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Abstract: Ammonia-coal co-firing mode for power generation can significantly reduce the carbon emission level
of the unit. But when the ammonia blending ratio is too high, the ammonia blending/pure ammonia burner is not
properly arranged, and the ammonia-coal co-combustion effect is not good, the escaped ammonia will react with
S0,/S03 at low temperature, increasing the risk of corrosion and fouling on low temperature heating surfaces. To
solve this problem, 168-hours continuous corrosion experiments of No.20 and ND steel specimens in an oxidizing
atmosphere of NH3-SO,-02-CO2-H20(g-N2 at 250 ‘C and 150 C were carried out. The effects of temperature,
NHs volume fraction and fly ash coating on the corrosion rate of metal specimens were mainly investigated, and the
corroded metal specimens and ash samples were analyzed in terms of micro-morphology and mineral phase. The
experimental results showed that the average corrosion rate of ND steel specimens decreased by 58% when the
volume fraction of ammonia was increased from 0.002 5% to 0.005 0%. The corrosion rate of No.20 steel coated
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with fly ash was significantly accelerated in the atmosphere of NHz with volume fraction of 0.005%, and the average
corrosion rate reached 0.003 6 mg/(cm? h). Elevating temperature significantly accelerated the corrosion rate. ND
steel coated with fly ash showed the fastest average corrosion rate at 250 ‘C (0.011 2 mg/(cm? h)). At 250 C, CaSO3 was
newly generated and it was detected in the ND steel-coated ash samples, which may have promoted adhesion among
ash particles. After the corrosion of No.20 steel coated with fly ash at 150 °C, the ash sample had a serious
agglomeration effect, which is mainly due to the newly generated NH4sHSO, and (NH4)>SO3z promoting the
agglomeration effect among ash particles. In the future, when a large proportion of ammonia is mixed with coal-
fired units, especially when medium and high sulfur coal is used, special attention should be paid to the change of
fly ash characteristics and the risk of fouling and corrosion on low temperature heating surfaces.

Key words: ammonia-coal co-firing; low temperature corrosion; ammonium salts; fouling
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Tab.1 Chemical composition of the metal specimens
JLE Fe C Si Mn P S
20 544 99.034 0.220 0.260 0.460 0.015 0.011
JLER Fe C Si Mn P S Ni Cr Cu Mo Sh \% Al

ND 4% 97.800 0.082 0.344 0.495 0.012 0.003

0.015 0.902 0.271 0.008 0.050 0.008 0.010
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Tab.2 Composition of the fly ash (given as the form of oxides)
Si02 A|203 CaO Fe 03 MgO K,0 Na,O SO3 TiOz ﬁﬁlj
50.79 19.83 10.96 9.46 2.35 1.77 1.53 1.48 1.05 0.78
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Fig.1 Schematic diagram of the low temperature corrosion
test system
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Tab.3 Working conditions for low temperature corrosion test

T EEIC NHs#RIAEU%  JEihise mfa)/h
1 250 0.0025 fg;iﬂo o 168
2 150 0.0025 ﬁﬁgo S, 168
3 150 0.0050 ﬁtﬁéo S, 168
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Fig.3 BSE images and elemental mappings of cross sections
of the ash-coated ND steel at 250 ‘C and with NH3 volume
fraction of 0.002 5%
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Fig.4 BSE images and elemental mappings of a cross-
section of N0.20 ash-coated steel at 150 °C and with NH3
volume fraction of 0.002 5%
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Fig.7 BSE images and elemental mappings of cross-section
of ND steel at 150 °C and with NHs volume fraction of
0.005 0%
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Fig.8 BSE images and elemental mappings of cross-section
of ND steel at 150 ‘C and with NH3 volume fraction of
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(2SS . IRIRE RS MR 2%
& SOz AL B FEUNIR % AU, FIRMkiRE <SS
TR R ST AR R IRIR £ . BRIREEh . AR
BREYR, R o FEURIR S AT R ERUKIE %, it
T B AR A H FATHT AR R . TR, AR
SEVLA R . S B — e Lu il ar iy,
5 BRI S R R 52 BT PR AR A B i XSz, %
KA R . SOs RF 5. K5 A
KK FeOs Fr s
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A 250 CHI 150 ‘CF NH3-S02-0,-CO»-
H20(g)-N2 EALTE S 20 541 ND #RiRFEHEAT
168 h FELEFSLES, FEERA TR NHs (A
HOR R R 78 0T 4 R JB s R IR s e, RS
S 4w PR AR R AT T O T S AT A AR
T, R,

1) fE£150 CF, ABAUJE MG NHs &
3B\ 0.002 5%:1 1131 0.005 0%If, ASi K ND 4K
LM P IR ik 2 2 NS FHsiR & v LA
TINPERIK ND B G o 2R, 78 250 “CF1 NH3 f4&
4 $0 N 0.002 5% T~ H S 3 bl il R ik #
0.011 2 mg/(cm®h). TM7E 150 ‘CAHI NHs A5 %
0.005 0% 5 1, ¥RK 20 54 Jig bk 22 B S5 b,
FP 3 JE iuis #2575 31 0.003 6 mg/(cm?h).

2) £ 150 ‘C, NHs{&f4r%10.0025% 4L T,
WRIZH I RIS, BT IR 20 R il e &
T TS — € FAR P E T, 20 540~ 2 )8 bk =2
BERC MRS PUE SR A SRS R
0.005 0%IH}, 7 150 C F¥RAK 20 SHE G IR
BORFERAE T T HE IR S BIRAS, X FEJET
B /D B NHaHSO4 FI(NH.),SOs &35 358 T K
UKL [ FRDRE BRSONE - HERH R B RS T i s — 5 S o

3) £ 250 ‘C, NHs /#4341 0.002 5% T,
TR ND BHJE 0k 168 h f5, KFEHRAIIHE —E & &
ff) CaSOs, H:AIfERAEKZE I SO, [F R K
B EA ) TR A R ST AR B, A SR AE —
SEFRREE BRI T AR 2 8] R AT 2R

4) R IB RN A EL I SR, DA% A H %
T B IR/ AR, L T, &
BRI RN, BAZ R P R B . RS
R . SOs A4, KM KK FeOs &
B, DARESHRIREE. MIRA I WHIR 5
R AR R, AT 98D T TG iR 52 A T 1 2 IR
JE8 e ) XU o AR5 ) A DP9 BB B 0ot [ 2 e s < T A
P IR B SR R RIR 2 P T B S A 28,
TG 0 A IR AR S I X 52 FATHT ) IR K AR
BRI TT X, DARRAR ORI X 52 FA T R A g
THURIAR A 38 2 00 AU o
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