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Effect of catalytic systems on the hydrogenation of phenanthrene

This paper shows the effectiveness of the synthesized catalytic additivesiin the process of hydrogenation of
phenanthrene in the presence of ethanol as a hydrogen donor. Ferrosphere, WiO/SiO, covered the surface of
ferrosphere and Fe,0;/SiO, covered the surface of ferrospher@ were used as catalytic additives. Ferrosphere
was extracted from energy ashes of Karaganda thermal pewer plant. NiO/SiO, and Fe,05/SiO, covered the
ferrosphere were prepared by the method of «wet mixing».<Bhe phase composition, surface morphology, av-
erage size and distribution of particles of ferrosphere§ and,nanocatalytic additives NiO/SiO, and Fe,05/Si0O,
covered the ferrospheres were determined. The cemposition\of the reaction products was determined by the
method of chromato-mass spectrometry on the gas chromatograph of Agilent Technologies 7890A with mass
spectrometric detector 5975C. Identificatiofi"of the substances was carried out using the NIST 98 mass-
spectral database. A synergistic effect of| nanocatalytictadditives NiO/SiO, and Fe,03/SiO, covered the
ferrospheres was established. The highfdegree,of phenanthrene conversion is observed on the hydrogenation
in the presence nickel and iron catalyticyadditives on the ferrosphere. According to the results of hydrogena-
tion of phenanthrene efficiency gange ofithe catalytic additives was built: NiO/SiO, on the ferrosphere >
> Fe,03/S10; on the ferrosphere > NiO/Si0,™> Fe,05/S10, > ferrosphere.

Keywords: polyaromatic_hydreeatbons, phenanthrene, hydrogenation, catalytic systems, ferrosphere, sol-gel
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Introduction

Currently dite toythe shortage of the «light oil» resource most of the researches related to the processing
of heavy oil and‘olid hydrocarbon raw materials is being considered. As it is known synthetic liquid fuel get
7-8 timesgmore from coal than from oil. Despite the high losses scientific works on improvement of hydro-
genation of goalfcoal tar and liquefaction of products are continued in most countries.

Accordingto modern concepts the main part of the organic mass of coal is a three-dimensional polymer
of irrégular structure, the rigidity of the framework of which is enhanced by internal donor-acceptor interac-
tioms. Studies show that the products of destruction of the organic mass of coal are complex combination of
hydrogarbons in which compounds with the number of aromatic rings up to three predominate, but
hydrocarbon derivatives with four or more rings form a certain part [1].

The decomposition of the organic mass of coal is carried out to obtain liquid products. Liquefaction of
the initial product and saturation with hydrogen are carried out during hydrogenation. Depending on the pro-
cess conditions and the depth of conversion of the organic mass of coal, hydrogenation allows to turn solid
fuel into high-quality motor fuel (gasoline, diesel fuel) or raw materials for organic synthesis (hydrocarbons,
phenols, nitrogenous compounds). The composition of the hydrogenation products depends on the amount of
hydrogen entering into the reaction, the quality of the catalysts and the parameters of the process itself
(pressure, temperature, contact time) [2].
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The study of destructive hydrogenation of polyaromatic compounds was carried out to improve the pro-
cess of coal liquefaction mentioned above. One of the polycyclic aromatic compounds in solid fuels is
phenanthrene, which was first obtained from coal tar.

The purpose of this work is to investigate the process of catalytic hydrogenation of phenanthrene as a
model object, which constitutes the organic mass of coal.

Experimental

For experiments phenanthrene was used as model object; ferrosphere, synthesized nanocatalytic
additives NiO/SiO, and Fe,05/Si0O, separately covered the ferrosphere were used as catalytic additives.
Ferrosphere was extracted from the energy ashes which were obtained by burning coal at Karaganda thermal
power plant.

Ferrosphere was used as a carrier of catalytic additives NiO/SiO, and Fe,05/Si0O,. Cafalytic additives
added to the ferrosphere were prepared by the «wet mixing» method.

The catalytic additive Fe,0;/Si0, was covered the ferrosphere by mixing the ferrosphereWith 20 % so-
lutions of ferric chloride and sodium silicate, followed by heating the mixture to a temperature of 70—-80 °C
for 2 hours. Then the resulting suspension of the initial compounds was dried at attempetature of 100—
105 °C. The dry mass was calcined at a temperature of 500-550 °C for 60 minutés%and then" molded into a
tablet. The second catalytic additive NiO/SiO, covered the ferrosphere wa§ prepared similatly. Ferrosphere
was mixed with 20 % solutions of nickel sulfate and sodium silicate.

The activity of the prepared catalytic additives in the hydrogenation ofgphenanthrene was determined
under autoclave conditions: T — 380 °C, P — 3 MPa, t — 120 min, the amount of catalytic additive
1.0 mass %, 5 ml of ethanol as a hydrogen donor. The use of aleohols allowsito obtain significant yields of
liquid products in the absence of catalysts and molecular hydrogen.\The ability to interact with active radical
centers, preventing their recombination, determines the stabilizingyrole ofaliphatic alcohols [3].

The mixture of phenanthrene and catalytic additives wasypresmixed, and then the prepared mass and
ethanol were loaded into the autoclave. The reactor wasypurgedywith molecular hydrogen and pressurized
with it. Then the reactor was heated to the required temperature (380 °C) and kept for a given time. The heat-
ing rate of the autoclave was 10 °C/min. After the@xperimient, it was cooled to room temperature; the reac-
tion mixture was dissolved by chloroform. The compesition of the reaction products was determined by the
method of chromato-mass spectrometry on th€ gas ‘¢hromatograph of Agilent Technologies 78904 with mass
spectrometric detector 5975C. Identificatientef the 'substances was carried out using the NIST 98 mass-
spectral database.

Results and Discussion

The phase composition of catalytic ‘additives was studied on a X-ray diffractometer MiniFlex 400/300.
The diffractograms of the syfithesized samples of NiO/SiO, on the ferrosphere (sample 1) and Fe,0;/Si0, on
the ferrosphere (sample 2) are presented (Fig. 1).
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Figure 1. X-ray diffractograms of NiO/SiO, catalytic additives covered the ferrosphere (a);
Fe,05/S10, catalytic additives covered the ferrosphere ()
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The diffractograms of samples 1 and 2 show the presence of phases respectively NiO/SiO, and
F6203/ SIOZ
Electronic micrographs of initial ferrosphere and the samples 1 and 2 are shown in Figure 2.
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The study showed that spherical formations of ferrospheres have f 975.5 nm. The nick-

el-silicon composition (sample 1, b) is spherical formations with the dia 4 nm. These formations
tend to coalesce, forming conglomerates with fouling of small spheres of nic xides and iron oxides.
The average particle size of the prepared nickel and iron sa was determined by using nanosizer

NanoS90 (Fig. 3).
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Figure 3. Average particle size of NiO/SiO, on the ferrosphere (@), Fe,03/SiO, on the ferrosphere ()

The average particle size was 213.9 nm for sample 1 and 1064 nm for sample 2.

The results of phenanthrene hydrogenation are presented in Table. The main products of hydrogenation
of phenanthrene in the presence of the catalytic additives are the products of the hydrogenolysis and
hydriding.
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Table
The yield of the products of phenanthrene hydrogenation without catalyst
and in the presence of the catalytic additives
Yield of the products, %
- , | Without NiO/SiO, | Fe,0y8i0, | MOS0 | Fe:05/50;
Individual chemical composition Ferrosphere on the on the
catalyst [4] [4]
ferrosphere | ferrosphere

1 2 3 4 5 6
Naphthalene — — 0.14 0.08 — —
1-Methylnaphthalene — — 0.11 — 3.6 —
2-Ethylnaphthalene — — — 0.05 — -
2-Butylnaphthalene — 0.9 — — — 4.2
Fluorene — — 0.98 0.97 — —
9-Methylfluorene — — 0.42 0.18 — —
9,10-Dihydroanthracene — 0.7 0.41 0.44 £ 7.5
9,10-Dihydrophenanthrene — — 4.5 4.3 34.3 16.4
1,2,3,4-Tetrahydrophenanthrene - 3.2 - - 13.2 3.5
1,2-Dihydrophenanthrene 4.2 — — — — —
1,1-Biphenyl — - 1.54 0.03 11.2 -
Benzene — — — — 2.2 —
2-Methyl-1,1-biphenyl — — — — — 5.7
Anthracene — — 8.8 9.3 — —
Phenanthrene 95.8 95.2 83.1 84.65 35.5 62.7
Conversion 4.2 4.8 16.9 15.35 64.5 40.0

There are isomerization reactions along with the hydrogenation reactions as a result of the polyaromatic
hydrocarbon processing in the presence of ferrosphere andiEe,05/Si0, on the ferrosphere as catalytic addi-
tives: 9,10-dihydrophenanthrene isomerized into lificar ‘9y10-dihydroanthracene. Angular-linear isomeriza-
tion of 9,10-dihydrophenanthrene into 9,10-dihydroanthracene and further dehydrogenation of 9,10-dihydro-
anthracene with the formation of anthracene weére showain the work [5].

Experimental results of hydriding and hydrogenolysis reactions of polyaromatic hydrocarbon hydro-
genation process are presented in Figure4.
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Figure 4. The yield of the hydrogenolysis and hydriding products of phenanthrene hydrogenation
(experience numbers taken from Table)

It has been established that the yield of hydrogenation products of phenanthrene is 64.5 % in the pres-
ence of NiO/Si0, covered the ferrosphere, in contrast to the using the ferrosphere as catalytic additive, where
the yield of hydrogenation products is 4.8 %. This fact may indicate a synergistic effect.
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Conclusions

So the synergistic effect of binary nanocatalysts in the process of phenanthrene hydrogenation was re-
vealed. The results indicated high activity of the catalytic additive NiO/SiO, covered the ferrosphere. The
high degree of phenanthrene conversion is observed on the hydrogenation in the presence nickel and iron
catalytic additives on the ferrosphere. An efficiency range of the studied catalytic additives was obtained on
the basis of products yield data: NiO/SiO, on the ferrosphere > Fe,05/SiO; on the ferrosphere > NiO/SiO, >
> Fe,05/Si0, > ferrosphere.
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KartaaunTukanaslk skyiiejaepain peHaHTPeH TuAPOreHU3auuschbiHa dcepi

Makanaza cyTteri JOHOPBI PeTiHIE ITAHOJIBIH KarBICYBIMCH (QEHAHTPEHAI T'MAPOTreHU3anusuay ypIaiciHae
CHHTE3/ICJITeH KaTaJMTHKAaJBIK KOCMAalapAblH THIMAITICT K@pceriareH. KaramuTukaiablK Kocmaiap peTiHjae
deppocdepa, ¢eppochepa Oerine KoHablpbuEaH NiO/SIO, xoHe ¢eppochepa OeriHe KOHIBIPBUIFAH
Fe,05/Si0, xonmaubuinsl. Deppocdepa Kaparamipr FKIO-HbIH JHEPreTHKANBIK KYJISPIiHEH albIHFaH.
Deppocepa Oerine xouapippuran NiO/Si0, x9He Fe505/Si0, KaTaTUTHKAIBIK KOCHAIAPBl «IBIMKBLI
apanacTeIpy» oficiMer anbHIbL. DeppochepansPxone deppocdepa oeringeri NiO/SiO, xene Fe,05/Si0,
HaHOKATAJUTHKAIGIK KOCHAJApPHIHA (A3aIblK KYpaMbl, OCTiHIH MOPQOJIOTHACH], OpTalla eJIIeMi >KoHe
Tapalybl aHbIKTanFaH. Peakims ‘enimuepiliH Kypambel 5975C Macc-CIIEKTPOMETPHSIIBIK AETEKTOPHI Oap
Agilent Technologies 78904, ra3mpl &xpomaTtorpadpiHaa XpoOMaTo-Macc-CleKTPOMETPHSI 9ICIMEH 3epTTeNi.
NIST 98 wmacc-crieKTpiik AepeKIep ©a3achblH KONJaHy apKbUIbl 3aTTapFa COMKECTEHIIpiNy KYpri3iimi.
@eppocdepara  konasipeirad )’ NiO/SiO, xone Fep)0;/SiO, HaHOKATAIUTHKAIBIK — KOCHAJIAp.bIH
CHHEPreTHKAaJbIK dcepl aHbIKpanbl. DeHaHTPEH KOHBEPCHSCBHIHBIH JKOFapbl jaopexeci (eppochepanars
HHKEJIb MCH TEMIpZiiH, KaTATNTHKAJIBIK KOCTIAIaPbIHBIH KaThICYBIMEH THIPOTCHU3ALMACH] Ke3iHae OaiKaa/bl.
deHaHTPEH THAPOrCHUSATIMSCHl HOTIKECI OOMBIHIIA KaTAIMTHKAIBIK KOCTAMap/blH THIMIUTIK KaTapsl
aHBIKTaIABL  Peppocdepanarsr NiO/SiO, > ¢eppocdepanars Fe,0;/SiO, > NiO/SiO, > Fe,05/Si0, >
deppocdepa;

Kinm eé30ep: MOimapoMaTThl KeMIpCyTeKTep, (EHAHTPEH, THAPOTeHU3alMs, KaTAIUTHKAJIBIK >XyHenep,
beppocdepa, 3051b-resb 9/iCi, «IBIMKBLUT apaTaCThIPY» dici, KOMIp.

HEE. AiitoexoBa, Cunraii Cy, ®3ub10Hb Ma, A. Tycunxan, M.U. baiikeHoB

Biusinne kaTaauTHYEeCKUX CHCTEM HA IHIPOreHUu3anuio (peHaHTpeHa

B crarbe mokazana 3(G(EeKTUBHOCTh CHHTE3MPOBAaHHBIX KATAJIUTHYECKHX [O0ABOK B Ipolecce THAPO-
reHu3anuy (eHaHTPEeHa B MPUCYTCTBUH STAHOJA B KaUeCTBE JIOHOPA BOAOPOJA. B pony KaTanuTH4eckux 1o-
0aBok BeIcTynamu ¢eppochepa, NiO/SiO, Ha moepxHOcTH (eppocheprr u Fe,03/SiO, Ha MOBEepXHOCTH
tdeppochepsr. Deppochepy m3BIeKIM U3 dHepreTmdeckoit 3ombl Kaparammmackoir TOL. NiO/SiO, u
Fe,03/S10, Ha deppocdepax MoOmydnanm METOIOM «MOKPOTro cMmenieHus». OmpernenceHbl (a3oBblii cocTas,
MOP(OJIOTHsI MOBEPXHOCTH, CPEIHUI pa3Mep U pacmpezerneHre dacTul] Geppocdep ¥ HaHOKATATUTHICCKHX
no6asok NiO/SiO, u Fe,05/Si0, Ha deppocdepe. Cocra npoayKkTOB peakii BHUSIBUIA METOJOM XPOMATO-
Macc-CIeKTPOMETpUH Ha Ta30BoM xpomatorpade Agilent Technologies 78904 ¢ macc-CieKTpOMETPUIECKUM
nerekropoM 5975C. VineHTuUKAIMIO BEHIECTB MPOBOMIN C HCIONB30BaHHEM Macc-CIEeKTPaIbHOM 0a3bl
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nauubix NIST 98. Bbuio ycTaHOBICHO CHHEPreTHYECKOe IeiicTBre HaHOKaTaauTHIeckux 1o6aBok NiO/SiO, n
Fe,0,/Si0, Ha ¢eppocdepe. Bricokas creneHb KOHBepcuH (eHaHTpeHa HAaOI0AalIach MPU THAPOreHU3AIMI
B IPHCYTCTBUM KaTIUTHYECKMX J00aBOK HUKens u kenesa Ha deppocdepe. Ilo pesymbratam
THIpOTeHN3auy  (peHaHTpeHa MOCTpoeH psix 3(GEeKTUBHOCTH Katanuthudecknx pobaBok: NiO/SiO, Ha
dheppochepe > Fe,05/Si0, Ha deppocthepe > NiO/SiO, > Fe,05/Si0, > deppocdepa.

Knrouegvie cnosa: NOJIMapOMaTU4YCCKUE YIJIEBOAOPOIBIL, dpeHaHTpeH, ruaporeHusanus, KaTaJIUuTHYCCKUC
CUCTCMBI, (I)eppoubepa, 30JIb-T'CJIb METOA, METOJ «MOKPOT'0O CMEILICHU», YI'OJb.
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