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NEW TRENDS IN BLAST FURNACE COKE CHARACTERIZATION

by D. VOGT*- J.M. DUCHENE * — J.M. STEILER ** — C. THIRION ***

presented by C. MELTZHEIM ***

SUMMARY

The regularity and good working order of the blast furnace are
determined by total control of the permeability of the burden. In this respect,
size analysis of the coke constitutes an essential factor. New information
concerning its behavior in the blast furnace has been deduced by direct
observations using blast furnace dissections and probes. In this perspective,
probing equipment through the tuyeres has recently been installed at SOLMER with
the collaboration of IRSID. The coke is subjected to intense granulometric
degradation between the throat and the tuyeres. This detericration can not be
entirely predicted by conventional cold testing techniques ; in fact, it also
depends on the thermal and chemical history of the coke in the blast furnace as
well as the stress to which it is subjected.

The purpose of this study is to analyze the different aspects of the
coke's physico~chemical behavior in relation to the production parameters such
as the nature of the blends and the carbonization conditions.

An examination of cokes produced in a pilot oven using blends which
cover a wide range of ranks has allowed us to quantify the binary interactions
between the coals during carbonization and to demonstrate the influence of the
physico-chemical characteristics of these cokes.

These characteristics have been evaluated by different laboratory tests,
especially the gasification test developed by the "Centre de Pyrolyse de
MARIENAU" and IRS1D, which simualtes the blast furnace. A gquantitative
morphological characterization of the coke carhon phase of the textures

(anisotrophy) has been carried out using a texture analyzer.

The essential parameters which govern the behavior of the coke during
gasification have been specified
~ the coal rank which, along with the carbonization conditions,
determines the coke texture,
- the mineralogy of the ashes (basicity, alkalines, etc.) which
influence the kinetics of the C02 gasification,
- the characteristics of the porous network.

(*) "Centre de Pyrolyse de MARIENAU"
(**) IRSID - "Institut de Recherche de la Sidérurgie"
(***) SOLMER
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These parameters were taken intc account in the development of methods

for forecasting the coke reaction rate.

Wirhin the predictable context of greatér fluctuatiors in the qualitv of
coals received, these techniques of anticipating coke characteristics have
proved tn be a useful tool for mastering the guality of the coke charged in the
blast furnace.

1 — INTRODUCTION

Direct observations concerning the evolution of blast furnace cove
characteristics are now relatively abundant and agree with the results of the
studies. s

Two complementarv approaches have been made in recent years
sectionings of quenched blast furnaces and probings with industrial apparatus.

The main contribution of blast furnace sectionings, carr out
especially in Japan, has been to provide a 3-dimensional picture of the internal
condition of the blast furnace and point out the essential role of the melting
zone. Observations concerning coke have shown considerable derradation of its
characteristics in the high temperature zones, especially near the tuyeres, the
center of intense thermal, mechanical and chemical stress.

The samplings using coke taken from the tuveres of industrial blast
furnaces, carried out on a large scale in Europe between 1975 and 1980,
confirmed the dissection results in regards to coke degradation ir the blast
furnace, but more importantly showed that this degradation could not be
considered independently of the blast furnace operating conditions.

A supplementary step in this direction, adding to our knowledge of blast
furnace hearth phenomena, has recently been takern with the installation of a
tuyere probing system by IRSID and SOLMER. This process takes coke for sampling
along the radius and up to the center of the blast furnace. We will describe
this equipment briefly and then present some tvpical results for illustrating
our arguments concerning the degradation of coke characteristics between the
throat and the tuyeres.

I1. — TUYERE PROBING OF THE SCLMER BLAST FURNACE
1. Characteristics of the machine

This machine was installed at SOLMER at the end of 1984 on blast
furnace n® 2 (production : 6,000 tons per dav, hearth diameter 11.2 meters).
A diagram of the machine is provided in figure 1. Two distinct tvpes of tests
are carried out :

- when the blast furnace is shut down, a 300 mm diameter core boring
up to the axis, with the blow pipe and tuyere removed (fig.2),

- with the blast furnace working, probings with a cooled 90 mm diameter
probe through the blow pipe and tuyere up to the core. Different
measurements can then be bepun (fig.3).
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Up to the present time,

- 1l ccke borings during blast furnace stoppages and

- more than 700 probings during operation of the blast furnace.
have been carried out.

)

2. Main results
In the present report, we will treat the following four aspects :

- size analysis of the coke

~ mechanical strength characteristics
- chemical composition

-~ microstructure.

l. Size analysis (Figure 4)

Changes in size analysis distribution of the coke have heen studied
along the radius of the blast furnace. First of all, we have noted an overall
decrease in particle size, the mean sizes descending, for example, from
65 mm at the throat to approximately 40 mm at the tuveres.

Moreover, there is a considerable change in the size distribution along
the radius : at the center of the blast furnace, in the dead man zone, the coke
pieces are relatively large ( 35 % > 40 mm) up to approximately 1.3 meters at
the tuyere. At this level, the > 40 mm fraction practically disappears and the
quantity of fines < 3 mm increases suddenly up to nearly 20 % (in the O - 10 mm
fraction). This accumulation of fines at the bottom of the tuyeres' raceway
indicates the intensity of the stress that the coke is subjected to in this
zone.

2. Mechanical strength

The cold mechanical strength of the coke, measured by the % > 10 mm
after 600 drum revolutions (I Drum) is presented in function of the position
along the radius. At the center of the blast furnace, the coke shows great
strength, similar to the value that it had when charged at the throat. This
value decreases the closer one gets to the tuyeres, reaching its minimum near
the bottom of the raceway ; this change is completely compatible with the
quantity of fines mentioned above.

3. Chemical composition

In regards to its chemical composition, the coke appears to be
thoroughly changed after passing in the blast furnace. The "crude' ash content
nf the coke exceeds 25 % at certain points in the radius, especially beyond the
racewav ; a more precise examination shows, however, that this increase in ash
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content is, for a large part, due to the penetration of slag and iron in the
periphery of the pieces of coke. A complete calculatinan of the different
substances and of the "real" coke ash content, i.c. not counting the in{ uence

of the pig iron and slag, shows that this value, which is generally higher than
at the time of charging, changes very little along the radius. On the other
hand, the chemical constitution of the coke ash changes radically between the
tuyeres and the throat. The most spectacular result is the change in the alkali
content of the ash as shown in figure 6. Within the dead man zone, the alkalines
can be the most abundant component after the silica. The K20 content of the ash
is approximately 20 %. Near the tuyeres, however, the coke contains very little
alkali ; in certain cases there is even less than in the charging coke. This
change along the radius points out the importance of the alkaline circulation
phemonena, the alkalines being greatly influenced by the temperature : the zone
around the tuyeres, subjected to high temperatures, provides conditions which
are favourable to the complete vaporization of the alkalines.

4. Microstructure

The last aspect to be considered regarding the changes in the coke
between the throat and the tuyeres is presented in figure 7. Here we can see the
porous structure of the coke. The coke porosity variations between the throat
and the tuyeres of different French blast furnaces have been represented using
tuyere coke samples. A generally low rate of change in porosity has been
observed (several percentage points). liowever, this evolution also seems to
depend on the nature of the coke. In any case, it does not take the gasification
of the coke in the blast furnace into account, the average rate of which is
approximately 25 Z.

In order to summarize thesc different observations concerning the
evolution of coke in the blast furnace, the following elements will be
considered :

— a considerable decrease in the average sizes between the throat
and the tuyeres, with an important change along the radius :
. relatively large sizes at the center
. a great quantity of fines near the bottom of the racewav.

— mechanical strength values which have suffered little except in
the immediate vicinity of the raceway.

— considerable chemical alteration with a verv great enrichment in
alkalines especially in the dead man zone.
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— a porous structure at the core of the pieces showing little
difference from the structure observed upon charging.

All of these results point towards the strong interaction which exists
between the mechanical behavior of the coke and the physical-chemical stress
that it is subjected to in the blast furnace

- high temperature

— partial gasification

- reactivity of the alkalines

These aspects should thus be taken into account for the coke
qualification tests. We should also investigate how it is possible teo obtain
coke which resists these diverse stresses, using the production parameters (coal
blends, carbonization).

TIT. - MEASUREMENT OF SIGNIFICANT CHARACTERISTICS FOR THE BLAST FURNACE

We will distinguish between three series of measurements of ccke
characteristics : the mechanical tests, the reactivity measurements and the
textural characteristics.

1. Mechanical tests

The mechanical tests concern resistance to abrasion and fragmentation.

in this regard, the MICUM, IRSID or JIS indexes are now well known.

2. Reactivity measurements

The reactivity measurements have become more common. Their principle and
consequently thelir operating methods vary. We will now compare the two methods
which will be used in what follows : "CSR" and "CPM/IRSID" (figure 9).

The CPM/IRSID test is carried ocut in the following way : 400 grams of
coke is heated to 620 to 1,200 °C with a blast furnace type gas (60 % N2,
10 % H2, 20 % CO, 10 % CO2). The test stops at 25 % weight loss. The
gasification speed and the gasification threshold temperature are then measured
(figure 10). The Japanese test uses 200 grams of coke maintained at 1,100 °C
under 100 % CO2 for 2 hours. The rate of gasification is then measured. The two
tests also differ {n the mechanical strength measurement after gasification
CPM abrasion test (less than 3 mm), Japanese fragmentation test (more than 10
mm).
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3. Structural characteristics (figure R)

Different methods are used for describing the textures of coke.

Optical microscopy using polarized light and an image analyzer measures
the size and the morphology of the anisotropic units of the coke as well as its
porosity.

The optically isotropic particles can be studied using transmitted
electron microscopy (Oberlin method). The size of the molecular orientations can
then be measured.

X-ray diffraction provides an average measurement of the size of the
crystallite (thickness of line 002, width of line 100) and of the

inter—reticular spacing d
002.

These three complementary methods allow for describing the degree of
organization of the aromatic carbonaceous matrix of the coke on all scales.

We will thus study the parameters which can modify this texture as well

as its effects on the qualitative criteria directly connected to the operation
of the blast furnace such as mechanical strength or reactivity.

1V — PARAMETERS CONNECTED TO THE STRUCTURAL CHARACTERISTICS OF THE COKE

In figure n® 12 we can see the relationships between an essential
parameter of the coal blend, the rank (represented by the Vitrinite Reflectance,
Ro) and the quality criteria such as reactivity and abrasivity. In both cases,
we have a curve with a minimum for the coals : Ro = 1.4 (good coking coal).

The same is true for the texture (figure 13). With electron microscopy,
the ratio of lamella (LMO > 0.2 um) is the maximum for an Ro of approximatelyv
l1.4. The less sensitive optical microscope shows a minimum of isotropic texture
for this rank of coal.

This suggests, on the one hand, that the rank determines the essential
characteristics of the coke and that it will be possible to modify the quality
of the coke by changing the constituents of the blend and, on the other hand,
that these characteristics can be inter—correlated.

We have thus studied a coal blend for finding out the ecffect of an
increased content of low rank coal having a low coking value on the
characteristics of the coke (figure 14). The blending of two good coking coals
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t % similar ranks respects the law of additives, the incorporation of
low—fusible {low rank) coal is translated as a positive interaction for the
coking coal.

It is also possible to modify the characteristics of the coke by
changing the carbonization conditions (figure 15). In this way, resistance to
abrasion after gasification improves for increasing carbonization rates.
Moreover, the gasification threshold temperature increases with the degree of
coke cooking.

It seems, then, that the physical—-chemical characteristics of the coke
can be changed according to the composition of the coal blend and the
carbonization. The textures study allows us to follow the parameters linked to
rank more precisely.

V. — COKE CHARACTERISTICS CONNECTED TO REACTIVITY

1. Coke gasification

In the blast furnace, the coke gasification reaction cannot be
considered independently from the iron oxide reduction which takes place
simultaneously ; the kinetics of the evolution of these two reactions are
directly linked. The result, on the average, for the quantity of coke gasified
by CO2 is approximately 25 %, this value being fixed by the availability of the
oxygen in the iron oxides.

The global kinetics of the reaction is the consequence of the
competition between a chemical reaction and diffusion in the pores : according
to the nature of the limiting phenomena, i.e. according to the temperature of
the reaction (for a given coke), the gasification reaction can bring about
radically different consequences for the porous structure and therefore, for the
mechanical strength.

Two extreme cases are illustrated in figure 16. Here we can see the
change in the local gasification rate and the local mechanical strength (at the
scale of a piece of coke) for a global gasification value of 25 % for the
chemical reaction and for the diffusion. The mechanical strength is calculated
using a model developped by IRSID which takes the porous structure into account;

it is expressed in relation to the initial strength of the non—gasified coke.



In the chemical regime, the cntire piece of coke is pasified at the
average rate of 25 % and becomes verv brittle at the core. In regards to the
diffusion regime, the reaction concerns the peripharv which is gasified to more
than 90 % and which becomes extremelw brittie. On the other hand, the core
retains the characteristics of the initial piece. In the conditions of the blast
furnace, the simultaneity of gasification and abrasion (due to the descent of
the burden) causes superficial abrasion of the coke, producing fines and pieces
which have reacted only slightly.

The coke gasified in conditions of diffusion shows values to later
stress which are greater than that of coke gasified in chemical conditionms.

This analysis points out two important parameters for the behavior of
coke because they determine the gasification conditions without having any
repercussions on the mechanical characteristics :

— the temperature where this reaction began (temperature at the

beginning of gasification),

- the intrinsic reactivity of the different carbon textures

(linked to the coal rank).

These values are thus to be measured and the effects of certain

disturbing elements such as the alkalines are to be analyzed.

2. Differential reactivitv of the textures

When 25 % of the coke mass is gasified in a reactivity test, the
proportions of the different textures are modified (figure 17). It seems that
the relative contents in inert matter and isotropes decrease and that the mosaic
contents increase. It can thus be deduced that the inerts and isotropes have
gasification rates which are greater than the mosaics.

By taking the bibliography as a reference, we can express the
participation of the texture at the speed of gasification by the following
equation :

v : =172 % In+ 1.33 % Iso + 1 % Fib + 0.98 % Mos.

Tex

3. The influence of ash composition

The accelerating effect of the alkalines on the gasification is well
known. Especially sensitive in the blast furnace where they cause fragmentation
of the coke, the alkalines have not, nevertheless, been corrclated very clearly
with the reaction speed.
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Various authors have, on the other hand, proposed correlations in
function of the basicity of the ashes ; we will cite the following equation
proposed by (1) as an example

Fe O + Ca0 + Mgh + Na 0 + K O
v = % of ashes x 2 3 2 2

Bas. Al 0 + SiO
23 2

By combining this equation and the one in function of the texture, we
have been able to establish and then experimentally check the following relation
which gives the rate of gasification

V =0.26 V + 0.15 V + 0.24
Tex Bas.

4. Influence of coke degradation in the blast furnace

The differential reactivity of the textures is translated directly as a
strong reactivity of cokes rich in inerts and isotropes. The preferential
gasification of these textures on the industrial scale has been verified.

This differential reactivity will also cause mechanical behavior which
is different after gasification, according to whether the coke is texturally
heterogeneous or homogeneous (figure 18). Homogeneous gasification of the
material should render the coke less fragile. This postulate will have to be
checked.

VI - CONCLUSION

This study underlines the importance of textural characterisation of the
blast furnace cokes. A witness of the mean rank of the coal blend, of its
homogeneity, the conditions of carbonization, the texture is a parameter which
determines the reactivity. Given its influence on hot mechanical behavior, the
texture contributes to the permeability of the blast furnace and therefore to
its good working order.

(1) Fujita, Hijiriyama, Nishida — Gasification of optical textures of
metallurgical coke — Fuel - 1983 Vol. 62 P. 875-879.
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FIGURE 16
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GAZEIFICATION DIFFERENTIELLE DES TEXTURES

DIFFERCNTIAL GASIFICATION OF TEXTURES
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FIGURE 17
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IMPORTANCE PREVISIBLE DE LA REPARTITION DES TEXTURES:

&

ECHANTILLON HETEROGENE FRAGILE

Heterogenuous sample weak

ECHANTILLOK HOMOGENE PLUS RESISTANT

Homogenuous sample strong

EFFECT OF CARBON TEXTURES DISTRIBUTION

EIGURE 18









