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DEVELOPMENT OF NANOSIZED IRON AND
IRON-MOLYBDENUM CATALYST BASED
ON MAGNETIC COMPOSITES
FOR THE HYDROGENATION OF COAL

Abstract. In this paper present the results of catalytic hydrogenation coal from the
Kenderlyk deposit contenting various amount of active phase for the process. The
methods have been developed giving the ratio Fe (I11): Fe (II) to two, which corresponds
to magnetite. The dependence of the porous structure of catalysts on the composition and
concentration active phase were studied. As a result, it became clear that the activity of
the catalysts increases with increase the concentration of Fe,Os on the carrier from 4.0 to
10.0 wt. %, while the yield liquid product increases from 36.0 to 53.1%, at the adding a
molybdenum compound (0.5-5%) into the catalyst composition leads to increase the liquid
yield to 69.5%, and the yield of the gasoline fraction increases to 20.8% by chromato-
graphic method. Hydrocarbon composition of the gasoline fractions of synthetic oil was
determined . The gasoline fraction obtained at the presence of magnetized catalysts, the
amount of paraffin hydrocarbons decrease from 32.5 to 13.4% and olefins from 4.2 to
3.2% and in isoparaffin hydrocarbons increase from 22.2 to 28.7% and aromatic hydro-
carbons from 25.0 to 36.2% accordingly. Therefore, the optimal catalyst for coal hydro-
genation process from Kenderlyk deposit was 10% Fe,0O3+5% MoO.

Key words: hydrogenation, coal, Kenderlyk, catalyst, magnetic fluids, magnetism,
active phase, liquid yield, hydrocarbon composition.

Introduction. From the literature review, coal macromolecules consist of
groups of condensed aromatic rings; on average, each group contains about three
rings for coal of the middle stage of metamorphism [1-3]. These groups are
connected by hydroaromatic and heteroaromatic structures, which determine the
spatial three-dimensional arrangement of the macromolecule. The volume of open
pores in the studied coal is distributed as follows: the volume (cm®g) with a
diameter of < 1.2 nm (micropores) is 0.02-0.07; with a diameter of 1.2-3 nm
(mesopores) is 0.04-0.1, over 30 nm (macropores) is 0.009-0.09. The total pore
volume is 0.07-0.2 cm®/g. By impregnating coal crushed to 5-10 um by magnetic
fluids prepared in advance according to the method of magnetite synthesis by
chemical precipitation, using dispersion medium and hydrocarbon stabilizer with
a boiling point of 350-380°C, a magnetic composite was obtained, which is
characterized by a uniform distribution of the magnetic material over the surface
of the sorbent with particle size from 20 to 100 nm [4, 5].

Herewith, the works on the preparation of the nanosized iron-molybdenum
catalyst for coal hydrogenation on the basis of magnetic composites are relevant.
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EXPERIMENTAL PROCEDURE

A vibration magnetometer with a working temperature range from 298 to
710 K was used for magnetic measurements, allowing phase analysis of Ni-Cu
systems with copper contents from 0 to 56%. The measurement is based on the
determination of current magnitude in the measuring coils of a magnetometer,
being proportional to the magnetic moment of the sample under study. The nature
of the dependence on the magnetization of the sample from the field is expressed

by the equation:
1 Vni

I(H) = I§; (1)
where Iﬁﬁ is Ni calibration sample magnetization; Vy; is Ni calibration sample
bulk volume; Inax is the magnitude of the current arising in the coils of a magneto-
meter in the field of N 6 kErst when placing the calibration sample.

Saturation magnetization of the samples under study was determined in a
field of 6 kErst at room temperature. The relationship between the current in mA
and the magnetization in G is expressed by the equation:

I5[G] = 0,2515 > 1[mA] )

)
Imax Vsample

Since magnetization of the powders depends on their bulk density, a further
recalculation was carried out through the specific saturation magnetization o:
IS

o= @)

The dependences on the saturation magnetization of the samples on tem-
perature were taken in order to carry out a magnetic phase analysis. The analysis
is based on data indicating that Ni and Cu form a continuous series of solid
solutions, the Curie temperatures of which fit well into a straight line when the
ratio of Ni and Cu varies.

Available data allow calculating the percentage of copper in Ni-Cu systems
from experimentally determined values of Curie temperatures.

The sensitivity of a magnetometer for nickel is not less than 0.1 mg, and the
measurement error is 5%.

For testing, samples in the following ratio of components: 0.09 mol of Fe** to
0.06 mol of Fe?* with 50 ml of 28% NH,OH, 50 ml of fuel oil and 5 ml of oleic
acid were prepared.

A nanosized magnetic composite was obtained by co-precipitation
of ferrous iron or molybdenum and ferric salts according to the scheme
(Fe** + 2Fe** + 80H™ = Fe;0, + 4H,0), the fuel oil with a small amount of
sodium oleate (3-5 wt.%) was used as the dispersed phase. The prepared
high dispersion sample of coal was impregnated with the obtained magnetic
fluid.

We have shown that the nanosized iron or iron-molybdenum catalyst is
formed on the basis of magnetic composites. The optimal size of the active partic-
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les of the catalyst are 40-50 nm The specific surface of the catalyst, calculated
from the total isotherms of low-temperature nitrogen adsorption by the Brunauer—
Emmett—Teller (BET) method, is 24.0-51.7 m?/g.

RESULTS AND DISCUSSIONS

In this research work, we synthesized 9 samples of the catalysts differing in
the content of active components and the method of their deposition. Charac-
teristics of the catalysts are shown in table 1.

Table 1 — Characteristics of magnetite catalysts

Catalyst Composition of the active phase,% in terms of Pore volume, cm®/g
No. MoO Fe,0; Vs \V Vina
1 - 10.0 0.257 0.091 0.166
2 - 8.0 0.276 0.105 0.171
3 - 6.0 0.297 0.120 0.177
4 - 4.0 0.325 0.138 0.187
5 0.5 - 0.440 0.192 0.248
6 1.0 - 0.433 0.197 0.236
7 3.0 - 0.418 0.188 0.230
8 5.0 - 0.385 0.160 0.225
9 5.0 10,0 0.227 0.115 0.112
| Note. V™" is micropore volume during magnetic fluid (MF) adsorption; Vi, is macropore
volume.

The catalysts No. 1-4 were used to study the effect of Fe3O4 concentration on
their catalytic activity. In the presence of samples No. 5-8, the effects of Mo
concentration on the catalytic properties of catalysts on carbon carriers were
studied. The catalyst No. 9 was synthesized to study the effect of the sequence of
deposition of the active phase.

The dependence of the porous structure of the catalysts on the composition
and concentration of the active phase was studied. As shown by the experimental
data, the active phase of the catalyst is evenly distributed in all the pores of the
carrier; the volume of micropores and macropores decreased in proportion to the
increase in the concentration of the active phase of the catalyst. Micropores with a
radius of less than 0.5-0.7 nm had a significant proportion of the total pore
volume in the structure in both the initial catalyst carrier and the catalysts. Almost
the same contribution to the porous structure for all catalysts was made by
macropores, the volume of which changed slightly with varying content of the
active phase. The catalysts were characterized by a change in the distribution of
pores in a wide range: V" from 0.091 to 0.197 cm*g; Vma — from 0.112 to
0.248 cm/g.
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The developed catalysts are tested in the process of coal hydrogenation. The
results of the experiments on coal hydrogenation using magnetic catalysts on a
carbon carrier are shown in table 2.

Table 2 — Results of coal hydrogenation in the presence of catalysts with different content
of the active phase in the atmosphere of synthesis gas. The ratio of coal : paste-forming agent
is 1:1,5; Pressure is 5.0 MPa; Temperature is 410 °C

Cata- thgggﬁ,‘fg'h‘;ge‘ff% Magneti- |, |The yield of liquid products, wt. % Resi- | Los-
lyst zation s, o 80- 180- 250- | Yo due, | ses,
No. Fe,04 MoO | experim. 180 °C | 250 °C | 320 °C % %
4 4.0 - 42.3 12.2 7.2 7.8 21.0 36.0 | 46.8 | 5.0
3 6.0 - 43.4 121 | 10.2 9.5 25.0 447 | 384 | 438
1 10.0 - 44.8 128 | 125 11.5 29.1 53.1 29.2 | 4.9
8 - 5.0 43.7 12.3 | 104 9.6 29.5 495 | 330 | 52
9 10.0 5.0 69.3 10.1 | 20.8 22.6 26.1 69.5 | 158 | 4.6

Table 2 shows that the activity of the catalysts increases with increasing
concentration of Fe,Oz on the carrier from 4.0 to 10.0 wt. %, while the liquid
yield is increased from 36.0 to 53.1%. Introduction of Mo compound to the
catalyst composition leads to an increase in the liquid yield to 69.5%. This
increases the yield of the gasoline fraction to 20.8%.

The effect of increasing the total porosity of the carrier on the activity of the
catalyst during hydrogenation can probably be primarily explained by the
simultaneous growth of not only the volume, but also the size of all pores in the
structure, which makes the active phase of the catalyst more accessible to reagent
molecules (table 1). However, such a change in the structure of the carrier (res-
pectively, the catalyst) causes an increase in desorption time of the reaction pro-
ducts adsorbed on the catalyst, which contributes to an increase in the depth of de-
struction of the coal substance and, consequently, an increase in the liquid yield.

In addition to the porous structure, the content of active components, such as
Fe and Mo oxides, has a great effect on the activity of heterogeneous catalysts in
coal hydrogenation. It was found that for deep conversion of organic coal mass,
the content of Fe oxide in the wide-porous catalyst may not exceed 4-10%, and
the total content of active components — 5-10.0%. A higher content of active
components leads to a decrease in the activity of wide-porous Mo-Fe catalysts
during coal hydrogenation.

The results obtained by us during hydrogenation of coal from the Kenderlyk
deposit in the presence of molybdenum-iron catalysts allow us concluding that,
like in the case of industrial Al-Mo-Co catalysts, samples with large pores in the
amount of 0.227 cm3/g contain 10% Fe,O3; and 5.0% Mo oxide in their com-
position.

144



ISSN 1813-1107 M2 2019

It should be noted according to table 2 that, apart from porosity, the magni-
tude of the magnetic composites used is of great importance to the activity of the
studied catalysts, and the higher the magnetic properties of the catalyst, the more
active they are in the process of coal hydrogenation.

Further a chromatographic study of the products obtained was carried out
(table 3).

Table 3 — Hydrocarbon composition of the gasoline fractions,
obtained by hydrogenation of coal from Kenderlyk deposit

Hydrocarbon composition, %
Hydrocarbons —
Initial Fe,03 MoO 10 % Fe, O3+ 5 % MoO
Paraffins 325 23.2 14.7 13.4
Isoparaffins 22.2 27.6 26.0 28.7
Aromatic hydrocarbons 25.0 22.7 341 36.2
Naphthenes 14.2 17.2 17.8 16.2
Olefins 4.2 3.8 3.8 3.2
Cycloolefins 1.9 5.2 3.5 2.1
Dienes - 0.3 0.1 0.2

According to the obtained data of chromatographic analysis, it can be seen
that in the composition of the initial gasoline fractions obtained by hydrogenation
of coal from the Kenderlyk deposit compared with the gasoline fractions obtained
in the presence of magnetized catalysts, the amount of paraffin hydrocarbons
decreases from 32.5 to 13.4% and olefins from 4.2 to 3,2%, and an increase in
isoparaffin hydrocarbons from 22.2 to 28.7% and aromatic hydrocarbons from
25.0 to 36.2% is observed, which has a positive effect on the performance of
motor fuels.

A scheme was drawn for the transformation of the organic mass of coal paste
in the hydrogenation process (figure) based on the results obtained (tables 2, 3).

—» Paraffins 13.4 %
—* Isoparaffins 287 %
—» Aromatic hvdrocarbons 36.2 %
410 9C, 5.0 MPa, 10% Fe;0:+3% MoO
» C:-Cjg— ™ — Naphthenes 16.2 %
OMP l l l l 20.8%
— Qlefins 32%
C11-Cas =Cys Residue Losses+gas
226% 261 % 158 % 14.7% — Cycloolefins 2.1%
L—» Dienes 0.2 %

Scheme of transformation of the organic mass of paste during hydrogenation
of distillates of coal liquefaction
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Thus, in the process of performing the work, it was established that the
advantage of magnetic adsorbents and catalysts compared to ordinary (non-mag-
netic one) is that possessing high sorption and catalytic capacity, they can be
controlled using a magnetic field, which greatly simplifies the processes and
increases the completeness of adsorbent development, eliminates time-consuming
stages of separation of the spent adsorbent from the solution and catalyst
regeneration, replacing them with magnetic separation.
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Pe3iome
K. K. Kaupbekos, U. M. [[xcendvibaesa, 3. T. Epmonouna

KoeMIPAI TMAPOI'EHAEY YIHIIH MATHUTTI KOMITO3UTTEP HEI'T3IH/IE
HAHOOJIEM/II TEMIP )KOHE TEMIPMOJIMBEHI
KATAJIM3ATOPJIAPBI AJTY

By Makanana ypJicTiH KaTaqTu3aTOPbI PETIHIC dPTYPIIi KypaM sl OenceH i (ha3aHbiH
KarceiHga KeHIipiik KeH OpHBIHAH ajblHFaH KOMIpIl THAPOTCHU3AIUIIAY HOTIDKEIEpi
kenripinren. Maruerutke coiikec kenetin Fe (1) men Fe (Il) apaceimars! coiikecTikTi
eKire JeHiH KenTipy omictepi o3ipmeHni. KarammzaTtopmaplIblH KEYeKTi KYpPBUTBIMBIHBIH
Gercenni Ga3ackIHBIH KypaMbl MEH KOHIIEHTPALMSICBIHA TOYEJIIIIIr 3epTreminai. Hotmke-
ciuge, Fe,0; konnenrpanusicoinbiy, 4-1eH 10,0% - a3repyi kaTaiuzaTtopiaapiabiH OenceH-
IUTiTi apTypamsIpansl , CYHBIK eHiMuepaiH meirbiMbl 36,0-men 53,1% -ra neitin apragsl.
AJl KaTaIM3aTopIIbIK KOMIO3MIHsFa MojnOaeH KocsutsichiH (0,5-5%) eHrizy, cy#bIK
OHIMICPIiH IbIFBIMBIH 69,5%-n¢iiin apTThipansl. byn 6ensunniy yiecid 20,8%-ra neitin
apTThIpansl. XpoMarorpadusiblK d/1iC apKbLIbl CHHTETHKAJIBIK MYHAWIaH allbiHFaH OeH-
31H (ppaKuusIIaPbIHBIH KOMIPCYTEKTIK KYpaMbl aHBIKTAIBIHIBI. MarHuTTeNreH KaTain3a-
TOpJIAP/IBIH KaThICybIMEH aJIbIHFaH OCH3UH (pakiMsChIHIA MapauHal KOMIpCYTeKTEepIiH
memiepi 32,5-ten 13,4%-ra xoHe onedunnep 4,2-acu 3,2%-ra aeliin TeMeHeyi Oalika-
JIajbl, COHJaM-aK u3onapaduH KeMipcyTeKTepiHiH 22,2-neH 28,7-re AeliH KoHe apoMar-
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Thl KeMmipcyTtekrep 25,0% -nan 36,2% -ra neiiin aprybl Oaiikanansl. [lemen Kennepiik
KEH OpHBl KOMIpiH THIPOTEHIEY YpIICIHIH OHTAaMJbl KaTalu3aTopbl pETIHIC
10% Fe,O3 + 5% MoO ycwiHBLIa B

Tyiiin ce3mep: ruaporeraey, kemip, KeHmipiik, kaTaau3aTop, MarHATTI CYHBIKTHIK-
Tap, MarHeTH3M, Oerncenai (asza, CyHbIK OHIMIEp IIBIFBIMBI, KOMIPCYTEKTIK KYPaMBbl.

Pe3iome
K. K. Kaupbexos, U. M. [{xcenovibaesa, 3. T. Epmonouna

TTOJTYYEHUE HAHOPA3MEPHBIX JKEJIE3HBIX
1 )KEJIE30-MOJIMBIEHOBBIX KATAJIM3ATOPOB
JUISI TUJIPOTEHU3ALIMI VTJIS1
HA OCHOBE MATHUTHBIX KOMITO3UTOB

B naHHO# cTaThe MPUBEICHBI PE3yJbTATHl THIPOTCHU3AIMU YISl MECTOPOKICHUS
Keniepibik ¢ pa3iuuHbIM COJIEpKAHNEM aKTUBHOMN (ha3bl B KAUECTBE KATAIN3aTOPOB MPO-
mecca. PaspaGoransl criocoObl moBenenus cootnomenus Fe(lll) x Fe(ll) mo mByx, uto
COOTBETCTBYET MarHeTUTy. bbijla M3ydeHa 3aBUCHMOCTh MOPUCTOM CTPYKTYPBI KaTalu3a-
TOPOB OT COCTaBa M KOHIIGHTPALIMU aKTHUBHOW (a3bl. B pe3ynbrare BBISICHHIOCH, YTO aK-
TUBHOCTb KaTalIn3aTOPOB BO3PACTAET C YBEJIMUeHUEM KOHLEeHTpalun Fe,03; Ha HocuTene ¢
4,0 mo 10,0 macc. %, mpu 3TOM BBIXOJ JKHJIKHUX MPOIYKTOB yBenudmBaercs ¢ 36,0 mo
53,1 %, a BBenmeHHe B COCTaB Katanu3atopa coeauHennn monubaena (0,5-5 %) npusogut
K YBEJIMUCHHIO BBIXOJA YKHUIKUX MPOAYKTOB 70 69,5 %. IIpu 3TOM yBEIUYHUBACTCS BBIXOJ
6ensunoBoi ppakiuu o 20,8 %. XpomarorpaduueckuM METOJJOM ONpEIesIeH YIIeBOI0-
POAHBIN cOcTaB OEH3MHOBBIX (ppakumii cuHTETHYEeCKOH HeTH. B OEH3MHOBBIX (paKIusX,
MOJYYEHHBIX B MPUCYTCTBUM HAMATHUYEHHBIX KaTAU3aTOPOB, HAOIIOMACTCS YMEHb-
[ICHHE KOJIMIECTBA MapapHOBHIX yIieBoaopoaoB ¢ 32,5 no 13,4 % u onedunoB ¢ 4,2 o
3,2 %, a Taroke HAOMIOZAETCs yBEIMMUEHHE M30MapadUHOBEIX YTIEBOAOPOAOB € 22,2 1O
28,7 % u apomatmdeckux yrireBonopos ¢ 25,0 mo 36,2 %. [TosToMy onTHMAaIbHBIM KaTa-
JIM3aTOPOM ISl TIPOLIECCca THIPOTeHU3AMN YT MecTopokaeHus KeHaepibik ObL1 BbI-
opaun 10% Fe,03+5% MoO.

KiroueBble ci10Ba: rUAPOreHU3AIINS, YIojb, KeHIEPIbIK, KaTaIu3aTop, MarHUTHBIC
JKUJIKOCTH, MarHeTH3M, akTUBHas ()a3a, BBIXOJ JKUIKHX IMPOIYKTOB, YIIICBOIOPOIHBIN
COCTaB.
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