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sol utions, graphene alkali nmetal salts, and graphene conposite
materials The present invention relates*to a process for preparing
gr aphene sol utions by means of al kal |_ met aI saI ts to graphene

sol ut i ons, M&thad, e BEAIACING  SYAPLAKS B off138 cali | mog 3

5graphene a&,}g@sitem}@.}ahsal ts and to gr aphene corrposr te mat eri aI S and
to processes produci ng the graphene conposite materials. G aphene

conprr ses two-di nensional carbon crystals with an anal ogous structure
to individdhs prjﬁ%mre@nqnary@reg to THEOEH 195 BIeRATHHE STAPheng poIRLRTS BYimpeags of alkali
hexagonal hapeys £ Uoferiold)i 1AIEAR0G g A O Bl salts,
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carbon 10 gtaphase ramlom@usaﬂte argi o graphene canposktn BWAfeTials angyp plfgﬁbrswfor producing the

orbitals. ic and nonnetal lic properties. The '
metallic pgg s};@? lgrgt%%léene relate to the good electrical and

t hermal conducti vr ty. The nonnetallic properties result in a high

t her mal st &pipheteycomphiedsi tevardlmmmnﬂec@sboarmwsralﬂomth|at1>an@if>gquh gtecture to individual

conpounds. i t 2 2hdTy! t
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Thi s was daogndilliphapsiting Fahestlie fregeetios ndfogriphendcdEe as dhe ganl electrical and

pulling it off; this |eay te in the adhesive. ubs q .
the adhesi (%4l ‘?Oﬁd'fcgwﬁr ﬁ?egongﬁfa@map@ﬁrflﬁsoﬁs’%af‘era ek e %1 ftﬁnﬁty themical
silicon di guertdeslaayaibrRitg of Uhds€ doRpdunag abpheid & Safef@e suigbapive remultitude of
beconmes visible by suitable optical nethods. This 20 nmethod is very

ti me- consuridygrial éﬁﬂhcﬁﬁ‘i’%}‘ foepxpmple for battarissy fugh sHs QFarF%tor%%ﬁP%lé are
obtained. In addition to nechanical exfoliation, there is synthesis
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Chem 18, 18, 2008 gtpgl]Bl472 1484) and chem cal exfoli ati on,
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chromate, in graphite an subsequent thermal or mechanica

treat ment tSsbssausatin dheypdhstieneriniit presed Apte eridicen avafy ath2othitesiepstdiedde layer
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means of strong oxidi zing agents. The gr aphene oxi de generated by

this pr OCeyy a&c%m?iftgh{e@ﬁanicgl %?JIBHQA %&i@ ?{ sITrdnfPo rgé ABIENG @ for example

| ayer, but erent 1n em cal ter om gra ene as a resul
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har it ul L1 B SheRSHERE R Swididnd 3ROSH Bl fif0ues, L, EARNSRE Rl e

generated b I's process in or
gr aphene [ $baksinn pdrmaganat oapatasdiomrchroofatelit grapBite amd %%uenl @iermal or mechanical

155- 15@5' tr\{a\ga%m%gt]’[% /1)1:00%171968g5rfp%-g146E\51%ho 18-1/1c9{ngsg gn%und 20 nanometres, which corresponds to about

40-50 graphene layers [US 4 895 713]. The production of fewer graphene layers is not possible by

this process.

A further process relates to the preparation of graphene oxide by means of strong oxidizing agents.
The graphene oxide generated by this process is similar in morphological terms to a graphene

30 layer, but is different in chemical terms from graphene as a result of the fully oxidized state. By
means of toxic and environmentally harmful liquid hydrazine, it is possible to reduce the graphene
oxide generated by this process further in order ultimately to obtain graphene [Stakovich, S. et al.
Jour. of Mat. Chem. 2006, 16; 155-158].
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yi el d of graphene, generation to give thicker graphene |ayers and the
necessity of using toxic, environnentally hazardous and expensive

chemi cal agents to prepare graphene. There is accordingly still a

need for nongliiRERRBESST tleOmoRh SRAEAIISEHRNERGhe W 41d 6RGapddE %’éﬁeratlon to
and overcone the disadvantages of the prior 5art. It was accordingly

an obj ect divet thiskerr graphepe javes nfl ghe nesetsith\af REINg LieHC, ermseranenply dhazdous and
for prepari rgi n [ t

chi cved by Cg SR aeE AEER g ok gl R i Becol P B S for nove
sol ution, ipmoogtseier gteapmgt&anhsner whigh eeh addrdss and evelcaint thywlisaflvagiapes dfthegprior
pol ar orgar’%tc sol vent. 100ne advantage of the process is the

avoi dance of "use of toxic, environmentally harnful and expensive

agents for the preparation of the graphene solution. Thernal

treat ment i whs dceorpieglytan obisctof theGGentanvEROGCY payiddendra vael Hraness for preparing
particul ar 1.cal : d s . a

o ther acvantase AsrTEng ) Ml BiotEh. 188 Bel s Bl aE SREpiich ARl s fo
lies in thanqmﬁh@bio’rziphgne&snhhﬂbﬁ;en adihcgrathitd ispmémabnﬁﬂhtqn aikaipmetp]asaltrig a polar
graphene on _the |§ L{Stl’l al scale. Mreover, 15 the process according

to the i nveM65#°dfCo enabl es the pr epar atl on of graphene with a

| ayer thickness of |ess than 20 nanonetres, i.e. down to graphene

Wi th onildy dhe givarp@n&f thapesce{sOis 3de avc)idanwef sey ef tokk| ehvieameally hemful and

controll ed preci sel t he process ac ding.to the.inventign via .
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especially tmchﬁs§9ﬁV&Qtth&n% nﬁﬂbb@&ésnge ﬁ@@ﬁ it GrpRehel FRA %l}%h@ Iémphene layer
nmet hods. Preferably in accordance with the invention,

metal salt @f4nmd Tl layon Hickneps man bej eontrgliedd presiselp byhte H?YQY@ESS@CCP@FH:% to the
prepari ng {

o "o ol el T napofie oot cPRan i ENERARLRI (o kiGel-Eo) Nl pipdSif el o
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a pol yajomef, hc%tl r{B‘]%H rlg the-lé %ugtxoq'%)%r%ﬁuctll{éhar gﬁ)cfadh&l lk‘ ﬂ@th@?%%ﬁ%ea?ﬁes from the
ant hracene, car ene ene, ro ene ene,

tri phenyl ermaphemmtbﬁé @&'p%ﬁ]l@@?y/ EE’M%SO&Z&@B@ t03he ifventame o et they can be
benzophenone and/ or .ant hr aqui.none, Particu rence.i.s . given .t .
the-use.of TagneharaRer cBpRife pabiCopiLiPhEaSIvE Rok s FRBeMfY vio
process f orcopvedpéral p@atﬁggioﬁipigam&uﬁlﬂbgﬂaummahmses pecially

tetrahydrofuran (THF), acet onitrile, 1,2-dinmethoxyethane (DVE),

di et hyl ene dleth S5tri - t raet hyl ene_gl ycol .
dretivlene ghtsl Hhe R HICh: iy, St RS SRL P SRl s s
sul phoxjsde t6 T cessNofyrehagihy bageihasdlaton: N, N- di met hyl acet am de

(DVAC), N, N-di net hyl formam de (DVF), N nethyl pyrrolidone (NW),

di net hyl sul pho?gdls (DVBO), dinethyl sul phone, di phenyl sul phoxi de,

di phenyl sul pho tetramet hyl urea, tetra-n-butylurea,

1, 3-di met hyl i m dazol i di n-2-one (DM ), other glycol ethers or m xtures

t her eof . Pref er redgrace@aaicthdiOsol vents are glycol ethers such as

1, 2-di net hoxyet hane (DVE), diethylene glycol diethyl ether, tri- or

tetraethylene gl AS9 !a cz&lljogg ar}/ zllka?itmeef‘arl 1t9nr esrlralec):(lgﬁlyr with lgtgi?l{neo?fsédium, and

B’ is an anion of a polyaromatic compound.

30 The anion used is preferably a polyaromatic compound. The examples thereof include

naphthalene, anthracene, carbazole, perylene, phenanthrene, coronene, chrysene, triphenylene,



For the pr oc%zoué S('37g§5dl ng to the invention, the polyar or?gtrﬁj%oné%gﬁor?g
is preferably first dissolved in the (very substantially anhydrous)

pol ar organic solvent, preferably in a r-&-o of 10 mM (1:100) to 1M
(1:1) and preferably while stirring. Thereafter, the alkali netal is
suppl i ed tﬁubﬂen@es bbitbpheone limdfat edhekahingnd. rPasticalai gheferadcoiic iverabrthe use of
excess, | inaratioto the solution of 11 rnMto 1.1M The al kali
netal is pF‘@i‘hétPaéFBFy supplied in very small pieces (for exanple by
cutting up a wire, etc.), in order to facilitate the dissolution of

the al kal i sa@ibdd poldinGrg&@d sHiveny fohths mbies e dreb&ingr£@pizht yolhbal a6 ek@cially

a tenperature of 60C to 120C Qv. er'od f rab 15 m nut es
to 2 hour s eHRRyE&eHEn (?ﬁF)aE%?nétF%t é%t t@ﬂ?&bﬁﬁ %&lh%]@neagﬁ%ﬂl el ether,
nmetal . bf thesrsedddtiyRie LS &Jﬂétﬁylr@l‘i& Mﬂ}ih@ﬁné ?et@drrﬁthy?e@é Sh1gEdneY] tétRmethylene

herei nafter as "reducing agent”, is not used further directly, it can

be cool ed &MEh®dsr ed (tT ) or Nai¥ é’ﬁthM@@%a"éiG"er a WoNolimederepatdod. (MAC),

the processyReGRLEY I fROmiRide QQMP)V%&R{]I ;fxfmld&{eemmd;ﬁﬁﬁylg&ﬁﬁMIae (DMSO),
sol ution, graphlte is then ad € reduci ng agent, preferab é’ﬂﬁ&l
red,

whi | e sti r dirgshyl|salphenep diphpnyl salphgxidsyidipheivé selphonseieFamsthylprsa) ipirgn
graphite, yh | 1Rbhelst MRGRAMEAE. Preforred

pr ocessi ngwlit’ke%ﬁn gues \/\,{gmneﬁ %QD%P r?gg XOK%%I\;C\ASEE e to the perrggﬁe organic
ski | | ed0i n selventeare lyFolethessfsotti @tlbbdlmathdxml'@wmﬂlibﬁleﬁwbpe glgcad dispot ethat, tri-
by very finel erformed until a stable
graphene so? a&ﬁ ynedgc?%f’al ne h ether&rsnnﬁ %ﬂ#ﬁ?er??rmm | evel of deposits
remain VISIb|e. The process accordlng to the invention is

pr ef er abl y Foethe pravesd awiotdingto timtineentén, g'reazplybltoe@tict eontploandais Reeffarathefiest diggolved

o RS eSS

accordi ng telMh@:l)aud pﬁefe@e{bly‘ whllepstmpngr Il"hgeatflee thpr aﬂ]dhemﬁalss) bunphexhtm this aglution,

far as possi inert condition i

cond ¢ 8ne ARy df AGH e RBCBPES AR T e Bl FePergited GddanirbadM: T

\lj\gdg(r) 1\1\% g ?191@2 Eﬁgfpl ﬁ@mfam}alyrm prdied e veyy sruablsmam (fai é;gampm byatigihg cup ami;egeta) in
P2010 4 - nmes ntact with

agents used™{% Drpare Bhes ? ﬂé}ﬁéhesalﬁﬁt P HF © Owlat%e@gamed 1S preferably

accordi ng theatkde 4 PagRtahRE of 6U°CS@|1Q09CDB&IQW§H5@BP@€&%M ESdinbich go 2hours in
therefrom This can be ensured perf or.m ngf t he process according .t

t he i nvent 98T it efcelersts e ﬁsoéiﬁlop r?é thelail‘élil sl}géh?e“’h‘f‘%? thug ahgingd, gvhich 1 i also

gl oveboy, wWigh &%xe‘i}ﬁﬁé%"‘ﬁequﬁﬁﬁgéﬁt” ak byt Wastutth@ire@nditicsn bd ddoRd and stored
with an inert gas atnosphere (for binstance nitrogen or argon). The

person ski Ithusdor later ¥res aer 2 proloageineried: correspondi ng al ternative
apparatus and systens. The present invention further relates to a

sol ution - i efLhids abotdingd B the 3RRbidA QRbpAtng GE JPHEAR solution, graphite is then

added to the reducing agent, preferably while stirring. It is particularly suitable to use very finely

ground graphite, which can be obtained especially by the mechanical processing techniques which
25 are common knowledge to the person skilled in the art. The exfoliation and dissolution step is
supported by very finely ground graphite. This step is performed until a stable graphene solution is

obtained, in which a minimum level of deposits remain visible.

The process according to the invention is preferably performed with a ratio of graphites to the
alkali metal of less than 4000 g of graphite per mole of alkali metal and preferably of less than
30 20 g of graphite per mole of alkali metal.

The process according to the invention for preparing the graphene solution is as far as possible
performed under inert conditions. The term “inert conditions” according to the present invention

refers to conditions under which a minimum amount or very substantially no water or oxygen
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sol ution” W(IJ%OWH%?]SS( negatively charged) graphene, a poFTjEP il "

conpound and a (positively charged) alkali netal are present
di ssolved in a polar organic solvent. Thd-pol yaromatic 10 conpounds,
al kali metals and pol ar organic solvents suitable for such a graphene
sol uti on heatfesahtt eadzy:t b.ﬁﬁlfhed@&ﬁ! useé cb @rbmivethe Flaphqae esletidn fbmheptoicem according
further relates. to a F%ene sol ution ich ls]ﬁlregrreq. tg? b
above- descf9 E}}?dmﬁ?“&?’ésgr PHOBF @B FOBOYE TEPL RS REe LNyt f“(ﬁncan S firared by
sol utions péreorPin@fiRS prbleys sooringd tél i Qiivehi@ freRABBI ih b® Nertizdthm PhcesRHAtxample
invention also relates to a Process for reparl n]ﬁﬁs %rarshene al kal

TR BAR P

motal  sal t ABIPVAXCPHFLTACR A RSN Gt DBF 558 B EpRRghere (for
sol ut : O§l. Eﬁ%&h&mﬁﬂégeﬁ lor Q{@ﬁ?%@%eﬁﬂﬁ Tsléh%c?m{ lﬁé atthe aﬁé(@ﬂﬁ’rcl@lﬁésg@ndlﬁgtoﬂtematwe
exanple a rotary evaporator, aré known to the person skilled in the

art. This BPR?%@%?%W@SabI y al so evaporates the polyaronatic

conpound, for exanple in the case of use of naphthal ene. In the case

of use of @LOSF.RPiNARRIBter GARBO N SoMNCreERRAG iDis’ HFBNEEN BY “graphene
evaporation, it Is possible to use other extraction nethods known to
those ski | beutiqni -timavhight (negativalyielarzed) grapheapmy BolyRgmais| SpaIPERRg nd 2 (positively
conmpounds. ﬁ-{:ﬂ SR ota YRS fe%tfcugst,n@& lﬁll 2 Pofl Cb\féa‘ﬁﬁs sGhvlt. a@ﬁke BBlyaromatic
al kali nmeta t i ch can be prepared sach fgr ocess.

i nvent ilén f:o.mpdfmeds akhlatetaly @damiﬁmmg@ spbrpnt@;svelpé}q gSla:hglrami'@mSOIUtlon have
SO0 U1 00 - AESFEERL RIS B 34! sl G il SLARIF GO o
above-d 1(_'a_sc prelpaeld py dteeibteveﬁdmscrmeépmmtsn ?or@é@aamén@@htaalsplum dlraphehg sdbytions
evapor a |n ven olved in an aprotic organic

sol vent , fpé? 5{6@3‘? Stﬂﬁe&élpgerﬁ ?ttco%dstrsﬁ tions and preferably in a ratio

to the graphene al kali metal salt of 1:100 to 1:1. Suitable aprotic
organic somemtsemrleveﬁﬁqﬁeal'salrélg&eam mtpirmegsofoarpmpagmhcgr@bbmedkail antdl salt by
t her ef prefera i.n tu rﬁthoevvhi h ve a Fdf
bbove B wayAogrias ittt BF B intSie #bfihg AHort BT SRR R SileB e e
of this preespsmtisd, eﬁar @D eotatly | epapoRardn, al klvowneygahel pérsorf tldliddein the art. This
processing steps, h@ lt;gortunlt i s avail able 30dt% di SSQ lve th ¢
graphene | ARG PRSP BB AYEPABISS The RDRBTRALE GPopgtads F PHHEP ep?ldleee%ﬂé? Riguse ©
I f, df or ex %Qgﬂtl%lené g tRIEdsk |o€dsegéf3&ﬁkﬂ%l)&ﬂﬁﬂ£&1:: Q&njr)]@nﬂ§ Q‘Hlﬁfl Qhnrloh Ee lremoved by
et ol Sal t CERAREPG B EoaIELOP R U EHTIE BF BN SURVERE T P dAin order
for t h@OSUt?é tARE abPpdifardHAR bombinde X B rEsent i@VentiBiE fRthOAMES protided a Braphene
G D b subld oS Fy SRR )50 41 Shofves | o
prefera e al so dissol ves

2011/ 057985PCT/ EP2010/ 067008 - 5 - efficiently in DVMF. The person

be. Used 1 or R g o kit
sol ution. Thépurifigearebhene soluiipny einavhich the sepkrue aﬁcpleaxe@} ﬁiﬁh‘éhféh ey bgtprepared by
prepared b - Bt ity Rlpdrsting fhe sol

pr ef er abl y)ﬁ%%%yrozc%j %urtﬂ??oc%gerﬁ?ﬂ%g%ggﬁﬂgl ]{é%g%g uﬁt ?% HS}, |% Iuéng © sotvent,
51 f desi5r eds dissvdved éutn abrotih arganit eplvertt, plh@r@bamden@eﬁannda@ons and preferably in a
5?:;:}22;' :gf?tg o F‘% H‘l% i %Qp%eﬁc@al@? nglc’a?%gﬁﬁ?slsl%g;%hgpu%gﬁagﬁg alppo"l!lr 'eraengc solvents are
with the us:epeofally yeotdyr mlme@msmbluents)andaher@bretmdezpbhwnﬁ h@nlthgsea\phelnmve already
sol ution vvlth rs an cj al nthep ducti

pol yner fi (PEL ¢ esﬁgdﬁgﬁ%hr% ¥ ?xa ﬁe %’é t%%%o&%r%r%aﬁl 8 Bur ehber %%ﬁmh% of this
W thin the ppeessrstdp i9esptdifllyxpatwitolegsre o furthe:e;&oce@shg:mﬁsam opyiotthnig) i avdilable
wat er, for ei;ﬁsgﬁl e 10in the courge of the rratur

t
e s pu pdP YRSV it BBphste df R, TS i HEOBaRl O RHF PRESInE. 16 for

inventive pRithhpleede Puaphenepieat olufth Gaiked!fH0thd Grotuetbn &foam ewamé &omposite

to functionalize surfaces of materials and especially of Ig/
material, the graphene alkali metal salt can also be dissolved m this step 1n olvent suitable for

the substance to be added. For example, for the production of a graphene-polystyrene composite

material, the alkali metal salt is preferably dissolved in DMF because polystyrene also dissolves



20 hydr azi N0 ZRIS bed above are required to obtain EEFéEEZr"AB’H%"é’S

(which can affect the substrate), only exposure with anbient air is
required in the case of a substrate inpr-éghated, coated or printed

wi th the graphene solution or the purified graphene solution. A

f ]thr ther pr eﬂ'ﬁﬁaﬁtlﬁﬁmﬂ.: T pefod ﬂ(ﬁll&dﬁﬁ/&ﬂtahdsﬂaﬁes 6f whidisaprdt gpganitisolveranhave to
of a conposite terial _using the jnvenijvye aphene solution or. th
hvent | e B R P SR IO DU SHEr R arit o Bt Dt e s o
subst ance, aphekied ablpiendhid@ios tirégatdddby @N6 psitbEequa@nt dutifiéd@faphene solution is
processing tqo give the conposite material with a suitable finishing
process. Strefalesteghsrhpcwgenipsresendiipngtibtigetied o t he graphene
solution or the purified graphene solution are, for exanple,

plasticsg, MRiak&] e SREANErabRL 6f thalofaphdiRCHe bBIreesABEREd b ektBing the graphene
graphene sol ution or purified graphene solution in such a ratio as to
give rise seupncEisasrified grapheps salutighihain OhFEFol bis 630 heysefpl RepyRetiqprwith the
graphene o r : f el

Jo6 and most bt ot BaT o P TagL o oh o CoLar BApRRE (SRR Yl S SFolial and
bet ween 0. tsmaeialiylds thexpieiction of polvimendibeesp dhy apbereosalit ¢f8 henganerageto pure
conposite i.al. i J

nmet hacryl a{é%&;ﬁ%g%@%@gﬁ%l?ﬁ%&r% %§+ E%lgm g‘g%%%?@ﬁ‘iﬂ@%‘ﬁﬁ Iaw;vlter, for example
pol ycarlbonart the capmof theesdtmrag or WRINRGED/of BESBEROTYEPZD®e/ 067008 - 6 -

pol yfl uori nated hydrocarbons, polyim des, polyam des, fluorinated

pol ymers, ! I C j

Pher oot - sk HhPRhEEanaR AETLERSmo S BARUARLERRNRNE sl afSiso be used, for
titani um aranmd,|toRsctibretigofurfagdslof ysitematshand epppetally stipHymes.dioagss pyrpose, the
bronze, are also i table.for t.he production of.the inwentjyv :
conpost t o s 8 ety i £ire iRt Bha Rl o oot wid MZFhichfve sojutions. For
oxi de cer arkfspls kidatrsl @itealNsuinaoxilicken wifebemytel dostsl oxingheinted criththel eraphene
ceram cS such.as sili.con carbide, boron nitri.de, baqran carbi de or

oot 3o SR o SPoraEe BrBRhC sOiiR S X bloli iy Sl orog e < ogibonents, fo
powder f or mk&fipl@gafsistRs grigndltchseat Erdule fogiad homerraphbne).i The gedphgisrsofukielor the

graphene solution. Suitable finishin rocesses are_ especjal heat :
roat ment  PRBGEbEERIens sfutien sphNes PETRVIENY REPIemRr et blPa BREh =kt T Brterisl

or purifiedrafanhenecisgl it 4LRiAdohveaEbnal }%]rhltﬁlél ecRdglick benalcrotitHglaghic e
i s exposed to an oxygen environnment and heat treated at a sui table
tenperature_and a suitable pressure. The suitable conditions.

(t enper at ureempared 4 & BEAPhgne OXHleBRregnafRg; cQafed. 9 PERISE SEPSHACt MV sh as
added (RNd 1y@hziRaH-ARMENDove FRredited R dBraid e ERPIRAE BVHIEEcah BFfE CheGals@ate),
of use of a'netal or of an alloy should be close to but bel ow the _
mel ting t ermpbreapesies with aopdentair i regyired in thagasg f b §ubstiateinmEseayAd, coated or printed
15skill ed Iﬁthgﬁ@gg%ﬁﬁn% ﬁ;é&Wﬁ%?th@EuH‘ﬁHd%@aﬂh@ﬂés%[u%oﬁ'.ave to be taken into

account dependi n

A further process according to the invention describes the production of a composite material using
the inventive graphene solution or the inventive purified graphene solution, and the addition of a
25  further substance, preferably while stirring, and subsequent further processing to give the composite

material with a suitable finishing process.

Suitable substances which can be added to the graphene solution or the purified graphene solution
are, for example, plastics, metals or ceramic materials. These are added to the graphene solution or
purified graphene solution in such a ratio as to give rise to a composite material with a proportion by
30  weight of graphene of preferably less than 10% and more preferably of less than 5% and most
preferably of less than or equal to 2%, preferably between 0.1 and 1%. Examples of suitable
polymers for the inventive composite material are nylon, polyvinyl chloride, poly(methyl)

methacrylate, polystyrene, polyethylene, polypropylene, polycarbonate, epoxy resins,
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conposite materials which can be obtained by the above-descri bed

process for producing the conposite materi-al s. The i nventive

conposite materials can be used, for exanple, for thermally and/or

el ectrical byy mrme@ug)tdmerbaﬁsodpwlﬁudehl I Shmiled,V BusteRfed Oboly6rs, acrylamides,

I nventive conposite materials are those in batteri es, capaci tors,

pai nts, ot RRlYCsksat YARRS Ghleisatisl Jattares thraeafe Syl el gre sPesially pjunjirjum,

avar e of tHﬁaﬁe%ﬁn,hafan&aplah&aﬂdy@nﬁeréo@rAIIII}ISCIM Etf'p 60 BRASs theastBE SFdndl, Sre also

descri bed can used. "Frgurés Figure 1: [Gatfative di agram of an

i nventive gutablle If@rdhgprszéwéln@ o§tbe invewiye cprnpwtf: @Iﬂtegﬁlaﬁmﬂhlé ceraEgRnptE3lyare, for

c .har ged% aglgtn%ﬂe g&lﬁ@kéralﬂﬁg @dch (a? aﬁ 141151{1 Qkfzﬁg]ol' 9&%&? oﬁlélg rrﬁ)ﬁ@ﬂ&e ceramlcs such as

di ssolved I'n an aprotic organic sol vent

2: Nunber ofiligrmagathedecbdray sitrgdeglsoren dadndg dronmpdsite hgagicaphi t e: aI I caI i

nmetal ratio. It becones cl ear fromthefigurethat at a

ratio of | f I

gr aphene | §§12arbIe2§%st%12ceg6% }Ijrgfe EJ a@ﬁg%g Rvenet(:%l i@;em %é?&gﬁ neﬁig?)ltﬁtﬂfeo%r?phene

WO 2011/ 05?@&@@@@&@]@4@&%@@&1@@ Exanpl es Exanpl e Oni ng to water

and oxygen sensitivity, it is inportant that the experinent is as far

as possi bl f rﬁ% ' I

pur pose i S%u a% H&% gljace%ges € E%e&glﬁﬁggggasmm?ﬁlﬂé%c%%eﬁ g{)rtoéxgagn ie %mtermg The

exanpl eoni graplyma sdntuargqmnﬁé.‘d g’pph‘bne Rrigjparadtiied voth thmaidrtmdalcsub*s@nagsm:posed

-rll-’ggl ; e?gch 8:8 l}r&%g%n énsw (pn?ra%j hea}/treauzesd'S a%la suﬂgol %mpggtu?ef and A s%tarl]na}e pressuge The
suitable conditions (temperature, pressure, residence time, etc.) depend on the substance added

(and not on graphene). For example, the temperature in the case of use of a metal or of an alloy
should be close to but below the melting temperature of the metal or of the alloy. The person
15  skilled in the art is aware of which factors have to be taken into account depending on the

substances used.

The present invention further also provides composite materials which can be obtained by the

above-described process for producing the composite materials.

The inventive composite materials can be used, for example, for thermally and/or electrically
20  conductive products. Illustrative uses of the inventive composite materials are those in batteries,
capacitors, paints, other coatings or catalysts. The person skilled in the art is aware of the further

applications for which the composite materials described can be used.

Figures
Figure 1: Mlustrative diagram of an inventive purified graphene solution, in which
25 graphene (negatively charged) and an alkali metal (e.g. lithium ions) are
present dissolved in an aprotic organic solvent (e.g. THF).
Figure 2: Number of graphene layers as a function of the graphite:alkali metal ratio. It

becomes clear from the figure that, at a ratio of less than 20 g of graphite
per mole of alkali metal, a graphene layer can be obtained in the inventive

30 graphene solution.
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adding netallic lithiumto the solution in a slight stoichionetric
excess (approx. 30 ng). In order to facidatate the dissolution of the
10 alkali metal, the alkali metal should be supplied in very small

pi eces. Th@,@g'?@]re is then heated up to boiling point of THF (66C)
under reflux Tor about 2 to 3 hours. During this tine, the alkali

nmet al dissolves in the naphthal ene/ THF sol ution (visible by reduction

in size of Expmpleli sl i netal particles) and the m xture turns dark

green (typical of Li-naphthalene conplexes). The reducing agent is

cool ed and Q4@ WhitN&ld. ox 3t @BsidvityDit S Ghpbria@inthef thé RepegifrRNE ta€ far as possible
material 200 _ ng of graphite are added to the reduci ng agent prepared
in step 1. PPEPTERY Eraniperiaigesghese. SHbIs PO PpIP6ss inrder eaﬁ@%l6|atalqu‘??xsfﬁ]é$}mh an
very figel Yne@cQURH Q@i thikGeed BoMEh be used. The graphite/reducing

agent suspension is then stirred for about 30 mnutes. During this

step, the dark green solution turns brown-black and the

Li - napht halStsRd: Pepasttion eStha reduciegngetit ed. After this step, the

suspension is 20stable. No deposits are visible. Step 3: Preparation

of a gr aph@ﬂ@'rledufcﬂgLﬂﬁbﬁaﬂstpr&a%aﬁhﬁﬁ&ﬂih%hwﬂg5&" RapB@A1édd G3HIAE in 100 ml of
purified by evaporating the THF sol vent by neans mp arotary =~
evapor at or agydesus dHFKiA dvieurchaered flaskbyldletsheings end. tharheddinggmgtallig fithium to the

sol 1d 15 diSsliad sHaf ShoictRBmbHiE bheoRl HRRANGH ). ) Graft2b il BL bicolution of the
organi ¢ solvent, for exanple THF, ., DMBO, or other glycol
25et herl§, alkdli gsiel tHeakkali neta} shoeld de shppligdgn sy siExdbmigses The mixtyge tsfthen heated up to

Lo i . T e .
or epared | BOLrE gl B TR Ul AR bl 1o Tl DAAPAR 1ond Bl
Ther eaf t er distdives is tie maphtielcpeitIbeoletipoaibld lyy moyctemingsivg of thetatkab dneiah particles)

order to obtajn_a 2% qgraphene/ C Sit terial . T r.aphene .i.s

or esent 1 n ot e RoERP R RaT DRERRE Eoalet ol dfe Mo feoots
2011/ 05798aIscERZMAH0/ 067008 -8- Clainms 1. Process for preparing a
graphene solution by reduction of graphite with an alkali netal salt

'na pql‘Sar S?e&a%?‘gllsgolgt%ln\{)?ﬁlte graphite material

200 mg of graphite are added to the reducing agent prepared in step 1. In order to promote the
exfoliation and dissolution step, very finely ground graphite shouid be used. The graphite/reducing
agent suspension is then stirred for about 30 minutes. During this step, the dark green solution turns
brown-black and the Li-naphthalene complexes are converted. After this step, the suspension is

20  stable. No deposits are visible.
Step 3: Preparation of a graphene-lithium salt

A graphene-lithium salt solid can be purified by evaporating the THF solvent by means of a rotary

evaporator or other known methods usable therefor. The resulting solid is dissolved under an inert

atmosphere in a polar aprotic organic solvent, for example THF, DMF, DMSO, DME or other glycol
25  ethers, and used for the intended purpose.

Example 2

10 g of aluminium powder (300 mesh) are added to the THF/Li-graphene solution prepared in Step 2
of Example 1, and homogenized by stirring. Thereafter, this solution can be exposed to oxygen and
sintered in order to obtain a 2% graphene/Al composite material. The graphene is present in fine

30  distribution in the composite material.
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netal salt of the follow ng 5formula is added: AB characterized in

that .Ai+ is a cation of an al kali netal-gi-on, especially with [ithium
or sodium and if is an anion of a polyaromatic conmpound. 10

3. G aphenecg@ingt i on i n whi ch graphene, a pol yaromati c conpound and an

al kali netal dissolved in a polar organic solvent are present. 4.

G aphene soI ution prepared by a process. according to ejther

1 and 2. 5! Profwsss fprprdnty %Tﬁl@}ﬂeae ij’ﬂ‘ﬁ’;ﬁ?ﬁgﬁéedﬁf%g‘qu SHBLI Wlé‘hﬁntaﬂ%} metal salt
evaporating theipolddr of¥afidRblGe80l vent of the graphene sol ution
according to Claim3 or 4. 156 Graphene al kali et al salt pr epar ed by
the process according to C a Process for prep p fl?

gr aphene séi uti BWCGS&%‘F"&@{‘%H E@anllnch@ﬁaieﬂ%q#én@haéﬁﬂé% é‘i‘ ISPt Hgfhﬁl ollowing
salt acegordi ng tQmdaad Mgbys.i s di ssolved in an aprotic organic solvent.

8. Purified graphene solution prepared by the process according to
CGaim?7. 9. Process for producing a conposite nmaterial, characterized
in that a furthér Bsubstance is added 20to a graphene sol ution

according to Caim3 and/or 4 and/or to a purified graphene sol ution
according to C ghdhdrizad ihdpi s solution is then processed further by

a manufacturing process to give a conposite materi al. 10. Conposite

mat eri al produced by the process according to Claim?9.
A’ s a cation of an alkali metal ion, especially with hthmm or sodium, and

B is an anion of a polyaromatic compound.

10 3. Graphene solution in which graphene, a polyaromatic compound and an alkali metal

dissolved in a polar organic solvent are present.
4, Graphene solution prepared by a process according to either of Claims 1 and 2.

5. Process for preparing a graphene alkali meta) salt by evaporating the polar organic solvent

of the graphene solution according to Claim 3 or 4.
15 6. Graphene alkali metal salt prepared by the process according to Claim 5.

7. Process for preparing a purified graphene solution, characterized in that the graphene

alkali metal salt according to Claim 6 is dissolved in an aprotic organic solvent.

8. Purified graphene solution prepared by the process according to Claim 7.
9. Process for producing a composite material, characterized in that a further substance is added
20 to a graphene solution according to Claim 3 and/or 4 and/or to a purified graphene solution

according to Claim 8, and this solution is then processed further by a manufacturing process

to give a composite material.

10. Composite material produced by the process according to Claim 9.



