
Rene' 220C-The New, Weldable, 
Investment Cast Superalloy 

Rene' 220C is tested against Alloy 718 and found to display 
much better weldability 

BY T. J. KELLY 

ABSTRACT. The major intermediate tem
perature investment cast superalloy in use 
today in the aerospace industry is Alloy 
718. This alloy accounts for approximately 
1800 tons of investment cast parts a year. 
It is an alloy originally designed to be used 
in the wrought condition and was adopted 
to casting with virtually no change in alloy 
composition. Alloy 718 contains relatively 
large amounts of Fe and Nb, and allows up 
to 0.35% Si, all of which contribute to Laves 
phase formation. The Laves phase, which 
has a low eutectic reaction temperature in 
Alloy 718, is a terminal solidification phase 
that forms at the interdendritic locations in 
castings and has frequently been cited as 
causing poor weldability. 

Investment castings require weld repair 
in order to produce a product due to the 
inadequate state of development of to
day's casting process. Without it, few in
vestment castings of any size could be 
produced in a cost-effective manner. 
Therefore, the weldability of an invest
ment cast alloy is critical to its utilization, 
and Alloy 718 has provided sufficient 
weldability to function adequately for the 
entire aerospace industry to date. How
ever, the industry is pushing to higher 
temperature and stress on components; 
therefore, the strength of Alloy 718, par
ticularly in stress rupture and low-cycle 
fatigue, is being challenged beyond its ca
pability. 

With the alloy being pushed to its limit 
of strength and endurance, issues such as 
microcracking in weldments become 
more important. During welding, many of 
the grain boundaries in the heat-affected 
zone (HAZ) near the fusion zone of a weld 
rupture either during the thermal shock of 
heating or on solidification. Due to the 
composition of Alloy 718, the fusion zone 
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material that backfills the open grain 
boundary cracks has the lew melting 
Laves eutectic as its terminal solidification 
structure. The backfilled material is thus 
the last to freeze. This frequently results in 
the rupture of these same grain bound
aries toward the end of the weld cycle, 
which then become microcracks. 

A new alloy, Rene' 220C, ha; now been 
developed for use in investment castings 
in the aerospace industry. This alloy is ca
pable of more than a 100°F (56°C) in
crease in operating temperature over Al
loy 718, and in certain cast forms has bet
ter mechanical properties than wrought 
718. Its castability is rated as equal or bet
ter than Alloy 718 and its weldability is 
much better than cast Alloy 718. The 
chemical composition of the new alloy 
was designed to provide improved high-
temperature strength, good castability, 
and minimum susceptibility to fusion weld
ing and postweld heat treatment flaws. 

Weldability is improved bo:h as mea
sured by the Varestraint test and in field 
trials of the alloy in comparison to Alloy 
718. The absence of Fe in this nickel-based 
superalloy reduces the amount of Laves 
phase that forms on solidification either 
during casting or welding. Since little Laves 
phase forms during the weld solidification 
cycle, no microcracks form. Moreover, 
this alloy forms a more stable delta phase 
due to the addition of Ta. This also 
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improves the weldability of the alloy by 
remaining as a stable phase during weld
ing, even into the fusion zone of the weld, 
as opposed to delta in Alloy 718, which li
quates in the HAZ at only a slightly higher 
temperature than the Alloy 718 Laves eu
tectic. 

Introduction 

Rene' 220C is similar to the alloy iden
tified by Chang (Ref. 1) to be used in 
structural castings at approximately 100°F 
(56°C) higher operating temperature than 
Alloy 718. The total change in alloy con
tent from Alloy 718 to Rene' 220C was 
just in excess of 33%, as shown in the 
nominal alloy compositions below. 

Alloy 718: bal. Ni, 18%Fe, 18%Cr,5%Nb, 
3%Mo, 1%Ti, 0.5%AI, 0.05%C and 
0.003%B 
Rene' 220C: bal. Ni, 12%Co, 18%Cr, 
5%Nb, 3%Ta, 3%Mo, 1%Ti, 0.5%AI, 
0.03%C and 0.003%B 
Previous work' by Baeslack (Refs. 2-4) 

and Kelly (Refs. 5,6) have shown the three 
elements, Fe, Co and Ta, have a major ef
fect on weldability as measured by the 
resistance of the alloy to avoid heat-
affected zone (HAZ) liquation cracking. 
The most frequently cited cause of HAZ 
liquation cracking in Ni-Nb-containing al
loys is the liquation of the Laves phase eu
tectic (Refs. 7-12). Laves phase is A2B, 
generally Ni2Nb, but can have Mo, Ta or 
Ti substituting for the Nb and Fe, Cr or Co 
substituting for Ni. This has the effect of 
changing the eutectic-reaction tempera
ture. Further, the B levels in both alloys are 
identical. The B level has been identified 
by Kelly (Ref. 5, 6) as the most potent 
cause of HAZ microcracking in the Ni, Cr, 
Fe, Co, Nb alloy system. 

The Fe in Alloy 718 is a Laves phase 
promoter and it is Laves phase eutectic 
liquation that is frequently cited as being 
the source of microcracking in the HAZ of 
cast Alloy 718 (Refs. 7-11). This is different 
than for wrought 718, in which Owczarski 
(Refs. 12-14) and Thompson (Refs. 15,16) 
cited the constitutional liquation of NbC 
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and Thompson (Ref. 17) and Shira (Ref. 18) 
cited S segregation to grain boundaries as 
the cause of HAZ microcracking. 

The solubility of Ta in the Ni matrix in 
addition to Nb allows the cast alloy to de
velop higher mechanical properties with
out the formation of excess Laves phase, 
as would occur with a further increase in 
the amount of Nb (Refs. 19-22). Further, 
Ta additions can raise the Laves phase eu-
tectic-reaction temperature by as much as 
140°F (77°C) with a complete substitution 
for Nb, as shown in Fig. 1. This increased 
Laves phase reaction temperature reduces 
the distance into the HAZ that the Laves 
eutectic reaction can occur and thereby 
reduces the length of the microcracks that 
form. This is an oversimplification since 
there is an adequate amount of Nb in the 
alloy to form some Ni-Nb-type laves phase 
even in the absence of Fe. However, 
Wlodek (Ref. 23) found that Laves phase 
in the absence of Fe is less stable than it is 
in Alloy 718 with its 18%Fe. Therefore, it 
is a combination of less Laves phase form
ing, less stability in the Laves phase that 
does form, and a higher eutectic reaction 
temperature with the Ni matrix that im
proves this alloy's resistance to HAZ mi
crocracking. 

According to Sims (Ref. 24), cobalt is not 
a Laves phase promoter and thus can re
place Fe and reduce the tendency of the 
alloy to form Laves phase. This lesser 
amount of Laves phase that is formed in 
Rene' 220C reduces the amount of low 
melting grain boundary phase that pro
motes microcracking. 

Many of the structural castings of Alloy 
718 and Rene' 220C are hot isostatically 
pressed (HIP) to ensure closure of any 
casting-related microshrinkage. This is 
done because microshrinkage is the pri
mary cause of low-cycle fatigue crack ini
tiation and failure in structural castings. 
There has long been controversy over 
what temperature is optimum to HIP Alloy 
718. Kelly (Ref. 6) has shown that increas

ing the HIP temperature increases the 
amount of HAZ microcracking in cast Al
loy 718. In general, it has been assumed 
that the effect on weldability due to HIP 
temperature was related to Laves phase 
eutectic liquation during HIP, resulting in 
gas absorption and grain boundary films 
of Laves phase (Ref. 25). 

Wrought Alloy 718 and several other 
wrought superalloys such as Waspaloy 
are considered to be weldable with re
spect to microcracking in the HAZ if they 
have a grain size ASTM-6 or finer (Refs. 15, 
26, 27). Therefore, fine grain castings are 
also expected to exhibit this increase in 
weldability with decreased grain size. 
However, even with decreased grain size 
in cast Alloy 718 or Rene' 220C, there is 
still the cast segregation to contend with 
(Refs. 19, 23, 28), a characteristic not 
present in the wrought material that can 
reduce the resistance to HAZ microcrack
ing even in fine grain castings. 

Weldability is actually defined by the 
American Welding Society as fitness for 
service, not the ability to avoid micro
cracking in the HAZ. In order to fully eval
uate fitness for service, the mechanical 
properties of both repair and fabrication 
weldments were compared to the prop
erties of the cast base metal. 

Procedure 

The results reported and discussed 
herein are based on several different pro
grams and therefore embody a number of 
different procedures. In general, spot Var
estraint weldability testing at 2% aug
mented strain was used to measure the 
elemental, heat treatment and grain size 
effects on susceptibility to HAZ liquation 
cracking. Metallographic sections were 
used to make a comparison of micro
cracking in cast Alloy 718 and Rene' 220C 
repair weldments. Mechanical properties 
of the weldments were evaluated using 
simulated weldments of identical section 

size and heat input. 
The spot Varestraint test shown in Fig. 

2 with the parameters was used to eval
uate the effect of heat treatment, grain 
size and chemistry on the resistance to 
HAZ microcracking. This test uses a fixed 
gas tungsten arc for a preset constant time 
and a known radius of curvature die block 
to apply a constant strain, which causes 
HAZ cracking (a measure of weldability). 
All specimens are machined to matching 
dimensions, and identical size weld pools 
are created by the arc, which is switched 
off for an identical time period prior to 
impact by the die block on the reverse 
side of the specimen from the weld pool. 
The specimen is forced to conform to the 
die block, giving it a known radius of cur
vature and a known surface strain of 
E = Thickness/2R. Three measures are 
generally used to compare weldability by 
the Varestraint test: total number of cracks, 
total crack length (TCL) and average crack 
length (ACL). A fourth measure of weld
ability sometimes used with Varestraint 
testing is maximum crack length; how
ever, this was not used in this investiga
tion. 

The spot Varestraint data were used in 
the analysis of statistically designed ma
trixes to evaluate the effects of composi
tion, etc., on the weldability of cast alloy 
Rene' 220C. All of the statistical matrixes 
employed in this work were fractional 
factorial designs of the Taguchi type, L9, 
L16, etc. (Ref. 29), or Plackett-Burmann 
screening designs. These matrix experi
ments were analyzed using standard anal
ysis of variance, linear regression and 
confidence limit techniques. 

A comparison of cast Alloy 718 and 
Rene' 220C repair weldability was mea
sured by having Precision Castparts Corp. 
make 23 identical simulated repair welds 
on identical sections of two identical com
ponents: one cast in standard Alloy 718 
and welded with matching 718 filler metal; 
and one cast in Rene' 220C and welded 
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Fig 1 - The Ni-Cb and Ni-Ta phase diagrams showing the relative solubilities of Ta and Cb in the Ni system. 
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The Spot Varestraint Test 

<4°L 
zdEh^o, 

Test parameters 

Top View 
Welding current: 
Arc voltage: 
Shielding gas: 
Electrode type: 
Electrode size: 
Arc length: 
Arc time: 
Delay time: 
Augmented strains: 

65 Ampere;. 
15V, DCSP 
Argon, 0.12 liters/sec. 
2% Thoriated Tungsten 
2.38 mm. diameter 
6.3 mm. 
15 sec. 
50 msec. 
0.29, 1.16,2.9% 

Side View 

Fig. 2 — Schematic of spot Varestraint test apparatus and procedure. 

wi th matching Rene' 220C filler metal . All 
o f the we ldments w e r e then sect ioned 
and examined metal lographical ly to de
termine the extent of HAZ microcracking 
caused by the GTA repair welds. Figure 3 
is a schematic of the repair w e l d locations 
o n the c o m p o n e n t cross-section used for 
the evaluat ion. Normal repair w e l d p r o 
cedures and matching filler metals w e r e 
used fo r b o t h trials. In o rder t o make the 
repair we ld ing evaluat ion as real as possi
ble, the w o r k was done by a casting v e n 
dor using its o w n peop le and propr ie tary 
parameters; there fore , the parameters 
cannot be repo r ted , but the exper iment 
cou ld be redone using parameters accept
able to 718 we ld ing w i t h the same results 
expec ted . 

Ano ther measure o f weldabi l i ty is the 
ability of the we ld ing filler metal and HAZ 
to attain the mechanical propert ies of the 
base metal . In order to determine the 
ability of Rene' 220C to maintain base 
metal mechanical propert ies across the 
w e l d m e n t for b o t h C T A W repairs and EB 
fabr icat ion we lds , simulated we ldments 
w e r e made using bo th processes. These 

we ldments w e r e made using the same 
material thickness and heat sink as actual 
parts w o u l d have, but using cast slabs to 
facilitate the machining of mechanical test 
specimens. 

Due to the lack of thickness of the cast 
sections being w e l d e d , special test speci
men conf igurat ions had to be deve loped 
for rupture testing. Since the data for the 
we ldments w e r e obta ined f r o m nonstand-
ard test specimens, identical specimens 
had to be tested f r o m the base metal for 
p roper ty compar ison. The specimen c o n 
f igurations used for the mechanical p r o p 
erty testing are shown in Fig. 4. The me
chanical propert ies evaluated f r o m the 
we ldments included low-cyc le fat igue, 
and s m o o t h and no tch rupture life. Low-
cycle fatigue is a strain-control led test that 
prov ides a pseudo stress mease rement of 
fat igue life. Testing was d o n e at the tem
peratures indicated in Table 2, using an al
ternat ing strain (wi th an " A " ratio o f 1.0 
alternating strain d iv ided by mean strain) 
and 60 load reversals (cycles) per minute. 
No tch rupture specimens conta ined a 
notch w i t h a 2.8K, stress intensity factor. 

Fig. 3 — Schematic of simulated repair welds made on the actual component of Alloy 718 and Rene' 
220C. 

Both smoo th and no tched rup tu re tests 
consisted o f placing a static load on the 
specimen at the tempera tu re indicated 
and wai t ing for failure of the specimen or 
for some set t ime per iod be fo re terminat
ing the test, in this case a 200-h limit was 
used. 

Results 

This section wil l present the compi la t ion 
of several programs wh ich included mea
surements of Rene' 220C weldabi l i ty f r o m 
a material processing v i ew and then t w o 
programs that are more practical in na
ture. The first section wil l rev iew the de
ve lopment o f weldabi l i ty in the alloy along 
w i t h the effects of thermal cycling, grain 
size and chemistry on weldabi l i ty . The 
second section deals primari ly w i t h the 
practical aspects of weldabi l i ty. 

Development of Rene' 220C Weldability 

Initially, the alloy k n o w n as CH22 was 
compared to cast Al loy 718 for weldabi l 
ity using the spot Varestraint test. The re
sults of those tests appear in Fig. 5. No te 
that the original compos i t ion of CH22 was 
less weldab le than cast Al loy 718. 

A statistically designed exper iment was 
used to determine the cause of p o o r 
weldabi l i ty in this n e w compos i t ion . The 
design was a Plackett-Burmann 12-run 
matrix to evaluate the effects o f B, Co , Ta, 
Si, M n and Fe on the weldabi l i ty of the 
basic Ni -20Cr-5Nb-3Mo-1Ti -0.5Al alloy 
compos i t ion . Figure 6 is a graphic illustra
t ion of the results, wh ich show that the B 
content of the CH22 alloy was t o o high to 
permit we ld ing. M o r e o v e r , the results 
show that the replacement o f Co and Ta 
for Fe was beneficial for weldabi l i ty . M a n 
ganese also appeared beneficial, but it is 
t oo diff icult to cont ro l dur ing vacuum in
duct ion melt ing, the process used for melt
ing and casting nickel-based superalloys. 

Figure 5 also shows that reducing the 
level of B f r o m 100 p p m , wh i ch was the 
amount in the original CH22, to 30 p p m 
greatly imp roved the weldabi l i ty of the al
loy in compar ison to cast Al loy 718. The 
reduced B version of CH22 was then re
named Rene' 220C. The compos i t ion o f 
CH22 w i th reduced B is essentially the 
Rene' 220C baseline compos i t ion . 

Dur ing the initial weldabi l i ty evaluations 
there appeared to be an ef fect o f thermal 
cycling on the weldabi l i ty o f Rene' 220C. 
Therefore , the ef fect of hot isostatic press
ing (HIP) was evaluated w i t h respect t o 
weldabi l i ty. The Varestraint data, b o t h 
TCL and total crack count , s h o w n in Fig. 7, 
demonst ra te an inverse relationship of 
weldabi l i ty w i th HIP tempera ture , w i t h 
weldabi l i ty decreasing linearly w i t h in
creased HIP temperature . All data points in 
Fig. 7 are the average of three test results 
using convent ional cast grain size of ASTM 
0 - 1 for Rene' 220C w i t h 30 p p m b o r o n . 
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Since the effect of B was so dramatic on 
the Rene' 220C weldability, B was exam
ined over a wider range to determine if a 
lower limit existed below which it was no 
longer deleterious to weldability. This was 
particularly important since B is necessary 
for notch rupture ductility, as well as ele
vated temperature tensile ductility. Figure 
8 shows that weldability, as measured by 
the Varestraint test using TCL, has an 
inverse linear relationship to the B content; 
as the B content increases, the weldability 
decreases linearly. All data points are the 
result of an average of at least three and 
as many as nine tests. 

When grain size is taken into account, 
ASTM 4-6 vs. 0 - 1 , the weldability tends to 
be the same above 60 ppm boron, but 
improves for the fine grain sizes ASTM 4 -
6 at the 30 ppm B level, as shown in Fig. 
8. However, when the cast grain size of 
Alloy 718 or Rene' 220C drops into the 
ASTM 4-6 range, then the notch rupture 
behavior becomes erratic below the 30 
ppm level. Therefore, any gain in weld
ability is offset by the loss of rupture duc
tility in the 1300°F (2372°F) range for 
Rene' 220C. 

The evaluation of elemental effects on 
the weldability of Rene' 220C produced 
much the same results as the initial ele
mental screening to determine what was 
causing the poor weldability. Tantalum 
was found to be the only alloying element 
that was beneficial to weldability, while 
Nb, Ti and Al were found to be mildly 
detrimental, with B and Cr found to be 
very detrimental to the weldability of the 
alloy. These results appear in Table 1. 

Measurement of Repair and Fabrication 
Weldability 

The repair weldability was evaluated by 
comparing similar repair weldments of 
actual components cast from Alloy 718 

and Rene' 220C at PCC. Each component 
had four areas which received simulated 
repair welds at GE's request. A schematic 
of areas receiving repair welds is shown in 
Fig. 3. A simulated repair weld is a CTAW 
made into a sound area of a casting that 
has been ground out to resemble a ground 
out defect location. Both components had 
six simulated repair welds made at each of 
the four shaded locations in Fig. 3. The 
weldments were then sectioned and ex
amined metallographically for HAZ micro
cracks. Figure 9 shows that Rene' 220C 
was substantially better in repair weldabil
ity, as measured by the frequency and size 
of HAZ microcracks, than cast Alloy 718. 

The defect areas that are identified af
ter electron beam fabrication welds are 

Table 1—The Effect of Major Alloying Elements on the Weldability of Rene' 220C 

Weldability 
Measurement 

Total Crack Length 
Number of Cracks 
Average Crack 

Length 

Nb C B Co Ta Mo 

- / 4 % —/26% ++/2% 

—/43% 

Ti 

- / 1 % 

Al 

— / 5 % 

Cr 

— / 1 1 % 

76% 

CS. 

-Sm/13% 
-Sm/46% 
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Weldability results 
based on the number oi cracks in GTA welds 
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Effect of HIP temperature on Rene' 220C weldability 

.4 -

Varestraint 
data 

.1 -
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HIP temperature 

Fig. 7— The effect of HIP temperature on the weldability of Rene' 220C 
as measured by Varestraint testing at 2% augmented strain using 
conventional cast grain size and 30-ppm B. 

Statistical 
effect, 

thousands 

Alloy elements 

Fig. 6 — The results of a previous study on the effect of a major nickel-
based superalloy alloying elements on the weldability of a generic nick
el-based superalloy designed primarily around the Alloy 718 chemistry. 

Erlfecl of Boron on total crack length in Rene'220C 
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Fig. 8 — The effect of B content on the weldability of Rene' 220C as mea
sured by the Varestraint test using 2% augmented strain for convention
ally cast grain sizes of 0 to 6 for Rene' 220C. 
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Fig. 9 —Display of the total number of microcracks counted and 
measured from the two components simulated repair weldment studies. 
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usually routed out and repaired using 
GTAW much the same as foundry repair 
procedures. In order to determine the 
fabrication weldability of Rene' 220C, the 
actual fabrication EBW parameters had to 
be established using actual hardware. 
Then properties were determined using 
these parameters to make weldments of 
cast slabs resembling the actual compo
nents in heat sink. 

Using sections of the actual hardware, 
the HAZ microcracking tendency of Rene' 
220C in production EBW was compared 
to cast Alloy 718. This was easily done by 
making weldments of cast Alloy 718 to 
cast Rene' 220C. An example of the HAZ 
microcracking found in these weldments 
is shown in Fig. 10. The cast Alloy 718 side 
of the weldment displays several micro
cracks, while the Rene' 220C has none. A 
similar weldment is made to wrought Al
loy 718, and a representative microstruc
ture shown in Fig. 11 contained no micro
cracks in either the wrought 718 or the 
cast Rene' 220C HAZ. 

As part of the fitness-for-service por
tion of the weldability definition, the me
chanical properties of the weldments had 
to be established. This was evaluated by 
cutting test specimens from cast slabs that 
had been welded together using the EBW 
parameters used for fabricating the actual 
component. Table 2 contains the results 
of the low-cycle fatigue, and notch and 
smooth rupture tests across the weld
ment. There is no difference evident in the 
average properties of the weldments com
pared to the base metal. All of the weld
ments either did not fail, or failed in the 
cast 718 or HAZ of the Rene' 220C when 
weldments included wrought 718. 

Discussion 

The compositional difference between 
the cast alloys 718 and Rene' 220C is that 
Alloy 718 is based on the Ni-Cr-Fe-Nb 
system, while Rene' 220C is based on the 
Ni-Cr-Co-Nb system with an addition of 
Ta. This provides a major difference when 
it comes to the weldability of the alloys. 
Carlson and Radavich (Refs. 19, 28) found 
that both alloys experience the same 
amount of segregation during solidifica
tion to form the investment cast micro-
structure. 

Wlodek (Ref. 23) found that the termi
nal solidification phase in Rene' 220C is not 
a Laves phase eutectic as it is with Alloy 
718 (Fig. 12), but rather an unstable glob
ular eutectic delta phase, as shown in Fig. 
13. The globular delta is unstable only in 
that it breaks down to form delta plates 
during heat treatment. The absence of Fe 
(which is a Laves phase promoter) (Ref. 24) 
from the alloy composition retards the 
development of Laves phase in the inter
dendritic area and at the grain boundaries. 
Further, as shown in Fig. 14, the delta 
plates in Rene' 220C are stable up to the 

Fig. 10—Microstructure of a typical electron 
beam weldment of cast Alloy 718 to cast Rene' 
220C showing the HAZ microcracking in the 
cast Alloy 718 compared to the crack-free HAZ 
on the Rene' 220C side of the weld. 

it 4 * : 

m 
•nit* 
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Fig. 11 — Microstructure of a typical electron 
beam weldment of wrought Alloy 718 to cast 
alloy Rene' 220C showing the microcrack-free 
HAZ. 

Table 2—Results of Mechanical Property Tests from Rene' 220C Fabrication Weldments to 
Both Cast and Wrought Alloy 718. 

Weldment Type 

Wrought 718/Cast Rene' 220C 
Wrought 718/Cast Rene' 220C 
Wrought 718/Cast Rene' 220C 
Cast 718/Cast Rene' 220C 
Cast 718/Cast Rene' 220C 
Cast 718/Cast Rene' 220C 

Weldment Type 

Wrought 718/Cast Rene' 220C 
Cast 718/Cast Rene' 220C 

Temp. 
(°F) 

1100 
1100 
1100 
1100 
1100 
1100 

Rupture 

Low-Cycle Fatig 

Stress Ns 
(ksi) (kHz) 

100 40 
80 478 
60 511 

100 4.5 
80 9.8 
60 503 

Stress Rupture 

j e 

Location 

Cast Rene' 220C 
Rene' 220C HAZ 
Rene' 220C HAZ 
Cast 718 HAZ 
Cast 718 HAZ 
Cast 718 HAZ 

Life Notch Rupture Life 

1300°F/90 Ksi 
2004-
2004-

1300°F/90 KSI 
2004-
2004-
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Fig. 12 — The as-cast microstructure of Alloy 718. 
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Fig. 13— The as-cast microstructure of Rene' 220C. 

fusion boundary of the EB weldment. It is 
believed that the increase in Ta in the delta 
phase has resulted in increased stability for 
this phase. 

Previously, welding researchers have 
cited several Nb-related phases as respon
sible for HAZ microcracking in cast Alloy 
718. Baeslack (Refs. 7, 9) cites both NbC 
constitutional liquation and the Laves eu
tectic reaction, respectively, as being re
sponsible for HAZ microcracking. Thomp
son (Refs. 15,16) cites NbC constitutional 
liquation in wrought Alloy 718 and sulfur 
segregation in both wrought and cast 718 
for HAZ microcracking. Kelly (Refs. 5, 6) 
demonstrated the B content of cast Alloy 
718 was the most influential element in 

Fig. 14 -The HAZ 
microstructure of an 

electron beam 
weldment of Rene' 

220C showing an 
unmelted delta plate 

projecting into the 
fusion zone. 

causing HAZ microcracking regardless of 
S, C or Nb content of the alloy —Fig. 15. 

Earlier, Kelly (Ref. 30) determined the 
effect of the tramp elements, S, P, O and 
N, on the weldability of Rene' 220C. This 
study used a statistically designed experi
ment that varied the tramp elements to 
levels well above specification rr aximums, 
but obtained no discernible pattern for 
the effects of tramp elements on weld
ability within the compositional limits test
ed—Fig. 16. However, when boron, 
which was intended to be constant but 
varied over a range of 16 ppm, was added 
to the results, the statistical aralysis be
came more complete with a large increase 
in the amount of data explained by the 

analysis. This again was due to boron's 
overwhelming effect on the weldability of 
cast nickel-based superalloys blocking out 
the effects of the tramp elements S, P, O 
and N, as it did in the previous study with 
cast Alloy 718 (Ref. 6). The lack of effect 
demonstrated by the maximum specifica
tion amounts of the tramp elements in 
these two studies points out the excellent 
work done over the years to establish the 
safe limits for tramp elements such as S, in 
order to avoid a HAZ microcracking prob
lem in cast nickel-based superalloys. 

Baeslack (Refs. 2-4) has shown that the 
replacement of Nb with Ta in the Ni-
Cr-Fe-Nb alloy system improves the resis
tance of the alloy system to HAZ micro
cracking due to two factors: 

1) Ta tends to promote less Laves phase 
upon solidification. 

2) The Laves phase that does form has 
a eutectic temperature approximately 
140°F (77°C) higher than the Ni2Nb 
formed with Nb. 

Additionally, Kelly (Ref. 5) showed that 
statistically both Ta and Co additions to 
the basic Alloy 718 composition improve 
resistance to HAZ microcracking —Fig. 6. 
Therefore, it is not surprising that the re
placement of Fe with Co in the Ni-Cr-Nb 
alloy system yields an alloy with greater 
HAZ microcracking resistance than cast 
Alloy 718. However, the initial weldability 
of CH22 with 100 ppm B was worse than 
that of cast 718 with 30 ppm B, as shown 
in Fig. 5, even with its known higher Laves 
phase content. However, Fig. 5 shows 
that for an equivalent B content Rene' 
220C had a significantly better weldability 
than cast Alloy 718. 

This wasn't surprising since B was shown 
in Fig. 6 to be the most potent source of 
HAZ microcracking in the Ni-Cr-Nb alloy 
system. What is surprising is the inverse 
linear relationship to weldability shown 
for B content in Rene' 220C. Pease (Ref. 
31) had set an upper limit on B at 300 ppm 
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Elemental effect on Cast 718 weldability 
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Fig. 15 - The effect of B on the weldability of cast Alloy 718 compared 
to the effects of the full specification range of the other elements typ
ically cited as the cause of HAZ microcracking. 
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Fig. 16—Raw data plots of the response to sulfur of the various spot 
Varestraint test results, showing no discernible pattern. 

for the safe limit to avo id microcracking in 
Ni-based superalloys; h o w e v e r , Fig. 8 
shows that the ef fect of B on weldabi l i ty 
is linear d o w n to approximate ly 10 p p m . 

The results show ing Cr t o be de t r imen
tal to weldabi l i ty in Rene' 220C w e r e in 
general agreement w i th the teachings of 
Snyder and B r o w n (Ref. 32), w h o f ound 
that the weldabi l i ty o f cast 718 could be 
improved by lower ing the Cr content t o 
b e l o w 15%. In their patent , they show by 
quant i tat ive metal lography that lower Cr 
718 contains less Laves phase and is more 
microcrack resistant dur ing we ld ing . A l 
though no quant i tat ive meta l lography was 
done in the Rene' 220C weldabi l i ty study, 
it is likely that this same effect is being 
demonst ra ted by the spot Varestraint 
data o f the cast Rene' 220C material. 

Further, it has been shown in Fig. 7 that 
there is an inverse linear relationship o f 
weldabi l i ty w i t h HIP temperature. As HIP 
tempera ture increases, the weldabi l i ty o f 
Rene' 220C decreases, wh i ch is similar to 
wha t was s h o w n fo r cast Al loy 718 by 
Kelly (Ref. 6). This is p robab ly due to a 
grain boundary react ion observed (Ref. 5) 
at approx imate ly 2000°F (1093°C). This 
react ion was only seen in B-containing al
loys and p rov ided an easily w e t t e d grain 
boundary surface for wha teve r phase 
was available to l iquate in a bulk manner. 
There fore , even the direct ef fect o f HIP 
temperature on weldabi l i ty likely relates 
back to the B content of the alloy. 

From Fig. 8 it appears that the ef fect o f 
B on Rene' 220C weldabi l i ty is concentra
t ion- and grain-size dependent in that at 
high B levels the weldabi l i ty o f ASTM grain 
size 0 - 6 is the same, but at l o w B levels (30 

ppm) the ASTM grain size 4 - 6 weldabi l i ty 
improves w i t h respect t o the larger grain 
size 0 - 1 . This may be due to the amount 
of B available to cover the grain boundary 
area. Since these are equiaxed cast grains, 
they can be assumed to approx imate 
spheres, and there fore , the grain b o u n d 
ary area w o u l d be propor t iona l t o the 
square o f the grain diameter. Conse
quent ly , the change in grain size f r o m 
ASTM 1 to 5 w o u l d mean about a 25-fo ld 
increase in grain boundary surface. Thus, 
if the ef fect o f B is l imited to grain b o u n d 
ary reactions, then as the B level drops to 
30 p p m , the effects w o u l d be expected to 
show up first as imp roved weldabi l i ty o n 
the fine grain microstructure. 

In Fig. 8, the f ine grain size, ASTM 6, is 
more weldable as measured by the Vare
straint test than the coarse grain size 
ASTM 0 - 1 w i t h the same 30 p p m B c o n 
tent , wh ich is the first indicat ion that the 
weldabi l i ty is gra in-boundary-concent ra
t ion dependent . This indicates that there is 
a critical grain boundary B level requi red to 
cause a d r o p in the weldabi l i ty. Un fo r tu 
nately, the current analytical techniques 
are no t capable o f detect ing l o w levels o f 
b o r o n , so the actual level requi red to re
duce weldabi l i ty can only be con jec tured. 
Howeve r , the fact that the no tch rupture 
behavior o f the alloy becomes erratic in 
the ASTM grain size 4 - 6 material as the 
weldabi l i ty increases w i t h l ower b o r o n 
content is another indication of the effect 
being due to t o o little b o r o n to cover the 
increased grain boundary area. 

All o f the preceding data w e r e devel 
o p e d using Varestraint testing o n labora
tory-size specimens; howeve r , it was not 

k n o w n h o w this related to the real w o r l d . 
In Fig. 9, the number of actual HAZ micro
cracks f r o m 48 simulated identical repair 
welds o f cast Al loy 718 and Rene' 220C 
are compared , and these data indicate 
that the d i f ference shown in the spot Var
estraint tests is conservat ive at best. Fur
thermore , metal lographic evaluat ion o f 
EBW fabrications (Fig. 10) also conf i rms 
the superior weldabi l i ty o f the n e w alloy 
over cast Al loy 718. 

S u m m a r y 

Rene' 220C is superior to A l loy 718 as 
a structural casting alloy b o t h f r o m w e l d 
ability and mechanical p roper t y v iew
points. It has also been demonst ra ted that 
the alloy's weldabi l i ty is inversely related 
to the HIP temperature . Addit ional ly, it has 
been s h o w n that the weldabi l i ty of this al
loy is directly af fected by its B content , and 
at approx imate ly 60 p p m , it becomes 
equivalent to Al loy 718 at 30 p p m b o r o n . 

Boron in bulk amounts l ower than 20 
p p m is diff icult to accurately analyze fo r 
using available technology, and virtually 
impossible t o isolate in grain boundar ies 
until concentrat ions become high enough 
to f o r m borides. Therefore , 30 years ago 
w h e n Pease did his w o r k , the 300-ppm 
level of b o r o n may have been the limit of 
detectabi l i ty. 

Boron has n o w been ident i f ied as the 
pr imary cause of HAZ l iquation cracking 
(microcracking) in t w o cast Ni-Cr-Nb sup
eralloys and is p robab ly the main contr ib
u to r t o l iquation cracking in most o f the 
other cast nickel-based superalloys c o n 
taining b o r o n , since it is usually added in 
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amounts exceeding 50 ppm for interme
diate-temperature grain boundary duct
ility. However, it is no easier to observe B 
now than it has been in the past, but if a 
means of counteracting its negative ef
fects on weldability is to be found, an in
creased effort must be made to determine 
the mechanism. Once the mechanism is 
understood then it may be possible to 
make use of boron's beneficial effects on 
high-temperature properties without the 
detrimental effects on weldability. 

Conclusions 

1) The weldability of Rene' 220C is 
much better than that of cast Alloy 718. 

2) Boron concentration has the largest 
detrimental effect on the HAZ micro
cracking in Rene' 220C. The microcrack
ing tendency of Rene' 220C increases lin
early with the boron content between 20 
ppm and 100 ppm. 

3) The weldability of Rene' 220C is in
versely related to HIP temperature. As the 
HIP temperature increases from 1950°F to 
2150°F (1065°C to 1177°C), the weld
ability related to HAZ microcracking de
creases linearly. 

4) Both GTA and EB weldments 
of Rene' 220C can attain similar mechani
cal properties to that of the matrix ma
terial. 

5) There is no difference in the weld
ability of various grain sizes (ASTM 0 to 6) 
of cast alloy Rene' 220C as measured by 
the spot Varestraint test in the 60- to 110-
ppm boron range. 

6) The addition of Ta and the substitu
tion of Co for Fe in Rene' 220C improve 
the HAZ microcracking resistance of Rene' 
220C over that of cast Alloy 718 by 
reducing the amount of Laves phase 
present for the eutectic liquation reaction 
in the HAZ. 

7) The tramp elements S, P, O and N 
have no more effect on the weldability of 
Rene' 220C than they do on cast Alloy 
718. 
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