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Cyclotrimerizationnucleationofdimericcarbonprecursorsforrollto-

rollsynthesisofhigh-orientationgraphene

REglEL, AR, X8 s
LAERAL TR
2. JE5TH SR T

3. bR

ABSTRACT:Scalablesynthesisofhigh—qualitygrapheneviaroll-to—
rollchemicalvapordepositionfacesafundamentalconflictbetweenrapidgrowthandcrystallograp
hicperfection. Conventionalmethane (CH4) -
derivedgrowthsuffersfromdisorderednucleationandorientationmismatchatelevatedprecursorp
ressures, limitingindustrialadoption. Thisworkresolvesthischallengebyemployingacetylene (
C2H2) asacarbonprecursortoenablecarbondimer-mediatedcyclotrimerizationnucleation. First—
principlescalculationsreveal thatC2H2—
derivedcarbondimers (C2) spontaneouslyassembleintohexagonalnuclei, bypassingdefect—
pronechain—to-—
ringtransitionsinherenttomonatomiccarbonpathwayofCH4. Thismechanismensures>98%latticeor
ientationconsistencyevenatnucleationdensitiesof104mm-2, instarkcontrasttoCH4-
derivedgraphene. Crucially, theenhancedsurfaceadsorptionofC2speciesenablescontinuousnucl
eationduringlateralgrowth, achievinghighgrowthrateof500mm ¢ min-latroll-to-—
rollprocess. LeveragingdimericcarbonprecursorsandCusingle—
crystallizationtechnique, wedemonstrateroll-to—
rollproductionofgraphenefilmswithhighcrystallographicorientationacrossmeter—
scaleCu(111)foils. Thisprecursor—
specificstrategydecouplesnucleationdensityfromdisorderaccumulation, establishingascalab

lepathwayforindustrialgraphenemanufacturing

R

graphene, chemicalvapordeposition, carbonsource, acetylene, crystallographicorientation
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Roll-to-Roll Chemical Vapor Deposition Growth of Fractional-Layer

Graphene Films by Regulating Growth Modes

Fm P BRE A, AMREDL. X SR
L Hb R

2. JE5TH SR T

Multilayergraphenefilmsdemonstratesuperiorelectricalandthermalconductivity, mechani
calproperties, andbarrierperformancecomparedtomonolayer, therebyexhibitinggreaterpotenti
alforindustrialapplications. However, thesynthesisofmultilayergraphenefilmscontinuestofa
cecriticalchallenges, primarilyincludinguncontrollablelayernumbers, incompleteunderstand
ingofgrowthmechanisms, andpoorreproducibilityandscalabilityinmassproduction. Thisstudyin
troducesthe “fractionallayer” conceptandcorrespondingmathematicalmodeltopreciselyquant
ifygraphenelayersforthefirsttime. Usingthismetric, wesystematicallyestablishgrowthprinci
plesandprocesswindowsforlayer—
controlledgraphenesynthesisoncoppersubstrates, andelucidatethemultilayergrowthmechanism
governedbymodulatingthelateralgrowthandverticalgrowthkinetics. Basedonthistheoreticalfr
amework, thecontinuouspreparationof2. 3—
layergraphenefilmswasachievedviaindustrialscaleroll-to—
rollchemicalvapordepositionequipment, exhibitingexceptionalmacroscopicuniformityanddemo
nstratingsignificantpotentialforapplicationsintransparent, flexibleelectrothermalheater
s. Ourworkwillestablishasolidmaterialfoundationfortheindustrialapplicationofmultilayerg
raphenefilmsandoffernovelinsightsintothelayer—controlledsynthesisofothertwo—

dimensionalmaterials

REFlgraphene; chemicalvapordeposition; growthmode ;roll—to—

rollpreparation;electrothermalfilms
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