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Abstract

High purity model alloys with major composition Ni-15Cr-9Fe-0.03C (600CEO) and Ni-15Cr-
9Fe-0.03C-0.04Ce (600CE4) were produced. Using these model alloys the effect of alloying Ce
on the SCC behavior of Alloy 600 was evaluated. To obtain carbides precipitated on grain
boundaries, the thermal treatment was performed on both the solution annealed alloys.
Microstructural examinations using SEM and TEM EDX showed that the same structural carbides,
Cr,Cs, were precipitated on both the alloys and no significant difference in the amount of Cr
depletion along grain boundaries was observed between the two model alloys. However, it was
shown that the coverage of grain boundary carbides was higher in the Ce-bearing alloy
(600CE4). The SCC susceptibility of the alloys was investigated in 40%NaOH solution at 315°C.
Being evaluated in terms of maximum crack depth, the SCC susceptibility of the alloy turned out
to be reduced by the addition of Ce. The increased resistance to the SCC in the alloy 600CE4

was considered to be attributable to the increased coverage of grain boundary carbides.
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Table 1 Chemical compositions of the alloys used in this study (wt.%)

C Ni Cr Fe Ce
600CEO 0.03 75.25 15.24 9.28 0.003
600CE4 0.03 74.66 15.41 9.72 0.04
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Fig. 2 Dimensions of rectangular strip and stressed U-bended specimens: (a) rectangular and

(b) stressed U-bend. (unit : mm)
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Fig. 3 Temperature dependence of grain size of the model alloys after solution annealing

treatment.
SCC
32 [12], 35
3 SA . SA
600CEO0 975 20 , 600CE4 1010 10 ,
4
fé} "J-"I jr7"1“--7 ; .J “ g I'. ! t‘h};}xj = \____.,_r “: x’?—_lf—rf
il T e et -“‘1'.'& | e
g1 ."a'l”‘J'hf T i e '1" 95 k‘ e "/I\I ;
= ) ] E}{ A e g __.'L._r'f'- : "'_'_"_-ct'- I e
H:"il"._":-:..'ll _i' * {,. \ 4 __“' '::."_1:__.-!_" 1""1_ o _;l‘ﬂ." 'r';I
€0 L AT ™ S 6109 w e = il

-\-\"-\.
—-..,-3"
~¢:-

!

i

N
e
2 -
.,IL.;

A T
Gy
_-"'
A_R‘T{"‘m
-\.\_\_{.1".- T

i
,~r
T__.—f

A
b I

i

g

K
Fig. 4 Optlcal micrographs of model alloy 600 samples after solution annealing: (a) 600CEO at
975 for 20min, (b) 600CE4 at 1010 for 10min.
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Fig. 4 SEM micrographs showing grain boundary carbides in 600CEO after thermal treatment at
704  for (a) 2hr, (b) 15hr, (c) 24hr, (d) 96hr and 600CE4 after thermal treatment at 704
for (e) 2hr, (f) 15hr, (g) 24hr, (h) 96hr.
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Fig. 6 TEM micrographs and selected area diffraction pattern of the carbide precipitates of
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Fig. 7 TEM electro beam trace across a grain boundary and between carbides of alloys of (a)
600CEO and (b) 600CE4 after thermal treatment at 704  for 15hr
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Fig 8. Cr concentration profiles around grain boundies of the model alloys after thermal
treatment at 704  for 15hr.
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Fig. 9 Stress-Strain curves of model alloy specimens determined in air at room temperature.

Table 2 Mechanical properties of model alloy 600.

0.2% offset YS(MPa) UTS(MPa) Elongation (%)
600CEO 212 677 40.4(+1.2)
600CE4 219 694 40.6(+0.2)
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Fig. 10 SEM micrographs of cracks occurring in U-bend specimens tested in 40% NaOH
solution at 315  for 60hr: (a) 600CEO and (b) 600CEA4.
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Fig. 11 Maximum IG crack depth of U-bend specimens tested in 40% NaOH solution at 315
for 60hr.
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Fig. 12 SEM micrographs of fracture surfaces on the tested specimens in 40% NaOH solution at
315 for 60hr: (a) 600CEO and (b) 600CE4.
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