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ELECTRON MICROSCOPY SURFACE STUDY
OF CATALYSTS BASED ON FERROALLOY
PRODUCTION WASTE

Abstract: In the paper results of electron microscopy study of catalysts based on ferroalloy production waste
from ash-slime storage of Aksu ferroalloy plant (Aksu, Kazakhstan). Thesurface morphology of catalyst granules as
well pattern of surface distribution of crystallites of catalytically active metals (Fe, Cr and Mn) were described. It
was shown, that during the process of catalyst obtaining, uniform porous surfaces without visible large agglomerates
of metal crystallites were obtained. Distribution of metallic components was equable, particles were fine disperse,
sizes of the crystallites were of one order.

Keywords: catalyst, waste, ferroalloy production, electron microscopy, surface.

Introduction

In result of activity of a ferroalloy plant various types of waste form. The main of them are slime and
dust from gas cleaning equipment[1-3]. Thewasteisaccumulatedinslimestorages. Usually the waste are
dumped under the layer of water in artificial ponds. These materials are very disperse and unusable for
remelting of ferroalloy, that is, they unusable for direct use in metallurgy [4]. However, earlier,
itwasshownthattheirelementalandphasecontentaswellassurfacestructuremakeitpossibletousethemascatalysts
for various chemical processes, in particular, in the processes of oil chemistry and oil refining[5].

Earlier we studied waste dumped in ash-slime storage of Aksu ferroalloy plant (Aksu, Kazakhstan)
[6-8]. We investigated elemental content, phase content, structure of the surface with ammonia
thermoprogrammeddesorption and electron microscopy. A series of granulated catalyst was prepared
based on obtained waste. In the paper, we are presenting electron micrographs of obtained catalyst
samples. The aim of the study is to reveal morphological peculiar surface properties of catalyst samples
prepared from samples of waste picked up from different locations of the ash-slime storage.

Methods

Catalyst preparation

For catalyst preparation ferroalloy production waste samples were picked up from the territory of ash-
slime storage of Aksu ferroalloy plant according to GOST «17.4.3.01-83 Soils. General Sampling
Requirementsy». Totally 80 samples from 16 locations were taken. From every location we took 5 samples
using the method of «envelope» and well mixed them for obtaining of joint sample. So, we have obtained
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16 joint samples. Each sample was assigned a serial number. Catalysts were named using serial number of
joint sample used for preparing of it. In the research we used according names of catalysts Kt-1, Kt-2 ...
Kt-16. For preparing of catalysts obtained ash-slime mass was washed by distilled water in order to
separate small organic particles. Then the washed mass was dried on airin petridishesto obtain a pasty
mass. Laboratory extruder molded mass to obtain cylindrical granules with diameter of 3-4 mm and length
10-15 mm. After that granules were dried at 100-150 °C for 5 hours at the rate of temperature rise 25-30
°C per hour, then it was calcinated at 200 °C for 1 hour, 300 °C - 1 hour, 400 °C - 1 hour, 500 °C - 5
hours.

Electronmicroscopy

Forstudyingof structure and surface of researched materials scanning electron microscope with
thermionic cathode (LaB6) JSM-6610LV (“JOEL”, Japan) was used. The device was kitted with the
system of energy dispersive microanalysis, wave dispersion microanalysis system, backscattered electron
diffraction analysis system using a reflected electron detector, Everhart-Thornley Secondary Electron
Detector, secondary electron detector for low vacuum mode and equipment for sample preparation. The
research was carried out at x1000 and x3000 magnifications.

Resultsanddiscussion

The broadness of the application of the method of electron microscopy is associated with its high
informativity and versatility, as well as the simplicity and convenience of equipment
managing[9].Scanning electron microscopy has several advantages over other methods.For example,
compared with traditional light microscopy, it is characterized by a significantly higher resolution and
depth of sharpness; relative ease of interpretation of the images due to their three-dimensional
representation; the ability to connect additional devices for analysis in the micro-range with sufficient ease
of adaptation and control of these devices[10]. It is also necessary to note the relatively low requirements
for sample preparation.Compared with scanning probe microscopy scanning electron microscopy allows
you to explore significantly large areas of the surface; work with highly relief surfaces; use a much wider
range of magnifications; obtain information not only about the surface, but also about the adjacent to the
surface “subsurface” layers[11,12].

We have obtained micrographs of cross sections and side surfaces of granules of catalysts Ct-2, Ct-3,
Ct-4, Ct-5, Ct-15 at magnifications x1000 and x3000 (Fig. 1-20).

SEl  20kV x1,000 10pm  — SEl  20kV WD9mm  S§S30 x1,000  10pm
Sample 5724 13 Oct 2016 Sample 5717 13 Oct 2016
Figure 1 —Micrographof cross section Figure2 - Micrographofside surface of catalyst
of catalyst Ct-2 granule (x1000) Ct-2granule(x1000)
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SEl  20kV WD9Imm $S530 x3,000 Sum
Sample 5723 13 Oct 2016
Figure3 —Micrographof cross section of catalyst Ct-2
granule(x3000)

(g - o
SEl  20kV WD9Imm $S530 x1,000 10um  —
Sample 5738 13 Oct 2016
Figure5 —Micrographof cross section of catalyst
Ct-3 granule(x1000)

SEl  20kV WD9Imm x3,000 Sum
Sample 5737 13 Oct 2016
Figure7 —Micrographofcross section of catalyst Ct-3
granule(x3000)

y

SEl  20kV WD9Imm $S530 x3,000 Sum
Sample 5716 13 Oct 2016

Figure4 - Micrographofside surface of catalyst
Ct-2granule(*3000)

.
- o’ % T -
SEl  20kV WD8mm $S530 x1,000 10um  —
Sample 5731 13 Oct 2016
Figure6 - Micrographofside surface of catalyst

Ct-3granule(x1000)

1.0

SEl  20kV WD8mm $S530 x3,000 Sum
Sample 5730 13 Oct 2016
Figure8 - Micrographofside surface of catalyst Ct-3
granule(x3000)
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SEl  20kV WD9Imm $S530 x1,000 10pum SEl  20kV WD8mm 5530 x1,000 10um  —
Sample 5752 13 Oct 2016 Sample 5745 13 Oct 2016

Figure9 - Micrographofcross section of catalyst Figure10 - Micrographofside surface of catalyst
Ct-4 granule(x1000) Ct-4granule(*1000)
Ty Y v 3 y
£ o

.‘ % 3 4 ¢ ')

SEl  20kV x3,000 Spm

Sample 5744 13 Oct 2016
Figure12 —Micrographofside surface of catalyst Ct-4

(x3000) granule(x3000)

SEl  20kV WD9mm $S30
Sample

Figurell - Micrograph of cross section of catalyst Ct-4 granule
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Figure13 - Micrograph of cross section of catalyst Ct-5 granule Figure14 - Micrographofside surface of catalyst Ct-5
(x1000) granule(x1000)
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Sample 5347 14 Sep 2016 Sample 5327 14 Sep 2016
Figurel5 —Micrographof cross section of catalyst Ct-5 Figure16 - Micrographofside surface of catalyst
granule(x3000) Ct-5granule(*3000)

SEl  10kV WD8mm 5520 x1,000 10pum SEl  10kV WD7mm 5520 x1,000 10um  —
Sample 5373 14 Sep 2016 Sample 5355 14 Sep 2016
Figurel17 —Micrographof cross section of catalyst Ct-15 Figure18 - Micrographofside surface of catalyst
granule(x1000) Ct-15granule(x1000)

¥

SEl  10kV D8mm $520 1 10kV x3,000 Sum

Sample 5372 14 Sep 2016 Sample 5354 14 Sep 2016
Figure19 —Micrographof cross section of catalyst Ct-15 Figure20 —Micrographof side surface of catalyst
granule(x3000) Ct-15granule(x3000)

Analysis of electronic micrographs allows us to establish that at magnification for 1000 times the
lateral surfaces of the granules is more uniform than the cross-section surfaces. That is obviousdue to the
fact thatformation of granules was performed with laboratory extruder, which forms more or less smooth
surface of granules. Thesametimeatmagnificationfor 3000 timesthedifference in cross section surface and
side surface morphology practically unnoticeable. The surface is finely porous, represented by fine
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granular particles. Poroussurfacecanbeformedduring the process of high temperature treatment as a result
of elimination of volatile components.

In figures 21-23 micrographs of side surfaces of catalyst Ct-15 granules in the mode of frequencies
filtration are represented. That allows to revealdistribution of crystallites of metallic components on
surface. Onpresentedmicrographsitisvisible, that metal components distribution is uniform, particles are
finedispersed, sizes of crystallites are of one order.

Figure21 - Micrographofside surface of catalyst Ct- Figure22 - Micrographofside surface of catalyst Ct-
15granulewith representation of Cr crystallites distribution 15granulewith representation of Mn crystallites distribution

Figure23 - Micrographofside surface of catalyst Ct-15granulewith representation of Fe crystallites distribution

Conclusion
Thus, asaresult of catalyst preparation, uniform, porous surface without visible large agglomerates of
metal (or of metal compounds) crystallites was obtained.

Takingintoaccountcharacteristiccontentofferroalloy production waste with increased concentration of
catalytically active elements — Fe, Cr, Mn, specific for heterogeneous catalysts surface morphology
[13,14], trendofdistributionanddegreeofdispersityofmetalcrystallitesoncatalystsurface[15],
itcanbeconcludedthatobtainedmaterialscanbeusedasheterogeneous nanosized catalysts for various
processes of hydrocarbon-containing raw materials refining.

Important conclusion of electron microanalysis is the fact that morphology of surfaces of catalysts Ct-
2, Ct-3,Ct-4,Ct-5,Ct-15 is practically the same. This fact allows indirectly confirmpossibilityof using of
ash-slime storage as secondary source for mining of raw material for obtaining of catalyst.
Thesamesurfacemorphologyofwastetakenfromdifferent locations of ash-slime storage is the consequence
of the fact that the waste was accumulated during many years of performing of regular processes of
ferroalloys melting with strict adherence to regulations. In the other words, conditions of these wastes are
constant and are controlled during the melting process. The spread of waste over the area of the ash-
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slimestorage lake occurs as a result of hydrodynamic processes of mass transfer, diffusion. Waste material
does not mix with ground, the presence of flora on the perimeter of the lake storage is minimal.

Based on the data obtained, it can be concluded that the catalysts obtained are promising materials
and can be used in various processes of processing of hydrocarbon-containing raw materials, in particular,
in the processes of cracking, hydrogenation, oxidation.
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