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(57) ABSTRACT 

The present invention relates to an apparatus for obtaining 
high purity ruthenium metal Without the need for high 
temperature processing, expensive reagents, complex series 
of Wet processes, or expensive equipment. According to the 
present invention, a gas stream including oZone (O3) is 
brought into contact With a ruthenium source in one or more 
reaction vessels. The oZone reacts With the ruthenium source 
to form ruthenium tetraoxide (RuO4), a compound that is a 
gas at the reaction conditions. The ruthenium tetraoxide, 
along With unreacted oZone and the remainder of the gas 
stream is then fed into a collection vessel Where a major 
portion of the m gaseous ruthenium tetraoxide is thermally 
reduced to form ruthenium dioxide (RuO2) deposits Within 
the collection vessel. The deposited ruthenium dioxide is 
then reduced to produce highly pure ruthenium metal. 
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APPARATUS FOR PURIFYING RUTHENIUM 
USING OZONE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and 
apparatus for the production of highly pure ruthenium and 
ruthenium dioxide and is a divisional of application Ser. No. 
09/655,307, ?led Sep. 5, 2000, noW alloWed. 

[0003] 2. Description of the Related Art and General 
Background 
[0004] Amember of the platinum group, ruthenium occurs 
naturally With other members of the platinum group in ores 
found in Russia’s Ural mountains, North and South 
America, and particularly, South Africa. It is also found 
along With other platinum metals in small but commercial 
quantities in both the pentlandite of the Sudbury, Ontario, 
nickel-mining region, and in the pyroxinite deposits of 
South Africa. Commercially, ruthenium may be isolated 
from the other platinum metals through several complex 
chemical processes, the ?nal stage of Which generally 
includes the hydrogen reduction of ammonium ruthenium 
chloride or nitrosylruthenium chloride, to produce ruthe 
nium metal poWder. 

[0005] Ruthenium, a hard, White metal, is one of the most 
effective hardeners for platinum and palladium and is typi 
cally alloyed With these metals to produce electrical contacts 
for severe Wear resistance. There have also been reports that 
a ruthenium alloy, speci?cally a ruthenium-molybdenum 
alloy, exhibits superconductivity at 106° K. It has also been 
reported that the corrosion resistance of titanium can be 
improved over 100 times by adding as little as 0.1% ruthe 
nium. Ruthenium is also a versatile catalyst and is frequently 
used in petrochemical and other industrial processes to 
remove HZS. 

[0006] One method for extracting ruthenium is disclosed 
in US. Pat. No. 3,997,337 (“the ’337 patent”). The ’337 
patent included a discussion of both earlier methods for the 
separation and puri?cation of precious metals, including 
ruthenium, from a concentrate of by-metals and the 
improved method taught by the patent. The improvement 
disclosed in the ’337 patent for the separation and puri?ca 
tion of precious metals, including ruthenium, from a con 
centrate of by-metals comprised heating the concentrate to a 
temperature betWeen 1100° C. and 1500° C., preferably at 
about 1300° C., in a gaseous stream Which comprises 
oxygen. This heating step is continued for a period suf?cient 
to ensure quantitative removal of one or more of lead, 
arsenic, silver, bismuth and/or tellurium and the oxidation of 
ruthenium, rhodium and iridium. The referenced by-metal 
concentrate is obtained as a by-product of the separation of 
platinum, palladium, and gold from an ore or other mixed 
source. 

[0007] In the previous process, the by-metal concentrate 
Was fused With potassium bisulphate (KHSO4) to convert 
the rhodium to the Water-soluble sulphate, Rh2(SO4)3, Which 
can be removed by Washing. The remaining residue Was then 
subjected to a sodium peroxide (Na2O2) fusion to convert 
the ruthenium and osmium to Water soluble sodium salts of 
their oxo-anions (e.g. RuO42_ and OsO42_ respectively) and 
to convert the iridium to an acid soluble hydrous oxide 
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(probably IrO2.nH2O). The ruthenium and osmium Were 
then separated from the iridium by treating the sodium 
peroxide melt With Water to form a precipitate, and treating 
the precipitate With hydrochloric acid to dissolve the iri 
dium. The ruthenium and osmium Were then normally 
puri?ed by a collective chlorine distillation, folloWed by a 
nitric acid distillation for osmium. The rhodium is treated for 
the removal of impurities such as palladium, tellurium and 
other base metals that are also rendered soluble by the 
KHSO4 fusion. The iridium has to be separated from large 
quantities of lead and other impurities present in the con 
centrate Which have been rendered soluble by the sodium 
peroxide (Na2O2) fusion. As can be appreciated, this method 
used both large quantities of concentrates and correspond 
ingly large quantities of costly reagents. Further, the impu 
rities, in particular tellurium Were sometimes difficult to 
remove. 

[0008] The improvement outlined in the ’337 patent Was 
intended to provide a process for the treatment of a by-metal 
concentrate for 1) to remove troublesome impurities such as 
Te, As, Bi, Ag, and Pb; 2) the removal of osmium; and 3) to 
reduce the bulk of the by-metals being re?ned thereby 
providing saving in both reagents and equipment. This Was 
accomplished by treating a concentrate of by-metals by 
heating to betWeen about 1100° C. and 1500° C. in an 
oxygen-containing gaseous stream for a period of time 
(examples include times of 20 hours) suf?cient to ensure 
both quantitative removal of one or more of lead, arsenic, 
silver, bismuth and/or tellurium and the oxidation of ruthe 
nium, rhodium and iridium to their oxides. According to the 
patent, the oxygen-containing gaseous stream could be air 
and the exhaust gas could be scrubbed With a liquid to 
recover osmium. The ’337 patent also provided for the 
separation of ruthenium from the other platinum group 
metals by fusing the ignited by-metal concentrate With 
potassium hydroxide and leaching the melt With Water to 
dissolve ruthenium complexes formed during the fusion 
process. As described in the ’337 patent, a by-metal con 
centrate Was heated to about 1300° C. for 20 hours in a 
stream of air, a process by Which osmium, together With 
lead, arsenic, silver, bismuth and tellurium, Were quantita 
tively removed from the concentrate While less than 10% of 
the ruthenium and only traces of the other platinum group 
metals Were volatiliZed. The vapors Were scrubbed With a 
10% NaOH solution to precipitate all the metals, With the 
exception of ruthenium and osmium, as hydrous oxides 
(Which settle to the bottom of the receiving vessel). The 
ruthenium and osmium oxides Which are converted to 
soluble sodium salts according to the folloWing reactions: 

[0009] The ruthenium Was then precipitated from the 
alkali solution by the addition of ethanol to reduce the 
oxo-anion RuO42_ and precipitate the insoluble hydrous 
oxide (reported as Ru2O3.nH2O but the applicants believe 
RuO2.nH2O may be more accurate). This precipitate is 
?ltered off together With the sludge in the receiver Which 
contains the other metals Which have been volatiZed and is 
recycled to the lead alloying stage of the metal process or to 
some other convenient point if lead alloying is not utiliZed. 
The osmium remaining in solution is then precipitated at 
room temperature as a hydrous oxide (reported as 
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Os2O3.nH2O, but the applicants believe OsO2.nH2O may be 
more accurate) by acidifying the solution With HCl to a pH 
of 4.0. 

[0010] US. Pat. No. 4,105,442 (“the ’442 patent”) teaches 
an alternative process for the separation and puri?cation of 
ruthenium involving the conversion of the ruthenium present 
in solution to a nitrosylruthenium complex With the ruthe 
nium in the Ru+2 oxidation state. The nitrosylruthenium 
complex is then converted to a nitrosylruthenium chloro 
complex, Which is then removed from solution using a 
suitable liquid or resin anion exchanger. 

[0011] The ’442 patent notes the existence of conventional 
techniques for the recovery and puri?cation of ruthenium 
and osmium based on the formation of loW boiling tempera 
ture oxides in solution, With the oxides being subsequently 
removed from the solution by heating. For osmium, oxida 
tion of the metal to the VIII oxidation state is relatively easy, 
and a number of oxidiZing agents can be used. Furthermore, 
osmium can be ef?ciently removed as the tetraoxide forms 
even under fairly strongly acid conditions. In the case of 
ruthenium hoWever, the oxidation is more dif?cult and 
control of the solution pH at a relatively high value is 
essential. Under these circumstances, removal of ruthenium 
from solution is incomplete, typically leaving several hun 
dred parts per million of ruthenium in the solution. This not 
only represents a loss in ruthenium recovery, but the remain 
ing ruthenium constitutes an impurity element during the 
re?ning and recovery of the other platinum group metals. 
Further disadvantages of this process include contamination 
of the ruthenium distillate With an acid and the explosion 
danger associated With the highly unstable nature of ruthe 
nium tetraoxide. 

[0012] Other methods for the separation and puri?cation 
of ruthenium using solvent extraction and ion exchange 
methods have met With limited success and usually involve 
solvent extraction from a nitric acid solution. In such solu 
tions ruthenium occurs as a series of nitrosylruthenium 
nitrate complexes that can be separated from the solution by 
solvent extraction With, typically, long chain tertiary amines. 
It is Well knoWn that ruthenium forms a very large number 
of nitrosylruthenium complexes and that the stability of such 
complexes is greater for ruthenium than for any other 
element. Thus, for example, in hydrochloric acid solution 
the nitrosylruthenium complex RuNOCl2_5 can be formed. 
This complex is highly extractable, may be formed prefer 
entially, and alloWs for the separation of ruthenium from the 
other platinum group metals. This process, hoWever, has its 
oWn draWbacks, including 1) the available methods of 
making the nitrosylruthenium complex typically yield only 
90-95% and 2) the other platinum group metals present tend 
to form complexes that exhibit similar behavior toWards 
anionic solvent extractants. 

[0013] The ’442 patent goes on to address these issues to 
provide a process for the extraction of ruthenium as a 
nitrosylruthenium complex With both high yield and selec 
tivity With respect to the other platinum group metals. 

[0014] Yet another alternative process for the puri?cation 
of ruthenium metal involved Zone-re?ning. According to 
this process, a sample of impure ruthenium metal is sub 
jected to one or more heat treatments to form a Zone of 

molten ruthenium, surrounded by solid ruthenium, and 
move this molten Zone along the ruthenium sample and 
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thereby segregate impurities from the ruthenium. Although 
this technique can produce very pure ruthenium, rutheni 
um’s relatively high melting point (approximately 2280° C.) 
makes this process very energy intensive and requires more 
specialiZed equipment to implement than the applicants’ 
invention. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention comprises a neW and 
improved method capable of purifying ruthenium sources to 
obtain high purity ruthenium Without the need for high 
temperature processing, expensive reagents, complex series 
of Wet processes, or expensive equipment required to prac 
tice prior art processes. According to the present invention, 
a gas stream including oZone (O3) is brought into contact 
With a ruthenium source in one or more reaction vessels. The 

oZone reacts With the ruthenium present in the ruthenium 
source to form ruthenium tetraoxide (RuO4), a compound 
that is a gas at the reaction conditions. The ruthenium 
tetraoxide, along With unreacted oZone and the remainder of 
the gas stream is then fed into a heated collection vessel 
Where a major portion of the gaseous ruthenium tetraoxide 
is reduced to form ruthenium dioxide (RuO2) deposits 
Within the collection vessel. The deposited ruthenium diox 
ide is then reduced, preferably With hydrogen, to produce the 
puri?ed ruthenium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 illustrates a basic embodiment of an appa 
ratus that may be used to practice the disclosed method of 
ruthenium puri?cation. 

[0017] FIG. 2 illustrates an alternative embodiment of an 
apparatus that may be used to practice the disclosed method 
of ruthenium puri?cation that includes a hydrogen source. 

[0018] FIG. 3 illustrates an alternative embodiment of an 
apparatus that may be used to practice the disclosed method 
of ruthenium puri?cation that includes only a single reaction 
vessel. 

[0019] FIG. 4a illustrates a possible con?guration for a 
reaction vessel in Which a series of perforated plates are 
provided for the support of the ruthenium source in the 
oZone-containing gas stream. 

[0020] FIG. 4b illustrates a possible con?guration for a 
reaction vessel in Which the ruthenium source is supported 
Within a ?uidiZed bed by the How of the oZone-containing 
gas stream. 

[0021] FIG. 5 illustrates a basic series of process steps that 
could be used to etch a ruthenium layer during semiconduc 
tor processing. 

[0022] FIG. 6 illustrates a possible con?guration for a 
collection vessel that provides a series of collection surfaces 
upon Which the RuO2 Would be deposited and subsequently 
reduced to form Ru. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The present invention comprises a neW and 
improved method capable of purifying ruthenium sources to 
obtain high purity ruthenium Without the need for high 
temperature processing, expensive reagents, complex series 
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of Wet processes, or expensive equipment required to prac 
tice prior art processes. According to the present invention, 
a gas stream including oZone (O3) is brought into contact 
With a ruthenium source in one or more reaction vessels. The 

oZone reacts With the ruthenium present in the ruthenium 
source, likely according to the reaction (1), to form ruthe 
nium tetraoxide (RuO4) a compound that is a gas at the 
reaction conditions. 

[0024] In its crystal form, ruthenium (VIII) oxide (RuO4), 
is a golden yelloW, highly volatile, solid at room tempera 
ture. It has a melting point of 25.4 degrees C. and a boiling 
point of 40 degrees C. It is sparingly soluble in Water (2% 
W/v at 20 degrees C.) and, although freely soluble in carbon 
tetrachloride, can react violently With other organic solvents 
such as ether, alcohol, benZene and pyridine. Ruthenium 
tetraoxide is a strong oxidiZing agent that also reacts With 
many other organic compounds like ole?ns, sul?des, pri 
mary and secondary alcohols, and aldehydes, and Will also 
degrade benZene rings. 

[0025] The ruthenium tetraoxide, along With unreacted 
oZone and other gases is then fed from one or more reaction 
vessels into a heated collection vessel, the conditions in the 
collection vessel being suf?cient to convert a major portion 
of the gaseous ruthenium tetraoxide into ruthenium dioxide 
(RuO2) according to the reaction (2) beloW: 

[0026] The ruthenium dioxide deposits on the Walls of the 
collection vessel and/or collection surfaces or substrates 
disposed Within the collection vessel. The collected ruthe 
nium dioxide is then reduced to produce the puri?ed ruthe 
nium. When using hydrogen gas as the reducing agent, the 
reduction proceeds according to the reaction (3) beloW: 

[0027] The morphology of both the ruthenium dioxide and 
the resulting ruthenium Was related to the temperature of the 
collection vessel. The collection vessel employed by the 
applicants Was surrounded by a single Zone furnace that 
resulted in a non-uniform temperature pro?le along the 
length of the collection vessel. The furnace temperature set 
point Was achieved near the midpoint of the collection 
vessel, With the temperature decreasing toWards both ends of 
the collection vessel. The predominant morphology of the 
puri?ed ruthenium deposited in the collection vessel Was 
crystalline needles, but a ?ner grained mirror-like region 
Was also observed toWard the inlet side of the collection 
vessel. If desired, a collection vessel With a more uniform 
pro?le could be utiliZed to produce deposits comprising 
essentially a single morphology, either crystalline needles or 
a mirror-like layer. This crystallographic selectivity could 
also be employed to coat selected substrates, e.g. Wafers or 
metallic substrates, With either the crystalline needles or a 
mirror-like layer of ruthenium dioxide or, after reduction, 
ruthenium. 

[0028] Similarly, a collection vessel could be provided 
With a series of heated collection surfaces (201) that could 
be more easily removed from the collection vessel for 
recovery of the ruthenium as depicted in FIG. 6. Depending 
on the construction, the Walls of the collection vessel itself 
(202) could be kept at or near room temperature to reduce 
the potential for RuO2 deposition. Alternatively, a cooling 
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?uid could be introduced into optional shell (203) to cool the 
Walls of the collection vessel beloW room temperature or 
simply to control the heating resulting from the proximity of 
the collection surfaces (201). For coating a substrate, a 
con?guration similar to that shoWn in FIG. 6 could be 
utiliZed With the collection surfaces (201) serving as platens 
or chucks that Will both hold and heat the substrates to be 
coated. For the production of ruthenium, hoWever, the 
crystalline needle morphology is preferred as the crystals 
may be gently removed from the Walls of the collection 
vessel to collect the desired ruthenium product. 

EXAMPLE 1 

[0029] Using the apparatus generally depicted in FIG. 1, 
487.1 g of ruthenium metal sponge Was charged in the ?rst 
reaction vessel (2) and 499.6 g of ruthenium metal sponge 
Was charged in the second reaction vessel The oZone 
generator (1) supplied a mixture of oZone (11.5%) and 
oxygen to the ?rst reaction vessel at a rate of 3 liters/min. 
The observed reaction ef?ciency Was just under 4%, assum 
ing that reaction (4) is the primary reaction, resulting in the 
reaction of 2.5 g of 

[0030] ruthenium in the ?rst reaction vessel and 11.0 g of 
ruthenium in the second reaction vessel. The oZone reacted 
With the ruthenium metal sponge at room temperature and 
pressure to form ruthenium tetraoxide Which Was visible in 
the reaction vessels (1, 2) as a pale green gas. The ruthenium 
tetraoxide, together With the unreacted oZone and oxygen, 
Was then fed into the collection vessel (4) Which comprised 
a 32“><23/s“ i.d. (approximately 813 mm><60 mm) glass tube 
With a Wall temperature of approximately 450° C. After a 
reaction time of 160 minutes, the collection vessel exhibited 
an accumulation of ruthenium dioxide, the predominant 
morphology being crystalline needles. The system Was then 
purged With nitrogen gas to remove the residual oxygen and 
oZone. Hydrogen gas Was then fed into the collection vessel, 
again With a Wall temperature of approximately 450° C. at 
the midpoint, to reduce the deposited ruthenium dioxide to 
obtain ruthenium metal. Clearly, if there Was a need to obtain 
ruthenium dioxide, the deposits Within the collection vessel 
could simply be removed prior to the reduction treatment. 
The collection vessel Was then disassembled and the ruthe 
nium metal collected. An analysis of the composition of the 
starting ruthenium metal sponge and the recovered ruthe 
nium metal is shoWn in Table 1 beloW. 

TABLE 1 

Starting After Puri?cation 
Trace Metal (ppm) (ppm) 

Ni 2 0.3 
Cu 2 0.1 
Fe 88 2.0 
A1 <10 0.3 
Ca 15 0.2 
Si 76 10 
Mg 8 0.1 
Cr 4.1 0.6 

[0031] Among the advantages provided by the present 
invention is the high purity achieved by an essentially “dry” 
process that does not require temperatures above 500° C. 
and eliminates the need for expensive reagents or resins and 
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does not require highly specialized equipment. Another 
advantage is that the concentration of ruthenium tetraoxide 
is relatively loW and its residence time in the apparatus is 
relatively short (as it ?oWs from the reactor into the collec 
tion vessel) so the risk of explosion is minimized. The 
applicants also believe that the relatively limited residence 
time also reduces the formation of undesireable byproducts 
Within the apparatus and/or on the ruthenium source. 

[0032] The reaction rates obtained With experimental 
apparatus utiliZed by the applicants (FIG. 1) Were limited by 
the physical limitations of the equipment. The applicants 
fully anticipate that both major and minor changes in the 
apparatus and process conditions Would improve, perhaps 
substantially, the system performance Without compromis 
ing the advantages of the present invention. In particular, 
changes that resulted in an increase the degree of contact 
betWeen the oZone and the ruthenium source during the 
residence time Would be bene?cial. Based on limited experi 
mental observation, the applicants believe that the ruthe 
nium-oZone reaction rate does not exhibit a linear relation 
ship With increasing oZone concentration. Indeed, it appears 
that the reaction efficiency improves dramatically above a 
threshold oZone concentration of betWeen 10% and 11% for 
reactants near room temperature. 

[0033] One con?guration that Would achieve this 
improvement Would involve ?oWing the oZone/oxygen mix 
ture through a large chamber (150) containing a series of 
trays (151) loaded With a thin layer of the ruthenium source 
as depicted in FIG. 4a. Another con?guration that Would 
achieve this improvement Would be a ?uidiZed-bed chamber 
(170) in Which the particles of the ruthenium source (171) 
are suspended and agitated by the oxygen/oZone ?oW as 
depicted in FIG. 4b. Yet another con?guration Would 
employ mechanical means to induce turbulent gas ?oW 
and/or agitate the ruthenium source to promote more uni 
form mixing betWeen the gas and solid phases. The appli 
cants also anticipate that adjustments to the oxygen/oZone 
mixture composition, the gas ?oW rate, and the reaction 
temperature may provide further improvements to the effi 
ciency of the basic process for ruthenium puri?cation. 

[0034] In addition to the puri?cation of ruthenium and 
ruthenium compounds, the basic chemistry embodied in the 
present invention has practical application as an etch process 
for semiconductor, circuit board, or other instances in Which 
a thin ruthenium ?lm is to be etched. Compared to other 
metal etching processes, the loW temperature and relatively 
high pressures (near ambient pressure and temperature) at 
Which oZone could be used to etch ruthenium layers elimi 
nate the need for expensive process gases, vacuum chambers 
and their associated load locks and vacuum pumps, and 
reduce the overall poWer consumption associated With the 
etch process. Any oZone necessary for the process could be 
produced on site, thereby, avoiding the risks associated With 
the transportation, storage, and use of high pressure gas 
cylinders. Similarly, any unreacted oZone could be removed 
from the exhaust stream by knoWn catalytic or temperature 
treatments, thereby reducing any environmental impact of 
the present process When compared With some of the prior 
art etch chemistries. The advantages provided by the on-site 
production of the oZone are, of course, equally applicable to 
the disclosed process for the puri?cation of ruthenium. As 
envisioned by the applicants, a typical etch process Would 
start With a semiconductor Wafer having as its surface layer 
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ruthenium metal. The Wafer Would be patterned With some 
barrier material, such as photoresist, and then contacted With 
an oZone-containing gas stream to oxidiZe the exposed 
ruthenium metal to produce the volatile ruthenium tetraox 
ide RuO4 that is then removed from the etch chamber. The 
basic process How for such a process is provided in FIG. 5. 

What We claim is: 

1. An apparatus for the manufacture of high purity ruthe 
nium comprising: 

an oxygen source, an ozone generator, a ?rst container, a 
heated collection vessel, a nitrogen source, and a 
hydrogen source; 

the oxygen source being connected to the oZone generator 
for supplying a stream consisting essentially of oxygen 
to the oZone generator; 

the oZone generator operating on the stream of oxygen to 
produce a mixed gas stream consisting essentially of 
oxygen and oZone; 

the ?rst container designed to contain a ruthenium source 
and promote the mixing of the ruthenium source and 
the mixed gas stream, the reaction of the oZone and the 
ruthenium source producing a reaction gas stream 
comprising oxygen, oZone, and ruthenium tetraoxide; 

the heated collection vessel comprising heated collection 
surfaces, the collection surfaces being maintained at a 
temperature sufficient to cause the spontaneous reduc 
tion of the ruthenium tetraoxide in the reaction gas 
stream to form deposits of ruthenium dioxide on the 
collection surfaces; 

the nitrogen source connected to the heated collection 
vessel for purging the collection vessel to remove 
essentially all of the remaining portion of the reaction 
gas stream; and 

the hydrogen source connected to the heated collection 
vessel for selectively introducing hydrogen gas into the 
collection vessel for reducing the deposited ruthenium 
dioxide to form highly pure ruthenium. 

2. An apparatus for the manufacture of high purity ruthe 
nium according to claim 1 Wherein the ?rst container 
comprises a series of perforated trays for supporting the 
ruthenium source and permitting the How of the mixed gas 
stream. 

3. An apparatus for the manufacture of high purity ruthe 
nium according to claim 1 Wherein the ?rst container 
comprises a ?uidiZed bed in Which pieces of the ruthenium 
source are suspended in and agitated by the How of the 
mixed gas stream. 

4. An apparatus for the manufacture of high purity ruthe 
nium according to claim 2 Wherein the ruthenium source 
comprises ruthenium sponge. 

5. An apparatus for the manufacture of high purity ruthe 
nium according to claim 4 Wherein the ruthenium sponge is 
characteriZed by a purity of at least 99.5%. 

6. An apparatus for the manufacture of high purity ruthe 
nium according to claim 3 Wherein the ruthenium source is 
selected from a group consisting of ruthenium poWder, 
ruthenium shot, ruthenium pellets and crushed ruthenium 
sponge. 
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7. An apparatus for the manufacture of high purity ruthe 
nium according to claim 3 Wherein the ruthenium source 
comprises ruthenium provided on particles of an inert car 
rier. 

8. An apparatus for the manufacture of high purity ruthe 
nium according to claim 7 Wherein the inert carrier com 
prises a ceramic material. 

9. An apparatus for the manufacture of high purity ruthe 
nium according to claim 1 further comprising a second 
container designed to contain a second ruthenium source and 
promote mixing of the second ruthenium source and the 
reaction gas stream. 

10. An apparatus for the manufacture of high purity 
ruthenium according to claim 9 Wherein the second con 
tainer further comprises an inlet for the mixed gas stream, 
the design of the second container promoting mixing of the 
mixed gas stream, the reaction gas stream and the ruthenium 
source to form a second reaction gas stream that is fed into 
the heated collection vessel. 

11. A method for manufacturing high purity ruthenium 
dioxide the steps of: 

placing a ruthenium source in a ?rst container; 

feeding an oZone-containing gas stream into the ?rst 
container; 
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forming a reaction gas stream comprising oZone, oxygen, 
and ruthenium tetraoxide; 

feeding the reaction gas into a collection vessel; 

reducing the ruthenium tetraoxide to form ruthenium 
dioxide deposits Within the collection vessel; 

purging the collection vessel to remove essentially all 
remaining reaction gas; and 

removing the highly pure ruthenium dioxide from the 
collection vessel. 

12. A method for manufacturing high purity ruthenium 
dioxide according to claim 11, Wherein the highly pure 
ruthenium dioxide is at least 99.99% pure. 

13. A method for manufacturing high purity ruthenium 
dioxide according to claim 12, Wherein the highly pure 
ruthenium dioxide is characteriZed by a predominate crys 
talline morphology. 

14. A method for manufacturing high purity ruthenium 
dioxide according to claim 12, Wherein the predominate 
crystalline morphology is a crystalline needle. 


