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Yiksek Alumina Esasli Kendiliginden Akici

Dokilebilir Refrakterlerin Yiksek Firm ve Bazik
Oksijen Konverter Ciiruflartyla Korozyon Davranislart

Corrosion Behavior of High Alumina based
Self-Flowing Castables in Blast Furnace and
Basic Oxygen Furnace Slags

0ZET

ABSTRACT

Demir-celik, cimento ve seramik ve diger
sektorlerde firin malzemelerinden
kendiliginden akici dokulebilir refrakterlerin
kullanimi artmistir. Monolitik seramigin
omrind etkileyen onemli faktor korozyon
dayanimidir. Bu faktorii de 6nemli derecede
belirleyen baglayici matristir. Gelistirilen
matris sistem ylksek alumina esasli
kendiliginden akici dokilebilir refrakter
malzemede kullaniimig ve hacim agirligi, agik
porozite gibi fiziksel dzellikleri, basma ve
edme mukavemetleri ve reolojik davranislari
istenen degerlerde tespit edilmistir.
Iskenderun yiiksek firin ve konverter clirufuna
karsl korozyon dayanimi arastiriimis ve
icyapisi ile iliskisi irdelenmistir.

1 Giris

Dokulebilir refrakterler kullanim amacina gére, yogun ve-
ya izolasyon, baglayici tipine gore kimyasal veya hidrolik, ¢i-
mento miktarina gére az (LOCC-low cement castable) veya
dustk (ULCC-ultra low cement castable) cimentolu, sekil-
lendirme ydntemine gore vibratérld veya vibratérstz (SFC-
self flowing castable) olarak siniflandirilir (Sekil 1) [1]. Ken-

The use of the self-flowing castable
refractories in processes such as steel and
cement production have largely found
applications in the last decade. Studies on the
binding matrices in these monolithic ceramics
have also been the focus of research because
of the significant effect of the matrix on the
corrosion resistance of these materials. The
developed matrix material was used in self-
flowing refractories. The physical properties of
the materials including porosity, their
compression and bending strengths, and
rheological properties were found to be within
the desired limits. Corrosion resistance against
Iskenderun Blast Furnace and Converter Slags
were investigated and the results were
evaluated in terms of the microstructure.

1 Indroduction

Castable refractories are classified depending on use as
dense or isolation; based on the type of binder as chemical or
hydraulic; based on cement quantity as LOCC-low cement cas-
table or ULCC-ultra low cement castable; and based on forma-
tion technique as vibrating or (SFC-self flowing castable) (Figu-
re 1) [1]. There is no need for any mechanical vibrator to ensu-
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diliginden akici dokulebilir (SFC), refrakterlerin akiskanhgini
saglamak icin mekanik vibratore (tiksotrop: karistirma bitti-
ginde akiskanligin azalmasi) gerek yoktur. Serbest akiskan-
lik (kendiliginden akicl), karisima dilatant (karistirma bittikten
sonra akigkanlik artis) olma ¢zelligi saglar. Kendiliginden
akigkanlik ¢zelligi (dilatant) karisimin fiziksel (belirli tane bo-
yutu dagiliminda) ve kimyasal (katkilarla ylzey etkilesimi)
ozellikleriyle saglanir. Kendiliginden akici dokulebilir refrak-
terlerin kullanim alanlari refrakter drtnlerle értlen metalUrjik
potalar, islem ve tasinim potalari, ergitme tesisleri, gimen-
to/kireg endustrisinin ylksek sicaklik tesisleri bu tur refrak-
terlerin uygulama alanlari arasinda sayilabilir.

Celik endustrisinde kullanilan refrakter malzemeler me-
kanik, kimyasal ve termal etkilesimlere karsi yuksek dayanim
gostermelidirler. Genelde, cUruftan kaynaklanan korozyon
sonucu gergeklesen bozunma mekaniksel bozunmadan da-
ha etkilidir. Curuflar degisik oksitlerin (kalsiya, silika, altimi-
na ve magnezya vd.) karisimindan meydana gelen komp-
leks bir karisimdir. Celik Uretiminde bu oksitler ile birlikte bu-
lunan demir oksitler korozyonda 6énemli bir etkiye sahiptirler.
Degisik refrakter malzemelerin korozyonunda demir veya di-
ger oksitlerin etkisi faz diyagramlari araciligiyla 6nceden be-
lirlenebilir [2-4]. Bu konuda yapilan arastirmalarda torpido
potalarinda kullanilan boksitin bozunmasi Gzerindeki demir
oksitlerin etkisini farkli endUstriyel érneklerde (konverterler-
de kullanilan magnezya, RH/OB vakumlu gaz gidericisinde
kullanilan magnezya-krom
ve celik potalarinda kullani-
lan allmina- magnezya) in-
celenmistir [5,6]. Faz diyag-
ramlari, demir oksitlerle
(FeO ve Fe,03) temas ha-
lindeki refrakter malzemele-
rin korozyon direncini karsi-
lastirmak ve belirlemek icin
kullaniimaktadir.

Ylksek aliminali Granler
(mullit, boksit, korund, tabu-
lar alimina) ve bazik Urln-
ler (magnezya, dolomit,
magnezya-krom) demir ok-
sitlerle surekli temas halin-
dedirler. Aluminali refrakter-
lerin demir oksitlerin saldiri-
lariyla gergeklesen koroz-
yonda, Al,O5-SiO,-FeO ve
Al,03-Si0x-Fe,05 Uglu faz
diyagramlarindan anlasildi-
g! Uzere dusuk ergime nok-
tasina sahip fazlar ortaya
cikmaktadir. Mullit ve silika
icerikli refrakterlerde FeO
nedeniyle korozyon meyda-
na gelmektedir; c¢unku si-
caklik 1200°C oldugunda

DC: Yogun dokiilebilir (Dense castable)

NRCC: MOR > 2.07 MPa,

CBC: Kimyasal bagli dkilebilir (Chemical bonded castable)
RCC: Regular cimentolu dokiilebilir (Regular cement castable) > 2.5 Ca0,
HCC: Yiiksek siki dokiilebilir (High compact castable)

LOCC: Diisiik cimentolu dokilebilir (Low cement castable)
NOCC: Gimentosuz dokilebilir (No cement castable)

Sekil.1. Refrakter dokiilebilirlerin (beton) siniflandirimasi [1]

re dilatancy of self flowing castable refractories (thixotrope: re-
duction in dilatancy at the end of mixing). Self flow affords the
mixture, the property of becoming dilatant. Dilatancy is achi-
eved by the physical (distribution of specific grain size) and
chemical (surface interaction with additives) characteristics.
Among uses of self-flowing castable refractories, metallurgical
ladles built with refractory products, processing and handling
ladles, smelting facilities and high temperature plants of ce-
ment/lime industries may be listed.

Refractories used in the steel industry must display high
strength against mechanical, chemical and thermal interacti-
ons. In general, this decomposition taking place as a result of
corrosion attributable to slags is more effective than mechanical
disintegration. Slag is a complex mixture caused by mixing of
various oxides (calcia, silica, alumina and magnesia, etc.). Fer-
rous oxides, which exist together with these oxides in steel pro-
duction, play an important role on corrosion. The effect of ferro-
us or other oxides may be pre-determined through phase diag-
rams in corrosion of various refractories [2-4]. In studies carried
out on this subject, the effect of ferrous oxides on disintegration
of bauxite used in torpido ladles was analyzed on various in-
dustrial specimens (magnesia used in converters), magnesia —
chromium used in RH/OB vacuum degassers and alumina-
magnesia used in steel ladles [5,6]. Phase diagrams are used
for comparing and determining the corrosion resistance of ref-
ractories which are in contact with iron oxides (FeO and Fe503).

IC: izolasyon dokillebilir (Insulation castable)

HBC: Hidrolik bagli dokilebilir (Hydraulic bonded castable)

LMC: Diistik nemli dkilebilir (Low moisture castable)

SFC: Kendiliginden akici dokiilebilir (Self flowing castable)

HRCC: MOR > 4.14 MPa,

ULCC: Gok distik cimentolu dokdlebilir (Ultra low cement castable)

Figure.1. Classification of refractory castables (concrete) [1]
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bile refrakter/curuf ara ylzeyinde sivi faz olusur. YUksek
allminali refrakter olmasi durumunda (korund ve mullit
icerikli) ise sicaklik 1380°C olana kadar sivi faz olu-
sumu gézlenmez. Fe,O5 ile temas halindeki alu-
mina-silikat refrakterlerin korozyonunda 1460°C
de sivi faz olusumu azdir. Demir oksitlerle tep-
kime halindeki saf aliminada, 1740°C de
yUksek ergime noktasina sahip Al,O3-Fe-
505 (AF) herzinit spinel fazi olusur. Fa-
kat AF faz olusumu refrakter malzeme
Uzerinde hacimsel degisime yol ac-

tig1 icin dayanim agisindan refrak-
tere zarar verebilir. Buna gore,

alimina ve yuUksek aliminali

300- Si05K

refrakterler demir oksit ko-
rozyonuna dayanikli olan
dusik ergime noktasi-

na sahip bilesenler-

den olusmuslardir.

High alumina products (mullite, bauxite, corundum, tabu-
lar alumina) and basic products (magnesia, dolomite,
magnesia-chromium) are in continuous contact with iron

oxides. In corrosions taking place through attacks of
iron oxides on alumina refractories, phases with lo-
wer melting points indicated in Al>03-SiO>-FeO

and Al,03-Si0,-Fe O3 triple phase diagrams

appear. Corrosion takes place in mullite and
silica containing refractories due to the
presence of FeO and the liquid phase is
formed on the refractory/slag interface
even when the temperature is
1200°C. In case of high alumina
refractories (corundum and
m,o,-zsio, mullite containing) on the ot-
E 20 her hand, the liquid phase
formation is not observed
until temperature goes

up to 1380°C. In

i i Y
Refrakter mal- e 20 3C00-AlD,
zemede alumi-
na doygun- Sekil 2. Ca0-Si0,-Al,03 faz diyagrami
lugu dusuk

oldugunda demir oksit daha fazla korozif etki gdsterir. AlU-
mina refrakterleri, demir oksit saldirisina karsi oksijen mikta-
rina bagl olarak farkl duzeylerde korozyon direnci gosterir-
ler. Ayrica karbon ve SiC katkilari ile iyilestirmeler yapiimak-
tadir. Endustriyel torpido potalarinda kullanilan ytksek alu-
minali refrakter astarlardaki korozyon dayanimi iceren aras-
tirmada [5], pik demirin akisi sirasinda, refrakter ylzeyi ile
temas halindeki curuf, gézeneklerden iceri dogru sizarak
refrakterlerin karakteristiklerini degistirdigi aciklanmistir.

Bu degisim 6zellikle genlesme katsayisi ve termomeka-
nik 6zellikler agisindan dnemlidir. Tekrarlanan sarj ve akistan
kaynaklanan termal degisimlerden dolay! etkilenmemis bdl-
ge ile sizmanin oldugu alan arasindaki ara ylzeyde yuksek
mekanik gerilmeler olusmaktadir ve bu nedenle gatlak olu-
sumu baslamaktadir. Ayrica, termal sok refrakter astarlarin
pul pul dékulerek dlzensiz bir sekilde asinmasina neden ol-
maktadir. Torpido potalarinda pul pul dékulme olayl hareke-
tin oldugu tum bolgelerde goérilmektedir, 6zellikle alt kisim-
da (yogun) ve termal sok olayinin ytksek oldugu kisimlarda
(merkez) daha ¢ok hasar gézlenmistir [5]. Sizma ve pul pul
dokulme (spalling) olusumuna ek olarak, curuf refrakter mal-
zemede hasara yol agmaktadir. Ctrufun mevcut oldugu ve
temas ettigi ylzeylerde hasar meydana gelir. Desulftrlzas-
yon isleminden sonra torpido curuflan agirlikga yizde 10-

5C00-3AL0; Co0-AlLOy

Co0-2A10; CoO-6ALD,
AlOy

corrosion of the
alumina silicate
refractories in
contact  with
Fe,03, the liquid phase formation at 1460°C is rare. In pure alu-
mina, in reaction with iron oxides, the Al,Os-Fe>0O5 (AF) herzi-
nite spinel phase with a high melting point will take place at
1740°C. However, since AF phase formation leads to changes
on the refractory volume-wise, it may damage the refractory in
terms of strength.

Accordingly, alumina and high alumina refractories are ma-
de up of components of low melting points which are highly sen-
sitive to FeO corrosion. Iron oxide has a more corrosive effect if
the alumina saturation is low in the refractory. Alumina refracto-
ries display corrosion resistance at different levels depending
on content against iron oxide attacks. Furthermore, improve-
ments are achieved by carbon and SiC additions. In the study
involving corrosion strength on high alumina refractory linings
used in the industrial torpido ladles [5], it was found that during
the flow of pig iron, the slag in contact with the surface of the ref-
ractory has penetrated inside through pores, changing the cha-
racteristics of the refractories.

This change is especially important in terms of expansion co-
efficient and thermomechanical properties. Due to the thermal
changes arising from repeated charging and flows, high mecha-
nical stresses are formed in the interface between the unaffected
zone and the area where seepage occurs and therefore, cracks
start to form. Also, thermal shock causes spalling and irregular

Figure 2. CaO-SiO,-AlyO3 phase diagram

Tablo 1. iskenderun yiiksek finn a) ve konverter b) ciirufunun kimyasal analizi

Table 1. Chemical analysis of Iskenderun blast furnace a) and converter b) slag

CaO | SiO, | Alb,Oz| FeO | MgO | MnO | K,O | Na,O | TiO, | P,Os | Fe,O5| S Fe
a) | 3596 | 3817 | 1243 | 021 | 577 | 196 | 102 |032 | 062 | 003 | 023 | 057 | 24.48
b) | 4592 | 13.15 | 1.37 | 21.44| 267 | 547 | 005 |001 | 035 | 1.09 | 886 | 011 | 0.42
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Sekil 3. Orneklerin yiiksek firm ciirufu
(iistte) ve konverter ciirufu (altta) ile
korozyon testi sonras goriintimleri

Figure 3. Post corrosion test images of
specimens, blast furnace slag (top) and
converter slag (bottom)

ylzde 20 arasinda degisiklik
gOsteren metalik demir ice-
rikli hale gelir. Demir desulfu-
ruzasyon igleminin neden ol-
dugu siddetli calkalanma so-
nucu curufa gider. Tekrarla-
nan termal gevrimler, 1sitma-
sogutma seklindedir ve yuk-
sek alumina iceren refrakter-
lerde, curuf icerisindeki de-
mir korozyon drtnleri ile bir-
likte oksitlenmis olabilir. Ayri-
ca refrakterlerin birlesme
noktalarindaki bozunma in-
celenmis ve curufun sizmis
oldugu vyerlerde meydana
gelen degisim ve blzllme
tuglalarin birlestigi noktalar-
da curuf penetrasyonu riskini

wear of refractory linings.
The phenomenon of scaling
in torpido crucibles is obser-
ved in all areas of motion;
especially more damage
has been observed in the
bottom section (dense) and
sections where the thermal
shock phenomenon is high
(center) [5]. In addition to se-
epage and spalling pheno-
mena, slag causes damage
on the refractory. Damage
occurs on surfaces where
slag is present and is in con-
tact. After the desulphurizati-
on process, torpido slags
start to contain metallic iron
varying between 10 - 20
percent by weight. Iron goes
to the slag as a result of the
strong agitation caused by
the desulphurization pro-
cess. The repeated thermal
cycles are in the form of he-

o
1
Element (Element ) Serisi (Series) Net (Net) C norm.C Atom.C
[agirlik(weight)-%] [%] [%]

Oksijen (Oxygen) K serisi (K series) 26460 58.25 52.22 66.59
Sodyum (Sodium) K serisi (K series) 1914 0.99 0.89 0.79
Magnesyum (Magnesium) K serisi (K series) 7935 2.84 2.54 2.14
Aluminyum (Aluminum) K serisi (K series) 76859 23.84 21.37 16.16
Silika (Silica) K serisi (K series) 38585 13.54 12.14 8.82
Kalsiyum (Calcium) K serisi (K series) 31826 12.09 10.84 5.52

Toplam(Total): 111.5 %

Sekil 4. Yiiksek firn curufu kullanilan 1B korozyon test numunesinde reaksiyon bélgesinin SEM

goriintiisti (kirik ytizey) ve EDX analizi (parlatilmus yiizey)

Figure 4. SEM image (crack surface) and EDX analysis (polished surface) of the reaction zone in
1B corrosion test specimen where blast furnace slag was used
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olusturdugu, desulftrizasyondan kaynaklanan silika icerikli
bilesenlerin indirgenmesi sonucu korozyona ugradigi, pik
demirin tUrbUlansh akisi sonucu birlesim yerlerinde olustur-
dugu segici erozyon oldugu aciklanmistir [5]. Refrakter as-
tarin kontrolU sirasinda ve kampanya bitiminde, torpido po-
talarinda kargsilasilan gerilmeleri analiz etmek amaciyla de-
mir oksitlerin etkilerini belirlemek amaciyla yapilan ¢alisma-
larda refrakter malzemenin kullanimdan énce ve sonra kim-
yasal ve fiziksel 6zelliklerinde 6énemli degisiklikler saptan-
mistir [5].

Refrakterin bilesimi, yuksek demir oksit icerikli fazin etki-
siyle degismistir ve bu faz dusuk ergime noktasina sahiptir
ve bundan dolayi refrakterin derinliklerine kadar emilir. Bu
faz ayrica yogunlasma ve buzilmeyi tesvik eder. Refrakter-
lerin performansini énemli derecede etkileyen korozyon
Uzerine yapilan arastirmalar devamli artmaktadir [2-9]. DuU-
stk ¢cimentolu dékulebilir (LOCC) ve ¢cok dusUk ¢cimentolu
dokulebilir (ULCC) refrakterlerde kalsiyum allminat gimen-
tosunun az kullanimi nedeni ile karisim daha az CaO igere-
ceginden, sinterlenmis refrakterlerde anortit ve gehlenit faz-
lari (Sekil 2) gibi dusuk ergime sicakligina sahip fazlar daha
az bulunacakitir.

Bu avantajin yaninda ince taneli oksit tozlarin katiimasi ile
sinterleme sonrasi olusan gucld seramik baglar nedeniyle
bu tdr refrakterleri geleneksel dokdilebilir refrakterlerle karsi-
lastinldiginda, refrakterlik ve termal sok dayanimlarinin daha
ylksek oldugu, curuf ve ergimis metallerin korozyon ve
erozyon etkilerine karsi daha fazla diren¢ gdsterdikleri bildi-
rilmistir [8,9,12] .

ating-cooling and iron in the slag may be oxidized together with
corrosion by-products in high alumina containing refractories.
Furthermore, the disintegration at the joints of refractories has
been studied and it was noted that the change and contraction
laking place in sides into which slag has penetrated into causes
the risk of slag penetration in points where bricks meet, being ex-
posed to corrosion as a result of reduction of silica containing
components attributable to desulphurization and selective erosi-
on occurs at joints due to the turbulent flow of pig iron. In studi-
es carried out to determine the effects of iron oxides to analyze
the stresses faced in torpido ladles, during control of refractory
linings at the end of campaigns, it was determined that signifi-
cant changes take place in the pre-use and post-use chemical
and physical properties of refractory materials [5].

The composition of the refractory has changed due to the ef-
fect of high iron oxide containing phase and this phase has a
low melting point and therefore, is absorbed into the depths of
the refractory. This phase also encourages densification and
contraction. Studies carried out on corrosion which affects the
performance of refractories significantly are continuously incre-
asing [2-9]. Since the mixture will contain less CaO due to less
use of calcium aluminate cement in low cement castable
(LOCC) and ultra low cement castable (ULCC) refractories,
phases with low melting temperature like anortite and gehlenite
phases (Figure 2) will be observed less frequently in sinterized
refractories. In addition to this advantage; compared to the tra-
ditional castable refractories, it is reported that in these types of
refractories, refractory properties and thermal shock strength
are higher and they display higher resistance against the corro-

‘-‘ =

|
1IN - e
Element (Element ) Serisi (Series) Net (Net) C norm. C Atom. C
[agirlik(weight)-%] [%] [%]
Oksijen (Oxygen) K serisi (K series) 42094 62.34 59.27 71.06
Aluminyum (Aluminum) K serisi (K series) 195081 42.12 40.04 28.47
Silika (Silica) K serisi (K series) 2076 0.73 0.69 0.47

Sekil 5. Yiiksek firm curufu kullanilan korozyon testindeki Grnekte ataga nispeten ugramamig
bolgenin (a) SEM goriintiisii (parlatilms yiizey), (b) EDX analizi (parlatilnus yiizey)

Figure 5. SEM image (polished surface), (b) EDX analysis (polished surface) of zone relatively not
exposed to attack in the specimen in corrosion test where blast furnace slag was used
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Element (Element) Serisi (Series) Net (Net) C norm. C Atom. C Oksit (Oxide) Oksit (Oxide) C
[%] [%] [%] [ agirlik (weight).-%]

Aluminyum (Aluminum) K serisi (K series) 116482 41.78 33.30 23.56 Al203 89.70

Silika (Silica) K serisi (K series) 2572 1.19 0.95 0.64 Si02 2.89

Kalsiyum (Calcium) K serisi (K series) 10122 4.66 372 1.77 CaO 741

Oksijen (Oxygen) K serisi (K series) 43128 77.82 62.03 74.02 35.62

Toplam: 1254 %

Sekil 6. Konverter curufu kullanilan korozyon testindeki 6rnegin reaksiyon bolgesinin (a) SEM
goriintiist, (b) EDX analizi (kirik ytizey)

Bu calismada, kendiliginden akici ytksek altiminal du-
stk ¢imentolu dokulebilir refrakterlerde ytksek firin ve bazik
oksijen konverter curuflarina kargl korozyon davranislari
arastiriimistir.

2. Deneysel Calismalar

Dokdulebilir refrakterlerin Uretimi icin dnce tabular alumi-
na, kalsine ve reaktif alumina, kalsiyum aluminat ¢imentosu
(agir. yuzde 5, LOCC), mikro silika, su ve katkilar karistiril-
mistir. Kendiliginden akici dokulebilir refrakterin akiskanlk
kapasitesi akis degeriyle belirlenmektedir. Akis degeri, tim
karisimin su ile karistirildiktan hemen sonra kivam (konsis-
tens) testiyle belirlenmistir. Kivam testinde sablon olarak
@100 x @70 x 50 mm boyutlarindaki koni kullanilmigtir. On-
ce koninin ortasina dokulebilir karisim sarj edilmis ve sonra
koninin yukari kaldirimasiyla karisimin yayiimasi 6lgtlmus-
tar. Karisim sablona dokulip 24 saat bekletilmistir. Sablon-
dan cikarilan érnekler 24 saat 110°C de kurutulmustur. Ku-
rutulan ¢rnekler 1500°C de 3 saat pisirilmistir. Pigmis ¢rnek-
lerin hacim agirligi, agik porozite, basma ve egme mukave-
metleri degerleri belirlenmigtir.

Curuf ile korozyon testi pota yontemiyle yapilmistir.
50x50 mm boyutlarindaki silindirik deney 6rneklerinin ic ta-
rafi oyulup pota sekli veriimistir. ISDEMIR’den temin edilen
yUksek firin ctrufu ve konverter ctrufu 63 mikron’a 6guttle-
rek potanin icine konulmustur (Tablo 1). Cudruf iceren pota
1650°C'de 2 saat firinda bekletilmistir. Daha sonra soguyan

Figure 6. (1) SEM image, (b) EDX analysis (cracked surface) of the reaction zone of the specimen in
corrosion test where converter slag was used

sion and erosion effects of slags and molten metals due to the
powerful ceramic bonds formed after sinterization with addition
of fine grain oxide powders. [8,9,12].

In this study, corrosion behavior against blast furnace and
basic oxygen converter slags was analyzed in self flowing high
alumina, low cement castable refractories.

2. Experimental Procedure

For production of castable refractories; first, tabular alumina,
calcine and reactive alumina, calcium aluminate cement (he-
avy, 5 percent, LOCC), micro silica, water and admixtures were
mixed. The viscosity capacity of self flowing castable refractory
is determined by its flow value. Flow rate was determined by the
consistency test right after the whole mixture was mixed with
water. In the consistency test, a cone with dimensions ©100 x
@70 x 50 mm was used as a template. First, the castable mixtu-
re was charged into the middle of the cone and afterwards, the
dispersion of the mixture was measured by lifting the cone up-
wards. The mixture was cast into the template and dwelled 24
hours. The specimens removed from the template were dried for
24 hours at 110°C. The dried temples were fired for 3 hours at
1500°C. The volume weight, open porosity, compression and
bending strength values of fired specimens were determined.
The slag corrosion test was performed by the ladle method. The
insides of cylindrical test specimens 50x50 mm were carved gi-
ving them the form of a ladle. The blast furnace slag and con-
verter slag procured from Isdemir were pulverized to 63 micron
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potalarin dis gérintmlerinin fotograflar gekilmistir. i¢ bol-
gelerindeki curufun yayinma davranisini incelemek igin or-
tasindan kesilmistir. CUruf-refrakter etkilesiminin mikro yapi-
sal incelemesi ve reaksiyon sonucu olusan elemental dagi-
limlari belirlemek icin taramali elektron mikroskobu (SEM)
ve elektron dispersif X-1sini spektrometresi (EDS) analizleri
yapilmigtir.

3- Bulgular ve Tartisma

Amacina uygun segcilen katkilar ve tane boyutu dagilimi
ile yuksek alumina esasli kendiliginden akici refrakter elde
edilmistir. Karisimin kendiliginden akiciligi ylzde 235 olarak
saglanmistir. Pisen ¢rneklerin hacim yogunlug 3.07 g/cms,
acik porozitesi yuzde 11.7, basma mukavemeti 122.7 MPa,
sogukta egme mukavemeti (CMOR) 50.3 MPa olarak belir-
lenmistir. 1480°C de egme mukavemeti (HMOR) 2.4 MPa
olarak CaO miktarinin dtstk olmasindan dolayr (LOCC) C-
A-S faz diyagramina (Sekil 2) gére beklenen degerdir. Or-
neklerin elde edilen bu fiziksel ve mekaniksel dzellikleri lite-
ratlre ve standartlara uygundur [10, 11, 13]

Korozyon testi igin, icerisine 6gutilmis ISDEMIR yiksek
firn cdrufu ve konverter curufu konulup sonra 1650°C’de
1sil isleme tabi tutulan potalarin géruntaleri Sekil 3'de veril-
mistir. Burada gorsel incelemelerde her iki 6rnekte de cu-
ruflarin test sicakliginin etkisiyle eridigi ve refraktere sizdigi
g6zlenmistir. Celikhane curufunun etkisinin yiksek firin cu-
rufuna gore (CaO/SiO,) baziklik oraninin yuksek olmasin-
dan (Tablo 1) dolayl daha siddetli oldugu ve kismen catlak
olustugu goézlemlenmistir (Sekil 3). Celikhane curufunun
yUksek firinin ctrufuna gore yuksek alumina esasl malze-
mede benzer etkileri S. Mukhopadhyay'in ¢alismasinda da
géralmastar [13]. Curufun etkiledigi bolgeleri daha detayli
tanimlamak, curuf-refrakter etkilesimini ve reaksiyon sonu-
cu olusan element degisimlerini belirlemek icin taramali
elektron mikroskobu (SEM) ve EDX analizi ile incelemeler
yaplilmistir.

Orneklerin korozyon sonrasi parlatiimis ve kirik yizeyle-
rin, curuf atak boélgesi ve curuf etkisinde kalmamis bolgele-
rin SEM goruntuleri ve EDS analizleri yapilmistir. Sekil 4'de
curuf atak bolgesi goridlmektedir. Bu bdlgede aliminyum
miktari ylzde 21,37, kalsiyum miktari ytzde 10,84 iken, da-
ha ic bolgelere gidildiginde aliminyum ve kalsiyum miktari-
nin azalip curufun gok daha az sizdigr saptanmistir.  Sekil
5'de verilen EDX analizinde goérildigu gibi sadece alimin-
yum ylzde 40,04’e azalmis ve kalsiyuma hi¢ rastlaniimamis-
tir. Dolayisi ile bu boélge curufun sizmadigr korund yapida-
dir. Konverter clrufunun reaksiyon bolgesinde yeni faz CAg
olusumu Sekil 6'da gorulmektedir.

Burada mevcut Al,O3'Un curuftan gelen CaO ile birlese-
rek plaka seklinde kalsiyum hekza aliminatlar (hibonit:CAg)
gorulmektedir. Sekil 2'deki CaO-Al,O5-SiO, faz diyagrami-
nin CaO-Al,O3 bblgesinde CaO’'nun azalip aluminaca zen-
gin tarafa dogru devam edildiginde CA, CA, fazlarindan
sonra CAg fazi, en son olarak korund fazi ortaya ¢ikmakta-
dir. CAg fazi yiksek ergime sicakligina sahip (1867 ©C), ter-

and placed in the ladle (Table 1). The ladle containing slag was
dwelled at the kiln for 2 hours at 1650°C. Subsequently, the
photographs of the outer appearances of the cooling crucibles
were taken. They were cut in the middle to analyze the disper-
sion behavior of the slag in inner zones. Scanning electron mic-
roscope (SEM) and electron dispersive X-ray spectrometer
(EDS) analysis were performed for the micro structural analysis
of slag refractory interaction and to determine the elemental
distributions formed as a result of the reaction.

3- Results and Discussion

High alumina based self flowing refractories were obtained
by admixtures and grain size distribution selected fit for the pur-
pose. The self flow property of the mixture was ensured as 235
percent. The volume density of fired specimens was determined
as 3.07 g/cmS, their open porosity as 11.7, compression
strength as 122.7 MPa and cold bending strength (CMOR) as
50.3 MPa. The bending strength (HMOR) as 2.4 MPa at 1480°C
is the value expected according to the (LOCC) C-A-S phase di-
agram (Figure 2) due to low CaO content . These physical and
mechanical properties of the specimens are in compliance with
literature and standards [10, 11, 13].

The images of ladles into which pulverized ISDEMIR blast
furnace slag and converter slag war placed and then subjected
to heat process at 1650 °C for corrosion test are given in Figu-
re 3. Here, in visual examinations, it was observed that in both
specimens, the slag melted due to the effect of the test tempe-
rature, insertion into the refractory. It was observed that the ef-
fect of the converter slag was stronger than that of the blast fur-
nace slag due to the high (CaO/SiO,) base ratio and that a par-
tial crack was formed (Figure 3). Similar effect on high alumina
based materials of converter slag compared to the blast furna-
ce slag was also observed in the study by S. Mukhopadhyay
[13]. Examination was made using the scanning electron mic-
roscope and EDX analysis to define the zones affected by slag
in more detail and to determine the slag-refractory interaction
and the element changes occurring as a result of the reaction.
SEM images and EDS analyses of specimens post corrosion,
polished and broken surfaces and slag attack zone and zones
not affected by slag were carried out. The slag attack zone is il-
lustrated in Figure 4. While the amount of aluminum is 21.37 per-
cent and the amount of calcium is 10.84 percent in this region,
it was determined that in more inward sections, the alumina and
calcium amount is reduced with much less slag seepage. As
observed in the EDX analysis given in Figure 5, only aluminum
was reduced to 40.04 percent with no calcium at all. Therefore,
this zone is in corundum composition with no slag penetration.
The new phase CAg formation in the reaction zone of converter
slag is illustrated in Figure 6. Here, calcium hexa aluminates (hi-
bonite:CA6) in placques formed by combination of Al,O5 pre-
sent in the zone with CaO from the slag are seen. In CaO-Al,0O3
zone of the Ca0-Al»,03-SiO, phase diagram in Figure 2, CaO
is reduced, going towards the alumina rich section after the ap-
pearence of CA, CA, phases, the CAg phase is observed with
the corundum phase appearing at the end. CAg phase has a
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mal sok dayanimi yuksek ve korozyon direncine sahip oldu-
gu belirlenen bir fazdir [15]. CAg fazin olusumuyla korozyon
reaksiyonunda curufun sizmasi durmakta ve curuf penetras-
yonunun gortlmedigi bir tabaka bariyer olustugu diger ca-
lismalarda bildirilmektedir [8,13]. Sekil 6‘da hibonit kristali-
nin CaOBAI,O5 stokiometrik oranlarinda reaksiyon sonucu
olusmus hekzagonal kalsiyum aliminat taneleri gézlenmek-
tedir. Hibonit kristalleri benzer ¢alismalarda da gézlemlen-
mistir [8,13-15].

4. Sonug ve Oneriler

Her iki cUrufun (yuksek firin ve konverter) érnek potalara
1650 OC’de sizdigi gortlmustdr. Yiuksek aluminall disik ci-
mento icerikli dokulebilir refrakterlerde uygun baglayici mat-
ris sistemi ve dustk CaO miktari ile clUruflara karsi refrakte-
rin korozyon dayaniminin in situ olusan CAg fazi ile arttig
gbzlemlenmistir.

Bundan dolayr tamamen CAg fazindan (pre-formed) olu-
san refrakterin korozyon davraniglari incelenmelidir. Konver-
ter carufunun, ytksek firin ctrufuna goére ayni malzemede
daha siddetli saldirida bulundugu goézlemlenmistir.
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high melting temperature (1867 ©C), high thermal shock
strength and corrosion strength [15]. Upon formation of the CAg
phase, slag seepage stops in the corrosion reaction and it is re-
ported in other studies that a layer of barrier where no slag pe-
netration is observed takes place [8,13]. In Figure 6, hexagonal
calcium aluminate grains formed as a result of the reaction are
observed at the stochiometric ratios of the hibonite crystal Ca-
O6AI,05 Hibonite crystals have been observed in similar stu-
dies as well [8,13-15].

4. Conclusion and Recommendations

It has been observed that both slags (blast furnace and con-
verter) seep into the specimen ladles at 1650 ©C. It was obser-
ved that in high alumina low cement containing castable refrac-
tories, with the appropriate bonding matrix system and low CaO
amount, the corrosion strength of the refractory against slags
increased with the in situ forming CAg phase.

Therefore, the corrosion behavior of refractories formed en-
tirely of the CAg phase (pre-formed) must be analyzed. It was
observed that the converter slag carries out stronger attacks on
the same material compared to the blast furnace slag.
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