$ & 48 Tetsuto-Hagané Vol. 87 (2001) No. 5

EETEO— 7 AKERBICE T DRRF v — ORI
BELUHBREED

ek EE

CPEE EAEET - Al ER - HiE

B A R

Reaction and Consumption Behavior of Unburnt Char in Lower Part of Blast Furnace

Michitaka SATO, Kiyoshi FUKADA, Tatsuro ARIYAMA, Shozo ITAGAKI and Ryota MURAL

Synopsis : To clarify the gasification and consumption behavior of unburnt char ascending in the coke packed bed in the lower part of the blast furnace,

char reaction-consumption model has been newly developed considering the average residence time and co-gasification with coke particles.

The chemical reaction rate constant has been determined based on the high temperature experiments on the char injection into the coke

packed bed.

From the analyses using this model, the following results were obtained.

(1) The mean ascending velocity of char particles with the diameter of 20 m was approximately 0.3 m/s, and it was smaller than the

actual gas velocity by one order of magnitude, suggesting the char particles had fairly long residence time in the blast furnace.

(2) The consumption rate of char became lower with the increase in the solid—gas loading ratio. This was considered to be caused by the

higher ascending velocity which resulted from the successive renewal of stagnant particles in the packed bed by supplied char particles.

(3) According to the examination of char consumption behavior along the blast furnace height, char discharge rate from the top of the

thermal reserve zone could be reduced considerably by decreasing char exbaust rate from the raceway. This phenomenon resulted from the

increase in the consumption rate throughout the height, due to the decrease in the solid—gas loading ratio. Therefore, to suppress the char ex-

haustion from the top, it was necessary to improve the combustion efficiency in the raceway at higher injection rate of pulverized coal.
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Fig. 1. Schematic illustration of high temperature test fur-
nace.

Table 1. Properties of samples.

Proximate analysis
(db, mass%)

Ultimate analysis
(d.a.f.,, mass%)

VM FC Ash C H (o}
Coal 33.2 57.0 9.8 813 5.2 10.9
Char 135 622 243 90.0 2.6 4.8
Coke 0.8 887 105 97.8 0.6 0.9
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Table 2. Experimental conditions.

Reaction Temperature 1000, 1250°C

Gas flow rate 35 Ni/min
Gas composition CO,/N,=25/75, 55/45, 85/15 vol%
Char flow rate 1.0-4.3 g/min ( 0.7-2.7 g-C/min)

Solid-gas loading ratio  0.02-0.07
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Fig. 2. Effect of CO, on reaction rate of char.
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Fig. 3. Effect of char flow rate on reaction rate of char.
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Fig. 4. Powder moving behavior model in a packed bed.

3. KRF v —OFKERBRNEE - RICET IV

3.1 KMRF+—OFEBAICH S 5BEEH)

W, Fig. 4D & D A FTIEBAO | XL EREE L
%, V5 WIERitRd,, WET, DF v —HH Ay,
T, D0 2 L L BIZEKILG,/G, THRAL, 125
HML-IRETCLER TS LT3,

2T, MR T OREEN EFESHORO L LT
i, WM S Y, SEA S 90 & S IR A E kR E L TR,
Bl A A, A AL TR B KU & TR T O EAEM
AERTIES2HRETL, HEL IO LS ITRTFOM
B2 Z2E TR FEHTEF L AL ZJIEEIATY
24, BEOBKIZER L THRBEENO R EEE % 5K
DBITRAHTH B, AR TIIBARO IR 72460
FHl 2 5 FHEBA O IR B A& SR 71U 5 P DOR T
BEHEFLEHV, Thbs, BIl6DIa-LFETL
FERZ XAUL, BN E BB 5K ARICEFEL

163

BIF T — 7 AFHEIZ BT 5 AR F + —ORIDE K THEED)

CFS N TR % TRAS B 8555 & Fehay LS — IR IS HERT -
Bk 3 28 SR E N, ZOEHHROBEKIIT A Sk
BENIBRIIE > TEXKEHF &N D, Ld->T, B
DR BRI U, 13 Fig. 4157 & 512, RATEREOM
MR B0 B EBERE U, LB - L R T v TE
U CHHEBNICAS M BB 1, /L O T DR TRE S h
%,

U,OERIZE N TR, BEEES SEBRD, FYABTREL
A AR T 1R d,, D23 & L, RECESOTI9EZ & LT
AL 72 ((3)~(6)K).

du,dt=—=g(p,~p)/ P,

+(3/4)C0Pg|ug—up‘(llg*“,,)/dppp .................. (3)
f;
J Llpdf — Lz ...................................................... ( 4 )
0
I‘iiadbed (a_2/3) ............................................. ( 5 )
Up:Li/ti .......................................................... (6)

70, (R /LI WTE, R ORBIRE /U, &
D, $HDB U, 1,/L & BEXILSGRIZH L TRE L 2%
BEERO K E L 22 7)) AR W,

U -t,/L=1225SGR ™38 coriiiiiiiiiiiiiiii e (7)

p d

kT, FBHOBHKDTIBEIRE U, 13U, & ,/LED D,

KOB)RIZKDRODOEND,

VU, +1,/L=1/U,

pm

(7), ($)R&D U, & U LIBIHBKIZH S &, 272
LU B —E% 6 BRI E R E L AWP TS0 U,
FAkEBBIELA DB, ThiE, EHEKILOFMFEE T
Fo o s XN BRI & - CRERFRICER ST S
WROEFRHIIEHRE 200, BHROISHRFRE, /L) A
2L BB 2 ENZDEREEZEAZLNS,
3.2 RBRF v —DREEHLURERICEERT
AR TR, TSR TRRF v —hOFRE T OFFRL
Rt Fv—kLUa—2 2D CO,IZ &5 H Z{LRIED 3
MHORILEEE L7z,

VM(s)—>VM(g) Ry eeeernnneneeesinessseee (9)
C(char)+C0,—2CO R, wrreeeeeesss s (10)
C(Coke)+coz_)2co R:‘oke ................................ (1 1)

TEF 5y DRFEIREEE RE, 1312 TERL Y, F v —
OAE RIS RS, 122V T , Fig. 20FRA 5 CO, i
BEOIRATERTAZLEREYNEELONS D, R
LR DO R AR L2 SR BUI BN RGE

b EALFEIRIEEIE k DORAFEERE L 720 TD I Bkl

367 I




I 368

$% & 8@ Tetsu-to-Hagané Vol. 87 (2001) No. 5

(AR THE A 72, kAT DO TIIBRHEKISEE R 25 6 A
TV B A4 HRRERLHESRFIZ L > T2 EH»
KEV, Ko TAMETIRUHAD & 9 12 Arrhenius BID 5E
ERE UTERBHLZ LT, HERT4 WML 3L ¥ —
E % SR OSHRBRO FANE? S IRET ST L & Lz, R,
oW =2 2K T 1fild 72 0 O RISEE R, & H0
T6)RTERLZ, TIT, R, t3(17)RIZ/RT Lang-
muir-Hinsohelwood 1D #HE X Z KA L, RfFIZ &> TX
BRI 1020 & 3 ) 72

R$M=N(rr/6)dpa3ppoI%(V*— V)exp(—Eyy /RT )= ooeeee (12)
Rz‘har:NMc'”dpz/(l/kc+ 1/k;) Cco: .............................. (13)
K, =AEXP(—E/RT) +vvvrnvsrsssnesssinnsinsninnninee, (14)
k=D (2+0.6Re e 1) /dvereesrnsesensinniniinns (15)
RE, =P, (1= E)X R,y wooerrrsrmmmmsmmmmnmmneesees e, (16)
R e = {klPCOZ [+ kyFro,+ k3PCO)} (d 1. g)™" e (17)

NREEETHY, Fv— (RFD) OEEEG,, &M
WTAYATEA S, £/F v —DHNERSZHDDORH,
FOIRIEHEE R, (1R TERET S &, 13)AXDRY 1T
QRQOAXELFFEELS, 16)BXUVQORXNS T — 2 2, FM
Fr—ThoBEE, RFIREE (po (- X7k
G/ Up) EBRISEREI (R F 7213 R,,) ORTRET

coke
EHI LB ah B,

N=6G,,, /ndp3pchar Upm .......................................... (18)
R =6R%../ 7L’dp3 PtaeV e sremme s (19)
R* . =(Gyor! Upm) Rijp wroeeerme e (20)

3.3 PESLUIT LT —IZKX

KEFIAZ, HAWKF,, 4TEEHD H 21 5 (CO,, CO,
N,, VM)D B 5%y, F v —DOKifEd, REERIEY,
A AUWE T, RS,k XK THEE U, Off 108D
AR, OB EINS. U, ZBR<WES IO AL F -
SICBY 5 9RO MG it (dF, /dz, y,/dz (j=1,4), dd, /dz,
dVldz, dT,/dz, dT,/dz)'% £ O U, % K& 5 (3)~(8) R &ML
4, RungeKuttaii TRz, &k, EIRNISRE T
MEGFIZ L OERT,OREINARLDE X 5NhBDT,
T — 7 ZRE T, % L OBERNRE 7,13 T, & 7,0 Y9
EEAT, 7o, Fx —3BE p D TRIEDANE
b2 &L, WERKIZET S EMERD 20 OFR
Fr—BLUaT- 2OEERER ZQHALDEEL -,

h
R, =6x 104J‘ R;-Sdz (k= char, coke)
0

164

Temp. CO, CFR
('C) (vol%) (g-C/min)
a) — 1000 55 0.6
b) 1000 55 3.0
CFR : Char flow rate C) == 1250 55 0.6
02— T d) w0 1250 25 0.6

Height (m)
=)

20 40 0.06 0.1 0.14 03 1 3
X102
Rchar (1/8)

0.0 ST
031 3
X10°5

CO, (vol%) Reoke (1/5)

Upm (M/s)

Fig. 5. Char moving and gasification behavior in packed
bed (high temperature test furnace).
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Fig. 6. Variables in packed bed of blast furnace.
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Gp/G, : solid-gas loading ratio
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Fig. 7. Effect of superficial gas velocity on char moving
and gasification behavior in actual blast furnace.
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U, : superficial gas velocity
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Fig. 8. Effect of solid-gas loading ratio on char moving
and gasification behavior in actual blast furnace.
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Fig. 9. Distribution of temperature and gas composition in
blast furnace for mathematical simulation.
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no: combustion efficiency in raceway
dp . : initial diameter of char particles
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Fig. 10. Change in unburnt char rate along blast furnace
height.
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Fig. 11. Influence of temperature on consumption rate of
unburnt char in blast furnace.
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consumable limit in blast furnace.
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