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The paper presents the results of a study of catalysts for the conversion of carbon monoxide based on aerated concrete,
modified with magnetite and chromium ferrite separately and in aggregate. It was found that at a consumption of 100
g of catalyst powder per 1 dm3 of a typical mixture for producing aerated concrete and obtaining blocks of modified
aerated concrete according to the traditional technology, their efficiency is 70-85% at 400 °C and decreases to 9-
13% at 200 °C. In terms of strength and physicochemical properties, aerated concrete samples differ little from
standard ones, and in some cases even exceed them. The proposed method for fixing catalyst particles in blocks of
aerated concrete makes it possible to build fundamentally new schemes for neutralizing carbon monoxide when
placing modified blocks directly at the loading of electrode raw materials in furnaces. This greatly simplifies the
conversion process and its control system.

Keywords: carbon monoxide, flue gases, purification, catalyst, oxidation, conversion, multi-chamber furnaces,
aerated concrete

DOI: 10.20535/2617-9741.4.2021.248942

*Corresponding author: olenka.vasaynovich@gmail.com
Received 17 June 2021; Accepted 30 August 2021

Problem statement. Environmental pollution is increasing in scale every year and requires increased attention
to the problems that arise in this case. The atmosphere, as the most mobile component of the environment and the
most voluminous resource for the existence of living organisms, especially suffers from anthropogenic pollution. And
if even schoolchildren know about atmospheric pollution with carbon dioxide and the greenhouse effect, then such a
pollutant as carbon monoxide (CO) has not yet received due attention from both scientists and industrial workers. At
the same time, it is well known that carbon monoxide is a dangerous gas for living organisms and can cause
suffocation, hypoxia, and even death [1]. Most of all poisoning in the world is associated with carbon monoxide
intoxication. On the other hand, CO emissions are associated with the operation of the metallurgical and petrochemical
industries, with the operation of furnaces for roasting and graphitization furnaces of electrode products, and with the
production of many chemical compounds, plastics, and automobile fuel [2, 3, 4]. In the emissions of many enterprises,
the CO content can reach 20% and can increase to 40 - 80% for some processes [5].

Analysis of previous studies. Among all the currently known methods for the conversion of carbon monoxide,
the most acceptable and widespread is the catalytic method. This method is most widely used in the neutralization of
emissions from road transport [6]. In industry, large-scale installations for the conversion of carbon monoxide are still
practically absent. And this is largely due to the cost of materials used in catalysts - palladium, platinum, rhodium [7,
8]. In addition, significant problems arise during the manufacture of the catalyst itself. On the one hand, the intensity
of the catalytic process depends on the contact area between the catalyst and the gas phase. On the other hand, with a
significant dispersion of the solid phase, the devices for keeping the catalyst particles in the working volume of the
equipment become much more complicated. Therefore, catalysts are quite often applied to a granular mineral support
[9, 10]. However, even in this case, the handling of the catalyst — the formation of the working space, regeneration,
disposal, etc., does not become more convenient and cheaper. The problem of fixing a highly dispersed catalyst in a
certain volume remains completely unsolved.

The current state of research in the field of production of building materials shows that the addition of a certain
part of mineral additives, including zeolites with sorbed heavy metals, to acrated concrete does not significantly affects
its properties, and in some cases even allows to save cement with a simultaneous increase in the strength of products
obtained from it [11, 12]. In this case, such a step also makes it possible to resolve the issue of utilization of spent

30 s—

© The Author(s) 2021. Published by Igor Sikorsky Kyiv Polytechnic Institute.This is an Open Access article
distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



Bulletin of National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy. 2021. Ne4 (20)

metal oxide catalysts for CO oxidation of flue gases from electrode production [9]. Therefore, let’s propose to use
aerated concrete, which has a developed porous structure, as a fixer for catalyst particles. This makes it possible not
only to ensure maximum contact between the reacting media, but also to significantly simplify the formation of the
working space in real installations for neutralizing carbon monoxide.

The aim of this research is to study the main mechanical and physicochemical properties of ferrite catalysts based
on aerated concrete and their efficiency in the processes of catalytic oxidation of carbon monoxide with atmospheric
oxygen. This will make it possible to calculate a catalytic CO oxidation reactor of a new design.

Materials and methods.

Obtaining a catalyst. Catalyst samples for the oxidation of carbon monoxide from gas emissions were obtained
by forming a mixture for industrial production of aerated concrete with the addition of catalyst powder. The main
characteristics of the mixture are given in Table 1.

Table 1 — Chemical composition and characteristics of a typical mixture for the production of aerated concrete

Ne | Parameter Units Value
1 | Density kg dm?® | 1.69
2 | Dry matter content kg m? | 460.0
3 | Binder content: % 314
4 | - Incl. cement AIIl 500 % 76.6
5 | - Incl. quicklime CaO % 23.4
6 | Gypsum content CaSO4.2H,O % 3.78
7 | Content of aluminum paste (aluminum content in the paste is 70%) % 0.14
8 | Sand content % 64.68

In the process of preparing a mixture for the industrial production of aerated concrete, sand with a grain size of
8 um was used, to which water, cement, lime, gypsum were added in portions, mixed, aluminum paste was added,
and the final mixing was carried out.

To obtain catalyst samples up to 1 dm3 of the finished mixture for aerated concrete production, 100 g of catalyst
powder was added, the components were thoroughly mixed, and the mixture was poured into molds with a size of
100 x 100 x 100 mm. Then the molds were kept at a temperature of 50 °C for 5 hours. Then the molds were transferred
to an autoclave and kept at a temperature of 180 °C for 10 hours. As a result of the described process, catalyst samples
for the oxidation of carbon monoxide were obtained.

Three samples were used as catalyst powders:

1. Chromium-ferrite catalyst Fe(FexCri.x)204 (Cré*:Fe?*=1:15). Solutions of 0.232M K,Cr,07 and 2.756M FeSO4
were poured into one container and precipitated with 25% NH4OH solution following the reactions:

Cr,07* + 20H" — 2CrO4* + H,0, (1)
2K,CrOy4 + 9Fe(OH), —3Fe304)+ 2Cr(OH)3| + 4KOH + 4H,0. ©)

The resulting suspension was settled for 1 hours, the solid particles were separated from the liquid phase by
decantation, washed until neutral, dried in air to constant weight, and ground to form particles with a size of 0.25 mm.

2. Magnetite Fe;04. 1 dm? of 1M FeSOsand 2M FeCl; solutions were prepared each, they were poured off and
precipitated with 25% NH4OH solution. As a result, a suspension of magnetite particles was obtained according to
the reaction:

FeSO4 + 2FeCl3+ §NH4,OH— Fe304l +4H,0 + (NH4)2SO4 + 6NH4Cl. (3)

= 4(
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The suspension was settled in the mother liquor for 1 hours, the solid magnetite particles were separated from the
liquid phase by decantation, washed until neutral, dried in air to constant weight, and ground to form particles with a
size of 0.25 mm.

3. Mixture 50 % Fe(Fe Cri)204 (Cr:Fe=1:15), 50 % Fe304. Powders were obtained by the reactions described
above and mixed in equal amounts.

To determine the mechanical properties of the obtained catalyst samples based on aerated concrete, an IP-100
hydraulic press was used.

Isotherms of low-temperature nitrogen adsorption for all synthesized samples obtained by the volumetric method
using Sorptomatic 1990 Sorbtometers at the boiling point of liquid nitrogen (77 K). All samples were pre-degassed at
300 °C in a helium flow. The volume of adsorbed nitrogen was determined at the time of equilibrium in the nitrogen
flow.

The value of the specific surface area Sy was calculated according to the Brunauer-Emmett-Teller (BET) theory
[13] using the formula [14]:

So=am'Na-'m, (1)

where an, — limiting capacity of an adsorbate monolayer, Nao — Avogadro's constant, and o — surface area occupied
by one adsorbed molecule (0.162 nm? for nitrogen [15]). The value of the limiting capacity of the monolayer was
calculated from the linear BET equation [16]:

_1,cop )
a~[ PJ_am a,-C P’ &)

where C — constant. The linearization of the experimental data of the isotherm in the range of relative pressure
P/Po= 0.2-0.4 in the corresponding coordinate system according to equation (2) makes it possible to determine the
numerical values of am and C. Such an algorithm for calculating the specific surface area is implemented in the
software of the Sorptomatic 1990 device, which was used for processing experimental data in this work.

The average pore size was determined based on the Barrett-Joyner-Halenda (BJH) method [17] according to the

Thompson-Kelvin equation [18]:
P 2-V, o

n—=——2
"B T R-T )

The study of the efficiency of the catalytic conversion of carbon monoxide by catalysts based on aerated concrete
was carried out using a laboratory setup shown in Fig. 1 [10]. The main element of the installation is a heat chamber
8. It is a stainless steel tube 9, consisting of a metal tube made of stainless steel 9, which is inserted into a ceramic
tube 10. The latter contains a heating element 11 to maintain a given temperature in the heat chamber. The operation
of the heating element is controlled by thermocouples 12 and a thermostat 14. A sample of aerated concrete with a
catalyst in a cylindrical container 13 was placed in a metal tube 9. The dimensions of the sample were: height 160
mm, diameter 56 mm. The catalyst was placed in tube 9 without gaps and slits.

The study of the efficiency of oxidation of carbon monoxide was carried out in a flow-through unit at atmospheric
pressure. The composition of the gas mixture was constantly monitored at the entrance and exit from the heat chamber.
The content of the reaction products was analyzed using a gas analyzer 2 with an accuracy of + 20 ppm or + 5% of
the measurement values. The oxidation process of carbon monoxide was carried out at different volumetric gas flow
rates in the range of 1-5 dm®min!. The mole fraction of carbon monoxide in the initial gas mixture at the inlet to the
reactor is 1.1. The catalyst was tested under the same conditions in the temperature range 200—400 °C. Nitrogen was
used as an inert gas, if necessary. Before carrying out the catalytic experiment, a sample of the catalyst was heat
treated at 450 °C for 2 h.
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1 - digital measurement interface; 2 - gas analyzer VARIO PLUS industrial analyzer MRU air fair; 3 - gas analyzer
sampler; 4 - tube for sampling the gas mixture from the chamber to the gas analyzer; 5 - outlet of the gas mixture; 6
- metal gasket; 7 - asbestos gasket; 8 - heat chamber, 9 - stainless steel tube; 10 - ceramic tube; 11 - heating
element; 12 - thermocouples; 13 - container for catalyst made of stainless steel mesh; 14 - temperature regulator,
15 - gas flow meters, 16 - control valves; 17 - reducers; 18 - carbon monoxide cylinder; 19 - nitrogen cylinder

Fig. 1 — Diagram of a laboratory setup for studying the processes of catalytic oxidation of carbon monoxide

The catalytic activity of aerated concrete samples in the oxidation of carbon monoxide was characterized by the
conversion of CO to COs..
Carbon monoxide conversion was calculated using the formula:

e n _ {-out
— - 100%, )
co

where CiyCO — CO molar fraction at the inlet to the reactor, Co,!CO — molar fraction of CO at the outlet of the
reactor.

Presentation of the main material. Investigation of the mechanical characteristics of aerated concrete mixture
with and without catalyst showed satisfactory results (Table 2). At 100 g of powder per 1 dm® of aerated concrete
mixture, the decrease in the strength of the cubes obtained from them was 2.64-11.21%. However, a 5.28% increase
in strength was also observed with the addition of a chromium ferrite catalyst. Thus, the addition of catalyst powder
to the aerated concrete mixture does not critically affect the properties of products, that is, products during long-term
operation in production will not be subject to destruction.

co =

Table 2 — Dependence of the compressive strength of the obtained aerated concrete cubes on the chemical
composition of the catalyst powder

No. of catalyst powder | Chemical composition of catalyst powder | Strength of cubes, MPa
Without catalyst - 3.03
1 Fes;04 2.95
2 Fe(FexCrl.x)204 3.19
3 50 % Fe(FexCrix)204, 50 % Fe;04 2.69

A study of the porous properties of products made of aerated concrete modified with a catalyst powder showed
(Figs. 2, 3) that the adsorption isotherms obtained for samples of aerated concrete modified with magnetite and
chromium ferrite (calcined and uncalcined) belong to type II isotherms, concave relative to the P/Py axis and rather
steep bend [17]. The isotherms show long rectilinear sections, the start points of which correspond to the relative
pressure at which the adsorption of the monolayer is completed. Type II isotherms are inherent in macroporous
adsorbents, which is fully confirmed by the results of calculating the parameters of the porous structure of modified
aerated concrete given in Table 2.

m— 4)
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Fig. 2 — Isotherms of nitrogen adsorption and desorption on samples of unfried (1) and fried (2)
aerated concrete modified with chromium ferrite
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Fig. 3 — Isotherms of nitrogen adsorption and desorption on samples of unfried (3) and fried (4) aerated
concrete modified with magnetite

As can be seen from Table 3, heat-treated and thermally non-refined aerated concrete modified with magnetite,
and thermo-non-refined aerated concrete modified with chromium ferrite have approximately the same insignificant
content of micropores, which is 5.22-5.85%. At the same time, heat-treated aerated concrete modified with chromium
ferrite has a 2 times higher content of micropores. This fact can be explained by the fact that the synthesized magnetite
by the water condensation method has a more ordered crystal structure than chromium ferrite. Even in the case of the
optimal ratio Cr®:Fe?'=1: 15 [20], the formation of an amorphous phase of iron hydroxide around crystalline particles
of chromium ferrite with a high content of hydrated water is possible, it did not evaporate even as a result of heat
treatment in an autoclave at 190 °C for 10 hours. A decrease in the pore size in this case by almost 2.5 times indicates
the formation of a more ordered crystal structure of chromium ferrite under the action of an elevated temperature,
which is also confirmed by a slight decrease in the specific surface area of the aerated concrete sample modified with
chromium ferrite.
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Table 3 - Characteristics of the porous structure of modified aerated concrete

Specific Total . ) Pore size distribution, nm
rface b pore Micropore Micropore
Ne Sample su BET Y1 volume volume content BJH dV (r), nm
S, m’g”! V32, 1 V,, cmg’! *V w00, %o v o
b Cm g_

1 | Thermal non-
refurbishment of
aerated concrete, 39.312 0.1020 0.0057 5.58 3.92 -
modification with
chromium ferrite

2 | Heat curing of aerated
concrete, modification 34.795 0.082 0.0095 11.58 1.65 -
with chromium ferrite

3 | Thermal non-refining of
aerated concrete,

o icaton s 31.258 0.0881 0.0046 522 4.05 -
magnetite

4 | Thermal curing of
aerated concrete, 37.892 0.1282 0.0075 5.85 4.00 -

modification with
magnetite
*Vw = Vi/Vs -100%.

A study of the efficiency of CO conversion on samples of aerated concrete modified with chromium ferrite and
magnetite showed that they provide approximately the same conversion rate (Fig. 4). Magnetite stands out somewhat
in terms of efficiency; in our opinion, it may be associated with the greater formation of its particles and, accordingly,
an increase in the contact area between the reacting media. And if chromium ferrite provides the maximum degree of
CO conversion in the temperature range up to 320 °C, then magnetite is most effective at high temperatures. For a
mixture of magnetite and chromium ferrite, then when using it, the degree of conversion of carbon monoxide
approaches the efficiency of magnetite at temperatures above 375 °C.
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T °C
Fig. 4 — Efficiency of CO conversion on various samples of modified aerated concrete, depending on
temperature: 1 — chromium ferrite; 2 - magnetite; 3 — mixture of chromium ferrite and magnetite (50:50)
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The use of aerated concrete for fixing the catalysts for the CO conversion can significantly simplify the very
design of the system for neutralizing carbon monoxide. Today, most often, for example, in furnaces for roasting
electrode products, containers with a catalyst are placed in the firing channels of chambers heated by flue gases [9].

In this case, in the manufacture of blocks with a catalyst with dimensions of 600 x 200 x 100 mm from aerated
concrete, they can be laid out directly on a thermo-anthracite pouring "green" blanks in furnaces for firing electrode
products (Fig. 5, 6, 7).
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Fig. S — Placing aerated concrete blocks with a catalyst directly on the surface of the pouring of
electrode blanks in firing furnaces (front view)
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Fig. 6 — Placement of aerated concrete blocks with a catalyst directly on the surface of pouring
electrode blanks in firing furnaces (side view)
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10

Fig. 7 — Placing aerated concrete blocks with a catalyst directly on the surface of the pouring of
electrode blanks in kilns (top view)

As can be seen from Fig. 5, 6, 7, the concrete blocks adjoin each other at a distance of 10 mm, while the presence
of a sufficient number of holes in the blocks of a square size provides the movement of the gas mixture inside the
chamber necessary for the passage of the firing process. Blocks can be made with 4 holes 66 x 66 mm in size (Fig.

8), and with 14 holes 40 x 40 mm (Fig. 9). In the first case, a greater strength of aerated concrete blocks is ensured
during operation, in the second, an increase in the specific surface area of the catalyst contact with flue gases

containing CO.

Fig. 8 — Aerated concrete blocks with holes 66 x 66 mm

Fig. 9 — Aerated concrete blocks with holes of 40 x 40 mm
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CONCLUSIONS

A catalyst modified with chromium ferrite and magnetite based on aerated concrete are developed. The main
strength and physicochemical characteristics of the catalyst are established, and its efficiency in the CO conversion
processes is determined. It is determined that at a consumption of 100 g of catalyst powder per 1 dm? of a typical
mixture for producing aerated concrete, their efficiency is 70-85% at 400 °C and decreases to 9-13% at 200 °C.

It is proposed to manufacture the catalyst in the form of blocks with dimensions of 600 x 200 x 100 mm, which
makes it possible to radically change the scheme of CO neutralization. Catalysts in this form can be placed in the form
of a layer of blocks directly on the loading of electrode products, which greatly simplifies their maintenance system.
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Onena lIséanenko, Bauecnae Padosenuux, Anmon Kapeaywvxuit, I2op Muxynbonox,
Cepciii IInawuxin, Temana Osepuenxo, FOnin Hocauosa, Cepciit /loszonan

BJIOYHA KATAJUITUYHA CHCTEMA 3HEHNKO/JI)XEHHSI MOHOOKCHAY BYIJIEHIO HA
OCHOBI I'A3OBETOHY

Hamenep 6 Yxpaini npobnema ouuwenns 2aszié 8id MOHOOKCUOY 8yeneylo cmoimv docmamubo 2ocmpo. OOHum 3
HaUuObW NePCneKmuHuUx Memooie ouuwjenHs ¢ xamanimuyne "0onaniosanus’ MOHOOKCUOY 8yeneyio KUCHEM
nosimpsi, NPUCYMHIM Y camux 2azax. 3anpononosani 0l Yb020 KAMauizamopu, K npasuio, MiCmsme 01a2opooHi
Memanu abo CKAaoOHi OKCUOU, NPU YbOMY AKIMUEBHA PEYOBUHA KAMATI3AMOpad NEPeaNtCHO HAHOCUMbCS HA NOBEPXHIO
2PAanyIb08AHO20 HOCIA 3 PO36UHEHON nogepxnelo. [Ipome xamanizamopu, wo SUKOPUCMOBYIOMbCS, MAIOMb PO
HeOONIKIB. NOBOONCEHHS 3 KAMANIZ3AMOPOM — POPMYBAHHS pOOOHO20 NPOCMOPY, peceHepayis, ymunizayis mowo, He
cmae 6invw 3pyuHum ma deweeum. Ilpobnema Qikcayii 6uUcoKOOUCNEPCHO20 KAMANI3amopa y UHAYeHOMY 00 emi
3AIUUAEMbCA He NOBHICMIO gupiuienolo. B pobomi 3anpononosano 6 axocmi gixcamopa 4acmutox Kamanizamopa
BUKOPUCMOBY8AMU 2A300eMOH, KOMpUll Mae po3gureHy nopucmy cmpykmypy. Lle 0o3eonse ne nuuie 3abesneuysamu
MAKCUMATbHULL KOHMAKM MINC peazyiouumu cepedosuam, a it 3HAYHO CAPOCMUmMU (QOPpMYSaHHA pobOU020
npocmopy 8 peanbHUuxX YCMAHOBKAX 3HEUKOONCEeHHS MOHOOKcUudy e@yeneyio. Pospobxa eucoxoegexmusnux
Kamanizamopie 3 SUKOPUCMAHHAM 2a300eMOHY NPOMUCTIO08020 BUPOOHUYMEA 8 AKOCMI Qikcamopa 4acmuHoK
axkmuenoi pewosunu - cnonyk Fe(Il), Fe(Ill), Cr(Ill) - i cmana memoto danoi pobomu.

B pobomi npedcmasneni pesyromamu 00CHiONCEHH KAMAI3AMOPI8 KOHBEPCii MOHOOKCUODY 8yeleylo HA OCHO8I
2az00emony, MOOUPIKOBAHUX MACHEMUMOM Ma epumom Xpomy oKkpemo ma 6 cykynnocmi. Bcmanoegneno, wo npu
sumpami 100 2 nopowxy kamanizamopa na 1 Om> munoeoi cymiwi Ona eupobHuymea 2a306emony ma OMpUMaHH
6710Ki8 MOOUPIK06AH020 2a300eMOHY 30 MPAOUYIUHOI MEXHON02ie IX epexmuenicms ckaadac 70—85 % npu
400 °C i snHuscyemwcs 00 9—13 % npu 200 °C. Ilpu ypomy 3a miyHicmHumy ma QizuKo-XiMivHUMU GIIACMUBOCIMAMU
3pasku 2a306emony mMano iOpizHAOMbCA 6i0 CIMAHOAPMHUX, d 6 OKPeMUX BUNAOKAX HAGIMb Nepesuwyiomsy ix.
3anpononosanuii cnocib6 @ikcayii yacmunox Kamanizamopa 6 06a0Kax 2az0bemony 00380.1€ Oydyeamu
NPUHYUNOBO HOBI CXeMU 3HEUKOOICEeHHS MOHOOKCUOY 8yeleylo npu posmiujeHi moougikoeanux 610Kig
be3nocepeonHbo HA 3A8AHMAdNCEHHT eleKMPOOHOI cuposunu 6 neuax. Lle cymmeso cnpowsye npoyec Kousepcii ma
cucmemy ynpasiiHHsa HUM, WO C8i0YUMb NPo NePCneKmMuUsHICms BUKOPUCTOB8YBAHO20 HOCIA.
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