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1. IOJIAIIA O KOHKYPCY

Omityka o pacimcHBaBy KOHKYPCa, OpIaH H JaTyM JIOHOIIEHa OZUIyKe:

Cenar Yuusepsureta y bamoj JIyuu, Omtyka 6p. 02/04 -3.3227- 60/18 o1 29. 11. 2018, roxuHe

| Vka HaydHa/yMjeTHIYKa 067IacT:

Hanonpornecu

Hasus ¢akynrera:

TexHomuku hakyareT

| Bpoj xanzmpara koju ce 6upajy
1

Bpoj npujas/seHAX KaHM1aTa

1

Hatym 1 MjecTo 06jaB/pHuBamka KOHKypCa:

24.12. 2018., naeBrn ymct ,,I'nac Cpricke

CaCTaB KOMHCH]€:

. Jp Jbumana Bykuh, peJIOBHI/I npodecop, TexHomomku tbaKyJITeT yHHBepBHTCT
y bamoj JIynu, yxa Haydna o61act Exonoluko HEKemepCTBO, Npe/ICjeqHHK,

HAp T'oparn Tamuh, penosm mnpodecop,
VYrusepsurer y MHcrognom Capajeny,
HMHKEHBEPCTBO, WiaH,

. Ap Mupjana JoBuuuh,
Yuusep3urer y Hosom Capy,
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VausepsureT y bamoj JIymy, yxa Hayuna o6nact Hanonpouecu, wian.

BaHpeIHU Mpodecop,
001acT HCTpaXuBama:
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TexHomomku ¢akyrrer 3BOPHHK-
yka HaygHa o6mact IIponecHol

Texnomomku  dakynrer,
HmxemepcTBo)
Marepyjaga,  IOTUMEPHH

[TpuponHO-MaTeMaTHUKu  (akyrer
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I IIOJAITA O KAHIAJIATAMA

Ilpeu xandudam

a) OcHopnu OHOTpad)cKH NOAAIH *

Wme (ume 06a pouTesba) U Ipe3uMe:

Panosan (Mupa u Cperko) Kykobar

Jatym u Mjecto pohema:

24.07. 1988., Jluno, buX

VYcraHoBe y kKojuMa je 610 3aI0CIIeH:

Faculty of Engineering, Sinshu University,
4-17-1 Wakasato, Nagano 380-8553 Japan

Pagna Mjecra:

TMocTmoKTOpaHT HCTPAKHUBAT

UnaHCTBO y HAYYHHM M CTPYYHUM
OpraHu3anyjaMa il yapyKeHhUMa:

IAMEPHYIKO XEMHjCKO APYIITBO
JarmaHCKO XeMH]jCKO IPYIITBO
JarmaHcko KapOoH APYIITBO

6) lunjaomMe H 3Bama:

OcHoBHEe cTyAHje

Hasus unctutynyje:

Vuueepsurer y bamoj Jlynu, Texaononmu
daxymrrer, bawa JIyka

3Bame:

JuiioMupany HEDKEEep XeMHjCKe TeXHOIOTHj€

MjecTo 1 TOgMHA 3aBPIIETKA!

bama Jlyka, 2012.

IIpocjeqna oIrfjeHa U3 MHjeIIor CTyAnja:

9,67

HocTanmioMcke cryamje:

Haszus unctuTynmje:

VuusepzureT y bamoj JIynn, Texaonomxu
dakynarer, bama JIyka

3Bame:

Macrep XeMUjCKOT HIDKEIepCTBa

MjeCTO H TroauHa 3aBpUICTKA!

Bama Jyka, 2013.

Hacnos 3aBpmHor paja:

\Booene ducnep3uje jeOHO3UOHUX Ve/beHUYHUX
HaHomyba u FUX06a npuMjeHa

Hay4na/ymjetHudka obmact (mogamy u3
JTUTIIOME ):

MmxerepcTBO M TEXHOJIOTH]E,
X EMHjCKO HEDKCEECPCTBO

[Ipocjeuna orjjena:

10,00

JloKTOpcKe cTyAHje/qoKTOpAT:

Hazur uHCTUTYTIH]E:

Sinshu University, Interdisciplinary Graduate
School of Science and Technology,

MjecTo u roguHa oxbpaHe JOKTOPCKe
JWcepTanuja;

Harano, Jamam, 2017.

Hazus moxropcke aucepranyje:

Design of sol-gel chemistry-derived
dispersants for single wall carbon nanotubes
(SWCNT) and its application

Hayuna/yMmjeTrgka obmact (ogany u3
IUIUIOME):

Doctor of Engineering
(nanomaterials and nanotechnology)

HpeTXO,I[HI/I I/I360pI/I Yy HaCTaBHA U HaAy4YHaA

3Bama (MHCTHUTYIMja, 3Bamke, TOAWHA

uzbopa)

B) Hayuna/ymjeTHuuxa jjejaTHOCT Kanauaara

PapoBu npuje mocmeamer uzbopa/penzbopa




PanoBu nocmije nocnexmer uzdopa/pensdopa

(Hagecmu cse padose, damu wuxo8 Kpamax npuxas u 6poj 600asa c6pCmanix no Kamezopujama u3 Yiana
9. unuunana 20)

Opurunajon HayuYHH pagoBH y Bogehum wacomumcuma melyHapoasor 3Hadaja (wiad 19,
cras 7):

1.

2.

F. Khoerunisa, A. M. Gomez, H. Tanaka, T. Fujimori, D. Minami, R. Kukobat, T.
Hayashi, S. Y. Hong, Y. C. Choi, M. Miyahara, M. Terrones, M. Endo, K. Kaneko,
Metal semiconductor transition like behavior naphthalene-doped single wall carbon
nanotube bundles, Faraday Discuss. 173, 145-156, 2014
Naphthalene (N) or naphthalene-derivative (ND) adsorption-treatment evidently
varies the electrical conductivity of single wall carbon nanotube (SWCNT) bundles|
over a wide temperature range due to a charge-transfer interaction. The adsorption
treatment of SWCNTs with dinitronaphthalene molecules enhances the electricall
conductivity of the SWCNT bundles by 50 times. The temperature dependence of the
electrical conductivity of N- or ND-adsorbed SWCNT bundles having a superlattice
structure suggests metal-semiconductor transition like behavior near 260 K. The ND-
adsorbed SWCNT gives a maximum in the logarithm of electrical conductivity vs. T(-
1) plot, which may occur after the change to a metallic state and be associated with a
partial unravelling of the SWCNT bundle due to an evoked librational motion of the
moieties of ND with elevation of the temperature.

CHonogu jeOnozudnux yzbeHUYHUX HAHOMYOa OOnuUHz08aHU Hadmanenom cal
0COOUHAMA CNTUNHUM MEMATUMA U NOTIYNPOBOOHUUUMA

Aocopnyuja nagpmanena (N) u depusama nagpmanena (ND) na cnonose jednosudHux]
Ye/beHUYHUX Hanomyba eeu0eHmHO ymude HA eleKMPUNHY Npooodsusocm M
WUPOKOM meMnepamyprom unmepeany 3002 enomMeHa eNeKMmPOHCKUX npenasa.
Aocopnyuja  ounumponagmanena  na  HanomyGe  noeehasa  enekmpuumy
nposodwusocm oo 50 nyma. TemnepamypHa — 3a6UCHOCT — eleKMPUYHE
npogoosusocmu N- wunu ND- adcopbosanux Ha Hanomybe cynepkpucmanue
cmpykmype  ykasyje Ha 0cobune Meman-noiynpooOHUK HA  HPUBIUINCHO]
memnepamypu 00 260 K. Hanomybe ca adcopbosanum ND noxasyjy maxcumym ug|
KpUBQj J02apumamcKe eneKmpuine npogoo/bUBOCmMU y @YHKYUjU peyunpoyne
memnepamype (T), wimo ce doz00uno naxown npenaza nanomyba y memanro cmarsd
U 6e3aHO jJe 3a OjenuMuyHO Kuodree CHOnoea Hawomyba 3602 UHOYKOBAHOJ
subpuparea ND Ha nosuwenoj memnepamypu.

12x0,3=3,6

R. Kukobat, D. Minami, T. Hayashi, Y. Hattori, T. Matsuda, M. Sunaga, B. Bharti,
K. Asakura, K. Kaneko, “Sol-gel chemistry mediated Zn/Al-based complex|
dispersant for SWCNT in water without foam formation”, Carbon 94, 518-523,
2015

We report a bimetallic Zn/Al complex as an efficient inorganic dispersant fon
SWCNT, synthesized from Zn-acetate and Al-nitrate. The Zn/Al complex shows moré|
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than four times greater eﬁ’iciency at dis.'})eflsiné SWCNT than widely used surfactants|
(CTAB and SDS). Besides remarkable dispersibility, the Zn/Al complex does nof
Jfoam upon any shaking treatment and it can be used just after quick dissolution of
the powdered form, which is a marked advantage over surfactants. The Zn/Al
complex, containing amorphous Al-acetate and a complex of zinc (II) ions and]
nitrate ions, should have a unique dispersion mechanism, differing from the
surfactants. Al-acetate has higher affinity for SWCNT than ions, adsorbing onto its|
surface in the first layer and attracting zinc ions and nitrate ions. Charge transfer
interactions between the Zn/Al complex and SWCNIT, as evidenced by opticall
absorption spectroscopy, should induce a charge on SWCNT, the zeta potential of
such coated SWCNT was +55 mV, indicating a high dispersion stability in aqueous
media. Hence, the Zn/Al complex can widen the applications of SWCNT to various
technologies such as the transparent and conductive films, as well as hig}:|
performance composite polymers.

Zn/Al Komnnekc oucnepcanm CUHMEMU30EAH RPUMJEHOM CON-2el Xemuje 3
oucnepzoearse jeOHO3UOHUX Y2/beHUUHUX Hanomyba y e6o0u 6Ge3 dopmupars
njene T

Ilpeocmaswamo 6umemannu Zn/Al xomnnexc Kkao eguracHu Heop2aHcKy
oucnep3anm 3a jeOHO3UuoHe ye/benudne Hanomybe cuHmemu3oean 00 Zn-ayemama u
Al-numpama. Zn/Al komnaexc noxasyje euwe 00 yemupu nyma eehy eqbuxacuoch
npu OUCnepzo8arsy jeHO3UOHUX Y2/beHUYHUX HAHOMY6A 00 WUPOKO NPUMJErbUBAHUX]
cypgpaxmanama (CTAB, SDS). Ilopeo oonuurne oucnepsuburnocmu, Zn/Al kommnaexa
He NjeHu HaKOH Mujewiarod U modice 0a ce KOPUCMU 00MAX HAKOH pPAcmeaparsd,
wmo je 3Hamua npednocm y o0nocy na cypgaxmanme. Zn/Al komnnexc ce cacmoju
00 Al-ayemama u yunkosux u HUMPAMHUX JOHA UMA jeOUHCMEeH OUCREPIUOHU

Mexanuzam Koju ce pasnukyje oo cypgakmanama. Al-ayemam uma eehu agpunumem
npema narnomybama o0 joma, me ce aocopbyje Ha noepuiuny Hawomyba y npeoml
cnojy npuenavehu yuuxose u Humpamue jowe. Ilpenoc Haenexmpucarea usmehy
Zn/Al xomnnexca u nanomyba, xaxo je noxkazana onmuuxa abcopbanyuja, ykasyje
Ha Haenexmpucaree HAHOmyba, 3ema nomenyujan usHocu 55 mV wmo ykaszyje na
00UYHY OUChep3ubuIHocm Hanomyba y 6odenoj cpeounu. [axkne, Zn/Al komnnexd
Modice 0a Rpowupu noopyyuje npumjene Hanomyba y passum o6aacmuma Kao wmol
CY MpAaHCnapeHmHY 1 RPOBOOHU QUIAMOBU U KOMNO3UMU Ha 6a3u norumepa.

12x0,3=3,6

R. Kukobat, T. Hayashi, T. Matsuda, M. Sunaga, T. Sakai, R. Futamura, K.
Kaneko, “Zn/Al complex SWCNT ink for transparent and conducting homogeneous|
films by scalable bar coating method”, Chem. Phys. Lett. 650, 113-118, 2016
It is shown that the viscosity of SWCNT inks is essential to produce highly
homogeneous SWCNT films on the PET substrate with bar coating method. The
Zn/Al complex-aided SWCNT ink has a viscosity threshold of 1.30 mPa s for the
preparation of homogeneous films. The local flows of the film are suppressed above
this viscosity, allowing homogeneous film formation. The Zn/Al complex dispersani]
can be easily removed from SWCNTs coated on PET by 1 M HNO;, giving a pure
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550 nm immediately after HNO; treatment.

Tpancnapenmuu u npoeoonu xomozenu uimosu 00 Zn/Al komnnexc-SWCNT
UHKA npou3gederu 6ap KOMmuHz Memooom

Ilokaszano ce Oa je 6ucko3Hocm UHKA jeOHO3UOHUX Y2/beHUYHUX Haxomybda 00
eceHyujanie 8adiCHOCMU 3a NPOU3BOOFY KBANUMEMHUX XoMozeHux @uimosa 00|
nanomyba Ha PET noonozu nomohy 6ap xomunz memooe. I panuuna epujedrocm)
BUCKO3HOCMU 30 NPOU3BOORY XOMOZeHUX uamosa Hanomyba od Zn/Al Komninexc-
SWCNT unxa usnocu 1.30 mPa. H3nao oee spujedoHocmu 10KATHU NPOMOK UHKA Ha)|
noonosu je cmareen, wimo omozyhasa gopmuparse xomozenux uimosa. Zn/Al
KOMHJIEKC OUCNEP3AHM ce aKo YKIara ca nospuiune hanomyba wa PET nodnosu
nomohy IM HNO;, npu uemy ce dobuja wucm guim 00 Hanomyba ca enekmpuyHom
omnoprocmu od 150 ohm/sq u nposuornocmu 00 90 % x00 550 nm oomax HaxoH
mpemmana ca HNO;.

12x0,3=3,6

. R._Kukobat, T. Hayashi, T. Matsuda, M. Sunaga, R. Futamura, T. Sakai, K.
Kaneko, “Essential role: of viscosity of SWCNT inks in homogeneous conducting]
film formation”, Langmuir 32, 6909-6916, 2016

Newly developed inorganic single-wall carbon nanotube (SWCNT) inks of the Zn/Al
complex and colloidal silica give a quite homogeneous SWCNT film on the
polyethylene terephthalate (PET) substrate by the bar-coating method, whereas the
surfactant-based SWCNT inks of sodium dodecyl sulfonate (SDS) and sodium|
dodecyl benzene sulfonate (SDBS) cannot give a homogeneous film. The key
properties of SWCNT inks were studied for the production of homogeneous SWCNT
films. The contact angle and surface tension of the inorganic dispersant-based
SWCNT inks were 70° and 72 mN/m, respectively, being close to those of waten
(71.5° and 71 mN/m). The viscosity was significantly higher than that of water (0.90)
mPa-s), consequently, providing sufficient wettability, spreadability, and slow
drying of the ink on the substrate, leading to homogeneous film formation. On the
other hand, the surfactant dispersant-aided SWCNT inks have the contact angle and
surface tension twice lower than the inorganic dispersant-based SWCNT inks,
guaranteeing better wettability and spreadability than the inorganic dispersant-
based inks. However, the small viscosity close to that of water induces d
heterogeneous flow of SWCNT ink on rapid drying, leading to inhomogeneous film|
formation.

Osnovna uloga viskoznosti inkova od jednozidnih ugljeni¢énih nanotuba u|
Sormiranju homogenih provodljivih filmova

Hosocunmemu3zoeanu HeopeaucKu UHKOSU 00 jeOHOZUOHUX Y2/beHUYHUX HAHOMY6d|
oucnepzosanux nomohy Zn/Al komnnexca u KOIOUOHO2 CUAUYUYMA OAfy RPUTUYHO
Xomozene @uimoge 00 HaHomyba Ha noonosu o0 noauemunenmepgpmanama (PET)
bap kKomunz Memooom, 00K UHKOSU Y YUJO] CY OCHOBU CYpGAKMAaAHMU KAO WMo )
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He oajy xomozene uamose. Ilpoyyasana cy ocHo6Ha c6ojcmea uHK06a HaHomyo6a 3a
oobujarwe xomozenux guimosa. Konmaxmuu yzao u nospwiuHcKu HanoH uHka H

6asu neopzanckoz ducnepsanma usHoce 70° i 72 mN/m, pechexmueHo, wimo jj
npubnusicHo onum 00 eode (71.5° u 71 mN/m). Buckosrnocm je 3namuo eeha 00|
suckosnocmu eode (0.90 mPas), oajyhu 3adoeomasajyhe keawerve, mazugocm U
CROpO cyuwierse UHKA Ha noono3u, 00800ehu 0o Hacmajarea xomozenoz guama. ()
Opyze cmpare, UHKO8U HA 6a3u cypgakxmanama umajy 08a nyma mareti KOHMAKmMHU
Y240 U NOBPUWUHCKU HANOH 00 UHKO8a HA 06A3u HeopzamcKux Ouchepsanamd
zapanmyjyhu 60/me Keauierbe U MA3U6OCM 00 UHKO8A HA 0a3U HEOP2AHCKUX]
Oucnepszanama. Mehymum, mana 6uckosHocm Onucka 6uckosnocmu 6ode 0ajé
XemepozeH MOK UHKa Y3 6p30 cyuiere 00600eliu 00 gopmuparea HexoMo2eHo2
Gunma.

12x 0,3 =3,6

E. Z. P. Salazar, R. Kukobat, R. Futamura, T. Hayashi, S. Toshio, E. Osawa, K.
Kaneko, “Water selective adsorption sites on detonation nanodiamonds”, Carbon,
139, 853 — 860, 2018

Nanodiamond particles form aggregates having porosity in the range of micropores|
to mesopores with an average pore diameter of 4.5 nm. The measured porosity
depends on the removal of pre-occupied water and gases from the nanodiamond,
aggregates, which is sensitive to thermal treatments. We heated hydrogel
nanodiamonds at 423 - 623 K in vacuo in order to understand the relationship
between water adsorptivity and pore structure evaluated from nitrogen and argon
adsorption isotherms at 77 K and 87 K, respectively. Temperature-programme
evolved gas analysis showed the evolution of water and CO: on heatin
nanodiamonds in vacuo up to 700 K. The surface functional groups o
nanodiamonds were not affected by the thermal treatments, as shown by FTIR an
XPS analyses. However, the water adsorptivity was enhanced by heating at 623 K
due to the removal of the pore blocking effect originated from water molecules|
selectively adsorbed. Water molecules adsorbed on these selective sites should cause|
the intensive hygroscopic property of nanodiamonds.

Cenexmuena aocopnyuja 6ode Ha Oujenoge Hanodujamanama Oobujenux
Odemonayujom

Yecmuye nanodujamanama zpade aziomepame 4uja je noposHOCm y PAcnoHy 00
MUKpOROpa 00 Me30n0pa ca NpoCcjeyHuUM npeynuxom nopa o0 4.5 nm. Hzmjepend
NOPO3HOCM 3asucu 00 cmeneHd YKIarearea aocopbosane 6naze u 2acoea cdj
aznomepama HAHOOUJAMAHAMA, WIMO je OCjem/bU80 Ha MONJIOMHO Mpemuparee.
3azpujasanu cmo xuopozen nanooujamanama Ha memnepamypama 00 423 0o 623 K|
y 8akyymy oa 6u pasymjenu eesy usmely adcopnyuje ooene nape u cmpykmypé
nopa. Cmpykmypa nopa je yCmaHo6/beHa aHAIu30mM ao0copnyuorux usomepmu Nz uj
Ar nHa 77 K i 87 K, pecnexmueno. Ananusa ucnaperoa 3a 8pujeme MoONIOMHOZ

mpemmana je noxazana npucycmeéo eode u CO2 u 0o memnepamype 00 700 K 3
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Ukupno: 3,6++3,6+3,6+3,6+3,6 = 18 GotoBa
|OpurenaHy HAYIHH PaioBH Y Yaconucy MeljyHapoaHor 3Ha4aja (wian 19, cras 8):

1.

2. D. Stevi¢, D. Mihajlovi¢, R. Kukobat, Y. Hattori, K. Sagisaka, K. Kaneko, S.

gakyymy. Tonnomnu mpemman He ymuye HA @QYHKYUOHANHe 2pyhe nal
nanooujamanmy npema FTIR i XPS ananuzama. Mehymum, aocopnyuja éo0ene nape
ce nosehasa monnomuum mpemmanom Ha 623 K 360z yxiarearea Monekyna 600€
cenekmueHo aocopbosanux Ha ynaze y nope. Monekyne 6ode adcopbosane HQ
nojedune oujenoee y3poKyjy XuzpockonHoCm HAROOUjamManama.

12x0,3=3,6

B. Bharti, R. Kukobat, D. Minami, K. Kaneko, “Modulating SWCNT-silica]
interactions for enhanced dispersibility and hybrid cryogel formation” Coll. Interf.
Sci. Comm. 3,13-17,2014

Single walled carbon nanotubes (SWCNTs) form a special class of carbon materials
with high electric and thermal conductivity. Ordinary SWCNTs exist in the form of
bundles, primarily because of intertubular van der Waals attraction. Here we show
that silica nanoparticles (NPs) with tunable surface energy can be used as efficien
aqueous dispersant for SWCNTs. A subsequent controlled solvent-evaporation leads|
to the formation of SWCNT=silica hybrid cryogels. We characterize cryogels using
gas/vapor adsorption and electric conductivit measurements and show that their
porosity and conductivity can be fine-tuned by altering the silica-to-SWCNT relative]
concentration. We believe that the SWCNT-silica hybrid cryogels can be used as d
precursor for fabricating functional electrodes for advanced energy storage devices.

Regulacija interakcija izmedu nanotuba i silicuijuma radi poveéanjq
disperzibilnosti i formiranja hibridnih kriogelova

JeoHosuone yz/menuune Hawomybe cy nocebHa 8pcma y2/beHUYHUX Mamepujand
BUCOKe eleKmpuyHe U monaomue npogoosusocmu. ObuyHo Hanomybe ce Hanaze )
CHOnosuMa 3602 npucycmea mehynospuiuHckux ean dep Bancosux npusiaynux cuid.
Oe60e nokasyjemo Oa ce Hanowecmuye CUNUYUJYMA HPOMJEFLUBOZ ROBPUIUHCKOZ
Haenekmpucaroa Mo2y KOpucmumu Kao eguxacan oucnepsawm 3a Havomybe )
6ooerom medujy. Taxko KoWmponucano ucnapasaree pacmeapaia 00800U 00
@opmuparea xubpudnux kpuozenosa o0 Hawomyba u cunuyujyma. Kpuozenosd
npoysasamo nomohy aolcopnyuje 2ac/600eHa napa U Mjeperoem enreKmpuiHe
npo8oOBLUCOCIMU U NOKA3YjeMO O0Q HUX08A NOPOZHOCH U NPOBOOHLUBOCM MO2ZY BumY
nooewene npomjeHomM 00HOCA KOHyenmpayuja nawomyba u cunuyujyma. Bjepyjemo
oa ce Hanomybe-cunuyujym XuOpuoHu Kpuozeiosu Mozy Kopucmumu 3a 006ujarbe
@YHKYUOHANHUX eneKmpo0oa 3a CKIaduimerbe enepauje.

10x0,75=17,5

Gotovac-Atlagi¢, “Hematite Core Nanoparticles with Carbon Shell: Potential for
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Environmentally Friendly Production from Iron Mmmg _Slﬁdgé” J. Mater. Eng
Perform. 25,3121-3127, 2016

Hematite nanoparticles with amorphous, yet relatively uniform carbon shell, were|
produced based exclusively on the waste sludge from the iron mine as the raw
material. The procedure for acid digestion-based purification of the sludge with the|
full recovery of acid vapors and the remaining non-toxic rubble is described.
Synthesis of the hematite nanoparticles was performed by the arrested precipitation|
method with cationic surfactant. The particles were thoroughly characterized and
the potential of their economical production for the battery industry is indicated.

Hanovecmuye xemamuma ca yzvenuunum omomauem: Ilomenyujan 34|
EKONIOWKY BPOU3BOOIY 00 PYOapCKoz MY/ba Jicebe3a

Hanouecmuye xemamuma ca amop@Hum ye/eeHuuyHuM omomavem cy Oobujene
NPBEHCMBEHO U3 MY/bHOZ Omnada pyde dice/be3a Koja je CLydsCcUna Kao CUposuna.
Onucan je nocmynax npeuuwhiasarea mynsa memoOoM Kucene oOuzecmuje cd|
HOMNYHOM pezeHepayujom Kuceie hape U OCMAMAKa HEMOKCUYHOZ Omnaoa.
Cunmesa HaHOYeCMuUya. XeMamuma je u3epuiena MemoooM MAnoxiceroa RoMoh)
Kamjouckux cypgaxmanama. UYecmuye cy naxcwugo Kapaxmepucame U
Hazogjewimen je ruxo8 HOMEeHYujal 3a eKOHOMUYHY NpOU3600RY y UHOYCMPUju
bamepuja.

10x0,3=3,0
Ukupne: 7,5+3,0 = 10,5 bodova
|OpuruaanHEN HAyYHA PAJOBH Y YAaCONHCY HAMOHATIHOT 3Ha4aja (4naH 19, cras 9):

3. P. Kykobar, Jb. Bykuhi, /1. [pseaga, C. Ilammyra, YTunaj reMnepaType BoJie U JI03€
KoaryJianta Ha IIpouec OHCTpema IOBPIIMHCKE BOJAE y3 MOJIENIOBAaKkE IpOIieca,
3awmuma mamepujana. 55, 3 304-312, 2014.
V pady je memooom Jap-mecma ucnuman ymuyaj memnepamype 6o0e U 003¢]
koazynanma Al-cyngpama na npoyecc bucmpersa sode pujexe Bpbac, ca yumem|
dobujarea zaxmjesanoz xeamumema cupoge gode 3a oopefene namjene. OcHogHd
3anaxcarsa mMoKoM u3eohersa mecmoea Koazynayuje, OOHeCceHd CY HA OCHO8)
UHOUPEKMHOZ HNOKA3amesbd HNPUCYCMEA KONOUOHUX Yecmuya — mypbuoumema
(mymuohie) soode. Iloped 08oz,npakhenu cy u Opyzu peregaHmuu napamempu npoyeca
- cadpaxcaj npupooHux opzanckux mamepuja (IIOM), pH-epujeonocm, cneyughuqna
npoBOO/LUEOCH, CaAOpXHCAj YKYNHUX OpP2AHCKUX Mamepuja, xao u cadpicaj
anymunujyma. Ha ocnosy usmjeperne mymuohe y onmumanHum y30pyuma, Kpeupa je
JjeoHocmagnu mamemamuyku Mooen, Koju ce MOoXdce NPUMUJEHUMU 34 CUMYAAYUJ)]
npoyeca roazynayuje/@roxyrayuje, a ca yumvem onmumanrnoz eoheroa u mozyhe
aymomamuszayuje npoyeca.

6 x0,75=4,5

Ukupno: 4,5 bodova




|Hayuynn pax Ha ckymy Mel)yHapoaHor 3Ha4Yaja iraMnan y 300pHHKY H3Bofa pagoBa (Lian
19, cras 16)

4. R. Kukobat, D. Minami, T. Hayashi, Y. Hattori, B. Bharti, T. Fujimori, K. Asakura,
K. Kaneko “Highly transparent and conductive SWCNT film prepared by easy]
removable Zn/Al complex dispersant”. Poster presentation. The Sixteen
International Conference on Science and Application of Nanotubes. Nagoyal
University, Nagoya, Japan, June 29 — July 3, 2015.
Achieving high dispersibility of SWCNT in water is one of the urgent research issue]

in the science and technology of carbon nanotubes. Coating of SWCNTs with
organic surfactants suppresses excellent properties of SWCNTs, which is a seriou
obstacle for the application of SWCNTs in various electronic devices. Here we
report Zn/Al complex as efficient inorganic dispersant for SWCNTs and transparent
and conducting film (TCF) prepared using Zn/Al complex-SWCNT dispersion. The
complex is synthesized from Zn-acetate and Al-nitrate, coupling at Zn to Al molar
ratio of 1 to 0.5 in aqueous medium. Examination with FTIR and XPS indicates the
presence of Al-O bonding attributed to Al-acetate frame structure. EXAFS analysis|
demonstrates the presence of the complex structure around Zn’* ion coordinated,
with water molecules. In addition to the desirable dispersibility of SWCNTs withouf
foam formation, we achieved on demand selective removability of the inorganic
dispersant form SWCNT film, which is not possible for conventional SWCNTS
dispersing agents such as surfactants and polymers. The Zn/Al complex dispersant is
a prime candidate for the TCF fabrication.

Bucoxo npoeéodsusu u mpancnapeHmuu Quimosu jeOHOZUOHUX Y2/beHUYHUX]
Hanomyba npouszsedernu nomohy naxe pacmeopsueoz Zn/Al komnnexca

ITocmusaree 6ucoxe Oucnep3ubUIHOCMU jeOHO3UOHUX Y2/beHUYHUX HaHomyba ¥y
800U je jeOaH 00 mpeHymHux npobrema ucmpaxcusaya Koju ce 6age HAYKOM U
mexHonozujom yemenuynux Havomyba. Opzancku cypgaxkmanamu cmarsyjy
uzeanpeoHe ocobume @uimosa 00 Hanomyba, wmo je 036umHA npenpeka y
npumjenu Hanomyba y enexmpoHckum ypehajuma. Oede npedcmaémamo Zn/Al
KOMNAEKC KAO eUKACAH HEOP2AHCKYU OUCHeP3aHm 3a HaHomybe U mpaHcnapeHmue
u nposoodsuse uamose na b6azu Zn/Al komnnexca. Komnnexc je cunmemuzosan oo
Zn-ayemama u Al-numpama xo0 monapnoz oonoca 1/0.5 y eodenom meoujy. FTIR
u XPS cy noxazanu npucycmso Al-O xoeanenmmue e6esze koja nomuye 00 Al-
ayemama. EXAFS demoncmpuapa npucycmeo KOMNAEKCHe cmpyymype YUHK joHa
Koju zpade KOOpOUHAWUOHY Be3y €A MONEKyIuMa 6ode. Y npunoz oice/benoj
oucnep3ubunHocmu Hanomybe be3 gopmuparba njerne, NOCMU2IU CMO 3a4XMJeBaAHY
ceneKmueHy pacmeopbUBOCM HeOP2AHCKOZ OUCNEP3AHMA CA (UIMA, Wmo Huje
mozyhe nomohy KoweeHyuoHanHux Oucnep3anama Kao wmo cy cypgaxmawmu u
nonumepu. Zn/Al xomnnexc je npumapnu Oucnepzamm 3a pabpuxayujy
MPAHCNAPEHMHUX. U eIEKMPONPO8OOLUBUX huimosa.
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3x0,3=0,9 6ona

5. R. Kukobat, T. Hayashi, T. Matsuda, M. Sunaga, K. Kaneko, “Transparent and|
conducting film fabrication with the Zn/Al complex-aided SWCNT inks”. Oral|
presentation. The World Conference on Carbon: Common fundamentals,
remarkably versatile applications. The Penn Stater Conference Center Hotel, State
College, Pennsylvania, USA, July 10 — 15, 2016.

Fabrication of the transparent and conductive SWCNT based films for touch panel
displays is still challenging. The electrical conductivity of SWCNT films obtained
using SWCNT inks aided with surfactants is rather modest. The surfactants such aj
SDS and SDBS give a stable dispersion of SWCNT. However, the surfactant,

decrease electrical conductivity and optical transparency of the films. The
dispersants that can give a stable dispersion of SWCNT and can be easily remove

Jfrom the film are necessary. Here, we introduce an inorganic dispersant for SWCN.

which can be easily removed from the surface of SWCNT film by washing in IM|
HNO:s for 10 min. The sheet resistance of SWCNT film was 150 ohm/sq and
transmittance 90 % measured at 550 nm.

Dabpuxayuja MpancRapeHmMHuUX U RPOBOOLUBUX PuAMOea ca UHKOBUMA]
JeOno3uonux yzwenuunux Hanomyoa na 6asu Zn/Al komnnexca

Dabpukayuja mMpaHCnAPEHMHUX U  NPOBOOHUBUX  Puimoséa Hanomyba 34|
@rexcubunue oucnieje je jouw ampaxmuena. Enexmpuuna npogodmusocm guimosa
00 Hanomyba O0obujeHux 00 cyp@akmanama je HUCKQ UAKo cypgakmanmu Oaj)
cmabunne Oucnepsuje navomyba. Meliymum cyp@akmanmu cmareyjy erexmpuity
. Npo800KUSOCM U ONMUYKY Nposuonocm @uimosd. Jlakne nompedbnu ¢y
oucnepzanmu Koju 0ajy cmabuane oucnep3uje HaHomyba u Mozo 1Ko 0a ce YKIOHe
ca ¢uimosa 00 nanomyba. Osde NnpedcmMasHLAMO HeOP2AHCKU OUCHEP3aHm 34
Harnomybe Koju Mooice 1ako 0a ce YKIowu ca guimosa npareem ca 1M HNO;3 )
mpajarey 00 10 mun. Enexmpuuna omnoprocm guimosa namomyba usnocu 150)
ohm/sq u nposudnocm 90% ko0 manacue oysicune 00 550 nm.

3x0,5=1,5

6. R. Kukobat, F. Vallejos-Burgos, R. Futamura, K. Kaneko, “Characterization of
Graphene-Wrapped Zeolites”. Poster presentation. 11-th Intermational Symposium
on the Characterization of Porous Solids (COPS-XI), Avignon, France, 14 — 17 Mayj
2017.

Zeolites are molecular sieves which have an ordered pore structure and size of
several angstroms. This extremely small pore size allows the application of zeolites]
for the separation of various gases through the membrane. However, the
preparation of zeolite membranes is not straightforward. Those membranes have
cracks at the zeolite-zeolite contact. The crack formation can be prevented by
wrapping of zeolites with graphene. The graphene should block the space at the]
zeolite-zeolite contact, giving a continuous zeolite membrane. Characterization of
the graphene-wrapped zeolite system was conducted by Scanning Electron
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Microscopy (SEM), T vansmission  Electron Mic"roscopy (TEM), Raman
Spectroscopy, X-ray diffraction, and Nitrogen Adsorption. Wrapping of zeolites wit

graphene was confirmed by electron microscopy images. It shows that a few layer.

of graphene wrap zeolites. The interactions between graphene and zeolites were
examined by Raman Spectroscopy. Raman Spectra of graphene and graphene-
wrapped zeolites shows two distinct bands at 1349 and 1602 cm™ which correspond
to D- and G-bands, respectively. The shift of D- and G-band was not detected,
suggesting no presence of chemical interactions between graphene and zeolites. The
XRD patterns confirm crystallinity of the graphene wrapped zeolite system. The
diffraction peaks arise from the zeolites and the peaks of graphene cannot bd
detected, suggesting that graphene is uniformly distributed on the zeolite surface i.:|

a few layers. The analysis of porosity of graphene-wrapped zeolite system wa
carried out by Nitrogen Adsorption. The surface area of this system is greater than
that of zeolites which arises from the presence of graphene on the surface of zeolites.
The BET surface area of zeolites and graphene wrapped-zeolites is 694 and 790)
m?/g, respectively. This surface area increases for nearly 100 m*/g after wrapping]
with graphene. This increase comes from graphene which has BET surface area of
130 m?/g. During the wrapping process the new adsorption sites should be created
which leads to the increase of surface area. Therefore, the increase of surface area
comes from the graphene-zeolite wrapping effect.

Karakterizacija zeolita umotanih u grafen

3eonumu cy monexkyncka cuma Koja umajy Oe@uuucany cCmpykmypy nopa uuje cy
Oumensuje 00 Hexkonuko anzcmpema. Ose jaxo mane oumenzuje nopa omozyhasajy
npumjeny 3eonuma 3a pasosajaree zacoga nomohy membpana. Melymum
@abpuxayuja membpana 00 3eonuma Huje jeoHocmasHa. Membpane uMajy
nykomume Ha KOHmaxmuma usmelhy seonuma. Qopmuparbe nykomuHa mooice 0a cé
3aycmasu nomohy epagena na nykomunama usmelhy vecmuya seonoma. Osde cmo
ypaounu Kapakmepusayujy meoauma ymomawux y zpagen nomohy ckenupajyhe
enexmponcke mukpockonuje (SEM), Paman cnekmpockonuje, ougppaxyuje X-3paxd|
u adcopnyuje y meyHom azomy. Ymomasarwe je NOmepheHo eneKmpoHCKUM,
MuKpozpaguma Koju nokasyjy oa cy seoaumu ymomanu y zpagen. Paman cnexmap)
zpagpena u zpagpena ca seonumuma noxasyje 0ea nuxa Ha 1349 i 1602 em™! xojuf
nomuuy 00 D u G 6anda, pecnexmusro. Ilomujeparoe nuxosa nuje npumjehieno wimo
ykasyje 0a nema unmepakyuja usmely spagena u zeonuma. Juppaxyuja X-3paxd
nomephyje Kpucmannocm 3eonuma, a nUK 00 zpagena Huje youeHn ykazyjyhu wa
npucmycmeo spagera y mankum crojesuma. Aocopnyuja y meunom azomy nokasyjel
0a je cneyugpuuna noepwiuna 3eonuma y npucycmey zpagena eeha 00 one 6e3
zpagpena; BET nospwuna je nosehana ca 694 na 790 m*/g wmo je npubnuscro 100
m?/g noeehare wnaxon ymomasarwa. Osaj nocmynax ymomaearea 00600u 00|
@opmuparea HO8UX A0COPRYUOHUX YEHMAapa wmo 00800u 00 noseharea cneyuguyne
nospuiuHe.
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3x0,75=2,25

7. R. Kukebat, K. Kaneko, “Films derived from sol-gel based SWCNT inks”. Orall
presentation. The World Conference on Carbon. Madrid, Spain, July 1 —6, 2018
Transparent and conductive film (TCF) fabrication on the glass substrate is still
challenging. We report the TCF of SWCNTs derived from sol-gel Zn/Al complex-|
SWCNT ink on the glass substrate by bar coating method. The quality of SWCNT
films regarding electrical conductivity and optical transparency depends on the
interfacial properties between SWCNT inks and substrate. We used hydrophilic
quartz glass as a substrate; the contact angle of SWCNT ink on the glass was 40°,
indicating good wettability. The SWCNT ink of 0.05 wt.% of SWCNTs has viscosity
of 2.7 mPa-s, allowing the homogeneous film formation. The film is consisted of
random network of SWCNTs as evidenced with AFM and SEM. The SWCNT film has|
the sheet resistance of 80 ohm/sq and transmittance of 80 % at 550 nm after the
complete removal of Zn/Al complex dispersant. The SWCNT network has Hall
mobility of ~10 V/em?s at room temperature. This SWCNT film prepared by scalabld
bar coating method -has potential for the future developments of transparenf
electronic devices.

Qunmoeu 00 jeOHO3UOHUX Y2bEHUYHUX Hanomyba Oobujenu 00 con-zen|
ducnepianama

Dabpuxayuja mpancnapenmuux u npo8oOLUSHX PUIMOBA HA CMAKIEHO] NOONO3U j€
jow ampaxmuena. IIpedcmasmamo mpaHcnapeHmuu u nposoosusu Guim oo
HaHomyba OobujeH Hanouwlervem umnka na b6asu Zn/Al xomnnekca Ha CMaxiewy
noonozy nomohy 6ap komunz memooe. Keanumem gpunmosa y noznedy enexmpuune
NPOBOOBUSOCMU U ONMUYKE MPAHCHAPEHMHOCMU 3A8UCU 00 MelYROSPUIUHCKUX]
unmepaxyuja usmelly unka u noonoze. Kopucmunu cmo Xuopopuino KeapyHol
CMakno 3a noon02y, KOHMAKMHU y2ao UHKA HaHomyba na cmaxiny usnocu 40°, wmol
ykazyje Ha 006po keauterve. Hnx 00 0.05 wt.% nanomyba uma euckosnocm 00 2.7
mPa-s, wmo omozyhasa opmuparee xomozenoz guima. @uam ce cacmoju 09
HACYMUYHO NOpeOaHux HAHOMY6A HG CMAKNEHO] NOON03U KAKO je YCMAaHO6/beHO)
MUKDOCKOROM amoMcKe cune U CKeHupajyhum enekmpoHckum muxpockonom. Quam)
00 Hanomyba uma enekmpuyry omnoprocm 00 80 ohm/sq u mpanchnapenmuocm od
80 % na 550 nm naxon nomnynoz yxnrarea Zn/Al komnnexca. @uam 00 HACyMUYHO|
nopedanux nawomyba na noonosu uma Hall mobunnocm 00 ~10 V/em?s na cobnoj
memnepamypu. Osaj ¢unm je nomenyujarnu kanouoam y Oyoyhem pazeoj)
Mpaxcnapesmue eleKmpoHuKe.

3 boma

8. R. Kukobat, K. Kaneko, “Colloidal dispersions and films of single wall carbon|
nanotubes”. Plenary lecture. XII Conference of Chemists, Technologists and|
Ecologists of Republic of Srpska. Teslic, November 2 — 3, 2018.
Colloidal dispersions of single wall carbon nanotubes (SWCNTs) are of
Sfundamental importance for fabricating the films for transparent electronics and
conducting devices. Here we present transparent and conducting SWCNT films|
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obta'ined'f;o.m SWCNT di._spei;sion. Sol-gel Zn/Al _corr_tpléx aided with u!tmsomcatmj
debundled SWCNTs in aqueous medium. The Zn/Al complex adsorbed on SWCNT.
and induced surface charge of + 55 mV, stabilizing the SWCNTs electrostatically.
Bar coating deposited the SWCNT dispersion to the film on transparent and flexible
substrate of polyethylene terephthalate. 1M nitric acid removed the Zn/Al complex
from SWCNTs as evidenced with energy dispersive X-ray spectroscopy. The SWCNT
film has sheet resistance of 150 ohm/sq and transmittance of 90 % at wavelength of
550 nm. This method should give promising route for the scalable fabrication of
transparent and conducting films.

Konouone oucnepsuje u gpunmosu 00 jeOHo3uORUX y2/beHUYHUX HAHOMYbA

Konoudne oucnepsuje jeOHo3uonux yemeHuyHUx Hanomyba cy 00 @ynoamenmanne
gaxcHocmu 3a gabpuxayujy GuiMosa 3a MPpaHCNAPeRMHY eNeKmporuKy u ypehaje
Koju Gynxyuonuwy Ha 6asu erekmpudte nposodsusocmu. Ogde npedcmasbamo
mpancnapenmue U npoeodsuse Guimose Oobujene 00 Oucnepsuja jeOHOIUOHUX
yewenuynux nanomyba. Con-zen Zn/Al komnnexc je oucnepzosao nHarnomybe nomohy
ynmpaseyunoz mujewarsa. Zn/Al xomnnexc ce adcopboeao Ha HaHomybe,
cmeapajyhu nospuwuncko Haenexmpucare 00 +355 mV, wmo je doseno 00
enekmpocmamuyxe cmabunuzayuje Hanomyba. Quim je npunpemmeen 6ap Komuna
Memooom Ha mpaxcnapenmHoj prexcubunroj noonosu 00
nonuemunenmepegpmanama. Zn/Al xomnnexc je yxnoreen nparem ca 1M HNOjs,
wmo je nomepheno nomohy enepzo-oucnep3uone peHO2eHCKe CHEKMpOCKOnuje.
Dunm 00 nanomyba uma omnoprocm 00 150 ohm/sq u nposudnocm 00 90 % na 550)
nm. 080 je nomeHyujanHa Mmemooa 3a NPOU3BOOIY MPAHCRAPEHMHUX U
NPOo8OOLUBUX PUIMO8A Y UHOYCMPUJCKUM pasmjepama.

3 bonal

Ukupno: 0,9+1,5+2,25+3,0+3,0 = 10,65 bodova

IHaqur Pajg Ha CKyNy HAIMOHAJHOI 3Ha4aja, MTaMnaH y 300pHMKY M3BO/a pajoBal
(Unan 19, cras 18):

1. R. Kukobat, D. Minami, T. Hayashi, Y. Hattori, B. Bharti, K. Asakura, K. Kaneko,
“ Development of Zn/Al complex for intensive dispersion of SWCNT in water”,
Oral presentation. The 66-th Divisional Meeting of Colloid and Interface
Chemistry. Kagoshima University, Kagoshima, Japan, September 10 — 12, 2015.

We report a Zn/Al complex as an efficient inorganic dispersant for SWCNT. The
complex is synthesized from Zn-acetate and Al-nitrate, coupling at the molar ratio o,
1 to 0.5 in aqueous medium. Examination with FTIR and XPS indicates the presenc
of Al-O bonding attributed to the Al-acetate frame structure. EXAFS analysi.
demonstrate the presence of a complex structure around Zn** ion coordinated wit
oxygen species in the system. In addition to good dispersibility of SWCNT, Zn/Al
complex can be easily removed from SWCNT surface, that is desirable for
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Cunmesa Zn/Al komnnexca 3a unmen3ushe ducnepsuje Hanomyba y 600u

ITpedcmaswamo Zn/Al xomnnexc Kao egpuxacan Heop2aHcKu oucnepsanm 3a
nawomybe. Komnnexc je cummemusosan 00 Zn-ayemama u An-numpama npu
Mmonaprom odHocy 1/0.5 y eodenom medwjy. FTIR u XPS ananuse ykasyjy Ha
npucycmseo Al-O eese xoja nomude 00 cmpykmype Al-ayemama. EXAFS ananusa
yKa3yje Ha npucycmeo KOMnieKca Zn?* jona xoju 2pade KOOPOUHAYUOHY CIHPYKIMYP)
ca amomuma Kuceonuka y Oucnepsuonom cucmemy. Y npunoz 006poj
Oucnep3ubunnocmu Hanomyba, Zn/Al xomnaexc ce 1axo yknared ca Hanomyba, wimo
je nosicenno kod abpuxayuje enekmponckux ypehaja.

1,0x 0,3=0,3 6012

. R. Kukobat, T. Hayashi, N. Ohashi, Y. Watanabe, K. Kaneko, “Sol-gel dispersantf]
derived transparent and conductive films”. Oral presentation. The 77-th JASP
Autumn Meeting. Toki Messe, Nigata city, September 13~ 16, 2016.

The SWCNT attracts a great attention in the fabrication of the electronic devices dué
to the excellent electrical conductivity and mechanical property. However, the
current SWCNT inks using surfactants cannot solve the issues such as scalability
and homogeneity of the films in terms of the electrical conductivity and
transparency. Here, we show the SWCNT film derived from the sol-gel Zn/Al
complex dispersant by scalable bar coating method. The bar coating method gives|
easily the films in size of 23 x 17 cm. The SWCNT film is homogeneous, being
attributed to the jelly structure of the Zn/Al complex dispersant. The jelly structure
of Zn/Al complex-SWCNT based inks is responsible for the increase of viscosity
which plays a key role in the homogeneous film formation. The viscosity of Zn/Al
complex-SWCNT inks is above the viscosity threshold for the homogeneous film|
formation, suppressing the local flows of the ink on the substrate and giving
homogeneous film; the viscosity was 2.80 mPa-s. The Zn/Al complex dispersant ca
be removed from the film by simple washing with 1M HNOs for 10 min and the pur
and homogeneous SWCNT film can be obtained. The complete removal of Zn/A
complex dispersant from the film was confirmed by XPS examination. The electrica
conductivity of SWCNT film after removal of the Zn/Al complex increased more tha
twice; the sheet resistance of film was 80 ohm/sq and transmittance 80 % at 550 nm.
The efficiency of solar cell of the SWCNT film on glass was about a half of the ITO

film.

Tpancnapenmuu u eneKMponpogodsUeu UM 00 jeOHOSUOHUX y2beHUUHUX
Hanomyba do6ujen 00 con-zen oucnepsanama

Jednosudne yzmenuyne Hawomybe npusiade 6elUKy NAJXNCIY Y NPOU3BOORY)
enexmpoHckux ypehaja 3602 00nuHe eleKmpuyHe npoEo0/LUSOCIU U MEXAHUYKUX
ocobuna. Melymum, mpenymiuo ynompebrpaganu unkosu 00 nanomyba cy Ha 6asu
cypgpaxmanama u ne mozy 0a pujeuie npobnem undycmpujcke npou3goore U
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XomozeHocmu Guamosa y noziedy eleKmpuiHe npogood/bUeoCmu U NPOSUOHOCHIU.
Osde npedcmasmamo @uim 00 Hanomyba O0obujen 00 con-zen Zn/Al xomnnaex

oucnepzanma nomohy bap xomuuz memode. Bap xomunz memod Oaje gpuamos

oumensuja 23 x 17cm?. @unm je xoMozeH U MO je NPUNUCAHO HCENAMUHOIHO)
cmpykmypu Zn/Al xomnnexca. Kenamunozna cmpykmypa umkoea Hanomyba H

6asu Zn/Al xomnnexca je 00z06opHa 3a nogeharbe BUCKOZHOCMU KOja UMA K/bYYH

Y02y K00 opmMuparea xomozenux guimosa. Buckosnocm unka nanomyba ca Zn/A
KOMNIEKCOM je U3HAO 2paHuiHe 8UCKO3ZHOCMU 3a YOopMUparbe XOMO2eHUX puimosa,
WMo CcMaryje JOKAIHU MOK UHKA HA nOOA03u 0ajyhiu xomozerne @uamose; 2paHuYHa
suckosnocm usnocu 2.8 mPas. Zn/Al xomnnexc je yxnoreen nparwem 1M HNQO3 y
mpajarey 00 10 mun HakoH ueza je dobujen wucm xomozew uaim 00 Hanomyoba.
ITomnyno yrnarwarwe Zn/Al xomnnexca ca ¢uima je nomspheHo nomohy
gomoenexmponcke  cnexmpockonuje.  Enexmpuuna  npoeoomusocm — HaKoH
yknarearea Zn/Al xomnnexca je nosehana euwie 00 06a nyma; eneKmpuyHa
omnopHocm uima usnocu 80 ohm/sq u nposuonocm 80 % xod 550 nm.
Eg¢uxacnocm conapne henuje gpunma 00 nanomyba Ha cmaxneHoj noonA03U USHOCU
RONIOBUHY 00 UHOUJYM-KANA] OKCUOHOZ uama.

1,0x0,5=0,5 6oxal

3. R. Kukobat, T. Hayashi, K. Kaneko, “ Interfacial and rheological properties of]
SWCNT inks with relevance to the transparent and conductive film fabrication”,
Oral presentation. The 43-rd annual meeting of Carbon Society of Japan. Chiba
University, December 07 — 09, 2016.

The homogeneity of SWCNT films in terms of electrical conductivity and opticall
transmittance is governed by the interfacial properties (contact angle and surface
tension) of the SWCNT ink-substrate and rheological properties in particulan
viscosity of SWCNT inks. Those properties vary by dispersant. Thus, Zn/Al complex
and silica-based inks have higher viscosity than SDS and SDBS, giving]
homogeneous films.

Melynoepuwuncke u peonowke 0cobune UHKo6a 00 HaHomyba ca ocepmom Haj
mpancnapeRmue u ea1eKmponpogoodsuee Guimose

Mehynospwuncke ocobune (KOHmMAaxmuu yzao 1 NOBPUIUHCKU HANOH) UHKO8A HA
noono3u U peonouike OCobUHe, HAPOYUMO BUCKO3HOCM UHKO8A YMuuy Ha|
Xomozenocm uamosa 00 HaHomyba y noznedy enekmpuune npoeood/bUEOCMU U
onmuuke npoguonocmu. Ocobune UHKO8A 8ApPUPA]Y 3ABUCHO 00 OUCHEP3aAHAMA.
Tako, Zn/Al xomnnexc Oucnepcawm u cunuyujymos oOucnepzanm 0ajy eehy
BUCKO3HOCM UHKO8AQ Hanomyba 00 Hampujym Oodeyuncyngponama u Hampujym
odoodeyunbenzencyngponama, wmo ymuie Ha hopmuparoe XoMo2eHux GuIMosa.

1 Goq

4. R. Kukobat, D. Stevic, K. Kaneko, “Highly concentrated SWCNT inks and its|

16



appliéafibn”; Oral presentation. The 98-th CSJ Annual m;etiilg. Nihon University,|
Chiba, Japan, March 21 — 24, 2018

The Single Wall Carbon Nanotubes (SWCNTs) are insoluble in aqueous medium due
to their hydrophobicity. Surfactants, chemical functionalization method, and organic
solvents give stable SWCNT inks. However, the concentration of SWCNT inks is noi
sufficient for the fabrication of SWCNT based materials such as films and fibers.
Here, we deal with highly concentrated SWCNT inks. A newly developed Zn/Al
complex dispersant was employed to disperse SWCNTs in aqueous medium. We
dispersed 1.00 wt. % of SWCNTs with the aid of ultrasonication treatment. The
dispersibility of SWCNTs increases significantly as evidenced by Scanning Eiectronl
Microcopy (SEM) observation, an average size of SWCNT bundles decreases from
150 nm to 20 nm. An important parameter for the material fabrication from SWCNT
inks is viscosity. Viscosity increases with the concentration of SWCNTs dispersed in
the system. The SWCNT ink with 1.00 wt. % of SWCNTs has viscosity of 16 Pas,
which is sufficient for the film fabrication. The SWCNT ink was deposited on the
Polytetrafluoroethylene (PTFE) and detached after drying overnight. Thus, wé
obtained free-standing film of SWCNTs with tensile strength of 300 MPa and
Young’s modulus of elasticity of 12 GPa; the sheet resistance was 0.15 ohm/sq. The|
free-standing SWCNT films should be promising for the electrodes and fibers
fabrication.

HnKoeu jeOHOZUOHUX Y2/beHUYRUX HAHOMYOA GUCOKe KOHWeHmpayuje u muxoea)
npumjena

Jednoszuone yzmenuune HaHomybe cy Hepacmeopuee y 600€HOj cpedunu 3602
xuopogobrocmu.  Cyppakmanmu,  OpzancKu  pacmeapayu U  XeMujckd
gyuxyuonanuzayuja mozy oda Oajy cmabunine unkoge 00 Hanomyba. Mehymum)
KOHYeHmpayuja Oucnepzo8anux UHKO8A Huje 0080bHa 3a gabpuxayujy mamepujandl
00 Hanomyba xao wimo cy Quimosu u enakna. (Osde ce padu ca BUCOKO
KOHYEHMPOBAHUM UHKOBUMA 00 Hawomyba. Zn/Al komniexc oucnepzanm je
Kopuwhien 3a oucnepzosarbe Hanomyba y 600enoj cpedunu. [Jucnepzosanu cmo 1 wt.
% nanomyba nomohy yampaseyunoz mpemmana. Jucnep3ubunHocm ce 3HAMHO
noseliana Kako je ycmanoemeno nomohy ckenupajyhe enrekmponcKe MUKpocKonuje
(SEM); npocjeuna Oebmuna cHonosa je cmareena ca 150 nma 20 nm. Baowad]
napamemap 3a @abpuxayujy mamepujara 00 HaHomyba je @uckozHocm.
Buckosnocm ce noeehasa ca Koumyewmpayujom Ouchepzo8anux Hawomyba I
oucnepsuonom cucmemy. Hux 00 1 wt. % uma suckosnocm 00 16 Pas, wmo je
006onmHO  3a  abpukayujy  duamosa. Croj uHKa je HaHeceH  Ha
nonumempagnopemunen, ocmasmen 0a ce ocywu npeko Hohu u Oobujen je
camocmojehu ¢uam jauune 300 MPa ca Janzosum moodynom eracmuunocmu 00 12
GPa; enexmpuyna omnopwocm je 0.15 ohm/sq. Camocmojehiu puim je
nomenyujaniyu mamepujan 3a abpuxayujy 61aKaHa u enekmpooa.

1 6o,
5. R. Kukobat, K. Kaneko, “The SWCNT films on flexible substrates”. Or:]
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presentation. 45-th Annual Meeting" of the Carbon mSoE:iet_y of Japani Nagoya,
December 5 -7, 2018.
We produced transparent and conducting films (TCFs) of single wall carbon|
nanotubes (SWCNT) on the flexible polyethylene terephthalate (PET) and glass
substrates. The films have excellent optical and electrical properties with the sheef
resistance of 150 ohm/sq and transmittance of 90 % at wavelength of 550 nm.

Dunmosu 00 jeOHO3UOHUX Y2/bEHUYHUX HAHOMYOA HA PeKCUOUIHUM noO0Zama

Ilpunpemunu cmo mpancnapenmue U nposoosuge @uimoge 00 jeOHOIUOHUX
Ye/beHUYHUX HAHOMYOa HA reKcubUNHUM nooa0zama noruemuienmepegpmanrama u
cmakna. Duamosu nokazyjy OOMUYHE ORMUYKe U eleKmpuyHe o0cobune cd
enekmpuyrom omnoprocmu 00 150 ohm/sq u nposuonocmu 00 90 % koo manace]
oyorcune 00 550 nm.

1 6o

Ukupne: 0,3+0,5+1,0+1,0+1,0 =3,8 6oxoBa

YKYITIAH BPOJ BOJIOBA:
18,0+ 10,50 + 4,5+ 10,65 + 3,80 = 47,45 6onoBa
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r) O0pa3oBHa /1jeIaTHOCT KaHANIATA:

O6pa3oBHa J[jENaTHOCT HIpHje mocIeamker n3bopa/pensdopa

(Hasecmu cee axmusnocmu (nybruxayuje, 2ocmyjyha Kacmaea u MERMOPCME0) CEPCMANUX RO
xamezopujama u3z unana 21.)

O6pa30BHA JjENaTHOCT IOCIHje MocIeAmer n3bopa/penszbopa

(Hasecmu cee axmugHocmu (ny6ruxayuje, 2ocmyjyha nacmasa u menmopcmeo) u 6poj 60006a cepcmanux
1O Kamezopujama u3 wiana 21.)

VKVYIIAH BPOJ FOZIOBA: 0,0 6oa0Ba

x) CTpy4Ha AjeIaTHOCT KaHIHJaTAa:

CrpydHa /IjeNaTHOCT KaHJuaaTa IpHje mocIeamer n3bopa/pensbopa
(Hasecmu cee akmusHOCMY CEPCMANX no Kamezopujama us wiana 22.)

VKVYIIAH BPOJ BOJAOBA: 0,0 6ogoBa

Tabenapru npuxas akmusHocmu

Bpcra gjenatHocTH Ilpuje mocnenmer n3bopa IMocimje mocmenmer u3bopa
Hayuna gjenataoct 0,0 47,45
O6pa3oBHa JIjeaaTHOCT 0,0 0,0

CrpyuHa JjenaTHOCT 0,0 0,0

Yxymao 0,0 47.45
YKVIIAH BPOJ

BOJAOBA 47,45

JIpyTH KaHAUJAT U CBAKH HAPEAHU aKO HX MMa (CBE IIOHOBJHEHO Ka0 33 IMPBOT KAH/IH/IATA)
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II. 3AK/bYYHO MUIIL/bEBHE

3a m30op y akageMcKo 3Bamke HAacTaBHMKAa Ha YKy HaydHy obmact Hawonpoyecu, 1O
Konkypcy o6jaBiserom 24. 12. 2018. y guesnoM nucty Inac Cpncke, a Ha OCHOBY OJUTYKE
Cenara Yumeepsurera Op. 02/04 -3.3227- 60/18 ox 29. 11. 2018. roaune, IpHjaBHO ce jeAaH|
[kanmunar, np Pagoan Kyxkobar.

YBHIOM y KOHKYPCHY AOKyMeHTauujy yrBphero je ma je ap Pamosan Kyxobar pocraBuo
CBe KOHKYPCOM 3axTjeBaHe MOKYMEHTe, KOjU Cy IOTpeOHM KOJ MCIyHhaBama ycloBa 3af
300p y 3Bame JOIEHTa IMpeMa 3aKOHY O BHCOKOM oGpaszoBamy (Cn. riacHuk Pemy6muxe
Cpucke , 73/10) u IlpaBwiHuKY O YCIOBMMa M TOCTYIKy Hu30opa akajgeMckor 0co0.ba)
[Yausepsutera y bamoj JIynu (maj, 2013.). V cknagy ¢ tum Komuchja morHocu cipenehe
3aK/bYYKE U IPEHOPYKE:

» Jlp PamoBan Kykobar je 1. W 2. mHMKIyC CTyAWja 3aBpm¥O Ha TEXHOJIOMIKO
¢dakyrrery YHuBepsurera y bamoj JIynm, y poky M ca BHCOKHMM npocjexc::ﬂ
( l.umxuryc crymmja - 9,67; 2.muxiyc crynuja — 10,00). Bro je crunengucra ¢onna
»Ap Munan Jenuh®;
> 3a Bpujeme mactep cryauja 6uo je anraxxoBaH Ha llluniry Yeusepsurety y Harany)
(Jamman) Ha mpojexty “Exotic nanocarbons” y nepuoay ox 2012. no 2014. rogune. V]
Mapty 2014. roamHe ymucyje OOKTOpaT U3 o0O0IacTH HanomexHonozuje U
HaHomamepujany Ha WHTEpAUCIMIUIMHAPHOM (haKyITeTy MOCTAUILIOMCKHX CTYIHja
Hayke W TexHosoryje Ha Illunnry VauBep3utery y Jamany. JlokTopaT Ha TeMy
“Design of sol-gel chemistry-derived dispersants for single wall carbon nanotubes|
(SWCNT) and its application” je ogbpanno y mMapty 2017. roguHe U cTeKao 3Bame)
JIOKTOp HHKCEHEPCTBa. TpPEHYTHO pagl Kao IIOCTAOKTOPAHT HCTPaXHBad Hal
npojekty “Global aqua innovation center” Ha Illunnry YHusepsutery u 6aBu ce
IpAMjeHOM HaHOMaTepHjajla y €JeKTpOHCKMM ypehajuMa M HaHONOPO3HMX
MaTepHjaia y CBpXy pa3iBajama racoBa;
» TokoM CBOI' MIECTOTOAUNIEHET HAYIHO-UCTPAXKMBAYKOT paga 00jaBHo je 7 HaydHHUX
pamoBa y ucTakHyTM MehyHapoaanm gacommcuma kao mro ¢y Carbon, Langmuir,
Chemical Physics Letters, Faraday Discussions 1 Colloids and Interface Science
Communications. Pagose je Taxolje, mpesenToBao Ha MehyHapomanM u pomahinm|
Hay9HUM CKYIIOBUMa M TakKO, 3a KpPaTKO BpHjeME CTEKao 3alaXXCHO HaydHO-
HCTpaXuBadko HcKycTBo. CamuM THM, Kao MiIajg M IepclexkTuBad Oymyhu|
HACTABHHUK, MOXe 3HA9YajHO AOIPHUHHjETH IOAMIAlUBamy M jadamy KaJpOBCKOT]
noreHIMjana TexHoMomKor ¢aKysrreTa 1 YHABEP3UTETA Y I]jeTHHY.
» C o63upom na xaaaugar PagoBan Kykobar panuje Huje OupaH y capagHUIKA , HUTH
HacTaBHUYKA 3Baka, OAHOCHO HHjEe YYECTBOBAO y HACTABHOM IIpOILeCY Hal
VHuBep3uTeTy, Berosa obaBe3a je Ouna Aa OAp>KU MPUCTYITHO NIPEAABAKBE HA TEMY
U3 yXe HaydHe ob1acTi Ha Kojy ce 6upa. IlpenaBame, mox HacmoBoM ,,0D, 1D, i 2D|
HAHOMATEPHjaIH Yy HAHOEJEKTPOHMIHM®, HAKOH pEryIapHO CIPOBEHCHE
mponenype, je oapxkano mpex KoMucujoM 3a OIjeHy NPHCTYIHOT MNpegaBama,
rMeHoBaHOM Ha HactaBHOo-HaygHOM BHjehy Texnomomkor dakynrera gana 19. 02,
2019. roaune. IlpuctynHo mpexaBame je OApXKaHO Yy MynTHMeIUjaTHOM LEHTPY
MammHckor ¢akynrera, myTeM Bepu(HKoBaHOT BujaeonuHka, maHa 01. 03. 2019,
TOJUHE, jep ¢€ KaHAMAAT TPEHYTHO HATa3HM Ha MOCTAOKTOPCKOM CTyAujy Ha I1Tunmry
Vuusepsurery y Jamanmy. Tom mpummmkoM, Komucuja je ca 3al0BOJECTBOM ,qana

HO3UTHBHO H a(QUPMATHBHO MHIUbele 0 KBAJIHTETY NPUCTYHHOr NpeIaBaH:
((cBa moTpebHa MOKyMEHTAIM|A Y BE3H NPHCTYIIHOT IPeiaBakkha HATA3H Ce Y HPUIOry,
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opor Msgjetnraja).

Ha ocHoBY Hanpujen Haseaeuux uumeHuua, Komucuja ca  3a10BO/BCTBOM
koHcraTyje aa ap Pamoan Kykobar mucnytbaBa cse notpedHe yciose 3a u3bop y
AKAIEMCKO 3Batbe A0LEHTA, KOjU Cy NpOnMcaHk 3aKOHOM O BMCOKOM 00pa3oBatby
(Ca. rnacunk Peny6nuke Cpricke , 73/10), Te jeanornacHo npeanaxe HacraBHOA
rayunom sujehy Texnonowkor daxynrera u Cenary Yuusepsuteta y bamoj Jlyun
na op Paoosana Kykobama, usabepe y 36are 00u4eHma 3a yiyicy HayuHy ooaracmy
Hanonpouecu.

YROAMKO ce na KoHkype NpHjaBuao BHILE KAHAHAAT Y SAKBYHHOM MHUILEHY 00ABE3NO e HABECTH paHt
JHCTY CBUX KaHauaTa ca Haznakom Bpoja ocsojernx 60108a, HA OCHOBY Koje he BuTH hopmMyincan
npujennor za uidop

V Bawoj JIyunm, 02. 03 . 2019. roauue [Totnuc 4sanoBa KOMHCH]E

1. JIp Jbubana Bykuh, pen. npod..
Texuonowky GakyateT, Y HHBEP3UTET Y
bawoj Jiyun, npeagjentHuk
Oliliic

—>
/
2. JIp lopan Taaul, pea. npod.,
Texuonowmkn GakynreT 3BOPHUK,
Yuusepsurer y Met. Capajesy. unan

s (A
<AL
s / UU(J'\.’\

) [
3. Jlp Mupjana Josuunh. saup. npod.
Texuonomku Gpakyarer. Y HUBEPIUTET
y Hosom Capy. 4iaH

4. Hp Cyzana ['otosail ATaaruh, AOLEHT.
[puponHo-mMaremMarnuky GakyareT
VHusep3uteT v bamoj nau.




1. N3IBOJEHO 3AK/bYYHO MUIIIJBEIBE

(Obpaznoxkeme wian(os)a KoMuchje o pasnozuMa H3/iBajamka 3aKJbyYHOT MHIIUBEHA. )

¥ Bawoj JIymm, aa.MM.20rr.roguHe IToTnwc unaHoBa KOMHUCH]E Ca U3ABOjCHUM
3aKJbYYHUM MHILBCHEM
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