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MODIFICATION OF ACTIVATED CARBON KAU
SURFACE PROPERTIES

D.V. Brazhnyk!, .V. Bacherikova', V.A. Zazhigalov*, A. Kowal?

! Institute for Sorption and Problems of Endoecologiational Academy of Sciences of Ukraine
13 General Naumov Street, Kyiv 03164, Ukraine
ZInstitute of Catalysis and Surface Chemistry ofigPoAcademy of Sciences
8 Niezapominajek Street, Krakow 30-239, Poland

The properties of oxidized activated carbon KAlhtegl at different temperatures in inert atmosphere
were studied by means of DTA, Boehm titration, XREAFM methods and their catalytic activity inSH
oxidation was established. Three types of oxygenisp exist on carbon catalysts surface. It wasvsho
that their catalytic activity in hydrogen sulfideidation correlated with relative content of OH-ggs
and charged oxygen species on carbons surfage 48d Q; oxygen types with BE533.2-533.7 and
536.8-537.6 eV, respectively). The sample treatelD@0°Chas very high activity in }$ oxidation and
transforms up to 57 mmol,H/g cat at 180°C. The vanadium/carbon KAU sampkre wrepared by three
different methods (incipient wet impregnation aegakition-precipitation by NIWO; in aqueous medium,
and in acetonitrile with VO(acag) It was established that synthesis in organiciomaded to preparation
of nanodispersed vanadia on carbon surface. Thesdf@ples were more active inSHoxidation at 180°C
than treated activated carbons. The sample preparemtganic medium had excellent activity in hydeng
sulfide oxidation and oxidized more than 132 mmg@&/#i cat without its deactivatiohe formation of sur-
face dense sulfur layer is the reason of catalgsetivation in HS selective catalytic oxidation.

However, these processes lose their advantages
INTRODUCTION and efficiency at low k8 content (below 5%) in gas
A currently important aspect of environ- mixtures or its not-stable source. Adsorption or
mental policy is removal of sulfur-containing catalytic methods use for hydrogen sulfide removal
species from various gases. Toxicity of sulfur- from a tail gas and the last technology based on di
containing compounds and their very low odor rect HS selective oxidation by air oxygen to ele-
threshold determine the development of efficient mental sulfur M™H,S+0,=n/2S,+H,O seems
desulphurization processes. Governments are more promising although the catalysts of this re-
constantly tightening regulations to limit the action still need to be improved.
emission of sulfur compounds into air and this Catalysts on the base of metal oxides (bulk or
makes necessary to enhance the level of sulfur supported) proposed for direct hydrogen sulfide
recovery from natural, refinery, gasification, selective oxidation at its low concentration [3—10]

cracking, municipal, and other gases. and vanadium containing compositions were
The most widely used method for,$ re- among the most promising catalysts. However the
moval is Claus process based on reaction of se- high activity of oxide catalysts leads to formation

lective transformation of }$ to elemental sulfur of SO, (dangerous pollutant also) and reduces the
2H,S + SQ = (3/n)S + 2H,0. selectivity of the reaction. Sulphatation of the

The thermodynamic limitations of the Claus oxide catalysts or supports provokes decrease of
equilibrium reaction fix the maximum hydrogen their activity or destruction.
sulfide conversion level at about 97%. The devel- Carbon containing materials also were pro-
oped Superclaus process permits to reach effi- posed as catalysts for the low temperatus& H
ciency up to 99.5%. These processes are very ef-oxidation above or below the sulfur dew point
fective at stable and large sources of raw material [e.g., 11-19]. It was shown [e.g., 18] that nickel
(H.S). Their technological features, advantages sulfide supported on high surface area SiC was
and disadvantages were summarized in reviews active and selective below dew point and oxidized
[1, 2]. H,S at low oxygen concentration {8,S=2.5)
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with sulfur storage of almost 120 wt.%
(1200 mg/g). This catalyst could be regenerated
by sulfur removal at 250-300°C in inert gas (He).

elements were Ca and Na, and only traces of Al,
Si and Fe were determined. This initial carbon
was oxidized in 25% HN©at 95°C during 4 h,

However, an increase of the reaction temperature washed with water and dried at 110°C for 4 h

or oxygen concentration decreased the oxidation
selectivity and led to SOformation. The maxi-
mal values of the sulfur storage on carbon cata-
lysts were obtained at 200°C (690 mg/g) [11].

The unique surface properties of carbona-

(KAUox). The oxidized activated carbon KAUox
was calcined in argon flow at steadily increasing
temperature (2°C/min) and then the samples were
heated step by step in 2 h at the following tem-
peratures: 400°C (KAU400), 600°C (KAU600),

ceous materials, such as high surface area and800°C (KAU800) and 1000°C (KAU1000).

pore volume, along with their chemical properties
and possibility of their modification make them
very attractive for preparation of catalysts with
better properties in direct selectiveSHoxidation

at low reaction temperatures. The most common
ways [e.g., 20-23] for modification of carbon sur-
face are: impregnation with metal salts, controlled
oxidation and thermal treatment of carbons materi-

Vanadium-containing catalysts were prepared
by three methods with KAUims support: i) in-
cipient wet impregnation in water solution with
NH4VO; (0.69 g of vanadium salt on 30 g of the
support) (Vaq/Ciw), ii) deposition-precipitation in
water solution with NiVO; (0.69 g of vanadium
salt on 30 g of the support) (Vaq/Cdp), iii) sup-
port impregnation with OV(EH-0O,), (1.56 g of

als. In this study carbon surface was activated by VO(acac) on 30 g of the support) in acetonitrile

HNO; treatment as an effective method of oxy-
gen-containing groups introduction and surface
modification followed by their thermal treatment

medium (Vacac/C). The prepared samples (6 g of
each sample) were dried during 6 h in air at
110°C and calcined in flow of Ar in tubular

in inert atmosphere at different temperatures and quartz reactor (4 25 mm and 50 cm in length) at

by impregnation with vanadium salts.
Previous study [24] has shown that modifica-
tion of carbon surface by metals (V/C, Mn/C, FelC,

450°Cfor 4 h.
The textural characterization of the activated
carbon samples was based on thealsorption

Co/C, Cu/C and Mo/C) changes its properties and isotherm determined at —196°C with a Quanta-
increases activity in hydrogen sulphide oxidation, chrome NOVA/2200e system. Prior to measure-
and that vanadium-containing sample (vanadium ment, samples were outgases overnight at 120°C
content near 1 wt.%) was the most promising cata- under nitrogen flow. The pore volumes and pore

lyst for this process at low,8B concentration in air.
In this paper the influence of the preparation weth
on the properties of the V/C system was studied.

EXPERIMENTAL
Activated carbon KAU prepared from peach

size distributions were calculated using density
functional theory. Additionally, the surface areas
and pore volumes were calculated using the BET
and Dubinin—Radushkevich methods.

The surface groups were determined quantita-
tively following the Boehm titration method [25].

and apricot stones was used as raw material. It Thermal analysis of the samples was realized

was treated during 4 h in 2M solution of NaOH at
95-100°C washed in water to bring pH of solu-

tion down to 10, treated with hot hydrochloric

acid, washed with water to bring pH of solution

up to 4, then carbonized at 650-700°C and acti-
vated with steam at 800-850°C (KAUin). The

analysis of KAUin sample with Carlo Erba Stru-

mentazione elemental analyzer (mod. 1106)
showed the presence of C(94.3wt.%),
H (0.5wt.%) and O (5.2 wt.%). The content of

mineral admixtures was determined by ashing
carbon sample in furnace at 900°C. KAUin sam-
ple contained a smaller quantity of mineral ad-
mixtures (ash content0.4 wt.%). The analysis of

with a Derivatograph Q-1500 "F. Paulik, J.
Paulik, L. Erdey" thermoanalytical instrument at
heating rate 5°C/min in air atmosphere.

The amount of vanadium in the catalysts was
measured by atomic absorption spectroscopy and
it was practically equal to 1 wt.% in all samples.

The surface composition of the catalysts was
obtained from XPS spectra recorded by a VG
Scientific ESCA-3 photoelectron spectrometer
using Al Koy, radiation (1486.6 eV). The X-ray
source operated at 13 kV and 10 mA. The work-
ing pressure was lower than 2%IDorr
(1 Torr=133.3 Pa). All spectra were recorded at
the photoelectron take-off angle of 45°. Binding

ash composition (EDXRS) showed that the base energies were referenced to the C 1s peak at
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284.8 eV from the graphitic peak (maximal inten-
sity). The spectrometer was interfaced with an
IBM PC AT microcomputer for data acquisition
and processing. The data published in [26-32]
were used for the correct identification of ob-
tained results.

The surface morphology of the samples was
studied by atomic force microscopy (AFM) with
a NanoScope E, Digital Instruments Scanning
Probe Microscope Controller.

The catalytic properties of the samples were
determined in reaction of hydrogen sulfide oxida-
tion using a flow type quartz reactor (8 mm di-
ameter and 45 cm in length) with cool flask be-
low reactor. The reaction was performed in tem-
perature range 20-180°C with the reaction mix-
ture containing 1 vol.% §$ in air (Q/H,S=20).
The velocity of the reaction mixture was
50 cc/min and nearly 0.5 g of the catalyst (f)cm
was loaded into the catalytic reactor. The content
of hydrogen sulfide in the reactor inlet and outlet
was controlled by GC method and the appearance
of H,S traces (20 ppm) on the catalytic reactor
outlet was additionally qualitatively fixed by
change of color of the filter paper moistened in
1M solution of lead acetate. For the determination
of true catalytic properties of the carbon catalyst
without masked influence of catalytic properties
of sulfur and possible dissolution of,$lin de-
posited sulfur (see above), the activity of carbons
was determined as the quantity of oxidized hy-
drogen sulfide up to first appearance 0fSH
traces in catalytic reactor outlet.

RESULTS AND DISCUSSION

DTA method shows that KAUIn activated car-
bon sample is stable to oxidation by air up to tem-
peratures of 480-500°C (Fig. 1). Oxidation of this
activated carbon by HNQeads to the decrease of
its thermal stability — the surface oxidation of
KAUox begins at temperature of 100-120°C and
burning is observed at 180—200°C. Calcination of
KAUox in inert atmosphere independently on the

catalyst. These results demonstrate the stability o
the synthesized samples under the reaction condi-
tions used for hydrogen sulfide oxidation.
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Fig. 1. Thermogravimetric data of aetited carbor

oxidation by air;1 — KAUinit, 2 — KAUox, 3 -

KAU600, 4 — KAU1000,5 — Vaq/Ciw, 6 —

Vaq/Cdp,7 — Vacac/C)

The characteristic isotherms of nitrogen ad-
sorption obtained on studied samples are pre-
sented in Fig.2.
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Fig. 2.The isotherms of nitrogen adsorption

KAUox (1) and V/C samples: Vacac/Q)(
Vaqg/Ciw (3)

The presence of type H4 (E in old classifica-
tion) of the hysteresis loop on the isotherms
shows the existence of some mesoporosity in the
samples. The curves of adsorption and desorption
are practically horizontal and parallel in wide

treatment temperature increases the thermal sta-range of relative pressures that can indicate the

bility of the samples. Data presented in Fig. 1
show that the temperature of mass loss beginning
for the samples KAU600-KAU1000 is not so
much different from the value for KAUinit acti-
vated carbon. The deposition of vanadium on
carbon KAUin surface also increases its tempera-
ture of oxidation beginning up to 300°C for
Vag/C samples and up to 350°C for Vacac/C
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preferential microporosity of prepared materials
with slit-shaped pores. The deposition of vana-
dium on carbon surface leads to the shift of the
isotherm downward.

The textural parameters of the preparations
calculated from the isotherms of nitrogen adsorp-
tion are presented in Table 1. The obtained results
show that for all samples the specific surface area
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and micropore volume have the practically iden-
tical values. Thus the modification of KAUox

sample by high temperature treatment in an inert
atmosphere and KAUin by vanadium deposition

surface of Vacac/C sample is three times higher
than in Vaq/Ciw sample. The porous structure of
the sample Vaqg/Ciw well corresponds to those of
the support up to pore sizes of 6 A but the differ-

less influences on this parameters of the sample ence observes in micro- and mesoporous regions.

porous structure.

Table 1.Textural parameters of the samples calculated
from nitrogen adsorption at -196°C*

Sample  Sger, Vi, Vmic, R, Eo, Sex, Smic,

m2_g-1 Crnfi_g—l Cm3.g-1 nm kJ_mol—l m2_g-1 m2'g-1
KAUin 1240 0.55 0.52 0.88 - 20.11042
KAUox 1150 0.54 0.51 0.947.65 4.8 1100
Vag/Ciw 1140 0.51 0.48 0.899.16 1.7 1126
Vag/Cdp 1130 0.50 0.47 n.d. 9.12 12.60.45
Vacac/C 1170 0.54 0.52 0.898.97 15.01065

*S — specific surface area by BET methodyVand E —
micropore volume and the characteristic adsorpépnargy
calculated by DR method, R — average pore widthrdete
mined by Dubinin method, 4 — cumulative pore volume
determined from pores size distribution.

The distribution of the pores for KAUin sam-
ple demonstrates two maxima at the pore radius
equal to 2.4 and 7.0 A (Fig. 3).
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Fig. 3. Pore distribution of sizes for the KAUinit)

KAUox (2) and V/C samples: Vaq/Ciw3),
Vacac/C 4)

Deposition of vanadium on KAUin from wa-
ter and organic solutions results in formation of
samples with different properties. Pore size dis-
tribution for a sample synthesized in non-aqueous
environment practically completely coincides
with initial activated carbon. It testifies that
VO(acac), does not penetrate in micropores and,
most likely, concentrates on an external surface
of the carbon support. This assumption may be
confirmed by V/C atomic ratio calculated from
XPS data (Table 4). Vanadium concentration on
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This fact can be connected with the penetration of
ammonium vanadate in the big radius pores only.
These data show that the vanadium deposits on
the walls of wide micro- and mesopores of carbon
support and partially fill up them.

The results of Boehm titration presented in
Table 2 suggest that all carbon samples possess
acid (i.e., carboxylic, lactonic and phenolic
groups) and basic functional groups. The amount
of both groups and especially strongly acid
groups (i.e., carboxylic groups) increased after
KAUin sample oxidation. Lactonic groups are
prevalent among acid sites on the KAUox sample
but their content essentially decreased with an
increase of the calcination temperature in inert
atmosphere.

Table 2. The concentration of surface functional
groups in carbons determined by Boehm

titration
Content of surface groups, meg/g

Sample  pH  carbo- . i shenolic Ot fotal

xylic P acidic basic
KAUinit 5.74 0.066 0.38 095 140 0.3
KAUox 3.78 0.526 1.48 049 250 1.2
KAU400 5,75 0432 112 043 198 1.1
KAU600 6.62 0.232 0.37 036 096 1.0
KAU800 7.78 0.014 0.23 0.15 0.39 0.6
KAU1000 8.88 — 0.06 0.01 0.07 0.3

The data in Table 2 show that the concentra-

tion of the acid groups more decreases than that
of the basic ones and it is accompanied by an in-
crease of the pH of the carbon suspension. After
the sample treatment at 1000°C, the residual
amount of surface acid groups was below the de-
tection limit of the Boehm titration. This result
could be attributed to the higher thermal stability
of the basic surface groups compared to acid
ones. This corresponds to literature data [33]
which show that in lower temperature range
(120-500°C) strong acid groups (carboxylic
groups) decompose easily than weak acids groups
(phenols and lactonic) and oxygen-containing
organic bases (500-800°C).

The XPS study of the surface in prepared acti-
vated carbons show the some asymmetry of C 1s
peak. According to literature [26—32], the carbon

XOTIM2011. T.2. Ne 1
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spectra were well fitted with five peaks which were 1s-electrons of adsorbed water were determined
assigned to carbon atoms bound with carbon and/orin the range 535.0-536.0 eV while for adsorbed

hydrogen atoms (BE284.8 eV, G peak), to car-
bon atoms with one (G), two (G) and three (¢,)
bonds with oxygen atoms (BE86.2-286.3,
287.7-288.1 and 289.2-290.4 eV, respectively)
and to rpeak (Gi, BE=291.2-291.8 eV).
The treatment of activated carbon not much influ-
enced the electronic state of carbon atoms and
C1s binding energies. The oxidation of KAUinit
sample slightly decreased the intensity of @he
main peak — 60-70% relative intensity of C 1s
peak) and €, peaks and increased the area of the

peaks assigned to carbon-oxygen groups but the

thermal treatment of KAUox carbon in inert at-
mosphere reduced the content of oxygen contain-
ing groups (¢—Cy.4).

The O 1s spectra of studied carbons were fit-
ted with three peaks and their binding energies
are reported in Table 3.

Table 3.The binding energy of O 1s-electrons and
relative content of)1s peaks (XPS method)
on samples surface

BE of O 1s-electrons,
eV
021

533.4
533.3
533.7
533.7
533.6
533.5
533.2
533.6
532.8
533.0

Sample* Area of O1s peak,
%

021

58.2
49.6
50.0
50.9
51.8
54.9
56.3
57.2
58.1
47.8

O11

530.6
530.6
531.0
530.9

O31

537.1
536.9
536.9
536.8
537.1
537.6
537.5
537.3
536.4
537.1

O11

26.7
43.8
41.4
38.2
31.5
24.3
33.6
34.1
35.5
47.4

031

151
6.6
8.6

10.9

16.7

20.8

10.1
8.7
6.4
4.8
4.0
2.2

KAUinit
KAUox
KAU400
KAU600
KAU800 530.8
KAU1000 530.4
Vag/Ciw-bc 530.8
Vag/Cdp-bc 530.5
Vacac/C-bc 530.1
Vag/Ciw-ac 531.4
Vag/Cdp-ac 531.3 533.2 537.0 49.3 46.7
Vacac/C-ac 531.6 533.3 537.1 59.6 38.2

*V/C-bc and V/C-ac — the catalysts before andrafte
catalytic tests, respectivelly

In agreement with literature [26—29, 31-32]
the Q; peak with BE 530.4-531.0 eV was as-
signed to C=0 type oxygen (C=0, COOR). The
second peak £ (BE 533.2-533.8 eV) corre-
sponds to C-O type oxygen in C—OH and COOR
groups. Three assignments are possible for the
031 peak with BE 536.8-537.7 eV. According to
published data, it may be due to adsorbed water
or oxygen [26, 28, 32], "charged" oxygen species
[29] or a shake-up peak [27]. The BE near to
539 eV is characteristic for shake-up peak [27].
On other hand, the binding energy of O
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oxygen BE=537.3-537.6eV were observed
[28, 32]. Therefore, the Q peak may be assigned
to oxygen adsorbed on carbon surface. Taking
into account the possible transfer mofelectrons
density from carbon at sorption of hetero-atoms
[34], this oxygen can have an excess of electron
density. The formation of adsorbed superoxide
O, on carbon surface with BE536.0 eV was
supposed in [35] and in [20] was proposed that
electrons of carbon could activate oxygen & O
species which dissociate to §pecies.

The relative content of different oxygen spe-
cies (see Table 3) shows that oxidation of KAUinit
with HNO; increases the Q peak area and de-
creases the area o Cand Q; peaks. This corre-
sponds to the increase of the amount of carboxylic
and lactonic groups and to the decrease of the con-
tent of phenolic groups (determined by Boehm
titration — see Table 2). After treating KAUoX in
inert atmosphere, the relative content gf; Oxy-
gen decreased while the amount gf;@nd Q
species increased (Table 3). The decrease of rela-
tive intensity of the @, peak corresponds to the
moving off of the quantity of carboxylic and lac-
tonic groups (Table 2) and their relative content.
The treatment of the sample in an inert gas at high
temperatures led to formation of unsaturated de-
fects at carbon surface [34]. They can adsorb oxy-
gen with charge transfer causing the increase of
O34 peak intensity (Table 3).

The data presented in Fig. 4 demonstrate an
approximately linear correlation between the
amounts of oxygen containing groups (acid
groups) determined by Boehm titration and the
sum of areas of Q and Q; XPS peaks.

25

21

151

1

0,51

0

Content of acid groups, meq/g

78 80 82 84 86 88

Relative area of 01.1+02.1 peaks

90 92 94

Fig. 4. The content of acid groups on aetied carbor
determined by Boehm titratious the relativi
area of oxygen containing functional gro
(Op.1+0,,) from XPS spectra
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These results show that XPS data quite well

insufficient to fill fully the volume of pores (at

describe the chemical changes at the surface of amorphous sulfur density 1.92 gftri87] near

treated activated carbons.

The catalytic activity of the activated carbon
samples in hydrogen sulphide oxidation was de-
fined (see Experimental) as quantity gfSHrans-
formed (with conversion equal to 100%) until the
first appearance of hydrogen sulfide (20 ppm) in
the outlet of reactor. The data obtained (Fig. 5)
show that the reaction temperature strongly influ-
enced the catalytic activity of the carbons.

Hif converoed, g
g Mk'g AL g

2000

Ealax  KALHDD AUl EalE00 KA

Fig. 5.The catalytic activity of activated daons ir
oxidation of hydrogen sulfide at different reac-
tion temperatures

Low activity in H,S oxidation at 25°C was
observed for all samples but the treatment in an

20% of volume is filled up) or to form the
monolayer (amount of sulfur is near 3 atonfjm
but this amount is capable to cover and deactivate
the surface active centers of the catalyst. Inereas
of the reaction temperature up to 180°C gives
more sulfur (1980 mg/g for KAU1000) which
guantity is sufficient to fill pores and cover sur-
face with more than monolayer (34 at6mnf).
At this temperature the sulfur partial pressurg [37
is not high enough and only a part of the formed
sulfur desorbs and condensates on cool walls and
flask below the reactor. However, most sulfur re-
mains on the catalyst surface and deactivates its.
The results obtained by us and the data pub-
lished in literature [38—41] allow to suggest that
hydrogen sulfide oxidation proceeds: dissocia-
tive adsorption of K5 with participation of sur-
face OH-groups (& type) and/or charged oxy-
gen species (£ type). This conclusion agrees
with the data for KAU carbon catalysts in Fig. 6
which shows a good linear correlation between
the amount of hydrogen sulfide oxidized at 100°C
(R*=0.97) and 180°C (R=0.93) and the relative
content of Q; oxygen species or L oxygen
type (R=0.95 and BR=0.91 at 100 and 180°C,

inert atmosphere at temperature more than 800°C respectlvely)

little increased the quantity of,H oxidized. The
more active catalyst KAU1000 oxidizes 160 mg
H,S/g at 25°C. The increase of reaction tempera-
ture up to 100°C slightly influenced the catalytic
activity of the samples. The catalytic activity of
the carbons considerably increased at 180°C. On
the other hand, the activity of the samples in-
creased with increasing temperature of the car-
bons treatment in inert gas (Fig. 5) and KAU1000
at 180°C oxidized 1980 mg ,H/g of catalyst.
This quantity is more than two times higher that
described in literature [12].

The analysis of the gas mixture composition
in the outlet of the reactor did not show the pres-
ence of S@ The XPS study of the carbons KAU

after catalytic tests showed the presence of one

peak only in the S 2p spectra at 164.0-164.3 eV
which is characteristic of elemental sulfur [36].
Absence of SQin the reaction products and on
the catalysts surface shows that the reaction of
H,S oxidation under our conditions selectively
proceeds to the formation of elemental sulfur.
Quantity of sulfur formed from the 8 oxidation

at 25°C on KAU1000 catalysts (150 18g/q) is
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Fig. 6. The amount of oxidized hydrogen &dé a
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of O, type @m) or Q;type (0 o) of oxygen o
carbon catalysts surface
Therefore, we can conclude that hydrogen
sulfide dissociation on carbon surface can pro-
ceed via following schemes
H,S + GOH > HS+ C,OH,;
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H,S + GO”> HS + COH or § + COH, connected with the different size of initial vana-
and next oxidation on the film of water dium species in precursor solutions that leads to
HS + O* - S+ OH. difference in structure of vanadium species de-
These reactions lead to formation of hy- posited at carbon surface from organic medium
droxyl group or adsorbed water and H8 S and from water.
ions. The last species can transfer electron(s) to ¢
the carbon surface becoming H8 S radicals. It s

is known that two HSor S radicals can recom- 721
bine to $ [42] quickly transformed to0,343].

Vanadium deposition on KAU surface less
influences on the shape of O 1s band (Fig. 7) and ™7
the binding energies of the component oxygen
species (Table 3). However, independently on
preparation method the peak area of, €pecies
increases while the relative content of Qtay
unchangeable and ;@ oxygen types decreases. ]
These results can give evidence that oxygen of
the vanadium deposited has the same nature, as :
C=0 type of carbon support oxygen. Stability of 522 530 537 BE [eV]
0., peak area testifies that this form of oxygen a
does not participate during deposition of vana- ¢S
dium precursor on a carbon surface. The de-
creases of relative content ok Opeak in two- 3551
three times in comparison with initial carbon
KAU suggest that vanadium oxides can be
formed on oxygen chemisorption places.

The binding energy of V 2p-electrons is
517.4 eV for all samples independently on the 162
method of their preparation (Table 4). -'

443

2581

Table 4. Surface properties of V/C catalysts before 65
and after catalytic tests determined by XPS method D)
Binding  Relative content o Atomic —' ] |
Sample* energy, eV  elements, % \Y/[o; 506 515 524 533 s42 BELV)
V2p S2p C O V S ratio b
KAUox-bc - - 84.0 160 — -— - crs
KAUox-ac — 1642 846143 - 1.1 —
Vag/Ciw-bc 517.4 - 924 7.2 04 - 0.004
Vag/Cdp-bc 5173 — 915 80 05 — 0.005 307
Vacac/C-bc517.4 - 89.3 94 13 - 0.014
. 164.3;
Vag/Ciw-ac 517.4 169.0 81.7 16.0 0.7 1.6 0.008 221

164.5;
169.1
164.6;
169.1

* V/C-bc and V/C-ac — the catalysts before and rafte
catalytic tests, respectivelly 49

Vag/Cdp-ac 517.4 81.4 16.1 0.7 1.8 0.009

135

Vacac/C-ac517.3 80.4 16.2 0.3 3.1 0.004

This value points to the presence on carbon
surface of both ¥ and VV* ions. It is also impor- : ; : ‘

tant to note that the surface concentration of va- >0 o1 5240 >3 a2
nadium for. sample prepared In organic mgdlum Fig. 7.The O 1s spectra (XPS) oactivated carbc
(Vacac/C) is three times greater than that in the KAU and V/C catalystsa — KAUox , b —
case of agueous preparation used. This fact can be Vag/Ciw, ¢ — Vacac/C
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The AFM data confirmed this assumption. It
iSs necessary to note that amount of deposited va-
nadium (1 wt.%) is 0.1 at.V/rfirbeing not suffi-
cient to cover the support surface with
monolayer. As Fig. 8 shows, deposition of vana-
- ™ dium from agueous medium leads to the forma-

\\ //" 400

e o tion on carbon surface of thin layer of vanadia
L islands. When organic vanadium compound and

% 189,000 nudiv organic medium were used in the synthesis,

a nanosized vanadia particles were obtained

(Fig. 8c). The direct AFM measurement shows
that these particles have the diameter near 80—
100 nm and the height of 8-10 nm.

Catalytic properties of the V/C catalysts in
hydrogen sulfide oxidation present Fig. 9. As it is
seen the deposition of vanadium on activated car-
bon KAUox less influenced the catalytic activity

at low temperature. Under these conditions, the
2 508008 o amount of HS transformed on V/C samples is
lower than in the case of KAU1000 catalyst. At
25°C the activity of V/C samples corresponds to
KAU1000 activity that indicates absence of va-
nadium catalytic activity at this temperature.

H,S converted,
mg H,5/g cat,

6000

% 56000 husaie 4000 -

2000 1

KAUTox Vag/Chw  Vag/Cdp  Viacac)/C KAUL000

Fig. 9. The catalytic activity of V/C catalysts in oxida-
tion of hydrogen sulfide as compared with ac-
tivity of activated carbons at different react
temperature

At higher temperature of reaction (180°C)
the activity of V/C catalysts exceeds that one ob-
tained on other KAU carbon samples. Excellent
catalytic properties were demonstrated by Va-
cac/C catalyst (see Fig.9) which transformed
more than 4500 mg 49/g cat. without the cata-
lyst deactivation (catalytic tests were stopped af-
ter 50 h of continuous work). This result essen-
tially exceeds the data obtained on Vag/C cata-
lysts prepared in aqueous medium and other

Z 200.000 nu/div

. 2 e V-containing catalysts prepared by traditional
Fig. 8. The morphology of V/C catalysts surface (AF method_s [44]. It worth to note that Ob.tamed re-
a— KAUox, b — Vag/Cdp-bee — Vacac/C-beg - sults gives no ground to full explanation of the
Vag/Cdp-ac (after 22 h of operatioa)- Vacac/C- vanadium-carbon catalysts activity in hydrogen

ac (after 50 h of tests) sulfide oxidation.
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The AFM study of V/C catalysts surface after
catalytic tests shows (Figd® formation of an

face which has excellent catalytic activity and
high stability in the hydrogen sulfide oxidation.

elemental sulfur layer on it. It covers the surface All samples of activated carbon modified by va-

of samples prepared by traditional method in
aqueous medium (Vag/C) and it can be the reason
of its deactivation in k5 oxidation. In the case of
Vacac/C sample the formation of sulfur also was
observed but a part of the surface with vanadium
nanoparticles remained free. These uncovered

nadium contain increased amount of surface oxy-
gen (Table 4) but Vacac/C sample has the maxi-
mal content of the main oxygen peakJTa-

ble 3) which can be connected with the formation
of —V—O species highly reactive in oxidation
analogous to the case of mechanochemical acti-

vanadium particles probable still were active in vated \bLOs [46, 47].

hydrogen sulfide oxidation.

The XPS study of V/C samples shows (Ta-
ble 4) that after catalytic tests the binding egerg
of V 2p-electrons did not differ from that one in
the initial samples (oxidation state of vanadium
remained unchanged). The surface vanadium con-
tent after catalytic tests in the Vag/C samples
slightly increased but it decreased by four times
in the Vacac/C catalyst. Simultaneously, the in-
crease of surface oxygen content in relation to
activated carbon after catalytic tests for all V/C
samples was observed independently on the
method of V/C catalyst preparation. Also the shift
of binding energy of O 1s-electrons toward higher
values for the main peak,@type species was
established (Table 3) and it was practically the
same in all preparations. After catalytic tests the
0.1 peak relative area increased and that ones of
0O,; and Q decreased (Table 3). However, these
results did not permit to determine the reason of
the high activity of Vacac/C catalyst in hydrogen
sulfide oxidation at 180°C.

In the products of k6 catalytic oxidation on
VIC samples (up to the catalyst deactivation) only
elemental sulfur and water were determined. The
absence of SOQwas verified by chromatographic

analysis and Ba(OHJ}est during catalytic run.

In the same time for all V/C catalysts after
catalytic tests at 180°the presence of two XPS
peaks in the S 2p-band was found (Table 4). The
first peak at 164.3-164.6 eV is due to elemental
sulfur S while the second one at 169.0-169.1 eV
connected with presence of*Sons [36]. This
facts can be suggested that zS€pecies are
strongly bonded with the V/C catalysts carbon
surface and did not desorbed at these conditions,
as can be expected for high heat of, &0sorp-
tion (>80 kJ-mot) [45].

Thus, the modification of activated carbon
surface by vanadium deposition from organic va-

nadium compound in organic medium leads to 7/

formation of nanosized vanadium on carbon sur-
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Moaunduxauis B1acTuBocTel MOBePXHi AKTUBOBaHOIO Byriuisa KAY

J.B. bpaxxunuk, I.B. bauepukoa, B.O. 3axxuranos, A. Kopajin

Tnemumym copbyii ma npobnem enooexonoeii Hayionanonoi akademii Hayk Yrpainu
eyn. I'enepana Haymoea 13, Kuie 03164,Vkpaina
ITucmumym kamanizy ma ¢izuxo-ximii nogepxui Ilonvcokoi akademii Hayk,
eyn. Hezanomunaex 8, Kpaxie 30-239 [lonvwa

Memooamu J[TA, POEC, ACM ma mumpysanns 3a bbomom @udueHi 61acmusoCcmi OKUCIEHO20 AKMUBOBAHO20 BY2ilIsL
KAY, mepmiuno mooughikosanoco npu pisnux memnepamypax 6 inepmuomy cepedosuwi. Kamanimuuna axmugnicmo
CUHME308AHUX 3pA3Ki8 docniocena 6 peaxyii oxuchennss HyS. Ha nosepxni akmueosano2o 8y2iisi 6CIMAHOGIEHO NPU-
CYMHICMb MPbOX MUNi8 KUCHEeBMICHUX YacmuHokK. 1lokazano, wo kamanimuyHa akmusHiCmy 3pAa3Kie 8 OKUCHEHHI Cip-
KOBOOHIO Kopemoe 3 8i0HocHum emicmom OH-epyn ma 3apsioscerux gpopm kuchio Ha nosepxui gyeinis (Op1ma Oz ymun
kuchio 3 E,, = 533,2-533,7ma 536,8-537,6B, sionosiono). Hatiaxmusniwuii 3pazok, Mooupikosanuti npu memnepa-
mypi 1000, nepemsopus 57 mmons H2Sk xamanizamopa npu memnepamypi peaxyii 180C. 3pasku VIKAY cunmeso-
6aHi mpvoma pizHuUMU Memooamu (RpocouenHsm no 601020emMKocmi ma ocaddicennsim 3 600H020 posuury NHVOs, a
maxooic 83aemodicro ¢ VO(acac) 6 cepedosuwyi ayemonimpuny). Byno 6cmanoeneno, wo cunmes 6 OpeaniuHOMy cepe-
008U CNPUYUHSE YIMBOPEHHS. HAHOOUCNEPCHUX KILACMePi6 8aHAOI HA NOBEPXHI AKMUBHO20 8Y2LUIA. 3pasKu, SKi Mic-
mamo 6anadil, OLIbUW AKMUBHI 8 NOPIGHAHHI 3 MEPMIYHO MOOUPIKOBAHUM 8Y2IIAM 6 peakyii oxuchenns HoS npu mem-
nepamypi 180C. 3pasok, cunmesosanuii 8 OpeaHiuHOMy cepedosuyi, HAUAKMUSHIWIN 6 pearkyil OKUCHEHHsl CIDKOBOO-
Hio, nepemeopue  Ginvw Hisie 132 mmonn HoSk kamanizamopa 6e3 empamu axmusnocmi. Tlokpumms nosepxmi winb-
HUM WapoM CipKu, IKa YMEOPIOEMbCSL 8 Pe3yIbmami peaxyii, € NPUYUHOI0 0e3aKmueayii Kamanizamopie 6 peaxyii ce-
Jlekmugro2o oxuchenins HyS.

Moauduxkanus CBOCTB MOBEPXHOCTH AKTUBHPOBAHHOTO yriisi KAY

H.B. bpaxuux, 1.B. bauepukona, B.A. 3axuranos, A. Kosain

Huemumym copbyuu u npobaem snoosxonrocuu Hayuonanvnoi akademuu nayx Yepauol
ya. Ienepana Haymosa 13, Kues 03164,YVkpauna
Hnemumym kamanuza u pusuxo-xumuu nogepxnocmu Ilonvckoil akademuu HayK
yi. Hezanomunaex 8, Kpaxos 30-239 [lonvua

Memooamu [TA, POOC, ACM u mumposanus no bémy uzyuenvl ceolicmea OKUCIEHHO20 AKMUBUPOBAHHO20 Veis
KAY, mepmuyecku moougpuyuposannozo npu pasiuuHvix memnepamypax 6 uhepmuou ammocpepe. Kamanumuue-
CKAsL AKMUBHOCMb CUHME3UPOBAHHBIX 00PA3Y08 UCCIE008AHA 8 PeaKyuu OKUCIeHUs ceposodopoda. Ha nosepxmo-
cmu aKmusUpOBAHHO20 Yl YCMAHOGLEHO NPUCYIMCMEUe mpex munog Kuciopoocooepoicawux yacmuy. Ilokazano,
YUMo KAmMaiumu4eckas aKmueHOCmb 00pa3yo8 6 OKUCIEHUU CepoBooopo0a KOppeaupyem ¢ OMHOCUMENbHbLIM CO-
oepacanuem OH-epynn u 3apscennvix gopm xkuciopoda Ha nosepxnocmu yensi (Op.1 u Oz mun kucnopooa ¢ E., =
533,2-533,7u 536,8-537,68, coomsemcmeenno). Haubonee axmuenviii oopazey, MoouGuyuposanmwlii npu mem-
nepamype 1000C, oxucaun (npespamun) 57 mmono Ho,Sk kamanuzamopa npu memnepamype peaxyuu 180C. O6-
pasyvt VIKAY cunmesuposanvt mpems pasnuunsimu memoodamu (Rponumxoi no 61de0eMKoCmu U 0CaMiCOeHUeM U3
6oonozo pacmeopa NHNOs, a makoice ezaumodeiicmeuem ¢ NO(acac) ¢ pacmeope ayemonumpuna). boiio yema-
HOBIEHO, YMO CUHME3 8 OP2AHUYECKOU cpede 0byciasgnusaem 0opa30eanue HaHOOUCHEPCHBIX KIACMepo8 6aHA0UsL HA
NOBEPXHOCMU aKmueHo2o yeis. Banaouticooepacawue odpasyvl 6 peaxyuu okucienuss H,S npu memnepamype 180T
bonee akMuGHvL 8 CPAGHEHUU C MEPMULECKU MOOuPuyuposannvim yeiem. Obpasey, cuHme3upo8anHvill 8 OpeaHuye-
CKOUl cpede, NOKA3al 8bICOKVIO AKMUBHOCMb 8 PeaKyuu OKUCIeHUs ceposodopooda, npeepamug bOonee 132 mmons
H,Sk kamanuzamopa 6es ezo dezaxmusayuu. Ilokpeimue nOBEPXHOCHU CIIOWHbIM CIIOEM 00pPA308AGUICICS Cepbl
AGNACMCA NPUYUHOT 0e3AKMUBAYUU KAMATUZAMOPO8 8 PeaKyul CeNeKmusHo20 okucierus HpS.
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