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STUDY OF COMPOSITE CATALYSTS CONTAINING SLUDGE
OF FERROALLOY PRODUCTION IN THE PROCESS
OF CYCLOHEXANE OXIDATION

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 — the production of catalysts for processing hydrocarbon raw
materials. We have obtained catalysts using sludge from the system of wet gas cleaning (WGCS) as an active phase
and inorganic oxides Al,Os;, Si0,, ZnO as carriers. Elemental analysis has shown significant presence of chromium —
6-12% and iron 1.5-3.2% (5.7% in initial WGCS). Mn was found in trace amounts in clear WGCS. Surface analysis
has shown significant increasing in value of specific surface approximately in two times in case of using SiO, as a
carrier. So, it was shown that using of carriers of various nature can lead to change some surface properties in given
direction. In the studied process of cyclohexane oxidation over the obtained catalysts in the given conditions
(temperature - 40 °C, the reaction duration - 240 min) the conversion of cyclohexane achieved 6-9%. Finally, it was
found that there is a notable dependence between the value of specific surface and catalytic activity of studied
samples.
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Introduction

It is known, that approximately 700 million tons of industrial waste are produced in Kazakhstan every
year. According to the Ministry of environmental protection, «in our country more than 22 billion tons of
waste are accumulated. More than 16 billion tons from them are technogenic mineral concretion and
about 6 billion tons are dangerous waste» [1].

The problem of industrial waste utilization is actual not only for Kazakhstan, but for the wide range
of other countries, which has developed industry [2]. The waste of metallurgical industry have great
importance because of content. It is known, that a number of valuable elements, especially transitional
metals, such as chromium, iron, manganese, vanadium, titanium are in the content of ashes and slimes of
metallurgical industry. The content of some of these elements in metallurgical waste achieves such level,
that waste storages can be considered as a secondary mine for mining of these valuable metals.
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Utilization of metallurgy industry waste is necessary for creation of a closed-loop production with
maximal economic and ecological efficiency [3]. A closed-loop production in metallurgy is mainly based
on using of the waste in building materials production [4]. However, the valuable elements presented in
the waste are used without enough effectiveness at production of building materials. It is much more
effective to obtain catalysts from that kind of waste.

At ferroalloy plants, ferromanganese, ferrosilicon, ferrochromium are produced. Industrial products
determine the composition of waste. Thus, in sludge of ferroalloys production, significant amounts of
manganese and chromium are contained in addition to iron [5]. These elements are catalytically active and
are included in the active phases of many catalysts [6-10]. Waste of aluminum production besides iron
compounds also contains valuable components - aluminum and titanium. These metals are also actively
involved in catalytic processes [11-14].

The preceding discussion points that utilization of industrial waste of ferroalloy plant by obtaining of
catalysts for various chemical processes is a prospective and actual way. We have researched the wastes
of ferroalloy plants of Kazakhstan (Aksu ferroalloy plant, Aktobe ferroalloy plant). In our work, we offer
another way of utilization of ash and sludge wastes of ferroalloy production — obtaining of catalysts for
various processes of hydrocarbon-containing raw materials refining. The way is characterized by high
economic efficiency because it is offered not just to utilize the waste, but obtain on their basis of new
profitable product.

Experimental

Preparation of catalysts. Samples of wet gas cleaning sludge (WGCS) were dried in drying oven at
the temperature of 100 °C within 1 hour and grinded in a mortar. Composite catalysts were prepared
based on WGCS and oxides: Al,Os, Si0,, ZnO. To obtain a catalyst of the type WGCS/X, where X is the
carrier we took sample of WGCS — 1,0 g, sample of carrier — 1,0 g, then placed it in a weighing bottle
with a ground cover, poured 10 ml. of distilled water and stirred for 3 hours. After mixing, excess water
was poured off, the remaining suspension was air dried for 24 hours.

Elemental analysis. Analysis was performed using energy dispersive x-ray fluorescence spectroscopy
with energy dispersive system for microanalysis INCA Energy 450, set on scanning electron microscope
JSM-6610LYV (“JOEL”, Japan). Spectra were obtained three times with calculation of average value.

The surface investigation. The surface investigation was performed by low-temperature nitrogen
adsorption using method BET on "AccuSorb" unit ("Micromeritics”, USA). A charge of sample (0.1 g)
was placed in a special vial, then vacuumed at 200 °C within 3 — 4 hour. The definition of the surface of a
catalyst was performed with measurement of nitrogen adsorption at the temperature of —196 °C.
Calculation of porosity by isotherms of nitrogen adsorption and desorption in the pores of the sample was
performed with kit software.

Cyclohexane oxidation

The oxidation of cyclohexane was carried out on the installation, composed from magnetic stir,
thermostatic three-neck glass reactor and volumetric burette. Acetonitrile as a solvent (1.2 ml), sample of
catalyst (0.03 g), cyclohexane (0.3 ml), and hydrogen peroxide (0.9 ml of 30% aqueous solution) as an
oxidant were consistently placed into the reactor. Stirring of reaction mixture was conducted using
magnetic stir. Temperature - 40 °C. The pressure - atmospheric. Duration of the reaction — 240 minutes.

Chromatographic analysis

Reaction products were analyzed using GLC. Analysis was carried out on chromatograph Chromos
GC-1000 (Russia).

Results and discussion
Elemental analysis of catalysts showed redistribution of elemental composition with characteristic
increase of containing of elements dominating in supporter in comparison with initial sample of WGCS
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(Tables 1-4). Catalyst WGCS/AL,O; shows increased containing of aluminium, WGCS/Si10, — silicon,
WGCS/ZnO - zinc. The results are quite natural. As well in the case of supported catalysts in comparison
with the initial WGCS some elements, presented in small amounts (Zn, Mn, S, K), are disappeared. This
can be explained by the sensitivity of the device to the elements present in negligible concentrations.

Table 1 — Results of elemental analysis of WGCS

Containing of element (wt.%)

C O Mg Al Si S K Ca Cr Mn Fe 7n Total
Spectrum 1 | 1555 | 3184 | 2935 [ 132 | 715 [ 122 | 008 [ 029 | 695 | 030 | 573 | 022 | 100.00
Spectrum2 | 1542 | 32.68 | 2958 [ 121 | 725 [ 125 ] 011 [ 034 | 623 | 021 | 552 [ 021 | 100.00
Spectrum3 | 14.62 | 3194 | 2990 [ 1.09 | 735 [ 121 | 008 | 034 | 7.05 | 028 | 585 [ 0.27 | 100.00

Average 1520 | 32.15 | 2961 | 1.21 | 725 | 1.23 | 009 | 032 | 6.74 | 026 | 570 | 0.23 | 100.00

Table 2 — Results of elemental analysis of catalyst WGCS/AL O3

Containing of element (wt.%0)
(@) Mg Al Si Ca Cr Fe Total
S 40,67 5,59 36,70 3,26 0,15 10,84 2,80 100,00
pectrum 1
S 38,06 7,97 27,46 3,32 0,35 18,27 4,57 100,00
pectrum 2
S 41,53 7,97 33,40 5,59 025 8,92 2,35 100,00
pectrum 3
A 40,08 7,17 32,52 4,06 025 12,68 3,24 100,00
verage
Table 3 — Results of elemental analysis of catalyst WGCS/Si0O,
Containing of element (wt.%)
(@) Mg Al Si Ca Cr Fe Total
44,77 5,98 1,00 35,54 0,30 9,68 2,72 100,00
Spectrum 1
Spectrum 2 47,15 5,00 0,68 38,03 0,20 6,88 2,06 100,00
Spectrum 3 45,86 6,42 0,99 34,65 0,15 942 2,51 100,00
45,92 5.80 0,89 36,07 0,22 8,660 2,43 100,00
Average
Table 4 — Results of elemental analysis of catalyst WGCS/ZnO
Containing of element (wt.%)
(@) Mg Al Si Ca Cr Fe Zn Total
S 22,86 6,10 1,01 2,25 0,12 7,51 1,82 58,33 100,00
pectrum 1
S 22,01 544 0,82 2,13 0,14 5,12 1,57 62,78 100,00
pectrum 2
S 22.53 6,75 0,95 2,77 0,24 544 1,52 59,79 100,00
pectrum 3
A 22,47 6,10 0,93 2,39 0,16 6,02 1,64 60,30 100,00
verage

The surface investigation
Results of analysis are shown in figures 1-4. Calculated values of pore volume and specific surface
are given in table 5.
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Figure 1 — BET analysis of WGCS Figure 2 — BET analysis of catalyst WGCS/Si0,
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Figure 3 — BET analysis of catalyst WGCS/ALO, Figure 4 — BET analysis of catalyst WGCS/ZnO

Table 7 — Results of BET method analyses of composite catalysts based on FPW

Sample Total pore volume V4 ax, ml/g Specific surface Sy, m’/g

WGCS 149,19 2381
WGCS/ZnO 89.45 17.55
WGCS/ALOs 155,88 43,58
WGCS/SiO, 166,04 56,08

Thus, as a result of comparing analysis of composite catalysts with activy phase — WGCS it was
found significant increase in surface properties when using as a supporter aluminium and silicon oxides.
Using WGCS as an active phase of composite catalyst it is possible to improve structural propertics of
developed catalyst.

Cyclohexane oxidation

Powder catalysts WGCS/ZnO, WGCS/ALO;, WGCS/Si0, were tested in the reaction of liquid phase
oxidation of cyclohexane with hydrogen peroxide. In the process cyclohexanone (C-one) and
cyclohexanol (C-ol) are produced.

When using powdered composite catalysts based on WGCS and inorganic oxide carriers as catalysts
in the given conditions, the conversion of cyclohexane as well as selectivity of the process was
sufficiently low. However, it has been observed that catalysts using silica and aluminum oxides as a
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carrier showed higher activity in this process than the catalyst containing zinc oxide. This result agrees
with the results of the investigation of surface properties obtained by the BET method. The BET method
has shown that when using SiO, and Al,O; as carriers, the total pore volume and the specific surface area
are significantly higher than when using ZnO. Thus, in this example, the dependence of the activity of the
catalyst on its surface properties is clearly traced. Low yields of products may be due to the fact that
during the preparation of this type of catalysts, high-temperature catalyst treatment has not been carried
out, which, as previously shown [15], leads to an increase in the porosity and specific surface area of the
catalyst. Therefore, this process appears to have a significant activating effect on the catalyst. The results
of the experiments are given in Table 8.

Table 8 — The results of the oxidation of cyclohexane with hydrogen peroxide on powdered catalysts, based on the wet gas
cleaning sludge of ferroalloy production

No Catalyst Products Conversion, % Selectivity %
C-one, % C-ol, %

1 WGCS /810, 4.9 4.4 9.3 Scon—32.7
Sc.q 47,3

2 WGCS /ALL,O4 3.8 4.8 8.6 Scone—44,2
Sc.a—55.8

3 WGCS /ZnO 37 23 6,0 Sceon—01,7
Sc.a—38.3

Conclusion

Thus, we have obtained catalysts using waste of ferroalloy production — sludge from the system of
wet gas cleaning — as an active phase and inorganic oxides Al,Os, Si0,, ZnO as supporters. Elemental
analysis has shown significant presence of chromium — 6-12% and iron 1.5-3.2% (5.7% in initial WGCS).
Mn was found in trace amounts in clear WGCS. Surface analysis has shown significant increasing in
value of specific surface approximately in two times in case of using SiO, as a carrier. So, it was shown
that using of carriers of various nature can lead to change some surface properties in given direction. In
the studied process of cyclohexane oxidation over the obtained catalysts in the given conditions
(temperature - 40 °C, the reaction duration - 240 min) the conversion of cyclohexane achieved 6-9%.
Finally, it was found that there is a notable dependence between the value of specific surface and catalytic
activity of studied samples.
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®EPPOKOPLITIIA OHIPICTHIH KAJTALIKTAPJAH KYPACTEIPLLIFAH KOMIIO3HTTIK
KATAJIM3ATOPJIAPABLI UKJIOTEKCAH TOTBIFYEI TIPONECI HET3IHAE 3EPTTEY

AnHoTanmust. MeTauyprusi eHIIPICIHIH KaJNABIKTaphl TEMip, XpOM, MApraHell, THTAH, ATFOMHHUH CHSKTHI
maiaamsl AIEMEHTTEPACH OIPKAaTap MeNIICPIHAC KYpacThIPBUFAH. ¥ CaK KOHE AMCICPCTIK ()paKIHsIapaAbl KOPHITY
MIEINTEPTE SHT131yl TEXHONOTHSIBIK TOPTIOiH Oy3ysiHA Kenripeai. COHABIKTAH, OCHI KATABIKTAPHI SPTIpIi KoHMatapaa
JKHHAMBIN Kamaasl. Pecypcrap KOAmaHy THIMAUNTIH KOTCPY VIIH OCHl KANABIKTAPABI KOACTE >KApaTy KEPeK.
Arnomepanusi JKOHE KYPBUIBIC MATEPHANABIPFA KOCBIMINAIAD PETIHAC KOJNAAHYBI KOJETEe >KApaTyAblH OacTsl
sKonmapel Oom ecemrenedi. Komere jkapaTy YIIIH OCBI JKOJJAPABI JKAHA KOMIPCYTEKTI INWKI3AT YKCATy YIUiH
KATaTH3aTOPIAPAbl TAHBIHAAY TOCLTIMCH KHBICTBIPYFa YCHIHBIC >kacambm Typ. bi3 cymer rasman Tasamay (CI'T)
JKYHCCIHCH aJIBIHFAH KAMABIKTAPABI KOJOAHY APKBUIBI AKTHBTIK (ha3a PETIHAC KATAAM3ATOP AAHBIHAANBIK >KOHC
Al 03, Si0,, ZnO opraHuKaIbIK €MEC OKCHATEP/l TAaCYIIbI PETIHAC JAHBIHAAABIK. DICMEHTTIK TAIABIybl XPOMIIH 6-
12 % maHs3aeI Ma3MyHBIH, TeMipaiH 1,5-3,2% (amramker CI'T-ma 5,7%) masmyssie kepcerti. Anramker CI'T-ma
Mn i3aik KypambIHaa Tadburran. ChIPTKBI TAAY bl MCHIIMIKTI OCTTIH MAHBI3ABI KOOCYiHIH KOPCETTI, MBICATBL, €Ki €Ce
keOeyi SiO, Tacymiel peTiHAc MaWAanbIHFAH Ke3ae kepceTimureH. COHBIMEH, OPIypii TAOMFATTHI TACyIBLIAPIbI
KOJIAAHYBI KCHOIP CHIPTTHIH KACHETTEPiHIH OepiireH OarbITTa 63repyiHe OKelIy MYMKIH. 3€PTTEIICH LMKIOTCKCAH
TOTBIFYBI MIPOLICCIHIH JAWBIHIANBIHFAH KaTaIH3aToOpIap OOMbIHIIA OEpireH maprrapsiMeH (Temmeparypacsr - 40 °
C, peakUUAHBIH Y3aKTBUIBIFEI - 240 MHH) IMKIOTCKCAHHBIH KOHBCPHACH 6-9% KCTTi. AKBIP ASFBIHAA, MCHIMIKTI
OCTTIH KONEMIHIH JKOHE 3E€PTTEITCH YITLIEPAIH KaTATHKAIBIK OCICCHAIIITIHIH apachHAa MAHbI3bI TOYCIILUTIK Oap
001 TaOBLTFaH.

Kinr ce3aep: IMKIOTCKCAH, TOTHIFYHI, (DEPPOKOPHITIIA, KAIABIKTAP, KATATH3ATOP.
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HU3YYEHHUE KOMIIO3UTHBIX KATAJIU3ATOPOB COAEP/KAIIUX HIJTAM ®EPPOCIIJIABHOT'O
NPOU3BOACTBA B TIPOIECCE OKHCJIIEHUA IUKJIOT'EKCAHA

Annortamust. OTX0ABl METAUTYPIHYECKOTO IPOM3BOJACTBA COACPKAT 3HAYMUTEIBHOE KOJNMYECTBO IIEHHBIX
3IEMEHTOB, TAKHX KAaK JKEJIe30, XPOM, MAapraHell, THTAH, aJIOMUHUH. BBEICHNE MEIKNX W JUCTICPCHBIX (PPaKUHH B
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MeYH BBHIIUIABKH TPHBOJUT K HAPYHICHHSIM TEXHOJOTHYECKOTO peKuMa. [103TOMY 3TH OTXOAbI HAKAIUIMBAIOTCS B
XpaHWIWINAX Ppa3muuHOro THmA. Jlma moBbImEHHSA S(P(PEKTHBHOCTH HCIIONB30BAHUSI PECYPCOB HEOOXOAMMO
VTHIH3HPOBATH 3TH OTX0A6I. OCHOBHBIC IyTH YTHJIM3ALWH 3TO arjJOMEpanys, a TAKXKE BBEICHHE B CTPOUTEIHHBIC
Marepuansl B KauecTse m00aBok. [Ipemmaractcsi KOMOMHHPOBATh 3TH MYTH C HOBBIM ITOJXOJOM K YTHIHM3AILMHA -
MOJYYECHUEM KaTalau3aTopoB I IEPepadOTKH YIJICBOJOPOAHOTO CBHIPhL. MBI TONYUHIH KaTalW3aToOpel C
HCTOTH30BAHUCM MIJIAMA W3 CHCTSMBI MOKpOH razoounctkr (IIIMI) B kauecTBEe aKTHBHOH (PAa3hl H HCOPTAHHUCCKUX
okcuaos AlL,Os;, SiO;, ZnO B Ka4eCTBE HOCHTCJICH. DJICMCHTHBIM AHATH3 TOKA3aj 3HAYHTCIBHOC MPHCYTCTBHC
xpoma - 6-12% wu xemesa 1,5-3,2% (5,7% B ucxogaom IIIMI"). Mn Obu1 00HAPYKCH B CICAOBBIX KOJIHYCCTBAX B
ucxoaHoM IIIMI". TToBepXHOCTHBIN aHANH3 MOKA3a7 3HAYUTECIBHOES YBEIUUCHHE YACIbHON MOBEPXHOCTH, MPUMEPHO
B JBA pa3a, B Cay4dac HCHoib3oBaHUA Si0O, B KauecTBe HOCHTEIA. TakuM 00pa3oM, OBLIO TOKA3aHO, HUTO
HCIIOJIb30BAHIE HOCUTETICH PA3IHYHON MPHUPOIBI MOXKET MPHUBECTH K M3MECHCHHIO HEKOTOPBIX CBOMCTB IIOBEPXHOCTH
B 33JaHHOM HANPABICHUH. B M3y4YeHHOM MpPOIlECCE OKHUCIICHMS UKJIOTEKCAHA IO IMOJYyYCHHBIM KaTalM3aropaM B
JAHHBIX YCHOBHAX (Temmeparypa - 40 ° C, npoJoLKUTENbHOCTh peakuun - 240 MHH) KOHBEPCHS IUKIOTEKCAHA
Jocrurana 6-9%. B koHewHOM cuere, OBUIO OOHAPYKEHO, YTO CYMIECTBYCT 3aMETHAS 3aBHCHMOCTD MEKIY
BEJIMYMHOH yICTbHON MMOBEPXHOCTH M KATAJTUTHUCCKOH AKTHBHOCTBIO HCCIICAOBAHHBIX 00PA3IOB.
KimoueBbie €/10BA: IIUKIOTEKCAH, OKUCICHHUE, (DepPOCILIABBL, OTXOAbL, KaTaIH3aTop.
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