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Control of Carbon Deposition in the Free Space of Coke Oven Chamber by Injecting Atomized Water

Tomoyuki NAKAGAWA, Tatsuya Kupo, Yoshiaki KAMADA, Takaki SUZUKI, Yutaka Suzuxki and Tkuo KOMAKI

Synopsis : The method of the atomized water injection into the free space of coke oven chamber was studied to decrease the carbon deposits by control-

ling the atmospheric temperature. After the preliminary examinations, three injection lances were installed among four charging holes of an

actual coke oven chamber. When the 1.7 kmol/h of water per lance was injected into the free space, the temperature decreased from 1210 to

1160K and the carbon formation rate was decreased by 70 % (average in an oven length direction, respectively). A long-term (about two

months) injection test showed that the remarkable decreases of the frequency of the manual de-carbonization operation held on the oven top

and the incidence of the blockage of the standpipe. It was estimated that the decrease of the carbon deposits was brought not only by the de-

pression of the pyrolysis reaction, but also by the dilution of the carbonization gas and the reduction of the carry-over of fines.

Key words: coal; coke oven; coking; carbon deposit; water injection.
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Fig. 1. Relationship between carbon deposition rate and

temperature.”
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Table 1. Parameters for evaluating injection rate of

water.?"

Parameters Temperature
Aag WK-mol) 75.6 273~373 (K)
1g (J/K-mol) 39.4 850 (K)
%eg " (J/K-mol) 72.0 1000 (K)
Haqg  (kd/mol) 40.7 373 (K)

*) as methane

Table 2. Flow rate of coking gas and steam in free space of
coke oven chamber.

during double  during single
main system  main system

Geg ! (mh) 1530 1860
G (M/h) 474 276
*) dry basis
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Fig. 2. Relationship between atmospheric temperature and
amount of water injected into free space evaluated

by Eq. (2).
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Fig. 3. Experimental apparatus for steam gasification of
carbon deposits.
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Table 3. Experimental conditions for steam gasification.

Reaction temperature (K) 1073~1273
Partial pressure of steam (-) 0.1~0.3
Ar gas flow rate (m°/h) 3.0x10°

Particle diameter (m) 8.5%X102~1.7x10°
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Fig. 4. Relationship between steam gasification rate of car-
bon deposits and partial pressure of steam.
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Fig. 5. Arrhenius plots for steam gasification of carbon de-

posits.
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Fig. 6. Schematic illustration for water injection devices
into free space of coke oven chamber.
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Fig. 7. Schematic section showing side view of water in-

jection lances, thermocouples and brick pieces
along with oven length direction.

Table 4. Conditions for one cycle test in actual coke oven.

no injection  injection

Oven operation

Oven temperature (K) 1384 1390

Productivity (%) 119 119
Coal properties

Volatile matter (mass%/ (dry)) 291 29.8

Ash content (mass%(dry)) 8.9 8.8

Moisture content (mass%) 0 o}
Water Injection

Qaq ! (kmol/h) 0 1.67

*} per injection lance

Table 5. Conditions for long-term test in actual coke oven.

Oven operation
Oven temperature (K) 1363
Productivity (%) 125
Coal properties
Volatile matter (mass%(dry)) 29.4
Ash content (mass%(dry)) 7.8
Moisture content (mass%) 0
Water Injection
Quq ! (kmol/h) 167

*) per injection lance

WEOIBIE A IES % 720, FHE & AP TEmR OB R{LH:
FEORBELEEL 7,
FALEWNIZAKEZBAT S Z &3, FRHEPT -2 AR
BOWRMITICENGEL AL ABREINL 72D,
KR L L TIRERAAL, Thbb, 7 AKIEBICH
KL ASTRE 2 AL ERE L, REEY TEHVT/ XL
HIOOZERES02MPall iz b KD IR L, 7,
WA RE 57T b2 XL (EEA 730, Tk
G AL, EEHKORE AR & it s B KIS
BlE L 7=,
KAEKREADRE R, FEEBOH 2 RNES & BEFE
FOTHAEZEE LT, Fig. TITmT &I ICHALIBD 3 fE
e Lz, KIZGKROFEAT 5 5 KESETOR, 7

380




I 330

$% &8 Tetsu-to-Hagané Vol. 88 (2002) No. 7

Z1ARKH 70 1.67kmol/h & —EHRBE TS L 72,
3.2 BEXH

AMERIZEZE 11 2L e 92 » HREIO R E G RE &
FhEL 7z, RABRIZIB 0 5 ERFORESRNE L GRMERE
Table 4 & Table 512783,

3.3 KEGAFZZHROFHE S &

KUGAL D RISERBE L& — R B THML
72o TNEHNOWEIL, Fig. TITRT XD, M LHER
HERATCI2Z AT > 72, A— KU IHEBOREIEIZ, A
IROBEASET %, 27BN (Vv Ey MER, 2%
2X4cm) EABEL, KESHPRI SN E TREN
MU L 7z, BERTROEEE(L L, $BEL D &+
I — RV HERGRE & K 7=,

4. BREZE

4.1 EE1YA4 7B THHERD

HCH 1Y A 2L TIT - 72 iR BB R % Fig. 81289 A%, W
FTHOUFERIZIB TS, KEHAT S EBREE &+
H =R EBREEDRT AR Sz, BENKTRIZ
PSIZIEWVNEE K E WA, ZHISHESB7IRIZY v 20
A= 0 EBEDD, BMALARKBTRTPS L& 12
Do THND7zbeELLNS, £72, Fig 2R L7- X
DU, 0, =5.0kmolh D & X DIRMEIL T X 77K L HEE X h
7= h, RREETIZ1210K A2 5 1160K (W FhE FEH RO
V) £ TSOKIET L TR, [ RIFPHEED ORRIE
SNz, (PEH — RV EBGEEIEEERMIZAZ KT LA
A, PSISIEVMEE BT 2MEENZH 0 | B 56 & G
LTy, Zhid, #2AHINO FRIZAE S 5128w H
BRI AL DTEMPB L 5 b0 ELOLND,
4.2 H—RAAFEBEIFIDA HZZX L

IFTEHZZIC KA A L 2B AIT & — K v 8RR
BIREE LT, UTFTD4>0HEEAEZL NS,

i) WK T X BB RS IE DK T

1300

1250
3
<1200 |

(kg/m?-h)

C, |

1150 |
03 r
00 1 4 1

1100 . L :
0.2 r
PS Charging Charging Cs

04 r —&— no injection
—e— injection
5 01
standpipe hole No.4 hole No.3 standpipe

Ra

Fig. 8. Effects of water injection in free space on tempera-
ture and carbon deposition rate.
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fix x7-dLHMrxNs, ZHICHL TRFZETIE, A
REARZBEFE LD 4ton D S ETLHRENTRT D
D, A—-RUFEPHFIE R T AEZEEREL TS,

Bed— o AFDBIERIZBHZN—F —HAD=D, I
D EFHIZEHFERT 0, BEBRETIE, F ELTHEEES
BEORIHIZINOBATFEERONE » — K Y OB
FELEFEHET S, L L, KA I Z o4
EA1R2HIZIEREE E TERKL 72, 72, PREUREALD
TRARDOREN L, ZETIZ EREIHET ZHAH2
£y, BFETIZORERIIEE TH8% (100[O% A
L C8sENIREREHICPAZE T %) Th 72, KEKEIA
ZEizkh, ZOMREREEESIZANS% EFTIKT L,
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5. &8

RALEOIFTEZBIRE #HIf# L TH — K v & 235
5Z L AEHMIC, BRSIZWMRL L 7-KEZEAT 5 HEKIC
DWWTRE L, TOMGEEE-,

(1) REFHEIZEKY, FIEHEBOMNE 7 — K v EREH
HTE5ZLEFRIFABETHIEL /=,

(2) ZOFER, BAO»ST D 7 — KV BREMFEEOH
Bl ERAEOREENARIKT TR EHFEONSZ
EHRHENE ST,

(3) (TEMBIRRORBBR A = X 4%, HICEEERK
5 A DBGHRFIRDIHEIZ T ThL, [EI—R &R
BRI A A DFHRR, MRHEREOK T B L L T
5 LRI N,

c 5

D HHER T

tE S R OEBGEE (EAKL) (m/h)
DEMEE T R L F — (kI/mol)

DFTHZERNC B 2 R AR ST A FRE (m’(normal)/h)
D WGABIK R DO KA SR (mP(normal)/h)

D HIRER ORI G R (m*(normal)/h)

P KRDOFALEL (kI/mol)

D AKERTEDKE ()

D KER H ZAAERIED AKFEK ST E (Pa)

DIPTHZZR N A T S KO F R (kmol/h)
CHFTAZRMNC B 2K H X FE (kmol/h)

D RRFE B (J/K - mol)

E S - R ORERT ZLKIEEE (1/h)

NE A - R OEBGEE (HEXRE) (kg/m’h)

D ARER A AR B OERE (K)

D ARWGA R DI TEZERIZ 35 1T 28 ER A 2 DEE (K)
D ARIGA A O TAZERIZ 3513 2REH AR 4 2 DRE (K)
DIFTEZRIC BT 5 AKEKOEE (K)
DFTEZEEIANE AT B KROEE (K)

CFTRZERNC B 2 R R H X R DR PIRE (vol%)
D TR OIS (mass%)

D HIKDIK G (mass%)

T ARDH#EL (J/K - mol)
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=
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Log

34

2)
3)
4)
5)

6)
7)

8)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

20)

21)

D EEERAE R T A D B (J/K - mol)
L RFEZ D ILEL (J/K - mol)
D KOEBE (kg/m?)

D FTHZERIANO KRPGAL D H #EE R T
j=1,3 KBGAARZ L
Jj=2,4 K¥KAAZ D D
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