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Microstructural Characterization of the Effect of Minor and Severe Plastic Deformation  
on Martensite Decomposition in Ti-6Al-4V Alloy

Martensite decomposition in titanium alloys is the phase transformation most commonly associated with their standard heat 
treatment – hardening and tempering. However, it also occurs during other manufacturing processes, such as thermomechanical 
processing and additive manufacturing. Understanding the nature of the martensite decomposition process enhances the ability 
to control it. Unlike previous studies in this field, which were based on light microscopy (LM) and scanning electron microscopy 
(SEM) analysis, this study examined the effect of plastic deformation of martensite on its decomposition using transmission elec-
tron microscopy (TEM) and EBSD/TKD methods. In addition, a variant of hydrostatic extrusion of the quenched Ti-6Al-4V alloy 
was also considered.
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1. Introduction

Titanium alloys are characterized primarily by high specific 
strength and corrosion resistance, which makes them suitable 
for use in many sectors of the economy, including strategic 
sectors such as the aerospace and defense industries. One of 
the most commonly used is Ti-6Al-4V, which belongs to the 
group of martensitic alloys. Its mechanical properties, which 
determine its applications, are achieved through hot working 
and heat treatment processes, including hardening and tempering  
operations.

Martensitic transformation in titanium alloys occurs during 
quenching from the temperature range of stable β phase at the 
high cooling rate or plastic deformation. It results from allotropic 
transformation Tiα ↔ Tiβ, which is considered as a primary 
phase transformation in titanium. During the cooling from the 
temperature above 882.5°C, Tiβ form (bcc) transforms into Tiα 
form (hcp). At the low cooling rates, allotropic transformation 
Tiβ → Tiα proceeds by nucleation and growth of new phase 
crystals, whereas at the high cooling rate, the allotropic trans-
formation has features of martensitic transformation. Increase in 

alloying elements (e.g. Cr, Mo, V, Nb, Sn and Zr) in two-phase 
α + β titanium alloys, reduces significantly the martensite start 
temperature (TMS) and fully martensitic microstructure in these 
alloys can be developed. In titanium alloys containing Mo, Mn, 
Nb and V, martensitic transformation can be induced by plastic 
deformation caused by external load. Main martensitic phases 
– α’ and α’’ – are the supersaturated solid solutions of the al-
loying elements in Tiα. Martensitic α’ phase crystallizes in the 
hexagonal structure while α’’ phase in the orthorhombic one. 
The α” phase is formed in titanium alloys containing transition 
elements. Both of them have a similar morphology – α” phase 
laths are smaller in size compared to the laths of α’ phase. Their 
distinction quite often is difficult (the transition from one phase 
to another with the change of concentration of the elements in 
solid solution) therefore they are usually considered as a single 
martensitic phase – α’(α”) [1-3].

Usually, the content of martensitic phases in the microstruc-
ture of structural alloys are not advisable. Their final mechanical 
properties are achieved after tempering, leading to martensite 
decomposition. Based on literature data [4-7], the martensitic 
crystals of metastable α’ and α” phases decompose into a mix-
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ture of α and β phases (α+β), according to the following general 
formula (1):

 α’ → α’depl + β → α + β and α” → α”enr + 
 + αM → α + βM → α + β	 (1)

where: α’depl – α’ phase depleted of alloying elements stabili
zing β phase, α”enr – α” phase enriched of the alloying elements 
stabilizing β phase, αM and βM – metastable phases.

The efficiency of martensite decomposition in titanium 
alloys depends on the process temperature and time. Referring 
to the above equation (1), the expected high strength after tem-
pering results from the formation of metastable phases, their 
decomposition and precipitation of highly dispersed phases. 
It should be noted that the martensitic phases (α’, α”) decom-
position can be assisted by creation of metastable phases (e.g. 
Ti3Al) as well [8,9].

The heat treatment by hardening and tempering has long 
been used for structural titanium alloy. Therefore the martensite 
decomposition seems not to be an important phenomena, worth 
to be extensively investigated nowadays. However, it turns out 
that the new technologies introduced – e.g. 3D printing – have 
restored the need of further research in this area. The martensite 
decomposition has become again up-to-date because of addi-
tive methods development – produced parts made of titanium 
alloys (e.g. Ti-6Al-4V) are characterized by reduced ductility 
caused by the content of martensitic phases in their microstruc- 
ture [10-12].

Moreover, decomposition process cannot be joined with 
tempering operation only. Exemplary, the martensite decompo-
sition in Ti-6Al-4V alloy plays crucial role in the first stage of 
its superplastic deformation [13,14]. Additional research on this 
alloy [4] revealed differences between martensite decomposition 
process in static and dynamic (during deformation at 900°C).

Limited number of publications refer to the possibility of 
plastic deformation of titanium alloys in hardened state [15]. 
Illarionov et al. [16] provided some information about decompo-
sition of cold deformed martensite in Ti–3Al–4.5V–5Mo (VT16) 
alloy. They reported that α” phase, formed during quenching, can 
transform to α’ phase during the tempering and indicated some 
differences in kinetics of decomposition process of undeformed 
and deform martensite phases. 

In previous investigation [17] water quenched, and sub-
sequently cold deformed Ti-6Al-4V alloy was tempered at the 
temperature range of 600-900°C for 1 and 2 h. It was revealed 
by light and scanning electron microscopy observations that the 
plastic deformation on tempered martensite laths influenced their 
morphology – particularly at the temperature of 900°C wherein 
fragmentation and spheroidization processes were identified. 
Based on hardness results, it was found that martensite α’(α”) 
underwent hardening – hardness and proof stress of quenched 
and cold deformed Ti-6Al-4V alloy was higher about 10% and 
30% comparing with undeformed one, respectively. Obtained 
results of preliminary investigations indicated the necessity of 
using additional advanced research methods – including trans-
mission electron microscopy (TEM).

Recent paper on research involving TEM examination 
(supported by synchrotron radiation facilities) refers to the 
decomposition kinetics of α” martensite in Ti-6Al-6V-2Sn al-
loy during continuous heating [18]. Its authors revealed that 
decomposition of supersaturated α” phase at the temperature 
range of 400-600°C is a diffusion-driven process. Experimental 
methods used in research enabled to found that decomposition of 
α” martensite is preceded by nano-twinning of α” laths – caused 
most likely by stress concentrations associated with structural 
heterogeneities. The paper provides also some details on micro-
structural mechanism of martensite decomposition. It was stated 
that β phase can be formed through two ways:
–	 precipitations of fine β particles (with diameter of ~5 nm) 

were formed mainly along the boundaries of α” (during the 
first stage of α” phase decomposition);

–	 β phase was also identified in the interior of highly twin-
ned α” by segregation of β stabilizing elements in these 
regions.

Martensite decomposition was also investigated in electron 
beam melt Ti-6Al-4V alloy [19]. The α’ was the only martensite 
phase in the alloy microstructure which decomposed into α + β 
microstructure. Using atom probe tomography technique, the 
interphase boundaries α/β were studied. It was also found that the 
martensite decomposition is a diffusion-driven process leading 
to the transformation α’ laths into α laths and β phase formation 
on their boundaries. Authors, based on TEM results, indicates 
twins and stacking faults in α’ laths but they did not considered 
their role in martensite decomposition process.

The current research, resulting from previous investigation 
on the effects of plastic deformation on martensite decomposi-
tion in Ti-6Al-4V alloy, refers to TEM and SEM observations 
revealing details of martensite microstructure. It was intended 
to describe the influence of substructure components of mar-
tensite phase on its decomposition at the temperature range of 
600-900°C. Additionally, an innovative approach is the evalu-
ation of deformation method effect on decomposition process 
– therefore besides cold compressed samples the hydrostatically 
extruded water quenched Ti-6Al-4V alloy was analysed too.

2. Material and methods

Two-phase α + β Ti-6Al-4V titanium alloy (Al – 6.78, 
V – 4.38 Fe – 0.18, Si – 0.33 wt. % – Ti – balance) in the form 
of bars with 8 mm diameter. Cylindrical samples (ϕ = 8 mm, 
h = 10 mm) cut by EDM method were water quenched (WQ) 
from the temperature of 1050°C (stable β phase range) after 
20 min annealing and tempered (T) at the temperature of 600, 
750 and 900°C for 1 and 2 h. Some WQ samples were cold com-
pressed (CC) before tempering, using Instron 5982 testing ma-
chine at the cross-head velocity of 1 mm/min up to rupture (strain 
about 10% – [17]). The present study includes another method 
of plastic deformation – hydrostatic extrusion (HE). WQ sample 
was severely plastically deformed in a single-pass HE process 
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at the temperature of 600°C (in the Institute of High Pressure 
Physics UNIPRESS of Polish Academy of Science – [20]). Due 
to relative high deformation temperature and the lack significant 
microstructural changes at the tempering temperature of 600 and 
750°C for examined material [17], hydrostatically extruded alloy 
was tempered at 900°C for 1 and 2 h.

Microscopic observations of the longitudinal surface of 
cylindrical samples were conducted using:
–	 light microscope (LM) Nikon Epihot 300 – in brightfield 

mode and using Nomarski contrasts (DIC),
–	 scanning electron microscope (SEM) Hitachi S-3400N 

equipped with energy dispersive spectrometer (EDS),
–	 scanning transmission electron microscope (SEM/STEM) 

Hitachi S-5500 equipped with EDS detector,
–	 transmission electron microscope (TEM) JEOL JEM 

1200EX II operated at 120kV.

Discs 0.2 mm thick were cut using the electric discharge 
machining method and then polished using a Gatan Dimple 
Grinder. Thin films were prepared by electrolytic thinning 
(35 V) in a solution of perchloric acid in methanol (with a dilu-
tion ratio of 1:9).

For transmission Kikuchi diffraction (TKD) analysis (also 
called transmission electron backscatter difraction – tEBSD)), an 
FEI Versa 3D microscope (accelerating voltage 30 kV) equipped 
with an Oxford Symmetry S2 detector was used, with a sample 
tilt of –20° and a resolution of 200 nm.

Vickers hardness was measured using Innovatest Nexus 
4303 tester with test force of 2.942N.

3. Results and discussion

3.1. Water quenching and plastic deformation

The microstructure of examined Ti-6Al-4V titanium alloy in 
its as-delivered condition – i.e., after hot rolling – is two-phase, 
consisting of primary α phase grains – elongated in the longitu-
dinal direction of the bar – embedded in a matrix of the trans-
formed β phase (a mixture of the β phase and fine precipitates of 
the secondary α phase) (Fig. 1a). As a result of water quenching 
within the temperature range of the stable β phase, a martensitic 
microstructure was obtained (Fig. 1b,c) – needle-like laths of the 
α’(α”) phase within the grains of the primary β phase (Fig. 1b). 
After cold compression test of WQ Ti-6Al-4V alloy, no change 
in the shape of the primary β beta phase grains was observed 
(Fig. 2a). However, the curvilinear shape of the needle-like 
martensite laths could suggest their deformation (Fig. 2b). The 
microstructure of the Ti-6Al-4V alloy, hydrostatically extruded 
at 600°C, retained its martensitic character (Fig. 3b).

TEM microscopic examinations of the Ti-6Al-4V alloy in 
the quenched state revealed dislocation substructures of varying 
densities (Fig. 3a), formed during cooling as a result of high 
thermal stresses. The tendency of martensite laths to twinning 
was also demonstrated (Fig. 3b).

No effect of plastic deformation on the dislocation density in 
martensite laths (Fig. 4) was observed compared to undeformed 
martensite (Fig. 3). Twin boundaries (Fig. 4a) with a morpho
logy similar to that in undeformed martensite (Fig. 3b) were 
identified in the martensite laths, as well as those that were more 
densely distributed and significantly smaller in size, which 

a) 

 

b) cc) 

 
Fig. 1. Microstructure (LM) of Ti-6Al-4V alloy: as-received (a) and WQ (b,c – DIC)

a) 

 

b) cc) 

 
Fig. 2. Microstructure of Ti-6Al-4V alloy: WQ + CC (a,b) and WQ + HE (c) – a) LM/DIC, b,c) SEM
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appears to be a characteristic feature of cold deformed martensite 
(Fig. 4b). E. Farbi et al. [21] refer to such defects in the quenched 
Ti-6Al-4V alloy as transformation twins.

Studies of water quenched and hydrostatically extruded 
Ti-6Al-4V titanium alloy have made it possible to expand the 
analysis of the effect of deformation at elevated temperatures on 
martensite decomposition to include the mode of deformation. 
Hydrostatic extrusion, apart from a significantly higher degree of 
plastic deformation – the actual strain in a single extrusion pass 
at 600°C is 1.4 – s characterized by a different, more complex 

state of deformation compared to a compression test. The HE 
process is also carried out at a significantly higher strain rate 
(approx. 10 s–1 – for a pressing speed of 40 mm/s). Such a short 
deformation time, despite the elevated temperature (possibly 
higher than the nominal temperature due to the thermal effect 
of deformation), does not cause a change in the morphology of 
the microstructural components typical of the quenched state 
(Fig. 5a), although areas with a completely different morphology 
have been identified (Fig. 5b). The difference in the degree of 
defect formation in the crystalline structure of the martensite 

a) b) 

  
Fig. 3. Microstructure (TEM) of WQ Ti-6Al-4V alloy – dislocation substructure (a) and twins (b) in martensite laths

a) b) 

  
Fig. 4. Microstructure (TEM) of WQ + CC Ti-6Al-4V alloy – twins in fine (a) and coarse (b) cold deformed martensite laths

a) b) 

  
Fig. 5. Microstructure (TEM) of WQ + HE Ti-6Al-4V alloy – dislocation substructure in lath-like (a) and non-lath-like hydrostatically extruded 
martensite



829

laths in all these cases is difficult to determine, however, no 
twins were identified after the HE process.

STEM/EDS analysis revealed the chemical homogeneity 
of martensite, both in the undeformed state (Fig. 6a) and after 
cold deformation (Fig. 6b) and hydrostatic extrusion (Fig. 6c).

3.2. Tempering of undeformed and deformed  
martensite

Previously published SEM analysis results [17] showed that 
tempering the Ti-6Al-4V alloy at 600°C for 1 and 2 hours leads 
to the thickening of α-phase laths formed from both undeformed 
and deformed martensite. The use of transmission electron mi-
croscopy confirmed the preservation of the lath-like morphology 
of α-phase (Fig. 7a, c, d). In the laths formed from undeformed 
martensite, very fine precipitates (several nanometers in size) were 
observed (Fig. 7b), with a characteristic triangular morphology. 
The formation of nanometer-sized Ti3Al phase precipitates under 
these conditions cannot be ruled out [22-24]. It was found that the 
α-phase laths, particularly in the WQ + CC alloy, are separated 
by a nanometer-sized (<100 nm) layer of the β-phase (Fig. 7c,d). 
Characteristic of the laths formed from deformed martensite are 
lattice defects – especially for very thin (<300 nm) ones (Fig. 7c,d).

Tempering at 750°C for 1 and 2 hours leads to further 
thickening of the α-phase laths and the formation of a β-phase 
between them (Fig. 8). The lath-like nature of the alloy’s micro-

structure is preserved, both in the case of tempering after WQ 
and in the case of WQ+CC.

During tempering at 900°C, the thickness of the α-phase 
laths increases to ≥1 μm (Fig. 9a). Dislocations appear to play 
an important role in shaping the microstructure at this tempera-
ture, forming characteristic substructures – transforming into 
small-angle grain boundaries (SAGB’s) in the laths formed as 
a result of the decomposition of deformed martensite (Fig. 9b). 
The tendency toward fragmentation and spheroidization of 
α-phase laths was previously demonstrated using LM and SEM 
methods in [17].

In the HE Ti-6Al-4V alloy, tempering at 900°C (for both 1 
and 2 hours) leads to more intense spheroidization of the α phase 
(Fig. 10a) – elongated α phase grains were practically not ob-
served. The matrix of these grains is a transformed β phase with 
a lamellar morphology, and twins form in the lamellae of the sec-
ondary α phase (Fig. 10b). The significant volume fraction of the 
transformed β phase is a characteristic feature of the hydrostati-
cally extruded alloy tempered at 900°C, which was not observed 
after tempering of the quenched or quenched and plastically 
deformed material in a compression test at room temperature 
(Fig. 9). The applied temperature of 900°C is already within the 
α + β → β phase transformation temperature range. Therefore, 
it can be assumed that the greater degree of deformation in the 
HE process promotes the formation of the β phase at the temper-
ing temperature of 900°C, which transforms into a mixture of α 
and β lamellae – i.e., the transformed β phase – during cooling.

a) 

b) 

c) 

Fig. 6. Microstructure (STEM) of Ti-6Al-4V alloy: a) WQ, b)WQ + CC, c) WQ + HE – Ti, Al and V distribution maps (EDS)
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The results of the STEM/EDS analysis indicate that the 
diffusion of alloying elements plays a significant role in the 
microstructure formation of the tempered Ti-6Al-4V alloy. Tem-
pering is associated with a reduction in the degree of martensite 
supersaturation, particularly with respect to the element stabiliz-
ing the β phase – i.e., V. Vanadium, diffusing outward from the 
α’(α”) phase laths, contributes to the formation of the β phase 
between them (Fig. 11). The concentration of Al, as an α-phase 
stabilizer in titanium alloys, is higher in the α laths.

3.3. TKD analysis

Titanium alloys, despite the difficulty of sample prepa-
ration, are studied using EBSD methods, but more often in 
terms of the difference in grain orientation between the α and 
β phases [25], phase identification in a lamellar microstructure 
[26], or grain size determination – particularly in the case of 
a UFG microstructure [27]. Martensitic microstructure is less 
frequently analyzed by the EBSD method – using significantly 

a) 

c) 

b) 

 
d) 

 
Fig. 7. Microstructure (TEM) of WQ (a,b) and WQ + CC (c,d) Ti-6Al-4V alloy after tempering at 600°C for 2 hours – a) morphology of tempered 
martensite laths, b) precipitates in tempered martensite lath, c) β-phase in the form of layers between tempered cold deformed martensite laths, 
d) stacking faults in tempered cold deformed martensite laths

a) b) 

  
Fig. 8. Microstructure (TEM) of WQ (a) and WQ + CC (b) Ti-6Al-4V alloy after tempering at 750°C for 2 hours – morphology of β-phase between 
α-phase laths formed from undeformed (a) and cold deformed (b) martensite
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lower magnification to evaluate the grains of the primary 
β phase [28]. In the presented studies of the Ti-6Al-4V alloy, 
the classical EBSD method was used. Due to the poor quality 

of the IPF maps obtained by the classical EBSD method, their 
use was discontinued, and further analysis was performed using 
the EBSD/TKD method.

a) b) 

  
Fig. 9. Microstructure (TEM) of WQ (a) and WQ + CC (b) Ti-6Al-4V alloy after tempering at 900°C for 2 hours – dislocation substructure and 
SAGB’s in α-phase laths formed from undeformed (a) and cold deformed (b) martensite

a) b) 

  
Fig. 10. Microstructure (TEM) of WQ + HE Ti-6Al-4V alloy after tempering at 900°C for 2 hours – a) globular α phase in the matrix of trans-
formed β-phase, b) lamellar morphology of transformed β-phase

a) 

b) 

Fig. 11. Microstructure (STEM) of Ti-6Al-4V alloy tempered at 900°C for 2 hours after: a) WQ, b)WQ + CC – Ti, Al and V distribution maps 
(EDS) confirming the presence of the b β phase at the grain boundaries of the α phase
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The IPF maps obtained using the TKD method showed 
that the parallel martensite laths have a similar crystallographic 
orientation, both in the (Fig. 12a) and in the quenched and then 
plastically deformed state (Fig. 12c). Analysis of the detector 
data indicates a significant increase in the proportion of SAGB’s 
(2-10°) – from 4.35% for the quenched state (Fig. 12b) to 31.7% 
after deformation (Fig. 12d). It can be assumed that the essence 
of the effect of plastic deformation at room temperature on 

martensite laths in the Ti-6Al-4V alloy is the reorganization of 
crystal defects into SAGB’s. However, this effect may be local 
in nature – results obtained at higher magnification for the alloy 
tempered at 600°C do not confirm this assumption (Fig. 13).

Tempering at 750°C leads to a change in the morphology 
of the α-phase laths – their thickness increases, while the degree 
of elongation and the straightness of the boundaries decrease, 
regardless of the plastic deformation of the martensite (Fig. 14). 

a) 

c) 
 

b) 

 

d) 

Fig. 12. EBSD/TKD-IPF orientation maps for α laths in Ti-6Al-4V alloy tempered at 750°C for 2 hours, following after WQ (a) and WQ + CC (c) 
– b,d) IPF color schemes for α’(α”) and β phases

a) 

 

b) 

 
c) 

 

d) 

 
Fig. 13. EBSD/TKD-IPF orientation maps for α phase laths in Ti-6Al-4V alloy tempered at 600°C for 2 hours after WQ (a) and WQ + CC (c)  
– b,d) IPF color schemes for α and β phases
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The effect of deformation became apparent after tempering at 
900°C. In the undeformed and tempered states, the laths appear 
to retain the crystallographic orientation of martensite (Fig. 15a). 
After WQ + CC, the laths undergo fragmentation and spheroidi-
zation (Fig. 15c). Phase composition maps (Fig. 16) confirmed 
that after tempering at 750 and 900°C, a β phase forms between 
the α phase crystallites.

3.4. Hardness

The Ti-6Al-4V titanium alloy used in the study, in its as-de-
livered condition, exhibits a hardness of 342 HV. Hardness meas-
urement results (Fig. 17) also indicate that water quenching from 
a temperature within the stable β phase range (1050°C) causes 
an increase in its hardness to 373 HV. After a compression test at 

a) 

 

b) 

 
c) 

 

d) 

 
Fig. 14. EBSD/TKD-IPF orientation maps for α phase laths in Ti-6Al-4V alloy tempered at 750°C for 2 hours after WQ (a) and WQ + CC (c)  
– b,d) IPF color schemes for α and β phases

a) 

 

b) 

 
c) 

 

d) 

 
Fig. 15. EBSD/TKD-IPF orientation maps for α phase laths in Ti-6Al-4V alloy tempered at 900°C for 2 hours after WQ (a) and WQ + CC (c)  
– b,d) IPF color schemes for α and β phases
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room temperature, this hardness increases to 407 HV (Fig. 17). 
A similar hardness – 414 HV – was obtained in water quenched 
and hydrostatically extruded alloy. Tempering at 600°C does not 
cause a significant change in the hardness of the quenched and 
plastically deformed alloys (WQ/CC and WQ/HE). In contrast, 
the hardness of the undeformed alloy increases – both after 1 and 
2 hours of tempering. This is interesting because such temper-
ing is not accompanied by a change in the morphology of the 
microstructural components (Fig. 13), and the expected effect 
is a reduction in the degree of supersaturation of the α-phase 
laths with alloying elements. Therefore, the possibility of Ti3Al 
phase precipitation (Fig. 7b) [8,9,22-24] or the transformation of 
α” martensite into α’ one [16] cannot be ruled out. The decrease 
in hardness of the alloy tempered at higher temperatures – 750 
and 900°C – results from changes in the size and morphology 
of the α-phase laths and an increase in the relative volume of the 
β-phase (Fig. 16). The effect of plastic deformation of martensite 
on the hardness of the Ti-6Al-4V alloy after tempering at 900°C 
is difficult to assess due to the occurrence of the α + β → β phase 
transformation. Differences in hardness result from the varying 
relative volume of the transformed β phase and the morphology 

of its components. After tempering at 900°C, the β phase content 
appears to be lowest in the undeformed alloy (Fig. 16b), hence 
its hardness (>390 HV) is higher than after quenching, and the 
highest compared to the WQ/CC (approx. 370 HV) and WQ/HE 
(<345 HV) conditions.

4. Conclusions

The formation and decomposition of martensite in two-
phase titanium alloys is usually associated with conventional 
heat treatment – quenching and tempering. Previous studies have 
shown that the decomposition process proceeds differently under 
static and dynamic conditions – i.e. during plastic deformation. 
The aim of the present study was therefore to assess the influence 
of martensite deformation on the characteristics of its subsequent 
decomposition. Based on an analysis of the results obtained, the 
following conclusions can be formulated:
–	 martensite retains its lath-like morphology both after com-

pression at room temperature and after hydrostatic extrusion 
at 600°C,

a) 

 

b) 

 
Fig. 16. EBSD/TKD phase composition maps of the WQ Ti-6Al-4V alloy after tempering at: a) 750°C, b) 900°C: red – α or α’ phase, yellow – β phase

Fig. 17. The effect of tempering (T) on hardness of water quenched (WQ) and deformed (CC or HE) Ti-6Al-4V alloy
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–	 dislocation substructures and twins were observed in 
martensite laths, regardless of the degree of their plastic 
deformation,

–	 martensite, both in the undeformed and deformed state, is 
chemically homogeneous,

–	 tempering at 600°C leads to the thickening of α-phase 
laths formed from both undeformed and deformed mar- 
tensite,

–	TE M analysis after tempering at 600°C of undeformed 
martensite revealed nanometer-size precipitates in α laths 
– it cannot be ruled out that these are Ti3Al phase,

–	 dislocations appear to play an important role in shaping the 
microstructure at tempering temperature of 900°C, forming 
characteristic substructures – transforming into small-angle 
grain boundaries (SAGB’s) in the laths formed as a result 
of the decomposition of deformed martensite,

–	 STEM/EDS analysis showed that the diffusion of alloying 
elements plays a significant role in the martensite decom-
position in Ti-6Al-4V alloy. Tempering is associated with 
a reduction in the degree of martensite supersaturation, 
particularly with respect to the element stabilizing the β 
phase – i.e., V. Vanadium, diffusing outward from the α’(α”) 
phase laths, contributes to the formation of the β phase 
between them,

–	TKD  analysis indicates a significant increase in the pro-
portion of SAGB’s (2-10°) – from 4.35% for the water 
quenched state to 31.7% after deformation,

–	TKD  phase composition maps confirmed that after temper-
ing at 750 and 900°C, a β phase forms between the α phase 
crystallites,

–	 the presence of martensite in the microstructure of the alloy 
under study increases its hardness – from 342 to 373 HV,

–	 as a result of compression at room temperature and hydro-
static pressing at 600°C, martensite hardens to a value of 
407 and 414 HV, respectively,

–	 tempering at 600°C of undeformed alloy leads to a signifi-
cant increase in hardness, despite only a slight change in 
its microstructure – this may be due to the precipitation of 
the Ti3Al phase or α” → α’ transformation.
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