
Welding of Inconel 718 
Postweld heat treatment influences the development of mechanical properties and associated 
microstructures in a study of room-temperature properties relative to the use of Inconel 718 
as a structural material in the welded and unwelded conditions 

BY J. G O R D I N E 

ABSTRACT. Welding procedures for In
conel 718 are described. Mechanical 
property data have been obtained for 718 
weldments and compared with the metal 
data. The poor mechanical properties 
with regard to impact strength and duc
tility for weldments can be improved con
siderably by the use of higher postweld 
solution treatment temperatures. It is 
suggested that this improvement in prop
erties is a result of the dissolution of the 
Laves phase present in the dendritic 
structure of the weld metal. 

Introduction 
Inconel 718* is a nickel-base alloy 

introduced in the late 1950's and now 
widely used commercially in sheet, 
plate, bar and forged or cast forms. It 
is a precipitation-hardenable alloy 
suitable for service at temperatures 
from - 4 2 3 to 1300° F. The alloy 
may be fo-med and joined using con
ventional methods and, on heat 
treating, can attain room-temperature 
mechanical properties of greater than 
200,000 psi ultimate tensile strength 
and 170,000 psi yield strength with an 
elongation of greater than 20%. On 
heating to 1300° F, the tensile 
strength drops to around 130,000 psi; 
however, the yield strength at this 
temperature is nearly the same 
(~128,000 psi). In addition to these 
very desirable high-temperature 
mechanical properties, alloy 718 ex
hibits excellent strength and toughness 
at cryogenic temperatures. 

One property unique to alloy 718 
among the super alloys is the out
standing weldability of the material in 
either the age-hardened or annealed 
condition. This superior weldability is 
the result of strengthening by precipi
tation of Ni3 (NbAITi) y1 phase 
rather than by the usual Ni3 (TiAl) 
•y1 precipitation. The majority of the 
super alloys contain 3 to 5% Al + Ti 
and are strengthened by a rather rapid 
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precipitation of the Ni:j (AITi) -y1 

phase. This precipitation, which is 
very temperature-sensitive, may result 
in crack formation during welding. In 
alloy 718, however, the Ni a (Nb, Al, 
Ti) precipitate exhibits a very sluggish 
response to thermal treatment, there
by reducing the precipitation harden
ing which occurs during welding. 

Most reports regarding the welda
bility of alloy 718 refer to the materi
al's good resistance to postweld heat 
treatment cracking, i.e., strain-age 
cracking. Other difficulties are en
countered in the welding of 718. The 
susceptibility of this alloy to hot 
cracking during welding is not well 
documented. Weld cracking of re
strained joints has been observed and 
other work has indicated that mi-
crofissures frequently form during 
welding in the heat-affected zone of 
some alloy 718 weldments. Also there 
is some evidence that the mechanical 
properties of alloy 718 weldments are 
somewhat inferior to those of the base 
metal. 

The purpose of this work was to 
formulate welding procedures and ob
tain data on the mechanical properties 
and metallography of both the base 
metal and weldments of alloy 718. 

Experimental Procedures 
Material 

The as-received material was in the 
form of V2 in diameter rod and V., 
and 1 in. thick plate, all in the an
nealed condition. The chemical analy-

* Referred to as alloy 718 throughout the 
balance of the paper. 

Tab'e 1—Chemical Analysis of 
Plate Material, % 

c 
Mn 
Fe 
S 
Si 
Cu 

0.05 
0.16 

18.96 
0.007 
0.31 
0.04 

Ni 
Cr 
Al 
Ti 
Mo 

Cb + Ta 

52.27 
18.48 
0.42 
0.90 
3.13 
5.25 

sis of the plate material is shown in 
Table 1. 

Metallographic Techniques 

Samples of alloy 718 were prepared 
for metallographic examination by 
first grinding through 600A paper, 
polishing tfroueh to 1/1n diamond 
paste and then final polishing with a 
MgO slurry. Etching was carried out 
using the following etchants: 

1. 5% chTjmic acid-electrolytic. 
2. 1 part chromic acid (5%) + 1 

part sulphuric acid methanol ( 1 0 % ) -
electrolytic. 

3. 20 parts lactic acid + 30 parts 
hydrochloric acid + 30 parts acetic 
acid + 20 parts sulphuric acid-immer
sion. 

The prior heat treatment deter
mined which etch would be most suit
able. The 5% chromic acid solution 
generally proved to be the most useful 
etch. 

Heat Treatment 

All heat treatments of specimens 
for mechanical testing were cirried 
out in a vacuum furnace. Other heat 
treatments for metallographic exami
nation were made in air. 

Welding Procedures 

Alloy 718 was welded by both the 
gas tungsten-arc and gas metal-arc 
processes. Typical conditions for both 
are given in Table 2. 

The parameters for gas tungsten-
arc welding refer to V 2 in. plate 
using alloy 718 filler metal. Eight 
filling passes were used. The parame
ters for the gas metal-arc process 
refer to 1 in. thick plate and in this 
case 13 filling passes were used. 

The major practical problems en
countered in welding of alloy 718 
were poor fluidity of the weld metal 
and the large shrinkage contractions 
that occurrred after welding. The poor 
fluidity of the weld metal results in 
lack of penetration and joint designs 
must be such as to compensate for 

W E L D I N G R E S E A R C H S U P P L E M E N T I 531-s 



Table 2—Welding Parameters for Alloy 718 

Current, amp 
Voltage, v 
Wire feed speed, ipm 
Travel speed, ipm 
Shielding gas 

Current, amp 
Voltage, v 
Wire feed speed, ipm 
Travel speed, ipm 
Shielding gas 

Gas tungsten-arc 
process 

120 
11 
20 
3 

Helium 

150 
10 
20 
3 

Helium 

Gas metal-arc 
process 

275 
29 

200 
20 

Argon-helium 

300-320 
30 
200 
20 

Argon-helium 

»*"•*. 

this. Typical joint designs used in this 
work are shown in Fig. 1. The use of 
helium as shielding gas resulted in 
better weld penetration than did the 
use of argon. 

Results 
Mechanical Properties of Inconel 
718 Base Metal 

The initial part of this work was 
concerned with compiling some data 
on the effects of heat treatment on the 
mechanical properties of the base 
metal. This was used as a basis for 
comparison with the properties of al
loy 718 weldments. It also gives some 
understanding of the potential of alloy 
718 as a high-strength structural ma
terial. 

For most applications, alloy 718 
receives one of two heat treatments to 
develop its mechanical strength:1 

1. Solution treat at 1700-1800° F 
followed by aging at 1325° F for 8 
hr, furnace cool to 1150° F, hold at 
1150° F for total aging time for 18 
hr, air cool. 

2. ^ . u u o n treat at 1900-1950° F 
followed by aging at 1400° F for 10 
hr, furnace cool to 1200° F, hold at 
1200° F for a total aging time of 20 

hr, air cool. 
The 1700-1850° F solution treat

ment is recommended as the optimum 
heat treatment for alloy 718 where a 
combination of rupture life, notch 
rupture life and rupture ductility is of 
greatest concern. The highest room-
temperature tensile and yield strengths 
are also associated with this treat
ment. In addition, because of the fine 
grain developed, it produces the 
highest fatigue strength. 

The 1900-1950° F solution treat
ment is the treatment preferred in 
simple tension applications, because it 
produces the best transverse ductility 
in heavy sections, impact strength, 
and low - temperature notch - tensile 
strength. However, this treatment has 
a tendency to produce notch brit-
tleness in stress rupture. 

In this work, the effects of two 
parameters—aging temperature and 
solution treatment temperature—were 
evaluated with respect to their influ
ence on the tensile properties, impact 
strength, and metallography of alloy 
718 base metal. The effects of differ
ent aging treatments on the tensile 
properties are shown in Figs. 2 and 3. 
Double aging treatments at the vari-

_5_ 
64 

X 
TIG Weld Joint Design 

1° 
?•*• 

_3_ 
64 

X fc 
MIG Weld Joint Design 

Fig. 1—Typical joint designs used in 
welding alloy 718: A (top)—gas tung-
sten-arc; B (bottom)—gas metal-arc 

ous temperatures shown in Figs. 2 and 
3 were used for material solution-
treated at 1900 and 1750° F. The 
results indicate that the optimum ag
ing temperature for the best combina
tion of tensile properties is the recom
mended 1325 and 1150° F double 
aging treatment. Some sacrifice in 
ductility is necessary with this aging 
treatment, but this is compensated by 
the improvement in tensile strength 
and yield strength. It is also evident 
from Figs. 2 and 3 that the prior 
solution treatment temperature has a 
very significant effect on the tensile 
properties of alloy 718. 

A more complete study of the effect 
of prior solution treatment tempera
ture before aging was made. Speci
mens were solution-treated for 1 hr in 
the temperature range 1700-2100° F 
and then aged. The aging treatment 
selected was the optimum of 1325° F 
for 8 hr, furnace cool to 1150° F, 
hold at 1150° F for a total aging time 
of 18 hr, and air cool. 

200 

«. 180 -

160 

£ 140 

120 
1250 1325 1400 

[+1075] [+1150] [+1200] 

Ageing Temperatures, F. 
Fig. 2—Yield stress a d ultimate tensne strength as a func
tion of aging temperature 

1250 1325 1400 
[+1075] [ + 1 1 5 0 ] [ + 1 2 0 0 ] 

Ageing Temperatures. F. 
Fig. 3—Tensile elongation and reduction of area as a function 
of aging temperature 
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Fig. 4—Tensile yield stress as a function of solution treat
ment temperature before aging 
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Fig. 5—Ultimate tensile strength as a function of solution 
treatment temperature before aging 

The results are shown in Figs. 4 to 
6. It is clear from Figs. 4 and 5 that 
high solution treatment temperatures 
decrease both the ultimate tensile 
strength and yield stress. It is signifi
cant that the yield stress is relatively 
insensitive to prior solution treatment 
temperature until it exceeds 1900° F. 
Figure 6 shows that the ductility of 
alloy 718 is considerably influenced by 
the prior solution treatment tempera
ture. The percentage elongation in
creases quite uniformly with increase 
in solution treatment temperature 
while the percentage reduction in area 
shows an anomalous peak occurring 
at 1950° F. 

The influence of solution treatment 
temperature before aging on the 
Charpy impact strength of alloy 718 
base metal was also studied. A most 
significant effect was found as shown 
in Fig. 7. It is clear that, for the lower 
solution treatment temperatures (be
low 1900° F ) , the Charpy impact 
strength is very poor. A marked im
provement is obtained when a higher 
solution treatment temperature is 
used. A metallographic examination 
of some of the Charpy specimens was 
made to determine the reasons for this 
variation in impact strength with solu
tion treatment temperature. With the 
lower solution treatments at 1700 and 
1800° F, a continuous grain boundary 
film was observed and the fracture 
appeared to follow the grain bound
aries. With the higher solution treat
ment temperatures (above 1900° F ) , 
this embrittling grain boundary pre
cipitate was less continuous or absent, 
and a transgranular fracture was ob
served. 

The effect of water quenching from 
the solution treatment temperature 
was investigated. It was considered 
that this might influence the morphol
ogy of the grain boundary precipi-
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Fig. 6—Reduction of area and percentage elongation as a function of 
solution treatment temperature before aging 
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Fig. 7—Charpy impact strength as a function of solution treatment tem
perature before aging 

tates. However, little change in the 
microstructures was observed and 

only slight improvement was gained in 
impact strength, as seen in Fig. 7. 
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Table 3—Mechanical Property Data for Alloy 718 Gas Tungsten-Arc Weldments 
for Two Different Heat Input Conditions 

Heat input, 
joules 

30,000 
60,000 

Ultimate 
Charpy impact tensile 

strength, 
ft-lb 

11 
6.5 

strength, 
psi 

188,300 
173,006 

Yield stress, 
psi 

162,000 
158,300 

Elonga
tion, % 

14.3 
3.6 

Reduction 
in area, % 

35.2 
6.4 

Table 4—Electron Probe Microanalysis Results 

Electron Probe Microanalysis of White Etching Constituent 
(Laves Phase) in Fusion Zone of the Weldments: 

. Average alloying element concentration, %-
Area Nb Ni Mo Cr 

Laves phase 12.0 47.0 2.9 18.0 

Electron Probe Microanalysis Segregated Regions 
in the Fusion Zone of the Weldment: 

Area 

Light etching region 
Dark etching region 
Laves phase 

Alloying element concentration, % 
Nb Ni Mo Cr 

1.6 
4.8 

12.5 

51 
49 

1.7 
2.0 
3.8 

Correlation of Microstructure with the 
Mechanical Properties of Alloy 718 
Weldments 

A series of test welds were made in 
Vj thick alloy 718 plate with alloy 
718 filler metal using the gas tungsten-
arc process. After welding, specimens 
were machined from the plates for 

metallographic examination and 
mechanical testing.* 

Some preliminary mechanical-

* Simultaneously a similar program of 
work was carried out by General Electric. 
Peterborough. Ontario, using both gas 
tungsten-arc and gas metal-arc welding. 

Fig. 9—Fusion zone of alloy 718 weld 
heat treated at 1700° F for 1 hr and 
then aged. Shows the white-etching 
Laves phase surrounded by acicular 
Ni3Cb precipitate. X1000 (reduced 50% 
on' reproduction) 

Fig. 10—Fusion zone of alloy 718 weld 
heat treated to 1800° F for 1 hr and 
then aged. Shows the white-etching 
Laves phase surrounded by Ni3Cb. X1000 
(reduced 50% on reproduction) 
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Fig. 11—Fusion zone of alloy 718 weld 
heat treated at 1900° F for 1 hr and 
then aged. Shows a recrystallized struc
ture with traces of Laves phase. X1000 
(reduced 50% on reproduction) 

Fig. 12—Fusion Zone of Alloy 718 weld 
heat treated at 2000= F for 1 hr and 
then aged. Shows that dissolution of 
Laves phase is almost complete and 
only traces remain in the structure. 
X1000 (reduced 50% on reproduction) 
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Fig. 8—Fusion zone of alloy 718 weld 
showing white-etching Laves phase. 
X1000 (reduced 50% on reproduction) 

property data were obtained for the 
gas tungsten-arc weldments. Welds 
were made under two different heat-
input conditions and heat-treated ac
cording to the optimum heat treat
ment established for the metal, i.e., 
1900° F solution heat treatment with 
a 1325 and 1150° F double aging 
treatment. The results are tabulated in 
Table 3. 

It is evident that the heat input 
during welding has a major effect on 
the subsequent mechanical properties: 
low heat inputs give improved 
mechanical strength. However, the 
Charpy impact values and ductility 
are very low compared with those of 
the metal. Similar observations were 
made on the gas metal-arc weldments. 

A metallographic study of 
weldments was made to investigate 
the reasons for the poor ductility. 
Figure 8 is a micrograph of the fusion 
zone in an alloy 718 weldment under 
high magnification. Of interest is the 
white phase formed in the interden-
dritic regions. The appearance of this 
phase resembles very closely that of 
the Laves phase which is formed in 
cast structures, but which is not gener
ally considered to create a problem in 
weldments because of the much more 
rapid cooling rates which are sup
posed to suppress its formation. The 
Laves phase is known to have most 
detrimental effects on the ductility of 
castings in alloy 718 and this may 
provide a possible explanation for the 
poor ductility of alloy 718 weldments. 

In order to confirm the presence of 
the Laves phase, electron probe mi
croanalysis for significant alloying ele
ments was carried out. The results are 
shown in Table 4. 

A complete analysis of the various 
phases in alloy 718 was not at
tempted. The important conclusion to 
be drawn from the results is that the 
white etching region in the fusion zone 
is rich in niobium which is adequate 
evidence together with its metallo
graphic appearance to identify it as the 
Laves phase. The results also show the 
segregation of alloying elements 
across the dendritic structure of the 
fusion zone. 
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These initial results led to an at
tempt to eliminate the Laves phase 
from the microstructure to find 
whether an improvement in ductility 
would be obtained. The first method 
considered was to suppress the Laves 
phase formation by increasing the 
cooling rate, but this was not success
ful. It was found impossible to sup
press its formation even with very 
rapid cooling rates such as are ob
tained by quenching a molten bead in 
water. The other alternative was to 
use heat treatment. 

The influence of solution treatment 
temperature after welding on the mi
crostructure and impact strength was 
evaluated. Figures 9 to 12 show the 
effect of postweld solution treatments 
on the microstructure of the fusion 
zone of alloy 718 weldments. It is 
clear that dissolution of the Laves 
phase can be achieved with the use of 
high solution treatment temeratures 
after welding. Above 1900° F for 1 
hr, solution of the Laves phase occurs 
and, after treatment at 2000° F, it is 
practically all dissolved. It is of inter
est that with low solution treatment 
temperatures (~1700° F) marked 
precipitation of Ni.^Cb is observed. 
This is the needle-like black precipi
tate surrounding the white Laves 
phase in Fig. 9. 

The effect of varying the postweld 
solution treatment temperature on the 
mechanical properties of alloy 718 
weldments was studied, and the results 
are shown in Fig. 13 and Table 5. 

The results shown in Fig. 13 show 
conclusively that, with correct post
weld solution treatment temperatures, 
considerable improvements in impact 
strength can be obtained. The results 
in Table 5 also illustrate that little 
sacrifice is necessary in mechanical 
strength to give such large improve
ments in impact value. It is of interest 
to note that with the higher solution 
treatment temperatures, failure occurs 
outside the weld with quite acceptable 
ductility values. At the lower solution 
treatment t e m p e r a t u r e s specimens 
failed in the weld with poor ductility 
values. The values obtained for the 
1800° F solution treatment we^e a-
nomalous and no explanation is pro
posed. 

Discussion 

A considerable amount of informa
tion has been published on the 
mechanical properties of alloy 718 to 
which reference should be made for a 
more complete treatment of the sub
ject.1-2 The initial part of the work 
reported here was carried out mainly 
for use as a basis for comparison with 
the properties obtained for the welded 
structures. The work has been concen
trated entirely on room-temperature 
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Fig. 13—Charpy impact strength of alloy 718 welds as a function of 
postweld solution treatment temperature 

properties since one of the aims of the 
wo"k was to gain a better understand
ing of the use of alloy 718 as a 
structural material in the unwelded 
and welded conditions. Other workers 
have concentrated more on strength 
at elevated temperatures for which 
alloy 718 has found its major usage. 

The results obtained on the effect of 
aging temperatures and solution treat
ment temperatures on the subsequent 
mechanical properties have indicated 
the heat treatments that provide the 
optimum mechanical properties. The 
selection of aging temperature for the 
optimum tensile strength is quite spe
cific, i.e., a double aging treatment at 
1325 and 1150° F. This develops the 
best combination of strength with 
ductility and is the usual recommend
ed aging treatment for alloy 718. 

The double aging schedule, where 
the second aging temperature is about 
200° F below the first aging tempera
ture, has been found to increase 
strength by 10 to 20 kpsi without 
appreciably decreasing ductility. This 

happens because to obtain maximum 
strengthening, it is necessary to pre
cipitate as much y as possible with
out overaging, that is, without trans
forming from the body-centred tetrag
onal y to the orthorhombic NiaCb. 
High temperatures and long times fa
vour the latter. To ensure that no 
Ni3Cb forms, it is necessary to lower 
the aging temperature.3-4 

Solution treatment temperature be
fore aging has a most significant influ
ence on the subsequent mechanical 
properties developed on aging. The 
results indicate that the optimum 
combination of tensile properties is 
obtained by using a 1900° F solution-
treatment temperature. With higher 
solution treatment temperatures, the 
tensile strength properties fall off con
siderably, while at lower temperatures 
the ductility is rather poor. Consider
ation of the variation in impact value 
with solution treatment temperature 
shews that higher solution treatment 
temperatures give much improved im
pact values. This improvement is a 

Table 5—Tensile Properties of 718 Weldments with Varying Postweld 
Solution Treatments 

Heat t rea tment 

1700° F s o l ' n 
+ age at 
1325° F/1150c F 
1800° Fso l ' n 
+ age at 
1325° F/1150° F 
1900° Fso l ' n 
+ aee at 
1325° F/1150° F 
2000° Fso l ' n 
+ age 

2100° F s o l ' n ' 
+ age at 
1325" F/11500 F 

Speci
men 

6B4-9 
7A3-10 
7A7-11 
6B2-4 

7A2-5 
6B3-6 
7A6-7 
7A4-8 
6B5-1 
6A5-2 
7A1-3 
6B1-12 
6B6-13 
6B7-14 

Ul t imate 
tensi le 

s t rength, 
psi 

183,000 
187,500 
182,400 
188,300 

186,000 
176,200 
176,200 
182,300 
181,100 
176,400 
179,600 
175,000 
177,000 
179,000 

0.2 proof, 
psi 

165,700 
166,300 
166,500 
160,000 

158,700 
160,700 
163,500 
164,200 
154,700 
150,500 
152,600 
152,300 
154,800 
157,300 

Elonga
t ion , 

% 
3.0 
6.0 
4.0 

18.0 

18.0 
2.0 
3.0 
3.0 

11.0 
16.0 
18.0 
12 
13 
13 

Reduc
t ion in 
area, % 

8.0 
10.4 

7.0 
30.6 

36.8 
8.0 
8.0 
8.0 

37.5 
39.5 
37.5 
31.3 
31.3 
29.1 

Remarks 

All specimens 
broke in weld 

Broke in weld 
(necked outside) 
Broke outs ide weld 
All specimens 
broke in weld 

All f ractured out
side weld 

All f rac tured out
side weld 
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result of the absence or the grain 
boundary precipitate that is formed 
only during solution treatment pt the 
lower temperatures. The precipitate 
was not positively identified but is 
most probably NbC. 

Other workers5 have reported that 
NbC dissolves on solution treating 
above 1900° F and will precipitate on 
aging in the range 1300-1800° F as a 
grain boundary film. No sudden 
change in mechanical properties was 
observed with the presence of NbC. 
but it is generally recommended that 
stich a morphology should be avoided 
for optimum ductility. Although im
pact strength is improved by the use 
of high solution treatment tempera
tures, tensile strength is sacrificed. 
Also there is a limitation in that exces
sive grain growth can occur at these 
higher temperatures, and problems 
may be encountered since large grains 
are detrimental to fatigue, tensile 
strength, and weldability. The selec
tion of solution heat-treatment tem
perature must therefore be based on a 
compromise between ductility and 
strength. 1900° F probably gives the 
best combination of properties. 

The welding of alloy 718 has 
presented many problems, both in 
practical welding and in subsequent 
heat treatment to develop mechanical 
strength. The practical welding diffi
culties can be overcome by correct 
joint design and controlled welding 
conditions. Joint design is a very im
portant consideration in the welding 
of alloy 718. Because of the inability 
of the alloy to flow readily when 
molten, joint designs which contribute 
to full joint penetration are necessary. 
The use of vee-groove joints or dou-
ble-vee grooves on thicker plates is 
recommended. In this work, satisfac
tory results were obtained by using 
wide-angle, double vee grooves. 

Correct selection of heat treatment 
after welding is of major imnortance 
in the development of adequate 
mechanical properties in the weld. 
Some modification to the standard 
heat treatment is necessary where im
pact strength and ductility of the 
weldment is of importance. Also con
sideration should be given to heat 
input in welding since this also has a 
bearing on impact strength and ductil
ity. This is to be expected since high 
heat inputs should give slower cooling 
rates, hence a coarser dendritic struc
ture with resulting poorer impact and 
tensile properties. This was observed, 
low heat input welds giving better 
properties, but the effect was greater 
than could be explained by dendrite 
coarseness alone. 

The metallographic examination of 
alloy 718 weldments has revealed a 
reason for their poor impact and duc

tility properties. Most important is the 
formation of a Laves phase during 
solidification in the weld fusion zone. 
It is this phase that is thought to lower 
the ductility and impact strength of 
the weldment. The Laves phase is an 
A.2B-'yv)t compound, the A atoms 
probably being Ni, Fe, Cr and the B 
atoms probably Nb, Mo, Ti. The ex
act composition is subject to variation 
and a number of differing composi
tions are quoted in the literature.3-50 

The electron probe microanalyses 
presented in this work agree most 
closely with those of Hall.5 

Little consideration seems to have 
been given to the formation of the 
Laves phase in weldmsnts of alloy 
718. This is presumably because the 
cooling conditions on solidification of 
the wald metal are not thought fa
vourable for the formation of the 
Laves phase. There have been several 
reports of the formation of the Laves 
phase in slowly cooled 718 cast
ings,3-T and the drastic effect this has 
in reducing ductility. Eiselstein3 has 
made a complete study of the forma
tion of the Laves phase in 718 cast
ings. He concluded that high Nb con
tents promote the formation of the 
Laves phase and that the actual cool
ing conditions during solidification 
can result in its formation in local 
Nb-rich regions even though the aver
age composition may be low in Nb. 

Thus under conditions of slow cool
ing where pronounced Nb segregation 
will occur, it would be expected that 
the Laves phase would form in these 
segregated regions. During welding. 
on the other hand, the rapid cooling 
rates that prevail would be expected 
to minimize segregation and hence 
prevent the formation of the Laves 
phase. However, the results presented 
here indicate that the Laves reaction 
is not suppressed in weldments by the 
rapid cooling rates. 

We accordingly have a possible ex
planation for the poor impact and 
ductility properties of 718 weldments. 
These observations also explain why 
weld heat input has such a significant 
influence on the impact strength of the 
weldment. High heat inputs in welding 
will give slower cooling rates and 
more segregation; therefore, more 
Laves phase would be expected to 
form. Thus one would expect what 
was observed; the impact strength of 
high-heat-input welds was consider
ably lower than low-heat-input welds. 

The effect of postweld heat treat
ment on the properties of 718 
weldments does not hitherto seem to 
have been investigated very thorough
ly. The results presented l)ere show 
that correct selection of postweld heat 
treatment can have a very significant 
influence on development of mechani

cal properties and on the associated 
microstructures. Several workers have 
studied the effect of heat treatment on 
cast structures in 718 with particular 
interest in the behaviour of the Laves 
phase.3-8-9 They concluded that the 
Laves phase is not affected by heat 
treatments below 2100° F; above this 
temperature it dissolves. The struc
tures shown in Figs. 9 to 12 show 
that, in weld fusion zones, at least, the 
Laves phase can be removed below 
this temperature. Dissolution of the 
Laves phase begins at 1900° F and is 
practically completed at 2000° F. The 
needle-like Ni3Nb precipitate that is 
formed around the Laves phase, when 
using 1700 to 1800° F solution treat
ments, has been observed in cast 
structures.3-8 It is the overaged form 
of y-prime and as such contributes 
little to the strength of 718. It is not 
cons'd^red beneficial and may have a 
slieht'y adverse affect on tensile duc
tility.5 

The variation of weld impact 
strength (Fig. 13) and tensile proper
ties (Table 5) with solution treatment 
temperature seems to correlate fairly 
well with the presence or absence of 
the Laves phase in the microstructure. 
Removal of the Laves phase from the 
fusion zone by use of a high-
temperature postweld solution treat
ment produces a much more ductile 
structure with much improved impact 
values. There are, however, a number 
of conflicting processes (occurring at 
the same time) that contribute to this 
improvement, and it is perhaps incor
rect to assign total responsibility for 
the improvement to the dissolution of 
the Laves phase. 

ft is considered that this is the 
process of major importance, but it is 
well to consider the other contributing 
factors. First, it was observed in the 
base metal that, with low-temperature 
solution treatments, an embrittling 
grain-boundary film (probably NbC) 
was formed and this has a very detri-
mental influence on impact strength. 
A 1900-1950° F solution-treatment 
temperature was high enough to rem
edy this problem and increase the 
impact strength to a sufficiently high 
value. Unfortunately, in the weld met
al, treatment at 1900-1950° F does 
not give an acceptable impact 
strength. This indicates that the Laves 
phase which is still present in the 
fusion zone has a major influence. 
Another factor which shou'd be con
sidered is the precipitate NiyNb that is 
formed at the lower solution treat
ment temperature. It is not believed, 
however, that this should have very 
much influence.3 Finally, the homo-
genization of the dendritic weld metal 
probably contributes slightly to the 
observed improvements in ductility 
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with the higher solution treatments. 
From the results presented it seems 

clear that, in applications where 718 
weldment ductility and impact 
strength are important, a high-
temperature postweld solution treat
ment ( -2000° F for 1 hr) should be 
specified. Lower-temperature solution 
treatments do not provide acceptable 
ductility and impact values. 

Conclusions 
1. Room-temperature mechanical 

property data have been obtained for 
alloy 718. Optimum tensile properties 
were obtained using a double aging 
treatment at 1325 and 1150° F and 
with a pre-aging solution treatment 
temperature around 1900° F. The 
impact strength can be improved by 
using higher solution-treatment tem
peratures (2000-2100° F) but this 
entails some sacrifice in tensile 
strength. The improvement in impact 
strength is a result of the absence of 
an embrittling grain-boundary precipi
tate which forms only during low-
temperature solution treatments. It is 
of interest that this phenomenon com
pletely overrides the increase in grain 
size which should decrease the impact 
strength. This grain boundary precipi
tate was not identified. It is formed as 
the result of exposure to the solution 
treatment temperature rather than by 
the subsequent aging process, since it 
was not present before heat treatment 
but was present after solution treat
ment at the lower temperatures. It 

was not affected by quenching from 
the solution treatment temperature, 
although some slight improvement in 
impact strength was accomplished. 

2. Welding parameters for the gas 
tungsten-arc and gas metal-arc proc
esses have been determined. Strict con
trol of the welding parameters is nec
essary to ensure successful welds. 

3. Mechanical properties have been 
determined for alloy 718 weldments. 
The tensile properties compare fa
vourably with the metal except with 
respect to ductility. 

4. Heat input in welding has a 
considerable influence on the mechan
ical properties of alloy 718 weldments. 
Low heat inputs give improved tensile 
strength, tensile elongation, and im
pact strength. 

5. A Laves phase has been detected 
in the fusion zone of untreated 
weldments. It is suggested that the 
presence of this Laves phase is the 
reason for the poor imDact and ductil
ity properties of alloy 718 weldments. 

6. Elimination of the Laves phase 
can be accomplished by using a high 
solution treatment temperature after 
welding. On exposure to temperatures 
of 2000° F and above, dissolution of 
the Laves phase occurs—and, on sub
sequent aging, the weldment possesses 
much improved impact strength and 
ductility. 
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tion of the welding variables, although 
the chemical composition of the fused 
metals is not affected (20-24). 
• Kotel'nikov. D. I.: Analysis of a 
joint between 1 Khl8N9T steel and 
Armco iron, obtained by diffusion 
welding.—The micro-X-ray and met
allographic examination of such a 
joint has shown a range of transitional 
structures from the ferrite of the iron 
to the austenite of the 1KM8N9T 
Diagrams and formulas are presented 
for selecting the optimum welding 
parameters (25-27). 
• Khrenov, K. K. et al.: Effect of 
vibration on joint formation in the 
cold welding of aluminum and alumi
num alloys.—The effect of vibration 
on the specific upsetting pressure, the 
strength and deformation of single-
point joints produced by cold welding 
has been studied. It is shown that the 

specific pressure necessary to form a 
joint is reduced by 30-35% and the 
deformation by 10-20% compared to 
static welding conditions (28-30). 
• Kazimirov, A. A. et al.: Strains and 
stresses in welded joints in 01915 
aluminum alloy.—An experimental 
study has been made of the transverse 
shrinkage and the longitudinal residu
al stresses in butt welds in 01915 
aluminum alloy. It was shown that 
welded structures made of this alloy, 
if unstrained, undergo deformation in 
time (31-34). 
• Kasatkin, B. S. et al.: Static 
strength of the top beam of the weld
ed skip frame of a single cable lift 
fabricated from high-strength 14 kh 2 
G M R low-alloy steel have been 
analyzed. The results have made it 
possible to revise some aspects of the 
calculation and of the design features 

of the projected welded skip frames 
(35-37). 
• Lebedev, V. K. and Zavadskii, V. 
A.: Calibration of the welding current 
amplitude meters of resistance welders. 
—Apparatus for calibrating the weld
ing current meters of resistance weld
ers is described (38-40). 
• Yunger, S. V. et al.: Effect of 
current polarity on the properties of 
the facing weld in the submerged arc 
welding of clad steels.—A special 
study with type 25-12 wire showed 
that in order to reduce the amount of 
fusion of the carbon steel and to lower 
the dilution of the alloy steel weld 
metal straight polarity must be used 
(41-43). 

• Patskevich, I. R. et al.: Twin-arc 
three-phase welding in an external 
longitudinal magnetic field.—The 
method of twin-arc three-phase weld
ing in an induced constant longitud
inal magnetic field has been studied. It 
was found that the use of such a field 
imo--wes the head formation and the 
stability of the welding process at 
higher speed (44-46). 
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