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Consideration on Oil Replacement Coefficient in Blast Furnace Operation

(Studies for the improvement in the blast furnace practice—II)

Fumitada NAKATANI, Yoshihiko Sunami and Fumio NAKAMURA

Synopsis:
There are many reports on heavy oil replacement coefficient in the blast furnace operation.
But in most cases the replacement coefficients have been calculated by the following equation:
(Standard coke rate) — (coke rate with oil injection)
Oil rate

However the use of this equation for the theoretical study involves many problems because of the va-
rious factors in the blast furnace operation.

In this report, we outlined our theoretical study on the oil replacement coefficient and proposed a
new method of calculation based on carbon balance in the previous report.

(1) We discussed the heavy oil replacement coefficient R, when top gas ratio 7y=(COJCO,) and utili-
zation coefficient of hydrogen » did not change before and after the commencement of oil injection.

The following equation was deduced:

R=6By(1+7)x+4

Where A: carbon fraction in heavy oil, B: hydrogen fraction in heavy oil, x=04/0s, Oq: proportion of
oxygen removed by CO before oil injection in the oxygen reduced by hydrogen from oil during oil
injection. Op: amount of oxygen removed by hydrogen from oil. (x is always between 0 and 1)

(i) When the heat absorption by oil injection is completely compensated by elevating the blast

temperature etc. (when there is no change in the total direct reduction rate caused by oil injection).

x=1, ., R=6By5(1+pr)+A4

In this case R takes the maximum value.

(i) When the heat absorption by oil injection is not completely compensated (when direct reduction
rate decreases during oil injection),

x<l [, R=6Byp(l+7)x+A4
In the special case when hydrogen produced from heavy oil reacts only with the oxygen that has been
removed by direct reduction before oil injection.
x=0 [, R=A4

In this case R takes the minimum value.

(2) Relations between oil rate ¥ and R are as follows. Let Y, be the maximum quantity of oil that
can be injected without any change in direct reduction rate.

(i) Y<Y;, R=6Byp(l+71)+4

(ii) Y>Y;

R=6Byp(1+p) a+A4+6By(1+7)(1-a)Yr/Y
where a: factor depending on thermal balance.
These relations show that the heat compensation is very important to gain high oil replacement

Replacement coefficient R=

coefficient.
(3) Examples of applying the new method of calculation.
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(1)  When the blast temperature is increased from 900°C to 1000°C for heat compensation. The

following are gained:

When Y <12'8 (kg/t) R=1-535

(i) The oil replacement coefficients for Kokura No. 1 and No. 2 blast furnace were calculated

Prgtt & b AISRRRIC, EMKRAW X5 3~ 7 AR

WhenY >12-8 R=1053+6"170/Y
as follows:
R :1:32~.1'59 (No. 1 B.F.)
R :1:35~1'63 (No. 2 B.F.)
(Received 5 Oct. 1966)
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Table 1. Data on oil replacement ratio and method of calculation.

Blast furnace | Replacement ratio Calculation method Period Reference
Yawata 2-06—2-50 (Standard coke rate-coke rate Apr., 1962 1, 2)
Higashida No. 4 ~ with o0il injection)/oil rate (Périod; 10 days) >
Fuji 0-84—2-12(No. 1) Ditto Jan.-May., 1962 3
Hirohata No. 1,2| 1'26—2'58(No. 2) (Period; 10. days)

Sumitomo ) . . Aug.-Nov., 1962

Wakayama No. | 1-14—1-76 Ditto (Period; 1 month) 4)
, Actual coke rates and oil rates 5

Osaka 1:12(550t /d) were plotted in a diagram and May-Aug., 1962 5)

g . a linear regression equation is

Nishijima No. 1] 0:82(430t/d) determined. The gradient of the
equation is taken as the coeffi-
cient.
Ditto
NKK . . Jun.-Sept.,
. 1:30 The regression equation; K 6)
Tsurumi No. 1 coke rate=>540'9-1-30(oil rate) 1962 .
Ditto
Yawata f . Feb.-Oct.

. . 1-83 The regression equation; ? 7
Higashida No. 5 coke rate=599-1:'83(oil rate) 1962

- O Quadratic regression equation is
Phonix- 1-9(oil rate calculated from actual coke rates -

Rheinrohr 0kg/t) and oil rates. 8)

P Repl. coef.=(decrease in coke
AG 1-8(oil ;3t§g/ t) rate)due to oil injection)/(oil
rate
NKK 2-20(oil rate Sept.-Nov., 1961
oy 0kg/E) Ditto Aor. 1962 9)
Kawasaki No. 2 1 78(011553i;c§/ 0 Mar.-Apr.,
Fuii 1-63(oil rate Ditto

u 30kg/t) | The regression equation; coke Jan., 1962 10)
Hirohata No. 1,2 1-49(oil rate rate=576-1"83(oil rate) +0-0067 2

lrohata 0. %, 50kg/t) (oil rate)? .
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POEAREERETS. TS5BO XD LEEEDOK
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SEMPTIA»LHBMCRER TN, T BRA
HERECH L T o oBESEEHICEEL, TOdiT
FRAOBMETCEL2TRET HDDETH L

BB OKER ICRERBEPOBELEEL T

Hs+1/20,=H,0
C+0;=CO0;
C+1/20,=CO
X DFARFTTWo A HO, CO; 503 CO &
55, TN ALEoBE -2 2 LERLT
H;O+C=CO+H,
CO;+C=2C0O
&5, HRAEMIICO L Hy HMRLicz it 5.

TO5LTZOEMBMIVFELLACO L a— 2o 2DREE
CEDFRELZCODHVIMFROEEET TRE L
CO L OMTIHMTLAREMERN D 513137 <, FR
WHET HETERTH U I ARAESE+5 &%
ZTHEMEBDHE . '

LIS D TEMOERBL OMEZET L HEITIE
HARD He OFNTOEENCRBERKONS.

TIOHITE T He BYURFANCHY BETICE MY
5.

Fe,O,+Hy=Fe, O, +H,O
EXORIGE He I X BERTTCH B,

FRRAOREHFE L O B.

H,0+C=H,+CO

PRORICEHBIET D LRDOT 55,

[. Without oil injection

—

FenO,+C=Fe, O, +CO

LR CR I ZEEETLTH S, LA 2THANT
£ U7 Hp 258 {EER 22T L T2k A HO i o7
ELTH, BRI BCLREELTHEG He & CO
CEECI X 2 EEETEE XD L T 5.

WA He WX HMEERTT &V, He BE{LEkoBE
BN HyO LD TIFRX VBB LD DRDOWTE
25.

RBRD X BRIHEEAEE AN T SERROSEE
KADHDLET 5.

LA OBETICR T M AFERE LT

FeO, +X,C+ X,CO=Fe+xCO+yCO; ------ (1
ZE 2, BEMERERAELVIEAOFEREEX T
TTIRAHRPTER LIz X 5T

X=Xi+Xo=n 1+ 7)1 —=D.R) - -erevmereeen (2)

kg atomn carbon/kg atom Fe
TRT L ENTES.

T ZTnlidgk | kg atom Tk LIBSAIE CETT TR &
B kg atom ¥X, y=x/y(JFIEH 2 tk), 100D.R. %
EEETE (%) ThH5.

LT Fig. 1 ol ZHERLAISI, BEHEREA
ERVEE, B CRTT XS E%E n kg atom/ kg
atom Fe ® 5%, a' kg atom 1 kgatom Fe OFEE B RE
kg atomEHiETCIC X Wb, 20 D (n—n') kg atom/
Wk biEFe OEEELS CO L X AMEETI XV EPIL

THEPEESNTVEID LTS, FHEMRAGE

II. With oil injection

A. Direct reduction

\mm

unchanged n’
x =1

B. Direct reduction changed -

n-(n+n")

. . 3 ”l_nﬂ
(a) indirect reduction
unchanged

x=0

(b) Indirect ond direct

=" fla ~k.

«, ’ﬂo(l “)~ L,-—noai-i\.-'m\

reduction chonged
O<x<l
Note :
n : Total amount of oxygen
n’ : Amount of oxygen removed by carbon
n’! : Amount of oxygen removed by H; produced from oil

nr : Amount of oxygen removed by H, produced from Y; (kg per kg atom Fe) of oil. Y; is the maximum quantity of oil
which can be injected without changing direct reduction rate

ng s 0’ -ng,
All amounts are expressed in kg atoms per kg atom Fe

Fig. 1. Schematic expression of n divided into direct reduction and indirect reduction.
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hiE, BRUGARIC X2 TE LUK He I X DREEBETE

Z HEEE RS o' kgatom/ kg atomFe L3 5.
HEAROBEOMEE L, BMUGARRBKIER CEEET

BALEOEE LELOD O HECDLT TELS.

3.1 EAVGARENBCEOTERETRLFTEDS
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¥ Fig. 1 ® TA ©0X51T, RAEMWMIVELK
He CETLINLEBEEE o' 2 CO T X 2MEETTER
FERNPL, EERTRCE(BRP2IHECONT
Hzb. :
BEMERXAEIRVBEORERERX
X=n(l+7)(1-D.R)
=n(l+7)(A—n'/n)
=(n—n")(14+7) kg atom C/ kg atom Fe
BRAHOMMERZER X' X
X'=(—-n")1+7)(1-D.R) -
=(n—n")(A+7){l-n"/(n—2")}
=(n—n'—n'"")(1+7) kg atom C/ kg atom Fe
RN E D)
Li=moT, b LERKARIC X VIFEL AL, BiE
BIERAZE LAV EThuE, (3)R—(4)RTEHR
ANBOMERZEOWBELR T LITED.
X—X'=n"(l+7) kg atom C/ kg atom Fe

B R EAALREEOMERREREL T T (4)RARE
WMICHET DREDLIEATV S0 D, EHWABRIIH
D3~ ARROFFEREHHRRIRDLEVTH S

{n""(14+7)+a} kg atom C/ kg atom Fe ---(6)

LT aidgk kg atom Y DIREAAZEMPORE
& (kg atom) TH5.

24 | kg atom DFE EARERGEEZIEDLDOLY kgDBE
WMEREXRAALL EL, ZOEMMBRE 100 A%, KE
100 Bo% oipk:T 5L, (6)RFdaDide =(Y
% A)/12kg atom X785 5.

F fopkgkhd Fe lkgatom oW T (Y X B)/2
kmol @ Hy ATIORI TERMRALDIDIFEELL
LB,

X% 1 mole WX§LFEPOEEFE gatom ZEDT I
mole ® HyO L7525, KEOFANFIREZ 100 5
% &+ 5E, 1 kg atom ¥ h (Y XBX 7)/2 kg atom
OBHESKBEL E2>TELNIZT LIS,

Fiebh n''=(YXBX )/2 THEH, b, (6) R
BRROXSTIS. :

(y.B.,}(1+7)}/2+(y.A)/lz..................(7)

Dz 1cd LEHROKR EIC X2 TKREDIFERFIFRSS
ZHLAVEAIEE, EHOERERE, BHMVGARMS
BT OREMNE (kg/ kg atom Fe) ZEMRIAR,
(kg/ kg atom Fe) CTHRL7z b DLEHTH L, KD
(8)RApiE»ND.

R=12(Y-B- y (1+7)/2+Y-4/12})Y
=6B (L4 1)+ Arernermeeninnni (8)

(B BEHRBIIBE R'=EH—728)/(BERE)
TERLTWS. L2 T R'=R/a— 7 ZAFDEE
SEHEC) AT THEC R LBE OBHRREZRD
Lh5HOT, BEHOBREOHERIIEZITHS VTR
FHE LI ROV TRHTIITS L Z X CUTOEE
CREDEEZAVDHDIDETS] '

LCTHWRABIMNEE S &, BElPORER JUKE
DEERTHbBL(8)RFDA L BOENFPEH LD
B, BHRRIIFNOKEFRAE y BIXUFEF AT
AT ETHERTH Y, ERKARY ks XUEEET
# D.R. ORNTIIEBERTH D LH3bHr 5.

32 EHAVGACKDERRAENTLLIES

3.-2-1 FRPOAER X HHERTOS X UEEE
TTCRBRD LIS ~

H LERRALEZERLTDH, CO T X 2MERTE
BZLLWT, BHROKERC I 2GRS
FEERTESERS T HHECRERBIIRD L5 Tk
5. .

L OBEOERRALMOMERZEX ()X a
SFERRTH 5.

WICE WAL H, Fig. 1o 1B(a) WRTXSK
FHHOKEC L HHERTTA KRR C L IEERTOS %
R&ET L LEZXIHEORBERER X' 11

X'=@m—-n)1+7)(1—-D.R.)
=@m—n')YA+7){1=('=n"")/(n—n"")}
=(—n" YA+ {(rn—n"—n"+n")/(n—n")}
=(n—n"Y(1+7) kg atom C/ kg atom Fe

#B, (DRI (HRELLF/—TH5.

Tz by, Bihe A UIKREC I YHEETHE
FAant L Th, TP EBRRASATOREICIDE
EETCOES EBEHRATT 50 THIUE, ZOKETE
FTENIWF LR IERS (n—n'") ERTT D CLE
HREZEBAS LIPS LIV L2ERTD.

—BHEREY B2 500 LNV, Tol LA
hOBILTREBEESHEALALLTH, HEETE
DETR X2 THRELSENT HHELH DT L OB
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Thdh, FRINBFPESFAL—ELBESOEEST
BOEEHRBL S JIETEEICOWT, FIRDTRHR
HLABRIMOFAL Tz .

ST, ZOBEOEMOBERBRIY, (9)ROFTER
FEORTRIERPLOREELEINTRY, 20—
APLDORBERILZ ORIV EDPBROESD
Thb.

'R=12{X_ (X'_Y.A/]Q)}/Y;—A...............(]0)

(IR EHOBMRBLBECERMPOREOSR LS
LWZ 2R LFERIC, EHFDOXKEOSFEL I UK
FOFARAARRECITIRTEBEHRTHS 2 bR
+.

()R EUORZ T NE, O THERINEZD
BEOBBREOHIBEPTENZ LI —BERTHS.

3-2-2 FHLSLLOKERK XBMERETO S b, —ns
CO L IHMERTEAROL, BUOWMOSBERICLS
EERT2ABT5 X5 ihniigs

B0 Hy BEIHOLMERTONS 05 bT
% O—ERE CO OREETLERITL, BV OEHMICIT
XHEERTESK T B LS B EOEMDE
BMBTZOWTELS. : '

LOEHETH, BEHRALFIOMMERZE X 1T

X=(n—n')(14+7) kg atom C/ kg atom Fe

HEIHRKABEE, BRI VOXKBRCIVETINGE
FE r'' ©05b CO TXsMEETsRET sE8%
Fig. 1901 B(b) WRTX>Tx &5,

ERKALFOMEREZR X' 12

X'=(m—n"Y(1+7)(1-D.R.)

=(=n"YA+)[1—{n'—n"(1—2)}/(n—2n'")]

=n—n" YA +7r){(n—n""—n"+n" —a''x)
/(n—n'")}

=(n—n'—n"x)(1+7) kg atom C/ kg atom Fe

, . serereeeneen (11)

L7 oT, EIRMWRARIAHIE OFF E REEZDEL
(3)—UD>%skwb L

_ X—X'=n"x(14+7) st (12)

(2R »"'=(Y-B-9)/2 5 B5EERERATS L,

X—X'={(Y~B-77)/2}x(l+7) - (]2)'

PRCEMICHRTOIREEZEE L cHEHOBAR

RIFROANATHRENS.
R=12[{(Y-B- 9)/2}x(1+7)+(Y-4)/12]/ ¥
) =GB77(1+T)"+A .............................. (]3)

(ER42 (8) ROEIEK x 2/ LA HOT, Z0fE

* BEMOERREZRETZEERD | >TH5HZ L

bbb, LPLIITERTDHIOL, brBoLEMHE
I DL, *RARHENFETRESNLE®DL, rHHE
HYGARRIATIE CE(LE T, EARBERVGARY KXo
KFEDIFNFIFEE 9 BEF L 70w & 13, RAHWSE
EH XD A, BOER—ELE N, (3K XD
BEHOEBRERBRDOLND.

5k x BEMOKECL VRERT 2 SULBRERE
n'' D5b, CO TXHMEETERTT2E8THS
o070 L ETOELIPENEV (0 xL]1),

LLTx=10LERX31DPETHY, (IR x
=12RATHL

R=6Byp (14 7) «ereeemmmmmiin( 8)
BEOI, Ex=0DL %2321 DBETH )R
1 R=A ceeeremmeeeieeee v ¢ 1))
BELNLZ LTS .

L7z 2T RB LRI L -H 5D 5B 50%E M
WARRDEMRBREZRT KA THD L2 5.

33 £ & .

WA EN-EHWBITKH L T +457 O SEA B I
£L, TIRFICERIZL2ICH 2L, BHEHKGAZIT X
DTHAFARBCEBRES VL E, EhIVECR
Hy, CXDETINSBERECHYT 52T

1) CO TXsMEETMERDOLBITS.

(x=1) ,
1) CRIZEEETBREEDCHEITS.
(x=0)

i) CO XsMEBETHMERL C CX5HEERT
BEEEDERBLTS. (0<x<])

Bk 3 DG ESEIMVGAREEICEL THE 2 bh
20, INLOEDHBETHEBBERERIZIANRCE
RENDLZ L1332 THTCRBRITL.

L LEBRETIED XS BRIBEESEDTV B,
FREHRARE LT DDEVIIEBRER L oBRICIT
fALENTVWRVDTINGITDVWTEETS. -

HHVGA R IO TR S BEMOBS RS & KER
TCRLIG &1L, EDCRBRIETH D05, BIRKGASRYE
CELBALSBEHOFREZZE UL TNE, EFATO
BNS o2 ERATOREBEHIETE I e B, Liepd
DTEMPGAL X 2>TERSK E BT, BB IS5
COBITIVDIBEIMFIGHCRIDEEETLEEEL
TRETHZ LRI VERVGAK X 2REEZHEET 5 &
IRICHERBITT 2D EEZELLNS.

L»L, ZZTEBEKACLDRBESY 75 hoF

B, BIAEERBEO L& CRETIE R 2D
BN AT CTED. LEBDTERRAREEDIS
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FEIR B XD TEEELRIIELZE LKV E51KC
TEXD. LOBEGEMOERERI(DAD =10
54T, R=6By(1+r)+4 TRIN 5 REOBHRE
Linb.

2% DEFEEOIRFRCTEMEZVGA LR 033 RoD
xWEwCl ETE, RIEY cEBBRC—ETH5S.

UTe S D CEHRMN 6By (1+7)+A4 TEBKAER
MR —ETHNE, XTOERKAGFEIIERRI &K
BTHY, BRI T LN B ABEIEZONX
5.

—H A THRR SN E FHER B L,iid, 6By
A4+ +AX VPRSP TKREHEDD LN, ZOXd5k
L ENERIGEOREITETTL Sy, Ef— 2 ALK
LD B WHERETORMBH D LELD.

FEIRRA B ZBNREEINL TWwL &, T hEL B
HEDIERMAL, 2WVICEABEFRED, kLo
B b, TRLLETE, FRBELALRET IS, B
EBRARE L WO IRFEBRAE Ye(keg/ kg atom Fe)
WETS. LTc3 2T Y BLEOBEBERRAL LEEDN
FARLT, RALDETOBEETRRZMRTER{kD,
X OETI L BRBBIC I DTHNS V22RO L
LB , '

Tithb, ERRAEN Y, FEz 2HAT 1) o
SEEED 2L XIS,

22T, BRSO LOREL L VBTLINGHMESR n
D5 L, BEEORAKIAR Y. »LDOKEIC X DET
SNHEMEES nL L, Y. ZHITRAITNI-EE
POOKELIVETLENLBEEESY no & T5. gD
5, CO X AMERTERITTDE AR aTHL
KOFRMPELND. (Fig. 1 @ 1 B(b)ER)

x=(ng+na)/n't (0K @ <) cooevverenneanenne (14)
A=Y B g [2 ereerinei i (15)
nL=Ye-Be g [2 veeiesiieinieneinniie e (16)

n=(Y—=Y)-B-5/2 (7zIZL Y>Y,) -- a7
(R (15), (16), ANKXEZRALT
Xm @t Yo(1— @) )Y weoerervesnensesiieiaens
(I)Xx (U)X RATH L
R=6By (1+7){a+Y.(1—a)/Y}+4
=6Bp (1+7)a+A+6By (1+1)(1—a) Y,/ Y

- (18)

BTEHEFHEEATRTH, allbrBEOLBET TR, 2
WECLVEELERTHY, Y, THWEECIVE
ELENT, 4, BRIRAEMAPEZFEFNIEET 5EHT
5.

Lici 2Ty, THALEDLEEHBRERIT

‘ / kgatom Fe) iZH» %2 C,

9

TR=C 4Gy Yorrrrrnrrnreeeraanamnanesienncicraeneenens (20)

Ci=6Byp(l+7)a+4 R
(d=wza+rxhwnz < 5EHk)

TEbLINBHT LILKY, BHERLEMRARY L0
BRI, EAMERMSE yE@EmMICFIBEIL b LW
x25. (REL Y=Y,
22T Ye, a DFEFELOVTRT.
¥, EEFETRERORAEZHE tUYIDOET
EbTOBERTHE1D, ThETHBWT E.Y. (kg
R EIR R B RRA BV PRk
tU DR Yi(kg/t) ORTHETLZ L TT 5.
Yt E Db OEANBEZXFIRDOEEITHS.
SEBRE O LR FOFEIC X HEEESR Qkcal/t
WIERVGAR Yi(kg/ t) OFEBAEKEERECHHET
Lo E Qikcal/t X Z OEM,» S OKEIC X HETT
B Qs keal/t, KFBITLHBT N BIDEARE LD
CO T X HEMEERTTE U TWIETEE Qskeal/t, &
Eris CO BTOLDIHSTH CO 4 KEE Q.
keal/t & Z D7D WWHAT HEAI Y Y OFXBAE 4V Nm?
/[t DBETLHHE Qskeal/t LOMTHS.
@)f{_g(_ Q=Q,1+Q,2+Q,3+Q_4+Q_5 .................. (21)
Flr Qu=dH - YL ceeeeeereeeni e
772 L AH, QEHOSEEEL keal/ kg
Qo=AH: X GKFBTTIHT - 72/KEE nn,
kmol/t)
—=A4H,- Y. B 9 /2
7efi U 4H; 3KFEETRER keal/kmol
Qs=dH;x (RE L 715 CO BTE nco kmol/t)
—AHy- Y Beg/2eerverevronearanesiennncainnn (24)
#7275 L 4H; 13 CO 3@5cHEM keal /kmol
Qu=4H,x (%35 CO OB E nc kmol/t)
7=72 L 4H, 3 CO o4 ak#Eh keal/kmol
nc RO XS5 LTERDSB. Tabb, AEERD
CO ETT CO: DAKEE nco kmol/t Wb HbiF
72 b, CO OFFE 9co 2 25L& CO DELE

nc=nco/nco=nco(l+7)

Qu=dH, YL-B-p/2-(147y) ceereeeeeeeences (25)
Qs=4H;-4V
72720 4Hs VIEIRGAR] D% EFRER (keal/
Nm?)

ZZTREHRARN YL THEHEELELTNDHD
TdHbh, TOBETIEEETRCELS LD, R
Trinsd CO BII3C C+1/20,=CO %5HFRIGE
OBH &S, LizhioT CO 1kmol AT L T
O; 13 1/2kmol ¥7xbbH 11°2Nmé DRWPSTHE»H
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ZELHRD O % 21% L4k
4V=11"2nc/0'21=80B-5- Y. (1+7)/3
i, EHRARIOERBRER Th °K, FERFAEE
1 To °K, ERDOHE% Cpkcal/Nmd-deg 235 L
T
AH,= TO‘ CpdT

80 T,

Qs=— CpdT-Yi-B-p(l+7) cooreees (26)
37T,

L TCHMEEQL Y LI D TWIEQ)~(26) L & %

CEHDERATHZ LR X2 T Y kb b &MTHE
5.

PIZTERRARORBEES T °K »5 T, °K
CERLTHEEH L X5 RGaK, EEASEROMME
DAY AR CERE A 7 (BEHRRIA R X2 THETE A A8
B EARE) He, BMRABARNEZTORREE Vo,
V Nm3/t 4% &

T
0=V fTochdT—Vo TTolc*,dT

V=Vo—dV ThiHIrbH
(T T,
Q=Vs [ °CodT —aV [ *CodT

_ T2 8_(_) T2
=Vo [ 70T~ YLByy(1+r)fT0 C,dT

CHHED~CHNXERATD L YL 0—KA L85
b, ZhED YL ikobhs.
Y, =

T,
Vo [ 1. *CodT

B 160
4H, + T”{ AHy+ AH,+ AH (1 +7) +—5

(1 + r)(ff,;lcp'dTJrfTT: cpdr)}

Wi a EDOFEFEETT.
BHMEDOIRAEZMZ T, YL X VS EOEMEZKAA
PG d, EANSEXFR YL oftEEELREUTH
BHH, TTTIE Y F COEMC OV TIETTIREEE
ENTVWEDTC, Vi X TREAALEHR(Y-YL)
kg/ t CoWT, BEEPRKR D L2 X 5 KEFELNEX
Ve F2fE Yo OFVE & R0 AVIMNERY B ORERS I
WOOT, EEETENEASL T, AELEOLEEET
BRESFEEQ LD A, BEELEBRBITHRD
W, EERTTELTW=COEMRBALLTVWAELT
5. DEOEEREBCANTCDREE XL THS.

aDFEFELY, EEETYRED IEBDH50KEETT
STrHEWER (Y-Y)XU-a) TH52D, MK

BEQX
Q=4Hy(Y—Y1)(1—@) -B- 5 /2 wveeeeeene- (29)
7L dHy WERETCET 5REE keal /kmol
Fhe Qi=AH - (Y —=Yp) creemeemmreicnien e een(30)
Qe=AHy- (Y—Y7) B /2 -ooovereneeeen (31)
Qs=dHy- (YY) a-B- 5 /2 --eereeremne(32)
Q.=4H, - (COMBERBA X 5 CORPE

ng kmol/t)
BIEC Yo OFTEOBBET nc 2kdcifia L&Y, &
ERITOBWPICE2TH CO ERPELL TWELD ag
e IDLXOFIEFALELLSD. Lizh2T
ne=(Y—=Ypa-B-p/2(1+7)—(Y—-Y)
(1—a)B:y/2
—(Y—=Y.)-B-7/2-2a+ar—1)
Qi=4H,-(Y—-Y1)-B-7/2-Qa+ar—1)
Qs=A4Hy- AV
— AHy-ngx (22+4/2) X (1/0-21)

%’.AHS.‘(Y_YL).B.”.(2a+ar—1)---(34>

@H~CBHREZCHRICRATE L (YY) ilE
SHTRMFNE o i Lich, a BERIAXVKES.
Qs DD IT Q¢ ZRA)

AHg+ AH,+ 160- AH,/3—24H,/B- 9 — dH,
= UH, + (2+7) (dH,1160- 4H,/3) + 4H,
=1-— :
24H,/By+ dHy+4Hy+ (1 +7) (4H,+160- 4H;/3)
AHy+ (2+7) (4Hy+160- 4H, /3) + A H
(b & TEHEHIERTH a=0-3)
DRk, BEMRAR Y kg/t LERRE R L O
wix, —f%w Fig. 2 BRT XS5
i) Y<Y. (BUSHORFKZE kg/t) 0L &
R=GB7](I+7) +A (8)
n) Y>Y, o2z
R=C1+C_2<Cl=6B;y(1+r)a+A )
Y \C=6Bp(l+7) (1 —a) YL TEHK
seasscoscssasinesncnne ..(19)

HAHBEER D N ETca<x <1 THB T ERHLIIT
SNIeHbIFTH %, -

¥, L CTERES R ENEVWEE R BLTHIS

LOLEER Yi=0 THHPLEMRERIF I 6By
(I+)a+4 T—ETH5H. TOT LEIBBEILERT
SN ED, EFRREEECIRREE TRAEN
HEMOBHREI R THHL LERLTVBI LT
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R=6871+0)+4 (Y=N)

Replacement coefficient of heavy oil

R=68701+1a+ A+680 1+ P I-) /Y
(r>n)

[ —
o [ ! Differential replacement coefficient
|l T cesrUenIara  (re>w)
z I
}3] |
2L
i I
ko !
8 -
L It
e |
3 )
2 r 1
a
o I
b o
]
| 1
I
I
o
]
- ]
l: L 1 ] 1 | | IR I ] 1 1 i__

Heovy ol rate ¥ (kg/t) ——=—

Yy : Maximum heavy oil amount which can be injected
within thermal compensation.

Fig. 2. Relation between heavy oil rate and
replacement coefficient.

5.
Lfeid2C 1), i) OFRIIRTE2ZEZ5ERDXD
HRC DL 2D THD. BED Z<ROTEVT
13, EHOBRERII 6By (1+7)+4 ThDHH, B
EoRFAHE L TRAENIERORIT 6Byp(l+7)a+
A TETT 5. #BEThiE Yo 0BEHOKRAT I DT
O~ 7 2AdEORELT
Y X {6Bp(1+7)+4} 7ZHEF T 5%

Y Mz TR ENALEBCIOTEI — 7 2Ahk
DRFILNT

(Y-Y)x{6Bp(1+)a+4) FUHOETIES &\
5 ETHD .

LOBEDERERIX

R=[Y {6By(1+7)+A}+(Y—Y){6By (1+7)
a+A4}1/Y
=6By(l+)a+A4+6Bp(1+1)(1—a)YL/Y

TUNKE—FTHORIYRDZ ETHAS.

DI BERFEFTBL LR IDOTEROBHRRE X
ELTHLDRVPILHMEEIEETH 50005 TH
55

x <altBHEAE, FELOEELLEHTTIRED
BrWEETH LY, EWEECR VY TREIO XS Ik
RHEOND. O LS IHE, WELEHT b

LT AR R 2 EHVGABRIERIRC—E &V 5 &4
R LIRS o T, BEBBRED 2 — - AEESH
TP 2hrOVTFNrTHS. FIEOHE DR
HAFIR R 2 EHUOAR & RIRECE T 5 X s
EORMD Y EFE 2z b, FicBEL OEYLIERE D —
JANEFFRELRINELR SRV, Wikl Tth x <
a LT SPOREBORMOSH S T EBRTRENTVS &
Wz 5.

3.4 FULLLERAELBEOBRHFHANXOLH

FELABEHOBBREBOEGIERN 2 ERRECK
TED XD CHFBTELIITONT, BEBEEE LD
TR 5.

3-4-1 BHEEHIATELSEE OF)

HIHKA R O F IR

i) %EE  V,=1400 Nmsd/t

i) SEEUEE  7,=900°C

i) [FEEHAEBE To=200°C

iv) (ATEA 2t 7=138(yc0o=0"42)

v) EEE7T® D.R.=040
Th2tcDxtl, BHMRAARE, BEIRE T: % 1000
°C(I00°C p LH) L L7=bH, KEFHE =040 T
7 X OMICEALPB I DB EOBEROERE R 2K
5.

(Eiho> A=0-85, B=0-12 +4 %)

T FEEGEE 100°C R &S BiEOR A, B
EETRCEbAEEUELT L L v EBORRKAR
Y kg/t kD 5.

@8 HTF v

To=473°K, T,=1173°K, T,=1273°K

Vo=1400 Nm3/t, 5 =040, B=0-12
W AH\~AH,, AHy {22V TR # T X 2Tk
5.
HiMOFREER 4H, 13, —i% iy 300~500 keal/ kg
oill XN Tw5%. A. DECKER®DIZ L %5 ¢ C/H=0-85/
0-12=7"1 QEMICOVTIE 4H; =440 keal/ kg oil ¢
H5.

AHy~A4H,, AHg 1= 2T C. V. Scawarz:OD{f % A
VHBERDEBYVTHS. (FoifL 91°K Kk B1H)

FeO OEREETHEN 4H;=36,640 keal /kmol

FeO kFERTRE 4H;=6,450 kcal /kmol

FeO nCO@ILRE 4H,=3,550 keal /kmol

CO o4gigh 4H,=27,610 kcal/kmol

£k, BEOEETIIEERILE 30~40% O&HERN
kbbb, EErb0 He PEBERTERETZ LD
ATOWBITIILE FeO 2 £ 2T X, —hHHAE
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TCOEEHRTTHNT FeO, FesO4 FerOp 7r X Cdh H A5
I SOBETLEBEERTEICL 5RERII/ P VDT
FHEoOEHLELE FeO L1
ZERDIEELY Cpkcal/Nms3-deg 1% J. CrHreman2
SFEPHRDB &
Cp=(6'5+0-001T)/22'4 (T ViifsHEEE)
DrofizR@8) AL T Y, 258 T5 &
Y, =12:84 kg/t
EOTEBORAR Y kg/t<12:8 & XX
R=6Byn(14+7)+4
=6%0°12%0-40x (1+1-38) +0-850
=1-535
WiT Y>12-8 o4&k
EFGHRCIY a5 HT B L
a =0-296 '
aZ(1HNIKRAT S L
R =6x0"12x0°40 (1+1°38) x0°296-0-850
+6%0°12%0-40x (1+1-38) (1 —0°-296)
X12:8/Y =1'053 46170/ Y «+cvvverrcrinnann (37)
(36), (3NXOEHEVE Fig. 3 KRLTVWBED T,
cﬂ%@:&m,ﬁﬁﬁi%ﬂkfﬁmwﬁLi%ﬁi
THE, BHRR
RIZET L TWL Z EHBREHITREINTVH LV X
2.

r7E
e R=IS35 (r=i28)
I'5 |
i
14 t Replocement coefficient
|
I3 :
12 : R=1053+6170/Y (Y >128)
« MEo
Om
£ 10+ : Differential replacement coefficient
-3 =1053 {y=>128)
8 I
S 08 [
€ 1
g ot ! . o
g Operotion condition
% oelL n=128kaA Y =138
& DR =040
o5 7 =040
] 4 =085
o4 B =012
o3} : Thermal compensation :
blast temperature increased
ozr frem 900°C to 1000C
ol
o 1 1 1 1 4 L 1 [ ! ] 1 1 1
a 10 20 30-.40 50 80 70 80 90 100 110 120 130
Heavy oil role ¥ (ka/1)
Fig. 3. Example of relation between oil rate and

replacement coefficient.

RESMEIETEY, BMOFHEL

3-4-2 ZNHESTEEISSHE OB

E R CHEE S TR WIBE OBERE VW El L LT
L/ NEREFTC ST 2EPREOER X VkDIER
OEMRBICDOWT LT IR .

FERERB I/ B REFRIT xufnmm37@2ﬂm
5 No.2 HIFT, 46 AL No. 1 BIFTEhZh
HHVOARBIAL TWv5. ZhOMEFOEIMRAIRER
1A X D EEFN 38 4E 3 A % TOMBEMTOVWCERR
EERELRERZUTITRT.

BREBOTFFE Y ST, EFKRONARy 2RNiC
HESWTHRIE L 72.

7 = (H; —Hp)/Hjw-wrreereenereminnieiieeen o (38)

LT H BERPOKERER XOSERES X 00
MICARL 7e/KFEEDOAETT (kg/tpig), Ho IIFTEN A
mokFER (kg/tpig) TH5.

RSB oBR3EER X D EH U 7kFEFIFR 9 % Table
2Ry, (No. 2 EiF 8 AERGHEMEL KX S
WELFER D7ed LI OFHTIIRRMAT 5)

IKEFBEIE No. 1 EIFT 027~041, No.2 &F
TV 8 B2fstniE 0:28~0°43 #FELC\V 5.

F e FHER RS TH D L, No. | BIFTIE 0328,
No. 2 BiFTiE 0322 Ly, WEFEEL L 03 25F
EEDLBEERLTCNS.

Fig. 413 Table 2 WEW BFEHAROKER (ke
/tpig) EEIFICEASNIKERE Hi(kg/tpig : Eil
¢®mmgt%mﬁ%;b®m TR L OF KL TS
vy bLEDOT, @R AEFFER 01, 0-2, 0-3,

Utilization coefficient of hydrogen l

[]
o C;\c 0,, 0, oS 9/
/' / ) f

/|

[o} / o\o,
(00

4%

80

™.
™

(kg /t.p)
\\\
N
N

Hydrogen in top gos
)
o

N
AN

® No.| BF
oo © No.28F

0

vl |
60 70 80 90 100 110 120 130 140
Hydrogen from heovy oil and blast moisture (k97 tp)

;]

S}
\
N

Y,
.O

Flg 4. Relation between hvr-'lrn ~ran cenerated

FGITglly griitliadcch i

front of the tuyere and that in top gas.
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Table 2. Utilization coefficient of hydrogen calculated from the monthly practical data.

BF Period Hydrogen in heavy Hu{girs(:lgl?el from blast Hydrogen in top gas|Utilization coefficient
No. oil (kg/t pig) (kg/t pig) (kg/t pig) of hydrogen
June 1962 4-13 2-96 . 5-09 0-282
July 684 4-04 6-38 0-414
Aug. 6-08 5-12 7-52 0-329
Sept. 5-42 4-08 6-43 0-323
1 Oct. 543 3-51 6°15 0-312
Nov. 504 3-12 5-85 0-283
Dec. 5+40 1-76 4-68 0-346
Jan,, 1963 5-86 1-46 4-67 0-362
Feb. 555 0-98 4-76 0-271
Mar. 571 1-14 4-4] 0-356
Feb., 1962 2-21 4-09 4-02 0-362
Mar. 3-08 4-77 450 0-427
Apr. 3-59 4-27 530 0-326
May 3:78 4-94 6-29 0-278
June 4-87 523 6-36 0-370
July 7-18 5-88 7:92 0-394
2 Aug. 2-57 4-40 6°01 0-138
Sept. 5-29 4-45 6-54 0-328
Oct. 613 4-11 6-84 0-332
Nov. 564 2-83 5+91 0-302
Dec. 556 1-60 5-11 0-287
Jan., 1963 5-85 0-99 4-93 0-279
Feb. 6°00 0-86 4-76 0-306
Mar. 514 1-10 4-21 0-325
Table 3. Replacement coefficient of heavy oil.

BF Hydrogen fra- | Carbon frac- Utilization coe- Top gas Replacement
No Period ction in heavy | tion in heavy fficient of ratio coefficient
’ oil B oil A hydrogen 7 7 (CO/CO») . R
June 1962 0-119 0-879 0-282 1-39 1-36
July 0-118 0-868 0-414 1-47 1-59
Aug. 0-115 0:870 0-329 1-51 1-42
Sept. 0 114, 0860 0-323 1-45 1-39

1 Oct. 0-118 0-860 0-312 1-43 139
Nov. 0-117 0-853 0-283 1-45 1-34
Dec. : 0-117 0-854 0-346 1-47 1-46
Jan,, 1963 0-118 0862 0-362 1-43 1-48
Feb. 0-117 0-869 0-271 1-39 1-32
Mar. 0-118 0-858 0-356 1-37 1-45
Feb., 1962 0-116 0867 0-362 1-60 1-52
Mar. 0-117 0-871 0-427 1-56 1-63
Apr. 0117 0-873 0-326 1-57 1-46
May 0-115 0-856 0-278 1-57 1-35
June 0-119 0-879 0-370 1-62 1-57
July 0-118 0-868 0-394 1-62 1-56
9 Aug. 0-115 0-870 0-138 1-87 1-14
Sept. 0-114 0-860 0-328 1-46 141
Oct. 0-118 0-860 0-332 1-45 - 1-43
Nov. 0-119 0-860 0-302 1-47 1-39
Dec. 0-118 0-861 0-287 1-52 1-38
Jan., 1963 0-118 0-862 0-279 1-50 1-35
Feb. 0-117 0-869 0-306 1:53 1:41
Mar. 0-118 0-858 0-325 1-40 1-41
04, 05 OEEEHRTRL . RS EOKRFAROFHRICHEL TiE, @OKod
No. 1, No.2 #fF & b I AFHEMDS VT, KFFH O Hi i, HTERRV0 I — 7 AROKRREE -
FIZ 0'3 DEBICIADTHHL TS, AN DTS, BRI L 03— 7 AOKES H;
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Replacement coefficient

10 20 30 40 50
Utilization coefficient of hydrogen (%)
Fig. 5. Relation between oil replacement coefficient
and utilization coefficient of hydrogen.
(No. 1 B.F.)

Replacement coefficient

10 20 30 40 5C
Utilization coefficient of hydrogen (%)

Fig. 6. Relation between oil replacement coefficient
’ and utilization coefficient of hydrogen.
(No. 2 B.F.)

TINE T RETHHIELRESETHHBHEV.

WIAPTEA AL 7y ZRR X DEIHEL .

| _EAARXCOLEE

FET A EXCO5FE-KERE X VDCO:&

FEMFORBER IOCKEDEEFR 4, B IXBLADE
BERbPOTVWAHEDT, INTERMOBBREBOFE
PEREEEF -2 THS5y, v, 4, B DEBRLHDI
bIThH5.

Lo L, ZZ CEMUGARNOSEESMBPETH LT
ERVGAROIREEZOL U VWET B E, EOR
CHEMBEVOT, BREOFENEALMETSS. T
TRBEZ BT 5700, BERRARDRAS LRICE
ERTETHY, 1, n bEMKARRNETELL T
HVRETH O EHE L, TOHEEOEROBIREY S
Y5, ZoOBERER(8)R, T/abbR=6By(1+
DA EELBT, R BAA No. ! B XUNo.

2EFOERUGABIA L VB 38 £IFITOLERD

ERNCOWTC, BIRREZEHE T 5L, Table 3IRT L
¥V TH5.

S HORERB LKEFNAREOEKE Fig. 5 XU
Fig. 6 Wi L 7z : ‘
T TEMD A=0'85 B=0-12 T 5 & L4,
No. 1 BFOFTEA A v » 137 (/) OFEL,
1°51 (B) OHA LT, IR X ARRIFA® X OBE
DB E, Fig. 4 OO 2ERDEMCTRINDZ &IT
b, BEALOEHER O 2EKEOMIC ey PE
nTWw5. KiZ No. 2 BIFIC WX, FIEF AR
1-40 (R/AME) & 1°87 (Rokff) TRBRISER & Kd
7tbdd Fig. 6 WRLTWS. No. 1 HiF L REkRIC2
ERECIEEAEDESENS oy PENTWVWB T LA
bhrd. IEXENAROEE LFER, No. 2E{FDIE
37 £8RAOBERBRAFELZRLTVWDHDT, Z0O
BERE—SEALTELBT LTS, £H5T 5 LERR
i3, No. 1 BIFTIX 1°32~1-59, No. 2 &IETIx 135
~1'63 OFEFEICHH, No. 2 BHIFOFBETEER
BETBHI LS.

4TI Table 1 WRL HERD T — Z ICHEL TAH
%5E, No. 1, No. 2&FOBE#HERITEDIC, 1'0 PITF

EP20PEEVOREEE E B X D Ml bl

<, FE BN VEIAC RS ZEOTE D EFGREOR
ELEEDOELVWZED.
3.5 EHBSTEERELICBEOERDOBRE

PO LR ERENCERBELCBEEL IVWT, —
R R R A AT A OEROERIICEL TiX, %
P M OSBRSS, —GRO X
ExThWEBbNS.

WEBBPORESRE 4 L, TD5H 1004'%
P OWEERFENSER kg YV ARREMBFECT I D>TED
rhOET 5.

Z O RFEVIFNE LR PR ERIR S
TEHOCESCRHR SN BRTH 2T, BEFRELE
HWRED S LEASEE LD OVWTERTHIER
n5EBEbN5.

FrT A ORI BT 100 a% pFENEH OWEMER
FEThuE, Emke YV OBEPRERT A(l-4"a)
THD.

LOBED A a REMKARY OFHE LTRTAS
2HDTHHY.

FRD XS CEHOBSRIC I DT

CuHy=C+Cyi Hyy +CpnHyp o0 + H,
FKIRDRARRESFEN~ERT 2 & & 3FX5ND

2, TOBRLEL ELDTCHFALRBRILLL THEBEST
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Tilishhr5.

AEEBBE L 2T, TInkOBERREEIREO &l
ETRRRY O B WX BFREREDOELK ST
DUFRARZ O L, BRROZEL WVETEEL &

ENTV B, ﬁﬁfﬁ$%£ﬁ%@ﬁﬁﬁ2&;rﬁ
;omiwﬁﬁﬂm p Ik XiET A I RATEICIER
L.

#ﬁ,ﬁﬁfmfxéW%%EMwa%Aam,%
BOBBHBEBREORTAHEDHR Y IL A(1—4'a) 2EE
FTRETH DAL @RS SIS .

HHOERBC DWW TSRICESINMEA L L T

® FEHOARTELREEDOR JIETEE

® FEHF AL BEHRALRZTEILT 2540
BEHOBBREBILIE S b ?

TNETORER EWIE gco RITELAERLELTS
HDO0LB Y, FTEHELL r BEHT L LEHBbhinw
HBEBROWTTELZ LT T 5.

5. #

L, BEFOBERVGAZEC S VW TRLEERM
BTHHEMOEMRERICOVT, BRIIEELITRL,
EMRFEOFHL VEEFEEALO>WTRFHLALLOTE
DEHERIRDERDTHD.

(1) fEkoBFMOEBRRIL, FHEYREIATVE
OHEMERED I~ J AL LR EAALBED I~ AL ED
EFBMETHRLTERHLTWS. LALIBEFED LS
T, HEFHOZLLEHTHIOWK, HEa— s 2L
RHHEMOB, LEEL TS, LRIIAEELTHE
DEEXEEH L, BEFRC Y VWT—BEREVWTHA
5. LEB2CZO XS BRERFRC I H5EHOERSE
3, £ TRECELLIOBRYRT, HiMla— s 2tk
BLEDTERHIFCRERRBIRIFIC, KL T
ERBEHPCREBREIEIH VDL EEZONS.

(2) ZhiExtLFEEDE, BEHOBEBRRITOWTE
WMEPBEERINZ, BHKALTHRCE VT, FESFAL
T BIOKEOFRNREE » BELRWEEITIL, Fil
DEBRRRIRAX L VEHTEDZ L ERLE.

R=6Bp(l+7)x+4
feliL A BROREOHR
B: #ElPOXKEOTR
x: BRIDVDOKECIVBETEINSGBHMEDS B
FIMVGA LRI CO T X AR TR G
LA
ZZTxDEVEBHEIE 0<x<] TH5HH
(1) FTWHRALRFEEE TG EE (ERKAH

il

A CEEETLES LSV E ¥)

x=1T R=6By(l+7)+4
BHEBEDBEREE L 5.
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