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Control Technique of Shaft Furnace Operation by Controlling Coke
Reactivity
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Abstract:

Shaft furnace (cupola) which is a scrap melting furnace can reduce CO: emission because it requires no reducing
agents. It is important to accurately understand and control the coke gasification rate for prediction and control of
shaft furnace operation. In this study, first, gasification rates in CO2/N2 and H2O/N> system were measured at 1573-
1873 K. Accurate reaction rate equations were obtained by modifying the diffusion coefficients of CO2 and H20 in
conventional equations. In addition, coke surface was coated by CaCO3, Fe203 and SiOz to control the coke reactivity,
and the gasification rates were measured. As a result, each chemical reaction rate constant was obtained. A one-
dimensional mathematical model was developed by applying the obtained reaction rate equations. As a result of
calculations, the effects of coke particle size and blast moisture on the coke rate were predicted with high accuracy.

In addition, the effectiveness of gasification control by coke surface coating was suggested.
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Table 1 Characteristics of coke

Ash VM F.C S Si02  ALO:s
inCoke 11.5 0.9 87.6 0.47 — —
in Ash — — — — 55.2 26.4
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Table 2 Experimental conditions
CO2/N2 % 35/65
H>0/N, % 35/65
Coke size mm 10-11, 19-20, 30-35
Temperature K 1573,1673,1773, 1873
Gas flow rate m/s 0.13, 0.20, 0.27
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Plot: Experimental results
Dotted line: Calculation before modification
Continuous line: Calculation after modification
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Fig.3 Effect of (a) temperature, (b) coke size and (c) gas
flow rate on gasification rate in CO2/N3 system
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Plot: Experimental results
Dotted line: Calculation before modification
Continuous line: Calculation after modification
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Fig.4 Effect of (a) temperature, (b) coke size and (c) gas
flow rate on gasification rate in H2O/N2 system

FIEREER GIRD 13, EBERLD 2R DNS DT, 2
ZC, HO OIBUREZIEIF L7z, Bird 59 12, Ho0 O
BURELL, thom 2 e B g a2z RT YL T, (5) K
IR &R TIEE) GG 2D < HGIRREFFNIC 31 %, H0
DIERUREE HEE T 287 A — 2 BIRR LT,

22T, T AEE K, Ma, Mpldm 1 (=), Pea,
Pep l3EESUET] (atm), Tea, Tes lZEESREE K 2£7,
EHe, di3, 7 RAA B»H0 ¥ MMM KDL,
c=3.640%10 ", d=2334 TH %, 2 Tl¥, Andrussow D
RICRDHY, 5) R H T HO OILBURE 2R, (1)



3 — 27 AROGHERIENC & 2 > v 7 b FHRSERIEE

U & o TRFEBRIC B 2 A E KL 72, 357
PREUR I e T TROSHE % FRPIR L 7C R R 21X 4 125241
TRY. AtRAERIE, HEFRE B Lc, AFRT
PRI LD, SRS B 2 7 2 GEE O @RS s T
R rlRE Y 72 572,

3. O—7 ARGHEHIERER
3.1 RERAE

3.1 RAEBUHERLEIXIVF—ICRIZFTHE
39, a—22¢&%bEY (CaCOs, Fes0s Si0O2) MDHL
FlEEf D3 7 2L OTEE L = x v ¥ — 10 RIE T RBE 2 5
L7z Hadkl % 150 um DU IS L CRG L, BAEEH]
& (TG) #i1-otz. EEERY L, 3—2210mg %
L&Y 5 mg ZIRE LTz # 2LRISIziE, bR08, ki
P, A RBEBNYERH O 3 SO H D, KR
TALZE R S ENE, SR T 2 BRI E R B EE 2D <
25, ARRETE, b2 v F—DB(LE2FHIT 5720,
LRI SEEI 72 5 & ) IR e iRE LT, 29, T
fif F IR ¥ L ¢, 40K/min, N2 &7 2 1NL/min ® &} ¢
1073K £ THIE L, Z D&, CO2/N2 (=30/70) F& 7 A
INL/min (2¥] 9 &z, 1, 2, 5K/min TEHFRL 255
LR HE LT,

3.12 REHBEEORGEERE

iz, CaCOs, SiO2, Fe:03 O a— 27 ARKMEA~DOWEH
ZACHEE L KT TR 2 BN L 7o BARY LT, 10-11 mm
WZHERE, A L7ca—2 2% iz, 150 um DL RIZ L
7o AL B 2 KIS S B TR 33 wit % O SRR TR & /R U
L, Blhico— 2 22 1R0E, BIfELR —BEAR
MRS & WA Lo, A AL EHIEREREIZK 2 IR LT
bOrMHL G, A AT CO/N2=15/85, it & 13
1573, 1673, 1773K, 7 AZLE#E T 0.27 Nm/s ¥ L 72,
KO oBERZ LD, TAGEE Rz,

-7.0
— 75 L
@
~ .
Z —-80¢t \
= Q@
< w
,g -85} RN
= —o— Coke only “\\
- —g0l - 8- CaCO;, r'mxture A ¢ \.
- @ - Fe,O; mixture
—A - SjO, mixture

_9'5 1 1
7.0 7.5 8.0 8.5

10°/T (1/K)

M5 {EREICHITBILEIMEERORIGER LBEEDRR

Fig.5 Relationship between temperature and reaction rate of
coke mixed with compounds at low temperature
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