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Taking two metastable p-titanium alloys VT22 (Ti—5 (% wt.) Al-5V-5Mo—
1Fe—1Cr) and Ti—3Al-4.5Fe—7.2Cr as program materials, the influence of (-
grain size, phase composition, and strain rate (in the range of 3.20-107° up to
1.81-107") on alloys’ mechanical behaviour is investigated. The mechanical
behaviour of both alloys in as-quenched single-phase B-state is similar to an-
other metastable f-alloy TIMETAL-LCB: ductility and tensile toughness are
monotonously decreased with strain rate. Ageing causes increase in strength
and decrease in ductility, whereas the drop of the latter is the most pro-
nounced in both the coarse-grained VT22 alloy and the Ti—-3Al-4.5Fe-7.2Cr
one regardless of grain size. As suggested, the reason of this effect is the
formation of thin layers enriched by B-stabilizing elements located close to
grain-boundary a-phase. Taking into account drastic embrittlement of Ti—
3Al-4.5Fe—7.2Cr alloy, which contains only p-eutectoid alloying elements,
this enrichment can lead to the precipitation of intermetallics.

Key words: titanium alloys, mechanical properties, strain rate, tensile
toughness, rapid heat treatment.
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BUBYEHO BILIUB PO3Mipy [-3epeH, (hasoBOro CKJIaAy Ta MIBUAKOCTHU gedopMarnii
Ha posTar (y giamasoni Big 3,20-107° go 1,81-107!) Ha ixHI0O MexaHiUHY ITOBesi-
HKYy. MexaHiuHa moBeZiHKa 000X CTOMiB, 3arapTOBaHUX HA ONHOMA3HUI MeTa-
crabiibHuUil B-cTaH, € aHAJOTIUHOIO 10 iHmIoro TutaHosoro B-cromy TIMETAL-
LCB: xapaKTepUCTUKHU IIJACTUYHOCTH Ta B’SI3KOCTH PYHHYBAHHSI MOHOTOHHO
3MEHIIYIOTLCS 3 POCTOM HMIBUAKOCTU Aedopmalrii. HacTynHe crapinusa mpuBo-
IUTH 10 POCTY XapPaKTEPUCTUK MIITHOCTH TA 3HUMKEHHS IIJIACTUYHOCTH, IIPHU-
YoMy HaJiHHA IIOKA3HUKIB OCTAHHBOI € HabiabimuM y cTrorry BT22 3 rpybum
3epaoM Ta y cromy Ti—3Al-4,5Fe—7,2Cr Hesanxe:kHO Big po3mipy 3epHa. 3a-
IIPOIIOHOBAHO BMCHOBOK IIPO Te, II[0 IPUUYMHOIO IILOTO € (DOPMYBAHHA TOHKUX
mapis, 30aradeHux [-cTabiaizyBalbHMMHN eJIeMEeHTaMM, SAKi YTBOPIOIOTHCS
OesmocepeqHbO 0 O-IIACTHH, IO HOKPUBAIOTL MeXi [3-3epeH. I3 BpaxyBaH-
HAM KPUTHUYHOIO OKpuxuyBaHHA crony Ti—3Al-4,5Fe—7,2Cr, axuii Bmimgye
BUKJIIOUHO [-cTabisisyBasbHi jJeryBaibHi eJleMeHT! €BTeKTOIJHOrO TUIY, BU-
CJIOBJIEHO IIPUNYIIEHHA PO Te, II0 NoAi6He 36araueHHA MOXKe IPUBOLUTH IO
JIOKaJIbHOT'O YTBOPEHHSA iHTepMeTaTigiB.

KarouoBi croBa: cTonmu TUTaHy, MeXaHiUHi BJIACTUBOCTI, IMTBUAKICTE Aedopma-
1ii, yaapua B’ I3KicTh IPK PO3TATYBaHHI, IIBUIKiCHEe TEPMOOOPOOICHHA.

Ha mpumepe ABYX MPOMBINLIEHHBIX TUTAHOBBLIX CILJIABOB METACTA0UIBLHOTO [3-
kaacca BT22 (Ti—5 (% mac.) Al-5V-5Mo—1Fe-1Cr) u Ti—3Al-4,5Fe-7,2Cr
OBLIO M3yYeHO BIAMAHUE pasMepa [-3épeH, (pasoBOro cocTaBa W CKOPOCTH Jie-
dopmanuy pacTaxenneM (B guamnasose oT 3,20-107° 1o 1,81-107!) Ha ux mMexa-
HHYecKoe nmosegenne. MexannuecKoe IIoBeAeHre 000X CILJIaBOB, 3aKAJIEHHBIX
Ha ogHO(MasHOe MeTacTaOUIbHOE [3-COCTOAHME, ABIAETCA aHAJOTMUYHBIM IIOBE-
neHuio apyroro tutanosoro B-cmiaasa TIMETAL-LCB: xapakTepUCTUKH ILIa-
CTUYHOCTU U BA3KOCTH Pas3pyIIeHNA MOHOTOHHO CHUKAIOTCA C POCTOM CKOPO-
ctu nedopmanun. Ilociaenyiomiee crapeHre IPUBOAUT K POCTY XapPaKTEPUCTUK
MMPOYHOCTUA ¥ CHUIKEHUIO ILJIACTUYHOCTH, MPUYEM IIaJeHUe IIOKasaTesieil Io-
ciaenHell ABaAsgeTcA HAUOOJIbIIuM y ciyiaBa BT22 ¢ KpynHBIM 3epHOM, a Y CILIa-
Ba Ti—3Al-4,5Fe—7,2Cr me 3aBucuT oT pasmepa 3epHa. IIpeaso:KeH BLIBOJ O
TOM, YTO IPUUYUNHON TOTO ABJIsIeTCA (DOPMUPOBAHNE TOHKUX CJIOEB, 000TAIIIEH-
HBIX [-CTAOMIMSUPYIOINUMU JJIeMEHTaMH, KOTOpPbIe 06PAa3yIoTCA HEIOCPe[-
CTBEHHO BO3JIe (-IIJIACTUH, ITOKPHIBAIOIUX TrpaHuIsl P-3épen. C yuérom Kpu-
THYECKOTo oxXpymnunBaHus ciiaBa Ti—3Al-4,5Fe—7,2Cr, KOTOPBIHA COLEPIKUT
HMCKJIIOUUTEJIbHO -CTabMIN3UPYIOIINe JEerNPYIOIiie 3JIeMEeHThl 9BTeKTOUIHO-
ro TUIla, OBLIO BHICKA3aHO IPEAIOJ0MKeHNe O TOM, UTO MoJ00Hoe oboraleHne
MOJKET IPUBOJUTH K JJOKAJILHOMY 00pa30BaHUIO MHTEPMETAILIULOB.

KiaroueBnble cioBa: CILIaBBEI TUTAHA, MEXaHUUYECKHE CBOMCTBA, CKOPOCTE Medop-
MaIi¥, yIapHas BA3KOCTb IIPU PACTAMKEHNN, CKOPOCTHASA TePMOOGpaboTKA.

(Received June 13,2016, in final version, July 14,2016 )

1. INTRODUCTION

Titanium alloys are very important and the most promising structural
materials for many applications in the field of new technique manufac-
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turing, when high specific strength is the most critical parameter [1,
2]. Advantages of titanium alloys over other metallic materials become
more evident when these alloys are employed in high-strength condi-
tion. Tensile strength not lower than 1500 MPa, well balanced with
other mechanical characteristics, is more required today. However,
conventional methods of treatment of metallic materials cannot ensure
such balance of properties. For commercial titanium alloys, it was
shown that only special so-called Rapid Heat Treatment (RHT) can cre-
ate specific microstructural conditions, which are characterized by fi-
ne (-grains (of few micrometres) with ultra-fine intragrain o+ 3-
mixture (in nanometres’ scale), providing a unique combination of
high strength with acceptable ductility, fatigue strength and other es-
sential properties [3—5].

The mechanical behaviour of structural materials at different load-
ing rates, especially under high-rate deformation, is also important for
various practical applications. There are a few publications related to
this problem. Most attention was paid to the study of mechanical be-
haviour of single-phase beta condition on tension with different rates
[6—8]. For the two-phase structural condition, the first work was done
with TIMETAL-LCB alloy [9] and it was found that ageing of fine-
grained microstructure allowed to achieve in this alloy ultimate tensile
strength of 1500 MPa with total elongation of 3-5%, whereas in
coarse-grained condition the alloy had null elongation at similar
strength level at all strain rates applied. Increased strength after age-
ing led to reduced energy expended on deformation and fracture of the
material, especially if compared with the initial as-quenched state with
high ductility, so the material toughness is more determined by its
ductility than by strength. In the present study, we investigated two
others titanium alloys of the same metastable B-type, namely VT22 and
Ti—3Al-4.5Fe—7.2Cr. These alloys also were taken in two principally
different microstructural conditions: fine- and coarse-grained, as well
as single-phase P, and two-phase o+ [ conditions. Obtained results
were compared with earlier ones for TIMETAL-LCB.

2. MATERIALS AND EXPERIMENTAL PROCEDURES

VT22 (Ti—-5(% wt.) AlI-5V-5Mo0—-1Cr—1Fe) and Ti—-3Al-4.5Fe—7.2Cr
both as @20 mm rod were taken as program materials. Both rods were
cut into specimens 200 mm long for subsequent heat treatments and
tests. Each alloy was subjected to solid-solution acting treatments
aimed on the formation of a single-phase -state that was performed in
two ways: i) 30-minute furnace exposure at 900°C for forming coarse-
grained (CG) condition (Fig. 1, a and ¢), and ii) Rapid Heating with rate
of 20°C/s up to 920°C without exposure at peak temperature for form-
ing fine-grained (FG) condition (Fig. 1, b and d). In both cases, heating
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was followed by water quenching to fix metastable -phase at room

temperature. Some of as-quenched specimens were subjected to final

ageing by regimes described in the previous works [5, 10] (see Table 1).
Taking into account the data previously obtained for TIMETAL-LCB

Fig. 1. Microstructure of the VT22 (a—d) and Ti—3Al-4.5Fe—7.2Cr (e—h) al-
loys in CG (a, e), FG (b, f), and FG + aged conditions (c, d, g, h); LM (a—c, e—g),
bright field images (a, ¢, e—g), dark field image (b), TEM (d, k).

TABLE 1. Heat treatments of the VT22 and Ti—3Al-4.5Fe—7.2Cr alloys.

Microstructural |Condition/Ageing] Size (thickness x length) of
condition temperature and microstructural elements
No. Type time B-grain, um | o-particles, nm
VT22
1 Coarse-grained As-quenched 210+ 30 -
2 As-quenched 20+£5.8 -

Fine-grained

+aged 640°C, 8 h 20+5.8 (30+5.2)x (500 + 35)

Ti—-3Al-4.5Fe—7.2Cr

SN

Fine-grained

Coarse-grained As-quenched 200+40 -

As-quenched 18+3.9 -
+aged 550°C, 6 h 18+3.9 (20+2.4) x (280 + 22)
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alloy [9], we studied aged conditions for FG conditions only, as the CG
showed extremely low ductility.

The samples were characterized with light microscopy (LM), trans-
mission electron microscopy (TEM), X-Ray diffraction analysis. The
tensile specimens with gage of 4 mm diameter and 25 mm length were
machined and tested in accordance with the ASTM E8M standard. Ten-
sile tests were performed at INSTRON-3376 unit with strain rates
varying from 3.20-107° to 1.81-107". Fracture surfaces of tested speci-
mens, as well as local chemical composition were examined with a
scanning electron microscope (SEM) equipped with INCA Energy SEM.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3.1. Strain Curves
3.1.1.VT22

Typical engineering tensile stress-strain curves for all studied condi-
tions, namely CG, FG and FG + aged, are presented in Fig. 2.

Comparing the results in Fig. 2, one can note the following features.
First of all, the single-phase p-conditions of VT22 alloy are rather duc-
tile: even at the highest strain rates, both fine-grained and coarse-
grained material has acceptable elongation (Fig. 2, a, b). Increase in
strain rate resulted in simultaneous raise of strength and decrease in
ductility, that is common for the titanium alloys of this type [6-9]. A
comparison of FG and CG conditions shows that finer grains caused
somewhat higher ductility and strength for the same strain rates. The
o-phase particles precipitated on ageing caused significant increase in
strength (from 900-1000 MPa up to 1300-1390 MPa, depending on
strain rate), but elongation dropped drastically (Fig. 2, c).

3.1.2.Ti-3Al-4.5Fe-7.2Cr

Typical engineering stress—strain curves for this alloy are shown in
Fig. 3. First of all, it should be mentioned that this alloy was designed
as a low cost material for special applications (material for production
of supporting equipment for elderly population care), and originally it
was not assigned for high-level mechanical properties [11].

Contrary to VT22, in this alloy, the contribution of localized defor-
mation (strain after necking) into total plastic strain is bigger as com-
pared to uniform deformation (prior to necking), and the fraction of
localized deformation is close to 100% at strain rates of about 1073, Be-
sides, a comparison with the VT22 allows to note that in as-quenched
(single metastable B-phase) conditions the strength is higher, but elon-
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Fig. 2. Typical engineering stress—strain curves of VT22 alloy in conditions:
CG (a), FG (b), and FG + aged (c) at 640°C, 8 h.

gation is noticeably lower (compare Figs. 3, a, b with Figs. 2, a, b).

The most substantial differences are observed in the aged condition:
at all strain rates, the material was absolutely brittle (Fig. 3, ¢). Obvi-
ously, this can be associated with somewhat larger p-grains in FG con-
dition (approximately 20 um), since in the previous work this alloy
with finer grains (less than 10 um) showed acceptable ductility after

similar ageing [10].

3.2. Tensile Toughness

As shown in the previous study [9], the approach based on the analysis
of tensile toughness (that corresponds to the work expended on the de-
formation to fracture measured as the area under the engineering
stress—strain curves or deformation energy (U;) in [12]), allows to
compare the mechanical behaviour of different alloys in relation with
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Fig. 3. Typical engineering tensile stress—strain curves of Ti—3Al-4.5Fe—
7.2Cr alloy in conditions: CG (a), FG (b) and FG + aged (¢) at 550°C, 6 h.

their microstructure and phase composition. The data calculated for
VT22 in different microstructural states are presented in Fig. 4.

For both CG and FG single-phase B-states, the elevation of strain
rate caused a decrease of uniform deformation contribution and an in-
crease of localized deformation contribution into the total value of ten-
sile toughness (Fig. 4, a, b). In the aged two-phase condition, these con-
tributions did not change significantly with strain rate (Fig. 4, c). This
difference in the mechanical behaviour can be attributed mainly to the
uniform plastic deformation prior to necking: in the former case (sin-
gle-phase beta condition), it gradually decreases with strain rate,
whereas in the latter case strain rate has no noticeable influence on all
components (please note very low plastic deformation after necking). A
comparison of these data with the previous results obtained for
TIMETAL-LCB after similar heat treatments [8, 9] allows to state that
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Fig. 4. Tensile toughness of VT22 alloy in CG (a), FG (b) and FG + aged (c) at
640°C, 8 h conditions.

these parameters are rather close; nevertheless, in VT'22 alloy, the con-
tribution of localized deformation (after necking) is noticeably lower.

Ti—3Al-4.5Fe—7.2Cr alloy in the single-phase 3-conditions showed a
similar behaviour as the above mentioned VT22 and earlier studied
TIMETAL-LCB [8, 9]: the contribution of uniform deformation gradu-
ally decreased with strain rate (Fig. 5).

Other features are same: elastic and uniform plastic elongations
slightly increase with strain rate, and the total tensile toughness in FG
condition is higher as compared with CG one. In FG + aged two-phase
state, the tensile toughness at all strain rates was determined solely by
the elastic component due to drastic embrittlement (Fig. 3, ¢), and it
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Fig. 5. Tensile toughness of Ti—3Al-4.5Fe—7.2Cr alloy in CG (a) and FG (b)
conditions.
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did not exceed 20—25 MdJ/m?.

3.3. Fractography
3.3.1.VvT22

For better understanding of the deformation behaviour and fracture
features, we studied the fracture surfaces of the tensile specimens,
typical examples of which are shown in Figs. 6—8. Firstly, it should be
noted that in CG as-quenched condition some traces of large grain
boundaries are well seen on the fracture surface (Fig. 6, a). At the same
time, in FG material tensioned at low strain rate, no microstructural
features were observed on the fracture surface (Fig. 6, b). Neverthe-
less, at the macrolevel, both materials have entirely ductile fracture
surfaces with fine dimples, and in FG material, it is more uniform
throughout the whole fracture surface. The size of these dimples can-
not be attributed to the grain size, so the accumulation of deformation

Fig. 6. Typical fracture surfaces of VT22 alloy in CG (a), FG (b) and FG + aged
(c) conditions tested with strain rate of 8:107* (SEM).
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defects leads to the situation when fracture occurs at the subgrain lev-
el. After the ageing, there are more traces of grain boundaries in FG
material, and the secondary cracks along grain boundaries appear (Fig.
6, c). This allows suggesting that the grain interiors became stronger
than the grain boundaries; nevertheless, at the microlevel fracture
surface is rather ductile, and dimples are still observed.

The increase in strain rate up to 3.62:1072 did not change the type of
fracture in both CG and FG states (Fig. 7, a, b). In CG condition, some
traces of grain boundaries are observed in the centre of the sample (ini-
tial fracture), whereas these traces were absent on the perimeter (final
rupture). The fracture surface of the material after strengthening
(FG + ageing) remains the same as at lower strain rates.

At the highest strain rate of 1.81-107%, the general character of frac-
ture remains the same (compare Figs. 8 and 7). It is worthwhile to note
the formation of some facets of brittle fracture (Fig. 7, a) in CG mate-
rial, whereas it is not typical for this ductile material. In the FG single-
phase B-material, the difference between zones of fracture initiation
and final rupture is more pronounced as compared to lower strain rate

€ rmms

Fig. 7. Typical fracture surfaces of VT22 alloy in CG (a), FG (b) and FG + aged
(c) conditions tested with strain rate of 3.62-1072 (SEM).
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of 83.62-1072. Nevertheless, in both zones, ductile fracture is observed.
In age-hardened FG condition, the nature of fracture surface remains
unchanged: fracture (including secondary cracks) along grain bounda-
ries and dimples at the microlevel (Fig. 8, a).

Thus, the analysis of fracture surfaces suggests that grain bounda-
ries play a significant role in the processes of deformation, crack nu-
cleation and propagation, as well as final fracture of the material in CG
single-phase B-condition at all strain rates. The grain boundaries play
similar role in the deformation and fracture in FG condition with two-
phase (aged) microstructure. In the FG single-phase -material, the
impact of some grain boundaries (with specific crystallographic orien-
tation [8]) was observed only at higher strain rates.

Having in mind the goal to estimate the relationship between micro-
structure elements and localization of crack nucleation and propaga-
tion, we studied chemical composition of different zones (ductile and
brittle, see Figs. 9, a, b respectively) on the fracture surfaces. The av-
erage values (at least 9 measurements) are shown in Table 2.

Fig. 8. Typical fracture surfaces of VT22 alloy in CG (a), FG (b) and FG + aged
(c) conditions tested with strain rate of 1.81.107! (SEM).
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Fig. 9. Examples of analysed sites on fracture surface of VT22 alloy in FG (a)
and FG+aged (b) (640°C, 8 h) conditions. Ductile (a) and brittle (b) areas
(SEM).

As can be seen, the chemical composition in the ductile zone (No. 1,
2, and 4) is very close to the total content of alloying elements in the
alloy. At the same time, the zones of the brittle fracture (No. 3) are de-
pleted of all alloying elements, except vanadium. To clarify this, we
studied the distribution of alloying elements across grain boundaries
in FG + ageing state, using polished microsections. The results are
summarized in Fig. 10, a, and the data recalculated by molybdenum
equivalent (integral content of B-alloying elements [2]) are presented

TABLE 2. Local composition of VT22 and Ti—-3Al-4.5Fe—7.2Cr alloys on dif-
ferent areas of fracture surface.

Composition, % wt.
No. Condition Location -
Al ‘ Mo ‘ Fe | Cr | A% ‘ Ti
VT22 (Ti-5A1-5V-5Mo—1Cr—1Fe)
1 FG, WQ Ductile 5.88 5.50 1.13 1.08 5.02
2 FG,WQ+640°C, Ductile 6.45 5.88 1.01 0.93 4.78
, ’ ‘ Balance
3 8h Brittle 3.19 4.74 0.99 0.66 5.55
4 CG, WQ Ductile 5.97 5.68 1.09 1.03 4.82
Ti—-3Al-4.5Fe—7.2Cr
5 FG,WQ Ductile 2.35 — 4.1 6.72 —
° Bal
6 TG WQ+560°C, piine 320 — 425 7.32 2 ooanee

6h
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in Fig. 10, b.

An analysis of the data in Fig. 10, a and their comparison with Table
2 allow to suggest that the chemical composition in brittle zones (line
No. 3 in Table 2) quite well corresponds (except chromium) to the re-
gions around the grain boundary o-phase layers (indicated in Fig. 10, a
by arrow). As seen in Fig. 10, b, there are narrow (about 10 um) zones
around B-grain boundaries; in these zones, the content of alloying ele-
ments changes from 8.2 to 9.0-9.2% wt., and they (not grain-
boundary o-phase itself!) can play the role of ‘weak links’ where frac-
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Fig. 10. Alloying element distribution through the grain boundary of FG
VT22 aged at 640°C for 8 h: alloying elements distribution (a), integral dis-
tribution of P-alloying elements (b) (recalculated by Molybdenum Equivalent
according to[2]). Arrows mark possible sites of brittle fracture.
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ture starts.

It should be noted that the ageing of this alloy in CG condition
caused similar changes in the alloying element distributions, but the
grain boundary a-layers and zones depleted of P-stabilizing elements
were much thicker.

3.3.2.Ti-3Al-4.5Fe-7.2Cr

Similar study of fracture surfaces was undertaken for Ti—3Al-4.5Fe—
7.2Cr alloy. Typical examples of fracture surfaces are presented in
Figs. 11-13. At first, it should be noted that on the fracture surfaces
of the material in CG as-quenched condition some traces of grain
boundaries and elements of relief peculiar to titanium alloys with
coarse o+ 3 lamellae colonies (Fig. 11, a, marked by arrow) were ob-
served. At the same time, in FG single-phase material, the traces of
grain boundaries were not revealed (Fig. 11, b). Nevertheless, at the
microlevel, both materials have entirely ductile fracture with fine
dimples (Fig. 11, a, b). The size of these dimples cannot be associated

Fig. 11. Typical fracture surfaces of Ti—3Al-4.5Fe—7.2Cr alloy in CG (a), FG
(b) and FG + aged (c¢) conditions tested with strain rate of 8-:107* (SEM).
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with the grain size, so one can assume that the accumulation of defor-
mation defects occurred at a smaller, i.e. subgrain level.

Ageing of FG material led to the appearance of grain boundary trac-

Fig. 12. Typical fracture surfaces of Ti—3Al-4.5Fe—7.2Cr alloy in CG (a), FG
(b) and FG + aged (c) conditions tested with strain rate of 3.62-1072 (SEM).
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Fig. 13. Typical fracture surfaces of Ti—3Al-4.5Fe—7.2Cr alloy in CG (a) and
FG (b) conditions tested with strain rate of 1.81-107 (SEM).
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es and secondary cracking along grain boundaries (Fig. 11, ¢). This al-
lows suggesting that the grain interiors became appreciably stronger
than the grain boundaries. Nevertheless, at the microlevel, brittle
cleavage is mainly observed, and the number of ductile dimples is very
low (Fig. 11, ¢).

With strain rate increase (up to 8.62-107%), the general character of
fracture surfaces in CG single-phase material did not change: the trac-
es of grain boundaries and ductile dimples are fairly seen (Fig. 12, a).
In FG single-phase material, a sharp transition between the zones of
initial fracture and fast final rupture was observed, but in both zones
fracture was ductile (Fig. 12, b). Brittle cleavage facets were mainly
observed in the aged FG state as well, but ductile dimples were more
often as compared with slower strain rates (compare Figs. 12, cand 11,
¢). This trend persisted on increasing strain rate up to 1.81-107" (Fig.
13).

The analysis of chemical compositions in different fracture zones
(Fig. 14) revealed a reverse (contrary VT22) tendency: the zones of
brittle fracture were enriched by all alloying elements (Table 2, No. 5
and 6). In the earlier studies of this alloy, after similar heat treatment
[10], thin layers enriched by pB-alloying eutectoid elements Fe and Cr
were revealed near the grain boundary o-phase. Despite the fact that
Ti—Fe and Ti—Cr intermetallides were not found in the previous and
present studies (that might be explained by their low volume fraction),
one cannot exclude their formation leading to detrimental loss of duc-
tility.

Thereby, VT22 alloy, which contains both types of B-alloying ele-
ments (isomorphous Mo and V, eutectoid Fe and Cr), showed mechani-

Fig. 14. Examples of analysed sites in Ti—-3Al-4.5Fe—7.2Cr alloy in FG (a) and
FG + aged (b) (560°C, 6 h) conditions. Ductile (a) and brittle (b) areas (SEM).
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cal behaviour on tension with different strain rates very similar to the
earlier studied TIMETAL-LCB. Quantitative difference between them
(in tensile toughness) can be explained by lower integral content of 3-
stabilizers in VT22. As for Ti—3Al-4.5Fe—7.2Cr, the absence of [3-
isomorphous alloying elements caused the formation of the enriched by
B-eutectoid elements layers adjacent to the grain boundaries, and this,
possibly, could cause embrittlement due to formation of intermetallic
compounds.

4. CONCLUSIONS

1. The mechanical behaviour of VT22 and Ti—3Al-4.5Fe—7.2Cr alloys
in as-quenched single-phase B-condition is similar to another metasta-
ble B-alloy TIMETAL-LCB: ductility and tensile toughness monoto-
nously decrease with strain rate.

2. The fine-grained microstructures in both alloys had higher balance
of mechanical properties at all strain rates applied as compared to the
coarse-grained ones.

3. Ageing of as-quenched alloys caused increase in strength and de-
crease in ductility; the drop of plasticity was most detrimental in the
VT22 in coarse-grained condition and in the Ti—3Al-4.5Fe—7.2Cr re-
gardless of the grain size.

4. The reason of the ductility drop and, as a result, of tensile toughness
in aged alloys is the formation of thin layers enriched by B-stabilizing
elements, located close to grain boundary o.-phase. Taking into account
drastic embrittlement of Ti—-3Al-4.5Fe—-7.2Cr alloy, which contains
only B-eutectoid alloying elements, this enrichment can lead to the pre-
cipitation of intermetallics.
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