SODI UM MOLYBDENUM COVPCOSI TE METAL PONDERS, PRODUCTS THEREOF, AND METHODS
FOR PRODUCI NG PHOTOVOLTAI C CELLS Technical Field This invention rel ates
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pol ycrystalline thin filmphotovoltaic cell involves an absorber | ayer
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discovered that small quantities of sodium from the soda-lime glass substrate diffusing through the
15 molybdenum film serve to increase the efficiency of the cell. See, for example, K. Ramanathan et

al., Photovolt. Res. Appl. 11 (2003), 225; John H. Scofield et al., Proc. of the 24th IEEE

Photovoltaic Specialists Conference, IEEE, New York, 1995, 164-167. While such efficiency gains

are automatically realized in structures wherein the CIGS cell is deposited on soda-lime glass

substrates, it has proven considerably more difficult to realize efficiency gains where other types
20 of substrates are used.

For example, there is considerable interest in forming CIGS cells on flexible substrates so
that the cells may be made lighter and may be readily conformed to a variety of shapes. While such
cells have been made and are being used, the flexible substrates involved do not contain sodium.
Consequently, the performance of CIGS cells manufactured on such substrates may be improved

25 by doping the molybdenum layer with sodium. See, for example, Jac Ho Yun ef /., Thin Solid
Films, 515, 2007, 5876-5879.

Disclosure of Invention

A method for producing a composite metal powder according to one embodiment of the
invention may comprise: Providing a supply of molybdenum metal powder; providing a supply of

30 a sodium compound; combining the molybdenum metal powder and the sodium compound with



A nmethod for producing a conposite netal powder according to one enbodi nent
of the invention may conprise: Providing a supply of nolybdenum netal
powder; pwowbaiasgi2a supply of a sodi um conpound; conbi nipag/usk@omsisgbdenum
nmet al powder and the sodi um conmpound witha liquid to forma slurry; feeding
the slurry into a stream of hot gas; an@ recovering the conposite netal
powder. Also disclosed is a conposite netal powder produced according to
this prokgsd to MMurrgrfemﬁhgrmmshﬁ@rinmwsimimg}?t g@mﬂgxﬁ’ﬁieb@vdmggl!le aavsslte mliy
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deposi ting a sodi unt nol ybdenum netal layer on the substrate; depositing an
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conpri si ng nol ybdenum and sodi um and evaporating the
substrate; depositing an absorber layer on the sodium/molybdenum metal layer; and depositing a
junction partner layer on the absorber layer.
A method for depositing a sodium/molybdenum film on a substrate may comprise:
20 Providing a supply of a composite metal powder comprising molybdenum and sodium; and
depositing the composite metal powder on the substrate by thermal spraying. Another method for
depositing a film on a substrate may comprise: Sputtering a target comprising a
sodium/molybdenum metal matrix, sputtered material from the target forming the
sodium/molybdenum film. Another method for coating a substrate may comprise: Providing a
25 supply of composite metal powder comprising molybdenum and sodium; and evaporating the
composited metal powder to form a sodium/molybdenum film. A method for coating a substrate
may comprise: Providing a supply of a composite metal powder comprising molybdenum and
sodium; mixing the supply of composite metal powder with a vehicle, and depositing the mixture

of the composite metal powder and the vehicle on the substrate by printing.

30 Brief Description of the Drawings

Illustrative and presently preferred embodiments of the invention are shown in the

accompanying drawing in which:



conposited nmetal powder to forma sodi um nol ybdenumfilm A nethod for
coating a substrate may conprise: Providing a supply of a conposite netal
powder cowprzo@asgi2nol ybdenum and sodi uny m xi ng the suppCy/ustooonsmesi t e
nmetal powder with a vehicle, and depositing the m xture of the conposite
metal powder and the vehicle on the subkstrate by printing. Brief
Description of the Drawings Illustrative and presently preferred
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di spersion o rumin I’mage of Figure 4; Figure 5b is a spectral map

produced by FengE ik adbmgséw@roaqm&ws@a%@ﬁh&g@%@@&wi@mlﬁmehmﬁ cHinpB&lehédn) of
nol ybdenum in the imge of Figure 4; Figure 6 is a schematic representation

of onePewWB&NH®YE: of pul se conbustion spray dry apparatus; and Fi gure 7 is
a plot showgng the. screen.fraction distributions of exe ary c osite
relal powdel Lt dircanert eEarefRed bty MR g R RS B o Bb e Rar e
Best Mdfigersdh d€a6diMnng thdimdR@fiFieali on A process or nmethod 10 for .
produci ng a sodi um nol ybdenum conposite netal powder 12 is illustrated in

Figure 1 andigube Slefslappeeed niapedoduvay by ompgy diepasisepphyspefirascopy shodengtine

Sod; untREyBa4t eReReBrBei] hsthtef of FRTH ybdenum mot al powder 14 and T

sodi um ol ybdates RO @Hemhfic #Resentation of one embodiment of pulse combustion spray dry
apparatus; and

15 Figure 7 is a plot showing the screen fraction distributions of exemplary composite metal

powders produced in accordance with the teachings provided herein.

Best Mode for Carrying Qut the Invention

A process or method 10 for producing a sodium/molybdenum composite metal powder 12
is illustrated in Figure 1 and, briefly described, may comprise a supply of a molybdenum metal

20 powder 14 and a supply of a sodium compound 16, such as, for example, sodium molybdate
(Na,MoO,) powder. The molybdenum metal powder 14 and sodium molybdate powder 16 are
combined with a liquid 18, such as water, to form a slurry 20. The slurry 20 may then be spray
dried, e.g., by a pulse combustion spray dryer 22, in order to produce the sodium/molybdenum
composite metal powder 12.

25 Referring now primarily to Figure 2, the sodium/molybdenum composite metal powder 12
may be used in its as-recovered or “green” form as a feedstock 24 for a variety of processes and
applications, many of which are shown and described herein, and others of which will become
apparent to persons having ordinary skill in the art after having become familiar with the teachings
provided herein. Alternatively, the “green” composite metal powder 12 may be further processed,

30 e.g., by sintering 26, by classification 28, or combinations thereof, before being used as feedstock
24. The sodium/molybdenum composite metal powder feedstock 24 (e.g., in either the “green”

form or in the processed form) may be used in a thermal spray deposition process 30 in order to



conbined with a liquid 18, such as water, to forma slurry 20. The slurry
20 may then be spray dried, e.g., by a pulse conbustion spray dryer 22, in
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See Figure 3. Referring now primarily to Figures 4, 5a,
sodi unpowiigthtiZ nempusaspopiutaityref aenerally sphencally—shaped particles that are themselves

agglomerations of smaller particles. Accordingly, the composite metal powder 12 may be
characterized herein in the alternative as “soccer balls” formed of “BB’s.” Moreover, and as is

20 evidenced by Figures 5a and 5b, the sodium is highly dispersed within the molybdenum. That s,
the sodium/molybdenum composite powders of the present invention are not mere combinations
of sodium metal powders and molybdenum metal powders, but rather comprise substantially
homogeneous dispersions or composite mixtures of sodium and molybdenum sub-particles that are
fused or agglomerated together. The sodium/molybdenum metal powder composite is also of high

25 density and possesses favorable flow characteristics. As will be discussed in further detail herein,
exemplary sodium/molybdenum composite metal powders 12 produced in accordance with the
teachings provided herein may have Scott densities in a range of about 2 g/cc to about 3 g/cc. Hall
flowabilities range from less than about 35s/50g to as low as 30s/50g for the various example
compositions shown and described herein.

30 A significant advantage of the present invention is that it provides a metallic combination
of molybdenum and sodium that is otherwise difficult or impossible to achieve by conventional
methods. Moreover, even though the sodium/molybdenum composite metal powder comprises a

powdered material, it is not a mere mixture of sodium and molybdenum particles. Instead, the



powder 12 conprises a plurality of generally spherically-shaped particles
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cavities, whereas the high densities minimizes shrinkage that may occur during subsequent

20 sintering. Sintering can be accomplished by heating in an inert atmosphere or in hydrogen to further
reduce oxygen content of the compact.

In another embodiment, the sodium/molybdenum composite metal powders may be used
to form sputter targets, which may then be used in subsequent sputter deposition processes to form
sodium/molybdenum films and coatings. In one embodiment, such sodium/molybdenum films may

25 used to increase the energy conversion efficiencies of photovoltaic cells.

Having briefly described the sodium/molybdenum composite metal powders 12 of the
present invention, methods for producing them, and how they may be used to produce
sodium/molybdenum coatings or films on substrates, various embodiments of the composite
powders, as well as methods for producing and using the composite powders will now be described

30 in detail.

Referring back now primarily to Figure 1, amethod 10 for producing sodium/molybdenum

composite powders 12 may comprise a supply of molybdenum metal powder 14 and a supply of a

sodium compound 16. The molybdenum metal power 14 may comprise a molybdenum metal
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18 to form a slurry 20. Generally speaking, the liquid 18 may comprise deionized water, although

other liquids, such as alcohols, volatile liquids, organic liquids, and various mixtures thereof, may

also be used, as would become apparent to persons having ordinary skill in the art after having

20 become familiar with the teachings provided herein. Consequently, the present invention should

not be regarded as limited to the particular liquids 18 described herein. In addition to the liquid 18,

a binder 48 may be used as well, although the addition of a binder 48 is not required. Binders 48

suitable for use in the present invention include, but are not limited to, polyvinyl alcohol (PVA),

Carbowax, and mixtures thereof. The binder 48 may be mixed with the liquid 18 before adding the

25 molybdenum metal powder 14 and the sodium molybdate 16. Alternatively, the binder 48 could

be added to the slurry 20, i.e., after the molybdenum metal 14 and sodium molybdate 16 have been
combined with liquid 18.

The slurry 20 may comprise from about 15% to about 25% by weight liquid (e.g., either

liquid 18 alone, or liquid 18 combined with binder 48), with the balance comprising the

30 molybdenum metal powder 14 and the sodium compound 16. The sodium compound 16 (e.g.,

sodium molybdate) may be added in amounts suitable to provide the composite metal powder 12

and/or final product with the desired amount of “retained” sodium. Because the amount ofretained

sodium will vary depending on a wide range of factors, the present invention should not be regarded



The sodi um conpound 16 may conprise sodi um nol ybdate, either in its
anhydrous form (i.e., Na2MoO4) or as the dihydrate (i.e., Na2MO4 2H0),
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co npougnqm:)l'cgmieplt, Ay, slgr%g 56 Psuslpr%ry Bthbi ;51 Is)l'llse':: g&n%)urs%oxtl Q&%y Hp%r 22. More specifically,
pulse combustion spray dryer 22 may be of the type shown and described in U.S. Patent Application
20 Publication No. US 2006/0219056, of Larink, Jr., entitled “Metal Powders and Methods for
Producing the Same,” which is specifically incorporated herein by reference for all that it discloses.
Referring now to Figures 1 and 6, slurry 20 may be fed into pulse combustion spray dryer
22, whereupon slurry 20 impinges a stream of hot gas (or gases) 50, which are pulsed at or near
sonic speeds. The sonic pulses of hot gas 50 contact the slurry 20 and drive-off substantially all of
25 the water and form the composite metal powder product 12. The temperature of the pulsating
stream of hot gas 50 may be in a range of about 300°C to about 800°C, such as about 465°C to
about 537°C, and more preferably about 500°C. Generally speaking, the temperature of the
pulsating stream of hot gas 50 is below the melting point of the slurry constituents, but not below
the melting point of elemental sodium. However, the slurry 20 is usually not in contact with the hot
30 gases 50 long enough to transfer a significant amount of heat to the slurry 20, which is significant
because of the low melting point of sodium metal. For example, in a typical embodiment, it is
estimated that the slurry 20 is generally heated to a temperature in the range of about 93 °C to about

121°C during contact with the pulsating stream of hot gas 50.
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500 C. Generally speaking, the tenperature of the pulSating stream of hot
gas 50cempasek ovetalpewdet piodyctpdimay lof reponeresd uning/stashst ¢allgetiorsequiprbeniotuchel ow
as cyclones and/or baghouses (also not shown).

In pulsed operation, the air valve 56 is cycled open and closed to alternately let air into the

20 combustion chamber 58 and close for the combustion thereof. In such cycling, the air valve 56 may
be reopened for a subsequent pulse just after the previous combustion episode. The reopening then
allows a subsequent air charge (e.g., combustion air 51) to enter. The fuel valve 60 then re-admits
fuel, and the mixture auto-ignites in the combustion chamber 58, as described above. This cycle
of opening and closing the air valve 56 and combusting the fuel in the chamber 58 in a pulsing

25 fashion may be controllable at various frequencies, e.g., from about 80 Hz to about 110 Hz,
although other frequencies may also be used.

The “green” sodium/molybdenum composite metal powder product 12 produced by the
pulse combustion spray drying process described herein is illustrated in Figures 4, 5a, and 5b, and
comprises a plurality of generally spherically-shaped particles that are themselves agglomerations

30 of smaller particles. As already described, the sodium is highly dispersed within the molybdenum,
comprising a substantially homogeneous dispersion or composite mixture of sodium and
molybdenum sub-particles that are fused together. More specifically, Figure 5a is a spectral map

produced by energy dispersive x-ray spectroscopy (“EDS”) that illustrates the presence of sodium
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30s/50g, again as identified in the various Examples set forth herein. One example composition
20 (i.e., Example 12) had no flow, however.

As already described, the pulse combustion system 22 provides a pulsating stream of hot
gases 50 into which is fed the slurry 20. The contact zone and contact time are very short, the time
of contact often being on the order of a fraction of a microsecond. Thus, the physical interactions
of hot gas 50, sonic waves, and slurry 20 produces the composite metal powder product 12. More

25 specifically, the liquid component 18 of slurry 20 is substantially removed or driven away by the
sonic (or near sonic) pulse waves of hot gas 50. The short contact time also ensures that the slurry
components are minimally heated, e.g., to levels on the order of about 93 °C to about 121°C at the
end of the contact time, temperatures which are sufficient to evaporate the liquid component 18.

In certain instances, residual amounts ofliquid (e.g., liquid 18 and/or binder 48, ifused) may

30 remain in the resulting “green” composite metal powder product 12. Any remaining liquid 18 may
be driven-off (e.g., partially or entirely), by a subsequent sintering or heating step 26. See Figure
2. Generally speaking, the heating or sintering process 26 is conducted at a moderate temperatures

in order to drive off the liquid components and oxygen, but not substantial quantities of sodium.
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substantial amount of product being in the range of about 5 pm to about 45 um (i.e., -325 U.S. Tyler

mesh) and again in the range of about 45 um to 90 um (i.e., -170+325 U.S. Tyler mesh). See Figure

20 7. A process hereof may yield a substantial percentage of product in this product size range;
however, there may be remainder products, particularly the smaller products, outside the desired
product size range which may be recycled through the system, though liquid (e.g., water) would
again have to be added to create an appropriate slurry composition. Such recycling is an optional
alternative (or additional) step or steps.

25 The composite metal powder 12 may be used in its as-recovered or “green” form as a
feedstock 24 for a variety of processes and applications, several of which are shown and described
herein, and others of which will become apparent to persons having ordinary skill in the art after
having become familiar with the teachings provided herein. Alternatively, the “green” composite
metal powder product 12 may be further processed, such as, for example, by heating or sintering

30 26, by classification 28, and/or combinations thereof, before being used as feedstock 24.

As mentioned above, the sodium/molybdenum composite metal powder 12 may be used in
various apparatus and processes to deposit sodium/molybdenum films on substrates. In one

application, such sodium/molybdenum films can be used to advantage in the fabrication of
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and selenium. The absorber layer 76 may be deposited by any of a wide range of methods known

20 in the art or that may be developed in the future that are, or would be, suitable for the intended

application. Consequently, the present invention should not be regarded as limited to any particular
deposition process.

Next, a junction partner layer 78 may be deposited on the absorber layer 76. Junction

partner layer 78 may comprise one or more selected from the group consisting of cadmium sulfide

25 and zinc sulfide. Finally, a transparent conductive oxide layer 80 may be deposited on junction

partner layer 78 to form the photovoltaic cell 36. Junction partner layer 78 and transparent

conductive oxide layer 80 may be deposited by any of a wide range processes and methods now

known in the art or that may be developed in the future that are, or would be, suitable for depositing

these materials. Consequently, the present invention should not be regarded as limited to any

30 particular deposition process. In addition, because processes for fabricating CIGS photovoltaic cells

are known in the art (with the exception of providing the sodium/molybdenum film on the substrate)

and could be readily implemented by persons having ordinary skill in the art after having become

familiar with the teachings of the present invention, the particular fabrication techniques that may
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34 on udirch thaclaess amdproperihete Howedvet, beGiise thaimal Sptay pritedses dtepeliikhedn inlihe

substr gt ::1end3 I)Afecgl?s% p%?sggsr Illasvei}ngaor; inglfy s%ill in the art would be capable of utilizing such processes
after having become familiar with the teachings provided herein, the particular thermal spray

20 process 30 that may be utilized will not be described in further detail herein.

In another embodiment, a sodium/molybdenum film 32' may be deposited on substrate 34
by a printing process 38 utilizing the feedstock material 24. Feedstock material 24 may be mixed
with a suitable vehicle (not shown) to form an “ink™ or “paint” that may then be deposited on
substrate 34 by any of a wide range of printing processes. Here again, because such printing

25 processes are well known in the art and could be readily implemented by persons having ordinary
skill in the art after having become familiar with the teachings provided herein, the particular
printing process 38 that may be utilized will not be described in further detail herein.

In still another embodiment, a sodium/molybdenum film 32" may be deposited on substrate
34 by an evaporation process 39 utilizing the feedstock material 24. By way of example, in one

30 © embodiment, evaporation process 39 would involve placing the feedstock material 24 in a crucible
(not shown) of a suitable evaporation apparatus (also not shown). The feedstock material 24 could

be placed in the crucible either in the form of a loose powder, pressed pellets, or other consolidated

forms, or in any combination thereof. The feedstock material 24 would the be heated in the crucible



wi de range of substrates such as, for exanple, stainless steel, flexible
poly films, or other substrate materials now known in the art or that nmay
be devel opecosanspdze future that are, or would be, suit alpce/tSerosssushi

devi ces. A sodi unf nol ybdenum film 32, 32', 32" nmay then be deposited on the
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t he abdayviBgerdingiepkiflen thegrefieohpving haseme fayidiar wah theyeasbings prowidsd bersm, ther e

sel ect fromth roup._consi.sting,of ..cadm um sul f.i de, and zinc L.fide.
Fnal | §ershB LSRR BpGRRS 1t b8 g BAE R Be i PpET ahbr Bl et
jlonct i on pard & andtB¥eimbodlithent! Hdomidilenddeaya HIRI30"GRly) bé’d@posiﬂéagﬁ k@3trate

partner |layer 78 and transparent conductive oxide |ayer 80 may be deposited
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deposition apparatus that may be utilized will not be described in further detail herein.

20 As mentioned, the sputter target 44 may comprise a metal product 42 that may be fabricated
by consolidating or forming the sodium/molybdenum composite metal powder 12 at step 40.
Alternatively, the sputter target 44 could be formed by thermal spraying 30. If the sputter target 44
is to be fabricated by consolidation 40, the feedstock material 24, in either its “green” form or
processed form, may be consolidated or formed in step 40 to produce the metal product (e.g., sputter

25 target 44). The consolidation process 40 may comprise any of a wide range of compaction,
pressing, and forming processes now known in the art or that may be developed in the future that
would be suitable for the particular application. Consequently, the present invention should not be
regarded as limited to any particular consolidation process.

By way of example, the consolidation process 40 may comprise any of a wide range of cold

30 isostatic pressing processes or any of a wide range of hot isostatic pressing processes that are well-
known in the art. Asisknown, both cold and hot isostatic pressing processes generally involve the
application of considerable pressure and heat (in the case of hot isostatic pressing) in order to

consolidate or form the composite metal powder feedstock material 24 into the desired shape. Hot



of about 1% by weight will be sufficient to provide the desired efficiency
enhancenents. Accordingly, the retained sodium present in the feedstock

mat eri al WO 2neyises2adj usted or varied as necessary in or @em/useoopsosste t he
desired |l evel of sodiumin the resulting sodiunm nol ybdenumfilm 32.

General |y speaking, retained sodium | eMdls ranging from about 0.2% by

wei ght to about 3.5% by weight in the feedstock material 24 wll be
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deposited on substrate 34 by a printing process 38 utilizing the feedstock
mat er i AP5SPA oFgegsrbekulddtecysedl The reayibeg motddpradudt 42 way tabsol e mebhioédeif( not

shown) to forman."ink: or ."paint:. that hen. be de ited on substrate
34 by, Argrut B §hist Penbeind Brin s incocush SR be st desic
printi RGP ERISRSpRUEAYRIWaddhawdi n the art and could be readily

i npl ement ed by persons having ordinary skill in the art after having becomne

famliar wth the teachings provided herein, the particular printing
process 38 that maybe utilized wl rlgw gg described in further detail
herein. In still another enbodi nents; E&ESunt ol ybdenum fil m 32" nmaybe
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Madison Operations. Various ratios of the powders 14 and 16 were combined with deionized water
to form the slurries 20. More specifically, the slurries 20 utilized for the various examples
comprised about 20% by weight water (i.e., liquid 18), with the remainder being molybdenum metal
20 and sodium molybdate powders. The ratio of molybdenum metal powder to sodium molybdate was
varied in the various examples to range from about 3% by weight to about 15% by weight sodium
molybdate. More specifically, the Examples involved amounts of 3, 7, 9, and 15 weight percent
sodium molybdate.
The slurries 20 were then fed into the pulse combustion spray drying system 22 in the
25 manner described herein. The temperature of the pulsating stream of hot gases 50 was controlled
to be within arange of about 465 °C to about 537°C. The pulsating stream of hot gases 50 produced
by the pulse combustion system 22 substantially drove-off the water from the slurry 20 to form the
composite metal powder product 12. The contact zone and contact time were very short, the contact
zone on the order of about 5.1 cm and the time of contact being on the order of 0.2 microseconds.
30 The resulting metal powder product 12 comprised agglomerations of smaller particles that
were substantially solid (i.e., not hollow) and having generally spherical shapes. An SEM photo

of a “green” sodium/molybdenum composite metal powder 12 produced by a slurry 20 comprising



(not shown) of a suitable evaporation apparatus (also not shown). The
feedstock material 24 could be placed in the crucible either in the form of
a | oose pavoteryospressed pellets, or other consolidated fPorms2000/030561 any
conbi nation thereof. The feedstock material 24 would the be heated in the
cruci bleuntil it evaporates, whereuponlthe evaporated materi al would be
deposited on substrate 34, form ng the sodi um nol ybdenum fil m 32".
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coul d 13Be Ya@eps exagipagsoinath t lgeeepe dorst qul aier dieing sipteredner krsgrssint 2 hydreeap”
on sub esent. d-nvend ion oul d not -be regarded
s 11 nraafetis SORARRHENL kg For T Beol DR SN S Al SR
accor dapen tatehalany2 Paketh eiolyd s PR aibéREdin MdIRJIwad II. because such
evaporati on apparatus are well known in the art and could be readily

i npl emented by persons having ordinary skill in the art after having becone
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limted to, use t€O ny particglar sputtef depgsition apparatjus opéerated in
accordancézmﬁt19%% ]@Qf?g@hlar par et ers| Mor€Bver, |bedadise kuch33put tler

deposi ti on, appagpat r Il kno in the art,,and could be readily
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flam ligr wth mg%QQgg@tggg_providgg%pere n, §be particular sputter
deposi H-oer—apppratus—that—ray—pe—utt+Hzed—wlt—not—bedescribed i nfurtlher
detail| her®i n. | & savbHaped, the spoyter farger,44 nmpy conprijse a netal
product 42 thategy be fabricafed by consplidating of formng the

sodiunfnnlybde.uniconposite retat—powder—1i2—at—step—#0—~Aterrati-vely—t he
sputter target| 9% SxMbd3be forped byt herjmal gpsaying 30. If the sputter
target| 44 is tpmbsh fabricated by consolidation 40, tphe feedstlock naterifal
24, i netther—ts—tgreen—formor—processed—form—raybe—consdH-dated—o+

formed i n st ep| 1PotSoMo 082(ce t he nBS%l prjoduct5%e. g.| sputter| target 44).
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8 9% SoMo Sintered 91% 9%

1h. 1050°C
15 9 7% SoMo Sintered 93% 7% 2.79 32

10 h. 640°C

10 9% SoMo Sintered 91% 9%
10h. 640°C

11 3% SoMo Sintered 97% 3%
6h. 825°C

12 9% SoMo Sintered 91% 9% 2.62 No Flow
6h. 825°C

13 15% SoMo Sintered 85% 15%

6h. 825°C




pressing, and form ng processes now known in the art or that may be

devel oped in the future that would be suitable for the particul ar

appl i cat iwn.208832quent | y, the present invention shoul dpomtusb@onagar ded as
limted to any particul ar consolidation process. By way of exanple, the
consol idation process 40 nmay conprise dl6y of a wide range of cold isostatic
pressing processes or any of a wide range of hot isostatic pressing
processes that are well known in the BABLEAS i s known, both cold and hot

i sostatic pressing processes generally involve the application of

consi ddrabl e prjessure andJheat_(in TnNe casg of nhotjisostatig pressing)yin
order tlo consoli daPB™®r f pr n¥adi@mcopposi te| metal ppWdé¥eigbedst ockNamt er | a
24 i nt ¢ Exemplesi r ¥bcetipe| Hélansost at i%O0pr pss¥ay pr bwseduesg rraybistribotichuct ed
at tenperatureg ddc. 28knAC| or (vwr%at ef, depepdi ng on| t$iategihgern deqBDSY of [t he
sodi umTolybdernum conmposi e netat wWder Tcprhpact—gd—te Tetrar med—sodium
| oss that doul d be 33di er af ed0i’A% he| 1i23% pP-HOYULH.| After consol i dation §O,
t resulting retal produft 42 (e.g sputfer target 44) nay be used "ap
irsl‘!'e or navzbe flurt her pro:es%éaﬁ’FO‘QéQéhp @?59%% netal product 42 may be
heated|or sgintered step 46,5 orfder. .10 fur r lincrease fthe_density pf
the nmefal product 4 % It nay?gé&ﬁes ?gﬁﬁg t@ohzﬁédct such a hggi SB¥0 ess
46 in @ hydrogen atnosphefe in ordef to mihinize the |ikeli h®@8dtHAPR h
metal product 42 will becpne oxidi zed. GEnbraIIy speaki ng, i 870 12%e
preferfed to conduct suchf heating at per bel ow abofit 825 C as
hi gher [tenperatlures may resu @H?h su%égéhtigbgéizuctions inithe anmount |of
retai ned sedi um although| hi gher te tur d., tenperatures of 1050 C
or greater) coll d be used. The resi 95(% '6?f6§/lgrrillr‘f 42 hy/ al.so he
machi ned i§ ne¢essary or desjged befpbeybeimoi@loaged in servi ag NoHGR
machi n| ng coul ¢ be done rlegardl ess [of whetlher the [final projﬁ&&d%%ﬁ%%s
si nt er pe- exanplest-have Reen—runtusing—apl ybdenum net g
aind sofi uny nol ybdat e powder s3.4490, 16, 5.3¢%Ci|f hbadeheriei n and ayail abl e fragm
A i max[votybdefromandf-or—CHrex—Mhybdenutm—Ft—Maet-sor—petat+ons—Vafi ous
rati os| of $§he powders 14 jand).IB%4werje conbijned wi th dei oni zefd WatMxpdak flor m
the slurries 20. Mre specifically,| the sljurries 20 utilizeffduad byEDS
var i oug—exanptes conprisgdabout—2g% bywetjght—water—(+—e——+qute—318)—wi t h
the repai ndler bei ng nol yhgdenuht%ret al 1.26f4 90Uyl ybPate ppwders. The
rati o pfmol ybdenum net al [powder_ t 0 [Sodi um|{npl ybdaje was

10 1.85% 1.85% | 0.0018% 1.85% 4%

11 0.22% 0.22% | 0.0011% 1.79%
15 12 1.32% 1.32% | 0.0010% 3.90% 1.86%

13 2.39% 2.39% | 0.0015% 4.84% 2.89%

Having herein set forth preferred embodiments of the present invention, itis anticipated that
suitable modifications can be made thereto which will nonetheless remain within the scope of the

invention. The invention shall therefore only be construed in accordance with the following claims:



varied in the various exanples to range from about 3% by wei ght to about
15% by wei ght sodi um nol ybdate. More specifically, the Exanples involved
anount s oV02009/08921 and 15 wei ght percent sodi um nol ybdace/ustse/osdsarri es 20
were then fed into the pul se conbustion spray drying system 22 in the
manner described herein. The tenperaturjg.of the pul sating stream of hot
gases 50 was controlled to be within a range of about 465 Cto about 537C.

The pul sati ngrsA TearAfvVigh (@gases 50 produced by the pul se conbustion
system 22 substantially drove-off the water fromthe slurry 20 to formthe

conposite netal péwdehopfongusiucihz.a chngosoantect pawder, emdpidang:act tine were
very short, the contact zone on thle rder of aboa%.S. 1 cmand the tinme of
contact being on RFR& gdee§up8}y@f@0p(p<£qng§b@8ﬁang e resulting nmetal powder

product 12 Comriﬁ%dﬁ%%ﬁwﬂﬁl ?i&%C&Hgé"Llﬁr particles that were
e., ol 'ow) an

substantially solid (1. avi ng general |y spheri cal
shapes. An SEM phanhoinihgaaidgnagidenamanetal poldds ded vaid cedipmsiohgonrd atithmowder
12 produced Dby séurry 20 conprisi ng9%by wei ght sodi um nol ybdate is
pr esent ed irllqﬂil(gl?r MR ASBYEA in Tables | and Il are presented for the

vari ous exanpl es ﬂe@diﬁ%%d"s Ex‘?‘?ﬂt'b o Rl £+ ggsgg%d bei ng sintered or heated
n

in a hydrogen atnosphere at the tenperature for the tinmes specified.
Data are al so pr esesvetidg tier cosgroseeiedtay pewdermat eri al (+325 mesh noly) as
also indicated in Tables | and I1l. TABLE | TABLE Il Having herein set forth
preferred enbodi nents of the present invention, it is anticipated that

i t abl i fi - ) . : w ot hol _
W thin the scope gt LTEG RUaREl o FHE HhaE Ghedhal PR e ) e

clnst r geshpriSesaioviddanCaippiytdf sbbi@nt @blydwategosdad. ms: WHAT 1S CLAIMED 1S 1. A
met hod for producing a conposite netal powder, conprising: providing a
supply of nol ybdenum netal powder; providing a supply of a sodi um conpound;

com i g o, 9 minchgenuny Ll ROVASE Al gRd A SO, o

liquid to form urry; |nlg’ sai urr

I eCOVekbigritdiet@nrRQSalEsliRy ahd pauelting sdid aldigiz6@ 51089 vath wb airdand of NIGREI N
provi ding a supply of a sodi um conpound
4. The method of claim 1, wherein combining said molybdenum metal powder and
said sodium compound with a liquid comprises combining said molybdenum metal powder and

15 said sodium compound with water to form a slurry.

5. The method of claim 1, wherein said slurry comprises between about 15% to

about 25% by weight liquid.

6. The method of claim 1, further comprising:
providing a supply of a binder material; and
20 combining said binder material with said molybdenum metal powder, said

sodium compound, and said water to form a slurry.

7. The method of claim 6, wherein said binder comprises one or more from the

selected from the group consisting of polyvinyl alcohol and carbowax.

8. The method of claim 6, wherein said sodium compound comprises sodium
25 molybdate and wherein said slurry comprises between about 15% to about 25% by weight
liquid, from about 0% to about 2% by weight binder, from about 1% by weight to about 15%



conprises providing a supply of sodium nol ybdate powder. 3. The nethod of

claim1, wherein feeding said slurry into a stream of hot gas conprises

at om zi ngveana/msbaziry and contacting said atom zed sl ur PgTRISRODIDBES6EL r eam

of hot gas. 4. The nethod of claim 1, wherein conbining said nol ybdenum

nmetal powder and said sodi um conmpound wigth a |iquid conprises conbining

sai d nol ybdenum netal powder and said sodi um conpound with water to forma

slurry. T 0 I 0 § t
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conpr i giomgter.pr ovi ding a supply of a binder material; and conbining said

bi nder material with said nol ybdenum netal powder, said sodi um conpound,

and said water to forma slurry. 7. The method of claim®6, wherein said

bi nder conprg ses ting of
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conpri ses between about 15%to about 25% by weight liquid, fromabout 0%to

about 2% by wei ght binder, from about 1% by weight to about 15%odi um
ybdat e, d fr i ght I bdenum

gt al powder. o ﬁ{?e ﬁ]gﬁéo{%ﬁ) w?é%&g,sa#da}e?ﬁ%&r%é/g%%g ﬁ&&n Xt he

recovemgdrotgammajspberaﬁt al powder at a tenperature sufficient to dr| ve- of f

substantially all of said binder. 10. The method of claim9, wherein said

heating further conprises heating in a hydrogen atnosphere. 11. The nethod

of claim 10, wherg| i i h here, is onduct ed at
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sodi uncomduetdend aerRsd he raRiadf HOWHFN0 CoBRbosi §2g°@. substanti al |y

honbgeneous di spersion of sodi um and nol ybdenum sub-particles that are

fused together to formindividual particles of said conposite netal powder.

12. A sodium/molybdenum composite metal powder comprising a substantially
10 homogeneous dispersion of sodium and molybdenum sub-particles that are fused together to

form individual particles of said composite metal powder.

13. The sodium/molybdenum composite metal powder of claim 12 comprising a Hall

flowability in a range of about 30-35 seconds for 50 grams.

14.  The sodium/molybdenum composite metal powder product of claim 12 having a
15 Scott density in a range of about 2 g/cc to about 3 g/cc.
15.  The sodium/molybdenum composite metal powder product of claim 12,

comprising from about 0.2% by weight to about 3.5% by weight retained sodium.

16.  The sodium/molybdenum composite metal powder product of claim 12

comprising less than about 6% by weight retained oxygen.

20 17. A method for producing a metal article, comprising:
producing a supply of a composite metal powder by:
providing a supply of molybdenum metal powder;
providing a supply of a sodium compound;

combining said molybdenum metal powder and said sodium compound



13. The sodi unf nol ybdenum conposite netal powder of claim 12 conprising a
Hall flowability in a range of about 30-35 seconds for 50 grans. 14. The
sodi uni nrovghdemsm2aonposi t e metal powder product of cl aPoTABR20000B05g1 a Scot t
density in a range of about 2 g/cc to about 3 g/cc. 15. The
sodi um nol ybdenum conposi te netal powdgr.product of claim 12, conprising
from about 0.2% by wei ght to about 3.5% by wei ght retained sodium 16. The
sodi unf ol ybdenum,conmesid ® B&h 2l er product of claim 12 conprising
| ess than about 6% by wei ght retalned oxygen. 17. A nethod for producing a
metal article, conpri sfeadingpaiddiicryngtosa segapl of teft gas;conposi t e netal powder
by: providing a supply of nplybdenum nmetal powder; providing a supply of a
sodi um conpound:; conbi KFAGTEgithe ‘fﬁS’IlWH%mﬁﬁarer@VWanﬁB&der and said sodi um
conmpoundwi th a |iguid; : . ]ﬁcﬁ% i i . eam
of hot gas; recovcg)lrﬁlkégnlié&a%l ﬁ%g%glﬁparggﬁi{eer%g? g po%??hgggh%g%ég}%g%lﬁr%ééai d
canposi t e netriadle pomgdsing a sbdinm/mbybdetumh neetdl ncitgx. said metal article
conprising a sodiunf nol ybdenum nmetal matrix. 18. The method of claim 17,
wherein said consolidating said conposite netal powder conprises cold
I sostatic prgssing,. n"lgtgoa- BEcIR) ?9,%19&'& ls@fd\?ﬁﬁ;olid\ﬁﬁrgé ?Ai@ﬁ&rﬁggs%e' aLi ng
conprises pressing sald conposite€ netal powder 1n a shape and sintering
t he shapedeRébmprives oeldhiadtatic pedsaing 19, wherein said sintering is conducted
in a hydrogen atnosphere. 2 1. The nethod of claim 20, wherein said
sintering is conducted at a tenperature of |ess than about 825 C. 22. The
nmet hod of cl;gi m j : l.] | r1ses h . sostati-¢c pressing.
25, A met hod °F or “WediuEr eyl AERNE RV SRR SR RG: RESAL LS

composite metal powder into a shape and sintering the shape.

10 20. The method of claim 19, wherein said sintering is conducted in a hydrogen
atmosphere.
21. The method of claim 20, wherein said sintering is conducted at a temperature of

less than about 825° C.

22. The method of claim 17, wherein consolidating comprises hot isostatic pressing.

15 23. A method for producing a photovoltaic cell, comprising:
providing a substrate;
depositing a sodium/molybdenum metal layer on said substrate;
depositing an absorber layer on said sodium/molybdenum metal layer; and

depositing a junction partner layer on said absorber layer.

20 24. The method of claim 23, wherein depositing a sodium/molybdenum metal layer
comprises sputtering a target comprising a sodium/molybdenum metal matrix, sputtered

material from the target forming said sodium/molybdenum metal layer.

25. The method of claim 23, wherein depositing a sodium/molybdenum metal layer
comprises:

25 providing a supply of a composite metal powder comprising molybdenum and



provi ding a substrate; depositing a sodi um nol ybdenum netal |ayer on said
substrate; depositing an absorber |ayer on said sodi um nol ybdenum net al

| ayer; amstodepasp42ing a junction partner |ayer on said abIashew/ob@ger. 24.
The net hod of claim 23, wherein depositing a sodi unf nol ybdenum netal |ayer
conprises sputtering a target conprisifg-a sodi um nol ybdenum netal matri x,
sputtered material fromthe target form ng said sodi um nol ybdenum net al

|l ayer. 25. Taeiuagt hod of claim 23, wherein depositing a sodi um nol ybdenum
metal |ayer conprises: providing a supply of a conposite netal powder
conpri si ng nl ybdisnositiagierddemnesigepdsl navwdsr eaisad substots hyethemad sprepinger  on
said substrate by thermal spraying. 26. The nethod of claim 23, wherein
depositing a sodi um nol ybdenum netal |ayer conprises: providing a supply of

a conposi t e Jget alTHGMEIR6d 60BN 33, NehdiBih RH& w{gbﬁwlma%dea&q ﬂa&my&l ng
sai d conposite netal powder on sai d substrat y printing. 27. The nethod

of cl aicpmpBsesaher ei n depositing a sodi unif nol ybdenum netal |ayer conprises:
provi di ng a suppl a co 03| e neta mprisin denum, and
50 um and. depodteTEEESPRE S a emPL AR BOUR CoGR ISl U ER Rt by
evapor ati ongodigm; 3h¢ nmet hod of claim 23, furt her conprising depositing a
transparent conductive oxide |ayer on said junction partner layer. 29. The
met hod of cl ai m Z8positirey widcavpatita nsballpewdeagyesaid suhstratedy ppiméngr nor e

selected fromthe group consisting of copper, indium and selenium 30. The
met hod of claim29, wherein said junction partner |ayer conprises one or

more. 32'_ ect od f r qieLieh G SUaifCIS hittel D dQosRRZH Mol BRI AR nfdtAGayer
comprises:
10 providing a supply of a composite metal powder comprising molybdenum and
sodium; and

depositing said composite metal powder on said substrate by evaporation.

28. The method of claim 23, further comprising depositing a transparent conductive

oxide layer on said junction partner layer.

15 29. The method of claim 28, wherein said absorber layer comprises one or more

selected from the group consisting of copper, indium, and selenium.

30.  The method of claim 29, wherein said junction partner layer comprises one or

more selected from the group consisting of cadmium sulfide and zinc sulfide.

31. A method for depositing a film on a substrate, comprising:
20 providing a supply of a composite metal powder comprising molybdenum and
sodium;

depositing said composite metal powder on said substrate by thermal spraying.

32. A method for depositing a film on a substrate, comprising sputtering a target
comprising a sodium/molybdenum metal matrix, sputtered material from the target forming said

25 sodiuny/molybdenum metal layer.



31. A nethod for depositing a filmon a substrate, conprising: providing a
supply of a conposite netal powder conprising nol ybdenum and sodi um

deposi t i nyoxadahserposi t e metal powder on sai d substrat eCoyustévenseshbi
spraying. 32. A nethod for depositing a filmon a substrate, conprising
Sputtering a target conprising a sodi ugjool ybdenum nmetal matrix, sputtered
material fromthe target form ng said sodi um nol ybdenum netal |ayer.33. A
met hod for foymn providing a supply
of a conposite mtgéﬁetg%dér@&ggﬁ%?lcgétﬁ%tdﬁ%gég%t%dn?ﬁglogdl um mXxing said
suppl y of conposiprevidigd syppiydeia winpvste wetdl pbederanhpspeshoiybderueand xt ur e
of the corrp05|te met al powder and the vehicle on said substrate by

printing. 34%° dRMret hod for depositing a f| | mon a substrate conpri si ng:
providing a supply;Qf £& Sévd&odi)}?ﬁ dieMlybdenum and
sodi um deposi ti ng1 sa‘%% %gi?t e ]L; er on salh ]bét rate by
evapor at i on. depositing the mixture of the comp051te metal powder and the vehicle on said
substrate by printing.
34. A method for depositing a film on a substrate, comprising:

providing a supply of a composite metal powder comprising molybdenum and
sodium;

10 depositing said composite metal powder on said substrate by evaporation.



