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ABSTRACT 

 

Hydrogen storage in metal hydrides has been extensively studied due to their capacity to 

reversibly absorb hydrogen under relatively low pressures. Multicomponent alloys, especially 

those of the Ti-V-Nb-Cr system, have garnered significant attention because of the possibility of 

fine tuning the hydrogen storage properties by compositional control. However, most of the 

investigations on multicomponent alloys rely on high-purity elements as feedstock material, which 

can have a substantial environmental impact due to the energy-intensive processes required to 

achieve such purity levels. In this work, we propose an alternative approach by utilizing Ti6Al4V 

alloy (ASTM F136) scraps from the biomedical industry as feedstock material to produce 

Ti18Nb23V24Cr33Al2. The alloy was synthesized using an arc-melting process, combining Ti6Al4V 

scraps with other pure elements. Structural analysis using X-ray diffraction (XRD) and Scanning 

Electron Microscopy (SEM) revealed the formation of a microstructure composed predominantly 

by a body-centered cubic (BCC) solid solution with a small micro segregation providing additional 

microstructural insights. The Ti18Nb23V24Cr33Al2 alloy exhibited a hydrogen storage capacity of 

2.75 wt.% H2 with room temperature reversibility, presenting hydrogen storage properties 

comparable to the (TiVNb)65Cr35 alloy produced only from high-purity elements.  

Keywords: hydrogen storage, metal hydride, bcc alloy, multicomponent alloy, Ti6Al4V alloy 

scraps.  

Synopsis 

This study presents a sustainable approach to producing Ti18Nb23V24Cr33Al2 alloy from Ti6Al4V 

machine chips, achieving efficient hydrogen storage with reduced environmental impact. 
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Introduction 

 

Fossil fuels have been a highly efficient energy source since the Industrial Revolution. 

However, in the 21st century, it has become clear that relying on them is unsustainable due to 

their harmful emissions and contribution to climate change gases (1). Hydrogen stands out as a 

sustainable alternative to store energy derived from clean and renewable sources, offering high 

energy content per unit of mass (2). Despite its potential, challenges such as safe storage and 

transportation hinder the expansion of the hydrogen economy. Efficient storage is vital to harness 

hydrogen's energy wherever and whenever needed. Hydrogen naturally has low volumetric and 

high gravimetric energy density (3). The main hydrogen storage methods include compressed 

gas, liquefied hydrogen, cryo-compressed, physical adsorption, complex hydrides, liquid organic 

hydrides, and metal hydrides (4). Notably, metal hydrides can achieve a volumetric density 

several times greater than compressed methods, storing large amounts of hydrogen in small 

spaces.  

Recent studies have focused on multicomponent alloys due to their extensive 

compositional range, which allows the tuning of the hydrogen storage properties by composition 

control (5–13, 33-36). In 2019, Nygård et al. (13) investigated the TiVNbM (M = Cr, Zr, Mo, Hf, 

Ta) systems focusing on the relationship between valence-electron concentration (VEC) and the 

stability of high-entropy or multicomponent hydride alloys. The alloys synthesized via arc melting 

exhibited single body-centered cubic (BCC) phases and formed face-centered cubic (FCC) 

hydrides when the VEC was ≤ 5. Specifically, the TiVNbCr alloy with VEC = 5 was identified as a 

promising material for hydrogen storage because it presented a reversible hydrogen capacity of 

1.96 wt.% at room temperature (RT) with absorption at 23 bar and desorption under dynamic 

vacuum, without requiring any activation procedure. Silva et al. (10) studied the (TiVNb)85Cr15 

multicomponent produced by using arc melting, which also exhibits a single BCC phase structure 

in the as-cast condition. This alloy rapidly absorbs hydrogen under 20 bar of H2 at RT by first 

forming a BCC monohydride (0.83 H/M and 1.33 wt% of H2) and secondly forming an FCC hydride 

with 1.6 H/M and 2.54 wt.% of H2. However, hydrogen capacity decreased during cycling due to 

the incomplete transformation from the BCC monohydride to the FCC dihydride. 

Strozi et al. (8) investigated the (TiVNb)100-xCrx alloys with x = 15, 25, and 35 at. % Cr. 

These alloys were synthesized via arc melting and, as anticipated from thermodynamic 

calculations using the CALPHAD method, solidified as a major BCC solid solution. Under 20 bar 

of pressure, these alloys absorbed approximately 3 wt.% of hydrogen (~2 H/M) in the first 

absorption at RT without requiring activation procedure. The study concluded that Cr can 

effectively increase the equilibrium pressure without reducing the hydrogen capacity. Strozi et al. 

(14) continued their investigation into this system, focusing on (TiVNb)100-xCrx alloys (x = 30, 35, 

and 40). They employed the CALPHAD method for thermodynamic analysis and synthesized the 

alloys via arc melting. The alloys contain 30 %at. and 35 %at. Cr exhibited a stable BCC phase. 

In contrast, the (TiVNb)60Cr40 multicomponent alloy formed a major C15 Laves-type phase. The 

BCC phase alloys absorbed a substantial amount of hydrogen, forming FCC hydrides, whereas 
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the C15 alloy absorbed only 0.95 wt.%, with the lower capacity attributed to this phase. It was 

reported that increasing the Cr content beyond 35 at.% leads to the formation of a high fraction 

of the C15-type Laves phase, significantly reducing hydrogen storage capacity. In contrast, 

maintaining the Cr content at up to 35 at.% allows room-temperature absorption/desorption 

reversibility, reaching, approximately, 1 H/M of reversible capacity. 

So far, most of the studies on multicomponent alloys for hydrogen storage, including 

those of the Ti-V-Nb-Cr system, employ the arc-melting process as production route using high-

purity metals as feedstock material to achieve the alloy composition (14–19). There are different 

mandatory processes to achieve a high-purity metal, such as ore mining and concentration, 

smelting or separation, and refining (20). Over the stages, the metal concentration increases in 

the final product and by-products are separated. Refining a metal requires a huge amount of 

energy and precisely controlled melting stages are often necessary. These processes typically 

require heat and electricity, relying on fossil fuels (21).  

For instance, one of the primary methods for producing titanium sponges, one of the main 

elements used in multicomponent alloys for hydrogen storage, is the Kroll process. Gao et al. (22) 

investigated titanium sponge production's environmental and energy impacts via the Kroll process 

in China, one of the world's largest producers. Their findings revealed that the process consumes 

approximately 423 GJ per ton of titanium sponge produced (22), which is approximately 18 times 

more than the energy consumed to produce one ton of steel and iron (23), demonstrating that 

primary Ti production is very energy intensive. According to Zeng (24), recycling strategic metals 

significantly contributes to conserving materials and energy. However, the rising demand for 

metals, driven by population growth and improved living standards, has increased recycling costs, 

undermining its contribution to sustainability. Therefore, reusing material waste from various 

processes is a viable option that offers significant environmental benefits, mainly when it replaces 

energy intensive metals such as primary Ti.   

Some authors have already explored different strategies to use scrap materials to 

produce hydrogen storage alloys, such as Mg- and TiFe-based materials. These studies have 

demonstrated promising hydrogen storage properties and a potential contribution to reducing 

material costs (30-32). Following the same strategy and aiming at enhancing environmental 

sustainability in the production route of multicomponent alloys for hydrogen storage, this work 

investigates the hydrogen storage properties of the (TiVNb)65Cr35-based alloy produced using 

Ti6Al4V alloy (ASTM F136) scraps from the biomedical industry as feedstock material. Biomedical 

devices such as screws and prostheses are typically manufactured by machining Ti6Al4V ingots 

or bars. In these cases, approximately 50 % in weight or more of machining chips can be produced 

as a by-product of the machining process, which are usually discarded or downcycled to less 

noble applications. In this work, the Ti18Nb23V24Cr33Al2 was produced by arc-melting using Ti6Al4V 

machining chips as feedstock material. This composition was based on the (TiVNb)65Cr35 alloy 

reported by Strozi et al. (14) due to its room-temperature hydrogen absorption/desorption 

reversibility. However, because of the presence of Al and V in the Ti6Al4V alloy, the final alloy 

composition includes 2 at. % of Al, accompanied by a reduction in the Ti content. The alloy 
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microstructure and hydrogen storage properties were compared with those presented by the 

pristine (TiVNb)65Cr35 alloy produced only from high-purity elements as reported by Strozi et al. 

(14). 

Materials and methods 

The Ti18Nb23V24Cr33Al2 alloy was produced using Ti6Al4V alloy scraps (machining chips) 

provided by a Brazilian biomedical company. To remove the remaining oil-based machining 

lubricant fluid from the machining chips, a cleaning procedure using water and detergent in an 

ultrasound cleaner was carried out. The machining chips were immersed in water and detergent 

and left in the ultrasonic bath for about 15 minutes. This process was repeated with fresh water 

and detergent a few times until the surfaces appeared visually clean. 

High-purity (>99.5%) chromium, niobium, and vanadium were used as feedstock material 

to achieve the desired chemical composition.  

The feedstock materials were melted using an arc-melting Edmund Bühler Mini Arc Melter 

MAM-1 under an argon atmosphere. Before melting the alloys, a titanium getter was melted to 

reduce the oxygen concentration in the melting chamber. The alloy was remelted seven times to 

ensure chemical homogeneity in the bulk and was used as-cast without further annealing at high 

temperature.  

Structural characterization of the Til6Al4V machining chips as well as the 

Ti18Nb23V24Cr33Al2 alloy was conducted using X-ray diffraction (XRD) using a Bruker D8 Advance 

Eco diffractometer with Kα-Cu radiation. The XRD data was treated by Rietveld refinement using 

the GSAS II software (25). Additionally, scanning electron microscopy (SEM) using TESCAN 

MIRA FEG microscope was employed to analyze both the machining chips and the 

Ti18Nb23V24Cr33Al2 alloy. Chemical microanalysis was carried out via energy-dispersive X-ray 

spectroscopy (EDS) using a Bruker Nano XFlash 6|30 EDS detector coupled to the SEM. For 

SEM analyses, part of the as-cast ingot of the Ti18Nb23V24Cr33Al2 alloy was embedded in resin and 

subjected to grinding with sandpaper of varying granulometry, transitioning to a finer grit once the 

surface was uniformly oriented in a single direction. Upon reaching the finest grit (#1200), the 

sample was polished using 1 micron alumina suspension. The sample was cleaned with isopropyl 

alcohol, dried, and attached to an aluminum stub. To ensure proper electric contact, silver paint 

was applied between the sample and the stub.  

The oxygen and nitrogen contents in the Ti6Al4V scraps were determined by infrared 

absorption and thermal conductivity detection using the LECO ONH-836 analyzer.  

The hydrogen storage properties of the Ti18Nb23V24Cr33Al2 were evaluated by volumetric 

techniques in a custom-built Sievert-type apparatus. The absorption kinetics were measured with 

and without the activation procedure. The activation procedure consisted of heating the sample 

from room temperature up to 400°C, maintaining it at 400°C under dynamic vacuum for 12 hours, 

and cooling it down to room temperature.   

Absorption and desorption Pressure-Composition-Isotherms (PCIs) measurements at 25, 

45, 60, and 75°C were conducted on activated samples after one complete absorption/desorption 

cycle. 

https://www.iot.rwth-aachen.de/cms/iot/das-institut/apparative-ausstattung/produktionsanlagen/loettechnologie/~gihki/edmund-buehler-mini-arc-melter-mam-1/?lidx=1
https://www.iot.rwth-aachen.de/cms/iot/das-institut/apparative-ausstattung/produktionsanlagen/loettechnologie/~gihki/edmund-buehler-mini-arc-melter-mam-1/?lidx=1
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Absorption/desorption cycling measurements were carried out at room temperature 

(25°C) by applying 75 bar of H2 pressure for absorption and desorption under a dynamic vacuum 

for 30 minutes.   

Results and discussion 

Structural characterization of the Ti scraps 

Figure 1 (a) presents a picture of the Ti6Al4V alloy machining chips used as feedstock 

material in this work after the cleaning procedure. The size of the chips varies from very small 

pieces, smaller than 2 mm up to 10 mm-long curly segments as indicated by the red arrow. Figure 

1 (b) shows a secondary electron (SE) SEM image illustrating the morphology of the machining 

chips, which have a rough surface on one side and a smooth surface on the other. Figure 1 (c) 

shows the machining chips' XRD pattern, indicating that only hexagonal closed-packed (HCP) α-

Ti is present. Although the Ti-6Al-4V is typically employed with an α+β microstructure, the 

machining chips were subjected to severe deformation and thermal cycle processes during 

cutting, which might alter their microstructure. 

Table 1 presents the chemical composition of the Ti6Al4V alloy machining chips. A difference 

can be observed between the ASTM F136 standard composition (26) and the actual composition 

of the scraps. The Al and V content of the scraps is relatively lower when compared to minimum 

content allowed by the ASTM 136 standard. In addition, a higher Fe content if compared with the 

maximum content allowed is present. The Fe contamination is likely coming from the machining 

tools. One can observe that the oxygen content is just slightly above the maximum content 

allowed by the ASTM F136. The increase of O content is probably related to the surface oxidation 

of the machining chips during process.  The N content is below the maximum content determined 

by the ASTM F136 standard. C and H contents were not possible to be measured.  
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Figure 1: (a) Picture of the Ti6Al4V alloy machining chips used as feedstock material. (b) SE-

SEM image and (c) XRD pattern and its respective Rietveld refinement results of the Ti6Al4V 

alloy machining chips. The lattice parameters of Ti hexagonal structure are a = 2.930(8) Å and c 

= 4.671(6) Å. Additionally, an unindexed peak at 56°, attributed to an artefact from XRD 

apparatus, is observed. 
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Table 1: Chemical composition of the Ti6Al4V alloy scraps. Ti, Al, V, and Fe contents were 

measured by EDS, O, and N using a LECO ONH-836 analyzer. 

Elements 
Ti6Al4V scraps F136 Standard (26) 

%wt. - EDS %wt. 

Ti 90.3 ± 0.5 90.75-88.75 

Al 5.7 ± 0.2 5.5-6.5 

V 2.2 ± 0.2 3.5-4.5 

Fe 1.8 ± 0.5 0.25 max. 

 % wt. - LECO  

O 0.156 0.13 max 

N 0.00256 0.05 max 

C - 0.08 max 

H - 0.12 max 

 

Structural characterization of the as-cast Ti18Nb23V24Cr33Al2 alloy 

Figure 2 presents XRD pattern with the respective Rietveld refinement results for the as-cast 

Ti18Nb23V24Cr33Al2 alloy produced using the Ti6Al4V alloy machining chips as feedstock material. 

The alloy presents a major BCC phase with a lattice parameter of aBCC = 3.099(3) Å. In addition, 

the alloy presents a small fraction (2.3 wt.%) of a C15-type Laves phase with a lattice parameter 

of aC15 = 7.044(9) Å. These results are very similar to the results reported by Strozi et al. (14) for 

the (TiVNb)65Cr35 alloy produced using only high-purity elements as feedstock material.  

 

Figure 2: XRD pattern and its respective Rietveld refinement results of the as-cast 

Ti18Nb23V24Cr33Al2 alloy produced using the Ti6Al4V alloy machining chips as feedstock material.  

aBCC = 3.099(3) Å and aC15 = 7.045(9) Å.  
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Figure 3 presents backscattered electron (BSE) SEM images revealing that the as-cast 

Ti18Nb23V24Cr33Al2 alloy exhibits a dendritic microstructure (brighter region), as shown in Figure 

3(a), and a small fraction of a secondary phase at the interdendritic and grain boundary regions 

(darker region), as seen in Figure 3(b). The dendritic phase is the BCC solid solution, while the 

secondary phase at the interdendritic and grain boundary regions corresponds to the C15-type 

Laves phase. As shown in the EDS map presented in Figure 4, the BCC phase of the dendritic 

regions is enriched with Nb and V. In contrast, the C15-type Laves phase is richer in Ti and Cr, 

associated with the TiCr2 C15-type Laves phase. Table 2 shows the chemical composition of the 

as-cast Ti18Nb23V24Cr33Al2 alloy. One can see that the overall chemical composition is very close 

to the nominal one. The chemical composition of the dendritic and interdendritic regions can also 

be observed in Table 2, confirmed that the interdendritic regions are slightly richer in Ti and Cr, 

while the dendritic region is richer in Nb and V. These results indicate the presence of a small 

chemical composition gradient from the dendritic to the interdendritic region. EDS mapping and 

quantitative EDS analyses indicate that the Al content is relatively well distributed in both dendritic 

and interdendritic regions.  

Figure 3: BSE-SEM images of the as-cast Ti18Nb23V24Cr33Al2 alloy produced with Ti6Al4V alloy 

scraps as feedstock material. (a) Dendritic microstructure; (b) Grain boundary decorated with a 

secondary phase (C15-type Laves phase).  
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Figure 4: EDS maps of the as-cast Ti18Nb23V24Cr33Al2 alloy produced with Ti6Al4V alloy scraps 

as feedstock material. 
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Table 2: Chemical composition measured by EDS of the as-cast Ti18Nb23V24Cr33Al2 alloy 

produced with Ti 6Al4V alloy scraps as feedstock material. 

Elements 
Overall 

(at. %) 

Dendrites  

(at. %) 

Interdentrites 

regions (at. %) 

Ti 18.4 ± 0.1 16.7 ± 0.2 20.3 ± 0.7 

Nb 22.7 ± 0.3 24.6 ± 0.1 21.1 ± 0.4 

Cr 32.9 ± 0.1 30.8 ± 0.1 34.9 ± 0.4 

V 23.8 ± 0.1 26.0 ± 0.1  21.7 ± 0.7  

Al 2.2 ± 0.5 1.8 ± 0.1 2.0 ± 0.1 

 

Hydrogen storage properties of the as-cast Ti18Nb23V24Cr33Al2 alloy  

Figure 5 presents the results of room-temperature hydrogen absorption kinetics for the 

as-cast Ti18Nb23V24Cr33Al2 alloy without and with the activation procedure. The Ti18Nb23V24Cr33Al2 

alloy can absorb hydrogen at room temperature without any activation procedure. The kinetic 

curve under 75 bar presents an incubation time of approximately seven minutes, followed by a 

relatively fast H absorption, reaching 1.8 %wt. of H in 15 minutes. The thermal activation 

procedure (400°C under dynamic vacuum for 12 hours) increases the H absorption kinetics of the 

alloy, eliminating the incubation period and reaching the maximum capacity of approximately 2.7 

%wt. of H in less than three minutes. This maximum hydrogen storage capacity is very close to 

the one observed for the (TiVNb)65Cr35 produced using high purity elements reported in (14).  

 

 

Figure 5: Room-temperature H absorption kinetic curves for the as-cast Ti18Nb23V24Cr33Al2 alloy 

without and with activation treatment. Absorption pressure of 75 bar. 
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Figure 6 presents the Rietveld refinement analysis of the Ti18Nb23V24Cr33Al2 alloy after H 

absorption, showing that an FCC hydride (CaF2-type structure) was formed. The lattice parameter 

of the FCC hydride was aFCC = 4.331(5) Å, which is also very close to the observed for the 

(TiVNb)65Cr35 produced using high-purity elements (14). In addition to the FCC hydride, an 

important fraction of an intermediate BCC hydride with lattice parameter of aBCC= 3.201(1) Å could 

also be detected. It is well known that most of the BCC alloys absorb hydrogen in a multi-step 

process. First, the BCC absorbs hydrogen by interstitial solid solution. Then, a BCC (or BCT) 

intermediate hydride with H/M ranging from 0.5 H/M to 1.0 H/M is formed. Finally, an FCC hydride 

with ~2 H/M is formed (19). The detection of the intermediate BCC hydride in the XRD after the 

sample's removal from the hydrogen reactor suggests that the FCC hydride is relatively unstable. 

It may spontaneously desorb part of its hydrogen under ambient conditions, as noted by Strozi et 

al. (14). 

 

Figure 6: XRD pattern and corresponding Rietveld refinement results of the Ti18Nb23V24Cr33Al2 

alloy after hydrogen absorption, showing phase fractions of approximately 81.9 wt.% FCC, 15.8 

wt.% BCC, and 2.3 wt.% C15. 

Figure 7 (a) presents the Pressure-Composition-Isotherms (PCIs) curves measured 

under absorption and desorption for the Ti18Nb23V24Cr33Al2 alloy at 75 °C, 60 °C, 45 °C, and 25 

°C. Regardless of the temperature, one can see that the intermediate BCC hydride is formed at 

low pressures, with equilibrium plateau pressures below 10-1 bar, absorbing approximately 0.8 

%wt. of H. The PCI curves present plateau pressures where the intermediate BCC hydride is in 

equilibrium with the FCC hydride. The plateau pressures are relatively sloped, which is common 

for as-cast BCC alloys with some chemical composition gradient (as observed in Figure 4 and 

Table 2) (27). At 25°C, the absorption plateau pressure is about 8 to 11 bar, while the desorption 

plateau is around 2 bar. The desorption plateau above 1 bar at 25 ºC confirms that the FCC 

hydride is indeed unstable under near-ambient conditions as reported by Strozi et al. (8), 

explaining the partial desorption when the alloy is exposed to ambient pressure and the presence 
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of the intermediate BCC hydride observed in the XRD pattern of Figure 6. One can also observe 

in Figure 7 (a) that as the temperature rises, the maximum hydrogen uptake measured in the PCI 

decreases. As the temperature rises, the equilibrium plateau pressure also increases. As the alloy 

presents slopped plateau pressures, the plateau is not completed at higher temperatures when 

100 bar is applied, which is the maximum achievable pressure in the employed Sieverts 

apparatus. However, if a higher pressure was applied, maybe the same capacity observed at 25 

ºC could be measured. The same behavior was reported for similar alloys in (8, 14).  

Figure 7 (b) shows the Van’t Hoff plot for the absorption and desorption plateau pressures 

versus the reciprocal temperature for the Ti18Nb23V24Cr33Al2 alloy which were linearized to obtain 

both the plateau enthalpy and plateau entropy using the well-known Van’t Hoff equation. Table 3 

presents the comparison between the plateau enthalpies and entropies for the Ti18Nb23V24Cr33Al2 

alloy produced from Ti6Al4V scraps and the (TiVNb)65Cr35 alloy produced from high purity 

elements reported in (14). The plateau enthalpies for absorption/desorption are -32.5/+36.9 

kJ/mol of H2 and -39.0/+44.0 kJ/mol of H2 for the Ti18Nb23V24Cr33Al2 and (TiVNb)65Cr35 alloys, 

respectively. The lower absolute values for the plateau enthalpies confirm the lower stability of 

the FCC hydride of the Ti18Nb23V24Cr33Al2 alloy compared with the (TiVNb)65Cr35 alloy. Such lower 

stability can be explained by the small Al content in the former alloy, which has been reported as 

a strong hydride destabilizer (24), and by its lower Ti content, which is a strong hydride stabilizer 

as reported in (28). In terms of plateau entropies, both alloys present similar values around -130 

J/K. mol of H2. 

The lower stability of the FCC hydride for the Ti18Nb23V24Cr33Al2 alloy can favor room-

temperature absorption/desorption reversibility. Figure 8 presents the maximum H uptake for the 

Ti18Nb23V24Cr33Al2 alloy during 20 absorption/cycles. The absorption measurements were carried 

out at room temperature and 75 bar of initial pressure. The desorption cycles were also carried 

out at room temperature by subjecting the sample to a dynamic vacuum for 15 minutes. In the 

first absorption cycle, a maximum H uptake of 2.7 wt.% of H was observed. In the second cycle, 

the maximum H uptake was 2.0 wt.% of H because the intermediate BCC hydride cannot be 

desorbed at room temperature even under dynamic vacuum. Over cycling, only a small reduction 

of the maximum H uptake is observed. It is worth noting that the absorption/desorption capacity 

does not decrease smoothly from the second to the 20th cycle due to small variation of the 

reservoir and sample holder temperature during the room-temperature cycling test.  The cycling 

stability of the Ti18Nb23V24Cr33Al2 produced from Ti6Al4V scraps is comparable to the 

(TiVNb)65Cr35 alloy produced from high-purity elements (14) as can be seen in Figure 8. It is worth 

mentioning that the absorption measurement for the (TiVNb)65Cr35 alloy was carried out at 15 bar 

and, therefore, these results cannot be straightforwardly compared to each other.  
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Table 3: Plateau enthalpies and entropies for the Ti18Nb23V24Cr33Al2 alloy produced from Ti6Al4V 

scraps and the (TiVNb)65Cr35 alloy produced from high purity elements reported in (14) . 

Alloy 
∆Habs 

(kJ/mol of H2) 

∆Hdes 

(kJ/mol of H2) 

∆Sabs 

(J/mol of H2) 

∆Sdes 

(J/mol of H2) 

Ti18Nb23V24Cr33Al2 

 
-32.5 ± 2.7 36.9 ± 5.3 -127.8 ± 8  127.8 ± 16 

(TiVNb)65Cr35 (14) -39.0 44.0 -134.0 137.0 

 

 

Figure 7: (a) Pressure-Composition-Isotherm (PCI) curves with filled circles representing 

absorption and empty circles representing desorption, respectively, and (b) Van’t Hoff plot of the 
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absorption (filled circles) and desorption (empty circles) plateau pressures versus the reciprocal 

temperature for the Ti18Nb23V24Cr33Al2 alloy produced with Ti6Al4V alloy scraps as feedstock 

material.  

 

Figure 8: Comparison between the maximum H uptake during room-temperature 

absorption/desorption cycling for the Ti18Nb23V24Cr33Al2 alloy produced from Ti6Al4V scraps and 

the (TiVNb)65Cr35 alloy produced from high purity elements reported in (14). Absorption pressure 

for the Ti18Nb23V24Cr33Al2 alloy: 75 bar. Absorption pressure for the (TiVNb)65Cr35 alloy: 15 bar.  

Desorption at room temperature under dynamic vacuum for 15 minutes.  

Considering that minimal effort was required to prepare the Ti6Al4V scraps used to produce 

the alloy, simply reusing these materials as feedstock material for a noble application such as a 

hydrogen storage media — repurposing them effectively — represents a significant contribution 

to sustainability. The hydrogen storage properties of the alloy synthesized from Ti6Al4V scraps 

as feedstock are highly promising, achieving a maximum capacity of 2.7 wt.% at room 

temperature, with hydrogen properties comparable to the (TiVNb)65Cr35 alloy produced from high-

purity elements and others BCC multicomponent alloys that have been investigated for hydrogen 

storage applications [8,14,17,28,29]. Moreover, the incorporation of Al in the alloy composition 

decreased the stability of the FCC hydride formed, favoring the absorption/desorption reversibility 

at room temperature. The results suggest that repurposing Ti6Al4V scraps as feedstock for 

producing multicomponent alloys represents a promising first step toward utilizing recyclable 

materials in hydrogen storage applications. 
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4 Conclusion 

 This study aimed to replace high-purity Ti by Ti6Al4V scraps in producing the 

(TiVNb)65Cr35 alloy for hydrogen storage applications. The primary goal was to compare the 

microstructure and hydrogen storage properties of two alloys: the (TiVNb)65Cr35 alloy produced 

by Strozi et al. (18) using high-purity Ti and the Ti18Nb23V24Cr33Al2 alloy produced using Ti6Al4V 

scrap as feedstock material. The findings revealed that both alloys shared the same primary 

phases, predominantly BCC, indicating that using Ti6Al4V scraps did not alter the phase structure 

compared to the alloy based on pure Ti. The equilibrium pressure was higher because of the Al 

presence and the decreased Ti content and the Ti18Nb23V24Cr33Al2 alloy exhibited promising 

hydrogen storage properties, with a capacity of 2.7 wt.% at room temperature. The reduced 

stability of the FCC hydride in the Ti18Nb23V24Cr33Al2 alloy, compared to the (TiVNb)65Cr35 alloy 

(14), is reflected in its lower absolute plateau enthalpy values. This behavior is primarily attributed 

to the reduced titanium content, a key stabilizer of hydrides, and the presence of 2 at. % 

aluminum, which acts as a potent destabilizer resulting in improving the equilibrium pressure. The 

recycled alloy demonstrated improved stability over the high-pure elements alloy (14), suggesting 

enhanced durability. Therefore, these results highlight the potential of using recycled Ti for 

sustainable hydrogen storage materials without compromising performance. 
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