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PRTEY, 5ot AMRE Y, ZNE Y, WIER Y, S, X!
CLHAAEHA TR EED B AR A RS BB K o, WEFHTH 471000)

& BIARAKRE IR A NO T 454 % R AL FHIEENEREAAR (selective non-catalytic reduction,
SNCR) . it #F P AL IE B H K (selective catalytic reduction, SCR) . 1& /& &L 4L K (Low Temperature Oxidation,
LoTOX) R I & A VAL IR A5 e EArHER, EROGREEFNRALZETFTRT ER0RARETS .
At — T IR BT RACR I AR A, R RARBY Mo RS EETAE, #& T BIRARNLAH
WA R RAL A AEACH], AR E B K. B CFB 4% A R 5 & Tk 43k LFF & T 69 AL 2
RPERE N . B RN KT AR 95 55 2L 99%489 NO BLIR £, )L CFB ¥ A MRS X4+ TF, MaHE R
63.1%~78.1%, HEHHFA SRt ; Ty m AL RER, oAb Rk 5% BLai AL,
WA NOx K A W TEAK 60% A £, F+A 2B SR R . b R RAZBLAEIL R G0 & 5 2 ), Aeab R 2%
186 LA L R AT, NPERRAR AN IR A7 Fd= % T R R 25 fe 5 AR REA,

KHEIE . BIRARAREY, NOx, N BRAZBLA, HEAH
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Development and Application of In-situ Catalytic Denitrification

Technology for Circulating Fluidized Bed Boilers

CHEN Qian-hui!, QI Wen-yi!, HAO Dai-jun!, Li Xiao-miao', HUANG Yan-zhao!, MENG Xue-feng!,
DENG Xiang-jun'

(1.SEG Luoyang R&D Center of Technology, Luoyang 471000, China)

Abstract :  SNCR, SCR, LoTOx or the combined technologies were commonly used in circulating fluidized
bed(CFB) boiler to control the NOx emission for meeting the policy requirements. Nevertheless, introduction of
those complicated equipments would bring extra expensive costs for production. In order to reduce the
denitrification cost of CFB boiler systems, in-situ denitrification catalysts were designed and prepared based on
the mechanism of the formation evolution of nitrogen compounds in CFB furnace. Denitration activity of the
catalysts were measured within laboratory and industrial experiments. Denitration activity of the catalyst reached
about 99% in fixed bed reactor condition, 63.1%~78.1% in medium scale CFB combustor, and the anti-sintering
of the catalyst was also proved excellent during the experiments. In the industrial application, the NOy
concentration in the exhaust gas decreased more than 60% by 5 wt% addition of the catalysts to the bed material,
meanwhile leading a higher fuel efficiency of the conbustion process. Development of the in-situ denitrification
technology provides not only higher operation flexibility of the CFB boiler system, but also an alternative
economical and practical option for its denitration process.

Keywords: circulating fluidized bed boiler; NOy;in-situ catalytic denitration; catalyst
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(I

TEIRWALIR (CFB) #adf B — TUEERAEHOR, BRI R AP IBRRLIE B . 384T R TG P A g il
SRR, EED O FR IR AN, A, fESbrA =R R, CFB Sl ig 174752 2110
SEENY (NOO Z5i5 e HEBPR 1 o

PRRME S 20N 0.5%~3%21. CFB Bl H 1 NOx EZR BRI & 55, e, NO &)
549 NOX 5 401 90% LA E, NO» 2115 5%~10%, B4 4 1%1 N2O. BREMEZEN CFB #ilr)E, &%k
B TE E IR PRI LN NHs. HON Z5/hor Ak &9, iS5 <S A1 O. OH EH &N, 4
NH>. NH. NCO “5HfalZs, &AM NO Fl Ny 2598, Hh4b, 18 CFB Sadr ik JEBRGE X N, JE 3R
YIRLRIHE %10 FeOxn CaO 4B AN &N NOLFEAL = A 5o, RORL R THIFR 20 42 8 S AL W 1 Ak A
W22 NOx# NHs. HCN. CO MIPAESEE JR ) UL IR 8 No¥. CFB fin il H NOx & &2 FiR %k
S JE R P RIVE 45 R, A NOK A2 R AT S A I A5 2 ) 4

X TR AR R o WAl ) CFB Bl &, 7R RT3 2= S R B HI A3 4 s LR, S NOLHE
TR — AT EE 7R 200 mg-NmS A A7 . {HBEAE S04 1 KB R AR 5 T 1) 22 4K, CFB 8 s i 47 i 72
AT AR S EVR A A S MEN, SEUR A SR, PR, A NOL IRz
WAHE. iR AR E I RER, CFB M RS A WK, CFB A E RiAR T3 G il A 35 H i
HI59. 4RT, 6] CFB 8 S NOx HE e AR BS B0 w2 — Rl R X Akt sy
AAFER TR EM . AR T Z, WIELIIH] NOx A R AEAR T R 40 s 2 i i 7 101 X3
W B RIS FE (SNCR) SRR ETE (SCR) FRIREFM AL (LoTO) A M
BEEA T, X EVAE R NOK HEATERRIS, AN, iR 2Ra it dh) £ 51 5 8 slAS A &R 48 5 24 1 1 7 i o

KRHFFEHET CFB Bl P NOL A -1 5 [ AL RGBT — P AL s Ak 7], Jd5d
BEEHIEL RS0 AR A IR R Gl kL R Gols AL BN PR A R 2 AR E A7) AT BE
PREME RGNIEIR, EEMERA =, —REEPWEEEDR S NO R MR, 501k NOL IS JFL 2,
TERRNP RS 2 N JEAL LR BE 22 NOL B JFUN No, SEBL NOx FI4 PR A BB s — 240 NH; Al HCN HR (8] Fh
] NO b, FEARER T NOx IR A HE S R . F B RN AW (1) F () o RStk e, ik
BPER, BTG ART &, o 5l NBAME R AR B &, HIG k5 J A il

NO + CO/NH3/HCN — Ny + CO; (1

NO + C— Na+ CO2 (2)

1 LIRSS ST

1.1 REEHEALTIRHI&

RS 4 e 7)) 5% R FH A B - A7 o RN 60, i ME 28 -1 30 KRB N ER R T-hedt el JRIR N 10g 7 FL
FNEE IS, BEJEA A 100 mL Fe. 60 mL Cu F1 25 mL Co =FiE 14 B BB, 4 )8 thIE MR /R
WEEYR 2 mol/L, FFEEHE 6 h, 4TI AN Eh BV T IR A0 AL BE T 4R 2 90 4 6h, BEJGAF AR, Mt
Fo BBESE, BTEES 80~350 um TR, HIF RS HEAL .

1.2 BRAHELTRIEMN 3%

NFESY A CFB SR B E . #R R, Ba s 1715 05 5 o7 Bt Al 1 A 750 e s v M A RS e PR A2
SO, A AT S SR TR T I R R R 2% /N TEMT - CFB 8 0 Ai iR B6 LL % TV AR B8 25 AN [E B0 A P iR B0 9

BT CFB # 4 IS4 NOx FZ LA NO ~E, EMWYHREELL COo NE, RIL/MATF 2R H NO
VERNHLAL 59, H CO A SRR JEFITF R A AR B T T . AR MIT N S B (B 1) HE%
5% CFB #Pszbr Tl e, HAkdh, KRMNEA A S NO Al Now 020 CO BES, SAMHE S5
N N2:02:C0=96:3:1, H:H NO #J4HKE 600 mg-m3. CFB f4b i i — A 800°C~900°C, N1 N4
THT PRI DML B2 745 A R XL B 1A 4% 55 TR 35 R PRI PR IR B 3, o i 2 oy S R I P 31 BBl 9 38 750°C~925°C .
WG RE A, R 1g AT I (FRRBAD KRS H TEAFEETEN, BHa SR EN 100
mL-min, FFESE IR 2 TSR R B AT AL FTE R PRy, IRON2S1E 11 NO 5 ZWifk BER A R S o B Ak
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Fig.1 The schematic diagram of fixed bed reactor
FERIE CFB i dp rp ARG B (& 2) EIFERE— B 7t . i DLV RRE, AL B0 & oy B
RBHE ) 5 wtYoo T N FAAH B B it 0T S L As BEAT AN, PRIRTEE 650°C, R ORHIIE i 85 e k) 2=
BN, RN 1 kgh HEKZEERE 850°C . I Ll /5 u X EME K 7, ILEAH
I — R FI R e ot 1 I 28 B, 28 A AR A R AE AN [R] A6 0 T B B A 14 e

C—/1
4
AV E ity ge
IR _
-IRA s /
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IR i o
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Kl 2 CFB W ik Eom
Fig.2 The schematic diagram of CFB combustor
b S PR 7E AT A RE Ak 220 t-he! CFB fm T . %5 T ZRRON L. b FE A & LR
o B EIRIRZI Y 900°C o BERH AL KA R G LInE A AR, AR B E Y B
PRI S wiseJe i, HBRFLEAT RN T, LRHEHCRIRE AR T NOW IR R LA B S 2 P A7
DLHIRZ o
o T A Tl PSR RV R B 2% 1 R
R 1 BORHE T ER 73 A A Dol 7 B

Table.1 Ultinate and proximato analyses of coal

TEEAHT % Tolk gy 4% Quevar.



Car Har Sar Nar Our Mag A Vad FCua (MJkg™)

48.68 2.78 0.52 0.86 2.33 6.79 31.53 28.62 48.37 21.85

13 RBMSRES®

I FEH, A NO W R AR AE 7 T4 (Testo 3500 Rxills A Ak 7R AN PRAHE 27 B3 R
F X B 287566154 (LAB CENTER XRF-1800) #Afif, LAEHJEN 40kV; MR EESCEH A H
Bt (Hitachi S-3400N) RAE, TAEHE N 30 kV; FLA A LG 3R AN K H 42 B 3l b 3% AR K FLBR 43 X

(micromeritics ASAP 2020) FRAE; {455 B 548 £ A 2% 3£ E ik 5582 (ASTM D4058-96(2020)

AR TR A TR 2 A 1) B 45 R B R R AR B8 798 SR BE 3548 B i (R FERHE MS-D) Jik; &
A FRRLFE 23 A7 U 52 £ %5 (NB/SH/T 0951-2017 AL ZAAE TR B 20 A D0 2 06 HUEY , SRAEOER
FE 43 11X (Bechman Coulter LS13320) #E47 43 A AG .
2 HRE5vHS
2.1 TR RETEAY

TE/NRY ] 58 PRYPAN 26 B 128 A SO SRR e 791 S 2 AR A A S5 AR K A 751 5t s s 2k R sl o Bt
TS HEAL T AN R AR AL 22 R R 2 T .

%2 MR RIS 4047

Table.2 The chemical composition of catalyst and bed material

Si0, ALO; Fe,03 CuO CaO TiO, CoO MgO P20 Na,O

k71 20.1 34.7 16.5 9.6 5.6 3.4 35 1.7 22 1.27
WK 46.4 33.9 3.0 0.0 7.9 1.1 0.0 0.9 0.2 0.3
RS 47.7 31.7 3.6 0.0 8.7 1.2 0.0 1.1 0.2 0.3
I HK 45.0 31.6 3.5 0.0 9.9 1.0 0.0 12 0.2 0.3

FU R AT AT = B PE AL O RA KGRI FLER S5, REMEFEAR NO A1 CO IR NLEALRE, TR
SR B AL A, AT B e S ML, R [ AR r B B A R A 7P ] B 25 4 i NO BB (&1 3D o
4h, NO 5 CO SN WAL, T i S I BE TR A T bR S L A%, — 5 Y i 9 NO it B 2 i e bz
IR PESE T o (EE TS VEAL AT B, BB SONR FEEFF ST i, EALFIR I NOL CO Wit 5
Nov CO Wi MY I REIE BIZN AT, NO Bibr R b2 ik Bl ik, SN AR IR ST A B
b dR i NO iR, W 2t — P AT B B DR S 2 W5 S N AV i, AN A SE BN AT A2
B AR A RS I )t RN
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Fig.3 Influence of catalyst content on denitration efficiency



£ CFB il SEbrig AT e rh, REEAAAAE KRN WK JEM AR B SE B AR, IXEERRE N2 L
iy, HYEA DB Feo Mgy Ti L& Ga. Cr. Zr ST BA >, FIMASERIBMIRE T, =&Y
R — R BAETERE (B 4) U IR RUIESE, TSI BL R, £E 750~825°C XAl A, PREHI
LR 1 BE Bl S it RE BRI, TIAE 825~925°C X (B A, FRREXT NO JERRF A Sy R, JF HARE
o CKREIEA KB AN AR B FURREE R, DR T R B H S e F) JB A S i P, 53 4k, AR PR
PRI TIN5 2 %ok PR HE A5 B8 S R RS B 2B o 5 S A IR RHES SRIALL, IR IR IR S AL i i 77
RPN FSRACRCR, WA EEAI 855, (B SEAORI A7 A X S 2R Gt S I S5 U5 R 1T, R e it
NO £ A LA EAIE B A . AESKBR CFB Sl R4, BN E AR BRI WK AN 7 A
IR ZE R, (ELAORE IR X S A 751 4 L FH R A 2 7 A B O AR R ) R
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Fig.4 Influence of bed material on denitration efficiency
2.2 XA REITMN

CFB < NOL R 2 5 — IR MR T A R AE S B BAHR (R 3) o £E CFB faff IEH B T
T, M NOKE S — X RS FA B RIE L, [ CFB # iR InBLAS fEAL S, MR NOK IRk il
— IR i R A B S R S AT SR, SEAR A — R 1A Bl T # AR JE NOK iR
JRAL, B AR R IR X A A2 BE R FE ) CO, ETAEHE CO 5 NOK BB S Ri0Te SEAR AR il 7 4 2 ()
FEREMSIRTIIAGE 2 CO MIIREE, MG9mIE U5, AT A SR AL S AR i) S G SE DR BRAR R AR IS . A,
Tl A B B T R AP Y CO MRS B BRI TSR AT, P DUMHASCITT &, o ) S8 ) A 711t
R R m TR,

BRI — DA T e A ORISR, DRI B AL 7R R R R B s . BRI R T, 4k
RS HOREAAL, A CFB il il BN TS, RS IRERIL 2%~3% 1) T F#. X2 H
TR SR AL B Bt — B Ak e, AR R TP BB AL IR 3l 55 Fe JURMN A8 #, HAE)
AL E S EITCR R AL G SRR, X CFB Sl R B R b (& Sk Ak 21— @ AR R, DL iiort
SR T BOREAR AN B MR, HEE AR o1

e ELERIt S e IEEES

Table.3 The conditions and results of pilot test

Tl T2 T3 T4 THs T 6 TH7 T8
AL 77 EL B8l rwt % 0 0 0 0 5 5 5 5
PRBHE/(kg-h ) 1 1 1 1 1 1 1 1
L e 70 60 70 60 70 60 70 60
% 6 6 3 3 6 6 3 3
/T 850 850 850 850 850 850 850 850

NO, e /(mg-m™) 2455 228.8 190.6 178.6 90.5 75.6 47.7 39.2



NOL EBR % /% — — — — 63.1 67.0 74.5 78.1
IR AR E % 13.5 13.4 13.7 14.0 112 11.0 11.5 11.4

CFB 3l N B il iR AR08, JF HIRRMI P R 7 A R /K A8, K M3 R 30 i A A 77 1
P PR 1 By AR o 0T S S HIT AR B AR A RN SN 72 /NI i B PR A 751 ) 2 THT TR SRR A% 23 A
BEARHR LSS — RAIPHEE R AT RAE (B S, R 4D, UESE TN R JE 1R A 751 1A 2 T A5 R 45 TR 1 Fi b G
B ZE S, UL P4 S PUB I LR BN BEAE, CFB ) wf Z1 1 BRBPE PR B8 B A 2 0 i Ad 77 4 22
i REIE RO T RE I

(a) (b)
5 BRI TTEA (BT bRSIE)

Fig.5 Surface morphology of denitration catalysts (a.before reaction; b.after reaction)
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Table.4 Physical Properties of denitration catalysts

=L I8 iy A7 S J AL

R (kg m™) 1280 1276
FLA/(mL-g™) 0.14 0.13
bR A/ (m?-g ") 68 65

BEIRAREU/(% h ) 1.43 1.47

RLEE 73 A7V %

0~80 pm 8.8 8.9

80~350 pm 83.8 84.0
350~500 pm 7.0 6.8

2.3 PARALEE RIS

it B A 700 B0 ML R B8 78 o A A R J8 JE Al 220 t+h! CFB 4 & T e, 1% CFB 4l & 45 H iy
e T B 32 BRI 9 SNCR B A 741 LoTO AR B T4k & BiAs I F1 K, % Mg 4T A2 ¥ LoTOx
R THBERKIH I ATIZ(T, DUE T SNCR HLITHE & & DUk B /MR NOKERT 50 mg-m? FIHEK
PR, AME %G B R RUEME, RIS S R B R A R A . DRI, A P AT R A B A TR ) I R
AMENZ A CFB 94 RGUEATIAE TR H AR DS, G R i I A B S E fuer, RIS Rt T B8
ISEF S e atills ZN RN A

Fit A AL b S PR G 0TI, B BRI R 200 20 the RIGZS N ARRE (10 K)o AL FIBRE N
H (SR MEAFIRR RN (45 K =AM B, WIEFE I NOx W E R (K 6) o o [iail
) 2 SRR I TR AR IS AT RO, R A S IR TR, B BB P S NO TR Uh HE O B2 29 240
mg-m?. POHEIIER B, R ORI R b MR 7], AR N8 RN 30 ke/ho BEE K] i
TS BB E I, A NOGIREEPUE NI, AR R BB 5 wivo g BEAFRE IEM B . A&
AT AR, DR A R INVERY B, AL N B 2055 T AL B PR &, IR 408 4 kg/h,
ZH B NOx WK FELRFFAE 9020 mg-m™, NOx i bR @ 18 3] 70% LA Eo A7 I nd R, 57N NO.
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Fig.6 NOx concentration in CFB boiler
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JET-9RA6 CFB 44 1 AL B PRI B AR B 38, AR FU 114 7 —Fh CFB 4% iy S AL JUE e 1 75
RN CO 5 NOKHIRSE,  SEHL T 4 RGBT, A S BSOS NOW HERK

(1) 78N ERIFN 2 0E T 08 2 B A0 )08 o R T RS IR T, TS 700 S5 00 P % 25 OB L
5 RAFIRIER, feisscBlBal 100%01 NO BFRR.

(2) 4R IPr e i 2 R R R AR B IR, g R, AR — R A o S e R T
EESOE S

(3) TV HUB BRI 7 RS A 9 AT SEVE AR E 1, SUET 5 wioe AL FITZRIN, 4R 4P/ NOX Ik
PR AT B 60% LA 1, MK A S S B B T i o Wb, b s S0 R T AR B 25900 52 7 RS 701 (7
WA B TR 9 & IR 4 A, BRSBTS R IR

AR, A5 4 K CEB 4R 47 T3 7 J R A B R L BUAF . BRAG M BRRE i, 0 P SO I A B AR Py I
KX CFB 83 2 5075 Yo HE UG R A Bh2S, o B R R 3R 4L T 9 K (I I, 234 CFB #id
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