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A Study on Heat Transfer Model in a Coke Oven
Using Blending Coals
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Abstract— Blending various coals during the coke making process affects the quality of coke as
well as the total energy required for the process. The mathematical model based on Merrick's work
developed to predict the effect of blending coals on coke making process. The Crank-Nicholson
method was used to solve the model equation to predict temperature distributions, a coking time,
and a total energy required during the process. The developed model successfully applied to Kwan-
gYang Steel Company's coke oven to validate the model performance. It is hoped that the model
can serve as a guidelines on how to blend coals during the process.

LM B < A9 Mure) Az #7), B3} uhg 27 Sl 2)5}
o 7:325}%‘4”.
2ol MAAY n27} YA HAE T Aebg Afste] ZI32E Azl oA 7]#-011
T FAO Ak (coke)F 273 HAw, ARL &2zl BAwte 2= Mube] AR5 o AFF
A AHg%el 17%5 AA812 de T2 (coke 2 FA oAFo] Tabste, AHEEE Mk S I

ovenpllel A% 4 Qe AR FoledL T A dg ekl 2] 2rhs s,
o Wao] Zuid T ek HA me HelE F3f olegt BAM S s B4 HMES BT U

A A P AU S A B ohfet 22s A A oSl 822 Askn sla, Ase) S
29 £92 APA7IEY APHY FFE W) AE WE e B&Aﬁol AR o} AF AR 2A
°leh e geeen eshn ik bty gue] B4

FZI~= S ekbituminous coalyS FTIAE UjeflA] of ufei Xé gkl dat TF wAlS eAHez A
54 me dde) 34 2oz o) 2Fel st AgoBH UAE AP A7 Bash o
il TR AL 220y g HE sick,
(coal) 2 A=k vighe] e - gelakd AL, w8 Heke) mmo) Aol Y AT gko s YA

152



e AN 23229 dRYE wdd A7 A7 153

a8t Aete] 5 BAE o] &3t M) £
L dojzl I~ AE A& We] Miyazu 50
2ste} ApEEIR Y ZIA3) 279 G A F7HA|
Bxl upl glel of EAE B3] $3te] Sug-
inobe =& semi-coke®] A3 7rwel o848 o]-43
A ,] A ERHstell A% BT ZaAE 226
 FAE deiich
Aeke] e kg 72 9 AR FHE £ %
A el #F AFELE wEAle] Fxe wE 1344
! FE olFX o, 2 & Wyl
o) =+ Mt dchao A ALt Merrick™?] =4,
T3 TR AF Lol AL oY 2 F
o] ¢}, v]=- Republic Steel 3]A}e] =22 Purdue
o) &ke] Tang} Leininger?7} 73}k 231414 ¢l =9 &
Canada Algoma Steel 3]A}2] Osinski £'**'0] 7jRHgl 2
dEo] girt.

FAaAs AP ZAAE Y4 Wsle AEte] 3}
g ulg &, AR Ay 72 E olE % E
2l8td BA x| HEE gsle 3y wdd 3k oA
£ Merrick*?el] 2]3}o] Aa]7} & o] 9l-& #at o}
Vet 3k 2ale] QA Swe A3 o8 JHR] gy
ol =] MtElglon) A2 e} g F
A g dake] gl o) digh xfo] S0 oty chErn
2 AA FA-L 237 A2 2da)9] sfHto] o] Fof
zopt FA ol 2] fo] 7lgd Z o2 A7)

B AFoMe AA 34 deR dd FR7 4
sHtak ozl Ewte] uigh U Aol E F3 42
W] o4 AE A A4 2aaz el URwe)
g g A5 5 e =84 Zd(kinetic
model)2] Atz a3 ~2 o] dHE U 2% FEXE
A& 5 gle ndg Apigo R Ao AR 4w
gankg FFsled oz an)E & 4shA 7= 54

& ¥4

e} Jﬁizﬂ 4 #eE fdM dd 7T
(mechanism)& JPLF}"# A 2dlE BEd Wo=s
Al;.ﬂz—l__i ZAFZ| stetslr] FE 12 Re] M

=E AE3] o &l T4l AF A7kl d3E v
Z]T: Wael| w2 A AF AlZH(coking time)yS A F
3} g ohg, ool 2AE € 22229 #Y JHe
g3, L8 AT PR Belsto] A 4]
P& Agsla Zasze] 29 71E A A Ao
el of7he $(parametery AlAHE AR 7E AEE
283 47} o). B3] el Jgeke) vigty At
o Way) ©E e ¥ nxt AdE 3% 5
7} glod, 27] 2 3= (coking) DA ALl A
Ebo] AJE o delo g ue] uhEE= r|H SR A

AFozH 45T 9onz A2 xe) 4A A,
FH% B 71E ARAE 719 S e B o
2 zasz 24 718 AR 71E A6 A A4
ASHE 45 & 3 AL et

2200 B2

B A He ZaAsze] et 71AF A4 gl
zqﬁo“ 7125 F 4 24& sl 45 Lon-
don t)&e] Merricke] 7)dbst 4314 w el Eeng. v
© 2 t}-L-9] Aﬂ 714 Bae st

AR A% 34 F 34 5L A4 Fadel
3 MF/P,] AR A E L Al ok AL}
gE 52

2) TA AEEe Za3ka B ex g A4 &
S3ke] #A BB

3) Dt el AR B3 BdS AHEG FHAZ
W] 231914 0] £ FulE ol2Ele 9T vy

o] —"af—ﬂl*i wde) Hatde Hoshs 228 24E
& 1k 2eleh. 4o B3 s Gl B
DA Aol Hnd vkl oA 2 o] L
E Alg3le] AR A7), ZaAse] Al H iR
4R 58 BUE Aol o5 £Y
JAell g FzAe] ek - giA wslel i #
A% ARsked $E £, 2A8E e BERE:
At

),

e &

ru
rlo
1l
r.&
mlm

2-1. 3FAR9) A}%*
2mszy Fae 2 Vhel F4 3R Wi
(coke oven), 7}€Q(ﬂue), 18] 32 ) A4 (regenerator) 5
o2 o]0l glev, AZH 2HE Fig 1o e}
Rk, o] Foll & ATelME A F, I
] A 7)te] shetel] 245 Tt (ALY HAkL
QAo Wit A% YEe2 ol 10-16m,
TolE 3~7m Y %L 0.3~0.5 m 7}ee] =7 E e}
A2 U g7 Sl Rasnel £330
ton £l l AL Fal W2 800 Kg/m'el] s
o} AekE F2 Ao e deal BEF Bkl F
B e 2] 20 A Saje] Ase, A4 2
Are ollAHE FF BLZ HelA g3 FAl
AA) 7M5HA Sl ZasR A
50-100717} g sk E P4 ] ek 22k ekt
Al 71 A= wizho} A=Y 9lr] W&l 1749] 7}
dalg T 7b ol etziale] Eof 9l e,
B ol e] cjAbal BeoF Aol AXE Za 229 A}

o} Table 1¢} AJA1F .

Energy Engg. J (1997), Vol. 6(2)



154 ol&iy - o] A - AN E - ol8F

refractory coke plastic particulate charge
wall stage coal center

Fig. 1. Schematic diagram of coke oven and coking
reactions in a coke oven charge.
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Table 2. Final yields of volatile matter species (dry,
ash free, initial coal basis).

co 0.35X
H,0 0.71X
Co, 0.08X
CH, 0.06
CH. @>2) 0.012

H, 0.034~0.3H
Noo N-0.01

S $-0.006

tar 16.3H-X-0.663

16H-0.14X+N+S§-0.573

where X, H, N, S are percents by weight of oxygen, hy-
drogen, nitrogen and sulfur respectively; N,, and S, are
the final yields of volatile nitrogen and sulfur.

total yield

Table 1. Input data to the computer program for the thermal model.

coal elemental compostion (% DAFB)

C H 0 N S
15% volatile matter 91.80 4.30 2.30 1.00 0.60
25% volatile matter 89.40 4.90 3.70 1.20 0.80
35% volatile matter 84.70 5.30 7.80 1.30 0.90

charge parameters

moisture ash bulk density initial temperature
0~10% 5.0% D-B 750 kg/m’ D-B 20°C
oven specification
oven width oven height wall thickness  wall conductivity wall specific heat wall density
0.45m 6.7 m 0.10 m 23)m-K-s 1200 J/Kg - K 2800 Kg/m®
where DAFB=dry, ash-free basis
D-B=dry basis
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Fig. 2. Boiling, condensation and convection of the
moisture.
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Table 3. Blending coal analysis data from Kwangyang Steel Company.

coal elemental compositon

total mois- ash content blending ratio
coal name C H 0 N S ture (%) (%) (%g)
1 CwW 89.70 5.08 1.57 2.81 0.84 7.23 7.29 17
2 PD 92.01 4.47 1.88 1.05 0.59 9.20 9.65 18
3 FR 86.67 5.12 4.70 3.05 0.46 7.00 8.64 10
4 SR 92.38 439 1.39 1.42 0.42 7.34 6.91 8
5 YK 93.93 4.22 1.19 0.46 0.20 7.80 9.16 5
6 GP 89.39 473 1.54 3.74 0.60 8.71 7.89 15
7 ocC 89.83 5.15 2.06 2.29 0.67 9.21 9.12 9
8 GT 86.69 5.05 2.10 5.54 0.62 7.20 6.83 4
9 MW 84.67 5.25 1.73 7.90 0.45 8.04 9.78 11
10 PC 89.53 4.05 2.22 2.20 2.00 9.00 0.27 3
vl gtele] & #glek : 33ton (wet basis) oven?| & :0.45m
ovend] 7] €& 1 20% oven?] o) :67m
flue?] &% : 1050~1300°C gas®] &% : 1100~1305°C
g dAEE :23Jm - K-s CDROE] :1200 J/Kg - K
EDRARS : 2800 Kg/m’® el T :0.10m

(% bulk density= 750.0 Kg/m’E 25 1A ke AHE-FH
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Fig. 9. Heat inputs to the charge as functions of flue
wall temperature and moisture content for blending
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A: : Frequency factor of species i
: Specific heat

folle)
B

: Specific heat of gas

0

: Specific heat of wall
¢, Specific heat of ash free coal, ash and moisture (i=
1,2, 3)

d : True density of the charged material

d. : Density of ash

do : Density of dry, ash free coal or coke

e :Porosity

k  : Thermal conductivity

k. :Thermal conductivity of wall

M; : Final yield of volatile matter i

m, : Total mass yield of the volatile matter from coal

m; : Cumulative mass of volatile matter i released in
the carbonization

N, : Nitrogen yield that evolved from coal
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Q : Heat rate
S : Sulphur yield that evolved from coal
T :Temperature
T. :Wall temperature
t :Time
u : Solid phase of coal before reaction occurs
u'  : Solid phase of semi-coke after reaction occurs
w. : Fractional mass of ash per mass of charge
W : Fractional mass of dry, ash free coal per mass of
charge
w; : Fractional mass of ash free coal, ash and moisture
(=1, 2, 3)
w. : Fractional mass of moisture per mass of charge
Greek Letter
€ :Emissivity of gas
p : Charge bulk density
pw : Density of wall
o : Stefan-Boltzmann constant
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