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ABSTRACT: This work aims to investigate the corrosion mechanism of coal storage bunker parts in a thermal power plant. The

study focuses on the analysis of corrosion mechanisms and causes on the coal storage bunker of power plant situated in coastal
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environment. The corrosion morphologies and the extent of corrosion products distribution on the surface and internal layers of
the parts were systematically characterized by scanning electron microscopy (SEM). The phases and composition of the
corrosion products were analyzed by the energy dispersed X-ray spectrum (EDS) and X-ray diffraction (XRD). The corrosion
mechanism of parts were extensively discussed. It was noted that the mode of corrosion was localized corrosion, which severely
attacked the working parts and structural materials on the coal storage bunker. The thickness of the corrosion area was about
3.82 mm. The corrosion morphology was heterogenous in nature with surface layer appearing rust brown while the internal
layers had loose gray coloration. Aggregation of spherical and filamentous or cotton like rust alternated between outer and
internal layers. The O and Fe were the main ingredient elements of the corrosion products. The main phase constituents of the
brown rust, filamentous or cotton-like, gray-black substances and the needle-like substance were Fe,0;, a-FeOOH, Fe;O4and
y-FeOOH, respectively. Whereas, the globular substance consisted of a relatively high content of C, Si, Al, Ca, Mg and the main
component was SiO,. which was caused by the pulverized coal particles. The corrosion mechanism of the parts was a complex
reaction between various factors. At the initial stage of corrosion, the oxygen-absorbing corrosion reaction happened between
the anode of Fe and the cathode of O,, and the following dehydration led to the production of the Fe,O;. However, due to lack of
0, in internal and bottom of the parts the corrosion products of Fe;O,4 appeared as oxygen concentration cell corrosion. Thus, the
bottom products were mainly the mixture of Fe;0, and Fe,O3. Acidic gases such as CO, and SO, produced by pulverized coal
particles and coal combustion created the conducive environment for the rapid corrosion. In these severe corrosive

environments, failures of the parts like perforation could happen due to the pitting corrosion, which needed to be minimized by

effective protective measures.

KEY WORDS: coal storage bunker; products; mechanism; pulverized coal; oxygen corrosion; oxygen concentration
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Tab.1 Characteristics of atmospheric environment
in Shantou area in 2018

. Relative
Area Tempareture/C humidity/%

Max Min Mean Max Min Mean Max Min Mean
Shantou 29 15 229 82 68 758 272 31 1193

Precipitation/mm
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Tab.2 Air quality monitoring data in coal storage bunker

Tempareture Relative Dust concentration/ Dust particle/%
Area /c humidity/% m
umidity/% (mg-m’™) <60head  60~160head > 160 head
Transport trunk 24.3 80.4 312 5.1 92.7 2.2
Inside of bunker 23.5 81.1 182 5.0 91.9. 3.1
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Fig.1 Corroded area of steel structure of coal storage bunker: a) spraying facilities, b) coal handling
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Fig.2 Corrosion morphology of the target area

T8 SCARE AR v i) DX 3 b 3 TR A 4 06 ol g e
aZWIESLINE 3 Fros, ATLVE Y, kYR
B0, AR 53 DX A AT ORLIR R, R A ik
YIB O AY —, I RALUG . I R A B 6
A—, RU=YIH R AR A, B EERRE R 2
9 3.82 mm, PR G B SRR (I 2 D VB4
Y

a RMH

. \ ﬁmwen

b I

2.2 B ER ST

JE k7= A A i R TS (R A5 55T B4 SO 3 UL 5%
ZESRINE 4 FrR. B 4a vl UL, JE i R 2
X 38 7 55— 2N TS e, I A LA —
FRIRCR ) o S A R Y . ] 4b WIET, T 5
YR Kt 22 IR W R oy J BRI 0k, (H A ROIR S A
ARBAN L, HE— R E 5000 5 (UWIE 4c) ATLA
BIL, JEET 2  E 2E A AR AR, A, Ry
SR 2% I 5 A B ROIR I

B S Ry b = A i IR AS TR A5 0T I RO
S IS Ha] UL, el = D R ) I 4 A 43 2 B
i, JERZ AT B, (HE RS A, SR
HRZH, MK L AR, L 8%,
BB FLB P B R A BRCIR J0RE S5 B AN S5 P T . 1% X 5
) 1000 fE5 R & ([ Sc) ot — 4 i A BRI B0k 4
TE JE i ™= ) 2 1D RN PN 8 2 (R 248 | BB Hh A )i
o3 A o

c WHR

P30 J b e it 2 WU

Fig.3 Macroscopic morphology of corrosion product samples: a) surface, b) bottom, c) interior
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Fig.4 SEM photos of the surface of the corrosion product: a) low magnification,b) medium magnification,c) high magnification
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Fig.5 Internal SEM photograph of corrosion products: a) low magnification,b) medium magnification,c) high magnification
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Fig.6 Surface SEM test analysis point location
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Tab.3 EDS test results of corrosion products

8 9 10

wt% at% wt% at% wt% at% wt% at%
C 6.32 10.64 8.18 13.92 7.48 14.75 4.76 11.47
O  45.50 57.55 47.29 60.38 36.93 54.66 29.83 53.92
Fe 6.96 2.52 15.64 5.72 37.11 15.73 59.49 30.79
Si 19.34 13.94 16.90 12.29 595 5.02 0.62 0.64
Al 12,64 948 7.58 5.74 489 429 1.10 1.18
Ca 452 228 142 0.72 1.46 0.86 0.07 0.05

Element

Mg 221 1.84 3.71 3.61
Cl 0.10 0.07 0.1 0.08
S 0.14 0.13
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Fig.7 Internal SEM test analysis point microtopography
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Tab.4 Internal EDS test results of corrosion products
2 3 4

wt% at% wt% at% wt% at% wt% at%
C 4.60 999 4.10 9.06 2.25 595 5.1510.56
(6] 39.07 63.64 38.19 63.34 27.17 53.88 43.16 66.48
Fe  55.68 25.98 57.05 27.10 70.39 39.98 51.26 22.62
Cl 0.42 0.31 0.66 0.50 0.07 0.06 0.14 0.10
Si 0.22 0.09 0.12 0.13 0.18 0.16
0.11 0.08

Element
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Fig.8 XRD pattern of corrosion products of
coal storage bunker components
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