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Precursor powders for yttrium aluminum garnet (YAG) were synthesized by solution combustion reactions (nitrate—glycine reac-
tion with stoichiometric and sub-stoichiometric amount of fuel) and simple decomposition of nitrate solution. The TG-DTA, FTIR
and XRD analyses of the precursors and the typical heat-treated samples were carried out to understand the processes occurring at
various stages during heating to obtain phase pure YAG. Precursors from all the reactions exhibited dehydration of adsorbed mois-
ture in the temperature range of 30 to 300°C. The precursor from nitrate—glycine reaction with stoichiometric amount of fuel (pre-
cursor-A) contained entrapped oxides of carbon (CO and CO,) and a carbonaceous contaminant. It exhibited burning away of the
carbonaceous contaminant and crystallization to pure YAG accompanied by loss of oxides of carbon in the temperature ranges of
400 to 600 and 880 to 1050°C. The precursor from simple decomposition of nitrates (precursor-B) exhibited denitration cum
dehydroxylation and crystallization in the temperature ranges of 300 to 600 and 850 to 1050°C. The precursor from nitrate—glycine
reaction with sub-stoichiometric amount of fuel (precursor-C) contained entrapped carbon dioxide and exhibited its release during
crystallization in the temperature range of 850 to 1050°C. This study established that, in case of metal nitrate—glycine combustion
reactions, crystalline YAG formation occurs from an amorphous compound with entrapped oxides of carbon. In case of simple de-

composition of metal nitrates, formation of crystalline YAG occurs from an amorphous oxide intermediate.

Keywords: combustion synthesis, FTIR analysis, TG-DTA, XRD analysis, yttrium aluminum garnet (YAG)

Introduction

Yttrium aluminum garnet (YAG) powders possessing
controlled characteristics find a wide variety of applica-
tions in making transparent laser components, advanced
engineering material and composites, refractory coat-
ings, etc. [1]. Formation of YAG by solid-state reaction
requires temperature of the order of 1600°C and long
duration of heat treatment. There are various solution
based methods reported (such as sol—gel process, homo-
geneous and heterogeneous precipitation, solution com-
bustion and simple decomposition of nitrates) in which
YAG phase forms at a much lower temperature due to
mixing of the reactants in molecular scale in solu-
tions [1-14]. Solution combustion and nitrate decompo-
sition are the simplest techniques that involve only heat-
ing the concentrated solution of the nitrates with or
without a fuel. The powders formed by the above reac-
tions are generally agglomerates (soft or hard) of fine
crystallites, may or may not contain volatiles and need
to be calcined to form phase pure oxide compound. Also
they need to be ground appropriately as the presence of
agglomerates introduces defects in the fabricated ce-
ramic bodies. Solution combustion process is preferred
over simple decomposition as most of the gases evolved
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in the former process are environmental friendly neutral
gases with minimum amount of acidic nitrogen dioxide.
Also this process results in formation of powder of soft
agglomerate that can be very easily ground.

In solution combustion technique, from a very
concentrated solution of the metal nitrates (oxidizer)
and urea or glycine etc., (fuel) a very porous mass of
the oxide compound is formed. Evolution of large
amount of gases during the process makes the powder
agglomerates to be soft (i.e., easy to be ground to finer
size). The heat evolved during combustion makes the
reaction self-sustaining to form the compound directly.
However, one of the limitations of the process is the
problem encountered in scaling up due to the vigorous
nature of the combustion reaction accompanied by
flame formation. Also generation of excessively high a
temperature could lead to formation of harder agglom-
erates that would be more difficult to be ground. Thus
in preparing soft agglomerated powders it is required
to use the fuel that would provide more amount of
gases with just required amount of heat.

The nitrate—urea reaction for formation of YAG
was found to result in phase pure YAG accompanied
by formation of a bright flame (flame temperature
measured by a two-color pyrometer was about
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1600°C) [15]. In this reaction, the exothermicity, fast
reaction kinetics and evolution of large amount of
gases make the reaction violent and pose major prob-
lems in scaling up of the process. One way of exercis-
ing control over the reaction kinetics is by way of us-
ing the fuel for which the heat of combustion is suffi-
cient but not excessively high. Another way is using
sub-stoichiometric amount of fuel in which case the
amount of heat evolved is less but enough gases are
evolved so as to make the agglomerates sufficiently
soft for grinding. However, these processes result in
incomplete reaction and the powder has to be calcined
to form into phase pure compound. Using glycine as
fuel for YAG led to evolution of lesser amount of heat
(compared to using urea as fuel) making the reaction
less vigorous. However, the precursor formed was an
amorphous intermediate, which exhibited volatile
loss upon calcination [16, 17].

The stoichiometric amount of glycine (fuel) re-
quired for combustion can be calculated using the re-
ported combustion reactions [13, 18].

3M(NO;);+5NH,CH,COOH—
—3/2M,05+7N,+10C0O,+25/2H,0 (1)

where M is the aluminium and yttrium ions in 5:3 ratio
i.e., M,05 can be represented as (Y3/5Als5),0; . For ev-
ery mole of M,0; formed 20 moles of gases are
evolved for reaction (1). The gaseous products formed
are environment friendly (nonpolluting) and make the
powder agglomerates soft enough to be easily ground.

The simple decomposition of the aqueous solu-
tion of nitrates of aluminum and yttrium can be repre-
sented as

2M(NO3);—>M,05+6N0,+3/20, ©)

This reaction is endothermic and the number of
moles of gases evolved per mole of M,0; formed is
only 7.5. A constant supply of heat is required till the
powder mass is formed during decomposition. Acidic
nitrogen dioxide gas polluting the atmosphere is
evolved in this reaction. Even though this reaction is
endothermic and hence expected to result in lesser re-
action temperature, the aggregates formed were found
to be hard and difficult to be ground [15].

The thermal decomposition, chemical character-
ization and phase evolution behavior of the precur-
sors formed in novel powder preparation techniques
(such as solution sol—gel, decomposition of inorganic
and organo-metallic compounds, solution combus-
tion, etc. for synthesis of various oxide compounds
used in advanced applications) is widely studied in
the recent years as it helps not only in optimizing the
calcination conditions but also in understanding the
mechanism of formation of phase pure compounds
through various reaction intermediates [19-25]. Such
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a study brings out the basic differences in phase evo-
lution behavior of precursors formed by different re-
actions. The characterization of the intermediates
(amorphous/crystalline) formed at various stages of
thermal analysis by FTIR exhibits the changes occur-
ring in their chemical composition and salient fea-
tures of their structure (fingerprint of the chemical en-
tity), characteristic of each precursor. In solution
combustion technique, such a study can bring out
whether the fuel simply reacts with the oxidizer in so-
lution or it interacts/complexes with the metal ion in
the solution and forms into intermediates before for-
mation of the final compound.

A comparative study of the characterization of
the intermediates formed at various temperature
ranges during thermal analysis by FTIR spectra and
XRD for the precursors of YAG formed by nit-
rate—glycine solution combustion (with stoichio-
metric and sub-stoichiometric amount of fuel) and
simple decomposition of nitrates has not been re-
ported yet and hence has been carried out. The differ-
ences in their crystallization behavior have been
brought out in this study.

Experimental

Aqueous stock solutions of aluminum nitrate (1.9 M)
and yttrium nitrate (1.1 M) required for YAG composi-
tion (batch size ~40 grams) were mixed and concen-
trated to a viscous liquid (metal ion concentration
~10 M) by evaporation at 70°C in an air oven for three
batches. Required amount of glycine (glycine/nitrate
ion molar ratio ~5/9 for stoichiometric and ~2/9 for
sub-stoichiometric) was dissolved in two batches of
the concentrated liquid of nitrates in two pyrex beak-
ers. The precursors were formed by heating the viscous
solutions in the beakers gently on a laboratory assem-
bled nicrome wire heater till the combustion reaction
set in accompanied by the evolution of a large amount
of gaseous product with heat (called precursor-A and
-C; time of heating was about 10 min for both reac-
tions). The third batch of the nitrate solution in the
beaker was decomposed on the same heater till the vis-
cous liquid formed into granular powder mass accom-
panied by the evolution of reddish fumes of nitrogen
dioxide (precursor-B; time of heating was about
10 min). The so formed precursors-A, -B and -C were
dry ground separately in the planetary mill (Fritsch) for
half an hour to form into a homogeneous powder mass
(mill parameters used — mill r.p.m. 200, pot size 250 cc,
number of balls 2 and ball diameter 20 mm). The car-
bon content of the precursors was determined using an
elemental analyzer (Elltra, Model CS800) by the com-
bustion followed by IR detection technique. The pow-
ders thus obtained were subjected to TG-DTA studies
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in Netzsch Thermal Analyser (Model STA 409) in air
for volatile loss and heat effects (heating rate
~10°C min™"). The evolved gas analysis of the precur-
sor-A was carried out by a mass spectrometer (Balzers,
Model QMG 311) coupled to the thermal analyzer
through a heated capillary in argon atmosphere. Pow-
der samples for the Fourier transformed infrared spec-
tra were prepared by heating the precursors to various
temperatures in a programmed laboratory Kanthal fur-
nace followed by air quenching. The spectra of the pre-
cursors and those heated to desired temperatures were
recorded using pellets of the mixture of the sample and
KBr powders using the spectrophotometer (JASCO
610 Model) at 4 cm ™' resolution. The XRD studies
were carried out for the same typical heat-treated sam-
ples in a X-ray diffractometer (Philips).

The average crystallite size of the precursors
heated to different temperatures was determined from
the line broadening observed for the peak correspond-
ing to the 420 reflection using the Scherer formula.

G = \/Bcosd

where G is the average crystallite size (A), A is the
wavelength of X-ray used (1.54 A), 0 is the angle of
diffraction (16.7° in this case) , B=(B*~b*)"* where B
and b are full widths (in radian) at half maximum ob-
served for the sample and the instrument, respec-
tively. The instrumental broadening was assumed to
be the width exhibited by a standard well-crystallized
YAG powder obtained by heating to 1600°C.

Results and discussion
Formation of precursors

The precursors were formed by conducting the com-
bustion and decomposition reactions on a heater in
open, as the heat output of the heater could be easily
controlled so that the reaction did not become exces-
sively vigorous and the gases evolved could easily es-
cape. This procedure is always desired in case of reac-
tions involving decomposition of liquid reactants
exhibiting very large percentage of loss in mass dur-
ing product formation. In case of formation of precur-
sor by glycine—nitrate reaction (precursor-A), as the
temperature reached about 200°C, the viscous liquid
foamed vigorously with the evolution of a larger
amount of bubbles of gaseous product of fuel — oxi-
dizer reaction with no flame formation. The reaction
was smooth without any spilling and the product ap-
peared glowing for a minute. In case of formation of
precursor by simple decomposition of nitrates (pre-
cursor-B), the solution decomposed smoothly with
the evolution of bubbles of reddish brown nitrogen di-
oxide gas (major acidic pollutant to the atmosphere)

J. Therm. Anal. Cal., 84, 2006

forming granules of aggregated powder. In the
sub-stoichiometric fuel composition (precursor-C), as
the amount of fuel used was less than the amount re-
quired for full combustion of the nitrate, direct de-
composition of the nitrates also formed an alternative
path for the oxide formation. The combustion was
slower and reddish brown nitrogen dioxide gas was
also evolved. All these reactions were complete in
10 min. The precursor-A was black while precur-
sors-B and C were white. The black color of precur-
sor-A was attributed to segregation of some amount
of glycine and its charring at lower reaction tempera-
ture (~600°C). This was confirmed by the formation
of a black product in the initial stage of decomposi-
tion of the aqueous solution of pure glycine.

TG-DTA-EGA, FTIR and XRD characterization

Precursor from nitrate—glycine reaction with
stoichiometric amount of fuel (precursor-A)

The precursor was found to contain 8 mass% carbon
by elemental analysis. The TG-DTA-EGA patterns,
FTIR spectra and XRD profiles of the precursor and
that heated to desired temperatures are shown in
Fig. 1a—d. The FTIR spectra of the so formed precur-
sor exhibited absorption peaks at 2350 and 2200 cm !
which could be attributed to the presence of trapped
carbon dioxide and carbon monoxide respec-
tively [26]. Also a broad band of absorption was no-
ticed in the range of 3000 to 3700 cm ', characteristic
of adsorbed moisture. Absorption peaks characteristic
of presence of carbonate were noticed at 1540, 1390
(attributed to split anti-symmetrical carbonate stretch-
ing) and 840 cm ' (attributed to out of plane bending
of carbonate) [27]. Thus presence of carbon dioxide,
carbon monoxide, adsorbed moisture and some
amount of carbonate in the precursor of this combus-
tion reaction is established. The precursor was found
to be amorphous to X-ray.
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Fig. 1a TG-DTA pattern for precursor-A
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During thermal analysis, it exhibited a broad
endotherm accompanied by a loss of mass of 5% in
the temperature range of 30 to 300°C, attributed to the
dehydration of adsorbed moisture in the powder. This
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Fig. 1b EGA pattern for the evolution of CO, gas for
precursor-A
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Fig. 1d XRD patterns for the precursor -A heated to different
temperatures (peaks marked as ‘X’ denote YAP structure)
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was followed by a broad exotherm accompanied by a
loss of mass of about 5% in the temperature range of
400 to 600°C which could be attributed to the burning
of a carbonaceous contaminant formed due to some
amount of segregated glycine. This was confirmed by
the partial burning off of the black product formed in
the initial stages of decomposition of pure glycine in
this temperature range. The EGA pattern (Fig. 1b) ex-
hibited loss of carbon dioxide in this temperature
range, which shows presence of trace amount of oxy-
gen in the argon atmosphere. The FTIR spectra of this
carbonaceous intermediate did not exhibit any char-
acteristic absorption peaks (marked in Fig. 1c as ‘X’)
and hence could not be detected by this technique. In
the temperature range of 880 to 1100°C, mass loss oc-
curred in two stages (about 8 and 4% in the ranges of
880 to 930 and 930 to 1050°C) accompanied by corre-
sponding heat effects. The evolved gas analysis data
exhibited loss of carbon dioxide in these two tempera-
ture ranges. The DTA peaks were found to be ill-de-
fined in shape possibly because of overlapping pro-
cesses. The FTIR spectra of the precursor intermedi-
ates heated up to 880°C exhibited presence of trapped
carbon dioxide, carbon monoxide and some amount
of carbonate while that of the precursor heated to
930°C exhibited substantial reduction in the content
of entrapped oxides of carbon and carbonate (i.e., re-
duction in the intensity of absorption at 2200, 2350
and 1530, 1385, 850 cm’l), in agreement with the TG
and EGA results. New peaks at 790, 720, 690, 640
and 570 cm' started appearing in the FTIR spectra of
the sample heated to 930°C. The XRD pattern of the
sample heated to 880°C was amorphous while that
heated to 930°C exhibited the powder to be predomi-
nantly crystalline cubic YAG with some amount of
hexagonal YAP (PC-PDF: 33—40; 16-219). Thus the
loss of carbon dioxide observed from TG and EGA
curves in the temperature range of 880 to 930°C is
seen to be overlapping with the crystallization of
YAG and a small amount of YAP. The distortion in
shape of the DTA peak in the temperature range of
880 to 930°C is indicative of the overlap between the
exothermic crystallization process and an endother-
mic event like a simple decomposition reaction or a
desorption process releasing carbon dioxide from the
precursor. Since the carbonates of yttrium and alumi-
num are not stable above 700°C, the endothermicity is
most likely due to release of oxides of carbon en-
trapped in the amorphous precursor during combus-
tion reaction.

The intensity of absorption peaks corresponding
to oxides of carbon and carbonate further reduced in
the FTIR spectra of the sample heated to 1050°C, indi-
cating completion of the reaction. It exhibited absorp-
tion bands with peaks around 790, 720, 690 and
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560 cm ' and there was no peak at 640 cm™'. The peaks
at 790, 720, 690 and 570 cm ' have been attributed to
be characteristic of the lattice modes of vibrations of
crystalline YAG [28-30]. Thus the absorption peak
observed at 640 cm ', in the case of 930°C heated sam-
ple, could be attributed to the presence of some amount
of the YAP phase while the rest of the peaks are due to
YAG. Presence of small amount of YAP phase indi-
rectly indicates presence of a corresponding amount of
amorphous alumina. The XRD pattern of the sample
heated to 1050°C was pure cubic YAG free of the YAP
phase. The TG and EGA curves showed a loss in mass
accompanied by release of carbon dioxide in the range
0f 930 to 1050°C which could be due to the loss of en-
trapped oxides of carbon present in the amorphous alu-
mina, during its reaction with YAP to form YAG. The
exothermicity of the reaction between YAP and alu-
mina was partly compensated by the endothermicity of
the process involving release of entrapped carbon di-
oxide and hence the DTA curve in the temperature
range of 930 to 1050°C exhibited a broad and weak
exothermic peak. Thus the present set of observations
establishes the formation of an amorphous intermedi-
ate containing trapped oxides of carbon during the
combustion process.

Formation of a carbonate intermediate (stable up
to 700°C) from the precursor formed by the thermal
decomposition of yttrium—aluminum isobutrilates and
yttrium—aluminum malonates has been reported
[4, 27]. Based on XRD studies on isothermal heat
treated samples prepared by nitrate—glycine reaction,
Hess et al. [11], reported that an intermediate YAP
phase formed which subsequently transformed into
the stable YAG phase. Vietch et al. [27], have pro-
posed formation of YAG occurring from the reaction
of YAP with amorphous alumina. However, in the
present thermal analysis study, there is a loss of car-
bon dioxide in the temperature range of 930 to
1050°C accompanying the formation of pure YAG
from the YAP and amorphous alumina. This indicates
that the amorphous alumina contains entrapped ox-
ides of carbon. These two phases (YAP and amor-
phous Al,O;) appear to be mixed in nano-scale as
shown by their reactivity at this relatively lower tem-
perature (930 to 1050°C). However, the amount of
YAP is very less.

The entrapped gases are released only when the or-
dering in the lattice takes place during the crystallization
process. Generally, the release of carbon dioxide occur-
ring in two steps could be attributed to two different re-
actions. No carbonates of yttrium and aluminium stable
above 700°C are known. Yttrium hydroxy-carbonate
prepared in our laboratory was found to attain mass sta-
bility around 700°C (i.e., completely decomposed)
while the FTIR of the same heated to 1050°C exhibited
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presence of some amount of carbonate (marked in
Fig. 1c as YC-1050°). Also yttria exposed to atmo-
sphere in ambient conditions has been found to contain
carbonate which has been attributed to pick up of carbon
dioxide from atmosphere [31]. Aluminium carbonate,
being easily hydrolysable to the hydroxide, has not been
studied for its thermal stability. Although Liu et al. [4],
have reported formation of some forms of aluminium
carbonate during the thermal decomposition of alu-
minium isobutyrate, it was seen to be unstable above
300°C. Hence the absorption bands corresponding to
carbonate in the FTIR spectra of the precursor at 880°C
appears to be formed by the reaction of moisture and
carbon dioxide adsorbed/present in the precursor. The
decrease in intensities of these infrared absorption peaks
with increasing temperature of heat treatment could be
attributed to the decreasing surface activity of the pow-
der. The evolution of carbon dioxide observed in EGA
curves above 800°C, therefore, is most likely due to the
release of entrapped oxides of carbon.

The FTIR spectra of the precursor heated to vary-
ing temperatures up to 1050°C exhibited a broad ab-
sorption band in the range of 3000 to 3700 cm ', attrib-
uted to presence of water absorbed from atmosphere.
However, the intensity reduced with increasing tem-
perature due to the reduction in specific surface area.

The point to be noted is that the reaction (1) does
not go to completion and stops at an intermediate stage
due to lesser amount of heat evolved in this combus-
tion reaction. This provides feasibility of larger batch
sizes of soft agglomerated powders.

Precursor from simple decomposition of nitrate
(precursor-B)

The TG-DTA patterns, FTIR spectra and XRD pro-
files of the precursor-B formed by the simple decom-
position of nitrates and that heated to different tem-
peratures are shown in Fig. 2a—c. The TG-DTA
curves exhibited an endotherm in the range of 30 to
300°C accompanied by a mass loss of about 5% at-
tributed to the loss of adsorbed moisture in the pow-
der. The FTIR spectra of the precursor exhibited pres-
ence of nitrate and hydroxide as shown by the
characteristic bands with the peaks of absorption at
1470, 1385, 1350, 1050 cm' (characteristic of ni-
trate) and at 1640 cm ™' (characteristic of hydroxide)
[30]. Also a broad absorption band was noticed in the
range of 3000 to 3700 cm ', characteristic of adsorbed
moisture. An endotherm occurred in the range of 300
to 600°C accompanied by a mass loss of about 12%.
The spectra for sample heated to 600°C showed a
drastic reduction in the intensity of all the peaks of ab-
sorption corresponding to nitrate and hydroxide. Thus
the process occurring at this stage is decomposition of
left over nitrate and hydroxide in the precursor. This
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was confirmed by the evolution of the pungent and
red color nitrogen dioxide gas upon the calcination of
the precursor powder up to 600°C. There was a grad-
ual loss of mass of about 3% in the temperature range
of 600 to 800°C with no detectable heat effect. There
was a little reduction in the intensities of the absorp-
tion peaks in the FTIR spectra indicating loss of trace
amount of left over volatiles. The precursor remained
X-ray amorphous till 820°C. There was a sharp exo-
therm in the temperature ranges of 850 to 950°C fol-
lowed by a small broad peak in the range of 950 to
1050°C. There was a very little loss in mass at these
stages. This indicated the chemical composition of
the precursor before and after the exotherms was the
same. The FTIR spectra of the sample heated to
880°C did not exhibit any absorption characteristic of
YAG while that heated to 930°C developed bands
with weak absorption peaks at 790, 720, 690,
570 cm ' characteristic of lattice modes of vibration
in crystalline YAG. The XRD profile also exhibited
formation of crystalline cubic YAG at 930°C. The
point to be noted is that the crystallization is a sharp
exothermic process as there was no loss of mass in-
volved at this stage. The FTIR and XRD patterns of
sample heated to 1050°C remained the same but be-
came more intense and sharp indicative of increased
degree of crystallinity. This was confirmed by the in-
crease in the average crystallite size values obtained
by line broadening method. The average crystallite
size values for the precursor heated to 880 and 930°C
were exactly the same (~280 A) while that for the pre-
cursor heated to 1050°C were 350 A. This observa-
tion showed that in the temperature range of 880 to
930°C only the progress of crystallization from amor-
phous precursor took place while further growth of
crystallites occurred in the range of 950 to 1050°C.
As there was no YAP phase found during formation
of YAG at 930°C in this precursor and the crystallite
size increased in the range of 950 to 1050°C, the
small and broad exothermic peak around 1000°C
could be attributed to growth of crystallites. Thus
well-crystallized YAG formed from this precursor at
1050°C. The point to be noted here is crystalline
YAG formed directly from amorphous oxide com-
pound of the same chemical composition without any
detectable YAP phase. Eventhough crystallization of
YAG phase occurred from amorphous precursor in-
termediates in the range of 850 to 1050°C for both
precursors-A and -B, their chemical composition and
mechanism of crystallization differed. Thus the pres-
ence of fuel modified the reaction path resulting in
different composition for the precursor and hence its
decomposition behavior.

The FTIR spectra of the precursor heated up to
1050°C exhibited a broad absorption band in the range
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of 3000 to 3700 cm™' with reduced intensity, as com-
pared with samples obtained from precursor-A. It is
obvious that the amount of moisture present in samples
reduced with increasing temperature of heating. Lesser
tendency to pick up moisture by these samples could
be attributed to the lesser specific surface area of these
powders formed by simple decomposition of nitrates.
Still some amount of water is present in all samples due
to the absorption-taking place during their preparation
as discussed for precursor-A.

Precursor from nitrate—glycine reaction with
sub-stoichiometric amount of fuel (precursor-C)

TG-DTA, FTIR and XRD patterns of the precursor-C
(glycine/nitrate ratio ~2/9) are shown in Fig. 3a—c. As
powders formed by reactions with fuel to oxidizer ra-
tio higher than 2/9 were black, due to carbon contami-
nation, this composition was studied. This precursor
was white in color. It exhibited an endotherm in the
temperature range of 30 to 300°C accompanied by a
mass loss of ~5%, attributed to the dehydration of ad-
sorbed moisture in the powder. There was no heat ef-
fect in the temperature range of 300 to 800°C indicat-
ing the absence of carbonaceous contaminant. There
were two exotherms (one sharp and another shallow)
in the temperature range of 850 to 950 and 950 to
1050°C accompanied by a total mass loss of about
6%. The FTIR spectra of the precursor exhibited ab-
sorption peaks at 2350 cm ' characteristic of en-
trapped carbon dioxide and at 1540, 1380, 750 cm™*
characteristic of carbonate. The intensity of the peaks
corresponding to carbonate and carbon dioxide were
lesser than that observed for the precursor formed
from stoichiometric amount of fuel, indicating lesser
amount of these constituents in this powder. The
broad band observed in the range of 3000 to 3700
cm ! is characteristic of adsorbed water. Even though
there was a gradual, small loss in mass and decrease
in intensity of peaks in FTIR spectra with increasing
temperature in the range of 300 to 880°C, the kinetics
of the decomposition of the amorphous compound ac-
companied by the release of carbon dioxide became
enhanced above 880°C. The precursor remained
X-ray amorphous up to 880°C.

A comparison of the TG-DTA pattern of this
precursor with those for the precursor formed by solu-
tion combustion with stoichiometric amount of
glycine and simple decomposition of nitrates brings
out the advantages in this precursor formed from lean
amount of fuel. The absence of heat effects and mass
losses in the temperature range of 300 to 880°C in
TG-DTA curves for this precursor-C formed with
lean amount of fuel showed absence of the carbona-
ceous contaminant observed in precursor-A and left
behind nitrate, hydroxide observed in precursor-B in
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it. Thus the amount of fuel used was just enough to
give sufficiently high temperature to decompose com-
pletely the nitrates without formation of any carbona-
ceous material. In the temperature range of 880 to
1050°C, the precursor-A formed by combustion reac-
tion with stoichiometric amount of fuel exhibited a
two-stage loss in mass amounting to a total of 12%
(attributed to release of entrapped oxides of carbon).
The precursor formed by the decomposition of ni-
trates exhibited one sharp exotherm followed by an-
other small, broad one with no loss of mass (attributed
to crystallization from pure amorphous oxide possess-
ing YAG composition and growth of crystallites). The
precursor from the present reaction exhibited a
two-stage loss in mass (6%) accompanied by a sharp
and a small exotherm in the temperature range of 880
to 930 and 950 to 1050°C. Thus the mass loss and
heat effects at this stage were in between those found
for precursors formed by solution combustion with
stoichiometric amount of glycine and simple decom-
position of nitrates. This showed that the precursor
formed by the solution combustion of nitrates with
lean amount of glycine is similar to precursor-A free
of the carbonaceous contaminant and contains lesser
amount of entrapped oxides of carbon. As the amount
of fuel used is less than stoichiometric amount re-
quired, part of the precursor is formed by the reaction
of direct decomposition of nitrate also. It appears that
the temperature of combustion was just enough to get
rid of the nitrate and hydroxide which were otherwise
observed in precursor-B. The carbon analysis data for
the precursor formed in the present study was
2.5 mass percent which was evolved as carbon-diox-
ide in the temperature range of 880 to 1050°C during
crystallization. In case of this precursor also, evolu-
tion of carbon dioxide in the temperature range of 880
to 1050°C by evolved gas analysis (EGA) technique
has been observed in our previous study [17].

The FTIR spectra of the precursor heated to
930°C exhibited weak intensity absorption peak due
to presence of some amount of carbon dioxide and
carbonate. The peaks corresponding to crystalline
YAG appeared (790, 720, 690, 530 cm’l) indicating
setting in of crystallization. The peaks became more
intense with increasing calcination temperature to
1050°C indicating improvement in the crystallinity of
the powder. The XRD data indicated the precursor
heated to 930°C was a cubic YAG with some amount
of hexagonal YAP. The precursor heated to 1050°C
exhibited FTIR absorption bands at 790, 720, 690,
530 cm' characteristic of crystalline YAG. The XRD
data also confirmed it to be pure cubic YAG (average
crystallite size ~330 A). Again, the peak observed at
640 cm™' in the precursor heated to 930°C could be at-
tributed to presence of YAP phase. The point to be
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noted here again is that the amorphous precursor at
880°C was not chemically pure YAG compound and
it released volatiles during crystallization, similar to
precursor-A, but in lesser amount. The average crys-
tallite size values in the temperature range of 880 to
930°C for precursors-A and -C could not be calcu-
lated due to overlapping of both YAP and YAG peaks
increasing the broadening.

The FTIR spectra of the precursor heated to
varying temperatures up to 1050°C exhibited a broad
absorption band in the range of 3000 to 3700 cm ™" at-
tributed to the presence of adsorbed water in all of
them as seen in case of precursor-A.

The crystallization of pure YAG phase in all
these precursors at a temperature less than 1100°C es-
tablished the presence of required amount of
compositional homogeneity of metal atoms in the pre-
cursor intermediates.

Conclusions

The nitrate—glycine reaction yielded an amorphous
precursor. The amorphous precursor contained a car-
bonaceous contaminant and entrapped oxides of car-
bon. Upon subsequent heat treatment, it exhibited
volatile loss in stages due to dehydration, carbon
burning, loss of oxides of carbon and crystallization.
Loss of carbon dioxide during crystallization is an im-
portant observation in this study. The reaction of sim-
ple decomposition of nitrates yielded an amorphous
precursor containing nitrate. Upon further heat treat-
ment, it evolved volatile gases in stages due to dehy-
dration and de-nitration forming into an amorphous
oxide. Crystalline YAG phase formed directly from
the amorphous oxide without loss of any volatile. The
precursor from the reaction with sub-stoichiometric
amount of fuel contained lesser amount of trapped ox-
ides of carbon and was free of carbonaceous contami-
nant, nitrate and hydroxide. This study establishes
that metal nitrate—glycine combustion reaction pro-
ceeds through formation of an amorphous metal oxide
intermediate with entrapped oxides of carbon while
simple decomposition reaction of metal nitrates pro-
ceeds through an amorphous oxide intermediate to
form crystalline YAG.
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