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Abstract

In this paper, macro analysis, micro analysis, physical and chemical property testing, scanning elec-
tron microscope and energy dispersive spectroscopy were carried out for corrosion perforation
failure of 20# seamless steel pipe of boiler economizer. The results showed that oxygen corrosion
and turbulent corrosion were the main reason for corrosion perforation on the inner wall of 20#
seamless steel pipe. The failure causes of 20# seamless steel pipe were clarified, and the following
suggestions were put forward to improve the service life of 20# steel inlet pipe. It is suggested that
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the dissolved oxygen in the water supply should be removed as much as possible, the PH value of
the water supply should be adjusted to a reasonable range (7.0~10.5), and the metal materials with
stronger corrosion resistance should be selected for the water inlet pipe.
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o TTREAS SERUAMRINGS, B Re T A mRE A, RS T AR AR AN A I A T HES, T REAS
B EIKBE N, H R B FRE NS, ST BRI AR

BAP T BEAS AT AL H IR R ATy, #2m T RE a8 I IR W TAE, LMl i IE % 1817 .
FANF NI — GAEZESA (S WNS15-1.25-Y.Q(LN) (2)), #iEz kK& 15 th, HiE TIEE ) 1.25
MPa, e 28R EE 193°C o b iAbe = A= il A, RS 5 Re S8 AN Al O I BR AT B R
KA, R AR FEHENAR Y, SEITRERIROR . IRAXL 17 AN, TTRER K E KA B, IF
B EIKGEH, BIMERHKE PR, ST R iR 725 Bk, HEWMSG N 528 R
firo BRIE, SRR MERA RS, BN RGTRITRENE, BRETIEIL, T Reas iR A%,
BIF T8 T RE A8 PR 2E 7K FE et 2 L KT L3 B 3 S

2. MiAiPE

T REAR K A 20N I TCAE N, R AR L B s A b J Ab 3, FF SRS N ¢ 32 x 2.5 mm,
PATARAEN GBIT 8163-2018 (Hmikini i FH LA ) o HEKE (FEME) R R/KIEZ G, TiReas
FARHT B IE . WREREB T R & B (s TR RIS ) IR, 5 TR b 75 BT i K AR AR
W, RGBT HE KM . RS IE R IB T RS, K RAMELT, &SRS PR AL &
ARSI K o I3 KA R, 17K 1R T PR e B8 b 2 FL) A T PO RE A K P 1)
IR BT8GR (A K WA 40 A KT AR), R 40°C~90°C (i3 40°C, 1 90°C),
HJE A 1.2~1.5 MPa, A& F AR,
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Table 1. Chemical composition and standard of sample (mass percentage, %)

=1 HmPUERD RITEREDH, %)

JLE C Si Mn S P Cr Ni Cu
K&t SR 0.21 0.21 0.43 0.011 0.008 0.01 <0.01 0.01
FRAEESR  0.17~0.23 0.17~0.37  0.35~0.65 <0.035 <0.035 <0.25 <0.30 <0.25

3.2. KB HT

ZALT R T 3 A RS TP UK BRI S R, IF5 GBIT 1576-2018 ( Lk Atk i) st K i)
IKBRESRAEATRI b, WA 20 WX AL, PH ER T Tk K BUIE R E. sk, #rifE 4.2.3 Z&a0h
WUERUE R K ERTEEET 10 th I8P, GKRERA. (HRZRILTT AR TR KBRS AL B A il
IR R B R

Table 2. Water quality monitoring data and boiler water standard data

3 2. HakREERUIR SRR E

TiH FE S KR FREZLR
MEFTU e <5.0
T & /(mmol/L) 0.03 <0.03
PH (25°C) 12 7.0~10.5
F 5 3 (25°C)/(uS/cm) —_— <5.5 x 10
RS (malL) o <0.050
B8 % mmol/L 17.5~18.2 _
JE8E mmol/L 23.4~24.3 S
AETFE = mg/lL 440~460 S
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Figure 1. Internal corrosion morphology of sample tube. (a) Longitudinal section; (b) Morphology of corrosion perforation
on the upper side of sample tube; (c) Macroscopic morphology of the lower side of the sample tube
1 H#mEABBIMER. () HRENFE; (b) HRE LMEMFUERSR; () #FRETUEMRKR
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Figure 2. Metallographic microstructure of sample. (a) The transverse grain size of sample tube is grade 9; (b) B series of
longitudinal banded structure of sample tube grade 2.5
2. HEIMEHEERAR. ) HREERBKNE IR; (b) HEENE@FIRALR B RF 25K

DOI: 10.12677/meng.2021.84022 177 wae TR


https://doi.org/10.12677/meng.2021.84022

KA

50 um

Figure 3. Grain deformation at horseshoe shaped pit
E 3. DEESLRNER

342 BREMUREREILTH

K P A HL G A A BE AU AN [ AT 08, k) R ER R R . 2 AL (LE 4).
KHBEIE TR = e R, SREY], HFEEILERA Fe, C, O, WAMNEHF D E K, Si, Mn FTE,
TEWIE 50 ARAE REVE R BS h=) Be53 3 T HEWT, k=) R BRI SE ), BTN FeyO4 FRAEA
T2 Fe,0;0

Figure 4. Morphology of corrosion products on the upper inner wall of sample tube
E 4. #mE MR R b~

LR EEH A R H
CK 7.40 16.14
0K 3435 56.22
SiK 0.52 0.49
KK 0.47 0.32
E FeK 57.25 26.84
PN B 100.00

300 pm T %1

Figure 5. Energy spectrum analysis of corrosion products on inner wall of sample tube
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3.5. RIS

FEGE BRI R TR . W TAERREE,  HRMEATBR AR P B R S AN (BT 7 R IR LB )5 7K
B AU AL B R R AR DG BERLE), A i N BE S 25 K A R A AR R T TR kb . FERR AL S o R
BONBANCR T, SRR OIS, O R[3]:

FHM%: Fe —2e — Fe?*

4%: O, +4e” +2H,0 — 40H"

TERA RS I R E A SR AE IR SR SRR 9 S ke, A8 b ke 0 R e P (R S e K [4] o AR A b
PN BE TR T ) 5 I URRAE B U BE R S M RE VS A AT 45 S, HEWTE PO RE R AR T RUR . BRI P BE
P FeP EAK R Ak I N A AR SE Y] Fe(OH), BEAE NI AR SEHETT, S8~ £ S FesOy FI
Fe,O3, FE M A4 F[5] [6] [7]:

Fe?* + 20H — Fe(OH),

4Fe(OH), + 2H,0 + O, — 4Fe(OH),

Fe(OH), + 2Fe(OH); — Fe;0,4 + 4H,0

4Fe(OH), + O, — 2Fe,0; + 4H,0

IRAEZHE T PR AL TR AT A, Bl R /K IR 2 G i 60 mm 18 (BI85 1E) Fld 4 ¢ 32 mm
BT (AU 7 TE) o FESERRIIEAT 1, S/KIR S BAIANK, Hog N ERBRIGRI I . SRR
A (B A 77 171 38 Ak) 23 T BORE B R AR T AL, AT P AR i AL JEE P 8] M AL BN LIRS I, I 2z il
RS BRMIAFE, BAESERE AN, MR )47 48R T ARG, s £ 08 5 il
Zlm iR S I R R A 2V MBI, HASRmA JR[9]. A5 P RER R H L T 5 vl
SrH BB TR, AT R EARGCR A S IR — . TR REABERE, HEFHFIL
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FEE PEE LN S AR FETE e B, BRI A B 0 P ) 2 SRR S AR BN . FE i
N B AR 2 e A BRI, PR R R IR OVRRE[10]. 28 SVPR AT A, SRARIR SN P B T TS A AR 1)
ER EZAFELUN LA T[LL]: (1) WY B XY SO FE I e B AL A i = 5
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WAES) R R P ESRA T R R T B UIR g, i — R T ke teAh, s RO SR K
B, Sy EET M TAL IR AR B AR T 2 A ORL . I e AR o P B R T TR

4, g5ig

1. PR A5 & GBIT 699-2015 KRuE Bk, RS, SR . HRIRALSUE LI 557 % .
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.
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