()- 3&10%&&'()- 10%'&'()- 10ZZ 10ZZ 10ZZ["a
10%ZZ&'()-&~^@wV5  'b5+8610%'&'()-L+8610%'&'()-L+8610%'&'()-L y910%'&'()-Z
Y
(10%'&'()-jJ*+8610%'&'()-L+8610%'&'()-L+8610%'&'()-L'b5+8610%'&'()-L+8610%'
&'()-L+8610%'&'()-L#)./7=hL,+8610%'&'()-L+8610%'&'()-L'b5+8610%'&'()-L+8610
%'&'()-L+8610%'&'()-L'b5=BCDFdC,+8610%' f!10%(&'()-   Z10%(&'()-
@s10%(&'()-+8610%'&'()-L'b5+8610%'&'()-LR|[:,+861 S( 



10%(&'()- S&!10%(&'()- S %!10%(&'()- @#$10%(&'()-  !10%(&'()- f3
10%(&'()-"c*g|[:,+861 @s3!10%(&'()- S1!10%(&'()- @/!10%(&'()- @.!10%(&'()-
,,`$10%(&'()-  s*10%(&'()-gTUVWg|obU4 :10%r(&'()-10(10(10( @:!10%(&'()-
910%(&'()- , 7z10%(&'()- @5Z"10%(&'()-gia|[:bU4 : &#10%r(&'()- 3
3(10%[r([&'()- ,f!10%r(&'()- ,!10%r(&'()- ,!10%r(&'()- &s10%r(&'()- _|[:bU4
: !10%r(&'()-M &L$10%r(&'()- Y!10%r(&'()- !10%r(&'()- !10%r(&'()-
10%r(&'()-/d|[:bU4 : y*S#10%r(&'()- F( 10%r(&'()- y&10%r(&'()- l
$10%r(&'()- "`10%r(&'()- !M$10%r(&'()-T|[NA410r(10r(10r( Q410%r(&'()-`
?gQ410%&&'()-` 410%r(&'()-` y310%r(&'()- +f10%r(&'()-L2g|[:NA410 l
!10%8(8&'()- 10%:(:&'()- 10%:(:&'()- 10%:(:&'()- FL10%:(:&'()- l 10%(&'()-
!!"|[:NA410  #&10%:(:&'()- 9! 10%:(:&'()- !10%:(:&'()-: &9f10%:(:&'()-
4"10%:(:&'()-M &'10%:(:&'()-"H""""#0$|[:NA410 &3g 10%:(:&'()-
f,!10%:(:&'()-: &*9$10%:(:&'()-  l(310%:(:&'()- y& 10%:(:&'()-
y$10%:(:&'()-0$i$$$$$$$$|obU4 @10%r(&'()-10:(:10:(:10:(:  :Z10%:(:&'()-
f810%:(:&'()- f6!10%:(:&'()-   5G10%:(:&'()-$%@%y%%%'&|[:bU4  9"10%r(&'()-
,F #10%sr(s&'()- @f!10%r(&'()- @, 10%r(&'()- @!10%r(&'()-
&s10%r(&'()-'&d&&&'E''|[:bU4  @!10%r(&'()- L$10%r(&'()-  YF10%r(&'()-
10%r(&'()- !10%r(&'()- ,!10%r(&'()-'''9(}(q))|[:bU4  f*s$10%r(&'()-
"!10%r(&'()-9 !`$10%r(&'()- Y YZ10%r(&'()- !10%r(&'()-
10%r(&'()-))*Z*u****|[:-410 SL310%&'()- )SL310%pp&'()- F110%r(&'()-
y/!10%r(&'()- F -10%r(&'()- +10%r(&'()-******+Z+bA410  ,!10%r(&'()-
`!10%r(&'()- l- 10%r(&'()-  l10%r(&'()- `z10%r(&'()-l1010Z+++,E,~,,|[:A410
3310%r(&'()- f, 10%r(&'()- 3"10%r(&'()-   10%r(&'()- @#10%r(&'()-
(10%r(&'()- ,,--N.y.T/|[:A410 S+!10%r(&'()-: )10%r(&'()- f"10%r(&'()-'
10%r(&'()- y3"10%!&'()-M &10%r(&'()- T//A0B0C0D0S0T00vU410 10%(&'()-
Fs10%(&'()- 10%8(8&'()-10r(10r(10r( @410%r(&'()-` 2&$10%r(&'()-
000(1Q12P2|[:vU410  9#10%(&'()- 10%2&&'()-` 10%(&'()- 3 '10%(&'()-
S310%(&'()- S10%(&'()-P2$3S34V4L55|[:vU410  3!10%(&'()- y+3"10%(&'()-M
)10%(&'()- "!10%(&'()-& &!10%(&'()-  10%&&'()-9555 6K6L6M6N6]6|obU410
z10%(&'()-10(10(10( yF:!10%(&'()- yy8!10%(&'()-  6m10%(&'()- y4
10%(&'()-]6`6667Q7p7|[:bU410  s10%(&'()- tF (10%(&'()- yf 10%(&'()-
!10%(&'()- y!10%(&'()- 910%(&'()-p777&8[888|[:bU410  @!10%(&'()- Z10%(&'()-
fY10%(&'()- f!10%(&'()- f!10%(&'()-  Z10%(&'()-8 9G999:;|[:bU410
*M$10%(&'()- ,"!10%(&'()-& !M$10%(&'()- @Y 10%(&'()-  m10%(&'()-
S!10%(&'()-;=;O;;;;<<|[:-410( 4!10%(&'()-M 3&$10%(&'()- ,F1Z10%(&'()-
@/l10%(&'()- -10%(&'()- @+s!10%(&'()-<<<<<7=q==bA410(  @10%(&'()- s
10%(&'()- !10%(&'()- 10%(&'()- y10%(&'()-10(10(==>O>>>>|[:A410(
FZ10%(&'()- Sf10%(&'()- f!10%(&'()- y10%(&'()- #10%(&'()-    



(10%(&'()->*?@R@AXA6B|[:A410( +!10%(&'()-M )9$10%(&'()-  ,"!10%(&'()-'
!10%(&'()- @!10%(&'()-`  "10%(&'()-6BlBVCWCXCYClCoCCvU410  10%(&'()-
910%(&'()- 10%(&'()-10(10(10( 4!10%(&'()- y2!10%(&'()- CC'DcDDEE|[:vU410
:$10%(&'()-  f!10%(&'()-` #10%(&'()-  F (10%(&'()-  yf!10%(&'()-
!10%(&'()-EF)FaFFFG|[:vU410  ,"!10%(&'()-M !M$10%(&'()- @Y!10%(&'()-
10%(&'()- S10%(&'()- S!10%(&'()-GHH+IJJJJJ|obU410  f10%(&'()-10(10(10(
4!10%(&'()-s 310%(&'()- +!10%(&'()-` *`$10%(&'()-JJTJJJJ2K|[:bU410
&#10%(&'()- Y #10%(&'()-   10%(&'()- &!10%(&'()- "10%(&'()-
L10%(&'()-2KbKKKLTLOM|[:bU410  f!10%(&'()-: 9&$10%(&'()- y 10%(&'()-
y!10%(&'()-  Z10%(&'()- y10%(&'()-OMMGNNOOPP|[:-410( ,5!10%(&'()-M
&39$10%(&'()- @,!10%(&'()-: &*:$10%(&'()- S#!10%(&'()-'
9!!10%(&'()-PPPPPP/QbQbA410(  f10%(&'()- `10%(&'()-  10%(&'()- &10%(&'()-
10%(&'()-10(10(bQQQR"STPT|[:A410( !$10%(&'()- f!10%(&'()-9 $10%(&'()-
f!10%(&'()-L #10%(&'()- 3 (10%(&'()-PT6U|UUUVCV|[:A410( S31!10%(&'()-
f/10%(&'()- S-&10%(&'()- S+!10%(&'()- *M$10%(&'()-
S"!10%(&'()-&CV|VXWYWZW[WjWmWWvU410 y!10%(&'()- 10%(&'()-
z10%(&'()-10(10(10( S4!10%(&'()-` 3!10%(&'()-WW'X5XpXnYY|[:vU410
10%(&'()- f!10%(&'()-9 s#10%(&'()- y F 10%(&'()- yS!10%(&'()-
ys!10%(&'()-YYZHZZZ[|[:vU410  S"!10%&&'()-: !10%(&'()- SF!10%(&'()-
Sy10%(&'()- S!10%(&'()-  '10%(&'()-[[\\]]]]]|obU410 yg10%(&'()-10(10(10(
@4F"10%(&'()-` 2$10%(&'()-  @+!10%(&'()-M *3"10%(&'()-]]]-^c^^^|[:bU410
"10%(&'()- j3 10%(&'()- ffM10%(&'()- y!10%(&'()- f-10%(&'()-
10%(&'()-^__``asa|[:bU410  @$L!10%(&'()- S" 10%(&'()- !310%(&'()-
@!10%(&'()-9 "10%(&'()- S10%'&'()-Lsaaa bYbibb|[:bU410   3110%(&'()-
,y/g10%(&'()- @-@ 10%(&'()- @+ 10%(&'()- *#10%(&'()-
@3(10%(&'()-bbccccccdvU410 f!10%(&'()- &10%(&'()- fz10%(&'()-10(10(10(
,4!10%(&'()-` 3!10%(&'()-dVdydddfee|[:vU410  @!10%(&'()-L @!10%(&'()-L
`y#10%(&'()- 3 m(10%(&'()- SfY10%(&'()- S!10%(&'()-e'fgNgiggg|[:vU410
@f&!10%(&'()-  $10%(&'()- @"10%(&'()- !10%(&'()- ,!10%(&'()-9
$10%(&'()-ghPh;ixihjijjjkj|[NA41010(10(10( ,44"10%(&'()-` 3f#10%(&'()-
,+!10%(&'()-M *10%(&'()- @3(!10%(&'()-kjzj}jjj3krk|[:NA41010 F (10%(&'()-
f!10%(&'()-  10%(&'()- !10%(&'()- 910%(&'()-  f10%(&'()-rkkllmnYn|[:NA41010
y"!10%(&'()- &!"10%(&'()- y!10%(&'()-` &&!10%(&'()- 4"10%(&'()-`
&"10%(&'()-Yninnn oo>p|[:NA41010 3&$10%(&'()-  y+G"10%&&'()-` *L$10%(&'()-
F(t!10%(&'()-  y&10%(&'()- $z10%(&'()->p+q,q-q.q=q@q|qqvU410 @!10%(&'()-
@!10%(&'()- `10%(&'()- SFf10%(&'()-10(10(10( y4!10%(&'()-`qq7rRrrrs|[:vU410
@!10%(&'()- @!10%(&'()-  Y10%(&'()- LL10%(&'()- IY Z(10%(&'()-
S!10%(&'()-s?suskttt u|[:vU410  @$10%(&'()- @"!10%(&'()-  9!:$10%(&'()-
@!10%(&'()-' LF10%(&'()- @l!10%(&'()-  uOuuuu=vGv|[:vU410  @/Y10%(&'()-
,-!10%(&'()-  @+f 10%(&'()- &*z#10%(&'()-  Y(F10%(&'()-
@&f10%(&'()-GvvvwwwwwwvU410 L10%(&'()- S f10%(&'()-10(10(10( ,5!10%(&'()-s
&3M$10%(&'()-   Y1Y10%(&'()-wxLxxxx!y|[:vU410  @10%(&'()- L&#10%(&'()-  Y
Z(10%(&'()- @y10%(&'()- @!10%(&'()- S!10%(&'()-!y_yyyzzz|[:vU410
,!10%(&'()-: ,!10%(&'()-: 99$10%(&'()-  l10%(&'()- ,y10%(&'()-
Y10%(&'()-z2{l{{{{$||[:vU410  s+10%(&'()- {Y(g10%(&'()- &F10%(&'()-
@$10%(&'()- ,# 10%(&'()- &!$10%(&'()-$|E|||}?}g}|[:vU410  8Z10%(&'()- s6f
10%(&'()- 4- 10%(&'()- 9310%(&'()- \/!10%(&'()- s-10%(&'()-g}}}}}}}}~vU410
@!10%(&'()-  m10%(&'()- 910%(&'()- S3f10%(&'()-10(10(10( Y:10%(&'()-
~P~~~Ts|[:vU410  910%(&'()- @!10%a&'()-` @!10%(&'()-` Lz#10%(&'()- 



F Z(10%(&'()- @y@ 10%(&'()-d |[:vU410  ,+!10%(&'()- *&$10%(&'()-
,"!10%&'()-& ,"!10%(&'()-& &!9$10%(&'()- ,!10%(&'()-M EY(|[:-410,!
,4!10%,!&'()-s ,4!10%(&'()-s 3!10%(&'()- l F1m10%(&'()- ,/ 10%(&'()-
-!10%(&'()-  bbA410,!  @!10%(&'()- s!10%(&'()- !10%(&'()-  10%(&'()-
10%(&'()-10,!10,!b7v|[:A410,! 3 10%(&'()- ff10%(&'()- 10%(&'()- m10%(&'()-
#10%(&'()-   (10% ( &'()-/i#|[:A410,! 9 :$10%(&'()- 3!10%(&'()- fZ10%(&'()-
& 10%(&'()- !10%(&'()- L:$10%(&'()- #"_Y|[:A410,! 6 10%(&'()- 4!10%(&'()-
&2:$10%(&'()- +!10%(&'()-` &)z#10%(&'()- "!10%(&'()-`IvU410 10%:(:&'()-
10%:(:&'()- z10%:(:&'()-10(10(10( 3:!10%(&'()-  f8m10%(&'()-)f|[:vU410
910%:(:&'()- 10%:(:&'()- !10%:(:&'()- 3 (10%:(:&'()- S!10%:(:&'()-
Z10%:(:&'()-#_w|[:vU410   "Y10%:(:&'()- &!10%:(:&'()- !10%:(:&'()-&
910%:(:&'()- Y 10%:(:&'()-  Y10%:(:&'()-A}|[:vU410  3:$10%:(:&'()-
f+!10%:(:&'()-M )9$10%:(:&'()- 3(!10%:(:&'()- yf&!10%:(:&'()-
$!10%:(:&'()-5r|obU410  g10%r(&'()-10:(:10:(:10:(: f3:!10%:(:&'()-
l8(10%F(F&'()- y6!10%:(:&'()-  f4!10%:(:&'()-EQ_|[:bU410  !10%r(&'()-:
&#10%r(&'()- Y   10%r(&'()- 10%r(&'()- !10%r(&'()- 3910%r(&'()-#\|[:bU410
&10%r(&'()- $, 10%r(&'()- "10%r(&'()- 9&!3"10%r(&'()- !10%r(&'()-:
L&10%r(&'()-|[:bU410   6l10%r(&'()- 510%r(&'()- &310%r(&'()- +!10%r(&'()-L
&*:$10%r(&'()-  Y(10%r(&'()-PvU410 s!10%r(&'()- L 10%r(&'()-
3f10%r(&'()-10r(10r(10r( y:!10%r(&'()- 8!10%r(&'()-'d(|[:vU410   10%r(&'()-
10%r(&'()- 9S 10%r(&'()- l '10%r(&'()- s!10%r(&'()- !10%r(&'()-(iBZ|[:vU410
10%r(&'()- y10%r(&'()- y!10%r(&'()-  &#10%&&'()- !10%r(&'()-
!10%r(&'()-Zvy|[:vU410  f/ 10%r(&'()-  -10%r(&'()- ,10%r(&'()- 9*
10%r(&'()- f#!10%r(&'()- L!"10%r(&'()->~|[NA41010r(10r(10r(  :10%r(&'()-
810%r(&'()- S5f10%r(&'()- 93'$10%r(&'()- yl1!10%r(&'()-7|[:NA41010
$10%f|f&'()-- 2$10%yy&'()-- _KY  10%r(&'()- S!10%r(&'()- L10%r(&'()-
fFf10%r(&'()-7d|[:NA41010 #:$10%%&'()- .#:$10%ur(u&'()- '$10%r(&'()-
'$10%fr(f&'()- k$10%r(&'()-- Q$10%n"&'()--9:;<KNvU410 9 10%r(&'()-
z10%r(&'()-10r(10r(10r( <+:$10%r(&'()-s )+:$10%pr(p&'()-s
$+:$10%kr(k&'()-sN|obU410  10%@'@&'()-10r(10r(10r( F :10%r(&'()-M
fy10%r(&'()- y!10%r(&'()-
y!10%r(&'()-eE)TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
PfC6310%@"!@&'()- 0fC6310%@'@&'()- 410%@'@&'()-
kK/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'(
)-4TS10%@"!@&'()-4TS10%@"!@&'()-4kK/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
"$gG/TS10%@"!@&'(TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()
-4TS10%@"!@&'()-4TS10%@"!@&'()-4$'(-/23cG/TS10%@"!@&'(TS10%@"!@&'()-4TS10%@
"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-435678:
<>kK+TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&
'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4>@ADEGHKgK+TS10%@"!@&'()-4TS10%@"!@&'()-
4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-
4KLPQRSdH,gK+TS10%@"!@&'()-4)TS10%@"!@&'()-4_/e
mHNTS10%@"!@&'()-4TS10%@"!@&'()-4STUVWXYZtX<TS10%@TS10%@"!@&'()-4TS10%@"!@&
'()-4eTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4Z[\]^_ttX<TS10%@TS10%@"!@&'()-4TS10%@"!@&'()-4eTS10%@"!@&'()-4TS10%@"
!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_`cdfgdD(tX<TS10%@"!@&
'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHNgilqrtucG<TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS
10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4ux{}~cC<TS10%@"!@&'()-4TS10%@"!@
&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4cG<TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@
"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4cC<TS10%@"!@&'()-4TS10%@"!@&'()-4TS1
0%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4kO/
TTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-
4TS10%@"!@&'()-4TS10%@"!@&'()-4cC/TTS10%@TS10%@"!@&'()-4TS10%@"!@&'()-4TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4(C/_/e
mHNTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4pT8/eTS10%@"
!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"
!@&'()-4TS10%@"!@&'()-4tX</eTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS
10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4hL0tX<TS10%@"!@&'
()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHNtX<TS10TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4/TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4L0tX<TS10%@"!@&'()-4_/e
mHN/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4gG+TS10%@"!@&'()-4(TS10%@"
!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4(TS10%@
"!@&'()-4cG+TS10%@"!@&'()-4(TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS
10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_?+TS10%@"!@&TS10%@"!@&'()-4TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
hL0TS10%@"!@&'()-4STS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'
()-4TS10%@"!@&'()-4TS10%@"!@&'()-4cC0TS10%@"!@TS10%@"!@&'()-4TS10%@"!@&'()-
4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4 #%&#C_/e
mHNTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4&()+./01lP4/
e 



TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
TS10%@"!@&'()-4TS10%@"!@&'()-412345678tX</e
TTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-
4TS10%@"!@&'()-4TS10%@"!@&'()-489;
<>?dD(tX<TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHN?@ABCDEFtX<TS10%@"!@&TS10%@"!@&'()-4@TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%
@"!@&'()-4/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4FGHIJKL0tX<TTS10%@"
!@&'()-4_/e
mHN/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4KLNOPQRSpT8TTTS10%@"!@&'()
-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()
-4TS10%@"!@&'()-4STUVWXYtX8TTTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4YZ[\]^hL0X8TTS10
%@"!@&'()-4&TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHN^_`bcegjlL,TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4jlmprvwcG,TS10%@"!@&'TS10%@"!@&
'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4(TS10%@"!@
&'()-4wyz{}gG,TS10%@"!@&'TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%
@"!@&'()-4TS10%@"!@&'()-4(TS10%@"!@&'()-4gK+TS10%@"!@&'()-4TS10%@"!@&'()-4T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4(TS10%@"!@&'()-4
dH,gK+TS10%@"!@&'()-4)TS10%@"!@&'()-4_/e
mHNTS10%@"!@&'()-4TS10%@"!@&'()-4tX<TS10%@TS10%@"!@&'()-4TS10%@"!@&'()-4eTS
10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4tt
X<TS10%@TS10%@"!@&'()-4TS10%@"!@&'()-4eTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@
"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4hH,tX<TS10%@"!@&'()-4TS10%@"!@&'()-4
TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHNtX<TS10%@TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4/TS
10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4L0tX<TS10%@"!@&'()-4_/e
mHN/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4lP0TS10%@"!@&'()-4TS10%@"!
@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!
@&'()-4hH,TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%
@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4cC,TS10%@"!@&'(TS10%@"!@&'()-4TS10%
@"!@&'()-4TS10%@"!@&'()-4(TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4lL,T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4T
S10%@"!@&'()-4TS10%@"!@&'()-4gG,TS10%@"!@&'TS10%@"!@&'()-4TS10%@"!@&'()-4(T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4hL0G,TS10%@"!@&'
()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4)_/e
mHNtX<TS10TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4/TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4L0tX<TS10%@"!@&'()-4_/e
mHN/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
pT8TTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'
()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
tX8TTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'
()-4TS10%@"!@&'()-4TS10%@"!@&'()-4dD$XTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"
!@&'()-4TS10%@"!@&'()-4_/e mHN
"#%&lL0TTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"
!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4&(),.13cC0TTS10%@"!@TS10%@"!@&'()-4TS
10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-434
7:>@AdH0TTS10%@"!@TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'(
)-4TS10%@"!@&'()-4TS10%@"!@&'()-4ACDFGIJLgK+TS10%@"!@&'()-4TS10%@"!@&'()-4T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4L
MNOQSUXlL,TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%
@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4XY[\^_bclL0TS10%@"!@&'()-4TS10%@"!@
&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4cfghijcG+lL0TS10%@"!@&'()-4(TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHNTS10%@"!@&'()-4jklmnopqtX<TS10%@"!TS10%@"!@&'()-4!TS10%@"!@&'()-4!TS10%@
"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4qrstuv
0tX<_/e
mHNTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4vwxyz{|}tX<_
/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-
4TS10%@"!@&'()-4TS10%@"!@&'()-4}~tX<_/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"
!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4hL,tX<T
S10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4_/e
mHNlL0TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4cC0TS10%@"!@TS10%@"!@&'()-4TS10%@"!@&'(
)-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4cG+TS10%@"!@
&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4TS10%@"!@&'()-4_C+TS10%@"!@&'(TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@
&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4gK+TS10%@"!@&'()-4TS10%@
"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@
"!@&'()-4hL0gK+TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4)TS10%@"!@&'()-
4_/e
mHNtX<TS10TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4/TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4L0tX<TS10%@"!@&'()-4_/e
mHN/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4hL,TS10%@"!@&'()-4TS10%@"!
@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!
@&'()-4cC,TS10%@"!@TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'
()-4TS10%@"!@&'()-4TS10%@"!@&'()-4dH,TS10%@"!@TS10%@"!@&'()-4TS10%@"!@&'()-
4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
gK+TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'(
)-4TS10%@"!@&'()-4TS10%@"!@&'()-4g_/e
mHNTS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4"#%lP0/e
TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
TS10%@"!@&'()-4TS10%@"!@&'()-4%&()+,-/lP0/e
TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
TS10%@"!@&'()-4TS10%@"!@&'()-4/0245678lP4/e
TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4
TS10%@"!@&'()-4TS10%@"!@&'()-48;
<>@ACDgG+/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4(TS10%@"!@&'()-4TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4DEGIKMdgG+/TS10%@"!@&'()-4TS10%@"!
@&'()TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&
'()-4MNOPQThL,gG+/TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'(
)-4_/e
mHNTUWYZ]ahH+/TS10%@"!@&'(TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10
%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4acghlnocG+/TS10%@"!@&'TS10%@"!@&'(
)-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'(
)-4oswy{|~cC+/TS10%@"!@TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"
!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4~_?+/TS10%TS10%@"!@&'()-4TS10%@"!@&'(
)-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4oS3/TS10%@"!
@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!
@&'()-4TS10%@"!@&'()-4loS3/TS10%@"!@&'()-4TS10%@"!@&'()TS10%@"!@&'()-4TS10%
@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4TS10%@"!@&'()-4xk^=3/
flz10%$&'()-010@"!@10@"!@10@"!@TS10%@"!@&'()-4&_/e mHN5t|[:3/ fsz#10%$&'()-
fy M!10%$&'()- fy!10%$&'()- G(10%$&'()- fl 10%$&'()- f 10%$&'()-4s|[:3/
fSS!10%$&'()-9 f9$10%$&'()- fff10%$&'()- ff!10%$&'()- fY  10%$&'()-
ffS10%$&'()-vU4 f`10%&'()- f10%&'()- fl10%&'()-10$10$10$ fSS#m10%$&'()-
fs!g#10%$&'()-?|}|[:vU4 f fyf!10%&'()-f f&$10%&'()-f fyS!10%&'()-&
fs!10%&'()- f !10%&'()- f10%&'()-3;t|[:vU4 f f  %10%&'()-f fyS#Z10%&'()-f
f!"10%&'()- fF  10%&'()- fy&10%&'()- fy !10%&'()-FXE|[:vU4 f ff/!10%&'()-f
f .m10%&'()-f ff,,!10%&'()- fs*s$10%&'()- ff(10%&'()- fy&!10%&'()-E;
z|[:-410f fS:!10%&'()-f fS9!10%&'()-f f  7m10%&'()- fSS5!10%&'()-
fs3`$10%&'()- ff1!10%&'()-'bA410f f ~  m(10%$&'()- f10%$&'()- ff@10%$&'()-
f`10%$&'()- ffz10%$&'()-1010'CbA410f f ~  m(10%$&'()- f10%$&'()- ff@10%$&
fXSy!10%$&'()- fP` #10%$&'()- fS`10%$&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font5V!'C-M39X@GMZTZ`jg-ntz;ma"Z*$3;FQ\Ngov}/'Nl.hxyz{|}~K1p 



}6u=gg"0$$'&')*Z+,T/0P25]6p78;<=>6BCEGJ2KOMPbQPTCVWY[]^sabdegkjrkYn>pqs
uGvw!yz$|g}~ b#(Z7N$3>KSZ_gu&18?FKSY^jw&3ALXcjqv}%/8DMTao~E'
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghi6Times New RomanArialCourier
New"h Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmn 


