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The aim of this study is to investigate the catalytic system “Carbon nanomaterial-diacyl peroxide molecule-non-
aqueous medium” and determine main factors that influence on carbon catalyst’s effectiveness. The catalytic activity
of nanoporous (activated carbon (AC)) and nanosized (multiwalled carbon nanotubes (CNT)) carbon catalysts and
their modified forms were investigated in the decomposition of benzoyl and lauroyl peroxides (BP and LP
respectively) at room temperature in non-aqueous media by measuring the volume of released CO,. As the
decomposition of BP and LP strongly depends on the solvent, the selection of “inert” one was based on preliminary
results. Ethyl acetate and tetrachloromethane were used for BPD and LPD, respectively. Among factors that
determined the catalytic performance of investigated samples their structural-sorption properties, surface chemistry
and diffusion limitation have been considered. It was established that in spite of the high surface area of AC they
show moderate catalytic activity comparing to CNT because of internal diffusion limitation. As a consequence, their
activity is determined by the textural characteristic of carbon matrices. Catalytic performance of the CNT samples
exceeds of AC in 2-20 times. Based on the calculated diffusion coefficients it was concluded that catalysis by CNT is
carried out in the kinetic region on their accessible surface. Such catalytically active surface has a lot of N-
containing functional groups as well as basic O-containing ones, therefore it shows better activity towards organic
peroxides. Moreover, CNTs surface is more hydrophobic that is promoting the reaction proceeding in non-aqueous
media. The decomposition rate of steric BP is lower compared to the long chain of LP (in both cases of AC and
CNT). Based on this finding, it could be predicted that mesoporous CNT with high content basic functionalities and
good surface accessibility should be the excellent catalyst for diacyl peroxides decomposition in organic solvents.

Keywords: activated carbon, CNT, benzoyl peroxide, lauroyl peroxide, diffusion, structural-sorption properties,
surface chemistry

INTRODUCTION at the edges or defects of the graphene layers.
However, the catalytic activity of carbons can be
greatly enhanced upon introduction of new
active sites through either heteroatoms doping or
functionalization with organic groups.

The use of carbon materials as catalysts in
peroxides decomposition in the aqueous
medium, in particular, H,O, decay in various
buffer solutions, has been the subject of much
consideration [12-14]. In contrast, relatively
little attention has been paid to degradation of
organic peroxides, such as diacyl peroxides with
general formula RCOO-OOCR, in non-aqueous
media. Benzoyl (BP, (C¢HsCO),0,) and lauroyl
peroxide (LP, (CH3(CH,),0C0O),0,) are widely
commercial used as a polymerization initiator,
especially in medicine, foodstuffs, cosmetics,
and rubber industries [15]. It has been shown
that BP and LP decomposition (BPD and LPD)
reactions are self-induced and depend on
temperature and solvent, therefore, the influence

Carbon mediated catalysis has been
intensively studied from the beginning of XX
century. Today carbons with different types of
hybridization, such as AC, CNT, graphene,
fullerenes, graphite efc. are widely used as
catalysts and catalyst supports in acid-base and
redox reactions [1-23]. Many researchers report
that amorphous carbon (for example, charcoal or
AC) is more catalytically active that crystalline
one. Such structures have mixed sp+sp’+sp’
hybridization carbons and, as a consequence, a
more disordered structure that gave a significant
increase in the catalytic activity. Nevertheless,
crystalline allotropes, such as CNT, graphene,
fullerene, also demonstrate excellent catalytic
performance [4-11]. It should be noted that
pristine carbon structures do not have a sufficient
number of reactive sites to be a viable catalyst
for most reactions, with the only active sites
being located at the unsaturated carbons located
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of these two parameters have been investigated
in detail [16—18]. On the other hand, using only
solvents and high temperature are not effective
because diacyl peroxides are explosive under
such conditions. Therefore, catalytic system is
more preferable. It should be emphasized that at
25 °C the uncatalyzed first-order rate constant
for BPD is only 5107 s [19]. In line with this
several studies were conducted and it was shown
that the rate of BPD and LPD was greatly
accelerated by ferrous or copper ions [20, 21].
Nevertheless, using a carbocatalysts for BPD and
LPD reactions is not much investigated.
M. Yoshida has shown that fullerenes accelerate
the reaction of organic peroxides degradation
[22]. Several studies have been made with the
use of CNT that induce the decomposition of
diacyl peroxides with the next functionalization
of their surface [23, 24].

Recently researchers have highlighted four
main carbon’s properties that control their
catalytic performance: (1) electronic structure,
(2) surface chemistry, (3) porosity and (4)
thermal stability. Apparently, they all depend on
each other and it is impossible to establish
separate factor that influences on particular
catalytic reaction. Within current investigation,
we focus on the influence of textural parameters
(surface area, pore size and volume) and the
nature of the surface functionalities (oxygen and
nitrogen-containing groups) on the catalytic
activity of AC and CNT in BPD and LPD
reactions. Moreover, for porous materials,
diffusion limitation is an important parameter
that could significantly influence on the reaction
rate. Regarding this considerable attention has
been paid to diffusion processes in
carbocatalysts. The aim of this study is to
investigate the catalytic system “AC/CNT-diacyl
peroxide molecule-non-aqueous medium” and
determine main factors that influence on carbon
catalyst’s effectiveness.

MATERIALS AND METHODS

Carbon catalysts. Initial samples of
activated carbon (denoted as AC;;) were
obtained by carbonization of apricot stones at the
Institute for Sorption and Problem of
Endoecology (ISPE, NAS of Ukraine). Oxidized
samples (AC,y) were obtained by treatment of
AC;, with 70 % w/w HNO; at 100 °C for 4 h,
purified from fulvic acids formed upon oxidation
by refluxing in NaOH solution. Regeneration of
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the protonated form of covalently attached
surface acidic groups was carried out by dilute
HCI. A treatment of AC,, with urea (10 % v/v
(NH,),CO) and next drying and further heat
treatment in Ar atmosphere at 700-800 °C for
1h leads to obtaining nitrogen-doped AC
samples (N-AC).

Pristine CNT (Chuiko Institute of Surface
Chemistry of NAS of Ukraine) were synthesized
by CVD method from a mixture of propylene
and hydrogen using a mixed Al-, Fe-, and Mo-
oxide catalyst [25]. After removing the
accessible catalyst with HC1 and NH4F solutions,
the CNT were washed with distilled water to
neutral pH. The samples were kept at 450-500 °C
for 1 h in air to reduce the amorphous carbon to
3%. The purified CNT samples (labeled as
CNTiy) were oxidized in 70 % w/w HNO; at
100 °C for 4 h and then washed with distilled
water and NaOH solution for 12 h [26]. After
washing again to neutral pH, the acidic sites
were regenerated with 0.1 M HCI solution. The
oven-dried (105 °C, 4 h) nanotubes are labeled
as CNTy. A treatment of CNT,, samples with
urea according to the above procedure leads to

obtaining N-CNT samples with nitrogen
incorporated in CNT matrices.
Catalysts characterization. Textural

characteristics of investigated samples, such as
specific surface area (Sggr, m’/g), sorption
volume of pores (Vp, cm’/g) and pore diameter
(dpore, nm) were measured by low-temperature
nitrogen adsorption/desorption isotherms using a
NOVA 2000e (Quantachrome) automatic
analyzer.

The surface chemical composition of the
samples was determined by Boehm titration
method according to [27] and X-ray
photoelectron spectroscopy (XPS). XPS was
measured with a VG ESCALAB HP
spectrometer, using a non-monochromatized
AlK, radiation (hm = 1486.6 ¢V, 200 Wt). Wide
scan spectra in the binding energy range
0-1100 eV were measured with an energy
band-pass of 50 eV for all the samples. High-
resolution spectra of the Cls, Ols, and Nls
signals were recorded in 0.05eV steps with
energy band-pass 20eV. The spectra were
referenced with respect to the energy of the Cls
line of graphitic carbon (sp® hybridization) at
284.8+£0.1 eV binding energy (BE). The peak
fitting procedure was performed with the
CasaXPS  program  (Version 2.19).  After
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subtraction of a Shirley-type baseline, curve
fitting was carried out assuming a combined
Gaussian (70 %) and Lorentzian (30 %) peak
shape. This technique probes the sample
composition to a depth of a few nanometers.
Quantitative analysis was performed using areas
of XPS peaks corrected for the atomic sensitivity
factors (ASF) of the corresponding lines taken
from [28]. These are as follows: ASF
(Cls)=0.205, ASF (N1s)=0.38, ASF (Ols)=0.63.

Catalytic assay. Investigation of the catalytic
performance of nanoporous and nanosized
carbocatalysts was carried out as indicated in
[29]. Optimized conditions for catalytic reactions
have been obtained earlier and established as: (1)
mass of the samples was 0.1 g (AC;,;, N-AC),
0.08g (ACx), 0.01g (CNT,) and 0.005¢g
(CNTy,; and N-CNT) for BPD (concentration of
BP was 1-10 v/v %); (2) mass of the samples
was 0.07 g (ACini, N-AC), 0.05 g (AC,y), 0.01 g
(CNT,y) and 0.005 g (CNT;,; and N-CNT) for
LPD (concentration of LP was 1-5 v/v %).
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—e— tetrachloromethane
—A— acetone

—v— butanol

—%— acetic acid

dC*103, mol/l

0,02+

0,014
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+
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t, min

a

Fig. 1.

RESULTS

Structural-sorption properties and surface
chemistry of carbocatalysts. Table 1 summarizes
BET surface area data, showing that AC samples
have a surface area greater than CNT in
5-6 times. Neither oxidation nor N-doping
processes do not influence on surface area of
CNT, but have changed pore diameter and pore
volume. All tested carbon samples have well
developed mesoporous structure as indicated by
average pore diameter, which is between 2 to
50 nm. Pore diameters of CNT are 2-3 times
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It should be noted that decomposition of BP
and LP strongly depends on the solvent. For
determination of the actual (true) rate constant
(that refers only to the catalysts) in the reaction
system, an inert solvent should be chosen.
Therefore, the stability of diacyl peroxides in
different solvents has been investigated (Fig. 1).
For this purpose, kinetics of the BP (1 v/v %)
and LP (5 v/v %) decomposition in the different
solvents have been measured as dC = f(¢), where
dC =[In(1/(1-C))])/m, (C; — concentration of the
peroxide at the moment 7, m — mass of the
catalyst (m =1 in case of stability experiments
investigation)). Among tested solvents, ethyl
acetate (EA) and tetrachloromethane (TCM)
were almost inactive towards BPD and LPD and
have been used as non-aqueous media in
catalytic measurements. The rate constants
calculation, as well as detailed diffusion
coefficients determination, was carried out as
indicated elsewhere [29].

o
3
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mo' —e— tetrachloromethane
ol —A— toluene
¢ 0,034 .
3 —v— dioxane
—x*— benzene

0,02

0,014
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t, min

greater than such value for AC; what is more
interesting — space between the nanotubes and
their aggregates corresponds to meso- and
macropores (as has been established earlier [30]).
Surface  chemistry  characteristics are
presented in Table 2. According to the elemental
analysis data, initial AC sample mainly consists
of carbon atoms. Apricot originated activated
carbon could have a small amount of nitrogen in
its structure. Nitric acid oxidation, as well as
urea treatment, lead to significant increase of O
and N elements. It is worth noting that,
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according to Boehm titration, O element is the
part of acidic groups in AC,, sample and basic
groups (carbonyl, quinone) in N-AC sample.
Regarding this, it could be concluded that urea
treatment leads not only to N-doping (N content
increases in 4 times) of carbon matrices but also
to the partial reduction of acidic groups. CNT
react in another way — the content of hydrogen
was approximately 1 at. % in CNT;,; and CNT,,
and decreased to 0.1 at. % for N-CNT. This

observation can be explained by dehydro-
genation properties of urea [31]. Pristine CNT
that are not stored under special conditions
always contain O-functionalities, since the active
edges and defects sites react readily with oxygen
from the atmosphere. In contrast to AC, urea
treatment doesn’t lead to increasing of
N-content in CNT, but only reduces the amount
of O-containing groups.

Table 1. Textural characteristics of carbon catalysts

Sample SBET, mz/g Voo cm3/g dyore » NM
AC, 920 0.50 3.55
AC 790 0.85 3.70
N-AC 940 0.91 4.00
CNTin 145 0.48 8.00
CNTox 150 0.56 11.00

N-CNT 145 0.31 12.00

Table 2. Surface chemistry characteristics of carbocatalysts

Sample Elemental analysis, at. % Boehm titration, group, mmol/g
C H (0] N Carboxylic  Lactonic Phenolic Basic T(Tt?l
acidic
ACi; 99.4 0.2 0.1 0.3 0.04 0.06 0.02 n.d. 0.12
AC. 96.3 1.1 2.1 0.5 0.84 0.20 1.39 n.d. 2.43
N-AC 892 23 6.3 2.2 n.d. 0.45 0.05 1.90 0.50
CNT;p 96.1 0.7 32 n.d. 0.10 0.31 0.03 0.23 0.44
CNT,, 952 1.0 34 0.39 0.40 0.40 0.55 n.d. 1.35
N-CNT 99.0 0.1 0.5 0.41 0.41 0.22 0.09 n.d. 0.72

Fig. 2 shows the XPS Ols spectra of
investigated samples. They were deconvoluted
into four peaks (Table 3). Because of different
information in the literature, we omitted peak
A4 (530.2 £ 0.2 eV); other peaks correspond to
carbonyl and quinone groups, as well as to
oxidized  nitrogen (B, 531.2+0.5¢eV),
hydroxyl and anhydride (C, 532.5+0.2 eV)
and carboxylic acid groups (D, 533.1 £0.5 eV)
[32].

Initial AC sample has mainly basic
O-containing groups (carbonyl and quinone).
Oxidation by nitric acid leads to the appearance
of the acidic O-containing groups (carboxylic
acid) and increasing of hydroxyl and anhydride
groups in 4 times. N-doped AC contains equally
basic/acidic groups without carboxylic ones on
its surface. Initial CNT sample also has some
amount of basic O-containing groups as well as
carboxylic ones. Further oxidation of CNT leads
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to the appearance of hydroxyl and anhydride
(from COOH) groups. Urea acts as a reducing
agent because of increasing of basic
O-containing groups.

Apparently, oxidation with nitric acid also
leads to an increase in nitrogen content. Fig. 3
and Table 4 show the Nls XPS results of the
obtained samples, all of which have five
different types of N1s features: P, at 397.2 eV, P,
at 398.6eV, P; at 4008eV, P; at
402.3-403.1 eV, Ps at 404.6—406.2. Ps originates
from NOy group, where P4 from the pyridine-N-
oxide structure [1]. P; originates from quaternary
N atoms, that will be equivalent to positively
charged N atoms like in the ammonium ion
(NH4") [33, 34]. We have found that peak P, can
be assigned for pyridine-like nitrogen
coordination [34-36]. We do not attempt to
assign the first peak owing to the contradictory
information in the literature.
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Fig. 2. Deconvolution of the Ols bands of ACy,; (@), ACw (), N-AC (c), CNTjy; (d), CNT 4 (e), N-CNT (f)

Table 3. Distribution (%) of the Ols binding states

Binding energy, eV A B c D

g energy 530.2+0.2 531.240.5 532.5+0.2 533.1£0.5
ACiy - 85.60 12.6 1.80
AC, - 19.80 46.0 34.20
N-AC 13.30 44.20 42.5 -
CNT;y 13.35 56.90 - 29.75
CNT,, - 22.45 75.3 2.25
N-CNT 19.20 53.70 - 27.30
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Fig. 3. Deconvolution of the N1s bands of AC,;; (a), ACyy (b), N-AC (¢), CNT (d), N-CNT (e)
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As for oxygen, nitrogen-containing
functionalities determine the acidic and basic
character of carbons and thus its surface
chemical reactivity and catalytic activity.
Lactams, imides, and amines are slightly acidic
in their nature, but they are not presented in
tested samples. On the other hand, N quaternary,
pyridinic and pyrrole-type structures are
responsible for basicity of the surface as well as
for increasing surface polarity. Table 4 clearly

Table 4. Distribution (%) of the N1s binding states

shows that all samples have only basic N-groups
in their structure.

It worth to note that a large number of
O-containing acidic groups on carbon surface
overshadow the contribution of resonating
electrons to carbon basicity. Therefore, samples
with the same amount of N-containing groups
but a different number of O-containing groups
could have absolutely different catalytical
properties. This assumption will be proved in the
next paragraphs.

s P, P, P, P, Ps
Binding energy, eV 397.2+0.2 398.610.3 400.8+0.4 402.3-403.1  404.6-406.2
ACin _ 57.60 356 4.00 2.80
AC,, - 89.30 6.40 2.80 1.50
N-AC 14.20 67.40 14.30 - 4.10
CNT,, 2537 57.35 8.00 447 481
N-CNT 22.95 39.29 10.35 21.96 5.45

Catalytic performance of AC and CNT. The
catalytic performance of carbocatalysts in the
decomposition reaction of organic peroxides is
characterized i Fig. 4. According to the results
obtained (Table 5), all carbon samples show
moderate catalytic activity in organic solvents.
rate

Calculated constants that

imply

—n—AC
—e— ACox
—*—N-AC
—o—CNT
—o— CNTox
—#%—N-CNT

100 120
t,min

nanostructured carbon (CNT) are more active
than traditional AC and outperform their
catalytic activity in 6 times in case of BPD, and
8 times — LPD reactions. Moreover, the activity
of CNT in LPD in 3-10 times outreaches than in
BPD.

—u—AC
—e— ACox
—x—N-AC
—o—CNT
—o— CNTox
—#%—N-CNT

Fig. 4. Decomposition of BP (a) and LP (b) over carbocatalysts at 25 °C (C;, (BP, LP) — 5 %)

As follows from Fig.4, introducing of
nitrogen in carbonaceous matrices significantly
increases the rate of BPD and LPD reactions. As
indicated by the data shown in Table 5, N-AC
samples exhibit the best catalytic activity in BPD
as well as LPD and is in 2.5—4 times more active
than AC;,/AC.x samples. The same tendency is
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observed for CNT and their activity increase in
the raw: N-CNT>CNT;,;>CNT,,.

The observation that N-doped carbons are
effective in peroxides decomposition is
commonly known. What is interesting in the
current investigation — why AC samples with a
large surface are less active than CNT. To gain
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more insight into the different factors that
contribute to carbon materials for peroxides
decomposition in organic solvents, we firstly

analyzed diffusion limitations that could

influence the catalytic performance.

Table 5. Rate constants of peroxides decomposition (kx107*, s™)

Sample BP LP
ACy 0.0066 0.006
ACy 0.0015 0.008
N-AC 0.0290 0.021

CNTiyi 0.0220 0.180

CNTox 0.0140 0.098

N-CNT 0.0600 0.460

Diffusion limitation. As mentioned above
diffusion phenomena could take an important
part of the catalytic process and determined the
catalytic ability of porous catalysts. Regarding
this, diffusion coefficients for tested reactions
were calculated (Table 6). Calculated Da
numbers are much less than unity that allows us
to conclude that reactions proceed via molecular

nature on external, accessible surface of the
investigated samples. Moreover, obtained results
clearly show that for AC samples investigated
reactions limited by internal diffusion because of
D.¢ 1s much less than the reaction rate. In
contrast, reactions of BPD and LPD catalyzed by
CNT carried out in the kinetic region and doesn’t
limit by internal diffusion (D> or ~ 7).

Table 6. Damkohler number (Da), reaction rate (#<10 ' mol/(sxm?®)) and diffusion coefficient (Deyx10'° m%/s)

values of BPD and LPD at 25 °C over AC and CNT

Sample BP LP

Da r Deff Da r Deff
ACiy <<1 0.091 0.00148 <1 0.039 0.00082
AC <<1 0.019 0.00031 <1 0.121 0.00550
N-AC <<1 0.059 0.00014 <<1 0.085 0.00110
CNTiy 0.0004 31.3 532 0.0039 102.5 179.7
CNTx 0.0003 40.2 32.6 0.0022 82.1 212.8
N-CNT <<1 22.1 95.7 0.0008 88.1 53.2

DISCUSSION structure of the CNT) it should be noted that

Influence of textural characteristics on
catalytic performance of carbocatalysts. Tables 1
and 5 clearly demonstrate that activity of AC
strict relates to surface area and pore diameter. It
was not surprising, because BPD and LPD’s
reaction rate is defined by internal diffusion of
molecules of peroxides to the active centers of
catalysts. However, for CNT such relationship
was not observed. Any correlation between Sggr
and ¥, and their catalytic performance was not
obtained. The catalytic activity of CNT in BPD

and LPD increases n a row
N-CNT>CNT;;>CNT,x with no any Sggr
changing.

Comparing of the two different carbon
structures (3D a structure of AC and rolled 2D

ISSN 2079-1704. X®TI12018. T. 9. Ne 3
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catalytic activity of CNT samples is
outperformed of AC samples in several times. In
particular, the rate constant of N-CNT is in
2 times more than that of N-AC in case of BPD
and in 20 times more in case of LPD ones.
Obviously, such behavior couldn’t be explained
only by different structural and electronic
characteristics of the sample. According to the
calculated D.g, it is clear that diffusion limitation
takes a key role in the organic peroxides
decomposition on the carbonaceous matrices.
Apparently, the only high value of Sggr is not
enough for catalysis if it is proceeding in the
diffusion region. Accessibility of the “active
surface”, that have a lot of catalytic centers is the
main factor that determined good -catalytic
activity. Hence, the catalytic reaction that is
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conducted in the kinetic diffusion region is more
effective (even in case of poor Sggr value) than
that limited by internal diffusion.

Influence of surface functional groups on
catalytic performance of AC and CNT. 1t is
generally known, that catalysis on the solid
surface is specified not only by the accessibility
of the surface but also by the structure of the
catalytic centers. Both types of samples have
been modified in the same way. However, their
surface chemistry content is different (Table 3, 4).
As expected, the catalytic activity of carbon
matrices in non-aqueous medium benefits from
the increasing of nitrogen-containing electron
donor groups and increases in the row (as for
BPD as well as for LPD): Nitrogen-doped
carbon>Initial carbon>Oxidized carbon.
Commonly, the insertion of nitrogen atoms into
the graphite lattice lowers the band gap, leading
to higher electron mobility and lowering work
function at the carbon/fluid interaction. Besides
graphitic nitrogen atoms that are very important
for catalyzing of BPD and LPD, unusual effect
displayed by catalytic quantities of nitro
compounds [37], NH,-groups and morpholine
type structures on carbon surface [38, 39].
Comparing the total amount of nitrogen for AC
and CNT, it could be concluded that urea
treatment doesn’t have an influence on the
nitrogen content for CNT and increases it in
4 times for AC. Meanwhile, no correlation

between different N-groups (Table4) and
catalytic activity was found.
sup o
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Simultaneously, a high concentration of the
O-containing groups has a strong inhibiting
effect on BPD and LPD reactions. Modification
of carbon matrice with electron withdrawing
oxygenated groups decreases delocalized =
electrons on the surface and, as consequence, the
surface electron density of it is lower than that of
N-doped one. Therefore, as AC,x as well as
CNT,x with higher acidic character performs a
lower catalytic activity. However, not all types of
O-containing groups have such influence on the
catalysis by AC(CNT). It has been established
earlier [29] that catalytic activity of CNT in non-
aqueous medium also could be defined by basic
O-containing groups (carbonyl/quinone) that
interact with the solid surface according to
single-electron transfer (SET) mechanism. From
the Fig. 5 it is clear that N-CNT sample has the
smallest amount of acidic O-containing groups
(hydroxyl, anhydride, and carboxylic) and a lot
of basic ones (carbonyl/quinone). On another
note, for the AC samples, such tendency is not
observed. Initial AC has a large amount of
carbonyl/quinone groups and lower activity than
N-AC. In the same time, it has acidic
O-containing  groups that  disrupt the
n-conjugation and introduce surface dipole
moments, leading to higher work functions. Such
phenomena overshadow the contribution of
resonating electrons to carbon basity. Moreover,
the amount of nitrogen on the AC surface is in 4
times lower, than that on the N-AC.
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Fig. 5. Amount of O-containing groups (Ols XPS data) of AC and CNT

Obtained results also revealed that
decomposition rate of steric BP is lower
compared to the long chain of LP (in both cases
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of AC and CNT). Probably, LP could easier
(than BP) penetrates into the long-range order
cavity of the tubes with good -electron
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localization and functional groups along the tube
that is preferred for the reaction. Moreover,
according to [40], decomposition of acyl peroxides
proceeds through transition complex; stability of
that depends on reaction viscosity. Increasing
solvent viscosity (0.43 cps for EA compared to
0.95 cps for TCM) leads to rising of the transition
complex stability and, as consequence, to
decreasing of the activation barrier of reaction and
better catalytic activity in LPD.

CONCLUSIONS

porous structure, the presence of surface
functional spices and surface  basicity
significantly influence catalytic performance.
High surface area and porosity are required for
effective activity, but not sufficient. Accessibility
of the “active surface” (without any diffusion
limitation), that have a lot of catalytic centers
also is an important factor that determined good
catalytic activity. In addition, carbon surface
must have a high concentration of electron donor
functionalities. Based on this finding, it could be

predicted that mesoporous CNT with high
content basic functionalities could be the
excellent catalyst for diacyl peroxides
decomposition in organic solvents.

Metal-free carbocatalysts could be an
effective  alternative  for the peroxides
decomposition in nonaqueous media because
they are inexpensive and non-toxic. Specific

KaraniTuune po3k/iagaHHs OPraHiYHNX NEePOKCH/IIB B HEBOJHOMY cepeloBHUILi
HAHONOPYBATHMM TA HAHOPO3MiPHMMH BYIJIeLleBUMHU MaTepiajiaMu

K.B. Boiitko, O.M. bakaaincbka, Kapreas M.T.

Tnemumym ximii nogepxui in. O.0. Yyiixa Hayionanvhoi akademii Hayx Yxpainu
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Memoto pobomu € odocnioxcenns xamanimuunoi cucmemu “‘Byeneyesuii manomamepian — monexyau oiayun
nepoxcudy y HeGOOHOMY cepedosuwyi” ma 6CMAHOBIEHHS OCHOGHUX (DaKmMOpIs, Wo 6NIUBAIOMb HA KAMALIMUYHY
akmueHicms obpanux mamepianig. J[ocniodceHo KamanimuyHy akmugHICMb HAHONOPYBAMUX (AKMUBOBAHO20 Vi
(AB)) ma nanoposmipnux (bacamowaposux gyeneyesux Hanompyoox (BHT)) eyeneyesux xamanizamopie ma ixix
Mooughikosanux ¢opm 6 peaxyii poskiadanHa nepokcudie 6ewnzoiny ma aaypuny (IIE ma ILJI 8ionosiono) npu
KIMHamHill memnepamypi y He80OHOMY cepedosuyi uiiaxom sumiproganius 06’emy CO,, wo suoinaemoca. OcKinvku
PO3KNAOAHH NEPOKCUOIB 3aNexNcumb 8i0 POZUUHHUKA, 8UOID «IHEPMHO20» 3PO0NEeHO 3a pe3ynbmamamu nonepeoHix
docnioxcenv. Emunayemam ma mempaxiopmemarn 0yno euxopucmano 01 II6 ma I1JI, eionogiono. Ceped
Gaxmopis, wo euUHAUAIOMb KAMALIMUYHY eQeKmMUGHICMb O0CHIONCYBAHUX 3PA3KI6 OYIU  pPO32NAHYmMI  IXHI
CMPYKMYPHO-COPOYIIHI 61ACMUBOCMI, XIMIsI NOGEPXHI ma Ougy3iuHi napamempu nepebicy peakyii. Bcmanoeneno,
Wo He38adcalouu HA BUCOKY NIOWY NOGepxHi, 3pasku AB eusaenawoms NOMIpHYy KAMAnimuyHy aKmMueHiCmy )
nopiensnni 3 BHT, ockineku peaxyis npoxooums y HympiuunboOu@y3itinitt obnacmi. Ax HACIiOOK, iXH akmueHicmb
BU3HAUAECMbCST MEKCMYPHUMU Xapakmepucmuxkamu gyaneyesoi mampuyi. Kamanimuuna axmuenicme 3pasxie BHT
nepesuwgye axmusnicmo AB ¢ 2-20 pasie. Ipynmyiouucs na pospaxosanux xoegiyicnmax ougysii, 6yno 3pobneno
8UCHOB0K, wo Kamaniz 3paskamu BHT npoxooums 6 KimemuuHiti obnacmi Ha OocmynHiti nosepxHi 3paskie. Taxa
KamanimuyHo aKmueHa Nnogepxus micmume 6acamo N-emicHux ma ocHognux O-8MICHUX (DYHKYIOHATbHUX 2pyn,
MoMy OeMOHCMPYE Kpawyy KaAmanimuyHy aKmueHiCmb w000 pPO3KIAOAHHA OpeaniyHux nepoxcuodis. Kpim moeo,
nosepxusa BHT 6invwi 2iopogpobna, wo cnpuse peakyii, Axa npoxooums y HeoOHUx cepedosuwiax. Cnio 3a3nauumu,
wo weuokicms po3xknadanus cmepuunoeo IIb Hudwcua, Hixe 0ogzonanyrocosoeo I/l sK y 6unaoky npuckopeHHs
spaskamu AB, max i BHT. Ha ocnogi nposedenux 00cCniodceHb ModxcHa nepedbauumu, wjo mezonopyéami BHT 3
BUCOKUM 6MICTOM OCHOBHUX (DYHKYIOHATbHUX 2PYN, WO 3HAXOOSIMbCS HA OOCMYRHIL OAs Cybcmpamy noeepxHi,
MOJICYyMb Oymu 2apHOI0 AIbMEPHAMUBOI0 NOWUPEHUM KAMALI3AMOpam PO3KAAOAHH OP2AHIYHUX NepOKCUOi 6
HEeB0OHUX CepedoULYaXx.

Knrouosi cnosa: amusosarne gyzinns, gyeneyesi HaHOMpPYyOKu, OeH30i1 NEPOKCUO, 1AYPUL NEePOKCUO, Ouysis,
CMPYKMYPHO-COPOYIIIHI XapaKMepUCmuKu, Ximis NO8epxHi
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HAHOIIOPUCTHIMHU U HAHOPA3MEPHBLIMHU YIVICEPOAHBIMU KaTaJIM3aTOPpaMu
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Lenv pabomel — uccnedosanue kamarumuyeckou cucmemsl ‘Yenepoownvitl HaHomMamepuan — MOLeKyIbl OUAYUL
nepokcuoa 6 HegoOHOU cepede’ U onpedeieHue OCHOBHLIX QAKMOpos, KOMopbvle GIUSIOM HA KAMAIUMUYLECKYIO
AKMUBHOCMb GbIOPAHHBIX Mamepuanos. M3zyuena Kamaiumudeckas, akmueHoCms HAHONOPUCMBIX (AKMUBUPOBAHHO20
yena (AY)) u nanopasmepHuvix (MHO20CIOUHBIX Yenepoouvix Hanompyook (VHT)) yenepoOHvix kamaiuzamopos u ux
MOOUUYUPosanHviX popm 6 peakyuu pasnodxceHus nepoxcudos denzouna u aaypuna (I16 u 1/l coomeemcmeenHo)
npu KOMHAMHOU memnepamype 6 He80OHOU cpede usmepenuem obwvema evidenuguecocs CO,. Ilockonvbky
pasnodcenue NepoKCUO08 3ABUCUTN OM PACMEOPUMENs, 6blOOp «UHEPMHO20» OCYUWeCEIeH NO pe3Vibinamam
npeosapumenbHbiX  UCCIed08aHull. Jdmurayemam U mempaxiopmeman ucnoavszoeanu ons I u Il
coomeemcmeenno. Cpedu (hakmopos, onpedensiomux Kamaiumuieckylo spgexmuenocms ucciedyemvix oopasyos,
ObLIU PACCMOMPEHBL UX CIPYKIMYPHO-COPOYUOHHBLE CEOUCHEA, XUMUSL NOBEPXHOCTU U OUpy3uonHble napamempbl
nposedenusi peakyuil. Ycmanoeieno, ymo HeCMOmMps HA 6bICOKYIO Niowjadv nogepxuocmu, AY demoncmpupyiom
VMEPEHHYIO  KAMAIUmu4eckylo akmueHocms no cpasvenuio ¢ YHT, nockonvky peaxyusi npoxooum 60
sHympuouggysuonnou  oonacmu. Kax  cnedcmeue, ux — aKmMueHOCMb  ONPeOeNsemcsi  MeKCIMYPHbIMU
Xapaxmepucmukamu yearepoOHou mampuysl. Kamanumuyeckas axmuenocms obpazyos YHT npesocxooum
axmusrocmo AY 6 2—20 pa3z. OcHogvl8asncy Ha paccuumaHnuvlx Koagguyuenmax ougghysuu, dvln coenar 61800, 4mo
kamanuz oopasyamu YHT npoxooum 6 Kunemuueckol obracmu Ha OOCMYNHOU nogepxHocmu obpaszyos. Taxas
Kamanumudecky aKmuseHds NOBepXHOCHb cooepacum MHo2o N-coOepocawux u ocHo8Hwx O-codeporcaujux
QDYHKYUOHANbHBIX 2PYNN, NOIMOMY OeMOHCIMpUpYem JVyHuylo KAMmAaiumuideckyro aKmusHOCMb 6 OMHOUEHUU
Paznodicenust opeanudeckux nepokcuoos. Kpome moeo, nosepxnocme YHT sensemcs 6onee 2udpogobnot, umo
cnocobcmayem peaxyuu, KOmopas npoxooum & HegooHwix cpedax. Crnedyem ommemumy, 4mMo CKOPOCHb PA3TOHNCEHUS
cmepuyeckozo I1B nuoice, wem onunnoyenoueunozo I1J1, kak 6 ciyuae yckopenus obpasyamu AY, max u YHT. Ha
OCHOBE NPOBEOCHHBIX UCCIEO08ANUL MONCHO NPEONOAoANCUMb, 4mo mesonopucmuvle YHT ¢ ebicokum cooepoicanuem
OCHOBHBIX (DYHKYUOHANbHBIX ZPYNN, HAXOOAWUXCS HA OOCMYNHOU Ol cybcmpama no8epXHOCmuU, MO2ym Obimb
Xopowtell  anbmepHamugol  pacnpoCmMpaHeHHbIM  Kamaiu3amopam paiodceHusi Op2aHU4eckux nepokcuoos 6
HEeBOOHBIX CPedax.

Knrouesvte cnosa: axmueupo8anHblii y20ib, yeiepooHvie HAHOMPYOKU, DeH30Ul NEPOKCUD, TaAypPUul NepoKCcuo,
oudysust, cmpykmypHo-copoyuoHHble XapaKmepucimuKit, Xumus RO8EPXHOCU
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