970 % ¢ W % 74 4F (1988) &5 6 F

© 1988 1Sy
IHII11011111

5 FUE:

I1101101111011171111411

287 2 =33 — 7 ZFHKEAE O
HECREE S S

HFSRE— - ANTEEBT - RHEEESE - BRAHE”
A OFHET - RFTEBET? - RS T

The Development and Operation of Coke Dry Quenching with Double Flues

Ryuichi NAKAJIMA, Nobuaki KoNisHI, Fukio Kuwapa, Kazutoshi MATSUMOTO,
Yoshio TANI, Takaaki KIMURA and Toshiharu MATSUDA

Synopsis :

A latest CDQ has been installed at No. 4 coke oven in Fukuyama Works.

CDQ in Fukuyama has been designed on the basis of the operational experience gained over the years at
Keihin Works. It is an effective facility which has a production rate of 110 t per h and incorporates with de-
veloped equipments such as a multi-stage flue, a rotating coke bucket and a multi-function turbine. The
commercial operation was started in February, 1986. Since then, this CDQ facility has been operating suc-

cessfully and contributing to energy savings in Fukuyama Works.
Key words: coke dry quenching; CDQ ; multi-stage flue; double flues; rotating coke bucket; multi-

function turbine ; energy saving.
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Table 1. Specifications of CDQ plant in
Fukuyama.

Coke oven Fukuyama No. 4 coke oven

Oven type Wilputte-Otto type

Coke oven| Chamber dimension

Max. output

(504-55) Ovens X 6500 H X
15430 L X430 Wmm
3240 t/h

Coke quenching capacity
Pre-chamber volume
CDQ Cooling chamber volume
Gas circulating fan

Hoist
Coke bucket volume

110 t/h

290 m®

435 m®

180 000 Nm®/h % 900 mmAq X
1150 kW

55.5 X35 m

50 m®

Type
Generating surface

Boiler
Steam recovery

NKK-LAMONT forced circulation
2486 m?
Max. 60 t/h

Steam 105 kg/cm? X 540°C
Type Impulse type mixed and extraction
condensing turbine
Turbine | Power 25 500 kW
Steam capacity HP. section 60 t/h
Generator LP. section 100 t/h
31875 kVA
Gas recovery 10 000 Nm®/h
(Electrostatic precipitator)
Others Dust collector 3150 m3/h (Bag filter)

Pure water tank
Condensation tank

440 m®
200 m®

(1)&iR - SEAKDIN X5 4V F— D%

A

(2)R#a— 2 20EH, AR N7 » b 2 3RA.

(3)FHOFT ZABIZ 287 2 — KA.
(4 )& Ho~ & H, ¥ 5.

BT,

RSOV TEET .

2-1 FBIO— ZBREH

CDQ HFHRTOH 2 — 7 ZDRMIE, HF_/IT— 27 DN
7oy PAOZREIREE, CDQ FHR~NDOHEAREIZ L ST
KECEHEND., FHNTRITHFEL R, 2—27 2
GHEEOF AHNIREHREI L, CDQ OHHIhEIC
BB 2, a3~ 7 ZNHENOKT IR A,
CORFIEMEE LT, ¥ CDQ Ea— 27 AFH»H
TR — 7 A% Ny MZFTHBRIZ, N v b R hEh

Fig. 1. Outline of
Fukuyama.

CcDhQ

plant in

Photo. 2. View of coke bucket car.

B ERLTITANSEER N7 » P HREFRHA L, b
@5 v Mda— 2 2Z{RHTBFIEDAMBIZ N7 v b DFRR
WEBFBINTE A0, Ny vy boary MEHH
S, Ny NEEOBURATIREE D7,

Ny VEEE, FERNY v b OEF% Photo. 2 1
RY.

2-2 HBIY 21—

CDQ »a— 7 AMMEEN* KRECEETAERO—
DU, BHF AN T— 2 2A0EH V- 2B CHEF Y
) 2a—8lCALE ERET LT ZAOREITH S %
Fons, oA EE, KB CDQ HREOBLEE
GBECTHH. FEL XTI — 2 RO EITEME L EHT
A, EPEE 7V 1i-—HETE 1/4 EFTNVEER
HBRIZLEDVWTHEBIT T2 7. £ LTENRL DM
WRERFB T2, ZB7V 2 —2HEL, BILIE 154
CDQ i L TR %1572

2:2:1 7Y a—WNa—7 AOKREITHERE

a— 2 AR EGFEE#E L, Fig 2 W CRT AT vy 7T
TT5.

(% 1 B&Ry) : IEH B

=7 ZAYPPH LI TLF v o N—b =) v 7
FroN=ADI— 7 AOETORE, @7 1) 2 —&i



972

% & W

% 74 4 (1988) ¥ 6 &

Step- 1

(Normal!

Step 2

Beginning of carry over|

Step 3
(Plugging)

i
oo 5 -
SlEs ﬁ
22T "
E*"m; ]
(SRR
Sl
) F M
& |z Gas -/
V| = flow -
= -
Al -
1k ;
P @g T
Coke
flow

Fig. 2. Observed plugging plenomena of
coke in flue.
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Vo : Mean velocity of gas [m/s]
V: Gas flow velocity of optional position [m/s|
A p: Pressure loss of optional position [kg/m?|
: Distance of coke surface (m]

e

Optional position of surface [m]

Coke thickness of optional position [m)
Angle of repose [deg]

: Angle of flue [deg]

: Angle of flue partition [deg]

: Gas flow volume (m®/s]

: Constant [—]

Suffix s, d, n = single, double, multi

Fig. 3. Cross section of flue and notations used in
the simulation model.

XOP IR TR

L LEEO OB A L RN EHWT
MRS E KD 5.
Ap=K'h‘V2 K=%§f( ..................... (1)
7)) 2 — O TFHmEE Vo &35 ERAAHY T
2.
Vo-a=f0

(1)52 h==x-tan(f—a) *AAT % &,

_AD e,
V=4/K-ztan(b—a) (3)
(2), (3)RIVEZFOH x 2B AT AFHEIL, K
nTcH2LMA.
Va"\/E
vV = 2-\/x_ ....................................... (4)



2B7 ) a—Ka— 7 2GR REROBISR LR 973

Single flue Double flues

Triple flues

Fig. 4. Change of flue height of different flue

types under condition of the same maximum blowing

capacity.
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Fig. 5. Calculated flow rate of gas in each flue.
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Fig. 8. Comparison of gas flow rate on coke
plugging at each flue type.
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Fig. 9. Cross sections of single flue in Ohgishima
and double flues in Fukuyama.
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Fig. 11. Operation results of CDQ in Fukuyama.

3-2 ERBERER

KA T—1Z 27— FBH S, HRUHEE 60t/h {F
ICTHEELL TWh, BAEERIZOWVTI, BEMITIC

LN ROHEEXEH T 5.

59.34-t/h 525C
99kg 'em*G

Turbine

CcDQ

Generator

[EEEER (Vh)]=0309X[z2— 7 2AYBLE
(t/h)]+0.114 X107 3X [fEIRA & (Nm3/h)]+1.227 X

boiler
2.3 t/h 312¢C
[ 14.7 kg/em®G
Process line 50.14 t/h 192°C

92°C__ 122 kgiom*G

7.3 t/h 172°C

7€ Sea water

103X [Air WA A & (Nm®/h)]4+0.037 X [#Aa3— 2
Z A (°C)]—39.081
n=55, R=0.933, ¢,=0.24

BifE, ARREROBRELTOI Y PO— ViR, a—
JAPHLEX BIFT—EWXRE LV LERBREOERT
HUL TS, LA L, IInEEDH L SERFHOT 7 2 3
YT, Air RALZBOMBEZELI YTV,
3-3 HZAENUR

CDQ OIFENIEH T~ ra—nit, FEEHD % —EI
FOLIHWRAZADIREM LB HEI#AEL T 5.

3.74 kg em?G

o LP heater
(o)

117°¢C

Fig. 12. Estimated heat balance of CDQ
operation.

HAENEE, T— 27 AFOBELME (KERER, B
M%) % CDQ D@L ICL N KRECERA SIS,
3-4 CDQ D#HRhE

CDQ DEFBIZOWVTIHRRADIHIIZER LTS



976 % ¢ MW

8 74 4 (1988) % 6 &

A, AY— B0 HE86% FEHRLTBY, ZHM@IYT
HEEOEVERBETHLZ L2b2r b

(B8 (%)]={[&E iﬁ-ﬁ%}{%mﬁﬁﬂ/
f[#x Az — 27 RG]+ [0 — 7 288+ [ 54 7 A8
'JT?E?&]!XIOO ................................................ (11)
3-5 A—EREBRHHRUHEEEE

EAH TS 25500 kW BEo e — YT v X % Fig. 12

RT A, F-E XTI Y b OBER 29% L EHHNE
*EIhoTws, F/, -V ESHEBRLUTO

EBYRELEERL TS,

y— VY EFHEE (kg/kWh)

=R i 4/4 2/4
&t m o 2.19 4.39
] 2.16 4.26

Fig. 13 R TXH12, Tutv2ZRENER XL
THIR - REERICE D 7o 2RS4 oD
RIFiIciRR LT, REENORER LM EL 2.
3:6 A—V7 ARHYEDHE

CDQ LH a2 — 7 2D MELEHED L LT, a—
7 AGRIBEDN EAH ), FhidtERsaEm L&t
HRERM EOZopirTELONS. ZOMESER
REAKRES EOmMRBIC B S S 2 EAFTE, X
Nl a— 7 AREICHFETHIENTES.

"\ Output

Main steam

Mixed and
extraction stean

Extraction V

15

304 Process
14 kg om? steam pressure

1/h Steam
F10 —*"\ vpressure at
turbine inlet

<+——Chart direction

Fig. 13. Operation results of CDQ turbine.

Fig. W IZRT LI, T— 7 AMEREFE~OEE
BRETHES LAY 525, BERBITOEE, CDQ TO
=27 Z3BABEAKEINLT— TR AL HEL
T, SRFE (DI3Y) RO X bS5 LR s .

Y 5 BE 1) E +1.25
HEE R b +0.75
at +2.00

3-7 EREI—7 ADEFREANDEE
CDQ 2— 7 XHEOFMABRFEL LY, CDQ =2 —
7 23Rk 0BRMBAIT— 2 2I2H~<T DI =+4+0.75

20 Dry
DIj5=92.6 ‘{ O w

3()_ Dry
DI{5=91.6 “ A

Wet
96 T T
._/0
Effect of
- |Lmechanical abrasion -
—~ _0
o w
T e -
/A
p—
= - ]
=
o0
=
(]
&
@ 92 |- i
<5}
% Effect of slow quenching
&) & homogeneous cooling
L i}
90 1 ! | !
CDQ-IN CDQ-OUT BF-IN
WHARF SAMPLER
Sampling position
Fig. 14. Improvement of coke strength by dry
quenching.

DI Slip(Times ) @ (511K

Date

Fig. 15. Operating results in Fukuyama No. 2 BF.



2B 7Y a—Ra— 7 REXBHXRMOMIE L BE 977

DI (Dry)
945 95 9.5 96
T - - 2.0 T T T T T
. BF 1 ;'S Y=-1.250X+120.59
S =
© =4 N
L O 1.5 A .
z 5
& =]
5 T
L
E_ 10 | E _é 10 2% A
! 9
B
[
‘ . L 05 Ly Fig. 16. Relation between coke
91 91.85 926 93 95.0 95.2 95.4 95.6 strength to yield of coke under 25 mm

Coke strength DI (Wet)

DEEHEEHTHZ L bhrD 1.

T, 1986 £ 11 ARDSH 200, 23— A5k
% DIS2:95.5 26 95.0 IZMERIET L, =40k
kB (CDQ 27— 27 2 40% ) #EM L 7. Fig.
LIRT LI, 3—7 AMEVRTIIFEY, §Fo
WRIPRE K 5T LR L7oos, &8k o[Si] i
BERICE LR RS e ot 220 FEBIIRER
HMmE#ELTCOTHOL. UL 05, 4RO a—
7 AT OB T, BFRECKEREB IR,
S LHBFL TS,

—7, CDQ Tid Fig. 16 IZ/R$ X512, a— 2 54
EETIZoN, 25mm WTFo#Ha—2 2 KU CDQ AD
W a—2s 20FENPERA L.

INSHERAMICER LR, BRI 2 MER
Doy b T— 2 ABRERICEI BT AY » b2 EAIS S
ENHBIC RO o, FRERIKEREBEL - LT,
-7 ABEERTIL2BELRNTLTFETH 5.

5 #

BRI 1 5HOKE CDQ 2 RET HI2H 721, fEH
Ny b, 2E7Va—-0OREEITERMILL 7.

il

Coke strength DI ¥(Dry)

and fine coke.

CDQ Bt i3, ZoHer +0 IR L THRENKE
BicEFES LTwa,

BfE, X CDQ R HMatB itz e L, D%
HETNS  ZAORBRE L TOBELRA-L, 551
BIFREDLEICHFS L AaH OMEH 2 BE L Fb T
b5,

SHEIBEDIREEOLD, TA I LB
Bfgd L& dlc, REBIMITTELIBETENEL
CDQ DEEHESH 2L T AP TH 5.

X 13

1) BHREER, B 8, BNRE XE X BERSEERR,

76 (1978), p. 1

2) & =, BENRAE, EBEF R gkE M, 64 (1978),
p. 1914
3) hER—, NEEH, XHEESR, KIRES, WBAf%:

EH ST — 7 ZEEE 81 bl 2 — 7 AR SHIFEREK
T4 (1986 4£ 10 H), p. 23

4) hEEE—, /JHGEH REEEE, & &FHE, KFFEH,
MAEBEE: HAME R, 115 (1986), p. 48

5) S. ERGUN: Chem. Eng. Progr., 48 (1952), p. 89

6) EMEH, KO i, 7 i, HHER, IBEE
P, 66 (1980), p. 1277

7) EINEE, FHEEEE: NGREEEHR, 15 (1983), p. 177




