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Ozet:

Seydisehir Al(OH) ve kalsitden sinterlemeyle
olusan kalsiyum aluminat fazlari ile hibonit
kristallerinin mikro yapilari y- (Gamma)
aluminasi ve mermer tozundan elde edilen
kalsiyum heksaluminatlar karsilastiritmistir.
Ayrica sinterleme sicakliginin ve siiresinin faz
donlslmlerine ve kristal boyutlarina etkileri
arastiritmistir. Al.Os kaynagi olarak Al(OH)s
kullanildiginda 1650°C de 7 saat sinterlemede X-
1sint kirinimi analizlerine gore CAq ve korund
fazlari saptanmistir. Sinterleme siiresi (5 ve 3
saat] ve sicakligi (1550°C) dusuriildigiinde CAs ve
korund fazlarindan baska mayenit ve grosit fazlari
belirlenmistir. 1650°C’de 3 saat sinterlenen ornek-
lerde 10 pm biyikliglnde hibonit kristalleri
gozlenmistir. y-aluminasi kullanilarak 1600°C de 2
saat sinterleme ile elde edilen kalsiyum heksalu-
minatlarin mikro yapisinin farkli oldugu
gorulmustir. Demir iceren curuflarda diisuk
¢ozlinurlik, indirgen ortamda yuksek kararlilik,
alkali ortamlarda ylksek kimyasal dayanim, ergi-
mis metal ve clruflarda (demir ve demir disi)
distk 1slatabilirlik 6zellikleriyle demir-gelik, met-
alurji, cimento ve petrokimya sektorlerinde Ustiin
performansindan dolayi refrakter malzeme olarak
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Abstract:

The calcium aluminate phases formed through
sinterization of Seydisehir Al(OH); and lime-
stone and microstructures of hibonite crystals
and calcium hexamulinates obtained from y-
aluminate and marble were compared. Also,
the impact of sinterization temperature and
time on phase conversions and crystal sizes
were investigated. CAs and corund phases
were determined based on X-ray refraction
analysis at 7-hour sinterization at 1650°C
where Al(OH)s was used as Al203 source.
Mayenite and grosite phases, in addition to
CA6 and corund phases were determined
when the sinterization time (5 and 3 hours) and
temperature (1550°C) were dropped. Hibonite
crystals of 10 pm in size were observed on
specimens sinterized for 3 hours at 1650°C. It
was observed that the microstructure of calci-
um hexalimunates obtained by 2-hour sinteri-
zation at 1600°C using y-aluminate were differ-
ent. In this study, production using local raw
materials of calcium hexaluminate which is
Just starting to be used as a refractory due to
Its superior performance in steel, metallurgy,
cement and petrochemical industries due to
its properties of low solubility in iron contain-
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yeni kullanilmaya baslanilan kalsiyumhexalumi-
natin yerli hammaddelerle tretimi bu ¢alismada
amaclanmistir.

1. Giris

Kalsiyum heksaliminat (Ca0.6AL0s =CAs, CaAl:.0+,
Ca:C, A: AL0s), alimina ve kalsiyum karbonat
tozlarindan hazirlanmis yapay bir seramik
malzemedir. Yogun [1-2] ve mikropordz [3-5]
olarak iki turd vardir. CAs, tabular alumina ve
spineller alumina esasli yiiksek performansli
dokdlebilir refrakterlerin agregalaridir. Agregalari
birbirine sikica kenetleyen baglayici matris
bilesenleri olarak cok ince kalsine alumina, reak-
tif aliimina, amorf silika ve kalsiyum aliiminat
cimentolari kullanilmaktadir. Demir-celik
endustrisinde kullanilmis bu tir refrakterlerin
detayli incelemelerinde (X-1sini difraksiyonu ve
taramali elektron mikroskobu) belirli orandaki
kalsiyum ve aluminanin CA¢ fazi olusturdugu ve bu
fazin clruf korozyonunu engelleyici bariyer tabaka
olusturdugu gozlenmistir. Bundan dolayi yalnizca
CA« fazi iceren yani CAs esasli refrakterlerin Ureti-
mi distincesini ortaya ¢cikarmistir (balance-lining).
Ayrica diger tir olarak CAs esasli mikrogozenekli
izolasyon refrakteri olarak da Uretilmis ve
basariyla endistride kullanilmaktadir [3]. CA. re-
timi ve malzeme ozellikleri ile tabular alumina
veya spinel (ytiksek aluminali) yerine CA: esasli
dokdlebilir refrakterler ile ilgili calismalar
konunun 6nemini gostermektedir [6-17].

Kalsiyum heksaliiminat, hibonit minerali olarak
dogal olarak da bulunabilir. Bu faz Ca0-Al.0s sis-
teminin en zengin aliminali bilesenidir (Sekil 1).
CA« peritektik ergime davranisi gosterir. Kalsiyum
hekzaliiminat 3,79 gr/cm’ teorik yogunluga sahip-
tir. Kristalik yapisi hegzagonal sistemdir. CA
olusturmak icin CaCQOs ve Al.Os arasinda ardi
ardina meydana gelen reaksiyonlari su sekilde
ozetlenebilir [6]:

ing slag, high resilience in reductive media,
high chemical strength in alkali media and low
wetting in molten metals and slags (ferrous
and non-ferrous).

1. Preamble

Calcium hexaulaminate (Ca0.6AL0s; =CA:,
CaAlz0i, Ca:C, A: Al:0s) is a synthetic ceramic
material prepared from alumina and calcium
carbonate powders. It has two types as dense
[1-2] and microporous [3-5]. CA;, tabular alu-
mina and spinels are aggregates of alumina-
based high performance castable refractories.
Very fine calcine alumina, reactive alumina,
amorphous silica and calcium aluminate
cements are used as the bonding matrix com-
ponents binding the aggregates together tight-
ly. It has been observed in detailed analyses of
these types of refractories used in the steel
industry (X-ray diffraction and scanned elec-
tron microscope) that a certain amount of cal-
cium and alumina formed a CAs phase and
this phase formed a barrier layer, preventing
corrosion of slag. Therefore, the idea of pro-
duction of only CA¢ phase containing refracto-
ries, that is CAs-based ones (balanced lining)
was set forth. Furthermore, as the other type
CA«-based microporous insulation refractory
was also produced and is in use successfully
in the industry [3]. Studies on CAs production
and material properties and CAs-based
castable refractories in place of tabular alumi-
na or spinel (high alumina) demonstrate the
significance of the subject [6-17].

Calcium hexaluminate may be found in nature
as a hibonite mineral. This phase is the richest
alumina component of the Ca0-Al:.0s; system
(Figure 1). CA: displays a peritechtic melting
behavior. Calcium hexaluminate has a theo-
retical density of 3.79 gr/cm’. Its crystalline
structure is hexagonal. Consecutive reactions
between CaCOs and Al0s in formation of CA
are as follows [6]:
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Sekil 1. AOs ve Ca0 Faz Diyagrami
Figure 1. Al0s and Ca0 Phase Diagram
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CaCOs; + ALOs = Ca0 + AlLOs + CO:
Ca0 + Al.0; = Ca0.AL0s

Ca0.AL0; + Al.0; = Ca0.2AL0;
Ca0.2AlL0s + 4ALO; = Ca0..6Al0s

Yukaridaki birinci reaksiyonda, yalnizca kalsitin
kalsinasyonu gerceklesmektedir. ikinci reaksiyon-
da kalsinasyonla ortaya ¢ikan CaO ile alumina
arasindaki reaksiyondan once CA fazi olusmak-
tadir. Uclincii reaksiyonda CA fazi ile mevcut alu-
mina ile reaksiyona girerek CA: fazi meydana
gelmistir. Son reaksiyonda CA: fazi ile hala yeterli
miktarda bulunan alumina ile reaksiyon sonucu
istenen CAs fazi olusmustur. CAs fazin olusum
sicakligl, tozlarin biyikligiine ve dagilimina bagli
olarak cok cesitli olabilir. CAs kalsiyadan (Ca0)
aliminaya Ca+2 ve 0-2 iyonlarinin difizyonuyla
olusur. CAs reaksiyon sinterlenmesiyle elde
edildiginde plaka gibi tane morfolojisi sahip olur.
Bazen reaksiyon sinterlemesiyle eseksenli
morfoloji olabilir. Her iki morfolojisinde CAs
tanelerinin olusumu icin net bir aciklama yoktur.
Ancak, mekanik karistirilip soguk izostatik
preslenen, atritorde 6gutdlup slip dokimle sekil-
lendirilen, atritorde oguitiilip soguk izostatik
preste sekillendirilen drnekler 1650°C ve
1750°C'de sinterlendiginde farkli mikroyapilar
ortaya cikmustir [6].

Refrakter malzeme olarak CAs'nin su ozellikleri
dikkati cekmektedir:

e Demiriceren curuflarda dustk ¢ozunurluk

« indirgen atmosferde (CO gibi) yiiksek kararlilik
e Alkali ortamlarda yiiksek kimyasal dayanim

e Ergimis metal ve ciiruflarda (demir ve demir
disl) distik 1slatabilirlik

e Korunda benzer termal genlesme katsayisi

» Yiiksek refrakterlik (1830 °C 'de ergimesi) [1]

Ca0-ALOs-Fe:0; sistemi icinde genis birincil
kristalizasyon alani olusumu gorilir. Bunun
anlami ciiruf iceren demir icinde dusiik
¢ozlnebilirliktir ve indirgen atmosferde yliksek
kararliliga sahip olma 6zelliginden dolayi, seramik
malzeme korozyonu olmadan yliksek sicakliklar-
da celik ve demir ile temas halinde olabilir.
Kristalografik bazal yiizeyi, mikemmel boliinme
ile, fiber-matris ara ylizeyine paralel yon-
lendirilebilir ve bundan dolayr CA¢ alimina fiber
tabakalari icin uygun bir malzeme olur .
Heksaliminat, yliksek sicakliklarda genis yizey
alani tutabilir ve yiiksek sicaklik katalitik islemleri
icin destekleyici malzeme olarak iyi bir aday ola-
bilir. Hammaddeler arasindaki reaksiyonlardan,
ilk once kalsiyumdialiminat fazi ortaya c¢ikar,
sonra hibonit ¢ekirdekleri kalsiyumdialiminat ve

o

CaCOs + ALO; = CaO + ALOs +CO.
Ca0 + AlO; = Ca0.Al0s

Ca0.Al0s + AlO; = Ca0.2AL0s
Ca0.2AL0s + 4ALO; = Ca0,.6Al0s

In the foregoing first reaction, calcinations of
only calcite occur. In the second reaction, CA
phase occurs before the reaction between
Ca0 formed through calcinations and alumina.
In the third reaction, CA phase goes into reac-
tion with existing alumina forming the CA:
phase. In the last reaction, the desired CA
phase is formed as a result of the reaction
between the CA; phase and alumina which is
still available in adequate quantity. The forma-
tion temperature of the CAs« phase may vary
greatly depending on the site and distribution
of powders. CAs is formed by diffusion of Ca+2
and 0-2 ions from CAs calcia (Ca0) to alumina.
Where CAs is obtained by reaction sinteriza-
tion, it has plate-like grain morphology.
Sometimes, coaxial morphology may occur
due to reaction sinterization. There is no clear
explanation for the formation of CA: grains in
either morphology. When specimens mixed
mechanically and pressed cold isostatically,
pulverized in a atritor and shaped through slip
casting and cold isostatic press shaped after
granulization in the atritor were sinterized at
1650°C and 1750°C, different microstructures
have appeared [6].

The following properties of CAs as a refracto-
ry draw attention:

e Low solubility in iron containing slags

e High resolution in reductive atmosphere
(e.g. CO)

e High chemical strength at alkali media

e | ow wetability in molten metals and slags
(ferrous and non-ferrous)

e Corund-Llike thermal expansion coefficient
* High refractory property (melts at (1830 °C])
(1]

A broad primary crystallization zone occurs in
the Ca0-AlOs-Fe:0s system. This means that
due to its properties of low solubility in slag
containing iron and high resolution in reduc-
tive atmosphere, it may come into contact with
steel and iron at high temperatures without
ceramic corrosion. The crystollagraphic basal
surface may be directed parallel to the fiber
matrix interface with perfect division and
hence CA¢ becomes a suitable material for
alumina fiber layers. Hexaluminate may hold a
broad surface area at high temperature and
may be a good candidate as a supporting
material for high temperature catalytic
processes. From reactions between raw
materials, first calcium dealuminate phase
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allimina ara fazlarinda olusur. Aglomerasyon,
aliimina ve kalsiyumkarbonat arasindaki temas
noktalarini azaltir ve bundan dolayi alimina ve
kalsiyumdialiiminat arasinda birim hacim basina
degisen olusmus CAs cekirdeklerinin sayisini
azaltir. Hibonit kristallerinin mikroyapisi, kalsit-
lerin ve aliminanin tane morfolojisine ve boyut
dagilimina ve sinterlesme [(isitma ve sogutma hizi,
sicaklik suresi ve derecesi) kosullarina baglidir

[6].

CA/yi Ureten firma Almatis (Alcoa) ticari ismi
“Bonite” olarak nitelendirmistir. Bonitin yiiksek
porozitesi sayesinde, acik porozitesi ve iyi
calisabilirlik icin gerekli su miktari tabular alimi-
nadan daha fazladir. Dokilebilir Bonitler diizglin
bir vibrasyon ve kendiliginden akiskan (self-flow)
reolojisi gosterir. CAc demir iceren clruflarda
diistk ¢ozlnebilirlik gosterir. Ayrica ergimis
demir ve demir disi metaller ile dusuk islatilabilir-
lik gosterir. Bu ozelliklerinden dolayr CAs
aliiminyum ve demir disi ergitme firinlarinda kul-
lanilmak igin uygun bir refrakterdir. indirgen
atmosferde yiksek kararliligi ve alkali atmosferde
ylksek kimyasal dayanimi CA: ‘yi kimya,
petrokimya ve cimento endistrisindeki refrakter
uygulamalar icin de uygundur [1,2,4]. Clinki alter-
natif yakitlarin ¢cimento ve kire¢ firinlarinda kul-
lanilmasindan dolayi alkalilere karsi korozyon
direnci daha yiiksek olan SiC katkili andaluzit
refrakterleri piyasaya cikmistir [18,19]. CA.
malzemelerin alkalilere karsi yiiksek dayanimi ile
endustriyel basarili sonuclar elde edilmistir.
Tarkiye'nin ¢cimento sektoriindeki yliksek Gretimi
dikkate alindiginda yakin gelecekte CA: tilkemiz
icin onemli olabilir. Bonit esasli dokdilebilirler yik-
sek aluminali dokiilebilirlere gore daha disik
termal iletkenlige sahiptirler. Bonitin disuk ter-
mal iletkenligi (1000 °C de 1.7 W/mK), asinma
direncinin ve yalitim davranisinin birlikte istendigi
uygulamalarda 6rnegin celik potalari ve alu-
minyum ergitme firinlarinin astarlarinda kullanimi
icin uygun olmaktadir. Bonite, yaklasik %90 Al:Os,
% 8,5 Ca0, % 0,9 Si0: ve cok az miktarda diger
empdiriteleri icerir. 3 gr/cm 'te fazla hacim agirligi
vardir ki bu da CAs'nin teorik yogunlugunun %
90"1dir. Bonitenin tane boyutlari ve partikil boyut
dagilimlari tabular alimina ve spinel boyutlarina
benzemektedir. Bu durum da benzer dokiim for-
mdulasyonlarini veya farkli agregalarin karisimina
izin vermektedir. Bonit esasli dokilebilirler 1500
°C’de 5 MPa kirilma modiilt (Hot modulus of
Rupture) ve yliksek termal sok dayanimi
gostermektedirler [1,2].

Aluminyum endustrisindeki basarili uygulamalarr;
¢imento, demir disi metaller ve petrokimya
endustrisindeki denemelerin Ustlin performansla
devam ettigi CA: esasli yeni refrakterlerin potan-
siyelini ortaya koymaktadir. Yukarida aciklanan
bilgiler 1si1ginda bu arastirmada Seydisehir alu-

appears, then hybonite seeds appear at calci-
um dialimunate and alimuna inter-phases.
Agglomeration reduces the contact points
between alumina and calcium carbonate and
therefore, the number of formed CA: seeds
varying per unit volume between alumina and
calcium dialuminate is reduced. The
microstructure of hibonite crystals depend on
the grain morphology of calcites and alumina
and size distribution and sinterization condi-
tions (heating and cooling rate, temperature
and time) [6].

Manufacturer of CAs Almatis (Alcoa) has given
the product the tradename of “Bonite”. Due to
its high porosity, the amount of water required
for open porosity and good workability is
greater than tabular alumina. Castable
Bonites demonstrate of smooth vibration and
self-flow rheology. CAs has low solubility in
slags containing iron. Also, it has low heatabil-
ity with molten ferrous and non-ferrous met-
als. Due to these properties, CAs is a suitable
refractory to be used in aluminum and non-
ferrous melting furnaces. Its high stability in
reductive atmosphere and high chemical
strength in alkali atmosphere makes CA: suit-
able for refractory applications in the chemi-
cal, petrochemical and cement industries
[1,2,4]. Due to use of alternate fuels in cement
and lime furnaces, andalusite refractories with
SiC additive with higher corrosion strength
against alkali materials have been placed in
the market [18,19]. Due to the high strength of
CAs materials against alkali, successful
results were obtained in the industry where it
is an alternative refractory. Considering the
high quantity of production in the cement sec-
tor in Turkey, CAs may be important for our
country in the near future. Bonite-based
castables have less thermal conductivity com-
pared to high alumina castables. Due to its
low thermal conductivity (1000 °C at 1.7
W/mK], Bonite is suitable for use in applica-
tions requiring joint corrosion resistance and
insulative behavior, for example in linings of
steel pots and aluminum melting furnaces.
Bonite has approximately 90 % ALQOs, 8.5 %
Ca0 and 0.9 %Si02 and a very small amount
of other impurities. Its volume weight is more
than 3 kg/cm which is 90 % of CA'’s theoretical
density. Grain sizes and particle size distribu-
tions of Bonite are similar to tabular alumina
and spinel sizes. This allows similar casting
formulations or mixing of different aggregates.
Bonite-based castables have a hot modulus of
rapture of 5 MPa at 1500 °C and high thermal
shock strength [1,2].

Successful applications in the aluminum
industry and high performance of experiments
in non-ferrous metals and petrochemical
industry show the potential of CAs based new
refractories. In this study, in light of the fore-
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minyum hidroksiti/y-alumina ve kalsit/mermer
tozundan istenen ozelliklere sahip yogun CA: Ure-
timi amaglanmustir.

2. Deneysel Calismalar

Deneysel calismalarin Seydisehir aluminyum
hidroksiti ve kalsitten CAs tiretimi Dokuz Eyliil
Universitesi (DEU), Metalurji ve Malzeme
Mihendisligi Bolumi'nde, y-Alumina ve mermer
tozudan CA: eldesi ise Afyon Kocatepe Universitesi
(AKU), Seramik Miihendisligi Bolimi'nde
yapilmistir. Aliminyumhidroksit ve kalsit 105 °C*
de kurutulmus ve alimina bilyali porselen
degirmen kullanilarak 6gitiilmiistiir. Ogiitmede
Dokuz Eyliil Universitesi Maden Miihendisligi
Bolimd atdlyesindeki porselen degirmen
kullanitlmistir. Degirmenin boyutlari
200mmX170mm, bilya sarji 3797 gr., degirmen
hizi 70 devir/dakika ve 6gitme islemi sonucunda
45 pm elek altina ulasitmistir. Her iki hammadde
45 pm ‘ye indirildikten sonra gerekli oranlarda
karistirilmistir. Karisim tekrar degirmende
ogutulerek homojenizasyonu saglanmistir.
Karisimlarin farkli bélgelerinden alinan érneklerin
kizdirma kayip oranlarinin her yerde ayni olmasi
malzemelerin homojen dagilmis olduklarini
gostermistir. Hazirlanmis olan toz karisim 25 mm
capinda silindirik numuneler halinde
preslenmistir. Presleme sonrasi numuneler
115°C "de 30 dakika kurutulup 1550°C, 1600°C ‘de
3 saat, 1650°C 'de 3, 5 ve 7 saat sinterleme
slrelerinde pisirilmistir. Sinterleme rejiminin faz
degisimlerine ve hibonit kristallerinin mikro
yapisina etkisi icin farkl firin rejimleri secilmistir.
Sinterleme sonrasi olusan fazlar X-Isinlari difrak-
siyonu (XRD] cihazi ile belirlenmis ve numuneler
taramali elektron mikroskobu (SEM) ile mikro
yapilari karakterize edilmistir. Seydisehir
aliiminyumhidroksit ‘in kimyasal analizi % 65
ALOs, % 0,013 SiO2, % 0,014 Fe:0s, % 0,3 Na.0s'tur.
Mugla kalsiti ise % 99,8 (CaCOs) safliktadir.

Tablo 1. Orneklerin X-isini kirinimi analizi ile saptanan fazlart

going information, it was targeted to produce
dense CAs with required properties from
Seydisehir aluminum hidroxite/y-alumina and
calcite/marble.

2. Experimental Studies

CAs production from Seydisehir aluminum
hydroxide and calcite in experimental studies
was made at 9 Eylul University (DEU)
Metallurgical and Materials Engineering
Department and derivation of CA6 from y-
Alumina and marble powder was done at
Afyon Kocatepe University (AKU] Ceramics
Engineering Department. Aluminum hydroxide
and calcite were dried at 105 °C and ground
using aluminum roller porcelain mills. In pul-
verization, the porcelain mill in 9 Eylul
University Mining Engineering Department
workshop was used. Size of the mill was
200mmX170mm, roller charge was 3797 gr
and mill speed passport 70 rpm and 45 pm
under sieve was achieved as a result of the
pulverization process. After they were brought
down to 45 um, both the two raw materials
were mixed at required proportions.
Homogenization was achieved by re-grinding
the mixture in the mill. The principle of uni-
form heat loss ratios in samples taken from
different zones of mixtures was used to estab-
lish homogeneity. The prepared powder mix
was pressed into 25-mm diameter cylindrical
specimens. After pressing, samples were
dried for 30 minutes at 115°C and were fired
for 3 sinterization hours at 1550°C, 1600°C
and at 3, 5 and 7 sinterization hours at 1650°C.
Different kiln regimes were selected for the
impact of the sinterization regime on phase
changes and the microstructure of hibonite
crystals. Phases forming after sinterization
were identified by X-ray diffraction (XRD)
device and the microstructures of specimens
were characterized by scan electron micro-
scope. The chemical analysis of Seydisehir
aluminum hydroxide is 65 % ALOs, 0.013 %
Si02, 0.014 % Fe:0s, 0.3 % Na:0:. Mugla calcite
is of 99.8 % (CaCOs) purity.

Table 1. Phases of specimens identified by X-Ray diffraction analysis

Grup-1: Sinterleme sicakligi
Group-1

Al(OH)s+CaCO0s

Sinterization temperature

Sinterleme siiresi

Sinterization period

X-1sint kirinimi analizi

ile belirlenen fazlar
Phases identified by X-ray
diffraction analysis

CAs, Ci2A7, CA2, A
CA¢, Ci2A7, CA2, A
CAs, Ci2A7, A

CAs, A

3 saat / hour
3 saat / hour
5 saat / hour
7 saat / hour

Grup -2 / Group-2:
y-Al20s+kalsine Ca0

y-AlOs+calcinated Ca0

1320 °C
1450 °C
1500 °C
1600 °C

2 saat / hour
2 saat / hour
2 saat / hour
2 saat / hour

CA2, CA A
CAs, CA2, CA, A
CA¢, CA2, A
CA¢, CA:

CA¢, A (minor), CA: (iz)
CA¢, A (minor], CA: (trace)

Ticari heksaluminat (Bonite) [2]
Commercial hexaluminate (Bonite) [2]
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y- (Gamma) Alumina ve mermer tozundan CAs
eldesi ¢alismalarinda Seydisehir’de Uretilen alu-
minyum hidroksit [Gibsit, ALOH):] firinda 425

oo(C 'de 4 saat sire ile isil isleme tabi tutularak

y- ALOs Uretilmistir. Mermer tozu (Si02:% 0.24,
Fe:0s: %0.02, Ca0: %49.53, ve Mg0:2.21, A.Z. %48)
ise ayni firinda 1000 «C 'de 4 saat siire ile kalsine
edilmistir. Agirtikca % 10 kalsine mermer tozu ve
% 90 y-ALOs; dan karisimlar hazirlanarak, alimi-
na bilyali porselen degirmende karistirma ve
homojenizasyon amaci ile 30 dakika
ogitiilmistiir. 0gitilmiis-homojenize edilmis
karisim kuru presleme (40 MPa) teknigi ile
sekillendirilmis, 1 giin oda sicakliginda
kurutulmus daha sonra 1320, 1450, 1500, 1600 °C
sicakliklarda 2 saat sinterlenmistir.

3. Bulgularin Tartisilmasi

Bu calismada ALOs tasiyicisi olarak aluminyum
hidroksiti secilmesinin nedeni refrakterlerde
baglayici olarak kullanilan kalsiyum aluminat
(yliksek aluminali) ¢imentosunun eldesi tzerine
yapilan calismalarin basarili sonuglar vermesidir
[20,21]. Yiiksek sicakliklarda sinterlenen kalsiyum
aluminatlarin maliyeti yliksek oldugu icin disik
sicakliklarda pisirme kosullari arastirilmaktadir.
Sinterleme yontemiyle kalsiyum aluminat (CA)
cimentolarinin tretim prosesi CAs eldesine
benzerdir.

Orneklerin X Isinlari difraksiyonu sonuglari Tablo
1 ve Sekil 2 ve 3'de verilmistir. Aluminyum
hidroksit ve kalsitin sinterlenerek elde edilen
orneklerde CAs fazi saptanmistir. 1550 ve
1650°C’de 3 saat sinterlenen orneklerde hibonit
(CaAl:.0v), korund a-(alfa) AL.Os, mayenit
CarAli0ss, grossit CaAl.Os fazlari belirlenmistir.
1650°C’de 5 saat sinterlenen orneklerde hibonit
(CaAl:.01), korund (a-ALOs) ve mayenit (Car(AlOs)
fazlari tesbit edilmistir. 1650°C’de 7 saat sinter-

In processes for obtaining CAs from y-Alumina
and marble powder, aluminum hydroxide pro-
duced in Seydisehir [Gypsite, Al(OH)3] was
heat treated for 4 hours at 425 «C in the kiln
to produce y- AlOs. Marble powder (SiO.: 0.24
%, Fe:0s: 0.02 %, Ca0: 49.53 % and Mg0:2.21,
A.Z. 48 %) was calcinated for 4 hours at 1000
oC in the same kiln. Mixes of 10 % calcinated
marble powder and 90 % y-ALOs by weight
were prepared and were ground for 30 min-
utes for mixing and homogenization in an alu-
minum roller porcelain mill. The ground-
homogenized mixture was shaped by dry
pressing technique (40 MPa), was dried at
room temperature for 1 day and subsequently
sinterized for 2 hours at temperatures of 1320,
1450, 1500, 1600 °C.

3. Discussion of Findings
The reason for selection of aluminum hydrox-

ide as AlOs carrier in this process was that
work done on derivatives of calcium aluminate
cement used as binding in refractories has
given good results [20,21]. As the cost of calci-
um aluminates sinterized at high tempera-
tures is high, low temperature firing condi-
tions are being investigated. The production
process of calcium aluminate (CA) cements
through sinterization is similar to CAs produc-
tion.

X-ray diffraction results of specimens are
given in Table 1 and Figure 2 and 3. CAs phase
was identified in specimens obtained through
sinterization of aluminum hydroxide and lime-
stone. Hibonite (CaAl:0is), corund (a-ALOs),
mayenite (Ca»AliOs), grossite (CaAl.Os) phases
were identified in specimens sinterized for 3
hours at 1550 and 1650°C. Hibonite (CaAl:201),
corund (a-ALOs) and mayenite (Caiz(AliiOs)
phases were identified in specimens sinterized
for 5 hours at 1650°C. Hibonite and corund

Al203
Cadl2013

Intensity(Counts)

Sekil 2. 1650 °C’de 7 saat sinterlenen drnegin X-Isinlari difraksiyonu analiz diyagrami

(1: a-ALOs korund, 2: CaAli2019: hibonit fazlari)

Figure 2. X-Ray diffraction analysis diagram of specimen sinterized for 7 hours at 1650 °C.

(1: a-ALOs corund, 2: CaAliz0w: hibonite phases)

o
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[Rh]

Sekil 3. Farkl sicakliklarda olusan (G:
Grossit CA2 , K:Korund, C; CA; H:Hibonit)
fazlarin X-lsinlari

difraksiyonu analiz diyagrami

Figure 3. X-Ray diffraction analysis dia-
gram of (G: Grossite CA:, K:Corund, C; CA;
H:Hibonite) phases formed at different

K|y 4
gl | ) i
I\,.}

1450 *C

temperatures

lenen ornekte hibonit ve korund fazlari
saptanmustir. Ticari bonit malzemesinde bulunan
hibonit, korund ve CA: fazlarindan bu calismada
CA: fazina rastlanilmamistir.

y-alumina ve mermer tozu ile yapilan calismalar-
da X-Isini difraksiyonu analizlerine gore sicaklik
artikca hibonit fazina donlisimiin gerceklestigi
acikca gorilmektedir (Tablo 1). 1320°C de grossit
CA:: CaAl.Os, CA: Ca0.ALOs:: CaAl.Os ve korund
fazlari saptanmistir. 1450°C’de olusan CA fazlari
ortamda yeterli alumina var ise CAs fazina
donlsmeye baslamistir. 1500°C’de sicakligin
etkisiyle daha fazla hibonit fazi ortaya ¢ikmistir.
1500°C ‘de bulunan korund fazlari sicaklik
1600°C'ye ¢iktiginda tamamen hibonit fazina
donusmiustur. Tim sicakliklarda oldugu gibi
ayrica bu sicaklikta da grossit (CA:) fazi
bulunmustur. ikinci grup calismasinda mayenit
fazina rastlanilmamistir. Bunun nedeni kalsine
olan kalsitten olusan CaO'nun cok reaktif olusu ve
ayni zamanda y-aluminanin da reaktifliginden
dolayi direk CA fazi ortaya ¢ikmistir. Her iki
yontemin orneklerinin XRD sonuglari
karsilastirildiginda hibonit fazin olusumu
acisindan gibsitin on isitma ile y-aluminaya
donustirilmesi avantaj getirmektedir. Ticari
urtin (Bonite) yaklasik % 90 CAé ile cok az miktar-
da korund ve CA: fazlarindan olusmaktadir [1,2]
(Tablo 1).

Hibonit tanelerinin ylksek sicakliklardaki
davranisinda kristal boyutlarinin da énemli rol
oynadigi i¢in drneklerin SEM fotograflari incelen-

o

phases were identified in the specimen sinter-
ized for 7 hours at 1650°C. Out of the hibonite,
corund and CA: phases found in the commer-
cial bonite product, CA: phase was not detect-
ed in this process.

In processes carried out using y-alumina and
marble powder; it is clearly observed that
according to X-ray diffraction analyses, as
temperature rises, transformation into
hibonite phase takes place. At 1320°C, grossite
CA» CaAl.0y, CA: Ca0.AlOs: CaAl.Os and
corund phases take place. If there was ade-
quate alumina in the medium, CA phases at
1450°C started to transform into CA¢ phase. At
1500 °C; due to effect of temperature, more
bore hibonite phases started to appear.
Corund phases found at 1500 °C totally trans-
formed into the hibonite phase when the tem-
perature rose to 1600 °C. As it was the case
for all temperatures, grossite CA2 phase was
identified at this temperature too. No magnet-
ic phase was detected in the second group
process. The reason for this was that Ca0O
formed by calcinated calcite is highly reactive
and since also y-alumina is reactive, CA phase
has appeared directly. Comparing XRD results
of the specimens from the two technigues,
transformation of gypsite into y-alumina by
preheating has an advantage in terms of for-
mation of the hybonite phase. The commercial
product (Bonite) is composed of approximately
90 % CAs and very small quantities of corund
and CA: phases [1,2] (Table 1).
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Sekil 4. Aliminyum hidroksit ve kalsitten elde
edilen (yukaridan asagiya sirasiyla) 1550°C’de 3
saat, 1650°C’de 3, 5 ve 7 saatte sinterlenen
orneklerin mikroyapisi

Figure 4. Microstructure of specimens derived
from aluminum hydroxide and limestone (top to
bottom) sinterized for 3 hours at 1550 °C; 3,5 and
7 hours at 1650 °C.

mistir. Sekil 4'de plaka seklinde heksagonal
hibonit tanesinin 1550°°C ve 3 saat sinterleme
slresinde olusmaya basladigi fakat dizensiz
tanelerin ¢oklugu gorilmustur. 1650°C'de 3 saat

Since crystal size plays an important role in
the behavior of hibonite grain at high tempera-
tures, SEM photographs of specimens were
analyzed. Figure 4 shows that hexagonal

sinterlenmis 6rneklerde plaka seklindeki hibonit- hibonite grain in plate for started to form dur-
lerin daha fazla olusmaya basladigi dikkati ¢ek- ing 3 hours of sinterization at 1550 °C but
mektedir. 1650°C "de 5 saat sinterlenen ornek- irregular grains were large in quantity. It
lerde 10 um boyutlarinda hibonit tanelere daha az comes to attention that plate shaped hibonites
rastlanildigi ve cogunlukla daha iri yapida oldugu started to form more in specimens sinterized
gozlenmistir. 1650°C’de 7 saat sinterlenen érnek- for 3 hours at 1650 °C. It was observed that
lerde ise 10 pm boyutlarinda hibonit tanelerinin h_iboni_te grairjs were_[ess_frequent in 10 pm
azaldig, biiyiik cogunlukta hibonitlerin tane sizes in specimens sinterized for 5 hours at

1650 °C with these grains being in larger size.
In specimens sinterized for 7 hours at 1650 °C,
it was observed that hibonite grains of 10 ym
in size diminished and a large majority of
hibonites were of grain sizes of approximately

boyutlarinin yaklasik 50-65 pm civarinda oldugu
gozlenmistir. 10 ym boyutlarinda hibonit tanelerin
uretiminde tane buyimesinin engellemesi icin
sinterleme suresinin kisaltilmasi gerektigi sonu-

cuna varilmistir. Birinci grup calismalarinda yer 50-65 um. It was concluded that the sinteriza-
yer hibonitin lamel morfolojisi gozlenmistir. Ticari tion period should be shortened to prevent
uriin olan Bonitin mikro yapisinda 10 pm boyutun- enlargement of grains in production of

da plaka seklindeki yapi dikkati cekmektedir [1]. hibonite grains at 10 ym size. Lamel morphol-
X Isinlari difraksiyonu sonuglari da dikkate ogy of hibonite was observed at places in the

alindiginda sinterleme sicakliginin yalnizca first group of process. Plate shaped structure

Sekil 5. y-alumina ve mermer tozun-
dan elde edilen (yukaridan asagiya

sirasiyla) 1450, 1500 ve 1600 °C de Sekil 6. Aliminyum hidroksit ve kalsitten elde
elde edilen 6rneklerin mikro yapisi edilen 1650°C’de 3 saatte sinterlenen 6rnek-
Figure 5. Microstructure of specimen teki 1500°C’de termal daglanan hibonit
derived from y-alumina and marble kristallerinin taramali elektron mikroskobun-
powder (from top to bottom] at 1450, daki fotografi

1500 and 1600 °C Figure 6. Scan electron microscope photo-

graph of hibonite crystals thermal fired at
1500 °C in specimens sinterized for 3 hours at
1650 °C derived from aluminum hydroxide
and limestone
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istenen hibonit, korund ve CA: fazlari) cok fazla
distrtlemeyecegi diistinilmektedir. Fakat
literatlirde daha duslik sicakliklarda da hibonit
fazinin olustugu belirtilmektedir [6].

y-alumina ve mermer tozundan elde edilen CA:
orneklerinin mikro yapilari Sekil 5'de verilmistir.
Buradaki icyapinin aluminyumhidroksit ve kalsit-
ten elde edilen orneklerden farkli oldugu gozlen-
mektedir. Hibonit tanelerinin kat kat ve pirizli
ylzeylerden olustugu gorilmustir. Sinterleme
suresinin kisa olusu bu yapiya neden olabilir. EDS
analizlerinde Ca0O/ALOs oraninin baslangi¢
materyali y-alumina olan orneklerde yaklasik
95/5, gibsitli orneklerde ise 88.5/6 oldugu dikkati
cekmistir. Olusan fazlarin farkliigi da (XRD) bu
miktarlarin farkli olmasindan kaynaklanabilir.
Sekil 6'da 1650°C’de 3 saat sinterlenen drnegin
parlak kesitte 1500°C’de termal daglama ile
ortaya ¢ikan hibonit kristalleri gorilmektedir.
Hibonit kristallerinin kiigtik boyutta (€10 pm)
oldugu dikkati cekmektedir.

4. Sonuglar ve Oneriler

Seydisehir aluminyum hidroksit/y-alumina ve
kalsit/mermer tozundan CAsin tretimi icin farkli
sicaklik ve sirelerde sinterlenmistir. Sinterlenen
orneklerin faz analizleri ve mikro yapilari incelen-
mistir. Buna gore asagidaki sonuglar elde
edilmistir:

1. Xisini difraksiyonu diyagramlarina gore 1550
°C'de sinterlenen orneklerde hibonit, grosit,
korund ve mayenit fazlari saptanmistir. 1550,
1650°°C de 3 saat ve 5 saat sinterlenen orneklerde
hibonit, korund ve grosit fazlari tespit edilmistir.
1650 °"de 7 saat sinterlenen drnekte hibonit ve
korund fazlari saptanmustir.

2. Orneklerin SEM fotograflari incelendiginde
1550°C plaka seklinde hegsegonal hibonit tanesini
olusmaya basladigi fakat diizensiz tanelerin
coklugu gorilmiustir. 1650°C'de 3 saatte sinter-
lenmis orneklerde plaka seklindeki hibonitlerin
daha fazla olusmaya basladigi dikkati cekmekte-
dir. 1650°C'de 5 saat sinterlenen drneklerde

10 pm boyutlarinda hibonit tanelere rastlanildigi
ve cogunlukla daha iri yapida oldugu gozlenmistir.
1650 °C’de 7 saat sinterlenen orneklerde ise10
pum boyutlarinda hibonit tanelerinin azaldigi,
biytik cogunlukta hibonitlerin tane boyutlarinin
yaklasik 50-65 pym civarinda oldugu gozlenmistir.
3. Aluminyum hidroksitin i1sil islemle y-aluminaya
donustirilerek mermer tozu ile elde edilen CAs
orneklerinde 1500°C’de hibonit, grosit ve korund
fazlari ve 1600°C’de hibonit ve grosit fazlari elde
edilmistir. Bu tarz elde edilen drneklerin tane
morfolojisi daha farkli oldugu gozlenmistir.

4. Istenen 10 pm boyutlarinda hibonit tanelerin
dretiminde tane biylimesinin engellemesi icin
sinterleme siiresi kisaltilmalidir.

5. X Isinlari difraksiyonu sonuclari ve taramali

o

draws attention in 10 um size in the
microstructure of bonite which is the com-
mercial product [1]. Considering the diffraction
results of X-rays, it is believed that the sinteri-
zation temperature cannot be reduced too
much (only desired hibonite, corund and CA:
phases). However, it is stated in literature that
the hybonite phase has been formed in lower
temperatures as well [6].

The microstructures of CA6 structures
obtained from y-alumina and marble powder
are given in Figure 3. It is observed that the
inner structure here is different from those of
specimens obtained from those of specimens
obtained from aluminum hydroxide and cal-
cite. It is observed that hibotine grains com-
prise layered and rough surfaces. Short sin-
terization period may the reason for this struc-
ture. It has drawn attention that attention in
EDS analyses that CaO/Al.0: ratio is approxi-
mately 95/5 in specimens for which the start-
ing material was y-alumina and it is 88.5/6 in
specimens with gypsite. The difference
between formed phases (XRD) may also stem
from the difference in these figures. Figure 6
shows hibonite crystals appearing through
thermal firing at 1500°C of the specimen sin-
terized for 3 hours at 1650°C in its shiny sec-
tion. It should be noted that hibonite crystals
are of small size (<10 um).

4. Conclusions and Recommendations
Seydisehir aluminum hydroxide/y-alumina and
calcite/marble powder were sinterized at dif-
ferent temperatures and durations for produc-
tion of CA6. These analyses and phases and
microstructures of sinterized specimens were
analyzed. Accordingly, the following results
were obtained:

1. From X-ray diffraction diagrams; hibonite,
grossite, corund and mayenite phases were
identified in specimens sinterized at 1550 °C.
Hibonite, corund and grossite phases were
identified in specimens sinterized for 3 hours
and b hours at 1550, 1650 °C. Hibonite and
corund phases were identified in the speci-
mens sinterized for 7 hours at 1650 °C.

2. From analysis of SEM photographs of speci-
mens; it was observed that at 1550 °C, plate
formed hexagonal hibonite grain started to
form but number of irregular grains were
high. It is noted that plate shaped hibonites
grew in number in specimens sinterized for 3
hours at 1650 °C. It is observed that 10 um
hibonite grains were detected in specimens
sinterized for 5 hours at 1650 °C, mostly in
larger size. It is observed that in specimens
sinterized for 7 hours at 1650 °C, the quantity
of 10 ym hibonite grains diminished and the
grain size of most hibonites was approximate-
ly 50-65 pm.

3. In CA¢ specimens obtained by marble pow-
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elektron mikrosbu sonuglari dikkate alindiginda
sinterleme sicakligi diisirilemez. Daha kisa sin-
terleme siiresinde hibonit fazinin olusumu icin
devam edecek calismalarda hem kalsitin hem de
aluminyum hidroksitin/reaktif aluminanin daha
ince boyutlarda kullanilmasi gerekmektedir.

6. Elde edilen ormeklerin fiziksel ve mekaniksel
ozelliklerini belirleme ile cliruf korozyonuna karsi
dayanimi arastirmalari devam etmektedir.

7. CASnin yurtdisindaki uygulamalardaki Ustiin
performanslarindan dolayi Turkiye'de de
demir-celik, cimento, petro-kimya, aliminyum-
demir disi metaller ve kimya sektorlerinde
kullanilabilecek potansiyele sahiptir.

Tesekkiir: Bu calisma, TUBITAK-MAG 105M064
nolu arastirma projesinin bir bélimdiini icermek-
tedir. Yazarlar, projeye finansal destek saglayan
TUBITAK a tesekkiir ederler.
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