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Abstract: The coal chemical industry has expanded rapidly, producing a substantial amount of semi-coke. However, its large-scale, low-
carbon utilization remains challenging. Semi-coke has low volatile content, making it hard to ignite and burn completely. Blending semi-
coke with biomass, which exhibits superior combustion characteristics, is a promising approach to enhance combustion performance and
increase burnout rates. Due to the high fixed carbon content of semi-coke, its combustion generates a significant amount of CO,.
Flameless oxy-fuel combustion can realize both high concentration CO, capture and significantly reduce NO emissions. However, research
on the co-combustion of semi-coke and biomass in flameless oxy-fuel atmospheres is limited, and the mechanisms of nitrogen conversion
are not well understood. To study fuel nitrogen conversion in semi-coke and biomass co-combustion under flameless oxy-fuel conditions,

numerical simulation is carried out based on detailed model validation. The effects of biomass blending ratio on nitrogen conversion
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characteristics are thoroughly investigated, and the individual contributions of different NO types are analyzed. Results show that flameless
oxy-fuel combustion maintains a high level of flue gas entrainment. As the biomass blending ratio increases, the high-temperature zone
shifts forward, and the peak temperature rises. Additionally, the low-oxygen zone expands, volatile content increases, and CO
concentration rises with a wider distribution. Compared to pure semi-coke combustion, pure biomass combustion increases the peak
temperature by 105 K. When the biomass blending ratio is 25%, the total outlet NO concentration is significantly reduced. In contrast,
when the biomass blending ratio is between 50% and 100%, there is no significant change in the total outlet NO concentration. The total
NO concentration at the outlet is primarily determined by the generation of fuel NO and NO reburning, with fuel NO playing a dominant
role. As the biomass blending ratio increases from 0% to 75%, the NO reburning amount rises from 5x10™° to 35x10"*. When the biomass
blending ratio is less than 50%, the formation of fuel NO continuously decreases, driven mainly by the reduction in semi-coke NO, while
the increase in biomass NO has a limited impact. A biomass blending ratio of 25% is recommended, as it can effectively suppress NO

generation. At this ratio, the total outlet NO concentration is reduced by 33% compared to pure semi-coke combustion, mainly due to a

30% decrease in the generation of fuel NO, while the impact of NO reburning is relatively minor.
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Fig.1 IFRF furnace geometry structure
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Table 1 Elemental and industrial analysis of semi-coke and biomass

TEE A% TALSHT% B2 534 25 pm
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Car Har Oar Nar Sar Var Fcar Aar Mar DBVC Dmax Dmin
2 75.9 1.5 2.7 1.3 0.5 12.3 69.6 15.7 24 77 160 40
W 45.7 5.6 31.0 1.6 0.2 65.4 18.7 6.9 9.0 100 150 75
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Table 2 Simulated conditions
- PORHE O R R/ (kg s™) AR E (%) R
A -1
i AR 0, co, H,0 (kg-s)
— R 21 79 0 0.008 11
0% 1) 5t 0.005 34 0
=y ¢ 31.8 55.4 12.8 0.037 61
— R 21 79 0 0.008 01
25%H: Y T 0.004 01 0.001 96
T 31.8 55.4 12.8 0.037 12
— R 21 79 0 0.007 91
50%"E ) i 0.002 67 0.003 92
T 31.8 55.4 12.8 0.036 66
— A 21 79 0 0.007 81
75%" ) 0.001 34 0.005 88
TR 31.8 55.4 12.8 0.036 19
— A 21 79 0 0.007 71
100%4: ) 5 0 0.007 83
A 31.8 55.4 12.8 0.035 74
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Table 3 Chemical reaction and kinetic parameters
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CH, 44057 + 0.0650,—CO + 1.23H,

CH, + 0.50,—CO + 2H, [CH,”°[0,]"®
CH, + H,0—CO + 3H, [CH,][H,0]
CO +H,0—CO, + H, [COJ[H,0]
CO, + H,—CO + H,0 [CO,][H,]

H, +0.50,—H,0 [H,]"*[0,]"*
H,0—H, + 0.50, [H,]""*[0,][H,0]
C+C0,—2CO [CO,]
C+H,0—CO +H, [H,0]
C+0.50,—CO [0,]

[CH2.4600.87] [02]

3.80x10 5.55x10
7.82x10" 3.00x10*
3.00x10" 3.00x10"
2.75x10" 2.00x10"
6.45x10" 2.70x10"
9.97x10" 3.30x10"
2.60x10™ 9.53x10"
0.006 35 1.62x10°
0.001 92 1.47x10°

0.005 7.40x107
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Fig. 2 Validation of simulations and experiments

313K, PRRRHE b P IR T 2 — 5 Y I 8]
s EE R A RESE N, I HLER i e P A AE —E B I
PRI HL A O TR Y T 45 SR v
i, JFH EDC iRt EDM BRI 2E R 51K 56
SERTINFFA . & 2d o EDC BT CO, Vi B 11 il
ARG E R EIET . [ 2e XF T CO WERY
B, AE x =3.22 m AL HIKEET R — BT 0, K]
90

AL CO JLP5E kb . &l 2f Hh EDC A5 AU $5 i 1Y
NOWE S5 EW & RiF. MACkE, EHM
EDC #5045 RS 18547, Jf H Ik EDM &
AU 7R T R ARG

MG 4 Fr7R (1 EDC BERIBDEE -5 i 1

Bdi Xk e M, HERA R B LR < 0, €O,
CO HI NO #4 FU (EL -5 1050 ) 2 22 2 U 7 5% LA



RAEES: L EBIREY T W EMRSE NO, MLEBLIITE 2025 4FE4R 4 1
F4 EWFKIE H OHIERTLE E I || | | T
300 450 600 750 900 105012001350150016501 8001 950
Table4 Comparison between the simulation results and T/K
i ey .
experimental data of furnace export gtgé A Tha=l 782K
; - — - 0% e
Bl IR (E HEALMEL R 1%
N T,.=1 798 K
iR /K 1503.0 1526.2 1.5
25% — |
OB K% ) . .
SIRER 50 % 3.1 3.2 32 I 831K
COLAFR 4/ % 255 25.2 1.2 50% =]
COMRRS /107 <50 406 =1 864 K
N 75% e
NOMFS4/10 320.0 324.5 1.4
T,.=18387K
100% =

Wo X—4RERN], BHISUR 5 ss R BA R
A —EetE, Bk AR A ERR MR AT SR

2 WL RSITR

2.1 EYFRBRILIRERRG
K 3 iAW) AN [ 45 1R R b i D 04 1 B AR
o AW B IR He R AR W o o A e R I
TR HE B B E AW BB R A o 38 i %)
100%, W PSR E TS, SRX AT, gk
PREERTIG(EIR B, b 1782 K, S4li>Aihbett
b, MAEBIRIL N 25% 0, BEEE ST
16 K; AW iR R 50% I, WA & 1
49 K; gAY ke n G IR BE IR B T 1887 K, kb
ali P AEPRBEIT T 105 Ko 4l A2 R e ik i i
EEAM, X—HLEEHRTFUTILNRE: &
e, HEELR SRR, XA EE SRR
SARAXTAER . IEANE 3 Fias, A AERREE T T
B e i DX R B A I B s . FRUR, 2R N TS
PG, FEOL RN RS, HE—Pm T
PIBERGE %, 4, PEEAREN C/H L, P
BRI 2 En, SHmEARAtS, IR
R RS . XS R IR FEER, SRR EREE
it Jhe VL IS . WANG 257 [l AR 5% th 32 B A 405
BB S RRIRYR . ME Y RBIR LK,
BIRBABLE & S ik, fEA DA E
RSB GE . AW PO KRN e R~ R
POt 7GR, ABTRENE K FEAMELUS BRI
ALY R BT BEE B A 5 ik B KR
M5 Y — i S5 FR b U
2.2 HYEBREX P AESBEIRRZ
TeHARRBE B — A S Bl P 2 H B 35 A 0 S PG
., WUNNING % 52 XTI BB R K, k%
T N IR R, I (EE LF .
Mg

K, = (1)

B3 b NiEESA

Fig.3 Temperature distribution in the furnace

K My MEIEFRS TR Mp. My 509
SRR RV AR R Y BT g A . AR T ST R E
FE AP N B AR RE R AT, RN SR Ak B i e
HWHEA (Mg) BB ES T N I EIEAA A
JRE . AR o HEE B 5 T DAAR A oo )
TR . P, SR A A Mg 7T
TRiE
Mg (x) = ffopvx(y, z)dydz (2)
L, A H v, (1,2) <0 BFAY TR
Bl 4 WoR T A FARRBIR LT 6 Rkt
1 K, (8 RSP FIEARR) o m@ K, R SEITTH
IR BLAE, X BRI TT LA S8 R Bkt
FAAAL RIS IR 4 Fro] AWLEEE], Bl b i B
W, W K, EZEG . MY B R
K, K (EIEA TR, B RRIEER/N. i x=
015 m Ak, K, (HAUTFFE T 1.84%, &5l HE g
I, R B W O, (AR AR x =3.22 m A,
K, fH0 R FEIR AN 5.59%, MLl L, Y53
TR K B mA R (A EENE, fEEY R
ARBEILT, PhdEs x =322 m 4k K H¥E T
5.5, FHPURASAE T RIS WA, X576
TERBE MR E—B, MR T, B B Y o
FJerty i) LAKERR P AR M A, A Bh sl AR
KIER o BEAL, B A5 B Sl T LA B
R BRI BERIRIX, FE AR P 4 455 B4 Bisf i)
DA HR R R S FEAIF 98 10 oM & SRR b 4 F
T, SIS T e, S SR
B, BIRRH AR R EEHE 100% . fEAN L
YIRBIRELT, BoED LT #BENS 52 2,
2.3 EYFRIBREIEXES SRR
F 5 @R TAEY AN FEBIR R RS0t
91



IR N G N

ERIE

2025 45 4
=322
6+ _ﬂ\q\q\q
5 L
x=2.05
4t T TT————o——
< =132
~0.735 N v
3 'Ax - A A A A
o x=0.44 ~ .
2 L
|::x=0.15 o o o
1 1 1 1
0 25 50 75 100
BIRLI/%
M4 WHK,E

Fig. 4 The value of K, in the furnace

Blo W 5a R, RSN RSN 3 AR

25
0% 95
- - - 25% MR
20 D e 50%A T
- = 75% R R
- - 100%42 W
K151
&
E_lé
210+ N
o 1
]
1
5p b
)
i -
L /
0 1 2 3 4 5 6

b 171 P S /m
(a) I RRBE E Al i S8 U0 AT

K 6a N AW [RIHB IR LE T 48 e 70 RO AR )
ARAEIHER o TE2E — B BEAS R, 35 A 0 BGHE R ik
Pl RAE . Bl R 1 A WA B T A, HORS IO
REWIERE BRI . Y TR BETERE T 4F
R HE B R X, BERE R R )

g
73

0% 457

!\.)
(=]
T

—_
W
b e R P A

v
i
[t

YER Y FEE /(105 kg + s7)

v
(=]
T

- - -25%4E MR
S 50% MR
- = T5% Wit
e 100% 4 4 J57

A
1 2 3 4 5 6
1 7] P 29 /m
(@) VBRI D 3 IR 45 5 3 43 AT

TES—BrBe (BIRAEY T ORI B/ 1 m 2
B, AP THUE 1.3 m 2Z07) , SORHI BRI
#A, BEEIE LT, AR AR, 7R
BrEe, M B A o R, AEARE N ] P 2
FITHAER R, IF HESARAE R A HFE A &
I KR A 25— R RS, RS A
A, A T —AN i JRIX, nIE] sb A R AR X
PR TR =FrBL, “KNZEHS— KRS, &
b2 e v S NTRIE SRR U R Wen i D) MPI B a2 34 53
TERRIKF, PR TCIa R B AR ek . R A=
YIFUB IR LB R, B T BER IR X Z g
R, KRN EY IR SR, HR U
BRBEIE AR SN 3 A g R SRR I3

EENT [ ] | .
12 16 20 24 28 32 36
O, AR H1/%

(=]

4 8

L5
Bt
0%

25%

50%

75%

100%

(b) AT = E
B 5 AR O % oA B A

Fig. 5 Oxygen axial distribution along the fuel inlet and its furnace distribution

Bribio ARAEE 6b 44 & 4y B R 3 1 = BT LV
e, EYITBIR R, BRI R R R
Peo BARME, g To0 T 9 & 5 B iGH R
HAT 4.10x10 " kg/s; /W FBIR A 25% I, 15
ROy BENOE R IR F] 1.08x107 kg/s; Y4W R

0246 81012141618202224262830
TR BEOE /(10 kg + s7')

At

Bl

0%

25%

50%

75%

100%
(b) R A=K

B6 15K BB O % oA BCEIP jEA

Fig. 6 In-furnace volatile axial distribution along the fuel inlet and its furnace distribution

92



AR SR EBIREY BUUI R A RE NO, ML BUUBTFY

2025 45 4 1

TR T2 50% B, 48 5y BETGHR SR i — 2P 1
TNZE 2.02x107° kg/s; YEYFRBIR LK E] 75% B,
YRSy BEOE R TF 2 2.67x107 kg/s; Ti7EAlA:
PIBPe TOL T, #8R 43 RO R (1 35 B e K AH
2.95x10"° kg/s.

Kl 7a HAEYRAFBIRET, COWREAD
At oAl o TESR— BB, R ITIREEIE At U
N, FEUREMRBEATE 27 AR K CO. [FIFE R ALE
B — B B A AT, COMk Bk B KAE, KIS
CO MR EEZHIFFK. B Y BRI K, CO Ik

40

0%E W) R
35¢ - - -25%4EWR
- 50%A4= 1R
30+ - = T5% LD R
U 5 100%ZE4) 5
=25+
=
S
=
S 15}
Q
10 |
5 L
0 4+ 5 6
At 17 P 2 /m
(a) VIRRLN D Bl CO% Hi

il R 5-7 AR, RS AL CO Y o3 A
phZknl LI, 750 =B BB LP o e iikhe, &
R RE o
2.4 HEYRIZIRIEXT NO HERBI R0

K8 s T AR BUAIRBIR LT NO IR
H gl S—PrBa <l i, MR A
PRIE O™ T — A s AR IX, NO B A=k, 78
P BN NO Ik B e K5 1258 B Bo™ A
T—ASRIE IR, RS — B BO™ AR R A T

500
0% )5
- - 25% MR
400+ . e 50%AEW R
. ; - = T5% AW R
é ! 100%53%5‘1
F300F
i
L2004
% j
100 |
i
i
fob
0

Al BE 25 /m
B8 NO BRI O % i oA oy %
Fig. 8 Axial distribution curve of NO along the fuel inlet

FEZW LI, SR AR R ARG BR R TH AR R A Y
AR, TEHREEERSIRASA, S5 Co W
Ko WE 76 Wi, MEAYTRBIRERE K, Ccot
BGAWHERT, A AE R R R . T
gL, EAREETH T, COBMMENN
4.17%; HEYRBIR IR T2 25% B, CO W{EM
B ETHE 15.51%; SAEYRBIR ik 3] 50% B,
CO W FE W — 10N & 28.34%; MW HRBIR
ek 75% BF, CO WEEHR IR B 33.74%; MAELiA:
YIRS TR, CO WEE N T & 35.98%

HENT [ [ [ .
0 4 8 12 16 20 24 28 32 36
COMRRAI %%

A5t
Bkt
0%

25% s ©
50%
75%

100%

(b) COM = A
7 CO W\ O %] o A7 B B0 fE A

Fig. 7 CO axial distribution along the fuel inlet and its furnace distribution

DLPE ALY it K i R SR (R S A .
REAEAWRTIAR . CO M H,) 15 Bk K8 5 N
N,, FE NO MR HFFLIE IR B ALE

Bl A BB TR LL A3, NO SR AIG A % i %
Ko X—BEFEHFETEY TN EIELS &=,
HARE AR vp ™= A s B SR NP TR R
=y Ak . R, BEE A9 BB IR L r 4 &
BROBLE R E P2 NH, MW EE B, dFmigss 7xie
AL NO WIRJEAVERT . FE5E = BB, A KRR
B0 TR FNHE R AT AEAE o IEB Bl T R R —
WIRURG, K B R AR — R i ARk e
YT TR AR B0 X 3 ik B I R o RRIEE I
ALY A ALY . TR B, NO VR B i LTt
IFERAHA TR,

&9 R T HE L NO MR BE RfiA= 9 B IR LAY
AR . YA TRBIR o 25% B, A
NO W g @ AL, B sl 2R bert FFE T 33%.
SR, BEE AW BIR ik — 8 nE 50% fil
75%, R NO W EE R BRI B/, A AR ) i
IRPEAAE T, OB NO WA b Bk
&, UAEYFBIR HAE 50% 3] 100% Z A, HO
SONO WA R B 257, RUEEENA

93



2025 445 4 1] E 4K K H31%
350 S TSR AT — TR R, R R 4
300t ROAIXTECRS, Chy WREFROR, M43 TR (3) A
250 | X (4) o BAEYFRBIRLIEES 75% B, NO F%

0l T 5 4l ) R T 0 T BB M, X — B
2ol LEWHEEBIRILT, BIRIRE NO FHAHE
2 ELIE AL T2l M BB RR R IRAS

100 |

—_
(=3
SR

50
BRI %

B9 7 & NO KEHM & M 5 R b9 & LA

Fig. 9 The variation of the total outlet NO concentration with

75

the biomass blending ratio

YIRABIR LT 0 NO W RS2 4/

J T iR EBIR A Y TR b A A A
YIe L], A SCEph 2 I8 T ORI NO ., P
AINO., OB NO LI K NO FRERII52 I, & 10 K
AR NO BeiltiE . AW A RIBIRIL T, #7)
I NO FIPR D NO i BRI , A 2 107,
A LAZ WA o X g RN TR S AT N, #57
B, N, I HO ARG B AR S A NO il
Fus PP B NO e B T S R e TR R A
NO Az pl i VA S NO Pk .

wn
(=
T

NOWKE/1076
— TS
[}
(=}

0 25 50
BIR /%
B 10 # 4 A NO, A NO KA NO 1 NO B &
Fig. 10 Thermal-NO, prompt-NO, fuel-NO and NO-reburning

NO PR 230 LU SO S B

NO+CH, — HCN + OH (3)
NO+CH — HCN+0 (4)
NO+C—=CN+O (5)

L1 % P BF 5 R WE, CH, #8748 s 2 vl %
NO Wit JFAEIAE 2, JEHIEAE TR 5% 1F
T, HEEMEEORRE . BT, BB IR
20 73 BN CH, W IE o BEE A=Y B iR L
0% 14 KB 75%, NO FRHR I 5x107° 14 i 3] 35%
10, Wi 2R P B R OB R AR iR, O A
94

PR SR B B RE A AR IR R NO 1 HE
o ML AR RS, AV TBIR R 25% B,
BRBR NO A B RFIR T 30%; 4AERBIRE N
50% I, BRAME NO A itk Bl i/ ME, a4k
WRIRFEAR T 34%; MAWBIRIL A 75% B, R
R NO A i Aa I, SRS, AYRBIRTE
h 25% B BV TR RORE BE AR LR NO Bk, ZE
YIFABIR EE R 50% B BRRHEL NO R & 5 2 i {7k
Vo, A Y BIR LR, RRHE NO A=
B T V2%, gk R RRHR NO e
B, RORROE R ORI EOE AR,
BRSPS, S B BT
DITESS =B Behpt 5 — R G f5, REh KR
RIABe AR B FE ke, R P AL UR T, K
ORI NO BRI k. IR HA RS A E M
WA, FEDCR AR R ROE 25 5 A R A ™

K11 RE A 5 A 45 H % & 5 NO Rl
R NO AT T4y 8. dhiPfEihbent HoAE ik NO =T
RSy NO; SR, BEE YIS K, i
(A% 45 NO 1 R H NO A Bl 3 22 STk Ui
VLR MR NO U K 4r NO IR K
AW TR RSy NO I % THAE )R NO, XZEH T
VIR R e, RS R, YAEY B
FE/NTF 50% B, J0RHED NO Az il ASTREAR, o
A NO YA B /D o5 = Sy, AR NO 38

650

600 | JAEEHE R PNO W RAE R 5NO
550 | BAEHERNO B EYRERNO

500 ® —=— JRBIUNO
s 450 | \
()
= 400 |

—o— PR IINO+HERNO

BIR /%

B e A O R 2 NO A& &k NO 4 1 L
Fig. 11 Volatile NO and char NO distributions for each of

semi-coke and biomass



SAREEAE PR BIRAE Y T & RUREE NO, JLEBLIAT ST

2025 45 4 1

TR NO FUSZI A BR . SR1MT, MAHmiBiR
FeEat 50% B, BRRHE NO A4 A A Tk, 3F
JCHA ARk

PR B K4y NO FIAE Kk NO B9 R A2 B i
TR NO. fildn, gl gEikpent, it aA
(3% &4y NO FIEE 6 NO 43 Il Sk 252 Fl 257%x10°°,
TR NO S 326x107°, 77 A 3 Al X 31) 14 J5L PR 4
T Y2 i R AR, TR
YR bR B LR e R 2, Rk, —# e st
BRI 22 43 NO i 5 2 i 0 Rk 20 A I 4 B H:
b 38 T 4 R G 2 B R B A T, 5 ) B AR
NO AR I . 250 BT AE L 5 NO Fifk e
NO B, $E& 43R5 2 [0 A AHEAER

3 & i

=A

1) TETCME AU T, B A RBIR LT
B, PR XA, WEER TR . R R
VTR S B BR, TR IRPEREE , #Rbe T
JEZUIT HARERCR T o o 4l AR I {308 P A
i%, Yk eI (ERRE a5 TR T 105 K.

2) YIS RS IR R K, G
M. EARFEAEYFBIREL T, PRSI AR
B . ALY BRI R, K (EMA
TR, AT REEER /AN EHE x = 0.15 m &b,
K MEAUTFET 1.84%; Rl B &3 m, T FE0E
JE B, (HAERI x =3.22 m &b, K, {58 PR
UH 5.59%, EYHRARBIRELT, Pl .=
3.22m A K, {35 T 5.5,

3) BEEEYRIBIR LR, P RAE X L FED
K, HERS SR, CO FEH 2t Haorfm X i
B RN AR RS CO SR A4 A i
RETLAN I 3 A B 2B — B B R o b
H, COAM, AABWBIHAE; 5 BBt
AN, AT AKX, A5 CO FE
BTN 5 = BERAR S M T R A R A
A, BERHRBLLF 58 2k

4) YAEYBHBIR N 25% I, 1R NO #
JE 5 REAR ;AR W) BB IR FUAE 50 ~ 100% 2 [
i, O NO MBI TEI B ANk, FEUtiE N A
JEABIR X H TR NO YR e /e T
A NO FIMPRE A NO Bt sl Ak, nlZmEAT,
e TR NO ¥ BE 32 Bl AR NO A= A i
NO PR o, HA e NO iR = e . ki
HEWIRBIR LH 03 K F] 75%, NO F#LHE H
5%107° H8 fi1 £ 35x107°, M4 A=W B IR LAE 0~
50% f, BRBFRL NO A i AN R AR, Horof g2

»

NO A B/ 5 3 7, AT NO By 5 Xt
R NO RS2 A7 R 5 Y A=W B8R L 7E
50% ~ 100% I, JFARHE NO A= il Ui A B, H
RSN TE N

5) HEFERH 25% WA RIBIR I, 7R AR
T RENS WA INE] NO BB . MBI A
25% B, HEiPEEREEA L, E A NO W BRI
T 33%, X FLEIHKE TRBH NO B a2 T
30%, i NO FRBREZ M A X4 /0N, ] Asf e ek L
T T 16 Ko & AV RBIR LiE— 2K, X
NO A= M IR BE FHAT R, IF B PN I
FRe Tt .

2% X #R ( References ) :

[1]  ZOU C, YU N, MA G, et al. Effects of pyrolysis temperature and
atmosphere on grinding properties of semicoke prepared from
Shenmu low-rank coal[J]. Journal of Analytical and Applied Pyrol-
ysis, 2023, 173: 106059.

(2] LI X C, SHANG J W, GAN X R, et al. Recent advances in environ-
mental applications of semi-coke: Energy storage, adsorption and
catalysis[J]. Journal of Environmental Chemical Engineering,
2024, 12(2): 112430.

[3] XIAOY, SONG G L, SONG W J, et al. Influence of feeding posi-
tion and post-combustion air arrangement on NO, emission from
circulating fluidized bed combustion with post-combustion(J].
Fuel, 2020, 269: 117394.

(4] SRERME, WK, TLSHE, 55, O,/N, Fll 0,/CO, “UR T MR £E-A4: )
BUHHRARREE BSE AR (] 1RO, 2024, 42(1): 3-12.
ZHANG Jinping, CHEN Lei, SHEN Jingchun, et al. Combustion
characteristics and influencing factors of coal semi-cokea nd
biomass blends under O,/N, and O,/CO, atmospheres[]J]. Energy
Conservation Technology, 2024, 42(1): 3-12.

(5] GONG Z Q, ZHOU T, LU Q G, et al. Combustion and NO, emis-
sion characteristics of Shenmu char in a circulating fluidized bed
with post-combustion[J]. Energy & Fuels, 2016, 30(1): 31-38.

(6]  BRZEA, 5KER, ZM8 X, S5, b R BT SRR B Tl s Y i g
KRR (). R AL T AR AR, 2021, 41(4): 1197-1208, 1526.
GUO Junjun, ZHANG Tai, LI Pengfei, et al. Industrial demonstra-
tion progress and trend in pulverized coal oxy-fuel combustion in
China[J]. Proceedings of the CSEE, 2021, 41(4): 1197-1208, 1526.

[7] LIU L L, KUANG S B, GUO B Y, et al. Combustion characteris-
tics of charcoal, semicoke, and pulverized coal in blast furnace and
their impacts on reactor performance[]J]. Powder Technology,
2024, 433: 119243.

(8] LIPF, CHENGPF, WANG G C, et al. MILD combustion of solid
fuels; 1Its definition, establishment, characteristics, and
emissions[J]. Energy & Fuels, 2023, 37(14): 9998-10022.

[9] HUF,LIPF, CHENG PF, et al. A pilot-scale experimental study
on MILD combustion of sawdust and residual char solid waste

blend using low-temperature preheating air[J]. Fuel, 2023, 342:
95


https://doi.org/10.1016/j.jaap.2023.106059
https://doi.org/10.1016/j.jaap.2023.106059
https://doi.org/10.1016/j.jaap.2023.106059
https://doi.org/10.1016/j.jece.2024.112430
https://doi.org/10.1016/j.fuel.2020.117394
https://doi.org/10.1016/j.powtec.2023.119243
https://doi.org/10.1016/j.fuel.2023.127768

2025 4F5f5 4. 10 E 4K K H31%
127768. 2020, 146: 2566—-2576.

[10] SUNZJ, WU QN, ZHAO CX, et al. A review of NO, control by [20] HUF, LI P F, GUO J J, et al. Global reaction mechanisms for
MILD-oxy combustion[J]. Journal of the Energy Institute, 2024, MILD oxy-combustion of methane[J]. Energy, 2018, 147:
113:101502. 839-857.

(117 Bms R, shZE e, 22 B ANFS FHBIR A S04 K 3l 1 22058 (211 WOt T = ST ARE A A3 I A 04 (4 5 f5E 43 BT [D]. WA R 5
U] iBEEER, 2022, 28(5): 134-142. MR Tl K%, 2008,

WU Pengkui, HAN Kuihua. Thermogravimetric Analysis and [22] BHUIYAN A A, NASER J. Computational modelling of co-firing
Kinetics of Blended Fuel of Semi-coke and Straw[J]. Clean Coal of biomass with coal under oxy-fuel condition in a small scale
Technology, 2022, 28(5): 134-142. furnace[J]. Fuel, 2015, 143: 455-466.

[12] WANG Q, ZHAO W Z, LIU H P, et al. Interactions and kinetic [23] L A, YIN C, RIAZA J, et al. Biomass co-firing under oxy-fuel
analysis of oil shale semi-coke with cornstalk during co-combus- conditions: A computational fluid dynamics modelling study and
tion[J]. Applied Energy, 2011, 88(6): 2080-2087. experimental validation[J]. Fuel Processing Technology, 2014,

[13] QIN H, WANG W L, LIU H P, et al. Thermal behavior research 120: 22-33.
for co-combustion of furfural residue and oil shale semi-coke[]]. [24] GUBBA S R, INGHAM D B, LARSEN K J, et al. Numerical
Applied Thermal Engineering, 2017, 120: 19-25. modelling of the co-firing of pulverised coal and straw in a

(14] S, BREERL, Jr PO, %5, & 2T B A AR AR S50 300MWe tangentially fired boiler[J]. Fuel Processing Technology,
TS ). BEFERL = 550K, 2022, 28(3): 247-253. 2012, 104: 181-188.

MA Lun, CHEN Xinke, FANG Qingyan, et al. Experimental Study [25] GLARBORG P, MILLER J A, RUSCIC B, et al. Modeling nitrogen
on Interaction of Semi-coke/Straw Co-combustion under Oxy-fuel chemistry in combustion[J]. Progress in Energy and Combustion
Conditions[]]. Journal of Combustion Science and Technology, Science, 2018, 67: 31-68.

2022, 28(3): 247-253. [26] SUNLT, YANY H, SUN R, et al. Effect of bluff body addition in

[15]  TRERHE, BREE, TK%, 5. 0,/CO, Z& M NI AR Y B i TR fuel-rich stream on reaction behaviours of large-proportion semi-
FEPE RN 12500 ()], itk 2024, 47(3): 1-12. coke rich/lean blended combustion[J]. Fuel, 2022, 308: 122020.
ZHANG Jinping, CHEN Lei, WANG Chang'an, et al. Co-combus- [27] WANGP Q,WANG CA,DUY B, etal. Experiments and simula-
tion Characteristics and Kinetic Analysis of Coal Semi-coke and tion on co-combustion of semicoke and coal in a full-scale tangen-
Biomass under O,/CO, Conditions[J]. Coal Conversion, 2024, tially fired utility boiler[J]. Energy & Fuels, 2019, 33(4):
47(3): 1-12. 3012-3027.

[16] SCHAFFEL N, MANCINI M, SZLE K A, et al. Mathematical (28] SPLIETHOFF H, HEIN K R G. Effect of co-combustion of
modeling of MILD combustion of pulverized coal[J]. Combustion biomass on emissions in pulverized fuel furnaces[J]. Fuel Process-
and Flame, 2009, 156(9): 1771-1784. ing Technology, 1998, 54(1-3): 189-205.

[17] GUOTJJ,LI XY, HUANG X H, et al. A full spectrum k-distribu- [29] MEIZF, LIPF, WANG FF, et al. Influences of reactant injection
tion based weighted-sum-of-gray-gases model for oxy-fuel velocities on moderate or intense low-oxygen dilution coal
combustion[J]. International Journal of Heat and Mass Transfer, combustion[J]. Energy & Fuels, 2014, 28(1): 369-384.

2015, 90: 218-226. [30] WUNNING J A, WUNNING J G. Flameless oxidation to reduce

[18] WANG C A, HOU Y J, FENG Q Q, et al. Numerical simulation on thermal no-formation[J]. Progress in Energy and Combustion
co-firing ultra-low volatile carbon-based fuels with bituminous Science, 1997, 23(1): 81-94.
coal under oxy-fuel condition[J]. Fuel, 2023, 332: 126087. [31] LIPF, LI W H, WANG K, et al. Experiments and kinetic model-

[19] WANG X B, ZHANG J Y, XU X W, et al. Numerical study of ing of NO reburning by CH, under high CO, concentration in a

96

biomass co-firing under oxy-MILD mode[J]. Renewable Energy,

jet-stirred reactor(]J]. Fuel, 2020, 270: 117476.


https://doi.org/10.1016/j.joei.2023.101502
https://doi.org/10.1016/j.apenergy.2010.12.073
https://doi.org/10.1016/j.applthermaleng.2017.03.111
https://doi.org/10.1016/j.combustflame.2009.04.008
https://doi.org/10.1016/j.combustflame.2009.04.008
https://doi.org/10.1016/j.ijheatmasstransfer.2015.06.052
https://doi.org/10.1016/j.fuel.2022.126087
https://doi.org/10.1016/j.renene.2019.08.108
https://doi.org/10.1016/j.energy.2018.01.089
https://doi.org/10.1016/j.fuel.2014.11.089
https://doi.org/10.1016/j.fuproc.2013.12.005
https://doi.org/10.1016/j.fuproc.2012.05.011
https://doi.org/10.1016/j.pecs.2018.01.002
https://doi.org/10.1016/j.pecs.2018.01.002
https://doi.org/10.1016/j.fuel.2021.122020
https://doi.org/10.1016/S0378-3820(97)00069-6
https://doi.org/10.1016/S0378-3820(97)00069-6
https://doi.org/10.1016/S0378-3820(97)00069-6
https://doi.org/10.1016/S0360-1285(97)00006-3
https://doi.org/10.1016/S0360-1285(97)00006-3
https://doi.org/10.1016/j.fuel.2020.117476

	0 引　　言
	1 研究方法
	1.1 模拟对象及方法
	1.2 数值模拟验证

	2 模拟结果与讨论
	2.1 生物质掺混比对温度的影响
	2.2 生物质掺混比对炉内烟气再循环的影响
	2.3 生物质掺混比对组分分布的影响
	2.4 生物质掺混比对NO排放的影响

	3 结　　论
	参考文献

