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The paper presents the results of the development and testing of highly efficient polymetallic Fe-Al catalysts designed for the deep
oxidation of hydrocarbons in industrial emissions. The relevance of the study is driven by the necessity to replace noble metal-based
catalysts in catalytic units with more affordable and thermally stable analogues. Intermetallic precursors of the stoichiometric compo-
sition FeAl, were synthesized using the thermal self-ignition method. The activation of the precursors was carried out via aluminum
leaching, which ensured a significant increase in the specific surface area, reaching 74.3 m?/g. The introduction of nickel into the pre-
cursor composition promotes the formation of a more finely dispersed microstructure, directly resulting in an increased specific surface
area and enhanced corrosive and thermal stability of the catalytic system. In the processing of resins or organic emissions (benzene,
phenol, naphthalene), iron often triggers coke formation; however, nickel facilitates the gasification of carbon deposits, thereby extend-
ing the catalyst's service life. It was established that the addition of cobalt (15 wt. %) radically enhances catalytic activity, ensuring
95% hydrocarbon conversion at a temperature of 350°C. Manganese alloying determines the formation of a nanostructured surface in
the form of hexagonal plates and star-shaped clusters, which significantly increases the accessible active surface area and intensifies
the catalytic process. It was established that doping with copper (3 wt. %) and zirconium (1 wt. %) ensures the stabilization of the
microstructure and inhibits crystallite growth, resulting in increased mechanical strength and an extended service life of the catalyst
in aggressive gas environments. It has been experimentally confirmed that the developed catalyst composition, Fe-Ni-Co-Mn-Cu-Zr
(41-33-15-12-3-1 wt. %), ensures high detoxification efficiency of toxic components under the actual gas environment conditions of
coke-chemical production. Pilot-scale tests conducted under the actual conditions of a tar distillation shop confirmed the high effi-
ciency of the development. At high inlet concentrations of pollutants (specifically benzene — 40.38 mg/m?, phenol — 15.38 mg/m?, and
naphthalene — 179.56 mg/m?), the detoxification efficiency for phenol, benzene, and naphthalene reached 99.0-99.8%. The obtained
results comply with the maximum permissible emission standards, allowing for the recommendation of the developed catalyst for
implementation at enterprises within the coke-chemical and metallurgical industries. Key words: intermetallic catalysts, iron-alumi-
num alloys, thermal self-ignition method, leaching, specific surface area, nanostructure, deep oxidation, hydrocarbons, environmental
safety, coke-chemical production, gas emissions, phenol, benzene, naphthalene.

Po3podxka karaaiTHYHUX MaTepialiB Ha OCHOBI HAHOCTPYKTYPOBAHMX iHTepMeTATiAiB 1/151 BUPiLLeHHS eKOJIOTTYHHUX Pod/ieM
KOKcOXiMiuHOro BupooHuuTBa. besokons K.B.

Y poboTi npencTaBieHo pe3yasTaTd po3poOKK Ta BUNPoOyBaHHS BUCOKOS(EKTHBHUX mojiMeTaneBux Fe-Al karanizaropis, npu-
3HAUCHMX IJIS1 [IMOOKOTO OKMCHEHHS BYIICBOIHIB y MPOMHCIOBUX BHKHJAX. AKTYaJbHICTh JOCTIDKEHHS 3yMOBJIEHA HEOOXiHICTIO
3aMiHHU KaTali3aTopiB Ha OCHOBI JTOPOTOI[IHHMX METAJIIB B KATAITUYHUX YCTAHOBKAX Ha OLIBII JOCTYIIHI Ta TEPMIYHO CTIHKi aHAJIOTH.
Bynmu cuHTe30BaHI CIUIaBH METOJIOM TEIUIOBOTO CaMO3alaIIOBaHHs, IO J03BOJIMIO OTPUMATH IHTEPMETAaiIHI IPEKypCOPH CTEXNO-
Mmerpuyeckoro cocrasa FeAl,. IIpomec akTuBanii npexypcopis 31iliCHIOBaBCs MIIAXOM BUIIYTOBYBaHHS aJIIOMiHIIO, 10 3a0e3meqnio
CYTT€BE 3pOCTaHHS MUTOMOI MOBepXHi 10 74,3 M?/T. BBeieHHA HiKeNo 10 CKIaxy mpeKypcopa cupusie GopMyBaHHIO OLTBII TUCTIEPC-
HOT MiKPOCTPYKTYPH, 1110 O€3110CepeIHbO 3yMOBIIIOE 3pOCTaHH IIMTOMOI MOBEPXHI Ta MiJBHIILYy€ KOPO3ilHY 1 TepMiuHy cTabilIBHICTD
KaTaJIITHYHOT CUCTEMH. Y TIpollecax MepepoOKH cMoJl ab0 OpraHidYHUX BUKHUIIB (OCH301, (eHOI, HATaiH) 3a1i30 4acTO MPOBOKYE
yTBOpeHHS Kokcy. Hikenb cripusie ra3udikarii ByrIeneBIX BiIKIaICHb, OAOBKYIOUH TEPMiH CITyKOHU Karamizaropa. BcraHosieHo, mio
BBeJIeHHS KoOansTy (15% Mac.) paiuKagbHO MiABUILYE KaTaliTUYHY aKTHBHICTB, 3a0e3neuyioun 95% KoHBepcii ByIIICBOHIB IIPU TEM-
nepatypi 350°C. JleryBanus Mapranuem o0yMoBitoe GopMyBaHHS HAHOCTPYKTYPOBAHOI MMOBEPXHI y BUIVISII FEKCArOHAIBHUX I1I1ac-
THH Ta 31pYacTHX KJIAacTepiB, IO CYTTEBO 30UIBLIYE IUIONLY JOCTYIHOI aKTHBHOI IIOBEPXHI Ta IHTEHCH(IKYE KaTaIITHIHUN IIpoIec.
Bcranosneno, mo nerysanns Miamo (3% Mac.) Ta mupkonieM (1% mac.) 3abe3nedye crabinizanito MIKpOCTPYKTypH Ta iHTiOye pict
KPHUCTANITIB, 0 0OYMOBJIIOE MiBUIEHHS MEXaHIYHOI MIIHOCTI Ta MOJOBKEHHS TEPMiHY eKCIUTyaTalii KaTamizaTopa B arpeCUBHUX
ra3oBUX Cepe/oBHINaxX. EKCrepruMeHTaIbHO MiATBEPIKEHO, 1110 po3podieHuii ckiaa karatizatopa Fe-Ni-Co-Mn-Cu-Zr (41%-33%-
15%-12%-3%-1%) 3abe3neuye BUCOKY e(hDeKTUBHICTH 3HEIIKO/PKEHHSI TOKCHYHUX KOMIIOHEHTIB B YMOBAX peajbHOTO ra30BOI0 Cepesio-
BHIIIa KOKCOXIMIYHOTO BUPOOHHUITBA. J[0CIIiTHO-ITPOMHUCIIOB] BUTIPOOYBaHHS, IPOBEICHI B pEAIbHAX YMOBAX CMOJIOTICPETIHHOTO 1IEXY,
I ITBEP/IMIIN BUCOKY €(EKTHBHICTH PO3pOoOKH. [IpH BUCOKMX BXiHUX KOHIICHTPAL[iSIX 3a0py/iHIOBadiB (30kpemMa 6ersoi — 40,38 mr/m?,
benon — 15,38 mr/m?, Hadranid — 179,56 mr/m®) cTymiHb 3HENIKOLKEHHS (eHouy, 6en3ony Ta Hadraniny ckias 99,0-99,8%. Orpumani
pEe3yJbTaT! BiJIIOBIAI0Th HOPMAaTUBAM I'PAHUYHO JOITYCTHMHUX BUKHUJIIB, IO J103BOJISIE PEKOMEH/TyBaTH PO3pOOIeHHH KaTaIi3aTop s
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Problem statement. The issue of environmental
protection has remained a matter of paramount impor-
tance for all industrial enterprises over recent years.
Coke-chemical production remains one of the most
technologically burdened segments of the metallurgi-
cal cycle. Despite the strategic importance of coke as a
reducing agent for blast furnace production, the industry
is a source of emissions of more than 200 types of toxic
compounds, including carbon monoxide (CO), nitrogen
oxides (NO,), benzene, phenols, and fine particulate
matter [1]. For large industrial centers such as the city
of Zaporizhzhia, the reduction of pollutant emissions at
coke-chemical plants is exacerbated by the high density
of enterprises and their proximity to residential areas.
Under current technologies for coke production, as well
as the recovery and processing of chemical coking prod-
ucts, the emission sources at coke-chemical plants vary
significantly both in terms of emission volumes and the
composition of chemical pollutants; consequently, each
source requires specific technical solutions and substan-
tial capital investment to improve the environmental
situation. Existing gas cleaning systems often demon-
strate insufficient efficiency, leading to the accumulation
of toxicants in the surface layer of the atmosphere. The
situation is further complicated by the necessity of post-
war industrial recovery, which must align with the strin-
gent standards of the European Green Deal.

Relevance of the study. Toxic organic substances
generated during coke-chemical production represent
a complex mixture with concentrations of polycyclic
aromatic hydrocarbons (PAHs) significantly exceeding
maximum permissible limits. Many of these compounds
possess pronounced carcinogenic and mutagenic prop-
erties [2]. Stringent modern environmental requirements
for industrial emissions necessitate the implementation
of advanced detoxification technologies characterized by
high energy efficiency and the utilization of unconven-
tional and alternative energy sources [3]. Thermocatalytic
treatment of gaseous emissions to remove toxic compo-
nents is among the most effective methods, often achiev-
ing near-absolute purification levels [4].

Analysis of recent research and publications. The
primary approaches for detoxifying emissions from
coke-chemical production include electrostatic precipi-
tation, thermal and thermocatalytic oxidation, as well as
adsorption methods.

Electrostatic precipitation of tarry substances is con-
sidered the most common method for treating gases con-
taining PAHs. The advantages of this method include its
technical simplicity, relative cost-effectiveness, and ease
of maintenance. However, the residual concentration of
toxic organic substances in the purified gases discharged
into the atmosphere remains significant, failing to meet
current sanitary standards [5].

The high-temperature thermal method for PAHs
detoxification is quite effective but entails significant
energy consumption. Thermal incineration of contami-
nated gases may be viable for small exhaust gas volumes
or when a plant possesses a high potential for waste heat
recovery [1].

The adsorption method lacks sufficient efficiency; its
application is primarily advisable when the spent adsor-
bent can be recycled or utilized within the plant’s own
production processes [6].

The method of thermocatalytic detoxification of
toxic organic compounds is the most promising across
all indicators due to its relatively low energy consump-
tion. The development of modern high-efficiency cata-
lysts, capable of achieving near-complete neutralization
of organic substances at temperatures of 350-450°C
(compared to thermal incineration, which occurs at tem-
peratures around 1000°C), ensures high treatment effi-
ciency at significantly lower costs. For this reason, the
thermocatalytic oxidation method was selected for the
treatment of toxic organic compounds in gaseous emis-
sions from coke-chemical production [1].

However, traditional catalysts based on noble metals
(Pt, Pd) are characterized by high costs and low resis-
tance to poisoning by sulfur compounds, which are
typical for coke oven gas [6]. At the same time, the use
of more affordable oxide systems fails to provide the
required conversion levels at low temperatures. There is
a pressing scientific and practical need for the develop-
ment of new, thermodynamically stable, and economi-
cally accessible materials — specifically intermetallic
systems (based on Ni-Al, Fe-Al, Co-Al), that could
ensure deep purification of coke-chemical emissions
from carbon-containing components within the «green
metallurgy» paradigm.

Scientific novelty. The challenge of environmental
protection in coke-chemical production lies in the neces-
sity of transitioning from traditional treatment methods
to integrated, environmentally safe technologies. The
current state of the industry demands the development of
high-efficiency catalytic systems capable of stable oper-
ation within the corrosive environments of coke-chem-
ical plants, while simultaneously ensuring minimal
energy consumption and compliance with international
environmental standards.

Scientific novelty. The scientific novelty of this
work lies in the substantiation and development of cata-
lytic gas purification systems for removing PAHs using
intermetallic catalysts under the specific conditions of
tar distillation production.

To achieve the stated objective, the following tasks
were performed:

1) comprehensive analysis: based on analytical and
experimental studies, the qualitative and quantitative
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composition of pollutants generated during the techno-
logical processes of the tar distillation shop was deter-
mined.

2) development of new materials: intermetallic cata-
lysts of the Fe-Ni-Co, Fe-Ni-Co-Mn, Fe-Ni-Co-Mn-Cu,
and Fe-Ni-Co-Mn-Cu-Zr systems were synthesized; the
elemental composition of the synthesized phases pro-
viding the highest catalytic activity was experimentally
substantiated.

3) validation of efficiency: the physicochemical and
catalytic properties of the obtained samples were inves-
tigated in the deep oxidation reactions of polycyclic aro-
matic hydrocarbons. It was established that the proposed
catalyst with the composition Fe-Ni-Co-Mn-Cu-Zr
(41%-33%-15%-12%-3%-1%) ensures a high degree
of detoxification of toxic components under the specific
conditions of coke-chemical production.

Presentation of the main material. Coking is a
method of coal processing by heating at temperatures
of 1000-1200°C without air access. During coking,
the fuel decomposes, forming volatile substances (up
to 25%) and a solid residue. The primary products of
coke chemistry include coal coke (76-78%), coke oven
gas (14-15%), and various chemical products (5-6%):
dust, nitrogen oxides, sulfur dioxide, carbon monox-
ide, ammonia, phenol, benzene, benzopyrene, naphtha-
lene, hydrogen sulfide, hydrogen cyanide, and graphite.
Consequently, the concentrations of pollutants in the air
of the working zones of coke-chemical plants exceed
the maximum permissible concentrations (MPC) several
times over. Coal dust concentrations reach 8 MPC and
above, while harmful gases reach up to 3-4 MPC, with
the exception of carbon monoxide, whose concentration
in some cases exceeds the MPC severalfold.

The primary shops include coal preparation, coking,
recovery of chemical coking products, coke oven gas
desulfurization (hydrogen sulfide removal), tar distilla-
tion, crude benzene rectification, pitch coking, phthalic
anhydride production, and fine chemicals shops.

Let us consider the tar distillation shop. This facility
handles the processing of coal tar and the production of
coal-based oils and electrode pitch. The shop consists
of the following units: a tar storage facility; a tar distil-
lation department; an electrode pitch production unit; a
pitch storage yard; pitch granulation and road tar prepa-
ration units; an oil storage facility; a reagent storage and
oil washing unit; emission control systems (a catalytic
incineration unit); and a biochemical treatment plant.

The raw material for tar processing production is
coal tar — a byproduct of coal coking. The primary stages
of the coal tar processing cycle include: tar preparation
for processing at the storage facility, where heating to
temperatures of 70-80°C, preliminary dehydration, and
homogenization of the coal tar are performed, along
with the sedimentation of tar decanter sludges (foots);
tar distillation; processing of fractions obtained through
distillation; extraction of phenols from coal-based oils;
final product manufacturing; and the production of

coal-based electrode pitch in both liquid and granulated
forms.

The tar storage facility is equipped with a warehouse
(cargo shed) for heating and unloading coal tar arriving
in railway tank cars from the recovery shop. Tar storage
is managed within five above-ground vertical cylindrical
tanks, each with a capacity of 2,000 tons. For raw mate-
rial reception directly from the discharge bays, under-
ground storage units with a volume of 150 m? each are
provided. During the operation of the facilities, the fol-
lowing pollutants are emitted into the atmosphere (mg/
m?®): hydrocyanic acid — 21, hydrogen sulfide — 40.30,
benzene — 40.38, phenol — 15.38, and naphthalene —
179.56.

The transfer of coal tar from the storage facility to
the distillation department is performed by a pumping
station, the operation of which is accompanied by atmo-
spheric emissions of the following pollutants (mg/m?):
benzene — 252, phenol — 185, and naphthalene — 840.

Inside the enclosed warehouse, in addition to unload-
ing operations, the process of tank steaming is carried
out, which is accompanied by atmospheric emissions
of the following substances (mg/m?®): benzene — 128,
hydrocyanic acid — 140, phenol — 235, and naphthalene —
341.

The storage tanks of the tar farm and the enclosed
warehouse are equipped with a common collector sys-
tem for transporting gaseous substances to the catalytic
incineration unit. Prior to entering the catalytic reactor,
the gas emissions are partially diluted with atmospheric
air; subsequently, within the apparatus containing the
catalyst, they undergo oxidation to carbon dioxide and
water at temperatures of 400-450°C. The heating of the
gas-air mixture within the unit is facilitated by tubular
electric heating elements (TEHs). Before reaching the
fan, the purified gases are cooled (diluted) with atmo-
spheric air to a temperature of 75°C (Fig. 1). The annual
operating time of the unit is 8,760 hours. The emissions
of pollutants are discharged through a stack with a diam-
eter of 0.4 m at a height of 30.0 m. The following sub-
stances are released into the atmosphere: nitrogen diox-
ide, sulfur dioxide, carbon monoxide, hydrocyanic acid,
hydrogen sulfide, benzene, phenol, and naphthalene.
Monitoring of the detoxification efficiency for organic
substances was conducted by determining the concen-
trations of phenol, benzene, and naphthalene in samples
of both contaminated and purified air.

To investigate the feasibility of using more cost-ef-
fective contacts within the emission control system (the
catalytic incineration unit), polymetallic iron-based cat-
alysts doped with transition metals (cobalt, nickel, man-
ganese, copper, and zirconium) were developed. The
selection of these additives was based on several con-
siderations, including: the elimination of noble metals;
high activity in deep oxidation processes typical for the
coke-chemical industry; high mechanical strength and
thermal stability, which are critical for catalysts operat-
ing in gas emission purification systems; and their wide-
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Fig. 1. Process flow diagram of the catalytic detoxification unit: 1 — catalytic reactor (apparatus); 2 — scrubber
(washer); 3 — gas emissions from the warehouse (cargo shed),; 4 — control valves (dampers),; 5 — atmospheric air
inlet (for dilution); 6 — gas emissions from the tar storage farm, I, Il — sampling points and gas-dust flow parameter
measurement locations.

spread industrial application alongside a robust manu-
facturing base for the mass production of polymetallic
catalysts [7-9].

As the investigated catalyst for the oxidation of
polycyclic aromatic hydrocarbons, an iron-based system
with the stoichiometric composition FeAl, was used,
synthesized via the thermal self-ignition method [10].
To enhance the catalytic activity, the FeAl, intermetallic
was modified with varying amounts of transition metals.

Following synthesis, the material is a bilayer
product consisting of oxide and metallic phases. The
target metallic phase is separated from the oxide phase,
after which it undergoes crushing and fractionation. A
precursor fraction of 0.1-0.3 mm was utilized to obtain
the catalyst. Both alkalis and acids can be used to
dissolve the aluminum; however, in industrial practice
for the production of Raney metals, NaOH and KOH
solutions of various concentrations are most commonly
employed.

Leaching of the samples was performed using a 20%
NaOH solution. The amount of removed aluminum was
monitored based on the sample weight loss. Hereafter, the
catalyst composition will be characterized by numerical
values representing the mass ratio of transition metals
incorporated into the initial intermetallic charge. Losses
across all synthesis stages do not exceed 5%.

X-ray diffraction (XRD) studies of the reaction
products were carried outusinga DRON-3 diffractometer.
The content of active components was determined via
atomic absorption spectroscopy. The surface area of the
catalysts was measured using the BET method (thermal
desorption of argon).

The activity of the synthesized catalysts was studied
in hydrocarbon oxidation reactions using a flow-type
unit with chromatographic analysis of the reaction
products (Porapak Q).

The unit consists of a cylindrical flow reactor with
a catalyst bed, a thermocouple for temperature control
within the reactor, a chromatograph, a flow meter, and a
cylinder containing a model gas mixture. The catalyst is

heated primarily by the flow of the model gas mixture,
which is preheated at the outer walls of the reactor. The
reaction products were passed through a desiccant to
remove water formed during the process. Experiments
were conducted in the temperature range of 100 to
500°C, depending on the catalyst activity, with intervals
of 25-100°C. The catalytic activity was characterized
by the temperature of 100% hydrocarbon conversion
(T, 100%)'

The catalysts derived from iron-based intermetallic
precursors exhibited a reasonably high catalytic activity.
However, the oxidation process on these catalysts
displays several characteristics distinct from those of
other catalyst systems. These materials possess a higher
specific surface area and, according to X-ray diffraction
(XRD) data, consist primarily of oxides.

Let us examine the hydrocarbon oxidation process
over the developed catalysts. The Fe (100%) sample
initiates activity only at 200°C, reaching 80%
hydrocarbon conversion at S00°C. The addition of nickel
to the iron-based intermetallic catalyst significantly alters
its physicochemical and operational characteristics.
Instead of a pure iron phase, more complex structures
are formed. This modification changes the electron
density at the active sites, thereby enhancing catalytic
activity in hydrocarbon oxidation reactions.

Nickel influences the temperature and velocity of the
combustion front during alloy synthesis, allowing for
precise control over the material's porosity. Furthermore,
the nickel additive promotes the formation of a more
highly dispersed structure, directly contributing to an
increased specific surface area of the catalyst. While pure
iron catalysts are prone to rapid irreversible oxidation
and subsequent loss of activity, nickel enhances the
corrosion and thermal stability of the system.

In the processing of tars or organic emissions
(such as benzene, phenol, and naphthalene), iron
frequently triggers coke formation. Nickel facilitates
the gasification of carbon deposits, thereby extending
the catalyst's service life. Consequently, nickel acts as
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a potent modifier, transforming the iron catalyst into a
high-performance material capable of operating under
the rigorous conditions of metallurgical production.

The addition of nickel and cobalt to the catalyst
composition results in a sharp increase in catalytic
activity. With the addition of 5 wt.% cobalt, a 90%
hydrocarbon conversion is achieved at 450°C. The
sample containing 15 wt.% cobalt shows the best result,
with 95% hydrocarbon conversion reached at 350°C.

Since the addition of manganese significantly
enhances the activity of intermetallic catalysts, it was
decided to incorporate it into the sample composition.
All catalysts underwent pretreatment with hydrogen
peroxide. In these samples, the cobalt content remained
constant at 15 wt.%, while the manganese content varied
from 5 to 15 wt.%.

These samples exhibit activity in hydrocarbon
oxidation starting as low as 100°C, which is
uncharacteristic of other intermetallic catalysts. On the
optimal sample, containing 12 wt.% manganese, a 99%
hydrocarbon conversion is achieved at 300°C.

Investigations into the catalytic activity of samples
doped with Cu revealed significant differences com-
pared to previously studied catalysts. The copper content
was varied from 1 to 5 wt.%.

Iron-based samples exhibit activity in the hydrocar-
bon oxidation process at lower temperatures. For the
majority of these samples, hydrocarbon conversion initi-
ates as early as 100°C. However, this high initial activity
negatively impacts the stability of these catalysts. The
developed catalyst systems with various cobalt and man-
ganese contents lose their activity in hydrocarbon oxida-
tion reactions after only the tenth experiment, stabilizing
at approximately one-third of their initial activity level.

Additional alloying of the catalysts with copper leads
to the formation of strong bonds between the catalyst
grains, which enhances the ultimate strength of the cat-
alyst and extends its service life in gas purification sys-
tems. During the first twenty experiments, their activity
in hydrocarbon oxidation remains unchanged; this is fol-
lowed by a gradual, slow decline of 5-8%, after which
the activity reaches a stable value.

The physicochemical properties of the precursors
and their production method significantly influence the
characteristics of the resulting catalysts. The synthesis
conditions of the intermetallic are decisive not only for
the microstructure of the precursor itself but also for the
catalyst's microstructure, surface morphology and com-
position, and specific surface area, thereby exerting a
major influence on the catalytic properties. The mechan-
ical properties of the catalyst are directly dependent
on the phase composition of the precursor. The addi-
tion of zirconium stabilizes the intermetallic structure,
increasing the specific surface area of the catalyst. The
zirconium content was varied from 1 to 3 wt.%.

The primary phase forming the precursor is Fe, Al ;.
All aluminide phases formed by iron contain a sufficient
amount of aluminum for rapid and complete leaching.

In combination with iron, cobalt forms aluminides with
the composition Co,Al,;, which also exhibit good leach-
ability. As the Co content increases, the composition of
the iron aluminide phases undergoes slight modification.
The manganese-containing phase is difficult to identify
on the X-ray diffraction pattern due to peak overlap.

Figure 2 shows an electron scanning microscopy
image of the surface of the Fe-Ni-Co-Mn-Cu-Zr (41%-
33%-15%-12%-3%-1%) catalyst. Regular hexagonal
plates are preserved as the main structural element. The
surface of the iron-based catalyst is covered with hema-
tite Fe,O, octahedra. The catalyst does not form a dense
structure; however, hexagonal plates are present on the
surface alongside hematite crystals.

Scanning electron microscopy (SEM) also enables
point-to-point elemental analysis of the surface compo-
sition. A high concentration of manganese and oxygen
was detected at all investigated structural points, sug-
gesting that the plates are likely composed of manganese
oxides. Cobalt, nickel, copper, and iron were also iden-
tified, which can be attributed to the composition of the
substrate material upon which the structure forms.

A nanostructure consisting of hexagonal plates with
a diameter of approximately 2 um and a thickness of
100-200 nm forms on the surface of the manganese-con-
taining sample. The plates are predominantly oriented
perpendicular to the substrate surface on which they
grow, frequently coalescing at the edges to form star-
shaped clusters. Areas where the plates fuse along their
faces to form extended columnar structures are also
observed.

One of the reasons for the low catalytic activity
of the precursors is their low specific surface area.
During the preparation of catalysts through the leaching
of aluminum, the specific surface area increases
substantially. The addition of manganese to the iron-
based precursor leads to the formation of a nanostructure
on the catalyst surface, which enhances its specific
surface area.

Despite its small percentage, the zirconium additive
acts as a classic micro-dopant that inhibits crystallite
growth, thereby helping to maintain the nanostructured
state of the intermetallics. The specific surface area of
the Fe-Ni-Co-Mn-Cu-Zr (41%-33%-15%-12%-3%-1%)
catalyst was found to be 74.3 m?%/g.

Pilot-scale studies were conducted under actual con-
ditions at a tar distillation shop using a laboratory-scale
unit equipped with the developed catalyst, through
which contaminated air was passed. The composition
of the contaminated air at the reactor inlet (mg/m?) was
as follows: phenol — 5.4; benzene — 15.0; and naphtha-
lene — 829.0. The tests demonstrated that the detoxifi-
cation efficiency of organic compounds over the devel-
oped catalyst reached 99.0-99.8%, ensuring compliance
with maximum permissible emission (MPE) standards
for phenol, benzene, and naphthalene. Consequently, the
catalyst is recommended for operation in coke-chemical
production and similar technological processes.
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Election image 1

Fig. 2. Microphotograph of the surface of the Fe-Ni-Co-Mn-Cu-Zr (41%-33%-15%-12%-3%-1%,) catalyst

Conclusions. Coke-chemical production is one of
the most environmentally hazardous segments of the
metallurgical cycle. This study identifies the compo-
sition of pollutants generated during the technological
processes of a tar distillation shop, specifically: hydro-
cyanic acid, hydrogen sulfide, benzene, phenol, and
naphthalene. To utilize more economically viable con-
tacts in emission control systems (catalytic afterburn-
ing units), new polymetallic iron-based catalysts were
developed. Intermetallic precursors of the stoichiomet-
ric composition FeAl, were synthesized using the ther-
mal self-ignition method, which ensures the formation
of a specific double-layer precursor structure where
the predominant phase is Fe,Al,;. To enhance catalytic
activity, the precursors were modified with various
amounts of transition metals, specifically by adding
nickel (Ni), manganese (Mn), cobalt (Co), copper (Cu),
and zirconium (Zr) in concentrations ranging from 1%
to 35 wt. %. A technique for catalyst preparation was
developed, which included a stage of additional sample
stabilization with hydrogen peroxide. Treatment with
H,O, enables the removal of chemisorbed hydrogen
from the precursor surface during leaching, facilitating
the production of skeletal catalysts with a highly devel-
oped specific surface area, which reaches 74.3 m?/g for
the optimal composition. Nickel and cobalt significantly

enhance catalytic activity by altering the electron den-
sity at the active sites. The addition of 15 wt. % cobalt
allows for achieving 95% hydrocarbon conversion at
a temperature as low as 350°C. Manganese promotes
the formation of a unique surface nanostructure, which
is critical for increasing the active surface area of the
catalyst. Alloying with manganese enables a reduction
in the 100% hydrocarbon conversion temperature by
100-150°C compared to unmodified analogues. Copper
alloying ensures mechanical strength and activity stabil-
ity, while zirconium acts as a micro-dopant that inhibits
crystallite growth and preserves the nanostructured state
of the system.

The developed systems exhibit activity starting from
100°C, which is atypical for standard intermetallic sys-
tems. It was established that the optimal catalyst com-
position, Fe-Ni-Co-Mn-Cu-Zr (41-33-15-12-3-1 wt. %,
respectively), ensures a high degree of detoxification of
toxic components under the conditions of coke-chemical
production. Pilot-scale tests in a tar distillation shop con-
firmed the purification efficiency for phenol, benzene,
and naphthalene at the level of 99.0-99.8%. The devel-
oped catalyst ensures full compliance with maximum
permissible emission standards and is recommended for
wide-scale implementation at coke-chemical and related
industrial enterprises.
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