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OZET

Sentetik hammaddeye dayali
oldugundan pahali olmakla bir-
likte sagladigr avantajlar g6z
online alindiginda, dokiilebilir
refrakterlerin, tugla tipi refrak-
terlerin yerini almaya basladigi
gozlenmektedir. Celik
potalarinda curuf bélgesi igin
gelistirilme sireci devam
ederken, erozyon direnci arzu-
lanan calisma bolgesinde kul-
lanimlari ise simdiden
yayginlasmistir. Bu calismada;
cimentolu, dislik ¢cimentolu ve
¢imentosuz olmak Uzere
degisik dokdilebilir refrakter
numuneler Uretilerek, bunlarin
fiziksel ozellikleri
belirlenmistir. Daha sonra “pin-
on-disc” yontemine gore abra-
siv asinma testleri yapilarak,
asinmaya karsi dayanim ozel-
likleri kiyaslamali olarak
degerlendirilmistir.

Anahtar kelimeler: Dokiilebilir
refrakter, abrasiv asinma

1. GIRIS

Monolitik sivi celik potalarinin
asinma astarlarinda alimina
ve/veya spinel gibi sentetik
hammaddeler kullanilmasiyla
gerek lojistik gerekse uzun
streli dayanimlari acilarindan,
geleneksel refrakter tugla
astarlarina karsi avantajli
oldugu degerlendirilmektedir.
Buna daha temiz ve kaliteli
celik elde etme ¢abalari dahil
edildiginde, dokilebilir
refrakterlerin 6nemi daha da
belirginlesmektedir [1-3].

Bu calismada; cimentolu,
disik ¢cimentolu ve ¢cimentosuz
olmak Uzere degisik dokulebilir
refrakter numuneler Uretilerek,
bunlarin fiziksel ozellikleri
belirlenmistir. Daha sonra “pin-
on-disk” yontemi [4] ile abrasiv
asinma testleri yapilarak,
asinmaya karsi dayanim ozel-
likleri kiyaslamali olarak
arastirilmistir.
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1. INTRODUCTION

It is deemed that by using
synthetic raw materials like
alumina and/or spinel in the
abrasion linings of monolithical
steel melting ladles, they afford
advantages in respect of both
logistics and also long-term
endurance, compared to the
traditional refractory brick
linings. When the efforts for
obtaining clean and high quality
steel are also considered, the
significance of castable
refractories becomes even
more prominent [1-3].

In this study, various castable
refractory specimens were pro-
duced as cement, low cement
and cement free and their
physical properties have been
determined. Subsequently,
abrasive wear tests were con-
ducted under the “pin-on-disc”
method [3] and their abrasive
wear resistances were
evaluated comparatively.

Tablo 2.1 Dokiilebilir refrakterlerin tane boyutu dagilimi ve agirlikca oranlari [1]
Table 2.1 Grain size distribution and percentages by weight of castable refractories [1]

Tane boyu A B c
Sinterlenmis spinel Sinterized spinel 0-1mm 14 14 14
Sinterlenmis spinel Sinterized spinel <20 ~m 6 6 6
Sinterlenmis aliimina Sinterized aliimina 1-5 mm 53 53 53
Fused-alumina Fused-alumina 0-1 mm 12 12 12
Mikro silika Micro silica 0.1-0.3 pm +05 +05
Sinterlenmis CA6 Sinterized CA6 <20 pm 2
Reaktif aliimina Reaktive alumina 25 um 8 8 8
Yiiksek aliiminali ¢cimento (70%-AI203) High alumina cement 14 um [ 2
Hidrate aliimina Hydrated alumina 2um 5 5
Dispersan Dispersant + + +]

2. DENEYSEL CALISMALAR

2.1. Numunelerin Hazirlanmasi

Hammadde kimyasal
bilesimleri ve tane boyut
dagilimlari Tablo 2.1°de verilen
dokilebilir numuneler (A, B ve
CJ, %5 sulu bir ortamda
karistirilarak homojenize
edilmis ve uygun kaliplarda
vibrasyon ile sekillendirilerek
kiclk deney potalari haline
getirilmislerdir. Mekanik
testler icin 50 x 50 x 50 mm
boyutlarindaki kibik
numuneler yine vibrasyonla
sekillendirilmistir. Priz almasi
icin yapilan kurutmadan sonra
refrakter numuneler,
1600°C’de 2'ser saat siireyle
pisirilerek sinterlenmistir.
Hazirlanan refrakterlerin
kimyasal bilesimleri Tablo
2.2'de verilmistir.

2.2. Fiziksel Ozellikler

Mekanik testlerde kullanilmak
Uzere hazirlanan numunelere,
Arsimet prensibine gore; %-su
emme, %-gorinir porozite,
yigin yogunluk ile
Quantachrome yontemine gore;
por buyukligu dagilimi testleri
uygulanmistir.

Dokdilebilir numunelerine ait
fiziksel test sonuclar, Tablo
2.3’te verilmistir.

Tablo 2.2 Refrakterlerin kimyasal bilesimleri (Ag.-%)
Table 2.2 Chemical compositions of refractories (Wt.-%)

Malzeme tipi Specimen type AI203 Mg0 Ca0 Si02
A 93 45 2 02
B 94 45 0.6 0.7
C 945 45 02 0.7

2. EXPERIMENTAL WORK
2.1. Preparation of Specimens

Castable specimens (A, B and
CJ, the raw material chemical
compositions and grain size
distributions of which are given
in Table 2.1 were homogenized
by stirring in a medium with 5
% water and were formed into
small test pots being shaped by
vibration in appropriate molds.
For mechanical tests, cubic
specimens of size 50 x 50 x 50
mm were again shaped by
vibration. After the drying
conducted to allow setting, the
refractory specimens were
sinterized by firing for 2 hours

each at 1600 °C. The chemical
compositions of the prepared
refractories are given in Table
2.2.

2.2. Physical Properties

%-water absorption,
%-apparent porosity, bulk
density tests according to
Archimedes principle and pour
size distribution tests according
to Quantachrome method were
applied to the specimens
prepared to be used in
mechanical tests.

The physical test results of
castable specimens are given in
Table 2.3.

Tablo 2.3 Refrakterlerin fiziksel ozellikleri Table 2.3 Physical properties of refractories

A B C
Acik porozite (%) Open porosity (%) 13.60 16.15 1414
Su emme (%) Water absorption (%) 432 529 451
Yigin yogunluk (g/cm®) Bulk density (g/cm’) 315 3.05 314
Por biiytikligi dagihmi (nm) Rort 900 7000 8000
Pore size distribution Rmin - Rmax 800-8500 7000-15000 1500-15000
Sogukta basma mukavemeti (MPa) 244 3 61
Cold compression strength (MPa)
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2.3. Asinma Deneyleri

Calisma kosullarinda asinmaya
karsi dayanimlari onemli olan
numuneler 50 N yiik altinda 80
numarali asindirici zimpara
kullanilarak abrasiv asinmaya
ugratilmistir. Her bir numuneye
ayni sartlarda 5 deney yapilmis
ve numunelerdeki agirlik kaybi
(AG) cinsinden asinma
miktarinin ortalamasi olarak
alinmistir [3].

Her bir numunedeki agirlikca
asinma miktarlarr A
numunesindeki asinma
miktarlarina oranlanarak bagil
asinma oranlarina (W)
dontstirilmistir (Esitlik 1)
(3.

W = AG numune / AG A
numunesi(1)

Daha sonra bagil asinma diren-
ci (R) olarak Esitlik 2'ye gére

asinma oranlarinin tersi
alinmistir [3].
R=1/W

Asinma deney sonuglari Tablo
4’de verilmistir.

3. SONUCLAR VE
DEGERLENDIRME

Dokilebilir refrakter malzeme-
si olarak kullanilan A, Bve C
numunelerinden fiziksel 6zel-
likler bakimindan ¢cimentolu
dokulebilir A numunesinin daha
Ustlin degerlere sahip oldugu
gorilmektedir. Basma
mukavemeti, diger disuk
cimentolu (B) ve cimentosuz
(C)'a gore oldukga yiiksektir.
Mekanik mukavemetin yiiksek
olmasi, A'nin digerlerine gore,
porozitesinin ve ortalama por
caplarinin da kii¢lk olmasinin
bir sonucudur. Cimentolu A-

numunesi, daha iyi priz almis
olmasi sonucu, ayni sicaklikta
pismelerine ragmen daha iyi
sinterlenmistir.

A numunesinin daha iyi olan
ozellikleri sayesinde asinma
direnci acisindan da diger
numunelere ustunlik
saglamistir. Sekil 1'de
numunelerin asinma direncinin
degisimi gorilmektedir.

Sonug olarak A numunesinin
temsil ettigi cimentolu
dokdlebilir refrakter malze-
menin, erozyon asinmasinin
yogun yasandigi calisma bol-
gesinde, diger B ve C'ye gore
~%25 daha yiiksek asinma
dayanimina sahip oldugu belir-
lenmistir. Bu nedenle, astar
malzemesi olarak tercih
edilmelidir.

Tablo 4 Asinma deney sonuclari Table 4 Abrasion test results

Numune Ortalama Asinma miktari AG Asinma Orani W Asinma Direnci R
Specimen Average abrasion amount, AG Abrasion Ratio W Abrasion Strength R
A 21,52 1,00 1,00

B 26,01 121 0,83

C 2523 117 0,85

2.3. Abrasion Tests

The specimens, whose strength
against abrasion under working
conditions is important, were
subjected to abrasion under 50
N load using no. 80 abrasive
emery board. Five tests were
applied to each specimen under
same conditions and the weight
loss in the specimens was
taken as the average of the
amount of abrasion in (AG) [3].

The amount of abrasion by
weight in each specimen was
proportioned to the amount of
abrasion in specimen A and
was transformed into relative
abrasion ratio (W) (Equation 1) [3].
W = AG specimen / AG speci-
men A(1)

Afterwards, the inverse of the
abrasion ratios in Equation 2

was taken as the relative abra-
sion strength (R) [3].

R=1/W

Abrasion test results are given
in Table 4.

3. RESULTS AND EVALUATION

It is observed that out of speci-
mens A, B and C used as
castable refractory materials,
cement castable A specimen
has higher values in terms of
physical properties. Its crushing
strength is quite high compared
to the other low cement (B) and
cement free (C) specimens. The
reason for its mechanical
strength to be high is due to A's
porosity and average pore
diameters being smaller than
the others. Specimen A with
cement was sinterized better

although all were fired at the
same temperature since it set
better.

Specimen A has displayed
superiority over other speci-
mens in terms of abrasion
strength as well due to its high-
er properties. Figure 1 shows
the change in the abrasion
strength of specimens.

In conclusion, it was deter-
mined that the castable refrac-
tory material with cement rep-
resented by specimen A had
~%?25 higher abrasive strength
compared to other specimens
B and C in the working area
subject to intense erosion abra-
sion. Therefore, it should be
preferred as lining

material.
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Sekil 2.1 Dokilebilir refrakterlerin abrasiv asinma direnclerinin karsilastirilmasi
Figure 2.1 Comparison of abrasive wear resistances of castable refractories
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