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Abstract

The silica- and alumina- supported Ni catalyststisgsized by thermal decomposition of
inorganic precursors were evaluated for Fischernpdeb synthesis (FTS); the structural
properties and performance of the catalysts wengpeoed to those of samples constructed via
impregnation methodl'he results revealed that the synthesized catahgte higher catalytic
activity comparison to those prepared via the catiwvaal impregnation method. The effect of
the preparation method on the structural propesi®svs that synthesizing the catalyst through
inorganic precursor route is maappropriate. Characterization of catalysts is edrout using
inductively coupled plasma (ICP), powder X-rayffiction (XRD), scanning electron
microscopy (SEM), and BET specific surface area.

Keywords: Coordination polymers; Inorganic precursor; Immp&ipn; Fischer-Tropsch

synthesis; Nickel catalyst; Synthesis route.
1. Introduction

In recent years, the Fischer—Tropsch synthesis XR&S received considerable attention from
academic institutions and governments alike, duentoeronmental contamination, rapidly rising
price of crude oil and subtractive oil reserves3]1 The FTS is a viable route for the production
of clean fuels fronbiomass-derived syngas, natural gas, or coal.i$mptiocess, highly important

factor is a catalyst, which is selected based erk#y role in product distribution [4, 5].

Group VIII transition metals are highly able toagre the FTS. This performance for FTS is
defined by the nature of CO and &ldsorption on the group VIII transition metals; [@joreover,

these metals demonstrate some acting in thé CGoupling reaction during hydrogenation of



carbon monoxide. Among the group VIII transitiontaie which are catalyzed the FTS; the
more active metals are iron, cobalt, nickel anthentum[7-10]. However, iron and cobalt are
rather considered due to selectivity and cost [liilthe FTS, nickel used less owing to methane
selectivity while in many of the catalytic reseashbased on iron or cobalt catalysts, nickel has
improved the catalyst performance [12, 13]. In nectudy carried out by Enger et al. [14], it
was shown that the Ni might be capable to genatiffierent productions and methane in not
only product of FTS. Moreover, some factors suckiggport, CO/H ratio and particles size of
catalyst can affect to FTS productions. Apart frimase factors, production procedure of the
catalyst strongly affects the outcomes of FTS. Mdshe catalysts for FTS manufactured by co-
precipitation, sol-gel, impregnation and fusion hoels [1520] while use of the inorganic
precursor complexes as novel technique for pregamaterials create some benefit such as
lower particle sizes and the homogeneous dispemsiametals on the support surface which

increase catalyst performance [21].

To date, coordination polymers or metal-organionga/orks showing various novel structures
and intriguing properties in the field of cataly&2-24], however, the role of these types of
combinations as catalyst precursor for FTS havebreh explored. Recently, through the self-
assembly reaction of Jdtc and Ni(NQ),, we have successfully isolated a new coordination
polymer with interesting geometry, [Nigbtc)(OH)(HO),] [25]. Considering the importance of
FTS and the unique ability of met@rganig frameworks to create special topology, his t
work, the inorganic precursors [Nigbtc)(OH)(H0).]/SiO, and [Ni(H:btc)(OH)(H:O).)/Al 205

are used to prepare Ni catalysts, furthermore,uatetl the catalytic performance of these
catalysts and compared with reference catalystglwhare produced by impregnation method.
Also, respective studies on the physicochemicatadtaristics performed by X-ray diffraction,

Brunauer-Emmett-Teller and scanning electron mawps.
2. Experimental
2.1. Materials

All the used chemicals were regent grade and usgauwy further purification, purchased from
Aldrich.



2.2. Synthesis of complex

Ni(NOg3), .6H,O (0.290 g , 1.0 mmol), 1,3,5-benzenetricarboxgaed (0.105 g , 0.5 mmol),
NaOH (0.060 g , 1.5 mmol) were mixed in 15 ml disti water at the room temperature. The
mixture was transferred to Parr-Teflon lined stessl steel vessel and was heated at 130 °C for 3
days. After cooling to room temperature, air-stablee crystals were obtained. Yield: 63%
Anal. Calc. for GH;gNiOg: C, 33.69; H, 3.14. Found: C, 33.31; H, 3.19%(¢R"): 3498-3279

(m, br), 2920(w), 1710(s), 1617(s), 1570(s), 1383(865(s), 749(m), 743(m).

2.3. Synthesis of [Ni(H2btc)(OH)(H20),]/SiO, precur sor

The catalyst precursor was prepared from mixinggureous solution of [Ni(#btc)(OH)(HO0),]
(3.20 g, 10.0 mmol, 90% Wt) and SIi(®.32 g, 10% Wt), the mixture was stirred and evaged
at 30 °C to dryness.

2.4. Synthesis of silica-supported nickel catalyst, Ni/SiO,

The nickel- silicon catalyst was obtained througlicinations of [Ni(Hbtc)(OH)(H0),])/SiO,
precursor at 700 °@t the atmosphere of static air in the electrindiceand maintaining in this

temperature for 6 h.
2.5. Synthesis of [Ni(Hzbtc)(OH)(H20),]/Al,O3 precur sor

The catalyst precursor was prepared from mixinggureous solution of [Ni(htc)(OH)(HO0),]
(3.20 g, 10.0 mmol, 90% Wt) and &) (0.32 g , 10% Wt), the mixture was stirred and

evaporated at 30 °C to dryness.
2.6. Synthesis of alumina-supported nickel catalyst, Ni/Al,O3

The nickel- alumina catalyst was obtained througlcinations of [Ni(Hbtc)(OH)(HO).J/Al ;O3
precursor at 700 °@t the atmosphere of static air in the electriodgeand maintaining in this

temperature for 6 h.



2.7. Preparation of reference catalysts

For comparison, the silica- or alumina- supportadréderence catalysts wemdnstructedby
impregnation method. In first, the support (sil@maalumina) wasmpregnated with an aqueous
solution of nickel nitrate. Then, the suspensiors wtirred for 10 h at 30 °C. The resulting
mixture wasfiltered and the obtained precipitate dried at 120 Finally, the precursor catalyst
was calcined at 600 °C for 5 h.

2.8. Sample characterization

Fourier transform infrared (FT-IR) spectra were sugad on JASCO 460 spectrophotometer
with KBr pellets in the 4000-400 chrange. Elemental analyses were performed on Leco,
CHNS-932 elemental analyzéihe crystal structure of [Ni@htc)(OH)(H0),] was obtained via
the single-crystal X-ray diffraction technique. M@t content was determined by ICP in an
OPTIMA 2000 DV ICP Optical Emission spectrometésray diffraction data of the complex
was collected on a STOE-IPDS 2T diffractometer gistn graphite monochromated Mon K
radiation £=0.71073 A) X-ray powder analyses were conducted using a Bri@&advance by
considering 2 range from 10° to 70°. The morphology of the gattsl was observed using a
MIRA3 TESCAN FE SEMoperating at 30 kV. The BET surface areas of thmapses were
measured by Nohysisorption using ASAP 2020 apparatus. Each catalyst sample was skgjas

under nitrogen atmosphere at 350 °C for 4 h.
2.9. Catalytic activity measurements

Catalytic performance tests for the Fischer-Tropselttion were conducted in a fixed bed micro
reactor operating at the atmospheric pressuree&ch run 0.8 g catalyst was maintained in the
reactor by using quartz wool. All catalysts werdueed in situ at the atmospheric pressure in
hydrogen/nitrogen mixture (50% vol.,Hat 400 °C for 8 h before disposal of synthesis. ga

Thereafter, the MH, was replaced by the current 0§/8BO (2:1). The Fischer-Tropsch reaction

was carried out in the range of 280-400 °C. Thealpco stream was analyzed by a GC on a FlI
detector equipped with a methanizer. The catalggdformance was evaluated in terms two

parameters:

(1) CO conversion % = {[(Mols of C) - (Mols of CQ,y] / Mols of CQ,} x 100



(1) Selectivity of j product (%) = {Mols of j pradkct / [(Mols of CQ,) - (Mols of CQ)]} x 100
3. Results and discussion
3.1. Complex characterization

The reaction of Ni(N@), .6H,O with 1,3,5-benzenetricarboxylic acid and NaOHthe aqueous
solution under the hydrothermal condition led tornfation of the air-stable complex
[Ni(H 2btc)(OH)(H:O);] 1. This compound was characterized by elementalysisal infrared

spectroscopy and single crystal X-Ray diffraction.

X-ray crystallographic data determine that complegrystallizes in the monoclinic space group
P21/n (Table 1). The asymmetric unit consists & Ni(ll) ion, one Hbtc ligand, two coordinated
water molecules and one Olbn. The title complex is coordination polymer wainieach metal
center is conjoined to two neighboring ones throtvgh p-oxo bridges. The coordination geometry
of Ni(ll) ion is a distorted square pyramidal. TNgII) ion is coordinated by two oxygen atoms
from carboxyl (O3) and carboxylate (O1) groups gbtd ligand, three oxygen atoms of two water
molecules (08, O7) and one hydroxyl ion (O9) (FigAmong three functional groups ofslbtc
ligand only one carboxyl group is uncoordinated rghs the other carboxyl and carboxylate groups

are connected to unidentate coordination mode (i) Ni
<PlaceFig. 1 here>

<Place Table 1 here>

The FT-IR spectrum of (Fig.2) shows the broad band at 3498-3279" amhich is attributed to
the anti-symmetriand symmetric stretching vibrations of coordinatester molecules. The band
appearing around 1710 chis assigned to(C=0) of the carboxyl groups and is confirmed that
carboxyl groups are not fully deprotonated. Theerise band at 1617 chindicates that the
carboxyl group is deprotonated. The bands obseavd@46 and 1244 crhare ascribed to(C-O)
vibrations.In the desired complex, the presence of carboxygedap is reflected by IR spectrum in
bands of the anti-symmetrigy(COO), and symmetrio;(COO), stretching vibrations at1570 and
1385 cm’, respectively. The frequency difference betweeni-syimmetric and symmetric
stretching vibrations of the of the carboxylatelugras Av = 185 which is suggested monodentate

coordination mode of the carboxylate group to th@iNon. The G-H stretching vibrations of the



benzene ring of kBtc ligandemerge at 3105 and 3070 ¢if26]. The two GH in-plane bending
modes observe at 1187 and 118Itrihe band at 890 cthcan be assigned to-8 out-of-plane
bending mode [27, 28].

<PlaceFig. 2 here>
3.2. Catalysts characterization

The FT-IR spectra of both catalysts prepared bymhedecomposition of inorganic precursor
complex are shown in Fig.3. In the IR spectrum @SND,, the broad bonds at 3420 ¢nis
assigned to OH stretching vibration of physicallysarbed water and the-BH bending
vibration is appeared at 1625 ¢mThe intensive band at 1107 cnis assigned to SO-Si
anti-symmetricstretching vibration and the band observed at 894" @re imputed to the
symmetric stretching vibration of the-8-Si. The OSiO bending vibration emerges at 535
cm™. The band at 594 crhis attributed to SiO bending mode [281]. Investigating of the
FT-IR spectrum of alumina-supported nickel catalystvsithat the bands centered at 3427%cm
and 1644&m* are belonged to OH stretching vibration and# bending mode of physically
adsorbed water, respectively. The peak correspgnttin1154 cmi is assigned to AO-Al
anti-symmetridending mode. The vibration bands at 850, 676 &8chn" are attributable to
bending and stretching modes of Al32].

<Place Fig. 3 here>

The composition of the synthesized and referentalysts determined by ICP analysis. The
loading of Ni in the catalysts prepared by thermdacomposition of inorganic precursor
supported on silica and alumina are 60.2 and S&$&pectively. The loading of Ni in the

reference catalysts are 52.4 % and 51.9 % for stipgailica and alumina, respectively.

Characterization of Ni catalysts prepared by théheaomposition of inorganic precursors were
carried out by using X-ray diffraction, and the aibed X-ray diffractograms of the silica- and
alumina- supported Ni catalysts are depicted in Bigrhe XRD pattern of the nickel- silica
calcined catalyst synthesized from inorganic preaucontains diffraction peaks ab2= 38.7,
48.7, 58.6, 69.1°, which are assigned to diffractid NiO,. Characteristic peaks of Si@t 2=
25.9, 35.6 are observed for calcined catalyst. Aibkel- alumina synthesized catalysts displays



the characteristic XRD peaks of Ni@t2O= 38.7, 48.7, 58.6, 69.1°. The diffraction peaks at
20= 35.3, 46.4 are attributed to /83, The diffractograms of reference catalysts prepdmed
impregnation include diffraction peaks & 2 37.2, 43.2, 62.8°, which are allocated to NiO
phase (Fig. 5). Comparison of the X-ray diffractpeaks broadening in the synthesized catalysts
and the reference samples display that crystaitte is smaller for the constructed catalysts. The
average particle sizes were determined by Scheregiation. The average crystallite sizes of
synthesized catalysts supported on,Sa@d AbO; are 58.1 and 54.3 nm, respectively, while the
average sizes of reference catalysts are 84.6 @rkl rim for silica and alumina supported,
respectively. These results show that the fabricatgalysts lead to the improvement of the

scattering of the metal and simplify producing dergbarticles than the reference catalysts.

<PlaceFig. 4 here>
<PlaceFig. 5 here>

The morphological properties of the catalysts wiermined using scanning electron microscopy
(SEM). The SEM micrographs of the catalysts prepdrg thermal decomposition of inorganic
precursors and impregnation method are displayed-ign 6 and Fig. 7, respectively. The
morphological features of the synthesized catalgstd reference catalysts are different. The
electron micrographs obtained from Ni/Si@nd Ni/ALO; catalysts synthesized through inorganic
precursor path have smaller particles in compansitim Ni/SiO, and Ni/ALO3 reference catalysts.
Moreover, the grade of agglomeration fabricateclgats is lower than reference catalysts which
are shown that preparing catalysts via inorganiecymsor iS more appropriate route toward

impregnation method.

<Place Fig. 6 here>
<PlaceFig. 7 here>

The BET results of the catalysts constructed bynlaé decomposition of inorganic precursors and
the reference catalysts created by impregnatiopr@sented in Table 2. As observed from Table 2,
both synthesized catalysts have higher surface tasrathe reference catalysts. The usage of the
acceptable procurement procedure (thermal decotiggosif inorganic precursor complex) lead to

enhancement in the specific surface areas of gmethatalysts, which is a persuasive evidence for



the improvement in the dispersion of the vactoxide phase and the increment in catalyti

performance of these synthesized catalysts.

<Place Table 2 here>

3.3. Catalytic performance

The catalytic performance of the fabricated anérezfce catalysts were evaluated at atmospheric

pressure in the temperature range 280<¢0fith H,/CO ratio of 2.

Generally, an increment in the reaction temperateads to an increasing in the catalytic activity,
moreover, it has been obvious that the reactiorpéeature should not be too low [33]. The CO
conversion is negligible at low reaction temperawwhich is afforded to low catalytic performance.
The enhancing temperature promotes CO dissociatind, provides more surface C atoms for
forming hydrocarbonsOn the other hand, with raising reaction tempegatanethane formation

increases due to the abundant surface H atoms fg#Hrt from the reaction temperature, the
preparation method of catalyst remarkably affelses €O conversion and hydrocarbon selectivity.
As observed from Fig. 8, the CO conversion pergmdaof Ni catalysts prepared by thermal

decomposition of inorganic precursor and impregmakliave increased with increment temperature

from 280 °C to 400 °CThe CO conversion is higher for Ni-Si@nd —AbO3 catalysts synthesized

through inorganic precursor approach comparedfemarce catalysts produced from impregnation
method in all studied temperature. The catalytitvig of calcined catalysts was obtained by
different procedures increased with enhancing teatpe= from 280 to 400 °C (Fig. 9). According
to obtained results, the constructed Nydd catalyst has higher selectivity to light olefin®gucts
and lower methane selectivity than the Ni-Scatalyst. On the other side, both of the reference
catalysts have lower selectivity to light olefinr@gucts and higher methane selectivity compared to
the synthesized catalysts. It can be seen thalif@iO, sample, the optimal operating temperature
equals 340 °C given the high selectivity of lighefms products and low methane selectivity

whereas for the Ni-AD;sample the optimal temperature is 360 °C.

In general, the fabricated Ni catalysts have premagalytic performance in comparison with the

findings achieved for the reference Ni-catalystspared by impregnation method. These results



due to the synthetic route used for the syntheshiechtalyst allows it having high BET specific

surface area, small particle size, low degree agetation and good active phase dispersion.
Conclusion

The thermolysis of [Ni(kbtc)(OH)(H0),)/SiO, and [Ni(Hbtc)(OH)(HO).)/Al O3 as inorganic
precursors was used for construction of Ni/ S&dd Ni/ALO; catalyst. The reference catalysts
were prepared through impregnation method. The Shigrographs of samples display that
synthesized catalysts have lower particle sizes agglomeration in comparison with reference
catalysts. These results are in good agreementthétBET outcomes; it means that the catalysts
prepared by thermal decomposition of inorganic yrsars have higher surface area than reference
catalysts. Activity of the catalysts in FTS wasastigated at 280-400 °C withp#€O ratio of 2 and
specified that the fabricated catalysts are moreveacdhan impregnation reference samples.
Furthermore, it can be concluded that preparinglgsts by inorganic precursor is more suitable
procedure toward impregnation method.
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Table?2

Tablel

Crystallography data for [Ni(#htc)(OH)(HO),].

Complex 1

Empirical formula GH10NiOg
Formula Weight 320.86
Crystal system Monoclinic
Space group P21/n
Crystal size (mm) 0.09x 0.09x 0.40
alA] 6.8658(14)
b[A] 18.849(4)
c[A] 8.5608(17)
B[] 92.98(3)
Volume/A® 1106.4(4)
Temperature [K] 293(2)

z 4

Deaica[g €] 1.926
F(000) 656
Reflections collected /unique 4287/1937
WR; 0.0920

R 0.0429

BET results of synthesized and reference catalysts.

synthesized Samg

BET surfacearea (r°/g) reference Samg

BET surface area (/)

Ni/SiO,
Ni/Al ;04

98
110

Ni/SiO,
Ni/Al ;O3

30
45




Fig.1. The coordination environment of Ni(Il) ionin complex 1.
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Fig. 2. The FT-IR spectrum of complex 1 prepared under hydrothermal condition.
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Fig. 3. The FT-IR spectra of synthesized Ni catalysts supported on SiO, (Fig.3a.) and Al,O; (Fig. 3b.).
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Fig. 4. The XRD patterns of Ni /SiO, (Fig.4a.) and Ni /Al,O5 (Fig. 4b.) synthesized catalysts prepared by
thermal decomposition of inorganic precursor.
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Fig. 5. The XRD patterns of Ni /SiO, (Fig.5a.) and Ni /Al,Os (Fig. 5b.) reference catalysts prepared by
impregnation method.
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Highlights

» Thefabricated catalysts are more active than impregnation reference samples.

» The Ni catalysts were synthesized through new inorganic precursor.

» The synthesized catal ysts have higher selectivity to light olefins than reference
conventional samples.



