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hstract

ar B titanium alloys seem to be on a gradual increase for structural applications in the aerospace

dustry because they exhibit relatively good workability due to the low beta transus temperature,

cep hardenability and good corrosion resistance. They reach strength values close to those of steel
epending on the microstructure obtained during the thermomechanical process. In this work a
uantitative analysis of the microstructural changes in two near f alloys (Ti-5A1-5Mo-3V-3Cr-1Zr
nd Ti-10V-2Fe-3Al) during hot deformation in the a+p field near to the transus temperatuge is

resented. Microstructural features such as shape and maximum lengths of o grains are measured
train rates of 0.01 and s

y SEM/BSE from specimens with different grades of deformation at s
hie oo grains orient more perpendicular to the compression load with increasing deformation. A
ragmentation of the ¢ grain chains followed of a globularization is observed at 0.01s™ in Ti-10V-
Fe-3Al Refinement of B subgrains is observed at high strain rates. Formation of new § grains are
etermined by EBSD. The changes of the microstructure of these two-phase materials are presented

s function of temperature, deformation degree and rate.
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Introduction
The 15% of the components of the new generation of commercial aeroplanes will be made of
niunt. These will be mainly structural paris, such as landing gears and wing structures [1,2}. The
¢ of near beta titanium akloys for this application is growing due to the exceptional strength to
ight ratio, corrosion resistance and deep hardenability {3]. The low beta transus temperature and
¢ workability of these alloys make them appropriate for forging. Careful process control and
ofound knowledge of the influence of processing parameters on the microstructure are of
gnificant importance for the properties of those titapium alloys. Previous works with near beta
anium alloys Ti-10V-2Fe-3A1 (Ti-10-2-3) and Ti-5Al-5Mo-5V-3Cr-1Zr (Ti-5-5-5-3-1) [4-6]
wed the sensitivity of the microstructure to temperature, time and deformation. This work

yses the microstructure of these alloys quantitatively during deformation in a+[5 field near to

transus temperature and its relationship with the processing parameters described by the Zenner-

pliomon parameter.
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xperimental
near beta titanium alloys Ti-10-2-3 and Ti-5-5-5-3-1 were studied. Table 1 shows the chemical

position of these alloys in weight percent as well as the temperature of phase transformation
{7,8]. Both as received titanium alloys were double melted and subsequently open die forged
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Table 1 Chemical composition of the Ti alloys used (wt. %) and temperature of phase transformation (Ty) [k

Alloy AV _Fe Mo Cr Zr € O N H Ty [°C] . ! T | B O L AR ey
Ti-10-2-3 325 924 186 - - - 0023 0.12 0.011 0.0008 808 6+ E 604 ]
Ti-5-5-5-3-1 551 5.04 032 501 2.85 1.13 0.005 0.066 0.009 0.001 803 =] T Dol } ; ¥
2 T 3 [ ]
Cylindrical specimens were deformed at 0.01 and 1 s of sirain rate and at 0.1, 0.2 and 0.7 of gl 54: 4 1 ] [ - g 404 % t Ti’ i
true strain by means of a Gleeble™ 1500 machine in argon atmosphere at temperatures 20 and # § i ] g * ‘ : & H i
below Ty and water quenched in situ to freeze the microstructure [4-6]. Specimens were cul |4 ‘2 3'5 $ g ioRg 7 e 304 _
1o the load axis, mechanically ground and polished as described in Table 2. This OPS for tit 24t l“ ‘ ] ) .
alloys consists of 96 parts of distilled water, 2 parts of hydrogen peroxide and 2 parts of amumi H ! . Pt n 76C |
solution (NH3). The microstructure was examined in a Scanning Electron Microscope (SEM) iti 10'0 i'(]'z- 04 o6 08 10 : 7 14 16 10— . SN,
Backscattered Electron mode (BSE) to distinguish the o from the p phase. The magnification of O ) 600z 04 06 08 10 12 14 16
Local effective strain [-] Effective Strain [-]

analyzed pictures was 1000X and 2000X with the purpose to reduce the error of measurg
during quantitative analysis. SEM images were considered at different positions from the bords:
the centre along the central diameter for each deformed specimen. The analysis of the o graing
carried out using the software Axio Vs40) v4.4, obtaining area, feret maximum fength (FM
aspect ratio (FMax/FMin) and angle of the maximum length of each grain. The B subgrain size
caleulated using the mean linear intercept method according to the ASTM Standard [9]. A miy
subgrain diameter was determined in both perpendicular and parallel directions to the compres:
axis. Eleciron Backscatter Diffraction (EBSD?} was used to determine the changes in the [ phis
observing the B sub-grains after large deformations (0.7 of giobal true strain).

lgure 1. Alpha grains behaviour with effective strain in Ti-10-2-3 during deformation at 768°C and 788°C at
fobal strain rate of 0.01s”: a) mean value of the aspect ratio distribution b) number density of alpha grains, '

/s almost constant but a decrease of the aspect ratio denoted globularization of @ grains controlled
y diffusion at 768°C.

Hlongation of . grains was observed at high effective strain rates (>1s"} in Ti-10-2-3 and in Ti-5-5-
-3-1 for the whole range of temperatures and strain rates. Figure 2 shows examples of both alloys,
vhere the mean value of the aspect ratio distribution increases with increasing effective strains.

he orientation of the o grains changed during deformation (Figure 3); they aligned preferentially
erpendicular to the load. When the local strain increased, the orientation of the grains increased

Table 2, Description of the steps for automatic grinding and polishing
oncentrating the majority of the grains within a range of angles of £60° for effective strain rates

Steps Consumables Time |s] Force [N] elow 0.023s” and £70° for those compressed at more than 0.8s™" with respect to the load.
1.Grinding 220 Piano* Up to plain surface 135 he Zenner-Hollomon parameter, defined as Z—=¢ e(-Q/RT), was related to the microstructural
2 Fine Grinding MD-Largo* (9um) 600 170 vatures and shown.in Figure 4. For both matc?rials there are no significant changes in the « grains

o : morphology and size for the range of strain rate and temperatures studied (at 0.63 of local
3.Polishing OPs 600 65 cformation, for example). A slight increment in the aspect ratio (A) in Ti-10-2-3 is observed as a

* (rademark of Struers onsequence of the elongation of « grains by increasing Z.

The microstructural features (size, orientation) were correlated with the local effective strain il 7 ‘ T u 76C 40 T

strain rate obtained by simulation, using the commercial finite element code DEFORM™ 2D, Ths 4 —_— o T88C | 25 “

deformation produces barrelling of the compression samples provoked by the axial gradient of - _

temperature and by friction with the anvils. Values up to 1.4 of effective strain and 3.7s" were e 1 T 309 1 P 4

reached at the centre of the sample. § 4'} . ] § 55k 1 ‘|1 . ]
2 1 moy O | &

3 Results éﬂ 3,'!’ &3 ] & 20' " E 1

3.1. Alpha grains behaviour 5] < i [ +?

The dissolution of the acicular o phase into B phase during heating of an initial bimodal conditics: | ’ 1'5'§ ! | i R

in Ti-£0-2-3 as weil as a giobular microstructure in Ti-5-5-5-3-1 was reported in previous works [l - — 10 j 4 ii‘ e mec

6]. The stabilization of the ¢ content was achieved after 300s. After deformation of Ti-10-2-3 _ 00 02 G4 06 08 10 12 14 16 00 02 04 06 08 10 12 14 16

1) Local effective strain [-] b} Local effective strain [-]

lower effective strain rates, a slight increase of the mean value of the aspect ratios of o grains
lower local deformation {<0.5) was determined as illustrated Figure la) (bars represent the standard
deviation of the distribution). This can be related to the fragmentation and subsequent deformatios
of the chains of o grains indicated by an increment of the number density of o grains (Figure 1)),
especially at lower temperatures (768°C). At strains higher than 0.8, the number density of grains

jgure 2. Mean value of the aspect ratio distribution during deformation at global strain rate of 1s? in
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Figure 3. Example of the orientation angle distribution of the maximum length of the alpha grains in 111§

re 5. Example of beta sub grain size in Ti-10-2-3 with: a) effective strain for different effective strain rates
with respect to the applied load for different local deformations at 788°C: a) 0.016-0.0235", b) 1.5-1.85"". :

it b) with Z parameter at 0.63 of effective strain

= 5 ¥ T T T
3 T T T T T : T -
Tiol0-2-3 / - 0.63 3 Area [ f=-1.2+40.07 In(Z£}
o 44 i ¥ 4+ SR Max [um] — -0.38+0.07 IntZ)
£ 2 | & AL=2200002)
] e T = 4
h [F)
= =
é 2 2 |m] §
g | O Area fum’] =2.4-0.03 In(Z) E
= + F Max [gm]=2.+0.09In (£ = =
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Figpure 6. Beta grains observation by EBSB in hont deformation and b) deformed at

Figure 4. Relationship between Z parameter and w-grains microstructural features (size, maximum Je el W45 and 0.7 of true strain. Compression axis is vertical. o grains are black.

aspect ratio) at 0.63 of effective strain of: a) Ti-10-2-3 and ) Ti-5-5-5-3-1.
Figure 7 shows an overview of the different microstructures at the cenire of the specimens before
d after deformation in both alloys at 0.7 of global true strain and different strain rates. o grains
(dark) are elongated in Ti-5-5-5-3-1 after deformation (b and ) in comparison with the not
deformed state (a). At low strain rate in Ti-10-2-3 (e), the o grains become more globular compared
~ 1o the initial state (d) while the alpha phase is squeezed and clongated at 15" (f). The orientation,
< almost perpendicular to the load, of o-graing as well as the changes in size of the B subgrains
{bright} can be observed.

3.2. Beta subgrains and grains behaviour

The microstructural behaviour of the p phase by deformation can be summarized in Figure 5
Figure 6. Compared to the initial state (Figure 5a)), subgrain size becomes bigger after deformatié
at 0.01s”" and smaller at 15 . For both global conditions, the subgrain size seems to be indepenthesst
of the strain if larger than 0.6. This invariance in the size is related to the steady state condition. %
subgrains varied strongly with the Z parameter, decreasing in size with Z increases, as itlustrited s
Figure 5b). Compared with o phase, it denotes that most of the deformation occurred in [ ph
Figure & compares the P grains (with different grey scale) before and after deformation at 0.015" #y
EBSD measurements. The formation of new grains was observed during deformation, Tiis
phenomena is related to the progressive increase in the misorientation of the B subgrains prodused
by dynamic recovery and the effect of the second phase (o as a harder particle dispersed in ths
matrix increasing the formation of high angle boundaries [10] and strain concentration in the by
phase. This mechanism is called continuous recrystallization and cccurs at larger deformations.

4. Conclusions .

. The analysis of SEM images of hot compressed samples allowed the quantification of the
microstructural features of o-grains (size, orientation evolution, etc) and the B subgrains size
¢volution. Using Electron Backscatter Diffraction (EBSD) showed that this technique is appropriate
for the identification of [ grains. .

. & grains in Ti-3-5-5-3-1 become elongated with increasing strain, while the chains of o grains
were fragmented followed by a globularization by diffusion at 0.01s" in Ti-10-2-3. An effect of
flattening of the ¢ grains at 1s™ global strain rate was observed.
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rundlagen der Reinheitsgradbestimmung nach der neuen Norm DIN
10247:2007 ,Metallographische Priifung des Gehaltes nicht
etallischer Einschliisse in Stihlen mit Bildreihen®. :

ian Moll, AG der Dillinger Hiuttenwerke, Dillingen / Saar

ntstehung und Entwicklung der neuen europiischen Norm

usammenhang mit der européischen Normung der Anforderungen an Stihle entstand der
ngende Bedarf, ein einheitliches Verfahren zor Bestimmung des Gehalts an nichimetallischen
nschliissen festzulegen. Deshalb wurde im November 1988 auf einer Sitzung von ECISS/TC 1A
schlossen, eine Arbeitsgruppe ,Mikroskopische Priifung von Stihlen auf nichtmetallische
nschliisse® zu griinden. Frankreich, Schweden, Finnland, GroBbritannien und Deutschland hatten
perten als Mitarbeiter fiir die Arbeitsgruppe benannt. Diese Arbeitsgruppe hat im Rahmen von
ht Sitzungen einen Europdischen Vomorm-Entwurf prEN V 10247 , Metallographische Pritfung
< Gehaltes michtmetallischer Einschliisse in Stihlen mit Bildreihen® erarbeitet, der Arbeitsweisen
die mikroskopische Kennzeichnung von nichtmetallischen Einschliissen im Stahl unter
rwendung von Richtreihenbildern festlegt. Diese Vornorm basiert auf der Priifmethode der bisher
gewandten nationalen Normen. Der Vornorm-Entwurf wurde im Juni 1998 als Vornorm DIN
NV 10247 verffentlicht. Ab diesem Zeitpunkt konnten Anwender Erfahrungen mit dem neuen
rfahren sammeln und sie den entsprechenden nationalen Nofmungsstellen mitteilen. Als Beispiel
nn der Erfahrungsaustausch, der im Rahmen einer Arbeitsgruppe ENV 10247 des VDEh
sterausschusses filr Metallographie, Werkstoffanalytik und —simulation stattgefunden hat, genannt
rden. Die aus dieser Zusammenatbeit gewonnen Erkenntnisse wurden als Grundlage fiir die
deutsche Stellungnahme verwendet. Die vorgeschiagenen Anderungen der Norm wurden im Herbst
2004 durch Experten der nationalen Delegationen diskutiert und akzeptiert, so dass damit die
endgitltige Abstimmung der Norm angegangen werden konnte,

Figure 7. Summary of the microstructure obtained before and after deformation at the centre of the sp
Compression axis is vertical, For Ti-5-5-5-3-1 at 763°C: a) withoat deformatien, b) and c) deformed to !
0.01s™! and 15", respectively. For Ti-10-2-3 at 768°C: d} without deformation, €) and 1) deformed to 0.7 ut §
and 157, respeetively.

. [ subgrains decrease strongly when Z increases, indicating that the deformation occurred 1
in the B phase for this range of temperature. Formation of new grains at high deformations sug
continuous recrystailization.
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Dic neue europdische Reinheitsgradnorm wurde als gilltige Norm DIN EN 10247
etallographische Priifung des Gehaltes nichtmetallischer Einschlfisse in Stihlen mit Bildreihen®
im Juli 2007 versffentlicht.
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Wegen der Umstellung in der Betrachtungsweise der Einschlilsse sowie wegen der notwendigen
(geritespezifischen) Umriistungen der Mikroskope und zur Entwicklung einer entsprechenden
Software fiir Bildanalysesysteme wurde eine Ubergangszeit von 2 Jahren zur Einfithrung der neuen
und bis zum Zurtickzishen der alten Norm DIN 50602 beschlossen.




