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Abstract

In this study, ruby (Cré* doped Al,O3) was synthesized through the citrate method employing citric acid in excess as a chelating and fuel
agent. The primary focus of our study was on two critical phase heat points, TPH, and TPD. The system was considered opaque, and we
aimed to comprehend the behavior of crystal structure formation. Thermal kinetics was examined using the Coates-Redfern method, and
various mechanisms were selected based on heating coefficients. Twenty-eight models were explored, combining the kinetics approach with
experimental thermal analyses, including Thermogravimetry (TGA) and Differential Scanning Calorimetry (DSC).Kinematic parameters
thanks to model fitting methods, were confirmed with a high R-squared coefficient of between (0.95 - 0.99). Despite slight differences and
notable activation energy with reaction order, nucleation and subsequent random nucleation and diffusion mechanisms were revealed. Heat
treatment showed consistency in Fourier transform infrared (FTIR) separation of the complex on aluminum and chromium oxides, indicating
the presence of homo-bond decay upon treatment at 200-500-1000 °C. After the decomposition of the organic matter, the ceramic transforms
into a green powder and subsequently transitions to a vividly crystalline pink color at a specific temperature of 1100 °C. All the surprising
values found provide insight into the complexity of the crystallization process. It crystallizes in the hexagonal system in space group R-3c,
according to analytical data from X-ray diffraction (XRD), however semi-investigation revealed that its morphological state is arbitrarily
formed and ranges from 0.5 to 78 um. Additionally, an elemental analysis study (EDS) verified the presence of Cr and O in the sample series.
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1. Introduction

Ruby (Cr®* doped Al203) is one of the many forms of a-Al203 that exists ceramics found in various applications in the industry
[1,2]. Cr¥ substitutes for AI** in small amounts to maintain stability [3]. Commonly recognized as a solid solution. Such as high
thermal, optical and mechanical resistance, etc. [4-6]. From recent applications, temperature sensors, lasers, masers, optoelectronics
[7, 8]. It has been used as an effective coolant and as a reflective pigment for near-infrared radiation (NIR), in reversible thermal
sensors and other related applications, used as a filter for luminous nanoparticles [9]. For this reason, researchers have turned their
attention to environmentally friendly and low-cost manufacturing methods [10-12]. The goal was to discover new structures rather
than cost-effectively produce them at slow melting and cooling points.Sol-gel is a wet chemical method for the synthesis of high-
purity metal oxide nanoparticles, based on the dissolution of molecular precursors in water or an alcohol gel as a result of low-
temperature hydrolysis/alkaline hydrolysis [13]. Citrate —nitrate is a non-alkoxide Sol-Gel. [14]. Because was used on the chelation
reaction between bi-tern-quaternary oxides metal [15]. The formation of metal citrate complexes makes them stable, which takes
shape in a three-dimensional structure. [16] Produces advantages of being easy, low cost, good homogeneity and high purity [15, 17].

*Corresponding author e-mail: mohamed.ahmed_ali@buc.edu.eg; (Mohamed A. Ali).
Received date 16 April 2024; revised date 10 July 2024; accepted date 28 July 2024
DOI: 10.21608/EJCHEM.2024.283147.9600

©2025 National Information and Documentation Center (NIDOC)


https://doi.org/10.21608/ejchem.2024.283147.9600

64 F. Hadji et.al.

Citric acid is the fuel for the combustion stages of this uniform gel. [16, 18]. The decomposition and transformation of organic citrate
residues occurs not only by combustion, but also by reaction with the nitrates present in the mixture [19-21].

On the other hand, the study of thermal kinetics is of paramount importance [22], as non-isotherms are often limited to a phase-
specific temperature range, the crystallization behavior of the system being profoundly affected by the final structure[23, 24]. The
aim is to achieve optimal, desirable performance and functional properties that meet the essence of our study, the realistic results of
which depend on the preparation method. TGA its use in kinetic models is widely used whose accuracy of the parameters obtained
depends on the degree of conformity to the chosen response model [25]. Most of the data in the literature on pyrolysis are sparse and
limited and relate specifically to biomass as an alternative to conventional fuels [26]. There are also different methods for studying
data related to thermodynamic properties that are concerned with their decomposition kinetics [27] Herein, we report a selected the
model fitting method, the Coats-Redfern approach with Cn ( C: citrate method , n :type of model ,n: 1....28), Different reaction
mechanisms were chosen to study using citric acid .

The Coats-Redfern method has been adopted to obtain optimum composition values with a single heating coefficient. It is
explained in two critical points thermal occurs in the temperature range of TPH (25 to 187 °C) and TPD (187 to 550 °C) respectively,
with the aim of evaluating the physical and chemical state of the chemical reaction order steps, acceleration rate, sigmoid rate
equations, phase boundary reaction and diffusion mechanism, which contribute to ruby formation.

This study allows us to better elucidate what happens in the initial reaction sequence of dissociation of a citric complex with
various cations (AI®*, Cr®*) during heat treatment, and enables the identification and characterization of reaction intermediates, which
are often short-lived and difficult to detect by other means. The study of kinetics is fundamental to both theoretical and applied work.
It provides insight into reaction mechanisms at critical points in nano forming transition reactions and, thanks to an understanding
that enables the preparation of reaction conditions to be improved, more efficient, cost-effective, and safer chemical processes can be
developed.In addition, this study gives us a future insight into how this gel can be used as a coating on stainless steel to enhance its
surface structure and improve its physical and chemical properties.

2.Materials and experimental procedure

2.1. Preparation of Ruby Powder Cr-doped Al,O3
2.1.1. Preparation of Citrate Precursor Solution

The first precursors were aluminum nitrate (Al(NO3)3.9H20) and hexahydrate chromium trichloride (CrCls.6H20), as indicated
in table 1 ; these were dried in an oven at 110°C for two hours before being weighed. Stirring was continued until a clear, uniform
solution was obtained that was violet in color. In accordance with the molar ratio (Al-Cr)/(citric acid) = 1/4 , citric acid is added to
the mixture , in an acidic medium (pH=1,9 ) this is done with the help of nitric acid .

2.1.2. Formation of Citrate Gel

Over the course of five hours, the solution was continuously heated to 70 degrees Celsius under reflux conditions, removing
excess water and allowing the gel to age before initiating the complexation reaction with citric acid to form stable complexes. The
solution eventually turned into a gray colloidal solution with a purple dye.

2.1.3. Heat treatment

The resulting gel was dried in an oven at 100 and 200 degrees, ground into a powder, and placed inside a ceramic crucible. It was
then calcined in a Nabertherm R50-300 outdoor tubular kiln, going through several stages and temperatures (300, 500, and 1000
degrees) for five hours. Afterwards, the sample was treated and calcined at 1000 degrees, yielding a green powder (Figure 1).

2.1.4. Crystallization

We chose the heat treatment zone for the sapphire crystallization step based on the results of thermal analysis (DSC-TGA) and

the stability of sample interactions. The temperature was increased to 1100°C at a rate of 5°C per minute and maintained at this
temperature for 15 h to achieve crystallization of the ruby phase.
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Table .1: Detailed Specifications for Sol Gel — Citrate Precursors .

Precursor Name Chemical Purity |Company | Physic
Formula al State
Hydrated Aluminum Nitrate AI(NO3)3+9H20 (99.99% | Sigma Solid
Aldrich
Hexahydrate Chromium Trichloride CrCls.6H20 95% Solid
Citric acid CeHsO7 Sigma Solid
Aldrich
Nitric Acid HNO3 Sigma Liquid
Aldrich

2.2 Characterization:

The thermo-kinetic properties of samples were analyzed through Thermo-gravimetric analysis (TGA) and differential
thermal analysis (DSC). The study aimed to examine the thermal phenomena and decomposition steps of aerogels obtained after
drying at 120°C. Thermo-gravimetric analysis-differential scanning calorimetry (TGA, DSC, SETARAM, SETSYS) was utilized,
employing a linear heating rate equation from 25 to 1100°C in an air flow of 28 K/min. An FTIR study was conducted using a
SHIMADZUB8400S-FTIR instrument with KBr grain-based samples in the frequency range of 4000 to 400 cm™. Analyses were
performed on samples treated at different temperatures (200, 500, and 1000°C), mixed with KBr. A blank disk (S = 1cm?) served as a
reference, and all measurements were taken at room temperature under normal incidence. X-ray diffraction (XRD) characterization
employed an advanced diffract meter, Mini flex 600, equipped with a cooler (lab tech/smart H150-1000), featuring a generator
(600w, 40Kv, 15mA), Cu, Co, Cr tubes, and a scan speed of 0.01 to 100°/min (260). Crystal phase identification utilized the
PANalytical ICSD database for High Score Plus and relevant phases from the PDF2 database. The morphology of the obtained ruby
and corundum polymorphs was examined using a scanning electron microscope (SEM) with a tungsten filament, fully PC controlled,
secondary vacuum pump, primary vacuum metalliser, and an industrial-grade nitrogen gas cylinder.
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Fig.1: Schematic diagram summarizing the procedure
for the kinetic study of the synthesis of rubies produced
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2. Kinetics study

The thermal kinetics is related to the degree and type of reaction assumed for the dissociation analysis, and it is the most widely
used method for the construction of the non-isothermal model [26]. The kinetics of the thermal decomposition of a sol gel and its
staged crystallization, this was prepared by the complex citric acid. The decomposition rate of the non-isothermal solid is expressed
mathematically.

3.1 Coats Redfern method

Mass kinetic studies of the gel complex were performed using the Coates-Redfern equation (Cotes et al, 1964), which was
simulated activation energy and thermodynamic parameters were calculated Eq. (1) . [24,25].

(&) -n(E0-2)E o

: Absolute temperature (K) ,

: Degree of conversion ,

: Gas constant = 8.314 J/ (mol k') ,

: Heating rate ( f = dT/dt),
a: Activation Energy (the least amount of energy required in a reaction to produce the end product), A : Pre-exponential factor (min-

- mMm™= 0 -

In general, if %»1 then1 — % =1 (approaching 1) hence Eq. (1) becomes
gla)y _ AR Ey
nEH=mn(3F) -1 @

g(a)) and % for each g(a) shown in Table 1. Here we will plot the linear graphs In(

TZ
and % by using the obtained data by TGA analysis for gel (Ci-Al-Cr) (Fig. 1) Decomposition at a heating rate of linear equation

g(a)
=)

Eqn. (2) shows a linear relation between In(

(R?=0.99) . Then by a linear graph of straight-line Eq. (1) upon comparing with the standard straight-line

y =c + bx,
We can find the slope E—; and intercept
c=n (gu - %))(3)
All these calculations help to estimate the activation energy Ea and pre-exponential factors A by using R =8.314 Jmol* K. We

further calculate the thermodynamic parameters associated with mass decomposition.
Rate equations: Generally, the extent of the reaction can be calculated using the following relationship:

_ Mo—my
a= —mg—mf(4)

m; : is the mass of the sample at any temperature t, mp and m;of the masses at initial and final temperatures respectively . Using the
extent of reaction the rate of reaction can be calculated by using the relation in Eq. (4).

Table 2 shows the generally applied Reaction models (by putting a different value of n in Eqn. (1) for getting different reaction
models in Coats-Redfern Method.

Tables 2- Various reaction mechanisms for study in Coats-Redfern Model. [26-29]

1-Order of reaction / Chemical Reaction

Models fla) g(o) Symbol of citrate
rate

Zero-order 1 o Cl

One-third order (32)(1-w1/3 | 1-(1 -0)2/3 Cc2

First-order (1-w) -In(1 -a) C3

Three-quarters 4(1-0)3/4 1-(1-a)1/4 C4

order

Three-halves order | (1 -a)1/2 2[(1 -a)-1/2 -1] C5

Second-order (1 -0)2 (1-0-1 -1 C6

Third-order (1-0)3 0.5[(1 -a)-2 -1] Cc7

Egypt. J. Chem.68, No. 3 (2025)



Non-Isothermal Kinetics of Coats-Red Fern in the Critical Points: Formation of..

2-Acceleratory rate equation / Nucleation

Mampel Power Law (2 /3)a-1/2 a3/2 C8
Mampel Power Law 4 03/4 oY C9
Mampel Power Law 3 02/3 al/3 C10
Mampel Power Law 2 al/2 V%3 Ci11
3-Sigmoid rate equations or random nucleation and subsequent
Avrami-Erofeev equation | (1-o) -In(1-0) C12

n=1

Avrami model (n =2/3)

151 -a) [ -In(l-
@)]0.33

[-In(1-0)]0.67 | C13

Avrami model (n =1/2)

2(1-0) [ -In(1-0)]0.5

[In(1-0)]0.5 | Cl4

Avrami model (n =1/3)

3(1-0) [ In(1-0)]0.67

[-In(1-0)]0.33_| C15

Avrami model (n =1/4)

1 -a) [In(1-0)]0.75

[-In(1-0)]0.25 | C16

4-Deceleratory rate equations: Phase boundary reaction

Contracting Disk (1 -a)0 a C17

Cylindrical shape 2 (1-a)0.5 1-(1 -0)0.5 C18

Sphere shape 3(1-0)0.67 | 1-(1-a)1/3 C19

5-Based on the diffusion mechanism

1-D diffusion model 0.50-1 a2 C20
2-D diffusion model [-In(1-0)]* (1 -0) In(1-0)+o c21
3-D diffusion model 1.5(1 -0)0.33 [ (1-0)-0.33-1]" | [(1-In(1 -0))0.33 ]2 C22
3D-Ginstling—Brounshtein 1.5[(1 -a)-0.33 -1]* (1 -20/3)- (1-0)2/3 Cc23
equation
3D-Zhuravlev equation 3/2(1-a)4/3 [(1-0)-1/3-1]-1 [(1-a)-1/3 -1]2 C24
3D-Jander equation 2(1- 0)2/3 [1-(1 - o)1/3] -1 [1-(1 -a) 1/3]2 C25
3D-Anti-Jander 3/2[(1+ 0)2/3[(1+a)1/3-1]-1 [(1+ o)1/3-1]2 C26
3D-Anti-Ginstling- 3/2[(1+ o)-1/3-1]-1 1+ 2/30-(1+a)2/3 C27
3D-Anti-Zhuravlev, Lesokhin, 3/2(1+ a)4/[(1+a)-1/3-1]-1 [(1+ w)-1/3-1]2 C28

3.2 Thermodynamic parameters

67

The thermodynamic parameters of different stage to the ruby composite activation entropy (AS), activation enthalpy (AH) and
Gibbs free energy (AG) were calculated in the pats of each thermal evolution using the following equations:

AS =GR

AH = E, —RT
AG = AH — TAS(7)

4. Results and discussion

4.1 Thermal Analysis

®)

(6)

To understand the formation of formation noted ruby phase, the kinetic approach coupled to experimental thermal analysis TGA
and differential scanning calorimetry (DSC),is a crucial parameter to study. The TGA curve (Fig. 2) of the aerogel mixtures (citric
acid-Al-Cr) illustrates the phases of thermal decomposition and summarizes the kinetic phenomena occurring during the thermal

treatment leading to the formation of ruby crystals.

This was proved by the DCS curve that shows the peaks of the type exo- or endothermic absorbing or emitting heat, and it was
noted that the thermal phenomenon is divided into four sections: I, I, 111 and IV. In the first step I, the curves offer a slow decrease

(9.38 %), in dissociation of the gel compound in the 70- 187 °C range of the sample, accompanied by a broad endothermic peak at
about 118 °C. According to the literatures [29, 30] this change is primarily due to the removal of structural water, and it changes from
a gel to a porous sponge resin. This stage is a key step in the reaction as it governs all thermo-kinetic phenomena. A significant
weight loss of 78.10bserved at ~ 200°C, ~550°C, with a sharp endothermic peak at 330°C which corresponds to the combustion of

citric acid organic matter to form CO2 and H20, this result is in good agreement with those reported in [16].
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Fig. 2: Gravimetric thermal analysis (TGA) and differential
analysis (DSC) of aerogel pyrolysis prepared by citrate method.

Based on works done by [16,31], in which nitrates are released in the order NO2 followed by NO. The third stage is a small
weight loss at the beginning of 600 °C, which is represented by the crystallization of aluminum oxide and the transition to a
chromium y-Al203 that turns green as shown by XRD at 1000 C°, leading to a slope level near zero.

At the DCS level with a sharp heat emission peak at 995 °C (endothermic), this gives the beginning of substitution of chromium
atoms by aluminum more systematically to improve the crystallinity in the system.

The last stage, in which ruby is formed, as shown by X-ray analysis at 1100°C degrees, which take a pink color, see the form of 1
powder, and the loss of weight of chlorine residues is almost non-existent.

A plausible hypothesis that could explain this result is that the high temperature treatment in an aggressive medium lead to
substitution of chromium atoms by aluminum more systematically to improve crystallinity in the ruby system.

4.2. Kinetics analysis
4.2.1 Fitting using the Coats-Redfern method

Typical curves have been drawn for the study points of the Coast-Redfern approach to determine the citric dissociation kinetic
parameters that contribute to ruby synthesis at two critical points (TPH, TPD) and play an important role in determining the onset of
crystallization and conferring physical and chemical properties.

The TGA profile of the gel decomposition into ceramic powders was analyzed using the kinetic parameters relevant to each
approach, as summarized in the table showing 28 different models Figure 3 (a, b) shows the majority of the linear curves obtained by
plotting 1/T versus In [g(a)/T2] for different values of g(a).

These curves are predominantly linear, providinggreater precision for the analysis of thermal kinetic data. This approach, kinetic
parameters, enables a deeper understanding of chemical reactions. The correlation coefficient between sets of values for each entity
indicates the strength and direction of the linear relationship between the pairs. The closer the model (R? = 1), the better and more
optimal the approach
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Fig. 3: The Coats Redfern In(g(w) /T?), L/T plots and fitting of
non-isothermal crystallization of aerogel (a): PTD and (b) :

TSO01, at different 28 models .

These lines have distinct slopes, and the (R-square) values of their linear correlation coefficients range from 0,95t0 0,99,

-In Groupl, the reaction orders C1 and C4 exhibit dominant behavior during the TPH phase. Conversely, in the TPD phase, the
reaction orders C2, C3, C5, C6, and C7 converge, showing closer proximity in their values. Notably, C7 demonstrates greater
accuracy in representing the kinetic degradation of the mixture, making it a more reliable indicator.

-In Group 11, the predominant nucleation pattern during the TPH stage is characterized by C8. However, at the TPD point, the C11
pattern emerges as the closest representation.

-In group GIII (GlII), the most common pattern in TPH is C15 and C16, followed by the predominance of C12, C13, and C14 in
TPD.

-In Group IV (GIV), the phase boundary reaction is dominated by C17, C18, and C19 at both the TPH and TPD phases .

-In Group V (GV), based on the diffusion mechanism, C20, C21, C22, and C24 predominate during the TPD phase, while C23, C25,
C26, C27, and C28 dominate during the TPH phase.

These values indicate the ideality of these models. In contrast, there are two inconsistent C9-C10 models , with R2 values below 0,5
These results indicate the fit of the models. The closer the R2 values are to 1, the stronger the correlation, signifying a better
alignment between the experimental data and the proposed model. This analysis allows for the identification of the most reliable
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models to describe the phenomenology of gel dissociation, while highlighting any differences or inconsistencies within the studied
groups.

among the groups (G-I to G-V): Minimal variance was observed between the different groups. However, G-111 shows a slight
decrease in R2 values compared to the other group.
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Fig. 4. Results of the R-squared (R?) curve of independent variables
values of fit in regression models.

Figure 4 shows that the model used to analyze the data is consistent with most points in the PTH and PTD groups. The slight
variation in some values could be due to factors such as sample variability, experimental conditions, or measurement accuracy. The
graph demonstrates the excellent performance of the models, with most R2 values approaching in one .

The graph fig.5illustrates variations in activation energy with positive values across the different models. These variations may
reflect differences in how each model characterizes the dissociation process or disparities in the activation energy efficiency for the
studied data points.When comparing the groups (PTH , PTD), the observed differences in activation energy values, ranging from 6 to
73 kd/mol, may provide insight into how the two groups respond under distinct experimental conditions. Lower activation energy
values typically indicate a more stable process.

Figure 6 shows that most of the free energy values are positive, which explains that both reactions are endothermic. The free
energy values at the first critical point in the PTH phase are higher than the free energy values in most models in the PTD phase,
indicating that the dissociation of water and the formation of 3D aerogel requires more energy to be released. In contrast, in the
second stage, citric acid and nitrate are used as self-fuel and contribute to the crystallization of polycrystalline alumina reducing the
free energy. According to the literature [19]
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Table .3: representing the different linear fitting parameters of each thermal transition ( TPH) of the samples with the 28 models

of Coats-Red fern method .

Models Slope Intersect A (1/min) Ea ( Kj/mole)
Cl -3830,01 -5,26 0,55642 31,84278
C2 -3569,96 -6,39 0,16754 29,68069
C3 -3690,98 -5,64 0,36677 30,68688
C4 -4025,61 -6,93 0,11359 33,46892
C5 -3485,50 -6,20 0,19765 28,97849
C6 -3565,43 -6,66 0,12719 29,64306
C7 -3844,75 -5,19 0,599 31,96529
C8 -5944,52 -1,45 38,85257 49,42274
C11 -1670,82 -9,19 0,00477 13,89124
C12 -3569,83 -5,97 0,253 29,6796
C13 -2302,78 -8,13 0,01886 19,14533
C14 -4007,88 -5,44 0,4847 33,32152
C15 -4160,09 4,72 1,03174 34,58702

C16 -4127,81 -5,10 0,70065 34,31867
C17 -3823,94 -5,27 0,54612 31,79224
C18 -4024,87 -5,40 0,50849 33,46282
C19 -4008,59 -5,85 0,32292 33,32742
C20 -8080,24 2,41 2523,30861 67,17913
C21 -948,64 14,41 4,83602*107 7,88707
C22 -2441,72 -7,70 0,03088 20,30053
C23 -789,83 14,37 3,86737*107 6,56668
C24 -8466,72 1,32 890,20216 70,39237
C25 -663,67 14,40 3,35934*107 5,51779
C26 -8933,74 2,60 3393,57906 74,27517
C27 -8837,94 2,33 2567,42637 73,4787
C28 -8829,20 2,30 2468,01489 73,40601
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Table .4 : representing the different linear fitting parameters of each thermal transition (TPD ) of the samples with the 28 models of Coats-Red fern

method .
Slope Intersect A (min?) Ea ( Kj/mole)

C1 -3096,11 -8,50 0,017 25,74106
c2 -3557,36 -8,06 0,031 29,57597
C3 -4428,76 -6,00 0,305 36,82079
C4 -3954,89 -8,24 0,028 32,88101
C5 -6609,73 -2,06 23,56 54,95333
C6 -4428,76 -6,69 0,15 36,82079
C7 -9236,63 2,65 3685,57 76,79342
Cs8 -4698,28 -6,26 0,249 39,06151
C11 -1302,61 -11,04 0.0005 10,82993
C12 -4428,76 -6,76 0,14246 36,82079
C13 -2561,97 -8,92 0,00958 21,30023
Ci4 -4428,76 -6,69 0,15296 36,82079
C15 -4428,76 -6,41 0,20393 36,82079
C16 -4428,76 -6,69 0,15296 36,82079
C17 -3334,95 -8,09 0,02837 27,72682
C18 -3860,79 -7,78 0,04495 32,09861
C19 -4214,32 -7,55 0,06182 35,03788
C20 -8142,11 -0,94 88,69947 67,69351
C21 -3351,71 18,82 1,4116*10% 27,86603
C22 -2944,14 -8,273 0,02104 24,47762
C23 2316,44 -17,16 -2,2722*10¢ -19,25889
C24 -11434,67 3,08 6980,35208 95,06786
C25 -442,28 -12,47 4,72053*10-5 3,67713

C26 -5755,56 -7,38 0,10017 47,85177
c27 -6049,00 -6,81 0,18613 50,29143
c28 -4911,60 9,02 0,01651 40,8351

Figure 6 shows that most free energy values are positive, which explains why both reactions are endothermic and not
spontaneous. The free energy values in the first PTH critical point are higher than those of the free energy in most models at
this PTD stage, indicating that water dissociation and the formation of three-dimensional aerogels require more released
energy. In contrast in the second stage, citric acid and nitrates are used as auto fuel and contribute and crystallization,
polycrystalline alumina which reduces the free energy. According to the literature [19] the most thermal reactions and
physical and chemical properties that show a positive value for AG.

The reaction involved in decomposition at critical points is not spontaneous and requires heat. In most models, the
activation energy tends to be low, and the Gibbs energy is high. This provides detailed and crucial research information, and
the Cr-doped Al203 property can be applied to the thermochromic effect in sensing devices across the temperature range.
These sensors can be used not only to warn users of potential damage due to high temperatures but also to monitor
temperatures in various devices, such as aircraft engine components, heating panels, and furnaces. In addition, the presence of
additional interactions involving Cr * ions may contribute to the partial quenching of luminescence [34]

4.3 Infrared Analyzes (FTIR)

Figure (8) shows the analytical FTIR spectra that was produced after treating the gel at the temperatures (a-200, b-500,
and ¢-1000 °C), illustrated in the following curves. In the second parts of decomposition gel, it can be seen from the method
of its preparation that there is water, organic substances, various chemicals, bonds, impurities and metal oxides, as shown in
figure 3.

The absorption peaks common to all three samples at 3500-3300 and 1635 cm* that appear in all spectra are necessary
due to the non-chemical stretching of the -OH group bond and bending vibrations [31].
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Fig .8: FTIR spectra of aerogel samples treated at different temperature, between the range 4000 and 400 cm-!, (a) : 200°C ,(b) : 500°C,
(c) : 1000°C.

The expansion modes of the carboxylate in the range 1384-1433 and 1597-1603 cm™, respectively, indicate the
symmetrical and asymmetrical expansion of the C = O band in the metal carboxylate as shown in the table (See Table 3),
confirming the chelation of AI*, Cr3* and citric acid . When we raise the temperature to 500 °C, organic matter and nitrate
decompose in the form of CO2, H20, NO2 and some absorption bands atrophy, as shown (b). The peaks at 829, 589 and 449
cm* are attributed to the vibrations of AlOs, indicating the formation of a-Al20s. On the other hand, the peaks at 762 cm™ are
attributed to the bending vibration of Al-O-Al , are attributed to the stretching and bending vibrations of Al-O, respectively,
indicating the formation of 0-Al20z .The band at 480 cm™ is attributed to the angular deformation of O- Al (OH), and the
angular bending (OH)-AI-O gives rise to the peak at 633 cm™, and 746 cm™ which is attributed to the stretching vibrations of
AlO Al in the deformed AlQs.

Table 5 - FTIR data of different bands

Bands (cm?) Vibration mode Refs
1210-1320 /118-1210 -C-O (sy) in carboxylic acids
1390-1550 -C=0O(sy)
Citricacid  ["16g1-1760 -C=0 (sy ,b-asy b) (sy) in carboxylic acids H-bonded [34.35]
430, 460, 570, 643 and 685 Attributed to Cr-O. [36]
Nitrate 1530-1480, 1290-1250, 1035 -970 M-O-NO, mono-dentate nitrate [37]
1565-1500, 1300-1260 1040-1010 . M-02-NO bhi-dentate chelating nitrate.

4.3 X-ray diffraction analysis

Figure9 shows the XRD patterns of the green powder (0.02 Cr:Al20s) peaks obtained for the composite at the annealing
temperature of 1000 °C . The latter confirmed the existence of peaks that recognize the sequence (26 : 19,951 , 33,675,
36,684, 44,796 , 67,308 ) , each one indicates different phases crystalline in a row , Aluminium Oxide — Theta ( ISCD : 98-
008-2504 ) , Eskolaite ( ISCD : 98-003-3642 ) , Chromium(ll) Dichloride ( ISCD : 98-024-6418 ) , Aluminium Oxide
(2.4/3.6) — Theta ( ISCD : 98-006-6560 ) . The multiplicity of these compounds and the presence of chlorine showed that
Cr+3 did not enter the alumina matrix and therefore crystallized poorly.This phenomenon can be attributed to the thermo-
thermal diffusion peak at 955°C, likely associated with the dissociation of chlorine impurity residues. Chlorine typically
influences the synthesis parameters, which in turn affect the crystallization process—a critical step in determining the
crystallization parameters. Furthermore, the presence of chlorine bound to chromium dioxide hinders the incorporation of
chromium into the alumina network. The larger ionic radii of Cr** and Al** compared to other ions may also contribute to a
reduction in the structural order of the alumina [34].
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X-ray diffraction Fig.10shows crystallinity at 1100°C and good agreement with the reference XRD pattern with the
compound name Aluminum Oxide — Theta , ISCD : ( 98-008-2504 ) , while another crystal structure begins to appear a major
phase noted Corundum (Al1.es Co.0203) according to the ISCD : (98-002-0856 ) in the parameter crystalline of hexagonal and
space group R-3C. The crystal structure improves compared to the previous sample, which changes the color of the ceramic
from green to pink, Duy Khiem Nguyen and all Refers to this type of aluminum oxide tinged with a small amount of
chromium is known as “ruby” or “ruby solution” and can be used as a thermochromic material[30 ].

The formation of a chromium-doped alumina solid solution is more difficult. According to, Martos et al [26] reported the
formation of pink Al2xCrxOs solid solutions from Al20s and Cr20s after annealing at 1200 ° C. According to Shannon, the
ionic radius of six Al3*(0.535 A) coordinated to the fold is smaller than that of Cr®* (0.615 A). Therefore, replacing Al%* with
larger Cr3* ions increases the unit cell parameters and unit cell volume.

. +: Aluminiun
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7 . ( X A|2.4403.2
@ :ClCr
800 — 2
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Fig.9: XRD patterns of annealed Green sample treated at
1000°C .
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Fig.10: XRD patterns of annealed ruby Al ;45 Cr o0, Ozsample treated at 1100°C .

4.5. SEM analysis:

The two images (Fig .11), provided show the sample under a scanning electron microscope (SEM) treated at a different
temperature according to this difference. The powders have a layered, scaly structure with what appear to be sheet-like
formations. These layers are irregular and appear to overlap, suggesting a complex, non-uniform surface. The layers are
irregular and seem to overlap, suggesting a complex, uneven surface. Surface texture: The surface texture is rough with visible
ridges and valleys. This type of texture can affect the material's properties. The photo shows areas where there are gaps or
voids between laminates or layers. These voids show the presence of gaps of various sizes. Chlorine can prevent citric acid
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from forming homogeneous complexes with aluminum, and chromium of different sizes can affect the morphology of poor
crystallization. The activation energies also give a sense of the stability of the reaction, which was influenced by crystalinity
and 3D diffusion (Fig.12).

-
SEM HV: 8.0 kV WD: 15.00 mm
View field: 556 uym SEM MAG: 500 x

| WD:7.05mm |
View fleld: 556 ym | SEM MAG: 500 x | 100 ym

Fig. 11SEM images :

(a) : Green powder treated at 1000 °C ; (1) : Crystals with ill-
defined and unorganized faces. (2): Irregular crystal with a
rough, unstable surface size 90-146 pum. (3) :Interstitial spaces
; (4): Layered formation of varying microscopic structures .

(b) : SEM image of Ruby powder treated at 1100 °C; (1):
Semi-spherical grain groups ( size 0.5-1.1 um) . 2):
Seed on interconnection isolated (size 2.5 um) ; 3),
(4) : Mixed form Free ( size 21-36 um) ; (5) : Compacted
mixed form ( size 38-59 um).

Fig.12: 3D modeling of morphology , distribution and
microstructure the ruby powder.
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4.6 EDAX analysis :
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Fig.13: EDXresult of Aljgs Cr 02 O3 sample annealed treated
at differents temperature : (a ) at 1000 °C ,( b) at 1100°C for 15
hors.

Fig. 13:(a-b) indicates that oxygen is the main component of the sample. Aluminum is the main metallic element in the
sample.(Cr®) indicates the presence of a small amount of chromium ( show table az, b1 ).

Based on mass and atomic ratios, the sample consists mainly of oxygen and aluminum, with a trace of chromium. This
proportional composition confirms the formation of aluminum oxide (Al20s) with chromium impurities.The information is
presented in the figures. According to these spectra, there is a spectrum when treated at 1000°C which suggests the presence
of impurities such as carbonaceous chlorine peroxide. This prevented chromium particles from entering the aluminum matrix,
which was revealed by thermal analysis in the presence of the peak at 995. In addition, X-ray analysis revealed amorphous
crystallization with low crystallinity. Increasing the treatment temperature to 1100°C gives a positive perspective on the
process of diffusion and replacement of the Cr3* chromium atom by Al**aluminium, resulting in hybridization and improved
crystal structure. It also confirms the formation of aluminum rubies at low temperatures compared with some of the
mentioned research [38].

The high temperature allows chromium to diffuse into the alumina and homogenize its proportions, leading to the formation
of new compounds or transformations in the crystalline structure Al 1.08 Cr 0.2 Os.

4. Conclusions

Citric acid is chosen because it is readily available, inexpensive and has significant complexing properties. This type of
chemical improves thermal stability and acts as a thermal fuel during the combustion phase in the presence of nitrates, which
was confirmed by comparing the FTIR spectrum of the three samples at different temperatures, showing its disintegration at
500 °C. The pyrolysis of the block is studied by thermogravimetry at a heating rate of 28 °C/min. Thermal, kinetic and
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thermodynamic parameters. It is calculated by a model fit of the Coats-Redfern method using 28 equations with two critical
points, which can give an approximate result on the possibilities of evaluating thermodynamic parameters and increase the
uncertainty of what happens inside any Ruby kinetics and improve calorific values. This technique allows us to estimate the
activation energy potential for each approach and the closest approach to improving the thermal stability of the crystallization
phase. The study could help further explore how heat and mass treatment can control the thickness of ruby ceramic coating
deposits on substrates. We also hope that these results will contribute to monitoring the processes involved in the preparation
of ceramics and composite materials based on Al20z:Cr.
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