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ABSTRACT

In November 2015 Ternium Siderar Blast Furnace #&
blown down after 5 years in operation (2-2015). In order to
evaluate the main wear mechanism encced in the working
lining of the middle shaft, it was performed a pogirtem study
of SiC bricks. These are $8i;-bonded. The post mortem stu
included determination of the chemical and minegiaial
composition, DT/ TG analysis anelectronicall' microscopy
(SEM and EDS analysis).

The SiC bricks under study presented thermal and straic
spalling. Chemical attack by alkali penetration videntified,
mainly potassium oxide with generation of new plasgch u:
potassium hydrogen silicate. Cracksesent in the materi
permit alkali condensation in the brick. Due to tthermal
profile in its thickness during operation, alkatintent in the
cold face is greater than in the hot face.
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INTRODUCTION

The refractory systems of the bosh, belly and stHcthe
blast furnace, probably, are the most critical enmts of theil
impact on the operating capability of th&ast furnace. When
selecting refractories for these zones, it is irapee to evaluat
the wear mechanisms to be encountered, to idehgfgxpecter
operation conditions which could affect the linilifg and to
evaluate all external factors which will impact resftory
performance [1].

Silicon carbide linings are used in these zonethe blast
furnace due to their higher resistance to chematahck,
abrasion and thermal shock than fireclay or -alumina
refractory. SiC refractories can have several difiebond type
which change the physical properties of the refmact In
general, silicon nitride (g\W,) bonded SiC has proven to
preferred over various direct bonded, -bonded or carbon
silicon bonded materials [1, .2Although the SiC grains a
stable when exposed to alkalis, this is not the egth bonding
systems. Ceramic bonding and even mixiide are affected b
potassium [3]. SIALON (8i,AlIOsNg,) bonded materials ha
also been used for their improved alkali resist [1, 2].

In November 2015 Ternium Siderar Blast Furnace #%
blown down after 5 years ioperation (201-2015). In order to
evaluate the main wear mechanism encountered iwdnking
lining of the middle shaft, it was performed a pogirtem study
of SiC bricks. These are $8i;-bonded. The post mortem stu
included determination of the cheral and mineralogic:
composition,DT/ TG analysis and electrol microscopy (SEM
and EDS analysis).

POST MORTEM BRICKS

Figure 1 and Zhow the post morteiSiC bricks from the
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Fig. 1:External aspect of the post mortem SiC br|

Fig. 2:Internal aspect of the post mortem SiC bri

EXPERIMENAL PROCEDURE

The post mortem study of the SiC bricks inclu
determination of the chemical composition by X

middle shaft of BF#1, where wet external ppearance, a fluorescence and loss of igniti@t 950°C, identification of th
remaining thickness between BO- mm, cracks parallel and crystalline phases by XRDdifferential thermal analysis at

normal to the hot face and a very fidark deposit on crac
surfaces can be observed.

thermogravimetry at 1200°C, deterntion of the critical
temperaturesand microstructural observatic(SEM and EDS

analysis). For the studgne of theSiC bricks was divided in
different zones, as shown iigtire 2.



Fig. 3: SiC brick under study.

RESULTS

Table 1 shows the chemical composition and losgrofion
at 950°C of the outer layer and figure 4 shows BA&/ TG
curves of this layer. The total weight loss at 1ZD@as 16,9%.
At 1150°C the layer melted. In figure 5 are showa ttones
before and after determining the critical tempexsu

Tab. 1: Chemical composition and weight loss ofateer layer.

Oxides (wt. %)
Si0, | ALO; | K0 | NaO | FeOs | CaO| MgO[ LOI
?“ter 658| 12| 293 06| 11 11 08 64
ayer

MI913-16

Fig. 4: DTA/ TG curves of the outer layer.

Fig. 5: Cones before and after the critical tenipees
determination.

Table 2 shows the chemical composition of differeones
inside the SiC brick. The hot face of the SiC briskmainly
composed of silicon carbide (Moissanite 4H and 6&{s0
metallic iron, potassium hydrogen silicate and amogphous
phase were identified.

Tab. 2: Chemical composition of the SiC brick.

Zone Oxides (wt. %)
SiO; | Al,O; | KO | N&O | FeOs | CaO| MgO
1. Hotface | 77,0 0,8 9,6 0,5 105 05 02
2. Grey 95,8 0,4 2,6 0,2 0,7 0,[L 01
3. Black 95,5| 04 2,9 0,2 0,7 <0j1 01
4. Global 94,00 04 4,5 0,4 0,6 o 01
5. Cold face| 83,7 0,5 12,0 0,6 2.4 0|1 0,1

When cutting the post mortem sample, a thin piepasited
from the brick. So, SEM observation and surface EDS8lysis
were performed onto both fracture surfaces: onesith a very
fin dark deposit and the other grey coloured. TBSEnalyses
are shown in table 3 and figure 6 shows the coomdipg
spectrum and images of the analysed surfaces.

Tab. 3: EDS analysis of both sides of the SiC thétg

. Element (%

Side —=T5TNal Al| 5i| C [ K| Fe
Deposit | 22,9 23,4] 0,7 ] 0,7] 30,4 2.9 | 17,9 0,7
Grey SiC| 26,311,3] - | 09531 07| 7,2| -

a) Deposit

b) Grey side

Fig. 6: EDS spectrum of SiC brick’s piece.
DISCUSSION

The main wear mechanisms that suffered the refnacto
lining of the middle stack are chemical attack lkalis and
zinc, oxidation, abrasion by the descending burdem
moderate thermal shock [4, 5]. Temperature play8rgrortant
role in many of these wear mechanisms, in partictife
chemical ones. In table 4 the critical temperatfioesach type
of chemical attack are presented, the temperatundnigh each
chemical reaction will take place [1, 4]. Therefote prevent
wear by chemical action wall temperature should bie¢dow
400°C to ensure that none of these mechanisms fiélttawvall
lining [4].

Tab. 4: Critical temperatures of the main chemicaam
mechanisms.

Mechanism Temperature range (°C)
CO-disintegration 450-850
Alkali and Zn attack 800-950
Oxidation by Q >400
Oxidation by CQ + H,0O >700

Another operating factor that affect refractorgli furnace
availability. Furnaces are continually cycled fram-wind to
off-wind for maintenance shut-downs or suffer ini@tions of
full wind because of operation problems. Thesetmes submit
the refractories to thermal cycling, which resnlthiermal shock
damage and fatigue to the refractories, shortethenq life [1].

All ceramic refractories, including SiC materials)lspall
and thermally crack if they experience severe teaipee
fluctuations. The thermal shock is more severe whéactories
are cooled from one side, like with staves or ety cooled
jackets. Thermal cracks occur parallel to the oy hot face.
These cracks permit the alkali vapors, which petetthrough
the pores or joints, to condensate in the intexfdhe refractory,
hastening the chemical attack. Furthermore, becahsee
cracks occur parallel to the hot face, air gaps farened,
interrupting heat transfer to the cooling systemustincreasing
hot face temperature and assuring refractory credrattack [1].

Through the determination of the chemical and
mineralogical composition, it was possible to werthat the



outer layer was composed of silicon carbide from Hrick,
metallic iron, potassium hydrogen silicate and amoigphous
phase, with a variable content of pottasium betwk229%. In
the interior of the SiC brick, potassium contamioativas
identified, being higher the content at the coltkféfigure 7).
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Fig. 7: Evolution of the chemical composition thgbuSiC brick
thickness.

Akalis have three negative actions in the blashdue: the
attack to the refractory lining, formation of adévas or build-
ups; and degradation of coke and burden qualityalhkilicates
enter the blast furnace with burden materials amlain stable
until the appearance of liquid phase. At 1300°C tilisgolve in
the primary slag and are progressively reduced etaliic
vapors. Metallic potassium vapor is transformea idifferent
compounds as it is being dragged by ascending gasesrding
to blast furnace zones. In the bosh, this vapopastially

transformed to potassium cyanide (KCN), being abbe t

condense in the form of fine drops on the refracteall or on
the coke and burden materials. At 1200°C, in theezohthe
furnace with oxidizing conditions with respect taCK, it is

reactions take place associated with the meltinh®potassium
compound [8], with a weight loss of 3,4%.

At higher temperatures, in the outer layer, exattier
reactions due to iron oxidation above 570°C and exypsnt SiC
oxidation by FeO are observed [9, 10]:

SiC + 2Fe0 - Si0, + 2Fe + C 0)
SiC + 3Fe0 - Si0, + 3Fe + €0 (Il)

These reactions, with the formation of CO gas, talkeee
because the DTA was run under oxidizing atmosphére.
operation, these will not occur since the reduatrgosphere in
the blast furnace, except in the tuyeres. Above0i10O0the
weight increase is due to SiC oxidation by @esent in the
atmoshpere.

CONCLUSIONS

The SiC bricks under study presented thermal anattsiral
spalling. Chemical attack by alkali penetration videntified,
mainly potassium oxide with the generation of nédwages such
as potassium hydrogen silicate. Cracks presentannthterial
permit alkali condensation in the brick. Due to tthermal
profile through the thickness during operation aélkontent in
the cold face is greater than in the hot face.

The outer layer that covers the post mortem brigks mix
formed by the interaction of the SiC with alkalprirand water.
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