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ABSTRACT 

Fine powders of chromium doped alumina were prepared by employing combustion method. The 

materials used in the reaction are aluminum nitrate (oxidizer), sugar (fuel) and ammonium dichromate 

(catalyst). The currant study was aimed to study the effect of sintering temperature on  the formation of 

chromium doped alumina. The powder samples were sintered at three different temperatures; 900, 1000 

and 11000C. Various characterization methods have been used in order to analyze the powder 

characteristics such as DTA, XRD, SEM and FTIR. To investigate the phases exist in the samples, X-

ray diffraction (XRD) was carried out, while the morphology of the samples was investigated using a 

Field Emission Scanning Electron Microscope (FESEM). Finally, to investigate the types of bonding in 

the sample, Fourier Transform Infra-Red (FTIR) analysis was carried out. Within the limitation of the 

current study, the sintering temperature  is considered the key criteria in the formation of chromium 

doped alumina. Moreover, the formation of chromium doped alumina phases is fully achieved at higher 

sintering temperature. Higher temperatures promote the formation of the desired, stable alumina phase 

and the full incorporation of chromium ions into the crystal lattice. 
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 تصنيع وتوصيف جسيمات الألومينا النانوية المشبعة بالكروم  
 الدبيب  جمال امعمر  

 .ليبيا،  بني وليد،  جامعة بني وليد،   كلية التقنية الطبية،  قسم تقنية الأسنان
 

 ملخــــــــــــــــص البحــــــــــــــــــث 
المطعّمة بالكروم باستخدام طريقة الاحتراق. شملت المواد الداخلة في التفاعل نترات الألومنيوم   تم تحضير مساحيق ناعمة من الألومينا

بوصفها مادة مؤكسِدة، والسكر كوقود، وثنائي كرومات الأمونيوم كمحفّز. هدفت الدراسة الحالية إلى بحث تأثير درجة حرارة التلبيد في 
 .درجة مئوية  1100و  1000و   900د عينات المسحوق عند ثلاث درجات حرارة مختلفة هي  تكوين الألومينا المطعّمة بالكروم. تم تلبي

 .على أنواع الروابط الكيميائية  تعرفوال  العينات  مورفولوجية   ،لدراسة خصائص المساحيق  ( XRD, SEM, FTIR)  تقنيات  استُخدمت
حدود هذه الدراسة، تُعد درجة حرارة التلبيد العامل الحاسم في تكوين الألومينا المطعّمة بالكروم. كما أظهرت النتائج أن تكوّن    ضمن

 أطوار الألومينا المطعّمة بالكروم يكتمل عند درجات التلبيد المرتفعة، حيث تسهم درجات الحرارة الأعلى في تعزيز تكوّن طور الألومينا
 .لمطلوب وتحقيق الإدماج الكامل لأيونات الكروم داخل الشبكة البلوريةالمستقر ا

 .جسيمات الألومينا النانوية المطعّمة بالكروم، توصيف المواد، طريقة الاحتراق :لدالةالكلمات ا

mailto:jamalald71@gmail.com
https://orcid.org/0000-0003-2768-760X


 
Jamal M. Aldabib 134 

 

J TechnolRes. 2025;3:133-138.                                                                                 https://jtr.cit.edu.ly 

 

1. INTRODUCTION 

Nanoparticles are defined as particulate 

dispersions or solid particles with a size in the 

range of 10 to 1000nm[1, 2]. Materials show 

different properties at nanoscale compared to 

their bulk counterparts where their optical, 

chemical activities, electrical and structural 

activities are altered making them suitable in the 

application of sensing, high strength materials, 

catalyst and electroceramics[3, 4]. At the same 

time, this alteration of properties causing in 

complication of the characterization process[5-

7]. The properties of nano-materials could be 

affected by several factors such as grain 

boundary structures and size[5, 8]. The nano-

materials have great potential in wide 

application prospects in different industries as a 

function of their superior and  exceptional 

mechanical performance [9, 10]. Nano-

materials are used widely in different 

biomedical applications[11-13]. 

They have great potential in tissue engineering 

applications, medical sensors, drug delivery and 

medical X-rays[14]. Effectiveness of nano-

materials in bio-medical applications is due to 

the small particle size and therefore large 

surface area[15-17]. There are various methods 

to produce nanoparticles such as sol-gel, vapor-

phase reaction, precipitation, combustion and 

etc. In this analysis, combustion method was 

used to produce Chromium doped alumina 

nanoparticles. Chromium has great potential in 

resisting  corrosion and  scratches over the 

objects. In addition, chromium serves as a 

protective barrier for alumina, shielding it 

against corrosion, wear, and tear. It is a process 

that not only augments the lifespan of alumina 

but also improves their resistance to harsh 

environmental factors. Understanding the effect 

of  sintering temperature could lead to the 

production of materials with superior 

characteristics properties. Chromium doped 

alumina nanoparticles offer significant 

advantages over other materials primarily 

through their unique photoluminescence (PL) 

properties, making them superior for 

applications in bio-imaging, solid-state lasers, 

and high-dose dosimetry[18]. They also exhibit 

exceptional thermo-chromic (color-changing) 

behaviour and enhanced mechanical 

strength compared to pure alumina or certain 

other ceramics[19]. Sintering temperature 

significantly influences the phase formation, 

crystallinity, particle size, and optical properties 

(color and luminescence intensity) of 

chromium-doped alumina nanoparticles[20]. 

Therefore, the current study was designed to 

investigate the effect of sintering temperature 

on  the formation of chromium doped alumina. 

2. MATERIALS AND METHODS 

14.71g of aluminum nitrate (Sigma Aldrich, 

USA) and 12.86g of sugar are each weighed 

into 100ml beaker. Some amount of distilled 

water is added just enough to dissolve the salt 

separately. The two solutions are then mixed 

together into a 1 litter beaker. 0.1g of 

ammonium dichromate is dissolved into the 

mixture. The mixture is heated at 195°C  on the 

hotplate until a dry and solid foam residue is 

obtained. This took approximately 1 hour. The 

residue is left to cool, forming some foam. The 

foam is ground into fine powdery form using 

agate mortar and pestle. The powder is divided 

into 3 portions and the powder samples are 

heated in a furnace at temperatures of 900°C, 

1000°C and 1100°C respectively with a holding 

time of 5 hours.  

Four characterization techniques, known as X-

Ray Diffraction (XRD), Field Emission 

Scanning Electron Microscope (FESEM), 

Fourier Transform Infra-Red (FTIR) and 

Thermal Analysis have been employed in order 

to investigate the properties of the produced 

powder. To study the phases formed in the 

samples, XRD scans are carried out using 

Bruker AXS spectrometer. The angle of 

measurement starts from 10 to 90°.  FESEM 

(ZEISS SupraTM, 35VP) was carried out to 

study the surface morphology changes of the 
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powder. Finally, FTIR (Perkin-Elmer) was 

performed to investigate the types of the 

bonding formed in the samples. The flow chart 

of samples preparation and characterization is 

shown in Fig. 1. 

 

Fig 1. Flow chart for the sample’s preparation and 

characterization. 

3. RESULTS AND DISCUSSION 

3.1 X-Ray Diffraction (XRD) 

Fig. 2 illustrates X-ray diffraction patterns of 

chromium doped-alumina sintered at different 

temperatures (i.e., 900°C, 1000°C and 1100°C). 

It was observed that at low temperature 

(900°C), most of the peaks of chromium and 

alumina are hardly matched with the standard 

peaks of Joint Committee on Powder 

Diffraction Standards (JCPDS) for chromium 

and alumina. as the sintering temperature is 

increased (1000 and 1100°C), the peaks for the 

sample are matched with the standard. It is 

believed that, during sintering process at 900°C, 

the phases of chromium and alumina was not 

completely formed yet due to incomplete 

decomposition of the precursor used to produce 

alumina doped with chromium[21-23]. 

However, as the sintering temperature increased 

to 1000°C, the decomposition of precursor 

increased and lead to the formation chromium 

doped alumina phase [22].  Based on the XRD 

analysis, the crystalline phase of chromium 

doped alumina begins to appear at higher 

temperatures (1000 and 1100 °C), while at the 

lower temperature (900 °C) the amorphous 

phase dominates, as clearly shown in Fig. 2. The 

numerous peaks observed in the spectra of the 

samples sintered at higher temperatures clearly 

indicate the formation of the crystalline phase 

of chromium doped alumina. The observation 

of 𝛾-alumina at 900°C indicates  that the 

transition temperature has not been reached. 

Whereas, the detected 𝛼-alumina in the samples 

sintered at 1000-1100°C indicates a 

temperature-driven phase transition (𝛾→𝛼) and 

the formation of a stable aluminum chromium 

oxide (AlCrO3 or  Al1.98Cr0.02O3) at higher 

temperatures due to chromium incorporation 

into the lattice.  

 
Fig 2. XRD diffractogram for chromium doped-

alumina sintered at 900°C (red), 1000°C (blue) and 

1100°C (black). 

3.2  Field Emission Scanning Electron 

Microscope (FESEM) 

The figures below (i.e., Fig 3., Fig. 4., and Fig. 

5) show SEM micrographs for chromium doped 

alumina sample sintered at various 

temperatures, with magnification of 500 X and 

10000 X. At the magnifications of 500 X, the 



 
Jamal M. Aldabib 136 

 

J TechnolRes. 2025;3:133-138.                                                                                 https://jtr.cit.edu.ly 

 

particle size of all chromium doped alumina 

powder samples with different sintering 

temperatures are observed. The particles of all 

three samples have similar sizes of several 

microns (from the scale), averaging at 10µm. 

The distribution of sizes are obtained as a result 

of the grinding process. When the magnification 

is increased to 10000 X, no porosity is observed 

on the sample sintered at 900°C. This shows 

that no or little reaction took place in the powder 

sample due to the low calcination temperature. 

Thus, there is no combustion happening at 

900°C. As for the samples sintered at 1000°C 

and 1100°C, porosities can be observed in the 

circled regions in Figure 3(b) and 4(b). The 

presence of these pores is due to the reaction 

between carbon (from sugar, C12H22O11) and 

oxygen to give off carbon dioxide. The gaseous 

carbon dioxide leaves the surface thus pores are 

formed. However, the amounts of porosity for 

both samples are small. The most notable 

difference of samples sintered at 1000°C and 

1100°C are the pore size. Sintering at 1100°C 

produces qualitatively smaller pores than those 

of 1000°C. It is believed that, as the sintering 

temperature is increased, the porosity of the 

sample is decreased as a result of particle 

fusion[24]. 

 
Fig 3. SEM micrographs of chromium doped 

alumina powder sample sintered at 900°C at 

magnification (a) 500 X (b) 10000 X. 

 
Fig 4. SEM micrographs of chromium doped 

alumina powder sample sintered at 1000°C at 

magnification (a) 500 X (b) 10000 X. 

 

Fig 5. SEM micrographs of chromium doped 

alumina powder sample sintered at 1100°C at 

magnification (a) 500 X (b) 10000 X. 

3.3   Fourier Transform Infra-Red (FTIR) 

Fig. 6 shows the FTIR spectra for samples 

sintered at 900, 1000 and 1100°C. At 

wavenumber range of 3843- 3741 cm-1, the 

same shape of curve was obtained for all three 

FTIR spectra. This region is believed to be 

associated with the bonding to the bonding of 

alcohol that used during the cleaning process of 

sample preparation[25]. As moving to 

wavenumber of 2369 cm-1, there are also same 

peaks obtained for all three spectra. This peak is 

believed that it belongs to diazonium salts and 

P-H phospines contamination of the sample. At 

wavenumber range of 1700-1200 cm-1, peak 

change is observed for all three spectra. At 

wavenumber range of 634-441 cm-1, a strong 

peak is being seen as the sintering temperature 

is increased. At 900°C, the peak is not clearly 

visible. This occurs due to the contamination of 

N-H3. Compounds containing N-H3 are known 

to be volatile or decompose at elevated 

temperatures. Sintering at 1000 and 1100°C 

provides more thermal energy and a greater 

driving force for the complete decomposition 

and expulsion of these species compared to 

sintering at 900°C. The complete removal of 

these residual components at higher 

temperatures leads to a purer, more 

homogeneous material with a well-defined 

crystal structure. [26]. The residual N-H3 related 

groups within the sample can act as defects or 

secondary phases. The samples sintered at 1000 

and 1100°C are likely more crystalline due to 

the more effective removal of the volatile N-H3 

species compared to sample sintered at 900°C. 

This results in a spectrum with sharper, more 
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intense characteristic peaks. This increased 

purity and structural integrity at higher sintering 

temperatures would naturally lead to a clearer, 

less complicated spectrum, free from the 

interference of residual volatile compounds[26-

28]. 

Fig 6. FTIR spectrums for chromium doped alumina 

sintered at 900°C (red), 1000°C (blue) and 1100°C 

(black). 

4. CONCLUSIONS 

The sintering temperature has a strong effect in 

the formation of chromium doped alumina. 

High magnification of FESEM showed that, as 

the temperature increased, the porosity of the 

sample is decreased due to fusion process occur 

between the particles. XRD analysis presented 

that the peaks for chromium and alumina at 

lower sintering temperature are hardly matched, 

and as the temperature increased, the peaks are 

well matched. FTIR analysis showed that there 

are existences of diazonium, P-H phospines and 

N-H3 contamination in the samples. Also at 

wavenumber range of 634-441 cm-1 for all 

three spectrums, a different transmissions rate is 

observed. At 900C, the absorption peak is not 

obvious but as the sintering temperature is 

increased, the peaks are getting more obvious. 

based on the currant study, the optimal 

temperature for the phase formation alumina 

ceramics is often around 1100°C, but for 

effective Cr doping, higher temperatures are 

needed. In conclusion, a  higher sintering 

temperature of at least 1400°C-1600°C is  most 

likely necessary to ensure the complete 

formation of the desired chromium-doped 

alumina single phase. 
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