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Abstract: In this study, iron oxyborate (Fe3BO6) was synthesized through the solution combustion method 

as a potential anode material for lithium-ion batteries. Urea, glycine, citric acid, carbohydrazide, 
hexamethylene tetramine, and starch were used as fuel sources and the effects of the fuels were 
investigated. The obtained materials were structurally characterized by FT-IR, powder-XRD, solid UV-Vis, 
TGA and VSM. The pure crystalline Fe3BO6 was synthesized at low temperature and short reaction time 
using glycine-assisted solution combustion method. It was thermally stable up to 945 °C with a non-uniform 
morphology and a highly porous structure. The magnetic properties were also studied and Fe3BO6 shows 

antiferromagnetic behavior. 
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INTRODUCTION 
 
Iron oxyborate (Fe3BO6) has been used in 
ceramics (1), drugs, pigments, gas sensors, 
catalysts (2), electrodes and biological probes 

because of magnetic (3, 4), dielectric (5), 
conductivity (6), optical (7), structural (8), 
electrochemical (9) and surface properties. It is a 
promising anode material in lithium-ion batteries 
with high reversible capacity (10), unremarkable 
toxicity and low cost and it is also used in sodium 
ion batteries with high activity (11). Up until now, 

different synthetiç methods have been utilized to 

synthesize iron oxyborate. Shi and coworkers 
used the rheological phase reaction method and 
obtained the nanospherical iron oxyborate using 
FeC2O4.2H2O and H3BO3 precursors at 800 °C for 
5 h and at 900 °C for 3 h (12). The norbergite 
structure of Fe3BO6 was prepared solid state 

reaction with the Fe2O3-H3BO3 mixture at 880 °C 
for 2 days (10) and Fe2(SO4)3.H2O-H3BO3 mixture 
at 900 °C for 9h (2). The nanocrystalline Fe3BO6 
was synthesized through the co-pyrolysis method 
using FeC10H10-H3BO3 at 700 °C for 15h in a 
stainless-steel autoclave (13). Starting from 

Fe2O3, B2O3 and HCl as a gaseous solvent, Fe3BO6 

was synthesized by vapor phase reaction and the 
reaction temperature was determined as higher 

than 800 °C to prevent the formation of FeBO3 
and lower than 905 °C, the incongruent melting 
point of Fe3BO6 (14). Kumari prepared the Fe3BO6 

nanoplates via microwave assisted self-
combustion method using camphor (C10H16O) as 
a fuel with a mixture of Fe2O3-H3BO3 (15) and the 
self-controlled Fe3BO6 growth of nanorods from a 
supercooled liquid precursor (Fe2O3-B2O3) (16). 
All these synthetic methods need long annealing 
time and high reaction temperature, so the 

agglomeration and high energy consumption 

problems can occur. In the last years, solution 
combustion method, which is time- and energy-
saving method, have gained great attention (17). 
This method depends on the exothermic redox 
reaction between metal nitrate (oxidizer) and an 
appropriate organic fuel (reducing agent) (18). 

The fuel type, quantity of fuel and composition 
are the most important parameters affecting the 
obtained products. Urea, carbohydrazide, oxalic 
dihydrazide, and glycine have been the most 
commonly used fuels because they are easy to 
gasify and are cheap (19). Besides, polymeric 

materials like maleic acid, citric acid, ethylene 
glycol, and polyvinyl alcohol have also been used 
as fuels. This technique was mostly used for 
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borate synthesis using different fuels. The Li2B4O7 

(20), LiAl7B4O17 (21), NaMgBO3 (22), SrB4O7 (23) 

and YBO3 (24) were synthesized using urea. The 
Mg2B2O5 was prepared using both glycine and 
carbohydrazide (25). citric acid was used for 
LiFeBO3 (26). 
 

In this study, iron oxyborate was first synthesized 
by solution combustion method using 
Fe(NO3)3.9H2O-H3BO3 by adjusting the fuel types 
and reaction temperatures. Urea, glycine, citric 
acid, carbohydrazide, and oxalyl dihydrazide were 
chosen as fuels. The obtained products were 
characterized by Fourier transform infrared 

spectroscopy (FT-IR), powder X-ray diffraction 
(p-XRD). Glycine was found as an appropriate fuel 
to obtain pure crystalline Fe3BO6. Thermal, 
surface and magnetic properties were also 

investigated by different techniques. It was 
prepared as a promising anode material with 
thermal stability and antiferromagnetic behavior. 

 
EXPERIMENTAL SECTION 
 
Materials 
Iron(III)nitrate nonahydrate (Fe(NO3)3.9H2O, 
Merck), boric acid (H3BO3, Riedel), glycine 

(C2H5NO2, Merck), citric acid monohydrate 
(C6H8O7.H2O, Merck), starch (C6H10O5, Riedel), 
hexamethylene tetramine (C6H12N4, Sigma), urea 
(CH4N2O Fischer), and carbohydrazide 
(CO(NHNH2)2, Aldrich) were of analytical grade 
and used without further purification. 
 

Synthesis  

1 mmol Fe(NO3)3.9H2O was dissolved in deionized 
water. The amount of fuels was calculated 
according to the propellant chemistry (27). 
Fe(NO3)3.9H2O has an oxidizing power of -15. 
Urea (U), glycine (G), hexamethylenetetramine 
(HMTA), carbohydrazide (CH), citric acid (CA) and 

starch (S) are reducing fuels with the reducing 
power of +6, +9, +36, +8, +18 and +24, 

respectively (18). An appropriate amount of fuel 

and 1 mmol boric acid were added to the iron 

solution. The mixture was continuously stirred up 
to dehydration at 90 °C. The dehydrated mixture 
was put in a preheated furnace at 500 °C until all 
combustion gases evaporated. The products were 
calcined at 600 °C to remove excess carbon 

residues. 
 
Characterizations 
Fourier transform infrared spectra (FTIR) were 
applied on a Thermo-Scientific instrument using 
the KBr pellet method from 4000 to 400 cm-1. The 
thermal behavior of the products was examined 

with a Shimadzu DTG-60H thermal analyzer. The 
TGA and DTA curves were studied under N2 
atmosphere over the interval 25-1000 °C at a 
heating rate of 10 °C/min. The solid UV-Vis 

analyses were performed by a Shimadzu UV-Vis 
spectrophotometer. The phase identification of 
products was investigated by an X-ray 

diffractometer (Rigaku DMAX-2200) with Cu Kα 
radiation. The morphology of the powder was 
investigated by SEM using Quanta 200 FEG 
scanning electron microscopy. Magnetic 
measurements were performed with a Physical 
Properties Measurement System (PPMS).  

 
RESULTS AND DISCUSSIONS 
 
For the structural analyses of Fe3BO6, the FT-IR 
spectra were recorded. The two bands at 1035 
cm−1 and 875 cm−1 were ascribed to the B–O 
stretching vibration in a tetrahedral group BO4. 

The trigonal BO3 group bands (B-O stretching) 

were seen at 1215 and 1425 cm-1. At 680 cm-1 

band, the B-O-B bending was shown and 
connected the BO3 to FeO6 groups (16). The 500-
600 cm−1 band was Fe-O stretching vibrations. 
When starch was used as a fuel in the synthesis 
process, the reaction was not completed and the 

Fe3BO6 did not form due to possessing the high 
combustion temperature.  

 
Figure 1: FT-IR spectra of samples synthesized by different fuels. 

 
The p-XRD patterns of the samples were shown 
in Figure 2. As the starch was used as fuel, iron 

oxyborate was not synthesized similar to results 
obtained by FT-IR. As a result of rapid 
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combustion, starch did not react with boric acid 

and Fe2O3 was formed as a last product in the 

reaction medium. Therefore, reflections of sample 
synthesized by starch shown in a yellow pattern 
matched with reference hematite-Fe2O3 (JCPDS: 
33-0664). On the contrary, when citric acid, 
carbohydrazide, glycine, hexamethylene 

tetramine, and urea were utilized as fuel sources, 
the characteristic diffraction peaks of Fe3BO6 were 
observed as seen in Figure 2 and p-XRD patterns 

were compatible with the reference 

Fe3BO6(JCPDS:70-0880) (28). They were an 

orthorhombic structure with Pnma space group 
(11). The unreacted B2O3 peak at 2Ɵ=28 was 

shown in the samples which citric acid, 

carbohydrazide, hexamethylene tetramine, and 
urea were utilized as a fuel. No impurity phases 
were detected when glycine was used as a fuel.  

 

 
Figure 2: Powder XRD patterns of samples synthesized by different fuels. 

 

The solid UV-Vis spectrum of Fe3BO6 in the 200-900 nm region was shown in Figure 3. The ligand-metal 

charge transition was found at 220 nm. The broad band between 400-500 nm indicated the ligand field 
transition 6A1-4T1 of the 3d5 electrons in the Fe ions (7).   
 

 
Figure 3. The solid UV-Vis spectrum of glycine-assisted synthesized Fe3BO6. 

 
The thermal behavior of Fe3BO6 was investigated 
and TGA/DTA curves were shown in Figure 4. The 

first weight loss of about 2.3 % occurred from 
room temperature to 200 °C due to the loss of 
adsorbed water and unreacted boric acid. The 

second weight loss about 0.8 % appeared within 
550-630 °C because of phase transition and a 

small amount of Fe3BO6 turns amorphous phase 
to crystalline phase. After 945 °C, Fe3BO6 started 
to decompose to Fe2O3 and B2O3 (12). 



Ozer D, Icten O. JOTCSA. 2019; 6(2): 97-102.   RESEARCH ARTICLE 

100 
 

Considering thermal analysis results, it can be 

said that the product is thermally stable up to 945 

°C.  
 

 
 

Figure 4. TG/DT analysis of glycine assisted synthesized Fe3BO6 
 

The morphology of glycine-assisted synthesized Fe3BO6 was shown in Figure 5. As seen in the SEM images, 
Fe3BO6 has a non-uniform morphology and a highly porous structure with variable pore sizes. These pores 
can be effective for the transport of lithium ions in Li-ion batteries. 

 

 
Figure 5. SEM images of glycine-assisted synthesized Fe3BO6. 

 
The magnetization curves of glycine-assisted 

Fe3BO6 from 25 °C to -268°C were given in Figure 

6. At room temperature, the sample has soft 
antiferromagnetic behavior due to an observed 
low resistivity (the small area of hysteresis loop), 
coercivity (Hc=6.6 Oe) and residual magnetism 
(Br=0.09 emu/g). However, when temperature 

decreased from 25 °C to -268°C during 

magnetization analysis, its magnetic property 

changed as a hard antiferromagnetic behavior 
depending on the increase of the area of the 
hysteresis curve and coercivity (Hc=752 Oe), 
residual magnetism (Br=4.7 emu/g) compared to 
analysis of room temperature (29). 
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a      b 

Figure 6.  Magnetization curves of glycine assisted synthesized Fe3BO6 (a) 25 °C (room temperature) (b)-
268 °C. 
 

CONCLUSIONS 
 
This study proved that Fe3BO6 could successfully 
be synthesized via solution combustion method 
assisted glycine as a fuel. All characteristic peaks 
belonging to the Fe3BO6 structure were seen in 
FT-IR spectra except for one sample that starch 

was utilized as a fuel. A similar result was 
obtained from XRD analysis. TGA results showed 
that Fe3BO6 was quite stable up to 945 °C. The 
solid UV-Vis spectrum of the sample synthesized 
by using glycine demonstrated a broad-band at 
400-500 nm due to ligand field transition. 

Additionally, it was seen that Fe3BO6 possessed a 

highly porous network structure with non-uniform 
morphology and showed soft and hard 
antiferromagnetic behavior at 25 °C and -268 °C, 
respectively. The results from this study indicate 
that Fe3BO6 synthesized by using glycine can be 
used as potential anode material for lithium-ion 

batteries. 
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