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Cyclic Oxidation Behaviour of Domestic Superalloys at Elevated Temperature
S. C. KANG*, Y. G. CHON** G. M. KIM
Dept. of Materials Engineering, Chungnam Naitional University
*Safety Engineering Div., Korea Institute of Nuclear Safety
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The cyclic oxidation behaviour of commercial superalloys produced in Korea was investigated
in air at 1000°C, 1050°C and 1100°C. Cyclic oxidation test was carried out by cyclically oxidizing
the specimens in an apparatus which periodically removed the specimens from the furnace and re-
inserted them. The influence of growth stress and thermal stress on the cyclic oxidation was
studied by examination of the oxide structures, their morphologies, and EDS line scanning of
cross-section of cyclically oxidized specimens. The results showed that Inconel 601 was the best in
the cyclic oxidation resistance among the tested alloys, followed by Nimonic 80A, Incoloy 825
and Inconel 718 at 1100°C. As in the case of the isothermal oxidation, relatively pure Cr, O3 was
effective in the beginning of cyclic oxidation experiment. But, later on, other oxidation products
as well as Cr, 03 were formed, resulting in the spallation of oxide scales. Especially, Nb and Mo

in the alloys were determental to the cyclic oxidation behavior.

x
fu
lo

7121 3FF el 5o gl Alolut Cro] &
o7 shabsio) vhob Abash whgshed Abshe g

DeAsE neolA S48 AR 4P & Fd@ch 2 ol ke el Aol ohvy
A% % Geg AAGE Eeel ddHdow 9 wHAce) ARRA PARE growth stress
Hila, A4 st vejn], g Qa9 stalo] = 9} #}F 9] Al£% mechanical straino] o]g 3-#
dn, AAdEe] & ATl e S ALO, Cr, & %A ek HSe] AFL VA LEolA ALA
04, $i0.)% FAAAM e ex 9 Aol ZF oz Agslt Aol ohel sl mdel o

#9172 e AR wEela gleh o HuE  LEARS xS ol Hl¥elth ofsh e



292 g5 448k g A

204

A4F 1991. 12

et g2 sstlniziel g Ate A

olof 2]3l thermal stress’<- ®}lA]7lc} o] )3}

e Asteosl wal, A FEeZ ¥y 4
ssltiel wel $% oo, YR e ¥

WG ue] g el 9 wtelsh slw
wEAE Y4she AL 4

wo i shalsle] #ubo]l AfAAEle] HFEE WEI

7V A

off &FElot 2l

cho o g el whbdol] el R Tl FEAEnd
svhe g4es Uagel zusn, iAoz
sbsloldl o o4 wesue g4+ Ug 4
b s Ao Sl dshdl sl eleh o
Wl wasue) £49% fust e ol
2x.of el o8] wbAIE]l = thermal stress?} 7}
FoFad s sl Aoz 4w Qo £3,

superalloy 2} 7]A1% 544 AA]7]7] g 7}
3l+= refractory element’5 -2 oxygen gettere] o3
S ohol ALO, ¥ CrO.el §4¢ HAA717 5
shalnl, AL Cr Gl sharg

A 474 7]
of, olirel oxidet WAL AFH, FE& 3]

A 215l = superalloy 9] WAFSHA &
218} 25 2 4] Inconel 601, Inconel 718,
Incoloy 825 % Nimonic 80A 2] 4%-& xHlsle] &
A gl absteubo] of A stsle] sleAE FH st
srab ol abE ol g Lol 4 Absbu]ube] 4 &)y
& -3 7] ol 7)ol 4] 9] isothermal oxidation
o Wel ARdshE UEALLS ol AR £ ¥
o 43 Abstalrbe] a2 stel whebq kAl
3F4= growth stress2} thermal stresso] 23h= of

g NES/ A dgAFez g7l B

2. o@ 4y

A g+ =W superalloy #Z3 Alol|A AALsiT
A 42 R 5 A &stdm, 54 2, 27) 10x 1088
v XEF mAEL AlHos Huksle, A ¥

oA i AdE FAF 2 SiC #6007 <
3 & HES AHEAIE WHoldo] BEH2R &
Aedn, 283 MAYZ FHY o|BHE AA
3 F AxAA MY APAY FAE F
Atk A2l PR L FH22 FHF 4
¥ Table 13 2o E£3 FHU|FHo g2 23S
#7382, X-ray diffractometer(XRD)Z ZAA T

2

25 At
Cyclic oxidationg & A Ai= Fig. 17 Zo]

Fig. 1 The experimental apparatus for the thermal
cyclic oxidation

Table 1. Chemical compositions of the superalloys

| Ni "t Mo |Nb [ Al]Ti]Fe[MnlsSi]| C | Cul Olther |
* Nimonic 80A | 765 | 187 11 |16 | w7 | - Joa | - S<0.001 |

| Inconel 601 619 | 222 | <001] 0.03 | 1.42 | 0.24 | 1387 | <0.01| 028 | 0.03 | <0.01| S<0.001 |
Inconel 718 | 539 | 178 | 21 | 515 | 0.61 | 0.80 | 19.3 | 0.05| 0.15 | 0.04 | 0.07 | S<0.001 |

‘Wl;olozgf/l? jm 153{8 226 | 20 003 | 0.05 | 080 | 283 | 0.2] 017 | <001] 217 | S o.ol)z
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Fig. 2 Weight change/cycle curves for thermal
cyclic oxidation of the superalloys in air at 1000 C
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Fig. 5 Weight change/cycle curves for thermal
cyclic oxidation of the superalloys in air at 1050 C

9] A8 z7le] FACt 2lmgsa AR FobE %
ok S0cycled-tte] FA7F Jbagkizv] eF 150 cycle
Ak Fofl 237 FAZ AT ShubE R = A G
el el o} Inconel 7188 A 7p ok
0.4mg/of 742 Z7}b8bchrl 2 o] Bol| 3= A} H 4 4

AL Bashe Ao ek

50 cycle7}#] 5

Fig. 6 (a)The transverse section and (b)EDS line
profiles of Incoloy 825 which was cyclically oxi-
dized for 254 cycles in an air at 1050C



296 $F 4 o514

204

4% 1991, 12

254 cycle &ob #b3ba]#l& A3 9] transverse
sectionol| thdled SEM o EDS=2 43 A3}
Inconel 6019] F-Al7F Z}4-x]=] ¢t.x 7o Crals}
Zo] A3t Al internal oxider} sre)R ko g
Aol o7 wel Ao #alzed

% ] c}. Incoloy

825+ -7 Crabstgub A4 siol ol=dl Fig. 6
ofl 44 2} Zro] thermal cycleol] 23] Cral&lZof 4]
ol 7b o b,
o) 7 Aol void /b wro] WA¥l o] baE|glc).

o] 9} 3ol void 7} Vo] ¥t B[ = 2.2 outward metal

AbstE B 4 substrate®}

transport” &2 scale} substraresfo]e] ol #, o}
olofitv] whial ahei= oleh
Crabsha dfsell Nist 3

o] 7Z1&xglo@ Cr Ni9 spinelo] A%l Ao

=S o

Z 5o} AN

2 3A 5|51, substrateo]] Al W Ti¢ internal oxide
bl ABA o el o] Al Uy
& vhefd oAl o] 9} Fe] Incoloy 825 2 Nimonic
80A ¢ 1% 3| "Fe. Inconel 6019] 7 $-2}i= whe] Cr.

O:0] 9]0} vt abslge] Aol o)z whe]rp alof
i 7oz glerxlcl. Inconet 7189) 74 9= 1000

Cel 7t Frzb 12~134 52 ek Crals

% ool okzbe] Niskshiub ZaE/ele ¥ Nb
ul Mo2] AFs}E-2 &% ol & internal oxides

-4} Fig. 50| 41 ¢} 7}+o] Inconel
7189] §-Al7} 5fA 8 ttadby o] fim Mauupal

Crabsfze Nb Mosq 4l 8h5o)

o] 4 aks] 2] oF ket whet
SRR RS RS

- Crabspzzol &4y Aoz =

o) %] vhrba A2

=2 {123
3.3 1100COHIAM S| cyclicttst HE

1100 C9) cyclic #9 7ioll 4 cycledo| wE F7)
 3}+= Fig. 739} # o] Inconel 601-& <k 50cycle7} %
A48l Hoob Fobste] 20mg ol bRl Fobebar
o] 3ol = o} A3 ttasle Ao eyt
Nimonic 80A % Tncoloy 8251= 2 24 cycle 4-5%of
A AR AdzE 5l 3 A4 ghaslelol ok 120
cycle o] $4-¥]= 5543 wWolxa,

2710 o7 GE 8 el i Qem vhebskel,

Inconel 718-&

Weight change

# 99} morphology+& 1000 Cell /| v}
elutel ezl = - HhER ] 9F
Inconel 601-& c}4 oF3$.3lv}, Incoloy 8250f 4]+
ofF zsr AR AFSHE ol AvF A=A, Inconel
718 ) Nimonic 80A ol 4= ol 2] o] A] 4 5%
o] Weojz| b Exlo] IbAsdct

A3 ¢] transverse section$ SEM 1wl EDS.iL

24cycle &

U] 6} *}—:6‘} F

28l 7 7}, Inconel 601-& 204417} cyclic Al3] 3o
£ Fig. 8ol 42} 3boj Cralshdol AAsta i 2ol
sreg] 2ekel Al internal oxide7} 3 4 x)o] o] Hul
a¥h Cr At dlel 4 void b 3 sl gl e, of
= Cr 4b3t&
oy & prhAl &=

23 2] transverse sectiong IHAE Ao} wji

o] thermal stressol 2]8] x=-Z+] %

Aalelrnd, 24417 cyclic 4l 3}3)

el whe Craldige] 5o 9lxa W4 defect?}
el T, internal oxideg] #lo]7} zlojzl & o X

E‘
Hel Ao]lE WY & glidenig A7 Az
o= F-A At 48 7zl e & shvlkyl o} Nimonic 80A
o] 7 gl Crabshz 9l

of Al @ Tig¢] internal oxidev} Aw}3d] 7214 &4

24 cycle¥ wli# ke
Holom, 2447} cyclic AF3FE A3 2] transverse
section B Al 4E 43 FAE Craraizel 9
Abstajul o
Al 4 Ti2] internal oxider} 3] &xlo] glglci. o]
+ Nimonic 80A 7} 24cycle o] &0l Cralbsl &1 Ti

Abslz ol Aol 22 growth stress9} &% slo|

Holl Tidkghzoe] ofk Zl+5 %,

uf £ thermal stressofl 93} Al3}&o] wolx| }r}
T T T T T LA I T T ]
~  40F 7
b = Z\\ —
e (= —s
L N -
< w0k R ™~ -~ Inconel 601 s
e " el
C o sor N T .
N " Nimonic 80A
12.01 Y 7
16.0- -
: Incoloy 825 - .
- 20.0F Inconel 718 BN -4

20 40 60 80 100 120 140 160 180 200 220 240
Number of Cvcles

Fig. 7 Weight change/cycle curves for thermal
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