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ABSTRACT 

The present work is a continuation of research on alloys based on iron, with the aim to understanding the solidification 

behaviour of Fe-V-Nb alloys. Solidification sequences are proposed in relation to the observed microstructures for Fe-V-Nb 

synthesis alloys. Fe-V-Nb binary alloys with different concentrations are arc melted and characterized systematically by means 

of differential thermal analysis, optical and scanning electron microscopy coupled to an energy dispersive X-Ray microprobe 

analysis, quantitative XRF spectrometry and X-Ray diffraction. In the present work, the thermal and microsructural behavior of 

Fe–V –Nb alloys with different concentrations have been studied with the aim of answering some questions and especially paying attention 

to the microstructures and temperature transition. Two primary surfaces are identified: (Fe) and Fe2Nb. Moreover, one invariant 

line is also identified as a binary eutectic reaction (L   + Fe2Nb), which is clearly shown according to the observed 

microstructure. In perspective, other shades of this ternary alloy will be studied for a path projection of liquidus surface. 
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Introduction 

New systems of intermetallic compounds with more 

complex and higher melting points structures become 

emerging guidelines for the development of new material 

systems. [1, 2] For this purpose this study focuses on series 

of intermetallic alloys selected from the Fe-V-Nb system 

iron-rich side. Note that the Fe, V and Nb elements has 

attractive properties with views of the high-temperature 

stability, mechanical properties and resistance to the 

environment [3-6]. The objective of the present work is to 

study the thermal and microsructural behavior of Fe–V-Nb 

alloys with the aim of answering these questions and especially 

paying attention to the microstructures and temperature 

transition. Usually the solidification in iron-rich alloys begins 

with the crystallization of the alpha primary phase which is 

made from to the alpha solid solution.  It is the case for alloys 

1 and 2. The novelty in this study is the crystallization of 

another primary phase less rich in iron (alloy 3) and 

assimilated to Fe2Nb phase [7, 8]. 

 
Experimental 

Materials  

Pure elements, Iron, vanadium and niobium (99.99%) and 

hydrofluoric acid (HF, 48 wt%)   were provided by Sigma-

Aldrich, USA. The nitric acid 65% (HNO3: 1M) was purchased 

from Carlo Erba reagents, France. The Ethanol absolute was 

provided by merck, Germany. 

 

Synthesis of alloys 

Series of ternary iron–vanadium-niobium alloys were prepared 

with different compositions (60 to 75 wt.% Fe). The 

stoichiometric mixtures of those element were arc melted 

(Buhler MAM1 furnace type) several times (minimum 4 times), 

to ensure the homogeneity of our samples, in a pure argon gas 

atmosphere (5N) in a water-cooled copper crucible. Vanadium is 
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very prone to oxygen contamination and the presence of oxygen 

can seriously affect the thermodynamic phase diagram. In this 

case, the pure iron, vandium and niobium were cleaned in nitric 

acid (HNO3: 1M), rinsed and dried, weighed in stoichiometric 

proportions and introduced directly to the elaboration 

furnace. 

 

Characterizations 

Differential thermal analysis (DTA) specimens cut as small 

cylinders with Ø = 4 mm x 10 mm in length (1 g maximum) were 

prepared from the alloys, and a Netzsch 404 S DTA apparatus was 

used for the thermal analysis. DTA measurements were taken in the 

cooling regime. The specimens were heated at 10 K· min
 -1

,
 
up to a 

maximum temperature of 1550°C, and cooled (at 10K· min
-1
)

 

to room temperature. The heating and cooling rates were in an argon 

(5N) flow gas atmosphere (150 ml · min
-1
)
 
to prevent all 

oxidation risks. The temperature measurements were carried 

out by (platinum) versus (platinum-10% rhodium) 

thermocouple and Al2O3 powder was used as the reference. A 

standard temperature calibration was carried out by using the 

transformation temperatures of pure iron: Feδ↔Feγ at 1395°C, 

Feγ↔Feα at 910°C, and magnetic transformation of iron at 

768°C. The reading of the transformation temperatures on our 

thermograms (with a traditional recording paper) is carried out by 

the measurement of the tension (20 mV in full scale) instead of 

the thermal accident observed. Then, this signal (in mV) is corre-

lated to the corresponding temperature (°C) by means the 

calibration of our DTA apparatus [9, 10]. 

Samples were sectioned, polished and observed by optical 

and scanning electron microscopy (SEM). The microstructures 

of the alloys were studied using a Zeiss ICM 405 optical 

microscope and a Jeol JSM 63603LV scanning electron 

microscope equipped with EDX (Energy Dispersive X-ray) 

analysis used to determine accurately the composition (semi-

quantitative) of the phases. The EDX analysis of different 

phases is performed under controlled conditions (counts· s
–1 

and size of phases) in order to be able to compare the results from 

different specimens. Prior to microscopic observations, samples 

were treated with nitrofluorhdric solution (HNO3, HF and 

ethanol) for 30 s at room temperature. 

The exact composition of each alloy studied was determined 

using the conventional wavelength-dispersive (Philips, 

X’Unique) X-Ray Fluorescence Spectrometry (XRF). The 

chemical compositions of all alloys studied have therefore been 

checked. Their compositions are summarized in Table 1. 

For phase identification and crystallinity analysis, X-ray 

experiments were carried out using a Philips PW1730 

diffractometer and a scanning rate of 0.004° s
-1
 over the range 

2θ= 20–140°, with unfiltered Cu-Kα radiation (k = 1.54 Å), 

and the system operating at 45 kV and 45 mA. 
 

Results and discussion 

Thermal analysis and microstructures 

Table 1 shows the alloy compositions, the transformation 

temperatures and the solidification sequences in relation to the 

observed microstructures. The α-solid solution is identified as the 

primary crystallization phase in all studied compositions. 

 

 

Table 1. Compositions, transformation temperatures and solidification 

sequences of the studied alloys. 
 

 
 

By comparing the results of the Differential thermal 

analyses DTA shown in Fig. 1 and 2, there is a clear 

improvement in the intensity of the second peak for the 

alloy 3, this is reflected by the increasement of the eutectic 

structure density as shown in Fig. 2. 
 

 
 

Fig. 1. DTA curve of the alloy1 on cooling with heating rate of 10K.min-1 

associated with the optical micrograph; (1) Gray area, (2) clear area. 

Alloys

Compositions (at. % )

(XRF analysis)
Transformation  

Temperatures 

(°C)

Solidification 

sequences
Fe V Nb

Fe75Nb10V15

(1)
71.6 13.34 15.06

(1) 1474 L ↔ α Primary 

phase 
(2) 1420 L ↔ Eutectic 

structure
(3) 817 Magnetic 

transformation 

Fe65Nb14V21

(2)
64.87 14.63 20.50

(1) 1447 L ↔ α Primary 

phase 
(2) 1416 L ↔ Eutectic 

structure
(3) 767 Magnetic 

transformation 

Fe60Nb16V24

(3)
55.30 22.08 22.60

(1) 1455
L ↔ α Primary 

phase 

(2) 1409
L ↔ Eutectic 

structure

(3) 971
Magnetic 

transformation 
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Fig. 2. DTA curve of the alloy3 on cooling with heating rate of 10K.min-1 
associated with the optical micrograph; (1) Gray area, (2) clear area. 

 

Fig. 3 shows the morphology of the alloy 1 obtained 

by scanning electron microscopy. According to the optical 

morphologies observed by the SEM, micrograph shows a 

homogeneous matrix of gray contrast and an eutectic 

structure. The specific analysis of the matrix (gray area) 

formed by EDX (1) revealed V-Fe binary phase rich in 

iron, which probably corresponds to the crystallization of  

α ferritic solid solution. Analysis of the chemical 

composition of a white phase reveals a composition rich in 

niobium (2) which also contains iron, and to a lesser extent 

vanadium. This phase can be attributed to either a ternary 

phase Fe-Nb-V or a pseudo-binary phase Fe-(NbV) are 

based on iron and niobium-rich. The micrograph (Fig. 4.) 

of the alloy 3 shows the existence of two contrasts: 

a) A primary phase (white contrast) identical to that white 

frame identified in the eutectic structure of the samples 

1 and 2 compositions. Given the large size of the 

explored areas, technical analysis is carried out under 

the best conditions and the results obtained are reliable. 

b) An array of gray contrast that the high magnification 

observation associated with the chemical composition 

analysis by EDAX revealed the crystallization of an 

eutectic structure identical to that previously observed 

but thinner and larger proportion. 

 

 
 
Fig. 3. Alloy 1 SEM microstructure, EDX spectrum analysis from: (1) 
Gray area, (2) clear area. 

 

 
 

Fig. 4. Alloy 3 SEM microstructure, EDX spectrum analysis from: (1) 

Gray area, (2) clear area. 
 

Phase identification by XRD 

The superposition of X-ray diffraction spectrum of the 

three alloys is shown in Fig. 5. In addition to the lines 

(110), (200) and (211) of α ferritic phase and compared to 

the spectra of samples 1 and 2, the spectrum of the sample 

3 has two new peaks of high intensity at 41.842 ° (d = 

2.158Å) and 47.639 ° (d = 1.907Å). The indexing of these 
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two lines permits the identification of Fe2(NbV) phase with 

a shift of the peaks compared to the ASTM card which can 

be explained by the substitution of part of the niobium 

atoms by those of vanadium. 
 

 
Fig. 5. Superposition of X-ray diffraction patterns of the three alloys. 

Alloy 1, (b) Alloy 2, (c) Alloy 3. 

 

Conclusion 

The Phase diagram of Fe-V-Nb compounds in the rich 

region of Fe is investigated using DTA analysis, 

metallography and X-ray diffraction. Some changes were 

observed and based on the experimental results the 

following conclusions can be made: 

1) The results obtained confirm that the α ferritic solid 

solution, is the primary crystallization phase in alloy 1 

and 2 and the second primary phase Fe2Nb for the alloy 

3. 

2) Evidence for the invariant binary eutectic reaction (L  

 + Fe2Nb) of the Fe-Nb system in the Fe-V-Nb 

ternary. 

3) Proposal of drawing a draft projection of ternary iron-

rich side on the crystallization of primary phases and 

eutectic monovariant line. At the end of this work we 

were able to partially define some fields belonging to 

the ternary diagram, knowing that in order to do the 

whole route studying several other points are required. 
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