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2. Raw gas line, T-part

Raw gas lineo] #E-e St 35.29 (STPG 38)2l
Carbon steel ]9, AL 216mm, F7E 6mm, <
AexE 93°C, £A9H L 20atmg., Raw gas ] jX
g CO,—3.04% CO—38.5%, H,—56.25%, CH,—
0.80%, N, - Ar, —0.84%, H,S—<lppm o]},

Raw gas lineg —fkp9oz CO, s H,So ‘9%
Acid corrosion 02 ZEEMS Wz 9oy E3

“Himns BHIE

i3

Elbow part v} T-part & 41§ Pitting 3} Erosion o] {&
T BEtgel olel vt gleh 18 EINE Raw gas7t
%) e MREELTAN A7E 2gd CO,
7} &35 o] Carbonic acid o] 2} A o)u] 53] Elbow
part o A& ol & Ew-&9 Attack g utol Erosion o}

WA = ek, BTl e X-Ray S} Audi gauges

Corroded Raw Gas line T-part by X-Ray.

I

Fig. 1.

CO,:3.04% CO:38.57 Hpi56. 75

CH,:0. 80 NpAr. :0.84 S:lppm

St 35.29 (STPG 38 ¢216X6 93°C 20 atmg.
Fig.2 Raw gas line T-and Y-part
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£ (st Weme MEst= A

Raw gas line 2] Elbow part 3= 654 5 Ao Original
metarial size 2 P o 675 9 Ao X-Ray = *}
A check vl FA 7} dmm 7R g o1 F S0l =
F—HE 574 8mm =2 ZEHHAL. 53 Tpart e
Raw gas 9| 5 &5 EfcR ¥4 sz A% B
fho] FEt 664F 6 Aol M—HEE Y 67
% 4 Bl ©A check gu} [A-—-Blfro] ZH o} T-part
£ %7 8mm 9] Y-part & iEsle flow & Bi83HA
HESI9 v Fig. 12 T-part 9 pitting & X-Ray & %
F3 Aol Fig. 2+ T-part 9 Y-part & [hEgd =
o)}, o] & Y.part = A% FAFHNLH 69F 4 73
o] PM-schedule o ki Zcste] ®Ao] ol=2z ot
Fig. 32 Y-part9] F4pAbzio] el

Fig. & Actual view of Y-part.

3. CO, gas line

CO, gas line®] #H-2 St 37.21 (SGP) Carbon
steel o] /] AL 520mm, 7] -5mm,
40°C, $-#1 ¥ & 0.06 atmg. , o] v} CO, 2] #iFE= 99.
7%°]F. CO,main line & -FA g} o] w7 wj el 4
AL Bgfho] A ste] Pinbaleo] 47 H$atx T5#H
¥ol F FRio] vk

REELK AL BEHHA] 2% 674 9 A4
Orifice Y1 43¢ Pinholeo] H & o2 HulAE ¢ oH
Z9819) %7 0.1~0.3mm 2 gojA 1312 pinhole
& 0. ® o 5mm -2 Steel plate 2 Rolling 3] 37
algov 704 1 Aol Fig. 49 A #i¥ie] Elbow
part o} 27}¢] pinholeo] A <F 40cm 2] Batching &
daer 704 45 KEfER: 2 line g Check gy}
Elbow part 7} pitting o] A 3dle] o] F Fekslg on
Fig. 4 9] AXE B7}A 9 pipe line-& 1 #4o] 2.1
~3.0mm $AZ 25 RE=d-go|(Fig. 5 Fz2) B
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Relel Ast B i3S Axteld 180° ¥4 HEE
3tgl=t. CO; Gas line & A4 piped] 2 ool &
fiio] A3t olo] FHAR-S o] 42 CO, 7h27} pipe
F 32 B¢ MBEELTAA 47 E4-ge] Orif-
ice & HiHNA pipe W wlge] molA Hz 74
CO, Gas 7} #%#®=]¢] Acid corrosion #Ao]lxc}, o]d]

i

C‘% ) a. 02. € ot
bo e S
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St 37.21(SGP)  ¢520%5mm, 40°C, 0.06 atmg.
Fig. 4.

CO; gas main line.

Fig.5. Section of corroded CO, gas pipe.

Fig. 6.

Actual view of CO, gas main line.
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4. Raw gas line (Saturator Outlet)

THES KA R Raw gas =(Fig. 7 =)
Saturator W02 =29} Hot water 2 #ifi=l oL <
170°C & }¢ 9 1= High pressure steam(370°C,
27atmg.) Injection &2 220C 7} = v}-2- Heat excha-
nger & A X2 ¢ 330°C 2] Raw gas 7} Reactor & =
A o Jo e 7ha9) #ag#stA v, 2% HP
Steam -& Raw gas 9] BEE7} 330°C o] kFEQ 7 5ol
o GAES Sol Qe

1963 48 RFEEEFF Saturator outlet line o] HES
St 35.8 (STB 35)2]l Carbon steel o] # #4&E-& 267mm
LE, 6.5mm, $HLEE 170°C, £AYAL 20
atmg ] o}

SREE PRERERe] 2,071 B5RC] = 19634 9 R
29 H 10 B% three-way contral valve t}-8 AHiBE(30~
40cm) E) HEXis NW 200/250 ) EAMES] 6
o gl EDErSRel MBS pipe st BRI =N &
TH#ol Bamibsgch (Fig.7 £EF=Z) o Higs
FRe 92 AZAE & 4 ek 1) Carbon steel
o] Raw gas o] g5 3l CO, ¢ HS Tol &
4} Acid corrosion & 2 Pipe 7} ge1Zlc}. 2) Saturator
ol 4 1} 9= Raw gas ol 3= Catalyst dust 7} S0} 3151
© 1) t] 7| Saturatortt 2 F ol 3l EThree-way control
Valve = M b W K259 Raw gas & Main line
s} E—-BECRES BB Reactorof o] 24 3
BRG] web A kS Bypass line 02 FHEAY]
5 9o m® Raw gas f19] Catalyst dust 7} B
Do R glen] o] FolA = Raw gas 7t Throttling
) HRgel =2 Gas 9] HiiEe) &3 EAI WA
4ol A% Erosion g o223tk (Fig.7 £THE A
Detail #z), 3) EEHEHS} pape o JEEHS o KRGl
Stress corrosion 9] FFHel 2 4 g2H HEr] 1#
HP Steam injection t}-2 o] &}z BEo 2 1 o} Thermal
shocking & ZEH F QA& A7 2L FHHERE
o Byl 98tei(Fig. 7 AE F=2)

1) acid corrosion o]V} calalyst dust o] 4 Erosion
S Bitk7) $}8ke] Carbon steel & V,A(SUS 29) stai-
nless steel 2 st A <. 2) Catalyst o] L& Bk
7] $5}e] Harduess 7} 22 A Sl & 2Eg S D
Thermal stress 2 [#1l-7] $3F] 13 HP Steam inje-

ction LS 1.8m o A 8.8m L& 23 2 Reactor
top 2] 2=} HP Steam injection % three-way contral
valve Bl2 H2 $Z&. blkd 2ol HENS BE
Qo] &b 4.391 Fefifle] Hwl 196448 104 1510 23
B el d B oA TaAe HREER BAdA
o}, BZIESe 1 % HP Steam injection T 1.5m
el F ot (Fig. 7 HERR). ALd Hgel KRS
7t~8] {880} Chrom steel ¢] Chrom carbide JEEK
o2 jEER ot BEe FEY ikl Higt A
3 g9dor X-Ray diffraction o2 &I Chrom
Carbide ] &4 2 A3 ¢ gon Tiz Stabilized V,
A Extra 2t HHEZ Bot BHo st HP steam
injection T3 1.5m 9] HHGHEE EE3A o A
2% Thermal Shocking - & 4 & KHE$
st vh, BRRH-S % Lurgi Metall Gesellshaft
o] Bulo] &S Cl-vb SO 3 Austenitic
Stainless steel ¢} Spannungsri Korrosion ¢ o] #R=

Ack, ol A2 Wl FAElel e Clol & 18

Hot water

|ee-8.8m

f216 X 6mm
20 atmg

Fig. 7. saturator outlet line of pre and after accident L.

Fig. 8. Section through V.A stainless steel showing
transcry stalline stress corrosion cracking.
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Fig 9. Modified saturator outlet line of after accident
1L

—8 Stainless steel o] 4 &3] ¢l Transcrystalline

Stress Corrosion cracking(Chifif 428) o] A= H ot
(Fig. 8 &=x)

Cl- = HP steam % Raw gas(coal, gahet steam)o]
A wele 4 glon SO~: MEIES AL 5
FLame Bitd ERE Aoz fiEghd, g
HHEFERS st g3 2L HES Ry
A 7R REdel EHigidh A-F.

1) 7perpe) vl e} Clru SO~ 5E2bhiy AR}
22 pipe $#ES Transcrys talline stress corrosion
of siR&& St 35.8 Carbon steel 2 v}79-2. 2) BFH
#o] Carbon steel o] =2 CO, o] {£& Acid Corrosion
k7] 3t BEE
of EESLE A RS (Fig.9 B A=)

3} 1 HP Steam injection #¥%f-2- saturator outlet
of %A 7= 8t HP Steam flow 7} pipe g H
RO @A s A5k —@EEeR gl
= A% 279 -& Fig. 9 48 B-Detail o Yehich, =
2] 32 Raw gas 7} saturator o} Al Hot water 2 fuf1%]
=} Hot water ] carry over & [j1E7] ¢3lo] Saturator
Well Demister 6 7% &?b}ﬁﬁ]—

B/ 0 2 steam tracing 3

o

5. Boiler tube corrosion
(Caustic embrittlement)

# T Hko)| = Steam 75 T/h Boiler 7} 2% glor 20
MW HHe] 9wt 4r ¥A45e] 9k Boiler = R
90%, Oil 10%9 BEF o2 63 EEH-H 1'»2@})5104 =
vbOIER ARkl kS B2 dikol BAstd
T E BTl 93k 69K o] No.1 Boiler, 44p |-
ffofl = No.2 Boiler & &4 Gkl A it
2 R gt
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A g e sEEETRd = du st e FHot
9lgl ot o 714 & Boiler Riser tube 2] Rupture 7}§-
¥ Caustic Embrittlement 8] 7 $-& ##ENgot.

Fig. 10 Boiler Riser tube o] i o gx Hi{L
St 35.8(STB 35)al Carbon Steel ojn] A tH 2 67
atimg o] »} Welding Seam 8] A#fe]l Cu$} Fe,0, %
o 7 S Scaleo] HERE 2ol

Boiler = #iKR#HS] Bahol &3l BHE @il
el Reftipo] Boiler of =e}7bA] Fhte)h Hestd o
2o T 7] Aol

St35.8 (STB35)

Weldin am
Free NaOH 10% clding se

Boiler Water

Fe,03+4 NapS0O;=2 Fez0,+Na,SO4
CuO+4NazSO;=Gu+Ha,SO,

6 Fe;03+ NoHy=4Fe;04+ N, -+2H,0
2Cu0Q+NyH,=2Cu+N;+Hz+2H,0
Fe(P. M. ) +4Fe,0;=3Fe304
3Fe(P. M.) ~4CuO=4Cu-+Fe;O4
3Fe+4HzO=F3304+4I‘12
FGQC‘}‘ZH2=3FE+CH4

Fig.10. Mechanism of Caustic Embrittlement.

No. 2 Boiler

Power plant

Fig.11. View of Boiler Riser Tube rupture.



Fe("EH) +4 Fe,0,=3 Fe,0, --crrronrerercreraninan)
3 Fe(H)+4 CuO=4 Cu+Fe,Q, -ovreereerees @

b g} BR{Lipe Eiol magnetite 2 3|o] #i55
T 89 REb-& Magnetite 2 o] 3=t FNyol
PRl ST o},

2] 5. Boiler Water o] 3BHEQ RMEHEI fitest
d ehest e [KHO) ol =i,

2 CuO-+N,H,=2 Cu+N,+2 H,O «-erevveevnerinns ®

6 Fe,0, + N;H =4 Fe,0,+ N, +2 H,O wevevrvvvnes D

CuO -+ N2,;S05=Cu+NaySO, «wrerererrrerreriunrans ®

3 Fe,0,4+Na,50,=2 Fe;0,+Na,S0, «rrevevreens ®

<o) IRl A A7 Cuyk Magnetite 5--2- Boiler
tube 2} J4jEie] A7 E(Welding Seam, Crevice %)
of HifrahAl Hoh —BHC R tube 2] Aificli= 0.25
mm ¢} 3-8 Magnetite thin film formation o] [jfilt
 #fdgmicl Al JHA EAERel o, Fig 1004 o &
S vish 2ol o FolA RIS scale °1 Lki
oo} IThe #ElARe] KT Y KEe
Ao At o &xel el FIE scale ] v}
2 %o Boiler Water 7} %335 o] Free Alkali 7} &
A sl et e K] Lol
3Fe+4 H,0=Fe,O,+4 Hyeerreoreeeerreasricriinnin D
Fe,C+2Hy=Fe+4 CH, e -reerreaeereimraniinicniianns i)
PEART e KF7t BEHD RKEXSS o K#H7d
Cementite & F7REStS] CH, o] ZA:3lw A Tube = 7%

Ze o, 22 Boiler tube 7} Caustic attack 2~ -

A A 87 sl e 1 MHel Stress 7F ge) ok 3
o 2) scaleo] 5 5 Q¥ F(Welding Seam,

Crevice)o] 7134 glojet #1s], 3) Boiler Water ol
Free alkali 2] ffge] zicict oz, 4) ke K fol
Fotok gt

HTHAAE Tube 214
B el Hmer f 8t glon, Boiler
2} BEFF i RAEE & 7baA A A% Boiler
tube PYBES) Magnetite thin film ©] thermal Shocking
& ot Fol AA SRS z=Astm glod Ehim
—t}s {fﬂa‘]—a} Free Alkali & coutral 3l3 ¢} ¢},
K OFHE B R Bole ZRBRC] HElA RAg A
fol e WEE 202 g,

% ABAY Stress & )%
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