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Metallurgical Examination of
a Failed Secondary TP-304 Superheater Tube in Boiler
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SUMMARY
A metallurgical exmination was performed on a failed Secondany superheater tube from
steam Power Station. The prupose of the examination was to determine the probable cause of
the failed secondary superheater tube. The failure.of the stainless steel secondary superheater
tube was attributed to oil ash corrosion and creeping which resulted in stress ruptrure of the
tube metal due to loss of oxided layer material on the external side of the tube.
Keyword : Secondary Superheater Tube (SSH); Oil Ash Corrosion; Creeping.

_\ﬁ‘q

i

KB - R R G TS TR
BREBERRSRRATE - FESRgED
B - SR IR AR BRI EE
Hrb UK S P R R S L B R AL
Ttk TIRAPRSRARBRY AREER
WAL BEEMB SN FERE P ERSE
DB BIRBEEE SO, BREILES SO,
TEIE IS » SO, & SRR FEA RIRRE + i
RZARMY TR P B NaCl & 8 SO: &
H.O (g) KMEE4 Na.SO, * RIERMT :

2NaCl+S0s+H.0—Na:S0,+2HC1 ( g )

Na.SO, B E884°C' HEH NaCl B E b
SR » BRI A - 7EEEEE Na.SO.
® 52 SO, K FE 4 B Na.S(O: » 1% F 401°C
TERMEE hR G EAEHE/LWI V.00 V.0,
BV:0s » EBEREHERES V.0, B
£5677°C * V20, B 53505 57 7 72 4 4L S0
xNa:SO:+ V:05= (Na.0)xV:0s+xS0:(g)

YUNEE TR - £BEEAN R 550-700°C
R R R B R MR 5 IR P A R R
8% - RReSS - AR HERAERY - WEE

*ERBHLTE ISR

Power Research Institute, Taiwan Power Company



B R B DL E TP304 2 % L B

At FRm » WHFRER Cr.0: ~ NiO BFED » I
HMBERASL - BRARBRATERM RS
BR%RERF » BHEBREBIRERELE G
IEEEE -4 - HRTEBRSWFRABLEHE
e B B R H AR S R s R o BIANTE
197074 » EBBBERORMBEHBIE T KRB
BiRA Co-Cr-Al-Y BF » B4 RELLBR »

351 R FIB B EE650-700°CP + NauSOJEES

£5884°C > Hin LR (F I E AKZE Na SO B IE R
B MEBETZHREMYEE  (BREEEE
P8 S AR B Na,SO, 2 BB B 24 4 ( Low
temperature hot corrosion ) L% * Y. S. Zhang
RS AIST 304 TIEHMERIT K5O
Na SO # /& * 7E 0:.-S0.-SO; R @B & rp »
1R BE 2 HI7E 500-750° Cé » B3 AISI 304 7E700°
CRE MRS » TERBMAERYINBEMR
hEEYREENHEILEZBEER £ /K Cr.Ss
HE - ReERYEBRTLEBE LN 2F
NasFe ( SO4 ) s * FH LR AISI 304 2R 15 25 4
&8k ( Sub-melting point bot corrosion ) K HE#E
REEERRETR » PIER Y L 25 A T
BHEEEES Fe2* » T Fe.0, AITEMYE AR
N HEEELENR » Fe* 2REBYHRICEBHEAN
HHRIFRE » {CRMMER Fe2* 82 Fe3* &
EEEMIRIE  #8) O, 2 SO, FE{L BT E 18
N E M SR K EALE - 80 8 E 4 » Hira-
hatsu® FEHRH — R T8 M FE450°CE750°C
o BB NaCIHTRASTES BN
% - TEBLT55 90 o VR B A G 1 44 S T 36 o
KETH R T8 MR ICA SR T ERSE B ER
NaC1 [E]78 8 =5 i A AV HE /7 T0 NaCl 828 44 1
Cr:0: K FEA K Na.CrO. &KL o Fujikawa
MWER I S550°CRF » RS H BEHE NaCl
FI304 T A T B & 2RISR » AR
S PSRRI E TSI > & NaCl EEB LT

Bf o SKEEZIE - ISRELLLEE - SRR B EHIM
1& o

A EHE B A 165 Z SA213-TP304 M 7T
BB WL - FIRE RIS B R L
SRR » (LBIE AR 54T B B 3R 5 AR 2 T AR R
FR B % B E B R E M FLIR A » DARI R
MEHNGHEF R - MBI HAMRBEE
M ZIGEEEE MM BRI R SA213-TP
304 B EHE B 155 175kgom? BB E S
542°C » B RI544.45mme BEEELE £55.207

mm °

=~ BAfER

1. e RS
SREBREIHEE - RERIE > ERREY

@ 1) HENBREERENE
Fig. 1(@) Visual examination and wall thickness
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Fig. 4 The morphology of oxide layer near internal
surlace.
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Fig. 5 A cross section of tube.
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Fig. 7 The results of EDS spectrographic analysis
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Fig. 6 Multiporous structure of oxided layer.
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Fig. 9 The results of XRD spectrographic analysis on multi-porous layer.
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#2 BEFERABEMERS (wt%)

Table 2 Chemical compositions of stainless steels. (wt%)

# " C Mn P S Si Cr Mo Ni Ti | Cb/Ta
SA213-T22 0.15 | 0.30— | 0.03 0.03 050 | 1.90— {087
(UNS K21590) max 0.60 max max max 2.60 1.13
SA213-T9 0.15 | 030— | 0.03 003 |025— | 8.00— | 0.90— — - —
(UNS K81590) max 0.60 max max 1.00 .| 10.00 1.10
SA268-TP410 0.15 1.00 0.040 | 0.030 0.75 | 11.5— - 0.50 - —
(UNS S4100) max max max max max 13.5 max
SA213-TP321] 0.08 2.00 0.0:10 0.030 | —0.75 | 17.0— - 9.0— {4XC—
(UNS §32100) max max max max max 20.0 13.0 0.60
SA213-TP347 0.08 2.00 0.040 | 0.030 0.75 | 17.0— — 9.0— — 8§XC—
(UNS S§32100) max max max max max 20.0 13.0 1.0
SA213-TP316 0.08 2.00 0.040 | 0.030 0.75 | 16.0— | 2.0— | 11.0— — —
(UNS S$32100) max max max max max 18.0 3.0 14.0
SA213-TP310 0.15 2.00 0.040 0.030 0.75 | 24.0— - 19.0— - -
(UNS S31000) - max max max max max 26.0 22.0

3 SRR b

Table 3 Predicted corrosion response of several alloys in boilers experiencing oil ash corrosion.

ESN iE{LEE " & A EERF 18 5 5 ]
& & gt .

(A) (Cal/mole) (mpy) (R) C(CF)
SA213-T22 5.252 —14,030 10 51.6 -0.772 538-849
(UNS K21590) =6.3 (1000-1560)
SA213-T9 2.989 —6,602 11 21.0 -0.309 543-691
“UNS K81590) =36 (1010-1275)
SA268-TP410 7.126 —33,554 21 9.3 —0.805 577-849
(UNS S41000) =47 (1070-1560)
SA213-TP321 7.126 —21,943 33 39.0 —0.695 577-849
(UNS $32100) =6.4 (1070-1560)
SA213-TP347 3.933 —9,680 39 31.0 —0.448 571-850
(UNS $34700) =46 . (1060-1562)
SA213-TP316 6.800 —19,905 37 60.1 -0.729 558-788
(UNS $31600) =35 (1037-1450)
SA213-TP310 4.344 —11,463 34 28.3 —0.300 571-850
(UNS $31000) =39 (1002-1164)
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Fig. 10 Comparison of SA304 corrosion data from
field tests and probe studies to long-term
operating experience of SSH in oil-fired
boilers.

~1
(=3

20,000

 TUBE DIMENSIONS 18,000

2" OD x 0.280" WALL

[=2)
o

INCREASE IN CROWN TEMPERATURE, °F
[ w & v
S S (= =3

16,000
14.000
12,000
10,000
8,000
6,000 1

Q/A
(BTU/HR/FT?)

__ .
o
T T

0 A L 1 i 2
0 0.005 0010 0.015 0.020 0.025
STEAMSIDE SCALE THICKNESS, IN.

M BEENSEAEEERASHTE

Fig. 11 Increase in tuve metal crown temperature
as a function of steam-side scale thickness
and heat flux into the flux.

QB THRAMmKMBRMRE  FRmgE
£ B MgO ~ CaO * Al:O; ~ SiO; * BaO
FogmAEvREEERSBELEE
Y HREERAPIAEERES R R

— 17—

0.00114  0.00122



Boen T f2

SRBELEKIE -
(2R AR B R

PRI P & RE (LR AR (7 SR B R T RO B
TG - RABBE M EMR D ABER
XL - 8 T RESTEENHEY
EEhRIER R o

O

EETR - 8- B~ EL KR A e
WEBERE  HPLUAEAKRE  I@E1207E
HAMEEERETRESERKEBLE LS
Y f0V.0sIEH B EHKIF677°C B V.0:88Na.0
B6S3sBERILEY » HIBMBEES27°C M
ZRI150°C » HERRHMT » EBHASTREIRI0
ppm * MIRAFTR » BREABERD T V.05
EEM38%  BAEANBRILYESEFHEE
& BRSO R E BB KR A EE
KF® o

@Om

BTN B S FIE KR el AR
— B RGBS £ » AERRNE A RIE
B & S IR E R Bk 0 (0@ 30 SRR
R LEYESNRES » HEsR AR in
PR ESWR AR » IR 51 TP304 R IR A
R R EFEEMEAY S RELEBYENa.O
K EEME SO, Tl ahtE

©F

fER P RS BAE LR 100ppm * EENE
EMLes Rt RS EN0.1% » HHE 1000
ppm * EEHEAH  THEMHEREHTEH
M EKIERS  XRRRENEERERE
Pt B R NaCle 3 R 43 88 B HC142» it
NaCl 2t 5% 82 Na,SO. L & §2 V.0, 3 Na.SO.
BE e @ I A A Bk » 203% ST AT Na.SO.
81 NaCl 1R & % TP304 EH & i & & & V.05
K Na.SOs BEER 8 & -

@AM R B FE R

BEtEE=ZH RKHBSFEIA

oC 'F
871 1600 FNa0 _ .o o by WEIGHT™
816 1500

V204

B 760 1400

704 1300
B 649 1200
593 1100
538 1000

L . ) 2Na:0 : V.0;s
SN2.0: Vz‘Ot F11V0s ,
0 10 20 30 40 50 60 70 80 90
Na:0, MOL PERCENT
| 1 i 1 1 i 1 1 1 J
100 9¢ 80 70 60 S0 40 30 20 10
V.0s MOL PERCENT
B 12 SFEAEIE S REEReE XY
Fig. 12 Meliting points of vanadium-sodium oxygen
compound.
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Table 4 Chemical analyses of fuel oil.

® & |RBRAE

L HEREE ASTM
FEE (Kcal/kgRINBRIEE) | 10536 | D240
BRBIIE {8 (kcal/kg) 37.96 | D240
. H(°API at 60°F) 18.27 | D4052
P8k B(PM °C) 120 | D93
# Kk #(coc °C) — | D92
% ¥ B&(Conradson, %) — | D4530
¥ E(22°F,S.F.S.) 81 | D88
K 3(% wt. /wt) 0.14 | D1744
N (%) 0.30 | PE-CHN
C (%) 85.57 | D3178
H (%) 12.54 | D3178
(o} (%) 0.10 | D3176
S (%) 1.46 | D2622
Ash (%) 0.03 | D482
k (ppm) 5 | D2788
Na (ppm) ' 6 | D2788
\'% (ppm) 28 | D2787
Ca (ppm) — | D2788
Pb (ppm) — | D2787
Ni (ppm) — | D2788

i EBRIE 12 AMEE -
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Table 5 Corrosion of material by laboratory slags.
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