- 1 - Process for producing graphene solutions, graphene alkali metal salts and graphene composite
materials The present invention relates to a process for preparing graphene solutions by means of
alkali metal salts, to graphene solutions, to processes for preparing graphene alkali metal salts, to
5graphene alkali metal salts and to graphene composité materials and to processes for producing the
graphene co I:L))oslte materials, Graphene comprlses two- dlmensmnal carbon crystals with an
analogous str Y R ' 2 G AN N : ARgetid
honeycomb strustitialsThis arrangement results from the hybridization (' fu5|on ") of the 2s, 2px and 2py
orbitals of the carbon 10 atoms involved to give what are known as sp2 hybrid orbitals. Graphene has

metallic and nepmefalic,PrAPEHIES: EEesalIGRIQRRYESREE GRIRRRJ Haiki %E‘“Bﬂ%‘ir@%ﬁ%@éh

and thermal conductivity. The nonmetallic properties result in a high thermal stability; chemical
inertness and TRALiIERES tiese RRPBUFRILtieiapite REOFS HsBRBRa it AbRPH6N S FikRitUBB R FRistial
applicatioss, fgrgxrmplakar hrigrietsiuet celsphefaciedonaiesslandd heoiskgrmphprnilakgane
were obtained by Novoselov [K, S. Novoselov, et al.; Science 306, 5696, 2004, p. 666-669] by
exfoliation of ﬁgﬁg?ﬁlgﬂw orl'ef‘r31tré1 By?o?ytlc graphlte) This was done by pressing adhesive tape onto
the HOPG and then pulling it off; this leaves graphite in the adhesive. Subsequently, the adhesive strip
is pressed ont@@@ﬂ%%ﬁ@ﬁﬁﬁﬁ‘&%@@iﬁ@@ﬁﬂﬂiéﬁfé@ﬂa@@ﬁ@iﬁ%ﬁéé‘Qﬂpagéﬁ!iqthéﬁéﬁfﬂéﬂwidua'

gralphenefbecgfﬁ)ﬁﬁ{fésiﬁﬁlbiy W@Q@W'C&bm?@@@?mﬂ@&? Mt %gh\l‘ﬁfﬂeg}lmﬁnﬁfgfueﬁﬁ? Jnes
Onyvery ew, albel value, S S aine IIonN _ 10 mechanical exroliatio ere |S
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1472-14849) armiouhrenmeik/edfabagme fmhaﬁxamplewbwnnhazdaihmamwlmtﬂjlmgp@enls masemlnpie aidc
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subsequent thermal or me 25 treatment to pro ene wit

nanometres, WW@OH@%MM@MO%W%@'Q%BW%“&?%'[US higoshergjalr sapitdduetiemien!

fewer graphengdaness iamPinnespisimdlis psagremdd. fathshaitersprelatpasr the RieRaliaties of
graphene oxide b LI}émeans of strong, oxidizin ents The ?ra hene xide generated by this process is

similar in mor AOSHIRLRPRFRIRNS fILPKR % R RCIHE ML ’fns from graphene
as a result of the fully oxidized state. By means of toxm and envwonmentally harmful liquid hydrazine, it
is possibléto retutiestigeaghaniecitakesitergohtanrd hyNRpRtCE s dupsrie N alrdlar3ditmerciPio di9ain

graphene [Stajgyich, B66L&bofeyrefbMabihambr8QRighfidmet IRRiytic graphite). This was done by

pressing adhesive tape onto the HOPG and themguitloff; this leaves graphite in the adhesive.

aYatZaVuVata

Subsequently, the adhesive strip is pressed ositican wafer with a thin silicon dioxide layer
and pulled off again. Thereafter, graphene becowwble by suitable optical methods. This

20 method is very time-consuming, and only very fellved high-value, samples are obtained.

In addition to mechanical exfoliation, there is thgsis from organic molecules (see, for example,
L. Zhi, et al.; J. Mater. Chem. 18, 18, 2008, pr2-4484) and chemical exfoliation, for example
by intercalation of oxidizing acids, for exampletrizi acid, or oxidizing salts, for example
potassium permanganate or potassium chromateaphige and subsequent thermal or mechanical
25 treatment to produce graphene with a thicknessnar@0 nanometres, which corresponds to about
40-50 graphene layers [US 4 895 713]. The prodnatiocfewer graphene layers is not possible by

this process.

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

30 layer, but is different in chemical terms from dnape as a result of the fully oxidized state. By
means of toxic and environmentally harmful liquigdhazine, it is possible to reduce the graphene
oxide generated by this process further in ordémately to obtain graphene [Stakovich, S. et al.
Jour. of Mat. Chem. 2006, 16; 155-158].



- 2 - The disadvantages of the known processes described are the low yield of graphene, generation to
give thicker graphene layers and the necessity of using toxic, environmentally hazardous and
expensive chemical agents to prepare graphene. There is accordingly still a need for novel processes
for preparing graphene, which can address and overcoe the disadvantages of the prior 5art. It was
accordingly an object of the present invention to provide such a novel process for preparing graphene.
According to tHSrSARGNAIE D BEEi S MR TP BTC5 R dPY MiRJHedIf3PpraBakRgesation to
graphene solujioa, titickéicr gvaphid aggeduse divdtheve skpsofgetakisale vieopolantalganic sokventadd
One advantagg, gf (15, progess s e avoidange ofuse gligxic. spuienmenic ATl and expensive
agents for the pl%para ioh of Hhe grgp ene sblufion. Thermal treatment with? mperatures of /0 Johts
1200C, as destfbessesr fpaniearinthginpbanexivhigiopameateessyeisomecthesdinadeihieges firtheprior
advantage; of the present process according to the invention lies in the scalability and the associated
possibility of preparing graphene on the industrial scale. Moreover, 15 the process according to the
invention also I§nables the.Hr? aratian ?f grtﬁghene with a I%er thigknes of Iesslthan 20 ?anometr.es,
i.e. down to grapiiene wi H'o%)eaonn% UtaoRene MYEF (0/3FRM)PHHE Tyt ke sE RS R B LN tBERD
precisely by theapoeessAsctwdiiiggteottieeinvestiton thia dxeatibiavedf by dbeimgpoaigent atidedr¢sees for
Figure 2). It is Shuis pRSSIblR. fRleRXABRIR O RRAE e HfTraRArRdURIH WithdhesprRg indysirial serle
plant and minimal changes to the reaction 20 conditions (such as the amount of the reducing agent
added). A furtREIHYvaRYATR: arises from the graphene solutions preparable by the process according
to the invention, in that they can be processed easily in connection with a surface functionalization of
substratel) espeeiayveanithgoiehtopalgesatingtheoatioigame mfpbagriati@mvinethostgally Peefefabiynd
accordance Wil venienan AL Iglaalof 1Be WowAB eI ° AR hdalfiprafes

for preparing a ene solution: K ii characterized in that A+ is a cation of an alkali metal ion,

especially witHaimarateiesoidRPan® 11 29@1¢ apforesFERsoRMaERRaFEIBIeR AUl 80 TReRAbh i§seef is

preferably a pab@osaaticiGRMPOHMthel RRRNRAYRISS theirahindddenaphinplenaeaniBIGANRS in the
carbazole, peglen;,g&hen nthrene, coronene, _%h sene,_tri?élren lene, - 3 - fluorenone,

Alg

benzophenon YA SuRRE At RasalP R 8 ERGSthEB PR Rt Rreover,
Suitable pdlartbeyancessvactsritndghe phec@ss foioprefsaringatiigeppimnatsol ubfoprapbespedially layer
tetrahydrofuray etonitr 2=di thape iethy ol djet , Dirjz or
tetraethylenea(‘gl)l]3l/;;%:|< imagihgﬁ)%tr#le%nigﬁ%ﬁglﬁté% té%hﬁ%th@?%ﬁgﬁ%n@ﬁe%ﬂ%ét éylgﬂggﬁ%lr%h(%%gre
(TMSO), N,N-tRe3nyianetdheid@y Rl Nbifikiegsy ez tamisenironeaesal Nagithetfreesfatgerdma iy, the
N-methylpyrrojigengoiNiiRheimeting suanpsiteaieM SR edimeiny bsulnbanes dirkasny! eriBhsise, o
diphenyl sulphone, tetramethylurea, tetra-n-butylurea, 1,3-dimethylimidazolidin-2-one éaDMlz, other
glycol ethers cﬂfﬂ%%&rgg“ﬁﬁ%?\éBf?%%}‘YEH BrgarieeBeuRAe R GRCTMEIR dRggesto the reaction
1,2-dimeftoxyethditien(® didh die thyleneghtouf thietieyuethe taddidat) tetraethyley giyage dinsethfybethiee

or mixtures th%FSBFiene solutions preparable by the process dngotd the invention, in that they can be

processed easily in connection with a surface fanatization of substrates, especially with

conventional printing, coating and impregnation moels.

Preferably in accordance with the invention, araklknetal salt of the following formula is added

25 to the process for preparing a graphene solution:
A'B
characterized in that
A'is a cation of an alkali metal ion, especially withium or sodium, and
B is an anion of a polyaromatic compound.

30 The anion used is preferably a polyaromatic comgoufihe examples thereof include

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



For the process according to the invention, the polyaromatic compound is preferably first dissolved in
the (very substantially anhydrous) polar organic solvent, preferably in a ratio of 10 mM (1:100) to 1M
(1:1) and preferably while stirring. Thereafter, the alkali metal is supplied to this solution, 15 preferably
in a slight stoichiometric excess, i.e. in a ratio to the sol8tion of 11 mM to 1.1M. The alkali metal is
preferably supplied in very small pieces (for example by cutting up a wire, etc.), in order to facilitate the
dissolution of {HPGRANEN ?WEBHﬁi&W&Is%BMﬁ%W%’EFg?&P%ﬁ%Q%B t5 SERperdiise'8E etic
to 120C over aggtind@igreferably 15 minutes to 2 hours, in order to accelerate the dissolution of the
alkali metal. If the solution thus obtained, which is also 20referred to hereinafter as "reducing agent", is

not used furthey, digetiy ok CaRLRAICLIGEROAPIHE HIOUS KRS P A ELRBRIPE Mg IRiRE

process according to the invention for preparing the graphene solution, %ra hite is then added to the
reducing ageri€RBYSFABIARTE StirAtRCRIE Patir iR EM(RMRe YRR ol riedrdopifer
which cansbe ebtaingdresprialydncteiimegiarit paansingiechaiayescdiiphafeir eeaamsiiylene
knowledge to the person skilled jp the art. Th oljation and disso|ution. step is supported ery
finely ground Srui%ﬁl?t)gé)el'his sfﬁ:)/(lgsc5 Erforn@;'éﬁa%ﬁ] |as %%'%aphen@&qmgﬁcé%g@gmed, fr&\g/lvéf:csh a
minimum leve NoR dbpietitdiopmeindasibIMF), THe @by eysralidordidgith tHienetughtioipiopidse@FO),

performed withya£ati gnwmm,tea%%%nﬁ Yl ora! afdRssiaB-A09 G AEHARRILE RarAnRIR Bialke!

metal and preferably of less than 3 g of %rﬁfhite per mole of alkali metal. The process according to

the invention forptERRAMiTEidi@rRNe DN RibeS el eRthrisss B pRAeFHRareRiaBrafRFed organic

conditionsy Theolgsnts'iaerysrRBTBEBR aatDsdingtaihaiyeaeRbEediethyeieesyigceP adiignstHeL efi-
which a minimum amount or very sybstgntjally no water or oxygen - 4 - comes into contact with the
e0e e

agents used t rptreef)"j'aer eSOt ?&O{h@'fﬁ% 5 ];iccording to the invention, or solutions

and compounds resulting therefrom. This can be ensured by performing the process according to the

invention prefé&RITREIR'ARGAE ATANBINGHREE ealam e FYRRIELeXNRAAEH b ¢ferabl dsskdissatiam
gas-tight and i, fillequaihsaB e P aARTRSREE (R P bRyRBIARC  RIERAINY B BFEEH bf Toa#IEeT00)
b G EE G R T T T R P
15 preferably in a slight stoichiometric excess, inea ratio to the solution of 11 mM to 1.1M. The

alkali metal is preferably supplied in very smabkges (for example by cutting up a wire, etc.), in

order to facilitate the dissolution of the alkalietal. The solution thus obtained is preferably

heated to a temperature of 60°C to 120°C over smgaf preferably 15 minutes to 2 hours, in

order to accelerate the dissolution of the alkadiah If the solution thus obtained, which is also

20 referred to hereinafter as “reducing agent”, isumssd further directly, it can be cooled and stored

thus for later uses over a prolonged period.

In the process according to the invention for primpathe graphene solution, graphite is then
added to the reducing agent, preferably whileisgtrlt is particularly suitable to use very finely
ground graphite, which can be obtained especiallthb mechanical processing techniques which
25 are common knowledge to the person skilled in the Tehe exfoliation and dissolution step is
supported by very finely ground graphite. This dteperformed until a stable graphene solution is

obtained, in which a minimum level of deposits ramasible.

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

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

refers to conditions under which a minimum amountvery substantially no water or oxygen



solution” - in which (negatively charged) graphene, a polyaromatic compound and a (positively
charged) alkali metal are present dissolved in a polar organic solvent. The polyaromatic 10
compounds, alkali metals and polar organic solvents suitable for such a graphene solution have
already been described above. The present invention férther relates to a graphene solution which is
prepared by the above-described process for preparing the graphene solution. Graphene solutions are
preferably stofMGRdRICI FERATUHIAE 3878t RRMGRIERATH 2186 1R SRELIS 1opiBR XL IBTHREPA Y a
graphene alkadb nisgalirsaihiyn] Soeapaiatingatite sotvenirafshédpiteetivieogiagienesolwidornEaraiprognt

or processes suitable. for Ehe evaporation, for et\xe%meo.le a rot Q‘ ya orator are #nown to t}ge Rerson
. . per rmmgt e proc sa%cfor ng to mventﬁq a(ﬁ m an {ner IZation’ Space, far Exdmple
skilled in the art. This process preferably also evaporates the'polyaromatic compourid, for example n

the case of use @preipdithakicle Can the sealedof spee it ytbds-podl arbifaetivtbcmn perihdsswditonsearrfoe
removed by eyanQraEoRidePeriRiBAP H$R PERLRXIARIRR BRROR Arovn I gm sk eddn g art

in order 20 to remove any polyaromatic compounds. The present invention further also provides a
graphene alkafPRABIHS AP RYSIEESh be prepared by such a process. The invention further relates to a
process for preparing a graphene solution - referred to hereinafter as "purified graphene solution” - in
which the graphenpreieati meealisaltfuwhich eatebdqee paltdibieties dbdvahie spribeatiprogesgrigrhene

preparing a graphgss: a'mmgﬁatrffggﬁve@/e%@éﬁ)g%ﬂz\ﬁﬁéﬁgsaya%mﬁéswwjHaaa{hapﬂﬂss%géwic

solvent, preferably under inert conditions and préeferably'in a ratio to the graphene alkali metal salt of
1:100 to 1:1. SHREIRE)afHRiE GPEERNICEHIPERTSHr e SSPVERI aFTRR Flkr SRYGENE sHiFeme!vaigmatic
thelrefOrelpfef‘%ﬁlibbo!'Jm&L@tkﬂﬁ%&hi@fh?@%@lf&ﬂ@ﬁrb@%ﬁld&ﬁﬁﬂ)@d?@ﬁéﬁ @yg*@ph@ﬁ@@wgnlﬁﬁfﬁame
polar organic solvents. The advant of this process step.is.especi at, with regard to further .
Drocessing st TSR TANE ADAE B0 BB DIEIMNERE SRS En i
suitable for th@fepthved mo tes singdfdéscrebednpiesdbe fouriemte aphehensotatidions Gsaohfaretiselutions
production of %FbiBY@f@pé(lﬂ oRrRasiiemateralotgigraphene alkali metal salt can also be dissolved in

this step in a solvent 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 ald0TBEHTRS El“?r-‘tl&ﬁc?éﬁﬂlﬁ Bt fnlpersdenkiiad 9%%‘??& AL Belphiea by
aprotic ofdaniesveatisdidnecstivieatuseteanvitreisp eciph tkitis rofEpepofeheqpumiiees geaEuiabls dbu tios .
The invention gl S ifi r ion.p e thi c purified:
graphene solu%\(l)so‘ri5 ?{s%ﬁfzjeﬁ'ejg{)%&s%@r}fg%r@gﬁg\(ﬁé%ﬁbon _|t|oﬁ§qlﬁ{r?ti %r%%sge%‘ﬁesﬁfqggé??eéﬁth?eﬂls
neutral charadl&PEEthergielshbhals R1sR FEES R REY P BREBSHtiHE (RapRelfeis dhaieaserahase of

purified graphﬁ_ﬁﬁrﬁﬁéll’ém [} %ifeoéd@@tgf -u'E"éi%ﬁ@ﬂw_Bﬁ Mﬂ?&%ﬂﬂaﬁﬁﬁtﬁlﬁﬁ@wwm &'&ﬂr&b‘i%@f _r%lﬁoved by
graphene solution or of the Purlfled r%ghene olution with other|§lol mers and es_peclallﬁf:n the
production of ESW@WBréE.Sﬂﬁ)ésdpgep e SIS BRONBIR K VB Pt aR ETEANRIE (I BATREF

or the spab paly meendileresyopobemtacitici ttoaip ourwlaterhéop esarapilie i Qinthlee alsurpepvititeanatyrieger
drying step of &h&ﬁ%a?gygqﬁi (t’ilk])r%? @@%\é@\’gg\@ Q[%P&%@% solution or the inventive purified
5, amp onall

graphene solution can also be used, for e e, to functi ze surfaces of materials and especially
of polymers. For this purpose, the surfaces of these materials are impregnated, coated or printed with

the inventive sHRGHBHE U WKBRTPRIZAR LR & AFERSTAIPEBRIR AAEBR SRAfUPR AR EsHR Bpnalter

imprinted withdbepgriigenapHeselkdiationr purifiaitiytap pasesakiiondmbser ihiprochiceanedared by

microelectronic components. for example fransistors (with el Fxtéilf:al
' e

a Cli rocess 1or preparing a gr m ciia{f:uzial Borg/edgFg in Eﬁghse v%)ﬁt
The graphene solution or the purlﬁe(c)icgrapﬁeﬁe 88IUtLA &1 S paFtlcu atrl?y |mpﬁ procgqssablﬁl1 .
which m&kes thetissabyedidisanf aerisoegprciaiy ot ugeigiennsinvaatioreildiiintingre griafgaityanda
microlithograpfifis to the graphene alkali metal salt of 1:1001td. Suitable aprotic organic solvents are
especially aprotic polar organic solvents and ttoeeepreferably in turn those which have already
been described above by way of example for therpmiganic solvents. The advantage of this
process step is especially that, with regard tth&urprocessing steps, the opportunity is available
30 to dissolve the graphene in another solvent moitatda for the further processing. If, for
example, the purified graphene solution is usedtli@ production of an inventive composite
material, the graphene alkali metal salt can aksalibsolved in this step in a solvent suitable for
the substance to be added. For example, for thduption of a graphene-polystyrene composite

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



Compared to a graphene oxide-impregnated, coated or printed substrate, in which agents such as 20
hydrazine as described above are required to obtain pure graphene (which can affect the substrate),
only exposure with ambient air is required in the case of a substrate impregnated, coated or printed
with the graphene solution or the purified graphene sol@tion. A further process according to the
invention describes the production of a composite material using the inventive graphene solution or the

inventive puriffRfBS A EHRNGIRSPSISARE Mer A SRS SH s (e UGB RiRtE Prerir-aay SR dave to
stirring, and sulesestideiol ik vpe pifeckssin of tosgive tihepedepsite aaietiah Withearsettiabledisosielages t
process. Suitable substances which can be added tq the graphe olutign or the purified graphene
Coution are. 13, BUL ) Aot AR e b TR 4 B AR R AR s
solution or purifieigiglpstaiedsbitiientindsndres FRNdiReni uilizcuted. 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 prefarabhired|are thanrar egarakior2oHyejeiphidpiveestfolished by ekpy@inglencohriitabie
polymers for t2$|'u?{é%”é'rvt‘%g%ﬁ‘rﬁ%%ftﬁé“ﬂﬁteer{éa%&h g OngRNVInyL IO sé@%%meégxne”}.egn%a{wﬂs’
polystyrene, polyethylene, p yprop%e e, polycarbonate, epoxy resins, -6 - polytluorinate
hydrocarbons ugelyimttiesgeplyeneidesyfiomrivatd ot pordie pimamidanpolitbstne oyelyater esiads

and mixures lagigafSuiable HEARAE SPARHAI DI BeBRINe U HIPBUBLANTBLONS pure

thereof. Alloys with copper, su rass or bronze, are also suitable for the production of the
inventive comBERERYEHAD. BEiRANECEPATHIE ARAfeRAIXBREBRATCERIARDIMILRIHE! WA EGHIEY SiemAle

aluminiumpoxigetes betydion s deatnonsideeiaitsDRRM asigitiepneasbide, boron nitride, boron
carbide or composite ceramics. Suitable substances are preferably added in powder form or as fine

granules to the-rapnen AR AL Bulfis! orARDSNE SRR PHiiARIE COIRRCAIPSRES6E ALk, for

especially heat treatment p sses, for example sintering.
example, to functionalize surfaces of materials asgecially of polymers. For this purpose, the

surfaces of these materials are impregnated, caatgulinted with the inventive solutions. For
example, electrical materials such as silicon wafar be coated or imprinted with the graphene
15 solution or purified graphene solution in ordempteduce novel microelectronic components, for
example transistors (with electrical circuits fodrfieom graphene). The graphene solution or the
purified graphene solution enables particularlymeprocessability, which makes them materials

of interest especially for use with conventionahfing techniques and microlithography.

Compared to a graphene oxide-impregnated, coatgdirtted substrate, in which agents such as
20 hydrazine as described above are required to optaim graphene (which can affect the substrate),
only exposure with ambient air is required in thse of a substrate impregnated, coated or printed

with the graphene solution or the purified graphswolation.

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

material with a suitable finishing process.

Suitable substances which can be added to the ggrepgolution or the purified graphene solution
are, for example, plastics, metals or ceramic rizd¢erThese are added to the graphene solution or
purified graphene solution in such a ratio as t@ gise to a composite material with a proportign b
30 weight of graphene of preferably less than 10% wrnude preferably of less than 5% and most
preferably of less than or equal to 2%, preferdidyween 0.1 and 1%. Examples of suitable
polymers for the inventive composite material andom, polyvinyl chloride, poly(methyl)

methacrylate, polystyrene, polyethylene, polyprepg, polycarbonate, epoxy resins,



10 graphene solution or purified graphene solution admixed with the additional substance is exposed
to an oxygen environment and heat treated at a suitable temperature and a suitable pressure. The
suitable conditions (temperature, pressure, residence time, etc.) depend on the substance added (and
not on graphene). For example, the temperature in the ase 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 15skilled in the art

is aware of wHCH F4OISIR ALy EXEBEAIRER inkd MU Rt dEPEHIIAE BA IRISR hERBES usEYiRudes.
present inventioiyégttrer algnptevidesrsoangositietinate iadscsimnchecaretdsohtaineshbyiding aluminium,
above-described progess (RLAIdusing ihe compesite maerials. dhe [uenive, camposiie matarials e,
can be used, for xamprpé, for therma y andlor electrica Ryi conauctive produc?s. INstrative’ uses ot
the inventive caitgidsiferrihadradsielfeniodseci inventesee oapanstensal paiiad o wripotvatitis ticatalyers.
The persan skillechildhexit iscauyarke QLEIeERER ARIPY GAIRRBIRI Y DB ENRFRTNROTEpMRIEHA as

described can be used. Figures Fte 1:lllustrative dia%ram of an'inventive purified graphene solution, in

which 25graptfiiseagHTe RPENARYEHST PRy Ah AR EBP FESCHMIAT ions) are present dissolved in

an aprotic organic solvent (e.g. THE). Fve 2r Number of graphene layers as a function of the graphite:
alkali metal raffoititble substzecemesecipafdrabtytiaddigiio thaiar oz bidegmthies 20 ghef grapidiee

per mole of alkali metal ﬂf%B*b‘?QEHQMQ%SRHQ? obtained in the inventive 30graphene solution. -7 -

Examples Example 1 Owing to water and oxygen sensitivity, it is important that the experiment is as
far as possible ﬁerfoms}ed Ln an inert atmosg)here. S_ubt;l%le for thiSé)ur ose is, for exan?gleJ a

filed with an SATEATIS G ERE T GER PRSI, BETIOR Rt o e FO A R KR T
reducingligengrispbrereasetlitipndis snintieg $8dphenefsoapiothakehei(B tnenadpitioch@d substhacdysl rops SedE
ina round'bm@'ﬁﬁ%%&v\gﬁ%(ﬁ%{m’a?\%qﬁgEQQrggng%pﬁ%liugMM%Fg Hﬁ%l a suitable pressure. The
suitable conditions (temperature, pressure, resildime, etc.) depend on the substance added

(and not on graphene). For example, the temperatuitee case of use of a metal or of an alloy

should be close to but below the melting tempeeatfrthe metal or of the alloy. The person

15 skilled in the art is aware of which factors haeehbe taken into account depending on the

substances used.

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

above-described process for producing the compuowxiterials.

The inventive composite materials can be used,ef@mple, for thermally and/or electrically
20 conductive products. lllustrative uses of the irtixencomposite materials are those in batteries,
capacitors, paints, other coatings or catalystg. gdrson skilled in the art is aware of the further

applications for which the composite materials dbgsd can be used.

Figures
Figurel: lllustrative diagram of an inventive purified gregme solution, in which
25 graphene (negatively charged) and an alkali metgl (ithium ions) are
present dissolved in an aprotic organic solvegt (EHF).
Figure?2: Number of graphene layers as a function of thphitecalkali metal ratio. It

becomes clear from the figure that, at a ratioesklthan 20 g of graphite
per mole of alkali metal, a graphene layer can ttaioed in the inventive

30 graphene solution.



solution in a slight stoichiometric excess (approx. 30 mg). In order to facilitate the dissolution of the 10
alkali metal, the alkali metal should be supplied in very small pieces. The mixture is then heated up to
boiling point of THE (66C) under reflux for about 2 to 3 hours. During this time, the alkali metal
dissolves in the naphthalene/THE solution (visible by refluction in size of the alkali metal particles) and
the mixture turns dark green (typical of Li-naphthalene complexes). The reducing agent is cooled and
used further. 1@@@@—?‘? Dissolution of the 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 graphifxaiolédd 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

(I;omplextes ar?ﬁﬁwqg%tﬁﬁﬁ@&w §bﬁsﬁwe?ﬁi§w}mﬁ‘tﬁ)ﬂﬁ?§@1€|\bﬁ9@ﬂﬁ§fﬁﬁ iarasvisibles ?@féﬁlﬁe
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solid is digsolvieeruyate farexaerplatniosgdreoe angarpolar aprotic organic solvent, for example THE, DMF,
DMSO, DME or other glycol 25ethers, and used for the intended purpose. Example 2 10 g of

aluminium powggr {3pRmesho st RIdesLIHEggERF/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 ord]eﬁ to Ogltj%m a 2°é)n ra hene/A%C%om (S)Scl) elrr]na ?Jh hen sent |qu
30distribution in'the comp%sal% e P RIS O PIbtess eparlng aérap 'solution by
reduction of grspbtyideowstiidR aikalrwnechbemncbfmlawmgammdehen adding metallic lithium to the
solution in a slight stoichiometric excess (app&Xxmg). In order to facilitate the dissolutiontiog
10 alkali metal, the alkali metal should be suppliedéry small pieces. The mixture is then heatetbup
boiling point of THF (66°C) under reflux for abotto 3 hours. During this time, the alkali metal
dissolves in the naphthalene/THF solution (vistipfereduction in size of the alkali metal particles)
and the mixture turns dark green (typical of Lidmdgalene complexes). The reducing agent is cooled

and used further.
15 Step 2: Dissolution of the graphite material

200 mg of graphite are added to the reducing agmpared in step 1. In order to promote the
exfoliation and dissolution step, very finely grdugraphite should be used. The graphite/reducing
agent suspension is then stirred for about 30 ménwuring this step, the dark green solution turns
brown-black and the Li-naphthalene complexes areverbed. 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 byperating the THF solvent by means of a rotary
evaporator or other known methods usable thergtue. resulting solid is dissolved under an inert
atmosphere in a polar aprotic organic solventef@mple 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 addedédoltiF/Li-graphene solution prepared in Step 2
of Example 1, and homogenized by stirring. Theegathis solution can be exposed to oxygen and
sintered in order to obtain a 2% graphene/Al coritpasaterial. The graphene is present in fine

30 distribution in the composite material.



2. Process according to Claim 1, characterized in that an alkali metal salt of the following 5formula is
added: A+ 13- characterized in that A+ is a cation of an alkali metal ion, especially with lithium or
sodium, and If is an anion of a polyaromatic compound. 10 3.Graphene solution in which graphene, a
polyaromatic compound and an alkali metal dissolvedif 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 gr. e alkali metal salt by evaporating the polar organic solvent of the graphene
solution according to Claim 3 or 4. 156.Graphene alkali metal salt prepared by the process according
to Claim 5. 7. ProcesRrfmepsdparireparingrifigthgrephaoditoiubip nimbivfractehitedith traakkad grefsheakk
alkali metal salt accoirrqglg(;@r%l@gp‘i@ s 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 n that a further subsgLance is added 20t hene solution according to C

andlor & a0 a BIPHER GRS <51 docO RS0 B R A e G ot <R oving

processedfurther byfarmalauseaddedgy process to give a composite material. 10.Composite material
produced by the process according to Claim 9.

A'B

characterized in that

A'is a cation of an alkali metal ion, especially withium or sodium, and

B is an anion of a polyaromatic compound.

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

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

5. Process for preparing a graphene alkali metabgaevaporating the polar organic solvent

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

7. Process for preparing a purified graphene swiutcharacterized in that the graphene

alkali metal salt according to Claim 6 is dissolwe@n aprotic organic solvent.

8. Purified graphene solution prepared by the m®eaecording to Claim 7.
0. Process for producing a composite material,acherized in that a further substance is added
20 to a graphene solution according to Claim 3 andl/and/or to a purified graphene solution

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

to give a composite material.

10. Composite material produced by the processdiogcpto Claim 9.



