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The Effects of Aging Heat Treatments on the Hardness and

Electrochemical Corrosion for the Nimonic 80A Superalloy
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Abstract

In this paper, the Hardness and Electro - chemical corrosion of the Nimonic 80A superalloy were
studied. Its aging heat treatments was carried out at 650, 700, 750, 800 and 8507C with
different time of 20min., 30min., lhour, 2hours, 4hours, and 16hours, additionally 64hours and
128hours at 650¢C.

The obtained results were as follows ;

1. As aging temperature increased, the time for the maximum hardness was reduced from
128hours at 650C to 30min at 850, whereas the highest hardness was reduced from Hv 381 at
650°C to Hv 321 at 850¢C.

2. In the Electro - chemical corrosion test as a function of aging heat treatment time and tem-
perature, the corrosion potential was reversely proportional to Hardness which indicated the
effects of y/y coherency of base material and precipitate.

3. Initiation point of the pitting was observed at grain boundary, twin boundary and neary pre-
cipitates. The results of composition analysis by EDS at this point indicated that sulphur originat-
ed from 1N H,SO, solution was found in depletion at the grain boundaries, and the pit which
arouse in the near precipitates were lack of Al, Ti and Ni which are the main element of ¥ . The
depletion of such element was caused breakdown of passive film.
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Table 1. Chemical Compositions of Nimonic 80A Superalloy(wt%).

Elements C Si Fe Cu Cr

Ti Al Co Ni Mo Mn

wt% >0.10 0.99 2.54 0.67 21.11

2.40 2.96 0.95 67.58 0.38 0.41
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Table 2. Micro Hardness(Hv) for Solutionized and Aging Heat Treated Specimens.

i Aging Heat Treatment Time (M : min. H : Hour)
Aging Temp ()
20M 30M 1H 2H 4H 16H 64H 128H
650 270 286 300 313 325 328 335 381 |
700 282 292 317 337 302 292 - -
750 283 296 335 312 289 281 - -
800 286 321 325 310 285 278 - -
850 288 321 270 261 246 236 - -
As Received condition : Hv=_340, Solutionized condition : Hv=265
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Fig. 1 Potentio — dynamic Polarization Curves of Nimonic 80A Superalloy. Age Heat Treated for 16hrs at 650C ;
a,700TC ; b,750C ; ¢, 800 ; d and 850¢C ; e.

Table 3. Corrosion Potential(Ecor) of the Aging Heat Treated Specimens(mV/SCE).

Aging Temp ()

Aging Heat Treatment Time (M : min. H : Hour)

20M 30M 1H 2H 4H 16H 64H 128H
650 - 256 - 276 - 291 - 292 - 302 - 308 - 329 -310
700 - 264 - 279 - 295 - 295 -284 ~265 - -
750 - 268 -272 -282 - 291 -288 -290 -
800 - 272 -289 -290 - 302 -277 -270 - -
850 - 282 - 296 -297 -287 -283 - 257 -
As Received condition : - 310mV, Solutionized condition : — 240mV
Table 4. Passivation Current Density(Ip:uA/ecm?®) for Aging Heat Treated Specimens.
Aging Heat Treatment Time (M : min. H : Hour)
Aging Temp (€) — - — - R —
20M 30M 1H 2H 4H 16H 64H 128H
650 1.58 1.99 251 2.51 2.51 251 3.16 3.98 O
700 1.58 1.99 251 2.51 251 3.16 - -
750 1.99 3.16 3.16 3.98 3.98 5.01 -
800 3.16 3.98 6.31 10.00 15.80 31.60 -
850 2,51 100.00 258.00 - -

6.31

15.80

31.60

Solutionized Condition : 1.58uA/cm?
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b) Solutionized Condition

a) As Received
Photo 1. Micrograph of the Polarized Surface in 1N H,SO, Solution.

%209 ° 6805 15K
b) 650 x 4hr

a) 700¢ x lhr b) 700 ¢ x 4hr ¢) 700 x 16hr
Photo 3. Micrograph of the Polarized Surface in 1N H,SO, for Age Heat Treated at 700T.

a) 750 ¢ x 1hr b) 750 ¢ x 4hr ¢) 750 ¢ x 16hr

Photo 4. Micrograph of the Polarized Surface in 1N H,SO, for Age Heat Treated at 750 C.
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b) 850 C x4hr
Photo 6. Micrograph of the Polarized Surface in 1N H,SO, for Age Heat Treated at 850C.
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Table 5. Chemical Composition of the Grain Bound
ary, Grain and Pit (wt%).

Al S Ti Cr Fe Co Ni

Inter 591 216 488 2087 477 276 58.65
granular

grain  6.87 2.17 471 2048 465 2.83 58.29
pit 489 277 332 2073 645 3.94 57.90
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