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High Temperature Oxidation Behavior of Yttrium-Coated
Ni-based Superalloy
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Chonbuk National University, Engeering College, Metallurgical Department

The effect of experimental variables such as pack coating temperature and time concentra-

tion of yttrium and activators on the formation of coating layers of pack coated Ni-based
superalloys together with the oxidation behavior of these alloys has been investigated using
EPMA, and SEM.

Generally, sound coating layer were obtained by pack coating at 1373K with the use of
NaCl activator. The concentration of yttrium in the coating layer depends upon the concent-
ration of yttrium in pack reagents, activators and concentration of aluminium in the substrate
alloy. More dense coating layers were formed with the increasing of yttrium concentration
in pack reagent.

Sound coating layers were formed at high concentration of yttrium in pack reagents for
a short treating time, in case of MA6000 alloy. While sound coating layers were formed
at low concentration of yttrium in pack reagents for a relatively long treating time in case
of MA754 alloy of which aluminium concentration is very low.
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Table 1. The chemical composition of alloys
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Composition(mass % )

Alloys - p

Ni C Al Co Mn Mo W Nb Ta Zr Ti Hf B \Y C
MAG6000** 7059 14.03 412 — 022 192 372 — 204 016 23 — 0011 078 011
AF115* 5487 106 38 152 — 282 609 172 — 007 403 074 002 — 004
MA754** 7772 188 058 — - 033 064 — 034 — 061 — 052 0061

* HIP(1500K, 100MPa, 10ks)
** MA(1323K, extrusion ratio 13.9)



Yttrium ¥ Ni7l 2859 2 24sA% 97

Table 2. Chemical composition of yttrium coating Table 3. Chemical composition of yttrium coating
layers on superalloys(MA754) in packs varying layers on superalloys(MAB6000) in pack treatme-
NaCl contents nts
Composition(at % ) Composition(at %)
Ni Cr Al Y Ti w Ni Cr Al Y Ti W Ta Mo
1%NaCl 643 142 -~ 202 ~ — 40Y* 655 94 182 19 09 03 12 —
310 114 10 571 - - 750 101 15 18 27 13 17 17
783 152 02 39 06 - 66.1 123 28 16 79 04 84 14
779 166 - 31 - 02 745 162 09 05 13 08 11 12
149 713 - 134 - 0.3 711 134 52 08 21 09 18 12
3%NaCl 249 18 — 753 - - 153 45 768 01 26 01 04 02
29.1 5.6 - 65.3 - - 40Y3H** 789 89 07 12 03 12 07 19
173 39 - 78.7 - - 794 94 13 16 12 14
822 161 03 1.2 - - 636 109 09 78 17 14 14
88 826 - 27 56 03 727 124 31 13 10 09 13 18
Y pack(40 mess% Y, 1373K) 635 129 11.2 12 31 09 21 07
20.7 37 723 21 04 07 02
e s dREo 2 FU3A FE3b2 et £ 108 18 385 421 35
£2E ZAAA | NH,C18 A Alell  w]m3}e] 40Y2NA™* 686 175 46 10 18 11 12

687 1562 33 17 25 09 22 13
693 157 28 16 20 09 18 11
709 152 40 11 24 10 09 11

NaCl¢ 143 A Bo} f2stx AAE A E53 S
YA, olzd A¥e Al packHele s}

2e AEgE ez o 248 71 344 02 36 16 42 04
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2o 0|X|= yasTe g3 ’ ' '
3.3 PackX{2{of O|x| sTel o 2.6k5)
20, 40, 60mass% &) Y pack# & o4 1373K, ** .Y pack(40 mesh% Y, 1 mass% NaCl, 1373K,
1h pack 2l ¥ packA e Y&E ¥l sl v . 10.8ks)
29 MAG000S] el £e Photo. 10 Lhehuleh *** 'Y pack(40 mesh% Y, 2 mass% NaCl, 1373K,
- cusTE o ’ 3.6ks)
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Photo. 1. Microstructures of yttrium pack coatings on MA6000 with varying yttrium contents in a

pack.
a) 20 mass%Y b) 40 mass%Y c) 60 mass%Y.
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MA754°] w22 2& Photo. 2¢] viebdeh. 7% layers on superalloys(MA6000) in packs varying
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27} % MA754%E MAG000} e} 7-& kel o) v

FE4E 2 123L JAYTh Packdl 59 Composition(at % )

Y Z7bell et Faabel AU E ol wol 4 Mo Cr Al Y Ti W Ta Mo

40%Y 655 94 182 19 09 03 12 -

£hias 750 101 15 18 27 13 17 17
Y packH T MA6000¢H MA754 sHE3Fe 661 123 28 16 79 04 84 14
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Photo. 2. Microstructures of yttrium pack coatings on MA754 with varying yttrium contents in a
pack.
a) 20 mass%Y b) 40 mass%Y c) 60 mass%Y
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Table 5. Chemical composition of yttrium coating
layers on superalloys(MA754) in packs varying
yttrium contents

Composition{at % )
Ni ¢ A Y Ti W
20% Y 780 106 — 114 - —
636 101 — 269 — 09
220 47 - 702 ~— 21
805 171 07 05 — 03
728 176 — 57 23 —
40%Y 643 142 - 202 - -
310 114 10 571 - -
783 152 02 39 06 —
779 166 - 31 06 -
47 713 -~ 134 - 03
60% Y 413 68 16 49 — 10
796 134 12 44 — 03
748 171 — 61 08 03
223 48 — 663 — 19
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Photo. 3. Microstructures of aluminum-yttrium pack coatings on superalloys after oxidation in 101.3

KPa O; at 1737K for 360ks.
a) MABO0OO b) MA754 c) AF115,
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Fig. 1. Schematic mechanism of yttrium pack cementation and oxide scale formation.
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Fig. 2. Schematic representation of microstructures of yttrium pack coatings on MA6000, MA754
and AF115 after oxidation in 101.3kPaQ. at 1373K for 360ks. (A) MA6000 (B) MA754 (C)
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