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High Temperature Corrosion of Austenitic Stainless Tubes in
BFG, COG and Oil Mixed Fired Boilers

Synopsis:

Tohru Kajima

Changes of appearances and metallurgical structures occurred by high temperature corrosion in aus-
tenitic stainless steel tubes during long time use for superheaters and reheaters of BFG, COG and oil
mixed fired boilers were investigated. Corrosion of this type is occurred by molten deposit containing
Na, V, Fe, S and SO, in combustion gas, and is accelerated after long time operation over 20 000hours.

In corroded tubes, sulfidization, carburization and Cr-depletion were always observed, and corrosion is
progressed by the cycles of (sulfidization—scarburization—>Cr-depletion—oxidization).

On the basis of these results, the model of corrosion mechanism is presumed that scale on the tubes
is changed and desolved into molten deposit at early stage and Cr in carburized zone under sulfidized
layer is rapidly consumed through molten Ni-NigS,-eutectic by SO, GO, from molten deposit at
progressed stage, and discontinuous oxidization of these Cr-depleted zones follows.
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Table 1. Operating conditions of investigated boilers.

Boiler No. Al A3 B2 B3
ti it
Genera '"gkwcapac' Y| 156000 | 250000 | 125000 | 350000
Evaporation
i 510 840 400 1130
Steam pressure 174 76 144 194
kg/cm
Steam 'f'c"p eratire | seossal | seos/s41 | sa1/541 | s69/569
. oil+ BFG oil+ BFG | oil+BFG
Fuel oil+BFG |~ co6 +C0G | +COG

lo T T T

321 304

Thickness loss (mm)

5 10 20 50 100
Time (103hr)

Fig. 1. Relation between maximums of thickness
loss and operating times.
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Fig. 2. Circular thickness changes of superheater
tubes SUS32IHTB used in Al-boiler for
58800h. (The upper stream of combus~
tion gas is circular location 5).
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Fig. 3. Illustration of ash deposit.
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Table 2. Chemical composition of ash deposits (wt. %).

Boiler No. |Time hriLocation| Na| V| S| K | SO4| CI | Mg| Ca| Fe| Cr Ni | ¢ |v/Na|SO4/Na

Al | 7935| SH 140| 45]99 |07 l307| — {130 |10 | L7 | LI |56 | — {0.14 0.52
25120 140124114 | 09|341 | — [044{088|8.0[0.31{53 | — 040! 058
58822 12740 |19 09470 | 1 |678 [ 115 |392|026|258|009 | 0.14 | 0.89
67204 50|37 1188 |07 |56 Tr. (575 |LIC 40 0431318 10041 01! 082
67204 9533|177 | 06539 Tr. 3951080398 060(3.00|001 | 008 | 066

A3 | 34675 55681159 07 |388| — (05 |07 |99 |34 30 | — |0.20]| 0.59
B2 | 32908 159 150|124 | 05|364 | — |05 |12 |58 L2 43 | — | 043 | 054
Al | 7935 RH gl |70 85| 04i21.6 | — |200j1.2 |16 {0.2 850! — 1039 | 064
25120 1081891100 | 07299 | — | 0471085 |47 152610 | — | 079 | 066
58822 57| 80|22 | 08|502 | 1. | 685|089 {653{07] 4j0 1020|083 | 2.1
67204 14 4.5186| 09496 | Tr. | 715 [0.95]3.20/030 3.18 |0.02}0.8 104

83 | 42831 180/65|130] 15|41.8 | Tr. {0.3 |0.7 |9.8 26 |35| — |06 | 0.56

Al (67204 21121 145|122 0.3|34.8| Tr. |542|2.10 14.5|0.75|9.20/0.02|0.17 | 0.69

3)i200|80)13.2| 06355 | Tr. |2751245 389|0.22|1.14 | Tr. [0.18 | 043

4){455| 085 — | — |150 | — .56 6! |386| — | — | — |0.05 0.79

s5)|89 {201 — | — |338]| — .40 70| —| — | — 1102 | 091

1) bottom line of SH, 2) surface layer of furnace
4) ref. 7 : 0il and coal mixed fired, 5) ref. 8: oil
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Photo. 1. Cross section and surface structure of high
temperature corroded tube used for 48152
h in Al-boiler. a) cross section, b) surface
structure.
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(X SH, RH FoM{EK LK LT V, Fe, Ca, Ni 2%
HETHCEBETHE VAT LVLO5THS.
XREHTe T g, wTFhods X289 Na,So,
(Thenardite) ¢, Zoftiic Na-V-0) ZEH B\
(Na-Fe-SO,) RDLAWHITED BN DHL, FHFKDOE
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Poto. . ay

P x = VIIEBCEBECRETE RN E— 20317 D
FHETSH. Mg % &%h 3K Tk Na,Mg(S0,),-
4H,0 BEH D TH 5.
24 BREOUERB LU EMRE

BREAEY R Z L@ 0 EEMER%Y Photo. 1 12773 .

imges of surface'léyefs in SUS 304 HTB after 67 204h used as RH tube

in Al-boiler. a) secondaryelectron, and characteristic X-ray beams of b) Fe,
c) Cr,d) Ni,e) O, f) S, g) Na, h) V.
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HEVEMFRRS ThER 10~20p L 0O° 100~200 p
BETHS.

SN LT B R EPMA = CHzs L X #2404 Photo.

2 iRd. HEREAEOBWEADA Yy — ML, KER
bz L5 Ry — LRI 2 Bk, B
Fe ot V, Na D& EFh TS558 H 50,
Mgz Fe & Cr OB TS & Ni e &FEh T
Wh. L, BAOHBHEACEAIIIINEOK
Birie L, 4tkiic Fe & Cr oLy TS Haich R
»Hoh, Na, V OBALTWAES HD. EHLHD
BELAy— L2 2 ADERCHAEIFEL, O
Biciz Ni n&bdTHIEGEh, Cr iz ALEE

Photo. 3. Changes of surface structure of high temperature corroded tubes. a) continuous
white layer (21723h), b) white layer and carburized zone (48152h), c¢) Gr-
depleted zone and carburized zone (50 009h), d) change to scale from Cr-dep-
leted zone (50009), €) discontinuous white layer and carburized zone (50 009h).
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Fig. 4. Changes of chemical composition in surface layers (by EPMA).
a) no Cr-depleted zone at early stage (A3, 34 675h)
b) heavy Cr-depleted zone at progressed stage (Al, 50009h)
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a) b)
d with Na,v
Fe-oxide with Na,V 2 A
Fe,Cr-oxide ’/Ni S-rich
»
Oy o o
Fe,Cr-oxide _ Ni,S-rich 3 2] €
O © NS, T8 R 0005 80 90 o0 o]

R LR TR X PP B 5 | Ni,S-rich,Cr-poor
Ni,S=-rich,Cr-poor L erseaseses sssnaanase sssessnss dhases a0
Cr-sulfide
#a Cr-sulfide 6

Fig. 5. Scheme of surface layers. a) at early stage,
b) at progressed stage. 'l :ash deposit, 2 :
scaleT, 3 :scale]l, 4 : white layer, 5: Cr-
depleted zone, 6 : carburized zone, 7 : metal.
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DB DRI PFERE LTS Ehibnns . Fig. 4
(a) TRAEGRBOTSAMD 2 2 rdhicizbo 2 x4
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2 Ahn% Cr WIEHIT 2 2 VEIMICIZEVPTA & —
XI5 EEXBRBHDT, 20X 5kE Cr Bh
—BR A=Al b LT EBAFREL LT T~ %
Ric, 17 rlidrs—AnLEBRLINS THH
5.
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Dl b RO AN 7 e e AR BT 5 &,
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fbris o b EahE g s e UK EITT 5. ThiF
BRI IAK & A i — v & OROEIC & 2T NagFe (SO,) 5
LSS OB I WAy — AR 4 CHE,
EINTHL, DX LTSBEI o A ¥ —
FEIVBETHLILOHE L, Ay — AEBLTO
SO,, CO,, O, HEOHMEMFHEL e D, » 2 LDORERE
Bt Cr T35, Bt Cr 233 LT LIcia T
VR R (i 2S & b TIE L, —5ic 100 ¢ v A o — b
PERTELDOEBbIA. Z0K, FHitAr—n/
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Scale at early ___ oi1fidization —» Carburization — Cr -depletion —> Oxide scale

stage

two layers

pro'ec“‘ve Nl."Nl.a SZ eutectic

|

one layer
porous

Rapid oxidation cycle———————‘

Fig. 6. Growing process of surface structure in high temperature corroded tube.
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White Oxide
Metal layer scale

Ash Combustion
deposit gas

(carburization) (Ni-Ni3 S, )((Fe,Cr), O5) (Na, SO, ,V, 05} (Na,0,V, 05,50, )

so,
C

\ Na,0,V,05,50,.,C0,
A

!

/’______,/

4Cr+ 350,—> 2Crp, O3 + 3s
4Cr+ 3C0,—> 2Cr, 05 + 3C

Fe,05 + 3Na, SO, + 350;—>2Na;Fe(S0,);
Cr,0; + 3Na, S0, + 350;—>2 NasCr(S0,)

Fig. 7. Model of reactions between tube metals and combustion products at steady state.
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VBRI & B S e A2 o — A% 35 il IR Y 2
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EEW BB RT 52RE52 %8 T2 & Fig. 7 o X
51t b, Lichi2T, ZORARIGIE W THERIK D
B@RE L LT Ar— ARG LT o e dE, B
T8 & L h e REE S A ho SO,, CO, 2RIV LA & ER]
HZ bR T Thr EEbRS. F, &
DS v ATEERZ LX SO, LEBET EORIGK
X >T Ni-NipS, @1 E CBRT 22 LI Lo TCER
REE CILREWIE R Licv o & &, 2 zatho Cr
BEOETIZ XL 2T—&I 1002 Ay — A3k T,
Lo b EARTHEL Cr OfEERER Lo TR I b e
w37 e A & — XC, i Cr Ay — v
it b & ZIC S LB A r—icinh T Dk Cr o
B XL oCEB iz Fe & Cr oL 7c>C 55
AR ETHL EEbRS.

4. % Eil

Blgky A L EWMBERET LA 5 - OBRBBEDLDH
EEARE L LTERBER LA — A7 31 P RAT
VU AREORARIE L OBAS 0L BB OBA
(bR FE LTRD & 5 s b ote.

(1) SEFEE LA F—OKHETF TR, oD

Rl AL 20000h BEOHRE Tz L A SRS h
T, chibREHUCIERCEZS. i, KA
RBremE R CE Skt (BB » 2 Bmfl) c#L
(AN

(2) = OEAT Na, V, S, Fe %%% &I iRK
LB Ah SO, L kBT, HEBEKOHERIL
BINEEE A 7 - AKEREAN 7 -DFFLETRD
25, REMCIEFAEOHEATH 5.

(3) mRERTR I LABITLPHL, BE2FE
BbHhh, Ar—nVISABETHE. Tl HEOEZELW
R TRBALRE T 2 2 v XD Cr ik 2 b —&i
100 o JE\NA Y = ADVERT S L5 ThHS.

(4) ThbOERAEMEEOEIF 2K B Cr
—SBEDIEICI D, ZDBIDVFA 7 AR ETC
L X O THRBRBRIETT .

DEDX 5B RI ) ZoBOSRBAOEE Y EE
L, WOBREIERIKAA r— v &2 8E, BRT57
" A TR REER BN <, £ O%ERL Ni-NigS,
FEBEYN LT BRKPRI Iz SO, CO, i
X o€ Cr DEAECHEHEINHRILEBTD 2 2 v Cr
DR O NEFC SRR B & 5 LHEE L.
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