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High Temperature Sulfidation Behavior of Laser Alloying with
Al Flame Sprayed Coating on Mild Steel

Byung-Woo Lee and Woo-Yeol Kim
Division of Material Science and Engineering, Pukyong National University

A mild steel substrate was coated with Al wire by flame spraying and irradiated with CO:
laser to produce surface modification layer. The isothermal sulfidation behavior on CO; laser sur-
face alloyed layers were investigated at high temperature(1123K) in sulfidation environment
(Ps:=10" Pa) for 48 hours,

Generally, surface alloyed layers were uniformed and their porosities were little, These
structures were a Fe-Al since Al concentration was analyzed from 36.3 to 48.5 percentages.

The sulfidation kinetics of surface alloyed layers were shown to follow parabolic rate law
during isothermal sulfidation, however the sulfidation rate of FA13(13 mm/min. 36% Al)
specimen was approximately decreased from one-fifth lower than FA25(25 mm/min. 39% Al)
and FA5S0(50 mm/min, 48% Al) specimen, Interface of FA50 surface alloyed layer was existed
to the AlLSs sulfide and AlO3 oxide. By calculating partial pressure of impurity oxygen
contained in H2S/H» gas, the Al:O3; oxide formation could be explained using Fe-Al-S-O
thermodynamical stability diagram.

Keywords : flame spraying, CO; laser, surface alloyed layer, sulfidation rate, Fe-Al-5-O
thermodynamical stability diagram.
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Table 1. Chemical compositions of mild steel

Mid | pe | ¢ Si | Mn | P s
Steel
(wt.%)| Bal |0.155 | 0208 | 065 | 0.005 | 0.004

Table 2. Condition of laser surface alloying and symbol
of specimens

CO: Laser Processing
Power(W) 1500 (single mode)
Traveling speed(mm/min) 13,2550
Defocused distance(mm) +15

Scanning frequency 100
Shield gas Ar
Traveling Speed(mm/min)
Groups
3 | 25 | =0
Base Metal Mild Steel
Al Coated | FAI3 | FA25 | Fas0

EAEY gt 2AgIslE CO: #HolA(MI-
TSUBISHI, HB1) & AH&#] #lo]A&8 15KW, %
AAZ +15mm, FAE 5mm, °lE2E7H: B9
2 gAY olg£EE 7 13, 25 2 50
mm/mine2 WHA|F)|Z Ze] 50mm §F 3]
g Azt SAEEE §FsiEe nlAx
3 52 FHE9)7, SEME ol&3ld HEIHAZ
5= AP EPMAE AZFEN3 0

TE H3HYL Fig. 19 ZIAANE ol L3y
1.987% H,S/Hp7b2=9t Ho7tb2E EFAIA A2
A F % 400cc/min®) HAF A 1123K

Pressure
gauge
Motor
Furnace
Gas :
mixer
—_—
Flow Vacuu
meter pump
Valve
The Soecimen
O guryr Gas autlet
T $ 4 couple & . —
Hegas  Argas i!
s i (]
mixed gas =
NaOH soiution

Fig. 1. Schematic diagram of suifidation apparatus.
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Fig. 2. Microstructure of Al coating on the mild steel
substrate.
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Fig. 3. Sectional macrostructures of laser surface alloyed
layer for FA specimens traveling speed.
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Table 3. Quantitative analysis(at%) of laser surface
alloyed layers and analysis positions(a)

Specimen| Position Concentration (gt%)

Fe Al Si Mn
1 62.15 37.20 0.30 0.31
FA13 2 63.05 36.30 0.21 0.32
3 64.10 35.32 0.23 0.34
1 5985 | 3952 | 027 | 0.34
FA25 2 5958 | 39.76 | 0.34 0.32
3 6109 { 3837 | 024 | 030
1 50,17 | 4925 | 028 | 030
FA30 2 50.72 | 4865 | 030 | 033
3 51.72 | 4765 0.32 0.31
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Fig. 4. Weight_gain curves of FA specimens sulfidized at
123K, Ps=10° Pa.
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Fig. 5. Sulfidation kinetic curves of FA specimens.
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Fig. 6. SEM/EDX maps of sulfide scale formed on the surface of FA13 specimen after Shours exposure
under Ps;=10" Pa at 1123K

Fig. 7. SEM/EDX maps of sulfide scale formed on the surface of FAS0 specimen after 8hours exposure
under Ps=10" Pa at 1123K
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Fig. 8. XRD profiles obtained from the surface of
sulfidized layer for FA specimens.
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Fig. 9. SEM/EDX maps of sulfide scale formed on FA13 specimen after 32hours exposure under
Ps=10 Pa at 1123K
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Fig. 10.. EPMA line profile of cross sectional scale
formed on FA50 specimen at 1123K, Ps=10° Pa
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Fig. 11. Thermodynamical stability diagram of Fe-Al-S-O
at 123K
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