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Fig 1. 3254 A EH42

Table 1. 3AIH 9

- Pipe | % #4& -3 ¥ Ductll #% 256m/sol ## Size 54:(150A)
Coal Duct - Coal Duct®] Ejector : TEC F+Z & A|F — SSY A A A A

- Flexible 9] : TEColA AFZ 71531A A7 HX

- 7]1&€ HEF 20m 2A, 53] AFFE $% Expansion F9= AAF
FDF Duct ZAP/oE Nx |

- Flanged =3 Pipe A X](Flexible : TEColA AERA 715314l Az AHxX))

B A | 71&9 Frame2 A3} 24 71%°] gSAAY F& #,5 Bolt Z43})

amer - TECOIA 7122 9% 71=a9 =@ #A(Turn Buckle Type A )

- AA 7]¥ : Normal 75 t/h, Maximum 9.5 t/h |

- W= © 7|€ Burner$} ¥4 (Z% 80mm,st%F 100mm)H &

Burner - Burner Hook : TEC A&+ 4 X
- Hook Cap ~ Castable A& : SSY A g
- Coating Al A€ Air Blasting System : T4 A&
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# Kiln Main Burner & 23 3

TEC 8  <€—

P55 areRAl

Coal Nor. 7.5 t/h
Max. 9.5 t/h

;gnil"] oz (oo s Flexible Joint
- P S

Burning Fan

(31m3/minx2,400mmAq)

{3y SSY Primary Fan
(85m3/minx2,400mmAq)

1/24 () TMP Burner A2 ¢ A4 2% =&

1/25 ~ 1/31 | TMP Burner 7| Z3&d A] 3

Turbo Blower A X3 H 3}

2/14 ~ 2/19 | TMP Burner Commissioing A A]

Y~ ABFA~AAR N1TF

2/20 ~ 44 7t

Table 3. ZAH|E

A = %

| 7

&

}. ERBIE

- Burmmer 2 A ¥ Burner Frame®. ¢}

Burner (Engineering Fee E %) 24
Fan ~ Burning % Primary Fan | 85

A7l 2 EAR | - FY, Aloj4dy] X/ Room, Fan7]& A%

Coal & Air Pipe| - Coal Ejector, Coal £ Air ¥4 Pipe 1A

......................................................

.....................................................

.......................................................

Al

406

2. Burner Design H| &
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Table 4. M =AlH Burner E*JHI

S -fjeié;j;j;jijOTAFLAM (ZF= PILLARD) ||
=
hick Steel Plate
""" Q=3 Ayial Outer Air
________________________________________________ = o tér
B il Al = Swirl Solid Fuel Ai
Swirl Vane '- ool Swrir]l Inner Air
( Stabilizer | ,
\ Swirl Vane
Burner
AeH
Y724 = = 200mm
100mm, 3} 50mm & 90mm, 4 105mm
S, -
!
|
)
_ Spec’ | 156m’/minx2,530mmAq
Primary Fan [~ : -
£ | 125m'/minx2,800mmAq 74 | 64m’/minx2,200mmAq
_ Spec’ 80m /rn1n><2 800mmAq Spec’ 31m/rmn><2 A400mmAq
Bumlng Fan ...... SO Uy VU U O SRR
A | 77m'/minx2,600mmAq &4 | 31m/minx2,000mmAq
Momentum 9.2 N/MW | 51 ~ 65 N/ MW
AR 75 125 m/sec 180 m/sec
1z} & 7]v] 16 ~ 17 % 10 ~ 12 %
Coal/Air Ratio 15 ~ 25 30 ~ 40
StEZEA ATE gz iz Z} 71% Damper /1= ® 7
HE4F7) 1d 7] A A Overhaul 6719 F7 A9 Ba+1d F7] O/H

- 188 -



# Kiln Main Burner A A3} 5

3. Main Burner& Turbo Blower & &

Bumer 7|&°] W& Al Primary & Burning Fan® Turbo BlowerZ thA, Auj&& 34 ¥
A8 dZo 7193z &

32 Fan ARk Hl

Table 5. H&d M, = Fan 8% djy|

o AANg

Primary Fan

156 m>/min *x 2,530 mmAq

85 m>/min x 2,400 mmAq

Burning Fan

80 m’/min x 2,800 mmAq

31 m’/min x 2400 mmAq

Table 6. 7| Z FDF2} Turbo Blower H|

- Damper Control #4]

- Fan Speed : 3,600 rpm (Z2&3)
- Prymary Fan : 2-stage

- Burning Fan : 3-stage

- Fan & : 65%

- Inverter Control 4]
(EZ&% % Feed Back)

- A A€, Compact

- 3d F4 Service

Primary Burning Total

Primary Burning Total

T5kW 37kW 112kW

60kW 15kW TOkW

Primary Fan : 26,300
Burning Fan @ 33.3
Al : 59,300

Primary Fan : 55,300
Burning Fan : 28.000
Al 83,000

(FDF tjH] 23,700 1)

- 4959 /kWx320d/y*24Hrx112kW
= 42578194/

- 4959 /kWx320d/y *x24Hrx 75k W
= 285124 9/4
(FDF tid] 140663149 |)

- 71& Fan @ A% New FanA A

- 2712 One-roomo] A X
- Noise WA HAA(H7])

3.3 Primary & Coal Blower A&7l &3}

A7 Primary 2 712 Coal Blowerd Al@71% ZAI= ofd] HoA HXRo| ZZ9 Set
Valued] dig $gAdo] 24 ety go AF Ao 2 AHAE AdAUS
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Fig 3. Primary Blower Al & & 3} Fig 4. Coal Blower Al & & 2}

. Main Burner X ¥ Sd=H
4.1 TMP Burner 7|5 &9l Test

A9t A X Burner® E714 Test& 93] Color @ZErE ©]£3 Fan TestE A Al g
7 7189 BEe < B2 23 71& Bumerith M3 B4o| wje FaA Uehd
S A F UL,

=2 =

il
(.
oz

Primary Fan Test{(Red) & — 2% % Burning (Coal) Fan Test (yellow)

Fig 5. Fan Test @A 7|7 €42 &

4.2 Burner 5t Atell =| X 5}

HET 28 F ZF3) A1HE %27] 39487l Bumer Centering 2 Blower 4824 274 T2
2 3N W¥ez AfAe FAFE BIoen A A3 J1FA o3 OilY #FAFGA|Ho] AAFHE=
7 2= 0 HE L
== " .

°] % Coal Blower 71% 2 Coal €24, 57 9859 5& 58 x& 3tgo] <A}HHA A
A4 . 2Kiln Centerdl] Fojx = E5E 19,
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#5 Kiln Main Bumer X4 23 7

(PILLARI2006 119 [ 2006 X9 07214

2006 th®% 34313 (PILLARD Burner) | ‘ 2007'd B4 39 3F (TMP Burner)

Fig 6. 23t A ¥ 3l gdd=2g vl

Coal Blower 7F= + Coal A&

5. TMP Burner 28 u g 3 z2fgk
5.1 TMP Burner 1 Al Al (Cf 4} : Kiln 2H H)

FANEFH FALANERAA gGdzHo 9 4 Y AW R Kin 239 ddE o
Foz & A& Aoz HAHH FHXAE FEE

Ar N e

7] % 2/14 04:00 BAAAE ~ 2/199 AALAA A 7R

- Burner Centering ¢ A A

- Primary 2 Coal Blower(Turbo) %3 715 2 % &% 4A]
~ K/N 3<% % Burner % 2 €¢8€zxH A4

- Commissioning Report @ Bumer +A43 #3d 39

W &
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Table 8. Burner &/ =X #&(2H

‘Heat-Up

B )

1,70072,0

1,000

1,000

0 1000~1,400 | 1,50071,900 .
A A 1,90072,250
NER] 800~1.000
. X3 9 F 600~700 700™1,000 800~1,000 i
Airgtd AT A A 1,000™1,200
(mmAg) RS 900~1,100
N3 2 F - - 1,000~1,200 !
HEF A A 1,10071,300
| NER 800™1.000
A3 E 500~550 550900 800~1,000 ’
T AR 1,000~1,200
Prim il T 00071500 | 100071500 | 1.80072.000 2100
d
Blower?:]- a ry }é Z‘“ ’ y . b ¥ b z’zm
(mmAq) Al 1,100

2,000

Blower+ %

50763

63

64

61764

3, .
(m°/min) Coal

28

28

29732

6. Burner M &™ T Z %

L

3z x| =] &
gl =Axlss

6.1 Kiln 54 Coating Formation Y 3}
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#5 Kiln Main Burmmer 4 23 9

Coating 84 397 &, ¥ thu] o] 91T, 0~25m 39 Coating F2Fo] Z7ste A4,
olFeE 0~24 m, 488 m ~ °lF F Y= Coating®] A HQ3L, Burner 2 A F = 0~25 m,
46 m ~ olF FLOE ¢ 2m AX olFHE FA Y.

i 4475 ﬁ! LA

o A A

('06. 2. 28)

oA

(07. 3. 05)

Fig 9. Kiln Shell Scanner Diagram bl

6.2 Clinker &%= Test 23
Burner A% 2~10mm Size: Z7}8t31, 30mm Over Size?] H| &L #AdtE A,

Table 9. Burmner 2% ¥ =24 23 (mm)

""" 1o | 10~ | 20-% | %
1209 |
A | vl &(%) | 882 2381 18.99 22.12 13.30 12.96 100
A wmgmon | 882 | 3263 51.62 73.74 87.04 100
o | F Akg) | 404 15.38 11.11 12.26 7.87 5.90 56.55
A | vl 8% | 714 27.19 19.65 21.67 13.91 10.43 100
F | wmumoe | 714 | 3433 | 5398 | 7665 | 8957 | 100
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2mm Under 2~5mm 5~10mm 10~20mm 20~ 30mm 30mm Over

Fig 10. Burner ¥ ™ ¥ T2 ¥ Graph

63 £M3F 2 C/K =H w5

- AR du K/N Amp’ 371 23 L5 371 2 3% CK €57 371 2849,

- 43571 2 R4 A Datadd tiH] K/N @9 A4, 4999 SHA EF3E e

- Burner A, ¥ ]| Inlet NOxE 2318 F7F Z%8E Eolx &
(Kiln Inlet NOx 2 A1507250ppm — LA $2507350ppm, ¢F 100ppm %7}

~ A719 FARAEHRE HESF 7170F APE A B A2 (Fresh Air Seal 5) 3¢ F3H =Y
o] 5 A£2Q #FE T Bumner ZAEFHE F7F ZEF A4,

2) #2549
- C/K Modulus= #AF $&°l13, 4FZEE 7] Z&: R A772E WA 55 T4,

~ Burner 39 ¥ 4H 32 F-CaO7t #aste 2FS U

- Table 10. 33

K/N M/M(Amp’) 842 814 851 9 37

2% &%E(T) 1,228 1,246 1,248 20 2

C/K &%(T) 1,189 1,198 1,192 3 -6

-%;'—Tg NOx(opm) Ir;let 268 220 307 39 87
¥ 3} Stack 172 111 154 -18 43
| 9] 4 AH(T/D) 3,976 3,853 4,072 96 219
A9 (kcalkg) 710 731 700 10 -31
gty E | F-CaO 1.02 1.30 0.99 -0.03 -0.31

- 194 -




#5 Kiln Main Bumer 2A A3 11

64 BXXY Jizts FUEAH 2=

1) Burner 4@ % Coating 34

A A% Buner& Y 7HolA 200mm AYAA Centering3dted 715 ZF Kiln Outletol A &€ C/K
Dust7t FAHEHA dAHE. ol HMYdE Air Blaster Nozzlee]l Edgedl 91X 1 e TMP
Burner®] A4 Nozzle A9 B A=+ Coating® AA7F 71

Coating=
ek 1.5mH

Fig 11. Burner &t A8 Coating &€ 25

2) Burner A Q% &4 |
A5 TMP Burner A @5 B 78 SUS Plate A X §F$o g 730 g 53 Aol &
sl M3 F Tube(H)7} w29,

Mch x

—_ - L.

Fig 12. Burner

3) Burner Castable 2H 4=
a0 BF7] 71€9 CAF AFMHRS-ULY)H 4% A28t A-E CAF AF(HRS-ULYF PAF AlE
(CA-RAS, AdRd 18 A 8)y E& AME o|lF HA9 AFAdHrn vludy ¢53A FA4.

Fig 13. Burner QOuter Castable 4l
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&£1%F 39 g0 AP Shape® FAUA sFExAHo] Lold FEAo] JUZ.

- K/N W% Coating ©] &% F718l3, ¢tAH 2 FHLHE B,

- 12} F718le] A2 THC #A € 2A4FA ¢As o o dd ALt F71EA7T S

- otz 2¥A BE uls} o), 29439 Momentume 13 AEA o2 FAr{P o,
AFurEMomentume 13 Z2FE $£5& §X3= FHY. |

2} FLA) & o 3
S
&
g 2.5
=3
=
g 2.0
§ TMP Burner |
S 1.5 e - 12} W23
70 . Crmm——
rff_ 1.0 "
o
0.5 / | \
RETE #S KN 231.7) o
- 2 I 6 T
21} Momentum(N/MW)

Fig 14. Burner Momentum t 5}

[t

72 8 &3

- C/K Modulus ®3l= &Fo ]‘-4' F-CaOolX = WA &7} Bl

- AT C/K J=7F G38A= A0 Hol YZtago] Folx& Aoz ddd

- 7] §EAE AF A% 38, AVAEE ¥F Data FHLE ¥4 A Q.

- ‘:54_2“94 C/K Modulus(Ad3 54 FF)oX = Burner A 2,58 FA53 H37t
AFQl Aoz yed.
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Development of
High Combustibility Low NOx Kiln Burner
- (TMP Burner) |

TAIHEIYO CEMENT CORPORATION
TAIHEIYO ENGINEERING CORPORATION

e,
T,

B Performance Required for Kiln Burner N

RIS CpUReT

—~ Combustibility
»~ Stable combustion

« Heat flux or maximum temperature required in
sintering zone

« Flame controllability

=~ Application for low grade fuel and combustible
waste fuels

e~ Controlled NOx generation
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Ml Circumstance of High Combustibility =
Low NOx Burner Development w@m |

@ Principle of low NOx burner by other manufacturer
is mostly to control NOx generation by lowering
flame temperature. With such principle, it is difficult
to control NOx generation while keeping good
clinker quality.

= Taiheiyo Cement and Taiheiyo Engineering decided
to develop high combustibility low NOx burner
based on own accumulated knowledge and

experience.
B NOx Generation Mechanism in =
Cement Kiln Wﬁm

¢ Thermal NOx
Originated from N, in combustion air

Increase in proportion to O, concentration and
temperature |

 Fuel NOx |
Originated from N (Char N, Volatile N) in fuel

Substance (NH, HCN) originated from volatile
matter act as reducing agent for NOx
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B NOx Generation Model in Simulation N

D CIREmT

Thermal NOx| Expanded Zeldovich mechanism
' + N,+0 —>NO+N
'+ N+0O,—»NO+O

* N+OH—NO+H

Fuel NOx
: 1;0, 3 ; Char
Volatile N ——— HCN "INO "N,
2 ; NO
NZ
B Combustion at Kiln Burner and %

NOx Generation Process e
e Gas temperatu

____________________

Fab OF 205

Fub OF K05
Py Hia-Ory (Pporry) Flawe 3.0
ina = 1 2G04 Ui = 0 000 GRS s e,
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B Countermeasure to Control NOx in =

Cement Kiln | -
F . \

» Control excess high temperature Control

» Control excess O, content parameter

$ Control high temperature retention (0, £.Ca0, etc.)

time

@ Prevent local high temperature zone formation

@ Accelerate NOx reduction

B Design Concept of TMP Burner

m@m-

» Accelerate volatilization by rapid heat of fuel

» Control local high temperature zone and secure
NOx reducing zone by in-flame mixing control

» Secure complete combustion and accelerate NOx
reducing through re-circulation control of
- combustion gas
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Bl Taiheiyo Multi Purpose (TMP) Burner m;@m
Fuel oil/Waste combustible material
'Axial Airflow

irl Airfl
Conveying Air + Coal Swirl Airtlow

e
P —

B TMP Burner Simulation Analysis @ N,

Heat load profile

pm—— Conventional burner

— .

s,
Fpragn e,
TR

Flame length T s,

Heat load of unit length

Distance from kiln outlet (/D)
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~ [l TMP Burner Simulation Analysis @

Ave. gas temp. of
sectional area  C)

Gas temperature profile

HHHBTE

P £y - (Conventional burner
P 3
. %,
# i
LS
Ry,
Ma&ﬁ'-.
M,
.\-1_-:*:__‘_0:}

Distance from kiln outlet (/D)

¢~ | Conventional burner
- beay 10 2009
l—, Temparahurs (K} Fuert 4 50
U= 7 T95E-08  Lmin = 3 030E+02 IMH:.

TMP Burner
ey 10 2005
Temperatre (K] . . Frawq 4 56
Lmaa = 2 195E+08 Lmin = 3 QE+(2 Fuart o

Ave. CO concentration of

sectional area (%)

R o
R

Distance from kiln outlet (L/D)

: Conventional burner

/

bmy 10 2009
Co Maole Frackon . Fuere 4 51
Lmax = 2 107E-01 Lown = 4 O5TE-13 Fuenl inc

TMP Burner
ey 10 2009
Car Mow Fracyan Fugare d 58
Lomyen = 2 252E-01  Lman = [ GDOE + 00 Fhasrt ng
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B TMP Burner Simulation Analysis @ N

VM concentration profile

wennd Conventional bumner

P—
=)
& B TMP burner Conventional burner
3 | |
E oy 10 2009
— Vo ol Frechon Fiuert 4 55
(4] Lmmc = 1 188601 Lown = 0 OOOE+00 Fluent Inc
: ‘%@
O %"%
‘- %W:—
g -"t-‘&c\:
' b"“‘%.:: s

Ave. VM concentration of

Distance from kiln outlet (L/D)

B TMP Burner Simulation Analysis ® %

NOx concentration profile

s Conventional burner
— T

Ave. Nox concentration of
sectional area (ppm)

Distance from kiln outlet (L/D)
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B Summary of TMP Burner Simulation

Analysis

-

|

R (CEAUENT

¢ Better ignitability

¢ Higher combustion gas temperature

¢ Better combustion velocity

=Clinker burning capacity of TMP burner is the same as or better
than that of conventional burner.

4+ Disappearance of local high temperature zone in burner flame.

s Enlargement of NOx reducing zone through volatile matter

delivered intermediate matter in burner flame

= TMP burner can control NOx generation.

l Summary of TMP Burner by Actual kiln

-,

Operation O, .

Operating data Conventional bumer | TMP Burner
Production capacity [t-cl/hr] 163 162
Kiln torque %] - 42~48 47~55
Clinkertemp. — [° €] |1,320~1,380 [1,340~1,360
NOx at stack outlet [ppm] 400~550 300~420
0, at kiln inlet %] 2.2~2.38 1.8~2.6
_ Besity [to/m?]| 1.10~1.20 | 1.10~1.20
Clinker

fCaO  [%] 0.5~0.6 0.5~0.6
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B Summary of TMP Burner Actual Kiln =
Operation @ -~
Operating data Conventional burner | TMP Burner
Production capacity t-cl/hr] 125 125
Kiln motor power  [kW] 200~250 | 180~230
Clinker temperature 12 1|1 300~1,350 | 1,300~1,350
NOp Lk iglet  [ppm] {1,000~1,200 | 800~1,000
Gas temp. at kiln inlet [° 950~1,000 950~1 ,000
Bulk - ~ ~
e | demsity[OW/m®] 1.10~120 | 1.05~1.15
f.CaO [%] 0.2~0.3 0.2~0.3
B Summary of TMP Burner Actual Kiln %
Operation @ oaEine
Operating data Conventional burner | TMP Burner
Production capacity t-cl/hr] 173 172
Kiln current Amp.] | 400~450 | 550~600
Sinteri G ~ ~
e e [ €1 |1,400~1,450 {1,350~1,400
NOx atkilninlet o ~ ~
lonvertedy - [© C1[1,000~1,200 | 700~900
Gas temp. at kiln inlet [°  C] 950~1,000 |{1,000~1,050
Bulk ~ ~
Clnker | density[ton/m?] | 1.25~1.30 | 1.10~1.20
£Ca0  [%) 0.6~0.7 0.5~0.6
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B Reduction of Denitration Agent by =
TMP Burner | @

NOx at kiln inlet  Denitration

[ppm] agent quantity
Conventional burner 1,000~1,200 100
TMP burner 700~900 20

¥ Kiln L/D=17,NSP
* Fuel Bituminous coal (VM20~25%)
* NOx at kiln inlet is converted to O,10% basis

B Influence to Cement Quality

HM  f.CaO Mortar strength
3d 7d 28d [—] [%]

[N/mm?}

Conventional burner 2.16 030  31.0 47.6 62.2
TMP burner 215 030  29.7 46.6 61.5

*Kiln L/D=17, NSP _
* Fuel Bituminous coal (VM20~25%)
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B Summary of TMP Burner Actual Operation [

TAIRENNS CERTHNT

Y TMP burner can control NOx generation with proper
operation adjustment while keeping clinker production
capacity and clinker quality.

(achieved NOx 700ppm at kiln inlet)

Secondary effect

TMP burner is operated with lower primary air ratio.

= Heat consumption is reduced.

Kiln operation is stabilized.
= Quantity of combustible waste material is increased.

-,
B Supply List [TMP Burner] after 2001 N
TG CERmsNy

Country Customaer Plant Kiln No. | Capacity Year Kind of Fuel
China |TCC Guey Gan Cement Co., Ltd Guey Gan No.2 6,000 td 2008 |Anthracite coal
China |{TCC Guey GanCementCo,, Ltd Guey Gan No.1 6,000 td 2006 |Anthracite coal
China [TCC Yingde Cement Co,, Ltd Yingde No.4 6,000 td 2008 |Anthracite coal
China |TCC Yingde Cement Co., Ltd Yingde No.3 6,000 td 2008 |Anthracite coal
Taiwan |TCEC Comp. 4,000 td 2006 |Anthracite coal
Taiwan |Asia Cement Co. Hualien No.1 4,000 t/d 20068 |Bituminous coal
China |Lielihe Cement Lielihe No.1 2,300 td 2006 |Anthracite coal
Korea |Ssangyong Cemnt indusmial Co., Ltd Yeongwol No.5 4,000 td 2008 |Bituminous coal
Korea {Ssangyong Cemnt Indusmial Co., Lid Dong-Hae No.7 4800 2006 |Bituminous coal
Korea |Ssangyong Cemnt indusmial Co., Ltd Dong-Has No. 1 7,800 td 2006 |Biuminouscoal
Japan [Taiheiyo Cement Corp. Kumagaya No.2 6,700 td 2006 |Biuminous + Waste
China |Huizhou Universal Cement Co., Lid. Huizhou No.1 3,300 2005 }Anthracite coal
Japan |Taiheiyo Cement Corp. Chichibu No.1 3,000 tMd 2003 |Bituminous + Wastse

. Japan |[Taiheiyo Cement Corp. Tosa No.5 4,000 d 2002 |Bituminous + Waste
Japan |Taiheiyo Cement Corp. Saeki No.4 4,500 td 2002 |Bituminous + Waste
Japan |Taiheiyo CementCorp. Saitama No.6 5,200 t/d 2002 |Bituminous + Waste |
Japan |Taiheiyo Cement Comp. Fujiwara No.4 2,500 1d 2001 Petcoke + Waste
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