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Abstract

In this research, a thin layer of Cr was coated on the pure Ni and Inconel 601 by PECVD (Plasma En-
hanced Chemical Vapor Deposition) in order to study the effect of Cr on the oxidation behavior at high
temperature. Cr coated Inconel 601, which was oxidized at 1100 for 24 hours, formed a protective Cr,Os
oxide layer and the resistance to isothermal oxidation was improved. On the other hand, oxidation
resistance of Cr coated Inconel 601 at 1000°C was not significantly improved, probably due to the forma-
tion of insufficient Cr,0; layer. But, when oxidized at 1000C and 1100 for 100 hours, Cr coated Inconel
601 improved isothermal oxidation resistance by the formation of continuous Cr,Os external scale and by
the development of AlQ; subscales. Cr coated Ni formed inner layer of Cr,Q; within almost pure NiO,
which provided additional cation vacancies, thus increasing the mobility of Ni ions in this region. It is be-
lieved that this doping effect resulted in an increase in the observed oxidation rate compared with pure Ni

and did not improve the oxidation resistance.
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Table 1. Nominal chemical composition of the Inconel-601 used (wt%)

—| Ni Cr Mo Nb Al

Ti Fe Mn Si C Cu S '

22.2 | 0.01 | 0.03 | 1.42

Inconel 601 ' 61.9

0.24 | 1387 | 0.01 | 0.28 | 0.03 | 0.01

0.001 l
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Fig. 1. Schematic diagram of PECVD apparatus.
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ig. 2'. Surface of Cr coated specimens.
(a) Cr coated Inconel 601 at 300C
(b} Cr coated Inconel 601 at 400C
(c) Cr coated Ni at 400°C
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Fig. 3. Cross-sections of Cr coated specimens.
(a) Cr coated Ni at 400°C
(b) Cr coated Inconel 601 at 400°C
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Fig. 4. Weight change vs. oxidation time for the
oxidation of Inconel 601 and Cr coated In-
conel 601 oxidation for 100 hours.

(a) at 1000°C (b) at 1100°C
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Fig. b. Isothermal oxidation results of the Ni and Cr
coated Ni at 1100°C in air.
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Fig. 8. XRD patterns of the oxidized surface of
specimens at 1000°C.
{a) Inconet 601

(b) Cr coated inconel 601
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Fig. 9. Cross-sections and anaylses of oxidized specimens at 10007 for 100 hours in air.
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Fig. 11. Cross-sections of oxidized Ni at 1100°C for 24 hours in air

(a) Ni

7] AR}, akstAzie] Ao EA 9 RAteE T
e Alolol A& CritstEdo] F4stA =
T o] me] AbAe] activitys NiOAMslZ2E T} o
A oy Aol fluxes EAEA 9 Crt
3% ool d&AH ALOsEEe] AP
ayez u2e 7taE7M FEEAHE EE
she 984 ke Cris3°] Inconel 6019 H|3j
Cr& 2Este 2slat AlgHel o S84 A3
AlQOs0] B 2g3t.
Cra®d Nie] n2istdde 2% Crd A
&% NizzdA Cr0; islandg dAsHd

BABLE Ho NiOg &4 NiCr00F 84
Hrh, olm okzrel Cro] F7}A<Ql %ol vacan-
yE FTFIHBE o] FHoA Niole] o|F=7t
7Yste doping&E el o8} &% Ni Bty &
A&zt BEd e g AgEn?

B Ao 2”3 Crio] dds] ghobA &

Zo| Cro] T#d FEF 22 A3AFo] B2

X

(]

olN

(b) Cr coated Ni

a4 &

PECVD®g o8&ty Inconel 6013 Nigjol
Crg& &3t AEE AFsiged o] AlEE o
&3t F7]% 1000, 1100°C9 XA 4tshal
g3t A ohe st 2o

1) 743 ZES 4 ¢ JUD 212
7 2t} Arvt29) kg 30 sceml B P vt

2 source$! Cr(CO)¢= 15 scemPEE E2FY

temgH-& 300 mTorr2 §43t2 R. F. powere
8OW= st} 71B2EE 400CE FA3td &

Q31 cracko] g FEHEL F¥& F 99

2) 1000°Cet 1100C9 Lx=olM AsdEE
&t A7}, Inconel 6018 AtzlézH E
Inconel 6019 #&&x7 =gz s RS
A FAZd F7betdch £ Cra
2 Cr0:9) A 7Idstged nelzgel
ALO,E F7HAIA ArstEF =Ajete] Higo] &

oft
ofj
o
22
Ml
R



PECVD o2 243 CrzZ¥ 20| Inconel 6017} Nig] WalslAdd u)xj= B 151

T

3) Nidl Cr& Z®ste Adedt A4, Cra®d
Nizt £4¢ Nkt o B2 FAS/HE Byen
FddME NiOAsETe] d43t9n NiOg =
Aeke] Atolell 10ume] NiCr,0, islandAtztEo] &
A=A 2y CrzZB 3ol sk Nid s 4
Aoz o] A AISEEE 7AaA7]7] Bk
= AFEEE F7/MA BEAQ Aatge] 48e
&2 &3t

i)
K
Mo
rot

1. C. T. Sims, N. S. Stoloff, and W. C. Hagel :
Superalloys II, John Wiley & Sons, New
York, (1987) 3

2. K. P. Lillerud and P. Kofstad : High Tem-
perature Corrosion, Elsevier Applied Sci-
ence, (1988) 20

3. N. Birks and G. H. Meier : Introduction to
High Temperature Oxidation of Metals,
Edward Arnold, London, (1983) 83

4. D. Caplan and G. 1. Sproule : Oxid. Met., 5

10.

11

12.
13.

14.

(1975) 9

. P. Hancock and R. C. Hurst : The Mechani-

cal Properties and Breakdown of Surface
Oxide Films at Elevated Temperature-
Advances in Corrosion Science and Technol-
ogy, ed., R. W, Staehle and M. G. Fontana,
Plenum Press, New York, (1974)

F. Okuyama . J. Appl. Phys., A28 (1982)
125

. R. F. Bunshah : Deposition Technologies for

Films and Coatings, 2nd ed, Noyes Pubric-
ation, New Jersey, (1982) 434
J. L. Vossen and W. Kern : Thin Film Pro-

cesses, Academic Press, New Jersey, (1978)

. K. K. Schuegraf : Handbook of Thin Film De-

position Process and Techniques, Tylan Co.,
Carson, (1988)

D. W. Hess :J. Vac. Sci. Technol., A2(2)
(1984) 244

. C. E. Morosanu : Thin Films by Chemical Va-

pour Deposition, Elsevier Applied Science,
New York, (1990) 49

R. Avni, Thin Solid Films, 118 (1984) 231

H. O. Pierson : Handbook of Chemical Vapor
Deposition, Albuquerque, New Mexico, (1992)
126

L. H. Kaplan : J. Electrochem. Soc., 117
(1970) 693



