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ABSTRACT

The combustion synthesis is a technique using glycine as fuel and Aluminium Nitrate as an oxidizer is able to
produce alumina powders in Nano scale. Thermodynamic modelling of the combustion reaction shows variation in
amount of gases produced and in flame temperature (combustion temperature) with variation in fuel to oxidizer
ratio. Amorphous structure and Nano scale particles size found after XRD and SEM analysis.
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INTRODUCTION

Solution Combustion

The solution combustion (SC) method of preparingl®@xmaterials is a fairly recent development coragao SSC
or SHS techniques. Today, SC is being used all ¢kerworld to prepare oxide materials for a variety
applications. During the short span (15 years)@f&$nthesis history, hundreds of papers on SC iolesxhave been
published, many from the author’s laboratory. Themre many oxide materials prepared by rapidly hgatiqueous
solutions containing stoichiometric amounts of exdjwe metal nitrate (oxidiser) and fuels like uvelaydrazides
(carbo hydrazide (CH), oxalyl dihydrazide (ODH), lordc acid dihydrazide (MDH), tetra formal tris agi

(TFTA)2].

A wide range of technologically useful oxides (alnanto zirconia) were prepared with interesting meti,

dielecmagnetic tric, electrical, mechanical, cataJyluminescent and optical properties. It wassgius to prepare
oxide materials with desired composition, struct(sginel, perovskite, garnets, etc.) by SC[24,28ferestingly,

some of the fuels used were found to be specifiafparticular class of oxides e.g. glycine & urefor alumina
and related oxides; CH—for zirconia and relatedlesji ODH—for FgD; and ferrites, TFTA—for TiQ@and related
oxides; glycine—for chromium and related oxides, et

All these fuels serve two purposes:

(&) They are the source of C and H, which on combudtom CG; and

H, O and liberate heat.

(b) They form complexes with the metal ions facilitgtihomogeneous mixing of the cations in solution.

The exothermicity T, ) of the redox reaction varies from 1000 to 180@™i€pending upon the fuel used, the nature
of combustion differs from flaming to non-flamingngouldering). Among the fuels used and their appibeis. Not
surprisingly, urea occupies the centre stage, figbdue to its ready availability and high exotharity [21-22].
Most of the oxides prepared by the urea methodalmina-based e.@-Al,O; products. Another development in
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alumina synthesis by the urea process is the pa#parof nanosizer-Al,O; by microwave initiated SC. The
process yields nanosize alumina, since combussi@edéompanied by controlled release of gases asipdtion of
heat. The ease of doping metal ion in oxides byh&€ not only yielded ZTA, but has also resultedhia facile
synthesis of metal and alloy doped alumina, alutesigpigments and phosphors. Combustion of aluminiiirate-
urea in the presence of halide salts of Pt, Pdaid Au yielded uniformly dispersed M/&; composites. These
exhibit better catalytic properties towards oxidatof CO and hydrocarbon and reduction of,NOmpared to the
conventionally prepared ones[22,23]. Further, figssible to selectively reduce"WAl ,O; composites by hydrogen
to obtain M or alloy dispersed alumina[11].Simiar& variety of ceria and ceria-based oxide mdtghave been
prepared by the SC method using ODH fuel. Some itapb oxides prepared are: Ce@rO, (oxygen storage
capacitor), M* /CeQ; M= Pt, Pd, Ag, and Au and €g PtO,. Ceria is a well-known catalyst support and POCe
is used in catalytic converters (three-way cataly$iC) in controlling pollution from car exhausts]l134].

The solution-combustion is a two-step process
(i) formation of a precursor and
(i) auto-ignition.

The formation of the precursor (viscous liquid ef)gis a primary condition for an intimate blengliof the starting
constituents and preventing the random redox @adtetween a fuel and an oxidizer. The very hightlgrmicity

generated during combustion manifests in the fofraither a flame or a fire and hence, the procsdsrimed as
auto-ignition process. The nature of the fuel aisdaimount, are some of the important process paeasndor

getting the transparent viscous gel without anyspleeparation or precipitation [4].Thus, the bakaracteristics of
the fuel are that it should be able to maintain ¢benpositional homogeneity among the constituents @so

undergo combustion with an oxidizer at a low ignittemperature. The commonly used fuels are: Géyditric

acid, Urea, Ascorbic acid etc [15-20].

Oxidizer Fuel

v

Directly mixing at a desired molar ratio

!

Drying / Formation of precursor

!

Ignition / Combustion

As-synthesized powders

Figure[1] :-COMBUSTION PROCESS FLOW CHART [5].
Alumina
Aluminium oxide is an amphoteric oxide with the ofieal formula ALO;. It is commonly referred to as alumina
(0-alumina), or corundum in its crystalline form,\asll as many other names, reflecting its widespr@aziirrence
in nature and industry. Its most significant usénishe production of aluminium metal, althouglisitalso used as
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and abrasive owing to its hardness and as a refyagtaterial owing to its high melting point. Alunmiim oxide is
an electrical insulator but has a relatively higermal conductivity (30 WK ™) for a ceramic material. In its
most commonly occurring crystalline form, calledwtdum ora-aluminium oxide, its hardness makes it suitable
for use as an abrasive and as a component in guttols [5]. Aluminium oxide is responsible for thesistance of
metallic aluminium to weathering. Metallic aluminiuis very reactive with atmospheric oxygen, andhim t
passivation layer of alumina (4 nm thickness) foimabout 100 picoseconds on any exposed alumisiunace?!
This layer protects the metal from further oxidatidThe thickness and properties of this oxide lag@n be
enhanced using a process called anodising. A nuoftadtoys, such as aluminium bronzes, exploit firigperty by
including a proportion of aluminium in the alloy é&mhance corrosion resistance[12]. The alumina rgése by
anodising is typically amorphous, but dischargestad oxidation processes such as plasma eledtralyidation
result in a significant proportion of crystallinkimina in the coating, enhancing its hardness.

Aluminium oxide is completely insoluble in waterowever it is an amphoteric substance, meaningiitreact with
both acids and bases, such as hydrochloric acidaaidm hydroxide.

AlLO; + 6 HCl— 2 AICI; + 3 HO
Al,O; + 6 NaOH + 3 HO — 2 NaAl(OH)¢

Aluminium oxide was taken off the United States iEmvmental Protection Agency's chemicals lists988.
Aluminium oxide is on EPA's Toxics Release Inventist if it is a fibrous form.[7]
MATERIALS AND METHODS

Chemical Composition and Parameters:-
[a] Aluminium Nitrate non-hydrate(GR) —

Symbol- Al(NRR. 9H,0O
Molecular Weight- 375 g/mol
Solubility in distilled water- 637g/lérat 28 C
Oxidising-reducing valency- -15

[b] Glycine-

Symb0|' JHENO,
Molecular Weight- 75 ghm
Solubility in distilled water- 250gfk at 28 C
Oxidising-reducing valency- +9

Stoichiometric oxidizer to fuel molar ratio:

AI(NO )3 (oxidizer) & C,HsNO, (fuel) :

Oxidizer/fuel ratio = all oxidizing & reducing elements in oxidizer(-1) ¥ oxidizing & reducing elements in fuel
=15/9 =1.66

Hence, the stoichiometric aluminium nitrate: glycimolar ratio is 1:1.66, required for the completéution

combustion.

Chemical equations:
[a] Al(N03)3 & CO(NH 2)2:
2A|(N03)3 + 5CO(N|‘D2 — A|203 + SCQ + 10|'bo +8|\}Z

[b] AI(NO3)3 & CzH5N02 .
3AI(NO3); +5 GHSNO, — 3/2 ALO; + 10CQ + 12.5 HO + 7N,

[c] Thermal dissociation of AI(NO;)s :
2AI(NO3); — Al,03 + 6NO, + 3/12G,

Precursor Prepration :
In present work variation from stoichiometric ratie. fuel lean & fuel rich is used to study théeef of oxidizer /
fuel ratio on combustion synthesis of nano phasmala powder.
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To prepare precursor, we have,
Al(NO3); (non-hydrate GR)- 22.5g, Glycine —6g

22.5g of AI(NQy); is mixed with 36ml of distilled water,dissolve joepare homogeneous solution using magnetic
stearer. Similarly 6 g of glycine in 30ml of ditidl water.

Volume of AI(N¢); solution = 48ml
Volume of glycine =36ml

Al(NO3); divided as 16ml + 16ml + 16ml in three equal pmipos.

In Stoichiometry ratio 7.5g of AI(NOs); requires 2.5g of GLYCINE for complete combustion Three different
samples with different oxidizer / fuel ratio wesw¢lled as:

(@ — Fuel lean
2G---mmmee- Fuel lean
] T—— Fuel rich

Beaker lable solﬁii(oNno 3zm|) Glycine solution(ml) | AI(NOs)sin grams | glycine in grams StOIISS‘l;r&etnc
1C 16 6 7.5 1 40
2C 16 12 7.5 2 80
3C 16 18 7.5 3 120

Mixing & Furnace Heating:

All the precursor samples 1C, 2C, 3C are mixed2i® minutes, using magnetic stirrer, one by drtee each
sample is subjected to furnace heating in the teatpee range from 336 -450c, until solution become free from
water to form final product (foam).

Sample Preparation:
All the three foamy products formed after soluti@ombustion process are grounded thoroughly to farm
homogeneous powder, without agglomerated partiBlesder is used for XRD & SEM characterisation.

RESULTS AND DISCUSSION

Flame observation

Sample OBSERVATIONS
1C No flame, small amount of sparking, light black gwot formed
2C Little flame, blackish product formed
3C Little flame, dark black product formed

From flame observation during combustion reaciieide the furnace , it is clear that there isatohn in amount
of flame, with variation in oxidizer to fuel ratio.

From this flame observation it is clear that, ng ane of samples (fuel lean to fuel rich) produsefficient flame
as was expected in combustion process.
Black product indicates the in-complete combusgicobably due to characteristics of fuel employed.

The color of the powder as-synthesized was alsndda change with the fuel-to-oxidant ratio. Thisattributed to
the carbonaceous residue which remains from glyaireeto insufficient oxidizer specimen quantity.

This incomplete combustion of the reactant cathbaght of due to the temperature dissociationitohte, not only
due to- the main fuel reaction. This lack of exothieity in case of glycine can be thought of dudaime carbon
content in glycine process.

XRD analysis:
XRD patterns of the combustion product were reedrdsing a Siemens D500 with Guadiations.(See figure
2,3,4)
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The XRD of the as-synthesized powder indicatesatherphous structure, which denotes the absenceysthtline
phase from precursor solution for all fuel to ox&l ratios. The formation of crystalline aluminasitu did not
occur for any one of fuel/oxidizer combination besa the temperature generated was not enough rtiaoprsome
crystallization as expected.

Fig-2:- XRD of powder sample 1C. Fig:- XRD of powder sample 2C
2 1C
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Fig-4:- XRD of powder sample 3C.
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SEM analysis:

SEM analysis shows formation of foamy agglomeratgigles (low magnification) and presence of largeids in
their structure (high magnification). Formationtbése features is attributed to the evolution &frger amount of
gas during combustion. In case of glycine all expents, results in negligible flame and black pradthus there is
lack of sufficient temperature required for thenfation of large agglomerates and thus results inerphous
product. All the experiments with glycine give rige small range of distribution of particles sizgith few
agglomerates. SEM for these samples is shown un€i§,6,7. Range of particles size is from 50nmabsan fuel
lean samples, it is from 50nm-250nm in case of fioll due to combustion of reactant by temperatlissociation
of nitrate. Hence amorphous structured nano-pimetal-oxide confirmed.
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Figure-5:-SEM of powder sample 1C.
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Figure-6:-SEM of powder sample 2C.
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Figure.-7:-SEM of powder sample 3C.
CONCLUSION

XRD analysis shows that Glycine has an outstangtgntial for synthesis of Alumina powder with aplwous
structure. SEM analysis confirmed the formatiorAbfmina with particles size in range of Nano scaléso the
observations during solution combustion processvshbat there is increase in amount of gasses peaband also
in flame temperature with increase in fuel/oxidigatio.

Crystallinity can be obtained by further calcinatiat desired temperature. Glycine as a fuel lackg towards
complete combustion as desired in solution combagtrocess. This leads to lack of crystallinitypitoduct phase
and lower flame temperature during combustion @ece

Acknowledgements
The authors like to convey sincere thanks to alkk&ists, research scolars, technical staff in dvlat Science &
Engineering section of AMPRI, Bhopal for their keaterest and guidance to work in this project.

REFERENCES

[1] A.G. Merzhanov,Ceramic international 199521, 371-391.

[2] K. C. Patel, S.T. Aruna, T. MimarGurrent opinion in solid state and material science 2002,6, 507-512.
[3] A.G. Merzhanov,Journal of materials processing technology, 56(1996) 222-241.

[4] A.K. Tyagi, Barc Newsletter , 2007,285, 39-48.

[5] C.C. Hwang, T.Y. WuJournal of material science, 2004,39,6111-6115.

[6] http:// www.encyclopedia.com .

[7] http:// www.newworld encyclopedia.com .

[8] “Alumina: The Different Types Of Commerciallyvailable Grades”, Azom.com Retrieved 20i11-01-29.
[9] http:// www.Sciencedirect.com .

[10] http:// www.wikipedia.org.

[11] A.S. Takimi, C.P. Bergmann , J.C. Toniolo, MIDma, Materials Research Bulletin, 2005,40,561-571.
[12] J. He, J.M. Schoenunilater. Sci. Eng. A 2002,336, 274-319.

[13] K.S. Rajam, S.T. Arunaater. Res. Bull. 2004, 39,157-167.

[14] A. S. Mukasyan ,S. T. ArunaCurrent Opinion in Solid Sate and Materials Science 2008 12, 44-50.
[15] A.S. Mukasyan, A.S. RogacheRrog Energ Comb <ci, 2008 34, 377-416.

[16] K.C. Patil, S.T. Aruna, S . Ekambara@uyrr Opin Solid Sate Mater Sci ,1997 2,158-165.

2157
Pelagia Research Library



Amit Sharma et al Adv. Appl. Sci. Res., 2012, 3(4):2151-2158

[17] A.G. Merzhanov: SHS research and developmamdhook. Chernogolovka, Russia: Russian Academy of
Scienced,999

[18] K.C. Patil, M .Muthuraman , S.T. Arunislater Res Bull, 200035, 289-96.

[19] K.C. Patil, T. MimaniMater Phys Mech, 20014, 1-5.

[20] K.C. Patil , S. Ranganathan , T.V. Anuradha,Mimani, Scripta Mater ,2001, 44, 2237-2241.

[21] A.A. Borisov , A.G. Merzhanov , De Luca L.TK.C. Patil, S.T. Aruna, Y.N. Scheck: Redox methodSHS
practice in self-prop agating high temperature Isgsis of materials. New York: Taylor & Fran&2§02

[22] K.C. Patil, T. MimaniMater. Phys. Mech, 2001, 4,134-137.

[23] S. M. Khetre, H.V.Jadhav, S.V.Bangale, P.Nd#eg, S.R.Bamanédvancesin Applied Science Research,
20112(2) , 252-259.

[24] A. Gangopadhyay and A. Sark®elagia Research Library,Advances in Applied Science Research, 2011, 2 (1),
149-152.

[25] A. S. Lanje, S. J. Sharma, R. B. Pode, R.i8gtkoujam Pelagia Research Library, Der Chemica Snica,
2011 2(5), 22-29.

[26] S.V. Bangale, S.M, S.R.Bamamer Chemica Snica, 2011, 2 (4),303-311.

2158
Pelagia Research Library



