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BMN/MB METOAY CUHTE3A HA NPOTONITUYHI TA AQCOPELINHI BTACTUBOCTI KPEMHE3EMY,
MOOU®DIKOBAHOIO NMPONINTIOETUITIAMIHOM

B po6omi 6ynu ompumaHi adcopbeHmu i3 koeaseHmHo iMmmobinizoeaHumu N,S-op2aHiyHUMU ¢hpacMeHmMamu: no peakuyii cunaHizayiii (SiO
SN(:om)) ma Memodom 36upaHHs Ha M08epxHi(SiOz—SN:em).aHi adcopbenmu docnidxeHi Memodamu I4-cnekmpockonii ma eleKMpPOHHOI criekmpo-
ckonii dugpy3Hozo 8id6ummsi. Memodamu pH-mempu4yHo20 ma KOHOYKMOMemMpPUYHO20 MuUMpyeaHHsi 8U3HaYeHi KOHUeHmMpauii 3aKpinneHux apyn
nponinmioemunaminy. BcmaHoeneHo, wo 0aHi adcopb6eHmu He Micmsimb 2pyn KuciomHoi npupodu ma cmiliki npu 36epicaHHi. Bue4yeHi npomo-
nimuy4Hi ma adcopb6uyiliHi enacmusocmi adcopbernmis. lMoka3zaHo, ujo adcopbuyiliHi enacmueocmi adcop6eHmy ompuMaHo20 MemodoM odHocma-
0iliHo20 ModughikyeaHHs1 3Ha4YHO eulWwi, HiXk adcopbenmy, ompumaHo20 deoxcmadiliHo.

Knro4doei cnoea: N,S-emicHi kpemHesemu, koHdykmomempisi, pH-mempisi, adcopbyisi, cpi6no, nanaditi.
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EFFECT OF SYNTHESIS CONDITIONS ON THE PROTOLITIC AND ADSORPTION PROPERTIES
OF SILICA MODIFIED WITH PROPYLTHIOETHYLEAMINE

Silica chemically modified by propylthioethyleamine was synthesized, their protolytic properties and application as an adsorbent for the re-
moval of ions Pd(ll) has been investigated. This ligand was grafted to the silica surface with two different routes: (1) as one-step reaction of silaniza-
tion(homogeneous procedure, SiO>-SNpomo); (2) as multistep chemical modification of silica, usingmercaptopropyltriethoxysilane, followed by
aminoagent to convert the grafted surface SH-group to aminomoieties (heterogeneous procedure,SiO~SN.y). The new solids were characterized
by FTIR and diffuse reflectanceUV-visspectroscopy. It was shown that a combination of pH-metric and conductometricmethods can generally pic-
ture of the grafted groups presence in the surface of SiO,.The amount of propylthioethyleaminegroups grafted on the SiO;-SNpomo and SiO—
SNenis found 1.05 mmol/g and 0.61 mmol/g, respectively. In addition these adsorbentsare not containedfree SH-groups and chemically stable a
longperiod oftime.TheN,S-containing silica sampleprepared by homogeneous procedure had 2 times higher adsorption capacity to ions Pd(ll) than
the sample by heterogeneous procedure.The results suggest that the prepared SiO;-SN.mojadsorbent is potentially useful material for high effec-
tively adsorption of metal ions from aqueous solution.

Key words: N,S-containing silicas, conductometric titration, pH-metric titration, adsorption, silver, palladium.
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THE METHANATION OF CO, OVER CO-NI/AL,0; CATALYSTS AT ATMOSPHERIC PRESSURE

The methanation of carbon dioxide under atmospheric pressure over a Co-Ni/Al,O; catalyst containing 5 wt% of metals prepared by
the impregnation method was studied. Temperature of 95% conversion CO, for all examined catalysts falls into range 320-450°C at
conditions of SV 100 ml/min, 0.1 MPa pressure, and composition of feeding gas mixture CO, — 2%, H, — 55%, He — 43%. Methane
selectivity was sufficiently high — up to 98%.

Key words: methanation, carbon dioxide, supported catalysts, cobalt-nickel catalysts.

Reducing CO, emissions is an extensive and long-term
task. In principle, there are three possible strategies with this
regard — reduction of the amount of CO; produced, storage of
CO,, and usage of CO,. It is impossible to decrease the CO-
emissions by suppression of the economic activity. Global
CO;, recycling can solve this problem.

As a renewable and environmentally friendly source of
carbon, catalytic approaches for CO; fixation in the synthesis
of chemicals offer the way to mitigate the increasing CO;
buildup. From the practical point of view, CO; is a cheap
source of carbon for synthesis of value-added organic
compounds like methanol and formaldehyde.

Low pressure process is more preferable for industrial
use due to simplicity and safeness of set-up. First-row
transition metals are advantageous as the catalyst because
of low cost in comparison with platinum metals.

In recent years scientists focus their attention on high-
pressure CO, hydrogenation process. Fe-Co and Fe-Ni

catalytic systems has also been studied carefully, however
low-pressure process and Ni-Co catalytic system are still in
its research infancy. Therefore, actual work could shed
some light on the problem mentioned.

Catalysts with different Co:Ni ratio were synthesized by
impregnation method. Calculated amount of metals was
5 wt.%. Catalysts impregnated with metal nitrates solution
were pretreated with 50% Hz/He in a flow of 50 ml/min at
500°C for 2 h prior to the methanation. The methanation of
CO; was performed with 1.0 g of catalyst in a 8 mm
diameter fixed-bed reactor. The reaction was carried out at
0,1 MPa pressure in the temperature range of 150 to
500°C. The reactants, H, and CO, mixed with He at a ratio
of Hyo/He/CO, = 55:43:2 were co-fed into the reactor. The
gas effluent was analyzed by an online gas chromatograph
(Shimadzu GC-2014) equipped with a TCD detector using
a molecular sieves 5A packed column for the separation of
COg, CO, CH4. The specific surface area was measured by
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low-temperature adsorption of argon. Composition of
feeding gas mixture was 90% He, 10% Ar. The gas effluent
was analyzed with a TCD detector. Scanning electron mi-
croscopy (SEM) and energy dispersion spectroscopy
(EDS) (Jeol JSM-6490; Zeiss EVO 50 equipped with INCA
EDS analyzers) was employed to determine metal
distribution on the catalyst surface. XRD experiments were
performed on DRON-4-07 using a filtered Co-Ka X-ray
source. Traces were collected from 26=20° to 100° with a
step size of 0.05. Surface state of adsorbed particles was
studied by thermally programmed desorption mass-
spectrometry (TPD MS) for all samples been studied. The
reduced catalyst was exposed under methanation
experiment conditions. The catalyst was then cooled to
ambient temperature, and than heated linearly in vacuum
at 14°C/min to 800°C while the effluent stream was
analyzed for m/z range from 10 up to 60 by on-line
quadrupole mass spectrometer MX7304A.

Table 1 shows the composition, the temperature of 95%
conversion of CO, to CH4 and CO (T95%) (100% conversion is
unreachable due to thermodynamical restrictions) and

selectivity (S, ) towards CHs synthesis at T%% for the

catalysts been studied. Fig. 1 represents the temperature
dependences of the conversion CO; to methane for samples
containing Ni only, Co only and the most active sample (20%
Ni). The most active catalysts are the samples Ne 5 with 20

wt.% Co (S, =98% at 320°C) and Ne 6 with 15 wt.% Co

(Scw, = 97% at 335°C) in active mass of catalyst (total Co and

Ni — 5wt.% of bulk catalyst mass). The selectivity toward
methane of all catalysts at operating temperature is high —
about 95-98%. Pure Ni catalyst sample Ne 1 (Ni-5wt%/Al,05)
has moderate activity in CO, methanation and high selectivity
towards methane in contrast with low activity of pure Co
catalyst samples Ne 8 (Co-5wt%/Al,03).

Table
The composition of catalyst active mass towards Ni and Co;
the temperatures of 95% conversion CO, to methane (TQM);
the selectivity towards CO, methanation

under operating conditions ( SCH4 )

Samole Composition by metals ]
p (at. %) %%, °C Seu, %
number - 4
Ni Co
1 100 0 340 98
2 75 25 420 96
3 50 50 430 97
4 25 75 370 96
5 20 80 320 98
6 15 85 335 97
7 10 90 360 97
8 0 100 450 95

The specific surface area of the studied catalysts lies
within the range of 35-40 m?/g.

Non-linear dependency of the activity of studied
catalysts against composition has been observed. To
provide a clue to this fact, a methane yield has been
plotted against composition of catalysts at temperatures
275°C and 325°C along with part of Ni-Co phase diagram
(Fig. 2). Therefore it could be suggested that low-
temperature hcp phase is more active than high-
temperature fcc phase. Also increment of Ni content in
active phase leads to enhance performance of the catalyst,
provided that the hcp lattice will be saved.

To justify these suggestion SEM photographs of catalyst
surface and XRD patterns have been performed. Due to low
metal load there are no structural changes on catalysts
surface in comparison with pure support (fig. 3). Dimensions
of the particles of support are ca. 100 um. Metal distribution

on the catalyst surface is even according to EDS analysis.
Therefore XRD pattern (fig. 4) is not informative due to
absence of relevant to Ni and Co peaks. Only reflexes of two
phases: Al,O3; and AIO(OH) — are present.
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Fig. 1. The temperature dependences of the conversion
of CO; into CH, over studied samples:
1—the sample Ne 1 (100% Ni); 2 — the sample Ne 5
(20 % Ni 80% Co); 3 — the sample Ne 8 (100% Co)
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Fig. 2. Methane yield at temperatures 275°C and 325°C plotted
against the catalyst composition; Ni-Co phase diagrame line.
1 — methane yeld at temperature 325°C against Ni content (at.%)
in active mass of the catalyst;
2 — methane yeld at temperature 275°C against Ni content (at.%)
in active mass of the catalyst; 3 — Ni-Co phase diagram line hcp to
fce lattice transformation

Assuming mentioned above, influence of hcp-fcc lattice
transformation on catalytic activity should be the subject of
a separate study.

Surface state of adsorbed particles was studied by TPD
MS for all samples been studied. There are no significant
peaks relevant to CHy species, although weak backgrounds
signal of m/z = 15 (CHs3) species is present (fig. 5). Desorption
of water, CO and CO; is detected. The low-temperature
desorption peaks (100-200°C) refer to physically adsorbed
molecules, and high-temperature desorption peak of CO and
CO, at approximately 400°C refers to the dissociatively
adsorbed form of CO,, presumably the one that is utilized in
the catalyzed process. Thermally programmed desorption
results allowed to suggest that the formation of CHy surface
carbon species was not a rate-limiting step, due to absence of
relevant CHy species desorption peaks.

Gas chromatography of products revealed that the only
product of reaction was CHj, with traces of CO. The activity
for samples with 15-20 % of Co was extremely higher than
that for pure Co or Ni (100°C lower conversion
temperature). This can be attributed to optimal size of
metal clusters and to the phase transition from hexagonal
Co (low-temperature, more active) to cubic Co (high-
temperature, less active); the temperature of this transition
can be shifted in the presence of nickel.
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Fig. 3. SEM photographs of pure support (a) and sample Ne 3 (b)
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Fig. 4. XRD pattern of sample Ne 3

Conclusions. The present study shows that mixed Ni-Co supported
catalysts with 15-20 % Ni show higher activity and selectivity towards
CO, methanation than single-metal Ni or Co catalysts.
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Hapinwna po peakonerii 02.12.13

METAHYBAHHA CO2 HA Co-Ni/Al,03 KATANI3ATOPAX NP ATMOC®EPHOMY TUCKY

HocnidxeHo memaHyeaHHs1 diokcudy eyaneyro 3a ammocgpepHo2o mucky Ha Ni-Co/Al,O; kamanizamopax, wjo Mmicmams 5 % memany, npuzo-
moeaHux Mmemodom NpocoYyyeaHHs1 3 HacCMynHUM eidHoeneHHsIM. Temnepamypa 95 %-i koHeepcii CO, dnsa ecix docnidxeHux kamanizamopie 3Ha-
xodumbcs e mexax 320—-450°C 3a HacmynHux ymoe: 06'eMHa weudkicms 2a3068020 nomoky — 100 mn/xe., muck — 0,1 MIMa, cknad peakyiliHoi cymi-
wi— 2% CO,, 55 % H,, 43 % He. CenekmueHicmb 3a MemaHoM cknadae 651u3bko 98%.

Knro4oei cnosa: memaHysaHHSsI, 0iokcud eyaneyro, HaHeceHi kamasnizamopu, ko6anbm-Hikenesi kamanizamopu.
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METAHUPOBAHME CO; HA Co-Ni/Al,O3 KATAJIUBATOPAX NPU ATMOC®EPHOM [JABJIEHUMA

Uccnedoean npoyecc memaHupoeaHusi uokcuda yanepoda npu ammocgepHom daeneHuu Ha Ni-Co/Al,O; kamanu3zamopax ¢ codep)xaHuem
memanna 5 %, komopbie 6blu Nosy4eHbl MemoAoM MPONUMKU ¢ nocsedyruwum soccmaHossieHueM. Temnepamypbi 95%-oli KOHeepcuu Onsl 8cex
uccniedoeaHHbIX Kamasiuzamopoe Haxodsmcs 6 uHmepeane 320-450°C npu crnedyrouwux ycnoeusix: o6bemMHasi CKOPOCMb 2a3068020 MOMOKa —
100 mn/muH., dasneHue — 0,1 MlMa, cocmae peakyuoHHoU cmecu — 2% CO,, 55% H,, 43% He. CenekmueHocmb no MemaHy cocmasssiem 98%.

Knroyeenle crioea: MemaHupoeaHue, Quokcud yenepoda, HaHeCceHHbIe Kamasu3amophbl, Ko6aslbm-HuUKesieeble Kamasiu3amophbl.



