
;e3eFF,:f"6Tgp~a  ,  PROCESS FOR REMOVING IONIZABLE SPECIES FROM CATALYST
SURFACE TO IMPROVE CATALYTIC PROPERTIES Field of the invention The
invention relates to a process for the preparation of catalyst with
improved catalytic properties. 5 Background of the Invention The presence
of certain species contained in the carriers of catalysts can be
detrimental to the catalytic metal deposition thereon and/or catalyst
performance and it is commonly believed that the concentration of these 10
detrimental species must be controlled throughout the bulk of carrier. One
way of controlling the amount of impurities through the bulk, although
expensive, is by the use of purer raw materials. For example, US Patent No,
z,797,270 discloses water washing to reduce the 15 sodium content of an
alumina powder. The pH of the wash water may need to be adjusted for
extraction of other metals and Japanese patent JP56164013 discloses the use
of a low pH !acid) to extract uranrum and thorium from a calcined a-alumina
raw material. 20 Several procedures in the art teach that washing after
deposition of the catalytic metal is helpful. US Patent Nos. 4,361,509 and
4,366,092 suggest that ethylene oxide catalyst be water washed after the
deposition of silver or silver/gold on the carrier. 25 EP-A 211521
discloses washing of a catalyst with hot water to remove basic materials
left on the catalyst from a silver impregnation process or the physical
deposition of alkali metals. US Patent No. 9,367,167 discloses a process
for preparing a supported catalyst wherein an     11 March 2003
impregnated support is immersed in an inert water immiscible organic
solvent containing a dissolved aliphatic amine. US Patent No 4,810,689
discloses depositing a silver compound, decomposing the silver 5 compound
to silver in the presence of an alkali metal compound, removing organic
deposits by washing and introducing fresh alkali metal by impregnation
during or aster the washing stage. U.S. Patent Nos. 4,186,106 and 4,125,480
disclose washing with an inert liquid after 10 deposition of the catalytic
metal and before deposition of a promoter material.. U.S. Patent No 4,908 g
^3 teaches that it may be desirable Lo remove cations which are
exchangeable with the alkali and alkaline earth metals contained in the 15
impregnating solution, to allow for ease of repeatability in the use and
reuse of the impregnating solution. No methods are taught far such removal;
however, it is commonly known in the art that acids are highly effective ca
n on removal solutions. 20 The prior art remains concerned with the total
amount of impurities; i.e., impurities throughout the bulk. Unfortunately,
the impurity removal techniques taught typically attack the carrier itself.
It has now been round that the metal deposition and/or catalytic 25
properties of a catalyst may be greatly improved by controlling the purity
of the surface of the carrier rather than the purity of the carrier bulk,
such that the total amounts of impurities may actually be high as long as
the surface amounts of impurities are maintained at a 30 low level. Summary
of the Invention According to one embodiment or the invention, there zs
provided a process for improving the properties of a carrier for a catalyst
by a treatment, which treatment is 



35 performed on one or more of the materials from which the   11 March 2003
-3 carrier is formed and/or on the complete carrier and which treatment is
effective i,n lowering the concentration of one or more ionizable silicates
present on the surface of the complete carrier, the lowering being
expressed as the 5 lowering of the relative concentration of Si atoms, as
measured by X-ray Photoelectron Spectroscopy (XPS) performed on the
untreated and treated carrier. the concentration, as measured by XPS, of Si
on the surface of the carrier is generally lowered by at least 5 10 percent
and/or the Si concentration is lowered by at least 5 percent. More
preferably the concentration of Si is lowexed by at least 7.0% . Optionally
the concentration lowering treatment is followed by a drying step. 15 Thexe
is further provided a process for preparing a catalyst, especially an
olefin epoxidation catalyst, by depositing a catalytically effective amount
of one or more catalytically reactive metals and optionally one or more
promoter materials on a carrier prepared by a process as 20 def fined above
. 'there is yet further provided a process for the vapor phase catalytic
epoxidation of an alkene with an oxygencontaining gas, using a catalyst
prepared by a process as defined above. 25 bescription of the Preferred
Embodiments It has been found that carriers which have been treated to
reduce ionizable silicates which are present on the surface of the carrier
provide catalysts with improved catalytic properties, when compared with
the performance of 30 catalysts made from carriers which have not been so
treated. The process is believed to work to improve the properties of most
catalysts, no matter how impure the bulk carrier material, compared to a
catalyst made with an untreated carxier. Further, the process will work for
organic or 35 inorganic carriers. The process is effective in improving at
least one of   11 March 2003 -4 the catalytic properties of a catalyst
wherein a catalytically reactive metal. is deposited or impregnated upon a
carrier which contains ionizable species on its surface. "improvement in
catalytic properties" as used 5 herein means the properties of the catalyst
are improved as compared to a catalyst made from the same carrier which has
snot been treated to lower surface ionizable species. Catalytic properties
include catalyst activity, selectivity, activity and/or selectivity
performance over time, 10 operability (resistance to runaway), conversion
and work rate. The process requires that the concentration of ionizable
silicates present on the surface of the carrier be reduced. As used herein,
the "surface" of the carrier is 15 that area of the carrier which may be
measured by the standard method of Brunauer) Emmett and Teller (BET).
Specifically, the surface of the carrier is the site at which reaction
takes place. An "ionizable" species, or silicate, is a species, or
silicate, which is capable of 20 being rendered ionic, where the term
"ionic" or "ion" refers to an electrically charges chemical moiety. The
solubilization rate o silicates may be measured by inductively coupled
plasma (ICP) techniques and the amount of silicon species on a surface may
be measured by x-ray 25 photoelectron spectroscopy (XPS). rn defining the
present invention the amounts of silicon, present on the surface of the
carrier, as measured by XPS, before and after treatment according to the
invention, have been chosen as an indicator or the amounts of ionizable
silicates. Another measurement 



30 technique is to measure the change in electrical conductivity of the
treatment solution. Carriers are commonly inorganic materials such as, for
example, alumina-, silica-, or titanic-based compounds, or combinations
thereof, such as alumina- silica carriers. 35 Carriers may also be made
from carbon-based materials such as, for example, charcoal, activated
carbon, or fullerenes.   11 March 2003 -5 zonizable species typically
present on the inorganic type carriers include sodium, potassium,
aluminates, soluble silicate, calcium, magnesium, aluminosilicate, cesium,
lithium, and combinations thereof. Of particular concern 5 are the
ionizable anionic species present on the surface, particularly ionizable
silicates. Lowering the undesirable ionizabJ.e silicates concentration may
be accomplished by any means (i) which is effective in rendering the
ionizable silicates ionic and removing that species, or (ii) which 10
renders the ionizable silicates insoluble, or (iii) which renders the
ionizable silicates immobile; however, use of aggressive media is
discourages as these media tend to dissolve the carrier, extract too much
material from the bulk, and generate acidic or basic sites in the pores. 15
Acids, besides being aggressive media, will remove the cations on a carrier
but are fairly ineffectual in remotring the undesirable anions, such as
silicates. Effective means of lowering concentration include washing the
carrier; ion exchange; volatilizing) precipitating, or sequestering the 20
impurities; causing a reaction to make the ionizable silicates on the
surface insoluble; and combinations thereof. Examples of wash and ion
exchange solutions include aqueous and/or organic solvent-based solutions
which may also contain tetraethylammonium hydroxide, ammonium 25 acetate,
lithium carbonate, barium acetate, strontium acetate, crown ether,
methanol, ethanol, dimethylformamide, and mixtures thereof. The formed
carrier may be treated, or the materials used to form the carrier may be
treated before the carrier 30 is manufactured. When the carrier materials
are treated before the carrier is formed, still further improvement may be
seen by also treating the surface of the formed carrier. The carrier may be
dried following the ionizable silicates reduction treatment. 35 To make a
catalyst from the carrier, the carrier is t,ypiCally impregnated with metal
compound(s), complexes)   11 March 2003 -6 and/or salts) dissolved in a
suitable solvent sufficient to deposit or impregnate a catalytically
effective amount of metal on the carrier. As used herein, "catalytically
effective amount" means an amount of metal that provides a 5 measurable
catalytic effect. For example, a catalytically effective amount of metal
when referring to an olefin epoxidation catalyst is that amount of metal
which provides a measurable conversion of olefin and oxygen to alkylene
o~cide . 10 Further improvement in the catalyst properties are seen when
the metal deposition is effected by contacting the carrier with an
impregnation solution whose hydrogen ion activity has been lowered.
"Hydrogen ion activity" as used herein is the hydrogen ion activity as
measured by the 15 potential of a hydrogEn ion selective electrode. As used
herein, a solution "lowered" k~ydrogen ion activity refers to a solution
whose hydrogen activity has been altered by the addition of a base, such
that the hydrogen ion activity of the altered solution is lowered compared
to the hydrogen ion 20 activity of the same solution in an unaltered state.
The base selected to alter the solution may be chosen from any base or
compound with a pKb lower than the original impregnation solution. It is
particularly desirable to choose a base   11 March 2003 



which does not alter the formu~at~on of the impregnation solution; i.e.,
wiilch does not alter the desired metals concentraL~.on present zn the
impregnation solution and deposited on the carrier. Organic bases will not
alter 5 the impregnation solution metals concentrations, examples of which
are tetraalkylammonium hydroxides and 1,8-bis(dimethylamino)-naphthalene.
If changing the metals concentration of the impregnation solution is not a
concern, metal hydroxides may be used. 10 When the impregnation solution is
at least partially aqueous, an indication of trLe change in the hydrogen
activity may be measured with a pH meter, with the understanding that the
measurement obtained is not pH by a true, aqueous definition. "'Measured
pH"' as used 15 herein shall mean such a non-aqueous system pH measurement
using a standard pH probe. Even small changes in the "measured pH" from the
initial impregnation solution to that with added base are effective and
improvements in catalytic properties continue as the 20 "measured pH"
chance increases with base addition. High base additions do not seem to
adversely affect catalyst performance; however, high additions of
hyaroxides have been seen to cause sludging of the impregnation soluticn,
._. a creating manufacturing difficulties. When the base 25 addition is too
low, the hydrogen ion activsty will not be affected. The hydrogen ion
activity lowering procedure is also quite effective when used by itself;
i.e., when no ionizable species concentrations are lowered prior to
impregnation. 30 The ~mpregna~ed carrier, also known as a catalyst
precursor, can be dried in the presence of an atmosphere which also reduces
the catalytic metal. Drying methods known in the art ~.nclude steam drying,
drying in an atmosphere with a controllea o:cygen concentration, drying
11 March 2003  in a reducing atmosphere, air drying, and staged drying
using a suitable ramped or staged temperature curve. By way of example, the
process will be described in ` more detail for a catalyst suitable for the
vapor phase 5 production or epoxides, also known as an epoxidation
catalyst. First, a carrier is selected. In the case of an epoxidation
catalyst the carrier is typically an inorganic material, such as for
example, an alumina-based 10 carrier such as a-alumina. In the case of
a-alumina-containing carriers, . pre=erence is given to those having a
specyf~.c. surface area as measured by the B.E.T. method of from 0.03 to 10
m`/g, preferably from 0.05 to about 5 m2/g, more 15 preferably from 0.1 to
3 m~/g, and a water pore volume as measured by conventional water
absorption techniques of from O.i to 0.75 ml/g by volume. The B.E.T. method
for determining specific surface area is described in detail in Brunauer,
S., Emmett, P. Y. and Teller, E., J. Am. 20 Chem. Soc., 60, 309-1b (1938).
Certain types of a-alumina containing car=leis are 



particularly pre=erred. ^hese a-alumna carriers have relatively uniform
pore diameters and are more fully 'r characterized by having B.E.T.
specific surface areas of 25 from 0.1 to about 3 m`;g, preferably from 0.1
to about 2 m'/g, and water pore volumes of from 0.10 ml/g to about 0.55
ml/g. Man~~tacturers ef such carriers include Norton Chemical Process
Products Corporation and United Catalysts, Inc. (UCI). 30 The concentration
of undesirable ~.onizable species present on the surface of the carrier are
reduced to create a "cleansed" carrier. Or, alternatively, the
concentration ef ionizabla species in the materials used to make the
carrier may be reduced prior to formation of   11 March 2003 - G  the
carrier. If the carrier raw materials are treated, the formed carrier may
be retreated for further improvement. Ionizable species present on an
a.-alumzna carrier, 5 for example, typically include sodium, potassium,
aluminates, soluble silicates, calcium, magnesium, alumlnosilicates, and
combinations thereof. It has been found that silicates, and certain other
anions, are particularly undesirable ionizable species in an 10 epoxidatzon
catalyst. After the concentration of the surface ionizable " species are
lowered, the carrzer 's oationallv arced. When aqueous or organic solvent
washinc is usea, drying or some similar method is recommended to displace
the 15 wash solution from the carrier pores. The carrier is now ready for a
catalytically reactive metal to be deposited or impregnated thereon. The
carrier having the controlled solubzlization rate is ~.mpregnated with
metal ions or compound(s), 20 complexes) and/or salts) dissolved in a
suitable solvent sufficient to cause the desired deposition on the carrier.
When silver ~.s the deposition material, a typical deposition is from '_ to
40 wto, preferably from 1 to 30 wto of silver, basis the weight of the
total 25 catalyst. The impregnated carrier ~s subsequently separated from
the solution and the deposited metals) compound is reduced to metallic
silver. One or more promoters may be deposited either prior to,
coincidentally with, or subsequent to the deposition 30 of the metal.
promoters for epoxidation catalysts are typically selected from sulfur,
phosphor~:s, boron, fluorine, Grour~ IA through Group VIII metals, rare
earth metals, and combinations thereof. The promoter material   11 Mach
2003 - to  is typically compounds) and/or sait(s) of the promoter
d~.ssolved in a suitable sclvent. For olefin epoxldation oxide catalysts,
Group IA metals are typically selected from potassium, rubidium, 5 cesium,
lithium, sodium, and combinations thereof; with- ' potassium and/or cesium
and/or rubidium being preferred. 



Even more preferred is a combination of cesium plus at least one additional
Group IA metal, such as cesium plus potassium, cesium plus rubidium, or
cesium plus lithium. 10 Group IIA metals are typically selected from
magnesium, calcium, strontium, barium, and combinations thereof, G=oup VIII
transit~~on metals are tvDicallv selected from cobalt, iron, izc;~ei,
ruthenium, rhoaium, palladium, ana combinations thereof; and rare~earth
metals are typically 15 selected from lanthanum, cerium, neodymium,
samarium, gadolinium, dysprosium, erbium, ytterbium, and mixtures thereof.
ion-limiting examples of other promoters include perrhenate, sulfate,
molybdate, tungstate, chromate, phosphate, borate, sulfate anion, fluoride
20 anoin, oxyanions of Group IIIB to VIB, oxyanions of an element selected
from Groups III through VIIB, alkaline? metal salts with anions of halides,
and oxyan~ons selected from GrouDS IIIA to VIIA and IIIB through VIIB. The
amount of Group IA metal promoter is typically in the 25 range of from 10
ppm to 1500 ppm, expressed as the metal, by weight of the total catalyst,
and the Group VITb metal rs less than 3600 ppm, expressed as the metal, by
weight of the total catalyst. For further Improvement in catalytic
properties, the 30 hydrogen ion activity of the impregnation solution is
optionally lowered, such as by the addition of a base. The typical
impregnation solution for an epoxidation catalyst begins auite basic, so a
strong base is used to further lower ~he hydrogen ion activity. Examples of
35 strong bases include, alkyl ammonium hydrox.~des such as   11 March 2003
-11 tetraethylammonium hydroxide, lithium hydroxide and cesium hydroxide.
xn order to maintain the desired impregnation solution formulation and
metal loading, a organic base is preferred. Base additions in these systems
typically result in a "measured pH" change rangzng up to about 2, realising
that the "measured pH" is not a true pH since the impregnation system is
not aqueous. If an excess of impregnation solution is used, the impregnated
carrier is subsequently separated from the 10 solution before the deposited
metal compound is reduced. Promoters, components which work effectively to
provide an improvement ~.n one or more of the catalytic properties of the
catalyst when compared to a~catalyst not containing such components, may
also be deposited on the carrier either 15 przor to, coincidentally with,
or subsequent to the deposition of the catalyti.cally reactive metal. The
resulting epoxidation catalysts just described are used for the vapor phase
production of epoxies, such as in the production of ethylene oxide from
ethylene and an oxygen 20 containing gas. In this epoxidation process one
or mare nitrogen oxides (NOx) may also be added to the feedstock to boost
catalyst conversion performance. Other embodiments of the invention provide
catalysts made by the processes just described. 25 Having generally
described the invention, a further understanding may be obtained by
reference to the following examples.   11 March 2003 - 12  Examples
Carriers Table I shows the carriers used for the Examples. TABLE I 



5 CarrierABCDEB.E.T. Surface Area0.840.970.780.~60.87(m~/9) ~a>Water
Absorption (%)39.746.237.632.543.4Crush Strength6.538.0712.291C.935.44(kg)
~b'Total Pore Volume0.4080.460G.390.,.430(ml/g) ~~' iMedian Pore
Diameter1.82.71.34.6(microns ) ~`~SiO~ (%w)0.50.80.10.5C.5Bulk
Acid-Leachable4387521861907339Na (ppmw)Bulk Acid-Leachable85438109 ~7137K
(ppmw)Bulk Acid-Leachable2G7508526293123Ca tppmw)Bulk
Acid-Leachable79415536571978499Al (ppmw)Bulk Acid-Leachable808l8791560>
2000600SiO~ (ppmw)alpha-Alumlna (~ w)Bai.Bal.Bal.Bal.Bal. a Method of
Brunauer, Emmett and Teller, loc. cit. b Flat Plate Crush Strength, single
pellet. ` Determined by mercury intrusion to 3.8 x 108 Pa using
Micromeritics Autopore 9200 or 921G (l30 contact angle, 0.4 73 N/m surface
tension cf I-ig) . 'i   11 March 2003 - .3  Carrier Water-washing
Proceaures fer Et:amples 1, 2, 3, 4, 5, ~ , c, 10, 11, 1 3 Carrier washing
was carried oat by immersing 100 grams of carrier ~n 300 grams of boiling
de-ionized water 5 for 15 minutes. The carrier was then removed and
place~si in a fresh 300 grams of boiling water for another 15 minutes. This
procedure was repeated once more for a total of three immersions, at which
point the carrier was separated from the water and dried ~n a well
ventilated 10 oven at 150 C for 18 hours. The dried carrier was then used
for preparation of a catalyst by the procedures outlined in the following
Examples. Tmpreanation Solution A silver-amine-oxalate stock solution was
prepared by 15 the following procedure: 415 g of reagent-grade sodium
hydroxide were dissolved in 2340 ml ae-ionized water and the temperature
was adjusted to 50 C. 1699 g high pur~.ty "Spectropure" silver nitrate were
20 dissolved in 2100 ml de-ionized water and the temperature was adjusted
to 50 C. The sodmsm hydroxide soiut~on was added slowly to the silver
Nitrate solution, cazth strrrir,g, while maintaining ' a solution
temperature of 50 C. The mixture was stirred 25 for 15 minutes, then the
temperature was lowered to 40 C. G7ater was removed from the precipitate
created in the mixing step and the conductivity of the water, which
contained sodium and nitrate ~.ons, was measured. An 30 amount of fresh
deionzzed water equal to the amount removed was added back to the silver
solution. The solution was stirred for 15 minutes at 90 C. The process was
repeated until the conductivity of the water removed was less than 90
umho/cm. Q500 m1 fresh deionized 35 water was then added.   11 March 2003
-14 630g of high-purity oxalic acid dehydrate were added in approximately
100g increments. The temperature was kept at 40C and the pH was kept above
7.8. Water was removed from the mixture to leave a highly 5 concentrated
silver-containing slurry. The silver oxalate slurry was cooled to 30C. 



699g of 92%w ethylenediamine (8% de-ionized watery was added while
maintaining a temperature no greater than 30C. The resulting solution
contained approximately 27-33 %w 10 silver. Enough 45 %w aqueous CsOH and
water was added to this solution to give a finished catalyst having 14.5 %w
silver and a desired cesium loading (see Examples). Sodium and Silicate
Measurement Procedures IS The XPS analyses were performed in a VG LSCAL1LB
mkII Xray photoelectron spectrometer. Non-monvchromatized A1 ka, (1484.6
eV) X-rays were used as the excitation source. The electron kinetic energy
analyzer was a 150 degree spherical sector analyzer equipped with a three
channeltron detection 20 system. All spectra were obtained in the constant
analyzer pass energy mode with the pass energy set at 50 eV. Prior to
analysis, samples were lightly crushed in a mortar and mounted onto a
sample stub using double-sided tape. The analysis region was roughly 3mm x
5mm. The Alts peak was 25 used for charge correction and was corrected to
118.5 eV. Linear baselines were used for measuring the peak heights of the
Alts, Si2s, and N'als lines, and a horizontal baseline starting at a
bonding energy or 105.5 eV was used for measuring the height of the Si2p
line due to an interference 30 with an aluminum Auger line. Peak
intensities were converted to relative molar values using the following
empirically derived sensitivity factors: A~2s 0.22, Si2p 0.32, Si2s 0.24
and Nal.s 1.72   11 March 2003 - 15  and r_ha fc'_~ow~na relat:.cnship:
Relative nutn6er e~ a~omc = speak Ln~en::.~v/sens~r~c; ~actcr; ` LOD (:11?s
mtensity/0.~2? The results o~ the XPS measurements are given in 5 Table Ia.
The numners reported =or XPS measurements are the number eL atoms detected
relative to 100 aluminum atoms. The XFS silicon values =eported are the
average of the Si2p and Sits values. TABLE II. Dla and Si XFS for Selected
ce-Alumina Carriers XPS Na ~XPS NaChange rnXPS S~XPS
S~ChangeUn-WashedP.laUn-unlashed.nwasneaCarrierUnwasneawasnedCarr.terUn-Car
rierCarrier(atom ~)to WasnedCarrier(atom ~)warned(atom ~j(o)(atom
o)tcWashed (~)Ae._ I2.755.713.4 (11.5i4.2B6.02.755.014.011.220.0C ~
I3.80.878.911.310.1lG.bD11.25.8S7.9 ~10.49.75.9E 'S.5...3 ~01.2 ~l2.5 i10.o
i15.2 10 pH Measurement Procedures Silver solution pH measurements were
done using a Metrohm model 744 pH meter, employ.rr.a a model n.0220.100
combination electrode and a Pt 100 model 6.1I10.100 resistance thermometer
for temperature compensation. The 15 meter was calibrated with commercially
available buffer solutions pefore each use. In a typical measurement, a 50
m1 al~quor_ cf the doped silver solution to be used for a catalyst
impregnation was filtered into a 100 ml glass beaker through a 2 micrometer
filter attached in-lm a to 20 a plastic syrzngs. The pH probe was lowered
into the magnetically st;rre~: solution, and the reading ontaLnea   11
March 2003 



- 1b  after 3 minutes was recorded as the equilibrated pH. The probe was
cleaned between each measurement with deionized water, and checked far
calibration. Special care was ' taken to prevent accumulation of AgCl
solids on the 5 electrode membrane. Such accumulation was removed by _ '
soaking the probe in ammonium hydroxide solution, as recommended by the
manufacturer. Example 1 A catalyst pre-cursor was prepared from Carrier A
by 10 first subjecting the carrier to carrier washing. collowing the wash,
approximately 30 grams of washed 3 Carrier A were placed under a 3.33 kPa
vacuum for 1 minute at ambient temperature. Approximately 50 grams of the
impregnating solution was then introduced to 15 submerse the carrier, and
the vacuum was maintained at 3.33 kPa for an additional 3 minutes. The
cesium target was 450 ppm/gram finished catalyst. The vacuum was then
released and the excess impregnating solution was removed from the catalyst
pre-cursor by centrifugation at 500 rpm 20 for two minutes. The catalyst
pre-cursor was then dried while being shaken at 240 C for 4 minutes In a
stream of air floorng at 11.3 m3/hr. Example la (Comparative) ; Carrier A
was impregnated as described in Example 1; 25 however, the carrier was not
subjected to carrier washing. The cesium target was 900 ppm/gram finished
catalyst. Example 2 Carrier B was subjected to carrier washing and 30
impregnation as described in Example 1. The cesium target was 9S0 ppmlgram
finished catalyst. Example 2a (Comparative) Carrier B was impregnated as
described in Example 1; however, the carrier was not subjected to carrier
11 March 2003 - 17  washing. The cesium target was 400 ppm/cxram finished
catalyst. Example 3 Carrier C was subjected to carrier washing and 5
impregnation as described in Example 1. The cesium target was 300 ppm/gram
finished catalyst. Example 3a (Comparative) Carrier C was impregnated as
described in Example 1; however, the carrier was not subjected to carrier
10 washing. The cesium target was 360 ppmigram finished catalyst.Example
4Carrier D was subjected to carrier washing andimpregnation as described in
Example ?. The cesium15target was 400 ppm/gram finished catalyst.Example 4a
(Comparative)Carrier D was impregnated as described in Example 1;however,
the carrier was not sub3ected to carrierwashing. The cesium target was 900
ppm/gram finished20catalyst.Example 5Carrier A was subjected to carrier
washing andimpregnation as described in Example 1. The cesiumtarget was 450
ppm/gram finished catalyst. Tn addition,2535 ow aqueous tetraethylammonium
hydroxide (TEAR) wasadded to the stock impregnation solution at a target
of117.8 micromoles OH-/ml Ag solution, to lower thehydrogen ion activity to
a "measured pH" of i3.2.Example 630100 g of Carrier A were immersed in 300
m1 of boiling5~ TEAH for 15 min, then immersed six times ~r. 300 ml
ofboiling de-icnized water for 15 mm utes each. Thecarrier was then removed
and dried in a well ventilatedoven at 150 C for 18 hours. The carrier was
then35impregnated with a cesium target cf 400 ppm/gram finished  



11 March 2003 - 18  catalyst. In addition, 35 ~w TEAH was added to the
stock impregnation solution at a target of 117.8 mlcromoles OH-/ml Ag, to
lower the hydrogen ion activity to a "measured pH" of 13.6. 5 Example 7
Carrier A was subjected to carrier washing and impregnation as described in
Example 1. The cesium target was 720 ppm/gram finished catalyst. In
addition, TEAR was dissolved in water and added to the stock 10 solution at
a target of l17.8 micromoles OH-/ml Ag, to lower the hydrogen activity to a
"measured pH" of l3.2, and NH4Re0q was dissolved in water and added to the
stock solution to provide 1.5 micromoles Re/gram finished catalyst. 15
Example 8 Carrier A was subjected to carrier washing and impregnation as
described in Example 1. The cesium target was 450 ppm/gram finished
catalyst. In addition, LiOH was dissolved in water and added to the stock
20 impregnation solution to lower the hydrogen ion activity to a "measured
pH" of 13.2. Example 8a (Comparative) Carrier A was impregnated as
described in Example 5; however, the carrier was not subjected to carrier
25 washing. The cesium target was 400 ppm/gram finished catalyst. Example 9
300 g of Carrier A were immersed in 900 ml of a boiling 0.1 M solution of
ammonium acetate for 15 min, 30 then immersed in 300 ml of de-ionized water
at 25 C for ` 15 minutes, followed by immersion three times in 300 ml of
boiling de-ionized water for 15 minutes each. The ' carrier was then
removed and dried in a well ventilated oven at 150 C for 18 hours. The
carrier was then   11 March 2003 - 19  impregnated as described in Example
1. The cesium target was 450 ppm/gram finished catalyst. In addition, LiOH
was dissolved in water and added to the stock impregnation solution to
lower the hydrogen ion activity 5 to a "measured pH" of 13.2. _ Example 10
The a-aiumina source material for Carrier A was washed with de-ionized
water at 25 C, then homogenized with the same ingredients used to form
Carrier A before 10 extruding, drying, and firing in a muffle furnace. The 



resulting carrier was designated Carrier E. A catalyst was prepared from
Carrier E ~n the same manner as outlined in Example 1. The cesium target
was 360 ppm/gram finished catalyst. 'In addition, LiOH was 15 dissolved in
water and added to the stock impregnation solution to lower the hydrogen
ion activity to a "measured pH" of 13.2. Example 11 Carrier E was used to
prepare a catalyst in the same 20 manner as described in Example 10~
however, the carrier was subjected to the carrier washing procedure before
impregnation. The cesium target was 510 ppm/gram finished catalyst. In
addition, LiOH was dissolved in water and added to the stock impregnation
solution to 25 lower the hydrogen ion activity to a "measured pH" of 13.2.
Example 12 100 g of Carrier A were immersed in 300 ml of a boiling 0.1 M
solution of barium acetate at 25 C for i5 30 min, then immersed in 300 ml
of de-ionized water at 25 C for 15 minutes, followed by immersion three
times in 300 ml of boiling de-ionized water for 15 minutes each. The
carrier was then removed and dried in a well ventilated oven at 150 ~ for
18 hours. The carrier was then   11 March 2003 - 20  impregnated as
described in Example 1. The cesium target was 400 ppm/gram finished
catalyst. Tn addition, LiOH was dissolved in water and added to the stock
impregnation solutzon to lower the hydrogen ion activity 5 to a "measured
pH" of I3.2.  Example 13 Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium target was 650 ppm/gram
finished catalyst. In addition, 10 LiOH was dissolved in water and added to
the stock impregnation solution to lower the hydrogen ion ac~ivity to a
"measured pH" of 13.2 and NHQReO,, was dissolved in water and added to the
stock impregnation solution to provide 1.5 micromoles Re/gram finished
catalyst. 15 The catalysts of Examples 1-13 were used to produce ethylene
oxide from ethylene and oxygen. 3 to 5 grams of crushed catalyst were
loaded into a 6.35 mm inside diameter stainless steel U-shaped tube. The U
tube was immersed in a molten metal bath (het medium) and the ends 20 were
connected to a gas flow system. The weight of the catalyst used and the
inlet gas flow rate were adjusted to achieve a gas hourly space velocity of
6800 ml of gas per ml of catalyst per hour. The inlet gas pressure was 1450
kPa. 25 The gas mixture passed through the catalyst bed (in a once-through
operation) during the entire test run (including start-up) consisted of 25%
ethylene, 7.0% oxygen, 5o carbon dioxide, 63o nitrogen, and 2.0 to 6.0 ppmv
ethyl chloride. 30 The initial reactor (heat medium) temperature was 



180 C. The temperature was ramped at a rate of 10 C per hour from 180 C to
225 C, and then. adjusted so as to achieve a constant ethylene ox.tde level
of 1.5 ~~a in the outlet gas stream. Performance data at this conversion 35
level are usually obtained when the catalyst has been on 4   11 March 2003
- 21  stream for a total of at least 1-2 days. Due to slight differences in
feed gas composition, gas flow rates, and the calibration of analytical
instruments used to determine the feed and product gas compositions, the 5
measured selectivity and activity of a given catalyst mad vary slightly
from one test run to the next. The initial performance values for
selectivity at 1.50 ethylene oxide were measured and are reported in Table
III.   TABLE III. Performance Characteristics cf Catalysts Prepared From
Un4~rashed and G~lashed ct-Alumsna  Example CarrierPre-Impregnation
ConditionBase AdditionImpregnating Soi.ution "measured pH"Selectivity
($)Temperature (1Awater crashnone11.._'82.7229laAno
washnone11.28l.32372Bcrater washnone11 . 282 , 52aBno
washnonel1.282.U2323Cwater wash _ - -none -11.282.0229no ,,rashnone11 .
?_82 . G2359Dcrater washnone11.282.52Z~9aDno washnone11.282.22~55Awater
washTEARl:3.282.7ohTEAR wash + water washTEAIi13.682.72227F:water
crashTFAH13 a289. 929 _,8Awater washLi.OH13.282.72268aAno
washLiOH13.282.02279Anmmorlium acetate washLiOH13.283.l22210Eraw material
washLiUH13.283.022~11Eravr material wash + water
taashLzO~i13.282.722212Abarium acetate washLiOH13.282.722613Avrat2r
washLiOH13.286.2 (232 N N 1 



c~ N O O W   11 March 2003 - 23  It can be seen that significant
improvement in~ catalyst properties are seen when the carrier is washed
before the catalytic metal is deposited on the carrier. Even further
improvement is seen when the material used 5 to make the carrier is washed
before the carr.~er.is formed. The hydrogen ion activity of the deposition
solution for catalysts in Examples 5-13 was lowered by the addition of a
base. It can be seen that lowering the 10 hydrogen ion activity of the
deposition solution further improves the catalytic properties. It is also
evident that the phenomenon of the pH effect is not restricted to a
particular catalyst formulation, as best illustrated in Examples 7 and 13,
where a selectivity enhancing dopant, 15 such as rhenium, is added to the
impregnating solution. It will be apparent to one of ordinary skill in the
art that many changes and modifications may be made to the invention
without departing from its spirit or scope as set forth herein.   11 March
2003 24 REVISED CLAIMS Z. A process for improving the properties of a
carrier for a catalyst by a treatment, which treatment is performed on ono
or more of the materials from which the caxrier is formed and/or on the
complete Carrier and which treatment is effective in lowering the
concentration of one or more ionizable si,lxcates present on the surface of
the complete carrier, the lowering being e:cpressed as the lowering of the
relative concentration of Si atom6, as measured by X-ray Photoelectron
Spectroscopy (xPS) performed on the untreated and treated oarrier. z. A
process according to claim I, characterized~ir~ that the treatment Ls
performed by means effective in xeadering the ionizabse si~.icates ionic,
or rendering the ionizable silicates insoluble, or rendering the ioniaabxe
silicates immobile. 3. A process according to claim 2, characterized in
that said means is selected from washing, ion exchange, volatilization,
precipitation, sequestration, and combinations thereo=. 4. A process
according to claim 3, characteri2ed i.n that sand washing is performed
with, an aqueous and/or organic solvent-based solutions selected from
water, tetraethylammona.um hydroxide, ammonium acetate, lithium carbonate,
barium acetate, strontium acetate, crown. ether, methanol, ethanol,
dimethylformamide, and mixtures thereof . 5. A process according to any one
of claims 7. to ~, characterized in that the concentration, as measured blr
XPS, of Si on the surface of the carrier is lowered by at least S percent.
11 March 2003 25 



6. A process accord~.ng to any one of claims Z to 5, characterized in that
the concentration lowering treatment xs followed by a drying step. 7, A
process for preparing a catalyst, by depositing a catalytically effective
amount o~ one or more catalytically reactive metals and optionally one or
more promoter materiaJ.s on a carrier pxepared by a process according to
any one of claims 7. to 6. e. A process according to ola~.m 7,
characterized in that said catalytically z~eactive metal and optional
promoter material depos~.tion is effected by submerging said caxrier in an.
impregnation solution wherein. a hydxogen ion activity of said solution is
lowered. 9. Ta process according to c7.a~,m 7 or claim 8, characterized ~.n
that the catalyst is suitable for the vapour phase epoxidation of an
alkene. 10. A process according to claim ~, characterizmd in that the
cata7.yst is suitab~.e for the epoxi.dation of ethylene to ethylene oxide,
co~,taining silver as the main .catalytical7.y reactive metal oa an
ahumina-based carrier. 1z. A process for the'catalytic epoxidati.en of an
alkerie with'an oxygen cpntairiing gas, wherein a catalyst as prepared
accord~.ng to claim ~ or B is used. 12. A process according to claim ~.1,
characterized ~.x~ that at Least one of the nitrogen oxides is added to the
oxygen containing gas.
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.AY+A..AFe.A{l.A@Uldqr{q{d}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]c^a]ca]ca]ca]c^a]ca]ca]c<aU]c<a]ca!de 13OPG
N
NZ\uw}xsnid_Z]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]cPa]ca]ca]ca]ca!2ln%)p~BPT-';
'?'S,a,,,B-$003!3#33334{vqkfa\W]]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]c^a]ca]ca]ca]ca]ca]ca]c^a]ca!44j556X7z7729I9
99^:l:n:p:r:<8<=>>7?8??K@@AAADFFyHH~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c^a]ca]c^a]ca]ca]ca]ca]caU]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!H
HPMM+N9N@NINRNNNN8Q.R4RBRIRRTTXXX____`'`S`i`^aaa~ytoid_ZU]ca]ca]ca]ca]c^a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]caU]ca]ca]ca]c^a]ca]ca]ca]
ca]ca]ca]ca!a4c7cQcJeeeeeBgLgggh8jCjjjkkkl(l/lelolylmmWmmmm|vqkfa\Vid_ZU]]c
^a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c^a]
ca]ca]c^a]ca]ca]ca]c^a]ca]ca
monzn:oCopp'r5r7r<rurrsstttuuvvv8xFxMxx#yCyNy~y(zw{zupke`[Vid_ZU]]ca]ca]ca]
c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]
c^a]ca]c^a]ca]c^a]ca w{{}}}^~~~~EyKUh
(+9@~ysnhc^Yid_ZU]]c]ca]ca]caU]ca]caU]c a]c
a]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]c
a]c^a @pW)B?IF (+9@~ysnhc^Yid_ZU]]c]ca]ca]caU]ca]caU]c a]c
a]ca]ca]ca]ca]ca]ca]caU]]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]
ca]cad{fD!h4"10%44&'()-_9_10%&'()-  `10%&'()-
10%&'()-lZ10%&'()-`l10%&'()-z[9!v*"10%  &'()- F
@)10%&'()-!4"10%&'()-_!{4"10%&'()-_!l4"10%&'()-_4"10%&'()-_  



~_@!v310%&'()-"F10%&'()-310%&'()- 10 10 10F <10%&'()-!*"10%&'()-  N
wU3~_@!{SFY%10%`v`v&'()- "!SFY%10%MmMm&'()- "!SFY%10%VV&'()- "!qfL
%10%>S>S&'()-`!qfL %10%>>&'()-`!qfL %10%>{>{&'()-` 2%~sh]>!{S#10%&'()- 10
10 10SFY%10%&'()- "!SFY%10%kk&'()- " SFY%10%}}&'()- "SFY%10%c&'()-
"%)^zX6h]>!!D`#10%&'()-0!1`#10%&'()-0!`#10%&'()-0!1`#10%&'()-0!;
#10%&'()-0&10%&'()-27mn}^<.> 10xx!`#10%xx&'()-0`#10%&'()-0!`#10%&'()-0`#10%
&'()-0!`#10%&'()-0`#10%&'()-0nop~[{a?>
10xx!!`&#10%&'()-f!v`&#10%&'()-f!&#10%&'()-f&10%&'()-"Y10%&'()- 10xx
10xxbywU3?>
10!`@`$10%&'()-s!!`@`$10%&'()-s!!`@`$10%&'()-s!!`@`$10%&'()-s!!`@`$10%&'()-
s!!@`$10%&'()-s!?@ABPT6 rS1 



1!#10%55&'()-0&10%5&'()-#10%5&'()- 10 10 10!`@`$10%&'()-s!!`@`$10%&'()-s!6
\!z"#$D%%wU3rS1
1!!`#10%55&'()-0!`#10%55&'()-0!`#10%55&'()-0!`#10%55&'()-0!`#10%55&'()-0!`#
10%55&'()-0%&*'+','-';'?'%(rS1 1!#10%HH&'()- 10%H&'()-#Y&10%H&'()- 1055
1055 1055!`#10%55&'()-0!`#10%55&'()-0%()3*`+P,Q,R,S,wi[M1 1!#10%HH&' 10HH
10HH 10HH!`#10%HH&'()- !`#10%HH&'()- ! `#10%HH&'()- !m`#10%HH&'()-
S,a,,,B-D.R/a?M1
1!#!"10%..&'()-!"10%..&'()-S10%&'()-@,-10%&'()-10%&'()-"Y'10%&'()-R/$0Y00D1
w1k2zX6M1
1!!>`&s'10%&'()-!C`&s'10%&'()-!>`&s'10%&'()-#m"10%&'()-@!#m"10%88&'()-@!"10
%))&'()-k233333334~_= 1!!>!f$10%&'()-Sl10% &'()-"F&10% h&'()- 104 104
1047`10%4&'()-S!V{`&s'10%&'()-4n444j55=6{\:~_= 1!!!{"10%&'()-y10%
h&'()-4!{"10% h h&'()- ;L:10%[[&'()--f$10%
&'()-!-f$10%hh&'()-=66X7z77S88}[<~_= 1!!!(Y%10% &'()-!{(Y%10%hh&'()-y&10%
h&'()-"l"10% s&'()-!"l"10%hh&'()-!h"10%hh&'()-829I9[:\:]:^:l:r:~pQ2
1!@l10%&'()-"Y10%&'()- 10FF 10FF 10FF!2l%10%FF&'()-
2l%10%&'()-!(Y%10%&'()-r::<8<===xV5pQ2 1! L
t'10%\&'()-'!lLst'10%&'()-!#Lst'10%44&'()-
Lst'10%8r8&'()-!+Lst'10%&'()-!Lst'10%dd&'()-=>??@K@@@wX9.2
10`410%&'()-0Y"10% &'()-!0Y"10%LL&'()-!!cL t'10%&'()-'!hL t'10%&'()-'!L
t'10%&'()-'@@@AAaAA@BgE2 



10`!l`Z%10%&'()-!h6`Z%10%&'()-!l`Z%10%--&'()-F10%G&'()-"F10%G&'()- 10
10@BBDADE+FFzX6E2 10! %10%%%&'()-!{ %10%ZZ&'()-!
%10%EE&'()-`Z%10%GM&'()-!q`Z%10%&'()-!q`Z%10%&'()-FF:HvHwHxHyHHH}^?
10!10%'o&'()-"l&10%'o&'()- 10GE 10GE 10GE`0%10%GE&'()-!`0%10%GG&'()-
{`0%10%-&'()-HJJKLLPMwU3}^? 10!`#10%@o@o&'()-M$!`#10%EoEo&'()-M$!#
`#10%JoJo&'()-M$!(`#10%OoOo&'()-M$!`#10%'o'o&'()-M$!#10%7o7o&'()-M$PMM(N)N*
N+N9N@NINrS4 10! 10%M&'()-f10%M&'()-"F10%M&'()- 10@o@o 10@o@o
10@o@o!`#10%@o@o&'()-M$!`#10%@o@o&'()-M$INNNNNNNcDrS4 10! 10 10%M&'()- 0
10%M&'()- 0 10%M&'()- 2`10%M&'()-s10%M&'()- ,z 10%yy&'()-SNNNNNNNsY:rS4 10!
10%M&'()-  10%M&'()- /K~]A 10%M&'()-  10%M&'()-  10%M&'()- NNNNNNNT:rS4 10!
10%M&'()- /K~]A 10%M&'()-  10%M&'()-  



10%M&'()-  10%M&'()- NNNNNNNN}M.4 10%M&'()- /K~]A 10%M&'()-  10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()- NNNOOOOe5.4/K~]A 10%M&'()-  10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()- OO#O(O.O4O9OiJ.4/K~]A 10%M&'()-  10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()- 9O:OCODOEOFOGOHOhN44 10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-
/K~]AHOIO[OaOgOmOtOsT544 10%M&'()-   10%M&'()- 0 



10%M&'()-  10%M&'()-  10%M&'()- /K~]AtOuOvOOOOOO|bH.4 10%M&'()-  10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()- /K~]A 10%M&'()- OOOOOOOxY:.4 10 10%M&'()-
10%M&'()-  10%M&'()- /K~]A 10%M&'()-  10%M&'()- OOOOOOOxY?.4 10 10%M&'()-
10%M&'()- /K~]A 10%M&'()-  10%M&'()-  10%M&'()- OOOOOOOOgH) 10%M&'()-
10%M&'()- 1/K~]A 10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()- OOOOOOOT:) 10% 



10%M&'()- /K~]A 10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()- OOPPP PPe5)
/K~]A 10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-
PPPPPPPP}c3/K~]A 10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-
10%M&'()- P2P5P9P?PBPEPeF3/K~]A 10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-
10%M&'()-  10%M&'()- EPFPOPPPQPRPSPTPhN4/ 10%M&'()-  10%M&'()-  10%M&'()-
10%M&'()-  



10%M&'()-  10%M&'()- /K~]ATPUPiPmPqPuPyPsT54/ 10%M&'()-   10%M&'()- 0
10%M&'()-  10%M&'()-  10%M&'()- /K~]AyP}P~PPPPPP}cI/ 10%M&'()-  10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()- /K~]A 10%M&'()- PPPPPPPwX9/ 1 10%M&'()-
10%M&'()- ' 10%M&'()-  10%M&'()- /K~]A 10%M&'()- PPPPPPPPx^D* 10%M&'()-
10%M&'()-  10%M&'()-  10%M&'()- /K~]A 10%M&'()-  10%M&'()- PPPPPPP|]>*
10%M&' 10%M&'()-  



10%M&'()-  10%M&'()- /K~]A 10%M&'()-  10%M&'()- PPPPPQQsY?* 10%M&'
10%M&'()-  10%M&'()- /K~]A 10%M&'()-  10%M&'()-  10%M&'()- QQQQQQQ"QgH)
10%M&'()-  10%M&'()- /K~]A 10%M&'()-  10%M&'()-  10%M&'()-  10%M&'()-
"Q'Q,Q1Q6Q7Q8QT;) 10% 10%M&'()- /K~]A 10%M&'()-  10%M&'()-  10%M&'()-
10%M&'()- 8QQ.R1R2R3R4RBRIRvU4  l10%@)@&'()- "3&10%@)@&'()-10Q$10Q$10Q$
)@)s10%Q$&'()- F1T10%Q$&'()-- F1T10% &'()-IRRASTTTU|[:vU4   s'10%&)&&'()-1
s'10%  &'()-1 s'10% ( &'()-1  



s'10% ) &'()-1  s'10%)&'()-1- s'10% ) &'()-1UU!VVWWXX|[:-410Q)Q
s'10%Q)Q&'()-1 -s'10% ) &'()-1 ,{s'10% ;& &'()-1  s'10%@)@&'()-1
s'10%!)!&'()-1- 7s'10% ) &'()-1XXXXXYZZbB410Q)Q `#10%$&'()-, `#10%$&'()-,
#10%$&'()-, 10%$&'()- #Y10%$&'()-10Q)Q10Q)QZl[[\]__|[:B410Q)Q `#10%$&'()-,
`#10%$&'()-, `#10%$&'()-, `#10%$&'()-, `#10%&'()-,
0#10%$&'()-,_______`i`vU410 `S"10% &'()- S"10%&'()- `10%$%&'()-
"Y10%$%&'()-10{{10{{10{{ { `#10%{{&'()-,i``^aaaaaaAvU410
`SH<10%$%&'()-H<10%$%&'()-H<10%$%&'()- , 10%$%&'()-  dSS"10%"&'()-
`S"10%[!&'()-aaaaaaaI-vU4H<10%$%&'()-5W% K;
H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-aaaaaaa_?vU4H<10%$%H<10%$%&
'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-aaaaabbnN.v
U4H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-5W% K;
bbbb!b)b2bmM-vU4H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-5W% K;
%H<10%$%&'()-H<10%$%&'()-2b<bDbMbTbUbVbI-vU4H<10%$%&'()-5W% K;
H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-Vb_b`bdbmbnbqbgGvU4H<10%$%&
'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()
-qbrbsbtbubvbwbvZ>vU4H<10%$%H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()
-H<10%$%&'()-5W% K;wbxbbbbbbnR2vU4H<10%$%&'()-H<10%$%&'()-&5W% K;
H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-bbbbbbb_?vU4H<H<10%$%&'()-H<10%$%&'()-H
<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-bbbbbbbnN.vU4H<10%$%&'()-H<1
0%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-5W% K;
bbbbbbbmM-vU4H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-5W% K;
%H<10%$%&'()-H<10%$%&'()-bbbbbbb_)vU5W% K;
H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-bbbbbccdDvU5W%
K;
H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-ccc
ccccmM-vU5H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-5W% K;
H<10%$%&'()-c&c-c2c3c4cQciN-vU5 *`!10%T&'()-H<10%$%&'()-5W% K;
H<10%$%&'()-H<10%$%&'()-H<10%$%&'()-Qc+dJeeeeeeevU4 ,F10%z&z&'()-
"F'10%z&z&'()-10Y!Y10Y!Y10Y!Y 9*`!10%Y!Y&'()- >*`!10%^#^&'()-
4(*`!10%T#T&'()-efBgLgghh{Z9vU4  f (10%}"}&'()- 



V m%10%&&'()- m%10%z#z&'()-!`m%10%&'()- yL$10%x&x&'()-
yL$10%n&n&'()-hi8jjjkk|Z9vU4  .%10%zE z&'()- !d.%10%xx&'()-  V)%10%F&'()-@
~)%10%&&'()-@ f (10%}#}&'()-  f (10%}#}&'()- kllll(l/lelylvU4 S!10%tt&'()-(
9G10%$(&'()-' 10%$(&'()- "l10%$(&'()-10 & 10 & 10 &  s.%10% & &'()-
yllm"mWmmm|[:vU4  9 10%$(&'()-S `9 10%&&'()-S  S!10% $( &'()- S!10%tt&'()-
S!10%y$(y&'()- S!10% % &'()-mmmmmmmmpX<4
`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'1
0%$(&'()-f#mn nn>n?nBnmnsW74
`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'1
0%$(&'()-f#mnnnonnnnnnxX@4
)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'nn
nnn*o+o.opX<4
`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'1
0%$(&'()-f#.o8o9o:oDoEoFouosW74
`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'1
0%$(&'()-f#uovowooooooxX@4
)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'oo
pp pXpYpZppX<4
`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'1
0%$(&'()-f#ZppppppppsW74
`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'1
0%$(&'()-f#pppqqqBqCqxX@4
)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'Cq
DqvqwqxqqqqpX<4
`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'1
0%$(&'()-f#qqqq"r#r$r%r&rsXK>
10$(10$(`&s'10%$(&'()-f#)r'`&s'10%$(&'()-f#`&s'10%$(&'()-f#)r'`&s'10%$(&'()
-f#&r'r5r<rurrstoN-> m%10% &'()-@1 Ty m"10%a"a&'()- Py m"10%]e!]&'()-
`xs`10%m#m&'()- `,l'10%m#m&'()-r `"3&10%m#m&'()-10$(ttuuvkvvzY8->
`%10%mm&'()- %10%g &'()- %10%:&'()- m%10% &'()- %10%]
&'()-"!`%10%m%m%&'()-vvwwx5x6x7x8xzYL?210T10T10T -%10%T&'()-L -%10%#&'()-L
d-%10%#&'()-L |-%10%9&'()-L"!-%10%&'()-L8xFxMxx#yNy~y|[:L?210 d@ F"10%
&'()- Y@ F"10%#&'()- P@ F"10%G"&'()- `C>10%#&'()- `l10%#&'()-
`"F10%#&'()-~yy(zzw{{||[:L?210 `9Z"10%#&'()-3 9Z"10%:K:&'()-3
`9Z"10%"&'()-3 9Z"10%'F#'&'()-3 `!10%#&'()- !10%"#"&'()-|}}}}^~~~|[:-210#
`sL910%#&'()- ``s610%#&'()- ,/"10%:K#:&'()- `,/"10%A#&'()- ,/"10%' '&'()-
h9Z"10%WQ"W&'()-3~~~~~EbA210# ` Z"10% &'()- ` $10%Z Z&'()-@ `s10%Z#Z&'()-
`S10%Z#Z&'()- `l"3'10%Z#Z&'()-10#10#CySh|[:A210# `F#10%Z!Z&'()- F#10%#&'()-
`Z%10%Z) Z&'()- Z%10% &'()- `Z"10%Z Z&'()- (Z"10%!&'()-KU*Cx\|[:A210#
@,-#10%#&'()-` `@,-#10%Z Z&'()-` @,-#10%v&'()-` {@,-#10%"&'()-`
`s&!10%Z!Z&'()- `s&!10%Z"!Z&'()-\vU410 AF"10%;";&'()-M `l&10%Z#Z&'()-
`"Y10%Z#Z&'()-10Z#Z10Z#Z10Z#Z ``*`3910%Z#Z&'()-L
`@,-#10%Z"Z&'()-`ZefghvU910 U410%#&'()- `T210%#&'()-1069 



61069 61069 6 <F"10%69 6&'()-M FF"10%@#@&'()-M AF"10%;#;&'()-McCvU910
U41U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()--9=I_?
vU910
U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-IKLNP\amM
-vU9U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-ahmqruw
iM-vU9U410%#&'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-U410%#&'()-U410%#&'()-w_)vU
5Ww+Q&-Q4U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-dDvU5Ww+Q&-
Q4U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-nN.vU5U
410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-iM-vU5U410%#
&'()-U410%#&'()-5Ww+Q&-Q4%U410%#&'()-U410%#&'()-U410%#&'()-_?vU5U410%U410%#
&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-mQ1vU5U410%#&'(
)-U410%#&'()-1U410%#&'()-5Ww+Q&-Q4U410%#&'()-U410%#&'()-$()+I-vU5U410%#&'()
-5Ww+Q&-Q4U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-+-9>CHL_?vU5U410%#U41
0%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-LMPRZ_dnN.vU
5U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-5Ww+Q&-Q4dimnpr}mM-
vU5U410%#&'()-U410%#&'()-U410%#&'()-5Ww+Q&-Q4#U410%#&'()-U410%#&'()-}M-vU5U
410%#&'()-5Ww+Q&-Q4U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-_?vU5U410%U4
10%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-mM-vU5U410%
#&'()-U410%#&'()-U410%#&'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-iM-vU5U410%#&'()
-U410%#&'()-5Ww+Q&-Q4U410%#&'()-U410%#&'()-U410%#&'()-_)vU5Ww+Q&-Q4U410%#&'
()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-#(dDvU5Ww+Q&-Q4U410%#&'()-U4
10%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-(,-/1HMmM-vU5U410%#&'(
)-U410%#&'()-U410%#&'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-MRW[\_aiM-vU5U410%#&
'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-U410%#&'()-U410%#&'()-asx}_)vU5Ww+Q&-Q4U
410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-dDvU5Ww+Q&-Q4U410%#&'
()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-mM-vU5U410%#&'()-
U410%#&'()-U410%#&'()-5Ww+Q&-Q4U410%#&'()-U410%#&'()-I-vU5U410%#&'()-5Ww+Q&
-Q4U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-
_?vU5U410%#U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'()-U410%#&'(
)-()*+m`SF5U410%#1081081081 p<"10%8&'()-
09@10%8&'()-U410%#&'()-5Ww+Q&-Q4+9@pW|[:F5U410% !10%-j6-&'()- !10%$8$&'()-
,N10%8&'()- , 10%8&'()- 10%8&'()- "F'10%8&'()-W|obU4 "l10%;&'()-108108108 #
10%8&'()- 8ws"10%7&'()- *s"10%8&'()- *s"10%;8&'()-)NB?|[:bU4   &*m%10%a;
a&'()-z 3L$M!10%L:&'()-- `Y%10%;;;&'()-, `Y%10%,;,&'()-, `10%;&'()- l& 10%;
&'()-?IvU4 @ %10%8&'()-T& 10%\;\&'()- #l10%\;\&'()-10;10;10;  9310%;&'()-
9310% &'()-;F|[:vU4   `@ %10%8&'()-T& @ %10%;&'()-T& `@ %10%;&'()-T& `@
%10%j9&'()-T& @ %10%;&'()-T& @ %10%{:&'()-T& Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font
oA,$R)0]7=xE*K3OU\bi&o7u{g*Fd4Hamw{@Fghijklmno %n6
%%(S,R/k24=68r:=@@BFHPMINNNNNO9OHOtOOOOOOPPEPTPyPPPPPQ"Q8QIRUXZ_i`aaab2bVbq
bwbbbbbbccQcehkylmmmnn.ouooZppCqq&rtv8x~y|~\Iaw+Ld}(Ma+W?Fpqrstuvwxyz{|}~6T
imes New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


