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Abstract: To solve the problems of fouling, slagging, and high-temperature corrosion in an ultra supercritical
1 000 MW unit boiler fueled by Zhundong coal, engineering verification test of nano-high-entropy ceramic
coating in separated over fire air (SOFA) area of the boiler rear water wall was carried out, based on the coal
characteristics, slagging condition and corrosion type of the boiler. Several methods such as macrographic check,
scanning electron microscope (SEM), X-ray diffraction (XRD), Raman spectrum, friction coefficient and surface
energy test were applied to observe the change of nano-high-entropy ceramic coating before and after experiments,
thus to reveal the possible slag resistance and corrosion resistance mechanisms of nano-high-entropy ceramic
coating. The results show that, the coating remained intact after 11 months’ boiler operation, with no obvious
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slagging and corrosion pits on the surface and no significantly thinning of the pipe wall. Nano-high-entropy
ceramic coating can better solve the problems of fouling, slagging and high-temperature corrosion on the boiler
water wall, which provides a guarantee for safe operation of the boiler fueled by Zhundong coal.
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Tab.1 Design parameters of the boiler

TiH BMCR BRL
GRS/ 2995.00 2 850.51
I HGEIR H O /)/MPa 28.25 28.02
b RV DR C 605 605
FRERRRI(th?) 2396.77 2284.34
TR O J1/MPa 5.607 5.337
FAZER DR /MPa 5.427 5.165
ARV R I C 384.9 3475
PG R R C 613 613
YR IKIRSEIC 309.2 305.9
Bt SRR I% 94.79 94.83
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Tab.2 Quality analysis for the boiler design and actually-

fired coal
TiH wit TC B s R
War(C)/% 5595 5257 66.12 3509 57.72
o War(H)/% 370 335 336 253 294
Ei War(N)/% 082 064 071 073 052
War(0)/% 1098 11.82 854 886 9.85
War(S)/% 0.82 040 029 120 059
War(M)/% 16.00 21.80 13.90 22.60 21.60
Wad(M)/% 6.77 1321 6.01 1113 5.69
Tk War(A)/% 11.73 924 7.08 2899 6.78
baxiil Wear(V)/% 4311 47.82 29.42 4365 31.46
LR BV (KD kg) 2245 21.13 2546 13.86 22.24
TRAL R (K kg ) 21.32 19.90 24.45 12.82 21.14
DT/C 1090 1120 1140 1120 1090
IRIE ST/IC 1110 1130 1150 1380 1100
[i:3E HT/'C 1120 1140 1160 1390 1110
FT/'C 1130 1150 1170 1410 1120
Ay w(Na;0)/% 264 055 048 061 288
Pais w(K20)/% 105 121 115 128 053
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e of ok Ak

1 BEEE ) AE R
Fig.1 Morphology of the corrosive steel pipes to fireside surface
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Fig.2 Microstructure morphology of the corrosive steel pipes
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Tab.3 EDS analysis for the corrosive steel pipes

Bk
%i's
e L 495 3993 268 0.86 47.12 080 1.29 124 040 0.73
Ff 2 12.18 3830 1.79 0.74 4649 0.10 0.40

C o S Cr Fe Al Si Na K Ca
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Fig.3 XRD analysis of corrosion products on the water
wall surface
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Tab.4 Performance indexes of nano-high-entropy
ceramic coating
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Fig.4 The implementation effect of nano-high-entropy
ceramic coating
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Fig.5 Macroscopic morphology of the water wall surface
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Fig.6 Cross section morphology of coated steel pipes
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Tab.5 EDS analysis of each layer

A wi%

K e e mese PR BH

18.25 0.06 0.07 0.02 0.01
C 45.47 6.21 6.01 7.63 5.64

23.05 227 35.25 17.23 7.10
Na 0.54 2.52 0.96 0.65 0.20
Mg 0.35 0.93 0.20 0.06 0
Al 2.89 5.42 9.19 0.05 0
Si 471 11.2 29.56 0.37 0.12
Zr 0 0.06 4.22 0.16 0
S 0.24 15.56 0.85 16.42 0.41
K 0.46 0.66 0.37 0.19 0.12
Ca 1.61 2.69 0.59 0.24 0.15
Ti 0.22 0.29 0.16 0.02 0.14
Ce 0 0.44 4.04 0.13 0.41
Cr 0 0.16 6.55 1.68 1.06
Mn 0 0.31 0.35 0.50 0.58
Fe 2.20 30.80 1.63 58.80 84.07
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Fig.7 EDS elemental mapping of the inner layer deposition
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Fig.8 EDS elemental mapping of nano-high-entropy
ceramic coating
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Fig.9 EDS elemental mapping of the permeation layer
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Fig.10 Cross section morphology of uncoated steel pipes
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Tab.6 Test parameters for distilled water and diiodomethane

pO/(ma-m?)  pf(mamt) oy /R

Witk 70 /(ma-m?)

ZRIK 51.0 21.8 72.8 2.36
I 2.3 485 50.8 0.05
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W 14 F1% 7 i,

e 155 futh 45
I\ 12 s

14 7K0% B R RYHE AR A K

Fig.14 Contact angle test on water-wall surfaces
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Tab.7 Contact angle of distilled water and diiodomethane
on surface of the water wall

A i) SRR KA BE R TH TR B KA RERTT
7&K 63.72 70.536
R 70.23 41.936
+ A
3 én e

AT FEAEIE S M HE AR I 7 1 000 MW
HLAL 5 I S 7K e BE RS DX ST e 1 9K i 7
Wi 25 % J2 PRI 5 4 R s i A 2 FH W 7, R
RERIT .
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