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Corrosion Behavior of Austenitic Heat Resisting Steels in High Tempera-

ture and High Pressure Steam Environment

Mizuo SAKAKIBARA, Toshiaki SAITO, Hideaki ITOH,
Yasusuke INOUE and Yasuo OTOGURO

Synopsis :

Using a steam corrosion testing apparatus operating under almost the same steam conditions as those in
actual boilers, the influences of temperature and pressure (especially above critical pressure) on steam
corrosion were investigated for austenitic heat-resisting steels such as SUS 347HTB, 17-14CuMo, and the
newly-developed 20Cr-25Ni and 22Cr-35Ni steels for advanced fossil steam plants.

Corrosion loss in weight increases with increase in steam pressure and temperature. Increasing Cr and
Ni content improve the corrosion resistance. Concentration of Cr in inner scale, (Cr, Fe);03, increases with
Cr content of steel. This causes the higher resistance to steam corrosion. A Ni-enriched layer formed at
the Cr,03/metal interface contributes to the improvement of steam corrosion resistance. The Ni concentra-
tion in the layer becomes higher as steels contain higher Ni. Structural investigation of the scale cross sec-
tions shows that considerably large amounts of voids and cavities are produced in the scale of SUS
347HTB and 17-14CuMo steels corroded in steam at high temperature and pressure.

Key words: tubular product; steel for elevated temperature service; alloying element; oxidation; corrosion

resistance; instrumental analysis.
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Table 1. Chemical compositions of steels used in

the experiment.

(mass %)
Steel C [Ni|Cr|Mo|Ti|Nb| B | N |cu
347HTB |007]113]178] — | — Jo72| = Joo1]| —
17-14CuMo|011|145[159|250(0.24(043]| — |001] 34

20Cr—25Ni|007[25.2|201(156/|0.06|0.27|0.004|0.18| —
22Cr—35Ni{0.08!33.7|22.1(1.46/0.12(0.19(0005{003| —
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Fig. 1. Block diagram of
loop type steam oxidation
testing apparatus.
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Fig. 3. Effect of steam pressure on loss in weight
for steels A and B.
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Fig. 4. Effect of steam pressure on loss in weight
for steels C and D.
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Fig. 5. Relationships between loss in weight and
gain in weight for all steels tested.
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Fig. 6. Relationships between steam pressure and
maximum scale thickness for steels A and B.

Photo. 1. Cracks in the inner scale formed on
steel B oxidized for 500 h in steam at 700°C and
0.98 MPa.
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Fig. 7. Relationships between steam pressure and
maximum scale thickness for steels C and D.
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Photo. 2. Optical microphotograph of the
scale formed on steel A oxidized for 500 h
in steam.

a) 650°C, 196 MPa b) 650°C, 34.3 MPa
c) 700°C, 196 MPa d) 700°C, 34.3 MPa

Photo. 3. Optical microphotograph of the
scale formed on steel B oxidized for 500 h
in steam.

2HEEZONRS. TLAF—VHAIKERIBEOORLE
WIBAIZBWVTYH, A7r— Loz ZEROERKICLD
LB EEZLNS. Photo. 2~3 OO % K I IS,
24— VOE &1t 650°C IZHE L, 700°C TEW. %
B ORAERIE 700°C DBFEICE LD,
CHBIXUDHEDOEE, WHBOX r—VEIEDLT )
Td 5. Photo. 4 ICCHDHILRT A, TDRAr— b
V., F-DMICBVL TS S ICHE BFEMET T
DAy —NVOBRIRETHOA. T-MEME b AMS
SUBHMTRONLNBHNOERIZ 19.6 MPa L EDOE
FizBW(Eoohsbon, FOBIEDLE,D7:.
DEDHER%* T LD TRSL L, KEFREFEVITIE A
r—VidE L, SBRICERARE LR TV, Z0X)
BREBOREIZOWT, UTO3IENELZLRS.
(1)KRERBILOEREE L KFRICXHEROAER -

— 131 —



884 #%® &

M 45 74 4F (1988) 5 F

KERIER L KIG L I EIEY, KEEZREET
B, FRIC, BELZKEFREICHEE L TV AHEDIE A
= VOEEMWEIEL, BBOKRRr —VHERET 5
BERNTES.

(2 )HNHVE A 7 — VI OWHOERE I X B ZEB O AR

B+ 5 L2, HEix Fes0, PIRBIE Cry05 20
A= VHBERLTWAS, WEFOEREA + >~ Ok
¥z 1000°C DBAT, FhFh 2X107%em?/s & 3X
10" ¥ em?/s TH O, HETHE. ZDEIX 650°C B
L 700°C DBAICBNTHEDOLNDLEELIONS.
o T, NHBOEEIL, £EDOHLD S OYLEAHIC
SbTRA FOERENERICRET 5.

(3)A 7 — VAR OMEIFLIC X 5 =D AR

KE*EGEOERKCBILR r — VBER SN BGE,
FOMERH R IR CRITILT B L vbhTw s,
D7z, WIHMEEBET 570 OBBRICHESSIL L
RRPSBE LT WEM OSSR KITED, ZR
Wb, o

(1)BXU(2)IBEOFERE % SEM £ THE Y
5, MEHEFRMTE L2 FHE LB oW EREL HET 5,
v —h—F VAN ERES B HS I T HED
BBV EEEZONRSE., —H(3)IZ2WTIRATOK

a) 650°C, 19.6 MPa b)) 650°C, 34.3 MPa
Photo. 4. Optical microphotograph of
the scale formed on steel C oxidized
for 500 h in steam.

Photo. 5. Characteristic X-ray images of the
cross section of the scale formed on steel A
oxidized for 500 h in steam at 650°C and 34.3
MPa.
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Photo. 6. Characteristic X-ray images of
the cross section of the scale formed on steel
B oxidized for 500 h in steam at 650°C and
34.3 MPa.

Photo. 7. Characteristic X-ray images of
the cross section of the scale formed on steel
C oxidized for 500 h in steam at 650°C and
34.3 MPa.
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Table 2. Phase identification of scales and their in-
tensity by X ray data.
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A S — S — S —

B S w S — s —_

C M S S S s S

D M M M S

S: Strong M : Medium W . Weak
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