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A Study on the High Temperature Corrosion of Type 310
Stainless Steel for Use in the Damper Material of a
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ABSTRACT

Corrosion occurred ‘on a TP 310 stainless steel damper for flue gas control in a heater used

in an oil refinery process, was examined by SEM, WDS and EDAX to find corrosion mechanism,

The flue gas temperature fluctuated down from 833 up to 999 degree centigrade and the fuel

oil contained small amounts of sulfur, vanadium and sodium as impurities. Microscopic examina-

tion revealed that two corrosion phenomena, sigma phase embrittlement and hot corrosion,

were involved on the corroded spot, in parallel or consecutively. Sigma phase was found to be

precipitated within grains and in grain boundaries forming a continuous net work along the grain

boundary. Severely corroded areas had higher hardness value due to sigma phase precipitation.

Blackish corrosion product formed on the damper shaft surface was confirmed as composite

oxide of Fe, Cr. Ni. Si and V. Also observed were chromium depletion in the specimen matrix

beneath the corrosion products layer and typical hot corrosion morphology including sulfide

particles between outer oxide layer and inner metal matrix. Only the chromium sulfide was

identified in the hot corrosion areas.
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Fig. 1 The damper shaft made of type 310 stainless
steel pipe suffered high temperature

corrosion.

Table 1. Chemical composition of the failed TP 310

stainless steel pipe.

™ c [Mn | P ]S [sifer [N

ASTM A3R [Max. [Max. |Max. [Max. |Max. [24.00 |19.00
TP 310 | 0.15 | 2.00 | 0.040{0.030 | 0.75 |-26.00{-22. 00
Specimen |0.0948] 1.710{0.0231{0. 0248]0. 5257] 25.84] 20.68

Table 2. Flue gas composition

Component Range Vol% | Normal Vol %
Nitrogen 71-74 73
Oxygen 2-3.5 2.5
CO, 7-11 9.0
H,0O 11-18 15.5
SO, 0.06-0.09 0.07

Table 3. Impurities in fuel oil.
Impurity Content
Sulfur 1.6 wt%
Vanadium 31 ppm
Sodium 20 ppm
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Fig. 2 A photograph of specimen No. R. The circled portion on the figure wos examined microscopically

as shown in Fig. 3.

Fig. 3 A microstructure observed on the specimen No. R, showing hot corrosion morphology and sigma

phase formation.
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Fig. 5 Vickers hardness survey for specimen No. C and L.
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Fig. 6 A SEM micrograph and X-ray images of Cr,Ni and S for specimen No.R.



310 Anlalal <o @ b A% ¥ A

Aa7hazAd 7ol e alol 2 oA

of 93 OL% Zoll4 EAZo2 242 of 23}
=

slape] ZAAE WA AobdE A 4+ o

o, & Foldle] Rul 412l oful RAHN-2 oA
2 o] gstEe] ARslo] o2g Hald 4 det
Fig. 62} & v|7d 222 [L&ol, -
7ro] £ goddale] 79 o
dl, &spEel %#*4%01 Agolehs 7;1-?; Fig.?oﬂ
=

wel whek o] aakE 8)4

o
X

2] v} line scan
Mg Bébed o ThEsgivl Fig. 79 243
W glEhg ol =2} jﬂ.glow Crat S9| slelzrt #hl
s | sfetef,

Fig. 83 9+ #t7 CAl o LA|He] 4 of - &
A AdEoH /A A4 42 SEMEA S 7
214 5o EDAX #4435 ¥al Aelvh 7]
oAl 45 Fig. 6ol Ao} opabrbzl 2 FAQ4 Fol =
Cr grukol, o1 ofell XAl -8/ 2 HRloll A=
Nigheo] g oz £ Fgsbd Crit S
image7}t -2 H9loll 4 FAE £ Ao 2Rt 44
4% ol 2EFFEo| FA4s] dx of I3t
s 50 olA Well7hA) A Fsle] g TR
ol ¢} (Fig. 8 #+2), & Fesl V| image &

Fig. 7 A SEM micrograph showing Cr and $ line scans
for the identification of sulfide particles.

Wl $AAA4E FolE 4l Ferh A o
965 o+ ool 9 dugel LE¥
719l® V] imager S8 dh# etk
B4R/ 2 AA 4 Crol ZAuchE 5
AMAE ol ok gol FES0] g AL (4
Mo Fal ZHo Nighzgko] wobsl) E—ZH iuﬂv’i

3
a1 & Cro] $AAAE vird Fo2 wheupsped <

NICREL

SHLFUR

VANADEIM

Fig. 8 A SEM micrograph and X-ray images of Fe, Cr, Ni, S and V for specimen No. C.



Al dbs)a A6 H

A4 5 1987, 12

—-17 -

-

r— MATRIX -~—be— SCALE -

CHROM LIM

NICKEL

VANAD LUM

Fig. 9 A SEM micrograph and X-ray images of Fe, Cr, Ni, § ond V for specimen No. L.
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Table 4. Composition of oxide layer

Excluding Oxygen | Including Oxygen
Element

wt % at % wt % | at %

Si 2.09 3.99 1.23 1.33

\ 1.94 2.04 1.39 0.82
Cr 32.21 33.27 22.24 12. 94
Fe 50.39 48. 46 33.31 18.05
Ni 13.38 12.24 8.91 4.59
0] - - 32.92 | 62.27
100,00 [100.00 | 100.00 |100.00
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