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The proportion of urea in the modi�ed combustion method to prepare lithium metasilicate (Li2SiO3) powders
was investigated. Reactions were performed using LiOH:H2SiO3:CH4N2O in molar ratios of 1:1:1, 1:1:2, 1:1:3, 1:1:4
and 1:1:5 which were heated at 450 ◦C during 5 min. It was found, by X-ray di�raction, that LiOH:H2SiO3:CH4N2O
in the ratio of 1:1:3 was the more adequate molar ratio to produce mainly Li2SiO3. It was observed that excess
of urea produced mainly silicium dioxide (SiO2) in coesite phase instead Li2SiO3. Thermogravimetric analyses
showed that decomposition products of urea, such as biuret, cyanic acid and cyanuric acid, were found in samples
prepared with high proportions of urea (1:1:4 and 1:1:5). Carbonates identi�ed by IR spectroscopy were found in
samples prepared with LiOH:H2SiO3:CH4N2O in 1:1:1, 1:1:2, 1:1:3, 1:1:14 and 1:1:5 molar ratios.
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1. Introduction

Lithium ceramics such as Li2O, Li2SiO3, Li4SiO4,
Li2TiO3, LiAlO2 and Li2ZrO3 attract attention as can-
didates for tritium breeding material in D�T fusion re-
actors [1�3]. Lithium metasilicate (Li2SiO3) is known to
have good tritium solubility [4�6], thermophysical, chem-
ical and mechanical stability at high temperatures. Sev-
eral methods such as sol�gel, precipitation and solid state
have been utilized to prepare lithium ceramics, however
recently new methods have been developed to prepare
ceramic powders, like combustion syntheses.
Combustion method, which is a solid-state process

based on the principle of explosive decomposition of a
metal nitrate and fuels mixtures, is a quick and straight-
forward method to produce ceramic powders [7�9] that,
in general, takes less than 5 min. In previous stud-
ies [2, 10] lithium silicates were prepared using a modi�ed
combustion method; heat required to maintain the reac-
tion was supplied from the reaction itself and not from
an external source. This method requires LiOH, H2SiO3

and urea as fuel, and the combustion takes place in the
presence of air to obtain the oxygen needed for the ig-
nition. The purpose of the present paper is to further
study this method and to analyze the obtained ceramics
by thermal methods.

2. Experimental methods

Silicic acid (H2SiO3 � molecular weight =
78.086 g mol−1), lithium hydroxide (LiOH � molecular

*corresponding author; e-mail: daniel.cruz@correo.buap.mx

weight = 23.950 g mol−1) and urea (CH4N2O �
molecular weight = 60.060 g mol−1) were obtained from
Mallinckrodt and Merck. These three substances were
mixed with distilled water and heated until most of water
was evaporated. The mixture was then transferred into a
high temperature mu�e furnace Barnstead Thermolyne
Corporation maintained at 450 ◦C where the combustion
reaction was completed within 5 min. Preparation pro-
cedure of lithium silicates by the modi�ed combustion
method is demonstrated in the �ow sheet below.

SiO2H2O+ LiOH + CH4N2O+H2O

↓
Evaporation of water

↓
Ignition at 450 ◦C during 5 minutes

↓
Characterization by XRD and TGA

Five mixtures were made using LiOH:H2SiO3:CH4N2O
at di�erent molar ratios and were labeled as 1:1:1, 1:1:2,
1:1:3, 1:1:4, and 1:1:5; i.e., sample 1:1:3 corresponds to
the sample prepared with LiOH, H2SiO3 and CH4N2O
at a molar ratio of 1:1:3.

2.1. Samples characterization

X-ray di�raction (XRD) was measured with a Siemens
D-500 di�ractometer coupled to a copper anode X-ray
tube. Lithium silicates were identi�ed by the corre-
sponding JCPDS (Joint Committee on Powder Di�rac-
tion Standards) and the relative content of silicates and
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amorphous part was estimated from the areas under the
di�raction peaks [11, 12]. Functional groups of the pow-
ders in the infrared region were analyzed in a Magna-
IR Spectrometer 550 Nicolet. Samples were mixed with
potassium bromide to form tablets. Thermogravimetric
analysis (TGA) was performed to analyze the behavior
of the synthesized powders (TGA 51, Thermogravimetric
Analyzer, T.A. Instruments). The samples (15 mg) were
studied at a heating rate of 10 ◦C min−1 up to 1000 ◦C in
a N2 �ow (50 mL min−1).

3. Results and discussion

3.1. X-ray di�raction analysis

Li et al. have reported that one of the major parame-
ters that determines the phase formation of the synthe-
sized powder is the ratio of fuel to metal nitrate in the
combustion reaction. In the present work, the e�ects of
the ratio of fuel to metal oxides were investigated in a pre-
cursor solution consisting of urea as a fuel and a mixed
lithium hydroxide and silicon oxide [8]. XRD patterns,
in Fig. 1, show the di�ractograms of samples 1:1:1, 1:1:2,
1:1:3, 1:1:4, and 1:1:5.

Fig. 1. XRD patterns of lithium silicate sam-
ples prepared by the modi�ed combustion method.
LiOH:H2SiO3:CH4N2O molar ratios 1:1:1, 1:1:2, 1:1:3,
1:1:4 and 1:1:5. � = Li2SiO3(JCPDS: 29-828) } = SiO2

(JCPDS : 29-85) • = Li4SiO4 (JCPDS: 17-197).

For low urea molar ratios (samples 1:1:1 and 1:1:2),
mainly, amorphous material was obtained. On the other
hand, for high urea molar ratios (samples 1:1:4 and 1:1:5)
the amorphous material was present as well, however

there was found the presence of considerable amounts
of silicon dioxide (SiO2) in coesite phase. Coesite is
formed only to 20×108 Pa at 450 ◦C or higher pressures,
while in this work, synthesis was carried out at 450 ◦C
and 1 atm [13, 14]. This can be due as a result of the
phase transformations starting from the Li2O 2SiO2 glass
composition as reported by Buchner and Balzaretti [15],
reaction (1):

Li2O2SiO2(glass) −→ Li2Si2O5

−→ Li2SiO3 + SiO2 (quartz or coesite). (1)

The segregation of SiO2 should be expected due to the
de�cient lithium and high urea concentration.
For molar ratio 1:1:3, the formation of Li2SiO3 as the

main lithium silicate crystallized can be observed. It has
been well known that there are three types of reaction se-
quences occurring in the fabrication of glass-ceramics, de-
pending on glass composition [16]. Type I is the simulta-
neous nucleation of lithium metasilicate and lithium dis-
ilicate phases, followed by the transformation of lithium
metasilicate to lithium disilicate. In the second type,
lithium metasilicate nucleates �rst and then transforms
to lithium disilicate at a higher temperature. Reaction
sequence type III is when the lithium disilicate phase di-
rectly forms the glass whereas no lithium silicate phase
is formed. In this study, it was used a de�cient lithium
concentration and one calcination temperature of 450 ◦C
during 5 min, under these conditions the lithium metasil-
icate begins to nucleate and the transition to lithium
disilicate is not favored. On the other hand, the for-
mation of Li2SiO3 should be thermodynamically favored
under high pressure and high temperature; it is known
that urea decomposition produces high pressure and high
temperature [16].

3.2. Infrared spectroscopy

IR spectra are shown in Fig. 2. Sample 1:1:3 corre-
sponds to the powders with major proportion of Li2SiO3.
Nakamoto [17] reported that the [SiO−4

4 ] tetrahedral ar-
rangements in silicate structures can be identi�ed by
the presence of the following bands: ν1, 819 cm−1;
ν3, 956 cm−1, and ν4 527 cm−1, in the present study
these bands were found in sample 1:1:3 at 830, 950, and
520 cm−1, respectively.
The bands around 1050, 650, and 1000 cm−1 corre-

spond to Si�O�Si [17], O�Si�O [17] and Si�O [18] vibra-
tions, respectively. The band at 750 cm−1 is attributed to
O�Li�O structure [17]. Although by XRD no carbonates
were observed, by IR spectroscopy the presence of car-
bonates, probably in the form of Li2CO3, were observed.
The principal bands assigned to carbonate ions are ν3,
1350�1380 cm−1, and ν2, 850�880 cm−1 [17, 18] and in
the present work the bands corresponding to carbonates
were observed in all samples.
Nakamoto et al. [17�21] reported that urea structure

can be identi�ed by the presence of the following bands:
νNH 3500 cm−1, νCO 1730 cm−1, νCO+δNH 1630 cm−1
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Fig. 2. IR spectra of lithium silicate samples
prepared by the modi�ed combustion method.
LiOH:H2SiO3:CH4N2O molar ratios 1:1:1, 1:1:2,
1:1:3, 1:1:4 and 1:1:5.

and νC�N 1450 cm−1. In this work, the bands corre-
sponding to residual urea present in the samples were
found at around 3410, 1730, 1630, and 1450 cm−1 in
samples 1:1:3, 1:1:4 and 1:1:5, which were prepared with
high urea proportions.

3.3. Thermogravimetric analysis

The TGA analyses of samples 1:1:1, 1:1:2, 1:1:3, 1:1:4
and 1:1:5 are given in Fig. 3 and the weight losses found
are displayed in Table.

TABLE

Weight loss for samples 1:1:1 to 1:1:5 prepared by the
modi�ed combustion method.

Temperature range [ ◦C]

LiOH:H2SiO3:CH4N2O 250�480 480�600 300�400 420�500 560�600

molar ratio Weight loss [%]

1:1:1 3.5 6.5 0 0 0

1:1:2 3 4.5 0 0 0

1:1:3 3.2 6.8 0 0 0

1:1:4 0 0 7 14 9

1:1:5 0 0 10 27 20

Samples 1:1:1 to 1:1:3 showed two main weight losses,
one from 250 ◦C to 480 ◦C and the second from 480 ◦C
to 600 ◦C (Table). The �rst weight loss can be attributed
to the dehydroxylation process of the residual LiOH in
the samples and the second, between 480 and 600 ◦C,
may be attributed to the decarbonation of the samples;
as we have already seen the presence of CO−2

3 ions by IR
analyses on samples prepared with low urea proportions.
These weight loss can be explained considering that

for low fuel proportion (samples 1:1:1 to 1:1:3) during
the preparation of the samples urea reacts with the
oxygen present in air forming, preferentially, lithium
carbonate as shown in reaction (2):

. (2)

The TGA curves of samples prepared with high urea
proportion (1:1:4 and 1:1:5) presented three main
weight losses: �rst between 300�400 ◦C, second between

Fig. 3. TGA curves of lithium silicate samples
prepared by the modi�ed combustion method.
LiOH:H2SiO3:CH4N2O molar ratios 1:1:1, 1:1:2,
1:1:3, 1:1:4 and 1:1:5.

420�500 ◦C, and third between 560�600 ◦C. The �rst
weight loss for samples 1:1:4 and 1:1:5 can be attributed,
as suggested by Wynne [22], to the decomposition of
urea in the absence of oxygen mainly into biuret, the
second weight loss to the decomposition of biuret into
cyanic acid and �nally, the third weight loss, to the
decomposition of biuret into cyanuric acid as it is shown
in reactions (3)�(6):

, (3)

, (4)

, (5)

, (6)

According to the literature [7, 9], the proportion of
fuel in the precursors a�ects the ignition temperature
during the combustion process, which can be as high
as 1750 ◦C [7]. Although urea decomposes completely in
the temperature range at about 480 ◦C [22], it is evident
from IR and TGA analyses that urea residues are present
in the samples prepared in the present work, mainly in
those prepared with high urea proportions, which proba-
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bly can be due to the synthesis time not being enough [7]
to allow the complete decomposition of urea to CO2, N2

and H2O.

4. Conclusions

In this study, Li2SiO3 was synthesized using a modi�ed
combustion method. Oxygen present in air was used dur-
ing the combustion process. It was found by XRD that
LiOH:H2SiO3:CH4N2O molar ratio 1:1:3 formed Li2SiO3

as the main lithium metasilicate crystallized. Excess
of urea did not allow the formation of lithium metasil-
icate and formed mainly amorphous material and coesite
(SiO2). This experimental result shows that the ratio of
fuel to lithium hydroxide and silicon oxide is important in
obtaining the crystalline Li2SiO3 powder by combustion
reaction.
Carbonates, as observed by IR spectroscopy, were

present in all samples. By IR spectroscopy there was con-
�rmed the presence of Li2SiO3. TGA analyses showed
that samples 1:1:1 to 1:1:3 prepared with low propor-
tion of urea presented weight loss due to dehydroxyla-
tion and decarbonation processes. However, samples pre-
pared with high proportion of urea, 1:1:4 and 1:1:5, pre-
sented weight lost mainly because of the decomposition
of urea; probably into biuret, cianuric acid, and cyanic
acid.
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