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The Oxidation Characteristics of Modified High-Chromium Ferritic
Steel for High Temperature

Jin Hyun Lyoo, Kyung Sub Lee
Department of Metallurgical Eng., Hanyang Univ., Seoul 133-791

The oxidation properties of modified high chromium ferritic steels were investigated
in steam and in air at 600C, 650C, and in thermal cyclic condition between 400C and 600C.
In steam, the internal oxidation occured deeply, and the formation of Cr,Q; protective scale
was prevented, so the oxidation rate was 5~20 times higher than that in air.

The oxidation rate decreased with increasing Cr content and with decreasing grain size.
In the zone of internal oxidation, the microhardness was higher than that in the matrix
because of the formation of fine oxide particles.

Finally, the existance of W-oxide and Mo-oxide was not observed by the analysis of

EPMA and XRD.
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Specimen | Si Mn| P S |Ni|CrMo|W | B |V N|N Cr EqNi Eq.
S1 (GEsped)| 017 | 025 | 070 [0.013[0.0050 0.50 [1050] 1.00 | 025 | - | 02 [ 006|007 | 135 ] 80
S2 002 | 003 | - [0002]0.0050 050 | 937 | 053|180 o008 - | - | - |116| 06
T s3 |o04| - | 030 000800130 - |981 065|190 0008] - | -, - |122] 15
sS4 0.08 063 |0.010]0.0010] 0.80 | 961 | 058 | 200 [0.008] - | - | - |120] 35
s 015 - 061001000009 080 | 954 | 0.64 | 200 [0.008] - | - | - |120] 56
6 0.12 | 0.12 | 0.74 [0.023]0.0067 0.72 |11.88| 054 | 1.78 [0.138| - | - | - | 129 47
Y 017 | 012 | 0.70 [002310.0067 0.69 [1192] 053 | 1.76 [0.101{ 026 | - | - | 143] 6.1
Cr Eq=%Cr+2X %Si+15X ZMo+5X %V
Ni Eq.= %Ni+ %Co+05X %Mn+30X %C
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1. Tube furnace 5. Programming

2. Quartz tube controller

3. K-type 6. Steam generator
thermocouple 7. N, gas

4. Specimen 8. Regulator
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Table 2. Parabolic rate constant, K,(unit: mg®/cm*- sec)
(—AAﬂ 2= Kt
condition N o . 5 o, . .
650C steam 650C air 600C steam 600C air T. C. steam T. C. air
| specimen | o 3
Sla | 11482X1077 42231X10°° 33426X10° 38111X107 24200X10°° 12980 10-¢
S1lb 3.0093X10 * 54537X10 ® 4.3333X10 * 7.7778X10 7 15500X10 * 1.7130X10 ® !
S2 1.1388X107°  9.1759X107%  26683X107° 5.9065X1077 6.1510X10°% 4.0715X107°
S3 1.2715X10 7 3.6458X10 &  29065X10 ° 5.1583X10 7 95175X10 ® 5.3415X10 ©
S4 1.5903X107%  23333X107%  4,1370X107° 2.1148X1077 86350X10°¢ 2.6470X107°
S5 2.8995X1077  63611X107%  1.0626X10°" 2.3360X10°7 1.5824X10°% 3.3210X10°%
S6 1.5113X10 ¢ 35847X10 7 74072X10 7 1.1021X10 * 3.8635X10 ¢ 4.1463X10 ’
S7 4.2619X107%  3.6608X1077 2.1892X10 7 35254X10°% 3.0660X10°¢ 55913X10°7
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Photo 2. SSEM. m
(b) S1b

(f) S5
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2tglell &l M Cr,05 Fe,05, Mn,0; &2 4
3}Eo] EA| sk,

test temp. o .
. 600C 650C Thermal cycle
_specimen | i
‘ S1a Cr04 Fe:0s Mn:Os, Cr, Fe,05 Cr.0; FesO, Cr:0s, Fe;04, Fe:04 Mny0,
1 | FeGy i —Cr, CIN Cr
} S1b Cry0s, Mn:05, FesOy, Cr, Fe;0s Cr:03 Mn.Os, Cr,0;, Fe;04 FesOs MnyO;,
1 ! Fe,0 | Fe—Cr, FesOs, CrN MnsO4, Cr
2 Cr:0s, MnOs, FesOs, Fe:03, Cra0s MneOs, FesQs | Cra0s, FesO MnpOs, FesOs,
. i FesOy , CrN Mnz0s
3 Cry03 Mny0Os, FesOs, Cr, Fes0; Cr;0s Fe—Cr, | Cr:0s FesOs, MniOs, FesOs,
Fe,04 Fe;04 CrN, Mn:O3 Mn30;4
; <4 Cr:0s Fez0s MnOs, Cr. Fe;0; Cr:0s FesOq, Cr:0s, Fe:0s, FesO4 Mn:Os,
i Fe;04 CrN, Fe—Cr Cr, Mn;0,
| <5 Cry0s, Mn0s, Fez0s, Cr, Cri0; Fex0s Fe—Cr, | Cr0s Mn.0s Fes0s MniOs,
Fe;04 Fes04, CrN Fe,04
6 Cr,0s, Cr, FesQs Fex0;, Cr, Crz0; Fex0s FesOy, Cr:0s, Fex0s, Fes0s Mn:O;,
‘ MnyO; Mn,03 Cr, MnyOq4
» g7 Cr, Mn:Os, Cry0;, FeaOs, Cr, Crz05 Fex0s FesOs, Cr203, Fex0s, Fes0s, Mn:zOs,
Fe;04 Mn;O3 Cr, Mny0,4
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(b) after oxidation in air

test temp. . B
. 600C 650C Thermal cycle
specimen
Sla Fe, Fe—Cr, Fe,0q Cry0s, Fey05 Cr:0s Fey03, MnyO;
Sib Fe, Fe—Cr, Fe,0s Cr;0s Fe:03 Mn:0s, Cr:0s, Fe:03 Mn:03
Fe;0;
s Fe, Fe—Cr, Fe,0, Cr:05 Fe:03, Mn:Qa, Cr;05, Fe:05 Mny0s, FesO
Fes0,
s3 Fe, Fe—Cr, Fe.0s Cr.05 Fe:03 MnOs, Cr, Cr:0s Fe:0s, Fes0y,
Fey0;4 Mn,0,
4 Fe, Fe—Cr, Fe.Oy Cr0s Fex03, Mny0s, Crx0s, Fes0s FeyOy,
Fe;04 Mn:0s
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Table 4. AH, in the area of internal oxidation
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Table 5. Depth of internal oxidation (AX)
(unit © pm)
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condition
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