
 

 

 
Abstract—In this work, the possibility of stabilizing 

aqueous dispersed systems of carbon with vinyl ether 

copolymers of various composition and structure was 

investigated. It was shown that the presence of 

hydrophobic fragments in the macromolecule chain plays a 

significant role and positively affects the results of 

stabilization of aqueous dispersions of carbon particles. It 

was shown that the composition and molecular 

architecture of the stabilizing copolymer strongly affects 

the stabilizing ability in studied systems. Studies have 

shown that the use of a polymeric stabilizer in combination 

with ultrasonic treatment of dispersed systems makes it 

possible to obtain stable, homogeneous, highly dispersed 

suspensions. At the same time, it was demonstrated that a 

strong increase in the time and intensity of ultrasonic 

treatment of the system does not lead to a significant 

improvement in the results. 

 

Keywords—Carbon, stability, particles, copolymers, 

ultrasound. 

I. INTRODUCTION 
BTAINING aqueous dispersions of soot of high stability is 
of undoubted scientific and practical interest. Recently, 

scientific research has been carried out aimed at increasing the 
stability and dispersion of suspensions of various pigments 
using high-molecular and low-molecular surfactants in 
combination with mechanical activation methods, in particular, 
processing suspensions in an ultrasound field [1]-[10]. A 
number of works have published results on the preparation of 
stable aqueous dispersed systems of nanoparticles using high 
molecular weight compounds [11]-[26]. The results of these 
studies are important for obtaining composite materials used in 
technology [27]-[55]. 

The presented results show the possibility of using polymer 

 
 

soot surface modifiers to obtain stable aqueous dispersed 
systems. However, the use of industrially produced polymers 
for such studies, such as Tegodispers 750 W, Coatex P 90, 
EHEC, Dispex N 40, Dispex A 40, etc., presents certain 
difficulties. Commercially available polymers have a very 
wide MWD, are not always uniform in their composition and 
molecular weight characteristics, and their composition and 
structure can partially vary. Therefore, despite a number of 
indisputable advantages associated with their use, the study of 
the mechanism of the stabilizing effect on the example of such 
polymers is hardly capable of providing comprehensive and 
correct information. 

Recent advances in the synthesis of macromolecules of a 
desired structure (quasi-living radical and ionic 
polymerization, the use of macromers, etc.) allow to study the 
effect of subtle differences in the structure of macromolecules 
(distribution of units in chains of copolymers of various 
structures) on the properties of synthesized polymers. In this 
regard, the so-called block copolymers are an interesting class 
of high molecular compounds [1]. 

Examination of specially synthesized amphiphilic block 
copolymers allows to obtain important fundamental 
information on the effect of differences in the architecture of 
copolymer molecules on their behavior at the phase interface 
(solid phase-liquid and liquid-liquid), on their surface activity, 
on their nano- and microdomain morphology in condensed 
state. These results, in addition to their fundamental scientific 
value, can open prospectives for the practical application of 
such polymers as colloidal stabilizers, modifiers of 
hydrophobic liquids, fillers and pigments, materials for gas 
separation and other separating membranes [2-4]. 

High-intensity ultrasound has found many applications in 
organic synthesis, materials science and organometallic 
chemistry, as well as in industrial manufacturing processes. 
The use of high-intensity ultrasound provides a simple and 
versatile tool for the synthesis of nanostructured materials that 
are often unavailable by conventional methods. The main 
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physical phenomena associated with ultrasound that are 
relevant to the synthesis of nanomaterials are cavitation and 
sputtering. Acoustic cavitation (formation, growth, and 
instantaneous collapse of bubbles in a liquid) creates extreme 
conditions inside a collapsing bubble and is the source of most 
sonochemical phenomena in liquids or liquid-solid 
suspensions. Another option is atomization (the creation of fog 
due to the passage of ultrasound through the liquid and hitting 
the liquid-gas interface), which is the basis of ultrasonic spray 
pyrolysis (USP) with subsequent reactions occurring in heated 
mist droplets. Sonochemical phenomena arise from extreme 
transient conditions caused by ultrasound, which creates 
unique conditions that can reach temperatures in excess of 
5000 K, pressures in excess of 1000 atmospheres, and heating 
and cooling rates in excess of 1010 K/s. 

The speed of sound in a typical liquid is from 1000 to 1500 
m/s, and the ultrasonic wavelengths can vary from about 10 cm 
to 100 μm in the frequency range from 20 kHz to 15 MHz, 
which is much larger than the characteristic sizes of molecules. 
Thus, the chemical and physical effects of ultrasound do not 
arise from the direct interaction between chemicals and sound 
waves, but rather from the physical phenomenon of acoustic 
cavitation: the formation, growth and collapse of cavitation 
microbubbles. When longitudinal acoustic vibrations of a 
certain amplitude propagate through the liquid, the liquid is 
under dynamic tensile stress, and the density changes with 
alternating waves of expansion and contraction. 
Discontinuities in the medium (bubbles) are often formed from 
pre-existing impurities (for example, gas-filled gaps in dust 
grains) and vibrate with the applied sound field. Bubbles can 
grow by slowly pumping gas out of the liquid volume into an 
oscillating bubble (rectified diffusion). Bubbles of a critical 
size (usually tens of micrometers) can strongly influence the 
acoustic field and undergo rapid inertial growth during 
expansion followed by instantaneous collapse. The bubble 
collapse process is almost adiabatic in its final stages and is 
the cause of the extreme conditions characteristic of 
sonochemistry. 

There are two main approaches to explaining the energy-
intensive chemical and physicochemical effects caused by 
cavitation: thermal and electrical. With the thermal approach, 
these effects are associated with a high temperature inside the 
cavitation bubble, achieved during its adiabatic compression 
with a continuously increasing rate, and with an electric 
approach, with a discharge inside the bubble due to the 
accumulation of electric charges on its walls. 

Therefore, to obtain more systematic information on the 
relationship between the structure of the polymer and its 
surface-active properties, we used a series of tailor-made 
copolymers with a precisely defined molecular structure and 
regularly varying parameters. 

For the studies, 4 series of block copolymers comprising the 
methyl vinyl ether (MVE) as a hydrophilic fragment and 
isobutyl vinyl (IBVE) and octadecyl vinyl ether (ODVE) as a 
hydrophobic fragment were used. The size of the blocks, their 

arrangement, molecular weight characteristics of polymers, 
and other parameters were varied systematically over a quite 
wide range. The reason for choosing mainly MVE and IBVE 
block copolymers as stabilizers rather than random copolymers 
was the previously published results [14], which compared the 
stabilizing effect of random and block copolymers in aqueous 
dispersed systems of hydrophobic micro- and nanoparticles. 
The authors of [17] concluded that the use of random 
copolymers MVE and IBVE does not allow to obtain a stable 
dispersed system. 

In addition, polymethyl vinyl ether is a thermosensitive 
(“smart”) polymer, its hydrophilic-hydrophobic balance is 
highly depending on temperature. The transition temperature 
(LCST - lower critical solution temperature) is 34 °C, and 
below this temperature the polymer exhibits hydrophilic 
properties, and above it - hydrophobic properties. 

II. STABILIZATION OF DISPERSED CARBON SYSTEMS WITH 
DIPHILIC COPOLYMERS 

To obtain more systematic information on the relationship 
between the structure of an amphiphilic polymer and its 
surface-active properties, we used a series of new, specially 
synthesized copolymers with a given molecular structure and 
regularly varying parameters.   

Four types of amphiphilic copolymers of methyl vinyl ether 
(PMVE) as the hydrophilic moiety and isobutyl vinyl ether 
(PIBVE) or octadecyl vinyl ether (PODVE) as the 
hydrophobic moiety were investigated. These copolymers were 
synthesized by living cationic polymerization on new catalytic 
systems. The size of the blocks, their location, molecular 
weight characteristics of polymers, and other parameters 
varied systematically over a fairly wide range. A series of 
random copolymers was also used for comparison. For all 
copolymers used, the value of average molecular weight 
ranged from 5000 to 8000, and the degree of polydispersity 
was from 1,05 to 1,3). 

The following types of polymers were used (the number in 
the copolymer formula indicates the degree of polymerization 
of a given monomer - the number of units in a block): 
1) Homopolymers 
PMVE 95,   
PIBVE 22,   
2) Statistical copolymers 
PMVE 30 – r – PIBVE 70,  
PMVE 50 – r – PIBVE 50,  
PMVE 80 – r – PIBVE 20,  
3) Diblock copolymers 
PMVE 36 – PIBVE 54,   
PMVE 43 – PIBVE 10,   
PMVE 55 – PIBVE 10,   
PMVE 83 – PIBVE 8,   
4) Triblock copolymers 
PMVE 50 – PIBVE 20 – PMVE 50,   
PMVE 62 – PIBVE 10 – PMVE 62,   
PIBVE 26 – PMVE 40 – PIBVE 26,   
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PIBVE 22 – PMVE 75 – PIBVE 22,   
PODVE 4 – PMVE 168 – PODVE 4,   
PMVE 48 – PODVE 11 – PMVE 48,   
PMVE 28 – PODVE 10 – PMVE 28.   

 
Using these copolymers as surfactants, studies of the 

colloidal stability of 0,1% aqueous dispersed carbon black 
systems were carried out, and the contact angles of water 
wetting of the carbon black surface were measured to 
determine the degree of surface modification by these 
polymers. 

All copolymers used are soluble in ethyl acetate and with 
the exception of the most hydrophilic PMVE 95 and PMVE 83 
- PIBVE 8 are insoluble in water. Therefore, to comply with 
identical conditions for the preparation of aqueous dispersed 
systems, the copolymers were preliminarily dissolved in ethyl 
acetate (polymer concentration - 5%), and then introduced into 
the aqueous phase together with the particles (phase ratio = 
1:10). Thus, the concentration of polymer was 0,25%.  

Special experiments (variation of the volume phase ratio by 
ethylacetate addition, artificial evaporation of the ethylacetate 
to compare with ordinary samples) proved that presence of 
ethylacetate on the initial stage of the preparation did not 
affect the results on the polymer stabilization activity. After 
mixing, the systems were treated with ultrasound for 2 min.  

Obtaining emulsions with a concentration of 5% of the mass 
was carried out under the action of ultrasonic treatment for 2 
min with frequency 22 kHz and specific power of 1.5 W/cm3 
with Branson Sonifier B-12 instrument, as well as in a flow-
through mode with an electromagnetic microwave field or a 
constant electric field with a strength of up to 6 kV/cm. The 
experimental setup consists from the vessel with immersed 
sonotrode for ultrasound experiments and the vessel with 
immersed magnetron for electric field experiments. At the exit 
from the working volumes, the sizes of emulsion droplets were 
controlled by dynamic light scattering methods with ZetaSizer 
Nano instrument. The optical control system allows to 
determine both the droplet size distribution for transparent 
emulsions and the average radii of the droplets for cloudy 
(milk-like) emulsions. Preliminary measurements showed a 
change in the size of emulsion droplets both when exposed to a 
microwave field (an increase in the droplet size and 
subsequent separation of emulsions), and when exposed to 
ultrasound and a high-voltage constant electric field (a 
decrease in the average size of droplets and stabilization of the 
emulsion). These facts allowed to optimize the parameters of 
emulsions preparation. To ensure the reliability of the 
experimental results, the experiment was conducted several 
times with the same parameters and statistics was applied for 
results treatment. 

The ultrasonic treatment resulted in formation of direct (O – 
W) microemulsion where all hydrocarbon droplets were 
located in the ethylacetate microdroplets. After the 
ethylacetate evaporation at room temperature due to diffusion 
in water, the polymers were deposited on the hydrocarbon 

droplets. Replacement of the ethylacetate with other organic 
solvents (acetone, diethyl ether) did not noticeably change the 
results of the both types of hydrocarbons. 

Special experiments have shown that the presence of ethyl 
acetate in the system does not affect the stabilizing ability of 
polymers, but allows more efficient delivery of polymer 
stabilizers to the surface of organic pigments through the 
aqueous phase.  

Thus, after ultrasonic treatment of the dispersions, a direct 
type microemulsion was formed, and the pigment particles 
were in the microemulsion drops. All polymers used at this 
stage, in combination with the use of ultrasonic treatment as a 
dispersing action, make it possible to obtain dispersed systems. 
At the same time, due to the low molecular weight, there is no 
danger of destruction of these polymers in the ultrasonic field. 

III. RESULTS AND DISCUSSION 
The results of the study of colloidal stability by the 

sedimentation method are presented in Table 1. As a criterion 
for assessing the colloidal stability of dispersed systems, the 
half-settling time of the solid phase was chosen. Contact angle 
measurements were carried out using the hydrophobic surface 
and standard optical equipment. To calculate the contact angle, 
the height and the diameter of the water drops were visually 
measured. 

 
Table 1. Colloidal stability of aqueous dispersions of carbon black 

stabilized with polymethylvinylether copolymers. 
 

Stabilizer Solid phase semi-
settling time, days 

PMVE 95 
PIBVE 22 
PMVE 30 – r – PIBVE 70 
PMVE 50 – r – PIBVE 50 
PMVE 80 – r – PIBVE 20 
PMVE 36 – PIBVE 54 
PMVE 43 – PIBVE 10 
PMVE 55 – PIBVE 10 
PMVE 83 – PIBVE 8 
PMVE 50 – PIBVE 20 – PMVE 50 
PMVE 62 – PIBVE 10 – PMVE 62 
PIBVE 26 – PMVE 40 – PIBVE 26 
PIBVE 22 – PMVE 75 – PIBVE 22 
PODVE 4 – PMVE 168 – PODVE 4 
PMVE 48 – PODVE 11 – PMVE 48 
PMVE 28 – PODVE 10 – PMVE 28 

0,5 
1,5 
0,2 
0,3 
0,4 
4 

15 
70 
30 
8 

15 
30 
90 
90 
7 
1 

 
Table 1 shows that homopolymers PMVE 95 and PIBVE 22 

do not provide stable aqueous dispersed carbon black systems. 
Within 10 - 30 hours, there is a rapid sedimentation and 
destruction of the microemulsion, after 2 days complete 
settling of pigment particles is observed. 

The slight difference between the effects observed for 
PMVE 95 and PIBVE 22 can be explained by the fact that 
PMVE 95, being a water-soluble polymer, does not adhere 
well to the hydrophobic surface of the soot and, in contrast to 
the hydrophobic PIBVE 22, passes into the aqueous phase, 
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thereby promoting particle coagulation. 
For diblock copolymers, the colloidal stability of aqueous 

dispersed carbon black systems depends on the hydrophilic-
hydrophobic balance of the polymer. The dependence of the 
stability of the dispersed system on the structure of the 
stabilizer can be represented as the dependence of the semi-
settling time of the solid phase on the ratio (by the number of 
units) of the hydrophilic and hydrophobic parts of the 
macromolecule. From the analysis of the data, it follows that 
from the point of view of the colloidal stability of aqueous 
dispersed soot systems, the optimal structure of the stabilizer is 
a structure with a ratio of hydrophilic and hydrophobic blocks 
of the order of 5:1 - 6:1. 

These data are presented in the Figure 1.  
 

 
 

Fig. 1 Dependency of emulsion stability on diblock copolymer 
composition. 

 
These data are consistent with the data on the contact angles 

of the carbon black surface treated with PMVE and PIBVE 
copolymers (Table 2). Comparing them, we can conclude that 
in the case of using the polymers PMVE 55 - PIBVE 10 and 
PMVE 83 - PIBVE 8 as surfactants, the better colloidal 
stability of dispersions corresponds to lower values of contact 
angles, which indicates the formation of surface layers of these 
polymers with corresponding properties. 

 
Table 2. Values of contact angles of water wetting of the carbon 

black surface treated with methyl vinyl ether copolymers. 
 

Stabilizer Contact angle of 
wetting, degrees 

Without polymer 
PMVE 95 
PIBVE 22 
PMVE 36 – PIBVE 54 
PMVE 43 – PIBVE 10 
PMVE 55 – PIBVE 10 
PMVE 83 – PIBVE 8 
PMVE 50 – PIBVE 20 – PMVE 50 
PMVE 62 – PIBVE 10 – PMVE 62 
PIBVE 26 – PMVE 40 – PIBVE 
26 
PIBVE 22 – PMVE 75 – PIBVE 
22 

124 
24 

118 
112 
91 
83 
27 

121 
46 

118 
87 

 
Analyzing the data on the colloidal stability of dispersed 

carbon black systems obtained using triblock copolymers, it 
can be concluded that the order of arrangement of hydrophilic 
and hydrophobic blocks in the macromolecule plays a key 
role. Obviously, only when the hydrophilic PMVE block (even 
if not very large) is located in the center of the macromolecule, 
and hydrophobic PIBVE blocks are located at the edges, this 
polymer has a good stabilizing effect on carbon black 
dispersions. At the same time, the presence of a hydrophobic 
PIBVE block in the center of a macromolecule, even not very 
long, does not make it possible to obtain stable dispersed 
systems. This effect is especially pronounced for the example 
of copolymer PMVE 62 - PIBVE 10 - PMVE 62, which is 
highly hydrophilic in composition, which, having a rather 
pronounced affinity in the aqueous phase (contact angle is 46 
degrees), nevertheless does not exhibit surface-active 
properties in studied systems. In both cases, the insignificant 
role of the extreme blocks and their length should be noted. 
This is in good agreement with the results obtained for the 
triblock copolymers PMVE and PODVE, as discussed above. 

Assumptions about the method of adsorption of polymer 
stabilizers on the surface of organic pigments can be expressed 
as follows. Hydrophobic PIBVE (PODVE) blocks are 
adsorbed on the surface of the organic pigment due to 
hydrophobic interaction, and the hydrophilic PMVE blocks 
associated with them are turned into the aqueous phase. This is 
schematically depicted in the Figure 2. 
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Fig. 2. Schematic representation of triblock copolymer adsorption 

on the carbon particle surface in aqueous dispersions. 
 
From the Fig. 2 it is clearly seen, that in this case, the 

central hydrophilic block "covers" the hydrophobic blocks 
lying on the surface of the pigment and thus provides a two-
layer diphilic structure. In the case of a central hydrophobic 
block, the hydrophilic edges stretch freely into the aqueous 
phase without covering the central block, which in this case is 
in contact with water, which is energetically disadvantageous 
for the system. 

Summarizing the above results, one can conclude that the 
application of vinyl methyl ether copolymers with tailored 
structure and composition can provide a new alternative as a 
technique for stabilization of aqueous dispersion of 
hydrophobic particles. Development of new synthetic 
strategies for creation of polymers with peculiar molecular 
architecture gives prospective for further achievements in 
particle surface modification. 

IV. CONCLUSION 
Thus, the results of the experiments performed show the 

possibility of stabilizing aqueous dispersed systems of soot 
with block copolymers of methyl vinyl ether with simultaneous 
ultrasonic treatment. It was also found that the surface-active 

properties of the studied copolymers strongly depend on their 
composition and structure. An optimal composition for two-
block copolymers and an optimal structure for three-block 
copolymers have been found; a number of assumptions have 
been made about the mechanism of the stabilizing effect of the 
studied block copolymers. 
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