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Sol-Jel Yontemiyle
Altimina /

MgALQ,-Spinel
tozu Uretimi ve
karakierizasyonu

0ZET

Alimina / Magnezya-Alumina (MgAl,0,)
spinel karisimi toz malzemeler, alimina
zengin spinel malzemeler olarak
sagladiklari yiksek kimyasal ve mekanik
dayanim ozellikleri ile ileri refrakter
uygulamalarda tercih edilen Urlinlerdir. Bu
calismada; alimina / MA-spinel karigim
tozlari, sol-gel metodu ile sentezlenmeye
calisiimistir. Bohmitik sol, aliminyum
izopropoksit (AI(OCsH,);) kaynagindan elde
edilmistir. Magnezya (Mg0) tozlari
bohmitik sol icine katilarak mekanik
karistiricida 2 saat streyle karistiriimistir.
Karisim daha sonra 120 °C’de 8 saat
boyunca kurutulmustur. Kurutulmus
numuneler, sirasiyla 550, 800, 1200 ve
1600 °C sicakliklarda 1sil isleme tabi
tutulmustur. Son olarak XRD, SEM ve
EDS analizleri uygulanarak
karakterizasyon calismalari yapiimistir.

Production and
Characterization
of Alumina /
MgAl,O,- Spinel
by Sol-Gel
Method

ABSTRACT

Alumina / Magnesia-Alumina
(MgAl,0,) spinel mixture powder
materials are products opted for in
advanced refractory applications due to
the high chemical and mechanical
strength properties they provide as
alumina rich spinel materials. Alumina /
MA-spinel mixture powders were
attempted to be synthesized by sol-gel
method in this study. Boehmitic sol was
derived from Aluminum isopropoxide
(AI(OC5H-)5). Magnesia (Mg0) powders
were added into the sol and mixed for
two hours in a mechanical mixer. Then
the mixture was dried for 8 hours at
120 °C. Dried samples were subjected to
heat treatment at 550, 800, 1200 and
1600 °C respectively. Finally,
characterization studies were made using
XRD, SEM and EDS analyses.
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1. GIRIS

Alimina ve (MgAl,O,) spinelin ylksek ergime sicakliklari,
kimyasal ataklara karsi ylksek direncleri ve cok iyi mekanik
Ozelliklerinden dolayi refrakterlik ve yapisal uygulamalari bulun-
maktadir [1-2].

Spineller kristallografik agidan 6zel bir yapiyl temsil etmek-
tedirler. Bazi oksitler ( MgAl,O,) gibi spinel yapisinda olup AB-
204 genel formullyle gosterilirler. Burada A, +2 degerlikli me-
tal iyonu, B ise +3 degerlikli metal iyonudur. Spinel yapi sekiz

Key words: Sol-Gel, boehmitic sol, MgO, MgAl,O,-spinel.

1. INTRODUCTION

Alumina and (MgAl,O,) spinel have refractory and structural
applications due to their high melting temperatures, their high
strength against chemical attacks and very good mechanical pro-
perties [1, 2].

Crystallographically, spinels represent a special configuration.
Certain oxides like (MgAl,O,) are in spinal configuration and are
represented by the overall formula AB,O,. Here, A is a metal ion

with +2 valence and B is a metal ion with +3 valence. Spinel has a

alt hlicreden olusan bir birim

hicreye sahiptir.  Spinel
hicresinde alt hicrelerin her
biri bir MgO.AI203 moleku-
linden ibarettir. Spinel yapl-
da oksijen iyonlar YMK kafe-
sini olustururlar ve toplam
32 tane oksijen iyonu bulun-

maktadir. A ve B iyonlari spi-
nelin cinsine bagli olarak
dort yuzlU (tetrahedral) ve
sekiz yuzlU (oktahedral) ara
yerde bulunurlar. Sekizylzli

yerlerinin sadece yarisi, dort-
yuzla yerlerin ise 1/8'i isgal
edilmistir. Sekil 1’de verildigi
gibi spinel yapisinin birim
hicresinde sekiz adet MgO.AlL,O; molekUlt bulunur. Bu yapi-
da 8 Mg* iyonu, 8 dortyizIt yeri ve 16 AI** iyonu, 16 sekizyliz-
lU yeri isgal etmektedir. Magnezya-Alimina spinelinde Mg iyo-
nunun koordinasyon sayisi 4, AI** iyonunun koordinasyon sa-
yisl ise 6 'dir [3-6].

Sekil 2'deki MgO-Al,O; ikili faz diagraminda géruldigu gibi
MgAl,Q, spinelinin stokiometrik bilesimi, %28.2 MgO, %71.8 Al,O-
s 'dir. Ergime sicakligi ise 2135 °C 'dir. Sekil 2 'de MgO - AlLQO; iki-
li faz diagrami gorllmektedir. [6].

2. DENEYSEL CALISMALAR
2.1 Bohmitik Co6zeltinin (Sol) eldesi

Sol-gel yontemiyle bohmitik solisyonun hazirlanmasinda,
kaynak hammaddesi olarak, toz halindeki AIP (aliminyum izop-
ropoksit (AI(OC;H7)3) Aldrich, <ag.% 98) kullaniimistir. Bunun
icin 15:0.1 (saf su : alkoksit) mol oranina gdre, 4 boyunlu 1000
ml hacmindeki reaktérde, manyetik karistiricili isiticiyla 90 °C’ ye
isitilmis 270 ml saf su iginde 20.4g aliminyum izopropoksit 30
dak. sure ile kanistirlarak cézindurtlmaustir. Meydana gelen re-
aksiyon asagidaki gibidir [3-4, 8]:

Al(OC;H;); + H,O0 — AI(OC;H;),(OH) + C;H,OH

Sekil 1. MgALO, Spinel Kristal Kafes Yapist [3].

Figure 1. MgAlLO, Spinel Crystal Lattice Configuration [3].

unit cell comprising eight sub-
cells. Each sub-cell in the spi-
nel cell is a MgO.Al,O, mole-
cule. Since each sub-unit has
a MgO.Al,O, molecule and
each molecule has seven ions,
then there will be 7x8=56 ions
in each cell [4-6]. In spinel
configuration, Oxygen ions
form the YMK lattice with 32
Oxygen ions in total. Depen-
ding on the type of spinel, A
and B ions are in the tetrahed-

ral and octahedral interface. In
the spinel configuration, there
are 64 tetrahedral spaces and
32 octahedral spaces. Only
one half of the octahedral locations and 1/8 of the tetrahedral spa-
ces are occupied [3-6]. As shown in Figure 1, there are eight
MgO.ALO, molecules in the unit cell of the spinel configuration. In
this configuration, 8 Mg”* ions occupy 8 tetrahedral locations and
16 AI** ions occupy 16 octahedral locations. In the magnesia-alu-
mina spinel, the coordination number of Mg2+ ion is 4 and the co-
ordination number of AI*" ion is 6 [3-5].

As shown in the MgO-AlL,O, dual phase diagram in Figure 2, the
stochiometric composition of MgAl,O, spinel is 28.2 % MgO and
71.8 % ALLO,. The melting temperature is 2135 °C. The dual phase
diagram of MgO - Al,O, is shown in Figure 2 [6].

2. EXPERIMENTS
2.1 Preparation of boehmitic solution

In preparation of boehmitic solution by sol-gel method, powder
form AIP (aluminum iso-propoxide (Al(OC;H,),) Aldrich, < 98 per-
cent)) alcoxide was used as starting raw material. For this purpose,
20,4 g aluminum isopropoxite was dissolved mixing for 30 minutes
in 270 ml distilled water heated to 90 °C by magnetic agitator in a
4-neck 1000 ml reactor based on 15:0,1 (distilled water: aluminum
iso-propoxide (Al(OC,H;),) mole ratio. The derived reaction is as fol-
lows [3, 4, 8]:

Al(OC;:H,), + H,0 —> Al(OC;H;),(OH) + C;H,OH
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Peptizlesmenin gergeklesmesi icin % 10’luga seyreltilen
HCI (Merck, % 37) ilave edilmis ve pH=2.3’e ayarlanmistir. Ar-
dindan sol, 1 saat sure ile kanstinlmistir [3-4]. Peptizasyon asa-
masinin kimyasal reaksiyonu su sekilde gerceklesmektedir:

OH  OH
2AI(OC,H,), (OH) + H,0 % OC,H, —Al—O—Al— OC,H, + 2C,H,0H

Bu sekilde bohmitik (AIOOH) sol hazirlanmistir.

To achieve pepticizing HCI diluted to 10 percent (Merck, 37 per-
cent) was added and pH was set to 2,3. Subsequently, sol was mi-
xed for 1 hour [3, 4]. The chemical reaction of the peptization takes
place as follows:

?H (‘)H
2AI(OC;H,), (OH) + H,0 % OC;H, —Al-O—Al— OC_H, + 2C.,H,0H

Hence, boehmite (AIOOH) sol was prepared.

2.2 Bohmitik Sol - MgO

2.2 Preparation of Boehmitic

Karisiminin hazirlanmasi
Magnezya-Alimina spinel
dretimi igin bohmitik sol igine
serbest magnezya (MgO) tozu
katilmasiyla hazirlanan sivi-kati
karisimi ile calismalar strdurdl-

mustir. Deneyde kullanilan

Sol - MgO mixture

For producing Magnesia-
Alumina spinel, studies were
continued with the liquid-solid
mixture prepared by adding free
magnesia (MgO) salt in boehmi-
te sol. The MgO powder used in

MgO tozu, Kitahya-Kiimas Man-
yezit A.S.’den temin edilen <63

mm tane iriligindeki sinter MgO
(KM special fine) Granaddr.
Stokiometrik spinelin yapisi;
%78 AlLO; ve %28 MgQO’dan
olusmaktadir. Bu yaklasima uy-

Sekil 2. MgO - ALO; ikili denge diyagramu [5].
Figure 2. MgO - ALO; dual equilibrium diagram [5].

the test is < 63 m grain size sin-

ter MgO (KM special fine) obta-

ined from Kitahya-Kimas Man-
yezit A.S.

The configuration of stochi-
ometric spinel comprises 78 per-
cent ALLO, and 28 percent MgO.

gun olarak, béhmitik sol icerisi-
ne, ~0.25 mol MgO tozu ilave | |

In line with this approach, ~0,25
mol MgO powder was added in-

edilerek 2 saat mekanik karistir- A i' | to boehmite sol and mixed mec-

ma gerceklestirilmistir. Bu kari- 1 o | : i | - hanically for 2 hours. This mixtu-
. s . T 4 b4+ by

im, jellesmesi icin etlvde 120 - E i |I I a | re was dwelled for 8 hours at

sim, jellesmesi i¢ : | Y :!“.

°C’de 8 saat bekletilmis ve son- 5 100 " ,___,_,_‘l., * —*—:I-J;rf“ il LT 120 °C in a drying oven for gel-

2 Y i :
ra 2 °C/dak isitma hiziyla Na- g : o q -J-‘_ ] ,‘!-'1- —[_;‘_;— ling and subsequently, was he-

bertherm markali 1sitma kontrol-
IU firnda 550 °C’ ye isitilarak bu
sicaklikta 3 saat tutulmustur.
En son olarak elde edilen nu-
mune dort parcaya ayrilarak
Nabertherm markali i1sitma
kontrollG firrnda 550, 800, 1200
ve 1600 °C sicakliklarda 1 saat
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Sekil 3. 550, 800,1200 ve 1600 °C de 1 saat beklemis numune-
lerin XRD sonuglari. PDF-No. 88-8269 Aliimina (A),
PDF-No. 21-1152 MgALO,-Spinel (S))

Figure 3. XRD resulsts of specimens dwelled for 1 hour at 550,

ated up to 550 °C in a Nabert-
herm brand heat controlled kiln
at a rate of 2 “C/min. Finally, the
obtained specimen was divided
into four parts and subjected to
heat treatment for one hour at
550, 800, 1200 and 1600 °C in

a Nabertherm brand heat cont-

isil isleme tabi tutulmustur.

2.3 Karakterizasyon
Calismalan

Sol-Jel ybntemiyle sentezlenmis ve sirasiyla 550-800-1200
ve 1600 °C sicaklilarinda 1sil isleme tabi tutulmus numunelere
uygulanan XRD analizleri, Cu - Koo monokromatik 1sinimi kulla-
nilarak Rigaku D/Max - 2200 / PC marka cihazda gerceklesti-
rilmistir (Sekil 3).

1600 °C’de 1sil isleme tabi tutulmus toz numunesine tarama-
I elektron mikroskobu (SEM, Jeol 5600) ve elektron dagilimi
spektroskopisi (EDS, I-XRF Systems model 550i) analizleri yapl-

rolled kiln.

800,1200 and 1600 ‘C PDF-No. 88-8269 Alumina (A),
PDF-No. 21-1152 MgALO,-Spinel (S))

2.3 Characterization Works

The XRD analyses apply to
specimens synthesized by Sol-Gel method and heat treated at
550-800-1200 and 1600 °C temperatures were carried out in a
Rigaku D/Max - 2200 / PC brand device using Cu - Ko monoch-
romatic radiation. Scanned electron microscope (SEM, Jeol 5600)
and EDS-electron dispersive spectroscopy, I-XRF Systems model
550i analyses were performed on the powder specimen heat tre-
ated at 1600 °C and micro structure analysis were carried out (Fi-
gure 4 and 5).
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Sekil4aveb. 550 ‘C'de 3 saat 1s1l islem gormiis ALO; / MgALO:-
spinel karisimina ait SEM goriintiisii (1.500x) ve Spi-
nel bolgesinden alinan EDS analizi.

Figure 4a and b. SEM image (1.500x) of ALO; / MgALO;-spinel mixtu-
re heat treated for 3 hours at 550 ‘C and EDS analysis
obtained from Spinel zone

larak mikro yapr incelemeleri gergeklestirilmistir (Sekil 4 ve 5).

3. SONUCLAR ve TARTISMA

Elde edilen Urlnlerin karakterizasyonu icin yapilan XRD
analizi sonuclari, Sekil 3’te verilmistir. Piklerin Ust Uste binerek
gorulmesinin engellenmemesi igin sekle perspektif kazandiril-
mistir. Sonuclara bakildiginda her sicaklikta MgAlO,-spinelinin
olustugu belirlenmistir. Spinelin yani sira aliminanin da varligi
tespit edilmistir. Literaturde de benzer bulgulara rastlanmistir
[9]. Artan sicakliklarda spinel piklerinin daha da belirginlestigi
bdylece 1sil islem sicakh@i arttikca MgAl,O, spinel fazinin glc-
lendigi gortlmektedir. 550 °C’de gerek alimina gerekse MA-
spinel pikleri, henuz kristal yapilar tam olusamadigindan ve sis-
temde amorf yap! bulundugundan daha zayiftir. 1200 ve 1600
°C gibi yuksek sicakliklarda ise kristal yapilar, artik daha net bir
sekilde gorulebilmektedir. Isil islem sicakliginin artmasinin o-Al-
2083 ve MgAl,O,spinel kristal yapilarinin daha iyi olusmasina
katkisi bulunmaktadir. Alimina ve Spinel, refrakter hammadde-
si olarak kullanilan Urtnlerdir. Refrakterler, yiksek sicakliklarda
kullanildigindan hammaddenin kullanim sirasinda nihai reaksi-
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Sekilbaveb. 1600 ‘C'de 1 saat 1sil islem gormiis ALO; / MgALO:-
spinel karigimina ait SEM goriintiisii (1.500x) ve Spi-
nel bolgesinden alnan EDS analizi.

Figure 5a and b. SEM image (1.500x) of ALO; / MgALO.-spinel mixtu-
re heat treated for 1 hour at 1600 ‘C and EDS analy-
sis obtained from Spinel zone

3. RESULTS AND DISCUSSION

The results of the XRD analyses performed for characterization
of derived products are given in Figure 3. A perspective was given
to the figure so that peaks will not overlap, preventing visibility.
From the results, it was determined that the MgAl,O,-spinel was for-
med at every temperature. The presence of alumina was also detec-
ted in addition to spinel. There are similar findings in literature as
well [9]. It is observed that at increasing temperatures, spinel peaks
become more visible; hence, the MgAl,O, spinel phase is strengthe-
ned as the heat treatment temperature increases. At 550 °C, both
alumina and also MA-spinel peaks are weaker since crystal structu-
res can not yet be fully formed and there are amorphous structures
in the system. At higher temperatures like 1200 and 1600 °C,
crystal structures become visible more clearly. Increase in the heat

treatment temperature contributes to better formation of the a-Al,O,
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yonlarini tamamlamasi (in-situ reaksiyonlar) prosesin ekonomik
olmasina katki saglar. Bu durumda; 550 °C’de elde edilen UrU-
nun tercih edilmesi, refrakter bilesimine girdikten sonra kullani-
lacagl yuksek sicaklikta ilgili reaksiyonlarini tamamlayarak -
1200 °C’nin Uzerindeki sicakliklarda elde edilebilecek yapilara
ulasilabilecegdi igin- pratik uygulama agisindan ekonomik bir ¢o-
zUm olacaktir.

Calismadan elde edilen Urlne allimina zengin spinel (alumi-
na rich spinel) denilebilir. Almasis’'in AR90 kalitesindeki ticari
artny, alumina zengin spinel hammaddesinin kodu olarak ifa-
de edilmektedir.

550 ve 1600 °C’de 1sil islem gérmUs numunelerin SEM-EDS
analizleri, Sekil 4 ve Sekil 5'te verilmistir. Goraldigu gibi her iki
isil islem sicakligi sonrasinda spinel yapisinin elde edilebildigi
belirlenmistir. EDS sonuglarindan da anlasildigi tUzere 1600
°C’de, 550 °C’ye gdre daha ylUksek oranda spinel varligi tespit
edilmistir.

4. SONUCLAR

Refrakterlik acisindan alimina-spinel ya da alimina zengin
spinel hammaddesi énemli bir GrindUr. Sol-Jel teknigi kullani-
larak yukarida aciklandigi gibi aliimina-spinel tozu elde edilebil-
mektedir. 1600 °C’ deki i1sil islem sonucu spinel fazi, 550 °C’de
Uretilmis olana gore daha gugcludur. Isil islem sicakhginin arttiril-
masl, spinel fazin olusumunu desteklemektedir. Ancak yukse-
len sicakliklarin Gretim maliyetlerini arttiracagdi ve bu Urdndn
yuksek sicakliklarda kullanilacagi distnuldiginde 550 °C’'de-
ki Uretimin daha ekonomik olacagi g6z 6éntne alinmalidir.

TESEKKUR

Bu calisma, TUBITAK 106M318 projesi tarafindan destek-
lenmistir. Ayni zamanda calisma, istanbul Universitesi Fen Bi-
limleri Enstitistne bagli olarak tamamlanmis yUksek lisans te-
zinin bir bolUmUnU kapsamaktadir.
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and MgAl,O,-spinel crystal structures. Alumina and spinel are pro-
ducts used as refractory raw materials. Since refractories are used
at high temperatures, if the raw material has completed its in situ
reactions during use, then the process becomes more economi-
cal. Therefore, if the product derived at 550 °C is chosen, then sin-
ce it will complete the applicable reactions at the high temperatu-
re where it will be used after it is introduced into the refractory com-
position, reaching structures which may be derived at temperatu-
res over 1200 °C, this will be an economical solution in terms of
practical use.

The product derived from the study may be called alumina rich
spinel. The commercial product of Almasis in AR90 quality is used
as the code for alumina rich spinel raw material.

SEM-EDS analyses of specimens heat treated at 550 °C and
1600 °C are given in Figure 4 and Figure 5. As observed, it was de-
termined that the spinal composition may be obtained after either
heat treatment temperatures. As inferred from EDS results, the pre-
sence of spinel at a higher rate compared to 550 °C was determi-
ned at 1600 °C.

4. CONCLUSION

In terms of refractoriness, alumina-spinel or alumina rich spinel
raw material is an important product. Alumina-spinel powder may
be derived as explained above using the Sol-Gel technique. The spi-
nel phase as a result of the heat treatment at 1600 °C is more po-
werful than that produced at 550 °C. Increasing the heat treatment
temperature supports formation of the spinel phase. However, con-
sidering that increased temperature will boost production costs, it

can be said that production at 550 °C will be more economical.
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