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Evaluation and simplification of detailed mechanism of sulfur

species during pulverized coal combustion
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(1.College of Electrical and Power Engineering , Tatyuan University of Technology,Taiyuan 030024, China;
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Abstract ; Various low—NO,_ combustion technologies ,such as air—staged , are currently widely used in coal—fired boilers to reduce NO, con-
centration at furnace outlet. However,in practical application, these technologies cause sulfidation corrosion of the boiler water—wall, and
affect the safe operation of pulverized coal boiler. In order to accurately predict the concentration of H,S near the boiler water wall,
the gas—phase kinetics software Chemkin software was used to evaluate and simplify the established detailed reaction mechanism model of
H,S generation. First,in this paper,the coupling between the detailed reaction mechanism model of sulfur species and the detailed reac-
tion mechanism of C/H/O was verified , which showed that GRI-3.0 could better predict the concentration distribution of important compo-
nents in pulverized coal—fired boiler with air—staged. Then, the coupling mechanism model was taken as the initial mechanism and com-
pared with other detailed sulfur reaction mechanisms. The results show that the detailed reaction mechanism model of sulfur species in our
research group can better describe the evolution of gaseous sulfur species during pulverized coal combustion,and CS, is considered as an impor-
tant sulfur species to better predict the concentration distribution of sulfur species. Finally by comparing the simplified results ,the result obtained
by the directed relation graph with error propagation( DRGEP )is selected as the simplified reaction mechanism model of the sulfur species ,inclu-
ding 15 species and 28 reactions,which has been verifying in the temperature range of 1 373—1 673 K. The results show that reduced mecha-
nism model can be applied to the prediction of the sulfur species concentration distribution during the fuel-rich combustion of pulverized coal.
Key words: pulverized coal combustion ; high —temperature corrosion; detailed mechanism evaluation; mechanism reduction ; sulfur spe-

cies concentration prediction
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Table 1 C/H/O detailed combustion mechanisms

HLEE % SN AL SCHik
GRI-3.0 53 325 [11]
USC 2.0 11 784 [12]

Aramco 1.3 253 1542 [13]

Ranzi 159 2 459 [14]

FFCM 1.0 38 291 [15]

1.2 PFR #BE AL E
Chemkin H Sandia [F R 525 % &, H F U
IRt B S ML 2R N Bl 15 AR G FH— AL



VLIRSS BRI be i B AR 2 20 P40 S AL BT B feT Ak

www.chinacaj.net

2021 4R35 4

FEPL N A PFR SR AL — AR AR AT B 28 43 19 <A
R FE . AE PFR Y SOW P90 DAy I B 45 1 AR
R N =i S Y S 7 i) i 5l 7/ B L S A e o5 2
JRAe) (U BE R R LN AE) , 2 TR
AR EE <P PE 5 R v A R PRI, B K AR S R
G, M TEARAN I I B o, R AR A
e ITRE N
it TR

pujA—;+ijfx+ Aji; 0, (1)
A, p N BRI s D SO A il ] SR 5 A A R A
T AR 5 Al o) B

RESEIELETE L .
dT

L dy d
pM<Zm—i+qgﬂwiﬁ=%@,<n
dx

Kk, Y, 00 Rk E’Jl:lﬁ)faﬂl G C N
B R SARI I B T j\jéﬁﬁ IR E,Q
K H A AN ’E.%E’J*}‘ﬁi a, N 1 R
[1E1F5208
1.3 REIT

KT EEVHG SIS H,S A TR APl B AR
YR AP | AR SO I AH X5 22 PEA pR B AS TR AL
PRAIRILE B ORMARE T B B 52 22 A T

X”“—X
I B

e=%2a, (4)

A, N OB X XY AR A
OIES AU AR O BMEL RN A s &, N AFIBL
PRS2 o WO A R X R 225 & AN TRl AL AR Y
LR 75 BT 40 R IR AR X R 22

1.4 HIEBEEWEFE

PR TR AL AL A 5 125 A 5 UM 20 BT 125 ( Sen-
sitivityanalysis ) . H % & & K ¥ ( Directed
relation graph, DRG) B T iR 2 G H  EL I R ETE
( Directed relation graph with error propagation,
DRGEP) 5T % 47 3 1 43 A1 1 B 42 O¢ 2 &7k (Di-
rected relation graph with path flux analysis,
DRGPFA) % R, A< SCHE il DRGEP . DRGPFA #l
YU /M J7 15 (Full species sensitivity anal-
ysis, FSSA) #E 7 i fk. .

EURRA: 43 B 7 VR SR ML (T AL HI Y O ik TR 25
PRI N VR e Y A= L e Y S G S
SN R R R RSl LA T
J A B 2R B, 2 R AU R BN OB, DA

TS B AR LAY T 1L

k; dc; dln ¢,
S :ZGTC, =m, (5)
P, S A EURNE REOE kWA A BE T RN
R e, N T NI E

FET R ZE L B 3 ¢ R EI L (DRGEP) 2k H
IS, 414> A FL B B AH E M SR 25 1, 8
XH

‘ iV.A,iwiéia ‘
(PG <6>
Pip = fmax(o,vhwi) , (7)
c = imax(o - V,,0,), (8)
(LR TR R L B o
b O,Eﬁﬁ
K, PY L CY AR TR AL B R A

1 (DRGEP) RS 0, 41 A B9 sUFITE AE
AR v, R AT R T AL A Ak R
B w, R § BTN IV RV R 5 g SR SO A
B P, C ALY A B A SR FE R

FE T FEAR I BT Y B3 G R K175 (DRGPFA)
SKHRISIIT S, 4155 A B9 AT FE4 B E X R

Pf:FA = 2 maX(V/\,i,wi 50) ’ (]O)

M = Zmax(—vA ,,0), (11)
541/ B *ﬁiﬂa&ﬂ’ﬁﬂ/ > A Ry R

P?I;A = z maX(VA,iwiSBMO) , (12)
i=1

!
Cf\lFsA = 2 max ( — VA,iwiBBi?O) , (13)
i=1

o, PR L O A0 Ok T AR 3 A T I A
KA (DRGPFA) SR H EE I ik i, 44 A 4
BURH AR, PR | O a5 B T4 B A
T85> A A AN FER R 6, NP N
PRI, 24 S H ] AL 23 24 A RN B BB 1,
ZHO0,

55 1RGS> B XFLH Y A LR BRI FE K (4 4]
RANER BT L

P
pro— st - AB 14
Tap max(P,,C,)’ (14)
C
con— st — AB R ( 15)

Ta max(P,,C,)
141



2021 55 4 4

ik 4 4 H# K

www.chinacaj.net

AL A 1 AR 7 A AR A B
MR 5E LN
I W A A N 1)
M#A,B
r([;o[;and — Z (r:(f;/;;lstr;;ir:;lst) . (17>
M#A,B
SIRZEE LN
rAB - rgr[t;—lst + rj:\n];]—lst + rngr;—an + r;n[;l—anO (18)

2, st 2nd 435005 1 ARFIEE 2 AR A
ron S A — Ay M, XAy A AR BRI RE
HAIASCNE A iy ™ iy ™ AL B X
— 4150 M, B PR ORI FE R R G TR AR G
T T P RCAESY B2 M,
S5 A HOCHEDU ALy B X5 A A ORI FE RS
HIRDCHEREL,

2 IR UE R iT A

2.1 REBSHILE

ISR 18 kW IS AR I, BRBE b AR 1A K
2.2 m, W42 150 mm, G0 S SRy IO TE AR 1250 1 40
FR LSRR WSCHER[ 9] o 5 S ds A By
O VEE R, Z s B RS R A B, R 56 P 25 I SC
Bk 10]

e Z=0.45 m Ab , RAR SR A R T 58 4
R, 2% 2=0.45~2.20 m X BRRR 2H 23 19 S A
N HEATRIFSE AR R B IS Z = 0.45 m b & 417Uk
JE(F2), B PFR [ R #% A T &S ik, I
NS B E LA 31

10 \ -
BRI S~ il g R
— GRI-3.0
& 8- - FFCM 1.0
= --- USC2.0
R —-- Aramco 1.3 ...
=S 61 —--- Ranzi R R
& oS
ey
2 I I | I I 1
04 07 1.0 1.3 1.6 1.9 22
i 2 5/m
(a)
11
BRI AE S~ e 2
- 10+ — GRI-3.0
S 10T Frem 10
® | ---UsCc20
R —-- Aramco 1.3
=S —--- Ranzi ..
ﬁ 8 * LI 2 ;-~;-.--—..:- -----------
Oﬂ __;-;;__/f;-4-=-_.—‘~.3,._.":;:9_(_—__'
T g7t TTFT
6

04 07 10 13 1.6 19 22
i 17 5 /m

(¢)

142

%027 %
Fz2 ANOSERS
Table 2 Inlet gas composition

Moy W
N, AR
CH, 2.13%
co 5.20%
H, 3.26%
H,0 7.74%
Co, 16.68%
NO 448x107°
30, 876x107°
H,S 132x107°
CoS 108x107°
s, 71x107°
At 1
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Table 3 Reactor parameter setting
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Comparison of model prediction results with experimental results
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Table 5 Comparison of different sulfur species gas reaction mechanism

HL3 T WA HEHTTIN
R1. H,S+M ==S+H,+M
R2. H,S+H =—=SH+H,
R7. S+H,—=SH+H
R62. HOSO(+M)=H+S0,(+M)
HLERER | S SH S0 HOSO .CS S, K71 SOAM==5+0+M
R74. SO+OH(+M)==HOSO(+M)
R89. SO, +CO ==S0+CO0,
R103. CS,+H,0 ==H,S+COS
R104. COS+H,0 ==H,S+C0,
R111. SO,+3C0 ==C0S+2C0,
S2. H,S+H ==SH+H,
S5. S+H,=—==SH+H
S27. H,S+0OH ==SH+H, 0
$36. H,S+S0 =—=HSO+SH
Sydney S.SH.SO S, \HSO .HSOH .S, 0 S114. SO * +M ==S0+M
S133. S+80,=—=2S0
S135. H+S0,(+M)==HOSO(+M)
S138. H+S0,=—=0H+S0
5163. HOSO+H ==S0 * +H,0
L1. H,S+M =—=S+H,+M
1.2. H,S+H ==SH+H,
L4. H,S+OH ==SH+H,0
L5. H,S+S==SH+SH
L7. S+H,=—=SH+H
Leeds S.SH.SO HSO .HOSO HSOH L27. SO,+CO ==S0+CO,
L33. 250 ==S0,+S
149. HSOH =—=SH+0OH
L50. HSOH ==5+H,0
L76. S+CH,=—=SH+CH,
L77. H,S+CH,==CH, +SH
A542. H,S+H ==SH+H,
A544. H,S+OH =—=SH+H,0
A545. H,S+S =—=SH+SH
A611. HOSO(+M)==H+S0,(+M)
A574. SO+OH(+M)==HOSO(+M)
Abian S.SH.SO CS.S, \HSO A624. SO, +S =250

A631. OH+SO =—=S0,+H

A644. CS,+H,0 ==H,S+C0S

A645. COS+H,0 ==H,S+C0,
A647. CO+SH =—=CO0S+H
A654. CS+SH==CS,+H

1473 K T, i3 CHEMKIN-PRO #5445 &4k Al
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Table 6 Comparison of detailed mechanism simplified results

5 DRGEP DRGPFA FSSA
R1 H,S+M ==S+H,+M H,S+M ==S+H,+M H,S+M ==S+H,+M
R2 H,S+H =—=SH+H, H,S+H =—=SH+H, H,S+H =—=SH+H,
R3 H,S+0 ==SH+0OH H,S+0 ==SH+OH H,S+0 ==SH+OH
R4 H,S+O0H =—=SH+H,0 H,S+OH =—=SH+H,0 H,S+OH =—=SH+H, 0
R5 H,S+S SH+SH H,S+S SH+SH H,S+S SH+SH
R7 S+H,=—=SH+H S+H,=—=SH+H S+H,—=SH+H
R8 SH+0 ==H+S0 SH+0 ==H+S0 SH+0 ==H+S0
R9 SH+OH ==S+H, 0 SH+OH ==S+H, 0 SH+0OH ==S+H,0
R13 SH+0 S+0H SH+0 S+0H SH+0 =—=S+0H
R14 S+OH ==H+S0 S+OH ==H+S0 S+OH ==H+S0
R62 HOSO(+M)==H+S0,(+M) HOSO(+M)==H+S0,(+M) HOSO(+M)==H+S0,(+M)
R71 SO+M =—=S+0+M SO+M =—=S+0+M SO+M =—=S+0+M
R74 SO+OH(+M)==HO0SO(+M) SO+OH(+M)==HO0SO(+M) SO+OH(+M)==HO0SO(+M)
R75 SO+0(+M)==50,(+M) SO+0(+M)==50,(+M) SO+0(+M)==50,(+M)
R87 280 ==S0,+S 280 ==S0,+S 280 =S50, +S
R89 S0, +C0O ==80+CO0, S0, +C0 ==S80+C0, S0, +C0 ==S80+C0,
R90 CO+S0 =—=CO0,+S CO+S0 =—=CO0,+S CO+S0 =—=C0,+S
R92 SO+0OH =—=S0,+H SO0+0OH =—=S0,+H SO0+0OH =—=S0,+H
R93 0+CS,===CS+S0
R61 0+CS =—=CO+S
R96 0+CS,==C0S+S 0+CS,==C0S+S 0+CS,=—=CO0S+S
R101 (S, +OH ——CO0S+SH €S, +OH ——=CO0S+SH (S, +OH ——CO0S+SH
R102 COS+0OH =—=CO0,+SH COS+0OH ==CO0,+SH COS+0OH ==CO0,+SH
R103 CS,+H,0 ==H,S+C0S CS,+H,0==H,S+C0S CS,+H,0 ==H,S+C0S
R104 COS+H,0 ==H,S+CO0, COS+H,0 ==H,S+CO0, COS+H,0 ==H,S+CO0,
R106 CO+SH =—=COS+H CO+SH =—=COS+H CO+SH =—=COS+H
R108 COS+M ==CO+5+M COS+M =—=CO+5+M COS+M =—=CO+S+M
R109 CS+S(+M)==CS,(+M)
R110 CS+SH =—=CS,+H
RI11 S0,+3C0 ==C0S+2C0, S0,+3C0 ==C0S+2C0, S0,+3C0 ==C0S+2C0,
R113 0+COS ==CO+S0 0+COS =—=CO0+S0 0+COS =—=C0+S0
R114 0+COS ==C0,+S 0+COS ==CO0,+S 0+COS ==CO0,+S
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Fig.4 Comparison of simplified mechanism and detailed mechanism

146



AR A5 - R R e A A v AR 2H 23200 S I LB TA K% £k

www.chinacaj.net

2021 4R35 4

i T 35 UE DRGEP Jrik s H,S A Wl fii Ak 52 1y
HLBRABETRY g ] S AR SCAr BIAE 13731 473 .1 573
M1 673 K T XA AL HLEEHE 1742 5., ] Ak AL 3 T
AR ZE Al B 4 A S5 25 R0t b an &1 5 PR

HI Pl 5 R, AR BT ST A AL BT T30 1% i 2
SR BE Y R NE 7 R Al 1 1) A3 A e 35 5 R0 25 R —
B, A O S IR 4 R 22 RN BRBCHER TR0 &

1200 RGGER  FIHE AR
_ Looot ® 50,4 COS —S0, --- COS
B 600l - -
=
B ao0p
200 g TenTT L2 -—--2-
0 A i S
04 07 10 13 16 19 22
Bl PE B /m
(a)1373K
1200
W6 a5 3 faT AL ML T 235 S
1000 ® 80,4 COS —s50, --- COS
800f N\ *HSY S —-HS ——Cs,

N A
g

400 - o emmmmmmTE .
o« to-
200F =" g s 2 cin o s
| T
[ ] MM Ak Sl Sriibits ettt 21
0.4 0.7 1.0 1.3 1.6 1.9 22

b ) B S /m
(¢)1573K

HEMN R E sy A, Wi A1 373 K, A
MURZEN 7.43% HUFE B KR 250 21.52% ;1 473
K, R 224 10.04% , BURE S i KR 250 22.63%;
1573 K, FIXFiR 22 K 11.98% , BUKE &5 B Kk 22 K
24.96%;1 673 K, AHXF1R 220 10.71% , BURE B K
W2EH 25.32%, MR, X ALHLERAE 1 373 ~
1 673 KAEA AT B4 3R 5 4377

1200 -
RIREER WAL T 45 2R
_ 1000 = 80,4 COS —S0, --- COS
=) e HSYCS, __ygg-.—
2 800 \\\:\L H,S —--Cs,
=
25600 n n
=
T 40| e
200 o - T T n- oo -
0  STEEE N P -
04 07 10 13 1.6 19 22
Al 1e) B 25 /m
(b)1473K
1200 - — ‘
WIGLR LIRS R
. 1000 |- ® 80,4 COS —S0, --- COS
S goop\ *HSTCS: --HS-——cs,
X
=
®

At ) P 25 /m
(d)1673K

S5 FREETHENETNER G KBS R

Fig.5 Comparison of simplified excitation prediction results and experimental results at different temperatures
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