














2.3 Reducing gas transfer line
inlet

Due to the inlet hot gas stream, the tem-
perature on the upper half of the transfer
line inlet increases. Therefore, the installa-
tion of the inside refractory material has to

be done very carefully to get a lining with
sufficient tightness. Experience shown in
the last paper led to the best solution by im-
plementing a ring of special shaped bricks
for the connection of transfer line and ring
channel of the reactor.

3 Typical wear of lining

3.1 Wear of shaft lining

On the following Figs. 9—10, one can see
the typical wear of a shaft lining based
on mullite-fireclay bricks. Sometimes, this

Fig. 9 Shaft lining with rough surface

Fig. 10 Closer look to the brick surface

Fig. 11 Shaft lining with open joint/expansion joint after shutdown, filled with pellets

Fig. 12 Gas inlet area (old design) with spalled area above and advanced wear of

the joints in the upper part
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happens when a chemical reaction of the
pellets and or the coating of the pellets
lead to a sticking of the feed to the lining
material.

Usually, only in areas where there is a minor
movement of the pellet bed accompanied
with a possible temperature excursion.
In the area with the highest gas velocity
and therefore most turbulence, this usu-
ally does not occur. So at least the area
of the gas inlet nozzle bricks and approx
half a meter below one doesn't see an
impact. Fig. 11 shows a possible situation
after a shutdown for maintenance issues.
Before restart it is necessary to clean up
these joints and remove the pellets. If this
happens some measures have to be ob-
tained to avoid a refilling with pellets dur-
ing the restart operation.
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3.2 Mechanical impact

Another impact may occur if thermal ex-
pansion of the lining is not calculated in
the right way. Due to uncompensated ex-
pansion of the lining the thermal stress can
induce a spalling effect on the top surface
of the brick lining. Fig. 12 shows this effect
above the gas inlet area. Above this spalled
area one can see also an advanced wear of
the joints. To avoid this, the alignment of
mortar and brick material has to be done
in a proper way.

4 Post mortem analysis

4.1 Analysis of upper shaft
material

The samples for the analysis were taken out
of the upper shaft lining above the gas inlet
area. In this case the lining was done with
a usual blast furnace brick based on fireclay
(super duty). Figs. 13—15 show the pieces
for the analysis get out of partially spalled
material which was already attached to the

Fig. 13 Spalled brick sample — Lab No. 6705-18
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Fig. 15 Small flake, metallic — Lab No. 6709-18

brick surface. Besides the brick material we
also see a lot of metallic material attached
to the brick surface.

Based on the chemical analysis Tab. 2, one
is able to state that there is no real chemical
impact on the upper shaft lining due to the
process and due to the possible occurring
reduction gases in this area. Analysis of Lab
No. 6705-18 compared to the mean value
of this brand out of production are more or
less the same.

Definitely the difference in the major com-
ponents based on alumina and silica shows
more or less no deviation. Therefore one can
be very sure that there is no real attack by
the reducing gases like carbon monoxide
or hydrogen. Remaining reducing gases
should also occur in this area, nevertheless
they should have reacted in the reducing
part of the shaft which is in a lower part
of the vessel. Seen from the point of chem-
ical analysis the iron content of the spalled
piece is slightly higher which is not really
surprising.

On the other side, one can see a very inter-
esting analysis of the metallic flakes. It was
not possible to separate the metal com-
pletely from the remaining brick material
and therefore the authors also got alumina
and silica in the analysis. The proportion of
alumina and silica is contrary to the pro-
portion in the brick. This may be related
to the forming of iron silicates which will
be attached in a very small amount to the
metallic flakes. This may explain the small
difference in alumina and silica analysis
between the mean value of production and
the spalled brick part out of the reactor.

Furthermore, one has to accept a tempera-
ture excursion in this area with the effect of
creating molten metal flakes. There is still no
idea how this could happen in this area but
it is a fact. Seen from the point of molten
metal, the temperature should have reached
a level close to 1290 °C which is far away
from a supposed temperature of approx
1040-1070 °C in the gas inlet area which is
several meters below the investigated area.

Fig. 16 View into the upper shaft
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Tab. 2 Chemical analysis of the samples

Lab No. 6705-18 | Mean Value Produc- Lab No. 6708-18 Big | Lab No. 6709-18 Small Flake,
Fireclay Brick tion Fireclay Brick Flake, Metallic Metallic

Chemical Analysis (XRF)

AlLO, [mass-%] 49,21 49,78 8,27 6,52
Si0, [mass-%] 46,10 45,39 10,80 8,84
Ti0, [mass-%] 1,71 1,59 0,16 0,12
Fe,0, [mass-%] 1,38 1,03 Fe,0,/Fe [mass-%] 78,19 82,33
Ca0 [mass-%] 0,18 0,22 1,19 0,96
MgO [mass-%] 0,19 0,27 0,46 0,46
K,0 [mass-%] 0,73 0,65 0,31 0,21
Na,0 [mass-%] 0,25 0,27 0,24 0,24
Mn.0, [mass-%] 0,01 n.d. 0,05 0,04
Cr,0, [mass-%] 0,03 0,03 0,01 0,01
P,0, [mass-%] 0,09 0,09 0,27 0,22
Zr0, [mass-%] 0,08 0,19 0,01 0,01

Fig. 17 New STA-equipment at the STEULER-Lab

Fig. 18 Example of online measured

Additionally the chemical analysis of the
metallic flakes shows especially also a
higher content of lime (Ca0) and mag-

nesia (MgO) which can be led back to the
use of cement as coating material for the
pellets.
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Fig. 19 TG diagram of a mullite fireclay material
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5 Starting new investigations

5.1 STA analysis in different
atmospheres

Testing of raw materials and refractory ma-
terial in atmospheres with hydrogen, carbon
monoxide, methane and water vapour needs
a fully new equipment which STEULER in-
stalled this year. Additionally to the possibil-
ity for testing in different atmospheres, it is
also possible to apply different pressures
up to 5bar. The system is able to run at
temperatures up to 1400 °C and flexible
heating-up rates and holding ramps. During
the first testing period, tests were done only
in 100 % hydrogen atmosphere at atmos-
pheric pressure to get a first impression on
the effectiveness of the new equipment.

An example of a measurement given as TG
analysis is shown in Fig. 19. The above-
mentioned diagram shows the graphs of
the measurement of a mullite fireclay brick.
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The brick material was milled and then fractionised. 2000 mg of
this powder was given into the TG-crucible. The graphs show from
up to down the pressure, the temperature, the weight difference
and the hydrogen throughput in [cm3/min].

Additionally, it is also possible to run a DSC analysis of such a
sample. Between 950—1000 °C one can see a weight increase of
approx 0,01 mass-%, whereas afterwards up to 1400 °C a slight
weight loss of approx 0,2 mass-% is determined. Currently, the
authors have no idea regarding the first effect, but maybe we see
more after DSC running.

The second effect shows a minor affected material. This slight ef-
fect is not really surprising cause this material is currently used
in a lot of DRI plants and is obviously a suitable material for this
kind of application.

6 Conclusion

This paper shows the importance of a careful consideration of
the refractory engineering and design. Calculations of thermal
stresses etc. are very helpful for getting a suitable lining concept.
Combined with the experience in the use of especially developed
refractory material for this kind of application, the authors see
currently no difficulties in the built up of DRI plants for the hydro-
gen case. Common systems based on reformed natural gas are
running with more or less the same lining material and design.
For the transformation process with a lot of different possible
gas atmospheres one is now able to run specialised tests. And
one of the most important components in this field could be the
addition of water vapour.

Due to current knowledge, this could change the measured attack
in the lab. With pure hydrogen, one can see a minor effect but
pure hydrogen will never go to the DRI-shaft. Also some water will
be in the gas due to the heating up of the reducing gas. But one
has also to take this challenge.
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