
;xye3eSPX62T9G. METHOD FOR ALKALI HYDRIDE FORMATION AND MATERIALS FOR
HYDROGEN STORAGE This application is related to U.S. Provisional 5 Patent
Application Serial No. 60/330,803, filed October 31, 200l, entitled "Method
for alkali hydride formation and materials for hydrogen storage", the
contents of which are hereby incorporated by reference. Field of Invention
10 This invention relates to a method of synthesis of alkali metal
hydrides. The present invention also relates materials for hydrogen
storage. Background of the Invention Lithium hydride is widely used in
military, fuel 15 cell and buoyancy device as hydrogen generator. The use
of this compound is very efficient since 7.95 grams of LiH reacted with
water yields 2.02 grams of hydrogen [1]. The hydrogen density in weight is
12.5 wt%, which is almost the highest in metal hydrides. The volume density
is 112.5 g/1, 20 which is 40o higher than cryogenic H2 storage. The energy
density of LiH is 4.16 kWh/Kg or 3.74 kWh/l, which also is one of the
highest among metal hydrides. LiH is also a commercially used agent in
organic synthesis[2]; a cooling agent in primordial gas[3]; and, a
candidate in chemically 25 storing solar energy [4]. KH normally works as
initiator for organic synthesis [5]. Lithium hydride is normally prepared
by the reaction of molten lithium and hydrogen at temperature above 600C.
Industrially, lithium metal is heated up to high 30 temperature to initiate
its reaction with hydrogen then the   2 reaction can be maintained and
continued spontaneously at practical rate until the synthesis is complete.
In the laboratory, the hydrogenation of lithium is carried out in an iron
container at temperature above 600C [6]. The 5 conventional preparation
method of KH was by reacting molten K with hydrogen at temperature higher
than 200C. Hydrogen-based energy is the cleanest energy source and will
play a great part in the energy construction in this century. Development
of hydrogen storage medium is 10 of great importance and research on this
area is quite active throughout the world. Nowadays, there are four systems
for hydrogen 



storage [7,8]: Liquid hydrogen; Compressed hydrogen gas; Cryo-adsorption
system; and, Metal hydride system. 15 Applications of hydrogen in pure form
(liquid hydrogen or compressed hydrogen gas) are mostly for largescale or
stationary purposes, for the weight of containers normally sacrifices a lot
to the whole hydrogen storage capacity if hydrogen is used in limited
scope. For vehicular 20 or any other portable applications, hydrogen stored
in solid-state materials seems to be the only solution. Thus,
cryo-adsorption system and metal hydride systems are the two promising
ways. The cryo-adsorption systems show advantages in 25 moderate weight and
volume. In this system, hydrogen molecules are physically bound to the
surface of activated carbon at liquid nitrogen temperature. Under optimized
conditions, the hydrogen storage capacity by activated carbon may achieve 7
wt%. The disadvantages of this system 30 relate to the critical conditions
required (cryogenic conditions).   3 Metal hydrides are the commonly used
systems for hydrogen storage. Hydrogen is chemisorbed by metal or metal
alloys to form corresponding metal hydrides. The advantages of this system
are that the absorbing or desorbing of 5 hydrogen is carried out under
moderate conditions (temperature & pressure). The hydrogen storage capacity
in terms of volume is relatively high. The disadvantages of this system are
the expensive material, slow kinetics and the low storage capacity in terms
of weight. 10 The recent trend for material designation is the searching
for carbon-based materials. Carbon fibres, carbon nanptubes, activated
carbon and fullerenes, etc. are considered as candidates for this purpose.
Numerous papers have been published [9-13], but until the present
invention, 15 the hydrogen storage capacity in these materials has never
met practical criteria. Brief Summary of the Invention According to one
aspect of the invention, there is provided a method of forming an alkali
metal-carbon compound 



20 comprising mixing carbon with an alkali metal. According to another
aspect of the invention, there is provided a method for synthesizing an
alkali metal hydride comprising contacting an alkali metal-carbon compound
with hydrogen. 25 According to third aspect of the invention, there is
provided a method of storing hydrogen comprising contacting an alkali
metal-carbon compound with hydrogen to form a composition comprising alkali
metal, carbon and hydrogen.   4 According to a fourth aspect of the
invention, there is provided a hydrogen storage material comprising a
composition comprising alkali metal, carbon and hydrogen. Alkali metals are
elements listed in Group I of 5 the Periodic Table of Elements, for
example, lithium (Li), sodium (Na), potassium (K) or cesium (Cs). Li and K
are preferred. Carbon material may be used in any form, for example,
graphite, carbon nanotubes, carbon powder, 10 activated carbon, carbon
fibres or carbon nanofibers. The molar ratio of alkali metal to carbon in
the alkali metal-carbon compound is preferably from about 5000:1 to about
1:200, more preferably from about 1000:l to about 1:l00, even more
preferably from about 500:1 to about 1:50, 15 and yet more preferably from
about 500:1 to about 1:24. Alkali-carbon compounds ("Alkali-C compounds")
preferably refer to alkali metal-C intercalation compounds. For example,
compounds of formula of LiC6, LiCla. LiC29, KCB, KC24, etc. 20 When
alkali-C compounds are exposed to a hydrogencontaining atmosphere the
alkali-C compounds absorb hydrogen. Surprisingly, hydrogen absorption in a
process of the present invention occurs at a lower temperature than in
processes of the prior art. A process of the present 25 invention is
performed preferably at a temperature from about 0C to about 700C, more
preferably from about 25C to about 600C, even more preferably from about
50C to about 500C, yet more preferably from about 50C to about 300C. Also,
the process is preferably performed at a pressure from 30 about 0.1 atm to
about l00 atms, more preferably from about 0.1 atm to about 50 atms, even
more preferably from about 1   5 



atm to about 50 atms. Alkali metal hydride is formed in the process.
Hydrogen storage of more than 10 wt% may be achieved, particularly in Li-C
systems. The desorption of hydrogen from the hydrogenated 5 alkali-C
systems can be achieved either by heating the materials at temperature
range from 0 to l200C, preferably from 100C to 1000C or by hydrolysis of
the material with water. Additional features and advantages of the 10
invention will be set forth in the description that follows, and in part
will be apparent from the description or may be learned by practice of the
invention. These variations are considered to be in the scope of the
invention. The objects and other advantages of the invention will be
realized and 15 attained by the structure particularly pointed out in the
written description and claims hereof as well as the appended drawings.
Brief Description of the Drawings Fig. 1 is the Low-Content
Temperature-Programmed20 Reduction spectra of: (a) Li-graphite mixture with
Li/C = 10/1; (b) Pure Li. The temperature was raised from room temperature
to 700C at 10C/minute. Fig. 2 is the Pressure-Composition-Isotherm (PCI)
results of Li-graphite mixture with Li/C = 7/2. The 25 operating
temperature is l84C; the weight of Li+C is 360 mg. Fig.3 is the
Intelligent-Gravimetric-Analyzer (IGA) spectrum of Li-C mixture with Li/C =
l0/1. The temperature was raised from room temperature to 250C at
5C/minute; hydrogen pressure is 6 atms.   6 Fig. 4 is the PCI result of
K-graphite material at 120C with K/C = 1/1. Sample weight is ~ 1.0 gram.
Fig. 5 is the in situ XRD patterns of Li-C mixture with Li/C = 10/1. (a)
Li-C as prepared, (b) Li-C mixture 5 after PCI operation (hydrogenation at
180C). The peaks marked with * belong to LiH; peak marked with # is
graphite, marked with ^ is LiC6 and LiCl2, marked with X is Li metal.
Others are Li20 and LiOH as well as substrate Pt. Detailed Description of
the Invention 



10 Alkali metals are among the most active metals. Alkali metals are easily
oxidized if exposed to air under ambient conditions. The commercially
supplied alkali metals are unavoidably coated with compact oxides or
hydroxides. Thus, the operation of alkali metals is preferably conducted 15
under inert atmosphere. Mixing and pre-treatment of alkali metals and
carbon are preferably carried out under inert gas atmosphere, for example,
under an inert gas such as Ar or He, among others. On a bench scale, an
inert atmosphere may be 20 provided, for example, in a glove box. Sample
transfer from the glove box to containers in a testing machine is ideally
performed as quickly as possible. In the present invention, a certain
amount of carbon is preferably added into the alkali metal, for 25 example,
lithium or potassium. Pre-treatment of the alkali C mixture preferably
includes: mixing the carbon and alkali metal, and then pressing the carbon
and alkali metal together. Mixing of alkali metal and carbon may be done in
a variety of ways, for example, by pounding the carbon into 30 the alkali
metal using a mortar and pestle or by milling the carbon and alkali metal
in a mill such as a ball mill.   7 Preferably, the mixture is made as
homogeneous as possible. The mixing is preferably done under inert gas
atmosphere. Pressing the mixture is preferably done under a pressure of
from about 1 atm to about 10,000 atms. 5 Without being held to any theory,
it is believed that interactions between alkali metal and C occur during
pre-treatment. Interaction between alkali metal and C could result in two
categories of compounds being formed: 1) alkali-C intercalated compounds;
and, 2) alkali metal 10 carbides. For example, lithium carbides, Li2C2 or
LiC, possess the face-centred structure, which is different from Li and C.
Alkali metal carbides are usually prepared by decomposition of C2H2 in the
present of alkali metal at a temperature around 300C or by calcinations of
alkali metal 15 and C at elevated temperature. In the present invention,
the alkali-C compound found in the alkali metal-C mixture is an alkali
metal-C intercalation compound. For example, as shown in Figure 5a, the XRD
characterization of an as prepared Li-C mixture demonstrates that there
exist LiC6, 20 LiCl2, LiC2q and lithium metal as well as minor amounts of
Li20 & LiOH. Pure carbon structure is very weak. The Li-C intercalation
compounds possess a similar layer structure as that of graphite but with
broadened layer inter-space, i.e., the interlayer distance of LiC6 and
LiCl2 is 0.370 nm and 25 0.35 nm, respectively. Potassium also forms K-C 



intercalation compounds, for example, with formulae KC8, KC24 etc. Like
Li-C interaction compounds, the K-C intercalation compounds also possess
layer structure with even broader interlayer distance 00.51 nm). 30 The
mixing and pressing of carbon into alkali metal at ambient temperature and
inert gas atmosphere preferably results in the formation of a series of
alkali-C intercalation compounds. The method of forming alkali-C   8
intercalation compounds of the present invention is different from
traditional methods in which alkali metal-C (e. g. Li-C or K-C)
intercalated compounds are synthesized, for example, by reacting evaporated
Li or K with carbon at 5 high temperature or by heating the alkali-C
mixture at high temperature under high pressure. In the present invention,
carbon materials of any form may be used, and are preferably at least one
selected from the group consisting of graphite, carbon nanotubes, 10 carbon
fibres, carbon nanofibers, carbon powders, fullerenes and activated carbon.
Graphite, carbon powder, activated carbon, fullerenes and carbon fibres are
commercially available. Carbon nanotubes and nanofibers can be obtained
accordingly the previously reported methods [10]. 15 Without being bound by
any theories, the formed alkali-carbon intercalated compound seems to be a
catalyst for the hydrogenation of alkali metal. As illustrated by
Low-Content Hydrogen Temperature-Programmed-Reaction (LCTPR) (Figure 1), on
which diluted HZ (10% H2 + 90% Ar) was 20 used as reacting gas, the
hydrogen absorption by Li-C (for instance) occurred at temperature lower
than 150C; for pure lithium, the apparent hydrogenation began at
temperature around 550C. The degree and rate of hydrogenation of alkali 25
metal in the presence of carbon seems related to hydrogen pressure. The
LC-TPR was conducted under a hydrogen pressure of around 1.0 atm, and the
hydrogen absorption peak was comparatively weak. To clarify the
relationship between hydrogenation degree and pressure, we performed
Pressure 30 Composition-Isotherm (PCI) measurement at 180C for Li-C 



system and 120C for K-C system. PCI is the commonly used method in
evaluation of hydrogen storage capacity in metals   9 or metal alloys. It
measures the pressure changes during hydrogen absorption and desorption.
The PCI results of Li-C sample are illustrated in Figure 2. It can be seen
that the absorption line possesses characteristics similar to the 5
characteristics of metals, which can form metal hydrides. In the pressure
range of 0 to 100 PSI, the molar ratio of H/(Li+C), referred to as X,
increased linearly and reached 0.15. During that pressure range, absorbed
hydrogen diffused into the lattice of lithium and formed random Li-H solid
10 solution. As pressure reached l00 PSI, which is called the plateau
pressure, the H/(Li+C) increased to 0.55 with pressure almost unchanged.
After that, the H/(Li+C) further increased to 0.7 with pressure increase to
550 PSI. Converted to the hydrogen storage capacity, the molar ratio 15 of
H/(Li+C) - 0.7 is equal to 9 wt%. IntelligentGravimetric-Analyzer (IGA),
which also confirmed this result (see Figure 3), measured the weight
variation of hydrogen absorbed (in mg) during hydrogenation under 6 atms
and at temperature from 25C to 250C. The PCI measurement of K-C 20 system
conducted at 120C, as shown in Figure 4, shows that X could reach 0.43,
which means that 800 of K is hydrogenated. The XRD measurements were done
on the as-prepared Li-C (Figure 5a) and Li-C mixture after hydrogenation
(Figure 5b). It is clear that after hydrogen absorption at 25 180C, almost
all Li metal was converted to LiH, and the Li-C intercalation compounds,
i.e. LiC6 (situated at ~28=24) and LiCl2 (28=25.2) etc. disappeared and a
pure graphite phase (28=26.2) was developed. This result further
demonstrates that with the addition of carbon, LiH can be successfully 30
synthesized at a temperature lower than 200C. The alkali/C molar ratio may
be adjusted to include more or less carbon. More carbon added will   10
accelerate the hydrogenation rate, compromising hydrogen absorption
capacity if the whole alkali-C mixture is considered as sorbent. Less
carbon will increase the hydrogen storage capacity even up to over 12 wt%
(e.g. for 5 Li-C system, a hydrogen storage capacity of about 12.5o has
been achieved) but the hydrogen absorption rate is relatively slow. The
following specific examples are provided to illustrate the invention. It
will be understood, however, 10 that the specific details given in each
sample have been selected for purpose of illustration and are not to be
construed as a limitation on the invention. Generally, the experiments were
conducted under similar conditions unless noted. 15 Examples Example 1: 60
mg graphite was mixed with 350 mg lithium 



metal, and then the mixture was pounded with a pestle as homogeneously as
possible. After that, the pounded mixture 20 was pressed into pellets for
testing. 300 mg of the above pellets were put into a PCI sample container
for Auto-soak measurement at 180C and 30 atms of pure hydrogen. After 3
hours of absorption, 33 mg of hydrogen was absorbed. The XRD measurements
show that the product only has LiH, graphite 25 and weak Li20 phases.
Example 2: l20 mg of graphite was mixed with 250 mg lithium metal then the
same procedure described in Example 1 was followed. About 30 mg of hydrogen
was absorbed with 30 hydrogen storage capacity of 8.1 wt%   11 Example 3:
240 mg of graphite was mixed with 140 mg of lithium metal, then the same
procedure as Example 1 was followed. 4 wt% of hydrogen was absorbed. 5
Example 4: 60 mg of multi-walled carbon nanotubes (with average diameter of
20 nm) was mixed with 350 mg lithium metal, then the same procedure as
describe in Example 1 was 10 followed except that the absorbing temperature
was changed to 160C. About 4 wt% of hydrogen was absorbed. When the
absorbing time was prolonged for 12 hours, 9 wt% of hydrogen was absorbed.
Example 5: 15 60 mg of activated carbon was mixed with 350 mg of lithium,
then the same procedure as described in Example 1 was followed except that
absorbing time was 6 hours. 9 wt% of hydrogen was absorbed. Example 6: 20
240 mg of graphite was mixed with 780 mg of potassium metal, then the same
procedure as described in Example 1 was followed except that K-C was
exposed to hydrogen atmosphere at 120C for 4 hours. About 1.5 wt% of
hydrogen was absorbed. 25 To those skilled in the art, it is to be
understood that many changes, modifications and variations   12 



could be made without departing from the spirit and scope of the present
invention as claimed hereinafter.   13 References 1. G. K. Pitcher and G.
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Chen, HB. Zhang, et al, Carbon, 35, 1495 (l997).   CLAIMS: 14 1. A method
for synthesis of an alkali hydride comprising adding carbon into an alkali
metal to form an alkali-C compound of the alkali metal, then exposing the 5
alkali-C compound to a hydrogen containing atmosphere at a temperature from
25 to 600 C and a pressure of 0.1 to 100 atms. 2. The method of claim 1,
wherein the alkali metal is lithium or potassium. 10 3. The method of claim
1, wherein the carbon is in the form of graphite, carbon powder, carbon
fibres, carbon nanotubes, a fullerene, or activated carbon. 4. The method
of claim 1, wherein the alkali-C compound is an alkali-C intercalated
compound with formula 



15 of LiC6, LiCl2, LiC24, KC8 or KC24. 5. The method of claim 4, wherein
the alkali-C intercalated compound is formed by pounding carbon with alkali
metal under inert gas atmosphere then pressed into pellets under pressure
from 1 atm to 10000 atms. 20 6. The method of claim 5, wherein the inert
gas is Ar or He or a mixture of them. 7. The method of claim 1, wherein the
alkali metal and the carbon are in a molar ratio of from 5000/1 to l/200.
8. The method of claim 7, wherein the molar ratio is 25 from 500/1 to 1/24.
9. A method for storing hydrogen comprising exposing a solid sorbent
comprising an alkali metal-carbon-based   15 material to a hydrogen
atmosphere at temperature of from 25 to 700 C under 0.1 to 100 atms
pressure. 10. The method of claim 9, wherein the metal is lithium or
potassium. 5 11. The method of claim 9, wherein the carbon is in the form
of graphite, carbon powder, carbon fibres, carbon nanotubes, a fullerene or
activated carbon. 12. The method of claim 9, wherein carbon is pounded with
alkali metal in an inert gas atmosphere then pressed 10 into pellets under
pressure from 1 atm to 10000 atms to form an alkali-C absorbent. 13. The
method of claim 8, wherein the alkali metal and the carbon are in a molar
ratio is from 5000/1 to 1/200. 14. The method of claim 13, wherein the
molar ratio is 15 from 500/1 to 1/29. .AFF.Aa.Aa.Aa.A (r.Aa.Au.Au.A?.A
N.AN,.ALa8.A.Aa.A NGHx)K^ Hp
{vqlgb]X]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]ca]c^a]ca]ca]ca]ca]ca]ca]cTa! D   A = z    ,c
uv3B~}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!Bp.-8e}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!{!egjR@}}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!?@U Y
!!#!V!c!d!}!~!!!/""#m#$$$%%|vqlgb]X]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]ca]c^a!%%T&&''''((:)
*h*i*j*k*****++.,,,-O---..!.R..}xsnid_Z]]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]ca]ca!../5/p//F0
x000011)1*1,1s1t111111122a33334Q444}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!485t55
55A6B6U8E9F999@::;
;<<<<%=(======w>>>???}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!????&@_@A1A2AMAAAABR
BBBBBB/C2CMCOCZCjCkCxCyC:DLDODDD|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]c^a]ca!DDDqEtEE
E8FFFFF4GeGhGsGGGGGGGGGGGH 



HHH'H(HEHLHzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca
]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!LHMH]H^H~HHHHHHHHHHHHHHHHHII
$I%I,I.ICIDISITI`IaIdIzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!dIIIIIIIJJJJ$J%J5
J6J:JYJtJuJJJJJJJJJKKKK0K;
Kzuoic^Ykfa\W]]ca]caU]caU]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
;K<KNKPKTKVKWK]K^KcKtKKKKKKKKKKKKKKKKKKKKKMM}xsmhc^YTkfa\]ca]ca]ca]ca]caU]c
a]ca]ca]ca]ca]ca]caU]caU]caU]caU]caU]ca]ca]ca]ca]ca]ca]caU]caU]caU]caU]caU]
ca]ca]ca]ca]ca
MjMMMMMNrNNkOO0P|PPPPP+QUQQRRRR8RRoSS}x}xsmhc^YTkfa\]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]
ca]caHx)KdEL@`10%&'()-L 10%&'()-s"10%&'()- g10%&'()-10%&'()-
LFF3+10%&'()-K^ yc|Z8!I!g#10%RR&'()-!I!g#10%&'()-!!g#10%&'()-9M10%&'()-!,
#10%&'()- D #10%&'()-H}^?4 10 <S#10%&'()-`l:10%&'()-!L
7!10%&'()-y`4S10%&'()-3."10%&'()-!N3."10%&'()-p D mN/10%<&'()-L:10%<&'()-
z#10%<&'()-L10%<&'()-L  10%&'()- @s10%<&'()- 10 10D   AaBmN/10%
&!10%<&'()-Lm10%<&'()-yZ10%<&'()-Ls10%<&'()-!@ 9"10%<<&'()-`!10%<&'()- = z
dEmN/10%/10%<&'()-L`-@10%<&'()-L+!10%<&'()-L&*z 10%<&'()-(
10%<&'()-LF"!10%x&'()-  ,cdE:/ 10< 10<L;10%<&'()-s9 10%<&'()-L96
10%&'()-zL4t10%<&'()-93 10%<&'()-110%<&'()- 3uV7/ 10L10%<&'()-LL
10%<&'()-L:!10%<&'()-yf#10%u&'()-G!f#10%<<&'()-G,t10%<&'()- 10<B~+^?7/
10Ll"10%<&'()-!, &#10% 5 5&'()-!1 &#10%%?%?&'()-L@10%<&'()-`&!10%<&'()-
Y"10%<&'()-BpdE7/ 10Lf/10%<&'()-L,,:!10%<&'()-z*410%<&'()-
(10%<&'()-L&!10%<&'()-$ 10%<&'()-.bC 10310%<&'()-,t10%<&'()- 10< 10<
10<LS810%<&'()-`s3&!10%<&'()-  1f#10%<&'()--8e}^?bC
10L10%<&'()-@10%<&'()-9z10%<&'()-! "10%55&'()- 



!P "10%<<&'()- 9 10%<&'()-z{!aBbC
109`$!10%<&'()-f"10%<&'()-!I@#10%<<&'()-z9!10%<&'()-z10%<&'()-f10%<&'()-bcd
egzl^P1 @s10%(&'()- 10BB 10BB
10BB!N*$10%BB&'()-!6*$10%**&'()-!6*$10%*<*<&'()-9'10%<&'()-gjaB^P1
@s10`&10%(&'()-s- 10%(&'()-L3'!10%(&'()-! 10%((&'()-z`10%(&'()-y`
!10%(&'()-R@}dE^P1 @s10LL!@10%(&'()- F"10%(&'()-`& 10%(&'()-`Y&!10%(&'()-
#10%(&'()-310%(&'()-U Y ^?^P1 @s 29$10%(&'()-!`f/!10%((&'()-z`+10%(&'()-!
'f#10%((&'()-zLl%10%(&'()-`"10%(&'()-Y   !! !!!#!V!~_@
@s310%<&'()-@s10%<&'()- 10( 10(
10(`l:10%(&'()-`8F10%(&'()-!S510%((&'()-fV!!!/""#m#a?~_@ @s!, F"10% <
<&'()-y9310%<&'()-L!10%<&'()- 10%<&'()-!L!10%<<&'()-z`10%<&'()-m#
$$$$%%}^<~_@ @!I)$10%=<=<&'()-z'10%<&'()-L%`10%<&'()-L# 10%<&'()-!(
$10%&'()-F!6 $10%*<*<&'()-F%%&T&&'|'a?~_@ @!!6
8#10%&'()-95M!10%H&'()-yL3!10%<&'()-@/$10%<&'()-!N@/$10%BB&'()-L,`10%<&'()-
|'''''''((uV4 !UY"10%<<&'()-g9M!10%<&'()- L !10%<&'()-s10%<&'()- 10// 10//
10//!; 8#10%//&'()-(:))***+}^<uV4 !U!;$10%/</<&'()-
L!10%<&'()-910%<&'()-z!6Fz#10%*$*$&'()-!@Fz#10%4T4T&'()-9M!10%<&'()-++.,-O-
!.R.aBuV4 !U!;Y7:!10%<&'()-L0!10%<&'()-.10%<&'()-L (!10%<&'()-!;$
"10%<<&'()-gLf#`10%<&'()-R....../5/p/bC !U!;9 10%<&'()-L
10%<&'()-,`10%<&'()- 10< 10< 10<L::!10%<&'()-y9910%<&'()-p//F0x000,1^?bC 



!U!#10%<&'()-g!@#10%44&'()-gLF 10%<&'()-10%<&'()-!Z "10%<<&'()-yLY
10%<&'()-g,11122#3a3^?bC !U!$"10%<&'()-!;$"10%//&'()-!@F"10%4<4<&'()-
9s10%<&'()-99 10%<&'()-L 10%<&'()-ya33334Q44dEbC
!U!92S10%<&'()-0Z"10%<&'()-.10%<&'()-LS,10%<&'()-L*10%<&'()-L(!10%<&'()-448
5t555555dYNC !U! 10< 10< 10<9<:!10%<&'()-Ll:10%<&'()-8!10%<&'()-L6
10%<&'()-93!10%<&'()-z5568 9@::zX6YNC !!S%t$10%G<G<&'()-z!;
3$10%/</<&'()-!6 3$10%**&'()-!;Y 3$10%/</<&'()-!;
3$10%/</<&'()-@s10%<&'()-:a;;;<<"=#=a?1C  10<<!`3:10%<<&'()-S 710%<&'()-Lf2
10%<&'()-Z`0L!10%<&'()-)`$10%<&'()-!N)`$10%B'B'&'()-#=$=%=(==D>w>>aBC
10<<!`10%(&'()-!"10%FF&'()- !"10%&'()- `310%(&'()-10%(&'()- 10<<
10<<>>?????}^?BC  10<<`!f10%(&'()- Y10%(&'()-`&10%(&'()-`9 10%(&'()-!I
ly#10%))&'()- !`Fy 10%((&'()-f?&@_@@AMAA}^?BC
10<<L.!10%(&'()-zLf,!10%(&'()-!@ '"10% ( (&'()- !D '"10%((&'()-
L%10%(&'()-`$10%(&'()-AAABRBBBBBaSE7  10 10(( 10((
10((!@3910%((&'()-fL710%(&'()-L610%(&'()-`3f10%(&'()- F1
10%(&'()-BBBMCOCZCCa?SE7 



10 10!1 y#10%%%&'()-`f10%<&'()-s10%<&'()-!`10%<<&'()-
`Ff10%<&'()-,10%<&'()-C:DDDEE8Fa?SE7  10 10!D&-!10%8<8<&'()- L*z10%<&'()-!6
f#$10%*<*<&'()-L z10%<&'()-L!10%<&'()- y#10%&'()-8FFFFFFFF4GuV7
10L3!10%&'()-10%&'()- 10 10 10!L8 10%&'()-g96
10%<&'()-L2!10%<&'()-z4GbGcGdGeGhGsGGGbC  10L3L
@10%<&'()-9s10%<&'()-y9F10%<&'()-10%<&'()- 10 10 10L410%&'()-GEH~HHIII}[<bC
10F "10%:&'()-!@F
"10%4<4<&'()-!D&'10%8<8<&'()-f910%<&'()-gL10%<&'()-!Pl"10%<<&'()-gIJJ0KtKKK
K^?4C  1 10<`;
F10%<&'()-!S6G"10%<<&'()-gL2'!10%<&'()-g!6.#10%*<*<&'()-g`@,!10%<&'()-9&M!1
0%<&'()- KKKKKLMMdEC  1 10<`10%&'()-!TG"10%00&'()-m!G"10%00&'()-m10%&'()-!
10%ii&'()-, 10< 10<MjMNrNNkOO}^<EC 



1 10!I  +$10%&'()-S`# 10%&'()-3&"10%{ &'()- !;3&"10%&'()-
!63"10%&'()-`f!10%&'()-fO0P|PPPPPP+Q~_@  1 10!L !10%(&'()-10%(&'()- 10 10
10`79!10%&'()-f!S `3f#10%&'()-S`@/!10%i&'()-S+QUQQ8RRRoS}[<~_@  1
10`!10%&'()-f!D `$10%$($(&'()-f!;
`$10%``&'()-f!^G"10%((&'()-`10%(&'()-g`10%(&'()-oSSRRoS}[<~_@  1
10`!10%&'()-f!D `$10%$($(&'()-f!; `$10%``&'()-f!^G"10%((&'()-`10%(&'()!@3
#10%((&'()-S 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 Fontd $+2$:?CdDHMPTVXZ\^`bdfhjlnp %.4?DLHdI;
KMS9:;<=>?@ABCDEFKD  gY
V!m#%|'(+R.p/,1a345:#=>?ABC8F4GGIKMO+QoSSGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefgh
ijklmnopqrst6Times New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvw 


