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Sol-Jel Yöntemiyle
Alümina /

MgAl2O4-Spinel
tozu üretimi ve

karakterizasyonu
ÖZET

Alümina / Magnezya-Alumina (MgAl2O4)
spinel kar›fl›m› toz malzemeler, alümina

zengin spinel malzemeler olarak
sa¤lad›klar› yüksek kimyasal ve mekanik

dayan›m özellikleri ile ileri refrakter
uygulamalarda tercih edilen ürünlerdir. Bu
çal›flmada; alümina / MA-spinel kar›fl›m
tozlar›, sol-gel metodu ile sentezlenmeye
çal›fl›lm›flt›r. Böhmitik sol, alüminyum

izopropoksit (Al(OC3H7)3) kayna¤›ndan elde
edilmifltir. Magnezya (MgO) tozlar›

böhmitik sol içine kat›larak mekanik
kar›flt›r›c›da 2 saat süreyle kar›flt›r›lm›flt›r.

Kar›fl›m daha sonra 120 oC’de 8 saat
boyunca kurutulmufltur. Kurutulmufl

numuneler, s›ras›yla 550, 800, 1200 ve
1600 oC s›cakl›klarda ›s›l iflleme tabi

tutulmufltur. Son olarak XRD, SEM ve
EDS analizleri uygulanarak

karakterizasyon çal›flmalar› yap›lm›flt›r. 

Production and
Characterization

of Alumina /
MgAl2O4 - Spinel

by Sol-Gel
Method

ABSTRACT
Alumina / Magnesia-Alumina 

(MgAl2O4) 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

(Al(OC3H7)3). Magnesia (MgO) 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 oC. Dried samples were subjected to
heat treatment at 550, 800, 1200 and

1600 oC respectively. Finally,
characterization studies were made using

XRD, SEM and EDS analyses. 
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1. G‹R‹fi

Alümina ve (MgAl2O4) spinelin yüksek ergime s›cakl›klar›,

kimyasal ataklara karfl› yüksek dirençleri ve çok iyi mekanik

özelliklerinden dolay› refrakterlik ve yap›sal uygulamalar› bulun-

maktad›r [1-2]. 

Spineller kristallografik aç›dan özel bir yap›y› temsil etmek-

tedirler. Baz› oksitler ( MgAl2O4)  gibi spinel yap›s›nda olup AB-

2O4 genel formülüyle gösterilirler. Burada A, +2 de¤erlikli me-

tal iyonu, B ise +3 de¤erlikli metal iyonudur. Spinel yap› sekiz

alt hücreden oluflan bir birim

hücreye sahiptir.  Spinel

hücresinde alt hücrelerin her

biri bir MgO.Al2O3 molekü-

lünden ibarettir. Spinel yap›-

da oksijen iyonlar› YMK kafe-

sini olufltururlar ve toplam

32 tane oksijen iyonu bulun-

maktad›r. A ve B iyonlar› spi-

nelin cinsine ba¤l› olarak

dört yüzlü (tetrahedral)  ve

sekiz yüzlü (oktahedral) ara

yerde bulunurlar. Sekizyüzlü

yerlerinin sadece yar›s›, dört-

yüzlü yerlerin ise 1/8’i iflgal

edilmifltir. fiekil 1’de verildi¤i

gibi spinel yap›s›n›n birim

hücresinde sekiz adet MgO.Al2O3 molekülü bulunur.  Bu yap›-

da 8 Mg2+ iyonu, 8 dörtyüzlü yeri ve 16 Al3+ iyonu, 16 sekizyüz-

lü yeri iflgal etmektedir. Magnezya-Alümina spinelinde Mg2+ iyo-

nunun koordinasyon say›s› 4, Al3+ iyonunun koordinasyon sa-

y›s› ise 6 'd›r [3-6].

fiekil 2’deki MgO-Al2O3 ikili faz diagram›nda görüldü¤ü gibi

MgAl2O4 spinelinin stokiometrik bileflimi, %28.2 MgO, %71.8 Al2O-

3 'd›r. Ergime s›cakl›¤› ise 2135 oC 'dir. fiekil 2 'de MgO – Al2O3 iki-

li faz diagram› görülmektedir. [6]. 

2. DENEYSEL ÇALIfiMALAR

2.1 Böhmitik Çözeltinin (Sol) eldesi

Sol–gel yöntemiyle böhmitik solüsyonun haz›rlanmas›nda,

kaynak hammaddesi olarak, toz halindeki AIP (alüminyum izop-

ropoksit (Al(OC3H7)3) Aldrich, <a¤.% 98) kullan›lm›flt›r. Bunun

için 15:0.1 (saf su : alkoksit) mol oran›na göre, 4 boyunlu 1000

ml hacmindeki reaktörde, manyetik kar›flt›r›c›l› ›s›t›c›yla 90 oC’ ye

›s›t›lm›fl 270 ml saf su içinde 20.4g alüminyum izopropoksit 30

dak. süre ile kar›flt›r›larak çözündürülmüfltür. Meydana gelen re-

aksiyon afla¤›daki gibidir [3-4, 8]:

Al(OC3H7)3 + H2O Al(OC3H7)2(OH) + C3H7OH

Key words: Sol-Gel, boehmitic sol, MgO, MgAl2O4-spinel.

1. INTRODUCTION

Alumina and (MgAl2O4) 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 (MgAl2O4) are in spinal configuration and are

represented by the overall formula AB2O4. Here, A is a metal ion

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

unit cell comprising eight sub-

cells. Each sub-cell in the spi-

nel cell is a MgO.Al2O3 mole-

cule. Since each sub-unit has

a MgO.Al2O3 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.Al2O2 molecules in the unit cell of the spinel configuration. In

this configuration, 8 Mg2+ ions occupy 8 tetrahedral locations and

16 Al3+ 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 Al3+ ion is 6 [3-5].

As shown in the MgO-Al2O3 dual phase diagram in Figure 2, the

stochiometric composition of MgAl2O4 spinel is 28.2 % MgO and

71.8 % Al2O3. The melting temperature is 2135 ˚C. The dual phase

diagram of MgO – Al2O3 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(OC3H7)3) 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(OC3H7)3) mole ratio. The derived reaction is as fol-

lows [3, 4, 8]:

Al(OC3H7)3 + H2O         Al(OC3H7)2(OH) + C3H7OH
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fiekil 1. MgAl2O4 Spinel Kristal Kafes Yap›s› [3].

Figure 1. MgAl2O4 Spinel Crystal Lattice Configuration [3].
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Peptizleflmenin gerçekleflmesi için % 10’lu¤a seyreltilen

HCl (Merck, % 37) ilave edilmifl ve pH=2.3’e ayarlanm›flt›r. Ar-

d›ndan sol, 1 saat süre ile kar›flt›r›lm›flt›r [3-4]. Peptizasyon afla-

mas›n›n kimyasal reaksiyonu flu flekilde gerçekleflmektedir:

OH       OH

2Al(OC3H7)2 (OH) + H2O ` OC3H7 —Al—O—Al— OC3H7 + 2C3H7OH

Bu flekilde böhmitik (AlOOH) sol haz›rlanm›flt›r.

2.2 Böhmitik Sol – MgO

Kar›fl›m›n›n haz›rlanmas›

Magnezya-Alümina spinel

üretimi için böhmitik sol içine

serbest magnezya (MgO) tozu

kat›lmas›yla haz›rlanan s›v›-kat›

kar›fl›m› ile çal›flmalar sürdürül-

müfltür. Deneyde kullan›lan

MgO tozu, Kütahya-Kümafl Man-

yezit A.fi.’den temin edilen <63

mm tane irili¤indeki sinter MgO

(KM special fine)  ürünüdür.

Stokiometrik spinelin yap›s›;

%78 Al2O3 ve %28 MgO’dan

oluflmaktad›r. Bu yaklafl›ma uy-

gun olarak, böhmitik sol içerisi-

ne, ~0.25 mol MgO tozu ilave

edilerek 2 saat mekanik kar›flt›r-

ma gerçeklefltirilmifltir. Bu kar›-

fl›m, jelleflmesi için etüvde 120
oC’de 8 saat bekletilmifl ve son-

ra 2 oC/dak ›s›tma h›z›yla Na-

bertherm markal› ›s›tma kontrol-

lü f›r›nda 550 oC’ ye ›s›t›larak bu

s›cakl›kta 3 saat tutulmufltur.

En son olarak elde edilen nu-

mune dört parçaya ayr›larak

Nabertherm markal› ›s›tma

kontrollü f›r›nda 550, 800, 1200

ve 1600 oC s›cakl›klarda 1 saat

›s›l iflleme tabi tutulmufltur. 

2.3 Karakterizasyon

Çal›flmalar›

Sol-Jel yöntemiyle sentezlenmifl ve s›ras›yla 550–800–1200

ve 1600 oC s›cakl›lar›nda ›s›l iflleme tabi tutulmufl numunelere

uygulanan XRD analizleri, Cu - Kα monokromatik ›fl›n›m› kulla-

n›larak Rigaku D/Max – 2200 / PC marka cihazda gerçekleflti-

rilmifltir (fiekil 3). 

1600  oC’de ›s›l iflleme tabi tutulmufl toz numunesine tarama-

l› elektron mikroskobu (SEM, Jeol 5600) ve elektron da¤›l›m›

spektroskopisi (EDS, I-XRF Systems model 550i) analizleri yap›-

To achieve pepticizing HCl 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: 

OH       OH

2Al(OC3H7)2 (OH) + H2O ` OC3H7 —Al—O—Al— OC3H7 + 2C3H7OH

Hence, boehmite (AlOOH) sol was prepared. 

2.2 Preparation of Boehmitic

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

the test is < 63 m grain size sin-

ter MgO (KM special fine) obta-

ined from Kütahya-Kümafl Man-

yezit A.fi. 

The configuration of stochi-

ometric spinel comprises 78 per-

cent Al2O3 and 28 percent MgO.

In line with this approach, ~0,25

mol MgO powder was added in-

to boehmite sol and mixed mec-

hanically for 2 hours. This mixtu-

re was dwelled for 8 hours at

120 ˚C in a drying oven for gel-

ling and subsequently, was he-

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-

rolled kiln. 

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 - Kα 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). 

fiekil 2. MgO - Al2O3 ikili denge diyagram› [5].

Figure 2. MgO - Al2O3 dual equilibrium diagram [5].

fiekil 3. 550, 800,1200 ve 1600 ˚C de 1 saat beklemifl numune-
lerin XRD sonuçlar›. PDF-No. 88-8269 Alümina (A),
PDF-No. 21-1152 MgAl2O4-Spinel (S))

Figure 3. XRD resulsts of specimens dwelled for 1 hour at 550,
800,1200 and 1600 ˚C PDF-No. 88-8269 Alumina (A),
PDF-No. 21-1152 MgAl2O4-Spinel (S))
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larak mikro yap› incelemeleri gerçeklefltirilmifltir (fiekil 4 ve 5). 

3. SONUÇLAR ve TARTIfiMA

Elde edilen ürünlerin karakterizasyonu için yap›lan XRD

analizi sonuçlar›, fiekil 3’te verilmifltir. Piklerin üst üste binerek

görülmesinin engellenmemesi için flekle perspektif kazand›r›l-

m›flt›r. Sonuçlara bak›ld›¤›nda her s›cakl›kta MgAl2O4-spinelinin

olufltu¤u belirlenmifltir. Spinelin yan› s›ra alüminan›n da varl›¤›

tespit edilmifltir. Literaturde de benzer bulgulara rastlanm›flt›r

[9]. Artan s›cakl›klarda spinel piklerinin daha da belirginleflti¤i

böylece ›s›l ifllem s›cakl›¤› artt›kça MgAl2O4 spinel faz›n›n güç-

lendi¤i görülmektedir. 550 oC’de gerek alümina gerekse MA-

spinel pikleri, henuz kristal yap›lar tam oluflamad›¤›ndan ve sis-

temde amorf yap› bulundu¤undan daha zay›ft›r. 1200 ve 1600
oC gibi yüksek s›cakl›klarda ise kristal yap›lar, art›k daha net bir

flekilde görülebilmektedir. Is›l ifllem s›cakl›¤›n›n artmas›n›n α-Al-

2O3 ve MgAl2O4-spinel kristal yap›lar›n›n daha iyi oluflmas›na

katk›s› bulunmaktad›r. Alümina ve Spinel, refrakter hammadde-

si olarak kullan›lan ürünlerdir. Refrakterler, yüksek s›cakl›klarda

kullan›ld›¤›ndan hammaddenin kullan›m s›ras›nda nihai reaksi-

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 MgAl2O4-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 MgAl2O4 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 α-Al2O3

fiekil 4a ve b. 550 ˚C’de 3 saat ›s›l ifllem görmüfl Al2O3 / MgAl2O4-
spinel kar›fl›m›na ait SEM görüntüsü (1.500x) ve Spi-
nel bölgesinden al›nan EDS analizi.

Figure 4a and b. SEM image (1.500x) of Al2O3 / MgAl2O4-spinel mixtu-
re heat treated for 3 hours at 550 ˚C and EDS analysis
obtained from Spinel zone

fiekil 5a ve b. 1600 ˚C’de 1 saat ›s›l ifllem görmüfl Al2O3 / MgAl2O4-
spinel kar›fl›m›na ait SEM görüntüsü (1.500x) ve Spi-
nel bölgesinden al›nan EDS analizi.

Figure 5a and b. SEM image (1.500x) of Al2O3 / MgAl2O4-spinel mixtu-
re heat treated for 1 hour at 1600 ˚C and EDS analy-
sis obtained from Spinel zone 

a)

b) 

b)

a)
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yonlar›n› tamamlamas› (in-situ reaksiyonlar) prosesin ekonomik

olmas›na katk› sa¤lar. Bu durumda; 550 oC’de elde edilen ürü-

nün tercih edilmesi, refrakter bileflimine girdikten sonra kullan›-

laca¤› yüksek s›cakl›kta ilgili reaksiyonlar›n› tamamlayarak -

1200 oC’nin üzerindeki s›cakl›klarda elde edilebilecek yap›lara

ulafl›labilece¤i için- pratik uygulama aç›s›ndan ekonomik bir çö-

züm olacakt›r.   

Çal›flmadan elde edilen ürüne alümina zengin spinel (alumi-

na rich spinel) denilebilir. Almasis’in AR90 kalitesindeki ticari

ürünü, alumina zengin spinel hammaddesinin kodu olarak ifa-

de edilmektedir. 

550 ve 1600 oC’de ›s›l ifllem görmüfl numunelerin SEM-EDS

analizleri, fiekil 4 ve fiekil 5’te verilmifltir. Görüldü¤ü gibi her iki

›s›l ifllem s›cakl›¤› sonras›nda spinel yap›s›n›n elde edilebildi¤i

belirlenmifltir. EDS sonuçlar›ndan da anlafl›ld›¤› üzere 1600
oC’de, 550 oC’ye göre daha yüksek oranda spinel varl›¤› tespit

edilmifltir. 

4. SONUÇLAR

Refrakterlik aç›s›ndan alümina-spinel ya da alümina zengin

spinel hammaddesi önemli bir üründür. Sol-Jel tekni¤i kullan›-

larak yukar›da aç›kland›¤› gibi alümina-spinel tozu elde edilebil-

mektedir. 1600 oC’ deki ›s›l ifllem sonucu spinel faz›, 550 oC’de

üretilmifl olana göre daha güçlüdür. Is›l ifllem s›cakl›¤›n›n artt›r›l-

mas›, spinel faz›n oluflumunu desteklemektedir. Ancak yükse-

len s›cakl›klar›n üretim maliyetlerini artt›raca¤› ve bu ürünün

yüksek s›cakl›klarda kullan›laca¤› düflünüldü¤ünde 550 oC’de-

ki üretimin daha ekonomik olaca¤› göz önüne al›nmal›d›r. 
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and MgAl2O4-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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