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ABSTRACT

Nanostructured carbon materials with controlled porosity and surface chemistry
represent highly promising solutions for both hydrogen (H:) storage and environmental
remediation applications. In this work, four carbon nanoflower (CNF) samples were
synthesized via free-radical polymerization of acrylonitrile, followed by stabilization,
carbonization and chemical activation with KOH, leading to hierarchical nanoporous structures
with tunable physicochemical properties [1]. Comprehensive characterization was performed
using N2 adsorption at 77 K, H2 adsorption (up to 100 bar at 77 K and 298 K), Raman
spectroscopy, X-ray photoelectron spectroscopy (XPS), and scanning electron microscopy
(SEM). The CNF materials exhibited very high specific surface areas of up to ~3000 m?/g and
total pore volumes up to ~1.3 cm?/g, with dominant microporosity (80-92 %) and narrow pore
size distributions (1.1-1.2 nm), features that are particularly favorable for gas adsorption. H2
storage measurements revealed uptakes of up to ~2.5 wt.% at 77 K and 1 bar, while at higher
pressures the maximum excess uptake reached ~5.6 wt.% at 77 K and ~35 bar and the total
storage capacity reached ~8.2 wt.% at 77 K and ~95 bar, confirming the high adsorption
performance of the materials. A positive relationship between micropore volume and H> uptake
was observed, highlighting the critical role of narrow microporosity in governing H> storage
performance. XPS analysis indicated the presence of heteroatoms (O, N), which may enhance
surface interactions and contribute to the adsorption of hazardous organic compounds. In this
respect, the CNF materials showed strong potential for air purification applications, including
the removal of toxic vapors. In particular, towards vapors of a mustard gas simulant, the best
performing CNF exhibited showed a gravimetric update reaching 1.4 times its own mass (1400
mg/g), with limited desorption, indicating strong adsorption. Finally, a multivariate analysis
integrating textural properties, surface composition, H> uptake and mustard gas removal
performance was carried out to assess similarities among the CNF materials and to identify the
key features governing their separation. Overall, carbon nanoflowers emerge as efficient and
versatile material platforms that bridge clean energy and environmental protection applications,
offering significant potential for advanced adsorption-based systems.
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ITEPIAHYH

Ta vavodopunpéva avBpakovyo VAKE pe eAeyyOUevn) TopdON SOUN Kol ETUPOVELOKN
ynueio amoteAohv 11aiTEPA VTOGYOUEVEG AVGELS TOCO Yo TV amodnkevon vopoyovov (Hz)
0G0 Kot Y10 EPAPUOYES TEPPAALOVTIKNG OMOKATACTOGNC. TNV TOPOVLGA EPYOTio cLVTEO KAV
téooepa  delypota  ovOpakovywv vovoavBéwv (carbon nanoflowers, CNFs) péow
ToAVUEPIGHOD €AeVBEPOV pLldV axpvAiovitptiiov, axoilovBovpevov amd octabepomoinon,
avOpakomoinon kot ynukn evepyonoinon pe KOH, odnydvtog o€ 1epapytkés vavomopmoelg
dopég pe pviulopeva puowoynukd yopaxtnpotikd [1]. O ektevig yopakmmpiopds TV
VAoV mpaypatonomnke pe mpospoéoenon N2 otovg 77 K, mpoopoenon Hz (éwg 100 bar
otovg 77 K kot 298 K), pacpatoskonic Raman, gacpatockonioo 9oTONAEKTPOVIOV OKTIVEOV
X (XPS) kou nhextpovikn pukpookonio sapwong (SEM). Ta CNFs napovciocov mToid vymAég
educéc empdveleg g ~3000 m?/g kot cuvoAkog dykovg Topwv £m¢ ~1.3 cm’/g, pe kopiapym
pikpomop®on doun (80-92 %) wor otevr katovoun peyébovg mopwv (1.1-1.2 nm),
YOPOKTPLOTIKA TOL €VVOOUV 13laitepa TNV TPocpoenomn aepimv. Ot petpnoelg amodnkevong
VIPOYOVOL £Je1ENV TPOGPOPNOELS €mG ~2.5 Wt.% otovg 77 K kot 1 bar, eved 6g vyniotepec
mécEIS N LYot tepiooeia (excess) Tpoopoenong Eptace ~5.6 wt.% otovg 77 K ko ~35 bar
Kol 1 ovvoAlkn (total) amofOnkevtikn wkavotro ~8.2 wt.% otovg 77 K wor ~95 bar,
emPefordvoviac ™V VYNAN TPOcpPoPNTIK) amddoon Tov LVAK®V. [Mapatmpndnke Oetikm
oLoYETION HETAED UIKPOTOp®OOVS Oykov kot mpoopdenong Ha, avadeikvdoviag tov
KoBOpIoTIKO POAO NG OTEVIAG WKPOTOPADIOVS OOUNG OTN GLUTEPLPOPE  amobdnKevong
vopoydvov. H avarvon XPS £oe1&e v mapovacia etepoatopwv (O, N), Ta onoio evogyeTor va
EVIOYVOVV TIC EMPOVEINKES OANAETIOPACES KOl va. cuuBdAlovv oTnv TPOcpPOEN oM
EMKIVOLVOV OPYOVIKOV EVAOCEDV. XT10 mAaicto avtd, ta CNFs mapovsidlovv onpovtikd
duvaKd Yo epapLoYES KOBOPIGUOV AP, CLUTEPIAAUPAVOUEVNG TG OTOUAKPVUVOTG TOEIKAOV
atpmv. Edikotepa, Evavtt atudv TpocopolnTn aepiov HovaTdpdas, To amodoTIkOTEPO delya
EUPAVIOE IKAVOTNTO TPOSPOPNONS OV £PTace £m¢ Kot 1.4 popég To 1d10 Tov to Papog (1400
mg/g), e TEPLOPICUEV EKPOPNON, YEYOVOS TTOL VTTOONAMVEL IGYVPN GAANAETIOpOON LE TNV
emdvela. TELOC, TPAYUATOTOMONKE TOALTOPOAUETPIKY) OVOADCT] TOV GCLVOVOGE T,
YOPOKTNPLOTIKA TOPMOIOVS dOUNG, TN GVOTOCN EMPAVEING, TNV Tpospoéenon Hz kot v
amOd00T AMOUAKPLVONG 0EPiOL LOVOTAPOAG, LE GTOXO TNV OEWOAOYNCN TMV OUOLOTHTMOV
petald tov CNFs kot tov mpocdiopiopd tov Bacikdv mopapétpov mov kabopilovv
dwpopornoincn tovg. Xvvolkd, to. CNFs avadeikviovior oG amodoTiKES Kol EVEMKTES
TAATQOPUEG DAIKDOV TOL YEQLUPMVOLV TIG EPAPUOYES KaBapNS evépyeLag Kot TEPBAALOVTIKTG
TPOGTAGIOC, TPOGPEPOVTOS CTUAVTIKEG TPOOTTIKES Y10 TTPOTYUEVO GUGTIULATO TPOGPOPNOTG.
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