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ABSTRACT

Combustion synthesis technique for synthesis ahilium oxide using urea as fuel and Aluminium Néras an
oxidizer is found to be easy & economical routes&able to produce Nano phase alumina powder. Irsgre
experiment urea is found to have outstanding p@ktdwards solution combustion. Exothermicity ¥ ellent and
exothermic flame temperature increase with increéasexidizer/ fuel ratio. A well defined crystakirstructure and
Nano scale particles size found after XRD and SHisllysis. Overall Urea-Nitrate combustion synthdsis an
outstanding potential for producing pure Aluminanater. Crystallinity is excellent in case of uredigh leads to
use in applications require high strength crystadlimaterial.

Keywords: Metal oxide, ceramic oxides, Combustion syntheii$S (Self propagating high temperature synthesis),
Solution Combustion, Nano-ceramics.

INTRODUCTION

As is known, most of the conventional ceramics potidns follow the classical processes of powdetaiheggy -
the sintering process for inert powders at highperatures giving consolidated materials. For thiathieve, the
other processes involving various pre treatment kg used in industry — plasmochemical synthesid
sputtering, hot uniaxial pressing, hot isostatiesging in gasostats (HIP), gas-phase depositioD @\d CVD), etc
[1]. A common feature observed in all these proegds the strong external heating to accelerateegging.
Because of this heating mechanism, the ceramiatdabies are regarded as energy intensive onegecént years,
a new approach based on the utilization of higllipiific charges and setting-up an auto wave modea ocal
initiation became popular. As a result, inorganitenials (including ceramics) can be synthesizezltduhe layer-
by-layer self-heating to high temperatures by sitilj internal energy. The auto wave propagation encd
confirmed by heat transfer from hot to cold comlmustmaterial (reactants). The process is charaedrby a
distinctly defined combustion front progressingotigh a charge and thus converting it to final potsiyi.e. -
chemical compounds, materials). These processesaanenonly known as Self Propagating High Tempeeatur
Synthesis (SHS).

The solution combustion (SC) route to preparingainekide is a fairly recent development compare&&C or
SHS techniques. Now a day, Solution Combustioreiagpused all over the world to prepare oxide niatefor a
variety of applications. During last 10-15 yearsS@ (solution combustion) synthesis history, so ynaapers on
SC of oxides have been published. There are maitle oraterials prepared by rapidly heating aqueoligiens
containing stoichiometric amounts of respective aheiitrate (oxidiser) and fuels like urea, hydra&sd(carbo
hydrazide (CH), oxalyl dihydrazide (ODH), maloniichdihydrazide (MDH), tetra formal tris azine (TR&)J2].
Solution Combustion involves two steps:
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(i) Generation of heat of combustion, and
(i) Gas evolution.

Flame temperature helps in crystallization and #diom of the desired final phase. However, a vagh Hlame
temperature can adversely affect the internal dariatics of powder like increase in the crystalBize, formation
of hard agglomerates and thereby reduction in tinfase area and sinterability [3[he exothermicity Toq ) of the
redox reaction varies from 1000 to 1800 K. Depegdipon the fuel and also on nature of combustiffierdi from
flaming to non-flaming. Among the fuels used andirtttapplications. Not surprisingly, urea occupiks tentre
stage, probably due to its high exothermicity dgrsolution combustion process [21-22]. Most of thedes
prepared by the urea method are alumina-based-&lgO; products. Another development in alumina synthiegis
the urea process is the preparation of Nanowsi&b0; by microwave initiated SC.In short, recent investigations
on SC have led to the preparation of Nano phasermats15-20]:

(a) With precursors like metal acetates and UREA/Glgcione can control combustion and prepare nanoephas
oxides.

(b) Combustion can be started by microwave, which gieidiform, narrow size distribution products.

(c) Carcinogenic hydrazine-based hydrazide fuels caawvbiled.

Alumina

Alumina is the widely used metal oxide ceramic.hds wide range of applications including sparlgplwabrasion
resistant tiles, tap washers, seals, electronistraties, grinders, cutting tools, bio-ceramicsp-hints), body
armour, laboratory ware and wear parts for thelleeand paper industries. Very large tonnages i@ @sed in the
manufacture of monolithic and refractories. It lisoaused mixed with other materials such as flaleplgite where
even more severe applications are envisaged, sugburing spouts and sliding gate valves.[25-26]

Experimental:
MATERIALS AND METHODS

[a]Aluminium Nitrate non-hydrate(GR)

Symbol- Al(NR. 9H,0
Molecular Weight- 375 g/mole
Solubility in distilled water- 637g/litre a6’ C
Oxidising-reducing valency- -15

[b] Urea-

Symbol- CO(NH
Molecular Weight- 60 g/mole
Solubility in distilled water- 1080g/litr¢ a5’ C
Oxidising-reducing valency- +6

Stoichiometric oxidizer to fuel molar ratio:
Oxidizer/fuel ratio = all oxidizing & reducing elements in oxidizer + }-Loxidizing & reducing elements in fuel
=15/6
=25
Hence, the stoichiometric Aluminium nitrate/ Urealar ratio is 1:2.5, required for the complete caostibn of
precursor.

Chemical equations:
[a] AI(NO3); & CO(NH ),:
2AI(NO3); + 5CO(NH), — Al,O3 + 5CG, + 10H0 +8N,

[b] Thermal dissociation of AI(NGs)s :
2AI(NO3z); — Al,O3 + 6NO, + 3/2G,

Precursor Prepration :

In present work variation from stoichiometric catie. fuel lean & fuel rich is used to study thteet of oxidizer /
fuel ratio on combustion synthesis of Nano phaseala powder. To prepare precursor, we have,

Al(NO3); (non-hydrate GR)- 15g,

Urea-5.5¢g

3820
Pelagia Research Library



Amit Sharma et al

Adv. Appl. Sci. Res., 2012, 3(6):3819-3824

15g of AI(NG;); is mixed with 24ml of distilled water, dissolve prepare homogeneous solution using magnetic

stearer. Similarly 5.5 g of Urea in 5.5ml of distil water.

Volume of AI(NG;); solution = 33ml

as 11ml + 11ml + 11ml in three beakers

Volume of urea solution 9 ml

Al(NQ); solution is divided

In Stoichiometry 7.5g of Al (NO;); requires 3g of Urea for complete combustion

I S— Fuel lean
i — Fuel lean
Y. —— Fuel rich
Beaker lable | AI(NOs); solution (ml) | Urea solution(ml) | Al(NOs)zin grams | Urea in grams StOIISS(Ie?r;JemC
il - TE 5 0.80 40
1A 1 5 5 1.60 80
24 L A5 5 2.40 120

Mixing & Furnace Heating:

All the precursor samples 1A, 2A, 3A are mixed 8 minutes, using magnetic stirrer, one by orfee €ach
sample is subjected to furnace heating in the teatpee range from 336 -450c, until solution become free from
water to form final product (foam).

‘"EH COMBUSTION RAME

Fig-1:- Solution combustion process inside digitafl controlled furnace
Sample Preparation:
All the three foamy products formed after soluti@@mbustion process are grounded thoroughly to farm
homogeneous powder, without agglomerated partiBlesder is used for XRD & SEM characterisation.

RESULTS AND DISCUSSION

Flame observation

Sample OBSERVATIONS
1A Very small flame , white product
2A Flame for 3-4 seconds, white foamy product
3A High flame for 7-8 seconds, white foamy product

From flame observation during combustion reactioside the furnace, it is clear that there is laaggount of
variation in exothermic flame temperature, withigdon in oxidizer to fuel ratio. Sample 1¢&uel lean) gives
very small flame, which indicates that there is kragtent of exothermic reaction takes place dumognbustion.
This combustion can be thought of partially dugetoperature dissociation of nitrate. In case offgarA contains
large ratio of fuel than 1A, gives flame for 3-4seds and white product. High flame indicates d@nbustion
takes place with high exothermicity and resultsomplete combustion of the reactant material.
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In the similar way, sample 3&uel rich), gives very high flame for 7-8 seconds, and resaltvhite product. White
product again indicates complete combustion. Hidlagne reveals the fact that increasing the peexgndf fuel in
precursor, increases the exothermicity of reacfidis increase in exothermicity and flame, promatgstallinity,
which is indicated by XRD analysis of the samples.

XRD Analysis:

The XRD of the as-synthesized powder shows thatase of experiment 1A containing 40% of stoichitrine
value of fuel, amorphous product is formed. Fororatf amorphous phase is due to lack of sufficiemperature
(Low flame-1A) required to promote alumina crystallization. Gajline phase forms when the sufficient amount of
temperature required to promote crystallizatiomchees during combustion reactiddigh flame as in 2A, 3A.
Fig.2 shows amorphous character of the productephalsere as there is large extent of crystallimitgase of 2A,
3A (fig.3, fig.4). All these observations reveaktfact that increasing the percentage of fuel (Jnegrecursor
increases the exothermic flame temperature andehemystallinity in the product phase.

SEM analysis: The SEM analysis of powder samples (1A, 2A, 3Asl®wn in figures (5, 6 ,7) below. Overall
analysis shows foamy agglomerated particles witlide distribution of particle size (low magnificati) and
presence of larger particle size in their structhigh magnification). Formation of these featueeattributed to the
amount of flame temperature during combustion @mecén case of fuel leansample 1A there is formation of
small particles in the range of 50nm to 200nm. ftmenation of very small particles can be relatedrwall burning
during combustion reaction, which leads to amorghstucture (fig.5). In case of experim&#, there is wide
distribution of particles ranging from 50nm to 3@@nFormation of large particles indicates high casilon flame
and thus crystallinity (fig.6). Similar distributicof particles found i8A, with increasing crystallinity and particles
size (fig.7). Formation of large particles is daddct that small particles agglomerated at highpterature.
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Fig-2: XRD of powder sample 1A. §i3: XRD of powder sample 2A.
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Fig-4: XRD of powder sample 3A.
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Figure-5:-SEM of powder sample 1A.
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Figure-6:-SEM of powder sample 2A

High Magnification Low Magnification

= - Skm RRLEHOFAL S5, @88 5. 5m ERLEHOFAL

Figure.-7:-SEM of powder sample 3A

CONCLUSION

Urea-Nitrate combustion synthesis has an outstgngiotential for producing crystalline alumina powde
Crystallinity is excellent which leads to use inphpations require well crystalline high strengttaterial. Wide
distribution of particle size in Nano-scale obtan¥RD and SEM analysis of samples with differexid@er/fuel
ratio shows increase in exothermic flame tempeeatund hence in crystallinity with increase in patage of fuel
in precursor. Overall study shows that urea is>aekent fuel for synthesis of crystalline alumipawder through
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combustion route. Product formed have wide rangappfications in areas requires crystalline higbrgjth Nano-
phase material.
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