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Abstract: The coupling of oxy—biomass combustion and oxygen—enriched combustion technology makes it possible to realize CO, negative
emissions. However, compared with conventional fossil fuels, biomass contains a large number of alkali metal compounds , which may aggra-
vate the hot corrosion of the heating surfaces in combusting process, and bring great potential danger to boiler operation. As one of
the key compounds in biomass ash, it is of great significance to study the corrosion behavior of KCI molten salt on heating surface. In this
paper , the molten salt corrosion test of KCl was studied in the simulated flue gas high temperature corrosion test system. Two kinds of su-
perheater and reheater materials (TP347H, HR3C) were studied in different gas environment. Meanwhile, a new salt plating system was
used to simulate the condensation process of alkali metal on the tube wall. Then,the corrosion weight gain test was carried out in different
simulated flue gas environment. Finally,the corrosion product on the microstructure and composition analysis were further studied. The re-
sults show that the weight curves of molten salt corrosion and atmospheric corrosion follow parabola law with time. When KCI is deposited
on the surface of superheater and reheater under the same corrosion temperature ,the corrosion rate is significantly higher than that of at-
mospheric corrosion. The increase of temperature can significantly aggravate the corrosion of the materials mentioned above. Compared with

450 °C ,the average corrosion rate of the two materials at 650 °C is increased by more than 16 times. Compared with the conventional
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air combustion mode ,CO, can promote the migration of Cr element to the metal surface under the oxygen enriched combustion mode ,thus
protecting the metal surface and reducing the corrosion degree under the oxygen enriched combustion mode. The high concentration

of moisture can slightly inhibit the hot corrosion. Compared with TP347H,HR3C is more resistant to molten salt corrosion because of high

Cr and Ni content.

Key words : biomass ; oxygen—enriched combustion; KCl deposition ;molten salt corrosion
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Table 1 Elemental composition of alloy materials

[15-16]

T/ %
okt
Mn Si Cr S Ni P Nb N
TP347H  0.04~0.10 <2.0 <0.75 17~20 <0.03 9~11 <0.04 0.6~0.8 —
HR3C 0.04~0.10 <2.0 <1.00 24~26 <0.03 19~22 <0.045  0.02~0.60 0.15~0.35
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Fig.1 Salt vapor deposition system
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Fig.2 Schematic of molten salt corrosion

experimental system for tubular furnace
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Table 2 Experiment conditions for corrosion tests
i SR % \
FE M/ C KCl JiA/ (mg + em™2)
50, 0, H,0 A
550 0.2 2 20 CO, 0*
550 0.2 2 0 N, 0.5
450 0.2 2 20 Co, 0.5
TP347H
550 0.2 2 20 co, 0.5
650 0.2 2 20 CO, 0.5
550 0.2 2 0 Co, 0.5
550 0.2 2 20 CO, 0*
550 0.2 2 0 N, 0.5
450 0.2 2 20 CO, 0.5
HR3C
550 0.2 2 20 co, 0.5
650 0.2 2 20 CO, 0.5
550 0.2 2 0 CO, 0.5
Hca FRAREERE I T b FIRHE S Ny FI CO, , o BIMRRAG SR & FR IR A T,
1.3 FBESfsAinx y=(W,-W,)/A, (1)
ARSCR IFR B 5, AR b i 3 B0 S fe 3 v=y/t, (2)

HFFERK Y BER B SRR TR e, e i 700
B R (Sartorius, 0.001 mg) FRE K F, 10 5% i &
Kot g—B g s Boh i Rl 2 %R
JaBEATRRE LSRR AL 3 AR A R 4
A, B Ay (mg/em®) FINEHJE

206

oA, W A R A TR me W RS AT AR
i, mg; A R R AL, em® 5 A PRAE] b,
1.4 #RRMEFZE

JEE A T B B A 4 3 ek A R B R RE
(JOEL JSM—-6390A) A K X ST 14T RAE . T8
P R FHER SR AR 5, RS 4T B i B A 1)



ELRFEE IS A5 AR W o SR B ARSU KCL AR LB I AR 5

www.chinacaj.net

2021 455 3

BT , 2 , 763 A 14 B 5 T I
b= ORI A, I 455 RETE 70 A oo &R 4L AT X
S ERAT SO T A ACIR B BEAT T

2 HRE5HM

2.1 #HinFRFmAE

JE P TE R T, 1 e X SR R B A TR A R
RN P RE R T A SRR S A 55 . 813y KC1 7E
4 I 2 ) DUR G R R AR o Bt B R i AR Ak, T
W FEREER AR AT | h P, ER TR R B, DU
AR B ] (9 SE A BT80N 5 1 h S5 B R A F
FE  BEEh B RIS, 2.5 h )5, FES R TH
PEELTIULL PR SE A, T B PR 556 0.5 mg/cm2O

05F {05
-sf’) = 0.4 10.4 Il:iﬂ _
5o 03 103 5%
:% =} = §
K o =S
& . 02 102 5 o,
H g g EE
< 07 pArERTREE 101 g
or = 10

0 0.5 1.0 15 2.0 25

fi I/
B3 A sk b2 E IR R R IR B R AL
Fig.3 Change law of KCI deposition on

the surface of specimen with time
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Fig.5 Oxidation mass gain kinetics of two materials
in different temperature

2.2.3 FEMRARfMEAMBEIAM
Kl 6 e Bk e 5 25 R X AU Ak 3 o i
2 5 CO, BB A, N, N - i TP347H 1Y
a F+ZE 0.29,v=0.086 mg/(cm’ - h) , #£ 5 19.4%
HR3C 1Y a TFZE 0.24,0 = 0.071 mg/(cm?® - h) 425
T 18.3% , AT UL 2 FibARL G e R B4R N, A Sk
B, BV EE COLXF 2 FlobA dehis 5 68 (ol iok 8 A 2 31y
IR R, S0 IR R e T = Co, TR iE A 4 N
#B Cr JUE M R HERIE BRI PR Ul
207



2021 4F55 3 1A

ik 4 4 H# K

www.chinacaj.net

%27 %

FEJE , Paneru 55 @ HFFE 310 DL K 304 AEEHT 2
Tl e A v TR ot A M B A B T 2 RIZE 8, T Hol-
comb ZE IR KR CO, N T A 4 T k1) 41 461
YER T REIOR & &R

1.0
% 550 C .
g 0s 3=0.29x", R*=0.84
" _ - 7=0.24x"2, R=0.85
£ 06} _ 2= =0.22x12
= = 00
B 04r
= S =0.19x05, R=0.90
E 02,4
;}_‘

0 2 4 6 8 10 12

J& ke 1] /h

—=— TP347H(0.2% SO +2% 0,+20% H,0+N,)
—o— HR3C(0.2% SO, +2% 0,+20% H,0+N,)
—=— TP347H(0.2% SO,+2% 0,+20% H,0+CO,)
—o— HR3C(0.2% SO,+2% 0,+20% H,0+CO,)
He @RMBEHERFZAMRBERNA MK TS LMIL
Fig.6  Oxidation mass gain kinetics comparison between oxygen—

enriched combustion mode and air atmosphere combustion mode
2.2.4 KEARKRENHDH

K7 R K78 S SR Dl 5 i s, 57K 2%
S BE 20% W 0RO B AR L, R B K 28R
TP347H 11 a J+% 045,0=0.139 mg/(cm® - h) $25 T
93.1%; HR3C 1) a 3N E 0.45,0=0.103 mg/ (cm” « h) ,
PEE T 71.7%, v UL 2 R RL S G R 35 B
.,

—
39
T

1=0.45x7, R=090,-- 550 C

¥=0,32x'"2, R*=0.96

it
)

=
~
T

/272~ =0.19x", R=0.90

PRI ARG/ (mg + cm™2)

0 2 4 6 8 10 12
JE5 kIS )/

—=— TP347H(0.2% SO,+2% 0,+20% H,0+C0,)
—o— HR3C(0.2% SO,+2% 0,+20% H,0+CO,)
—=—TP347H(0.2% SO,+2% O,+CO,)
——HR3C(0.2% SO,+2% 0,+CO,)

W7 AKX E R

Fig.7 Effect of water vapor concentration

on corrosion weight gain of molten salt
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section under 2% 0,+0.2% S0,+20% H,0+CO, atmosphere
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