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High Temperature Corrosion of Alloys in a Simulated Coal Gasification
Atmosphere
Michiya. OKADA, Ken'ichi UsaMi and Tadaoki MORIMOTO
Synopsis :

The corrosion resistance of commercial grades stainless steels, Fe-base, Ni-base, and Co-base alloys and
that of the pack coated alloys with Cr, Al, or Si were investigated in a simulated coal gasification atmos-
phere in the temperature range of 200 to 850°C for 100 to 500 hours. Fe- and Co-base alloys and high Cr
(>20%) stainless steels exhibited good corrosion resistance to sulfur attack. Ni-base alloys were rapidly
sulfurized above 600°C. Pack aluminizing of alloys with high Cr was the most effective in improving the
resistance to sulfidation attack comparing with pack chromizing and pack siliconizing. In order to clarify
the effects of alloying elements to sulfur attack, additional experimental heats in which the content of Cr,
Ni, Co and Al was individually changed were examined in the same corrosive condition. Addition of Cr, Co
or Al to Fe-Cr alloys was effective against sulfidation. It was observed that addition of 2 to 3% of alumi-
num to Fe-Cr or Fe-Cr-Ni alloys promoted the formation of protective oxide scale. A discussion was
made on the effect of these alloying elements in Fe-base alloys on the corrosion behavior in the coal gasi-

fication atmosphere.

Key words : corrosion ; corrosion resistance ; oxidation ; stainless steel ; alloying element.
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Fig. 1. Schematic drawing of the
high temperature corrosion test
apparatus.
Table 1. Test conditions.
Gas compogition .
(MPC-CGA)i(vo]%) Pressure : 30 atm

H, 24 Temperature : 200~850°C

CO 18 )

COy 12 Duration :100~1 000 h

Ho0O Bal.

Hz2S 0, 0.1, 0.50r 1.0 Gas flow rate : dry : 100Nl/h

CHy 6 wet : 167NI/h

* Standard gas composition of high calorie-simulated coal gasifica-
tion atmosphere, authorized by Metal Properties Council in the U.S.
for studying gasifier materials (MPC-CGA).
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Fig. 2. Schematic cross section of
specimen.

corroded

CHELETHL RROBERIFELEZOLD
H,S &, ZTORBTEENIIBILLEZW & %5l
DD,

REEH 1, TSI OV TS AREBOEM» S, 25
X 20X 6 mm OHIKFAEHCYIBIMIL L A, EERE R
DWTIRBRYT A, EMREIHENICX DK 0.1 mm B
F LM%, T XY—HT # 800 I CHIE L CTHIEMES
%, BEROTENE 27 TEBRICH L.

EEE, REBEYEy L, VA% 10 2torr T

— 145 —



352 % & @

8 74 4 (1988) % 2 &

PR L 721k, RRRBOFEKT X ¢ &5 A L TR T sk
L7z, HyO OB A A HE IR E R @ L7z
DHITON. RBRTH, NEBBCX2BEREA -V
ABCRREDOBIEE, ik, HEWEEIT, SHIHRESN
MME2HFEL, 10 °mm 3 CHRAMNDWEI R 57—
IR RFEME Lo TEAEERE .17 /. Fig. 2
WEEABRZEORBRFEAERXTH ), BEREOHZE
ERVCEERERT.

3. R B & R

3-1 FHER

A CHB L TARBMIEICKT DL, AELALAEE
HEEERURBHECL > TEONLBAERRT— ¥
DEFEHEFAXD -0, HETOFHRERLITo>2. i
HER, (1)FEKFAMEovVAD, HOfToz
LR, (2)%F0REHNZESR, (3)RERVFEIED
D%ENE, (4)RBHF OV ) —~ORMNE, RU(5)
HERo oy FICKBBAEREDE L & REBRHAM OEEMEC
B 2EBE DI, (6 )ERNLBAEERT (HS REE,
RERIERE R OBER, M RIES)) OB T A RES
Thhb. Zhbo055(1)RU(6)UANOER L, #F
DEBRTHIERBEN) DEBH LV IHBEORIIH S
EEZLNZDOT, FROOFBRIEET 5.
(1)HIZOWTRRDOFEIZL D, Fig. 1(a) IR
L2k, EVvo AORUCHOMTCERERN A x4~
FYrrL, FRrzaxbr 57 (GC) X Z0H
BERko77z. ZoR, AOMHO 7 20 L, o
B HZHFI L, —BICETFOBIRBOONT. #
OFEALIE, RBRRERCTARHEIZE Y RBAEo7020% #l
ZATIREE 1000°C, # A& (wet); 167 1/h DIGE, &

i L
Eoz- SUS310S o
<
S
)]
8
S °
S 0.1 30atm < .
5 - 850°C
a 1 300 h
/ S5atm
® O
L 1 {
OO 0.5 1.0

H,S concentration (mol /o)

Fig. 3. Effect of HyS concentration and test
pressure on the total corrosion of SUS310S
(850°C, 100 h).
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Table 2. Chemical compositions of alloys for
typical elements.

Composition (wt%)
Alloy
Cr Ni Co Fe
- SUS405 13.73| — | — | Bal
t-F St el SUS430 16.22| 0.10| — | Bal
stainless stee SUH446 24.11| 0.24| — | Bal
o SUS304 18.21| 8.79| — | Bal
Austenitic

\ SUS347 17.76 | 9.43| — | Bal.
stainless steel SUS310S 25.28|19.38| — | Bal.
i SUH660 15.15 | 25.44 | — | Bal
Feubase IN80OH 19.94 33.69| — | Bal
alloy SUH661 20.75 | 19.78 | 18.98 | Bal.
50Cr-50Ni IN657 48.37 | Bal. | — | 0.07
. IN617 21.55| Bal. |11.91] 1.55
Ni” pase IN600 15.04 | Bal. | — | 9.31
Y IN690 28.82 | Bal. | — | 8.98
B HAY188 21,89 22,42 Bal. | 1.55
Co. base S816 1989 (2011 | Bal. | 4.43
atloy STEL6K 29,93 2.57| Bal. | 0.14

Al | »

Coating SUS3108 Cr | x»

Sio | www

* Calolized at 950°C for 10h (110um) ** Chromized at 1070°C
for 10k (70 um) * Siliconized at 1 100°C for 1h (25 ym)
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Fig. 4. Total corrosion of commercial alloys in a
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Fig. 5. Effect of Cr content on the total corrosion
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Btk bf 1 Fe #~—2 & L, Cr 8% 2 L% ¢ 7 Fe-
Cr %, Ni 2% Z{L &€/ Fe-30Cr-Ni %, Co E% %
1 & & 72 Fe-30Cr-20Ni-Co %, & 612 Al B+ 21t s
& 72 Fe-30Cr-Al %, Fe-25Cr-20Ni-Al-Ce %,
Fe-18Cr-8Ni-Al-Ce % T 5.

BEEIEZEBIFICLD 1kg DA > Ty MIHEH
L, Shz@EL ik, 1050°C T 30 min A AILALE
HREBERF AR LZ. 28, & AliiEmMEedE (No. 11,

Table 3. Chemical composition of alloys used.

Composition (wt%)

No. Alloy

C Cr Ni Co Al Ce Fe
1{<0.01| 9.74| — | — | 0.01] — | Bal
21<0.01/19.58| — | — |<0.01j — | Bal
3]<0.01/29.30| — | — | 0.01] — |Bal| Fe-Cr
4] 0.01|38.53] — | — 0.01{ — | Bal
5| 0.01{49.15| — | — | 0.02] — | Bal
6| 0.01[30.16{19.17| — | 0.01] — | Bal
7| 0.01}29.74}28.98| — | 0.01] — | Bal.| Fe-30Cr-Ni
8| 0.01[29.67(39.48] — | 0.04f — | Bal
g 0.01[30.00f — | — igg — | Bal.
1 0.01/29.86| — | — . — | Bal.
11| o002|29.04| — | — | 9.8 — |Bal | Fe30Cral
12| 0.01]30.02| — | — | 13.97 — | Bal
13| 0.02]29.90|20.00] 9.87| 0.05| — | Bal
14| 0.01{29.90(19.2819.82| 0.06] — | Bal. | Fe-30Cr
15| 0.01{29.76 |19.00|29.83| 0.06] — | Bal. | -20Ni-Co
16| 0.01{30.08|19.47|39.95| 0.20f — | Bal
17| 0.01/28.50|19.36 | — | 0.08/0.058| Bal. | . 950
18| 0.0125.78|20.32| — 2.31| 0.045 | Bal. _Z*’ON._AFI_C
19| 0.01{24.85[20.28| — | 4.78]0.208 | Bal. ! €
20| 0.01]|17.85| 8.19| — | 0.08/0.156 | Bal. | g, 15c
21| 0.02118.24| 8.19| — 2.30| 0.011 | Bal. _gN._A{_C
22|<0.011{18.21| 8.00| — 4.75{ 0.182 | Bal. ! ¢
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Fig. 7. Effect of Cr, Ni and Co content on the
total Corrosion (850°C, 300 h).
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Fig. 8. Effect of Al content on the total corrosion
of alloys (850°C, 300 h).
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Table 4. Chemical compositions of SUS304 and
modified SUS304 with 3% Al used.

Composition (wt%)
C Si Mn Ni Cr Al Fe

SUS304 0.071 0.41 1.59 9.80 19.15 — Bal
SUS304 +3%Al 0.072 0.40 1.49 10.00 19.13 3.02 Bal

Alloy

a:BEI b:Fe-K, ¢:Cr-K,

] d:Ni-K, e:S-K, f:0-K,
Photo. 1. SEM photograph and X-ray images of
the cross section of SUS304 corroded at 850°C for
100 h.
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Photo. 2. SEM photograph and
X-ray images of the cross section
of modified SUS 304 with 3% Al
corroded at 850°C for 100 h.
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850°C. :
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Fig. 10. Variation of oxygen and sulfur partial
pressures of CGA with temperature.
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Fig. 11. “Reciprocal” phase stability diagram for
various pure matals at 800°C. The circles repre-
sent the dissociation pressures for each pure metal.
The line perpendicular to the axis of abscissa indi-
cates the equilibrium partial pressure of oxygen
and the lines perpendicular to the axis of ordinate
indicate the equilibrium partial pressure of sulfur
in the MPC-CGA. Corresponding to the change of
the partial pressures of the atmosphere, the lines
(metal/oxide/sulfide boundary) will shift.
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