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Abstract: Low temperature selective catalytic reduction (SCR) combined with low—nitrogen combustion and selective non-catalytic
reduction (SNCR) were used for deep De-NO, in a cement kiln. The SCR pilot plant with a flue gas of 10000m*/h was designed and
constructed. The De-NO, effect of SCR using residual NH; after SNCR was investigated, and the influence of inlet NO,
concentration on the catalytic efficiency was also studied. To meet the emission standard, the SNCR and low-NO, burner techniques
were carried out and the concentration NO, in flue gas was 100~135mg/m’. The De-NO, efficiency of SCR could reach more than
50% without the ammonia injection, which indicated the existence of NHj slip of SNCR. With the increase of ammonia injection
quantity, the De-NO, efficiency of SCR can be significantly improved. After a long time of test, the proposed De-NO, technology
scheme could stably and effectively control the NO, emission in flue gas, and could meet the ultra-low emission standard. Finally, the
influence of dust on the micropore blockage of catalyst was investigated, which indicated that the soot blowing system of catalyst
was very important to guarantee the performance of catalyst.
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P B A KV AR = 5V RE T B K 1 L 5
IKYRAT Ml PR IH R S AR AT >R T — R A IR ] 7L, 491
WAL (NO) R FEHEROIT BN R W « 25 38 A6
20 2 T 1 i K e 47 b B 2R BN N T R i Al
FARIFIREIARE . 7 BIRBEFNIE B AR Al I8 it
(SNCR)Jli i 22 4 Hrf SNCR A R FER S
HE BN NHs, AT EHEA R a]EE NO, i )54
N, Al HyO 78 SE B3 M H H,SNCR HoAR 1] LS AR E M
R AME &, 83— 0 BFIK NO, HEl ik & =
400mg/Nm® LA A P (E 75 8K el Ll AL H 258 7™ 44 1)
HeohruEL!,

TERENE AL IE L (SCR) Al H A WA 2 . 1

FEME S A0 A N RN ALAS B T T 1
FIVAE [ AR K P AT b SCR 326 97 1 Ay 37 6 T
FHBEAR, e AR s 2k B MR A 7 — 2R T
HAEH DB E SCR RN &, MU E N 300~
400°C M 1L A A 7 AR A 7R GBS B 51
(1% J5 Wik B T 10 AR T A SE PR is AT ik R v, — R A
F AR A OB R R B R (> 100g/Nm? ) 1 5 8
R AL F ) 8 22 A H U A 6 T O 22 ok

WeFs BHA: 2020-11-23

EEWB: WK ARBIEES T I H (51702308); B 55 A0 & 7Rl
H(2017YFC0210700)

* THTAER, %, lijunhua@tsinghua.edu.cn



3170 o

o R 41 %

I 2R 48 ) 7K A = 2 70— AR tH A SCR
SRV 4 Tk 3 R AR AR LR R SCR R Y.
AT B AL R PR 2 5 O — R I Ty 2L R, T
R TR AL RS SCR A7) (7 1k i
X ] 150~220°C),JE MK ez 28 SCR ik AR J7
T K Tl SCR A TR R FH i 85 1) Sk

RSO T Pl T 7K 38 b 1) Hp A et i
BiFf fhe A7), R AE B KPR AT B A ] 4500t/d Rk 7=
2 AR 2 R R T AN 10000mY/h )
SCR HHA S0 A B /A 5l Wiz & A NO,
WP AED 2000 SCR AR 25 S 1 5% Wi B 45 2 7= 4%
JEAT (AR E A HE AT SNCR Al A, B 78 528 NO,
A HECH F5.

1 PIARERE

SCR ik 2he B O s A T b A7 K K Jg
PR, T 2018 4 9 AMIRE) A [FAE 9 AT
PR JE I8 AT 2 i P S e A T IR
SCR AR AEAL T Al ME BEIK, T 2R 55 ik
RGnE 1 P,

sk

HE
[T

BT T U sl S g Bon
Fig.1 Schemes of process flow and pilot plant
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Table 1 Design parameters of pilot plant
ZH Hudh
2 N S B (Nm P/ h) 10000
TR BN CHIR AR (C) 200~220
AR T NO, W (mg/Nm®) <250
HS P BRI B (g/Nm') 35~40
S H SO, W JE (mg/Nm?) <1
BB R%(%) >85%
AEEE A NO, K (mg/Nm'®) <50
JBEAH 2R 48 R B3 (Pa) <2000
AL R (m) 437
kit (x10 %) <5

®2 RIEZ|[AELTIRITSE

Table 2 Design parameters of catalyst in reactor

HRR Kl
HEAGT % 3+1(EHE)
B A AR EEL 1
e <] (mm) 970x1910x1105
PAREHAFR (m) 1.46
(8w 6x12
HEAFIERI(m?) 437
SN AR AT R ) (mm) 970x1910
P IE (m/s) 1.5
AR (h ) 2288
JEHi(Pa) <2000
HEAGTIALEL 13

F 3 LTI ARRHE
Table 3 The geometric property of the catalysts

S8 gl
LI 13
T T 1) B LA(mm) 150
Wrin g i K LB(mm) 150
K (mm) 900
PN BE ) S (mm) 1.5
HIEE JELJEE (mm) 23
42 (mm) 9.8
19 #i(mm) 113
TFHL#(%) 72.14
JLAT HR TR AP(m’/m®) 294
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Fig.2 The influence of inlet NO, concentration on De-NO,

efficiency without additional ammonia injecting
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Fig.3 The influence of inlet NO, concentration on De-NO,
efficiency of SCR with different inlet NO, concentration
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Table 4 Catalyst samples at different sampling locations

before and after treatment
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Table 5 BET surface areas of catalysts (m*/g)
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Fig.6 The pore size distributions of catalysts
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Table 6 Component analysis of catalysts (%)

WAy 1.1 2-1 0 31 12 22 3-2  HiEEfELRR
TiO, 775 775 786 81.18 80.86 79.99 81.83
SiO, 8 77 14 7 6.7 7 6.05
CaO 37 35 26 37 35 2.6 1.61
V,05 3.1 3.1 32 29 33 3.4 3.36
MoO; 1.9 23 24 25 24 26 2.73
ALO; 1.9 1.8 1.8 15 1.5 1.6 1.18
SO; 1.7 1.8 1.8 1.6 1.6 1.7 1.68
WO; 077 090 082 074 088 0.77 0.85
TLO; 040 03 037 03 031 033 0.00
Fe,0O; 033 031 026 02 02 0.9 0.16
P,0Os 030 03 031 032 030 027 0.30
NbO  0.19 021 021 023 023 025 0.25

K0 012 011  0.09 - 0.06  0.06 -
Na,O 0.05 0.04 0.05 -

KT BEMREERD (%)
Table 7 Component analysis of kiln dust(%)

CaO SiO, AlLOs Fe 05 MgO Loss
40.01 11.62 4.75 2.61 1.38 3591
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Fig.7 Catalytic activity of the catalysts before and after long

term operation
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