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In this work we present the synthesis of yttrium based ceramic 
superconductor material using a modified auto-combustion 
reaction, with and without organic fuel. Stoichiometric amounts 
of yttrium, barium and copper nitrates, urea or cellulose were 
used with and without organic fuel (glycine). The auto-
combustion reaction transforms the precursor gel in a dark 
brown powder. The powder thus obtained is calcined at 900°C 
for one hour and after the process the powder becomes black. 
The final product was analyzed using X-ray diffraction (XRD), 
scanning electron microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDS). 
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INTRODUCTION* 

 Since the discovery of yttrium based super-
conductors1 researchers tried to obtain this material 
through different methods using a variety of starting 
materials. Initially, this material was synthesized 
through solid state technique using carbonates of the 
metal components as starting materials.2 

The main disadvantages of this method are: the 
product is not homogenous, it has a large particle 
size, it is not reproducible and requires prolonged 
heat treatments.3 Another synthesis method for this 
material is coprecipitation. During the 
coprecipitation process, cations are precipitated 
from the solution as hydroxides, carbonates or 
organic complexes such as oxalates, formates, 
acetates, etc.4 Amongst the method’s advantages 
                                                            
* Corresponding author: d_istrati@yahoo.com 

are: the possibility to use various starting materials, 
precise control of cation’s stoichiometry and 
obtaining the material in large amounts.5 Bhargava 
and co. used as starting material a mixture of 
yttrium, barium nitrates, copper oxide and oxalic 
acid in excess,5 while Schildermans and co. used a 
mixture of perchlorates of the metal components 
and sodium hydroxide.6 According to the salts used 
as staring materials, this method has the following 
disadvantages: a large number of washes when 
chlorides are used, the use of different pH 
adjusting agents that may impurify the sample 
when nitrates are used and long precipitation time 
when carbonates are used.7 

Another frequently used technique to obtain 
YBCO is the sol-gel method.8 The desired 
compound is relatively easy to be synthesized 
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through this method, but this involves the 
formation of an intermediary phase which impurify 
the final product.9 YBCO ceramic material can 
also be synthesized through metal organic 
deposition method (MOD) with or without 
fluorides. In the non fluorine technique, the great 
advantage is that hydrofluoric acid, which is 
corrosive, is not released. Metal acetates dissolved 
in propionic acid10 and acetylacetonates can be 
used as starting materials.11 Spray-pyrolysis is a 
simple, cheap method with a high deposition rate 
and accurate control of the processing parameters, 
such as film thickness.12 Due to the fact that this 
method yields a high purity product, researchers 
tried to improve it by using a new device13 or a 
new technique.14 Oxides dissolved in propionic 
acid, acetates15 and nitrates16 can be used as 
starting materials. Superconductor ceramic 
material was also synthesized through citrate-
nitrate auto-combustion reaction17,18 thus obtaining 
a nanostructured homogenous material and with a 
high yield. In order to obtain a ceramic material 
with good physical and morphological properties 
through auto-combustion, the precursor gel must 
decompose completely.19 

 In this paper we present a new method for 
synthesizing superconducting ceramic material, in 
which we used modified nitrate-urea and nitrate-
cellulose auto-combustion, with and without 
addition of organic fuel (glycine). The auto-
combustion method17-19 was chosen because it is 
reproducible, has the potential to obtain the 
material in larger quantities and the resulting 
material has good physical and morphological 
properties. Glycine, used as an organic fuel, 
increases the combustion power and the yield of 
the precursor gel decomposition. 

RESULTS AND DISCUSSION 

The modified auto-combustion reactions using 
the nitrate-urea and the nitrate-cellulose, with and 
without organic fuel, proved suitable for obtaining 
superconducting ceramic material. 

In all cases, the blue precursor gel transforms in 
a dark brown, spongy and hygroscopic ash. 

A black dense powder is formed after 
calcination. 

The chemical reaction’s equation to obtain 
YBCO from nitrates and urea is: 

 
 7 Y(NO3)3*6H2O + 14 Ba(NO3)2 + 21 Cu(NO3)2 *3H2O+ 6 CH4N2O → 7YBa2Cu3O7+103NO2+6CO2+117H2O   (1) 

 
Semi-quantitative XRD analysis carried out on 

the samples obtained through nitrate-urea modified 
auto-combustion, with and without organic fuel, 
reveals the presence of three phases: YBCO 123, 

YBCO 211, BaCuO2. When organic fuel was used, 
a significant increase of YBCO 123 yield was 
observed.
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Fig. 1 – XRD pattern for YBCO 123 powder obtained through nitrate-urea modified auto-combustion  
without (a) and with (b) glycine. 
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In the sample without organic fuel the 
percentages of the three phases are: YBCO -123 
28.2%, YBCO-211 39.1%, BaCuO2 32.7%. In the 
sample with organic fuel the percentages of the 
three phases are: YBCO -123 72.7%, YBCO-211 
11.9%, BaCuO2 15.4%. The average crystallite size 
was calculated using Scherrer equation,20 assuming 
the crystallites are spheres and the associated shape 
factor is equal to 0.89. The average crystallite size 
is 46.49 ± 2.52 nm for the sample without organic 
fuel and 36.14 ± 3.46 nm for the sample with 
organic fuel. As expected, the use of organic fuel 
lead to lower crystallite size due to the higher 
temperature developed during the synthesis. The 
higher synthesis temperature allowed the formation 
of a greater number of nucleation centers. 

Surface morphology indicated in Fig. 2 shows a 
spongy, porous surface which is attributed to high 
volumes of gases released during auto-combustion 
reaction. 

For the alternative procedure in which organic 
fuel was used, the morphology of the surface is 
more homogenous compared to the one in which 
organic fuel was not used. The surface is spongy 
with a foamy aspect as observed in Fig. 3. 
Moreover, the use of organic fuel is beneficial 
because the obtained material is more uniform and 
the particles have a more compact aspect, similar 
with those partially sintered. Generally, the 
average particle size is larger when organic fuel is 
used.

 

   
                                                            (a)                                                                  (b) 

Fig. 2 – SEM images for YBCO 123 powder obtained through nitrate-urea modified auto-combustion reaction without glycine 
(a – 5 µm) and (b – 2 µm). 

  

   
                                                            (a)                                                             (b) 

Fig. 3 – SEM images for YBCO 123 obtained through nitrate-urea modified auto-combustion with glycine 
(a – 4 µm) and (b – 2 µm). 
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Elemental analysis performed on the samples 
obtained through nitrate-urea modified auto-
combustion reaction with and without glycine after 
calcination, demonstrates the absence of organic 
residues. Bands from 5 keV occur because of the 

support and therefore are not taken into account 
(Fig. 4). 

For obtaining YBCO using cellulose, the 
chemical reaction’s equation is: 

 
 2Y(NO3)3*6H2O + 4Ba(NO3)2 + 6Cu(NO3)2 *3 H2O+ C6H10O5  → 2YBa2Cu3O7+26 NO2+6CO2+14H2O         (2)  
 

 
(a) 

 
(b) 

Fig. 4 – EDS spectrum for YBCO 123 obtained through nitrate-urea auto-combustion without (a) and with glycine (b). 
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(a)                                                                                           (b) 

Fig. 5 – XRD pattern for YBCO 123 obtained through nitrate-cellulose modified auto-combustion reaction 
 without (a) and with (b) glycine. 



 Auto-combustion reaction 1121 

 
In the sample without organic fuel, the 

percentages of the three phases are YBCO -123 
71%, YBCO-211 14.7%, BaCuO2 14.3%; in the 
sample with organic fuel, the percentages of the 
three phases are YBCO-123 75.1%, YBCO-211 
14.1%, BaCuO2 10.8 %. 

Crystallite size calculated using Schrerer 
equation is 57.41 ± 8.93 nm for the sample in 
which organic fuel was not added and 41.12 ± 5.21 
nm for the sample in which organic fuel was used. 
XRD semi-quantitative analysis performed on the 
samples obtained through nitrate-cellulose 
modified auto-combustion with and without 
organic fuel reveals the presence of three phases: 
YBCO 123, YBCO 211 and BaCuO2 (Fig. 5). In 

the case when using organic fuel, a slight increase 
of YBCO 123 yield was observed proving the 
positive influence of the organic fuel. 

SEM images for samples obtained through 
nitrate-cellulose auto-combustion reaction without 
organic fuel (Fig. 6) reveal a grainy, non-
homogenous structure, caused by the volume of 
gases released during the reaction. The 
morphology of these materials is different than the 
morphology of those obtained via nitrate-urea 
modified auto-combustion method. In the case of 
nitrate-cellulose modified auto-combustion 
reaction without glycine there is a strong 
heterogeneity taking into account particle size and 
shape.

 

   
(a)                                                                               (b) 

Fig. 6 – SEM images for YBCO 123 powders obtained through nitrate-cellulose 
modified auto-combustion method without glycine (a – 5 µm) and (b – 2 µm). 

 

   
 

(a)                                                                  (b) 

Fig. 7 – SEM images for YBCO 123 obtained through nitrate-cellulose modified auto-combustion reaction with glycine 
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(a – 4 µm) and (b – 2 µm). 

 
(a) 

 
(b) 

Fig. 8 – EDS spectrum for YBCO 123 obtained through nitrate-cellulose auto-combustion without (a) and with (b) glycine. 
 
 

For the sample obtained through nitrate-
cellulose auto-combustion reaction with glycine 
(fig. 7) a grainy, non uniform, foamy surface 
morphology can be observed. The size and shape 
distribution is better compared to the sample 
obtained without organic fuel, which is very 
important because properties are usually dependant 
on size and shape. As previously demonstrated, the 
use of organic fuel proved beneficial for the 
synthesis of YBCO in terms of obtaining a better 
size and shape uniformity. 

Elemental analysis carried out on the samples 
obtained through nitrate-cellulose modified auto-
combustion with and without glycine, revealing the 
absence of nitrogen and carbon, which proves that the 
sample does not contain organic residues (Fig. 8). 

EXPERIMENTAL 

The materials used for this experiment were of analytical 
grade and were purchased from Merck and Chimopar. 

Yttrium, barium and copper nitrates were purchased from 
Merck and urea, cellulose and glycine from Chimopar. 
Solutions were prepared using deionized water. 

Out of the numerous experiments performed, we have 
selected four specific conditions, which ranked the highest 
yield of superconducting phase (YBCO-123) and which are 
described below. 

 In the first case, YBCO was synthesized through 
modified auto-combustion reaction using a stoichiometric 
mixture of nitrates and urea without adding glycine. 

In the second case, the same mixture was used with the 
addition of glycine in order to increase the reaction yield. 

In the third case, the initial mixture was formed from 
stoichiometric amounts of nitrates and cellulose without 
glycine and the last type was carried out using nitrates and 
cellulose with glycine.  

In all experiments, the starting materials were dissolved in 
deionized water, the pH of the solutions was adjusted to 7 with 
ammonium hydroxide and the resulted solutions were heated on a 
hot plate until the formation of the precursor gel which auto-
ignited producing a dark brown, spongy and hygroscopic ash. 

The resulted ashes were calcined for one hour at 900°C and 
left in the oven to cool. 

After calcination, the final products were analyzed using the 
X-ray diffraction (XRD), scanning electron microscopy (SEM) 
and energy dispersive X-ray spectroscopy (EDS) techniques. 
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X-ray diffraction was carried out on a PANalytical Empyrean 
equipment which uses CuKα radiation (1.541874), equipped with 
programmable divergence slit on the incidence side and a 
programmable anti-scatter slit mounted on PIXcel3D detector on 
the diffracted side. The scan was done by using Bragg Brentanno 
geometry with a step size of 0.02° and a counting time per step of 
100 s in the range of 2θ = 20-70.  

Scanning electron microscope QUANTA INSPECT F 
field emission gun resolution 1.2 nm was used to observe the 
sample surface morphology, and elemental distribution in the 
powders was determined using energy dispersive X-ray (EDS) 
with the resolution to MnKα 133 eV.  

CONCLUSIONS 

In this work, four samples of YBCO ceramic 
materials were synthesized using modified auto-
combustion reaction. In the first two experiments, 
nitrate-urea modified auto-combustion method was 
used with and without glycine, and in the other two 
experiments, nitrate-cellulose auto-combustion route 
was used with and without glycine. The obtained 
materials were characterized using XRD, SEM and 
EDS. Semi-quantitative XRD analysis revealed a 
significant increase in YBCO 123 yield for nitrate-
urea auto-combustion, when organic fuel was used. 
For the experiments in which nitrate-cellulose auto-
combustion was used, XRD semi-quantitative 
analysis indicated a slight increase of YBCO 123 
yield when using organic fuel. 

Following the performed experiments, we can 
conclude that adding organic fuel increases the yield 
of the desired product. Also, the use of organic fuel 
was beneficial taking into account the size and shape 
uniformity. In both cases, the use of organic fuel lead 
to lower crystallite size, most probably due to the 
higher synthesis temperature, which allowed the 
formation of more nucleation centers. 

According to our results, YBCO is obtained 
with better yield when using cellulose and the yield 
is even higher when glycine is used do to the better 
decomposition of the precursor gel. 
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