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Abstract

In the cement industry, NOx emission is recognized as an important problem, and NOx reduction technologies can be
divided into process change, staged combustion, low NOx burner, selective non-catalytic reduction and selective catalytic
reduction method. The operation of the selective non-catalytic reduction method, which is the most used in the cement industry,
is expected to make it difficult to meet the emission standards to be strengthened in the future, and it is necessary to improve
equipment such as SCR and secure technologies. Recently, we are developing technologies for simultaneous application of
SNCR and SCR, dust and denitrification filter technology, and removal technology using NO oxidation.
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Table 1. Facilities of calciner with cement companies in South
Korea

Cement

Company Calciner Type Note

¢ AS(3) separation, complex,

A Polysius AT (2) ;
~ SP(2) connection type
separation type
B NN_IFC /;FS) ((12)) Exclusion of
non-operating SP kiln (2)
. AS (5) .
C Polysius AT (1) connection type
D RSP AS (2) complex type
PSP AS (3)
E MFC AS (2) complex type
- SP (1)

NMFC AS (4)
Polysius AT (1)

UBE Calciner | AS (2)
G Fuller Calciner | AS (1)
Polysius AT (1)

H RFC AS (4)

separation,
connection type

complex,
connection type

connection type
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Fig. 1. Schematic of calciner by combustion air supply type.
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Fig. 2. Schematic of calciner according to the shape and connection method of claciner-preheater.
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Table 2. Achievable NOx reduction with various NOx control
technologies

NOx control technology Achievable de-NOx rate (%)

Process modifications <25
Stayed comt{ustlon in 30-45
precalciner
Conversion to indirect firing 20-30
with a Low NOx burner
SNCR 30~70
SCR 80~90

Ammonia
Urea
Flue gas
—| Cooling |
f—a—Q

Capture | Catalytic Bed Pump
of disst 320-500°C

00000 Air
(a) SCR
Urea

Injection Injection

950~1,050°C

(b) SNCR
Fig. 3. Schematic of SCR and SNCR process.
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Table 3. Comparison of characteristics for De-NOx SCR catalysts

(b) Honeycomb type

Plate type Honeycomb type Corrugated type
Manufacturing format Pressed Extruded Rolled
Catalyst materials TiOz, WO3, V205 TiOZ, WO3, V205 TiOZ, WO3, V205
Surface area 0.7 1.0 1.1
SO, reaction 1.0 1.0 0.8
Standard size (mm) 450 x 450 x 500 150 x 150 x 750 450 x 450 x 500
Ammonia slip 1.1 1.0 0.9
Pressure loss 0.9 1.0 0.9
Using temperature 280~425 °C 280~425 °C 280~425 °C
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Fig. 4. A typical geometry of structured De-NOx SCR catalysts.
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Table 4. Summary results of foreign cement kiln companies
using SNCR process

Plant/Source L(S/(:llt(rl(t))l/t) Efﬁ(coi)c)ncy NSR (-)
25~50 0.6
3 European kilns NA 35~60 0.8
42~72 1.0
Ash Grove, Seattle ?i ?2 (1)(5)
Hercules; PA 3.0 12-25 NA
Suwannee American 2.0 33-50 NA
Florida Rock without 1.9 47 0.47
tires 2.6 29 0.35

Florida Rock with tires 2.1 34 0.12~0.25

Holcim — Texas (2 kilns) NA 47,32 0.7

Skovde, Sweden 0.5~1.0 80 -85 1.0~1.1
Slite, Sweden 1.1 80 1.0
Taiwan-2 kilns gg 451(6) NA

Cemex; l;{lii;lpreheater 20 50 0.6-0.7

European report 2.5~4.0 10~50 0.5~0.9
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Fig. 5. Optional points for adding SNCR reducing agent.
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Wolld= A, digAlol&, Alekd, 31485 5ol
A] of&] 7F2] 9] NOx A AL SHiE A 2515321 o]of wp
£ 71&k A7Eet] @47H] SCRo|| 483} =11 9l
= S1l= V,05/TiO 7} & o]FH o] H¢ o] 2%
H 9] 300~400 °C, AbA 12 2% 0]A ol A] =2 NOx A|
A &L vErdt). 18y o]t Sl St 2
E44S Holu H 2ALL7F350 °C o] 1290 &
AHE 7HA 3 Uk, o] ok g g 7]} 7
O] YA SEAEHEE o83 A2 g &1, A
9] SCR 34} SK9| AR}t 49| HEHE o83t
A7 A= JH?. o= Ui AfoflA] S 2z =2
=24 18 TiO,, st 1, SH01EY SHE A
woto] 712 9] QA7 Ao = R A APgellA
20179 70%9] H9-82 71Es190H. 282 wAHXA]
A7 AZ3) 7149] Y3to 2 AHE AR 233t A
2 SCR S &z 9 1-8-2 95t 71 7ol X8g=|1
U=t AT AT HoAN E B T RAE 285

o] 150~200 °C AL A E NOxE #7A]7]= SCR =
ol Zideto] B A, AEA B AR AR Ao 28
Slo] -85} A 8-S B sk,

43. 88 7=

43.1. =9

SCR % SNCR = A 822 24 4 d43t vi=
518 710l A8l w2t SHelelM e s 7eS A

&3 SNCR % SCR 5A] 28 5 AlAE 8, 4 4
=4 I 7]&, NO AL o83t AlA 7]& 5ol 7L
3 QUrk o EX D 2 O Ve V= E S
FA o= Zuf e AA gt E51E Edoto] 4
of &= Qo u]=9] Fabrics For Industry, Fab-
Tex Filtration, ACFM, F. L. Smith, W. L. Gore, Hitach
Aol AIE WA 53] W] A2AE LS} 712
o] WS iAok ATE FFokar ATk, Fabrics
For Industry, Fab-Tex Filtration, ACFM A}2] 742 AWl
£ 379 ol W0l olet e, 178
24 BAE 2] S A 29AE At
Lafarge, Ashgrove, Holcim 5-2] A|[HIE 3]Alo]| -85
T I, Smith AR= el8 S0 T Lelof
PTFE(Poly Tetra Fluoro Ethtylene)E T &3t <] E
HS- 7bste] 220~240 °Co] 2= FHolA HehE 80%

VUt &1 10 mg/m’ olshE AR,
Gore A= NOx2} NH; A48 GORE DeNOx Z1j] ZE]
g Jldlo] 2ha|7] AzZbo] -89t A NOx Hi&ES
2 80 mg/m’ o]5}2 Ao Tkl Hasklt. o] el
NO AR} o]-&sto] A[HIE F7of 483t 7|3 7id
Skt 7HHTHe] Airbone Clean Energy APl A= 541
A3t 744 F5A(NaHCO5)E #AFste] SOx, NOx,
Hg 4 o2 55 9 AM7EAE BA190 99% 71R] AIA
She 7S sk, 181l o] AtA9] Lextran
ARz SOx, NOxE BAlol A|AsH ] s S 54 A1
AL Rdstad SOx 99%, NOx 90%2] AlA E&S B
Ao wuff 7hs3 FANEE AAkstal Qlet. o]2{3k NO
ABLE o83t g 7]&2 7]E 93 7]&<l SNCR,
SCR 4] 53} H|W A| A2 Abs} HFA] 0 2 7]& ofu] A
2] WA 9] ARto & 7hsokal 24 W Bk Zigksh H]
B RAEE AE 5 ok RS 7R AL Qlokal B st
9&1—,]_37).

432 =2

U AHIE 4HR19] - o]& th&st7] {15t 71& 7
o] A= Qlov, 7|29 HE 71edt ok 7]
&2 9] 7]%9] 9 60% F ol MEL . KC
FEHo A= AHIE F4] 285171 913 HA] 9 NOx
WAAZA] B0l A 1990 F5EH EH A SHFNAS
fIsl AldstGE A713%171et B E 23Rt Al AH]
<= st on, o= AHE 349 $47
AR EA 219 S WdE | EAlsto] 4 i
SollA SrAet BESsto] A4 viE7EAL] T NOxE
Aeiz 02 A7 |E 714 sttt d18a A
HE JAA= NOxE A5 Yol raw material =
1273 9= ARG, CaO Bhir F-U = ARG, vl AAH] A
of oJgt M)A T TAE FEslal gloH, 42
U, @27] 59 1as Au A4 4 22571 59
1883}, Table 52} Zo] 7]& SNCR] - 7|45k
ANCR A& A8 FHsto] FIstal Qlok. EIL A
NOx 94 7|& /i, 34 27 HeS e v 24,
tlolE wiold 71 5= 55 NOx A|7o]| ek 223}
714 RS 1 Foloh . JEu @A dAofl A F U
AHIE 570l 41 2] SCR ] A A= T2 ofgo] T4
I A0 E T o]ouet A4 0= NOx TS &

O

i
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Table 5. Comparision of SNCR and ANCR

temperature

SNCR ANCR (metric SNCR)
Spray nozzle 1 stage Multistage (2~3)
Injection position Unmeasured Continuous measurement

* Spray from all nozzles

Reducing agent injection . e
& a8 J * A certain amount of injection

* Spray only at the nozzle with proper reaction temperature
- Ammonia : 820~950 °C
- Urea : 900~1020 °C

* Automatic injection amount adjustment

* Frequent nozzle blockage

Operating characteristics . .
P = - Low reduction efficiency

* Resolve clogging phenomenon by adding compressed air to the nozzle
- High reduction efficiency

Reducing efficiency 20~40% 40~60%
Ol 7]&(A NOx H{U, FGR, tHtl4s, A4 5)= 4] ZAe =2
2oz @A dHlo] A8sl= Aol Qs P‘% Eli
Hj&5] 87|20 AlEle A vEshd A 58S g 2 AFE= 20199 % ARG SRR W AR715 87
R iR Ry RS X T A E EXCE- DA -1 n}zt T AKEIT) A7) 2ol ©Jgt A51I(No : 20005750).

L_/\Z]

= ol 18 AR a7 whitol F7HR1 AU
A, SCR 7] 2] NO A8} A A<k -2 thafst NOx A A
71& /N g7 4ast A0 ® AlRET

54 E

T A7 LFEE HiESE 71 ARk QIS AlHE
AFA9] NOx H &2 Z- 83 A2 Q1A= 1 9lom Hat
2H4of| gk Iilo] S7tetHA X13Hg Akl o= o] A%k
ZA37F 87531 k. AHIE AFollA19] NOx A7t 7]
& 4 52 24T A3 FfiollA= SNCR, Z ol A=
ZF5 SCR F4S TJsto] 29 Zof AA|qt 7P§].QJ:
g A Fitol| 7[&d o' g5t BET Zﬂ
£ AYIL o] F o= T E FHCE AF 7eS At
&3 SNCR ¥ SCR 54| 2-& G AlA" 8, #2112
=4 IF 7]&, NO 41518 o83t AlA 7|& 5ol 7
L=k &’M 0|9} Zro] AJHIE Aol = 7802 =
EAof| A 7IAA] = HRlolA NOx WA
4(A NOx ¥4, FGR, Thh 4, A4 5)S
o= A% Aulo] FEsta, F7|HoRE= A2
Z0j| 7 @ SCRoJL SNCRT} 222 NOx AJo] A
Hlof] 7141 HH] 4 7|&S EYsor & A0 = Ala s
o}, 12|31 of2fgk AH| € 7] EQlof SlojAls okt

59 NOx Alo] AH|E HESIIL AFIA o] 23kst ]
£ A7 & A5k Aol g 2 o 2 whetEch
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