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Martensitic transformation and shape memory effect are investigated in Hf–
Nb alloys. Niobium content varies in a range of 15 at.% to 50 at.%. Prior to 

investigation samples are quenched in water. Phase composition, microstruc-
ture and functional properties are investigated. For the first time the pres-
ence of a martensitic-type phase transition, accompanied by the shape 

memory effect, is observed in the quenched Hf75Nb25 alloy. While for alloys 

with a higher concentration of hafnium, the quenching temperature will be 

obviously higher than 1500°C. 
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Проведено дослідження загартованих стопів системи Hf–Nb з концентра-
цією Ніобію від 15 ат.% до 50 ат.% на предмет протікання мартенситного 

перетворення та наявності ефекту пам’яті форми. Вивчено мікрострукту-
ру стопів, їх кристалічну будову, методом триточкового вигину дослідже-
ні функціональні властивості. Вперше в загартованому стопі Hf75Nb25 ви-
явлено наявність фазового переходу мартенситного типу, супроводжува-
ного ефектом пам’яті форми. Для стопів з більш високою концентрацією 

Гафнію температури гартування 1500°С явно недостатньо. 

Ключові слова: стопи Hf–Nb, мартенситне перетворення, ефект пам’яті 
форми. 

Проведены исследования закалённых сплавов системы Hf–Nb с концен-
трацией ниобия от 15 ат.% до 50 ат.% на предмет протекания мартенсит-
ного превращения и наличия эффекта памяти формы. Изучены микро-
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структура сплавов, их кристаллическое строение, методом трёхточечного 

изгиба исследованы функциональные свойства. Впервые в закаленном 

сплаве Hf75Nb25 обнаружено наличие фазового перехода мартенситного 

типа, сопровождаемого эффектом памяти формы. Для сплавов с более вы-
сокой концентрацией гафния температуры закалки 1500°С явно недоста-
точно. 

Ключевые слова: сплавы Hf–Nb, мартенситное превращение, эффект па-
мяти формы. 
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1. INTRODUCTION 

Alloys based on transition metals of IV and V groups of the periodic 

table found wide application in field of functional materials [1–3]: 

firstly, due to possible martensitic transformation (MT) and shape 

memory effect (SME); secondary, due to their good anticorrosion and 

biomedical properties [4–7]. Titanium, zirconium and hafnium are the 

most common base for that type of alloys. These metals have close 

physical and chemical properties, as well as equal number of valence 

electrons. Another common thing for all of listed above metals is that 

they exist in two crystal modifications—low-temperature α (h.c.p.) 

and high-temperature β (b.c.c.). It should be noted that the tempera-
ture of allotropic transformation (α → β) of titanium and zirconium 

has relatively close values of 883 and 863°С, respectively, while hafni-
um transformation occurs at almost two times higher temperature—
1743°С [1, 8]. Addition of niobium into the alloy is a practical way to 

stabilize the β-phase and reduces the temperature of α → β transfor-
mation [1, 2]. Furthermore, niobium forms solid solutions with titani-
um, zirconium and hafnium [1, 8]. 
 According to [1, 9], the formation of hexagonal α′ and orthorhombic 

α′′ martensitic phases occurs in quenched Ti–Nb alloys. It should be 

noted that critical concentration of niobium for stabilizing of the β-
phase must in the range of 28–36 at.% [2, 10, 11]. Meanwhile investi-
gation of quenched alloys in Zr–Nb system confirmed shape memory 

effect in alloys with niobium concentration between 7 at.% and 14 

at.% [12, 13], while concentration of niobium necessary for stabiliza-
tion of the β-phase found to be close to 20 at.% [1]. 
 Hafnium possesses a similar to titanium and zirconium physical and 

chemical properties. Moreover, Hf–Nb and Ti–Nb systems have simi-
lar view of the phase diagrams. Unlike titanium and zirconium, hafni-
um has an electronic f-shell, which leads to higher temperatures of al-
lotropic transformation. Therefore, depending on the chemical compo-
sition, the quenching temperatures will be in a range of 1300–1700°C. 

In turn, this leads to the complexity of experimental investigation. 
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 It can be assumed that in Hf–Nb system similar martensitic phase 

transformation occurs. Another assumption can be made regarding 

Hf–Nb alloys functional properties, such as superelasticity and shape 

memory effect. If it is so, the Hf–Nb alloys may be a new step towards 

development of functional alloys with a high-temperature shape 

memory effect and high degree of biocompatibility. 

2. EXPERIMENT 

Preparation of samples was done by vacuum arc re-melting in an argon 

atmosphere (residual pressure P = 0.05 МPа). For samples of 

Hf100−хNbх alloys (х = 15, 20, 25, 50) were smelted from pure charge 

components (hafnium 99.99% and niobium 99.99%). Mass of each in-
got was 30 g. Deviation of the chemical composition did not exceed 

0.01 at.%. After melting test samples in the form of plates measuring 

0.3×3×30 mm and samples ∅10×5 mm were cut from the central part of 

the ingots. Quenching was done from T = 1500°C into water at room 

temperature. While holding time was 1 min. Oxidized layer was me-
chanically removed. Microstructure of samples was investigated by 

using of an integrated optical microscope for operation in reflected 

light—AXIOVERT 40 MAT. Prior to that chemical etching at room 

temperature were done. Following etchant was used HNO3 (45%) + HF 

(5%) + Н2О (50%). The determination of the MT parameters and the 

presence of the SME were carried out using the three-point bending 

method [14]. 
 For X-ray phase analysis, a diffractometer STOE STADI MP was 

used. The shooting was carried out at room temperature in a discrete 

mode with a step of 0.04° according to the Bragg–Brentano method in 

CuKα monochromatic radiation with a wavelength of 0.154 nm. 

3. RESULTS AND DISCUSSION 

Based on analysis of Ti–Nb and Zr–Nb phase diagrams and tempera-
ture ranges of the MT in these alloys, it can be assumed that in the Hf–
Nb system the martensitic-type phase transformation exists at niobi-
um concentrations up to 30 at.%. Therefore, following alloy was inves-
tigated Hf100−хNbх (where х = 15, 20, 25, 50 at.%). According to [1] MT 

in alloys based on transition metals of group IV usually occurs after 

quenching from temperatures above the polymorphic transformation 

line. 
 Microstructure analysis of the quenched Hf50Nb50 alloy revealed a 

structure similar to the nonequilibrium β-phase (b.c.c.) structure typi-
cal for Ti–Nb and Zr–Nb alloys [1, 6, 9, 15, 16,]. This fact allows us to 

assume that if MT occurs in this alloy, then its characteristic tempera-
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tures must be below room temperature. With a decrease in the concen-
tration of niobium to 25 at.%, the formation of a distinct acicular 

structure typical for martensitic phase occurs (Fig. 1, b). The micro-
structure patterns of quenched from a temperature of 1500°C Hf80Nb20 

and Hf85Nb15 alloys do not exhibit a characteristic martensitic struc-
ture (Fig. 1, c, d). The microstructure of these samples looks like as the 

incompletely recrystallized structure. This may indicate that the 

quenching point of these alloys should be at a higher temperature. In-
creased oxidation of hafnium during quenching from temperatures 

>1500°C can lead to a significant oxidation of the samples, what makes 

the further investigation process difficult. 
 The phase composition of the studied samples in the state after 

quenching was determined by X-ray diffraction. It was found that in 

the Hf85Nb15, Hf80Nb20 and Hf50Nb50 alloys (Fig. 2, а, c and d) there are 

bcc reflections of the β-phase of the niobium solid solution in hafnium. 

Also in inclusions of h.c.p. α-phase of hafnium were found in investi-
gated samples. The presence of b.c.c. β-phase reflexes pointed out that 

in the alloys the start point of direct MT can be below room tempera-

 

Fig. 1. Microstructure of quenched from 1500°С alloys: Hf50Nb50 (а), Hf75Nb25 

(b), Hf80Nb20 (c), Hf85Nb15 (d). 
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ture. 
 Meanwhile, the phase composition of the Hf75Nb25 alloy has certain 

differences, since in addition to the β phase, the presence of an uniden-
tified phase was revealed. The general form of the X-ray diffraction 

pattern is typical for structures with syngonies of the middle and lower 

categories (Fig. 2, b). Therefore, it can be assumed that this phase rep-
resents the martensitic type of the structure. According to [17, 18] 

Hf50Nb50 alloy has a b.c.c. lattice at room temperature. 
 In order to detect the shape memory effect in quenched samples of 

Hf–Nb alloys, thermomechanical tests were carried out according to 

the three-point bending scheme with continuous heating and cooling. 

Martensitic transformation and incomplete shape recovery, which was 

∼95%, were found only in the Hf75Nb25 alloy (Fig. 3). The characteris-
tic temperatures of martensitic transformations correspond to the fol-

 

Fig. 2. X-ray diffraction patterns of alloys Hf50Nb50 (а), Hf75Nb25 (b), Hf80Nb20 

(c), Hf85Nb15 (d) (quenching: T = 1500°C; τ = 1 min). 
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lowing values: direct MS = 220°C, MF = 70°C, and reverse AS = 140°C, 

AF = 280°C. 
 The fact of detection of MT in one of Hf–Nb alloys and genetically 

associated with it the shape memory effect, taking into account the MT 

in previously studied Ti–Nb and Zr–Nb systems [10] and [12], may in-
dicate the presence of a consistent pattern of the effect between the al-
lotropism of IV group metal elements (Ti, Zr, Hf) to the martensitic 

transition in alloys with an element of V group (Nb). 

4. CONCLUSION 

Presence of a martensitic-type phase transition is observed, for the 

first time, in the quenched Hf75Nb25 alloy. It was found that MT ac-
companied by the shape memory effect. Selected concentration range 

of studied alloys of Hf–Nb system gave general understanding of pro-

 

Continuation of Fig. 2. 
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cesses and behaviour of this promising system. That is why further re-
search with reducing the range of the Nb content has scientific poten-
tial. In addition, in order to obtain a functional alloy with a high-
temperature shape memory effect based on this system, it is necessary 

to continue the search for alloying components that could increase the 

MT temperatures. 
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