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We obtained carbon composite materials with desired mechanical characteristics, electrical conductivity, magnetic properties,
which are widely used in the production of rubbers, cables, sorption materials from various secondary raw materials like
wastes of agricultural production (sawdust, fruit bones, coal industry wastes, etc.) with using a new thermochemical method.
The composition of the obtained materials was carried out with scanning electron microscopy (SEM); Surface and porosity of
the obtained materials were measured by use of instrument Gemini VII. Electrochemical Cu-C coatings were obtained with
the use of carbon nanomaterials and tribological properties of the obtained coatings were investigated. The nanocarbon
particles with large specific surface area and high porosity could also be used in composition electrocoating (CEC). The

optimal concentration of carbon nanomaterials when CECs have best tribological properties has been determined.
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INTRODUCTION

The advanced level of fundamental research of condensed
systems has led to a unique opportunity to create new
devices and equipment. Today, small devices that consume
low energy and at the same time perform the functions of a
complex of devices are becoming increasingly popular. To
create such devices, new often nano-sized particles play a
significant role. The interaction of nanoscale particles with a
solid matrix into which these particles are introduced
depends on the properties, size and distribution of
nanoparticles. Using these materials, we can obtain
composite materials with desired mechanical characteristics,
electrical conductivity, magnetic properties and likes.

At the same time, the utilization of devices, equipment
and materials that are unsuitable for further operation
becomes urgent. The ability to extract components useful for
further use from them often makes it possible to reduce
using and production of new materials significantly.

One of the tasks of the present work is to obtain
nanocarbon materials, which are very widely used in the
production of rubbers, cables, sorption materials, etc.
Appropriately, the waste of the agricultural output
containing carbon is also of interest.

In this connection, nanocarbon particles, because of their

large specific surface area and high porosity, as
subminiature structures may be used in composition
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electrocoating (CEC). In order to modify the surface of
metal products and impart them new properties, composition
electrocoatings are the most suitable materials.

The process of CEC (electric composition coatings)
formation is influenced by many factors,* 2 one among them
is the nature of the material used for the modification. It is
possible to create modified, composite metal coatings of
multifunctional purpose with unique properties by using this
type of nanocarbon materials.® In conventional coarse-
grained coatings these properties cannot be achieved.[]

The other task of the present work is the creation of CEC
on the basis of copper plus nanocarbon, with improved
tribological properties and study of the kinetics of the
electrodeposition process in the presence of the carbon
phase. [

EXPERIMENTAL

The measurements were carried out on devices: Hitachi
TM 3030 Plus — Scanning electron microscope (SEM) for
determination of the composition of the materials (K-series),
(Figures 1 and 2; Tables 1, 2, 3) and Gemini VII for
determination of surface area and porosity (Table 4).

The coating studies were carried out using the standard
copper coating electrolyte of the following composition, g L
11 CuS04-5H,0 - 200 and H,SO: — 50 at pH = 0.35, with
constant stirring with a magnetic stirrer. The concentration
of carbon nanoparticles in the electrolyte was from 1.0 to
25.0 g L. For better wetting and uniform distribution of the
dispersed nanomaterial, the carbon particles were treated
with ethyl alcohol, filtered, and thoroughly mixed with the
electrolyte. Coatings were applied to the steel plates and the
ends of the bushings with an area of 3 cm?. The copper plate
served as the anode. The thickness of the coatings was
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approximately ~ 25-40 um. The morphology of the surface

of copper coatings was studied using a Euromex microscope.

Tribotechnical tests were carried out on an inertial friction
test machine by a particular method at a load of 0.1 MPa,
sliding speed 0.25 m s and at ambient temperature. The

material of the counter body was steel 40%, hardness 60HRC.

Running-in was carried out at this same load until the
complete contact was established over the entire friction
surface. The coefficient of friction was determined for the
steady-state friction regime without lubrication.

RESULTS AND DISCUSSION

Tables 1-3 contain data obtained by the SEM
measurements for the composition of the samples of
sawdust, nectarine kernel and activated coal (particle size 40
um). The surface and spectra of a sawdust sample studied by
SEM, with magnification 40x can be seen on Fig.1 and 2
respectively.

h'IEDIJI;W
MAG: 40x HV. 15kV WD: 6mm

Figure 1. Micrograph of the surface of sawdust sample studied on
SEM, with magnification 40x.

Figure 2. Spectra of sawdust sample studied on SEM.

The amount of zinc, sulfur, and chlorine in the sawdust
based product, the amount of zinc, silicon, copper, nitrogen
and chromium in the nectarine kernel based product, and the
amount of chromium, lead and nitrogen in the activated
carbon samples, while the amount of sodium and nickel in all,
three products were below the detection limit.
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To study the effect of carbon nanomaterial on copper

electrodeposition, optimal conditions for obtaining CEP Cu-
C were determined.

Table 1. EDAX composition of sawdust sample.

Element Atomic Carbon content, %
number | \eight atom
Carbon 6 91.27 93.74
Oxygen 8 7.65 5.90
Calcium 20 0.41 0.13
Potassium 19 0.21 0.07
Iron 26 0.15 0.03
Chromium 24 0.10 0.02
Aluminume 13 0.08 0.04
Silicon 14 0.07 0.03
Fluorine 9 0.06 0.04

Table 2. EDAX composition of nectarine kernel sample.

Element Atomic Carbon content, %
number | \eight atom
Carbon 6 92.36 94.53
Oxygen 8 6.71 5.15
Iron 26 0.28 0.06
Aluminume 13 0.23 0.10
Potassium 19 0.16 0.05
Chromium 24 0.10 0.02
Calcium 20 0.15 0.04
Sulfur 16 0.07 0.03
Fluorine 9 0.03 0.02

Table 3. EDAX composition of activated carbon sample.

Element Atomic Carbon content, %
number weight atom
Carbon 6 89.05 92.26
Oxygen 8 9.10 7.08
Calcium 20 0.77 0.24
Zinc 30 0.30 0.06
Fluorine 9 0.06 0.04
Potassium 19 0.21 0.07
Aluminume 13 0.15 0.07
Silicon 14 0.08 0.03
Sulfur 16 0.07 0.03
Iron 26 0.03 0.01

Table 4. BET surface area, t-plot micropores area and t-plot
external surface area of samples, m? g*

Starting BET Micropores | Outer surface
material
Sawdust 470.6377  369.8977 100.7400
Nectarine 520.948 434.6722 86.2759
kernel
Activated 828.6867  528.3176 300.3691
carbon
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The current yield (W) of copper was studied and was
established for the following values of cathode current
densities ic: 0.5, 1.0, 1.5, 2.0, and 3.0 mA cm?. The
experimental data are presented in Figure 3.
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Figure 3. Dependence of copper current output on current density
at the content in the electrolyte of carbon nanomaterial 1g L.

Figure 3 shows that with a current density of 10.0 mA cm-
2 the current output is maximal (~100.0 %). Qualitative
coatings, uniform in color and without dendrites are formed.
At current densities below and above 10.0 mA cm?, the
current output of copper goes down. Further studies of the
formation of CEC from this electrolyte were carried out at a
current density of 10.0 mA cm?,

The surface of a copper coating (Figure 4a) comparing to
a CEC Cu-C (Figure 4b) changes and the surface of the
composite coating became more grained due to the insertion
of carbon nanoparticles into CEC.

Figure 4. The microstructure of the surface of electrolytic copper
(a) and CEC Cu-C (b). Current density i = 10.0 mA cm™.

The inclusion of carbon nanomaterial into the coating
leads to structural changes in the metal matrix, which affects
the exploitation properties of the electrolytic deposit. The
best tribological properties characterized by a coefficient of
sliding friction (f) was available at 15 g L carbon
concentration. (Table 4). As can be seen from Table 4, the
values of the friction coefficient f for Cu-C deposits are
three times lower compared to the copper deposit, and a 12-
fold decrease in the wear. This is the consequence of the
lubrication effect of the dispersed carbon nanomaterial in
the copper coatings.
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Table 4. Tribological properties of copper coatings at the
concentration of dispersed phase of 15.0g/l.

Material Friction Wear,
Rate Temp., Sliding mg h?t
v,m/s °C coefficient

Copper 0.125 55 1.0 102

Cu-C (steel 45 0.125 32 0.32 8

substrate)

Cu-C (stainless  0.125 28 0.29 6

steel substrate)

DOI: 10.17628/ech.2018.7.315-317

CONCLUSIONS

Nanocarbon materials from various secondary raw
materials (sawdust, fruit bones, coal industry wastes, etc.)
were obtained by the thermochemical method. The
tribological properties of the Cu-C electrochemical coatings
obtained with the use of carbon nanomaterials were
investigated. The best tribological properties of Cu—C CEC
were obtained at 15 g L™ carbon content used during the
electrolysis. The values of the friction coefficient f
decreased by three times in comparison to copper deposit,
with a 12-fold decrease in wear. This is due to the
lubricating effect of carbon nanomaterial, which is included
in the structure of copper coatings and performs as dry solid
lubricants.
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Silt-catalyzed microwave- assisted synthesis of octahydroquinazolinones

SILTY CLAY-CONTAINING SOIL CATALYZED MICROWAVE
ASSISTED MULTICOMPONENT SYNTHESIS OF
OCTAHYDROQUINAZOLINONE DERIVATIVES
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An efficient protocol was developed for the synthesis of octahydroquinazolinone derivatives in presence of silty clay-containing soil in
solvent free conditions under microwave irradiation. The isolated products were characterized by FTIR, 'HNMR and *C NMR
spectroscopy. The catalyst was characterized by wet chemical analysis, SEM, EDS, XRD and IR spectroscopy.
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Introduction

Octahydroquinazolinone derivatives is an important class
of organic compounds because of their pharmacological
activities such as antihypertensive,® antibacterial,>®
antitumor,*  anti-inflammatory  etc.5 Multicomponent
reactions (MCRs) have apparently been a route to the
synthesis of large number of complex molecules from
readily available building blocks.8Octahydroquinazolinones
synthesis is a  modified Biginelli  reaction.!
Octahydroquinazolinone have been synthesized using
aromatic aldehydes, dimedone and urea/thiourea in presence
of various catalysts such as montmorillonite,” zeolites,?
boron compounds,® Zn(OTf),% conc. H,SO4* ionic
liquids,'! ion exchange resins,*? Trimethyl silyl chloride,®
Nafion-H,** VOSO,," conc. HCI,'® Fe(NO3).9H,0,7 silica

sulfuric acid,'8t-BuOK,*® TiO,,% ammonium
metavanadate, Cu(OTf),,2?phosphotungstic acid
nanoclusters,®  BMI.InCls;,®*  Si0,-NaHS04,%  ZnO;

nanoparticles,?®phytic acid,?” lanthanum oxide,?® Naion-
Ga,?® CuS QDs,*® ZrOCl,.8H,0,% Cu/SiO,,* B-cyclodextrin,
aqueous hydrotropic solution of Na-p-Toluene sulfonic acid
under microwave irradiation (MW),*® BF;SiO;,** Aluminate
Sulfonic Acid Nanoparticles,® lon exchange resin Nafion'?
H4sCuPW1;030,%  polyvinyl polyvinylpolypyrrolidine
supported chlorosulfonic acid,*’and molybdenum based
heterogeneous catalysts (MoOz(acac), on zeolite)*® under
MW irradiation.*

o Z7 |
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Schemel. Synthesis of Octahydroquinazolinones using silt catalyst
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Experimental

All the chemicals used without further purification and
were of AR grade. Microwave irradiation was done in
RAGA’S Scientific Microwave system. Synthesized
products were characterized by IR, *HNMR and *C NMR
spectroscopy data and melting points. Melting points were
recorded in an open capillary and were uncorrected. IR
spectra were recorded using Perkin-Elmer spectrometer with
ATR technology. 'HNMR and *C NMR spectra were
recorded on 500MHz Bruker FT-NMR spectrometer using
CDCls solvent.

Catalyst preparation

The silty soil collected from bed of Godavari River,
Kopargaon, A.Nagar, India. The silt is naturally available
granular brown colour material having particle size (0.05-
0.002mm), it may occur as soil. Chemical composition of
collected silty soil was calculated by wet chemical analysis
method reported in Tablel.

Table 1.Siltysoilcompositionbywetchemicalanalysis

Constituent Silty clay-containing soil %
sand 41.93
clay 19.35
silt 38.70

Activation of silt

Received silty clay-containing soil was sieved through
different mesh sizes to remove any coarse material and to
get uniform particle. This silty clay containing soil was kept
at temperature of 400°C in silica crucible for 1h in an
electric oven for activation and used as siltyclay-containing
soil catalyst for investigation. The average diameter of silty-
clay-containing soil used is about 50 pm (Figure 1)

General procedure for the synthesis of octahydroquinazolino-
nes under MW

Synthesis of octahydroquinazolinones were done using a
mixture of aromatic aldehyde (1.0 mmol), dimedone (1.0
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Table 2. Optimization of reaction conditions from 4-chlorobenzaldehyde, dimedone and urea
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Entry Catalyst / Solvent Condition Reaction time, min 2Yield, %
1 Nocatalyst/CHCl3 R.T 180 NoReaction
2 Nocatalyst/CHCl3 Reflux 180 22

3 Catalyst (20 wt%)/CHCls Reflux 60 62

4 Catalyst (20 wt%)/EtOH Reflux 60 73

B Nocatalyst/--- MW 240 W 35) 36

6 Nocatalyst/--- MW 300 W 30 48

7 Catalyst (20 wt%)/EtOH MW 300 W 20 82

8 Catalyst (20 wt%)/--- MW 240 W 20 80

9 Catalyst (10 wt%)/--- MW 300 W 20 78

10 Catalyst (20 wt%)/--- MW 300 W 20 94

ReactionCondition: 4-chlorobenzaldehyde (1.0 mmol), dimedone (1.0 mmol), urea (1.2 mmol) and silty-soilcatalyst

Table 3. Synthesis ofoctahydroquinazolinonecatalyzedbysiltyclay-containingsoilfrombenzaldehydes, urea (thiourea) and dimedone

Entry | R in | Xin (H2N),C=X | Product Reaction Yield, %/ M.P.
RCsH,CHO time, min
Found Literature
4a H o) a 10 96 96 291
o N
‘ NH
Hic m)§0
4b H S 15 86 218 218-219
(o]
‘ NH
et L
HyC H
MeO
4c 4-MeO O 15 89 246 246-247
o
‘ NH
e :) o
MeU
4d 4-MeO S 20 80 275 273-275
o]
(X
HyC
N
Cl
4e p-Cl O 20 94 301 304-306
(o]
LK
H3C
HeC N o
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Cl
4f p-Cl s 15 87 290 288-290
[e]
‘ NH
H3:3C ﬂ/&s
4g p-OH 0 o 15 90 301 300-302
(o]
X
HyC
HeC N
ah p-OH s on 20 86 280 -
o]
‘ NH
et I
HoC H
~ ]
4i o-Cl 0 0 NN 15 89 284 282-285
‘ NH
e n) o

mmol) and urea/thiourea (1.5 mmol) and silt (20 wt %)
taken in round bottom flask and kept in MW at 300 W
for required time (Table 3). The progress of reaction
was monitored by thin layer chromatography using
ethyl acetate: hexane solvent system. On completion of
reaction, the reaction mass was filtered and
concentrated. Isolation of catalyst and purification of
product was done by recrystallisation using ethanol
(Schemel).Results and discussion

Catalyst has been characterized using XRD, FTIR, SEM
and EDS, techniques.

X-ray diffraction analysis

To determine various minerals present in silt soil, X-ray
diffraction study was carried out on Philips, Holland X-ray
diffractometer. The XRD of the silty clay-containing soil is
given in the supplementary material. By correlating the
results with JCPDS database, silt consists of components
having SiO,;, AlLOs; Fe;0;, TiO, potassium, sodium,
magnesium and calcium oxide building components (Figure
2).40-45

S. Component | %
No.

1 SiO, 38
2 Al,O4 19
3 Fe,03 9
4 TiO, 5
5 K;0 2
6 Na,O 3
7 CaO 1
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SEM and EDS analysis

The study of morphology and elemental composition was
carried out by Scanning Electron Microscopy and Energy
Dispersive Spectroscopy. The electron microphotographs
were recorded on JEOL-JSM-6360A operating at 20KV.
The catalyst sample is analyzed under SEM at different
magnification. Figure 3 shows silty clay containing soil
morphologies which contains oxygen, Na, Mg, Al, Si, CI, K,
Ca, Ti, Fe. The scanning electron microphotograph of silt
shows the particle size to be around 50um. The typical
aggregate structure of material has been observed.

Infrared spectroscopy (FT-IR)

FT-IR study of catalyst was done to confirm presence of
silica, iron and aluminum. The distinct band at 3612.7cm
and 3621cm* indicate existence of isolated OH group of Si
and Al. The band at 462.02 cm™ indicates O-Si-O bending
mode whereas band at 1185.80 cm™, 992.06 cm™, 797.45
cm? signify occurrence of Si-O-Fe, Al-OH and Fe-OH
vibrations, respectively. The bands at 536.84 cm?, and
451.85 cm™ are due to Fe-O bond stretching.

Optimization of reaction conditions

Optimization of reaction conditions were done on model
reaction of benzaldehyde (1mmol), dimedone (Immol) and
urea (1.2mmol), with silt catalyst under microwave
irradiation. It is represented in Table 2.The generability of
this method was studied by performing the reaction of
several substituted aromatic aldehyde, dimedone and
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urea/thiourea using silt as a catalyst under MWI without
solvent. The results are summarized in Table 3.

Spectral data

4a:4-Phenyl-7,7-dimethyl-1,2,3,4,5,6,7,8-octahydroqui-
nazoline-2,5-dione, M.p.. 291 °C, FT-IR (cm™): 3380,
3260, 3130, 2940, 1697, 1620, 1455, *H NMR (500 MHz,
DMSO-ds, TMS, ppm):0.89 (s, 3H, -CHs), 1.02(s, 3H, -
CHs), 2.01-2.04 (d, 1H, CH, J=13HZ), 2.18-2.21 (d, 1H,
CH, J=13 Hz), 2.25-2.29 (d, 1H, CH, J=13 Hz), 2.39-2.43(d,
1H, CH, J=13 Hz), 5.15(s, 1H, CH), 7.20-7.24 (m, 3H,
ArH), 7.29-7.32 (m, 2H, ArH ), 7.76 (bs, 1H, NH), 9.4 (bs,
1H, NH) 3C NMR (DMSO-ds, TMS, ppm): 27.30, 29.22,
32.76, 50.28, 52.43, 107.86, 126.69, 127.59, 128.77, 145.10,
152.39, 152.85, 193.33.

4e: 4-(4-Chlorophenyl)-7,7-dimethyl-4,6,7,8-tetrahydro-
quinazoline-2,5(1H,3H)-dione, M.p.:301 °C, FTIR (cm™):
3320, 3242, 2960, 1705, 1670, 1613, 1488, 1418 'H NMR
(TMS, ppm): 0.88 (s,3H,-CHs), 1.01 (s,3H,-CHs), 2.01-
2.04(d, 1H, CH, J=13 Hz), 2.17-2.21(d, 1H, CH, J=13 Hz),
2.25-2.28 (d, 1H, CH, J=13 Hz), 2.39-2.42 (d, 1H, CH, J=13
Hz), 5.15(s, 1H, CH), 7.24-7.25 (d, 2H, ArH, J=6.76 Hz),
7.37-7.39 (d, 2H, ArH, J=6.7 Hz), 7.80 (s, 1H, NH), 9.52 (s,
1H, NH). 3C NMR (DMSO-ds, TMS, ppm): 27.31, 29.16,
32.75, 50.23, 51.94, 107.48, 128.59, 128.76, 132.07, 144.06,
152.21, 153.03, 193.35.

4i:  4-(2-Chlorophenyl)-7,7-dimethyl-4,6,7,8-tetrahydro-
quinazoline-2,5(1H,3H)-dione, M.P.:284 °C FTIR (cm™1):
3253, 3090, 2953, 1698, 1640, 1430, 1372, *H NMR: 0.96 (s,
3H, -CHg), 1.03 (s, 3H, -CHs), 1.97-2.00 (d, 1H, CH, J=13
Hz), 2.15-2.18 (d, 1H, CH, J=13HZ), 2.31-2.34 (d, 1H, CH,
J=13Hz), 5.56 (s, 1H, CH), 7.23-7.32 (m, 3H, ArH), 7.38-
7.39 (m, 1H, ArH), 7.7 (s, 1H, NH), 9.5 (s, 1H, NH) *C
NMR (DMSO-ds, TMS, ppm): 27.52, 29.19, 32.71,50.26,
51.08, 106.29, 127.87, 129.42, 129.88, 129.99, 132.33,
141.68, 151.54, 153.50, 193.08.

Conclusion

The most important advantage of this method is use of
naturally available, economical and competent silt catalyst.
It works without solvent under microwave irradiation in
short time. This implicates fruitful addition to the non-
conventional methods  for  the  synthesis  of
octahydroquinazolinone derivatives.
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Synthesis of 3-amino-1-(5-nitro-1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carbonitriles by a one-pot green
and an eco-friendly reaction of phthalic acid, hydrazine hydrate, indole-3-carboxaldehydes and malononitrile/ethyl cyanoacetate in the
presence of EtsN as catalyst and Glycerol mediated at 100-105 °C for 45-60 min. This one-pot reaction proceeded in a short time with good

yields and the desired products obtained without using column purifications.
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INTRODUCTION

Multi-component reactions (MCRS) are one-pot processes
in which three or more compounds react in a single reaction
vessel to form a product containing substantial components
of all the reactants.® Thus, design of highly efficient
chemical reaction sequences that provide maximum
structural complexity and diversity with a minimum number
of steps in the synthesis of compounds with interesting
properties is essential for drug discovery and synthesis of
natural products.? MCRs have attracted much attention in
combinatorial and medicinal chemistry and have been
designed to produce biologically active compounds.®*

Phthalazines are important heterocycles that are known to
possess multiple biological activities such as antimicrobial,
anticonvulsant,  antifungal, anticancer and  anti-
inflammatory.5 Carling et al. reported® the synthesis of 3-
phenyl-6-(2-pyridyl)methyloxy-1,2,4-triazolo[3,4-a]phthala-
zines and analogs which were found to be a critical
structural element of specific CNS - active drugs. Jain et al.
reported” the synthesis of keto-glutamine tetrapeptide
analogs containing a 2-oxopyrrolidine ring as a glutamine
side chain mimic which showed improved inhibition against
hepatitis A virus 3C proteinase. Grasso et al. reported® the
synthesis  of  6,7-methylenedioxyphthalazin-1(2H)-ones
which were found to be potent anticonvulsant agents.
Nomoto et al. reported® the synthesis of 6,7-
dimethoxyphthalazine derivatives which showed relatively
potent cardiotonic activity comparable to that of amrinone.
Watanabe et al. reported™® the synthesis of 4-benzylamino-1-
chloro-6-substituted phthalazines which were found to be
vasorelaxant and some methods have been reported for the
synthesis of phthalazine derivatives.!* Therefore, it was
considered worthwhile to synthesize phthalazine moiety
containing 4H-pyrans.

Eur. Chem. Bull. 2018, 7(11), 324-328

DOI: 10.17628/ech.2018.7.324-328

Keeping above discussion in our mind, we now wish to
report  3-amino-1-(5-nitro-1H-indol-2-yl)-5,10-dioxo-5,10-
dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carbonitrile
derivatives by reaction of phthalic acid, hydrazine hydrate,
indole-3-carboxaldehydes and malononitrile/ethyl
cyanoacetate in the presence of EtsN as catalyst and glycerol
as a medium at 100-105 °C for 30-60 min.

RESULTS AND DISCUSSION:

Firstly, we have initiated the optimization of the one-pot
four-component reaction by using phthalic acid (1) and
hydrazine hydrate (2) to in-situ formation of phthalic
hydrazide as intermediate in the presence of EtsN and
glycerol medium. To this reaction mixture, 5-nitroindole-3-
carboxaldehyde (3a) and malononitrile (4a) were added for
preparation of  3-amino-1-(5-nitro-1H-indol-2-yl)-5,10-
dioxo-5,10-dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carbo-
nitrile (5a) in the presence of different solvents (glycerol,
ethylene glycol and DMF) and different bases (EtsN and
pyridine) at different temperature (RT, 50 °C, 100 °C and
120 °C) as a simple model reaction (Table 1 entries 1-3).
However, it was found that the one-pot reaction of 1 (10
mM), 2 (10 mM), 3a (10 mM) and 4a (10 mM) in the
presence of EtsN (2 mM) as catalyst and glycerol (50 ml) as
medium for 45 min at 100 °C gave the highest yield (88 %)
and clean product (5a) (Table 1, entry 1). 1H-NMR, IR and
mass spectroscopb5ay have confirmed the structure of the
compound 5a.

In order to examine the quantity of Et;N, the one-pot
reaction has been carried out at different quantity (1 mM, 2
mM and 5 mM) of EtsN with respect of phthalic acid 1.
However, it was found that the one-pot reaction of 1 (10
mM), 2 (10 mM), 3a (10 mM) and 4a (10 mM) in the
presence of EtsN (2 mM) as catalyst and glycerol medium
(50 ml) for 45 min at 100-105 °C gave the highest yield
(88 %) (Table 2, entry 2).
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Scheme 1. The general reaction route to prepare the pyrazolo[1,2-b]phthalazine derivatives

In the next step, the scope of the reaction process was
explored, using the best-optimized conditions by changing
the phthalic acid, the aldehyde & the nitrile (Table 3). The
results are displayed in Table 3. The structures of the
products were assigned on the basis of their spectral
properties - IR, NMR and mass spectra (for details, please
see the experimental section).

Table 1. Effect of solvent/catalyst and temperature on the one-pot
reaction of 1, 2, 3a and 4a at RT yielding 5a.

No. Solvent/Catalyst T, °C Time, Yield
min 5a, %

1 Glycerol/EtsN 100 45 88

2 Ethylene glycol /EtsN 100 55 80

3 DMF/EtsN 100 100 80

4 Glycerol/pyridine 100 40 80

5 Ethylene glycol/pyridine 100 50 78

6 DMF/pyridine 100 90 72

7 Glycerol/EtsN RT 300 85

8 Ethylene glycol/EtsN RT 320 82

9 DMF/EtsN RT 450 78

10  Glycerol/EtsN 50 80 82

11 Ethylene glycol/EtsN 50 85 81

12 DMF/EtsN 50 100 79

13 Glycerol/EtsN 120 40 75

14 Ethylene glycol/EtsN 120 45 70

15 DMF/EtsN 120 60 73

A schematic mechanism for the catalytic activity of Et;N
in the synthesis of titled compounds 5 can be postulated as
shown in Scheme 2. This mechanism contains three steps. In
the first step, the formation of phthalic hydrazide (X1) by
nucleophilic addition of hydrazine hydrate (2) to phthalic
acid (1) takes place followed by dehydration. The second
step involves forming heterodiene (Y1) by standard
Knoevenagel condensation of indole-3-carboxaldehyde (3)
and malononitrile/ethyl cyanoacetate (4). Then, in the third
step, Michael-type addition of the phthalic hydrazide X1 to

Eur. Chem. Bull. 2018, 7(11), 324-328

heterodiene Y1 takes place forming the intermediary
iminomethylene derivative Z which undergoes cyclisation
affording 5.

Table 2. Effect of EtsN catalyst quantity on the one-pot reaction of
1, 2, 3a and 4a at 100-105 °C yielding 5a in glycerol.

No. Catalyst T, °C Time, Yield,
concentration min 5a, %
1mM 100 120 75
2 mM 100 45 88

3 5mM 100 40 78

DOI: 10.17628/ech.2018.7.324-328

Table 3. Characterization data, reaction time and yields of 5
obtained from 1, 2, 3 and 4 via one-pot, four component synthesis.

Starting materials Product Time, Yield,
(1,2,3and 4) min %
?S:H, Y=NO) ?;: CN) = 45 88
?Fte):H, Y=H) ?;: cny P 48 86
?;:CH:;,Y:H) ?;: CN) 5c 50 85
:(gF(Qj:Csz,Y:H) ?;: ey 55 &
?S:H, Y=NO) ?)tz:cooa) > I
?FE:H, Y=H) ?)tz:cooa) of 60 86
?Fi:CHa,Y:H) ?)tz:cooa) 5 &l 84
?F?:Csz,Y:H) ?)tz:cooa) sl 60 86

# Refers to yields of crude products only.
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Scheme 2. A plausible mechanism for 5 from 1, 2, 3 and 4.

EXPERIMENTAL SECTION

Melting points are uncorrected and were determined in
open capillary tubes in a sulphuric acid bath. TLC was run
on silica gel-G and visualization were done using iodine
vapor or UV light. IR spectra were recorded using a Perkin—
Elmer 1000 instrument in KBr pellets. 'H NMR spectra
were recorded in DMSO-ds using TMS as an internal
standard at 400 MHz operating frequency. Mass spectra
were recorded on an Agilent-LC-MS instrument.

General procedure for preparation of 5

Phthalic acid (1) (10 mM) and hydrazine hydrate (2) (10
mM) were charged in glycerol (50 ml) in the presence of
EtsN (3 mM) and heated for 10 min at 100-105 °C to form
phthalic  acid  hydrazide.  Then,  5-nitroindole-3-
carboxaldehydes (3a) (10 mM) and
malononitrile/ethylcyano acetate (4) (10 mM) were added to
this reaction mixture and again heated for 20-35 min (until
no starting materials could be detected on thin-layer
chromatography). After the reaction was completed, cold
water was added to the reaction mixture and solid part was
separated by filtration. The product was recrystallised from
ethanol solvent to obtain 5.

3-Amino-1-(5-nitro-1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-carbonitrile (5a)

M.p.:>220 °C; IR (KBr): 3116-3440 cm™* (broad, medium,
-NH group), 2218 (sharp, strong, -CN group), 1669 cm™
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(sharp, strong, -CO of amide group ), 1686 cm™ (sharp,
strong, -CO of amide group);

IH-NMR (DMSO-ds, 400 MHz): & 5.67 (s, 1H, -CH),
7.26-8.68 (M, 10H, Ar-H and NHy), 5 11.87 (s, 1H, -NH,);
13C-NMR (DMSO-ds, 100 MHz): § 61.5, 69.1, 110.6, 111.5,
115.8, 115.9, 119.2, 122.9, 123.6, 127.6, 134.6, 135.6,
138.4, 144.6, 145.8, 161.6, 164.5; [M+H]*: 400

3-Amino-1-(1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-pyrazo-
lo[1,2-b]phthalazine-2-carbonitrile (5b)

M.p.: >220 °C; IR (KBr): 3116-3440 cm™ (broad, medium,
-NH group), 2218 (sharp, strong, -CN group), 1669 cm™
(sharp, strong, -CO of amide group ), 1686 cm™ (sharp,
strong, -CO of amide group); *H-NMR (DMSO-ds, 400
MHz): § 5.67 (s, 1H, -CH), 7.26-8.68 (m, 11H, Ar-H and
NH,), & 11.87 (s, 1H, -NH); *C-NMR (DMSO-ds, 100
MHz): $ 61.0, 69.0, 110.1, 111.5, 115.9, 119.2, 122.9, 123.9,
127.3, 134.6, 135.8, 138.4, 144.6, 145.8, 161.0, 164.5;
[M+H]*: 356

3-Amino-1-(1-methyl-1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-
1H-pyrazolo[1,2-b]phthalazine-2-carbonitrile (5c)

M.p.:>220 °C; IR (KBr) 2213 (sharp, strong, -CN group),
1668 cm* (sharp, strong, -CO- of amide group ), 1682 cm
(sharp, strong, -CO of amide group); *H- NMR (DMSO-ds,
400 MHz): 3 2.20 (s, 3H, -CHs), 5.30 (s, 1H, -CH), 7.21-
8.68 (m, 11H, Ar-H and NHy); *C-NMR (DMSO-ds, 400
MHz): 6 23.4, 60.1, 68.1, 111.3, 111.4, 114.8, 118.1, 122.9,
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123.6, 127.4, 133.5, 134.7, 138.3, 144.2, 145.9, 161.4,
164.4; [M+H]*: 370

3-Amino-1-(1-ethyl-1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-carbonitrile (5d)

M.p.:>220 °C; IR (KBr) 2216 (sharp, strong, -CN group),
1663 cm™ (sharp, strong, -CO of amide group ), 1678 cm
(sharp, strong, -CO of amide group); *H- NMR (DMSO-ds,
400 MHz): 6 1.81 (t, 3H, CHs) 2.22 (q, 2H, -CHy), 5.26 (s,
1H, -CH), 7.21-8.94 (m, 11H, Ar-H and NH); *C-NMR
(DMSO-dg, 400 MHz): 6 19.2, 23.2, 60.4, 68.5, 111.2, 111.5,
114.2,118.2, 122.4, 123.2, 127.1, 133.0, 134.3, 138.2, 144.0,
145.2, 161.5, 164.9; [M+H]*: 384

Ethyl-3-amino-1-(5-nitro-1H-indol-2-yl)-5,10-dioxo-5,10-dihyd-
ro-1H-pyrazolo[1,2-b]phthalazine-2-carboxylate (5e)

M.p.:>220 °C; IR (KBr): 3076-3360 cm™* (broad, medium,
-NH group), 2297 (sharp, strong, -CN group), 1660 cm™
(sharp, strong, -CO of amide group ), 1666 cm™ (sharp,
strong, -CO of amide group); *H NMR (DMSO-ds, 400
MHz): 6 1.32 (t, 3H, -CHs ), 4.46 (q, 2H, -CH,), 6.02 (s, 1H,
-CH), 7.20-8.69 (m, 10H, Ar-H and NH), 5 11.79 (s, 1H, -
NH,); #¥*C-NMR (DMSO-ds, 400 MHz): § 14.0, 61.9, 69.1,
74.0, 110.6, 111.1, 115.8, 115.9, 119.1, 122.9, 123.6, 127.1,
134.6, 135.7, 140.6, 143.7, 151.6, 155.6; [M+H]*: 402

Ethyl-3-amino-1-(1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-carboxylate (5f)

M.p.:>220 °C; IR (KBr): 3112-3453 cm™* (broad, medium,
-NH group), 2204 (sharp, strong, -CN group), 1668 cm™
(sharp, strong, -CO of amide group ), 1672 cm™ (sharp,
strong, -CO of amide group) ; 'H NMR (DMSO-ds, 400
MHz): § 1.24 (t, 3H, -CHs ), 4.18 (q, 2H, -CHy), 5.42 (s, 1H,
-CH), 7.22-8.68 (m, 11H, Ar-H and NH), 5 11.78 (s, 1H, -
NH,); C NMR (DMSO-ds, 400 MHz): § 15.3, 55.2, 60.5,
68.1, 110.3, 111.4, 115.0, 117.2, 122.0, 123.5, 127.2, 133.0,
134.9, 137.3, 142.5, 144.5, 150.1, 156.4; [M+H]*: 403

Ethyl-3-amino-1-(1-methyl-1H-indol-2-yl)-5,10-dioxo-5,10-di-
hydro-1H-pyrazolo[1,2-b]phthalazine-2-carboxylate (5g)

M.p.:>220 °C; IR (KBr) 2213 (sharp, strong, -CN group),
1664 cm™ (sharp, strong, -CO of amide group ), 1683 cm
(sharp, strong, -CO of amide group) ; *H NMR (DMSO-ds,
400 MHz): 6 1.12 (t, 3H, -CHz), 2.24 (s, 3H, -CHs), 4.00 (q,
2H, -CHy), 5.42 (s, 1H, -CH), 7.22-8.64 (m, 11H, Ar-H and
NH,); C NMR (DMSO-ds, 400 MHz): § 15.3, 22.5, 56.3,
61.4, 67.0, 111.4, 1135, 114.7, 118.0, 122.0, 122.7, 125.0,
132.4, 134.6, 138.0, 144.1, 1435, 152.2, 153.5; [M+H]*:
417

Ethyl-3-amino-1-(1-ethyl-1H-indol-2-yl)-5,10-dioxo-5,10-
dihydro-1H-pyrazolo[1,2-b]phthalazine-2-carboxylate (5h)

M.p.:>220 °C; IR (KBr): 2215 cm (sharp, strong, -CN
group), 1666 cm™ (sharp, strong, -CO of amide group ),
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1673 cm (sharp, strong, -CO of amide group); *H NMR
(DMSO-ds, 400 MHz): & 1.18 (t, 3H, -CHs ), 1.69 (t, 3H,
CHs) 2.39 (g, 2H, -CHy), 4.15 (g, 2H, -CHy), 5.26 (s, 1H, -
CH), 7.22-8.93 (m, 11H, Ar-H and NH,); 3C NMR
(DMSO-dg, 400 MHz): § 15.2, 19.4, 23.6, 54.3, 60.2, 68.4,
111.5,111.7,114.0, 118.1, 122.3, 124.1, 126.8, 133.4, 134.9,
138.1, 144.2, 145.5, 151.6, 154.6; [M+H]*: 431

CONCLUSION

In summary, a novel method to prepare 3-amino-1-(5-
nitro-1H-indol-2-yl)-5,10-dioxo-5,10-dihydro-1H-
pyrazolo[1,2-b]phthalazine-2-carbonitrile  and  related
derivatives have been developed by the reaction of phthalic
acid, hydrazine hydrate, indole-3-carboxaldehydes and
malononitrile/ethyl cyanoacetate in the presence of EtsN and
glycerol mediated at 100-105 °C for 30-60 min. This one-
pot reaction proceeds in a short time with good yields and
the desired products obtained without using column
chromatographic purifications.
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Synthesis of graphene oxide an reduced graphene oxide
SYNTHESIS OF GRAPHENE OXIDE AND REDUCED
E B GRAPHENE OXIDE FROM INDUSTRIAL GRAPHITE FOIL
WASTES

Section B-Research paper

N. G. Barbakadze,[@" V. G. Tsitsishvili,[@ T. V. Korkia,[® Z. G. Amiridze,J N. V.
Jalabadze® and R.V. Chedia®

Keywords: graphite foil wastes, Hummers method, graphene oxide, reduced graphene oxide

Powdered graphite foil wastes (pGFW) were successfully used for the synthesis of graphene oxide (GO) and reduced graphene oxide
(rGO). The remaining graphite foil pieces (wastes) are expanded graphites and their chemical oxidation to GO or to obtain graphene can be
conducted using known methods. A fraction with a particle size of <140 um was obtained by wet and dry grinding. The EDX analysis
showed that the powder consists of carbon and oxygen only. The paper presents results obtained in pGF oxidation using low-temperature
(~0°C; KMnO4—NaNO3z-H2S04) and relatively high-temperature (~50°C; KMnOsH2SO4) modes. In case of low-temperature mode
oxidation of pGFW the C/O ratio (at.%) is 61:38. In case of their reduction with ascorbic acid the C/O ratio is 81:19. The method of
synthesis of GO and its separation from the reaction mixture were partially corrected. Sulfuric acid and ions (K*, Na*, and Mn*?) can be
removed using 5-fold decanting (2 times H20, 3 times 5% HCI solution). A 5 % solution of HCI precipitates GO-flakes in 7-10 min and,
thus, the process of removing the main impurities is accelerated. From decanted solutions, GO was reduced to the rGO with ascorbic acid at

80°C. By the high-temperature treatment of rGO received from graphite foil wastes graphene is obtained with a defective structure.
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Introduction

Due to their unique physical-chemical properties, use of
compounds with carbon 2D and 3D structures are great
importance and perspective. The graphene oxide (GO) and
the reduced graphene oxide (rGO) are graphite graphene-
monolayer oxidation products that have organic functional
groups; therefore their future functionalization or joining
(immobilization) in organic or inorganic precursors may be
performed. There are many organic—organic, organic-
inorganic, inorganic—inorganic composites  containing

graphene structures and they have a wide area of application.

Both, natural and synthetic graphite can be used to prepare
these materials, but the natural graphite is cheaper, therefore
the natural flake graphite powders with a particle size of less
than 400 pwm are mostly used in industry or laboratory
practice. Purification of the natural graphite from impurities

is carried out by separation or flotation, chemical processing.

For example, by the enrichment of raw ore containing 68%
C graphite is obtained after enrichment with 97.68% C
graphite content, which can be sued in the synthesis of GO
and rGO.! Thorough cleaning of graphite is necessary,
because the impurities in it could be found in targeted
products.?
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In general, GO and rGO structural-morphological
properties depend on the used graphite nature, powder
particles size, oxidation and reduction methods, thermal
treatment conditions, etc. Accordingly, GO and rGO
physical-mechanical properties or chemical composition
changes within a wide range. The use of different precursors
of graphite for GO synthesis is discussed in many scientific
sources.® Dependence of oxidation degree, hydrophilicity
and microstructure of GO prepared on nature of graphite
precursors were studied with using flake expendable and
microcrystalline graphite precursors. It is estimated that the
GO prepared on the basis of expandable graphite is
characterized by a higher degree of oxidation than in case of
microcrystalline graphite.*

GO could be obtained by a modified Hummers method
from synthetic graphite powders. The graphite powder SP-1
was washed with NaCl solution, then oxidized with
KMnOsH,SO. at low temperatures (<20 °C).°> For the
synthesis of GO it was successfully used expanded graphite.
The process of synthesis was done below <20 °C in
KMnO,~H,SO, system [6]. In contrast to other works, GO
could also be extracted from low-grade coal and wood
charcoal. Extraction was conducted with the dilute nitric
acid and by the neutralization of extract with sodium
hydroxide. Obtained GO is used in Alzheimer drug
encapsulation.”

One of the interesting methods for GO synthesis is the
improved Hummers method, where flake graphite oxidation
is performed with KMnOs—H,SOs~H3;PO4 mixture at 50 °C
and at a ratio of HSO4/H3PO4= 9:18, and the optimized
conditions led to GO in 3 h.
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GO and rGO could also be obtained from commercial
expanded graphite with grain size Dsp ~ 15 um. GO was
obtained by a new modified Hummers method. At the initial
stage the powder of graphite and potassium permanganate is
mixed, cooled and then 98 % sulfuric acid is added.’® The
synthesis ends in a relatively short period of time since the
particles of the graphite powder used were small.

Expanded graphite was also used in 10-30 um size.! The
synthesis was conducted using ultrasonic cleaner used after
the reaction is terminated with water (90 °C, 10 min). Thus,
for obtaining of the GO and rGO, natural and synthetic
graphites, graphite intercalated with different compounds
and expanded graphite can also be used. It is established that
the reduction of the GO obtained from the samples of the
different types of graphite are formed graphenes, in which
the number of layers was very different (1-10 layers or
more).12-16

Flexible graphite foils in various thickness and width are
used in modern technologies (chemical, petrochemical,
metallurgical processes, for the production of ceramic
composites).t” The remaining graphite foil pieces (wastes)
are expanded graphites, and their chemical oxidation to GO
or to obtain graphene can be conducted using known
methods with some adjustments.’®* The purpose of the
present work is studying on the usability of wastes of the
graphite foils as the precursors for GO and rGO synthesis.

Experiments

Flake graphite, KMnO4, NaNQOs, H2SO4 (98 %), HCI (37
%), HI (57 %) and ascorbic acid were purchased from
Sigma Aldrich. The morphology of the samples was studied
by optical and scanning electron microscopes (Nikon
ECLIPSE LV 150, LEITZ WETZLAR and JEOL JSM-
6510 LV-SEM). Samples X-ray diffraction (XRD) patterns
were obtained with a DRON-3M diffractometer (Cu—K,, Ni
filter, 2°/min). After purification, graphite foil powders were
analyzed using EDS.

Obtaining of powdered graphite foil wastes (pGFW)

The initial powders were obtained by grinding of flake
wastes in water (blender). After drying the powder, that was
still dry ground using a laboratory mill. Removal of
impurities from the powders was carried out with chemical
reagents and their subsequent sifting fractions with particles
<140 pum were collected. From these powders, the graphene
oxide was obtained with different oxidation systems
(KMnO4—NaN03—H2804 and KMI’]O4—H2504).

Graphene oxide synthesis with Hummers method

In details, 0.75g NaNOs; and 80ml of 98% sulfuric acid
were added to 1 g of pGFW. The reaction mixture was
cooled up to -2 — +1 °C and stirred for 30 min. Over the next
50 min, 6 g of KMnO, was added. The temperature was left
to raise until room temperature (3 h) during stirring, and the
mixture was further stirred for half an hour at 35-40 °C. The
reaction mixture was diluted with 100 ml of cold water,
keeping the temperature below 90°C, and then stirred at this
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temperature for 30 min. The mixture was diluted to 300 ml.
Residual amount of potassium permanganate was removed
by 3 % hydrogen peroxide solution. A yellowish suspension
of graphite oxide was obtained, its color gradually changed
to dark brown.

The resulting suspension was left to stand for 20 min, then
the precipitate was removed by decantation. This operation
was repeated twice. For the rapid precipitation of graphene
oxide from the suspension, a 5 % solution of hydrochloric
acid (300 ml) was added. Decantation was repeated 3 times
in 10 min intervals. An aqueous gel-like mass was obtained
by centrifuging and washing the sediment, the pH was
between 5 and 6. The sediment was washed with acetone 3
times and is dried in vacuum at 70 °C for 4 h. The decanted
solutions contained 12-17 wt.% of GO. Its reduction to the
rGO was conducted with ascorbic acid. For this purpose, the
decanted solutions were mixed with 1 g of ascorbic acid and
heated until 80 °C. The brown solution darkens rapidly due
to the formation of reduced graphene oxide. rGO
precipitation occurred when the reaction mixture was cooled
(10 min). The precipitate was filtered, washed with sodium
bicarbonate solution, then with water until reaching pH = 6,
acetone (x3) and dried in vacuum at 70 °C.

Oxidation of pGFW with KMnO4—H,SO, system

For oxidation of pGFW, we used a simplified oxidation
system of KMnOs—H,S04.° In more details, 40 ml of 98 %
sulfuric acid is added to 1 g pGFW (<140 pm) in a glass
reactor The mixture was stirred at 35-40 °C for half an hour
and 3 g of potassium permanganate was added at 40-45 °C
under 1 h (the temperature can reach 50°C). The mixture
was stirred for 3 h. A gray viscous mass was obtained,
which was cooled to 10°C and 100 ml of ice-water was
added to the glass reactor. A sharp change in the
temperature of the reaction mixture was not observed while
adding the water. After adding 3-4 drops of hydrogen
peroxide (30 %), the reaction mixture becomes sharp
yellow. Isolation of graphene oxide from the suspension and
receiving of rGO from decanted solutions was carried out
using the way mentioned above.

Results and discussion

Graphite foil wastes from various technological processes
are contaminated with various types of organic and
inorganic compounds which can be removed with various
methods after grinding the waste. The graphite foil wastes
used in our experiments contained about 6% oxygen and
some other elements as well (Figure 1). After their wet
grinding, a powder with a particle size of <1 mm was
obtained, and the amount of fine fraction (<50 um) does not
exceed 6-8 %. In the case of dry grinding of these powders,
a fraction with a particle size of <140 um could be obtained,
which was treated with various reagents to remove the
impurities. As the EDX analysis showed, the powder
produced consisted of carbon and oxygen (Figure 2).

The SEM image shows that each particle of the powder is
composed of layers rolled on each other and had different
forms. The thickness of the sheets were found to be ~0.5
pm (Figures 1 and 2).
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11l \Y)

Figure 2. SEM image (I and I11) and EDX spectrum (Il and
IV) of pGFW and purified (chemically) pGFW

Oxidizing reagents can easily penetrate the layers and
intercalation or functionalization-oxidation processes can be
occurred resulting in graphite oxide. Using of pGFW with a
particle size of 200-500 um to prepare of GO and the rGO
may also possible.

The GO synthesis from pGFW was conducted using the
same methods as in case of other types of graphite
precursors. The KMnOs~H;SO, and KMnO,NaNOs-
H.SO4 systems were tested in the pGFW oxidation using
low-temperature (~0 °C; KMnOs~NaNOs;-H,SO4) and
relatively high-temperature (~50 °C; KMnOs—H;SO4)
modes. The characteristic XRD peak of pGFW at
20=26.45-26.50° completely disappears during the
oxidation process (Fig.3) due to complete oxidation of
pGFW into graphite oxide. XRD analysis also confirmed
that both oxidation methods led to the GO-phases
characterized with the peaks located at 260 = 10.90 and
10.60°, respectively (Fig. 3). The obtained results
correspond to the available data of processes used flake
graphite or expanded graphite as a precursor.***# In case of
low-temperature mode oxidation of pGFW, the C/O ratio
(at.%) was found to be 61:38. During its reduction with
ascorbic acid, the C/O ratio was modified to be 81:19. The
peak of GO at 2@ = 10.90° completely disappeared during
the reduction process and appeared a broad diffraction
maximum for rGO at 26=23.80°.
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Intensity

Figure 3. XRD patterns of graphite foil (la), GO (Ib), rGO (Ic),
and pGFW (lla), GO (llb), rGO (lic). GO was obtained by
oxidation of pGFW with KMnOsNaNO3-H2SO4 (Ib) and with
KMnO4—H2S0x4 (lIb).

When the pGFW was oxidized in a high temperature
mode (~50 °C, KMnO,-H;S0s), the C/O ratio (at.%) was
found to be 64:35. In case of its reduction with ascorbic
acid, rGO is obtained and the C/O ratio (at.%) was changed
to 80:20. The diffraction peak at 2@ = 10.6° disappeared and
two peaks of rGO appeared at 20 = 21.2 and 23.7° (the
sample was dried in vacuum at 150 °C in 2 h).

During the reduction of GO to rGO by the different
methods, the diffraction peak maximums appeared at
different values of 2@ between 20.0 and 26.6°.41%14 The
location of the peaks depended on the rGO drying
temperature and shifted to higher values with increasing
that. Using the hydroiodic acid solution (57 %) to reduce
GO obtained by us, this diffraction maximum could be
detected at 26=23.7°. Natural flake graphite pGFW
oxidation required 8-15 % more sulfuric acid because the
viscosity of the reaction medium, but it confirmed that the
powder oxidation process effectively passed using 93-95 %
sulfuric acid as well because it is cheaper and easier
available than the concentrated H.SO, (98 %).

I v

Figure 4. SEM image (I and II1) and EDX spectrum (Il and 1V) of
GO platelets and rGO sheets, respectively.
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The method of synthesis of GO and its separation from the
reaction mixture was partially corrected in a way that the
experiments would finish after 8-10 h only. Sulfuric acid
and metal ions (K*, Na*, and Mn*?) were removed with
decanting (2 times with H,O, 3 times with 5% HCI
solution). A 5 % solution of HCI precipitates GO-flakes in
7-10 min, thus, the process to remove the main impurities
could be accelerated. Subsequent GO purification was
carried out using traditional centrifuging and washing
methods.

It is confirmed that the received GO (Figure 4) contains
sulfur and chlorine as impurities, S:Cl atomic ratio (at.%)
was found to be 0.7:0.3. A similar result was obtained using
flake graphite (0.7-2.8):(0.6-0.8).2° These impurities can
be removed during the reduction process of GO. The
decanted solutions contained 12-17 wt.% GO, but the large
volume of the solutions complicated the separation.

It is easier to remove the GO from these acidic solutions
in its reduced form. In strong acidic solutions, GO can be
reduced to rGO using various chemical reagents.!>'® We
selected ascorbic acid to reduce GO in solutions to rGO
(Figure 4) at 80°C. The EDX analysis confirmed the
completeness of reduction and elimination of the chlorine
and sulfur-containing contaminants. [

Using a high-temperature (1000-1500°C) thermal
treatment, the reduced graphene oxide can be transformed
into graphene with a defect structure.

Conclusions

Grinding of waste industrial graphite foils resulted in
graphite powders (pGFW) with a particle size of <140 um,
which oxidation to obtain GO was carried out with KMnO,—
NaNOs—-H,SO, oxidation system (Hummer method). The
C/O ratio in GO and its ascorbic acid reduced from (rGO)
were found to be 61:38 and 81:19, respectively. It was
confirmed that GO could also be obtained from pGFW using
KMnO,~H,SO, system as well at 50 °C. Industrial wastes of
graphite foils were found to be appropriate precursors for an
eco-friendly synthesis of GO and rGO, which can be
transformed into graphene by thermal treatment at high
temperature.
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