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A metal-matrix composites (MMCs) based on titanium matrix reinforced with 

the TiB and TiC particles are obtained by printing with electron-beam melt-
ing and cored wires as feeding deposited material. These wires of three types 

are made of a mixture of fine powders of pure Ti with fine powders of (1) TiC, 
(2) TiB2, or (3) Ti/TiB (obtained by preliminary sintering) wrapped into 

100 µm-thick titanium foil. MMCs are formed due to the in situ reaction be-
tween Ti and fine hard particles during the deposition on the surface of the
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base Ti–6Al–4V plate. Upon printing, the gradients in both the composition 

and the microstructure state of the MMCs are formed. The bottom layer adja-
cent to the base Ti–6Al–4V plate has relatively-low concentrations of the TiC 

or TiB particles, while approaching the top surface, the concentration of 

hardening particles increases. This gradient microstructure ensures a 

smooth change in hardness along the height of the MMC layer, and its maxi-
mum reaches 525–540 HV in the cases of wires (1) and (2), while for wire (3), 
which has most uniform distribution of finest strengthening particles, it is 

up to 640 HV. 

Key words: titanium-matrix composite, printing with electron beam, cored 

wire, interphase interaction, microstructure, phase composition, titanium 

carbide, titanium boride. 

Металоматричні композити (MMК) на основі титанової матриці, зміцне-
ної частинками TiB і TiC, було одержано шляхом 3D-друку електронно-
променевим методом із використанням порошкового дроту в якості мате-
ріялу, що натоплювався. Дроти трьох типів було виготовлено із суміші 
дрібних порошків чистого Ti та порошків (1) TiC, (2) TiB2 або (3) суміші 
Ti/TiB (одержаної попереднім спіканням), загорнутих у титанову фолію 

товщиною у 100 мкм. MMК утворився внаслідок реакції безпосередньо в 

процесі топлення між Ti та цими частинками під час осадження на повер-
хню базової пластини зі стопу Ti–6Al–4V. Під час 3D-друку утворилися 

ґрадієнти у фазовому складі та мікроструктурі ММК. Нижній шар, що 

безпосередньо прилягає до базової пластини Ti–6Al–4V, має відносно ни-
зькі концентрації частинок TiC або TiB, а, наближаючись до поверхні 
композиту, концентрації цих зміцнювальних частинок збільшуються. 
Така ґрадієнтна мікроструктура забезпечує плавну зміну твердости по 

висоті шару ММК, і її максимум сягає 525–540 HV у випадках дротів (1) і 
(2), а для дроту (3), який має найбільш рівномірний розподіл найдрібні-
ших зміцнювальних частинок, сягає 640 HV. 

Ключові слова: титановий матричний композит, 3D-друк електронним 

променем, порошковий дріт, міжфазова взаємодія, мікроструктура, фа-
зовий склад, карбід Титану, борид Титану. 

(Received 11 March, 2025; in final version, 2 July, 2025) 
  

1. INTRODUCTION 

Titanium alloys possess excellent strength-to-weight ratios and corro-
sion resistance. These characteristics promote their wide use in aero-
space, marine and automotive industries [1–3]. However, such draw-
backs of titanium alloys as insufficient hardness and wear resistance 

as well as increased manufacturing costs restrict their application. 
Hardness, wear resistance and strength level can be improved with 

creation of metal-matrix composites (MMCs) on the base of titanium 

matrixes reinforced with disperse high-moduli particles. It is general-
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ly known, phases such as titanium carbide TiC and titanium monobo-
ride TiB are the best suitable for reinforcing both commercially-pure 

(CP-Ti) titanium and alloyed titanium matrixes. On another hand, 
such characteristics of MMCs are reasons for their poor workability, 
creating problems with manufacturing net-shape products. Printing, 
also known as additive manufacturing (AM) [1, 2], is suitable approach 

for easy and fast manufacturing net-shape products in cost-efficient 

manner. printing has been widely used in industry for a long time for 

stainless steel and nickel-based products. However, AM technologies 

are less developed for titanium-based products, because of achieve-
ment of their desirable mechanical characteristics is rather problemat-
ic due to necessity for careful protection of titanium from contamina-
tion and strong microstructure control during printing process. 
 A promising AM technology for titanium-based products is xBeam 

metal-printing process [3, 4] using hollow electron beam and wire as 

feedstock material. Unique profile of electron-beam brings’ ad-
vantages to control effectively heated area, molten pool, cooling condi-
tions, and microstructure of crystallized metal. The noted technology 

was successfully used for printing various titanium-alloy products us-
ing wires of corresponding compositions. However, hard and brittle 

MMCs are not suitable to produce corresponding wires in conventional 
manner. As an alternative method to produce wires of desirable com-
position, so-called ‘cored wire’ consisted of powder mixtures sealed 

inside ductile foil shell, can be used [5–7]. This method is promising to 

obtain cored wires corresponding to titanium-based MMCs with vari-
ous reinforcing additions and, then, to use noted cored wires as feed-
stock materials in xBeam 3D-printing process for MMCs’ products [5, 
8]. However, potential and peculiarities of xBeam 3D-printing process 

for manufacturing titanium-based MMCs reinforced with the TiC and 

TiB phases should be studied. 
 The aim of the present study is to establish the potential for using 

cored wires as feedstock materials for printing of MMCs, as well as pe-
culiarities of microstructure and phase composition of 3D-printed 

products, as an example, using MMCs on the base of CP-Ti matrix rein-
forced with the TiC and TiB phases. 

2. MATERIALS, TECHNOLOGICAL APPROACH, 
AND EXPERIMENTAL PROCEDURE 

Two MMCs’ compositions on the base of unalloyed titanium (CP-Ti) 
matrix reinforced with either 40% (vol.) TiC or 40% TiB were selected 

for present investigation. To produce the cored wires of noted compo-
sitions, titanium foil (20 µm thickness), titanium powder (40–125 µm 

in size), TiC (less than 30 µm) and TiB2 (less than 10 µm) powders were 

used as raw materials. The cored wire manufacturing process was de-
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scribed in details elsewhere [5–7]. The powders were blended in corre-
sponding ratios and sealed in titanium foil shell 3 mm in diameter. 
Necessary amount of TiC powder was taken for Ti–40% TiC cored wire 

manufacturing, while raw TiB2 powder was tested in two approaches to 

produce cored wires corresponding to 40% TiB reinforcements. First 

approach assumes in situ TiB2 + Ti → TiB exothermic reaction to form 

monoboride TiB phase during printing. Second approach was compara-
tively used to clarify possible influence of noted reaction and heat re-
lease on microstructure formation. For the second one, the necessary 

amount of boron was introduced as composite Ti/TiB powder obtained 

with preliminary reaction sintering of Ti + TiB2 powder blend at 

1200°C, 1 hour in vacuum. Therefore, raw TiB2 powder was trans-
formed into porous Ti/TiB reaction product, which was crushed into 

powder again; composite Ti/TiB powder was sealed in Ti foil for manu-
facturing second cored wire of Ti–40% TiB composition. 
 The cored wires were used in the xBeam metal-printing method to 

print MMC products on the surface of Ti–6Al–4V (wt.%) plate as sub-
strate. A profile electron beam in the form of a hollow inverted cone 

melts a cored wire that is fed coaxially with this electron beam. The ad-
vanced technological features [9–11] provided by the presented heat-
ing configuration and the use of a low-voltage (< 20 kV) but high-power 

(up to 18 kW) electron beam creates a moderate concentration of ener-
gy on the heating surface (in the range of 103

 kW/cm2), providing a 

number of exceptional technological possibilities for manufacturing of 

high-quality printed products with high productivity. 
 MMCs’ samples of ≅ 20 mm in height and 7–10 mm in width (Fig. 1) 
were printed layer by layer on Ti–6Al–4V substrate using above de-
scribed approach. The samples were cut with spark erosion; their verti-

 

Fig. 1. General view of 3D-printed MMC sample. 
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cal cross sections were polished and etched with Kroll’s reagent (2% 

HF, 5% HNO3, 93% H2O) for microstructure investigations over the 

sample height. Microstructure studies were performed using SEM 

(Tescan Vega III equipped with Brucker EDX analyser). Phase compo-
sition of materials, including transformation of boride phases, was 

studied with x-ray diffraction analysis. Hardness tests (Wolpert 432 

SWD) were implemented to evaluate mechanical characteristics of 

printed MMCs. 

3. RESULTS 

3.1. MMCs with TiC Reinforcements 

The typical microstructure of 3D-printed Ti–40% TiC MMC is shown 

in Fig. 2. The CP-Ti matrix demonstrates fine lamellar microstructure 

with rather miscellaneous distribution of reinforcing phase along the 

 

 

 

Fig. 2. Microstructure of 3D-printed MMC strengthened with TiC in various 

zones: bottom area near Ti–6Al–4V plate (a, b), the middle part (c, d), and on 

the top of the MMC layer (e, f) (SEM, BSE). 
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height of printed MMC. Bottom part of MMC adjacent to Ti–6Al–4V 

substrate (Fig. 2, a, b) is characterized with relatively low amount of 

reinforcing particles of nearly globular and needle-like/dendrite-like 

morphologies. Coarse globular particles (up to ≅ 25 µm in size) looks 

like raw TiC powder, which does not noticeably changed on 3D-
printing process. Needle- or dendrite-like finer (1–10 µm) particles, 
obviously, precipitate during melting/crystallization cycles. The in-
terface between substrate and printed MMC is sharply recognized ow-
ing to appearance and absence of reinforcing particles. 
 The middle part of printed MMC (Fig. 2, c, d) demonstrates quite 

higher amount of reinforcing particles of noticeably coarser sizes (up 

to 40–50 µm), their morphologies are nearly globular and dendrite-like 

ones. 
 The top part of 3D-printed MMC (Fig. 2, e, f) is characterized with 

highest observed amount of reinforcing particles up to 50 µm in size. 
The particles morphology is changed for mainly globular one and the 

average size (of about 20–30 µm) is increased due to disappearing of 

finer particles. 
 The x-ray analysis (Fig. 3) was comparatively performed for upper 

and bottom parts of 3D-printed MMC. In both locations, MMC demon-
strated two-phase composition: CP-Ti matrix with α (h.c.p.) crystal 
lattice and titanium carbide TiC (cubic lattice) reinforced phase. At the 

same time, x-ray analysis confirmed obvious increase in the amount of 

TiC phase for upper area of MMC compared to bottom part, where dif-
fraction peaks of β (b.c.c.) phase were also observed due to partial x-ray 

 

Fig. 3. Comparison of x-ray diffraction patterns for upper and bottom (near 

Ti–6Al–4V substrate) MMC material 3D-printed with a cored wire contained 

Ti + 40% TiC. 
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diffraction from Ti–6Al–4V substrate. 
 Local EDX analysis of reinforcing particles (Fig. 4, Table 1) revealed 

the main rules of carbon redistribution over the printed MMC micro-
structures. The composition of reinforcing particles is close to TiC ti-
tanium carbide phase, however, with some deficit of carbon content. 
The highest carbon content (29–33 at.%) was measured for the centre 

of coarse particles which allow to identify their composition corre-
sponding to two-phase α-Ti + TiC area in Ti–C binary phase diagram 

[12] and stoichiometry as Ti2C. Carbon content is obviously reduced at 

 

Fig. 4. Locations of the points, where chemical composition of Ti–40% TiC 

MMC was analysed: MMC zone near Ti–6Al–4V substrate (a), the middle part 

of printed MMC (b). 

TABLE 1. Local chemical composition of Ti–40% TiC MMC microstructure. 

No. 

point 
Content of chemical elements, wt.%/at.% 

Ti C Al V W 

Bottom (Fig. 4, a) 

1 90.70/70.98 9.30/29.02 – – – 

2 92.61/87.30 0.88/3.29 4.61/7.72 1.90/1.69 – 

3 92.69/76.91 6.72/22.22 0.59/0.87 – – 

4 82.62/70.72 7.96/27.17 0.01/0.02 – 9.40/2.10 

Middle (Fig. 4, b) 
1 88.88/66.72 11.12/33.28 – – – 

2 93.14/77.30 6.86/22.70 – – – 

3 93.34/78.46 6.24/20.90 0.42/0.63 – – 

4 96.18/91.73 0.96/3.66 2.56/4.34 0.30/0.27 – 
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the edges of coarse particles and for fine particles (20–27%), while its 

measured content is minor (≅ 3%) for CP-Ti matrix. 
 Some penetration of Al and V from Ti–6Al–4V substrate into print-
ed MMC matrix was observed near the interface between them (Fig. 4, 
a, Table 1, point No. 4), while traces of these alloying elements can be 

observed even in middle part of printed MMC (Fig. 4, b, Table 1, point 

No. 4). In addition, W impurity was observed in some TiC particles 

(Table 1) as result of TiC powder manufacturing process. 
 In accordance with microstructure changes, namely, with increase 

in observed amount of titanium carbide particles in CP-Ti matrix, the 

hardness is increased from bottom to the top parts of printed Ti–40% 

TiC MMC. For the area around the MMC/Ti–6Al–4V substrate inter-
face, the hardness was within 355–396 HV. The hardness is increased 

to 438–506 HV for the bottom part of printed MMC, while it was with-
in 409–634 HV at the top part of MMC. 

3.2. Ti–40% TiB MMC Manufactured Using Raw TiB2 Powder 

The x-ray diffraction patterns and microstructure of Ti–40% TiB 

MMC printed using a cored wire with raw TiB2 powder additions are 

shown in Figs. 5, 6. It should be noted, remnants of raw TiB2 phase was 

not detected by x-ray analysis (Fig. 5) suggesting Ti + TiB2 → TiB reac-
tion was completed or, at least, nearly completed on 3D-printing pro-
cess. Diffraction peaks of α (h.c.p.) titanium matrix and reinforcing 

 

Fig. 5. Comparison of x-ray diffraction patterns for upper and bottom parts of 

MMC material 3D-printed with a cored wire containing Ti + 40% TiB2. 
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TiB monoboride phase were observed with obvious tendency for in-
crease of TiB-phase amount for upper part of MMC. In addition, traces 

of β-b.c.c. titanium phase were observed at x-ray diffraction patterns 

for bottom part of MMC due to presence of vanadium in Ti–6Al–4V 

substrate. Printed MMC demonstrates lamellar microstructure of ti-
tanium matrix with reinforcing precipitations having not-uniform 

morphology and size over the height of MMC (Fig. 6). The bottom part 

of MMC (Fig. 6, a, b) is characterized with relatively fine (width of 1–
10 µm) needle-like precipitations of titanium boride phase, while inter-
face between MMC and Ti–6Al–4V substrate demonstrates smallest 

(1–4 µm) boride precipitations. Sharp MMC/Ti–6Al–4V interface is 

observed on microstructure images. 
 For middle part of MMC (Fig. 6, c, d), the fine boride particles coex-
ist with coarse boride precipitations up to 20 µm in width and up to 

100–150 µm in length, which cross section looks like hollow hexagon 

shape. The distribution of coarse and fine precipitations in CP-Ti ma-
trix is rather not uniform: near the coarse boride precipitations, ma-
trix is free of fine ones (Fig. 6, d). 
 Upper part of MMC contains boride precipitations of wide size 

 

Fig. 6. Microstructure of 3D-printed MMC strengthened with TiB in zones: 
near base Ti–6Al–4V plate (a–d), in the middle (e–h), and on the top of the 

layer (i, j), SE mode (a, c, e, g), BSE (b, d, f, h, i, j). 
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range: the coarsest boride needles (up to 1 mm in length, 50 µm width) 
exist together with fine precipitations between them (Fig. 6, e, f). 
 Despite observed microstructure non-uniformity, the total content 

of boron in Ti matrix measured with EDX method is slightly increased 

for upper part of MMC compared to bottom part (Table 2). Some alu-
minium additions were observed in bottom part or MMC obviously, due 

to penetration of this element from substrate, while the traces of this 

element as impurity were detected in upper part. 
 The hardness was changed over the height of the MMC. The lowest 

hardness within 399–406 HV was observed at the boundary with Ti–
6Al–4V substrate; values of 432–447 HV were measured at the bottom 

part. The highest and variable within the wide-range hardness values 

were measured for top part of MMC: 430–541 HV. 

3.3. MMC Produced Using Pre-Sintered Ti and TiB2 Powders 

Figures 7 and 8 show x-ray diffraction patterns and microstructure of 

MMC, which was 3D-printed using a cored wire produced with prelim-
inary sintered Ti + TiB2 powder blend. Similarly to previous sample, 
diffraction peaks corresponding to α-Ti (h.c.p.) and TiB phases were 

observed (Fig. 7), while traces of β-Ti (b.c.c.) were presented for bot-
tom part of 3D-printed MMC. It should be noted, no obvious difference 

in TiB phase amount for upper and bottom parts of MMC was observed 

in present case. 
 Titanium matrix demonstrates lamellar microstructure (Fig. 8) sim-
ilar to microstructure of previously described matrixes (Figs. 2 and 6) 
with variable size of boride reinforcements inside. However, size of 

boride precipitations in present case looks like more uniform than for 

previously described microstructure (Fig. 6), where TiB2 powder was 

used without preliminary sintering. Bottom part of MMC (Fig. 8, a, d) 
is characterized with sharply designated MMC/substrate interface and 

mixture of relatively uniform near globular and needle-like boride pre-
cipitations which size is 1–10 µm in cross-sections, while length is up 

to 100 µm. 

TABLE 2. Chemical composition of the MMC in the different locations. 

No. 
Content of chemical elements, wt.%/at.% 

Ti B Al 

Near the Ti–6Al–4V substrate, overall 

1 94.57/83.31 3.51/13.69 1.92/3.00 

Upper part, overall 

2 95.90/85.41 3.43/13.53 0.67/1.06 
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 Central part of MMC demonstrates mainly thin and uniform needle-
like boride reinforcements (Fig. 8, c, f) with higher length to width as-

 

Fig. 7. X-ray diffraction patterns for lower and upper parts of MMC 3D-
printed using a cored wire with Ti/TiB powder (as a product of preliminary 

sintered Ti + TiB2 powder blend). 

 

Fig. 8. Microstructure of 3D-printed MMC produced with pre-sintering Ti and 

TiB2 powders: zone near Ti–6Al–4V substrate (a, d), the middle part of MMC 

(b, e), and on the top part of MMC (c, f, g) (SEM). 
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pect ratios as well as some occasional coarse laths. The coarsest borides 

are observed in upper part of MMC (Fig. 8, c, g, f), where significant 

amount of large laths (up to 100 µm in length and up to 20 µm in width) 
having hollow hexagon cross-sections co-exists with fine (of 1–5 µm) 

needle-like and nearly globular precipitations. 
 Hardness gradually increases from bottom to top of 3D-printed 

MMC; simultaneously, wider variations for measured hardness values 

were observed within the same area. Interface between MMC and Ti–
6Al–4V substrate possesses hardness of 412–422 HV, bottom part of 

MMC demonstrates hardness within the 482–525 HV range, while top 

part of MMC was characterized with highest average hardness and 

widest deviation range of measured values: 532–623 HV. 

4. DISCUSSION 

Above-described results prove that desirable phase composition of 3D-
printed MMC was achieved in all cases independently on what type of 

reinforcing powders (TiC, TiB2 or Ti/TiB) was used in cored wires. At 

the same time, all 3D-printed MMCs are characterized with more or 

less pronounced microstructure inhomogeneity along the height of 3D-
printed samples. This inhomogeneity is related to local amount, sizes 

and morphologies of reinforcing phase constituents, which, in turn, 
depend on powder used in cored wires and peculiarities of transfor-
mations upon 3D-printing process. In addition, some composition and 

microstructural features observed exclusively for bottom or upper 

part of printed MMCs are caused with specific conditions for first (bot-
tom) and last (top) 3D-printed layers. 
 For Ti–40% TiC MMC, obvious redistribution of carbon from raw 

TiC powder particles during 3D-printing process is observed. Micro-
structure features shown in Figs. 2 and 4, namely, presence of dendrit-
ic-type carbide precipitations allows to suggest processes realized dur-
ing printing. Titanium melting point (1668°C) is quite lower than TiC 

melting point (3067°C); thus, the pool locally formed during printing 

should consist of molten titanium and solid TiC particles. Decrease in 

carbon content at the edges of initial TiC particles (Fig. 4, Table 1) 
suggests diffusion penetration of carbon into titanium molten pool and 

formation of liquid Ti–C solution with gradual dissolution of TiC par-
ticle surface. Further crystallization resulted in newly formed fine 

dendritic-like carbide precipitations together with coarser initial TiC 

powder particles, while minor C content was detected in Ti matrix (Fig. 
4, Table 1). Obvious increase in volume content of carbide precipita-
tions (Figs. 2 and 3) for upper part of MMC allow to suppose delamina-
tion of components within the molten pool and upward movement of 

lighter, carbon-rich components on layer-by-layer melting and crystal-
lization. Melting of Ti–6Al–4V substrate surface should take place on 
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printing of first MMC layers, which results in intensive mixing of liq-
uids in molten area and penetration of alloying elements Al and V into 

bottom part of MMC. Saturation of bottom part of MMC with β-
stabilizing element vanadium is a reason for appearance of β-phase 

traces (Figs. 3, 5, 7). However, with increase in height of 3D-printed 

material (i.e., middle or even top parts of MMC) the concentration of 

aluminium and vanadium markedly reduces (Table 1). 
 Uneven redistribution of titanium carbide reinforcements within 

the Ti–40% TiC MMC microstructure is a reason for hardness varia-
tion within the wide range, this negative phenomenon is especially 

manifest itself for upper part of MMC (409–634 HV). 
 Contrary to MMC reinforced with TiC phase, for which started TiC 

powder particles preserve to a large extent and co-exist with newly 

formed titanium carbide dendrites, formation of MMC reinforced with 

TiB phase implies completed transformation of initial TiB2 powder 

particles into TiB needles owing to boron diffusion through titanium 

matrix. The in situ realization of exothermic reaction between Ti and 

raw TiB2 powder is an important peculiarity of Ti–40% TiB MMC 

manufacturing. Heat release due to reaction promotes faster boron 

transfer through titanium and uniform distribution of newly formed 

TiB needles. On the other hand, extensive heat release can result in 

overheating of molten pool and, hence, hardly controlled influence on 

microstructure of 3D-printed products. Thus, comparatively using 

cored wires with TiB2 powder and with preliminary sintered Ti/TiB 

powders for manufacturing Ti–40% TiB MMCs allowed determining 

the better method for boron introduction in 3D-printing process. 
 Boron introduction as raw TiB2 powder resulted in not uniform mi-
crostructure (Fig. 6) over the 3D-printed Ti–40% TiB MMC with in-
crease in TiB phase content for upper part (Fig. 5). Similarly to MMC 

reinforced with TiC, this result also can be explained with delamina-
tion of liquid components within the molten pool and moving upward 

lighter boron-reached components. Slight diffraction peak of β-phase 

unexpectedly observed for upper part of printed MMC (Fig. 5) can be 

explained with some content of vanadium penetrated from substrate 

and presence of other β-stabilizing impurities (Fe, W, Cr) usually ob-
served in TiB2 and TiC powders. Another peculiarity of uneven micro-
structure, namely, finest TiB precipitations observed in bottom part of 

MMC (Fig. 6, a, b) and coarsest ones observed for top part (Fig. 6, e, f) 

is caused with specific (multiple cyclic) heating and cooling conditions 

for first printed MMC layer and last printed layer. First (bottom) 

printed layer adjacent to cold Ti–6Al–4V substrate is characterized 

with fastest cooling rates, resulting in smallest TiB precipitations. 
Contrary, the last (top) printed MMC layer is exposed for relatively 

long time at high temperatures and cooled relatively slowly due to final 
pass of electron beam used for smoothing of top printed surfaces. Such 
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heating/cooling conditions led to formation of mixture of coarse and 

fine TiB precipitations. Significant difference in size and morphology 

of observed TiB reinforcements, namely, alternation of large laths and 

dispersed needles in microstructure is a reason for wide variation of 

measured hardness values (430–541 HV). The relatively low and vari-
able hardness caused with formation of phase and structural inhomo-
geneities, as well as possible formation of such defects of 3D-printing 

process as voids and pores, which, in turn, caused by uncontrolled ki-
netic and heat release of reaction between TiB2 powder and Ti (powder 

and foil). Usually, this reaction started in solid state at temperatures 

above 900°C, however, higher temperatures and melting of titanium 

components in our case, obviously, significantly accelerates this reac-
tion. 
 Improved microstructure uniformity of Ti–40% TiB MMC was 

achieved with boron introduction as Ti/TiB powdered reaction product 

(Fig. 8). The even microstructure was observed for almost the entire 

height of the printed MMC, excluding upper part, which was distin-
guished by above described special thermal conditions on finishing 3D-
printing process. Moreover, contrary to both above described MMCs, 
x-ray analysis does not reveal noticeable difference in phase composi-
tion for bottom and upper parts of 3D-printed material (Fig. 7). 
 In this case, microstructure of Ti–40% TiB MMC is more uniform 

and fine in the terms of TiB sizes and its distribution inside the Ti ma-
trix. Owing this fact, the highest level of hardness was achieved for the 

top part (up to 623 HV), while relatively-uniform hardness was 

achieved for bottom part (482–525 HV). However, decrease in hard-
ness for bottom part of MMC is still observed, confirming preservation 

of some microstructural inhomogeneity even for this case. This result 

requires further adjustment of 3D-printing regimes and parameters 

for cored-wire manufacturing, including size of raw powders. 

5. CONCLUSION 

1. Ti–40% TiC and Ti–40% TiB metal-matrix composites were 3D-
printed using profile electron beam and cored wires of corresponding 

compositions as feedstocks. 
2. Desirable phase composition of printed MMC products was achieved 

in all cases, while some microstructure inhomogeneity related to high-
er content of reinforcing TiC and TiB phases and their larger size ob-
served for upper part of printed MMC. In general, the possible reasons 

for such inhomogeneity are delamination of melt components within 

the molten pool and upward movement of lighter, carbon-rich and bo-
ron-rich components on layer-by-layer building of samples, as well as 

specific (cyclic) heating and cooling conditions for bottom and top are-
as of 3D-printed products. For Ti–40% TiB MMC produced with raw 
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TiB2 powder additional reason is exothermic reaction on TiB2 → TiB 

transformation giving hardly uncontrolled influence on size of boride 

precipitations. 
3. The preliminary sintering of Ti + TiB2 powder blend forms composite 

Ti/TiB powder, which was effectively used in a cored wire to produce 

most uniform and promising microstructure of Ti–40% TiB MMC with 

promising hardness up to 482–623 HV. 
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