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Abstract. Results of a comparative study of the crystal structure of carbon components in nanodispersed liquid colloidal
solutions based on natural graphite (NG) and carbon black, obtained by grinding combined with chemical cleavage
(oxidation with a mixture of nitric and sulfuric acids), are presented. For the studied samples, structural features, average
particle size, electrical conductivity and diffuse reflectance coefficient were determined. The studies revealed fundamental
differences in both the structure of the carbon components of the colloidal solutions based on NG and carbon black, and
the properties of coatings produced from them. In the case of NG, this is nanodispersed graphite, which retains the
structure of the original NG even after grinding and chemical cleavage. Despite the destruction of the original crystallites
along the basal planes, few-layer graphene particles were not found, and the resulting particles are NG nanocrystallites
with a three-dimensionally ordered crystalline structure. The carbon component of the carbon black-based colloidal
solution is also a nanodispersed polycrystalline graphite-like material, but has a turbostratic structure inherent to the
original carbon black. These structural differences lead to fundamental disparities in coating properties from NG- and
carbon black-based colloidal solutions, with surface electrical resistance of 5.10 and 55,600 kOhm~sq.71, respectively.
For NG, coating reflectivity at a 60° light beam incidence angle was 3.0-5.0%. However, in the case of carbon black,
reflectivity at 60° was 0.2—0.3%, which is anomalously low for carbon materials.
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AnHoTanus. IpeacraBieHsl pe3yIbTaThl CONOCTABUTEIBHOTO UCCIEIOBAHMS KPUCTAJUIMIECKON CTPYKTYPHI YIIIEPOIHBIX
COCTaBIIIONINX HAHOJMCIIEPCHBIX XKUIKAX KOJUIOMIHBIX TPENapaToB HAa OCHOBE E€CTECTBEHHOTO NPHPOTHOTO rpaduta
(ET’) 1 caxkn, NOJTYYEHHBIX METOJOM HM3MEIbUYEHHUS B COYCTAaHHUH C XUMHUYECKHM pacCIIeIUIeHHEeM (OKHCICHHE CMECHIO
a30THOM M cepHOW kucior). st uccineayeMbix 00pas3loB ONpeAessiiii 0COOEHHOCTH CTPYKTYPHOTO CTPOCHHS, CPEeIHHUI
pasMep 4YacTHI, DJIEKTPONPOBOAHOCTh M KOd(h¢uuueHtT muddysHoro orpaxenus. B pesynbrare uccienoBaHui
YCTAHOBJICHO CYHIECTBOBAHUC IMPUHIUITAAIIBHBIX pa3ﬂnq1/1171 KakK 10 CTPYKTYPC YTVIEPOAHBIX COCTABIAIOIIUX KOJIJIOUMIHBIX
pactBopoB Ha ocHoBe EI' M caxu, Tak W MO CBOMCTBAM M3TOTOBJIEHHBIX M3 HHUX MNOKpbITHH. B cimywae EI' — sto
HAHOJWCIICPCHBIA TpadUT, NaXKe IOCIe HW3MENBYCHHUS W XUMHYCCKOTO PACIICIUICHHS, COXPAHSIONIMNA CTPYKTYPY
ucxomnoro EI. HecmoTps Ha paspylleHHe HCXONHBIX KPHCTAUIUTOB IO Oa3WCHBIM IUIOCKOCTSM, OOpa3oBaHHS
MAJIOCIIOWHBIX, Tpa)eHOBBIX YACTHII HE NPOMCXOOUT, ¥ 00pa30BaBIIMECS YACTHIBI MPEACTABISAIOT COOOM
HaHOKpUCTALTUTEL EI' W WMET TpeXMepHO YHOPSAAOYEHHYIO CTPYKTYpy. YTIepomHas COCTaBISAIOIIAs Ca)KEeBOTO
KOJJIOWZHOTO PAcTBOpa TAKKE SBISETCS HAHOIMCIIEPCHBIM ITOJUKPHCTAIMYECKAM TPapUTONOZOOHBIM MaTEpUaIIOM,
OHAKO HMEeT TypOOCTPaTHYIO CTPYKTYypy, MNPHUCYIIyI0 HUCXOmHOW caxe. CTIPyKTypHBIE pPa3iId4us TPUBOIAT
K IPUHLMIINAIBHONW pa3HULIE B CBOWCTBAX MOKPBITUH, [TOJyUYEHHBIX U3 KOJUIOMAHBIX PAcTBOPOB Ha ocHOBe EI' u caxku mno
MOBEPXHOCTHOMY aiiekTpoconporusienuto (5,10 u 55600 kOwm/kB. coorBerctBenHo). st EI' orpaxarenbHas
CrocoOHOCTh TMOKPBITHIA TpU yrie HakioHa cBeroBoro Jyda 60° cocraBmsuia (3,0 —5,0%). Oanako ans caxwu
OTpakaTesibHasl CIIOCOOHOCTh MOKPBITHI MPH YIJIe HAaKIOHA cBETOBOro Jiyua 60° cocrasisuia 0,2 — 0,3 %, uTo sBisieTCS
aHOMAJIBHO HU3KHM IS YTTICPOJIHBIX MATECPUAIIOB.

KnaioueBble cjI0Ba: KOJUIOMIHBIE pAacTBOPBI; E©CTECTBEHHBIH TrpaduT; caxa; KpUCTAUIMYECKas CTPYKTYpa;
PEHTI€HOCTPYKTYPHBIH aHallM3; PaMaHOBCKas CIIEKTPOCKOIMS; JHHAMHYECKOE CBETOPACCESHHE; 3JIEKTPOIPOBOIHOCTD;
K03(h(pUIMEHT OTpaKEHHUSI.

s nurupoBanusi: Goncharova NN, Samoilov VM, Danilov EA, Nakhodnova AV, Kleusov BS, Gudkov MV,
Novosadov NI, Goncharova VA. Investigation of the crystal structure, morphological and dispersion properties of carbon
components of colloidal solutions based on natural graphite and carbon black. Journal of Advanced Materials and
Technologies. 2026;11(1):043-056. DOI: 10.17277/jamt-2026-11-01-043-056

1. Introduction Over the years, fundamental changes have
occurred in the raw material base of the carbon
industry, necessitating adaptation of technological
processes to new sources. Due to the expansion of
application areas for colloidal preparations,
requirements have changed both for carbon
components and the properties of the solutions
themselves. However, the most radical changes have
occurred in modern research and control methods for
nanodispersed systems, most of which were not used
in developing traditional colloidal preparation
technologies. More recent publications often focus on

Most domestic technologies for producing
colloidal graphite and colloidal carbon black
solutions using chemical cleavage were developed
quite some time ago [1, 2]. Currently, nanodispersed
carbon-containing colloidal solutions are highly
promising for use in various fields of science and
technology, including chemical, mechanical
engineering, metallurgy, and other industries [2-8],
rubber production [7, 8], as well as medicine [9, 10]
and electronics [11, 12]. Carbon-based colloidal

preparations exhibit good lubricating properties and
low friction coefficient, retaining these properties at
elevated temperatures, allowing their use as
modifying agents [1-8], including in nanocomposites
[4,5]. Their advantage is the ability to form
chemically inert films and coatings with high
adhesion to the substrate upon drying. Such coatings
typically possess stable electrical conductivity,
along with a range of other interesting electronic
and optical properties [1-5, 11, 12].

colloidal systems based on other starting materials
(oxidized graphite, nanotubes, etc.), including those
obtained in organic media or ionic liquids [13—17].

The aim of this work is a comparative study of
the crystalline structure of carbon components in
alcohol-based colloidal solutions based on natural
graphite (NG) and carbon black, as well as properties
of colloidal preparations based on them, to restore
lost technology for materials used in special
equipment according to old specifications.
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2. Materials and Methods

2.1. Starting materials
and sample preparation method

Natural graphite grade “GSM-2” (JSC “Graphite
Service”, Chelyabinsk) was used to prepare colloidal
solutions based on NG. A weighed portion of
graphite was ground in a IVCh-3 vibrational grinder
for 60 min, with predominantly abrasive-crushing
loads during grinding. The ground graphite was
sieved through a vibrating sieve with a 63 pm mesh
size to break up agglomerates and homogenize it.
The resulting powder was treated with a mixture of
nitric and sulfuric acids for 2-3 hours at room
temperature and 45 min at 150 °C. The suspension,
cooled to room temperature, was then repeatedly
rinsed with distilled water until pH reached
approximately 6—7 (washing by decantation).
The resulting solution was dried to constant weight at
120 °C in an ES-4610 drying oven (Ekos, Russia)
equipped with forced circulation. The dry residue was
dispersed in ethanol using an ultrasonic bath
SONOREX SUPER RK 100H (Bandelin, Germany).

Colloidal solutions based on “T-900” carbon
black grade were prepared in a similar manner.

2.2. Methods for determining
sample properties

The concentration of the carbon component in
colloidal solutions was determined by the mass of dry
residue, via evaporation of the liquid dispersion
medium at 120 °C in an ES-4610 drying oven.

Dynamic viscosity of colloidal carbon black and
colloidal graphite solutions was measured using
a spindle rotational viscometer FUNGILAB EVO
EXPERT. Prior to measurements, a 50 mL sample
underwent additional dispersion in an ultrasonic
laboratory disperser MEF 98 (LLC “Melfiz”,
Moscow) at a working frequency of 28 kHz and
ultrasound intensity of 250 W-em 2 for 5 min to
prevent thixotropy typical of such solutions.

Particle size distributions were determined using
a Malvern Instrument Zen 1600 by dynamic light
scattering. For analysis, 2 mg of suspension
(concentration 55 mg-L_l) was mixed with 500 mL
distilled water, followed by final ultrasonic disperser
MDOF 98 treatment for 2 min.

Optical density of graphite colloidal solutions was
determined using a “SF-2000” spectrophotometer in
the wavelength range 190-1100 nm [9, 10]. Samples
of colloidal graphite and colloidal carbon black
solutions at 55 mg-Lﬁ1 concentration underwent final
ultrasonic disperser MEF 98 treatment for 5 min.

Specific surface area of the original graphite and
carbon black powders was determined by physical
nitrogen adsorption on solid surfaces and BET
method calculation per Russian Standard 13144-79.
Specific surface area of graphite particles in
suspension was determined by methylene blue
adsorption method, involving titration of graphite
suspension with 0.3 % methylene blue solution in the
presence of sulfuric acid presence. Specific surface
areca was calculated based on methylene blue
consumed for sample titration.

Dry residue samples from NG and carbon black
suspensions were studied by Raman spectroscopy
using a confocal Raman microspectrometer in Via
Reflex (Renishaw, UK) at 532 nm wavelength (solid-
state Nd:YAG laser with diode pumping). Laser
power did not exceed 1 mW, with a laser spot
diameter of ~5 pm. Signal acquisition time was 5 s,
with 30 spectra recorded per sample. Prior to
analysis, a sample (at least 0.1 mL) was placed liquid
on a monocrystalline silicon substrate plate and dried
with hot air. Data determined positions of main D, G,
and 2D lines, and intensity ratios Ip/lg and Irp/lg
[18-22].

X-ray structural analysis was performed on a D8
Advance powder diffractometer (Bruker, Germany)
using copper K, radiation (A=0.15418 nm) in
020 scanning mode. Scan step was 0.02°, speed
10°min~" for graphites and 2°min' for carbon
black. Samples were applied to polycrystalline silicon
substrates prior to analysis. Diffraction data
determined interplanar spacing dygy, L. parameter
(coherent scattering region perpendicular to layer),
and graphitization degree g [23, 24].

The degree of graphitization is calculated using
formula (1):

(0.344—d )

¢ (0.344-0,335)
where 0.344 nm is the interlayer distance of
a substance with a completely disordered structure;
0.335 nm is the interlayer distance of a graphite
monocrystal; and dyg; is the interlayer distance of the
studied material, nm.

Surface electrical resistance of coatings with
thickness of at least 6 um was determined by the
four-electrode method using a specially assembled
setup compliant with the main methods for
controlling surface and specific resistance of films
based on carbon nanotubes (CNT) per Russian
Standard IEC/TS 62607-2-1-2017 [25].
Measurements were performed on pairwise
independent terminals of the source-meter.

M
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(@)

Fig. 1. Appearance of coatings based on colloidal solutions of NG (@) and carbon black (b) on a glass substrate

For specific resistivity evaluation, film thickness
was measured using an Absolute C112XBS
micrometer (Mitutoyo, Japan) with 1 pm accuracy.
The film sample was applied to glass and pressed in
a cell with a counterpiece (also made of polished
polymethyl methacrylate). Current supply to outer
electrodes (/14) and voltage difference measurement

between inner electrodes (V>3) were performed using
a precision source-meter B2901a (Keysight, USA)
with compensation for source current/voltage leakage
resistance. Full volt-ampere characteristics of
samples were measured, and V>3/lj4 values were
determined in the linearity range. To minimize
thermo-emf error, measurements were conducted
pairwise with current direction reversal and result
averaging [26].

Surface electrical resistance of the coating was
calculated using formula (2):

,
p=2ns—F,, @)
o

where p is surface electrical resistance, Q-m; s is

sample thickness, m; F;=0.706 is a correction factor
depending on sample size, inter-probe distance,
conductive film thickness, and probe-to-edge
distance [26].

Diffuse reflectance/transmittance coefficients of
coating samples were determined  spectro-
photometrically using a Cary-5000 UV-VIS-NIR
spectrophotometer with UMA accessory (Agilent,
USA). Pre-treated ultrasonic disperser colloidal
solutions based on NG and carbon black were
airbrushed onto cleaned microscope slide surfaces to
form continuous uniform opaque coatings on one side.

General view of samples for Raman spectra
recording, as well as for surface electrical
conductivity and diffuse reflectance coefficients R
measurements based on NG and carbon black, is
shown in Fig. 1.

Sample measurements were performed at the
center using “Full” light beam without diaphragm,
with 1 nm wavelength step, and “Auto/3” energy

(®)

level. Diffuse reflectance coefficients R were
measured at incidence angles on coating surface of
6°, 15°, 30°, 45°, 60° (full angles relative to light
source and detector axes were 12°, 30°, 60°, 90°, and
120°, respectively). Note that 25-650 and
650-2500 nm ranges use different light sources, with
data recorded by detectors of varying sensitivity,
causing observed “jump” at 650 nm and below.
The data obtained in this range reflect only
qualitative reflectance changes.

3. Results and Discussion

Raman spectra of initial, ground, and ground-
then-oxidized “GSM-2" graphite and “T-900” carbon
black samples are shown in Figs. 2 and 3. Numerical
values of selected parameters from Raman spectra
(Figs. 2 and 3) are given in Table 1.

The main parameters of the Raman spectra of
NG and carbon black: the position of the main peaks
G, D and 2D (op, oG 1 ®yp), as well as the ratios of

their integrated intensities (Ip/lg, Ig/lhp), are given
in Table 1.

The Raman spectra of NG samples shown
in Fig. 2 before and after grinding are typical for
graphite-like materials [18-22]. The /Ip/l; ratio
remains low (~0.5, see Table 1), even after chemical
cleavage, which is uncharacteristic of few-layer
graphene particles that exhibit l,p/lg~1 [19, 22].
In the spectrum of initial NG, the D peak has low
intensity, indicating low defectiveness of the crystal
structure. After intensive grinding and subsequent
chemical cleavage, the D peak intensity increases
(see Fig.2b,c), signaling increased crystalline
structure defectiveness relative to initial NG,
consistent with literature data [18-22].

In the Raman spectrum of NG after chemical
cleavage, a supplementary peak appears at ~1620 cm !
near the G band (1575 cmﬁl). This peak, typically
called D' in literature [25-27], has unclear origin.
It is absent in highly oriented pyrolytic carbon and
glassy carbon samples [18, 28], but present in
nanocrystalline  graphite subjected to neutron

46 Goncharova N.N., Samoilov V.M., Danilov E.A., Nakhodnova A.V., Kleusov B.S. et al.
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Fig. 3. Raman spectra of T-900 carbon black samples: (a) initial material; (b) after grinding; (c) after chemical cleavage

Table 1. Main parameters of the Raman spectra of NG and carbon black

Sample Position of peak D, Position of peak G, Position of peak 2D, Ip/lg, bpl/lg,
P cm' cm cm” rel. units  rel. units

Graphite GSM-2, initial 1352 1579 2705 0.163 0.626
Graphite GSM-2, ground 1352 1575 2695 0.495 0.378
Graphite GSM-2, ground,
after chemical cleavage 1351 1576 2691 0.528 0.412
Carbon black T900, initial 1366 1589 — 2.265 -
Carbon black T900, ground 1364 1590 - 2.135 -
Carbon black T900, ground,
after chemical cleavage 1362 1590 - 2.070 -

irradiation, where its intensity grows with irradiation
dose and crystallite size reduction due to defect
increase [25-27]. In chemically cleaved graphites,
such defects primarily include in-plane defects like
monovacancies, divacancies, and Stone-Thrower-
Wales defects, etc. [27, 29].

Raman spectra of initial carbon black are also
typical for carbon materials with turbostratic structure
and low crystal perfection [30-32]. The 2D peak is
absent, characteristic of materials with low
graphitization degree [30]. Observed spectra match
carbon black produced at 1000-1500 °C [30-32].

Grinding and chemical cleavage cause minimal
changes to initial carbon black crystal structure
(see Fig. 3b, ¢).

Diffraction patterns of initial, ground, and
ground-then-chemically-cleaved “GSM-2” graphite
and “T-900” carbon black are shown in Figs. 4 and 5,
respectively; numerical values of obtained crystal
structure parameters are given in Table 2.

In the diffraction patterns of initial NG, two
intense lines corresponding to (002) and (004)
reflections are observed. The (004) line represents the

K, doublet of the characteristic X-ray tube spectrum.
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Fig. 4. Diffractograms of GSM-2 graphite samples: () initial material; () after grinding; (c) after chemical cleavage

In diffraction patterns of ground and ground-
then-oxidized graphite, diffraction lines shift toward
lower angles, primarily due to significant reduction in
sample texturing after grinding. The intensity of the
(002) diffraction line sharply decreases after grinding
and chemical cleavage, as particle size reduction of
initial NG, accompanied by decreased crystal
structure perfection, weakens diffracted radiation
intensity and broadens diffraction maxima [33, 34].
However, the interlayer spacing remains virtually
unchanged (see Table 2), confirming that the material
remains graphitic in structure.

In carbon black diffraction patterns, two lines
are observed: (002) and (011). Broad lines
correspond to high structural defectiveness of carbon
black. X-ray structural analysis data were used to
calculate interplanar spacing dygp, L. size (along
(002) direction), and graphitization degree. Results are
presented in Table 2.

According to Table 2 data, intensive NG
cleavage occurs already in ground samples,
apparently due to predominant abrasive-crushing
loads, and continues during chemical cleavage.
However, dy; increase typical for high-load milling
[33, 34] does not occur.

48 Goncharova N.N., Samoilov V.M., Danilov E.A., Nakhodnova A.V., Kleusov B.S. et al.
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of T-900 carbon black samples:
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(b) after grinding;

(c) after chemical cleavage
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Table 2. Results of X-ray diffraction analysis of NG and carbon black

Sample doo2, Nm g, % Lq, nm N*
Graphite GSM-2 initial 0.3355 99 164 460
Graphite GSM-2 ground 0.3358 96 45 130
Graphite GSM-2 ground, after chemical cleavage 0.3358 96 26 70
Carbon black T900 initial 0.3683 1.3 4
Carbon black T900 ground 0.3688 1.3
Carbon black T900 ground, after chemical cleavage 0.3690 1.4 4

Thus, based on L. values (see Table 2), initial
NG crystallites contain ~460 graphene layers (N*),
reducing to ~130 layers after grinding and ~70 layers
after chemical cleavage. Note that the latter estimate
applies to larger graphite particles least affected by
chemical cleavage, as complete NG cleavage
eliminates the (002) line [34, 35]. It should also be
noted that signs of the formation of graphite oxide
after chemical cleavage in the form of an intense peak
at 20 of the order of 13—-15° [36] are absent in the
diffraction patterns (see Fig. 4b, c).

For carbon black samples, intensive grinding and
chemical cleavage cause virtually no substantial
changes in crystal structure parameters (see Table 2),
apparently due to low sensitivity of X-ray phase
analysis for ~1 nm crystallite sizes [27, 31]. Graphite
oxide formation signs after chemical cleavage
(intense peak at 20 ~ 13—15°) [36] are also absent in
carbon black diffractograms (see Fig. 5b, ¢).

Particle size measurement results for NG- and
carbon black-based colloidal solutions by dynamic
light scattering are shown in Fig. 6. Maximum
particle size

Goncharova N.N., Samoilov V.M., Danilov E.A., Nakhodnova A.V., Kleusov B.S. et al.
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Fig. 6. Particle size distribution in colloidal solutions based on GSM-2 NG («) and T-900 carbon black (b)

for both colloidal graphite and colloidal carbon black
solutions does not exceed 1000 nm, with similar
average sizes of 281 and 301 nm, respectively.

pyrometric high-temperature measurements, reference
values of total emissivity at 300 K [23, 37] confirm
the obtained reflectance coefficients for NG-based

Raman spectra and SEM data of the surface of  coatings.
dry residues of dried colloidal solutions based on NG However, for carbon black-based coatings, the
and carbon black are presented in Fig. 7. As can be  reflectance coefficient drops sharply and the

seen, the ratio of the integrated intensities of the D

and G lines (Ip/lg) on the coating samples differ little
from each other and remain approximately the same
as on the samples dried after chemical cleavage (see
Table 1).

The results of measuring the diffuse reflectance
spectra of coatings based on colloidal solutions of
NG and carbon black are presented in Fig. 8.

As the angle of light beam incidence decreases,
the reflectivity of NG-based coatings decreases.
At maximum light beam incidence angle (60°),
reflectivity in the 6502000 nm range increases from
3 to 5%. Considering graphite is a well-studied
material often used as an “absolute black body” in

dependence pattern changes: in the 650-2000 nm
range, carbon black coating reflectivity increases but
remains within very low values. At maximum light
beam incidence angle (60°), carbon black coating
reflectivity ranges from 0.18 to 0.32 %. These values
are nearly an order of magnitude lower than known
total emissivity values for other carbon materials [23,
37], with minimum reflectance coefficients observed
in highly oriented pyrolytic graphite samples when
infrared radiation is directed at edge faces [23, 37].

In recent years, anomalously low reflectance
values (0.1-0.01 %) have been found in coatings
consisting of vertically oriented carbon nanotubes
[38—40], explained by the simultaneous combination
of high proportion of prismatic faces with deep
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Fig. 9. Scheme of NG (a) and carbon black (b) particle transformation during thermochemical decomposition

nanopores formed by outer walls of adjacent
nanotubes. Such high absorption capacity of colloidal
carbon black-based coatings is difficult to explain.
Presumably, NG and carbon black particle
destruction during chemical cleavage occurs
completely differently, as shown in Fig. 9.

NG cleavage predominantly occurs along basal
planes, and NG-based coating particles' basal planes
are primarily oriented parallel to the substrate
surface, resulting in typical reflectivity for graphite-
like carbon materials [23, 37].

In contrast, due to peculiarities of their
crystalline structure, carbon black particles during
chemical cleavage break into irregularly shaped
segments [41, 42]. Accordingly, carbon black-based
coatings consist of chaotically oriented and very
small crystallites. A significant portion of carbon
black-based coating surface will be formed not only
by poorly oriented basal planes but also prismatic
faces of crystallites. In addition, carbon black is
characterized by a significant volume of nanoporosity
in a wide range of sizes [43, 44], the accessibility of
which increases as a result of chemical
decomposition and destruction of spherical carbon
black particles, which are preserved in the coating.
The combination of nanoporosity-induced channels
and high proportion of prismatic faces apparently
causes near-complete light beam absorption by
carbon black-based coatings.

The data on the electrical conductivity of the
coatings seems to be interesting. Conductivity of few-
layer graphene-based coatings can reach 150—
200 Q-sq.f1 [45, 46], though these data pertain to
coatings from particles not subjected to acid
treatment and intensive grinding. In our case,
NG-based coating surface electrical resistance
measured (5.10 £ 0.05) kQ-sqfl, is comparable to

graphite colloidal preparation “C-1” film produced
per TU 113-08-48-63-90 ((3.81 £0.04) kQ-sqfl).
NG-based film surface electrical resistance proved
substantially lower than carbon black-based films
((55.600 + 3.338) kQ-sqfl), can be explained by
larger NG crystallite sizes and correspondingly
reduced role of contact resistances in charge transfer
within the film.

Notably, despite elevated surface electrical
resistance values of films from preparations obtained
in this work compared to literature data on pure initial
carbon materials [45, 46], our coatings exhibited
noticeable conductivity uncharacteristic of carbon
materials oxidized under more aggressive conditions.
This fact, combined with absence of structural
property changes in dispersed particles related to
basal plane atom oxidation (interlayer spacing
increase), suggests that under selected acid treatment
conditions, oxidation and functionalization primarily
affect edge atoms and prismatic faces. This yields
sedimentation-resistant preparations whose carbon
particles retain main properties of initial carbon
materials, though peripheral functional groups on
colloidal particles increase contact resistances.
Accordingly, film conductivity differences are
explained by crystallite size variations and intrinsic
conductivity of initial carbon materials [47, 48].

Optical properties (reflectance at 60° light beam
angle: 3.0-5.0 % and 0.2-0.3 %), NG- and carbon
black-based films differ sharply, confirming the
earlier conclusion about critical influence of initial
carbon material structure on acid-treated preparation
characteristics.

Main characteristics of obtained colloidal
graphite and colloidal carbon black solutions are
presented in Table 3.
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Table 3. Main characteristics of the obtained colloidal graphite and colloidal carbon black solutions

Characteristic Colloidal graphite Colloidal carbon Standard colloidal graphite solutions
solution black solution TU 113-08-48-63-90 [51]

Dispersion medium Ethanol Ethanol Water
Particle concentration (dry residue), g-L ™ 55 55 Not specified
Ash content, % max 0.3 0.3 1.0-2.0
Average particle size, nm 281.87 310.86 1000-30000
Dynamic viscosity, mPa-s 3.23 1.32 -
S%ecjfic surface area of carbon component, 1839 1944
m--g 10-80*
Reduction  of  carbon  component sk
concentration after 1-hour settling, % max <10 <10 40
Optical density, rel. units 0.651 0.762 -
Surface electrical resistance of 200 pm 5\, o5 55600 + 3338 3.81 £ 0.04
thick coating, kQ-sq.
Coating reflectance (60°, 750 nm), % 32 0.32 53

* experimental data;
** at 15 % mass concentration.

Unfortunately, modern domestic carbon-based
colloidal preparation standardization is clearly
insufficient: Russian Standard 5261 for known
colloidal graphite grades (C-0, C-1, C-2, C-3) has
lapsed; current specifications (e.g., TU 113-08-48-63-90
JSC “Graphite Service”, Chelyabinsk) regulate very
limited parameters, i.e. particle size, ash content,
moisture, etc. Nanodispersed colloidal solutions
obtained in this work contain submicron NG and
carbon black particles, exhibit low dynamic viscosity,
and sufficient stability. Note that during prolonged
storage (> 10-20 days), concentration reduction may
reach several percent, but re-dispersion via
ultrasonication easily restores original preparation
characteristics.

4. Conclusion

Colloidal solutions based on NG and carbon
black contain carbon components fundamentally
differing in crystalline structure. For NG, these are
nanodispersed graphite particles retaining initial NG
structure even after grinding and chemical cleavage.
Despite destruction of original crystallites along basal
planes, few-layer graphene particles do not form;
resulting particles are NG nanocrystallites with three-
dimensionally ordered structure. NG nanocrystallite
surfaces are substantially functionalized, indicated by
high stability of obtained aqueous colloidal solutions
despite low conductivity of resulting coatings.

The carbon black colloidal solution carbon
component is also nanodispersed polycrystalline
graphite-like material but has turbostratic structure

inherent to initial carbon black. Grinding and
chemical cleavage cause virtually no changes in
carbon black crystalline structure parameters.
However, due to small crystallite sizes and disordered
crystal structure, carbon black particle surfaces
undergo substantially greater functionalization than
NG, causing conductivity drop in carbon black-based
coatings compared to NG-based ones.
Low reflectance of carbon black coatings is
presumably linked to primary carbon black particle
destruction during grinding and chemical cleavage.
This combination of factors results in fundamental
differences in coating properties from NG- and
carbon black-based colloidal solutions: surface
electrical resistance (5.10 and 55.600 kQ-sq.fl,
respectively) and reflectance at 60° light beam angle
(3.0-5.0 % and 0.2-0.3 %, respectively).

Preliminary grinding combined with chemical
cleavage enables production of nanodispersed
colloidal solutions based on NG and carbon black
meeting modern requirements for average particle
size (<500 nm), dry residue content (55 g-Lﬁl), and
suspension dynamic viscosity (1.3-3.2 Pas). These
factors contribute to good dispersibility of obtained
solutions with sufficiently high stability exceeding
that of solutions containing larger particles.

Obtained solutions can be used as starting
components for carbon coatings and sensors with
special electronic/optical properties. Similar colloidal
preparations may serve as effective nanocomposite
modifiers, though this requires additional research
beyond this work's scope.
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