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High Temperature Oxidation Behavior of Laser Surface Modification Layer

with Thermal Sprayed Coating on Ductile Cast Iron

Byung-Woo Lee, Heung-Il Park
Department of Production and Joining Eng., Pukyong National University

The ductile cast iron substrate was coated with Al and Al-Ni powder by low
pressure spraying and it was irradiated with a CO, laser. The isothermal oxidation
behavior on its surface modification layer was investigated at high temperature
(1023, 1123K) in air during 24 hours. The oxidation kinetics of DA and DAN
laser alloyed layer were shown to follow a parabolic rate law over the whole tem-
perature at isothermal oxidation, however oxidation rates of the DASO specimen
was approximately decreased from one-third to one-sixth than DAN’s. The DAS0
alloyed layer was difficult to grow its oxide scale, since dense aluminum oxide was
produced on the interface of alloyed layer. High temperature corrosion risistance
of the DAN alloyed layer was greatly decreased as compared with DAS50’s. There-
fore, it is considered that external iron oxide layer contains porosity or crack as
well as Ni-rich internal oxide layer.

Keywords : CO; laser, surface modification layer, DA50 alloyed layer, oxidation rates,
dense aluminum oxide.
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Table 1. Chemical composition of base metal and
spraying powder

Base Metal | C Si Mn P S Mg
(wt.%) |36 26 0.3 | 0.08 | 0.005 0.43

Soravi 99.7w.% 50wt.% Al
lfmfj’“g Al | —105~+30/mn | Ni-Al| —10~ +63m
owder METECO POWREX 50

Table 2. Conditions of low pressure plasma spray-
ing(LPPS) and laser surface alloying

Low pressure plasma spraying

Pressure(Pa) 5.2x10*
Primary gas Ar coui
00ling water
Pressure(Pa)  13x10% Yoo Manometer

Flow rate(m®/s)  8.0x10*
Secondary gas H,

Pressure(Pa)  0.78x10*

Flow rate(m®/s) 144x10*
Plasma conditions

Arc current(A) 500

Arc voltage(V) 60
Sraying distance(mm) 250

Powder
feeder

Plasma gun : METECO TMB

0, laser processing
Power(W) 2300(multi mode)
Traveling speed(mm/s) 0.83, 1.67
Defocused distance(mm) ~ +50 ole
Scanning frequency(Hz) 100 Lacar beam | T e—fTT Ar oo
Scanning width(mm) 5 M ﬂ
Shield gas Ar Water cooled coatina
Base metal
Specimen symbols '
Traveling speeds(mm/s)
Grows 0% [ 18 el Grecion

Base metal Ductlle Iron(D)
Al-coated | DAS0 DA100
Al-Ni-coated| DAN50 | DAN100

CO» laser : MITSUBISHI 25C

AHEdtglon #olA &9 2.3kW, FALE Smm,
23 A8 +50mm, o2 JFtAEAI A ol
A e olF&x g Zz 083 ¥ 1.67Tmm/s2
WA 7 AA do] 50mme] FFHUE=E AR
A ok

AP L TG/DTA(MAC2000) @4
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Fig. 1. SEM morphologies of Al coating (a) and Al-
Ni coating (b} on the ductile cast iron substrate by
LPPS.

2 #FaE33e WAz 54 HEE IHE
nFes F[EAIFIYL n2AAE F 4AE
R xo x37 g AJEEL SEM, EPMA, X-4
34 (D/Max-2550)A1 P o 2 248t

3. dgdn 3 uF

3.1 E2t=0 DEE A YoM BIHH
Eoix A

Fig. 1& Al 2 Al-Nigl £%9] z#AgrEatzv}
$A B 2o SEMeo 2 #AE dHZzF L JE
Wl o7M FAEAFE 2AHd AlMES
(a)& 9 120mme] X2¥ wuto] FAHHAn
ezt el HAANL BetAHF) mAAYL
g FESAL Nig 83 (b)E o 170ume] X

Fig. 2. Sectional macrostructure of laser surface
alloyed layer for DA and DAN specimens exposed to
various traveling speed.
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Fig. 3. XRD profiles from surface of alloyed layer
DA and DAN specimens.
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Fig. 4. Weight gain curves of DA and DAN speci-
mens oxidized at high temperature in air: (a)
1023K, (b) 1123K.
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Fig. 5. Oxidation kinetic curves of DA and DAN
specimens oxidized at high temperature in air : (a)
1023K, (b} 1123K.
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Fig. 8. XRD profiles from surface of oxidized layer
DA and DAN specimens.
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Fig. 8. SEM X-ray maps of DANS0 oxide Scale.

3.4 123K #o|N BFES SN X
S RETIT

1123Kell A F71%F 24MFQ T 43¥
DA5S0 #3329 SEM®#Z ¥ EPMA =84
3 A E Fig. 99 uvepdih 1023Ke] 2 39}
H 523t ArdEe oF 10mme FA2 v z3
LY A (a)e FFAHL] $£E2(>)d
o7te] uteld REE B T3 AW
& ugt Alel 3x¢ 09 Fx7F JEiYR
= Aoz Hol n&AF xyjd tixel @Fn
9 ¥gd o3 ¢FvFAEo] HAHHm
T dRuFadsEe 43 QAE B U
o YR o8 viad A 4FFE Ao
2 AgAXT Feq €49 =7 4ASA e
ez 279 P48 A ¢Fuge 4350
A gl AMeoz ¥Z4E. adm oF
EAE AYFuEAEL v 2F HId ®

) - S
(@ 3. i
Ay /1/}
(b)

N Oxide Scale
2 s
8 L /Al
z
g 1 Base
% Metal
= Fe

[/ o

0 2 4 6 8 10 12
Distance from Surface (um)

Fig. 9. SEM photograph and EPMA line profiles from
cross sectional layer of DAS0 specimen oxidized at
1123K in air.
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Fig. 10. SEM photograph and EPMA line profiles
form cross sectional layer of DAN100 specimen oxi-
dized at 1123K in air.
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2) CO, #olA THYZHZ9 1023K = 3. S. Takeuchi and E. Kuramoto, Acta Metall., 21,
123K M8 FeusAEL DARFHIolY 415 (1973).
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