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OZET

ABSTRACT 1. INTRODUCTION
Yiksek firin kanallarindaki
refrakterlerin Uretimi Samples were produced Self-flowing castables must
amaciyla sinter boksit, SiC, from sinter bauxite, SiC, cal- have specific rheological
kalsine alimina, reaktif cined alumina, reactive alu- properties and fluid behavior
alimina, CA-gimentosu ve mina, CA-cement and micro for easy operatability. Grain
mikro silika iceren ornekler silica, to produce refracto- size distribution plays a sig-
elde edilmistir. 110 °C, 1000 °C ries for blast furnace nificant role in these proper-
ve 1500 °C de 1sil islem goren troughs. Physical and ties and behavior [1-4 ]. These
deney orneklerine fiziksel ve mechanical tests were con- types of new castables are
mekaniksel testler uygu- ducted on samples heat produced as molten corrunt,
lanmistir. Orneklerin malzeme treated at 110 °C, 1000 °C, sinter oxide, SiC [5],
ozellikleri literatlr verileri ile 1500 °C. Comparision of the andalusite, etc. based,
karsilastirildiginda results from experiments to depending on place of appli-
mekaniksel degerlerin iyi literature shows that, the cation (Iron-steel, cement,
oldugu saptanmistir. obtained mechanical proper- refuse incineration plants).
Termalsok dayanimi ve ties are suitable. Newly Development of basic (MgO)
korozyon direnci testlerinden formed mullite phase was based self-flowing castables
olumlu sonugclar alinmistir. observed by scanning elec- is also being researched [6,8].
Taramali elektron tron microscopy and the Currently, mostly ALO, based
mikroskobunda gorilen millit observation is supported by X castables are being used in
fazinin olusumu, X isini difrak- ray diffraction technique. the world in blast furnace

siyonu analizi ile de destek- troughs.
lenmistir.




ABSTRACT

Samples were produced from
sinter bauxite, SiC, calcined
alumina, reactive alumina,
CA-cement and micro silica,
to produce refractories for
blast furnace throughs.
Physical and mechanical tests
were conducted on samples
heat treated at 110°C, 1000°C,
1500 °C. Comparision of the
results from experiments to
literature shows that, the
obtained mechanical proper-
ties are suitable. Newly
formed mullite phase was
observed by scanning electron
microscopy and the observa-
tion is supported by X ray
diffraction technique.

1.GIRIS

Demir-Celik sektoriinde
refrakter malzeme, enerji ve
personel masraflarini azalt-
mak ve is korunmasi igin yeni
tip refrakterler ve yeni orme
teknikleri gelistirilmistir.

Kismen farkliliklarla beraber
bir demir-celik fabrikasinda
tuketilen refrakterlerin
bolgelere gore dagilimlari
Tablo 1 de verilmistir. Buna
gore yiksek firin kanal bol-
gelerinde kullanilan refrakter-
ler onemli bir payi olusturmak-
tadir. Eskiden ylksek firin
kanallari samot yada killi kum,
kil, kok ve katran veya sudan
olusan dovme harclar
kullaniliyordu. Bu urin tipi
bugiin hala kicuk ytksek firin
tiplerinde kullanilmaktadir.
Daha sonra daha buyiik yiksek
firinlarin kullanimi sonucu
dokim teknigindeki ve
kanallarin konstriiksiyonunda-
ki gelismeler, refrakter
malzemelerin tiplerinin ve
uygulama tekniklerinin de
(dokiim, vibrasyon)
degisimlerini de beraberinde
getirmistir. Piskirtme yonte-
mi tamir icin, blok yapi tarzi ise
devirmeli kanallarda kullanilir.
Bugln ise gerek kolay uygu-
lanisi ve gerekse daha uzun
omirlu olusu ve kompleks zor

sekilli malzemelerde, daha
ekonomik ve Ustln termo
mekanik ozelliklerinden dolayi
kendiliginden akici
dokdilebilirler (self-flowing
castable] gelistirilmistir.

Kendiginden akici
dokdilebilirlerin kolay
calisabilirligi icin belirli
reolojik 0zelliklere ve akiskan
davranislara sahip olmalari
gerekir. Bu ozellikler ve
davranislarda tane boyutu
dagiimi 6nemli rol oynar [1-4].
Bu yeni tip dokiilebilirler
kullanim yerine gére (demir-
celik, cimento, ¢cop yakma
tesisleri) ergimis korund, sin-
ter boksit, SiC [5], andaluzit
v.d. esasli olarak Uretilir. Bazik
(Mg0) esasli kendiliginden
akici dokulebilirlerin de
gelistirilmesi arastirilmaktadir
[6,8]. Yiksek firin kanallarinda
bugiin dinyada ¢ogunlukla
ALQ, esasli dokilebilirler
kullanilmaktadir.

Ayrica baglayici matriks olarak

Tablo 1. Bir Demir-Celik fabrikasindaki refrakterlerin tiiketim degerleri [12]

Table 1. Consumption figures for refractories in an iron-steel plant [12]

Refrakter tiiketimi kg/t celik
Refractory consumption kg/t steel

Kullanim bolgesi
Place of application

Ham demir dretimi
Pig iron production

Dokiim deligi- Casting hole 0.68
Kanallar - Troughs 1.04
Diger balgeler - Other areas 0.71
Torpido potasi- Torpedo ladle 0.99
Konverter - Converter 2.34
Celik potalari - Steel pots 3.11
Dokiim - Casting 0.93
Diger bolgeler - Other areas 9.48

Celik Uretimi
Steel production

Devam calismalari
Following operations

Haddehaneler ve digerleri 0.48
Rolling mills and others

Toplam Refrakter Tuketimi 12.22
Total Refractory Consumption
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¢ok ince boyutlarinda kalsine
aliimina, reaktif alimina, ates
cimentosu, silika tozu, C-
katkisi ve dagitici maddeleri
katilir. Bu maddelerin tane
boyutu dagilimlarinin
calisabilirlige onemli etkisi
vardir [7-10]. Kalsine alimi-
nanin, spesifik ylzey alani, su
gereksiniminde; tane yapisi,
boyut dagilimi ve yiizey
aktivitesi akiskanlikta; tane
boyutu, matriksin
yogunlugunda; kristal buyuk-
ligu, ylksek sicakliklardaki
mukavemetlerde; ¢oziilebilen
alkalilerin miktari su
miktarinda, donma siiresinde
ve yuksek sicaklik ozellik-
lerinde onemli derecede rolii
vardir [11,13]. Temel olarak
dokilebilirlerin minimum su
miktariyla yeterli akiskanliga
sahip olmasi gerekir.
Dokdlebilir su ile
karistirildiginda taneler arasi
ayrisma olusmamasi ve yapl,
mimkin oldugunca yuksek
mukavemet gostermelidir. Bu
kosullari saglamak ve
dokimle sekil alan strukturda

In addition, very fine calcined
alumina, reactive alumina,
refractory cement, micro sili-

ca, C-additive and dispersants

are used as bonding matrix.
The grain size distribution of

these materials have a signifi-

cant impact on workability [7-
10]. Specific surface area cal-
cined alumina plays an
important role on water
requirement, its grain struc-

ture, size distribution and sur-

face activity on viscosity, grain
size on matrix density, crystal
size on strength at high tem-
peratures, the quantity of sol-
uble alkali plays an important
role in amount of water,
freezing time and high tem-
perature properties [11,13].
Basically, castables should
have sufficient viscosity at a
minimum water content.
When mixed with water, no
segregation should occur
between grains in the
castable and the body must
display as high a strength as
possible. To meet these con-

mukavemetin olusmasi ve
dusuk viskozite icin kalsiyum
aliminat cimentosu (CA)
baglayici olarak kullanilir.
Suda ¢ozllebilen katki mad-
deleriyle ¢alisabilirlik ve ser-
tlesme siiresi arzu edilen
derecede ayarlanabilir [14,15].
Cok az ya da hi¢ ¢imentosuz
dokdlebilirler de
gelistirilmistir [16,17].
Disperge-koagulasyon
tekniginin siper ince tozlar
Uzerinde kullanilmasiyla su
miktari oldukca fazla
azaltilmistir. [1,18,19] Boylece
¢ok kalsiyum aliiminat ¢cimen-
tosu iceren dokulebilirlerin
yerini az ¢cimentolu
dokdulebilirler gelistirilmistir.

Az cimento az su gerektirir. Az

su yuksek yogunluk, disik
porozite olusturur, bunun
sonucu da yuksek
mukavemettir. Toz halinde
amorf silikanin kullanimi
tzerine farkli gordsler vardir
[20,21]. Silika tozu ucucu kil
ile birlikte portland cimento-
sunda katki maddesi olarak
kullanilir ve Ca0 ile hidroter-

ditions, to generate strength
in the structure shaped by
casting and for low viscosity,
calcium aluminate cement
(CA) is used as binding agent.
By water soluble additives,
workability and setting time
may be adjusted as desired
[14,15]. Castables with very
little or no cement have also
been developed [16,17]. Water
amount was reduced quite
significantly by the application
of disperse coagulation tech-
nique on fine powders
[1,18,19] Thus, low cement
castables have been devel-
oped in place of castables
with high calcium aluminate
cement content. Little cement
requires little water. Little
water leads to high density
and low porosity, which
means high strength. There
are differing opinions on the
use of powder state amor-
phous silica [20,21]. Micro sili-
ca is used as additive in
Portland cement together

mal reaksiyona girerek tober-
morit olusturur. Mekanizma
tam olarak aciklanmamis olsa
bile Si0O2 tozu, CA ve cok ince
alimina ile reaksiyona girerek
ayni tarzda yuksek
mukavemete neden olur [23].
Si02 tozunun higbir avantajinin
olmadigini savunan gorusler
de vardir [24]. C-katkisi ile
islatmazlik 6zelliginden dolayi
korozyon direnci artirilir. SiC
dokilebilire yliksek refrakter-
lik ve termal sok dayanimi ile
ylksek asinma direnci
kazandirir.

Yiiksek firin kanallari refrakter
malzemelerin onemli
ozellikleri [12,23]

¢ 1500 °C civarinda curuflarin
ve ham demirin kimyasal
ataklarina karsi dayanimi
(korozyon)

e Akan ham demir ve
ctruflara karsi asinma
dayanimi

e Yiksek sicakliklarda hacim-
sel kararlilik (ya da dislk ter-
mal genlesme)

¢ C ve SiC katkili malzemelerde

with fly ash and forms tober-
morite by going into a hydro-
thermal reaction with Ca0.
Although the mechanism has
not yet been fully explained,
Si02 powder causes the same
type of high strength by react-
ing with Ca and very fine alu-
mina [23]. There are also
views arguing that SiO2 pow-
der has no advantage at all
[24]. Corrosion resistance is
increased by C-additive due to
its non-wetting property. SiC
adds high refractory proper-
ties, thermal shock strength
and high anti-corrosion prop-
erties to the castable.

Important properties of blast
furnace trough refactory
materials [12,23]

e civarinda curuflarin ve ham
demirin kimyasal ataklarina
karsi dayanimi (korozyon)

¢ Resistance against chemi-
cal attacks (corrosion) by
slags and raw iron at about
1500 °C




oksidasyon dayanimi

e Termal sok direnci

e Basit ve mimkin oldugu
kadar cabuk calisabilirlik,
tamir ve isletmeye alma
(6rnegin ¢cabuk kurumasi)

e Cevre sagligina uygunluktur.

Dokdlebilirlerin serviste
karsilastigr kosullari bilmek
icin kullanildigr yiksek firin
kanallarinin yapisini ve
mekanizmasini tanimak
gereklidir. Modern bir yiksek
firinda gliinde 4000-13000 ton
arasl ham demir islenir.
Yiksek firin dokim deliginden
1460-1570 °C sicakligindaki
ham demir dakikada yaklasik
4-7.5 ton kanallara akar ve
yaklasik 300 kg ciiruf/ton ham
demir aciga cikar. Yuksek
firinin konsepsiyonuna gore
2/5 dokim deligiyle ve uygun
sayida kanal sistemleriyle
cesitli dokium siirelerinde 30-
120 dakika calisilir. Giinde 30
doklime kadar ulasilir. Yiksek
firin kanallarinin 6rimu ve
tamiri, dokum deligi
harclarinin calisma

e Abrasion resistance against
flowing raw iron and slags

* Volume stability (or low
thermal expansion) at high
temperatures

e Oxidation resistance against
materials with C and SiC
additives.

* Thermal shock resistance

e Simple and fast workability,
repair and commissioning
le.g. fast drying)

e Compliance with environ-
mental health

One has to know the structure
and mechanism of blast fur-
nace troughs, the castables
are used in to understand the
conditions the castables meet
in service. Daily 4000-13000
tons of raw iron is processed
in @ modern blast furnace.
Raw iron at 1460-1570 °C
temperature runs into
troughs at a rate of approxi-
mately 4-7.5 tons per minute
from the blast furnace casting
hole and approximately 300
kg slag/ton of raw iron is

esnasindaki maliyetleri yeni
ordmlerin maliyetinden daha
fazla olabilir. Dokim deligi ve
kanal harc¢larinin fiyati tipine
gore yaklasik 200 ile 2000
Euro/t arasinda degisir.
Dokidm deliginden akan ham
demir kanallar sistemiyle ham
demir nakliyat kaplarina
gonderilir. Kanallar sistemi
bir ana kanal (dokim alma
kanali) ve onun sonunda
curufla beraber akan ve baraj-
da ham demir kanali ve ciiruf
kanallari olarak ayrisan kanal-
lardan olusur. Kanallarin
sistemi ve yapi tarzi farklidir.
Sabit ve degistirilebilen
kanallar ile kanal yollarinin
basitlestirilmesi icin devirmeli
ve yana ¢evrilebilir, donebilir
kisimlar vardir. Kanallarin
surekli astarlari refrakter
tuglalar ile asinan astarlari
cogunlukla sekilsiz refrakter-
lerle orulur. Ana kanalin
uzunlugu yaklasik 10-23 m,
genisligi 0.8-2.6 m
civarindadir. Geleneksel ana
kanallarin egimi % 7, akisi
daha iyi ve daha az asinan pool

derived. Based on the concep-
tion of the blast furnace,
operation takes place for 30-
120 minutes at various cast-
ing durations with 2/5 casting
holes and appropriate num-
bers of trough systems. The
cost of up to 30 castings per
day are achieved. As regards
the building and repair of
blast furnace troughs, the
operating cost of casting hole
mortars may be higher than
the cost of building from
scratch. The cost of casting
hole and trough mortars vary
between approximately 200
and 2000 Euro/t depending on
type. The raw iron flowing
from the taphole is sent to the
raw iron carriage containers
through troughs. The trough
system comprises a main
trough (casting intake trough)
and after that, troughs carry-
ing the slag diverging into raw
iron trough and slag troughs.
The system and structural
style of troughs vary. There
are fixed and replaceable

sistemlerinde ise egim %5 ‘in
altindadir [12]. En fazla zor-
lanmalar ana kanalin refrak-
ter astarlarinda ozellikle ham
demirin ve clrufun; sivi, gaz
ve katinin bulundugu dengede
bolgede gozlenmistir. Bu
¢alismanin amaci, yukarida
kullanimda ozellikleri ve
davranislari belirtilen, yliksek
firin kanal bolgelerinde astar
refrakter malzeme olarak kul-
lanilan boksit esasli
kendiliginden akici
dokdulebilirlerin gelistirilme-
sidir.

2. DENEYSEL CALISMALAR

Optimum reolojik ve akiskan
davranislari ile ince
tanelerinin miktari belirlenen
dokilebilirden deney ornekleri
uretilmistir. Deney ornek-
lerinin dretiminde kullanilan
hammaddelerin kimyasal ve
fiziksel ozellikleri Tablo 2 de
verilmistir. Belirli bir progra-
ma gore karistirilan tane frak-
siyonlarina agirlikca % 6.5 su
katilmistir. 40 mm x 40 mm x

troughs and tip type and side
tipped rotatable sections to
simplify trough ducts. The
permanent linings of troughs
are repaired with refractory
bricks and warn out linings
are mostly repaired with
unshaped refractories. The
length of the main trough is
approximately 10-23 m and its
width is about 0.8-2.6 m.
Whilst the slope of traditional
main troughs is 7 %, this
slope is under 5 % in pool
systems with better flows
which are warn out less (12).
The hardest pressure is on
the refractory linings of the
main trough and it has been
observed especially in the
area where raw iron slag lig-
uids, gases and solids are
present. The purpose of this
study is to develop bauxite
based self flowing castables,
the properties and behavior is
explained above which are
used as lining refractory
material in blast furnace
trough areas.
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160 mm boyutlarindaki priz-
matik sablonlara dokiilen
deney ornekleri 24 saat oda
sicakliginda kirlenmis ve 24
saat 110 °C de etlivde kurutul-
mustur. Kurutulan ornekler
1000 °C ve 1500 °C de 2 saat
siirede sinterlenmistir. Ornek-

2. EXPERIMENTAL WORK

Test samples were produced
from castables, the optimum
rheological and viscous
behavior and quantity of fine
grains of which were deter-
mined. The chemical and
physical properties of raw
materials used in production
of test samples are given in
Table 2. 6.5 % water by weight
is added to the grain fractions
mixed under a certain sched-

lerin hacim agirtiklari (DIN 51
065/T.1) ve acik poroziteleri
(DIN 51 056) saptanmistir.
Kuru ve iki farkli sicaklikta isil
islem gormus orneklere
uygulanan fiziksel ve
mekaniksel testler Tablo 3 de
belirtilmistir. Kurutulmus ve

ule. Test samples cast into
prismatic templates of size
40 mm x 40 mm x 160 mm
were cured at room tempera-
ture for 24 hours and were
dried in the autoclave at 110
°C for 24 hours. The dried
samples were syntherized for
2 hours at 1000 °C and 1500
°C. The volume weights (DIN
51 065/T.1) and open porosi-
ties (DIN 51 056) of samples
were determined. Physical
and mechanical tests applied

1000 °C ve 1500 °C de sinter-
lenmis orneklerdeki fazlarin
degisimleri ve yeni olusan
fazlar X-isinlari difrak-
tometrisiyle (XRD])
saptanmis ve igyapilari
taramali elektron
mikroskobuyla incelenmistir.

to samples which went
through heat process when
dry and at two different tem-
peratures are given it Table 3.
The changes in phases in
samples that were dried and
sinterized at 1000 °C and
1500 °C and newly formed
phases were determined by
X-ray defractometry (XRD)
and their internal structure
were analyzed by scanning
electron microscopy.

Tablo 2. Kullanilan hammaddelerin 6zellikleri Table 2.Properties of used raw materials

Sinter Kalsine | Reeaktif Mikro
Boksit Aliimina | Alimina | Cimentosu | Silika RW-
(SHE (CTC 50) |(Seacar 80) | Fueller D
Cin) FG)
Sinter i Calcined | Reactive CA- Micro
Bauxite Alumina, | Alumina Cement | Silica RW-
(Shanxi, (Alcoa CT9 | (CTC50) | (Secar80) | FuellerD

0.3

96.5

0.1

0.05

0.3

0.5

Ateste Zayiat - Fire Loss : . . 0.9
Hacim Agirligi (g/cm’)
Volume Weight (g/cm’]




Tablo 3. Deney orneklerine uygulanan testler Table 3. Tests applied to test samples

Deney orneklerinin boyutlari Isil islem Ozellikler | Test Yontemi
Dimensions of test samples Heat process Properties | Test Method

110 °C, 24 saat
110 °C, 24 hours
1000 °C, 2 saat
1000 °C, 2 hours
1500 °C, 2 saat
1500 oC, 2 hours

40 mm x 40 mm x 160 mm

Prizma - Prism

1000 °C, 2 saat
1000 °C, 2 hours
1500 °C, 2 saat

40 mm x 40 mm x 160 mm
Prizma

110 °C, 24 saat
110 °C, 24 hours

25 mm x 25 mm x 150 mm

Prizma - Prism

50 mm x 50 mm 110 °C, 24 saat
110 °C, 24 hours

Silindir

50 mm x 50 mm 110 °C, 24 saat
110 °C, 24 hours

Silindir 1500 °C, 2 saat

Sogukta Basma Mukavemeti (SBM)
Cold Compressive Strength (CCS)

Sogukta Kopma Modiilii (SKM)
Cold Modulus of Rupture (CYM)
SKM (oda sicakliginda, 3 nokta)

0.2 MPa sabit yiik altinda, 24 saat
Under 0.2 MPa fixed load, 24 hours

Termal Sok Direnci, 950 °C de,
Thermal Shock Strength, at 950 °C
Presli hava ile (Avusturya Yontemi)

DIN 51 067
SBM (oda sicakliginda) PRE/R 14
CCS (room temperature)

SBM

CCS

DIN 51 048/2
PRE/R 21

Sicakta Kopma Modiilii | DIN 51 048/1
Hot Modulus of Rupture

(1500 °C de, 3 nokta) PRE/R 18

(at room temperature, 3 points)

Siirinme 1500 °C de, | DIN 51 053/2

Creep at 1500 °C,
PRE/R 6
DIN 51 068/1

PRE/R5

1500 °C, 2 hours |by compressed air (Austrian Method)

50 mm x 50 mm 110 °C, 24 saat
110 °C, 24 hours
1500 °C, 2 saat

1500 °C, 2 hours

Silindir

3. BULGULAR VE TARTISMA

Orneklerin karakteristik 6zelliklerini belirlemek
icin uygulanan testlerin sonuclari Tablo 4 de
verilmistir. 1000 °C de isil islem gdren drnegin
hacim agirligr hidrat fazlarin termik
ayrismasindan dolayl kurutulan ornege gore daha
distktir. 1500 °C de pisen ornekte
sinterlesmeden dolayl yogunlasma ve yapinin
siklasmasi sonucu hacim agirliginin yikseldigi ya
da porozite degerlerinin oldukca distugu
saptanmistir. Buna karsilik 1000 °C de pisen
ornekte basma mukavemetinin yikseldigi,

1500 °C de pisen ornekte azaldigi Tablo 4 de
gozlenmektedir. 1500 °C de pisen ornekte basma
mukavemetinin diisiis nedeni yeni olusan mineral
fazlari ve SiC in ylzeysel oksitlesmelerdir. (1500
°C de yeni fazlarin olusumu ve SiC miktarinin
azalisi X 1sini difraksiyonuyla (XRD) belirlenmistir)
Fakat bu azalis sogukta (oda sicakliginda) kopma
moddulu testinde gozlenmemistir. Literatir
verilerine gore deney 6rneklerinin porozite
degerlerinin yiiksek olmasina ragmen, gerek oda
sicakliginda ve gerekse yiksek sicakliklardaki
mukavemet degerleri ile siriinme testinde 1500
°C de 0.2 MPa sabit ylk altinda 24 saat kalan
ornegin akma hizi % 0.006 /saat olarak yeterli
diizeydedir [24-28].

1550 °C de, Pota Yontemiyle | DIN 51 069/2
At1550 °C, by Ladle Method,
Korozyon Dayanimi

Corrosive Strength

PRE/R 34

3. FINDINGS AND DISCUSSION

The results of test applied for determining
the characteristic properties of samples are
given in Table 4. the volume weight of the
sample, which was subjected to heat process
at 1000 °C is lower than that of the dried sam-
ple due to the thermal segregation of hydrate
phases. In the sample fired at 1500 °C, it was
determined that the volume weight increased
as a result of densification and tightening of
composition due to sinterization or that
porosity values dropped significantly. In con-
trast, it is observed that the compressive
strength increased in the sample fired at
1000 °C and that it decreased in the sample
fired at 1500 °C Table 4. The reasons for the
compressive strength fell in the sample fired
at 1500 °C were the newly formed mineral
phases and surface oxidization of SiC (The
formation of new phases and the decrease in
SiC amount at 1500 °C were determined by X-
Ray diffraction (XRD). However, this decrease
was not observed in the modulus of rupture
test in the cold (At room temperature).
According to literature data, despite the high
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Uygulanan termal sok direnci
testinde hem kurutulmus ornek-
ler ve hem de 1500 °C de pisen
ornekler 30 cevrime
dayanmislardir. Tim orneklerde
catlak olusumlarina
rastlanilmamistir. Ancak
ylizeyde kurutulan érnekte 9.
cevrimde, pisen ornekte 13.
cevrimde ince kilcal catlaklar
gozlenmistir. Pota yonteminde
kullanilan yuksek firin ciruf ile
korozyon direnci testinde grafitli
katkili orneklerde infiltrasyon ve
bozunma gozlenmemistir.

Sekil 1 de 1000 °C de Sekil 2 de
1500 °C de pisirilmis deney
orneginin taramali elektron
mikroskobundaki (SEM] igyapisi
gorilmektedir.
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4. SONUCLAR VE ONERILER

Yiksek firin kanallarinda
refrakter malzeme olarak
kullanilan boksit esasli
kendiliginden akici dokilebilir-
lerin Gretimi bu calismanin
amaci olmustur. Kanal bol-
gelerindeki kosullar dikkate
alinarak elde edilen deney
orneklerine uygulanan
mekaniksel ve termomekanik

porosity values of test sam-
ples, strength at both room
temperature and also at high
temperatures and the flow
rate of the sample which
stayed for 24 hours under 0.2
MPa fixed load at 1500 °C in
the creep test as 0.006 %/hour
were adequate [24-28].

In the applied thermal shock
resistance test, both dried
samples and also samples
fired at 1500 °C withstood 30
cycles. No crack formations
were observed in any sam-
ples. However, fine hairline
cracks were observed in cycle
9 in the dried sample and in
cycle 13 in the fired sample on
surface. No infiltration or
degradation was observed in
samples with graphite additive

in the corrosion resistance
test with the blast surface slag
used in the ladle method.

The scanning electron micro-
scope (SAM]) internal structure
of the test sample fired at
1000 °C is shown in Figure 1
and test sample fired at 1500
oC is shown in Figure 2.

4. CONCLUSIONS AND
RECOMMENDATIONS

Production of bauxite based
self flowing castables used as
refractories in blast furnace
troughs was the purpose of
this study. The results of the
mechanical and thermo-
mechanical tests applied to
test samples obtained consid-
ering trough area conditions

Tablo 4. Orneklere uygulanan testlerin sonuclari - Table 4. Results of tests applied to samples

Ozellikler - Properties

Hacim Agirligi (g/cm’) - Volume Weight (g/cm3)

¢ 110 °C de, 24 saat - hours
¢ 1000 °C de, 2 saat - hours
¢ 1500 °C de, 2 saat - hours

Agik Porozite (%) - Open Porosity (%)

¢ 110 °C de, 24 saat - hours
¢ 1000 °C de, 2 saat - hours
¢ 1500 °C de, 2 saat - hours

Sogukta Basma Mukavemeti (MPa)

¢ 110 °C de, 24 saat - hours
¢ 1000 °C de, 2 saat - hours
¢ 1500 °C de, 2 saat - hours

Sogukta Kopma Modiilii (MPa) - Cold Compressive Strength (MPa)

* 1000 °C de, 2 saat pisen ornege - At 1000 °C, to 2 hour fired sample
¢ 1500 °C de, 2 saat pisen ornege - At 1500 °C, to 2 hour fired sample

Sicakta Kopma Modili (MPa) - Hot Modulus of Rupture (MPa)
e Testin uygulanis sicakligi 1000 °C - Test application temperature 1000 °C
e Testin uygulanis sicakligi 1500 °C - Test application temperature 1500 °C
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Sekil 1. 1000 °C de pisen érnegin icyapisi Sekil 2. 1500 °C de pisen 6rnegin SEM deki icyapisi
Figure 1. Internal structure of sample fired at 1000 °C Figure 2. Internal structure of sample fired at 1500 °C at SEM

test sonuclari literatlr verilerine gore iyidir.
Vibratorli dokulebilirlere alternatif olan
kendiliginden akici dokilebilirler ileri
endustriyel llkelerde 6nemli avantajlarindan
dolayi biylik oranda kullanilmaktadir.
Ekonomik ve daha kolay ¢alisabilirlik ozelliklere
sahip olan bu yeni tip dokdlebilir monolitik
refrakterlerin yliksek firin kanallarinda
kullanilanabilirligi icin endistriyel deneme test-
leri uygulanmalidir.

are better than literature data. Self flowing
castables which are alternatives to vibrator
castables are used at a high scale in
advanced industrial countries due to the sig-
nificant advantages they offer. Industrial tests
must be applied for usability in blast furnace
troughs of this new type of castable refracto-

ries which are more economical and easier to
work with.
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