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Reducing Gas Injection into Furnace Stack in an Experimental Furnace

Tsuneo MIYASHITA, Hiroaki NISHIO, Teruo SIMOTSUMA

Synopsis:

Takeo YAMADA, and Mitsuru QHOTSUKI

The effect of reducing gas injection on the coke rate and coke to oil replacement ratio was investi-
gated in an experimental furnace of 3°2m3 inner volume under conditions similar to a commercial
furnace. Reducing gas made by partial combustion of oil with oxygen was injected at a constant

blast volume.

(1) The 571 kg/t HM of coke rate in the standard process decreased to 374 kg/tHM with 628
Nm3/tHM of gas injection. The replacement ratio was between 075 and 0-82 depending on the amo-

unt of injected gas.

(2) An appropriate amount of injection of reducing gas together with oxygen enrichment improved

heat exchange condition at the furnace shaft to increase productivity without any

increase in coke rate.

(3) 85 percent of oxygen of ore was removed by GO and H, with 628Nm?/tHM of injected gas

in comparison with 65¢; in the standard process.
by two times by this gas injection.

Ore reduced in the same retention time increased

(4) By considering the staged heat balance, it was shown that the gas should contain less CO,
and H,O and had to be heated above 1000°C. The gas should be injected at below the thermal

reserve zone.

(5) The economy of the technipue depended on the prices of coke and gas,

and the replacement

ratio. Even at present, this technipue has been proved to be economical.
(Received Aug. 25, 1971)
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Fig. 1. Heat loss for experimental furnace.
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Fig. 2. Ncessary retention time for indirect reduc-
tion in different ore size.
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Fig. 3. Operating lines of experimntal-furnace and
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Fig. 4. Experimental furnace, hot stoves and gas reformers.
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By /o FCRIE L, SBITH AWGALR DR & I 7.

4. R B & B

Table 1124 BKETORREOEHEERT. —ik
HOWRIE I aR2 LD, UEHNE I BELTWA.

LR ERBREA2I LD ERDI DL S.

(1) ZEMEHARO 3 — 2 A3 571 kg/tHM & 5
B3, gk St 1°39% TaHh, ThHEETS &4
550 kg /tHM & 4ix, EEHEIFD 520~490 kg /tHM
e,

(2) @A RAELEF ORI L EF~OWAZE, S
AT o7,

(3) WRIAHEITTH 2 DflkIE, CO : 489, H, : 43
% CO;:3%, Ny:5% FBET, ZuH 2 BEFEOH
FIEEE 1500°C, WRIAZGEESIZ 1200~ 1300°C <&
5.

HEHEEMRELTH %, H,O 1389 7% L5t

Table 1. Results of tested operation.

Standard Re(%icmg gas injection R.G. injection with

period Normal level injection High level oxygen enrichment

Production ( kg/day) 8904 9 881 11612 11888 10 287 12 182 12 828
Corrected production 8904 | (10289) | (12452) | (13108) | (13087) | (14502) | (16 428)
Coke rate (kg/t HM) 571 483 426 374 434 437 439
Oil rate (kg/t HM)) 0 138 174 220 194 146 173
Reducing gas (Nm3/t HM) 0 366 508 528 554 433 512
Oxygen rate (Nm3/t HM) | 0 123 162 166 | 167 114 134
Slag rate (kg/t HM) 412 | 427 433 435 | 388 403 411
Dust rate (kg/t HM) | 35 . 9'6 12-1 9-5 19-4 82 82
Blast volume (Nm3/ min) | 9-67 | 9-29 9-02 8-74 7°45 741 683
(Nms3/t HM) 1564 | 1329 1137 1 087 1135 890 779

Blast temperature °C) 973 967 977 966 985 948 949
Blast pressure (kg/cm?) 0-139 0-152 0-173 0177 0147 0-167 0172
Moisture in blast (g/Nm?3) 3-3 ! 4-8 3-5 4-2 77 6'8 67
Oxygen enrichment (%) 0 ‘ 0 0 ! 0 0 4 7
Top gas amount (Nm3/t HM) = 2110 . 2125 2012 ¢ 1978 2 308 1726 1738
Top gas temperature °C) i; 155 & 205 .!. 232 276 ‘ 315 | 212 212
Reducing gas temperature (°C) . 0 ' 1163 f 1315 | 1312 1250 1204 1215
R.g. composition, H,(vol%) | . 399 421 | 439 43-5 431 44-3
CO(vol%) | t47°2 | 487 | 491 486 477 482

CO,(vol2p) ! { 58 ! 36 | 3-2 37 34 2-8

H, (vol2s) L 68| 55! 36 3.1 55 4-2

Hot metal temperature (°C) 1414 1395 1391 1388 1413 1 405 1427
Molten slag temperature (°C) 1489 1462 1 468 1 460 1476 1476 1479
Si%, in Hot metal 1-30 1-08 0-75 0-70 1-22 0-90 : 110
S 9% in Hot metal 0-046 0-067 0-060 , 0063 | 0°-060 0-069 | 0-067
Slag basisity, CaQ/SiO, | 1-16 1-11 | 1-16 'i 1-14 116 1-16 ’ 111
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Fig. 6. Effect of the reducing gas on the coke rate.
(a) and replacement ratio (b)
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L, BKEED L DEksk t %72 0SERAETE Y, Table 1
DHEHSELHH LHEET S E, LEECETT 2%
WAARBEIE, WiAf 100 Nm3/tHM ¥7- 9%y 7
~8% Héhnd BiAEhic.

5-3 BEREFATOETEBOEL

F R BRARHEIC 3513 B I E IR EHER % Table 2 o
RL, TRIDIRDZ Epbhrb.

(1) BILAABAREHEMEETL, Pkt Yrp
FRIBBT 2EEE ET, TIREERY 2 B 5L
LTWwW3.

(2) #hgkt %720 (CO+Hy) BRIHMLTW5.

(3) CO FARIE 40%, H, FIFFEIX 35~409;, ¢
BE—ETH 525 BITH A WAL MESEE L9
I'5Sm @& &iid, CO Hy FFEMANT 2L Sivi-.

(4) BEFEELEICRTT ARALZ A L& X
Zhx, @722l L.

(5) EHEETC VBN ROMERY, BT
HAWGAZIT X 9 047 55 0°21 O atm/Fe atm % ¢
B Ui

TZT, KFETKDOWVTI, FEF*FD Hy &4
EH 400~600°C DEBRIC BT 5 COy CO L H =
HARISTHEAS N, H2-ERE OGS ki d 2 K
T L BRTEL D7 & 1T, KRS 2 B E o Fiie
L OFEAF ZAFD He EHENEEB L LTW5S. T
IRV 550°C ZRVTvw5b. WENK LT, ~w 4
by RIAEAMPRDBY AL 4 METORTO—ERHIME
FHNCIKFREIGEI N, BOE—HO v 244 b B4R
FADRTLBCORBTILEHIDEELTHE LY. &
g, FomssAmco O oflERsEiEchy, B
RERTIE, KEEITE COBTEMETH AETE LT
HBEREIZEROSN, UEDREDD EickERTHP
T, BILAARRAERR £5 FRETR S0z,
Fig. 7@R L7z, Fig. 7T, SELH 2 OWGAR NI
L0, EEETOBRDICHEVIKEETSE L, CO BT
EHDRIH A L 58TTH, FEERIEDH 65% » 5
EICA A 628 NmP/HM WAL X D ¥ 85% % TN
LTWd. EIGH ARARIT X S 32— & 2K FoEHR
i, gkt Yo ho (CO+H,) EMNEL, FofiHE=

Table 2. Mass balance.

Stapdara | Reduing gos injecion - |RG..-O; enrichment
‘ period I Normal level injection High level| O, 49 ; 0O, 79,
Reducing gas (Nm3/t HM) 0 366 508 628 554 433 512
Total gas volume (Nm3/tHM) . 2121 2193 2099 2114 2152 | 1814 - 1823
CO+H, (%) 42:0 51-3 56-2 58:6 58:0 60-4 . 653
Utilization of CO (%) | 40°6 | 39-4 406 ‘ 40-8 ! 366 394 . 39-4
Utilization of H, (%) ! 32-8 : 365 346 . 401 34-5 | 357 29-6
Indirect reduction rate 67-4 758 757 84-2 76-1 | 73-7 74-6
Oxygen removed by direct. red. | 7% . . : . . : . .
(O atm/Fe atm) ; 0-470 0-346 0-351 . 0°-209 r 0342 : 0-374 0-364
Shaft efficiency I 0823 1 0-837 0-799 i 0-837 | 0-786 I 0795 : 0-769
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Fig. 7. Effect of reducing gas on the reduction

process.
o
Fe
2
“\;D _______ CO, + H,0
CO,+CO +H,0+H.
% 5 Initial oxidation degree
of ore
Xa 5 Oxidation degree of gos
W, W’ Equilibrium point of FeOyos
%, % s Oxygen removed by
b direct reduction
X, ¥ s Oxygen from the
sources except iron ore
Yso 3 Carbon solution of CO,
X ond H.O in reducing gas
r, r'; Shaft efficiency

Fig. 8. Operating lines of standard period and
reducing gas injection.

BET ULAEWT, FARTHEERTICERSEICX
HHDTHD.

SLUEHART 23R H A% 628 Nm3/tHMIRAA T & &%
BlE LT, Fig. 8RT & 5 CiBERR% AV TERY
5. Rist 50, AKZEETICOWT BMREFROEE

(900~1000°C) TKMH AR IEOFEHZRNELTED,
Fig. 8 TH FRDOEEIC S &5 &518 % Lz Fig. 8T
EITTLH A BRRAATKEIS T L, WEIX W' 25,
HEEHIR O 2 — 2 RV, £ XaYe OFBCHLPIL
THRDHNBD, BITH AZKAALLEE XLk, Yo' &
THNEND. §1EFYD, FTEHTI— 2 20%
e EEETTIC X VAR L (CO+Hy) A Hiinit
Yo'Ye' WL, FOBIGETH AL LTRAENR
(CO+H,) D NMEGE XaYp' OAEICHEFILTKRD S
5. BILH AORAKRIL X WGEAHOK ! JFLHEE
LcEEED S b, EERETIETCEDLND DN Y 25
Yo! $THARLTWVWED, Z0Dic XaYp ORE
< BT XaYp' OEEBPKRELLD, TOERTEL
1 EFY20p (CO+Hy) DT MVEERDTICHLEELT
L EEBRLTVS. I—2 254K+ 5 (CO+
H,) =803 YpYe & Yo'Ye' OAEOERTHEIE
TE, 23—~ ALETERXZhiCHSTS.

WICH AR, AR CO; & H.O & %h
ZO—ERDS, WIRALGRBOBERET N, EE0 3~
HARBBTHIENEILLN, FRTXDI—K VY
V)o—vsr BIGORE, WERY ER JUCS KT E
Yop WCREINS. L L, Yep ODfEHNE, WAL B
B, WARIEDIRE, WOARERER &I X b EERENT
XEHDT, ERFROBINIITEDLD, HHPLDT
BT 5 LIIEHETS 5. '

L7 MEHEBIX, 7 & 7 TiRXh, Table 2 2513
bbb L5, BWRLED» DDORALED 0°78 2RV
Th: 0°83 BETETLTVWERY. #ight ¥ nERE
3, YeYe' OEITHHHILT, TOH5ZFEASTS.

Dk Fig. 8 #3 it LTWa5Z Lk, BITHAR
RBHDOBENT, §F 1 FEF YD OFETLH ADE VEH
B (GEEERTED L SOE) XVHETOT,
WA H 2 DEHESRE L IFhE, # )y bpilev. E
7z Yop OBITRTHI—F V) o — ¥ 2 VEGHF
WENTH D, BITHAADOREZEL THLERDS.
5-4 FOBEXARICEIT HETRICOET

BT E OB LT, BENRZ Lixb2 5
2%, OB I FMICE DR ETHEIEDOETIEOWTI,
EERMEE L FREBALLTVWHAEVRBIATER V. L
»L, FPRIREEG 5 H ZAERKOFE—ME, SR DIFE
FHEDOBRTLENFOEZFEH TEBRVWHO LENT K
D, PRAFmMONSTEER Lk F TR E
5L CHEERSS. TR, EHEMNCETOBS
FHEOHETE TR BT, EEREOFHIE, Ky
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LHEOBEILRICE T M E LT, 1 REe 5100 b
R TAVCRIGHEL LD L L, CO ERZO>WTIE
PRBRPT & BUSIREU R, AKERITIC 2 W SR D
HEEEL, ()RE(T)RTDHETWCEHE L.

3
Reo=
Cco doro
. __Ce-Cey
o Q=M 1
D (1=F)18 7 keo(l—F)2 (1+1/Kco)

Ry, = (3/doro) kn, (1— F)25,
(1+1/Ku,) (CF2— C$) oo (7)
CO &5 L ARFE T OB KL L RET 5 &,
B S HMOBTCRIGDETEFHET 53 (8) T 2
bhZhzzsb i
@F/d@) =Rco+Ry, --wwreeereneeiennincn (8)

REL, F:gRo@ETE [—]
6 : v ERef [ min]

do : SLFREFRERE 666X 10-2[ mol/cm3]
o ' SEAYIAK 72 [cm]
€&, C¥ FNF = CO & H, j2E
[ mol/cm?)
CE, Ci: vR&4 FEDFH CO, Hyii
E [ mol/cms3]

Kco, Ku, 11 CO, Hy & FeO o RSEHELLT,
(DXEUNO KD X Swskd bt TRHEREETS
5.

Kco=exp{— (—5450+5'8T)/1-987T}--- .- (9)

[¢]

Kiu,=exp{— (—3150+1-857) /1'987T} --- (10)
kco & ku, BBIGEEELRTH Y, HEELFEIT fvi
DL CEE OB g % 500g FHI LT, CO-N, &,
Hy-N, RCiRICERICL Y, CO & H, iz X 558550
TEE b= 0¥ — & LT 835kcal/ mol & 122 kcal/
molDfE&45 T, MEHEEERE )R E 12 RTRE
5. VARNES DT 2:49'% cm?/sec BRIV 7-.

kco=40"4exp (—4200/T) e (1)

ku,=181'3exp (—6 158/T) - ovevrvrreneinnnne. (12)
kco, ku, L DDfE% (8)REHL LId DICILA LT,
S HMDETEG L Kb bDx Fig. 9 iwxrd.

2THEAR L ST, AEORBEF T, ERSE
ICH UT RS T B A I S h T v B & L
T M VT SRR & SN & U kT Lt
W% & 5 &, Fig. 95 Bk t Y7z 0 OETH ZRGA
BOFNE S HENC 5 2860 DBTR G ORT e
TE5. BILH ARAEH 508 Nm3/tHM T3 10~15
%, 628 Nm3/tHM WGAAZ & Ficld, 30% BESET
RAHNIL, RS 0°5 TRTTEE 70% 1 LT
WD T AMGAS e R BB T % T IR LT iR T
BB ROFEEEY 7o v k Lk 25 i
KXW —FERL7.
5-5 BMNK

HRYUKIEIC O VBRI SIS T O H % Licb o %
Table 3z 77%%. EXRE RIS E1Y, REICHARDT Iz h
FAHNTUR, 48 THEFHTICITBESIR S I <
ODRTENTHD. LT, &L CAEETEHET

+
~
~

T T T T

Calculated reduction degree

Standard period
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. ~N
> \*
3 ~
o2 ANGA N

—-— R.G. 508 Nm¥/1yp
== == R.G. 628 Nm/1HM
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E N &
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2 04 . S~ g
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Fig. 9. Reduction progress with and without reducing gas injection in dimensionless

retention time.
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Table 3. Staged heat balance.

Standard m‘rlnhm)ieducmg gas injection R.G.+0O; enrichment
period Normal level injection Highlevel | O, 4% | O, 7%
Necessary heat total . . . . . . .
% 104 (kcal /t) 8118 7532 75-03 6820 78-04 7629 78-23
Above 400°C until slag temp. 71-49 6552 65-18 58-34 68-53 6667 68-21
Above 900°C until slag temp. 56-22 46°66 45-04 36-33 48-50 47-25 49-12
Above 1200°C until slag temp. 3375 27-90 25-93 21-14 29-75 27-87 29-76
Above 1400°C until slag temp. 1764 1426 12-07 9-89 16-14 13-84 15-74
Available heat coke combustion | y59.77 | j99-91 | 111-08 | 105-74 | 108-32 | 102°40 | 101-78
and hot blast
Sensible heat of R. G. 0 15-44 23-82 2921 18-51 21-85 23-43
Heat loss 41-22 . 38-00 ! 29-92 34-68 17°75 } 18-33 18-99
Sensible heat of top gas 11-3¢ . 15-15 | 16-13 18-82 i 22-18 : 12°71 12-81
Preheat of coke to 1400°C 1902 @ 16-22 13-83 13-25 | 13-91 13-59 13-93
Heat content ratio (—) 0-600 i 0-545 0-570 © 0540 0590 0-651 0-651
Flame temp. calculated 2 254 2240 | 2257 |l 2 240 2197 2436 2 586
i
Standard period . R.G. Injection 628 Nm¥/iup
z T | =
~ R Critical point I
= >
Available 8 g
heat / e =
vk -
/ PO e <~ @
3 o
T E
Ad—i 100 100 3
s Necessary ©
g heat with G
’ heat loss =
Actual flame Temperature g
temperature : of gas injected s
1 950°C | | [ 5i2°C f
Necessary // ac)
v; heat 50 J'//’ 50 g
Theoretical // Actual flame e -
flame temperature // §
temperaiure ’ 2 050°C, {*
4 ’
/ s
. /
/
/ l ’ ’
/ .
2 000 I 000 0 2 000 I 000 o}
Temperature  (°C)
Fig. 10. Staged heat balances with or without reducing gas injection.

A X S LT, 400~900°C DfEIKIC TE DS
Eﬁﬁhkﬁibfﬁb%%®f@é TN X DETLH

BB L, 900°C ko SBEEE A 10~20% 10
Mﬂmﬂ4ﬁ¢bfwé.;hmﬁgmm®ﬁ¢kié
LDOTH5. BILH A DHEEROEHNE 15~30 X 104 keal
/tHM T, {FIEN RJEEE OEEFESCHAZ, 2~
B APREEA AT X B HHAEE T 20~40x 10% kcal /tHM
WA LTHRER ERTVS.

10 = Table 3 5% 3

Fig. HERA ) & S@ITH R &

628 Nm?/tHM WA A 72 {ARRC 2T, EXPS HIBR 5%

7oy b L7z EHFEORKIREIC BT HEUEK 2R
T EEE - AULABE TH D, SHITEMESLTEE L

7o LEEE G, 900°C LT oOEYEL Y £BHE S DT70%
ELTH#EEL, EHAMNOBED E OBgELE 0 2 L
7. ZhX DEFCTREREFIFE CARARBS T 0T
BT EDBLPY, TORNILDEEFERERTRL
2. 1312°C & H 2%, 1000°C L) B EAERIC
WOAARR & &, TR — 2 ZADRBED I XD T4E
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Necessary and available heat above | 000°C Level x10° (keal/ tHM)

0 10 20 30 40 50 60 70 80 30 100
T T @i T T T T T T I
Standard
period [0 HOIN©) lls () | @)
C.R. 571 %g/t O @
)
resestnl D (@IS ® 1 0
C.R.483kg/t S
R.G. S08NM @ l @ @) Necessary heat
G. ' [©I8 ® I @ @ sonsi
C.R.426ka /1 @ ’j Sensible heat hot metal
@ @ Sensible heat molten slag
Res2svmnl (D [ @RI ® 1 @ @ Heat of metallo -
C.R.374 ka/t O @ L S eat of metalloid reducticn
4 @ Heat of water decomposition
R.G. 432Nm¥
C: 4;)/0 ? @ l @ |®H5] @ I (7) @ Insufficient sensible heat
C.R. 437kat o) @ B above | 000°C of hot blast
FO?EC Lf,/l(iNm’/i @ I @ | @ ’ ‘5L (@ l @ % :sz T(f)sssoluﬁon loss reaction
+ 4 9
C.R. 430 Kast (4) Available heat
g% 2??:’;’/? (D [ & ® [[5] (8) [ @) Heat of coke combustion
Eigh evel 9] (9) Sensible heat of reducing
1 L ! [ 1 gQS l
0 100 200 300 400 500 600
Coke rate (Kg/tHM)

Fig. 11. Heat balance at 1000°C standard for tested operation.

T HYLAEE — SEEE TR LTV 5725, ZHhiZERS
TETEMTR LALBERMERZEL, WARRTH R
DT XL 2T, TOREOTRBESVBHHLITWS.

ZDHEED, BRCAHANIE, Foi A 2EREDT
DIBEDEBIC VAL T, WoT SHICETEY 2fEzh%
W3z liciny, ZoOHANE Table 3 THEE X vy
1°5m B RIE A DIBEITA A EVGAAL & Xic, FEEY
APREL L L COERBHEINLT WS EThh b, X5
IRE Q& WHBUICEWRE O H X #KIADIE, WAL
HAEFETHDCNALDT — 2 A2 [RGCHEEXEn
e bisv. ZOEBOIREBKRTINRE, EiR0ES
NS BZERREZEDEZ DR, THEETI O
LEMAEVGAL & & OB KIGIRE O T IROFELH S
LATHDH. HILH ADRABIIBANTIL, FRIBEEDS
900~1000°C EEFIBRELAED & 251, FOfEED
H2IRELL LORITTH 2 2 VGAL B ERD 5.

BICH A OWGAKRZHE: Z i m» HFX5 i,
1000°C ZEHED BN T A, WA WAIIEENA SPER]
THY, BHBAKECOWTHE LA-d D% Fig. 11 12
ECTBRTTH ARIAZ ORI CIE, #iicy ) ~— v = v
0 IR A JEEODWEA A 29X 104 keal /tHM 7 5424 15X

10¢keal/tHM T, HEEEMINC X 85555 28X
104 keal/HM 755 22X 104 keal/tHM % Ckd LT
DITLE, BILHADHEBHEMC X5 :hbrd. &
TCH R WFALE X D) 1 Sm BRI 2 SIRARAK &
FITVE, GRICH AMGARED 554 Nm3/tHM &\ iz d
BhEHBT, VY a—varo ARGEROBSES, E
HALE 2> 5 508 Nm3/tHM WGAA KL L E X W A5, +
TR H AFHBOKT, v v 7 MIRDOETED
bETEZXDE, BRBETOERERRL VW25, BEE(L
3%, T%ELT, BTHARVGAAL & 303, HEE
HEIZ X BEMEL DT A 13X 104 keal/tHM 3 & X\ 73
VY oa— a0 AREEOMTIRE 7% 10% keal /tHM
Th% Lol T TEREOLLBESILORETS
v+ 7 MITORGHOBILE TRIT S EEETO
BN, HWIEAADRRART LIV REINS C Lasbn
5.

HEAEF R ORI X BB L OIR L DS R %,
EEBFOBSCHLTHEL TR . 9t 512t %
TD 33-49% OHESEIT T 28BA DI T, HEEE
FTE, 7x10%kecal/tHM Toh 575, 2000t HEiEo
B8 % ¥ 30X 10 keal /tHM, 8000 t $EEHTIE, &
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O } 1 1
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> 95
2 CO: H0
(3] 4 B
]
3 3 N, co H,
g e i —— F
§ 0 | | 1 H. ]
w
a 500 1 OC0O 1 500 2000 (N4 M)
3 R.G. 512 Nm¥tHMm + 7% O.

S

CO. T H.0

4 —
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1 N R A
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Gas volume through furnace (Nm3/tMH)

Fig. 12. Gas volume through furnace section in
three different conditions.

25% 104 keal/tHM & 34u4E, 1000°C FeUED BRI,
LEBURL DK 0% & Hicd, ThEIRO X S ICHHE
Xhb.

30% 104x 0°7X (1—1/1°334) =5-5x 10* keal /tHM
25% 1040°7 x (1—1/1-334) =4°5x 10¢ kcal /tHM
Ihx DREBREF L EEEF L OBELR DAL 5~25
x 10¢keal/tHM r7: b, Fig. 1l Y ha— 2~ R L kg
W70 1550kecal LB XNEND, I3— 2 AHWMEI
~16 kg /tHM rifsEEh, Z 2 THRAHERZ, 3T
BEEEFOBSEHTIEDTH, £ HRELIRELR

V.
56 FREBAHIAEAREAIEBERH

Fig. 12 IR, Souh AWGALEZE, BEFREL
SRR BT H ANGASPERRFIC 31 88k t Yo h OiR
TEH AE EF N A5 ik Lo SRIGH A GAZ LA
ToHRAEE, BT AMRALEEER:, 600 Nm3/tHM
BEE Do ds, RIALMIELL EOST 2EITFER LT

H5. BEBLEETTH AVGALBEBRFCIE, #FAKA
LT OH 28V 750 Nm3/tHM, 4 2 0A L B
PAET%, 100 Nm3/tHM /ipyv.. CO & HO =
BIDS AL, FRNA AR & 1 A k5 75 o SEHEIE I
beEOE, FHNCHLLLALDOTHS.
FUEIRIERE L RITH AWGABIGERFOIF N A 2 IRE Sy
vk, Fig. 13 a3, @ILH ARSI X D Ff.L
R & FEIR T LRSS A B E TR 2T W HRED
ELUrRONhT, zhix Fig. 12 oF AE45H» 5 b
XN/ FERTHD. MEBILELT %O L EDHT AR
B, Fig. 14 WEMTALAX 5w, BRI
BWImEL s ZOEMEFERHE, PRSI WTE
L, BRAEFEHEEO RBED 100~150°C KT LTw
5. BEBLCLSBEFHORS L L OE{LOETK
SR BIETRER, TTRHE®L, ZhigmETE
BORFIT /85 & & wip~fe. Fig. 14 TREy v U
AR -ETHHAE(LE7%LT, ExA A% 512 Nm¥/
tHM MOAA TS & E O N ARESFi% mifil TR,
A & A i BURAF 25 | mBEMOT, ZORED b
EELTVS. 20k 5 LT BRERILO BHROE
(B0 & 5 REEASEIGH AWA L THRibI, EEETT
Famnxgic, Fig. 12 »5dbp5 X 5, BEE
TOBBAAEDRLTE, S, EBRETL, £EHE
MLEHEAFL S 2IEETHS.

HZHBEIIZEET 555, CO, No, Hy o€ VMDD
He#ET 7°5~8-0[kcal/deg- mol] kX7 EMRHL, 2
— 5 ZAEAB DO H T BIR IO KT L, ZRERO
0-60 55 0°55 1win b, _EIEREAAZHAAH O BAREHIT X LT
W, SBRICH ARARIC X D RIEHTTL 5.
5-7 &BTH ARAL LFEAEIBOBER

BILH ANGALGEOEF R /s S, Fig. 12 WiRL7z
Lo, FTEERIEE TSt /o) OB T AEH
WATBHOT, 77 9740 7B gERRCEDTWS
BIFTHE, BEEYILIHENTES. LLBRERL
OS5 & 2FiThE, KIBRIGEE om B2 % T &
5. SEOERT, ERE—ETRTH A% LFE TR
AAFDT, Fige 15 2 Lo iEdiE Lichs, KU
IR TIIPIZEETOEESII0%E 5D 50T A LT,
EILH AWGAB T 35~40% L8 FH3 A L Ty
5. SRICH AVGALERE D D RO &+ 7 MEREIRE K
& < Is BEmAS S BT

25 v F 4 FREOHBIIER LT, HEtEE 10t/
day JEMEX LT, #ptimic Hancing, Factor!® X ffilihic
Fluid Ratio'® % L b, FKUEIRIE LIRITH AWGAAERSE
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Fig. 13. Temperature profiles of standard period and reducing gas injection.
7% Oxygen enrichment
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—8—— Intermediate
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5
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Fig. 14. Temperature profiles of R.G. injection with and without oxygen enrichment.
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% - 1 | ED, (KT Al, BEEERELIRTE
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Fig. 15. Pressure drop with and without reducing gas BIEA~OETH AWGAY 3T BEX BE
injection. 1, RIEH ADERA~DEBETHS. ChER
030 | | NBiedl, 0BFR» SV 7T Xk A A LS A % 8
N o e e % Ljc RiRHHAHD Ny i 4~7% KR LT, WAL
O Reducing gas injecticn e N - — N R
020 x Me1§71izedq ;e|1eJ1 Tﬁ;ﬂ@'éﬁ]ﬁlﬂ i, 55 58% D Nz 73 ih‘(l’
-, 5. BILH ADIERA~DBEORER, FEFHFEBME
/OO
015 Qg/ BT oHTAmD Ny EFRBICXDMB T EBTEDN
X S Lisnots HO SHROBEL#IT 5D, &
010 ZTix (CO+COy) /Ny &3k T Fig. 17 X SiTid
5 oos < FTHARAE R 2L ED (CO+COy) /Ny TX Y,
. ) SEICH A DR~ OBERILERT. BT AYGARD
$ 5 |
004 * N © Cenfer
O Intermediote a
* 4 2 wall side /
002 -3
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Fluid ratio
Fig. 16. Advantage of reducing gas ihjection and T 3
metallized burden tor fAluid flow at bosh. -
RHC D \WCEHE LciE% Fig. 16 Ry S 2 /
HF. =AP;/gosH=U (o W¥/gdppys) (1—¢)/e® é / /°
- (13) ~ /]
FR.= Y7;Jg8 -BU—e) fdprc -wovveresee (14) | /
o]
Vi SREMERE  [m?/ sec] S ey .
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dy: TEAMEE [m] o | I '
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Fig. 17. Relation between the penetration of
reducing gas and the gas rate.”
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Fig. 18. Competitative gas price in the different
coke price and replacement ratio.

HIMCH>T, AEDER, R (CO+COy) /N, pi
MBFE L <, BITH X DFER~DBIEE, TOKRARIC
X B ENnbror.

FEIEE 2 T, ST iR ) W AR s £k
wED, BILH ADWALRLEM & BFBIES 2 BT X
DIANIZE A, BBIREIRHTARABCHH L, oh
RERRFIHEIOE I —BT5 2 L nboroi. EEEE
NDETLH A AL ElEaHE Lick &% 600Nm3/t
BMDgIoH 2 2RiATe L FRNEER O 70% % 55
& T ore/coke DKEVWERGDRTICESNIIZEE 25
hns.

BIFE Yy 7 MALRZ D, PEXAXELTD, TO
FETHRE LICBITTH R EWGAENANETH 2 A58 M 124
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