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718 alloy type nickei-base superalloys have Tfound wide
appiication in many engineering fieilds owing to their high
leveis of strength and ductility. This study deals with the
effect of refraciory elemenis (W, Mo) on the siructure and
mechanical properties of a weldable Ni-base superalloy with 5.3-
6.5 wi.% Nb. It is shown that additions of 6-8 wi% W and 3.5-5
wt.% Mo, with Fe level up to 5 wit.%, increase the alloy working
temperaiure up to 800 C.

Analyses of phase composition and mechanical propertiies of the
alloy after prolonged high-temperature ageing to high structural
stability in the range TDG—BODOC. Heat treatment conditions are
suggested, capable of ensuring the required of creep sirength
and mechanical properties. Structural and property studies of
cast and wrought alloy confirm its suitability Zfor the
manufacture of formed-welded and cast components of intricate
geometry.
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Nickel superalloys (type 718 alley) with 4.5-5.5 wi.¥% Nb have
i at

Iound wide gpplication for formed-welded and c¢ast  paris
} :
[
-+ I . Ty . : LA aTatirel . ¥ e il o
rating at femperatures up fc 700-C. The success pI these

mechanical engineering should be ascribed to thedl
high level of physical and mechanical properiies, resistance fo
oxidation and high-temperagture sal corrosion, and good
workability.,

is study deals with the siructure and mechanical properties of
a Soviet make nickel-base alioy (EPS02) {11 which differs Ifrom
718 lley on account of higher levels of tungsten, molybdenum,
aluminium and niobium, absence of 1i1iianium and limited iron
content (Table I).

Table I. Composition ¢of commercial EPS0Z alloy (wi.%)

C Cr W Ho Nb Al e Ce ZIr Ni

0,1 14-16 6.1-7.5 3.5-5.0 5.3-6.5 .5-1.8 <b0.0 <002 <.025 bal

The foilowing principles governe e design of this alloy:

(a) Higher levels of refractory alloying elemenis (W, Mo)
favour 7v-s80lid sclution hardening, reduce diffusion mobility of
atoms and retard coalescence of the sirengthening phase
particles.

(D) Restriction of iron content combined with higher levels
of molybdenum and i{ungsten inhibit the formation of
topologically close-packed u-phase which 1is known to impair
high-temperature strength and ductility.

(¢c) Increasing aluminium and decreasing iron content retards

the tiransformation of Nig(Nb,Al) 7'-phase into Ni Nb laminated
O-phase.

Such an approach yielded an alloy strengthened with NiS(Nb,Al)
phase suitable for prolonged service at temperatures up to 750-
800°C in both cast and wrought state.

The structure and mechanical properties of this alloy after
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plastic deformation were studied on specimens of rolled bar
produced from an ingot melted in an open induction furnace.

Table II . Mechanical properties of strained EP902 alloy after
two-stage heat treatment

Proparties Test temperature (°C)

20- &00 TOO T50
0g MPa 1170 aT0 850 T20
‘:'—:] o MPa 800 T80 T50 670
G % 30 20 15 14
KCV MJ/ m° 1.5 1.5 1.5 1.5

After heat treatment (1100°C - air cooling + 750°C - - 15 h -

air cooling) the structure is characterized by a fine grain ( 60
im) with thin boundaries and uniformly distributed dispersed
y'-phase (Fig. 1), and ensures a combinaticn of improved
strength and ductility throughout the range of working
temperatures (Table II).

Fig. 1. Microstructure of wrought EPS02 alloy
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Additional low-temperature ageing at 650°C  for

19 h (air

cooling) promotes the increase of strength in the temperature
range 20 to 60000, with somewhat lower levels of ductility

(Table TII).

Tabie III. Mechanical properties of wrought EP902 alloy after
three-stage heat treatment

Properties Teat temperature °c)

20 600 700 750
Oy MPa 1350 1070 840 680
Jg,2 MPa 930 B20 20 580
@5 % 30 8.5 6.5 6.0
KCv MI/ m° 1.0 1.0 1.0 1.0

Prolonged ageing of the alloy at 700°C does not esgentially

affect on the mechanical properties (2 o~ Q),

high structural and phase stability during

an indicgtion of
service (Table IV).

Tapble IV. Mechanical properties of wrought EP902 alloy at 20°C
after prolonged ageing at 700°G
Ageing time (h) og (MPa) | oy o (MPa) | Oz (%)] KOV (Md/ m")
0 1350 930 30 1.3
500 350 920 30 1.1
1000 1250 D20 A0 1.1
The results of cresp-rupfure strength tests at 600-800°C are
presenied in Table V.
EPS02 alloy features high heat resisiance: the rate of oxidation
in air at 1100°C is ~0.5 g/m~h over 1000 h period.
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The structure and mechanical properties of the as-cast alloy
cast din ceramic moulds. Retarded

the mould reveals dendriie
fractory elements into ihe
MGC/ND{C,N) and M C carbides and
G-phase  (Fig. a), The 1otal
some O.5% being the chare of

ing o©f the c¢ast alioy the

7 - N Time to
Test R Stress (MPa) Time 1o G (%)
temperature (°C) Iraciure (h) -
A a00 7151 2.5
&850 554 1078 2.8
{0 ARD 446 7.2
700 400 760 12.8
700 350 2141 10.0
750 250 496 18.8
750 200 1508 19.2
750 150 2775 14.0
BOO 200 145 33.6
800 150 434 22.4

v'-phase precipitates in the form of a dispersoid (amouni not
exceeding +3%). Increasing solution ireatment temperature to
1170°C was found beneficial in reducing the microchemical
csegregation inhomogeneity and for complete dissolution of the
surplus phase (Fig. Zb).

Analysis of the mechanical properties and creep-rupture sirength
of cast EPS02 alloy subjected to various heat ireatment modes
shows that the best combination of strength and ductility in the
range 20 1o 800°C is obtained with heat treatment: 1170°C - 3

i g dldtrvd FF A Widi Ll va Uit villvii v e
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- air cooling + 750%C - 15 b - air cooling (Tables VI and VII).

Table VI. Mechanical properties of cast EPS0Z alloy after
two-stage heat treatment

0~
PI‘OPEI’tlES Teat temperature { L-:I
20 600 700 750
oy MPa 880 680 720 658
G 2 MPa 750 565 600 598
g % 2.4 oE L6 19,2 12.0
KCvV M/ 0.6 0.7 0.6 0.7
i :i' -"'"L. 3 i
i %uq’._ 3 T
Y -i-;: IJ"I i "ol ".:-
d » Y
& :
“ £
f _,I {1 3
20 um : . mm}
. ARG
R f o o] -
a b

Fig. E.Iuicraatructure of ollu0e alloy: as-cast (a) and
after solution treatment at 1170°C (b)
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Table. VII. Creep-rupture strength of cast EP902 alloy

Test Stress (MPa) Time to S5 (%)
temperature (°C) fracture (h)

600 500 118 4.4
600 400 908 1.2

650 500 2064 12.0
650 500 3014 15.4
700 500 162 5.2
700 420 1558 2.4
T00 400 1301 18.4
700 350 2331 16.0

T30 350 211 6
780 320 429 4.8

=GO 300 48 5.
3

3
200 280 208 .0
800 226 614 7.9
enn 200 raa 16.0
S00 150 2000 14.4

Test results relating io creep-rupiure strength at 650-700°C of

the as-cast alloy are similar to those of wrought Dbars (Fig.

3), though the time to fraciure at 800°C is greater for the as-

cast specimens. The cast alloy retains high ductility {0g= iz 1o
) ests at 650-800°C for 2000-4000 k.

The structure of as-cas

t alloy in the working temperaiure range
after ageing for 1000 h fails to reveal noticeable changes on

ageing at 700°C (Fig. 4a), a3 similar gatructure being obtained
after creep-rupture fesis at 700°C and ¢ = 350 MPa for 2331 h
{Fig. 4b). Ageing at 75070 produces zones enriched with nioblum
and flakes of Ni.Nb “-phase (Fig. 4c). Increasing the ageing

o ;
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In order to aesess the mechanical properities of EPS0Z2 alloy
after prolonged service, sirength and ductility testis were
conducted after ageing the alloy for 500 1o 3000 h at 700°¢C

{Table VII1).the duciilitiy decreases, buil the values are stiil
ati )




in the time-temperature ranged studied, even after ageing for
as long as 5000 h.
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Fig. 4. Micrestructure of cast EP902 alloy after ageing for
co00 h oat 7ao%c (a), 750°C (b), 800°C (c) and
after creep-rupture tests for 2331 h at 700°C,
=350 MPa (d)

EPS02 alloy can be made by inducticn melting or duplex process
involving vacuum arc remelting, depending on end use.

EP902 alloy features a high level of performance characteristics
and 1is wused for formed-welded and cast structures. In
particular, this alioy is widespread as the material for turbine
wheels of superchargers for augmented engines with working
temperatures up to 750°C. A general view of a turbine wheel and
alloy macroetfructure are shown in Fig. 5.
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EFPS02 alloy is available as wrought and cast bar.

Table VIII. Mechanical properties of cast EF502 alloy after
prolonged ageing at 700°C

Ageing 20% 700°¢C

bime oy logadl ¢ | B¢ |og |ogie KCv
{ h "' i " i =}
(MPa) | qpa)| (%) | (MI/mmS) | (MPa) | (MPa)| (%) | (MJ/mm™

{ HE0 TE} 12.4 0.6 T 658 19,20 0.6

500 | 960 | TBO 12 0.5 670 |580 0.5

1000 | 970 TEC 7 0.4 690 {600 6 0,4

2000 970 B H 0.2 B0 670 6 0.2

SO0 990 25() by Q. S T10 4 .2

Fig. 5. General view of supercharger turbine wheel (a) made
of EPS0Z alloy and alley macrostiructure (b)
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