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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 propertics 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),0, 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] I Na | Mg | Al ‘ Si | S ‘ K | Ca | Ti I Mn | Fe | Total
wt.%

spectrum 1 43,65 0,66 0,72 8,95 4,95 0,69 0,05 4,19 2,19 041 | 33,53 | 100

spectrum 2 445 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 | 023 | 9,68 38 0,54 | 008 | 2,18 | 1,76 | 037 | 4045 | 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

Spectrum

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

0 | Na | Mg | Al ‘ Si | S ‘ cl | Ca ‘ T | Fe ‘ Total
WL%

spectum 1 | 4477 | 191 | 016 | 245 | 799 | 055 | 009 | 257 | 197 | 1439 100

spectrum 2 | 4648 | 148 | 019 | 239 | 768 | 022 | o008 | 2779 | 147 [1223] 100

spectum 3 | 45.69 | 16 | 018 | 247 | 799 | 024 | 005 | 2705 | 157 | 1316 | 100

Average | 4565 | 166 | 018 | 244 | 789 | 034 | 007 | 2685 | 167 | 1326 | 100

Spectrum
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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 quantitics only in wet gas scrubbing sludge.

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

c | o | Mg [an|si]|s |k [ca|mi]|c |Fe| N | Tow
W%

spectrum 1 | 1620 | 30,13 | 14,84 | 2,64 | 665 | 0,17 | 0,04 | 0,65 | 0,19 | 22.43 [ 594 | 0,12 | 100,00

spectrum2 | 16,88 | 31,54 | 1628 | 2,68 | 803 | 0.08 | 0,08 | 045 | 0,09 | 1867 | 504 | 0.17 | 100,00

spectrum 3 | 15,05 | 31,36 | 1631 | 2.80 | 7.95 | 009 | 002 | 0,77 | 0.14 | 19.80 | 559 | 0,14 | 100,00

Average | 1605 | 3101 | 1581 | 271 | 7,55 | 0,11 | 005 | 062 | 0,14 [ 2030 | 552 | 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 | M Jar|si]s[x[ca]c [mn]Fe]|zn] Tom
Spectrum
W%
spectrum 1 1555 | 3184 | 2035 | 132 [ 705 [ 122 [ 008 [ 029 [ 6,95 [ 030 [ 5,73 | 022 | 100,00
spectrum 2 1542 | 3268 | 2958 | 121 | 725 | 125 [ 0,11 | 034 [ 623 | 021 [ 5,52 | 021 | 100,00
spectrum 3 1462 | 3194 | 2990 | 1,09 [ 7.35 [ 121 [ 0,08 [ 034 [ 7.05 | 028 [ 5.85 | 027 | 100,00
Average 1520 | 32,15 | 2961 121 [ 725|123 [ 009 [ 032 | 674 | 026 | 570 | 023 | 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[ar] si [s]a|]x|[c|]t[co]|mm]|F]|z|Tom
W%

spectrum 1 | 4334 [ 041 | 6,67 | 1,70 | 36,94 | 031 [ 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 [ 026 [ 4.07 | 1,90 [ 226 | 1,13 | 100,00

spectrum 3 | 4129 | 0,68 | 3,11 | 5,37 | 36,64 | 030 [ 0,14 | 1.42 [ 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 [ 095 | 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 (0] Na [ Mg | Al Si S Cl K | Caf| Ti | Cr | Mn | Fe | Zn Sn Total
W, wt.% | 46,18 [ 0,54 | 5,01 | 1,23 | 34,16 | 040 [ 026 | 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 impuritics. In addition, the calcination step can lead to crystalline reorga-
nization of the active phase filled with heterogencous 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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METAJLTYPTHSUIBIK OHIAIPIC KAJIIBIKTAPEIHEIH KYPAMBIH
OJIAPIBI KOMIPCYTEKTI IIMKI3AT OHJEY KATAJIU3ATOPTAPBIHBIH
AKTHUBTIK ®A3ACHI PETIHJAE MMANTAJIAHY MAKCATEIH/IA 3EPTTEY

AHHOTANUs1. MeTamTy prusiiblK OHAIpicTerl KaaabIKTap KYPaMbIHAA €9yip Memepae TeMip, XpoM, MapraHel,
TUTAH, AFOMHHUH TOPi3ai Oaramsl 3neMeHTTep Oap. MeTayprusiblK NEemKe Killli )KOHE AUCHEPCTi (Ppakuusinapast
GHTI3Y TEXHOJOTHSUIBIK PEeKHMHIH Oy3butybiHA okeneni. COHAbIKTaH, Oy KAIABIKTAp Op TYPJI Cakray JKepiepiHae
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JKHHAKTANAABI. PecypcTapapl KOACTe JKapaTyAblH THIMALMITIH apTTHIPY YIIH OCBI KATABIKTAPAbI MAHIANAHY KAKET.
Kozere >xapaTy IbIH HETi3Ti Tocinaepi armoMepans O0JIbIn TaObLIAMbI, COHAAN-aK KYPhUTBIC MATCPHAIIAPBIHA KOCTA
perinae eHrizy. by Tocinaepal KalTa eHAEyre xKaHa TICUIMEH OipiKTipy YChIHBUIAABL. Kypambl OOHBIHINA MOTiMET-
TEp HETi3IHAC KOMIPCYTEK IMUKI3AThIH OHACYTC apHAIFAH KaTamu3aropaapabiH OenceHai (aszamaps! perinae [1asmo-
Jap OOIBICBIHOAFBI Kapa METALIYPrusl KATABIKTAPBIH TAHATAHY YCBIHBLIAABL AJBIHFAH HOTIKenep Axrebe
(heppOKOpPBITHA 3ayBITBIHAH Ta3Abl BUFANABI Ta3aldy IUIAMBIHAA JKOHE Ta3Abl KYpPFaK Taszanay INAHbIHAA, AKCY
(heppOKOPBITIHA 3aybITHIHBIH KYJI-KOKBIC >KHHAY KOHIBIPFBICBIHAH apasac KajabIKrapabiHaa, [laBmogap amoMuHHH
3ayBITHIHBIH KbI3BLI IIIJIAMBI MCH TeMip KyMbIHIa alTapiasikrail Fe, Cr, Mn, Al, Ca 6ap ekenairin kepcerti. by kan-
JBIKTAPABIH OCHI TYPJICPIH KOJIJAHY APKBUIBI KATATH3ATOPIAPABI JKacay MYMKIHAIrIH O0JDKayFa MYMKIHIIK Oepei.
Ocpuiaiima, KeMipCyTEK IMKI3aThIH OHACYTC APHAIFAH KATAIU3ATOPIApP, KYHIBI OHIMIACD Ay apKbLIbl METAJLIY PTUs
OHCPKICIOIHIE KAMABIKTAPBI KOJACTE KAPATY MOCEJICCIH HICIIYIiH KAHA OJICIH 3epAeicyY YChIHBLIAIBI.

Tyiiin ce3aep: OHAIPICTIK KAJIBIKTAp, MCTAUIYPrHSUIBIK OHAIpIC, KalTa eHAcy, KaWTamama pecypcrap,
Karanau3aropnap.
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HCCIEJOBAHUE COCTABA OTXOA0B METAJLUIYPTHYECKOTI'O TIPOU3BOACTBA
C IEJBIO UX HCITIOJB30BAHWS B KAYECTBE AKTUBHBIX ®A3
KATAJIU3ATOPOB NEPEPABOTKHU YITIEBOAOPOJHOI'O ChIPHA

AnHoramus. OTX0Abl METAJUTy PrHYCCKOTO TMPOM3BOACTBA COACPIKAT 3HAYHUTCIBHOC KOJHYCCTBO IICHHBIX
3NICMCHTOB, TAKHX KAK JKCJC30, XPOM, MAPTaHCL, TUTAH, ATFOMUHHN. BBEICHHEC MEIKUX M JUCTICPCHBIX (DpaKuuil B
TICYU BBIIIABKHU l'IpI/IBOZ[I/IT K HapyIJ.ICHI/I}IM TCXHOJIOTHUICCKOIO pC}KI/IMa. H03TOMy 3TH OTXOABbI HAKAIITIMBAKOTCA B
XPaHHUIAIIAX PA3TUYHOTO THIA. [ mMOBBIICHUSA Y(PPEKTHBHOCTH UCTIOIB30BAHHA PECYPCOB HCOOXOAMMO yTHIIH3H-
pOBaTb 3TH OTXOOBL OCHOBHBIC oyTH ymnmannn 3TO al"J'[OMepaI.[I/I}I, a TAKXKC BBCACHHUC B CTpOI/ITCJ'IBHBIC MaTCpI/IaJ'IBI
B KaueCTBE 100aBOK. [Ipeanaracrcs 3TH MyTH KOMOHHHPOBATh C HOBBIM MOAXOA0M K yTum3anuu. OCHOBBIBASCH HA
JAHHBIX TI0 COCTABy MPEAIAracTCs UCTOIb30BATh OTXOABI YCPHOH MeTamtypruu [1aBnogapckoii 00IacTi B KaueCTBE
aKTHBHBIX ()a3 KATATM3aTOPOB MEPEpabOTKH YIICBOAOPOAHOTO CHIPbs. [TOMy4YCHHBIC PE3yIbTaThl MOKA3AIH, YTO
OTXOABI: LIIAM MOKPOHM Ta3004HCTKH H MBLTb CyXOH Ta3004HCTKH AKTHOOHHCKOTO (D)eppOCILIABHOTO 3aBOJA, CMC-
LIAHHBIC OTXOJBI C 30J0NLIAMOHAKOMUTEI AKCYCKOTO 3aBoja (DepPOCILIABOB, KPACHBIH MIIAM H >KCIIC3HCTBIN MECOK
[TaB1TOAAPCKOTO AMFOMHHHCBOTO 3aBOJA COACPKAT B 3HAYUTCIBbHBIX KommuecTBax Fe, Cr, Mn, Al, Ca. 310 mo3BomseT
MPOTHORHPOBATh BO3MOXKHOCTh CO3JAHHS KATAM3aTOPOB C HCIOIB30BAHHEM YKA3AHHBIX BHIOB OTXOAOB. TakuMm
00pazoM, MPEAIAracTcs HMCCICAOBAHHC HOBOTO MOAX0AA K PCIICHHIO MPOOICMBI YTHIIH3ALUH OTXOA0B MCTAILIYp-
THYCCKOH MPOMBINLICHHOCTH C TOJIYYCHHCM LCHHBIX MPOAYKTOB — KATATH3aTOPOB MEPEPAOOTKH YIICBOIOPOIHOTO
CBHIPbSL.

KJIIO‘ICBI)IC c¢JioBa: HpOMBI]lIJICHHBIe OTXOIBI, MCTaJIJIprI/I‘JCCKOC HpOI/ISBOZ[CTBO, yTI/[JII/ISaI.[I/I}I, BTOpI/I‘IHI)IC
PECYPCBI, KaTaIH3aTOPBL.
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