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A technological process of functionalizing large-area graphene HSMG® and flake graphene
was developed to create 3D structures capable of water filtration based on it. Hydrazine solution
(Fig. 1) and 1,4-dichlorobutane were used as cross-linking agents. Independently, the above-
described processes were supported by numerical analyses to determine the transition energy of
both the ideal graphene structure and the defined defects generated at the stage of its growth and
resulting from the transfer process. These analyses aimed to determine the possibility of water
filtration on structural defects of polycrystalline graphene grain boundaries and determine the
transition energy of Na* and CI" ions and H2O.

It was assumed that the analysis would be performed for one or two water molecules in an
aqueous environment, considering the generation of hydrogen bonds, electrostatics, and steric
hindrance. As a result of this work, the mechanism of water filtration on graphene structures was
determined.
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Figure 1 — A 3D model of two graphene sheets is functionalized by creating COOH groups and
hydrazine-based pillars — the structure after the spatial optimization process.

Summary:

1. It is possible to create o thermodynamically stable 3D structure using large-area
HSMG® and graphene oxide powder.

2. Based on the simulations, it is neither possible to filter water through pristine,
unmodified graphene nor to filter through graphene with small structural defects.

3. An intensity increase in filtration processes is observed in cases of defects smaller

than C10. For larger defects, the energy barrier for the transition of salt ions is low enough that the
filtration processes cannot be observed.

4. We defined a mechanism of water filtration on 3D graphene-based structures.
Preliminary simulations prove that it is possible to purify water using 3D structures of defective
graphene.
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MPOBJIEMU EKOJIOT'Il TA YTUJII3ALII CBITJOIOJTHUX JIKEPE.J
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ITocTtanoBka mpoOJemu. 3a OCTaHHI POKM BUPOOHUITBO Ta 3aCTOCYBAHHS CBITJIIONIOJAHUX
(CBI) BupoOiB 3aiiMae uyinbHE Miclleé y CBITJIOTeXHIUHIA mpomucioBocTi [1]. Bonu mmpoko
BUKOPHUCTOBYIOTHCS Y 30BHIIIHBOMY Ta BHYTPIIIHBOMY OCBITJIEHHSIX, Y TEXHOJOTIYHUX IpoLIEecax, y
MeJIUIMHI, y CiTbChbKOMY FOCHOJAPCTBI TOIIO. IX MONIMPEHHs MOB'S3aHe 3 BUCOKOK EHEPreTHIHOIO
€(EeKTUBHICTIO Ta AKICTIO OCBITJICHHS, 3YMOBJEHUM pPI3HOBUJOM CIIEKTPaJbHOTO CKJaay
BUNIPOMiHIOBaHHA [2, 3]. SIKicHe CBITJIO MiJBUILY€E MPOIYKTUBHICTH Ipalli, MOKpAIlye HACTPIH,
MMO3UTUBHO BIUIMBAE HA TPUBAJICTH CHY [4, 5].

AHaii3 cBITOBOI JiTEpaTypH, M>KHAPOIHUX 3aKOHO/IAaBYMX AKTIB IMOKA3ye, 110 OKPIM 3aBIaHb
MIJBUIICHHS €Heproe(@eKTUBHOCTI Ta TMOKpAIIEHHS SKOCTI CBITJIa BEAYThCS IHTEHCHBHI
JOCTIKEHHS JUIsl BUPILICHHS TUTaHb €KOJIOTii Ta yTUIi3allii, K y mpoleci BUpOOHUIITBA, TaK 1 IPH
Buxoni 3 naxy CBJI. €sponeiicbka [dupexktuBa 2012/19/ EU copsimoBana Ha 3amnoOiraHss
YTBOPEHHIO BIJIXOJIB €JIEKTPUYHOTO Ta €JIEKTPOHHOIO OOJIaJHAHHS Ta CKOPOYEHHS LUX BIAXOJIB
IUIIXOM TOBTOPHOTO BUKOPHMCTaHHA, NepepoOku Ta iHMUX ¢opM BinHOBIEHHA [6]. dupektusa,
npuiiHaTa €BponelicbkkuM Coro30M, 0O0MeXye 3MICT IWIKIJUIMBUX PEUYOBHH B EJIEKTPOHHOMY Ta
€JIEKTPUYHOMY YCTaTKyBaHHI, Ma€ Ha METI CKOPOTUTH 3a0pyIHEHHS, 3amoOirTH pyHHYBaHHIO
HaBKOJIMIIHBOTO CEpPEIOBUINA, OTPYEHHIO IIKIJJIMBUMU PEUOBMHAMU Ta BUHUKHEHHIO MpoOiIeM 3i
3IIOPOB'SIM JTFOJICH, SIKi MPAIMIOIOTH 1 KOPUCTYIOTHCS €IEKTPUYHUM Ta €JIEKTPOHHUM 00JIaTHAHHIM
[7]. HupextuBa 2009/125/€C HauizeHa Ha CKOpPOYEHHS HETAaTHBHOTO BIUIMBY Ha HABKOJIMIIHE
CEepEe/IOBUILE, BCTAHOBIIIOE BUMOTI'Y 10 €KOJIOTYHOTO MPOEKTYBAHHS IIPU MPOAAXKy ad0 eKCIuTyaTarii
JpKepen cBitia [§].
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