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A B S T R A C T   

Ulba Metallurgical Plant JSC has been leading several research and development programs aimed at producing 
beryllides for both structural and fusion applications. The main focus has been on the development of tantalum 
beryllide as a high-temperature material, and chromium and titanium beryllides as neutron multipliers for EU 
DEMO. Utilizing vacuum hot pressing, billets of tantalum, chromium, and titanium beryllides were successfully 
produced, with their key properties such as density, phase composition, and microstructure extensively analyzed. 
These results show promising potential for expanding the use of beryllides and developing new compositions, 
highlighting the continued importance of research in this area.   

Introduction 

Beryllides represent a unique class of materials with an intriguing 
combination of properties, yet they remain one of the least studied 
groups of materials [1,2]. This can be attributed in part to the scarcity of 
beryllium worldwide, and the specialized conditions required to handle 
this element. Consequently, only a limited number of companies in the 
world are capable of manufacturing intermetallic compounds of beryl-
lium, known as beryllides. The majority of research on the development 
and characterization of beryllides was conducted by Brush Beryllium Co. 
between the 1960s and 1980s, which is now known as Materion Corp. In 
the 2000s, the Ulba Metallurgical Plant JSC (UMP JSC) collaborated 
with Japan to develop beryllides, and several large ingots were suc-
cessfully manufactured through zone melting. Renewed interest in 
beryllides emerged in the aerospace industry in the 2010s, due to their 
exceptional properties including high melting point, low density, high 
corrosion resistance, and high thermal conductivity. In the 2020s, UMP 
JSC partnered with the Karlsruhe Institute of Technology (KIT), Ger-
many, to produce a series of beryllide blocks for fusion applications [3]. 
The successful production of these blocks led to the replacement of 
beryllium pebbles with solid beryllide blocks in the helium-cooled 
pebble bed (HCPB) blanket design of the European DEMO fusion 
reactor [4]. 

This article provides an overview of the research and development of 
intermetallic compounds of beryllium with tantalum (Ta2Be17), chro-
mium (CrBe12), and titanium (TiBe12) at UMP JSC. These beryllides 
exhibit promising potential for application in various industries such as 
nuclear and fusion power engineering, aerospace, and instrumentation. 
However, despite their potential, the process of obtaining billets and 
articles from beryllides has not yet advanced to the stage of stable in-
dustrial production. 

Materials and experimental techniques 

Pure beryllium, tantalum, titanium, and chromium powders were 
utilized as the starting materials for synthesizing the corresponding 
beryllides. The initial powder mixtures were prepared in stoichiometric 
proportions with a slight excess of beryllium. The resulting beryllides 
were then ground into powders and processed using vacuum hot 
pressing (VHP) technology, which has been developed and optimized by 
UMP JSC. The VHP process is conducted in graphite molds at a tem-
perature range of 0.7–0.8 times the melting temperature of the corre-
sponding beryllide. Further specific details of the VHP process are 
proprietary and cannot be disclosed. 

Following VHP, the surface of the beryllides was cut using electrical 
discharge machining (EDM). The phase composition of the synthesized 
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beryllides was determined using X-ray diffractometry. The microstruc-
ture of the densified material was evaluated using optical metallography 
with polarized light, as well as scanning electron microscopy. Energy- 
dispersive spectroscopy (EDS) was performed to determine the chemi-
cal composition of particles in chromium and titanium beryllides. EDS 
maps were generated for oxygen, nitrogen, and the respective metal 
(chromium or titanium). The beryllium content in the material could not 
be determined using EDS due to the absorption of its characteristic ra-
diation by the material itself. 

Results and discussion 

Development of technology for obtaining billets and products from 
tantalum beryllide Ta2Be17 

Tantalum beryllide Ta2Be17 is highly regarded as a high-temperature 
material due to its exceptional creep and corrosion resistance, as well as 
its high melting point of 1980 ◦C [2,5,6]. This material was extensively 
studied in the 1960s–1980s as a potential material for reentry and hy-
personic transportation [5,6]. In light of renewed interest in high- 
temperature beryllides, UMP JSC embarked on the development of a 
manufacturing process for Ta2Be17 products. 

However, the high melting temperature of this material posed a 
challenge in obtaining defect-free, solid, single-phase billets with high 
density close to the theoretical density (TD) of 5.05 g/cm3 [2,7]. R&D 
efforts included the optimization of initial powder synthesis parameters 
for beryllium and tantalum, as well as the exploration of various tech-
nological methods and modes for billet manufacturing. Both sintering 
and vacuum hot pressing were utilized, requiring temperatures above 
1300 ◦C to achieve minimal porosity in the billets. 

After several attempts, the billets with a diameter of Ø90 mm and a 
height of up to 90 mm were successfully manufactured. The resulting 
billets attained a maximum density of 4.85 g/cm3, or 96% of TD. Fig. 1 
showcases some of the final products machined from these billets, 
including test prototypes for the aerospace industry. For example, hol-
low cones with various diameters and wall thicknesses can serve as nose 
cones for new hypersonic vehicles. 

Fig. 2 shows the results of the X-ray diffraction (XRD) analysis per-
formed on a tantalum beryllide sample. The XRD pattern revealed that 
the material is predominantly composed of the desired Ta2Be17 phase, 
but small peaks of the lower beryllide TaBe3 were also detected. Based 
on quantitative analysis of peak heights, the volume fraction of TaBe3 
was estimated to be 5–7%. The microstructural analysis of tantalum 
beryllide has revealed the presence of polygonal grains with an average 
size of approximately 25 µm, as depicted in Fig. 3. Notably, the grain        

Fig. 1. Appearance of tantalum beryllide Ta2Be17 products: a) cone of Ø25 mm × 50 mm; b) hollow cone of Ø27–37 mm with a wall thickness of 3 mm; c) hollow 
cone of Ø35–45 mm with a wall thickness of 5 mm. 

Fig. 2. X-ray diffraction pattern of a Ta2Be17 sample. Below the diffraction 
pattern are the peaks for Ta2Be17 and TaBe3 used for the analysis. 

Fig. 3. Microstructure of Ta2Be17 produced by VHP. Optical microscopy in 
polarized light. 
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boundaries and triple junctions exhibit the occurrence of pores and 
beryllium oxide particles, which is a common feature observed in ma-
terials based on beryllium that are produced via the powder metallurgy 
route, as per previous research [2,8–10]. Since pores and particles 
cannot be distinguished, their combined volume fraction was deter-
mined to be about 4%. The optical metallography images did not allow 
to distinguish the grains of phases Ta2Be17 and TaBe3. However, the 
characterization of tantalum beryllide samples is still ongoing, and 
further investigations are necessary to enhance the resulting blanks’ size 
and density. Hence, additional research and development efforts are 
required to improve the material’s properties for potential high- 
temperature applications. 

Production of billets and blocks from chromium beryllide CrBe12 

Chromium beryllide CrBe12 is a lesser studied material among ber-
yllides, primarily due to its relatively low melting point of 1337 ◦C 
[2,11]. However, this material shows promise as a high tritium breeding 
ratio material in the blanket of future fusion reactor EU DEMO [12]. In 
cooperation with KIT, UMP JSC undertook the development of chro-
mium beryllides for use as solid neutron multiplier materials. The 
objective was to manufacture solid, complex shape blocks of CrBe12, as 
shown in Fig. 4, and evaluate its potential as an alternative to titanium 
beryllide (TiBe12) as a neutron multiplier for fusion technology, as well 
as its use as a neutron moderator and reflector in nuclear technology. 

The production of chromium beryllide encountered minimal diffi-
culties. Using VHP, several billets with dimensions of Ø90 mm × 90 mm 

Fig. 4. Drawing of a block of complex shape – a prototype neutron multiplier according to the alternative design of HCPB.  

Fig. 5. Manufacture of blocks from chromium beryllide CrBe12: (a) billet after vacuum hot pressing; (b) final full size neutron multiplier block after machining.  
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and a density of 2.42 g/cm3 (99.3% of TD, 2.44 g/cm3 [2,11]) were 
successfully produced, as illustrated in Fig. 5a. Subsequently, the com-
plex shape block of CrBe12, as shown in Fig. 5b, was manufactured in 
accordance with the drawing. To date, a total of 6 blocks of chromium 
beryllide have been successfully produced, out of which 2 are full-size 
while the remaining 4 have dimensions of approximately Ø50 mm ×
50 mm. 

Fig. 6 presents the results of XRD analysis performed on a sample of 
chromium beryllide cut from the final block of the neutron multiplier. 
The XRD pattern confirms that the material has a structure corre-
sponding to the target binary beryllide CrBe12. No other phases, such as 
beryllium or beryllium oxide, were detected in an amount sufficient to 

be discernible by XRD analysis. Microstructural studies of the chromium 
beryllide revealed an average grain size of approximately 40 µm, as 
shown in Fig. 7. Similar to the observations made with tantalum ber-
yllide, the microstructure of chromium beryllide also displayed the 
presence of beryllium oxide particles and occasionally pores along the 
grain boundaries and at triple junctions. Their joint volume fraction is 
estimated as 2–4%. According to EDS analysis (Fig. 8), beryllium oxide 
particles can be distinguished by the absence of chromium and the 
presence of oxygen, as well as a small amount of nitrogen, whereas only 
the absence or low content of chromium is observed on the pores. 

Production of billets and articles from titanium beryllide TiBe12 

Titanium beryllide TiBe12 has been recognized as a high-temperature 
material due to its remarkably low density of 2.288 g/cm3 and high 
melting point of 1600 ◦C, making it a promising material for high- 
temperature applications since the 1960s and 1980s [2,5–7]. Recent 
interest in it was revived as a potential neutron multiplier material for 
fusion reactors [13–15], which offers a tritium breeding ratio of 1.08 for 
pebbles [12] and 1.20 for blocks [4]. In collaboration with KIT, the UMP 
JSC embarked on developing a method to produce solid hexagonal ti-
tanium beryllide blocks, as neutron multiplier blocks for the EU DEMO 
HCPB blanket, depicted in Fig. 9. A more detailed account of the 
collaboration is available in [3]. Eighteen billets of titanium beryllide 
were successfully fabricated, with dimensions up to Ø200 mm × 200 
mm, as illustrated in Fig. 10a. The density of the billets ranged from 2.17 
to 2.20 g/cm3 (97.3–98.7% of TD). The final hexagonal block with a 
central hole is displayed in Fig. 10b,c. It is worth noting that the suc-
cessful fabrication of titanium beryllide blocks with such a large size 
represents a significant milestone, as to the best of our knowledge, such 
blocks have not been produced before. Moreover, there is a strong po-
tential to further increase the block sizes by at least three-fold, which 
could pave the way for the development of larger-scale and more effi-
cient applications of this material in high-temperature and nuclear- 
related fields. 

X-ray diffraction analysis revealed the exclusive presence of the 
intended TiBe12 phase in the material (as depicted in Fig. 11). Due to 
their low volume fraction, beryllium and beryllium oxide present in the 
microstructure could not be detected using XRD. The grain size of tita-
nium beryllide was notably smaller, measuring approximately 8 μm (as 
demonstrated in Fig. 12). Along the grain boundaries, some porosity was 
observed, and particles of beryllium oxide and free beryllium phase 
were also occasionally found between and within the grains. The 
microstructure appears to contain a large number of particles, as it has 
been etched to make the grain boundaries more visible. EDS analysis 
(Fig. 13) revealed that the grain boundaries look lighter due to the 
presence of relief and pores. Beryllium oxide particles were found at the 
boundaries, particularly at triple junctions, and these particles some-
times exhibit also a higher concentration of nitrogen (Fig. 13c). 

As part of the thermal cycling program for titanium beryllide, one of 
the blocks was sectioned lengthwise and across to produce 12 fragments 
of varying heights: 100 mm, 50 mm, and 33 mm (as shown in Fig. 14). In 
the second stage of thermal cycling, the block dimensions were specified 
and 6 fragments were produced with 3 mm gaps between them, as 
shown in Fig. 15a. In addition, a solid hexagonal block with a diameter 
of 150 mm and a height of 40 mm was produced as a witness sample, as 
shown in Fig. 15b. A detailed description of the thermal cycling 

Fig. 6. X-ray diffraction pattern of the CrBe12 billet. Below the diffraction 
pattern are the peaks for CrBe12 and Be used for the analysis. 

Fig. 7. Microstructure of material from CrBe12 billet. SEM.  
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Fig. 8. (a) SEM microstructure and (b-d) corresponding EDS maps for a particle and pores in CrBe12: (b) chromium, (c) nitrogen, (d) oxygen.  

Fig. 9. Drawing of a hexagonal block – a prototype neutron multiplier for HCPB.  

Fig. 10. Manufacture of blocks from titanium beryllide TiBe12: (a) billet after vacuum hot pressing; (b,c) final hexagonal block with center hole after machining.  
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experiment will be provided in a separate publication. 
UMP JSC has expanded the scope of its titanium beryllide 

manufacturing to include test samples for the automotive and aerospace 
industries. Among the produced samples is a six-bladed impeller with a 
size of Ø50 mm × 75 mm, as shown in Fig. 16. These prototypes will 
undergo corrosion testing under various pressures in contact with water 

and water vapor to evaluate their suitability for use in harsh 
environments. 

Conclusion 

Recently, significant progress has been made in the development and 

Fig. 11. X-ray diffraction pattern of the TiBe12 billet. Below the diffraction pattern are the peaks for TiBe12 and Be used for the analysis.  

Fig. 12. Microstructure of TiBe12 billet. SEM of the etched surface.  
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Fig. 13. (a) SEM microstructure and (b-d) corresponding EDS maps for a particle and pores in TiBe12: (b) titanium, (c) nitrogen, (d) oxygen.  

Fig. 14. Hexagonal titanium beryllide TiBe12 block fragmented in longitudinal and transversal sections for thermal cycling.  

Fig. 15. (a) Updated design titanium beryllide TiBe12 block fragmented block in longitudinal section and (b) solid witness block manufactured from the same billet.  

R. Gaisin et al.                                                                                                                                                                                                                                  



Nuclear Materials and Energy 35 (2023) 101444

8

implementation of technologies for the production of tantalum, chro-
mium and titanium beryllides. The tantalum beryllide can be produced 
in sizes up to Ø90 mm × 90 mm, while the chromium and titanium 
beryllides can be manufactured up to Ø200 mm × 200 mm. The ob-
tained titanium and chromium beryllides demonstrate a single-phase 
structure of the target corresponding beryllides with minimal traces of 
beryllium and beryllium oxide. The density of the fabricated beryllide 
billets exceeds 96%, indicating high-quality production. Ongoing efforts 
are focused on expanding the applications of beryllides and developing 
new compositions. 
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