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Stress-relaxation data in Inconel 718, both at 773 and 823 K and up to times of the order of 
4000 h, in specimens with different thermal treatments, are presented. No substantial dif- 
ferences are encountered, between 773 and 823 K, in the stress-relaxation behaviour of the 
age-hardened material. In the as-received and the solution-annealed specimens, on the con- 
trary, the stress-relaxation curves indicate that the structure does not remain stable during 
relaxation and the internal stress decreases continuously as the applied stress decreases. The 
structure is stable, for all the thermal treatments, during stress relaxation at 773 K. Finally, the 
data are interpreted in terms of an interaction between gliding dislocations and precipitates 
as indicated by the large activation volumes involved and the negligible influence of thermal 
activation. 

1. Introduction 
Nickel superalloys are widely used in applications 
which require high creep, fatigue and corrosion resis- 
tance at elevated temperatures. The high creep strength 
of these materials depends on such factors as solid 
solution hardening of the fc c 7 matrix, grain-boundary 
strengthening by carbides and most importantly, on 
the ability of precipitates of the ordered (LI2) inter- 
metallic 7' phase to impede dislocation motion [1]. The 
stress-relaxation behaviour of  nickel superalloys is 
also important, both from the practical and academic 
points of view, but only few data are available in the 
literature on the stress relaxation of these alloys. 
Kennedy and Douglas [2] studied the creep and relaxa- 
tion characteristics of Inconel 600 at temperatures 
between about 978 and 1172 K, initial stresses between 
65 and 196MPa and times up to 100h. The stress- 
relaxation data~ obtained both in the as-received 
material with a fine-grain size and in a coarse-grained 
structure obtained by re-annealing the as-received 
material at 1394 K for 1 h, lead to straight lines in a 
log a-log ~ representation, where a is the applied stress 
and ~ the plastic strain rate. This would indicate that 
the creep and stress-relaxation data can be described 
by an expression of the type (Norton's creep equation) 

= Aa" (1) 

where n and A are constants. Furthermore, values 
between 4.79 and 6.18 were obtained for n. Osthoff et 

al. [3] studied the creep and relaxation behaviour of 
Inconel-617, in the temperature region between 1023 
and 1073 K. The relaxation tests were carried out on 

0022 2461/88 $03.00 + .12 © 1988 Chapman and Hall Ltd. 

specimens that reached the primary or secondary 
creep region and only relaxation experiments done in 
the secondary creep region were presented. According 
to these authors, the relaxation behaviour was more 
satisfactorily described by using the Norton 's  creep 
equation modified by the internal stress than by using 
the conventional equation (Equation 1), that is, by the 
expression 

= A*(a - ai) n* (2) 

where A* and n* are constants and a i is an internal 
stress. Furthermore, n = 2n* was found to be of the 
order of 6 and the internal stress varied between about 
16 and 40 MPa, decreasing with increasing tempera- 
ture. 

The only stress-relaxation data available in the 
literature, on the relaxation behaviour of Inconel-718 
are those reported by Huntington Alloys [4], for heli- 
coidal springs made with age-hardened material. The 
data were obtained at 811 and 866 K, up to times of 
the order of 1000 h and initial stresses of the order of 
414 MPa. These results are presented by the manufac- 
turer only for illustration and no attempt is made to 
interpret them analytically. 

It is the purpose of this paper to present data on the 
stress-relaxation behaviour, in bending and at 773 and 
823 K, of Inconel-718. Three different thermomecha- 
nical treatments are given to the specimens prior to the 
stress-relaxation experiments and the measurements 
were extended up to times of the order of 4000 h at 
various initial stresses. 
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T A B L E I Chemical composition of the Inconel 718 used 

Element Composit ion (wt %) 

C 0.05 
Si 0.15 
Mn 0.13 
P 0.004 
S 0.004 
Cr 18.8 
Ni 51.8 
Co 0.037 
Mo 3.1 
Ti 0.9 
A1 0.44 
Fe 19.19 
Cu 0.05 
Ta 0.05 
Nb 4.95 
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Figure 1 Measured stress change at the surface as a function of  time 
for Type A specimens. ( ) Data  obtained at 773 K, ( - - Q  data 
obtained at 823 K. The corresponding initial stresses are given on 
each curve. 

2. Experimental procedure 
2.1. Specimen preparation 
The original material was supplied by Inco-Huntington 
(West Virginia, USA) in the form of sheets 0.52mm 
thick. The composition of the alloy, as supplied by the 
manufacturer, is given in Table I. 

The specimens were prepared with the axis parallel 
to the rolling direction and, in addition to the as- 
received condition, two different thermal treatments 
were used, prior to the stress-relaxation measurements. 
In fact, some of the specimens (15mm wide and 
100mm long) were carefully cleaned and sealed into 
fused silica tubes with argon atmosphere. These tubes 
were heated 1 h at 1255 K and dropped into oil for a 
quenching treatment. Part of these specimens were 
heat-treated into a fused silica tube connected to a 
high-vacuum equipment, at 991 K for 8 h and cooled 
down, in 2 h, to 893 K where they were maintained in 
vacuum for 16 h and subsequently cooled by removing 
from the furnace ("air cooling"). These different ther- 
mal treatments are named A, B and C, respectively, as 
indicated in Table II. 

2.2. S t r e s s - r e l axa t i on  m e a s u r e m e n t s  
The specimens, originally flat, were bent elastically 
into stainless steel holders with radii which gave maxi- 
mum outer fibre stresses between approximately 120 
and 320 MPa. The holders are similar to those des- 
cribed by Fraser et al. [5]. The holders with the speci- 
mens were inserted into a furnace either at 773 or 
823 K and extracted periodically for curvature meas- 
urements. The temperature was controlled with ther- 
mocouples attached to the holders near the specimens 
and the fluctuations were of the order of _+ 1 K. The 

T A B L E  I I Thermal treatments given to the specimens prior to 
the stress-relaxation tests 

Thermal treatment Name 

As-received 
A + l h a t  1255Kin  
argon and oil-quenched 
A + B + 8h  at 991K,  cooled 
in 2h  to 893K and 16h at 
this temperature, all in vacuum, 
and "air-cooled" 

A 
B 

C 

radii of curvature, Ri, after releasing the specimens 
from the holders were determined by measuring the 
coordinates of different points with respect to a ref- 
erence plane, in the arc of circumference determined 
by the curved beam and feeding the data to a computer 
program which calculated the average radius by a 
least square fitting. Duplicate specimens were used in 
order to observe the dispersion between equivalent 
specimens in the results. The stresses at the surface of  
the beam, 0., before unloading were determined by the 
relationship [6, 7] 

Y~ do- b 
o. = 2 O- b _~_ 3" d---Z ( 3 )  

where Z = Eh/2R is the initial stress at the surface of 
the bent specimen and 

o'b - 2 /}i (4) 

the measured stress change in the same position, after 
releasing the specimen from the holder, h is the thick- 
ness of the specimen, R is the radius of  curvature of 
the holder and E is Young's modulus (182GPa at 
773 K and 170 GPa at 823 K [4]). 

3. R e s u l t s  
Fig. 1 shows the measured stress change at the surface 
of Type A specimens for various initial stresses. The 
full curves represent data obtained at 773 K and the 
broken curves measurements performed at 823K. 
Similar data obtained in Type B and Type C speci- 
mens are shown in Figs 2 and 3, respectively. 

It is seen that in some cases, for example the full 
curves for Y~ = 324 MPa at the top of  Fig. 1, equiv- 
alent specimens can give slightly different results 
(Curves a and b). This is because even if both speci- 
mens had the same termomechanical treatment, there 
might be a slight difference in the initial state of the 
material. When only one curve is shown, for a given 
Z, the data correspond to the average value for two 
equivalent specimens. The stresses, a, at the surface 
of the specimen before unloading, which correspond 
to the values that would be obtained, in the same 
material, under initial uniaxial stresses given by Y~, can 
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Figure 2 Measured stress change at the surface as a function of  time 
for Type B specimens. ( ) Data obtained at 773 K, ( - - - )  data 
obtained at 823 K. The corresponding initial stresses are given on 
each curve. 
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Figure 3 Measured stress change at the surface as a function of  time 
for Type C specimens. ( ) Data obtained at 773 K, ( - - )  data 
obtained at 823 K. The corresponding initial stresses are given on 
each curve. 

be calculated by using Equation 3. In fact, as shown 
by Figs 1 to 3, all the measurements performed at 
773 K lead to a linear behaviour of o- b with log t. A 
similar situation was found for the data obtained at 
823 K in Type C specimens. This means that in the 
region of stresses and times considered, the curves are 
described by the expression 

crb = A(£) - B(]E) log t (5) 

On taking into account Equation 3, it is easy to show 
that a is given in this case by 

where 

= A*(E) - B*(T,) log t (6) 

X dA(X) 
A*(Z) = 2 A(Z) + ~- d----Z- (7) 

and 

Z dB(Z) 
B*(£) = 2 B(Y~) + ~- d---f- (8) 

A plot of A and B as a function of Y,, for each type of 
specimen, shows that both parameters change linearly 

with £ and, consequently, both dAME and dB/dZ are 
constants. Table III gives the parameters obtained for 
the different curves, at both temperatures for Type C 
specimens and at 773 K for Type A and Type B speci- 
mens. Furthermore, according to Equations 6, 7 and 
8 and the values given in Table III it is seen that a has 
the same time-dependence as o- b with quite similar 
values. 

As shown by Figs 1 to 3, the data obtained in 
Type A and Type B specimens at 823 K lead to curves 
in the o- b against log t representation. A plot of log o b 
against log Z at different times, however, leads to 
straight lines with the same slope for each type of 
specimen. This would indicate that o b can be expressed 
by 

CT b = a(t) y~b f ( t )  (9) 

where log a and b are the intercepts and the slopes, 
respectively, of the linear plots of log o b against log 2, 
for different times, f ( t )  is a general function of the 
time and a(t) expresses the fact that the intercepts 
depend on the time selected. On taking into account 
Equations 3 and 9 it is easy to show that 

cr = (%/3)(b  + 2) (10) 

T A B  L E I I  I Parameters for Equations 5 and 6, for the description of the stress-relaxation behaviour of all the specimens at 773 K 
and Type C specimens at 823 K. All the parameters were obtained by a least-square fitting to the experimental data 

Specimen T (K) Z (MPa) A (MPa) B dA dB A* (MPa) B* 
(MPa (MPa 

log seeJ (1/log sec) \ log secJ 

Type A 773 324(a) 291 5.90 0.78 0.018 278 5.87 
324(b) 270 5.04 263 5.30 
216(a) 213 3.49 198 3.62 
216(b) 204 3.07 192 3.34 
122(a) 129 2.07 117 2.11 
122(b) 118 1.64 110 1.82 

Type B 773 322 292 5.62 0.88 0.020 289 5.92 
219 218 3.56 209 3.85 
122 117 1.58 114 1.87 

Type C 773 322 324 2.03 1.04 0.0065 328 2.05 
215 212 0.97 216 1.11 
121 114 0.74 118 0.76 

823 317(a) 313 1.93 0.98 0.0078 312 2.11 
317(b) 307 2.30 309 2.36 
214 208 1.34 209 1.45 
122 118 0.59 119 0.71 
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T A B L E  IV Parameter b for Equation 10, for the curves 
obtained at 823 K in Type A and Type B specimens 

Specimen b 

Type A 0.93 
Type B 0.81 

This equation shows that a has the same time depen- 
dence as ab. The parameter b, for Type A and Type B 
specimens, for the curves measured at 823 K, are given 
in Table IV. 

The log a-log 8 stress-relaxation curves are obtained 
by taking the derivatives of the a against t curves, 
because ~ = - diE; the dot indicates a derivative with 
respect to time. In the case where a is described by 
Equation 6 it is easy to show that 

8 = B*(Z) log e/t E (11) 

and when a is described by Equation 10 

~b (b + 2) 
8 - 3 E (12) 

The different log a-log 8 stress-relaxation curves are 
shown in Figs 4 to 6. It is seen that log a changes 
linearly with log 8 at 773 K. A similar situation is 
found for Type C specimens at 823 K. Then, these 
stress-relaxation curves are described by 

loga  = logo + d log8  (13) 

The parameters c and d for the different curves, 
obtained by a least square fitting to the data, are given 
in Table V. The log a- log8 representation for the 
curves measured in Type A and Type B specimens at 
823 K leads to concave downward curves, as shown by 
Figs 4 and 5. These data can be very well described by 
Hart's equation for high homologous temperatures [8], 
that is, by the expression 

ln(a*/a) = (~*/8) ~ (14) 

where a* is the hardness, 2 is a temperature-indepen- 
dent parameter and 8 depends on temperature, heat 
treatment and deformation. A different fitting pro- 

T A B L E  V Parameters for Equation 13, for the log a-log 
stress-relaxation curves at 773 K and for Type C specimens at 823 K 

Specimen T (K) Z (MPa) e (MPa sec a) d 

Type A 773 324(a) 313 1.023 x 10 -2 
324(b) 295 9.69 x 10 -3 
216(a) 220 8.75 x 10 3 
216(b) 212 8.26 × 10 3 
122(a) 131 8.75 × 10 -3 
122(b) 121 7.82 x 10 3 

l'ype B 773 322 319 9.88 × 10 -3 
219 233 8.79 × 10 -3 
122 125 7.80 × 10 -3 

Type C 773 322 339 2.77 x 10 -3 
215 222 2.30 × I0 3 
121 123 2.88 x 10 -3 

823 317(a) 324 3.04 x 10 3 
317(b) 322 3.44 x 10 -3 
214 217 3.12 × 10 -3 
122 123 2.68 × 10 -3 

(a) and (b) are used in Equations (9), (10) 
(c) and (d) are used in Equation (13) 

2 4 4  

TAB L E V I Parameters used to fit the log a-log ~ stress relaxa- 
tion curves for Type A and Type B specimens at 823 K, to Equation 
14 with 2 = 0.28 

Specimen E (MPa) a*(MPa) ~*(sec-J ) 

Type A 313 234 1.30 x 10 -t4 
212 176 1.02 x I0 t4. 
118 106 5.66 x 10 -t5 

Type B 316 261 7.59 x 10 -15 
211 211 9.26 x 10 -15 
120(a) 120 1.08 x 10 -14 
120(b) 113 2.57 X 10 -14 

cedure from that proposed elsewhere [9, 10] was used 
to describe the experimental curves by Equation 14. In 
fact, as shown by Figs 4 and 5, the curvature is very 
small and the use of the derivative dlog a/dlog 8 leads 
to large errors. In these conditions it was more con- 
venient to represent Equation 14 as 

in a = In a* - (8") ~ (1/8) ~" (15) 

showing that a plot of  In a against (1/~) ~ should lead 
to a straight line with slope (8") ~ and intercept In a*. By 
using a least square fitting procedure with a pocket 
computer, 2 was changed until in a against (1/8) a gave 
the best correlation coefficient to a straight line. Once 
2 is known it is easy to determine a* and 8*. It was 
found, through this procedure, that the experimental 
log a- log 8 curves could be described with an accuracy 
better than 1% with 2 = 0.28 and the parameters a* 
and 8" given in Table VI. 

4 .  D i s c u s s i o n  

The very well known equation that describes the plastic 
strain rate in terms of  thermally activated dislocation 
motion is [11] 

= 81 exp [-AG(6)/kT] (16) 

where 81 is a general pre-exponential factor, T is the 
absolute temperature, k is the Boltzmann constant, 
AG is the change in the free enthalpy and ~ = a - ai 
is the effective stress. If AG is expressed as 

AG(5) = AGo - AGm(6) (17) 

Equation 16 can be written as 

8 = 40 exp [AGm(#)/kT] (18) 
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Figure 4 Stress against strain-rate relaxation curves for the Type A 
specimens of Fig. 1. ( ) 773 K, ( - - - )  823 K. 



25 

b 2.4 
0'1 
o 

- 2 . , ! .  

2.2 

2.1 

2.0 

"-316 

211 

a . . . . . . . . . .  

(a) 
r ~  

120 (b) 

-1'2 4'1 40 

"~ = 322 MPa 

- -  219 

122 

-7 
log k ( sec -~) 

Figure 5 Stress against strain-rate relaxation curves for the Type B 
specimens of Fig. 2. ( ) 773 K, ( - - )  823 K. 

where 

~0 = ~ exp [ -AG0/kT]  (19) 

and AGm(ff) gives the contribution to the change in the 
free enthalpy due to the applied stress. 

As shown by Povolo and Tinivella [9] the John- 
ston-Gilman equation, 

= (O~bVO(a/O'O) m~ : ~j_G(l~/fo)  m" (20) 

with 

~j 6 = q~ ~) bV 0 (21) 

where 4) is an orientation factor, ~ is the mobile 
dislocation density, b is the Burgers vector and v0, f0 
and m* are material constants, can be written in the 
form of Equation 18 if 

AGm(#)Ij_G = m * k T l n  (#/fro) (22) 

and 

~o = 4)~bvo = ~j_~ (23) 

Furthermore, as also shown by Povolo and Tinivella 
[9], Hart 's equation for high homologous tempera- 
ture, that is, Equation 14, can be written in the form 
of Equation 18 if 

AGm(a) lr~ 

and 

= - ( k T / Z )  In [ln (G*/f)] (24) 

e0 = ~* (25) 

Equation 20 reduces to Equation 14 if the internal 
stress changes according to the law 

ai = f - a0[ln (a*/a)]-l/~'m* (26) 

f o r  f < (T*. 

The activation volume, defined by 

V* - aAGm(a)laalr (27) 

in the case of the Johnston Gilman equation reduces 
to 

V* = kTrn*/a (28) 

and, in the case of Hart 's equation to 

V* - m * k T  ln (a*/f )  l/am" (29) 
O" 0 
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Figure 6 Stress against strain-rate relaxation curves for the Type C 
specimens of Fig. 3. ( ) 773 K, ( - - )  823 K. 

The interpretation of the experimental loga- log~ 
curves will be based on the following argument: it will 
be assumed that the stress-relaxation curves are des- 
cribed actually by Equation 18 with unknown AG m (if) 
and ~0. When the representation of  log a against log 
is linear, Equation 18 reduces to Equation 20 and the 
data are described by the Johnston-Gilman equation. 
If the curves show a downward curvature, Equation 18 
reduces to Equation 14 and the data are described by 
Hart 's equation for high homologous temperatures, 
or, which is equivalent, by the Johnston-Gilman 
equation with an internal stress that varies with the 
applied stress according to Equation 26. In fact, if the 
applied stress is much higher than the internal stress, 
Equation 20 reduces to 

'~ = 8J-G ( O / f o )  m* (30)  

which can be written as 

1 
log~ -- log (o-0/~]/% *) + ~-g log~ (31) 

Then, a plot of log ~ against log ~ leads to a straight 
line with slope l /m* and intercept (a~* /~o)  l/m*. This 
is actually the case for the data obtained for all the 
specimens at 773 K and for Type C specimens at 823 K, 
because it has been shown that they can be descri- 
bed by Equation 13, with the parameters given in 
Table V. Furthermore, on comparing Equation 31 
with Equation 13 it is easy to show that 

c,,m*/~ ~l/,,,* (32) d = 1/m* and c = w0 /oJC/ 

According to Table V, d has similar values for Type A 
and Type B specimens and changes only slightly with 
the initial stress I2. Then, on taking an average value 
leads to 

m* --- 113 for Type A and Type B specimens 

at 773 K (33) 

Furthermore, d also changes slightly with 12 for 
Type C specimens, both at 773 and 823K and on 
taking average values leads to 

m* _~ 377 (773K) and m* _~ 326 (823K) (34) 

Once m* is known, the activation volume can be 
calculated with Equation 28, with ~ = a as a >> a i. 
The activation volumes calculated with the values for 
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Figure 7 Relative activation volumes against stress, for different 
thermal treatments. ( ) 773 K, ( . . . .  ) 823 K. 

m* given by Equations 33 and 34 are shown in Fig. 7 
as (V*/b 3) against a, where b = 2.491 x 10 -l° m, 
appropriate for nickel [4]. It is seen that higher activa- 
tion volumes are obtained for Type C specimens, which 
have been age-hardened. This result is consistent with 
an increase of the precipitates in these specimens with 
respect to Type A and Type B specimens. In addition, 
according to Equation 28 

m* = GV*/kT (35) 

showing that m* gives the ratio between the work of 
external forces and the thermal energy contribution to 
the overcoming of the obstacles by the moving dis- 
locations. The high m* values obtained indicate that 
thermal activation is not important and the overcoming 
of the obstacles is mainly due to the work of external 
forces. The ageing treatment at 893K changes the 
distribution and size of the 7' particles, increasing m* 
for Type C specimens. Furthermore, no essential dif- 
ferences are found between 773 and 823K i n  the 
stress-relaxation behaviour of Type C specimens. This 
should be expected because the precipitates are stable 
and thermal activation is not important. 

It is important to notice at this point that similar 
results were obtained during measurements of the 
stress-relaxation behaviour, in bending and at 773 K, 
in an A-286 alloy which is a 7'-hardened austenitic 
steel [9]. In fact, high m* values (between about 80 
and 270) and activation volumes of the order of 500 b 3 
were obtained for the specimens age-hardened at 993 K. 
Moreover, the log a- log~ trajectories were linear 
indicating that the internal stress is negligible. The 
problem with the evaluation of the physical para- 
meters corresponding to the stress-relaxation curves 
for Type A and Type B specimens, at 823 K, is that the 
activation volume (Equation 29) and the internal stress 
(Equation 26) depend on the unknown parameter a0. 
A procedure for the evaluation of this parameter 
was presented elsewhere [10] for the particular case 
in which the stress-relaxation curves showed mixed 

m 0 
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Figure 8 Rate of change of the effective stress with the applied stress 
against the applied stress for Type A (full curves) and Type B 
(broken curves) specimens, at 823 K. 

curvature. This is not the case for the data obtained 
at 823 K, where only concave downward curves are 
present. Furthermore, on rearranging and differentia- 
ting Equation 26 it is easy to show that 

(~ in a/~a)r = 1/2m*a In (a*/a) (36) 

which allows a calculation of  the rate of change of the 
effective stress with the applied stress, without knowing 
the parameter a0. Equation 36 is plotted in Fig. 8 as 
(c1 In ~/O~r)r against o- for the data obtained in Type A 
and Type B specimens at 823 K. It is seen that the 
effective stress and, consequently, the internal stress, 
changes in a complicated way with the applied stress. In 
addition, Equation 26 shows that the internal stress 
decreases continuously as the applied stress decreases, 
that is, as relaxation takes place. This means that the 
internal structure of the specimens, for treatments A 
and B, is not stable at 823 K, probably due to a ther- 
mal and stress-assisted evolution of the precipitates. 
In fact, Stevens and Flewitt [12] have examined the 
origin of friction stress in precipitation-hardened 
alloys, showing that this stress varies in a complicated 
way with the applied stress and three regions are 
observed: one at low applied stresses where the fric- 
tion stress increases on increasing the applied stress; a 
second one, at intermediate applied stresses, where the 
friction stress either increases less rapidly or remains 
constant with increasing applied stress; a third region, 
at high applied stresses, where the friction stress 
decreases with the applied stress. Dobes and Cadek [13] 
reported some creep data in two 7'-hardened Ni-A1 
alloys, in the temperature region between 873 and 
1073 K. According to these authors, in some of the 
alloys the effective stress increased linearly with the 
applied stress, at all temperatures, that is 

- ~r i = ~a + /? (37) 

where :~ and/~ depend on temperature. Equation 37 
can be written as 

G, = ( 1 - ~ ) G - / ~  (38) 

and as ~ < 1 and /~ < 0 it is seen that the internal 
stress increases linearly with the applied stress. In 
another alloy, the authors found that the logarithm 
of the effective stress increased linearly with the applied 
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stress, that is, 

l n ( ~ r -  ai) = c(o- + fl' (39) 

This equation can be written as 

0 "  i ~--- O-  - -  exp (fl') exp (c(a) (40) 

and as c( > 0, Equation 40 indicates that ai decreases 
as a decreases. 

An analysis of the stress-relaxation data is compli- 
cated further by the fact that Inconel 718 usually 
contains more than one precipitate [14, 15], leading to 
a combination of several strengthening mechanisms. 
Furthermore, the possible mechanisms controlling the 
mechanical behaviour of superalloys are still contro- 
versial [12, 13, 16-19], particularly in the temperature 
region used in this paper. In fact, most of the creep 
data are obtained at higher temperatures and, conse- 
quently, different mechanisms might be involved. As 
pointed out in Section 1, stress-relaxation data are 
very scarce. 

McLean [18] has discussed recently the current 
models describing dislocations by-passing particles. 
In particular, particle shearing either by fracture of 
incoherent particles or by glide of dislocation pairs 
through coherent particles, and, bowing between par- 
ticles (Orowan bowing) depend little on temperature. 
In addition, the threshold stresses for these mechan- 
isms are very sensitive to the particle volume fraction, 
largely through its effect on the interparticle spacing, 
and large activation volumes should be expected. 
Based on the information available in the literature 
and without a detailed study of the evolution of the 
microstructure of the specimens used, it is difficult to 
establish, precisely, the mechanism controlling the 
stress-relaxation behaviour of Inconel 718, at tem- 
peratures near 773 K. It can only be stated, in general, 
that dislocation glide is mainly controlled by an inter- 
action with the precipitates. 

Finally, it is interesting to point out that Fox et al. 
[20] observed the formation of chromium-rich M6C 
carbide in Inconel 718, creep tested at 923K. This 
carbide did not form in specimens aged between 773 
and 1023 K, that is, the combined action of stress and 
temperature is apparently needed to form M6C. It is 
evident that further work is needed. 

5. Conclusions 
The stress-relaxation behaviour of Inconel 718, at 773 
and 823 K and times of the order of 4000 h, is mainly 
controlled by the movement of gliding dislocations 
which interact with precipitates as indicated by the 
large activation volumes involved and the negligible 
influence of thermal activation. The age-hardened 
specimens showed much larger activation volumes, 
than both the as-received and the solution-annealed 
specimens, and no essential differences were obtained 

in the stress-relaxation curves measured at 773 K and 
at 823 K. 

The stress-relaxation behaviour at 823 K, of both 
the as-received and the solution-annealed specimens, 
indicates that the structure is unstable at this tempera- 
ture and changes continuously during the relaxation. 
In fact, the internal stress decreases in a complicated 
way as the applied stress decreases, probably due to a 
temperature- and stress-assisted evolution of the pre- 
cipitates. Finally, the structure of all the specimens is 
stable at 773 K. 
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