OTMmeTuM, 9TO IHUCCOIMAIIMK JAUMEpPa BOABI HA MOHOMEpHI BHYTpHU ¢ymepeHa Cro
KBAaHTOBO-XUMHUYECKH HE PETUCTPUPYETCS.
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For its unique properties, graphene become a universal material: in recent
years it has gained significant atteffion from scientists in various fields, including the
chemical industry. The two-@h ional sp?-hybridized layer of carbon atoms
possesses a number of sp lectro-physical, thermal, optical, and mechanical
properties. It also has& cific surface area, mechanical strength, and low

electrical resistance [1 ene derivatives are widely used in various fields,
including energy nanoelectronic devices and batteries, biomedical
applications, bios Il visualization, drug delivery, and tissue engineering [3-
5].

The practi Ication of graphene is based on the modification of bitumen
binding ad% ed to obtain high-quality asphalt concrete. Graphene oxide is

I ucegto bitumen emulsion as a reinforcing, adhesive, binding additive. It
urface adhesion properties for the gravel base of asphalt concrete. The

of graphene oxide was carried out by 3D scanning laser Raman
spectrometer. (ConfotecMR520) (Fig.1).
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Figure 1.Microfilming and Raman-spectra of graphene Side

The figure 1 demonstrates that graphene oxide is a na red material
composed of non-amorphous crystals, which are in need of furtier studying by X-ray
structural analysis. It can provide huge prospects for thor estigation of the
material and its and supramolecular characteristics. For e @we have worked on
introducing graphene oxide into road bitumen at a contgn 1-2% by mass. The
figure 2 (b) shows that adding even small af graphene oxide greatly
increases the adhesion of the modified bitumen ¢ d to the original construction
material. The reinforcing properties of the
previously mentioned structural features

polycyclic supramolecule. The causegqis the proper oxidation of petroleum tar,
resulting in the breakdown of asphaltenesato similar composite parts.

Photos using graphene oxide (a,b — bitumen, ¢ - lettuce seeds).

The micregraph (fig. 2 a) demonstrates that due to modifiers addition, medium
and small "bee™ adhesion centers are visible, resulting in increased adhesion. There
were no "bee" adhesion nanoparticulates in the microfilms of the original BND
70/100 grade bitumen sample, studied by atomic force microscopy. That indicates
the poor adhesion of the bitumen to the mineral part and low adhesion of the asphalt
concrete mixture.
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The use of graphene oxide is promising in the biology, biotechnology, and
agriculture fields, as its additives stimulate plant growth and protection [6,7].
Graphene compounds prolong the effects of mineral fertilizer, due to reduced
migration of nutrients to lower layers of soil.

As can be seen from figure 2 c, graphene oxide introduced to lettuce seeds
causes early germination and sprouting, occurring at a first day, while in the control
sample, this process occurred only on the third day. That makes this type of
nanocomponent a universal compound capable of causing a colossal effect in both
the construction industry and agriculture.

Thus, the results of the experiments lead to the following cobc%

* Optimal technological parameters for obtaining new me f Braphene

oxide synthesis with maximum product yield have been establj
* Graphene oxide has been investigated as an adhesive K bitumen-based
0

road construction materials;
» Graphene oxide has been used as a catalyst and mineral fertilizers in

soil in order to accelerate the germination of plant bi

* The energy of seed germination and mowh%} characteristics of seedlings
after soaking in solutions with graphene of diffﬂ centrations, as well as plant
yield in open and closed ground with the itiony of graphene oxide, have been
studied. Q

This work is proposed as a startup, a developing a reproducible method
for obtaining graphene from availablégaw materials (technical carbon). The samples’
characteristics using a modern comple hysicochemical analysis methods have
been done. The experiments on the obtained graphene as a new nanomaterial for the
needs of the road construction icultural industries has been carried out.
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I'EJb-ITIPOHUKAIOIIASA XPOMATOI'PA®UA B UCCIIEAOBAHUU
HEHACBIINEHHbBIX TOJIU®UPHBIX CMOJI

Hacuxarynel E, JlaBpenoexoB C.)K, bonat6ait A.H.

HccnenoBanne HEHACBHILIEHHBIX MOMUAPHUPHBIX CcMOJI C IO
npoHUKaIel xpomarorpaduu sBhsieTcss 3(PQGEKTUBHBIM MET OTOPBIN
MO3BOJIAET HU3YYHUTh MOJIEKYJISIPHBIE XapaKTEPUCTHUKUA CMOJ 3UpOBATh

npouecc ux cunresall].

BrepBeie Ha 0aze xumuueckoro Qaxynpreta Kaparan r0 YHUBEPCHUTETA
uMm E.A. bykeroBa Obuta wucinenoBaHa aOCONIOTH JCKJIsIpHas — Macca
HEHACBILICHHBIX MOIMAI(PUPHBIX CMOJ  (TI-TIOJIHUITUIIE MajelHaT u 1-
IPONMJICHIJIMKONL ~ MajedHaT) C  IIOMOLIBIQ, reJib-IPOHUKAOIIEH
xpoMarorpaduud Ha  COBPEMEHHOM HpI/I60p€ Malvernwscotek 270
maxdualdetector. OnpeneneHb MOﬂeKyJI;IpHO acnpezleneHI/Ie HIIC.

OTOT METOJ1 UMEET MHOXKECTBO MTPEUM cp Y KOTOPBIX MOXHO BBIIETIUTh
OBICTPOTY W TOYHOCTH aHamm3a [2,3]. TOr0, TEIb-IIPOHUKAIOIIAs
xpomaTtorpadus  MO3BOJISIET  MOJY cpopMaumo MOJICKYJISIPHBIX
XapaKTEpPUCTHKAX MOJIUMEPOB 0€3 UX pas3p usdA[4], uto HOSBOHH@T HCIIOJIB30BaTh
UCCIIeI0BaHHbIE 00pa3Lbl AJIs z[anLHe WX SKCIIEPUMEHTOB [5

Jns  mpoBeaeHUs I/ICCJ'ICJIO C I/ICHOJ’IBSOBaHI/IeM refb-TIPOHUKAIOIEH
xpoMarorpadguu ObLIM TMOATO Hbl 00pa3ubsl HIIC oToOpaHHHBIE BO Bpems
mpoliecca CUHTE3a. XpOMa KO€ paszJiesieHre ObLJI0 MPOBOAEHO HAa KOJIOHKE
T-6000M nnst opraHquCK OpHUTEJIEH, TJI€ OHU PA3AEISIOTCS HA OTICIbHBIE
KOMIIOHEHTbI B 3aBHCH] UX MOJIEKYJSIPHBIX XapakTepuctuk. Jlanmee, Ha
BbIXOJIE M3 KOJIOH CXOI[HT JETEeKTUPOBAHUE KOMIIOHEHTOB, KOTOpBIE
3aMKChIBAIOTCS H

kY

i

Pucynok 1 — Xpomarorpamma noianu3TUIEHTJIUKOIbMAJIEHAHTA.
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