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HE: B RAMIEH AR CHIER R — A F S B 2R AR, At R AR L v B 2 18 R AR E % TR,
AL BRI KR LM ARG AR A RS A48 SRR B R 5 R %, BETHALRK
AN R R I G, AT A AW A T AF M Ao 70 ORI B IR 4 AT TR, BT
P AAFERMRE TR P ESf b AE, ZEREAVAFTRTLAR AN ARRE LR R AES O %S
fRIBAT, RAEAABEEARN; AR AEBEHEEKR, HBEAETREFOMRL, R&HEETE
1115°C, mb 2R EMEIKE 850 °Co ARKR ANV B A TITRREERTIREZRBEAFAKRFELE, &
BEEA P CO. Ha CHy B (T A)2 ATk 13.15%. 8.72%. 0.78%; M F EFart T RIEMEAIZ
Bol, BHE 50%40 #4542 dso=43 um, @ KF EBE dso=24 um, TG B L& @ AR 4.05 cm?/g 3 e
2] 216.44 cm?/g, RlBY, ILAEAREIE K, BB EFI K E; AMRTA T 96.33%0948 K 5 F= 40.23%49
Bl & a8 FEk B B AP RIBY, #4LE A AP HE N T3k 69.74%, 47.67%#4LHA Ny, HA#4LH NH; f=
HCN. FRMIRFFH N TFATIRIE G ReB A2 R Be, RAEAE KIER, BESH D TR EFRBALF 69
NHs A= HCN, AR B AR FATH a9 R RADHALAH Ny, ZHMENEA NO £ k. RIBEHEET H 2 NO
HEA A 143.02 mg/Nm? (6% O2), CO HEsx 4 8.17 mg/Nm?® (6% Oy), iz E F ik 99.75%. K Zid 42 X
AR ALY MG R, HE N AUH 4.69%4 4L % NO,
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Experimental study on preheating combustion characteristics and NOx emission
of pulverized coal based on an entrained-flow gasifier
TAN Houzhang, WANG Xiaoxiao, ZHOU Bimao, ZHOU Shangkun, WANG Yibin, WANG Xuebin
(MOE Key Laboratory of Thermo-Fluid Science and Engineering, Xi an Jiaotong University, Xi'an 710049, China)
Abstract: Pulverized coal preheating combustion technology has been proven to be a clean and efficient com-
bustion technology. In view of the limited space and load-bearing capacity around the large coal-fired boiler, a
novel technology and system with a compact entrained-flow gasifier to preheat pulverized coal is proposed for the
first time. The preheating characteristics in the gasifier and the combustion characteristics of the preheated fuel in
the down-fire combustor (DFC) are studied on the novel self-built preheating combustion test rig. The migration
and transformation of coal nitrogen during the preheating combustion are investigated. The results show that the
experiment system can operate continuously and steadily with small fluctuations in pressure and temperature. The
temperature gradient in the gasifier is large, and the high temperature zone is located near the burner plane. The
maximum temperature can reach 1115 °C, while the outlet temperature of the gasifier decreases to 850 °C. The
high temperature coal gas and char produced by the entrained-flow gasifier are provided to the DFC continuously
and steadily. The volume fractions (dry basis) of CO, H, and CHa in high temperature coal gas are 13.15%, 8.72%
and 0.78%, respectively. Compared to the raw coal, the size of the preheated char decreases. The 50% cut particle
size of raw coal is 43 um, while the preheated semi-coke is 24 um. The specific surface area increases from 4.05
cm?/g to 216.44 cm?/g after preheating. At the same time, the pore volume of the char particles increases, and the
combustion characteristics are improved. 96.33% of volatile matter and 40.23% of fixed carbon are released into
high temperature coal gas. Also, 69.74% of coal nitrogen is transformed in the gas phase, and 47.67% is converted
to N2, the rest into NH3 and HCN. Stable combustion could be achieved with preheated fuels in the DFC with no



ignition delay and a uniform temperature distribution. Most of the NHs and HCN and the nitrogen released from
char are converted to Nz in the main combustion zone. There is no NO generation in the main combustion. The
CO and NOy emissions at the outlet of the DFC are 8.17 mg/Nm? (6% O_) and 143.02 mg/Nm?® (6% O), respec-
tively. The combustion efficiency is 99.75%. After the pulverized coal is preheated by the new entrained-flow
gasifier and burn in the DFC, only 4.69% of coal N is converted to NO.

Keywords: Pulverized coal, Entrained-flow gasifier, Preheating combustion, NOx emission

EETHE: EERESFRIRITEEEE (2022YFB4100500)
EE RN WERE (1965—), 5, TLHHABIN, #d%, A, E-mail: hzt@mail .xjtu.edu.cn

£ K" AR, KEPT S BUEAEEHEN, B RN I RS . SR T DARER D 3= (4 REYE 5L I
PE T AEARRARK — BN R A SR E 5 B A TR 09, RO BRI 2 it ™ A5 4, o NOW 2
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Mo T IHREHRREN FATIRE = . MRS (B ARG, B ARG, BERG%. REHSAEA
FRARG. WHSAEL T RAESE).

WK 1 frs, Sy, AV EE 250 mm ARIERE, DA ORI B b i . THER 22t —
A PR IR AR — AN, B T IF TR KRR I RGEIRAS s KRR AR TRk 6 K A e Ja R o
FESA Y EERALIEIRE 90 B PUANREME, REANEMEA N EE, O A SR A — R, T
BB NS O, a0l 2-a BRI s s S O R 5E AR RE BT R S AR K 25%~50%,  FH SR $R At
PR AR BRI ST A, B A E R B PO A iR, RN RIE SRR e . R
I COA R AR S A R BIEA (CO2v HaOy CO. Haw CHay N 55D i s <SR A,
FRATARIRAEL . TSRS B = AP AR BN N AT IR = 0%

TATAEE EARN 340 mm, (SN 3500 mm,  FEM BN AT, SMIELEE 200 mm {RIEME . NAT
PRIGe = T A B —MRERS, S5 2-b B BRERE N ZUOATE A bE 28 s R 5 ARl BB &, 4b
TR PR T BN, — iR I R A (R B IE BN, 5 — RO I AR T R S A1 B 4 A
EN, WK 2b fi7R. BERE W iy E M BE 22235 17 5 )2 = ORI 1, 55— 2 22570 BE B T00 150 mm Ab,
AME1RE 300 mm 1A E, B2 = PR DA KE 90 B 4 ANWE I, W 7020 G0 TR BHR Be ks 52
Wi RBE I R S AR R S WA IR IR ERHEH , 2 /KA BSR4 A1 A 150 °CLL R G HE N 48R B
Bray, mIEHEAKR A

Sl EEREATE 7 20, BEA 2 MRS AR DR — MR KL, A B 7 2a R
N P B S AR AP TSR B8 43 )0 120, 290, 370, 450, 620, 920, 1220 mm, Z5Hld 4N Tars TgeoTg7o
TESAI R AT IR = R R B AR B T 1 AT L ANTRARELIURE T, 0N Tger FHTXA
G B R RSB T T TATIREESAE 7 10 20, FREEEEN EARE 1 /NEE AR 1 ME
FELT, 55— s R s R e 2 T 150 mm,  Hex il sl B 300 mm fER AT E, 2 5lar 2N Tas Ter - Teoo
BRI A — AN EURE 3 0] LAY AR K AL FATIRBE S AT & T 1 /N ARI S LA ORI T,
FAT 3 BRI Ja R s o PR R 26

B 1 AR A = T B b T 2R
Fig.1 Schematic diagram of the high-temperature preheating combustion of the entrained-flow gasifier
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Bl 2 SALSP iR T AT A be S AR AR A5 4
Fig.2 Burner structure of the gasifier and the DFC

1.2 ERFMLIGTR

SIS BT PR A, 3R 1 I T A A e R A o AR EUc &R =240 0.87%,
YER 5y 8N 33.54% o S5 b it FH I B 0 AT W B 3 o, YE I 1~140 pm, SR S0RL 20170 50Ch 10%.
50%F1 90% #4243 A 12 pmy 43 pm A1 101 pm. SEI THLANER 2 FiR, 4858 6 kglh, —IRXEN
0.39, MM REN 1.07. SIS P R BemE 5 R e 45 S0 P92 S35 A e
(] — RS TN o R 2 2 IR B R I s T WO 45 ) B A B M T N, AR . = 1R B B 128 AR 0 = Tl
#1500 mm {23 5 2 =ORMEN . SEE IR R o B AN e R R P AT A (15, 17, 27,

TE XA 3 AL Cye
c —1_AxX,
" A x X,

Forbr Ac AT A 7 BN RN TR AR T S &, Xa A1 Xo 2 BN AN PR AR 403 X & &

R LMW ST RS0
Table 1 Proximate and ultimate analyses of the pulverized coal

Tk (wt.%, ar) JLEAHT_(wi.%, dry) Qretar
M Ash vV FC C H 0?2 N S MJ/kg
4.65 7.44 33.54 54.37 73.93 452 12.45 0.87 0.43 27.19

-wt(0)=100- wt(C)- wt(H)- wi(N)- wt(S)- wt(Ash)

K 3 8P PRk AR 2 Al
Fig.3 Particle size distribution of the pulverized coal

R2 LWFEH
Table 2 Operating condition of the experiment

24 XA il

i kg/h 6
AP R KE (W) Nm3/h 4154
St S MR - 0.39
RS E SN R E (M) Nmé/h 17.69
MRS RS R - 0.42
= =R E (M) Nmé/h 10.95
IR AL E mm 1500

B EE R 1.07
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2.1 RGBTSR

B 4 NS R R AT IR 2 IE % 38 AT I TR /RN EREIN (128 1k . T Aa e i, <Akl N IS 1 24-40 Pa
KA, BRESSEAIE JIN-T5 Pa i di, JEZEIUA 35 Pa, H/AALSRIRES 3K At RS RN, At
10 Pa, BRI AT LUABARS SR G Ra E LR B TRAVIORE . IR IR T A R IR R R, — T A
1~2 kPa ™, IE] 4b T LA th, 76 R G ISAT R AP AR s 35 1 LA LR 7 5 0 P 1 LA e A e 1
WA 10 °Co Ui RRIR AN FRAALR 2R 58T SR Aa e B 4T, A SEIR B /SRR S
BT LU FE R A S Y B R IR miR, IR S e MR A s IR TR, TR RERE 6 T
TR Fa R

(@) &7y (b &
B4 A FE BE I 1742 £k
Fig.4 Temperature and pressure drop variations with time

2.2 TR EPARIEIE

Kl 5 AR AP Ze A, BT A EE By 1500 mm AL AL IP ARG S R B AL B
(Tge), BIAARAP IR . ATRAE M, A P vl X 2 A th e e P PR, ORI M <1 1 1)
Bl ) A J i BE R B A BB IS A P TR A A b il O 1115 °C (Tga), Ar T DU SRR
RABEMET b O, B P R el BE P RE s T ORI B, R D e T XN AZ A T T RE AR X
RIVGEME AL X o 3% 3 FE RO — R O SR HE I i J 3B 5 55 i COL Ha CHa BT HY 4%
ROy~ FERORTER ARG, FECT KREMERS, thah, St B iR Sk ol Sl 2R3 A A E] O,
BERHASALYTN O HREARDL, — 77 THIZ B Tk S N 1] RUBE K TE 2~dms P81, 5zt /T 2H 53V A B 1)U
~0.1 s, F—Jr MR PUHEIE FER 25 TS 4 SR ST % 4 B, HAR ASTE T 3R MEBE N O2
RS SRR ANME AT DL A HATpE I St IS A I a2 ORISR P 75 #A R, 10 HAE W AR Bt K& | b2
RSB A 28 300, edh, DU SRR LA o R DU AR AR AR f AR AR 2R S AR & o B TS
IR RERFBE R, M-I 1] b ) R IR BB A, T2 Al Tay T A1 Ts A2 B 55 08 ME 1 1 BE 5 20 70 AH I,
{5 Ty M1 T s 0 v T T3 0 T, 3K S ol T 5 A F T e~ 1 R 7 R0 SR I FE AR O 8L, C(s)
5 H,0 Fl COx RAA A R M Wil B, |8 5 18 ] LLF A PR BE ATk 850 °C,  IX 2 553
PRTI T ZHARIR 2 AL, B =2 ] DIFEAR S S5 b R o Aee & R fe e s T PR, — 3%
NI Z AAE TR AR PR A3 A3 ), W W S BB i 13 19080 S R S S LB P K



K5 ALy Wil A
Fig.5 Temperature profiles along the axis of the gasifier chamber
Kl 6 NN COL Hao CHa R BT B i r A . W LUE AN CO & EmTiA 12%0 L,

Ha & mT ik 8% LA L, PN 73 FE W~ THI BT B2 e IS, BB A S B R AR WY Bl B T i, T CHa K
JEAEEME - THA B B i, X FERN CHy EEOR A TR T i, AR C+2Hy—~ CHy S FRARAIR
(251, B 7 S RS N S R o A o R EOC R R BT E R AL, BRI R E
BRENEY 5B IR A VAR 4 R MR 2 IR R 28, T e~ R B, AR 5y
N 2E MR, 830 N IR RSO —CN FI—N, JF5—H. —C. —O % H HEL5 G IF VAR
K& HCN. NHz. NO &, {HAVSALY 2 A K] NO, X 2 i T N il JE I U, NO ZE K
JEAHOREIE IR . NH3 i EEAE RS T B K, HCN U ZEGEMs ¥ Z i s . Bl 8 451 17 Smoot I Haynes
PEH I N F LRI, HON 7E R I Se R B, T WP TH XA Z R RN . A SR 2 2R B oK
(¥ OH Al H H i 5, FTLLKE HCN #4609 NHs, NHz#E— T ELBA AL NO il No,  TEZTA 4 F T NO W]
LA# Char i&J508 No, X ARSI EHREY) &

(a) CO (b) H2

(c) CHa
Kl 6 Ak = B S U 2R o AR

Fig.6 Main gas components profile along the axis of the gasifier chamber



(@) NHs (b) HCN
K7 S E N ALk o Ah

Fig.7 Distributions of N-containing components along the axis of the gasifier chamber

8 N AL

Fig.8 Coal N conversion mechanism

3 NAMPH s T AT R o, A HAFEE AN (D RS FTUEH
LTE, JEIE 96.330% M5 K 7 1 40.23%I1 [ 78 ik e A B UM EiR R, R LR AR K o AE TR
N BB . — 7T A T RV e P TR R =, AR TR RS R R A S — T
VA Gems s 4B, HPNSTERRIEIR X, AR T E KRR T I A 3R 3 16 0] LA Ha S s
JEN AR TTIE 69.74%, UF 30.26%0 N SR IR B AEFI R AN, HTHERS LR, XERE
PR N JCRIEBESEE N B DAAR N JEUR . th4h, H R O JuER LRI EIE 96% L b, JUT-4af:
tho F 4 SR TAAY D RS SRRy, CO Ml Hy T-HEIK 70 il ik 13.15%81 8.72%, =ik i
CO HI Ho A FI T Pl MRREE N KRR 25 J Bl 35 K AR e RGBS TR K o AR H A e il 3]
NO 1 NO2, & N 41459 Now NH3 1 HCN, 5 Ouyang 131 F1 Zhu D812 F R 970 A4 R TR R F BT
T RAPL. £ 4 Fon NHz F1 HCN MK EE 23504 629.91 mg/Nm?® AT 131.38 mg/Nm?®, 15 B T i £ A6 2>
FEN A9 N, XA H T R 5 NOx HE.

xR 3 ERFEIWSHAMTRERITUARZHIELE
Table 3 Proximate and ultimate analysis of high temperature char and the conversion rate of each component

1 H e AL (%)
Tl (wt.%, ad)
M 0.76
A 17.93
\Y 2.97 96.33
FC 78.34 40.23
JEEMHT (Wt.%, dry)
C 79.46 53.30
H 0.41 96.06
(0] 1.02 96.45
N 0.61 69.74
S 0.43 57.00

R4 SUPEOKSKD S (dry)
Table 4 Coal gas compositions at the outlet of the gasifier (dry)

CO (%) H, (%) CHa (%) CO, (%) NH; (mg/Nm?) HCN (mg/Nm?)

13.15 8.72 0.78 10.17 629.91 131.38

BB E AR T R IR PR N PO T, BEBORRIE Ry, KA b, R, =51
BORLIZIK . AR FLBREE R . FLARAR NI VESE ARt BRIk, X BRBREAN IR AR ok A Al 70 s AR5



AT, BET HRTA T, BRER SR TS PR iAo BEA R RE 1 52 o 1 9 W) UE H T £
WRCRLAE B BN TR, JEBE 50% ) EIRI4E dso=43 pm, 1M PG RL dso=24 pm, Bl T REES
A A e T ISR TR, RAEFER T RS S SO R R AR ORIARN ), 5 BRI AR A
g 4 E R R SR B2 SR R Y7 N 1 oy S = S W VR B S e B S R 2= T O i IR B C R R
FAEFATIARES) 15 8, W 10 P, FAEE SRI0 S N AHEGE A 20 °C/min, £ 1000 °C. 74T
11 AT S0 SRR 2 A R [R] 43531 9 21.25min Al 15.55min, T BRI EE 43 ) A 725°CHT 692°C. @it TG-DTG
Jiid BRABHE KIREE, TR JIRE N 439 °C, TMIHCEAEE KRN 492 °C, BARIFEHHGEFEFE K
ST, (HAR AR JGR T L R R 53 °Co AT 6 AN TG AR IR B N 850 °CH i T3
KUREE, B AR =G B S WAL K. R 5 BoR 1B AR RO R oo B,
BET 75 JFfE EL R HIANA 4.05 cm?/g, T AR LR T ATIA 216.44 cm?lg, AT 53.44 £, 1X 3
BT RN AE S o R B R WALERAT Y, 36 BOURL PN S AN T I 2 LI . 3% 5 16 Rl LR HH 4
TG RORL S FLAFRAS B RIR BESGN, ~PIFLAR R vT JLALARIRD, Ui B AR S BORE LI 2, XA R T
RS R TEIAR, R T PRe AR Fh AR SR TH P2 A2 B 2 mT USSR NO I I B E o Z8 6 TIAR T i MOk L
R FLAFR PRSI AR, BRI S A TR 5 BRI be e PR A5 21 2

K9 JEUE AN Tk AR A
Fig.9 Particle size distributions of raw coal and preheated char

(@) M (b) Fi#A4E
K10 JRIEMTREA AR E AT
Fig.10 TG analysis of raw coal and preheated char

R 5 [REMITAFETRIF XL
Table 5 Comparison of particle characteristics between raw coal and preheated char
LR (em?/g) SFLAR (em¥g) “FFLAE (nm) ] JLFLAE (nm)
JE 4.05 0.023 14.52 3.50
T 216.44 0.171 3.16 2.18




2.3 FIIRARHIRIG

B 11 8 MTR e =R AT . o LUE R be = NIk A B BRI R, BE B ke = 00 150 mm Ab2E—
ANDN R P IA 1250 °C, B SRR TR RS IR KA IS JE G R A R IS, BRI T KE R, X FEE
e RN i TR R 3 K& COL Ho Fll CHas 5 O RKE SN & T 350K S B2, MK T 53 AH s B 25 5
BEAT, HRMIEFMEER. WE 12 Al LUEH CO. Hy Al CHa FEANIARE SR 2 e il gl ke, & =R XUIBE
ZHT Ho Al CHy JLF 0 #E5E, T CO B4 2.8%, i W = VR XUBE N 2 B RKE =8 N il R U5, XN
FITF NO Al REBe = fe i i 1283 °C, KT 1500 °C, #A3H NOy P~ 4= Al LLZRE, Tt H NOy fE#E
BREE R JLEASTEAERS], AT DLW R = NOx /2 Char-N BN & N A AHZH 2> NHs. HCN %4k
Kumar BRe B s % T 15% MRt s e SCNTCIGIRE,  — Ml Jod vy i S I 2 S Bl wan il IR ) i
L, HARSRIEE N ATIE), WA, BABeRRm H NOy HEBUR o1, e SO = T AN — X
s NAE B 2 (BN FEBRIX, T Ea] R0 = R X IR B I s 11.54%, 1] DL A S 58 i Rk be == 2 R IX S gl 1
el TR AR TC IR %

B 11 R ATHRE SR 0 A
Fig.11 Temperature profiles along the axis of the DFC

(a) CO (b) H2

(c) CHs
Kl 12 AT AT A o3 A
Fig.12 The main gas components profile along the axis of the DFC
Bl 13 IR E NS N FESAA R /A0 . B 13a W] LLE H sl TR NHs RI46UR BE LU
i (629.91 mg/Nm®), (HE ARG % 5 ik FE U PR . NHs HRTE SR IE SRR & 25 O 4564 B NO;
TEIRJEPESSUF SHAA No B t T R IX 9 Nl SR S5, LR AR R, o] AHETIE N FATHRGE % NH3
HE) N JCR TN N2y NHs B S H0CH NH,, B ZE R EEE N R2~R5M., = Y XUBE N Z 5 NH3 ¥



FEHLON%E, HZ R AR, wRGe= A Char-N it E A NHs #2146

NHa+OH/O/H — NHa+++* @)
NH2+O — HNO+H 3)
HNO-+OH — NO+H20 (@)
FEEJEVE AT
NH2>+NO — N»+H,0 (5)

TERR AT HON 2 —MATE, Hi &KW RMNHEE 520, —B0h, R EESR T AT
PABEEAL R No» EEALTE ST AR B B NO, SV S B 5 FE 9 R6~R7. i TRV EL T HCN iR Ay
131.38 mg/Nm?, [ 13b &7~ HCN HE AR = J il L #E #E5¢,  mT DAHEWT HCN A1 N 32 Z2E4L =)k
Nzo BfJ5 HCN IR EERE A HG N, F BEAE iR T IASRELH Char-N #r 5 /b B4k, =R Z )5 X Bk
THFETE .

HCN+5/4 O, — 1/2 N»+C0O,+1/2 H,0 (6)
HCN+7/4 O; — NO+CO2+1/2 H,0 (7

P 13c T LAE Y NoO 7EME C1 T KB AR, X5 Liu 258 NS 7045 52580, NLO A DL ¥ A el 3k
BIFH R B AE G, AE R S NHs A1 HCN 5 ik KU O 75 R B FE AR U I B2 OHL O 5545 & TR Ak
De Soete B*HA Ky N2O EHHH S B AR il F R AR R R IR O T C(NO), C(NO)iE— 5 C(N)ai# NO
SR NoOo FE#RBEE 1200°C L EFR AT NoO WA T2, RES 0, RIS 2 NS 2 5
JUFBARIE] N2O f71E .

Kl 13d 7T LUE PR AR JG, 5 IR SO R A & NO2 2B, X F 25 FRRIXAELE
— BB IR T L 3L HO2. H 2555, HO X NO B EEAR ], MU T:

NO+HO; « NO,+OH (8)

BT BRI SR AU, AR = I TR E AN NO. & 13e 1T LA HE TE — R N Z /i,
THAA NO ZERL, I TARAEL R NHs AT HCN 78 = REIX A6 =P Noo 3X 32 BLR RN A S TG =
RIAREI A KE CO. Hay CHy S5IR PR 5, A £ R WA AOB FLIR S M AN B K L R TAR,  £E
WY Oy Hefihf5 2 AL R EVEVERE Cro mIRTIPVRELS O Hefilf5, SJeRAIHBRIN, MRS
O M) A S NEAH T 2 1%, BIF 723 WA £ e NO S AR Ji o 3 S i 14381, CO A TE 2% NO i J5i5) /)
R ENGE BT, RS ERIXAAE KR CO, PREFRREL T N S5 AR NO 2 #RH#iE 5N N,
Al AEER AR N RO~11.

NO+Cs — C(0)+1/2 Ny (9)

CO+C(0) »>COz+C* (10)
char

CO+NO— CO,+1/2N, (11)

SUORIBE NG NO ¥R B IR GEIA B i KAE, 2 5 /MEFECIN, AT DLHERT AR B NO 2 223K T Char-N 1)
oAk, HER RS N 1) NO AL FEAE R H 4%, Winter B8L Jy Char-N %25 L HCN 23 CN TR UB, 2
JE ¥4 NO. Thomas BI%4 H T & & B RERI I A AL R, 41 R12~13.

02+(-C)—(-CO)+(-CNO) (12)
(-CNO)—>NO+(-C) (13)
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(a)NHs (b)HCN

(c)N20 (d)NO2

(e)NO
Bl 13 AT E S N A e & oA

Fig.13 Distributions of N-containing components along the axis of the DFC

6 MAK=E H OHER

Table 6 DFC outlet emissions

CO (mg/Nm?) (6%0,) NO, (mg/Nm?) (6%0,) RIKEHE (%) BREERE (%)

BB 8.17 143.02 2.7 99.75

® 6 NMRGEEE DHEBRA bR . TR EEEE R, ME=H0 COo HHlNa 8.17 mg/Nm?
(6%02), NOHEIA 143.02 mg/Nm® (6%02). #RHE=H M KK EBE N 2.7%, HEAHARSLIRRE RN
99.75%. XA AL S EiR TS, BR R ] E B K 5 A F 5 il =ik 96.33% 11 40.23%, AR
PP (A D THEARIEE AR S AR TR RN 2.47 kglh, HIEE & THEE KN, SWEd
NIRJoe 2 0 il AR 5 A R A S L RN R A R I S, 3% X FAEAE R k. K288 ¥Ry B
FETRIRBE I AR R RIS RS R & A KR TR 20 CO Ho il CHy, SARRRLEH AR AR, ik
BKERE, FRAERKE CO M H0, nILMENEE RSB, B 11 af AR =00 5 X R
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FEAYAi¥5], B B vIE 1283 °C, 1R R X i & it — R B RE (C+02) M S4B (C+H0
Al C+CO2), SKIIMAT Teo Az B AR 1 [H] 78 BRI AL 2 =178 89.80%, 15 BT N = 1 R R K8 3 [ AH AT AY)
OBV SAH T . 55— 7 T T AR = BRI FE T, Teao MU AR E 11X 913 °C, il A AT CO
BT Op J N B BIRIR B .

RIEICPE (A D HEARIZE S TG A 2 3.53 kg/h, IS4kl A
MAMRTTEN 24.22 kglh, HR3EZR 3 1 N TR R4 H T NHz A1 HCN 3R EETHEAS 25 N 28 Fiil #
JE AT oA, ARAEIARE 2 H T NOK IR B AL S S 545 B R B 2R W) NOW Fe b3, BRI
TCRAESRKR AP BRI FE TR 842, & 14 Fis . 1] UG H TG FE 69.74% 8 N B, 47.67%
IR N ZE TR BOFE AL No» 19.51%5:46 4 NHa,  2.56%#446 9 HCN, i Bk b iihad B 3B 201 N
BT, BRI N RER AN No, IR T X A be i 72 A 42 i NOK HEZ SC FL 22 . U 30.26% 4% N B 7E
AR, XS N A2 ER TAREHE R AR FE R NOx 2 Bk IR . S &AMy & S A TR J5 i
N 1 FH 4.69%% 1t NO.

K14 S N TR AR RR A T b R L #8 A2
Fig.14 Migration and transformation paths of coal-N during the preheating combustion of the entrained-flow gasifier

3 &g

(D HRSMR S TSR SL I R AR Fa g 12T, SR A R ATIRARE = N R 3 3h 1R
AN, RACHPREE N T AT BRI R R MR A R IR T AR

(2) B A S TG H AN E S AR SR COL Hay CHa Z5RI RIS M, Tl
WORCRAR A FLAR /DS, EE R ITAAFLARIGE R, BRI AR b T RS B, ROBOE T, fE TG
FEA 96.33% 45 K 73 F1 40.23% ) [ 58 B Fe AL B JE N AL 23R =08 69.74%, K4k N, A F
T30 NOy 2E it o

(3) TRAMREME FATIRRZE N IRIEE K, AETEE KR, BRRRE, el 1283°C, EMIX
REf8 SCIARE TR e . BRI Y TR B 26 K358 NHs. HCN BLAGZr£E R N #IR) N2 74k, = I0A
WENZ BB NO 2B, 18 N AN NO B4k,

(4) FeZhpe s O NOx HECH 143.02 mg/Nme (6% O,), HE N [ NO AL RAVA 4.69%, MRBRE
ik 99.75%.
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