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THE USE OF X-RAY RESEARCH METHODS
TO CLARIFY THE DEGREE OF PULVERIZED COAL PARTICLES
THERMAL DESTRUCTION DURING COMBUSTION
UNDER CONDITIONS OF IT IJECTION INTO A BLAST FURNACE

PhD (in Eng. Sc.), Assoc. Prof. Yurii Stupak
National Metallurgical Academy of Ukraine
Dnipro, Ukraine

1. Problem statement

It is known that due to the growing shortage of coal for pulverized coal
preparation, as well as the shortage and high cost of high-quality blast-furnace coke
[1], further development of blast-furnace smelting technology with solid fuel
injection - a substitute for coke into the hearth requires innovative and non-standard
solutions. The main task is to replace the maximum possible amount of coke with
cheaper fuel - non-coking coal, mixtures of coals, including those with carbon-
containing materials of various origins (peat, agricultural waste, wood chips, waste
polymers, plastics, etc.). At the same time, it is very important to ensure complete
gasification of the injected fuel within the tuyere’s raceway and hearths, while
maintaining the smooth operating of the blast furnace.

2. Analysis of recent studies and publications

According to the studies of the combustion of coal dust particles in an air-
oxygen flow, V. Babiy and colleagues [2, 3, etc.], in this process several successive
stages can be distinguished: heating; release and ignition of volatile matters;
heating of the coke residue, combustion of the coke residue carbon.

The practice of blast furnaces with PCI has shown that the greatest effect
from this technology is achieved when the release of volatiles ends before the fuel
particles enter the zones of tuyere’s raceway with a low oxygen content in the gas
phase.

The author and colleagues have developed [4, 5] and further improved [6] a
laboratory setup of the "drop tube furnace" (DTF) type for simulating of the
pulverized fuel combustion in a tuyere and a tuyere’s raceway. With its help,
several series of experiments were carried out to study the combustion of
pulverized coal and fuel mixtures of various compositions. An original method was
developed for assessing the completeness of combustion of fuels and fuel mixtures,
with the help of which the influence of various factors on the process was
investigated.

In experiments on simulating of the pulverized coal combustion in a tuyere
of a blast furnace, it was established:

- when entering into the flow of an air blast heated to 1000 ° C and more,
fuel particles undergo significant changes associated with their thermal destruction;
- with the same particle size, the total time until the end of the devolatilization,
depended, first of all, on the type (chemical composition) and nature of the fuel, as
well as the ambient temperature;
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- the completeness of the initial stages of fuel particles combustion
determines of the coke residue combustion (gasification) completeness in the
tuyere’s raceway.

3. The purpose of the study

The experimental data on the coke residue combustion (gasification) completeness
required clarification. It was necessary to clarify the degree of the fuel organic mass
conversion, first of all, the degree of thermal destruction of the carbon base.

4. The substantive material of the study

4.1. Method

Taking into account these features, as well as numerous studies, including
recent years [7-10, etc.], it was decided to use the widely used X-ray structural
analysis or X-ray diffraction (XRD) method. This method allows researchers to
calculate the structural parameters (interplanar spacing and crystallite size) of
carbon materials directly from their diffraction patterns, which determine their
structure. The diffractogram for pure graphite is used as a reference for comparison,
comparing the reflections for the main planes (4k/) - 002, 100, 101 and 004.

When choosing a research method, the following was taken into account.
Carbon in the structure of coal has an intermediate structure between graphite and
an amorphous state, the so-called turbostratic structure (J. Biscoe and V.E. Warren,
1942) or the structure of a random layered lattice. Coal also contains a significant
amount of highly disordered material, amorphous carbon, composed of many
irregular polymerized aromatic hydrocarbon units, such as angstrom or nanometer
crystalline carbon domains, which are weakly cross-linked.

The X-ray diffraction analysis was carried out on the initial sample of lean
coal (LC) grade and the residue from the combustion of this coal in experiments on
the DTF described in [6], as well as the residue from the combustion of a mixture
of this coal with gas coal and peat. The proximate analysis and fractional
composition of the initial coals and peat are given in the table.

Table. Proximate analysis and fractional composition of coal, peat and lignin

Proximate analysis, % Distribution by size, % (by weight)

Type offuel 10 T a1 S0 [ 14 | 250-100 um | 100-71 um | < 70 pm
COALS:
Leancoal | 10.0| 95| 1.82| 10.6 29.8 40.8 29.4
Coal G| 11.6] 11.4]| 1.66] 35.6 13.7 45.7 40.6
Peat 55.0 | 30.6| 028 62.8 10.2 22.6 67.2

X-ray analysis was carried out on a DRON-3m installation using filtered Fe-
Ko - radiation with a wavelength A=1,93728 A. The voltage across the tube during
the shooting was 35 KV, the current passing through the tube was 29 mA. X-ray
photographs were taken at a speed of 1 deg / min. Samples for recording were
crushed to an analytical size and placed in a quartz cell with an alcohol bond. The
survey was carried out after the evaporation of alcohol.
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To exclude the influence of ash impurities on the diffraction pattern, similar
to [7, 9, 11, 12], samples of burnt pulverized coal were enriched using a specially
developed method, the essence of which is as follows. A sample of the material was
loaded into a container with a 10% HF solution at a temperature of 60-65 ° C
("water bath"). The ash removal was carried out under a hood for 2 hours. At the
end of the treatment, the material was filtered on a paper filter and washed with
toluene heated to 60 ° C at the rate of 40-50 ml per 1 g of the treated material. After
washing, the residue was dried at a temperature of 80-85 ° C. In the samples of lean
coals processed in this way (A = 9.6%), the ash content in the dry mass decreased
to 2.3-2.5%. This ash content in coal had practically no effect on the diffraction
pattern, which was confirmed by the results of X-ray studies (figure).
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Figure. X-ray diffraction patterns of coals
/untreated samples (1-4) and ash-free (1'-4")/:

1 — the original lean coal (LC); 2 — residue from the LC combustion; 3 — the residue of the mixture LC +
25% G combustion; 4 — the residue of the mixture LC + 25% peat combustion;
(002), (100), (101) and (004) are the angular positions of the characteristic maxima for pure graphite.

4.2. Results and their discussion

The X-ray diffraction patterns of the untreated coal samples (top) differed
significantly from the X-ray patterns of the same coals from which the ash was
removed (bottom). As can be seen from the above X-ray diffraction patterns for
untreated samples, the presence of an amorphous component in the small angles
region and many clearly distinguishable maxima located in the region of angles of
20-35 degrees do not allow any conclusions to be drawn regarding the effect of
additives to coals without removing ash from coal.

146



XVI MixkHapoaHa KoHdepeHuia «CTpaTteria AKOCTi B NPOMMUCIOBOCTI i OCBITI»
2 - 54epBHA 2021 p., TexHiYHWI yHiBEpcuTeT M. BapHa (Bonarapis)

As already indicated, the analysis of the obtained X-ray diffraction patterns
was carried out according to the methodology adopted for X-ray studies of
amorphous carbonaceous substances with a network structure. In accordance with
this methodology, the observed diffraction patterns of carbonaceous substances are
compared with the data on X-ray scattering by graphite crystals. The diffraction
patterns of carbon with a reticulated structure and graphite are different: in the X-
ray diffraction patterns of reticulated carbon, there are no lines (/k/) of graphite
with /%0, except for lines (002) and (004); diffraction maxima (/k0) arising from
carbon with a network structure are asymmetric and shifted towards larger angles
as compared to the corresponding graphite lines [12].

The obtained results processing showed that all the investigated samples of
burned pulverized coal had a structure typical for amorphous carbon, which is
characterized by the presence of a powerful maximum. It should be noted that it is
practically impossible to estimate the outline of this maximum and its size on the
X-ray diffraction patterns of untreated pulverized coal samples.

The interplanar distances d corresponding to the positions of the
characteristic maxima with intensity (/) were determined by the formula

A
2sin @’
where A - is the wavelength of X-ray radiation, A; 6 - the corresponding angle
according to the marks on the radiographs, deg.

There is a known formula by which it is possible to estimate the sizes of

blocks of graphite-like grids in the direction of the ¢ axis:
1,844
Bcosh’
where [ is the width of the maximum (002) or (004) at half maximum.

In accordance with this formula, a decrease in the half-width of the maxima
indicates the growth of graphite-like grids blocks. However, according to the authors
[12], "... for a whole series of low-temperature amorphous carbons, the interference
maxima on the intensity curves are so blurred that it is not possible to attribute them to
any specific reflections of the graphite lattice ...". For this reason, for amorphous
carbons, which include coals, cokes, etc., X-ray data processing should be carried out
using the method of atomic distribution functions. This method undoubtedly possesses a
number of advantages that make it possible to avoid some errors in the X-ray study of
amorphous carbons. However, the data obtained in the experiments turned out to be
insufficient for a correct quantitative analysis.

A qualitative comparison of the obtained X-ray diffraction patterns showed that
additives to pulverized coal from lean coals of gaseous coal and peat have an effect on
the combustion process, but the nature of the effect of these additives is somewhat
different. So, for burned lean coal and burned mixture of lean coal with gas coal, form
(width at half maximum) and the location of characteristic maxima on the X-ray
diffraction pattern practically coincide. For the sample burned with the addition of peat,
the half-width of the main maximum and the intensity of the maxima in the region of far
angles differ from those for coals burned with and without gas coal addition.

L =
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5. Conclusions and prospects for further studies

1. The X-ray diffraction (XRD) method can be used in combination with
other research methods in the assessment (selection) of pulverized coal and
additives to it for injection into a blast furnace in order to achieve the best results in
terms of the combustion degree and equivalent replacement of coke.

2. The carried out studies have confirmed the hypothesis that the combustion
of the coal’s coke residue is occurs in the tuyere’s raceway zone in the blast
furnace. In the tuyeres have time to go through only the initial stages of
combustion, without the carbonaceous residue destruction noticeable.
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