WO 2005/ 123580 PCTBR2005/ 000110 A PROCESS OF PREPARI NG MAGNETI C GRAPHI TI C
MATERI ALS, AND MATERI ALS THEREOF This application clains priority of
Brazilian patent application No. P10402338-2, the disclosure thereof being

her eby i ncovposinaseoby reference. 5 The present invent pefygR@Josibdsiot © t he
field of magnetic graphitic materials, nore specifically, to processes of

preparing nanostructural materials fromconmmercial pure graphite and
transition nmetal oxides in an inert atnosphere or vacuum and under heati ng.
BACKGROUND OF THE | NVENTI ON 10 Nanostructural carbonous materials are being

the focus ofa rRb¢EsStOrOPREFARIRS PAENEHIIC @HRrHIOTd MRTHAREN! hid MAPERTRLS rkrEoF
applications and the novelty of their physical properties. The possibility

of achieving properties of interest in nmacroscopic sanples of carbon - such
as long-lasting nagnetic properties at roon1tenperature - open a plethora

of applications. 15 These materials may be used N netlc I magi ng in
nedi ci ne, or else apphs @&Pi'@t'ﬁarﬂﬁ'%mf@r%9 'E?@H'ﬁ[]rﬂ enti appicatignle. oni cs,
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of econony. In addition, they do not | ead t material s having applicable

ferromagnet i melﬂeatmsphemwa@uummmetrheam 25 background magnetic signal
fehi ovi ng maBASGRAUNS SERAEINUENTBIF. | <), )" Sl Systems proved to have
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J. Phys.: Coindenest inviaceascopic sad@des of carbon — such as long-lasting magnetic
properties at room temperature — open a plethora of applications.
15 These materials may be used in magnetic imaging in medicine,
or else applied in nanotechnology, communications, electronics, sensors,
even biosensors, catalysis or separation of magnetic materials. However, for
many years, the existence of pure carbon materials that could exhibit this
type of property was difficult to believe.
20. Existing processes that lead to the obtainment of microscopic
amounts of magnetic carbon use nuclear techniques (proton bombardment)
or conditions of extreme temperature and pressure that make them
unfeasible from the point of view of economy. In addition, they do not lead to
materials having applicable ferromagnetic behavior when compared with the
25 background magnetic signal (which, in general, is strongly diamagnetic).
in spite of the efforts for achieving magnetism in organic
materials, very few systems proved to have this property. in the last few
years, with the discovery of new allotropic forms of carbon, this field of
research has been reviewed by the discovery of ferromagnetism in the
30 charge transfer salt [TDAE]-Cg and in polymerized fullerene, as cited by
P.M. Allemand et al, Science 253, 301 (1991), T. Makarova et al., Nature
413, 716 (2001) and R. A . Wood et al., J. Phys.: Condens. Matter 14, L385



WO 2005/ 123580 PCTBR2005/000110 2 (2002). In addition, sone papers show
the exi stence of nagnetization |oops of the ferronmagnetic type in highly
oriented pyrolytic graphite (HOPG, as cited by Y. Kopel evich, P.

Esqui nazi , whobbnzssgoTorres, S. Methl ecke, J. 5 Low Tenper/BR)85/008118, 691
(2000) and P. Esquinazi et al., Phys. REv. B 66, 24429 (2002). Recently,
two inmportant papers showed, in a not arbiguous way, that the existence of
ferromagnetismin pure carbon is possible. One of these papers, by P. Turek
et al, Chem Phys. Lett. 180, 327 (1991) reports the 10 induction of

magneti c ordzéé S by proton irradiation on HOPG This material shows
magnetic ord % stable at roomtenperature. Another paper reports the

synthesis of a new al |OLHGRbS, §68 stpers 8hBRNthedeXiStBAE® BN hagridtizdtieiPnsi st i ng
of carbon, which exhibits a behavior of the ferromagnetic type up to 90K

with a narroveanssefdhe eromagneticiygetin fighsodentad pyralyioeignbite £HOPS), see A.

V. Rode, E. risst &z | &, i, e, R G
Elliman, B. L%&t?%m% @(So,p %)&v%_, P\S./eéllsr%iér}a,z F;LJJ ; ﬁA%d?éﬁ%%kgsMgf FhT%gH%ﬂht zaki s,
Nat ure (2604 owThempRhes.i €19, 693 (RGP aareldP bigsquikhzitet @h, FPhys.i REe@®iI$6¢car bon in
argon at rmspherg with high-repetition and high-power |aser. 20 Also US Pat.
6, 312, 768 de#&*429(4¢0%ni s subj ect, describing a nethod of depositing thin

filnms of anorphous angﬁﬁéﬁe{g}' ald irﬁﬁ‘orfb?ﬁgﬁbéﬂé%m, irpé‘ﬁspal‘hﬁiggﬁﬁs %ggsi tion

of ultra-rapid |aser . However, despite the existing vel opient s,
there is sti lthatithe existangefad fersorpagratism ipfpyse epehanmig pesgible. iQnegefdpese i ¢
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transiti 90 mMidiction ofl @sagneds brdgrinigl dyastondrrddidasn bA34OPE) Thiywaterians t hat
| ead to the desired product. Such process and the associated graphitic

product are @BeWSinagnelis@rdering stablejat reafa teypperatiireappl i cati on. 30 SUMVARY OF
THE | NVENTI ON Another paper reports the synthesis of a new allotropic form of

carbon, a nanofoam totally consisting of carbon, which exhibits a behavior of
the ferromagnetic type up to 90K, with a narrow histeresis curve and high

15 saturation magnetization, see A. V. Rode, E. G. Gamaly, A. G. Christy, J. G.
Fitz Gerald, S. T. Hyde, R. G. Elliman, B. Luther-Davies, A. . Veinger, J.
Androulakis, J. Giapintzakis, Nature (2004). This material was prepared by
ablation of vitreous carbon in argon atmosphere with high-repetition and
high-power laser.

20 Also US Pat. 6,312,768 deals with this subject, describing a
method of depositing thin films of amorphous and crystalline nanostructures
based on the deposition of ultra-rapid laser pulses.

However, despite the existing developments, there is still the
need for a process of preparing magnetic graphitic materials in any amount,

25 provided with long-lasting magnetic properties at room temperature, said
materials being prepared from graphite and transition metal oxides, both
powdered and under reaction conditions that lead to the desired product.
Such process and the ‘associated graphitic product are described and
claimed in the present application.

30 SUMMARY OF THE INVENTION

Speaking in a broad way, the invention deals with a process of
preparing magnetic graphitic materials from pure graphite, said process



Speaking in a broad way, the invention deals with a process of preparing
magnetic graphitic materials from pure graphite, said process WO 2005/123580
PCTBR2005/ 000110 3 conprising: a) providing a reactor with a first

cont ai ner GRiegl g Pure graphite and a second contai pef/pgsyskadotiong one or
nore transition netal oxides, the graphite and the oxide(s) being finely

di vided, the containers being 5 placed a3 great physical proximty, the
volune ratio of graphite to transition netal oxide(s) being of about 1:1,
the reaction systembeing closed, under pressure wth values between high
vacuum (10-7 torrt.tc_) 10 atnospheres of an inert gas, and kept at

t enper at ures - reaction beginning tenperature and the nelting

tenperature of vifling"Afeictor With t hief SonthRinPpiire gFapiifelarks a Wher eby:
i) the transiti gjr:%rrr%t gllnboxi dgfdruponr?g%c%&nggigi ng rl‘oy anc%GFi) on ggfp t he @

t enper at ure, genersgcerd goptainasraontainiog oneyeremotfatransition imetahoxides, dbgise

Che tranei i on mocktoil S08fHe GifRe,nIRg i, il Wi Hihérs, Bifl v '
oxi dationsstate, Widegaat igheatCptysivad ysoximiitg) tid valumé hatierd griaphike ter ocess

presents two zones, the upper zonpe, bein onstityted by the desired
product, of porou§r3n§tt'PUngﬁab9x'39&&P@g‘,g iQ%PHb§5,1v reagtenr systembRiagd 20

graphenes; b) at tcf}ge_apﬁn%r r%@?stﬂ@%fh%hﬁé?‘sétﬁféentﬂi vad R YR fogn the

graphitic material w asting magnetic properties at room
tenperature. Thud0 atmospheess obanfinert gaes and kept @ demperativesi betwgemagnet i ¢

graphitic materials_at roomtenperature fro ure graphite and o or nore
I Frans: i on et dpadiongBeanbBBL et affPE GRehEG Bnreraie B s i on.
provi ded fghat t he t@8itiBh rﬁéta%)a@é(b?ﬁ)ri(ﬁoi% Houps,GiteraBy:r i ¢ excess. The

I nvention al so foresees a process_tor obtaining nmagnetic graphitic

materials, the magnet i)sm bthengansiioncmatal exide. vBRMAEeAPRPSING by, actigp of
the temperature, generates a proportion of oxygen gas

sufficient to cause oxidative attach of the graphite and
generating pores therein; and
15 i) the transition metal oxide is reduced, for the most part, to
the null oxidation state, whereas the carbonous material at
the end of the process presents two zones, the upper
zone being constituted by the desired product, of porous
structure, bunches, pilings, and edges of exposed
20 graphenes,
b) at the end of the desired reaction time, recovering the graphitic
material with long-lasting magnetic properties at room temperature.

Thus, the invention foresees a process for obtaining magnetic
graphitic materials at room temperature from pure graphite and one or more

25 transition metal oxides, said oxides being combined at any proportion,
provided that the amount of graphite is in stoichiometric excess.

The invention also foresees a process for obtaining magnetic
graphitic materials, the magnetism being detectable at room temperature, for
example by attraction to a permanent magnet.

30 The invention also foresees a process for obtaining magnetic
graphitic materials at room temperature, said process being accessible for
commercial production without excessively sophisticated equipment or



exanpl e by attraction to a permanent magnet. 30 The invention al so foresees
a process for obtaining magnetic graphitic materials at room tenperature,
sai d process being accessible for comercial production w thout excessively
sophi sti cafhoftissqagent or WO 2005/ 123580 PCT/ B1t 2005/ Ofd@R2008l00bE0 hni ques,
the objectives of the invention requiring only standard reactors |ike - .
furnaces at 1200C. The invention also faktesees a material purely based on
carbon, capable of exhibiting the cited magnetic properties at room
tenperature. 5 The invention further foresees a stable magnetic graphitic
material, that is to say, a material that maintains i{s progerties for

prol onged t itRghniqugs, |the objectves, of the invertion Tequiting, ORY; Yandardoreagiott ces a

magneti c graphk Ledoddgecwhi ch  the required properties result fromthe
t opogr aphi c @Eaﬁ%@?gﬁ stjlj cqsd%i ntroduced 10 in the original graphite. BRI EF

DESCRI PTI ON OF THE DRAhe Ne®ritiogualeo foreseassa maatedalapurelyehbasest on isarbosact or

used in the procgss, of.the invention FEiqure 2 illustr MFM 2D | mage
and the corré@Bﬁﬁl |%§X55't'n95thfaﬁ§8@mﬁgﬂgﬁ? gfoﬁe“&?o%tdé?wﬁé@%éﬁgg'b_ei ng of
about 10 & x 10 m anfheWMiReation t faethet dbiesebs eac Btabig nebghetid agréphitic of about
1 mcroneter. Figure 3 illustrates a SEMinage of the nmagnetic graphitic

mat eri al obt dnatedalpihatis to say.ca aterial fat aiBkRiInD S Prorpsties foripsolangediph
iIIustratingggﬁ% jZzatd ve (SQUID) 20 vs. tenperature, conparing
t he magnetict e é\%?%r%%ﬁ%ﬁgwrrq”a &rial before and after the process, for an
appl i ed external magn&hednventibd atso foreésees a(rh@@ietioegraphicgnaterial insvhichyr aph

showi ng a detail of the magnetizatjon .curve I VsS.. t.e rature, for an
2ol od ext etharedHiisHdtPRERES S 3t haMdhe 1oParRRtos ehgraciarielie BioHLCede
magnet i ¢ 1gualih the SdgihdIgrapmelict obtai ned by the 25 process of the invention.
The insert shows a detalil of the curve of the inverse of the magnetic

suscepti bi | i tBRIEF BESGRIPTION &F THE DRAYEANGSur e, and the
Figure 1 illustrates a scheme of the reactor used in the process
of the invention.
Figure 2 illustrates an MFM-2D image and the corresponding 3D
15 image, the total photographed area being of about 10 pm x 10 um, and
wherein the width of each magnetic track is of about 1 micrometer.
Figure 3 illustrates a SEM image of the magnetic graphitic
material obtained by the process of the invention.
Figure 4 is a graph illustrating the magnetization curve (SQUID)
20 vs. temperature, comparing the magnetic behavior of the material before and
after the process, for an applied external magnetic field of 0.01 T (1000 Oe).
Figure 5 is a graph showing a detail of the magnetization curve
(SQUID) vs. temperature, for an applied external magnetic field of 0.01 T
(1000 Oe), which shows the magnetic quality of the product obtained by the
25 process of the invention. The insert shows a detail of the curve of the inverse
of the magnetic susceptibility as a function of the temperature, and the
determination of the Curie (Tc) temperature in approximately 200 K.
Figure 6 is a graph showing the magnetization curve (SQUID) vs.
external magnetic field, showing the typical behavior of a ferromagnet
30 exhibited by the sample treated, in T = 200K.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Therefore, the present process of obtaining a graphitic material



determ nation of the Curie (Tc) tenperature in approximtely 200 K Figure 6
Is a graph show ng the magnetization curve (SQU D) vs. external magnetic
field, showing the typical behavior of a ferromagnet 30 exhibited by the

sanpl e treaf@shosAissh = 200K DETAI LED DESCRI PTI ON OF THR-RBREGERER 0
EMBODI MENTS Therefore, the present process of obtaining a graphitic

mat eri al WD 2005/ 123580 PCTBR2005/00011® 5 having | ong-lasting nmagnetic
properties at roomtenperature is basically an oxidative attack on pure
graphite, originated froma proportion of oxygen from the deconposition, at

a tenperat r bet en that of the be ning of the act n of about 600C
and '[rﬁe rrelut Xgﬂ%@Pﬂg é“?ﬁne{t'ﬁé)%&?rg%sl 3? rqﬁrgttﬁqnge@ ‘ agic aﬂ'Y@ﬁ‘gl tion

oxides in a siueﬁﬁvb StYFKBR BN driphites oﬁ@ﬁ%@@pﬁorﬁfa propbaidh Floxydérefromaas.
Al ternatively, the proportion of oxy be originated from oxygen gas
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contacti ng gofunetdl trankition bikides i adiosedBystatn and N thegrdsermweufs trarsferof t he

transition netal oxide, pure powdered graphite is used, which is held in a
cont ai ner i nd¥eHe&d38-reactor in closed system as will be detailed

ar anul onetry sal |er Hiemiéyely, tierabodon GrASGEN IMaF B BrighaBia R % o1
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graphite re ure r _any_.0 vari ety or ormo

pr esent atlonV\ﬁ 9t@ h@@?gﬂﬁ%lcﬂﬁ(“&?{ oxi des useful for the

process ¢of the inventpgg g?éphlt% @tt?deflﬂxftﬁetlﬁé ﬁl’@eeMl Er@dﬁéﬂsp ,whighFg, Co and

Ni ; metals of the I B group such as Cu _and of the |l rOU{)en as Zn nmet al s
withy,

of the 111B g%msrcna%v Q(Ya"alﬂét I order {odaqilijete gantapting, Graphi hgroup, as
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t he purposes 0 Invention I's
powdered graphite is used, which is held in a container inside a reactor in

closed system, as will be detailed hereinafter. Typically, and by way of

15 example, the use of graphite with granulometry smaller than 0.1 millimeters
works adequately.

All the forms of pure graphite are useful for the process, as for
example, pyrolytic graphite, powdered pure graphite, or any other variety or
form of presentation of graphite.

20 The transition metal oxides useful for the process of the invention
are a metal oxide of the VII group, as Fe, Co and Ni; metals of the IB group,
such as Cu and of the [IB groups, as Zn; metals of the IlIB group, as Sc;
metals of the IVB, as Ti and of the VB group, as V; metals of the VIB group,
as Cr. A preferred transition metal oxide for the purposes of the invention is

25 cupric oxide (CuO), either pure or combined with other oxides at any
proportion.

The transition metal oxide is also used in powdered form. The
oxide or mixtures thereof are placed in the container without the need to take
precautions with regard to compacting it. Since the reaction is in vapor

30 phase, the oxide used should have sufficient pureness to ensure that
contaminant components will not volatize, this being the only requirement.

Oxides of usual pureness used in laboratories work well.



25 cupric oxide (CuO), either pure or conbined with other oxides at any
proportion. The transition netal oxide is also used in powdered form The
oxi de or m xtures thereof are placed in the container without the need to

take precaus 208 sswdot h regard to conpacting it. Since tBerpRafesb@io S | N
vapor 30 phase, the oxide used should have sufficient pureness to ensure

that contami nant conmponents will not vBlatize, this being the only
requi renent. Oxides of usual pureness used in |aboratories work well. WO
2005/ 123580 PCTBR2005/000110 6 Good results are achi eved when a m xture of

graphite with ot her |l epents i s used fpr the reactign. L way, of exanpl e,

the m xture of graphic%?é)dm(ﬂs{"ﬁs BHt Ba'"ﬁ%e‘fwhﬁﬁ&?" ‘H%Cﬁﬁfa@?('benw*%f’f‘ ron

produces t heglamieaty isfudled foRMRSER6tIoE BY Way obeximesle dihedmixture e gidphitei pl es of

the invention, the proportion of raphi te should be stoichionmetrically

qui te hi gherwithderematp & abpuhdN¥ gm weight of §erafe praqugesdhe squght-fars

consi der ed b%aéﬁ%\tii#ﬁpesu&ge vol unmes of the transition- netal -oxi de powder and
owder

pure graphite may be at the ratio of 1:1 or very close to this, for
better ré&sults. 10 Thecortingitoehe principiéd iohghedhvertiod, libé lpréportign agfhi t e and

f tal | de, d the fu f, byi It f ' | t bei
i c6a co (oot RRRDS SiBRRelell i ritfosindr G Bt bEhdan el S
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cmin length and 1 cmin w ei ght; the furnace tube has 2.5 cmin
di anet er andmetl-oxiderpovedertand piresgraghite: powdes maycbepatthe ratio ofot:1awpl i cati on

on a wor k- be I . d the proportion between them may be
di fferent fo\?grgf:ﬁ%gt§é@%'§5&*¢ﬁ§§@ﬁaI scal e. The at nosphere of the closed
system m@y consi st ofThencontainerg@d meling gl wedt beths forr g@bHite ndcformay be

under pressures of up to,10 _atnospheres, or, e# se, under vacuum A typical
inert gas i STATA (s #d dhe durnace ntuge args Bl biremqalypipa.owithentebeisg of , for

exanpl e, 99.8fed\go SRRChidterial. Any material that bears process temperatures is
suitable.
In a preferred embodiment, the containers have approximately 8

15 cm in length and 1 cm in width and height; the furnace tube has 2.5 cm in
diameter and 96 cm in length. These dimensions are preferred for application
on a work-bench scale, the values and the proportion betwéen them may be
different for pilot scale or industrial scale.

The atmosphere of the closed system may consist of an inert gas

20 used as transfer aid, which may be under pressures of up to 10
atmospheres, or else, under vacuum, A typical inert gas is nitrogen or argon,
in a reasonable degree of pureness of, for example, 99.9%. No special
recommendations are required for this gas in addition to the usual
commercial characteristics.

25 During the reaction, a vacuum is made in order to help in
displacing the balance of the reaction towards the products. The level of
vacuum useful for the reaction is between the mechanical-pump vacuum
(between 10 and 107 tor) and high vacuum (107 torr).

The range of temperatures at which the reaction takes place is

30 from 600°C (a range in which the oxidation reaction begins) to, for instance,
the melting temperature of the transition metal oxide (or of the mixture of
transition metal oxides) chosen, or of this metal in the state of zero oxidation.



reconmendations are required for this gas in addition to the usual
commercial characteristics. 25 During the reaction, a vacuumis nmade in
order to help in displacing the balance of the reaction towards the

products. wosobspidsdso 0Of vacuum useful for the reaction pSrhRicyeRMb e
mechani cal - punp vacuum (between 10-2 and 10'3 tor) and hi gh vacuum (10-7

torr). The range of tenperatures at whiZh the reaction takes place is 30
from 600C (a range in which the oxidation reaction begins) to, for instance,
the melting tenperature of the transition nmetal oxide (or of the m xture of
transition netal oxides) chosen, or of this metal in the state of zero

oxi dat i on. \YRically] feg5@mpricCPrRre002008@ 1has provesi lealbey a very eypable oxi de,
1200C has prt%l‘rfp%rétﬁ é)e a very suitable tenperature. The reaction between
graphite and Ahailion metal oxide occurs duri ng a few hours, between 6
and 36 hours, wth themeatton betweangraphiterandwransitidn amstaleixiti@ oceurs The

process of the inveptign for, preparjn netic .graphiti terial may be
carried out ‘i’lH"IQalacFﬁé“é, oé’és'dggt@'reﬁﬂeé,aqﬁf:ag?ﬁ%ﬁ"ﬁatm&bl iﬂ'iefg"eggﬁngﬁuous
manner. g thdtheBav4 sHW24 Wegrsof reactor/furnace capable of bearing high

tenperatures may be used. 10 According to the proposed process, the original
graphite and the trdmesi prosassref the inweakion fori prgpanng epaagnetic grephiicner s at

st part rdagtehl Y Bt SUE bblcHBa Rh Aol et B aMepE LS, (e
contai ners hedriinogugraimére In ahis ay| emyt typeeot reantorfumaceetapabixisfe are
very close to each other inside the 15 reactor where the reaction takes

place to for?ﬁ%ﬁ@gﬂ‘ Ee"@P%'B_FHr?%.’"‘%KM?ﬁdﬂg to the invention, the proximty
oL eGS0 EaiRAAY U 5psas pcees PSP SR AL pritor o1
t he cont ai nefrangitiore nuetalgioxides ybeihgrie separated ecantaipbrs @t theOenchraftheus
material is r%ggz |<i)nrlefiqé tr%rr]lgitiio% r#!gtagoasrgictcj)lmeplétglyiodr o;[' {I'rey m%ls S‘ér't ¥ec§uvc\:%d to
its state of zero oxidation. For better results, the containers holding graphite
and at least one transition metal oxide are very close to each other inside the
15 reactor where the reaction takes place to foorm magnetic graphite. According
to the invention, the proximity between the containers holding the reactants
ranges from 0 to 100 mm, more preferably from 30 to 50 mm, and even
mover preferably from 5 to 15 mm.
In the container where originally there was pure graphite,
20 carbonous material is obtained, and it is possible to identify clearly two
different zones. The material in the upper zone has an amorphous aspect,
opaque color, and that in the lower zone has a crystalline aspect.
The material having magnetic properties at room temperature of
the present invention is that of the upper zone, which, studied by scan
25 electronic microscopy (SEM) and by atomic form microscopy (MFM), has a
complex structure with pores, bunches, pilings and edges of exposed
graphenes. On the contrary, the material in the lower zone does not have a
magnetic behavior at room temperature. It is important to separate the
magnetic and non-magnetic phases in order to achieve a purer and
30 concentrated material, which may be carefully made due to the clearly
different physical aspect of both phases, or else with the help of a magnet.
In addition to the mere detection of magnetism at room



different zones. The material in the upper zone has an anorphous aspect,
opaque color, and that in the | ower zone has a crystalline aspect. The
mat eri al having magnetic properties at roomtenperature of the present

i nvention @Qﬁissﬁlﬂc t he upper zone, which, studied by pggak002PorRkECt rONI C
m cr oscopy ?é M and by atomic form m croscopy (MFM, has a conpl ex co

structure with pores, bunches, pilings 8nd edges of exposed graphenes. On
the contrary, the material in the | ower zone does not have a magnetic
behavi or at roomtenperature. It is inportant to separate the magnetic and
non-magneti c phases in order to achieve a purer and 30 concentrated
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measurenments confirmthis i ntense magneticbehavior exhibited
mat eri al obt eaterihl bbtajnes by theqrecess oftihe investion.on. Wt hout being |inked to

any particul ar theory,,.th ehavi.or xhibited. g [ uct of
the reaction may be é@’lﬂ??@ugg'ﬁ'gt hglﬁge%iﬂ?%r 'ﬁg‘ﬁﬂrt gﬁeéﬁbﬁ_ﬁél ge@%goqand sp2,
and to the |@ﬂﬂbiteﬁﬂbgfthétmﬁ'r&iccﬁroﬂhﬁcéfrtﬁésreé&idmﬁiay\/\Bé atidbatedaeethebef ore in
the orbitals it of the grapheges. These electrons are forced to take a
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arrangement in space between the material, many located orbits do not

15 cancel each other, but father add up, then they may produce a macroscopic
magnetic moment, being capable of bringing about the effect described and
claimed in the present application.

Then SEM photograph illustrated in Figure 3 clearly shows the
propagation of pores through the different graphite blades, which is in

20 accordance with this explanation. in other words,' the idea is that, if we have
pores passing through various consecutive graphenes, the streams of
electrons = that are located in the pores generate magnetic moments in the
form of spires over each other, in the form of a solenoid overlapping its
effects and giving a non-null net macroscopic magnetic moment.

25 : Thé influence of metals for the existence of this magnetism has
been dismissed by analysis of X-ray fluorescence and by dispersive energy
spectroscopy (EDS), coupled to electronic scan microscopy. These studies
are carried out on the original graphite, without processing, and on the
modified graphite, no difference being noted between the results.

30 The magnetic graphite at room temperature produced by the
present process is characterized by having complex microstructure,
constituted by pores that pass through various graphite blades — with



propagati on of pores through the different graphite blades, which is in 20
accordance with this explanation. In other words, the idea is that, if we
have pores passing through various consecutive graphenes, the streans of

el ectrons WwhabhfdAhssgs € | ocated in the pores generate magigiRi2osG®S i n the
formof spires over each other, in the formof a solenoid overlapping its

effects and giving a non-null net nmacro$®copi c magnetic nonent. 25 The

i nfluence of netals for the existence of this nagnetismhas been dism ssed
by anal ysis of X-ray fluorescence and by di spersive energy spectroscopy
(EDS), coupled to electronic scan mcroscopy. These studies are carried out
on the ori gi Aiamejeespianging fpmbiaw pam%ﬁé meRel than 1 men apganpedyr aphi t e,
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roomtenperature pro present process i racterized by having
conpl ex mi cr the graphite ebtairezhean beiseeh ImfFigarec t hat pass through vari ous

graphite bl ades - w t.HEV\D 20Q5/ 1§{3\.| 80 PC%?@ZOOS 0 01’%h0 %di arrﬁte S rangi ng
froma few nanoneters' % "HEFEOMH A NN GREHRCGNY! FELG"6e%S URt Hifed forns
with the gspahciifd Pigofdses or pilings. The structure of the graphite

obt ai ned can be seen”in Figure 2. The invention will now be described with
reference to the 5 dtigakehddisriagsineplifiedi diggeam ofsthe seagion used ini thgr am of

t he reactor @f}’eﬁ%g%]gf@@qﬂvg@% ess of the invention. Basically the reactor (1)
S C

is a closed h hourgl ass, heated by a sleeve (4) or any

heati ng devi ce capablBasitallyutie yieagtor 101)t Bnaecidsede systemesactt H¥C amnd t he
mel ting terrpgrature of the transitign netal oxide (or m xture of oxides).

Inside the r ag&g_éﬁSS( heateg |§§'@e¥%ﬁ‘i)a9rr?é‘_ty ing idgvice fapablesfisiPRIVIY t he
powder edqfr af&hﬁérﬂ?:r&?%héﬁﬂ 8000 af8ShE ?-H?Iﬁn@l?&?ﬁgeraé@@dof"ﬁl@/trﬁéﬂﬁﬁ to the
(2), 3) 1I's place

first container a second cont al ner cont ai ni ng powder ed
commer ci al povedalgyxigeh(aremixture af oaides). hyside thereeactort(y al Brst costainand2)second

contal ers {RpBod bl floidtes LSRR o sl Madhoohiizbe et
and very close to the first container (2), a second container (3) is placed
containing powdered commercial pure graphite, at a ratio by volume in the
16 first and second containers (2) and (3) being of 1:1. Through an inlet (5) a
transfer inert gas, for example, nitrogen, is injected. Through the outlet (6), a
vacuum is made in the system, which may vary from values obtained from
mechanical pump (typically 10 - 10 torr) to high vacuum (107 torr).
When the system reaches temperatures suitable for generating
20 oxygen gas from the transition metal oxide(s) contained in the first container
(2), the oxidation of the graphitic material contained in the second container
(3) begins and, consequently, the process of forming pores in the graphite as
well. Since the reaction takes place during 6 to 36 hours, with a preferred
period of time of 14 to 24 hours, the generation of pores in the powdered
25 graphite may even produce spongy materials, if so desired.

At the end of the reaction the graphitic material of the upper part
of the second container (3) is recovered as a product of the reaction,
exhibiting long-lasting magnetic properties at room temperature.

The yield in magnetic graphitic product material ranges from 1/10

30 to 1/20 (by volume) of the graphite originally placed into the second container
(3); by weight and by way of example, a reaction initiated with 5 grams of
graphite produces approximately 0.25 grams of magnetic graphite.



vacuumis nmade in the system which may vary from val ues obtained from
mechani cal punp (typically 10'2 -10"3 torr) to high vacuum (10-7 torr). Wen
the system reaches tenperatures suitable for generating 20 oxygen gas from

the transiyhpsaBssl Oxide(s) contained in the first cogimraesodkd). the
oxi dation of the graphitic material contained in the second container (3)

begi ns and, consequently, the process df0 forming pores in the graphite as
well. Since the reaction takes place during 6 to 36 hours, with a preferred
period of time of 14 to 24 hours, the generation of pores in the powdered

25 graphite may even produge, Spo materials, if sqg desired, At the end of
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PCTBR2005/ 000110 10 Figure 2 illustrates an i nage of magnetic force
ni croscopy iNOGiRNbANG Wih riyestablished dawains: on. The width of each magnetic

track is of about 1pgq ) enid e I | fyi f the
degree of structur at%tﬁéggq%ﬁée Spgl\gd%@(%t%ﬁgi é\ﬁg &%ﬁr@esmgﬁé({{axrdgqgggr ee
enabl es one inveritionh dwthis shotograph dmanebg observed thatthe egnadationrefthense of
the material _is irga rtant and with clearl A est%blfished domai ns.. Fli gure 3 1is
2 SEM phot og aRnendS el Biin P 8 e nfte inegtiRg barrd it SlterSsivslk

phot ogr agh ijh mefe MteflRl Bladsk, traaiforcing theodesktibednefécttdil causinganes t hat

gives rise to the pores nentioned before occurs successively 10 in nore
i nternal bl o¢leiged Bagneticelfastt he described effect and causing the clained
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after the prieagpesatufe, tonepatingnthiel amgnetic behavior bf thdenatetialnbefdreragdet i c
after the process. Figure 4 enables one to verify the enhanced magnetic
15  modification found in the graphitic material by the treatment of the proposed
process. The achieved modification is very clear and enables the total
reversion of the original diamagnetic bulk behavior of the graphite to a very
intense ferromagnetic behavior. It enables one to infer this type of such an
important response may not be attributed at all to the presence of impurities
20 in the sample, since these impurities, if present, would permit, at best, to
observe a weak, undermined magnetism, only perceptible by subtracting the
diamagnetic background of the graphite bulk, which clearly does not happen
in this case. ’
Figure 5 is a graph that shows a detail of the magnetization curve
25 (SQUID) vs. temperature, showing the magnetic quality of the graphitic
material obtained, as well as the Curie temperature of about 185K, The
magnetic behavior of the material persists even at room temperature.
Figure 6 is a graph that shows the magnetization curve (SQUID)
vs. external field, showing that the graphitic product obtained by the process
30 of the invention exhibits the typical behavior of a ferromagnet, at temperature
of T = 200K.
The above description proves, therefore, that it is possible to



15 nodification found in the graphitic material by the treatnent of the
proposed process. The achieved nodification is very clear and enabl es the
total reversion of the original diamagnetic bul k behavior of the graphite
to a very waotmssmssger r omagneti c behavior. It enables o i thi s type
of such an inportant response may not be attributed atgerhﬂ?&g%ﬁélpresence
of inpurities 20 in the sanple, since tidese inpurities, if present, would
permt, at best, to observe a weak, undernm ned magnetism only perceptible
by subtracting the diamagnetic background of the graphite bul k, which
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of a fer rﬁornargulﬁpl,e aipptleanwsatas enagxietl'& ima2@dKn Tredicd) oseiedes cor pélsen proves,
t her ef ore, téﬁﬁ} 0sSi cg 123580 PCTBR2005/000110 11 obtai n
NMBCr 0SCOopi C ﬁﬂtf Qfﬁwmcé’ OWtﬁ RBICE 2 SENSO SmafYRlt | RIOSENSBer t i es at
room tenperaédﬁ@s,g bpgbﬁ%‘ﬂ@ﬁ of AMaghifiémataaid.te and a transition netal oxide
under relatively mld conditions of reaction and with easily avail able

equi pment, and that iTherafenee theyprasent applicatioe presends aukighlyrcanpatitive pl e

commun; cati gnecses e vafiuld el MG haBhb Bl régies JiReRGT ' O 1
separ at i1On ainkmegneti ¢ materials. Therefore, the present application

presents a highly conpetitive process for obtaining nmagnetic carbon having
physi cal properties hitherto 10 unknown. 12 CLAINMS



1. A process of preparing magnetic graphitic materials, characterized by
conprising the steps of, a) providing a reactor (1) with a second cont ai ner
(3) containing graphite and a fist container (2) containing at |east one
transition metal oxide, the graphite and at | east one oxide being finely
divided, the first and second containers (2,3) being placed in close

physi cal proximty, the proportion by Vél une of graphite and at |east one
transition netal oxide being of about 1:1, the reaction system being

cl osed, under pressure with values from high vacuum (1(1"7 torr) to 10

at nospheres, in the presence of an Inert gas introduced through an inlet (5)
and vacuum nmade through an outlet (6), the reactor (1) Doi ng kept at
tenperatures between the reacti on GLAIMSt enperature of about 600C and the

melting tenperatuyr b Tk ;.ﬁh%d | . aid of
heat i ng devi ces ?4§ é}é?é% éﬁ@baﬁﬁgpﬁsdﬁ\%ﬂgpéﬁlmﬂﬁ e %’r%%%%‘?gégﬁet al
oxi de, upyrcomprisingsbe stegsofacti on of the tenperature, generates a
proportion of oxyge uf f i cient . ' ' a .t he
graphite and gene&a@rﬂg‘ﬁﬂér%sﬂeﬁh@) eﬁ1)13"'§ﬂ§‘s ??Mﬁ?bbéﬁﬁ%ﬁﬁ)oﬁgpﬁ}ﬂm oxide is
r Edg ced, draphitshandafist pﬁnmine:l (7)) mrgaining atdeast mﬁqmmmhaneMlm thﬁe
car panous t.eria t the and, of .t ogcess W0 zones, the upper
Zone. bel HERRURGYTH ahieret ey rone beind ol AikaE. T i sbiBad PiGRinass
3un?hez . (RI3) ltbamg p?mmmm@ﬁhpmtpﬁo*mmmhh@?mrﬁm by volpmee?ﬁbrlabhﬁale y
esirea reactl on Il e, recoverin r.apn.tic Al eri al W ong-1 asti ng
nmagneti c %W?@Q"ﬁt“%ﬁmt@ﬁ@ﬁﬁc@r ﬂem .°%H9PB§2@§'“&<:'EF@PH?MV§'@ laim 1,
char act ertetrifl cioseliN ahabh Greysapd ivinth values dram rKigR | vaeauae ($0F Rafre t8r fphite. 3.
A process acchglng tB cIa|n1lepha acterlzﬁgdln Q@% t he 3raé§$te I S
pyr ol yt i GITRSPHETs. P D8 RIRRRIICH; F A ek gRsinyocy Wg sadnieh (2)3Rd ¢ he -
graphi t e vaguunyadetheughosn oaner (&), hecmsartont(My el REptPM ictnpdratufedr ocess
according to claim1, char%ﬁterlzed in th &@Be H%K@ ranulonet&{ of the
graphite h‘% WS er rearliong Starmiemperaiure, ‘?ﬁ 013 &r Ancy the arelting 1,
char act engmparatite dfadt 684 sHefPandifion metal oxide with the ald of heating devices
(4) for 6 10 36 hours, whereby:
_ i) the transition metal oxide, upon decomposing by action aof the
temperature, generates a proporiion of oxygen gas sufficient 1o cause oxjdative
attack on the graphite and generating pores therein; and
ii) the transition metal oxide is reduced, for the mast part, to the nuji
oxidation state, whereas the carbonous material at the end of the process exhibits
two zones, the upper zone being constituted by the desired praduct, of porous
structure, bunches, pilings and edges of exposed graphenes;
b) at the end of the desired reaction time, recovering the graphitic
material with long-lasting magnetic properties at room temperature.
2. A process gccording to claim 1, characierized in that the graphite is
commercial powdered pure graphite.
3. A pracess according 10 claim 1, characterized in that the graphite is
pyrolytic.
4. A pracess according to claim 1, characterized in that the graphite is
any variety or form of presentation of graphite.
5. A process according to claim 1, characterized in that the



contains up to about 10% by wei ght of boron. 7. A process according to claim
1, characterized in that the transition netal oxide conprises netals of the
VIl group, including Fe, Co and Ni; nmetals of the I8 group, including Cu
and of the 11B group, including Zn; netals of the 1118 group, including Sc;
metals of the IV8 group, including Ti and of the VB group, includingV,
nmetals of the VIB group, including Cr,13ei t her pure or conbi ned at any
proportion. 8. A process according to claim7. characterized in that
preferably the transition netal oxide is cupric oxide, either pure or in

m xture with other transition netal oxides at any proportion. 9. A process
according to claim1l. characterized in that the reaction tinme ranges from
14 to 24 granulemel.of tpgraphite imamalatithan 64 raimi m 1, characterized by
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transition metal oxude i$ cupric oxide, either pure or in mixture with other transition
metal oxides at any proportion.

9, A process according to claim 1, characterized in that the reaction
time ranges from 14 to 24 hours.

10. A process according to clalm 1, characterized by presenting yield
between 1/10 and 1/20 (by volume) of the graphite ariginally placed in the second
comainer (3).

11. A process according to claim 1, characterized in that the magnetic
graphitic material is recovered with the help of a magnet.

12, A magnetic graphitic material, as obtained by the process as
defined in any of claims 1 to 11, characterized by having compiex microstructures,

~ constituted by pores that pass through various graphite hiades, with diameters
ranging from a few nanometsrs to more than 1 um and nano and micro-structured
forms with the aspect of bunches ar pilings.

13. A magnstic graphitic material according to claim 12, characterized
by exhibiting magnetic properties at room temperature, which last long.

14. A magnetic material according 1o claim 12, characterized by being
used in magnetic images in medical science, nanotechnology, communications,
electronics, sensors, biosensors, catalysis or separation of magnetic materials,



