. .e3e’ L_XP6TI§N, \' .. <. 1n Repl'acerrent Sheet 05/02/2004 1 LOW RESI STIVITY
. MATERI ALS W TH.| MP ‘ ,*”’ ORVANCE FOR ELECTRI CAL CURRENT TRANSFER

AND VMETHODS FOR PREP, !|| i FI ELD OF THE | NVENTI ON The present
invention relates to a g‘g‘%‘

Qw resistivity material wth F%ﬁ}uag bneget
per formance for el ectrical®®irrent transfer and net hodd % Op4repari ng sane.

In a particular non-linmting aspect, the ilnvention relates to a

copper-graphite conposite material prepared by a powder netall ur P/
O b W B ARSI BER ) MAT B0 AL SO, MR CORED VAR

conventi onal copper-graphite conposite materials, while maintaining higher
density t han BERFORMANGE KOl Bl GRRICAL CURRENT THARNSFER AN cs
~and systens including suc S| m ENTI ON Car bon.
conposite materials for urswmmbgil:ag?ﬁ Gm and cont act
materials in 15 light rail systens are known. The preparation of these
materials. may be via P/M.techni ques. However, currently avail able
materials tend to exhibit either | ow conductivity or cause excessive wear
of counterpart conponents. The present invention seeks to provide materials
.and net BodFIEED OF #HEINVENTIONe which are directed to aneliorating these
difficulties significantly. 20 DI SCLOSURE OF THE | NVENTI ON According to one
aspect of t lehepresarihvdniive plitedto atlb@nesistisitpmarerialectiningappel weir apifotngnce for
conposite materjal havin n | ACS val ue of at | east ‘about 40% whi ch has
been for ned "‘lﬁ?l)ﬁ {‘tt@g'ﬁ%‘é\%‘f‘f‘ﬁﬁthﬁaﬂy%ipmpéﬁ’%ﬂjm?ﬁ'xtures of copper powder
having a purity of about 99.9% and gr.aphite powder, conprising a copper
net wor k rmat iR Pageplagnen-linifing jasnegt, gie iprRnsien S8t O ARAPPERAP itE compesite sonme
of the pores, 00 fiBhid \Rgage@a&%&amwwﬁg rButl S @ShbWS ipSved elgdapli t e
islands in a copper network matri x. e copper-graphite conposite materi al
mor e pr éf er abhgudizity compas@dSvittatanyentional cdppemsgraplisy comppsite tatesiplsywiole at

| east about 6.0g/ . Preferabply, .th it i als .h d't'l
Lhar ange of SRR Eergiof G oiel G fiAP BebiEa IALGRI 1 CuIELS G AIALLY 1 "

2 The. fol | and sgtesihaudiag Qich@bmpbsteway i n which the invention provides
i nproved performance is offered as a |ikely nmechanism The invention is not

dependent o [ Sl Mgl t he expl anation. .S The conposite
materials agmmoéﬁt%ﬂw(mn advant ageousl'y ‘exhi bit a self _

| ayer ont o (CHEPRG TReE P A (e BPPLCORPHENE: D BN PP AT LAY
functi ofs of ;i€ GRG0 1R THe YiAsdHoR oFBesd indlerifh @G tHewal /M @haffuss.t he
counterpart, “and t'hus extends the lifetinme of the countérpart. This nmay
?dvant agelcmﬁfjgﬁet, _ejrreaelv hvlmdabln gprmb@qqdfgteawhltexh@ﬂqw ﬁgmth:févm @lﬁ/‘isiu??e of ,

or exanpl e I a r transm ssion systens. re
particul arl f/x |St1veiv{s' %@{fc’%%g%ﬂﬁog{motqﬁﬁgl ifetime iii such an application my
be extended S ch as three ti rel.ati r erials.
Thus theti n?Eif??ﬁnqgﬂvigﬁ%ﬁn:ggﬁigéIﬁég&iﬁ %i%e%oﬁgﬁfgﬁfﬁ%l ha_nql:;)‘?aIﬁ %‘D%tlﬁt ed
on a pantog ed @rangeliva s icnltesgpnifisndy.pol e shoe whi ch includes a
copper-graphite conposite as 15 hereinafter described as an el ectri cal

cont act _for VAl over head power lines It also includes
power t?(;nsm%@%%mgﬁi@&uch a conposite. In a .preferred

enbodi nrent the |.ACS val ue of .the conposite terial 1 dat | east 60% As
will be undérstdnd tgnsaspest o thedueseptigveniionythece s praviged)| mePPSERRRAT G ge i s

the standar éorﬁg&% Glaeetiat Nav{d[g%i TAldSWatuk)of YSIRAL: Lifbut YOBRYRICHBESSded fotnddrgPer ty
of conduction based on the I'nternational 20 Anneal ed Copper Standards
(1 ACS). mixing, compacting and sintering mixtures of copper powder having a purity of about 99.9%

and graphite powder, comprising a copper network matrix having a plurality of pores
25  thetethrough, at least some of the pores containing graphite to provide a mictostructure of

graphite islands in a copper network mattix.

The coppet-graphite composite material more preferably has an IACS value of at least 45%,

and a density of at least about 6.0g/cm®

Preferably, the composite materials have a density in the range of from about 6.3 to 7.6/cm?.
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" Aceording to the invention the materials may be prepared by m xing and

. conpacting copper and graphite powders under certain conditions, and then
sintering the conpacted materials. The various steps of the process may
suitably be carried out under non-oxidi sing conditi OnRepisdeRerdtS SHELr a
reduci ng at nosphere. 25 According to a further aspect oefod/heo4 nventi on
there is provided a nethod of preparing a 3opper-graphite conposite
material conprising the steps of purifying copper powder by annealing
copper powder in a reducing atnosphere and cleaning it: mxing the purified
copper powder, arc}d a .graphite powder; 30 conmpacting the m xed powder to
produce a congsdellonipgexplanationeldhe ey shwubich thsyippeniigp grovides impraved gesfergnance
conmpact at el eyl &l ARR RlHEHsrh OThe idvie oS hbi Gdpeilent Bnf SR -ftpﬁu-ted by the
coppergtaphite conposite nmaterial. The copper powder may sul talb y have &
varyi ng part iesplenatione of no greater than about 10ON.m and the graphite
powder nmay suitably have a particle size of no greater than about 5~n. The
condi tion§ mheicompodite neaepdcictadinighe theihtention advaneiyeeusty exhibitg wlffhilekatine
in the range .of from about 500 to about 1 GO0 Moa. They may, al so inc¢lude
sintering t h&cHRpLstiLae E(HW]&F forenating of & tapstefaraiiits dyesonte the %‘Ef%ﬁ%?%ﬁ ure in
the range of f ; m i.od :
atmosphere of TR e T O RS e o Rhonice
process of hewtdriabeffeqtdvelyr protictsghs cminterpart,fand the esteadpthe liftime afobe adunterpart.

pressing (hippi.nNg).,. . sol ated hot .esSin | HP) .or vacuum sintering.. The
co rr]P act Ibﬁ g 0 w;g@;fﬁé%:%geg‘?fﬁer Eg)ﬁﬁgegmﬁft\ﬁ ét}nai %‘8 Ief(tg\l}ﬁ? 5 lﬂf%l?e?iﬁ f’h 3‘?‘5‘?‘8’81’}63
prefera p edilivay 1GY pew. nsin¥eiofl Isy d. QViate paediaBely, 10 etimAtyd) &iak the
conpacti ng. en two-directional coppacti IS errp*oy d, a conpr.essing
pressure of MEGMedhIE 2BEBPYBHYLBAY B’Efe'ﬂ%g by&s gpsh g‘ffﬁ"@?"ésr’ggp’&}e fogurgntly
period of froiaRastaso-10 M nutes. The. alternative to 15 this is dynamc -
conpacting. Wien dynam ¢ conpacting.is enployed, the shock frequency is
preferably ifthfe RS ol haReYtpel PR rigRbhick Ban be é&&ne?ﬂo&ggmo aph
frequency will achieve a.” simlar respul t to the application of a onstant
pressure. asﬁneseﬂlv’vapedlm&mhes 4 pole shee Which dircledss h onppergoapbéte comgosietanod. The
and s o8 pr arERdl e OU P8 Tl el B e e R R Pl B e
copper powdelt alsadndhidespesertth@smptibispadomuinfsutthe coppodidec| e si ze effect” on
be Uoed al - Shrpienired bt A OSAR it Borbhle ks sCI58: SBA0 AR
e used at slozEpgrefeire ieAethe ] : Aoeite materidlis atl&ddt 60200 As :
ool S o BB e 486 e s SRR e B e i
i di sed 1 1 e B B Bt bl o e Rritonk] ™Y
preferr el endaraled foppereStenslaptsrIoWder, prior to mxing with.t he graphite
powder, is ﬁéseaggggl %(r;g anneal egll ina gontrol | ed Qay{grmsphere which is
reduci ng, sutt¢rosdingitothg inyeetiasf thhyuitesgbrmariet prepareblenmi@igrnd woipastiigecopper
reduci ng 5 %ﬁ%ﬁ%ﬂ& $§wﬁe§¥ uhdG!cHd8, CAION, MnoXL g,  ydrogen a‘é‘ﬁ%ﬁ Hlatetials
r_ef;)r med nafﬂ;_Jhr:H 'g;;‘, ref;gll;g end%_tgﬁra&’;;or&;ggflﬂe*@ﬁc naci‘i}"‘;rign gasc,h '
m xtures an vafibud di¢BOf die proese may kit da duy endrSLAa- @conditions,
nitrogen. Pr ef}tlarabr{ﬂ%, tagi s, is conducted at a tenperature of from about 600C
g5 fech pg unger 4 reducing aMasphettder st ood by those skilled in the art
t hat thFe;éte er?@rééﬁ)&tbcl eaniﬁn&hand agneal ing wll depetggd;gbstanti-al |y
on the part i‘¢fcersiE srspesh phthe gxgaEen theee iy peovidadiaape PIeRERNgA so
have been trc%gé&g%iﬁh’t{:%%ﬁgsi&%%a?goﬁ?ﬂ&lﬁ.Ehiegé: s Hpmagneti c separation step
t se. A ve%/ or Bd

may be used f IS purp t er nat I'tionally,, lighter.

non- magneti ¢ nmat ef i.al be r v [ sses ch as .electrostatic ox
centri fugal sepaﬁ)étl%l ﬁjg?g &’%g or“é(%ﬂlg}’ g‘g‘lﬁ%ﬁéﬁ"%g‘cﬁﬂqﬁﬂ e%#le? 'éar%g%lﬁ 2 ao\?gﬁ % and '
particle size of canigg@ater than about 5~,itn and 15 preferably has a
particle size in the range of fromabout [~iii to about 2wtn. In a
preferred enbodi mEkin &}khq,lgrﬁaalaj)lglﬁrpawdaranusa%eiﬁg&rpgwge@de quality. As is
the case in known P/ M processes, other netallurgical powders may be

i ncl udedpas addi ich¥Bgeting IRSRixEBPolvl& t8PRod % c@n‘h@ﬁ&%} £&hd Zn, MS2 and Si.
(Note: the Si additive may be in the formof a silicate.) 20 As descri bed
above, the m xing of the copper and graphite powders is performed under
conditions to prevent oxidation of the copper powder. Preferably, the
powder mxing is performed at a relatively slow speed, such as about 150
rpmin a conventional mill.




" composi t

' As- di scussed above, the conpacting of the m xed powder is advantageously
performed by a two-directional conpacting nethod or a dynamic conpacting
nmet hod. The upper 25 conpression pressure of about 1600 Moa, which may be
used in accordance with the present invention is subsktenbtéhdny tneher than
that conventionally used in P/Mtechniques. This is gesyerdbdosr about 690
Mpa. It is worth noting that the pressure Bere is defined as | oad/cross
sectional area of the conpacting die. Repl acenent Sheet 05/02/2004 5 The
si ntering tenper asigfatingfthe ¢pmpsictatelersted tampsrarasp fora fime suflicienttgdoun thie eapper-
about 9Q&0C to abo : . The hol di t] in the furnace . will _ depend o
the furnace facil Ptt é%ggcgrl]a\%s&?gl 4 eggfr'zlgl iﬁ"gg ﬁr?é’(‘aﬁdgflga S‘Bﬁ?g‘?ﬁ‘é‘%%“%%‘?/‘gﬁé?a‘qcﬁe
the art. The redusizagf ad plestehtae b dOjuf, dddeths gRpRitd Hevdd iy BhibAY Rdve
consi sts of 10% HZ and 90% NZ and provjdes an exothermi c 5 atnosphere in
the furnace. It V\PP‘I“C}Sélzﬁﬁéﬁ?g’feé'iﬁﬂﬁ‘t“ﬂé?mftﬁé‘“hbove process is provided. for
exenplification only as a preferred method of _forn‘i% t he conposite

X

mat eri al s° of Thaecrdigemsmayrinclaiarompsginggde wieh pizgdpewslersanimigdyreesspredn iteronge
that these pgp QRS i, @ i ant. us, ..
characteri st chygl?bgggcr i ggg&ﬁér@? ﬁfp‘ a'lg h%ﬁ“é@b%@‘@ﬂ?%@%ﬁﬁ%@p QI‘?—TI’:nPaCted

| LLUSTRATI ONpéwdgsrie thk fokth wé tompass 4t heethy@amead intheraagd 6LRdm 960U ta1100°C for a
copper-graphite conposite terial prepared with the invention. As can be

. seen fromtﬂ’éafﬁeﬂg‘gg‘???f@dg‘g‘ﬂﬁ’e?“mw "hAs gt ¥per sed therein a nunber of

| ar ge pores PtCl osing. graphite islands. As nentioned above, thjis network of

copper with GHEPAITY BF PEeesdmyinredrng pthe preasesrfdsaing andmsessg sugh aspfor
substant y@l  LORIWRIEstaki0 phdd@ndihGiplidd) Galla@ROUGEIH f ik €
material, and _alpgé(; advatr?ta eous%eg’ﬁ?upgr)p’l i eig grgtgﬁi tSéeﬁ%&Ei{ hor%gglrrl%?gm%h
| ubricating ol : g g _mg"x,',l?% .
col lectors (cg%]t ac ﬁg?gff‘*§|°§ﬂ’%ﬁtéw§ﬁgpﬁ°§%‘f‘%‘?%% 8%?11 g(ﬁ;‘% W r %QEJ)?%%E ar
enbodi ment s pdtfarmed by egkerttwplitertionalcomipaktingow dyeardie somphathgniWhen ef er ence
to the fol | owing exanples. .he.exaﬁ)l gs are provided for -exenpl i E{)(ﬁat i,on
only and shoti P RSHOHE cOFPARE IS TRlPISS: 3 FORRIERTBRRCS WS Of FOGHIS 8H 2P htoaRput
way. DETAI LE@0DBESHS BFpld peferhbily fGRAEdBIP HoMBIBIVEND MihGes.f Tht avdrAgiveadl e
provi des]e{rortggdet ail ed information on particular enbodi ments of the .

_ et AYPapreprRging Weehmamiecunparitgis crmleratitbhsharkifednencat is
cheni cal CoOnpRAkHOR, thOMhgs 6AkoMRBRR D ES 250ER! SEARAHOLL Bequedlf Gill dchithe a
properties and_tribol ogi cal 25 properties. The sanples in Table 1 were
prepared i n Aedasrenatide thy anplication wée Howiany pressurp evddsenhednbetofos thd e t he

copper powdgL, 1 éc&&na?c&ﬂf&%ngine%ﬁ“ cle sizes of 10p,.40, 150, 220 and 400
mesh was cl eaned by el ecttostatic and nmagnetic separation. It was then

anneal ed in r i e of % rogen, and 90% nitrogen.,.The

.. 1. Repl acihﬁe%g B %hee%&gg% g%lzz%%ﬁta er?rqligeiﬁlogéo co;g)rﬁlea} & 6g‘f/\ﬁgr{tyv(\)/5éﬂ?neqxaen(§] Wi th

ot her pad@iderprefornpynefrabsut BXI%pitly. The vayi rticke ghrafakie eAppaddrifadiktacs A
: X p

range of 1 ~. tnh.ta 2~ e,,was .conpacted usin wo- di rect j_.onal

ftn.“ The m xt " ? g a &H d i:
conpact i ng SPURNTERRE gﬁnﬁéﬁlcﬁ&eﬁﬁqo%ﬂ“’éﬂﬁﬂo COBRT S0 SPPRItG PAVEe n Fphe
formof a cespagk, a@geﬁ%dw&_&&ﬂyfbeﬁse@mu&e§mohﬁféf&nét&s @abbIsUD AeshihAPsMher e
at 10% 5 hydr.ogen an 3 % nitrogen. The sinteri ntggterrper ature was in the

range 960C tl§01200aad 499 mqslhri Rrferaiio thepartidosiproef tht eeppenpewdgnrenges hetigbh e 1.

Table 1 Sa { i dRplnitial mxture

(C GC M%S‘gjjég%%@% @%?‘%@ﬁﬁ@‘{é?? ?1%(%1 ‘esuggest ed

nanel92. 07. 0- 0. 50. 5Cu@GWnSi 2. . 89. 010. 0--1. 0CuGSi 387. 011. 01. 5- 0. 5Cud 2znSi 485
.015. 0---CuGb82. 017. 5--0. 5CuGSi 668. 027. 02. 01. 51. 0CUGZnMSi 780. 015. 0- 5. 0- CuG
| SMb878. 016. 5-5. 00. 5CuGL6M5Si 975. 015. 0- 10. 0- CuGl5Mb101070. 023. 52. 54. 0- Cu&X
3Mb4Zn Repl acenent Sheet 05/02/2004 7 2) Some measured physi cal

properties are given in Table 2: T able 2



|

.. 128021

Sanpl e No.Density (gr/cm)Mux QOperation Tenperature (C) Melting point

(C) Coefficient of thermal expansion (x10'6/C)Thermal conductivity
(Wrn-1~1G 984450108517. 303G&27. 04945010851G 3435437. 54547010851

G 0234AG 372470108S15. 823385G GS5(480108515. 7232G6G. 1Replacement Sheet
G3480110010. G527177.119480110014. 483188G. 837480110013058L0264370480110012. 2
429910G. 300480110011. 5278 Note: Underlinel data are estimated val ues.

Maxi mum operation tenperature is a suggested tenperature beyond which it is

estimat ed t hahe td}ePpOPRI i R abI8EBLIPEALRLA BRI ¥nd thidRepkiasQNEIRs 226t
05/ 02/ 2004 8 3) The heat capacities* of CGCM are given in Table 3, as

cal cul at ed f present o throphytidersufacesd dyssucifami prefersdrpphodipent ke Gpprt PITEasD .

1738C55. 2071088 48 B gty ¥ lygg b yldRih < conteoled sumosphere

1, 35G55. 1541w iredtadd) Such ot a IR fe K3 UrcgéRafll Hi6ZOB Other suitable reducing
1,35G 75. 2111. 473-0. 315298 ~ 1, 35G85. 1(H1, 458-0. 347298 ~ X
1, 35G05. 0G4 12Pophsregrasrgpclude catimmggneyid; hydrage, seteppiomed natural gas, reducing

1, 35CCopper SedhlhtermfiQsr 228 therndic ﬁ;r)@az%ﬂtxﬁfxmg% a_ﬁd}aor"'mﬂaré's SfliBese Cﬁh{ 1Kss TR e

Repl acenent Sheet 05/02/2004 9 4 npacting stress and nechani cal
properties agReuviehs nittodedd|Reférabliathlisas doridanied et Nen(pefpaetof ignsilioas 600°C to
(MPa) Conpress strength (_I\/Ea) Modul us of elasticity (MPa)Ductility (EL in 1.5
in) (% Possi dwu585(ﬁgi bwik ke readilpundinestopd(byrhas akilled 8the art3pa ghe temperatute for

~80252318578180. 28G8~8G352317 8. =~(39452317554200. 2 7955231G£39170.
318090652310578YF0"2 1G5 ‘fﬂ%‘g&‘}gﬁ’és%ﬁ 5§§§%ﬂ%g§% i’ﬁﬁ?ggﬁg%% ¥9¥4832140
{)0523%%030120. 1358G/ I\gt F: nder | i,,tn‘ig data are esy i mated val ues ..
based on'‘tal ctf SPPETPBICC BHPASP 18" NHERIHFS ‘PGPSR HrERAC RGN st qdrenetic
Handbook, - {epimRasd it& May BE usikdFor this purpose. Alternatively or additionally, lighter
non-magnetic materials may be removed by processes such as electrostatic or centrifugal
separation. .
The graphite powdet should preferably have a patticle size of no greater than about Sum and
15 preferably has a parﬁcle size in the tange of from about 1pm to about 2um. In a preferred
"embodiment the graphite powder i’s' electro-grade quality.
As is the case in known P /M ptocesses, other metallurgical powders rﬂay be included as
additives. These may include, for example, Zn, MoS, aﬁd Si. (Note: the Si additive may be in

the form of a silicate.)

20 As described above, the mixing of the copper and graphite powders is performed under
conditions to prevent oxidation of the copper powder. Preferably, the powder mixing is

petformed at a relatively slow speed, such as about 150 rpm in a conventional mill.

As discussed above, the compacting of the mixed powder is advantageously performed by a
two-directional compacting method ot a dynamic compacting method. The upper

25  compression pressure of about 1600 Mpa, which may be used in accordance with the present
invention is substantially higher than that conventionally used in P/M techniques. This is
generally about 690 Mpa. It is worth noting that the pressute here is defined as load/cross

sectional area of the compacting die.



. materials of the i nventi on,

‘ Repl acenent Sheet 05/02/2004 10 5) El ectrical properties of these materials
Wer e freasured and are given in Table 5. Table 5 Sanpl e No. Percentage of

| ACS* (!o0)Operating Voltage (V)Resistivity (~~cm 20C)Max. current density
(anp/ M) 1G5. 8G005. 051827G. 4G004. 7420359. 000G 141 Replacement Sheet

AG0. 0Q005. 25155G7. 2Q005. 3915HAG 8Q007. 74147A. G- 05/02/2004 -

(005. Q013842. 9Q008. 24139G. 19Q005. 85121043. HA008. 4210 Note ~: The percent age
of TACS is the standard conductivity (resistivity) used to judge the 5

Anneal od Copiir FitnflenfRRMIELCUL st foPRRCE: BNu Bt D BERSLRAMIP G

/58 S2 rnnk/ aband1QME€. Thk heldafg tindin7thd hfidaggwilitefjemd andhe frenaca facditief adwadald28

S2 gm nR at OC( F~ are, respec the_ in nat i onal ., equi val ent of

vol ume and ﬁ‘ﬁ’éﬁ:‘?fqo\‘}l g’h\‘ﬁ‘iﬁ‘@ﬁaﬁoglﬁéfe ﬁ‘ﬂ&?“‘t“?fpl_‘t?fﬁ@”sedamtg

conduct i vi tYSmfltﬁn% ; gregeralg?g&{sis'tsrlﬁiiO%Haaﬁ 6096 N, |08 pEShikd hh @Rothdiifc CUr I ent
ate

capacity is calcu the el ectrical current ich can pass through 1
M2 area of awtcsphest inghe furneredanage to that area at maxi num operati onal

t enper at ur e. ,. ... Replacenent Sheet 05/02/2004 11 G Tribol ogi cal
properties T&bﬂnﬂbé;uﬁ:amlbed ot derbbacprores¢ ispovilled/ baexdRapliic{tnCmdf 4sici ent  of
friction (,u ers tra rrln rate**. (10"

~/m11. G49. 2%6?‘% “é‘ﬂ‘{] %‘g he,composiig matesials of the jgyentippy) Ptheg methods may
ZZ7-0. 2G 51. 1dPbdé 18 iGd @{L@le d&e@ c2) ht@&ZteﬂﬂQa%@d’&ﬁ&&arﬁﬁEeoﬁ@
180. 21- 99. 3845. 900. 010. 7852. 700. 18G. 23 Note 7: The tri bol ogi cal

properties méwcm%%ﬁééeﬂﬁﬁh@i qriia. condl tions of normal |oad 13.5N, sliding
vel ocity 0. 25nf sec and t he counterpart metal is pure copper contact wire

(after 5,500 Rﬁx gafmﬁ gnunderlined data were obtained on
~undefi ne t al (Dcopper) surfaces re wear test. Note 3 (**): The data
~for rate tra r QeHhAPEe LiDQefleVvi ce.
- The foll ow ngl bilﬂg@szrﬁ{gmgrg?ﬁi@gal?%e rter?tet/t&g%?hglr)%%crg?l es 0‘9“%&%‘ mat eri al s
cont ai ni ng cpppﬁedmcwmlamnhmthpmpam@d Aw/capdie\seart frmnaheﬁgtmtttb@mppquemtth

th not t hat . the. hi duct | i st b t
above. 40% | AP ISGPRH! BREIRGAPYSP HEY RECL BB ARG ] PESHYTS bel ow

the IriCS valume, thk neQaRI0SH & BitPdigRAcadhicighat atbangeously frotides a
c%&?/oEl Cgﬂ%eln t he Iovvest value in_this

respect .15 F@l}ypt&@mrom@}t i yeplectyalcon ucﬂvxty of the composite material, and also
advantageously supphes graphite which forms a lubncaung catbonaceous film between the

sliding patts, i.e. the cutrent collectors (contact material) and the electrical contact wites.

Particular embodiments of the present invention will now be described with reference to the
following examples. The examples are provided for exemplification only and should not be

20  construed as limiting on the invention in any way.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following table provides mote detailed information on particular embodiments of the
composite material prepared in accordance with the invention in terms of chemical
composition, physical properties, heat capacities, electrical properties and tribological

25  properties.

The samples in Table 1 wete prepared in accordance with the methods described
hereinbefore, ie the copper powder having a range of particle sizes of 10y,.40, 150, 220 and
400 mesh was cleaned by electrostatic and magnetic separation. It was then annealed in a

reducing atmosphere of 10% hydrogen and 90% nitrogen. The



~other than those specifically described,

1 A o8 ] 1 1 Wy o~ o Aaroi
- materi al acgerdingtto—echarmiI—hgving denst+ty—of—at—teas—t—about—G

Tabl e ,7: Commercial materials available for use of electrical contacts
Conposi tion (% Approxi mate density (g' ~cnz)El ectrical conductivity (%
| ACS) Har dness (HRB) 30Cu, 70G aphite2.50.11803CCu, AG aphite2. 7537540Cu,
GOGr aphi t e2. 7545250Cu, 50G aphit e3. 052. 535&2Cu, 338G apbpiadmé&ix338&8SCu,
35G aphi te3. 153 . 3075Cu, 25G aphite3. 250.512192Cu, 8QGoaptt/eds 30414095Cu,
SC}aph|teCi3034389GCU 4C}aph|te7 754240216 Cu, 79C2.20. 252835Cu,
GbC2. 522850Cu, 50C, 2.75528GSCu, 35C3.5820B75Cu, 25C4.0211895Cu,
5C7.5740- 4@%&&&0%;5&' wﬁ&an%@ﬁxSiéH &hﬂbﬂ{ehgowmeﬁipbﬁemwM&hegmph@e
invention may be used as contact brushes for electrical notors, pantographs
and pol e shoggwflerhafjaghatticlesie ra@gsqudam torsm. JRhgarixtyen wrsesRRACEAISIBE e
electrical c nent s such hes r 4t
met hod of pr ugjtt Cgﬁn?}eomtpf‘ g&vémfgorg i\llcgﬁg eousm)%d‘rﬁé &{]ﬁg& y dsu%ﬁjﬁ
and econon c#le fofrh bowg&apict Was sinfeR=ICfof hisdk nomhewtlid Heedating moepma af 1% ow,
unl ess the cont ext uires otherw se, the word "conprjse" a ariations
such as "onp¥ Q&fé"ané 4% niftegoa CEhesitenngdeRPEBRELY F0p ho ange itQjl {YP°C.
wi Il be understood to inply the inclusion of a stated integer or group of
i ntegers ox &k epsl\bﬁvﬂ%nﬁ erpifdl cepPydomsrrogivemip Bbledk i nteger or group of
integers or steps. Those skilled in the art will appreciate that the
invention described herein is susceptible to variations and nodifications
bid£. 10 be understood 5 that the
invention includes all such variations anél rmdl fications. The invention
al so includes all of the steps, features, conpositions and conpounds
referred to or indicated in this specification, indi Vi duaIIy or

col l ecti vel and any apd. alT. conhi nat|qns of any, 0f,sal ¢l steps
or features Sarrméﬂ acenVRightpeRoraen inmine misucei(4 IVB J Z‘ai‘g}fg, - graphite

conposite npterial [paving_an_ [ AQS val e of _at] least abqut 40% whi ch has
been for ned| byNgi xi|jn&w co‘ﬁfﬁd’é‘!‘iﬁng% siMe®xr i|ngSHicateyr o SugBests rS’é‘Im"pOV\der

havi ng a pufTtyof fabout[-99 9% gnd—grgphi te owaer conprising _a copper 5
network matrix havi|n2@ |pl uf@litly of por 89 t Her eth? ough, afu 1 some of
t he pores cpntaninggrgphirtetg provifdea mcrostructyre of graptitg

islands in |a cdpper| 8&8vor KO®at r|i x.-. 4. A copper - 1gﬂaph|te c@mﬁiﬁlte

g/cm. 10 3 AXxopgesz@riaphilite qonpbsijte nat ¢ri al0.Bccondi MpGiIRZaiSai m 2

V\k"Ch inc|u es—a nrnnnrfinn af '-rlnlifi\ac chodoan froam AamMvy AN~ A~ Of Zn,

A== 1Al A SACANM LA R O oo 1 \vxe) CTTOJCTT 1 Orit Ul.ll_y IJTTC T UT TlUI C
MbS2 and Si| 4.4 A dogqeri- gnagphi tle conposite material agcordi@gGto cl aim 2
wherei n t helweight |percegntage prioportilon of gopper—i-ntthe-conposite|s at
| east GB% [B. A coppgre dr aphist e [conpogi te. matjeri a.5 accordi ngu@sicl ai m 2

having a density in thellb range fromlabout 6.3 g/lcnB tto about 7 G gicni.

6. A copper|-gr gphi tlegg@nmposiyipe mategi 4l agcondi ng ¢ o clai onGAmddsig an | ACS

val ue of at| least 45% 7. A copper-graphite ¢onposite ding to .
claim G haviingsa Viicges § hgggdnegs of qt kgast 58. 20 8] A €PN Ir aphite
conposi te material |acconding tolclaim{2 wheréin the cofposite has been

formed by nixi rYep co;g)oacti g sand sinteri B9 | xt uras of | coppelsdRsk;or pphite
powder s and the copper power i s |sized|in"the|range 5 nicroneters and| about

10 nesh. 9. oppers gy aphi ccrrposite effial accordgin m B
wherei n the co per pz)ﬁie é85| zed’in ange 10 n‘icrorrgtlg'rg 8?1[% apout

400 nesh. 25 10. Alcopper-qraphifte terl according to claj.m?2 efein

t he conposifte Hhs ek %% I%égml ﬁo pacti hg and §ﬁﬁ%gghﬁgﬁnixtures
of copper and graphite omuers nd—the copper powder has been cl eaned and
annealed in a controlled atnosphere prior to m xing.




i ~, , Replacenent Sheet 05/02/200q. 15 11. A copper-graphite material

.| accordi'ng to claim10 wherein the graphite powder size is no greater than
about 5. mcroneters. 12. A nethod of preparing a copper-graphite conposite
material as defined in claim1l conprising the steps OfgepDadebhd ¥hog copper
powder by annealing copper powder in a reducing atnospBgo®/oang cleaning it;
Jmxing the purified copper powder and a graphite powdery; conpacting the

m xed powder to produce a conpact, and sintering the conpact at el evated
tenperature f&r a $omenmsusutddplysital profepienatedtvehln @apkex - gr aphi t econposite
material. 13. A nethod according to claim 12 wherein the tenperature is
raised to a level in the range G00C to 859ghrwr i Nng the annealing step. 14.
A nmet hod according to .claim 12 wherein the conpaction is two-directional
and the pressure of conpaction is in the range from about 500 to about 1600
MPa. 15 15. met hod according to claim 12 wherein the tenperature of

sintering is| iSample |r Begsity roMa&d@etavion] () Weltisfy (A Guelfddertador di NThieemal
claim12 vvhereilQosi rte;}glg, ifs ﬁ.]arri ed outlin a nor-gxi di si ng at nmpsphere. .
17. A met hod accdr di{f§HADT I ai FEPRETHBI f (RENHon-Bimalexpansionn) Gomdugtivity
includes any| 20 onejor nore lof caggn nonoxi gg) hydr ogqgiy</»ej er ref(w/qﬁ_cb
nat ural gas,|+educifngendotherm c or exotherm ¢ natural gas m xtuyres and/Kgr

m xtures of jany 10f theggg th a |1gss reacti vipggas| 18. Ay pgthod accorging
to claim15 jwhereinithe nonjoxidising atnmpbsphere iis _reducing and|conprrses

‘a mxture of] hygrogen pgh niitrogens;25 19 thod acc jng tojclail12
wherein the m xed powder is dvnamﬁllmcnngadc??ed 20. XE'SrJét hod accor |4ng

to claim18 |[wherein|t hock fre ncy o m ¢ conp jon is[150 Hz to
250 Hz. 21. |A rrét hod gﬁ%%rdi ng tongai m 1p \(/j\%dései N the ?ﬁgé%m ng step i

i ncl udes any ong or rr?ér 230 of magnetic, El g]ﬁ]tﬁros atic or centrifugal
separation gteps. eﬁ acenent et 05 02/93004| 1G 22158 net hod acd38di ng

to claim12|whegel n[the redfici ng at noSphefe 1 ncluffes any one or re of
carbon nonoxi de® hydr &8, hater #84 or ned| nd¥8P al | gas, t2Hici ng kndot3ér ni ¢

i r
or exot hermjc naturgl ?%las M XTures_and/orf m xturegs of any of—thege—wtt—=a
| ess reactive gis. p #363A het hod4&tcor dihg 180cl pi m 121 rein fhe 271

A

reduci ng at yosphere| CONpPrisSES a N Xture hydrogen—and—nitrogen—24—A
met hod accofding to| cl7dilth 12 wher#8 the |ni ¥460 powder ihkd8ides any orsdgor

n-tha
LILA 2

‘nore of Zn, [MOSZ—anpg—Sr—25—A nethod a;;lu. g rg—to—ectat-m-1i2—wherethr—t

components ¢f the cppPdB7graphit e4800 conposilil arje sel edt50d to provi gegt hat
t he conposi fehas—adenst+ty—+n—the—+ange-f+rom abo#e% G3—glenB-tg-about 7. G
g/cnB. 2G A me? hod| of.3F0epari ng 480copper|- gnaghi tle conpresiqt e natleri abgg
conpri si ng the—steps—et—pur-y-nrg—copper—powder—by annealing copper powder
. in a reduci pg d0nosphéBedand cl eaqdong it;| 13100 xijng theyyyeri fi eq coppeg
powder and b—graphite—powder —conpacting the mixed powder at alpressure of

from about 580t UnderE@l ddeRare @kt ibdWAlds NYlakidurs OPBARSLHNPRMWAEGE i sugested
tenperature in the range of from9@C to 1100C for a predeterm ned riod

under an “at niSEPRETEe §eyond vehich K estapategh thas the nrpeetteydrtstiopsouiprdbhas a
varying particle size of no greater than 10 mcronmeters, and wherein the
graphite powder has a particle size of no greater than about 5 m croneters.
27. A copper-graphite conposite material when prepared by the process of
claim2G 28. A pantograph for a train. or tramincluding a copper=graphite
conposite material as 25 defined in claim1l as an electrical contact for
-col l ecting power from overhead power |ines.




© 29 An el ectrical

+ defined in claim28 as a power collector.

17 30. A device for transferring electrical

power transm ssion systemincluding a pantograph as
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power between conductors novi ng

“relative to each other wherein at | east one of the comdprdc@mséntc @APsY S€s a
copper-graphite conposite according to claim1l. 31. Aopgddyedoaccordi ng to,

claim26 wherein the mxture is subjected 80 hot
A copper graphi te materi al

sizingis a
. AaL. A@ . AF
C

b

data

isostatic 5 pressing. 32.
according to claim8 wherein the copper powder
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( BLO%" & ()-( BLO%" & ()-1112222CBE 10- u(

| KgACS( QBL0%" & ()-( QBL0%"& ()-( QBLO%HeRl4Jembnt Sheet
222221 2"2 | E 10/ KQACS( QBL0%" & () - ( Qb10%5/82A2004

(
(
>
(
(
|

QBL0%" & ()-( BLO%" & ()-"2$@F2. 232: 2>2dDE 10/ KqACH(
B10%" & ()-( PBL0%" & ()-( QBLO%" & ()-( BLOY%" & () - (
572 A2BlrKeieal 2o FRedties DO H{es QBHOYDS Hletd mEasQRBOYUEE 2% dijen(in Table 5,
QBL0%" & ()-( BLO%" & ()- | KQACBV2Z2[ 2] 2292l 2sS3E 10/ (
BL10%" & ()-( BLO%" & () - (TaBEE&" & () - / KJACSO(

2r 2v2w2y 2225 S3E 10/ (

Sample | Percentage | Operating Resistivity Max. cutrent
No. of IACS* (%) | Voltage (V) | (uQcm 20°C) | density (amp/mm?)
1 65.8 600 | 5.05 18
2 76.4 600 474 20
3 59.0 600 6.14 16
4 ' 69.0 600 5.25 15
5 67.2 600 5.39 | 15
6 468 600 7.74 14
7 64.6 - 600 5.60 13
8 429 : 600 8.24. 13
9 6.19 600 5.85 12
10 43.0 600 8.42 10

Note 1: The percentage of IACS is the standard conductivity (tesistivity) used to judge the

material’s property of conduction, and is based on the Intetnational Annealed Copper

Standatd (IACS) adopted by IEC in 1913, which states that 1/58 Q mm?/m and the value of
0.017241Q gm mm’/m and the value of 0.15328 Q gm/m” at 20°C (68°F) are, respectively,

the international equivalent of volume and weight resistivity of annealed copper equal to 100%

conductivity.

Note 2: Underlined data are estimated values. The current capacity is calculated from the

electrical curtent which can pass through 1 mm? area of matetial with no damage to that area

at maximum operational temperature.
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QBL0%" & ()-( QBLO%" & () -/ KgAOS( QBLO%" & () - (
2222220S3E 10/ ( BL10%" & ()-( BLO%" & () - / KGACH(

QBL0%" & ()-( BLOY" & () - 2222222CBE 10/ ( BLO%" & () - / KGACH(
03
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10%" & ()-( BLOY%" & ()-( BLOY" & () -FepPaRdant Enddl KqACH(
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222222dDE 10/ KQACS( QBL10%" & (- ( BLO%" & ()-( BLO%" & () - (

S( QBL0%" & ()-( QBLO%" & () - 2222222t T4E 10/ ( QBLO%" & () - (

(6. B 1OBfboRIgfchl profprtieds" & () - ( BLOY" & () - / KqAO$233313333sRES
f)@ows& ()- ('!'109%& ()-( @B109%" & () -/ KQACB( o
33331494D4F40Q0 10g 10% 0$' & kg 610% 0$' & ()- (s10% 0%’ & () -
i (1110040% & ()- (E10% 0% & ()- 10$F4L4R4b4c4e4k4uY9/ 109

SN ¥ Whad ks p OURGR. ) GRARIAH K () gver
g 10% 0%' & ({187 #0% 0%’ & () - 44444 46icHdh (K0 10%dit§fe&1(1
()?'d g 10% 08" & ()-¢ 10% 0$' & ())-g 10% 0% K () e*é‘hd‘/‘ﬁ'wg

1 1.64 9.23 0.25 3.13

2 1.75 9.17 0.22.0.26 -

3 1.43 9.32 0.25 4.19

4 2.56 l14.60 0.22:026 -

5 1.17 5.87 0.20-0.24 .

6 | 1.69 - 10.50 0.18-021 -

7 1.28 7.97 0.22 2.97

8 1.30 7.16 0.18-021 -

9 9.38 45.90 0.18 3.59

10 10.78 52.70 0.18 6.23

10

*Note 1: The tribological properties were measured under the conditions of normal load —
13.5N, sliding velocity 0.25m/sec and the countetpart metal is pure copper contact wite (after

10" wear cycles).

Noze 2: Double underlined data wete obtained on undefined metal (coppet) sutfaces before

weat test.
Note 3 (*¥): ‘The data for rate transfer was measured using a specially designed testing device.

The following table summatises the relevant properties of other materials containing coppet
and carbon prepared by conventional P/M techniques. It is worth noting that the highest
conductivity listed in the table is just above 40% IACS, with the majority of these values being
significantly below the IACS values of composite materials prepared in accordance with the

materials of the invention, 43% IACS being the lowest value in this respect.
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10% 0$' & ()-g 109% 0$' & () - 4455555uY9/ 10g 10% 0$' & ()-g 10%0%' & ()-()?' d g
10% 0$' & ()-g 10% 0%' & ()-g 10% 0%$' & () - 55$5051545: 5U¥eH1adRged %08 & () - g
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10% 0$' & () -T~5555555tYo—40g—10%-0%-& g 109%-0$-& 3 — 2
10% 0$' & ()-g CorbEBitin ) - Aj:ﬁ%}ﬂﬂia& (Qc)nsii§5 5 Bl cibﬁgudtﬁ%yOSS Hatdaegs
10% 0$' & ()-()?' d g 10% 04 & ()-g 10% 0$' & ()-g 10% 0$' & () - 55555566U29
10$ (1098& () -39 X08p 03’ &'|() - () Aedc@m’)10% 0% & () - @ LAEBPS’ &;()TQ\HRB)
10% 0%' & () @%m 61 6{6LB 1g¢661n042g. ;?3 10$1nt1/%;;e, () - e \/1(1)06;&
| & 1096& () - ''10 " " '
" 10958 ()E)' 10%1;& (\%" 1096 (§ 9?8%5&' (- 666666@21)3 10% "10%&' ?)-
"1098& ()- 1 & ()- 530%88& ()-| "10%8& 6666687 ?B,10%
" 100//2&' 8 ' %%%Gﬁ’mpm & 8 Z'ig%&' 8 " 10968 (3? 10968 () &
77777770M B[ " 1QUB& () -, - A09B& ()| 5Wh 3#)," T0%& (|)- &) -
777$7+7, 7. 7 ‘@%"1&5&? |5 3#)2"7%0%&' OF "1098&8%) - %9
50Cu, 50Graphite 3.05 2.5 35
62Cu, 38Graphite 3.65 3 28
65Cu, 35Graphite 3.15 ' 3 30
75Cu, 25Graphite 325 0.51 2
92Cu, 8Graphite 7.30 41 40
95Cu, 5Graphite 6.30 34 38
- 96Cu, 4Graphite 7.75 42 40
21Cu, 79C 2.2 0.25 28
35Cu, 65C 2.5 2 28
50Cu, 50C . 275 5 28
65Cu, 35C 3.5 8 20B
75Cu, 25C 40 21 18
95Cu, 5C 7.57 40-46 38HR15-T

It is envisaged that the composite matetials of the invention may be used as contact brushes
for electrical motors, pantographs and pole shoes for light rail applications, power generators
and other electrical components such as switches, etc. Futthermore, the particular method of

5  production described above is advantageously relatively simple and economical.

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word “comprise”, and vatiations such as “comprises™ and
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v 109B& ()- "1098B& ()- "109%B& ()- "109%8& ()- G7H7TI7N7R7U7X7nN. B "109%$& () -
"109B& ()- "109B& ()- "1098& ()- "1098& ()- S5Wh 3#)" X7] 7c7d7f 7] Tn7mvt B
"109B& ()- "109B& ()- "109& ()- S5Wh 3#)"$"10%& () - 'REP2ERRmédt Sheet

n7q7t 7y7~7771 -B "10%$& ()- 5Wh 3#)""10%& ()- "109%$& (0p/02/P00&& () -
"109B& ()- 7777777_7?B "1098" 1096& ()- "10%& ()- "10%B& ()- "109B& () -
"1098& ()- "109%8$& ()- 7777777nN.B "109%& ()- "109B& ()- "10%8& ()-

"1098& ()- " ]-‘Qc%[gis' o”, wiltbe understood to imply the inclusion of a stated integer ot gtoup of

integets ot steps but not the exclusion of any other integer or group of integets or steps.

Those skilled in the att will appreciate that the invention described hetein is susceptible to
variations and modifications other than those specifically described. It is to be undetstood

5  that the invention includes all such vatiations and modifications. The invention also includes
all of the steps, features, compositions and compounds refetted to or indicated in this
specification, individually or collectively, and any and all combinations of any two ot mote of

said steps or featutes.
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C 1098& ()- 77777771-B "1098& ()- 5Wh 3#)""109%8& ()- "109%8& ()- "10%& ()-
"1098& ()- 7777777_7B "10%%" 1096& ()- "10%8& ()- "1098& ()- "10%$& ()-
"109$8& ()- "10%& ()- 7777777nN.B "10%8& ()- "10%$&' ()ReplaO9b&t (Jneet
"109$& ()- "10%$& ()- 5Wh 3#)" 78888 88nmM B "10%$& ()- 05/02%&I0n) - " 10%B& () -
5Wh 3#)"$" 109$8& ()- "10%$& ()- 8888!8"8#8I.1B "10%$& ()- 5Wh 3#)"" 10%$& () -
"109$8& ()- "10%$& ()- "10%$& ()- #828888888+9vU4 10% $& ()-3 & 10% $& () -

310% $& () - 10" 10" 10"
| CLAIMS

1. A copper-graphite composite matetial having an IACS value of at least about 40%
which has been formed by mixing, compacting and sintering mixtures of copper
powder having a purity of about 99.9% and graphite powder comprising a copper

5 network matrix having a plurality of potes thetethrough, at least séme of the pores

containing graphite to provide a microstructure of graphite islands in a copper

network matrix..
2. A copper-graphite composite material accordiﬁg to claim 1 having a density of at least
about 6.0 g/cm’. '
10 3. A copper-graphite composite matetial according to claim 2 which includes a

proportion of additives chosen from any one ot more of Zn, MoS, and Si.

4. A copper-graphite composite matetial according to claim 2 wherein the weight

percentage proportion of coppet in the composite is at least 68%.

5. A copper-graphite composite material according to claim 2 having a density in the
15  range from about 6.3 g/cm® to about 7.6 g/cm’.
6. A coppet-graphite composite material according to claim 5 having an IACS value of at
least 45%.
7. A coppet-graphite composite material according to claim 6 having a Vickers hardness

of at least 58.

20 8. A copper-gtaphite composite material according to claim 2 whetein the composite has
been formed by mixing, compacting and sintering mixtutes of copper and graphite

powdets and the copper powet is sized in the range 5 micrometers and about 10 mesh.

9. A copper-graphite composite material according to claim 8 wherein the copper

powder is sized in the range 10 micrometets and about 400 mesh.

25 10. A copper-graphite matetial according to claim 2 wherein the composite has been
formed by mixing, compacting and sintering mixtures of copper and graphite powdets

and the copper powder has been cleaned and annealed in a controlled atmosphere

ptior to mixing.



" §,S:710% & () -

f* 109% & ()-+939: 9591 9X9b9 2vU4 1 10% $& ()-1 10% $& ()- 1

» 0% B& ()-1 10% P& ()-1 10% $& ()- 10% $& ()-b9n9z99999 5vW4 )?{ 7} 1
10% $& ()-1 10% $& ()-1 10% $& ()-1 10% P& ()-1 10% $& ()-9999999d: vu4
)2 711 10% $& ()-1 10% $& ()-1 10% $& ()-1 10%réSddcemdnt Sheet
10% $& ()-9999999d:v4d ))?{ 7} 1 10% 3$& ()-1 10% $&o0b6yed/2080% $& ()-1
10% $& ()-1 10% $& ()-9999999d: vU4 ))?{ 7151 10% $& ()-1 10% $& ()-

10% $& ()-1 10% $& ()-1 10% $& ()-9999999d:vW4 ))?{ 7} 1 10% 3$& ()-1
10% $& ()-1 110% P& ul ra%l@%xﬁ&eﬁ&l‘aécot&ﬁg@d‘ﬁéaﬁ t(PPRerein: théigr\i%riﬂte)ﬁo“{dez Yizd is

10% $& ()-1 10% $&

10

15

20

- 25

30

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

0% $& ()-1 10%$& ()-1 10%

no greater than about 5 rmcrometers

A method of preparing a copper-graphite composite matetial as defined in claim 1

comprising the steps of:

purifying coppet powder by annealing copper powder in a reducing
atmosphere and cleaning it;

mixing the purified copper powder and a graphite powdert;
compacting the mixed powder to producé a compact, and
sintering the compact at elevated temperature for a time sufficient to form the
copper-graphitecomposite material.
A method according to claim 12 whetein the temperature is raised to a level in the

range 600°C to 850°C during the annealing step.

A method according to claim 12 whetein the compaction is two-directional and the

pressure of compaction is in the range from about 500 to about 1600 MPa.

A method according to claim 12 wherein the temperature of sintering is in the range
from 960°C to 1100°C.

A method according to claim 12 whetein sintering is catried out in a non-oxidising
atmosphere.

A method according to claim 16 whetein the non-oxidising atmosphere includes any

one ot more of carbon monoxide, hydrogen, water reformed natural gas, reducing

endothermic or exothetmic natural gas mixtures and/or mixtures of any of these with

aless reactive gas.

A method according to claim 15 wherein the non-oxidising atmosphete is reducing

and comprises a2 mixture of hydrogen and nitrogen.
A method according to claim 12 wherein the mixed powder is dynamically compacted.

A method according to claim 18 wherein the shock frequency of dynamic compaction

is 150 Hz to 250 Hz.

A method accotding to claim 12 whetein the cleaning step includes any one or mote

of magnetic, electrostatic or centtifugal separation steps.
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