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ABSTRACT: The work aims to study high temperature corrosion behavior of S30432 austenitic stainless steel coated with
coal-ash received from Xinyuan and Yulin power plants in 0.3% SO, flue gas at 700 “C. Corrosion tests were conducted by
placing S30432 steel coated with coal-ash in fuel gas/coal ash. Mass change was obtained by weighting the samples at intervals
during the test, and corrosion kinetics of the samples was plotted. Morphology, constituents and phase composition of the corro-

sion products were investigated by SEM, EDS and XRD. The S30432 steel undergone oxidation, sulfidation corrosion. The ac-
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celerated corrosion stage was observed during the corrosion test. After S30432 corroded in the coal ash with low sulfur content,

no obvious corrosion product spallation was observed, a relatively compact and protective Cr,05 film was formed on the surface

of the samples, and corrosion product film was thinner. However, the corrosion products grew in layer and peeled off severely in

the coal ash with high sulphur content, weight loss exceeded 45 mg/cm? after 2000 h. The layer of corrosion products was

mainly composed of Fe,0;, (Fe,Cr),05, NiCr,0, and coal ash particles embedded in the corrosion layer. Cr and S-enriched cor-

rosion layer was formed on the corrosion layer/substrate interface. Corrosion resistance of S30432 steel in flue-gas/Xinyuan

coal-ash is much better than that of S30432 in flue-gas/Yuneng coal-ash. Corrosion rate of S30432 increases significantly with

the increase of sulfate content in coal ash. Alloy is susceptible to hot corrosion under the synergistic effect of high temperature

flue gas/coal ash. Rapid degradation of corrosion resistance of alloy is attributed to dissolution of iron, nickel, chromium and

their oxides in molten salt on the surface and alloy.
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Tab.1 Chemical composition of coal-ash

wt.%
Coalash  SiO, Al,O; Fe,O; K,SO; Na,SO, Bal.
Xinyuan 47.20 38.03 6.86 0.64 0.56 6.71
Yuneng  48.24 13.36 16.11  2.55 4.15  15.59
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Fig.1 Oxidation kinetic curves of S30432 steel in SO,-containing gases in different ash at 700 C
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Fig.2 XRD patterns of corroded S30432 alloys in SO,-containing gases in different
ash at 700 °C: (a) Xinyuan coal-ash; (b) Yuneng coal-ash
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Fig.3 Surface morphology of S30432 coated with different coal-ash in SO,-containing
flue gases at 700 C: (a) Xinyuan coal-ash; (b) Yuneng coal-ash
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Tab.2 EDSresults of corroded areasin Fig.3
at%
Coal-ash Point (0] Cr Fe Ni Al K Si Mn
. 1 67.17 4.19 7.90 7.57 1.98 10.19
Xinyuan
2 58.77 27.31 5.03 1.72 5.31 5.31
3 65.26 24.62 10.11
Yuneng
4 58.62 34.97 6.41
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Fig.4 Section diagram of S30432 coated with different coal-ash in SO,-containing fuel
gases at 700 ‘C: (a) Xinyuan coal-ash; (b) Yuneng coal-ash
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Tab.3 EDSresults of corroded areasin Fig.4
at%

Coal-ash Point (¢ Cr Fe Ni Si S
Xinyuan 1 76.46 20.34 3.2

2 70.87 29.13

3 67.15 18.45 11.59 2.81
Yuneng 4 65.40 32.44 2.16

5 64.32 29.39 6.29

6 55.31 16.94 9.42 18.33

7 59.23 38.60 2.17

SRR SR A SR T A0 25 T B S8 AR 2, 28 1 o 3k g ok
T o SCIR P SN LT IR, AR Y
ZERE R, SR eE R R, S30432 FE S NI AR R R
SRR R BE2E RECR . TRREL & R R AT,
B RHIGEIE ol AL ER SR & B KET, &SR

3 BMmITASMITIE

BRI A b S — R A RN, BRI AR T
B ER R AR b 1 Hussain %8 AR5 H, &
IR TR BRSSO, BRR ER O v R £



F4718% £

ok RS EE . S30432 FEAN RIS A BE A G IR AT ST - 255 -

T RAF R i o S8, A REE S5 M E
TR BL: MR F B B, AR AR R,
JE s R A, S DR ER AT B SR 5 sk ke
B, R A I E R A 0 A

& 1 1R S30432 T 5 e A fig K Hh ke A PR i o
TERJE ORI BE, AU B O, v i iR i 2 T
WK, 564 E Cr WAL CrOs LI, 7E S30432
TR, AR R, BT Cnos 18
Na,SO4 Fll K,SOy B IR h FR 5 HxfE LUK B K-Na-Cr
=IeE AR, Hik, Cr0; BRI sl A R
T 5 b5 e v 8 B M A e 1 A7

SR1M S30432 B4 Cr FEAR (17%~19% ),
Bl PR B R A IE S, B A R AR RS Cr X,
o A R 2 T MR S SR A S & e & A TN
TR T HA AN 22 ) S8 AL (4 NiFe 1956 NiO
Fe,0;), O 5 S UERRWB B ARG &AM, IS
BT R K A OB, 1 H NiO 8231 Cr,0;
KRR, TR AT NiCr,0,4, FEALEA
Cr,05 AALZEXT & &My EN, SILFE, Fe,04
5 5 IIR PRI R EE ( Na,SO4 Fl K580, ) M5 Y
SOy, Oy KRN, H A A iRtk (Na/K);Fe(S0y)s0
Hirp, NasFe(SO4); il K3Fe(SOy); 1 5 7 51k 624 °C
fre18 CM 7E 700 CRFEATMRIL LML, 14
AR 1 BB, FepIIE B AL IR B i 5 B A
JZ N7 A SRR B, % R O W b i LA
REHET, L ER , =4 TR Z 1L Fe,0; 2,
R R AL R R PERE2S . BRT Fe IUAILY,
Ni WY IR SRR ik, JE AL K-Na-Fe-Ni £7C
AR ER L SR, RIS LR, e Rk
i 5] s TR

AR A AR SRR A g U
TEEAL IR S 3R T AL (& 4b Hr il X e 5 Fn X sk 7)
AE e, TR mREE N S R m SR E A
TRIRER LK., 24 SO; 43 He M I T S Bt R 6 JUr i 1)
FERE, 4 RN A2 W R TR Y S 4y
JESSINGE S M AP H#, BAFEME Fe. Cr. Ni %
JCE RN A A B ALY, TESE T 4 T8 - A T X sk
WELER Z S B, M Cr RS, MELL
PRSI AR M Cro05 . WANET=HIIN, J2E R
BARET , Bk Y08 5 T Ak, AR Rk b i S 47l
1 4CrS+30,—2Cr,05+4S ) 7, A il iy S s i i) &
SNEY L, IS E&RITREETIE SR, [FE
W) W E AR S YE S, ek BRI EL T, Rt
i oo R A T A G A WAL R AETE . EIE LT,
ALY PHE T kR, & R Em ik b BA
A= R G I i [N S 5 e % N AR 2y N 2R A 2l RS
FI BRI S Z N T, BRI,
A B R SRR G 4 e R AR ALY o E , o —
IR T AR A A PR K TR R AR

WK, JEME T Cr AR, ILERE A TR
HENRI T Cr05 2, Wl T Fe,O5 S5HKH 1B
R &L (Na,SO, Fil K80y ) B B it il ,
I S30432 7E 5 YR I A 858 v 22 B0 Y R e P it o e

4 Zhig

1) 830432 7£ 700 C . {5 IFARAR AR £ K PR 5
()6 b ol A R BN R O L, D R AN 5 i TE
1A 58 4 HP S ok SR B R, e ) 2 R
5

2) S30432 TEB IR R 1t B AR A A5 IR K I g
ARTECE | AR PE R AR Cr05 BRI, Mi7ERRBRER
TR RTREAE K, Y o 2 RVE T, T
’ﬁﬂfi%%j{%m Fe,03. (FC,CI‘)203\ NiCr,04 &EJ’)L(/\
J ok J2 B R BORE AL, )2/ AR S T B T
B Cr Ml S B2,

3) MR R AR & TR S T3 S30432
Cr P iHFE, M4 Fe,05 5 NaySO4 Fl K,SO,
JE AR S g, B T S30432 AR,

SE -

[1] WM. S30432, HR3C MHHARA m & L IUE BT
[D]. Z#: BRI A, 2013.

PAN lJia-dong. Studies on high-temperature aging of the
S30432 and HR3C heat resistant steels[D]. Anhui: Hefei
University of Technology, 2013.

2] S, XDEW], sk, 55, S30432 Fil HR3C HIGHA

BATERAL S R i S TP B T AT (0], A A B
2#41, 2017, 38(9): 155-161.
HUANG Li-qin, LIU Guang-ming, ZHANG Min-qiang,
et al. Corrosion behavior of S30432 and HR3C austenistic
steels in simulatated flue gas boiler environment with
high sulfur concentration[J]. Transactions of materials and
heat treatment, 2017, 38(9): 155-161.

[3] LIU Guang-ming, YANG Hua-chun, LIANG Qin, et al.
Corrosion behavior of Ni-Cr-Fe base superalloy GH984G
in the synthetic coal ash and flue gas environment[J]. Acta
metallurgica sinica, 2017, 30(9): 863-868.

[4]  #teE, BB, B, & B-BR-BRESIRE S

GHI84G TEA[A] SO, W EEAR S 1A T Jo (], FAet
PAbFR2EH7, 2017, 38(1): 83-88.
YANG Hua-chun, LIANG Qin, YANG Xiao-chuan, et al.
Corrosion behavior of Ni-Cr-Fe base superalloy GH984G
in flue gas atmosphere with different SO, content[J].
Transactions of materials and heat treatment, 2017, 38(1):
83-88.

[5]  BOBURE, 9. M MERRBERR I vh i TR 1 o iR
JERT]. RN, 2004, 24(6): 36-39.

ZHAO Shuang-qun, XIE Xi-shan. High temperature cor-
rosion of superheater tube materials in pulverized coal-



+ 256 -

EN TR NN

2018 4 8 H

(8]

(10]

[11]

fired environment[J]. Special steel, 2004, 24(6): 36-39.
AR = B CCRAN AL S B IR B T i) T ke
FIRWI5ED). B E: W EME R, 2016.

REN Shan-ping. Study on corrosion behavior of three
kinds of austenitic steels in simulated flue-gas/coal-ash
environments[D]. Nanchang: Nanchang Hangkong Uni-
versity, 2016.

FRIEAZ. 700 Clibh i i o SR8 A8 A A1 R w55
B MRS [D]. Jbat: b JioR%, 2016.

WU Zheng-fa. Research on high temperature corrosion of
candidate alloy of 700 ‘C candidate: ultra-supercritical
boiler superheater[D]. Beijing: North China Electric
Power University, 2016.

Jal— T FRIE Bl ) TS kAR 3l i e SRR 1 i
1. AR, 2007, 10(1): 38-44.

ZHOU Yi-gong. Features of chinese coal used for drive
and environ-mental protection for coal-fuel power plant
boilers[J]. Journal of Shanghai Dianji University, 2007,
10(1): 38-44.

MROBIR. 532 A0 NiCr W 2P0 iR AR L ] 50
RERYBTFE[I]. VPR T AR EBe 24l (FAARHER), 2011,
7(3): 217-220.

LIN Mao-jun. Study on high temperature corrosion
mechanism and properly of NiCr coatings boiler heating
surface[J]. Journal of Shenyang Institute of Engineer-
ing(natural science), 2011, 7(3): 217-220.

kA PRl A SR AL R FRYE(D]. b R ik
SR, 1992, 12(1): 1-9.

ZHANG Yun-shu. Fluxing mechanism of hot corrosion
and limitation[J]. Journal of Chinese society for corrosion
& protection, 1992, 12(1): 1-9.

ZENG Z, NATESAN K, CAI Z, et al. Effect of coal ash
on the performance of alloys in simulated oxy-fuel envi-
ronments[J]. Fuel, 2014, 117(1): 133-145.

[12]

[15]

[16]

[18]

HUSSAIN T, SYED A U, SIMMS N J. Trends in fireside
corrosion damage to superheaters in air and oxy-firing of
coal/biomass[J]. Fuel, 2013, 113(6): 787-797.
STEIN-BRZOZOWSKA G, NORLING R, VIKLUND P,
et al. Fireside corrosion during oxyfuel combustion con-
sidering various SO, contents[J]. Energy procedia, 2014,
51:135-147.

BIRKS N, MEIER G H, PETTIT F S. Introduction to the
high-temperature oxidation of metals[J]. Cambridge Univ
Pr, 2006, 2013(1): 273-282.

LUTHRA K L. Low temperature hot corrosion of co-
balt-base alloys: Part I morphology of the reaction prod-
uct[J]. MTA, 1982, 13(10): 1843-1852.

XPEH], XA, BB K, 45 TO1 MIfE KCI+NaSO,+
K,SO, % il Hh B PRI i AT A WEFE (0], v g e By 4
24, 2017, 37(1): 23-28.

LIU Guang-ming, LIU Kang-sheng, MAO Xiao-fei, et al.
Hot corrosion of T91 steel in molten mixture of
KCIl+Na,S04+K;,SOy4[J]. Journal of Chinese society for
corrosion & protection, 2017, 37(1): 23-28.

BT, FE, RTH, SF. WPOKISEETEARRIKE SO,
ST mRE T BT B 1 2 OEAR 0], s RS T
£, 2006, 21(6): 32-35.

ZHAO H, ZHANG Q, WU G J, et al. Study of thermal
analysis kinetics for high temperature corrosion of water
wall tube at different density SO,[J]. Power system engi-
neering, 2006, 21(6): 32-35.

Wi, 29%R, XL, 4. BEEBIR Inconel625/NiCr
BB AT A hEER SR, 2016,
36(5): 483-488.

YANG Bo, LI Mao-dong, LIU Guang-ming, et al. Hot
corrosion behavior of inconel 625/NiCr coating prepared
by HOVE[J]. Journal of Chinese society for corrosion &
protection, 2016, 36(5): 483-488.



