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Research progress of alkali metals release characteristics during thermal
utilization of high-alkali coals
LI Teng ZHAO Jing WEI Xiaolin
(State Key Laboratory of High-Temperature Gas Kinetics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China)

Abstract The detailed mechanism of alkali metal release and its influence on NO production during high alkali coal combustion
was not systematically discussed. Based on the review of previous work and the latest research results of the research group, the
release of alkali metals and its influence on the NO formation were discussed in detail through experiments and chemical reaction
calculations. The results showed that the release rate and release amount of alkali metals will be affected by the reaction
temperature , heating rate, reaction atmosphere and other mineral elements, and the release process is also accompanied by the mutual
conversion of different occurrence forms of alkali metal. It is found that the released alkali metal salts such as NaCl can affect the
production of NO by influencing the recombination of H, O and OH radicals according to the kinetic calculation. The competitive
relationships among various elementary reactions determine the final results.
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MG, S5 BRI IR < R TR P T Ut R <93

JREEH, AR TR0 fif B CL 2k #1 3.9%10" ¢, H AT
PR3 R A% BN 2.136x10" t. #E AR B A T
REAM . EEFE . RERr S s, £%HE
REBERER TR —57, (B, 7E92bRE i R
2R R D v L 2 AR TR BT EE AR
GEVE RN JE b 1) B, R BRI N dP B KV BE
ghife i, SEUPREE OEASIRET S R
PEiR A AR GBS H, SERET
AT B RS ER A, ™ B S A A R 22 A AR E I8 AT .

T Re R I BUE RS, mii o S E B A
Bl < & Na, & 73 0N 0.15%~0.4%, & 75 Hi[X
HEIEFT 0.6%~0.7%"". mhiE o4 )8 51K
GEVE Bk ™ I 2T BRUG 0) E — 2P O R AR
R, R 15 158 G5 W ALK R IR ol R 0% 4 22 i Bl A
MSEEIER, HIFARMMRA Efden . 32 E
FET H HIR T i A < e ) BRI A7 T 22
R R BUE AT NI LI LR s = . IE4h,
B 5 ] S5O0T K R e HE SO A BBk R, R
TR AL PR HETEORR B ) ek A%, (HH AT
KT DR R e ) FH Tt 2 B 4 s X NO, AR LI B
Wi AL 1) 1o AN 2 AT R . Bl R RO IR 1A BT T A
A TG — B TR, Sl ) e R R “Pa iR
a7 v ORI AL, TR A X e A
R FH s R i 48 i R TBURY 1 S o RS A M A )
SN EEAT [R5 PR T, 6 s e 1) 2 A fR e s
AT VLR SRER IR T e ROR AR B L. A ITAE
CEIRET N TAERERE b, S5& 5ot F R, il
SEIR R 5 S TSR T B4 R IR U 1
FOXT NO A= B 5 L)

1 WERHNBERIE®ITA

o4 JR AE R AR E T X B B e
HAE IFEAL IS FE TP R U B R M. Takarada 25"
TE 8] 58 IR 2 B #5643 30 7S 1 NaCl #l Na,CO, 1 #
b AT SEIG I R I, AR FE H Na 7E 600 °C Ak I
GERET. SRR AR 1 000 °CJa, Wi NaCl |
FE i Na ()RR T3 2 5 T8 0 Na,CO, I RE . Bk
TSR F0AE AR R Na 1R T A
B 4 J A A7 AE T 206 Na RS O i 3K, T8 S
IR KV I 4 B Na IR el v, 7E R BRI 2 1)
BRI K s FF HAE BRI FE 30 70 /K I P Na g 2
FEANEPENaFE 48 . oA, B E . FHEER.
JRONE GRS AT ) 0 2R S AR 5 T R R T
RO R R, RHE RMNIRE. FARFGIE

& ENA Y SRS S, BEEA TR K =R
T, T S L PR e 2 I R T R 4 S ) A ST Al A
P47 K 5 T Bk 4 i P R T8O 20 B R TS =

1.1 EREXMNREERFREMMNEMN

Wang SEF 5T v B A AR R TE B A B AR WL
BT R B, 2 RN A 400 °C Tt & & 800 °C,
80% 17 4 J& Na [ 100% [ CUK 8 B i, Na %
HRMOE R NaCl, NaOH & Na(g)%%, %421 Na
HF 215 800~1 000 °CREJH, FF HAEMH S H A71E SO,
[ 25 14 5 BB A6 T B () Na,SO, B Na,SO, [ 7 & it
T2 1E R AR G5V I R B R R R BN
T AR IR Joe Tt 2 mh R R Do 2K % T R K (R Wt 5 R B <
Na fRBE 5052 BN AR E « 0 #A i 8] B SR B8 TR 1
S0, 7E 800 °C2 il Na = ZL DA NaClJE A RE i, #&
Bt B T A 2 VA M Na B4k AN VA PE Na 7748
T R SEPE S TR TS B R Na R B R T
MRS R BL: 7F 815 °C 2 B K438 42 J& Na &4
Mridd, 815 °Cx Jg b % i BE 11 T v Na [ H th & A
AR, JFENHESEEREER FREHELR;
o B v % Na(H,0-Na, CH,COONH,-Na /%, HCI-
Na) 3 238 1 NaCl 4% & S A A1 Na ¥ 40 3% K oy
TR 2R TR, L S AT 70 9 M i 20 o AR S A R A
o Na L AT IR I BRI Tk B2 o8 474 PR R T
AR RKMEmW, MERENARE SAEZ
[ Na Bt #E N SR, 53R 7KV Na i He 491 e 2%
BEAG, IR 2 IR M Na. 2 BRBE IR Ik
I, B HP AT A R B NaCl I AE 4, {HBEE N
BT &, AR Nats 2 8155 A ol i 1 iE AR R
k. Jiang ZECIHIT SO K 6 Na 28 S 4l 3R L
B FER, S2E T e R T R AR, WRTE
YRR 53 RE TR Bt — 3B 73 KI5 1 Na b 2 BRI
HR BBk, ToNL 4 8 R s A —
53 TEHL Na & A Bl Na ¥4 2 5 % &k 28 [ Na ] B,
FHAE B IR MR e M B DA Na fO . st A7 R 2Rk, 78
KA B BRI NaCl(g), Na(g)%54x 5 H,0 K4Ex
JL T A % NaOH, - FR1E SO, 17 7 1 4 11 # i AL T
% Na,SO0,.

XIS 5 U AR O 4 I IR A TR S I
TE S 2 o I B FUEE S @ 3o FactSage 145 41
THE R N FELE 700 °CHT, B84 )& Na £ %
PA NaCl(s)JE :RAFELE, {5 NaCl(s) £ bt % i FE (13t —
Tt A 9 NaCl(g), & B4 SR . Bl
J& K53 Bl A il AR A S Na AL, K7E OB
& A 500~600 °C F £ 2 DL KCI(s)E RAFAE, B
S 873 FE M 600 °C T 1 42 900 °C,  KCI(s) T 4 1% i
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ALY L KCI(g). il v 5 R IR A R e B Y
FF 55, NaCl(s) ¥ 2 1 NaCl(g) M 44 fill 25 Na,O(s) %
45, Na,0(s)7E 700 °Cik Fl 5t K1H 50%.

b R TR, SRR AE T 4 R 2 )
HAFLEG M L. R SE e U AL
TR 7R 3 v Na/Ca B8 SRS 14 1) i AR I A B . 7KV 1
Na 7£ 600 °C Z {22 Je B AN VE Na, B 5 AR
JE Tt 5 XCE B AR T K M Nas Na (R R 5
AT Na & B BHEAR G, IR T EZER AN Nai
RE, WRFEIAEI800 °Cla, FF4h KEFEHTCHL Na.
Manzoori 55> 7E Jit 4 PR R J5e 2 A48 T X 358 K HE ki
(5.5~9.0 mm)HEAT T AR e SLIG I R I s KV
Bl 4 8 Na 72 R 2B RIS, /D8 I ERVA M Na ks
SR TE WK ¥ M Na AN 7 Na, I HL iR B B
w RN Na i 22 . Wang Z5207F [ 5 K
N % 1 o Y AR IR 400~1 100 °C T #EAT AT 785
&)@ Na L B R I K EE 43 K ¥ T Na 70 S5 A it it
FERETR, T 42 /N B 43 Na b £ 55 40 ANV 12 Na.
Liu S5 7 J5F 42 b 05 e i FE I R I B A s e
BRI TR, K Na(NaHCO, 1 Na,CO,) ¥ 2 i
T BB 5 P Na, I HL 8% 75 14 Na ] 555 i 1L T
FOKEVENa;s Ak, /INER 73 7K 1% Na B 7 1% Na
W ST R e ok R b AR R VA M Na. Xu Z5P
FOUE R AR AR P Na (IS R HLHI AN BEE
R38N, A FRIRAEE X Na Z 006 Kk A= 54k,
2 87 AR T 400 °CHY, K PE Na ¥ &l 5-
COOH [ N ¥ Jil 8 i 1k Nas Bl 25 S N iR, 24k 45 1
TN % 600 °C, i 1H% Na ¥ & A2 43 il XCE B AT
BRI Nay SN i B2 I 600 °C e, Naff 32 %
DKM Na AT HE K, RIS 35 0 /K A M Na vl g 5
W) TG 2R 4 BRI S A A R T A T AN
1 Na.

12 RNSFEETT T ENEE BRI

SRS GFORT B 455 e ()R TS % AR A R I
FCR . Song ZEPVE 0.25 t/d i PRI A PR A ek v 4
BHATIRBE 5 AL I0 IS R I TR b 1R 6 4 7 4
HeAp i A B 25 LA Na, Na,0 M NaCl #4780, 18
AP T, STTRM AN SO,, I
W50 73 M B 4 J8 B AL T i Na,SO,(g)s T 7E S AL
AT, BTFAESRSEANLE, SKELLHS mE A
TR W4 RS LA Na, Na,0 f& NaClH]
TERAFAE . Blasing S5 O 78 7K 28 200 Bl & B TR
WA R I FEWLHE R P B, K ZE SR 4 JE S
WAESWBEBCR A R, KBS A
T, WERAEMYIRE S ER . Kosmins-

ki 2PV S R A R AR, B TSR (R
PRSI I RN [0 %o Al F 6 Ak AN SRR FE B B
M) B R B b B B O ST T O B A R &,
NaAc FH % H # AL & @ miib 2, miEaE =
B B fif i A% T R Na,CO,; T FLBS 42 J& Na 7E 7K
AR CO, S AT 2 H B i 2 v TR AR
AR A R . Guo ZEITE BT AU YAk IR RN 2
WFFL T O,/C JBE IR Lb X vy 48 v AR <Ak 1 e AN A 3%
AT AR, 255K B O,/C 1 EE R L 4
HEn,  AE €N ¥ R ) K T Na S B ANV 1 Na
FIE b, (H SRRV Na 55 R4 1A M Na 15
G0, Jaffri 55°F] H FactSage vH & A 7T 1
W e A2 I R K/Na 5 CI/S 72 S AL %1 T B R T80
PE, RIL: SRR AFAREL, Ak SK A 2 30
NaClfIHTH, 1B KCIR ROk S e it

B ER A AT N s Bl S AE AR O AR
RNEMDTEN, FHSTE SOAFTE M KM T #imi
NS REER E, I A CLAT S J6 3= 0 i 4
(R BE TR H 2. Oleschko 255343 by 4 [ 48 it )
R BL: B84 R Na Al K 3 2 L NaClF1 KCl I
BEAT R, e AT R R BRI CLI &
Gottwald F5 R LA AR SR e 1 72 v CLIK 2 20 R
I R R 4 R I HE UK S B A e MR R .
Gb, AR ST, ALSER 100 3 S 2 X4 R I
FBETBO™ AR e T, = Bl I 5 R S IR Y O R
R B HE AR R AR R A I I R R . R AR SR
W 72 2R S AL FE P Na (3 AT A R B, B
HERAREM AR, KT IEE Na & 23500,
F N IKIEME M NaCl KD ORI e RR F5 £ M
JR ¥ DU AR R 2 T AR AE 4 g & b o <Ak
LR (3G I B AR, X SR B AR R I RE R SR A ) RE S
T I T AR AR R R ok S M B A SR R . kAL, T
T 33 R B4 R R A — E MR . Quyn
ZEWIE] Loy Yang Kt A U8 I NaCl 3 35 17 #4 figt S 06 i)
KB M NIRRT 500 °CHF, ClE & TF IR,
1M Na (RG>, HHRSEZA, CLR R
WA, A REE TR 2800 °C, Clas
FE R B 1 256 45 6 7 4t [ e 78 Rk v 5 B0RE
R TR, {HBE IR E 4k 82T 5 %2 900 °C, Cl1 X #
HHTRE U R Na I IF L8R R 4 600 °C, 4
R R AKE, K 55 R R N A R E 2R
MERFEAC, T3 Na 56 % 456 1 FEAR OB TI0E
AEREFRFLE T, ERSSEERRNARK
I HE B, MR T Na R .
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1.3 WREREABERHLE

gk bR, AR R BOE R Z BRE . R
AN ¥ EE e & PR N AL P B e S e P R
JE IR LR I R T R LB 4t — R 458 . 25 55 250
W4 Na IR B B2 9 R 400 30 e R Joe i 38 1 1 B
B, W RTERBEBTAA [F AT T 200 Na 2 [8) & A=
M E AL, TERRE A Na TP KERR, H 2R
JHACHR I F Ao AR A RN . R, KBRS
B M 4 B R AR P S R 1 3 ok UR .
Brinsmead Z£“HA N NaClfE R BUL FE A, B T2 PA
NaClJE BT Ak, 125 H,0 KA A6 5 ) B AR B
NaOH 1 HCI, =¥ 5 H H B3 K A [ B A % Na(g)
FHCL.  Eyk S 52 4 2 ) A5 08 15 4 J R s 2
BTN — 8 K I 4 8 2 LS A TE A MCL
(M AR Na 8 KRR, AT 3 0 K I Mol 4 s 2> e
ik 5 7R L I N I ) Na BB AR AR R s TEFE R A
BB, BRI Na K 2 g A LA TE R
W, IHAE IR B % LA Na,O, [ H,0 X
MNAE R NaOH. 4k, QuynZE™7EH 5T Loy Yang i
A FE A AR I Na R R AR T L, i B NaCl
A RE SR A T E Na b . H R T HE W 4 R
B T ALKV S I T OB Ah, — S8k &
Ty T e s M P Bl 4 8 T REAZTE 0 R IR T 42 -

MCI+H,0=—=MOH+HCI;
MCI+H=M+HCI;
MCI+(—COOH)==(—COOM)+HCI;
(—COOM)+C=—=(—CM)+CO,:
(—CM)+(1/2)0,=—=(—COM);
2(—COM)+(1/2)0,—~——=M,0+2(—CO);
M,0+H,0——=2MOH.

RIS FER TR, A E B HE AR ORI A
) 3 B IR G RE S R Na R A TR S e S 2T T
BT, ORI IR EE N 500 °CRE, — LRk
PE Na 7] f & 5 5 op (19 2 2 @ & R—COOH+
NaCF=—=R—COONa+HCI 1 R—COOH+NaOH——
R—COONa+H,0 & 4= J B 17 H4 7K ¥ 14 Na 6 10 il B
BHENa SIS EW N, t4h, @ik R—COOH+
NaCl=—=R—COONa+HCI Jz % 4 i ) R—COONa
(R AR B 7] R = e FE R AR T 4k 28 kA&
R—COOH+NaOH==R—COONa+H,0 4} fi# 2 ¥ ,
¥ Nalfl e fEfE R b, Tk 8 3 1 Na B A0 R R E M
Na K ANEPENa. Sk FEE, KA ) Sio, fl ALO,
S A0 AT RE 2 5 A 2 R Na SN I AN ¥ O Rk iR
BB S, SFECOREME Na SR, BEE #

IR R AR BTm, JoHl Na JoA L Na fURE TR T
i, KOl R -PEK. Zhang S0
FC AT R TR ik < i 1) A% e A AT Dt R B
TREAIZR™.

2 WEEX NO AL R RIF

2.1 FELYERIIE

Z AP (NO,) A 20 FIORL ) (PM) 4 A =2 1A
P T HE ) R s Qe L o, FEL
PIHEBOA 38 S — RI5 G, 12T R Ak 2 4l 55
FRRY, &R RIS, XA RS EPREAT N ZE f HE i
e . TR A R, A R R
NO, NO,M/bEHIN,0. ¥, NO 5k
A B NO, 11 90%~95%, NO, 1Y &5 5%~10%"". [A
AR 22 BT NO I A il i FE AT R0 .l
BRE—N B e e R R E—N K fER—N, A
Ja F it — P A E BINO BN, £ K —N EFE L,
NH, fIHCN A &, 25 5 &1 90%~95%E". il
WIER R et R, l I R ME—N A BRI NO
PREFE NO £ 11 60%~80%, 1M 45 5 —N 42 Bl i
NO i 20%~40%".

NH, & %58 i NH,, NH fil HNO % () 3 10 T 1%
NO®, HCN f Z&i# i NCO, HNCO Fl CN % i [
FEPIIE ECONO, AR i —N AT L Bk 3R T <
SN E A NO™. Ak, RIS RE I AR A R
—N 1 4 5 NO R AWML RN, K NO
A . NO W L2 VF 2 IR 2R I se i, an ik Joe
AR IR, WK BRBEEA . MR
JE AT R R A EUE R SR SRR T P
(Cl, Br, Ca, Na/KZ)®, HFH5EWUSEML,
140 8 0 AE RO R DUAE /N B A A, TR AE
BRRHR I 43 B vl R 1B AT AN 5 e B AN A e i
2. ki, —SHFRCYEIR: RS RS R
TG R WIRETBORT BE £ 52 R b It 2w s e I = A
Bl Na/K 7] i 2 3 3k (0] 42 5 1 H 223t (9 4 L1
RS NO (A2 B, B B #2380 1k 27 = B Sk 52 1)
NO FIRETI .

22 WEBEMEEWDERNENE

HAT, ARS8 & 5 NO, Az B i s i
B AR BRI S B 00 3 1 i 4k 38 )5 (SNCR)
B B VR AL B TR (SCRYFEFE . PV 251 78 T
Na/K #5555 SNCR Al A NO i& Ji AL i) 1) 1
A A Na/K 8 7 R % 12 25 32 S IGHR X (<800 °C)SN-
CR Al 2%, {H X &y il X (>900 °C)SNCR (1) {i2 i3



<96+ o B K E AR O AR D

51 %

BORHA L. Hao ™50 78 Na/K I I 7l Mz K24
SNCR i 2 o NO it Bk 1) 52 il I - 530 <6 J8 s
FRE W% 5 3 3 NO I iR I 384 i SNCR it # X 7]
AN 7 i 4 e 6 1 AR 2E &% 3P 4 Na,CO>KCl>
NaCl. Lu &5 ZERE 78 AR B B A6 NO it 53 52 i Bisf
R B4 JE AN IR e % 2 25 (i kS R NO
He ) BEAK, A R B4 S8 3 1 4 3 20 R BT R
NaCIl>NaOH~Na,CO,>KCl, {H7E Na &7 I157(NaCl
I NaCO, A7 Bkt 5x10° 5, 4kSe89in i<
(1) Na 7R BLor BT A RE 1 2 F (2 3 NO B IR . 58
i U S5 72 T SNCR 3 F2 7 86 4 J 26 5% NO i1k
R PR, R IR 4 AL A AR A 1 AR
4R, ANMEREAE AR R IR I B2 Y [ P 19 e 2808
#, FFHNaZh MM A EEm T K, MEE
R T it KR R M AN B

Zamansky %5 fl Lissianski 6" & Bl : /b &1
HCOONa, CH,COONa, NaNO,} Na,CO, g% i %
e AR, FEREHE 3G K SNCR e £ A X ] .
B SRR EE R B Na #h 8 057 A6 05 38 3 35 41
(8% R & B BRE A B NaOH, 76 Jid il i 72 o,
NaOH fig % 7= /£ K & 1) OH H 1 &, 3 ifi {2 i
SNCR [JEFE, TEANI S S ALEE 2 M a0 F

NaOH NaO, Na NaO NaOH;
NaOH+O, NaO,+OH;
NaOH+M Na+OH+M;

Na+N,O NaO+N,;

NaO+H,0=—=NaOH+OH;
NaO+NH,——=NaOH+NH, ;
NH,+OH=—=NH,+H,0:
NH,+NO=—=N,+H,0;
NH,+NO=—=NNH+OH.

Bl 4 Jg of SCR EFE I 52, EAE P LE T &

Je& T A AL 7R H B B 2 . Chen 557V i@ i 7E

V,0,—WO/TiO, 4N KA AT 135 2 1 4 J& 2047 Wt A

SLIGHET, SRR KEMEEESTREAERS

M a1, T2 5y i B B A7) 2 T S IR P A 2

G, FEUEATNEERES, IF Be B E R

K>Na>Ca>Mg, =+ %2 i T K1 Na % #5171 B

PR ASE A o) s S 42 VR B, T S8 R A R M PG

Gao %" [A] Bt K [ V,0,—WO,/TiO, # 1L 71 11 %,

1%K,0, R EH: f£350°CF, V,0,—WO,/TiO,

AR AR RN 95%, 1 Tkl 4 I8 i A AL 3%

PEFRAR 2 55%. AT SEBLH RN, Guo % ™I7E

Mun/TiO, fE A4 75 b 41 4080 5 J8 K A Na, %f b6 T # 4

JEXHEA TG s, 5 RR I R NN
200 °CI, 3 A A4 78 B 3 14 K /N IR 2 Mn/TiO,
(99%) >Na—Mn/Ti0,(88%) >K—Mn/Ti0,(42%), K
HEEE RS, FERHBT K EERMMLTR
M B MR, o5 48 3 VA2 (Mn*—0—K"), %] NH,
W B, ol 5 2RO R B . Huang™ 250 52K H
FRRAE NG FLAH % T V,O/HWO il 4 & b i
7, 7E 350 °C T~ fi 2 ik 4 & K' (350 umol/g) )5 »
AT R MRS, B R AN 92%, 4i&
DFT i+ 545 RE W . HWO KA 175 7 dn B FL1E 45
PR SEEL K H R IER S LR 3k, A o5 P A
EFN R MG AL . Kang Z70F 50 KB fEALFS
AT 5 R < s Al SR AT 1R U B [) O X A s L
W4 BN R EREE. R HWO Bk N4 )R
FIRAL, PR A 1 FLIE S5 M BT M SEBL T R4
JE& KB 7 A gk, 8 3L DL K—O B e X E e AR
HWO fLi& N &, 5 HWO F£H 1) V,0, & 47 7 55
I, MR T s R .

FIREE LGS R AR AR IR AE g iE
58 B S N R e Lk B, i3 X SNCR ik A2
FEA R s JF H 4 R RE S 7 4 SCR AL R 1) s
PERL, B AR R G 1, 33 1T 2 e 4 e 790 SR THD 11
NH, Ak, FRARIA &R . (H2 Har e TR
R e 3o B2 v e 4 JE 6 NO, ZE R A Sk 4R E B b
Zhao SFUIEE R AT LA 8 IR BLAE 63 4 HE
JELAT 1 S5 R 7 FHER e AT TR AL, R T M
JE AW 2 A R4 @ A 4 JB (Na,  Ca)bf &
PRS2, R LR i 4 8 Na S50 4 )i e 8 ‘2
ZH11 Fuel —N 7] NO, 1% 1k, {H B8 (2 2F 1 i 4R
eIt FE, B4 TR Na (197 ok B HA 1% A0 NO, 1 B Ik
HAB ARG, X HR T 78 3o g 5 s in
el <2 J W T SR A B I AR SRR TR R, R B S
RE % # 1 Fuel —N BRI E AL, @ 9 HCN
ANH, RO 0 HI NO FIAE R, 0N NaCl 4
B R EL 8 T Na,CO,. M RILEREFA T REF 58
TRPAE AR A KO AT BRI R
FE 2K Ji P A5 mR I ON — 2 Bl A5 1) A B BE % A R0
NO IR, R, LR FERETLBRNHE
X AH LR 25 AT 1 AT, R X B JE X NO A
BRI A AL EE AT IR AN AL, E R R A W
T s Bl e 7 I b R A T 20 S R e i 42 (1 R J8UA T
NIFRTE MG —S5 18 % T I 85T NO BRI
NHLERRF SR SE 3. Mk, A BN AL E
T 1) B oy R O o ot R i e S A0 0 e 2 il
NO (A B, 0K X IR N B A B o A P ot 72
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1) SR 2B I S AL A B L35 B

W LRI BRE R CLE M E T YL,
FERRMR B R b 2 LLHCLAT CL B SR EAT B,
T e I8 o R ) ER 2 ) AR R AR
AR BET I, A HEIBALE 800 AT 1 000 °CHY i £
AN, AEE B S S AT T AR 1 2256 A
BEPLBIE T, R 1 3 5 e B A4 L A T 4
[, B S 1 A e <SR T 4k v CO/NHL/Oy/
H,0/NaCl £ %, FA#H N /E T8 <k, NaClii
TR LU AR R N I B R B R G . S
6 AR 0L 45 R B, N NaCl RE 6 (2 2 411 NO
CA

4 CHEMKIN B ih 525 5, 1] & 3 NaCl ¥
NO J% i 1) 50 il £ FH el 2H s B2 2 (8] 1) 56 4 % &

RIE .
1 S
NaCl+H Na+HCl;
NaCl+H,0=—=NaOH+HCI;
NaOH-+H Na+H,O;
Na+OH+M: NaOH+M.
SEI-IVR
NaCl+OH NaO+HCl;
NaO+H,0=——=NaOH+OH;
NaOH+M Na+OH+M;
NaOH+O, NaO,+OH.

P2 B0 5%10° () NaCl % H, O filOH H H
FEVR P RIS, A NaCl )5, OH [ HdE Rk fE
NEHMANE 12, O HHZEKRERN1/3, MHHAE
FHIEIR My 1/6. BT H, OFOH H H&EmLb,
DAL NO [T K 4 2 & #0). tk4h, i\ NaClw]
PACRAEE A B J5 11 OH [ HH 2 (194 B 4 5 72— MR
R, RITE SRR AR R R, TR
()G A, BR4 @ 0 A7 7E RE % 8 i AE il OH B Hh 2k
1M /2 3 SNCR Wi fis 8 K, 1% 45 R 5 Hao ' K Li
E I NEET Sk

3 &g

TR JA T ek R B < R A e O Y PR AF AE T
AT Bl & o HAE AL R P R G A2
Ve GEHE, B R KU P B < R Na 1 3 e
FEWRIGE I FE A BRI AR I HAE R R A 73
IKIEVE Nafg = & AR TE Nad622 . o, ONCR
FERISEI & i K Y, He2 il i S il < e 1) A6 221

A48 FHRE P 267 Sk 5 e e 45 i R R T 20 S R i

TR S 4 8 3k 2> Sz ma < R | e 2
1 3 B SR 5% W) NO IR A= Jile B I il 16 2. 7E R e B
B, B4 JE 3R R i 2 1@ id NaOH+H=—=Na+H,0
A1 Na+OH+M=—=NaOH+M ] ¥ [ IE IR [ B, 3%
BEACHR S H, O K OH H H 2Ly B, a3k 1 401 1
NO 4= . fE SNCR BRI B, B4 J& I fE7E e
% i 3 NaOH+M=—=Na-+OH+M 1 {3 455 " OH H
FH R P DR R £ A A A8 IR K P, 2755 SNICRU 1)
JBLRH %% . 76 SCRIBLAHPY B, k4 @ 5 75 11 4k 77
R MU 218 et g, PRI R0

AR SR BT L a. IR
B oK G 4 115 DL BR IR SR A ML A7 AE 46
M e oy AR, B SEAS AR R S H R e ik A% Hh k<
JE& o AR E T AR s b, B 7O B 2R
TR 7] R S5 B T A smAN A AR T B B84 R JURE
PE, BLERBRIIN A o WEWE
IR SR B SR E A RN A, S
BE T VAN SR T A ATLEER 1) [ R IR R A UL

Z £ X W

[1] WANG N, SHEN R F, WEN Z G, et al. Life cycle
energy efficiency evaluation for coal development and uti-
lization[J]. Energy, 2019, 179: 1-11.

2] P ANRIEMEEZSGHE. PESHEEM]. dE
e HES R, 2018.

[3] sk4Eze. dEkmEM R EEISM]. dbat: FEE D)
H ik, 2014.

[4] Sarsefim AR, BPHARRES T FEEM]. dbnt:
e EEATE R EWARAR, 2018.

[5] ZHOU J B, ZHUANG X G, ALASTUEY A, et al.
Geochemistry and mineralogy of coal in the recently ex-
plored Zhundong large coal field in the Junggar basin,
Xinjiang province, China[J]. International Journal of
Coal Geology, 2010, 82(1/2): 51-67.

[6] B, £l REH, . IR PSR LT
EHTHRAE[D]. VEEIEEOR, 2018, 24(5): 33-37.

[77 SONGGL, SONGWIJ, QI XB, etal. Sodium trans-
formation characteristics of high sodium coal in circulat-
ing fluidized bed at different air equivalence ratios[J].
Applied Thermal Engineering, 2018, 130: 1199-1207.

(8] EALMS, B/kbh, TKZEE, &, MRS BERE
WEFC[D]. LREABE2EIR, 2015, 36(6): 1381-1385.

[9] FEUIHA. =BT B A S AT 5 L Rl A e 5
Wi f P R D). # 0K, 2010, 37(9): 35-39.

[10] E=Wl, PG, SR, 5. MRS R s
SREFRT]. Zh A TRE2ER, 2013, 33(11): 841-846.



e QR e

o B K E AR O AR D

51 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

W E, BRI, MEORER, &L R be R HY IR
[0]. W EENL TR, 2013, 33(5): 1-12.

SONG G L, QI X B, SONG W J, etal. Slagging be-
haviors of high alkali Zhundong coal during circulating
fluidized bed gasification[J]. Fuel, 2016, 186:
140-149.

ZHAOJ, LIB, WEI XL, etal. Slagging characteris-
tics caused by alkali and alkaline earth metals during mu-
nicipal solid waste and sewage sludge co-incineration[J].
Energy, 2020, 202: 117773.
ZHAO J, WEI XL, LIT,

metals in fly ash during waste heat recovery for municipal

et al. Behavior of alkali
solid waste incineration[J]. Energy Fuels, 2018, 32(4):
4417-4423.

ZHU C, QU SJ, ZHANGJ, et al. Distribution, oc-
currence and leaching dynamic behavior of sodium in
Zhundong coal[J]. Fuel, 2017, 190: 189-197.
TAKARADA T, ISHIKAWA H, ABE H, etal. Alkali
volatilization during pyrolysis and gasification of coal[J].
Coal Science and Technology, 1994, 24: 687-690.
BRFHH, A, BRREMS, . HERE PR S
K HAR R IR, R #E1L, 2016, 39(1): 1-5.
WANG X B, XUZ X, WEIB, etal. The ash deposi-
tion mechanism in boilers burning Zhundong coal with
high contents of sodium and calcium: a study from ash
evaporating to condensing[J].
neering, 2015, 80: 150-159.
RAENE, TREL TRANEE, L RIS HE AR R R AR
AR A ER R CR S I, R AR, 2018, 46
(4): 391-398.

KRHE, SKepE, WERE, 5. BB ERE
TR TSR OR D], LR, 2015, 34(3):
705-709.

LI GY, WANG C A, YANY,

transformation of sodium during combustion of Zhun-

Applied Thermal Engi-

et al. Release and

dong coals[J]. Journal of the Energy Institute, 2016, 89
(1): 48-56.

JIANG F H, ZHANG SY, HUANG X H, etal. Sodi-
um vapor capture by coal ash during sodium-rich coal
combustion[J]. Applied Thermal Engineering, 2019,
161: 114-127.

KA, EREA, WUCHE, 2. kAR PO < i A

TE 2B ALK ek 72 (T B AU SEIR W 72 (7). MR
fhZ2E4%, 2014, 42(3): 316-322.

Voets, sk, ki, 2. BHEARSR T HEA I Na/Ca
TR PE B FE[3]. BRREAL 5 54, 2018, 46(4):
385-390.

MANZOORI AR, AGARWAL P K. The fate of organi-

cally bound inorganic elements and sodium chloride dur-

[26]

[27]

[30]

[32]

[34]

[35]

[36]

[37]

[38]

ing fluidized bed combustion of high sodium, high sul-
phur low rank coals[J]. Fuel, 1992, 71(5): 513-522.
WANG C A, JIN X, YANG Y,
transformation of sodium during pyrolysis of Zhundong
coals[J]. Energy Fuels, 2015, 29(1): 78-85.

LIUS, QIAOY, LUZL, etal. Release and transfor-
mation of sodium in kitchen waste during torrefaction[J].
Energy Fuels, 2014, 28(3): 1911-1917.

XU LF, LIU H, ZHAO D,
mechanism of sodium during pyrolysis of Zhundong coal
[J]. Fuel, 2018, 233: 29-36.

SONG G L, SONG W], QI X B, etal. Transforma-

tion characteristics of sodium of Zhundong coal combus-

et al. Release and

et al. Transformation

tion/gasification in circulating fluidized bed[J].
Fuels, 2016, 30(4): 3473-3478.
BLASING M, MULLER M. Investigations on the influ-

ence of steam on the release of sodium,

Energy

potassium
chlorine,
gasification of coal[J]. Fuel, 2012, 94: 137-143.

KOSMINSKI A, ROSS D P, AGNEW J B. Transfor-
mations of sodium during gasification of low-rank coal
2006, 87(11):

and sulphur species during high temperature

[J]. Fuel Processing Technology,
943-952.

GUO X W, ZHANG H X, ZHU Z P. The effect of O,/
C ratio on gasification performance and sodium transfor-
mation of Zhundong coal[J]. Fuel Processing Technolo-
gy, 2019, 193: 31-38.

JAFFRI G E R, GEN K F, WANG Z H. Chemical
equilibrium prediction on release of Na, K, Cl and S-
species during gasification of biomass, soft and hard chi-

nese coal at elevated temperature and pressure by Factsage

[J]. Chemical Advanced Materials Research, 2013,
634-638: 723-730.
OLESCHKO H, SCHIMROSCZYK A, LIPPERT H,

et al. Influence of coal composition on the release of Na,
K, CI,
coal[J]. Fuel, 2007, 86(15): 2275-2282.
OLESCHKO H, MULLER M.

position and operating conditions on the release of alkali

and S-species during the combustion of brown

Influence of coal com-

species during combustion of hard coal[J].
els, 2007, 21(6): 3240-3248.
GOTTWALD U, MONKHOUSE P, BONN B. Depen-
dence of alkali emissions in PFB combustion on coal com-
position[J]. Fuel, 2001, 80(13): 1893-1899.

TR, RER, R4, 5. KIS AR & s
FRRAGCIR A NI R A R[], AR B B A
e, 2016, 37(10): 2216-2224.

ZHANG XY, ZHANG H, NA'Y. Transformation of

sodium during the ashing of zhundong coal[J].

Energy Fu-

Procedia



RO PR el R e < R TSRS PR T R

©« 00

[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

i T, %

Engineering, 2015, 102: 305-314.

DAHLIN R S, DORMINEY J R, PENG W, et al.
Preventing ash agglomeration during gasification of high-
sodium lignite[J]. Energy Fuels, 2009, 23(1):
785-793.

QI X B, SONG G L, SONG W J, etal. Influence of

sodium-based materials on the slagging characteristics of
Zhundong coal[J].
2017, 90(6): 914-922.

Mg, kig, REH, F. ARG MRS
B/ & R T AR PE[D]. R BERE R 5 HR, 2015,
21(4): 297-300.

RYAEME, RIER, FHE5, &, MERSE LR
T Na I IE B B (L AL (D], MR 27 4R, 2016, 41(2):
490-496.

QUYN D M, WU H, LICZ. Volatilisation and cata-

Journal of the Energy Institute,

Iytic effects of alkali and alkaline earth metallic species
during the pyrolysis and gasification of victorian brown
coal, partI: volatilisation of Na and Cl from a set of Na-
Cl-loaded samples[J]. Fuel, 2002, 81(2): 143-149.
20, HZE. PRRE b E AT R R S G
WEFLERET]. AR, 2005, 11(1): 39-44.
BRINSMEAD H, KEAR W. Behavior of sodium chlo-
ride during the combustion of carbon[J]. Fuel, 1956,
35: 84-93.

EYK PJV, ASHMAN P J, NATHAN G J.

nism and kinetics of sodium release from brown coal char

Mecha-

particles during combustion[J]. Combustion and Flame,
2011, 158(12): 2512-2523.

BENSON S A, HOLM P L. Comparison of inorganics
in three low-rank coals[J]. Industrial & Engineering
Chemistry Product Research and Development, 1983,
24(1): 145-149.

X R R R P o R el < e R TR A B
WA [D]. B ERRE R (P B R
Fl5e SIS SLAT), 2019,

ZHANG Y F, XIE XY, ZHAO J,

metal occurrence characteristics and its release and con-

et al. The alkali

version during wheat straw pyrolysis[J]. Renewable En-

ergy, 2020, 151: 255-262.
WA, B, B, . RBIESRSA T NO

TECRE P55 BT (0], A TRE R, 2017, 36(11):
4265-4271.

LUANT, WANG X D, HAOY Z,
NO emission during coal reburning[J].
2009, 86(9): 1783-1787.

ZHAOJ, ZHANGY F, WEI XL, etal. Chemisorp-
tion and physisorption of fine particulate matters on the

Fu-

et al. Control of

Aplied Energy,

floating beads during Zhundong coal combustion[J].

[53]

[54]

[56]

[57]

[58]

[59]

[61]

[62]

el Processing Technology, 2020, 200: 106310.
SKALSKA K, MILLER J S, LEDAKOWICZ S.
Trends in NO, abatement: a review[J].
Total Environment, 2010, 408(19): 3976-3989.
XU H, SMOOT L D, HILLS C. Computational model

Science of the

for NO, reduction by advanced reburning[J].
Fuels, 1999, 13(2): 411-420.

FRH. B RRRR TS G A A B < AT L 1) R R
[D]. dbxt: bR BT 5e Az Be (b B R B 226
LD, 2010.

LICZ, LILT. Formation of NO, and SO, precursors
during the pyrolysis of coal and biomass, part II:

Energy &

fur-
ther discussion on the formation of HCN and NH; during
pyrolysis[J]. Fuel, 2000, 79(15): 1899-1906.
GLARBORG P, MILLER J A, RUSCIC B,

Modeling nitrogen chemistry in combustion[J].

et al.
Process
in Energy and Combustion Science, 2018, 67: 31-68.

MIER, RIEHK, BEXA. HRREEL &Y N
T 5 A B 2 IS NO, 1 EARAT IR I ], R BB
2005(2): 15-18.
HASEGAWA T,
from coal-gasified fuel[J].
1998, 114(1/2): 246-258.
BOWMAN C T. Control of combustion-generated nitro-

SATO M. Study of ammonia removal

Combustion and Flame,

gen oxide emissions: technology driven by regulation[J].
Symposium (International) on Combustion, 1992, 24
(1): 859-878.

ZHAO Z, LI'W, QIUIJ, etal. Influence of Na and Ca
on the emission of NO, during coal combustion[J]. Fuel,
2006, 85(5/6): 601-606.

B B A ORI b el R P i < s T RS
5 NOHFBCRFIE[D]. dbat: P E B AR K= (h E
b b TAESIEE TCRT), 2019.

[63] GLARBORG P. Hidden interactions-trace species gov-

erning combustion and emissions[J].

Combustion Institute, 2007, 31(1): 77-98.

Proceedings of the

[64] WU XY, SONG Q, ZHAO H B, etal. Synergetic ef-

[65]

[66]

[67]

[68]

fect of biomass volatiles on NO reduction and the influ-
ence of K/Na on it[J]. Fuel, 2015, 158: 634-640.
MR, TP, BRAS, AF. Na/K s 7% SNCR AN &
NO & JEHLH 52 m[1]. 4k T2 4%k, 2017, 68(3):
1178-1184.

HAOJT, YUW, LUP, etal. The effect of Na/K ad-
ditives and flyash on NO reduction in a SNCR process[J].
Chemosphere, 2015, 122: 213-218.

LUP, HAOJT, YUW, etal. Effects of water vapor
and Na/K additives on NO reduction through advanced
biomass reburning[J]. Fuel, 2016, 170: 60-66.
ORI, BRANKK, AAk. R4 o NH, ik 4 1 AR



* 100

o B K E AR O AR D

51 %

[69]

[70]

[71]

[73]

[74]

IR JENO IS m[)]. TREAE =44, 2013, 34(8):
1591-1595.
ZAMANSKY V M, LISSIANSKI V V, MALY P M,

et al. Reactions of sodium species in the promoted SN-

CR process[J]. Combustion and Flame, 1999, 117(4):
821-831.
LISSIANSKI V V, ZAMANSKY V M, MALY P M.

Effect of metal-containing additives on NO, reduction in
combustion and reburning[J]. Combustion and Flame,
2001, 125(3): 1118-1127.

CHEN L, LIJH, GEM EF. The poisoning effect of al-
kali metals doping over nano V,0,-WO,/TiO, catalysts on
selective catalytic reduction of NO, by NH,[J]. Chemical
Engineering Journal, 2011, 170(2/3): 531-537.

GAO Y F, TANG X L, YI H H,
DRIFTS for the mechanistic studies of NO oxidation over
a-MnO,, b-MnO, and c¢-MnO, catalysts[J].
Engineering Journal, 2017, 322: 525-537.

GUO R T, WANG S X, PAN W G, Different
poisoning effects of K and Mg on the Mn/TiO, catalyst

et al. In-situ

Chemical

et al.

for selective catalytic reduction of NO, with NH;: a
mechanistic study[J]. The Journal of Physical Chemistry
C, 2017, 121(14): 7881-7891.

HUANG Z W, LIH, GAOIJY, etal. Alkali- and sul-

fur-resistant tungsten-based catalysts for NO, emissions

control[J]. Environmental Science and Technology,
2015, 49: 14460-14465.
KANGRN, HEJY, BINF, etal. Alkali metal-resis-

tant mechanism for selective catalytic reduction of nitric
oxide over V,0/HWO catalysts[J]. Fuel, 2021, 304:
121445.

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

ZHAO Z B, LI'W, QIUIJS, Influence of Na
and Ca on the emission of NO, during coal combustion
[J]. Fuel, 2006, 85(5/6): 601-606.

KRR, XUHEAE, ZEA9AR, SF. KA ABATS IR
XA o8 OB TR R (] R [ Pl TR A A
2005, 25(4): 136-141.

MR, BE, FHEAR, 5. RS ERERSES
6 < JR BT SR A e A B S R [0]. SRR A,
2009, 37(3): 373-376.

ZHAO J, WEI XL, LIT, Effect of HCI and

CO on nitrogen oxide formation mechanisms within the

et al.

et al.

temperature window of SNCR[J]. Fuel, 2020, 267:
117231.
WANG Y, ZHAO J, WEI X L, etal. Effect of HCI

on NO formation during CO/NH, combustion in an en-
trained flow reactor at 1023—1223 K[J]. Energy Fuels,
2017, 31(3): 3281-3287.

WEI X L, WANG Y, LIU D F,
HCI on CO and NO emissions in combustion[J].
2009, 88(10): 1998-2003.

WEI X L, SCHNELL U, HAN X H, etal.
of CO, HCI and SO, in pulverised coal flames[J]. Fuel,
2004, 83(9): 1227-1233.
ZHAOJ, WEI XL, LIT, etal.

als on nitrogen oxide emission: role of Na and its occur-

Influence of
Fuel,

et al.

Interaction

Effect of alkali met-
rence in coal[J]. Proceedings of the Combustion Insti-
tute, 2021, 38(4): 5299-5309.

LI S, WEI X L. Behavior of alkali metal hydroxides/
chlorides for NO reduction in a biomass reburning process
[J]. Energy & Fuels, 2011, 25: 3465-3475.



