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EPFECT OF CORPLEX ALLOYING ON THE PROPRRTIES AND STRUCTORE OF

a-ALLOYS

V. P. Kurayeva, 0. P. Solonina, Zh. D. Tkhorevskaya

Titanium alloys wvith increased heat resistance have become known

in recent years. They are smainly alloys based on an a-Structure
obtained by hardering the a-solid solution by making its composition

more complex and using coaplex alloying. \

There are tvs trends in the developaent of these heat-resistant
alloys. On one hand, high-alloy alloys with the maximim aluminua
comteat, vhich pravents the manifestation of the ordeced x,-phase,
are being used as their base. On the other hand, coaplex alloying of
alloys coantaining 2.25-60/0 Al is being realized. Aloag with

alusinus, "neutral hacrdeners®™ -~ tin and zirconium - ace ba2ing added
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to these alloys. \lthough these elements are less effactive alloying
elements than alusinum, they have a favocable effect >n heat

resistance.

Zirconium has a positive effect on this characteristic at high
teaperatures, forasing a large region of a-solid solution with
titanium. Tin raises creep resistance and tends to fors oriered
solutions with a-titanium [ 1). A small qiantity of B-3tabilizing
elesents prevents embrittlement caused by the transitional phases in

alloys containing 80/0 or more Al.

Alloy vT18, developed on the basis of the systea Pi-Al-2r, has
higher heat resistance at 550-600°C than the existing titanium alloys
and stress-ruptura strength of 28-30 kgs/am2 at 600°C for 100 hours

vith satisfactory stability.

The affect of complex alloying on these characteristics vas
studied in order to raise the thermal stability an? hzat resistance
of alloy VT18. Th2 work was done in twvo areas: 1) replacing a certain
quantity of aluminum or zirconium in the alloy by tin, ani 2)

additional alloying of the alloy vith copper, hafnium aad tungsten.

In order to raise the thersal stability of alloy VIr18 while

preserving its heat-resistant properties at 600°, part of the
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alusinue and zirco>nium vas replaced by tin. Alloys coataiiing less
than 70/0 Al and 80/0 Zr with a constant quantity of niobium and
solybdenua vere used for the study. FPurthermore, 0.20/0 Si wvas added
to some of the alloys containing 20/0 Sn. The test results showved
that addit ional alloying of alloys vith tin does not significantly
change their stress-rupture strength and plasticity at roos
teaperature coapared to these properties of alloy Yri13. Hare the
impact viscosity increases from 2-3 to 8. 5.4 kga/ca2, An increase in
the stress-ruptura streagth from 115 to 120 kga/ca? aird a reduction
in ispact viscosity from 4.1-5.2 to 1 kga/ce? are dnly observed in

the alloy wvith 7.50/0 Al additionally alloyed with 20’0 Sa.

As the tests showed (Fig. 1), after heating alloys wvhich do not
contain silicon fo>r an additiomal 100 hours at 600°, tha2ic thermal
stability is completely satisfactory: a certain decrease in
plasticity and increase in strength are observed. Plasticity
decreases more markedly vhen the tin coatent is intreas2d from one to
3.50/e. Thus, in an alloy vith 10/0 Sa, x=W% , aad vith 3.50/0 Sn,
¢=24Y%. . Sisilar results on thermal stability wete dbtained after
heating the alloy at 550° for 100 hours. Increasing tae duration of
heating from 100 to S500-1000 hours at the sase teaperaturess
essentially does 10t change the plastic properties of an alloy with

1-20/6 Snh.
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Pig. 1. Nechanical properties of alloy Ti -~ 7o0/0 Al - B3/3 Zr - 10,0
b - 0.550/0 Mo - Sn with differeat tin additives at codm temperature
after holiing for 100-1000 hours at 550 (a) and 600° (b):

©-1% Su O-2x S x-A8% Sa. « KBY: (1) kg/ma?. (2) Holdiag, .
N 2 - o
-
-
< ; —1 5
¢ @ ™3 . i""o' o ~
'w'.‘,‘lﬂ

Alloys with ).20/0 Si have lowver thernmal stability, whereupon

the higher their alusinum and zirconiunm content, tha lLowver their

plasticity. Iancreasing the quantity of tin in the all>y from one to ','Jﬁ
3.50/0 increases its short-tera strength at to 5-10 kj/am? 500-7000° |
(Fig. 2). The results of long-term tests shoved that 1lloys with
3.50/0 Sn (without silicon) have a high level of heat-resistance
characteristics (o3 =30—21 kg/am2?) ., ¥With the addition of 0.20/0 Si to
the alloy, as well, its heat resistance increases (0% =33 kg/am2;

o kg/as?), but its thermal stability drops.
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Pig. 2. Short-tera strength of alloys type VT18 with 1ifferent tin
contents at raisel temperatures: o-ixse @-2vsa x-ass e . KEY:

(1) kg/mm2,

The study established that the structures of all>ys without
additives and wvita tin additives in the annealed stat2 and after
additional heating-and-cooling cycles at wvorking temparatures are
similar to and resemble the "hasketweave" structure. Examination
under an optical microscope (x300) shows that the structure of the

alloy consists of plates of a-phase with dark inclusions on its

boundaries (FPig. Ja), vhile bands differing from the x-phase (Pig.
3b, c) wvere observed against the bhackground of the a-30lid solution
under an electron microscope (x10,000). They become wider as the tin
content in the alloy is increased from one to 3o0/0 (Pig. 3c). These
bands can either be considered to be the effect of th2 chamical
heterogeneity on the edges of the a-grains, or they can be explained

by the presence of the second phase in the alloy.
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FPig. 3. Microstruczture of alloy VT18 with different tin aiditives:
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The phase analysist shoved that alloy VTr18 alloy»3 aiditionally
vith tin obviously consists of two a-phases vhich differ in their
content of aluminum and other alloying elements, as wa2ll as the
p-phase, vhose quantity also varies wvith the composition >f the

alloy. Pootnote: tWork conducted by Ye. I. Gus'kov. End footnote

The content of th2 a-phase stripped of alloying elements and the
p-phase is obviously very small; thus, they do not have a significant
ef fect on the allyy®'s heat resistance. Its high heat-resistance

properties probably result from hardeniny of the z-solil solution.

As w2 know, copper increases the creep resistancs >f titanium
alloys, vhile preserving good thermal stability (2]). 2.8 and 20/0 Cu
were added to all>y VT18 for this purposa (Fig. 4). The test results
(Pig. 4) shoved that the alloy has high thermal stability after 100
additional hours 52f heating at 450, 500, 550 and 600°; here its
relative contraction is 34,3-41.65/0. The alloy has high creep
resistance and reduced stress-rupture strength at 550 and 600°, Its
residual deformation at 500° and ¢ = 35 kg/mm2 for 10) hours is
0.080/0.

o TR
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Fig. 4. Mechanical properties of alloy type VT18 with alditives of

copper and hafnius at room temperature after holding for 100 hours at

450, 500, S50 and 6000;  @-48% Cu: 0-3x Cu: x—dx M. KEY: (1) kg/mm2,
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The addition of 0.80/0 Cu to the alloy does not affect its phase

composition and microstructure, but further increasinj th2 copper €
content to 20/0 reduces its heat-resistance properties. This is f

obviously due to the manifestation of the p-phase.
Like zirconiam, hafnium is a titanium analog. We know that ,€
hafnium increzses the creep resistance of alloys basel sn Ti-Al ?

vithout changing their phase composition [ 1, 3]. ‘

The replacem2nt of 60/0 Zr in the alloy by 6o/0 Af reduced its
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strength propertiss at room temperature and raised temperatures, as
vell as the heat resistance of the alloy (see Fig. U). dowsver, its
thermal stability remained high after an additional 100 hours of
heating at all teaperatures. The alloy's structure dil not change

vhen gzirconium was replaced by hafniunm.

Tungsten foras a eutectoid decompositon system with titaniunm.
The maximum solubility of tungsten in a-titanium alloys is less than

0.80/0, which indicates the low diffusion rate of this element.

We knov that the addition of tungstean raises the heat-resistance
characteristics of titanium alloys withoat reducing taeir plasticity
and stability. Thus, the creep limit of alloy ¥T3-1, which contains
tungsten instead >f chromium, doubles at 450°C [4]. Alloy VTr18 to
vhich tunysten has been added instead of p-stabiliziny eleaments
(niobium and molybdenum) has high short-term streagth at 550-600° anid
high creep resistince at 600° and ¢ = 10 kgomm2 for 100 hours.

Here
it s residual deformation is 0.0350/0. However, this alloy has low

thermal stability, wvhich is probably related to the change in its

phase coamposition,

Conclusions
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The replacemint of part of the aluminum and zicconius in alloy

VT18 with tin (20/0) increases its thersal stability while preserving
its high heat-resistance properties.

2. The addition of copper or tumgstan to alloy VI13 increases
its creep resistance. The content of the indicated adiitives, as vell
as aluminum and zirconius, in the alloy must be precisely determined

here in order to >btain the optimum set of properties.

3. Tin, coppsr and hafniua additives do not chanje the structure

and phase composition of the alloy within the limits >f tae a-solid

solution.
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STRUCPURE AND PROPERTIES OF A HEAT-RESISIFANT TITANIUM ALLOY WITH A

LONG SERVICE LIPE AT 500-550°

O. P. Solonina, N. N. Ulyakova and M. I. Yermolova

We knovw that as heat resistance increases in the process [Tr.
note: incorrect line inserted here in Russian text; cirrect line
missing] ... alloys have a tendency toward reduced plastic

characteristics, i.e., to embrittlement.

Today alloy VT8 is the most stable >f the alloys intended for
long-tera vork at teaperatures up to 500°. In comparison, alloy VT9
has higher heat-rasistance characteristics at 500-5502, but its

thermal stability is inferior.

The purpose of this study vas to search for the compr>sition of
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an alloy vith heat-resistance properties which are at lsast as good

as those of alloy VT9, but with greater thermal stability.

Alloy type Vr3-1, wvhich is alloyed from various 2lements, was
used for the stuly. The mechanical properties of this alloy wvere

studied at room and raised temperatures (300-600°), as well as its

thermal stability in the 800-550° range after holding for 100, 500,
2000, 3080, 6000 and 10,000 hours, its stress-pupture strength at
450, 500 and 500° for 100 hours or more, and its creep at 500° for

100 hours after tvo modes of heat treatment:

Dheating at 870° for one hour, cooling to 650°C, hslding for two

hours, cooling in air;

2) heating at 920° for one hour, cooling in air, h2ating at 590°

for one hour, cooling in air.

BEffect of Prolonged Heating on the Properties of the \Alloy

The alloy's thermal stability vas studied on Sagarin and Menazh

specinmens.

The data in the figure shov that the alloy has high thermal
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stability after b>th modes of heat treataent amnd addit iomal holding
for up to 10,000 aours at 800 and 450°, vhile its mechanical
properties (o, = 110-120 kg/am2; 8§ = 100/0; ¥ = 300/0;

8 = 3 kga/ce?) are virtually at the level of the orijinal values.
Af ter prolonged h>lding for up to 500 hoars at 500°, the high level
of mechanical properties is preserved after both modes >f heat
treatment, Plasticity gradually decreases as the iuratisn of holding
increases; however, even after holding for 10,000 hours it remains at
an adequate level (6 = 5~-80o/0; 9= 10-1532/0; @ = 2-3 kgm/ca2), and
embrittlement of the alloy is not observed. At 550°, the mechanical
properties of the alloy are only stable after holding for up to 100
hours. Increasing this time to S00 hours leads to a raduction in
plasticity, especially transverse constriction of up to 1)-170/0,
vhile after holding for 2000 hours, plasticity remains at the level
8§ = 50/0 and ¢v=10%.
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Figure. Effect of prolonged holding at different temparatures on
sechan ical propert ies of alloy: e - doudble anmealing; X -
isotheraic annealing; - - - - annealing of blanks. KEY: (1)

kg/am2, (2) kga/ca2, (3) Holding, hours. (4) kga/mm2,
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The nature of the change in the all>y*s amechanical properties
after long-ters heating at different temperatures virtuilly does not
depend on heat treatment; the alloy only has lower stcess-rupture

strength after issthermic annealing.

The data obtaiined show that the alloy is stable at 450° and
holding for up to 10,000 hours, at S500° - up to 1000 rours, and at
550° - up to 100 sours., However, at 500 and 5509, plasticity is

maintained at an s1dequate level after bholding for up to 6)00 and 3000
hours, respectively (3==8%:¢9=10%). x

The effect of surface oxidation on plastic charactaristics after
holding for more than 2000 hours at 500° and for 1000 hours at 550°

vas observed during the comparison of tha tests on the blanks and

specimens subjected to long-term heating.

The study sh>ved that the alloy has a tendency ti>warl increased
thersal stability wvith the reduction in the temperature of
low-temperature annealing. This is obviously due to tie high
stability of the f-phase; this phase tends to be enrich2d with
p-stabilizing eleaents to a great extent at a lowver tsmperature.
Therefore, in ordar to provide higher thermal stability of the alloy,

it is necessary t> anneal it at temperatures close to working
temperatures.

&
T ks ._-.____‘h—‘—j
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Phase Composition of Alloy Aftér Prolonged Heating

The alloy®s stability wvas evaluated by the chang2 in the
pacaseter of the crystalline lattice of the f-phase dapaniing on the
tise and temperature of heating. It was established that after aging
at 800° for from 100 to 3000 hours, the p-phase paramitar jradually
decreases, indicating its gradual decomposition. The parameter
resained virtually the same after heatinjy longer than 3000 hours.
After aging at 45), 500 and S50°, a markad decrease evea sccurs after
holding for 100 h>urs, folloved again by anm insignifizant change in
the parameter. Ths higher the aging temperature, the faster the
p-phase decomposes. According to the electrochemizal phasa analysis
data, during prolonged aging this phase is eariched with
p-stabilizing elements due to impoverishaent and partial

decoaposition.

By studying the microstructure on an electron mi:zroscope, it wvas
establ ished that the structure of the alloy consists >f a- and
f-s0lid solutions after isothermic annealing, while after double
annealing, there ire heterophase sections - products >f the

decomposition of the metastable p-phase - along with the residual
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p-phase. The presance of heterophase sections provides higher

PIRuT e

strength and and heat-resistance properties of the alloy. According ﬁ
i to the prelisinary data, crushing and enlargement of the needles in L4
| the heterophase sections occur during prolonged holiliijy of specimens
for up to 100 hours (at different temperatures), whila in the

isotheraic annealing mode, the form of the phase inte:faces changes

and serration (after prolonged heating at 450°) or crushing of the

plates (after prolonged heating at 500°) occur.

Heat Resistance of Alloy

The study of the heat resistance of the experimeatal alloy

shoved that:

T) the tensile strength at raised tamperaturas (350-6000) f

virtually does not depend on the heat treatment mode (table):

2) the tensile strength is somevhat higher (85, 70 and £

40 kg/am2) after i1ouble annealing than after isothermic annealing

(33, 64 and 37 kg/me2) at all test teaperatures (450, 500 and SS0°,

respectively): !

3) the alloy's tensile strength at 500° held for 100 hours (with i
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residual 1eformation of 0.20/0) is egqual to 33 kg/am2 after

isotheraic and 80 kg/am? after double amnealing.

-

The table gives the mechanical properties of the experimental

alloy compared to the properties of alloys VI8 anml VTI.

e
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Table. KEY: (1) Alloy. (2) Test temperature. (3) kg/am2. (4)

Thersal stability after heating at 5S00°. (S5) kgm/cm?. (5)

Experimental. (7) *Duration of holding alloy VT9 - 20)0 hdours,

experisental alloy - 6000 hours.
; B ::;; o || wame |TEEodumeee
| Caase nenu-
Tounn, . 3 | o O
X2 iast (3) . “‘“Z'—
BTS 2 |106—-18] - - -l - =
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550 - 3 10 =] - -
. 450, 2 - - s L Y
S00 n (] 90 S| M0 13
'. 850 n || u -1-1 -
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The analysis of the data obtained shows that the heat resistance
and creep of the experimental alloy are a1t the same 1laval as these
charac teristics of alloy VTr9, while its thermal stability
considerably exceeds that of VT9 at 500°. The use of th2 nsw titaniums
alloy makes it possible to increase the service life of articles at

S0Q0° from S00 to 5000 hours.

Conclusions

t. A composition of the alloy which provides reliadl2 oparation
at temperatures up to 500° and a holding time of up t> 10,000 hours,
and at 550° - of up to 3000 hours ~ vas >btained (versus 2000 and 100
hours for alloy Vr9). The heat resistancs of the experisental alloy

is on the level of that of alloy VT9.

2. The effect of heat treatment and long-term heating for up to
10,000 hours at 400, 850, SO0 and 550° on the properties, structure
and phase composition of a complex-alloyed titanium all>y vas
studied. A tendency toward an increase in the thermal stability of
the alloy with the decrease in the temperature of low-ta2mperature
ansealing connectad with the high stability of the g-phase was

detected.
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