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Influence of the impregnation media on the catalytic'properties
of carbon-supported copper catalysts in NO reduction ‘with CO

The role of organic media of impregnation on the catalytic activity of carbon-supported copper catalysts in
NO reduction with CO was studied. The best activity possesses.a-catalyst prepared from methanol media. It
was established a uniform disposition of the active phase on the surface and in the bulk of this catalyst. Large
organic solvates hinder the deep penetration of the precursor molecules in the\pores of the support and lead to
formation of copper aggregates on the surface. The reduction of NO,with CO on the catalyst prepared in
methanolic media is assisted by the carbon support as an additional reducing agent.
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Introduction

The interest in active carbon’s study.as a support of catalysts was raised by the combination of different
properties, which are expected to facilitate the decomposition of NO, namely a large specific surface area,
highly developed micro (micro-mes@), porosity and greater opportunities for modification of the surface by
incorporation of heteroatoms (Ny O) [1]. Transition metals (including Co, Ni, Cu, etc.) are widely used as
active components for deposition on ‘active carbon. Their choice is related to the fact that the oxide phases
obtained by thermal decomposition exhibit high activity for catalytic reduction of NO [2].

Recently, it was shown [3, 4], that the activity of the supported catalysts is influenced not only by the
specific surface area, pore texture parameters and the chemical nature of the support’s surface but the type
(aqueous or non-aqueous) of the solution of the precursor. It was found that the deposition of the active
phase from aqueous selutions strongly depends on the chemical nature of the surface of the active carbons.

The influenee of the different impregnation media and the chemical nature of the surface in preparation
of carbon-supported, catalysts on their catalytic properties are not elucidated completely. It was established
for-nen-aqueous'solutions that: 1) the electrolytic dissociation does not proceed or proceeds weakly via dif-
ferent mechanisms than in aqueous media; 2) the hydrated shell is replaced by solvated with larger size;
3) the'role of IEP of the surface is minimized, i.e. of the surface oxygen groups; 4) the wettability of the sur-
face is improved and the access to the various types of pores is facilitated. This assumes that the preparation
of catalysts by impregnation from organic media leads to obtaining of highly dispersed active phase and its
uniform distribution in the pore texture of the carbon support, ignoring the role of the surface oxygen and
other heteroatom groups, minimal blocking and access of the pores.

Experimental/methodology

The active carbon support was prepared by pyrolysis of charcoal from Chukurovo [5]. Copper-active
phase was deposited from solution of Cu(NOs),-3H,0 (Merck) in organic media on the carbon. The solutions
of Cu ~ 1.5 mass. % were prepared in methanol, dimethylformamide and dioxane. The deposition is made by
incipient wetness technique- four-fold with a definite (concerning the total pore volume of the sample) vol-
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ume of the solution. The samples were dried in a vacuum-drier for 2 h at 343 K.The thermal treatment was in
vacuum for 2 h at 573 K.

The samples are denoted as: Cuy/AC — prepared by methanolic solution; Cupy/AC — prepared by
dimethylformamide solution; Cup;o/AC — prepared by dioxane solution.

The characterization of the specific surface area and the porous texture of the samples under investiga-
tion were carried out by low-temperature adsorption of nitrogen (77.4 K) using a conventional volumetric
apparatus with a outgassing of 453 K and up to a residual pressure < 1.10~* Torr.

The nitrogen adsorption-desorption isotherms were analyzed to evaluated the following parameters. The
specific surface areas (Aggr) were determined on the basis of the BET equation, the total pore volume (V)
was estimated in accordance with the rule of Gurvich at a relative pressure 0.95. The volume of the
micropores (Vyg) was evaluated in accordance with n(Cggr)-plots of Lecloux [6]. The yvolumeweof the
mesopores (Vyes) was determined as the difference between V, and V. The average pore‘radius (Rp) was
evaluated as the ratio between the doubled V, and Aggr parameters of the samples assuming a cylindfical
pore model [7]. The half-width for the micropore size distribution curve maximum (X,) of the slit shaped
pore model were determined according to the Simplified equation [8].

The chemical composition was determined by atomic absorption on SP-90B «Pye-Unicamy.

X-ray diffraction (XRD) data were obtained using a Bruker D8 Advance diffractometerwith Cu-Ka ra-
diation and SolX detector.

The X-ray photoelectron spectroscopy (XPS) measurements were ‘done in_the UHV chamber of
ESCALAB-Mk II (VG Scientific) electron spectrometer with a Al Ka, , radiationythv = 1486.6 eV).

Scanning Electron Micrographs (SEM) were taken with a JSM—5510 JEOL scanning electron micro-
scope in order to characterize the morphological structure of theased materials and the dispersion state.
Before analysis, samples were metallized with gold.

The copper content were determined by atomic absorption using Pye'Unican SP 90B spectrometer.

The catalytic experiments were carried out in catalytic flow apparatus in an isothermal flow reactor
(quartz tube, i.d. 8 mm). NO reduction with CO was investigated in the temperature range 298—573 K. The
catalytic tests were performed with a gas mixture: NO™=,CO + Ar, containing 1200 ppm NO and 1200 ppm
CO, gas hourly space velocity (GHSV) was 26 000-h™'. The outlet concentrations of NO, CO and CO, were
controlled by infrared gas analyzers «UNOR, 5-Maihak» (Germany). N,O was measured
spectrophotometrically and a thermal converter was used\for the total analysis of NOy (NO+NQO,). The con-
centrations of NO, NO, (NO+NO,), N,O4CQO,.and €O, were continuously measured. Based on the experi-
ment, we can calculate the nitrogen balance ([N,] = inlet [NO] — outlet [NO] — [N,O] — [NO,]).

Results and discussion

Figure 1 represents in a normalized way the adsorption isotherms of the initial activated carbon and of
the supported catalysts whereas the main texture parameters calculated on their base are shown in Table 1.

Table 1
Main texture parameters and Cu content of the AC and of impregnated samples
Sample Apen m”. g'1 V, ml. g'1 Vg ml. g'1 Vyes, ml. g'1 X, nm r,,nm | Cu content, mass %
AC 387 0.35 0.13 0.22 0.71 1.8 -
Cup/AC 362 0.32 0.13 0.19 0.96 1.8 3.9
Cupnp/AC 295 0.26 0.10 0.16 0.88 1.8 33
Cup;o/AC 317 0.30 0.10 0.20 0.91 1.9 3.2

The comparison of normalized isotherms of Cu catalysts and that of AC as well between themselves re-
veals the influence of the nature of media of the precursor solution on the location of Cu phase inside the
initial porous carbon (AC) texture matrix.

Fig. 1 leaves the impression of affinity between the isotherms of the samples AC, Cuy/AC and
Cupio/AC within the interval (P/Py: 0.6-0.85) characteristic of capillary condensation, while there is practi-
cally merging of the isotherms of AC and Cupyr/AC within the interval P/Py: 0.18-0.23 as well as Cup/AC
and Cup;o/AC within the interval P/P,: 0.47—-0.85.

The observed affinity has been explained based on the presence of regions of similar (or discretely
changing) pore's size, with close content of Cu phase, as well that the sample isotherm affinity with that of
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initial AC testifies probability Cu phase to be more uniformly distributed inside the corresponded porous
texture regions.
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Figure 1. Normalized nitrogen isotherms (77.4 K) of the initial activated carbon
and of the supported Cu catalysts

On the other hand the coincidence of the isotherms of the samples AC and Cupy/AC within the inter-
val P/Py: 0.18-0.23 as well as Cuy/AC and Cup;o/AC witin the interval P/Py: 0.47—-0.85 indicates the fact
that in dependence of the type of organic media Cu, phase does not influence substantially the all pore size
ranges of porous texture (including supermicro- and mesopores).

The elemental analysis of the active carbon shows that it is characterized by high carbon content
(91.8 mass. %). The sulphur content.s 0.66:mass. %, but it does not affect the copper phase in this prepara-
tion procedure. It is established that onthe active carbon acidic surface oxygen groups prevail.

The activated carbon supportiis|characterized by relatively low specific surface area, small micropore
volume and better developed'mesopotous (i.e. transport) porous texture, where the ratio Vygs/Var = 1.7.

AC is assigned to the type of meso- microporous activated carbons, appropriate for catalytic phase sup-
port.

From the value of parameter X, (= 0.71 nm) is obvious that according to the slit shaped microporous
model the main part of mieropores belongs to the typical (ultra) microporous and/or to fine supermicropores.
On the other hand the ayerage mesopore radius (r, = 1.8 nm) is characteristic of lignite base activated car-
bons prepared;by steam activation with not too high burn off.

The(texturesparameters of the supported copper catalysts and their Cu phase content are shown in Ta-
ble 1.

It may be noted from the Table 1 that the less is the diminution in the Aggr for the sample Cuy/AC in
comparison to that of the initial supports despite of its high copper content. The decreasing of Vygs towards
the same parameter of AC (~ 14 %) as well considerable increasing of X, (up to 0.96 nm) (Table 1) demon-
strates that Cu phase (Cuy/AC) is located first of all inside the range of fine mesopores.

As mentioned above the affinity between the isotherms of the samples AC and Cuy/AC within the in-
terval P/Py: 0.47-0.85 (Fig. 1) testifies for the uniform distribution inside the mesopore part of the porous
texture of Cuy/AC sample.

With the rest catalysts a diminution of Aggr is relevant to the content of the copper active phase depos-
ited. The factors that affect the disposition of the active phase — wetting the surface of the carbon matrix
and the sorption of the solvents, along with the copper ions are different for the used types of copper solu-
tions. They influence the disposition of the copper active phase in the porous texture. The diminution in the
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specific surface areas of Cupy/AC and Cup;o/AC compared to the initial carbon with ~ 24 % and 18 %
could not be explained with fine pores filling only, but with blocking admission pore entrances in particular
by the copper phase and giving rise to a bottle neck effect [9] inside the pores in that case.

Because of worse wetting of the carbon surface in the case of dioxane solution of the precursor Cu ag-
gregates are formed to a considerably extent as compare to methanol and dimethylformamide (Fig. 2b) and
additional pore entrance blocking is observed in this case. An important alternation of the porous texture type
of Cup;o/AC (Fig. 1) observes as compare to other samples.

This is also evident from the micrographs taken by the transmission electron microscopy (TEM) pre-
sented in Fig. 2. The comparison between the images (the contrast in the images representative of the type of
located Cu phase) confirms the conclusions made from the physical adsorption studies. Sample Cupjg/AC
differs from Cuy/AC and Cupy/AC by its higher Cu phase content onto the external surface: Theulatter is
connected with the forming of aggregates to a considerably extent as compare to other two samples.

a) CuDMF/AC

¢) CuMeOH/AC

Figure 2. TEM micrograph images

The composition of the active phase and its location on the surface of the support are essential for the
elucidation of the activity of the every catalyst in the reaction of NO reduction with CO. Table 2 presents the
XRD and XPS data on the studied catalysts.

Irrespective to the complex composition of the active phases on the supported catalysts, XRD and XPS
data reveal the existence of CuO, Cu(OH), and [Cu(NOs),]. Cu(OH), on Cuy/AC. For the other two samples
Cupyme/AC and Cup;o/AC, according to data from XPS only CuO can be established, although there are some
deviations from the binding energies characteristic of CuO, which means the composition of the phase in any
case has a complex character.

According to XRD CuO is observed only for the samples, prepared by methanolic solution. For all rest
samples, due to the high dispersity of the copper phase probably, no copper phase is detected.
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The methanolic solution is rapidly evaporated thus resulting in formation of copper oxide aggregates and
registered by XRD. XPS data refer to CuO [10] for all samples, but some deviations from the binding ener-
gies characteristic for Cu®" in CuO do not exclude additional Cu” or even Cu’ availability. The XPS data
show that the copper phase is mainly located on the surfaces of the both supports, that favours the catalytic

Table 2
XRD and XPS data
Binding energy, EV N 0
Sample XRD CuZosn Ol Cu,, % Cw,, % Cuy/Cuy
Cup/AC CuO 934.6 >31.8 43 3.9 1.1
Me ) 533.7 ) ) )

933.8 529.7

Cuppe/AC - 934.7 5333 53 33 1.6
530.1

Cup;o/AC - 934.1 5317 42 32 1.3

The ratios Cugy ¢ Cupyx show that for Cup;o/AC and Cupye/AC they are moresthan, 1, evidencing the dis-
position of the copper phase rather on the surface, while the copper phase is practically uniformly distributed
on the surface and in the bulk of Cuy/AC.

Catalytic activity of different catalysts as a function of temperatures in'NOireduction with CO is shown
in Fig. 3. The catalytic performance over all catalysts monotonically increase with temperature, but the dis-
crepancy of reactivity for the catalysts prepared by different mediads obvious. All catalysts prepared by dif-
ferent solution media possess higher activity in the temperature interval investigated (Fig. 3). The samples
could be arranged by the activity as Cup;o/AC < Cupye/AC <.Cupme/AC.
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Figure 3. Catalytic reduction of NO with CO on carbon supported copper catalysts
prepared from 1) methanol, 2) DMF and 3) dioxane media

Cuy/AC is the only catalyst active below 473 K and posses high nitrogen selectivity.

It is interesting to notice that N, formation for the samples (at temperatures above 473-523 K) is related
to less CO consumed than needed for the stoichiometry, more pronounced with HS(HSm)/CuAm and
HS(HSm)/CuDiO. This confirms the presumption that NO reduction in this temperature interval is assisted
by the free (unbound active carbon) of the both unmodified and modified hybrid supports. In this case, alt-
hough rather formally, the results can be explained by the mechanism for NO reduction proposed by Teng
and Suuberg [11, 12]. According to this mechanism (for the temperature range 323—523 K) two routes for the
process are possible.
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The first is a reversible hemi-sorption, accompanied by formation of nitric-oxide surface complexes via
the reaction: C + NO « C(NO), where C(NO) is an intermediate stage in the process leading to the decom-
position of NO.

The second is irreversible adsorption with formation of oxygen complexes C(O) and C(O,) and nitrogen
release. C(O) and C(O,) complexes are formed via the reactions:

2C + (NO)2 — 2C(0) + Np; C + (NO)2 — C(Oy) + Na.

The formation of C(O) and C(O,) is associated with intermediate formation of NO-dimers in the finest
pores of the carbon material [13]. In our case the role of CO (at temperatures > 473—523 K) will be limited to
the regeneration of active centers on carbon fragments, without taking direct part in the reaction.

Rather lower activity in the studied reaction NO with CO for Cupyr/AC and Cup;o/AC compared to
Cup/AC and stoichiometric NO and CO consumptions show that in these cases the role of the carbon sup-
port in the reaction is neglected. It could be suggested that in the case of uniformly distribution of the active
phase (by methanolic solution in our case) on the surface and in the bulk the conditions are favorable fof the
participation of the carbon atoms as an additional reducing agent along with CO.

Conclusions

The role of the organic media of impregnation on the catalytic activity in NOswith COweduction of car-
bon-supported copper catalysts was studied. The best activity possesses catalyst prepared from methanolic
media. It was established uniform disposition of the active phase on the surface and in'the bulk of this cata-
lyst. Large organic solvates hinder the deep penetration of the precursor molecules.in the pores of the support
and leads to formation of copper aggregates on the surface. The reduction of NO with CO on the catalyst
prepared in methanolic media the carbon support assisted the reaction as additional reducing agent.
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NO-HBI KOMIPTEK MOHOOKCHIIMEH TOTHIKCHI3AHAbIPY MPOLECiHe
OeJiCeHAIpiJireH KeMipTeK Heri3i MbIC KATAJIU3ATOPJIAPbIHbIH
KATAJIUTUHKAJIBIK KaCHeTTepPiHe MMIIPerHaluOH/Ibl OPTAHBIH BIKNAJIbI

KeMipTek MOHOKCHAIMEH TOTHIKCHI3NAHIBIPY MpOLECIHAE OeNCeHIIpiNreH KOMIpTeK Heri3mi MbIC
KaTaJIM3aTOPJIAPbIHBIH KaTAIMTHKAIBIK KaCHETTEPiHE Op TYpJi OPraHUKAIIBIK OPTAHBIH BIKNAJBI 3EPTTEIII.
JKorapbl OeNCeHATIK KAaCHeTTI MBIC HHUTPATBIHBIH METaHOJABI epITIHAICIMEH CIHIIpINreH KaTajan3aTop
kepcerTi. Karamm3aropasi Oerinae koHe KkeieMinie OenceHni (as3aHBIH OIpTEKTI Tapaimysl OaifKaisl.
Toxipube >Ky3iHIE YJIKEH OpraHHKAJIbIK COJBBATTAp MBIC HUTPATHIHBIH €HYiHE KapChUIBIK €Till, MBIC
arperaThiHbIH TY3LITyiHe OKeNeTiHi aHbIKTanbl. KeMipTeKTi TachIMalarblll MbIC HUTPATHIHBIH METaHOJIbI
CpITIHAICIHIE NaibIHIAIFaH KaTaTH3aTOPABIH 9CEPiH KOMIpTeK MOHOOKCHAIMEH NO TOTHIKCHI3IaHIBIpyIa
KOCBIMIILIA TOTBIKCHI3IaH IBIPFBIII ar€HT PETiHIE apTThIPIIbL.

P.Hukonos, U.CnacoBa, M. Xpucrosa

BinsiHMe THIIA MMIIPETrHAIIMOHHOM Ccpe/ibl HA KaTaJuTHYeCKHEe CBOICTBA
MEIHBIX KATAJIHW3aTOPOB HA OCHOBE AKTHBHMPOBAHHOLO YIJisl
B npoirecce BocctanoBjieHnst NO MOHOOKCHIOM yriiepoaa

HccnenoBana poiib pasiMYHBIX OPTraHUYECKHUX CPeEJ MPONUTOYHBIX PACTBOPOB TPH IIOJIYYEHHH MEIHBIX
KaTalIu3aTOpOB Ha OCHOBE AKTHBMPOBAHHOIO YIVIA HAa WX aKTHBHOCTH, B Ipoliecce BoccTaHOBIeHHs NO
MOHOOKCHIOM yriepoaa. OTMedeHO, uTO camMas BBICOKAs ,aKTMBHOCTb HMEETCS Yy KaTalu3aropa,
MPUTOTOBJICHHOTO TIPOMUTKOI METaHOJOBBIM PAacTBOPOM HHUIpaTa»Meau. Y KaTalu3aTropa HaOrojgaercs
caMoe OJHOPOAHOE paclpeesieHne akTUBHOHM (a3bl Ha BHEIIHEW, ITOBEPXHOCTH U B 00beMe 1mop. ONBITHBIM
MyTEM YCTAHOBJICHO, YTO OOJBIINE OPraHHYECKHE COJBBATHI MPEMSTCTBYIOT MPOHHUKHOBEHHMIO MOJEKYI
HUTpaTa MeIy B TOHKHE IIOPHl HOCHTENIS M MOMOTaroT (OPMUPOBAHMIO MEIHBIX arperaroB Ha €ro
noBepxHocTH. OmpeneneHo, 4YTO YIJIEPOIHBINA ( HOCHIENbL  CHOCOOCTBYeT JEHCTBHIO KaTanu3aropa,
MIPUTOTOBJIIEHHOTO B METaHOJIOBOM pAacTBOpPE HHUTPaTa MeQH, KaK JOMOJHUTENBHBIH BOCCTAHABIHMBAIOMINIL
areHT npu BoccraHoBIeHUH NO MOHOOKCHIOM- YEJIEPOJA.
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