*166166* 05/05/2003 1 LOWRESISTIVITY MATERI ALS W TH | MPROVED VEEAR
PERFORMANCE F CURRENT TRANSFER AND METHODS FOR PREPARI NG SAVE
5 FIELD OF THE M e present invention relates to a low resistivity
material with i ar performance for electrical %L)h b transfer
and met hods for prél8fSng sane. In a particular non-1i mi%i éﬁ@ Bect, t he
invention relates to a copper-graphite conflosite naterial prepared by a

powder netal lurgy (P/ route which shows inproved electrical 10
conductivity conﬂaé)éﬁ STAVERYi MATERALS WEPH IMERQVEDWEAR

materials, while _majntai mCﬂ% hi &her densi t t han ot her SI m | arlg %:repar ed
materials. It ﬁBEQBMA(N GURREN

conposites. BACKGROUND OF t eri aI s for use
in applications such as brﬁﬁtﬁﬂéﬁoﬁﬁﬁﬁﬁﬁ% light rail
systens are known. The preparation of these materials my be via P/IM
.techni ques. However, currently available materials tend to exhibit either
| ow conductivity or cause excessive wear of counterpart conponents. The
present invention seeks to provide materials and net hods of preparing sane
whi ch areé dFIELDORITHEDINYENTION ating these difficulties significantly. 20

DI SCLOSURE OF THE | NVENTI ON According to one aspect of the present

i nventi on, t'ﬁbcfptebéht ﬁ}rveum&eﬁlaaesaepp@«mgsﬁsaphy irAteriBIOMHD Ehprovedivedri pkfohaxhdedor
an | ACS val u | east bout 40 ch has been forned by m xing,
conpacting & EF“%‘F“iF‘étF‘?”r'i&aﬂﬁ %%*baéqpaﬁm -having a purity of about
99. 9% and gIraphlte powder, corrprl SI ng a copper network matrix having a
plurality oflngopasticues nopdimiting epest, theanyeasen relyawtost canpst- pUPhise enRAHtA| ng

graphite to rHEtQMAI‘iiﬁqﬁxéH 5 L& bibefti®ly PIMGRENE SHicH B3GR idaProted QRPELAL

network matrix
10 conducuwty compared with conventional copper-graphite composite matetials, while

maintaining higher density than other similarly prepared materials. It also relates to devices

and systems including such composites.

BACKGROUND OF THE INVENTION

Carbon composite matetials for use in applications such as brushes and contact materials in
15  light rail systems are known. The pteparation of these materials may be via P/M techniques.

Howevet, currently available materials tend to exhibit either low conductivity or cause

excessive wear of counterpatt components.

The present invention seeks to provide materials and methods of preparing same which are

directed to ameliorating these difficulties significantly.

20 DISCLOSURE OF THE INVENTION
According to one aspect of the present invention, there is provided a copper-graphite
composite material 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 network matrix having a plurality of pores

25  therethrough, at least some of the pores containing graphite to provide a microstructure of

graphite islands in a copper netwotk matrix.

The copper-graphite composite material mote 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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The capper-graphite conposite material nore preferably has an | ACS val ue of
at least 45% and a density of at |east about 6.0g/cnB. Preferably, the
conposite materials have a density in the range of from about 6.3 to

7.6/ cnB. 05/05/2003 2 The follow ng explanation of thg Wﬁ% P mhlch t he

I nvention provides inproved performance is offered as a ery” mechani sm
The invention is not dependent on, not is i2limted by the expl anation. 5
The conposite materials according to the invention advantageously exhibit a
self lubricating function resulting fromthe formation of a transfer
graphite layer onto the surface of a counterpart conponent. The self-

| ubri cati ng f%%fquéwlft&‘exphea't%mféhe gﬂanphzhehﬁbfrTw?lttoa prmgagixqirom‘df[?ﬂ:fo&meﬁc}e
rotects the thus tends.the |ifeti 0 e C erpa

'FI)'hl s may adva%t(:& g{éueegus? B% SFhat n|3v2‘}(’| hnvﬁ?%?%%ﬁoﬁaepafﬁg‘s‘gﬁ“eﬂ‘aﬁ ‘ﬁbtq{"‘ﬁéed by the

lifetinme of, éxplanenanpl e, 10 railway electrical power transm ssion systens.
Mor e particul arly, it is estimated that the Ilifetine iii such an

appl i cati on riHye degnosite idediaRhc@sdiged dasinbdiRa aHHﬁ%eBﬁJlf‘EilHﬁti?eledB&ﬁﬁ%hy

used nmateri al Thus the invention provides in one aspect” a materi al

can be nount e‘i'sinﬁﬁ?“are ﬁ‘ﬂ ?@ﬁhe forpatign pfip Itxmsfeltgraplnt@e»@hoa@ the pmifaa:e;iﬁge

whi ch i ncl ud qutpc%r i RS 5 h i naf t er scri bed. as
an el ectri_cale&ggtr?t act fe ﬁnﬁggc.%l%vs%ng %%ﬁ%‘?’ T% %C#]O(I)lvogfr e%ld’Pﬁf)ﬁgp 9 fRraposite
al so i ncl udesngend effectivaly pirstects thesyRinedrpart3hd gnslktends ﬂﬁﬂﬂaidlué ef tbe{cﬂlanterptart
referred e di nent, t he vaI e.of. the conposite material is a eas
055 s i 1 TR YA Gt e LS Er A PORIEF B PoRh P e Bing the Liesiae podiar cxample,

per cent age | Sailwy efdcaitaigsdives @AHEL LN E})étenw %br%tﬂa\’ﬁ&m Up E(ies@ugﬁdeAn <t e

material's property of conduction based on the I'nternational
Copper St andé!?“d’é“e(lpA an gpplisptiginrgay be etended\byns ch nh thremtioes welasiventy clreently

prepared by pied fskeddld conpacting copper

~ Thus the invention prowdes in one aspect a matenal Whlch can be mounted on a pantograph
fora railway train such as a pole shoe which includes a coppetr-graphite composite as
15  heteinafter desctibed as an electrical contact for receiving power from ovethead power lines.

It also includes power transmission systems using such a composite.

In'a preferred embodiment the IACS value of the composite matetial is‘at least 60%. ' As will
be'understood by a petson skilled in the art, the IACS percentage is the standard conductivity
(resistivity) used to judge a material’s property of conduction based on the International

20  Annealed Copper Standards (IACS).

- According to the invention the materials may be prepated by mixing and compacting copper
and graphite powders under certain conditions, and then sintering the compacted materials.
The various steps of the process may suitably be cartied out under non-oxidising conditions,

such as under a reducing atmosphere.

25 According to a further aspect of the invention there is provided a method of preparing a

coppet-graphite composite material comprising the steps of:

purifying copper powder by annealing copper powder in a reducing atmosphere and

cleaning it:
mixing the purified copper powder and a graphite powder;

30 compacting the mixed powdet to produce a compact, and



!and graphite powders under certain conditions, and then sintering the

i conpacted materials. The various steps of the process may suitably be
carried out under non-oxidising conditions, such as under a reducing
at nosphere. 25 According to a further aspect of the iqﬁgag' there is
provi ded a nmethod of preparing a copper-graphite conpOsite€ terial

| conprising the steps of. purifying copper péwder by annealing copper powder

. in a reducing atnosphere and cleaning it: mxing the purified copper
powder and a gr aphs$interipg thteqompagutclmpted tanmprithe: fior X ¢icheoffibimt tofqrroiie eepper-
conpact, and 05/05/2003 3 sintering, the conpact at el eva tenperature
for a tine suffici é’ ﬁ&n ?eoc?n(ﬁo R’f ﬂ]@{cgglppﬂ}e-m@ggt&ﬂ“f aeisslergl thﬂ’fﬁlaé’laf}%‘?g Pattigle
copper powder nay szH éfald) predtavafabiciit 10N, R thie GLhits bs€dH mpPsuth B thave 4 han
about 10m and the graphite powder may suitably have a particle size of no
greater than aboutPatsle 5zqpEne gicater thep sbetyPronc| ude conpacting the wel |
m xed powders using a pressure in the range of from about 500 to about

1600 Mpa. “Thelhasepditions magdndletls compaetitgtle wiel miserbpaydsis ushgwipressue inhthe farge
of conpacts CORES i an of from960C to 110PC for a
pr edetrrgrm' negéf;%nlgod unsggrq‘ggl?\éugtlhgtgp &r gﬁﬁ%agﬁﬁcﬁl’,é& EHRAPTF SePpaqist

process nmay ipvsidecim thayorhi bfcompartas s tahpdinitd ﬂﬁghamlge ﬁB&SH%OSQQB 1?(?0;% ok a
ot pressing or

10 exanpl e hot jsostatic pressing (hipping),. isolate

vacuum si nt eﬂ’?f&?e“‘ﬁﬁfél&egﬁﬂé'é‘affdﬁ‘ %Pof re@fdetndNe graphite powders
followng the mxing step is preferably performed by either ]

t wo- di rect i orfer % ks g maydnskade 495 oghes Prorsss offeating ansl pressing sughas, for

1600 Mpa s ShaPe e cr oy iR ERIPRR i FARU fo e TP B il 0%

alternative | S.d ] cting. en. dypam.c conmpact i IS
enpl oyed, t htquJ“s3 ﬁgéiga‘%drygq%ﬂetﬁ% ggﬁ%%%} ér% EE gebﬁg?/wl o %/(1\@8‘”%“%%% g¥ng pis lsa%rSFf?abl%O
to 250 Hz. Spetfommestigodither eopidinayiondllcompadtitgv@ dynamic compacting. When

two-directional compacting is employed, a compressing pressure of from about 500 to about

1600 Mpa is applied preferably for a petiod of from about 5-10 Minutes. The alternative to

15 this is dynamic compacting. When dynamic compacting is employed, the shock frequency is
preferably in the range of from about 150 to 250 Hz. Such a shock frequency will achieve a
similar result to the_appli_cau'bn of a constant pressure és described above for the

two-directional compacting method.

The coppet powder used is advantageously of commercial grade purity or better, and is

20 preferably of about 99.9% purity. The vatied particle size of the copper powder facilitates the
optimisation of the “particle size effect” on mixing of the copper and graphite powdets. For
example, coppet powder may be used at sizes of 10 micrometers (about 600 mesh) and 40,
150, 200 and 400 mesh. Preferably, the patticle size of the copper powder ranges between

about 5 micrometers and aboué 150 mesh.



|

simlar result to the application of a constant pressure as descri bed above
for the two-directional conpacting nmethod. The copper powder used is
advant ageously of commercial grade purity or better, and is 20 preferably
of about 99.9% purity. The varied particle size of the. gepprrRop®»Wer.
facilitates the optimsation of the "particle size effect” on m xing of

t he copper and graphite powders. For exanpe, copper powder nmay be used at
sizes of 10 microneters (about 600 nesh) and 40, 150, 200 and 400 nesh.

Preferably, the rticle size of the,.co powder nges _bet n about 5
mcrometers ang ‘%g TP gﬁr ﬁé‘gﬁ%“t’t%?b%? %%8?‘% Oﬁlﬁ%s %‘b%g’é‘ﬁy 85@58 S are not
advant ageous|pfesetiCdh the phrtield sdefcaan Astshith) liya ?M&i@i&dﬂnﬁddhﬂ&nt&he cHsfer pBWa@&S Nt

on the particle surfaces, As such, in a preferred enbodi nent the copper
powder, pri ¥Of b wixngwithhegraphite posider ixclesgad and annealed dnyp sontelled 4

in a control | 8.8t FRRRRE  Sich W Gl ' . XL ;

hydr ogen and ni trogen. hgr%s]tl .aa%e&?%gﬁdé nan@ﬁg{aﬁ%zpﬁgggéé&n%% %ﬁ%‘fm

car bon nohoxiatheesphgws mge mcludetcerbonahonaxslt, alrogenl watzs refomdectnangral gas, reducing

dot h ' th ' t | 1.Xt ur d/ ' of . t hese,
Wih Tose rodehamipatab i deodf Braianisarafdmirye hies wlintre
at a tenper abiesth af h¥HoeR OPLefGING i is WEted gpgten?etﬂ%fel of Horh tl660°C to

0
under st ood by those skilled in the”art that the tenperature for cleaning

and anneal i n@baitldb0UE pewill Iebsdil indedstopd & théie skiled irCthe asd tha thE ténijRraQfeFes
powder. 10 The copper powder may also have been treated to _renove unwanted

i mpurities. Mespiggand aansdingrvll idepenskupstantipllp an theppriige sign pf theisopperepowder.

Alternatively or additionally, lighter non-magnetic materials my be

renoved BY prAbeeapnsspevder may dichave bsemtrpatedio remove phwepted impyritieat Aonagrthe
graphite po r fer € DAkl | ze . .eat er than

about 5m an\é\@%ﬁﬁg?g%gf’%gﬁ)fqﬁgﬁs)k% t%gx’t I'C S£e)' ‘é%tézrglkt?vﬁ%{ read(ra;aur?glgu)g?1 fom about
Imto about fon-magneicpnaémgily ey bertumibved by prdvessgs aythi dselqoovstetic orscentrifugal

el ectro-grade quality. As is the case in known P/ M processes, other-

“met al | ur gi cafPP rs may be included as

The graphite powder should preferably have a particle size of no greater than about 5pum and
15 preferably has a particle size in the tange of from about 1um to about 2um. Ina preferred
' embodiment the graphite powdér is electro-grade quality.
f

As is the case in known P/M processes, other metallurgical powders niay be included as
additives. These may include, for example, Zn, MoS, and 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 powdet. Preferably, the powder mixing is

performed at a relatively slow speed, such as about 150 tpm in a conventional mill.

As discussed above, the compacting of the mixed powder is advantageously performed by a
two-directional compacting method or 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 hete is defined as load/cross

sectional area of the compacting die.



additi.ves. These may include, for exanple, Zn, MoS2 and Si. (Note: the Si
additive may be in the formof a silicate.) 20 As descri bed above, the

m xi ng of the copper and graphite powders is perforned under conditions to
prevent oxidation of the copper powder. Preferably, the5posw2e03m xing is
performed at a relatively slow speed, such as about 150 rpmin a
conventional mll. As discussed above, the gonpacting of the m xed povvder

i s advant ageously perforned by a two-di rectional conpacti ng rret hod or

dynam c conpagting method. The 25 co i on, pressu ab
Voo hi oh haPeiRfepRe it phR i Sitie R, P CURE ek oL e Pa? ot
subst anti al | abBugi100°C. Methe hélding Gonviarhé Qﬂﬂi&)&uﬂ& nklfbn%Mf&rﬁé‘déf’fhﬁk&% as Wolkl

S generall(yb&about 690 Moa. It is worth nO“[JI’g at the pressure here is
defined as | dmﬂwgdergtee@ PpHse srilled igithe s Thapedbecinggrapsphegspedimbes 5

The sinterin ¢/ 139 Y, f from
about 960C &SR Ao cf B0 Aol O NPkl el i iR (0
t he furnabe faanodphtieas tlaesfuyeeé.d be readi |y understood by those skilled in
the art. The reducing atnosphere used in the sintering step preferably
consi sts of IOMII-H% wkdelrsERb thht the b@lePtoctssispioddat foe kerdmplHicatismsglhas £ i n

t he -fur nace. ?f{l tggu erstodthat t he above rocess, i s owddfor
exenpl i ficat ipb‘?‘fe e SOmRostmatstiak of thedgventionc Giedpetaods may

materials of ;khe b&gﬂgk%ffbwﬂdfiﬁh (B PRSI B  orrfilosife RBtcRNHOME thiRMh AL us

t hat these produce osite material having the advant ageols
char act er i st chaacterisieswrdepatbeddenin. 10 BRI EF DESCRI PTI ON OF THE
| LLUSTRATION Figure 1 illustrates the typical mcrostructure of a

Toventi 35@"“9@5'9%%@"2@"@* TRERLUSTRRRIONT " Conor “mat i x  has sper sed

h | hi d
bove, |t ni o ERTRL WotragpR Bl B orsite B APt sl FangRas el

above, this
advant ageous bi;épﬁ)d’eﬂ\m ﬁiﬁ:&rdince with the invention. As can be seen from the figure, the copper matrix

has dispersed therein a number of large pores enclosmg graphite islands. As mentioned
| above this network of copper with graphite dispersed t.hroughout advantageously provides a
15 substantial i improvement in the electrical conductlwty of the composite material, and also
. advantageously suppﬁcs graphite which forms a lubricating carbonaceous film between the

sliding patts, i.e. the current collectors (contact material) and the electrical contact wires.

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 more detailed information on particular embodiments of the
composite matetial 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 were prepared in accordance with the methods described
hereinbefore, ie the copper powder having a range of particle sizes of 10p,.40, 150, 220 and
400 mesh was cleaned by electrostatic and magnetic separation. It was then annealedin a

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



15 substantial inprovenment in the electrical conductivity of the conposite
- naterial, and al so advantageously supplies graphite which forns a

"~ lubricating carbonaceous filmbetween the sliding parts, i.e. the current
" collectors (contact material) and the el ectrical conta@}/0Bf/2088. Parti cul ar
enbodi mrents of the present invention will now be described with reference
to the follow ng exanples. The exanples are provided for exenplification
only and should not be 20 construed as limting on the invention in any

way. DETAILE [ BRERE f t bI e
provi des mrgnggfféﬂ%k?ﬁ\l?or rra-g%jll;on onE}paéQrgE’eEE/Far e 3%“};‘2%1 sfq”g}l&fmﬂle%r
conposi t e natmvwdat had epmuehl sz rmge@f damnae 2uii MTHenRixinte @At campadied winFa Of
chem cal 0Sj. si cal properties, heat capac s, electrical .
properties aﬁg'ot eB’ES‘P‘B‘bF%‘éP“?‘BgB § EQMpagkiag é‘ﬁPﬁSPé&a‘} T&B’P‘Bacfe‘i\g‘l”@“"e n
prepared in aea@wrgmecaﬁlﬁdat HhesiffleAqdS RS fhd REGs uh?fﬂu@xh%fagﬁ@sfhkx% at 6%
copper powder having a range of particle sizes of 1Q 20 and 400
mesh was &8I edwdpgby ard 8¢Yormtsogeni a‘hammtmwgnenpqamwmmubnmngc 96RF€ tohld A0°C.
annealed in a reducing atnosphere of 10% hydrogen and 90% ni trogen. The
05/ 05/ 2003 6 1annedNedinabglpericad cowlpositias are giech iniTableot.her powder conponents,
of which the graphite powler had a particle size range of Imto 2m The

m xture was conpacted using a two-directional conpacting or dynamc
conpacti ng approach and the conpacted m x gf‘ni)n the formof a conmpact was
sintered for about two hours in a reduci néJfl sphere at 10% 5 hydrogen and
90% nitrogen. The sintering tenperature was in the range 960C to 1100C. 1)
Nomi nal chenical conpositions are given in Table 1. Table 1 Sanpl eWéi ght

proportion A TA Tl MXture (B C G CM
No. CuG aphi { e3ampIkb 5ZSi Weightproggutiamnin initial mispue1(%¢)- 0. 50. 5CUGNEM.
No. | Cu | Graphite | Zinc | MoS, Silicate suggested name
1 92.0 7.0 - 0.5 0.5 CuGMnSi
2 | 890 10.0 - - 1.0 CuGSi
3 87.0 | 110 | 15 ; 0.5 CuG12ZnSi
4 850 | 150 - - - CuG
5 82.0 17.5 - - 0.5 CuGSi
6 680 | 270 2.0 1.5 1.0 CuGZnMoSi
7 80.0 15.0 - 5.0 - CuG15Mo
8 780 | 165 - 5.0 0.5 CuG16Mo5Si
9 75.0 15.0 - 10.0 - CuG15Mo10
10 70.0 | 23.5 2.5 4.0 - CuG23Mo4Zn




2.89.010.0--1. 0CuGSi 387.011.01.5-0.5CuG12ZnSi 485. 015. 0---CuG
582.017.5--0.5CuGSi 668.027.02.01.51. 0CuGZnMSi 780.015. 0-5. 0- CuGL5Md
878.016. 5-5. 00. 5CuG1l6M5Si 975. 015. 0- 10. 0- CuGL5Mv10 0 3

1070. 023. 52. 54. 0- CUG23Mb4Zn 05/ 05/ 2003 Sore. neasur ed DIyl 410 properti es
are given in Table 2: Table 2 | Sanple Dengity Max Operation Melting
Coefficient of The tizial No.(gr/em)Tenperature point thermal . expansion
conductivity (O (C (x10" /C(Wai-101D 16.984. 45010851730 - :

2-7.049. 45. 108%16. 38354 nitdsdbPRAIABEloperticd 2rddfiven in Table 2:

Table 2 -

Sample | Density "Max Operation | Melting | Coefﬁcxcnt of T Thermal
No. (gr/ Cﬁ?j) Téippezatuxg _' .P'(si”flt thcmélzexl;i'ns-iﬁn conductlv:ty
o T co | w0 (W /m-°K)
1 | oeom | a0 | oo | e |
2 | 7.049 - s 1085 | "ie.zét_ ! 354
3 7845 470 1085 1602 36
4 | 632 | 410 1 ross | sz T oo
5 ] 6656 480; . | 1085 |. . 1572 |- 326
6 | 6163 480 - 1100 1065 o
7 | 7119 480 L1100 | 1_4& o us
8 | 6837 480 1100 | 1350 310
9 6.370 480 1100 | - 1224 299
10 | . 6.300 ' 480 1100 | 11,56 978 p

Note: Underlined data are estimated values. Maximum operation temperature is a
5  suggested temperature beyond which it is estimated that the properties deteriorate

rapidly.



4.6.372470108515.82 5 ,...... 6. 656...10851-5,72- 6 .6.163480110010. 65271 7
7.1194801100 . 14.48. . 8 8 -6.837480110013.50. 3 1 0

96. 3704801100. 12. 24229 1.0. 6.3004801100' 11. 56278 Note: Underlined data are
“estimated val ues. Maxi num operation tenperature is a 0%(2ydé8d%d t enperature
beyond which it is estimated that the properties deteriorate rapidly.

05/ 05/ 2003 8 3) The heat capacities* of CGQM are given in Table 3, as

cal cul ated fromthernodynam ¢ data. Table 3 Sanple No.abx103cx103Tenp.

range(K) 15.2851.288-0, 158298 ; 25 2251 4370, 210298 -, 1 35 .
e 431 &) 55 I08 HeacARgfest of CEXM 55 et in Tab1e’s, 38 Bfidilared oM Brermodynamic
55.1541. 409- @a268298- 1, 356 64.9731. 379-0.567298 - 1, 356

75.2111.473-0. 315298 - 1,356 85.1651.458-0.347298 - 1, 356
95.0641.429-0.378298 - 1,356 105.0391. 41579pfe31298 - 1, 356
Copper 5. 4101. 500- 298 - 1, 356

Sample No. a bx10? cx10° Temp. range(°K)

1 5.285 1.388 -0.158 298 ~ 1,356

2 5.225 1.437 -0.210 298 ~ 1,356

3 5.207 1.431 -0.252 298 ~ 1,356

4 5.214 . 1.428 20315 298 ~ 1,356

5 5.154 1.409 -0.368 298 ~ 1,356

6 4.973 1.379 -0.567 208 ~ 1,356

B 7 5211 | 1473 -0.315 298 ~ 1,356
8 5.165 1.458 -0.347 298 ~ 1,356

9 5.064 1.429 -0.378 298 ~ 1,356

10 5.039 1.415 -0.504 298 - 1,356
Copper 5.410 1.500 - 298 ~ 1,356

5 *Note: Cp = a + bT + cT? (Cal/°K mole)



5. *Note: Cp =
and nmechani cal

a + bT + cT2 (Cal/K nole) 05/05/2003 9 4) Conpacting stress
properties are given in Table 4. Table 4 Conpacting Conpress

Modul us Ductility Vickers Sanple stress strength of (EL in Possion's
hardness No. (MPa) (Mpa)el asticity 1.5 in) ratio(VH) (Ma)a/¥5/2003
152320087200. 3278 -80 252318578180. 2868-86 352317260180. 2660- 69
452317554200. 206079 552316739170. 318090 652810528170. 216572

4) Corﬂpacting stress and mechanical propetties are given in Table 4.
Table 4
Sample | Compacting | Compress | Modulus | Ductility | Possion’s | Vickers
No. stress strength of (EL in ratio hardness
(MPa) (Mpa) elasticity | 1.5 in) (VH)
opa) |
1 523 200 87 20 0.32 78 ~80
2 523 185 78 18 0.28 68~86
3 523 172 60 18 0.26 60~69
4 523 175 54 20 0.20 60~79
5 523 167 39 17 0.31 80~90
6 523 105 28 17 0.21 65~72
7 523 150 42 15 0.15 70~89
8 523 140 35 14 0.18 75~82
9 523 138 32 14 0.12 86~92
10 523 120 30 12 0.13 58~67

Note: Underlined data are estimated values based on calculation of composite materials

5  properties — ASM, Metals Handbook, - Composite Materials.




752315042150. 1570- 89 852314035140. 1875-82 952313832140. 1286- 92
1052312030120. 1358-67 Note: Underlined data are estinmated val ues based on
cal cul ation of conposite naterials 5 properties - ASM Metals Handbook, -
Conposite Materials. 05/05/2003 10 5) Electrical propebies/2603these
materials were neasured and are given in Table 5. Table 5 Sanpl e Percent age
Qperating Resistivity Max. current No.of |AGH* (% Vol tage (V) ((S2cm

20C) density (anp/ mm 165. 86005. 0518 276. 46004. 7420 359. 06006. 1416

469. 06005. 2515) 567 F2&00a] pRborRd6f BEQ0RatéAdd wéRinbRART 6813 éée% N OORR 2413
96. 196005. 8512 1043. 06008. 4210 Note 1: The percentage of IACS is the
standard conductivity (resistivity) used tp,jjddge the

Sample | Percentage | Operating Resistivity Max. current
No. of IACS* (%) | Voltage (V) | (uQcm 20°C) | density (amp/mm?)
1 65.8 600 5.05 18
2 76.4 600 4.74 20
3 59.0 600 6.14 16
4 69.0 600 5.25 15
5 67.2 600 5.39 | 15
6 46.8 600 7.74 14
7 64.6 " 600 5.60 ' 13
8 42.9 600 8.24. 13
9 - 6.19 | 600 5.85 12
10 430 | 600 842 10

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

5 material’s property of conduction, and is based on the International Annealed Copper
Standard (IACS) adopted by IEC in 1913, which states that 1/58 Q mm®/m and the value of
0.017241Q2 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.

10 Note 2: Underlined data are estimated values. The current capacity is calculated from the
electrical current which can pass through 1 mm?® area of matetial with no damage to that area

at maximum operational temperature.



5 material's property of conduction, and is based on the International
Anneal éd Copper Standard (I ACS) adopt ed by 1EC in 1913, which states that
1/58 92 m®2/ m and the value of 0.01724152 gm nm®2/ m and t he val ue of
0.15328 S2 gm n2 at 20C (68F) are, respectively, the ings¢pnaiopgnal

equi val ent of volunme and weight resistivity of anneal ed copper equal to
100% conductivity. 10 Note 2: Underlined diia are estimated val ues. The
current capacity is calculated fromthe tri caIh current which can pass
t hrough. 1 mmRgare th no danage to that area at naxi num
operatgi onal tgme?g%?lggkgg}t%f%w 11 6. Tribological properties Table 6

Wear Factor Coefficient of Layers Sanple I;Q%;il 4 RWear Rate (a)friction
(uytransferring rate** (10"" A/n) 11.649. ©B3.13 21.759.170. 22. 52. 26-

2 0 0 T R I ek (T T 1
99. 3845. 900.183. 59 1010. {&i¢* KPO.[186. 23 friction () - transferring
| rate¥* (107 A/m)

1 1.64 9.23 0.25 3.13

2 1.75 9.17 0.22-0.26 -

3 143 9.32 025 4.19

4 2.56 14.60 0.22.0.26 .

5 1.17 5.87 0.20-0.24 -

6 1.69 10.50 0.18-0.21 -

7. 1.28 7.97 0.22 297

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

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

5  10° wear cycles).

Noze 2: Double underlined data were obtained on undefined metal (copper) sutfaces before

wear test.

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

The following table summarises the relevant propetties of other materials containing copper
10 and catbon 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 accotdance with the

materials of the invention, 43% IACS being the lowest value in this respect.



*Note .1: The tribol ogical properties were neasured under the conditions of
normal load - 13.5N, sliding velocity 0.25m sec and the counterpart netal
i's pure copper contact wire (after 5 108 wear cycles). Note 2: Double
under i ned data were obtained on undefined metal (copper§5/98/38es bef ore
wear test. Note 3 (**): The data for rate transfer was neasured using a
specially designed testing device. The folijbowi ng table sunmarises the

rel evant properties of other materials containing copper 10 and carbon
prepared by conventi onalraBidV: CoedinéraidEmatetibls hailble for uwsebif Blgettibd contaets

hi ghest conductivity listed in the table is just-above40%+ACS—wth—Hhe

Composi L et ccos Pé‘@*p‘*rbéﬁa?eﬁi’?a“i%‘%& e e 1ot the”
g
Tabl e 7: Colmet ci P rat erilal's adel Pl 6 for |use of araedri cal leontacte |
Con o e Cod P90 TempRsd ' Tcr ol 1 o5 500 2180 5681 sar app ez Y578
40Cu, 60Gr aphiteZ, 75452 50CuU, 50G.aphi t 3. 052. 535 62¢u, 38& aphi t e3; 65328
65Cu, 35G aphifCust4amnphity o, ZSngghlteS. 250. 5121 92Cu, 8G aphite7. 304140
40Cu, 60Graphite 275 4 52
50Cu, 50Graphite 3.05 2.5 35
62Cu, 38Graphite 3.65 3 28
65Cu, 35Graphite 3.15 3 30
75Cu, 25Graphite 3.25. 0.51 21
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 35 8 20B
75Cu, 25C 4.0 21 18
95Cu, 5C 7.57 40-46 38HR15-T

It is envisaged that the composite materials 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. Furthermore, the patticular 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 variations such as “comprises and



95Cu, .5G aphite6.303438 96Cu, 4G aphite7.754240 21 Cu, 79C2.20.2528 35Cu,
65C2. 5228 50Cu, 50C2. 75528 65Cu, 35C3.5820B 75Cu, 25C4.02118 95Cu,

5C7. 5740- 4638HR15-T It is envisaged that the conposite materials of the

i nvention may be used as contact brushes for el ectricad5/@b6f208,
pant ogr aphs and pol e shoes for light rail applications, power generators
and other electrical conponents such as swiqts,ches, etc. Furthernore, the
particular method of 5 production descrlbe3 above i s advant ageously
relatively sinple and econonmi cal . Throu hout this specification and the
cl ai ms_whi ch ‘Fompaing uw#blsesurtdqtstwfpm yrtag inchusion oftaited Sucger ALSTABP of
COITpI’ I se” \?\% ¥fl§ s@ép's 1?[13%@ Qxﬁusl&p gf'fdy%%ﬁer 1@1!8 IQé{%Q(ﬁ%)fz&gﬁts % S Or steps.

COI’TpI'I Si ng , e un er st OO to | the i ncPusi ated | teger
f {
o 9rOup O ATLERRES SR g B B B R

t hat the i nveadtons sebbdificstidne othdd tha tﬁd&&@ﬁhﬁ&lﬂg describedyr 1tdd tcﬂﬁ’ESur&l&dstood
nodi fications other than those speC|f|caIIy g schbed It is to, be

under st ood 5 thak ghe ippRetipR Jashides All pyrk) agatonsjap FPEPRHL li‘ﬁf§"%ﬂﬂﬂ’n also includes
modi ficationgy .ffie sfﬁgyer%g@ BhiRsitiBhd HESm rﬁs{dnd?f:ef&ﬂi‘&i &L SNsdicdtERUhRS .

conposi tions and co ounds referred to or cated in this specification,
i ndi vi dual | ysprcifcatidre gidividuajly onnelleativelaaad ami arglolidometiinasions of araquomngnc of

nore of sai d 3ste1§)s Or%afeatur es. 05/05/2003 14 CLAI MS



+ 1.. A copper-graphite conposite material having an | ACS val ue of at | east

" about 40% which has been fornmed by mixing, conpacting and sintering

m xtures of copper powder having a purity of about 99.9% and graphite
powder conprising a copper 5 network matrix having a plo0g/@bsy2030f pores

t heret hrough, at |east some of the pores containing graphite to provide a
m crostructure of graphite islands in a coppgr network matrix.. 2. A
copper-graphite conposite material according to claim1l having a density of
at |east about 6.0 g/cnB. 10 3. A copper-graphite conposite materi al
according to claim2 which includes a prepaimgon of additives chosen from
any one or nore of Zn, MbS2 and Si. 4. A copper-graphite conposite nateri al
according to ¢l ai reln: i: R ' &, in
he composi (e i o ot cAREFihit Amblih RAGERE AQTACSIRAL L el JEARRG%
accordi-ng to cl ai nwidchhhas agn doshesashyt smixing, tdrepactibg had gjeteting mistheastof Gogpa/ cnB

to about 7.6 g/cnB. 6 copper-graphit osite /materjal according to
claim 5 having an ROXEE Qﬁ‘f’ﬂé BT‘“‘gtO? aF%‘&?ﬁ%@ﬁ&%ﬁPb&%%%ﬁf@?‘ﬁﬂﬁP@é cBppet
conposi t esmat eri alnefssRIHAHS hifing h lumifly BaYbregtRrithGkSk, 9t RASABRR DL tl pétes
| east 58. 20 8. A copper-gr ag‘_glnte conposite material according to claim?2
wherei n the conposPatiHaggrapbisntofpspyidela yicrestrugiue of graphite istgdaink eonpeer i ng
m xt ures of coppernewkgﬁﬂgpite powders and the copper power is sized in
the range 5 mcroneters and about 10 nesh. 9. A copper-graphite conposite

material accqrding to clai wherei.n the.copper.: powder,i.s sized i.n t
"ange 10 m cforret & SbRk EEBble CHRoE chptccal S eding FOSRIEY 1 S acentfl QA les
according to clai ebdut@ppin?.t he conposite has been formed by mixing,
conpacting and sintering m xtures of copper and graphite powders and the

copper pegden. has AbesppetLRPRARE caposAE Aol adddrding REIRI 2 RHlicRlinasRIQr €

prior to m Xxing. ) o )
proportion of additives chosen from any one or more of Zn, MoS; and Si.

4. A copper-graphite composite material according to clait 2 wherein the weight

percentage proportion of copper 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 copper-graphite composite material according to claim 5 having an IACS value of at
least 45%.

7. A copper-graphite composite material according to claim 6 having a Vickers hardness

of at least 58.

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

powders and the copper power 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 micrometers 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.



05/05/.2003 15 5 10 11. A copper-graphite material according to claim10
wherei'n the graphite powder size is no greater than about 5 microneters.
12. A method of preparing a copper-graphite conposite material as defined
in claiml conprising the steps of: purifying copper pesfdsy20)8 anneal i ng
copper powder in a reducing atnosphere and cleaning it; mxing the
purified copper powder and a graphite powdey; conpacting the m xed powder
to produce a conpact, and sintering the conpact at el evated tenperature for
atinme sufficient to formthe copper-graphiteconposite terial. 13 A .
met hod accor ditng tbCeoRPS-giapbitsymates ]r?cf?fé‘“’tgéﬁﬁgf‘%t efedn fhg sappute poRder iag is

in the range 600G Q.82 a8 nilkenadiigal i ng step. 14. A nethod
according to claim wherein the conpaction is two-directional and the

pressure of npac | 115, ¢l f f.0 4 15
5" A et hod 2o agot 3 efeshiliy b R oM@ R0Hpod int b Moilank iR B, 2
in the range frorofpfsing thelidpdGf: 16. A nmet hod according to claim 12
wherein sintering is carried out in a non-oxidising atnosphere. 17. A

met hod acgording to cl auffyldy dWpPeepdwddd By anfealiny Ebppen gortienis phateirgncl udes
any 20 one or nore of agg@gg&emﬁag@mgh’ ydrogen, water refornmed natural
gas, reducing endotherm c or exothermc natural_gas nixtures and/or

m xtures of any of the%x%ﬂwP‘&lqeé§§PP“éfa\’6’t“1d9éafgia%gmlilB‘FeIK"’h‘g‘f‘Hod accordi ng

to claim15 wherein the non-oxidising atnosphere is reducing
compacting the mixed powder to produce a compact, an

sintering the compact at elevated temperature for a time sufficient to form the

10 coppet-graphitecomposite material.

13. A method according to claim 12 wherein the temperatute is raised to a level in the

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

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

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

15 15. A method according to claim 12 wherein the temperature of sintering is in the range

from 960°C to 1100°C.

16. A method according to claim 12 wherein sintering is carried out in a non-oxidising
atmosphere.
17. A method according to claim 16 wherein the non-oxidising atmosphere includes any
20 one or more of catbon monoxide, hydrogen, water reformed natural gas, reducing

endothermic or exothermic natural gas mixtutes and/or mixtures of any of these with

a less reactive gas.

18. A method according to claim 15 wherein the non-oxidising atmosphere is reducing

and comptises 2 mixture of hydrogen and nitrogen.
S 25 19. A method according to claim 12 wherein the mixed powder is dynamically compacted.

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

is 150 Hz to 250 Hz.

21. A method according to claim 12 wherein the cleaning step includes any one ot more

30 of magnetic, electrostatic or centrifugal separation steps.



and conprises a mxture of hydrogen and nitrogen. 25 19. A nethod accordi ng
to cldim 12 wherein the m xed powder is dynamically conpacted. 20. A

nmet hod according to claim 18 wherein the shock frequency of dynam c
conpaction is 150 Hz to 250 Hz. 21. A method accordi ng t05/@3/200812 wherein
t he cl eaning step includes any one or nore 30 of magnetic, electrostatic
or centrifugal separation steps. 05/05/2003416 22. A nethod according to
claim12 wherein the reduci ng at nosphere includes any one or nore of carbon

~ monoxi de, hygpogem moaracétng 1S daid i 21 hkre@the rédidiifyl A@osphReiibEades sy @he or
exotherm c natural gas m xtures and/or m xtures of any of these wth a
| ess reactive gasmde 2fcathommonerdadiydiagengvater reformed netusy grse roslucing

reduci ng at nos phe%ﬁd@_ﬁ%k %gé\:ﬂ?wrﬁﬁ&'#ﬁtgl %s;@%ﬁ%%% /8l skd -of tfese AVith

met hod according t arm erelrn er 1 ncludes any one or
nore of Zn, MS2adsndrdactveddas. A net hod according to claim 12 wherein the
conponents of the copper-graphite 10 conposite are selected to provide that
the conposit @3.has Aamediadiatsording td elaibd 1) @héreidinthe adtidingGurrBogpherdcontpridboat 7. 6
g/cnB. 26. A nethod of preparing a copper-graphite conposite materi al

conprising the stEﬁWOfI}YGF‘?&e?P%%ﬁ%r powder by anneal i ng copper powder
in a reduci ng at nosphere and cleaning it; 15 mxing the purified copper
powder and aZfyr apﬁimethpémdlpg&)ﬁ?}&b?? Wbequethﬁi'Béé?f? Proviss inchides any QREQF TROKST
from about 500 toof'ngOMMg’a%n d sintering the conpacted powder at a
tenperature in the rahge o rom 960C to 1100C for a predeterm ned period

under an at n?éphekemg&xodH %cc%r:] é\l gd claim 12 wherein the components of the copper-graphite
10 composite are selected to provide that the composite has a density in the range from

about 6.3 g/cm’ to about 7.6 g/cm’.
26. A method of preparing a coppet-graphite composite material comprising the steps of:

putifying copper powder by annealing copper powder in a reducing
atmosphere and cleaning it; .

15 mixing the purified copper powder and a graphite powder ;

compacting the mixed powder at a pressure of from about 500 to 1600 MPa;

and

sinteting the compacted powder at a temperature in the range of from 960°C

to 1100°C for a predetermined petiod under an atmosphere of H, and N;

20 whertein the copper powder has a varying patticle size of no greater than
10 micrometers, and wherein the graphite powder has a particle size of no

greater than about 5 micrometers.
27. A copper-graphite composite material when prepared by the process of claim 26.

28. A pantograph for a train or ttam including a copper-graphite composite material as
25 defined in claim 1 as an electrical contact for collecting power from overhead power
lines.
29.  An electrical power transmission system including a pantograph as defined in claim 28

as a power collector.



20 wherein the copper powder has a varying particle size of no greater than
10*m crometers, and wherein the graphite powder has a particle size of no
greater than about 5 mcronmeters. 27. A copper-graphite conposite materi al
when prepared by the process of claim26. 28. A pantogrigh5fam03a train or
tramincluding a copper-graphite conposite material as 25 defined in claim
1 as an electrical contact for collecting ppyer from overhead power |ines.
29. An electrical power transm ssion system i ncluding a pantograph as
defined in cl3® m 28 dewige for RANSErng el povt2 HEBRIeER @dndutiors thovigdeMtic€td Qkh
transferring el ectrjcal power between conductors noving relative to each
other wherein at |¥hetwhaseinatleassone ofithecronductersepmpsiess azopppperphitagimpasite
conposi te accordijag, b, %@iaﬁ?&' 31. A nethod according to claim 26 wherein
the m xture is subject ed t6 hot isostatic 5 pressing. 32. A copper
graphite mtaqlal AEEAIH Mokt Halh 36 MRt the' i OBRShicBRAUS hot kst |
5 pressing.

32. A copper graphite material according to claim 8 wherein the copper powder sizing is
about 150 mesh.



