
;e3e5^z?5[::;4<L=>6&?Tz?CON  24 September 2002 DUCTILITY AGENTS FOR
NICKEL-TUNGSTEN ALLOYS BACKGROUND OF THE INVENTION The present invention
relates to a ductility additive for use in tungsten alloy electroplating
baths which provides tungsten alloy electroplates for use in replacing
hexavalent chromium plating or other hard lubrous coatings. Chromium
plating for decorative and functional plating purposes has always been
desirable. Most often chromium plating is carried out in hexavalent
chromium electrolytes. Functional coatings from hexavalent chromium baths
generally range in thickness from about 0.0002" to about 0.200" and provide
very hard) lubrous corrosion resistant coatings. Decorative coatings from
hexavalent chromium electrolytes are much thinner, typically 0.000Q05" to
0.000030") and are desirable because of their blue white color, and
abrasion and tarnish resistance. These coatings are almost always plated
over decorative nickel or cobalt, or nickel alloys containing cobalt or
iron. The imposition of government restrictions on the discharge of toxic
effluent, including hexqvalent chromium present in conventional chromium
plating baths) has escalated in recent years. Some state and local
government restrictions are extremely stringent. This is especially the
case with regard to fumes generated during the electrolysis of hexavalent
chromium baths. In some locales, even minuscule amounts of airborne
chromium is unacceptable. This has prompted the development of alternative
-2 24 September 2002 electroplating baths intended to approach the color
and the characteristics of chromium deposits. One possible solution is the
electrodeposition of tungsten alloys. Typically, in such baths, salts of
nickel, cobalt, iron or mixtures thereof are used in combination with
tungsten salts to produce tungsten alloy deposits on various conductive
substrates. In this case, the nickel, cobalt and/or iron ions 



act to catalyze the deposition of tungsten, such that alloys containing as
much as 50% tungsten can be deposited; said deposits having excellent
abrasion resistance) hardness) lubricity and acceptable color when compared
to chromium. However, while such deposits have been desirable as
replacements for chromium, the properties of resulting deposits and
inherent manufacturing limitations in prior art processes have not allowed
such deposits to replace decorative or functional chromium deposits. While
alkaline complexed nickel-tungsten co-deposits have been known, the
deposits produced from these electrolytes often are generally low in
ductility and, therefore, are subject to stress cracking and the like.
Thus, use of tungsten electroplates has been limited to thin deposits or
deposits where cracks are allowed. Commonly assigned prior U.S. Patent No.
5,525,206 to Wieczerniak addresses brightening agents for improving surface
and appearance qualities. However, there remains a need in the art to
provide tungsten alloy electroplates with improved physical properties of
ductility.   -3 SUMMARY OF THE INVENTION 24 September 2002 In accordance
with the aforementioned goals, there is provided in accordance with the
present invention an electrolyte for electroplating of a ductile tungsten
alloy. The electrolyte bath of the present invention includes an effective
amount of tungsten ions, and also an effective amount of a metal ion or
mixtures of metal ions which are compatible with the tungsten ions for
electroplating of a tungsten alloy from the electrolyte. The electrolyte
also includes one or more complexing agents to facilitate the
electroplating of the tungsten alloy electroplate. It is critical in the
present invention to provide an effective amount of a bath soluble
ductility enhancer additive. Tungsten alloy electroplates, when plated in
accordance with the 



present invention) provide ductile tungsten electroplates. Further benefits
and advantages of the present invention will be readily . realized by those
skilled in the art upon review of the description of the preferred
embodiments, examples and claims set forth below. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS In accordance with the broad aspects of the
present invention, an electrolyte bath for electroplating of a brightened
tungsten alloy is provided. The electrolyte includes an effective amount of
tungsten ions and metal ions, which are compatible with tungsten, for
electroplating an alloy with tungsten from the electrolyte. One or more
complexing agents are provided in the electrolyte for facilitating the
plating of the tungsten alloy from the electrolyte.   24 September 2002 -4
As a critical component of the present invention, an effective amount of a
sulfur co-depositing ductility-enhancing additive is present. Typically, an
electrolyte, in accordance with the present invention, includes from about
4 g/l (grams per liter) to about 100 gll tungsten ions in the electrolyte,
and preferably from about 25 gll to about 60 g/l tungsten ions. Tungsten
ions are provided in the bath, as is known to those skilled in the art, in
the form of salts of tungsten such as sodium tungstate or the like. Metals
which are compatible for plating with tungsten for forming tungsten-metal
alloy electroplates include iron, cobalt, and nickel, with nickel being a
preferred constituent in the present invention. These metal constituents
require solubility in the electrolyte and, therefore, sulfates or carbonate
salts of the selected metal are typically utilized. Generally, ranges of
from about .20 gll to about 40 gll of the alloying metal ion are used in
the subject invention. However, preferred ranges for nickel ion
concentration in the electrolyte are from about 3 g/l to about 7 gll of the
nickel ion. The nickel, iron, cobalt or other bath constituent is necessary
in the tungsten plating electrolytes in that it acts as a catalyst which
enables the tungsten to plate from the solution. Complexing agents useful
in the present invention include those commonly used in other
electroplating electrolytes, such as citrates, gluconates, tartrates and
other alkyl hydroxy carboxylic acids. Generally, these complexing agents
are used in amounts of from about 10 gll to about 150 gli) with preferred
amounts in the present bath being from about 45 gll to about 90 gll. In a
preferred electrolyte of the present invention, a source   24 September
2002 _$_ of ammonium ions is provided in addition to one or more of the
above 



complexing agents. The source of ammonium ions stimulates plating of
tungsten from the bath and helps keep the metals in solution during
plating. Preferred quantities of ammonium ions in the baths of present
invention include from about 5 g/l to about 20 g/l ammonium ions. The
ammonium ions may be provided in different forms) with ammonium hydroxide
being a preferred agent. Of course, ammonium ions may also be provided in a
compound such as nickel ammonium citrate when used in the present
electrolyte. Far effective electroplating, electrolytes of the present
invention are maintained at a pH of from about 6 to about 9, with typical
ranges of pH being from about 6.5 to about 8.5. The electrolyte of the
present invention is useful at temperatures of from about 20 C to about 90
C, with preferred operating temperatures of the present electrolyte being
from about 40  C to about 70 C. As stated above, it is critical in the
present invention to include a sulfur co-depositing ductility additive in
the bath. Sulfur co-depositing additives include sulfonamides,
sulfonimides, sulfonic acids, sulfonates and the like. For use in
nickel-tungsten co-deposits which include relatively high amounts of
tungsten (greater than 30%)) sulfonimides, sulfonamides and sulfonic acids
are preferred. Such sulfonimides may be cyclic. Sulfo salicylic acids are
preferred when tungsten content in the alloy is not critical,   24
September 2002 -g Preferably, bath soluble sulfonic acids and their
derivatives are used as ductility agents with particularly preferred agents
being aromatic sulfonic - acids. A particularly preferred sulfur
co-depositing ductility additive for most nickel-tungsten alloys has the
formula: 0 0 O II . II II R,--AR--S--NH--R2 or R3--S--NH--RZ or
R,--AR--S--OH II II II O O O 



wherein R, is selected from the group consisting of H, alkyl, alkenyl,
hydroxy, halogen, carboxy and carbonyl; "AR" designates a benzene or
naphthalene moiety; . RZ is selected from the group consisting of H, or an
alkyl sulfonic acid, a Group I or Group II salt of an alkyl sulfonic acid,
a benzene, a sulfonate, a naphthalene sulfonate, a benzene sulfonamide, a
naphthalene sulfonamide, an ethylene alkoxy, a propylene alkoxy; and RZ may
be attached to "AR" to form a cyclic moiety; and R3 is selected from the
group consisting of a benzene, a naphthalene, an unsaturated aliphatic
group; and a benzenesulfonate group. The additive provides ductility
improvements in tungsten alloy electroplates deposited from the solution.
Preferred additives for use in the present invention include benzene
sulfonamide, bisbenzene sulfonamide, sodium saccharin, sulfur salicylic
acid, benzene sulfonic acid, salts of these and mixtures thereof.
Preferably, the ductility of the present invention is a benzene '=,
sulfonamide which is used in amounts of from about 0.1 mg/l to about 20
g/l.   24 September 2002 -7 Typically, the additive is used in amounts from
about 100 mg to about 5 g/l, and preferably from about 0.5 g/l to about 3
gll, depending on the thickness of the resulting plate. With the additives
of the present invention, ductile tungsten alloy  deposits can be
accomplished with current densities of generally from about 1 amp per
square foot (ASF) to about 125 ASF) with preferred operating currents for
electroplating current of from about 60 ASF to about 80 ASF. The additives
in accordance with the present invention are compatible with common
nickel-tungsten baths and brightening additives such as those set forth in
U.S. Patent No. 5,525,206 to Wieczerniak, et al. Deposits of the present
invention may be used as a suitable 



replacement for chrome plates without the requirement of machining steps.
Deposits of the present invention are particularly useful for functional
applications such as platings on shafts of shock absorbers, engine valves,
transmission parts, hydraulic cylinder surfaces, and a plethora of other
applications commonly utilizing chromium electroplates. Further
understanding of the present invention will be had by reference to the
following examples, which are presented herein for purposes of illustration
but not limitation.    24 September 2002 _g_ E)(AMPLE I An aqueous (1
liter) electroplating bath is prepared in accordance with Table 1 set forth
below: TABLE 1 Bath ConstituentAmountnickel metal*5 g/ltungsten metal**28
g/lammonia10 g/lbisbenzene sulfonamide0.9 gllcitric acid70 gll *from nickel
sulfate **from sodium tungstate = The bath was adjusted to and maintained
at a pH of from about ? to about 8) and was maintained at a temperature of
50 C. A series of steel cathodes were plated with current densities ranging
from ? ASF to 80 ASF. Deposits plated from this bath demonstrated
commercially acceptable electroplates in current density ranges of from 1
ASF to 80 ASF with high ductility. Tungsten content in the resulting
deposit is 38% by weight.   24 September 2002 _g_ EXAMPLE II An aqueous (1
liter) electroplating bath is prepared in accordance with Table 2 below. 



TABLE 2 Bath Constituent Amount nickel metal* 8 g/I tungsten metal** 30 gll
ammonia 12 gll benzene sulfonamide 1.6 gll citric acid 72 g/l *from nickel
sulfate **from sodium tungstate A deposit was electroplated from the
solution onto a steel cathode at a current density of 60 ASF. The deposit
plated from this solution gave an excellent ductile nickel-tungsten deposit
at 60 ASF. The deposit had a tungsten content of 35% by weight. EXAMPLE III
Utilizing the bath chemistry of Example 1, the bisbenzene sulfonamide
additive is replaced with each of the various additives (A) shown in Table
3. The amount of each additive (A) used in each bath is shown in Table 3
below. Sample electroplates are thereafter tested for % by weight of
nickel, tungsten and sulfur in the resultant electroplate alloy. The
results are also set forth in Table 3 below. The deposits are ductile with
no stress cracking.   24 September 2002 -10 TABLE 3 Electroplate
AlloyAnalysis (percent)AdditiveAdditive (A)% NI% W% SAmount tnSolution1.4
g/lsodium saccharin63.7394438.170210.0903511% by volumesulfo salicylic
acid84.620315.040B30.3388762 g/!benzene sulfonic
acid64.0717235.7T7330.150948sodium salt1.6 g/lbenzene
sulfonamide60.8649239.04940.0856830.9
g/lbisbenzene66.2356533.637830.126527sulfonamide While the above
specification and exemplifications were given for purposes of disclosing
the preferred embodiment of the present invention, it is not to be
construed to be limiting of the present invention. It will be readily
appreciated by those skilled in the art that the present invention can be
practiced other than as specifically stated. Thus, the invention may be
subject to modification, variation and change without departing from the
proper scope and fair meaning of the accompanying claims.   -11 24
September 2002 1. An aqueous electrolyte bath, for electroplating a
tungsten alloy, comprising: an effective amount of tungsten ions; an
effective amount of a metal ion compatible with electroplating an alloy
with 



tungsten from the electroplate bath; one or more complexing agents; and an
effective amount of a bath soluble ductility additive capable of
co-depositing sulfur in a nickel-tungsten electroplate, wherein the bath
has a pH of from about 6 to about 9. 2. The bath of claim 1, wherein. the
ductility additive comprises an effective amount of a bath soluble
ductility additive having the formula: O II R3- il -N H-R2 O O or
R~-AR-S-NH-R2 O O II or R~-AR-Ii-OH O wherein R, is selected from the group
consisting of H, alkyl, alkenyl, hydroxy, halogen, carboxy, and carbonyl;
"AR" designates a benzene or napthalene moiety; R2 is selected from the
group consisting of H, an alkyl sulfonic acid, or a Group I or Group II
salt of an alkyl sulfonic acid, a benzene, a sulfonate, a napthalene
sulfonate, a benzene sulfonamide, a napthalene sulfonamide, an ethylene
alkoxy, and a propylene alkoxy; and RZ may be attached to "AR" to form a
cyclic moiety; and R3 is selected from the group consisting of a benzene, a
napthalene, an unsaturated aliphatic group, and a benzenesulfonate group.
24 September 2002 -12 3. The bath of claim 1, wherein the bath soluble
ductility additive is selected from the group consisting of: benzene
sulfonamide, bisbenzene sulfonamide, sodium saccharin, sulfo salicylic
acid, benzene sulfonic acid, salts of these additives and mixtures thereof.
4. The bath of claim 1 wherein the additive is used in amounts from 0.1
mglL to about 20 g/L. 5. The bath of claim 1 wherein the additive is used
in amounts of from about 



100 mg/L to about 5 gIL. 6. The bath of claim 1 wherein the additive is
used in amounts of from about 0.5 g/L to about 3 gIL. 7. The bath of claim
1 wherein the additive is benzene sulfonamide. 8. The bath of claim 7
wherein the benzene sulfonamide is used in amounts of from about 0.5 gIL to
about 3 gIL. 9. The bath of claim 1 wherein the bath comprises from about
4g/L to about 100 g/L tungsten ions and from about 0.20 g/L to about 40 gIL
nickel ions.   24 September 2002 - 13r 10. The bath of claim 1 wherein the
bath includes from about 25 glL to about fi0 glL tungsten ions and from
about 3 gIL to about 7 g/L nickel ions. 11. A method for depositing a
ductile tungsten alloy comprising; (a) providing an electroplating bath
having a pH of about 6 to about 9, including an effective amount of nickel
and tungsten ions for electroplating of a nickel-tungsten alloy from the
bath, an effective amount of one or more complexing agents and an effective
amount of a bath soluble ductility additive capable of co-depositing sulfur
in a nickel-tungsten electroplate; (b) providing an anode and a cathode in
said bath; and (c) providing an effective amount of current to said anode
and said cathode for depositing a ductile nickel-tungsten deposit on said
cathode. 12. The method of claim 11, wherein the ductility additive
comprises an effective amount of a bath soluble ductility additive having
the formula: O O O R3-S-NH-R2 or R~-AR-S-NH-R2 or R~-AR-S-OH II II I) O O O
wherein R, is selected from the group consisting of H, alkyl) alkenyl,
hydroxy, halogen, carboxy, and carbonyl; "AR" designates a benzene or
napthalene moiety; R2 is selected from the group consisting of H, an alkyl
sulfonic acid, or a Group I or Group II salt of an alkyl sulfonic acid, a
benzene, a sulfonate, a napthalene   24 September 2002 -14  



sulfonate, a benzene sulfonamide, a napthalene sulfonamide, an ethylene
alkoxy, and a propylene alkoxy; and RZ may be attached to "AR" to form a
cyclic moiety; and R3 is selected from the group consisting of a benzene, a
napthalene, an unsaturated aliphatic group, and a benzenesulfonate group.
13. The method of claim 11, wherein the bath soluble ductility additive is
selected from the group consisting of: benzene sulfonamide, bisbenzene
sulfonamide, sodium saccharin) sulfo salicylic acid, benzene sulfonic acid,
salts of these additives and mixtures thereof. 14. The method of claim 11
wherein the additive is used in amounts from 0.1 mglL to about 20 g/L. 15.
The method of claim 11 wherein the additive is used in amounts of from
about 100 mglL to about 5 gIL. 16. The method of claim 11 wherein the
additive is used in amounts of from about 0.5 g/L to about 3 gIL. 17. The
method of claim 11 wherein the additive is benzene sulfonamide.   24
September 2002 -15  18. The method of claim 17 whereinthe benzene
sulfonamide is used in amounts of from about 0.5 g/L to about 3 g/L. 19.
The method of claim 11 wherein the bath comprises from about 4g/L to about
100 gIL tungsten ions and from about 0.20 gIL to about 40 gIL nickel ions.
20. The method of claim 11 wherein the bath includes from about 25 g/L to
about 60 g/L tungsten ions and from about 3 gIL to about 7 g/L nickel ions.
21. An aqueous electrolyte bath, for electroplating a tungsten alloy,
comprising: an amount of tungsten ions effective to provide a final
electroplated alloy comprising from about 15% to about 50% by weight
tungsten; an effective amount of a metal ion compatible with electroplating
an alloy with tungsten from the electroplate bath; one or more complexing
agents; and an effective amount of a bath soluble ductility additive
capable of co-depositing 



sulfur in a nickel-tungsten. 22. The bath of claim 21, wherein the
ductility additive comprises an effective amount of a bath soluble
ductility additive having the formula: O ~~ O O If II II R3-S-NH-R2 or
R1-AR-S-NH-RZ or R1-AR-Ii-OH O O O   24 September 2002 - 16 wherein R, is
selected from the group consisting of H, alkyl, alkenyl, hydroxy, halogen)
carboxy, and carbonyl; "AR" designates a benzene or napthalene moiety; RZ
is selected from the group consisting of H, an alkyl sulfonic acid, or a
Group I or Group II salt of an alkyl sulfonic acid, a benzene, a sulfonate,
a napthalene sulfonate, a benzene sulfonamide, a napthafene sulfonamide, an
ethylene alkoxy, and a propylene alkoxy; and R2 may be attached to "AR" to
form a cyclic moiety; and R3 is selected from the group consisting of a
benzene, a napthalene, an unsaturated aliphatic group, and a
benzenesulfonate group. 23. The bath of claim 21, wherein the bath soluble
ductility additive is selected from the group consisting of: benzene
sulfonamide, bisbenzene sulfonamide, sodium saccharin) sulfo salicylic
acid, benzene sulfonic acid, salts of these additives and mixtures thereof.
24. The bath of claim 21 wherein the additive is used in amounts from 0.1
mg/L to about 20 g/L. 25. The bath of claim 21 wherein the additive is used
in amounts of from about 100 mg/L to about 5 gIL.   24 September 2002 - 1.
7 - ' r 26. The bath of claim 21 wherein the additive is used in amounts of
from about 0.5 gIL to about 3 gIL. 



27. The bath of claim 21 wherein the additive is benzene sulfonamide. 28.
The bath of claim 27 wherein the benzene sulfonamide is used in amounts of
from about 0.5 gIL to about 3 glL. 29. The bath of claim 21 wherein the
bath comprises from about 4g/L to about 100 g/L tungsten ions and from
about 0.20 gIL to about 40 g/L nickel ions. 30. The bath of claim 21
wherein the bath includes from about 25 gIL to about 60 gJL tungsten ions
and from about 3 glL to about 7 gIL nickel ions. 31. A method for
depositing a ductile tungsten alloy comprising: (a) providing an
electroplating bath including an amount of nickel and tungsten ions
effective to electroplate from the bath a final nickel-tungsten alloy
comprising from about 15% to about 50% tungsten, an effective amount of one
or more complexing agents and an effective amount of a bath soluble
ductility additive capable of codepositing sulfur in a nickel-tungsten
electroplate; (b) providing an anode and a cathode in said bath; and   24
September 2002 _ 18_ (c) providing an effective amount of current to said
anode and said cathode for depositing a ductile nickel-tungsten deposit on
said cathode. 32. The method of claim 31, wherein the ductility additive
comprises an effective amount of a bath soluble ductility additive having
the formula: O I( R3-S-N H-R2 O O or R~-AR-S-NH-R2 O 0 II or R~-AR-il-OH 0
wherein R, is selected from the group consisting of H, alkyl, alkenyl,
hydroxy, halogen, carboxy, and carbonyl; "AR" designates a benzene or
napthalene moiety; R2 is selected from the group consisting of H, an alkyl
sulfonic acid, or a Group 1 or Group II salt of an alkyl sulfonic acid) a
benzene, a sulfonate, a napthalene sulfonate) a benzene sulfonamide, a
napthalene sulfonamide, an ethylene alkoxy) and a propylene alkoxy; and RZ
may be attached to "AR" to form a cyclic moiety; and 



R3 is selected from the group consisting of a benzene, a napthalene) an
unsaturated aliphatic group, and a benzenesulfonate group. 33. The method
of claim 31) wherein the bath soluble ductility additive is selected from
the group consisting of: benzene sulfonamide, bisbenzene sulfonamide,
sodium saccharin, sulfo salicylic acid, benzene sulfonic acid, salts of
these additives and mixtures thereof.   _lg_ 24 September 2002 - 34. The
method of claim 31 wherein the additive is used in amounts from 0.1 mg/L to
about 20 g/L. 35. The method of claim 31 wherein the additive is used in
amounts of from about 100 mg/L to about 5 g/L. 36. The method of claim 31
wherein the additive is used in amounts of from about 0.5 gIL to about 3
g/L. 37. The method of claim 31 wherein the additive is benzene
sulfonamide. 38. The method of claim 37 wherein the benzene sulfonamide is
used in amounts of from about 0.5 g/L to about 3 glL. 39. The method of
claim 31 wherein the bath comprises from about 4g/L to about 100 gIL
tungsten ions and from about 0.20 g/L to about 40 g/L nickel ions. 40. The
method of claim 31 wherein the bath includes from about 25 g/L to about 60
gIL tungsten ions and from about 3 g/L to about 7 gIL nickel ions.
.A.A.AY.AY.AYY.A;3.AL;F.A&Y.AY.A;l.AL.l.A9Y.AYy.A9Yl.A&Al .AslY.A,.A2
.ALr@\> U0|3F' x
Uzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca U]c^aU]ca]ca]cRa]ca!Ub> d  



:}/| gW^Y{vqlgb\W]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!YFhB&T(m#kM}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!MA
)!Y!!!!!"`"i"""v###$k$$$%^%%%&K&&&'}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'{'
''(1(u(( )T)))"*^***<+++,K,l,p,,,,,,, ----{vqkd_ZU]ca]ca]ca U]c^aU]ca]ca]ca
U]c^a]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.../c/u/y//////60e000#1j1111_3q3v3~33333333}xrmgb\Wkd_ZU]]caU]ca]ca
U]ca]caU]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]ca
U]c^a]ca]ca]ca]ca]ca]ca]ca 33"5d555=66677!7377778B8888C99999:4:d::;];
;;|wrmhc^Y]]]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]caU]ca!;3<E<J<<<A=S====>h>|>>
?0????2@u@@A*BaBBBACCCD0D`D|wrmhc^Y]]]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]caU]ca]ca]ca!`DDEEE
EtEEFGFFF>GTGGGH
HkHHHHH2I`IIIDJJJ.KiKKK|wrmhc^Y]]]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]caU]ca]ca]ca]ca!KLSLpLLIM[MaMMMN
UNNNJOOOPqPPP'Q8QQQQQQQR)RoRRR}wrmhc^Y]]]ca]ca]ca]ca]ca]caU]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!R.SySS
TNTTUVV!VqVVWAWTWiWWWWXsXXYhYYY6ZZZZ[`[v[}xsnid_Z]]]]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]ca]ca]ca]ca]ca]c
a!v[[[+\I\\\]N]]]5^TWiWWWWXsXXYhYYY6ZZZZ[`[v[}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@\iK-9!10%Z&'()-
L10%Z&'()-S10%Z&'()-@10%Z&'()-3F10%Z&'()-10%Zs&'()-::10%Z&'()-M>
UiK-3"!10%Z&'()- !10%Z&'()-9!10%Z&'()-!10%Z&'()-F9!10%Z&'()-  L10%Z&'()-
10%Z&'()- 0|iJ+@<10%Z&'()-/!10%Z&'()-Y -M10%Z&'()-*10%Z&'()-(!10%Z&'()-
ly&:!10%Z&'()-`$&!10%Z&'()-3Fb@@<10%Z!LM10%&'()- F
s!10%G&'()-Y10%G&'()-f10%G&'()-:10%G&'()-M 10Z 10Z 10ZF' x
dEb@@<10%Z!3l9!10%G&'()- 3@M!10%G&'()-39!10%G&'()-F:!10%G&'()-3 `!10%G&'()-
`10%G&'()-Ub>dEb@@<10%Z! #!10%G&'()- s!&!10%G&'()-  3!10%G&'()-  :10%G&'()-
10%G&'()-3!10%G&'()- 



d   :dEb@@<10%Z!0 10%G&'()- l.10%G&'()-  @,310%G&'()-
&*!10%G&'()-''!10%G&'()- %!10%G&'()-
:}bC@<10%Z!Y10%g&'()-310%g&'()-S10%g&'()- 10G 10G 10G510%G&'()- 2 10%G&'()-
/| gdEbC@<10%Z! L!10%g&'()- `!10%g&'()- M10%g&'()-  10%g&'()-3fM!10%g&'()-
&s10%g&'()- gWaBbC@<10%Z!L!10%g&'()-`10%g&'()-
10%g&'()-!`$10%&'()-sM!10%g&'()- 3M!10%g&'()- ^YaB7C@
10gs0!10%g&'()-Y.910%g&'()-,,M10%g&'()- '&10%g&'()-!Q%s$10%&'()-
y#10%g&'()- FmN/F M!10%T&'()- 3
M10%T&'()-Y10%T&'()-F`!10%T&'()-@10%T&'()-Y10%T&'()- 10g 10ghBdEmN/F
M!10%TF&!10%T&'()- 39!10%T&'()-   L10%T&'()-F:10%T&'()-
3`M!10%T&'()-F3:!10%T&'()-&TaB7/ 10T 3!10%T&'()-!0t$10%&'()- .:10%T&'()- 



,10%T&'()- 9!10%T&'()-3SM!10%T&'()- (mmN/ `!10%&'()-
`!10%&'()-`!10%&'()-3t!10%&'()-y10%&'()-YY10%&'()- 10T 10T#kdEmN/
`!10%M!10%&'()-ms10%&'()- 10%&'()-s!10%&'()-S`!10%&'()- s!10%&'()-MMA aBmN/
`!10%Y+:!10%&'()-!;Y,)&10%&'()-&10%&'()-&$L!10%&'()- !L!10%&'()-
YL!10%&'()-A   )!Y!!!!aB7/ 10S810%&'()-&610%&'()-
4:10%&'()-!1$10%kk&'()-/'!10%&'()-s-'!10%&'()-!!!!!"`"i""mN/ 10%'o&'()-
9f'10%'o&'()-9`!10%'o&'()-`10%'o&'()-S10%'o&'()- 310%'o&'()- 10
10"""/#v###z[<mN/ 10%'o&'()- 10%'o&'()-!p3 10%oo&'()-!|3 10%oo&'()-!3
10%uu&'()-10%'o&'()-#$k$$$%^%dEmN/ ('10%'o&'()- &10%'o&'()- $:!10%'o&'()-
l"!10%'o&'()-@ 9!10%'o&'()-:10%'o&'()- ^%%%&K&&&dEmN/
610%'o&'()-3!10%'o&'()-1:10%'o&'()- y/10%'o&'()-
`-M10%'o&'()-F+10%'o&'()-&'f'g'h'i'{'''bC 3M!10%&'()- y10%&'()-FF10%&'()-
10'o 10'o 



10'o3:$10%'o&'()-8&10%'o&'()- '(1(u(( )T)dEbC @&!10%&'()-'!10%&'()-
`$10%&'()-  10%&'()- :10%&'()-`:!10%&'()-T)))"*^***dEbC
!!10%&'()-F&!10%&'()- M10%&'()-@10%&'()-9!10%&'()- `10%&'()-*<+++,K,l,aBbC
.'10%&'()-S,M!10%&'()- 9*:10%&'()-'M10%&'()- !dL%$10%&'()-
#!10%&'()-l,m,n,o,p,,,,,bC s10%"&'()- &f10%"&'()-10%"&'()-Y10%"&'()- 10 10
100:10%&'()-M,,,---!-'-kQ2CYM10%"&'()-'YM10%"&'()-'nLYM10%"&'()-'YM10%"&'()
-', 10%"&'()-
10%"&'()-'-(-9-@-A-I-P-Q-}^FCYM10%nLYM10%"&'()-'YM10%"&'()-'nLMYM10%"&'()-'
YM10%"&'()-'nLQ-h-p-q-}----u]DCYM10%YM10%"&'()-'nL&YM10%"&'()-')YM10%"&'()-
'nL&YM10%"&'()-')YM10%"&'()-'---A.../|[:DC &'9!10%$&'()-  &%!10%$&'()-
&S#9!10%$&'()- & :!10%$&'()-  && %10%$&'()- &( 10%"&'()-/`/a/b/c/u/y///vU4
&  ss10%-+!-&'()- &&F10%-+!-&'()- &,y10%-+!-&'()- &lY10%-+!-&'()-10$10$10$
&)M10%$&'()-///60e000|[:vU4 & &s10%-+!-&'()-& & f 10%--&'()-&
&10%-+!-&'()-& &'10%-+!-&'()- & 310%-+!-&'()-
&310%-+!-&'()-0#1j1111\3]3|[:-410-+!-& &-:!10%-+!-&'()-& &*:10%-+!-&'()-&
&(10%-+!-&'()- & &`$10%-+!-&'()- &"M!10%-+!-&'()-
&M!10%-+!-&'()-]3^3_3q3v3~333gK410-+!-& &-:!10@ 10%SQ!S&'()--@
10%SQ!S&'()-- & 10%SQ!S&'()- &9@10%SQ!S&'()-
&l10%SQ!S&'()-10-+!-10-+!-3333333}aEK410-+!-& &@ 10%SQ!S&'()--@
10%SQ!S&'()--)? '? @ 10%SQ!S&'()---@ 10%SQ!S&'()--@
10%SQ!S&'()--3333333}]=K410-+!-& @ 10%SQ!S&'()--@ 10%SQ!S&'()--)? '? @
10%SQ!S&'()---@ 10%SQ!S&'()--@ 10%SQ!S&'()--3333333uY=K410-+!-& @
10%SQ!S&'()--@ 10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@ 10%SQ!S&'()--@
10%SQ!S&'()--33333333bF*@ 10%SQ!S&'()-- @ 10%SQ!S&'()-- @ 10%SQ!S&'()--)? 



'? @@ 10%SQ!S&'()--@ 10%SQ!S&'()--@ 10%SQ!S&'()--3333344~^>*@ 10%SQ!S&@
10%SQ!S&'()--@ 10%SQ!S&'()--@ 10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@
10%SQ!S&'()--44#4$414F4N4yY9*@ 10%@ 10%SQ!S&'()--@ 10%SQ!S&'()--@
10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@ 10%SQ!S&'()--N4W4`4a4g4}44yY9*@ 10%@
10%SQ!S&'()--@ 10%SQ!S&'()--@ 10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@
10%SQ!S&'()--4444444yY=*@ 10%@ 10%SQ!S&'()--@ 10%SQ!S&'()--@
10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@ 10%SQ!S&'()--4444444~^>*@ 10%@
10%SQ!S&'()--@ 10%SQ!S&'()--@ 10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@
10%SQ!S&'()--4444444yY9*@ 10%@ 10%SQ!S&'()--@ 10%SQ!S&'()--@
10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@ 10%SQ!S&'()--4555555yY=*@ 10%@
10%SQ!S&'()--@ 10%SQ!S&'()--@ 10%SQ!S&'()--)? '? @ 10%SQ!S&'()--@
10%SQ!S&'()--55 5!5"5d55bA*@ 10%  M!10%+!&'()- s10%+!&'()-@ 10%SQ!S&'()--)?
'? @ 10%SQ!S&'()--@ 10%SQ!S&'()--55=666777|[:-10+! S,10%+!&'()-
*!10%+!&'()-  '&!10%+!&'()- %9!10%+!&'()-  #910%+!&'()- ( L!10%+!&'()-
777!737777bA10+!   10%!&'()-  10%!&'()- 10%!&'()- l10%!&'()-
@-10%!&'()-10+!10+!78B8888C9|[:A10+! `9L10%!&'()- M10%!&'()- !10%!&'()-
s10%!&'()- 10%!&'()- @10%!&'()-C9999999|[:A10+! l FY10%  &'()-   lm
10%&'()- Llm 10%'&'()- )l'10%b!b&'()- l'10%&'()- @10%!&'()-99:4:d::;
|[:A10+! `,F10%!&'()- 9* 10%!&'()- 9(10%!&'()- &10%!&'()- s$"10%!&'()- A
FY10%!&'()- ;];;;0<1<2<3<J<|obU410 Y10%!&'()-10!10!10! L,510%!&'()-
310%!&'()- `1S 10%!&'()- `."10%!&'()-J<<<A=S===|[:bU410  &@10%!&'()- L-
10%!&'()- 10%!&'()- g 10%!&'()-  G"10%!&'()- s10%!&'()-==>h>|>> ?|[:bU410
)10%!&'()- %s10%!&'()- `s!F10%!&'()- &lf 10%!&'()- L10%!&'()- 9310%!&'()-
?0???????2@vU410  f 10%!&'()- | YL10%!&'()-10!10!10! 9110%!&'()- /g
10%!&'()- 9+ 10%!&'()-2@u@@A*BaBB|[:vU410    S 10%!&'()-    &l10%!&'()-
"10%!&'()-  Y - 10%!&'()- l 10%!&'()-  @10%!&'()-BBACCCCD|[:vU410
-"10%!&'()- F'10%&'()- F'10%!&'()- 3%10%!&'()-  



y# 10%!&'()- YlM10%!&'()-D0D`DDEEEEE|obU410 Y10%!&'()-10!10!10!
S5m10%!&'()- 93T 10%!&'()-  31-10%!&'()- ,/10%!&'()-E EtEEFGFF|[:bU410
L@10%!&'()- 10%!&'()- ` 10%!&'()- f@ 10%!&'()- L"10%!&'()-
s-10%!&'()-FF>GTGGGH|[:bU410  &&$10%!&'()- ` 10%!&'()- &10%!&'()-
s10%!&'()- s!10%!&'()- "10%!&'()-H HkHHHHHHH|obU410 l10%!&'()-10!10!10!
010%!&'()- 9y,g10%!&'()- `*10%!&'()- L@&t10%!&'()-HH2I`IIIDJ|[:bU410
LYM10%!&'()- &@ 10%!&'()- sM10%!&'()- 910%!&'()- 10%!&'()-
9-10%!&'()-DJJJ.KiKKK|[:bU410  L$T10%!&'()- "310%!&'()- ` 10%!&'()-
&S10%!&'()- 9 10%!&'()- `10%!&'()-KLSLpLLM@M|[:bU410  &110%&'()-'
&110%&'()-' /Z10%!&'()- 9* 10%!&'()- (10%!&'()-
&10%!&'()-@MFMGMHMIM[MaMMMvU410 S'10%`!`&'()- 9"10%`!`&'()- 10%`!`&'()-
l10%`!`&'()-101010 &110%&'()-'MNUNNNJOO|[:vU410  10%`!`&'()- - 10%`!`&'()-
"10%`!`&'()-  10%`!`&'()- 10%`!`&'()- l 10%`!`&'()-OOPqPPP'Q|[:vU410  9F(-
10%`!`&'()- &$10%`!`&'()- "g 10%`!`&'()-  3"10%`!`&'()- `10%`!`&'()-
10%`!`&'()-'Q8QQQQQQQQvU410 &y10%Mx$M&'()-3 10%Mx$M&'()-10`!`10`!`10`!`
ss010%`!`&'()- &l.10%`!`&'()- sL*M10%`!`&'()-QR)RoRRR.S|[:vU410
10%Mx$M&'()- g10%Mx$M&'()- 10%Mx$M&'()- l10%Mx$M&'()- l f`10%x$&'()- `
10%Mx$M&'()-.SySS TNTTU|[:vU410  `*"10%Mx$M&'()-  F(10%Mx$M&'()-
@&10%Mx$M&'()- 3"s10%Mx$M&'()-  10%Mx$M&'()- 10%Mx$M&'()-UVVVVV!VqVVvU410
lS:10%+!&'()-   L10%+!&'()- `10%+!&'()- y 10%+!&'()-10Mx$M10Mx$M10Mx$M
s2F10%Mx$M&'()-VWAWFWTWgWiW|[:vU410  $ sm 10%QQ&'()- [sm 10%&'()-
3Y:10%+!&'()- Y:10%k&'()- F10%+!&'()-   10%+!&'()-iWnWWWWXsX|[:vU410
10%+!&'()- 10%+!&'()-  &10%+!&'()-  "10%+!&'()-  A 10%n+!n&'()-  q 10%&'()-
sXXYhYYY6Z|[:vU410  -T10%+!&'()- y)10%+!&'()- s'10%+!&'()- l%T 10%+!&'()-
S#"10%+!&'()- 9!G10%+!&'()-6ZZZZZZZ[`[vU410 L&%10%$&'()-
10%$&'()-10+!10+!10+! 310%+!&'()- 1!10%+!&'()-
/"10%+!&'()-`[v[[[+\I\\|[:vU410  10%$&'()- f10%$&'()- 10%$&'()- `10%$&'()-
`10%$&'()- @10%$&'()-\\]N]]]5^|[:vU410  Y.10%$&'()- `@,10%$&'()-  (z
10%$&'()- s&10%$&'()- !L10%$&'()- z10%$&'()- 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
Fonth$o)b,^0429<BEHJNSW5[`bdfhjlnprtvxz|~UYM'-3;`DKRv[5^CDEFGHIJKLMNF:gA
!"#^%&'T)*l,,'-Q--//0]3333334N444445577C99;J<=
?2@BDEFHHDJK@MMO'QQ.SUViWsX6Z`[\5^OPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvw
xyz{|}~6Times New RomanArialCourier New"h Root EntryWordDocumentz?
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


