BTS 09 3 0&ASHE )00 orsianiequnttiessy SHPTHRC 1 - Conposites having

graphene |l ayers and their production and use The present invention

rel ates to conposites having graphene | ayers and al so processes for
produci ng these conposites. The invention further relates to a

process for _produci ng graphene |ayers using the conposites of the

i nvent i on. HRPOSHERRADNS SLEADEIGAC HY LS Al elr DFOGUHAIN ANU4Be| s havi ng a
structure anal ogous to single graphite |ayers. The carbon atons are
arranged i : - i r

from the hynein eaRRBhipURRIRIT R BbHRk HhSime WiioRt FABHERR A oLl for
parti ci pat ippglucargbtirsatconpoditesf Theniswtiby bfuttterordlattalts.a frosphefe Hraducing
nmetallic and nonnetallic properties. Metallic properties of graphene
are the godRPBERLIaYSTe HPIng Hhe qonmoskss ofsheigmentian: vity. The nonnetal lic
properties give a high thermal stability, chem cal inertness and
abilitycof I : rd : i f:
maki ng’ ¢ e infct AP AUEHIGRIREE caBon (RINAC Ruling 'ERRES GlofogtB sl
i nt egr at e @raphite neyernThe carbpaitdes are Bmangedtiuc héxagond] heteftombrgmsiul€ SThis
makes it necessary not only for graphene to be produced in sufficient
amount s, b@frangeenf gesyltse gy &g Aybrdizationanf dhe ?shemxnend dipyedrbitatsoof the

ot her mater] o i y..di i { COVi

ot ol . Trareris el Syt WRRCRSHERY of BlUACRRICTOREReR 3R GRUAHI and
gr aphene coop@sialle fryp@Ktn M @kllio préferisantiripdend sredhs pesdElORried] and thermal
i ndi vidual, chemcally nodified graphene Iagfrs in polystyrene.
US2007/10158endtividesbia pasnatdlic propgtiiesi sive ahigly Bered stabilityceinpiedl tivertness

by exfoliatj phi.t d c i i.on. of~ the r.esultin :
mitor 1 ol yraafty 3F SEERM R A e By O Yo B by @ gning these
graphene | aygéralyhidilaplelif ihstriaUPH At 0093 1d GhdodicsehsRas ittb@omposites. The
production of a graghene conposite, in which nanog{aphene | ayers are

m xed wi t h bpwsiughiet pEsushcenipapitesnpakes drnesgsnp i oalyt for grphéng to the predueed in

f fib . 28 A disad t f the k . i .
ot aphone. casert BEBRLES T Bars bE R IR RACRIF R el By S i materias
to set 15he it AhekBeaRoGdly HRQiHQPASIRY| ayers in the conposite

precisely and to Integrate graphene | ayers having a thickness of
significantly less than 20 nm_ This difficulty is firstly associ ated

with the f&tinkenigh ot e [gialipheNel. Iddedely HIO8] daseripas theapioguetipyr efgaitesaphene
during thecg&gggfe}:bof%x%ﬁigﬁgns% %%‘{ it af? " R0 ol i%ﬁ‘l%dg%[f% gﬁ‘l}c%léa?godiﬁed

is BTS 09 el gn un S condly "due 1o’ the gr
di fficul ty sadpheiodeas rgpgyaphene | ayers having a thickness of
significantly |l ess than 20 nm by nmeans of the known processes for

produci ng graphene_| ayers (for exanple nechanical or chem cal o
exfol i ati oW SHOPHE423618A1 describes the production of graphene nanocomposites by exfoliation

Fy

20 of graphite and comminution of the resulting material by means of a ball mill and

subsequent mixing of these graphene layers with polymers.

US2007/0092716A1 discloses the production of a graphene composite, in which
nanographene layers are mixed with polymeric material and, for example, extruded in the

form of fibres.

25 A disadvantage of the known processes for producing graphene composites is, in particular,
the difficulty of being able to set the thickness of the graphene layers in the composite
precisely and to integrate graphene layers having a thickness of significantly less than 20
nm. This difficulty is firstly associated with the fact that the graphene layers used can

partially aggregate during the production process before formation of the composite and is



However, ¢ e S GBS 2 ¢ hi ckness of significantly |ess

than 20 nm have, when 5 used in a conposite, the advantage over
graphene | ayers having a thickness of abait 20 nmthat, for exanple,
the percolation threshold (nolar concentration |eading directly to a

reduction in t | ectrical resistance wiithin the copposite) is .

T an 11 cancRPiBuBtes Bamehed SRS, PORERE s PRa o FS oo cabs hiickess of
used, the @?g‘h?ﬁ)(!aﬁfly%bsttﬂﬁlﬁ§b by Sndas SriheRy ﬂ-%&%sé@?'f&lﬁ'#mducing graphene
[ St ankovi ch "et al .” Nature, Vol. 442, July 2006]. "I n conpartson,

per col at i oaykts {ftwrexamplaisecdfani@abdndhymvaal gtfblidtamenttheds)descri bed when
usi ng graphene |ayers having a thickness of about 20 nm The present

i nvention dresses the disadvantages . of the. prjior art and s the
obj ect of ptORYEL r%aié“ﬁﬂ‘i) Fee¥vitai %&%F%p‘#eﬁ‘é“h@é‘?ée ﬁ%h&ﬁa%haa'ea when
t hi cknesgs O S I f r i

55 QbePinddrSRRE the Lmﬁtagb aee%%%h% gagér@ge}%é(ffél_@ga_ thfS&ElégstE of Mok 36 nm

present invention is to give fillers
silicates dlat] fyreexachpleuthk epehgodationi thessholdh{mdblad comehtritéonelealimgt diredy to a
or thermal conducti vi t% such properties. The objects are_achieved by

provi si on FIUsIERHHEY Hertutal seiésance vriflunthe eampogieris ¢iasiggndy reduced."When
hydr oxi des i@d?@'idﬁ%@%@%% gﬁ'gﬁr(bb@s ‘i‘ﬁgﬁage E@eﬁ &%ﬁJél,fcg)gadoﬁ%E:fes p’i‘& H 1géns' tﬁgi/n 0.1%

deconposed 1 nto |"ayers as’ a I've propor

mass of ni byogeightofSthdssidhhetnal2 O¥nlres¥dl. oft2t elyr 200600 Ine campeizuhapercolation
mass of polyacrylonjitrile. Apart from provision of a conposite )
cont ai iPng tlgﬁ%ld%%f }-ave by weaght hgva been desprbed when pging rraphang jayprsdwving a
t han 20 n”ﬂﬁb&ﬁsg ﬂﬁﬁﬁ{%@nﬁg the invention al so conbi nes the

advant ages of graphene Tayers (nmechanical and el ectrical ,
conductivity) with the advantageous 25 properties of sheet silicates

or | ayer ed Tteylrbseenhjoentiord addrédsas theadibaaivamtagesf ofl the rpriovnct dandasi the @bfect of
material. The conposites of the invention offer the further advantage
that the nRFHENGCOMREsiipgthaying srarbicns fyerr whish thaye a dhickirseef significantheless
or |ayeredydguly §,hydroxi des, which neans that the conposites of the

i nvention can also be used for known processes and met hods i n which
sheet silicates or |ayered double hydroxides are at present used as
starting net Arihat sbjectBIIhO PreSefGrivehtorigin dgootifitlens &nown per se, e.g. sheet silicates

or layered double hydroxides, which do not have electrical or thermal conductivity such

properties.

The objects are achieved by provision of a composite of sheet silicate or layered double
hydroxides and polyacrylonitrile which has been at least partially decomposed into
20  graphene layers and has a relative proportion by mass of nitrogen of less than 20% based

on the relative molecular mass of polyacrylonitrile,

Apart from provision of a composite containing graphene layers having a thickness of
significantly less than 20 nm, the composite of the invention also combines the advantages
of graphene layers (mechanical and electrical conductivity) with the advantageous
25  properties of sheet silicates or layered double hydroxides (insulation and filler function) in
one material. The composites of the invention offer the further advantage that the nature of
the material is similar to that of sheet silicates or layered double hydroxides, which means
that the composites of the invention can also be used for known processes and methods in

which sheet silicates or layered double hydroxides are at present used as starting materials.



- 3 - The o467 Fergian Countrie can be used according to the

invention are the silicate structures known fromthe prior art which
have two-di nensional |ayers of Siat tetrahedra (also referred to as

phyl | osilicates). Exanples of suitable sheet silicates are bentonite,
talc, pyro llite,.mca, .serpentine, kaqlinite or mxtures thereof

The shoot  Siibisbist SUicRies WISECHoR e BB B AR 47h o sipatg gructures

alter the hayeh ﬁ:‘&ﬁﬂhgg)rid%%‘t Wi HW@O%@dilﬁ&fsioﬁéla{?g}aﬁ’ofaﬁ?g%n{e%fﬁ?ledr% éalso

conmpounds havi ng at st one acid group are Inter at ed t ween t

| ayer s [ DE1€f86&® 68 Ak] phylheilicmtdr Exhmpleonofi suiableesiiced sibigatee pka bemonite, talc,
of the cations present in the layer lattice of the siljcates hy the
amoni um CWI}}M C: RPN §CTRENTINEy oligyits (gcmﬁitgﬁﬁﬁlﬂﬁr%fd T@ér’?@?%ﬂ ﬁ’rlt}lcqt@a%?él be
to a wi deni - e i hee b : :

i1 cat oo TR MDAt meBRAE BLbrac Bl b ABEF hpfling For i Bfbsc, for

| ayer spaciergmple, imatenturd chopduialstianingnd leaseoneracie gowf arcaibteycaldt@hbetween
0.7 to 1.5 nm Layered doubl e hydroxides (LDH) are conpounds which
have the gdbfetayprstBHihoBal3ailil- Yheintencglatiomiy ¢tgcted by yeplpagmepipk thepgations
is a dival kal | ] t i . .0 +,

N2, s el 53 REarBEofel ARARS by b HE 8Lk b SiAaF B e Kot one

ion 15 suchcidsgrblidtnd Gederally Fadoto @adileniA@ of ithe Biyenspadihgs 8EEut a8idike8 or the
CaB82-, Cl or SHM2-, Xis_ a rational nunber fromO to 1 andy is a
posi ti V€8 nishesssilicater mftdifaedoby hecbpue-Aesciibed pocessnseferably, havige laggrppacing of
"l ayered dqub roxi " al en sses A oxides of these
conpounds. %&g{g@éﬁ%“égﬂ%ﬂé%ﬁﬁgvﬁn@ rr?tgrgf%%g'r% %roeﬂ§el' gmgi ven to using
natural and synthetic hydrotal cites and conpounds having a

hydr ot al ci Taybred doshle bgdrokided DR PiralcsinpeurdskehidDhMRMROgeEl oG as
| ayer ed doubl e hydroxi des. To prepare the hydrotalcites or the
conpounds having,a hydrotalcite-like stgucture, it is in princi

W

% e, It Is L e
possi bl e t 0MiseNan(PkBdede W KO IherenMr hissedixglpmnt aleling e@lﬁléoaﬁr@r%&i@ metal

B g 0 R
Handboak ofsuél ayASEj ent,eEe’For Bat'gayais 4. 4hida subheRNaNdCGs” Lalgat $0.25 is a

Devel opnents_ in Cay Science, Vol. 1, Chapter 13.1, Layered Doubl e
Hydr oxi des ratenalFsumher, frgm Qjtpjlhand g is|Gepesitive mumipeginghidipgefroAccording to the

mvent on (P ok BEE i AShsl gor HEN Ry Bs8) HPlpBRLY Mol b fhesc

formul a M2xgmpbdri3( Actetiing toARe hventzd? Brefeveedeeis MAreR to iusing rdturdll @tsynthetic
netal selected fromthe group consisting of My, Zn, Cu, N, Co, M,
Ca and/or Radrotgigitesi and gunpandabhayving | a divértalaise-like seruseire d(ydenileitelike

group %B”Sicéﬁlinanf%f I—ﬁLI_’,C)ng la%fedl\@dub&'eahygne)x%gglﬂg prepare the hydrotalcites or the
compounds having a hydrotalcite-like structure, it is in principle possible to use any
process with which those skilled in the art are familiar [see, for example, those described in
the above reference: DE 2061114A, US 5,399,329A, US 5,578,286A, DE 10119233, WO
0112570, Handbook of Clay Science, F. Bergaya, B.K.G. Theng and G. Lagaly,
25  Developments in Clay Science, Vol. 1, Chapter 13.1, Layered Double Hydroxides,
C. Forano, T. Hibino, F. Leroux, C. Taviot-Gueho, Handbook of Clay Science, 2006].

Preference is given according to the invention to the use of a hydrotalcite of the general
(nominal) formula M2x2+M23+(OH)4x+4 - Ao - zH70, where M2t is a divalent metal
selected from the group consisting of Mg, Zn, Cu, Ni, Co, Mn, Ca and/or Fe. My>" is a
30 suitable trivalent metal selected from the group consisting of Al, Fe, Co, Mn, La, Ce and/or

Cr. “x” 1s a number from (.5 to 10 in intervals of 0.5. A is an interstitial anion. Suitable



o, "x" i s SRR Herelgp Gouatres 19 i jntervals of 0.5. Ais an
interstitial anion. Suitable BTS 09 3 067-Foreign Countries - 4 -
ani ons are organi c anions such as al koxides, al kyl ether sul phates,
aryl ether sul phates and/or glycol ether sul phates or inorganic
ani ons such as carbonates,, hydrogencarbgnates, nitrates, chlorides,

sul phat es, 2BOOKE ORHAIOANART Fekorealkpsides. alnd g ulphaigsy ek sthep stlphates
V100286-. PRagt r i-s. Qi - " o

' the 5 a0y SHENCY ofiad SOnar Sl o i ot HEYER, e g bathcarb Bt
i nterstiti alitraes, ehloridbs,csulsiatesp8(0H)S an®orpdlyoesmetlaye itnstsack as "Mo,0,8 or
an integer from1 to 6, preferably from2 to 4. The corresponding .
netal oxi dé/io&si ch Resticube piefaicRed) 15y SWAN c o atsitgn iafdp ntDy nin  the

2y ( 221545 200t 8 SRR sy D50t R AP R LGS Ruopphigh gon be v t

above. It igsakd@wfindly Lpases. skl isegh iMledchefratit] th @, peefefabiRen al ® 40The
can, in particular when in contact with water, be present in a

partial | y lkydepepdiagadetabpmdeTidichyenobe pblained byhaleinatian prceisepresent in the

according to the invention and.are descrihed i.n.thks,3ection an 24
Cheir pr opsPEPPOIF Pde BESHTRCLE iscBEer IO, M TEac o Mere Mo
6, 514, 473B34,* Pgd*eH 18 ad eftie8 abBYL M ik RRowR ECThes£HGEed 18 thl Y€ that SucHThdA8hials
| ayer ed douﬁie hydr oxi des and particularly preferably hydrotal cites

havi ng 18 | aymringptiutey vfenfineon@ebwith watd, herpesent 16 agragtiadlydiyidyoxfytased form.

0.7 to 1.5.nm. The .l ayer..spaci ng.can be increased artificially as in .
the case oft Pereieie oriEh A ltp R ety udeie 26 o B o Seidhgrfhen o wnis
agents. Anig@iinaHE hedSprapardid PR HEENESHHR0 Rrexatb, in US 6,514,473B2,

4-t ol uenesul phoni ¢ aci'd nonohydrate, 4- hydroxybenzenesul phoni ¢ aci d,

dodecyl sul phoni c acid, terephthalic acid are in principle suitable
for this pdrgosing Ratheainserdlost prdferengeoisygiven Wolbising dayep@odoubpgphydroxides and

9314-28; 20 774, 2121 . . A kil l inth il
Fam |t wPERCBEHE PLcFEhS 1WBRIGRE Biiina g d/ e bt oF b0 S ingotne and
the anijgns pUgeEALR R OL7 &F 1.5 nfAlThe THRr SFHcRFScal De\er8ised HRIACRAIY, dsOn the case

modi fy the | ayers of the | ayered doubl e hydroxides. They deconpose
duri ng t he of hthenmaheet r gibicatentbyi misinige spitabdie cinfepgalapinge egents. oAnidrs such as 3-

conposites of the invention. ., Particularly suitabl e hydrotalcites
are’ mar ket ERBPHSBI RN S ol a5t rBrP PP 25 19dde RaRemRIRST. -
Accor di ng %9d&ﬁ?oén@¥r?ei§ﬁlbﬁ&aip R dbdedyRigic ii’d@,rt%re_fpﬁfh'ﬁﬁg a4 are in principle

pol ymeri zation and cal cination of acrylonitrile during the production
process f osuitdbde domplisi pwpasee [Hpamemernanoi ¢t alhePblayer sValf 4he2heqp. 9314-28;

silicate o red doubl e. hydr oxi des. . 4,921,681 discloses

conposite M??é?@ %W%?isﬁflgﬂi llngath(’a?rg P?’é](ijt esfam{ &t 't?}tha‘ﬁﬁe%@“om: For the

E?% | 3' Lyi gﬁ@g&l GEhePBKART b HR Aol h&IRE! R CorftiRhl. PARONGL M serve
exclusively to modify the layers of the layered double hydroxides. They decompose during

the thermal treatment in the production process for the composites of the invention.

Particularly suitable hydrotalcites are marketed by Sasol Deutschland GmbH under the

25 trade name Pural.

According to the invention, mainly graphene layers formed by polymerization and
calcination of acrylonitrile during the production process for the composite are present in

the layers of the sheet silicate or the layered double hydroxides.

US 4,921,681 discloses a composite comprising montmorillonite (a sheet silicate) and
30 partially carbonized polyacrylonitrile as intermediate for producing highly oriented

pyrolitic graphite (HOPG). In example 1, carbonization is carried out at 700°C for 3 hours.



pyrolitic GlarRP Hopsim Counttiey, ol e 1, carbonization is carried out

at 700C for 3 hours. BTS 09 3 067-Foreign Countries - 5 - According
to the prior art [Peter Mrgan, Carbon figres and their conposites;
Vol . 27; CRC Press, 2005; p. 2235], such an internedi ate has a
relative proportion by mass of _nitrogen of at | east 20%based on the

rel ative noYSeriing thHespir Fbilater Yoggin Garbon fpres aad dasiy goppesiss:t Veh 27;
by mass of 43k n .Rol Y, itri BB el t] i

3 5 200 TR 3RS0 200 LASLYAER dt dpkcillint whF rES bRBORNEY Blds of
di sti ngui shéebdey dffhe lessk 200y baged appothel relutiby niEscildrf madst dfogvadpdbmigtile. The
| ess than 20% preferably |ess than 15% even nore preferably equal =
to or |essT¢lAGYF DOPPTtORtY FSbe ohpitragen i ypobggalontilofia diesstarfig meterial) is
and eve ) f erabl : . : 304 . ba e .
o0 eved o o Abte SRk Skt e B ATRR B e

materi al agesoltidiOby Mabdef hitvegert beifg te shanal0%d,GorbRidlyarsd ¥KBR% 15%, even more
structure but rather relates to gr?phene | ayer structures having a
| ayer t hi clrdegblyrequabia @ Bsg Bap 9% mvermmwore prafeablysgualntoodr kessethan 5% and

proportion by mass of. nitrogen can, be.caryi out t he.kno nd

bst Bb1 | shed ot RSPl At HoaRRCS REier el Thetierd hech Fif ROleofa mass of
i nduct i vel oBaul ol as@mhitro @ﬁ—c@i‘c@iﬂﬁifmmériaﬂ a@ddadids 1t6 ahe linRAkioh Qo¥s not
certified in accordance with DIN-1SO 17025. 15 However, when

excl usilfe heee s HRBE gfuctur dyéraitied ;rlgee thyetapbsihal dayko stradieres dapiogi @ dayer

f the i ti ti tion b f nit b d.

on the 1ol SPFYEHEl B0m Gp BraccnBy TRorySaRYRE Of e SR BLOBg AP Hirogen
even nore hanQificHoMaY By . tht NenARPATEkANIRES sRhefar frethotateresid Qinass
the relative proportions by nmass of nitrogen are preferred even in

t hi s case. sp&traomtydivitly indictielyi aovpledi mdasma) hforresdwpts by ah ranalyéical laboratory
relative propartion of . nitrg i i.eved by increasing the
calcinatioﬁa@%%ég?gFBF@“QﬁBFﬂSﬁF%@%f&ﬂbgor exanple, to obtain a
proportion by mass of nitrogen of equal to or less than 10%

cal ci naki oMAbevdd HHenfeREludilve h8a St madk BT Nk dBLBTESNARIKYIAor HRASTMRRite of

m nutes and nore preferably at least 2 hours, in a conventional oven

i s necessaitle (vaitiong thentetatiyg poepartiothby mas$ afimtioger basgd caphe ir¢lgtief mpleeular
250ven). The expression. "polyacrylonitgjle which has been | east
partially QESonEbIl YNSRI A6 <o dEE, OGS thife 20%. HWever, the
car boni zat i;péedlenBOhRGIr¥eRBd talde§ 1bP tiH ARRBREPIPYRIAS BY $B& of nitrogen are
calcination step descrfibed in the present patent application.

However, depdemédeyeom thhecasenper ature and duration of the cal cination

step, the polyacrylonitrile my not be 30 conpletely deconposed or

car b0n|26ed Abclégrdlinngsgoetﬁg irRr%ln grﬁ rtl¥é Pelaluétgénl i% tgé re?tm% ﬁ%gﬁc}r{iglll l)y nitrogen is achieved

by increasing the calcination temperature appropriately. For example, to obtain a
proportion by mass of nitrogen of equal to or less than 10%, calcination at 1000°C for at
least 40 minutes, preferably at least 90 minutes and more preferably at least 2 hours, in a
conventional oven is necessary (taking into account the maximum loading capacity of the

25  oven).

The expression “polyacrylonitrile which has been at least partially decomposed into
graphene layers” describes the carbonization of polyacrylonitrile to graphene layers by the
calcination step described in the present patent application. However, depending on the
temperature and duration of the calcination step, the polyacrylonitrile may not be
30  completely decomposed or carbonized but instead polyacrylonitrile or only partially

decomposed polyacrylonitrile is present in the composite of the invention. The temperature



. deconposed BP0/ Forsignouniries  ogent in the conposite of the

invention. The tenperature BTS 09 3 067-Foreign Countries - 6 - has

a direct influence on the carbon/nitrogemsratio. The thernal

treatnment has to be carried out for a particular time in order for
virtually all conmpounds to be reppved to be able to be conve¥Fd bg i
di ffusion t8s erreghipBpence 0auhs paBOWRkogEH9: LRy thepelitrtmend has to be carried
conpounds wi.t B j t :

caur i bri gt P e TRRS! Gkl Gl ol SRR 0B kndlad o be gple o be

out for at cheasied byUdiffimiof tokbe ouside €¢sutsipe efeasoaiployite)tant asthe ¢6mpobuids &8thin
and even nore preferably at |least 90 m nutes, in a conventional oven
or at | easthscompnsite o bhablpdn wapangedp ap equiibripastate. 1o epswgileis, Gajrination has

m crovaye Qyen...[hg o%ﬁrﬁ %alspgg%&%mg)prgﬁfugéé grfelfeir%i)g% QY RBst NS é}?ltetgeand even

taken i nto account and adhered econpos process

pol yacr yl omhdre ipkéferablyut §EaapPERABnLtEY & § chsvdafiondd oadd oh@dedd€8Mninutes and more
descri bed, for exanple, by 10 Fitzer et al. [Carbon Vol. 24, |ssue 4,

1986, pp. 3IsdcEbly)at l@sythaanytening: Biteyave eiere Shoypagiveung dedmgowpasiorof the
of polyacrylonitri]e,are, faqr, exanple, Nz and HCN. The
Geconpoei t CERE dtopis yRcHrL ey FRaut ppd Gt B RC AedripostBh process of

accordi ngl yo a?[tﬂﬁtme a6 hehd Ya it kBowal MmNk ieen HerPBEdtfdf @xample, b
sel ect ed. f_g?e erred enb;%([ﬁﬁr?ent gf&@t he invention provides a P Y
conposilfe ibitzoigteh [Cadopoiglatd,yissuaidt 1936 phall dEdnPegedntioo paedusist fermmed by

par Ci cul ar 1 SEEPRRHRY LBIHEN oMY o7t Grap ARl ot iy S R HON.

Tenper at ures above 1600C are necessary for this (at | east 95%

deconposi t iTpR) decoRippbigbe Fesaymesibhide into @raphknd @RSks %9%cordin%1ﬁ dependent
deconposition) is achieved using tenperatures of about 2000C. The
cal ci nat i ossssngly onpiher ealaippijor demperdtupuitseleaigds Aarprefemed embasspemir ef the

argon or nitrogen ef erabl v., Ar nd.at at nospher,i essure., 20

tor 0o e purishBas BrovieS ke ftboti ie witR uipoAtRARN T R iSO R EpEea 8 an extent

generaliky 0@ g% hefof@hbly I ¥BL BV SicR® préfe@bly094d BSH Qeryd pARcer: H?'I%referably
)

d.
with the aimof deconposing this material. The material which i5§ _
be deconposeuwplately, igtapraphend layerss Temperageesr dhiovg 11660%Chere mecessainofor this (at

pol yacrylonitrile. . The ter.m."graphene | ayers: refers t e\
P o mena P B BaPRR R ORI Her B rosether Flend 9% dssupesiion) i
to single Ge@BNIRiNGhRHErafites MHPBE: BF0PONTIRE Q& nA{of s@épriéﬁﬁh%&ablp cérried out
hexagonal honeyconb structure with formati on of sp2 hybrid orbifals.

A singl e gragéremanéragtaroshlasge fargdn akmbegeng preferds s Arpandrat atmospheric pressure.
spacing of the sheet silicates or |ayered doubl e hydroxi des of

preferzi I

ydr 0.5to0 2 n fromJ1 to 7.qrapheng |ayers c
accor diffig| yobgﬁ%pg&@ﬁqs %’ glr(-ﬁ ﬁ\fgntgqnn élPeeEEirgjy e%'_icl Aton” refers generaqlr} to a thermal
treatment step, i.e. heating of a material with the aim of decomposing this material. The
material which is to be decomposed into graphene layers is, according to the invention,

polyacrylonitrile.

The term “‘graphene layers” refers to two-dimensional carbon crystals which have a
25  structure analogous to single graphite layers and whose carbon atoms are arranged in a
hexagonal honeycomb structure with formation of sp? hybrid orbitals. A single graphene
layer has a thickness of 0.335 nm. At a layer spacing of the sheet silicates or layered double
hydroxides of preferably from 0.5 to 2.5 nm, from 1 to 7 graphene layers can accordingly

be present within a single layer.

30 The preparation of polyacrylonitrile from acrylonitrile is known and has been

comprehensively described, for example, in connection with the synthesis of carbon fibres
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The invention further provides a conposite of |ayered double

hydr oxi des and preferably of hydrotal citefrand/ or a conpound havi ng a
hydrotal cite-li ke structure and polyacrylonitrile which has been at

| east partially decaonposed intq graphene |layers. 5 The invention also
provi des a[Hﬁo% %5 Sp‘]’s%r%?u%?ilﬂg conposi tes having graphene | ayers,

in which acrylonitrile is added to a | ayered doubl e hydroxi de or

sheet sili e fel : i1k kL

ncor por at aq e RiiEn (s RNARs Ao RIEIL BFIapREN HOMIL A QR 2R by of
hydr oxi de dwydsieate sid/ocacenpdbel Botyd arhytirotdleitealikdstudiire dndypelyacrylonitrile
structure is . polynerized to polyacrylonitrile in a second step and

the pol yacrShighhdsrere af least pptiaty deronyposer o graplanedayers. al | y

deconposed i nto graphene |ayers by calcination so as to forma

conposi ke i i r : ; _
han- 20% bankd onehe ParFCLARIPEH IR aRREe o Hondlls L RATH Bapl i avers, in
The i nvent iwdtic anrylbaitrileriouddidso a 1prepaidaubloliydpsddieion shgetosliqacsint £8rst step so

havi ng graphene | ayers, in which acrylonitrile is added to a | ayered
doubl e hydriatithe actylenitile sen beegne andomparated avithin fhe, kayer sirectprgrofhidie Jayered

| ncor por at %tGHWet H%}PH&E l)?ys%'éet.l?ir]” LRUGHY! Sordbnilie WANS Gl 0BYY Structure s

hydr oxi de, e ac onitrile withinthe layer structure 1S

pol ymer i zegolymepiaky & pylyadtilonittie inm fcoRrass asd e midghchiiénitrile is subsequently
polyacrylonitrile is subsequently at |east partiall¥ deconposed into

gr apher@ | aileast naytially) decorapossa Intp granheng layers by icaleinstion ee de® e Fremngsite

to the inv i.0n, A i r ab| o i Se .
e TSy er SRR S AEIROKLER b h 8t BGELE! Ak By R ARM Rk Gt
doubl e 20 Mhysleaxirdgasebf phigaghesitriri Thealventich RrtBégirabildys PpRSeRfodsoducing
powder and is preferably dried so that very little noisture is

present befcomposites heying: grephese lavarsy| wnwhich|asrylayirilans addndefoed dasgregndouble

particul arl erre [ bl e ‘hydr.oxi des or sheet si]icat

have boen (B sdn LS HF el i DR b Bpredio, BEERpraRed Wi She tayer
appl i caki oRtrudtnRf 6f eRCRydrsd @ouisle HydrdiSdd)Ghé a¥SIREtrttOWitheh Mediaged dRgture is
for the production process. In the first step of the production

process, t pelyrBrgdtoreldesylonitidleiigassesdnd step prd earlyhonboratrily ér swbisetmently
can be used,, The oxid are eferab sed for .the.production

process. | ﬁlt %?a%rpéﬁia@:“? ?%c%%ogg‘iﬁ }%%gaghgqqﬂgyﬁr%@%mlpgﬁt} T pol yneri zati on
initiator is added to the acrylonitrile before addition to the

| ayered douhtife fryehictish@eodEsck AcosdiBgto Giel iheaition) the @EgRmithR: i@ipeeféBly added

pol ymeri zation of the acrylonitrile. Suitable polynerization

i ni tiators dfFewigo tacthg| layfired idoablgr bydepwida erothenslast silidateedltienlayaed double

art. Eﬁﬁnpll'g'\fﬁro())(}cdesouri tﬁ'lg' tghget %ﬁloX{éerip%&%riaBI‘y present as powder and is preferably dried so
that very little moisture is present before the addition of acrylonitrile. Suitable preferred
and particularly preferred layered double hydroxides or sheet silicates have been described
in detail further above in the patent application. Preference is given to using layered double
hydroxides for the production process. In the first step of the production process, the

25  hydroxides or oxides of the layered double hydroxides can be used. The oxides are

preferably used for the production process.

In a preferred embodiment of the invention, a polymerization initiator is added to the
acrylonitrile before addition to the layered double hydroxide or the sheet silicate in order to
aid the polymerization of the acrylonitrile. Suitable polymerization initiators for
30  acrylonitrile are known to those skilled in the art. Examples of suitable polymerization

initiators are azo compounds, peroxides and/or light and high-energy radiation. Possible



i ni tisat or s B2 TSRS FHLIISS o oxi des and/or |ight and hi gh- ener gy

radi ati on. Possible BTS 09 3 067-Foreign Countries -8 initiators
are, for exanple: tert-butyl peroctoate,-genzoyl peroxide, dilauroyl
peroxi de, tort-butyl perpival ate, azobis(isobutyronitrile),

di -tert-butyl peroxy-3,3,5-trinethyl cycl ohexane, di-tert-hutyl peroxy
hexahydr ot é?lgg‘ﬁfsrﬁéF=afgéanzl}I§§:dFﬁé’P PRIOEIAES, Denszoyi RREPHERH AP, PPQYBW% tert-

per - 2-et hy a =T = i yA:ual ¢ LELd) €%,
R B e
t-butyl pediestibugipenixg, hedah@logeepythalpter Q)ydineeniicarahe 2, 5Tdiperbenzoate, t-butyl
pol ymeri zation can also be triggered by neans of |ight and_ )
phot oi ni t i #ELE-Sthyisgangals,ng r%pgﬁ(?o‘i-dae?ti}ywﬂfqmtnl@){ o t Re-impByvkd,S-di(tert-
doubl e hyd j t §id. e i fera S hat..

ayor ed dod P BNSARE o PloeBn  pfroRld, ¢RI, * BEBE BfaRtud £ ik Bopy
saturat ed Wetdvydliogrbagaty! The tyolyreeri2Zdiem @nSalké el RigFercdnBy mad¢an® ofSlight and
chosen and | ayered doubl e hydroxi des or sheet silicates are used as
powder s, t RBOREN{A®Ii tril e can become incorporated in the |ayer
structure when the powder is conpletely nmoist. In a second production

step, the %%yllcrj;gﬂﬁ;jé rr%lt]i]o: o\gjhatecg,il%%rpg t!) AUE .rlafetr)%ti‘jghglgrllgzl‘gfgr@g@e loialysﬁée%dsilicate is

doubl e hydr oxi rcate i's

pol yacr yl omidfedabls. seleted o thatl thetiyvedtdoabledddrdxédd ot the 3hefl sidi¢ateds taipletely
met hods known to those skilled in the art. For, example, the

pol ynerlPzasteratedawithéhe srylpaitidls. Whenasuialle mising2atigyisrchgsan angrayars! double
3, 681, 023], . zatd PNt .benzaoyl Oxi

2. Soeea ) e AT S b Uk AL B AR e bt

carried outin i 1ag@dkfrhdiireQihehh&padbr i &glatelyymbiyt. gent | e heating to
tenperatures in the range from50C to 100C and 20 preferably under

oxidizing conditions. The reaction is preferably carried out for a
period of fi gnFezond rrodystips steppdhg Agalomitsle whbiefher byestrusdyre gop dagered

acylon o (PR BUELDS, GECRASIAER, ARGD 0 GRS ST P BB, e

| ayer ed sdoyblymdnyetiixt@eb®initifed Be vah@stmethbdLridvn tothdsd dillell in the art. For
production step, the polynerized acrylonitrile present in the |ayers

of the | ayéxeuples thoumlenenastioni e O iniféateddwt mdans ceft donigng radiation [US

deconposed oghzed_at .|l east partially to formaraphene .l ayers

by cal o; nat Rk W p drBRHa Bl MR s o B PG RRcE W ok, e
the pol yackhylyaitrizhtidie of iacBloditrilg ch@beRith®d and cafrRaShitky ABAitiBADT His and
carried out at tenEeratures of from 200 to 500C, preferab%a under

oxi di zi ng ®taiekblyohy gentle dreatieg 40| tymperepupsén thihgangeofem ak¥g to 100°C and
pol yacryl ol Sl et $88i- 33 QMRRES e S&IBAN SRfkribly REHIT oNFRL 8% ehiSd of
from 2 to 3 hours. The invention therefore further provides a process for producing
composites having graphene layers, in which acrylonitrile is added together with a

polymerization initiator to a layered double hydroxide or to the sheet silicate.

In a third production step, the polymerized acrylonitrile present in the layers of the layered
25  double hydroxide or the sheet silicate is decomposed or carbonized at least partially to form
graphene layers by calcination. This third step firstly comprises stabilization of the
polyacrylonitrile (1.e. ring formation and crosslinking) and is carried out at temperatures of
from 200 to 500°C, preferably under oxidizing conditions and preferably stepwise. The
crosslinked polyacrylonitrile is then decomposed or carbonized by being heated to
30 temperatures of at least 700°C (if only layered double hydroxides are used for producing

the composite of the invention), otherwise preferably at least 800°C, more preferably



30 t enper atirel 67 Forgianqunliiss o (it only | ayered doubl e hydroxi des

are used for producing the conposite of the invention), otherw se
preferably at |east 800C, nore preferably- BTS 09 3 067- Foreign
Countries - 9 - 900C, particularly preferably 1000C and even nore
preferably to tenperatures_ of from | 600C to 2000C and ver

particul ar |9©8;5ﬁ=é%aéﬁl%'§r Prsfezr@%éﬁﬁ@ Gr ad B‘fenz‘ﬁé’ffd?fefafff‘g’ﬁiért% etpergs of from
stream of | o ) ok il {1 { 0,

he o8l of navPas RLZOpUNC imd \WAPritil] pEABCLY) @ e mpd r U IR roferably
cal ci ned. Galed msttdaanof ey reas, drcahdnoxbdizing eonditibnd The Quantipe of € @fcidfion is
m nutes, preferably at |east 40 m nutes and even nore preferably at

| east 90 midRBEnEsnt, jijerlidopiy Bstanemval todkressldnedafCalcinpdion & prefetabby caried out for
prefer ag ly aa}e 'loﬁ%%tm%%nmeg' gi%rafbﬂ( 183sE 48 Wi §ted Xffsveﬁnﬁoﬂe%\f&g}abﬁnat least 90
further "provides a processS Tor produCing conpositesS having graphene

| ayers, inmhiel ihhcosedntiondtdven of hi€lpast O Mihiie Sandplefdiiitay af 452 45 minutes in a
increase, in particular a stepwi se 10 tenperature increase, to from
200C t o 500UCKyvayt 4K¥¢l-i ze t he pol yacrylonitrile and a subsequent
tenperature increase to at least 700C (if only | ayered doubl e
hydr oxi des ar - -l.e

partially ec g?r‘rlg%gg)l %ﬁ@%oﬂ@‘%?‘%r%eégFog?(g&g‘r%g{&n%%gﬁsg%el%gdg § %hee ne layers,
invention asldvHiclonal talcipativn stes camBHSROS tdngp haiieNigc@ag) Me Perticalie aSstepwise
whi ch has been 15 produced by a process accordin%.to t he i nvention

for pr dﬂucitﬁgpfif@tﬁffoglcﬁ@éeah@v%fﬁgl 89%{‘91&1é00°®é¢ stabjlreagi nulysrylpnitrjand a

sur pri si ngl f.ound a 0 I 0@ ot nvent. I :
sui tabl e fgg{bsgr&g%ﬁé'f'""ém%tﬁ']gepﬁlg%eg% {é’ygﬂgg%?ﬁgr‘gpér"g& 1&‘3’?’? %r%oﬁﬁg%ﬁﬁ{otxbdes are
2.5 nm (i. leed)raﬁﬂ?)leféﬁbl}'t@raﬁ[ﬁamopa)t@ﬁﬁ])eas@ﬂdiaﬂ@r@c@ﬁﬁfs@rp@l}]ayryidlﬂtﬁlle into
0.7 nmto 1.5 nm(i.e. from2 to 4 graphene 20 |ayers). For this

pur pose, t [gEaphempe¥ese of the invention is treated with an acid or an

al kali. Suitable acids are, for exanple, hydrofluoric acid,

hydr ochl ori e IS a [ %) [ : I ' ' it | kad i

are. Tor e Dol dobloniy Heias & Biise Ak SHEE IReP LAl s been
such agsanmpegiivgsd fyuar ﬁbld&ass Qdeerdime itslsharitdvertieal fop MotEding BdnPesitehaving
are known to those skilled in the art. It is also possible to use a
plurality @farhendieyys. a plurality of 25al kalis sinultaneously or in
successi on.

In addition, it has surprisingly been found that the composites of the invention are suitable
for producing graphene layers of preferably from 0.5 nm to 2.5 nm (i.e. from 1 to 7
graphene layers), and more preferably from 0.7 nm to 1.5 nm (i.e. from 2 to 4 graphene
20 layers). For this purpose, the composite of the invention is treated with an acid or an alkali.
Suitable acids are, for example, hydrofiuoric acid, hydrochloric acid, nitric acid or
sulphuric acid. Suitable alkalis are, for example, sodium hydroxide, potassium hydroxide
and salts such as ammonium fluoride. Other acids and alkalis which can be used are known
to those skilled in the art. It is also possible to use a plurality of acids or a plurality of

25  alkalis stimultaneously or in succession.

This production process for graphene layers overcomes the known disadvantages in respect
of the low yield of graphene obtained by the known graphene production processes via gas-
phase deposition [Xianbao Wang et al., Chem. Vap. Deposition Vol. 15, 2009, pp. 53-56].
In this known process, the yield of graphene when using one gram of catalyst is 0.1 gram.
30  This is very low compared to the production of carbon nanotubes by gas-phase deposition,

in which yields of 200-300 gram of carbon nanotubes per gram of catalyst used are



This produdliSeR 3 0ddemdanGuntties shene | ayers overcones the known

di sadvantages in respect of the low yield of graphene obtained by the
known graphene production processes via-gas- phase deposition

[ Xi anbao Wang et al., Chem Vap. Deposition Vol. 15, 2009, pp.

53-56]. In thls knomn rocess, the yield of graphene when using one
gram of catohfajeqd. The gie mln%eawﬁ¥¥ thegpresep{p1ostiSconpared to the
producti on of carbon nanotubes by gas-phase deposition, in which

e CBrS o SrRY ELAMA oAl BAMBARPLIEES diihe AATHGY EALAIERE 1KRRT the
i ncreased hywlder thicdkhesses phabess beprdductdiey thishraadsage of the

production process of the invention for graphene |ayers is the Iow
| ayer thickpnesses which can_he produced b thls process.

present i n@é@ﬁtﬁfﬁﬁnbaﬁ’eﬁﬁl%éﬁlqlﬁ}"?ﬂ”dvli’faé@e% U the isg OF %?O%P%Bﬁﬁé%qff‘@g to the
accor di i uci n raphene | ayers. Figures:
. ?g gi\fa 6n Por! p@b’(ﬁmﬂ%}té}l ne{f)ah)gg g grap y g

Fi gure phene layers [ayer structure of the

hydrotal cite nmaterial Pural MG 70. The alternating |ayers of netal

oxi de (dar Wigwaest t he graphene | ayers (lighter) can be seen. 10 Figure

2: Graphene layers within the |ayer structure of the hydrotalcite

mat eri al Py al 63.
lf"riggre . Graphene layers within the layer structure of the hydrotalcite material Pural MG
70. The alternating layers of metal oxide (dark) and the graphene layers (lighter) can be

Seen.

10 Figure 2: Graphene layers within the layer structure of the hydrotalcite material Pural MG
63.

Figure 3: Pural MG70 hydrotalcite starting material.

Figure 4: Figure 4 shows an enlarged section of the aforementioned Figure 1.



Figure 3: PHAARMSTEORSIN GRS o starting material. Figure 4: Figure

4 shows an enl arged section of the aforenentioned Figure 1. BTS 09 3
067- Foreign Countries -11- Exanples Example 1 10 g of Pural MG70
hydrotal cite from Sasol Deutschland GrbH were dried at 70C in an oven
in order tqQ reduyce excess noisture. This hydrotalcite material has a
nomi nal chd¥&2RlEss conposition of 70% by wei ght of MyO and 30% by

wei ght of Al 203, packed in a layer structure having a spacing of 0.7

nm bet ween g,hg,dipgi vi dual layers. 5 ml of acrylonitrile were then

adm xed wi t‘h—IdLrTg of benzoyl peroxide, with the benzoyl peroxide

di ssolving rapidly. This solution was then added dropw se to the

hydr ot al ci t1& godPekkMG3 hydeotamse sionr Bad] DetisthlandhGmbtlewemsubieriax 701@ in an
had been forned. At a syitable mxin tio of liquid and solid (in .
The 10 pr e QU Thgifler fBHice Grotss ot sy B gl hag zgpommindl Chemical
hydr ot aksci teghnodtiodTBF Thts BYWMIht it MBO AL, BGTWAISRI §ff ALS, NASIREGORS

i ncor por at ed P?\ tlcr)]e Iayeorpgtrggchture t he hglg?oté cite !253’ ta%&ﬁed' ayer
Thi s powdentridusiiasagurepitdiyg 0.7 odulsddedmthe imliddud dyes. § hdedbdrglonitrile were
vessel and heated af /70C for hours in an oven. The acrylonjtrile .
pol yrer i zedh¥RAdEErSFRw ity 18 Mg 9ﬁ3 heazQyl Prioxideneith Mrcazf pergyide dissolving rapidly.
hydr ot al ci tyg: t Lzat e | i : .
duri gt hi & SRR wap e, GRS TRIEASb I btk Eind e REERRPRREHined pntil o
t o pal e yelhbowgasoas mixgudethad bethforiped. yorer duitalle arixing haticoo ff idubhel lid(ia the
is then increased to 300C During this step, the polyacrylonitrile is
cr ossl ilAkedrespatsgperaneaty Gy ml gf &‘i’rg'ﬁﬂ‘ttliﬂé pes hgof hydsotalsiPled Melst pogideyyinj which
referred t bl [ Ll i P :
tor m nol ooy oo hie e HoiaFa B WAE ALl O ghéidiBiacie is obained.

pol yacr yl omihis pdvelehjstiubieghgitlydngatieedint®a ksitabRr dlosablewsssel andtHeeted at 70°C for
subsequent step,. the 20 ]pol yacrylonitrile is then carbonized at 1000C
under a st PNFON aAqysh The asrflemisde pelymenzes e palyecrylppidrilgweitin tie laysrs of the

mai nt ai ned e .OF- -hour.s.,_ Thi .1 Sl
conposi t o GresglBERSEBIRCTAY HoiGheiRlioh ddlh'sS cackmolE SIS g oBcess. The
cont entisappeus ofl thekm@eigyl . chiig@s s $Ihits t€ paletyeDew ik aregile@hie pblyhttsization.
conposite (see Figure 1) at low resolution (top left, small picture)

show t he hekadgwhtempsraiyre|igthey ingreasadety 3G05Cc Ruripg thil stapy dhrcopelyadrylenitrile is
material a t Hhi gh_. lL.utjion (-bott right, .l e_pictur
show t he alrafioesglgae‘?ngl +g§y%1¥rﬁ%?rtﬁc%r(élrnégslgoéngge_ ge%rrnélF %‘I ﬂ}%i %tgp (lﬁaﬁ’e%)md to as
regi ons) ar@biliessordensiee gogRdIFBRItGlel Bhihe ©GNiAMISYEY oEXAfARNEfiFe THEMSHBE The
process steps as in Exanple 1 are carried out, wth the exception
t hat Pl ur aistahEzed pagsaylnmladydrotadgiercospasitaig dark trownnh the swhsgausst step, the
Deut Scaban%o%&o\{l\ﬁﬁleu%etgeﬁ Rarbonized at 1000°C under a stream of argon in a fused silica
furnace. The material is maintained at these temperatures for two hours. This results in a
composite of graphene and hydrotalcite which due to its carbon content appears dark gray.
Transmission electron micrographs of the composite (see Figure 1) at low resolution (top left,
small picture) show the hexagonal platelet structures typical of the hydrotalcite material and
25  at high resolution (bottom right, large picture) show the alternating layer structures of dense

metal oxide {dark regions) and less dense graphene (light regions).

Example 2

The same process steps as in Example 1 are carried out, with the exception that Plural MG 63
ABSA having a layer spacing of 1.7 nm from Sasol Deutschland GmbH was used as
30  hydrotalcite material. This material comprises 63% by weight of MgQ and 37% by weight of
AlO;. To increase the spacing between the individual hydrotalcite layers from 0.7 nm to 1.7



30 hydr ot aBEY L3 dorsigm Comiries \ot orj al  conpri ses 63% by wei ght of

MyO and 37% by wei ght of Al 203. To increase the spaci ng between the

i ndi vidual hydrotalcite layers fromO.7-nento 1.7 BTS 09 3

067-Foreign Countries - 12 - nm nmeta-am nobenzenesul phonic acid was
added during the production of the drotal ¢cite. The teria )
obt ai ned affibrneapBEIDsAAenEH Bhene ‘@%Seacfdeﬁﬂala&g e aebipy 0*&3@ hydrotalcite.
hi gher propget 1801 oHAHRE M RP RARHalich i) QoBBleRly HacRbbhiedit! i
Exanpl e 1. mﬁ?i S ]{ég atot rlfnbut at%Fe tg tﬁe&si%nf)@gan ?Jlglacg?ge%?%r% 1ta}§/hgra higher
spaci ng of prdertiydsfotagdoni doempamiieo itled matetial oblrdindd indIxamptealn Ivieis atteidauable to
intercolate. The transm ssion electron mcrograph of Figure. 2 shows a
structure dhspignificanslygreaterlpyerspaging of the Bydsotaleits nepscriatyite which more graphene

Countrigs -.13- i ' i e .
Shoot | sPr1 AP G @nEE e b RIS ofecfibn bR EERLh IR WP G similar o
partial ly desonpised.i nto graphene | ayers and has a relative

proportion by mass of nitrogen of |ess than 20% based on the relative
nol ecul ar 5nmass of polyacrylonitrile.



2. Conposi tES32 3 W7 Forgien ouinies b 4r oxi des and pol yacryl onitrile which

has been at least partially deconposed into graphene |ayers. 3.
Conposite according to Caim1l or 2, chanacterized in that the
conposite conprises a |l ayered doubl e hydroxi de selected fromthe

group consi sting of hydrotal cite 10and/ or conpounds having a

hydr ot al ci ¢daiM%e structure. 4. Conposite according to daim 3,
characterized in that the hydrotalcite has the general formula

M2. 2+1\ 423(;0) (4.c% + a I e
the group consi St os%%'%rfela%e@ d&'ﬂﬁle h}cﬂréf)ﬁh@snBr @Eaéfasﬂg(%l(t)@%ﬁ@qu'{;éa%@l?nslmle
a trivalent net azdrhm‘rehadieeni af ]remnptihmligldeeqm‘lmmad;mch grmghe:rfe 1&¥ers drel haSa, relative
Mnh, La, Ce and/or C and x 15is a nunber, fromQ.,5 inintervals

of 0.5. 5. ConpdEPROEQH: by mash T myregs) drless taﬁrmao% 'Peedl ondher%lete‘er m,ekeﬁular
in that the | ay Xi des have a |ayer spacing of from
0.5to0 2.5 rtm Zﬁa%g Q&géﬁlorﬂglgodum ng conposites having graphene

| ayers, |n whi ch acrylonitrile is added to a | ayered doubl e hydroxi de

or sheet si2li catGomposie foff lsteresit dégqubld hedraxidyd end poiyheryloa@rileswhich has been at
pol ynerized to polyacrylonitrile in a second step and the

pol yacrylonitrill |@S¥Eaf§eb§®&9eﬁm¢ igfe graene FAFSi al |y deconposed into
graphene layers by calcination so as to forma conposite having a

rel ative pryopor i 0 .

ol ative ot eculGahote FRBRARL (\ERIRAR AP b RS Gl e R0 W kdnfifiscs
produci ng conposi hg&ehaiuubtp tydiphidneselertedr froml thewpionh @osiglingiof rhividestalcite
is 25 added to a ] ayered double hydroxide in a first step, the
acrylofPtrile i en%r WF@P‘?‘E]@EI ?‘6“%)6?(l FlitsHikerstugturg, a second step

and the polyacrylonitrile is subsequent ly at | east partially

deconposed 4i nt o RO GobifES10OY 168! 5] At RRized H 3088 BRLERIETAR the
Countries - characteri ze e cal ci nat| on step conprises

a tenperatur e i rgena&alsﬁnnuha May Wﬁﬁ@@m@;ﬁ@b@ﬂl\éﬁ tIemde\rada&nMn&:tal selected from
increase, to from 200C to ,500C to stabilize the polyacrylonitr

and
a subsequent teﬁlﬁesraflarcenﬁlﬂewgé)isl\égt%na@m%&o %e@wdé& e 1% ENGtent

partially deco i | Qe
9. Process for pr ogﬁcs ?%S%gg{%%g{%tgeréﬁ*go\ﬁs fr%[g} ené Pa%f gﬁ a%%%l}déorn%r and x
to daiim 7, is a number from 0.5 to 10 in intervals ofO 5

5. Composite according to any of Claims 2 to 4, characterized in that the layered

double hydroxides have a layer spacing of from 0.5 to 2.5 nm.

6. Process for producing composites having graphene layers, in which acrylonitrile is
added to a layered double hydroxide or sheet silicate in a first step, the acrylonitrile

20 is polymerized to polyacrylonitrile in a second step and the polyacrylonitrile is
subsequently at least partially decomposed into graphene layers by calcination so as

to form a composite having a relative proportion by mass of nitrogen of less than

2(0% based on the relative molecular mass of polyacrylonitrile.

7. Process for producing composites having graphene layers, in which acrylonitrile is
25 added to a layered double hydroxide in a first step, the acrylonitrile is polymerized
to polyacrylonitrile in a second step and the polyacrylonitrile is subsequently at least

partially decomposed into graphene layers by calcination.

8. Process for producing composites having graphene layers according fo Claim 6,



characteri BLS 07 Qo orsigna-qumfries nation step conprises a tenperature

I ncrease, in particular a stepw se tenperature increase, to from 200C
to 500C to stabilize the polyacrylonitri-li¢-and a subsequent
tenperature increase to at | east 7OOC to at |east partially deconpose

omos! 1 es havi SGRERHENS! 1) die ARG EOR SOmRyoo o CPRPRERSS Hargse, in
characterized i 0
pol ymeri zati on f‘%‘ft{&?fé{gﬁéﬂ“@& {EH er eéééﬂg‘fﬁg ﬁﬁ%@%%%gg%&r 5’(%0§C tﬂ stabilize the
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characterized in that the calcination step comprises a temperature increase, in
particular a stepwise temperature increase, to from 200°C to 500°C to stabilize the
polyacrylonitrile and a subsequent temperature increase to at least 700°C to at least

partially decompose polyacrylonitrile into graphene layers.

10 10. Process for producing composites having graphene layers according to any of
Claims 6 to 9, characterized in that acrylonitrile is added together with a

polymerization initiator to a layered double hydroxide or to the sheet silicate.

11. Composite having graphene layers produced by a process according to any of
Claims 6 to 10.

15 12 Process for producing graphene layers by acid or alkali treatment of a composite

having graphene layers according to any of Claims 1 to 5 and/or 11.

13. Use of a composite having graphene layers according to any of Claims 1 to 5 and/or

11 for producing graphene layers.



