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A PROCESS OF PREPARI NG MAGNETI C GRAPHI TI C MATERI ALS,
AND MATERI ALS THERECF This application clains priority

w@RooBnz3580 i an patent application No. Pl 0402338PQI/BRE®S5/000110

di scl osure thereof being hereby incorporated by
reference. The present invention relates to the field
of magnetic graphitic materials, nore specifically, to
processes of preparing nanostructural materials from

ERORES aF PHPRR A RGNS TARAbH IS fiAT@ATATRE AhNPOMh RS ALS THEREOF

in an inert atnosphere or vacuum and under heati ng.
BACKGROUND OF THE | NVENTI ON Nanostructural carbonous
materials are being the focus of attention of

research, due to the potential commercial applications
and the ndwe agplisatiohelaimshyrigriyiof Braglian patentEpplication No.

y, of ah|eV| erties,of inte
Rafo2kishp e sios el BRI AGRRY bR htetprence.
magneti c ﬁ‘h@pﬁfésbﬁﬁ|rﬁienh9ﬁrf’e¥a€t€§’%6thérf%1d cs?fpmagﬁetlc graphitic
pl ethora of applications. These materials may be used

inmatedgiset imoré mapéecifically, ntadi prosesses @ff qwepaiing edanestructural

SRR oBame Gtk Py Es S, Al Atariiics g aks in an
R re hirRbSphere W VaEuumndBidentfaiting. t he exi stence of

pure carbon materials that could exhl bit this type of
BAGKGROUMND @F THEUNVENTIOQN i eve. Exi sting processes

that |ead, .fo the obtai nnent of m.cr. u

magnet i c m&&uﬁ@éaln&@%}o%seéﬂ% a? 8?@% the Rous of
EhAbE B tebefche @G@I fol respefenal é@rﬂﬁnér@@p ebplicktRingnghd the
pressure that nake them un?ea3| fromthe point of

viogalty of am@nphys:calrpr@oarttawﬂ' hem@,slbjldymftaqhe%\mg properties of

B PP e S e SR BRCK FESRNE naliber ot eita magnetc
g%‘bérlﬂes I r&ﬁﬂ%ﬁ‘l' erétﬁreSL bpedapletrira@iebphdatidng. spi te
f the efforts f or achi evi ng magnetlsmln organi c

rrat eri al s,Theseymateriats) graynise p\sé dd magnetieineagisg in medicine,

2B o, i S BTGB SpREERY oo

fé@éntlﬁ%éﬁs%‘v‘é evglybig dr%pélréﬁcQV@f bh heﬁ@fnﬁa‘tﬁﬁQBeHoW@ver for
int echargetransfer salt [ TDAE]-C60 and in

mweaw@dhe uisieaee of JuIre| Qaébowna’temalwnaérmm &@xhibit this
M%pﬁbl’%?)% 253s d%ocult(tc%%%HeVeT Makarova et al.

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
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
charge transfer salt [TDAE]-Cep 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
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413, 716 (2001) and R A . Wod et al., J. Phys.:
Condens. Matter 14, L385(2002). In addition, sone

wpapens3sshow t he exi stence of nmagnetizati on | oPEEBBRL005/000110

the ferromagnetic type in highly oriented pyrolytic
graphite (HOPG, as cited by 2 Kopel evich, P

Esqui nazi, J. H S. Torres, S. Methlecke, J. Low
Tenp. Phys. 119, 691 (2000) and P. Esquinazi et al.

P REv. B 66, 24429 (2002). Recently, two inportant
Agéégg showed, in a not anbi guous way, that the

exi st ence |Qf ad &6 BEABE pSTBrs "SHAWY Qhé%xﬁ%qgnéé of magnetization
possi bl e. One of these papers, by P. Turek et al

Gheps oPHye ferramagnatiiotypain !'ngﬂybrbent@bpyltodyttdwgphite (HOPG),
5 BT KORERT e P R ot} S oraless. - Ubatigoke, .

atow . PRA. a1 9l 891 AD0OOLANP PR sqURRRS bF al. "Phys. REV. B 66,
sont ﬁgg"ds of aqggw al i%otggdg);i% forns1qof car bgn, ayS Y

2R0Ept al |y consisting of carbon, which exhibits
a behavi org of the ferro etic type up to 9 jth a
narrow hi S35 Iyst%m% RAPgH g'ﬁ?‘ﬁ’? ,tlp(ﬂqng%(émmguous way,
TRENBE $@étbRBe of RErdmadhetBpfith plire darb68 T bY¥ssibte. One of these
Christy, J. G Fitz Gerald, S. T. Hyde, R G EIinmn,
mapeis;hy -Foalurek, etaal, IChersi wiws, Lett. ABOr 8araio9;1) Jeports the

i api.nt zaki s ture (2004). This terial . .
ﬁg@%&@gaoafkwa%%@q on rlggs%yzqrgmyr EHBW on FE?%@”TNS material
ashmnhggﬁem bRichinglstalsBedt irbbantefiratued)- pover | aser.

Also US Pat. 6,312,768 deals with this subject,
descri bi nd\notingst paperofeposisdbiet synghedis of fa hew alfotropic form of

SAAEI A BarPalil 1RAID, i RIS At JuRon i S behavior of
dies FelremiiRetiXitghe 16 BLYSKOWIBNA hartdie Histbfoskd bvat BRd high

need for a process of preparing nmagnetic graphi .
patuwatian snagneliggtiomosas A. Wr Rodge&. .t Gamahg-A.&3t Chisty, J. G.

' [ t { t i d .
TR epta” Bt Wi oRr G Eeho L grH IR DN BEr dnl Medpger. .
meidrdulakisfgs GiagintzarmNdesafe PPODHNdRIs HRAGKAIORas prepared by
conditions that |ead to the desired product. Suc

ghitess obrvifreaus agEwl in @ugon aimiaspbere odic high-espetition and
gmwg&é%gg‘;ll ﬁ&/réeNg“ IOQ| the present application.

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 uitra-rapid laser pulses.

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

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

w@ooos/12as&phi t e, sai d processconpri sing: a) proRCHBRZP0&000110

reactor with a first containeé cont ai ni ng pure
graphite and a second contai nér containing one or nore
transition netal oxides, the graphite and the oxide(s)
being finely divided, the containers being placed at
great .physical proximty, the volune ratio of graphite
t?PmP%ﬁggtion nmet al oxi de(s) being of about 1:1 , the

reagh i SrovRieg 8FoRebPWithl PHSHconfifr o@h?aﬁﬁi%??d%‘d?aphite and a
val ues between hi gh vacuum (10~7 torr) to _
at nospsenoad edntainer wontainjng ,orendr ke teansittorpoedaluexides, the

C opor GPRREE A HEE BRREP phRBRERGY WieRll e RoPtiheoeing
36 ho%léced\’flﬁrgﬂé‘éi’t_ﬂﬁysﬁéﬁ?tﬂhrbﬁ{ﬁgiyt, itAe V@LRle PicI®f gHBBRite to

deconposing by action of the nmperature, generates a
pr oportrangitiat metglgdde(as bsinbf ofabaut 1t b, thaueaction dystemebeing

ana" 19vem e By fe R, FEREY Rebiibr BgBwelat Y o to
nost PRy atmb8phéYesnH n Grérd }fdsOandlt RESt atVehSEatdreS between

carbonous material at the end of the process presents
two zdeestion thegippey teoweraiure@ndotist imeltingl tegnpenature of the

desir roduct . of . pgrous st ryict ure, bunches,

oi 11 gt SR SfERD b Y AHEBERE S (he enc

of the desjred theaginsRont metl dkﬁ:%?%bh%ddhﬁ’p(ﬂﬁﬁg?hytdcﬁon of
material wth |Iong-1lasting magnetic properties at foom

t enper at ure. THDe, temperaiwangeoerates e pespartipn aifegxygen gas

emperature Tt ouikrd 5 EARPe XIREBUOR Bl e 8Bpnite and
transition nmet glenexd porésithei@i; @Rl bei ng conbi ned at

any proportion, provided that the anount of graphite
is in stoilighi orfee tiansiiopenstal Tixide isvieduced, far gbe most part, to

o eoee® 2 PR BhRbE AAEFRAIELE BB Fateril ot
tenperature, faneexRiMef ahbYp@ickERGire88ntsOtwo BONEBNEME upper
magnet. zone being constituted by the desired product, 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.

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

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
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The invention al so foresees a process for obtaining
magnetic graphitic materials at roomtenperature, said

wEe@sasssbei ng accessi bl e for comercial produp€T/BR2005/000110

wi t hout excessively sophisticated equi prent

ortechni ques, the objectives #f the invention
requiring only standard reactors |ike furnaces at
12000C. The invention also foresees a material purely

basEd.on C rboB, capabl e of exhjibiting the cited
nEGRBIAHES IS BPISCHYeS Of thR AR vasiion: reayiing oRl standard teactors

flﬂ(etfﬂ?rﬁacfe%ré”}s%‘éwé stabl e magnetic graphitic material,
that 1s to say, a material that maintains its

proper t i esTHoinventibonrejsal foresess aamnatteried tpurely BadeeMon carbon,
jon, also foresees a magnetic graphic

weeks, The i.nvent !

n%ﬁpéiﬂeapp SXniRKing ihe kisd siaEnedig RiPRpEes it sooradamperatyra.

t he topogr i Lot 4 |t r.od [ : o
or' gi nal oo SMEABEE Saiade® o ot Hablifigagraphive
Fihgterial, that Isutst sayt, es nmterididhat ohinthimsritaptopertissefbriprolonged
t,he grcﬁes of 3ehe inyention. Figure 2 illustrates an

NERED S i‘f‘%%éoraﬂ WMESr r espondi ng 3D i mage, the total

phot ogr ap Ao m]a% : . -
wherein tﬂlg{éwﬁkgtgﬁno bé%gc@krr%%%;%l C n?ﬁ%@%@"'o %‘%Q%Itmlwm‘;h
rthe reqeited prapegtiee résulll fromtthattepograPhd chsrgeteribtithmtroduced
rragﬁeti.c.ﬁlg[a hitic material obtained by the process of

theENT RUESRE! 8 Phequre 4 is a graph illustrating the
BRIEY DESCRIPTION OF(HiERAWINGg mer at ure, - conpar i ng

t he magnetic behavior of the nmaterial before and after

t he procedsgureot ilustrated aetherieeontile reptet ised Irethé pfocess

0.01 T (1000 Ce). Figure 5 is a graph showi ng a detail
&f?lPG?l@"%ﬁgﬂ@ti zation curve (SQUID) vs. tenperature,

for an applidad 2Hiusfrafls ARz frhgg@l gﬁﬁttﬂg%{%gﬁéﬁgmg 3D

Ce), which shows the magnetic qualit
diragende Hetal hatograpbed adreahiseing vafnabout. 10hemi xs&r um, and

B oL ShBb ol B He S b W AR gl
e LS IS 8es oY Bea, T bropicc
gnaipriakoitaineg byhthenprgness ebthednventione (SQUI D) vs.

Figure 4 is a graph illustrating the magnetization curve (SQUID)
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
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
exhibited by the sample treated, in T = 200K.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Therefore, the present process of obtaining a graphitic material
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external magnetic field, show ng the typical behavior
of a ferromagnet exhibited by the sanple treated, in T

WOE2808358OETAI LED DESCRI PTI ON OF THE PREFERREDPCT/BR2005/000110

EMBODI MENTS Therefore, the present process of
obtaining a graphitic materi & havi ng | ong-1asting
magneti c properties at roomtenperature is basically
an oxidative attack on pure graphite, originated from

Reliarant&vtise: wagheER srogren et tBg RN GRS badically an
{oﬁ%‘éﬁn{/@ 8tk %%re RPN figiRe RO APréSEMBeR %B(?g@ﬁ from

oxi de or mi'xture of nmetal transition oxides in
M@siedoemsewnaraﬂ a memperqmwesbemaﬁ thatt ofathef begmne\gt of the

SBScsiR b O e L e e B S B B mivture

b ARRaltPirRiftHokinests 8 %Idi%@%ﬁ@h tH@n@Nn ke bigsehecedst Piransfer

m xture of transition nmetal oxides. Pure graphite is
irsxt gds.f or the present process, which is comercially
avai |l abl e.

faci| - -
with the 6%?8] \Vﬁg' éé‘g qr{a)@hgtlphgg) g%ggﬁt'éf gé?&ﬂhée% from
usg%@ﬂ bb@ nn wca}nt@éhﬁﬁ/alé?ﬂ 6 tieEIebshed! BB the décomposition

, in a container inside a reactor in
of ﬂs—:eolx@g@lr@mxttms oMransiben daeetal pxdesdier ei nafter.
Typically_ and_b

h f hite . .
o PhC ot an B aprlRY i csaHAEROS thereSihte rebeng kufich is
adpmaecrlly- atdilabideid order @ fae'm@tércﬁﬁﬂéétﬁ‘lga@?apﬁ@‘ With the

for the process, as for exanple, pyrolytic graphite,
pmmn@ogqm frony rthe hieeampesitiory oft ther transitien ymetalf @fige, pure
n. of ition

o BRESCRANE d Ueb 1§ FEED B0 o
& the@?‘étéﬁh Ods biiR DA |deIamien hersinbRer. rﬂ@éﬂlle andTQiyaWéy of

group, such as Cu and of the groups,
Brampia,dhe usfe oﬁgraprl=|t1=keg\4~/ttx?m|§1rarsuslom@tryrmwnallesw tbﬁnt(hé mﬂmmeters
as T| gnd %fPlthe VB group, as V, netals of the VIB
YA preferred transition netal oxide for

the pur pom&heffohhs dfrb{ﬁétgzraﬁhllté afd! Riseful 51 Bfe pfatidss, as for
ei ther pure or conbined w

h ot her oxi des at an
ep(armle | pyolyti graphites i pavederad ture graplite, @Faa@boéﬁédlaiﬂﬁty or
l?orm of presen{arpon oq graphite.

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 lIB groups, as Zn; metals of the [lIB group, as Sc;
metals of the VB, 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
cupric oxide (CuOQ), 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
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.
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oxi de or m xtures thereof are placed in the container
W thout the need to take precautions with regard to

w@oeopAaeIsBing it. Since the reaction is in vaporP@EhBR2105/000110

t he oxi de used shoul d have syfficient pureness to
ensure that contam nant conpgnents will not volatize,
this being the only requirenent. Oxides of usua
pureness used in | aboratories mork mell Good results
are achi eyed

el enent s P9OHd: Sa&F%?fet ﬂt%#'?‘z (g Xﬁdé?/ Oifgrégigf?pwgh other

él'é?néﬁtéwnﬁe&for&héwaaét%msyfwap 0P @xamptep tRE PuiktutO Yf Byaphite
wei ght boron produces the so%ght- magneti c

wébutborgn wo dor aboig 10%:t hy weighti |lwonfprt0|dece$nibat$cmht-for
t he Ehoportlﬁson of graphite should be
RSt cal | y quite higher than that of

tran5| ti opcEdtily GXitHE . prifiREs of iHe irfvenfioROtsd Gr6EsHioN of
by vol une, the voI unes of the transitionnetal - oxi de

geptie shoyldbe @tcgelapmettrecqﬂa\m@e higheniwaatthahef irapsidonmetal

o4 UYL ROF cofig' it sylpdBen e, g ot Heiapsition-

ﬁ%&alf@&@é p@Wd@?’an@nﬂn’éhQabHﬁ@ detifapibe At raftioosn 1:1 or

al um na, without bein mted to this material. Any
veryaoss ta this, f@e@@t&rﬂew@ss tenperatures is suitable.

I f d

appr owt B8 EBTRR O A hicRa Hodi iR 65 freghite and for
hRit8hbxidkh &ndu iR §erngB etub@s ars buitfigin dilanii£r withdut9being
cmin Iength These di mensions are preferred for

lpjied ctat this matesiahoARY baatariat dhak bepre praceRss tempetaieres is
g geﬁ)zrtlon bet ween them may be different for pilot
i ndustrial scale. The atnosphere of the

cl osed sypi & Prémyreosribsdintdntathd E@ithingds hase &ippeoximately 8
transfer aid, which may be under pressures of up to 10

ammﬁslgngtregnd dr cen wewidin@ad beightirthe Autnasectibe; *h%& £.5 cm in

gﬁhﬁéf QH@P%QC%S ﬁ@@&tﬁ?@esggd glf %@%nfrg Cpereféer%oei%r%?)phcatlon

6B COWBBRDeNh ¢ BEala! the Rflues efdfthe rirbp@rtIGﬁSJGtWeéddhémQﬂay be
to the usual conmmercial characteristics. During the

diffgeantdear pitot\sgaleuen indusiiabs¢eor der to help in
di spl aci n?q%g?mg%ﬁé}gfof%e tcl?:%efjes% drf? rrlnéy%‘@ﬁé?ét 3 inert gas

products.
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.

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 102 and 10 tor) and high vacuum (107 torr).

The range of temperatures at which the reaction takes place is
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.
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vacuum useful for the reaction is between the
nmechani cal - punp vacuum (between 10 2 and 10'3 tor) and

wor@ly/1vzeuum (10~7 torr). The range of tenper apCr/BR2@5/000110

whi ch the reaction takes place is from 6000C (a range
in which the oxidation reactifon begins) to, for
i nstance, the nelting tenperature of the transition
netal oxide (or of the mxture of transition netal
oxi des) chosen, or of this netal in the state of zero
Jw&@dlmﬁorrmpm pyide; o 2QQ0kr ihasoaraeed 1igodecanaery suitable
@&gpatur% be a very suitable tenperature. The reaction
en graphite and transition netal oxide occurs

during a fTae readticn berie@egrdphitedardbtransition meétahokide occurs
preferred range between 14 and 24 hours. The process

@'ﬁ”ﬂﬁealf@%mubfh bewasnefarNig3@ helyeewith dhednefared range
{\ﬁ%ﬁw% i’éth@fsr' ed out in batches, as described,
ernative

or a in"a continuous manner. In this way,

any type crher;a@cégs lof uhe aneertiopafol preparirenai maghetih graphitic
tenperatures may be used. Accordi n% to_the proposed
majedak maynhiae giardgeh aut dp Jatehes, a1 feﬁ@ﬂhqdar@‘ altgypatively in a

WBh S SRS 19, b SERR! 8P yE8 B RS Bindde cBBble o

netals are co

beating higretomyséranaes mapdbsedetio its state of zero
oxi dation. For better results, the containers holdin
graphite Asgomting i the BFQPOtSPQrR!’PWQﬁﬂ t%P&‘Q"WlQ&%O@?eeand the

Yeh t|6h°ﬁfetéloo§i@ b Bébg p‘o'éﬁbgfaté@ecdn‘?é‘iﬁh% at‘f‘ht%eeh&‘ of the

reac fragneti c grap

Asaxtionh, ittee transuhenlmeflem ancormpletgly oxifor the hestvpart retiaeced to
contai ners hol ding the reactants ranges fromQ tg 100

e Stater of %ﬁ*@f%ﬁ'%ﬂ%‘ﬂ fophelier resulis, the Can@lr&rém%oergraphlte
BhAT1] ’c36nfer PERSidrPmkralBRidd Qﬂé ?@ry {dqgéc%ﬁ{e? inside the

ori gl na there was pure grap car onous

reacibt wihee@I theareiaotlbnltakmﬁmdel t® ﬁocml rdeﬁneﬁ(ygrdmwtel WAccording

two different zones, material in the upper zone

Ffbéh%wVﬁ%PBhﬂl?sp'@%EY %e%%%éh%patam%rﬁd?qlﬁlag thg repetants
h t t t [

Fi e, ORE LR 180N el MoRFARE rard® IR LM apg over

pie&e preferatdn fioom5its 16hmm. of t he upper zone whi ch,
studi ed by scan el ectronl C mcrosc and by
at omi ¢ f ofn RecCOBRIMST (ISP aﬁy there W puré graphite,

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
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
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
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conpl ex structure with pores, bunches, pilings and

edges of exposed graphenes. On the contrary, the
woraioen2mBo i n t he | ower zone does not have a naRECEBR2005/000110

behavi or at roomtenperature. It is inportant to

separate the magnetic and non8nmagnetic phases in order

to achieve a purer and concentrated material, which

rray be carefully nade due to the clearly different

physi ca] aspect of both phases, or else wth the help

offMParaRtiey the e@ialiash Ordnalameenet, deegeelit fores microscopy

[
) R B HRTE FREETS & Tl et eChRuBRer the
tigper izone, nttyret sloviagather lmpot'tblet nleer thadt Qlﬁet IT@pographlc
u er zone, thus showing the inportant role that th

grigphatics deserbe (PIaY i tos brig cAbPpid thassy prepestiesg Magne’uc
?ﬁ%’é&ukméﬁs PESRERT RS | rﬁ@ﬁé@e%g Lﬁeﬂ%fbtrsﬁ)?lﬂﬂftéé My the

I'S 1 ntense nagneti c behavior e ted b
magtErishbbtained b thebpradess of d&emenﬂorﬁ he i nventl on
linked to any particul ar theory

\kﬁveag\?lugr bg&ﬂﬁ%‘#& &ging, linedidey Ry ooab‘ﬂ@\da&tth@p% ht,he behavior
tfﬁm bgqge 3@ﬁét§d 2 ngét & tﬁgerﬁoca | on 9& 6 :%ﬁrébuﬁ%d to the

onteedaaatcnrr amsrbitbmtspﬁ’mmi gh’s mnadecthb%?a“mnl of $thgams of electrons
S o i G Sl e s i
fb?céwgo LiQké NS 108 HoPSt éHEﬁlantlheVﬁHgWePBr}ﬁoment que {0 the

|ntroduce this procé ure hese rons may
anisragtructurat eainaxatramndtrbdecemﬂabwhls proeed@e. These dlsctiohs may

i P JGlRd GRREES Wibitelbds sianlethnReidlendn the relative
@r?&?fgen%ﬁt Fnaéﬁgée HiGwEen n?EeﬁlartéWéf I&‘%ﬂ&% (?rblts do not

macr 6scopi ¢ _rmagnetjc none el ng capa ringr ng
Faocel eaeh efrfee,cbuidaﬂmn doietupnthenl thieyeray prcbdl&:epa engdrbscopic

SEM phot h illustrated Fig
$REgsiR POBienlobong BB AL PaROIDS Fhsnsdne ilsahressbed and
@g,ﬁ%qﬁtth@ ?é’s!?a'r&%f)ﬁll Eﬁ, which is in accordance with

hi's explantlon er words, the idea is that, if

vve have pdihes $ENBphgtdQna;niugjlusﬂatéd3im Finnreex wldarly shows the
rons that are | ocated

BHORIEER: of ks, Traiomghe: fleromoaraphie. bidasorwhish is in
%@bb@%n@é%ntl’?ﬁﬁ@ Pfé‘ﬁétloh Nt SRef Wo%@fthé id u+ %meﬁ if we have

overlapping Its effects and giving a 'non-n

pece Sragsing rthopughi vanouentonsecutive 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.

The influence of metals for the existence of this magnetism has
been dismissed by analysis of X-ray fluorescence and by dispersive energy
spectroscopy (EDS), coupléd 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.

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
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The influence of netals for the existence of this
magneti sm has been di sm ssed by anal ysis of X-ray

WO bwsnzseence and by di spersive energy spect r oBCDPR2005/000110

(EDS), coupled to electronic scan mcroscopy. These

studies are carried out on th8 original graphite,

W t hout processing, and on the nodified graphite, no

di fference bei ng noted between the results. The

magnetic graphite at roomtenperature produced y the

pliggsierspicpengsired 2 few rnemetets 1gymese ithan &d?ﬁfil@'}d nano and
Y% - r

gttt SR e bSEectiontRirEReh oF pIRER, The e of

fthwgrapb:tebbtaﬁnédacmbe selaarin Figureand nano and

m crostructured forms wth the aspect of bunches or

pi lings. THE dovertiany avillf npwe bgr slsriileed pvilh neederengento the

S e 2. The invention will now be descri bed

ﬁf&ﬁ: e@flie:lbg'lr%e to the attached Figures. Figure 1 is a

si nplifiedFigugriang of dimplifiechadiagrans esf the trbactpr agsksws in the
of the invention, Basically the reactor (1) is a

P'esees 99@@éﬁ¥e'§‘!§&h as an hourgl ass, heat ed by a
| 4 ' |
slecve (Dl MELber) g, SORRE SLlEPlbYes an

diourglassy hestetlibyna sigeak (dxbdany deatTngUeK/@leap@bIl@leSéupplylng
| nsi de the reac:tortsg;?gi’;.(%o a first container

JPARSIRLERR REHYVRRD ek Fhe) meliing 'temeﬂr%&eapf the transition
Rk o) ded@(iﬁi‘xﬁﬁ'g AR s afh%ldéefh% a%lﬁ% (g?,ae{l: @EthdoWémer

cont al ner a secon nt al ner

dis il aderd mtawmteﬂ'@dpmdemdma’mmﬁ megalaqs)htué(e) daécribed above,
ratjo by vol uma in_the first and second containers (2)
a’mﬂ BlosRgioothey first confainglig®). ¢h seRPRA cosfaiger (3) is placed

tdﬁ@éﬁ@[ﬁ;- bﬁlﬁdére@ﬁédrﬂﬁ%ﬁgfgp‘% faprllter P rat| S by volume in the

i nj ect rou vacuumis
tfivst amdtsenondvlmomtamel;s {@rand (Inbeing wfst:dbThrowegh én Onlr—;t (5) a

I [ 1 10 2. -. 10 3
?E AT, et g?a%p”gqr%{ oblen niTegeg i @;ﬁqt%tﬁggbgh the ot (6),
i r
VRIERERAI FrBRIeSH tth@ Vatdm “?ﬁi}?h?ér})t gz?“f)f%rg\ V? E@? Jdiﬁﬁbd from

the transition msta X|d
aoectzmieal p(me (typmaby(rlﬂﬁt—i 0 tdrr)ttoehigh satudrng10éterr). al

t d sec contai ner (3) begins, and,
consequentien dfie SRGTE S63615% SrTpRGAYSRCRINBRIS far generating
r |
g{ﬁgngtg%s?zorg@hh Ot{Jar'ﬂg.'T%\;m fal (52(?(‘(};% 5 orél%'fr?e% i #Reirst container

(2), the oxidation of the graphitic materlal 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
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
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.
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period of time of 14 to 24 hours, the generation of
pores in the powdered graphite may even produce spongy

woredosn2@Bes, if so desired. At the end of the rPEBR2005/000110

t he graph|t| c material of the upper part of the second
container (3) is recovered asl &y product of the

reaction, exhibiting |ong-lasting nagnetic properties

at roomtenperature. The yield in magnetic graphitic

pr oduct erial, ranges from.,1/10 to 1/20 (by. volune

bt “the. or JURIED 2o Hates \ATh) ik oh BeBRENS ol Mctoscopy
CRIEIA) BER dr%?hlt@)bf‘fﬁé ‘Hﬂfenﬁﬂﬁ iPhe WAMtHPAT BTSN fic track is of

reactlonlnl I at ed 5 grans of graphite pro
@nmtbﬂ nexierbgneter2 5T g aﬂwref en’mgjeet’nhe geafymg eafFﬂ‘@uldenge of

a8 o MipiTPH ek oPRETH vkl GHOLFRGaATas fngbles one to
%H%Nv RSN &% irbokT Ripbrat@e, Qﬁ@%a%ééﬂ de&ﬁh@é of & material is

figure enabl es the verifyin
Jmpectant andmthottleamneeﬁinabﬂsmd dbmainsed. This structure

d | { t hat t { {
Che magneti@8iEednBneSEM inotiranf of 3 Graniil: rasieniahaf the
Vih{éhtIne ah |tb{|sep¥ﬂcﬁ@g!;ﬂaﬁhei{j cHAN Béserﬁbgbthﬁt thd 8egradalibn of the

phot ogr aph of itic materi al he 1 nventi on.
|grapherseqoﬂnat @gmmsa 10 iberpares amrum@d lnefate obeurs successwely

dat. to
B BB chiogs orRBEETH el e S tiRSL reF g, fusing the
igMiffedihabhasessfedtel nf or ci ng the descri bed effect and
causing the clained magnetic effect. Figure 4 is a

graph of tﬁl@lﬂﬁaén@t iaz grapn of uthee MEMetiDptiors curve (SQUID) VS

YEPREFbH, CoorBBAR 159 S ell Bbuiol B A Thatéyel Borore anc

effehblthe deesd FRiuré ¥ thabrRBhaRsad vars: Y‘echécenhanced magnetic
nodi fication found in the graphitic materi al

thedifigatian toundhe the grapkitic pnatedekby ‘(‘m&atraetmeme@lf the proposed

d bl t he t
PRGtos ottt TP ey Goatitbch ahables; the total
rbeergionPoi e éﬁguﬁaweutayhagﬂeﬁeaﬁnr( %have%ﬂhé»‘ oP&SHd f a very
It enables one to infer this type of such an |nportant

iriepee ferampgnetic behavior.i Ibanadles oae Ito tinfer Hiisptyps exfcich an

e BFBHL S5t o B BE et ipulial 6ol §F i bRenae il fppuries

indies rgangsle memet ihege mﬂimu@@r fFepresBhe Voulg %érhﬁptétntgest to
t he di amagnetic background of the graphite bulk

Sbsaeya ek, Hoderaipgdrmagnetism, only perceptible by subtractlng 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
(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
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



in this case. Figure 5 is a graph that shows a detai
of the magnetization curve (SQUI D) vs. tenperature,
W@ h@di123§84 he magnetic quality of the graphiti cPOEBB2G05/000110
obt ai ned, as well as the Curjie tenperature of about
185K. The mmgnetic behavi or df the materi al persi sts
even at roomtenperature. Figure 6 is a graph that
shows the nagnetization curve (SQUI D) vs. externa

Bty RvoulE B 28l oLt et
ﬁlﬁ%@ﬁl’éﬁr A réorh efdrapBensat. fidh t@imeadiar @uoé JrapheOknd a

ove description proves, therefore, that it is th
possiith enttadbloxaienunder oelabysly raith ganditions epfnﬁagilpwand wi

casibeREIapl FRURMTARE Gt i Helort s oBhed finds use in
Huﬂg)?%.téﬁﬂidﬁﬁbﬁé, ud dRagReiRy ifeiget iivemediddl dscience, or else
Iti ons o

con reaction and with easily available .
eppligatiens , irmnzbrmanicationsmteleGteaniehuSCBSRE n@YeT | Rigeensors,

use in nultiple applicati. magnetic i mage in
pailglves Ors%‘?ﬁegﬁ)n Bfn‘@ggghg%tf’@%lts ions in 3y
communi cafj,Qfforet R for &t Sapphieaten presents) abhighbnsampetitive
catal ysis or separation of magnetic nate&%ils. . ithert
Bhuses ofoe, ohithieing: esagnetispeanbent having rRiwesifal PIopeiigsyhitherto
congetitive process for obtaining nagnetic carbon

HBKN physi cal properties hitherto unknown. CLAI VS 1.

A process of preparing magnetic graphitic material s,
characterized by conprising the steps of: a) providing

a reactor ( 1) with a second container (3) containing
graphite and a fist container (2) containing at |east

one transition netal oxide, the graphite and at | east

one oxide being finely divided, the first and second
containers (2,3) being placed in close physica

proximty, the proportion by volume of graphite and at

| east one transition netal oxide being of about 1: 1 ,
the reaction system being closed, under pressure wth

val ues from high vacuum ( 10 7 torr) to 10

at nospheres, in the presence of an inert gas

i ntroduced through an inlet (5) and vacuum nmade

through an outlet (6), the reactor ( 1 ) being kept at
tenperatures between the reaction start tenperature



of about 6000C and the nelting tenperature of at | east
one transition netal oxide with the aid of heating

waleawsazsssq( 4) for 6 to 36 hours, whereby: i) theCT/BR2005/000110
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transition netal oxide, upon deconposing by action of
the tenperature, generates aﬁoporti on of oxygen gas
sufficient to cause oxidative attack on the graphite
and generating pores therein; and ii) the transition
netal oxide is reduced, for_the nost part, to the null
oxi dation state, whereas t&d-A¥onous naterial at the
end of the prpc i g t 0 it Z 0 :
bei ng con:/l'i t'ﬁt 3133%%9&1@' d@?@?@ﬂép?ﬁa%%‘%t,keoy Bo#tbcfjs%terlals’
sthiaratierieed hyroongsrisimg thengtepadt edges of exposed
graphenes; b) at, the end of the desired reaction tine, . .
recover i ngk %{@vw%ﬁi PEIR bR & jeEand 6RA1AIARY ﬁagcon*ammg
r r q . . .
ARl e R 8t (R P et a5 Al oxide,
gthepdraphité eandaatrteast ahe pridedyaing pinely divigied the fitst add second
process acc ing to claiml1, characterized in that
tmt@'nsbm?%% %@Ir@pﬁa% ip. clgse RhYsIaL QEOLILY, the,grarprtion by
| | . " . .
ool SraphR Rl o Rt Bl Panchlth BIRBI e bBIrgRe about 1.1,
pthec esectian csysdemg beimge cloised 1 undearpressurez eithi walubatfrom high

the granylgnetry of, th raphite.is, smaller than 0.1

ARG, (PoctrD te St AERESPRETER aiit the BFRSeREEePt A Mest gas
t; it t @ 9 j

ffbdbcey HBA0h dh GRS (6) Bhd Vadin? Hidtle UGN HPOGHK: (6), the
cleactrt(¢) beiad kept ahmpdratureahetweem theetesictior istirt temperature

SR E! 810650 il oL A bRt me
t e 1 ' qa): t t I ,
| e RERIa bE Mg defies [RIBLB 13 soilr, nefcyP
and of thd) Wi gaasitipni metalidixitg, iponededsnpdsind dy\ddiion of the

roup, jncludi n%Cr, ei t her,, ur<? or conbi ned %t .ar][y
%?B’ﬂfﬁfﬁéuéﬁ. 9gNepalEs R cROPS ATnGXYIL | GasmsHificient” to cause
chad k£ 8o r : bidi t al
B R S R L T A
ot her tr ariBithe dransitic metaldeddais seeducpdpfarrtheanost part, to the

null oxidation state, whereas the carbonous material at the end of the

process exhibits two zones, the upper zone being constituted by the desired
product, 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 according to claim 1, characterized in that the
graphite is commercial powdered pure graphite.

3. A process according to claim 1, characterized in that the
graphite is pyrolytic.

4. A process 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

granulometry of the graphite is smaller than 0.1 mm.
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9. A process according to claim1, characterized in
that the reaction tine ranges from14 to 24 hours. 10.

wo2@s0z3E8E according to claiml, characteri zedP@lBR2005/000110

presenting yield between 1/10 _and 1/20 (by vol une) of
the graphite originally pl acd® in the second contai ner
(3). 11. A process according to claim1, characterized
in that the magnetic graphitic material is recovered
with the help of a magnet., 12, A nmagnetic graphiti.c
mat or i 8 ChalaBiaSsS CREURYIIBR foy CHITSl ncdis9cieRged i that the
[ hBuRe Weidl 11. 13. A
%%Egﬁgagtﬁgﬁ%]%gahg%er [ éI(Hyac%@Pngfn%mIog' claim12,
charact erized pyoceasi axpordingl &x chiimr dstahacacteszed in that the

onst,ituted by .pores that pa t hr.ou vari ous )
GOt i a8 ikt BetAls QT RS IY Giosy indluding Fe, Co
t n 1 . .
AARPNPLAERIL B TS 1B gl inBRIORRS ORI 8F fhe 1B qroup, including
pdn;imegtals aftheAlllidagrostpi, inadudipd iSd; enetatseof thie 1¥8cgrodipn ncluding

to claim12  characterized i bi.t i _
S e A Vi R BB, S o,
'@{%%?bhﬁ‘e Hﬁé@fhbﬁiedaéi%?fﬁrﬁﬁohfbnﬁ aim 12, characterized

by being used 1 n nmagne mages i n nedi cal science,
nanot echnd. ogy,proocessinaccardiags fo etlagnhr @ni carasrizeds in  that

Ppi;{e’%?g@%ﬁé tl%%tsﬂ{o%srinséta? roxf’deeIo %rc%tdricc):nox%e,ng rtla?tplu(?e 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 claim 1, characterized by presenting
yield between 1/10 and 1/20 (by volume) of the graphite originally placed in
the second container (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 characterized by being
obtained by the process as defined in any of claims 1 to 11.

13. A magnetic graphitic material according to claim 12,
characterized by having complex microstructures, constituted by pores that
pass through various graphite blades, with diameters ranging from a few
nanometers to more than 1 pm and nano and micro-structured forms with the
aspect of bunches or pilings.

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

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

magnetic materials.



