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INTERMETALLIC COMPOUNDS

_

Field of the Invention

—
—

This invention relates to a method and an apparatus
5 for preparing intermetallic compounds, and to
intermetallic compounds so produced.

Backaround to the Invention

Intermetallic compounds are compounds of a defined

structure comprising a metal and either a non-metal

10 (metalloid) or further metal. They have many

applications. For example silicon carbide is used in

metal matrix composites as a strengthening additive and

for furnace electrodes. Molybdenum silicide is also used

as a furnace element and as a strengthening agent.

15 Titanium dilboride is used as a possible cathode material

/

for the Hall-Heroult cell for the extraction of alumina.

Carbides are amongst the most refractory materials

knownn. Many carbides have softening points above 3000°C

and the more refractory carbides possess some of the

20 highest melting points ever measured. Of the simple

carbides, the most refractory are HfC and TaC, which melt

at 3887°C and 3877°C. The complex carbides 4TaC.ZrC and

4TaC.HEfC melt at 3932°C and 3942°C, respectively. Silicon

carbide is quite resistant to oxidation at temperatures up

25 to about 1500°C and has useful oxidation resistance for

many purposes at temperatures up to 1600°C. It is used

extensively for example as an abrasive, as a refractory

—

and as a resistor element for electric furnaces.

Most carbides have fair thermal and electrical

g

30 conductivity, and many of them are quite hard, boron

carbide being the hardest. High hardness accounts for the

p—

usefulness of many of the carbides, such as silicon

carbide, titanium carbide, boron carbide and tungsten

-

CalX.

oide as materials for cutting, grinding and polishing

35 and for parts subject to severe abrasion or wear.
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Most carbides are prepared by the reaction of the

oxide with carbon at elevated temperatures. Other methods

of preparation include vapour deposition from the gaseous

phase.

p—

The carbides of Group II elements are usually

prepared commercially by reacting the oxide with graphite

in an electric-arc furnace at around 2000°C. Boron
carbide and silicon carbide are made by a similar route,

as are transition or hard metal carbides. High purity

carbides are difficult to prepare commercially.

TiB, and ZrB, have potential for replacing carbon as

an electrode material in aggressive electrochemical

applications such as aluminium refining. Their good
electrical conductivity, good wettability and excellent

chemical resistance means greatly increased lifetimes. :

TiB, is harder than tungsten carbide and has an excellent
stiffness to weight ratio so 1t has important applications
for cutting tools, crucibles and other corrosion

resistance applications.

Boride powders can be prepared by the carbothermic or

aluminothermic reduction of metal oxide-boron oxide

mixtures, by electrolysis of fused salt mixtures

containing metal oxides and boron oxide and by heating

mixtures of metal and boron powders to high temperatures

in an inert atmosphere. Fusion electrolysis is especially
suited to the large-scale production of boride powders of
relatively high purity from naturally occurring raw

materials, and does not require the initial preparation of

4

However, the current efficiency

metal and boron powders.

pr—

1s very low of the order of 5%.

Of conventional methods, direct synthesis of

‘

refractory borides permits the greatest control of

composition and purity of the resulting boride. However,

the temperature required is very high (1700°C).

Conventionally, silicides can be prepared by six

general methods, i.e. gynthesis from the elements (metal
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and silicon); reaction of metal oxide with silicon;

reaction of metal oxide with silicon and carbon; and

reaction of silica and metal oxide with carbon, aluminium
or magnesium. The silicides are chemically inert, have

high thermal and electrical conductivities, are hard and

have high strengths at elevated temperatures coupled with

high melting points.

Aluminides are made by the direct reaction of the

elements.

Generally, these interesting materials are made at

very high temperatures where it is difficult to ensure

high purity. The electrochemical methods that have been

tried generally work at very low current efficiencies.

Summary of the Invention

The invention provides a method and an apparatus for .
making intermetallic compounds, and the intermetallic
compounds so produced, as defined in the appended

independent claims. Preferred or advantageous features of

the invention are set out in dependent subclaims.
The present invention i1s based on the surprising

finding that intermetallic compounds can be made using a

simple electrochemical process. Thus, the invention may

advantageously provide a method for the production of an
intermetallic compound (M'Z) which involves treating a
solid precursor material comprising three or more species,

each species being for example an element or an ion, or

other component of a compound such as a covalent compound.

The three or more species include first and second metal

or metalloid species (M',Z) and an anionic or non-metal
species (X), and the precursor material is treated by

electro-deoxidation in contact with a melt comprising a

fused salt (M?Y) under conditions whereby the anionic or
non-metal species dissolves in the melt. The first and
second metal or metalloid species then form an
intermetallic compound. More complex intermetallic

compounds comprising three or more metal or metalloid

species may similarly be formed. In the precursor
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material, the metal or metalloid species may

advantageously be present in the appropriate ratios to

form a stoichiometric intermetallic with minimum wastage.

In one embodiment, the precursor material may consist

5 of a single compound. For example, if the precursor

material i1s formed of titanium borate powder, then the

first and second metals or metalloids, Ti and B, can form
T1

3, when the anionic or non-metal species, 0%, igs removed

[ -

by electro-deoxidation. Corresponding results may be

10 achieved by using precursor materials comprising other

ions such as CO,, SO,, NO, or NO, in which both a metal or
metalloid species and an anionic or non-metal species are

present.
In an alternative embodiment the precursor material

15 may comprise a compound such as those described above ,

mixed with a further substance, such as a further compound

Oor an element or a more complex mixture, which may

advantageously enable the formation of more complex

intermetallics.

20 In another embodiment, the precursor material may be
a mixture of a first solid compound (M!X) between the
first metal or metalloid (M') and the anionic or non-metal
species (X), and a solid substance (S) which consists or
comprises the second metal or metalloid (Z). In this

25 case, the substance (S) may be an element (i.e. the metal

or metalloid (Z) itself) or an alloy, or it may be a

second compound comprising the second metal or metalloid

(Z) and a second anionic or non-metal species.

Advantageously, the second non-metal species may then be

30 the same as the non-metal species (X) in the first

compound (M'X) .

The term electro-deoxidation is used hereilin to

describe the process of removing the anionic or non-metal

species (X) from a compound in the solid state by

35 contacting the compound with the melt and applying a

cathodic voltage to the compound(s) such that the non-

metal species dissolves or moves through the melt to the
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anode. In electrochemistry, the term oxidation implies a
change 1n oxidation state and not necessarily a reaction with
oxygen. It should not, however, be inferred that electro-
deoxidation always involves a change in the oxidation states
of the components of the compound, this ig believed to depend
on the nature of the compound, such as whether it is primarily
ionic or covalent. In addition, it should not be inferred
that electro-deoxidation can only be applied to an oxide; any
compound may be processed in this way.

In a.preferred embodiment, the cathodic voltage applied
to the metal compound 1s less than'the voltage for deposition
of cations from the fused salt at the cathode surface. This
may advantageously reduce contamination of the intermetallic
compound by the cations. It is believed, that. this may be

achieved under the conditions of an embodiment providing a

method for the production of an intermetallic compound (M%N
comprising treating a mixture of a metal compound (M'X) and a
substance (Z) by electrolysis, or electro-deoxidation, in a
fused salt (M?Y), under conditions whereby reaction of X rather
than M’ deposition occurs at an electrode surface, and X
dissolves in the electrolyte M?Y, or moves through the melt to
the anode. 1In various instances, the process of electro-
deoxidation may alternatively be termed electro-decomposition,
electro-reduction or solid-state electrolysis.

Further details of the electro-deoxidation process are
set out 1in International patent application published under
number WO 99/64638 on December 16, 1999. ‘

The precursor material is advantageously formed by powder
processing techniques, such as compaction, slip-casting,
firing or sintering, from its constituent material or

materials in powder form. Preferably the precursor material

so formed is porous, to enhance contact with the melt during

electro-deoxidation. The precursor
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material may alternatively be used in the form of a
powder, sulitably supported or positioned in the melt.

Advantageously, if the precursor material is a

conductor it may be used as the cathode. If C or B powder

18 incorporated to form carbides or borides, this will
generally increase the conductivity of the mixture.
Alternatively, the precursor material may be an insulator

and may then be used in contact with a conductor.

n the method of invention, it is preferable for the

intermetallic compound produced to have a higher melting
point than that of the melt.

The method of the invention may advantageously give a

product which is of very uniform particle size and free of

oxygen or other non-metal species from the precursor
material. ,
A preferred embodiment of the present invention is
based on the electrochemical reduction of an oxide powder
in combination with a further metal, non-metal (metalloid)

or compound (which may be in the oxide form), by

cathodically ionising the oxygen away from the oxide so

that the reduced substances combine together to form

intermetallic compounds. Thus, in a preferred embodiment,
the method for making the intermetallic compounds relies
on making a mixture of oxide powders the cathode in a melt

y—
b

comprising a fused salt, such that the ionisation of

oxygen takes place preferentially rather than the

deposition of cations from the salt, and that the oxygen

ions are moblile in the melt.

Specific Embodiments and Best Mode of the Invention

FEmbodiments of the invention will now be described by

way of example, with reference to the accompanying

drawings, 1in which;
Figure 1 illustrates an apparatus according to a

first embodiment of the invention:

Figure 2 i1llustrates an apparatus according to a

second embodiment of the invention: and
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Figure 3 illustrates an apparatus according to a

third embodiment of the invention.

Figure 1 shows two pellets 2 of a precursor material,

which 1n this case i1s a mixture of metal oxides, in

5 contact with a cathode conductor 4, such as a Kanthal

wire. Each pellet is prepared by pressing or slip-casting
micrometre-sized powders (for example up to about 25 um or

100 um, or between about 0.2 and 2 um particle size) and

then, usually, firing or sintering. This produces a

1.0 porous pellet, which advantageously allows intimate

contact between the precursor material and the melt during

electro-deoxidation. The pellet is then made the cathode

in a cell comprising an inert crucible 6, such as an

alumina or graphite crucible, containing a fused salt 8.

15 On the application of current (making the pellets the
cathode) , the oxygen in the metal oxides ionises and

dissolves 1n the salt, and diffuses to a graphite

anode 10, where it is discharged. Effectively the oxygen
is removed from the oxides, leaving the metals behind.

20 The electrolyte, or melt, 8 consists of a salt or

salts which are preferably more stable than the equivalent
salts of the individual elements of the intermetallic
compound which is being produced. More preferably, the
salt should be as stable as possible to remove the oxygen

25 to as low a concentration as possible. The choice

includes the chloride, fluoride or sulphate salts of
barium, calcium, cesium, lithium, strontium and yttrium or

even Mg, Na, K, ¥b, Pr, Nd, La and Ce.

To obtain a salt with a lower melting point than that

g

30 given by a pure salt, a mixture of salts can be used,

e

preferably the eutectic composition. In the embodiment,

the cell contains chloride salts, being either CaCl, or

BaCl, or their eutectic mixture with each other or with

another chloride salt such as NacCl.

35 At the end of reduction, or electro-deoxidation, the

reduced compact, or pellet, is withdrawn together with the

salt contained within it. The pellet is porous and the
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salt contained within its pores advantageously stops it

from oxidising. Normally, the salt can simply be removed

by washing in water. Some more reactive products may need

to be cooled first in air or in an inert atmosphere and a
solvent other than water may be required. Generally, the
pellets are very brittle and can easily be crushed to

intermetallic powder.

Figure 2 shows an apparatus similar to that of

Figure 1 (using the same reference numbers where
appropriate) but using a conductive crucible 12 of
graphite or titanium. The pellets sink in the melt and
contact the crucible, to which the cathodic voltage is
applied. The crucible itself thus acts as a current
collector.

Figure 3 shows an apparatus similar to that of

figures 1 and 2 (using the same reference numbers where

appropriate) but in which the precursor material is

supported in a smaller crucible 14 which can be lowered
and raised into and out of the melt, suspended on a

wlire 16 which also allows electrical connection so that

the smaller crucible, which i1s electrically conducting,

can act as a cathodic current collector. This apparatus

may advantageously be more flexible than that of Figure 1
or 2 in that it may be used for electro-deoxidation not
only of pellets or the like but also of loose powders or

other forms of precursor material 18.

In a further embodiment, the smaller crucible may be
inverted to allow treatment of precursor materials less
dense than the melt. An inverted smaller crucible may be
covered by a grid to retain materials on immersion into

and removal from the melt. The smaller crucible may even

be closed, apart from apertures to allow access by the
melt, for better retention of the precursor material and

the reaction product.
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The following Examples i1llustrate the invention.

Example 1

A pellet, 5 mm in diameter and 1 mm in thickness was

formed from a mixture of Si0, and C powders, and placed in
a carbon crucible filled with molten calcium chloride at

950°C. A potential of 3 V was applied between a graphite

anode and the graphite crucible (as in Figure 2). After

5 hours, the pellet was removed from the crucible, the

salt allowed to solidify and then dissolved in water to

reveal the intermetallic compound.
The cathodic reaction is Si0O, + C + 4e = SiC + 20%

Example 2
A pellet, 5 mm in diameter and 1 mm in thickness, of

titanium dioxide powder and boron powder or, in a separate

test, a pellet formed of titanium borate powder was placed.

in a crucible containing molten barium chloride at 950°C.

il

A potential of 3 V was applied between a graphite anode

and the crucible. After 5 hours, the pellet was removed

from the crucible, the salt allowed to solidify and then
dissolved in water.
The cathodic reaction that had occurred was
TiO, + 2B + 4e = TiB, + 20%
ox

T10,.B,0, + 1l0e

Il

TiB, + 507

Example 3
A pellet, 5 mm in diameter and 1 mm in thickness, of

mixed powders of molybdenum oxide and silicon or, in a

separate test, molvbdenum oxide and silicon dioxide was

placed 1in a graphite crucible filled with molten calcium

chloride at 950°C. A potential of 3 V was applied between

a graphite anode and the graphite crucible. After 5 hours,

the pellet was removed from the crucible, the salt allowed

to solidify and then dissolved in water.

The reaction which had taken place was
MoO, + 281 + 4e = MoSi, + 207
or

MoO, + 2810, +1l2e = MoSi, + 60
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Example 4

A pellet, 5 mm in diameter and 1 mm in thickness, of

mixed powders of alumina and titanium dioxide was placed

1in a titanium crucible filled with molten calcium chloride

F

at 950°C. A potential of 3 V was applied between a

graphite anode and the titanium crucible. After 5 hours,

the pellet was removed from the crucible, the salt allowed
to solidify and then dissolved in water.
The reaction which had taken place at the cathode was

Al,0, + 2TiO, + l4e = 2TiAl + 70%

il

It can be appreciated that, by varying the ratio o:

the constituents, the ratios of the elements in the
intermetallic compound can be varied.

Example 5

Molybdenum disilicide. Powders of MoO, and SiO, were .

mixed together, pressed into a pellet and sintered at
600°C. The sintered pellet was put into a steel crucible
and lowered into a larger container of molten calcium

chloride at 785°C. A voltage of 3.0 V was applied for

24 hours between the pellet and a graphite anode. The

crucible was removed from the melt and washed with water.

After filtering and drying the powder it was analysed by

XRD (X-ray diffraction) which revealed an abundance of

MoSi, with a smaller quantity of other compounds such as

CaSi0O;, CaCO, and SiC.

Example 6
The above experiment was repeated with a Mo0,/SioO,

mixture sintered at 650°C. After reducing the pellet for
24 hours at 3.0 V the crucible containing the pellet was

washed with distilled water and then with 0.1 M

hydrochloric acid. XRD of the remaining powder again

confirmed the production of MoSi, but CaSiO, and SiC
remained as minor constituents.

Example 7

Titanium carbide. TiO, and graphite powders were
mixed and pressed into pellets which were sintered for

1 hour at 1200°C in a vacuum furnace. These pellets were
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placed in a small alloy steel crucible which was then

immersed in calcium chloride at 800°C for 43 hours using

3.0 V. When the small crucible was removed from the melt

and washed in water a black powder remained. EDX (energy-

P

dispersive X-ray analysis) and XRD analysis of the

1]

filtered and dried fine powder confirmed the production of
TicC.

Example 8
Zirconium carbide. Zxr0, and graphite powders were

mixed and pressed into pellets. The pellets were sintered

at 1200°C for 1 hour in a vacuum furnace. The pellets

were reduced i1in molten calcium chloride at 800°C for

43 hours using 3.0 V. After washing in water for 2 days,

filtering and drying, the remaining powder and lumps were

ground and analysed by XRD. ZxrC was clearly the dominant

compound with a little CaZrO, and carbon also present.

EDX confirmed that Zr and C were the dominant elements.

Example 9
Tantalum carbide. Ta,0; and graphite powders were

mixed and pressed into pellets and sintered in a vacuum

furnace at 1200°C for 1 hour. The pellets were then

reduced in calcium chloride at 800°C using 3.0 V for

gr—

25 hours. XRD analysis of the powder confirmed TaC with a

very small amount of Ta also present. EDX analysis

confirmed the high purity of the product.

(=]

xample 10

Titanium diboride. Ti0, and boron powders were mixed
and pressed into pellets which were sintered for 1 hour at
1200°C 1n a wvacuum furnace. These pellets were then

reduced for 24 hours at 800°C using 3.0 V. EDX and XRD

g

analysis of the resulting fine powder confirmed the

production of TiB,.

Example 11
Zirconium diboride. Zr0O, (yttria stabilised) and

boron powders were mixed and pressed into pellets before

sintering at 1200°C for 1 hour in a vacuum furnace. The

pellets were then reduced in a calcium chloride melt at
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800°C using 3.0 V for 25 hours. XRD of the resulting

powder and lumps revealed ZrB, and Y,0, with no other

_

compound being detected. The high purity of the product

and the fact that the yttria remained unreduced while the

zlrconia was completely converted to the boride is a
significant result. EDX analysis indicated about
2% calcium which was not apparent on the XRD result.

Example 12
Chrome silicon. 8SiO, and Cr,0, powders were mixed and

formed into pellets which were sintered in air. The

(SR}

pellets were reduced in a molten mixture consisting o:
about 85% sodium chloride and 15% calcium chloride at

800°C for 20 hours using 3.0 V. After washing in water

and drying, the resulting lumps were ground and analysed

by XRD. Cr,Si, Cr.Si,, CaCO,, CrSi,, CrSiO,, and CaSiO, were,

all present in order of decreasing abundance. EDX showed

grains about 2 um diameter containing mainly Si, Cr, Ca

and O.

Example 13

Silicon titanium. Si0, and TiO, powders were mixed
and formed into pellets which were sintered in air. The

pellets were reduced in a molten mixture consisting of

about 85% godium chloride and 15% calcium chloride at

800°C for 19 hours using 3.0 V. After washing in water

and drying the lumps were ground and analysed by XRD.

Ti.Si,, Ca,S$i0,, Ti:Si,, TiSi and Si were all present in

order of decreasing abundance. EDX showed a porous matrix
containing mainly Si, Ti, Ca and O.

Further Aspects and Embodiments
The need to fire the metal oxide/graphite pellets in

a vacuum furnace in a number of the embodiments described

above adds cost to the process. Although the temperatures

requlred are advantageously much lower than when using the

conventional direct synthesis route to, for example,

carbide production, an alternative system could be of

benefit. If one of the more stable carbonates sguch as

K,CO, or Na,CO, was mixed into the precursor material the
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carbonate would be decomposed during electrolysis and some

of the carbon would react with the other cations in the

precursor to form carbides. Sodium and potassium do not

gr—y

form stable carbides so they would come out of the reactor

P

as the metal itself, which could be removed with alcohol.

Boron-metal oxide mixed pellets may be sintered in

alr because a very thin protective boron oxide layer forms

-

and prevents further oxidation. However, the use o1

elemental boron has the disadvantage that it is not the

cheapest source of boron. Boron occurs naturally as boron

oxlde, sodium borate, and calcium borate. BRoron oxide is

a glass and softens above 500°C which means that unless it

reacts in some way with the metal oxides or other

compounds also making up the pellet it may be difficult to

hold the pellet in or on the cathode. Boron oxide is also.

typically less dense than the electrolyte so it will tend

to float while most metal oxides will tend to sink. The

boron oxide may also, because of softening at elevated
temperatures, form a non-porous pellet which would slow
the electro-deoxidation. The electrolyte temperature

could be reduced to below 450°C by using a mixture of

halide salts, but that may add cost and slow the reduction
even further.

Sodium borate has a higher melting point than boron
oxlide so it is easier to use to make a mixed pellet.

Reduction of the pellet may then advantageously form the

desired boride and sodium metal. The sodium metal could

be easily and safely removed from the reduced pellet by

immersing it in methanol or ethanol. Calcium borate has

even more advantages than sodium borate because its

melting point is even higher and the calcium metal

by-product can be removed safely with water.

Silicon very readily combines with calcium to form

calcium silicate as shown by all XRD analyses performed on

precursor materials which had started with silica in them

and were processed in calcium salts. Much of the silicon

may disadvantageously be wasted because of this. It has
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been found, however, that by using a molten electrolyte

that contains little or no calcium salts it was possible

to reduce this problem considerably. For example, sodium

=

chloride or other sodium salts or salts of other metals

5 such as alkali or alkaline earth metals or yttria may be

used.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.

A method for the production of an intermetallic compound

(M'Z) comprising:

providing a solid precursor material comprising three or

more species (M', Z, X) including:

a first species (M') that is a metal, Si or B;

a second speciles (Z) that 1s C, N, B or Si; and
a non-metal species (X); and

treating the solid precursor material by electro-

deoxidation in contact with a melt comprising a fused salt

(M’Y) under conditions whereby the non-metal species dissolves

in the melt, to form the intermetallic compound comprising the

2 .

first species and the second species.

A method according to claim 1, in which the precursor

F

material consists of a single compound.

3.

A method according to claim 1, in which the precursor

gre—
pa—

material is a mixture of a first solid compound (M'X)

comprising the first species (M) and the non-metal species

(X),

and a solid substance (S) which comprises the second

speclies (7).

4.

A method according to claim 3 in which the solid

substance (S) consists of the second species (Z).

o.

A method according to claim 3 or claim 4, in which the

substance (S) 1s a second compound, comprising the second

specles (Z) and a second non-metal species.

6 .

A method according to claim 5, in which the second

non-metal species 1s the same as the non-metal species (X) in

the

first compound (M'X) .
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7. A method according to any one of claims 1 to 6, in which
the precursor material 1s a conductor and 1s used as a

cathode.

8 . A method according to any one of claims 1 to 6, in which
the precursor material 1s an insulator and is used in contact

wlth a conductor.

9. A method according to any any one of claims 1 to 8, in
which electrolysis 1s carried out at a temperature of

700°C-1000°C.

10. A method according to any one of claims 1 to 9, in which
the electrolysis product (M°X) is more stable than the

precursor material.

11. A method according to claim 3, in which the electrolysis

product (M?X) is more stable than the first compound.

12. A method accorxrding to any one of claims 1 to 11, in which
the fused salt comprises Ca, Ba, Li, Cs, Sr or a combination

of any of the foregoing.

13. A method according to any one of claims 1 to 12, in which
the fused salt comprises Cl, F, SO, or a combination of any of

the foregoing.

14. A method according to any one of claims 1 to 13, in which
the non-metal species Comprises O, S, C, N or a combination of

any of the foregoing.

15. A method according to any one of claims 1 to 14, in which
the non-metal species comprises O, S or a combination of O and

S .
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P

A method according to any one of claims 1 to 15, 1n which

the precursor material comprises a compound 1ncorporating the

anion CO,, SO,, NO,, NO; or a combination Oo:

foregoing.

17.

the

P
p—

e

any of the

A method according to any one of claims 1 to 16, 1n which

first species comprises Ti, Si, Ge, Zr,

Hf, Sm, U, Al, Mg,

Nd, Mo, Cr or Nb, any other lanthanide or any other actinide.

18.
the

19.
the

A method according to claim 3, in which one or both o:

i1}

first compound and the solid substance(s) 1is an oxide.

A method according to any one of claims 1 to 18, 1n which

electro-deoxidation 18 carried out under conditions

whereby the cathodic voltage applied to the precursor material

1s less than the voltage

the

fused salt at the cathode sur:

F

ace or,

1

for deposition of cations (M) from

f the melt

comprises a mixture of salts, less than the voltage for

—

deposition of any cation (M?) from the melt at the cathode

SUY

20 .

face.

A method according to any one of claims 1 to 19, 1in which

the precursor material comprises one or more first species

that 1s the metal, S1 or B.

21.

gre—

A method according to any one of claims 1 to 20, 1in which

the precursor material comprises one oOr more second specles

that 1is C, N, B and Si.

22 .

A method according to any one of claims 1 to 21, in which

the precursor material comprises one or more non-metal

specles.

23 .

An apparatus for carrying out a method as defined in any

F

one of claims 1 to 22.
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FIGURE 1

SUBSTITUTE SHEET (RULE 26)
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FIGURE 3

SUBSTITUTE SHEET (RULE 26)
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