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Synopsis :

A new operation guide to the coke oven gas (COG) refinery process has been successfully
developed which can conduct energy-saving operation and extensive production control
for GLO (gas light oil)-recovery and desulfurization processes, since the ratios of the
operating costs for the said two processes to the total cost of the COG refinery process
were quite high. In order to obtain a mathematical process model, which was essential
to the guide, an absorption droplet model was originally developed for modelling of a
spray tower. It is found that the droplet model provides accurate simulation of the two
processes, and this model is expected to be widely applicable to modelling of spray towers.
Economic evaluation formulas are also incorporated in the process model to form the
operation guide. The operation guide is working well to facilitate the energy-saving
operation and has improved the control-lability of the GLO-recovery and desulfurization

processes at Mizushima Works.
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Development of an Operation Guide for Coke Oven Gas
Refinery Process by Use of Absorption Droplet Model
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Synopsis:

A new operation guide to the coke oven gas (COG) refinery
process has been successfully developed which can conduct energy-
saving operalion and extensive production control for GLO (gas
light oil)-recovery and desulfurization processes, since the ratios of
the operating costs for the said two processes to the total cost of the
COG refinery process were quite high.

In order to obtain a mathematical process model, which was essen-
tial to the guide, an absorption droplet model was originally develop-
ed for modelling of a spray tower. It is found that the droplet model
provides accurate simulation of the two processes, and this model is
expected to be widely applicable to modelling of spray towers. Eco-
nomic evaluation formulas are also incorporated in the process model
to form the operation guide. The operation guide is working well to
facilitate the energy-saving operation and has improved the control-
lability of the GLO-recovery and desulfurization processes at Mizu-
shima Works.
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Fig. 1 Schematic flow of the COG refinery process
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Fig. 2 Schematic diagram of a typical absorption-regeneration
process in the COG refinery process

P PRfE TR & PR s L B S, Fie. 2 i3 iin o Mg
B a et e AEARINCEE o T G iy, 2m Lrc X5 PegR i HEsg
THBH, I L OHESR Th EhikodiEi L o,
(1) WIS
AL ATV —Th b, CHAahoBms (BT, B
WOy EVESR) ATV — SRR O R & hRIRT 5,
(2} 8
WIS g LR T EL, BMES 2 FANEBRREC A5 — 4
ARy Ev S ETY, BRES #M£é&a E (BG4 % Bl
LCRILEE 1o 1R L 7RI it 5 0, BORIRE~ER E h
BHo B ENABEMRESREABRTEYET, FM&GELS,
Table 1 = C # ARME TR CHE L35 Bl s, M3 2H
Rk L OEE I DM T T,

RSB EERE Vol. 19 No. 2 1987

3 B{RAAEF

o E

C o ARBE TR B\ Ch R IR S 0k & R T4 5 iz
i, IR EEOGT, Rfio@EL T e R e T AR5
SENED, TOC, RO ARRE B I C R 7 L% T
5hosbic WRTUR = 70 % R LA, TE#o B+ F bz
Wang 50 p ) £ 47 2 FAED 2BHAL, COFEIEEEE
BTk o WBEIGERS SUKKECEEEGRR Y S I LTH RS
73R (ZENER) 22oRERE L5, BEBEEROES
TOHFACHERESHEAERB IV EORY L L LI HE T
TELECIDELNRS, B T e R T Y
G TER LI, A=A I UEAFIRYRATA-DERE
EHRMRAER L, 7R eF A fldild, REFA VY
FH L1,

PR A VORBEA~OMMCM L T, = — 2 AP,
ZMBEE, HfERn Mok SEEOLETHL,
2% A CHARE, REREREAERTES X I Mt & - Ty
5, Fig. 3B mMoBREY 1 FOMELYTE+, THER QML
ik HREREC BT AHBEMER B RS L, tokED
REFET A 1T C REERERNY R 5 oL THREh T
By FFRCELTE, Th¥hviov-va vF—27 41,
HEF—27 s AN T WS, EIiHR T reA2FLRL
LIRSS Al T 5,

R

Production plan

of coke oven

+ COG-generated

. C_lonc. qf gas Calc, of

light oit recovery oil <“:
against the

- conditions

Seasonal factor Simulation

- data file

Atomespheric

temperature

Unit price

of utility %

Electricity, =

recycle water, :\’> ) ) Utility data

steam, COG, ete. Selection of file
operating Printer
conditions ———> Qutput

T’roduct price

- - Qptimum operat-
Gas light oil ing condition
price
Input Processing Output

Fig. 3 Schematic diagram of a proposed operation guide



WG T F A kB 2 —F AP H ARB 7 e ROEE N A PO 89

A= B Asin( Bl Reos(BLR)
2

3.2 BREHBRETN IR By —sin(2BaR)

WAL, FCAS E B Sl bhTe B, Sk ::f,&ﬂtw&ﬂzpﬁﬁﬁkAQME¢5ﬁf®m
TRATv—BERRAIN TS, A v —BOBe 7 (i) I ¢
LT, L ) ) 00 S A T B M D R ST BRI He T H A cei PIMIRLERLE
SV ELT, WD SRS BRI Lk, WIGERR & L cri A B ORI
T, WEHETIND 7 % B B U o A B2, RS & B Casi FEBRIE
Uhcth, ReMICEIL, BBAT~EETD LB, Chb—do mi ARTAER
WEB IS & T L AT B £ & AT R R e 7 kot 7 WRRBEIRE
Abe gt LA, R: WEweEE
TIN5 e EFT S 0w F AT, BRoltb #v% HiE WP & R T E A IS, T, AEMMOEAA
AT o, A7 Vv —ShBiBth o, THERTORD TOMEBTH SR CE LS (3) RT5LbM 5,
b ok EE L, Fig. 4 @l e 7 0 fah 7 = (e—c®) —2cos(Buk) exp(—DB)
4, REREAIC R S W, # A ko g T & gfEho n=1 By
PO OBBETHD, (1) ROBELTELLRED, w SUBARY | e e (3)
¢ 10/, 8 ¥
_a_t_.:D }275(’“5) .......................................... (1) o B,I:Ln—n
cow, D B ORIERIEREHR R
v D v ERE
EOBER WA & % o A R OB B BRI AR X DR LSk L
e W E AR TR Lo THIRE OWMARBOCE T LA LY, BRI T
(1) % DRI AERTD L, WO TORMBEORELC LD, Licth
W =0, 0<r<R; c=c 5T, BINEY L, AT - AOTORIENHREY ¢t 215
EREN (1) 130, r=0; c i ZHMW, (3c/0r)r0=0 b, BWEC L5 A ARG ORINE MBKATRDDZ EHTED,
(2) t=w, 0<r<R; c=c* M=L(E~—C;) ......................................................... (4)
(3) AnRmlg(cys—c¥)= — dn R*D(De/r)r_x WL # A L OB T, - ¥ A%l \mEE A&,
O ETHS E (2) Re@a, RBIFAFT—oHEOREKTHE DL, B - 7 AW L WRHENLEEMT
o ) o sin(Ber) BE, FARL LA AAEESCEEROBE THE R Sh
o=le=e®) L Auyf g xpl= DB x =2 et o WTER alt) kEER X DI U 4 2 4 KD REIC RS LC

................................................ (2) SIS 2 B TR, 7\;_9%3%5 LFbT &, FEfph By

Outlet
COoG : Lean
absorbent

A = = solution

St ,f'f:"\\
Dronl =L W T{Contact time of
roplet Pt ' a dreplet with

o surrounding COG)
1S
= phase 77777{}/7%///1_
compo- )
|| ! | nent A yiy

EO?
! ST FE K

+
IR My
"'\‘ 0N
Ve
h

0 R ! '
Liquic Enriched
concen- WW\[TNZM-} absorbent
ll)ll_c:)lfl 1‘{2 - solution
I”“EZZZZQ]
COG

Al)sm‘ptiun
tower

Fig. 4 Schematic diagram of an absorption droplet model concept

- 17 — JIMF kL B Vol, 19 No. 2 1987



90 WM EF A XD 2 — 7 RFF AR S v 2 20K 1 PO

EHERATRD B D,
S= ! )dt 5
= SU u( Ve oveenme ( J)

BT, BREBNEF AV E LD EHEENSETHED S
WHiRE A7 v - ShABBNEECKTEFT5 2 A Bit T3,
A, BAOER OB &b BRI E (B, T oREHE
TS DA, R B RE LA I A S B v D T
BN+ o UERS D, Fig. 5w HEC TR E K FIL L B T2
fobo 7 e =R, BIREORE e F o COEEHEL, o0
X AW LTS LA R R £ B Rk o BRI R A TR X
e

COWKBN e F A FG5H &, WL 7 2 L oEMmi (K
ETERD) gty 2 B0 RS, Bl E T RREROBER
MERBHTE, $i, ThLARETHFAOBRRE~0BEE
BB TES, LT, ¥ ARd D\ it RIEEEDE
WL L CREERORE I WA D, i Buvilfiic
HSBREEROTU TR TS D, BETTbhicZ Eof
ELEETTORROTFMLARCHAZ Lo i,

i, WREENEF A oRAEIEVEELBRD, Thbb,
77 — 2 & UTKHCERE R, HERBGRE AL R
BT, BFER LD A 7 v - R IE R LT D R
WeFareBA LR F A lmMiETHR LELBID, Tl
PGB TEAMEE T DB, (3) X bbd 5 X i, KK
SRR, TRECGRE O 20 SR b FUTRTER AL & 5 A4 % 3 LR

¥+
Operation data mput
For L=DLumin to Lumas step 4L

Assumption of R
Calc.of T

r Calc. of ¢* (1}, ci{D) }

For n=1to m
Calc.of ¢{n)

Gln+1y=¢é(n)
Calc, of ¢* (r+1)

aue: Number of stages
L Absorbent solution
flow rate

Subseript

min: Minimum operating
condition

max; Maximum operating

condition

Yes

R, é(u)

Fig. 5 Flow chart for a determination of dependence of the
droplet radius on absorbent solution flow rate

JIGHLL R . Vol. 19 No. 2 1987

HKoviov—v: vk Eis,

BRI = 5 A S R AW T, KECFIEERO L 5 AFHRT
EEO O DT E—A— Ay — A0 B X b Radbhz,
B, EEEHEEHEL CRERAD X aEr vt

3.3 IRENA FOBE

AR & B 2 F AL To il MELHAGE TS
B AEFARER L, cOF e tA® T AnRHAHEm LY~
ThBHIEET BB FOFMES T %o

Fig. 6 ol hEe £ & RERA S b (k2 HE Eh s
HEgmhE) oEfs LUEFoeflvilEtymT. Fig. Tk
IO S CE S It 2 HuS, CO: O REIT, # AW o S,
BIVHEBERY T, REHoBa i FERE 2% o SET
HIBMENR TR LT O BB TS 2 L TE, LHE
CHARRTRTHD D EXHRE LI, WHOB& I BHAREY
4% LIROESRAZCFUTL L0 TE, THcERTRTHS
CERWR LA, cABOEELY, AV v —8iH L UEERR
EFARAGCEER T F AR RNTH D ERMER L.

BN A FARETL RS CRBER T et AT F AL CEE
DRFEETINE T 5 RhOLENALETH S, & ORI £ R
X b B % owh BB BN B b PR R R L heo  WEAR RGN O
TIRCHAFO N ABHAHRL, BARTREETY ~Bill%E
Ed5, CHAPOF ABRMOEEROBEMC & VAL C HAD
PhiggEH e ) — LR T B, TOd, EEEFMmERiL, R Loy

@

[

8=

g % =
o) —

32 3

US g_,

7% %

= o]

¥ o
= o —
— oo

= x T2

A= =

i

Month
Fig. 6 Comparison of the simulation result with the observed
one for gas light oil recovery amount and its yield a-
gainst coal charge

—. Top -

L

o

7} 1 i
w3 I

&

— 5 [

i8]

2 7

5 L

=

Bottom ‘ ; r |
0 2.0 40 0 1.0 2.0

I:S concentration
in solution (g/¢)

H2S concentration
in COG (g/Nm™}
Fig. 7 Comparison of observed HsS concentration in the desul-

furization tower with the calculated one using the proe-
ess model

— 18 —



RN EF AL b3~ AP AR T 2 2 2AOMES 1 VO 91

T F A
,sao Top QO e\ 35k
a N oCalc AN o Cale
2 5 AQDs S 4 (Obs -
R B N g
o Q \o:\ A -
- 5k }3 L o = Conventional
g E N ERENES
S Tr : X E
Jottom \ o %\A T 2 3r
‘ . A COG treated:223 000 Nm'/h
n N P N =
40 80 80 0 3.0 6.0 & Absorbent 3
€02 concentration CO: concentration 149k solution temperature: 3°C
in COG (g/Nm") in solution (g/{}
Fig. 8 Comparison of observed CO; concentration in the desul- L S N S S S L e
furization tower with the calculated one using the proc- Lo 13 2.0
ess model L/C (1/Nm%)

Fig. 9 An example of operation guidance for the gas light oil
recovery process
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