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STUDY OF COMPOSITION OF WASTE FROM METALLURGY
PRODUCTION AIMED IN USE THEM AS ACTIVE PHASES
OF CATALYSTS FOR HYDROCARBON RAW MATERIALS REFINING

Abstract. Wastes from metallurgical production contain a significant amount of valuable elements such as iron,
chromium, manganese, titanium, aluminum. The introduction of small and dispersed fractions in the smelting furnace
leads to disturbances in the technological regime. Therefore, these wastes are accumulated in various types of
storages. To increase the efficiency of the use of resources, it is necessary to utilize these wastes. The main ways of
utilization are agglomeration, as well as the addition in building materials as additives. It is proposed to combine
these ways with a new approach to utilization. Based on the data on the composition, it is proposed to use waste from
ferrous metallurgy in the Pavlodar region as active phases of catalysts for processing hydrocarbon feedstocks. The
obtained results showed that the waste: wet-scrubbing sludge and dry gas scrubbing of the Aktyubinsk Ferroalloy
Plant, mixed waste from the ash-slime storage of the Aksu ferroalloy plant, red mud and ferrous sand of the Pavlodar
aluminum plant contain significant amounts of Fe, Cr, Mn, Al, Ca. This allows us to predict the possibility of
creating catalysts using these types of waste. Thus, it is proposed to study a new approach to solving the problem of
utilization of waste products of the metallurgical industry with the production of valuable products - catalysts for
processing hydrocarbon raw materials.

Keywords: industrial waste, metallurgical production, utilization, secondary resources, catalysts.

Introduction. In present time metallurgy industry produces great amount of waste. Non-ferrous and
ferrous metallurgy take up one of the leading positions in amount of emissions by data given in [1]. Their
amounts in the total volume of emissions are correspondingly 22.8 and 15%. Significant part of metallurgy
industry of Kazakhstan is focused in Pavlodar region a large industrial center. Thus, by the data given in
[2], more than 4 million tons of ferrous metallurgy waste and more than 50 million tons of non-ferrous
metallurgy waste are accumulated in Pavlodar by 2013. By experts opinion [3] production of one ton of
ferrous metal leads to accumulation of 5-17 tons of waste. Dumps and slime storages are often considered
as secondary deposit of valuable metallic components by volumes of their reserves. It is noted, that slags
of ferrous metal production contain about 15% of metallic and 27% of oxide iron. In the red mud of
aluminium production, which is also stored in storages in great amounts, the presence of iron oxides is 45-
50% [4]. About half of total mass of iron ore is conversed into waste called “tailings”, which are quartz-
ferruginous sand represented by particles of 0.14-0.63 mm in diameter. The wastes are denser in
comparison with natural sand because it contains large amounts of iron compounds.

Significant collected amounts of metallurgy wastes require in-depth consideration of opportunities of
utilization of them. The involvement of these wastes in industrial processes is one of the most important
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aspects of the effective use of mineral and energy resources, creation of waste-free and low-waste
technologies and improvement of the environment in the area adjacent to the plant [5]. There are two main
ways in this process - agglomeration of dispersed materials and return to the smelting process, as well as
utilization by introducing as additives in various building materials. Each of these ways has advantages
and disadvantages. So, in the work [5] it is pointed, that agglomeration allows the commercial use of
dispersed and shredded waste. One of the simplest and most promising methods of agglomeration is
briquetting using binding components. This technology makes it possible to obtain solid briquettes from
almost any fine-grained waste [6]. Such briquettes are primarily used in the processes of smelting directly
ferroalloys. Their use makes it possible to reduce the amount of accumulated waste, and also to improve
the quality of the smelting of the product. Such technology was investigated in industrial conditions at the
Aktobe ferroalloy plant in 2001. It is shown that the use of chrome ore briquettes led to a reduction in
energy consumption in the production of a ton of product from 4196 kWh to 3742.58 kWh. The level of
reduction of chromium reached 87.37-90.56% under conditions when 68.9% of briquettes were fed into
the furnace. As a result, briquetting allows to reduce the energy and coke consumption, to increase the
amount of reduced chromium and to reduce the amount of dust in gases discharged to the gas cleaning
system [5].

On the other hand, a number of works show the use of waste from the metallurgical industry for the
production of building materials [7-9]. Thus, in [10], the results of using calcium-containing waste of
ferrous metallurgy as a diluent and flux and as a clay component, i.e. interlayer clay (shale oil waste), for
reducing the drying time of brick raw materials are described. The use of these wastes in the production of
ceramic bricks can reduce the consumption of natural raw materials, reduce the amount of industrial waste
and reduce the burden on the environment. In addition, this leads to a reduction in the cost of the final
product, provides an alternative raw material for the production of ceramic bricks, preserves irreplaceable
resources and reduces energy consumption. The results of a study of the chemical and mineral com-
position, microstructure, and properties of the readily disintegrating aluminothermic slag of ferro-
chromium are shown in [11]. A fundamentally new high-efficiency technology for non-waste production
of Mg(Al,Cr),04 spinel was developed. The resulting slag has binding properties. After the extraction of
spinel, its lime-silicate-aluminate component can be used to produce more than ten forms of the product:
cement, pigments, building materials and other materials.

At ferroalloy plants, ferromanganese, ferrosilicon, ferrochromium are produced. Industrial products
determine the composition of waste. Thus, in slime of ferroalloys production, significant amounts of
manganese and chromium are contained in addition to iron [12]. These elements are catalytically active
and are included in the active phases of many catalysts [13-17]. Waste of aluminum production besides
iron compounds also contains valuable components - aluminum and titanium. These metals are also
actively involved in catalytic processes [18-21]. Thus, we see the potential for a third way of utilization of
this type of mineral raw materials - by creating catalysts using these industrial wastes as an active phase.
The proposed recycling path is the most cost-effective, as it offers the receipt of a new valuable product
that is in demand on the market of catalysts for oil refining. In addition, any combination of the above
approaches can be combined with a parallel use of the waste from the metallurgical industry to produce
catalysts.

In order to determine the potential use of a material as an active phase, it is necessary to conduct a
preliminary analysis of the elemental composition of the research object. In this paper, we present data on
the elemental composition of waste metallurgical industry in the Pavlodar region (Kazakhstan), obtained
by energy dispersive X-ray fluorescence spectroscopy.

Experimental. Investigation of the elemental composition of the obtained samples was performed by
the method of energy dispersive X-ray fluorescence spectroscopy on the energy dispersive microanalysis
system INCA Energy 450 mounted on a scanning electron microscope JSM 6610 LV ("JOEL", Japan).
The device is equipped with the system of energy-dispersive (ED) microanalysis, a system of wave
dispersion microanalysis, a system for analyzing the diffraction of backscattered electrons by a reflected
electron detector, a secondary electron detector of Everhart-Thornley, a secondary electron detector for a
low-vacuum regime and equipment for sample preparation. The spectra were obtained three times with the
calculation of the average value.
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Samples of wastes were used for the study: the wet gas scrubbing sludge of the Aktyubinsk
Ferroalloy Plant (AFZ), the dust of the dry gas cleaning of the AFZ, the production waste from the ash
sludge collector of the Aksu Ferroalloys Plant (ALF), red mud and ferruginous sand of the Pavlodar
aluminum plant (PAZ).

Results and discussion. Figure 1 shows the standard spectrogram of the samples studied.

Figure 1 — Spectrogram of a sample of the waste produced by the AZF

Tables 1 and 2 show data on the elemental composition of waste samples of Pavlodar aluminum
plant — ferrous sand and red mud. From the obtained data it is seen, that red mud in comparison with
ferruginous sand has more homogeneous composition, since the scatter of the content of elements between
sample spectra is small. Ferruginous sand, unlike red mud, also contains K and Mn in small amounts. The
amount of iron in a sample of ferruginous sand is twice higher than in the composition of red mud.
However, the scatter in its content between the spectra indicates a possible lower degree of dispersion of
crystals containing Fe. At the same time, red mud contains a high amount of calcium (25-27%). This can
affect the course of catalytic reactions, since it is known that in many cases calcium is added to modify the
properties of the catalysts [22-24].

Table 1 — The elemental composition of the ferruginous sand sample of the Pavlodar aluminium plant

(0] Na Mg Al Si S K Ca Ti Mn Fe Total
Spectrum

wt.%
spectrum 1 43,65 0,66 0,72 8,95 4,95 0,69 0,05 4,19 2,19 0,41 33,53 100
spectrum 2 44,5 0,7 0,11 9,12 18,18 0,26 6,31 1,7 0,6 0,1 18,42 | 100
spectrum 3 40 0,91 0,23 9,68 3,8 0,54 0,08 2,18 1,76 0,37 | 40,45 100

Average 42,72 0,76 0,35 9,25 8,98 0,5 2,14 2,69 1,52 0,29 30,8 100

Table 2 — The elemental composition of the red mud sample of the Pavlodar aluminum plant

(0] Na Mg Al Si S Cl Ca Ti Fe Total
Spectrum

wt.%

spectrum 1 44,77 1,91 0,16 2,45 7,99 0,55 0,09 25,7 1,97 14,39 100
spectrum 2 46,48 1,48 0,19 2,39 7,68 0,22 0,08 27,79 1,47 12,23 100
spectrum 3 45,69 1,6 0,18 2,47 7,99 0,24 0,05 27,05 1,57 13,16 100

Average 45,65 1,66 0,18 2,44 7,89 0,34 0,07 26,85 1,67 13,26 100
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Tables 3 and 4 show data on the elemental composition of waste samples of the Aktyubinsk
Ferroalloy Plant - dust of dry gas scrubbing and wet gas scrubbing sludge. Unlike previous samples, Ca is
present in small amounts both in dust of dry gas scrubbing and in wet gas scrubbing sludge. However, the
content of magnesium and chromium increases significantly. But, magnesium is mostly observed in the
slime, and chrome in the dust of the gas cleaning system. The amount of iron in these samples is smaller,
but the spread between the spectral indices is small, indicating a uniform distribution in the sample mass
due to the rather high dispersion of the iron-containing components in these samples. In waste samples of
the Aktobe ferroalloy plant, manganese is present in small quantities only in wet gas scrubbing sludge.

Table 3 — The elemental composition of dry dust sample of Aktobe ferroalloy plant

c | o | Mg |a|si|s |k |ca|mi| o |Fe| N [ Toal
wt.%
spectum 1 | 1620 | 30,13 | 1484 | 2,64 | 6,65 | 0,17 | 0,04 | 0,65 | 0,19 | 22,43 | 594 | 0,12 | 100,00
spectum2 | 16,88 | 31,54 | 1628 | 2,68 | 8,03 | 0,08 | 0,08 | 045 | 0,09 | 18,67 | 504 | 0,17 | 100,00
spectum3 | 15,05 | 3136 | 1631 | 2,80 | 7,95 | 0,09 | 0,02 | 0,77 | 0,14 | 19,80 | 5,59 | 0,14 | 100,00
Average | 16,05 | 31,01 | 1581 | 271 | 7,55 | 0,11 | 0,05 | 0,62 | 0,14 | 2030 | 5,52 | 0,14 | 100,00

Spectrum

Table 4 — The elemental composition of a sample of wet gas scrubbing sludge of the Aktyubinsk Ferroalloy Plant

c | o [ Mg [ar]si|]s |k ][ca|o [m]Fe |z To
Spectrum
wt.%
spectrum 1 1555 | 31,84 | 2935 | 1,32 ] 7,15 | 1,22 | 0,08 [ 029 | 6,95 | 0,30 | 5,73 | 0,22 | 100,00
spectum 2 | 1542 | 32,68 | 29,58 | 121 | 725 | 125 | 0,11 | 0,34 | 6,23 | 021 | 552 | 021 | 100,00
spectrum 3 1462 | 31,94 | 2990 | 1,09 | 7,35 | 121 | 0,08 | 034 | 7,05 | 0,28 | 585 | 0,27 | 100,00
Average 1520 | 32,15 | 2961 | 121 ] 7.25 | 1,23 | 0,09 | 032 | 6,74 | 0,26 | 5,70 | 0,23 | 100,00

Table 5 shows the data on the elemental composition of the sample of mixed ash from the ash sludge
storage of the Aksu ferroalloy plant. Table 6 shows the averaged data on the content of elements in 16
combined samples taken in different locations of the ash sludge storage of the Aksu ferroalloy plant. It is
characteristically that titanium appears in these samples, although in small amounts. Chromium in these
samples is also less, which may be due to differences in the output of the two plants products. On the other
hand, in these wastes the manganese content is increased to 2%. The iron content here is the lowest and is
1 - 2%. The presence of zinc is becoming greater.

Table 5 — The results of elemental analysis of a sample of mixed waste taken from a local site of an ash sludge storage
of the Aksu Ferroalloy Plant

o [Na|mg|a] si|s|alk[ca|[rn]|c|m]|F]|z]To
wt.%

spectrum 1| 43,34 | 0,41 | 6,67 | 1,70 | 36,94 | 0,31 ] 0,14 | 1,30 | 0,81 | 0,06 | 2,76 | 2,04 | 1,70 | 1,82 | 100,00

spectrum 2 | 42,63 | 025 | 5,71 | 1,65 | 3725 [ 031 | 0,16 | 1,29 [ 1,13 | 0,26 | 4,07 | 1,90 | 2,26 | 1,13 | 100,00

spectrum 3 | 41,29 | 0,68 | 3,11 | 5,37 | 36,64 | 0,30 | 0,14 | 142 | 0,91 | 0,19 | 4,43 | 2,16 | 2,04 | 1,31 | 100,00

Average | 42,42 | 045 | 5,16 | 2,91 | 36,94 | 031 ] 0,15 ] 1,33 | 0,95 [ 0,17 | 3,75 | 2,04 | 2,00 | 1,42 | 100,00

Spectrum

Table 6 — The average elemental composition of the ash sludge storage of the Aksu ferroalloy plant
(averaged values for 16 combined samples taken in different locations of the ash sludge storage area)

Element ¢ Na | Mg | Al Si S Cl K Ca | Ti Cr | Mn | Fe | Zn Sn Total
W, wt.% | 46,18 | 0,54 | 5,01 | 1,23 | 34,16 | 0,40 | 0,26 | 1,41 | 4,44 | 0,01 | 1,73 | 2,18 | 1,01 | 1,38 | 0,06 | 100,00
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Conclusion. Thus, based on the obtained data, it was established that all the studied samples contain
catalytically active components in different amounts, which is determined by the production process.
Therefore, they can be used as additives or active phases of catalysts with varying catalyst component
ratios. When creating catalysts based on waste from the metallurgical industry, it is recommended to use
clays or zeolites as a binder and a structure-forming component. The resulting catalysts must necessarily
undergo a high-temperature treatment stage. Since the sources of origin of these components can be
contaminated with organic impurities. In addition, the calcination step can lead to crystalline reorga-
nization of the active phase filled with heterogeneous active elements. The received results allow consi-
dering dumps, tailing dumps and storages of metallurgical industries as secondary deposits of useful raw
materials, suitable for obtaining active phases of non-specific industrial catalysts of hydrocarbon
processing processes.
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METAJLTYPIUAJIBIK OHAIPIC KAJIIBIKTAPBIHBIH KYPAMbBIH
OJIAPBI KOMIPCYTEKTI HNIUKI3AT OHAEY KATAJIN3ATOPJTAPBIHBIH
AKTHUBTIK ®A3ACHI PETIH/E AMJIAJAHY MAKCATBIHJIA 3EPTTEY

AnHoOTanus. MeTamTyprusuIblK OHIIPIiCTeTi KaJABIKTap KYpaMbIHIa eIoyip MeJIIepae TeMip, XpoM, MapraHell,
TUTaH, AIFOMUHUIA TOPi3ai Oarajbl aneMeHTTep 6ap. MeTauTyprusuiblK Melike Killll )KoHe TUCTIEPCTi (paKiusIap bl
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JKUHAKTalanel. Pecyperapasl kogere skapaTyaslH THIMIUIITIH apTTRIPY YIIIH OCBHl KAIIBIKTAPIBI MaianaHy Kaxer.
Konere sxapatyabiH Heri3ri Tociaepi arioMepanus OO Ta0bUTaabl, COHAAN-aK KYPBUIBIC MaTepHajapblHa Kocma
petiage eHrizy. byn Tocinaepai Kaifta eHueyre jkaHa TOCiIMeH OipikTipy YchIHBUIAAB. Kypampl OOHBIHIIA MOTIMET-
Tep HeriziHJe KOMIpCyTeK IIMKI3aThlH OHJIEYIe apHaIFaH KaTann3aTopiapisiH Oencenai ¢asanapsl perinjae [lasio-
Jap OOJBICBIHAAFBl Kapa METaUyprus KaJObIKTapblH MaijanaHy YCHIHBUIaAbl. AJBIHFaH HOTIKenep Axrebe
(eppoKophITIIa 3ayBITBIHAH Ta3[bl BUIFAIABI Ta3ajay IUIAMBIHAA XXOHE ra3lbl KypFak Tazajay MIaHbIHAA, AKCY
(heppOKOPHITIIA 3aYBITHIHBIH KYJI-KOKBIC KUHAY KOHJBIPFBICHIHAH apajiac KaJlAbIKTapabiHaa, [1aBiogap aqroMUHUN
3ayBITHIHBIH KbI3bUI IIUTAMBI MEH TeMip KyMbIHJa aiTapibikrail Fe, Cr, Mn, Al, Ca 0ap exennuirin kepcerti. by kan-
JIBIKTap/bIH OCBI TYPJIEPiH KOJIAaHY apKbUIbl KaTann3aTopiaplbl )kacay MYMKIHJIIrH OoybkayFa MyMKIHIIK Oepei.
OchLaiiina, KOMIpCYTeK IUKi3aThiH OHCYTe apHAJIFaH KaTalu3aTtopiap, KYHIbl OHIMIEp aly apKbLIbl METAJLTYpPrHs
OHEPKICIOIHIE KaJIIBIKTapAbl KOJIETe JKapaTy MICEIICCIH MICTTY/IiH XKaHa o/IiCiH 3ep/Ieliey YCHIHBUIAIBI.
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HNCCJIEJOBAHHUE COCTABA OTXOJ40B METAJUTYPTHYECKOI'O ITPOU3BOACTBA
C IIEJIBIO NX UCITOJIb30OBAHH S B KAUECTBE AKTUBHBIX ®A3
KATAJIM3ATOPOB NIEPEPABOTKMU YIDIEBOJOPOJHOI'O ChIPHA

AnHoTtanusi. OTXOIbl METAJUTyprUYECKOr0 IMPOU3BOJACTBA COJEPIKAT 3HAYUTEIBHOE KOJMYECTBO IIEHHBIX
AIIEMEHTOB, TaKUX KaK JKeJIe30, XpOM, MapraHell, TUTaH, alOMHHANA. BBeneHHe MENKUX M TUCIEPCHBIX (pakiuuil B
II€4H BBIIIJIABKU le/IBOZlI/lT K HapyLHeHl/IHM TEXHOJIOTUYCCKOI'O pe)KI/lMa. HOSTOMy 3THU OTXOAbl HAKAIIJIMBAKOTCA B
XpaHWIMILAX pa3nuyHoro tuna. /st noseinieHust 3h(HEeKTUBHOCTH HCIONB30BaHUS PECYPCOB HEOOXOJUMO YTHIIH3H-
poBath 3TH oTX0Abl. OCHOBHEIC ITyTH YTIIU3AIMH TO arIOMEpalus, a TAKKE BBEICHUE B CTPOUTEIILHBIC MaTEPHAITBI
B KadecTBe J00aBoK. [IpeanmaraeTcst 3Tu myTH KOMOWHHPOBATH C HOBBIM MOAXOAOM K yTHim3aruu. OCHOBBIBAsCH Ha
JIAHHBIX 110 COCTaBYy MpEIaracTCsl UCIOJIF30BaTh OTXOIBI YepHOH MeTayuryprun [laBmogapckoii o0nacTu B Ka4ecTBe
aKTHBHBIX (ha3 KaTaaM3aToOpOB MepepabOTKU YIIEBOMOPOMHOIO Chipbsi. [loyueHHBIE pe3yabTaThl MOKA3aH, YTO
OTXOJIBI: IIJIAM MOKpPO# T'a300YHCTKH M TIBUIb CYXOHM ra3004UCTKH AKTIOOMHCKOrO (hDeppoCIUIaBHOTO 3aBOja, CMe-
HIAHHBIE OTXO/(bI C 30JI0IIIAMOHAKONUTENSI AKCYCKOTO 3aBojia ()eppOCIUIABOB, KPACHBIH 1UIAM H JKEJIE3UCTBIN MECOK
[TaBmomapckoro aIFOMUHHEBOIO 3aBOJA COIEPIKAT B 3HAYMTENBHBIX KoiamuecTBax Fe, Cr, Mn, Al, Ca. D10 mo3BosseT
MPOTHO3UPOBATh BO3MOXKHOCTH CO3/IaHMsI KaTalM3aTOPOB C KCIOJIBb30BAHHEM YKa3aHHBIX BHIOB OTXOMOB. Takum
00pa3oM, MpeIaraeTcsi MCCICA0BaHHEe HOBOTO MOAXOAA K PEUICHHUIO MPOOIEMbl YTHIM3AIMKA OTXOJOB METaJLTyp-
THYECKON MPOMBIIIJICHHOCTH C MOJyYCHHEM LEHHBIX MPOAYKTOB — KaTalU3aTOPOB MEPEepabOTKU YIIICBOAOPOIHOIO
CBIPbSL.

KuaroueBble cJI0Ba: MPOMBIIUICHHBIC OTXOMABI, METAJLTYPrUYE€CKOE IMPOU3BOJCTBO, YTHIIU3AIMsI, BTOPHYHBIC
PECYPCHI, KaTalu3aToOPHL.
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