
Bilim - Teknoloji / Science - Technology
M

ay
›s

-H
az

ir
an

/M
ay

-J
un

e
20

07
/ N

o.
21

118

Özet: 
Seydiflehir Al(OH)3 ve kalsitden sinterlemeyle
oluflan kalsiyum aluminat fazlar› ile hibonit
kristallerinin mikro yap›lar›  y- (Gamma) 
aluminas› ve mermer tozundan elde edilen
kalsiyum heksaluminatlar karfl›laflt›r›lm›flt›r.
Ayr›ca sinterleme s›cakl›¤›n›n ve süresinin faz
dönüflümlerine ve kristal boyutlar›na etkileri
araflt›r›lm›flt›r. Al2O3 kayna¤› olarak Al(OH)3

kullan›ld›¤›nda 1650oC de 7 saat sinterlemede X-
›fl›n› k›r›n›m› analizlerine göre CA6 ve korund
fazlar› saptanm›flt›r. Sinterleme süresi (5  ve 3
saat) ve s›cakl›¤› (1550oC) düflürüldü¤ünde CA6 ve
korund fazlar›ndan baflka mayenit ve grosit fazlar›
belirlenmifltir. 1650oC’de 3 saat sinterlenen örnek-
lerde 10 μm büyüklü¤ünde hibonit kristalleri
gözlenmifltir. y-aluminas› kullan›larak 1600oC de 2
saat sinterleme ile elde edilen kalsiyum heksalu-
minatlar›n mikro yap›s›n›n farkl› oldu¤u
görülmüfltür. Demir içeren cüruflarda düflük
çözünürlük, indirgen ortamda yüksek kararl›l›k,
alkali ortamlarda yüksek kimyasal dayan›m, ergi-
mifl metal ve cüruflarda (demir ve demir d›fl›)
düflük ›slatabilirlik özellikleriyle demir-çelik, met-
alurji, çimento ve petrokimya sektörlerinde üstün
performans›ndan dolay› refrakter malzeme olarak

Abstract: 
The calcium aluminate phases formed through
sinterization of Seydiflehir Al(OH)3 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. CA6 and corund phases
were determined based on X-ray refraction
analysis at 7-hour sinterization at 1650oC
where Al(OH)3 was used as Al2O3 source.
Mayenite and grosite phases, in addition to
CA6 and corund phases were determined
when the sinterization time (5 and 3 hours) and
temperature (1550oC) were dropped. Hibonite
crystals of 10 μm in size were observed on
specimens sinterized for 3 hours at 1650oC. It
was observed that the microstructure of calci-
um hexalimunates obtained by 2-hour sinteri-
zation at 1600oC 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 kullan›lmaya bafllan›lan kalsiyumhexalumi-
nat›n yerli hammaddelerle üretimi bu çal›flmada
amaçlanm›flt›r. 

1. Girifl
Kalsiyum heksalüminat  (Ca0.6Al203 =CA6, CaAl12019,
Ca:C, A: Al203), alümina ve kalsiyum karbonat
tozlar›ndan haz›rlanm›fl yapay bir seramik
malzemedir. Yo¤un [1-2] ve mikroporöz  [3-5]
olarak iki türü vard›r. CA6, tabular alumina ve
spineller alumina esasl› yüksek performansl›
dökülebilir refrakterlerin agregalar›d›r. Agregalar›
birbirine s›k›ca kenetleyen ba¤lay›c› matris
bileflenleri olarak çok ince kalsine alumina, reak-
tif alümina, amorf silika ve kalsiyum alüminat
çimentolar› kullan›lmaktad›r. Demir-çelik
endüstrisinde kullan›lm›fl bu tür refrakterlerin
detayl› incelemelerinde (X-›fl›n› difraksiyonu ve
taramal› elektron mikroskobu) belirli orandaki
kalsiyum ve aluminan›n CA6 faz› oluflturdu¤u ve bu
faz›n cüruf korozyonunu engelleyici bariyer tabaka
oluflturdu¤u gözlenmifltir. Bundan dolay› yaln›zca
CA6 faz› içeren yani CA6 esasl› refrakterlerin üreti-
mi düflüncesini ortaya ç›karm›flt›r (balance-lining).
Ayr›ca di¤er tür olarak CA6 esasl› mikrogözenekli
izolasyon refrakteri olarak da üretilmifl ve
baflar›yla endüstride kullan›lmaktad›r [3]. CA6 üre-
timi ve malzeme özellikleri ile tabular alumina
veya spinel (yüksek aluminal›) yerine CA6 esasl›
dökülebilir refrakterler ile ilgili çal›flmalar
konunun önemini göstermektedir [6-17].  

Kalsiyum heksalüminat, hibonit minerali olarak
do¤al olarak da bulunabilir. Bu faz CaO-Al203 sis-
teminin en zengin alüminal› bileflenidir (fiekil 1).
CA6 peritektik ergime davran›fl› gösterir. Kalsiyum
hekzalüminat 3,79 gr/cm3 teorik yo¤unlu¤a sahip-
tir. Kristalik yap›s› hegzagonal sistemdir. CA6

oluflturmak için CaCO3 ve Al203 aras›nda ard›
ard›na meydana gelen reaksiyonlar› flu flekilde
özetlenebilir [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 (Ca0.6Al203 =CA6,
CaAl12019,  Ca:C, A: Al203) is a synthetic ceramic
material prepared from alumina and calcium
carbonate powders. It has two types as dense
[1-2] and microporous  [3-5]. CA6, 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 CA6 phase and
this phase formed a barrier layer, preventing
corrosion of slag. Therefore, the idea of pro-
duction of only CA6 phase containing refracto-
ries, that is CA6-based ones (balanced lining)
was set forth. Furthermore, as the other type
CA6-based microporous insulation refractory
was also produced and is in use successfully
in the industry [3].  Studies on CA6 production
and material properties and CA6-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 CaO-Al203 system
(Figure 1). CA6 displays a peritechtic melting
behavior. Calcium hexaluminate has a theo-
retical density of 3.79 gr/cm3. Its crystalline
structure is hexagonal. Consecutive reactions
between CaCO3 and Al203 in formation of CA6

are as follows [6]:

fiekil 1. Al2O3 ve CaO Faz Diyagram›
Figure 1. Al2O3 and CaO Phase Diagram
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CaCO3 +  Al203 � CaO + Al203 + CO2

CaO + Al203 � CaO.Al203

CaO.Al203 + Al203 � CaO.2Al203

CaO.2Al203 +  4Al203 � CaO2.6Al203

Yukar›daki birinci reaksiyonda, yaln›zca kalsitin
kalsinasyonu gerçekleflmektedir. ‹kinci reaksiyon-
da kalsinasyonla ortaya ç›kan CaO ile alumina
aras›ndaki reaksiyondan önce CA faz› oluflmak-
tad›r. Üçüncü reaksiyonda CA faz› ile mevcut alu-
mina ile reaksiyona girerek CA2 faz› meydana
gelmifltir. Son reaksiyonda CA2 faz› ile hala yeterli
miktarda bulunan alumina ile reaksiyon sonucu
istenen CA6 faz› oluflmufltur. CA6 faz›n oluflum
s›cakl›¤›,  tozlar›n büyüklü¤üne ve da¤›l›m›na ba¤l›
olarak çok çeflitli olabilir. CA6 kalsiyadan (CaO)
alüminaya Ca+2 ve O-2 iyonlar›n›n difüzyonuyla
oluflur. CA6 reaksiyon sinterlenmesiyle elde 
edildi¤inde plaka gibi tane morfolojisi sahip olur.
Bazen reaksiyon sinterlemesiyle efleksenli 
morfoloji olabilir. Her iki morfolojisinde CA6

tanelerinin oluflumu için net bir aç›klama yoktur.
Ancak, mekanik kar›flt›r›l›p so¤uk izostatik 
preslenen, atritörde ö¤ütülüp slip dökümle flekil-
lendirilen, atritörde ö¤ütülüp so¤uk izostatik
preste flekillendirilen örnekler 1650°C ve
1750°C'de sinterlendi¤inde farkl› mikroyap›lar
ortaya ç›km›flt›r [6]. 

Refrakter malzeme olarak CA6'n›n flu özellikleri
dikkati çekmektedir:

• Demir içeren cüruflarda düflük çözünürlük
• ‹ndirgen atmosferde (CO gibi) yüksek kararl›l›k
• Alkali ortamlarda yüksek kimyasal dayan›m
• Ergimifl metal ve cüruflarda (demir ve demir
d›fl›) düflük ›slatabilirlik
• Korunda benzer termal genleflme katsay›s›  
• Yüksek refrakterlik (1830 °C 'de ergimesi) [1]

CaO-Al2O3-Fe203 sistemi içinde genifl birincil
kristalizasyon alan› oluflumu görülür. Bunun
anlam› cüruf içeren demir içinde düflük
çözünebilirliktir ve indirgen atmosferde yüksek
kararl›l›¤a sahip olma özelli¤inden dolay›, seramik
malzeme korozyonu olmadan yüksek s›cakl›klar-
da çelik ve demir ile temas halinde olabilir.
Kristalografik bazal yüzeyi, mükemmel bölünme
ile, fiber-matris ara yüzeyine paralel yön-
lendirilebilir ve bundan dolay› CA6 alümina fiber
tabakalar› için uygun bir malzeme olur .
Heksalüminat, yüksek s›cakl›klarda genifl yüzey
alan› tutabilir ve yüksek s›cakl›k katalitik ifllemleri
için destekleyici malzeme olarak iyi bir aday ola-
bilir. Hammaddeler aras›ndaki reaksiyonlardan,
ilk önce kalsiyumdialüminat faz› ortaya ç›kar,
sonra hibonit çekirdekleri kalsiyumdialüminat ve

CaCO3 +  Al203 � CaO + Al203 + CO2

CaO + Al203 � CaO.Al203

CaO.Al203 + Al203 � CaO.2Al203

CaO.2Al203 +  4Al203 � CaO2.6Al203

In the foregoing first reaction, calcinations of
only calcite occur. In the second reaction, CA
phase occurs before the reaction between
CaO formed through calcinations and alumina.
In the third reaction, CA phase goes into reac-
tion with existing alumina forming the CA2

phase. In the last reaction, the desired CA6

phase is formed as a result of the reaction
between the CA2 phase and alumina which is
still available in adequate quantity. The forma-
tion temperature of the CA6 phase may vary
greatly depending on the site and distribution
of powders. CA6 is formed by diffusion of Ca+2
and O-2 ions from CA6 calcia (CaO) to alumina.
Where CA6 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 CA6 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 CA6 as a refracto-
ry draw attention: 
• Low solubility in iron containing slags 
• High resolution in reductive atmosphere
(e.g. CO) 
• High chemical strength at alkali media 
• Low wetability in molten metals and slags
(ferrous and non-ferrous) 
• Corund-like thermal expansion coefficient 
• High refractory property (melts at (1830 °C)
[1]

A broad primary crystallization zone occurs in
the CaO-Al2O3-Fe203 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 CA6 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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alümina ara fazlar›nda oluflur. Aglomerasyon,
alümina ve kalsiyumkarbonat aras›ndaki temas
noktalar›n› azalt›r ve bundan dolay› alümina ve
kalsiyumdialüminat aras›nda birim hacim bafl›na
de¤iflen oluflmufl CA6 çekirdeklerinin say›s›n›
azalt›r. Hibonit kristallerinin mikroyap›s›, kalsit-
lerin ve alüminan›n tane morfolojisine ve boyut
da¤›l›m›na ve sinterleflme (›s›tma ve so¤utma h›z›,
s›cakl›k süresi ve derecesi) koflullar›na ba¤l›d›r
[6]. 

CA6’yi üreten firma Almatis (Alcoa) ticari ismi
‘’Bonite’’ olarak nitelendirmifltir. Bonitin yüksek
porozitesi sayesinde, aç›k porozitesi ve iyi
çal›flabilirlik için gerekli su miktar› tabular alümi-
nadan daha fazlad›r. Dökülebilir Bonitler düzgün
bir vibrasyon ve kendili¤inden ak›flkan (self-flow)
reolojisi gösterir. CA6 demir içeren cüruflarda
düflük çözünebilirlik gösterir. Ayr›ca ergimifl
demir ve demir d›fl› metaller ile düflük ›slat›labilir-
lik gösterir. Bu özelliklerinden dolay› CA6

alüminyum ve demir d›fl› ergitme f›r›nlar›nda kul-
lan›lmak için uygun bir refrakterdir. ‹ndirgen
atmosferde yüksek kararl›l›¤› ve alkali atmosferde
yüksek kimyasal dayan›m› CA6 'y› kimya,
petrokimya ve çimento endüstrisindeki refrakter
uygulamalar için de uygundur [1,2,4]. Çünkü alter-
natif yak›tlar›n çimento ve kireç f›r›nlar›nda kul-
lan›lmas›ndan dolay› alkalilere karfl› korozyon
direnci daha yüksek olan SiC katk›l› andaluzit
refrakterleri piyasaya ç›km›flt›r [18,19]. CA6

malzemelerin alkalilere karfl› yüksek dayan›m› ile
endüstriyel baflar›l› sonuçlar elde edilmifltir.
Türkiye’nin çimento sektöründeki yüksek üretimi
dikkate al›nd›¤›nda yak›n gelecekte CA6 ülkemiz
için önemli olabilir. Bonit esasl› dökülebilirler yük-
sek aluminal› dökülebilirlere göre daha düflük
termal iletkenli¤e sahiptirler. Bonitin düflük ter-
mal iletkenli¤i (1000 °C de 1.7 W/mK), afl›nma
direncinin ve yal›t›m davran›fl›n›n birlikte istendi¤i
uygulamalarda örne¤in çelik potalar› ve alu-
minyum ergitme f›r›nlar›n›n astarlar›nda kullan›m›
için uygun olmaktad›r.  Bonite, yaklafl›k %90 Al2O3,
% 8,5 CaO , % 0,9 SiO2 ve çok az miktarda di¤er
empüriteleri içerir. 3 gr/cm 'te fazla hacim a¤›rl›¤›
vard›r ki bu da CA6'n›n teorik yo¤unlu¤unun %
90'›d›r. Bonitenin tane boyutlar› ve partikül boyut
da¤›l›mlar› tabular alümina ve spinel boyutlar›na
benzemektedir. Bu durum da benzer döküm for-
mülasyonlar›n› veya farkl› agregalar›n kar›fl›m›na
izin vermektedir. Bonit esasl› dökülebilirler 1500
°C’de 5 MPa k›r›lma modülü (Hot modulus of
Rupture) ve yüksek termal flok dayan›m› 
göstermektedirler [1,2]. 

Aluminyum endüstrisindeki baflar›l› uygulamalar›;
çimento, demir d›fl› metaller ve petrokimya
endüstrisindeki denemelerin üstün performansla
devam etti¤i CA6 esasl› yeni refrakterlerin potan-
siyelini ortaya koymaktad›r. Yukar›da aç›klanan
bilgiler ›fl›¤›nda bu araflt›rmada Seydiflehir alu-

121

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 CA6 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 CA6 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. CA6 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, CA6 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 CA6 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
CA6 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, CA6 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 % Al2O3, 8.5 %
CaO and 0.9 %SiO2 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 CA6 based new
refractories. In this study, in light of the fore-
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minyum hidroksiti/y-alumina ve kalsit/mermer
tozundan istenen özelliklere sahip yo¤un CA6 üre-
timi amaçlanm›flt›r.  

2. Deneysel Çal›flmalar 
Deneysel çal›flmalar›n Seydiflehir aluminyum
hidroksiti ve kalsitten CA6 üretimi Dokuz Eylül
Üniversitesi (DEÜ), Metalurji ve Malzeme
Mühendisli¤i Bölümü’nde, y-Alumina ve mermer
tozudan CA6 eldesi ise Afyon Kocatepe Üniversitesi
(AKÜ), Seramik Mühendisli¤i Bölümü’nde
yap›lm›flt›r. Alüminyumhidroksit ve kalsit 105 °C '
de kurutulmufl ve alümina bilyal› porselen
de¤irmen kullan›larak ö¤ütülmüfltür. Ö¤ütmede
Dokuz Eylül Üniversitesi Maden Mühendisli¤i
Bölümü atölyesindeki porselen de¤irmen
kullan›lm›flt›r. De¤irmenin boyutlar›
200mmX170mm, bilya flarj› 3797 gr., de¤irmen
h›z› 70 devir/dakika ve ö¤ütme ifllemi sonucunda
45 μm elek alt›na ulafl›lm›flt›r. Her iki hammadde
45 μm 'ye indirildikten sonra gerekli oranlarda
kar›flt›r›lm›flt›r. Kar›fl›m tekrar de¤irmende
ö¤ütülerek homojenizasyonu sa¤lanm›flt›r.
Kar›fl›mlar›n farkl› bölgelerinden al›nan örneklerin
k›zd›rma kay›p oranlar›n›n her yerde ayn› olmas›
malzemelerin homojen da¤›lm›fl olduklar›n›
göstermifltir. Haz›rlanm›fl olan toz kar›fl›m 25 mm
çap›nda silindirik numuneler halinde
preslenmifltir. Presleme sonras› numuneler
115°C 'de 30 dakika kurutulup 1550°C, 1600°C 'de
3 saat, 1650°C 'de 3, 5 ve 7 saat sinterleme
sürelerinde piflirilmifltir. Sinterleme rejiminin faz
de¤iflimlerine ve hibonit kristallerinin mikro
yap›s›na etkisi için farkl› f›r›n rejimleri seçilmifltir.
Sinterleme sonras› oluflan fazlar X-Ifl›nlar› difrak-
siyonu (XRD) cihaz› ile belirlenmifl ve numuneler
taramal› elektron mikroskobu (SEM) ile mikro
yap›lar› karakterize edilmifltir. Seydiflehir
alüminyumhidroksit 'in kimyasal analizi % 65
Al2O3, % 0,013 SiO2, % 0,014 Fe203, % 0,3 Na203'tür.
Mu¤la kalsiti ise % 99,8  (CaCO3) safl›ktad›r.

going information, it was targeted to produce
dense CA6 with required properties from
Seydiflehir aluminum hidroxite/y-alumina and
calcite/marble. 

2. Experimental Studies 
CA6 production from Seydiflehir aluminum
hydroxide and calcite in experimental studies
was made at 9 Eylül 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 Eylül
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 μm
under sieve was achieved as a result of the
pulverization process. After they were brought
down to 45 μm, 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 Seydiflehir
aluminum hydroxide is 65 % Al2O3, 0.013 %
SiO2, 0.014 % Fe203, 0.3  % Na203. Mu¤la calcite
is of 99.8 % (CaCO3) purity. 

Tablo 1. Örneklerin X-›fl›n› k›r›n›m› analizi ile saptanan fazlar› 
Table 1. Phases of specimens identified by X-Ray diffraction analysis 

Grup-1: Sinterleme s›cakl›¤› Sinterleme süresi X-›fl›n› k›r›n›m› analizi 
ile belirlenen fazlar

Group-1 Sinterization temperature Sinterization period Phases identified by X-ray 
diffraction analysis   

Al(OH)3+CaCO3

1550 oC 3 saat / hour CA6, C12A7, CA2, A
1650 oC 3 saat / hour CA6, C12A7, CA2, A
1650 oC 5 saat / hour CA6, C12A7, A
1650 oC 7 saat / hour CA6, A

Grup -2 / Group-2:
y-Al2O3+kalsine CaO
y-Al2O3+calcinated CaO

1320 oC 2 saat / hour CA2, CA, A
1450 oC 2 saat / hour CA6, CA2, CA, A 
1500 oC 2 saat / hour CA6, CA2, A
1600 oC 2 saat / hour CA6, CA2

Ticari heksaluminat (Bonite) [2] CA6, A (minör), CA2 (iz)
Commercial hexaluminate (Bonite) [2] CA6, A (minor), CA2 (trace)
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y- (Gamma) Alumina ve mermer tozundan CA6

eldesi çal›flmalar›nda Seydiflehir’de üretilen alu-
minyum hidroksit [Gibsit, Al(OH)3]  f›r›nda 425 
∞C ’de 4 saat süre ile ›s›l iflleme tabi tutularak  
y- Al2O3 üretilmifltir.  Mermer tozu (SiO2:% 0.24,
Fe2O3: %0.02, CaO: %49.53, ve MgO:2.21, A.Z. %48)
ise ayn› f›r›nda 1000 ∞C ’de 4 saat süre ile  kalsine
edilmifltir. A¤›rl›kça % 10 kalsine mermer tozu ve
% 90  y-Al2O3 dan kar›fl›mlar haz›rlanarak, alümi-
na bilyal› porselen de¤irmende kar›flt›rma ve
homojenizasyon amac› ile 30 dakika
ö¤ütülmüfltür.  Ö¤ütülmüfl-homojenize edilmifl
kar›fl›m  kuru presleme (40 MPa) tekni¤i ile 
flekillendirilmifl, 1 gün oda s›cakl›¤›nda 
kurutulmufl daha sonra 1320, 1450, 1500, 1600 oC
s›cakl›klarda 2 saat sinterlenmifltir. 

3. Bulgular›n Tart›fl›lmas›
Bu çal›flmada Al2O3 tafl›y›c›s› olarak aluminyum
hidroksiti seçilmesinin nedeni refrakterlerde
ba¤lay›c› olarak kullan›lan kalsiyum aluminat
(yüksek aluminal›) çimentosunun eldesi üzerine
yap›lan çal›flmalar›n baflar›l› sonuçlar vermesidir
[20,21]. Yüksek s›cakl›klarda sinterlenen kalsiyum
aluminatlar›n maliyeti yüksek oldu¤u için düflük
s›cakl›klarda piflirme koflullar› araflt›r›lmaktad›r.
Sinterleme yöntemiyle kalsiyum aluminat (CA)
çimentolar›n›n üretim prosesi CA6 eldesine 
benzerdir.

Örneklerin X Ifl›nlar› difraksiyonu sonuçlar› Tablo
1 ve fiekil 2 ve 3’de verilmifltir. Aluminyum
hidroksit ve kalsitin sinterlenerek elde edilen
örneklerde CA6 faz› saptanm›flt›r. 1550 ve
1650°C’de 3 saat sinterlenen örneklerde hibonit
(CaAl12O19), korund a-(alfa) Al2O3, mayenit
Ca12Al14O33, grossit CaAl4O7 fazlar› belirlenmifltir.
1650°C’de 5 saat sinterlenen örneklerde hibonit
(CaAl12O19), korund (a-Al2O3) ve mayenit (Ca12(Al14O33)
fazlar› tesbit edilmifltir. 1650°C’de 7 saat sinter-

123

In processes for obtaining CA6 from y-Alumina
and marble powder, aluminum hydroxide pro-
duced in Seydiflehir [Gypsite, Al(OH)3] was
heat treated for 4 hours at  425 ∞C in the kiln
to produce y- Al2O3. Marble powder (SiO2: 0.24
%, Fe2O3: 0.02 %, CaO: 49.53 % and MgO:2.21,
A.Z. 48 %) was calcinated for 4 hours at 1000
∞C in the same kiln. Mixes of 10 % calcinated
marble powder and 90 % y-Al2O3 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 oC.

3. Discussion of Findings 
The reason for selection of aluminum hydrox-
ide as Al2O3 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 CA6 produc-
tion. 

X-ray diffraction results of specimens are
given in Table 1 and Figure 2 and 3. CA6 phase
was identified in specimens obtained through
sinterization of aluminum hydroxide and lime-
stone. Hibonite (CaAl12O19), corund (a-Al2O3),
mayenite (Ca12Al14O33), grossite (CaAl4O7) phases
were identified in specimens sinterized for 3
hours at 1550 and 1650°C. Hibonite (CaAl12O19),
corund (a-Al2O3) and mayenite (Ca12(Al14O33)
phases were identified in specimens sinterized
for 5 hours at 1650°C. Hibonite and corund

fiekil 2. 1650 °C’de 7 saat sinterlenen örne¤in X-Ifl›nlar› difraksiyonu analiz diyagram› 
(1: a-Al2O3 korund, 2: CaAl12O19: hibonit fazlar›)
Figure 2.  X-Ray diffraction analysis diagram of specimen sinterized for 7 hours at 1650 °C. 
(1: a-Al2O3 corund, 2: CaAl12O19: hibonite phases)
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lenen örnekte hibonit ve korund fazlar›
saptanm›flt›r. Ticari bonit malzemesinde bulunan
hibonit, korund ve CA2 fazlar›ndan bu çal›flmada
CA2 faz›na rastlan›lmam›flt›r.

y-alumina ve mermer tozu ile yap›lan çal›flmalar-
da X-Ifl›n› difraksiyonu analizlerine göre s›cakl›k
art›kça hibonit faz›na dönüflümün gerçekleflti¤i
aç›kça görülmektedir (Tablo 1). 1320oC de grossit
CA2: CaAl4O7, CA: CaO.Al2O3: CaAl2O5 ve korund
fazlar› saptanm›flt›r. 1450oC’de oluflan CA fazlar›
ortamda yeterli alumina var ise CA6 faz›na
dönüflmeye bafllam›flt›r. 1500oC’de s›cakl›¤›n 
etkisiyle daha fazla hibonit faz› ortaya ç›km›flt›r.
1500oC ‘de bulunan korund fazlar› s›cakl›k
1600oC’ye ç›kt›¤›nda tamamen hibonit faz›na
dönüflmüfltür. Tüm s›cakl›klarda oldu¤u gibi
ayr›ca bu s›cakl›kta da grossit (CA2) faz›
bulunmufltur. ‹kinci grup çal›flmas›nda mayenit
faz›na rastlan›lmam›flt›r. Bunun nedeni kalsine
olan kalsitten oluflan CaO’nun çok reaktif oluflu ve
ayn› zamanda y-aluminan›n da reaktifli¤inden
dolay› direk CA faz› ortaya ç›km›flt›r. Her iki 
yöntemin örneklerinin XRD sonuçlar›
karfl›laflt›r›ld›¤›nda hibonit faz›n oluflumu
aç›s›ndan gibsitin ön ›s›tma ile y-aluminaya
dönüfltürülmesi avantaj getirmektedir.  Ticari
ürün (Bonite) yaklafl›k % 90 CA6 ile çok az miktar-
da korund ve CA2 fazlar›ndan oluflmaktad›r [1,2]
(Tablo 1).

Hibonit tanelerinin yüksek s›cakl›klardaki
davran›fl›nda kristal boyutlar›n›n da önemli rol
oynad›¤› için örneklerin SEM foto¤raflar› incelen-

phases were identified in the specimen sinter-
ized for 7 hours at 1650°C. Out of the hibonite,
corund and CA2 phases found in the commer-
cial bonite product, CA2 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 1320oC, grossite
CA2: CaAl4O7, CA: CaO.Al2O3: CaAl2O5 and
corund phases take place. If there was ade-
quate alumina in the medium, CA phases at
1450oC started to transform into CA6 phase. At
1500 oC; due to effect of temperature, more
bore hibonite phases started to appear.
Corund phases found at 1500 oC totally trans-
formed into the hibonite phase when the tem-
perature rose to 1600 oC. 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 CaO
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 techniques,
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 % CA6 and very small quantities of corund
and CA2 phases [1,2] (Table 1).

fiekil 3. Farkl› s›cakl›klarda oluflan (G:
Grossit CA2 , K:Korund, C; CA; H:Hibonit)
fazlar›n  X-Ifl›nlar› 
difraksiyonu analiz diyagram› 
Figure 3. X-Ray diffraction analysis dia-
gram of (G: Grossite CA2 , K:Corund, C; CA;
H:Hibonite) phases formed at different
temperatures 
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mifltir. fiekil 4’de plaka fleklinde heksagonal
hibonit tanesinin 1550°°C ve 3 saat sinterleme
süresinde oluflmaya bafllad›¤› fakat düzensiz
tanelerin çoklu¤u görülmüfltür. 1650°C'de 3 saat
sinterlenmifl örneklerde plaka fleklindeki hibonit-
lerin daha fazla oluflmaya bafllad›¤› dikkati çek-
mektedir. 1650°C 'de 5 saat sinterlenen örnek-
lerde 10 μm boyutlar›nda hibonit tanelere daha az
rastlan›ld›¤› ve ço¤unlukla daha iri yap›da oldu¤u
gözlenmifltir. 1650°C’de 7 saat sinterlenen örnek-
lerde ise 10 μm boyutlar›nda hibonit tanelerinin
azald›¤›, büyük ço¤unlukta hibonitlerin tane
boyutlar›n›n yaklafl›k 50-65 μm civar›nda oldu¤u
gözlenmifltir. 10 μm boyutlar›nda hibonit tanelerin
üretiminde tane büyümesinin engellemesi için
sinterleme süresinin k›salt›lmas› gerekti¤i sonu-
cuna var›lm›flt›r. Birinci grup çal›flmalar›nda yer
yer hibonitin lamel morfolojisi gözlenmifltir. Ticari
ürün olan Bonitin mikro yap›s›nda 10 μm boyutun-
da plaka fleklindeki yap› dikkati çekmektedir [1].  
X Ifl›nlar› difraksiyonu sonuçlar› da dikkate
al›nd›¤›nda sinterleme s›cakl›¤›n›n (yaln›zca 

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
hibonite grain in plate for started to form dur-
ing 3 hours of sinterization at 1550 oC but
irregular grains were large in quantity. It
comes to attention that plate shaped hibonites
started to form more in specimens sinterized
for 3 hours at 1650 oC. It was observed that
hibonite grains were less frequent in 10 μm
sizes in specimens sinterized for 5 hours at
1650 oC with these grains being in larger size.
In specimens sinterized for 7 hours at 1650 oC,
it was observed that hibonite grains of 10 μm
in size diminished and a large majority of
hibonites were of grain sizes of approximately
50-65 μm. It was concluded that the sinteriza-
tion period should be shortened to prevent
enlargement of grains in production of
hibonite grains at 10 μm size. Lamel morphol-
ogy of hibonite was observed at places in the
first group of process. Plate shaped structure

fiekil 4. Alüminyum hidroksit ve kalsitten elde
edilen (yukar›dan afla¤›ya s›ras›yla) 1550°C’de 3
saat , 1650°C’de 3, 5 ve 7 saatte sinterlenen 
örneklerin mikroyap›s›   
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. 

fiekil 5. y-alumina ve mermer tozun-
dan elde edilen (yukar›dan afla¤›ya
s›ras›yla) 1450, 1500 ve 1600 °C de
elde edilen örneklerin mikro yap›s›
Figure 5. Microstructure of specimen
derived from y-alumina and marble
powder (from top to bottom) at 1450,
1500 and 1600  °C

fiekil 6. Alüminyum hidroksit ve kalsitten elde
edilen 1650°C’de 3 saatte sinterlenen örnek-
teki 1500°C’de termal da¤lanan  hibonit
kristallerinin taramal› elektron mikroskobun-
daki foto¤raf›
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 CA2 fazlar›) çok fazla
düflürülemeyece¤i düflünülmektedir. Fakat 
literatürde daha düflük s›cakl›klarda da hibonit
faz›n›n olufltu¤u belirtilmektedir [6].

y-alumina ve mermer tozundan elde edilen CA6

örneklerinin mikro yap›lar› fiekil 5’de verilmifltir.
Buradaki içyap›n›n aluminyumhidroksit ve kalsit-
ten elde edilen örneklerden farkl› oldu¤u gözlen-
mektedir. Hibonit tanelerinin kat kat ve pürüzlü
yüzeylerden olufltu¤u görülmüfltür. Sinterleme
süresinin k›sa oluflu bu yap›ya neden olabilir. EDS
analizlerinde CaO/Al2O3 oran›n›n bafllang›ç
materyali y-alumina olan örneklerde yaklafl›k
95/5, gibsitli örneklerde ise 88.5/6 oldu¤u dikkati
çekmifltir. Oluflan fazlar›n farkl›l›¤› da (XRD) bu
miktarlar›n farkl› olmas›ndan kaynaklanabilir.
fiekil 6’da 1650°C’de 3 saat sinterlenen örne¤in
parlak kesitte 1500°C’de termal da¤lama ile
ortaya ç›kan hibonit kristalleri görülmektedir.
Hibonit  kristallerinin küçük boyutta (<10 μm)
oldu¤u dikkati çekmektedir.   

4. Sonuçlar ve Öneriler 
Seydiflehir aluminyum hidroksit/y-alumina ve
kalsit/mermer tozundan CA6’›n üretimi için farkl›
s›cakl›k ve sürelerde sinterlenmifltir. Sinterlenen
örneklerin faz analizleri ve mikro yap›lar› incelen-
mifltir. Buna göre afla¤›daki sonuçlar elde
edilmifltir:

1. X ›fl›n› difraksiyonu diyagramlar›na göre 1550
°C‘de sinterlenen örneklerde hibonit, grosit,
korund ve mayenit fazlar› saptanm›flt›r. 1550,
1650’°C de 3 saat ve 5 saat sinterlenen örneklerde
hibonit, korund ve grosit fazlar› tespit edilmifltir.
1650 °’de 7 saat sinterlenen örnekte hibonit ve
korund fazlar› saptanm›flt›r.
2. Örneklerin SEM foto¤raflar› incelendi¤inde
1550°C plaka fleklinde hegsegonal hibonit tanesini
oluflmaya bafllad›¤› fakat düzensiz tanelerin
çoklu¤u görülmüfltür. 1650°C'de 3 saatte sinter-
lenmifl örneklerde plaka fleklindeki hibonitlerin
daha fazla oluflmaya bafllad›¤› dikkati çekmekte-
dir. 1650°C'de 5 saat sinterlenen örneklerde 
10 μm boyutlar›nda hibonit tanelere rastlan›ld›¤›
ve ço¤unlukla daha iri yap›da oldu¤u gözlenmifltir.
1650 °C’de 7 saat sinterlenen örneklerde ise10
μm boyutlar›nda hibonit tanelerinin azald›¤›,
büyük ço¤unlukta hibonitlerin tane boyutlar›n›n
yaklafl›k 50-65 μm civar›nda oldu¤u gözlenmifltir. 
3. Aluminyum hidroksitin ›s›l ifllemle y-aluminaya
dönüfltürülerek mermer tozu ile elde edilen CA6

örneklerinde 1500oC’de hibonit, grosit ve korund
fazlar›  ve 1600oC’de hibonit ve grosit fazlar› elde
edilmifltir. Bu tarz elde edilen örneklerin tane
morfolojisi daha farkl› oldu¤u gözlenmifltir.
4. ‹stenen 10 μm boyutlar›nda hibonit tanelerin
üretiminde tane büyümesinin engellemesi için
sinterleme süresi k›salt›lmal›d›r. 
5. X Ifl›nlar› difraksiyonu sonuçlar› ve taramal›

draws attention in 10 μm 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 CA2

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 5. 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/Al2O3 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 μm).

4. Conclusions and Recommendations 
Seydiflehir 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 5 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 μm
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 μm hibonite grains diminished and the
grain size of most hibonites was approximate-
ly 50-65 μm.
3. In CA6 specimens obtained by marble pow-

15BILIM.QXD  5/15/07  3:59 PM  Page 126



127

Kaynaklar / Bibliography 

[1] A. Buhr, G. Büchel, J. M.Aroni, R. P. Raymand, "BON‹TE-A New Raw Material Alternative For Refractory  Innovations", Stahl und Eisen,
205-209, October 2004.  

[2] G. Büchel, A. Buhr, Alkali- and CO-resistance of dense calci›m hexaluminate, Stahl und Eisen, 208, 214, October 2004 
[3] D. Van Garsel, V. Gnauck, G. Kriechbaum, I. Stinnessen, T.G. Swansinser, G. Routschka, New Insulating Raw Material for High

Temperatur Application, 41. Int. Coll. On Refractories, Aachen,122-128, 1998
[4] R. Kockegey-Lorenz, A. Buhr, R.P. Racher, Industrial application experiences with microporous Calcium Hexaluminate Insulating mate-

rials SLA-92, 48. Int. Coll. on Refractories, 66-71, Aachen, 2005
[5] D. Van Garsel, A. Buhr,  V. Gnauck, G. Kriechbaum, G. Routschka, Long Term HighTemperature Stability of Microporous Calcium

Hexaluminate based Insulating Material, UNITECR’99 Berlin, Germany, 181-186.1999
[6] J. Dominguez, C; J. Chevalier, R.  Torrecillas, G. Fantozzi, Microstructure Development in Calcium hexaluminate", Journal of the

European Ceramic Society 21,381-387, 2001       
[7] Utsunomiya, A.; Tanaka, K; Morikawa, H.; Marumo, F.; and Korima, H.; "Structure Ref›nement of Ca0.6Al203", J. Solid State Chem.,

1988,75, 197-200 
[8]  Criado, E.; De Anza. S.; "Calcium hexalüminate as Refractory Metarial", Proc.UNITCR'91, Aachen, Germany, 403-407
[9] Nagaoka, T.; Kanzaki, S. And Yamaoka, Y.; "Mechanical Properties of Hot-pressed Calcium hexaluminate Ceramics." J. Mat. Science

Lett., 1990, 9, 219-221. 
[10] An. L.; Chan, H. M. And Soni, K. K. ; "Control of Calcium hexaluminate Composites." J. Mat. Science, 1996, 31, 

3223-3229
[11] T. D. Wit, W. Lorenz, D. Pörzgen, A. Buhr, Innonative ceramic fiber free steel ladle preheaters at CORUS Steel-works IJmuiden, Proc.

44 Int. Coll. On refractories, Aachen, Germany, 108-112, 2001
[12] C. Domínguez, J. Chevalier, R. Torrecillas, L. G. and G. Fantozzi,   Thermomechanical properties and fracture mechanisms of calcium

hexaluminate , J.  European Ceramic Society, Volume 21, Issue 7, July 2001, Pages 907-917 
[13] M. Daraktchiev , R. Schaller , C. Domínguez , J. Chevalier and G. Fantozzi High temperature mechanical spectroscopy and creep of cal-

cium hexaluminate, Materials Science and Engineering A, Volume 370, Issues 1-2, 15 April 2004, Pages 199-203 
[14] A. J. Sánchez-Herencia, R. Moreno and C. Baudín, Fracture behaviour of alumina–calcium hexaluminate composites obtained by col-

loidal processing, J.  European Ceramic Society, Volume 20, Issues 14-15, December 2000, Pages 2575-2583 
[15] D. Asmi, I. M. Low, S. Kennedy and R. A. Day, Characteristics of a layered and graded alumina/calcium-hexaluminate composite,

Materials Letters, Volume 40,Issue2,July1999,Pages96-102 
[16] C. Domínguez and R. Torrecillas, Influence of Fe3+ on sintering and microstructural evolution of reaction sintered 

calcium hexaluminate, J.  European Ceramic Society, Volume 18, Issue 9, 1998, Pages 1373-1379 
[17] E. Criado, J. S. Moya and S. De Aza, Alkalines vapour attack on a high alumina refractory, Ceramics International, Volume 7, Issue 1, 3

January 1981, Pages 19-21 
[18] P. Bartha, J. Södje, Degradation of Refractories in Cement Rotary Kilns Fired with Wate Fuels, CN Refractories, Special Issues, Vol. 5,

2001, p.62-71
[19] H. Wirsing, H.J. Klischat, Wear Resistant Lining Concepts in Cement Kilns using Alternative Fuels, Stahl Eisen Special November,

2003, 52-56
[20] A. Altun, “Investigations in the development of high alumina cements from Turkish (Seydiflehir-Konya) Bauxite”,  Stahl und Eisen

Special, 167-168, October 2002
[21] T. Cicek, A. Altun, I. Cocen, “Investigation into utilization of bayer- Al(OH)3 in production of calcium aluminate cements”,  Key

Engineering Materials Vols. 264-268, pp. 2157-2160, 2004 

der transforming aluminum hydroxide into y-
alumina by thermal process; hibonite, grossite
and corund phases were obtained at 1500 °C
and hibonite and grossite phases at 1600 °C. It
was observed that the grain morphology
obtained by this method was different. 
4. Sinterization period must be shortened to
prevent enlargement of grain size in produc-
tion of the desired 10 μm hibonite grains. 
5. Sinterization temperature may not be
dropped considering the results of X-ray dif-
fraction and scan electron microscope. Both
calcite and also aluminum hydroxide/reactive
alumina must be used in smaller sizes in
studies to be continued for formation of
hibonite phase in shorter sinterization periods. 
6. Research is in progress on identifying the
physical and mechanical properties and slag
corrosion resistance of derived specimens. 
7. CA6 has the potential to be used in iron-
steel, cement, petrochemical, aluminum-non-
ferrous metals and chemical industries in
Turkey as well due to its superior perform-
ance in international applications. 
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elektron mikrosbu sonuçlar› dikkate al›nd›¤›nda
sinterleme s›cakl›¤› düflürülemez. Daha k›sa sin-
terleme süresinde hibonit faz›n›n oluflumu için
devam edecek çal›flmalarda hem kalsitin hem de
aluminyum hidroksitin/reaktif aluminan›n daha
ince boyutlarda kullan›lmas› gerekmektedir.
6. Elde edilen örmeklerin fiziksel ve mekaniksel
özelliklerini belirleme ile cüruf korozyonuna karfl›
dayan›m› araflt›rmalar› devam etmektedir.
7. CA6‘n›n yurtd›fl›ndaki uygulamalardaki üstün
performanslar›ndan dolay› Türkiye’de de 
demir-çelik, çimento, petro-kimya, alüminyum-
demir d›fl› metaller ve kimya sektörlerinde 
kullan›labilecek potansiyele sahiptir.
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