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Study on the influence of iron particle size on primary coal tar

This study aims to investigate how iron particle size affects fraction yield at different temperatures
(up to 200°C and 200-300°C) in catalytic hydrodynamic and hydrogenation processes of primary
coal tar. Various sizes of iron particles were added to the resin and processed at different
temperatures. After analyzing the obtained products, it was found that the size of iron particles
affects the yield of the fraction under various processing conditions. The data obtained allow us
to conclude that the average particle size of nanocatalyst iron particles in the range from 10 to 50
nm has a positive effect on the yield of light and medium fractions from primary hydrogenation
product. coal tar and the individual chemical composition of the above-mentioned fractions. The
results obtained can be used to optimize coal tar processing processes in industry.
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Introduction

The study of the effect of iron particle size on the fraction yield during catalytic hydrodynamic and
hydrogenation processing of primary coal tar is relevant in the context of the search for effective and
environmentally friendly methods for processing hydrocarbon raw materials. Given the growing interest in the
use of hydrocarbons in fuel production, chemical industry and other industries, optimization of coal tar
processing processes has become an important task [ 1-3 ].

From literary sources [4,5] it is known that nanocatalysts are more effective in the process of
hydrogenation of solid and heavy hydrocarbon feedstocks compared to known catalysts. The authors of [4]
found that the particle sizes of nanocatalysts affect the activity and selectivity in the process of hydrogenation
of model organic compounds.

Methods and materials

To find the optimal average size of iron particles, nanocatalysts for the yield of fractions up to 200°C and
200-300°C during the hydrodynamic action of primary coal tar were carried out on a laboratory installation
GDN-1, and the hydrogenation of primary coal tar was carried out under autoclave conditions. Screenings of
nanocatalysts B-FeOOH and Fe;O4 were carried out using sieves and the following fractions were selected: 0-
0,075 mm; 0-0,1 mm; 0-0,15 mm and 0-0,2 mm. The average particle diameter sizes of the selected fractions of
nanocatalysts were determined in water using a laser particle size detector. The average size of iron particles
in B-FeOOH and Fe3;0O4 nanocatalysts for the selected ones was: 10 nm (0,075 mm), 25 nm (0,1 mm), 30 nm (0,15
MMm) and 50 nm ( 0,2 mm).

Results and discussion

It has been established that the nature of the change in the yield of the fraction up to 200°C and 200-300°C
during the catalytic-hydrodynamic effect on primary coal tar is symbatic for the B FeOOH and Fe;O4
nanocatalysts. Preliminary experiments on the hydrogenation of the light fraction of primary coal tar showed
that the average particle size of the Fe;O4 nanocatalysts does not have a significant effect on the yield of the
light and medium fraction from the hydrogenate. Only the B-FeOOH nanocatalyst was used in the experiments.
When the average particle size changes from 10 to 25 nm, the highest yield of the light fraction is observed
from 6.5 to 17.6%, and the yield of the middle fraction from primary coal tar similarly increases from 16 to
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17.6% during the hydrodynamic effect on primary coal tar. With an increase in the average size of iron particles,
the yield of the fraction from the hydrogenated product changes extremely: with an average size of iron particles
of 25 nm for the yield of the light and medium fractions, a local maximum appears (Table 1), the lowest fraction
yield is observed in the range from 30 to 50 nm.

Table 1 - Effect of the average particle size of the nanocatalyst B FeOOH on the yield of light and medium
fractions from the hydrogenation of primary coal tar (hydrodynamic heating).

Ne Average particle size of iron nanocatalyst f | Yield of light and medium fractions from primary
FeOOH, nm coal tar hydrogenation product, wt %
up to 200°C 200-300°C
1 Without catalyst 2.5 13.0
2 10 6.5 16.0
3 25 12.6 17.6
4 30 7.4 16.0
5 50 5.2 14.4

The results presented in Table 1 on the catalytic-hydrodynamic effect showed that the average particle size
of the iron nanocatalyst affects not only the yield of light and medium fractions from the hydrogenation product,
but also the qualitative and quantitative composition of the resulting liquid products. Figures 1-2 show
chromotrograms of the light and medium fractions obtained from the hydrogenation of primary coal tar. As can
be seen from the data presented in figure 1 and table 1 , the average size of iron particles affects the distribution
of paraffin and aromatic hydrocarbons and phenols and phenol-containing substances. It should be noted that
in the light fraction the content of aromatic hydrocarbons (benzene, o.xylene, methyl-1-propylbenzene, etc.)
increases quite significantly from 0.5 to 4.7%, with an increase in the average size of iron particles from 10 to
30 nm. The amount of parafion hydrocarbons similarly increases from 0.2 to 5.7%, the concentration of phenols
does not decrease significantly from 18.1 to 17.2. In the 200-300°C fraction, the concentration of aromatic and
paraffin hydrocarbons similarly increases, depending on the average size of the nanocatalyst iron particles. In
addition, the content of decane and dodecane increases from 0.2 to 1.1 and 0.1 to 1.5%, respectively.
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Figure 1 - Chromatogram of the fraction up to 200°C
(average iron particle size 25 nm)

141



BECTHUK K1y Ne 4 (43) 2023 a.
Pa3den 5. «Xumusi»

246,823 7]
192,349 §§
onun 2=
&
137.875 - =] =
J ‘E § - _
s £=_% 3 F
gillstzsc 2 1
83,401 — = g,ég = £ g §
] = 1= Ef : - B
1 !IE‘
28’928—""1'----1- T | e R S . Y TN, R R TF [T, e C S e
0311 D4.54 05.97 07.40 08.82 10.25 11.68 13.11

Figure 2 - Chromatogram of the fraction 200 - 300°C (average iron particle size 25 nm)

Table 2 shows the effect of the average particle diameter of the nanocatalyst on the yield of the fraction
up to 200 °C and 200-300 ° C. With an increase in the average size of the nanocatalyst particle diameter in the
range from 10 to 50 n, the yield of the light and medium fraction from the hydrogenation product increases
from 5 to 17. 4% (fraction up to 200 °C) and from 19.2 to 37.4% (fraction up to 200-300 °C).

Table 2 - Effect of the average particle size of the nanocatalyst f-FeOOH on the yield of light and medium
fractions from the hydrogenation product during the hydrogenation of PCT.

No Average particle size of iron Yield of light and medium fractions from
nanocatalyst B FeOOH, nm PCT hydrogenate, wt %
up to 200 °C 200-300°C
1 Without catalyst 5.0 19.2
2 10 8.5 23.4
3 25 15.7 35.1
4 30 16.2 36.2
5 50 17.4 37.4

The experimental results shown in table 2 in comparison with experiments without catalysts proceed with
a low yield of light and medium fractions of almost 1.5-2 times, and the yield of gaseous and solid products
increases by 2-2.5 times.

With the average particle size of nanocatalysts B-FeOOH and Fe;O4under the conditions of hydrogenation
of primary coal tar, it selectively hydrogenates polyaromatic compounds of primary coal tar (anthracene,
phenanthrene, biphenyl, acenaphthene, etc.) with subsequent destruction of products into low molecular weight
compounds and thereby increasing the yield of light and the middle fraction from the hydrogenation of primary
coal tar.

Conclusions

The results obtained indicate that, under hydrodynamic influence on primary coal tar, the average size of
nanocatalyst iron particles influences the deep decomposition of primary coal tar molecules with the rapid
occurrence of a variety of reactions: dealkylation, hydrogenation, isomerization, etc. As a result of these
reactions, the formation of free radicals that interact with each other, but ultimately produce hydrocarbons of
lower molecular weight in the system.

Thus, the data obtained allow us to conclude that the average particle size of nanocatalyst iron particles in
the range from 10 to 50 nm has a positive effect on the yield of light and medium fractions from the
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hydrogenation of primary coal tar and on the individual chemical composition of the above-mentioned
fractions.
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P K. XKacnan, C.K. Kabuesa, ®.2K. Abunkanosa, A. K. Mepeke, I'.A. EpkuHoBa

Bacrankpl kemip maiibipbiHa TeMip 0eJ1IeKTepiHiH MoJIIepiHiH dcepiH 3epTTEy

Byn 3eprrey KyMBICBI TeMip OeJIIIEKTEpiHIH MeJiepi OacTankbl KOMIp MIaHbIPHIHBIH
KaTaIUTUKAIBIK THIPOJMHAMUKAIBIK KOHE THAPOrCHU3AIMSIIBIK OHJICY TPOLIECTEPIHIE dpTYpIi
temreparypana (200°C xone 200-300°C neitin) ppakiusHBIH IIBFYbIHA Kalal ocep eTeTiHiH
3eprreyre OarbiTtanrad. lllalibipra Temip OOJIIEKTEPiHIH SPTYPIl eJmeMaepi KOChULIbI JKOHE
OpTYpJIl TeMIIepaTypaia oHaeN . AJBIHFaH OHIM/ICP/Il TajlaFaHHAH KeHiH TeMip OeIIeKTepiHiH
MeJIIIepi 9p TYpJi eHJeYy JKaFJalblHJIa (pPaKIUsHBIH NIBIFybIHA 9CEp CTETIHJIrT aHBIKTAIIbL.
Hormxenep 10-nan 50 HM apanibIFbIHIaFrbl HaHOKATAJIM3ATOP TeMip OOJNIIEKTEpiHIH opTaria
MOJIIIEPiHIH ~ JKEeHIT JKoHe oprama  (paknusHbIH ~ 0acTankpl  KOMip — HIAHBIPBIHBIH
THJIPOTeHU3AThIHAH IILIFYbIHA XKOHE XKOFapbhI/Ia aTallFaHIap/iaH )KOFaphl )KEKe XUMUSUIBIK KYpamFa
OH 9cepi Typajbl KOPBITBIHJIBI )KacayFa MYMKIHIIK Oepeni.¢pakuusuiap. AJIBIHFAH HOTHXKEIEp
OHEPKICINTErl KOMIp MIaWBIPhIH OHJEY IMPOIECTEPIH OHTAMNIAHABIPY YINIH Mai agaHblTybl
MYMKIiH.

Tytiin co30ep: TeMip, KeMip MaNHbIPbl, HAHOKATAIM3ATOPJIAP, MIAHBIP, XUMUSIIBIK CHHTE3, OTHIHIbI
ruapiey, Ghpaxius, THAPOTeHU3AIIHSL.

P.K. XKacnan, C.K. Kabuesa, ®.)K. Abunkanora, A.JK. Mepeke, I'.A.EpkunoBa

Hccnenopanue BJIMSAHUS PA3MEPHOCTH YACTHII JKej1e3a HA NePBUYHYIO
KAMEHHOYT0JIbHYI0 CMOJTY

JlanHOE MccnenoBaHne HANpaBIeHO Ha M3y4eHHWE TOTO, KaK pa3Mep YacTHII JKelle3a BIIMSET Ha
BBIXOZl (PpaKIUU TIPH pasaudHBIX Temmeparypax (mo 200°C m 200-300°C) B mporeccax
KaTUINTHYECKOM THAPOAMHAMHUYECKOH W THUIPOTCHU3AIMOHHOW 00pabOTKH  TMEepPBUIHON
KaMEHHOYTOJIBHOM CMOJIBbI. PasnuaHbie pa3Mepsl YacTHIL JKene3a ObLIN JOOaBIEHBI K CMOJIE H
MOJIBEPTHYTHI 00pa0OTKE TpH pazIUYHBIX TemrepaTypax. llocie aHammM3a MONydeHHBIX
MPOAYKTOB OBLIO yCTAHOBJIEHO, YTO pa3Mep YacTHIl JKele3a OKas3bIBaeT BIUSHHE Ha BBIXOJ
(bpakmy TpH pa3iIHYHBIX YCIOBHUSAX 00pa®oTku. [lomydeHHBIE HaHHBIE ITO3BOJSIOT CHAETAThH
BBIBOJl O TIOJNIOKUTEIFHOM BJIMSIHUHM BETUYMHBI CPEOHETO pa3Mepa 4YacTHIl JKernesa
HaHOKaTajgu3aTtopa B mHTepBase oT 10 mo 50 HM Ha BBIXOJ JICTKOH W CpemHEH (Qpakiiy u3
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ruaporeHmnsata HCpBPI'-IHOﬁ KaMeHHOYI‘OHLHOfI CMOJIBI M Ha PIHI[I/IBI/I,E[yaHLHLIfI XUMHUYCECKUI
COCTaB BBIIIC Ha3BaAHHBIX (bpaKIII/II/I. HOJ’Iy‘IeHHLIe PE3YIbTATBI MOT'YT OBITh HCIIOJIL30BAHEI JJIA
ONTUMH3allU IPOIECCOB O6pa6OTKI/I KaMeHHO}’FOJ’ILHOﬁ CMOJIbI B ITPOMBIIIIJIECHHOCTH.

Knrouesvie cnoea: xene3o, KAMEHHOYIOJIbHAsI CMOJIA, HAHOKATAJIU3TOPbL, CMOJIA, XUMUUYECKUN
CHHTE3, THIPUPOBAHKE TOITNBA, (PPAKLIMS, THIPOreHU3ALIHSI.
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