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US2007/0158618A1 describes the production of graphene nanocomposites by exfoliation
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

30 secondly due to the great difficulty of producing graphene layers having a thickness of
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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
graphene layers and has a relative proportion by mass of nitrogen of less than 20% based

20  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
properties of sheet silicates or layered double hydroxides (insulation and filler function) in
25  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.

The sheet silicates which can be used according to the invention are the silicate structures

30 known from the prior art which have two-dimensional layers of SiQ, tetrahedra (also
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25  Preference is given according to the invention to the use of a hydrotalcite of the general
(nominal) formula Ma,*"My* (OH)uxss - Axn™ - zH,O, where My 2" is a divalent metal
selected from the group consisting of Mg, Zn, Cu, Ni, Co, Mn, Ca and/or Fe. M,>" is a
suitable trivalent metal selected from the group consisting of Al, Fe, Co, Mn, La, Ce and/or
Cr. “x” is a number from 0.5 to 10 in intervals of 0.5. A is an interstitial anion. Suitable

30  anions are organic anions such as alkoxides, alkyl ether sulphates, aryl ether sulphates
and/or glycol ether sulphates or inorganic anions such as carbonates, hydrogencarbonates,

nitrates, chlorides, sulphates, B(OH)s and/or polyoxometalate ions such as Mo;0.° or
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2011/ 04526 PCT/ P2010/ 065190 - 5
articularly suitable hydrotalcﬂes are marketed by Sasol Deutschland GmbH under the

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

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

US 4,921,681 discloses a composite comprising montmorilionite (a sheet silicate) and
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.
According to the prior art [Peter Morgan, Carbon fibres and their composites; Vol. 27;
30 CRC Press, 2005; p. 2235], such an intermediate has a relative proportion by mass of

nitrogen of at least 20% based on the relative molecular mass of polyacrylonitrile. The
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conventional oven is necessary (taking into account the maximum loading capacity of the

oven).

The expression “polyacrylonitrile which has been at least partially decomposed into
graphene layers™ describes the carbonization of polyacrylonitrile to graphene layers by the
25  calcination step described in the present patent application. However, depending on the
temperature and duration of the calcination step, the polyacrylonitrile may not be
completely decomposed or carbonized but instead polyacrylonitrile or only partially
decomposed polyacrylonitrile is present in the composite of the invention. The temperature
has a direct influence on the carbon/nitrogen ratio. The thermal treatment has to be carried
30 out for a particular time in order for virtually all compounds to be removed to be able to be
conveyed by diffusion to the outside (outside the composite) and for the compounds within

the composite to be able to rearrange to an equilibrium state. To ensure this, calcination has
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t wo- di qensi onal carbon crystals which have structure anal ogous to
si ngl qur aﬂ)’ﬂ?ffr@nll Vg?@oéﬂ I@v?ﬁ%%“ BRSSP a@Vé‘%??‘ﬁﬁ@@HO? ERjC pressure.
hexagonal honeyconb structure with formati on of sp2 hybrid orbitals.

A single gmpmwguﬁp@y@,_r o8 AvEkionk s &r)f “éaﬁééiohugef%}s geﬂe?élgf to a thermal

spaci ng of the sheét silicates or [ ayered doubl e hydroxi des o
pr ef er abl y teatorand sBpt be. hetimgrpf A meaterlaltwitly thgr @phefdedompesing this material. The

accor di ngl 5. be present. w,thin a single |ayer. The preparation of
pol yacryl oﬁ?agefrﬁ?é” fﬁ?lb}ﬁ PS ﬁ%‘iﬂf’%ﬂ%?f@l tg %ﬁ%‘* 5%3{8“?11&83‘[98@4“3 to the invention,

conpr ehensiy RRgeld bed, for exanple, in connection with the
synt hesi s of "cafbon fibres [US 3,681, 023; US 4, 397,831]. WO
2011/ 045269PCT/ EP2010/ 065190
20 The term “graphene layers” refers to two-dimensional carbon crystals which have a

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
25  be present within a single layer.

The preparation of polyacrylonitrile from acrylonitrile is known and has been
comprehensively described, for example, in connection with the synthesis of carbon fibres

[US 3,681,023; US 4,397,8311.

The invention further provides a composite of layered double hydroxides and preferably of

30 hydrotalcite and/or a compound having a hydrotalcite-like structure and polyacrylonitrile



- 7 - which has been at |least partially deconposed into graphene

| ayers. TheVOrRRKMBA%al so provides a process for produci nNBCT/EP2010/065190
conposites having graphene | ayers, in whith acrylonitrile is added to

a | ayered doubl e hydroxi de or sheet silicate in a first step so that

the acryl onwtich has tewan atieasd pertially dequatpisedlingd glaphenthgekayer structure

of the | ayered 5 doubl e hydroxide or sheet silicate, the

acryl oni triﬁl‘le W thin &he I a%%r structure i s polynerized to )
pol yacr yl oniferRY&UIOR al50 PERHHRS dprapess der Rradughes sarerasitenhaving grapkene layers, in
subsequent |\ : i alil i . e .l avers

cal ci nat i Orﬁ&gg{ %i@gﬁ?%?%%&lg cgér{rgggbl%? %ﬂ)ﬁi@?enﬁ a&rlg gﬁh\ggt Sﬁlrl%%eolf]tal @ér/‘?t Bigp so

nmass of ni thaighe aofyléréside chabeaifie haoesbraBd twWithifi ehaldyée sinteeUbPthe layered
mass of polyacrylonitrile. The invention further provides a process

for producideybleohydrpdsi prsshrgly istigatsr dbretraylpaifidles within vihe clayer structure is

lonitril.e is: - : h i de | first st
oo Thar t neGESiZRERF folvirIoh RIS SO St Rt B ifvachahifilé R giisedhontty
structure af lealteartifigrdedordponat entd yeipdhe Riyers b9 caleimationisé ki t&fowhtahédci;nposite

the layer structure is polynerized to polyacrylonitrile in a secon
step and t Ravigg|a /sty gRPRATTIPR by mass nfatitiezen of lgss then 0% baseidainl the relative

d d._i . | cination..15 In.th dyct i .

pr ocesses. Albchi dBRY SR Bl AR TR FirERioninihep it § eRsParor eisryeine

added dDOpwbﬁl@oéifbstHwidgagi@ﬁI%ﬁeCl@yﬁi}b,einhﬁrﬂfcﬁﬂclf&%rﬁ&il& he a§<ﬁb%fefo §gi|13|'e§&f Bouble
y

The | ayered doubl e hydroxide or the sheet silicate is prefera

present as hydwaide inmdinsester a9 graatheyaatylonitrils san hetonwemygotpotatédewithin the layer
nmoi sture i resent ..before.the additio acrylonitrile. Sujtable )
preferred Eﬁgcuﬁréar ?ﬁ't g’ﬁlelgyelrﬁd SP@?%&W&B%@?&L%&CW@FH‘P Wit theglagerostructure is
sheet sili palyateri2ad & PEIGArieaffAileNRq RPond st hit thelydifaBioARAY & 4

pat ent app?i ggﬁ on. P?g?errgnce_.i s gi ve(r)l t%eiﬁsi ngelﬂgg/%r ééorgou%%eédﬁsg&@nﬂy
hydr oxi des at lgastipagiafly decompased prto gepbene layardiby §alcinstist ep of t he
production process, the hydroxi des or oxides of the |ayered double

hydr oxi,des n bhe,used. The oxides are,pr.eferably used far the

o oducts on 1 P AGAUBR piotief AbPERnE 1T o SRt SRy S fonule b aretergbly added
pol ymer i zautdpwikitd itAé Qhydred AEBR hirbhile 23 6" WeBPistiichiee 1RS

addition to %_ | ayer ed %Ioupl e hydr%‘){i deeor t he sheest s%ef i cat gdryigl;?d double
order to ahpdionisley thershdet atlicate is fprefmabhrprgtentng powder Gud isaiveferably dried so

ki TTed | ntipaety ibteRdhre & wpsil ehur choaidian o aviontils Suaee grefened
are azo COPRPPAGBulaR HRIEHEEa§HE4 Abublb t@igar i@g% §¢ HeLAREAY: ﬁ&@ggg%f% ggs]cribed

Possible initiators are, for exanple: rto- per oct oat €,

per oxi @@, @i detail Gythepebayveiiol¢he patertt-apBlicabioh \irefoesmpe isagiadreto using layered double
azobi s(i sobutyronitril.e), . .

di-tert- bugﬁ%&d&f‘-’%%, Brodstinn: Rypcespc o ias Sk sten of dha PEdugtig: Pesepss, the
hexahydr ot gt gBRidRal Rt SKeided: | h =6 it DUt V]
per - 2- et hyl %%?angitog,&%g%b?g %J%%lér?etgﬁﬁﬂgﬁ glr%égile? ‘ra(‘lraP:?g Wi Thhe l&ldgs are
2, 5- di et hpfef@ablydis¢d for the proinc?ioh @%5269PCT/ EP2010/ 065190 - 8 -

but yl per oxy) hexane, di octanoyl peroxide, t-butyl perneodecanoate,

di i sopropyl peroxydicarbaonate. The pol ynerization can al so be
triggered anggﬁ: egfemlqogﬁpexgan OPBCRLON; RRAymerizagien Hitialny i added de the

acryl 085 tr héiohfrild Werbr@%aittn 4O HR! 18y Y PR E Ry RExiG0 §8the Shid: §cSte'if order to

ald the polymerization of the acrylonitrile. Suitable polymerization initiators for

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
initiators are, for example: tert-butyl peroctéate, benzoyl peroxide, dilauroyl peroxide, tert-
30  butyl perpivalate, azobis(isobutyronitrile), di-tert-butylperoxy-3,3,5-trimethylcyclohexane,
di-tert-butylperoxy hexahydroterephthalate, 2,5-dimethylhexane 2,5-diperbenzoate, t-butyl
per-2-ethylhexanoate, azobis(2,4-dimethylvaleronitrile), 2,5-dimethyl-2,5-di(tert-



5 preferably selected so that the | ayered doubl e hydroxi de or the

sheet sili MNOR0ME0¢26P| et el y saturated with the acryl onit r PCE/ERIEN065190
suitable mxing ratio is chosen and | ayer&d doubl e hydroxi des or

sheet silicates are used as powders, the acrylonitrile can becone

i ncor por at eitylperbhpht:ayer Sidctdbyr e pshaidd, her-mayide ﬁ)ehﬁo&&gﬁéa‘%é el Mnsopropyl
nmoist. In a secaond production step, the acrylonitrile within
| ayer st rudemydispropate] dyierralymerizisgn @nhglé®déﬁ theggsredt hy mbamt Of light and

silicate i ed to polyacrylonitrile. The polynerization can
be initiat 3338%5%\%{0#%% met hods known to those skilled in the art.

For exanple, the polymerization can be initiated by neans of ionizing

radiation [THS @itiBd, A23]of Adhgeniailp aoyierlagétd Adublei hyd@é:8He D dhe@Ssilicate is
benzoyl peroxide is_used, the polynerization of acrylonitrile can be

st ar t ed SandTegiplvetlastad soythaicthe ﬂEiY@ﬁﬁddioublﬂ kydzarddelor fhe sheat aﬂicyteby completely
gent| e heatsh &P wﬁtﬁggee 18 I%m?ﬁl GH & su$ gﬂ]ilrél(%grgﬁg fst C %eg? %rlx@ﬁyes;ed double

preferably un er- oxidi ziny cond

carried outhyli®iides ReEhaRtlsiéatés ﬁén.l?edta@ rp%vdﬂ@tér fhe adRPorithYEHn B%@ome incorporated
therefore further provides a tgr ocess pr oduci ng conposites havi ﬁp

graphene | ay thedayarsirugiiuswhenrtpe pewderiis eomplestitiodist oget her with a
polynmeri zation initiator to a | ayered doubl e hydroxide or to the

sheet siligate I duct te neri zed
acrylonitrilé %)?Cég% O&CEF #ﬁ gelpgﬁ 5018’ ong i v@%@&? E‘%%F‘Euw&r%fx?h&elayemd
or t he 18heebuslel lh?dﬂoﬂldes ofeaRMasad sHicatealid Opul %ﬂ@'nﬁd |t8a§51y9@r§'foh%lé/ The
to formgraphene layers by calcination. This third step first

conpri ses @phmqnzmn o bf inititep by yarieus matihods keown tcethos¢ siglled rmtliel a:m For

and crossl | nk| nd i.s carr.ied ou ratures from 20
500C, pref §F4BY Jﬁ%leQOIW?%a?Pﬂgca@oﬁ?ﬁ i W%ﬁg&ﬁwd maas e? ab‘?‘k}z@s 3§‘€n [US
The 25 crosggimesy malenag’ dlﬁﬁbﬁieﬁtﬂoﬁ hﬁuét&eeuéiﬁ%@fﬁé?é gérpﬁﬂébﬁnhée%d the

by bei ng heat ed to t enper at ures of | east 700C (1 f onl ayere
doubl e hydmlwrcbwamre Oﬁgewldmtrﬂ@rcenldm start¢ch end wapiedi buﬂ: by atitfigion of this and

I nventi efer bl y | east 800C, nore eferably 900C

part i Cd? {pqlf)rtaﬁfr’y% eg{l ﬁa@cg aﬁ,g?% i the angs ogno 50°C th 100°C and
tenper at ur gerehbly R GO8CIHQ R AR, I

to tenper a?ur es of 20r000 |5Irggfer ably 30 rﬁ% Pﬁiﬁﬁgfe?éeﬂéﬂ]%r%ﬁeﬁ ﬁifbﬁ‘%gzle}(lodof
i . e. nonoxifidinzi2ntp Gohalirs.i The .inEntiod uherefwe fofthéchproefidesianptdcess f producing
dependent, inter. aljia, on the anount tol‘g|J calcjned. Calcination iIs

pr ef er abl y CREPPSilEy RAying graphens da¥sss o Yhich Aemieaitrils &y @dded] Jogpther with a
least 40 mhEHiRSizaMth BUERrTHE SayRie BB ByafdxidEASh 19 sheet silicate.

20 In a third production step, the polymerized acrylonitrile present in the layers of the layered
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 (i.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

25  crosslinked polyacrylonitrile is then decomposed or carbonized by being heated to
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

+ 900°C, particularly preferably 1000°C and even more preferably to temperatures of from
1600°C to 2000°C and very particularly preferably to tempéraﬁlres of 2000°C, preferabiy

30 under a stream of inert gas, i.e. nonoxidizing conditions. The duration of the calcination is
dependent, inter alia, on the amount to be calcined. Calcination is preferably carried out for

a period of 10 minutes, preferably at least 40 minutes and even more preferably at least 90



WO 2011/ 045269PCT/ EP2010/ 065190 - 9 - mnutes, in a conventional oven

or at | eastW® 140d826%and preferably at |east 45 m nutes i RCA/EP2010/065190
m crowave oven. The invention further pro¥ides a process for

produci ng conposites having graphene |layers, in which the cal cination

step conprimBmted, mengakaitiong] évea e atRasti T mPatdsiafd Eﬁa‘ferﬁbl?taﬁfé\ﬁ@t% minutes in a

tenperature increase, to from200C to 500C to stabilize the

pol yacryl odCFeWaCaY8l.a subsequent tenperature increase to at | east
700C (if only |l ayered doubl e hydroxi des are used) and preferably to

at | east 8 ; I Liall ose.pol yvacrylopnitrile int

%r aphene | %Engé r Egzﬁio?higﬁfji\%ﬁ?fgﬁd %Iﬁa‘ig S?jgﬂ%ffg’% %ﬁ%oé; Z‘te%ﬂa(:vd%ggplgeéleqayer S,
avi ng gr aphewlgich ale cslcinbiieh st8pToRPeResl § tahpdieRAiniase, RE ful tepwi
according to the inyvention forpprg%ﬁlci ng conposites ﬁavi ngﬁgr apakllrean%eles‘3

| ayers. 7l n ta@aeRigs ngreaspato Sionp 2081 ¢ P00¥e o fstabildzet thet pelfierylonitrile and a

conposites t invention.are suitapl L~producin r e .

| ayers of pS(raé?egp §rg| (P Jf%r% TETHIRY ?00 agf.)eg&nir@(ﬁ:Qfﬂ%iﬁﬁ“ﬁc&’%@ﬂ&ﬁﬁ%@“ are
layers), angedidnd freRfBIARI i 16K080P CltodMdat phrfallytcbipSe JoiP@Aodifitgé i
graphene 15 | ayer sl?. For)at hi s purpose, the c%arrpogiq{ég o? tet‘};e |nvecr)1t ?})ﬁlmo
i s treated Swmlignafeyasi d or an alkali. Suitable acids are, for

exanpl e, hydrofluoric acid, hydrochloric acid, nitric acid or

sul phuric j d. jta .alkalis.are, for e | e, sadi um hydr oxi de,

pot assi um ﬁf}{ rlggfgg{é)%a%dﬁtéoﬁ L PLQTAGFs "%}H%%ﬁéﬁﬂgﬁ?ﬁ’ ?T@%%ngfi‘i been
and al kal i rodiceh wan bseibcBfdink 16 Whe t BvEMRSE forki ' oquﬁ) havi
It is al so%gossi bl]§eyat opﬁ)sce a pl ura%(i ty gf gci g’? gcfr %ﬂogﬁﬂ?%lqﬁit S?éstzgavmg

al kal i s si ramnhgnelsysisy or in succession. This production process for
graphene | ayers overcones the known di sadvantages in respect of the

I ield phene_obt ai.ne t he 0 r aphene ducti on .
Lom 1 el 4 9 BEBRNRSa R BhIR Bl RS IS ERE B U5 B0 g s
Deposi ti on fy©brodhdin Zﬁﬁﬁlqnﬁﬂay&ég'b@(ﬂrefefaf@l)t ﬁbﬁll b.@?iﬂ_ﬂ ’BB 9@%%@h§r§m 1to7

yi el d of graphene en using one gram of "catalyst 1s 0.1 gra
This is verganhene &yeysarand moret prefepabdyl dioni 6,7 10h tedrbom (@anfomb2 $o Bypraphene

gas- phase depositi in which yvields af 200-300 gram of carbon .

nanot uglés g@%m r%ﬁ#ﬁ%ﬁ p&ﬁ?"é?ﬁﬁ? C‘?vr%‘e?“ﬁﬁ ﬂl?o‘f’&?‘ﬁ’é’&.lg*fﬁ@e@?"étﬁ&n@ﬁﬁl Pen alkali.

i ncreased Iyithbie R85, RE G8RDIe, Prjdib s g@l&,a &%@lﬂ%cté&h itric acid or

production process of the invention for graphene layers Is t eml ow

| ayer thi clenksbuss agidi Shitabde allelipamed frexkabmpld, hodivpr Inclesdde, 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

20 alkalis simultaneously 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.
25  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

obtained. The yield can be increased by the present process.

A further advantage of the production process of the invention for graphene layers is the

low layer thicknesses which can be produced by this process.

30  The present invention additionally provides for the use of a composite according to the



WO 2011/ 045269PCT/ EP2010/ 065190 - 10 - invention for producing

graphene | Y2110 es: Figure 1. Gaphene |ayers w t RCH/ER?610/065190
| ayer structure of the hydrotal cite matedDal Pural MG 70. The
alternating layers of nmetal oxide (dark) and the graphene |ayers

(l'i ghter) davenbienSsgenduchigraghedie ldemphene | ayers within the |ayer
structure of the hydrotalcite material Pural MG 63. Figure 3: Pural

MG70 hydrozgl cite starting material . Figure 4. The figure shows

an enl arge jon of aforenentioned Figure 1. 10 Exanples Exanple

1 10 g of Pural M50 hydrotal cite from Sasol Deutschland GrbH were

dried at 7QGxi0 12GMRRe el WiRfin %ﬁ%c %8?&1&14}&?&&1&@% m%g}'oﬁwural MG

hydrotal cite material has“a nom na em ca onposrtion

wei ght of N§OThaaltedesiy layeisgift methl 4kideIdarkpaidche graphdna)eyers Highter) can be
structure having a spacing of 0.7 nm between the individual layers. 5

m of acryP8fttrile were then admixed with 10 mg of benzoyl peroxi de,
with the benzoyl peroxide dissolving rapidly. This solution was then

added dr opw o i ) il UNb]
2 homogenbaiitei Canmell B phanRh B el b Af PR SEH bl Mo
liquid and68olid (in the present experinment, 0.5 m of acrylonitrile

per 1 g of hydrotalcite), a "noist" powder in which 20 the

acrylonitril.e hgs_be i.ngorporated. in the layer structure of the
hydr ot al ci ;Jégggggoglﬂxg]cmo hy%rotﬁmte starting material.

Figure 4: The figure shows an enlarged section of aforementioned Figure 1.

10 Examples

Example 1

10 g of Pural MG70 hydrotalcite from Sasol Deutschland GmbH were dried at 70°C in an
oven in order to reduce excess moisture, This hydrotalcite material has a nominal chemical
composition of 70% by weight of MgO and 30% by weight of Al,0s, packed in a layer
15  structure having a spacing of 0.7 nm between the individual layers. 5 ml of acrylonitrile were
then admixed with 10 mg of benzoyl peroxide, with the benzoyl peroxide dissolving rapidly.
This solution was then added dropwise to the hydrotalcite and the mixture was stirred until a
homogeneous mixture had been formed. At a suitable mixing ratio of liquid and solid (in the
present experiment, 0.5 ml of acrylonitrile per 1 g of hydrotalcite), a “moist” powder in which
20  the acrylonitrile has become incorporated in the layer structure of the hydrotalcite is obtained.
This powder is subsequently introduced into a suitable closable vessel and heated at 70°C for
3 hours in an oven. The acrylonitrile polymerizes to polyacrylonitrile within the layers of the
hydrotalcite support. The polymerization initiator is decomposed during this process. The
colour of the material changes from white to pale yellow as a result of the polymerization.
25  The air temperature is then increased to 300°C. During this step, the polyacrylonitrile is
crosslinked. Rings similar to aromatic rings are formed. This step is referred to as
stabilization of the polyacrylonitrile in the terminology of carbon fibre production. The
stabilized polyacrylonitrile/hydrotalcite composite is dark brown. In the subsequent step, the

polyacrylonitrile is then carbonized at 1000°C under a stream of argon in a fused silica



This powder is subsequently introduced into a suitable closable

vessel and WO0et/0482670C for 3 hours in an oven. The acryl pOTIERJ0S0/065190
pol yneri zes to polyacrylonitrile wthin_fhe | ayers of the

hydrotal cite support. The polynerization initiator is deconposed -
during thi Suphesess. m&&%lqgln%&taﬁéd bR el e?sluu%@?ﬁ%% AR MR F&uitOin a
pale yellow as a result of the polynerizati e air tenperature

i s then i ncompesit ofograpiear amdihydrgtaldifesvigelegye tohits pbomacenyéndappeatd éarkpray.
crosslinke

ar to ar crin re fornmpd. This step is
referred t r?%mggsé% cfl?cfré’fllnblﬁmgfapgggfttbw%ﬁc?sw gsﬁf’* Frgorelyas IQ"rﬁEﬁS‘)lutlon (top left,
term nol 09¥nfafl HALRPEdW HeheRDRAMCHLRR sthitfure faﬁgic%!r Gefle hydrotahcﬂe material and

pol yacrylonitrile/ hydrotal cite conposite 1s
subsequént athigh, resclllmlopdbytann yﬂght;n largé pictuse)tshew thaa]ltummtmgda;a:t- stHfdd}€s of dense

under a strea n i.n sed silic
2011/ 0452688/ E@%ﬁ%ﬁé%%‘i@ and Ipss den 8‘\3/\8 IS8k i al i s
mai ntai ned at these tenperatures for two hours. This results in a

conposite quxag@gbene and hydrotal cite which due to its carbon
content appears dark gray. Transm ssion el ectron m crographs of the

conposite (see Figure 1) at lowresolution (top left, small picture)
show t he hdhagamabrasksststapens st Exaotple bsretcymed@lut mﬂxttheempmmmhﬂlml MG 63

t | t high | ut. tt h
TheCl fbr adihsa Hayedf heP Spiling b 08 bed Tt ka1 b hieha E?gwéﬁgﬁed as
and | egg d%@&%taélﬁaﬁﬁ%1(mgﬁfate5§%&ﬂa%ses E;j%t |\Gei tB?ﬁa Pgﬁ% t of

steps as in"Exanple | are carried out e e cept| ura
MG 63 ABSAAlY)i. g iscréaay te sppaing befwaén the Indimidbaldipdfsasote E_earﬁ ﬁohi @Neém to 1.7

GrbH vas U%Iend rr?esta-ammobenzenesulphomc acid was added during the production of the hydrotalcite.
The material obtained after carbonization is completely black because it has a higher
proportion of carbon compared to the material obtained in Example 1. This is attributable to

15  the significantly greater layer spacing of the hydrotalcite material into which more graphene
can intercolate. The transmission electron micrograph of Figure 2 shows a structure similar to

that in Figure 1.



10 hydrotalcite material. This material conprises 63% by wei ght of

MyO and 37%Vby204i0g5R690f Al 203. To increase the spaci ng betrwaerP1010/065190
I ndi vi dual hydrotalcite layers fromO0.7-nm-to 1.7 run,

met a- am nobenzenesul phoni ¢ acid was added during the production of

t he hydrot ataithe. The material obtained after carbonization is

conpl etely black because it has a hi gher proportion of carbon

conpared to the material obtained in Exanple 1. This is attributable

to 15 the digni fGeapnsity ofr lasered daapler hydraxidag oofshedtesiligate gindkpdlgacrylonitrile

el ot ron m or ogruph B el af A5 1arGR diCuRpden e epfrc iies sndfies ypiatve
Figure 1. VO 2Q}dpR46r 69 Rhakk BPIRLPAOFLIL thatt 20% QSQP% the rQ‘aﬂl?@ﬁJf&é@cular

of layered double hydroxides or sheet silicate and polyacrylonitri
whi ch. h&s been dnassedpelypaylondtiley deconposed into graphene | ayers and
has a relative proportion by mass of nitrogen of |ess than 20% based

on the relative | ecul ar. ;5mass ,of | yacryloni,trile. 2. | osite of

| ayer ed do%bl e hy %%?#ae% I%?%S?%A%W&SH‘%? iepd Rﬁﬁaswlm@%g@ﬁ%aﬁas been at
lleast partially 1geepsmaeaecotipasdl iaR \@Rshehd ks, 3. Conposite

according to Caim1l or 2, characterized in that the conposite

conprises a |ayered doubl e hydroxi de sel ected fromthe group
consi sti ng3ef hyerenasite pecordiog rChimdornso ahatsctbrzeadriy tlmt the composite comprises

hydrotalcite-like,structure. .4 0Si ccording to C ai.m 3, )
c%ar acterized i %W%\lieﬂt ‘?%fbﬁeyéw%%ﬁgi ?eie%%s ?ﬁoﬁb e | CQUSISHDE PT hydrotalcite
M2. 2+Mag+( 0) (4x4aﬁa/ormﬁp&ni&8h2¢m'%]§ WS dedMetEte dRiAleSel ected fromthe
group consisting of My,  Zn, Cu, N, "Co, M1, Ca and/or Fe; M3+ is a

trivalent netal selected fromthe group consisting of Al, Fe, Co, M,
La, Ce andMor CComppsite BSterdimgnio mf ,oeha@aderiasd i@ that thet bydrafakeitef has the

0.5. 5. Conposite accprdi t e any qf d ai te. 4, gharacterized in
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metal selected from the group consisting of Al, Fe, Co, Mn, La, Ce and/or Cr and x

15 is a number from 0.5 to 10 in intervals of 0.5.

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

20% 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 subsequéntly at least

partially decomposed into graphene layers by calcination.

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

characterized in that the calcination step comprises a temperature increase, in
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pol yacrylonitril e an ubse uent nper at ure I

800C to at |easf g‘B‘&P’?’f a5 SWBSJ?@IE)(BIF?%?@FW Qﬁﬁ‘i&f%gqué rtg Fi%‘iléze the
layers. 9. Pr 0095@aé19[0n&ﬁ&déiﬁ' D ELLERIRABIhDRrARY iftde Al @&E‘ﬂ@&‘stb%‘if ﬁ) at least
according to Caim7, 5 characterl zed in"that the calcination st

conpri ses a ten’pélftlaﬂmﬂecmnrwsea@a'acrylnnﬂa}etmto@mheae kiyepwi se

tenperature increase, to from 200C to 500C to stabilize the

| | t d t t t. t t t
2000 1o at PoastTOSEN fah Y NGRE omReSi DatiPg ISHHERS 8o beray AR naneny of

| ayers1010. Procesifmsf Grt@rwddlﬁid&%ri%@drﬁﬁs'tHa@SacPﬁMﬁﬂﬂegfsaﬁﬁtf‘éaetc;g%wsmﬂl a
according to any of 10 aims 6 to 9, characterized in

acrylonitril e i poladgsdatiangsitiator towa {ayezedpipubledrydmaidecor to Hiet shattailidage. a
| ayer ed doubl e hydroxide or to the sheet silicate. 11. Corrp05|te

havi . duced .b di of
Craims 8 t6110. CoPPoRTe BaBBE [ Epiihe Jal-n Grohafh Bcs (RGPS SR toofay of

al kal i treat mentifis® t6Qgposi t e 15havi ng graphene | ayers according to
any of Clains 1 to 5 and/or 11. 13. Use of a conposite having

graphene | ayers according to any of Clainms 1 to 5 and/or 11 for

produci ng §#aphBreessafpsmsoducing graphene layers by acid or alkali treatment of a composite

15 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.



