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Abstract

Incoloy alloy 909 is an Fe-Ni-Co based superalloy that is attractive for gas turbine engine applications. The
absence of chromium, however, makes the alloy more susceptible to oxidation in high temperature. To improve
the oxidation resistance aluminizing was performed by high activity low temperature pack cementation process.
Aluminizing condition was examined with different times and temperatures. Optimum aluminizing conditions
were at the temperature of 552°C for 20 hrs. In the optimized condition, the thickness of the aluminized layer
was about 20 um. Also, the aluminized layer made the alloy to increase the resistance to the corrosion
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Table 1. Chemical compositions of Incoloy alloy 909 (wt.%)
Material Fe Si Ni Co Ti Al Nb+Ta Others
Incoly 909 Bal. 0.25~0.50 | 35.00~40.00 | 12.00~16.00 | 1.30~1.80 <0.15 4.30~5.20
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Fig. 1. Schematic diagram of aluminizing equipment.
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Fig. 2. Coating thickness increase with aluminizing times
at various temperatures.

Table 2. Two-way ANOVA table for results of coating
thickness at the different time and temperature
of aluminizing

Source DF SS MS F P
Temp 3 391.545 1 130.515) 18.66 0.000
Time 3 163.585 | 54.528 7.80 0.007
Error 9 62.940 | 6.993
Total 15 618.070
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Fig. 3. SEM-EDX line profiles of the coating layers
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Fig. 4. X-ray diffraction patterns of aluminized specimen
with different aluminizing times at 552°C.

100

i
—Ni

———Co

Al

10 15 20 25 30

Distance from surface (um)

0 15 20 25
Distance from surface (um)

aluminized for (A) 10, (B) 20, (C) 30, (D) 40 hours at 552°C.

30



176 SrRAg 9/ SR HEES 39 (2006) 173-178

552°Col A A7+ Hstol] W B Are] WIS X-
ray S|AEAN AHE 19

A& 37 Ao AJH FW-E Incoloy 909 &4
FAEQ Fet Nig) 347 P2 Fed FeNiz
o ot dFuvoldE BT Fo FHL Fe
o} Nio] theke &
g 40X WA 9] e Westke atA] 3R %

i
=)
I
Lo
I
fu
Sy
ox
L)
2
)
32
i

i Ao,
2 NiO
Nil AlLO,
x Fe.O 20,
3} l ¢.0, e,0, io Fe:gl .
%
5 AlFe AINi Non-treated
i FeNi
=
bl L ALNi
Al Ni i
) ALNi 3 AlgNt
AlNi N Al Fe j AlFe FeNi i
\ ( FoNi AlsNIZE Ao, gy o N
Aluminized
— N A 1 . i A
20 30 40 50 60 70 80

Fig. 5. X-ray diffraction patterns of surface products after
salt-spraying test.

6.0
55 r (A)

5.0

ast '
1
35l o My o

Weight Change (g/mz)

i b K ‘ 0o
3 H i a H B §= 648 C|
ol fir i\A :\/
Y] 1
25} F fv‘-.f \/W “‘A
2.0 -* 35 5 &
15 A
ol kY 593°C
Lo £ 538°C
05k ¢ e i,

H o
0.0 WiERETE e T2 C

0 20 40 60 80 100 120 140 160 180 200

Time (hour)

Weight Change (g/m?)

-0.06 T T T T T T Y
20 40 60 80 100 120 140 160 i8¢ 200

Time (hour)

Fig. 6. Weight change during high temperature oxidation
test (A) non-treated, (B) aluminized specimens.
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‘Fig. 7. X-ray diffraction patterns of surface products after
high temperature oxidation test (A) non-treated,
(B) aluminized.
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Table 3. Corrosion rate after immersion test

0.5 mol HCI 0.2 mol H,S0,
Non- . Non- o
treated Aluminizing treated Aluminizing
\Y%
oo 2.147 1.372 0.745 0.684
(mm/y)
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