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Grain Boundary Precipitation Strengthening due to 7’ Phase
in High Temperature Creep of a Ni-base Superalloy

Abdel Monem ELBATAHGY, Takashi MATSUO and Makoto KIKUCHI

Synopsis :

The creep resistance of Nimonic 80A subjected to prior aging at 1273 K for various periods of time
between 30 and 3000 h was measured by a constant stress creep test at 1273 K-49 MPa, to confirm the
existence of a so-called grain boundary precipitation strengthening due to 7’ phase.

The minimum creep rate increased with prior aging time : from 3.1 X 10" 2h ™! for 30 h aging to 1.1 X 107!
h™! for 3000 h aging. This increase in the minimum creep rate could not be correlated with a decrease in
a density of intragranular precipitates of 7’ phase. The minimum creep rate had a good correlation with
the grain boundary area fraction covered with intergranular precipitates of 7’ phase. The ratios of the
minimum creep rate of the speciments subjected to prior aging to that of an idealized specimen without any
intergranular precipitate were equal to the free grain boundary area fraction from the intergranular
precipitates of Y’ phase. This confirms the intergranular precipitation strengthening previously found
in Ni-Cr-W based alloys due to a,-W precipitates (T. MaTsuo et al.: J. Mater. Sci., 22 (1987), p. 1901).
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Table 1. Chemical composition (wt% ) and heat
treatment of a Nimonic 80A studied.

C Si Mn Cr Ti Al Fe B Zr Ni

0.06 0.12 0.04 19.6 2.5 1.55 2.31 0.006 0.04 Bal

Heat treatment Average grain diameter

1423 KX2h— W. Q. 182 ym
W. Q. : Water Quenched
Prior aging treatment
1423 K
1273 K
2h 30 ~ 3000 h
w.Q. w.Q.
[Standard heat treatment]
1423 K 1353 K
2h 8h
973 K
16 h
w.Q. AC. A.C.

W.Q. : Water quenched A.C. : Air cooled

Fig. 1. Scmematic illustration of prior aging and
standard heat treatment employed on a Nimonic

80A.

P

p: Area fraction of grain
boundary covered with

Y'-phase

_ L—(A\HAgHAgthet--)
= L

L : Total grain boundary
length
A :Interspacing

Fig. 2. Schematic illustration of ¥’ precipitates
at grain boundaries, showing the way to measure
the grain boundary area fraction covered with 7’
phase, p.
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Photo. 1. Optical micrographs of specimens aged for 30(a), 100(b), 300(c), 1000(d) and

3000 h(e) at 1273 K.
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Photo. 2. Transmission electron micrograph of a
specimen aged at 1273 K for 100 h before creep.
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1273 K- 49 MPa
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Fig. 3. Creep rate - time curves at 1273 K-49 MPa
of the specimens subjected to prior aging at 1273 K
for the period from 30 and 3 000 h.
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Fig. 4. Change in minimum creep rate at 1273
K-49 MPa with prior aging time at 1 273 K.

EREL, 300h LLEToORMER 100~300 h (2,
HEMNEL BB, ZOREFE, 3000h BERHH OB/
7V —7HE R 30h MM OEOH 45T TREL
%%, RS OIS /AN ) — THEEOHINE
A300h LATRKEVWE VIR EGREL Y, BAIC
B AR vy MO HEE I Photo. 1 IZ/R LK
12300h IIZBW TR E BB L Twin,

4. # %=

4-1 JY—TERICRIETT v HIC L IFHS BRI
DEE

FREI OB RET A 7D s g 7

) — TRERE, EERIC K DRI S oM & B 20T

BIEL W) REErBELL. LAL, 7 —-T7R

BoREE, &2, v HORHSR LY 1023K

&

Photo. 3. Optical micrograph of a crept specimen
subjected to the standard heat treatment before
creep.

electron

Photo. 4. Transmission
corresponding to Photo. 3.

micrograph
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Fig. 5. Creep rate - time curves at 1 273 K-49 MPa

of the specimens subjected to standard heat treat-
ment and prior aging at 1273 K for 30 h.

Photo. 5. Transmission electron micrograph of a
specimen subjected to the standard heat treatment
and subsequently crept at 1273 K-49 MPa for 3.7 h
up to a strain showing minimum creep rate.
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DEWT 7 ) — TREEED 7 1) — TP L Photo. 1 12

a : Standard Heat Treatment (SHT)
b : Prior aging at 1 273K for 30 h (See Fig. 1)

Photo. 6. Optical micrographs of specimens crept
for 3.7h(a) or 4.2h(b) at 1273K-49MPa up to a

strain corresponding to minimum creep rate.
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Fig. 6. Changes in precipitation density of 7’
phase within grains and minimum creep rate at
1273 K-49 MPa with prior aging time at 1273 K.
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Photo. 7. Optical micrographs of specimens crept
for 4.2h(a) or 1.3h(b) at 1273 K-49 MPa up to a
strain corresponding to minimum creep rate.
Aging times for (a) and (b) are 30h and 1000 h at
1273 K, respectively.
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Fig. 7. Change in grain boundary area fraction
covered with 7’ phase, ¢ and minimum creep rate
at 1273 K-49 MPa with prior aging time at 1273 K.
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Fig. 8. Schematic model of the grain boundary
precipitation strengthening due to second phase.
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Fig. 9. Relation between the ratio of minimum
creep rate to that of the specimen whose p is zero,
€m/émo and the grain boundary area fraction
covered with 7’ phase, 0.
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