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High Temperature Cyclic Oxidation Behavior of 310 Stainless Steel
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Abstract

In this study, high temperature oxidation and cyclic oxidation behaviors of 310 stainless steel (SS) in the
temperature range of 800 — 1100 °C were explored. High temperature oxidation tests were conducted in a tube
furnace. The weight gains were measured at different time interval and at specific temperatures with various
heating conditions. Post SEM/EDS examinations were also performed for surface morphology, cross-section
microstructure and chemical composition analyses. The experimental results showed that 310 SS exhibits a
diffusion-controlled parabolic oxidation mechanism, while the oxidation rate decreases with increasing holding
time. A significant change in scale surface morphology associated with different types of oxide formation was
observed. The cross-section SEM images reveal that the scales mainly exhibit a single Cr-rich oxide layer at the
temperature range studied. Internal oxidation with the formation of SiO, was also observed. Satisfactory adhesion
of the scale to the substrate was found for cyclic oxidation at 1000 °C.
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Tablel Chemical Composition of 310 stainless steel.
Element Ni [Cr|C |Si|Mn| P S | Fe

Concentration|

(Wi%) 19.07[24.56(0.05[0.91)0.61| 0.02 |0.001| Bal.
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Figure 1 Metallograph of 310 SS.
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Figure 2 Weight gains of 310 SS after oxidation in

air at 800, 900, and 1000 °C, respectively.
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Figure 3 Effect of temperature on oxidation
parabolic rate constant of 310 SS.
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Figure 4 SEM surface images of 310 SS after
oxidation at (a) 800, and (b) 900 °C in air
for 50 hours; corresponding EDS results (c)

and (d) for points 1 and 2, respectively, in
Fig. 4(a).
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Figure 5 X-ray diffraction pattern of 310 SS after
oxidation in air at 800 °C for 50 hours.
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Figure 6 (a) SEM surface image of 310 SS after
oxidation in air for 50 hours, (b)
corresponding EDS result.
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Figure 7 Near surface SEM cross section images of

310 SS after oxidation in air for 50 hours,
(a) 800, (b) 900, and (c) 1000 oC.
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SEM cross section image and EDS
mapping of 310 SS in the region near

specimen surface, after oxidation in air at
1000 oC for 50 hours.

Figure 8

3.3 ERELER

7£800 ~ 900 ~ 1000571100 C R i/ TIEIE
FALEAERAVAE SRR o HHfE o] RALELE
/NFFHBER R Y B S NS A5 T < 1£80071900°C
2R 10 EER 1% (Y 10/ N Y EE S B i - By
AR S BB 10/ NI Y B L 2 B B
75 o MEHSEMEB AL - An] 853 4KiE10
TAEFRENLI% - RENNDGH 3488 A5
» JEHER(EB00 ~ 900 CHF - 310K 5 B A R 4T
PUEMET SRR

| 1100
10 . 1000°C in cyclic oxidztion .
& o00°C n
or v 200°C - "
Eﬂ oif " . - * - *
L " i
s & . .
: ; : y ¥ ¥ T T T
Number of cycles
9 310 NEEHE A ER Y 22 R P TEER SR
bbe B LA 5
Figure 9 Cyclic oxidation weight gains of 310 SS in

air at various temperature.
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Figure 10 SEM image showing spalling of oxide on
the surface of 310 SS after oxidation in air
at 1100 oC for 10 hours.
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Figure 11 Near surface SEM cross section image of
310 SS after oxidation in air at 1100 oC

for 10 hours.
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