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On the Top Gas Recycled Reforming Process and the Injected

Gas Distribution

Synopsis:

Hiroaki NisH10 and T'suneo MIYASHITA

Penetration of the gas injected into blast furnace stack and its influence on iron ore reduction was inves—

tigated by two and three dimentional cold model experiments and the theoretical consideration to predict
it for the commercial furnace. Gas compositions and the coke replacement ratio were also investigated
experimentally and theoretically when top recycled reforming process—NKG Process—was adopted. Very
low nitrogen content in the injected gas will be possible if newly proposed method can be applied for the

above process.

(1) Gas penetration into furnace was mainly governed those three factors such as the injected gas ratio
to the total gas passing through furnace U/(U+ V), the radial eddy diffusion of the gas, and the radial distri—

bution of burden.
(2)
and C/H ratio of reformed hydro carbon.

(3)

Compositions of the top recycled material gas and injected gas can be calculated by fixing U/(U-+V)

The top recycled material gas and the injected gas containing very low hydrogen can be obtained

by taking out of the top gas periphery of the furnace throat.

(1)

mathematical model calculation,

The more amount of reducing gas is injected, the larger coke replacement ratio is predicted by the
When more than 400 Nm?/tHM of reducing gas is injected, 23 kg/100

Nm? of the coke replacement ratio is expected by taking out of top gas periphery comparing with 17 kg/100

Nm?® by the conventional method.

(Received Feb. 10, 1973)
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Fig. 1. Experimental apparatus (two dimensional

model).
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Table 2. Dimensionless eddy diffusivity of com-
mercial blast furnaces in NKK.
Inner volume | x(=LDy/R?P,)
. No 2BF 1148 m3 0-48x10-2
Kawasaki n; 5gF 936 0-50
Tsurumi No 1BF 1150 0-46
Mizue No 1BF 1728 040
No IBF 2 004 0-33
Fukuyama No 2BF 2 828 024
yama no 3BF 3016 0-24
No 4BF 4197 0-17

(Dp=30mm, Pe=8)
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§[m3(Ore) /m3(Coke)] &3 hif, X(FEHMOUGRED
245 w[m(Ore) /m(Ore+ Coke)] 13,

w= {1+ (y—2/3) (tan ac—tan ac) (xR%/a,)} 5/

¢ Y ) YT ORI ceveeereeees (24)
R, Z=RE, EEAEEoSmhE, 6E (2) 2FREL
(25), (26), @2NRTEH5ALN 5.

Dp=Dpo@ +Dpe(1— @) wwreereervereersecnenis. (25)

e =¢cow +e(l—w) .-+ (26)

P =do® +Pe(l— @) sererrvrnmernasannninnann(27)
(2)3 (Ercuxn OR) #ZEE LT,

dp/dl=(f/ge) {(1—¢)/pDpe?} pu? «o------(28)
WHERZ XD,

/;Rgﬂ,‘oud,=p(y+ V) eeeeremrrieinaecennn (29)

(28), 2)RCEE(2) LTCEEELTERTS L, ¥
EFmOmES R L CEERETERITL) 13,
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X =u/{(U+V)/zR?}
=1/¢_Dpea/(l—e)/2‘/;l 7V ¢D, e/ (1—e) dy
.............................. (30)
R BFAE Ui A0, FrhL SIEIRENE £ T
(r=0~B) #5H5%DT,

fB27rrua'r=V R 1))
o
CHVRER LT RRTTL T i,

j;ﬂ pdy={1—U/(U+V)}/2 rrrereenea(32)

BREFER TS 5 &kdhiE, Zhi Ore/Coke D
HBHETSHLED IRG OIHBERETHS.

IRG HMER~IRE LT kL 5 28ARIT, MR
BB HFEET T (r=B~R) OFEIMARNCEE
NogaEs S3FThuskv. IRG OEMTEERAD
&% C LThid,

¢ =[; w,?d,?/./;‘ @y <weeeeeeeeneree e (33)

2-4.2 ErEHR

SR FEICHA & O — 0 AOGHHBIRVEE, BHEA
¥z vy bR A LAREED Z00BE0 BRE
3. Table 3 izstBEICAWREBAMOELEEZ T

FHRO=2>DBREGTOWT, EERLFADOF AFEL &
SRBD 5D 5EE 0 OSFERT Fig. 13 10T, B
SLOBEVIESIT SRS L IR D RLIED AL, by

Table 3. Conditions of burden used to the calcu-

b@%ﬁmﬁ,$b@%€%ﬁ@<%ﬂﬁﬁﬁw.:h
VEERSHSE BB 5T .

o TE X OSFICE D, BDRSL B REEL
IRG OYRIEES (1-8) & U/(U+V) ok
iz, Fig. 14 THH, BEBRHOE N Ly PEA
OB IRG OERBIESIBE L, PLOMORV-EEREK
SEARFZIZEL 755, Fig. 15 i, =Z2>0B 508 LD
e EIEEME B & (33) NitRA L, IRG Z#EfL
5 HEUEBROEE {wkdiz. Ly ML, BEkE
§LogEEN, F— U/(U+V) wwhtL, IRG & DiEfh
EN4~254<%5. IRGRIPAETEELF LD N,

% PMEL, BIRAENSB V2L, EAMS HRBETCH

WL, MEDOH ADBITHEELZEFELLTHIO5T TS

lations.

EAEFE L. IRG ST AEFREEN XD BEITAE DO
3 et+5L, IRG LEfTES SROEE L oMmAE
il omik, BGHXTELLNS.
o I T
o9l  Or¢/coke =45 /
08
E o7l
;g'? 06 Sinter
_5'%' os L No distribution | 7
[ Pellet —
5= 04 4
islg 03 %/
;‘é o2 s
ook
| ! 1 1 1

0]
O 01 02030405 0607080 I0

Fractional flow rate of IRG
uilu+y) =]

Apparent angle| Fractional Surface
of repose void coefficient
Coke 30° 0-45 065
Sinter 36 0-40 0-65
Pellet 27 0-35 0-90
20 T T - T
s L Throat dia. 9m
{ X <ore 40 t/ch
I'6 |=l———— @ |Ore/Coke 4 7
T orap Q
[
x 12 g - -
o distribution —1 T
- I'0 /7\ 'O
5y J 3
§ 08 = . Si fer\;"< o8
=g Pellet "\v/ 2
@ 06} ~~oy ) Jos °
(D = - /, =4
o4 —P~<_ o4 _
oz el T~~~Jo2 %
-1 3
1 1~ 1 I | o o

0]
0 01020304050607080910
| Distance flrom celnter 7 E—l] ,
I'0 08 06 04 02 0
Area occupied by peripheral part [—]

Fig. 13. Redial distribution of ore and gas
speed [—1.

Fig. 14. Influence of burden distribution on
initial penetration depth of IRG
(=)

el

o9l
z. 08 :

2

¥ o7
ES /
S 06
e e
Sy 05 s
o o ’
= /
c @ 04 7
ox ’
5 o3 ///
[

o2 A~

4 /
ot/ ore /coke = 4°5
1 ! (R Y T R

(o]
O 0) 02 03 04 05 06 O7 08 09 IO
Fractional flow rate of IRG
u/w+y) =]

Fig. 15. Influence of burden distribution on frac-
tion of ore covered by IRG (.
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L=9U/(QU+V)
=9{U/(U+V)}/ 19— 1) {U/(U+V)} +1]--(34)
Fig. 15 CHEAAMRIEES 13, IRG B OkS4 5 <

KR L2 5D CO+H, 284t L, 9=2 L Lk

& OHEABMIT A (R FHE L7 OTHEBTRL, M

SBIEA DA ED IV, BILH AR EALILE

WYL D % < LDV REDBEIC & KBRS

»5.

3. FIEARBRECKIBEAD
BITH AR ZIAHIBER

3-1 FHADHAZIREZERAHREET BTN

2-3 HTHEFI LA X ST, FEiEo IRG EBEEE<L
EBh b, ZOMGON R EBIRMICEHENE, ER
HO N, BFEDIREALEWVERTTENOHVWERY 2 &
LTHIATE™, BFCHFELTZAERLFR (NKG 7
otR) PERTES. ZOEMEX Fig. 16 t3i3h,
FIRET IRG H5Hhd5H L&, p=7,~1"0 OHEFED
H 2RI HRE, OB RIS BIEROEBR I
LTHRHEEDOTEIRD 5D 5FE&, RO HIh/mAphT
IRG B 5%EIC/d. WO LicH 25D IRG 0
HEZ o ETHIT

2RTEO L E, ¢ = [ rdn/(1=9a) wwovreen (35)
3L & %, gb=f;o2 nyrdr;/fqt? nydy

=2 yrdn/ (1= - (36)
2¥%mEFN (Fig. 1) TRy + 7 b EHOELIC 24

DOREIMER O Lo, 3kmme 7 (Fig. 6) T,
IRG REAAOBELED &+ 7 b EEIC 8 EDOERHH L
I-0
‘rd
o9 ¢=/7——°|_ ’ (Two dimension)
08 ' ~— '
T . 1 \
E o7 #= 2[170%'212 (Three ) //§
P A dimension
£ oo of §
5 04 §.—§§S
£ 02 g QQQ
QQE
O

W 7,
ol
1 ! L ]

(0]
O 01 0203 0405 060708 09 10

Distance from center 7 [—]

Fig. 16. Ideal fraction of IRG in recycle gas
taken out of periphery,

A% MEFAEDIE, RIBLEERYHSTES
XSl U/(U+V)=040 T, FELIOMEROHLE
Ur 22T, BRTHF 2HFD IRG 4R ¢ 2HIEL
oo ERRDH L mEED LR TllE L IRG 44
& (35 MAL, B H LI 2dhomiEw IRG
BRI LE. Fig. 17 TI3IRTOBEOEMEE

MRk EHfEER BRTRLAD, WHERIL —
L, B8 IRG ZRTWIFX 5.
BRI L& LI WiEE, ¢ DERERT S X

BErrbb¥, U/(U+V) OfERELL ZOERT
3 040 it 3. FEOWME Y H L2 T 584 ¢ O,
FTART 040 L hEL, EEBEIE LEDAT WL E
OBRELRD. EEBF CRIBEHEBSE VWO T,
FLDFER Y L OhFIE S b k& v, #8Il 3 &EiFic >

o
o9 |- .

08 \
SR
06 -

oS |- AN
04 +o

03
02
(o o

IRG fraction in the recycle gos ¥ [—]
/

o ! ] I 1 !
0 01 020304 0506070809 I0
Fractional flow rate of recycle gas

u/u+v) -]
vu/iu+r) 040
Number of
nozzles 8
Number of

taking-out holes 8
Fig. 17. Effect of taking-out of peripheral flow
on IRG penetration in the recycle gas
¢ (three dimensional model).

Height & 100
§ A 8
@
9, L 200m
8 R 554 m
5 o, 30mm
&
— Toking-out of
S { peripheral flow
S — ——= Conventinal
S
2
w

(o}
0 04 0203040506070809 10

Fractional flow rate of recycle gas
u/lu+v) -]

Fig. 18. Effect of taking-out of peripheral flow
on IRG fraction in the recycle gas ¢
(Fukuyama No 3BF),
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Waste gas b ¢ Recycle gas
ion N PANPANANIANIION
of recycle gas -
@ _ @ } Feed
T rotbtsd O OICIO)
farnace ;%-a of recycle gas S C @
=3
5 & R-—~value
CO + H, ‘e
Gas generated @ (CO;-#- HZO) <(>\ Equilibrium constant of
by gblast A/ / water gas shift reaction
e ) i: ﬁi N IRG - 4 CooTT o T
0 i: @ O Operating conditions
/""\ X3z 0 Assumed
A /. Calculated.
Fig. 19. Scheme of the calculation of reducing gas injection by top gé;s recycle.
SFE LA EALEED IRG 454 (Fig. 9) k&b (1+az+cg) + (en1 + 222 + x40) Us +2U,,
(B6)RT g HFIHE L7z Fig. 18 TH 5. RIEER = (%12+ 2xpp+ X42) U’ oo eeeee (39)

IR H L% LS WBET, Al s ERomMoELSE
MFEROH LOShR LS.

3.2 FEHARBERECKZETHAMROTFASH
EORED HLZ2T5 Ba8E Litw B8 2nWG,
IRG OF AMEETHL, MHEDI — 7 X KT X
ETHREHEET 5720 T, Fig. 19 CHEOHKL T
T BRI ERY A LRSS 5 RILKEOR L

KT, WA bEO HRD BRLLETVC, BEXX
IRG, AR WOVHBLIR) LIFEREY 2O E
MR E S

3.-2.1 gt

(1) YV 7ax+—~v—HitEoWEIRE

A RLKEDHMAK ai, b1, 6 V& CHza/OpNye T
RL, Cleaextts H, O, N, o vibe®Rby.
ME Un BRILKFE»ORET D2 AEHREMET, C
1 v7e ) (I+a+a) EVON AZFRET D E LI

C)xs 2

Ug/ (14 ay+61) + U/ (1 +az+62) + Uss/

(14-ag+¢s) + (x11+ %21) Up= (x12+23p) U" -+ -+ (37)

H, X5 % :

ayUsy/ (1+ay+¢1) +agUsa/ (1 +ag+cz) +asUss/

(14 ag+c5) + (a1 -+x41) Up= (%55 + x4) U -+~ (38)

OoONF &t

b Usy/ (L +ay+6r) +b2Uss/ (1+ag+¢2) +b3Urs/

Ny, N5 =%

aUn/ (1 4+ag+61) +62Ups/ (1 +ag+¢3) +e3Uss/
(1+aa~+63) + (1 — 231 — %91 — Xa1 — %a1) Uy
=(l—xlz—x22_x32_x‘2) 194 .............(40)

IRG QBWIEIFY (IR FAKIBE Ty 7 MRS FHE % (R
%E)

X3p+Xga/ (¥12° Xa2) = K,

et ee e nee (41)

IRG @ R {# :
(%104 Xs2) / (Rgg+ Kag) =Ry worerermemvevesmensesninnns (42)
(2) IRG KRERALFIHDOWHE MK

IRG > CO; H,O @ 5L REEFHT XY, FR
CTYY a—v a v AREERRBITEEXLORIGE
" Cmy 2T 5.

VY a—a e ARG

(%194 @y (Zxgp+ Xaz) F U =xqgU wovvereresveneninnnn (43)

(x32+am1x42)U'::x33U B TR R TR I

Hy, "5 2

(%33 +%ag) U = (RggtKgg) U woeervvrremmonnessnninunns

ONF 2

(124 2255+ %45) U' = (%15+ 2253+ 243) Usev 00002+ (46)

Ny XS &

(1 —xy3— %22 —Xg2—¥a2) U’

— (1 — X3 — Xpg — Xag— Xgg) U errererenmerarneinienas 47)

(3) IRG AL 0 LFEMCE T WEINX
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Crz = 3:2.2 sEHER
xrgUA+ 204 V'= (%11 + %21) Ur+ (215 + %25) Uw -+ (48) e A Abod CO, & H,O ¢, Ficwftiesh sk
H, x5 x: {bk3k CHm 2R T 5256, RILKFEOERE T bbb
xgaU~+x34V'= (531 4+ %41) Ur + (x35+ x45) Uw  ----- (49) mDEI X W IEAT HIRGOE EMKBEDLS. mE4t
I\PIVA S fam{tkEo C/H (FERl) THESRZEETSZ
(I —xy3—xgg) U+ (1 —xyy—x3) V Lizt L, Table 4 iz fl%# R UL7-. Table 5 iz stE &%

= (1 —x1y — %1 — %31 — *a1) Ur Tl BHARIbARFRBE—EEHLE L, oMb etm

4 (1= 15— g5 — X35 — Xa5) U =+veevemeeeeeeeeo- (50) LizwZ ticd s s, 5TEERR U/WU+V) & U/
&SR 2> CO FIFR : (U+V) OFRRTEERIN, VAOLNED, Whird
xar/ (et xm) =gcor oo (51) EE AT SRERIEZED bV Fig. 18 14 RKR A
TEIRY 2> H, FHR : HE U/(U+V) 22T, BRAAHD IRG 5F¢
%1/ (Xar Xga) = gz p e eeree e rerenaneennnsensnnnens (52) LIERAF 2R U/ (U+V) OGRS BULER, EXZ
EEH 2> CO FF=R : hoOEEIEY, C/H BE526h5E, MEBERNEL
Xp/ (Fis+ X25) = PCOW o eeereermsinenseneieenranens (53) TEEL.
BEH A Hy FFE : BRI ABOHEMC X% IRG KRERALEDEMNE,
$as/ (Sagt Xag) = Qaagw cooeeeeeeeeeeeeeeenens (38) G/H %83 X — 52 LT, Fig. 18 ORKBERTRL
(4) ERAHREFESIA o C, Hy O4HE 7o Fig. 20 ¢H 5. 7L k13, C/H=4 0FELZ
Co4Ee fHoT, U/(U+V)=02 > IRG 28L%35L X, A&
xu‘*‘le:xl;sgb xpg (L= @) vorevmnenesenneninninnie. (55) MHEE OB LETHRE, BERAAEIRO 1 LAET, 0
H, o 48c : LESIX 08 L% AP ELE LT, 015
XanF Xy =Xga b + Xag(L—p) worrervrsesenmenneenenneens (56) O JEBRH AHLIET R XA H X hd IRG S5 ¢ 1T

LT, R AFO IRG 4 ¢V, FBUHERDL H
LELEWEE ¢=U/(U+V) THEXbh, FOMRK
DHILERT B E &R, (INBE2FEOEREEDD L
wwhkE, A IRG 454y 2870 b B6)RITRA LT
kEB.

02 wissd. C/H %285 x—2—-L1LT, HBERIZAD
fk & IRG IR ERAALBOBRD N,, CO, CO,, H,, H,O
o &ERD L, Fig. ZUCIHRAF A D No% OZ L%
F7-C/H=4, U/(U+V) 230°1 203D L XD H 2K
B GI% Table 6 R U7, UMK Y B L% ThiE,
U/(U+ V) O/NSWEIFT (BERT 2RO No% 2RI

Table 4. C/H (rate by weight) of various materials.

Coke oven

Hydrogen gas LNG LPG Naphtha | Kerosene | Crude oil [ Heavy oil Tar Carbon
0 25 3-0 46 59 6°1 6°5 80 16-4 oo
Table 5. Conditions for the calculations.

[Feed]
Flow rate: Uy, =given, Composition: a;=given, =0, =0
Ufz:o a2=0 b2=0, Cz=0
U_fa:O (13=O, b3—0, C3=O
Up,=0
[IRG]
R,=10, K,=0-40 (1200°C), Q=10
[Gas generated by blast]
Flow rate: V=given, Composition: %;,=0°40, x3,=008
[Degree of utilization of top gas]
Neow=0'45, Pu,w=045, peor=0'45, yyu,,=045
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Taking-out of peripheral flow

Taking-out of
peripheral flow

— ——— Conventional . ~=——= Conventional
60
NY® g NS © T
TN g ' S0 RSS =<
7 11y 0. SNJOISNTR
e -1/ / v, & — \\\\\\\\ \\E\
PY - D _ o ~ N
- 7 ;] S, 40 A D
o ﬁ,/ \\ N N
= /71 A 7 O'@ é N \\\
/ N N
3 5 Ok aiutuk to Nt I ® 35 WAL
§ /) / % ¢} R \\‘\‘\
= &l /7 Oy o N \\\\ .
S : 7,7 «— > AFERNAYAY
o A g == ° 59 ) AR SN
« 1% Gy ® 2 N Lo NS
— “ep - AR
g ~Qo¢ = v N
S oo WA __ N P e LW
3 1o o L
<} l AR\
w A\
A\
] ! ! 1 o ] ) 1 ]
O 01 02 0304 05 06 0708 09 I'0 0 01 02 03 04 05 06 07 08 09 IO
Fractional flow rate of recycle gas Fractional flow rate of IRG
uflu+y) [=] u/u+y) [=]

Fig. 20. Effect of taking-out of peripheral flow
on IRG fraction in the recycle gas &

TIETFL, 06 KT 2ETIIZLAL0ICRS. 20
fEmix C/H BMEVWIZ EFBRETH S, FHOmRY HLE
Lz, ifiic U/(U+V) o/NZWEFAT No9% KT
e, [FLASERABEOLRVWOS D ETAKESETT
5. WED N% 0%k, C/H=4 0ot %, U/(U+V)
=04 TEKAXEEY, 40%, U/ (U+V)=02 T 329
L7 %. Fig. 22 1T, RERAL A AFD No% %, [F
BelegtEcm L. C/H=4,U/(U+V)=04 T, A&l
FEROIHLETDE, LaEnd Zic L 5 Ny% i 289
HEL b, 0°45 DI BTV, IRG dod No% 12017
%. Fig. 23, 241X, IRG ho CO%, H,% DFHEIE
FRLIZEDTHS.

BLEA S, FEIEHRERD B LUENREBvhUE, BFcs
WT EBARIC I D, Ny OEVEISH A R ERALHTE
fleLirs.

Fig. 21. Effect of U/(U+ V) and C/H on N,%
of recycle gas.

Taking~cut of peripheral flow

————— Conventional

50

N, % of IRG [%]

0
O Ot 02 03 04 05 06 07 08 09 IO
Fracticna! flow rate of IRG

3.3 FEAZBRFICIIBFEADRTT AR ZT AL U+ =]
hROHE Fig. 22. Effect of U/(U+V) and G/H on N,%
FLIGE L H LE2ED T, FERIAIRBERIRICEIE of IRG.

Table 6. Gas compositions of recycled gas with or without taking out of peripheral flow in C/H=4.

% N, co | co, H, H,O
Taking out of 38 24 20 12 8
U/(U+V)=0-1 peripheral flow
/! ) Conventional 51 21 18 4 4
Taking out of 7 27 21 94 18
U/(U+V)=0"3 peripheral flow
/ ) Conventional ‘ 46 21 19 7 5
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Taking-out of peripheral flow

— = == Conventional

100
90 +
// C/H=e /’
/
/
80 .
/
/
/
70 - 4
7
s
’
T s0 / ad
l—.' / /, 8 ///
g ’// /"/
— S0 - /// P
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° - ”” 4
8° — p—
8 a0 === - ==="
P P
—— ] R
20
10 | it R
| 00 T~~~
o I ! | ! |
0O 01 02 03 0405 06 07 08 09 10
Fractional flow rate of IRG
U lu+y) [=]
Fig. 23. Effect of U/(U+V) and C/H on CO

2% of IRG.

PAETH AR ERBE2TR2/HER, TARERS
BL a0 ZAETOERESZ, UEoBRiT2d i
E Lz

3-3-1 §EFE

AEETO BRI, FERIC XD ARTEFIRE M
B FRNAAFARZEE UCEHE LA, 1~ 2K
RHET D00, Zh b BIRERBOBEE T 5.0
ENdD. BFOa—s A #EETLEF 4, Rst
LOEFLOEILERBIE, B AREALEE
L REERE T VEER L. ZOEF VT, v
v 7 MR IFTHREEEIOALZFEETHIE, T
FHcoa—s 2, FAE, FEFVAEREZFHEICE
5.

= FLOBEMERE, Fig. 25 ©R{. SEOF
NEvx, Fig. 26 WiRT XS5k, ETRERE REER
WP RH, JERN A O EREOE | ELME% BE% i
5%, g, IRG oMz ¥ 541§ (IRG O R{E:
R,) %53 %7, Newron-Raruson gk19) CZD{ES 2

Taking-out of peripheral flow

———= Conventional

100

H: % of IRG [%]

-
-~

0 i
O Ol 02 0304 0S 06 O7 08 09 10
Fracticnal flow rate of IRG
U/t =]

Fig. 24. Effect of U/(U+ V) and C/H on H,%
of IRG.

{LEXBIREIND. JFRF AOME, HB¥EHEF L
CEDda—2s Ak, ERBEOHELZEDT, -0
FECTEOhLEEYREFERL, REMCLEEMIT/NS
Y ADENBERESE NS, [BREWE T 71X, 18
WHZAHD IRG 5RO EZFHET H-DDHOT, FU
WMEROHLET 2 E Xk, 2.3 HoMfcdE LT
FEFIAT 5.

3-3-2 SHEHER :

BILH AD R ERALMRE % 1200°C, R E [(CO+
H,)/(CO,+H,0)1=20. ##ARIVIKFESY 03—~ 2FH
AL LEBECOWT, BUVAREALZLEI—F A
HETE LEHEETROR %R, NROFMEH LT,
Fig. 25 R L7cE 7V CHSE LciER % Fig. 27 2R
+.

BRI ) LE Lice 301X, ELHFAREIRALE
PN HICoONT, 2— 7 AHRETERKELIAD,
400 Nm?/t HM Bl ETCrE, 23 kg/100 Nm3 D{ET (3F
—EILE D, bRHTEREE LTI, AFELIH 27~
30 kg/100 Nm3 r EHiE, BEELO RBREPTO E
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Flow rate and com-
position of waste gas

|' Coke rate l

Degree of

Flow rate and composition of
recycle gas

)

utilization

of CO

o -_l Degree of <
r I ﬁ[ utclization Flow rate and com-
< Shaft efficiency — > 15 | of CO 5 < position of feed
= £
I 5 lss g I~
| XE e Oxygen for partial
: E 1S : combusion
()
c . R
bo=beqy ——
1 = I ~_/ Equilibrium constant of
| g I 7 / water gas shift reaction .
| -
— ) FE(E )T \\‘EHHI’
Blast volume = 8 © g
| E— —_ o X © [G) ( . .
Blast temperature T 5o Ba Operating conditions
Y o
Moisture content ® o 3l |es J
Oil rate ;g ;,:) ® 5 D Assumed
o8& %
Oxygen enrichment Ceaol| 8
J ~— | ) Calculated
Fig. 25. Scheme of the calculationjof effect of reducing gas injection.
!m Blast temperature | 200°C | R-value of IRG 20

Ijead operating conditions and assumed

values
—
Ye

es
F-LAssume composition of recycle gas ]x,,.

Assume flow rate of recycle gas ]

[ Calculate_composition of IRG | Eq. (37),(38),(39),(40),(41)

‘ alculated _ Assumed
= R

[ Operational line model |

__JL<QEE

Calculate flow rate and composition Eq. (43),(44),(45),
of IRG immediately ofier injection (46)},(47)

Eq. (42)

IRGy'ecﬁo\any partial combusion

Normal operation or

LCuII subroutine (eddy diffusion mode! ) |Eq. (17),(36)
3

[Culculcne composition of recycle gas | x,, Eq.(51),(52),(55)

o = (56)

[ Calculate flow rate and composition—l Eq. (48),(49),(50),
of waste gas (53], (54)

S~

Fig. 26. Flow chart of calculation.

Ex® T 23~25 kg /100 Nm3, Cockerill Co.” = 24 kg/
100 Nm3 &, CZTHE~-FEHRCGIWERZHLTY
5.
FROREDHLE LAEAWE &L, BT ARESALE
DEImT & D BHEERM L, 400~1000 Nm3/tHM @
Bioo@E#a®Rrx, 17kg/I00Nm? L%, FEHEmEIEL

Moisture 159/Nm3| Shaft efficiency 0°S0
Oil from tuyere SOKG/tHM| Heat loss 1 6x1 O'kg/tHM
IRG temperature 1 200°C | Feed Coke oven gas
Ta'king—oui of peripheral flow
———- Conventional
\ I 3
400 > 40 B
— 0,
z 5
5 30 3
£ &
2 8
2 300 20 ©
£ - b
3 E 3
s | >
5 10 2
8
NE
200 o}
o} 200 400 600 800 1000 200
IRG rate (Nm*/tHM)

Fig. 27. Effects of reducing gas injection on coke
rate with or without taking-out of pe-
ripheral flow.
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MICH AR EALOIRF EBET — 7 AL 5.
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(1) ZEESFD /10 0 2%Ta — v FE F o,
1/20 D 3 RITE FIVCTERETHLV, RERHRFT ZADIE
PANDIRBCRIETEEEFROEEZEO»iC L, EE
BFTET % IRG OREZHEMFETHEL, UTO
EmaSr.

(i) RERALHF ALY, RERAAHOEECABICERN
WREL, RERADZE U/(U+V) st smkx b
5. .

(i1) HME, RERAREX, RIAETADEE
CEENSRRE RS X o

(iii) RERBF AL, FARLEFHESIKEICTRE
T 5. .

(iv) WRERHB L RT, REBPZORHRLEL, AR
BHDLVIIFEFRTIER 0, REALE, RERAL O
DI X 0 FAERE AR 5D, T OmBEIABRE
ia > AN

(v) EEEFTKRERADR T ZADOREL, SFERER

HABCHT BRERBH AR U/(U+V) LFERER

FOERHROIRETEE R X CEAMS A EER &7
5.

(vi) EFEFHMOBRSIEE ORI ABEF T LN
Vo,

(vil) EICH AR EFRALIRENT, BRI X HIRED
X5, FLBECEENRE K Rl A AT OTR V- E3EIE
T 5.

(2) BFCToOFRTAERFRE, FHERERDSEL
TI— 27 Rb% KB BT CTE 5 FRAEL HifTdh
H. EITIFER» SERRARE LT, Aoy A
BROHLBERERAT 5L, RERABFZthD Ny% 2FE
LLIETTEH2 L%, a—~N RFEFUERL, BELE

R AT AT FUREELTCHE D, I1— 7 ARETIC
BETHRIEE L
(1) 2%, 3WITa—w FEFNCEER? LEN

HAGER DT E&ICk b, IRG FEE BV L
ez 7 S

(ii) " &A%, IRG OMm%, HR{bk%E C/H
& U/(U+V) ofE%ZEXT, BROERYBLEZT 58
& LRVEEIL>WT, EFASMEE X DEE L.

(iil) FEIRIED W LIC X b, R ERAZR K 2 ED Nyo%
P RIBICETFTE5. C/H=4 ortx IRG th N, %
28% KTTX5. -

(iv) RERAHTZAEEIMCHEV T~ 2 AHRE TR

KELIL D, 400Nm?/tHM Ll DR &2 5 TEHREIL,
FLOmIR O LEZT 5L E, 23 kg/100 Nm?, RO
DHILZLAEWE 17kg/100Nm? LHfEEXh, T OF)
ENRBdLNS.

(v) §tE<TRE, BEOmRYHELTEEARKC XD
1080 Nm3/tHM D # X %R EiAis &, HEERTRIZ 0
Eieh, a—0 ZMH 205 kg/tHM Lig 9 RFCET
5.
(vi) BIFTFEYABRARICX 58T AR EA
L CERE Y LRI E D TESTH 5.

S
g  ENIMEE [m/ sec?]
gt BAMIEIRE [ kgm/ sec?- kg]
P:H=xDFEH [ kg/cm?]
p  HADHEE [ kg/m3]
©
u

o

P W ADHEMESRE [ kg/m - sec)
P HADFHE [m/ sec]

Uo : IRG DR &AL #E [m/ sec]

¢ : REfE [sec]

¢ EH [m]

¢z EHL [m]

¢3: EHL [—1]

H:HX [m]

et BEME (-]
Dy : R 7% [m]

¢ RIFOFRMmMFER [—]

Re : frFv4 2 X8 [—] (=puDp/p)

M : ﬁz@lj}%ﬁ [ kg/ kg - mol]

R' : H#2EH [m3 kg/deg- kg mol: cm?]

(=874-8)

T : #2O{RE [°K]

L : R&FRS [m]

L 2RImEFNORERZ [m]

v EROCIH [

(=1'75MLcuy2(1—¢)/geR' T ¢ Dped)

U:IRGE (V) a—varaRFEBRES KE
Zib&%E) [Nm?/tHM]
PO — 2 ABRBELEEETIC X 5REN
"B [Nm?3/tHM] -
D IRBVRRREL [m?/ sec]
: IRG BE [ kg- mol/m3]
: HADOENEE [ kg mol/ms3]
: IRG WGAZ O LXubh b A 5 6k [m]
S TRG WA O L~V BIEAS & T DOIEE
[m] b

<

v~ oy
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ro R O REEEE [m)
B : IRG OiRERE [m]
R :IRG WRAH LD L~vh 5 EARFETO FDF
HEE [m]
CRRICIR EYRRNRE [—] (= (LDp/R?) /Pe)
FRNSTAD IRG HH [—] (=C/Co)
 #h 5 AEERE [—1 (=1 /L)
DEAMEEE [—1 (=7/R)
: IRG oyHiREMNE [—]1 (=B/R)
7o ! FEER OV LE U/ (U+V) kxticd 54
NORLE [—
Pe: o V¥ [—] (=uDp/D] -
@ SLADIFNTO RN EOREA [°]
ac: I— 7 ADFERNTORENT LOLBA [°]
ot SEABOZEME [—]
gc: A — P ARDEME [—]
Dy : ERORIEE [m]
Dy : o0 — 5 ZADREFE [m]
$o : SEAEDOEEBRE [—]
L Per A~ ADREHRE [—]
d A E a— & ZAOEFMI [m3(Ore) /m3(Coke) ]
@, : i E [m?(Ore)/ch]
o  EREEOEE [m(Ore)/m(Ore+ Coke) ]
SRR [-]
X R CEWOTE Lic A A E [—]
€
g

®

T ¥ =

: IRG XML 5 2ADOEE [—]
( IRG LA LRET D H ADRETAREN DI
[—]
¢ ERARACEEND IRG 0FlE [—]
Usy, Usyy Ups 2 FEEN 2B ICHE L 7ciaR{LAKSE
D8 [Nms/tHM]
ay, by, 61 ¢ CHag Op,Nae, RIROHEKE RIELKFEHE AL
[ mol]
Qg by, €2 ¢ CHy,,0p,Nype, [ mol]
as, by, ¢3 1 CHaygyOpyNye, [ mol]
: B R FIERER [Nmd/tHM]
Ur DERA AR [Nm3/tHM]
xy ERAAD CO =GR [—]
Xy JERAAD CO, £AGR [—]
x  JERAAD Hy = 5R [—]
xg  JEERAAD HO £ 045F [—]
U':IRG ok &A% g [Nm3/tHM]
%2 :IRG @ CO E£45E [—]
%25 : IRG @ CO, EHHR [—]
x5, 1 IRG @ H, £ 5% [—]

%42 : IRG ©» H,O £5%E [—]
x5 REZ{bED IRG © CO ELHE [—]
x93 : MEEZE(LED IRG @ CO, EALHE [—]
x”:ﬁi {t#o IRG @ H, :E)l/l/}?? [—]
x 2 2D IRG © H,O %ﬂ/%“i’ [-1
e RS BFET B H ZD CO %ij}:? [—1.
x4 ERPORETEHRAD Hy TR [—]
Uw-+ %73 Zi [Nm3/tHM]
‘xist EHZD CO TGE [—]
xp t FEHZD CO, TNGHHE [—] —
x5 FEH A Hy T 4R [—] -
x5 BH 2D H,O =58 [—]
Q1 IRG 53 U ) o —2 g /UZ&E%EL%guA
[—1
7cor : fEEIRA A0 CO FAHE [-]
PH,r t TEERA 2D Hy, FAHE [—]
ncow : A A CO FFAR [-]
pugw : BEX 2D Hy FIAR [~
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