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Abstract: The capacity of carbon monolith for pesticide removal from water,
and the mechanism of pesticide interaction with the carbon surface were
examined. Different carbon monolith samples were obtained by varying the
carbonization and activation parameters. In order to examine the role of surface
oxygen groups on pesticide adsorption, the carbon monolith surface was func-
tionalized by chemical treatment in HNO3, H,O, and KOH. The surface pro-
perties of the obtained samples were investigated by determination of the Brun-
auer, Emmett and Teller (BET) surface area, pore size distribution and tempe-
rature-programmed desorption. Adsorption of pesticides from aqueous solution
onto the activated carbon monolith samples was studied using five pesticides
belonging to different chemical groups (acetamiprid, dimethoate, nicosulfuron,
carbofuran and atrazine). The presented results show that higher temperature of
carbonization and amount of activating agent enable microporous carbon
monolith with higher numbers of surface functional groups to be obtained. The
adsorption properties of the activated carbon monolith were more readily
affected by the number of surface functional groups than by the specific surface
area. Results obtained after carbon monolith functionalization showed that n—n
interactions were the driving main force for adsorption of pesticides with an
aromatic structure, while acidic groups played an important role in adsorption
of pesticides with no aromatic ring in their chemical structure.
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INTRODUCTION

The possibility of producing carbon materials with high specific surface
areas, microporous structure, high adsorption capacity and high degree of surface
reactivity brings a variety of applications for these materials. Carbon monolith
(CM) is a relatively new carbon material. Depending on the application, CM can
be produced with the desired shape and morphology, and controlled composition,
structure and porosity. CMs are potentially useful in a wide variety of appli-
cations, such as residential water filtration, volatile organic compound emission
control,!~# indoor air purification, chemical separation,> catalysis, biocatalysts,°
adsorption, etc. In a previous work, cylindrical CM impregnated with silver was
successfully used for the disinfection of drinking water.” Due to the fact that
finer silver particles had higher resistance to attrition from the surface of the
carbon material in comparison to larger ones,8 the CM surface was efficiently
modified and an Ag deposit was obtained in the form of fine crystals with small
crystallite sizes.? The last few years have been marked with a growing interest in
carbon monolith as an alternative for conventional carbon materials. In the pre-
sent study, an attempt was made to use activated CM as an adsorbent for the
removal of pesticides from aqueous solutions.

Pesticides are the group of hazardous compounds that, due to their extensive
application in agriculture, may contaminate surface and groundwater with poten-
tial risks for wildlife and human health.!0 Environmental contamination occurs
when pesticides drift away from the application sites and infiltrate the ground-
water by leaching through the soil.!!:12 Several methods are available for remo-
val of pesticides, such as photocatalytic degradation, combined photo-Fenton and
biological oxidation, advanced oxidation processes, aerobic degradation, nanofil-
tration, ozonation and adsorption.!3 Adsorption on activated carbon is the most
widespread technology used to deal with the purification of water contaminated
by pesticides.!4-17 The adsorption capacity as one of the most important proper-
ties is directly determined by the surface structure of the activated carbon material.

As the surface characteristics of a carbon material depend on the nature of
the carbon precursor and the processing conditions during production,!8 the main
objective of this work was to determine the appropriate carbonization and acti-
vation parameters in order to obtain a material with good adsorption properties
toward pesticides. Chemical activation, either through carbonization followed by
activation, or through a direct activation, as one of the most important steps
during the preparation, has attracted extensive attention.!9-2! Basta et al.2? found
that a 2-step KOH activation was much more advantageous than a single-step
activation for obtaining carbon materials with a high Brunauer, Emmett and
Teller (BET) surface area. The factor that influence the final porous texture of
activated carbon materials obtained by chemical activation are the activation
agent, the activating agent/carbon material ratio, the heating rate and the acti-
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vation temperature.!® In the present work, different carbon monolith samples
were obtained by changing the carbonization temperature and the amount of
potassium hydroxide used as the activation agent. The adsorption properties of
the resulting CM samples were determined by adsorption of five pesticides: acet-
amiprid, dimethoate, nicosufurone, carbofuran and atrazine. The influence of the
carbonization temperature and the activation parameters on the specific surface
area, surface functional groups and adsorption properties of the activated CM
samples were studied. Additionally, in order to examine the role of surface oxy-
gen groups in pesticide adsorption, the carbon monolith surface was function-
alized by different chemical treatments.

EXPERIMENTAL
Material

CMs precursor in the shape of cylinder (length 3.0 cm, diameter 1.8 cm) with 8600
parallel capillary channels (each with a diameter of 80 pm) inside the cylinder were purchased
from Fractal Carbon (London, UK). The design and structure of the employed CM is shown in
Fig. 1. This is a composite material, consisting of a glassy carbon bed and activated carbon on
the inner capillary walls.

v § Fig. 1. SEM Photograph of the carbon
/ monolith and cross-section (magnifi-
ol cation: 100x).

Activation of the carbon monolith

The carbon precursor was first carbonized at two different temperatures, 700 and 1000
°C, under a constant nitrogen flow rate, at a heating rate of 5 °C min’!, and the samples CM7
and CM1, respectively, were obtained. Only sample CM1 was further tested and compared
with samples activated with KOH, as sample CM7 was not fully carbonized due to its lower
carbonization end-temperature. The carbonized samples, CM7 and CM1, were mixed with
KOH pellets in different weight ratio of KOH:carbonized material (1:1 and 2:1). The samples
were placed in a furnace and heated at a rate of 5 °C min’! to 900 °C. The activation process
was realized under a constant nitrogen flow rate. The resulting products were thoroughly
washed with tap water and finally distilled water to remove the residual KOH until the pH
value of the washed solution ranged from 6 to 7. Four samples obtained in this way were used
for further examination. The scheme of activated carbon monolith production is shown in Fig.
2. The samples were denoted as CM719, CM729, CM119 and CM129. The first number in the
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sample code represents a temperature of carbonization: 7 for 700 °C and 1 for 1000 °C; the
second number in the sample code represents the amount of activating agent used: 1 for the
KOH:carbon material ratio 1:1, and 2 for the ratio 2:1; the last number specifies the activating
temperature: 9 for the 900 °C.

Activation Activation
KOH:CM7 KOH:CM1

s f£=
700°C " 2:1 - 700°C /" 2:1
CM727 CM127
A 1
A1

& &1 Iemia7

(@)
=
=

1 1:1

CM CM
carbonized carbonized
at 700°C Activated CM | at 1000°C Activated CM

Fig. 2. Scheme for the production of activated carbon monolith.

Chemical surface treatment

The chemical treatments involved submerging the sample CM719 in HNO3;, KOH and
H,0, solution. The chemically treated samples were designated CM/A, CM/B and CM/P,
respectively. Samples CM/A and CM/B were obtained by heating CM719 in 4 M HNOj5 and 4
M KOH, respectively, for 2 h, while CM/P was obtained by submerging CM719 in 4 M H,0,
at room temperature until complete decomposition of the H,O, (when there was no further gas
evolution). After chemical treatment, modified samples were thoroughly washed with distilled
water to neutral pH and dried at 110 °C for 24 h. All samples were stored in a dessicator until
use.

DPHpury of the chemically treated samples

The pH values of aqueous slurries of the CMs samples were measured. The slurries were
prepared with boiled distilled water in the ratio of 10 ml g'!; these suspensions were stirred
and the pH values were measured several times until a constant value was reached.

Specific surface area and porosity

Specific surface area of all CM samples was determined by nitrogen adsorption at liquid
nitrogen temperature using an automatic surface area analyzer, model 4200 (Leeds & North-
rup Instruments, USA). The N, adsorption and desorption isotherms of samples CM119,
CM129, CM719 and CM729 were measured at —196 °C, using the gravimetric McBain
method. The specific surface area, Sgg, pore size distribution, mesopore including external
surface area, S.s,, and micropore volume, V., for the samples were calculated from the iso-
therms. The pore size distribution was estimated by application of the Barret, Joyner and
Halenda (BJH) method?3 to the desorption branch of the isotherms. Mesopore surface and
micropore volume were estimated using the high resolution oy plot method.2* Micropore surf-
ace, Spic» Was calculated by subtracting Sy,cs, from Sggt.

Surface oxygen groups

Temperature-programmed desorption (TPD) in combination with mass spectrometry was
used to investigate the nature and the thermal stability of the CM surface oxygen groups. The
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TPD profiles were obtained using a custom-built set-up, consisting of a quartz tube placed
inside an electrical furnace. A CM sample was outgassed in the quartz tube and subjected to
TPD at a constant heating rate of 10 °C min"! to 900 °C under high vacuum. The amounts of
CO (Qco) and CO; (Qco,) released from the carbon monolith sample (0.1 g) were monitored
using an Extorr 300 quadrupole mass spectrometer (Extorr Inc., USA).

Pesticide adsorption

Adsorption of pesticides (acetamiprid, dimethoate, nicosulfuron, carbofuran and atra-
zine) by the CM samples (0.5 g) was performed from 50 ml of an aqueous solution of pes-
ticide in batch system with constant shaking. The initial concentration of each pesticide was
500 ppb. The concentration of pesticides was determined at the end of 2 h adsorption period
using an HPLC-MS/MS method.?’

HPLC-MS/MS Analysis

Surveyor HPLC system (Thermo Fisher Scientific, USA) was used for the separation of
the analytes on the reverse-phase Zorbax Eclipse XDB-C18 column, 75 mm long, 4.6 mm i.d.
and 3.5 pm particle size (Agilent Technologies, USA). The mobile phase consisted of metha-
nol (A), water (B) and acetic acid (C). The composition was linearly changed as follows: 0
min 59 % A, 40 % B, 1 % C; 10 min 99 % A, 1 % C; 15 min 59 % A, 40 % B, 1 % C. The
flow rate of the mobile phase was 0.5 ml min!. A 10 pl aliquot of the aqueous solution was
injected into HPLC system. Quadrupole ion trap mass spectrometer, LCQ Advantage (Thermo
Fisher Scientific, USA), was used for detection and quantification of pesticides. The electro-
spray ionization technique was used and all pesticides were analyzed in the positive ionization
mode. External calibration method and the selected reaction monitoring (SRM) mode was
used for quantification of all pesticides.

RESULTS AND DISCUSSION

The values of the specific surface area obtained by the dynamic method
(Table I) showed an increase in the specific surface area on activation. It could be
noted that specific surface area of activated CM samples depended on both
amount of KOH amount and activation temperature. The increase in the KOH
amount together with activation at 700 °C led to the development of a specific
surface. During the activation process, the decomposition of KOH was followed
by a gasification process under high temperature:

2KOH — K50 + H,0 (1)
H,0+C — CO +H, )

Stronger activation, i.e., increased ratio of KOH, opened up the porous
structure and increased Sggr.2° The specific surface area of both CM samples
increased on activation at 900 °C using two ratios of hydroxide. However, further
increasing the amount of the activating agent decreased the specific surface area,
probably due to enhanced gasification process. Therefore, an over-gasification
might have occurred with the detrimental effect of reducing the surface area,
especially the micropore surface area.2” This phenomenon was also observed by
Laine and Calafat.28 The highest values of specific surface area were obtained for
the samples carbonized at 700 °C and activated at 900 °C.
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TABLE 1. The amount of pesticides adsorbed on the CM samples (¢ / pg g'!)

Sample asrg zc'rj;l rgfl Acetamiprid Dimethoate Nicosulfuron Carbofuran Atrazine
CM7 4.17 11.2 0.00 17.8 1.96 12.0
CM1 6.42 14.9 2.90 2.30 9.19 15.0
CM717 1.44 9.60 7.58 11.1 22.8 5.59
CM727 321 51.4 36.2 18.6 52.6 41.6
CM747 324 38.5 18.6 12.4 35.0 24.9
CM719 388 47.8 48.0 47.7 47.9 48.0
CM729 714 44.6 44.9 44.6 44.8 448
CM749 609 44.9 44.9 44.9 44.9 44.7
CM117 93.6 39.0 26.3 13.1 43.7 30.1
CM127 110 28.5 46.5 8.05 63.6 21.0
CM147 133 28.5 22.7 5.50 47.6 16.3
CM119 105 44.6 44.4 43.7 447 443
CM129 616 66.6 62.0 58.2 68.2 64.7
CM149 59.2 41.2 43.7 26.2 75.0 27.3

The concentration of the pesticides remaining in the aqueous solutions after
adsorption on the CM samples was determined by the HPLC-MS/MS method.
From the obtained MS? spectra of the pesticides (Fig. 3), the most abundant
fragment ions were selected. The selected reaction monitoring (SRM) mode was
used for quantification of all pesticides. The amounts of pesticides adsorbed on
CM samples are presented in Table I. The CM samples activated at 900 °C had
better adsorption properties toward the examined pesticides. Since the amounts
of pesticides adsorbed were not proportional to the values of specific surface
area, it could be assumed that the specific surface area is not a key factor in the
adsorption of pesticides.

The porous texture of CM samples with best adsorption properties (CM119,
CM129, CM719 and CM729) was determined by physical adsorption of N, at
—196 °C. The nitrogen adsorption isotherms of selected CM samples are pre-
sented in Fig. 4. According to the IUPAC classification,2? the isotherms are of
type 1, which are associated with microporous materials. The pore size distri-
butions, shown in Fig. 5, confirm that examined samples were microporous, with
most of the pore having a radius smaller than 2 nm. Activation with the higher
amount of hydroxide slightly increased the amount of mesopores.

The specific surface areas calculated by the BET equation (SggT), micropore
and mesopore area, micropore volume and average pore radius are listed in Table
II. The SggT values cover a wide range 172-1144 m?2 g-! and follow the same
trend as the values of the specific surface areas obtained by the dynamic method.
However, the values of the specific surface area of selected CM samples obtained
by dynamic method and the McBain method show some discrepancies. These
discrepancies are even more pronounced with increasing Sggt and in microporo-
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sity. The reasons for these discrepancies lie in the employed experimental condi-
tions. In the case of microporous materials, it is essential to estimate the experi-
mental conditions for the achievement of equilibrium N adsorption, due to the
slow nitrogen adsorption within the micropores. The experimental conditions
used in the McBain method enabled equilibrium adsorption of Nj, while in the
case of the fast dynamic method, equilibrium nitrogen adsorption was not achieved.
Consequently, the dynamic method did not give complete surface coverage and
results obtained by this method are lower than those obtain by the McBain method.
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Fig. 3. HPLC Chromatogram of aqueous solutions of the pesticides.

TPD provides quantitative information on the total number of surface oxy-
gen groups. Surface oxygen complexes on carbon materials decompose upon
heating by releasing CO and CO,. Thus, the TPD peaks of CO and CO; at diffe-
rent temperatures correspond to specific oxygen groups. The decomposition tem-
perature is related to the bond strength of specific oxygen-containing groups.
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Thus, the position of the peak maximum at a defined temperature corresponds to
a specific oxygen complex at the surface. For example, CO, is released by
decomposition of carboxylic groups at 373673 K,30-32 or lactone groups at
463-923 K.30.33 Both CO and CO; peaks originate from the decomposition of
carboxylic anhydrides in the temperature range 623-900 K.30:31 Phenols, ethers,
carbonyls and quinones give rise to CO at 973-1253 K.32,34.35 The quantities of
CO and CO; released during the TPD experiments correspond to the total
amount of surface oxygen groups.

—=—CM 119 ——CM 129
——CM 719 ——CM 729

Pl p,

Fig. 4. Nitrogen adsorption isotherms, the amount of N, adsorbed as function of the relative
pressure for CM samples. Solid symbols, adsorption; open symbols, desorption.
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Fig. 5. Pore size distribution for the CM samples.
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TABLE II. Porous properties of the CM samples

Sample Sger/m? gl S /M2 gl Speo /m? gl Vi /em® gt/ nm
CM1 6.42 - - - -
CMI119 172 168 4 0.084 1.54
CM129 843 823 20 0.396 1.78
CM719 398 396 2 0.160 2.03
CM729 1144 1133 11 0.540 2.03

TPD profiles of CO and CO; evolution for all CM samples are shown in Fig.
6. The TPD profiles of all the tested activated CM samples showed intensive
peaks at relatively high temperatures (from 650 to 780 °C). In addition, the CO
desorption profiles had a maximum at the temperature which coincides with the
maximum in CO; desorption profile, which indicates the existence of anhydride
groups.30 The existence of these peaks was not observed in the TPD profiles of
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CM1.30 Therefore, the presence of a large number of anhydride groups on the
surface of the activated CM samples is probably the consequence of the KOH
activation process. The appearance of a desorption peak at a low temperature
(around 300 °C) in the CO profiles of all samples may be due to thermal decom-
position of carbonyl groups in a-substituted ketones and aldehydes.3” The CO,
desorption profile (Fig. 6b) for sample CM129 showed an intensive TPD peak at
around 300 °C related to the presence of carboxylic groups. For samples CM1
and CM119, the TPD peak at 300 °C was less intensive but also present, while
for the CM samples carbonized at 700 °C (CM719 and CM729), a peak at this
temperature was not observed.

The amounts of CO and CO; released from the surface of CM samples were
obtained by integration of corresponding TPD curves (Table III). For the CM
samples carbonized at 1000 °C, the increased amount of activating agent enhanced
the number of surface oxygen groups. The highest number of surface oxygen
groups was observed for the CM129 sample. On the other hand, for the CM
samples carbonized at 700 °C, the increased amount of KOH decreased the num-
ber of surface oxygen groups. Comparing the results of the specific surface area
and TPD, no proportionality between these results was found. Therefore, it could
be concluded that the development of porosity and specific surface area during
the activation process was not accompanied with the formation of surface oxygen
complexes.

TABLE III. Amounts of CO (Qc¢p) and CO; (Qco,) evolving from the surface oxygen groups
of the CM samples

Sample Oco/ mmol g1 Oco, / mmol g'! Oco + Oco, / mmol g!
CM1 1.404 0.297 1.701
CM119 2.068 0.772 2.840
CM129 3.103 1.031 4.134
CM719 2.637 0.335 2.972
CM729 2.173 0.283 2.456

The amount of pesticides adsorbed on the CM samples after a 2-h adsorption
period is presented in Fig. 7. The adsorption main force was expected to be the
dispersion force between the m electrons in the pesticide structure and the =«
electrons on the surface of the carbon material.!2 The presence of aromatic rings
in pesticide structure increases the possibility of such interactions due to delo-
calized 7 electrons over the ring. Moreover, a branched substituent on the aro-
matic ring increased the level of pesticide adsorption. The obtained results showed
that all the activated CM samples had good adsorption properties toward the
selected pesticides compared to the CM1 sample. In addition, there was no strong
adsorption competition between examined pesticides on the activated CM sur-
faces. The amounts of pesticides adsorbed on the samples CM119, CM719 and
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CM729 were rather similar. According to the TPD results, these samples had
similar total amounts of surface oxygen groups and despite of the differences in
the specific surface area, they adsorb similar amounts of pesticides. It could be
noted that the adsorption capability of these samples follows the same trend as
that of the total number of surface oxygen groups. The most pronounced adsorp-
tion capability was observed for the sample CM129 with the highest number of
surface oxygen groups. According to a suggested mechanism,!2 the specific sur-
face area should have a crucial influence on pesticide adsorption. In the case of
pesticide adsorption on activated carbon monolith surface, the specific surface
area seems to play a secondary role, which implies that this mechanism cannot be
applied for the pesticide adsorption on a carbon monolith surface.

["1 Acetamiprid /ZZZ) Dimethoate Nicosulfurone
Carbofuran A Atrazine
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Fig. 7. Amount of pesticides adsorbed on the surface of the CM samples.

A

In order to examine the role of surface oxygen groups in pesticide adsorption
on carbon monolith surface, sample CM719 was functionalized in a way to
change surface chemistry. The nature and number of surface oxygen groups were
changed by chemical treatment with different regents. Specific surface area
values for modified CM samples are presented in Table IV. It could be inferred
from these results that CM modification results in almost negligible alterations in
specific surface area values (less than 10 %). Based on these results, it could be
concluded that the porous features of the CM were not greatly altered by chemi-
cal treatment.

According to the pHgpyry values (Table IV), it can be noted that samples
CM719 and CM/B exhibited basic character, while the oxidized samples CM/A
and CM/P became more acidic, showing that the majority of the created function-
alities were acidic in nature.
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TABLE IV. Values of the specific surface area and pHyyry value for the chemically modified
CM samples

Sample Spgr / m? g1 PHturry
CM719 398 9.1
CM7-A 380 43
CM7-P 362 5.0
CM7-B 385 9.3

The nature of the functionalities created on the carbon surface after the
chemical treatment with HNO3, KOH and H,O; was studied by TPD method.
The influence of chemical treatment on the surface oxygen groups was examined
through the total amount of surface oxygen groups (Oco + Oco,) and the ratio of
evolved CO; and CO (Oco,/Oco) (Fig. 8). The TPD results showed that chemi-
cal treatment enlarged total number of surface groups, especially for the sample
treated with HNO3 (sample CM/A). Treatments with HNO3 and H,O; increased
surface oxidation, which resulted in the evolution of the large amounts of COs.
These results are consistent with the pHgjyrry results and indicate that acidic
groups, such as carboxyl and lactone, which are CO; evolving groups, were addi-
tionally formed in the HNO3 and H,O; treatments. Although KOH treatment
increased the total amount of surface groups, the Oco,/Oco ratio stayed almost
unchanged, compared to the unmodified sample, which is in agreement with the
PHslurry results.

4.2 - 1.2
o 4.0 10
[e)
E 3.8
0.8
~ 3
o 3.6 0
QU - 0.6-
5 34 g
O Q 0.4 |
8 )
Q 32-
30 0.2-
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CM719 CM/A CM/P CM/B CM719 CM/A CM/P CM/B

Fig. 8. Total amount of the surface oxygen groups (Oco + Oco,) and Oco,/Oco ratio
for the CM samples.

According to the results obtained for the chemically modified samples, it is
possible to modify the surface functionality of an activated carbon monolith
without changing considerably the porous texture. In this way, a proper under-
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standing of the role of the functionality of an activated carbon surface in the
retention of pesticides from aqueous medium at low concentration could be
acquired.

As the structure of pesticides plays an important role in adsorption, two
pesticides, dimethoate and carbofuran, with different chemical structure charac-
teristics were chosen for an examination of the adsorption properties of the che-
mically modified CM samples. The amounts of pesticides adsorbed on the modi-
fied CM samples are presented in Fig. 9.

Il Dimethoate [__] Carbofuran
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Fig. 9. Amount of dimethoate and carbofuran adsorbed on the surface of the chemically
treated CM samples.

It could be seen that chemical treatment affected the adsorption capacity of
the examined CM samples. The efficiency of carbofuran adsorption decrease
after chemical modification, which was the most pronounced for the oxidized
samples. Due to the aromatic structure of carbofuran, dispersion forces between
the 7 electron density of the graphene layers on the CM and the aromatic ring of
the adsorbate could be expected. The decrease in the adsorption rate observed
after oxidation was most probably due to an alteration of the 7 electronic density
on the carbon surface because of its functionalization. The majority of the surface
groups have electron-acceptor character. Functionalization of the carbon mono-
lith withdraws 7 electrons from the graphene layers, and then the contribution of
dispersive interactions to adsorption is reduced. Sample CM/B showed more
pronounced adsorption efficiency toward carbofuran, compared to the oxidized
samples. Although CM/B had considerable number of surface oxygen groups, it
displayed pronounced basic character. One of the reasons for the basic behavior
of the carbon surfaces could be the © basicity of the exposed graphene layers.38
Therefore, the good adsorptive capacity of CM/B toward carbofuran was prob-
ably the consequence of the increased © density and dispersive interactions.
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On the other hand, the adsorption of dimethoate is not driven by the men-
tioned m—m interactions, due to the absence of an aromatic ring. The obtained
results showed that the adsorption capacity increased after oxidation (samples
CM/A and CM/P), following the same trend as the Oco,/Oco ratio. With respect
to the pHgjyrry values and increased Qco,/Qco ratios obtained for the oxidized
samples, it could be concluded that CO; evolving groups play an important role
in the adsorption of dimethoate.

CONCLUSIONS

In this study, microporous activated carbon monolith samples were produced
by changing the parameters of carbonization and activation. Larger specific sur-
face areas were obtained by using higher amounts of the activating agent for
samples obtained at carbonization temperatures of 700 and 1000 °C. TPD anal-
ysis showed the presence of anhydride groups on all activated CM samples and
carboxylic groups on CM samples carbonized at 1000 °C. The possibility of
using the produced materials for pesticide removal was also tested. Although, all
the tested activated CM samples had good adsorption properties, the most pro-
nounced adsorption capability was observed for the sample CM129, which con-
tained higher numbers of surface oxygen groups. From the obtained results, it
could be concluded that the specific surface area is not a crucial factor for pes-
ticide adsorption on the surface of CM. On the other hand, the nature and the
number of surface oxygen groups show a dominant effect on pesticide adsorp-
tion. Additional functionalization of the CM surface showed that n—m interactions
were the main force for the adsorption of pesticides with aromatic structure,
while acidic groups play an important role in adsorption of pesticides without
aromatic ring in their chemical structure.
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H3BOJ

YTHULIAJ ITAPAMETAPA JOBMJALA KAPBOH MOHOJIUTA HA AICOPITILINTY
NECTUIOHUIA

MAPUJA BYKYEBUR', AHA KATTUJAIIUC?, BU/bAHA BABUR®, 30PAH JIAYIIEBUR” n MUJIA JIAYIIEBUR'

T, EXHOIOLIKO—MaTaIypIIKH GaKyaTer, Yuupepsurer y beorpazgy, Kapruerrjesa 4, 11001 beorpaz,
Zﬂaﬁopampﬂja 3a Qu3HKy, HHCTHTYT 3a HyK/IeapHe Hayke Burya, Yunpepsurer y beorpazy, Muke
ITreposrha Anaca 12-14, 11001 Beorpag u 5/]&50]73 TOpHja 3a Mateprjaie, HHCTHTYT 3a HyK/IeapHe

Hayke Brurya, Yrusepsurer y beorpagy, Muxe Ilteposrha Anaca 12-14, 11001 beorpag

Y oBOM pafly je UCIIUTHBAH KalaluTeT y30paka KapOOH MOHOJIUTA 3@ afCOPILH]jy IeCTH-
Uuza, Ka0 ¥ MEeXaHU3aM MHTEpaKuHje NeCcTHLUUAA Ca MOBPLIMHOM YIJb€HUYHOI MaTepHjana.
Pa3nuunTty y30puu kapdOH MOHOINTA JOOHjEHH Cy BapUpameM NTapaMeTapa KapOoOHU3auuje U
aKTHBalWje. Y LWby MCIUTHBaMba yJIOre MOBPIIMHCKUX KMCEOHWYHHX Ipyla y ancopnuujy
MecTULIMAA W3BplIeHa je (yHKUMOHaNM3aluja nospiuuHe TpetupaweM ca HNOs3, H,0, u
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KOH. obujenu y30puu okapakTepucaHu cy ogpehrBamem crenrdruyHe MOBPIIWHE U PaCcIio-
Iene Imopa, Kao M METOJOM TeMIlepaTypHO-TNIporpaMUpaHe [ecoprnuuje. 3a HCIHUTHBambE
aficopILMje NecTULiM/ia U3 BOAEHUX pacTBopa KopuilheHa je cMella NeT NeCTUIUAA KOjU IIPH-
nafiajy pasiuuuTHM XeMHjCKUM rpynama (aueTamMHunpHy, JUMEToaT, HUKoCcyadypoH, kapbo-
¢ypaH u artpasuH). [IpvkasaHu pes3ynTaTd yKasyjy Ha To Aa nosehamwe Temneparype kapdo-
HHU3allMje, Kao U yrena aKTHBALMOHOT areHca, omoryhajsajy nodujame MHUKpPOIOPO3HOT Kap-
O00oH MoHONHTa ca BehuM canprkajeM MOBPIIMHCKUX KHUCEOHWYHUX Tpymna. YTBpheHo je na
NOBPLIMHCKE KHCEOHUYHE IPyIe UMajy ZOMHUHAHTaH YTHIIaj Ha aZCOpNIMOHe KapaKTepUCTHKe
aKTUBMpaHMX y3opaka. [lobujeny pesynTaTy HakoH (yHKLHMOHAalIM3alWje IOBpLUIMHE KapOoH
MOHOJIMTA I0Ka3yjy [la m—T UHTepaKUHje [TpeCcTaB/bajy IaBHY NOKPETAuyKy CHITy 3a afcopI-
LHjy MeCcTUIUAa Ca aPOMAaTHYHOM CTPYKTYPOM, IOK KUCeJe MOBPIIUHCKe rpyre UMajy Bopehy
YIJIOTY y afCOPIUHUjH anudaTHIYHUX NeCTULHA.

(ITpummeno 27. nenemdpa 2012, pesugupano 14. janyapa 2013)
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