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Hot corrosion behavior of GTD-111 Ni-based superalloy was systematically evaluated by applying various
salt deposition methods and cleaning protocols. Corrosion tests were conducted at 700 °C using different
salt application techniques, including dipping and brushing with or without pre-test drying. Cleaning pro-
cedures involved either ultrasonication or soaking the superalloy in still water at various intervals during
cyclic exposure. Corrosion behavior of the GTD-111 Ni-based superalloy was evaluated through weight
change measurements and microstructural analyses. Results showed that an increase in salt loading led to
an accelerated corrosion rate and that ultrasonic cleaning markedly accelerated mass loss. Among different
procedures tested in this work, drying the specimen coated with a salt solution before testing and per-
forming ultrasonic cleaning every four cycles minimized data variations and provided more consistent cor-
rosion behavior. XRD and SEM-EDS analyses identified main corrosion products as NiO, NiAL:Oa, Cr203,
AlOs, and NiS. Spallation primarily occurred around the Cr oxide scale.
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EFFECTS OF SALT DEPOSITION AND CLEANING PROCEDURES ON HOT CORROSION BEHAVIOR OF GTD-111
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Sample notation Preparation process Salt amount
DP Put the salt and specimen together in the crucible 2g
SI Soak the specimen into the saturated solution in the crucible
— Put the crucible with specimen as immersed in the solution into the furnace at 400 °C .
2+0.01 mL solution
Soak the specimen in the saturated solution in the crucible (12010 mg dry salt)
SID — Dry the crucible with specimen and solution in the oven at 120 °C for 1 h
— Put the crucible with dry salt-coated specimen into the furnace at 400 °C
Soak the specimen in the saturated solution in a beaker
SDD — Retrieve and dry the specimen with hot air
— Put the dry specimen covered with the salt in a clean crucible
— Put the crucible with dry salt-coated specimen in the furnace at 400 °C 40+ 0.1 mg
Apply saturated solution on the specimen surface by brushing
SB — Dry the specimen with hot air
— Put the crucible with dry salt-coated specimen in the furnace at 400 °C
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Table 2. Specimen cleaning methods after hot corrosion cycles

Notation Cleaning interval Salt removal Ultrasonic
NS 4 cycles No
1S 1 cycle Boiling water for 30 min Yes
4S 4 cycles Yes
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Fig. 1. Mass Gain by hot corrosion cycles
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(a)
[©) Ni Al Cr 0 S Ti Co W Mo
wt.% | 71.90 | 0.49 2.48 | 14.20 - 3.37 7.52 - -
mol.% | 51.52 | 0.76 2.01 | 37.35 - 2.96 5.37 - -
) Ni Al Cr 0 Ti Co W Mo
wt.% | 9.87 4.64 | 45.70 | 23.06 - 12.64 | 4.07 - -
mol.% | 5.62 5.74 | 29.36 | 48.14 - 8.81 2.30 - -
©) Ni Al Cr 0 S Ti Co W Mo
wt.% | 71.27 | 5.59 4.32 8.37 2.05 0.77 3.95 - -
mol.% | 54.84 | 9.36 3.76 | 23.65 | 2.89 0.73 3.02 - -
@ Ni Al Cr 0 S Ti Co W Mo
wt.% | 76.27 | 1.16 7.31 - 5.47 2.45 7.32 - -
mol.% | 71.03 | 2.35 7.68 - 9.34 2.79 6.49 - -
® Ni Al Cr 0 S Ti Co W Mo
wt.% | 70.40 | 1.95 8.84 5.65 3.09 7.64 2.40 - -
mol.% | 57.31 | 3.46 8.13 | 16.90 | 4.61 7.62 1.94 - -
® Ni Al Cr S Ti Co W Mo
wt.% | 83.58 | 0.89 4.31 - 1.84 1.31 8.05 - -
mol.% | 80.83 | 1.87 4.71 - 3.26 1.56 7.75 - -
@ Ni Al Cr S Ti Co Ta Mo
wt.% | 54.98 | 1.61 | 15.02 - - 8.58 9.24 | 10.53 -
mol.% | 55.77 | 3.55 | 17.20 - - 10.68 | 9.34 3.46 -

Fig. 7. Cross section SEM images and EDS results for GTD-111 alloys after hot corrosion at 700 °C with salt deposition method
of (a) SI, (b) SID, and (c) SDD and with cleaning interval of 4 cycles
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(b)

[©) Ni W Mo
wt.% | 34.43 | 2.38 | 19.04 | 870 | 11.26 | 22.64 | 1.53 - -
mol.% | 24.09 | 3.62 | 15.04 | 22.33 | 14.42 | 1941 | 1.07 - -

® Ni Al Cr 0 S Ti Co W Mo
wt.% | 3.48 | 3.94 | 38.36 | 25.89 - 11.02 - 16.41 -
mol.% | 2.04 5.03 | 25.38 | 55.69 - 7.92 - 3.07 -

® Ni Al Cr S Ti Co W Mo
wt.% | 66.18 | 0.79 | 11.73 - 11.32 | 259 | 7.17 - -
mol.% | 58.86 | 1.52 | 11.98 - 18.44 | 2.82 | 6.35 - -

@ Ni Al Cr S Ti Co W Mo
wt.% | 66.16 | 1.68 | 12.35 - - 10.59 | 9.19 - -
mol.% | 62.46 | 3.46 | 13.16 - - 12.25 | 8.64 - -

(c)

) Ni W Mo
wt.% | 18.76 | 5.85 | 37.61 | 12.78 - 13.01 - 11.96 -
mol.% | 13.34 | 9.06 | 30.19 | 33.34 - 11.33 - 2.71 -

@) Ni Al Cr ¢) S Ti Co W Mo
wt.% | 91.39 - - - - - 6.93 - 1.67
mol.% | 92301 - - - - - 6.95 - 1.03

©) Ni Al Cr ) S Ti Co W Mo
wt.% | 66.34 | 1.44 | 15.57 - - 489 | 11.74 - -
mol.% | 63.32 | 3.00 | 16.78 - - 5.72 | 11.16 - -

@ Ni Al Cr 0 S Ti Co W Mo
wt.% | 81.52 | 0.94 5.24 - 4.01 1.28 | 6.99 - -
mol.% | 77.36 | 1.95 5.61 - 6.96 1.49 | 6.61 - -

Fig. 7. (Continued) Cross section SEM images and EDS results for GTD-111 alloys after hot corrosion at 700 °C with salt
deposition method of (a) SI, (b) SID, and (c) SDD and with cleaning interval of 4 cycles
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