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ABSTRACT. A microstructural character
ization of 2!4 Cr-1 Mo weldments was 
performed to explore the relationship 
between precipitate microstructure and 
observed failure modes in this material. 
The work was prompted by results of 
creep-rupture tests which showed a 
change in failure location from base metal 
to heat-affected zone (HAZ) after 2000 
hours at elevated temperatures. Both 
similar and dissimilar metal welds were 
examined. The microstructural study 
revealed that the likely cause of this 
change in fracture behavior is the change 
in relative strengths of the two zones due 
to the absence of M2C in the heat-
affected zone in both types of weld
ments. The paper describes the precipi
tate morphologies and distributions 
observed, reviews processes that might 
contribute to the change in fracture 
behavior, and suggests a general solution 
to the problem. 

Introduction 

The ferritic alloy 2VA Cr-1 Mo is used 
extensively in steam generator systems in 
both nuclear and conventional power 
plants. Many of these applications 
involve pressure boundary considera
tions, which usually require that mating 
components be joined by welding. 
Unfortunately, a high percentage of the 
failures evaluated in these systems occur 
not in the base metal, but in the micro-
structurally altered region in the base 
metal adjacent to. the weld interface — 
the heat-affected zone. Extensive micro-
structural studies have been conducted 
on 2 VA Cr-1 Mo base metal after various 
heat treatments (Refs. 1-4), and they 
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have demonstrated the effect of precipi
tates on the elevated temperature 
strength of the alloy. Little quantitative 
information is available, however, on 
welded material. 

In well controlled creep-rupture tests 
conducted on both similar metal and 
dissimilar metal weldments made with 
2'/4 Cr-1 Mo filler metal, it was observed 
that the failure location changes from the 
base metal to the HAZ approximately 
2000 hours into the tests. The present 
investigation was conducted to attempt 
to correlate this behavior with changes in 
precipitate microstructure and to suggest 
general modifications in alloy processing 
or weld procedure that might prevent 
the transition from occurring in service. 

Materials 

Components of the similar metal weld 
(SMW) specimen consisted of 2 in. (51 
mm) thick plates of 2VA Cr-1 Mo which 
were austenitized at 1725°F (941 °C), 
cooled at a rate less than 100°F/hr (56°C/ 
hr) to 600°F (316°C), then air cooled to 
room temperature. The plates were butt 

Table 1—Welding 

Parameter 

Weld Process 

Preheat Temp. 
(°F) 

Travel Speed 
Current (A) 
Voltage (V) 
PWHT 

Parameters 

SMW 
[2VA Cr/ 
2'/4 Cr) 

Submerged 
Arc 

300 

17 in./min 
400-450 

30 
40 hr @ 
1340°F 

D M W 
(214 Cr/ 
ERNiCr-3) 

Gas 
Tungsten 

Arc 
300 

1 in. /min 
200 

19 
1 Vl hr @ 

1340°F 

joined by fusion welding, using a 2'/4 
Cr-1 Mo filler metal. Post-weld heat treat
ment consisted of a 1340°F (727°C) tem
pering for 40 hours. 

The alloys 2VA Cr-1 Mo and AISI 304 
comprised the dissimilar metal weld 
(DMW) specimen. The pre-weld heat 
treatment of the ferritic material was 
identical to that described above, as was 
the geometry of the weldment. Speci
men thickness was IV2 in. (38 mm). This 
joint was produced by fusion welding 
with an ERNiCr-3 filler metal. Post-weld 
heat treatment consisted of a V/l hr 
tempering at 1340°F (727°C). Welding 
parameters used in both SMW and 
DMW are summarized in Table 1. 

Both weld specimens were sliced par
allel to the weld interface to provide 
specimens representative of the 2 VA Cr-1 
Mo base metal and the adjacent HAZ. 
The HAZ samples were taken 0-5 mils 
from the weld interface at the mid-plane 
of the welds; the base metal samples 
were extracted at least V2 in. (12.7 mm) 
from the weld interface. The geometry 
of the weldments and the source of the 
samples are illustrated in Fig. 1. The sam-

WELD INTERFACE 

WELD METAL 

> 500 mil, 
FROM WELD 
INTERFACE 

Fig. 1 - Weldment cross-section showing sam
ple locations 
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Fig. 2 — Carbide precipitates in the heat-affect
ed zone of the similar metal weldment 

Fig. 3-Carbide precipitates in the 2'A Cr-1 
Mo base metal of the similar metal weldment 

Fig. 4 - Carbide precipitates in the heat-affect
ed zone of the dissimilar metal weldment 

Fig. 5 - Carbide precipitates in the 2 A Cr-1 
Mo base metal of the dissimilar metal weld
ment 

Table 2—Second-Phase Particles Observed in 

Morphology 

#1 Acicular (Matrix) 
#2 Small, Round 

(Matrix) 
#3 Massive (Grain 

Boundary) 
#4 Globular (Matrix) 
#5 Massive (Matrix) 

#6 Massive (Grain 
Boundary) 

Structure 

M2C (hep) 
M7C3 

Laves Phase (High 
Cr4-Mo) 

M6C or M23C6 
Oxide Inclusion (Si, 

Al, Mn, Fe) 
Mf,C or M23C6 

2'/4 Cr-1 Mo Weldments 

2VA Cr- 1 M o / 
ERNiCr-3 

Base 

X 
X 

None 

X 
None 

X 

HAZ 

Trace 
Less 

X 

X 
X 

X 

2'/4 
2'/4 

Base 

X 
X 

None 

X 
None 

X 

Cr-1 M o / 
Cr-1 Mo 

HAZ 

None 
Less 

X 

X 
X 

X 

X indicates presence. 

pies were subsequently thinned by elec
tropolishing to provide transmission elec
tron microscopy foils, which were used 
to establish precipitate distribution and 
carbon extraction replicas for precipitate 
identification and analysis. 

Results and Discussion 

The types of second phase particles 
identified in both the base metal and the 
HAZ of the two types of weldments are 
given in Table 1. The particles were 
classified largely by their unique morphol
ogies and distributions and were subse
quently identified by structural and com
positional analyses. They include the sev
eral carbides normally found in 2Vi Cr-1 
Mo at various stages in the evolution of a 
stable precipitate microstructure: M2C, 
M7C3, M23Q and M&C. The molybde
num-rich carbide M2C generally forms 
intragranularly in a fine distribution of 
acicular particles. It is this precipitate spe
cies to which 2'/ i Cr-1 Mo owes its 
attractive high temperature creep 
strength (Refs. 2-5). A metastable precip
itate, M2C eventually transforms to one 
or more of the complex carbides. Upon 
subsequent coarsening of these carbides, 
the creep properties typically are de
graded. 

Other particles identified in the weld
ment include a grain-boundary Laves 
phase and scattered oxide inclusions, 
both observed in the HAZ. Representa
tive precipitate types and distributions in 
the similar metal weldment are shown in 
Figs. 2 and 3; precipitate images in the 
dissimilar metal weldment are shown in 
Figs. 4 and 5. The numerals shown on the 
images and identified in Table 2 pinpoint 
specific types of carbides. Oxide inclu
sions are not illustrated. 

In both weldments, the morphology of 
the ferrite matrix in the HAZ differs mark
edly from that of the base metal. For 
example, the stable carbides in the HAZ 
(M6C and M23Q) are somewhat larger 
than those in the base metal. In addition, 
little or no M2C-type carbide was 
observed in the HAZ, in contrast to the 
base metal. 

If one assumes that the HAZ is com
pletely austenitized during welding (i.e., 
all the carbides go into solution), then 
subsequent tempering should produce 
the carbides observed during tempering 
of normalized steel as shown in Fig. 6. 
Since virtually no M3C or M2C was 
present in the HAZ, one can conclude 
that the carbides (M7C3, M23C6 and M6C) 
already present in the base metal did not 
dissolve during welding. In other words, 
although the temperature of the HAZ 
was raised to the austenite phase field 
during welding, the time at temperature 
was insufficient to dissolve the carbides. 

The significantly lower volume fraction 
of M2C-type carbides in the HAZ indi-
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cates that these fine carbides either went 
into solution or, more likely, transformed 
to a more stable carbide during welding. 
The intermediately stable M7C3 carbides 
were also less abundant in the HAZ than 
in the base metal, indicating that they 
were transformed to the more stable 
M23Q or M6C during welding or during 
the post-weld heat treatment. 

Other phases including Laves (Fe2Mo-
type structure) and oxide inclusions were 
observed at HAZ grain boundaries in 
both weldments. We believe that the 
presence of small amounts of either of 
these phases has no significant effect on 
the mechanical properties of the HAZ. 

To date, all short-term creep-rupture 
data (Ref. 6) show that similar and dissim
ilar weldments fail in the base metal; 
however, at times greater than 2000 
hours, the failure mode shifts from the 
base metal to the HAZ —Fig. 7. A plausi
ble explanation for this phenomenon is 
the absence of M2C in the HAZ in both 
weldments. It is generally believed that 
the creep rupture strength of normalized 
and tempered 2V* Cr-1 Mo steel is due 
to the presence of a fine distribution of 
these acicular carbides in the matrix. 
Since the base metal of both welds has 
significantly larger amounts of M2C than 
the HAZ, the creep rupture strength of 
the base metal is superior to that of the 
HAZ, which is causing the shift in the 
failure location. 

Conclusions 

The general conclusion reached in this 
work is that the reduction or total 
absence of M2C is the root cause of the 
observed failures in the heat-affected 
zones of both similar and dissimilar metal 
weldments evaluated in this study. 
Although this reduction may be the result 
of one or more of several processes, the 
controlling process is believed to be the 
incomplete dissolution of all carbides dur
ing welding. Had total dissolution 
occurred during welding, subsequent 
cooling should have reprecipitated M2C, 
thereby imparting the necessary creep-
rupture strength to the weldment. The 
work demonstrates the importance of 
precipitate microstructures in developing 
and maintaining adequate creep-rupture 
strength in 2V2 Cr-1 Mo weldments and 
suggests that proper strength could be 
produced in the weldments by following 
procedures that assure complete austeni
tization during welding. 
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Fig. 6 — Sequence of carbide formation on tempering a normalized 2 A Cr- 7 Mo steel 
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Fig. 7—Stress rupture life for DMW and SMW crossweld specimens 
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