
758 alloy type nickel-base super-all!2ys have fouLTLd wide 
FippliGiZitiOl3 in many en@neeri,n.g fields CJW~~ to their hi@ 
levels of strength and ductility. This study deals with the 
effect of refractory elements (W, MO) on the structure and 
mechanical properties of a weldable Ni-base superalloy with 5.3- 
6*,5 wt,% Nb. It is sizown that additions of 6-43 wt% W and 3.5-5 
wt,% MO f with Fe level up to 5 wt .%* increase the alloy working 
temperalxre up to 800 C, 

Analyses of phase composition and mechanical properties of the 
alloy after prolonged high-temperature ageing to high structural 
stability in the range 70&80O*C a Heat treatment conditions are 
suggested, capable of ensuring the required of creep strength 
and mechanical properties ‘ Structural and property studies of 
cast and wrought alloy confirm its suitability for the 
manufacture of formed-welded and cast components of intricate 
geometry. 
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This study deals with the structure and mechanical properties i;lf 
a Soviet make nickel-base alloy (P902) E I i wh,ich differs from 
718 ailvy on accr>unt of higher levels of tungsten, mQiybdenum, 
aiuminium and niobium, absence of titanium and limited iron 
content (Table If., 

The following principles governed the design of this alloy; 

(a) Higher levels of refractory alloying elements (W, MO) 
f avour ~-solid solution hardening, redui:e diffusion mobility of 
a.toms and retard coalescence of the strengthtining phase 
particles 3 

(b) RestriztiGn of iron content combined with higher levels 
of tiolybdenum and tungsten inhibit the formaticz3 of 
topolQ$ically close-packed bb-phase which is known to impair 
high-temperature strength and ductility. 

(c) Increasing aiuminium and decreasing iron content retards 
the %ransformation of Nig (Nb,Al) y ’ -phase into Pji$b laminated 
B-phase. 

Such an approach yielded an alloy strengthened with Ni3(Nb,Al) 
phase suitable for prolonged service at temperatures up to ?5Q- 
800% 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 

I Dvnnarties .I. .L “pdi 

“I3 

“0.2 
c, 

5 

KCV 

I 

MPa 

MPa 

% 

MJ/ rn’ 

20. 600 700 

1170 970 850 

800 750 750 

30 20 15 

i 1‘5 1.5 1.5 

Test temperature (oC) 

750 

720 

670 

14 

1.5 

After heat treatment (1 !OO°C - air cooling t 7SO’C - - 15 h - 
air cooling) the structure is characterized by a fine grain ( 60 
ILLrn) with thin boundaries and uniformly distributed dispersed 
y ‘-phase (Fig. 1 ) , and ensures a combination of improved 
s trergth and ductility thro~@out the range of working 
temperatures (Table II), 

Fig, 1 i Microstructure of wrought $3902 a.lloy 
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Additional low-temperature ageing at 65QoC for 15 h (air 
cooling) promotes the increase of strength in the temperature 
range 20 to KKPG, with somewhat lower levels of ductility 
(Table III j L 

Table III, Mechanical properties of wrought Ep902 alloy after 
three-stage heat treatment 

frolonged ageing of the alloy at 7OO*C does not essentially 
affe 
high 

Tab 

t on the mechanical properties (20°C j I an indication of 
structural and phase stability during service (Table IV)* 

e IV. Uechanica.1 properties of wrought l!!EXX alloy at 20°C: 
after prolonged ageing at ?CNoC 

! Ageing E ti 
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2.5 

2,8 

7*2 
12.8 
10.0 

18.8 
19.2 
14.0 
33.6 
22.4 

? ‘-phase precipitates in the form of a dispersoid (&mount not 
exceeding ,-:3X) b Increasing solution treatment temperature to 
lf7QoC was found beneficial in reducing the miGrOchemiGa1 
segregation inhomogeneity and for complete dissolution of the 
surplus phase (Fig. 2b)* 

Analysis of the mechanical properties and creep-rupture strength 
of cx.st EP902 alloy subjected to va.rious heat treatment modes 
shows that the best combination of strength and ductility in the 
r?Y-lwc) Aweb 20 to 801?*C is obtained with heat treatment: ll?O*C - 3 h 
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-- air i>QOliQT$ + 75lp’:: - ! 5 il - air cooling (Tables Vi and VII j + 

Table VI l Mechanical properties of cast &IF902 alloy after 
two-stage heat treatment 

froperties 

I 
** 

-. 

*” ’ 
L ~,*-\ / 

:. , \ I 
\ 2 

A’ _ . ,*: . . 

a b 

Fig. 2. Microstructure of 3119c_‘Q alloy: as-cast (a) and 
af ter’solution treatment at 11 ‘7Q°C (b) 
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Table. VII. Creep-rupture strength of cast I!2902 alloy 

Stress (J&Pa) 



1001 
I 

I I 
I I 

--. 20 50 100 200 500 1000 2000 5000 
Time to fracture , h 
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in the tim@- temperature ranged studied, even after agei% for 

as long a.s 5000 h. 
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Pig. 4, gifre~t~-uct~e of cast lTWJ2 alloy after aping for 

I OC)!:! fi, 8% 7QQ”r: (a), 750°C: (b), 800°C (c) and 
after creep-rl;lptWe tests for 233! h at ?UOoC, 
::,z35r:i E$ id) 

jiE$Z ailoy r;a~A be made by induction melting or duplex process 
fry~pivily~ vaw~~~~i~~. arc rmel t Ing, depending en end use. 

!3302 alioy features a high level of performance characteristics 
and is UBt-3ii for formed-welded and cast strut tures l In 
particular, this a11oy is widespread as the material for turbine 
WhWiS of superchargers for augmented engines with working 
temperatures up to 750°C. A general view of a turbine wheel and 
alloy macrostructure are shown in Pig, 5. 

963 



EP902 alloy is available as wrought and cast bai-. 

Table VIII. hkchmical properties of CaSt P902 alloy after 
prolo-nged ageing at ‘!OcI”C 

time I 

(h) 
c’E 

(ma 1 

0 
500 

! 000 
3000 
5cjlyj 

ERW 750 1 72.4 
960 760 12 
97 0 760 7 
970 8QO 8 
990 Em 6 

I 
3 

7oo”c 
I I 

KCV I / Pr, 
(MJ/rm’ 1’ #Pa) 

0 l 6 7z! 
0.5 570 
0 .4 690 
U.2 EKl!j 
(2 .2 I gjr:rlJ 

:‘o,2 <-, I I KSV 
i 

(!@a) 1 (X 1 @U/mm’ I 

1 

a b 
Fig. S. General view of supercharger turbine wheel (a) made 

of EP902 alioy a;nd aiioy macrostructure (b 1 
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