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ABSTRACT

Fmbrittlement of high strength titanium alloys may be
gtipulated both by some aspects of material's nature and by
defects. Defects causing local embrittlement and premature
fracture of titanium alloys of ingot metallurgy are accounted
for "smithed-in" surface layers of high gas concentration
during fabrication of details. In alloys of ?anule metallurgy
analogous defects are caused by granules of other alloys or
nonmetalic Inclusions. The sizes of diffusional zones around
all sorts of imgurities are the Important factorifrom fracture
mechanic's point of view.
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INTRODUCTION

High strength titanium alloys are extensively used as
constructional materials in modern technics. With the UTS as
h1§h as 1100 MPa their elcngation 1is approximately 5-8% .As a
rule relief of fracture surfaces of tested specimens and
different detalls produced out of such alloys 1s dimpled,
characteristic for ductile fallure. But sometimes in
explolitation and miscelaneous technological testing occurs
brlttle fracture.There are two approaches to the definition of
brittleness: 1) according with caracteristics of plasticity or
to ess; 2) according to reliefs of fracture surfaces. The
latter allows to elucidate the cause and sometimes even the
mechanism of embrittlement.

Research results of the nature of premature failures show that
thelr genuine cause 1s often closely connected with the defects

171



User
Rettangolo


The aim of our work

factors sti
roduced dur

ound

The Specimens for

iR R e

the beforehand fracture or embrft%fg:gggrgrgngiggga1£e%ggigg ??
gg?%glegégg?hology and criteria or premature fracture and
Detall FRZEENE  griterta of premamure
_sphame TR0 0.6 ™)

___gggfz__& I/M,VA:75000 -3 —
T
_speoinen HEAOO0C  ROU=05 akgrm?
__specinen il T

_ Spetimen GBS s
ot 1t ——
____________________
___spectmen '1MESIEOTG . GErs

defects origin

fabrication processes,

MATERIALS AND INVESTIGATION TECHNIQUES.

the investi

BTS-1KT  G/M,C:960°C 1on
Specimen 160MPa

I/M or
HT:

thesame
VA-vacu
GBFS -

*) - ra

G/M 1s for 1ngo

the temperature
) .

for :
um ageIng: tempe
%rein boundar

1o of breaking

tion have

semiproducts or har

S pos
SCOpy and microanalysig. Possible by means of an

has been the
pulated both by et

1cal

of alloys and by defects
establishing of the

been cut out of
fabricated 1in

Treatments of the

anule metallur%?;-—
time of so ution treatment

rature and time of treatment.

t or
and the
fracture

surface.

to desing loads.

172

+

Por the 1nvestigation of fracture surfaces. has been used
jeanning electron microscop Philips PSEM-500 with the
attacthment for microanalysis EDAX-T11. Microstructure of
alloys has been studied by optical microscopy. Aforementioned
Jpecimens were both usually tested for determination of tensile
or 1mfact toughnes properties and piecies of materials with a
fractlon of big fracture surfaces. The sizes of latter were fit
L0 mount them In specimen holder of PSEM-500. Usually they
contained zones of fracture initiation (ZIF) and somtimes
neighbour areas of 1ts continuation. ZIFS have been determind
by macroanalysis.

specimens were cut off by mechailcal mashining with a coolin% by
~vater emulsion. Before the investigation in SEM they had been
ultrasonicaly 1n some water or ethyl alcohol
solutions. Some model alloys produced by methods of granule
metallurgy (G/M) were studied to account for the defects orign.
To the granules of titanium alloy on prefabrication stage were
added few particles of metalic or nonmetallic nature. In this
case a temptrature and a time of every production stage are
known. It gives the opportumty by a comparison of diffusional
zones' sizes In real ‘and model materials to make out more
accurate some details of defects origin in former.

cleaned

THE EXPERIMENTAL RESULTS.

A8 a rule the ZFIs were of different colour against the
background of the main fracture surface. The probable cause ot
this phenomenon 1s the unequal reflective properties of
observed fracture places. For example on the fracture surface
of spherical tank out of allo¥ BT6, which failed prematurely at
the "Individual test, the ZFI has a coarse faceted relier

(Pig.1a).

Almost rlat facets of this rellef are typlcaly of
quasicleavage charackter (Fig.1b).

e

3
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a) b
Fig.1.Microfractograph (a) and the microstructure (b)
In ZIF of spherical tank out of alloy BT6.

cleavage cracks 1n this zone.

Additionaly there are many
t inclusions encircled by

Microstructure here contains many 11
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dark pores and ribbonlike constituent. Microanalysis

thatd 1ght 1inclusions has the same cor{tents ofyalumfnafgmsggg

vanadin as the alloy but the dark ribbonlike
The si ’

inclusion and of Cleavage facets on fracture su;fazcees aci*{a about

cracks begin at the

respectively. In ZFI e o R D
s S here
large quasicleava§e facets and many cleavage cr%%:?{%.ex%lslg
microstructure Ol metal adjacent to the ZFIS 1s formed of
coarse I'gla‘ces and some areas apipear as homogeneous a-phase.
C for the Ilayers wit
Soncetrations 0f gaseous Impurities. Indeeqd, thg conc:enthragzl:itgﬁ1
oI oxygen in the areas of the defects may reach up to 8-9%.

Next fact akin
ngg.gt to ess

arorementioned fallures 1s the case of low
In specimens out of alloy BT5-1kr tested at

a) b
Fig.2. The microrractograph (a) and Fé K, X-ray image
(b) of the same place of specimen out or alloy BTS-1KT.

Microstructure of the metal, adjacent to the fract
contained 1inclusions of an 1iron rich pnasg ugfoggurfacgfiﬁ
boundaries. The mean dlameter of the inclusions 1s about ﬁrx‘

An alternative to resented afore remature rfailures 1
yvhich happened at the tecnological tespt of forged r1 e oust 8?8
alloy BT3-1. Investigtion in SEM 1in ZFI have beéen rognng dimpled
On polished section s uare
t stucfural
constituent (F1g.3) of 45mm Je th. Accod t
microanalisys data 1t was very low aﬁ%yed (~98% T1, ”1%OA1)?he
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Its microhardness value was only 273 l{pd/mm2 whereas the same

characteristic of base alloy was 360 kpd/mmz. The
latter corresponds to the property of heat treated alloy BT3-1.
In this case the 1light phase happend to be  soft a-phase.
Until now have been scrutinized alloys produced by usual ln%ot
metallyrgy (I/M). Further are presented results obtained or
alloys fabricated by granule metallurgy .

Fig.3.The microstructure of the alloy BT3-1 1in ZIF of
the detail "flange".

On the fracture surfaces of specimens of embrittled G/M alloys,
were met defects which look out llke a particles or thelr:
imgrlnts on the inspected surfaces. This 1s true both for model
an commercial /M alloys. The particles'imprints are
encirculed with areas of uasiclivage appearence ( 1§.4a). The
real Inclusions were of different nature: 8102, Ca0, Fe, N1, Cu

or granules of another titanium alloy. In quasiclevaﬁ? areas by
microanallsys always were discovered elements contained in the
Inclusions (Fig.4b). Hence the size of quasiclevage area 1in

3 o o

a) ' b)
Fig.4.The microrractograph (a) and NiKa X-ray 1image
(b) out of G/M BT5-1KT alloy.
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each cas
lengtﬁ. € may be admitted as g Measure for difrusional zone's

IT not admittedly Inclusi
§ ons et 1In commercia
digggfggtogt%%g?rogo%ngg%gtiggfr145 always at so%idaégggé g}
. uslion of constituent ele t

n titanium alloy take place during h g
treatument. High concen rations 1?p len "2lemg and heat
diffusional zone stipulate embriO meng orions s

ttlement
premature frailures or Specimens and machine par%g. SLoyE aud

Yet another ag ect of brittle

occurs 1in cregp tests. Ir (aig?~12ﬂ§o§§?%§rgremature e
B-region t?ig acquire coarse grailned Widmanstedt microstructure
Strerach: i ter prﬂger ageing the alloys achleve the high
(a+ﬁr)1g el our work has been Investigated creep behaviour or
e a ??s BT14 and BT23 at room temperature. The alloys
(9TOOCE%§31?.%gjoagfﬁ%géisqu(ﬁ—region) or from (a+B) region
620°C,2h; latter - at 525°o,$8ﬁ? fater and then aged: former-at

Specimeng or alloys quenched from p
: 1 temperature
§§%ged %f-constant stresses near yiel%hstregs very 1%ﬁdc?§§g
e and failled after Very small elongation. In macroscale the
tensiiue'e stsrueisi.:sace%he§el;vee reap}groximately %elrpendicu.lar to the
s er bi uasi

§ggegezc %ég% %g§¥%éga§?tboundaries (Fig.5b). Tﬁ% game géegﬁﬁg
e =y er some sustained loading 1in tension

Fig.5. The microstructure (a) and microfracto
aph
the specimen out or alloy BT23 (HT:9606€,p1h0I
+ 8525%C, 10h) ruptured arter creep test.

The opposite effects were demonstrated b

y Yy Speclmens aged a
rl.ggh fpe perature quenching.The Ccreep rate pln these gcasesrtsgs
£ er high and the creep deformation of Specimens at the time
% a4 Tallure was approximately equal to the elongation fixed in
tensile tests or specimens in the same conditions. The fracture
surfacaes of these Specimens were also Taceted but the
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transkristalline (Fig.6a) and oriented at about 45° to the
tensile axis. The microstructure of the Specimens was of basket

weave type (Fig.eb).

The nature of the defects - how they look on the fracture
asurfaces and what 1s the chemical contents 1In particles and

thelr adjacent areas in model and commercial G/M alloys allowed
: Saolow i S

|
” v

a) D)
#ig.6.The microfracto§£apn (a) and the microstructure
(b) of Ehe sgec en.out of alloy BT23
(HT:800°C 1h +525°C 1Qn).

eazlly to find out the weys by which different Impurities have

THE DISCUSSION OF RESULTS.

got In the alloys. For example, inclusions of 310, and Ca0 did

30 from dust of work places, metallic inclusions are from the
rest of granules of other alloys on package walls and on
Instruments needed to manipulate with granules and their

compacts.

In I/M alloys derfects may appear both aur1n§ smelti and
process » especlally by rolling and for n§. Typically
metallurgical defect 1s one in Tlange out of BT3-I. Because of
poor miX%ng oI raw materials in a charge there was not achieved
uniform distribution of the alloy's components 1in primary ingot
and following heats at all stages of grocessing. Just in this
case preserved large area of thé almos unalloyed titanium with
the ugtlmate stress mach less than the rest of the alloy has.
The case may be called ductile "embrittlment" inasmuch such
characteristic as a rupture stress 1s much lower then
admissible one but all microstructural reatures of the fracture
Jurface are essentialy ductile. The defects of the sort are
encoutered rather offen (Borisova et al,1980).

The brittleness of such items as spherical tanks out of alloys
BT6 and BT3-I and "cover" out of alloy BT3-I 1s real one. The
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elements usually segregate either 1in the oxide film (Al) or

corresponding diffusional zZones as they apgear on fracture
surfaces (Fig.5a) or in microstucture (F1g.5b) are by the
order of magnitude the same as 1n model alloys groduced by G/M
methods. The latter 1ig in a consent with formation of defects
in a solid state condition of a meta].

The brittlness assotiated wi%tAdefects 18 connected with the
fundamenttal pbroperties of alloys only indirectly. For examgle,
due to high S0lubility of oxigen 1in titanium reallses
Saturation of metal adJjacent to "smithed—in® particles of oxide
films by this gus. But behaviour in c¢reep conditions is more
stralght  connected with the nature of alloys. Thus the brittle
rfallure of aged specimens after quench from g-region caused
by grain boundary embrittlement when grains are of big size 1is
Inherent for titanium alloys. The meaning of this notion 1is in
that the game behaviuor may by encountered 1in metal of heat
arfected zones or weldments.

It must be noted that the sizes of defects Or more accurately
Of thelr diffusional zones and the rupture stresses for the
glven specimen are the data for accounts of fracture michanics
characteristics of materials.
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